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Study of the biologically active acyclic ureas by nuclear magnetic resonance

A wide variety of acyclic ureas comprising alkyl, arylalkyl, acyl, and aryl functional groups are investigated
by nuclear magnetic resonance spectroscopy. In general, spectral characteristics of more than 130 substances
based on acyclic ureas dissolved in deuterated dimethyl sulfoxide at room temperature are studied. The re-
sults obtained based on the studies of 'H and *C NMR spectra of urea and its N-alkyl-, N-arylalkyl-, N-aryl-
and 1,3-diaryl derivatives are presented, and the effect of these functional groups on the chemical shifts in
carbonyl and amide moieties in acyclic urea derivatives is discussed. An introduction of any type of substitu-
ent (electron-withdrawing or electron-donating) into urea molecule is stated to result in a strong upfield shift
in 3C NMR spectra relatively to unsubstituted urea. A strong sensitivity of NH protons to the presence of
acyl and aryl groups in nuclear magnetic resonance spectra is pointed out. In some cases, qualitative depend-
encies between the chemical shifts in the NMR spectra and the structure of the studied acyclic ureas are re-
vealed. A summary of the results on chemical shifts in the NMR spectra of the investigated substances allows
determining the ranges of chemical shift variations of the key protons and carbon atoms in acyclic ureas. The
literature describing the synthesis procedures are provided. The results obtained significantly expand the
methods of reliable identification of biologically active acyclic ureas and their metabolites that makes it
promising to use NMR spectroscopy both in biochemistry and in clinical practice.

Keywords: urea, alkylurea, arylurea, acylurea, diarylurea, urea fragment, amide group, NMR spectroscopy,
chemical shift.

Introduction

Urea is the most important nitrogen metabolism product, the final amino acids exchange product. Urea
is synthesized from ammonia, which is constantly formed in the body during the oxidative and non-oxidative
amino acids deamination, in the hydrolysis of amides of glutamic and aspartic acids, as well as in the de-
composition of purine and pyrimidine nucleotides [1]. It is well known that urea (carbamide) I is a product of
nitrogen compounds metabolism in the mammals [2, 3], but, at the same time, there is literature evidences of
an independent biological role of urea [4-6]. Targeted research in the field of urea chemistry made it possi-
ble to create many biologically active and medicinal products of the acyclic and heterocyclic structures that
contain a urea fragment in their structure [7—11]. To better understand and explain some physical-chemical
processes occurring with the participation of urea I, the latter is often represented in the form of Ia and Ib
resonance structures.

It is believed that the given examples of resonance structures Ia and Ib plausibly explain the urea behav-
ior features in spectral studies and in the urea interaction with a probable biological object.

Spectral methods to study the biologically active substances (including drugs) have been long and suc-
cessfully used both for identification and establishing of the action mechanism. Spectral analysis methods are
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especially useful to reveal the structure and determine the metabolites composition. In the light of the forego-
ing, in recent years, the NMR spectroscopy is gaining strength for the biologically active compounds and
drugs study.

0 [o) O
1 )zj\ 3 +)2\ 3 > 1 /ZK + 3
H,N” 2 > NH, H,NZ NH, HoNT SNH,
[ la Ib

Figure 1. Urea resonance structures

The NMR studies of urea and its derivatives on 'H, °C, "N nuclei are presented in literature [14—17].
Most published works address narrow specialized issues: the formation of intra- and intermolecular bonds,
the establishment of rotation barriers, etc., or vice versa, NMR spectra are used only to confirm the synthe-
sized compound structure. Thus, a targeted and systematic analysis of the 'H and ?C NMR spectra of acyclic
urea was practically not carried out, except for the certain compounds.

In the present work, we analyzed the synthesized acyclic urea large array NMR spectral data.

Experimental

The 'H and >C NMR spectra were recorded on a spectrometer "Bruker AVANCE III HD" (The Bruker
Corporation, Germany), with 400 and 100 MHz operating frequencies, respectively, in DMSO and DMSO-d,
solutions. Chemical shifts are given in the d-scale relative to the tetramethylsilane (TMS) as an internal
standard. The spectra were obtained in full decoupling mode from protons. The concentration of compounds
was 0.5 % for '"H NMR and 10 % for °C NMR, and the substances were synthesized and purified by known
methods [18].

Results and Discussion

N-Alkyl- and N-arylalkylureas. The arylalkyl group is an independent pharmacophore fragment of
many drugs and endogenous substrates [19]. On the other hand, urea is known as a well-established class of
biologically active compounds [20-23]. The simultaneous presence of arylalkyl and urea groups in the com-
pounds, as a rule, causes an increase in biological activity of the compounds studied.

To qualitatively assess the CS changes of NH protons and carbonyl carbon of N-monosubstituted urea
derivatives, the "H and *C NMR spectra of compounds 1-35, shown in Figure 2, were recorded and inter-
preted.

RNHCONH, (R, R;)CHNHCONH,
1-4,15-16 5-14,29-35
R = H (1); R = CH; (2); R =R,= CHy (5); R = Ry= C,Hs (6);
R =1-C;H; (3); R =1-C4Hy (4); R =R;=C;H7(7); R=R,=i-C3H; (8);
R = CH,Ph (15); R = Ph(CH,), (16); R =R, = C4Hy (9); R = R, = C¢Hy3 (10);
R= CH3, R1 = C4H9 (1 1), R= CH3, R1 = C6H13 (12),
17-28 R= CH3, R1 = i-C3H7 (14),
R= PhCHz, R1 = CH3 (29), R= Ph, R1 = i-C4H9 (30),
R = CH; (17); R = C,H; (18); R = CsH, (19); R = i-C3H, R=H, R,=PhCH, (31); R = H, R, = Ph (32);
(20); R = C4H, (21); R =i-C4H, (22); R = PhCH, (23); R =R,=Ph (33); R = R;= PhCH, (34);
R = PhCH,CH, (24); R = (Ph),CH-CH, (25); (PhCH,)NCONH, (35);

4-C¢H;s-CsH4CH(CH;)NHCONH, (26);
4-CH;-C¢H,CH(CH;) NHCONH, (27);
PhCH,CH(C,Hs)NHCONH, (28);

Figure 2. N-Alkyl- and N-arylalkylureas

Based on the obtained experimental data, it can be noted that, when any R and R; substituent is intro-
duced into the urea 1 molecule, the carbonyl carbon atom becomes screened regardless of the substituent na-
ture.
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Given the positive alkyl substituent inductive effect on the urea nitrogen atom, one could expect screen-
ing of the nitrogen atom and the NH proton signal, and, therefore, the displacement of its CS in the strong
field region. However, as it turned out, the experimental data are not simple. Thus, if in the case of a methyl
group (compound 2), the NH proton is de-screened, then the isopropyl radical (compound 3) shields it (Ta-
ble 1). Moreover, in the spectrum for compound 4 containing the isobutyl group, the amide proton is de-
screened again. Therefore, the CS of NH protons is affected not only by the substituent electronic effects.
The substitution of one of the NH protons in urea 1 featuring a group with a positive inductive effect leads to
an increase in the bond order in the RNH-C(O) fragment compared to the unsubstituted NH,—C(O) fragment.
This is explainable in terms of the monosubstituted urea A resonance structure significant contribution to the
molecule general hybrid due to the stabilization by the electron-donating substituent.

