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Study of glycoluril and its derivatives by 'H and BC NMR spectroscopy

Bicyclic bisureas, especially 2,4,6,8-tetraazabicyclo[3.3.0.]octan-3,7-dione (glycoluril), have a special place
in chemistry of heterocyclic compounds. The carbamide fragment in glycoluril structure determines the prop-
erties of the molecule, which are due to the presence of two reaction centers (NH-groups and C=O-groups) in
the molecule. In this work, we analyzed the proton and carbon chemical shifts of glycoluril and its derivatives
(86 compounds) in the NMR spectra to reveal the effect of the donor-acceptor substituents-on the changes in
the electron density in the bicyclic framework from the position of symmetry and.asymmetry. A general anal-
ysis of the 1H and 13C NMR spectra of glycolurils makes it possible to accurately determine the spatial con-
figurations of molecular symmetry, in the presence of which (c1 and / or 62) the enantiotopic hydrogen and
carbon atoms of the bicyclic framework are manifested by equivalent signals. Also; according to the 1H and
13C chemical shifts in the NMR spectra, glycolurils with electron-acceptor substituents can be clearly distin-
guished by the shielding of carbon atoms of C=O-groups, and with electron-donating substituents by the
deshielding of CH-CH-carbons, due to the rearrangement of electron density and the occurrence of local par-
amagnetic contributions owing to anisotropy

Keywords: glycoluril, NMR, chemical shifts, symmetry, enantiotopic atoms, shielding, deshielding, X-ray
diffraction.

Introduction

In the chemistry of heterocyclic compounds, bicyclic ureas have a special place, among which the
greatest interest are 2,4,6,8-tetraazabicyclo[3.3.0.]octan-3,7-dione 1 (glycoluril) (Fig. 1) and its derivatives.
The history of glycoluril chemistry dates back to.the second half of the 19" century, when a number of re-
searchers succeeded in synthesizing the progenitor 1 of this class of compounds. Since then, the chemistry of
glycolurils, first of all, due to polyfunctionality of their structure, has developed rapidly. It was reflected in
the creation of valuable substances. in various fields of human activity such as disinfectants [1, 2], medicines
[3; 86, 4], polymer stabilizers [5], independent explosives or their components [6—8] and other important
substances and materials based<on these compounds.
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Figure 1. The structural formula of glycoluril 1 (1) and its spatial configuration in the crystal (1)

Glycoluril 1 is a polyfunctional compound in which the carbamide fragment (Fig. 2) essentially deter-
mines the properties of the molecule 1 being resulted from the presence of two reaction centers (4 donor
groups (—NH) and 2 acceptor groups (C=0)) in the molecule. Glycoluril 1 has the properties of a highly ac-
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tive N-nucleophile and a significantly deactivated p-nucleophile. Despite its weak basicity, glycoluril 1 is
rather difficult to protonate, but it is capable of N-alkylation, N-acylation, N-halogenation, N-nitration,
N-nitrosation, N-hydroxyalkylation reactions, etc. [9; 126—129].
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Figure 2. Resonance structures of the carbamide fragment of the glycoluril molecule 1

The synthesis and study of the chemical properties of bicyclic bisureas allows creating of new classes of
nitrogen-containing heterocyclic compounds with other practically useful properties. For example, polycy-
clic condensed systems such as cucurbit[n]urils [10-12] and bambus[n]urils [13,44], the building blocks of
which is glycoluril 1.

Due to the complex structure of glycoluril derivatives, the problem arises of the precise identification of
the studied compounds, where the most convenient method for solving structural problems is the method of
nuclear magnetic resonance spectroscopy (NMR).

The molecule of glycoluril 1 contains nitrogen, oxygen, carbon and hydrogen atoms, for the analysis of
the bonds of which it is convenient to record the spectra on 'H, “C, °N, 'O nuclei. NMR spectroscopy on
these nuclei can provide enough information to determine the structure of a molecule, its electronic and con-
formational features. Due to the low content of natural isotopes "N and 'O, there is no information in the
literature on the use of NMR on '’O nuclei for a number of glycolurils. To obtain information of the position
of the "’N chemical shifts of glycoluril 1 and its derivatives 2D heterocorrelation of the 'H-""N spectra [15]
and the establishment of the direct coupling constant "N~'H [16] are most often used. Therefore, in this
work, we analyzed the chemical shifts (further in.the text, CS) of the NMR of glycoluril 1 and its derivatives
2-13, recorded on 'H and "C nuclei (Table 1-10).

Taking into account the specific and'limited solubility of glycoluril 1 and its derivatives 2-13, which
depends on the presence of substituents; in practice, the universal solvents DMSO-ds and D,O are most often
used for analysis. N-acylderivatives of glycoluril 12 is convenient to analyze in a CDCl; solvent to avoid
overlapping signals of atoms.

When recording the NMR spectra of glycoluril 1, it was found that in the proton magnetic resonance
spectrum there are 2 CS in the regions of 5.24 ppm and 7.16 ppm, which correspond to signals of the CHCH
and NH groups, and in the "°C spectrum, the carbons of the CH-CH and C=0 groups resonate at 64.60 ppm,
160.30 ppm respectively. These data certainly indicate the spatial symmetry of glycoluril 1. Indeed, in the
molecule 1, there are two planes of symmetry ' and 6 (Fig. 3), where the plane ¢' passes along the methine
CH-CH bridge, and the plane o intersects two carbonyl oxygen atoms (Fig. 3) [17].

Figure 3. Symmetry planes ¢' and o in the molecule of glycoluril 1

However, when studying the crystal structure of glycoluril 1 by X-ray diffraction (Fig. 1b), it was first
established [18] that, in addition to symmetry, the conformation of bicyclic framework 1 due to the rigidity
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of the cis-joint of annelated imidazolidinone rings has a folded structure in the form of a «half-opened
book». The dihedral angle between the imidazolidinone rings in molecule 1 is 124.1°. In addition, it was
found that the nitrogen atoms in molecule 1 are located equidistant from each other. The hydrogen atoms of
the CH-CH group are cis-oriented, and the imidazolidinone rings are characterized by an almost flat structure
with a slight deviation of the C=0 groups from the plane.

Thus, the goal of this work was to study CS of glycoluril 1 and its derivatives 2-13 to identify the effect
of substituents on changes in electron density in the bicyclic framework, taking into account the symmetry
and asymmetry of the 86 molecules considered.

Experimental

The substances 2e—g, 3¢, d, 4b—c, 5d, e, g, 6¢—f were synthesized in accordance with the methods of
[9; 113]. NMR spectra for substances 2e—g, 3c, d, 4b—c, 5d, e, g, 6¢c—f were recorded on a Bruker AVANCE
III HD spectrometer (Bruker Corporation, Germany) with an operating frequency of 400 and 100 MHz for
'H and "C nuclei respectively, in a solution of DMSO-ds with a concentration of 0.001 mol of the substance
in 0.5 ml of solvent. The internal standard is tetramethylsilane (TMS).

