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The features of nucleophilic
substitution of the nitro group in
4-alkyl-6-nitro-1,2,4-triazolo[5,1-c][1,2,4]triazines

The nucleophilic substitution of the nitro group of 4-alkyl-6-nitro-4,7-dihy-
dro-1,2,4-triazolo[5,1-c][1,2,4]triazine-7-ones on the example of interaction
with morpholine was studied. It is established that under the action of excess
cycloalkylimine at room temperature the unusual easy disclosure of triazine cycle
with the formation of sterically hindered hydrazones occurs which are the key
intermediates for further transformations. The carrying of reaction at elevated
temperatures leads to the formation of products of substitution of the nitro group
with the amine and also with morpholyl hydrazones which are the products of
hydrolysis of amides of hydrazones and subsequent decarboxylation. Thus, the
nucleophilic substitution of the nitro group in the described triazolotriazines
flows through the ANRORC mechanism.
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0co6eHHOCTN HYKNeo(hUnbLHOro 3aMeLyeHus
HUTpoOrpynnsbl B 4-ankun-6-uutpo-1,2,4-
Tpuasono[5,1-c][1,2,4]rpnasuHax

WccnepoBaHo HykneouibHOe 3aMelleHe HUTPOrpynnbl B 4-ankun-
6-HWTpOo-4,7-purnapo-1,2,4-tpuasono[5,1-c][1,2,4]TpuasnH-7-oHax Ha npumepe
B3aMMOAENCTBMS C MOPHO/IMHOM. YCTaHOB/IEHO, YTO Nof AeiCTBMEM U36bITKa
LIMKM0aNKWIIMMWHA NPV KOMHATHOW TemnepaType NpoucXoauT HeobbIYHO nierkoe
pacKpbITVE TPUA3MHOBOO LMK C 06pa3oBaHNEM NPOCTPAHCTBEHHO 3aTPYAHEH-
HbIX FMOPa30HOB — KMIOYEBbLIX MHTEPMEAMATOB A1 AASIbHEMLWMX NPeBpaLLeHni.
MpoBeneHre peakLym Npu NOBLILIEHHBIX TEMNEPATYPax NPUBOANT K 06pa3oBaHmio
NPOAYKTOB 3aMeLLEeHNst HUTPOrpynbl aMUHOM, A Take MOPMOMArLPa30HOB —
NPOAYKTOB r’MAPO13a aMMAO0B MMAPA30HOB M NOCedyoLEero aekapbokcnamnpo-
BaHwWs. Takum 06pa3oM, HykneounbHoOe 3aMeLLeHre HUTPOrpynnbl B ONUCAHHBIX
TpuasonoTtpuasuHax npotekaet no mexaHmamy ANRORC.

KnioueBble cnoBa: HykneodunbHoe 3amelyermne; ANRORC; npespatuerve 4-ankun-6-tutpo-1,2,4-
Tpuasono[5,1-c][1,2,4]1puasuH-4-0HoB; MOPHONMH.

Moctynuno: 13.02.2017; npunsaro: 20.02.2017; onybnunkosaHo: 14.04.2017.

© Ulomsky E. N., Lyapustin D. N., Fedotov V. V., El'tsov O.S.,
Sapozhnikova I. M., Kozhevnikov D. N., Mukhin E. M., 2017

Introduction

The nucleophilic substitution of
easily leaving groups is one of the major
synthetic approaches in the construction
of organic compounds. The principles of
nucleophilic heteroaromatic transforma-
tions are few and well known. The first of
the conventional mechanisms of the type
SNHet is ipso-substitution of easily leaving
groups and hydrogen [1, 2]. Another variant
of the substitutive functionalization on the
principle of FGI are the transformations
on arine mechanism (E, A) [3, 4]. Finally,
chronologically the last of the studied pro-
cesses of substitution by nucleophiles is
ANRORC - multistage process involving
in the first stage the disclosure of azine by
nucleophile [5]. In fact, the disclosure of
azines under the action of N-nucleophiles
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are not uncommon [6-8], however not all
of these transformations culminate in the
substitution of leaving group and reverse cy-
clization. In the present work we have given
the results of the study of the main stages of
the transformation of 4-alkyl-6-nitro-1,2,4-
triazolo[5,1-c][1,2,4]triazine-7-ones under
the action of morpholine and the nature of
substitution of the nitro group according to
the ANRORC type was installed.
Previously, we described the reaction
of 4-alkyl-6-nitro-1,2,4-triazolo[5,1-c]
[1,2,4]triazine-7-ones in the substitu-
tion of the nitro group under the action
of N-, O-, S - and C-nucleophiles [9], but
the sequence of transformations remains
obscure. In this study we investigated the
features of substitution of nitro group in



4-alkyl-6-nitro-1,2,4-triazolo[5,1-c][1,2,4]
triazine-7-ones (1) containing methyl (1a)
and tert-butyl fragments (1b) in the cycle
triazine, creating a minimum and maxi-
mum steric effect to determine its effect
on the reaction.

The nucleophile was used N-morpho-
line as the least reactive reagent, allowing
us to identify key intermediates. We have
found that under the action of three-fold
excess of morpholine at room temperature
the unusual for stable nitrous heterocycles
disclosure of triazine cycle with the forma-
tion of adducts with the structure of the
hydrazones (2) occurs.