However, despite the fact that the alkyl group inductive effect favors the formation of structure A, it is
unlikely to act exactly the same for the corresponding resonance structures B and C, in which the proton is
cleaved from the Alk-NH fragment (Fig. 3).

S
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Figure 3. N-alkylurea resonance structures

Secondly, the methyl group steric effect is possible which makes the NH proton less accessible for
cleavage (and substitution) with a base than the NH, group. Thus, the NH proton de-shielding by the methyl
group can be interpreted as a result of a weak inductive effect and a small steric effect of this substituent. The
isopropyl radical has a stronger inductive effect, and the branching in the form of methyl groups "shields" the
amide proton from the solvent molecules. While moving from the reaction center, the electronic effect of the
substituent on this center decreases. Thus, the inductive effect of the two CH; groups of the isobutyl radical
has almost no effect on the nitrogen atom due to the large distance (through 3 bonds). This distance should
also be considered by revising the steric factor. The greater distance between the methyl groups and NH pro-
tons (compared with the CH; groups of N-isopropylurea 3) does not allow them to effectively "shield" the
amide proton from the hydrogen bonds formation, due to which the proton signal is shifted to the low-field
region.

Interestingly, the CS of NH' proton for N-isobutyl- and N-B-phenylethylureas (compounds 4 and 31, re-
spectively) coincide, which once again confirms the assumption that the electronic effects are insignificant
through several bonds for the compounds studied.

Table 1
Urea 1 and its N-alkyl derivatives 2-14 "H and ">C chemical shifts
Compound The "C NMR spectra, DMSO, 8, ppm The 'H NMR spectra, DMSO-dg, 8, ppm
number CH CcO CH NH, d NH,, s
1 — 161.47 — 5.93 5.93
2 — 160.74 — 6.06 5.75
3 — 158.88 — 5.90 5.46
4 — 159.78 — 6.12 5.67
5 41.18 158.88 3,61 5.38 5.90
6 51.48 158.89 3.54 6.00 5.56
7 47.97 158.67 3.69 5.90 5.47
8 49.46 158.52 — — —
9 48.49 158.61 3.70 5.90 5.47
10 48.50 158.67 3.70 5.89 5.45
11 44.61 158.37 3.76 5.94 5.56
12 44.69 158.45 3.81 6.02 5.52
13 52.73 159.05 3.74 5.76 5.34
14 — — 3.70 6.00 5.52
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Table 2
Urea 15-35 N-arylalkyl derivatives "H and "*C chemical shifts

Compound The "C NMR spectra, DMSO, 8, ppm The 'H NMR spectra, DMSO-dg, 8, ppm
number CH C=0 CH NH NH,
15 43.04 159.12 4.41 6.79 5.86
16 38.13 158.97 3.19 6.36 5.87
17 48.57 158.15 4.94 6.47 5.68
18 54.62 158.37 4.72 6.66 5.65
19 52.75 158.22 4.82 6.68 5.68
20 58.58 158.45 4.67 6.71 5.71
21 53.12 158.30 4.79 6.67 5.66
22 51.33 158.32 4.89 6.69 5.70
23 54.77 158.07 5.12 6.81 5.71
24 52.83 158.37 4.88 6.82 5.72
25 51.56 158.15 4.55 6.87 5.63
26 48.04 157.62 4.99 6.74 5.69
27 48.27 158.07 4.90 6.62 5.70
28 51.70 158.52 3.84 6.00 5.55
29 46.69 158.91 3.79 5.88 5.42
30 — 158.79 - 6.54 5.55
31 — 159.50 - 6.12 5.68
32 — 159.47 — 6.56 5.72
33 56.45 157.52 6.12 7.23 5.84
34 52.39 158.35 4.12 6.08 5.58
35 — 158.89 - — 5.83

The urea 1-35 NMR spectra analysis shows that significant changes in the structures of the substituted
N-alkyl-2-14 and N-arylalkylureas 15-35 are reflected to a greater extent in the 3 (CO) CS in the "°C spectra
of N-alkyl substituted ureas than N-arylalkylureas. The total range of changes in & (CO) CS in these com-
pounds is 3.22 ppm, and when compared with urea 1 itself, a noticeable strong field shift up to 4 ppm is ob-
served. The carbonyl atom greatest screening can be seen in arylalkylurea 33, which is apparently due to the
action of spatial factors. Despite this, the difference between the most and the least shielded carbon atoms in
N-alkyl substituted ureas is 6 (CO) 2.37 ppm, in arylalkyl-substituted ureas this signal is Ad (CO) 1.98 ppm.

The analysis of CS values for methine carbon atom (CH) in the "*C spectra of ureas 2—35 indicates its
higher sensitivity to structural variations compared to the carbonyl carbon atom. As can be seen from the
data given in tables 1 and 2, the difference between the most and the least shielded CH- carbon signals for
alkyl ureas 5-13 is Ad = 11.55 ppm, and for arylalkylureas 15-35 the value is Ad = 20.45 ppm. In the series
of compounds 5-13, there is a tendency towards a strong-field shift of 8 (CH) groups as the substituent vol-
ume R(R)) increases, with the exception of compound 13 featuring the most unscreened signal. Among the
N-arylalkyl-substituted compounds 15-35, the CH carbon is screened in the highest extent in the case of
compound 16, which is most likely due to the spatial influence of a more branched alkyl radical and phenyl
core on the methine carbon atom.

The comparison of CSs & (NH,) in the '"H NMR spectra of urea 1 and its derivatives 2-35 shows that
the signal of these protons in alkyl derivatives 2—14 is screened to a greater extent (up to 0.56 ppm) than in
compounds 15-35 (up to 0.45 ppm). The analysis of CS values of NH- and CH-protons of compounds 2—-35
shows that for alkylureas 2—14, the CS change of these protons is less pronounced (Ad (NH) = 0.74 ppm, Ad
(CH) = 0.27 ppm), than for arylalkylureas 15-35 (A5 (NH) = 1.35 ppm, Ad (CH) = 2.93 ppm). At the same
time, it can be observed that for N-arylalkyl compounds 15-35, the CS protons of CH and NH are shifted to
weak fields by ca. 1 ppm as compared with the CS protons in CH and NH groups of N-alkylurea. This phe-
nomenon can be explained by the anisotropic effect of the nearby phenyl ring.

