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Rapid Parallel Synthesis of Polymer-Bound Enones Utilizing
Microwave-Assisted Solid-Phase Chemistry

Gernot A. Strohmeier and C. Oliver Kappe*

Institute of Chemistry, Karl-Franzens-UniVersity Graz, Heinrichstrasse 28, A-8010 Graz, Austria

ReceiVed July 22, 2001

A microwave-assisted parallel solid-phase synthesis of a collection of 21 polymer-bound enones has been
developed. The two-step protocol involves initial high-speed acetoacetylation of polystyrene Wang resin
with a selection of seven commonâ-ketoesters. When microwave flash heating at 170°C was employed,
complete conversions were achieved within 1-10 min, a significant improvement over the conventional
thermal method, which takes several hours for completion. Significant rate enhancements were also observed
for the subsequent microwave-heated Knoevenagel condensations with a second set of 13 different aldehydes.
Reaction times were reduced to 30-60 min at 125°C in the microwave protocol compared to 1-2 days
using conventional thermal conditions. Kinetic comparison studies indicate that the observed rate
enhancements can be attributed to the rapid direct heating of the solvent (1,2-dichlorobenzene) by microwaves
rather than to any specific microwave effect. All reactions have been carried out in commercially available
parallel reactors with on-line temperature measurement, designed specifically for use in multimode microwave
cavities.

Introduction

Faced with the increasing demand for novel drug targets,
there is considerable current interest to accelerate the
technologies associated with combinatorial chemistry and
high-throughput synthesis.1 One of the most often used
techniques in combinatorial chemistry is automated solid-
phase organic synthesis (SPOS) based on the original
Merrifield method for peptide preparation.2 However, one
disadvantage of this methodology compared to standard
solution-phase synthesis is the comparatively long reaction
times that are usually required owing to the heterogeneous
reaction conditions involving insoluble polymer supports.
Since speed is generally recognized as an important factor
in high-throughput synthesis and combinatorial chemistry,
any technique that is able to accelerate the process of solid-
phase organic synthesis is of considerable interest.

In recent years, the concept of speeding up resin-bound
chemistry by microwave activation has created a lot of
interest, from both the academic and industrial communi-
ties.3-14 In a number of publications, significant rate ac-
celerations and very high loadings for several solid-phase
protocols have been reported, with reaction times being
reduced in some cases from hours to a few minutes.3-14

Despite these initial reports, the benefits associated with this
new technology have not been rigorously established, since
in many cases domestic household microwave ovens have
been employed that do not allow the monitoring of temper-
ature or pressure profiles during irradiation experiments. In
a recent model study using dedicated microwave reactors
involving the alkylation of standard Merrifield-type resins

with carboxylate anions, we have demonstrated that micro-
wave flash heating, i.e., the very rapid heating of the reaction
mixture in combination with high reaction temperatures, is
most likely responsible for the observed rate enhancements
using this nonconventional heating method.14 We now take
our initial “proof of concept” studies a step further and (i)
report on the application of this technology toward syntheti-
cally more useful resin-bound chemistry and (ii) demonstrate
the feasibility of carrying out such microwave-assisted
transformations in a controlled and reproducible parallel
fashion, employing dedicated reactor systems.

As a suitable transformation to illustrate the concept of
microwave-assisted parallel solid-phase synthesis, we have
chosen the two-step preparation of polymer-bound enones.
For both solid-phase reaction steps there is ample precedence
in the literature.15-29 In general, the usual pathway involves
acylation of a hydroxy-functionalized resin with aâ-keto-
ester,15-21 followed by Knoevenagel condensation of the
resulting resin-bound 1,3-dicarbonyl moiety with aldehyde
building blocks (Scheme 1).15,19,20,22,27-29 Apart from â-ke-
toesters, other reagents have been employed as substitutes
in the first step, including diketene,22,23 acyl meldrum
acids,19,24N-hydroxysuccimidylacetoacetate,23 and 1,3-diox-
ine-4-ones.23,25,26While some of these reagents are consider-
able more reactive thanâ-ketoesters, they either require
multistep preparation (e.g., acyl meldrum acids) or provide
no diversity (i.e., diketene). On the other hand, a wide range
of â-ketoesters are either commercially available or easily
accessible but have to be reacted with the hydroxy resins at
relatively high temperatures for considerable periods of time
(typically at 110 °C for several hours).15-21 Subsequent
Knoevenagel condensations with aromatic or aliphatic al-
dehydes have also been reported to be quite slow, sometimes
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resulting in reaction times of up to 48 h at 70°C.15,19,20,22,27-29

