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Kniouesvie cnosa:
usonponunbexsorn,
8mop-6ymusnbensor,
eudponepoxcuo,
N-eudpoxcugpmanumuo,
pmanumuoHvle
Kamanuzamopul,
KBAHMOBO-XUMUYECKUE
pacuemuvt

Annomauua. Paccuumanvt  Hepeuu O00HOKPAMHO 3AHAMOU  MOAEKYAAPHOLE
opbumanu padukana cybcmpama u paouxkana GmManumudHo20 Kamanuzamopa
keanmoso-xumuyeckum memooom Xapmpu-Poxa (PM7). Ycmanosneno, umo
npoussoouvie  N-eudpoxcudmanumuda, —codepraujue 6 Cc8oeli  CMpyKmype
371eKMPOHOOOHOPHBIE 3aMECUMENY, XAPAKMEPUIYIOMCT HUSKUMU HUCTEHHbIMU
suavenusmu AEogvo U 0671a0arom 6bicoOKOTi KaMAnumu4eckoll aKxmusHOCMbIo.
IIpumenenue makux coeOUHeHUL NO3607IEM CYULeCHIBEHHO UHMEHCUPUUUPOBAMD
npoyecc aspoOHo20 HUOKOPA3H020 OKUCTEHUS ANKUNAPOMAMULECKUX Y2rie6000p0006
€ coxpameHuem BbICOKUX mnoKa3amesieli KOHEEPCUU  UCXOOHO20  ColpbsA U
ceneKmMusHoOCmu 00pasosanus ezo eudponepokcuda. Pacuemuvie damHvie X0pouio
CO2NACYIOMCS € SKCNEPUMEHINATLHO NONYHEeHHbIMU, HA OCHOBAHUU He20 COeNaH 6bl600
0 B03MONCHOCHU NPUMEHEHUST NPedIaeaemMo20 Mermooa 07t OUeHKU KAmanumuuecko
AKMUBHOCU PMATUMUOHDBIX COCOUHEHUTI NPUMEHUMENLHO K UUPOKOMY CHEKMpPY
ApoOMAMUUEcKUX Y2ne6000p000s.

T nuTHpoBaHMA:

Kabanosa B.C., Kypranosa E.A., ®pomos A.C., Ilmaxtunckmit B.B., Ilakyn B.A. IIporHosmposanue
KaTaJIMTUYeCKO aKTUBHOCTY (PTaMMMMUIHBIX COeAMHEHMIT B Mpoliecce XMUAKOPA3HOTO adpoOHOTO OKUCIEHU
AIKMTapOMaTUIeCKX YIIeBOJOpoRoB // Om xumuu x mexHonoeuu wae 3a wiazom. 2024. T. 5, o 2. C. 8-16.
URL: https://chemintech.ru/ru/nauka/issue/5176/view

BBengenue

AspobHoe xupkodpasHoe OKUCIEHNE ATKIIAPOMATUYECKNX YI/IEBOLOPONOB SABIIACTCSA

KTo4eBoil cTajueit «KyMo/MbHOI» TEXHOMOTMM TIONy4eHMs ¢eHOMa M €ro aaKMIbHbBIX

IIPOV3BOJHBIX COBMECTHO C Pas3IMYHbIMU KeToHaMm1 [1, 2], «XanKoH-Tpolecca» COBMECTHOTO

CMHTe3a OKCHJja IPOIIVJIeHa Y CTUPOTIA [3, 4], OKMCIUTEIbHBIX NPeBpalle Nl IMKIOTeKCaHa B

© B. C. Kabanosa, E. A. Kypranosa, A. C. ®ponos, B. B. ITmaxtunckuit, B. A. laxyn, 2024
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IleHHBIe IPOAYKTHI [5, 6], a TakXKe psfja [PYTUX MIPOL[ECCOB MOTyYEeHNs KICTOPOACOAEPKAIIX
OpTraHNYEeCKNX COe[HEeHNII MHOTOIIe/IeBOTO Ha3HAYECHNS.

B npoMBIIITIEHHOCTY OKMCIeH)e QpOMaTUYeCKIX YITIEBOLOPO/IOB IO COOTBETCTBYIOLIX
TUZIPOIIEPOKCY/IOB VIIM KMC/IOT IPOBOJUTCS B IPUCYTCTBUM COJIE/l METAIOB II€PEeMEHHOI
BaJICHTHOCTY, TaKMX KaK KOOA/IbT, MapraHel, Mefib, HUKe/nb 1 ap. [7]. OCHOBHBIM He[JOCTaTKOM
IPYMEHEHMSI TAKMX KaTATUTUIeCKUX CUCTEM SIB/ISIeTCS UX HU3Kast 9 GeKTUBHOCTD, CBsI3aHHAS
IpeX/ie BCEro C He3HAYMTEe/bHBIM IIOBBILIEHMEM CKOPOCTM IIpollecca IO CPaBHEHWIO C
OKIIC/IeH)eM, KOIfja B Ka4eCTBe MHMUIVATOPOB PeaKIUy BBICTYIAIOT CaMU TUPOIEPOKCHIbI
wi papyrue fpobaBKu, Hampumep, asobucnusobyruponutpun (AVIBH). Bonee Toro,
UCIIO/Ib30BaHNMe COJIeil METAa//IOB B OONMBIINX KOMMYECTBAX, KaK IPABU/IO, BBI3bIBAET
IpeXX/IeBPeMEeHHBIII pacriaj I[e/IeBbIX IMPOAYKTOB PeaKiuy, YTO B CBOI O4Yepelb CHIKAeT
CEeJIEKTUBHOCTB TIporiecca [8].

C 1enplo yCTpaHeHUs J[aHHBIX HEOCTaTKOB y4yeHbIMU [9-11] mpemmoxkeHO
VICIIO/Ib30BaHVe IIEPCIIEKTVBHOM B HACTOsllee BpeMs TEXHOJOIMM «OPraHOKaTaIN3ar.
B nocnegume roppl 60spiioe BHUMaHue npuBiekaeT K cebe N-rugpoxcudramumup (N-I'ON)
0 TIpUYMHE €ro HEeTOKCUYHOCTY, IIPOCTOTe IIONydYeHus 13 (TajeBoro aHruapupsa u
TUAPOKCUIAMUHA, @ TaKXKe BBICOKOM AaKTMBHOCTM II0 OTHOIIEHVIO K PasJIMYHBIM TUIIAM
opraHm4eckux cyocrpatos [12, 13]. YcTaHOBIEHO, YTO IPUMEHEH)Ee NaHHOTO CONVHEHNUs B
KayecTBe KaTajM3aTopa II03BOJISIET IOBBICUTb KOHBEPCUIO OKMC/ISIEMOTO VIVIEBOZOPOZa B
2-3 pasa Ipu ceJleKTMBHOCTM 00pa3oBaHMs ero ruporepokcuza ceoiue 90% [2, 14].

VHTeHcHduKanys mpolecca CTAHOBUTCS BO3MOXKHONM — Oarofjapss  BOBJIEYEHUIO
N-ruppokcudramummuaa B Iellb  CBOOOJHO-PAaVIKA/IBHBIX —IPEBPAILeHMII  VICXOJHOTO
yI/IeBOJOPOAia, Korja B pesynbraTre oTpbiBa H-atoma O-H-cBasp B Monekyne N-I'OU
pacimienisiercs ¢ obpasoBaHymeM N-okcudrammmupnoro papmkana (N-OPUP), koropwrit
IPOSIB/IAET 97IeKTPOIIIbHBI XapaKTep ¥ MOXKeT BHOBb IIpeBpaiarbcs B Monekyny N-I' OV,
o0pa3yss IIpu 3TOM YIJIEBOLOPOAHBIN pagukan. [locnemHmit mpu B3aMMOMAEICTBUU C
MOJIEKY/IAPHBIM KJC/IOPOZOM TeHEpPUPYeT TMIPONEPOKCUIHBIN pPafiVKal, VMHULIMUAPYOLI
LIETTHYIO PeaKIVIIo 1 3aBePIIAIOIINIL IIPOLIECC KaTa/ITUYeCKOTO OKVCTIeHIS YI/IEBOOPOROB (puc. 1).

OH
/
(0]
Ri_H_Ry R, Ry
c 0
(6] o.
/
(0]
R1\./R2 R»] R2
c 0
N—OH
(0]

Puc. 1. CxemMa KaTaIMTMYECKOTO OKMC/IEHMA apOMATUYeCKMX  YIVIEBOLOPOLOB B  IPUCYTCTBUM
N-ruppokcndranmmusa
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OpHako, HeCMOTpsI Ha BBICOKYI0 3¢ deKkTuBHOCTD N-rUpoKcupTaIMMIA B peaKkiun
OKMC/IEHMsI QJIKMIAPOMAaTUYECKUX YITIEBOJOPOMIOB, IPENATCTBUEM, CHEP)XMBAIOIVIM €ro
IpUMeHeH)e B JaHHBIX Ipolleccax, fABJSIETCS OrpaHM4eHHas pactBopumocte N-I'OU B
yreBogopozax. [jis peleH1st 9Toi Ipo61eMbl BHUMAaHIe YYeHBIX Y/ielleHO BOIIPOCaM CHHTe3a
npou3BOAHBIX N-ryppokcubramummuia, o0NajalolINX I10 CPaBHEHUIO C HMM OOoJblIeit
PacTBOPUMOCTBIO.

B Hacrosmeit  paboTe  paccMaTpMBAIOTCA  IIE€PCIEKTMBBI  VCIIO/Ib30BaHMS
N-ruppokcudramumMmua M €ro IPOU3BOAHBIX B Ipoliecce aspoOHOro KUAKO(ha3HOTO
OKMC/IEHNsT aJIKMIApOMATUYeCKUX YITIEBOZOPOAOB [0 MX TIuppornepokcupoB. Ha ocHoBe
uMemoIericss MHGOPMaIY B HAyYHO-TEXHUYECKOI muTepaType [2, 15] nmpegnonaraercs, 410
JlAaHHble COefVIHEHVs O0NafaloT ompefie/ieHHON 3(QQEeKTUBHOCTBI0O B  OTHOIIEHUN
OKMCIIUTETIbHBIX  IIpeBpallieHuit  yriaeBogoponoB. OrmpefeneHne UX — KaTaIUTUYECKON
aKTMBHOCTY 1 1]e7IeCO0OpasHOCTY VICIIONb30BaHMs B M3y4aeMbIX IIPOLjeccax ObIIO IIPOBEfIeHO

C IOMOIIbIO KBAHTOBO-XMMIYECKMX PAcIeTOB.
OcHoBHasA YacTh

B kauecTBe MCXONHBIX BelLleCTB B paboTe OBUIM MCIONIb30BaHbL M30MPONNUIOEH30/
(xymon) ¢upmbr Alfa Aesar; 4-M30IIPONNI-0-KCUIION, YUCTOTON He MeHee 99% IO HaHHBIM
Ta3oXXMIKOCTHON XpoMartorpadui, IONy4eHHbII 10 MeToauke [15]; n-mpem-6yTunkymor,
IOJTyYeHHbII 10 MeToAuKe [16] ¢ copmep)kaHMeM OCHOBHOTO BellecTBa He MeHee 99%;
e6mop-OyTUin6eH30/I C Ccofep>KaHMeM OCHOBHOTO BemjecTBa 99,3% [17], a Tamke
N-ruppokcudramumup [18] u ero mpomsBopHbIe, CUHTE3MPOBaHHbIe Ha 6ase SIpocmaBckoro
TOCY[JapCTBEHHOTO TeXHUYECKOTO YHIBEPCUTETA.

AspobHoe >XupkodasHOe OKIC/IeH)Ee YINEBOZOPOAOB IIPOBOAMIN Ha YCTaHOBKE
IIPOTOYHO-3aMKHYTOTO THUIIAa B CTEK/IITHHOM peakTope obbemoM 10 cm® mpu aTMochepHOM

naBieHuy (puc. 2), mo Mmetopuke [19].

E\ﬁ» Vacuum

IIIII|IIII|IIH|IIII|IIH|IIH|II\I|I|||1

frrnTonorn e Tern o Toe o T g

R g g

Puc. 2. CxeMa ycTaHOBKM XMAKO(PA3HOTO a9POOHOTO OKMC/IEHN aTKMIAPOMATIIECKUX YITIEBOIOPOJIOB:

1 — MepHBIT UMINMHAD; 2, 12, 15 — kpansbl; 3, 10 — ra3oBble 610peTKI; 4 — COEMMHNUTEBHBII LIJIAHT; 5 — AepsKaTe/b
IJ1A PeakTopa; 6 — peakTop; 7 — IIKUB 3/IEKTPOABUTATENA; 8 — WATYH; 9 — XOMOAWIbHMK; 11 — X/IOpKanbuueBas
TpyOKa; 13 — TpeXxofoBoit KpaH; 14 — HallOpHas CK/IAHKA
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B peakrop mnpm 3aflaHHON TeMIepaType 3arpykalu pacCUMTaHHOE KOINYECTBO
yI7IEBOJOPO/ia M KaTaau3aTopa, MOfIaBamy KUCIOPOJ ¥ BelU IPOLecC IPU HENpPepbIBHOM
nepeMemMBanuu. IlpeumyilecTBaMy TaKoil YCTaHOBKM SABJAKTCA MCIONb30BaHME MasIbIX
KO/IMYEeCTB MICXOTHOTO YITIEBOAOPOZA, OCYILeCTBIeH) e MIPOoLlecca B KMHETUYECKOM peXXMMe, a
TaKXX€ BO3MOXXHOCTb IIPOBOAMTH 3aMep KOIMYeCcTBa IIOIVIOLEHHOTO B XOJie PpeakUuu
Kucnopoza. [Io okoHYaHMIO peakuuy OKCUAAT aHAIM3MPOBAIN METO/IOM J10JOMETPUIECKOTO
TuTpoBaHMA [20] Ha TIpeaMeT CORep)KaHMA B HEM TPETUYHOTO TIUAPOIEpPOKCHA
COOTBETCTBYIOLIETO YITIEBOJOPOAA.

Insa  ompepmeneHmst Katanutumdeckoit 3¢dextuBHOCTM N-Tuppoxkcudrammmmuga u
HEKOTOPBIX eT0 Mpon3BOAHLIX (N, N-IUTNPOKCUIVIPOMETTIUTUMIL, N-TUIPOKCUPTATOHNMILT,
U J[ip.) B TIIpoOl[eccax OKWC/IEHMs YITIEBOJOPOMOB MCCIENOBATE/AMY IIPENIOKEH pacyeT
cBoboaHOI sHepruy [1M60ca, SHTAIBIUM PEareHTOB, IEPEXONHBIX COCTOSHUI Y IPOAYKTOB
peakuyn [21, 22], a Taxoke npounocty NO-H-cBasu B monexyne N-I'OU [23]. ITokasaHo, 4TO
aKTMBHOCTb KaTa/JM3aToOpa CHIDKAeTCs C yBennueHueM npoyHoctu NO-H-casu. B xadectse
aIbTEPHATMBBI B HACTOsAIell paboTe IIpefIaraeTcss MeTOJ, OLEHKM KaTalIUTU4ecKoi
aKTVBHOCTY (PTA/IMMMTHBIX COeVIHEHNII IIOCPEICTBOM pacdeTa SHEPIVM OFHOKPATHO 3aHATBIX
MoreKynApHbIX opoutaneit (O3MO). KBaHTOBO-XMMMYecKye pacueTbl ObUIM BBINOTHEHBI C
nprMeHeHMeM IporpamMMHoro kommnekca MOPAC 2016 [24]. Ontummsauys reoMeTpuu
MOJIEKYI M WX PafiMKajJoB MIpPOBOAMIACH KBAaHTOBO-XMMUYECKMM MeTojgoM PM7
(moyyaMnypudecKuil HeorpaHndeHHbI MeToy XapTpu-dPoxka).

ITepBoHayanbHO IpefiaraeMbli MeTof, KBaHTOBO-XMIMIYECKOTO pacyera
KaTaJIMTUYECKOM aKTUBHOCTY N-TuppoKcudTamuMuia U ero IMpOU3BOAHBIX ObUI IpVMEHEH
OpY  M3YYEHUV OKMUCIUTENBHOM CIIOCOOHOCTM KyMOJa, 4-M30HpPOINMI-0-KCUIONA U
n-mpem-0yTunKymona. B pesynbpTraTte 13ydeHUs1 HEKOTOPBIX TEXHOIOTMYECKIX TAPaMETPOB Ha
IpoIlecC  OKMCIIEHUA  YKa3aHHBIX  YIJIEBOJOPOZOB  OBUIM  IONy4eHBI  CIIeAyIoLIye
9KCIepUMeHTa/IbHbIe TaHHbIe (Ta0I. 1).

Tabmuma 1. Pesynpratel M3ydeHMs 3aKOHOMEPHOCTENl IIpoliecca OKMCIEHMS — M3ONpPOIMUIOEeH3071a,
4-M30MPOINI-0-KCUIOTIA U M- mpem-OyTUIKYMO/Ia B IPUCYTCTBYM N-TUIPOKCUPTATUMNAA U €T0 IPOU3BOLHBIX.
Temneparypa 120 °C. Cogep>xanue KaTamusaropa 2 % Mac. OT 3arpy3Ku yIIeBojopoja

Copepsxanne I'TI
Yriesopopop,
Katanusarop Bpems, Muu B IIPOAYKTAX PeaKIyi,
U €T0 CTPYKTypa 0
% Mac.

VsonponunbeHson
HaC CH, N-T®OU 150 47,9
4-metun-N-I'OU 120 48,6
4-xnop-N-IT'OU 120 20,4

4-Vsonponuu-o-KCUNon

H,C CH, N-TOU 14,9
4-metun-N-T'ON 90 21,7

CH,
4-xnop-N-I'OU 11,0

CH,

11



OT XHMHM K TEXHOJIOTH TOM 5, BBINYCK 2, 2024

Copepsxanne I'TI
Yrnesomopon
Karanusarop Bpems, Mun B IIPOAYKTAX PeaKIuim,
U €T0 CTPYKTypa % pac
n-mpem-byTunkymon
H,C CH, N-ToU 75 31,9
4-metun-N-TOU 30 35,1
HyC——CHs 4-x10p-N-TO 40 14,0
CH,

Kak BMIZHO M3 [aHHBIX, NpeAcTaBlIeHHbIX B Tabn. 1, Hambomee addexkTrBHBIMU
KaTaM3aTOpaMy  adpOOHOTO  OKMC/IEHUSA  MCCAEAYEMBIX  VIJIEBOJOPONOB  SIBJISIOTCS
N-ruppoxkcudramumuy u - 4-mMeTni-N-TuipokcudTamumMuy], IMO3BOJIAIOIIME CYI[eCTBEHHO
VHTeHCUUIMPOBATh JAaHHBLI polecc. C 1e/blo 000CHOBaHMS TOJTYYeHHBIX Pe3y/IbTATOB JIs
KQXJIOTO U3 MUCCIeAyeMbIX VIIEBOJOPOROB M (TAIMMMIHBIX KaTaaM3aTOPOB KBaHTOBO-
XMMUYecKuM MetopoM PM7 6pima paccumrana BemmumHa AEosmo, IPeACTaBAOIas coboit
Pa3HOCTb SHepPIMil OZHOKPATHO 3aHATON MOJIEKY/LIPHON OpOuMTamm pafukana cybcrpara

(Eosmo (R®)) n papgmkana katamusaropa (Eosmo (r*)) (Tabm. 2).

Ta6mmma 2. 3nauenns AEosvo B 3aBYCHMOCTY OT CTPYKTYPBI (PTaTMMMUIHOTO KaTalnu3aTopa 1 yriIeBogoposa

Karanusarop u ero AEo3mo, 9B
CTpyKTypa Vsonponninbenson 4-VIsonponmn-o-KCUion | n-mpem-ByTunkymon
N-TOU
(0]
i
N—OH 1,45 1,90 2,30
(0]
4-metun-N-I'OU
0]
N—OH 1,37 1,83 2,00
H,C \
O
4-xnop-N-I'OU
O
N—OH 1,61 2,08 2,60
o] \\
O

Y cTaHOBJIEHO, UTO MCCIeffyeMble PTaTMMIHbIe COeIMHEHM 00/TalaloT KaTaIUTIYeCKO
aKTUBHOCTBIO IIPY a3pOOHOM XUAKO(DA3HOM OKUCIECHNN U3ONPONNIOEeH30/a, 4-U30IpOINI-
0-KCWJIONA U N-mpem-OyTUIKyMOIa, TOCKO/IBKY pacCUMTaHHbIe 3HaYeHN AEosvo HAXORATCA B
uHTepBane ot 0 mo 4 3B [25, 26], npu 3TOM 4eM MeHblle YNMCIeHHOe 3HauyeHVe BeTMYVHBI
AEosmo, TeM Jlerde IPOMCXOAMUT 3aXBaT YITIEBOJOPOJHOTO pPajyuKana, a C/IefoBaTe/IbHO,
apeKTuBHee INpOTeKaeT VHULMMPOBAHME eIV B XOfie OKVC/IUTETbHBIX IpeBpalieHmUi

yrinesogopopa [17].
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Kak BuHO 13 JaHHBIX, IPEfICTABICHHBIX B TaOM. 1 1 2, N-rupoKcuTaIMMUL U €ro
IIPOM3BOAHBIE, COJepKalye B OEH30/IbHOM KOJIblle 3/IeKTPOHOJOHOPHBIE 3aMeCTUTENN
(nanpumep, 4-metmn-N-rugpokcubranummus), o6magar0T  OONMbIIEN  KATATUTHYECKON
aKTUBHOCTBIO II0 CPAaBHEHMIO C COeVIHEHMsMY, COepXAIlUMMM B CBOEIl CTPYKType
3/IeKTPOHOAKL[ENTOPHbIe 3aMecTuTeNnu (4-x10p-N-ruipoKcuTamumMmy).

B cBsA3M ¢ 9TUM, [/I1 MHTEeHCUPUKALMY ITPOLiecca adpOOHOTO XKIKOPAa3HOTO OKUCTIEHNS
emop-0ytunbeHsona [17] - KI0YeBOM CTagMy COBMECTHOTO IIONydeHMs eHoma u
METWISTM/IKETOHA — IIPe[JIOKEHO IIpUMMeHeHMe IPOU3BOAHBIX N-IUMAPOKCUPTATNMITA,
COJlepIKalllX B apOMATHYECKOM KOJIbIle 3JIeKTPOHOIOHOPHbIE TPYIIIbI, B CUIY MX BBICOKOI
3G dEeKTUBHOCTI B peaKLiy OKUCTIeHN:. B kauecTBe TaKuX coeVHEHNIT ObUIY CHHTE3MPOBaHBI
U VCHONb30BaHbl  4-MeTwi-N-rugpokcubramumuy, 4-pernn-N-rugpokcubramuMuy  u
4-mpem-6ymun-N-rupgpokcudrammmg (tabm. 3).

Ta6muma 3. CopepxaHye TUApONEpoKcHAa B HNpoayKTax peakuuy M AEosyo B 3aBUCMMOCTY OT CTPYKTYpBI
(TATMMUTHOTO COEAMHEHUA [ peakiyy aspoOHOro XMUAKo(hasHOrO OKUCIeHUA 6mop-O0yTunbeHsona.
Temneparypa 140 °C, copeprkaHue KatanusaTopa 2 % Mac. OT 3arpy3KM YIJIEBOJOPO/ia, BpeMs peakuyn 40 MuH

Copepxanne I'TI
Karammsarop B IIPOJIKTax Eosmo (r*), 9B Eosmo (R*), 3B AEosmo, 3B
peakuyy, % Mac.
N-TOoUn
32,4 -9,68 1,68
39,4 -9,61 1,61
-8,00
35,9 -9,63 1,63
40,1 -9,56 1,56
O
CHs
rer*= N—0®, R°= ©_C/.
\
CHy _CH,
v O
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OueBupHo, 4To MeTU/IbHBII i mpem-OyTUIbHBII IIPOM3BOJIHbIE
N-ruppokcnpTamMMua, XapaKTepU3YIONecs HU3KMMU 3HAYEeHMAMM PasHOCTU SHEepruit
O3MO, o006mafaloT BBICOKOJl  KAaTAIUTUYECKO! aKTMBHOCTBIO IO CPaBHEHUIO C
N-tuppokcnTamMMmuAoM, 4TO XOPOIIO COITIACYeTCS C SKCIEePUMEHTATbHO ITOTy4eHHBIMU
faHHBIMU (puC. 3).

e
wn
1

o

=]
T

—

R?=10.9323

(8] 73]
o wn
T T

Copep:xanne I'TI 6-Bb, % Macc.
2
n

1,54 1,56 1,38 1.6 1,62 1,064 1,66 1,068 1,7
AEgzmo0. 9B

2
o

Puc. 3. Koppenanuonnasa saBucumoctb Mexny AEosmo ¥ cofepXaHueM THUPONEPOKCHAA B IPOJAYKTaX
XMUAKO(AZHOTO aspOOHOTO OKMCIeHUs 6mop-6yTunbeHsona B mpucyrcTsuu N-TUApOKcU@TaIMMMUua U ero
9JIeKTPOHOOHOPHBIX IPOU3BOAHBIX: 1 — 4-mpem-OyTun-N-ruppoxcrdTamumMug, 2 — 4-MeTu-N-TUEpoKcU( TaIMUT,
3 - 4-¢enmn-N-ruppoxkcudramumuy, 4 - N-rugpoxcudpramumup. Temmeparypa 140 °C, comepxaHue
KaTtanmsaropa 2 % mac.

PasnuyHas peakumoHHas COCOOHOCTD N-TUPOKCUQTAIUMMUIA U €rO IPOU3BOJHBIX
00BACHACTCA MICXO/A U3 BO3MOXKHOCTY 00pa3oBaHNA IpepeaKIYIOHHbIX KOMIDIEKCOB MEX/Y

MOJIeKy/IOil yrieBojopoja u N-okcudramumupgHoro papmkana (A), a TakKke MeXAy
HePOKCUPA/INKAIOM YITIEBOZOPOZA 1 MOJIEKY/Ioit KaTanusaropa (b):

o) °# o o#
J HoC, HaC
N—Q- H /C N—OQ- H O_O__/C
H,C H,C
Y \\ \CH3 Y \\ CH,
A b

OJIEKTPOHOIOHOPHBIN ~ 3aMECTUTENb, CONEPXKAMIICA B  apOMAaTUYECKOM  Afpe
N-oKcnTamMMUIHOTO PajivKajia, MOBBIIIAeT CIMHOBYIO IVIOTHOCTh Ha aTOMe KMC/IOPOia, B
pe3y/bTaTe Yero peaklMOHHas CIIOCOOHOCTb MAHHOTO pafiuKaja U CTaOUIBHOCTD €ro
KOMIIZIEKCAa BO3pacTaeT. B TO e BpeMs 3/1eKTPOHOAKLENTOPHbIE 3aMeCTUTENN B
apOMaTIYeCKOM KOJIbIle CHVDKAIOT CIITHOBYIO IVIOTHOCTD Ha aTOMe KJC/IOPOZia U CTa0M/IBHOCTD
KOMIIJIEKCA.

OpHako, HECMOTpA Ha BBICOKYK KaTaJIUTUYECKYI0 aKTMBHOCTb IIPOVM3BOIHBIX
N-rupgpokcudrammmmnia, CofeprKalxX 3/IEKTPOHO/IOHOPHbIE 3aMeCTUTEIIN,
IpeIIOYTUTEIbHEE IIPOBOJAUTL OKMCIEHME ANKMIAPOMATUYECKMX YITIEBOJZOPOMIOB [0 MX
TU/IPONIEPOKCHIOB B IPUCYTCTBUU N-TUAPOKCUPTAIUMIAA B CWIY HOCTYIIHOCTY MCXOJHOTO
CBIPbs, HU3KOJ CTOMMOCTY I OTHOCUTE/IBHO IIPOCTOI TEXHONIOTUY €TI0 IOTy4eHMNA.
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BriBonb1

[Tpumenenre N-TUAPOKCUQTAINMIAA M €T0 NPOM3BOAHBIX II03BOJIAET CYLIECTBEHHO
VMHTEHCUPUIMPOBATh IIPOLIECC A3POOHOTO OKMUC/IEHMS apOMAaTUYEeCKUX YITIEBOLOPOJOB.
YcraHOB/IeHO, 4YTO (pTaMMMMOHbIE KaTaaM3aTOpBl, COAepsKaljye B CBOEN CTPYKType
3JIeKTPOHOJOHOPHbIE 3aMeCTUTe/IN, 00/Iaflal0T 60JIee BEICOKON KaTaTUTUYECKOI aKTUBHOCTBIO
II0 CPaBHEHMIO C 3/IeKTPOHOAKI[ENITOPHBIMI TpynmaMiu. VI3/moxeHHbIe B paboTe BBIBOABI O
BIMAHUU CTPOEHMA TIPOM3BOAHBIX N-IMApPOKCMPTaIMMUfa Ha IPOIecC OKUCTCHNA
COIJIACYIOTCA  C  TIOJAY4EHHBIMM  3IKCIIEPMMEHTA/JIbHBIMU  JlaHHBIMU.  [IpoBeneHHbIE
KBAaHTOBO-XMMMYECKIe pacdeThl SHEPIMil OJHOKPATHO 3aHATBHIX MOJIEKY/IAPHBIX OpOUTaIei
YITIEBOJOPOJHOTO paiMKana M pajfiuKaja KaTaau3aropa MOTYT OBbITb INPVIMEHEHBl i
oIpefieNieHNA KaTAIUTUYECKOV aKTMBHOCTM QTAIMMUJHBIX COeAVHEHMII B IIpoljeccax
XKUAKO(DA3HOTO a9POOHOTO OKUCTIEHNS AIKMTAPOMATIYECKIX YI/IeBOJOPOIOB.
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YCOBEPIIEHCTBOBAHHBIV CITOCOB ITIOJTYYEHN A
4,5-TNXTIOPO®TATOHUTPUIA 1 CUHTE3
4-XJIOP-5-(R-AMVHO)®TAJIOHUTPNIOB HA ETO OCHOBE
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Kniouesvie cnosa: Annomauusa. Vccnedosano enusuue npupoovt N-Hykneodunos Ha
4,5-0uxnopdpmanonumpur, npomexarue peaxyuu AKMueupo8anHozo apomamu4eckozo
N-nyxkneogpunvi, amunvt, SNAr HYK71e0PUNbHO20 3aMeujeHUs amoma xnopa 6 4,5-0uxnopdmanonumpure.

peakuyus, pmanoyuanunvl, 4-xn0p- B pesynvmame pabomv.  ObiAU  CUHMEIUPOBAHLL He  ONUCAHHbIE

5-(R-amuno)pmanonumpuno 6 numepamype 4-xnop-5-(R-amuro)pmanonumpunvl — nepcnekmusHole
coeQuHeHUs  Ons  cuHmesa  PMANOUUAHUHOE ¢ NOBLIUEHHOT
0p2aHOPACIEOPUMOCIDIO.

s quuTpoBaHus:

Baxmarun B.JL., Byxamuu B.B., Momuanosa K.B., A6pamoB JL.I. VcoBepiIeHCTBOBaHHBII CIIOCO6 MOTydeHNs
4,5-nuxnopbTanoHnTpuna u cuHTe3 4-xm0p-5-(R-aMMHO)pTamOHNTPUIOB Ha ero ocHoBe // Om xumuu k
mexHonoeuu wae 3a wazom. 2024. T. 5, Buim. 2. C. 17-27. URL: https://chemintech.ru/ru/nauka/issue/5176/view

BBenenmne

4,5-TluxnopdTaTOHUTPUA  OOBIYHO IIONYYAIOT IO YETHIPEXCTA[UITHOMY METOAY,
npepnoxenHomy [I. Bépme [1-5] u ucnonp3ylor B SyAr peakumsax ¢ O-Hykneodunramu B
IPUCYTCTBUM OCHOBaHMA [6], B TO ke BpeMs peakuuyu ¢ N-HyKrIeopyIaMy BCTpedaroTCs
3HauNTeNbHO pexe. [IpuMepoB B3amMopeiicTBuA 4,5-AUXIOPPTATOHUTPUIA C BTOPUIHBIMU
amndaTudecKyMy aMyHaMI B JIUTepaType KpaiiHe orpaHudeHo. B pabote [7] 6pu1 momydeHn
4-x710p-5-(EMMeTHIaAMINHO) PTATOHUTPIII ITyTeM B3aMMOJEVCTBUA 4,5- INXIOpPTATOHUTPIIA
C AMMeTWIAMMHOM, o6pasoBbiBaBuMMcs in situ u3 JM®A u tpuatundoceura, npn 160 °C B
TeyeHVe 3 4acoB. ABTOpBI OTMEYalOT, YTO B AaHAJIOTMYHBIX YCIOBUAX IKCIlepuMeHTa (6e3
tpuatwidochura) npu ucnonbzoBanny Na,COs, K;COs mm Cs,CO; 06p19HO HabmoaeTcst
obpa3zoBaHNe IMPOAYKTA C OYeHb HUM3KMMM BbIxofamu (oT 14 go 26%) mpu obujeM BpeMeHU
peakuyy 24 gaca. CoOrlacHO IIpOBEJEHHBIM MCCIeOBAaHNAM, (PTA/IOLMAHNH IIVTHKA Ha OCHOBE

4-x10p-5-(guMeTnamMmnuo)pramoHnTpuna obnasaeT BBICOKOV 3((EeKTUBHOCTHIO TYIIEHNS

© B. JI. Baxarus, B. B. Byxamus, K. B. Monganosa, V1. I'. A6pamos, 2024
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¢nyopecuieHnuy npu Ho0aBlIeHMM K [JAaHHONM CUCTeMe pacTBopa TpUHUTpodeHOma u
TPUHUTPOTONYO/Id, YTO MOJKeT HATM IOTEHLMANbHOe IIpUMEHeHue B OOHapy)XeHUU
B3PBIBYATBIX BEI[ECTB.

Taxoke panee [8] 6bUI onucaH cuHTe3 4-X/10p-5-(IUreKCUIaMIHO ) PTATOHUTPUIIA, TIPU
3TOM TOJBKO OJMH aToOM X/JIOopa 3aMeIlajcsi Ha JMIeKCVIAMUHOBBI (parMeHT BHe
3aBMCUMOCTH OT Bbibopa pactBoputens (IMCO, TT'®, numeTnnmaMinHO3TaHON), U30BITOYHOTO
KonmuecTBa N-Hykneodua (BYKpaTHBIN, YeThIPEeXKPATHBI MV BOCbMUKPATHBII M30BITOK)
¥ ICIO/TIb30BaHHOTO Jienporonupytomero areHTa (K;COs i Na,COs).

ABTOpamu pabortsl [9] Ha ocHOBe 4,5-guxnopdTanoHnTpmIa 1 MopdoINHa OBUI ITOTyIeH
4-x710p-5-MOpHONMHOPTATOHUTPUI ¥ COOTBETCTBYIOLINIT OKTa3aMellleHHbII (TaloLaHH,
obnmaparomuit xoporueit pacrBopumoctsio B CHCL;, CH,CL, TT®, IM®A, IMCO n Tonyorne,
npu 3ToM B TT'® cobmomancsa 3akoH byrepa-J/lambepra-bepa B ompeneneHHOM AmanasoHe
KOHLIeHTpauuit. B xoze SNAr peakijyy aBTOpBI MCIIONIB30BaIN HEe TOMBKO MOPQO/INMH, HO U
H-OyTwmaMuH B KadecTBe N-Hykneopwna. Ecnmm peakums ¢ MopdonmHOM mpoTeKasna
CElIEKTMBHO C O00Opa3oBaHMEM IIPOAYKTa MOHO3aMelleHus 0e3 KaKuX-mbo OCIO>KHEHUI
(B KauecTBe OCHOBAHMs ¥ PpACTBOPUTENSA BBICTYIIaeT caM MOPQO/INH), TO peakums c
HEepPBUYHBIM amndaTUIeCcKVM aM{HOM IIPUBOAMIA K 00pa30BaHNIO HEPa3[eNIuMoi cMecy U3 7
coemvHenmit.  Ciemyer ~ OTMETMTb, 4TO  aBTOpaM  He  YAIOCh  IIONTY4NUThb
4,5-mumop¢domHOPTATOHUTPIIT: HY IOBBIIIEHNE TeMIIepaTypsl, HU fobOaB/IeHNe M30bITKA
MopQonuHa He IPUBOANIO K KeTaeMOMY pe3y/IbTaTy.

B To ke Bpems, cormacHo [10] B cirydae MCIIONIb30BaHUA H-TEKCHIAMMHA TIPOLIECC UET
CeJIEKTVBHO ¢ 00pa3oBaHyeM 4-X/10p-5-TeKCuIaMUHO(TaTOHUTPIIA.

Psap manpHeimux vccnegoBanmii [11] mokasai, 4To 4-x10p-5-MOPPOMMHOPTAIOHUTPUTT
MO>XHO JICIIOTIb30BaTh B PeaKIIMI CTATUCTUIECKON KOHIECH ALV C APYTUMU GTATOHUTPIUIAMI
C Ienbl0 CMHTe3a (QTaTonMaHNMHOB Tuna As;B, mpm srom N-comepskaluil 3aMecTHUTeNTb B
¢dparmenTe B BBIIIONHAET ayKCOXPOMHYIO PYHKIINMIO. ABTOPBI TAK)Ke OTMEYAI0T, YTO BBEfIeHIE
N-copmepKaliero 3aMecTUTeNs Ha Iepudepyuio MaKpOIMKIA BCerfja IPUBOAUT K
3HAYUTETbHOMY 6aTOXPOMHOMY CABUTY MaKCHMyMa HOTTIOIEHMsI Y U3TydeHV.

B  marenre [12] ommMcaH ~CMHTe3  IePCIEKTUBHBIX  apOMAaTMYeCKUX U
reTepoapoMaT4ecKx KapOOKCaMMIOB, COAEp KaliX IMUIIEPUANHOBDIA (PparMeHT. [JaHHbIE
COeIVHEeHNsI, 10 MHEHMIO aBTOPOB, MOTYT IIPUMEHATHCS Ipy edeHnu 6onesHu [TapkuHcoHa u
IPYTMX HeBPOIOTM4YecKuX 3aboneBanuit. OJHO U3 3asIBICHHBIX COeAMHEHMI OBIIO TIOTY4eHO C
IIOMOIIBI0 peaKLMy apOMATHYECKOTO HYKIeO(PNMIBbHOTO 3aMeIleHMs MeXAy 3aMelljeHHBIM
nunepupnHoM u 4,5-puxnopdranonntpuwioM. Peaknuio nposogwmu B TT'®, a B kavecTBe
JIETIPOTOHUPYIOIETO areHTa JMCIIONb30BAIM TPUITWIAMUH, IIPM 9TOM IIPOVCXOMIO
o6pasoBaHye VICK/TIOUNTENTBHO IPOAYKTa MOHO3aMelleHys. [IpyMeydaTebHO, YTO OCTaBIINIICS
aToM x/1opa OBUI ycIenHo 3aMeleH ¢ nomougpio Pd;(dba)s, pochopopranmueckoro nuranzma
«Xantphos» u Cs;COs Ha 2-MeTOKCMHUKOTMHAMMUIHBIN (parMeHT (BBIXOJ KaTalIu3upyeMo
Ha/UIafiieM PeaKIuy COCTaBMI Bcero 13%). [laHHBIN IpuMep WUTIOCTPUPYET BO3MOKHOCTD

3aMelleHNsI aTOMa XJIopa B 4-x71op-5-(R-ammuo0) pTanonutpurne, rae R mMmeeT amunukmmaeckyo

IpUPOLY.
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Vicnonb3oBaune 4,5-guxnopdramonntpuna B SyAr peakumm € apoMaTUUECKNMU
aMMHaMM B IATepaType, 10 HALVIM JJAHHBIM, He OIVICaHO.

CBepieHVs 0 4-XJI0p-5-TeTapuIaMuHO(TAIOHUTPIIAX B IUTEPaType TaKXKe OTCYTCTBYIOT,
OfHAKO 4,5-AUXIOPPTATOHUTPUIT BCTyHAeT B PeaKUUi0 [Ju3aMeI[eHNsI CO CIefyIOLIMU
coemVHeHMsAMM: MMMAason [13], 6-oktmn- u 6-mpem-Oyrmnnupaszon [14] (B xadecrBe
ocHoBaumsa  6epyr  K,CO;), kapbason wm  3,6-gu-mpem-6yrunkapbason  [15],
3,6-nubpomkap6bason [16] (B kauectBe ocHoBaHus 6epyT CsF).

Bce BbluienepeyncieHHOe CBUIETEIHCTBYET O TOM, YTO pa3pabOTKa METOHOB CHUHTe3a
4-x710p-5-(R-aMuHO) PTATOHUTPUIOB SIBIIAETCSA BAXKHON 3afadeil IJIs IOJyYeHUs HOBBIX
3aMellleHHbIX (PTaTOHUTPUIIOB, 0OTANAONINX TOTEHI[MATBHON OMOMOTUYECKOI aKTUBHOCTBIO,
a Taxoke QTATIOLMAHNHOB U IPYTUX COeAMHEHNI, COTEP>KAIUX UMIUHbIE, U30MHIOMNHOBBIE U

TeTpa3obHble (parMeHThI.
OcHoBHasA 4YacTh

Knaccuaecknit cunTes 4,5-puxnopdranonurpuna no Bépne [1] mpumBoguT mumb K
YHOB/IETBOPUTETBHOMY BBIXOAy IeJIeBOrO IHpopyKTa (49%), B cBA3M C 4eM HaMu ObIIa
IpeIoXKeHa MOAV(IUKAIA, T03BOIAIONIAS HOTYIUTh 4,5-IMXI0pPTATOHUTPIUT 4 B TpeTbel
CTauM C CyMMapHbIM BbIXofoM 72%. Ilpm stom mnomydenue 4,5-guxmopdramumupa 2
OCYIL[eCTB/ISIIOCh HAIPAMYIO 13 4,5-auxmopdraneBoil KUCTOTH 1, a ucrnonb3oBaHue Jo0aBKU
XJI0pM/ia aMMOHNS ITO3BOJIVJIO YBEIMYUTD BBIXOR 4,5-muxnopdranamyuya 3 Ha BTOPOIT CTafiun
1o 78%.

(0]
CONH
Cl COOH (NHa)2COs Cl NH 2 po Cl3 Cl CN
—_— H —>
AcOH
Cl COOH Cl CONH2 Cl CN
1 2 4

B Hacrosmert paboTe ObIIV CMHTE3MPOBAaHbI HOBbIE 4-X/10pP-5-(R-amM1HO0)PTamoHUTpUIIBL.
JlaHHbIe coefMHEHMSI MOTYT OBITb MCHOJIB30BAHBI I IONy4eHUs (PTaJoOUMaHNHOB,
HOTEHIMAaIbHO 00/IafjalolyX PSAOM MHTEPECHBIX C IPAKTIYECKO TOUKI 3PEHISI CBOVICTB.

Peakius apOMaTNYeCKOro HYKJ1e0(pVIIBHOTO 3aMelleHMs MeX[y
4,5-puxnopdranonnrpunom 4 u N-copepxamymu Hyknteopunamu 5(a-0) 6b1a mpoBefieHa B
IM®A B Teuenne 0,5-19,5 4 npu remnepatype 80-140 °C (B 3aBUCHMOCTY OT IPUPOABI 5(a-0).
B kavecTBe [IeNpOTOHMPYIOILETO areHTa MOTYT OBbITh MICIIO/Ib30BAaHBI KaK KapOOHAT Kays, TaK
U TpUaTWIaMuH. [Ipy 9TOM BBIOOp OCHOBaHNs He OKa3bIBAET CYLECTBEHHOTO B/IVAHNA Ha X0
peaxium.

NC

Cl NC Cl
1L, wone X
NC cl JM®DA, ocHOBaHUE NC R

4 6a-o0

IleneBblie coenyHenus 6(a—0) ObUIN MOTYYEHBI C BBIXOAAMU 70 57,5% (Tabm. 1).
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Ta6muma 1. BpeMs u ycrmoBus IpoTeKaHUA peaKLyuy HonydeHns GTaIoOHUTpuIoB 6(a-o)

Ne CoenuHeHne R Bpems, Temneparypa, OcHopate Brixop,
6 q °C %
Ph
1 a _N/_\I_<P 1,5 100 EtN 57,5
\__/ h
O
2 b —N/_\N—/% 6 100 ELN 48
\__/ Et
3 c — 0 3 100 EtN 27
Ph
4 d N N 3 100 EtN 30
s/
5 e _,\/\:Q 3 110 K,CO; 45
Me
6 f — 3 100 K>CO;s 38
c
7 g —OMe 3 110 K.CO; 44
8 h —~ b 0,5 130 EtN 40
9 i —O 4 90 K»CO; 42
Me
10 j —N 4,5 100 K,CO; 32
Me
Me
11 k —N 1,5 120 K,CO; 37
\_Ph
N
AN
12 1 @ D 19,5 80 K,CO; 20
N
\
H
13 m —NOOMe 8,5 140 Bu,N 16,5
H
14 n —NOMe 11,5 140 BuN 36,5
H
—N Me
15 o < 2 26 140 BuN 20
1
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CreyeT OTMETUTb, YTO Haybosee BaKHBIM (PaKTOPOM, BIVAIOLIMM Ha IPOTEKaHME
mpoliecca, okasblBaeTcsi npupopa N-Hykineopwna. Kak m cremoBano oxmparbh, B CIydae
apOMaTMYeCKUX aMIHOB 5(IM—-0) peaKIyio yAaI0Ch IPOBECTHU TONBKO B KECTKUX YCTIOBUSX TP
140 °C. B xayecTBe OCHOBaHMsI OBUI MCIIONIb30BaH 0OJiee BBICOKOKUILAIMI TPUOYTUIAMUH,
YTO CIIOCOOCTBOBAJIO HEIPEPBIBHOMY IIPOTEKAHMIO IIpOIlecca B TOMOTEHHBIX YCIOBMSAX.
DNIeKTPOHOZOHOPHBIE 3aAMECTIUTE/IN B APOMATUIECKOM KOJIblle aHVIMHOB CIIOCOOCTBYIOT O0jIee
OBICTPOMY IIPOTEKAaHUIO peakiyy. B To >xe BpeMsi, BBefieHVe 3/IeKTPOHOAKIIENITOPHBIX TPYIIIL,
TaKMX KaK aTOM rajioresa (B cydae 50), 3Ha4MTETbHO YBEMNIMBAIOT IIUTETBHOCTD PEaKIINIA.

CTpoeHre 1 MHAVBUAYAIBHOCTb BCEX IIOTy4E€HHBIX COeAVHEHMIT ObUIM MOATBEP>KIAEeHBI
coBOKyNHOCTbIO faHHbIX VIK- n IMP-cnekrpockonmu. Crpoenue coefuHenui 6(a-c, h) 6u10
TaK>Ke JOKa3aHO C IIOMOIIbI0 MACC-CIIeKTPOMETPUIA.

B SJAMP 'H cmekTpax Ie/leBbIX coeiMHeHU! 6(a-0) B cmaboIonbpbHO 061acTH
pacnonoxeHsl iBa cuHIIeTa (On 6.63-8.79 M.HI.), KOTOpBbIe COOTBETCTBYIOT apOMAaTUYeCKVM
nporoHam C(3,6)H ¢ranonutpunbhoi cucremsl. [ 4-X10p-5-apuaaMuHOPTATOHUTPUIOB

6(m-0) XapaKkTepeH yIIMpPeHHBI CUHIIET B 06macty Ou 8.66-8.80 m.p. (puc. 1).

S
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724
—~ 722
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[ g 120

/ [ / f j/ — 110
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X M L 9o
NH (s) 3(9) ‘ I \Q\ 6 (d)
8.66 8.16 cl 7.09
3/ o o Hy k8o
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=20
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o
o

0,
1
2

Puc. 1. @parment IMP 'H criektpa coefyHeHUst 6m

B SAMP C cnekrpax 6(a-c) MO>XHO HaOmofaTh Kak curHanbl nyaHorpymn C(1,2)CN
B obmactu O¢c 115-116 m.z., Tak u curnan C(4)Cl B o6macty 8¢ 131.4-131.8 m.p1. (puc. 2).
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Puc. 2. ®parment IMP PC criextpa coefuueHus 6a

B macc-cnektpax coegyHeHuit 6(a-c) MOXXHO HabMIOAaTh KaK MUKW, COOTBETCTBYIOIIME

[M + 2]*, MHTEHCUBHOCTb KOTOPBIX cOCTaBsgeT nmpumepHo 30% ot mmka [M]*, Tak u nukwy,

cooTBeTCTByIOIMEe [M

3Cl*, M

YCl]*, 4TO, B COBOKYHHOCTM C H#aHHbIMM SIMP

CIIEKTPOCKOIINM, OJHO3HAYHO CBUOETEIbCTBYET O HAIMYIMN B HAHHBIX COCAMHEHMNAX OTHOTO

aToma xsiopa (puc. 3).

Puc. 3. Macc-cnieKTp coeiluHeHM: 6¢C
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KoHTposb 3a X0ZOM peakIuy OCyLecTB/I/IN MeTOLOM TOHKOC/IOHON XpoMaTorpadun
Ha wiactuHax «Silufol 254 UV». 4,5-[Iuxnopdranesas kucnora 1, amuuer 5(a-o0), IM®DA,
K,COs, Et:N, BusN, POCL;, AcOH, (NH.),COs, 25%-ub1it Bopnblt pactBop NHi, NH,Cl
ABJIAIOTCA KOMMEPUYEeCKM JOCTYITHBIMU peakTnBaMu. VIK-crieKTphl 3al1CchIBaIy B OTPaKeHHOM
csere Ha VIK-®Dypbe criekrpomerpe «Spectrum Two Perkin Elmer» ¢ gymHoit Bonasr 700-4000
cm . Criextpsl IMP perucrpuposanu Ha mpub6ope «Bruker DRX-400» (MOX PAH, r. Mocksa)
nns pactBopoB JMCO-ds mpu 30 °C. B xauecTBe 3TasoHa /I OTCYETa XMMWYECKUX C/IBUTOB
VICIIO/Ib30B/IM CUTHA/IBI OCTaTOYHBIX IPOTOHOB pacTBoputers B IMP 'H (8u = 2.50 m.j1.)
SMP BC (8¢ = 39.5 M.1.), B KaueCcTBe MapKepa MCIONb30BaIM CUTHAT TeTPaMEeTU/ICUIAHA.
Macc-cnekTpsl  6bUM  3aperucTpupoBaHbl Ha 1pubope «Shimadzu Biotech AXIMA
Confidence» (MI'XTY, r. VIBaHOBO). D/1eMeHTHbII aHaNN3 MPOBOJWICS B aHATUTUYECKON
nmaboparopun VMIHOOC PAH r. MockBa Ha npubope «PerkinElmer 2400». Temmeparypa
IUIaB/IEHNA OTIpefie/iANach Ha alIapare /IS Ollpefe/leHNs TOUYKM IUTaBIeHuA 1 kuneHus «Biichi
M-560».

4,5-puxnop¢ranumug, (2). beita cobpana ycraHoBKa i1 neperoHkn. B kon6y Ha 500 cm?
3acpimany 1351 (1,4 Monb) Kap6oHaTa aMMOHNA, 3aTeM IpuayBamu 300 cM’ YKCYyCHOT KMC/IOTHI,
nocne gyero pobasmsmm 150 t (0,64 monb) 4,5-guxnopdranesoit kucnorsl 1. Peaknmonnyio
CMeCh HarpeBa/y Ha IecYaHoii 6aHe IO TeMIIepaTyphl KUIIEHUs U OTTOHsM 250 cM® yKCYCHOM
KUCIOTHI. JJa/iee OCTaBIIYIOCS peaKLMOHHYI0 cMech BbUIH B 200 cM® Bozipl. O6pa3oBaBLINiiCs
0CaZloK OT(WIbTPOBBIBAIN, IIPOMBIBAIN BOJON, CYIIVIM Ha BO3AyXe IPU KOMHATHOI
temrepatype. Beixox 130 T (94%). VIK cmextp, v/em: 3224 (NH), 1711 (C=0), 1533 (NH).
Coextp SIMP 'H (400 MI', §, m.z., J/T1): 8.05 (¢, 2 H, C(4,7)H).

4,5-puxnop¢ramamup (3). B xon6y Ha 2000 cM®, cHaO>KeHHYI0 MaTHUTHOJ MEIIAIKOI U
BO3ZIyLIHBIM XO/IOAVIBHUKOM, 3arpy>kam 725 cM® 25%-T0 BOJHOTO PacTBOpa aMMMaka u 41 r
(0,77 monp) xnopusa aMMouus, 3ateM 123 t (0,57 monb) 4,5-guxnopbranumupa 2. Peakiuio
npoogyu 2 vaca mnpu Temmeparype 30 °C. Ilo okoHYaHMIO peakuuym Komby ¢
00pa3oBaBLIMMCS 0CAaIKOM 3 oxyakgamy 1o Temuepatypsl 5 °C. Ocagok oTGUIbTPOBBIBAIIN,
IIPOMBIBA/IN BO[OM, CYIIVM/IM HAa BO3[yXe IIpU KOMHATHON TeMnepatype. Beixop 106,2 T (78%).
UK crextp, v/em™: 1688 (C = O), 1651 (NH>), 1120 (Ca—Cl). Crextp AMP 'H (400 MI'1, 9,
M., J/Tn): 7.88 (c, 2 H, NH), 7.70 (c, 2 H, C(3,6)H), 7.50 (c, 2 H, NH).

4,5-puxnoppranonnutpun (4). B kxonby nHa 1000 cM’, cHabGXeHHYH MarHUTHOI
MeLIaJIKoii, 3arpyxkamu 106,2 r (0,46 Monb) 4,5-guxnopdranamuaa 3 n 685 cm® JM®DA. 3atem
IpV VHTEHCUBHOM II€peMelIVBaHNM PeaKIMOHHOJ Macchl Me[yIeHHO fobaBmstm 85,6 cm®
(0,92 monb) POCL. Konby ¢ peakijmoHHO CMeChI0 OX/IaXK/Ja/Iv Ha BOJSTHON 6aHe, He JOIycKast
HarpeBaHMsA PeaKUMOHHONM Macchl Bbie 35 °C. Peaknmonnyro maccy oxnaxpgamm 1o 5 °C u
ordunbpTpoBbBanmu. ®Punbrpar BbhUmBamu B 2800 cM® Bojbl. BeimaBmmit Genbiit ocafok
OTGMIBTPOBBIBA/IN Y IPOMBIBaIM BOZ0i1. Beixop 87,9 T (98%), T . = 184-186 °C. VIK crexTp,
v/em™: 3085 (Ca—H), 2238 (CN), 1052 (Ca~Cl). Cnextp SAMP 'H (400 MI'n, §, m.p., J/T):
8.60 (c, 2 H, C(3,6)H).

4-x110p-5-(R-amuno) pranoaurpuns (6a-o) (o61as meroauka). B konby, cHabkeHHYIO
MEIIIaJIKO, OOpaTHBIM XONOAV/IBHUKOM M T€PMOMETPOM, 3arpy>Kamu 5 MMO/b 4, 6 MMOJIb

5(a-0) 1 10 cm® IM®A. Tlocie pacTBOpeHMs peareHTOB NP MHTEHCUBHOM ITepeMelIBaHNM K
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peakuMoHHOI cMecy mpubasisiu MenkopucnepcHenit 6e3Bopubiit K;COs (10 MMonb) mn
tpuaTwiaMuH (20 Mmonb) wau TpubyrmiaamMuH (20 mMMonb). Peakuuio mpoBoguiu mpu
temiepatype 80-140 °C B Teuenue 0,5-19,5 4acoB B 3aBUCUMOCTY OT IpUPOAbI 5(a-0) (xox
peakuny KoHTponmupoBanu MerogoM TCX). ITo OKOHYaHUUM peakIuy COIEePKIUMOe KOIOBI
OXJIXK/IA/IM [0 KOMHATHON TeMIIepaTypbl U BbUMBaIU B 60 CM’ XOTOZHON BOZABI. BhImaBmmit
0cajiok 6(a-0) oTMIBTPOBBIBAIYM, IPOMBIBAIM M3OBITKOM BOABI, 3aT€M M30NPOIIAHOTIOM
(mBaxkmpl o 5 cm?®). Ocapok cyummm npu 60 °C. LleneBble mpORyKTHl 6(a-0) momydamyu ¢
BBIXOZIOM 16,5-57,5 % 10C/Ie IepeKpUCTAIN3ALNN U3 TIOAXO/AIIET0 PACTBOPUTETIS.
4-xm0p-5-(4-6ensruppunmunepasus-1-mwr)praronnrpun (6a). Boxon 1,19 r (57,5%),
T . = 201-203 °C. MIK-criextp, v/cm™: 3065 (Ca—H), 2811 (CH), 2236 (CN). Macc-cnektp,
m/z (Lo, %): 413.48 (33) [M + 2], 411.47 (100) [M]*, 376.47 (34) [M - *Cl]. Cuexrp SIMP 'H
(500 MT, 8, M., J/T): 2.47 (1, 4 H, C(3",5)H, ] = 4.6), 3.22 (1, 4 H, C(2’,6)H, ] = 4.6), 4.38 (c,
1 H, Ph,CH), 7.21 (1. 1, 2 H, CHpn, ] = 7.4, 1.4), 7.30-7.33 (v, 4 H, CHpy), 7.46 (1. 7., 4 H, CHpn,
J=8.2,14),7.78 (¢, 1 H, C(6)H), 8.24 (¢, 1 H, C(3)H). Cnextp AMP "*C (126 MTI'y, §, m.z1.):
50.43 (2C), 51.71 (2C), 75.37, 107.60, 114.95, 115.90, 116.02, 125.79, 127.47 (2C), 128.09 (4C),
129.07 (4C), 131.44, 136.20, 142.94 (2C), 153.29. Haitgeno, %: C, 73.00; H, 5.22; N, 13.71.
CysH1 CINy. Berumcneno, %: C, 72.72; H, 5.13; N, 13.57. M = 412.92.
4-xm0p-5-(4-(3TOKCMKapOoHMT) IMnepa3uH-1-mwi)pranonntpun (6b). Brixox 0,77 r
(48%), T mn. = 163-165 °C. VIK-cnextp, v/em™': 3043 (Ca—H), 2985 (CH), 2229 (CN), 1685
(C=0). Macc-cuekrp, m/z (Iom, %): 321 (27) [M + 2], 319 (100) [M]*. Cuexrp IMP 'H
(500 MTI'1, 8, m.m., J/T): 1.21 (1, 3 H, COOCH,CH;, ] = 7.2), 3.16 (1, 4 H, C(2’,6")H, ] = 5.0),
3.54 (1,4 H, C(3",5)H, ] = 5.0), 4.07 (x8, 2 H, COOCH,CHs, ] = 7.2), 7.82 (¢, 1 H, C(6)H), 8.29
(¢, 1 H, C(3)H). Cuektp AMP *C (126 MI', §, m.1.): 15.01, 51.71 (4C), 61.44, 108.20, 114.97,
115.81, 115.97, 126.30, 131.83, 136.21, 153.27, 155.07. Haitneno, %: C, 56.40; H, 4.62; N, 17.41.
Ci5H;5CIN4O,. Berancneno, %: C, 56.52; H, 4.74; N, 17.58. M = 319.
4-xmop-5-(4-(1,3-6eH30AMOKCO-5-UIMeTIWI ) TUTepasuH-1-mr) pTamToHNTPUT (6¢).
Boixop 0,51 r (27%), T mwn. = 240-242 °C. VIK-cnextp, v/em™: 3035 (Ca—H), 2887 (CH), 2226
(CN), 1042 (Ca—Cl). Macc-cextp, m/z (Iowm, %): 381.57 (34) [M + 2]*, 379.55 (100) [M]*,
345.55 (33) [M - *Cl], 343.52 (9) [M - *’Cl]. Criextp SIMP 'H (500 MTI1y, §, m.7., J/T11): 3.04-3.09
(m, 8 H, C(2°,3°,5°,6")H), 4.12 (¢, 2 H, CH,Ph), 6.05 (¢, 2 H, OCH,0), 6.94 (5, 1 H, C(4”)H, ] =
7.7),7.01 (m, 1 H, C(5”)H, ] = 7.7), 7.21 (¢, 1 H, C(7”)H), 7.89 (¢, 1 H, C(6)H), 8.29 (¢, 1 H,
C(3)H). Crextp SIMP 1C (126 MTw, §, m.p.): 51.09 (4C), 60.31, 101.75 (2C), 108.34, 108.68
(2C), 115.02, 115.78, 115.91, 126.15 (2C), 131.62, 136.22 (2C), 147.81, 150.10. Haitmeno, %: C,
63.20; H, 4.62; N, 14.49. C,H,,CIN,O,. Boruncneno, %: C, 63.08; H, 4.50; N, 14.71. M = 380.
4-xm0p-5-(4-6ensunnunepasuH-1-mwi)pranonntpun (6d). Berxop 0,51 r (30%), T . =
135-140 °C. VIK-cmextp, v/cm™: 3041 (Car—H), 2941 (CH), 2229 (CN), 1061 (Ca—Cl). CrexTp
AMP 'H (400 MTI'n, 8, m.p1., J/T1): 2.54-2.56 (m, 4 H, C(3’,5°)H), 3.19 (1, 4 H, C(2’,6’)H, ] = 4.8),
3.56 (¢, 2 H, CH,Ph), 7.27 (1, 1 H, C(4”)H, ] = 5.6), 7.34 (1, 4 H, C(2”,3”,5”,6")H, ] = 5.6), 7.77
(c, 1 H, C(6)H), 8.24 (c, 1 H, C(3)H). Haiizeno, %: C, 67.52; H, 5.13; N, 16.61. CsH,,CIN.,.
Beruncieno, %: C, 67.75; H, 5.09; N, 16.63.
4-xm0p-5-(3,4-gurngponsoxuHonuu-2(1H)-nwn)pranountpun (6e). Boixom 0,66 1
(45%). K-cnextp, v/em™: 3061 (Ca—H), 2933 (CH), 2227 (CN), 1036 (Ca—Cl). Cnexrp SIMP
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'H (400 MT, 8, m.11., J/Tt): 2.9 (t, 2H, C(4)H, ] = 5.8), 3.52 (1, 2 H, C(3")H, ] = 5.8), 4.42 (c, 2
H, C(1)H), 7.16 (n.n, 1 H, C(7))H, ] = 4.7, 2.4), 7.17-7.21 (m, 3H, C(5,6,8")H), 7.85 (c, 1 H,
C(6)H), 8.28 (¢, 1 H, C(3)H). Haitgeno, %: C, 69.46; H, 4.14; N, 14.37. C;;H,CIN;. BeruncieHno,
%: C, 69.51; H, 4.12; N, 14.30.