N,N'-Benzhydrylureas. Benzhydrylureas are low toxic substances and are characterized by a wide
physiological activity range, e.g., anticonvulsant [20, 21], antihypoxic [22], enzyme-inducing effects on cy-
tochrome-P-450, a dependent liver monooxygenase system [21]. In this part of the article, we present the 'H
and "C NMR spectra of studied N-benzhydrylureas 36-70 showed in Figure 4. Table 3 shows the chemical
shifts of N-benzhydrylureas 36-70 in the 'H and *C NMR spectra.
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36-70
R=R;=H (36); R=H, R, =4-F (37); R =4-Cl, R;=3-Cl (54); R =4-Cl, R, =2-CI (55);
R=H, R,=4-C1 (38); R=H, R ;= 4-Br (39); R=R;=3,8-Cl (56); R=R,=2,8-Cl (§7);
R =H, R;=4-NO, (40); R = H, R, =4-CH;0 (41); R =R;=3-Br (58); R=H, R;=3-CH;(59);
R=H, R,=3-F (42); R=H, R, =3-CI (43); R=H, R;=4-CH;(60); R=H, R, =2,5-C1 (61);
R=H, R,=3-Br (44); R=H, R, =3-1 (45); R =H, R;=4-OH (62); R =H, R, =3-F, 4-CH; (63);
R=H, R,=2-F (46); R=H, R, =2-CI (47); R =H, R,=3,4-CH; (64); R =H, R; =3-NO, (65);
R=H, R;=2-Br (48); R =H, R;=2-1 (49); R =H, R;=4-N (66); R =H, R; = a-HapTanmernn (67);
R =H, R;=2-CH; (50); R=4-CHj, R; = 3-F (51); R =4-Cl, R = 6enzodypur (68);
R =4-CHj;, Ry =3-CH; (52); R =4-F, R, = 6enzodypur (69);
R =4-CH;, R;=2-CH; (53); R =4-Cl, R;=4-CI (70).
Figure 4. N-Benzhydrylurea
Table 3
'H and "C chemical shifts for N-benzhydrylureas 36-70
Compound The "C NMR spectra, DMSO, 8, ppm The 'H NMR spectra, DMSO-dg, 8, ppm
number CH C=0 CH, m NH, d NH, s
36 56.45 157.52 6.12 7.23 5.84
37 55.86 157.44 6.15 7.26 5.85
38 55.78 157.52 6.15 7.27 5.83
39 56.17 158.21 6.13 7.30 5.86
40 56.01 157.83 6.07 7.12 5.78
41 55.85 157.59 6.06 7.06 5.80
42 56.26 156.39 5.99 7.10 5.74
43 56.57 158.01 6.17 7.30 5.85
44 55.86 157.61 6.00 7.05 5.76
45 56.23 157.77 6.41 7.27 5.92
46 51.08 159.83 6.46 7.29 5.88
47 5391 157.44 6.46 7.25 5.85
48 56.01 157.29 6.40 7.25 5.83
49 59.74 157.22 6.29 7.25 5.84
50 53.24 157.52 6.26 7.06 5.75
51 56.01 157.57 6.04 7.01 5.80
52 55.71 157.59 6.05 7.26 5.80
53 55.93 157.59 6.11 7.22 5.87
54 56.30 157.67 6.05 7.16 5.80
55 53.02 157.52 6.25 7.02 5.77
56 55.63 157.44 6.01 7.28 5.76
57 53.24 157.87 6.43 7.41 5.85
58 55.71 157.44 6.18 7.38 5.89
59 56.97 158.34 5.86 7.04 5.63
60 57.06 158.66 5.99 7.14 5.82
61 54.62 157.96 6.13 7.08 5.67
62 56.63 162.80 5.77 6.86 5.56
63 56.63 158.44 5.93 7.03 5.73
64 57.05 158.56 5.92 7.03 5.75
65 56.76 158.27 6.05 7.22 5.70
66 56.64 158.35 5.91 7.14 5.72
67 53.79 158.14 6.65 7.02 5.62
68 51.29 158.53 6.15 7.20 5.79
69 51.20 158.91 6.12 7.20 5.76
70 56.49 158.42 5.95 7.15 5.76
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At first, we note the difference between the most and least shielded 6CH and 6CO signals in N-benz-
hydrylureas 36-70: ACH=8.66 ppm, ACO=6.41 ppm. In this part of the work, we established the methine
carbon atom screening effect relatively to the unsubstituted benzhydrylurea 36 by the substituent in the or-
tho-position (benzhydrylurea 46—50, 55, 57). Noteworthy is the weakening of the CH groups screening effect
with increasing substituent volume in the ortho position of benzhydrylureas, and for the most "bulky" sub-
stituent, i.e., iodine (compound 49), the dCH signal is even shifted to the weak ficlds areca. We emphasize
that the chlorine atom and the methyl group characterized by the same steric constants located in the ortho
position cause the same CH-carbon CS.

In the '"H NMR spectra of the N-benzhydrylureas 36-70 (Table 3), the CS of methine protons are in the
range of 5.77-6.65 ppm, and it can be seen that for ortho-halogen derivatives 4650, 57 (but not for ortho-
methyl derivatives) and compound 67, these protons are the most unscreened. The difference between
the signals of most and the least shielded NH protons (ANH =0.52 ppm) and the NH, protons CS
(ANH, = 0.36 ppm) are less pronounced, despite the type of mono- or disubstitution in the aryl fragment of
N-benzhydrylureas 36-70.

Acylureas. N-Arylalkyl-N-acylureas are known as biologically active compounds of various actions
[20—22], and some representatives of these compounds have found application in clinical practice [19]. It is
also important that the arylalkylureid fragment is a key component of the heterocycles of the barbituric,
hydantoin, and quinazolinedione series, which are effective physiologically active substances of the most
diverse actions [1-6, 24].

In this part of the work, we studied the effect on CS in the 'H and *C NMR spectra of substituted
N-alkyl(arylalkyl)-N'-acylureas 71-99 on a changes in structural parameters in the urea, amide, alkyl, and
molecules acyl fragments presented in Figure 5:

RNH'CONH"COR, PhCH(R)NH'CONH"COR,
71-82 83-95
R =H, R, = CH; (71); R = i-CsHy1, R, = i-C4Ho (72); R =H, R, = i-C3H, (83); R = R' = CHj (84);
R= i-C5H11, Rl = C2H5 (73), R= CH3, R] = C2H5 (85), R= CH3, R1 = C3H7 (86),
R= i-C3H7, R1 = CHz-C6H5 (74), R= CH3, R1 = C4H9 (87), R= CH3, R] =Ph (88),
R= i-C5H11, R1 = C6H5 (75), R= CH3, R] = PhCH2 (89), R= Ph, R] = CH3 (90),
R= i-Cngl, R] = CH(C6H5)2 (76), R= Ph, R1 = CF3 (91), R= 3-C1-C6H4, R1 = CF3 (92),
R= i-C3H7, R] = C6H5 (77), R= C3H7’ R1 = 3-CI-Ph (93), R= C4H9, R1 = PhCH2 (94),
R= i-Cngl, R] = CHz-C6H5 (78), R= CH3, R] = 4-F-Ph (95),
R =1i-CsHyy, Ry = C3H; (79);
R =i-CsH,;, R, = CH; (80); PhCH,CH(R)NH'CONH"COR,
R= i-C5H11, Rl = H-C4H9 (81), 96-99

R =1i-C3Hy, Ry = CH5(82);
R= CH3, R] = C2H5 (96), R:CHg, R]Zi-C4H9 (97),
R = CHj;, Ry =1-C;H; (98); R=PhCH,, R;=C,H;(99).
Figure 5. N-Alkyl (arylalkyl)-N'-acyl substituted urea

Chemical shifts in the 'H and C NMR spectra of N,N'-acylurea 71-99 are presented in Tables 4 and 5.

