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The redox transformations and nucleophilic

replacements as possible metaholic reactions
of the drug “Triazaverin”. The chemical
modeling of the metaholic processes

As a model of metabolic transformations of antiviral drug “Triazaverin” and

its analogues-2-alkylthio-6-nitro-1,2,4-triazolo[5,1-c][1,2,4]triazine-7-ones
la-d examined the oxidation of alkylthio groups to the corresponding sulfox-
ides 2a-d and sulfones 3a-d, as well as the process of nucleophilic substitution
sulfonyloxy group of cysteine and cysteamine with the formation of compounds

5and6.
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Introduction

The relevance of creating new
antiviral drugs due to the joint action of
such operating factors as the spread of so-
cially significant, particularly dangerous
infections, and the emergence of patho-
genic viral strains resistant to existing
drugs.

The antiviral drug “Triazaverin” and
its analogues are highly effective in ex-
periments in vivo and decreased activity
in experiments on cell cultures, suggest-
ing that the antiviral effect is not the “Tri-
azaverin’, and products of its transforma-
tions in the body. One way to identify
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such transformations in the organism is
to predict the possible products of modi-
fications of the compounds and chemical
synthesis models.

Based on the molecular structure
of compounds la and study of chemi-
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cal properties of nitroazolo[5,1-c][1,2,4]
triazines [1] can assume various variants
of metabolism: redox transformations in
the body (directions A, B) as the reduc-
tion of the nitro group under the action
of a reductases (direction A), oxidation
of alkylthio fragment under the action
of oxidases (direction B) and its further
transformation. The part transferases un-
der the action of N - and S-nucleophils,
such as lysine, arginine, cysteine could
lead to the replacement of alkylthio- or
nitro groups (directions C, D).

The hydrolytic enzymes are also quite
capable to lead the transformation of “Tri-

Results and Discussion

Considering the possibility of oxida-
tion of alkylthio groups under use “Triaza-
verin” and its analogues, it should be noted
that in the majority of viral infections at
an early stage of the process is increased
generation of reactive oxygen species [3].
Based on the foregoing, it is natural to as-
sume that in these conditions can occur in
the oxidation reaction of S-methyl group
of “Triazaverin” characteristic, for example,
for SH-containing amino acids of methio-
nine under oxidative stress.

In the present communication present
data on the production model experi-
ments with the drug “Triazaverin” - the
study of the oxidation of S-methyl group
and the behavior of oxidation products
under the action of S-nucleophils. This
approach allows, on the one hand, to pre-

azaverin” accompanying the degradation
of triazine cycle with the break of bond
C-N (direction E). The alkylation on the
N-atom is possible too (direction F).
With regard to the redox transforma-
tions of “Triazaverin” that we previously
established that after the intragastric
administration of laboratory animals of
the drug substance, there is a reduction
of the nitro group with the formation of
2-methylthio-6-amino-1,2,4-triazolo[5,1-
c][1,2,4]triazine-7-one [2], does not ex-
hibit antiviral action in vitro and, most
likely, which is not applicable metabolite.
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Scheme 1

dict the course of chemical reactions relat-
ed to the behavior of the drug in the body;,
and on the other hand, by the synthesis of
the respective compounds to simulate the
process of formation of covalent bonds
of azolo[5,1-¢]1,2,4-triazines with S-key
fragments of proteins as cells and virus.

Redox-transformations of “Triazaverin” and its derivatives

The first aspect of this work was the
synthesis of model compounds - oxida-
tion of sulthydryl groups in molecules of
sodium salts of 2-alkylthio-6-nitro-1,2,4-

triazolo[5,1-c]1,2,4-triazine-7-ones la-d
or in the associated N-H-acids compris-
ing the formation of heterocyclic sulfox-
ides 3a-d and sulfones 4a-d. Sulfoxides
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3a-d (Scheme 1) were obtained under the
treatment of the compounds 1a-d or 2a-d
by the equimolar quantity of 18 % hydro-
gen peroxide in the trifluoroacetic acid.

Further oxidation to the correspond-
ing sulfones 4a-d with the yields 62-71 %
carried out by gradual addition of excess
2.2 equivalent of 30 % hydrogen peroxide
to the suspension of 2-alkylthio-1,2,4-
triazolo[5,1-c]-triazines in the trifluoro-
acetic acid at room temperature.

The represented reactions model the
possible metabolic transformations of
“Triazaverin” and its derivatives under the
action of the active forms of oxygen in-
cluding hydrogen peroxide.

Nucleophilic replacement of methyl-
sulfonilic group. It is known that alkyl-
sulfonyl fragments are susceptible to the
substitution reactions when interacting
with nucleophiles [4]. With regard to the
behavior of nitro group in “Triazaverin”
but the susceptibility of the nitro group
associated with aromatic (heteroaromat-
ic) cycle to the displacement under the
nucleophiles [5] is well known.

Thus in the structure of 2-alkylsul-
fonyl-1,2,4-triazolo[5,1-c]1,2,4-tria-
zine-7-ones 4a-d there are two groups that
are susceptible to nucleophilic displace-
ment. This situation is of interest for the
research of the comparative reactive abil-
ity of the easy outgoing groups CH,SO,-
in 1,2,4-triazole and NO, in1,2,4-triazine
cycles in the compounds 4a-d and also

Experiment part

NMR'H and *C spectra were record-
ed on a spectrometer Bruker DRX-400
(400 and 100 MHz, respectively) in
DMSO-d, and D,O. The chemical shifts
are recorded in o scale relatively inter-
nal standard TMS for NMR'H spectra.
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as the model of the behavior of “Triaza-
verin” in the organism. As the nucleo-
philic reagents in this work were used
S-nucleophiles(cysteine and cysteamine),
which can be regarded as models of pro-
tein fragments containing cysteine frag-
ment.

The substitution sulfonylic fragment
in  2-methylsulfonyl-1,2,4-triazolo[5,1-
c]1,2,4-triazine 4a under the influence,
as cysteine and cysteamine, occurs in dry
methanol in the presence of triethylamine
in a few days with the formation of com-
pounds 5 and 6- substitution products
methylsulfonyl group with the yields 41-
46 % (Scheme 2).