4-xm0p-5-(3,5-pumermwmnunepuant-1-mwi)pranounrpun (6f). Boixom 0,52 r (38%).
VK-cnextp, v/iem™: 3051 (Ca—H), 2925 (CH), 2223 (CN), 1035 (Ca—Cl). Crextp AMP 'H
(400 MTI'w, 6, m.m., J/Tm): 0.72 (x8, 1H, C(3’)H, ] = 12.4), 0.88 (1, 6H, C(3’,5")CH;, ] = 6.2),
1.70-1.84 (m, 3 H, C(5°)H, C(4)H), 2.34 (1, 2H, C(2")H, J = 11.5), 3.45 (m.;m, 2H, C(6)H, J = 11.5),
7.76 (¢, 1 H, C(6)H, 8.22 (¢, 1H, C(3)H). Haitgeno, %: C, 65.76; H, 5.84; N, 15.14. C;sH;sCING.
Breruucneno, %: C, 65.81; H, 5.89; N, 15.35.

4-xm0p-5-(4-meTmmmunepuauH-1-wr)pranounrpun (6g). Berxopn 0,57 r (44%), T . =
156-160 °C. VK-cnektp, v/iem™: 3059 (Ca—H), 2982 (CH), 2217 (CN). Cnextp SAMP 'H
(400 MTI'n, §, m.z., J/T1): 0.95 (1, 3 H, C(4")CHs, J=6.5), 1.28 (1.1, 2 H, C(3")H, ] = 12.5,] = 6.5),
1.51-1.59 (m, 1 H, C(4)H), 1.72 (m, 2 H, C(5))H, ] = 12.5), 2.8 (t.;, 2 H, C(2’)H, ] = 12.5, 6.5),
3.47 (m, 2 H, C(6)H, J = 12.5), 7.75 (¢, 1 H, C(6)H), 8.22 (¢, 1 H, C(3)H). Haitgeno, %: C, 64.69;
H, 5.47; N, 16.21. C;,H,,CIN;O. Beruucneno, %: C, 64.74; H, 5.43; N, 16.18.

4-x10p-5-(Mopdonnu-4-mn)pramonurpun (6h). Berxon 0,50 r (40%), T . = 171-176 °C.
VIK-cnextp, v/iem™: 3079 (Car—H), 2991 (CH), 2218 (CN). Macc-criextp (Y, 70 3B), m/z (Lo
(%)): 249 (9) [M + 2]%, 247 (27) [M]*, 212 (31) [M - *Cl]*, 189 (100) [M - *Cl - CN + 2J*.
Cnextp IMP 'H (400 MI'L, §, m.p., J/T1): 3.20 (m.;, 4 H, C(3’,5)H, ] = 4.2, ] = 2.2), 3.77 (n.1,
4H, C(2,6)H, ] = 4.2,] = 2.2), 7.76 (¢, 1 H, C(6)H), 8.11 (c, 1 H, C(3)H). Cniextp SIMP “C
(126 MTI', 8, m.11.): 50.39 (2C), 65.91 (2C), 106.75,114.34, 115.22, 115.48, 125.91, 131.02, 135.82,
152.60. Haitmeno, %: C, 59.01; H, 4.13; N, 16.29. C,,H,,CIN;O. Beruucneno, %: C, 58.19; H, 4.07;
N, 16.97. M = 247. Tlony4eHHbIe XapaKTePUCTUKI COOTBETCTBYIOT OIIVICAHHBIM B JIUTepaType [9].

4-xmop-5-(aseman-1-un)pranouurpun (6i). Borxon 0,55 r (42%), T . = 93,2-94,5 °C.
VIK-cextp, v/iem™: 3059 (Ca—H), 2935 (CH), 2216 (CN), 1032 (Ca—Cl). Coextp AMP 'H
(400 MTI'w, §, m.p., J/T): 1.56-1.59 (m., 4 H, C(4’,5)H), 1.80 (m., 4 H, C(3’,6")H, ] = 6.2), 3.50
(r,4H, C(2,7)H, J = 6.2), 7.63 (c, 1 H, C(6)H), 8.09 (c, 1 H, C(3)H). Haiieno, %: C, 64.83; H,
4.89; N, 16.29. C1sH1,CIN;. Beruucneno, %: C, 64.74; H, 5.43; N, 16.18.

4-xm0p-5-(aumernnammuuo) pranorntpui (6j). Beixox 0,33 r (32%). MK-cnexTp, v/em™:
3085 (Ca—H), 2946 (CH), 2864, 2814 (N(CHs),), 2220 (CN), 1583 (C = C), 1061 (Ca—Cl).
Cnextp SIMP 'H (400 MI'n, 6, m.z., J/Tw): 2.94 (¢, 6H, N(CHs),, 7.68 (¢, 1 H, C(6)H), 8.17 (c,
1 H, C(3)H). Cunektp AMP *C (100 MTI'y, §, m.x.): 42.80 (2C), 106.22, 114.27, 115.34, 115.69,
122.90, 130.62, 135.85, 153.73. Haitgeno, %: C, 58.44; H, 3.89; N, 19.92. C,(HsCIN;. Beruncieno,
%: C, 58.41; H, 3.92; N, 20.43. ITory4yeHHbIe XapaKTEPUCTUKN COOTBETCTBYIOT OIVICAaHHBIM B
nureparype [7].

4-xn0p-5-(6ensmn(mermn)amuuo)pramonntpui (6k). Beixop 0,52 r (37%). VIK-cnexTp,
viem: 3070 (Ca—H), 2937 (CH), 2228 (CN). Crexrp SIMP 'H (400 MTn, §, m.i., J/T1): 2.82
(¢, 3H, NCHs), 4.49 (c, 2H, NCH.,), 7.26-7.32 (M, 3H, CHpn), 7.35-7.38 (M, 2H, CHpn), 7.77
(c, 1H, C(6)H), 8.24 (c, 1H, C(3)H). Haitmeno, %: C, 68.16; H, 4.24; N, 14.97. C;sH,,CIN;.
Breruucneno, %: C, 68.21; H, 4.29; N, 14.91.
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4-xmop-5-(6H-unpmono|[2,3-b]xunoxkcanun-6-mwn)pramonnrpmn (31). Beixom 0,38 r
(20%), T mn. = 257-259 °C. IK-cnektp, v/em: 2238 (CN), 1051 (Ca—Cl). Cnextp AMP 'H
(400 MTI'y, 6, m.pi., J/T1): 7.40 (n, 1 H, C(8)H, J = 8.0), 7.55 (1, 1 H, C(9)H, ] = 8.0), 7.77 (yur f,
1 H, C(7)H, ] = 8.0), 7.83 (M, 2 H, C(2,3)H), 8.03 (n, 1 H, C(1)H, ] = 7.0), 8.33 (¢, 1 H, C(6")H,
J=7.0), 849 (5, 1 H, C(4)H, ] = 7.0), 8.79 (yur ¢, 1 H, C(3")H), 8.85 (ym. ¢, 1 H, C(10)H).
Haiineno (%): C, 69.87; H, 2.81; N, 19.15. C,,H;oCINs. Boruncneno (%): C, 69.57; H, 2.65; N,
18.44.

4-xm0p-5-((4-merokcupenmn)ammuo)pramonutpun (6m). Beixoxm 0,23 r (16,5%),
T mn. = 205-207 °C. VK-cnektp, v/em™: 3335 (NH), 3079 (Ca—H), 2969 (CH), 2227 (CN).
Coextp SAMP 'H (400 MT'y, §, m.x., J/Tu): 3.79 (¢, 3 H, C(4)OCHs), 7.02 (m, 2 H, C(3’,5)H,
J=8.5),7.09 (m, 1 H, C(6)H, J = 4.4), 7.23 (n, 2 H, C(2’,6)H, ] = 8.5), 8.16 (¢, 1 H, C(3)H), 8.66
(yw. c. 1H, NH). Haiigeno, %: C, 63.53; H, 3.47; N, 14.74. C1sH1,CIN;O. Boruucneno, %: C,
63.50; H, 3.55; N, 14.81.

4-xmop-5-[(4-meTundennn)amuno] pramonnrpun (6n). Borxon 0,49 t (36,5%), T . =
214,5-216 °C. VK-cnektp, v/cm™: 3339 (NH), 3072 (Ca—H), 2962 (CH), 2230 (CN). Cnextp
SIMP 'H (400 MT'1, §, m.p., J/T1): 2.32 (yu. ¢, 3H, C(4)CHa), 7.21 (5, 5H, C(6)H, C(2’,3’,5’,6")H,
J=16.1), 8.19 (ym. ¢, 1H, C(3)H), 8.75 (yur ¢, NH). Haitneno, %: C, 67.23; H, 3.62; N, 15.66.
CisH;oCINs. Beraucneno, %: C, 67.30; H, 3.77; N, 15.70.

4-xmop-5-[(3-xm10p-4-MeTnndennn)amuuo|pranountpun (60). Beixox 0,3 r (20%).
VIK-cnextp, v/em™: 3328 (NH), 3067 (Ca—H), 2959 (CH), 2225 (CN). Cnextp IMP 'H (400
MTw, §, m.z., J/Tu): 2.32 (¢, 3H, C(4)CHs), 7.21 (¢, 1H, C(2°)H), 7.37 (yw. ¢, 2H, C(5,6")H),
7.43 (¢, 1H, C(6)H), 8.23 (¢, 1H, C(3)H), 8.80 (yu. ¢, 1H, NH). Haiigeno, %: C, 59.52; H, 3.04;
N, 13.84. C;sHyCLN;. Beruncneno, %: C, 59.62; H, 3.00; N, 13.91.
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Poman Cepreesud BeryHoB, kaHp. XxuM. HayK, goueHT; JIynsa Vinbunmmana CaBuHa, CTyfleHT
SpocnaBckmit rocynapcrBenHbiit yHuBepcuter uM. ILT. [lemunosa, SIpocnasis, Poccust, begunov@bio.ac.ru,
luizasavina2000@mail.ru

Knrouesvie cnosa: Annomayus. Memooamu sKCnepuMeHmManvHoti U KeaHmMos0H Xumuu
9-xnopnupudo[1,2-aJ6eHzumudason,  usyuena peeuocenekmueHocmy peakuyuu SgAr 9-xnmopnupudo[l,2-
N-eanozencyxyunumuo, peakyus al6ensumudasona. Ilpouecc eanoeeHUpoBaHuUs NPosoouUnU 6 cepHoll
SeAr, pezuocenexmusHocmo, kucnome, ucnonv3ys N-Opomcykuyun- unu  N-XTA0PCYKUUHUMUO.
K8AHIMO0B0-XUMUUECKOE IIpoucxoouno obpasosanue 08yx usomepHvix npodykmoe 8-Hal-9-
modenuposarue, memod DFT xnopnupudo[1,2-aJ6enzumudasona u 6-Hal-9-xnopnupuoo[1,2-
B3LYP/6-31G**, npoepammuuLii aj6ensumudaszona. IIpeumyujecrnéenno 6sedeHue 1eKMPOPUILHOL
komnnexc PC GAMESS/Firefly u 4ACMUYbL NPOUCXo0Uuno 8 8-e nonoxcerue eemepoyurna. C nomousvio
ORCA 5.0.4 Memo008  K8AHMOB0L  XUMUU  YCMAHOBIEHO, YMO  peaKyus

aNEKMPOPUNLHO20 2ATI02eHUPOBAHUS UMENA OPOUMATIbHBLTE KOHIMPOTTD.
Opuenmauus 66edeHus neKMPOPUNLHOLL HACHUYbL 0NPeOensANAch
pacnpedenenuem epaHuUHOL d7IEKMPOHHOTE nAOMHOCMU 6 cybcmpane,

Umo XOpOULo C02NIAC08bL8ANIOCH C IKCNEPUMEHMATIbHBIMU OaHHBIMU.

T nuTupoBaHMA:

BeryHnos P.C., CaButa JLVI. PernoceneKTMBHOCTb peaKiiiy raloreHnpoBanyst 9-xmoprupupo| 1,2-a]6eHsnmumpasona //
Om  xumuu K  mexHomoeuu  wae 3a  wazom. 2024, T. 5, Bem. 2. C. 28-36.
URL: https://chemintech.ru/ru/nauka/issue/5176/view

BBenenne

[Iupupo[1,2-a]6eHsuMMUIa30/Ibl  ABJAIOTCA  IEPCHEKTMBHBIMU  COERMHEHUSIMU
JUISL CO3MAHMsI HOBBIX JIGKAPCTBEHHBIX CpefcTB. JlaHHOe TeTepoLMKINYecKoe PO
BXOZIUT B COCTaB BEIeCTB, HMPOSB/LAIOLINX pasIMIHble BUBI OMOTOTMYECKON aKTMBHOCTH:
npoTuBOMansApuitHylo  [l],  mpormBoomyxoneByro  [2],  oHKomporekTOpHyH  [3]
¥ IPOTUBOBUPYCHYIO (4]. Oco6blit MHTepec BBI3BIBAIOT IIPOM3BOJIHbIE
mupupao|1,2-a]6eHsuMnasona, obnagaolye aHTUMUKPOOHON akTuBHOCTBIO [5]. Tak, B
HacToslIee BpeMs, pa3paboraH psj 3PpPeKTUBHBIX aHTMOMOTIKOB Ha OCHOBE pUQaKCUMIHa,

COJiep>KallleTo B CBOEIT CTPYKTYpe AaHHBII TeTePOLVIKII [6].

© P.C. berynos, JI. V1. CaBuHa, 2024
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MHorouyncieHHble 9KCIIepUMeHTalIbHble JaHHbIE MOKa3bIBAIOT, YTO BBEJEHIE aTOMOB
T/IOTEHOB B a3areTePOLMKINYECKIe CHCTEMBI CIIOCOOCTBYET ITOBBILIEHNUIO UX OVOTOTMYeCcKON
akTuBHOCTU [7-9]. Hanpumep, B cTatbe [7] mokasaHo, YTO yBeIMYeHME KOMIMYECTBA aTOMOB
Ta/IOTEHOB B a3areTepoapoMaTUIecKoli CUCTeMe YCUIMBAIO aHTUMIUKPOOHBIN 9P eKT, a TakKe
YMeHBIIIA/IO 3HaYeHJe MUHMMAIbHO MHIMOMpYyIoLeil KoHeHTpauuu. Taxke B pabote [9]
€o06111aI0Ch 00 YMEHbIIEHNY HeOOXOAMMOI KOHLIEHTPALIMY IJIs1 MHIMOVMPOBaHMs IPUOKOBBIX
KY/IBTYP B iBa 11 O0jIee pa3 Ipy HA/IMYUY [AJIOTEHOB B CTPYKTYpe COeMHEHNA.

Haub6omnee IIPOCTBIM criocobom CMHTe3a Ta/IOTeHIIPOU3BOIHBIX
nupupo[1,2-a]6eHsuMuasona MpefcTaBasaeTcsl BBeJleHNE aTOMOB TaJIOT€HOB B YC/IOBUSX
peakuny 31eKTpOoUIBHOTO apoMaTnyecKoro 3amereHus. OfHAKO wu3-3a HeOOJBIIOTO
KO/INYeCTBa JaHHBIX O PeaKI[MIOHHOM CTOCOOHOCTY MpuAo[1,2-a]6eH3uMI/1a30710B B peaKIun
SeAr 3TOT MeTO[| He HalllesT IIOKa IIMPOKOTO PACIPOCTPAHEHNsI B OPTAaHMYECKOM CUHTE3E.

Panee Hamyu Oblla M3y4eHAa PErMOCETIEKTMBHOCTb peaKLMy HUTPOBAaHUA U
rajioreHupoBanus 7-R-mmpupnol[1,2-a]6ensumupaszonos (R = Cl unm anekTpoHOaKIenTopHbIe
rpynisl) [10]. Bbuto ycraHOB/IEHO, 4TO BBefieHMe 9MeKTPOPUIBHON YacTHUIIbI IIPOMCXOANIO B
8-e momnoxeHme rerepounkia. IIpm R = Cl BTOpBIM peakIVOHHBIM IIEHTPOM IJIA
9MeKTpodMIbHOM aTaku ObUTO 6-€ MOJIOXKeHMe. 9-3aMeleHHOTO IPOM3BOJHOTO B XOfe
peaxuuy SgAr IOTy4YUTh HE YAa/moCh.

C 1enblo JalbHENIIEro M3y4eHUsl 3aKOHOMEPHOCTEI 9TOr0 XMMIYECKOTro Ipolecca 1
HOJTy4YeHM s TTO/TUTAIOTeHITPOM3BORHOTO upujo|1,2-a]6eH3uMmgasona, cogepskaliero aToMbl
rajioTeHa, B TOM 4YMC/Ie M B 9-M IONOXKEHMM, B KadecTBe CyOCTpaTa OBII MCIOTb30BaH

9-xnoprimpupo|1,2-a]6ensumupason (1).
OcHoBHaA YacTh

Cunres 9-xnoprupupo|1,2-a]6ensumupaszona (1) mpoBogMIM 1O paHHEe OTPAOOTAHHOI

Meroguke [11, 12] B ycmoBMAX peakUuM BOCCTAHOBUTEIBHON BHYTPUMOJIEKY/IAPHON

reTepOLVKIN3ALIAN.
Cl Cl
3 SnCl,*2H,0 2 \ 9
\ cl She2 S — \\10 8
+ i-PrOH, 4% HCI N
N
> 3 \ 7
— 0.5h, 35°C N
4 6
O,N N
1

Crpoenme 1 6pio pokasaHo ¢ momomipio 'H, C  SMP-cnekTpockonuu u
Macc-CIIeKTPOMETPUM BBICOKOTO pasperieHus. OTHeceHUe CUTHANIOB IIPOTOHOB ¥ aTOMOB
yIaepopa caenano Ha ocHoBanyy faHHbIx 2D 'H-'H NOESY, 2D 'H-"C HSQC (puc. 1, cneBa)
u 2D 'H-"N HMBC criextpos (puc. 1, cupasa).
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Puc. 1. ®parmentsr cnekrpoB 'H-PC HSQC (cnea) u 'H-®N HMBC (cmpasa) 9-xmopmmpupoll,2-
al6ensumumasona (1)

Vicionb3oBanue rereposigepHoit ogHokBanToBOM (HSQC) m mHorocssasnoi (HMBC)
KOPPe/ALMOHHON CIIEKTPOCKONNY MTO3BOMWIO UaeHTnduumposarh curan H®, cBsasannoro ¢
C? - ogHMM 13 BO3MO>KHBIX PEaKI[MOHHBIX LIEHTPOB /IS 37eKTPOUIBHOIN aTaKu.

BBepeHne aToMOB 6poMa 1 X710pa B MOJIeKyny 9-xnopnupupol1,2-a]6ensummpiasona (1)
npousBopmnocb B KoHI. H,SO; ¢ wucnonpzoBanmem N-OpoMcykumuummpa (2a) wm
N-xnopcykuuuanmuza (2b).

1

Cl
N
2a-b 3a-b 4ab =
rge X =a) Br; b) Cl

PacTBOpBI ranoreHupymomero areHTa 2a u cyocrpara 1, B3ATBIX B 3KBUMOJISPHBIX
KOJIMYECTBAX, OJHOBpeMEHHO BHOCH/INCH B peakrop npu 30 °C. Peakuuro nposogumm 20 4.
AHanu3 MOy4eHHON peakIMOHHOM Macchl ¢ nomouipio 'H SIMP-ciekTpockonum moxasain
Ha/M4yMe B Hel [BYX IPOAYKTOB 8-O6pom-9-xmopnmpupol[l,2-a]bensumupasona (3a) u
6-6poM-9-xnopmpupo[1,2-a]6ensumupazona (4a) B cootHoumeHuu 3a : 4a = 1 : 0.47.
IIpn sTom npumepHo  40% MCXOJHOTO BELIECTBA OCTaBaJOCh HENPOPEArMpPOBABIIVM.
Cxo>xnme pesy/nbTaTbl ObUIM IONTy4eHbl Ipy ucnonb3oBanuym 2b. Taxoke HabmMomanoch
obpazoBaHue fAByX u3oMepoB  8.9-muxymopnupupno[l,2-al6ensummpasona  (3b)  u
6,9-puxnopnmpupo|1,2-al6ensumngasona (4b) B coornomenun 3b : 4b = 1 : 0.37. Peakums
XJIOpMPOBaHKA NpoTeKana MejneHHee. KonBepcnsa 1 cocrasuna Bcero 22%.

C yBenmuenne BpeMenu fio 30 4 u Ttemneparypsl peakuyu SeAr go 50 °C Konmm4ecTso
HeIlpopearupoBaBLIETO MCXOJHOrO BeljecTBa 1 B peakiysax OpOMUPOBaHNS Y XJIOPUPOBAHNS
XOTA ¥ YMEHbIIAJOCh, HO BCE PaBHO OCTaBaJOCh 3HAYMTE/NIbHBIM. B Oonblieit cremeHy Ha
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KOHBepcMio 1 0KasbIBajIo yBennueHMe KOM4ecTBa Ta/IoTeHNPYIOIIero areHTa B peaKLMIOHHOI
macce. Tak 100%-Has KOHBepcus coefiuHeHuA 1 Habmomanach mpy coorHomenyn 1:2a=1:
14m1:2b=1:3.0.

[/ yBemueHN st peTnoCceIeKTUBHOCTY PeaKIuy SgAT pacTBOP Fa/IOTeHNPYIOLETO areHTa
B H»,SO, BHOCHICA nocTenienHo B TedeHue 10 4 nmpu 45 °C, mocye 4ero peakLMOHHAs Macca
IepeMelNBaTach Npy HAaHHON TeMmmepartype eme 10 4. ITocme mepekpucrammsauymy B
xnopodopme 8,9-nuranoreHnmpuno|1,2-a]6ensnmunasonsr (3a,b) 6b11M TOTy4eHBI ¢ BBIXOJOM
89 1 87% COOTBETCTBEHHO.

CTpoeHue [AWUTraloOreHNpPOM3BOAHBIX 3 ObUlO JoKasaHo ¢ mnomombio '‘H, 2C
AMP-crieKTpocKonuM U Macc-CIeKTPOMETPUM BBICOKOTO paspelieHus. OTHeceHMe CUTHAIOB
IIPOTOHOB ¥ aTOMOB YITIepOJa CIe/laHo Ha ocHoBaHuu maHHbix 2D 'H-"H NOESY, 2D 'H-"C
HSQC n 2D 'H-"N HMBC cnextpos. Ha puc. 2 npencrasnens! ¢pparmeHTs! criekTpos 'H-PC
HSQC (cnesa) n '"H-"N HMBC (cnipaBa) 8,9-guxnopnupuno[l,2-a]6ensnmupgasona (3b).

,oes ] 2 1 6437 2

2 110 230
2 --220
. 9 A r11s --210
— . ' H2N™L
6 6 120 0 # o [
8_ 3 - HN10 HYN10 _—-190 .
4 L g g
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Puc. 2. ®parmentst cuekrpos '‘H-C HSQC (cneBa) u 'H-"N HMBC (cnpasa) 8,9-puxnoprupuzoll,2-
a]6ensumupmasona (3b)

B cnextpax '"H-C HSQC n 'H-""N HMBC pgaHHOrO coeiuHeHM OTCYTCTBOBA/IN KPOCC-
muky B3aumopeiicteusa HP/C® m HP/N', xortopble Habmiogamich mnsa cybcrpara 1. 910
CBUJIETE/IbCTBOBA/IO O 3aMelLIeHMM aToMa BOJIOPOJa Ha TajioTeH B 8-M II0/I0>KEHUN
reTepoIKIIa.

Takum o6pasom, Bompekyu -I-addekTy aroma X/Iopa, BBefeHUe 3TeKTPOPUIbHOIM
YaCTUIBI IPOUCXOANIO NIPEVMYIIECTBEHHO B Opmo-, a He napa-MOJIoXKeH)e OTHOCUTE/IbHO
3aMeCTUTe.

C uenpo 0OBsACHEHMs oOpueHTaLuu peakuuyu SpgAr Mertopom B3LYP/6-31G**
ObIIN pacCYNTaHBI 3aps/i0BbIe i opbuTanbHbBIE XapaKTePUCTUKI
9-ramorennupupo|1,2-a]6ensummpasona (1) u ero IPOTOHNMPOBAHHOTO 110 MMUJHOMY a30Ty
reTepolukiaa npoussogHoro (1°). Pacuersl mpoBogwmm B paMkax Teopuy (QYHKIMOHAIA
IVIOTHOCTM C TUOPUAHBIM OOMEHHO-KOPpe/IVOHHBIM (QyHKIMoHamtoM [13-15] (merop
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DFT B3LYP/6-31G**) 1A OTKpBITBIX 3JIEKTPOHHBIX 0b60/movek [15] ¢ mcrmonbp3oBaHUEM
nporpammHoro kommiekca PC GAMESS/Firefly [16], a Taxxe nmporpammbr ORCA 5.0.4 [17].

Ontummsanuio reoMeTpuil BBINOMHANIM KaK B Ta3oBoil ¢ase, TaK ¥ C VCIOTb30BaHNEM

IMCKPETHOI conmpBaTalmoHHON Mogemu SMD. B kadectBe COMbBaTHON  000IOYKYU

VICTIO/Ib30Ba/IN BOAY. Pe3ynbTaTsl pac4éToB IpeCcTaBaeHbl B Tab/. 1 1 2.

Ta6muma 1. 3apsjbl M rpaHMYHblE 3/1€KTPOHHBlE IIOTHOCTM Ha aromax C B B3MO 9-xnopmnmpupo(l,2-

al6ensumumasona (1)

Homep 3apsppl I'pann4HbIE 3T€KTPOHHBIE 3apsappr Ha C I'pann4HbIE 3T€KTPOHHBIE

aroma Ha C mnorHoctu Ha C B B3MO (c yaérom mnorHoctu Ha C B BSMO

COIbBaTAL[/N) (c yuéroMm conbBaTaLym)
c 0.14079 0.10956 0.05368 0.09143
C -0.15330 0.09383 -0.20670 0.07990
c -0.06353 0.07206 -0.11925 0.05012
ct -0.12548 0.12162 -0.20686 0.10033
Cs -0.11755 0.15708 -0.21034 0.12035
c -0.08905 0.00784 -0.15481 0.00553
(O -0.10077 0.15710 -0.17739 0.13071

Ta6mumma 2. 3apsjbl ¥ IpaHMYHblE 37€KTPOHHBIe IIOTHOCTM Ha aromax C B B3MO 9-xnopmnmpupo(l,2-

al6ensumumasona (17)

Homep 3apanbt I'pannyHbIe 371€KTPOHHBIE 3apanpt Ha C I'pannyHbIe 371€KTPOHHBIE
aToMma Ha C nnorHocty Ha C B B3BMO (c yuérom nnorHocty Ha C B B3BMO
CO/IbBaTAI[/N) (c yuéroM conbBaTaIm)

c! 0.16595 0.05468 0.08589 0.06994

C -0.13602 0.05678 -0.18660 0.06122

c -0.04089 0.01222 -0.09491 0.01984

ct -0.10482 0.07300 -0.16754 0.08333

(& -0.09227 0.20653 -0.16762 0.14518

(o -0.07852 0.00110 -0.14530 0.00127

c? -0.07950 0.21158 -0.15275 0.15638

Ananmus 3apspoB Ha atomax C B HeilTpanbHON (cM. Tabn. 1) ¥ MPOTOHMPOBAHHO IO

a30Ty MosteKyie (cM. TabJ1. 2) IoKa3a, YT HanOOobLINIT GOPMaIBbHBIN OTPULIATEIbHBII 3apsiy

Haxopnca Ha atroMme C*. CornacHo 3apA0BOMY KOHTPOJTIO, BEpOATHOCTD Peann3alui peaKIum

SeAr 1O pyIMM peaKIVOHHBIM IIeHTpaM Obl/la 3HAUYMTETbHO MeHbIe. DTO IPOTUBOPEUNIO

IIOTY4€HHBIM OKCIIEPMMEHTAJIPHBIM [JaHHbIM O IIPOTE€KaHUM pe€aKOoum B 6-M unu 8-m

IIOJIOJKECHMAX.
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B panmpHeiimeM fyist 0OBbsICHEHMsI OpMEHTAlMM BBEJCHNA 97IeKTPOQIIIbHON YacTHUIbI B
nupupo|1,2-a]6ensumuason 1 Oba KCIONIb30BaHA KOHLIEIIVS PaclIpefe/ieHNs TPaHIYHO
3/IeKTPOHHOI INIOTHOCTY B MOJIEKY/Ie CyOCTpaTa: B peakiuy S;Ar Hauboree peArnoYTUTeIbHO
JUIS 97IEKTPOQVIIBHOI aTaKy TO IONOXXEeHUe B CyOcTpaTe, KOTOpoe MMeeT Hayboee BBICOKYIO
3/1eKTpOHHYI0 IIOoTHOCTh B B3MO [18]. OddexktnBHOCTD KOHIenuum ObIa MOKaszaHa Ipu
OLieHKe PeaKI[IOHHOJ CIIOCOOHOCTY KOHAEHCHPOBAHHBIX I1O/IMa3areTePOLVKIOB B peaKLuu
SeAr [19].

[lna  cpaBHeHMsA WMHJIEKCOB pEAKIMOHHOM CIHOCOOHOCTM TIpM B3aMMOJEVICTBUYU
COeVIHEHN C MeKTPO(IIbHBIM areHTOM OLieHEeHBI TPAHNYHbIE 3/IeKTPOHHbIE IVIOTHOCTU B

B3MO Ha aTomax (fa) ¢ HOMOIIIBIO BEIPa>KeHMS

fa=2) Ci, 0

rze ¢y — Koapdumyentsl pasznoxenns B3MO no AO, eHTpupoBaHHBIM Ha aToMax (A).

/13 moTy4eHHBIX HaHHBIX CIefyeT, YTO HaMOOIbIINII BK/IAJ B 3/IeKTPOHHYIO INIOTHOCTD
B3MO Brocwmm arompr C® m CP. 3HaveHmsa ko3¢@UIMEHTOB Ha JAHHBIX aTOMax B
HEeMTpa/JIbHOM MoJeKyne 1 mpakTtmyeckm He orTim4yamuch. C y4€TOM CONMbBAaTalIOHHOIO
OKpY)KeHMS MOJIEKy/Ibl pasHMIIAa Mexay Bkragamm atomoB C° m CP® Bospacrana.
B conmpBaTupoBaHHON MoOjeKyne kartmoHa 1’ pasHmma BxmafoB aroma C® m atoma C° B
3/IeKTPOHHYIO INIOTHOCTb B3MO emie 6obiie yBemrauBanack. [103TOMy cOrmacHO KOHIeNnun
Oykyn  [15] monmoxenme 8  mmpupo[l,2-a]6eHsummpasona  HODKHO — SABIATHCA
IPeANOYTUTEbHBIM IIeHTPOM IJIA aTaK! 31eKTPO(MIbHON YacTUIBI B peakumm SpAr, 4TO

COITIaCyeTCs C MOTyYeHHBIMY 9KCIIePUMEHTA/IbHBIMU JaHHBIMM (Tab71. 3).

Ta6muma 3. I'pannynble 3meKTpoHHbIe IVIOTHOCTY Ha aroMax C B B3BMO cy6cTpara 1 IpOLieHTHOE COfiepyKaHue B

PeaKIOHHOM Macce IIPOIyKTOB peakiuy SgAr

ITonmosxeHne 9MeKTPOPUIbHOIN aTAKK C¢ Ct
I'pannynble anexkTpoHHble OTHOCTY Ha C B B3MO conbBaTupoBaHHOI

, 0.14518 0.15638
MOJIeKybI 1
I[TporeHTHOE cofiep>KaHMe IIPOYKTOB peakiyu 6poMypoBanys”’ 3a u 4a 32% 68%
I[TpoLeHTHOE CofepKaHMe IIPOAYKTOB peakuuy xinopuposanus* 3b u 4b 27% 73%

* - cybCTpaT U peareHT BHOCUIINCh B PEaKTOP OfHOBPEMEHHO.

Taxum 06pa3oM, peakLMOHHBIMM LIeHTpaMu B 9-xnopnupusol 1,2-a]6eHsumupasone s
971eKTPOIBHOM aTaKy B peakiyy SzAr ABJISIACH TOMOXeHMs 6 U 8 reTeporukia. B 6onpuieit
CTeIIeHM  HpOUCXOAmno  obOpasoBaHme  8,9-ANrajOreHIPOM3BOJHOTO  IMpupo[l,2-
a)6ensnmupiazona. CormacHo JaHHBIM KBaHTOBO-XVMIYECKOTO MOZIe/TMPOBAaHNS peakuys SpAr
uMena OpOWUTaNbHBI KOHTponb. OpueHTaUMs BBeJEHUA 9SNeKTPOPUIBHON YacCTUIIBI
OIIpefieNsNach pacipefie/ieHNeM TPaHNYHOI 3/IeKTPOHHOI IUIOTHOCTU B cyOcrpaTe. Bxmapg
aroma C® B B3MO cyb6crpata 6bU1 Gonbine, yeM C° OTO XOpOIIO KOPpEIMpOBANIO C

pesynbTaTaMy CMHTE30B.
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SKCHCPI/IMCHTa}IbHa}I qacTh

TemnepaTtypel mmaBneHus ompegensyin Ha npubope PolyTherm A co ckopoctbio
HarpeBanua 3 °C/muH n He KoppektupoBamu. Cnextprl JAMP sanmcanpl Ha cneKTpomeTpe
Bruker Avance-II 600 ¢ pabounmmu gactoramu 600.13, 150.90 n 60.81 MI'ty pisa spep 'H, *Cu
*N, cooTBeTCTBEHHO, pacTBopuTendb — [IMCO-ds, BHyTpeHHMII CTAaHAAPT — OCTATOYHBII CUTHAT
npoTtoHoB pactBoputens (8 2.5) mna cnekrpa IMP 'H u curnan *C JMCO-ds (6 39.5) mns
YITIepOIHBIX CIIeKTpoB mpu Temneparype 25 °C ma 1 n 60 °C mna 3a,b. Harpes s Berects
3a,b cBsA3aH ¢ OrpaHNYEHHOI PaCTBOPUMOCTBIO COeTHEHMIT. Macc-CrieKTphl ObUIN 3amyCaHbl
Ha npn6ope FINNIGAN MAT. INCOS 50, sHeprus snekTpoHHOro noroxa 70 sB.

Metoauka cuaTesa 9-xmopnupuno[1,2-a]6ensumugasona (1)

K pacrBopy 1,00 r (0,00369 momnb) xmopupa N-(2-HUTPO-6-XT0pPEeHNT) INPUANHNIA B
15 mn nzonponanona npu 35 °C gobassum pactsop 2,50 r (0,00369 monp) SnCl-2H,O B 15 Mmn
4%-noit HCI. Peakuuto nposopmm npu 35 °C B Tedenue 0,5 4. 3aTeM peaKLMOHHYIO CMeCh
oxmaxganu u obpabarsiBamu 25%-upiM NH,OH o pH = 7-8 skcTparupoBamy HeCKOIbKMMUI
HOpUMAMM ropsidero xnopodopma (X = 150 mim). OTTOHSIN pacTBOPUTEIID, HOTyYast IPOLYKT
B BIfJIe TOPOIIKa 6exxeBoro nserta. Berxop: 91%. T'mn. 101-103 °C. 'H NMR (JMCO-d6, §, m.x.,
J/Tu):9.27 (gr, J=7.0, 1.2, 1H, H"), 7.74 (ng, ] = 8.2, 0.9, 1H, H), 7.67 (ut, ] = 9.2, 1.2, 1H, H*),
7.56 (nmm, J = 9.2, 6.6, 1.3, 1H, H?), 7.42 (1, ] = 7.9, 1H, ), 7.32 (am, ] = 7.7, 0.9, 1H, H?®), 6.98
(tm, ] = 6.8, 1.3, 1H, H?). *C AMP (JMCO-d6, §, m.1.): 148.5 (C*), 145.8 (C*), 130.4 (C),
127.7 (C'), 125.7 (C7), 124.1 (C*), 121.6 (C?), 118.0 (C®), 117.4 (C°), 117.1 (C*), 110.8 (C?).
HRMS: m/z seraucneno C;;H;CIN, 203.6396 [M+H]*, naitgeno 203.6391.

Metoauka cuntesa 8-Hal-9-xmopnupupo[1,2-a]6ensumupmasonos (3a,b)

K pactBopy 2,00 r (0,01 monb) 9-xnmopmmpupo|l,2-a]6ensumupasona B 25 mn HoSO4
npukanbiBamy pactsop 2,5 T (0,014 monb) N-6pomcykunuanmMuza (2a) mis cuaresa 3a wim 4.0 v
(0.03 monp) N-xmopcyknyanmupaa (2b) mnsa cunresa 3b 8 50 mn H,SO, ipu 35 °C B TeueHue
10 4, mocne vero nepememnsanu eme 10 4 mpu 40-45 °C. 3areM cMeCh BBUIMBAIU B NIER U
obpabareiBamn 25%-upiv NH,OH go pH = 7-8. BemmaBmmit ocajok 0e>keBOro IiBeTa
OT(UIBTPOBBIBA/IY, IIPOMBIBA/IY XOJIOFHOI BOJOI U CYLIVIINL.

8-6pom-9-xmoprimpupo[1,2-al6ensumuaason (3a) Bexom: 89%. T mm. 121-124 °C.
Coextp 'H AMP (IMCO-ds, 6, m.x., J/ITny): 9.35 (m, 1H, H', J = 7.3), 7.76 (1, 1H, H*, ] = 8.5),
7.69 (m, 2H, H%7), 7.62 (1, 1H, H2, J = 7.9), 7.05 (1, 1H, H2, ] = 6.9). *C AMP (IMCO-d6, 8, m.11.):
148.8 (C*%), 143.9 (C™), 130.6 (C?), 127.4 (CY), 126.3 (C7), 124.9 (C*), 123.6 (C?), 119.4 (C°),
117.2 (CY, 115.8 (C%), 111.1 (C?). HRMS: m/z sbruncneno Ci;H¢BrCIN, 282.5357 [M+H]*,
HaugeHo 282.5352.

8,9-nuxmopnupuno|1,2-a]6ensumunason (3b). Boxon: 87%. T wr. 131-135 °C. 'H IMP
(IMCO-ds, §, m.11., J/T1y): 9.27 (ur, ] = 7.1, 1.2, 1H, HY), 7.69 (m, ] = 8.7 Hz, 1H, H°), 7.65 (aT,
J=9.2, 12, 1H, H*), 7.59 - 7.55 (M, 2H, H?, H’), 7.00 (tm, ] = 6.9, 1.3, 1H, H?). “C AMP
(IMCO-d6, §, m.p.): 148.8 (C*), 143.9 (C*), 1304 (C°), 127.2 (C"), 126.2 (C7), 124.9 (C*),
123.5 (C%), 118.4 (C°), 117.0 (CY), 115.7 (C°), 111.0 (C?). HRMS: m/z Borancieno CiHsCLN,
238.0847 [M+H]*, naitmeno 238.0841.
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PacuéTHasg yacTph

KBaHTOBO-XMMMYeCKMe pacyeTsl 3TEKTPOHHOTO CTPOEHUSA IPOBOAMIM C IOMOIIBIO
nporpamMMmHoro kommiekca PC  GAMESS/Firefly um mnporpammber  ORCA  5.0.4. Jlna
ONTUMM3ALUY T€OMETPUM COeAMHEHMs 1 ¥ ero IMPOTOHMPOBAHHOIO IO VMMJHOMY a30Ty
reTepolukiaa mpousBopHoro 1’ B rasosoit ¢ase npumensiim PC GAMESS/Firefly, mna
onrumusanuy reomerpun 1 m 1’ ¢ yuéTom combBaTHON 000TOYKY MICIIONIb30BA/IN IPOTPAMMY
ORCA. BnmsaHue cpepfbl Y4MTBIBaIM C IOMOILBIO CO/IbBATALMOHHON MOJIeIM C Y4E€TOM
371eKTpOoHHOI I0THOCTU (SMD). PacyeTsl 3/1eKTPOHHBIX ITapaMeTPOB MOJIEKY/IBI IIPOBOAVIIN
B paMKax Teopuy (YHKLIMOHaAA IUIOTHOCTY C TMOPUIHBIM OOMEHHO-KOPPeNALVOHHBIM
¢yukunonanom (meror DFT B3LYP/6-31G**) mnsi OTKpPBITBIX ST€KTPOHHBIX O0OJIOYEK.
I'pannyHble 37eKTpoHHBbIe IWIOTHOCTM B B3MO Ha aTomax yriepoga (fa) paccuuThIBaIM IO
¢dopmyne (I). Insa oOpabOTKM HAHHBIX, a TaKXe BU3YAIM3ALMM Pe3yIbTAaTOB PacueToB
ucnionb3oBanu nporpammsl wxMacMolPlt [20] u ChemCraft [21].
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CynbPOHUNAMUODL, U30KCA30TbHBLLL 2eMePOUUKT, U 63AUMOOELiCINBUEM NOMYHeHHbIX CYTIbPOHUNXTIOPUO0S

CYNbPOHUNXTIOPUPOBAHUE, ¢ AMUHOCOCOUHEHUAMU NONyHeH PAO HOBbIX CYTbMHOHUNAMUOOE C USOKCA3ONMbHBIM

peeuocenexmusHoCcmb, ppacmenmom. Cynvonunxnopuposaruem 3-apusn-5-N-ayunamurousokcazonos

U30KCA307bL nomyueHvl NPOU3BOOHbLE UB0KCA307IA, COOePIHAULUE CYTIbPOPYNNY 6 USOKCASONLHOM
Konvue.

T nuTHpoOBaHMA:

Kommmua JI.A., KoroB A.[l., Bmromuna M.B., BacumpeBa E.A. CuHTe3 cynbpOHMIAMULOB, COTEPKaLMX
M3OKCa3oNbHbIM dparMeHT // Om xumuu k mexHonouu wide 3a waeom. 2024. T. 5, o 2. C. 37-54
URL: https://chemintech.ru/ru/nauka/issue/5176/view

BBengenue

CynbdoHmwiaMmupgHass Tpymma ABAAETCA BAaXHON (PYHKIVMOHANBHON TPYHION B
OpPTraHMYeCKNX COeVHEHUAX M IIMPOKO IPUCYTCTBYeT B (apMalleBTUYECKUX IIperaparax,
aTaKkKe B PA3MUYHBIX NIPUPOAHBIX M CUHTETMYECKUX COEQVHEHMSIX. 1paguiMoHHO
cynbOHMTAMUMIBI PACCMATPUBAIOTCS KaK aHTMOAKTepyaIbHble areHThbl, HO CPEeAV HUX MOXXHO
HalITM  COeMHEHUs C  Ppa3IMYHOM  OMOJOrMYecKOil  aKTMBHOCTBIO,  HAaIllpuMep
runornukemudeckoin  [1,2],  mporuBoomyxoneBoit  [3], mpormBoBupycHoit  [4-9],
npotuBosmmtenTudeckon  [10], rumorensmBHoit  [11], aHTMHpoTO30ampHON  [12],
npotuBorpu6bkoBoit  [13], mporuBopakoBoit [14-16], mnpormBOBOCHmamuTEeNBHOM [17],
nunypernmdeckoit [18] u mp. [19-21]. Kpome Toro, cynbpoHmmaMusbl ABIATCA YHOOHBIM U
3¢ (}eKTUBHBIM VICTOYHMKOM a30Ta M WCIIONb3YIOTCA Ipu moctpoeHmn cesasenn C-N [22],
a aipykT cynbdoHmmamuzia u Butamyaa C yydnraeT OonTuYecKye CBOCTBA MOIVBUHIIOBOTO
CIIVPTA, 4TO fIeJIaeT BO3MOXKHBIM €TO UCIIO/Nb30BaHNe B IIPOM3BOJCTBE OITIYECKIX YCTPOICTB [23].

CynbdoHnmaMyugHble IPOM3BOHbIE FeTePOAPOMATUIECKUX CYCTEM IIPUBJIEKAIOT 0c0b0e
BHMMaHIe MCCIeJoBaTe/NeNl 13-3a X BBICOKOI M CeluIIecKo 010I0rMyecKoil aKTMBHOCTH.
JIuteparypHble faHHBIE O CY/Ib)OHMIAMMTHBIX IPOU3BOIHBIX I30KCa30/I0B HEMHOTOUVC/ICHHBI,
HO HEKOTOpble W3 COeAMHEHM)I [aHHOTO Kj1acca  OO0/alaloT  yCTAaHOB/IEHHBIM
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¢dbapMakonornyeckuM noTeHnuanoM [24]. B cBsasu ¢ aTum paspaboTka MeTOJOB HOTyYeHVS
HOBBIX CylTb(OHMIAMUJIOB, COREPKALIVNX M30KCA30bHBI (PAarMeHT, ABJAETCA BecbMa
aKTya/IbHOM 3aJlaveil.

OCHOBHBIM IIOXOJOM K CHHTe3y CylTb(OHUTAMUIOB SBJIIETCS CYIbQOHMIXIOPUPOBAHIE
COOTBETCTBYIOLIMX CYOCTpaToB [25] ¥ B3aMMOJEVICTBUE IMOTYYEHHBIX CYIb(OHWIXIOPUIOB C
aMMMAKOM WM aMMHOCOefuHeHmsAMM. KapOokcaMujHble IPOM3BORHBIE OMIIMKINYECKUX
CUCTeM, COJepKalllMX M30KCA30/bHBIN rerepounki, 1-5(a,6) cynrbdoHMIXIOpUpOBamM B
IOPUCYTCTBUYM TUOHWIXIOPKUAA M30BITKOM XJIOPCYIbGOHOBOM  KUCIOTBI, IIpM 3TOM
peruocnenuduIHO 6bUIM MOMTyYeHbI CYIbGOHMIXTOPUALI 6-10(a,0).

Ri— O~
—( N + Hso,qlsocl,

CONR,R, S
R =3.Th Cl0,S (
ClO,S 1-5(a,6) \
0. - 7
N R,=4-OCH,-Ph _N
Y, R,=2-Fu
CONR,R,

MeO

CONR,R, CONR,R,
7(a,6) 9(a,0)

u N
rie -NR,R = (a); [ j (©)
O .

Crenyet OTMETUTD, 4TO M30KCa30/IbHBIN paguKal, HECMOTPS Ha
39JIEKTPOHOAKIEITOPHBII XapaKTep, IPOsBIAET cebs KaK Mdpa-OPUEHTAHT B OEH30/IbHOM
Kosbile. OUYeBMIHO, 9TO CBA3AHO CO CTabOWIM3aLMell O-KOMIUIEKCa B NApd-TIONOXKEHUU K
M30KCa30/IbHOMY (parMeHTy, 3a c4eT 00pasoBaHNsA Pe30HAHCHON CTPYKTYPHI C IOKA/IU3aIei
MIOJIO>KUTEIBHOTO 3apsijia Ha aToMe KICIOPOJa.

Ha ocHoBe momydeHHBIX cynb(oHMIXIOpUAoB 6-10(a,6) B3amMopeiicTBMeM UX C
ampaTYeCKVMI ¥ aQpOMATUYeCKVMM aMMHAMU B IPUCYTCTBUY NMUPYAVHA B alleTOHUTPUIE
OblTa CMHTe3MpoBaHa OubMoTeKa cynbpoHmnamuos 11-40, comeprKauux M30KCa30/IbHBII
¢dbparmenT.

R.R,N-0,8—Ar__ O~
C10,S—Ar_ O~ HNR R, TR \ N

/N Py, MeCN

CONR,R,

6-10(a,0) 11-40

rie NHRRs: mupponupns, MopdonuH nnnm 4-MeTOKCUaHWINH
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CynbppoHWIXIOpUpOBaHUEM 4-reTepuisaMellleHHbIX-3,5- UMETUIN30KCA3010B
41(a-x), comepxxauwyx (ypaHOBBII WM TUO(EHOBBI IMKIBL, OBUIM  IOTy4eHBI

cynbdonmmxiopus 42(a-xk).

clo,s H,C,
A o] =N
H,C NJe]
H.C \
= CH
Clo,8 \S/ S CIOS  4om
H,C,
cH, CH, 8 N
S \
42(x) H,C ) O
/
clo,s—_-S cio,s CHs
420
\ CH,
o)
/ A
N SN
M o cios” N\ d
42()
42(my HC

rae:

*. o * * * O S S *
Het: \@ (a), \Q (6), H3C\@/(B), H3C\©/(l‘), Q (), Q (e), Q/ (x)
X . CH,

Ha ocHOBe momy4YeHHBIX CyIbQOHMIXIOPUAIOB OBIIM IIONy4eHBI CYyIbPOHAMUTHBIE
IpOU3BOJIHbIE 4-pypaH- U 4-THOodeH-3,5-FUMeTIIN30KCa30/I0B.

CH

3 CH}
0™\ HNR R, - 0
Ill\ Het-SO,CI Py,MeCN Ill\\ Het-SO,-NRR,
CH, CH,
42(a-x) 43-63

rie NHR4Rs: mupponupns, MOpponyH miv 4-MeTOKCUaHWINH

CynbdonmnxiopupoBanueM  3-apun-5-N-aluiaMIHOM30Kca30m0B  64(a,0) Obun
IIOJTyYeHbI IIPOM3BOHBIE I30KCA3071a, COfleprKallie CyIb(OrPYIITy B N30KCA30TbHOM KOJIbLIE.

N~
N~ 7 @)
R—< 0 10HSOCl, SOCI, R; _—
= 3u, t NH2
NHCOCH, Clo,S
64(2,6) 65(2,6)

rae: R;: @,k (a), Br—@* (©)

IIpy 9TOM OFHOBpPEMEHHO ¢ CYIb()OHMIXIOPUPOBAHNMEM IPOTEKAET pPeaKIis
JleallVUIMPOBaHus aMMHOTPymIbl. V3 cynbdoHmxmopunoB 65(a,0) ObUIM CHHTE3MPOBAHBI

B alIeTOHUTPWJIE B IPUCYTCTBUU MMPUANHA COOTBETCTBYIOIINE CY/IbGOHMIAMUIBI 66-71.
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g g
R _— HNR,R R _—
1 AR 1
NH2 Py,MeCN NH2
ClOZS R,R,N-O,S
65(a,0) 66-71

rme: R;: @,k (a), Br—@—* (6) » NHR4Rs: mmppomupus, MopdonmH min 4-MeTOKCHaHWINH

Takum o6pasom, B Xome pabOThl IOMYYeH PsJ HOBBIX CyIbQOHUIAMUNIOB C
M30KCa30/IbHBIM (parMeHTOM. VIIeHTU(UKAIVSA CHHTe3VPOBAHHBIX COEAVHEHMII 1 0O0IIye
METOAMKM VX CHHTe3a IIPeCTaB/IeHbl B 9KCIIEPYMEHTATbHOI YacTH.

IKCIepUMeHTAIbHAs 9aCTh

CnexTtpsl AMP perncrpuposam Ha npubope «Varian XL — 400» gy pactsopos B CDCls
win [IMCO-ds npu 25 °C. B xauecTBe CTaHapTa MCIOMb30BAINM CUTHAT TeTPaMETU/ICUIAHA.
Macc-crekTpsl 3anucbiBanmm Ha XxpoMaTo-macc-criekrpomerpe Perkin Elmer Clarus 680 (GC) +
Clarus SQ 8T (MC) ¢ wucnonb3oBanueM KamwuripHoit KomoHku — ELITE-5ms
30mx0.25mmx0.25um. DeMeHTHbII aHanu3 npoBogics Ha npubope Perkin Elmer 2400.
TeMnepaTypy IUIaBleHus ONpefe/s/I Ha ammapare [ ONpeleNeHus TOYKM IUIaBJICHNUS U
kuneHus Blichi M-560.

O61mmas MeTomka cuHTe3a CynbdoHMIXIOpnRoB. K oxmaxjeHHoI! B /IefsTHON OaHe cMecH
0,10 monp xmopcynbdoHoBoit Kucnorel ¥ 0,01 MOMb TMOHMIXZIOPUJA IPY MHTEHCHBHOM
nepememyBanuy nopuysamu npubasnsm 0,01 Monb cooTBeTCTBYIOIEro cyocrpara. Cmech
BBIJIEP>KMBAIN TIPU OXJIAKJEHNUN O IOTHOTO PAacCTBOPEHMS OCajKa, 3aTeM HarpeBaiu IIpu
60 °C B Teyenue 1 4. CMech BBUIMBA/IN B CMeCh JIbAa ¢ 50 M1 xmopodopma. OpraHndeckuit comn
oTzernsiny, mpombiBanyu 50 M1 5%-ro pacTBOpa COfbI, CyIMmm CyabdaroM HaTpusa. PactBop
¢nem-xpomarorpadupoBay Ha CUIKarese, paCTBOPUTE/b YIIapUBaJIN.

O6mas metoauKa cuHTe3a cynbonmmamuos. K cmecn 0,001 Monb cynbpoHMIXIOpHaa
u 0,002 Monp mupuayHA B 5 M aneToHuTpmIa mpu6bassm 0,001 MOIb COOTBETCTBYIOLETO
ammHa. Peakumonnyto cmech nepemenyBanmy npu 60 °C B Tedenne 1 4. [Jo6asnsiu 5 M1 BOABI,
BBIIABIINI OCAafoK OT(UIbTPOBBIBaIM. [IpONYKT oOYMINamM METOHOM KOJIOHOYHOI
XpoMaTorpaduy Ha CHUIMKarejae SIOMPOBaHMEM CMeChbl0 STWIAlleTaT-TeTPOJIeNHBI 3puUp
50:50. ITocne ymapuBaHNA pacTBOPUTEIA HOTyYanu KPUCTA/UIBI CYIb(OHIIAMIOB.

4-[3-(IInpponmman- 1-kapOOHNI) N30KCa307I-5-11] -6eH30/1CYIb(POHIXTOPUL 6(a).
Boixon 78%, 6enmbre kpuctamisl, T mwa. 187-189 °C. Cnekrp SAMP 'H (CDCl;, §, m.a., J/T1):
1.98 (4H, M, 2CH; nuppomuauna); 3.65 (2H, m, CH,N nupponnauna); 3.89 (2H, m, CH,N
nuppomuauHa); 7.13 (1H, ¢, H-4 usokcasona); 8.00 (2H, 1, J=8.5, CsH.); 8.14 (2H, 1, J=8.5,
CsHa). Macc-cnextp (3Y, 70 9B), m/z (Iowu %): 340 [M]* (5), 144 (7), 114 (7), 98 (31), 70 (100),
56 (76). Haiimeno, %: C 49.30; H 3.85; N 8.26; S 9.43. CisH5CIN,O,S. Boruncieno, %: C 49.34;
H 3.85; N 8.22; S 9.41.