Results and Discussion

N-Monosubstituted glycolurils. First of all, it should be noted that‘with’ N-monesubstitution in the
glycoluril framework, the symmetry of the molecule is violated (glycolurils 2a—g). In the analyzed molecules
2a—g, there are no symmetry planes ¢' and ¢°, which, as we have found, is reflected in the change of CS in
the 'H and ">C NMR spectra (Table 1).

Table 1
Chemical shifts of N-monosubstituted glycolurils 2a—g
No Substituent 'H NMR, ppm, (J/Hz) BC NMR, ppm
: R, CH-CH NH CH-CH =0
11 H 5.24 (s. 2H) 7.16 (s. 4H) 64.60 160.30
o i CHL S14(d. 1H,1=80)| 720(s. 1H) | 62.54 159.75
J\ 5.19 (dilH,J =8.0) | 7.30 (s. 2H) | 69.89 161.79
o 5.20(d.TH,J=79)| 729(s. 2H) | 62.39 159.40
Ny 2 | 207 | CH:CONHCH(CH)GHs | 50 (4 11 7=7.9)| 7.44(s. 1H) | 68.55 161.14
o 521(d. IH,J=82)| 729(s. 1H) | 62.24 159.13
5> <1 2 CH,CHN(CH ) | 530 (0 11, 7=82) | 740 (s.2H) | 6775 161.00
NS _ sNH S18(d IH,J=8.1)] 7.25,730, | 6233 159.36
7 [21] > b} ) )
2d CH,CHONHCOCH; 1557 (4 11 7=38.1)| 7.30 3s. 3H) | 67.74 161.15
545(d. 1H,J=80)| 717,729, | 6410 15830
o 2e P =% 5.65(d. 1H,J =8.0)| 7.2 (3s.3H) | 67.70 160.08
568(d 1H,J=80)| 855,757, | 6155 151.40,
2 COCH, 5.23(d. 1H,J=8.0) | 7.49 (3s.3H) | 6324 154.80
, o 534(d 1H,J=7.6)| 7.94,7.97, | 6211 152.30
g 5.66(d. 1H,J=7.6)| 9.38 (3s.3H) |  63.48 160.68
Chemical shift range (A) 5.14-5.68 717938 |61.55-69.89| 151.40-161.79

An analysis of the NMR data for compounds 2a—g shows that in the absence of planes of symmetry ¢
and o, the protons and carbons of methine (CH-CH) groups appear to be non-equivalent peaks. In the PMR
spectra, CH-protons resonate in pairs in the form of doublet signals in the region from 5.1 ppm to 5.7 ppm,
and in the "C NMR spectra, shielding of signals of one CH up to 2 ppm (2f) and CH carbon deshielding
from the substitution side up to 4.4 ppm (2a) relative to the CS of similar glycoluril atoms 1 are observed.
The deshielding of CH atoms in substances 2a—e is probably due to the positive inductive effect of electron-
donating substituents on nitrogen atoms [22; 712], which makes its unshared electron pair more available for
sharing with a five-membered ring. Such an effect of electron-donating groups makes C—C carbons on the
substitution side partially sp>-hybridized atoms due to an increase in electron density, which shifts the CS of
carbon CH to the fields of «molecular currents» or z-conjugated systems.

The CS of NH groups in compounds 2a—g become unequal and resonate in the form of two or three sin-
glets in the regions from 7.2 ppm to 9.4 ppm. In compounds 2a—e with electron-donating substituents at ni-
trogen atoms, a shift in the CS of NH groups in the range of £0.5 ppm relatively to 1 is observed. These
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changes indicate a weak effect of the substituents on the inhibition of amide conjugation in the urea fragment
of the molecules 2a—g (Fig. 2). While in the case of substances 2f, g with acceptor substituents, the CS of the
NH group shifts to the low-field region by 2.2 ppm relatively to glycoluril 1, due to the inductive effect of
the substituent on the unshared pair of electrons of the neighboring unsubstituted amino group, which is iso-
lated and not shared with the imidazolidine ring.

The CS of carbons of C=0O groups are shielded in substituted imidazolinone rings in average up to
2.0 ppm (2a—e), and for compounds 2f, g with electron-acceptor substituents (-NO, -COCHs;) the carbonyl sig-
nals shift to the high-field region by 8.9 ppm. The observed effect of strong shielding of the C=O group in
compounds 2f, g is explained by the circulation of electron-acceptor substituents’ electrons due to the presence
of 7-bonds, which leads to the appearance of a field additionally strengthening the external [23; 183] or «anisot-
ropy cone» [24]. This effect is similar for 2,6-N-disubstituted compounds Se—h and is shown in Figure 4.

2,8-N-disubstituted glycolurils. The absence of plane of symmetry o” in 2.8-N-disubstituted glycoluril
3a-d molecules can also be detected in the 'H and '*C NMR spectra (Table 2).

Table 2
Chemical shifts of 2, 8-N-disubstituted glycoluril 3a-d
0 No Substituent "H NMR, ppm, (J/Hz) BC NMR, ppm
B R, CH-CH NH CH-CH C=0
1 H 5.24 (s. 2H) 7.16 (s 4H) 64.60 160.30
R —
HN 3 N/ 1 [19] 5.15 (d lH, J= 84) 60.63
4 2 3a CH; 5.18(d 1H.J = 8.4) 7.39 (s. 2H) 75.63 160.19
5 1 [25] 498 (d. 1H, J =8.5) 60.40
AR 3b CH,Ph 539 (d 1H.J =8.5) 7.64 (s. 2H) 70.70 159.70
1N 5.41(d. 1H,J =8.0) 64.10
R 3¢ CH,OH 558 (d. 1H. J = 8.0) 7:39 (s. 2H) 67.70 160.90
525(d. 1H,J=1.2) 59.50
o) 3d COCH; 6.44 (d. 1H.J=72) 8.74 (s. 2H) 6331 154.73
Chemical shift range (A) 4.98-6.44 7.39-8.69 | 59.50-75.63 | 154.73-160.19

The CS of 2,8-N-disubstituted glycolurils 3a—d indicates the equivalence of the C=0 signals in the °C
spectra and the NH groups in the "H NMR spectra due to the presence of the plane of symmetry c'of the mole-
cules that passes through the C—C bond. The lack of symmetry along the 6° plane is demonstrated by the none-
quivalence of carbons and protons of methine groups (CH-CH) in such a way that the carbons resonate with
pair signals in the regions of 59.5-75.6 ppm, and the protons appear doublets in the range of 4.9—6.4 ppm.