The compounds (2) are sustainable,
so that their structure is set on the basis
of NMR spectroscopy data and elemental

(e}
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a R=Me, b R=t-Bu

analysis (see experimental part). On the
other hand, to obtain the holistic integral
data of chromatography-mass spectrometry
for compounds (2) failed because the hy-
drazones are converted to the parent com-
pounds (1) and this occurs in the conditions
column chromatography on silica gel.

A common feature of the '"H NMR
spectra for compounds (2) is the unusual
differentiation of the proton signals of the
amide fragment, where all eight protons are
magnetically nonequivalent (Fig. 1). Such
spectral pattern is determined first of all
by the peculiarities of the spatial structure
of the whole hydrazone fragment of the
compounds (2).

Another common feature for the hy-
drazones (3) is the differentiation of signals
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Fig. 1. The fragment of 'H NMR spectrum of 1’-(1%,24”-triazolyl-3”)-1’-tert-butylhydrazone-1-
morpholinyl-2-nitroethanone morpholine (2b)
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morpholine-amide fragment in the spec-
trum of *C NMR. The number of carbon
resonance peaks in the spectrum belong-
ing to this doubled fragment (Fig. 2) are
doubled.

The spectral correlation pattern
HMBC of 'H-*CNMR of hydrazone (3b)
confirms the attributed structure, because
obviously the interaction of protons of
morpholine-amide fragment as with
unequal C-atoms cycloalkylamine as and
carbonyl (Fig. 3).

Another aspect of the studied transfor-
mations was the nucleophilic substitution
of the nitro group. Thus, the heating of tri-
azolothiadiazoles (1) in excess morpholine
leads to the formation of two products (3)
and (4) in comparable proportions.

—6722
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The data of chromato-mass spec-
trometry of the reaction masses show the
presence of the N-nitrosomorpholine,
the product of substitution of the nitro
group (3) and product of substitution
of decarboxylation (4). The structure of
4-alkyl-6-morpholyl-1,2,4-triazolo[5,1-c]
[1,2,4]triazine-7-ones (3) is set based on
the data of "H NMR spectroscopy and el-
emental analysis (see experimental part).
The structure of 1’-(17,2"4”-triazolyl-3”)-1-
alkylhydrozonomorpholylmethane (4) is
also identified on the basis of data 'H NMR
spectroscopy and elemental analysis (see
experimental part). In the '"H NMR spectra
of compounds (4) is the characteristic reso-
nant peak in region 7,7 m. d. correspond-
ing to the resonance of formyl proton, a
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Fig. 2. The fragment of the *C NMR spectrum of 1’-(17,2”,4”-triazolyl-3”)-1’-tert-
butylhydrazine-1-morpholinyl-2-nitroethanone morpholine (2b)
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singlet proton of the triazole (8 7.5 m. d.)
and a broadened signal of heterocyclic NH
group (8 12 m. d.). The possibility of forma-
tion of hydrazone (4) is due to two features
of the reaction mechanism, including the
disclosure of triazolothiadiazole struc-
ture and the allocation of water under the
formation of nitrosomorpholine, causing
hydrolysis of the amide (2) followed by
decarboxylation.

The experimental part

NMR spectra 'H and *C were record-
ed on the spectrometer Bruker Avance II
spectrometer (400 MHz for 'H and *C)
in DMSO-D,, internal standard for 'H
NMR spectra is TMS. Elemental analyses
were performed on SSPA automatic ana-
lyzer «Carlo Erba 1108». IR spectra were
recorded on the Fourier-IR spectrometer
«Bruker Alpha, ZnSe». The data on gas
chromatography-mass spectrometry were
obtained on a gas chromatography-mass
spectrometer «GCMS-QP2010 Ultra» (Shi-
madzu, Japan, 2013). Monitoring for the

Thus, it is established that the nucleo-
philic substitution of the nitro group in
4-alkyl-6-nitro-1,2,4-triazolo[5,1-c][1,2,4]
triazine-7-ones is not the type of ipso-
substitution and in accordance with the
ANRORC mechanism, including the dis-
closure of triazine cycle under the action of
nucleophile, substitution of the nitro group
with the formation of nitrosomorpholine
and subsequent cyclization.

progress of reactions and purity of syn-
thesized compounds was performed by
TLC on plates «Sorbfil» (firm ZAO «Sorb-
polimer») in the system ethyl acetate. For
preparative column chromatography the
same eluent and silica gel Sigma-Aldrich
60 A were used. 4-Methyl-6-nitro-4,7-dihy-
dro-1,2,4-triazolo[5,1-c][1,2,4]triazine-7-it
is obtained by the method described in [10].

4-tert-Butyl-6-nitro-4,7-dihydro-1,2,4-
triazolo[5,1-c][1,2,4]triazine-7-one (1b)

20 mmol of 6-nitro-4,7-dihydro-1,2,4-
triazolo[5,1-c][1,2,4]triazine-7-one in 10 ml

1 (Ma)

Fig. 3. The fragment of the HMBC correlation spectrum 'H-C NMR of compound (3b)
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trifluoroacetic acid were suspended, 20
mmol of tert-butanol were added and were
heated with the reflux condenser at 80°C
within 2 hours. The solution is evaporated
in vacuum, 10 ml of ethanol added and
again evaporated. The residue was triturated
with 15 ml of tert-butylmethyl ether, filtered
and dried. Yield 2.4g (46 %).

The 'H-NMR spectrum, §, m.d.: 1.77
(9H, s, 4-C(CH,) ); 8,63 (1H, s, 2-N).
The *C NMR spectrum, §, m. d.: 13,60
(C2)); 42,42 (C1’); 140,94 (C-NO); 141,85
(C=0); 152,36 (C3a); 166,99 (C2).