4-[3-(Mopdonnu-4-kapOOHMIT)N30KCA30/1-5-171] -0 €H30/ICYIbHOHMITXIIOPUT, 6(6).
Boixop 77%, 6enmbre kpuctamisl, T mwa. 195-197 °C. Crnekrp SIMP 'H (CDCl;, §, m.a., J/T):
3.74 (2H, m, CH,N mopdonuna); 3.79 (4H, m, CH,N, CH,O mopdommna); 3.97 (2H, m, CH.N
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Mopdomuna); 7.05 (1H, ¢, H-4 n3okcasona); 8.00 (2H, x, /=8.5, CsHa), 8.13 (2H, g, J=8.5, CsH.).
Macc-criextp (3Y, 70 3B), m/z (I %): 356 [M]* (7), 326 (13), 270 (15), 115 (15), 114 (29),
86 (55), 56 (100). Haitgeno, %: C 47.03; H 3.68; N 7.89; S 9.00. C,,H;,CIN,OsS. Beruncneno, %:
C47.13; H 3.85; N 7.85; S 8.99.
5-[3-(ITupponupns-1-kap6oHMT)N30KCa301-5-Ui]-TodeH-2-cynbdonnnxnopusn  7(a).
Boixop 80%, 6enmbre xpuctamisl, T mn. 127-129 °C. Cnexrp AMP 'H (CDCl, 9§, m.a., J/T):
1.98 (4H, M, 2CH; nuppomuauna); 3.66 (2H, m, CH,N nupponnauna); 3.88 (2H, m, CH,N
nuppomuauHa); 7.02 (1H, ¢, H-4 usokcasona); 7.5 (1, J=4.3, H-4 tnodena); 7.86 (1H, 1, J=4.3,
H-3 tnodena). Macc-criexktp (3, 70 3B), m/z (I %): 346 [M]* (1), 213 (6), 98 (46), 82 (13),
70 (71), 69 (43), 56 (74), 55 (100), 39 (25). Haitgeno, %: C 41.49; H 3.20; N 8.12; S 18.53.
C12H11CIN,O,S,. Boruncneno, %: C 41.56; H 3.20; N 8.08; S 18.49.
5-[3-(Mopdommu-4-kap6oHun)n3oKkcaszon-5-un]-rnoden-2-cynbpounnxnopun 7(6).
Brixon 74%, cBeTmo-kopudHeBble kpyuctamibl, 1 i 165-167 °C. Cnextp AMP 'H (CDClL,
6, M., J/Tn): 1.9 (4H, M, 2CH.N mopdommna); 3.72 (2H, M, CH,O mopdonuna); 3.93 (2H, M,
CH,O mopdomuna); 6.94 (1H, ¢, H-4 msokcasonma); 7.51 (1H, p, J=1.6, H-4 tnodena);
7.86 (1H, n, J=1.6, H-3 tTnodena). Macc-cuextp (Y, 70 3B), m/z (Iowa %): 362 [M]* (3), 334 (3),
276 (12), 114 (31), 86 (27), 70 (100), 56 (85). Haitneno, %: C 39.69; H 3.06; N 7.76; S 17.71.
C12H11CIN,O:sS,. Beruncneno, %: C 39.73; H 3.06; N 7.72; S 17.67.
5-[3-(ITupponupuH-1-KapboHNT)N30KCa301-5-1i]-Ppypan-2-cynbdornnxnmopus 8(a).
Boixon 81%, 6enbie kpuctamnet, T . 80-83 °C. Cuextp SAMP 'H (CDCl;, 6, m.z., J/T1): 1.98
(4H, M, 2CH, muppomauna); 3.65 (2H, m, CH,N numppomuannua); 3.86 (2H, M, CH:N
nuppomuauHa); 7.06 (1H, n, J=3.9, H-4 dypana); 7.13 (1H, ¢, H-4 n3okcasona); 7.38 (1H, &,
J=3.9, H-3 dypana). Macc-criextp (Y, 70 3B), m/z (Lo %): 330 [M]* (2), 295 (1), 98 (54),
70 (59), 56 (100). Haitgeno, %: C 43.50; H 3.36; N 8.51; S 9.71. C,H;,CIN,OsS. Berumcneno, %:
C 43.58; H 3.35; N 8.47; S 9.69.
5-[3-(Mopdomu-4-kapboHun)usokcason-5-unl-pypan-2-cynbpounnxmopun  8(6).
Boixop 77%, kopuunessie kpuctamnbl, T 110-112 °C. Crextp AMP 'H (CDClL, §, m.x., J/T1):
3.67 (2H, m, CH;N mopdonuna); 3.74 (4H, m, CH,N, CH,O mopdonuna); 3.84 (2H, m, CH,O
Mopdomuna); 7.05 (1H, 1, J=3.9, H-4 ¢ypana); 7.24 (1H, ¢, H-4 nsokcasona); 7.37 (1H, g, J=3.9,
H-3 ¢ypana). Macc-criextp (Y, 70 3B), m/z (I %): 346 [M]* (6), 318 (3), 316 (7), 260 (14),
114 (34), 86 (26), 70 (100), 56 (88). Haitmeno, %: C 41.49; H 3.20; N 8.12; S 9.26. C;,H;;CIN,O4S.
Beruncieno, %: C 41.57; H 3.20; N 8.08; S 9.25.
2-Metokcu-5-[3-(mppomayH-1-KapOOHWI) 30K Ca3071-5-11] -6eH30/IC yIbOHMIXITOpHT 9(a).
Boixon 77%, 6enbie xpuctamnsl, T i 80-85 °C. Cmektp SAMP 'H (CDCL, 6, m.a., J/Tm):
1.85 (4H, ™, 2CH, nuppomuauna); 3.53 (2H, m, CH,N muppommanna); 3.75 (2H, m, CH,N
nuppomauHa); 4.00 (3H, ¢, OCHs); 6.81 (1H, ¢, H-4 nzokcasona), 7.15 (1H, 1, J=8.5, H-3 CsHs);
7.97 (1H, np, 1= 1.1, ,=8.5, H-4 C¢H;); 8.24 (1H, 1, J=1.1, H-6 C¢H3). Macc-cniextp (9V, 70 aB),
m/z (I %): 370 [M]* (7), 335 (2), 237 (15), 115 (16), 98 (45), 70 (100), 56 (68). Haiimero, %:
C 48.50; H 4.08; N 7.59; S 8.66. Ci5sH;sCIN,OsS. Borauceno, %: C 48.59; H 4.08; N 7.55; S 8.65.
2-Merokcu-5-[3-(Mopdonnu-4-kap6OHMIT) N30KCa3071-5-11 | -6€H30/ICYyNbPOHMIXITOPUL
9(6). Borxop 76%, 6enbie kpuctamsl, T . 110-112 °C. Crnextp IMP 'H (CDCl;, §, m.x., J/T1y):
2.58 (2H, m, CH,N mopdommna); 3.61 (4H, m, CH,N, CH>O mopdommna); 3.74 (2H, m, CH,O
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Mopdomuna); 3.95 (3H, ¢, OCHs); 6.71 (1H, ¢, H-4 n3okcasona); 7.13 (1H, g, J=8.5, H-3 CsHs);
7.94 (1H, np, 1= 1.1, ,=8.5, H-4 C¢H;); 8.17 (2H, &1, J=1.1, H-6 C¢H3). Macc-cniextp (9V, 70 aB),
m/z (I %): 386 [M]* (2), 351 (1), 237 (6), 115 (24), 114 (40), 86 (38), 56 (100). Haiizero, %:
C 46.53; H 3.91; N 7.28; S 8.30. C;sH;5CIN,OsS. Boruncieno, %: C 46.58; H 3.91; N 7.24; S 8.29.

4-[3-(IInpponmmans-1-kap6oHMI)N30KCa3071-5-1]-Tnoden-2-cynppornmxmopus 10(a).
Brixop 76%, 6enbie kpuctamnel, T . 175-177 °C. Cnextp AMP 'H (CDClLs, 6, m.p., J/T'1r): 1.94
(4H, M, 2CH, nuppommnpuna); 3.63 (2H, m, CH,N mmppomuanna); 3.85 (2H, m, CH:N
nuppomuauHa); 6.9 (1H, ¢, H-4 nsokcasona); 8.13 (1H, g, /=1.6, H-5 tnodena); 8.20 (1H, g,
J=1.6, H-3 tnodena). Macc-cuiextp (3V, 70 aB), m/z (Lo %): 346 [M]* (2), 247 (17), 150 (5), 98
(39), 70 (82), 69 (44), 56 (100), 39 (28). Haitneno, %: C 41.49; H 3.20; N 8.12; S 18.53.
Ci2H11CIN2O,S,. Beruncneno, %: C 41.56; H 3.20; N 8.08; S 18.49.

4-[3-(Mop¢onuH-4-kapboHMT) N30KCa30/-5-1i]-Tnoden-2-cynbdonmnxnopnun  10(6).
Boeixon 78%, cBetmo-kopuuHeBble Kpuctamubl, 1T i 170-173 °C. Cnextp AMP 'H (CDCl;,
6, .., J/Tn): 3.68 (2H, M, CH.N mopdommnua); 3.72 (4H, m, CH,N, CH,O mopdonnHa);
3.85 (2H, m, CH,O mopdomnna); 6.82 (1H, ¢, H-4 usokcasona); 8.13 (1H, g, /=1.6, H-5
tnodena); 8.20 (1H, g, J=1.6, H-3 tnodena). Macc-cektp (Y, 70 aB), m/z (Iom %): 362 [M]*
(2),276(10),233(20), 114 (23), 86 (30), 70 (83), 56 (95), 42 (100), 39 (11). Haitgeno, %: C 39.70;
H 3.06; N 7.76; S 17.71. C1,H;;CIN,OsS,. Boruncneno, %: C 39.73; H 3.06; N 7.72; S 17.67.

{5-[4-(Ilmpponmuans-1-cynbponrnn)-dennn]-n3oxcason-3-mi}-nupponuanu-1-mmi-
MmetaHoH 11. Boixon 74%, 6enbie kpuctamnel, T mn. 190-192 °C. Crnektp AMP 'H (IMCO-ds,
S, .11, J/Tn): 1.66 (4H, m, 2CH, nupponupuna); 1.89 (4H, m, 2CH, nupponuanua); 3.18 (4H,
M, CH,N mmppommpuna); 3.52 (2H, M, CH,N nuppomuamua); 3.71 (2H, M, 2CH,N
nuppomauHa); 7.53 (1H, ¢, H-4 nsokcasomna); 7.96 (2H, pn, /=8.2, H-2, H-6 CsH,); 8.18 (2H, &,
J=8.2, H-3, H-5 C¢H,). Macc-cnextp (Y, 70 aB), m/z (Iow %): 375 [M]* (10), 240 (13), 115 (8),
76 (11), 70 (100), 42 (93), 39 (19). Haitneno, %: C 57.49; H 5.64; N 11.25; S 8.56. C1sH,1N;0.S.
Beruncieno, %: C 57.59; H 5.64; N 11.19; S 8.54.

{5-[4-(Mop¢omn-4-cynbdorn)-heHn] -1n30Kca3on-3-mi-IppomanH-1-ni1-MeTaHoH 12.
Boixon 78%, 6ensie kpuctasnel, T . 187-189 °C. Crektp AMP 'H (IMCO-ds, §, m.p., J/T1y):
1.90 (4H, M, 2CH, nmuppomupuna); 2.92 (4H, m, 2CH,N mopdonuna); 3.52 (2H, m, CH,N
nupponuauHa); 3.63 (4H, m, CH,O mopdommna); 3.72 (2H, m, 2CH,N mupponupnna); 7.56 (1H,
¢, H-4 n3okcasona); 7.90 (2H, g, J=8.5, H-2,6 Ar); 8.22 (2H, 1, J=8.5, H-3,5 Ar). Macc-criektp
(3Y, 70 3B), m/z (I %): 391 [M]* (8), 240 (8), 98 (20), 86 (40), 70 (53), 56 (100), 42 (28).
Haigeno, %: C 55.20; H 5.41; N 10.79; S 8.21. C;sH,1N305S. Beraucneno, %: C 55.23; H 5.41;
N 10.73; S 8.19.

N-(4-mertoxcu-dennn)-4-[3-(mupponuanu-1-kapOoHNI)-U30KCA30/I-5-U]-0€H3071-
cynbdonmnamug 13. Berxon 77%, 6envie kpucramnel, T . 167-169 °C. AMP 'H (IMCO-ds, 6,
M.1. J/Tn): 1.88 (4H, m, 2CH, nuppomuanna); 3.51 (2H, m, CH,N nupponuanna); 3.66 (3H, c,
OCHs); 3.69 (2H, m, CH,N nuppomupuna); 6.81 (2H, g, /=8.5, H-2,6 Ar?); 6.98 (2H, &, ]=8.5,
H-3,5 Ar?); 7.45 (1H, ¢, H-4 usokcasomna); 7.8 (2H, 1, J=8.5, 2, H-6 Ar'); 8.09 (2H, n, J=8.5, H-3,5
Ar'); 10.04 (1H, ¢, NH). Macc-cnextp (Y, 70 aB), m/z (Lo %): 427 [M]* (3), 123 (9), 122 (100),
95 (15), 70 (9), 56 (19), 42 (16). Haitmeno, %: C 58.89; H 4.96; N 9.88; S 7.51. C,1H2:N;0sS.
Beruncieno, %: C 59.00; H 4.95; N 9.83; S 7.50.
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Mopdomn-4-wi-{5-[4-(mppomiams-1-cynbdonn)-pernn] -usokcason-3-mi}-MeTaHoH 14.
Brixop 76%, 6enble kpuctamnel, T . 215-217 °C. IMP 'H (IMCO-ds, §, m.z. J/Tn): 1.66 (4H,
M, 2CH, nuppomauna); 3.18 (4H, M, 2CH,N nupponnauna); 3.63 (4H, M, 2CH2N mopdonnna);
3.68 (4H, m, 2CH,O mopdonuna); 7.5 (1H, ¢, H-4 n3okcaszona); 7.96 (2H, n, J=8.5, H-2,6 Ar );
8.17 (2H, &, J=8.5, H-3,5 Ar). Macc-cuextp (Y, 70 aB), m/z (Iota %): 391 [M]* (5), 199 (7),
115(9),114(19), 86 (30), 70 (69), 42 (100), 39(10). Haitgeno, %: C 55.19; H 5.41; N 10.79; S 8.21.
CisH21N305S. Beruncneno, %: C 55.23; H 5.41; N 10.73; S 8.19.

{5-[4-(Mop¢domu-4-cymbdonnn)-pennn|-n3okcason-3-ni}-MmoppomH-4-mn-MmeTaHoH 15.
Boixop 78%, 6enbie kpuctasmnel, T . 225-227 °C. IMP 'H (IMCO-ds, §, m.z. J/Tn): 2.92 (4H,
M, 2CH:N mopdommna); 3.63 (8H, M, 2CH.N, 2CH,O mopdommna); 7.53 (1H, ¢, H-4
nsokcasona); 7.91 (2H, g, J=8.5, H-2 Ar); 8.21 (2H, 1, J]=8.5, H-6 Ar). Macc-cuiektp (Y, 70 3B),
m/z (Iows %): 407 [M]* (9), 377 (6), 171 (9), 115 (7), 114 (15), 86 (80), 70 (36), 56 (100), 42 (48).
Haitgeno, %: C 52.90; H 5.20; N 10.36; S 7.88. CisH,1N304S. Boraucneno, %: C 53.06; H 5.20;
N 10.31; S 7.87.

N-(4-merokcu-dennn)-4-[3-(mopdonuu-4-kapboHMI)-N30KCa301-5-U]-6eH301
cynbdonmnamug 16. Berxon 77%, 6envie kpucramnel, T . 140-143 °C. AMP 'H (IMCO-ds, 6,
M.z J/Tn): 3.61 (4H, M, 2CH,N mopdonuna); 3.66 (4H, M, CH,N, CH,O mopdonuna); 3.67 (3H,
¢, OCHs); 6.80 (2H, 1, J=8.5, H-2,6 Ar'); 6.97 (2H, m, J=8.5, H-3,5 Ar'); 7.42 (1H, ¢, H-4
nsokcasona); 7.82 (2H, n, J=8.0, H-2,6 Ar?); 8.09 (2H, g, J=8.0, H-3,5 Ar'); 10.04 (1H, ¢, NH).
Macc-criektp (3Y, 70 9B), m/z (I %): 443 [M]* (2), 171 (7), 123 (9), 122 (100), 95 (13), 70 (14),
56 (11). Haitmeno, %: C 56.79; H 4.78; N 9.52; S 7.24. C,;H11N3O6S. Borumcneno, %: C 56.88;
H4.77; N 9.48; S 7.23.

{5-[5-(ITnppommanH-1-cynbdonnt)-Troden- 2-mi) -n30Kcas3on-3-wif-MupponnanH- 1-mi-
MeTaHOH 17. Boixon 75%, 6enbie kpuctamiel, T wi. 195-197 °C. AMP 'H (IMCO-ds, , m.x.
J/Tn): 1.71 (4H, m, 2CH, nupponuansa); 1.89 (4H, m, CH, nmuppomupuna); 3.25 (8H, m, CH.
nuppomauHa); 3.51(2H, M, CH, mupponuanna); 3.69 (2H, m, CH, nupponmupuna); 7.42 (1H, c,
H-4 wmsokcaszoma); 7.81 (1H, m, J=3.6, H-3 tnodena); 7.8 (1H, m, J=3.6, H-2 tnodena).
Macc-cuektp (Y, 70 aB), m/z (I.u %): 381 [M]* (6), 98 (53), 70 (87), 69 (21), 56 (64), 55 (100),
42 (86), 39 (11). Haitneno, %: C 50.29; H 5.03; N 11.07; S 16.84. C1¢H1sN;0,S,. Borumcreno, %:
C50.38; H5.02; N 11.02; S 16.81.

{5-[5-(Mopdonuu-4-cynbdonn)-rtuoden-2-mm]-m30Kcazon-3-ui}-mupponuguH- 1-mi-
MeTaHOH 18. Boixop 77%, 6enbie kpuctamisl, T wi. 170-173 °C. AMP 'H (IMCO-ds, 6, m.x.
J/Tn): 1.89 (4H, m, 2CH; muppomuauna); 3.0 (4H, m, CH:N mopdonuna); 3.51 (2H, m, CH:N
nuppomuauHa); 3.69 (6H, M, 2CH,O mopdomuua, CH, nuppommauna); 7.43 (1H, ¢, H-4
nsokcasomna); 7.78 (1H, x, J=3.9, H-3 Tuopena); 7.95 (1H, n, /=3.9, H-2 tnodena). Macc-criekrp
(3Y, 70 3B), m/z (I.a %): 397 [M]* (2), 98 (36), 86 (28), 70 (42), 69 (12), 56 (100), 55 (65).
Haiineno, %: C 48.20; H 4.82; N 10.62; S 16.16. C;sH19N30O5S,. Beruncneno, %: C 48.35; H 4.82;
N 10.57; S 16.13.

5-[3-(ITupponupanH-1-kapOOHW)-130KCa30/1-5-W | -THOodeH-2-CynTbHOHOBOI KUCIOTHI
4-metoxcudenmnamun 19. Bexon 78%, 6emble xpuctammsl, T mr 215-217 °C. IMP 'H
(OIMCO-ds, §, m.zi. J/IT1y): 1.88 (4H, m, 2CH, nupponuaunna); 3.49 (2H, m, CH,N nupponuauHa);
3.65 (2H, m, CH,N nuppomupnna); 3.69 (3H, ¢, OCHs); 6.87 (2H, 11, /=8.9, CH,O Ar); 7.05 (2H,
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I, J=8.9, H-4,6 Ar); 7.35 (1H, ¢, H-4 usokcasona); 7.52 (z, 1H, J=3.9, H-3 tnodena); 7.75 (1H,
1, J=3.9, H-2 tnodena); 10.3 (1H, ¢, NH). Macc-cnektp (3V, 70 3B), m/z (I %): 433 [M]* (4),
123 (10), 122 (100), 98 (10), 95 (15), 70 (8), 56 (20), 55 (29), 42 (11). Haitgeno, %: C 52.59;
H 4.42; N 9.74; S 14.82. C;sH9N50:5S,. Boruncneno, %: C 52.64; H 4.42; N 9.69; S 14.79.
Mopdomu-4-un-{5-[5-(nmupponuani-1-cynpdornn)-tnoden-2-ni]-n30Kcason-3-mi}-
MeTaHoH 20. Boixon 74%, sxentoie Kpuctamibl, T mi. 145-147 °C. AMP 'H (IMCO-ds, §, m.x.
J/Tu): 1.71 (4H, m, 2CH; nupponmuauna); 3.24 (4H, m, 2CH.N nupponmnauna); 3.61 (4H, m,
CH.N mopdonuna); 3.67 (4H, m, 2CH,O mopdonuna); 7.38 (1H, ¢, H-4 nsokcasona); 7.82 (1H,
1, J=3.3, H-3 tTnodena); 7.9 (1H, 1, J=3.3, H-2 tnodena). Macc-cuexrp (Y, 70 3B), m/z (Iow %):
397 [M]* (6), 150 (8), 114 (31), 86 (22), 70 (84), 69 (10), 56 (41), 55 (17), 42 (100). Haitmeno, %:
C 48.25; H 4.82; N 10.62; S 16.16. CisH19N;OsS,. Beruucneno, %: C 48.35; H 4.82; N 10.57;
S 16.13.
{5-[5-(Mopdonuu-4-cynppounn)-trnoden-2-n|-n30Kkcason-3-mm}-MopPonH-4-ui-
MeTaHOH 21. Boixop 73%, 6enble kpuctamisl, T mwi. 140-142 °C. AMP 'H (IMCO-ds, 6, m.x.
J/T1): 2.99 (4H, m, 2CH,N mopdonnna); 3.61 (4H, m, 2CH,N mopdonuna); 3.67 (4H, m, 2CH,O
mopdommua); 7.40 (1H, ¢, H-4 usokcasona); 7.78 (1H, n, J=5.3, H-4 tnodena); 7.93 (1H, g,
J=5.3, H-4 tnodena). Macc-criexkrp (Y, 70 aB), m/z (Lo %): 413 [M]* (6), 114 (23), 86 (50), 70
(49), 56 (100), 42(56). Haitmeno, %: C 46.40; H 4.64; N 10.21; S 15.54. Ci¢H1sN:06S,. Borancrero,
%: C 46.48; H 4.63; N 10.16; S 15.51.
5-[3-(Mopdomu-4-kap6OHW)-U30KCA301-5- U] -TO0(deH-2-CyTbPOHOBON  KMC/TOTHI
4-metoxcudenmnamny 22. Boxopn 75%, pososble kpuctamibl, 1 mi 130-132 °C. IMP 'H
(IMCO-ds, 6, m.zi. J/Tn): 3.59 (4H, M, 2CH,N mopdonuna); 3.65 (4H, m, 2CH,N mopdonuna);
3.69 (3H, ¢, OCHs); 6.86 (2H, m, J=8.5, H-2 Ar); 7.04 (2H, 1, J=8.5, H-6 Ar); 7.32 (1H, ¢, H-4
nsokcasomna); 7.52 (1H, g, J=3.0, H-3 tnodena); 7.73 (1H, g, J=3.0, H-2 tnodena); 10.29 (1H,
y.c, NH). Macc-cuextp (3Y, 70 3B), m/z (Lo %): 449 [M]* (2), 122 (100), 114 (5), 70 (22),
56 (16), 42 (27). Haiineno, %: C 50.69; H 4.26; N 9.40; S 14.29. CisH1sN;06S,. Boruncneno, %:
C50.77; H 4.26; N 9.35; S 14.26.
{5-[5-(IImpponmuauu-1-cynbdounn)-pypaH-2-un]-u30Kcas3on-3-ui}-mupponnuanH-1-
mi-MeTaHoH 23. Boixon 73%, 6ernble kpucrtamwisl, T . 183-185 °C. AMP 'H (IMCO-ds, 6, M.1.
J/Tn): 1.75 (4H, M, 2CH, muppomupuna); 1.9 (4H, m, 2CH, nuppomauna); 3.51 (4H, m, 2CH.N
nuppomauHa); 3.68 (4H, M, 2CH,N nupponuanna); 7.3 (1H, ¢, H-4 nsokcasomna); 7.42 (1H, g,
J=3.9, H-2 ¢ypana); 7.44 (1H, g, J]=3.9, H-3 ¢dypana). Macc-criextp (Y, 70 3B), m/z (Iowu %):
365 [M]* (3), 135 (6), 98 (61), 70 (82), 69 (18), 55 (100), 42 (74), 39 (24). Haiizeno, %: C 52.49;
H 5.25; N 11.56; S 8.79. Ci6H19N30sS. Beruncneno, %: C 52.59; H 5.24; N 11.50; S 8.77.
{5-[5-(Mopdonuu-4-cynbponnn)-pypaH-2-mi]-n30Kca3on-3-vi}-nupponnant- 1-mi-
MeTaHOH 24. Boixop 75%, 6enbie kpuctamsl, T w1 167-169 °C. AMP 'H (IMCO-ds, 6, m.x.
J/Tu): 1.89 (4H, m, 2CH; mupponmuauna); 3.13 (4H, m, 2CH.N nupponmnauna); 3.52 (2H, m,
CH:N mopdonuna); 3.66 (6H, m, 2CH,O mopdonuna, CH, nuppomauna); 7.31 (1H, g, J=1.3,
H-3 ¢ypana); 7.46 (1H, ¢, H-4 n3okcasona); 7.47 (1H, g, J=1.3, H-2 ¢pypana). Macc-crextp (JV,
70 3B), m/z (I %): 381 [M]* (2), 98 (47), 70 (42), 69 (12), 56 (100), 42 (33). Haitmeno, %:
C 50.29; H 5.03; N 11.07; S 8.42. C;sH19N306S. Borancneno, %: C 50.39; H 5.02; N 11.02; S 8.41.
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5-[3-(ITuppomupuH-1-KapOOHNT)-U30KCa30/1-5-1]-PypaH-2-Cyn1bHOHOBOI KIUCITOTHI
4-meTtokcudenmmamun 25. Boixom 77%, uepHble kpuctamnel, T mi 90-92 °C. JAMP 'H
(OIMCO-ds, §, m.zi. J/T1y): 1.89 (4H, M, 2CH, nmupponupuua); 3.51 (4H, m, CH,N nupponupguHa);
6.85 (2H, m, J=8.5, CH,O Ar); 7.05 (2H, m, J=8.5, H-2,6 Ar); 7.17 (1H, ¢, H-4 usokcasona);
7.23 (1H, g, J=3.3, H-3 ¢ypana); 7.33 (1H, &, J]=3.3, H-2 ¢ypana); 8.0 (1H, ¢, NH). Macc-crektp
(3Y, 70 3B), m/z (Lo %): 417 [M]* (5), 123 (100), 98 (17), 95(20), 70 (18), 69 (12), 56 (25).
Haiineno, %: C 54.54; H 4.59; N 10.12; S 7.70. C1sH19N3O4S. Brruncneno, %: C 54.67; H 4.59;
N 10.07; S 7.68.
Mopddonun-4-un-{5-[5-(muppomaus-1-cynbdonnn)-pypan-2-mi]-m3okcaszon-3-mmj-
MeTaHOH 26. Brixon 74%, opamxeBble Kpuctasusl, T . 125-127 °C. IMP 'H (IMCO-ds, 6,
m.g. J/Tn): 1.74 (4H, m, 2CH, nupponupuna); 3.3 (4H, M, 2CH,N mopdommna); 3.6 (4H, m,
2CH:N nupponuanna); 3.67 (4H, m, 2CH,O mopdonuna); 7.29 (1H, ¢, H-4 usokcasona);
7.43 (2H, f1, ]=0.4, H-2,3 dypana). Macc-cuextp (Y, 70 3B), m/z (Iom %): 381 [M]* (5), 114 (37),
86 (22), 70 (100). Haitmeno, %: C 50.35; H 5.03; N 11.07; S 8.42. C;cH19sN304S. Boruncneno, %:
C50.39; H5.02; N 11.02; S 8.41.
{5-[5-(Mop¢onun-4-cynpdonnn)-pypaH-2-un]-n3oxcazon-3-mi}-mopdonnu-4-ni-
MeTaHOH 27. Boixon 79%, 6enbie kpuctamiet, T wi. 120-123 °C. AMP 'H (IMCO-ds, , m.1.
J/Tn): 3.12 (4H, m, 2CH,N mopdonuna); 3.6 (4H, m, 2CH,N mopdonmmna); 3.67 (8H, m, 2CH,O
mopdomuna); 6.86 (2H, 1, J=8.5, H-2 Ar); 7.04 (2H, g, J=8.5, H-6 Ar); 7.16 (1H, ¢, H-4
usokcasona); 7.23 (1H, ¢, NH); 7.32 (2H, pn, J=2.6, H-2,3 dypana). Macc-cuektp (3, 70 3B),
m/z (Lo %): 397 [M]* (8), 114 (39), 86 (64), 70 (64), 56 (100). Haiimero, %: C 48.21; H 4.82;
N 10.63; S 8.08. C1sH19N3O5S. Beramcneno, %: C 48.36; H 4.82; N 10.57; S 8.07.
5-[3-(MopdonmH-4-kap6oHWUT)-N30KCA30/1-5-U]-PpypaH-2-cyn1bPOHOBO  KUCTOTHI
4-metoxcu-denmmamuy 28. Boixon 74%, kpacHble Kpuctamisl, T i 165-167 °C. AMP 'H
(IMCO-ds, 8, m.1. J/Tm): 3.6 (3H, ¢, COCHjs); 3.67 (4H, M, 2CH,N mopdommna); 3.68 (4H, M,
2CH,0 mopdonnna); 6.86 (2H, 1, /=8.5, H-2 Ar); 7.04 (2H, 1, J=8.5, H-6 Ar); 7.16 (1H, ¢, H-4
usokcasona); 7.23 (1H, ¢, NH); 7.32 (2H, g, J=2.6, H2,3 pypana). Macc-cuiextp (3V, 70 aB), m/z
(Iows %): 433 [M]* (7), 122 (100), 86 (64), 70 (23), 56 (14). Haitgeno, %: C 52.59; H 4.42; N 9.74;
S 7.41. C1oH1sN30O-S. Beruucneno, %: C 52.65; H 4.42; N 9.69; S 7.40.
{5-[4-MeTokcu-3-(mmpponupauH-1-cynbhoHnI)-peHn] -u30Kcason-3- i} -upp oIauH-
1-un-metanoH 29. Beixon 78%, 6enbie kpuctamwis, T wi. 190-195 °C. AMP 'H (IMCO-ds, 6,
m.g. J/Tn): 1.76 (4H, m, 2CH, nupponupuna); 1.89 (4H, m, 2CH, nupponuauna); 3.27 (2H, M,
CH,N nuppomuauna); 3.51 (2H, m, CH,N nuppomuauna); 3.69 (2H, m, CH,N nupponupuHa);
3.99 (3H, ¢, OCH;); 7.32 (1H, ¢, H-4 usokcasomna); 7.45 (1H, n, J=7.5, H-6 Ar); 8.2 (1H, &, J=7.5,
H-5 Ar); 8.22 (1H, ¢, H-2 Ar). Macc-criextp (Y, 70 3B), m/z (Ioa %): 405 [M]* (4), 98 (43),
70 (100), 59 (48). Haitneno, %: C 56.19; H 5.72; N 10.42; S 7.92. C1sH,5N;05S. Borancieno, %:
C56.28; H 5.72; N 10.36; S 7.91.
{5-[4-Merokcu-3-(mopdonuu-4-cynbdoun)-dennn]-u3okcason-3-ui}-nmupponnuinH-
1-mn-metanoH 30. Beixon 79%, 6enble kpuctamwisl, T . 205-208 °C. AMP 'H (IMCO-ds, 6,
M.z J/T): 1.89 (4H, M, 2CH, nupponupuna); 3.13 (4H, M, 2CH,N nmupponnauna), 3.51 (2H, m,
CH,O mopdonuna); 3.6 (4H, m, CH,N, CH,O mopdonuna); 3.7 (2H, m, 2CH,N mopdonuna);
3,99 (3H, ¢, OCH,); 7.34 (1H, ¢, H-4 nsokcasona); 7.46 (2H, m, J=8.5, H-2 Ar); 8.2 (1H, ¢, H-6
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Ar); 8.23 (1H, g, J=8.5, H-5 Ar); 9.03 (1H, ¢, NH). Macc-criektp (9V; 70 3B), m/z (Iow %):
421 [M]* (5), 98 (34), 86 (36), 70 (45), 59 (100). Haitgeno, %: C 54.07; H 5.72; N 10.42; S 7.92.
C19H23N305S. Beruncieno, %: C 56.28; H 5.72; N 10.36; S 7.91.
2-Metokcu-N-(4-metokcudennn)-5-[3-(mupponnans- 1-kapOoHMT) -N30KCa3071-5-11] -
6ensoncynbdonamup 31. Beixox 76%, pososble kpuctamibl, T mi 125-127 °C. IMP 'H
(OIMCO-ds, 8, m.n. J/Tu): 1.88 (4H, m, 2CH , mmpponupuua); 3.49 (4H, m, 2CH,N
nupponmuauHa); 4.38 (6H, ¢, 20CH3); 3.99 (2H, m, CH2N nupponnauna); 6.77 (2H, n, J=8.9, H-2
Ar?); 7.00 (2H, &, ]=8.9, H-4,5 Ar?); 7.25 (1H, ¢, H-4 nsokcasona); 7.33 (1H, g, J=8.5, 6-H Ar!);
8.10 (1H, ¢, H-2 Ar'); 8.14 (1H, f, J=8.5, H-5 Ar'); 9.8 (¢, 1H, NH). Macc-cniextp (9Y, 70 3B),
m/z (Lo %): 457 [M]* (5), 122 (100), 98 (13), 70 (14), 59 (24). Haitneno, %: C 57.69; H 5.07;
N 9.23; § 7.02. C5.H23N306S. Beruncneno, %: C 57.76; H 5.07; N 9.18; S 7.01.
{5-[4-Merokcu-3-(nmupponuani-1-cynpdonnn)-dennn]-usokcason-3-mi}-mopdonus-
4-un-meTtaHoH 32. Boixon 77%, cBeTno-KopuuHeBble KpucTamibl, T mr. 110-115 °C. AMP 'H
(OIMCO-ds, 6, m.i. J/Tu): 1.76 (4H, M, 2CH, nuppomupuna); 3.26 (4H, m, 2CH.N
nupponmuauHa); 3.62 (4H, m, 2CH,N mopdonnna); 3.68 (4H, m, 2CH,O mopdonuna); 3.99 (3H,
¢, OCH;); 7.30 (1H, ¢, H-4 nsoxkcasona); 7.45 (2H, m, J=9.0, H-2,6 Ar); 8.17 (2H, g, J=9.0, H-3,5
Ar). Macc-criextp (3, 70 3B), m/z (Iom %): 421 [M]* (8), 114 (28), 86 (29), 70 (100), 59 (9).
Haiineno, %: C 54.04; H 4.08; N 7.59; S 8.66. C190H3N306S. Beruncneno, %: C 54.15; H 5.50;
N9.97;S7.61.
{5-[4-Meroxcu-3-(mopdonnu-4-cynpdonnn)-dennn]-u3okcason-3-un}-mopdonnu-4-
ui-MeTaHoH 33. Boixop 80%, cBeT/no-Kopu4HeBble Kpucramwinl, T ma. 145-150 °C. IMP 'H
(OIMCO-ds, §, m.a. J/Tn): 3.13 (4H, m, 2CH,N mopdomuna); 3.62 (8H, m, 2CH,N, 2CH,O
Mopdonmuua); 3.67 (4H, m, 2CH,O mopdonuna); 3.99 (3H, ¢, OCHs); 7.3 (1H, ¢, H-4
nsokcasona); 7.47 (1H, nm, J=7.5, H-6 Ar ); 8.18 (1H, ¢, H-2 Ar); 8.02 (1H, g, J=7.5, H-5 Ar).
Macc-cniextp (Y, 70 aB), m/z (Lo %): 437 [M]* (4), 114 (25), 86 (70), 59 (100). Haitzeno, %:
C 52.10; H 5.30; N 9.65; S 7.34. C190H23N505S. Beruncneno, %: C 52.17; H 5.30; N 9.61; S 7.33.
2-Merokcu-N-(4-meTokcudennn)-5-[3-(Mopdponu-4-kapOoHN)-1N30KCA30/-5-11] -
6ensoncynmbdonamuy 34. Berxon 77%, xopudnesble Kpuctambl, 1 wr. 110-115 °C. IMP 'H
(OIMCO-ds, 6, m.g. J/Tn): 3.6 (4H, m, 2CH,N mopdommna); 3.62 (3H, ¢, OCHa); 3.66 (4H, m,
2CH,0 mopdonnna); 4.00 (¢, 3H, OCHs); 6.77 (2H, g, J=8.9, H-2 Ar?); 7.01 (2H, 1, J]=8.9, H-6
Ar?); 7.25 (1H, ¢, H-4 nsokcasomna); 7.38 (1H, m, /=8.5, H-6 Ar'); 8.09 (1H, ¢, H-2 Ar'); 8.12 (1H,
i, J=8.5, H-5 Ar'). Macc-criektp (Y, 70 3B), m/z (Ia %): 473 [M]* (9), 122 (100), 114 (5),
59 (9). Haipeno, %: C 55.74; H 4.90; N 8.92; S 6.78. C,H,:N;0-S. Beruncneno, %: C 55.81;
H 4.90; N 8.87; S 6.77.
{5-[5-(IInpponnaus-1-cynbdornn)-tnodeH-3-mn) -m30Kca3on-3- i} -nupponuauH-1-
ui-MeTaHoH 35. Boixop 77%, cBeT/no-Kopu4HeBble Kpucramwinl, T ma. 190-194 °C. IMP 'H
(IMCO-ds, §, m.z. J/Tn): 1.94 (4H, m, 2CH.N nupponuauna); 3.0 (4H, m, 2CH,N mopdonnna);
3.54 (2H, ™, 2CH,N muppomupnsa); 3.7 (4H, m, 2CH,O mopdonuna); 3.76 (2H, M, 2CH,
nupponuauHa); 7.31 (1H, ¢, H-4 usokcasona); 8.15 (1H, g, J=1.6, H-4 tnodena); 8.61 (1H, &,
J=1.6, H-2 tnodena). Macc-criextp (3V, 70 3B), m/z (I.a %): 381 [M]* (4), 247 (36), 215 (27),
122 (5), 98 (44), 70 (100), 56 (55), 42 (89). Haitgeno, %: C 50.29; H 5.03; N 11.07; S 16.84.
Ci16H19N304S,. Beruncieno, %: C 50.38; H 5.02; N 11.02; S 16.81.
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{5-[5-(Mopdomuu-4-cynbponnn)-tnodeH-3-mi]-n30kcason-3-mwi}-muppommans- 1-mm-
MeTaHOH 36. Brixon 80%, oparrkeBble kKpuctamibl, T mwi. 185-188 °C. AMP 'H (IMCO-ds, 6,
m.g. J/Tn): 1.94 (4H, m, 2CH,N nupponnauna); 3.0 (4H, m, 2CH,N mopdonuna); 3.54 (2H, m,
2CH:N nuppompuna); 3.7 (4H, m, 2CH,O mopdonuna); 3.76 (2H, m, 2CH, nupponuanza);
7.31 (1H, ¢, H-4 usokcasona); 8.15 (1H, g, J=1.6, H-4 tnodena); 8.61 (1H, x, J=1.6, H-2
tnodena). Macc-criekrp (3Y, 70 3B), m/z (Iom %): 397 [M]* (2), 247 (16), 98 (17), 86 (46),
70 (30), 56 (100), 42 (24). Haitgeno, %: C 48.29; H 4.82; N 10.62; S 16.16. CisH19N30s5S,.
Beruncieno, %: C 48.35; H 4.82; N 10.57; S 16.13.

4-[3-(IInppommpnH- 1-kapOOHN)-N30KCa30/1-5-W ] -TNOQEeH-2-CyTbPOHOBOI  KICIOTHI
4-metokcudenmnamup 37. Boixon 80%, depuble kpuctamiel, T mwr 110-113 °C. IMP 'H
(IMCO-ds, §, m.ii. J/Tny): 1.8 (4H, m, 2CH,N muppomuanna); 3.53 (2H, M, 2CH, nupponanna);
3.7 (3H, ¢, OCHs); 3.75 (2H, m, 2CH, nupponupuna); 6.8 (2H, 1, /=8.5, H-3,5 Ar); 7.05 (2H, &,
J=8.5, H-2,6 Ar); 7.19 (1H, ¢, H-4 usokcasona); 7.9 (1H, g, J=1.1, H-4 Tnodena); 8.41 (1H, g,
J=1.1, H-2 tnodena); 10.13 (c, 1H, NH). Macc-cuekrp (9V, 70 3B), m/z (Ism %): 433 [M]* (2),
122 (61), 98 (19), 70 (44), 56 (48), 39 (100). Haitmeno, %: C 50.59; H 4.42; N 9.74; S 14.82.
C1oH19N305S,. Beruncieno, %: C 52.64; H 4.42; N 9.69; S 14.79.

Mopdoma-4-nn-{5-[5-(mupponmuans-1-cynbponnn)-tnodeH-3-mi]-n3oxcason-3-m}-
MetaHOH 38. Boixon 80%, 6enbie kpuctawisl, T wi. 170-172 °C. AMP 'H (IMCO-ds, §, m.x.
J/Tu): 1.75 (4H, M, 2CH, muppommauna); 3.64 (8H, m, 2CH.N nuppommauna, 2CH.N
Mopdonuna); 3.69 (4H, M, CH, mopdonuna); 7.26 (1H, ¢, H-4 usokcasona); 8.17 (1H, g, J=1.0,
H-4 tnodena); 7.17 (1H, g, J= 1.0, H-2 tnodena). Macc-criextp (Y, 70 3B), m/z (Iows %): 397
[M]* (2), 114 (19), 86 (31), 70 (81), 56 (40), 42 (100). Haitmeno, %: C 48.29; H 4.82; N 10.62;
S 16.16. CisH19N;OsS,. Berancneno, %: C 48.35; H 4.82; N 10.57; S 16.13.

{5-[5-(Mop¢dommu-4-cynbponnn)-tnodeH-3-mn]-n3oxkcazon-3-mi}-MopponnH-4-mi-
MeTaHOH 39. Boixon 83%, 6enbie kpuctawisl, T . 140-143 °C. IMP 'H (IMCO-ds, 6, m.x.
J/Tn): 2.99 (4H, m, CH,N mopdonuna); 3.65(4H, m, CH,N mopdonuna); 3.69 (8H, m, 4CH,O
mopdonmmna); 7.27 (1H, ¢, H-4 n3okcaszona); 8.1 (1H, g, J=1.0, H-1 tnodena); 8.15 (1H, x, J=1.0,
H-3 tnodena). Macc-criektp (Y, 70 9B), m/z (Lo %): 413 [M]* (1), 114 (14), 86 (46), 70 (37),
56 (100), 42 (50). Haitgeno, %: C 46.40; H 4.64; N 10.21; S 15.54. C1sH1sN3O6S,. Beruncieno, %:
C46.48; H 4.63; N 10.16; S 15.51.

4-[3-(Mop¢onnH-4-kapOOHUT)-N30KCA30/I-5-W]-TO(eH-2-CyTbPOHOBON  KUCIOTHI
4-metokcudennnamuzn 40. Berxon 81%, kopmaneBble kpucTamwisl, 1 mr. 155-157 °C. AMP 'H
(OIMCO-ds, 6, m.. J/IT): 3.63 (4H, m, 2CH,N mopdonuna); 3.69 (4H, m, 2CH,O mopdonnna);
3.7 (3H, ¢, OCH;); 6.81 (2H, 1, J=8.9, H-3,5 Ar); 7.05 (2H, g, J=8.9, H-2,6 Ar); 7.18 (1H, ¢, H-4
nsokcasona); 7.89 (1H, n, ]=1.0, H-4 tTnodena); 8.45 (1H, 1, J=1.0, H-2 tnodena); 10.14 (1H, c,
NH). Macc-criektp (3Y, 70 5B), m/z (I %): 449 [M]* (2), 122 (100), 95 (15), 70 (17), 56 (14).
Haiineno, %: C 50.69; H 4.26; N 9.40; S 14.29. C;9sH9sN30O6S,. Beruucneno, %: C 50.77; H 4.26;
N 9.35; S 14.26.

5-(3,5-Inmernnmaokcason-4-mn)pypan-2-cynbponmnxmopus  42(a). Boixoy  78%,
KopuyHeBble Kpuctamwisl, T mi. 61-63 °C. IMP 'H (CDCl;, §, m.g. J/Tn): 2.44 (3H, ¢, CHs);
2.64 (3H, ¢, CHs); 6.53 (1H, pn, J=3.7, CH d¢ypana); 7.36 (1H, n, /=3.7, CH d¢ypana).
Macc-criextp (3Y, 70 3B), m/z (Im %): 261 [M]* (16), 178 (9), 136 (15), 134 (27), 121 (62),
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90 (22), 79 (100), 76 (18), 65 (15). Haitgeno (%): C 41.19; H 3.08; N 5.38; S 12.28. CoHsCINO.,S.
Boruncneno (%): C 41.31; H 3.08; N 5.35; S 12.25.
5-(3,5-Jumetnnumsokcason-4-mn)noden-2-cynppounnxmopuy  42(6). Beixom 82%,
KopuyHeBble Kpuctamnbl, 1 w1 82-84 °C. IMP 'H (CDCls, §, m.x. J/Tn): 2.39 (3H, ¢, CHs);
2.56 (3H, ¢, CHs); 7.04 (1H, g, J=3.7, CH tuodena); 7.87 (1H, n, /=3.7 CH tnodena).
Macc-criektp (Y, 70 9B), m/z (I %): 277 [M]* (7), 194 (5), 152 (8), 137 (23), 120 (17),
109 (11),95(12),93(12),69 (100). Haitgero (%): C 38.85; H2.91; N 5.07; S 23.13. CoHsCINO:sS,.
Boruncneno (%): C 38.31; H 5.06; N 7.81; S 17.89.
5-(3,5-Jumetnnmsokcason-4-wi)-2-mMetnndypan-3-cynbpounnxnopuy 42(s). Boixon
80%, 6enbre kpucramnbl, T wi. 115-117 °C. IMP 'H (CDClL, §, m.z. J/Tn): 2.39 (3H, ¢, CHs);
2.56 (3H, ¢, CHs); 2.69 (3H, ¢, CHs); 6.63 (1H, ¢, CH ¢ypana). Macc-cnextp (3V, 70 3B), m/z
(Iorn %): 275 [M]* (32), 240 (16), 192 (11), 148 (13), 124 (20), 106 (15), 90 (29), 43 (100).
Haitneno (%): C 43.55; H 3.66; N 5.11; S 11.65. C10H10CINO,S. Boraucreno (%): C 43.56; H 3.66;
N 5.08; S11.63.
5-(3,5-JumeTnnmmsokcason-4-mi)-2-MeTnnrnodes-3-cynbpornmxmopus 42(r). Boxon
76%, TeMHO-KOpnuHeBble Kpucrtamibl, T . 78-80 °C. AMP 'H (CDCls, §, m.x. J/T1): 2.26 (3H,
¢, CHs); 2.42 (3H, ¢, CHs); 2.75 (3H, ¢, CHs); 7.18 (1H, ¢, CH tnodena). Macc-cuexrp (3,
70 9B), m/z (Iosx %): 291 [M]* (6), 256 (3), 148 (6), 123 (7), 69 (9), 63 (7), 43 (100). Haitgerno
(%): C 41.15; H 3.46; N 4.82; S 22.02. C1H1oCINOsS,. Borancreno (%): C 41.17; H 3.45; N 4.80;
S 21.98.
4-(3,5-InmeTnnmsoxcaszon-4-mwm)pypan-2-cynbpoumwmxnopus  42(m). Boxom  76%,
KopuuHeBble Kpuctamnbl, T mwi. 62-65 °C. IMP 'H (CDCl, §, m.x. J/Tn): 2.22 (3H, ¢, CHs);
2.42 (3H, ¢, CHs); 7.04 (1H, ¢, CH ¢ypana); 7.35 (1H, ¢, CH dypana). Macc-crextp (3Y, 70 3B),
m/z (I %): 261 [M]* (12), 162 (7), 157 (6), 43 (100). Haitmeno (%): C 41.19; H 3.08; N 5.38;
S 12.28. CsH3CINO,S. Brruncneno (%): C 41.31; H 3.08; N 5.35; S 12.25.
4-(3,5-InmeTnnmsoxcaszon-4-mwi)tnopeH-2-cynsponmwmxmopnuyn  42(e). Beixom 80%,
KopuyHeBble kpuctamibsl, T 1. 103-105 °C. AMP 'H (CDCls, §, m.i. J/Tn): 2.24 (3H, ¢, CHs);
2.41 (3H, ¢, CH3); 7.19 (1H, ¢, CH tnodena); 7.47 (1H, ¢, CH ™nodena). Macc-cnextp (3Y, 70
9B), m/z (Iowx %): 277 [M]* (4), 178 (5), 173 (5), 48 (8), 45 (12), 43 (100). Haitmeno (%): C 38.85;
H 2.91; N 5.07; S 23.13. CoHsCINO:sS,. Boruncneno (%): C 38.31; H 5.06; N 7.81; S 17.89.
5-(3,5-Jumetnnmsokcason-4-mn)4-meruntuodeH-2-cynbonmnxnopun 42(k). Boixon
82%, xopmuHeBble kKpuctamwbl, T i 102-104 °C. AIMP 'H (CDCl;, §, m.i. J/T1): 2.03 (3H, ,
CHs);2.10 (3H, ¢, CH3); 2.26 (3H, ¢, CH3); 7.64 (1H, ¢, CH tnodena). Macc-cnextp (3Y, 70 9B),
m/z (L %): 291 [M]* (16), 256 (7), 166 (10), 152 (5), 151 (53), 134 (22), 123 (20), 109 (22),
93 (17), 69 (100). Hafimerto (%): C 41.15; H 3.46; N 4.82; S 22.02. C1eH,CINO;S,. Borumcrieno
(%): C41.17; H 3.45; N 4.80; S 21.98.
3,5-Inmetnn-4-[5-(muppomaun-1-cynbdonnn)-pypan-2-mn]-nsokcason 43. Boixon
73%, 6enble kpucrtamnbl, T . 103-107 °C. AMP 'H (IMCO-ds, §, M.z J/T'ny): 2.38 (3H, ¢, CHs);
2.60 (3H, ¢, CHs); 3.08 (4H, m, 2CH, nupponuauna); 3.66 (4H, m, 2CH,N nmpponupguna);
6.89 (1H, &, J=1.8, 4-H ¢ypana); 7.36 (1H, g, J=1.8, 3-H ¢ypana). Macc-cuextp (3V, 70 3B),
m/z (L %): 296 [M]* (14), 178 (7), 163 (66), 136 (10), 134 (12), 122 (15), 121 (25), 79 (30),
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76 (14), 51 (100). Haitgeno, %: C 52.63; H 5.45; N 9.50; S 10.84. C;3HsN,O.S. Boruncneno, %:
C 52.69; H 5.44; N 9.45; S 10.82.

3,5-IumeTnn-4-[5-(mopdomH-1-cynbhonnn)-pypan-2-un]-usoxcason 44. Beixon 77%,
cBeT/Io-Kopu4HeBble Kpyuctaipl, T . 111-113 °C. AMP 'H (IMCO-ds, §, m.11. J/T11): 1.73 (4H,
M, 2CH,N mopdonnna); 2.37 (3H, ¢, CHs); 2.59 (3H, ¢, CHs); 3.27 (4H, m, 2CH,O mopdonnna);
6.86 (1H, 1, J=1.8, 4-H dypana); 7.32 (1H, g, J=1.8, 3-H ¢ypana). Macc-cuexrp (3V, 70 3B),
m/z (L %): 312 [M]* (54), 178 (8), 136 (10), 121 (18), 90 (10), 86 (22), 79 (25), 56 (100).
Haiigeno, %: C 49.89; H 5.17; N 9.01; S 10.28. C;3HsN2OsS. Boraucneno, %: C 49.99; H 5.16;
N 8.97; S 10.26.

5-(3,5-Jumetnnmmsokcason-4-mi)-pypaH-2-cynbPokucnorsl 4-MeTokcudennmamuy 45.
Boixon 73%, kpacuble kpuctamwsl, T . 97-99 °C. IMP 'H (IMCO-ds, §, m.x. J/T1): 2.29 (3H,
¢, CHs); 2.51 (3H, ¢, CHs); 3.68 (3H, ¢, OCHs); 6.73 (1H, 7, J=3.3, 4-H dypana); 6.85 (2H, g,
J=8.5, CH-Ar); 7.05 (2H, 5, J=8.5, CH-Ar); 7.15 (1H, 5, J=3.3, 3-H dypana); 10.36 (1H, ¢, NH).
Macc-criextp (3Y, 70 9B), m/z (I %): 348 [M]* (3), 122 (100), 95 (21), 80 (9), 79 (20), 65 (11),
52 (16). Haitmeno, %: C 55.09; H 4.63; N 8.08; S 9.22. CisHisN,OsS. Boeruucneno, %: C 55.16;
H 4.63; N 8.04; S 9.20.

3,5-Iumernn-4-[5-(muppompun- 1-cynbdonun)-tnoden-2-nn]-usokcason 46. Boixox
75%, kopuuHeBble KprcTavisl, T . 98-100 °C. AMP 'H (IMCO-ds, §, m.z. J/Tn): 1.71 (4H, m,
2CH,muppompuna); 2.35 (3H, ¢, CHs); 2.55 (3H, ¢, CHs); 3.23 (4H, M, 2CH,N nupponuanHza);
7.37 (1H, &, J=4.0, H-3 -tnodena); 7.73 (1H, gn, J=4.0, 4-CH tnodena). Macc-cnexrp (Y,
70 3B), m/z (I %): 312 [M]* (17), 194 (5), 179 (100), 152 (10), 137 (28), 122 (5), 120 (13),
110 (20), 95 (16), 69 (11). Haitgeno, %: C 49.88; H 5.17; N 9.01; S 20.57. Ci3:H1sN2OsS,.
Berunciteno, %: C 49.98; H 5.16; N 8.97; S 20.52.

3,5-Iumerni-4-[5-(Mmopdonuu-1-cynbdonnn)-tnoden-2-un]-usokcason 47. Boixox
78%, xopuuHeBble KpucTtamisl, T . 103-105 °C. AIMP 'H (IMCO-ds, §, m.z. J/T1y): 2.36 (3H,
¢, CHa;); 2.56 (3H, ¢, CH3); 2.97 (4H, M, 2CH,N mopdonuna); 3.69 (4H, m, 2CH,O mopdonnHa);
7.41 (1H, p, J=4.0, 3-CH tuodena); 7.71 (1H, g, J=4.0, 4-CH t1odena). Macc-criextp (I,
70 3B), m/z (I %): 328 [M]* (15), 179 (14), 137 (21), 122 (5), 95 (14), 86 (26), 69 (7), 56 (100).
Haiineno, %: C 47.45; H 4.92; N 8.57; S 19.56. C;3HsN,O,S,. Beruucneno, %: C 47.55; H 4.91;
N 8.53; S 19.52.

5-(3,5-JumeTnnmmsokcason-4-mi)-tuodeH- 2-cynbPOKICIOTH 4-MeToOKcudeHmnmamus 48.
Boixon 83%, xkopuuneBble Kpucrauel, 1 mwi. 85-87 °C. IMP 'H (AIMCO-ds, §, m.x. J/T1y): 2.27
(3H, ¢, CH3); 2.47 (3H, ¢, CHs); 2.69 (3H, ¢, OCHs); 6.86 (2H, m, J=9.2, 2CH-Ar); 7.05 (2H, &,
J=9.2, 2CH-Ar); 7.21 (1H, g, J=3.7, 3-CH modena); (1H, n, J=3.7, 4-CH tnodena); 10.12 (1H,
¢, NH). Macc-cnektp (Y, 70 3B), m/z (I %): 364 [M]* (24), 137 (26), 122 (100), 121 (23),
120 (14), 109 (13), 95 (23), 93 (11), 80 (11). Haitmeno, %: C 52.68; H 4.43; N 7.73; S 17.63.
Ci6H16N204S,. Beruncneno, %: C 52.73; H 4.43; N 7.69; S 17.59.

3,5-InmeTni-4-[5-meTnn-4-nupponmuant- 1-cynbponmn)-dypan-2-mi]-usokcazon  49.
Boixon 71%, 6enbie kpuctasist, T . 145-147 °C. AMP 'H (IMCO-ds, §, m.z. J/Tn): 1.74 (4H,
M, 2CH, mupponmuauna); 2.34 (3H, ¢, CHs); 2.5 (3H, ¢, CHs); 2.57 (3H, ¢, CHs); 3.2 (4H, Mm,
2CH,N nupponupnsa); 6.82 (1H, 1, J=1.8, CH dypana). Macc-cektp (Y, 70 3B), m/z (Iom %):
177 [M]* (9), 176 (10), 175 (9), 148 (9), 124 (24), 106 (9), 70 (90), 42 (100). Haiinero, %: C 54.09;
H 5.85; N 9.07; S 10.35. Ci4H1sN>O.S. Beruucneno, %: C 54.18; H 5.85; N 9.03; S 10.33.
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3,5-Inmetnn-4-[5-metnn-4-(mopponuu-1-cynbpornn)-pypan-2-unj-n3okcason  50.
Boixon 79%, 6enbie kpuctawisl, T . 143-145 °C. AMP 'H (IMCO-ds, 8§, m.z. J/T1): 2.35 (3H,
¢, CHs); 2.57 (3H, ¢, CHs); 2.99 (4H, M, 2CH,N mopdonuna); 3.31 (3H, ¢, CHs); 3.67 (4H, m,
2CH,O mopdomuna); 6.74 (1H, ¢, CH ¢ypana). Macc-cnexrp (3Y, 70 3B), m/z (Lo %):
326 [M]* (18), 177 (15), 176 (9), 175 (14), 148 (19), 124 (20), 106 (15), 86 (22), 56 (100).
Haiigeno, %: C 51.49; H 5.56; N 8.63; S 9.84. C,4sHsN>OsS. Boruucieno, %: C 51.52; H 5.56;
N 8.58; S 9.82.

4-[4-(4-Metokcubensoncynbonmn)-5-metmndypan-2-un]-3,5-;uMeTnnmsokcason 51.
Boixon 69%, cepoie kpucramnsl, T . 120-122 °C. AMP 'H (AIMCO-ds, §, m.zi. J/T1): 2.27 (3H,
¢, CHs); 2.48 (3H, ¢, CHs); 2.5 (3H, ¢, CHs); 2.69 (3H, ¢, OCHjs); 6.55 (1H, ¢, CH ¢dypana); 6.86
(2H, 1, J=8.9, 2CH-Ar); 7.04 (2H, g, J=9.2, 2CH-Ar); 9.79 (1H, ¢, NH). Macc-cnextp (Y,
70 3B), m/z (I %): 347 [M]* (17), 148 (15), 123 (12), 95 (20), 79 (16), 65 (11), 53 (100).
Haiigeno, %: C 58.60; H 4.94; N 4.05; S 9.25. C;;H7NOsS. Beruncneno, %: C 58.78; H 4.93;
N 4.03; S 9.23.

3,5-InmeTnn-4-[5-metnn-4-(mupponuauH-1-cynbdornn)-trodeH-2-ni]-n3okcason 52.
Brixop 77%, cBeTmo-kopuyHeBble Kpuctamwel, T wr. 115-117 °C. AMP 'H (IMCO-ds, 8, m.z.
J/Tn): 1.75 (4H, m, 2CH, mupponupuna); 2.29 (3H, ¢, CHs); 2.7 (3H, ¢, CH;); 3.22 (4H, M, 2CH.N
nupponuauHa); 3.28 (3H, ¢, CH3); 7.25 (1H, ¢, 3-CH tnodena). Macc-criextp (Y, 70 3B), m/z
(Iors %): 326 [M]* (53), 191 (18), 148 (9), 70 (40), 69 (11), 65 (6), 59 (16), 43 (100). HaitgeHo, %:
C 51.48; H 5.56; N 8.62; S 19.68. C14H1sN2O5S,. Beruucneno, %: C 51.51; H 5.56; N 8.58; S 19.64.

3,5-Inmerni-4-[5-metnn-4-(Mmopponuu-1-cynbdonnn)-tnoden-2-mi]-usokcazon  53.
Brixop 82%, cBermo-kopuyHeBble Kpuctamwiel, T wr. 127-129 °C. AMP 'H (IMCO-ds, 8, m.z.
J/Tn): 2.3 (3H, ¢, CH3); 2.68 (3H, ¢, CH3); 3.0 (4H, M, 2CH,N mopdonuna); 3.32 (3H, ¢, CHs);
3.66 (4H, m, 2CH,0 mopdonuna); 7.20 (1H, ¢, 3-CH tnodena). Macc-criextp (Y, 70 9B), m/z
(Iows %): 342 [M]* (13), 193 (15), 192 (20), 191 (25), 148 (17), 106 (7), 86 (28), 69 (7), 56 (100).
Haiineno, %: C 48.96; H 5.30; N 8.22; S 18.76. C14HsN,O,S,. Beruucneno, %: C 49.11; H 5.30;
N 8.18; S 18.72.

5-(3,5-JuMeTnm3okca3on-4-mi)-2-MeTunTnogpeH-3-CymbPOKUCIOTh  4-MeTOKVEeHWIaMIT
54. Boixop 75%, kpacHbie Kpuctamibl, T . 120-122 °C. IMP 'H (IMCO-ds, 6, m.1. J/T11): 2.20
(3H, ¢, CH); 2.4 (3H, ¢, CH;); 2.44 (3H, ¢, CH.); 2.68 (3H, ¢, OCHs); 6.85 (2H, 1, J=8.2, CH-Ar);
7.02 (2H, 1, J]=8.2, CH-Ar); 7.06 (1H, ¢, 3-CH tnodena); 9.86 (1H, c, NH). Macc-criektp (Y,
70 3B), m/z (Iom %): 378 [M]* (23), 148 (12), 123 (14), 122 (100), 95 (25), 79 (8), 65 (9). Haitneno,
%: C 53.89; H 4.80; N 7.44; S 16.98. C7HsN,O4S,. Beruncneno, %: C 53.95; H 4.79; N 7.40;
S$16.94.

