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HccaenoBanue mapmpyrta peakuuu 1,3-mudenni-1H-nupazon-S-amuna
¢ N-(4-¢proppennn)urakonumuaom merogom BIKX-MC
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Annotanusi. COBpeMEHHbII pallMOHaIbHBIA AW3aiH CTPYKTYP OPraHMYECKUX COeIMHEHHH TpeOyeT BEICOKOM
3¢ GEKTUBHOCTH BCIEACTBHE HEOOXOAMMOCTH OJHOBPEMEHHOTO ITOBBIMICHUS MOJEKYJISIPHOHW CIIOXXHOCTH U
MHHUMM3AIIH 9HUCJIA CTAANH CHHTETHYECKHX MIPOLEAYp. DTU MPOOIEMBI CTAHOBSTCS elle 6osiee 3HAUNMBIMH
MPY KOHCTPYHUPOBAHMH PA3IMYHBIX MOJIHA3aTeTEPOLUKINIECKUX MATPHUI], B TOM YHCIIE C TUPA30JIONUPUANHO-
BBIM CKEJIETOM, SBIAIOIINMCS OJHAM U3 PAaCIPOCTPAHCHHBIX (JPArMEHTOB B CTPYKTYPax HPUPOJHBIX U CHHTE-
THYECKUX OMOJIOTHYECKN aKTUBHBIX COeTMHEHUH. [ToydeHne HOBBIX MOIM3aMEIIEHHBIX TETEPONUKINIECCKIX
COEIMHEHUIN — CJIOKHBIA MHOTOCTAIMHHBIA MpOLECC, BKIIOYAIOIUN KaK MOCIEN0BATEIbHbIE, TaK U Hapai-
JIeNbHBIE CTAJUH, OCIOXKHAIONIIE KOHTPOJIb PEaKIUK U BBIAETICHHE POIyKToB. Kpome 3TOro, oCHOBHOI mpo-
OseMoii pH MCCIIeIOBAaHUM KAacKaHBIX PEAKIHMH C UCIIOJIb30BAHUEM Pa3JIMUHbBIX MOJHHYKICO(PHIbHBIX pea-
TeHTOB SBJISIETCS ONpPe/IeIeHue 04epeIHOCTH MPOLECCOB, MPUBOISIIIUX K [eJIeBBIM IpoaykTaM. [ToaTomy, ak-
TyaJbHBIMH SIBIISIIOTCS 3a/1a4¥, CBSI3aHHbBIE C U3YYEHHEM MEXaHM3MOB 00pa30BaHUs reTEPOLMKIMYECKUX CH-
CTEeM M WJIeHTU(]HKAIMEH TPOMEKYTOYHBIX COSAMHEHUH, BO3MOKHOCTh MHANBU/IyaJIM3alliH KOTOPBIX BECbMa
3aTpyJHUTEIIbHA.

B HacTosmee BpeMsi Macc-CIIEKTPOMETPHS SIBIISICTCS CEIEKTHBHBIM, BEICOKOUYBCTBUTEIBHBIM M 3KCIIPECCHBIM
METOJIOM IJIsl ONIPE/ICIICHHS PA3IMYHbBIX THIIOB COCAMHCHHH B MHOTOKOMITOHEHTHBIX TP0O0ax. DTO MO3BOJISET
MPUMEHATH BBICOKO3()()EKTHBHYIO KHAKOCTHYIO XpOMaTrorpauio B COYETAHHH C MacC-CHEKTPOMETpHUEH
(BOXX/MC) B uccnenoBaHAN MapIIpyTOB CIOKHBIX PEaKIUi I HICHTH(HUKAUN IPOIYKTOB H HHTEpMe-
muatoB. B otnmane ot mmpoko npumensronerocs Merona TCX, BOXXX/MC naét BO3MOXXHOCTE MpeIBapH-
TEJIBHO OIIEHUTHh KOMIIOHEHTHI PEaKIIMOHHOMN MacChl TI0 MacC-CIIEKTPOMETPHIECKHUM TaHHBIM.