The CS of the NH groups in the compounds 3a—d appear as singlet peaks, and, in the case of glycolurils
3a—c, with a shift to a low-field of up to 0.5 ppm, and for 2,8-N-diacetylglycoluril 3d to 1.6 ppm relatively
to 1. The shielding of carbonyl‘carbon atoms for compounds 3a—c is on average 1 ppm. For compound 3d a
shift of CS of the C=0O-groups to-the high-field by 5.6 ppm relatively to the parent 1 is observed. The general
character of the shift of the C=0O groups signal for 3a—d is similar to substances 2a—h, but 2a—h have in their
structure only one substituted imidazolinone ring, and compounds 3a—d combine the properties of two simi-
larly substituted rings. In the structures of glycolurils 3a—d, there is a synergistic effect of pairs of substitu-
ents on the-electronic density of glycoluril framework, distribution of which is reflected in NMR spectra by
stronger shielding and deshielding of the corresponding atoms relatively glycoluril 1. So in *C NMR spectra
of glycolurils 3a—d there is the shielding of signals of one CH in 3d (up to 5.1 ppm) and a significantly high-
er deshielding of CH carbon in 3a—c¢ from the substitution side (up to 11 ppm) relatively to CS of similar
glycoluril atoms 1. In the latter case, the found effect is due to the positive inductive effect of electron-
donating groups to nitrogen atoms [22; 712], which determines the «pushing out» of unshared pairs of nitro-
gen electrons to C—C carbons from the substitution side, making them partially sp*-hybridized. This interpre-
tation can explain the shift of CS of CH-carbons to fields of «molecular currents» or n-conjugated systems.

2,4-N-Disubstituted glycolurils. In the molecules of 2,4-N-disubstituted glycolurils 4a—e, in the case of
equivalent substituents, there is a symmetry corresponding to the 6 plane. This fact is confirmed by the CS
in the NMR spectra (Table 3), where the signals of protons of equivalent NH groups give singlet peaks in the
region of 7.5-8.9 ppm, the CS of carbons (62.6—76.7 ppm) and protons (5.1-5.7 ppm) of the CH-CH groups
appear in the form of single signals. The absence of symmetry along the o' plane is indicated by nonequiva-
lent CS of C=0-groups.
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Table3
Chemical shifts of 2, 4-N-disubstituted glycolurils 4a—e
N Substituent 'H NMR, ppm, (J/Hz) "C NMR, ppm
) R, R, CH-CH NH CH-CH| C=0
o 11 H H 5.24 7.16 (s. 4H) | 64.60 160.30
/U\ 42" | CH, CH, 5.12 (s. 2H) 7.54 (s.2H) | 76.67 }zg%
Ry S 158.01
N/ 4b | CH,OH CH,0H 5.55 (s. 2H) 747(s.2H) | 66.86 | |0
HNYNH 4c | COCH, COCH, 5.65 (s. 2H) 8.87 (s. 1H) | 62.62 ig‘ffg
21] 510(d. 1H,J=8.1) | 7.49(s. I1H) | 66.16 | 158.36
© 4d7 | CH;  JCH,CHNHCOCH; | 5oy (4 11 7=8.1) | 7.56 (s. 1H) | 67.93 | 161.61
21] 5.41(d. 1H,J=83) | 7.71(s. 1H) | 65.11 155.17
de Ph |CH.CH,NHCOCH; | 5 00 (4 11, 7=83) | 7.87(s. 1H) |7 6624 |1 161.11
. . 62.62— | 154.68—
Chemical shift range (A) 5.10-5.82 7.47-8.87 76.67 161.61

The structures of compounds 4a—e combine the properties of unsubstituted and disubstituted by nitro-
gen atoms imidazolinone rings, where the CS of C=0 groups for 4a, b, d in the substituted fragment are
shielded by an average of 2.0 ppm, and in the case of compounds 4¢, e with substituents of acceptor type —
up to 5.5 ppm relatively to glycoluril 1. In the unsubstituted cycle of compounds 4a—e, on the contrary, car-
bonyl carbon atoms are deshielded up to 1.3 ppm compared to 1.

For compounds 4a and 4c, the symbatic effect of two substituents is observed. Acetyl substituents (4c¢)
lower the electron density of the adjacent annelated ring, this is reflected in the shift of the CS of NH groups
by 1.7 ppm in a low-field relatively to 1. Methyl substituents in 4a increase the electron density in the
disubstituted cycle, which affects the deshielding of signals of CH-CH groups by 12 ppm relatively to 1.

In compounds 4a, b, d, aminogroups are deshielded by an average of 0.5 ppm, which corresponds to the
range of compounds 2, 3 considered above with electron-donating substituents at nitrogen atoms.

The presence of various functional groups at 2,4-N-positions in compounds 4d and 4e leads to asym-
metry of the molecule and, accordingly, to a change in the number of signals in the NMR spectra for NH,
C=0, and CH-CH groups. For the substance 4e, the CS of unsubstituted NH groups also reflect a moderate
acceptor effect of the phenyl substituent, which deshields NH by 0.7 ppm relatively to 1.

2,6-N-disubstituted glycolurils; and 2,4,6,8-N-tetrasubstituted glycolurils. Similarly to the glycoluril
molecule 1, 2,6-N-di- 5a—h (Table 4) and 2,4,6,8-N-tetra-substituted compounds 6a—i (Table 5) have two
planes of symmetry (¢' and 6°). In "H NMR spectra of substances 5a—h and 6a—i, we observe the equivalent
singlets of protons of CH-CH groups of a bicyclic framework and in ?C NMR spectra the equivalent CS of
CH-CH and C=0 groups, as wellas singlet peaks of two unsubstituted NH-groups in 5a—h.

Table 4
Chemical shifts of symmetric 2, 6-N-disubstituted glycoluril 5a—h
No Substituent "H NMR, ppm, (J/Hz) BC NMR, ppm
Y R, CH-CH NH CH-CH C=0
)k 1 H 5.24 (s. 2H) | 7.16 (s. 4H) 64.60 160.30
iy N — R 5al”) CH, 5.10 (s. 2H) | 7.57 (s. 2H) 67.39 159.66
‘ 5p1% CH,C¢H; 5.04 (s. 2H) | 7.81 (s. 2H) 64.88 158.86
5 1 5¢”T | CH,CH,NHCOCH; | 5.25 (s. 2H) | 7.49 (s. 2H) 65.40 159.20
Js ol 5d CH,OH 5.53 (s, 2H) | 7.61 (s. 2H) 66.34 160.56
Ry 5¢ COCHj 5.66 (s. 2H) | 8.85 (s. 2H) 61.80 154.34
5] COCH,CI 5.34 (s. 2H) | 8.83 (s. 2H) 63.32 154.03
5 5g NO 5.64 (s. 2H) | 9.96 (s. 2H) 60.19 152.00
5h* NO, 6.03 (s. 2H) | 9.83 (s. 2H) 63.80. 149.00
Chemical shift range (A) 5.10-6.03 | 7.49-9.96 | 60.19-67.39 | 149.00-160.56
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Table 5
Chemical shifts of symmetric 2, 4, 6, 8-N-tetrasubstituted glycolurils 6a—i
Ne Substituent 'H NMR, ppm, (J/Hz) "C NMR, ppm
0 R, R, CHCH CHCH C=0

/”\ LR H H 5.24 (s. 2H) 64.60 160.30
R~y 2\ —Re 6a'"”! CH, CH, 5.06 (s. 2H) 71.92 159.05
42 6b”° | CH,C¢H; CH,CH; 4.84 (s. 2H) 67.71 159.54
5>__< 6¢ CH,0OH CH,0OH 5.59 (s. 2H) 70.65 158.62
RAENY 6d | CH,0OCH; CH,0CHj 5.52 (s. 2H) 74.86 158.45
Ry \ﬁ/ SR, 6e Cl Cl 5.48 (s. 2H) 72.72 160.51
6f COCH, COCH, 6.33 (s. 2H) 62.69 151.58
0 6g! NO, NO, 7.77 (s. 2H) 65.90 142.40
6h!?"! CH, CH,NHSO,Ph 4.70 (s. 2H) 66.75 156.80
61" C,H; CH,NHSO,Ts 4.65 (s. 2H) 65.38 156.85

Chemical shift range (A) 4.65-7.71 62.69-74.86 | 142.40-163.81

Structures 5a—h are two annelated monosubstituted imidazolinone rings with anti-arrangement of sub-
stituents relatively to each other.