3,5-InmeTnn-4-[5-nuppomupauH-1-cynbdonnn)-pypan-3-mn]-usokcazon 55. Boixox
73%, 6enble kpucramwisl, T . 104-106 °C. AMP 'H (IMCO-ds, 6, m.x. J/Tn): 1.72 (4H, m, 2CH,
nuppomupuHa); 2.35 (3H, ¢, CHs); 2.57 (3H, ¢, CHs); 3.2 (4H, M, 2CH:N nupponupnHa);
6.94 (1H, ¢, H-3 ¢ypana); 7.25 (¢, 1 H, H-5 ¢dypana). Macc-cnextp (3Y, 70 aB), m/z (Iow %):
296 [M]*(28), 178 (12), 162 (68), 132 (7), 122 (27), 118 (16), 76 (23), 69 (11), 43 (100). Harigeno,
%: C 52.63; H 5.45; N 9.50; S 10.84. C13Hi6N2O.S. Beruncneno, %: C 52.69; H 5.44; N 9.45;
$10.82.

3,5-Iumetnin-4-[5-mopdonus-1-cynbdonnn)-dypan-3-mi]-usokcason 56. Berxon 76%,
CBeT/I0-Kopu4HeBble Kpuctapl, T . 146-148 °C. AMP 'H (IMCO-ds, §, m.1. J/T11): 2.35 (3H,
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¢, CHs); 2.57 (3H, ¢, CHs); 3.0 (4H, m, 2CH,N mopdonnna); 3.59 (4H, m, 2CH,O mopdonnHa);
6.96 (1H, ¢, H-3 dypana); 7.28 (¢, 1 H, H-5 ¢ypana). Macc-cnextp (3Y, 70 3B), m/z (Iowu %):
312 [M]* (36), 175 (12), 169 (16), 132 (9), 126 (23), 98 (9), 86 (16), 79 (25), 55 (25), 42 (100).
Haiigeno, %: C 49.89; H 5.17; N 9.01; S 10.28. C;3HsN2OsS. Boraucneno, %: C 49.99; H 5.16;
N 8.97; S 10.26.
4-[5-(4-Metokcubensoncynbdonun)-pypan-3-un]-3,5-auMeTnmnsokcason 57. Buixop
72%, xpacHble Kpucramwisl, T w1 97-99 °C. IMP 'H (IMCO-ds, §, m.zx. J/T'n): 2.27 (3H, ¢, CHs);
2.48 (3H, ¢, CHs); 2.69 (3H, ¢, OCHs); 6.86 (2H, 1, J]=8.9, 2CH-Ar); 6.96 (1H, ¢, H-3 ¢dypana);
7.03 (2H, &, J=9.2, 2CH-Ar); 7.28 (¢, 1 H, H-5 dypana); 9.76 (1H, ¢, NH). Macc-cnextp (IY,
703B), m/z (Io:s %): 348 [M]* (13), 126 (58), 98 (14), 80 (9), 79 (15), 69 (16), 43 (100). HaitgeHo,
%: C 55.09; H 4.63; N 8.08; S 9.22. C,6H1sN,OsS. Beruncneno, %: C 55.16; H 4.63; N 8.04; S 9.20.
3,5-IumeTni-4-[5-nuppomupuH-1-cynponnn)-tnodeH-3-ui|-n3okcason 58. Boixon
79%, cBeTno-KopuuHeBble Kpuctamwibl, T mr. 90-92 °C. AMP 'H (IMCO-ds, §, m.x. J/Tm):
1.70 (4H, m, 2CH, nupponunauna); 2.27 (3H, ¢, CHs); 2.45 (3H, ¢, CHs); 3.23 (4H, M, 2CH,N
nupponuauHa); 7.82 (1H, ¢, 3-CH tnodena); 8.06 (1H, ¢, 5-CH tnodena). Macc-cunexrp (3,
70 5B), m/z (Lo %): 312 [M]* (14), 179 (14), 178 (12), 137 (10), 110 (11), 109 (11), 95 (11),
70 (15), 69 (10), 43 (100). Haitneno, %: C 49.88; H 5.17; N 9.01; S 20.57. Ci:HieN,OsS,.
Berunciteno, %: C 49.98; H 5.16; N 8.97; S 20.52.
3,5-InmeTnn-4-[5-mopdonun-1-cynbdonnn)-tnoden-3-nn]-nsokcason 59. Berxox 81%,
cBeT/Io-Kopu4HeBble Kpyuctaipl, T . 108-110 °C. AMP 'H (IMCO-ds, §, M. J/T11): 2.29 (3H,
¢, CHs); 2.46 (3H, ¢, CHs); 2.96 (4H, M, 2CH,N mopdonuna); 3.68 (4H, M, 2CH,O mopdonnHa);
7.78 (1H, ¢, 3-CH tnodena); 8.13 (1H, ¢, 5-CH tnodena). Macc-cnextp (Y, 70 3B), m/z (Lo
%): 328 [M]*(5),178(7),137 (8), 109 (7), 95 (10), 80 (40), 69 (6), 56 (100). HaitgeHo, %: C 47.45;
H 4.92; N 8.57; S 19.56. C13H6sN,O.S,. Beraucneno, %: C 47.55; H 4.91; N 8.53; S 19.52.
4-3,5-IMMeTNMm30Kca3on-4-mi)-trnodeH-2-cynbPokncnorsl 4-mMeTokcudpernmmammy 60.
Boixom 73%, kpacuble kpuctaier, T i 118-120 °C. AMP 'H (IMCO-ds, 6, m.a. J/Tn):
2.16 (3H, ¢, CH;); 2.34 (3H, ¢, OCH.); 6.87 (2H, 1, J=9.2, 2CH-Ar); 7.06 (2H, 1, J=9.2, 2CH-Ar);
7.77 (1H, ¢, 3-CH tnodena); 8.13 (1H, ¢, 5-CH tnodena); 10.12 (1H, ¢, NH). Macc-cnexrp
(3Y, 70 3B), m/z (Iosx %): 364 [M]* (29), 137 (71), 123 (16), 122 (100), 109 (7), 95 (39), 80 (12),
69 (6), 65 (12), 53 (12). Haitmeno, %: C 52.68; H 4.43; N 7.73; S 17.63. C16H1eN>O.S,. Boramcriero,
%: C52.73; H4.43; N 7.69; S 17.59.
3,5-InmeTnn-4-[3-metnn-5-(nmupponuauH-1-cynbdonnn)-troden-2-ni]-n3okcason 61.
Brixop 73%, cBermo-kopuyHeBble Kpuctamnel, T mwr. 116-118 °C. AMP 'H (IMCO-ds, 8, m.z.
J/Tu): 1.72 (4H, m, 2CH, mupponmuansna); 2.08 (3H, ¢, CHs); 2.13 (3H, ¢, CHs); 2.23 (4H, M,
2CH:N nmpponnpuna); 2.33 (3H, ¢, CHs); 7.63 (1H, ¢, 3-CH tnodena). Macc-ciektp (3,
70 3B), m/z (I %): 326 [M]* (21), 193 (29), 166 (7), 151 (43), 134 (11), 124 (17), 109 (16),
70 (100), 69 (11). Haitneno, %: C 51.48; H 5.56; N 8.62; S 19.68. C14H1sN,05S,. Borancieno, %:
C51.51; H 5.56; N 8.58; S 19.64.
3,5-Inmetnn-4-[3-metnn-5-(mopponuu-1-cynbdornn)-tnoden-2-mi]-n3okcazon  62.
Boixop 81%, opamxkesble Kpucramwinl, T i 128-130 °C. IMP 'H (IMCO-ds, 6, m.a. J/T):
2.10 (3H, ¢, CHs); 2.15 (3H, ¢, CHs); 2.34 (3H, ¢, CHs); 2.97 (4H, m, 2CH,N mopdonnHa);
3.69 (4H, m, 2CH,O mopdommnua); 7.61 (1H, ¢, 3-CH tnodena). Macc-cnexrp (3Y, 70 aB), m/z
(Iow %): 342 [M]* (30), 256 (5), 193 (16), 151 (30), 123 (6), 109 (15), 86 (39), 57 (12), 56 (100).
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Haiigeno, %: C 48.96; H 5.30; N 8.22; S 18.76. C,4sH1sN»O,S,. Beraucneno, %: C 49.11; H 5.30;
N 8.18; S 18.72.

5-(3,5-[IMeTnm30Kca3on-4-mi-)-4-MeTunTnogeH-2-CymbPOKICIOTH 4-MeTOKC(EHVTAMIT
63. Boixon 73%, kpacHO-Kopu4HeBble Kpuctainl, T i 121-123 °C. AMP 'H (IMCO-ds, 6,
m.z. J/T1): 2.00 (3H, ¢, CH3); 2.06 (3H, ¢, CH3); 2.26 (3H, ¢, CH3); 2.61 (3H, ¢, OCH;); 3.7 (1H,
1, J=5.6, 3-CH tnodena); 6.52 (1H, 7, J=8.9, CH-Ar); 6.65 (1H, g, J=9.2, CH-Ar); 6.86 (1H, 1,
J=9.2, CH-Ar); 7.04 (1H, g, J=8.9, CH-Ar); 7.39 (1H, ¢, NH). Macc-cniextp (3Y, 70 aB), m/z
(Iors %): 378 [M]* (16), 151 (20), 122 (100), 109 (15), 95 (39), 79 (13), 69 (9), 65 (17). Haitgeno,
%: C 53.89; H 4.80; N 7.44; S 16.98. C,7HsN,O4S,. Beruncneno, %: C 53.95; H 4.79; N 7.40;
S$16.94.

4-(5- AneTnIaMuHOM30KCa3071-3-1) -6eHsoncynbponmwmxnopus  65(a). Boixon  78%,
CBET/IO-KOpUYHeBble KpucTawisl, T 1. 107-109 °C. AMP 'H (CDCls, §, m.i. J/T'n): 6.30 (2H, c,
NH.); 7.49 (3H, T, H-3,4,5 Ar); 7.83 (2H, np, J1=4.0, ,=3.7, H-2,6 Ar). Macc-cnextp (9V, 70 3B),
m/z (L %): 258 [M]* (15), 243 (24), 208 (16), 172 (10), 115 (14), 102 (26), 89 (100). Haitneno,
%: C 43.86; H 3.02; N 9.36; S 10.68. C;;HoCIN,O.S. Beruncneno, %: C 43.93; H 3.02; N 9.32;
S 10.66.

5-AmuHO-3-(4-6pomdenmn)nsokcazon-4-cynbpoummxnopuy  65(6). Bwixom  80%,
KopuyHeBble Kpuctamwisl, T w1 73-75 °C. IMP 'H (CDCls, §, m.i. J/Tny): 6.30 (2H, ¢, NH»);
7.67 (4H, m, H-4 Ar). Macc-criextp (Y, 70 3B), m/z (Lo %): 337 [M]* (79), 336 (61), 303 (71),
295 (27), 260 (35), 211 (19), 196 (25), 183 (15), 155 (26), 114 (19), 75 (59), 44 (100). Haitmeno,
%: C 34.70; H 2.13; N 7.42; S 8.46. C,;HsCIN,O.S. Beruncneno, %: C 34.80; H 2.12; N 7.38; S 8.45.

N-{3-[4-(mupponuaus-1-cynbdornn)-pennn]-usokcason-5-mn}-aneramny 66. Buixop
84%, xentbie kpuctawisl, T . 95-97 °C. AMP 'H (IMCO-ds, §, m.z. J/Tn): 1.55 (4H, m, 2CH,
nupponupuHa); 2.82 (4H, m, 2CH,N mmppomupnua); 7.49 (3H, m, H-54,3 Ar); 7.74 (2H, ¢,
NH,); 7.85 (2H, m, H-2,6 Ar). Macc-criektp (3Y, 70 3B), m/z (I %): 335 [M]* (12), 323 (25),
190 (14), 189 (24), 132 (9), 70 (100), 69 (23), 42 (39). Haitneno, %: C 53.56; H 5.11; N 12.59;
S 9.58. CisH17N304S. Beruncneno, %: C 53.72; H 5.11; N 12.53; S 9.56.

N-{3-[4-(mopdommu-4-cynbdonnn)-pennn]-nsokcason-5-mn}-aneramuyn  67. Buixop
75%, 6enble kpuctamsl, T mn. 138-140 °C. AMP 'H (IMCO-ds, §, m.i. J/Tn): 2.72 (4H, M,
2CH:N mopdonuna); 3.37 (4H, M, 2CH,O mopdonuna); 7.49 (3H, m, H-5,4,3 Ar); 9.87 (2H, c,
NH,); 7.85 (2H, m, H-2,6 Ar). Macc-criextp (Y, 70 3B), m/z (Lo %): 351 [M]* (8), 315 (41),
286(9),182(13),88(10),87(12),86(100),70(9), 57 (11). Haitmeno, %: C51.12; H 4.88; N 12.02;
S 9.14. C;sH7N30sS. Beruncneno, %: C 51.27; H 4.88; N 11.96; S 9.12.

N-{3-[4-(4-meToKcudernncynbdamon)-peHnn]-n30Kca3on-5-um} -ameTaMns 68.
Boixon 73%, cBeTno-kopuduHeBble Kpuctamwisl, T wr. 110-112 °C. AMP 'H (IMCO-ds, §, m.x.
J/T1): 3.62 (3H, ¢, OCH>); 6.55 (2H, 1, J=8.9, H-2 Ar,); 6.75 (2H, 1, J=8.9, H-2 Ar>); 7.50 (3H,
M, H-5,4,3 Ar); 7.64 (2H, ¢, NH>); 7.79 (2H, m, H-2,6 Ar); 9.87 (1H, ¢, NH). Macc-cniextp (9V,
70 3B), m/z (I %): 372 [M]* (5), 308 (6), 122 (30), 95 (7), 79 (16), 64 (23), 50 (20), 43 (100).
Haiigeno, %: C 55.64; H 4.43; N 10.90; S 8.29. C;sH7N5OsS. Boraucneno, %: C 55.81; H 4.42;
N 10.85; S 8.28.

3-(4-bpomdennn)-4- (mupponnanH-1-cynbGoHWI)-M30KCa30n-5-wIaMeE ~ 69.  Boixon
81%, xopuuHeBsble kpuctamnbl, T wi. 62-63 °C. AMP 'H (IMCO-ds, §, m.i. J/T'y): 1.60 (4H, M,
2CH, nuppompuna); 2.67 (4H, m, 2CH,N nuppomupuna); 7.60 (2H, m, J=8.5, H-2 Ar);
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7.71 (2H, 11, J]=8.5, H-2 Ar); 7.80 (2H, ¢, NH,). Macc-criektp (Y, 70 3B), m/z (Iowu %): 372 [M]*
(3), 240 (14), 238 (14), 202 (12), 185 (10), 79 (18), 75 (13), 52 (20), 45 (17), 43 (100). HaitgeHo,
%: C 41.16; H 3.33; N 11.35; S 8.63. C;3H4BrN;OsS. Beruncneno, %: C 41.95; H 3.79; N 11.29;
S 8.61.

3-(4-bpomdennn)-4-(mopdommnu-4-cynpdpornn)-n3okcaszon-5-wiamma 70. Berxon 83%,
KopuyHeBble Kpuctamwinl, T mwi. 129-131 °C. AMP 'H (IMCO-ds, 8, m.x. J/Tn): 2.76 (4H, M,
2CH:N mopdonuna); 3.43 (4H, m, 2CH,O mopdonuna); 7.60 (2H, g, J=8.5, H-2 Ar); 7.71 (2H,
1, J=8.5, H-2 Ar); 7.90 (2H, ¢, NH;). Macc-cnextp (Y, 70 9B), m/z (Lo %): 388 [M]* (6), 387
(37), 240 (56), 238 (56), 211 (16), 209 (18), 155 (15), 86 (88), 75 (18), 56 (100). Haiinero, %:
C40.10; H3.64; N 10.88; S 8.27. C13H4BrN;O,S. Beruncneno, %: C 40.22; H 3.63; N 10.82; S 8.26.

5- AmMuHO-3-(4-6pomMdennn)-n30kcas3on-4-cynbPoKncnoTsl  4-mMetokcupernnmammy 71.
Boixop 75%, TeMHO-KOpuaHeBbIe KpucTtaiel, T 1. 77-79 °C. IMP 'H (IMCO-ds, §, m.z. J/T1y):
3.69 (3H, ¢, OCHs); 6.70 (1H, ¢, H-4 usokcasomna); 6.76 (2H, m, J=9.2, H-2 Ar,); 6.82 (2H, &,
J=9.2, H-2 Ar,); 7.40 (2H, &, J=8.5, H-2 Arn); 7.62 (2H, &, J=8.5, H-2 Ar;); 7.74 (2H, ¢, NH.,);
9.58 (1H, ¢, NH). Macc-criextp (9V, 70 3B), m/z (Inwa %): 424 [M]* (10), 423 (10), 240 (10),
185 (22), 183 (26), 157 (10), 155 (11), 139 (19), 122 (100), 95 (19), 80 (21), 64 (39). Haitpmeno, %:
C45.16; H 3.33; N 9.95; S 7.57. CisH14BrN;O4S. Beraucneno, %: C 45.30; H 3.79; N 9.90; S 7.56.
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Kntouesvie cnosa: Anunomauus. Paccmompena npobnema ymunusauyuu U 00e38peIUBAHUS
Kek, mpukarmep, Hedpmewnamos  Hepmedobvisaowux U HedmenepepadamvlearOULUX
Hegmecodeprauuti omxod,  NPeONpuUsMuLi, KOMopvle NPedCMAsIsTIONM COO0TE CLONCHYI0 2eMePOEHHYI0 CMECD,
peHmeeHOPIYOPECUEHMHAT  COCINOSULYIO U3 BbICOKOMOIEKYNIAPHLIX COEOUHEHUTI HedPmu, MUHEPATLHBIX
cnekmpomempus, uacmuy, pasiuuHo20 cOCMasa u 800bl. VI3yueH snemeHmmulil cocmas HedmsHblx
CHeKmpanvHoLli AHANU3 WNaM08  PA3TUMHbIX — CPOKOB — XpaHeHUs  Hedmenepepabarmvléarousezo

npoussoocmea cospemeHHuiMu memooamu ananusa: VK-cnexmpockonueti u
penmeenodryopecuenmuoll cnexmpomempueti. BvisacHeHo, umo 6 0CHO8HOM
cocmase HemMAHO20 OCMAMKA, NPeOCNABNIEHH020 Y2rie8000POOHOL HACHbIO,
codepyamcs — napapuHo-Hapmenosvle U msHenvie  ApomMAmuUecKue
Yene6000po0vl, a 8 Heyenes000pooHol uacmu — coedunenus Si, Al, Ca, Fe, S, Ba.

U1 HUTUPOBAHNA:

Huxutnna EJL, Cmupnosa B.A., Jlanumnoa A.C. BO3MOXXHOCTM CHeKTpaIbHBIX METOJOB aHaau3a B
uccnegopanmy HedrenvtamMos // Om Xxumuu K mexHonoeuu waz 3a wazom. 2024. T. 5, Bem. 2. C. 55-60.
URL: https://chemintech.ru/ru/nauka/issue/5176/view

BBenenne

Poccniickas Oemepanns sABIsAeTCS MUAEPOM B 00/1acTy JOOBIYM U IepepaboTKy HedTu.
Hedtsauble xomnmanmm B Poccum exerogHo mpomsBopAT 600 ThICAY TOHH HedTelllama,
a 001mMit 06’beM MX 110 BCeMy MUPY COCTaBJIseT 6 MIWIUIMOHOB TOHH. Ha HedrenoObIBaromie
KOMITaHMM TNpUXopuTcsi Oormee 1 MAH T HedrenvraMoB ¥ HedTe3arps3sHEHHBIX TPYHTOB;
Ha HedTenepepabaTpiBatonye npegupuAaTys — 0,7 MIH T; Ha HedTe6assl — 0,3 MIH T; Apyrue
UCTOYHMKM (5K/J, TPaHCIOPT, a3pOIOPThI, MOpcKue mopThi) — 0,5 MiH T [1-3]. O6BeKTHI IO
3aXOPOHEHNUI0 HeTecomep>KaluX OTXOMOB 3aHMMAIOT [eCATKU TeKTapOB TEePPUTOPUIL,
BBIBEJICHHBIX 13 XO3AJCTBEHHOTO JCIIO/NIb30BAHMUA M XapaKTepU3YIOTCSA SKOIOTMYECKOIL,
HOXXapHOWM M CaHUTAPHO-TUIVIEHMYECKOl OmacHOCThIo. IIpyu momapgaHumy HedTelTaMOB B
IIOYBY IPOVCXOJAT ITTyOOKYe HeoOpaTuMble 3MeHeHV s pr3ndecknx, GU3NKO-XUMIYECKNX U
MMKPOOMOTOTMYECKUX CBOVICTB, NMPUBOAALINME K HOTepe IUtofopopus mous [4, 5]. Ilepuop
BOCCTQHOBJICHM [T0YB, 3aIPs3HEHHBIX He(pThIO, cocTaBisgeT oT 2-15 jier.
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OT XHMHM K TEXHONOTHM TOM 5, BINYCK 2, 2024

HecmoTpss Ha 3Ha4YMTe/IbHOE KOJMYECTBO OTXOJOB, paIVIOHaIbHbIE METOABI MX
HepepabOTKy B HAIllell CTpaHe Bce ellle cnabo pa3Buthl. Yalne Bcero B Poccuy MCIoIb3yOTCS
HeJloporye MeTOABl YTWIM3ALMM: CKWUTaHue M 3axopoHeHme [6]. OpHONt U3 NpUYIMH
OTPaHMYEHHOTO VCIIO/Ib30BAHNUsA IIEPCIEKTUBHBIX TEXHOIOIMII IepepaboTKy HedTelTaMoB
ABJISIETC C1ab0 M3Y4YEHHDbII KOMIIOHEHTHBIVI COCTaB ILIIAMOB, a TaKXe IPaKTIYecKoe
OTCYTCTBUE pa3[ie/IbHOTO cbopa HeTe3arps3HEHHBIX IPYHTOB B 3aBMCYMOCTY OT KO/TNYECTBA
HeTePOYKTOB, 4TO, B CBOIO OYepe/b, JaeT HU3KYI0 9 (PeKTUBHOCTD IPUHIMAEMBIX Mep 110
ux nepepaborke. B KOHEYHOM cyeTe, IpefIIOYTEHME OTAETCA TeM TEXHONOIVIM, KOTOpbIe
obecredrBaOT MaKCUMATbHYI0 9KOHOMUYECKYI0 9 PEeKTUBHOCTD 1 MMHIMA/IbHbIE 3aTPAThI HA
nepepabotky [7, 8]. Hedrenvtam sBnseTcss Hambomee OMACHBIM 3arpsA3HUTENEM IPAKTUIeCKI
U1 BCeX KOMIIOHEHTOB NPMPORHON Cpefibl — MOBEPXHOCTHBIX M IIOJ3€MHBIX BOJ, MOYBBI,
aTMOC(epHOro BO3fyxa.

OcHOBHasA 4acTh

CoctaB HedrTenUIaMOB OYeHb pasHOOOpaseH M IpeACTaBiIsAeT CO0OIl  CIIOXKHYIO
TeTepOTeHHYI0 CUCTEMY, COCTOALIYIO 13 MEXaHNYeCKUX IpUMeceil, MUHepan130BaHHOI BOJbI
1 He¢rerponykToB. COOTHOIIEHME STUX KOMIIOHEHTOB 3aBUCHT OT MICTOYHVKA 00pa3oBaHMs,
YCIIOBUI ¥ IPOZIO/DKUTENbHOCTY XpaHeHu [9, 10]. CpoiicTBa HedTen1aMoB, KOTOpPbIE TOfIaMMI
IpO/IeXXany B HIJTAMOHAKOIUTENAX, CYIeCTBEHHO pasnuyarTca. B mponecce XpaHeHmMs u3
IUIAMOB ~ VICIIAPAIOTCA  JIETKOJIETy4le  YIIEBOZOPOAbI, (pakums O>KUAKOTO  MasyTa
IIpPOCAauYMBAeTCA B IOYBY ¥ [IONONHAETCA AaTMOCHEpPHBIMU OCA[[KaMy, MeXaHNYEeCKUMU
npuMecsimu ¥ T.4. [11]. Ha ToHHy oummenHoit Hedtm mpuxopmrcs 7 Kr Hedreuviama,
YTO MPUBOAUT K  OONMBIIOMY  CKOIUIEHMIO IIOCTIeIHET0O B  3eM/IAHBIX  ambapax
HedTenepepabaTpiBaoNX 3aBo#oB [12-14]. Ilenbio paboTh! sAB/IsIeTCs aHaMM3 HeTeIaMOB
Pas/INYHBIX CPOKOB XpaHeH, obpasyrommxcsa B mponecce cernapanuy Ha ITAO «CnaBHedTb-
SHOC». [TpuHuMI paboThI YCTAHOBKYM CBOJUTCA K OT/E/ICHNI0 MeXaHWYEeCKUX IpuMeceil OT
HeTeIpOAyKTOB B TpPUKaHTepe MeTomoM Tex(asHol cemapanyy. Hedremamer ¢
HeTenpofyKTaMy pasfie/AoTcs Ha Tpu $asbl: HepTepoayKT, Boay (dyraT) u MexaHMYecKe
npumecy (keK). JJoCTOMHCTBaMM YCTAaHOBKY SABJIAIOTCSA YMEHbIIEHVE KOMMYEeCTBA OTXOM[OB U
UICTIOIb30BaHNe OUNIIEHHO BOJbl B TEXHOJIOTMYECKOM IJUKJIE.

CocraB MIMHEPAJbHBIX KOMIIOHEHTOB ILIIAMOB pa3/lIM4YHBIX CPOKOB XpaHEHUsA
aHA/IM3VPOBAIN B 307Ie, OOpasylollelicss Npy CKUIAaHMM KeKa Ipu Temmeparype 600 °C,
Ha peHTreHo¢moopeciieHTHOM  crekTpodoromerpe EDX6000B ¢ SDD-xpeMHueBbIM
nerekropoM EDX Pocket Series. YcTaHoB/IeHO, 4TO HeTelTaMbl IMEIOT B CBOEM COCTaBe
3HAYUTEIbHOE KONMMYECTBO MUHEPATbHBIX KOMIIOHEHTOB, IPENCTaBIEHHBIX COEJVMHEHNAMNU
KaJIbIIVIsI, KpeMHUA, JKesle3a, amoMuHusA (Ta6. 1). [To-Bupumomy, 11enecoo6pasHbIM pelieHreM
ABJIAETCS UCIIONIb30BaHNe IIVIAMOB B KauecTBe J0OaBKM K acanmbTOOeTOHHBIM KOMITO3VIIVIAM.

Kucnorocts Hedptn 1 HepTEIIPOAYKTOB 3aBUCUT OT COAEP)KaHNA B HMX Ha(QTEHOBBIX,
KapOOHOBBIX ¥ OKCUKAapOOHOBBIX KMCIIOT M JPYIMX COEAVMHEHMII KMCIOTHOTO XapakTepa.
/13 mepedncieHHbIX COeAVHEHN)I Ha(TeHOBbIe KIC/IOTBl WUTPAIOT JOMUHMPYIOUIYIO PpOJb.
KucnotHocTh HedTenaMoB MoKeT OBITb 00YCIOBIeHA IIPUCYTCTBYEM CEPHON KIC/TOTBI VTN
ee IIPOM3BOJHBIX (CY/IbGOKUCIIOT, 93PUPOB CEPHOIT KUCIIOTBHI).
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Ta6muma 1. PusuKo-xMMuIecKue MoKasareay HedTellllaMa pa3IIHbIX CPOKOB XpaHEHN

Haumenosanne Hedrenram [TAO «CnaBHedTh- Hedrenram [TAO «CrnaBHedTh-
ToKasaTens AHOC» gnuTenbHOro XpaHeHUA SHOC» Texyuieit BBIpaboTKM
ITnoTHOCTD, KT/M? 1450473 1382+63
Kucnornoe uncno, mr KOH/r 4,33%0,02 3,56%0,02
MaccoBas fos1si KOMIIOHEHTa, %:

Bopma 3,9+0,2 26,8+1,1
Opranndeckas 9acTb 54,6+0,5 27,2+0,09
MunepanbHad 9acTb 41,47+2,3 46,1+2,6

(B mepecyeTe Ha OKCHJIBI
Kpenma), % Mac.: 5,342+1,3 6,714+1,1
OKCUJT KaJIbIUs 7,164+0,2 8,872+0,2
OKCHJI JKejie3a 7,703+0,2 8,904+0,3
OKCUJT aJTIOMUHMS 6,316+0,6 6,987+0,44
OKCHUJI MeIu 0,091+0,01 0,088+0,01
OKCHJI LIMHKA 0,514+0,13 0,571+0,11
OKCUJI CBUHIIA 0,051+0,01 0,057+0,01
OKCUJT MarHUA 0,918+0,08 1,307+0,09
OKcH MoIuoOIeHa 0,329+0,07 0,340+0,05
oxcup dpocdopa 0,316+0,01 0,404+0,04
OKCUJL CEPbI 8,015%0,11 8,853+0,12
OKCUJI Ka/musi 0,787+0,07 0,894+0,04
OKCHUJI TUTAHA 0,228+0,06 0,324+0,06
OKCUJ BaHAA 0,052+0,01 0,064+0,01
oKcup 6apus 1,873+0,1 1,721+0,09

AHanu3 opraHM4ecKoit YacTy HeTellIaMOB IIPOBOJVIIN U3 9KCTPAKTOB B X7I0podopMe
IOCTie JICHAapeHusA pacTBoputend. VIHQpakpacHble CIIEKTPbI SKCTPAaKTOB IIONTy4eHBI Ha
VK Oyppe-cnextpomerpe RX (Perkin Elmer) B wuHTepBane wuacror 500-4000 cm.
YcTaHOB/IEHO, 4YTO 3HAYMTeNIbHAsA MO/MA OpPraHMYecKoil 4YacTM IIJlaMa IIpeJcTaB/eHa
apoMaTr4yecKuMy HaTeHOBBIMM ¥ TapapVHOBBIMY COeAVHEeHUAMM (Ta0L. 2).

Ta6mima 2. CofeprxaHie YIIeBOZOPOIOB B IIJIaMe Pa3MMYHBIX CPOKOB XPaHEHMS

Hanmenosanue CopeprkaHue yIIeBOfOpOLOB B HedTeltame, % Mac.
apoMaTn4ecKme napaguHOBbIe HaTeHOBBIE
Hedrenram Texymieit BBIpabOTKI 5,19-5,7 29,13-35,83 58,98-65,68
Hedrenram gnntenbHOro XpaHeHus 12,96-16,92 18,4-22,36 60,72-64,68

[lna  ompeneneHys TPOLEHTHOTO COAEP>KaHMS yIZIepOfa B apOMATUYECKUX,
napadHOBBIX ¥ HAPTEHOBBLIX CTPYKTypax He(TAHBIX OCTATKOB IIEPBUYHOTO ¥ BTOPMYHOTO
IIPOVICXOXK/ICHS I/TAMOB PasIMYHBIX CPOKOB XpaHeHNs VICTIOJIb30BAJICST
criektpodoTomMerpuyueckuit Metof. IIpy uccmegoBanny HeTAHBIX OCTATKOB BBIOPAHBI JiBe
TI0JIOCBI IIOTJIOIIEHVS: /ISl OIpefie/ieHNs YIepoja B apOMaTUYeCKMX CTPYKTypax Iojoca —
1600 cM!, cOOTBeTCTBYyIOIas BAJIEHTHBIM KO/MEOAHNAM apOMaTUYeCKMX KOJel, a s
OIIpefieNieHNs YI/lepoa B MapayHOBBIX CTPYKTypax mojioca — 2850 cM™, COOTBETCTBYIOIast
Ba/IeHTHBIM KonebanyaM CH-caseir ammdaTtndecknx coepyHeHMit. I1oCKOMBKY TsDKenble
He(TsAHBIE OCTaTKM 00/1afjal0T BBICOKOJ BA3KOCTBIO, 3amuch VIK-crexTpos mponssommm B
pactBopax. [lna aHamumsa mapadyHOBOJ  (paKUuy  MCIOIb30BAIM  PACTBOPUTEND
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YepBIPEXX/IOPUCTBIN YITIEPON, C KOHIleHTpauueir 8 r/m B KoBere TommuHon 0,04 cM, a pia
apOMaTM4ecKoil (QpakUyy MCIOTb30BAICSA XIOPUCTBII MeTW/IeH ¢ KoHLeHTparyeir 30 r/i
B KioBeTe ¢ TomuuHoi 0,1 cM. bbun conocraBneHbl K09pPUIMEHTH B MaKCUMyMax I10JIOC
nornomenua npu 1600 m 2850 cM!' ¢ comepxaHMeM YIZIepoja B apOMAaTUYECKUX

1 napadHOBBIX CTPYKTYPaX, PACCYNTAHHBIX IO EHCMETPIUIECKOMY METOLY.
B obmactu 2850-2950 cM! MMeIOTCS CUIbHBIE IIOJIOCHI IIOTJIOLIEHVS, XapaKTepHbIE

UL CUMMETPUYHBIX ¥ acCUMETPUYHBIX Ba/leHTHbIX Konebanuit CH,, a Takke II0/IOCHI
nornomenns B obmactu 1455 u 1380 cm™!, xapakrepHble s fedOpMaLlMOHHBIX KOIeOaHuI
CH,-, CHs-cBaseit. IlpuueM B mImaMe IMTEIbHOTO XPaHEHUs MHTEHCUBHOCTb I10/10C
HOITIOIeHNsI 3HAYNTe/IbHee 10 CPaBHEHMIO ¢ HepTell/ITaMOM TeKylell BeIpaboTku (puc. 1).
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Puc. 1. VIK-crieKTp 9KCTpaKTOB He(TelIaMoB: 1 - TeKyleil BLIpabOTKY; 2 - A/IUTENbHOTO XpaHEHNA
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Honst apomatnyeckux ¢pakiuii B HedrenrramMax TeKyleil BBIPaOOTKY He3HAUUTeNIbHa,
Ha 4YTO YKa3bIBAIOT KOMeOaHMsA B apoMaTM4YeCcKOM Kojblle mpu moynoce 1600-1605 cm.
Hanb6onprasa MHTEHCHBHOCTD II0/IOC HOITIOIIEHNA B apOMATMYECKOM KOJIbIle CYLIeCTBEHHO
BbIPO)KEHa B 9KCTpPAaKTe M3 IIlaMa J/IMTEIbHOTO XPaHEHMUdA, 4YTO COINIacyercsa ¢
KO/IMYEeCTBEHHBIM pacyeToM U 60sblieil Joreil apoMaTdeckux ¢ppakuuii B obpasiax nrama
JUINTENIBHOTO XpaHeHMs (cM. TabOm. 2). VIsomepusaumm mojBep>KeHBI LITAMBI, KaK TeKYIei
BBIPAOOTKY, TaK ¥ [J/INTETBHOTO XPAaHEHMUs, 4TO OOYC/IOB/IEHO [elICTBMEM aTMOCQepHBIX
(dakTOpoB, O YeM CBMJIETEIbCTBYIOT CIeAyIollle AMANa30Hbl 4YacTOT: pa3BeTBIEHUE Y
YeTBEPTUYHOTO aTOMa IIPM 1os1oce 746 cM'!, OIUH aTOM BOJOPO/A, COOTBETCTBYIOLNI IIOIOCE
nornomeHus 870 cm!' ¢ msomepamu npu gBoriHoit csasu (CH,),>5, a Takke 1,4-3ameneHne B
apoMaTM4ecKoM Kojblie npyu nonoce nornomenns 809 cm™ (cm. puc. 1). Bonbias creneHp
Pa3BeTB/IEHHOCTY TapaMHOBBIX CTPYKTYp BbIpakeHa B HeTeoTXOfaX [JIMTENTbHOTO CPOKa
XpaHEHNs, OL€EHMBAaeMas II0 MHTEHCUBHOCTM IIOJIOC IOIVIOIIEHMA y YETBEPTUYHOIO aTOMa
yrnepona 746,744 cvm'. KomnoHeHTsI HedTentaMa Moj, BAMAHNEM aTMOC(epHBIX (paKTOpOB
CITIOCOOHBI ITPe0OpPa3OBBIBATLCA B JIpyrMie COEAMHEHMS 3a CYeT IPOILeCCOB KOHIEHCAIWI,
nonmMMepusanyy, — u3omepusaumu.  Hammume — 6osbImoro  KommdyecTBa  HapaduHOB
CBUJETENbCTBYET O XOPOIIMX QAHTUMKOPPO3MOHHBIX M TUAPOU3OALMOHHBIX CBOJMCTBaX

HeTeITaMoB, KOTOPbIe MOTYT IIPOABJIATLCS B MaTepuaiax JINTeTbHOE BPeM.
BrIBOABI M peKOMeHJAI

Takum o00pasoM, M3y4eH cOCTaB He(TAHBIX LIJIAMOB pasHBIX CPOKOB XpaHEHMs,
obpasymomuxcs nocie TpexdasHoil cemapauyy Ha HedTenepepabaTbIBaOIeM MPEeIPUATUN
MeTOIaMuI: VIK-cnekTpockonumu " PEeHTreHO(MTyOpeCcieHTHOM CIIEKTPOMETPUM.
YrneBojopogHas ~— 4acThb — He(dTelUTaMOB — IpefcTaBieHa  napaduHO-HaPTEHOBBIMM
yrneBogopopamu (6omee 80%), Ha JOMI0 apOMATUYECKOI COCTABIAIOIIEN IPUXOAUTCS MeHee
15%. B cocTaB MMHepanbHON YacTy He(TeITAMOB BXOAAT IPEVMYLIECTBEHHO COENVHEHNA
KpeMHNUs, »JKejle3a, Kalblius, QMIOMUHUSA, Cepbl, Oapusa. 3HauMTe/bHOE KOJINYECTBO
MJHEPA/IbHBIX KOMIIOHEHTOB B COBOKYIIHOCTM C OPTaHMYECKMMM KOMIIOHEHTaMMU B COCTaBe
HeTeITaMOB MOTYT HAlITK IIPAKTNYeCKOe IPYMEHEHNe B IOPO>XKHOM CTpOUTeNnbcTBe. Kpome
TOro, 3¢ dexTUBHOE 06e3BpeKMBaHMe HeDTEOTXOMOB 1 TMKBUAALINSA aMOapOB-HaKOMUTEEN
HO-TIPeXKHEMY OCTaeTCs aKTya/lbHON 3ajadell Hedprexmmumdeckmx mnpepnpuAtuit. C ofHOMI
CTOPOHBI, 3TO CBSI3aHO C BBICOKOJ YCTONYMBOCTBIO He(TENIaMOB K paspyLIEHNUIO,
0COOEHHOCTSIMYU UX COCTaBa UM CBOJVICTB, KOTOpBIE IIOCTOSIHHO MEHSIOTCS IIOJ BO3JEVICTBYIEM
IOTOZIHBIX YC/IOBUII M IIPOLECCOB, IpoTeKawomux B Hux [15-17]. C gpyroil CTOpOHBI,
HedTenepepabaThIBaOLIe MPEANPUATUS TPU oObOpamjeHnr ¢ HePTEOTXOZAMU TODKHBI
MMHVMU3UPOBATb MX KOMNYECTBO, pa3pabaTbiBaTh COOCTBEHHbIE 9KOHOMIYECKY OCTYIIHbIE U

TEXHMYECKN OCYLIECTBMMbIC TEXHOJIOTVIN [IJIs1 BOBJICYEHNM A OTXOIOB B pecypc006op0T.
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Knwouesvie cnosa:
KPYMAULUT MOMEHM,
usmepumenu
Kpymsujezo momenma,
MmexaHu1eckoe
nepemewiusanue,

MOUuHOCMY, Nve3omemp

Annomauyus. Paccmompen Mexanusm usmepenus Kpymsujeeo MOMeHmMa npovecca
Mexanuueckozo — nepemewiusanus.  Bosnuxaiowjue — Hanpsmenus — cosued
unu Oepopmavuu  cayxam — mepoti  kpymsaAusezo  momenma.  IIpusedena
KNACCUPUKAUUA usmepumerneti Kpymsugeeo MOMeHMaA, a makie npedcmaeneHol
pasnuuHvie cnocobbl USMEPeHUs KPpymsausezo MOMeHmd, NO0360/AI0UsUe HMOUHO
USMepAMb U KOHMPONUPOBAING KPYMAUGULL MOMEHIN, 4INO AENAEMCT BANHDIM
napamempom Hpu  paspabomxe U NPOU3BOOCHBE PASTUHHBIX ycmpoticme
U MeXAHU3MOB.  Aémopamu  npedcmasrieHd cXeMd ONbIMHOL — YCMAHOBKU
N0 UCCTIE008AHUID  MEXAHUHECK020 — NepeMewusanus ¢ UCHONb30BaAHUEM
paspabomannozo  ycmpoiicrmea  OnA  U3MepPeHUs  KPpymAujezo — MoMeHma
6e3 ucnonvsosanus cmpobockona. IIpednosxenHoiti asmopamu cnoco6 pewiaem
30044y, C6A3AHHYIO C YNpoujeHUeM IMexHUUeckoli peanu3auuu  UMepeHus
Kkpymsujeeo momenma. Paccuuman O0uanason usmeHeHUs YPOBHSA HUOKOCHU
6 nvesomempe NPU UCCAEO0BAHUU Npouecca nepemMemiusanus Ha ONbIMHOU
YCmaHosKe ¢ y4ermom MUHUMANbHO20 U MAKCUMANIbHO20 3HAYEHUS Oa6/eHUs
8 EMKOCTUL.
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BBengenue

Kpyramuit momenT (KM) - BeKTOpHas Be/M4YMHA, KOTOpas XapaKTepu3yeT [eiiCTBIE

cuIbl Ha (U3NYeCKoe Te/lo M BBI3bIBAET €ro BpamjaTenbHoe ABibKeHue [1]. OH saBnsercs

Hanboee BaXHBIM ITOKa3aTeIeM, XapaKTepU3YIOIMM CWIy BpallleHMsA Bajla, B CBA3Y C 4eM

U3MepeHue KPYTAIero MOMEHTa COCTaB/IAeT HeOOXOAMMYIO JacTb M3MEPEHNUsA MOIIHOCTI,

nepe,uaBaeMOIZ BpalllalOIMMICA BaJIaMIU. Ero moxxHo paccunuTaTh KaK IpOMU3BENEHNE CUJIbL

TNOpOAMMHAMUNYECKOTO COIIPOTUB/IEHN S Bpalll€eHNIO Ha IIJIEY0 9TOM CUIBI [2]
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OcHoBHasA YacTh

B 11e710M M3MepeHe KpyTsIero MOMEHTa MOXKHO pasfie/IuTh Ha [Be TPYIIIBL: IPsIMOe U
KOCBEHHOe.

[IpsiMble MeTOZBI — 3MepeHVe KPYTAILIEro MOMEHTA C IOMOLIBI0 HATYMKOB KPYTSILIEro
MOMeHTA. DTI METO/BI AB/IAITCS 60JIee TOUHBIMM, YeM KOCBEHHBIE.

KocBeHHBle ~ MeTOABI  3aK/MIOYAIOTCA B M3MepeHUM  (QUM3MYECKUX  BeMYMH,
C MICTIO/Ib30BaHMEM KOTOPBIX PAcCYMTBIBAETCA KPYTAILIMII MOMEHT. JTO MOXET OBITb,
HaIlpuMep, M3MepeHue CUIBI, [eiICTBYIOIell Ha pblYar, JJIMHAa KOTOPOTO W3BEeCTHA,
VLY Mi3MepeHMe TOKa ¥ CKOPOCTM BpallleHMs 9/IeKTPUYecKoro pBurarend. Jacto aToT Bup
KOCBEHHOTO M3MEpEeHMs KPYTSIIEro MOMEHTa MOXXeT OBbIThb 0oyiee OBICTPBIM, IPOCTBIM U
[IOCTaTOYHO TOYHBIM 68 HPOMBIULTIEHHBIX YCTOB8UAX TIO CPABHEHNIO C IPAMBIMI MeTofamu [3].

BakHeifieil 4YacTbi0 JaTYMKa KPYTALIETO MOMEHTa sBJSETCA, KaK IPaBWIIO,
YyBCTBUTE/IbHBI LVIVMHAPUYECKUI 3/IeMEHT, KOTOPBII IOJ HeVICTBUMEM IPUIOXXEHHOTO K
HeMy MOMeHTa 3akpy4mBaercs (puc. 1) [3].

- ()

My

uiy Y

Puc. 1. Iunungpudeckuit 97IeMEHT JaTYMKa U3MEPEHNA KPYTALLErO MOMEHTA

BosHukatome npyu 9TOM HampsDKeHUs CABUTa WM AedopManyuy CIyXaT Mepoii
KPYTSAIIET0 MOMEHTA. YIIOMAHYTble HAmpsDKeHus wim AedopManuy BOCHPUHUMAIOTCS
TEH30Pe3UCTOpPaMM, KOTOpbIe NPUKIEUBAIOT K YyBCTBUTEIBHOMY 3JIEMEHTY IOJ, yIIoM 45°
K €r0 IIPOZIOJIbHOM OCK M BK/TIOYAIOT B CXeMY MOCTa YUMHCTOHA. [y mepemauy NMUTAIOLIETO
HAIpsDKEHVS ¥ M3MEPUTENIbHOTO CUTHA/MA NPUMEHSIOT KOHTAKTHBIE KOJbI[Aa MM Iepefjady
CUTHAJIOB 6€3 UCIT0/Ib30BaHM KOHTAKTHBIX Koser [1].

KpyTsammit MOMeHT Ha BaJly MOXKHO OIIpefie/INTb IO YITIy CKPYYMBaHUA Baja MEXAY
JIByMsI CEYEHUIMM IO ero JymHe. J{/Is CIUTOIIHOTO Bajia Yrojl CKPYYMBAHUA () ONIPeNesieTcst
Clenyoeit 3aBYICUMOCTBIO [2]:

B M, -1
¢= G-m-d¥
rie M., - kpyrsaummii MoMmeHT, H-M; | — paccrosinme Mexpy cedeHusmu, M; G — MOJAy/Ib
YIPYTOCTV MaTepuana npu casure, [1a; d — nuamerp Bana, M.
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V13 91011 POpMY/IBI BUAHO, YTO [/IS1 JAHHOTO BaJla Ha y4acTKe AJIMHOI [ yroJI CKpy4MBaHMs
IPOIIOPLIMOHAJIEH NlepelaBaeMOMy KPYTAILeMy MOMEHTY M.

Haubonee mpocThIMM M pPacIpOCTPaHEHHBIMM CIIOCOOAMU ¥ YCTPOVICTBAMM  JJIs
usmepennst KM, npuMeHsieMbIMHU B HACTOsIIIee BpeMs B MCC/IEOBATENbCKIX L[eTISX, ABIAIOTCS:

1) cnoco6 m3aMepeHMs KpYTAIIETO MOMEHTA ¥ YCTPOVICTBO MIA ero peammsauuu [3],
BK/IIOYAIONINIT M3MepeHe YI/Ia B3aMMHOTO Pa3BOpPOTa KOHI[OB 6a30BOTO y4acTKa YIPYroro
Bajla, Ha KOTOPOM YCTAQHOBJIEHBI OITMYECKME OTpPaKaTelu, IO MAeCTBMEM KPYTSALIero
MOMEHTA C IIOMOIIIbI0 OITHUKO-3/IEKTPOHHOTO IIpeobpasoBaTesisi, COCTOALIETO U3 ICTOYHIKOB
U3/Ty4eHus 1 POTONPUEMHBIX YCTPOJICTB;

2) YCTpOJICTBO M3MepeHMs KpYTSIero MOMEHTa, COfiepykallee Bal M HEIOfBJKHO
YCTaHOBJIEHHYIO Ha Bajly BTYJ/IKY, KOTOpas MIMeeT Ha Hapy’>KHOII 60KOBOJ IIOBEPXHOCTH JIBICKY.
Ha BTynke cMOHTMpOBaHa C BO3MOXXHOCTBIO IIOBOpPOTa 000JiMa, B KOTOPOJ BBIITOJTHEHBI
pajinajbHbIE I1asbl, PACIIONOXKEHHbIE HAIIPOTUB JIBICKM C YIJIOBBIM CMEIljeHVIeM OTHOCUTETBHO
IPYT Apyra. A TakKe COEEP>KUT M3MEPUTEIbHbIN JaTUMK, COSAVHEHHBII C I3MEPUTEIbHOM
CHUCTEMOIA, M YCTPOVICTBO BO3/IEVICTBYSA Ha JATUMK [4].

BaxHelIMMM KOMIIOHEHTaMM B yCTpoiicTBax mias usMepenus KM  sBiAoTcs
usmeputenu. OHM TO3BOIAIOT TOYHO M3MEPATh M KOHTPONMMPOBATH KPYTALIMIT MOMEHT,
YTO SBJISIETCS BOXXHBIM ITapaMeTPOM IIpU pa3paboTKe U IPONU3BOACTBE PA3TNYHBIX YCTPOJICTB
U MexaHusMoOB [4, 5]. IlosToMy Takme yCTpOJCTBA IIVPOKO NPUMEHSIOTCS B Pa3IMYHBIX
007acTsAX ~ IPOMBIIUIEHHOCTM,  BK/IIOYas  MAIIVMHOCTPOEHME,  aBTOMOOWMIECTPOEHIE,
9/IEKTPOHUKY U JIpyTHe.

VI3mepuTenm KpyTAIINX MOMEHTOB MOTYT OBITH Pas/IMYHbIX TUIIOB ¥ KOHCTPYKLuii (puc. 2).

e ™,

TUNbl M3IMEPUTUNEH
KPYTALLMX MOMEHTOB

MexaHuyeckune SneKkTpuyeckue OnTtuyeckue becKkoHTaKTHble

Puc. 2. Knaccudukannsa usMepuTesneii KpyTsAIero MOMeHTa

Kaxpplit TUI u3MepuTens KpyTAIEro MOMEHTa UMeeT CBOM IIPeMMYILIecTBa
¥ OTPAaHWYEHNA, ¥ BBIOOP KOHKPETHOTO TIUIIA 3aBUCUT OT TPeOOBaHMIT 11 YCTIOBUI KOHKPETHOTO
HPUIOXKEHVIS:

o MexaHudyeckue usMeputenn KM OCHOBaHBI Ha JVICIO/Nb30BAaHMM MEXaHMYECKUX
39JIEMEHTOB, TAaKMX KaK pblYary, NPY>KuHBI 1 Becbl. OHM TO3BONAIOT U3MepATb KM myrem
M3MepeHMsI CMJIBI, KOTOpasl BO3HMKAET TPy BpalljeHny o0bekTa. IIpiMepoM MeXaHN4eCKOTo
V3MepUTeIA SIB/ISAETCA JUHAMOMETPUYECKII KITI0Y;

e ojekrtpuyeckue usMepuremn KM UCHONB3YIOT — 3NIeKTpUYECKUEe  IIPUHIIVIIBI
st usmepernss KM. Oum  o6biyHO ocHOBaHbl Ha 9ddekre Xomma wmm  sddexte
IIbe309/IEKTPUYECTBA. ITY M3MEPUTE/M Te€HEPUPYIOT 9SNIEKTPUYECKMIT CUTHAJ, KOTOPBIN
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IPOTIOPLMOHAJIEH KPYTsAleMy MOMeHTY. [IpuMepaMu a/1eKTpIUeCcKUX M3MepUTeIeil IBIA0TCS
JATYVKY KPYTALIEI0 MOMEHTA Y TEH30[aTUMKIL;

e omnrtnyeckue usMeputenu KM UCIONB3YIOT ONTUYECKVe IPUHINIILL IS M3MEpPeHN
KM. OHM 00BITHO OCHOBAHBI Ha CIIO/Ib30BAHNMY JIA3€POB U ONITUYECKIUX JATINKOB, IO3BOJISIOT
HO/Ty4aTh BBICOKYI TOYHOCTb M3MEPEHMII ¥ MOTYT UCIIO/Ib30BATbCA B CIOXKHBIX ¥ TOYHBIX
IpUIOKeHNX. [IpyMepoM ONTIYeCcKOro M3MepUTe/sA SIB/IAETCA Ia3ePHbII JATYNK KPYTSLIEro
MOMEHTA;

e OeckoHTakTHble u3Mepuremn KM UCIONB3YIOT  GECKOHTAKTHBIE  METOZDI
mist usmeperuss KM. OHu OObIYHO OCHOBaHbBI Ha MCIO/NIb30BAaHMM MAarHUTHBIX IIOJIE VU
PafMoOYaCTOTHBIX CUTHA/IOB. beCKOHTaKTHbIE M3MEpPUTENN MO3BOIAIT M3MEPATh KPYTAIINI
MOMEHT 6e3 QM3MUeCcKOro KOHTAKTa C U3MepsieMbIM 00beKTOM. [IpuMepoM 6€CKOHTaKTHOTO
M3MepUTe/IA AB/IACTCA MHAYKIVOHHBI JATIMK KPYTAILIEro MOMeHTa [2].

[IBIVDKeHVe XXVUKOCTH B allllapaTe ¢ MEIIA/IKOJ MO>KHO pacCMaTpPyBATh KaK ABVDKEHNE 10
KaHATy, UMEIOLIEMY C/IOXKHYI0 TeOMeTprdecKylo GpopMy. BBUIy KOHEYHOro 4mciaa JIOMaToK
MeIIa/JIKM TedeHue O>KUJKOCTM B alapare sBIsgeTcsa HecraumoHapHbIM [6]. Ilpomecc
HepeMelBaHNsA MeXaHNIeCKVIMI MelllalIKaMyl CBOAMUTCS K BHEIIHe 3ajade TU/IPOVIHAMIKI
- 00TeKaHMIO TeJ IIOTOKOM >KMAKOCTM. 3ajaya BHENIHETO OOTeKaHUA Tel B YCIOBMAX
IepeMelIBaHNsA MOXeT ObITh pellleHa C IoMoIblo ypaBHeHuit Habe-Crokca
Yl HePa3pbIBHOCTY IIOTOKA. [[/Is1 pellieHst 3TOM 3aa4uy MCIIO/Ib3YIOT TeOpuIo moxobus [7].

VI3 muTepaTypHBIX MCTOYHMKOB M3BECTHO, YTO IPOLIECC ITepeMellBaHNs:

® IIMPOKO JICHONb3yeTCA B XMMMYECKON TEXHOJOTMM JJIA HOTydeHVSA TOMOTE€HHbIX
PacTBOPOB, PasINMYHBIX 3MY/IbCUI, UHTEHCU(UKAIVY TeIZIOOOMEHHBIX ¥ MacCOOOMEHHBIX
npoueccoB. DPPeKkTUBHOe IepeMeIlInBaHe B Psjie CIydaeB sBJAETCS OFHOI M3 BaXKHENIINX
CTafuii TPOM3BOACTBA ¥ OIIpefie/iAeT IPOM3BOAVUTENILHOCTD TEXHOJOTMYECKOTO IIpoliecca
B 11e710M [8];

® IpeficTaBIsAeT co00f MHOTOKpaTHOe IIepeMelleHMe YacTHI] TeKydell Cpembl
IO IeVICTBMEM VIMITY/IbCa, IIepPeflaBaeMOro CTpyell >KUAKOCTM WIM rasa (TMApaBIndeckKoe,
IIHeBMaTM4eCcKoe IepeMellBaHIie), MeIIalKoll (MexaHueckoe nepeMeniBanue). OTHUM U3
Hanbosee pacIpOCTPaHEHHBIX CIIOCOOOB II€peMEIIMBaHMA B IPOMBIIUICHHOCTH ABJIAETCH
IepeMellBaHue C JICIIOTb30BAaHMEM MeXaHNYeCKMX MeIIaIOK Pas3INIHON KOHCTPYKLMU
C BpalllaTe/TbHBIM, pe>Ke IIOCTYIIaTe/IbHBIM IBVDKeHueM [9];

® XapaKTepu3yeTCs] MHTEHCUBHOCTBIO U 9(peKTUBHOCTDIO, @ TAKXKe PacXOLOM SHepruu
Ha ero IpoBefieHMe. VIHTeHCMBHOCTD IIpoliecca IepeMelIMBaHNA OIpeeseTCs BpeMeHeM
NOCTVDKEHMsI 3a[JAaHHOTO TEXHOJIOTMYeCKOTO pe3y/bTaTa. IloBBIIIEHME VHTEHCUBHOCTYU
HepeMelIBaHNsA IPUBOUT K YBETNIEHVIO 9KCIUTyaTal[MIOHHBIX 3aTPaT Ha Y/ie/IbHYI0 SHEPIUIO,
HOIBOAVIMYI0 K IIepeMeIlMBaeMoil Cpefie ¥ YMEHBIIEHMIO KalMTa/JbHBIX 3aTpaThl 3a CYET
HOBBILIEHVSI IIPOV3BOJAMUTEIBHOCTY 000pyHOBaHMs. BblOOp ONTMMaNbHOrO BapMaHTa
IPOM3BOAMTCA II0 TEXHMKO-5KOHOMMYECKOJ OIleHKe 00ecredrBaoIX MUHIMATbHOE
3HaueHMe YJeNbHBIX 3aTpaT. O(QeKTMBHOCTD Ipollecca XapaKTepusyeT ero KadecTBO
U OIIpefieNiAeTCA PAaBHOMEPHOCTBIO pacIlpefiefieHna WIM M3MeHeHMeM KoadduuueHTta
TeIUIoIepefiadl, MacColepesiaul B 3aBYCHMOCTH OT Lie/IM IIpOBefeHNs mpoiecca [10].

IIpn pacyere mpolecca MeXaHMYECKOIO IepeMEIIMBAHNA BaKHENMIIEN BeINYMHON,
KOTOPYIO HEOOXOIVMO BBIYVICTIATD SIB/IAETCS MOIHOCTD, 3aTpadylBaeMas Ha IiepeMellBaHue.
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OnHa 3aBMCUT OT OKPY)KHOI CKOPOCTHM, IUIOMIAfM pacHpefie/leHNs [aB/leHNSA ¥ IIepernaja
JlaBleHus1 Ha JI000BOJ M TBUIBHOM YacTsAX Mellankyu. PaccmarpuBas paboTy MeLIamKkyu
Kak paboTy Hacoca, MOIIHOCTb N, IOTpeO/IseMyl0 MeELIaIKOM, TeOPETUYeCKN MOXKHO
OTIpeJie/INTh 10 ypaBHeHmo [11-13]

N = Kypnidy,
rae Ky — xoapduimeHT MOLTHOCTY; O — IUIOTHOCTb IIepeMelIBaeMON Cpefbl, Kr/M’;
1 — 4acTOTa BpallleHNsI MeIIa/IKu, 00/¢; dy — fyuaMeTp MeLIaKi, M.

Omnpenennts MOIIHOCTb, Pa3BMBAEMYI0 MELIATKON depe3 KpyTsmmit momeHT [HwMm],
MOYKHO IO YpaBHeHMIO [9]:

N = 2anM,,.

Ha xadenpe «XuMmyeckass TeXHOJOTMS OPTaHMYECKUX BeI[eCTB» SIPOCIaBCKOro
TOCYZapCTBEHHOIO TEXHUYECKOTO YHMBEpCHUTeTa Oblla MOJEepHM3MpPOBaHA jabopaTOpHas
YCTaHOBKA /1A MccaenoBanusa 9¢pPeKTUBHOCTY pabOThl MeXaHMYECKMX MEUIAToK, B KOTOPOI
VICTIONIBb3YeTCs yeTpoiicTBO s usMepennst KM [14]. CxeMa ycTaHOBKY NpUBeeHa Ha puc. 3.

