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Abstract The structure of 6-amino-4-methylamino-5-nitro-
sopyrimidine in the solid state and dimethylsulfoxide
solution was investigated using single crystal X-ray
diffraction and 1H, 13C NMR spectroscopy methods.
Hartree-Fock (HF) and density functional (DFT) levels of
theory were used to interpret the experimental data obtained
by X-ray and NMR methods.
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Introduction

Alkoxy- and amino-substituted 5-nitrosopyrimidines are
important as potential inhibitors of the human DNA-repair
protein O6-alkylguanine-DNA-transferase [1–3] and of
cyclin-dependent kinases [4]. Moreover, 5-nitrosopyrimi-
dines with amino-acid residues attached to the pyrimidine
nucleus have been shown to be able to form manganese (II)
[5], zinc (II) and Cd(II) [6] complexes both in solution and
in the solid state. Such complexes are of great interest
because these metals are involved in numerous biological
molecules [7, 8]. Recently we have found that N-methyl-N-
(6-amino- or arylamino-5-nitropyrimidin-4-yl) glycinates
treated with sodium alkoxides undergo rearrangement to

form the corresponding 5-nitroso-4-methylaminopyrimi-
dines [9]. Elucidation of their structure showed some
interesting features, which required additional studies. In
this paper, we present results of a more detailed investiga-
tion of the structure of 6-amino-5-nitroso-4-methylamino-
pyrimidine (1) using single crystal X-ray, 1H, 13C NMR and
quantum chemical methods.

Materials and methods

The melting point of 1 was determined in an open capillary
and is uncorrected. IR spectra were run in Nujol mulls on a
Perkin-Elmer FT spectrophotometer Spectrum BX II. 1H and
13C NMR spectra were recorded on a Varian INOVA
spectrometer (300 and 75 MHz, respectively) using tetrame-
thylsilane as an internal standard. The purity of compound 1
was monitored by TLC using silica gel 60 F254 aluminum
plates (Merck). Visualization was accomplished by UV
light. Synthesis of compound 1 was carried out according to
[9]. The characteristics of compound 1 are the following:
M.p. 256 °C (dec) (from DMSO); IR (Nujol): 3320, 3329,
3331 cm−1 (NH2, NH);

1H NMR (DMSO-d6): 2.90, 3.04
(3H, d, J=4.8 Hz, NCH3); 8.02 (1H, s, C2–H); 8.08, 8.51,
9.11, 10.23 (2H, br.s, NH2); 9.59, 11.11 (1H, q, J=4.8 Hz,
NHCH3);

13C NMR (DMSO-d6): 26.26, 27.66, 139.99,
140.7, 145.45, 146.01, 163.05, 164.52, 164.7, 165.9.

The computational study followed the scheme shown
below. Geometry optimizations for compound 1 were
performed using the PC GAMESS version [10] of the
GAMESS (US) QC package [11]. The shielding calcula-
tions were performed with the GIAO method [12, 13] using
the Gaussian 98 suite of programs [14]. Calculations were
performed at the HF and B3LYP [15, 16] levels of theory.
For the geometry optimization and the shielding calcula-
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tions, the 6-31G [17] and 6-311G [18] split-valence basis
sets augmented with diffuse and polarization functions were
used. In order to compare isotropic shieldings with
experimental chemical shifts, the NMR parameters for the
reference molecule tetramethylsilane (TMS) were calculat-
ed for each basis set.

Crystal data for compound 1 C5H7N5O, Mw 153.16,
orthorhombic, space group Pca21; Z=4, a=16.4247(4),
b=4.7518(2), c=8.3893(8) Å, α=β=γ=90°; V=654.8(3)
Å3, F(000)=320, Dx=1.554 g/cm3. Full crystallographic
data are available as supplementary material.

Results and discussion

Structural analysis using X-ray and quantum chemical
methods

The crystallographic data of 1 showed that in the solid state
the molecule adopts a conformation in which the methyl C
atom is directed away from the nitroso group and the nitroso
group is turned towards the methylamino substituent (Fig. 1).

The intramolecular dimensions show a number of
features of molecule 1 (Table 1). There is marked
equalization of the C–C and C–N bonds, with bonds C2–

N1, C2–N3 and C4–N7, C6–N11 being short despite the
C4–N7 and C6–N11 bonds formally being single bonds in
the classical representation. In addition, the C5–N9 and
O10–N9 distances in the C-nitroso fragment differ by only
about 0.08 Å (Table 1), whereas in simple neutral
compounds, where there is no possibility of significant
electronic delocalization, these distances normally differ by
at least 0.20 Å [19] and the N–O distance rarely exceeds
1.25 Å. [19–22] The N7-methyl distance is as expected.

The distance N(7)...O(10) and the angle N(7)–H(7)–O
(10) were found to be 2.654 Å and 139°, respectively,
which indicates that in 1 an intramolecular hydrogen bond
between the oxygen of the nitroso group and the hydrogen
of the methylamino group is formed. The dimensions all
point to the importance of the charge-separated forms 1a,b
(Scheme 1) as important contributors to the overall
molecular-electronic structure.