Table 4
'H and "C chemical shifts for N-alkyl-N'-acylureas 71-82
Compound The "C NMR spectra, DMSO, 8, ppm The 'H NMR spectra, DMSO-dg, 8, ppm
number COR, Cc=0 NH' NH"
1 2 3 4 5
7.19
71 172.62 154.43 774 10.15
72 174.81 153.75 8.38 10.25
73 176.16 153.76 8.34 10.24
74 173.50 152.88 8.19 10.56
75 168.70 153.97 8.68 10.70
76 173.93 153.56 8.30 10.77
77 168.83 153.22 8.61 10.70
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Continuation of Table 4

1 2 3 4 5

78 173.33 153.73 8.30 10.59

79 175.38 153.74 8.34 10.24

80 172.70 153.67 8.31 10.28

81 175.53 153.75 8.34 10.24

82 176.14 153.00 8.26 10.19

Table 5
Chemical shifts in the "H and *C NMR spectra for N-arylalkyl-N’-acylureas 83-29
Compound The "C NMR spectra, DMSO, 8, ppm The 'H NMR spectra, DMSO-dg, 8, ppm
number CONH CH COR NH/, d NH", s CH, t

83 153.59 — 174.58 9.04 10.53 -

84 152.54 48.64 172.79 8.94 10.54 5.10

85 152.62 48.67 176.14 9,00 10.51 5.11

86 152.54 48.64 175.48 9,01 10.51 5.10

87 152.50 48.62 175.49 8.43 10.28 3.99-4.06

88 153.21 49.17 169.44 9.29 10.81 5.19

89 152.52 48.87 173.46 8.90 10.82 5.09

90 153.23 57.04 173.65 9.50 10.77 6.23,6.31

91 151.58 58.16 — 8.73 11.73 6.10,6.16

92 149.94 55.74 — 8.75 10.80 6.05,6.12

93 153.21 55.36 167.75 9.06 10.92 479k

94 153.46 53.39 173.56 8.12 10.52 3.72-3.64

95 153.11 49.38 167.93 9.06 10.83 4.98

96 153.13 46.87 176.25 8.36 10.25 3.97-4.04

97 153.10 46.90 174.97 8.41 10.25 3.96-4.03

98 153.34 46.94 179.41 8.42 10.28 3.99-4.04

99 153.36 52.53 176.20 8.42 10.19 427 m

We found that the introduction of additional phenyl core to the one of the reaction centers (to
CH-carbon, compound 91) compared with other compounds leads to some screening of the amide carbonyl
group but at the same time causes a significant weak field shift (by 11.29 ppm) of the methine carbon atom
signal (compound 90, 91). In our previous works [25, 26], we reported that the introduction of substituents
into the ortho position of diphenylmethyl system causes progressive de-screening of CH-carbon with an in-
crease in the substituents volume at the nitrogen atom in the diphenylmethyl fragment of the studied com-
pounds. As can be seen from the table 5, the diphenylmethyl system formation (compounds 90-92) leads to a
sharp weak-field shift of the CH-carbon relative to CH CS of compounds 84-89, 93-99. A comparative
analysis of the CS CH carbon atom of N-diphenylmethylamides (according to [19]), N-diphenylmethylureas
(according to [25]), and N-diphenylmethylureides 90-92 established that the CH-carbon signals of com-
pounds 90-92 are more unscreened than those of the precursors. The established fact of the highest
CH-carbon of N-diphenylmethylureids 90-92 de-screening in the compared series of compounds is obvious-
ly related mainly to the spatial factor, i.e., with an increase in the substituent size in the molecules of
diphenylmethyl group (the ureide group is significantly larger than the amide [19] or the urea [25] ones).

In addition, it can be noted that due to its powerful electron-withdrawing effect the N'-trifluoroacetyl
group (compounds 91, 92) has a greater diamagnetic effect on the amide carbonyl carbon atom than the alkyl
acyl and alkylaryl acyl R radicals. Summing up the influence of acyl groups, it can be noted that the acyl
radicals cause a strong field displacement of the amide carbonyl group of the starting N-arylalkylureas [26,
27] and N-alkyl-N'-acylureas 71-82. The difference between the most and the least carbonyl atom screened
signals in the "*C spectra of acylureas 71-99 is & = 4.49 ppm. The most shielded CS of the atom in com-
pounds 71-99 can be observed in N-diphenylmethylurea 92.

In the "H NMR spectra of acylureas 71-99, the acyl groups, being electron acceptors, cause regular
weak-field shifts of the amide proton signals for compounds 71-99 and the methine proton for compounds
83-99 compared to the CS of similar protons in the initial N-aryalkylureas [26]. The difference between the
most and the least shielded CH-carbon signals for compounds 83-99 is & = 2.59 ppm, and for NH' and NH"
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groups (compounds 71-99), 2.03 ppm and 1.58 ppm, respectively. The CH proton chemical shifts in the
spectra of 'H acylureas 83-99 are more screened than the signals of these protons in N-diphenylmethylureids
20-22. We noticed that the most de-shielded NH" protons group signals belong to these compounds 90-92,
which is connected, as mentioned before, with the diphenylmethyl system formation on the one hand and the
trifluoroacetyl group effect on the other.

Urea aryl derivatives. It is well known that the electron-withdrawing substituent decreases the bond
length in the RC-N fragment, and the substituent that is able to pair with the carbonyl group m-system in-
creases it due to the resonance effects.

The N-phenylurea resonance structures are as follows: the carbonyl group to a large extent gathers the
electron density from the unsubstituted nitrogen atom, since the lone electron pair of the N' atom is delocal-
ized in the benzene ring 7 system. This is also evidenced by the large de-screening of the NH, group. How-
ever, the anisotropic and steric influence of the aromatic fragment mainly contributes to the carbonyl carbon
screening.

r 8

il

. L ’/7-/0\@ <« » cic.
H
.

Figure 6. Electron density distribution in N-Phenylureas

Y

The way how the direct conjugation affects the system CS can be judged by comparing the CSs in
N-phenylurea with the data obtained for the remaining compounds in which the alkyl and alkylacyl radicals
are present as substituents. Below we present a qualitative analysis of "H and *C NMR spectra of aryl deriv-
atives of urea 100-107 (Fig. 7).

PhNH'CON"(R, R))
100-107

R=R,=H (100); R=H, R,=C,H; (101); R=R1=CHj; (102); R=R1=C,Hs (103); R=H, R,=COCHj; (104);
R=H, R,=COCH,CI (105); R=H, R,=COCF; (106); CH;CH,0C(H,NHCONH, (107)

Figure 7. Urea aryl derivatives

Table 6 presents the chemical shifts in the "H and ?C NMR spectra of compounds 100-107.

Table 6
Arylureas 1-8 chemical shifts in the 'H and *C NMR
Compound The ®C NMR spectra, DMSO, d, ppm | The "H NMR spectra, DMSO-dg, 6, ppm
number C=0 NH' NH" (NH,)

100 156.35 8.77 6.15
101 153.59 9.81 8.87
102 153.22 9.75 -

103 153.74 9.79 -

104 150.90 10.77 10.89
105 150.38 10.42 11.15
106 148.66 10.04 12.07
107 156.85 8.34 5.79

As can be seen from the table 6, under the influence of all substituents (except for compound 8), the
carbonyl atom CS in the "*C spectrum is shifted to a strong field relative to phenylurea 100 itself. You can
also notice that under the influence of the electron-donating properties of alkyl substituents, the signal is
shifted to 3 ppm (101-103), and with an acetyl substituent, even more shields up to 6 ppm. But the N-tri-
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fluoroacetyl group (compound 106) has the greatest effect on the shift of the C=0 group signal, the differ-
ence between the most and the least shiclded atoms is 8.19 ppm compared with the unsubstituted phenylurea
100. Probably, this is due to the fact that this substituent has a greater diamagnetic effect on the amide car-
bonyl carbon atom than the alkyl and alkylacyl R (R,)-radicals.

