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The incorporation of alkyl as well as phenyl groups at C-4, a
key position of 2-oxo-1,2,3,4-tetrahydropyrimidine-5-carb-
oxylates, responsible for antagonist/agonist switching of the
calcium channel blocking activity of these compounds, has

Introduction

The 2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylates 1
(Biginelli DHPMs)[1] represent one of the most actively in-
vestigated class of compounds due to their importance as
potential calcium channel blockers[2] and have been known
for more than a century.[3] Structurally decorated DHPMs
are found in many pharmacologically potent compounds,
specific examples include Sch575948 (2),[4] dehydrocram-
bine A[4] (3; inhibitors of HIV gp-120CD4), (S)-monastrol
(4; mitotic kinesin Eg5 inhibitor),[5] (S)-l-771,668 (5; α1A-
adrenoceptorantagonist),[6] (R)-SQ 32547 (6)[2a] and (R)-SQ

Figure 1. Biologically active DHPM derivatives.
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been achieved by the addition of organozinc reagents to the
corresponding 2-oxo-1,2-dihydropyrimidine-5-carboxylate
derivatives catalysed by BF3OEt2.

32926[2b] (7; antihypertensive agents; Figure 1). As a result
of their diverse pharmacological profiles, synthetic investi-
gations of DHPMs have received considerable attention by
synthetic organic and medicinal chemists alike. The most
important methodologies developed to prepare DHPMs
rely on either a three-component reaction[3,7] (route a,
Scheme 1) or on the functionalization of the precursor 2-
oxo-1,2-dihydropyrimidine core (route b)[8] or the pre-
formed DHPM core[8–13] (routes c, d[9] e,[10] f,[11]g[12] and
h,[13] Scheme 1). More recently, the development of efficient
chiral auxiliaries[2a,2b,12d–12g] or catalysts[14] has led to the
asymmetric synthesis of DHPMs. Although three-compo-

nent reactions (route a, Scheme 1) for the construction of
libraries of DHPMs through solution,[7a–7e] solvent-free[7f]

and solid-phase[7g–7l] strategies are suitable for high-
throughput or combinatorial synthesis, the decoration of
the preformed DHPM core by using the tools developed in
our laboratory[8–11,12b,12d] have shown considerable poten-
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Scheme 1. Construction of DHPMs 1 by a hree-component reaction (route a) and functionalization of pyrimidines (routes b–h) to obtain
DHPMs substituted at key diversity-orientated centres.

tial for appending tailor-made fragments at all possible (N-
1, C-2, N-3, C-4, C-5 and C-6) diversity-oriented centres by
using simple starting materials. By using these tools, we
have previously achieved both racemic[7f,8] and diastereose-
lective[12d,12e] syntheses of DHPMs. In one of these studies,
we achieved the regioselective addition of nucleophiles such
as alkyl/heterocycloalkyllithium compounds, Grignard and
phenyllithium reagents at the 4-position of 1,6-dimethyl-2-
oxo-1,2-dihydropyrimidine-5-carboxylic esters.[8] Herein we
report the regioselective addition of alkyl- as well as aryl-
zinc reagents to 1,6-dimethyl- or 1-methyl-6-phenyl-2-oxo-
1,2-dihydropyrimidine-5-carboxylates to obtain C-4-ela-
borated 2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylates
with considerable ease. In addition, we describe theoretical
studies supporting the formation of the products and the
attendant regioselectivity of the process.

Results and Discussion

The addition of organometallic reagents to the –C=N
double bond of the 1,2-dihydropyrimidine core is a funda-
mentally important process from a biological point of view
that provides convenient and versatile routes to a variety of
4-substituted DHPM derivatives. As the orientation of the
C-4 group in the receptor serves as a molecular switch in
determining the state-dependent affinity of the calcium
channel, a significant role of the C-4 substituent in the
switching of agonistic to antagonistic activity (depending
upon the absolute configuration at C-4) of the receptor-
bound conformation[15] of DHPM calcium channel block-
ers has been realized. From the view point of functional
group tolerance around the DHPM core, the mild reactivity

