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3,4-Dihydropyrimidin-2(1H)-ones exhibit a wide range of bio
logical activities, in particular, modulation of calcium channels.1 
5-Alkoxycarbonyl-4-aryl-6-methyl-3,4-dihydropyrimidin-2-ones 
1 possess a pharmacological profile similar to that of the classical 
calcium channel blockers and antihypertensive activity resembling 
that of dihydropyridine drugs.2 Replacement of the ester group 
in compounds 1 with a nitro group gives rise to 4-aryl-6-methyl-
5‑nitro-3,4-dihydropyrimidin-2-ones 2 that show low levels of 
toxicity and a significant hypotensive effect.3

Syntheses of compounds 1, 2 were based on the modified 
Biginelli reaction.4 Behaviour of salicylaldehydes in this reaction 
is rather complicated as compared with other aromatic aldehydes. 
Thus the three-component Biginelli condensation of substituted 
salicylaldehydes with b-dicarbonyl compounds and urea may 
yield ordinary cyclocondensation products 1 and/or products of 
their further transformation to 11-R-5,6-dihydro-2H‑2,6-methano-
1,3,5-benzoxadiazocin-4-(3H)-ones 3.5 However, no data pertain
ing to the combined usage of a-nitro ketones and salicylaldehyde 
in the aforementioned reaction have been reported so far.

In this work, the reaction of salicylaldehyde with nitroacetone 
and urea was studied. This reaction was performed by simulta
neous heating of the reactants in a 1 : 1.05 : 2 ratio in boiling 
ethanol in the presence of catalytic amounts of concentrated 
HCl. The compound obtained was snow-white solid, in contrast 
to yellow or light yellow 4-aryl-6-methyl-5-nitro-3,4‑dihydro
pyrimidin-2-one 2.3 The IR spectra showed the absorption bands 
of stretching vibrations of the groups NH, C=O, NO2, C–O–C, 
whereas the band assignable to OH vibration (in KBr and oil) 
was absent. This fact revealed an evidence of the formation of 
2-methyl-11-nitro-5,6-dihydro-2H-2,6-methano-1,3,5-benzoxa
diazocin-4(3H)-one 4 (Scheme 1).

In addition, the 1H and 13C NMR spectra of this compound 
in DMF-d7 revealed the formation of the only product and were 

in agreement with the O-bridge structure of 4. Conclusions per
taining to the formation of methanobenzoxadiazocine are based 
on the appearance of H-6, H-11 signals and also the characteristic 
signals of atoms C-2, C-6 and C-11 (Table 1). The separated 
compound was stable in a solid state as well as in ethanol solution. 

The spacial structure of compound 4 was established by X-ray 
analysis† (Figure 1) indicating its 2R*,6S*,11S*-configuration 
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Scheme  1  The tandem Biginelli and intramolecular oxa-Michael reactions.

Chemical shifts of characteristic signals in Table  1  1H and 13C NMR spectra 
of compounds 4a and 4b in DMF-d7 (d/ppm).

NMR Signal  4a  4b

1H Me 1.95 (s) 1.94 (s)
H-6 5.06 (dd, J 3.5 and 4.1 Hz) 5.01 (dd, J 2.6 and 5.1 Hz)
H-11 5.74 (d, J 3.2 Hz) 5.69 (d, J 2.7 Hz)
NH-5 7.65 (d, J 4.0 Hz) 7.77a

NH-3 8.15 (br. s) 8.00 (br. s)b 
13C Me 23.48 24.63

C-6 50.67 47.66
C-11 80.25 81.10
C-2 83.45 82.75
C-10 117.45 117.48
C-10a 154.82 155.57 

a The signal is adjacent to the NH-3 signal of compound 5. b The signal is 
adjacent to the signal of DMF.
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(diastereomer 4a). As a result of a pseudoaxial position of the 
O-bridged aromatic ring, it has a fixed, approximately perpen
dicular orientation [87.2(1)°] relative to the hexahydropyrimidine 
cycle. The heterocycle exhibits a slightly asymmetrical half-chair 
conformation, in which four atoms C-2, N-3, C-4 and N-5 are 
nearly planar; whereas the atoms C-6 and C-11 are displaced 
considerably from this plane to the opposite sides [0.390(5) and 
–0.445(5) Å]. In the case when the oxygen bridge O-1 and the 
aromatic ring aligned under the heterocyclic ring (configuration 
2R*,6S*), the methylene bridge C-11 resided above the ring plane 
and the axially oriented nitro group connected to atom C-11 
occurred in cis-disposition with respect to the urea fragment 
(configuration 11S*). In the crystal, enantiomeric molecules are 
assembled in zigzag centrosymmetric chains along the a axis via 
hydrogen bonds N(3)–H···O(2) [H···O 2.01(4) Å, N–H···O 173(4)°] 
and N(5)–H···O(2) [2.06(4) Å, 175(4)°].

