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1D and 2D NMR spectroscopy for identification
of carbamide-containing biologically active compounds

Urea (carbamide) is the main end product of amino acids' metabolism in mammals. Extensive research in the
field of urea chemistry has contributed to the creation of many biologically active and other compounds based
on the carbamide fragment NH-CO-NH. The substituting groups of urea directly affect its properties and
characteristics which are reflected in the NMR spectral data and this circumstance can be the basis for the
identification of urea derivatives. In this work, chemical shifts in the NMR spectra of urea and its acyclic
structure, barbituric series, imidazolidinone series and bicyclic structure derivatives were studied and identi-
fied. A system analysis was carried out to determine the effect of the type of substituents on the positions of
signals of the NH-CO-NH fragment in the NMR spectra. The possibility of 2D NMR spectroscopy using to
simplify the identification procedure for complex mixtures was shown in the paper. The combined use of 1D
and 2D NMR spectroscopy is convenient and informative to establish the structure of biologically active
compounds. These methods make it possible to determine the presence and type of impurities, as well as to
establish the destruction processes leading to the corresponding impurities.

Keywords: urea, urea-containing compounds, barbiturates, glycoluril, imidazolidinone, NMR spectroscopy,
hydrolysates, impurities.

Introduction

It is known that the urea (carbamide) I is a product of nitrogenous compounds’ metabolism in mammals
[1, 2]. In some sources there is an information about an independent biological role of the urea [3-5]. The
urea | is presented in the form of resonance structures la and Ib (Fig. 1) to explain some of the physicochem-
ical processes that occur with the participation of this compound. The studies carried out in the field of urea
chemistry made it possible to create a variety of biologically active and other compounds of acyclic and het-
erocyclic structures containing the urea NH-CO—-NH fragment [6-10].

Obviously, the substituting groups of urea directly affect its properties and characteristics which are re-
flected in the NMR spectral data, and this circumstance may be the basis for the identification of urea deriva-
tives. In this study, the chemical shifts in the NMR spectra of various heterocyclic derivatives of ureas were
studied and identified to assess the effect of the type of substituents on the NH-CO-NH fragment. There are
heterocyclic urea derivatives of barbituric series (pyrimidine-2,4,6-trione 11, 5,5-diethylpyrimidine-2,4,6-
trione 11, 5-ethyl-5-phenylpyrimidine-2,4,6-trione 1V, 1-benzoyl-5-ethyl-5-phenylpyrimidine-2,4,6-
trione V, 1-benzoyl-5-ethyl-5-isoamylpyrimidine-2,4,6-trione V1), of imidazolidinone series (imidazolidin-
2,4-dione VII, 5,5-diphenylimidazolidine-2,4-dione VI11), bicyclic structure (2,4,6,8-tetraazabicyclo(3,3,0)-
octanedione-3,7 (glycoluryl) 1X, 4,6,8-tetramethyl-2,4,6,8-tetraazabicyclo (3.3.0) octanedione-3.7 X), and of
acyclic urea (N-(benzyl)urea XI, 1-[(3-chlorophenyl)(phenyl) methyl] urea XI1I, N-(phenylacetyl) urea XIII).
The structures of these compounds are shown in Figure 1.

Substances 11-XI11 were previously known and identified by various analytical methods [11, 12].
However, a systematic analysis of the effect of different chemical environments on the position of signals in
the NMR spectra of biologically active compounds 11-XII1 has not yet been carried out. Previous NMR
spectroscopy studies did not provide sufficient explanations for the chemical shifts of compounds 11-XI11
relative to the carbamide fragment of NH-CO-NH in accordance with the shielding and deshielding effects
of the substituents.
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Figure 1. Structures of substances I-XI11

Therefore, the goal of our research was to identify and study the patterns of changes of chemical shifts
in the 1D and 2D NMR spectra for a number of biologically active compounds 11-XI11, urea | derivatives,
and hydrolysates of these compounds XIV-XXIV.

Experimental

Samples of analyzed compounds I1-XI11 were provided by the Tomsk National Research Medical Cen-
ter of the Russian Academy of Sciences (Scientific Research Institute of Mental Health). Samples of com-
pounds XIV-XVII and XVIII, XX were synthesized according to the procedures [13, 14] and
N-methylglycoluryls XXI-XXIV were obtained by the method described Kurgachev et al. [15].

NMR spectra were recorded on a Bruker AVANCE |1l HD spectrometer (Bruker Corporation, Germa-
ny) with an operating frequency of 400 and 100 MHz for 'H and **C nuclei, respectively, in DMSO-dg solu-
tion (0.001 mol : 0.5 ml of solvent). The internal standard was tetramethylsilane (TMS).