www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 0000, 0–02

of organozinc reagents with an alkyl or aryl donor is advan-
tageous if appropriate activation is possible. Activation of
dialkylzinc can be achieved by transmetallation[16] or com-
plexation with a variety of transition-metal salts as well as
by Lewis acids.[17] Addition to imines is thermodynamically
less favoured than addition to the carbonyl group, limited
by the poor electrophilicity of the azomethine carbon atom
(less polar C=N double bonds: C=N 0.9 D vs. C=O
2.3 D).[18] In spite of this, we have achieved the addition of
a variety of organometallic reagents to the 1,2-dihydropyr-
imidine core without chemical activation. We believe that
the ureido carbonyl group is able to stabilize the negative
charge on the nitrogen atom resulting from the addition of
organometallic reagents to the azomethine carbon atom
and thus facilitated these additions. The atomic charges on
the azomethine carbons and neighbouring atoms along
with the IR stretching frequencies of the –C=N double
bond determined by molecular orbital calculations at the
HF/6-31G* level of theory (Gaussian 09),[19] are shown in
Figure 2; the data unequivocally show the increased electro-
philicity of the BF3OEt2-activated imine 13 relative to unac-
tivated 8 and related structures 9–12.

The approach we used in this work starts with the syn-
thesis of 4-unsubstituted alkyl 1,6-dimethyl- or 1-methyl-6-
phenyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylates
14a–d,[20] which, upon further oxidation with ceric ammo-
nium nitrate in acetone/water, were readily transformed into
the corresponding methyl 1,6-dimethyl-2-oxo-1,2-dihy-
dropyrimidine-5-carboxylate[21] (15a), ethyl 1,6-methyl-2-
oxo-1,2-dihydropyrimidine-5-carboxylate (15b), isopropyl
1,6-methyl-2-oxo-1,2-dihydropyrimidine-5-carboxylate
(15c) and ethyl 1-methyl-6-phenyl-2-oxo-1,2-dihydropyrim-
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Figure 2. Structures of 2-oxo-1,2-dihydropyrimidine 8 and its ana-
logues 9–13, and the natural atomic charges on the azomethine
carbon and other relevant atoms.

idine-5-carboxylate (15d), respectively (Scheme 2). Oxi-
dation of 14 to 15 was also successfully achieved by us re-
cently by using pyridinium chlorochromate (PCC).[22] The
addition of freshly prepared organozinc reagents[23,24] to
15a–d furnished exclusively the corresponding DHPM de-
rivatives 16a–p substituted at C-4 by an alkyl or phenyl sub-
stituent.

The formation of 16a–p by the addition of carbon nu-
cleophiles represents a smooth formation of those DHPMs
that are otherwise not easily accessible through traditional
methods employing aliphatic aldehydes because of their
non-availability and operational difficulties. Furthermore,
the addition of organolithium reagents to pyridines requires
activation of the pyridine moiety as a 1-alkoxycarbonyl de-
rivative,[25] and the regioselectivity of the reactions of 1-

Scheme 2. Synthesis of C-4-elaborated DHPMs by the addition of dialkylzinc activated by BF3·OEt2 (1.0 equiv.) or diphenylzinc [gener-
ated in situ from BPh3 (1.0 equiv.) and Et2Zn (3.0 equiv.)] to 1,6-dimethyl or 1-methyl-6-phenyl-2-oxo-1,2-dihydropyrimidine-5-carboxylic
esters 15a–d.
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acylpyridinium salts with Grignard reagents[26] is addition-
ally influenced by the structures of the Grignard reagent
and the 1-acyl group. In the reaction protocol described
herein, the addition of alkyl- or arylzinc reagents to 15a–
d (Table 1) proceeded regioselectively in a straight forward
manner upon activation with the mild Lewis acid, BF3OEt2,
in case of the former. All the products were characterized
by IR, 1H and 13C NMR spectroscopy and MS analysis.

Table 1. Addition of dialkylzinc activated by BF3·OEt2 or
Ph3B·Et2Zn to 1,6-dimethyl or 1-methyl-6-phenyl-2-oxo-1,2-dihy-
dropyrimidine-5-carboxylic esters (15a–d, Scheme 2).