The IR spectrum v, cm™: 3125, 2999,
2948, 1737, 1549, 1522, 1466, 1447,
1355, 1263, 1229, 1173, 1151, 987, 920,
889, 793, 758, 743, 723, 704, 639, 517.
The mass spectrum m/z: m/z: 238 (M+),
223,208, 180, 166, 152, 108, 96, 70, 57, 41.

Elemental analysis (calculated molecular
formula, found, %): C - 40,34; H - 4,20;
N -35.29; 0-20.17. C,H,N,O,. C - 40,50;
H-4,09; N -35,32; O - 20,09.

1’-(1%,2”,4”-Triazolyl-3”)-1’-methylhy-
drazono-1-morpholinyl-2-nitroethanone
morpholinium (2a)

A mixture of 2.5 mmol (1a) and 7.5
mmol morpholine was stirred at room
temperature for 15 minutes. 3 Ml of
tert-butylmethyl ether was added and
filtered. The yield of 0.81 g (86,5 %).
The '"H-NMR spectrum, 3, m. d.: 2,68 (4H, t,
N-CH.); 3,29-3,72 (8H, m, N-CH,-CH,-O);
3,50 (4H, t, CH,-0), 3,66 (3H, s, 1'-CH);
8,41 m.d. (1H, s, 2-H).

The *C NMR spectrum, §, m. d.: 38,15
(N-CH,), 41,87; 46,44 (O=C-N-CH -CH -
0); 45,06 (C3'); 65,29; 65,36 (O=C-N-CH. -
CH -0); 66,20 (C2'); 135,44 (C-NO,);
144,95 (C5"); 158,93 (C=0); 161,08 (C31).

The IR spectrum v, cm™: 2963,
2917, 2858, 1924, 1652, 1599, 1566,
1524, 1430, 1322, 1274, 1253, 1215,
1115, 1094, 1011, 939, 887, 861,
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847, 820, 723, 694, 665, 612, 564.
Elemental analysis (calculated molecular
formula, found, %) C - 42,16; H-5,95; N -
30,27; O -21,62. C,,H_N,O.. C - 42,03;
H-5,87; N-30,35; O - 21,75.

1’-(1,2",4”-Triazolydyl-3”)-1’-tert-bu-
tylhydrazone-1-morpholinyl-2-nitroetha-
none morpholinium (2b)

The mixture of 3 mmol (1b) and 9 mmol
morpholine at room temperature were
stirred for 15 min, 5 ml of tert-butyl methyl
ether were added and filtered. The yield of
0.84 g (67,8%).

The 'H-NMR spectrum, 5, m. d.: 1,39
(9H, 5, 4-C(CH,),); 2,70-3,76 (16H, m, N-
CH,-CH -0); 2,72 (4H, t, N-CH); 3,52 (4H,
t, CH,-O); 8,44 m.d. (1H, s, 2-H).

The *C NMR spectrum, 5, m. d.: 28,32
(C2'™); 41,53; 46,56 (O=C-N-CH -CH._-
0); 45,99 (C3Y); 64,13 (C1'); 65,48; 65;63
(O=C-N-CH-CH -0); 67,22 (C2"); 135,47
(C-NO); 145,38 (C5"), 156,27 (C31), 157,35
(C=0).

The IR spectrum, v, cm™: 2978, 2853,
2730, 2208, 2165, 1645, 1585, 1455, 1309,
1279, 1197, 1109, 1019, 877.

The mass spectrum m/z (intensity, %):
C327 (M+) 281, 252, 196, 140, 113, 110, 84.

Elemental analysis (calculated molecular
formula, found,%): C - 46,60; H - 6,80; N -
27,18; 0 - 19,42. C, H, N.O_. C - 46,66;
H-6,83; N -26,07; O - 20,44.

4-Methyl-6-morpholin-4,7-di-
hydro-1,2,4-triazolo[5,1-C][1,2,4]
triazine-7-on monohydrate (3a) and
1’-(1%,2”,4”-triazolyl-3”)-1’-methylhy-
drozonomorpholylmethan (4a).

The mixture of 2 mmol of (1a) and 6
mmol morpholine refluxed for 5 h. When
added to the reaction mass 10 ml of a mix-
ture of chloroform: tert-butylmethyl ether
(1:1) precipitated the product (4a) is fil-
tered. The filtrate is evaporated in vacuo, the
products are separated by chromatography.



4-Methyl-6-morpholyl-4,7-di-
hydro-1,2,4-triazolo[5,1-C][1,2,4]tri-
azine-7-on monohydrate (3a) The "H-NMR
spectrum, 8, m. d.: 3,43 (4H, t, CH,-N); 3,78
(4H, t, CH,-0); 3,91 (3H, s, 4-CH); 8,09
(1H, sc, 2-H).

The C NMR spectrum: 40,51 (N-CH,);
47,94 (N-CH,); 65,59 (CH,-0); 143,48 (C6);
146,79 (C=0); 151,13 (C3a); 153,83 (C1).

The mass spectrum m/z (intensity,%):
236 (M+), 209, 193, 179, 151, 123, 110, 96,
83, 69.

Elemental analysis (calculated molecular
formula, found, %): C - 45,71; H-6,67; N -
40,00; 0 - 7,62. C;H, N.O *H 0. C - 42,48;
H-5,59; N -33,00; O - 18,93.

