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Diels–Alder reaction using a dendritic copper(II) triflate-catalyst:
a positive dendritic effect on the chemical yield

Ken-ichi Fujita,* Takahito Muraki, Hatsuhiko Hattori and Toshiyasu Sakakura

National Institute of Advanced Industrial Science and Technology (AIST), AIST Tsukuba Central 5, 1-1-1, Higashi, Tsukuba,

Ibaraki 305-8565, Japan

Received 5 April 2006; revised 7 May 2006; accepted 9 May 2006
Abstract—A series of dendritic ligands with a 2,2 0-bipyridine core was synthesized through the coupling of 4,4 0-dihydroxy-2,2 0-
bipyridine with poly(arylether) dendron in fair yields. The corresponding copper(II) trifluoromethanesulfonate (triflate) dendrimers
were applied as a Lewis acid catalyst to the Diels–Alder reaction. A positive dendritic effect on the chemical yields of adducts was
observed.
� 2006 Elsevier Ltd. All rights reserved.
Table 1. Preparation 2,2 0-bipyridine core dendrimers 3(Gn[R])
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Dendrimers are fascinating molecules due to their
unique physical and chemical properties caused by their
well-defined hyperbranched frameworks.1 From the per-
spective of their character, immobilization of functional
or catalytic sites on dendrimers is one of the important
goals. In particular, dendritic catalysts have received
considerable attention due to the possibility of catalyst
recovery using membrane or nanofiltration techniques2

and due to the alteration of catalyst solubility by
peripheral modification.3

Depending on the location of the catalytic sites, organo-
metallic dendrimers with catalytic sites at the core or at
the periphery have been described.4 In the case of core-
catalyzed dendrimers, it is expected that the specific
nanoenvironment of the catalytic core site created by
the dendritic structure could modulate its catalytic
behaviors such as its reactivity and selectivity. Previ-
ously, several examples of a positive dendritic effect,
which means that the reactivity or the selectivity is
enhanced by increasing the generation of the dendrimer,
have been reported by us5 and by other groups.6 We
wish to report herein the simple preparation of dendritic
ligands with a 2,2 0-bipyridine core, Lewis acid-catalyzed
Diels–Alder reaction by employing the corresponding
copper(II) trifluoromethanesulfonate (triflate) dendri-
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2006.05.040

Keywords: Dendrimer; Lewis acid catalyst; Diels–Alder reaction;
Dendritic effect.
* Corresponding author. Tel.: +81 29 861 9352; fax: +81 29 861

4577; e-mail: k.fujita@aist.go.jp
mers, and the positive dendritic effect on the chemical
yields of the Diels–Alder adducts.

2,2 0-Bipyridine core dendrimers 3(Gn[R]) were synthe-
sized as follows (Table 1).7 To a solution of 4,4 0-di-
hydroxy-2,2 0-bipyridine7a and poly(arylether) dendritic
benzyl bromide 28 (structural formulas of Gn[R] are
shown in Figure 1) in tetrahydrofuran (THF) was added
potassium carbonate and a catalytic amount of 18-
crown-6 under an argon atmosphere. After refluxing
for 12 h with stirring, the reaction mixture was filtered
with Celite, and the filtrate was concentrated in vacuo
and then purified by column chromatography on silica
gel. The second- and third-generation dendrimers 3 were
obtained in fair yields (entries 2–5).9 However the first-
generation 3 was obtained in poor yield (entry 1), prob-
ably due to the nucleophilic attack of the nitrogen of
1 Me G1 8
2 Me G2 86
3 Me G3 86
4 Bn G2 80
5 Bn G3 85
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Table 2. Diels-Alder reaction by employing 3(G2[Me])-Cu(OTf)2
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Figure 1. Structural formulas of Gn[R] dendrons (n = 1–3).
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bipyridine on 2 owing to the small size of G1[Me]-
dendron.