Here, we demonstrate that controlled microwave flash
heating in parallel mode can be used to speed up both
processes outlined in Scheme 1 significantly, providing rapid
access to a diverse set of polymer-bound Knoevenagel
products. These enones (as well as the intermediate 1,3-
dicarbonyl compounds) are important building blocks in
solid-phase synthesis for the generation of several hetero-
cyclic privileged scaffolds such as as dihydropyridines,18,22,25

pyridines,18-20,22dihydropyrimidines,29,30pyrazolones,16,20,24

and benzothiazepines, etc.31

Results and Discussion

To be able to perform microwave irradiation experiments
in a reproducible manner, we have employed a commercially
available multimode microwave reactor dedicated for chemi-
cal synthesis. This instrument features a built-in magnetic
stirrer, direct temperature control of the reaction mixture with
the aid of fiber-optic probes and/or shielded thermocouples,
and software that enables on-line temperature/pressure
control by regulation of microwave power output. Impor-
tantly, the flexible modular platform allows the use of various
types of parallel reactors (multiprep rotors in continuous
movement) that house, for example, 50 reaction vessels that
fit in the large multimode cavity (see Experimental Section).
For easier handling of the resins, all experiments described
herein were carried out in open PFA (Teflon perfluoroalkoxy)
vessels that withstand high temperatures/organic solvents and
are microwave-transparent. The use of glass vessels in
microwave-assisted SPOS does not affect the chemistry, but
it aggravates the handling of resins. For both reaction steps
we have chosen 1,2-dichlorobenzene as the solvent. This
solvent has been used earlier in microwave-assisted chem-
istry32 and fulfills all the requirements for performing resin-
based transformations; dichlorobenzene has (i) good swelling
properties for both polystyrene and TentaGel resin,33 (ii) a
high boiling point (180°C) if reactions are to be performed
at atmospheric pressure, (iii) high chemical stability and
inertness to minimize side reactions, and (iv) a high dielectric
loss tangent (tanδ).34 A high value for tanδ indicates a
strong coupling with microwave energy, which means that
the corresponding solvent will be heated rapidly when
irradiated in a microwave cavity (microwave flash heating).34

Microwave-Assisted Acetoacetylations.For solid support
in all transformations described below, we have used standard
polystyrene Wang resin (1.0 mmol OH/g, 1% DVB cross-
linked) because our previous experience with this support/
linker combination has demonstrated that this type of resin
is unaffected even by extended microwave irradiation in
solvents at 200°C.14 Transesterifications with acetoacetates
are somewhat different compared to “normal” esters. It has
been demonstrated that such acetoacetylations proceed by
the initial formation of a highly reactiveR-oxoketene
intermediate via pseudopericyclic reaction pathways involv-
ing six-membered transition states.35 The elimination of the
alcohol component of the acetoacetic ester is therefore the
rate-limiting step in this transformation. Subsequent trapping
of the ketene functionality with alcohols (i.e., a hydroxy-
functionalized resin) then provides the transacetoacetylated
products. Generally this step is accomplished by thermolysis
of the correspondingâ-ketoesters.36-38 Several kinetic studies
have shown that methyl or ethyl esters are not ideal
precursors because of their relatively low thermolysis
rates.36,37tert-Butyl esters are significantly more reactive and
show a more than 15-fold increased reactivity.36,37However,
since most of the commercially availableâ-ketoesters are
methyl or ethyl esters, we wanted to develop reaction
conditions that would accommodate these precursors.