Product R1 R2 R3 Yield [%][a,b]

16a C2H5 CH3 C2H5 70
16b CH3 CH3 C2H5 70
16c CH(CH3)2 CH3 C2H5 68
16d C2H5 CH3 n-C3H7 68
16e CH3 CH3 n-C3H7 68
16f CH(CH3)2 CH3 n-C3H7 66
16g C2H5 CH3 n-C4H9 70
16h CH3 CH3 n-C4H9 68
16i CH(CH3)2 CH3 n-C4H9 68
16j C2H5 CH3 C6H5 70
16k CH3 CH3 C6H5 68
16l CH(CH3)2 CH3 C6H5 63
16m C2H5 C6H5 C2H5 80
16n C2H5 C6H5 n-C3H7 75
16o C2H5 C6H5 n-C4H9 78
16p C2H5 C6H5 C6H5 72

[a] Isolated yield. [b] Poor yields were obtained without BF3·OEt2

as well as by using THF or DCM in place of toluene.

Conclusions

A simple carbon–carbon bond-forming reaction at the
key C-4 position of 1,6-dimethyl- or 1-methyl-6-phenyl-2-
oxo-1,2-dihydropyrimidine-5-carboxylic esters with or-
ganozinc reagents in the presence of BF3OEt2 has been de-
veloped. Because of the tolerance of organozinc reagents to
variations in substitution around the pyrimidine core and
the regioselectivity of the reaction, this procedure provides
an efficient route to C-4-elaborated 2-oxo-1,2,3,4-tetra-
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hydropyrimidines (DHPMs), which are useful therapeutic
targets. An investigation of the asymmetric version of this
reaction is underway.

Experimental Section
General: All liquid reagents were dried/purified by using recom-
mended drying agents and distilled before use. Triphenylborane for
the preparation of diphenylzinc was bought from Sigma-Aldrich
and used without purification. Toluene was dried (Na/benzophe-
none ketyl) and drawn with hypodermic glass syringes. 1H and 13C
NMR spectra were recorded with a JEOL-FT NMR-AL spectrom-
eter at 300 MHz or with a Bruker Avance spectrometer at 400 MHz
with TMS as the internal standard using CDCl3 and [D6]DMSO
as the deuteriated solvent. HRMS were recorded with a Bruker
HRMS MICROTOF II spectrometer. IR spectra were recorded
with a Perkin–Elmer FTIR-C92035 Fourier-transform spectropho-
tometer in the range 400–4000 cm–1 in KBr medium. All reported
yields are isolated yields. All alkylzinc regents (diethyl, di-n-propyl,
di-n-butyl, diphenylzinc) were prepared freshly according to litera-
ture procedures[23,24] using a zinc/copper couple.[27] Silica gel (60–
120 mesh) was employed for column chromatography with ethyl
acetate/hexane mixtures as eluents.

General Procedure for the Synthesis of 4-Alkyl-Substituted Alkyl
1,6-Dimethyl- or 1-Methyl-6-phenyl-2-oxo-1,2,3,4-tetrahydropyrim-
idin-5-carboxylates (16a–i,m–o): A solution of BF3·Et2O (0.1 mL,
1.0 mmol) was added to a stirred solution of 15 (0.1 g, 1 mmol) in
dry toluene (30 mL) under an inert atmosphere at 0 °C. The reac-
tion mixture was stirred at the same temperature for 30 min. Neat
dialkylzinc (0.15 mL, 3 mmol) was added and the reaction allowed
to warm to room temp. and stirred for 48 h. On completion of the
reaction (TLC), it was quenched with saturated aqueous ammo-
nium chloride solution and extracted with dichloromethane (2�

20 mL). Dichloromethane was removed under vacuum and the re-
sulting crude product was purified by column chromatography
using ethyl acetate/hexane mixtures as eluent to obtain pure 16a–
i,m–o.