I’-(1”,2”,4”-triazolyl-3”)-1’-methylhy-
drazonomorpholylmethan (4a).

The 'H-NMR spectrum, 5, m. d.: 3,21
(3H, s, I'-CH,); 3,31 (4H, t, CH -N); 3,64
(4H, t, CH,-0); 7,29 (1H, 5, 5"-H); 7,59 (1H,
s, C-H); 12,10 (1H, br. s, NH).

The *C NMR spectrum, §, m.d.: 37,13
(N-CH,); 45,97 (N-CH,); 65,71 (CH,-O);
149,17 (C5); 151,13 (C1M); 158,80 (C3Y).

The IR spectrum, v, cm™: 2970, 2858,
1615, 1567, 1509, 1272, 1236, 1217, 1161,
1113, 1070, 1030, 1009, 950, 739, 615.

The mass spectrum m/z (intensity, %):
210 (M+) 124,98, 97, 70, 56, 42, 41.

Elemental analysis (calculated molecular
formula, found, %): C - 45,71; H - 6,67;
N - 40,00; O - 7,62. C,H, N,O. C - 45,59;
H-6,57; N-40,07; O - 7,77.

4-tert-Butyl-6-morpholyl-4,7-
dihydro-1,2,4-triazolo[5,1-c][1,2,4]
triazine-7-one monohydrate (3b) and
1’-(17,2”,4”-triazolyl-3”)-1’-tert-butyl-
hydrazonomorpholylmethan (4b)

Make a mixture of 2 mmol (1b) and 6
mmol morpholine and is boiled for 5 hours.
The reaction mass is evaporated to dry-
ness in vacuum. The products are separated
chromatographically on silica gel.

4-tert-Butyl-6-morpholyl-4,7-di-
hydro-1,2,4-triazolo[5,1-c][1,2,4]tri-
azine-7-one (3b).

The 'H-NMR spectrum, §, m.d.: 1,27
(9H, s, C-(CH,),); 3,36 (4H, t, CH,-N); 3,65
(4H, t, CH,-O); 8,12 (1H, sc, 2-H).

The mass spectrum m/z (intensity, %):
278 (M+), 222,207,195, 179, 165, 137, 111,
82.

Elemental analysis (calculated molecular
formula, found, %): C - 48,65; H - 6,76;
N -28,38;0-16,22.C_H,N.O *H O.C-
48,59; H - 28,42; N - 28,42; O - 16,25.

I’-(17,2”,4”-triazolyl-3”)-1’-tert-butyl-
hydrazonomorpholylmethan (4b).

The 'H-NMR spectrum, 5, m.d.: 1,26
(9H, s, I’-C(CH,),); 3,35 (4H, t, CH,-N);
3,61 (4H,t, CH,-0); 7,52 (1H, 5, 5”-H); 7,73
(1H, s, C-H); 12,04 (1H, br.s., NH).

The *C NMR spectrum, §, m. d.: 27,48
(C2'); 45,64 (N-CH,); 59,16 (C1™); 65,81
(CH,-0); 149,35 (C3"); 159,58 (C5"); 163,25
(C1%)

The IR spectrum, v, cm™: 2971, 2860,
1610, 15541533, 1502, 1237, 1199, 1112,
1068, 1030, 962, 870, 726, 645.

The mass spectrum m/z (intensity, %):
252 (M+), 196, 195, 140, 113, 110, 84, 83,
57.

Elemental analysis (calculated molecular
formula, found, %): C - 52,38; H - 7,94;
N-33,33;0-6,35.C, H N.O.C-5229

200 6

H-8,02; N-33,41; O - 6,28.
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Beepenue

HyxeodunbpHoe 3amMelljeHye 1erko-
YXOAALIUX TPYIIN ABIAETCA OJHUM U3
B)KHENIINX CMHTETNYECKNX ITO/IXOI0B
B IOCTPOEHUY OPTaHIYECKUX COeIMHEHUIL.
[TpyHIMIIBI HYK/TeO(UIBHBIX TeTepoapo-
MaTUYeCKUX IpeBpallieHNI HeMHOT 04 -
CJIEHHBI ¥ XOPOILO M3BeCTHBL. [IepBbIM 13
o01enpUHATHIX MeXaHU3MOB Tuma S Het
ABIIACTCA UICO-3aMellleHMe JIeTKOYXO -
VX TPyNI 1 Bogopozpa [1, 2]. Ipyrum
BapUaHTOM 3aMeCTUTENIbHOI PyHKIMO-
Haymm3anyy no npyHunny FGI asnaoTca
IpeBpalleHNs 10 APVHOBOMY MeXaHU3MY
(E, A) [3, 4]. HakoHe1, XpOHOTIOTMYeCKI
MOC/IeIHUM U3 MICC/IeOBAaHHBIX IpOLiec-
COB 3aMellleHNs HyK/IeopuIaMi ABJIAeTCA
ANRORC - MHOTOCTagUITHBII IpoLecc,
BK/IIOYAIOLMII HA IIEpBOM CTaJUN pac-
KpbITHE asuHa HykneodunioM [5]. B meii-
CTBUTEBHOCTYU PACKPBITHE A3MHOB IIPU
merictByy N-Hykneo(umiaMu BCTpedaeTcs
Hepeniko [6—8], ofHaKO He BCe 3TU IIpeB-
pallleHNs 3aBepLIAIOTCA 3aMellleHNeM YXO0-
IALIelT IPYIIIbI ¥ 00PaTHOI LVIK/IM3aIIVelt.
B HacTosA1elt paboTe HaMM IIPUBE/IEHbI
pe3y/IbTaThl UCCIeOBaHNA OCHOBHBIX 9Ta-
II0B IIpeBpalleHns 4-anKui-6-uutpo-1,2,4-
tpnasono[5,1-c][1,2,4] TprasuH-7-HOB 0K
mericTBMeM MOP(OIMHA U1 YCTAaHOBJIEH Xa-
paKTep 3aMellleH)sA HUTPOTPYILILI 110 TUITY
ANRORC.