Solutions of sample 4a in DMSO or DMF gradually changed 
their colour with time from colourless to yellow along with 
changes in its spectral pattern. These changes occurred more 
rapidly in the DMSO solution as compared to the less polar DMF. 
Immediately after the dissolution of compound 4 in DMF-d7, its 
1H and 13C NMR spectra contained the signals of diastereomer 
4a‡ only (Table 1); however, after 20 min, additional signals of 
diastereomer 4b‡ near the signals of diastereomer 4a emerged. 
The proximity of proton H-11 to the aromatic ring in the structure 
4a (configuration 11S*) initiated a slight deshielding effect as 

compared to the structure 4b (configuration 11R*). The signals 
13C-11 for both diastereomers 4a and 4b are observed in the field 
of ~81 ppm that well keeps within area of 75–85 ppm charac
teristic of a-nitroalkanes.6

Along with the specified signals above, the 1H signals of 
4-(2-hydroxyphenyl)-6-methyl-5-nitro-3,4-dihydropyrimidin-
2(1H)-one 5‡ emerged as well (see Scheme 1): d 5.95 (d, H-4, 
J 3.0 Hz), 7.78 (d, NH-3, J 2.5 Hz), 9.98 (s, OH), 10.06 (s, NH-1), 
which correlate with data3(a) for 2-methoxyphenyl analogue of 
compound 5. In the 13C NMR spectrum the signals of Me, C-4, 
C-9, C-5, C-6 and C-8 of compound 5 were observed at 19.70, 
51.57, 116.36, 123.10, 151.50 and 156.15 ppm, respectively. 
While the fraction of diastereomer 4a decreased rapidly, the 
amount of diastereomer 4b and dihydropyrimidinone 5 grew 
(see Table 2). After 24 h, the ratio 4a : 4b : 5 became 16 :10 : 74. 
This unambiguously attests to the fact that the oxadiazocine 
ring of these compounds can be easily opened by the C–O bond 
in highly polar aprotic medium. Finally, the equilibrium between 
dihydropyrimidinone 5 and methanobenzoxadiazocine diastereo
mers 4a,b was established.
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X-ray crystal structure of Figure  1  4a (ORTEP view). Displacement 
ellipsoids are drawn at 50% probability level.

†	 Crystal data for 4a: C11H11N3O4, M = 249.23, monoclinic, space 
group P21/n, a = 7.2169(12), b = 18.811(3) and c = 9.0227(14) Å, b = 
111.987(6)°, V = 1135.8(3) Å3, Z = 4, dcalc = 1.457 g cm–3, T = 150(2) K, 
m = 0.113 mm–1, l = 0.71073 Å. Data collection yielded 9854 reflections 
resulting in 1987 unique, 1393 with I > 2s(I), 2q < 50°. Full-matrix least-
squares refinement led to a final R = 0.0565, wR2 = 0.1859 and GOF = 
1.078. Intensity data were measured on Bruker Kappa Apex II with CCD 
area detector.
	 CCDC 885775 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2013.
‡	 General procedure. A mixture of 12.5 mmol of nitroacetone, 12 mmol 
of salicylaldehyde, 25 mmol of urea, 1.25 ml conc. HCl and 25 ml of 
ethanol was heated using an oil bath at 95 °C for 6 h. The mixture was 
cooled and the precipitate was filtered off, washed with water and ethanol. 
Then it was dried and crystallized from EtOH. NMR spectra were recorded 
in DMF-d7 on a Bruker AM-400 spectrometer (400 MHz for 1H, 100 MHz 
for 13C), the internal standard was the signal of DMF-d7 (dH 2.74, 
dC 30.10 ppm). 
	 2-Methyl-11-nitro-5,6-dihydro-2H-2,6-methano-1,3,5-benzoxadiazocin-
4(3H)-one 4: 45% yield, mp 229–232 °C (EtOH). IR (KBr n/cm–1): 3415, 
3221 (NH), 1701 (C=O), 1553, 1371 (NO2), 1244 (C–O). UV [EtOH, 
lmax /nm (log e)]: 202 (4.40), 274 (3.17), 280 (3.15). MS (DFS, EI, 70 eV), 
m/z (%): 249 (33) [M]+, 232 (100) [M – OH]+. HRMS, m/z: 249.0745 
(C11H11N3O4 required m/z 249.0744). Found (%): C, 53.01; H, 4.44; 
N, 16.68. Calc. for C11H11N3O4 (%): C, 53.01; H, 4.45; N, 16.86. 