The CS analysis of compounds 100107 (except for the NH" group of compound 107) relatively to
phenylurea 1 shows that in the 'H spectrum, the amide protons of both groups undergo significant de-
screening, moreover, the NH'" group protons proved to be more sensitive to the electronic influence of the
substituents SNH" = 6.28 ppm than the protons of NH' (SNH" = 2.43 ppm).

Urea diaryl derivatives. In a number of spectral methods to identify and establish the action mecha-
nisms of the biologically active compounds, the NMR spectroscopy is becoming more widespread [27]. In
this part of the work, we present a qualitative analysis of N,N'-diarylureas that are characterized by diverse
activity [28, 29].

Previously, the effect of various substituents on the characteristics of NMR spectra in a para-substituted
phenylureas series was studied [30]. Based on the analysis of "H and >C NMR spectra, the electronic effect
of the urea fragments of N-phenyl-N’-alkyl(acyl)urea on the benzene ring was estimated before.

In connection with the foregoing, it was interesting to evaluate the substituent effects in the aryl core on
the CS of carbon and hydrogen atoms in urea fragment of diarylureas 108-122 (Fig. 8).

C¢H4(R)NH'CONH"Ph

108-122
R =R, = H (108); R = 4-CH; (109); R = 4-OH (110); R = 4-CH;CO (117); R = 4-1 (118); R = 2-NO, (119);
R = 4-CH;0 (111); R = 4-NH, (112); R = 2-CH; (113); R = 4,4'-CH; (120); R = 4,4'1 (121);
R = 4,4“0-CH; (114); R = 4-NO, (115); Ph-NHCONH-C(Fs (122)

R =4-COOH (116);
Figure 8. Urea diaryl derivatives

Table 7 represents the CS values in the 'H and °C NMR spectra of diarylureas 108—122.

Table 7
N,N'-diarylurea 108-122 'H and “C chemical shifts
Compound The °C NMR spectra, DMSO, d, ppm The '"H NMR spectra, DMSO-dg, 6, ppm
number C=0 NH' NH"
108 152.69 8.89 8.89
109 152.62 8.84 8.78
110 152.55 8.77 8.56
111 152.69 8.83 8.71
112 152.55 8.85 8.77
113 153.15 8.15 9.25
114 153.24 8.50 8.50
115 151.91 9.10 9.62
116 152.20 9.04 9.30
117 152.05 9.03 9.33
118 151.98 9.80 9.91
119 151.93 9.84 10.08
120 153.05 8.62 8.62
121 153.26 9.91 9.91
122 151.98 8.71 9.30

Judging by the carbonyl carbon atom (8CO) CS values, first of all, we note that in diphenylureas
108-122, the CS of this carbon atom is noticeably shielded to 4.5 ppm compared to phenylurea 100 itself.
Probably, this is due to the fact that the N'-arylation of phenylureas (compounds 108-122) leads to an in-
crease in the amide conjugation in N(I)-CO or N(II)-CO fragments due to the influence of the spatial factors,
for example, due to the urea fragment effect of steric compression of molecules with N'-aryl radicals. The
range of changes of 6CO CS in diphenylurea 108-122 is small: ACO = 1.35 ppm. Since the changes in the
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dCO CS are not clearly connected with the electronic characteristics of R substituents, the 3CO CS vibrations
are apparently also caused by the urea fragment geometry deformation by aryl radicals.

The changes in the CS of urea protons (ANH(I) = 1.76 ppm, ANH(II) = 1.52 ppm) indicate their insig-
nificant sensitivity to the electronic influence of variable R substituents. Thus, the electron-donating substit-
uents (compounds 109-114, 120) cause NH(I) and NH(II) protons strong-field shifts, and electron-
withdrawing substituents (compounds 115-119, 121, 122) are a shift to weak fields, and NH(II) protons are
more susceptible to the influence of the R substituents.

1,3-disubstituted ureas. By completing the assessment of qualitative changes in the CS of NH protons,
carbonyl carbon, and methine atoms in the monosubstituted and disubstituted urea derivatives, we move to
the final group of N,N and N,N’ disubstituted ureas, amide protons and carbonyl carbon chemical shifts
(Table 8), and the compounds themselves (Fig. 9).

The overall picture continues the trends observed for the N-monoprotected urea derivatives. The intro-
duction of groups possessing donor properties shields the amide protons, and the groups capable of conjuga-
tion de-screen them. Carbonyl carbon, as expected, is shielded more strongly than in the case of mono-
substitution.

It is noteworthy that in compounds 124 and 127, the substituent enters into conjugation not only with
the nitrogen atom directly bonded to it, but also with the other via the carbonyl group 7 system. This conclu-
sion can be done if we consider the change in the proton of the amide linkage bound chemical shift to the
tert-butyl group during the transition from compound 125 to 126. The conjugation violation noticeably af-
fects the signal of this NH proton, i.e., the signal is shifted towards a strong field (A = 0.62).

RNHCONHR, (R,R;)CHNHCONHCH(R,R )
123-128 129-130
R= R] = CH3 (123), R= t-C4H9, R1 = COC2H5 (124), R= Ph, R] = 3-C1-C6H4 (129),
R= t-C4H9, R1 =Ph (125), R= t-C4H9, R] = PhCH2 (126), R= 4-CH3Ph, R] = 3-CH3Ph (130)

R = PhCH,, R, = Ph(127); R = Ph,CH, R, = Ph,CH (128);

Figure 9. N,N’-Disubstituted ureas

Table 8
'H and "C chemical shifts for N,N’-disubstituted ureas 123-130
Compound The °C NMR spectra, DMSO, o, ppm The '"H NMR spectra, DMSO-dg, 6, ppm
number CH C=0 CH, m NH, d NH d
123 — 160.0 - 5.90 5.90
124 — 153.59 - 8.38 10.12
125 — 156.11 - 5.96 6.68
126 — 157.51 - 5.73 6.06
127 — 156.0 - 6.26 8.50
128 56.88 156.22 5.92 6.90 6.90
129 56.57 156.57 6.01 7.01 7.01
130 57.07 156.76 6.85 5.78 5.78

From the data given in Table 8 it can be seen that in contrast to N-methylation, the N,N- and N,N'-aryl-
alkylation of urea causes the carbonyl carbon atom screening. For comparison, it can be noted that the
N,N-dimethylation of urea de-shields the carbonyl carbon atom by 6.1 ppm, whereas N,N-dibenzylation
(compound 34) shields 2.5 ppm this urea carbon atom. Given the fact that the arylalkyl groups in compounds
123-130 in relation to the urea carbonyl group exhibit at least lower electron-donating properties than the
methyl group, it can be concluded that the dCO screening effect in compounds 123—130 upon urea N-aryl-
alkylation is primarily due to the spatial factors. Since the steric characteristics of arylalkyl groups are signif-
icantly greater relative to methyl and due to their steric "bulkiness", it is possible that the urea arylalkyl
groups 123-126 cause spatial stresses in the urea fragment of molecules simultaneously enhancing the con-
jugation in the amide fragment with a corresponding increase in the studied compounds amide bond order,
and, as a consequence, the 8CO screening in urea 123—126 relative to urea or its N-methyl derivatives. The
strong field displacements of the largest carbonyl carbon atoms are observed in compound 124, which is
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caused by the presence of the most steric "bulky" radical, on the one hand, and the acyl radical effect on the
other.

