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ABSTRACT: A new synthetic method for thiochromones was
developed by using nickel-catalyzed decarbonylative cyclo-
addition of readily available thioisatins with alkynes. This
reaction proceeded under very mild conditions and has quite
high functional group compatibility.

Heterocyclic compounds are predominant structural motifs
in many functional molecules, natural products, and

bioactive compounds.1 Among the various heterocyclic
compounds, chromone derivatives and their analogues, such
as quinolones and thiochromones, constitute part of a large
family of biologically active compounds, and thus, the
development of a new synthetic method is a research topic of
great interest.2 In particular, thiochromones are also recognized
as bioactive compounds; however, synthetic methods for
thiochromones are still limited.3−5 Herein, we report that a
nickel-catalyzed decarbonylative cycloaddition reaction of
alkynes and thioisatins, which can be easily prepared from
thiols, affords a variety of thiochromones with functional group
compatibility.
Initially, thioisatin 1a and 4-octyne (2a) were reacted in

refluxing toluene in the presence of 10 mol % of Ni(cod)2 and
20 mol % of triphenylphosphine under argon atmosphere to
exclusively furnish 2,3-dipropylthiochromone (3aa) in quanti-
tative yield (Table 1, entry 1). The nickel complex worked
catalytically even at 50 °C to afford 3aa in 98% yield (entry 2).
We then examined various phosphine ligands and IPr (1,3-
bis(2,6-diisopropylphenyl)-4-ylidene) and found that triphe-
nylphosphine gave the best result (entries 3−6). The reaction
also proceeded at room temperature, although the yield was
moderate even with expanded reaction time (entry 7).
After optimization of the reaction conditions, the scope of

substrates for this cycloaddition was then evaluated using
different thioisatins with various substituents (Scheme 1). 5-
Methylthioisatin smoothly reacted with 4-octyne to give the
corresponding thiochromone in 87% yield (3ba). Electron-
donating or -withdrawing groups did not suppress the reaction
(3ca: 68%, 3da: 91%). Moreover, a benzo-fused derivative also
gave the desired product 3ea in 82% yield. Various alkynes
could be applied to the reaction with thioisatins. 2-Octyne gave
the desired products in good yield as a mixture of regioisomers
(3ab: 91%). 1-(Trimethylsilyl)-1-propyne smoothly reacted to
give the desired product in 58% yield as a single regioisomer.
The carbon−carbon triple bond of a 1,3-conjugated enyne
underwent the regioselective reaction with 1a. Varieties of

functional groups were found to be tolerated under the reaction
conditions. For example, alkynes with ether, ester, siloxy, or
acetal groups reacted with 1a without decomposition with
good-to-excellent yields (3ae: 94%, 3af: 87%, 3ag: 91%, 3ah:
86%). Furthermore, an alkyne with two unprotected hydroxy
groups also gave the corresponding product 3ai in 56% yield.
The derivatives of 2-phenylthiochromone are recognized as

good medicinal candidates.4c−g We found that various 2-
arylthiochromones could be easily synthesized by the nickel-
catalyzed reaction of thioisatin with aryl-substituted alkynes
(Scheme 2). Diphenylacetylene smoothly reacted with 1a to
give 2,3-diphenylthiochromone 3aj in 93% yield. 1-Methyl- or
1-cycopropyl-2-phenyl acetylenes gave the corresponding
thiochromone derivatives as major products over their
regioisomers (3ak: 92%, 3al: 82%). An electronically biased
diphenyl acetylene derivative reacted to give the cycloadduct
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Table 1. Optimization Study of Reaction Conditionsa

entry ligand temp (°C) time (h) yieldb (%)

1 PPh3 130 1 96
2 PPh3 50 6 98 (78)c

3 PCy3 50 6 35
4 PPr3 50 6 <1
5 PtBu3 50 6 20
6 IPrd 50 6 0
7 PPh3 25 24 49

aReaction conditions: Ni(cod)2 (10 mol %), ligand (20 mol %), 1a
(0.2 mmol), and 4-octyne 2a (0.3 mmol; 1.5 equiv) in 1.0 mL of
toluene. bYield was determined by 1H NMR spectroscopy. c5 mol % of
Ni(cod)2 and 10 mol % of PPh3 were used.

d10 mol % of ligand was
used.
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3am with a moderate ratio of regioisomers. Cyano- or nitro-
substituted tolanes reacted with 1a to give the cycloadducts in
82% (3an) and 77% (3ao) yields, respectively. Phthalic
anhydride substituted phenylacetylene gave the product 3ap
in 82% yield as a regioisomeric mixture; however, 1-phenyl-2-
(3,5-dibromophenyl)ethyne gave the corresponding thiochro-
mone 3aq in 96% yield as a single regioisomer.
As shown in Scheme 3, terminal alkynes also participated in

the reaction to afford thiochromones. For example, phenyl-
acetylene gave 3ar regioselectively in 91% yield. 1-Octyne also
reacted with 1a in excellent yield (3as: 96%). Moreover,
(trimethylsilyl)acetylene gave the correspondingly substituted
product (3at) in 90% yield.
A plausible reaction pathway to account for the formation of

thiochromone 3 based on the observed results is outlined in
Scheme 4. In view of the mechanism of the previously reported
transition-metal-catalyzed insertion reaction of S−CO bond to
alkynes, it is reasonable to consider that the catalytic cycle of
the present reaction should consist of the oxidative addition of
S−CO bond of thioisatin 1a to a Ni(0) complex to form an
intermediate A.6−9 Then, decarbonylation occurs to give a
complex B followed by the migratory insertion of an alkyne to

the C−S bond via C. Finally, reductive elimination of nickel
from D gives the desired product 3.

Scheme 1. Synthesis of Alkyl-Substituted Thiochromonesa

aIsolated yields are given. bRatio of ragioisomers. c3 equiv of alkyne
was used. Ac = acetyl. TBS = tert-butyldimethylsilyl. MOM =
methoxymethyl.

Scheme 2. Synthesis of Aryl-Substituted Thiochromonesa

aIsolated yields are given. bRatio of ragioisomers.

Scheme 3. Reaction with Terminal Alkynes

Scheme 4. Plausible Reaction Mechanism
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In summary, we developed a nickel-catalyzed decarbonylative
cycloaddition reaction of thioisatins and alkynes to form various
thiochromones. The reaction proceeded under mild conditions;
thus, a number of functional groups could be tolerated to afford
the correspondingly substituted thiochromones in high yields.
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