Lenp nanHOTrO MccienoBaHusl — pa3paboTka d(PGEKTUBHON METOAMKN KOHTPOJIS CHHTETHYECKOIro Ipolecca
mexay N-(4-¢propdenmn)urakonnmuyom 1 u 1,3-mudennn-1H-nupaszon-5-amuna 2, s naeHTHUKALIMN KO-
HEYHBIX NPOJYKTOB U BO3MOXKHBIX IIPOMEXYTOUHBIX COeMHEHNH. B3anumoneiicTBrue Mexay peareHTaMu npo-
BOJAUJIOCH MPU KUIMSUYEHUU B U3OMPOIMUIOBOM CIUPTE B MPUCYTCTBUU KATATUTUUYECKUX KOJIUUECTB YKCYCHOM
KHCJIOTHI B T€UYEHHE HECKOJILKUX 4acoB. [IpoObl aist XxpomarorpagupoBaHusi OTOUPAINCH M3 PEaKIMOHHON
Macchl 4epe3 ONpEeJeNICHHBIE MIPOMEXYTKH BpeMeHH. [Ipyu mHTeprnperanuu pe3ysibTaToB Xpomarorpadude-
CKOTO aHaJH3a YCTAHOBIIEHO, YTO B XOJ€ PEakIHH IMOMHMO OkumaemMoro N-(4-dropdenmn)-2-(6-okco-1,3-
mudenni-4,5,6,7-terparunpo-1H-mpazono[3,4-b|nupunns-5-mn)anetamuna 5 obpasyercs  7-(4-dpTopde-
HuN)-1,3-mudennn-4,4a,5,7-rerparuapomnupasono| 3,4-bJmuppoino[3,2-eJmupunuH-6(1H)-ora 6. Iloka3zaHo,
YTO B PEAKIIMOHHOI Macce NPUCYTCTBYIOT JIBA MHHOPHBIX KOMIIOHEHTA, OYEBUIHO SBJISIONINECS HHTEPMEIH-
aTaMu.

KiroueBnlie ciioBa: BOXX, macc-ciekTpoMeTpusi, apuINTaKOHUMHU], S-aMUHOITHPA30JI, PEIIUMKIN3AIIMSL.
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A study of the reaction route of 1,3-diphenyl-1H-pyrazol-5-amine
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Abstract. The modern rational design of the structure of organic compounds needs to be highly efficient to
allow both increasing molecular complexity and minimising the number of steps in synthetic procedures. These
problems are even more relevant when designing various polyazaheterocyclic matrices, including those with a
pyrazolopyridine backbone, which is one of the common fragments in the structures of natural and synthetic
biologically active compounds. The preparation of new polysubstituted heterocyclic compounds is a complex
multi-step process involving both consecutive and parallel steps that complicate the control of the reactions
and product separation. In addition, the main problem associated with the study of cascade reactions using
various polynucleophilic reagents is to determine the order of processes leading to the target products. There-
fore, the problems associated with the study of the mechanisms of the formation of heterocyclic systems and
the identification of intermediates, whose individualisation is very difficult, are relevant.

Currently, mass spectrometry is a selective, highly sensitive, and rapid method for determining different types
of compounds in multi-component samples. This allows using high-performance liquid chromatography in
combination with mass spectrometry (HPLC/MS) to study routes of complex reactions to identify their prod-
ucts and intermediates. Unlike the widely used TLC method, HPLC/MS makes it possible to preliminarily
estimate the components of the reaction mass from mass spectrometry data.

The purpose of this study is to develop an effective method for controlling the synthetic process between N-
(4-fluorophenyl)itaconimide 1 and 1,3-diphenyl-1H-pyrazol-5-amine 2 to identify the final products and pos-
sible intermediates. The reaction with the reactants was carried out when boiled for several hours in isopropyl
alcohol in the presence of catalytic amounts of acetic acid. Samples for chromatography were taken from the
reaction mass at specified intervals. Interpretation of the chromatographic analysis results revealed that in ad-
dition to the expected N-(4-fluorophenyl)-2-(6-oxo-1,3-diphenyl-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-b]pyri-
din-5-yl)acetamide 5, 7-(4-fluorophenyl)-1,3-diphenyl-4,4a,5,7-tetrahydropyrazolo[3,4-b]pyrrolo[3,2-¢] pyri-
din-6(1H)-one 6 was formed during the reaction. It was shown that the reaction mass had two minor compo-
nents, which were obviously intermediates.