For an initial evaluation of microwave-assisted solid-phase
acetoacetylations, we have carried out a kinetic investigation
at 150 °C with ethyl acetoacetate as a representative
example.39 As shown in Figure 1, completion was observed
after 20 min at a preselected maximum temperature of 150
°C, a concentration of 20 mg of resin/mL of solvent and 5
equiv of ester. The on-bead FTIR kinetic analysis40-47 (see
Experimental Section) shows a first-order profile withk )
4.17× 10-3 s-1 (t1/2 ) 4 min). Note that in this microwave-
assisted process there is no need to use a catalyst such as
DMAP, as often recommended in the literature for this
transformation.21 A kinetic comparison experiment demon-
strated that there was no difference in the reaction rate of a
DMAP-catalyzed and noncatalyzed run. To reach even
shorter reaction times, we have further increased the reaction
temperature to 170°C by microwave flash heating, i.e., just
below the boiling point of the solvent. This increase in
reaction temperature corresponded to a decrease in the
reaction time for ethyl acetoacetate to 5-10 min. Because
of the high loss tangent of the solvent, such high temperatures

Scheme 1

Figure 1. FTIR kinetic study of transacetoacetylation with ethyl
acetoacetate at 150°C in open PFA vessels. Absorption bands at
1743 cm-1 were set in relation to the 1452 cm-1 Wang resin band.
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can be reached in less than a minute in a microwave flash
heating experiment. For safety reasons a 2 min heating ramp
was performed before the temperature was maintained at the
selected maximum value of 170°C (see Figure S1 in the
Supporting Information for a representation of the heating
profile). Although the above transesterification is an equi-
librium process, here the conversion can be easily driven to
completion by using the high-boiling ester component in
excess and by the rapid removal of the volatile ethanol
formed in the ester thermolysis. The thermal stability of the
acetoacetate attached to Wang resin was confirmed by
heating a sample of resin1a in 1,2-dichlorobenzene at 170
°C for 30 min, resulting in a loss of material of only 13%.
The FTIR spectra of1aand Wang resin are shown in Figure
2.

As can be seen from inspection of the data presented in
Table 1, analogous acetoacetylation reactions with a variety
of â-ketoesters can be performed successfully within 1-10
min using the above microwave protocol. Methyl or ethyl
aceto- and benzoylacetates require 5-10 min for completion
as judged by FTIR monitoring, more or less independent of
the substitution in theγ-position. Methyl esters are the
preferred precursors, since they undergo a well-defined
thermolysis process to the anticipatedR-oxoketene interme-
diates. Ethyl esters instead, although also successfully applied
in our experiments, are known to sometimes eliminate
ethylene in preference to ethanol, resulting in the formation
of undesired decomposition products.38 In agreement with
literature data on solution-phase reactions,tert-butyl esters
are significantly more reactive,36,37providing polymer-bound
acetoacetates in only 1 min at 170°C (Table 1, entry h). To
rapidly access a collection of the corresponding polymer-
boundâ-ketoesters1a-g (Scheme 2, Table 1), the seven
products were also obtained from a single microwave
irradiation experiment (10 min, 170°C), employing a
multiprep rotor system (see Experimental Section). Complete
conversion (>99%) was achieved in all cases.

Microwave-Assisted Solid-Phase Knoevenagel Conden-
sations.Knoevenagel condensations on solid support have
been described for several types ofâ-dicarbonyl components.
This includes not onlyâ-ketoesters,15,19,20,22but also malonic
esters/amides27-29 and cyanoacetamides.48 Although several
different reaction mechanisms have been discussed, differing
in the catalyst employed, the crucial step in all cases is to
initiate enolization of the CH acidic component.49,50 There-
fore, piperidine, piperidinium acetate, and ethylenediamine

diacetate (EDDA) have found widespread application as
distinct and efficient catalysts for solution- and solid-phase
Knoevenagel condensations. Initial attempts were made to
carry out microwave-assisted Knoevenagel condensations
with 0.3 equiv of piperidinium acetate using the same
conditions as for the acetoacetylation step (170°C, 1,2-
dichlorobenzene). Disappointingly, the result was a more or
less complete cleavage of all material from the resin (FTIR).
Sealed vessel conditions as reported by Kuster and Scheeren9

for related Knoevenagel condensations of polymer-bound
nitroacetic acid gave the same unsatisfactory result.