Results and Discussion

First of all, the analyzed compounds 11-XI11 are structurally intramolecular bisacetylated urea 11-VI
and mono-acetylated urea VII, VIII, bicyclic bisurea IX, X, arylmethylurea XI, XII and linear acetylurea
XIII. Table 1 presents the chemical shifts of the key protons and carbonyl carbon atoms of the urea I (as a
parent) and the carbamide-containing compounds 11-XI11.
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Table 1
Chemical shifts in the NMR spectra for substances I-XV111
Sub- "H NMR spectrum,s, ppm (J, Hz) 3C NMR spectrum,3, ppm (Hz)
stance 1 3 4 5 Substituents 2 4 5 6 Substituents
593 | 593
' lens)| @eHs | - - - 1615 - | - | - -
1112 | 1112 3.46
k| ans) - 2H.9) - 151.9| 1685 | 39.8 | 1685 -
1153 | 1153 1.81 (4H, q, J=7.6, CH,), 31,8 (C7, O,
M lang| amse | - - 074 (6H, 1,J=76,CHy) | T°0-4) 1736 | 570 | 1736 9.7 (C°,C)
7.31-7.40 (5H, m, Ph),
VAR G Bt - 231 (2H,q,3-7.2,CHy), |150.3| 1720 | 604 | 1720 | 1267, 1287, 1206, 138.9 (Ph),

(1H,s)| (1H,s) 29.0 (C"), 10.2 (C%

0.87 (3H, 1, J=7.6, CHz)
7.42-750 (SH, m, Ph),

7.98 (2H, d, J=7.6, Ph), 9
1241 7.78 (2H. dd, Ph), 169.1 (C%), 129.2, 130.1, 130.87,

\Y - - - 149.0| 170.8 | 61.4 | 171.0 | 137.7 (Ph), 131.5, 126.8, 129.8,

(1H, s) 7.59 (1H, dd, Ph), ¢ s
2.5 OH, g, 972, CH), 136.5 (Ph), 29.0 (C7), 10.3(C?)

0,99 (3H, t, J=7.2, CHa)
7.96 (2H, d, J=8.0, Ph),
7.81 (1H, dd, Ph,)

7.63 (2H, dd. Ph), o
1.97°1.91 (2H. m, CHy), 169.5 (C%), 130.5, 131.0, 131.7,

136.8 (Ph), 36.5 (CY), 34.2 (C"),
vio|o- | AR - 191-188 @H,m, CHa), 149 41 1758 | 575 | 1734 [325(CH,, i-Bu), 28.3 (CH, i-Bu),
(1H, 5) 1.48-1.41 (1H, m, CH), :
22.9 (CHg, i-Bu),
1.14-1.09 2H, m, CH), 22.9 (CHs, i-Bu), 10.0 (C%)
0.88 (3H, t, J=7.6, CHs (E), -9 (CHs, 1-Bu), 10.
0.81 (61, t, 3=6.4, 2CHj,

(i-Bu))
10.66 7.72 3.84
VIl aH,s)| am,s) | @H.s) - - 158.8 47.7 | 174.4 - -
11.34 9.55 8.00 (5H, m, Ph), 7.32 (5H, m,
VI (H,s)| aH,s) - - Ph) 156.6| 70.5 | 175.3 - 140.2, 129.7, 128.3, 126.8 (Ph)
7.16 5.24
IX (1H, 5) - (2H, 5) - 160.3| 64.6 - - -
5.06 5,6
X - - (2H, 5) - 2.82 (12H,s) 159.1| 71.9 - - 30.4 (C>®)
572 6.56 4.23
Xl (2H 5) (1H,t, | (d.2H, - 7.29 (5SH, m, Ph), 159.5 43.4 - - 128.7,127.5, 127.0, 141.3 (Ph),
' J=48) | J=6.3)
7.04 560 5.85 126.2,126.4, 127.6, 144.1 (Ph),
X1l | (1H,d, (2H 5) (1H, d, - 7.22-7.38 (9H, m, (Ph, Ar). |158.0| 56.6 - - 135.8,128.1, 126.9,
J=8.4) ' J=8.8) 140.8 (CI-Ar)
7.74 10.40 3.61
X1 @H, )| (H, 5) - (2H, s) 7.23-7.33 (5H, m, Ph) 154.9( 173.7 | 43.3 - 127.7,129.2, 130.1, 135.5 (Ph)

The following patterns can be identified based on the data in Table 1:

1. Significant shielding of C=0 group compared to the urea | (C*-carbons, up to 12.5 ppm) occurs with
intramolecular (compounds II-VIII) and linear acylation of the urea |1 (compound IX). While N-
arylalkylation (X1, XII) and bicyclization (IX, X) causes a slight change in the chemical shifts of C=0
groups (A = 2 ppm).

