JOURMAL OF . .
CHEMISTRY
Report
Solid-Phase Synthesis of 4,6-Diaryl-3,4-dihydropyrimidine-2(1H)-one-

5-carboxylic Acid Amide Derivatives: A Biginelli Three-Component

Condensation Protocol Based on Immobilized g-Ketoamides
G. Alexander Gross, Hanns Wurziger, and Andreas Schober
J. Comb. Chem., 2006, 8 (2), 153-155« DOI: 10.1021/cc050074c * Publication Date (Web): 24 December 2005
Downloaded from http://pubs.acs.org on March 22, 2009

Subscriber access provided by American Chemical Society

1

o R

o (0] Rl
PS-Rink—NM 1.) TsOH, 100° C

o
H 2.) TFA N NN
H NH, SN

/& /& RT N7 ors

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 2 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of Combinatorial Chemistry is published by the American Chemical Society.
1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/cc050074c

J. Comb. Chem2006,8, 153-155

Solid-Phase Synthesis of
4,6-Diaryl-3,4-dihydropyrimidine-2(1H)-one-
5-carboxylic Acid Amide Derivatives: A
Biginelli Three-Component Condensation
Protocol Based on Immobilizedf-Ketoamides

G. Alexander Gross;* Hanns Wurzigef,and
Andreas Schobér

Microreaction Technology Department, Institute of
Physics, Technical Unersity of limenau,
Weimarerstrasse 32, D-98693 limenau, Germany,
Medicinal Chemistry, Merck KGaA, Frankfurterstrasse
250, D-64293 Darmstadt, Germany, and Center for
Micro- and Nanotechnologies, Technical Warsity

of limenau, Gusta-Kirchhoff-Strasse 7, D-98693
llmenau, Germany

Receied June 7, 2005

Introduction

In 1893, Pietro Biginelli discovered a multicomponent
reaction which leads to partly reduced pyrimidinone deriva-
tives (@).! Since that time, the “Biginelli reaction” has been

known as an efficient one-pot reaction protocol to prepare

3,4-dihydropyrimidine-2(iH)-one (DHPM) derivatives4).?
DHPM derivatives are known as interesting heterocyclic
scaffolds for drug research. The basic form of the Biginelli

reaction is illustrated in Scheme 1. In the past decade, DHPM

derivatives with different pharmacological properties were

found. The DHPM core structure was found to possess Ca-

channel modulating, adrenergic agonistic, mitotic kinesin
inhibiting, antibacterial, fungicidal, and other pharmacologi-
cal properties. In addition, the dihydropyrimidine-5-car-

boxylate core has been found in several marine natural

productst DHPM derivatives are regarded as privileged
structures in drug researéfi.
To make new DHPM derivatives available to drug

discovery, appropriate synthetic protocols are needed. Here

we describe a simple and efficient procedure for the
preparation of 4,6-diaryl DHPM derivatives under solid-
phase Biginelli conditions. In a previous publication, we
described two methods for the preparation ofHestoamide
precursors.

Depending on the building blocks for the three-component
reaction, the immobilization strategies were chosen. At least

three different strategies for the preparation of DHPM
derivatives 4) on solid support were described in recent
literature. The first one makes use of immobilized urea or
thiourea moieties 3). The second uses an immobilized

p-ketoester 1), and the third one uses an S-linked isothiou-
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Scheme 1.Biginelli Three-Component Condensation
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ronium salt 6). Biginelli protocols depending on immobilized
aldehydes?) were not found. The following examples for
immobilized ureas and isothioureas were described before.

Wipf and Cunnigham first described a solid-phase Bigi-
nelli protocol which immobilizes g-butyric acid (GABA)-
derived urea to Wang's resin by esterificatfofhe following
condensation reaction with different arylaldehyd2sgnd
p-ketoestersk) leads to N1-substituted DHPMIY deriva-
tives. Lusch et al. made use of (3-hydroxypropyl)-urea, which
was bound by a silyl linker to the solid suppérifter
cleavage, an N-1-(3-hydroxypropyl)-substituted DHPM car-
boxylate ester was obtained. Kappe et al. made use of
immobilized isothioureas for the DHPM synthe¥isIn
contrast to Wipf and Cunningham, the thiourea component
was bound to Wang's resin by S-alkylatiof).( The N1-
unsubstituted DHPM derivative7) was then formed by
application of the so-called “Atwal’'s modificatiot?, as
outlined in Scheme 2. Here, the enobgié condensed with
the immobilized isothioure&} under basic conditions. The
enone %) has to be prepared before through condensation
of the aldehyde-3) and-ketoester- 1) components. Each
oxy-, thio-, and amino DHPM derivative8)(can be formed
by application of different cleavage procedures (see Scheme
2.; way A, B, and Cy213