Keywords: HPLC, mass spectrometry, arylitaconimide, 5-aminopyrazole, recycling.
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HUHU TPOMEXYTOUYHBIX COEJUHEHUW, BO3-
MOXXHOCTh HHJUBHAYaIU3alUU KOTOPBIX

CuHTe3 NONM3aMEIIEHHBIX TETEPOLUKIIN-  BechbMa 3aTPyJAHUTENbHA. OIHAKO MCIHOMb-
YECKMX CHCTEM — CJIOKHBIM MHOTOCTaaui- s3opamme Meroga BDKX/MC mo3Boiser
HBIM MPOIIECC, BKIFOYAIOMINIA KaK MOCICI0-  aHaIM3UPOBATh MHTEPMEMATHI U KOHEYHbIE
BaTCIIbHBIC, TaK W MapajUICIbHBIC CTaauH, MPOIYKTHI peaKHHﬁ, HpOXOI[HH.IHXB)KHI[KOfI
OCJIOXKHSIOIINE KOHTPOJIb PEAKIUU U BBIAC-  (haze, 0e3 BBIACICHUS MX W3 PEAKIMOHHOU
nenue npoaykToB. Takum oOpasom, akTy- wmaccel [1-5]. Terepormknnueckas cucreMa
anbHOW 3amaueil sBisercs paspaborTka 5¢-  mupazomonmpuawHa, SBISETCS  OCHOBOM
(beKTHBHBIX METOJIOB KOHTPOJIS 3TUX CHHTE-  CTPYKTYphl MHOTOUMCIEHHBIX OHONOTHYE-
THYCCKHUX IPONECCOB M  YCTAHOBICHHMS CcKkM aKTUBHBIX coeAuHeHuul. Tak, cpeau
CTPYKTYPBI IOy ICHHBIX IPOAYKTOB. [st €€ mpowmssoanbix  numpasono[3,4-b|nupumuna
pelueHns. HEOOXOAMMBI CBEJICHUS O CTPOE-  oGHAPYKEHBI AHTATOHHCTHI aJeHO3MHOBBIX
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peuenntopoB Al 1 UHTHOUTOPHI KUHA3BI TJIH-
koreacunrtasel-3 (GSK-3). Kpome Toro,
MPOM3BOJHBIE  MHpa30io[3,4-b|nupuanHa
HaXoJAT nMpuMeHenue B Tepanuu BUY, 6o-
7e3Hn AubnreriMepa, HapKoOMaHuH, OecIuio-
nus [6-12]. CrnenyeTr Takke OTMETHTh, YTO
HEKOTOPBIE M10JIMA3areTePOLMKIIbI IPUMEHSI-
I0OTCS B KadecTBe JJ00aBOK B MpoIleccax
3JIEKTPOXUMHUYECKOr0o MeaHeHus [13-14].

B nanHO#l paboTe HaMu omHcaHa BO3-
MO>KHOCTb HCITOJIb30BaHUSA MeToaa
BOXX/MC B kauecTBE MHCTPYMEHTA JUIS
MCCJIEI0BAHMS BO3MOKHBIX HHTEPMEANATOB
B3auMoieiicTBusi N-apunutakoHumuga I c
JIETKOJJOCTYTHBIMU 1,3-a13aMeeHHBIM-
1 H-nupazon-5-amuaom 2 (cxema 1).