The date of NMR 'H, IR-spectrosco-
py and elemental analysis for the com-
pounds 5, 6 correspond to the attributed
structures.

The described displacement of alkyl-
sulfonyl group in the compound 4a is
the argument in favor of the assumption
about the possible participation of this
fragment in the metabolic transforma-
tions of “Triazaverin”

Q
HS 0oC @
_>—C,00H NH;
HN Negy s N0z
s I
L en
9 NN g
o N\MJH,NO2 (CaHs)sNH
g
HC §_<N’J\N,IN ® o
Hs NH,
H o : NO,
NH, N~ 2
4a s—¢ NT
NF N
6
Scheme 2

Elemental analyses were performed on
CHNS-analyzer “Perkin Elmer 2400-II".
IR spectra (4000-400 cm™) of the re-
ceived compounds were recorded on
a spectrophotometer “Perkin Elmer
Spectrum One BFTIR” in thin layer of a
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sample (DRA). Reaction monitoring and
the individuality of the synthesized com-
pounds was performed by TLC plates
Sorbfll in the systems: ethyl acetate and
butanol-acetic acid-water 4:1:1.

General methods 1 for preparation of
2-alkylsulfinyl-6-nitro-1,2,4-triazolo[5,1-
c]1,2,4-triazin-7-ones (3a-d).

To a suspension 0.01 mol of so-
dium salt  2-alkylthio-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazin-7-one (1) in
10 mL of trifluoroacetic acid by mixing
was added 1.78 ml (1 eq.) of 18 % hydro-
gen peroxide. The reaction mass is mixed
at room temperature during 3 hours. The
resulting solid precipitate was filtered and
was crystallized from iso-propanol.

2-Methylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one (3a)
was obtained on the general methods
1 from compound la in terms of beige
crystalline solid, yield 70 %, mp 256 °C,
'H NMR (DMSO-d,, 400 MHz): 9.84
(1H, ymrc., NH), 3.05 (3H, ¢, CH,); “C
NMR (DMSO-d,, 100 MHz): 169.09 (C)),
15732 (C,), 144.05 (C), 143.57 (C),
25.58 (CH,SO); IR (v/sm™): 1750 (C=0);
1036 (-SO-); 1553,1340 (NO,); elemen-
tal analysis, calculated for CH,N.O,S %:
C 24.59, H 1.65, N 34.42. Found, %: C
24.62, H 1.43, N 34.28.

2-Ethylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (3b)
was obtained on the general methods 1
from compound 1b in terms of beige crys-
talline solid. Yield 74 %, mp 227 °C, 'H
NMR (DMSO-d,, 400 MHz): 11.16 (1H,
brs., NH), 3.36-3.16 (2H, m, CH), 1.24
(3H, t, ] = 7.4, CH,); *C NMR (DMSO-
d,, 100 MHz): 168.34 (C)), 157.58 (C,),
144.36 (C), 143.87 (C,), 46.64 (CH,SO),
6.15 (CH,); IR (v/sm'): 1748 (C=0);
1022 (-SO-); 1552, 1336 (NO,); elemen-

tal analysis, calculated for CHNO,S,
%: C 27.91, H 2.34, N 32.55. Found, %:
C27.87,H2.27, N 32.31.
2-Propylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one (3¢)
was obtained on the general methods
1 from compound Ic in terms of beige
crystalline solid. Yield 72 %, mp 222 °C,
'"HNMR (DMSO-d,, 400 MHz): 8.41 (1H,
brs., NH), 3.29-3.18 (2H, m, SOCH,),
1.78-1.55 (2H, m, CH,), 1.01 (3H, t, ] = 7.4,
CH,); "C NMR (DMSO-d,, 100 MHz):
168.19 (C), 157.87 (C,), 144.19 (C),
143.46 (C,), 54.15 (CH,S0), 1521 (CH)),
12.94 (CH,); IR (v/sm™): 1748 (C=0);
1013 (-SO-); 1556, 1336 (NO,); elemen-
tal analysis, calculated for CHN.O,S, %:
C 30.88, H 2.96, N 30.87. Found, %:
C 30.82, H 3.12, N 30.77.
2-iso-Propylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (3d)
was obtained on the general methods
1 from compound 1d in terms of beige
crystalline solid. Yield 77 %, mp 239 °C,
'"H NMR (DMSO-d,, 400 MHz): 7.60 (1H,
brs., NH), 3.49-3.38 (1H, m, CH), 1.27
(6H, dd, J = 6.8, 2CH,); "C NMR (DM-
$O-d, 100 MHz): 167.79 (C,), 157.42
(C,), 14433 (C), 143.86 (C), 53.07
(CHSO), 15.92 (CH,), 14.59 (CH); IR (v/
sm™): 1752 (C=0); 992(-SO"); 1555, 1342
(NO,); elemental analysis, calculated for
C,H,N,O,S, %: C 30.88, H 2.96, N 30.87.
Found, %: C 31.07, H 2.95, N 30.89.

The general methods 2 for prepara-
tion of 2-alkylsulfonyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazin-7-ones (4a-d).