By systematic variation of the reaction conditions, we have
ultimately discovered that Knoevenagel condensations with
piperidinium acetate can be carried out at up to 125°C under
atmospheric conditions in 1,2-dichlorobenzene, employing
10 equiv of aldehyde (Scheme 3; also, see Figure S2 in the
Supporting Information for a representative heating profile).
Higher temperatures led to significant cleavage of material
from the resin, which can be explained by the noninertness
of the catalyst. The application of other solvents or catalysts
(e.g., ethylenediamine diacetate) did not provide better
results; indeed, most of the alternative catalysts sometimes
used in conventional solution-phase chemistry such as
DBU,51 1,8-dimethylaminonaphthalene,52 benzylamine ac-
etate,53 sodium acetate or lithium acetate54 refused to promote
condensations. Note that in the microwave protocol the use
of a water scavenger is not necessary because of the high
reaction temperature, being well above the boiling point of
water. We have investigated the kinetic profile of the reaction
of polymer-bound acetoacetate1awith 3-nitrobenzaldehyde
as a model system. As shown in Figure 3, the Knoevenagel
condensation proceeds sufficiently quickly with a first-order
kinetic profile andk ) 2.78 × 10-3 s-1 (t1/2 ) 6 min).
Therefore, a nearly complete conversion is obtained after

Figure 2. FTIR spectra of polymer-bound acetoacetate1b and
Wang resin.

Scheme 2

Table 1. Preparation of Polymer-Bound Acetoacetates1a

compd R R1 time (min)

1a Et Me 10
1b Et iPr 10
1c Et Ph 5
1d Et Bu 5
1e Me Cl-CH2- 5
1f Me Et 10
1g Me 4-F-Ph 5
1h t-Bu Me 1

a Yields are>99% (as determined by on-bead FTIR monitoring
and weight gain of the resin; see Experimental Section).
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30 min. Nevertheless, we have conducted all of the following
parallel synthesis using a set of 13 aldehydes and the 7
different polymer-bound ketoesters (see above), using an
irradiation time of 1 h to ensure complete conversions in all
cases. Again, the multiprep rotor was employed to generate
the 21-member library of polymer-bound Knoevenagel
products in a single irradiation experiment (Table 2).

Despite the different properties of polymer-bound aceto-
acetates and the diverse nature of the aldehydes used,
Knoevenagel condensations went to near completion (>95%)
in every investigated case. These results were confirmed by
on-bead FTIR analysis, accurate weight gain measurements
of scrupulously washed and dried resins, and postcleavage

analysis of the resulting enones3a-u by GC-MS and1H
NMR measurements (Scheme 4). The FTIR spectra of
polymer-bound acetoacetate1b and enone2b (Figure 4)
show characteristic changes in the regions of carbonyl
absorptions, represented by the disappearance of both the
original â-ketoester bands (1743 and 1718 cm-1) and
evolution of a new centered enone band (1725 cm-1), as well
as characteristic absorptions due to the aromatic nitro
substituent (1531 and 1351 cm-1) of the aldehyde compo-
nent. Similar measurements have been performed for all
examples (see Experimental Section). Cleavage with tri-
fluoroacetic acid (TFA) provided directly the corresponding
enones3 as mixtures ofE/Z isomers resulting from decar-
boxylation of the corresponding intermediateâ-ketoacids.55

GC-MS and1H NMR analyses confirmed their chemical
identity, although in some cases further decomposition due
to the strongly acidic cleavage conditions took place.