The type of the action of the substituents on the shift of the signals.of NH groups-to a low-field for sub-
stances 5a—h is similar to compounds 2, 3 considered above. In the substances 5a-d, electron-donating sub-
stituents of nitrogen atoms deshield the nuclei of NH groups by 0.6 ppm, and acceptor substituents (5e—h)
deshield the CS of NH groups at 2.8 ppm relatively to 1.

The CS of C=0-group carbons undergo shielding on average up to 1.5 ppm (5a—d), and for compounds
5e—h with electron-acceptor substituents on nitrogen atoms, a synergy of electronic effects with shielding of
carbonyl signals by 11 ppm is observed, which is due to the formation of n-electron shielding regions (Fig. 4,
Se).

1
O
13C HN /,,—\\\
NMR “NH
CHs;
CHCH 5 67.39 ppm 4 64.6 ppm 6 61.80 ppm
C=0 5:159.66 ppm 6 160.30 ppm 6 154.34 ppm

Figure 4. Diagram of the distribution of electron density in the imidazolinone fragment of glycolurils 1, 5a, Se

It was found, that the CS of CH-CH protons in compound 5h is most deshielded compared to Sa—g and
is shifted tothe low-field region by 0.8 ppm relatively to 1. This effect can be explained by the spatial
intramolecular interaction of nitrogroups with methine protons, which was discovered by studying the sub-
stance Sh by X-ray diffraction analysis (Fig. 5, Sh) [30], where it is reported that one of the oxygen atoms of
the two nitrogroups is maximally reversed towards the cis-protons of the methine bridge.

The structures of compounds 6a—i combine the properties of two N-disubstituted imidazolidinone rings,
where for substances 6f, g, the symbatic effect of 4 acceptor substituents is reflected in the spectral data. In
this case, shielding of C=0O groups to 17.9 ppm relative to 1 is observed. Electron-donating substituents in
glycolurils 6a—e, h, i increase the electron density in disubstituted imidazolinone rings, which is shown in
C NMR spectra by deshielding of CH-CH carbons to 10.2 ppm relatively to 1.

In the PMR spectra of compounds 6f, g, the singlets of protons CH-CH are most deshielded compared
to the CS of the corresponding atoms of compounds 6a—e, h, i and are shifted to a low-field by more than
1.1 ppm (6f) and 2.5 ppm (6g) relative to 1. Intramolecular interactions between substituents (-COCHj;,
-NO;) and cis-protons of the CH-CH groups may be present in these compounds. In the case of
tetraacetylsubstituted glycoluril 6f, these interactions were recorded by X-ray diffraction [32] (Fig. 5, 6f),
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where it was shown that the oxygen atoms of the two most twisted acetylgroups are maximally turned toward
the protons of the methine bridge.

v
N
O\/ N /N H O\
\\\ H"‘*-\\ 2430 H [ Hg-oo
25547 2584 0 2. 38A
// HsC
HN N—N\\ N N
CH;
O
O 6]
5h 6f
Figure 5. Intermolecular interactions between the Figure 6. Intermolecular interactions between the
oxygen atoms of the substituents and the protons oxygen atoms of the substituents.and the protons
of the methine bridge in 2,6-N-dinitroglycoluril Sh of the methine bridge in 2, 4, 6, 8-N-tetraacetyl
according to X-ray diffraction data glycoluril 6f according to X-ray diffraction data

2,4-N-Dimethylderivatives of glycoluril. Comparing CS of 1 and substances 2a, 3a, 4a, 5a, 6a, it should
be noted that the presence of CH; groups at nitrogen atoms causes deshielding of CH-carbon signals by an
average of 10 ppm. Based on these data, CS in the series of asymmetric 2,4-N-dimethylderivatives of
glycolurils 7a—f are further considered (Table 6).

Table 6
Chemical shifts of asymmetric 2,4-N-dimethylderivatives of glycolurils 7a—f
No Substituting group 'H NMR, ppm, (J/Hz) BC NMR, ppm
R, CH-CH NH CH-CH C=0

11 - 5.24 (s. 2H) 7.16 (s. 4H) 64.60 160.30

4" H 5.12 (s. 2H) 7.54 (s. 2H) 76.67 158.22

o (9] 5.08 (d. 1H,J=8.3) 65.30 158.07

Jk 7a QL 520 (d 10 7=83) | 02 2H 1 99 | 159,54
HaCe 73 S —CHs [20] 5.15(d. 1H, 1 =8.3) 65.93 158.08
V7 7b CRLOOM 520 (d 10 7=83) | 0T 1 ges 1 160.05

21] 5.18(d. 1H,J=8.1) 66.51 158.45

e, N | e C(CH),COOH s41(d 1 J=81) | TG g5, 160.09

1] 5.16 (d. 1H, J=9.5) 65.81 158.43

0 7477 CHL,CHNH(CHLCL | 55y (4 1 j=9.5) | 721G 1 5505 | 15045

21] 5.06 (d. 1H, J=8.3) 65.65 158.25

e | CHCHNHCOCH; | 5 (1 y=g3) | 703G 1H) |55 159.51

27] _ 533 (d. 1H,J=8.4) 63.10 156.70

7t N=CHPh 5.62(d. 1H, J=8.4) 843 (s 1H) 72.10 157.60
Chemical shift range (A) 5.06-5.61 7.54-8.42 6736 1607_ 1156660009_

When analyzing the CS of 2,4-N-dimethylglycolurils 7a—f, the asymmetry of the structures is clearly
distinguished. The carbon atoms of the carbonyl groups of compounds 7a—e shift toward a high-field in the
range from 0.2 ppm up to 2.2 ppm relative to the CS C=0 of glycoluril 1. For compound 7f shielding of the
carbonyl group to 4.3 ppm, and the shift of the CS of NH groups to a low-field by 1.3 ppm relative to 1 are
observed, which is probably due to the positive mesomeric and negative inductive effect of the N=CHPh
substituent.

In the spectra of compounds 7a—f, the highest deshielding of CH-carbons up to 8.3 m from the N-2,8-
disubstitution of the molecule was recorded, and the CS of the neighboring CH carbons are manifested in
NMR spectra with a shift of £1.5 ppm relative to 1.
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Tricycles and tetracycles. It was interesting to trace the influence of the hard formation of substituents
in polycyclic structures 8a—c and 9a—c on the CS of the reference atoms of NH, CH-CH, C=0 groups of the
glycoluril framework (Table 7).