To asuspension 0.01 mol of sodium salt
2-alkylthio-6-nitro-1,2,4-triazolo[5,1-
c]1,2,4-triazin-7-one (1) in 14 mL of tri-
fluoroacetic acid by mixing dropwise was
added 4 ml (2 eq.) of 30 % hydrogen per-
oxide in order that a temperature wasn't
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above 80 °C. Then the reaction mass was
mixed at a room temperature during
3 hours, the precipitate was filtered and
crystallized from iso-propanol.
2-Methylculfonyl-6-nitrol,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (4a)
was obtained on the general methods
2 from compound la in terms of beige
crystalline solid. Yield 66 %, mp 275 °C,
'HNMR (DMSO-d,, 400 MHz): 7.57 (1H,
brs., NH), 3.41 (3H, s, CH,); "C NMR
(DMSO-d,, 100 MHz): 163.86 (C,), 158.41
(C,), 144.69 (C), 143.64 (C), 41.84
(CH,S0,); IR (v/sm™): 1759 (C=0); 1347,
1138 (-SO,-); 1570, 1323 (NO,);); elemen-
tal analysis, calculated for CH,N.O.S, %:
C 23.08, H 1.55, N 32.30. Found, %: C
23.21, H 1.31, N 32.33.
2-Ethylsulfonyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (4b)
was obtained on the general methods
2 from compound 1b in terms of beige
crystalline solid. Yield 64 %, mp 259 °C,
'HNMR (DMSO-d,, 400 MHz): 9.71 (1H,
br.s.,NH), 3.52 (2H, qv.,J=7.4,CH,), 1.33
(3H, t, ] = 7.4, CH,); *C NMR (DMSO-
d,, 100 MHz): 162.82 (C)), 158.93 (C,),
145.06 (C.), 144.02 (C,), 48.54 (CH,SO),
7.25 (CH,); IR (v/sm™): 1759 (C=0); 1311,
1140 (-SO,-); 1557, 1332 (NO,); elemen-
tal analysis, calculated for CHN,O.S, %:
C 26.28, H 2.21, N 30.65. Found, %: C
26.44, H 2.20, N 30.43.
2-Propylsulfonyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one (4¢)
was obtained on the general methods 2
from compound 1c in terms of beige crys-
talline solid. Yield 71 %, mp 264 °C, 'H
NMR (DMSO-d,, 400 MHz): 11.98 (1H,
brs., NH), 3.53 (2H, t, ] = 7.6, SO,CH)),
1.76-1.67 (2H, m, CH)), 0.98 (3H, t,
J = 74, CH); “C NMR (DMSO-d,
100 MHz): 16322 (C), 158.44 (C,),
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144.91 (C), 143.99 (C,), 55.35 (CH,S0)),
1620 (CH,), 12.94 (CH,); IR (v/sm™):
1748 (C=0); 1293, 1139 (-S0,); 1556,
1326 (NO,); elemental analysis, calculat-
ed for CHN, O.S, %: C 29.17, H 2.80, N
29.16. Found, %: C 29.01, H 2.88, N 29.24.
2-iso-Propylsulfinyl-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine-7-one  (4d)
was obtained on the general methods
2 from compound 1d in terms of beige
crystalline solid. Yield 62 %, mp 282 °C,
'H NMR (DMSO-d,, 400 MHz): 8.27 (1H,
brs., NH), 3.73-3.63 (1H, m, CH), 1.35
(6H, d, ] = 6.8, 2CH,); °C NMR (DM-
SO-d, 100 MHz): 161.91 (C,), 158.80
(C,), 14498 (C), 144.02 (C), 54.30
(CHSO,), 15.02 (2CH,); IR (v/sm™): 1749
(C=0); 1311, 1135 (-SO,-); 1556, 1326
(NO,); elemental analysis, calculated for
CHN,0.S, %: C 29.17, H 2.80, N 29.16.
Found, %: C29.11, H 2.69, N 29.00.

The general methods 3 of nucleo-
philic replacement in 2-methylsulfo-
nyl-6-nitro-1,2,4-triazolo[5,1-c]1,2,4-tri-
azin-7-one.

To a suspension 0.001 mol of cyste-
ine (or cysteamine) in 20 ml of methanol
were added triethylamine and were mixed
at the argon atmosphere during 5 min,
then to a reaction mass were added equiv-
alent of 2-alkylsulfonyl-triazolotriazin
and were refluxed. The end of reaction is
determined by TLC in system: butanol-
acetic acid-water 4:1:1. The resulting solid
precipitate was washed with iso-propanol.

Triethylammonium salt of
(2’-amino-2’-carboethoxyethylthio)-
6-nitro-1,2,4-triazolo[5,1-c]triazine
hydrochloride (5) was obtained with use
of the general methods 3 and 3 equivalent
of triethylamine. The product was crys-
tallized from the water ethanol in terms
of canary crystalline solid. Yield 46 %,
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mp 158 °C, 'H NMR (D,0, 400 MHz):
427 (1H, dd, J = 7.5, 3.8, CHN), 3.98
(1H, dd, J = 15.2, 3.8, H_ in SCH), 3.66
(1H, dd, J = 15.2, 7.5, H, in SCH), 3.21
(6H, qv., ] = 7.28, 3CH), 1.29 (9H, t, ] =
7.28, 3CH,); "C NMR (D,O, 100 MHz):
172.02 (COO"), 166.09 (C,), 159.16 (C,),
14455 (C), 143.06 (C,), 54.47 (CHN),
46.71 (3CH,), 31.67 (SCH,), 8.27 (3CH,);
IR (v/sm™): 1682, 1615 (C=0); 1504, 1361
(NO,); elemental analysis, calculated for
C,H,,N,0.8*H,0, %: C 37.10, H 5.71, N
26.63. Found, %: C 36.96, H 5.56, N 26.72.

2-(2’-Amino-ethylthio)-6-nitro-1,2,4-
triazolo[5,1-c]1,2,4-triazine hydrate (6)

was obtained with use of the general
methods 3 and 2 equivalent of trieth-
ylamine. The product was crystallized
from the water ethanol in terms of canary
crystalline solid. Yield 41 %, mp 285 °C,
'H NMR (D,0, 400 MHz): 3.58 (2H, t,
J=7.03,NCH.),3.49 (2H,1,]=7.03,SCH);
13C NMR (DMSO-d,, 100 MHz): 163.95
(C,),160.12 (C, ), 144.77 (C.), 142.94 (C,),
38.69 (CH,N), 27.87 (SCH,); IR (v/sm):
1690 (C=0); 1514, 1371 (NO,); 3521
(broadened) (-NH,'); elemental analy-
sis, calculated for CH N O,S*H,O, %:
C 26.18, H 3.27, N 35.64. Found, %:
C2591,H298,N 35
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Pepokc npeBpaiyeHns U HykneogunbHble

3aMeLleHnsa KaK BO3MOXXHble MeTabonuyeckue
peakuum npenaparta «TpuasaBupuHa».
XuMuuyeckoe MoaenupoBaHMe NpoL,eccoB
MeTabonusma

B kauectBe mMopesnbHbIX MeTabonmueckux npespalleHnidi MPOTMBOBMPYCHOMO
npenapaTa «TpuasaBupuH» U €ro aHanoroB — 2-ankuntuno-6-HuTpo-1,2,4-tpu-
asono-[5,1-c][1,2,4]puasnH-7-oHoB la-d paccmMoTpeHbl peakLyn OKWUCEeHUs
anKuTMorpynmbl ¢ 06pa3oBaHMeM COOTBETCTBYIOLWMX CynbokcuaoB 2a-d 1 cynb-
thoHoB 3a-d, a Takxe npouecc HykneothUnbHOro 3amelleHus CynbtOHWUILHON
FPYNMbl LMCTEMHOM M LMCTEAMUHOM C 06pa30BaHWeM CoeavHeHWi 5 v 6.