The CS comparison of methine carbon atoms in the 'H spectrum of compounds 128—130 shows that this
carbon atom in these compounds is significantly unscreened (relative to a-phenylethylurea 16). As the sub-
stituent volume in the urea grows, the symbatic changes in the CS 6CH occur, in other words, the larger are
the steric characteristics of the substituents, the more likely the weak-field signal shift is observed.

The introduction of any substituent type (electron-donating or electron-withdrawing) causes a noticea-
ble strong-field shift of the CS of C=O group in all the compounds studied in comparison with the pristine
urea. This is especially pronounced for N-arylureas 100—107 and N-acylureas 71-99. In the NMR 'H spectra
of the studied urea 130, the N-arylureas 100-107 and N-acylureas 71-99 NH protons are the most sensitive
to structural variations.

Conclusions

Numerous experimental data analysis for 130 N-substituted ureas cited before made it possible to de-
termine the main intervals of chemical shifts to identify the atomic resonating groups in the NMR 'H and "*C
spectra. The summarized data presented in table 9 are useful to identify urea in various studies and can be
used by both chemists and biochemists or clinicians.

Table 9
Urea chemical shift intervals

The chemical compound 1 The "C NMR spectra, ppm
No. or fragment therrc)ao £ The "H NMR spectra, ppm =0
1 R-NH, 5.7-6.2 156.4-158.2
2 AIKNHCO 5.8-6.06 158.5-158.9
3 ArNHCO 8.6-10.1 151.9-156.9
4 ArAlkCHNHCO 7.0-7.4 156.6-159.9
5 Ar(AIk)NHCONHCOR; 8.7-9.46 148.7-153.6
6 ArNHCONHCOR; 8.6-12.5 148.7-153.6

To conclude, not only do the results of "H and >C NMR studies of ureas facilitate the opportunities to
determine the qualitative and quantitative changes of the spectral characteristics from the structural parame-
ters in specific series of the synthesized substances, but also provide a good evidence for their structure. The
chemical shifts of protons and carbon atoms in the NMR spectra of the substituted ureas can be used as ini-
tial data to correlate with the biological activity and other properties. The obtained results can be used as
spectral database for chemists, biochemists and pharmacologists using similar substances in practice.

References

1 Brusilow S.W. Urea cycle enzymes / S.W. Brusilow, A.L. Horwich // The Metabolic Basis of Inherited Diseas. — 1989. —
Vol. 6. — P. 629-664.

2 Haberle J. Suggested guidelines for the diagnosis and management of urea cycle disorders / J. Haberle, N. Boddaert,
A. Burlina, A. Chakrapani, M. Dixon, D. Karall et al. // Orphanet journal of rare diseases. — 2012. — Vol. 7, No. 1. — P. 1-30.

3 Andersen F.A. Final report of the safety assessment of urea / International Journal of Toxicology. — 2005. — Vol. 24. —
P. 1-56. DOI: 10.1080/10915810500257097.

4  Williams A.C. Urea and Derivatives as Penetration Enhancers. Percutaneous Penetration Enhancers Chemical Methods in
Penetration Enhancement / A.C. Williams, N. Dragicevic, H. Maibach (eds.) // Springer-Verlag Berlin Heidelberg. — 2015. —
P. 301-308. DOI 10.1007/978-3-662—47039-8 18.

5 Bojic J. Spectrophotometric Determination of Urea in Dermatologic Formulations and Cosmetics / J. Bojic, B. Radovanovic,
J. Dimitrijevic // Analytical sciences. — 2008. — Vol. 24, No. 6. — P. 769-774. DOI: 10.2116/analsci.24.769.

6 Decaux G. Treatment of euvolemic hyponatremia in the intensive care unit by urea / G. Decaux, C.A. Fabrice, G. Kengne,
A. Soupart // Critical Care. — 2010. — Vol. 14, No. 5. — R184. DOI:10.1186/cc9292.

7 Mamidi R.N.V.S. In vitro and physiologically-based pharmacokinetic based assessment of drug—drug interaction potential of
canagliflozin / R.N.V.S. Mamidi, S. Dallas, C. Sensenhauser, H.K. Lim, E. Scheers, P. Verboven et al. / British Journal of Clinical
Pharmacology. — 2017. — Vol. 83, No. 5. — P. 1082-1096.

70 Bulletin of the Karaganda University



Study of the biologically active acyclic ureas ...

8 Citraro R. Pharmacokinetic-pharmacodynamic influence of N-palmitoylethanolamine, arachidonyl-2'-chloroethylamide and
WIN 55,212-2 on the anticonvulsant activity of antiepileptic drugs against audiogenic seizures in DBA/2 mice / R. Citraro, E. Russo,
A. Leo, R. Russo, C. Avagliano, M. Navarra et al. / European Journal of Pharmacology. — 2006. — Vol. 791. — P. 523-534.

9 Michael W. Anxiolytics, Anticonvulsants and Sedative-Hypnotics / W. Michael, Y. Naokata / Annu. Rep. Med. Chem. —
1986. — Vol. 21. — P. 11-20.

10 McElroy N.R. QSAR and classification of murine and human soluble epoxide hydrolase inhibition by urea-like compounds /
N.R. McElroy, P.C. Jurs, C. Morisseau, B.D. Hammock // Journal of Medicinal Chemistry. — 2003. — Vol. 46, No. 6. — P. 1066—
1080. DOI: 10.1021/jm020269o0.

11 Librowski T. Evaluation of anticonvulsant and analgesic effects of benzyl- and benzhydryl ureides / T. Librowski,
M. Kubacka, M. Meusel, S. Scolari, C.E. Mueller, M. Guetschow // European Journal of Pharmacology. — 2007. — Vol. 559,
No. 2-3. — P. 138-149. DOI: 10.1016/j.ejphar.2006.12.002

12 Manimohan M. Biologically active novel N,N,O donor tridentate water soluble hydrazide based O-carboxymethyl chitosan
Schiff base Cu (II) metal complexes: Synthesis and characterization / M. Manimohan, S. Pugalmani, M.A. Sithique // Int. J. of Bio-
logical Macromol. — 2019. — Vol. 136. — P. 738-754. DOI: 10.1016/j.ijbiomac.2019.06.115.

13 El Kayal W.M. Synthesis, in vivo and in silico anticonvulsant activity studies of new derivatives of 2-(2,4-dioxo-1,4-
dihydroquinazolin-3(2H)-yl)acetamide / W.M.El Kayal, S.Y.Shtrygol, S.V.Zalevskyi, A. abu Shark, V.V. Tsyvunin,
S.M. Kovalenko et al. // European Journal of Medicinal Chemistry. — 2019. — Vol. 180. — P. 134-142. DOI: 10.1016/j.ejmech.
2019.06.085.

