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Abstract—One-pot catalytic synthesis of butyrolactones from alkynols under mild conditions is described here. The methodology
involves the use of the K2[Ni(CN)4]/NaBH4 system in presence of KCN and water. According to the experimental evidences, a pos-
sible mechanism pathway is suggested, which involves the nickel-catalyzed reductive cyanation of alkynol, followed by nitrile hydra-
tion, reduction of double bond and lactonization.
� 2004 Elsevier Ltd. All rights reserved.
Lactones have deserved great interest in synthetic and
natural products chemistry. These structures occur
extensively in the natural world and their biological
and pharmacological activities have been widely stud-
ied.1 Several synthetic methods for lactones have been
developed and reported during these last years.1,2 A con-
siderable number of these synthetic methods involves
transition metal complexes as catalysts to accomplish
the formation of carbon–carbon bonds by activation
of unsaturated hydrocarbons by carbon monoxide and
cyanide.3,4 In seeking to develop new synthetic methods
for heterocyclic organic compounds by using a novel
nickel-based catalytic procedure, we have shown that
a-ketoalkynes can be carbonylated in the presence of
Ni(CN)2 and carbon monoxide and basic aqueous med-
ium under phase transfer conditions to give unsaturated
hydroxybutyrolactones.5 In addition, it was possible to
obtain unsaturated hydroxybutyrolactams by working
the same catalyst precursor in the presence of excess cya-
nide ions and aqueous phase.6,7 Subsequently, it was re-
ported the cascade conversion of propargyl halides or
alcohols into 4,6-dimethyl-5-cyano-2-pyrone catalyzed
by Ni(CN)2 in presence of carbon monoxide and cya-
nide ions in water.8 Likewise, it was shown that the reac-
tion of 6-amino-1,3-dimethyluracil with substituted
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a-ketoalkynes affords substituted 2,4-dioxopyrido[2,3-
d]pyrimidines derivatives.9 Recently, the syntheses of
substituted 1,8-naphthyridines and 2H-pyrano[3,2-
g]quinolin-2-ones was carried out by the reaction of
a-ketoalkynes with 6-aminonicotinamide and 7-amino-
4-methyl-coumarin, respectively, by using the nickel sys-
tem before indicated.10 In this context, we wish to report
the catalytic synthesis of butyrolactones from alkynols
in good yield by the K2[Ni(CN)4]/NaBH4 system, using
an stoichiometric amount of KCN in water.

In Table 1 is showed the results of catalytic cyanation of
alkynols with K2[Ni(CN)4]/NaBH4/KCN system in
water11 (see Scheme 1). The 2,4-disubstituted-4-butyro-
lactones synthesis is carried out in good yield. It was ob-
served that in absence of either K2[Ni(CN)4] or NaBH4

the reaction is not carried out and in the presence of
internal alkynols a mixture of several product is
obtained.

Likewise, NiCl2 can act as precursor of active specie
(Table 1, entry lc). The butyrolactone structures indicate
that the cyanide anion is added on the internal acetyl-
enic carbon. In addition, results of this reaction with
1-phenylhex-1-yn-3-one (1f) conducted to 2-phenyl-4-
propyl-4-butyrolactone and the 4-keto-2-phenylhepta-
noic acid.14 A lower yield of lactone is obtained when
the substrate presents a keto group instead of alcohol
group into its structure. This could be due to the lower
amount of NaBH4 used in the experimental conditions,
which limited the reduction of the keto group and the
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Table 1. Synthesis of butyrolactones from alkynols

Entry Substrate Entry Product % Yield

1a 3-Butyn-1-ol 2a 2-Methyl-4-butyrolactone 74

1b 4-Pentyn-2-ol 2b 2,4-Dimethyl-4-butyrolactone 87

1c 5-Hexyn-3-ol 2c 4-Ethyl-2-methyl-4-butyrolactone 93

1c 5-Hexyn-3-ol 2c 4-Ethyl-2-methyl-4-butyrolactone 95a

1d 6-Heptyn-4-ol 2d 2-Methyl-4-propyl-4-butyrolactone 85

1e 2-Butyne-1,4-diol 2e 2-Hydroxymethyl-4-butyrolactone 58b

1f 1-Phenyl-hex-1-yn-3-onec 2f 2-Phenyl-4-propyl-4-butyrolactone 5

1f 1-Phenyl-hex-1-yn-3-onec 2g 4-Keto-2-phenylheptanoic acid 89d

a NiCl2 was used.
b Sample contained hydroxycarbonyl products; the ratio of lactone:hydroxycarbonyl product was about 1:1.
c a-Ketoalkyne was used.
d Isolated from the first extraction with ether.
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subsequent lactonization. It is also noted that during the
cyanide addition a double bond is formed, which is re-
duced before the lactonization.

According to prior observations, a series of successive
steps is suggested: reduction of alkynol, cyanation,
hydration of the nitrile group, reduction of double bond
and lactonization (see Scheme 2). It is know that several
Ni(II) salts, that is, chloride and cyanide, in the presence
of excess cyanide ions in water generates the specie 1.15

This specie can react with an alkyne by the displacement
of cyanide ions to give the specie 2. In this way the acti-
vated alkyne, by its p-coordination at the nickel atom, is
susceptible to a nucleophilic addition of hydride specie.
Subsequently, the formed r-vinyl complex, specie 3, can
undergo a reductive elimination to give the specie 4. In
recently publications, the Ni(0) fragment [(dippe)Ni]
has been found to p-coordinate to the CN bond of sev-
eral organic nitriles and undergo reversible insertion
into the R–CN bond.16–18 Thus, a interconversion be-
tween the species 3 and 4 should be consider in the
Scheme 2.
mechanism pathway.19 It is possible that the nickel also
catalyze the hydration of the nitrile to 2,3-unsaturated
acid, specie 5, as the triple bond case.20 The before step
is followed by a double bond reduction with NaBH4 to
give the respective 4-hydroxy acid. Lactonization of this
latter specie gives the butyrolactone. Finally, the tetracy-
anonickel(II) (specie 1) is regenerated by the oxidation
of the tetracyanonickel(0) (specie 6) with water accord-
ing to the literature.15

In conclusion, a novel and simple method for the cata-
lytic synthesis of 2,4-disubstitutedbutyrolactones is re-
ported. It is suggested that the reaction is catalyzed by
cyanonickel(II) specie, which is regenerated via its re-
oxidation with water. Apparently, the key step in the
process is the reductive elimination of the cyanide and
the vinyl attached on nickel atom. The preparation of
butyrolactones by this method can apply to a-ketoalky-
nes as substrates.
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