A

2

Puc. 3. Cxema 1abopaTOpHOIT YCTAHOBKM IS CCIEROBAHMS 9 PEeKTUBHOCTY PAbOTH MEXaHNYECKIX MEIIATOK:
1 - onexTpopBMraTe/b IOCTOSAHHOTO TOKa; 2 - MAaxOBMK; 3 — IIOFBEMHBIN CTONM; 4 - MeEIIaJKa;
5 — cocyp c mepemelnBaeMol KMAKOCTbIO; 6 — Bajl; 7 — YCTPONMCTBO AA M3MEPEHM: KPYTAILEro MOMEHTa;
8 — IaTyMK TaxoMeTpa; 9 — yKasaTesb 4acTOThI BpaweHusd; 10 — pegykTop

Memanka 4 TpuBOANUTCA BO BpallleHNE 3/IEKTPOJIBUTATE/IEM ITOCTOAHHOTO TOKa 1 uepes
penykrop 10. Cocyn ¢ nepememnBaeMoil >XIAKOCTbIO 5 YCTAaHOBJIEH Ha NMOABEMHOM CTOJIE 3,
repeMelieHe KOTOporo B BEpTUKaAbHOM HaIlpaB/IEHUM JOCTUTAETCA BpallleHMEM MaXOBMKa
2. OTO MO3BOJIAET NPOBOAMUTL CMEHY MEIIAJIOK ¥ YCTaHAB/IMBATb HEOOXOAVIMYIO IITyOMHY
VX IOTpY>XKeHusA. JIsmepeHme KpyTALEr0 MOMEHTa IPOM3BOJSUTCA  YCTPOMCTBOM 7.
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Yacrora BpamleHMs Baja MeINAJKM 1  M3MEPAETCA 3N1eKTPOMAarHUTHBIM TaXOMETPOM,
COCTOSIIIVM M3 JaT4MKa 8 1 yKasaTesIs 4acTOThI Bpamenus 9 [15].

OCHOBHOJ1 371EMEHT YCTAaHOBKM — YCTPOMCTBO s usMepennsa KM. Panee nisa nsmepenus
KM 1cnonp3oBanoch yCTPOVCTBO C IIpUMeHeHNeM cTpobockomna [9], MMerolero focTaToOYHO
OONBIIYI0 CTOMMOCTb B  W3TOTOBJIEHMYM M HECYLIEr0 OIIACHOCTb /I 3[IOPOBbA
IpY 9KCIUTyaTanuu. J mosToMy 1espio paboTsl, IIPOBEfIeHHOI aBTOPaMI, IBU/IACh pa3paboTKa
VIPOLIEHHOTO yCTpoiicTBa miast u3MepeHuss KM 6e3 wucmonb3oBaHmsa CTpoOOCKoOIa,
KOHCTPYKIIMA KOTOPOTO IIpeficTaB/IeHa Ha puc. 4.

vy | I
i |

-

Puc. 4. YcTpoiicTBO /I M3MepeHMs KPYTAIIEro MOMeHTa: 1 — Bal, 2 — HIDKHAA HOMyMydTa; 3 — pblyar;
4 - ITMAPOLVIIHAPSL; 5 — BEPXHAA MONyMydTa; 6 — rubKme TpyOKy; 7 — MIKUB; 8 — eMKOCTD I [TOAKpAlLIeHHO
SKMJKOCTY; 9 — HeNoBYDKHAA 1IKaja; 10 — mbesoMerp; 11 — caIbHMKOBOE YIZIOTHEHKE; 12 — 1uTOKM; 13 — mopuHu

IIpy mepemaye KpyTALIEro MOMEHTa OT IIKMBAa 7 K Baly 1 IPOMCXOAMUT CMeLeHMe
BepxHell 5 1 HIDKHel 2 monyMydT. B pesynbTaTe gaBneHus pprdyara 3 Ha ITOPKY 12 mopIrHen
13 ruApOLMINHAPOB 4 B KUAKOCTY 0oOpasyeTcsi M3ObITOUHOe AaBjeHye. [MApOouVMIMHAPHI
C IOMOIBI0 TMOKMX TPYOOK 6 COeVHEHbI C €MKOCTBIO /IS HMOJKPALIEHHO >KUIKOCTU 8.
ITO HaB/IeHNME U3MEPAETCA C INOMOLIbI0 Ibe3oMeTpa 10, KOTOpPbBI 3aKpeIleH B €MKOCTU
LA IOAKPALIEHHOM >KMUAKOCTM C IIOMOILBIO CaZbHMUKOBOrO yinoTHeHuA 11. Ilpu stom
IIbe30MeTp BpalljaeTcA BMeCTe C BEpXHel NOMyMydToil. Y POBeHb >KUAKOCTH B IIbe3oMeTpe h
($uKCcHpyeTcs BU3YaTbHO C IOMOIIBI0 HETIOABYDKHOI MIKAJIBI 9.

ITo BenmmumHe h onpepernseTcss M30bITOYHOE [JaB/IeHNEe B eMKOCTU YCTPOVICTBA p = pgh,
Iie p - IUVIOTHOCTb IIOAIKPAIleHHONM >XMAKOCTM, KI/M’. DTO [aBlieHMe CO3JAeTCs CUTION
laBJIeHNs TOPIIHA Ha XXUAKOCTD F = pS, rie S — mronjajpb MomnepeyHoro cedyeHns MOpIIHs, M.

KpyTsuuit MoMeHT depes Benmu4unHy cunbl F paccanteiBaetcs Kak M = Fl, rie | - pnHa
pbryara (I1eqo JeiicTBYOLIeN CuIbl), M [16].

IIo BenmumHe KpyTAIIErO MOMEHTa OIpEfeNdeTcd MOIHOCTb, 3aTpadMBaeMast
Ha nepememmsanue: N = 2nnM.
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Ilna cpaBHeHMsT 3QQEKTUBHOCTM PAOOTBI PA3IMYHBIX TUIIOB MEIIAJIOK MCIIOIb3YIOT
3aBUCUMOCTD [13]:

KN == f(ReM, ll' lz, ...),

rme Ky = - K03GDUIVEHT MOIIHOCTY MeIlla/IK;

pnid;,
pndj

Re, = - MoaMQUUVPOBaHHBI KpuTepuil PeitHonbca;

dv— TraMeTp MEeIIalIKH, M;
W — TMHaMHAYecKui ko3¢ duimenT Bs3koctH, [1ac.
[To BemMuMHe KpyTAWETO MOMEHTa MOXXHO  pacCYMTaTh  JyuaMeTp Bajla
IepeMelINBaloIero ycTpolictsa 1o gpopmyie [16]
3 | My
d=173- |—,

O10n

TZie Oyon — BOIYCTMMOE HAIIPsDKEHME Ha KpydeHue [ BBIOpaHHOTO MaTepuaa Baa; [1a.

Ha ocHOBaHMM MHOTOYNMCIEHHBIX SKCIIEPMMEHTOB Ha J/1Ia0OpaTOPHOI yCTaHOBKE
IUIsL MCCTeNoBaHysl 9P QPeKTUBHOCTM pabOTHl MeXaHMYECKUX MEIIATOK OIpefie/ieH AMana3oH
usmeHennsa KM, xotopsiii cocrasun ot 0,05 go 0,3 H-m. [IpunaB guamerp rugpounnanuigpa
32 MM u gnuHY pbrdara 10 cM, 6bIIO pacCYMTAaHO MUHMMAIbHOE Y MaKCUMa/IbHble 3HAUCHNS
JABIEeHUA B €MKOCTM YCTPONCTBa, KoTopble cocraBumm 625 u 3750 Ila cooTBeTCTBEHHO.
Torma ypoBeHb )XMKOCTY B Ibe3oMeTpe h OyeT M3MeHAThCS B Ipefienax ot 6,38 1o 38,27 cM.

BriBonb1

Paspaborana ympouleHHas KOHCTPYKLMS YCTPONCTBA [ M3MEpPeHMsS KPYTSAIIETo
MOMEHTa Ha y4eOHOII 1TabOpaTOPHOI YCTaHOBKe I MCCaefoBaHusA 3¢ (eKTUBHOCTY PabOThI
MEXaHNYECKUX MeLIa/IOK.

OmnpeneneH AuanasoH M3MEHEHMUs KPYTAIIEro MOMEHTa, KOTopbiil cocrtaBun oT 0,05
1o 0,3 H-m.

BolrmoHeH TUApaBINYECKMii pacyeT BbICOTHI YPOBHS XUJKOCTY B IIb€30METPE, KOTOPHIN
U3MEeHAETCA B Ipefienax oT 6,38 1o 38,27 cm.
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Knrouesvie cnosa: nonugﬁeppum, Auuomauuﬂ. C Uuenvro 8blACHEHUA MexaHuma 3ap;1603012 KomneHcauuu u

npomMomop, 08yx3apaoHbiil cnocoba pasmeujeHus neeupyrouux 000460k Oviiu  CUHME3UPOBAHDL
KAMUoH, 3aps008ast obpasuypt B"-nonudeppumos Kanus ¢ WIUPOKUM OUANAZ0HOM MOTIbHOL 007U
KOMNEHCAUUST, SNEKMPOHHAS 8600UMDIX 0B8YX3APAOHBIX KAMUOH08. IINA OauHbiXx 00pasy0e usmepanu
npoeoOUMOCHb, KAMUOHHAS ANEKMPOHHYI0 NPOBOOUMOCIL, KAMUOHHYI0 NPOBOOUMOCYb, NPOBOOUTU

nPoBOOUMOCD, HENe300KCUOHBIT  peHmeenodasosviti  ananu3 (PDA). Bosienen mexanusm 3apaoosoii

Kamanuzamop komnencayuu 6  P"-nonudeppume  xanus  npu  E2UPOBAHUU
08YX3APAOHLIMU — UOHAMU — KATbUUS,  CHPOHUUSA, MAZHUA,  UUHKA.
Mexanusmvi 3aps0060il KOMNEHCAUUYU PASTIUMAIOMCS 8 3A8UCUMOCIY OM
paduyca 6800umozo 08yx3aps0H020 uOHA. Pesynvmamvr usmepenus
KamuoHHotli nposodumocmu ["-nonudeppumos Kanus nokaanu, 4mo
KpynHvie KAMuoHvl KanoUus U CrPOHUUS CHUNCAIOM NOOBUNHOCHL UOHO8
kanus. Taxue 000a8Ku He MOMLKO NEPCNEKMUBHLL ONA NOBbIUEHUS
MEXaHU4eckoli — NPOMHOCMU U MePMOCMAOUIbHOCMU  2PAHYT
Kamanu3amopa, Ho U YBeNUHUBAIOM XUMUHECKYI0 YCMOUYUBOCMY 2PaAHYT
koumaxma. Koppo3uorHasi cmotikocmv epamyn sensemcsi KpUmuseckum
napamempom, onpedenTOuUM cpox IPPexmueHozo GyHKUUOHUPOBAHUS
kamanuzamopa. Jlaunvie no 371eKMPOHHOL NPOBOOUMOCHU NO3BONITIOM
3aKmo4Umy, 4mo 6HedpeHue Kamuonos Mg, Zn** pesxo cHuxaem
anekmponHolli 00men 6 cmpykmype f"-nonugeppuma Kanus, umo
Heu3bexHo O0NNHO Npusecmu K 0e3aKmMusauuu Kamanudamopa, 8 mo
spems kax uonvt Ca’* u Sr’* He cHUMAIOM cKOPOCMY NePeHOCca INEKMPOHOB.
Hcnonv3sosarue npednazaemoeo no0xo0a no360AUM UHIMEHCUDUUUPOBATHD
uccnedosamenvckuil npouecc.
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BBengenue

[Tommdeppur Kamusa co CTpykTypoil Tuma P"-IIMHO3éMa ABIAETCA aKTUBHON (as3oit
IIPOMOTVMPOBAHHbIX KeTe300KCUIHbIX KaTa/lIn3aTOPOB AETU[PYPOBAHM a/IKMTAPOMATINYECKIX
u onepMHOBBIX yrieBofoponoB. Ha moBepxHocTu B"-momudeppura Kaaus peannsyeTcs
MaKCYMa/bHasl KOHI[EHTpauMs aKTUBHBIX LeHTpoB permppupoBanusa [1-3]. K-pf"Fe,Os
obnmajjaeT HAOOPOM YHUMKAIBHBIX CBONCTB. OH AB/IAETCA TBEPABIM 3TEKTPOIUTOM, BBICOKAS
3JIeKTPOIIPOBONHOCTD ~ KOTOPOTO  ofecreuyymBaeTcs  9M€KTPOHHOM M KAaTMOHHON
cocrapnAmyMy. KaTMoHHass IPOBOAMMOCTD OOYC/IOBI€HA IOBBLINIEHHON IOJBVDKHOCTHIO
VIOHOB Ka/lMs B, TaK Ha3bIBA€MbIX, KATMOHIPOBOMAILINX CIOAX. DTN C/ION XapaKTePU3YIOTCI
PBIXJION KMCIOPOJHOJ YIIaKOBKOJ (3alONTHEeHMe COCTaBisAeT 2/3 OT 4YMclIa HOCTYIHBIX
MO3MLIMIL), B TIpefielaX KOTOPOJ CBOOOHO IepeMeIIaloTCs KATMOHBI LIeIOYHOTo MeTajna [2, 4].
ONIeKTPOHHAsA IPOBOAVMOCTD 00eCIedNMBaeTCs MHTEHCUBHBIM 9/IEKTPOHHBIM OOMEHOM
Fe?*2Fe* B cTpykType nomudeppura. Crefyer MoguepKHYTh, 4YTO TAKOI OOMEH CBOVICTBEHEH
TOJIBKO CTPYKTYpe KaTaIUTI4YeCKy akTUBHOI aspl — B"-nomudeppury kamus [3], T.e. K-B"Fe,0s.

TBéppble 9M€KTPONMNUTBI TPEACTABIAIOT CO00I KIacC TBepHO(A3HBIX MaTepUaNoOB C
Hab0pOM XapaKTePUCTUK, KOTOPbIE ONPee/IA0T MIMPOKIe MePCIIeKTVBbI VX MICIIONIb30BaHMA B
Pas/INYHBIX OTPAC/IAX HAYKM U MPOMBINUIeHHOCTH. IlomdeppuTHble CCTeMBI, Kak U IpyTue
TUIIBI TBEPABIX 9EKTPOIUTOB, OO/MAfjalolye PeryaMpyeMoil KaTMOHHON IIOfiBUMYKHOCTBIO,
XapaKTepPU3YIOTCA BBICOKOI TEPMOCTAOVMIbHOCTBIO ¥ IIMPOKMM [AVAIIa30HOM BapbJMPOBAHNA
3/IEKTPOHHOI IIPOBOAMMOCTY. BBIACHeHMe MeXaHM3Ma KaTMOHHOJ HPOBOAVIMOCTM BeCbMa
aKTya/IbHO JyIA pa3pabOTKM TEOPeTHYEeCKUX ITOJIOXKEHUI MAacCOIepeHOca B KaTaTUTUYECKN
aKTVBHBIX NMOMN(EPPUTHBIX CUCTEMAX, YIIPaBIeHNS MUTpalLMell 1eJIOYHOT0 IPOMOTOpa 110
00béMy TBepmodasHOro Kartaamsatopa. Hammume 971eKTpOHHOro o6MeHa SBJISIETCS
HeoOXO[IMBIM YCIOBUEM IIPOSAB/ICHNS JAHHBIM MAaTepPUAIOM KaTaIUTUYECKUX CBOJICTB B
OKJICTIUTE/IbHO-BOCCTAHOBUTEIbHBIX ~ IIpOIleccaX, K KOTOPbIM  OTHOCUTCA  peaKIMs
[eTUAPUPOBAHNA.  BemmumHa ~ 97IeKTPOHHONM ~ IPOBOAVMMOCTM ~ MOXKET  CIIY>KUTb
IpefiCTaBUTE/IbHBIM ITapaMeTPOM KaTaINTIIECKOI aKTUBHOCTY TOoMMeppnTa, Ha OCHOBAHUN
KOTOpPOTO MOXXHO TIpefcKasaTb 3(pQeKTUBHOCTb pa3pabaTbiBaeMOTo  KaTaINM3aTopa,
ONTVMM3MPOBATh KONMYECTBO BBOAMMBIX JIETMPYIOUIMX Ho0aBoK. Ilpumuém HyxHYIO
MHPOPMAIVIO MOXXHO IIOJTYYUTh, He Ipuberas K TPyHOEMKUM M 3aTPATHBIM KaTa/IUTUYECKUM
ucnbITaHNAM. KaTnoHHas NpoOBOAMMOCTb NommdeppuTa HENMOCPe[CTBEHHO CBfA3aHA C
MUTpaLyei ¥ 3MIUCCHeN LIeJI0OYHOTo ITpoMoTopa [5]. [laHHbIe 110 KaTVMOHHOI IIPOBOAVMOCTY
K-B"Fe;Os 1NO3BONAIOT CIPOTHO3MPOBATh KOPPO3MOHHYIO CTOMKOCTb KaTaIUTUYECKU
aKTVBHOII (a3bl ¥ CPOK CITYXKOBI KaTa/mm3aTopa.

ITo6aBK, BBOAVIMBIE [/IA YTy4IIeHNs KaKUX-T100 CBOVICTB KaTa/lIn3aTopa, Kak IpaBuio,
0671a1al0T OBOJICTBEHHBIM 3(G(EeKTOM, TO eCTb MOTYT HETaTVMBHO CKa3bIBaTbCA Ha APYTUX
9KCIUTyaTAI[MIOHHBIX XapaKTepPUCTUKAX KOHTAaKTa [6-10].

Takum 06pasom, BeIICHEHME CIIOC06a pacIipefie/ieHNs Y MeXaHu3Ma eiiCTBYSA J0OaBOK,
BBOJVIMBIX B CJIOKHYIO T€TEPOTE€HHYIO CHCTEMY, ABJIAETCS aKTYaTbHOI IPOOIeMOTL.

Ilenb paboTbl - BBbIsACHEHMEe BIMAHUA [OOABOK [IByX3apsAHBIX KaTMOHOB Ha
3JIEKTPOHHYIO ¥ KaTMOHHYIO IIPOBOAMMOCTD IomudeppuTa Kams tuna B"-rmmHoséma.
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OcHoBHasA YacTh

Cmecr MoHOQeppuTa Kamus, TreMaTuTa, HO0ABOK ¥ META/UIMYECKOTO >Kelesa,
HOTyY€HHOTO KapOOHM/IBHBIM CIIOCOOOM, TOTOBWIN TIATE/TbHBIM IT€PEeTVPAHNEM B araTOBO
CTyIIKe MOJ C/I0eM AMITIIOBOro 3¢upa B OOKce, 3alIOTHEHHOM OCYUIEHHBIM BO3IYXOM.
Vcrionp3oBanyu reMaTuT 0co00i YMCTOTHI (MaccoBas [0/l OCHOBHOTO BerlecTBa a-Fe,Os He
MeHee 99,98%), mpyMeHAeMbII B MUKPO3/TeKTpoHuUKe. IlomydeHHbIe cMecu, He BBIHOCS U3
6okca, TabnmeTMpoBanmM C IIOMOLIBIO J/abopaTopHOro mpecca. VIcXomHbli MoHODeppuUT
TOTOBWIM IIPOKAJIKOM CMecy KapOOHaTa Kamms C OKCUJIOM >Kele3a B IKBUMOJLIPHOM
cooTHomeHun npu Temieparype 970 K B TeueHme 4 yacoB. VicxonHble BellecTBa MAjA
IPUTOTOBJIEHNs Tab/leTOK Opamy B COOTHOLIEHUAX, YHLOBIETBOPSIOMMX —CIEAYIOIM
YPaBHEHUAM:

6KFeO, + (1 — q)Fe + (13 — q)Fe,03 + 3qMO — 3K,Fei' ;M Felj0;,

rge M - Mg, Zn;
(6 — 6q)KFeO, + Fe + (13 + 3q)Fe,0; + 3qMeO — 3K,_,qFe''Me Fej0;5,
rage Me - Ca, Sr.

[TapameTp q BapbupoBanu B guanasone 0-0,40.

MarHauit 1 UMHK BBOOM/IM B COCTaB MCXOOHBIX cMecell B Buae oKcumoB. Kampumit u
cTpoHUMIT 6pamu B popMe KapOOHATOB.

TabneTky momewjany B TUTe/b, 3aCBIIAIM CBEPXY ITOPOLIKOM TOTO K€ COCTaBa, 4TO U
TabeTky, ¥ npokamBany npu temmeparype 1070 K B mydenbHoit meun B atMmocdepe a3oTa B
Te€4YeHMe 6 4acoB.

ITocme mpoxkanky 00pasLbl MEPEHOCHIN B TePMETMYHBIN OOKC ¥ OXJIAKHAIM B TOKe
MHEPTHOTO ra3a. PentreHo¢asoBbplil aHam3 06pas1ioB noaudeppura IpoBOAMIN Ha Ipubope
IPOH-YM1; usnydenne Coxa (A = 179,02 m).

PDA moprBepawi, 4TO TabneTMpOBaHHBIE O00pPa3Lbl IIOC/E IPOKAIKU IPENCTABIAIOT
co6oit ofHOdasHbll momidepput Tnna B'-rmHosémMa. [To JaHHBIM aTOMHO-a0COPOLMOHHO
CIIEKTPOCKOIINY IIOTEPh ILIeJIOYHBIX METAIOB He HaOJII0Ja/loCh.

ONIeKTPOHHYI0 IPOBOAMMOCTb Tab/eToK u3Mepsiymt mpu Temreparype 570 K Ha
YCTaHOBKe KOMIUIEKCHOTO MMIIE[JaHCa, CO3[AaHHOJ IIO0 CXeMe, IpeNCTaB/IeHHON B pabore
Hapuxkn [11].

[l BBIACHEHMs MeXaHM3Ma 3apsJOBOM KOMIIEHCAl[MM, CIocoba pasMelieHus
JIETUPYIOLINX B0OABOK OBUIN CMHTE3MPOBAHbI 00pasbl B"-moMnQeppuTOB Kamys ¢ MUPOKUM
[Malla30HOM MOJIBHOJ IOV BBOAVMMBIX JBYX3apsHBIX KaTMOHOB. Il JaHHBIX 00pa3lioB
U3MEpPS/IN  9JIEKTPOHHYI0 IPOBOAVMMOCTb, KAaTMOHHYI0 IPOBOAVMOCTb, IIPOBOIVIIN
PeHTreHO(a30BbI AHAIN3.

YCTaHOBJIEHO, YTO NPY YBEIMYEHUY OJIN JIETHPYIOIINX JBYX3apsAHBIX IOHOB Mg, Zn,
IPOMCXOANT TafieHlie 9TIeKTPOHHOI IPOBOAMMOCTY HomudeppuTa Kamys tuma B"-ramHoseMa

(puc. 1).

72



OT XHMHUHU K TEXHOJIOTHH [RITEARELNITANUY

TOMS, BbINYCK 2, 2024

evr!
(@)}

h

IR TPOHHAA POROHMOCTE, OM ! -
W

_I. T T T T T T q
0 0,1 0,2 0,3 0,4 0,5 0,6

Puc. 1. 3H€KTPOHHaH IIpOBOANMOCTD HOIII/I(I)eppI/ITOB B 3aBMCUIMOCTU OT COJAE€pKaHNA nermpylomero JIOHA:
o-Sr;x-Ca;e-Zn; A - Mg

9T10T 9(]PeKT CBA3AH CO CHIDKEHNMEM KOHIIEHTPAIUM [IByX3apAZHOTO >Kele3a B
no/miQeppUTHOIL CUCTEMe, YBeIMYEHEM PACCTOSHIA MEXY ABYX- Y TPeX3aps/THbIMU MOHAMU
JKesie3a, MPUBOJAIINM K ITaJIeHII0 MTHTEHCUBHOCTY 97IEKTPOHHOTO 06MeHa Mexzy Fe?t 2Fe*.

[TomyuenHble faHHbIE MOXKHO OOBACHUTD, YIUTHIBAs TOT (PAKT, YTO BEpXHUIl Ipefer
130MOPQHOI 3aMEeCTVMOCTY B OKTad[APUYECKUX MYCTOTAX KUCIOPOJHOV VIOHHOV PeIIETKY
cocrasser 99 M [8]. Papmycsl merupyromux AByX3apsAAHbIX NOHOB Mg, Zn MeHbllle TaHHOTO
Ipefienia U, CJIeJOBATEeIbHO, IOHBI MOTYT BXOZIUTD B INIVHEIETIOJO0HBIN 610K U 3aMelaTh B
HEM JIByX3apsiHOe Xeje30. To ecTb MOHBI Mg 1 Zn, pa3Mep KOTOPBIX COIIOCTaBUM C pajjiycoOM
Fe?* (Tabm. 1), MOTyT BXOAMTD B IINMHEIETIONOOHBIN 6JIOK U 3aMellaTh IBYX3apsIHOE >Kele30 B
STUX HO3ULIUAX.

Ta6nuna 1. O¢pdexTnBHBIE pafUyChl ABYX3apALHBIX IOHOB, BXOAAIIMX B CTPYKTYpY P”-monndeppura kams [13]
Hownst Ca* Sr* Mg* Zn* Fe?* Fe**
Papnyc, nm 104 112 66 74 80 67

CHIDKeHVe MHTEHCUBHOCTH 97IEKTPOHHOTO o6MeHa B cTpyKType K-pf"Fe,OsB pesynbrare
JIETMPOBaHUA KAaTMOHAaMM MAarHMs ¥ LMHKA HEraTMBHO CKa3bIBaeTCsA Ha KaTaIUTUYECKOIl
aKTMBHOCTY Tonudeppura [12]: majaeT KOHIEHTPALMA CeTIEKTMBHBIX aKTVBHBIX IIEHTPOB Ha
MOBEPXHOCTH, YMEHDIIAETCS CeIeKTUBHOCTD AEICTBIUA KaTa/ln3aTopa.

BBeneHne 1Byx3apAaHbIX KaTMOHOB Ca 1 St B CTPYKTYpy HommeppuTa IpaKTUIeCKN He
CKasbIBAIOCh Ha 3/IEKTPOHHON mpoBogmmocty (cM. puc. 1). CregoBaTesbHO, HaHHBIE
JIETUPYIOLIVIe MOHBI He CIIOCOOHBI 3aMeIlaTh ABYX3apsAJHOE )Kene30, BCIEACTBME Yero ObIIo
CHelaHO TIpeAnosioXeHue, 4To MoHbl Ca** M Sr** He BXOJAT B IUINMHENIbHBIN 670K, a
pa3MelaloTca B MeXOI0OYHOM IIPOCTPAHCTBE MU CO3/IAI0T OT/EIbHYIO (asy.

OpHodasHas cucTeMa peannsyercs, e/ COOTHOIIEH)e KOMIIOHEHTOB Y OBIETBOPSET
dopmyre KyogMegFe'Fe 0Oy

B cBs13M ¢ 3TVIM OBUT IIpeJIO>KEH JPYTOil MeXaHV3M 3apsJOBOI KOMIIEHCAIVIV, KOTOPBIIA
YIUTBIBAJI TO IPefIONOXKeHNe, 4To MOoHBI Ca?* 1 Sr** BXOIAT B MeX6/I04HOE IPOCTPAHCTBO,
3aMellas MOHbI KalIna
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ITonmyyenHble pPe3yNbTaThl IO3BONAKT YTBEPXKJATh, 4YTO MEXAHM3M 3apALOBOI
KOMITeHCallMy IomideppuTa Kams, T1eTPOBaHHOTO ABYX3apATHBIMI MaJIOTO PA/IIIyca MOXHO
IPEJICTABUTD KaK

K,MegFei'  Fel0,.
YcTaHOBJIEHHBIE HaMU (bOpM}UIbI 0Tpa>1<a10T paSJII/I‘{HbIe MEXAHI3MbI Sap}II[OBOﬁI

KOMIIeHCAIIMM B TONdeppuTe Kalus, a TAKKe pas/IMyHble CIOCOOBI padMelljeHNe TeTMPYIolLeit
no6asku B crpykrype K-B"Fe,Os (puc. 2).

L— Cal~. Sr* Mg?, Zn* —

. -HoH EATHA K (r = 133ma)

Puc. 2. Pa3MelneHue IernpyoNnyx ABYX3apsAIHBIX MIOHOB B 9/IeMEHTapHOII A4eiike HonMupeppuTa Kamus

Takum o6pasoM, pasMelleHMe NAHHBIX MOHOB, IIPY KOTOPOM OyfieT COXpaHATHCS
IIeJIOCTHOCTDb CTPYKTYPbI, BO3MO>KHO TOJIBKO B MEKOJIOYHOM IIPOCTPaHCTBe (CM. TabI. 1, puc. 2).
9TO 03HAYaeT, YTO B OT/INYME OT IOHOB MarHVsA M LIMHKA, KATVOHBI KA/IBIVIA U CTPOHIVA HE
CHIDKAIOT MHTEHCUBHOCTH 3JIEKTPOHHOTO OOMeHa B CTpyKType monudeppura. Jlermpopaume
kaTroHamu Ca?* 1 Sr** He JO/DKHO CKasbIBaThCs Ha KatanuTudeckoit aktuBHocTy K-B"Fe,Os.

Ha ocHOBaHNMM pe3ybTaTOB U3MepeHM KaTMOHHO IIPOBOAVIMOCTY MOYXXHO 3aK/TIOUUTD,
9TO 00pasubl, COMep)KaBIINMe VIOHBI KaJblVsl ¥ CTPOHLMS, CHVDKQIM KaTHMOHHYIO
IPOBOAMMOCTb, B OT/MYNME OT 00pasoB ¢ HoOaBKaMy MarHMS U I[MHKA, KOTOpble Ha
KaTMOHHYIO IPOBOAMMOCTb He Bmvsum (puc. 3). Hambonbuiee cHbkeHye HabmomaeTcs y
00pasioB, cofepXXallMX MOHBI CTpoHIMA. IlomydeHHbIe [aHHBlE II0 KAaTMOHHON
IIPOBOAMMOCT MOXXHO OO'BSCHUTD Pa3HBIM pa3MellleHeM JIOHOB B CTPYKType Honugeppura
(cm. puc. 2).

JTro6ble BBOZMIMBIE IBYX3apsi/IHbIE MIOHBI, PAAMyChl KOTOPBIX He IPEBBIIAIOT 99 1M, OyAyT
pasMelaThcs B LIMHENTeNOZ0OHOM 6/10Ke TaKUM e 00pa3oM, Kak MarHuil 1 IHK, 3aMelas
IByX3aps[HOe >Kele30 JM He CHIDKasA KAaTMOHHYI IIPOBOAMMOCTb. KaTMOHBI KambIysA U
CTPOHLMS C paiuycoM 6ormee 99 IM pacroaraloTcs B MeX6/I0YHOM IIPOCTPAHCTBE VM CHYDKAIOT
KaTVOHHYIO IPOBOAUMOCTD Homdeppura (cM. puc. 3).
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envr!
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KaTHoHHASA IIPOBOAUMOCTE, OM! .
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Puc. 3. Katmonnas nposopgumocts B’-momudeppuroB cocrasa K,MegFe'l; (Fe' 0Oy, u Ky ogMe Fe'Fe™ 00,
B 3aBUCVMOCTH OT COIep>KaHMA Jernpymolero noHa (Me): 0 - Sr; x- Ca; o« - Zn; A - Mg

Ilna monugeppnuToB, NETMPOBAHHBIX Ka/IbIVieM M CTPOHIMEM, IIafieH)e KaTMOHHON
IIPOBOAMMOCTH IIPOUCXORUT 3a CYET [IBYX (PaKTOPOB: CHVDKEHWs YUCTa HOCUTENIEN 3apsja U
YMEHbIIEHNSI WX IOABIDKHOCTH. VI3 ¢opMynbl, oTpakamolell MeXaHVU3M 3apASoBOil
kommneHcanun K, ,;Me Fe''Fe',,0,7, cnemyeT, 4To BHepeHIe MOHOB Ka/IbIVIA VIN CTPOHIVS
COIIPOBOXKAeTCA OBICTPBIM YMEHbBIIEHMEM KONMM4YecTBa MOHOB KamysA. KommdectBo MOHOB-
HOCKTeJIell 3apsjja ITaflaeT, 3aMeHa JOHA IIe/IOYHOTO MeTa/Ula Ha VMOH IIe/I0YHO3eMeTbHOTO
CHIDKAeT KaTVOHHYIO IPOBOAVMOCTb.

BeposaTHO, [Byx3apsjgHble WOHBI IIE/IOYHO3E€ME/NTbHBIX METa/UVIOB He O00/IajlaloT
JIOCTaTOYHOI MOABVKHOCTBIO, YTOOBI KOMIIEHCHPOBATh YMEHbBIIIeH)e KOHIIEHTPALMI KajVisl U
00ecreynTh BLICOKUI YPOBEHb KaTMOHHO IPOBOJVIMOCTIA.

Kpome TOro, mpy [JOCTVOKEHMM HEKOTOPOJ  KPUTMYECKO!  KOHIL[EHTPaLuy
I[e/IOYHO3eMe/IbHBIX JMOHOB B MEXO/IOYHOM IIPOCTPAaHCTBE HAYMHAETCA IOATOTOBKA K
HepecTpoiiKe CTPYKTYpbl momudeppura tima B"-IIMHO3EMa B I'eKCarOHANIBHYIO CTPYKTYPY
TUIIa MarHeTolmoM6uTa. Ilo-BMAMMOMY, 3TOT IpoIlecC NPUBOAUT K CHYDKEHMIO INVIPUHBI
KaTMOHIIPOBOJAIIETO CI0Sl M IOCIEeAYIeMy OObeVIHEHVIO IIIHEeIeNOJOOHBIX OT0KOB.
CTpyKTypHBIE OCOOEHHOCTM CPOPMUPOBABILETOCS MAarHETOIUIIOMONUTA He IIpefIIo/araioT
Ha/IM4VA 3aMETHOJ KaTVOHHOJ IPOBOAMMOCTH. DTUM (aKTOM OOBACHAETCA pe3Koe IafieHie
KaTMOHHOI mpoBofuMocTy ["-mpomndeppuToB, IETMPOBAHHBIX KalblyieM U OCOOEHHO
CTPOHIMeM, IIpu nepexofe Koagduiyenrtom q ormerkn 0,4.

Karuonnas  mpoBogumocts  [B”-momudeppura  ABIAETCS  MPeACTABUTENTbHBIM
IIapaMeTPOM JJIS1 OLIEHKY ITOJBYDKHOCTY IOHOB Ka/IVIA B IIpefielaX KaTMOHIIPOBOASAIIETO C/IOA.
B cBOI0O 04epenb, IOABIKHOCTD KaTMOHOB Ka/lusl CBsI3aHA C JIETKOCTBIO SMUCCUM 1[eJIOYHOTO
IIPOMOTOpA, a 3HAYNUT C KOPPO3MOHHON YCTOMYMBOCTBIO B"-momudeppura — CIoCOOHOCTHIO
KaTa/mus3aTtopa  (QYHKIVOHMPOBAaTb, HECMOTPs Ha  HeOJIaronpusaTHOe  BO3JeENCTBIE
PEeaKLUMOHHO Cpefbl M IPUCYTCTBME KaTaIUTWYeCKMX sAfoB [5]. Bxoms B Mex6mo4HOe
npocTpaHcTBO MOHBI Ca** vy Sr**, CHIDKAIOT MOABYDKHOCTD MOHOB IIe/IOYHOTO IIPOMOTOPA I
IPEIATCTBYIOT €r0 3MMCCUM B IIpoliecce SKCIUTyaTaluy KaTamu3aropa. TakuMm obpasow,
BBeJleHIe B CTPYKTypy MoHOB Ca?* mmm Sr** memecoo6pasHO He TONBKO /I IOBBILICHVA
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MEXaHIYeCKOJl MPOYHOCTM ¥ TEePMOCTAaOM/IBbHOCTM TpaHyl Karanmsatopa [14], HO m mia
yBeIMYEeHNsI XMMIYECKOI YCTOMYMBOCTY TPaHy/I KOHTaKTa [12].

YpoBeHb 5N1EKTPOHHOV NPOBOSMMOCTU CHOYXXUT IIPEICTABUTE/IbHBIM IIapaMETPOM,
MIO3BOJIAIOIMM  INPOTHO3MPOBATb  KaTaIUTUYECKME XaPAKTEPUCTUKM  CUHTE3UPYEMOTO
Matepuana. JVIcmonb3oBaHue TaKuMX M3MEPEHMII IIO3BOUT 3HAYUTEIBHO COKPATUTh
TPYBOEMKOCTb 3KCIEPUMEHTOB II0 OIleHKe 5(QEeKTMBHOCTM HOBBIX IIPOMOTOPOB U
MOAMUIVIPOBAHNUIO KaTa/IM3aTOPOB, CAE/NAET IIpoliecc 60/Iee ONepaTUBHBIM 3a CYET OTKa3a OT
JONTOCPOYHBIX KaTaTUTUYECKUX VCIIBITAHNIA.

Bop1BOABI M peKOMeHa AN

BoiABIeH MeXaHM3M 3apsAfoBOl KoMIeHcanuum B P"-momideppure KammsA IIpu
JIETMPOBAHUN [IBYX3apANHBIMM JMOHAMM Ka/lbLMs, CTPOHINA, MAarHus, IVHKA. MeXaHN3MBI
3apAOBOJ  KOMIIGHCALIMM  Pa3IM4yaoTcA B 3aBUCUMOCTM OT pajuyca BBOAVMMOTO
IByX3apAJHOTo NOHA 1 onucbiBaoTcsa popmynamu KoMegFe''y (Fe'' 0017 — ms katnonos Mg,
Zn**, CONOCTaBUMBIX 110 pa3mepy ¢ nonom Fe*, u K;.,gMeqFe'Fe' 4017 — mist 60mpuinx MoHOB
Ca*" n Sr*, 4eit pasmep HpeBbIIIaeT 99 M — BepXHUI Ipefiesl N30MOPPHOIT 3aMeCTUMOCTI B
KUCTIOPOJIHOV VIOHHOJ KPYUCTA/UINYECKOl peIéTke. YKasaHHbI 9P PeKT CBA3aH C pa3INIHbIM
criocob6oM pasmelnieHus f06aBoK B cTpykrype B"-nmonudeppura. YcTaHOBIEHO, YTO KPYIIHbIE
JIETUPYIOLie VOHBI pacIpefe/sIloTCs B MeXO/JIOYHOM IIPOCTPAHCTBE, @ KAaTMOHBI,
COIIOCTaBVIMbIE 10 pa3Mepy C ABYX3apsALHBIM JKelIe30M, 3aMeIAl0T ero B MINMHeTeIoT00HOM
Onoke. Pe3ynbraThl M3MepeHUs KaTMOHHO IpoBOAMMOCTM ["-momideppuToB Kaaus
TI0KA3a/IM, YTO KPYITHbIe KATVMOHBI K/IBIVIA Y CTPOHLIMA CHIDKAIOT IIO/IBVYKHOCTD IOHOB Ka/IMA.
To ectp ykasaHHBIe 0OABKM I€PCHEKTMBHBI HE TONBKO JyIA IIOBBIIICHMS MeXaHUYECKON
IIPOYHOCTY ¥ T€PMOCTAOVMIBHOCTY I'PaHy/l KaTaIM3aToOpa, HO ¥ IJI YBEIMIEHVA XVMMUIECKON
YCTOIYMBOCTY TPaHy/T KOHTaKTa. KOppo3noHHAA CTOMKOCTDb I'PaHy/I ABIAETCS KPUTUYECKIM
IapaMeTpOM, OIpee/IIoNM CPOK 9(pPeKTUBHOTO QYHKIMOHMPOBAHNS KaTaIN3aTopa.

JlaHHBIE IO 3/IEKTPOHHOJ IPOBOAMMOCTM IIO3BOJIAIOT 3aKIIOYNTh, YTO BHE[pEHUe
KaTMOHOB Mg*, Zn®" pe3sKko CHIDKaeT 3/MeKTPOHHBIN OOMeH B CTpyKType P"-momudeppura
Ka/IuA, 4YTO HeM30eXXHO JO/DKHO IPUBECTY K JIe3aKTUBAIMM KaTaaM3aTopa, B TO BpeMs Kak
monol Ca** m Sr** He CHIDKAIOT CKOPOCTb IIepeHOca 9S7IeKTPOHOB. JIcmonb3oBaHme
IpeJylaraeMoro IMOAXOfia IT03BOJIUT WHTEHCUUIVPOBATh JCCIEOBATENbCKUI IIPOIIEC,
OCHOBBIBAsICb Ha TOM (paKTe, YTO MaTepuaabl C HMU3KON 3JIEKTPOHHON HPOBOAVIMOCTBIO
OecliepcrieKTVBHBI B KadecTBe KaTalM3aTOpOB [yIA OKUCIMTEIbHO-BOCCTAHOBMTE/IbHBIX
IIPOIECCOB, K KOTOPBIM OTHOCUTCS, B YaCTHOCTH, HEeTUAPUPOBAHIE.

CMcoK MICTOYHVNKOB

1. Joseph Y., Ketteler G., Kuhrs C., Ranke W., Weiss W., Schlégl R. On the Preparation and Composition
of Potassium Promoted Iron Oxide Model Catalyst Films // Phys. Chem. Chem. Phys. 2001. Vol. 18, no. 3.
P. 4141-4153. DOL: 10.1039/B104263G.

2. Ketteler G., Ranke W., Schlogl R. Potassium-Promoted Iron Oxide Model Catalyst Films for the
Dehydrogenation of Ethylbenzene: An Example for Complex Model Systems // Journal of Catalysis. 2002.
Vol. 212, no. 1. P. 104-111. URL: https://doi.org/10.1006/jcat.2002.3785

76


https://doi.org/10.1006/jcat.2002.3785

OT XHMHM K TEXHONOTHM TOM 5, BINYCK 2, 2024

10.

11.

12.

13.

JBopenxmit H.B., Anukanosa JI.I., Manbimesa 3.I. Tumbl aKTMBHBIX IIEHTPOB Ha IIOBEPXHOCTU
IIPOMOTMPOBAHHOTO KeTIe300KCUIHOTO KaTanusaropa // V3e. sy306. Xumus u xum. mexnonozus. 2018. T. 61,
Ne 6. C. 61-68. URL: http://dx.doi.org/10.6060/tcct.20186106.5658

Kotarba A., Kruk I., Sojka Z. Energetics of Potassium Loss from Styrene Catalyst Model Components:
Reassignment of K Storage and Release Phases // Journal of Catalysis. 2002. Vol. 211, no. 1. P. 265-272.
URL: https://doi.org/10.1006/jcat.2002.3725

Anuxkanosa JL.I., [IBopenxnuit H.B. CTabunusanus 1iel04HbIX IPOMOTOPOB B CTPYKTYPe XKee300KCUIHBIX
KaTanmusaTopoB peruppuposanusa // Kamanus 6 npomviwinennocmu. 2016. T. 16, Ne 1. C. 29-36.
URL: http://dx.doi.org/10.18412/1816-0387-2016-1-29-36

Kotarba A., Rozek W., Serafin I., Sojka Z. Reverse Effect of Doping on Stability of Principal Components of
Styrene Catalyst: KFeO, and K,FenOss // Journal of Catalysis. 2007. Vol. 247, no. 2. P. 238-244.
URL: https://doi.org/10.1016/j.jcat.2007.02.009

Meima G.R., Menon P.G. Catalyst Deactivation Phenomena in Styrene Production // Applied Catalysis A:
General. 2001. Vol. 212. P. 239-245. URL: https://ru.scribd.com/document/342010350/Catalyst-Deactivation-
Phenomena-in-Styrene

Annkanosa JL.T., IBopenkuit H.B. Pactipefienienne 111e/104HBIX IPOMOTOPOB B CTPYKTYpe »Ke/1e300KCUTHOTO
Karanmsatopa perupgpupoBanusa // Kamanus 6 npomvuunennocmu. 2012, Ne 4. C. 18-23.
URL: https://www.catalysis-kalvis.ru/jour/article/view/48/45

Abe K., Ohshima M., Kurokawa H., Miura H. Effect of addition of Ce to Fe-K mixed oxide catalyst in
dehydrogenation of ethylbenzene // Journal of the Japan Petroleum Institute. 2010. Vol. 53, no. 2. P. 89-94.
DOI: 10.1627/jpi.53.89.

Abe K., Kano Yu., Ohshima M., Kurokawa H., Miura H. Effect of adding Mo to Fe-Ce-K mixed oxide catalyst
on ethylbenzene dehydrogenation // Journal of the Japan Petroleum Institute. 2011. Vol. 54, no. 5. P. 338-343.
DOI: 10.1627/jpi.54.338.

Nariki S., Ito S., Uchinokura K., Yoneda N. Formation of -, f"-and B"’-Alumina Type Ferrites in
Rb,0-Fe,0; and Cs,O-Fe,05 Systems and Ionic Conduction of B- and B~ Phases // Journal of the Ceramic
Society of Japan. 1988. Vol. 96, no. 1110. P. 186-192. URL: https://doi.org/10.2109/jcersj.96.186

Anuxkanosa JL.I., IBopeuxuit H.B. Biusnue 106aBOK AByX3apsJHBIX MOHOB Ha aKTMBHOCTD VI XUMMUYECKYIO
YCTOIYMBOCTD KaTaTUTHYECK) aKTUBHBIX peppuTos Kanus // Kamanus é npomviunennocmu. 2020. T. 20, Ne 1.
C. 33-39. URL: https://doi.org/10.18412/1816-0387-2020-1-33-39

Byraenko JI.T., Pa6pix C.M., DByraenko A.JI. Ilouytu monmHas cucreMa CpefHUX MOHHBIX
KpUCTaIorpaguuecknx pagnycoB M eé MCIONb30BaHME /I OIpefe/eHNs IIOTeHIVanoB MOHusarum //
Becmuux  mock.  yn-ma.  Cep. 2. Xumus. ~ 2008. T. 49, N 6. C. 363-384.
URL: https://cyberleninka.ru/article/n/pochti-polnaya-sistema-srednih-ionnyh-kristallograficheskih-
radiusov-i-ee-ispolzovanie-dlya-opredeleniya-potentsialov-ionizatsii/viewer

14. IBopenkas A.H, Anmukanosa JLI., Cyasunosckaa T.H., Mamsmmesa 3.T., [dBopenxmit H.B.

®opmupoBanue KepaMUYeCKO! CTPYKTYpbl IIPOMOTMPOBaHHOIO >KENe300KCUAHOTo KaTammsaropa // Om
Xumuu K mexonoeuu wiaz 3a wiazom. 2023. T. 4, Ne 3. C. 8-16. URL: https://doi.org/10.52957/2782-1900-2024-
4-3-8-16

ITocmynuna e pedaxyuio 13.05.2024

Ooobpena nocne peyensuposarus 21.05.2024
IIpunama x onybnuxosanuio 22.05.2024

77


http://dx.doi.org/10.6060/tcct.20186106.5658
https://doi.org/10.1006/jcat.2002.3725
http://dx.doi.org/10.18412/1816-0387-2016-1-29-36
https://doi.org/10.1016/j.jcat.2007.02.009
https://ru.scribd.com/document/342010350/Catalyst-Deactivation-Phenomena-in-Styrene
https://ru.scribd.com/document/342010350/Catalyst-Deactivation-Phenomena-in-Styrene
https://www.catalysis-kalvis.ru/jour/article/view/48/45
https://doi.org/10.2109/jcersj.96.186
https://doi.org/10.18412/1816-0387-2020-1-33-39
https://cyberleninka.ru/article/n/pochti-polnaya-sistema-srednih-ionnyh-kristallograficheskih-radiusov-i-ee-ispolzovanie-dlya-opredeleniya-potentsialov-ionizatsii/viewer
https://cyberleninka.ru/article/n/pochti-polnaya-sistema-srednih-ionnyh-kristallograficheskih-radiusov-i-ee-ispolzovanie-dlya-opredeleniya-potentsialov-ionizatsii/viewer
https://doi.org/10.52957/2782-1900-2024-4-3-8-16
https://doi.org/10.52957/2782-1900-2024-4-3-8-16
http://chemintech.ru/index.php/tor/2023-4-3
http://chemintech.ru/index.php/tor/2023-4-3

OT XHMHM K TEXHONOTHM TOM 5, BINYCK 2, 2024

Hayunas cmamos
VIIK 547-327:543.42
DOI: 10.52957/2782-1900-2024-5-2-77-81

CUHTE3 1 AHAJIN3
(2Z)-4-(4-METWJIAHWINHO)-4-OKCOBYT-2-EHOBON KVMCJIOTHI

10. P. Ocudosa, O. C. T'opsaueBa

IOmna Pycnanosna FOcudosa, crynent; Onbra CepreesHa ['opssueBa, KaH/I. XUM. HayK, JOLIEHT
SpocmaBcknii rocymapCTBEHHbBIN TEXHUYECKIIT YHUBEPCUTET, Spocnasnb, Poccus,
yuyusifova@yandex.ru; goryachevaos@ystu.ru

Kniouesvie cnosa: Annomayusa. Ousuueckumu memooamu aHAnU3a UOeHMuGULUPosana
N-MONYUOUH, MATIEUHOBDLTL CMPYKMypa CUHME3UPOBAHHO20 MOHOAMUOA MANEUHOB0TI KUCTIOMbL.
aneuopuo, (2z)-4-(memunanununo)-  OnpedeneHa PacmMeoPuMocmo MOHOAMUOA MATEUHOBOT KUCTOMDbL 6
4-oxcobym-2-enosas Kucnoma, Op2aHUYECKUX — PACMEOPUMEnix,  0071a0aiouux  PasmudHbIMU
VK- u AIMP'H-cnexmpockonus, c60licmeamuy U 3HAMEHUAMU OUSNIEKMPUHEcKol NPOHUUAEMOCU.
nomenyuoMempu1ecxkoe Boibpano coomnouieHue pacmeopumeneti, Komopoe HO3607AeN
mumposarue, memponoeueckue ocywjecmeumy  AHAAU3 ¢ HAUAYHWUMU — MemPONo2UHecKumu
Xapakmepucmuxu xapaxmepucmuxamu. — IloOomeepudeHo, umo  peakyusi — mexcoy

n-MONYUOUHOM U  MAJIeUHOBbIM  aHeudpudom ¢  00pasosaruem
(22)-4-(memunanununo)-4-okcobym-2-eH0601 KUCIOMbL npomexaem c
BbICOKUM BbIXO0OM, MACCOB0LL 007Iell 0CH08H020 Beulecmaa 94,23+0,69 %.

T nuTHpOBaHMA:

KOcudosa 0.P., TopsueBa O.C. CuHres u aHamu3 (22z)-4-(4-MeTWIAHWINHO)-4-0KCOOYT-2-eHOBOII
Kucnorel // Om  xumuu K« mexHomozuu wiaz 3a wazom. 2024. T. 5, sem. 2. C. 77-81
URL: https://chemintech.ru/ru/nauka/issue/5176/view

BBengenue

ApoMatnueckue HOMNKapOOHOBbIE KMCTIOTbI c TOIIOTHUTE/TbHBIMU
KUCTIOpOficofiepKayMy  QYHKIVOHATbHBIMY  TpyNIaMy B MOJIEKy/le OTHOCATCA K
BOXHENIIEMY  K/IAacCy  XMMUYECKMX  COe[IIHEHWI, HEeOOXOAMMBIX I  PasBUTUSI
dapmMareBTIYeCcKOoll, NUIEeBOIl, TOJIMMEPHOIL ¥ APYTUX OTpAc/Iell IPOMBIIIEHHOCTY B HAIIeN
CTpaHe.

CoepyHeHNs, TOTy4eHHbIe Ha OCHOBE MOHOAMNIa MaJIeMHOBON KJCIIOTBI, CIIOCOOHBI
CHIDKATD JeViCTBUE epMeHTa MOHOIIMIIePYU/INITA3bl, KOTOPbIN 3aHMMAeT Ba)KHOE MECTO BO
MHOIMX (QU3Monornmdeckux mporeccax [1]. /I3 MoHOaMmaa MajeMHOBON KUC/IOTBI MOXXHO
HOTYYUTh OEH3MIXMHOIKAPOOHOBYIO KVCIOTY, OJIOKMPYIOLIYIO KJIETKV, KOTOPbIe ITOPaXKaroT
LEHTPa/IbHYI0 HEPBHYIO CUCTEMY 4Ye/lOBeKa. VI3BeCTHO, 4YTO NIPOM3BOJHBIE MOHOAMM[A
MaJIeTHOBOJ KIUCIOTBI MOTYT JCIIO/Ib30BAaTbCS /I NPOM3BOJCTBA AKTMBHONM CyOCTaHIIMU
IpOTUBOOIyX0/MeBoro  mpemapata  «Kapbommarun».  IlpomsBopHble  GeH30TMasWHa,

© 10. P. FOcudosa, O. C. Topsgesa, 2024
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HO/Ty4eHHble Ha OCHOBE MOHOAMI/ia, IPUMEHSIOTC B KaueCcTBe JIEKAPCTBEHHBIX IIPerapaToB
JUIS JIe4eHUs caxapHOTo iuabeTa 1 oxxupeHns (2, 3].

MoHoamuy; MajeMHOBOJM KMC/IOTBI TAaK)Xe IIPefCTAB/IseT MHTepeC KaK OCHOBA [y
HO/Ty4eHVs] HOBBIX FeTePOLMKINYECKUX COeNVHEHNII, KOTOpble BMeCTe ¢ MaJIeVHUMUJaMU
VICIIO/IB3YIOTCSL B ITIO/IMMEPHOJ IPOMBIIUIEHHOCTY cTpaHbl [4]. [lomumepsl Ha MX OCHOBe
00/1a[JaloT XOpOIlell XeMO- ¥ TEePMOCTOMKOCTbIO, MPOYHOCTbI0. OHU MCIONB3YIOTCHA IS
IIPOM3BOJICTBA PE3VHOTEXHNYECKUX M3Je/NNil, KOMIO3VIIVIOHHBIX MaTepManoB ¥ 3alUTHON
omexppbl. B HacTos1ee BpeMs nx IpousBoAcTBO B Poccuiickoit @efepanym OTCyTCTBYeT, ChIpbe
nocrynaet 3 Kurag u Viugun, panee us 'epmanumn.

B nmureparype ommcaHbl pasnumyHble CIIOCOOBI CMHTe3a (2Z)-4-(4-MeTWIaHWINHO)-4-
OKCOOYT-2-eHOBOJI KUCTIOTHI [5, 6], OfHAKO JAHHbIE 110 KOMYECTBEHHOMY aHa/IU3y 1LIe/IeBOTO
COEIVMHEeHMsI OTCYTCTBYIOT, YTO TPeOyeT JOIIOTHUTEIbHBIX VICC/IETOBaHMIA.

OcHOBHasA 4acTh

(2Z)-4-(4-MeTtunaHmnmHo)-4-0KcoOyT-2-eHOBast KMCIOTa Ob/Ia IOIy4eHa B pe3y/IbTaTe
B3aMMOJIEVICTBYA H-TOMYN/IVIHA Y MaIeMHOBOTO aHTH/PHJIa II0 METO/MKe, OIVICAHHOII B paboTe [5].

OH

O
J
HscONHz + DO AOR H3CON: /

\

o] )

i upeHTMUKALVMM TOTYyYEHHBIX COENVMHEHMII OBbIIM MCIIO/Ib30BAHBl OOBIYHBIE
¢dusnueckne meropbl aHammsa: VIK u SIMP'H-cnekTpockonus, ompefesieHre TeMIIepaTypsl
IUIaB/ICHA.

Y monydeHHBIX 00pasioB ObIa OIpefe/eHa TeMIIepaTypa IUIaB/IeHMS Ha Ipubope
«Electrothermal IA» 9300 Series, nurepBan cocrasser ot 188 o 192 °C.

VK-criexkTpbl cHuMamu ¢ ucnonb3oBaHumeMm npubopa «FT-IR  Spectrometer»
(«SPECTRUM-TWO») ¢upmbr  «Perkin  Elmer» MeTomoM HapyLIeHHOTo IIOTHOTO
BHYTpeHHero oTpakeHus B obmactu ot 4000 no 400 cm™ [7]. VIK cmektp, v, cm™: 3285 (NH);
1696, 1632, 1529 (C=0); 1505 (Ar-H); 970 (tpanc-CH=CH); 811 (1,4-3ame1enne).

Cnextper IMP'H 3anuceiBanu Ha «Bruker MSL-300» ¢ paboueit yacroroit 300 M.
Hanusle AMP'H: 1H (6, m.1.; |, T): 6.24 (1H, n, ] = 12.2), 6.92 (1H, &, ] = 12.1), 7.45 (2H, &,
J=7.7), 10.25 (1H, ¢), 13.31 (1H, ¢).

ITpoBeneHHbIe MCCTIETOBAHNA TO3BOIAIOT UAEHTU(DUIMPOBATD TOTyYeHHOE COeITHEHEe
Kak (2Z)-4-(4-MeTnnIaHMINHO)-4-0KCOOYT-2-€HOBYIO KMUCIIOTY M IIOJTHOCTBIO COITIACYIOTCS C
pesynbpratamu pabotsl [8]. Teopermuyeckmit BBIXOJ, IPOAYKTa IIO pe3y/IbTaTaM pPacyeToB
coctaBu oT 93 mo 97%.

OcHOBOIT 151 pa3pabOTKM HOBOJ METOJVIKY KOMMYECTBEHHOTO OIIpeie/IeHNsl SABIIACTCS
PaccMOTpeHIe peaKIIOHHO-aHAINTIYECKIX IIEeHTPOB B MojIeKyIie (27)-4-(4-MeTUIaHUINHO)-
4-0KCcOoOyT-2-eHOBOII KUCIOTHI [9]:

1) onpepenenue pagukana —Ph-CHs;

2) onpepnenenne C-N — cBs3m;
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3) onpenenenue kap6ouuabHOI rpynmnsl (C=0);

4) onpepenenue conpspKkeHHO cBsasu C=C;

5) onpepenenne ~-NH-, kak rpyIma, Hecylas Hello/ie/IeHHYIO 9/IEKTPOHHYIO I1apy;

6) onpenenenye kapookcwnpHoi rpymnsl (COOH).

VI3 nuTepaTypHBIX MAaHHBIX HaM M3BECTHO, 4YTO KOHCTaHTa IMCCOLMAIVIN
(2Z)-4-(4-MeTmnaHUINHO)-4-0KCOOYT-2-eHOBO KUCIOTH paBHa 2,81+0,25. CregoBaTenpHO,
IS KOJIMYECTBEHHOIO XMMMYECKOTO aHa/lIM3a MOXKHO MCIIO/Ib30BaTh KMUCIOTHO-OCHOBHOE
TUTPOBAHUE.

(2Z)-4-(4-MeTMnaHMINHO)-4-0KCOOYT-2-eHOBasi KUCIOTa He pacTBOPsieTCs B BOJE.
[TosTomy MBI IIpOBe/IM HEOOXOAVMOE MCCIef0OBaHNe, Pe3yIbTaTbl KOTOPOTO IPe/iCTaB/IeHbI B
tabmuie 1.

Ta6muua 1. ViccnenoBanue pacTBopuMocTy (27)-4-(4-MeTHUIaHWINHO)-4-0KCOOYT-2-eHOBOI KIMCTIOTHI

JvaneKTpudecKas IpOHNUIIAEMOCTh
PacrBopurens CremneHb pacTBOPMMOCTI
npu 25 °C

Bopa puctunnmuposansas He pactBOopumo 78,5
AneToH PacrBopumo 20,9
MsonponunoBbii coupT PacrBopumo 18,3
Tpuatunamun YMepeHHO pacTBOpUMO 2,4
1,4-nnokcan YMepeHHO pacTBOPUMO 2,2
Xnopodopm YMepeHHO pacTBOPUMO 4,8
N,N-zgumerundopmamuz YMepeHHO pacTBOpUMO 36,7

Ha ocHOBaHUM IOTy4€HHBIX NAHHBIX JI TUTPOBaHUA IpeAIo/araeTcs MCIo/NIb30BaTh
aIleTOH VI M30IPONMIOBbI cniuptT. OHM 062 OTHOCATCS K aM(PUIIPOTHBIM PaCTBOPUTEISIM C
OMM3KMMU 3HAYEHVSIMI AVNIEKTPUIECKOI IIPOHUIIAEMOCTH U KOHCTAHTaMM aBTOIpoTonm3a [11].