In the case of the preparation the first-generation 3, it
was found that 1 was coupled with dendritic benzyl alco-
hol 4 under Mitsunobu conditions10 to provide 3(G1[R])
in moderate yields (Scheme 1).
iPrO2CN=NCO 2
iPr

G1[R]-OH

PPh3
N N

O O G1[R]G1[R]

3(G1[R])
THF, r.t.

R: Me 50%
Bn 46%

1

4

Scheme 1. Preparation of 2,2 0-bipyridine core dendrimers 3(G1[R]).

7 ON
O

ON
O

86 —

a Isolated yield.
b Determined by 1H NMR spectra.13

Table 3. Dendritic effect on chemical yields of adducts

CH2Cl2, r.t., 16 h
ON

O

O O N O

O

endo only

+ (10 mol%)
3(Gn[R])-Cu(OTf)2

Entry R Gn Yielda (%)

1 Me G1 5
2 G2 56
3 G3 80

4 Bn G1 77
5 G2 87
6 G3 94

a Isolated yield.
We examined the utility of the dendrimer 3(Gn[R]) as
a dendritic ligand by performing copper(II) triflate-
catalyzed Diels–Alder reaction (Table 2).11,12 First,
by employing 10 mol % 3(G2[Me])-Cu(OTf)2 catalyst,
which was prepared in situ in dichloromethane, a
Diels–Alder reaction of cyclopentadiene with various
dienophiles proceeded at room temperature to afford
the corresponding adducts in excellent yields (entries
1–3). In these reactions, the endo/exo ratios were almost
similar to those previously reported.11

On the other hand, stirring a dichloromethane solution
of cyclopentadiene and various dienophiles at room
temperature in the presence of 10 mol % Cu(OTf)2,
which was not immobilized on the dendrimer, the corre-
sponding Diels–Alder adduct was not obtained entirely
to promote the polymerization of cyclopentadiene.
Furthermore, even by employing the modified Cu(OTf)2

catalyst, which was coordinated by non-dendritic 4,4 0-
dimethoxy-2,2 0-bipyridine (=3(G0[Me])), the corre-
sponding Diels–Alder adduct was obtained in only 1%
yield. Thus, the immobilization of Cu(OTf)2 on the den-
drimer is effective for the modulation of its Lewis
acidity.
Encouraged by these results, we applied the dendritic
3(G2[Me])-Cu(OTf)2 catalyst to other dienes, only the
corresponding Diels–Alder reaction proceeded smoothly
also in these cases (entries 4–7). However, in the case of
entry 5, the chemical yield of the adduct was rather low
(56% yield).

We subsequently performed this Diels–Alder reaction
with substrates in Table 2, entry 5 using 10 mol % vari-
ous generation dendritic catalysts 3(Gn[R])-Cu(OTf)2,
which were carried out for 16 h (Table 3). In both cases
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of 3(Gn[Me]) and 3(Gn[Bn]), the chemical yield of an
adduct was enhanced by increasing the generation of
the dendritic Cu(OTf)2 catalyst. This relationship
between the generation of the dendritic catalyst and
the chemical yield is one of the positive dendritic
effects.5,6,14

On the other hand, the negative dendritic effect in the
Diels–Alder reaction caused by employing the dendritic
bis(oxazoline)-Cu(OTf)2 catalyst has previously been re-
ported by the other group.15 They reported that the rea-
son of their negative dendritic effect was due to the steric
hindrance of its bulky dendritic skeleton. We assume
that our profound dendritic effect is probably derived
from the increase of the Lewis acidity due to the dis-
torted bipyridine skeleton of the 3-Cu(OTf)2 complex
by the steric repulsion of the dendritic wedges,16 thus
affording better chemical yield with increasing the gener-
ation of the dendrimer.6c Exactly, by the comparison of
the chemical yields in the same generation, 3(Gn[Bn]),
which possesses bulkier groups at its periphery, affords
better chemical yields than 3(Gn[Me]) in all generations.

We are currently trying to apply this dendritic ligand to
other catalytic conversions and to apply these catalytic
processes to a continuous-flow membrane reactor by
nanofiltration. The results will be reported in due
course.
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