Panee HaMM onMcaHbl peakuuy 4-an-
KMUI-6-Hutpo-1,2,4-Tpuasono[5,1-c]

(0]
N<p NO2 (\O
< P
+
NA\N/N HN
lab Il?

aR=Me, b R=t-Bu

18

4
|
R

In Russian

[1,2,4]TpmasuH-7-HOB B 3aMelleHNN HU-
TpOrpymnmsl mof geiictsuem N-, O-, S- u
C-nyxneo¢puos [9], ogHako cama mocre-
IOBaTe/IbHOCTD IIPEBPalleHNI 0CTanach
HeO4eBU/IHOI. B HacTosielt pabote Hamm
UCCIENOBaHbI OCOOEHHOCTI 3aMel[eHs
HUTPOTIPYNIBI B 4-aNKNUI-6-HUTPO-1,2,4-
tpnasono(5,1-c][1,2,4] Tpnasun-7-uax (1),
COfIep>KallX B TPMA3MHOBOM LIMKJIE Me-
TUbHBIL (1a) u mpem-6yTUbHBL Ppar-
MeHTHI (1b), co3ammmux MMHUMAaIbHbII
Yl MaKCUMaJIbHBII cTepuyuecKuii addext
IJIsL OIpefie/ieHNs eT0 BAVSIHI Ha IPo-
TeKaHMe PeaKIuiL.

B xagectBe N-HyK/1eodnIa KCIONb-
30BaH MOP(QOINH KaK HaMeHee pPeaKLn-
OHHOCIIOCOOHDII PeAreHT, TI03BOISIIOIMI
BBIJIe/INTD K/TIOYeBbIe ITOTTYIIPORLYKTHIL.

Hamu ycTaHOB/IEHO, YTO TIO7 JieliCTBIEM
TPEeXKpaTHOTO 136bITKa MOpdonNHa Ipu
KOMHATHOJI TeMIlepaType IPOVCXONNUT
HeOOBIYHOE /IS CTAOMIbHBIX a30TUCTBIX
reTePOLMKIIOB PAaCKPBITIE TPUA3WHOBO-
o IMKJIa ¢ 06pa3oBaHueM aJ[yKTOB CO
CTPYKTYPOIl TUPa30HOB (2).

CoenuHeHus (2) ABNATCA YCTOM-
YYBBIMY HACTOJ/IBKO, YTO UX CTPYKTypa
yCTaHOBJIEHAa HA OCHOBaHUU JaHHBIX IMP
CIIEKTPOCKOIINI U 3TIEMEHTHOTO aHaIn3a
(cM. akcrIepyMeHTa/IbHYIO YacThb). C pyroit
CTOPOHBI, TIOJIYYNTh IJI COeMHeHu (2)
L[e/IOCTHbIE JJAHHbIE XPOMATOMACC-CIIEKTPO-
MEeTPIU He YATI0Ch, TIOCKOJIbKY TMIPa3OHbI
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[PeBPALIAIOTCA B MCXO[HbIE COeNMHEHNA
(1), 9TO IPONCXOAUT U B YCTIOBUAX KOJIO-
HOYHOJI XpoMaTorpadui Ha CUINKaresIe.

OO611eit 0co6eHHOCTHIO CrieKTpoB 'H
SMP pna coeguHennii (2) sABnsgercs He-
o6bruHast fuddepeHIanys IpOTOHHBIX
CUTHAJIOB aMUIHOTO (pparMeHTa, Ije Bce
BOCEMb IIPOTOHOB OKa3bIBAIOTCS MATHUTHO
HeaKBVBa/IeHTHHI (puc. 1). Takas crexr-
panbHas KapTuHa 00yC/IOBIEHA, CKOpee
BCET0, 0COOEHHOCTAMM IIPOCTPAHCTBEHHOIT
CTPYKTYPBI BCETO IMPa3oOHHOTr0 (parMeH-
Ta coequHeHmit (2).

Hpyroit 061111 0cCO6EHHOCTBIO I
ruapasoHoB (3) sssercs guddepeHiu-
alys CUTHATIOB MOPQO/IMHOBOIO aMU/JHOTO
¢dparmenta B ciektpe *C SIMP. Konnue-
CTBO YIJIEPOJIHBIX Pe30HAHCHBIX IMKOB

B CIIEKTpe, IPUHAMIEXAINX 9TOMY (par-
MEHTY, YABOeHO (puc. 2).

CrekTpanbHasi KOpPEIALIMOHHAS Kap-
tuaa HMBC 'H-2C SIMP ruppasona (3b)
HOITBEPXK/IAeT IPUIMICHIBAEMOE CTPOEHIE,
IIOCKOJIBKY O4€BUIHO B3aMMOJ eI ICTBIE
IPOTOHOB MOP(OIMHOBOTO aMUIHOTO
(dbparmeHTa Kak C HEKBMBaJIEHTHBIMI
C-aToMaMy UUMKIOATKUAKNMUHA, TaK
u ¢ kap6oHmntoM (puc. 3).