Ethyl 1,6-Dimethyl-4-ethyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (16a): Yield 70%. White solid. Rf = 0.4 (30% ethyl
acetate/hexane). IR (KBr): ν̃max = 1690, 1664, 2960, 3267 cm–1. 1H
NMR (400 MHz, CDCl3, 25 °C): δ = 0.85 (t, J = 7.48 Hz, 3 H, 4-
CH3), 1.29 (t, 3 H, ester-CH3), 1.57–1.75 (m, 2 H, 4-CH2), 2.30 (s,
3 H, 6-CH3), 2.98 (s, 3 H, N-CH3), 4.13–4.23 (m, 2 H, CH2), 4.31
(t, J = 4.7 Hz, 1 H, 4-H), 8.11 (br., 1 H, NH, D2O exchangea-
ble) ppm. 13C NMR (100 MHz, CDCl3, 25 °C): δ = 8.1, 14.3, 18.3,
25.9, 33.3, 58.8, 59.7, 99.1, 148.1, 154.1, 166.1 ppm. HRMS: calcd.
for C11O3N2H18 [M]+ 226.1317; found [M + Na]+ 249.1213.

Methyl 1,6-Dimethyl-4-ethyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (16b): Yield 70%. White solid. Rf = 0.4 (30% ethyl
acetate/hexane). IR (KBr): ν̃max = 1682, 1625, 2941, 3275 cm–1. 1H
NMR (300 MHz, CDCl3, 25 °C): δ = 0.85 (t, J = 7.5 Hz, 3 H, 4-
CH3), 1.56–1.77 (m, 2 H, 4-CH2), 2.29 (s, 3 H, 6-CH3), 2.93 (s, 3
H, N-CH3), 4.06 (s, 3 H, OCH3), 4.31 (t, J = 4.8 Hz, 1 H, 4-H),
7.32 (br., 1 H, NH, D2O exchangeable) ppm. 13C NMR (75 MHz,
CDCl3, 25 °C): δ = 8.1, 18.4, 29.6, 33.4, 50.9, 58.9, 99.2, 147.9,
153.2, 166.1 ppm. HRMS: calcd. for C10O3N2H16 [M]+ 212.1161;
found [M + Na]+ 235.1058.

Isopropyl 1,6-Dimethyl-4-ethyl-2-oxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (16c): Yield 68%. White solid. Rf = 0.4 (30% ethyl
acetate/hexane). IR (KBr): ν̃max = 1688, 1620, 2933, 3265 cm–1. 1H
NMR (300 MHz, CDCl3, 25 °C): δ = 0.78 (t, J = 7.5 Hz, 3 H, 4-
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CH3), 1.18 (d, J = 2.4 Hz, 6 H, 2 CH3), 1.55–1.60 (m, 2 H, 4-CH2),
2.09 (s, 3 H, 6-CH3), 2.91 (s, 3 H, N-CH3), 4.22 (t, J = 4.8 Hz,
1 H, 4-H), 4.93–5.04 (m,1 H, ester-CH), 7.34 (s, 1 H, NH, D2O
exchangeable) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ = 7.2,
17.5, 20.9, 21.0, 24.9, 32.3, 57.9, 66.1, 98.7, 146.3, 152.7,
164.5 ppm. HRMS: calcd. for C12O3N2H20 [M]+ 240.1474; found
[M + Na]+ 263.1368.

Ethyl 1,6-Dimethyl-4-n-propyl-2-oxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (16d): Yield 68%. White solid. Rf = 0.4 (30% ethyl
acetate/hexane). IR (KBr): ν̃max = 1683, 1621, 2966, 3288 cm–1. 1H
NMR (400 MHz, CDCl3, 25 °C): δ = 0.86 (t, J = 7.26 Hz, 3 H, 4-
CH3), 1.21–1.34 (m, 5 H, OCH3, 4-CH2), 1.51–1.64 (m, 2 H, 4-
CH2), 2.26 (s, 3 H, 6-CH3), 2.96 (s, 3 H, N-CH3), 4.10–4.20 (m, 2
H, OCH2), 4.28 (t, J = 4.9 Hz, 1 H, 4-H), 8.43 (br., 1 H, NH, D2O
exchangeable) ppm. 13C NMR (100 MHz, CDCl3, 25 °C): δ = 14.1,
14.3, 17.3, 18.4, 33.5, 35.6, 57.9, 59.7, 100.0, 147.6, 153.8,
166.0 ppm. HRMS: calcd. for C12O3N2H20 [M]+ 240.1474; found
[M + Na]+ 263.1370.