In recent years the possible existence of so-called non-
thermal microwave effects has been the subject of intense
discussions.56 Many early claims of the existence of such
effects in homogeneous systems have been reinterpreted after
appropriate experimentation with temperature monitoring, as,
for example, the effect of superheating and the elevated
temperatures that are usually generated in microwave
chemistry experiments. For solid-phase organic transforma-
tions performed with the aid of microwave irradiation, recent
evidence points in the same direction.14 Despite these facts,
we have carried out a thermal comparison experiment for
the reaction of1a and 3-nitrobenzaldehyde. The reaction
conditions were identical in every respect to the microwave
run except that heating was performed in a preheated oil
bath at 125°C. As can be seen in Figure 3, the kinetics of
the microwave and the conventional run are virtually
identical. A nonthermal microwave effect therefore could
not have been observed. An exact kinetic comparison
between microwave and conventional heating for the cor-
responding acetoacetylation reactions presented above is
somewhat more difficult because of the extremely rapid
reactions at 170°C and the associated fast heating. One has

Scheme 3

Table 2. Preparation of Polymer-Bound Enonesa

compd starting resin R2

2a 1a/1h Ph
2b 3-(NO2)Ph
2c 3,4-(F)Ph
2d 2-(CF3)Ph
2e 2,3-(Cl)Ph
2f 3-(MeO)-4-(OH)Ph
2g 1-naphthyl
2h 1b Ph
2i 4-(F)Ph
2j 4-(NMe2)Ph
2k 1c 2-(Ph)-ethen
2l 1d 3-(MeO)-4-(OH)Ph
2m 3,4-(F)Ph
2n 4-(Me)Ph
2o 1e 2-(CF3)Ph
2p 2-(Cl)Ph
2q 1f 2-(Cl)Ph
2r 2,3-(Cl)Ph
2s 3,4-(MeO)Ph
2t 1-naphthyl
2u 1g Ph

a Yields are>95% (as determined by on-bead FTIR monitoring,
weight gain of the resin, and cleavage of products; see Experimental
Section).

Figure 3. FTIR kinetic study of the Knoevenagel condensation
between 3-nitrobenzaldehyde (10 equiv) and polymer-bound ac-
etoacetate1a at 125°C in open PFA vessels using 0.3 equiv of
piperidinium acetate as catalyst. Absorption bands at 1531 cm-1

(NO2) were set in relation to the 1452 cm-1 Wang resin band.

Figure 4. FTIR spectrum of polymer-boundâ-ketoester1b and
enone2b.

Scheme 4
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to keep in mind, however, that in our experiments a
comparatively polar solvent was used (1,2-dichlorobenzene),
which strongly interacts with microwaves. We cannot
exclude the possibility of nonthermal effects in these
reactions employing nonpolar solvents (i.e., 1,4-dimethyl-
benzene), where the reactant molecules could absorb mi-
crowave energy directly.56

Concluding Remarks

In conclusion, it has been demonstrated that controlled
microwave flash heating can be used as an effective tool to
speed up solid-phase organic synthesis. For acetoacetylation
reactions involvingâ-ketoesters and standard polystyrene
Wang resin, reaction times could be reduced from hours
using conventional thermal heating to only 1-10 min using
microwave flash heating. Similar, but less dramatic, effects
were also found for the subsequent Knoevenagel condensa-
tions where conventional reaction times of 1-2 days could
be reduced to 30-60 min without affecting the purity of the
resin-bound material or unintentional cleavage from the
support. Although the observed rate accelerations are not due
to any specific effects of the microwave irradiation, but rather
are a consequence of the direct rapid and intense heating of
the solvent together with the unconventionally high reaction
temperatures, the convenience and flexibility of microwave
heating are evident. The combination of modern microwave
reactor technology and combinatorial chemistry applications
is a logical consequence of the increased speed and ef-
fectiveness offered by microwave heating.57 In particular,
the possibility of running several solid-phase reactions in
parallel using dedicated multimode microwave reactors and
specifically designed reaction vessels for parallel synthesis
is of considerable interest. One has to stress that modern
multimode reactors ensure a more homogeneous distribution
of energy within the cavity than is possible with a domestic
household oven. In the latter case significant temperature
gradients are usually observed, e.g., using 96-well microtiter
plates, which makes the reproducibility of more subtle
chemistries troublesome.13,58Current developments in reactor
technology and vessel design include systems where several
96-well plates can be irradiated rapidly and simultaneously
in a multimode microwave cavity59 and microwave reactors
for automated sequential microwave processing.60 The use
of these systems will increase the possible throughput in
combinatorial synthesis significantly. We are currently
evaluating a variety of different polymeric supports and
chemistries for use in microwave-assisted combinatorial
synthesis.

