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Nickel(0)-catalysed Cycloaddition of Terminally Unsubstituted Diynes and Carbon 
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A functionalized trialkylphosphine ligand ( l a )  containing a pyridyl group has effected the Ni(0)-catalysed 
cycloaddition of terminally unsu bstituted diynes with C02  to give bicyclic 2-pyrones, for which ordinary 
trialkylphosphine ligands are not effective. 

Tertiary phosphine ligands play a crucial role in transition 
metal-catalysed synthetic organic reactions.' Commercially 
available tertiary phosphines such as trialkylphosphines, 
triarylphosphines, and bis(dipheny1phosphino)alkanes are 
usually used for these reactions, except transition metal- 
catalysed asymmetric synthesis2 where chiral phosphine 
ligands with a variety of functional groups have been 
developed. Functionalized tertiary phosphines containing 
co-ordinating heteroatoms such as nitrogen, oxygen, and 
sulphur have attracted considerable attention3 because these 
'hard' ligand components dissociate readily, generating a 
vacant site on the metal for substrate binding. Their co- 
ordination chemistry has been extensively studied, but there 
are few examples of their use in the synthesis of complex 
organic molecules. 

Here we report that a novel 1-(2'-pyridy1)-2-(di-n-butyl- 
phosphino)ethane ligand ( l a y  i. e., a trialkylphosphine ligand 
containing a pyridyl group, is effective for the Ni(0)-catalysed 
cycloaddition of terminally unsubstituted diynes ( 2 a - c )  with 
carbon dioxide to give bicyclic 2-pyrones (3) (equation 1). 
Bicyclic 2-pyrones are useful intermediates in organic synthe- 
sis.5 Monocyclic and annulated 2-pyrone ring systems are also 
found in several biologically active natural products .5a+ 

Recently we reported that monodentate trialkylphosphine 
ligands such as tri-n-octylphosphine and tricyclohexylphos- 
phine (PCy,) are effective for Ni(0)-catalysed bicyclic 
2-pyrone formation from terminally dialkyl-substituted diynes 
and C02,6 but not for the reaction of the parent unsubstituted 
diyne (2b). 

When octa-l,7-diyne (2b) was treated with C 0 2  under 
pressure in tetrahydrofuran (THF) at 100 "C in the presence of 
a Ni(0) catalyst (10 mol%) generated from Ni(cod)2 (cod = 
cyclo-octa-l,5-diene) and two equiv. of ( la) ,  5,6,7,8-tetrahy- 
dro-3H-2-benzopyran-3-one (3b) was obtained in 68% yield 
(Table 1). The reduced Ni(0) catalyst (5.0 molyo) also gave 
(3b) efficiently. Monodentate trialkylphosphine ligands, 
which are effective for the reaction of the dialkyl-substituted 
diynes, did not produce good results: PEt,, PBun3, and 
P(C8H17-n)3 gave (3b) only in 10-20°/~ yields and PCy3 did 
not produce (3b). The activity of a combined ligand system 
Bun3P-pyridine was not high and the pyridine solvent 
markedly retarded the action of (la). Another functionalized 
phosphine ligand (lb) , which may form a five-membered 
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a; Z=CH,, R = H  

c ;  Z = CH,CH,, R = Pr' 
b; Z = CH,CH2, R = H 

(la) L = B u ~ , P C H ~ C H , ~ ;  (lb) L =BU',PCH,O 

Table 1. Ni(0)-catalysed bicyclic 2-pyrone synthesis from terminally unsubstituted diynes and C02.a 
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a (2) (0.50 mmol), Ni(cod),/(2) = 0.10; L/Ni(cod)* = 2; C 0 2  (initial pressure at room temperature 50 kg cm-2); THF (20 mi), 20 h. 
Yield determined by g.c. using an internal standard. Products ( 3 a 4 )  showed spectroscopic data and elemental composition (high resolution 

m.s.) in accord with the proposed structures. (2b) (0.25 mmol), 
pyridine (10 ml). 

The value in brackets is the isolated yield [YO] determined by p.1.c. 
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chelated ring, was less efficient than (la). These findings 
demonstrate the uniqueness of the functionalized phosphine 
ligand ( la )  and suggest that intramolecular co-ordination of 
the pyridyl group to  the nickel atom to form a six-membered 
chelated ring may be responsible for its effectiveness. The 
bicyclic 2-pyrone (3a) with a fused five-membered ring was 
similarly produced from (2a) and CO2 by the Ni(cod)2-(la) 
catalyst. 

The ligand (la) was also effective for the cycloaddition of 
the terminally monoalkyl-substituted diyne (2c) with C 0 2 ,  
which proceeded regioselectively to give exclusively 5,6,7,8- 
tetrahydro-1-isopropyl-3H-Z-benzopyran-3-one (3c) without 
formation of the corresponding 4-isopropyl-substituted regio- 
isomer. This is synthetically significant and suggests6.7 that 
C 0 2  reacts first with the unsubstituted CEC bond of (2c) 
through the intermediacy of the zero-valent nickel atom. 

Coupled with our previous work,6 the present study using 
the parent unsubstituted diynes indicates that Ni(0)-catalysed 
cycloaddition of diynes and C 0 2  provides a general and 
convenient method of preparing bicyclic 2-pyrones in one 
step. 
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