KnioueBble cnoBa: 610n0rvyecky akTBHbIE COELVMHEHWS, FeTepOLMKIIbI,

Tpuasw, TpuasasBepuH, aHTUBMPYCHLIE NpenapaTsl.

© Mepgepesa H. P., CanoxHukosa W. C., PycuHos B. J1., Ynomckuii E. H., 2015

Beepenue

AKTYyaJIbHOCTD CO3/JaHMsI HOBBIX
IPOTMBOBUPYCHBIX CPENCTB OOYCIOBIIe-
Ha COBMECTHBIM [EVICTBMEM TaKVUX IIOC-
TOAHHO JeMCTBYIOIIMX (PAKTOPOB, KaK
pacIpocTpaHeHe COLMaNTbHO 3HAYNMBbIX,
0c060 omacHbIX MHQEKINIL, a TAKXe I0-
ABJICHUE IIaTOTeHHBIX BUPYCHBIX LITAM-
MOB, YCTOMYUBBIX K JEVCTBUIO CYIIeCT-
BYIOLINX JIEKAPCTBEHHBIX CPECTB.

ITpoTuBoBUpYCHBIN TpenapaT «Tpua-
3aBMPVMH» U €Tr0 aHA/JOrM OO/NaflaloT BbI-
COKOJ1 3¢ (EeKTUBHOCTBIO B OIBITAX iN
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vivo [1] M TOHM>KEHHOM AKTUBHOCTBIO
B 9KCIEPUMEHTaX Ha K/IETOYHBIX KY/Ib-
TypaX, 4TO IO3BOJIIET IPEIIIONIOKIUTD
IPOTUBOBIUPYCHOE HEJICTBME HE CaMOrO
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«TpuasaBupuHa», a IPOLYKTOB €TO IIPEB-
paujennit B oprannsme. OgHUM U3 CIIO-
COOOB BBISAB/IEHNS TaKUX MpeBpaIleHN
SIBJISIETCSI IPOTHO3MPOBAHYE BO3MOXKHBIX
IPOJYKTOB MOAV(UKALMIL COeNHEeHWI
Y XUMUYECKNI CUHTE3 MOJIe/Iel.

Vcxonss M3 MOJIEKYNIAPHON CTPYKTY-
Pl coefyiHeHNs la 1 M3y4eHMS XuMUde-
CKUX CBOJCTB HMTpoaszono[5,1-c][1,2,4]
TPUA3MHOB, MOXXHO IIPEATIONIOKUTD pas-
JAVYHBle BapuMaHTbl MeTabomusma [1].
Pemokc-mipeBpalieHus B opranusme: (Ha-
mpasneHys A, B) kak BOCCTaHOBJIEHUe
HUTPOIPYIIIBI 1IOf, JefiCTBMEM pemyKTas3
(HampaBrnieHVe A); OKUCTIEHUE alKVITH-
odparmeHTa MOJ [ENCTBMEM OKCHU/A3
(nampaBneHre B) u ero panmpHeiive
IpeBpallleHys. YuacTue Tpancdepas npu
meiicTBuu N- U S-HYK/IeOQWUIOB, TaKUX,
HaIpuMep, KaK JIM3MH, apTUHUH, IVCTe-
UH CIIOCOOHO TPUBOANTH K 3aMeIleHNI0

Pesynbtathl  06cyxaeHue

PaccmarpuBasi BO3MOXXHOCTb OKMCTIe-
HVsI aNKWITHOTPYNII TP MCIO/IB30Ba-
Hun «TpmasaBupmHa®» ¥ €ro aHAIOroB,
HY>)KHO OTMETHUTD, YTO HpPM OOJBLINHCT-
Be BUPYCHBIX MHGEKINIT y>Ke Ha paHHeit
CTafuy TpoLecca IPOUCKORUT YCUIeHMe
reHEePUPOBAHMs AaKTUBHBIX (GOPM  Ki-
cmopona [3]. Vicxomst u3 M3I0)KEHHOTO
€CTECTBEHHO TPENNOIOKUTD, YTO B 9TUX
YCTIOBMAX MOTYT IIPOMCXORUTD peaKLyn
OKJCTIeHMsI S-MeTmnbHOM rpymnbl «Tpu-
a3aBUPUHA», CBOICTBEHHbIE, HAIpPUMeEp,
mist  SH-comepkaieit  aMUHOKWUCTOTBI
MeTHOHIHA IPU OKVMCITUTETBHOM CTPecCe.

B HacrosimieM cooOIiieHNM TMPUBO-
IOATCA MaHHBIE O IIOCTAHOBKE MOJIENb-

AJIKMITMO- WV HUTPOTPYII (HaIpasiie-
uu#a C, D).

Tuppomutiyeckne QepMeHThI TaKKe
BIIOJIHE CIIOCOOHBI 00YC/IOBNMBAThH IPEB-
pamennsa «TpuasaBupuHa®», COIPOBO-
KJTAIOIIVeCs JIeCTPYKIVell TPUasHOBOTO
nyKna ¢ paspeiBoM cBAsu C-N (Hampas-
nenre E). Bo3MOXXHO U anKmimpoBaHme
10 aToMy asora (HampasneHue F).