Table 7
Chemical shifts of asymmetric tricyclic 8a—c
and symmetric tetracyclic structures 9a—c, derivatives of glycoluril 1
)OJ\ [
R—N% 3 >N /—N4)l\2Nﬁ
5 1 N—R; R—N N—R
1 5 1 2
Y4 g N
I T
8 9
No Substituting group 'H NMR, ppm, (J/Hz) "C NMR, ppm
) R, R, CH-CH NH CH:CH C=0
11 5.24 (s. 2H) 7.16 (s. 4H) 64.60 160.30
20, 33] ] 5.25(d. 1H, J =8.0) 63:40 157.20
8a t-Bu CoHs 5.5 (d 10 J=8.0) | 503 (s 1H) 64.20 159.40
[20, 33] _ 5.20 (d lH, J= 80) 63.40 157.30
8b t-Bu Pr 5.52(d 10 7=8.0) | 008 1H) 64.30 159.50
[20, 33] _ _ 5.25 (d lH, J= 80) 63.39 157.02
8 t-Bu s-Bu 5.51 (d. 1. 7=8.0) |/ 226 1H) 6435 159.28
9al*"] c-CeHy, c-CeHy, 5.50 (s. 2H) — 64.27 159.27
9" | (CH,),COOH | (CH,),COOH 5.56 (s. 2H) — 64.42 159.37
9¢® | CON(CH;), | CON(CH3), 5.59 (s. 2H) — 53.18 160.02
Chemical shift range (A) 5.20-5.59 7.92-8.03 | 53.18-64.42 | 157.02-160.02

Analysis of the CS of tricyclic pentaazabicyclo[5.3.1.0]Jundecane-1,5-diones 8a—c and tetracyclic
hexahydrohexaazacyclopeite[def]fluoren-4,8-diones 9a—c made it possible to establish that these substances
do not have significant differences.in NMR signals for glycoluril scaffolds indicating the presence of
polycyclicity and a rigid frame. It was found that the CS of CH-CH carbons in the 9¢ polycycle are shielded
by 11 ppm, relative to 1, which is probably due to the additional shielding field, created by the m-group of
NCON(CHj),.

The obtained values of CS make it possible to conclude that there is no symmetry in 8a—¢ molecules
and its presence in 9a—¢ substances.

1,5-C-Substituted glycolurils. In comparison with N-substituted tetracycles 9a—c, in the NMR spectra of
1,5-C-substituted glycolurils 10a—h and their diester polycyclic derivatives 11a—d, the influence of ether
fragments on the CS of atoms of the glycoluril framework is noticeable (Table 8).

From the obtained data of *C NMR spectra of substances 10a—h, 11a—d, it is seen that the diester frag-
ments shield the signals of the carbon of C—C and C=0O groups by an average of 2 ppm.

In compounds 10a—d, 11a, b, d, the CS of C,—Cs carbons, due to their «Quaternary», are shifted to the
low-field up to 10 ppm on average and in the case of phenyl substituents at C;-Cs atoms in substances 10e—g,
I1cup to 15 ppm.

The drift of the CS of NH-groups of substances 10a—h directly depends on the nature of the substituent
at the C—C bond. Thus, electron-donating substituents in substances 10a—d cause a displacement of the CS
on average = 0.5 ppm relative to 1, and the inductive effect of electron-withdrawing substituents in substanc-
es 10e-h deshields the nuclei of NH group protons by 0.6—1.6 ppm relative to 1.

It is noteworthy, that acceptors at the 1, 5-C-substitution (10e—h) do not affect the shielding of C=0 in
BC NMR spectra as compared to the N-substitution (2f, g, 3d, 4c, e, Se—h, 6f, g, 7f), which probably indi-
cates the absence in this case of the formation of m-electronic «anisatropy cones» with an additional shielding
field.
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Table 8
Chemical shifts of symmetric 1,5-C-substituted glycolurils 10a—h and their diester
polycyclic derivatives 11a—d
o 0
HN3% ° 5NH /\N4)3J\2N
Ry —R, o R #1 ;\o
5 I~ /5 2
HN¢ _ 8 NH \/Ns\((m\/
O o}
10 11
Substituting group 'H NMR, ppm, (J/Hz) C NMR, ppm
No R, R, CH-CH NH CH-CH C=0
11" 5.24 7.16 (s. 4H) 64.60 160.30
1020+ CH, CH; 7.10 (s. 4H) 75.20 159.30
[34] 7.10 (S 2H) 69:80
10b H CH; 4.8 (s. 1H) 720 (5. 2H) = 160.30
[34] 7.10 (s. 2H)
10c CH, C,H; 720 (5. 2H) 77.80 159.70
104" -CH,CH,CH,CH,- 7.00 (s. 4H) 73.60 160.30
10eB% % CeHs CeHs 7.80.(s. 4H) 81.70 160.60
10£°! 3-CIC¢H, 3-CIC¢H, 7.98 (s 4H) 81.30 160.40
10g"! 4-CIC¢H, 4-CIC¢H, 7.88 (s. 4H) 81.20 160.30
10h"! CF; CF, 8.83 (s. 4H) 77.11 158.27
1120477 CH, CH, — 73.40 157.40
[34] . 73.40
11b CH; C,H; 7560 157.60
11c0% 77 CeHs CeHs — 79.00 158.00
11d"% —CH,CH,CH,CH,— — 72.20 158.00
Chemical shift range (A) 7.00-8.83 69.80-81.70 | 157.40-160.60

C,N-Substituted glycolurils. In considering particular cases — compounds 12a—k (Table 9) and 13a-r
(Table 10) with a mixed type of N- and C-substitution the ?C NMR spectra are the most informative for the
analysis of electronic properties and conformational changes in the glycoluril framework. In the presence of
an unsubstituted NH group, its signals in the PMR spectra are observed in the region of 5.91-6.19 ppm for
12a—k and 7.95-8.66 for 13a-r.