[Ipy TUTpOBaHMM WCIONb30BAIM CTAHAAPTHYIO Napy A KUCIOTHO-OCHOBHOTO
TUTPOBAHMS: CTEK/ITHHBI M XIOpCepeOpSIHBIN 3/MeKTpOfibl. B KauecTBe paboyero pactsopa
BBIOpaH CIIMPTOBOJ pacTBOP TMAPOKCUAA Kamus. VccmenoBaHue BIVSHUA PacTBOPUTENS Ha
JlOBEpUTE/IbHbIE TPAHULIBI MHTEpPBala WU3MEpPEeHMII IPOBOAWIM IIyTeM BapbUpOBaHUA
COOTHOIIIEHNsI BBIOPAHHBIX PaHee PaCTBOPUTEIIEN.

MaremaTudeckyro o6pabOTKy pe3y/IbTaTOB MU3MEPEHMUIT OCYIIeCTB/IS/IN B COOTBETCTBUY C
I'OCT P 8.736-2011 [12]. Cepus TUTpPOBAaHUII COCTOS/Ia M3 ILIECTVM OIBITOB. Pe3ynbTaTsl

IIpefICTaBJIeHbI B TabmIIe 2.

Ta6muna 2. BnusHue pacTBOpuTeNsl Ha [JOBEPUTE/NbHbIE I'DAaHMIIBI MHTEpBajga M3MEPEHNMs] MaCCOBOW [OJM
(2Z)-4-(4-meTnnaHMINHO)-4-0KCOOYT-2-€HOBOI KIC/IOTHI

Pactsopurenn Mac. gons KUcnoTsl, %

Aneron 95,67+5,02
Msonponunosslit ciupT 84,78+2,29
M3omponunoBslit ciupT:aLeToH = 1:4 96,17+3,57
M3onmponunoBslit cupT:aleToH = 4:1 92,86+1,97
VsonmponunoBblit CHUPT:aLeToH = 3:4 92,09+3,60
M3onmponunosslit ciMpT:aleToH = 4:3 94,23+0,69
M3onmponunosslit cCiMpT:aleToH = 1:2 95,45+1,58
MsonponnnoBelil ciupT:aLeToH = 2:1 89,47+3,42
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Kak BuIHO 13 IpeJicTaB/IeHHBIX JaHHBIX, HAYIMEHBIINI MHTEPBaJl JOBEPUTE/IbHBIX IPaHNL]
Pe3y/IbTaToOB OIpefe/ieHNsi MaccoBoi momu (2Z)-4-(4-MeTUIaHWINHO)-4-0KCOOYT-2-eHOBOM
KUCTOTBl HaO/IofjaeM y CMeC pacTBOpUTesIel, M3ONpPONMIOBBI CIMPT M aleTOH B
cooTHomeHnN 4:3. TV JaHHbIe IOATBEP)KAIOT TEOPETHUYeCKe pacdyeThl BBIXO/ja IIPOMYKTA.
[lns cpaBHeHMs, B paHHee YKasaHHOU paboTe [5] mpu TUTpOBaHMM VICIIONIb30BAIN
pacTBOpUTENM B COOTHOIIEHMM 1:1, IpM 3TOM MaccoBasi HOJA KUCIOTBI COCTaBM/IA TOIBKO
91,0%, 4TO TOBOPUT O 3aHIVDKEHHBIX IOKasaTenAX. ONTUMATbHBIM I TUTPOBAHNUA ABJIACTCA
cooTHOIIeHMe 4:3, TpU KOTOPOM MaccoBas [OJs KUCTOTBI O/nuM3Kka K TeopeTHdYecKyu
PaccUNTaHHOMY 3HAUEHNIO, A IOBEPUTE/IbHbIe TPAHNUIIBI MHTEPBa/Ia I3BMEPEeHNUIT MMEIOT CaMblil
y3Kuii fuana3oH. Takum, 06pasoM, TOYHOCTb KOJIMYECTBEHHOTO aHa/IN3a TOBBIIIAETCA.

YToOBl  9KCIEPUMEHTA/IBHO  ONpeNe/INTb, Kakoe MMHUMAaJbHOE  KOINYECTBO
JICCTIENYeMOTO  COE[MHEHNUsI MOXKHO OOHApyXXUTb HEBOJHBIM ITOTEHLMOMETPUYECKUM
TUTPOBaHMeM, ObIIa MCC/IeJOBAaHA Cepysi TOYHBIX HABECOK, KaK B CTOPOHY YBe/IMYEeHMsI MaCCHI,
TaK ¥ B CTOPOHY YMeHbIlIeHNs. B kadecTBe pacTBOpuTeNs Obl/Ia B3sITa yKasaHHAsI BBIIIE CMeCh
pacTBopuTesieil. Pe3ynbTaThl IIPOBEJIEHHOTO WCCIENOBaHUA IpENCTaBlIeHbl Ha puc. 1.
ITpenen obHapyxeHus (27)-4-(4-MeTUIaHWINHO)-4-0KCOOYT-2-eHOBOJ KVUCTOTBI COCTaBIIsIET
0,002 monb/mm3.
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Puc. 1. 3aBMCMMOCTD OTHOCUTENBHOTO CTAHLAPTHOTO OTKIOHEHMA OT YPOBHS ONIpefensIeMol KOHLIEHTPaIin

BriBoabl

ITo pe3ynbTaTam MCCIeIOBaHMA PacTBOPMMOCTH CUHTE3VPOBAaHHO
(22)-4-(MeTMIaHUNINHO)-4-0KCOOYT-2-€HOBOJI ~ KMC/IOTBI B PaslIM4YHBIX ~ OPTaHMYECKMX
PacTBOPUTEISX OIpefie/IeHO ONTUMANIbHOE I TUTPOBAHNSA COOTHOIIEHVE M30IPOIINIOBOTO
cnupra K anetony 4:3. Maccosas nons (2z)-4-(MeTUIaHIINHO)-4-0KCOOYT-2-eHOBOI KMUCIOTHI
cocraBnseT (94,23+0,69)%. JlaHHBIe IOATBEP)KAAOT TEOPETUMYECKMe pacdyeThl BbBIXOfjA
npoaykTa. Ilpemen oOHapyxeHus o6beKTa WUCCIEOBAaHMA IPY BBIOPAHHBIX YCIOBMAX
cocrasiset 0,002 monb/om3.
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Introduction

Aerobic liquid-phase oxidation of alkylaromatic hydrocarbons is a key stage of "Cumene"
technology for the production of phenol and its alkyl derivatives with various ketones [1, 2]:
"Halcon-process” for the joint synthesis of propylene oxide and styrene [3, 4], oxidative
transformations of cyclohexane into valuable products [5, 6], and a number of other processes
for the production of multi-purpose oxygen-containing organic compounds.

The oxidation of aromatic hydrocarbons to the corresponding hydroperoxides or acids
in industry is conducted under the presence of metal salts of variable valence such as cobalt,
manganese, copper, nickel, etc. [7]. The main disadvantage of these catalytic systems using is
their low efficiency. It associated primarily with a slight increase in the process rate compared
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to oxidation, when the initiators of the reaction are hydroperoxides or other additives,
such as azobisisobutyronitrile (AIBN). Moreover, the use of metal salts in large amounts tends
to cause premature decomposition of the target reaction products. It reduces the selectivity of
the process [8].

To eliminate these disadvantages, scientists [9-11] proposed the use of the currently
promising technology of organic catalysis. In recent years, N-hydroxyphthalimide (NHPI) has
attracted much attention because of its nontoxicity, ease of preparation by phthalic anhydride
and hydroxylamine, and high activity towards various types of organic substrates [12, 13].
Therefore, the use of this compound as a catalyst allows ones to increase the conversion of oxidised
hydrocarbon by 2-3 times with selectivity of its hydroperoxide formation over 90% [2, 14].

Intensification of the process becomes possible due to the involvement of
N-hydroxyphthalimide in the chain of free-radical transformations of the initial hydrocarbon.
As a result of H atom detachment, the O-H bond in the NHPI molecule is cleaved to form
N-oxyphthalimide radical (PINO). It exhibits electrophilic character and can again transform
into the NHPI molecule, forming a hydrocarbon radical. When interacting with molecular
oxygen, generates a hydroperoxide radical that initiates a chain reaction and completes the
process of hydrocarbons catalytic oxidation (Fig. 1).
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Fig. 1. Scheme of aromatic hydrocarbons catalytic oxidation in the presence of N-hydroxyphthalimide

However, the obstacle restraining its application in these processes is the limited solubility
of NHPI in hydrocarbons, despite the high efficiency of N-hydroxyphthalimide in the oxidation
reaction of alkylaromatic hydrocarbons. Therefore, scientists have been synthesising derivatives
of N-hydroxyphthalimide with greater solubility.

The present paper considers the prospects of using N-hydroxyphthalimide and its
derivatives in aerobic liquid-phase oxidation of alkylaromatic hydrocarbons to their
hydroperoxides. According to available information in the scientific and technical literature [2, 15],
these compounds have a certain efficiency with respect to oxidative transformations of
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hydrocarbons. Determination of their catalytic activity and feasibility of their use in the studied
processes was conducted using quantum-chemical calculations.

Main body

The starting substances used in this work were: isopropylbenzene (cumene) by Alfa Aesar;
4-isopropyl-o-xylene, purity not less than 99% according to gas-liquid chromatography,
obtained according to the method [15]; p-tret-butylcumene, purity not less than 99%, obtained
according to the method [16]; sec-butylbenzene, content of the main substance 99.3% [17], and
N-hydroxyphthalimide [18] and its derivatives synthesised at the Yaroslavl State Technical
University, Yaroslavl, Russia.

According to the method [19], we conducted the aerobic liquid-phase oxidation of
hydrocarbons in a flow-closed-type unit in a glass reactor with a volume of 10 cm’ at
atmospheric pressure (Fig. 2). We put the calculated amount of hydrocarbon and catalyst into
the reactor at a given temperature, supplied oxygen and conducted the process under
continuous stirring. The advantages of such an installation are the use of small amounts of
initial hydrocarbon, the implementation of the process in kinetic mode, the ability to measure
the amount of oxygen absorbed during the reaction. We analysed the oxidate at the end of the
reaction by iodometric titration [20] for its tertiary hydroperoxide content of the corresponding
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Fig. 2. Schematic diagram of the unit for liquid-phase aerobic oxidation of alkylaromatic hydrocarbons:
1 - measuring cylinder; 2, 12, 15 - taps; 3, 10 - gas burettes; 4 - connecting hose; 5 - reactor holder; 6 - reactor;
7 - electric motor pulley; 8 - connecting rod; 9 - reflux condenser; 11 - chlorocalcium tube; 13 - three-way tap;

14 - pressure vial

84



FROM CHEMISTRY TOWARDS TECHNOLOGY 113151134 VOL. 5, ISSUE 2, 2024

However, to determine the catalytic efficiency of N-hydroxyphthalimide and some of its
derivatives (N,N-dihydroxypyromellitimide, N-hydroxyphthalonimide, etc.) in hydrocarbon
oxidation processes, researchers have proposed the calculation of Gibbs free energy, enthalpy
of reactants, transition states and reaction products [21, 22], as well as the strength of the NO-
H bond in the NHPI molecule [23]. Moreover, the activity of the catalyst decreases with
increasing NO-H bond strength. As an alternative, the present study proposes a method for
evaluating the catalytic activity of phthalimide compounds by calculating the energy of singly
occupied molecular orbitals (SOMO). We conducted quantum-chemical calculations using the
MOPAC 2016 software package [24]. We optimised the geometry of molecules and their
radicals using the quantum chemical method PM7 (semi-empirical unconstrained Hartree-
Fock method).

Initially, the proposed method of quantum-chemical calculation of the catalytic activity
of N-hydroxyphthalimide and its derivatives was applied to study the oxidative capacity of
cumene, 4-isopropyl-o-xylene, and p-tret-butylcumene. The following experimental data were
obtained as a result of studying some technological parameters on the mentioned hydrocarbons
oxidation process (Table 1).

Table 1. Study results of isopropylbenzene, 4-isopropyl-o-xylene, and p-tret-butylcumene regularities of the
oxidation process in the presence of N-hydroxyphthalimide and its derivatives. Temperature is 120 °C. Catalyst
content is 2% wt. of hydrocarbon charge

Hydrocarbon . . The HP content
. Catalyst Time, min ) .
and its structure in the reaction products, % wt.

Isopropylbenzene NHPI 150 479

H,C_ _CH,
4-methyl-NHPI 120 48.6
4-chloro-NHPI 120 20.4

4-Isopropyl-o-xylene

Propy-omy NHPI 14.9

H,C_ _CH,
4-methyl-NHPI 90 21.7

CH,
4-chloro-NHPI 11.0
CH,
-tret-Butyl

p-tret-Butylcumene NHPI 75 319

H,C__ _CH,
4-methyl-NHPI 30 35.1

H,C CH,
4-chloro-NHPI 40 14.0

CH,
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By Table 1, N-hydroxyphthalimide and 4-methyl-N-hydroxyphthalimide are the most
effective catalysts for aerobic oxidation of the studied hydrocarbons; it allows us to intensify
this process significantly. In order to substantiate the obtained results for each of the studied
hydrocarbons and phthalimide catalysts, by the quantum-chemical method PM7 we calculated
the value of AEsomo, corresponding to the difference between the energies of the once occupied
molecular orbital of the substrate radical (Esomo (R®)) and the catalyst radical (Esomo (r*)).

Table 2. Values of AEsomo depending on the structure of phthalimide catalyst and hydrocarbon
AEsomo, €V
Isopropylbenzene 4-Isopropyl-o-xylene p-tret-Butylcumene

Catalyst and its structure

NHPI
0O

/

N—OH 1.45 1.90 2.30

4-methyl-NHPI
0]

N—OH 1.37 1.83 2.00

H3C \
(0]
4-chloro-NHPI
O
//
N—OH

Cl \

0]

1.61 2.08 2.60

The studied phthalimide compounds were found to be catalytically active in the aerobic
liquid-phase oxidation of isopropylbenzene, 4-isopropyl-o-xylene, and p-tret-butylcumene,
since the calculated values of AEsomo are in the range from 0 to 4 eV [25, 26]. Moreover, the
smaller the numerical value of AEsomo, the easier is the capture of the hydrocarbon radical, and,
consequently, the more efficient is the chain initiation in the course of hydrocarbon oxidative
transformations [17].

According to Tables 1 and 2, N-hydroxyphthalimide and its derivatives containing
electron-donor substituents in the benzene ring (e.g., 4-methyl-N-hydroxyphthalimide) have
higher catalytic activity compared to compounds containing electron-acceptor substituents in
their structure (4-chloro-N-hydroxyphthalimide).

Therefore, the use of N-hydroxyphthalimide derivatives containing electron-donating
groups in the aromatic ring due to their high efficiency in the oxidation reaction was proposed
to intensify the process of sec-butylbenzene aerobic liquid-phase oxidation [17] - a key stage in
the co-production of phenol and methyl ethyl ketone. Thus, 4-methyl-N-hydroxyphthalimide,
4-phenyl-N-hydroxyphthalimide and 4-tret-butyl-N-hydroxyphthalimide were synthesised
and used as such compounds (Table 3).
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Table 3. Hydroperoxide content of reaction products and AEsomo as a function of phthalimide compound
structure for the reaction of sec-butylbenzene aerobic liquid-phase oxidation. Temperature is 140 °C, catalyst
content is 2% wt of hydrocarbon charge, reaction time is 40 min

The HP content
Catalyst in the reaction Esomo Esomo AEsomo,
Y (r*), eV (R*), eV eV
products, % wt.
NHPI 324 -9.68 1.68
4—methyl—NHPI 394 -9.61 1.61
-8.00
4-pheny1—NHPI 35.9 -9.63 1.63
4—tert—butyl-NHPI 40.1 -9.56 1.56

(6]
CHs
{ ] ® L] /
where r® = N—O", R :©—Co
\
v CH; _CH,
(@]

Hence, methyl and tert-butyl derivatives of N-hydroxyphthalimide, characterised by low
values of the SOMO energy difference, have high catalytic activity in comparison with
N-hydroxyphthalimide. This agrees well with the experimentally obtained data (Fig. 3).

45 r

40 1 R?=0.9323
35 ¢
30

25 r

HP content sec-BB. % mass

20

1.54 1,56 1,58 1.6 162 1,64 166 1,68 1,7
AEsomo, eV

Fig. 3. Correlation dependence between AEsomo and hydroperoxide content in products of sec-butylbenzene
liquid-phase aerobic oxidation in the presence of N-hydroxyphthalimide and its -electron-donor
derivatives as follows: 1 - 4-tret-butyl-N-hydroxyphthalimide, 2 - 4-methyl-N-hydroxyphthalimide,
3 - 4-phenyl-N-hydroxyphthalimide, 4 - N-hydroxyphthalimide. Temperature is 140 °C, catalyst content is 2% wt
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The different reactivity of N-hydroxyphthalimide and its derivatives is explained on the
basis of pre-reaction complexes formation between hydrocarbon molecule and
N-oxyphthalimide radical (A), as well as between hydrocarbon peroxyradical and catalyst
molecule (B):

o) e# o e #

/ HiC HaC,
N—Q- H /C@ N—OQ- H O_O7C©
HZC\ HC

\
CHy 0 CH,

A B

The electron-donating substituent contained in the aromatic core of the
N-oxyphthalimide radical increases the spin density on the oxygen atom. As a result, the
reactivity of this radical and the stability of its complex increase. At the same time, electron
acceptor substituents in the aromatic ring reduce the spin density on the oxygen atom and the
complex stability.

However, despite the high catalytic activity of N-hydroxyphthalimide derivatives
containing electron-donor substituents, the oxidation of alkylaromatic hydrocarbons to their
hydroperoxides in the presence of N-hydroxyphthalimide is preferable due to the availability of
feedstock, low cost, and relatively simple technology of its preparation.

Conclusions

The use of N-hydroxyphthalimide and its derivatives makes it possible to intensify
significantly the process of aromatic hydrocarbons aerobic oxidation. Moreover, phthalimide
catalysts containing electron-donor substituents in their structure have higher catalytic activity
compared to electron-acceptor groups. The study contains conclusions about the influence of
the structure of N-hydroxyphthalimide derivatives on the oxidation process. It is in good
agreement with the experimental data obtained. The quantum-chemical calculations of single
occupied molecular orbitals energies of the hydrocarbon radical and catalyst radical can be
applied to determine the catalytic activity of phthalimide compounds in the liquid-phase
aerobic oxidation of alkylaromatic hydrocarbons.
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Introduction

Usually 4,5-Dichlorophthalonitrile is obtained by the four-step method proposed by
D. Worle [1-5], and used in SyAr reactions with O-nucleophiles in the presence of base [6],
while reactions with N-nucleophiles are much less common. There are few examples of
4,5-dichlorophthalonitrile interaction with secondary aliphatic amines in the literature. In [7],
4-chloro-5-(dimethylamino)phthalonitrile was obtained by  interaction of
4,5-dichlorophthalonitrile with dimethylamine formed in situ from DMFA and
triethylphosphite at 160 °C for 3 hours. However, under similar experimental conditions
(without triethyl phosphite) using Na,COs, K,COs or Cs,COs, product formation with very low
yields (14 to 26%) is usually observed with a total reaction time of 24 hours. According to the
investigations, zinc phthalocyanine based on 4-chloro-5-(dimethylamino)phthalonitrile has a
high fluorescence quenching efficiency when a solution of trinitrophenol and trinitrotoluene is
added to this system. This may find potential application for explosives detection.

The synthesis of 4-chloro-5-(dihexylamino)phthalonitrile was also described previously
[8]. In this case, only one chlorine atom was substituted for the dihexylamine fragment
regardless of the choice of solvent (DMSO, THF, dimethylaminoethanol), the excess amount of
N-nucleophile (twofold, fourfold, or eightfold excess), and the deprotonating agent used
(K2COs or Na,COs).

© V. L. Baklagin, V. V. Bukhalin, K. V. Molchanova, I. G. Abramov, 2024
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The authors of [9] prepared 4-chloro-5-morpholino-phthalonitrile and the
corresponding octasubstituted phthalocyanine on the basis of 4,5-dichlorophthalonitrile and
morpholine. They had good solubility in CHCl;, CH,Cl,, THF, DMFA, DMSO and toluene,
while the Bouguer-Lambert-Bera law was observed in THF in a certain concentration range.
During the SyAr reaction, the authors used morpholine and n-butylamine as N-nucleophiles.
While the reaction with morpholine proceeded selectively with formation of the
monosubstitution product without any complications (morpholine itself acts as the base and
solvent), the reaction with the primary aliphatic amine resulted in the formation of an
inseparable mixture of 7 compounds. Indeed, the authors failed to obtain
4,5-dimorpholinophthalonitrile: neither increasing the temperature nor adding excess
morpholine did not lead to the desired result.

At the same time, the process proceeds selectively with the formation of
4-chloro-5-hexylaminophthalonitrile according to [10] in the case of n-hexylamine.

According to series of further studies [11], 4-chloro-5-morpholino-phthalonitrile can be
used in a statistical condensation reaction with other phthalonitriles to synthesise As;B-type
phthalocyanines, with the N-containing substituent in the B fragment performing an
auxochromic function. The introduction of an N-containing substituent at the periphery of the
macrocycle always results in a significant bathochromic shift of the absorption and emission
maximum.

Patent [12] describes the synthesis of promising aromatic and heteroaromatic
carboxamides containing piperidine fragment. These compounds, according to the authors, can
be used in the treatment of Parkinson's disease and other neurological diseases. One of the
reported compounds was obtained by an aromatic nucleophilic substitution reaction between
substituted piperidine and 4,5-dichlorophthalonitrile. The reaction was conducted in THEF;
triethylamine was used as a deprotonating agent, with the formation of a monosubstitution
product only. Remarkably, the remaining chlorine atom was successfully substituted using
Pd,(dba)s, the organophosphorus ligand "Xantphos" and Cs,COs to a 2-methoxynicotinamide
moiety (the yield of the palladium-catalysed reaction was only 13%). This example shows the
possibility of substituting a chlorine atom in 4-chloro-5-(R-amino)phthalonitrile, where R is
alicyclic one in nature.

The use of 4,5-dichlorophthalonitrile in the SyAr reaction with aromatic amines has not
been described in the literature before.

Information about 4-chloro-5- vegetarylamino-phthalonitriles is also absent in the
literature. However, 4,5-dichlorophthalonitrile reacts with the following compounds: imidazole
[13], 6-octyl- and 6-tret-butylpyrazole [14] (K,COs is taken as a base), carbazole and
3,6-di-tret-butylcarbazole [15], 3,6-dibromocarbazole [16] (CsF is taken as a base).

Therefore, development of methods for the synthesis of
4-chloro-5-(R-amino)phthalonitriles is an important task for obtaining new substituted
phthalonitriles with potential biological activity, as well as phthalocyanines and other
compounds containing imide, isoindoline and tetrazole fragments.
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®
Main body

The classical synthesis of 4,5-dichlorophthalonitrile according to Woéhrle [1] provides
only a satisfactory yield of the target product (49%). Therefore, we proposed a modification
allows obtaining 4,5-dichlorophthalonitrile 4 in the third stage with a total yield of 72%. At the
same time, 4,5-dichlorophthalimide 2 was obtained directly from 4,5-dichlorophthalic acid 1;
the use of ammonium chloride addition increased the yield of 4,5-dichlorophthalamide 3 in the
second stage to 78%.

O

a COOH (Nm,co, NH; Nyl ¢ CONHz oy, N
AcOH N =5 \
C
cl COOH cl 2 cl CONH, PMFA CN
1 2 0] 3 4

In this study we synthesised new 4-chloro-5-(R-amino)phthalonitriles. These compounds
can be used for the preparation of phthalocyanines, potentially possessing a number of
interesting properties from the practical viewpoint.

The aromatic nucleophilic substitution reaction between 4,5-dichlorophthalonitrile 4 and
N-containing nucleophiles 5(a-0) was conducted in DMFA for 0.5-19.5 h at 80-140 °C
(depending on the nature of 5(a-0). Both potassium carbonate and triethylamine can be used

as deprotonating agents. The choice of the base does not significantly affect the flow of the

NC Cl NC Cl
e b
NC c]  DMFA, base NC R

4 6a-o0

reaction.

The target compounds 6(a-0) were obtained with yields up to 57.5% (Table 1).

Indeed, the nature of the N-nucleophile appears to be the most important factor
influencing the process. As might be expected, in the case of aromatic amines 5(m-o0), the
reaction could be conducted only under harsh conditions at 140 °C. The higher boiling
tributylamine was used as a base; it favoured the continuous process under homogeneous
conditions. Electron-donating substituents in the aromatic ring of anilines contribute to a faster
reaction. At the same time, the introduction of electron acceptor groups, such as a halogen atom
(in the case of 50), significantly increase the reaction time.

The structure and identity of all obtained compounds were confirmed by combined
IR and NMR spectroscopy data. The structure of compounds 6(a-c, h) was also proved by mass
spectrometry.

Two singlets (8" 6.63-8.79 ppm) are located in the 'H NMR spectra of the target
compounds 6(a-o) in the weak-field band, which correspond to the aromatic C(3,6)H protons
of the phthalonitrile system. The 6(m-0) 4-chloro-5-arylamino-phthalonitriles are
characterised by a broadened singlet in the 8x range of 8.66-8.80 ppm (Fig. 1).
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Table 1. Time and conditions of the reaction of phthalonitrile production 6(a-o)

VOL. 5, ISSUE 2, 2024

No. Coupling 6 R Time, h | Temperature, °C Base Yield, %
Ph
1 a —T\/_\I—<P 15 100 EtN 57.5
\__/ h
O
2 b N\ —/<O 6 100 EtN 48
\__/ Et
3 c — 0 3 100 EtN 27
Ph
4 d N N 3 100 EtN 30
s/
5 e _,\/\:Q 3 110 K.CO; 45
Me
6 £ — 3 100 K>CO;s 38
c
7 g —OMe 3 110 K.CO; 44
8 h N b 0.5 130 EtN 40
/
9 i —O 4 90 K,CO; 42
Me
10 j —N 4.5 100 K,CO; 32
Me
Me
11 k —N 1.5 120 K,CO; 37
\_Ph
N
A
12 1 @ 19.5 80 K>CO;s 20
N7
\
H
13 m —N@—OMe 8.5 140 BwN 16.5
H
14 n —N OMe 11.5 140 BwN 36.5
H
—N Me
15 o Q 26 140 BwN 20
1
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Fig. 1. Fragment of the '"H NMR spectrum of compound 6m

Both C(1,2)CN cyanogroup signals in the 8 range of 115-116 ppm and C(4)Cl signal in
the 6C range of 131.4-131.8 ppm can be observed in the ;3C NMR spectra of 6(a-c) (Fig. 2).
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Fig. 2. Fragment of the '"H NMR spectrum of compound 6a
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Both peaks corresponding to [M + 2]+, which intensity is approximately 30% of the [M]*
peak, and peaks corresponding to [M - *Cl]*, [M - ¥Cl]* can be observed in the mass spectra of
compounds 6(a-c). This, in combination with NMR spectroscopy data, unambiguously
indicates the presence of one chlorine atom in these compounds (Fig. 3).
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Fig. 3. Mass spectrum of compound 6¢

The reaction was monitored by thin layer chromatography on Silufol 254 UV plates.
4,5-Dichlorophthalic acid 1, amines 5(a-0), DMFA, K,COs, Et:N, Bu:N, POCL, AcOH,
(NH4),COs, 25% aqueous NH; solution, NH4Cl are commercially available reagents.
We recorded IR spectra in reflected light on a Spectrum Two PerkinElmer FT-IR spectrometer
at 700-4000 cm™'. We recorded the NMR spectra on a "Bruker DRX-400" (IOCh RAS, Moscow)
for DMSO-dg solutions at 30 °C. As reference for the chemical shifts we used the signals of the
residual solvent protons in "H NMR (sH = 2.50 ppm) and *C NMR (8¢ = 39.5 ppm). We used
tetramethylsilane signal as a marker. Mass spectra were recorded on a Shimadzu Biotech
AXIMA Confidence (Ivanovo State Chemical University, Ivanovo). Elemental analysis was
conducted in the analytical laboratory of INEOS RAS, Moscow, on a PerkinElmer 2400.
We determined the melting temperature using a Biichi M-560 melting point and boiling point
apparatus.

4,5-dichlorophthalimide (2). We assembled a distillation apparatus. We poured 135 g
(1.4 mol) of ammonium carbonate into a 500 cm? flask, then we added 300 cm?® of acetic acid,
after which we added 150 g (0.64 mol) of 4,5-dichlorophthalic acid 1. We heated the reaction
mixture on a sand bath to boiling point and distilled off 250 cm? of acetic acid. Then we poured
the remaining reaction mixture into 200 cm® of water. We filtered the precipitate formed,
washed with water, dried in air at room temperature. Yield is 130g (94%). IR spectrum, v/cm™:
3224 (NH), 1711 (C=0), 1533 (NH). NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 8.05 (s, 2 H,
C(4,7)H).
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4,5-dichlorophthalamide (3). We loaded 725 cm’ of 25% aqueous ammonia solution and
41 g (0.77 mol) of ammonium chloride followed by 123 g (0.57 mol) of 4,5-dichlorophthalimide
2 into a 2000 cm?® flask provided with a magnetic stirrer and air cooler. The reaction was
conducted for 2 h at 30 °C. When the reaction was finished, we cooled the flask with the formed
precipitate 3 down to 5 °C. The precipitate was filtered off, washed with water, dried in air at
room temperature. Yield is 106,2 g (78%). IR spectrum, v/cm™: 1688 (C = O), 1651 (NH,), 1120
(Car—Cl). NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 7.88 (s, 2 H, NH), 7.70 (s, 2 H, C(3,6)H),
7.50 (s, 2 H, NH).

4,5-dichlorophthalonitrile  (4). We loaded 1062 g (046 mol) of
4,5-dichlorophthalamide 3 and 685 cm?® of DMFA into a 1000 cm® flask fitted with a magnetic
stirrer. Then we slowly added 85.6 cm?® (0.92 mol) of POCI; while stirring the reaction mass
vigorously. We cooled the flask with the reaction mixture on a water bath without allowing the
reaction mixture to be heated above 35 °C. We cooled the reaction mixture to 5 °C and filtered
it. We poured the filtrate into 2800 cm’ of water. We filtered off the white precipitate and
washed it with water. Yield is 87,9 g (98%), T. melt. = 184-186 °C. IR spectrum, v/cm™:
3085 (Car—H), 2238 (CN), 1052 (Ca~Cl). NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 8.60
(s,2H, C(3,6)H).

4-Chloro-5-(R-amino)phthalonitriles 6(a-0) (general methodology). We loaded
5 mmol of 4, 6 mmol of 5(a-0) and 10 cm’ of DMFA into a flask equipped with a stirrer, a reflux
condenser and a thermometer. After dissolution of the reagents under vigorous stirring, we
added fine anhydrous K;COs; (10 mmol) or triethylamine (20 mmol) or tributylamine
(20 mmol) to the reaction mixture. We conducted the reaction at 80-140 °C for 0.5-19.5 h
depending on the nature of 5(a-0) (the reaction progress was monitored by TLC). When the
reaction was complete, we cooled the contents of the flask to room temperature and poured it
into 60 cm® of cold water. We filtered the precipitate 6(a-0), washed with excess water, then
with isopropanol (twice 5 cm? each). We dried the precipitate at 60 °C. We obtained the target
products 6(a-0) in 16.5-57.5 % yield after recrystallisation from a suitable solvent.

4-Chloro-5-(4-benzhydrylpiperazin-1-yl)phthalonitrile (6a). Yield is 1.19 g (57.5%),
Tmelt. = 201-203 °C. IR spectrum, v/cm™: 3065 (Ca—H), 2811 (CH), 2236 (CN).
Mass-spectrum, m/z (L, %): 413.48 (33) [M + 2]*, 411.47 (100) [M ], 376.47 (34) [M - *Cl].
NMR spectrum 'H (500 MHz, §, ppm, J/Hz): 2.47 (t, 4 H, C(3’,5)H, ] = 4.6), 3.22 (t, 4 H,
C(2,6)H, ] = 4.6), 4.38 (s, 1 H, Ph,CH), 7.21 (t. d, 2 H, CHp, ] = 7.4, 1.4), 7.30-7.33 (m, 4 H,
CHpp), 7.46 (d. t., 4 H, CHp, ] = 8.2, 1.4), 7.78 (s, 1 H, C(6)H), 8.24 (s, 1 H, C(3)H). NMR
spectrum °C (126 MHz, §, ppm): 50.43 (2C), 51.71 (2C), 75.37, 107.60, 114.95, 115.90, 116.02,
125.79, 127.47 (2C), 128.09 (4C), 129.07 (4C), 131.44, 136.20, 142.94 (2C), 153.29. Found, %:
C, 73.00; H, 5.22; N, 13.71. CsH,:CIN,. Calculated, %: C, 72.72; H, 5.13; N, 13.57. M = 412.92.

4-Chloro-5-(4-(4-(ethoxycarbonyl)piperazin-1-yl)phthalonitrile (6b). Yield is 0.77 g
(48%), T melt. = 163-165 °C. IR spectrum, v/cm™: 3043 (Ca—H), 2985 (CH), 2229 (CN),
1685 (C=0). Mass-spectrum, m/z (Ira, %): 321 (27) [M + 2], 319 (100) [M]*. NMR spectrum
'H (500 MHz, §, ppm, J/Hz): 1.21 (t, 3 H, COOCH,CHs, ] = 7.2), 3.16 (t, 4 H, C(2’,6))H, ] = 5.0),
3.54 (t, 4 H, C(3,5)H, J = 5.0), 4.07 (qw, 2 H, COOCH,CH, ] = 7.2), 7.82 (s, 1 H, C(6)H),
8.29 (s, 1 H, C(3)H). NMR spectrum “*C (126 MHz, §, ppm): 15.01, 51.71 (4C), 61.44, 108.20,
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114.97, 115.81, 115.97, 126.30, 131.83, 136.21, 153.27, 155.07. Found, %: C, 56.40; H, 4.62;
N, 17.41. C;sH;5CIN4O,. Calculated, %: C, 56.52; H, 4.74; N, 17.58. M = 319.
4-Chloro-5-(4-(4-(1,3-benzodioxol-5-ylmethyl) piperazin-1-yl) phthalonitrile (6c).
Yield is 0.51 g (27%), T melt. = 240-242 °C. IR spectrum, v/cm™: 3035 (Ca—H), 2887 (CH),
2226 (CN), 1042 (Ca—Cl). Mass spectrum, m/z (I, %): 381.57 (34) [M + 2]+, 379.55 (100) [M]*,
345.55 (33) [M - *Cl], 343.52 (9) [M - ¥Cl]. NMR spectrum 'H (500 MHz, §, ppm, J/Hz):
3.04-3.09 (m, 8 H, C(2’,3’,5°,6")H), 4.12 (s, 2 H, CH,Ph), 6.05 (s, 2 H, OCH.0), 6.94 (d, 1 H,
C(4”H, ] =77),7.01(d, 1 H, C(5")H, J=7.7),7.21 (s, 1 H, C(7”)H), 7.89 (s, 1 H, C(6)H),
8.29 (s, 1 H, C(3)H). NMR spectrum “*C (126 MHz, §, ppm): 51.09 (4C), 60.31, 101.75 (2C),
108.34, 108.68 (2C), 115.02, 115.78, 115.91, 126.15 (2C), 131.62, 136.22 (2C), 147.81, 150.10.
Found, %: C, 63.20; H, 4.62; N, 14.49. C;H,,CIN,O,. Calculated, %: C, 63.08; H, 4.50; N, 14.71.
M = 380.
4-Chloro-5-(4-benzylpiperazin-1-yl)phthalonitrile (6d). Yield is 051 g (30%),
T melt. = 135-140 °C. IR spectrum, v/cm™: 3041 (Cx-H), 2941 (CH), 2229 (CN), 1061
(Car—Cl). NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 2.54-2.56 (m, 4 H, C(3’,5)H), 3.19
(t,4H, C(2,6)H, ] = 4.8), 3.56 (s, 2 H, CH,Ph), 7.27 (t, 1 H, C(4”)H, ] = 5.6), 7.34 (d, 4 H,
C(27,37,57,6")H, J=5.6),7.77 (s, 1 H, C(6)H), 8.24 (s, 1 H, C(3)H). Found, %: C, 67.52; H, 5.13;
N, 16.61. C;oH;;CIN,. Calculated, %: C, 67.75; H, 5.09; N, 16.63.
4-Chloro-5-(3,4-dihydroisoquinolin-2(1H)-yl))phthalonitrile (6e). Yield is 0.66 g
(45%). IR spectrum, v/cm™: 3061 (Ca—H), 2933 (CH), 2227 (CN), 1036 (Ca—Cl). NMR
spectrum 'H (400 MHz, §, ppm, J/Hz): 2.99 (t, 2H, C(4)H, J = 5.8),3.52 (t, 2 H, C(3")H, ] = 5.8),
4.42 (s, 2 H, C(1)H), 7.16 (d.d, 1 H, C(7)H, ] = 4.7, 2.4), 7.17-7.21 (m, 3H, C(5’,6’,8’)H), 7.85
(s, 1 H, C(6)H), 8.28 (s, 1 H, C(3)H). Found, %: C, 69.46; H, 4.14; N, 14.37. C;;H>CIN;.
Calculated, %: C, 69.51; H, 4.12; N, 14.30.
4-Chloro-5-(3,5-dimethylpiperidin-1-yl)phthalonitrile (6f). Yield 0.52 g (38%).
IR spectrum, v/cm™: 3051 (Ca—H), 2925 (CH), 2223 (CN), 1035 (Ca,—Cl). NMR spectrum 'H
(400 MHz, 8, ppm, J/Hz): 0.72 (qw, 1H, C(3")H, J = 12.4), 0.88 (d, 6H, C(3’,5")CHs, ] = 6.2),
1.70-1.84 (m, 3 H, C(5)H, C(4)H), 2.34 (t, 2H, C(2)H, J = 11.5), 3.45 (d.d, 2H, C(6)H,
J=11.5), 7.76 (s, 1 H, C(6)H, 8.22 (s, 1H, C(3)H). Found, %: C, 65.76; H, 5.84; N, 15.14.
CisHi6CINs. Calculated, %: C, 65.81; H, 5.89; N, 15.35.
4-Chloro-5-(4-methylpiperidin-1-yl)phthalonitrile (6g). Yield is 0.57 g (44%), T melt.
= 156-160 °C. IR spectrum, v/cm™: 3059 (Ca—H), 2982 (CH), 2217 (CN). NMR spectrum 'H
(400 MHz, 8, ppm, J/Hz): 0.95 (d, 3 H, C(4)CHs, J = 6.5), 1.28 (t.t., 2 H, C(3)H, ] = 12.5, ] = 6.5),
1.51-1.59 (m, 1 H, C(4)H), 1.72 (d, 2 H, C(5)H, ] = 12.5), 2.8 (t.d, 2 H, C(2")H, ] = 12.5, 6.5),
3.47 (d,2 H, C(6)H, J=12.5), 7.75 (s, 1 H, C(6)H), 8.22 (s, 1 H, C(3)H). Found, %: C, 64.69; H,
5.47; N, 16.21. C;;H;,CIN;0O. Calculated, %: C, 64.74; H, 5.43; N, 16.18.
4-Chloro-5-(morpholin-4-yl)phthalonitrile (6h). Yield is 0.50 g (40%), T melt. = 171-176 °C.
IR spectrum, v/cm™: 3079 (Ca—H), 2991 (CH), 2218 (CN). Mass spectrum (EI, 70 eV), m/z
(Ia (%)): 249 (9) [M + 2]*, 247 (27) [M]", 212 (31) [M = *Cl]*, 189 (100) [M - *Cl - CN + 2].
NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 3.20 (d.d, 4 H, C(3’,5)H, J=4.2,] =2.2),3.77 (d.d,
4H,C(2,6)H,]=4.2,]=2.2),7.76 (s, 1 H, C(6)H), 8.11 (s, 1 H, C(3)H). NMR spectrum *C
(126 MHz, §, ppm): 50.39 (2C), 65.91 (2C), 106.75, 114.34, 115.22, 115.48, 125.91, 131.02,
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135.82, 152.60. Found, %: C, 59.01; H, 4.13; N, 16.29. C;,H;,CIN;0O. Calculated, %: C, 58.19;
H, 4.07; N, 16.97. M = 247. The characteristics obtained are consistent with those described in
the literature [9].

4-Chloro-5-(azepan-1-yl)phthalonitrile (6i). Yield is 0.55 g (42%), Tmelt. = 93.2-94.5 °C.
IR spectrum, v/cm™: 3059 (Ca—H), 2935 (CH), 2216 (CN), 1032 (Ca—Cl). NMR spectrum 'H
(400 MHz, §, ppm, J/Hz): 1.56-1.59 (m., 4 H, C(4’,5)H), 1.80 (d., 4 H, C(3’,6)H, ] = 6.2),
3.50 (t,4 H, C(2’,7)H, ] = 6.2), 7.63 (s, 1 H, C(6)H), 8.09 (s, 1 H, C(3)H). Found, %: C, 64.83;
H, 4.89; N, 16.29. C,4H,,CIN;. Calculated, %: C, 64.74; H, 5.43; N, 16.18.

4-Chloro-5-(dimethylamino)phthalonitrile (6j). Yield is 0.33 g (32%). IR spectrum,
v/em™: 3085 (Ca—H), 2946 (CH), 2864, 2814 (N(CHs),), 2220 (CN), 1583 (C = C), 1061
(Car—Cl). NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 2.94 (s, 6H, N(CHs),, 7.68 (s, 1 H,
C(6)H), 8.17 (s, 1 H, C(3)H). NMR spectrum “C (100 MHz, §, ppm.): 42.80 (2C), 106.22,
114.27, 115.34, 115.69, 122.90, 130.62, 135.85, 153.73. Found, %: C, 58.44; H, 3.89; N, 19.92.
C10HsCING;. Calculated, %: C, 58.41; H, 3.92; N, 20.43. The characteristics obtained are consistent
with those described in the literature [7].

4-Chloro-5-(benzyl(methyl)amino)phthalonitrile (6k). Yield 0.52 g (37%).
IR spectrum, v/cm™: 3070 (Ca—H), 2937 (CH), 2228 (CN). NMR spectrum 'H (400 MHz, §,
ppm, J/Hz): 2.82 (s, 3H, NCH3), 4.49 (s, 2H, NCH,), 7.26-7.32 (m, 3H, CHps), 7.35-7.38 (m, 2H,
CHum), 7.77 (s, 1H, C(6)H), 8.24 (s, 1H, C(3)H). Found, %: C, 68.16; H, 4.24; N, 14.97.
Ci6H12CINs. Calculated, %: C, 68.21; H, 4.29; N, 14.91.

4-Chloro-5-(6H-indolo[2,3-b]quinoxalin-6-yl)phthalonitrile (31). Yield is 0.38 g
(20%), T melt. = 257-259 °C. IR spectrum, v/cm™: 2238 (CN), 1051 (Cx—Cl). NMR spectrum
'H (400 MHz, §, ppm, J/Hz): 7.40 (d, 1 H, C(8)H, ] = 8.0), 7.55 (t, 1 H, C(9)H, J = 8.0), 7.77 (br.d.,
1 H, C(7)H, ] = 8.0), 7.83 (m, 2 H, C(2,3)H), 8.03 (d, 1 H, C(1)H, J = 7.0), 8.33 (s, 1 H, C(6)H,
J=7.0),8.49 (d, 1 H, C(4)H, ] = 7.0), 8.79 (br.s., 1 H, C(3")H), 8.85 (br.s., 1 H, C(10)H). Found
(%): C, 69.87; H, 2.81; N, 19.15. C»,H0CIN;s. Calculated (%): C, 69.57; H, 2.65; N, 18.44.

4-Chloro-5-((4-methoxyphenyl)amino)phthalonitrile (6m). Yield is 0.23 g (16.5%),
Tmelt. = 205-207 °C. IR spectrum, v/cm™: 3335 (NH), 3079 (Ca—H), 2969 (CH), 2227 (CN).
NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 3.79 (s, 3 H, C(4)OCHSs), 7.02 (d, 2 H, C(3’,5")H,
J=8.5),7.09 (d, 1 H, C(6)H, ] = 4.4), 7.23 (d, 2 H, C(2’,6)H, ] = 8.5), 8.16 (s, 1 H, C(3)H), 8.66
(br.s. 1H, NH). Found, %: C, 63.53; H, 3.47; N, 14.74. C;5H,CIN;O. Calculated, %: C, 63.50; H,
3.55; N, 14.81.

4-Chloro-5-[(4-methylphenyl)amino]phthalonitrile (6n). Yield is 0.49 g (36.5%),
Tmelt. = 214,5-216 °C. IR spectrum, v/cm™: 3339 (NH), 3072 (Ca—H), 2962 (CH), 2230 (CN).
NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 2.32 (br.s., 3H, C(4")CHs), 7.21 (d, 5H, C(6)H,
C(2,3,5,6)H, ] = 16.1), 8.19 (br.s., 1H, C(3)H), 8.75 (br.s., NH). Found, %: C, 67.23; H, 3.62;
N, 15.66. C;sH;oCINs. Calculated, %: C, 67.30; H, 3.77; N, 15.70.

4-Chloro-5-[(3-chloro-4-methylphenyl)amino]phthalonitrile (60). Yield is 0.3 g
(20%). IR spectrum, v/cm™: 3328 (NH), 3067 (Ca—H), 2959 (CH), 2225 (CN). NMR spectrum
'H (400 MHz, §, ppm, J/Hz): 2.32 (s, 3H, C(4")CHs), 7.21 (s, 1H, C(2’)H), 7.37 (br.s., 2H,
C(5,6)H), 7.43 (s, 1H, C(6)H), 8.23 (s, 1H, C(3)H), 8.80 (br.s., 1H, NH). Found, %: C, 59.52;
H, 3.04; N, 13.84. C;sHyCLN;3. Calculated, %: C, 59.62; H, 3.00; N, 13.91.
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Abstract:  This paper describes the SpAr regioselectivity of the
9-chloropyrido[1,2-a]benzimidazole reaction by experimental and quantum
chemistry methods. We conducted the halogenation process in sulfuric acid
using N-bromosuccin- or N-chlorosuccinimide. Two isomeric products 8-
Hal-9-chloropyrido[1,2-a]benzimidazole — and  6-Hal-9-chloropyrido[1,2-
albenzimidazole occurred. Predominantly, the introduction of the electrophilic
particle occurred at the 8th position of the heterocycle. Using quantum
chemistry methods, we found the orbital control of the electrophilic
halogenation reaction and determined the orientation of the electrophile
particle introduction by the distribution of the boundary electron density in the

substrate. This corresponded well with the experimental data.
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Introduction

Pyrido[1,2-a]benzimidazoles are the prospective compounds for the new drugs
production. This heterocyclic nucleus is a part of substances exhibiting various types of
biological activity: antimalarial [1], antitumour [2], oncoprotective [3], and antiviral ones [4].
Therefore, pyrido[1,2-a]benzimidazole derivatives with antimicrobial activity are of particular
interest [5]. Thus, a number of effective antibiotics based on rifaximin containing this
heterocycle in its structure have been developed [6].

According to numerous experimental data, introduction of halogen atoms into
azaheterocyclic systems show enhancing of their biological activity [7-9]. For example, the
paper [7] shows increasing in the number of halogen atoms in an azagetheroaromatic system
enhanced the antimicrobial effect and also decreased the value of the minimum inhibitory
concentration. Also, [9] reported a two or more fold decrease in the required concentration for
inhibition of fungal cultures in the presence of halogens in the compound structure.

© R. S. Begunov, L. L. Savina, 2024
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The simplest way to synthesis halogen derivatives of pyrido[1,2-a]benzimidazoles
represents the introduction of halogen atoms under the electrophilic aromatic substitution
reaction conditions. However, due to the small amount of data on the reactivity of
pyrido[1,2-a]benzimidazoles in the SgAr reaction, this method has not yet been widely used in
organic synthesis.

We have previously studied the regioselectivity of the nitration and halogenation reaction
of 7-R-pyrido[1,2-a]benzimidazoles (R = Cl or electron acceptor groups) [10]. Introduction of
the electrophilic particle occurred in the 8th position of the heterocycle. The second reaction
centre for electrophilic attack at R = Cl was the 6th position. 9-Substituted derivative was not
obtained during the SzAr reaction.

We used 9-chloropyrido[1,2-a]benzimidazole (1) as a substrate for further studying the
regularities of this chemical process and obtaining of a polyhalogen derivative of
pyrido[1,2-a]benzimidazole. It contains halogen atoms including those at the 9th position.

Main body

We conducted the synthesis of 9-chloropyrido[1,2-a]benzimidazole (1) according to the
previously developed methodology [11, 12] under the conditions of reductive intramolecular
heterocyclisation reaction.

Cl
cl SnCl,*2H,0,
</ \: + _ FPOR a%HCl HCI
N
— 0. 5h 35°C
O,N

The structure of 1 was proved by 'H, *C NMR spectroscopy and high-resolution mass
spectrometry. We determined the assignment of proton and carbon atom signals from 2D
'"H-'H NOESY, 2D 'H-"*C HSQC (Fig. 1, left), and 2D 'H-'*"N HMBC spectra (Fig. 1, right).
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Fig. 1. Fragments of '"H-*C HSQC (left) and "H-*N HMBC (right) spectra of 9-chloropyrido[1,2-a]benzimidazole (1)
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The use of heteronuclear single-quantum (HSQC) and multijunction (HMBC)
correlation spectroscopy allowed the identification of the H® signal associated with C?, which is
one of the possible reaction centres for electrophilic attack.

We added bromine and chlorine atoms to the 9-chloropyrido[1,2-a]benzimidazole
molecule (1) in concentrated H,SO, using N-bromosuccinimide (2a) or N-chlorosuccinimide

(2b).
cl Cl < C
HS0,  — _—
- Ny + 7& — N + N
1

1
2a-b 3a-b 4a-b
where X = a) Br; b) Cl

We put solutions of halogenating agent 2a and substrate 1, taken in equimolar amounts,
simultaneously into the reactor at 30 °C. We conducted the reaction for 20 h. Analysis of the
obtained reaction mass by 'H NMR spectroscopy showed the presence of two products
8-bromo-9-chloropyrido[1,2-a]benzimidazole (3a) and 6-bromo-9-chloropyrido[1,2-a]benzimidazole
(4a) in the ratio 3a: 4a = 1:0.47. Approximately 40 per cent of the starting substance remained
unreacted. We obtained similar results using 2b and observed the formation of two isomers of
8,9-dichloropyrido[1,2-a]benzimidazole (3b) and 6,9-dichloropyrido[1,2-a]benzimidazole
(4b) at the ratio 3b : 4b = 1 : 0.37. The chlorination reaction was slower. Conversion 1 was
only 22 %.

The amount of unreacted starting substance 1 in the bromination and chlorination
reactions decreased with increasing the time to 30 h and the reaction temperature SzAr to 50 °C
but remained significant. The conversion of 1 was more affected by increasing the amount of
halogenating agent in the reaction mass. Thus, 100% conversion of compound 1 was observed
ataratioof1:2a=1:1.4and1:2b=1:3.0.

We added a SzAr solution of the halogenating agent in H,SO, gradually for 10 h at 45 °C
to increase the regioselectivity of the reaction. Then we stirred the reaction mixture at this
temperature for another 10 h. The 8,9-dihalogenpyrido[1,2-a]benzimidazoles (3a,b) were
obtained with 89 and 87% yield, respectively, after recrystallisation in chloroform.

The structure of dihalogen derivatives 3 was proved by 'H, *C NMR spectroscopy and
high-resolution mass spectrometry. We determined the assignment of proton and carbon atom
signals from 2D '"H-'H NOESY, 2D 'H-"*C HSQC, and 2D 'H-"N HMBC spectra. Fig. 2 shows
fragments of the 'H-"C HSQC (left) and 'H-"N HMBC (right) spectra of
8,9-dichloropyrido[1,2-a]benzimidazole (3b).
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Fig. 2. Fragments of 'H-"C HSQC (left) and 'H-"N HMBC (right) spectra of
8,9-dichloropyrido[1,2-a]benzimidazole (1)

There were no H*/C? and H®/N' interaction cross-peaks in the '"H-C HSQC and 'H-"*N
HMBC spectra of this compound, which were observed for substrate 1. This indicated the
substitution of a hydrogen atom for a halogen in the 8th position of the heterocycle.

Thus, the introduction of the electrophilic particle occurred predominantly in the
ortho-position rather than the para-position relative to the substituent, contrary to the -I-effect
of the chlorine atom.

We calculated the charge and orbital characteristics of 9-halogenpyrido[1,2-a]benzimidazole
(1) and its imide nitrogen protonated heterocyclic derivative (1') in order to explain the
orientation of the SgAr reaction using the B3LYP/6-31G** method. We performed the
calculations within the density functional theory with hybrid exchange-correlation functions
[13-15] (DFT B3LYP/6-31G** method) for open electron shells [15] using the PC
GAMESS/Firefly software package [16] and the ORCA 5.0.4 programme [17]. We performed
geometry optimisation both in the gas phase and using a discrete SMD solvation model. We
used water as a solvating shell. Table 1 and Table 2 present the results of calculations.

Table 1. Charges and boundary electron densities on C atoms in the HOMO of
9-chloropyrido[1,2-a]benzimidazole (1)

Number Charges Boundary electron densities | Charges on C Boundary electron densities
of atom onC on C in HOMO (including on C in HOMO
solvation) (including solvation)

C! 0.14079 0.10956 0.05368 0.09143

C? -0.15330 0.09383 -0.20670 0.07990

c -0.06353 0.07206 -0.11925 0.05012

Cct -0.12548 0.12162 -0.20686 0.10033

C¢ -0.11755 0.15708 -0.21034 0.12035

c’ -0.08905 0.00784 -0.15481 0.00553

(o -0.10077 0.15710 -0.17739 0.13071
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Table 2. Charges and boundary electron densites on C atoms in the HOMO of
9-chloropyrido[1,2-a]benzimidazole (1°)

Number Charges Boundary electron densities | Charges on C Boundary electron densities
of atom on C on C in HOMO (including on C in HOMO
solvation) (including solvation)

c 0.16595 0.05468 0.08589 0.06994

C -0.13602 0.05678 -0.18660 0.06122

c -0.04089 0.01222 -0.09491 0.01984

Cct -0.10482 0.07300 -0.16754 0.08333

C¢ -0.09227 0.20653 -0.16762 0.14518

c’ -0.07852 0.00110 -0.14530 0.00127

Cct -0.07950 0.21158 -0.15275 0.15638

Analyses of the charges on the C atoms in the neutral (see Table 1) and nitrogen
protonated molecule (see Table 2) showed the largest formal negative charge on the C* atom.
According to the charge control, the probability of SzAr reaction implementation by other
reaction centres was lower one. This contradicted the experimental data obtained about the
reaction proceeding in the 6th or 8th positions.

We further used the concept of electron density boundary distribution in the substrate
molecule to explain the orientation of the electrophilic particle introduction into
pyrido[1,2-a]benzimidazole 1. The position in the substrate that has the highest electron
density in the HOMO is most favoured for electrophilic attack in the SgAr reaction [18]. The
efficiency of the concept was demonstrated by evaluating the reactivity of condensed
polyazaheterocycles in the SgAr reaction [19].

The boundary electron densities in the HOMO on atoms (fs) were estimated using the
expression to compare the reactivity indices when a compound interacts with an electrophilic

agent
f =2 Z Cizﬂ, (1)

where ¢, are the decomposition coefficients of the HOMO decomposition by AOs centred on
atoms (A).

According to the data obtained, C® and C® atoms made the largest contribution to the
electron density of the HOMO. The values of the coefficients on these atoms in neutral molecule
1 did not differ significantly. The differences between the contributions of C°® and C* atoms
increased considering the solvation environment of the molecule. The contribution difference
between C*® atom and C° atom to the electron density of the HOMO was further increased in
the solvated 1' cation molecule. Therefore, the position 8 of pyrido[1,2-a]benzimidazole should
be the preferred centre for the attack of the electrophilic particle in the SzAr reaction according
to the concept of Fukui [15]. It agrees with the experimental data obtained (Table 3).
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Table 3. Boundary electron densities on C atoms in the substrate HOMO and percentage content in the SzAr
reaction products in the reaction mass

The position of the electrophilic attack C* c?
Boundary electron densities on C in HOMO of solvated molecule 1’ 0.14518 0.15638
Percentage content of bromination reaction products* 3a and 4a 32% 68%
Percentage content of chlorination reaction products* 3b and 4b 27% 73%

* - substrate and reagent were introduced into the reactor simultaneously.

Thus, the positions 6 and 8 of the heterocycle were the reaction centres in
9-chloropyrido[1,2-a]benzimidazole for electrophilic attack during the SgAr reaction. The
formation of 8,9-dihalogen derivative of pyrido[1,2-a]benzimidazole occurred to greater
extent. The SgAr reaction had orbital control according to quantum-chemical modelling data.
The introduction orientation of the electrophilic particle was determined by the electron
density boundary distribution in the substrate. The contribution of C* atom to the HOMO of
the substrate was greater than the C° one. This correlated with the synthesis results.

Experimental part

We determined the melting points on a PolyTherm A device at a heating rate of 3 °C/min
and did not adjust. NMR spectra were recorded on a Bruker Avance-II 600 spectrometer with
operating frequencies of 600.13, 150.90 and 60.81 MHz for 'H, "*C and "*N nuclei, respectively.
A solvent was DMSO-ds, internal standard was the residual solvent proton signal (J 2.5) for the
'"H NMR spectrum and the *C DMSO-d; signal (8 39.5) for the carbon spectra at 25 °C for 1
and 60 °C for 3a,b. Heating for substances 3a,b is related to the limited solubility of the
compounds. Mass spectra were recorded on a FINNIGAN MAT instrument. INCOS 50,
electron flux energy 70 eV.

Methodology for the synthesis of 9-chloropyrido[1,2-a]benzimidazole (1)

We added a solution of 2.50 g (0.00369 mol) of SnCL-2HO in 15 ml of isopropanol at
35 °C to a solution of 1.00 g (0.00369 mol) of N-(2-nitro-6-chlorophenyl)pyridinium chloride
in 15 ml of 4% HCI. We performed the reaction at 35 °C for 0.5 h. We then cooled the reaction
mixture and treated with 25% NH4OH to pH = 7-8 extracted with several portions of hot
chloroform (X = 150 ml). We distilled off the solvent, obtaining the product as a beige coloured
powder. Yield is 91%. T. melt. 101-103 °C. 'H NMR (DMSO-ds, 6, ppm, ] /Hz): 9.27 (dt, J = 7.0,
1.2, 1H, H'), 7.74 (dd, ] = 8.2, 0.9, 1H, H°), 7.67 (dt, ] = 9.2, 1.2, 1H, H*), 7.56 (ddd, ] = 9.2, 6.6,
1.3,1H,H%),7.42 (t,]=7.9,1H,H"),7.32(dd, J]=7.7,0.9, 1H, H?®), 6.98 (td, ] = 6.8, 1.3, 1H, H?).
BC NMR (DMSO-ds, §, ppm.): 148.5 (C*), 145.8 (C**), 130.4 (C?), 127.7 (C'), 125.7 (C"), 124.1
(C*), 121.6 (C?), 118.0 (C?), 117.4 (C°), 117.1 (C*), 110.8 (C*). HRMS: m/z calculated C;;H;CIN,
203.6396 [M+H]*, found 203.6391.