2. It is interesting to compare the chemical shifts of acyl carbonyl groups in the series of barbiturates
(C?-carbon). Any type of N- and C-substitution in the pyrimidinone cycle (I11-VI compounds) causes a
higher-field C-carbon shift compared to the chemical shifts of this carbon of the barbituric acid 11 itself (up
to 2 ppm). This circumstance may be due to some changes in the geometry of the pyrimidinone cycle under
the influence of substituents at C>-carbon.

3. The chemical shifts of C*-carbon in C,C-disubstituted derivatives of the barbituric acids 11-V1 are
well distinguished in the **C NMR spectra: in the dialkyl-substituted 111, VI (57.0-57.5 ppm), and in the
phenylalkyl-substituted compounds 1V, V (60.4-61.4 ppm).

4. The data of the *H NMR spectra indicates that any type of N-substitution in the urea | leads to regular
lower field shifts of NH-protons from 6.56 ppm (arylmethylation: acyclic compounds XI-XIII); up to
12.41 ppm (cyclic urea V11, V111, barbituric derivative V and its analogues).

One of the main ways of transformation of the studied compounds I1-XI11 is the process of their hy-
drolysis or oxidative destruction in the biogenic medium. Initially, formation of the corresponding acylureas
from compounds 11-VI111 or the corresponding amide from the urea XII and even from the urea itself can be
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expected during the series of such type of reactions. In this regard, the *H and **C NMR spectra of a number
of hydrolysates XIV-XVII of studied biologically active compounds 11-XIIl were taken and identified
(Table 2).

Table 2
Chemical shifts in the NMR spectra of probable hydrolysates X1-XI1V for compounds of urea derivatives 11-X

o Pn R, = CHaC(O)NH, Re=Ph (XIV);
)I\ )\ R, = i-CsH/C(O)NH, Rs=H (XV):
4R 2 H 4 Rg Ri=H, Rs= 3'C|'C6H4 (XVI),
3 R]_ = (3'C|'C6H4)(Ph)CHNH R5:3'CI'C6H4 (XVI I)
"H NMR spectrum,3, ppm (J, Hz) °C NMR spectrum,3, ppm (Hz)
1 3 4 Substituents 2 4 Substituents
X1V 10.77 9.49 6.27 7P4h])'_;g§ Egn’ ;n' 153.2 | 57.2 173.7 (CORy), 142.5, 126.9, 128.9,
(1H,s) |(IH,d)| (1H,d) ! ol 127.6 (Ph), 24.0 (CHs)
7.45-7.50 (5H, m,
1053 | 9.02 | 470 |Ph),3.91 (1H, sep,

Substance

174.6 (COR), 139.4, 128.5, 127.3,

XVl @Hs) |@aH,d)| @H,s) | CH), 117 (6H, d, | 1238|420  127.0 (Ph), 38.0 (CH), 23.6 (CHy)
CH, i-Pr)
141.6, 128.6, 127.3, 127.2 (Ph), 1448,
052 | 847 | 661 |7.41-7.62(9H, m,
XVE v [ | e | oh ol | 1604 542 | 1260,1304,128.1, 1333, 126.3,
(CI-CeHy)
701 | 700 | 601 |7.49-7.54 (9H, m, 142.6,126.9, 128.5, 127.0
XVIV L aqnay |(aH,d)| @iLd) | Ph, Cl-CeHy) | 126-97|96:57 (Ph, 3-CI-C3H,)

According to the result of the initial hydrolytic transformations of barbituric acid derivatives 11-VI and
imidazolidinone compound V111, formation of the corresponding N-acetylureas is quite predictable. There-
fore, N-alkyl (aryl)-N-acylurea XIV-XV was used as a model substance in the NMR spectra. Its data-were
also compared with the spectra of compounds 11-VI, VIII. It was found that the chemical shifts of carbonyl
group (NH-CO-NH) of barbiturates 11-V1 is located in a higher-field (149-151 ppm) than in N-acylureas
XIV-XV (153 ppm). However, the chemical shifts of NH-protons of the barbituric acid and its derivatives
11-VI are more strongly deshielded (11.20-12.41 ppm) than those of N-alkyl(aryl)-N-acylureas XIV, XV
(9.02-10.77 ppm). Detailed analysis of the chemical shifts values (Table 1) of the compared compounds 11—
VI, VI makes it possible to distinguish intramolecular acylated urea 11-VI, VIII from their acyclic inter-
mediates X1V, XV.