Experimental Section

General Methods. 1H NMR spectra were recorded in
deuteriochloroform on Bruker AMX360 and AMX500
instruments operating at 360 and 500 MHz, respectively. On-
bead FTIR spectra were recorded on a Unicam Galaxy series
FTIR 7000 (Mattson Instruments, Inc.) using mashed resin
beads in KBr pellets. GC-MS measurements were per-
formed on a Hewlett-Packard model 6890 instrument equipped
with an HP 5973 mass selective detector.

Microwave Irradiation Experiments. Milestone MLS
ETHOS 1600 Reactor (Figure S3 in the Supporting
Information) .61,62 The multimode microwave reactor has a
twin magnetron (2× 800 W, 2455 MHz) with a maximum
delivered power of 1000 W in 10 W increments (pulsed
irradiation). A rotating microwave diffuser ensures homo-
geneous microwave distribution throughout the plasma-
coated PTFE cavity (35 cm× 35 cm × 35 cm). All
experiments were carried out in open PFA vessels with a 30
mL volume, with the vessels positioned in a continuously
moving multi-PREP 50 rotor system for parallel synthesis
(Figure S4 in the Supporting Information). A magnetic
stirring bar (Teflon coated, 2 cm) was used in every vessel
to guarantee optimal energy distribution and mixing of
solvent. In all irradiation experiments, rotation of the multi-
PREP rotor, irradiation time, temperature, and power were
monitored/controlled with the ‘‘easy-WAVE” software pack-
age (version 3.2.). Temperature was monitored with the aid
of a shielded thermocouple (ATC-300) inserted into one of
the reaction containers. In the case of parallel reactions, we
have confirmed, by standard temperature measurements
performed immediately after the irradiation period, that the
resulting end temperature in each vessel was the same within
(2 °C.

Reaction Monitoring by FTIR. 40-47 FTIR spectra of resin
samples were measured in transmission mode. Absorbance
spectra were obtained by conversion of the crude transmis-
sion data and subsequent baseline correction. For comparison
of equal amounts of the solid support involved, linear
standardization of spectra was done using the 1452 cm-1

band of Wang resin, which we found was unaffected by
chemical transformations. All spectra were analyzed with
respect to the intensity of appearing or disappearing bands
and by comparison with reference samples resulting from a
conventional heating experiment. Since absorbance is in a
direct relationship with concentration (Lambert-Beer’s law),
conversion rates can be calculated from a given intensity
and a reference sample of known conversion (in our case
>99%). To ensure quantitative conversion in the reference
sample, kinetic experiments (determination of the end point
in a synthetic transformation), weight gain, and cleavage (in
the case of enones) were used.

General Procedure for the Preparation of Resin-Bound
â-Ketoesters 1a-h (Example for 1a). To 1.5830 g (1.583
mmol) of Wang resin (Fluka, Buchs, Switzerland, 1.0 mmol/
g, 200-400 mesh, catalog no. 13611, lot no. 392831/1, 1%
DVB) in a PFA vessel (multi-PREP rotor) was added 10
mL of 1,2-dichlorobenzene and 1.03 g (7.91 mmol, 5 equiv)
of ethyl acetoacetate. After the mixture was stirred at room
temperature for 10 min to allow complete swelling of the
resin, the vessel was irradiated with a maximum power of
200 W at the preselected 170°C for 10 min (Figure S1).
Then the mixture was allowed to cool for 3 min. The resin
was filtered, washed with acetone (3× 20 mL), THF (2×
15 mL), MeOH (2× 15 mL), and dichloromethane (3× 10
mL), and dried (40°C, 10 mbar, 14 h). The yield was 1.7155
g (weight gain of 8.370%,>99% conversion relative to a
loading of 1.000 mmol/g). FTIR (KBr pellets): 3083, 3060,
3026, 2921, 1743 (CdO), 1718 (CdO) cm-1. Comparison
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with the conventional published protocol using diketene gave
the same results in terms of weight gain and FTIR spectrum.