3KCHepHMeHTaJ'[LHaﬂ 4acTb

O6mas metoauka cuntesa N-(4-pTopde-
HUN)-2-(6-0kco-1,3-mudennn-4,5,6,7-rer-
paruapo-1 H-nupazosno|3,4-b jnupuans-5-
un)aneramuaa S u 7-(4-propdennn)-1,3-
mudennn-4,4a,5,7-rerparuaponupa-

30510( 3,4-b Jmuppoio| 3,2-e|mupuaun-6(1 H)-
oHa 6. PactBop N-(4-propdennin)-urakoHu-
muga 1 (25 mmons) u 1,3-mudennn-1H-nu-
paszon-5-amuHa 2 (25 MMOJIb) KHUMSTHIN B
u3onponuiosoM crupre (50 cm®) B mpucyT-
CTBUU KATAIUTUYECKUX KOJIMYECTB YKCYyC-
HO KuCIOTH B TeueHue 10 gacoB. O6pazo-
BaBIIHUICSA 0CaJJOK OT(PHUIBTPOBATIN U TEpe-
KPUCTANTU30BAId U3 CMECH MeETaHola W
JAM®DA, 2:1 ¢ BbIAEICHHEM YHCTOrO 5,
GuIbTpaT ynapuiu M MepeKpUCTaTU30BaTH
U3 METaHOoJIa C BBbIIEJICHHUEM YHCTOro 6.

Ph

AHanmu3 cMecelt OCyIecTBIISIA Ha Tprdope
Agilent Technologies 1260 infinity (CLLA)
¢ macc-aetekropom Agilent 6230 TOF
LC/MS (BpeMAIpoieTHBIA ETEKTOp Macc
BBICOKOTO  pa3pellieHus, MPOU3BOJCTBA
CHIA), meToa MOHU3ALMH — IBOMHOE AJICK-
TtpopacnbeuieHue (dual-ESI). 3amuce u peru-
CTpallvsi CUTHAJIOB MPOBOINIIACH B TIOJIOXKH-
TEeNIBbHOU MoJsipHOCTH; HeOymaizep (N2) 20
psig, raz-ocymmurens (N2) 6 ma/mus, 325 °C;
nuana3oH OOHapy)KEHHS MacC COCTaBIsieT
50-2000 HdanpToH. HanpspkeHne Ha Kanui-
nsipe 4.0 kB, dparmenTarope +191 B, ckum-
Mmepe +66 B, OctRF 750 B. Ycnosus xpoma-
torpadupoBanms: komoHnka Poroshell 120
EC-C18 (4.6 x 50 mm; 2.7 mxm). I'paguent-
HOE JJIIoMpoBaHue: aneToHuTpua (A)/Boga
(b) (0.1 % mypaBbUHOW KUCIOTHI) HAYAIIO —
A:b =60:40 B Teuenne 1,5 muH, manee A 60
— 100% 3a 4 munyTsI, 3aTeM A — 100% no
KOHIIa aHajau3a; CKOpocTh moToka 0.4
mi/muH. IlporpammHoe oOecnedeHue st
00pabOTKH pE3yJIbTaTOB HCCICAOBAaHUN —
MassHunter Workstation / Data Acquisition
V.06.00.

O0cy:xneHne pe3yjbTaTOB

BBuay nonmu@yHKIHOHAIBHOCTH MpE-
IIECTBEHHUKOB 1 1 2 B X0J1€ peakIii MOKET
00pa30BBIBATHCS HECKOJIBKO albTePHATHB-
HBIX IPOAYKTOB. Panee Hamu noka3zano [15],
YTO OCHOBHBIM MPOJAYKTOM B3aUMOICHCTBUS
SIBJISIETCS TTOJIM3aMENIEHHBIA TTMpa3oiof3,4-
blnupuaun 5. Ilpeamnonaraemslii MapuipyT
peaKUUM BKJIIOYAET HECKOJIbKO CTaauii: Ha

,J H2
Ph (o]
5 Ph I
|Pr0H+AcOH / \ N H HZ :
|

CxewMa 1. lleneBas peakuus mmporecca.
Scheme 1. Target reaction of the process.
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MEepBOM CTauU B3aMMOJCHCTBHS peaIn3o-
BbIBaeTcst C-HykiIeo(puibHOE TPUCOESIUHE-
HUE 1Mo MUXad’mo eHaMHUHA 1O aKTUBHPO-
BAaHHON KpaTHOM CBS3M MMHUAA C 00pa3zoBa-
HUEM TPOMEXYTOYHOTO JTUHEHHOTO COeIH-
HeHus 3. 3aTeM cilelyeT BHYTPUMOJIEKYIISIp-
HOC TIPHCOCIWHEHHWE aMHUHOTPYIIIBI TI0
UMUIHOHN CBSI3U C 00pa30BaHUEM TPUIIUKIIN-
yeckoro aanykra 4. Kotopslii B CBOIO o4e-
peab MOXKET PEIUKIN30BaThCSI B COOTBET-
CTBYIOIIUN mUpa3zoiio[3,4-bnupuaud 5 wim
MOJIBEPTHYThCS JIeTHApaTanuu 6e3 pacKpbi-
THS IIUKJIA ¢ 00pa3oBaHuEM 6 .