One of the most possible products of the hydrolysis of m-chlorobenzhydrylurea XII is m-chloro-
benzhydrylformamide XVI1. The chemical shifts of compounds XVI and m-chlorobenzhydrylurea XI1 were
recorded and identified (Table 2). Comparison of the chemical shifts of these compounds makes it possible
to reliably and distinguish them due to the perceptible difference in the chemical shifts of methine CH
(A = 2.5 ppm), CO-carbons (A = 2.39 ppm), and NH-protons (A = 1.4 ppm).

In our opinion, the NMR identification of di(m-chlorobenzhydryl)urea XVII is extremely important,
since the synthesis of compound XII always results in its di-derivative XVII, which accompanies the sub-
stance of the preparation as a minor impurity. When NMR spectra of compounds XII and XVII were com-
pared, a significant difference of the chemical shift of the carbonyl groups was observed (approximately
2 ppm). The observed difference in the chemical shift of the C=0 groups makes it possible to establish the
presence of an impurity of compound XVI1 in substance XI1 by NMR. Using *C, N NMR spectroscopy
and quantum chemical calculations, it was shown that the CS in the *3C spectra of C=0 groups of urea does
not correlate well with the electron density on the carbon atom [16]. It was found that the shielding of the
carbonyl carbon atom in the di(m-chlorobenzhydryl) derivative of XVII in comparison with XII in the N-
substitution of urea | is due to the presence of «bulky» radicals. The reason is an increase in steric stresses
(compression) in compound XVII due to the «bulkiness» of symmetric diarylmethyl radicals, and an in-
crease in the order of the amide bond, as a result.

The possible products of the initial hydrolytic transformations of hydantoin VII and a bicyclic urea 1X
were examined (Table 3). Thus, the formation of 4,5-dihydroxyimidazolidin-2-one XVI11 is possible in the
reaction mixture as an intermediate of synthesis of component compounds VI, IX, and the product of their
long hydrolysis, therefore, its identification as an impurity is important.
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Table 3

Chemical shifts in the NMR spectra of the probable products XVI11-XXIV of hydrolytic transformations of
substances VII, IX and X

R1 R! R? R2
\ \ \ /
NH N OH N N
—~ ~ 1 o~ T =
NH N OH N N\
R/ R/ R/ R3
R3:R1:R2:1R3:2H (I1X);
R=R!=H (1) R=R!=H (XVIII) R=R'=Me, R", R'=H (XX1);
R=R'=Me (XIX) R=R'=Me (XX) R=R"=Me, R’, R'=H (XXII);
R=R'=Me, R?*=R=H (XXIII);
R=Me, R'=R*=R*=H (XXIV):
Chemical shifts of "H NMR spectrum, 8, ppm (J, Hz)
Substance CH,q CH | CH NH OH
I — — 5.93 (2H, 9) —
XVIII 4.48 (2H, d) 6.98 (2H, 9) 5.76 (2H, d)
IX 5.24 (2H, s) 7.16 (2H, 9)
XIX 2.51 (6H, 9) — 6.12 (2H, s)
XX 2.65 (6H, 9) 4.50 (2H, s) - 6.24 (2H, s)
X 2.81 (12H, s) 5.06 (2H, s) —
XXI 2.78 (6H,s) [5.15(1H,d)] 5.18 (1H, d) 7.39 (2H, 9)
XXII 2.60 (6H, 5) 5.10 (2H, 9) 7.57 (2H, 9)
XXIII 2.64 (6H, 9) 5.12 (2H, 9) 7.54 (2H, 9)
XXIV 2.60 (3H,s) [5.14 (1H,d)] 5.19 (1H, d) 7.20 (1H,s) | 7.30 (2H, s)
Chemical shifts of °C NMR spectrum, 3, ppm (Hz)
Substance CH;, CH | CH Cc=0
I — — 161.5
XVIII — 84.3 160.9
IX — 64.6 160.3
XIX 26.8 — 160.8
XX 27.2 86.1 158.3
X 30.4 71.9 159.1
XXI 29.7 60.6 | 75.6 159.5 | 160.2
XXII 27.4 67.4 159.7
XXI11 28.2 76.7 158.2
XXIV 276 625 | 69.9 159.8 | 161.8

