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Abstract: A metal-mediated addition of two carbenes across an alkyne is employed 
for the synthesis of (2-phenylsulfonyl)- 1,3-dienes. Control of diene stereochemistry 
is achieved through an unprecedented fluoride-catalyzed isomerization of the cobalt 
diene intermediates. © 1997 Elsevier Science Ltd. 

The metal-mediated addition of two carbenes across an alkyne represents a potentially powerful route 

toward conjugated dienes (Scheme 1). Hong et al. first reported the reaction of cobalt-alkyne complex 1 and 

ethyl diazoacetate to give a mixture of cobalt diene complexes 2-(Z,Z) and 2-(Z,E), as well as the dicobalt 

complex 3 (Scheme 2). 1 The ratio of products depended on the amount of starting diazo compound, with the 

highest yield of dienes (12% 2-(Z,Z), 36% 2-(Z,E), 9% 3) achieved at a 10:1 ratio of ethyl diazoaeetate to 1. 
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We previously reported the room temperature conversion of cobalt alkyne complex 4 and ethyl diazoacetate, 

in the presence of added PPh3, to the metallacyclobutene complex 5 in 84% yield (Scheme 3). 2 Subsequent 
reaction of metallacycle 5 and ethyl diazoacetate at 50°C led to a mixture of diene complexes (6). Without added 

PPh3, alkyne complex 4 and ethyl diazoacetate (1.5 equiv) gave a similar mixture of three diene products (6- 

(Z,Z), 22%; 6-(Z,E), 11%; 6-(E,Z), 3%), in addition to the cobaltacyclobutene complex 5 (43%). 3 The 

formation of three diene isomers in low yield has remained problematic for the development of this intriguing 
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diene synthesis. Herein we report an unprecedented fluoride-catalyzed isomerization of cobalt rl4-diene 

complexes which greatly improves the prospects for the development of [ 1 +2+ 1] carbene/aikyne additions. 

In an effort to eliminate formation of metallacyclobutene 5 from the reaction of alkyne complex 4 and ethyl 

diazoacetate, we examined the dependence of the product distribution on the ethyl diazoacetate concentration. 

By increasing the concentration of ethyl dlazoacetate and the reaction temperature, 4 is converted directly to a 

mixture of diene products in good combined yield. Thus, when a benzene-d6 solution of 4 (0.016 retool, 0.04 

M), ethyl diazoacetate (5 equiv), and toluene (as an internal standard) is heated at 70 °C for 12h, all of the 

starting alkyne complex is consumed and three diene products are formed in 81% yield: 6-(Z/Z), 41%; 6- 

(Z,E), 29.5%; 6*(E,Z), 10.5%. There was no spectroscopic evidence for the presence of cobaltacyclobutene 5, 

dinuclear products of type 3, or the (E,E) isomer of 6 in the reaction mixture. 

In principle it should be possible to interconvert the 6-(Z,E) and 6-(E,Z) isomers by an envelope-flip 

mechanism. 4 When a sealed NMR tube containing a benzene-d6 solution of 6-(Z,E) is heated in an oil bath at 

70 °C a slow conversion to 6-(E,Z) is observed by 1H NMR spectroscopy. After 3 months at 70 °C, the (E,Z) 

to (Z,E) isomer ratio is > 30:1 with no (Z,Z)-isomer observable by 1H NMR spectroscopy. In contrast, 

thermolysis of 6-(Z,Z) for 336 h at 70°C in benzene-d6 did not lead to detectable (< 3%) formation of 6-(Z,E), 

6-(E/Z), or the (E,E)-isomer. 
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In the course of examining the desilylation reactions of 6 we discovered that fluoride ion rapidly and cleanly 

induces diene isomerization at room temperature to give a single dlene isomer. 5 Reaction of 6-(Z/Z) with CsF 

in acetone/MeOH solution at room temperature gives the desilylated (E/Z) isomer 8 in 91% yield. 6 In an effort 

to optimize the conversion of 4 to 8 we carried out the procedure without isolation of the three diene 

intermediates. Thus, a benzene solution of 4 (206 rag, 0.33 retool, 0.03 M) and N2CH(CO2Et) (310 rag, 2.7 
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retool) was heated at 70 °C for one day. The volatiles were then removed, the residue dissolved in 

acetone/methanol (20 mL, 20:1), CsF (1.3 cquiv) was added, and the solution stirred at room temperature for 

one day. Chromatographic work up in the air led to isolation of pure 8 as red-black crystals in 70% yield 

(Scheme 4). Treatment of 8 with two equivalents of ceric ammonium nitrate in hexane/acetonitrile (1:1), gave 

the (2-phenylsulfonyl)-1,3-diene 9 in 86% isolated yield. 6,7 

Reduction of 9 with diisobutylaluminum hydride leads to a mixture of products including hydroxymethyl 

substituted diene 10 in only 20% yield. Cobalt complexation to 9 dramatically improves the selectivity for the 

DIBAL-H reduction. When complex 8 is treated with DIBAL-H under similar conditions to those employed for 

reduction of 9, the new diene complex 11 is formed in 72% isolated yield. Oxidation of 11 with ceric 

ammonium nitrate gives 10 in 97% isolated yield. 6 

The results reported herein hold promise for increased application of cobalt diene complexes in organic 

synthesis. Efforts are currently underway to determine the scope and mechanism of this new fluoride catalyzed 

diene isomerization chemistry as it applies to the cobalt mediated synthesis of diene complexes from alkynes and 

diazo compounds. 
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