In order to investigate the utility of ab initio methods for
predicting bond lengths for molecule 1, calculations at the
HF and DFT levels of theory were performed. Bond length
errors were calculated by subtracting experimental bond
lengths from the calculated ones. Negative values mean that
the calculated bond is shorter than the bond obtained from
the X-ray analysis. The calculations performed at both the
HF/6-31G(d,p) and B3LYP/6-31G(d,p) levels of theory
showed a reasonable agreement of the computed structural
parameters with the experimental X-ray data. Nevertheless,
molecular structures determined by calculations at the DFT
level of theory are more accurate than those obtained at HF
level. The difference in accuracy is most marked for the
O10–N9 bond length. It differs from experiment byFig. 1 ORTEP drawing of compound 1

Table 1 Selected geometric parameters (Å, °) of compound 1
obtained from X-ray data

Bonds Distance
or angles

Bonds Distance

N1-C2 1.323(4) C5-C4 1.435(4)
N1-C6 1.362(3) N7-C4 1.323(3)
N3-C2 1.316(4) N7-C8 1.454(4)
N3-C4 1.362(3) N11-C6 1.320(4)
C5-N9 1.357(3) O10-N9 1.276(3)
C5-C6 1.431(4)
C2-N1-C6 115.8(3) N7-C8-H8C 107.9(19)
C2-N3-C4 115.3(2) O10-N9-1C5 117.5(2)
N9-C5-C6 115.5(2) N7-C4-N3 117.6(2)
N9-C5-C4 127.5(2) N7-C4-C5 121.6(2)
C6-C5-C4 117.0(2) N3-C4-C5 120.8(2)
C4-N7-C8 123.5(3) N3-C2-N1 130.7(3)
C4-N7-H7 112(3) N3-C2-H2 114.0(18)
C8-N7-H7 125(3) N1-C2-H2 115.3(18)
C6-N11-H11A 118(2) N11-C6-N1 116.8(3)
C6-N11-H11B 119(2) N11-C6-C5 122.9(2)
N7-C8-H8A 110(3) N1-C6-C5 120.3(2)
N7-C8-H8B 108(3)
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0.075 Å at HF/6-31G(d,p) and by 0.021 Å at B3LYP/6-31G
(d,p) (Table 2). The calculations with double and triple
split-valence basis sets gave quite similar results. Mean
signed and unsigned errors (MSE and MUE) as well as the
largest positive (Errmax) and negative (Errmin) errors of
bond lengths calculated with the different methods are
given in Table 3. Their values show that the basis set
augmentation with additional polarization and diffuse
functions has no significant influence on the accuracy of
the calculated molecular structure. The detailed results are
available as supplementary material.

NMR spectra and their evaluation by theoretical methods

The 13C NMR spectrum of compound 1 recorded in
dimethylsulfoxide solution contains two sets of signals for
all carbon atoms. 1H NMR spectrum are even more complex.
For example, the amino group in the 6th position of the
pyrimidine ring is characterized by four broadened singlets at
δ=8.08, 8.51, 9.11 and 10.23 ppm. The NH proton of the
methylamino group correspondingly gave two quartets at
9.59 and 11.11 ppm. Two doublets at 3.04 and 2.90 ppm can
be attributed to the protons of the methyl group. However, for
the C2–H proton, only one signal is observed at 8.02 ppm.
One can see that these spectral data cannot be explained only

by the structural features derived for molecule 1 from the
crystallographic analysis. The observed NMR spectrum can
be interpreted as being caused by a slow rotation of the amino
and nitroso groups around the corresponding C–N bonds. A
similar nitroso-group rotation effect for the 1H NMR
spectrum was studied in 4-dialkylaminonitrosobenzenes
[23]. As a consequence, equilibrium between two conformers
1 and 1c, stabilized by intramolecular hydrogen bonds, occurs
in dimethylsulfoxide solution (Scheme 2), and therefore two
sets of signals corresponding to the two forms are observed in
the 1H and 13C NMR spectra.

To assign which signal set in the 1H NMR spectrum of 1
belongs to a definite conformer, a selective decoupling of
all NH signals was performed. It was found that saturation
of the NH proton at 9.59 ppm caused a change of the
doublet of the methyl signal at 3.04 ppm into a singlet,
which indicates that these signals are interrelated and
belong to the same conformer. Saturation of the NH signal
at 11.11 ppm caused conversion of the methyl doublet at
2.90 ppm into a singlet. Thus, singlets at 9.59 and
11.11 ppm belong to the NHMe group of different
conformers. The NH signal of the methylamino group of
conformer 1 due to the intramolecular hydrogen bond
should be in a downfield region. Hence, we can conclude
that a doublet of the methyl group at 2.90 ppm and the NH
signal at 11.11 ppm belong to conformer 1. Two other
interrelated signals, the doublet of the methyl group at
3.04 ppm and NH signal at 9.59 ppm belong to another
conformer 1c. According to the integral intensities of the
signals of the methyl groups, the ratio of conformers 1:1c in
dimethylsulfoxide solution is ca 63%:37%.