Yro KacaeTcs pefoKC-IIpeBpaleHui
«TpuasaBuprHa», TO paHee HaMU OBLIO
YCTAQHOBJIEHO, YTO IIPY BHYTPIDKETYHOY-
HOM BeJleHIM TabOPaTOPHBIM KVBOTHBIM
cyOCTaHIMM —IIpelapaTa IIPOUCXORUT
BOCCTaHOBJIEHJe HUTPOIPYIIEL ¢ 0Opa-
30BaHNEM — 2-MeTUITHO-6-aMUHO-1,2,4-
tpuasono([5,1-c][1,2,4]Tpnasun-7-oxa
[2], He HpOABIAOIIETO HPOTMBOBUPYC-
HOTO JIeVICTBUA B 9KCIIEPUMEHTAX in Vitro
U, CKOpee BCeTo, He SAB/IAIIEerocs JAeicT-
BYIOLIMIM MEeTa0bOITOM.

HBIX O9KCIIEPMMEHTOB C IIpemapaToM
«TpraszaBupyH» — M3y4eHME OKVICICHMA
S-MeTWIBHON TpPYyHNIBl U IOBEJEeHUA
IPOAYKTOB OKMCIEHUA IIOf, JeiCTBUEM
S-uykneodunos. Taxoit MOFXOR MO3BO-
JIsIeT, C OJHOI CTOPOHBI, IPeNCKa3aTh
TeyeHNe XMMUYECKUX PpeaklMil, COIyT-
CTBYIOIIVX IOBEJEHMIO IIperapara B Op-
raHyusMe, a C APYroil CTOPOHBI, ITyTeM
CHMHTE3a COOTBETCTBYIOLINX COENVMHEHMI
CMOJIETMPOBATh MPOIlECC 0Opa3oBaHUs
KOBaJIeHTHBIX CBs3eil a3ono[5,1-c]-1,2,4-
TPMA3UHOB C S-pparMeHTaMM KITI0UeBBbIX
0e/IKOB KaK KJIeTK, TaK U BUpyca.

Pepokc-npeBpauieHns «TpuasaBupuHa» u ero nNpou3BOAHbIX

HepBbIM ACIIEKTOM pa60TbI CTa/l CH-
Te3 MOJIe/IbHBIX COeIMHEHNI — OKICIeHle

CyIb(TrUPUIBHOI TPYIIBI B MOJIEKY/IaX
HaTPUEBBIX  CONMEN  2-aJIKUITUO-6-HU-
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Tpo-1,2,4-tpuasono([5,1-c]-1,2,4-tpu-
asyMH-7-oHOB la-d wmiM COmpsDKEHHBIX
¢ uumu N-H kucnot 2a-d, Bkaovarmlee
00pa3oBaHMe TeTepPOLNKINYECKUX CY/Ib-
¢doxcupos 3a-d n cynpdonos 4a-d. Ilpu
obpaboTke coemmHenuit la-d wim 2a-d
9KBUMOJIAPHBIM Komm4ecTBoM 18 %-ro
HEepOKCHJa BOROPOJa B TPUPTOPYKCY-
CHOJT KVIC/IOTe TIONTY4€HbI CYIb(POKCUIOBI
3a-d (cxema 1).

(o] (o]
N NO, 18% Ho05 o ~ )I\/NO
RS—(’N J;%/ ( equlv} R- §_<,N* 2

a 3a-d H

®
H||Na
o]
30% HzOz
N e
AR

2a-d 4a-d
R = CHj (@), C;Hs (b), n-C3Hz (€), i-C3Hy7 (d)

Cxema 1

IlanbHeillliee OKMCIEHNE 10 COOTBET-
CTBYIOIUX Cynb(OHOB 4a-d ¢ BbIXxOmaMM
62-71 % OCYIIECTBIEHO IIOCTENEHHBIM
npnbaBneHneM u30bITKa 2,2 9KBUBA-
nenta 30 % H,O, k cycnensun 2-anku-
tio-1,2,4-tpuasono[5,1-c]TpuasuHos
la-d B TpudTOPYKCYCHOI KMUCIOTE IIpK
KOMHATHOII TeMIleparype.

[TpencraBieHHble peakuuyu  Mofe-
TUPYIOT BO3MOXKHBIe MeTabommIecKue
npeBpautenusi «TpuasaBupuHa» u ero
IIPOU3BOMHBIX 0] IeVICTBIEM aKTVBHBIX
dopm kucnopoza, Bxmoyas H,O,.

HykneodunbHoe 3amemieHue MeTHI-
cynb¢oHMIBHOI Ipynnbl. VI3BecTHO, YTO
IKMICYNb(OHMIbHBIE (ParMeHThl BOC-
OPUMMYMBBL K pPeaKuMsIM 3aMelleHIsT
IpY B3aMMOJENICTBUY C HYK/IeoduiaMu
[4]. YTo xacaercsi mOBemeHMsT HUTPOT-
pynnsl B «TpuasaBupune», TO XOpOLIO
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U3BECTHA CKIOHHOCTh NO,-Tpynmbl, cBA-
3aHHOI C apoMaTuyecKuM (reTepoapo-
MaTH4ecK/M) IMK/IOM K 3aMell[eHMIO IO
mevicTBUeM HyK1eopuos [5].

TakuMm 06pasoM, B CTPYKType 2-ai-
kunacynbdonnn-1,2,4-rpuasomno-[5,1-
c]-1,2,4-rpnasun-7-onos 4a-d mpucyr-
CTBYIOT [Be TPYIIIMPOBKM, CKJIOHHbIE
K HyKJIeOo(QWIPHOMY BBITECHEHMIO. OTa
CUTyalus TIpefCTaB/sAeT MHTepec [id
UCCIIelOBaHNs CPaBHMUTEIbHON peaKIy-
OHHOII ~CHOCOOHOCTM  JIETKOYXOFAIINX
rpynn — CH3SOZ- B 1,2,4-TpnasonpHoM
n NOZ- B 1,2,4-Tpra3sMHOBOM LMKJIAX
B coeuHeHMAX 4a-d, a Takxe KakK Mo-
menb ToBefeHus «TpmasaBupuHa» B Op-
raHusMe. B KkadecTBe HyKIeO(pMIBHBIX
peareHTOB B HacTosell pabore ¥c-
[I0/Ib30Ba/IUCh S-HYK/Ieo(IIbl (LUCTEeVH
U LJCTeAaMMH), KOTOpble MOXKHO paccMa-
TpUBATh KaK MOfieNN pparMeHToB 6eKoB,
COfleprKalUX [[ICTEVHOBDIN (ParMeHT.