A combined analysis of the chemical shifts of NH protons in the series of acyclic urea | (5.93 ppm),
monocyclic urea XVI111 (6.98 ppm) and bicyclic urea 1X (7.16 ppm) allows them to be reliably distinguished
in the NMR spectra. Probably, the cyclization (XVIII) of urea | affects the displacement of the chemical
shift of the NH groups to 6.98 ppm, and the bicyclization deshielding this signal to 7.16 ppm. (1X). Methine
protons in cycle XVI11 are shifted by 0.76 ppm in a higher-field relative to CH-CH glycoluryl (1X), and, due
to the structural features, resonate with a doublet. However, when comparing the chemical shifts of methine
carbons in the *C NMR spectra, an antibatical shift of the peaks is observed: the CH—CH signals of urea
XVIII are shifted to a weak field by 21.7 ppm relative to bicycle 1X. The positions of the signals of the car-
bonyl C=0 groups in the **C NMR spectra for substances 1, XVI11, IX are almost the same, but the signal
C=0 group in acyclic urea | is the most deshielded. It can be noted that for the identification of compounds
I, XVIII, IX proton NMR spectra are more informative.

In study Kurgachev et al [15], we isolated and characterized by chromatography and mass spectrometry
analytical methods all possible N-methyl derivatives of glycoluril XXI-XXIV, which can be present as
probable products of mebicar X transformation in hydrolysis conditions. In this study we compare the values
of chemical shifts in the NMR spectra of N-methylglycoluryl (hereafter, MeGU) X, XXI-XXIV and
N,N'-dimethylurea XIX (Table 3). However, it is also necessary to take into account the possible presence of
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the monocyclic analogue of 1,3-dimethyl-4,5-dihydroxyimidazolidin-2-one XX as an intermediate in the
synthesis of urea X and its half-life product, the NMR characteristics of which are described in Table 3.

'H and *C NMR methods are highly informative for the identification of methyl derivatives of urea-
containing compounds XIX-XXI1V. The presence of CHsz-groups in MeGU X, XXI-XXIV leads to shielding
of CH protons (5.24-5.06 ppm) and to deshielding of NH protons (7.16-7.55 ppm) of these compounds rela-
tive to IX in 'H NMR spectra. A similar antibate effect was found in the **C NMR spectra for chemical shifts
of compounds X, XXI-XXIV. There is a general deshielding of CH-carbons and a higher-field shift of C=0
groups relatively to bisurea IX (Table 3).

In MeGU X, XXI-XXIV the most sensitive fragments to changes in the structure of the bicyclic skele-
ton are CH-CH fragments (Table 3), where the shielding range for *H signals is 0.18 ppm, and the range of
changes for *3C signals is observed from —4.0 ppm up to +12.1 ppm and —14.2 ppm for XX relative to MeGU
X. Symmetric MeGUs X and XXI1, XXII regularly give singlet peaks of CH-protons in the regions of 5.10,
5.12, and 5.06 ppm and annelated carbon atoms in the region of 67.4, 76.7, 71.9 ppm (Table 3). In asymmet-
ric MeGUs XXI and XXI1V, due to their nonequivalence, protons and carbons resonate in pairs in the regions
5.14-5.19 ppm, 5.15-5.18 ppm (*H NMR) and 62.5-70.0 ppm, 60.6-75.6 ppm (**C NMR). It is seen, that
CHs groups have a symbiotic effect of de-shielding of CH signal in the **C NMR spectra of monocycles
XVI11 (84.3 ppm) and XX (86.1 ppm).

When comparing the chemical shifts of unsubstituted urea (I, XVIII, 1X) and N,N'-methylureas (X,
XX, XIX) (Table 3), it can be noted that N-methyl substituents cause weak shielding of the carbonyl atom
carbon N-CO-N in *C NMR spectra. It can be determined by the effects of steric inhibition of conjugation
in the amide fragment with a corresponding decrease in the order of the amide bond [16].

Thus, variations of the chemical shifts in the NMR spectra of substances X, XX-XXIV can be addi-
tionally caused by an increase in the effect of steric compression from methyl groups in the CH-N-Me
fragment. This effect is progressive with an increase in the number of methyl groups in nitrogen atoms, as
indicated by spectral data in Table 3.

In our opinion, the characteristics of the NMR spectra of compounds XIV-XXIV are suitable for de-
termining the possible products of hydrolytic or oxidative transformations of urea-containing biologically
active compounds H-XIII.

The *H (Fig. 2) and *C (Fig. 3) NMR spectra of the model mixture consisting of urea I, barbituric acid
11, phenobarbital 1V, N,N'-dimethylurea XIX and N-methylglycoluril X in DMSO-dg were for visual inves-
tigation of the environmental effect on chemical signals of C=0 in a carbonyl fragment.

