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An efficient method involving copper-free Pd(OAc)2/Ruphos-catalyzed Sonogashira coupling strategy for
a variety of 3-alkynyl isochromen-1-ones has been developed. Sonogashira coupling in the presence of
catalytic system—Pd(OAc)2/Ruphos, Et3N base, and tetrahydrofuran solvent under aqueous and room
temperature conditions, provided novel 3-(alkynyl)-1H-isochromen-1-ones in excellent yields. The
methodology has also been extended toward natural isochromen-1-one–30-hydroxycorfin and gymnop-
alynes A analogues.
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Introduction

The prevalence of isochromen-1-one moiety in numerous natu-
ral products which exhibit a wide range of biological activities has
generated a continued and enormous interest among synthetic and
medicinal chemists.1 Among the various substituted isochromen-
1-ones, the 3-substituted isochromen-1-ones are important build-
ing blocks in many biologically active natural products.2 The 3-
substituted isochromen-1-ones showed anti HIV activity in vitro,
diuretic, antihypertensive, b-sympatholytic, anticorrosive, laxa-
tives, asthmolytic, phytotoxic, and were found to be useful in the
treatment of emphysema.3 Likewise, they exhibit a broad range
of pharmacological activities including antimalarial,4 antimicro-
bial,5 immunomodulatory,6 antifungal,7 anti-inflammatory,8 phy-
totoxic,9 antiangiogenic,10 cytotoxic, and mutagenic activities.11

Isochromen-1-ones act as a lead compound for the identification
of insecticides which selectively bind at the insect GABA
receptor.12

A few naturally occurring 3-butylisocoumrins, corfins were iso-
lated from lipophilic extracts of aerial as well as underground
organs and 3’-hydroxycorfins from the roots of Chamaemelum mix-
tum.13 In our continued research interests,14 in order to explore the
scope of the Sonogashira coupling, the naturally occurring acety-
lenic compounds hydroxyl corfin analogues were attempted as
summarized in Scheme 1.

With regard to the hydroxyl corfin derivatives optimization of
the reaction conditions was done (Table 1), initially the reactions
were performed using 3-chloroisocoumarin, 1a, propargyl alcohol,
2f, Pd(OAc)2/Ruphos catalytic, and reflux conditions. Unfortunately,
the trials have failed to offer the desired product quantitatively,
although the conversion rate was 100% (Table 1, entries 1–6)
attributable to high temperature, for example, at 80 �C, the alkynyl
alcohols are highly reactive to offer the undesired product such as
the self coupling products in major yields. Similar observations
were noticed while using Oxydiphos (or DPEPhos), Xphos, and
Sphos ligands (Table 1, entries 1–5). To achieve the Sonogashira
coupling of alcoholic acetylenic compounds with 3-chloro-1H-
isochromen-1-one efficiently, the influence of temperature from 0
to 70 �C has been explored as in Table 1 (entries 5–14). To our sur-
prise, the desired propargyl alcohol 3f was achieved at a reduced
temperature. The results revealed that the optimal temperature
for the coupling reaction was found to be 20–30 �C. Below this tem-
perature the substrates did not react effectively to offer the quanti-
tative yield, and above this temperature a decomposition of alkynyl
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Table 2
Effect of solvent

Entry Catalyst Ligand Solvent

1 Pd(OAc)2 Ruphos Acetonitrile
2 Pd(OAc)2 Ruphos 1,4-Dioxane
3 Pd(OAc)2 Ruphos 1,4-Dioxane
4 Pd(OAc)2 Ruphos DMF
5 Pd(OAc)2 Ruphos DMF
6 Pd(OAc)2 Ruphos TEA
7 Pd(OAc)2 Ruphos THF
8 Pd(OAc)2 Ruphos THF

Reaction conditions: 1a (1.11 mmol), 2f (1.22 mmol), base Et3N, Pd(OAc)2 (2.5 mol %), R
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Scheme 1. Synthesis of 30-hydroxycorfin and gymnopalynes A analoguesa.