Methyl 1,6-Dimethyl-4-n-propyl-2-oxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (16e): Yield 68%. White solid. Rf = 0.4 (30% ethyl
acetate/hexane). IR (KBr): ν̃max = 1693, 1655, 2943, 3279 cm–1. 1H
NMR (300 MHz, CDCl3, 25 °C): δ = 0.81 (t, J = 7.24 Hz, 3 H, 4-
CH3), 1.14–1.27 (m, 2 H, 4-CH2), 1.46–1.70 (m, 2 H, 4-CH2), 2.21
(s, 3 H, 6-CH3), 2.91 (s, 3 H, N-CH3), 3.58 (s, 3 H, OCH3), 4.23
(t, J = 7.24 Hz, 1 H, 4-H), 8.08 (br., 1 H, NH, D2O exchange-
able) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ = 14.1, 17.2, 18.3,
33.5, 35.6, 50.9, 57.9, 99.7, 148.0, 153.9, 166.4 ppm. HRMS: calcd.
for C11O3N2H18 [M]+ 226.1317; found [M + Na]+ 249.1215.

Isopropyl 1,6-Dimethyl-4-n-propyl-2-oxo-1,2,3,4-tetrahydropyrimid-
ine-5-carboxylate (16f): Yield 66%. White solid. Rf = 0.4 (30 % ethyl
acetate/hexane). IR (KBr): ν̃max = 1686, 1659, 2931, 3269 cm–1. 1H
NMR (300 MHz, CDCl3, 25 °C): δ = 0.88 (t, J = 7.28 Hz, 3 H, 4-
CH3), 1.20–1.31 (m, 10 H, 2 ester-CH3, 2 4-CH2), 2.20 (s, 3 H, 6-
CH3), 2.91 (s, 3 H, N-CH3), 4.22–4.24 (m, 1 H, OCH), 4.98 (t, J

= 6.24 Hz, 1 H, 4-H), 8.88 (br., 1 H, NH, D2O exchangeable) ppm.
13C NMR (75 MHz, CDCl3 + [D6]DMSO, 25 °C): δ = 14.0, 16.7,
17.4, 21.6, 32.8, 34.6, 35.3, 50.7, 56.9, 99.2, 147.9, 152.3 33.5,
167.1 ppm. HRMS: calcd. for C13O3N2H22 [M]+ 254.1630; found
[M + Na]+ 277.1521.

Ethyl 1,6-Dimethyl-4-n-butyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (16g): Yield 70%. White solid. Rf = 0.4 (30% ethyl
acetate/hexane). IR (KBr): ν̃max = 1694, 1645, 2945, 3282 cm–1. 1H
NMR (400 MHz, CDCl3, 25 °C): δ = 0.93 (t, J = 6.93 Hz, 3 H, 4-
CH3), 1.18–1.1.33 (m, 7 H, OCH3, 2 4-CH2), 1.54–1.70 (m, 2 H, 2
4-CH2), 2.29 (s, 3 H, 6-CH3), 2.99 (s, 3 H, N-CH3), 4.13–4.23 (m,
2 H, OCH2), 4.28 (t, J = 5.12 Hz, 1 H, 4-H), 7.47 (br., 1 H, NH,
D2O exchangeable) ppm. 13C NMR (100 MHz, CDCl3, 25 °C): δ =
13.0, 13.3, 17.5, 21.8, 25.1, 32.1, 32.5, 57.0, 58.8, 99.1, 146.4, 152.7,
165.0 ppm. HRMS: calcd. for C13O3N2H22 [M]+ 254.1630; found
[M + Na]+ 277.1528.