0.87(CH3)

11.74(NH) v o9
i 7.40-7.31(Ph)
NN
2 E? - u 231(Ciy)
CHy |
;‘ J'Q N
112081 ¥ L 346(CH)
‘I‘ N ONH
}\ OMO H
AN A
X 0
281(CHy)
MO~ N\ —CHy S.06(CH-CH)
N. N- ‘
HC Y ~cH, ‘
o
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XIX 0 l
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Figure 2. "H NMR spectrum of a model mixture of substances: urea I, barbituric acid 11, phenobarbital 1V,
N,N'-dimethylurea X1X and N-methylglycoluryl X in DMSO-dg (5 2.50 ppm)
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Figure 3. ®C NMR spectrum of a model mixture of substances: urea I, barbituric acid 11, phenobarbital 1V,
N,N'-dimethylurea X1X and N-methylglycoluryl X in DMSO-dg (6 39.5 ppm)

Resonance signals can overlap with solvent peaks when registering 1D spectra (Fig. 2 and 3) of mix-
tures of compounds 1, I1, 1V, XIX, and X in DMSO-ds. But these substances are always distinguishable,
since the same compound gives several signals in different regions of the NMR spectrum. In our example the
difference in the chemical shifts of the urea NH-CO-NH fragment of compounds I, I1, 1V, XIX, and X is
also noticeably. The position of the C=0 signals depends on the substituent groups in NH-CO-NH.

Thus, the presented data of NMR spectra of the model mixture of substances 1V, X and possible impuri-
ties I, 11, XIX (Fig. 2 and 3) allows to reliably identify compounds and reliably distinguish them from each
other. However, for this identification example (Fig. 2, 3), it is necessary to pre-record the spectra of the
standards or to separate the components of the analyzed mixture.

In this paper, the possibility of using two-dimensional 2D NMR spectroscopy to simplify the identifica-
tion procedure in the composition of complex mixtures was shown. Such widely recommended techniques
[17-19] as *H-"H COSY homonuclear correlation spectroscopy (Fig. 4) and heteronuclear correlation meth-
ods (*H-"3C HSQC (Fig. 5) and "H-""N HSQC (Fig. 6)) were used. Determination of correlations in the spec-
tra of COSY (Fig. 4) and HSQC (Fig. 5, 6) between the functional groups of compounds I, I, IV, XIX, and
X in the mixture was shown.

It can be seen (Fig. 4) that the protons NH-CO-NH of phenobarbital 1V have common cross peaks with
the protons of their own molecule. The signal at 11.99 ppm correlates with the protons of the phenyl substit-
uent 7.13 ppm, with a quartet at 2.25 ppm and triplet at 0.84 ppm of ethyl radical, which also have a peak of
interaction (0.84 ppm; 2.24 ppm). Barbituric acid protons 11 (NH-CO-NH) have a common cross-peak with
the signal of the CH, group (11.24 ppm, 3.46 ppm). Signal of the NH-group of N,N'-dimethylurea XIX at
5.82 ppm correlate with the doublet of the methyl radical at 2.53 ppm, and the methyl protons CH; of
N-methylglycoluril X have a cross-peak with the methine group CH-CH (2.81 ppm; 5.04 ppm). Urea | NH
protons at 5.32 ppm correlate with themselves due to equivalence and there is no cross-peak in the *H-'H
COSY spectrum.
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Figure 4. *"H-"H COSY spectrum of a model mixture of substances: urea I, barbituric acid 11, phenobarbital 1V,
N,N'-dimethylurea X1X and N-methylglycoluril X in DMSO-dg (5 2.50 ppm)

After the correlation of the proton groups of individual substances was established, the data of the
heteronuclear *H-**C HSQC spectrum were used (Fig. 5).
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Figure 5. "H-"*C HSQC spectrum of a model mixture of substances: urea I, barbituric acid 11, phenobarbital 1V,
N,N'-dimethylurea X1X and N-methylglycoluril X in DMSO-dg (3: 2.50 ppm; 39.5 ppm)

It is shown (Fig. 5) that previously established multiplet signals of Ph-protons of compound IV at
7.34 ppm have cross peaks with carbon signals at 126.6 ppm and 129.5 ppm, probably the carbon signal of
the para position at 128.7 ppm is hidden. The proton signals of ethyl radical IV (0.84 ppm and 2.24 ppm)
correlate with the signals of carbons (10.0 ppm and 28.9 ppm), respectively. Protons of the CH, group of
barbituric acid Il at 3.46 ppm directly bonded to carbon at 60.3 ppm. The signal of the methine CH-CH
group of the N-methylglycoluril X has a common peak in the regions: 5.04 ppm for *H and 71.9 ppm for **C,
and methyl groups at 2.81 ppm correlate with a carbon signal of 30.4 ppm. Doublet of protons of the CH;
group of N,N'-dimethylurea XIX at 2.53 ppm intersects with a carbon signal in the region of 26.9 ppm.