14 Zhao Y.R. A Proton NMR Investigation of Rotation about the C(O)-N Bonds of Urea / Y.R. Zhao, M.K. Raymond, H. Tsai,
J.D. Roberts // J. Phys. Chem. — 1993. — Vol. 97. — P. 2910-2913.

15 Stilbs P. Spin—spin Couplings in Doubly 15N Labelled Urea and 1,3-Dimethylurea / P. Stilbs, S. Forsen // Org. Magn. Reson.
— 1976.— Vol. 8. —P. 384.

16 Yavari I. Nitrogen-15 Nuclear Magnetic Resonance Spectroscopy. N-H Proton Exchange Reactions of Urea and Substituted
Ureas / I. Yavari, J.D. Roberts // Org. Magn. Res. — 1980. — Vol. 13, No. 1. — P. 68-71.

17 Martinelli L.C. Protolysis kinetics of N-benzyl-N'-methylurea / L.C. Martinelli, C.D. Blanton, J.F. Whidby // J. Am. Chem.
Soc. — 1971. — Vol. 93, No. 20. —P. 5111-5113.

18 BakubaeB A.A. IlpenapaTHBHBIE METOJBI CHHTE3a a30TCOJCPXKALIMX COeIMHEHHiI Ha ocHoBe MoueBHH / A.A. Bakubaes,
E.A. Mawmaesa, B.A. SnoBckuii, A.1O. Sroskun, E.JI. Beictpunknit. — Tomck: Arpad-Ilpec, 2007. — 164 c.

19 ITarent Ne 2030396 P®. Criocob nomyueHus S-xjao0p-2-aMUHO3aMeIleHHbIX OeH3ruapuimModeBuH. Omy6um. 10.03.95. bakuba-
eB A.A., UltprikoBa B.B., Turaubununa JI.I'., ®unumonos B. 1.

20 Baknbaes A.A. CuHTeTHYECKHE NpPOTHBOSIIJICHTHYECKHE IIperapartel: o030p U mepcnekTuBbl /  A.A. bakubaes,
B.K. I'opmikoa // bron. THII AMH CCCP. — 1991. — Ne 3. — C. 61-79.

21 Bakmbaes A.A. MWugykropel QenobapburamoBoro TtHma / A.A. bakmubGaes, T.II. HoBoxeeBa, P.P. Axmemxanos,
A.C. CaparuxoB // Xum.-papm. xypH. — 1995. — Ne 3. — C. 3—13.

22 BakunbaeB A.A. AHTUTHIIOKCHYECKHE CBOWCTBa opraHmueckux coemunHenuit / A.A. bakuGaes, B.K.'opuikosa,
A.C. Caparukos // Xum.-papm. xypa. — 1997. — Ne 2. — C. 3-16.

23 Reynolds D.I. NMR Spectra of Ureas und Amides / D.I. Reynolds, G.A. Webb, M.L. Martin // J. Mol. Struct. — 1982. —
Vol. 90, No. 2. — P. 379-382.

24 BaknbaeB A.A. MO4YeBUHEI B OpraHNIECKOM CHHTe3e. V. Peaknny apoMaTn4eckux KeTOHOB U 1,2-TUKETOHOB C MOYEBHHAMH
B MypaBbuHOI kucnote / A.A. Bakubaes, A.1O. Sroskun, B.Jl. ®mmmMonos // XKypa. opr. xum. — 1991. — T. 27, Ne 7. — C. 1512—
1520.

25 BaknbaeB A.A. CuHTE3 apWIMETHIMOYEBMH M BIUSHHE HX CTPYKTYpHl HA MPOTHUBOCYIOPOXKHYIO aKTHBHOCTH /
A.A. bakub6aes, JI.I'. TurauOununa, B.J[. ®mwmmonos, B.K. IN'opmkosa, A.C. Caparukos, A.B. [lycroBoiitoB u np. // Xum.-papm.
xypH. — 1991. — T. 25, Ne 5. — C. 31-35.

26 ®umumonoB B.J[. KonndecTBeHHas CBS3b MEXIY HPOTHBOCYIOPOKHOW aKTHBHOCTBIO N-OeH3rmapmiamunoB U N-OeHs-
THPMIMOYEBHH, HX CTPYKTYpoil u crexrpamu SIMP "°C / B.JI. ®ummonos, A.A. BakuGaes, A.B. ITycroBoiito u ap. // Xum.-
dapm. xypH. — 1986. — Ne 5. — C. 540-545.

27 Holzgrabe U. Quantitative NMR spectroscopy — applications in drug analysis / U. Holzgrabe, R. Deubner, C. Schollmayer,
B. Waibel // J. Pharm. Biomed. Anal. — 2005. — Vol. 38. — P. 806—812.

28 Wu Y.C. Research Progress of Diphenyl Urea Derivatives as Anticancer Agents and Synthetic Methodologies / Y.C. Wu,
X.Y. Ren, G.W. Rao // Mini-Reviews in Organic Chemistry. — 2019. — Vol. 16, No. 7. — P. 617-630. DOI: 10.2174/1570193X
15666181029130418.

29 Elmedyb P. Activation of ERG2 potassium channels by the diphenylurea NS1643 / P. Elmedyb, S.P. Olesen, M. Grunnet //
Neuropharmacology. — 2007. — Vol. 53, No. 2. — P. 283-294. DOI: 10.1016/j.neuropharm.2007.05.009.

30 dwmmonos B.JI. Criextper SIMP dbenmnmouesun / B./l. ®unumonos, A.A. bakubaes, C.B. I'epacumos // JKypH. opr. xuM.
— 1991. —T. 27, Ne 5. — C. 1048-1052.

CHEMISTRY Series. No. 4(100)/2020 71



A.A. Bakibaev, M.Zh. Sadvakassova et al.

A.A. baxu6ae, M.JK. CangsakacoBa, B.C. MajbkoB,
P.ILI. Epkacos, A.A. CopBanos, O.A. KoTenbHUKOB

SAnposibIKk MATHUTTIK PE30HAHC J/liciMeH OMOIOTUsIIBIK OesiceH i
AIUKJIIK MOYeBUHATIAPABI 3ePTTEY

