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Abstract  : The cobalt-mediated cycloaddition of alkynes with functionalized allenes were shown to 
lead to different 4- and 5-alkylidenecyclopent-2-enones 4-6. Regioselectivity depends on both steric and 
electronic effects of the substituents. © 1997 Published by Elsevier Science Ltd. 

The octacarbonyldicobalt-mediated cycloaddition of an alkyne and an alkene with carbon monoxide to 

cyclopent-2-enone (Pauson-Khand reaction 1) has found wide interest for the synthesis of five-membered ring 

compounds .2 This synthetic interest has been enhanced by the discovery of quite milder conditions ; indeed, the 

use of tertiary amine N-oxides 3, DMSO 4 or silica 5 as promoters allows the reaction to be performed at room 

temperature. 

Recently we took advantage of these milder experimental conditions and described that allenic compounds 

can be introduced as unsaturated partners in the Pauson-Khand reaction. 6 Thus allenic hydrocarbons 3 (R = H, 

alkyl) react with alkyne-hexacarbonyldicobalt complexes 2 in the presence of N-methylmorpholine oxide NMO 

and lead to 4-alkylidenecyclopent-2-enones 4 (scheme 1).6 
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scheme 1 

The reaction was shown to be highly regioselective to cyclopent-2-enone 4 ; however new experiments 

have demonstrated that the regiomer 4-alkylidenecyclopent-2-enone 5 may be also isolated in very small 

amounts (< 5%) in some few cases. 7 

We have now found that functionalized allenes 3 (Y = functional group) may be used as well in this 

cycloaddition and report herein our results on the regioselectivities to cyclopent-2-enones 4-6 encountered with 

these allenic substrates (see Table). 
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The cycloadditions of alkyne-hexacarbonyldicobalt complexes 2a (R' = CH3) and 2h (R' = n-C3H7) 

[quantitatively obtained from alkynes la,b and Co2(CO)8] with the selected functionalized allenes 3a-f were 

realized in the presence of NMO (6 equiv) in THF-CH2C12 (1:1) 8 between -78°C and 20°C (see Table). 9 

We first selected tert-butoxyallene 3a which reacted very vigorously with complex 2a in THF- 

CH2C12 (1:1) when NMO was added at 0°C and led to a low 10% yield of cyclopentenone (E)-4a. The yield 

increased to 30% by carrying out the reaction from -78°C to 20°C (Table, entry 1). Dimethylphenylsilylallenes 

3b and 3c (entries 2 and 3) and tributylstannylallene 3d (entry 4) all led to a mixture of the two 4-alkylidene- 

cyclopent-2-enones (E)-4 and 5 from which the former one was by far the major regioisomer. 

We then looked at the reactivity of allenes 3e,f which bear an electron-withdrawing group. Ethyl buta- 

2,3-dienoate 3e and phenylsulfonylallene 3f led to 4-alkylidenecyclopent-2-enones (E)-4e and (E)-4f 

respectively (entries 5 and 6) ; they also led to other cyclisation products, the regiomer 5-alkylidene-cyclopent- 

2-enones (E)-6e and (E)-6f (ratio 5/6 = 70/30 in both cases). 

This set of experiments with functionalized allenes 3a-f  and our previous results with allenic 

hydrocarbons 6 demonstrate that several pathways might be involved according to the electronic effect of the 

allenic substituent. The following mechanistic rationale from a first association alkyne-Co2(CO)5-allene 

complex A may account for the observed regioselectivities to cyclopent-2-enones 4-6 (scheme 2) : 

- with an electron-releasing group (Y = alkyl, OR, SIR3, SnR3), the insertion of allene 3 in one of the formal 

C-Co bonds of complex A would occur via the central carbon atom of the allenic unit and lead to a common 

n-allyl organocobalt intermediate B from which 4-alkylidenecyclopent-2-enones 4 (path a) and 5 (path b) 

would be formed after the generally accepted further steps of the Pauson-Khand reaction 2,10 : CO insertion 

into the allylic C-Co bonds which turns out to be favoured on the less sterically hindered pole of the rt-allylic 

system (4 is the major product), reductive elimination and decomplexation. 

- with an electron-withdrawing group (Y = CO2R, SO2Ph), insertion of the allenic unit might also take place 

within its more electron-rich double bond and lead to the o-vinyl organocobalt intermediate C from which 

5-alkylidenecyclopent-2-enone 6 would be obtained via the same typical steps. 
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Table : Pauson-Khand cycloaddition of alkynes 1 with functionalized allenes 3. 
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Yield Ratio 
4+5+6 4/5 

4 / 6  

30 % 

(10% 
at 0°C) 

74% 95/5 

75% 70/30 

26% 72/28 

* Cycloadditions were carried out using 1-1.2 equiv of hexacarbonyldicobalt complex 2 with respect to 
allene 3, except in entry 1 (2a/3a = 1/2). 

** Cyclopentenones 4, 5 and 6 were obtained as pure materials isolated through flash-chromatography, 
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Two other a-allenic esters 3g,h were also studied in order to get further insight into the respective 

influence of steric and electronic effects on the cycloaddition. Ethyl octa-2,3-dienoate 3g gave a 70/30 mixture of 

cyclopent-2-enones (E)-4g and (E)-5g, while trisubstituted allenic ester 3h led to the single cyclopent-2-enone 

5h. These two last experiments show that steric effect of substituents is overwhelming electronic effect, since 

path c is then no more operating. 

H9C4 ~ O ~ ] ~  
~-- • H 3 C ~  IC4H9 H3C CO2Et 

3g 
CO2Et H3C ) ' ' - ~  CO2Et H3C r ' - ' ~ "  C4H9 

+ 
R' I ~ ( R '  = CH3) 6 equiv NMO 37% (E)-4g 70 / 30 (E)-5g 

[~Co2(CO)6 O 

H7C3 CO2Et R' •=~ ~ 3h H3C CO2Et 
2 ~ H7 CH3 

(R'= n-C3H7) 30% 5h CH3 

As a summary, we have shown that functionalized allenes can enter into the Pauson-Khand reaction with 

alkynes and lead to 4- and 5-alkylidenecyclopentenones 4-6. This study also allowed to propose a mechanistic 

rationale according to the steric and electronic effects of the allenic substituents. 
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