Chemical shifts of nitrogen atoms of N amino groups of ureas I, 11, 1V, XIX, which have a direct N-
H bond, can be determined in the *H-"*N HSQC spectrum (Fig. 6).
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Figure 6. "H-""N HSQC spectrum of a model mixture of substances: urea I, barbituric acid 11, phenobarbital 1V,
N,N'-dimethylurea X1X and N-methylglycoluril X in DMSO-dg (5 2.50 ppm)

It can be seen (Fig. 6) that the chemical shift of the N amino group of N,N'-dimethylurea XIX at
67.6 ppm is located in a stronger field relative to the signal *°N of urea | (76.7 ppm) due to the electron-
donating effect of methyl groups. A comparison of the >N chemical shifts of phenobarbital 1V and barbituric
acid Il showed that the signals are in the same region (153.3 ppm), and this fact makes them indistinguisha-
ble. Almost twofold deshielding of the signals of the N NH groups of compounds I1 and 1V in comparison
with the chemical shifts of urea | occurs due to intramolecular bisacetylation, causing an electron-
withdrawing effect.

Conclusions

Thus, the data of chemical shifts of carbamide-containing biologically active compounds 1-XI11 (Ta-
ble 1) make it possible to identify these substances, on the one hand, and, on the other, to reliably distinguish
them in the *H and **C NMR spectra, including compounds of the same class of azaheterocycles (barbiturates
11-VI1, hydantoins VII, VIII, glycolurils IX, X, XXI-XXIV). It was shown on a model mixture of some
urea-containing biologically active compounds 1V, X and probable impurities I, 11, XIX (Fig. 2, 3) that they
can be easily identified by NMR spectra.

In addition, this study demonstrated the convenience of using two-dimensional 2D NMR spectroscopy
to analyze a model mixture of I, 11, IV, XIX, and X (Fig. 3-5), where the presence of standards and prelimi-
nary separation are not required to identify chemical shifts of compounds. The use of 2D methods of NMR
spectroscopy can provide comprehensive information for the identification of all components of the analyzed
sample.

In summary of the studies, it can be noted that the combined use of 1D and 2D NMR spectroscopy is
convenient and informative to confirm the structure of biologically active compounds I-XI11l. These meth-
ods make it possible to determine the presence and type of impurities XIV-XXIV, as well as to establish the
destruction processes leading to the corresponding impurities XIV-XXIV.
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A.A. bakub6aes, C.1O. Ilanpmuna, O.B. [ToHomapeHnko,
B.C. Manbskos, O.A. Korenpaukos, A.K. TameHoB

MoueBrHAa KYpaMbIHAAFbI OHOJIOTHSVIBIK 0eJICeHdi KOChLIBICTAPABI AHBIKTAYFa
apaasarad 1D kone 2D NMR cnekTpockonusichbl

MoueBnHa (KapOaMuI) — CYTKOPEKTiJIepleri a30TThl KOCBUIBICTAPIBIH aJIMAacybIHBIH OHIMi eKeHi Oenrii.
MoueBrHa XHUMHUSHBIH CAlACBIHIAFHI OIpTYTac 3epTTeyJepi KONTereH OMONOTHSIBIK OelceHNl KoHe Oacka
KOCBUTBICTap, KypambiHaa modesmHa NH—CO-NH ¢parmenti 6ap KypbUIBIMIApBIH JKacayFa MYMKIHJIK
Oepai. HecemHop/i amMacThIpaThiH TOMNTAp OHBIH KACHETTEPi MEH CHIATTaMaliapblHA TiKeJeW ocep erenl,
onap SIMP crniekTpiaik ManmimMeTTep/e KopiHic Taba/bl )KoHe OyJ1 jKaFaail MOYSBHHA TYBIHIBUIAPBIH aHBIKTAayFa
Heri3 Oona amazapl. JKymbIcTa MOYEBHHA MEH OHBIH TYBIHABUIAPBIHBIH SIMP crektprepiHmeri XUMHUSIIBIK
aypICyJIap 3ePTTEINl KOHE aHBIKTANABL: alMKIAIK KYpPbUIBIM, 0apOUTYpabIK CepHsiap, HMUAA30IUANHOHIAD
CepHACH JKOHE OWIMKINIK KypbUibiM. Opsmabacap tumiHiE s-re NH-CO-NH dparmentinin NMR
CIIEKTPJICPIH/IET] TO3UIISIIAPEIHBIH oCepiH aHBIKTAY YIIIH JKYHemik Tanaay xyprizinni. Connaii-aK, KemeHii
KOCTanap KYpaMBIHIAFBl COMKEeCTEHIipy mpolenypackiH keHurgery ymin 2D NMR chnekTpockonusiceiH
KOJIIaHy MYMKiHAiri kepcerinreH. 1D sxone 2D NMR cnekTpocKomusChH Oipre KOJIaHy KOCBUIBICTap
KYPBUIBIMBIH KYPY YIIiH BIHFAWJIBI )KOHE aKHapaTThUIbIKKa He. by axmicrep Kocmanap/blH 60ybl MEH TYpPiH
aHBIKTayFa JKOHE THICTI KOCIaNapra dKeJEeTiH JKOI0 MPOIeCTEePiH OpHATyFa MYMKIHIIK Oepei.