Table 1
Sonogashira coupling of 3-chloro-1H-isochromen-1-one with propargyl alcohol:
Optimization of the reaction conditionsa

2f
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Ligand/Catalyst
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Entry Catalyst Ligand Temp (�C) Time (h) Isolated yield (%)

1 Pd(OAc)2 Ruphos 80 1 Traceb

2 Pd(OAc)2 Oxydiphos 80 1 Traceb

3 Pd(OAc)2 Xphos 80 1 Traceb

4 Pd(OAc)2 Sphos 80 1 Traceb

5 Pd(OAc)2 Ruphos 70 1 Traceb

6 Pd(OAc)2 Ruphos 60 1 Traceb

7 Pd(OAc)2 Ruphos 50 7 55
8 Pd(OAc)2 Ruphos 40 7 65
9 Pd(OAc)2 Ruphos 35 7 76

10 Pd(OAc)2 Ruphos 30 7 92
11 Pd(OAc)2 Ruphos 25 12 79
12 Pd(OAc)2 Ruphos 20 12 65
13 Pd(OAc)2 Ruphos 10 12 40
14 Pd(OAc)2 Ruphos 0 12 Trace
15 Pd(OAc)2 Oxydiphos 25 7 60
16 Pd(OAc)2 Xphos 25 7 64
17 Pd(OAc)2 Sphos 25 7 61

a Reaction conditions: 1a (1.11 mmol), 2f (1.22 mmol), base Et3N, Pd(OAc)2

(2.5 mol %), ligand (10 mol %), THF (5 mL), degassed water (0.5 mL).
b At 80 �C, the alkynyl alcohols undergo self coupling, with traces of inseparable

desired product.
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substrates and products was observed. With this optimized condi-
tion in hand the role of ligands such as, Oxydiphos, Xphos, and Sphos
were then explored. Moderate yields were obtained and the best
emerged out of the ligands as Ruphos (Table 1, entries 15–17).
The hydroxyl corfin derivatives 3a–e were successfully attained fol-
lowing the optimized reaction condition as tabulated in Tables 1
and 2).

Encouraged by the results, further successful attempts were
made to achieve the recently isolated Gymnopalyne A,15 a chloro-
propynyl-isocoumarin antibiotics from cultures of the basidiomy-
cete Gymnopus sp. as depicted in Scheme 1. The derivatives of
Gymnopalyne A, for example, the acetylenic compounds 3g–k
were successfully achieved as tabulated in Table 3. The Gymnopa-
lyne A, 3l was also achieved as depicted in Scheme 1 from the cor-
responding hydroxyl derivative using triphenylphosphine, POCl3,

and halide solvent.16,17 All the synthesized target compounds were
characterized by NMR spectroscopy.

The proposed mechanism of the reaction is delineated in
Scheme 2. The catalytically active Pd0 species I, is stabilized by
the ligand present. The Sonogashira coupling catalytic cycle was
initiated by the oxidative addition of aryl halides to species I, form-
ing the adduct II as a homogeneous PdII species followed by a
reversible coordination of the alkyne to II producing an alkyne–PdII

complex III. The base then abstracts a proton from coordinated
alkyne, forming the palladium–acetylide complex IV, from which
the cross-coupled product V is obtained by reductive elimination
and regenerating the catalyst species I.
Temp (�C) Time (h) Isolated yield (%)

30 7 87
30 7 84
80 1 Trace
30 7 78
80 1 Trace
30 7 85
30 7 92
70 1 Trace

uphos (10 mol %), degassed water (0.5 mL).



Table 3
Sonogashira coupling of 3-chloro-1H-isochromen-1-one with alkynes

Entry Chloroisocoumarin Alkynes Product Yield (%)
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Table 3 (continued)

Entry Chloroisocoumarin Alkynes Product Yield (%)

11 1b

HO

,
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O

O
OH
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3k 79

Reaction conditions: 1a or 1b (1.11 mmol), alkyne 2 (1.22 mmol), base Et3N, Pd (OAc)2 (2.5 mol %), Ruphos (10 mol %), THF (5 mL), degassed water (0.5 mL), refluxed at room
temperature, 7 h.
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Conclusions

The present methodology is highly attractive for the exploita-
tion of differently substituted isocoumarins and it may be utilized
for the synthesis of naturally occurring bioactive various
3-substituted isocoumarins similar to our successful attempt of
30-hydroxycorfin, Gymnopalyne A derivatives and so on.
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