CregyIouinmM acIieKTOM VCCTIefOBaH-
HBIX [PEeBPALIeHNIT CTa/I0 HYK/Ieo(QUIbHOe
3aMelljeHIe HUTPOTPYIIbL. Tak, HarpeBa-
Hue TpuasonoTpuasuHos (1) B u3bpiTke
MopdonnHa IPUBOAUT K 0OPa30BAHUIO
IBYX NpOAyKTOB (3) 1 (4) B conamepumMom
COOTHOIIEHIA.

o 0 (\o (\o
/N\N)j\l(Noz erll/\\)o /N\N)kl(N\) N<NH I/N\)
<N)\T/N b.p. <NJ\N/N . i </N¢I\N/N|
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Puc. 1. ®parment cnexrpa 'H AIMP 1'-(17,274”-rpuasommnpun-3”)-1"-mpem-6y TUATnpasoHO-
1-Mopdonuuun-2-HuTpoataHona Mopdomuuus (2b)
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JlaHHbIe XpOMaTOMACC-CIIEKTPOMETPUY  Ta 3aMellleHNs — IeKapOOKCHMIPOBaHNA
PEaKIVIOHHBIX MacC IOKa3pIBalOT NpUcyT-  (4). Crpoenue 4-anknn-6-mopdommnl,2,4-
crBre N-HUTpo3oMopdonnHa, IpoayKra  Tpuaszonol5,1-c][1,2,4]rpuasun-7-oHoB
3aMelleHN s HUTporpynnsl (3) u npopyk-  (3) yCTaHOBJIEHO Ha OCHOBAHUY JaHHBIX

i 83 i3 3 faevo
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F-1E407
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Prc. 2. ®parmenr criekrpa PC SIMP 1’-(17,274”-rpuasonupui-3)-1’-mpem-6y TunrugpasoHo-
1-MopOMMHNI-2-HUTPO3TaHOHA MOpdommums (2b)

f1 (Mp)

Puc. 3. ®parment koppenayonHoro crekrpa HMBC "H-"C JIMP coepunenus (3b)
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'H SIMP CrieKTpOCKOIINY 11 97IeMEHTHOTO
aHa/mmu3a (CM. 9KCIePUMEeHTA/IbHYIO 4acTh).
Crpykrypa 1’-(17274”-Tpnazonun-3”)-1’-
AIKUITUAPa3oHOMOpdonnIMeTaHoB (4)
TaIOKe OIIpefie/ieHa Ha OCHOBAHUY JAHHBIX
'H SIMP crieKTpOCKOIINY 11 97IeMEHTHOTO
aHa/mu3a (CM. 9KCIePUMEHTA/IbHYIO YacTh).
B cnekrpax 'H SIMP coenuuenuii (4) mpu-
CYTCTBYIOT XapaKTePHBI/1 pe30HaHCHBII
MK B 0671acTy 7, 7 M. JI., COOTBETCTBYIOLINIA
pe3oHaHcy GOPMMIBHOTO IIPOTOHA, CUH-
I7IeT TPMUA30IbHOTO poToHa (8 7,5 M. 11.)
U YLIVPEHHBII CUTHAT TeTePOLIMK/IIYeCKOI
NH rpynmst (8 12 M. z1.). BoamoxxHOCTD
obpasoBaus rupasona (4) o6bsCHsIETCA
IBYMsI OCOOEHHOCTSIMI MeXaHM3Ma peak-

JKcnepuMeHTaNbHaA YacTb

Cuexrpsl IMP 'H u C nony4ens! Ha
npubope «Bruker Avance II spectrometer»
(400 Mru g '"H n PC) B IMCO-D,,
BHYTPEHHMIT CTaHAApT A1 ciuekTpos 'H
SAMP - TMC. DneMeHTHbIE aHAM3bI OBUTU
npoBezieHbl Ha aBToMarndeckom CHNO
ananmsatope «Carlo Erba 1108». VK cnexk-
Tpbl 3amcanbl Ha VIK-Oypbe cnexrpo-
Metpe «Bruker Alpha, ZnSe (HIIBO)».
JlaHHBIe TT0 XpOMaTOMAacC-CIEKTPOMETPUM
MOJTy4eHbI Ha XpPOMaTOMacC-CIIeKTpOMe-
tpe «GCMS-QP2010 Ultra» (IlInmanay,
Smonms, 2013). Koutposnb 3a xomom pe-
AKIIMIT ¥ YMCTOTON CMHTE3MPOBAHHBIX
COeVIHEHUI OCYIeCTBIIAIN C IIOMOIIbIO
TCX na mractuakax Sorbfil (pupma 3A0
«Copbrnionumep») B CUCTEMe THIIALE-
taT. [I14 penapaTuBHOI KOJTOHOYHOI
XpomaTorpadum 1CIoIb30BaNIN TOT XKe
3MI0EHT U cyuKarenb Sigma-Aldrich 60
A. 4-Metnn-6-uuTpo-4,7-guruppo-1,2,4-
Tpuasono|5,1-c][1,2,4]rpuasun-7-ox nomy-
YeH I10 MeTOJIMKe, OMMCAHHOII B paboTe [10].