Methyl 1,6-Dimethyl-4-n-butyl-2-oxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (16h): Yield 68%. White solid. Rf = 0.4 (30% ethyl
acetate/hexane). IR (KBr): ν̃max = 1696, 1671, 2957, 3289 cm–1. 1H
NMR (400 MHz, CDCl3, 25 °C): δ = 0.86 (t, J = 6.92 Hz, 3 H, 4-
CH3), 1.17–1.32 (m, 4 H, 2 4-CH2), 1.52–1.66 (m, 2 H, 2 4-CH2),
2.28 (s, 3 H, 6-CH3), 2.97 (s, 3 H, N-CH3), 3.70 (s, 3 H, OCH3),
4.30 (t, J = 4.96 Hz, 1 H, 4-H), 7.96 (br., 1 H, NH, D2O exchange-
able) ppm. 13C NMR (100 MHz, CDCl3, 25 °C): δ = 13.0, 17.4,
21.8, 24.9, 32.1, 32.5, 50.0, 57.0, 98.7, 147.0, 152.9, 165.4 ppm.
HRMS: calcd. for C12O3N2H20 [M]+ 240.1474; found [M + Na]+

263.1369.
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Isopropyl 1,6-Dimethyl-4-n-butyl-2-oxo-1,2,3,4-tetrahydropyrimid-
ine-5-carboxylate (16i): Yield 68%. White solid. Rf = 0.4 (30% ethyl
acetate/hexane). IR (KBr): ν̃max = 1674, 1625, 2946, 3264 cm–1. 1H
NMR (400 MHz, CDCl3, 25 °C): δ = 0.87 (t, J = 6.92 Hz, 3 H, 4-
CH3), 1.20–1.33 (m, 10 H, 2 ester-CH3, 2 4-CH2), 1.54–1.68 (m, 2
H, 4-CH2), 2.28 (s, 3 H, 6-CH3), 2.99 (s, 3 H, N-CH3), 4.28 (m, 1
H, OCH), 5.09 (t, J = 6.1 Hz, 1 H, 4-H), 8.67 (br., 1 H, NH, D2O
exchangeable) ppm. 13C NMR (100 MHz, CDCl3, 25 °C): δ = 14.0,
18.5, 21.9, 22.1, 22.8, 26.2, 33.1, 33.6, 58.1, 67.1, 100.5, 147.1,
153.7, 165.5 ppm. HRMS: calcd. for C14O3N2H24 [M]+ 268.1787;
found [M + Na]+ 291.1681.

Ethyl 1-Methyl-6-phenyl-4-ethyl-2-oxo-1,2,3,4-tetrahydropyrimid-
ine-5-carboxylate (16m): Yield 80%. White solid. Rf = 0.5 (60%
ethyl acetate/hexane). IR (KBr): ν̃max = 1683, 1619, 1563, 3022,
3276 cm–1. 1H NMR (300 MHz, CDCl3, 25 °C): δ = 0.89 (t, J =
7.05 Hz, 3 H, 4-CH2CH3), 1.00 (t, J = 7.5 Hz, 3 H, ester-CH3),
1.76–1.87 (m, 2 H, 4-CH2CH3), 3.08 (s, 3 H, N-CH3), 3.92 (q, J =
7.05 Hz, 2 H, OCH2), 4.42 (t, J = 4.8 Hz, 1 H, 4-H), 6.40 (br., 1
H, NH, D2O exchangeable), 7.29–7.40 (m, 5 H, 6-C6H5) ppm. 13C
NMR (75 MHz, CDCl3, 25 °C): δ = 8.1, 13.5, 26.0, 33.4, 59.3, 59.8,
100.3, 127.9, 128.1, 129.3, 135.2, 148.2, 152.8, 165.4 ppm. HRMS:
calcd. for C16O3N2H20 [M]+ 288.1474; found [M + H]+ 289.1550.

Ethyl 1-Methyl-6-phenyl-4-n-propyl-2-oxo-1,2,3,4-tetrahydropyrim-
idine-5-carboxylate (16n): Yield 75%. White solid. Rf = 0.5 (60%
ethyl acetate/hexane). IR (KBr): ν̃max = 1680, 1610, 1560, 3011,
3283 cm–1. 1H NMR (300 MHz, CDCl3, 25 °C): δ = 0.87–0.96 (m,
6 H, 4-CH2CH2CH3, ester-CH3), 1.42–1.73 (m, 2 H, CH2 in 4-
C3H7), 1.75–1.78 (m, 2 H, CH2 in 4-C3H7), 3.04 (s, 3 H, N-CH3),
3.92 (q, J = 6.9 Hz, 2 H, OCH2), 4.41 (t, J = 5.1 Hz, 1 H, 4-
H), 6.33 (br., 1 H, NH, D2O exchangeable), 7.29–7.40 (m, 5 H, 6-
C6H5) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ = 13.5, 14.1,
17.4, 33.6, 33.7, 35.6, 58.5, 59.8, 101.2, 127.9, 128.0, 128.1, 129.4,
135.2, 147.9, 152.7, 165.4 ppm. HRMS: calcd. for C17O3N2H22

[M]+ 302.1630; found [M + H]+ 303.1711.

