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A highly regio- and chemoselective addition of carbon nucleophiles
to pyrimidinones. A new route to C4 elaborated Biginelli compounds
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Abstract—Ethyl 6-methyl-pyrimidine-2-one-5-carboxylates react with C-nucleophiles in a diversity oriented synthetic sequence to
afford C4 substituted congeners of medicinally potent Biginelli dihydropyrimidinones, in a highly regioselective manner.
� 2006 Elsevier Ltd. All rights reserved.
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The medicinal potential of ethyl 4-substituted-6-methyl-
3,4-dihydropyrimidine-2-one-5-carboxylates (Biginelli
DHPMs) continues to attract increasing interest from
the synthetic chemistry community.1 This is due, in no
small part, to the crucial roles played by DHPMs in bio-
logical processes and therapeutic applications.2 Exten-
sive investigations of structure–activity relationships
have described opposite activities (agonistic or antago-
nistic) for enantiomers as a function of the substituent
and its absolute stereochemistry at the 4-position of
the DHPM.3 Molecular modifications at C4 of the
DHPM core thus hold potential for significant improve-
ment of the understanding of their structure–activity
relationship and their efficacy as drug candidates.
Recently, using chiral catalysts, enantiomerically pure
DHPMs have been obtained.4 In general, DHPMs are
readily available through the Biginelli three-component
synthesis, or related methods, the aldehyde component
of which delivers the C4 substituent.5 However, these
methods suffer from the disadvantage of inaccessibility
of functionalized aldehydes and thus lack experimental
and conceptual simplicity to append tailored substitu-
ents at C4. Apart from the traditional Biginelli three-
component condensation and its variants,6 no other gen-
eral methodology has been reported for the elaboration
of C4 of DHPMs, a key feature responsible, in part, for
the biological activity of this system.
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The synthetic route starts with readily available (80–85%
yield)7 ethyl 6-methyl-3,4-dihydropyrimidin-2-one-5-
carboxylates 1a and 1b, which were transformed to the
corresponding 6-methyl-pyrimidine-2-one-5-carboxyl-
ates 2 (2a: 80%, 2b: 75% yield) via a Kappe type dehy-
drogenation (40% HNO3, 0 �C to rt, 30 min)8 of the
precursor 3,4-dihydropyrimidinone (Scheme 1).

The reaction of 2a and 2b with various nucleophiles such
as stabilized carbanions of carbon acids, Grignard
reagents, aryllithiums and heterocyclic anions proceeded
smoothly and exclusively at the C4 position. The ap-
proach is amenable to append a variety of substituents,
derived from appropriate nucleophiles, at the 4-position
of C4 unsubstituted pyrimidine-2-ones 2, in a syntheti-
cally useful manner. Further, in contrast to similar reac-
tions with activated N-alkoxycarbonylpyridinium salts,9

where introduction of carbon nucleophiles is strongly
dependent upon the choice of reagents and/or reaction
conditions, similar activation as the corresponding
N-acyl C4 unsubstituted pyrimidone derivatives was
not required, to yield the corresponding 3,4-dihydro-
pyrimidine-2-ones 3 and 4.
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Scheme 1. Synthesis of pyrimidine-2-ones 2.
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Table 1. Addition of C-nucleophiles (Nu) to pyrimidine-2-ones 2. Synthesis of C4 alkyl substituted Biginelli DHPMs 3
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(i) C-nucleophile (Nu)/

anhydrous THF/N2

atmosphere/low temp.

(ii) Satd. NH4Cl solution

2: a R = Me; b R = H

Entry Nu Product 3 R Reaction conditions Yielda (%) Mp (�C)

1 EtO

O O

CH2Li
Na

N

NHO

O

O O

O O

R

3ab Me �78 �C/NaH/n-BuLi (2.5 equiv)/THF 73 131
3b H �78 �C/NaH/n-BuLi (2.0 equiv)/THF 57 135

2 MeO
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O O
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3c H �78 �C/NaH/n-BuLi (2.0 equiv)/THF 35 120
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3d Me �78 �C/LDA (2.5 equiv)/THF 75 135