MonenpHBIM TIpolIeccOM OBLIO BBIOPAHO
B3auMoOJcicTBHE HWTakoHMMuna 1 U eHa-
MUHA 2 TPU KHUIMISTYEHUU B U30IMPOIUIOBOM
CIIUPTE B MPUCYTCTBUU KaTATUTHUECKUX KO-
JMYECTB YKCYCHON KHCJIOTHI B TCUCHUE He-
CKOJBKUX YacoB. [IpoObl mjist XpomaTorpa-
¢upoBanus oopémom 0,05 mMa orGupanuch
W3 PEaKIMOHHON MacChl Yepe3 Ompe/escH-
Hble npomexyTku Bpemenu: 1, 10, 30, 60,

150, 300, 600 MuUHYT, IpY TOMOIIX aBTOMA-
tnyeckoit mumetrkn (HTL lab solutions
discovery comfort DV200/20-200 mxn) u
pa3baBiIsUIUCh aIleTOHUTPUIIOM (st
B3XX) B 50 pas.

Ha mpuBeneHHBIX HMKE XpOMATOrpam-
Max peakIMoHHOW Maccel, (puc. 1-8),
Hapsily ¢ TMKaMU UCXOAHBIX peareHToB (1 u
2) MOXHO YBHJIETh NMHUKH NPOAYKTOB peak-
M1 U BO3MOXKHBIX MHTepMeauaroB. Ha oc-
HOBaHUM JAHHBIX O PEAKLIMOHHOW CrIOco0-
HoctH 1,3-nudennn-1H-nupazon-5-amuna 2
[15], Hamu ObLTH CHENaHbI CIACAYIOIINE BhI-
BOABl TPU UWHTEPIPETAUUA PE3yIbTaTOB
Xpomatorpaduyeckoro aHaausza.

[Ipu cMmemMBaHUU PEarecHTOB U KHIISYe-
HUM B T€YEHUE | MUHYTBHI B pPEAKIIMOHHOMN
Macce MOMUMO MCXOJHBIX peareHToB 1 u 2
Cpa3y MOSBIISIOTCS ellle Ba Muka 3 (curxani
npu 2.777 mun.) u 4 (curHan npu 3.777
MUH.) (puc. 6). B Macc-criekTpe coenuHeHHs

x10 3 |VWD1 - A:Wavelength=254 nm 12.d
*3.290

2 25 3 35 4 45 5 5.5 6 6.5 7 755
Response Units vs. Acquisition Time (min)

Puc. 1. MHTerpupoBanHas CKaHUPOBAHHASI XpOMATOTpaMMa PEaKIIMOHHON CMECH.
Bpewms peakuuu 600 muH.
Fig. 1. Integrated scanned chromatogram of the reaction mixture. Response time: 600 min.
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Puc. 2. Macc-crekTp, COOTBETCTBYIOIIHI MUKy 3.
Fig. 2. Mass spectrum corresponding to peak 3.

x10 5 |+ Scan (3.291, 3.324-3.374, 3.407 min, 6 Scans) 12.d Subtract (3)

8 441.1746 HN/{i}fF
/QO

e

N—n
\
Ph
330.1257 881.3412
) | 540.2803  680.2306 1120.9004

100 200 300 400 500 600 700 800 900 1000 1100
Counts vs. Mass-to-Charge (m/z)

Puc. 3. Macc-cniekTp, COOTBETCTBYIOIIMN MTHUKY 5.
Fig. 3. Mass spectrum corresponding to peak 5.
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x10 5 |+ Scan (3.722-3.788 min, 5 Scans) 12.d Subtract (3)
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Puc. 4. Macc-cniekTp, COOTBETCTBYIOIUHN MUKY 4.
Fig. 4. Mass spectrum corresponding to peak 4.

x10 5 |+ Scan (4.882-5.014 min, 9 Scans) 12.d Subtract (3)
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Puc. 5. Macc-criekTp, COOTBETCTBYIOIUHN MUKY O.
Fig. 5. Mass spectrum corresponding to peak 6.