In the recent literature, we found at least three solid-phase
protocols using immobilize@-ketoesters (see Scheme 3).
Xia and Wang prepared the immobilized 3-oxobutyric acid
ester (9, R = H) by reaction of diketene acetone adduct
with a soluble HG-PEG polymef? Kappe et al. im-
mobilized 4-chloro-3-oxobutyric acid (9,°R= Cl) to Wang's
resin by thermal esterficatiod.In both cases, the corre-
sponding DHPMs4l1 were formed under standard Biginelli
conditions by heating or microwave irradiation and released
from the solid support by a multidirectional cyclization
cleavage approach. A synthetic route based on 1,3-dicarbonyl
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Scheme 3.DHPM Synthesis with Immobilize@-Ketoesters
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Scheme 4.DHPM Synthesis with Immobilized
S-Ketoamides Using Atwal’'s Route
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Table 1. Selected Building Blocks and Received Purities

Reports

Scheme 6
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Reagents and conditions: (i) (1) 10 equiv of aldehy2e 15 equiv of
urea/thiourea, 2 equiv of TsOH, 2-propanol/1,4-dioxane, 3/4, 1 K95
(2) polymer16, 12 h, 95°C; (ii) TFA/DCM 1/1, 1 h.

compounds with enhanced molecular diversity on solid

support has not yet been described.

Zhang et al. described a synthesis of DHPM derivatives
starting with immobilized diketene-derived amino acids of

type 1214 After condensation of-tolualdehyde (2, R=

—CeH4CH3) and cyclization with S-benzylated isothiourea

(13) under typical Atwal’s conditions, DHPM derivatives

of type 14 are obtained. The idea of the authors was to add
greater diversity to the DHPM scaffold. More details for the
Biginelli reactions in heterogeneous systems is given in the

literature®

Results and Discussion

We have developed a synthetic protocol based on im-

mobilized 3-ketoamides to increase the diversity of DHPM

A B C D
o Br O @/ 0
2N
R
purity (yield)" urea thiourea | Urea  thiourea | urea thiourea | urea  thiourea
. 94 87 96 82
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apurity and yield of crude products. HPLC purity at 220 riin the HPLC analysis, product mixtures were found. The expected

product masses were found in most peaks in the LC/MS analysis.
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derivatives by varying the substituents in position 4 in a 2(1H)-one-5-carboxylic acid amides was optimized. The
simple manner. In a previous publication, we described the resulting synthetic protocol proved to be suitable for the
preparation of immobilized 3-aryl-3-oxopropanamide deriva- preparation of a small library using different building blocks.
tives (16) on Rink’s amide resiri.Here, we describe the  We found that the expected DHPM derivatives were formed
synthesis of DHPM derivativesl{) starting from these in high purity and yield if aromatic aldehyde- afieketoa-
p-ketoamides 16). The reaction conditions were optimized mjde building blocks were used. The usage of an aliphatic
by using 4-ethoxybenzaldehyde, urea, and polymer-boundg|gehyde leads to an isomeric DHPM mixture. Purities and

3-(4-methoxyphenyl)-3-oxopropionic acid amide. Under yje|ds were not affected if thiourea was used instead of urea.
classical solution-phase Biginelli conditions, polar solvents,

such as EtOH or CECN, were used. For solid-phase

chemistry on polystyrene resins, such solvents are unfavor- Ackﬁowleigment. The ?uthors thank Dr. I:|o|ger Deppe
able. The low polymer swelling causes a low reaction rate (Santhera Pharmaceuticals AG, Germany) aing Ydagner

and product yield. We found that a mixture of 3 parts and Michqel Gebihoga (TU-llmenau) for helpful discussion
2-propanol and 4 parts 1,4-dioxane gave the best results 2nd practical assistance. The present work was supported
Different acids, such as acetic acid, 30% aqueous HCI, andPy Grants from the BMBF (FKZ 0311766) and Merck KGaA
toluene-4-sulfonic acid (TsOH), were tried as catalysts. With (FKZ 0311767) during the NanoSynTest project.

acetic acid and aqueous HCI, the desired product was formed

only in low yield. The unreactef-ketoamide precursor was Supporting Information Available. Experimental details
recovered predominantly after cleavage. The best results weréor the synthesis of DHPM47 are given. Analytical data
obtained using 2 equiv of toluene-4-sulfonic acid in com- for a library subset is given. This material is available free

bination with 10 eqUiV of arylaldehyde and 15 eqUiV of urea. of Charge via the Internet at http://pubslacs_org.
To prevent precipitation, the urea/thiourea and the acidic

catalyst were separately dissolved in 2-propanol and the arylReferences and Notes
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