In order to unravel the reasons for the existence of
conformers 1 and 1c in solution, computational analysis to
evaluate of their energy was performed. The data are
summarized in Tables 4 and 5. The energy values are very
dependent on the method used and the basis set. The
calculations performed at the DFT level with double split-
valence basis sets gave better results than those obtained at
the HF level (Table 4). Basis set augmentation with
additional polarization and diffuse functions at both levels
of theory led to considerably worse results when compared
with the experimental data. Calculations using triple split-
valence basis sets also tend to overestimate the stability of
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Scheme 1 The charge-separat-
ed forms of compound 1

Table 2 Differences (Å) between the calculated and experimental
bond lengths

Method

Bond HF/6-31G(d,p) B3LYP/6-31G(d,p)

N1-C2 −0.008 0.013
N1-C6 −0.030 −0.016
N3-C4 −0.026 −0.010
N3-C2 −0.003 0.016
C5-N9 0.016 0.014
C5-C4 −0.008 0.005
C5-C6 −0.015 0.002
N7-C8 −0.005 −0.001
N7-C4 0.001 0.013
N11-C6 0.012 0.022
O10-N9 −0.075 −0.021
MUE 0.018 0.012
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conformer 1c (Table 5). Considering the data obtained, one
can conclude that the molar ratio 1:1c obtained by the
B3LYP/6-31G(d,p) method is the closest to the experimen-
tal value derived from the 1H NMR spectra.

Further, quantum theoretical methods were used to
calculate 13C and 1H NMR spectra of conformers 1 and
1c. Table 6 shows differences between the values computed
using different approaches and experimental 13C and 1H
chemical shifts. Calculated values of 13C and 1H chemical
shifts are given in the supplementary material. Calculations
of 13C chemical shifts using HF and B3LYP methods with
triple split-valence basis sets gave larger errors than the
corresponding methods with double split-valence basis sets.
Moreover, augmentation of the triple split-valence basis set
with additional polarization and diffuse functions led to an
overestimation of 13C chemical shifts at both the HF and
B3LYP levels of theory. More accurate values of 13C
chemical shifts were obtained from the calculations using
double split-valence basis sets. The B3LYP/6-31G(d,p)
method was found to give the most accurate results for 1H
chemical shifts for the methyl group and for the proton at
the C2 atom of the pyrimidine ring.

It is also noteworthy that calculations gave the same
value of the C2–H chemical shift for the two conformers, as
observed in the experimental 1H NMR spectrum (Table 7).

The experimental 13C NMR spectra for the two con-
formers are very similar, except for the chemical shifts for
the C4 and C6 atoms. To assign which of these signals
belong to the C4 or C6 atom was the main problem, which
was solved by comparing the experimental spectra for both
conformers with the calculated ones (Table 7). These data
indicate that a signal in the high-field region belongs to the
carbon atom that is connected to a group taking part in the
intramolecular interaction with a nitroso group.

Conclusions

The structure of 6-amino-4-methylamino-5-nitrosopyrimidine
(1) has been examined by X-ray, NMR and quantum
chemical methods. It has been shown that in the solid state,
partial separation of charge has a considerable contribution to
the molecular-electronic structure of 1, whereas in dimethyl-
sulfoxide solution compound 1 exists as a mixture of two
conformers, stabilized by intramolecular hydrogen bonds
between the oxygen of the nitroso group and the amino or
methylamino groups. The usefulness of computational
methods for interpretating the experimental data and predict-
ing their properties has been demonstrated. The molecular
structure determined at the DFT level of theory is more
accurate than that obtained using the HF method. For
calculation of the relative energies and 1H and 13C chemical
shifts for the conformers of compound 1, the relatively
inexpensive B3LYP/6-31G(d,p) method yielded the best
accuracy.
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Table 3 Errors (Å) between
the calculated and experimental
bond lengths

Errors

Method MSE MUE Err.max Err.min

HF/6-31G(d,p) −0.013 0.018 0.016 −0.075
HF/6-31G(2d,p) −0.015 0.020 0.016 −0.081
HF/6-31+G(2d,p) −0.014 0.019 0.013 −0.080
HF/6-31+G(2df,p) −0.014 0.019 0.014 −0.081
B3LYP/6-31G(d,p) 0.003 0.012 0.022 −0.021
B3LYP/6-31G(2d,p) 0.001 0.012 0.021 −0.028
B3LYP/6-31+G(2d,p) 0.001 0.012 0.022 −0.025
B3LYP/6-31+G(2df,p) 0.001 0.012 0.021 −0.027
HF/6-311G(d,p) −0.014 0.020 0.018 −0.084
HF/6-311G(2d,p) −0.016 0.021 0.016 −0.082
HF/6-311+G(2d,p) −0.015 0.020 0.013 −0.081
HF/6-311+G(2df,p) −0.016 0.021 0.014 −0.084
B3LYP/6-311G(d,p) 0.012 0.015 0.026 −0.014
B3LYP/6-311G(2d,p) −0.001 0.011 0.019 −0.028
B3LYP/6-311+G(2d,p) 0.000 0.011 0.020 −0.026
B3LYP/6-311+G(2df,p) −0.002 0.011 0.019 −0.030
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