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ABSTRACT

A polymer-supported anthracene has been prepared and employed as a dienophile scavenger in Diels−Alder cycloadditions.

Polymer-supported reagents and scavengers have been in-
creasingly employed in solution-phase parallel synthesis for
the preparation of chemical libraries.1 Numerous polymer-
supported scavenger resins are currently available, most of
which are either nucleophilic or electrophilic.2 During the
course of a library synthesis project, we required a scavenger
for selective removal of maleimides and other dienophiles
in the presence of other electrophilic functionality on a tar-
get scaffold.3 On the basis of our work in the sequestration
of anthracene-tagged substrates with a polymer-supported
maleimide,4 we targeted a polymer-supported anthracene as
a chemoselective dienophile scavenger.5 Herein, we report

the synthesis of a polymer-supported anthracene and its
use as a scavenger for dienophiles in Diels-Alder cycload-
dition.6

Our initial synthesis of a polymer-supported anthracene2
is shown in Scheme 1. Acylation of 9-anthracenemethanol
with succinic anhydride afforded anthracene acid1,7 which
was coupled to commercially available aminomethyl poly-
styrene resin (PS-NH2, Argonaut Technologies, 1.52 mmol/
g) to provide polymer-bound anthracene2. The scavenging
capacity of2 was determined by thermolysis withN-(4-
bromophenyl)maleimide (3.0 equiv) in toluene at 70°C (24
h). The loading of the resulting cycloadduct resin3 was
calculated to be 0.84 mmol/g by elemental analysis (Br). The
loading of scavenger resin2 was back-calculated to be 1.07
mmol/g, which was in agreement with the theoretical loading.
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Although resin2 can efficiently scavengeN-phenylmale-
imide using microwave irradiation (150°C, 20 min),8

9-anthracenemethanol was also observed as a byproduct. The
thermal instability of this resin may be derived from the
properties of the 9-anthrylmethyl system9 or intramolecular
participation by the amide nitrogen in ester hydrolysis.10 In
an effort to develop a more stable resin attachment, we
prepared a scavenger resin lacking both the 9-anthrylmethyl
ester and succinate spacer (Scheme 2). Second-generation

resin5 was prepared by treatment of aminomethyl polysty-
rene with readily available isopropylidene malonate44e in
toluene (100°C, 12 h).11 The dienophile scavenging capacity
of resin 5 was determined to be 1.09 mmol/g by HPLC
analysis usingN-phenylmaleimide as a dienophile and
4-biphenylmethanol as an internal standard.

We next examined the reactivity of5 as a scavenger for
a series of dienophiles (Table 1). Resin5 (2-3 equiv.) was
incubated with a number of dienophiles12 using both thermal
and microwave heating. TLC and NMR analysis showed that
reactive dienophiles, including maleimides andN-phenyl-
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Scheme 1. Synthesis of a First-Generation Polymer-Supported
Anthracene2

Scheme 2. Synthesis of a Second-Generation
Polymer-Supported Anthracene5

Table 1. Dienophile Sequestration Using Anthracene Resin5a,b

a Conditions: 2.0 equiv of resin5 (0.1 M in dienophile). (A) Thermal
reactions were conducted using the MiniBlock XT parallel solution-phase
synthesizer, toluene, 100°C. (B) Microwave-mediated reactions were
conducted using the CEM Discover Microwave System, 1,2-dichloroethane
(DCE), 150°C, 150W.b Performed with 3.0 equiv of resin5 (0.07 M in
dienophile).
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triazolinedione (cf. entries 1-5), were efficiently scavenged
(>99% conversion by1H NMR analysis) in less than 8 h
(thermolysis) or 30 min (microwave heating). Other dieno-
philes (entries 6 to 9) were also scavenged with comparable
efficiency. 1,4-Naphthoquinone (entry 10) was also evaluated
as a representive unreactive dienophile. HPLC analysis
showed that the conversion was 60% using thermal heating
(16 h, 100°C, toluene) and 71% using microwave heating
(40 min, 150°C, DCE). Longer reaction times or use of
Lewis acids (e.g., Sc(OTf)3)13 led to the production of
byproducts from the resin.

With dienophile scavenger resin5 in hand, we initiated
the preparation of natural product-like compounds using
Diels-Alder cycloaddition. A number of prenylflavonoid
Diels-Alder natural products have been isolated from the
mulberry tree and related plants.14 For example, kuwanon
G (8)15 and multicaulisin (9)16 are [4 + 2] Diels-Alder
cycloaddition products between prenylflavonoid dienes and
hydroxychalcones (Figure 1). The interesting structural

diversity of these compounds prompted us to prepare the
corresponding flavonoid dienes for use in [4+ 2] Diels-
Alder cycloaddition with reactive dienophiles.17

Model flavonoid dienes10 and 11 were efficiently pre-
pared using modified Suzuki coupling18 of iodides12 and
13 with dienyl boronate14 (Scheme 3).19 Treatment of10

and 11 with N-(4-bromophenyl)maleimide (2.0 equiv) in
CDCl3 (65 °C, 4 h) cleanly afforded [4+ 2] Diels-Alder
cycloaddition products15 and16 (Scheme 4). Interestingly,

cycloadduct15 exhibits restricted rotation about the aryl-
cyclohexenyl bond as evidenced by severe broadening of
the1H NMR signals at room temperature.20 When the sample
was heated to 80°C in DMSO-d6, sharp peaks were obtained.
NOE studies (cf. Scheme 4) indicated that both15 and16
were endo cycloaddition products.

Finally, we prepared a number of flavonoid cycloadducts
by treatment of dienes10 and 11 with four additional
dienophiles (Table 2). Due to observed retro Diels-Alder
reactions of N-phenyltriazolinedione cycloadducts using
microwave conditions,21 compounds17and21 (entries 1 and
5) were synthesized by [4+ 2] cycloaddition and dienophile
sequestration with resin5 using thermal heating (DCE, 80
°C). Other compounds were prepared using microwave
heating (150°C, 150 W, DCE). For both steps, yields and
HPLC purities were determined from the crude reaction
mixtures without further purification.22
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Figure 1. Prenylflavonoid Diels-Alder natural products.

Scheme 3. Preparation of Model Flavonoid Dienes

Scheme 4. [4 + 2] Diels-Alder Cycloaddition and Relative
Stereochemistry Assignment
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In summary, we have developed a thermally stable poly-
mer-supported anthracene for use as a dienophile scavenger.
The scavenger resin has been employed to sequester reactive
dienophiles (e.g., maleimides) in Diels-Alder cycloadditions
to prepare natural product-like compounds. Further studies
on the use of dienophile scavengers to produce complex
chemical libraries are in progress and will be reported in
due course.
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Table 2. Syntheses of Flavonoid Diels-Alder Cycloadducts

a Conditions: (A) 2.0 equiv of dienophile, 80°C, DCE, 3 h. (B) 2.0 equiv of resin5, 80 °C, DCE, 3 h.b Conditions: (A) 150°C, microwave heating,
DCE, 150W, 10 min. (B) 2.0 equiv of resin5, 150°C, microwave heating, DCE, 150W, 20 min.c HPLC analysis: CH3CN/H2O 10-95% (10 min). Purities
are reported using ELS detection (UV detection, 214 nm in parentheses).d HPLC analysis before the scavenging step: CH3CN/H2O 10-95% (10 min).
Purity reported using UV detection, 214 nm (see Supporting Information for details).
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