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a b s t r a c t

The first observation of ring cleavage between positions 1 and 2 of a 1,4-dihydropyrimidine skeleton was
reported upon the nucleophic addition of 4,6-unsubstituted 1,4-dihydropyrimidine with 3 equiv of an
aniline derivative or phenylhydrazine in the presence of 0.1 equiv of pyridinium p-toluenesulfonate
(PPTS) in CH2Cl2; the nucleophilic reactions of 4-methyl-6-unsubstituted 1,6(3,4)-dihydropyrimidine
with the same amines gave conventional substituted products at position 2. The effect of this ring open-
ing was found to be due to the electron density of the benzene ring of a nucleophilic amine. On the other
hand, aralkylamines, alkylamines, or heterocyclic amines did not cleave the skeleton. The ring-opening
chemical structure was confirmed by X-ray crystallographic analysis. This characteristically different
phenomenon may be due to the pattern of two C@C double bonds of 1,4-DP and 1,6(3,4)-DP as well as
to the effect of two substituted groups on the DP ring.

� 2011 Elsevier Ltd. All rights reserved.
N

N
H

R2

R3

R1 R4

1,4-DP

HN

N

R2

R3

R1 R4

3,4-DP

N

N
H

R2

R3

R1 R4

1,2-DP

N

N

R2

R3

R1 R4

4,5-DP

N

N
H

R2

R3

R1 R4

1,6-DP

HN

N

R2

R3

R1 R4

2,3-DP

N

R2

R3 HN

R2

R3
N

R2

R3
Dihydropyrimidine (DP) could be theoretically represented as
nine isomers including tautomers when it has different substituted
groups.1 Moreover, DPs in some cases are spontaneously oxidized
during isolation or storage. Therefore, they are unstable and some-
times difficult to handle. The Weis, Cho, Kappe, and Atwal groups
reported the synthesis of a series of 1,4(3,4)-dihydropyrimidines
(tautomeric mixture) (Fig. 1).1,2 Recently, we have disclosed excel-
lent results of nucleophilic substitution at position 2 of 1-tert-butyl
5-ethyl 4-methyl-2-methylsulfanyl-1,6-dihydropyrimidine-1,5-di
carboxylate 1, although substitution at position 2 of DPs has been
difficult because of low reactivity at the position.3 In this Letter, a
variety of DPs a were obtained in excellent yields. (Scheme 1, Eq.
1) In contrast, a series of substitutions at position 2 of 1-tert-butyl
5-ethyl 2-methylsulfanyl-1,4-dihydropyrimidine-1,5-dicarboxyl-
ate 2 did not afford the desired compounds, but provided an unusual
compound whose structure could not be determined at that time.
Since then, we have studied the difference in the reactivity between
DP 1 and 2. In this work, we clarified the surprising result that the
dihydropyrimidine skeleton was cleaved to a linear compound in
good yield instead of giving 2-aminodihydropyrimidine b.

Generally, most heterocyclic rings cannot be easily cleaved. 4 No
report has been found on ring-opening reactions of the
ll rights reserved.
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dihydropyrimidine skeleton, although the skeleton is sometimes
oxidized to a pyrimidine skeleton.

Initially, we assumed that the alkoxycarbonylation of com-
pound c with Boc2O occurred at position 3 to provide the
2,5-DP 3,6-DP 5,6-DP

NR1 R4 NR1 R4 NR1 R4

Figure 1. Isomerization and tautomerism of dihydropyrimidines.
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Scheme 1. Difference in nucleophilic substitution between dihydropyrimidines.
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compound d2a and that the successive nucleophilic addition of an
amine should afford the compound e. However, the NMR
characterization of the chemical structure of the alkoxycarbonylat-
ed compound did not indicate d but rather compound 2 because of
N

NMeS

CO2Et

H
Boc

N

N
H

MeS

CO2Et

NH

N

NMeS

Boc

c

N

N
H

MeS

CO2Et

H
d

NaH

Boc2O

2

f

NaH
Boc2O

N

NMeS

Boc

Boc

12

3
6

1

3
1

3

4
5

NOE

Y
X

2

Scheme 2. Unusual ring cleavage of dihy

Figure 2. ORTEP drawing of 3a with prob
the observation of 1.4% NOE between the olefin proton and the t-
Bu protons of the Boc group.

Therefore, the position of the protecting group was proved to be
the other position. Thus, the nucleophilic reaction of DP 2 with
3 equiv of aniline in the presence of 0.1 equiv of pyridinium p-tol-
uenesulfonate (PPTS) in CH2Cl2 was carried out at room tempera-
ture for 9 h to give an unidentified solid compound as the sole
product in a 65% yield.5 The 1H NMR of the product was not what
was expected for b; both methylthio and phenylamino groups
were clearly present. However, this could not be assigned to the
chemical structure of f (Scheme 2). Therefore, X-ray crystallo-
graphic analysis was performed. To our surprise, the ORTEP draw-
ing of the compound revealed the chemical structure of (E)-ethyl
3-tert-butoxycarbonylamino-2-[(Z)-2-methyl-3-phenylisothioure-
ido-methyl]acrylate 3a, the result of the ring cleavage of the dihy-
dropyrimidine skeleton (Fig. 2).6
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Figure 3. Elimination by effect of a,b-unsaturated ester group and/or Boc group.

