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Abstract: An efficient synthesis of 3-(1’-indanilydene) phthalide is
described via a palladium-catalysed biscyclisation step.
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Fredericamycin A, isolated from Streptomyces griseus in
1981,1 possesses important biological activities against a
large variety of tumours, such as P 388 leukemia, B 16
melanoma, and CD 8F mammary. Furthermore, the Fre-
dericamycin A does not show mutagenicity in the Ames
test (Figure).2

Figure

The biological activity mentioned above as well as the
unique structure of this hexacycle has prompted several
approaches to the construction of this challenging skele-
ton.3 However, despite the numerous efforts towards this
goal, biological studies have been limited by the rarity of
the product.

The crucial step seems to be introduction of the spirocy-
clic system. One of the ways by which the spirocycle is
generated, is the transformation of ylidene phthalides4a,b

into spirocyclic diketones by a DIBAL reduction of an
enol lactone followed by an in situ aldol condensation
(Scheme 1).4c

As part of our ongoing interest in the construction of poly-
cyclic systems, we have recently reported a new route to
g-arylidenelactones via a tandem carbopalladation-het-
erocyclisation sequence.5 In particular, cyclisation of the
linear pentynoic acid 1 has led to the indanylidene lactone
2 (Scheme 2).

Scheme 2

To further extend the scope of this study, we now wish to
describe a novel synthesis for the preparation of 3-(1’-in-
danylidene) phthalide 5 from linear acid 4. Moreover, the
newly discovered method potentially provides an alterna-
tive route to the dibenzo-1,4-diketospiro[4,4]nonane sys-
tem as shown in Scheme 1. Nevertheless, it was
anticipated that application of the same concept to this
new system could lead to the formation of four types of
products (Scheme 3). Indeed, due to the strain generated
by the introduction of an aryl group on the linear system,
the palladium-catalysed biscyclisation reaction could ei-
ther proceed via a five-exo or a six-endo mode leading to
the expected lactone 5 or the isocoumarin 6, respective-
ly.14 Two types of direct regioisomeric cyclisation leading
to 7 and 8 could also be envisaged, since it is well known
that 2-alkynyl benzoic acids are easily transformed into a
mixture of phthalides and isocoumarins in the presence of
transition metal catalyst including palladium(II) species.6

With this in mind, when Pd(II) precatalysts are used as
source of Pd(0), it becomes important to add a preformed
Pd(0)Ln catalyst solution to the reaction mixture.7
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Scheme 3

The required acid 4 was prepared in three steps from com-
mercially available 2-iodobenzyl bromide (Scheme 4).
The major difficulty encountered in the preparation of 4
was the Sonogashira coupling reaction of the known
alkyne moiety8 9 with methyl o-iodobenzoate. Using liter-
ature reported methods,9 very low yields of the expected
product resulted (20-30%) along with a complex mixture
of uncharacterised byproducts. Nevertheless, a noticeable
improvement was made by modifying the coupling proce-
dure,10 (Pd/C, PPh3, CuI, DME/H2O, D) where 10 was iso-
lated in 52% yield. Finally, smooth alkaline hydrolysis of
the ester with lithium hydroxide in aqueous THF provided
4 in high yield. 

Scheme 4

In the first attempt, we used a reaction protocol based on
reported methods.5 Thus, when 4 was treated with a cata-
lytic amount of Pd(0) complex (5% Pd(OAc)2, 10% TFP,
10% heptene) in DMSO at room temperature in the pres-
ence of tBuOK as base, only compound 8 resulting from
the direct cyclisation of the acid on the triple bond via the
6-endo mode was isolated in low yield (14%). A control
reaction indicated that in absence of palladium species, af-
ter 20 hours at room temperature, traces of product 8 were
obtained. 

In order to find the optimum conditions for biscyclisation,
the effect of the palladium source was first evaluated, (en-
tries 1-5) while other reaction parameters were main-
tained. The results are shown in Table 1.

Table 1 Influence of the nature of the catalyst

a) TFP = tris(2-furyl) phosphine; b) All reactions were run at room
temperature with tBuOK as base.

Of the palladium sources examined, only Pd(OAc)2 re-
duced by NaBH4

11 in the presence of 2 equivalents of
tris(2-furyl) phosphine, afforded the desired product 5
(entry 4). However, although the starting material was
consumed, a low yield of tetracyclic phthalide was isolat-
ed (23%). Zerovalent palladium formed from
PdCl2(PPh3)2 by the reduction with BuLi12 failed to pro-
mote the reaction (entry 5). Commercially available cata-
lysts such as Pd(PPh3)4 (entry 2) and Pd2dba3×CHCl3 with
TFP as ligand (entry 3) were ineffective. The first one led
to a mixture of three inseparable compounds 5, 6 and 8 in
the ratio 1/0.1/0.3. The second catalyst used afforded ex-
clusively compound 8 arising from direct 6-endo cycliza-
tion. All products were easily identified by 1H NMR,
where product 8 gave a singlet at 6.25 ppm for the ethyl-
enic proton and a doublet centered at 8.27 ppm for one ar-
omatic proton. Product 5, which is a known compound4b

gives a doublet at 8.32 ppm and product 6 a doublet at
8.39 ppm. The solvent effects were also examined: in the
optimized conditions described below, changing the sol-
vent to acetonitrile led to the phthalide 5 as the sole isol-
able product but the yield was still low (38%).
Presumably, the use of a strong base such as tBuOK
caused degradation of the starting material. 

Consequently, we have also studied the biscyclisation re-
action of compound 4 with different bases. Results are
summarised in Table 2.

We have found that inorganic bases such as potassium or
cesium carbonate worked well in DMSO giving 64% of
the expected product along with 10% of 6 which was eas-
ily removed by recrystallisation.13 Surprisingly, the use of
KHCO3, led to a mixture of products 5 and 6 in excellent
yield, where the regioselectivity of the biscyclisation is re-
versed in favour of 6 (entry 7). It should be noted that the
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use of PPh3 as ligand in place of TFP significantly im-
proved the reaction efficiency (entry 3). 

In conclusion, the palladium-catalysed bis-cyclisation re-
action presented herein constitutes a novel and rapid syn-
thetic route to the phthalide nucleus. We are currently
investigating an extension of this work to study the role of
substituents on aromatic rings, which will be reported in
due course.
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Table 2 Influence of the nature of the base

a) except for entry 5, where the product has been purified by recry-
stallisation, all yields were determined by 1H NMR. In all cases, mi-
nor product 6 is also present in small quantities (5-10%).
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