Ethyl 1-Methyl-6-phenyl-4-n-butyl-2-oxo-1,2,3,4-tetrahydropyrimid-
ine-5-carboxylate (16o): Yield 78%. White solid. Rf = 0.5 (60 %
ethyl acetate/hexane). IR (KBr): ν̃max = 1672, 1633, 1581, 3032,
3272 cm–1. 1H NMR (300 MHz, CDCl3, 25 °C): δ = 0.85–0.94 (m,
6 H, 4-CH2CH2CH2CH3, ester-CH3), 1.33–1.46 (m, 4 H, 2 CH2 in
4-C4H9), 1.73–1.81 (m, 2 H, CH2 in 4-C4H9), 3.04 (s, 3 H, N-CH3),
3.92 (q, J = 6.7 Hz, 2 H, OCH2), 4.42 (t, J = 4.9 Hz, 1 H, 4-
H), 6.34 (br., 1 H, NH, D2O exchangeable), 7.25–7.40 (m, 5 H, 6-
C6H5) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ = 13.5, 14.0,
22.8, 26.2, 33.0, 33.6, 58.5, 59.8, 101.0, 128.0, 128.1, 129.4, 135.2,
147.9, 152.7, 165.4 ppm. HRMS: calcd. for C18O3N2H24 [M]+

316.1787; found [M + H]+ 317.1863.

General Procedure for the Synthesis of 4-Phenyl-Substituted Alkyl
1,6-Dimethyl- or 1-Methyl-6-phenyl-2-oxo-1,2,3,4-tetrahydropyrim-
idin-5-carboxylates (16j–l,p): Diethylzinc (0.1 mL, 3.0 mmol) was
added dropwise under an inert atmosphere to a stirred solution of
triphenylborane (0.12 g, 1.0 mmol) in dry toluene (15 mL) at ambi-
ent temperature. The resulting mixture was stirred for 30 min and
then transferred through a syringe to a solution of 15a–d (0.1 g,
1.0 mmol) in dry toluene under an inert atmosphere at 0 °C. The
reaction mixture was stirred for 48 h. Upon completion of the reac-
tion (TLC), it was quenched with a saturated aqueous ammonium
chloride solution and extracted with dichloromethane (2� 20 mL).
After removing dichloromethane under vacuum, the crude product
was purified by column chromatography using ethyl acetate/hexane
mixtures as eluent to obtain pure 16j–l,p.

Ethyl 1,6-Dimethyl-4-phenyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (16j): Yield 70%. White solid. Rf = 0.5 (60% ethyl acet-
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ate/hexane). IR (KBr): ν̃max = 1695, 1616, 1579, 3014, 3269 cm–1.
1H NMR (400 MHz, CDCl3, 25 °C): δ = 1.86 (t, J = 7.14 Hz, 3 H,
CH3), 2.51 (s, 3 H, 6-CH3), 3.23 (s, 3 H, N-CH3), 4.10 (q, J =
7.12 Hz, 2 H, OCH2), 5.38 (d, J = 3.12 Hz, 1 H, 4-H), 5.59 (br., 1
H, NH, D2O exchangeable), 7.22–7.32 (m, 5 H, 4-C6H5) ppm. 13C
NMR (100 MHz, CDCl3, 25 °C): δ = 14.1, 16.5, 30.3, 53.7, 60.1,
104.2, 126.2, 127.7, 128.6, 143.4, 149.4, 154.1, 166.1 ppm. HRMS:
calcd. for C15O3N2H18 [M]+ 274.1317; found [M + Na]+ 297.1211.