4-mpem-06yTUI-6-HUTPO-4,7-TUTH-
npo-1,2,4-rpuasono[5,1-c][1,2,4]Tpua-
3uH-7-0H (1b)

LIV, BK/TIOYAIOIIETO PACKPBITIIE TPUA30JI0-
TPUA3MHOBON CTPYKTYPBI U BbIfie/IeHUe
BOZIbI I 00pa30BaHMU HUTPO30MOPDO-
JIVHA, BBI3BIBAIOIIEN IUponn3 amuza (2)
C IOCTIERYIOLINM AeKapOOKCIIIPOBAHVEM.
Takum 06pasoM, yCTaHOBIEHO, YTO
HyK/Teo(pU/IbHOE 3aMellleHyIe HUTPOTIPYIIIbI
B 4-ankun-6-autpo-1,2,4-rpuasono(5,1-c]
[1,2,4] TpuasuH-7-Hax IPOTEKaeT He 110
TUITY UIICO3aMellleH s, B COOTBETCTBUN
¢ ANRORC mexaHm3MOM, BKTIOYAOIIM
PacKpbITHe TPUA3UHOBOTO I[MKJIA O[T
HelicTBMEM HYK/Ieo(uIa, 3aMelleHVie HUT-
porpymis ¢ 06pasoBaHmueM HUTPO3OMOP-
¢$homHa U TOC/IeYIOMYIO IMK/IN3ALIUIO.

CycnenaupyioT 20 MMOTb 6-HUTpPO-4,7-
mpuruppo-1,2,4-tpuasono(5,1-c][1,2,4]pu-
a3yH-7-0Ha B 10 MJI TpPUPTOPYKCYCHOI
KICJIOTBI, 100aBnaA0T 20 MMOJIb mpem-
OyTaHOIa U TPEIOT C OOPATHBIM XOTOLVIIb-
HukoM npu 80 °C B TeyeHne 2 4. PacTBop
yIapuBaloT B BaKyyMe, 00aBiA0T 10 M
3TAHOJIA ¥ CHOBA yIapMBaloT. 3aTUPAIOT
0cajioK ¢ 15 M1 mpem-0y TMIMETUIIOBOTO
acupa, GpunpTpyroT, cymar. Beixop 2,4 r
(46 %).

Crextp SIMP 'H, §, m. 1.: 1,77 (9H, ¢,
4-C(CH,),); 8,63 (1H, ¢, 2-H).

Crektp SIMP ©C, §, m.1: 13,60 (C2);
42,42 (C1’); 140,94 (C-NO,); 141,85 (C=0);
152,36 (C3a); 166,99 (C2).

VK crexTp, v, cMm™: 3125, 2999, 2948,
1737, 1549, 1522, 1466, 1447, 1355, 1263,
1229, 1173, 1151, 987, 920, 889, 793, 758,
743,723,704, 639, 517.

Macc-criextp m/z: 238 (M+), 223, 208,
180, 166, 152, 108, 96, 70, 57, 41.

OneMeHTHBIN aHanu3 (paccynTaHo,
6pyTTO-dopmyra, HaitfeHOo, %): C — 40,34;
H-4,20; N -35,29; O - 20,17. CH N O

107 "6 3°

C -40,50; H-4,09; N - 35,32; O - 20,09.
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1’-(17,2",4”-Tpuasomupmnn-3”)-1’-me-
TWITUAPA30OHO-1-MOpPONTMHNA-2-HHU-
Tpo3TaHOH MOp¢dommuus (2a)

Cwmecs 2,5 mmors (1a) u 7,5 MMmornb Mop-
¢domHa epeMeNBaOT IpY KOMHATHO
tTemneparype 15 muH. Jlo6aBnAioT 3 M1
mpem-0y TUIMETUIOBOTO 3¢upa, PuIb-
TpyioT. Beixox 0,81 1 (86,5 %).

Crexrp SIMP 'H, o, m. 1.: 2,68 (4H, T,
N-CH,); 3,29-3,72 (8H, m, N-CH,-CH,-O);
3,50 (4H, 1, CH,-0), 3,66 (3H, ¢, 1'-CH);
8,41 m. 1. (1H, ¢, 2-H).

Cuextp JIMP ©°C, o, m. 1.: 38,15 (N-
CH,), 41,87; 46,44 (O=C-N-CH -CH -O);
45,06 (C3V); 65,29; 65,36 (O=C-N-CH -
CH -0); 66,20 (C2'); 135,44 (C-NO,);
144,95 (C5"); 158,93 (C=0); 161,08 (C31).

UK cnexTtp, v, cMm™: 2963, 2917, 2858,
1924, 1652, 1599, 1566, 1524, 1430, 1322,
1274, 1253, 1215, 1115, 1094, 1011, 939,
887, 861, 847, 820, 723, 694, 665, 612, 564.

O/eMeHTHBI aHanMN3 (paccunTaHoO,
OpyTTOo-dopmyrna, HaitneHo,%): C - 42,16;
H-5,95; N -30,27; O - 21,62. C,H_N,O..
C-42,03; H-5,87; N-30,35; O - 21,75.

1’-(17,2”,4”-Tpuasonugun-3”)-1’-
mpem-6yTunrngpasono-1-mopgonu-
HUI-2-HUTPOITAaHOH Mop¢dommuus (2b)

Cwmecs 3 mmons (1b) 1 9 mmonps Mop-
¢ onmmHa Ipy KOMHATHOJ TeMIlepaType Ie-
pememnBaioT 15 Muu. [Jo6aBnsior 5 Mt
mpem-6yTun-MeTHI0BOro adupa u Gub-
TpyioT. Beixox 0,84 T (67,8 %).