Table 1
Results of ring cleavage of dihydropyrimidine skeleton

N

N

Boc CO2Et

MeS

RNH2 or

CH2Cl2
PPTS

PhNHNH2

N
H
HN

CO2EtBoc

N SMe
R' 32 rt

Entry Amine or hydrazine Time (h) Product Yield (%)

1 C6H5NH2 9 3a 65
2 4-MeOC6H4NH2 6 3b 95
3 4-MeC6H4NH2 24 3c 78
4 2-MeC6H4NH2 24 3d 24
5 3,4-di(MeO)C6H3NH2 24 3e 88
6 C6H5NHNH2 12 3f 24

⁄R0 = R or PhNH (in compound 3).
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The ORTEP drawing of 3a confirmed that the position of the Boc
group was not N-3 but N-1, and that the location of the double
bond was as shown in Figure 2, determined by comparing two
bond lengths [1.342(2) angstroms (C@C) and 1.506(2) angstroms
(C–C)].

Thus, the reaction proceeded not as in B but as in A (Fig. 3) to
yield the ring-opening compound 3, presumably by the effect of
an a,b-unsaturated ester group and/or a Boc group. On the other
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Scheme 3. Unusual ring cleavage of dihydropyrimidine skeleton w
hand, it is assumed that, in the case of reactions of the compound
1 with amines, elimination occurred to afford the compound a
(Scheme 1) so that a product as shown in C in Figure 3 generated
a,b-and c,d-conjugated double bonds.

Subsequently, we examined the generality of the ring cleavage
reaction of a dihydropyrimidine skeleton. Under the same reaction
conditions, a variety of amines and hydrazine were subjected to
the reactions, such as 4-methoxyaniline, 4-nitroaniline, 4-methy-
laniline, 3,4-dimethoxyaniline, benzylamine, n-hexylamine, phen-
ylhydrazine, 2-aminothiazole and 2-aminoimidazole. The results
are shown in Table 1.

Thus, ethyl 3-tert-butoxycarbonylamino-2-[3-(4-methoxyphen
yl)-2-methylisothioureidomethyl]acrylate 3b and ethyl 3-tert-but-
oxycarbonylamino-2-[3-(3,4-dimethoxyphenyl)-2-methylisothio-
ureidomethyl]acrylate 3e were obtained in 95% and 88% yields,
respectively, without the recovery of the starting material 2 (entries
2 and 5). In contrast to these results, 4-nitroaniline with an electron-
withdrawing group did not cleave the dihydropyrimidine ring, but
the starting material was recovered. Therefore, it was clarified that
the electron density in the benzene ring (nucleophilicity of the
amines) plays a crucial role in the unusual cleavage reaction. The
ring-opening reaction did not proceed to completion using 2-
methylaniline presumably because of the steric hindrance of the
methyl group (entry 4). Aralkylamines or alkylamines, such as
benzylamine or n-hexylamine, as well as heterocyclic amines,
2-aminothiazole or 2-aminoimidazole, were subjected to the reac-
tion. However, they did not furnish the linear compound 3 but led
to the recovery of the compound 2, because the nitrogen atom of
an aralkylamine and an alkylamine may be protonated by PPTS
and have its nucleophilicity diminished. Subsequently, we studied
phenylhydrazine instead of amines as the nucleophile and found
that it also cleaved the dihydropyrimidine ring to afford the
compound 3f in 34% yield, accompanied by the substituted and
cyclized product, ethyl 3-oxo-2-phenyl-2,3,7,8-tetrahydro[1,2,4]
triazolo-[4,3-a]pyrimidine-6-carboxylate 4 in 8% yield and the
recovery of 2 in 32% yield (Scheme 3).

In summary, nucleophilic reactions of the dihydropyrimidines 1
and 2 with amines or phenylhydrazine provided the markedly
different results described. This result is due to the difference in
pattern between the two C@C double bonds of 1,4-DP and
1,6(3,4)-DP as well as to the effect of two substituted groups on
the DP ring shown in Figure 3. Consequently, a novel cleavage reac-
tion of 1,4-dihydropyrimidine skeleton was observed, although
1,4-DP is usually more stable than 1,6(3,4)-DP. In addition, the ef-
fect of this ring opening was found to be due to the electron den-
sity of the benzene ring of nucleophilic amines. Our findings may
serve future research on dihydroheterocycles as well as on
dihydropyrimidines.
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