3amelnienne Cynb(QOHMIBHOIO Qpar-
MeHTa B  2-Metwicynb¢oHmI-1,2,4-
Tpuasono[5,1-c]-1,2,4-Tpuasune 4a mop
HeVicTBUEM KaK IJMCTEeMHA, TaK U IVCTe-
aMMHa TIPOMCXOAUT IPU KUAIAYEHUN
B CyXOM METAaHOJIe B IPUCYTCTBUM TPU-
3TWIAMMHA B TeYeHVe HeCKOJIbKUX JHell
c obOpasoBaHUeM COefuMHEHUr 5 n 6 -
IIPOAYKTOB 3aMeIleHNs MeTUICYIb(o-
HIUIBHON TPYIIBI C Bbixomamu 41-46 %
(cxema 2).

Hannbsle AMP, MK-cnexrpockonun
U 37IEMEHTHOTO aHaJIN3a [ COeHEeHNI

_>~CO0H N, 9
HoN f“w)k"/"go2

s— |

o NJ\S,N
/N\N)H/NOQ (CHskNH 5

H,C- §—< J\N‘N s N% °
A N, (O NO,

da _.2 s—(/ N |

Nakg,N
]

Cxema 2
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5, 6 COOTBETCTBYIOT IPUINCHIBAEMbIM
CTPYKTYpaM.

OmnucanHoe 3aMelleHNe anKUICY/Ib-
(OHMIbHON TPyHIBl B cOefyHeHUM 4a

JKcnepuMeHTaNbHasA 4acTb

Cnekrpsl AIMP 'H u “C nonydens
Ha mpubope Bruker DRX-400 (400 MIig
mig 'H u 100 MI gna BC) 8 IMCO-
d, u D,0, xummudeckue CuOBUTU TIpUBe-
IeHbl B O-IIKaze OTHOCUTENBHO BHY-
TPEHHEero CTaHAapTa s ciekTpoB 1H
AMP - TMC. OnemenTubie a"Hanussl (C,
H, N) 6putn mpoBeneHbl Ha aHANIKM3aToO-
pe «Perkin Elmer 2400-I1 CHNS/O». MIK
criekTpnl (4000-400 cM™') mHONTy4YeHHBIX
COeIMHEHMI 3aIMICAaHbl Ha CIEKTPOMeTpe
«Perkin Elmer Spectrum One B FTIR»
B TOHKOM cyoe obpasia (DRA). Konrp-
OJIb 32 XO[JOM PeaKLMil ¥ IMCTOTON CHUH-
Te3V[POBAHHBIX COEVHEHMII OCYIeCTB-
asmn ¢ nomoibo TCX Ha maacTMHKaAxX
Sorbfil (pupma 3A0 «Copbmonumep»)
B CMCTeMaxX STHIALeTaT 1 6yTaHOI-YKCY-
CHas KucmoTa-Bopa 4:1:1.

O6mass Metopmka 1 momyyeHus
2-anKuacyrbpuHuI-6-auTpo-1,2,4-
Tpuasono(5,1-c]-1,2,4-TpuasuH-7-0HOB
(3a-d). K cycnensun 0,01 mMonp HaTpu-
€BOJl CcOomM 2-anKuiTuo-6-HuTpo-1,2,4-
tpuasono[5,1-c]1,2,4-Tpnasun-7-ona (1)
B 10 M1 TpUTOPYKCYCHOI KUCTIOTBI IPK
nepeMeniBaHuu job6apsiior 1,78 M
(1 axB) 18 %-it mepexucu Bogopopna. Pe-
aKIVIOHHYI0 MacCy IepeMeIlMBaloT IIpu
KOMHATHOJI TeMIlepaType TpU 4aca, oca-
IOK OT(UIBTPOBBIBAIOT ¥ KPUCTA/IIUSY-
0T U3 U30-TIPOIIaHOA.

2-MetuncynbGuuuin-6-unurpo-1,2,4-
tpuasono[5,1-c]1,2,4-rpuasun-7-on  (3a)
ObLT moNydeH U3 coemuHeHys la ¢ uc-
[I0/Ib30BaHMEM 00611elT METOIMKY 1 B Bujie
0eXeBBIX KPUCTA/UIOB, BbIxoA 70 %, mp

AB/IAETCS apryMeHTaMIU B IOJIb3y Ipef-
MOTIO>KEHNSI O BO3MOXKHOM y4YacTUH 3TO-
ro ¢parmMeHTa B MeTabOMMYECKUX HPEB-
pamennsix « TprasaBupuHar.

256 °C, 'H NMR (DMSO-d,, 400 MHz):
9,84 (1H, yurc., NH), 3,05 (3H, ¢, CH3);
“C NMR (DMSO-d,, 100 MHz): 169,09
(C),157,32(C,)), 144,05 (C)), 143,57 (C)),
25,58 (CH,SO); IR (v/sm™): 1750 (C=0);
1036 (-SO-); 1553,1340 (NO,); DnemenT.
anamms C.H,N O,S, Boruncneno %: C -
24,59, H - 1,65, N — 34,42, Haigeno, %:
C-24,62,H- 1,43, N - 34,28.
2-9tuncynbuHun-6-uutpo-1,2,4-
tpuasono(5,1-c]1,2,4-rpuasun-7-on  (3b)
Obin monmydeH u3 coemuHeHus 1b ¢ uc-
[10/Ib30BaHMeM 0011ell METOAUKM 1 B Bijie
Oe>KeBBIX KPUCTA/IOB, BBIXOL 74 %, mp
227 °C, 'H NMR (DMSO-d,, 400 MHz):
11,16 (1H, yurc., NH), 3,36-3,16 (2H, m,
CH,), 1,24 3H, 1,/ = 7,4, CH,); 13C NMR
(DMSO-d,, 100 MHz): 168,34 (C,), 157,58
(C,), 144,36 (C), 143,87 (C,), 46,64
(CH,SO), 6,15 (CH,); IR (v/sm™): 1748
(C =0); 1022 (-SO-); 1552, 1336 (NO,);
JJIeMeHT aHaIus3 C6H6N6O4S, BbIYVICIIE-
HO %: C - 27,91, H - 2,34, N - 32,55, Haii-
neHo, %: C - 27,87, H - 2,27, N - 32,31.
2-IIponmuncynbuuun-6-autpo-1,2,4-
tpuasono(5,1-c]1,2,4-rpuasun-7-on  (3c)
OBIT TONydYeH U3 CoeduMHeHus lc ¢ uc-
[10/Ib30BaHMeM 0011ell METOAUKM 1 B Bijie
Oe>XeBBIX KPUCTA/IOB, BBIXOL 72 %, mp
222 °C, 'H NMR (DMSO-d,, 400 MHz):
8,41 (1H, yurc., NH), 3,29-3,18 (2H, M,
SOCH,), 1,78-1,55 (2H, M, CH,), 1,01
(3H, 1, ] = 7,4, CH,); »C NMR (DMSO-
d, 100 MHz): 168,19 (C,), 157,87 (C,),
144,19 (C)), 143,46 (C)), 54,15 (CH,SO),
15,21 (CH,), 12,94 (CH,); IR (v/sm™):
1748 (C =0); 1013 (-SO"); 1556, 1336
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(NO,); OnemenTnbpiit ananus CHN O,S,
Bbruncierno %: C - 30,88, H - 2,96, N -
30,87, Haigeno, %: C - 30,82, H - 3,12,
N - 30,77.