Methyl 1,6-Dimethyl-4-phenyl-2-oxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (16k): Yield 68%. White solid. Rf = 0.5 (60% ethyl
acetate/hexane). IR (KBr): ν̃max = 1683, 1628, 1540, 3031,
3275 cm–1. 1H NMR (300 MHz, CDCl3 + [D6]DMSO, 25 °C): δ =
2.5 (s, 3 H, 6-CH3), 3.16 (s, 3 H, N-CH3), 3.61 (s, 3 H, OCH3),
5.27 (d, J = 3.84 Hz, 1 H, 4-H), 7.20–7.30 (m, 5 H, 4-C6H5), 7.74
(d, J = 3.76 Hz, 1 H, NH, D2O exchangeable) ppm. 13C NMR
(75 MHz, CDCl3 + [D6]DMSO, 25 °C): δ = 16.0, 29.6, 50.7, 52.4,
102.8, 125.8, 126.9, 128, 143.4, 149.7, 153.4, 166.0 ppm. HRMS:
calcd. for C14O3N2H16 [M]+ 260.1161; found [M + Na]+ 283.1064.

Isopropyl 1,6-Dimethyl-4-phenyl-2-oxo-1,2,3,4-tetrahydropyrimid-
ine-5-carboxylate (16l): Yield 63%. White solid. Rf = 0.5 (60% ethyl
acetate/hexane). IR (KBr): ν̃max = 1681, 1634, 1579, 3066,
3269 cm–1. 1H NMR (400 MHz, CDCl3, 25 °C): δ = 1.05 (d, J =
6.24 Hz, 3 H, CH3), 1.22 (d, J = 6.24 Hz, 3 H, CH3), 2.51 (s, 3 H,
6-CH3), 3.23 (s, 3 H, N-CH3), 4.94–5.00 (m, 1 H, OCH), 5.37 (d,
J = 2.92 Hz, 1 H, 4-H), 5.63 (br., 1 H, NH, D2O exchangeable),
7.22–7.31 (m, 5 H, 4-C6H5) ppm. 13C NMR (100 MHz, CDCl3,
25 °C): δ = 16.4, 21.6, 22.0, 30.2, 53.7, 67.5, 104.5, 126.2, 127.6,
128.5, 143.5, 149.0, 154.1, 165.6 ppm. HRMS: calcd. for
C16O3N2H20 [M]+ 288.1474; found [M + Na]+ 311.1370.

Ethyl 1-Methyl-4,6-diphenyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (16p): Yield 72%. White solid. Rf = 0.5 (60% ethyl
acetate/hexane). IR (KBr): ν̃max = 1685, 1611, 1550, 3014,
3269 cm–1. 1H NMR (300 MHz, CDCl3, 25 °C): δ = 0.77 (t, J =
7.2 Hz, 3 H, ester-C2H5), 2.81 (s, 3 H, N-CH3), 3.73–3.83 (m, 2 H,
OCH2), 5.48–5.51 (m, 2 H, 4-H, NH, D2O exchangeable), 7.21–
7.46 (m, 10 H, 4-C6H5, 6-C6H5) ppm. 13C NMR (75 MHz, CDCl3,
25 °C): δ = 13.4, 32.3, 54.3, 59.8, 105.4, 126.2, 127.3, 128.1, 128.4,
128.7, 134.8, 143.2, 150.3, 154.0, 165.2 ppm. HRMS: calcd. for
C20O3N2H20 [M]+ 336.1474; found [M + H]+ 337.1558.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedure for the oxidation of 14a–d to 15a–d,
1H and 13C NMR spectra of compounds 16a–p.
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Addition of Organozincs to Oxodihydropyrimidinecarboxylates

Structure Diversification

An efficacious diversification of the key C- K. Singh,* R. Chopra ........................ 1–7
4 position of 2-oxo-1,2-dihydropyrimidine-
5-carboxylates has been achieved through Highly Regioselective Addition of Or-
the addition of organozinc reagents. ganozinc Reagents to 2-Oxo-1,2-dihydro-

pyrimidine-5-carboxylates Activated by
BF3·OEt2: Synthesis of 2-Oxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylates

Keywords: Nitrogen heterocycles / Nucleo-
bases / Zinc / Lewis acids / Imines
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