Crextp SIMP 'H, §, m. 1.: 1,39 (9H, ¢,
4-C(CH,),); 2,70-3,76 (16H, m, N-CH -
CH,-0); 2,72 (4H, 7, N-CH.); 3,52 (4H, T,
CH,-0); 8,44 m. 1. (1H, ¢, 2-H).

Coextp SIMP °C, §, m. x.: 28,32 (C2™);
41,53; 46,56 (O=C-N-CH -CH -O); 45,99
(C3Y); 64,13 (C1™); 65,48; 65;63 (O=C-
N-CH,-CH -0); 67,22 (C2"); 135,47 (C-
NO,); 145,38 (C5"), 156,27 (C3"), 157,35
(C=0).
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VK cnektp, v, cm™: 2978, 2853, 2730,
2208, 2165, 1645, 1585, 1455, 1309, 1279,
1197, 1109, 1019, 877.

Macc-criekTp m/z (MIHTEeHCUBHOCTb, %):
327 (M+) 281, 252, 196, 140, 113, 110, 84.

OeMeHTHBIN aHaMn3 (pacCuYnTaHoO,
6pyTTo-dopMyna, HaitieHo, %): C — 46,60;
H-6,80; N-27,18,0 - 19,42.C, _H N,O..
C - 46,66; H-6,83; N -26,07; O - 20,44.

4-MeTtun-6-mopdonun-4,7-gu-
ruppo-1,2,4-tpuasono[5,1-c][1,2,4]
TpUasMH-7-0H MoHoruapar (3a)
u 1’-(17,2”,4”-Tpuasonun-3”)-1’-meTu-
arugpasoHoMopgonuaMeTaH (4a).

Cwmecs 2 Mmmorb (1a) u 6 MMOIb MOP-
dbonnua kunstat 5 4. [pu nobasneHnn
K peaKMIOHHOM Macce 10 MJI cMecn XJ10-
podopm: mperm-6yTUIMETUIOBDIN 3GuUp
(1:1) BbimaBImit poRyKT (4a) QUIBTPYIOT.
®ubTpar ynapyuBaoT B BaKyyMe, IIPOAYK-
TBI pasfessiioT Xpomarorpadueit.

4-memun-6-mopgonun-4,7-ouzu-
opo-1,2,4-mpua3sono[5,1-c][1,2,4]mpu-
a3uu-7-oxn monozuopam (3a)

Cuexrtp SIMP, d, m. 1.: 3,43 (4H, T,
CH-N); 3,78 (4H, 1, CH -O); 3,91 (3H, c,
4-CH,); 8,09 (1H, ¢, 2-H).

Cnextp AMP “C, 8, m. 1. (IMCO-D,):
40,51 (N-CH,); 47,94 (N-CH,); 65,59 (CH-
0); 143,48 (C6); 146,79 (C=0); 151,13
(C3a); 153,83 (C1).

Macc-criekTp m/z (MIHTEHCUBHOCTb, %):
236 (M+), 209, 193, 179, 151, 123, 110, 96,
83, 69.

OJleMeHTHBIN aHanu3 (paccuura-
HO, 6pyTTO-dopMyna, HaleHO, %):
C -45,71; H-6,67; N - 40,00; O - 7,62.
C,H, N.O*H 0. C - 42,48; H - 5,59 N -
33,00; O - 18,93.

I’-(17,2”,4”-mpuasonun-3”)-1’-memu-
nzudpasonomopgonunmeman (4a)

Crextp SIMP 'H, §, m. 5.: 3,21 (3H, ¢,
1'-CH,); 3,31 (4H, 7, CH -N); 3,64 (4H, ,



CH,-0); 7,29 (1H, ¢, 5"-H); 7,59 (1H, c,
C-H); 12,10 (1H, ymur. ¢, NH).

Crnextp SIMP BC, §, m. 1.: 37,13 (N-
CH,); 45,97 (N-CH); 65,71 (CH,-O);
149,17 (C5"); 151,13 (C1™M); 158,80 (C3M).

VK cnektp, v, cm': 2970, 2858, 1615,
1567, 1509, 1272, 1236, 1217, 1161, 1113,
1070, 1030, 1009, 950, 739, 615.

Macc-criekTp m/z (MIHTEHCUBHOCTb, %):
210 (M+) 124,98, 97, 70, 56, 42, 41.

OneMeHTHBIN aHann3 (paccuYnTaHo,
6pyTTo-dopmyna, HaiifieHo, %): C - 45,71;
H - 6,67; N - 40,00; O - 7,62. C;H, N,O.
C -45,59; H-6,57; N -40,07; O - 7,77.

4-mpem-ByTun-6-mopdonnn-4,7-
murugpo-1,2,4-rpuasomno(5,1-c][1,2,4]
TpuasuH-7-oH MoHoruapar (3b)
u 1’-(17,2",4”-Tpuasonnn-3”)-1’-mpem-
6ytunrugpasonomopdonuamerat (4b)

Henator cMech 2 MMorib (1b) 1 6 MMonb
MopdonnHa 1 KUIATAT B Te4eHue 5 4.
PeakI1jnoHHYyI0 Maccy ylapuBalor Jocyxa
B BakyyMe. [IpOfyKTbI pasfiensioT XpoMa-
TorpaduuecKky Ha CUIMKareJie.

4-mpem-Bymun-6-mopdonun-4,7-
ouzuopo-1,2,4-mpuasono[5,1-c][1,2,4]
mpuasun-7-ou (3b)
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