4 CCH2LiN
N

NHO

O

O CN

R

3e H �78 �C/LDA (1.5 equiv)/THF 50 202

5 CH2Li

O

N

NHO
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3f Me �78 �C/LDA (2.5 equiv)/THF 96 135

6 S
O

CH2Li

O
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O S
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3g Me �78 �C/n-BuLi (2.5 equiv)/THF 77 168
3h H �78 �C/n-BuLi (2.0 equiv)/THF 52 145

7 IMgCH3
N

NHO

O

O

R

3i Me �78 �C/(2.5 equiv)/THF 92 138
3j H �78 �C/(1.0 equiv)/THF 51 180

a Isolated purified yield.
b Mixture of keto–enol tautomers.
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The results of the reactions of aliphatic C-nucleophiles
with 2 are listed in Table 1. As illustrated, the reactions
exhibited an impressive degree of generality to give the
corresponding C4 elaborated DHPMs.10

Treatment of 2a with the intense yellow coloured dian-
ion of ethyl acetoacetate,11 generated using NaH/n-BuLi
(2.5 equiv each), in sequence, in anhydrous THF at
�78 �C, under a blanket of nitrogen gas, after extractive
workup and chromatography furnished product 3a in
73% yield. A similar reaction of 2b furnished the corre-
sponding product 3b. Likewise, reactions of the anions
of methyl acetoacetate,11 acetone,12 acetonitrile,12 aceto-
phenone12 and methyl phenyl sulfone13 furnished the
corresponding C-4 functionalized compounds 3, which
are difficult to synthesize using traditional Biginelli con-
densation requiring appropriate aliphatic aldehydes.
Use of the Grignard reagent (MeMgI) furnished the cor-
responding DHPMs 3i and 3j in 92% and 51% yields,
respectively.



Table 2. Addition of C-nucleophiles (Nu) to pyrimidine-2-ones 2. Synthesis of C4 aryl/heterocyclic substituted Biginelli DHPMs 4
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(i) C-nucleophile (Ar/Het)/

anhydrous THF/N2

atmosphere/low temp.

(ii) Satd. NH4Cl solution

2: a R = Me; b R = H

Entry Nu Product 4 R Reaction conditions Yielda (%) Mp (�C)

1 MgBr

N

NHO

O

O

R

4a H �78 �C/(2.5 equiv)/THF 45 207

2 Li

N

NHO

O

O

R

4b Me �78 �C/(2.5 equiv)/THF 78 180

3b S
Li

N

NHO

O

O
S

R

4c Me �40 �C/n-BuLi (2.5 equiv)/THF 80 158
4d H 40 215

4b O
Li

N

NHO

O

O
O

R

4e Me �40 �C/n-BuLi (2.5 equiv)/THF 81 162
4f H 35 199

a Isolated purified yield.
b Products of ester displacements were also detected (1H NMR) albeit in trace amounts.
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The reactions of C-nucleophiles derived from aromatic
and heterocyclic substrates are reported in Table 2.
The Grignard reagents, phenyl magnesium bromide
and phenyllithium, both demonstrated similar patterns
of reactivity at C4 and furnished exclusively 4-phenyl
DHPM derivatives 4a and 4b in fair to good yields.
The reaction of phenyllithium was cleaner, in so far as
isolation of the product was concerned. Similarly, carba-
nions derived from thiophene14 and furan15 were also
reacted with 2a and 2b at �40 �C, to give the corre-
sponding DHPMs 4c–f. All the products were character-
ized by IR, 1H NMR, 13C NMR, MS and elemental
analysis.16

In summary, we have demonstrated that C4 unsubsti-
tuted pyrimidone derivatives undergo regio- and chemo-
selective additions at C4, exclusively, with a variety of
nucleophiles to furnish C4 elaborated DHPMs in good
yields. This methodology permits a variety of nucleo-
philic functionalities to be introduced at C4 of unsubsti-
tuted pyrimidones (Table 1, entries 1–7), to give the
corresponding DHPMs, which can serve as valuable
templates for further synthetic transformations at C4.
Also, the method allows for the preparation of the
important class of 4-aryl substituted (Table 2, entries 1
and 2) and 4-heterocyclic (Table 2, entries 3 and 4),
substituted DHPMs. Further investigations in procuring
enantiomerically pure DHPMs using this methodology
are underway.
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