Table 9
Chemical shifts of 1,5-C-dimethyl-2,6-N-dimethylglycolurils 12a-k
T
L H NMR, ppm, 13
No Substituting group (J/Hz) C NMR, ppm
R, R, NH CH-CH C=0
2 3 4 5 6 7
117 - - 7.16 (s. 4H) 64.60 160.30
1248 H H | 591 1H) 7470 161.00
/U\ o 83.10 :
R A CH [39] 76.40 153.00
N7 2 ON—CM | 12b CH;CO H 6.00 (s. 1H) 78 50 15720
HaC > 1< CHs | 134 |CH,(CH,),COCH,CO|  H | 6.05(s. 1H) | 76.6076.71 giﬁ
R2 Y CH3 [39] . 76.20 152.60
12d CH;CH=CHCO H 6.13 (s. 1H) 7890 15710
[39] 76.60 152.80
3 301 78.60 152.60
12 (CH3)CCOCH,CO H 6.04 (s. 1H) 26.60 157.20
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Continuation of Table 9

1 2 3 4 5 6 7
(o]
JJ\ 12" | CH;C(OH)CH,CO H 6.19 (s. 1H) ;g;g g%(l)g
Rimy 7 3 3 y—"CHa (39] 76.90 153.00
] ¢ 120! | CH;COCH(CH3)CO H 5.94 (s. 1H) 78,90 15720
H3 CH3
; 1< 12i CH;CO CH:CO ; 77.30 153.10
i P 80.40
2 s . 78.40 152.80
12;8% (CH5);CCO CH,CO - 20,50 1538
A . .
Solvent 12k5 CH,=CHCO CH,CO ; 77.90 15300
CDCl, 80.50
Chemical shift range (A) 5.91-6.19 | 74.70-86.60 | 152.09-161.00
Table 10
Chemical shifts of 1, 5-C-diphenylglycoluril 13a—r
T
X L H NMR, 13
Ne Substituting group ppm, (I/H2) C NMR, ppm
R, R, NH CH-CH| C=0
4] 159.00
13a CH, CH, H 8.31(s.2H) | 83.70 | "
136" 82.64 |158.621
2] CH; CH; (CH,),OH 8.54 (. 1H) | o704 | 5056
21,
1343] CH, CH; CH,COOH 8.61 (s. 1H) gggg }2222
13d"" 83.00 | 158.64
pes CH; CH; CH,COOCH; 8.66 (5. 1H) | ¢7'o¢ | 15804
[21] 82.48 158.42
13e CH; CH; (CH,),NH(CO)CH; | 7.95(s. 1H) | >0 | (50’5
27] 83.00 | 158.40
. 13f CH, CH, (CH,),N(CH3), 849 (s. 1H) | &Z'o0 | 16100
/“\ 13g1%! CH,COOCH, CH,COOCH, 8.28 (s.2H) | 83.70 | 158.69
Ry, > S—Re | 1302 | CH,COOGH, H CH,COOCH, | 8.29 (s. 2H) ;Zgg 159.00
5
P > 1< Pl 1320 | (CH,),0H H (CH,),0H 8.16 (s. 2H) 23‘7‘;‘ 160.28
N6 8NH .
- 7
Rz -[21] 79.11 159.59
T 13j (CH,),0H H CH, 811G 2H) | 6905 | 160.09
21] gy 8.12(s. 1H) | 79.85 | 159.12
DK (CH,),0H H CH,COOPr-i | ¢'h6 (s, 1H) | 89.02 | 159.92
21] _ 7.98 (C. IH) 79.02
131 CH, H n-Bu 811 (s. 1H) | 89.04 159.65
21] . 79.37 | 159.10
13m CH, H COOPr-i 8.10 (. 1H) | g¢ua | 15036
[21] + 823 (s. 1H) | 79.33 |159.521
13n CH; H (CH,),NH (CH;),Cl 8.40(s. 1H) | 89.17 | 59.84
21] Py 8.04 (s. 1H) | 79.03
130 CH; H (CH,);COOPr-i 814 (s, 1H) | 89.07 159.63
1] 8.08 (s. IH) | 79.00 | 158.78
13p CH; H (CH,),CHCOOHNH, | ¢ "5 111y | 89.19 | 159.68
21] ¥ 79.37 159.10
13¢ CH; H COOPr-i 826 (. 1H) | our | 15036
13" [(CH,);COOCH, H (CH,);COOCH, 8.21 (s. IH) | 83.90 | 159.00
Chemical shift range (A) 7.95-8.66 7899'0709_ 115681’ 4000_
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It should be noted that in the analysis of the CS of 1,2,5,6-tetramethylglycolurils 12a-k, the solvent
plays an important role, because the spectra of these compounds were recorded in the CDCI; solvent and the
proton signals of unsubstituted NH-groups are shifted to the region of high-field (5.9-6.2 ppm) relative to 1,
due to the absence of interactions with the solvent. In this case, the effect of the solvent on the CS of carbon
atoms is negligible.

In 1,2,5,6-tetramethylglycolurils 12a—k, the CH-carbon signals are deshielded due to their «Quater-
nary», on average, by 10 ppm, and in N-alkylglycoluril 12a from the N-dimethyl substitution side, up to 22
ppm, relative to the CS of glycoluril 1. In this case, the positive mesomeric effect of methyl groups [22; 712]
«pushes out» an unshared pair of electrons from nitrogen atoms to generalize with the ring, partially hybrid-
izing neighboring C—C atoms to the sp” state.

The CS of the C=0 groups of compounds 12b-k (field interval from 152.1 ppm to 157.2ppm)-demon-
strate the presence of acceptor acylsubstituents as z-electron groups that create «anisatropy cones» (Fig. 4),
due to which shielding occurs of carbonyl carbon relative to 1 and 12a.

After analyzing the NMR data for compounds 13a-r (Table 10), it is possible to clearly determine the
presence of symmetry in the molecules and its type (' or ).

The CS of NH-protons of 1,5-C-diphenylglycolurils 13a—r appear singlet peaks and are shifted to a
low-field by 0.8—1.5 ppm relative to 1, which may be due to the electron-withdrawing effect of phenyl sub-
stituents. The effect of the latter is also clearly observed in unsubstituted at mnitrogen atoms
diphenylglycoluril 10e (Table 8, (7.80 ppm)).

Carbons of the methine group in substances 13a-r are deshielded at 14.4=24.6 ppm relative to 1, where
the largest shift of the CS of C5-carbon to the low-field region is observed from the 4, 6-N-substitution side.

Conclusions

The analysis of CS in the NMR spectra of glycoluril 1 and its derivatives 2—13 (86 compounds in total)
makes it possible to accurately identify the spatial symmetry configurations of glycolurils, in the presence of
which (¢' and/or 6°) one half of the molecule is a mirror image of the other, where the enantiotopic hydrogen
and carbon atoms of the bicyclic framework are manifested by equivalent signals.

In the NMR spectra of asymmetric derivatives of glycolurils, in particular N-monosubstituted 2, N-
trisubstituted 7, tricyclic derivatives 8 and glycolurils with a mixed type of N-,C,C-substitution 12, 13, it is
seen that the molecules lose the symmetry planes &' or 6~ and the equivalent CS of protons and carbons of
glycoluril bicycles manifest as nonequivalent peaks

Molecules 3 having one plane of symmetry's’ give equivalent signals of carbonyl carbons and singlet
signals of two unsubstituted NH-groups, but protons and carbons of the CH-CH fragment in such symmetric
molecules resonate in pairs. Glycolurils:with the symmetry plane o (4), on the contrary, are identified only
by nonequivalent CS of C=0-groups.

The CS of 'H and "C of the glycoluril framework of the symmetric molecules N-anti-5, N-tetra-6, and
C-substituted compounds 10, 11 are present in the NMR spectra in the form of equivalent singlet signals,
which indicates the presence of symmetry planes ¢' and 6* in the molecules.