The equilibrium between dihydropyrimidinone Table  2  5 and methano
benzoxadiazocine diastereomers 4a,b in DMF-d7.a

NH
HN

NO2

O

Me
OH

O

N
H

NH

NO2

O

H

Me

H

2

6

11

R

S

S

O

N
H

NH

H

O

O2N

Me

H

R

R

S

H

4b

5

4a

Entry Time after dissolving/h Ratio of 4a : 4b : 5

1 0.17 99 : <1 : <1
2 0.33 93 : 3 : 4
3 4 60 : 9 : 31
4 24 16 : 10 : 74
5 96 15 : 10 : 75

a The values obtained upon relative intensities of 1H NMR signals of H-6, 
H-11 for compounds 4a,b and signal of H-4 for compound 5.

	 (2R*,6S*,11S*)-Diastereomer 4a. 1H NMR, d: 1.95 (s, 3 H, Me), 5.06 
(dd, 1H, H-6, J 3.5 and 4.1 Hz), 5.74 (d, 1H, H-11, J 3.2 Hz), 6.88 (d, 1H, 
H-10, J 8.3 Hz), 7.00 (dt, 1H, H-8, J 0.8 and 7.5 Hz), 7.29 (dt, 1H, H-9, 
J 1.6 and 8.3 Hz), 7.34 (dd, 1H, H-7, J 1.6 and 7.5 Hz), 7.65 (d, 1H, NH-5, 
J 4.0 Hz), 8.15 (br. s, 1H, NH-3). 13C NMR, d: 23.48 (Me), 50.67 (C-6), 
80.25 (C-11), 83.45 (C-2), 117.45 (C-10), 122.14 (C-8), 125.11 (C-6a), 
129.58 (C-9), 130.68 (C-7), 150.86 (C-4), 154.81 (C-10a). 
	 (2R*,6S*,11R*)-Diastereomer 4b. 1H NMR, d: 1.94 (s, 3 H, Me), 5.01 
(dd, 1H, H-6, J 2.6 and 5.1 Hz), 5.69 (d, 1H, H-11, J 2.7 Hz), 6.88 (d, 1H, 
H-10, J 8.3 Hz), 7.02 (dt, 1H, H-8, J 0.8 and 7.5 Hz), 7.25 (dt, 1H, H-9, 
J 1.6 and 8.3 Hz), 7.37 (dd, 1H, H-7, J 1.6 and 7.5 Hz), 7.77 (m, 1H, NH-5), 
8.00 (br. s, 1H, NH-3). 13C NMR, d: 24.63 (Me), 47.66 (C-6), 81.10 (C-11), 
82.75 (C-2), 117.48 (C-10), 122.59 (C-8), 124.42 (C-6a), 129.83 (C-9), 
130.71 (C-7), 150.96 (C-4), 155.57 (C-10a). 
	 4-(2-Hydroxyphenyl)-6-methyl-5-nitro-3,4-dihydropyrimidin-2(1H)-
one 5. 1H NMR, d: 2.64 (s, 3 H, Me), 5.95 (d, 1H, H-4, J 3.0 Hz), 6.78 
(t, 1H, H-11, J 7.8 Hz), 6.94 (d, 1H, H-9, J 7.8 Hz), 7.13 (t, 1H, H-10, 
J 8.0 Hz), 7.14 (d, 1H, H-12, J 7.8 Hz), 7.78 (d, 1H, NH-3, J 2.5 Hz), 9.98 
s (1H, OH), 10.06 (s, 1H, NH-1). 13C NMR, d: 19.70 (Me), 51.57 (C-4), 
116.36 (C-9), 119.58 (C-11), 123.10 (C-5), 128.31 (C-7), 128.41 (C-10), 
129.65 (C-12), 151.50 (C-6), 151.56 (C-2), 156.15 (C-8).
	 For NMR spectra of the compounds mixtures (Figures S1–S9), see 
Online Supplementary Materials.
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It is possible to assume that the formation of the O-bridged 
structures with the predominant cis-orientation of nitro group 
relative to the urea fragment (configuration 11S*) occurs under 
kinetically controlled conditions of the oxa-Michael addition 
reaction. When the equilibrium is established, the form a becomes 
dominant. This is in agreement with the higher thermodynamic 
stability of this form (8 kcal mol–1), as calculated by PRIRODA 
program (DFT/PBE/3z method).7 

The behaviour of compound 4a in DMSO solution was similar 
to its behaviour in DMF, however, the observed transformations 
proceeded quicker. After dissolution of this compound in more 
polar DMSO-d6 solvent, the equilibrium 4a : 4b : 5 (5 : 4 : 91) was 
reached within ~0.5 h and remained constant within a month. 
Attempts to isolate the tautomer 5 from this mixture were unsuc
cessful. When the solution was poured in water and kept for 
several days at room temperature, the precipitated material was a 
94 : 6 mixture of compounds 4 and 5.

In summary, the revealed tautomerism of compounds 4 and 
5  gives more insight into the structures and properties of the 
products of classical Biginelli reaction.
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