MoueBuHa xoHe OHbIH N-alMKJIIIK TYbIHABLIAPHI a1aM KbI3METIHIH TYPJIi cajlajapbIH/a op TYPIi KOJIJaHyAbl
TabaThlH KYpaMbIHIa a30Thl 0ap OPraHUKAIBIK KOCHUIBICTAPIBIH MAHBI3IBl KJIAachl OOJIBIT TaOBUIAIBL.
CoHBIMEH, OJap KONTereH OMOXMMUSUIBIK MPOLECTEePlIe MaHBI3AbI POIl aTKAaphIl, aybUl IIApyallbUIBFBIHIA,
KOCMETOJIOTHsI/1a, TaMaK ©HEpKaciOiHae xaoHe T.0. cajanapia KeHiHeH KOJIJaHBUIBII, OpPTaHUKAaIbIK CHHTE3/1e
A30TTaHJBIPY peareHTi peTiHje apekeT ereni. N-OpbIHOACKAH alMKIIK MOYEBHHAHBI COMKECTCHIIPY XKOHE
Tanaay omiCTepiHiH KeH Katapsiaaa SIMP-CrieKTpOCKOTIHS KETEKIIN pejire ue eMec, ajia Oy camagarbl Oenriai
MoIiMeTTep OalIaHBICCHI3 JKOHE JKyieci3 cumarka ue. bys jkarmail amkuil-, apuiaikuil-, alii- SKOHE
apUIIOPBIHOACKAH TYBIHABLIAPbI KAMTUTBIH allMKJIIIK MOYCBHHANAPABIH KeH IieHOepiHe sapOosbIK-MarHUTTI
pesoHaHC dJiciMeH 3epTTey Kyprizyre Typrki Goumsl. Kymeicra 'H xone *C SIMP moueBuHa criektpiepinin
skoHe OHbIH N-ankui-, N-apunankuia-, N-apuwn — jxoHe 1,3-auapui TybIHABUIAPhI CIIEKTPIICPiHIH Herizinae
QIBIHFAH HOTIDKEIEPl YCBHIHBUIFAH JKOHE OCHI (DYHKIMOHAIIBIK TONTAPJBIH MOYCBHHA aATOMIAPBIHBIH
KapOOHWIBAI JKOHE aMHATI (parMeHTTEepiHIH XHMMISUIBIK BIFBICYbIHA ocepl TankbUlaHraH. JKekenereH
xarmainapaa SIMP  criekTpiHIeri XMMHSUIBIK BIFBICYJIAp MEH 3€PTTEIreH KOCBUIBICTAPBIH KYPhUIBIMBI
apachIiHIa KeHOip camaiblK TOYENIUIK OCNTUICHreH. 3epTTeNreH KOChUIBICTAPIBIH XUMHUSIIBIK BIFBICYIapPhIH
OJIIIICy HOTHXKEJIEPIH KOPBITY alMKIIIK MOYEBHHAIApAa MPOTOHIAAP MEH KOMIPTEri aTOMBIHBIH XHMHSIIBIK
BIFBICYJTAPBIHBIH ©3TePy apalbIKTapPbIH aHBIKTAyFa MYMKIHIIK Oepii. AJIBIHFAaH MATIMETTEP OHOIOTHSIIBIK
OenceHl alMKIIIK MOYEBHHAIAP MEH OJIap[blH METa0OMUTTEPiH CEHIMII COHKECTeHAIPY SiCTepiH eaayip
keHeiresni, an 0y IMP-crieKTpoCKOIHIHBI OMOXUMHUS JKOHE KIMHUKAJIBIK MPAKTHKA YIIH TapTHIMIbI €TEi.

Kinm ce30ep: modeBuHa, N-anmkmiMoueBrHa, N-apriModeBruHa, N-ammimodeBuHa, N,N-IuapriModyeBrHa,
kapOamuy pparmenTi, aMmunTik Torm, SIMP-cieKTpOCKOHUS, XUMUSIIBIK BIFBICY.

A.A. baku6aes, M.)X. CanBakacosa, B.C. Manbkos,
P.I1I. Epkacos, A.A. CopsanoB, O.A. KoTenbHUKOB

HccnenoBanue 0M0J0rn4eckd aKTUBHbBIX AlIMKIHYECKHX MOYEBHH
METOAOM SAICPHOIO MArHUTHOI'O pE€30HAHCA

MouesnHa u ee N-anuKJImdeckue IPOU3BOAHBIC NPEICTABIIIOT OO0 BasKHBIH KIIaCC a30TCOICPIKAIINX Op-
TaHMYECKUX COCJMHEHUH, KOTOPBIH HAXOMUT pa3HOOOpa3sHOE MPUMEHEHHE B Pa3JIMUHbBIX OTPACIsIX deJoBede-
CKOH JIeaTenbHOCTH. Tak, OHM MIpaloT BaXKHYIO POJIb BO MHOTUX OMOXMMHYECKHX IIPOLEccax, MIMPOKO HC-
TONB3YIOTCS B CETHCKOM XO3SIHCTBE, KOCMETOJIOTHH, MHIIEBON MPOMBIIUIEHHOCTH U T.J., BRICTYNAIOT B Kade-
CTBE a30THPYIOILETO PeareHTa B OpraHu4eckoM cuHTese. Cpey MUPOKOro apceHana METo0B UACHTH(HUKA-
UM U aHanu3a N-3aMELICHHBIX alUKIM4ecKuX Mo4yeBHH SIMP-cniekrpockonus 3aHMMaeT JajJeKo HE JIUIu-
PYIOLIYIO POJIb, @ UMEIOIIHECS CBEICHUS B 9TOH 001acTH 3HAHUSI HOCAT OTPHIBOYHBIA M HECUCTEMHBII Xapak-
Tep. JlaHHOE 00CTOSATENECTBO MOCITYKIIIO TTOOYANTETBHBIM MOTHBOM JUISI IPOBEACHHMS HCCIIENOBAHUN METO-
JIOM SIIEPHO-MAarHUTHOI'O PE30HAHCA HIMPOKOr0 KPyra alUKIMYECKUX MOYEBMH, OXBATHIBAIOLIMX UX AJIKHI-,
apUIANIKWI-, alliI- U apuI3aMelleHHBIX IPOM3BOAHBIX. B Hacrosmeil paboTe mpencTaBlICHBI pe3yibTaTH,
IOTyueHHBIE HA OCHOBaHMM u3ydeHus 'H u *C SIMP-cieKTpoB MOUYEBHHBI i ee N-ayikii-, N-apHiajiKi-,
N-apun- u 1,3-Anapuianpon3BoAHbIX, U OMPEAENIEHO BIMAHUE 3TUX (DYHKIHMOHATIBHBIX IPYMI HA XUMUUECKUE
CIBUI'M KapOOHWIIBHBIX M aMHJHBIX ()parMEHTOB aTOMOB MOYCBHUHBL. B OTHENBHBIX CilydasX yCTaHOBJICHBI
HEKOTOPbIE KAYECTBEHHbIE 3aBUCUMOCTH MEXIYy XMMHMUECKUMH caBuramu B cnekrpax SAMP u ctpykrypoi
UCCleIoBaHHBIX coequHeHni. O600IeHne pe3ynbTaToB U3MEPEHUS] XUMUYECKHX CIBHIOB H3y4EHHBIX CO-
€IMHEHUH TI03BOJIMIIO aBTOPAM OINPEEIUTh UHTEPBAIbl U3MEHEHHS XMMUYECKUX CABUIOB IIPOTOHOB U aTOMa
yriaepoja B alUKIMYECKUX ModeBUHaX. [lonyueHHbIe TaHHBIE CYIECTBEHHO PACIIUPSAIOT METOABI HaCKHOU
HAESHTU(PUKAINY OUOIOTHYECKN aKTUBHBIX allMKJIMYECKIX MOYEBHH U UX METabOINTOB, YTO JAENIaeT MpHUBIIe-
KaTeIbHBIM UcTob30Banue SIMP-criekTpockoniy it OMOXUMUH U B KIIMHUYECKOH IpaKTHKE.

Kniouesvie cnosa: moueBuHa, N-aJKWIMOYEBHHBI, N-apHIMO4eBUHBI, N-ammModeBUHBI, N,N-muapui-
MOYEBHHBI, KapOaMUIHBII pparMenT, amuaHas rpymnna, IMP-cnekTpockonus, XUMHYECKUI CIBUT.
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