In the presence of alkylsubstituents at the nitrogen atoms in the structures of the studied glycolurils 2—
13, the shielding'of €C=0rby 1-3 ppm relative to the signal C=0 glycoluril 1 is observed, which can be de-
termined by the effects of steric inhibition of conjugation in the amide fragment with a corresponding de-
crease in the order of the amide bond [44]. However, in the study of N-alkylglycolurils by the X-ray diffrac-
tion.method [45];, it was determined that nitrogen atoms with their unshared electron pairs participate in con-
jugation with C=0O groups and have a flattened geometry; therefore, N-C(Alk) bonds are almost coplanar to
the rings. In the presence of a decrease in the order of the amide bond, the coplanarity of this fragment
should probably be violated, as in the case of glycolurils with acceptor substituents [30, 46].

It was shown that for mono- (2) and disubstituted glycolurils (3, 4, 5) at nitrogen atoms, the positions of
the signals of unsubstituted NH groups in the NMR spectra are in the range from 7.0 ppm up to 9.9 ppm.

In the presence of electron-donating substituents in the structures of substances 2a—e, 3a—c, 4a, b, d,
5e-h, 7a—e, the shift of the CS of the NH-groups occurs in the range of £ 0.6 ppm. relative to 1, which indi-
cates a weak effect of substituents for inhibition of amide conjugation. And in the presence of acceptor sub-
stituents in substances 2f, g, 3d, 4¢, Se-h, 7f, the CS of the NH-group shifts in the low-field region. Moreo-
ver, the stronger the inductive effect of the acceptor, the farther the position of the signal in the PMR spec-
trum (up to 9.9 ppm, (5¢g, h), glycoluril 1 (7.14 ppm)). This fact is explained by a violation of the electron
density of the amide fragment (Fig. 2), where the substituents reduce the bond multiplicity and the unshared
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pair of electrons of the neighboring unsubstituted NH group is isolated from the plane of the imidazolinone
ring. Such regularities are also observed for 1, 5-C-substituted glycolurils 10, 12, 13, where electron-
donating substituents in substances 10a—d cause a shift of the CS of NH-groups on average +0.5 ppm, rela-
tive to 1. The negative inductive effect of electron-withdrawing substituents in substances 10e-h, 13a—r re-
distributes the electron density from imidazolinone rings, thereby the nuclei of NH-groups are deshielded by
0.6—1.6 ppm, relative to 1.

In the *C NMR spectra of compounds 2f, g, 3d, 4¢, Se-h, 7f, 12b—k, in which substituents with an
electron-withdrawing property are present, shielding of the C=0 signal to 18 ppm is observed, moreover, the
stronger its acceptor character, the signal C=0 shifts more to the region of a high-field. There are a number
of factors [47; 163] that can affect the shielding constant of the carbonyl fragment in glycolurils 2—13 of
which the most significant are the hybridization and resonance effects of substituents with magnetic-anisot-
ropy of neighboring groups. In the presence of an electron-withdrawing substituent at nitrogen atoms in the
glycoluril framework, more efficient hybridization of carbonyl carbon atoms to the sp” state-and in the C—N
fragment to the sp’ state occurs [48]. An additional effect is exerted by the circulation of electrons of elec-
tron-withdrawing substituents with the presence of z-bonds [23; 183], which leads to the appearance of addi-
tional fields or «anisotropy cones» (Fig. 4). This circumstance mainly depends on the geometry of the mole-
cule [24].

It should be added that the shielding of carbonyl carbon in the >C NMR spectra cortelates with the
C=0 bond length established by X-ray diffraction studies [18, 30, 32]. In compounds 5h and 6f, the nuclei of
carbonyl carbon atoms show the CS at 149.00 ppm and 151.58 ppm respectively, and the length of C=0
bond is on average 1.19 A, whereas the CS of the carbonyl carbon atoms of glycoluril 1 is 160.30 ppm, and
the length of the C=0 bond is 1.21 A. Thus, the results of NMR and X-ray diffraction studies of compounds
5h and 6f are consistent with each other and complement each other.

In compounds with electron-donating substituents at nitrogen atoms (in substances 2f, g, 3d, 4c, Se—h,
7f, 12b—K), deshielding of C—C-carbon signals on average by 10—22 ppm is observed, which also can be ex-
plained by the general redistribution of electron density in imidazolinone cycles. Thus, the enhanced electron
supply by electron-donating groups to nitrogen atoms:[22; 712] affects the possibility of pairing its unshared
pair of electrons with a five-membered cycle. Therefore, C-C-carbons can partially acquire the properties of
sp-hybridized atoms due to an increase in the electron density, which shifts the CS carbon in the field of
«molecular currents» or z-conjugated systems. In this case, a local paramagnetic contribution arises due to
the anisotropy of the electron density distribution on'/C—C carbons for which the CS is measured.

Around the C—C nuclei, an electron circulation occurs, which creates either a secondary magnetic field
in the same direction as the superimposed field, or a diamagnetic field that is weaker due to circulation re-
strictions, which makes a significant contribution to the CS of the CH-CH groups. A similar effect in the
case of other nuclei (N, F, O) is observed, in which the ground and excited states are closer in energy [50].

However, anisotropic electron circulation for CH-CH proton atoms in 2f, g, 3d, 4¢, Se-h, 7f, 12b-k,
substances is not observed, because the excitation energies of empty orbitals of a hydrogen atom with higher
energies are very high: The excited state is far removed from the ground one, and this effect can only make
an insignificant contribution to most the CS of protons [49; 163].

In a general analysis‘of the 'H and ?C NMR spectra of glycolurils 1-13, it is clearly seen that for any
type of N-,C-substitution, shielding of the carbonyl atom C=0O in the imidazolidinone ring is observed.

Thus,in this work, an analysis of the nuclear magnetic resonance for glycoluril derivatives was carried
out, where the NMR signals were characterized from the position of molecular symmetry and the nature of
the substituents:

The generalization performed makes it possible to distinguish between symmetric and asymmetric mol-
ecules, to distinguish impurity signals, which can often accompany the synthesis of bicyclic bisureas. Ac-
cording to NMR spectra, glycolurils with electron-withdrawing N-substituents by shielding the signals of the
carbon atom of C=0O groups and electron-donating N-substituents by deshielding of CH-CH-carbons can be
clearly distinguished.
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C:IO. [Nanpmmna, O.B. [Tonomapenko, A.A. bakubaes,
B.C. Manskos, O.A. Korenpaukos, A.K. TameHnoB

I'nuko/ypui skoHe OHBIH 6HIMIEPiH
"H sxone C SIMP CIIEKTPOCKOIHUA JNiCiMEH 3epTTey