VWD1 - A:Wavelength=254 nm 2.d
*2.337
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Puc. 6. UnTerpupoBanHas cKaHHPOBAaHHAS XpOMAaTOrpaMMa PEaKIMOHHON CMECH.
Bpems peakiuu 1 MuH.
Fig. 6. Integrated scanned chromatogram of the reaction mixture. Response time: 1 min.

x10 3 VWD1 - A:Wavelength=254 nm 3.d
*2.340
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Puc. 7. WHTerpupoBaHHas CKaHUPOBAaHHASL XPOMATOrpaMMa PeakIMOHHOM CMecH.
Bpewms peakuuu 10 MuH.
Fig. 7. Integrated scanned chromatogram of the reaction mixture. Response time: 10 min.

VWD1 - A:Wavelength=254 nm 6.d
*2.373

x103
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Response Uni|s4\}g. Acqgsitiongl;ime (min)
Puc. 8. MHTerpupoBanHas CKaHHPOBAaHHAS XPOMATOrpaMMa PeakIMOHHOM cMecu. Bpemst
peakmun 60 MUH.
Fig. 8. Integrated scanned chromatogram of the reaction mixture. Response time: 60 min.

3 (puc. 2) ormeuaeTcsl BHICOKAass MHTCHCHB-
HOCTbh IHUKa C Maccoil 236, COOTBETCTBYIO-
[IET0 UCXOAHOMY AU (PEHIIAMUHOITHPA30IY,
B TO BpeMs, KaK B CIIEKTpe KOMIOHEHTa 4
(puc. 4) u UENEeBOro MUPA30IOMUPHINHA 5

(puc. 3) UHTEHCUBHOCTh JTAHHOTO IMHKA CY-
IIECTBEHHO MEHBIIIE. DTO TMO3BOJIAET MPe/I-
IIOJIOXKHTh, YTO KOMIIOHEHT 3 SBJISACTCS aj-
TyKTOM MuxasJid, a coeiuHeHnue 4 — IUKIH-
YECKUM WHTEPMEIUATOM TpaHCAMUIUPOBa-
HMUSA.
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B nipo0e, B3sTOM 10 ncteuenun 10 MUHYT
nosiBusieTcs euie oauH nuk S (3.290 muH)
(puc. 7). Ilocne 60 MUHYT KUTITYCHUS peaK-
[IMOHHON MAacChl, Ha XpoMaTorpamme (puc.
8) 3HAYUTENIbHO YBEJIWYUBAETCS IUIOUIA/b
NUKAa 5 W HAaYWHACT MOSBISIETCS €IIe JBa
MUKa: 2°, OTBEYAIONIUNA KOMIIOHEHTY C Mac-
COl MOJIEKYJIIpHOTO HOHa 278, BEpOSITHO
ABIISAIONIEMYCSI AllMJINPOBAHHBIM aMUHOIIH-
pPa30JIOM U MUK abTEPHATUBHOTO MPOIYKTA
6 c Maccoi MonekyssipHOTO HoHa 423 (4.927
MUH. ).

[To ucreuenun 600 mwuH, mpeobiagaro-
MM Ha Xxpomarorpamme (puc. 1) craso-
BUTCSl MUK MPOJAYKTA S5, MpUUéM MpH Aajb-
HEHIIEM KUIITYCHUU PEAKLMOHHOM MacChl
IUIOIA/Ib €T0 HE YBEJIMYUBACTCS, YTO CBU/IE-
TEIHCTBYET 00 OKOHYAHUH PEAKIIUU.

3aKJa4eHue

Takum 00pa3oM, NMpH MOMOIIM METOAA
BOXX/MC ycTaHOBIE€HO, YTO pPEaKIUs
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