General Procedure for the Preparation of Resin-Bound
Enones 2a-u (Example for 2b). To 248.6 mg (229.3µmol)
of acetoacetylated Wang resin1a in a PFA vessel (multi-
PREP rotor) was added 10 mL of 1,2-dichlorobenzene, 10.1
mg (69.7µmol, 0.30 equiv) of piperidinium acetate, and 340
mg (2.25 mmol, 10 equiv) of 3-nitrobenzaldehyde. After the
mixture was stirred at room temperature for 10 min to allow
complete swelling of the resin, the vessel was irradiated with
a maximum power of 200 W at the preselected 125°C for
60 min (Figure S2). Then the mixture was allowed to cool
for 5 min. After that, the hot resin was filtered, washed with
acetone (3× 5 mL), THF (3× 5 mL), MeOH (2× 5 mL),
and dichloromethane (3× 5 mL), and dried (40°C, 10 mbar,
14 h). The yield was 278.5 mg (weight gain of 12.03%, 98%
conversion relative to acetoacetylated Wang resin). FTIR
(KBr pellets): 3025, 2922, 1725 (CdO), 1531 (NO2), 1351
(NO2) cm-1. Comparison with the conventional thermal
protocol (90°C, 60 h) gave the same results in terms of
weight gain and FTIR spectrum.

Cleavage of Enones (Example for 2b).A total of 251.8
mg (206.9µmol) of polymer-bound 2-acetyl-3-(3-nitrophen-
yl)acrylic acid (2b) was treated with 2 mL of cleavage
cocktail (TFA/DCM 1:2). After the mixture was shaken at
room temperature for 30 min, the resin was filtered off and
washed two times each with 1 mL of DCM followed by 1
mL of methanol. The combined filtrates were evaporated to
dryness, yielding 37.9 mg (198.2µmol, 96%) of 4-(3-
nitrophenyl)-but-3-en-2-one.1H NMR (CDCl3): δ 2.43 (s,
3H), 6.84 (d, 1H,J ) 16.3 Hz), 7.55 (d, 1H,J ) 16.3 Hz),
7.61 (t, 1H,J ) 8.0 Hz), 7.86 (d, 1H,J ) 7.7 Hz), 8.25 (dd,
1H, J ) 8.2 Hz,J ) 1.2 Hz), and 8.41 (s, 1H). GC-MS,
m/z: 191 (M+, 22), 176 (100), 129 (23), 102 (43).

Kinetics of Acetoacetylation.To 210 mg (210µmol) of
Wang resin in a PFA vessel was added 10 mL of 1,2-
dichlorobenzene and 140 mg (1.07 mmol, 5 equiv) of ethyl
acetoacetate. After the mixture was stirred at room temper-
ature for 10 min to allow complete swelling of the resin, the
vessel was irradiated with a maximum power of 200 W at
the preselected 150°C for 40 min. Resin samples taken at
5, 10, 20, 30, and 40 min were washed with acetone, THF,
and DCM (see above), and dried (40°C, 10 mbar, 14 h).
FTIR spectra were analyzed by comparison of bands at 1743
cm-1 (CdO) and 1452 cm-1 (resin).

Kinetics of Knoevenagel Condensation.To 190 mg (175
µmol) of acetoacetylated Wang resin (1a) in a PFA vessel
was added 10 mL of 1,2-dichlorobenzene, 8.0 mg (55µmol,
0.31 equiv) of piperidinium acetate, and 264 mg (1.75 mmol,
10 equiv) of 3-nitrobenzaldehyde. After the mixture was
stirred at room temperature for 10 min to allow complete
swelling of the resin, the vessel was irradiated with a
maximum power of 200 W at the preselected 125°C for 60
min. An identical setup was immersed in a preheated oil bath,
but catalyst and aldehyde were added when the temperature
had reached the desired 125°C. Resin samples from both
experiments were taken at 10, 20, 30, 45, and 60 min. After
being washed with acetone, THF, and DCM (see above),

the samples were dried (40°C, 10 mbar, 14 h). FTIR spectra
were analyzed by comparison of bands at 1531 cm-1 (NO2

asymmetric) and 1452 cm-1 (resin).
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