Methodology for the synthesis of 8-Hal-9-chloropyrido[1,2-a]benzimidazoles (3a,b)

We added a solution of 2.00 g (0.01 mol) of 9-chloropyrido[1,2-a]benzimidazole in
25 ml H»SO4 to a solution of 2.5 g (0.014 mol) of N-bromosuccinimide (2a) for the synthesis of
3a or 4.0 g (0.03 mol) of N-chlorosuccinimide (2b) for the synthesis of 3b in 50 ml of H,SO4 at
35 °C for 10 h, followed by stirring for another 10 h at 40-45 °C. Then we poured the mixture
into ice and treated it with 25% NH,OH to pH = 7-8. The beige precipitate was filtered off,
washed with cold water and dried.
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8-Bromo-9-chloropyrido[1,2-a]benzimidazole (3a) Yield is 89%. T. melt. 121-124 °C. 'H
NMR spectrum (DMSO-d, §, ppm, J/Hz): 9.35 (d, 1H, H', ] =7.3),7.76 (d, 1H, H*, ] = 8.5), 7.69
(m, 2H, H%), 7.62 (t, 1H, H>, ] = 7.9), 7.05 (t, 1H, H2, ] = 6.9). *C NMR (DMSO-ds, 8, ppm):
148.8 (C*), 143.9 (C*), 130.6 (C?), 127.4 (CY), 126.3 (C7), 124.9 (C*), 123.6 (C?), 119.4 (C°),
117.2 (C*), 115.8 (C%), 111.1 (C?). HRMS: m/z calculated C;;HsBrCIN, 282.5357 [M+H]*, found
282.5352.

8,9-dichloropyrido[1,2-a]benzimidazole (3b). Yield is 87%. T. melt. 131-135 °C. '"H NMR
(DMSO-ds, 8, ppm, J/Hz): 9.27 (dt, ] = 7.1, 1.2, 1H, H'"), 7.69 (d, ] = 8.7 Hz, 1H, H°), 7.65 (dt,
J=9.2, 1.2, 1H, H*), 7.59 - 7.55 (m, 2H, H?, H’), 7.00 (td, ] = 6.9, 1.3, 1H, H?). 3C NMR
(DMSO-ds, §, ppm): 148.8 (C*), 143.9 (C*), 130.4 (C%), 127.2 (C'), 126.2 (C7), 124.9 (C*),
123.5 (C¥), 118.4 (C°), 117.0 (C*), 115.7 (C%), 111.0 (C2). HRMS: m/z calculated C;;HsCLN,
238.0847 [M+H]*, found 238.0841.

Calculation part

We performed quantum-chemical electronic structure calculations using the PC
GAMESS/Firefly software package and the ORCA 5.0.4 programme. We used PC
GAMESS/Firefly to optimise the geometry of compound 1 and its imide nitrogen protonated
heterocycle derivative 1’ in the gas phase. The ORCA software was used to optimise the
geometry of 1 and 1’ taking into account the solvate shell. We considered the impact of the
medium using the electron density solvation model (SMD). The electronic parameters of the
molecule were calculated in the framework of density functional theory with a hybrid exchange-
correlation functional (DFT method B3LYP/6-31G**) for open electron shells. The boundary
electron densities in the HOMO on carbon atoms (fa) were calculated according to formula (I).
We used the programs wxMacMolPlt [20] and ChemCraft [21] to process the data and visualise
the calculation results.
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Introduction

Sulfonylamide group is an important functional group in organic compounds. It is widely
presented in pharmaceutical preparations in forms of various natural and synthetic
compounds. Traditionally, sulfonylamides are considered as antibacterial agents. However,
they include compounds with different biological activities: hypoglycaemic [1, 2], antitumour
[3], antiviral [4-9], antiepileptic [10], hypotensive [11], antiprotozoal [12], antifungal [13],
anticancer [14-16], anti-inflammatory [17], diuretic [18], etc. [19-21]. Also, sulfonylamides are
a convenient and efficient source of nitrogen and are used in the construction of C-N bonds
[22]. Additionally, an adduct of sulfonylamide and vitamin C improves the optical properties
of polyvinyl alcohol, which makes its use in the production of optical devices possible [23].

Researchers are focusing on sulfonylamide derivatives of heteroaromatic systems because
of their high and specific biological activity. There are few literature data on sulfonylamide
derivatives of isoxazoles. However, some of this class compounds have established
pharmacological potential [24]. In this regard, the development of methods for the preparation

of new sulfonylamides containing the isoxazole fragment is a very urgent task.
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The main approach to the synthesis of sulfonylamides is the sulfonyl chlorination of the
corresponding substrates [25] and the interaction of the resulting sulfonyl chlorides with ammonia
or amino compounds. Carboxamide derivatives of bicyclic systems containing an isoxazole
heterocycle, 1-5(a, b) were sulfonyl chlorinated in the presence of thionyl chloride with excess

chlorosulfonic acid. Therefore, we obtained sulfonyl chlorides 6-10(a, b) regiospecifically.

R~ O~
P\ N+ HsojcLsocy
CONR,R, ClO.S S
o / 1-5(a,b) R,73-Th i -

0

R,=2-Th 72

wochPh =N

R,=2-Fu
6(ab) CONR.R, CONR,R,
10(a,b)
50,C1

where -NR,R,:= (a) [ j (b)

Nevertheless, the isoxazole rad1ca1 appears as a para-orientant in the benzene ring despite
its electron acceptor character. Obviously, it concerns with the stabilisation of the o-complex in
the para-position to the isoxazole fragment due to the formation of a resonance structure with
the localisation of the positive charge on the oxygen atom.

We synthesised a library of sulfonyl chlorides 11-40 containing an isoxazole moiety on
the basis of the obtained sulfonyl chlorides 6-10(a, b) by their interaction with aliphatic and

aromatic amines in the presence of pyridine in acetonitrile.

R.R,N-0,8-Ar._O-

clo,5—Ar. O HNRR, N
: / Pv. MeCN
CONR,R,
CONR,R, ’
6-10(a,b) 11-40

where HNR4R; is pyrrolidin, morpholine and 4-methoxyaniline

We obtained the sulfonyl chlorides 42(a-j) by sulfonyl chlorides of 4-heteryl-substituted-

3,5-dimethylisoxazoles 41(a-j) containing furan or thiophene cycles.
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We obtained sulfonamide derivatives of 4-furan- and 4-thiophene-3,5-
dimethylisoxazoles from the obtained sulfonyl chlorides.

CH

3 CHS
HNR.R,
Cl) Het-SO,Cl Py MeCN (Ij N Het-SO,-NR,R
N 2 N El=30 -NE R,
CH, CH,
2(a-j) 43-63

where HNR4R; is pyrrolidin, morpholine and 4-methoxyaniline

The authors also obtained isoxazole derivatives containing a sulfogroup in the isoxazole
ring by sulfonyl chlorination of 3-aryl-5-N-acylaminoisoxazoles 64(a,b).

N-.
N-g R 9
Rﬁu 10E50,C1, 50CI, 1 —
= 3h. NH,
NHCOCH, - cios
64(a-b) 65(a-b)

where

Q* (a), BTQ*

The deacylation reaction of the amino group occurs simultaneously with sulfonyl
chlorination. The corresponding sulfonyl chlorides 66-71 were synthesised using sulfonyl
chlorides 65(a, b) in acetonitrile in the presence of pyridine.

¥ Yo
R o HNR,R; R o
1 - 1
NH2 Py MeCN NH2
Clo,s R.R,N-O,S
65(a,b) 66-71

where

where HNR4R; is pyrrolidin, morpholine and 4-methoxyaniline
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Thus, we obtained a number of new sulfonylamides with isoxazole fragment. The
identification of the synthesized compounds and general methods of their synthesis are
presented in the experimental part.

Experimental part

NMR spectra were recorded on a Varian XL-400 instrument for solutions in CDCL; or
DMSO-d; at 25 °C. The signal of tetramethylsilane was used as a standard one. We recorded
mass spectra on a Perkin Elmer Clarus 680 chromatography-mass spectrometer (GC) + Clarus
SQ 8T (MS) using an ELITE-5ms 30mx0.25mmx0.25um capillary column. We performed
elemental analysis on a Perkin Elmer 2400. We determined the melting temperature using a
Biichi M-560 melting point and boiling point apparatus.

General methodology for sulfonyl chlorides synthesis. We added 0.01 mol of the substrate
to a mixture of 0.10 mol of chlorosulfonic acid and 0.01 mol of thionyl chloride cooled in an ice
bath under intensive stirring in portions. The mixture was kept under refrigeration until the
precipitate was completely dissolved, then heated at 60 °C for 1 h. We poured the mixture into a
blend of ice with 50 mL of chloroform. We separated the organic layer, washed with 50 ml of 5%
soda solution, dried with sodium sulfate. The flash solution was chromatographed on silica gel,
the solvent was evaporated.

General methodology for sulphonylamides synthesis. We added 0.001 mol of the
appropriate amine to a mixture of 0.001 mol of sulfonyl chloride and 0.002 mol of pyridine in
5 ml acetonitrile. We have stirred the reaction mixture at 60 °C for 1 h. We added 5 ml of water
and filtered off the precipitate. The product was purified by silica gel column chromatography
by elution with a 50:50 ethyl acetate-petroleum ether mixture. We obtained crystals of
sulfonylamides after evaporation of the solvent.

4-[3-(Pyrrolidin-1-carbonyl)isoxazol-5-yl]-benzenesulfonyl chloride 6(a). Yield is 78%,
white crystals, T'melt. 187-189 °C. NMR spectrum 'H (CDCl;, §, ppm, J/Hz): 1.98 (4H, m, 2CH,
pyrrolidine); 3.65 (2H, m, CH,N pyrrolidine); 3.89 (2H, m, CH,N pyrrolidine); 7.13 (1H, ¢, H-4
isoxazole); 8.00 (2H, d, /=8.5, C¢H,); 8.14 (2H, d, J=8.5, C¢H4). Mass-spectrum (EI, 70 eV), m/z
(Lret. %): 340 [M]* (5), 144 (7), 114 (7), 98 (31), 70 (100), 56 (76). Found, %: C 49.30; H 3.85;
N 8.26; S 9.43. C1sH13CIN>O,S. Calculated, %: C 49.34; H 3.85; N 8.22; S 9.41.

4-[3-(Morpholine-1-carbonyl)isoxazol-5-yl]-benzenesulfonyl chloride 6(b). Yield is 77%,
white crystals, T'melt. 195-197 °C. NMR spectrum 'H (CDCl;, 6, ppm, J/Hz): 3.74 (2H, m, CH,N
morpholine); 3.79 (4H, m, CH:N, CH,O morpholine); 3.97 (2H, m, CH.N morpholine);
7.05 (1H, s, H-4 isoxazole); 8.00 (2H, d, J=8.5, CsH.), 8.13 (2H, d, J=8.5, CsH.). Mass-spectrum
(EL, 70 eV), m/z (Ia. %): 356 [M]* (7), 326 (13), 270 (15), 115 (15), 114 (29), 86 (55), 56 (100).
Found, %: C47.03; H 3.68; N 7.89; § 9.00. C1sH;CINOsS. Calculated, %: C 47.13; H 3.85; N 7.85;
S 8.99.

5-[3-(Pyrrolidin-1-carbonyl)isoxazol-5-yl]-thiophene-2-sulfonyl chloride 7(a). Yield is
80%, white crystals, T melt. 127-129 °C. NMR spectrum 'H (CDCl;, 6, ppm, J/Hz): 1.98 (4H, m,
2CH, pyrrolidine); 3.66 (2H, m, CH.N pyrrolidine); 3.88 (2H, m, CH,N pyrrolidine); 7.02 (1H,
s, H-4 isoxazole); 7.5 (d, J=4.3, H-4 thiophene); 7.86 (1H, d, J=4.3, H-3 thiophene).
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Mass-spectrum (EI, 70 eV), m/z (1. %): 346 [M]* (1), 213 (6), 98 (46), 82 (13), 70 (71), 69 (43),
56 (74), 55 (100), 39 (25). Found, %: C 41.49; H 3.20; N 8.12; S 18.53. Ci,Hi,CIN;O.S,.
Calculated, %: C 41.56; H 3.20; N 8.08; S 18.49.
5-[3-(Morpholine-1-carbonyl)isoxazol-5-yl]-thiophene-2-sulfonyl chloride 7(b). Yield is
74%, light-brown crystals, T melt. 165-167 °C. NMR spectrum 'H (CDCl, 6, ppm, J/Hz):
1.9 (4H, m, 2CH,;N morpholine); 3.72 (2H, m, CH,O morpholine); 3.93 (2H, m, CH,O
morpholine); 6.94 (1H, s, H-4 isoxazol); 7.51 (1H, d, J=1.6, H-4 thiophene); 7.86 (1H, d, J=1.6,
H-3 thiophene). Mass-spectrum (EI, 70 eV), m/z (La %): 362 [M]* (3), 334 (3), 276 (12),
114 (31), 86 (27), 70 (100), 56 (85). Found, %: C 39.69; H 3.06; N 7.76; S 17.71. C;,H;;CIN,OsS,.
Calculated, %: C 39.73; H 3.06; N 7.72; S 17.67.
5-[3-(Pyrrolidin-1-carbonyl)isoxazol-5-yl]-furan-2-sulfonyl chloride 8(a). Yield is 81%,
white crystals, T melt. 80-83 °C. NMR spectrum 'H (CDCls, 6, ppm, J/Hz): 1.98 (4H, m, 2CH,
pyrrolidine); 3.65 (2H, m, CH,N pyrrolidine); 3.86 (2H, m, CH,N pyrrolidine); 7.06 (1H, d,
J=3.9, H-4 furan); 7.13 (1H, s, H-4 isoxazol); 7.38 (1H, d, J=3.9, H-3 furan). Mass-spectrum (EI,
70 eV), m/z (Ie. %): 330 [M]* (2), 295 (1), 98 (54), 70 (59), 56 (100). Found, %: C 43.50; H 3.36;
N 8.51; S 9.71. C;oH,,CIN,OsS. Calculated, %: C 43.58; H 3.35; N 8.47; S 9.69.
5-[3-(Morpholine-1-carbonyl)isoxazol-5-yl]-furan-2-sulfonyl chloride 8(b). Yield is
77%, brown crystals, T melt. 110-112 °C. NMR spectrum 'H (CDCls, §, ppm, J/Hz): 3.67 (2H,
m, CH,N morpholine); 3.74 (4H, m, CH;N, CH,O morpholine); 3.84 (2H, m, CH,O
morpholine); 7.05 (1H, d, J=3.9, H-4 furan); 7.24 (1H, s, H-4 isoxazol); 7.37 (1H, d, J=3.9, H-3
furan). Mass-spectrum (EI, 70 eV), m/z (L,a. %): 346 [M]* (6), 318 (3), 316 (7), 260 (14), 114 (34),
86 (26), 70 (100), 56 (88). Found, %: C 41.49; H 3.20; N 8.12; § 9.26. C;,H1;CIN,OsS. Calculated,
%: C41.57; H 3.20; N 8.08; S 9.25.
2-Methoxy-5-[3-(pyrrolidin-1-carbonyl)isoxazol-5-yl]-benzolsulfonyl ~chloride 9(a).
Yield is 77%, white crystals, T melt. 80-85 °C. NMR spectrum 'H (CDCls, 8, ppm, J/Hz):
1.85(4H, m, 2CH, pyrrolidine); 3.53 (2H, m, CH.N pyrrolidine); 3.75 (2H, m, CH,N
pyrrolidine); 4.00 (3H, s, OCHs); 6.81 (1H, s, H-4 isoxazol), 7.15 (1H, d, J=8.5, H-3 CsHs);
7.97 (1H, dd, Ji= 1.1, ].=8.5, H-4 C¢Hs); 8.24 (1H, d, J=1.1, H-6 C¢Hs). Mass-spectrum (EI,
70 eV), m/z (I.a. %): 370 [M]* (7), 335 (2), 237 (15), 115 (16), 98 (45), 70 (100), 56 (68). Found,
%: C 48.50; H 4.08; N 7.59; S 8.66. C15HsCIN,OsS. Calculated, %: C 48.59; H 4.08; N 7.55; S 8.65.
2-Methoxy-5-[3-(morpholin-1-carbonyl)isoxazol-5-yl]-benzolsulfonyl chloride 9(b).
Yield is 76%, white crystals, T melt. 110-112 °C. NMR spectrum 'H (CDCl;, §, ppm, J/I'y):
2.58 (2H, m, CH:N morpholine); 3.61 (4H, m, CH.N, CH,O morpholine); 3.74 (2H, m,
CH,O morpholine); 3.95 (3H, s, OCHs); 6.71 (1H, s, H-4 isoxazol); 7.13 (1H, d, J=8.5, H-3
CsHs); 7.94 (1H, dd, ;= 1.1, J.=8.5, H-4 C¢Hs); 8.17 (2H, d, J=1.1, H-6 CsH3). Mass-spectrum
(EL, 70 eV), m/z (L. %): 386 [M]* (2), 351 (1), 237 (6), 115 (24), 114 (40), 86 (38), 56 (100).
Calculated, %: C 46.53; H 3.91; N 7.28; S 8.30. C;sH;5CIN,OsS. Calculated, %: C 46.58; H 3.91;
N 7.24; S 8.29.
4-[3-(Pyrrolidin-1-carbonyl)isoxazol-5-yl]-thiophene-2-sulfonyl chloride 10(a). Yield is
76%, white crystals, T melt. 175-177 °C. NMR spectrum 'H (CDCl;, 6, ppm, J/Hz): 1.94 (4H, m,
2CH, pyrrolidine); 3.63 (2H, m, CH:N pyrrolidine); 3.85 (2H, m, CH,N pyrrolidine); 6.9 (1H, s,
H-4 isoxazole); 8.13 (1H, d, J=1.6, H-4 thiophene); 8.20 (1H, d, J=1.6, H-3 thiophene). Mass-
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spectrum (EI, 70 €V), m/z (Ia. %): 346 [M]* (2), 247 (17), 150 (5), 98 (39), 70 (82), 69 (44),
56 (100), 39 (28). Found, %: C 41.49; H 3.20; N 8.12; S 18.53. C1,H,,CIN,O.S.. Calculated, %:
C41.56; H 3.20; N 8.08; S 18.49.
4-[3-(Morpholine-4-carbonyl)isoxazol-5-yl]-thiophene-2-sulfonyl chloride 10(b). Yield
is 78%, light-brown crystals, T melt. 170-173 °C. NMR spectrum 'H (CDCls, §, ppm, J/Hz):
3.68 (2H, m, CH,N morpholine); 3.72 (4H, m, CH:N, CH,O morpholine); 3.85 (2H, m, CH,O
morpholine); 6.82 (1H, s, H-4 isoxazol); 8.13 (1H, d, J=1.6, H-5 thiophene); 8.20 (1H, d, J=1.6,
H-3 thiophene). Mass-spectrum (EI, 70 eV), m/z (L. %): 362 [M]* (2), 276 (10), 233 (20),
114 (23), 86 (30), 70 (83), 56 (95), 42 (100), 39 (11). Found, %: C 39.70; H 3.06; N 7.76; S 17.71.
Ci2H11CIN,O:sS,. Calculated, %: C 39.73; H 3.06; N 7.72; S 17.67.
{5-[4-(Pyrrolidin-1-sulfonyl)-phenyl]-isoxazol-3-yl}-pyrrolidin-1-yl-methanone 11.
Yield is 74%, white crystals, T melt. 190-192 °C. NMR spectrum 'H (DMSO-ds, §, ppm, J/Hz):
1.66 (4H, m, 2CH, pyrrolidine); 1.89 (4H, m, 2CH, pyrrolidine); 3.18 (4H, m, CH,N
pyrrolidine); 3.52 (2H, m, CH,N pyrrolidine); 3.71 (2H, m, 2CH,N pyrrolidine); 7.53 (1H, s, H-
4 isoxazol); 7.96 (2H, d, J=8.2, H-2, H-6 C¢H.); 8.18 (2H, d, J=8.2, H-3, H-5 C¢H,4). Mass-
spectrum (EI, 70 eV), m/z (L.a. %): 375 [M]* (10), 240 (13), 115 (8), 76 (11), 70 (100), 42 (93), 39
(19). Found, %: C 57.49; H 5.64; N 11.25; S 8.56. C1sH21N50,S. Calculated, %: C 57.59; H 5.64;
N 11.19; S 8.54.
{5-[4-(Morphline-4-sulfonyl)-phenyl]-isoxazol-3-yl}-pyrrolidin-1-yl-methanone 12.
Yield is 78%, white crystals, T melt. 187-189 °C. NMR spectrum 'H (DMSO-ds, §, ppm, J/Hz):
1.90 (4H, m, 2CH; pyrrolidine); 2.92 (4H, m, 2CH,N morpholine); 3.52 (2H, m, CH,N
pyrrolidine); 3.63 (4H, m, CH,O morphline); 3.72 (2H, m, 2CH_N pyrrolidine); 7.56 (1H, ¢, H-
4 isoxazol); 7.90 (2H, d, J=8.5, H-2,6 Ar); 8.22 (2H, d, J=8.5, H-3,5 Ar). Mass-spectrum (EI,
70 eV), m/z (L. %): 391 [M]* (8), 240 (8), 98 (20), 86 (40), 70 (53), 56 (100), 42 (28). Found, %:
C 55.20; H 5.41; N 10.79; S 8.21. C1sH,:N;0sS. Calculated, %: C 55.23; H 5.41; N 10.73; S 8.19.
N-(4-methoxy-phenyl)-4-[3-(pyrrolidin-1-carbonyl)-isoxazol-5-yl]-benzene
sulphonylamide 13. Yield is 77%, white crystals, T melt. 167-169 °C. NMR spectrum 'H
(DMSO-ds, §, ppm, J/Hz): 1.88 (4H, m, 2CH, pyrrolidine); 3.51 (2H, m, CH.N pyrrolidine);
3.66 (3H, s, OCHs); 3.69 (2H, m, CH:N pyrrolidine); 6.81 (2H, d, J=8.5, H-2,6 Ar?); 6.98 (2H,
d, J=8.5, H-3,5 Ar?); 7.45 (1H, s, H-4 isoxazol); 7.8 (2H, d, J=8.5, 2, H-6 Ar'); 8.09 (2H, d, J=8.5,
H-3,5 Ar'); 10.04 (1H, s, NH). Mass-spectrum (EI, 70 eV), m/z (L. %): 427 [M]* (3), 123 (9),
122 (100), 95 (15), 70 (9), 56 (19), 42 (16). Found, %: C 58.89; H 4.96; N 9.88; S 7.51.
C21H21N;505S. Calculated, %: C 59.00; H 4.95; N 9.83; S 7.50.
Morpholine-4-yl-{5-[4-(pyrrolidine-1-sulfonyl)-phenyl]-isoxazol-3-yl}-methanone 14.
Yield is 76%, white crystals, T melt. 215-217 °C. NMR 'H (DMSO-ds, 8, ppm, J/Hz): 1.66 (4H,
m, 2CH, pyrrolidine); 3.18 (4H, m, 2CH,N pyrrolidine); 3.63 (4H, m, 2CH,N morpholine);
3.68 (4H, m, 2CH,O morpholine); 7.5 (1H, s, H-4 isoxazol); 7.96 (2H, d, J=8.5, H-2,6 Ar );
8.17 (2H, d, J=8.5, H-3,5 Ar). Mass-spectrum (EI, 70 eV), m/z (La. %): 391 [M]* (5), 199 (7),
115 (9), 114 (19), 86 (30), 70 (69), 42 (100), 39(10). Found, %: C 55.19; H 5.41; N 10.79; S 8.21.
CisH21N;05S. Calculated, %: C 55.23; H 5.41; N 10.73; S 8.19.
{5-[4-(Morphline-4-sulfonyl)-phenyl]-isoxazol-3-yl}-morpholine-4-yl-methanone 15.
Yield is 78%, white crystals, T melt. 225-227 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 2.92 (4H,
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m, 2CH,N morpholin); 3.63 (8H, m, 2CH:N, 2CH,O morpholin); 7.53 (1H, s, H-4 isoxazol);
7.91 (2H, d, J=8.5, H-2 Ar); 8.21 (2H, d, J=8.5, H-6 Ar). Mass-spectrum (EI, 70 eV), m/z (L. %):
407 [M]* (9), 377 (6), 171 (9), 115 (7), 114 (15), 86 (80), 70 (36), 56 (100), 42 (48). Found, %:
C 52.90; H 5.20; N 10.36; S 7.88. C1sH2:N304S. Calculated, %: C 53.06; H 5.20; N 10.31; S 7.87.
N-(4-methoxy-phenyl)-4-[3-(morpholine-4-carbonyl)-isoxazol-5-yl]-benzene
sulphonylamide 16. Yield is 77%, white crystals, T' melt. 140-143 °C. NMR 'H (DMSO-ds,
S, ppm, J/Hz): 3.61 (4H, m, 2CH:N morpholine); 3.66 (4H, m, CH,N, CH,O morpholine);
3.67 (3H, s, OCH;); 6.80 (2H, d, J=8.5, H-2,6 Ar'); 6.97 (2H, d, J=8.5, H-3,5 Ar'); 7.42 (1H, s,
H-4 isoxazol); 7.82 (2H, d, J=8.0, H-2,6 Ar2); 8.09 (2H, d, J=8.0, H-3,5 Ar'); 10.04 (1H, s, NH).
Mass-spectrum (EI, 70 eV), m/z (I.a. %): 443 [M]* (2), 171 (7), 123 (9), 122 (100), 95 (13),
70 (14), 56 (11). Found, %: C 56.79; H 4.78; N 9.52; S 7.24. C,;H11N;0sS. Calculated, %: C 56.88;
H4.77; N 9.48; S 7.23.
{5-[5-(Pyrrolidin-1-sulfonyl)-thiophen-2-yl]-isoxazol-3-yl}-pyrrolidin-1-yl-methanone
17. Yield is 75%, white crystals, T melt. 195-197 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz):
1.71 (4H, m, 2CH. pyrrolidine); 1.89 (4H, m, CH, pyrrolidine); 3.25 (8H, m, CH, pyrrolidine);
3.51(2H, m, CH: pyrrolidine); 3.69 (2H, m, CH, pyrrolidine); 7.42 (1H, ¢, H-4 isoxazol); 7.81
(1H, d, J]=3.6, H-3 thiophen); 7.8 (1H, d, J=3.6, H-2 thiophen). Mass-spectrum (EI, 70 eV), m/z
(Ira. %): 381 [M]* (6), 98 (53), 70 (87), 69 (21), 56 (64), 55 (100), 42 (86), 39 (11). Found, %:
C 50.29; H5.03; N 11.07; S 16.84. C16H19N;0,S,. Calculated, %: C 50.38; H 5.02; N 11.02; S 16.81.
{5-[5-(Morpholine-4-sulfonyl)-thiophen-2-yl]-isoxazol-3-yl}-pyrrolidin-1-yl-methanone 18.
Yield is 77%, white crystals, T melt. 170-173 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.89 (4H,
m, 2CH, pyrrolidine); 3.0 (4H, m, CH,N morpholine); 3.51 (2H, m, CH.N pyrrolidine);
3.69 (6H, m, 2CH,O morpholine, CH, pyrrolidine); 7.43 (1H, s, H-4 isoxazol); 7.78 (1H, d,
J=3.9, H-3 thiophen); 7.95 (1H, d, J=3.9, H-2 thiophen). Mass-spectrum (EL, 70 eV), m/z (I
%): 397 [M]* (2), 98 (36), 86 (28), 70 (42), 69 (12), 56 (100), 55 (65). Found, %: C 48.20; H 4.82;
N 10.62; S 16.16. C16H1sN30s5S,. Calculated, %: C 48.35; H 4.82; N 10.57; S 16.13.
5-[3-(Pyrrolidine-1-carbonyl)-isoxazol-5-yl]-thiophene-2-sulphonic acid 4-methoxy-
phenylamide 19. Yield is 78%, white crystals, T melt. 215-217 °C. NMR 'H (DMSO-ds, §, ppm,
J/Hz): 1.88 (4H, m, 2CH, pyrrolidine); 3.49 (2H, m, CH,N pyrrolidine); 3.65 (2H, m, CH,N
pyrrolidine); 3.69 (3H, s, OCHs); 6.87 (2H, d, J=8.9, CH,O Ar); 7.05 (2H, d, J=8.9, H-4,6 Ar);
7.35 (1H, sc, H-4 isoxazol); 7.52 (d, 1H, J=3.9, H-3 thiophen); 7.75 (1H, d, J=3.9, H-2 thiophen);
10.3 (1H, s, NH). Mass-spectrum (EI, 70 eV), m/z (La. %): 433 [M]* (4), 123 (10), 122 (100),
98 (10), 95 (15), 70 (8), 56 (20), 55 (29), 42 (11). Found, %: C 52.59; H 4.42; N 9.74; S 14.82.
C1sH19N50:5S,. Calculated, %: C 52.64; H 4.42; N 9.69; S 14.79.
Morpholine-4-yl-{5-[5-(pyrrolidin-1-sulfonyl)-thiophen-2-yl]-isoxazol-3-yl}-methanone 20.
Yield is 74%, yellow crystals, T melt. 145-147 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.71
(4H, m, 2CH, pyrrolidine); 3.24 (4H, m, 2CH.N pyrrolidine); 3.61 (4H, m, CH,N morpholine);
3.67 (4H, m, 2CH,O morpholine); 7.38 (1H, s, H-4 isoxazol); 7.82 (1H, d, J=3.3, H-3 thiophen);
7.9 (1H, d, J=3.3, H-2 thiophen). Mass-spectrum (EI, 70 eV), m/z (I.s. %): 397 [M]* (6), 150 (8),
114 (31), 86 (22), 70 (84), 69 (10), 56 (41), 55 (17), 42 (100). Found, %: C 48.25; H 4.82; N 10.62;
S 16.16. C1sH19N;05S,. Calculated, %: C 48.35; H 4.82; N 10.57; S 16.13.
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{5-[5-(Morpholine-4-sulfonyl)-thiophen-2-yl]-isoxazol-3-yl}-morpholine-4-yl-
methanone 21. Yield is 73%, white crystals, T melt. 140-142 °C. NMR 'H (DMSO-ds, 6, ppm,
J/Hz): 2.99 (4H, m, 2CH.N morpholine); 3.61 (4H, m, 2CH,N morpholine); 3.67 (4H, m,
2CH,0O morpholine); 7.40 (1H, s, H-4 isoxazol); 7.78 (1H, d, J=5.3, H-4 thiophen); 7.93 (1H, d,
J=5.3, H-4 thiophen). Mass-spectrum (EI, 70 eV), m/z (La. %): 413 [M]* (6), 114 (23), 86 (50),
70 (49), 56 (100), 42(56). Found, %: C 46.40; H 4.64; N 10.21; S 15.54. C;sH1sN30sS,. Calculated,
%: C 46.48; H 4.63; N 10.16; S 15.51.

5-[3-(Morpholine-4-carbonyl)-isoxazol-5-yl]-thiophene-2-sulphonic acid 4-
methoxyphenylamide 22. Yield is 75%, pink crystals, T melt. 130-132 °C. NMR 'H (DMSO-ds,
S, ppm, J/Hz): 3.59 (4H, m, 2CH,N morpholine); 3.65 (4H, m, 2CH>N morpholine); 3.69 (3H,
s, OCH;); 6.86 (2H, d, J=8.5, H-2 Ar); 7.04 (2H, d, J=8.5, H-6 Ar); 7.32 (1H, s, H-4 isoxazol);
7.52 (1H, d, J=3.0, H-3 thiophen); 7.73 (1H, d, J=3.0, H-2 thiophen); 10.29 (1H, ex.s., NH).
Mass-spectrum (EI, 70 eV), m/z (I.a. %): 449 [M]* (2), 122 (100), 114 (5), 70 (22), 56 (16),
42 (27). Found, %: C 50.69; H 4.26; N 9.40; S 14.29. Ci;sH9sN3OsS,. Calculated, %: C 50.77;
H 4.26; N 9.35; S 14.26.

{5-[5-(Pyrrolidin-1-sulfonyl)-furan-2-yl]-isoxazol-3-yl}-pyrrolidin-1-yl-methanone 23.
Yield is 73%, white crystals, T melt. 183-185 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.75 (4H,
m, 2CH, pyrrolidine); 1.9 (4H, m, 2CH, pyrrolidine); 3.51 (4H,m, 2CH,N pyrrolidine);
3.68 (4H, m, 2CH,N pyrrolidine); 7.3 (1H, s, H-4 isoxazol); 7.42 (1H, d, J=3.9, H-2 furan); 7.44
(1H, d, J=3.9, H-3 furan). Mass-spectrum (EI, 70 eV), m/z (L.a. %): 365 [M]* (3), 135 (6), 98 (61),
70 (82), 69 (18), 55 (100), 42 (74), 39 (24). Found, %: C 52.49; H 5.25; N 11.56; S 8.79.
Ci6H19N;05S. Calculated, %: C 52.59; H 5.24; N 11.50; S 8.77.

{5-[5-(Morpholine-4-sulfonyl)-furan-2-yl]-isoxazol-3-yl}-pyrrolidin-1-yl-methanone 24.
Yield is 75%, white crystals, T melt. 167-169 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.89 (4H,
m, 2CH, pyrrolidine); 3.13 (4H, m, 2CH,N pyrrolidine); 3.52 (2H, M, CH,N morpholine);
3.66 (6H, m, 2CH,O morpholine, CH, pyrrolidine); 7.31 (1H, d, J=1.3, H-3 furan); 7.46 (1H, s,
H-4 isoxazol); 7.47 (1H, d, J=1.3, H-2 furan). Mass-spectrum (EI, 70 eV), m/z (L. %): 381 [M]*
(2), 98 (47), 70 (42), 69 (12), 56 (100), 42 (33). Found, %: C 50.29; H 5.03; N 11.07; S 8.42.
CisH19N306S. Calculated, %: C 50.39; H 5.02; N 11.02; S 8.41.

5-[3-(Pyrrolidine-1-carbonyl)-isoxazol-5-yl]-furan-2-sulphonic acid 4-methoxyphenyl-
amide 25. Yield is 77%, black crystals, T' melt. 90-92 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz):
1.89 (4H, m, 2CH,; pyrrolidine); 3.51 (4H, m, CH:N pyrrolidine); 6.85 (2H, d, J=8.5, CH,O Ar);
7.05 (2H, d, J=8.5, H-2,6 Ar); 7.17 (1H, s, H-4 isoxazol); 7.23 (1H, d, J=3.3, H-3 furan); 7.33 (1H,
d, J=3.3, H-2 furan); 8.0 (1H, s, NH). Mass-spectrum (EL, 70 eV), m/z (L. %): 417 [M]* (5), 123
(100), 98 (17), 95(20), 70 (18), 69 (12), 56 (25). Found, %: C 54.54; H 4.59; N 10.12; S 7.70.
C19H19N306S. Calculated, %: C 54.67; H 4.59; N 10.07; S 7.68.

Morpholine-4-yl-{5-[5-(pyrrolidin-1-sulfonyl)-furan-2-yl]-isoxazol-3-yl}-methanone 26.
Yield is 74%, orange crystals, T melt. 125-127 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.74 (4H,
m, 2CH, pyrrolidine); 3.3 (4H, m, 2CH,N morpholine); 3.6 (4H, m, 2CH,N pyrrolidine);
3.67 (4H, m, 2CH,O morpholine); 7.29 (1H, s, H-4 isoxazol); 7.43 (2H, d, J=0.4, H-2,3 furan).
Mass-spectrum (EI, 70 eV), m/z (L. %): 381 [M]* (5), 114 (37), 86 (22), 70 (100). Found, %:
C 50.35; H 5.03; N 11.07; S 8.42. C1sH19N304S. Calculated, %: C 50.39; H 5.02; N 11.02; S 8.41.
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{5-[5-(Morpholine-4-sulfonyl)-furan-2-yl]-isoxazol-3-yl}-morpholine-4-yl-methanone 27.
Yield is 79%, white crystals, T melt. 120-123 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 3.12 (4H,
m, 2CH,N morpholine); 3.6 (4H, m, 2CH,N morpholine); 3.67 (8H, m, 2CH,O morpholine);
6.86 (2H, d, J=8.5, H-2 Ar); 7.04 (2H, d, J=8.5, H-6 Ar); 7.16 (1H, s, H-4 isoxazol); 7.23 (1H, s,
NH); 7.32 (2H, d, J=2.6, H-2,3 furan). Mass-spectrum (EI, 70 eV), m/z (I.. %): 397 [M]* (8),
114 (39), 86 (64), 70 (64), 56 (100). Found, %: C 48.21; H 4.82; N 10.63; S 8.08. C1sH1sNsO-S.
Calculated, %: C 48.36; H 4.82; N 10.57; S 8.07.
5-[3-(Morpholine-4-carbonyl)-isoxazol-5-yl]-furan-2-sulphonic ~ acid = 4-methoxy-
phenylamide 28. Yield is 74%, red crystals, T melt. 165-167 °C. NMR 'H (DMSO-ds, §, ppm,
J/Hz): 3.6 (3H, s, COCH35); 3.67 (4H, m, 2CH,N morpholine); 3.68 (4H, m, 2CH,O morpholine);
6.86 (2H, d, J=8.5, H-2 Ar); 7.04 (2H, d, J=8.5, H-6 Ar); 7.16 (1H, s, H-4 isoxazol); 7.23 (1H, s,
NH); 7.32 (2H, d, J=2.6, H2,3 furan). Mass-spectrum (EI, 70 eV), m/z (La. %): 433 [M]* (7),
122 (100), 86 (64), 70 (23), 56 (14). Found, %: C 52.59; H 4.42; N 9.74; S 7.41. C1sH1sN;0;S.
Calculated, %: C 52.65; H 4.42; N 9.69; S 7.40.
{5-[4-Methoxy-3-(pyrrolidin-1-sulfonyl)-phenyl]-isoxazol-3-yl}-pyrrolidin-1-yl-methanone 29.
Yield is 78%, white crystals, T melt. 190-195 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.76
(4H, m, 2CH, pyrrolidine); 1.89 (4H, m, 2CH, pyrrolidine); 3.27 (2H, m, CHN pyrrolidine);
3.51 (2H, m, CH,N pyrrolidine); 3.69 (2H, m, CH.N pyrrolidine); 3.99 (3H, s, OCHs); 7.32 (1H,
s, H-4 isoxazol); 7.45 (1H, d, J=7.5, H-6 Ar); 8.2 (1H, d, J=7.5, H-5 Ar); 8.22 (1H, s, H-2 Ar).
Mass-spectrum (EI, 70 eV), m/z (L. %): 405 [M]* (4), 98 (43), 70 (100), 59 (48). Found, %:
C 56.19; H 5.72; N 10.42; S 7.92. C1sH23N305S. Calculated, %: C 56.28; H 5.72; N 10.36; S 7.91.
{5-[4-Methoxy-3-(morpholine-4-sulfonyl)-phenyl]-isoxazol-3-yl}-pyrrolidin-1-yl-
methanone 30. Yield is 79%, white crystals, T melt. 205-208 °C. NMR 'H (DMSO-ds, 6, ppm,
J/Hz): 1.89 (4H, m, 2CH, pyrrolidine); 3.13 (4H, m, 2CH,N pyrrolidine), 3.51 (2H, m, CH,O
morpholine); 3.6 (4H, m, CH,N, CH,O morpholine); 3.7 (2H, m, 2CH,N morpholine);
3,99 (3H, s, OCH,); 7.34 (1H, s, H-4 isoxazol); 7.46 (2H, d, J=8.5, H-2 Ar); 8.2 (1H, s, H-6 Ar);
8.23 (1H, d, J=8.5, H-5 Ar); 9.03 (1H, s, NH). Mass-spectrum (EI, 70 eV), m/z (L:a. %): 421 [M]*
(5), 98 (34), 86 (36), 70 (45), 59 (100). Found, %: C 54.07; H 5.72; N 10.42; S 7.92. C10H23N30sS.
Calculated, %: C 56.28; H 5.72; N 10.36; S 7.91.
2-Methoxy-N-(4-methoxyphenyl)-5-[3-(pyrrolidine-1-carbonyl)-isoxazol-5-yl]-benzene
sulfonamide 31. Yield is 76%, pink crystals, T'melt. 125-127 °C. NMR 'H (DMSO-ds, §, ppm,
J/Hz): 1.88 (4H, m, 2CH  pyrrolidine); 3.49 (4H, m, 2CH,N pyrrolidine); 4.38 (6H, s, 20CHs);
3.99 (2H, m, CH,N pyrrolidin); 6.77 (2H, d, J=8.9, H-2 Ar?); 7.00 (2H, d, J=8.9, H-4,5 Ar?);
7.25 (1H, s, H-4 isoxazol); 7.33 (1H, d, J=8.5, 6-H Ar'); 8.10 (1H, s, H-2 Ar'); 8.14 (1H, d, J=8.5,
H-5 Ar'); 9.8 (s, 1H, NH). Mass-spectrum (EI, 70 eV), m/z (L. %): 457 [M]* (5), 122 (100),
98 (13), 70 (14), 59 (24). Found, %: C 57.69; H 5.07; N 9.23; S 7.02. C2;H:N;06S. Calculated, %:
C57.76; H5.07; N 9.18; S 7.01.
{5-[4-Methoxy-3-(pyrrolidin-1-sulfonyl)-phenyl]-isoxazol-3-yl}-morpholine-4-yl-
methanone 32. Yield is 77%, light-brown crystals, T melt. 110-115 °C. NMR 'H (DMSO-ds, 6,
ppm, J/Hz): 1.76 (4H, m, 2CH, pyrrolidine); 3.26 (4H, m, 2CH,N pyrrolidine); 3.62 (4H, m,
2CH:N morpholine); 3.68 (4H, m, 2CH,O morpholine); 3.99 (3H, s, OCHs); 7.30 (1H, s, H-4
isoxazol); 7.45 (2H, d, J=9.0, H-2,6 Ar); 8.17 (2H, d, J=9.0, H-3,5 Ar). Mass-spectrum (EI,
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70 eV), m/z (La. %): 421 [M]* (8), 114 (28), 86 (29), 70 (100), 59 (9). Found, %: C 54.04; H 4.08;
N 7.59; S 8.66. C1oH23N304S. Calculated, %: C 54.15; H 5.50; N 9.97; S 7.61.
{5-[4-Methoxy-3-(morpholine-4-sulfonyl)-phenyl]-isoxazol-3-yl}-morpholine-4-yl-
methanone 33. Yield is 80%, light-brown crystals, T melt. 145-150 °C. NMR 'H (DMSO-ds, 9,
ppm, J/Hz): 3.13 (4H, m, 2CH,N morpholine); 3.62 (8H, m, 2CH,N, 2CH,O morpholine);
3.67 (4H, m, 2CH,O morpholine); 3.99 (3H, s, OCHs); 7.3 (1H, s, H-4 isoxazol); 7.47 (1H, d,
J=7.5, H-6 Ar); 8.18 (1H, s, H-2 Ar); 8.02 (1H, d, J=7.5, H-5 Ar). Mass-spectrum (EI, 70 eV),
m/z (I.a. %): 437 [M]* (4), 114 (25), 86 (70), 59 (100). Found, %: C 52.10; H 5.30; N 9.65; S 7.34.
C1sH23N505S. Calculated, %: C 52.17; H 5.30; N 9.61; S 7.33.
2-Methoxy-N-(4-methoxyphenyl)-5-[3-(morpholine-4-carbonyl)-isoxazol-5-yl]-benzene
sulfonamide 34. Yield is 77%, brown crystals, T melt. 110-115 °C. NMR 'H (DMSO-ds, §, ppm,
J/Hz): 3.6 (4H, m, 2CH,N morpholine); 3.62 (3H, s, OCHs); 3.66 (4H, m, 2CH,O morpholine);
4.00 (s, 3H, OCH,); 6.77 (2H, d, J=8.9, H-2 Ar?); 7.01 (2H, d, J=8.9, H-6 Ar?); 7.25 (1H, s, H-4
isoxazol); 7.38 (1H, d, J=8.5, H-6 Ar'); 8.09 (1H, s, H-2 Ar'); 8.12 (1H, d, /=8.5, H-5 Ar!).
Mass-spectrum (EI, 70 eV), m/z (L. %): 473 [M]* (9), 122 (100), 114 (5), 59 (9). Found, %:
C 55.74; H 4.90; N 8.92; S 6.78. C»,H,3N30-S. Calculated, %: C 55.81; H 4.90; N 8.87; S 6.77.
{5-[5-(Pyrrolidin-1-sulfonyl)-thiophen-3-yl]-thiophene-3-yl}-pyrrolidin-1-yl-methanone
35. Yield is 77%, light-brown crystals, T melt. 190-194 °C. NMR 'H (DMSO-ds, 8, ppm, J/Hz):
1.94 (4H, m, 2CH)N pyrrolidine); 3.0 (4H, m, 2CH,N morpholine); 3.54 (2H, m, 2CH,N
pyrrolidine); 3.7 (4H, m, 2CH,O morpholine); 3.76 (2H, m, 2CH, pyrrolidine); 7.31 (1H, s, H-
4 isoxazol); 8.15 (1H, d, J=1.6, H-4 thiophene); 8.61 (1H, d, J=1.6, H-2 thiophene).
Mass-spectrum (EL, 70 eV), m/z (La. %): 381 [M]* (4), 247 (36), 215 (27), 122 (5), 98 (44),
70 (100), 56 (55), 42 (89). Found, %: C 50.29; H 5.03; N 11.07; S 16.84. C1¢H1sN:0.S,. Calculated,
%: C 50.38; H 5.02; N 11.02; S 16.81.
{5-[5-(Morpholine-4-sulfonyl)-thiophen-3-yl]-isoxazol-3-yl}-pyrrolidin-1-yl-methanone 36.
Yield is 80%, orange crystals, T melt. 185-188 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.94 (4H,
m, 2CH,N pyrrolidine); 3.0 (4H, m, 2CH:N morpholine); 3.54 (2H, m, 2CH,N pyrrolidine);
3.7 (4H, m, 2CH,O morpholine); 3.76 (2H, m, 2CH, pyrrolidine); 7.31 (1H, s, H-4 isoxazol);
8.15 (1H, d, J=1.6, H-4 thiophene); 8.61 (1H, d, J=1.6, H-2 thiophene). Mass-spectrum (EI,
70 eV), m/z (La. %): 397 [M]* (2), 247 (16), 98 (17), 86 (46), 70 (30), 56 (100), 42 (24). Found,
%: C 48.29; H 4.82; N 10.62; S 16.16. CsH1sN30sS,. Calculated, %: C 48.35; H 4.82; N 10.57;
S16.13.
4-[3-(Pyrrolidine-1-carbonyl)-isoxazol-5-yl]-thiophene-2-sulphonic acid 4-methoxy-
phenylamide 37. Yield is 80%, black crystals, T melt. 110-113 °C. NMR 'H (DMSO-ds, §, ppm,
J/Hz): 1.8 (4H, m, 2CH,N pyrrolidine); 3.53 (2H, m, 2CH, pyrrolidine); 3.7 (3H, s, OCHs);
3.75 (2H, m, 2CH, pyrrolidine); 6.8 (2H, d, J=8.5, H-3,5 Ar); 7.05 (2H, d, J=8.5, H-2,6 Ar);
7.19 (1H, s, H-4 isoxazol); 7.9 (1H, d, J=1.1, H-4 thiophene); 8.41 (1H, d, J=1.1, H-2 thiophene);
10.13 (s, 1H, NH). Mass-spectrum (EI, 70 eV), m/z (I.a. %): 433 [M]* (2), 122 (61), 98 (19), 70
(44), 56 (48), 39 (100). Found, %: C 50.59; H 4.42; N 9.74; S 14.82. C1sH,sN;05S,. Calculated, %:
C52.64; H4.42; N 9.69; S 14.79.
Morpholine-4-yl-{5-[5-(pyrrolidin-1-sulfonyl)-thiophen-3-yl]-isoxazol-3-yl}-methanone
38. Yield is 80%, white crystals, T melt. 170-172 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz):
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1.75 (4H, m, 2CH, pyrrolidine); 3.64 (8H, m, 2CH,N pyrrolidine, 2CH,N morpholine); 3.69
(4H, m, CH, morpholine); 7.26 (1H, s, H-4 isoxazol); 8.17 (1H, d, J=1.0, H-4 thiophene); 7.17
(1H, d, J= 1.0, H-2 thiophene). Mass-spectrum (EI, 70 eV), m/z (La. %): 397 [M]* (2), 114 (19),
86 (31), 70 (81), 56 (40), 42 (100). Found, %: C 48.29; H 4.82; N 10.62; S 16.16. C;sH1sN30sS,.
Calculated, %: C 48.35; H 4.82; N 10.57; S 16.13.

{5-[5-(Morpholine-4-sulfonyl)-thiophen-3-yl]-isoxazol-3-yl}-morpholine-4-yl-methanone 39.
Yield is 83%, white crystals, T melt. 140-143 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz): 2.99 (4H,
m, CH,N morpholine); 3.65(4H, m, CH,N morpholine); 3.69 (8H, m, 4CH,O morpholine);
7.27 (1H, s, H-4 isoxazol); 8.1 (1H, d, J=1.0, H-1 thiophene); 8.15 (1H, d, J=1.0, H-3 thiophene).
Mass-spectrum (EIL, 70 eV), m/z (I.a. %): 413 [M]* (1), 114 (14), 86 (46), 70 (37), 56 (100),
42 (50). Found, %: C 46.40; H 4.64; N 10.21; S 15.54. C;sH19N;OsS,. Calculated, %: C 46.48;
H 4.63; N 10.16; S 15.51.

4-[3-(Morpholine-4-carbonyl)-isoxazol-5-yl]-thiophene-2-sulphonic acid 4-methoxy-
phenylamide 40. Yield is 81%, brown crystals, T melt. 155-157 °C. NMR 'H (DMSO-ds, 6, ppm,
J/Hz): 3.63 (4H, m, 2CH,N morpholine); 3.69 (4H, m, 2CH,O morpholine); 3.7 (3H, s, OCHs);
6.81 (2H, d, J=8.9, H-3,5 Ar); 7.05 (2H, d, J=8.9, H-2,6 Ar); 7.18 (1H, s, H-4 isoxazol); 7.89 (1H,
d, J=1.0, H-4 thiophene); 8.45 (1H, d, J=1.0, H-2 thiophene); 10.14 (1H, s, NH). Mass-spectrum
(EL, 70 V), m/z (Ia. %): 449 [M]* (2), 122 (100), 95 (15), 70 (17), 56 (14). Found, %: C 50.69;
H 4.26; N 9.40; S 14.29. C1sH1sN306S,. Calculated, %: C 50.77; H 4.26; N 9.35; S 14.26.

5-(3,5-Dimethylisoxazol-4-yl)furan-2-sulfonyl chloride 42(a). Yield is 78%, brown
crystals, T melt. 61-63 °C. NMR 'H (CDCls, §, ppm, J/Hz): 2.44 (3H, s, CHs); 2.64 (3H, s, CH3);
6.53 (1H, d, J=3.7, CH furan); 7.36 (1H, d, J=3.7, CH furan). Mass-spectrum (EI, 70 eV)), m/z
(Ita. %): 261 [M]* (16), 178 (9), 136 (15), 134 (27), 121 (62), 90 (22), 79 (100), 76 (18), 65 (15).
Found (%): C 41.19; H 3.08; N 5.38; S 12.28. CoHsCINO.S. Calculated (%): C 41.31; H 3.08;
N 5.35; S 12.25.

5-(3,5-Dimethylisoxazol-4-yl)thiophene-2-sulfonyl chloride 42(b). Yield is 82%, brown
crystals, T melt. 82-84 °C. NMR 'H (CDCls, §, ppm, J/Hz): 2.39 (3H, s, CH3); 2.56 (3H, s, CH3);
7.04 (1H, d, J=3.7, CH thiophene); 7.87 (1H, d, J=3.7 CH thiophene). Mass-spectrum (EI,
70 eV), m/z (L. %): 277 [M]* (7), 194 (5), 152 (8), 137 (23), 120 (17), 109 (11), 95 (12), 93 (12),
69 (100). Found (%): C 38.85; H 2.91; N 5.07; S 23.13. CoHsCINQO:sS,. Calculated (%): C 38.31;
H 5.06; N 7.81; S 17.89.

5-(3,5-Dimethylisoxazol-4-yl)-2-methylfuran-3-sulfonyl chloride 42(c). Yield is 80%,
white crystals, T melt. 115-117 °C. NMR'H (CDCl;, §, ppm, J/Hz): 2.39 (3H, s, CH3); 2.56 (3H,
s, CHs); 2.69 (3H, s, CHs); 6.63 (1H, s, CH furan). Mass-spectrum (EI, 70 eV), m/z (La. %):
275 [M]* (32), 240 (16), 192 (11), 148 (13), 124 (20), 106 (15), 90 (29), 43 (100). Found (%):
C43.55; H 3.66; N 5.11; S 11.65. C;0H;oCINO.S. Calculated (%): C 43.56; H 3.66; N 5.08; S 11.63.

5-(3,5-Dimethylisoxazol-4-yl)-2-methylfuran-3-sulfonyl chloride 42(d). Yield is 76%,
dark brown crystals, T'melt. 78-80 °C. NMR 'H (CDCl;, §, ppm, J/Hz): 2.26 (3H, s, CHs); 2.42
(3H, s, CHs); 2.75 (3H, s, CHs); 7.18 (1H, s, CH thiophene). Mass-spectrum (EI, 70 eV), m/z
(Ira. %): 291 [M]* (6), 256 (3), 148 (6), 123 (7), 69 (9), 63 (7), 43 (100). Found (%): C 41.15;
H 3.46; N 4.82; S 22.02. C10H0CINO;S,. Calculated (%): C 41.17; H 3.45; N 4.80; S 21.98.
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4-(3,5-Dimethylisoxazol-4-yl)furan-2-sulfonyl chloride 42(e). Yield is 76%, brown
crystals, T'melt. 62-65 °C. NMR'H (CDCl;, §, ppm, J/Hz): 2.22 (3H, s, CHs); 2.42 (3H, s, CHa);
7.04 (1H, s, CH furan); 7.35 (1H, s, CH furan). Mass-spectrum (EI, 70 eV), m/z (1. %): 261 [M]*
(12), 162 (7), 157 (6), 43 (100). Found (%): C 41.19; H 3.08; N 5.38; S 12.28. CoH;CINO,S.
Calculated (%): C 41.31; H 3.08; N 5.35; S 12.25.
4-(3,5-Dimethylisoxazol-4-yl)thiophene-2-sulfonyl chloride 42(f). Yield is 80%, brown
crystals, T melt. 103-105 °C. NMR 'H (CDCl;, §, ppm, J/Hz): 2.24 (3H, s, CHs); 2.41 (3H, s,
CHs); 7.19 (1H, s, CH thiophene); 7.47 (1H, s, CH thiophene). Mass-spectrum (EL, 70 eV), m/z
(Ia. %): 277 [M]* (4), 178 (5), 173 (5), 48 (8), 45 (12), 43 (100). Found (%): C 38.85; H 2.91;
N 5.07; S 23.13. CoH3CINO:sS,. Calculated (%): C 38.31; H 5.06; N 7.81; S 17.89.
5-(3,5-Dimethylisoxazol-4-yl)4-methylthiophene-2-sulfonyl chloride 42(g). Yield is 82%,
brown crystals, T melt. 102-104 °C. NMR 'H (CDCl;, §, ppm, J/Hz): 2.03 (3H, s, CH3); 2.10 (3H,
s, CHs); 2.26 (3H, s, CHs); 7.64 (1H, s, CH thiophene). Mass-spectrum (EL, 70 eV), m/z (L. %):
291 [M]* (16), 256 (7), 166 (10), 152 (5), 151 (53), 134 (22), 123 (20), 109 (22), 93 (17), 69 (100).
Found (%): C 41.15; H 3.46; N 4.82; S 22.02. C,0H0CINOsS,. Calculated (%): C 41.17; H 3.45;
N 4.80; S 21.98.
3,5-Dimethyl-4-[5-pyrrolidin-1-sulfonyl)-furan-2-yl]-isoxazole 43. Yield is 73%, white
crystals, T melt. 103-107 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 2.38 (3H, s, CH3); 2.60 (3H, s,
CHs); 3.08 (4H, m, 2CH, pyrrolidine); 3.66 (4H, m, 2CH,N pyrrolidine); 6.89 (1H, d, J=1.8, 4-
H furan); 7.36 (1H, d, J=1.8, 3-H furan). Mass-spectrum (EI, 70 eV), m/z (I.e. %): 296 [M]* (14),
178 (7), 163 (66), 136 (10), 134 (12), 122 (15), 121 (25), 79 (30), 76 (14), 51 (100). Found, %:
C 52.63; H 5.45; N 9.50; S 10.84. C;3H6N,0O,S. Calculated, %: C 52.69; H 5.44; N 9.45; S 10.82.
3,5-Dimethyl-4-[5-morpholine-1-sulfonyl)-furan-2-yl]-isoxazole 44. Yield is 77%,
light-brown crystals, T melt. 111-113 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz): 1.73 (4H, m,
2CH:N morpholine); 2.37 (3H, s, CHs); 2.59 (3H, s, CH3); 3.27 (4H, m, 2CH,O morpholine);
6.86 (1H, d, J=1.8, 4-H furan); 7.32 (1H, d, J=1.8, 3-H furan). Mass-spectrum (EI, 70 eV), m/z
(Ia. %): 312 [M]* (54), 178 (8), 136 (10), 121 (18), 90 (10), 86 (22), 79 (25), 56 (100). Found, %:
C 49.89; H5.17; N 9.01; S 10.28. C;3H16N,0O5S. Calculated, %: C 49.99; H 5.16; N 8.97; S 10.26.
5-(3,5-Dimethylisoxazol-4-yl)-furan-2-sulphonic acid 4-methoxyphenylamide 45. Yield
is 73%, red crystals, T melt. 97-99 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 2.29 (3H, s, CHs);
2.51 (3H, s, CH3); 3.68 (3H, s, OCH3); 6.73 (1H, d, J=3.3, 4-H furan); 6.85 (2H, d, J=8.5, CH-Ar);
7.05 (2H, d, J=8.5, CH-Ar); 7.15 (1H, d, J=3.3, 3-H furan); 10.36 (1H, s, NH). Mass-spectrum
(EI, 70 eV), m/z (I.e. %): 348 [M]* (3), 122 (100), 95 (21), 80 (9), 79 (20), 65 (11), 52 (16). Found,
%: C 55.09; H 4.63; N 8.08; S 9.22. C;6H;6N,OsS. Calculated, %: C 55.16; H 4.63; N 8.04; S 9.20.
3,5-Dimethyl-4-[5-pyrrolidin-1-sulfonyl)-thiophene-2-yl]-isoxazole 46. Yield is 75%,
brown crystals, T' melt. 98-100 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.71 (4H, m, 2CH,
pyrrolidine); 2.35 (3H, s, CHs); 2.55 (3H, s, CHs); 3.23 (4H, m, 2CH)N pyrrolidine); 7.37 (1H,
d, J=4.0, H-3 -thiophene); 7.73 (1H, d, J=4.0, 4-CH thiophene). Mass-spectrum (EI, 70 eV), m/z
(Ira. %): 312 [M]* (17), 194 (5), 179 (100), 152 (10), 137 (28), 122 (5), 120 (13), 110 (20), 95 (16),
69 (11). Found, %: C49.88; H5.17; N 9.01; S 20.57. C13H16N,OsS,. Calculated, %: C 49.98; H 5.16;
N 8.97; S 20.52.
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3,5-Dimethyl-4-[5-morpholine-1-sulfonyl)-thiophene-2-yl]-isoxazole 47. Yield is 78%,
brown crystals, T melt. 103-105 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz): 2.36 (3H, s, CHs);
2.56 (3H, s, CHs); 2.97 (4H, m, 2CH,N morpholine); 3.69 (4H, m, 2CH,O morpholine);
7.41 (1H, d, J=4.0, 3-CH thiophene); 7.71 (1H, d, J=4.0, 4-CH thiophene). Mass-spectrum (EI,
70 eV), m/z (I.a. %): 328 [M]* (15), 179 (14), 137 (21), 122 (5), 95 (14), 86 (26), 69 (7), 56 (100).
Found, %: C 47.45; H4.92; N 8.57; § 19.56. C13H16N,O,S,. Calculated, %: C 47.55; H4.91; N 8.53;
S19.52.