2-uso-llponuncynbpuuun-6-uu-
tpo-1,2,4-Tpuasomno[5,1-c]-1,2,4-Tpua-
3uH-7-0H (3d) ObUT moONydYeH U3 coemm-
Henusa 1d ¢ wucnonb3oBaHMeM oO1Lei
MeTOMKM 1 B Bujie O€XeBBIX KpPUCTA-
7n0B, BBIXOT, 77 %, mp 239 °C, 'H NMR
(DMSO-d,, 400 MHz): 7,60 (1H, ym.c.,
NH), 3,49-3,38 (1H, m, CH), 1,27 (6H, m,
J = 6,8, 2CH,); C NMR (DMSO-d, 100
MHz): 167,79 (C)), 157,42 (C,), 144,33
(C,), 143,86 (C,), 53,07 (CHSO), 15,92
(CH,), 14,59 (CH,) IR (v/sm™): 1752
(C=0); 992 (-S0O-); 1555, 1342 (NO);
J7IeMeHTHBII aHanIus C7H8N6O4S, BbIYJI-
cneno %: C - 30,88, H - 2,96, N - 30,87,
HaiimeHo, %: C - 31,07, H - 2,95, N -
30,89.

O6mast MeTomMKa 2 TIOMYyYeHUs
2-ankuncynb¢poHun-6-HuTpo-1,2,4-
Tpuasono|5,1-c]-1,2,4-TpuasuH-7-0HOB
(4a-d). K cycnensun 0,01 monp HaTpu-
€BOJl COMM 2-anKWITUO-6-HUTpO-1,2,4-
tpuasono[5,1-c]-1,2,4-Tpnasun-7-oxHa
(1) B 14 M TpUPTOPYKCYCHOM KICIOTBI
Ipy IepeMelIMBaHUU 10 KaIULsIM JO-
6apmsaior 4 M (2 9kB) 30 % mepexucn
BOJOpOZA TaK, 4TOObI TeMmepaTrypa He
npesbimnana 80 °C. [lanee peaklMOHHYIO
MacCy HepeMelVBaIOT IIPY KOMHATHOI
TeMIlepaType elle TPM 4Yaca, OCaJoK OT-
(GUIBTPOBBIBAIOT M KPUCTA/IM3YIOT U3
M30-IIPOIIAHOIA.