Kinm ce30ep: xypamplHAa kapbamun Oap KocwuibicTap, OapOutypartap, NMR chekTpockomuscsl,
TU/IPOSIH3aTTap, Kocmanap.
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1D and 2D NMR spectroscopy for identification ...

A.A. bakub6aes, C.1O. ITanpmuna, O.B. [ToHomMapeHko,
B.C. Manskos, O.A. Korenpaukos, A K. TamenoB

1D u 2D AMP-cnekTpocKonus 1 HAeHTU(PUKAIUN KapOaMUICOAePKAIUX
0MO0JIOrHYeCKH aKTHBHBIX COeIMHEHHU M

M3BecTHO, UTO MOUEBHHA (KapOaMua) ABISETCS MPOAYKTOM MeTaboau3Ma a30THCTHIX COSAMHEHUH y MIIEKO-
nuraromux. LleneHanpaBieHHBIE CCIEIOBAaHNS B 00JIACTH XHMHUH MOYEBUHEI TTO3BOJIMIIH CO31aTh MHOXKECT-
BO OMOJIOTHMYECKH aKTHBHBIX W JPYTUX COCAWHEHHH allMKINYECKOH M reTepOIUKIMIeCKON CTPYKTyp, colep-
skammx NH-CO-NH kap6amMumHBIH (pparMeHT. 3aMECTHTENH B MOJICKYJIE MOUEBHHBI HANIPSMYIO BIMSIOT Ha
€e CBOWCTBA M XapaKTEPHUCTHUKH, KOTOPBIE OTPAKAIOTCS B AaHHBIX creKTpoB SIMP, m 310 06GCTOSATENHCTBO
MOKET OBITh OCHOBAHHEM JUIsl HICHTH()UKALNY MOYEBHHBI U €€ TIPOU3BOAHBIX. B cTaThe M3yueHbl U HAECHTH-
(bUIMPOBaHBl XMMHUYECKHE CABUTH B criekTpax SIMP MO4eBHMHBI M €€ MPOU3BOIHBIX: AlMKINYECKOTO CTpOe-
HHA, 6apOUTYPOBOTO psifa, MMUIA30IUANHOHOBOTO Psiia U OMIIMKIMYIECKOTO CTPOCHUs. Bbu1 mpoBeneH cuc-
TEMHBIA aHaTU3 AJIs ONpEACCHU BIUSHUSA TUIA 3aMECTUTENel Ha IOJIOKeHHs cUrHanoB ¢parmenta NH-
CO-NH B cnektpax SIMP. ABropamu moka3aHa BO3MOXXHOCTb Hcnonb3oBanus 2D SIMP-criekTpockonuu st
YIPOILIEHUS IPOLEyPhl HACHTH(GHUKAINK CIIOXKHBIX CMeceH, Ilie coBMecTHOe ucnons3oBanne 1D u 2D SIMP-
CIIEKTPOCKOIHHU JTOCTATOYHO yIOOHO M WH(OPMATHBHO I YCTAaHOBJICHUS CTPYKTYP OMOJOTHUECKH aKTHB-
HBIX COEJMHEHUH. JJaHHbIe METO bl IO3BOJIAIOT HaM ONPEAEIUTh HaJIM4YKe U TUIl IPUMEceH, a Takxke Ipolec-
CBI IECTPYKLIUH, TIPUBOISIIIIE K COOTBETCTBYIOIIUM IPHUMECSIM.

Kniouesvie cnosa: ModeBUHA, KapOaMHICOAepKallie COSANHEHHs, 6apOUTypaTsl, TITHKOIYPUII, UMHIA30II1-
JuHOH, SIMP-criekTpocKkonus, TUIpoan3aThl, IPUMECH.
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