5-(3,5-Dimethylisoxazol-4-yl)-thiophene-2-sulphonic acid 4-methoxyphenylamide 48.
Yield is 83%, brown crystals, T melt. 85-87 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 2.27 (3H, s,
CH.); 2.47 (3H, s, CHs); 2.69 (3H, s, OCH;); 6.86 (2H, d, J=9.2, 2CH-Ar); 7.05 (2H, d, J=9.2,
2CH-Ar); 7.21 (1H, d, J=3.7, 3-CH thiophene); (1H, d, J=3.7, 4-CH thiophene); 10.12 (1H, s,
NH). Mass-spectrum (EIL, 70 eV), m/z (I.a. %): 364 [M]* (24), 137 (26), 122 (100), 121 (23),
120 (14), 109 (13), 95 (23), 93 (11), 80 (11). Found, %: C 52.68; H 4.43; N 7.73; S 17.63.
CisH1sN>O,S,. Calculated, %: C 52.73; H 4.43; N 7.69; S 17.59.

3,5-Dimethyl-4-[5-methyl-4-pyrrolidin-1-sulfonyl)-furan-2-yl]-isoxazole 43. Yield is
71%, white crystals, T'melt. 145-147 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.74 (4H, m, 2CH,
pyrrolidine); 2.34 (3H, s, CHs); 2.5 (3H, s, CHs); 2.57 (3H, s, CHs); 3.2 (4H, m, 2CH,N
pyrrolidine); 6.82 (1H, d, J=1.8, CH furan). Mass-spectrum (EL 70 eV), m/z (I.. %): 177 [M]*
(9), 176 (10), 175 (9), 148 (9), 124 (24), 106 (9), 70 (90), 42 (100). Found, %: C 54.09; H 5.85; N
9.07; S 10.35. C14sHsN,O.S. Calculated, %: C 54.18; H 5.85; N 9.03; S 10.33.

3,5-Dimethyl-4-[5-methyl-4-(morpholine-1-sulfonyl)-furan-2-yl]-isoxazole 50. Yield is
79%, white crystals, T melt. 143-145 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 2.35 (3H, s, CHs);
2.57 (3H, s, CHs); 2.99 (4H, m, 2CH.N morpholine); 3.31 (3H, s, CHs); 3.67 (4H, m, 2CH,O
morpholine); 6.74 (1H, s, CH furan). Mass-spectrum (EI, 70 eV), m/z (L. %): 326 [M]* (18),
177 (15), 176 (9), 175 (14), 148 (19), 124 (20), 106 (15), 86 (22), 56 (100). Found, %: C 51.49;
H 5.56; N 8.63; S 9.84. C1sH1sN,OsS. Calculated, %: C 51.52; H 5.56; N 8.58; S 9.82.
4-[4-(4-Methoxybenzolsulfonyl)-5-methylfuran-2-yl]-3,5-dimethylisoxazole 51. Yield is
69%, grey crystals, T melt. 120-122 °C. NMR 'H (DMSO-ds, 8, ppm, J/Hz): 2.27 (3H, s, CHa);
2.48 (3H, s, CH3); 2.5 (3H, s, CHs); 2.69 (3H, s, OCH;); 6.55 (1H, s, CH furan); 6.86 (2H, d,
J=8.9, 2CH-Ar); 7.04 (2H, d, J=9.2, 2CH-Ar); 9.79 (1H, s, NH). Mass-spectrum (EI, 70 eV), m/z
(La. %): 347 [M]* (17), 148 (15), 123 (12), 95 (20), 79 (16), 65 (11), 53 (100). Found, %: C 58.60;
H 4.94; N 4.05; S 9.25. C,;Hi7NO:sS. Calculated, %: C 58.78; H 4.93; N 4.03; S 9.23.
3,5-Dimethyl-4-[5-methyl-4-(pyrrolidin-1-sulfonyl)-thiophene-2-yl]-isoxazole 52. Yield
is 77%, light-brown crystals, T melt. 115-117 °C. NMR 'H (DMSO-ds, 8, ppm, J/Hz): 1.75 (4H,
m, 2CH; pyrrolidine); 2.29 (3H, s, CHs); 2.7 (3H, s, CHs); 3.22 (4H, m, 2CH,N pyrrolidine);
3.28 (3H, s, CH3); 7.25 (1H, s, 3-CH thiophene). Mass-spectrum (EI, 70 eV), m/z (I.. %):
326 [M]* (53), 191 (18), 148 (9), 70 (40), 69 (11), 65 (6), 59 (16), 43 (100). Found, %: C 51.48;
H 5.56; N 8.62; S 19.68. C1sH1sN>05S,. Calculated, %: C 51.51; H 5.56; N 8.58; S 19.64.
3,5-Dimethyl-4- [5-methyl-4-(morpholine- 1-sulfonyl)-thiophene-2-yl]-isoxazole 53. Yield
is 82%, light-brown crystals, T'melt. 127-129 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 2.3 (3H, s,
CHs); 2.68 (3H, s, CH3); 3.0 (4H, m, 2CH,N morpholine); 3.32 (3H, s, CH3); 3.66 (4H, m, 2CH,O
morpholine); 7.20 (1H, s, 3-CH thiophene). Mass-spectrum (EI, 70 eV), m/z (La. %): 342 [M]*
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(13), 193 (15), 192 (20), 191 (25), 148 (17), 106 (7), 86 (28), 69 (7), 56 (100). Found, %: C 48.96;
H 5.30; N 8.22; S 18.76. C14H1sN,O.S,. Calculated, %: C 49.11; H 5.30; N 8.18; S 18.72.
5-(3,5-Dimethylisoxazol-4-yl)-2-methylthiophene-3-sulfonic acid 4-methoxyphenyl-
amide 54. Yield is 75%, red crystals, T melt. 120-122 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz):
2.20 (3H, s, CHs); 2.4 (3H, s, CHs); 2.44 (3H, s, CH;); 2.68 (3H, s, OCH.); 6.85 (2H, d, J=8.2,
CH-Ar); 7.02 (2H, d, J=8.2, CH-Ar); 7.06 (1H, s, 3-CH thiophene); 9.86 (1H, s, NH).
Mass-spectrum (EL, 70 eV), m/z (L. %): 378 [M]* (23), 148 (12), 123 (14), 122 (100), 95 (25),
79 (8), 65 (9). Found, %: C 53.89; H 4.80; N 7.44; S 16.98. C;;H sN,0.S,. Calculated, %: C 53.95;
H 4.79; N 7.40; S 16.94.
3,5-Dimethyl-4-[5-pyrrolidin-1-sulfonyl)-furan-3-yl]-isoxazole 55. Yield is 73%, white
crystals, T'melt. 104-106 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz): 1.72 (4H, m, 2CH, pyrrolidine);
2.35 (3H, s, CHs); 2.57 (3H, s, CH3); 3.2 (4H, m, 2CH)N pyrrolidine); 6.94 (1H, s, H-3 furan);
7.25 (s, 1 H, H-5 furan). Mass-spectrum (EI, 70 eV), m/z (I... %): 296 [M]* (28), 178 (12),
162 (68),132(7), 122 (27), 118 (16), 76 (23), 69 (11), 43 (100). Found, %: C 52.63; H 5.45; N 9.50;
S 10.84. Ci3HisN,O.S. Calculated, %: C 52.69; H 5.44; N 9.45; S 10.82.
3,5-Dimethyl-4-[5-morpholine-1-sulfonyl)-furan-3-yl]-isoxazole 56. Yield is 76%,
light-brown crystals, T melt. 146-148 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 2.35 (3H, s, CH3);
2.57 (3H, s, CH3); 3.0 (4H, m, 2CH.N morpholine); 3.59 (4H, m, 2CH>O morpholine); 6.96 (1H,
s, H-3 furan); 7.28 (s, 1 H, H-5 furan). Mass-spectrum (EI, 70 eV), m/z (I.a. %): 312 [M]* (36),
175 (12), 169 (16), 132 (9), 126 (23), 98 (9), 86 (16), 79 (25), 55 (25), 42 (100). Found, %: C 49.89;
H 5.17; N 9.01; S 10.28. Ci3H1sN,OsS. Calculated, %: C 49.99; H 5.16; N 8.97; S 10.26.
4-[5-(4-Methoxybenzolsulfonyl)-furan-3-yl]-3,5-dimethylisoxazole 57. Yield is 72%, red
crystals, T melt. 97-99 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz): 2.27 (3H, s, CHs); 2.48 (3H, s,
CH.); 2.69 (3H, s, OCH:); 6.86 (2H, d, J=8.9, 2CH-Ar); 6.96 (1H, s, H-3 furan); 7.03 (2H, d,
J=9.2, 2CH-Ar); 7.28 (s, 1 H, H-5 furan); 9.76 (1H, s, NH). Mass-spectrum (EI, 70 eV), m/z
(Ia. %): 348 [M]* (13), 126 (58), 98 (14), 80 (9), 79 (15), 69 (16), 43 (100). Found, %: C 55.09;
H 4.63; N 8.08; S 9.22. C;sH16N,OsS. Calculated, %: C 55.16; H 4.63; N 8.04; S 9.20.
3,5-Dimethyl-4-[5-pyrrolidin-1-sulfonyl)-thiophen-3-yl]-isoxazole 58. Yield is 79%,
light-brown crystals, T melt. 90-92 °C. NMR 'H (DMSO-ds, 9, ppm, J/Hz): 1.70 (4H, m, 2CH,
pyrrolidin); 2.27 (3H, s, CHs); 2.45 (3H, s, CH3); 3.23 (4H, m, 2CH,N pyrrolidin); 7.82 (1H, s,
3-CH thiophen); 8.06 (1H, s, 5-CH thiophen). Mass-spectrum (EI, 70 eV), m/z (L.a. %): 312 [M]*
(14), 179 (14), 178 (12), 137 (10), 110 (11), 109 (11), 95 (11), 70 (15), 69 (10), 43 (100). Found,
%: C49.88; H5.17; N 9.01; S 20.57. C13H 16N, O5S,. Calculated, %: C 49.98; H 5.16; N 8.97; S 20.52.
3,5-Dimethyl-4-[5-morpholine-1-sulfonyl)-thiophen-3-yl]-isoxazole 59. Yield is 81%,
light-brown crystals, T'melt. 108-110 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 2.29 (3H, s, CH3);
2.46 (3H, s, CHs); 2.96 (4H, m, 2CH,N morpholine); 3.68 (4H, m, 2CH,O morpholine);
7.78 (1H, s, 3-CH thiophen); 8.13 (1H, s, 5-CH thiophen). Mass-spectrum (EI, 70 eV), m/z
(Ia. %): 328 [M]* (5), 178 (7), 137 (8), 109 (7), 95 (10), 80 (40), 69 (6), 56 (100). Found, %:
C 47.45; H 4.92; N 8.57; S 19.56. C;3H16N,0.4S,. Calculated, %: C 47.55; H 4.91; N 8.53; S 19.52.
4-3,5-Dimethylisoxazol-4-yl)-thiophene-2-sulphonic acid 4-methoxyphenylamide 60.
Yield is 73%, red crystals, T melt. 118-120 °C. NMR 'H (DMSO-ds, d, ppm, J/Hz): 2.16 (3H, s,
CHs;); 2.34 (3H, s, OCHs); 6.87 (2H, d, J=9.2, 2CH-Ar); 7.06 (2H, d, J=9.2, 2CH-Ar); 7.77 (1H,
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s, 3-CH thiophen); 8.13 (1H, s, 5-CH thiophen); 10.12 (1H, s, NH). Mass-spectrum (EI, 70 eV),
m/z (Ie. %): 364 [M]* (29), 137 (71), 123 (16), 122 (100), 109 (7), 95 (39), 80 (12), 69 (6), 65 (12),
53(12). Found, %: C 52.68; H 4.43; N 7.73; S 17.63. C1sHsN,O4S,. Calculated, %: C 52.73; H 4.43;
N 7.69; S 17.59.
3,5-Dimethyl-4-[3-methyl-5-(pyrrolidin-1-sulfonyl)-thiophen-2-yl]-isoxazole 61. Yield
is 73%, light-brown crystals, T melt. 116-118 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz): 1.72 (4H,
m, 2CH, pyrrolidin); 2.08 (3H, s, CHs); 2.13 (3H, s, CHs); 2.23 (4H, m, 2CH,N pyrrolidin); 2.33
(3H, s, CH3); 7.63 (1H, s, 3-CH thiophen). Mass-spectrum (EI, 70 eV), m/z (.. %): 326 [M]*
(21), 193 (29), 166 (7), 151 (43), 134 (11), 124 (17), 109 (16), 70 (100), 69 (11). Found, %:
C 51.48; H 5.56; N 8.62; S 19.68. C1sH1sN,05S,. Calculated, %: C 51.51; H 5.56; N 8.58; S 19.64.
3,5-Dimethyl-4-[3-methyl-5-(morpholine-1-sulfonyl)-thiophen-2-yl]-isoxazole 62.
Yield is 81%, orange crystals, T melt. 128-130 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 2.10 (3H,
s, CHs); 2.15 (3H, s, CHs); 2.34 (3H, s, CHs); 2.97 (4H, m, 2CH,N morpholine); 3.69 (4H, m,
2CH,O morpholine); 7.61 (1H, s, 3-CH thiophen). Mass-spectrum (EIL, 70 eV), m/z (I.. %):
342 [M]* (30), 256 (5), 193 (16), 151 (30), 123 (6), 109 (15), 86 (39), 57 (12), 56 (100). Found,
%: C 48.96; H 5.30; N 8.22; S 18.76. C1,H15N,O,S,. Calculated, %: C49.11; H5.30; N 8.18; S 18.72.
5-(3,5-Dmethylisoxazol-4-yl-)-4-methylthiophene-2-sulphonic acid 4-methoxyphenyl-
amide 63. Yield is 73%, red-brown crystals, T melt. 121-123 °C. NMR 'H (DMSO-ds, 6, ppm,
J/Hz): 2.00 (3H, s, CHs); 2.06 (3H, s, CHs); 2.26 (3H, s, CHs); 2.61 (3H, s, OCH,); 3.7 (1H, d,
J=5.6, 3-CH thiophene); 6.52 (1H, d, J=8.9, CH-Ar); 6.65 (1H, d, J=9.2, CH-Ar); 6.86 (1H, d,
J=9.2, CH-Ar); 7.04 (1H, d, J=8.9, CH-Ar); 7.39 (1H, s, NH). Mass-spectrum (EI, 70 eV), m/z
(Ita. %): 378 [M]* (16), 151 (20), 122 (100), 109 (15), 95 (39), 79 (13), 69 (9), 65 (17). Found, %:
C 53.89; H 4.80; N 7.44; S 16.98. C;H1sN,0.S,. Calculated, %: C 53.95; H 4.79; N 7.40; S 16.94.
4-(5-Acetylaminoisoxazol-3-yl)-benzenesulfonyl chloride 65(a). Yield is 78%,
light-brown crystals, T melt. 107-109 °C. NMR 'H (CDCl;, §, ppm, J/Hz): 6.30 (2H, s, NH,);
7.49 (3H, t, H-3,4,5 Ar); 7.83 (2H, dd, /;=4.0, J>=3.7, H-2,6 Ar). Mass-spectrum (EL, 70 eV), m/z
(Ier. %): 258 [M]* (15), 243 (24), 208 (16), 172 (10), 115 (14), 102 (26), 89 (100). Found, %:
C 43.86; H 3.02; N 9.36; S 10.68. C;;HyCIN,O,S. Calculated, %: C 43.93; H 3.02; N 9.32; S 10.66.
5-Amino-3-(4-bromophenyl)isoxazole-4-sulfonyl chloride 65(b). Yield is 80%, brown
crystals, T melt. 73-75 °C. NMR 'H (CDCl;, §, ppm, J/Hz): 6.30 (2H, s, NH,); 7.67 (4H, m, H-4
Ar). Mass-spectrum (EI, 70 eV), m/z (La. %): 337 [M]* (79), 336 (61), 303 (71), 295 (27),
260 (35), 211 (19), 196 (25), 183 (15), 155 (26), 114 (19), 75 (59), 44 (100). Found, %: C 34.70;
H 2.13; N 7.42; S 8.46. C;;HsCIN,O,S. Calculated, %: C 34.80; H 2.12; N 7.38; S 8.45.
N-{3-[4-(pyrrolidin-1-sulfonyl)-phenyl]-isoxazol-5-yl}-acetamide 66. Yield is 84%,
yellow crystals, T melt. 95-97 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz): 1.55 (4H, m, 2CH,
pyrrolidine); 2.82 (4H, m, 2CH:N pyrrolidine); 7.49 (3H, m, H-5,4,3 Ar); 7.74 (2H, s, NH,);
7.85 (2H, m, H-2,6 Ar). Mass-spectrum (EIL, 70 eV), m/z (L. %): 335 [M]* (12), 323 (25),
190 (14), 189 (24), 132 (9), 70 (100), 69 (23), 42 (39). Found, %: C 53.56; H 5.11; N 12.59; S 9.58.
CisH17N50,S. Calculated, %: C 53.72; H 5.11; N 12.53; S 9.56.
N-{3-[4-(morpholine-4-sulfonyl)-phenyl]-isoxazol-5-yl}-acetamide 67. Yield is 75%,
white crystals, T melt. 138-140 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz): 2.72 (4H, m, 2CH,N
morpholine); 3.37 (4H, m, 2CH,O morpholine); 7.49 (3H, m, H-5,4,3 Ar); 9.87 (2H, s, NH,);
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7.85 (2H, m, H-2,6 Ar). Mass-spectrum (EI, 70 eV), m/z (L. %): 351 [M]* (8), 315 (41), 286 (9),
182 (13), 88 (10), 87 (12), 86 (100), 70 (9), 57 (11). Found, %: C 51.12; H 4.88; N 12.02; S 9.14.
CisH17N30sS. Calculated, %: C 51.27; H 4.88; N 11.96; S 9.12.
N-{3-[4-(4-methoxyphenylsulphamoyl)-phenyl]-isoxazol-5-yl}-acetamide 68. Yield is
73%, light-brown crystals, T'melt. 110 -112 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 3.62 (3H, s,
OCHs); 6.55 (2H, d, J=8.9, H-2 Ar,); 6.75 (2H, d, J]=8.9, H-2 Ar); 7.50 (3H, m, H-5,4,3 Ar); 7.64
(2H, s, NH,); 7.79 (2H, m, H-2,6 Ar); 9.87 (1H, s, NH). Mass-spectrum (EI, 70 eV), m/z (1. %):
372 [M]* (5), 308 (6), 122 (30), 95 (7), 79 (16), 64 (23), 50 (20), 43 (100). Found, %: C 55.64;
H 4.43; N 10.90; S 8.29. C1sH17N305S. Calculated, %: C 55.81; H 4.42; N 10.85; S 8.28.
3-(4-Bromophenyl)-4-(pyrrolidine-1-sulfonyl)-isoxazole-5-ylamine 69. Yield is 81%,
brown crystals, T melt. 62-63 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 1.60 (4H, m, 2CH,
pyrrolidine); 2.67 (4H, m, 2CH>N pyrrolidine); 7.60 (2H, d, J=8.5, H-2 Ar); 7.71 (2H, d, J=8.5,
H-2 Ar); 7.80 (2H, s, NH;). Mass-spectrum (EI, 70 eV), m/z (L. %): 372 [M]* (3), 240 (14), 238
(14), 202 (12), 185 (10), 79 (18), 75 (13), 52 (20), 45 (17), 43 (100). Found, %: C 41.16; H 3.33;
N 11.35; § 8.63. C13H1sBrN;OsS. Calculated, %: C 41.95; H 3.79; N 11.29; S 8.61.
3-(4-Bromophenyl)-4-(morpholine-4-sulfonyl)-isoxazole-5-ylamine 70. Yield is 83%,
brown crystals, T melt. 129-131 °C. NMR 'H (DMSO-ds, 6, ppm, J/Hz): 2.76 (4H, m, 2CH,N
morpholine); 3.43 (4H, m, 2CH,O morpholine); 7.60 (2H, d, J=8.5, H-2 Ar); 7.71 (2H, d, J=8.5,
H-2 Ar); 7.90 (2H, s, NH>). Mass-spectrum (EI, 70 eV), m/z (L.a. %): 388 [M]* (6), 387 (37),
240 (56), 238 (56), 211 (16), 209 (18), 155 (15), 86 (88), 75 (18), 56 (100). Found, %: C 40.10;
H 3.64; N 10.88; S 8.27. Ci3H14BrN;O4S. Calculated, %: C 40.22; H 3.63; N 10.82; S 8.26.
5-Amino-3-(4-bromophenyl)-isoxazole-4-sulphonic acid 4-methoxyphenylamide 71.
Yield is 75%, dark brown crystals, T melt. 77-79 °C. NMR 'H (DMSO-ds, §, ppm, J/Hz): 3.69
(3H, s, J=OSN;); 6.70 (1H, s, H-4 isoxazole); 6.76 (2H, d, J=9.2, H-2 Ar>); 6.82 (2H, d, J=9.2, H-2
Ar); 7.40 (2H, d, J=8.5, H-2 Ar); 7.62 (2H, d, J=8.5, H-2 Ar,); 7.74 (2H, s, NH>); 9.58 (1H, s,
NH). Mass-spectrum (EI, 70 eV), m/z (L. %): 424 [M]* (10), 423 (10), 240 (10), 185 (22),
183 (26), 157 (10), 155 (11), 139 (19), 122 (100), 95 (19), 80 (21), 64 (39). Found, %: C 45.16;
H 3.33; N 9.95; S 7.57. CisH14BrN;O,S. Calculated, %: C 45.30; H 3.79; N 9.90; S 7.56.
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Introduction

The Russian Federation is a leader in oil production and refining. Oil companies in Russia
produce 600 thousand tonnes of oil sludge annually; the total volume worldwide is 6 million
tonnes. Oil producing companies account for more than 1 million tonnes of oil sludge and
oil-contaminated soils; oil refineries — 0.7 million tonnes; oil depots — 0.3 million tonnes; other
sources (railway transport, airports, seaports) — 0.5 million tonnes [1-3]. Oily waste disposal
facilities occupy dozens of hectares of territories separated out of economic use and are
characterised by ecological, fire, and sanitary-hygienic danger. When oil sludge penetrates into
the soil, deep irreversible changes of physical, physicochemical, and microbiological properties
occur. It causes the loss of soil fertility [4, 5]. The recovery period of oil-contaminated soils is
2-15 years.

Notwithstanding the significant amount of waste, rational methods of its recycling in our
country are still underdeveloped. Most often inexpensive methods of disposal are used in
Russia. They are incineration and landfilling [6]. One of the reasons for limited use of promising
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oil sludge processing technologies is poorly studied component composition of sludge, and
practical absence of separate collection of oil-contaminated soils. Separate collection depends
on the amount of oil products. They provide low efficiency of measures taken for their
processing. Eventually, the companies use those technologies ensuring maximum economic
efficiency and minimum processing costs [7, 8]. Oil sludge is the most dangerous pollutant
practically for all components of the natural environment - surface and ground waters, soil,
atmospheric air.

Main body

The composition of oil sludge is very diverse. It represents a complex heterogeneous
system consisting of mechanical impurities, mineralised water, and oil products. The ratio of
these components depends on the source of formation, conditions, and duration of storage [9,
10]. The properties of oil sludge, which have been stored in sludge reservoirs for years, differ
significantly. Light volatile hydrocarbons evaporate out of the sludge during storage, the liquid
fuel oil fraction penetrates into the soil and is supplemented by atmospheric precipitation,
mechanical impurities, etc. [11]. There is 7 kg of oil sludge per tonne of refined oil. It causesits
large accumulation in the earth pits of oil refineries [12-14]. The purpose of the research is to
analyse oil sludge of different storage periods generated in the process of separation at PAO
"Slavneft-YaNOS", Yaroslavl, Russia. The principle of the unit operation is reduced to
separation of mechanical impurities of oil products in the tricanter by the method of
technophase separation. Oil sludge with oil products is separated into three phases: oil product,
water (fugate), and mechanical impurities (cake). The advantages of the unit are reduction of
waste and utilisation of treated water in the technological cycle.

The composition of mineral components of different storage periods slurries was
analysed in the ash formed by burning the cake at 600 °C on X-ray fluorescence
spectrophotometer EDX6000B with SDD-silicon detector EDX Pocket Series. We have found
that oil sludge has a significant amount of mineral components represented by calcium, silicon,
iron, aluminium compounds (Table 1). Apparently, it is reasonable to use sludge as an additive
to asphalt concrete compositions.

Table 1. Physico-chemical parameters of oil sludge of different storage periods

Name of parameter Oil sludge of PAO "Slavneft- Oil sludge of PAO "Slavneft-
YaNOS" for long-term storage YaNOS" for current production
Density, kg/m’ 1,450+73 1,382+63
Acid number, mgKOH/g 4.33+0.02 3.56+0.02
Mass fraction of the component, %:
Water 3.9£0.2 26.8+1.1
Organic content 54.6+0.5 27.2+0.09
Mineral content 41.47+2.3 46.1+2.6
(in terms of silicon oxides), % wt.: 5.342+1.3 6.714+1.1
calcium oxide 7.164+0.2 8.872+0.2
ferrum oxide 7.703%0.2 8.904+0.3
aluminium oxide 6.316+0.6 6.987+0.44
copper oxide 0.091+0.01 0.088+0.01
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Name of parameter Oil sludge of PAO "Slavneft- Oil sludge of PAO "Slavneft-
YaNOS" for long-term storage YaNOS" for current production

zinc oxide 0.514+0.13 0.571+0.11
plumbum oxide 0.051+0.01 0.057+0.01
magnesium oxide 0.918+0.08 1.307+0.09
molybdenum oxide 0.329+0.07 0.340+0.05
phosphorus oxide 0.316+0.01 0.404+0.04
sulphur oxide 8.015+0.11 8.853+0.12
potassium oxide 0.787+0.07 0.894+0.04
titanium oxide 0.228+0.06 0.324+0.06
vanadium oxide 0.052+0.01 0.064+0.01
barium oxide 1.873+0.1 1.721£0.09

The oil and oil products acidity depends on the content of naphthenic, carboxylic, and
oxycarboxylic acids and acidic compounds. The naphthenic acids are the dominant of these
compounds. Acidity of oil sludge can be caused by the presence of sulphuric acid or its
derivatives (sulphonic acids, sulphuric acid esters).

We analysed the organic content of oil sludge obtained by extracting it in chloroform after
evaporation of the solvent. IR spectra of the extracts we obtained on an RX FT-IR spectrometer
(Perkin Elmer) at the frequency range of 500-4000 cm™. We found that a significant proportion
of the organic content of the sludge is represented by aromatic naphthenic and paraffinic
compounds (Table 2).

Table 2. Hydrocarbon content in sludge of different storage periods

Name Hydrocarbon content in oil sludge, % wt.
aromatic paraffinic naphthenic
Oil sludge of current production 5.19-5.7 29.13-35.83 58.98-65.68
Oil sludge of long-term storage 12.96-16.92 18.4-22.36 60.72-64.68

We used the spectrophotometric method to determine the percentage of carbon in
aromatic, paraffinic and naphthenic structures of oil residues of primary and secondary sludge
origin of different storage periods. We chose two absorption bands for the study of oil residues:
one for the determination of carbon in aromatic structures the band - 1600 cm™, corresponding
to the valence vibrations of aromatic rings, and another for the determination of carbon in
paraffinic structures the band - 2850 cm™, corresponding to the valence vibrations of CH-bonds
of aliphatic compounds. We recorded IR spectra in solutions because heavy oil residues are
highly viscous. We used the solvent carbon dichloride with a concentration of 8 g/l in a 0.04 cm
cuvette to analyse the paraffin fraction; for the aromatic fraction we used methylene chloride
with a concentration of 30 g/l in a 0.1 cm cuvette. We compared the ratios in the maxima of the
absorption bands at 1600 and 2850 cm™ with the carbon content of the aromatic and paraffinic
structures calculated using the densimetric method.

There are strong absorption bands in the range 2850-2950 cm™, characteristic for
symmetric and asymmetric valence vibrations of CHa;the absorption bands in the range 1455
and 1380 cm™, characteristic for deformation vibrations of CH,-, CHs-bonds. Moreover, the
intensity of absorption bands in the sludge of long-term storage is more significant compared
to the oil sludge of current production (Fig. 1).
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Fig. 1. IR spectrum of oil sludge extracts: 1 — current production; 2 - long-term storage

The amount of aromatic fractions in oil sludge of the current production is insignificant.

This is indicated by oscillations in the aromatic ring at the band 1600-1605 cm™. The highest
intensity of absorption bands in the aromatic ring is significantly observed in the extract
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obtained using long-term storage sludge. This is in correspondence with the quantitative
calculation and the larger fraction of aromatic fractions in the samples of long storage sludge
(see Table 2). Slurries of both current production and long-term storage are susceptible to
isomerisation. This is due to the action of atmospheric factors, as evidenced by the following
frequency bands: branching at the quaternary atom at the 746 cm™ band, one hydrogen atom
corresponding to the 870 cm™ absorption band with isomers at the double bond (CH).>5, as
well as 1,4-substitution in the aromatic ring at the 809 cm™ absorption band (see Fig. 1).
A greater degree of paraffinic structures branching is observed in oil wastes of long storage
period. It is assessed by the intensity of absorption bands at the quaternary carbon atom
746.744 cm’'. Under the influence of atmospheric factors, components of oil sludge are able to
transform into other compounds due to condensation, polymerisation, isomerisation
processes. The presence of a large amount of paraffins indicates good anti-corrosion and
waterproofing properties of oil sludge. These properties can be manifested in the materials for
a long period of time.

Conclusions and recommendations

Thus, we have studied the composition of oil sludge of different storage periods, formed
after three-phase separation at the refinery by methods of IR spectroscopy and X-ray
fluorescence spectrometry. The hydrocarbon component of oil sludge is represented by
paraffin-naphthenic hydrocarbons (more than 80%), the aromatic component accounts for less
than 15%. The mineral component of oil sludge includes mainly silicon, iron, calcium,
aluminium, sulphur, and barium compounds. Significant amount of mineral components
together with organic components in oil sludge composition can find practical application in
road construction. Moreover, effective neutralisation of oil waste and elimination of storage pits
remains an urgent task for petrochemical enterprises. On the one hand, this is due to the high
resistance of oil sludge to destruction, their composition and properties. Those are constantly
changing under the influence of weather conditions and processes occurring in them [15-17].
On the other hand, oil refineries, when handling oil waste, should minimise its quantity and
develop their own economically available and technically feasible technologies to involve waste
into resource turnover.
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Introduction

Torque (TM) is a vector quantity characterising the action of a force on a physical body
and causes its rotational motion [1]. It is the most important parameter in terms of the
rotational force of a shaft. Therefore, the torque measurement is a necessary part of measuring
the power transmitted by rotating shafts. It can be calculated as the quotient of the
hydrodynamic rotational resistance force by the shoulder of this force [2].

Main body

In general, there are two types of torque measurements: direct and indirect one.

Direct methods are torque measurements using torque sensors. These methods are more
accurate than indirect ones.

Indirect methods include measuring the physical quantities that are used to calculate the
torque. This could be, for example, measuring the force acting on a lever of known length,
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or measuring the current and rotational speed of an electric motor, etc. This type of indirect
torque measurement can often be faster, easier, and reasonably accurate in industrial
environments compared to direct methods [3].

The most important part of a torque sensor is usually a cylindrical sensing element, which
is twisted under the action of a torque applied to it (Fig. 1) [3].

Miorque
D

—

A/lrlmque

o A

Fig. 1. Cylindrical torque sensor element

The resulting shear stresses or strains are the measure of torque. These stresses or strains
are sensed by strain gauges, which are glued to the sensing element at an angle of 45° to its
longitudinal axis and integrated into the Wheatstone bridge circuit. Slip rings or signal
transmission without slip rings are usually used to transmit the supply voltage and the
measuring signal [1].

The torque on the shaft can be determined from the torsion angle of the shaft between
two sections along its length. For a solid shaft, the torsion angle ¢is determined by the following
dependency [2]:

Miorque-l
¢ =—_tr
where Miorque - torque, H-m; [ - distance between sections, m; G - shear modulus of elasticity of
material, Pa; d - shaft diameter, m.

According to this formula, for a given shaft in a section of length /, the torsional angle is
proportional to the transmitted torque Miorque.

The simplest and most common methods and devices for measuring TM currently used
for research purposes are:

1) a method of torque measurement and a device for its implementation [3]. It includes
measuring the mutual rotation angle of the base section ends of the elastic shaft, on which
optical reflectors are installed; under the action of torque using an optoelectronic transducer
consisting of radiation sources and photodetectors;

(2) a torque measuring device containing a shaft and a sleeve fixedly mounted on the
shaft. It has a bald area on an outer lateral surface. The sleeve on the bushing is mounted with
the option to rotate, in which radial grooves are made, located opposite to the bald spot with
angular displacement relative to each other. It also contains a measuring sensor connected to
the measuring system and a device for influencing the sensor [4].
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The most important components in TM measurement devices are the torque meters.
They allow ones to provide accurate measurement and control of torque. It is an important
parameter in the design and manufacture of various devices and mechanisms [4, 5]. Therefore,
such devices are widely used in various industrial fields, including mechanical engineering,
automotive, electronics, etc.

Torque meters can be of various types and designs (Fig. 2).

Types of torque
meters

I

Mechanical Electrical Optical Non-contact

Fig. 2. Classification of torque measuring devices

Each type of torque meter has its own advantages and limitations. The choice of a
particular type depends on the requirements and conditions of a particular end use application:

emechanical TM meters are based on the use of mechanical elements such as levers,
springs, and scales. They allow ones to assess TM by measuring the force that occurs during the
rotation of an object. An example of a mechanical meter is a torque wrench;

e electrical TM meters use electrical principles to measure TM. They are usually based on
the Hall effect or piezoelectricity effect. These meters generate an electrical signal that is
proportional to the torque itself. Examples of electrical meters are torque sensors and load cells;

e optical TM meters use optical principles to measure the torque. They are usually based
on the use of lasers and optical sensors, provide high measurement accuracy, and can be used
in complex and precise applications. An example of an optical meter is a laser torque sensor;

e non-contact TM meters use non-contact methods for measuring the torque. They are
usually based on the use of magnetic fields or radio frequency signals. Non-contact meters allow
torque to be measured without physical contact with the object being measured. An example of
a non-contact meter is an induction torque sensor [2].

The fluid flow in an apparatus with a stirrer can be considered as a flow through a channel
having a complex geometrical shape. Due to the finite number of stirrer blades, the fluid flow
in the apparatus is transient one [6]. The process of stirring by mechanical stirrers is reduced to
an external problem of hydrodynamics - streamline of bodies by the flow of liquid. The problem
of external flowing of bodies under stirring conditions can be solved with the help of Navier-
Stokes equations and continuity of flow. To solve this problem, the similarity theory is used [7].

According to scientific and others papers and articles, the stirring processes are as follows:

e they are widely used in chemical technology to obtain homogeneous solutions, various
emulsions, intensification of heat, and mass exchange processes. Effective stirring in some cases
is one of the most important stages of production, and determines the productivity of the
technological process as a whole [8];

ethey are repeated movements of fluid particles under the action of an impulse
transmitted by a liquid or gas jet (hydraulic, pneumatic mixing), stirrer (mechanical mixing).
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One of the most common industrial methods is mixing with the use of mechanical stirrers of
various designs with rotary, less often translational motion [9];

e they are characterized by intensity, efficiency, and energy consumption. The intensity
of the stirring process is determined by the time to achieve a given technological result. Intensity
of stirring leads to increase of operating costs for specific energy supplied to the stirred medium
and reduction of capital costs due to increase of equipment productivity. The optimal variant
is selected according to the technical and economic evaluation of the specific costs minimum
value. The efficiency of the process characterizes its quality. It is also determined by the
uniformity of distribution or change in the heat transfer coefficient, mass transfer coefficient
depending on the purpose of the process [10].

When calculating the mechanical stirring process, the most important quantity to be
calculated is the stirring power. It depends on the circumferential velocity, the pressure
distribution area, and the pressure drop across the front and back of the stirrer. Considering
the operation of the stirrer as a pump, the power N consumed by the stirrer can be theoretically
determined by the equation [11-13]

N = Kypn3dy,

where Ky is the power factor; p is the density of the stirred medium, kg/m’ » is the stirrer
rotation speed, r/s; dn is the stirrer diameter, m.

The power developed by the stirrer through the torque [N-m] can be determined by
equation [9]:

N = 2nnMiorque-

Researchers from the Department of Chemical Technology of Organic Substances,
Yaroslavl State Technical University, Yaroslavl, Russia have modernized a laboratory setup for
investigating the efficiency of mechanical stirrers, which uses a TM measurement device [14].
The scheme of the device is shown in Fig. 3.

9 8 3 7

10

T

AN

Fig. 3. Scheme of laboratory installation for research of mechanical stirrer’s operation efficiency: 1 - DC electric
motor; 2 - flywheel; 3 - lifting table; 4 - stirrer; 5 - vessel with stirred liquid; 6 - shaft; 7 - torque measuring device;
8 - tachometer sensor; 9 - speed indicator; 10 - reducer
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The stirrer 4 is driven by the DC motor 1 through the gearbox 10. The vessel with the
stirring liquid 5 is mounted on the lifting table 3, the movement of which in the vertical
direction is achieved by rotation of the flywheel 2. This allows us to change stirrers and set the
required depth of their immersion. Torque measurement is performed by device 7. The stirrer
shaft speed n is measured by an electromagnetic tachometer consisting of a sensor 8 and a speed
indicator 9 [15].

The main element of the unit is a device for TM measurement. Previously, a device using
a stroboscope was used to measure TM [9]. It has higher manufacturing, operational costa, and
health hazards. Therefore, the purpose of the study was to develop a simplified device for
measuring TM without using a stroboscope. The design of the device is shown in Fig. 4.

Fig. 4. Torque measuring device: 1 - shaft; 2 - lower half-coupling; 3 - lever; 4 - hydraulic cylinders; 5 - upper
half-coupling; 6 - flexible tubes; 7 - pulley; 8 - container for coloured liquid; 9 - fixed scale; 10 - piezometer;
11 - gland seal; 12 - rods; 13 - pistons

When torque is transmitted from pulley 7 to shaft 1, the upper 5 and lower 2 coupling
halves are displaced. As a result of lever 3 pressure on the curtains 12 of pistons 13 of hydraulic
cylinders 4, an excess pressure in the fluid is formed. The hydraulic cylinders are connected to
the container for the coloured liquid 8 by means of flexible tubes 6. This pressure is measured
by piezometer 10, which is fixed in the container for the coloured liquid by means of a gland
seal 11. The piezometer rotates together with the upper coupling half. The liquid level in the
piezometer h is fixed visually through the fixed scale 9.

The overpressure in the device vessel is determined by the value of / p = pgh, where p is
the density of the coloured liquid, kg/m®. This pressure is created by the force of the piston
pressure on the liquid F = pS, where § is the cross-sectional area of the piston, m*

The torque through the magnitude of the force F is calculated as M = FI, where [ is the
length of the lever (shoulder of the acting force), m [16].

The torque value determines the power required for stirring: N = 2nnM.

The dependence [13] is used to compare the efficiency of different types of stirrers:

KN = f(Rem, ll’ lz, ),
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N . .
where Ky = PREPER the stirrer power factor;
m

d3 . I
Re,, =2 _ modified Reynolds criterion;

dm - stirrer diameter, m;
 — dynamic viscosity coefficient, Pas.
From the torque value, the shaft diameter of the agitator can be calculated according to
the formula [16]:
d=173- 3 Mtorque,
Oper
where oy is the permissible torsional stress for the selected shaft material; Pa.

The TM variation range, which was from 0.05 to 0.3 N-m, was determined on the basis of
numerous experiments on a laboratory unit for investigating the efficiency of mechanical
stirrers. Taking the diameter of the hydraulic cylinder 32 mm and the length of the lever 10 cm,
the minimum and maximum values of pressure in the device vessel were calculated; they were
625 and 3750 Pa, respectively. The liquid level in the piezometer / will then vary between 6.38
and 38.27 cm.

Conclusions

The authors have developed a simplified design of a torque measurement device on a
teaching laboratory set-up to investigate the performance of mechanical stirrers.

The range of torque variation was determined as 0.05 to 0.3 N-m.

A hydraulic calculation of the liquid level height in the piezometer was also performed.
It varies from 6.38 to 38.27 cm.
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Abstract. To clarify the charge compensation mechanism and the way of alloying
additives placement, the authors synthesised samples of potassium ["-polyferrites with
a wide range of mole fraction of introduced doubly charged cations. For these samples,
the authors measured the electronic conductivity, cationic conductivity, and performed
X-ray diffraction (XRD) analysis. The authors identified the charge compensation
mechanism in potassium B"-polyferrite when doped with divalent ions of calcium,
strontium, magnesium, and zinc. The charge compensation mechanisms differ
depending on the radius of the introduced doubly charged ion. The results of cationic
conductivity measurements of potassium 3"-polyferrites show the mobility reduction
of large calcium and strontium cations of potassium ions. Such additives are quite
promising for improving the mechanical strength and thermal stability of the catalyst
granules. They also increase the chemical stability of the contact granules. Corrosion
resistance of pellets is a critical parameter. It determines the period of effective
functioning of the catalyst. The data on electronic conductivity allow one to conclude
that the introduction of Mg**, Zn?* cations sharply reduces the electron exchange in the
structure of potassium B"-polyferrite. This should inevitably cause deactivation of the
catalyst, while Ca®* and Sr** ions do not reduce the electron transfer rate. Moreover,
using the proposed approach will intensify the research process.
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Introduction

Potassium polyferrite with f”-alumina type structure is the active phase of promoted iron

oxide catalysts for dehydrogenation of alkylaromatic and olefinic hydrocarbons. The maximum

concentration of active dehydrogenation centres is activated on the surface of potassium
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B"-polyferrite [1-3]. K-p"Fe,Os has a set of unique properties. It is a solid electrolyte with high
conductivity due to its electronic and cationic components. Cationic conductivity is due to the
increased mobility of potassium ions in the so-called cationic conducting layers. These layers
are characterised by loose oxygen packing (filling is 2/3 of the number of available positions)
with free movement of alkali metal cations among them [2, 4]. Electronic conductivity is
provided by the intense Fe?*2Fe** electron exchange of the polyferrite structure. Moreover, this
exchange is characteristic only for the structure of the catalytically active phase - potassium
B"-polyferrite [3], i.e. K-B"Fe;Os.

Solid electrolytes are a class of solid-phase materials with a set of characteristics
determining broad prospects for their use in science and industry. Polyferrite systems, as well
as other types of solid electrolytes possessing adjustable cation mobility, are characterised by
high thermostability and a wide range of variation of electronic conductivity. The mechanism
of cationic conductivity is of great importance for the development of mass transfer theoretical
provisions in catalytically active polyferritic systems and for the control of alkaline promoter
migration through the volume of solid-phase catalyst. The presence of electron exchange is a
necessary condition for this material to exhibit catalytic properties in redox processes. Italso
includes the dehydrogenation reaction. The value of electronic conductivity can be used as a
representative parameter of polyferritecatalytic activity. This can be used to predict the
efficiency of the developed catalyst and optimise the amount of alloying additives. Moreover,
the required information can be obtained without labour-intensive and costly catalytic tests.
The cationic conductivity of polyferrite is directly related to the migration and emission of the
alkaline promoter [5]. The cationic conductivity data of K-B"Fe,Os can predict the corrosion
resistance of the catalytically active phase and catalyst lifetime.

Additives introduced to improve any of the catalyst properties usually have a dual effect,
i.e., they can adversely affect other contact performance characteristics [6-10].

Thus, definingof the distribution method and mechanism of the additives action
introduced into a complex heterogeneous system isa relevant issue.

The purpose of this research is to determine the effect of doubly charged cations addition
on the electronic and cationic conductivity of potassium polyferrite of the f”-alumina type.

Main body

We prepared mixtures of potassium monoferrite, haematite, additives, and metallic iron
obtained by the carbonyl method by careful grinding in an agate mortar under a layer of diethyl
ether in a box filled with dried air. We used hematite of special purity (mass fraction of the main
substance a-Fe,Os at least 99.98%) applied in microelectronics. We tableted the obtained
mixtures without taking them out of the box using a laboratory press. We prepared initial
monoferrite by calcination of a mixture of potassium carbonate with iron oxide in equimolar
ratio at a temperature of 970 K for 4 hours. Then we took the starting substances for the
preparation of tablets in ratios satisfying the following equations:

6KFeO, + (1 — @)Fe + (13 — q)Fe,03 + 3qMO — 3K,Fei' ;M Felj0;,
where M is Mg, Zn;
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(6 — 6q)KFeO, + Fe + (13 + 3q)Fe,0; + 3qMeO — 3K,_,qFe''Me Fe§0;5,

where Me is Ca, Sr.

The parameter q was varied in the range of 0-0.40.

We added magnesium and zinc to the initial mixtures in the form of oxides. We used
calcium and strontium in the form of carbonates.

We placed the tablets in a crucible, filled the top with powder of the same composition as
the tablets, and calcined at 1070 K in a muffle furnace in a nitrogen atmosphere for 6 hours.

After calcination, we transferred the samples to a sealed box and cooled them in an inert
gas current. We performed X-ray phase analysis of polyferrite samples on a DRON-UM1
instrument; emission Coxa (A = 179.02 pm).

X-ray phase analysis confirmed that the tablet samples after calcination are single-phase
polyferrite of B"-alumina type. No loss of alkali metals was observed according to atomic
absorption spectroscopy.

We measured the electronic conductivity of the pellets at 570 K using a complex
impedance setup based on the scheme presented in Nariki [11].

We synthesised samples of 3"-polyferrites of potassium with a wide range of mole fraction
of introduced doubly charged cations to elucidate the mechanism of charge compensation, the
way of placement of alloying additives. We measured the electronic conductivity, cationic
conductivity, and performed X-ray diffraction analysis for these samples.

As a result, with increasing the proportion of doping doubly charged ions Mg, Zn, there
is a drop in the electronic conductivity of potassium polyferrite of the 3”-alumina type (Fig. 1).

Electronic conductivity, Ohm 'em'!

0 0,1 0,2 0.3 0.4 0,5 0.6

Fig. 1. Electronic conductivity of polyferrites depending on the content of doping ion as follows: 0 - Sr; x - Ca;
«—Zn; A - Mg

This effect is related to a decrease in the concentration of doubly charged iron in the
polyferritic system. It increases the distance between the doubly and triply charged iron ions,
and leads to a fall in the intensity of electron exchange between Fe?**2Fe**.

The obtained data can be explained considering the upper limit of isomorphic
substitutability in the octahedral voids of the oxygen ion lattice is 99 pm [8]. The radii of doping
doubly charged ions Mg, Zn are smaller than this limit. Therefore, the ions can enter the spinel-
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like block and replace doubly charged iron in it. Indeed, Mg and Zn ions, which are comparable
in size to the Fe** radius (Table 1), can enter the spinel-like block and substitute doubly charged
iron at these positions.

Table 1. Effective radii of doubly charged ions included in the structure of potassium p"-polyferrite [13]
Tons Ca* Sr** Mg* Zn* Fe* Fe**
Radius, pm 104 112 66 74 80 67

The decrease in the intensity of electron exchange in the K-p"Fe,Os structure as a result
of doping with magnesium and zinc cations negatively affects the catalytic activity of polyferrite
[12]: the concentration of selective active centres on the surface decreases, and the selectivity of
the catalyst action decreases as well.

The introduction of doubly charged Ca and Sr cations into the polyferrite structure had
almost no effect on the electronic conductivity (see Fig. 1). Consequently, these doping ions are
not able to replace the doubly charged iron. Hence, we assumed that Ca** and Sr** ions are not
included in the spinel block, but are located in the interblock space or create a separate phase.

A single-phase system is implemented if the ratio of components satisfies the formula
K;2iMegFe"Fe™;0Oy.

Therefore, another mechanism of charge compensation was proposed. This mechanism
considered the assumption that Ca** and Sr** ions enter the interblock space replacing
potassium ions.

According to the obtained results, the charge compensation mechanism of potassium
polyferrite doped with small-radius divalent charges can be represented as follows:

K,MegFei' (Fel§0,.
The formulae we have established reflect the different charge compensation mechanisms

in potassium polyferrite, as well as the different ways in which the dopant is placed in the K-
B"Fe,Os structure (Fig. 2).

Cal-, Sr= Mg, Zn*- —

.-potassiu.miml\;‘ (r=133mu)

Fig. 2. Placement of doping doubly charged ions in the unit cell of potassium polyferrite
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Thus, the placement of these ions, at which the integrity of the structure will be preserved,
is possible only in the interblock space (see Table 1, Fig. 2). In contrast to magnesium and zinc
ions, calcium and strontium cations do not reduce the intensity of electron exchange in the
polyferrite structure. The doping with Ca?* and Sr** cations should not affect the catalytic
activity of K-B"Fe,O:s.

Based on the results of cationic conductivity measurements, the samples containing
calcium and strontium ions decreased the cationic conductivity, in contrast to the samples with
magnesium and zinc additives, with no effect on the cationic conductivity (Fig. 3). The
greatest decrease is observed in samples containing strontium ions. The obtained data on
cationic conductivity can be explained by different placement of ions in the structure of
polyferrite (see Fig. 2).

Any introduced doubly charged ions with radii less than 99 pm will be accommodated in
the spinel-like block in the same manner as magnesium and zinc, replacing doubly charged iron
and not reducing the cationic conductivity. Calcium and strontium cations with radii greater
than 99 pm are located in the interblock space and reduce the cationic conductivity of
polyferrite (see Fig. 3).

78]

Cationic conductivity, Ohm'em!
= W

l T T T T I T 1 q’
0 01 02 03 04 05 06 07

Fig. 3. Cationic conductivity of B"-polyferrites of composition K;MegFe";.(Fe™ (01, and Kj.,qMegFe"Fe™ 015
depending on the content of the alloying ion (Me): 0 - Sr; x - Ca; « — Zn; A - Mg

The decrease of cationic conductivity for polyferrites doped with calcium and strontium
is due to decrease in the number of charge carriers and decrease in their mobility. Formula
representing the charge compensation mechanism of K;,Me.Fe"Fe™O;provides the
introduction of calcium or strontium ions accompanied by a rapid decrease in the amount of
potassium ions. The number of charge transferring ions drops, replacing an alkali metal ion
with an alkaline earth ion, reduces the cationic conductivity.

Apparently, the doubly charged alkaline earth metal ions do not have sufficient mobility
to compensate decrease in potassium concentration and provide a high level of cationic
conductivity.

Moreover, when some critical concentration of alkaline-earth ions in the interblock space
is reached, there begin the preparation for the rearrangement of the f”-alumina-type polyferrite
structure into a hexagonal structure of the magnetoplumbite type. This process apparently leads
to a decrease in the width of the cation-conducting layer and the subsequent unification of
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spinel-like blocks. The structural features of the formed magnetoplumbite do not suggest the
presence of appreciable cationic conductivity. This explains the acute drop in the cationic
conductivity of B"-proliferrites doped with calcium and especially strontium when the q
coefficient passes the 0.4 mark.

The cationic conductivity of B"-polyferrite is a representative parameter to estimate the
mobility of potassium ions within the cation-conducting layer. Moreover, the mobility of
potassium cations is related to the ease of alkaline promoter emission. It also concerns with the
corrosion resistance of B”-polyferrite - the ability of the catalyst to function despite
unfavourable effects of the reaction medium and the presence of catalytic poisons [5]. Ca** or
Sr** ions entering the interblock space reduce the mobility of alkali promoter ions and prevent
its emission during catalyst operation. Thus, the introduction of Ca** or Sr** ions into the
structure is useful not only for increasing the mechanical strength and thermal stability of the
catalyst granules [14]. Nevertheless, italso increases the chemical stability of the contact
granules [12].

The level of electronic conductivity is used as a representative parameter to predict the
catalytic performance of the synthesised material. The use of such measurements will
significantly reduce the labour intensity of experiments to evaluate the efficiency of new
promoters and modify catalysts. It makes the process more operative by eliminating long-term
catalytic tests.

Conclusions and recommendations

We have identified a charge compensation mechanism in potassium B"-polyferrite upon
doping with doubly charged calcium, strontium, magnesium, and zinc ions. The charge
compensation mechanisms differ depending on the radius of the introduced doubly charged
ion and are described by the following formulas: K;MeyFe™; (Fe;,0,; - for cations Mg*, Zn?**,
comparable in size to the Fe** ion, and K;2(MeyFe!'Fe™ 0017 — for large Ca?* and Sr** ions, which
size exceeds 99 pm - the upper limit of isomorphic substitutability in the oxygen ion crystal
lattice. The above effect is related to the different way of placing additives in the p"-polyferrite
structure. We found that large doping ions are distributed in the interblock space, while cations
comparable in size to the doubly charged iron replace it in the spinel-like block. The results of
cationic conductivity measurements of potassium p"-polyferrites showed the mobility
reduction of large calcium and strontium cations of potassium ions. Therefore, the above
additives are promising for increasing the mechanical strength and thermal stability of the
catalyst granules. Hence, they increase the chemical stability of the contact granules. Corrosion
resistance of pellets is a critical parameter. It determines the period of catalyst effective
functioning.

The data on electronic conductivity allow one to conclude that the introduction of Mg*,
Zn?** cations sharply reduces the electron exchange in the structure of potassium p"-polyferrite.
This should inevitably lead to deactivation of the catalyst, while Ca** and Sr** ions do not reduce
the electron transfer rate. The use of the proposed approach will intensify the research process
because materials with low electronic conductivity are unpromising as catalysts for redox
processes, i.e., dehydrogenation.
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Introduction

Aromatic polycarboxylic acids with additional oxygen-containing functional groups in
the molecule are the most important class of chemical compounds necessary for the
development of pharmaceutical, food, polymer, and other industries in Russia.

Compounds derived from maleic acid monoamide are able to reduce the action of the
enzyme monoglyceridlipase. They are of great importance in many physiological processes [1].
It is possible to obtain benzylquinolcarboxylic acid from maleic acid monoamide. It blocks cells
affecting the human central nervous system. Indeed, maleic acid monoamide derivatives can be
used for the production of anticancer drug Carboplatin active substance. Benzothiazine
derivatives obtained on the basis of monoamide are used as drugs for the treatment of diabetes
mellitus and obesity [2, 3].

Maleic acid monoamide is also of interest as a basis for new heterocyclic compounds
preparation. In combination with maleinimides they are used in the domestic polymer industry [4].
Those polymers have good chemo- and heat resistance and strength. They are used for the
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production of rubber products, composite materials, and protective clothing. Currently, there
is no such production in the Russian Federation; raw materials previously were supplied from
Germany; nowadays they are imported from China and India.

Various methods for the synthesis of (2Z)-4-(4-methylanilino)-4-oxobut-2-enoic acid

have been described in the literature [5, 6]. However, there are no data on the quantitative
analysis of the target compound. Moreover, it requires additional studies.

Main body

We obtained (2Z)-4-(4-Methylanilino)-4-oxobut-2-enoic acid from the interaction of
p-toluidine and maleic anhydride according to the procedure described in [5].

o OH
/ o

H3C4®7NH2 + | AR H3CONH py
\ 4

To identify the obtained compounds we used conventional physical methods of analysis:
IR and '"H NMR spectroscopy, melting point determination.

We determined the melting point of the obtained samples on the "Electrothermal IA"
9300 Series; the range is 188-192 °C.

We took IR spectra using a Perkin Elmer FT-IR Spectrometer ("SPECTRUM-TWQ") by
disturbed total internal reflection in the range 4000-400 cm™ [7]. IR spectrum, v, cm™
3285 (NH); 1696, 1632, 1529 (C=0); 1505 (Ar-H); 970 (trans-CH=CH); 811 (1,4-substitution).

We recorded the "H NMR spectra on a Bruker MSL-300 with an operating frequency of
300 MHz. NMR data 'H: 1H (8, ppm; J, Hz): 6.24 (1H, d, J = 12.2), 6.92 (1H, d, ] = 12.1),
7.45 (2H, d, J=7.7), 10.25 (1H, 5), 13.31 (1H, s).

The performed research allows us to identify the obtained compound as
(2Z)-4-(4-methylanilino)-4-oxobut-2-enoic acid. It is in full agreement with the results of [8].
The theoretical yield of the product according to the results of calculations was 93-97%.

The basis for the development of a new quantification technique is the consideration of
reaction-analytical centres in the molecule of (2Z)-4-(4-methylanilino)-4-oxobut-2-enoic acid [9]
are as follows:

1) determination of the -Ph-CHj; radical;

2) definition of the C-N bond;

3) determination of the carbonyl group (C=0);

4) determination of the conjugated C=C bond;

5) definition of -NH- as a group containing an unshared electron pair;

6) determination of the carboxyl group (UNS).

According to literature data, dissociation constant of (2Z)-4-(4-methylanilino)-4-oxobut-2-enoic
acid is 2.81+0.25. Hence, acid-base titration can be used for quantitative chemical analysis.

(2Z)-4-(4-methylanilino)-4-oxobut-2-enoic acid is insoluble in water. Therefore,
we conducted the necessary study. The results are presented in Table 1.
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Table 1. (2Z)-4-(4-methylanilino)-4-oxobut-2-enoic acid solubility study

Solvent Degree of solubility Dielectric permittivity at 25 °C
Distilled water Not soluble 78.5
Acetone Soluble 20.9
Isopropyl alcohol Soluble 18.3
Triethylamine Slightly soluble 2.4
1,4-dioxane Slightly soluble 22
Chloroform Slightly soluble 4.8
N,N-dimethylformamide Slightly soluble 36.7

Based on the obtained data, we assume to use acetone or isopropyl alcohol for titration.
They are amphiprotic solvents with close values of dielectric permittivity and autoprotholysis
constants [11].

We used a standard pair for acid-base titration: glass and silver chloride electrodes. As a
working solution we chose alcoholic solution of potassium hydroxide. We investigated the
effect of the solvent on the confidence limits of the measurement interval by varying the ratio
of the solvents chosen previously.

We performed mathematical processing of the measurement results in accordance with
GOST R 8.736-2011 [12]. The series of titrations consisted of six experiments. The results are
presented in Table 2.

Table 2. Effect of solvent on the confidence limits of the mass fraction measurement interval of
(2Z)-4-(4-methylanilino)-4-oxobut-2-enoic acid

Solvents Mass fraction of acid, %
Acetone 95.67+5.02
Isopropyl alcohol 84.78+2.29
Isopropyl alcohol : acetone = 1:4 96.17+3.57
Isopropyl alcohol : acetone = 4:1 92.86+1.97
Isopropyl alcohol : acetone = 3:4 92.09+3.60
Isopropyl alcohol : acetone = 4:3 94.23+0.69
Isopropyl alcohol : acetone = 1:2 95.45+1.58
Isopropyl alcohol : acetone = 2:1 89.47+3.42

According to the presented data, the smallest confidence interval of mass fraction
determination results of (2Z)-4-(4-methylanilino)-4-oxobut-2-enoic acid is obtained with a
mixture of solvents, isopropyl alcohol, and acetone in the ratio 4:3. These data confirm the
theoretical calculations on the product yield. For comparison, in the earlier mentioned paper
[5] solvents were used in the titration in the ratio 1:1; the mass fraction of acid was only 91.0%,
which indicates its underestimation. The optimum ratio for titration is 4:3; the mass fraction of
acid is close to the theoretically calculated value and the confidence limits of the measurement
interval have the narrowest range. Thus, the accuracy of the quantitative analysis is improved.

To determine experimentally the minimum amount of the compound under study by
non-aqueous potentiometric titration, a series of exact suspensions were examined, both
upward and downward in mass. The solvent used was the above solvent mixture. Fig. 1 shows
the experimental results. The detection limit of (2Z)-4-(4-methylanilino)-4-oxobut-2-enoic
acid is 0.002 mol/dm?>.
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Fig. 1. Dependence of the relative standard deviation on the level of determined concentration
Conclusions

We determined the optimum isopropyl alcohol to acetone ratio of 4:3 for titration by
studying the solubility of the synthesised (2z)-4-(methylanilino)-4-oxobut-2-enoic acid in various
organic solvents. The mass fraction of (2z)-4-(methylanilino)-4-oxobut-2-enoic acid is
(94.23+0.69)%. The data confirm the theoretical calculations on the product yield.
The detection limit of the test object under the selected conditions is 0.002 mol/dm?>.
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