2-Metuncynb¢poHun-6-uurpo-1,2,4-
tpuasono[5,1-c]-1,2,4-tpuasun-7-o4
(4a) Opin momydeH u3 coemuHeHMsa la
C MCIOTb30BaHMEM OOIell MeTONUKM
2 B Buje OeXeBbIX KPUCTAIOB, BBIXOJ
66 %, mp 275 °C, 'H NMR (DMSO-d,,
400 MHz): 7,57 (1H, yu.c., NH), 3,41 (3H,
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¢, CH,); "C NMR (DMSO-d,, 100 MHz):
163,86 (C), 15841 (C,), 144,69 (C),
143,64 (C), 41,84 (CH3S02); IR
(v/sm™): 1759 (C=0); 1347, 1138
(-S0O,); 1570, 1323 (NO,); SnemeHTHbI
aHann3 C5H4N6OSS, BbruncieHo %: C -
23,08, H - 1,55, N - 32,30, Haipgeno, %:
C-2321,H-1,31,N - 32,33.
2-9tuncynb$poHun-6-uurpo-1,2,4-
tpuasonol5,1-c]-1,2,4-tpuasus-7-ou (4b)
Obn monydeH u3 coemyuHeHus 1b ¢ uc-
IIO/Ib30BaHMEM 0011eil METOIVIKY 2 B BIJIE
Oe>XeBBIX KPUCTAIOB, BBIXOR 64 %, mp
259 °C, '"H NMR (DMSO-d,, 400 MHz):
9,71 (1H, ym.c., NH), 3,52 (2H, 8., ] =
7,4, CH), 1,33 (3H, 1, ] = 7,4, CH,); 13C
NMR (DMSO-d, 100 MHz): 162,82
(C,), 158,93 (C,), 145,06 (C,), 144,02
(C,), 48,54 (CH,SO,), 7,25 (CH,); IR (v/
sm): 1759 (C=0); 1311, 1140 (-SO2-);
1557, 1332 (NO,); OneMeHTHbIN aHanu3
C6H6NGO5S, Bbrunciero %: C - 26,28, H -
2,21, N - 30,65, »angeHo, %: C - 26,44,
H-2,20, N - 30,43.
2-Ilponuncynbponnn-6-autpo-1,2,4-
tpuaszono[5,1-c]-1,2,4-Tpuasun-7-oH
(4c) 6pU1 MoNMyuyeH M3 coenvHeHMsA lc
C MCIO/Ib30BaHMEM OOIIENl MeTONMKM
2 B Buje GeXeBbIX KPUCTA/UIOB, BBIXOJ
71 %, mp 264 °C, 'H NMR (DMSO-d,,
400 MHz): 11,98 (1H, yurc., NH), 3,53
(2H,1,] = 7,6, SO,CH.), 1,76-1,67 2H, m,
CH,), 0,98 (3H, 1,] = 7,4, CH,); "C NMR
(DMSO-d,, 100 MHz): 163,22 (C,), 158,44
(C,), 14491 (C), 143,99 (C), 55,35
(CH,SO)), 16,20 (CH,), 12,94 (CH,); IR
(v/sm™): 1748 (C=0); 1293, 1139 (-SO,);
1556, 1326 (NO,); dneMeHTHbIN aHa/NU3
C7H8NGO5S, Bbrunciero %: C - 29,17, H -
2,80, N - 29,16, nangeno, %: C - 29,01,
H -2,88, N - 29,24.
2-uso-MlponuncynbpuHUI-6-HM-
tpo-1,2,4-tpuasono(5,1-c]-1,2,4-Tpua-
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3uH-7-0H (4d) ObUT TONydYeH M3 Coenu-
HeHua 1d ¢ wucnonb3oBaHMeM o0O01Lei
MeTONVKM 3 B Bufie GEXEBBIX KPUCTAN-
70B, BBIXO7 62 %, mp 282 °C, 'H NMR
(DMSO-d,, 400 MHz): 8,27 (1H, ymc.,
NH), 3,73-3,63 (1H, m, CH), 1,35 (6H, g,
J = 6,8, 2CH,); "C NMR (DMSO-d,, 100
MHz): 161,91 (C)), 158,80 (C,), 144,98
(C,), 144,02 (C,), 54,30 (CHSO,), 15,02
(2CH,); IR (v/sm™): 1749 (C=0); 1311,
1135 (-80,-); 1556, 1326 (NO,); Snemen-
THDBIVI aHAIN3 C7H8NGO5S, BbIYMCIEHO %:
C - 29,17, H - 2,80, N - 29.16, naiige-
HO, %: C - 29,11, H - 2,69, N - 29,00.
O6mas Meroguka 3 HyKIeo(wib-
HOTO 3aMellleHHsA B 2-MeTWICYynbdo-
HUI-6-HUTpO-1,2,4-TpHasono(5,1-c]-
1,2,4-TpnasuH-7-oHe. K cycrensun 0,001
MoJIb UucTenHa (uay mucreammua) B 20
MJI METaHOJIA IPUOABISIIOT TPUITUTAMIH
U TlepeMelNBalT B aTMocdepe apro-
Ha B TedyeHUe IATM MMHYT, 3aTeM B pe-
aKIVIOHHYI0 MacCy BHOCAT SKBUBAJIEHT
2-anKuaCcynb(OHUI-TPUA30I0TpHUa3UHA
u kunATAT. OKOHYaHUe peakluu olpe-
memsior 1o TCX B cucreme 6yTaHONM-YK-
CycHasd Kucnora-soga 4:1:1, mocme 4ero
PeaKLMOHHYIO MacCy yIapuBaioT JOCyXa.
[Tory4eHHDIT OCaflOK NPOMBIBAIOT M30-
MPOIIOBBIM CHMPTOM ¥ OYMINAIOT OT
TIpUMecCeIn.
TpuasTunaMMoHMEBYIO
(2'-aMmuHO-2'-KapOOKCUITUNTHO)-6-HU-
tpo-1,2,4-rpuasono[5,1-c]-1,2,4-Tpua3una
rugpar (5) MONMyYaroT ¢ VICHO/NIb30BaHVeM

COTb

o011ieil METORMKN 3 1 3 9KB. TPUAITUIIA-
MyHa. [TpofyKT KpucTammusyoT us Boj-
HOTO 9TaHO/A B BUJE SIPKO-)XKEITBIX KPU-
CTaJI/IOB, BBIXOZ 46 %, mp 158 °C, 'H NMR
(D,0, 400 MHz): 4,27 (1H, an, J = 7.5,
3,8, CHN), 3,98 (1H, m1, ] = 15,2, 3,8, H,
B SCH)), 3,66 (1H, mm, J = 15,2, 7,5, H,
B SCH,), 3,21 (6H, ks., / = 7,28, 3CH)),
1,29 (9H, 1, J = 7,28, 3CH,); 13C NMR
(D,0, 100 MHz): 172,02 (COO"), 166,09
(C,), 159,16 (C, ), 144,55 (C), 143,06 (C,),
54,47 (CHN), 46,71 (3CH,), 31,67 (SCH.),
827 (3CH,); IR (v/sm™): 1682, 1615
(C=0); 1504, 1361 (NO,); OnemeHTHbBII
aHanmu3 C13H22N8055 X HZO, BBIYYICIIE-
o %: C - 37,10, H - 5,71, N - 26,63, Hait-
neHo, %: C - 36,96, H - 5,56, N - 26,72.
2-(2'-AMMHO-3TUNTHO)-6-HUTPO-1,2,4-
Tpuasonol5,1-c]-1,2,4-Tpuasux TUApPAT
(6) momy4aoT ¢ MCIOIb30OBaHMEM O01LIIel
METOAUKU 3 M 2 5KB. TpUAITUIAMMHA.
[IponyKT KpMCTa//IM3YIOT 13 BOJHOTO
MeTaHONA B BUJE SPKO-KENTBIX KpU-
cTanos, Bbixon 41%, mp 285 °C, 1H
NMR (D,0O, 400 MHz): 3,58 (2H, t, ] =
7,03, NCH,), 3,49 (2H, T, ] = 7,03, SCH,);
13C NMR (DMSO-d,, 100 MHz): 163,95
(C,), 160,12 (C, ), 144,77 (C)), 142,94 (C)),
38,69 (CH N), 27,87 (SCH,); IR (v/sm™):
1690 (C=0); 1514, 1371 (NO)); 3521
(broadened) (-NH,"); OnemenTHblIit aHa-
m3 CH.N.O,S x H O, Bbrancneno %: C -
26,18, H - 3,27, N - 35,64, Haigeuno, %:
C-2591,H -2,98, N - 35,57.
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