TeTeponmKIIBIK KOCBUIBICTAp XMUMMSCHIHAA OWIMKIABI 39p KBIIKBUIIApHL, ocipece 2,4,6,8—terpa-
a3abunmkio[3.3.0.]Jokran-3,7-qmuon 1 (MIMKONMypHiI) epeKile OpblHFa He. [JHMKOIypus — MoJIeKyJia
KYpaMblHIa €Ki peakUusuIbIK OpTanbIKThiH (4 moHopisik Ton (—-NH) sxone 2 akuenropisl (C=0)) GonybiMeH
GailnaHpICTBl KypaMblHIAFbl KapOamuaTi QparMeHTi MOJICKyJaHblH KAaCHETIH aHBIKTAWTBIH IKapThUIail
(YHKIHOHATIB! KOCHITEIC. JKYMBICTA MIIHKOMYPHI XOHe OHBIH oHiMaepiHiH (86 kocsutsic) 'H xone *C SIMP
CIIEKTPIHJET] XUMUSJIBIK KO3FAIbICKa TAJAAy JKacajgsl. 3epTTey OapbICHIHAA OPHBIH aIMacTHIPYIIBUIAPIBIH
JIOHOPJIBIK-aKIENTOPIBIK KaCHETIHIH CHUMMETPHS KOHE aCCHMETpPHs IO3UIUSICHIHAH OMIMKIIB KapKacTarbl
SNEKTPOH/BIK THIFBI3IBIKKA ocepi aHbIKTangsl. Lukonypunmin 'H sxome C SMP chexrpinin aimbl
TaJlaMachl OMIMKIIBI KapKacTHIH CyTeri MEH KOMipKbIIIKBUIABIH AHAHTHOTONTHI aTOMAAPHl OajaMaiibl
CHTHAIIapMEH OCNTriIeHEeTIH MOJIEKy/la CHMMETPHSCHIHBIH KEHICTIKTeri KOHQHIYPAUMsIChIH HAKThI
aHplKTayFa MYMKiHIOiK Oepemi. CoHbiMeH Katap N-aJIMacThIPbUIFaH TIIMKONYPWIAbl KapkacTelH SIMP
crextpingeri 'H xone C XUMHSIBIK KO3Fanbic GofbHITa C=O-TONTHIH KOMIPTEK aTOMIAPHIH SKPaHIAy
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GoMbIHIIA IEKTPOH/IBI aKLIEITOPIIB OPBIH Oacymibuiapsl Oap riaukonypuiaepai xone CH-CH-kemiptexTepai
9KpaHJaMalThIH 3JIEKTPOH/IBI JOHOPJIBI OPBIH Oacylibulapbl 0ap INIMKOIypuiAepAil aifblpyra Oonazasl. Byn
AHU30TPOIHS CAJIapbIHAH JIEKTPOH/BI THIFBI3/BIK KaiTa OeiHill, JIOKaIbIi IapaMarHUTTI CalbIMIap.bIH
naiina Gonysna Gaitnansictsr. [muxonypunaepain 'H xone °C SIMP cnexTpinis skanmsl TaniaMachiaia N-,
C-anMacTeIpyasiH Kait Typinge OommaceiH C=0 kapOOHWIBAI aTOMHBIH HMMHJA30JIMIMHAI CaKWHazIa
9KpaH/AJIaTHIHEI aKBIH KOPiHEeTl.

Kinm co30ep: rmuxonypui, SIMP, XUMUSIIBIK KO3FaIbICTap, CHMMETPHS, SHAHTHOTOIITH aTOMIAp, SKPaHay,
skpanpanral, SAR tanpay.

C.IO. Nanpmmuna, O.B. ITonomapenko, A.A. bakubaes,
B.C. Manskos, O.A. Korenpaukos, A.K. TameHnoB

HccaenoBanne riiuKoJIypHuJia v €ro mNpou3BOAHBIX
MeTOoJaMHu "H u B¥C aMP CIIEKTPOCKONUHU

B XuMuHM reTeponMKINYECKUX COSIUHEHUH 0c000e MECTO 3aHUMAIOT OUIIMKINYECKHE MOYEBUHBI, & UMEHHO
2,4,6,8—Tterpaazaburukiio[3.3.0.]Jokran-3,7-11oH (rauxomypui). ['mukonypun — nonnpyHKIHOHAIBEHOE CO-
e/IMHeHHEe, B KOTOPOM KapOaMUIHbIH ()parMeHT onpeessieT CBOHCTBA MOJIEKYJIbL, 00yCAOBICHHbIC HATMYHEM
JIBYX PEaKIMOHHBIX LIEHTPOB B cocTaBe MoJeKyisl (4 nonopHsle rpynmsl (-NH) u 2 akgenropssie (C=0)). B
JTAHHOW paboTe MPOBEJICH aHAN3 XHMHUYECKUX CIABHIOB B CIICKTPaxX '"H u 3C aMP TJIMKOJIYPHJIA B €rO Mpo-
HM3BOJIHBIX (86 COCNMMHEHUIT), /IS BBISIBICHHS BIUSHHS JIOHOPHO-AKIICITOPHOLO XapakTepa 3aMecTUTEIeH Ha
W3MEHEHUSI 3JICKTPOHHOH TUTOTHOCTH B OUIIMKIIMYECKOM KapKace ¢ IMO3UIHH CAMMETpUH B accumerpun. O0-
UM aHaJIu3 CIEKTPOB 'H u BC IMP TJIUKOJIYPUIIOB TI03BOJISICT TOYHO BBISIBUTH TIPOCTPAaHCTBEHHBIC KOH(H-
rypaiui CHMMETPUU MOJICKYJI, IPU HAJTMYUH KOTOPOH (01 W/unu (52), 3HaHTHOTOIHBIE ATOMBI BOJIOPOJA U YT-
nepoja OMIMKINYECKOTO KapKaca NpOsIBISIOTCA SKBUBAJICHTHBIMU CUTHalaMu. Takke M0 XMMHUYECKUM CABU-
ram 'Hu ®C B cnekrpax AMP N-3aMel1eHHOro TIMKOJYypPHIIBHOIO KapKaca MOXHO YETKO pa3ivMyaTh INIMKO-
JYPWIbI C JIEKTPOHOAKIIENTOPHBIMU 3aMECTUTESIMU 110 SKPAHUPOBAHUIO aTOMOB yriepoxa C=O-rpynm u
AJIEKTPOHOIOHOPHBIMH 3aMECTUTEISIMU 10 Ae3dkpanupoBannto CH-CH-yrieposoB, 4To 00ycIoBIIEHO mepe-
pacnpezeneHueM 3IeKTPOHHON IJIOTHOCTU U BO3HUKHOBEHUEM JIOKAJbHBIX MapaMarHUTHBIX BKJIAJIOB BCIIE-
crBue anm3oTpormu. [Ipu obmem aHammze criekTpos SIMP "Hu C TJIMKOJIYPHJIOB OTYETIMBO BHJHO, YTO
mpu Jo6oM ture N-, C-3amerneHns Ha0IoaaeTcst KpaHHuPOBaHue kapOooHmIbHOTo atoMa C=0 B UMHIa30-
JIMAUHOHOBOM KOJIBIIC.

Knouesvie crosa: rnuxonypui, IMP, XumAuecknue ¢ABATH, CHMMETPHS, SHAHTUOTOITHbIE aTOMBI, SKPAaHUPO-
BaHMe, Ae33kpanupoBanue, PCA anann3:
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