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BUTENOLIDE SYNTHESIS USING ACYL COBALT COMPLEXES 

Marie E. Krafft*t and Jacek F’ankowski 
Department of Chemistry, Florida State University, Tallahassee, FL 32306-3006 

Summary: Acylcobalt tetracarbonyls react with alkynes to give rise to butenolides in high yields. 

The insertion of unsaturated functional groups, i.e. alkenes, alkynes and carbon monoxide, into transition 

metal-carbon bonds is an important step in a variety of transition metal mediated carbon-carbon bond forming 

processes.2 Acyl cobalt carbonyl complexes have been shown to react with alkenes3 and alkyneti to give rise to 

more functionalized organic compounds. One example is the butenolide ring system. Not only are butenolides 

contained in a variety of natural products,s but, they are useful building blocks themselves.6 

Several transition metal mediated butenolide syntheses have been reported.7-12 Insertion of an alkyne into a 

metal acyl bond followed by carbonylation and cyclization, in a formal 2+2+1 addition (eq 1). appears to be a 
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general mechanistic pathway.7-10 Heck4’ reported several examples of the reaction of a disubstituted alkyne with 

an acyl cobalt carbonyl complex to give a x-ally1 lactonyl complex13 in moderate yield. Cur attempts to generalize 

the reaction and functionalire the x-ally1 system have yielded a butenolide synthesis which results from protonation 

of the metal carbon bond (eq 2). 

We found that acyl cobalt tetracarbonyls. prepared in ethyl ether solution according to Heck.14 reacted with 

disubstituted alkynes to give rise to x-ally1 lactonyl complexes which, upon pmtonation with an ethereal solution of 

anhydrous HCl, gave low to moderate yields of 3,4,5-trisubstituted 3-buten-2-elides. The yields were much lower 

when THF was substituted for ethyl ether. However. dramatic improvements in the yield were observed when 

toluene or methylene chloride was used as the solvent The reaction is quite general and results of reactions with 

several different acid halides are listed in Table I. In a typical experimns sodium tetracarhonyl cobaltate (2 mmol) 

was suspended in methylene chloride (20 mL) at 0 “C!. After add&n of propionyl chloride (1.6 mmol) and 3- 

hexyne (2 mmol) a red-brown solution was formed. Stirring was continued for 6-8 h at 0 “C. and then the reaction 

was quenched with ethylenediamine (0.4 mL, 6 mmol) and the resulting lactone, 3,4,5-triethyl-3-buten-2-olide, 

was isolated by silica gel chromatography in 77% yield (entry 2. Table I). Decomposition of the presumed x- 
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lactonyl intermediate with a solution of DC1 in D,O gave complete deuterium incorporation at the y-position (entry 

11, Table I). With more hindered acid chlorides, such as trimethylacetyl (entry 6) or 3.3~dimethylbutyryl chloride 

(entry 7), reaction times of 10 - 15 h were necessary for complete reaction. Perlluoro acyl cobalt carbonyls were 

very reactive and gave rise to high yields of butenolides after short reaction times (l-2 h). 

TABLE I 

1 Entm Alkvne Acid Hali& BUtUtOlide Isolatedtield 1 
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All reactions wea carried out in CH$l2. 
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71% 
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56% 

69% 

75% 

99% 

76% 

Analogous reactions with unsymmetrically substituted alkynes are shown in Table II. Reactions of 

unsymmetrically substituted internal alkynes, in which the substituents at each end of the allryne are sterically 

similar, gave rise to mixtures of regioisomers. For example, propionylcobalt tetracarbonyl reacted with 2-hexyne 
to give a 1:l mixture of regioisomeric butenolides (entry 1, Table II). In contrast, 2,2-dimethyl-3-pentyne 

underwent the same reaction to give predominantly one regioisomer (entry 5, Table II) in 91% yield. Steric 

interactions during the insertion of the alkyne should be responsible for dimcting the acyl group migration to the 

less hindered end of the alkyne. However, the reaction of I-phenylpropyne was even more selective and yielded 
only one regioisomer. 



5141 

Terminal alkynes am known to react with acyl metal complexes but, under the present reaction conditions gave 

rise to complicated mixtures of products. In an attempt to modify the reactivity of terminal alkynes in the reaction, 

1-trimethylsilyl and 1-phenylthio substituted alkynes were prepared and subjected to the standard conditions. The 

reaction of propionylcobalt tetracarbonyl with 1-phenylthio-1-butyne did not lead to the desired butenolide. 

Limited success was achieved upon reaction of propionylcobalt tetracarbonyl with I-trimethylsilyl-1-butyne. The 

a-trimethylsilyl substituted butenolide was obtained as the predominant regioisomer (30: 1, Table II, entry 6) in 
only 28% yield when the reaction was quenched with an ethereal solution of anhydrous HCl but not when 

quenched with ethylenediamine. 

The mechanism (Scheme) most likely involves insertion of the least sterically hindered end of the alkyne into 

the cobalt acyl bond of complex 1 to give the vinyl cobalt carbonyl 2. Subsequent carbonylation would be 

expected to lead to 3. Addition of the ketone oxygen to the acylcobalt carbonyl would then lead to the zwitterionic 

intermediate 4 which is set up for a 1.2 shift to give x-ally1 complex 5.15 

Work is in progress toward controlling the regioselectivity in reactions of unsymmetrical alkynes. These 

results will be reported in due course. 
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