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TOKCUKOJIOITMYECKAA OLIEHKA PA3/IMYHBIX BUTTOB
OTPABOTAHHbBIX MACEIJI
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Kniouesvie cnosa: Annomauus. B nocnednee spems sxonozuueckue npobnemvl 6bixo0AM Ha ne-
ompabomanmvle macna, mox-  peoruil naan. OOHOU u3 maxux npobnem A6n1gemcs 00pasosanue U HAKONNEHUe
CUYHOCMY, KNIACC ONACHOCMU, — KPYNHOMOHHANIHBIX 0MX0008, K KOMOPbIM, 8 HACHIHOCHU, OMHOCIMCA 0Mpa-
pacuemmuiti memoo0, skcnepu-  bomarnnvie macna. IIpoeoosmMcs uHMeHCUBHbLE UCCTE008AHUS NO CNOCOOY UX
MeHMAnvHblil Memoo, aumu-  ymunusauuu. [ng mozo umobvl paspabomamov 6e30nacHuiti u IPPexmusHoiil
KOpPO3UOHHOE NOKPbIMUE €noco6 ymunusayuu ompabomanHix Macen, He0OX00UMO 3HAMb UX MOKCUKO-
JI02UHECKYI0 XApaxmepucmuky, uemy u noceésujena dannas cmamos. Toxcuxo-
JI02UHeCKAS OUeHKA NpedsapumenvHo OCYUW,eCHBAEINCS PACHENHbIM Meno-
Oom, nymem onpedefieHusi cmeneHy ONAcHOCMU 0mMxo0a O OKPyxarouseil
cpedvi, u enocnedcmeuu nposepsiemcs Ouomecmuposanuem. B xauecmese
mecm-o6vexma ucnonvsosancs eud Ceriodaphnia affinis, xomopuwii ommo-
CUMCA K NOOKNIACCY HU3WUX pakoobpasruvix. Ilo pesynvmamam 6uomecmupo-
8AHUS ONPedenTIOMCT KOHUeHMPAauus, npu Komopoti Hacmynaem ubenv 10%
ocobeti, KpamHocmy pazéedeHuss 800HOL BbIMSANCKY, NPU KOMOPoOli pedHoe
8030eiicmaue Ha eUOPOOUOHINBL OMCYMCMBYem, U, 6 pe3ynbmatme, Kacc onac-
HOCMU 0aHHO020 0Mx00a. SHAS 3HAUEeHUE KIACCA ONACHOCTU MOXCHO C030amb U
nodobpamv 6e30nAcHble YCT0BUS OCYULeCBIEHUS 1eXHOTI0ZUMecK020 Npo-
yecca u opeanuzauuy mpyoa, paspabomams HeoOX00UMYI0 MeEXHUUECKYI0 U
9KOMIO2UUECKYI0 OOKYMEHMAYUIO, A MAKHEe YOeOUMbCS 8 MOM, 4O 8blOPAHHAS
MexXHON02Us IBTIAETNCS U4e/1eCO00PA3HOLL € IKONI02UHECKOLl OUKU 3PEHUS.

T nuTHpoBaHMA:

Ceprees E.C., Owmmmosa O.I1., Kamaesa C.3. Tokcukonormyeckass OLIEHKa pPasINYHBIX BUJOB
orpaboTaHHbIXx Macen // Om xumuu k mexHonoeuu wiae 3a wazom. 2022. T. 3, Bom. 4. C. 8-14.
URL: http://chemintech.ru/index.php/tor/2022-3-4

BBengenue

B cymjecTByOIMX Ha JaHHBII MOMEHT OTPAC/ISIX IPOMBILIJIEHHOCTH, @ TAKXKe PSAJOBBIMU
HOTpeOUTENAMY, IPUMEHETCS 3HAUNTe/IbHOE KOMMIECTBO PasHOOOpasHbIX Maces. B mpomecce
JVICIIOJIb30BaHYSI 10 Ha3HAUEHMIO Mac/Ia ITOJBEPTaloTCsl CTAPEHMIO M TepsII0T CBOY CBOJICTBA, B
pes3y/bTaTe 4ero CTaHOBATCA oTpaboTaHHBIMU. OObeM 00pa3oBaHUsA OTPaOOTAHHBIX Maces

© E. C. Ceprees, O. II. ®ununmnosa, C. 3. Kanaesa, 2022


http://chemintech.ru/index.php/tor/2022-3-4

OT XHMHUHU K TEXHOJIOTHH [RITEARELNITIANUY TOM 3, BbINYCK 4, 2022

€XEeTOIHO YBeIMYMBACTCsI, KOJIMYECTBO U BUJ 3arps3HMUTENICN MOXKET OBITh CaMbIM Pa3HO00-
pasHbIM. BenencTBue 3T0r0, 0TpaboTaHHBIE Mac/a IPEACTaB/IAI0T CEPhe3HYI0 OMACHOCTD LA
OKPY’KaIoIlleil Cpefibl M 3T0OPOBbS YeTOBEKa.

K HakomeHuo 1 XpaHEHUI0 OTPabOTaHHBIX Mace/ IPUMEHSIOTCS 0COOble TpeOOBaHNMA.
VX cobmparoT B OTHE/NIbHBIE €MKOCTH, YCTOWYMBbIE K OKVMCIUTENIbHBIM IIpolieccaM, 6e3 ImoBpe-
XpeHnit 1 gedopmannit, ¢ IIOTHO 3aKPBIBAIOIIMMIICS KpbIIKamMy. HecaHKIIOHMPOBaHHBII
CJIVIB VIV CKUTaHMe BJIeYeT 3a co00Ii 3arpsi3HeHMe ITOYBBI U BOJHBIX PECYPCOB, @ TAKXKe BBI3BI-
BaeT 3a00/1eBaHMs PA3/IMIHOI CTEIIEHN TsDKeCTH Y YenoBeka. K ToMy ke, CMB 0TpabOTaHHBIX
MaceI B II0YBY ¥ BOZOEMBI IIPeBBIIIAET II0 06BeMy aBapuitHble cOPOCHI 1 IoTepy HedTy Ipu
ee mooObIye.

Ho, HecMOTp#1 Ha 5KO/IOTMYECKYIO OIIACHOCTDb 00Ppas3yIomMXCs OTpabOTaHHBIX Macesl, OHI
0071a71al0T 1eHHBIMYU CBOJICTBaMM. XOPOLIO OT/IQKEHHBII MEXaHM3M PeLVK/INHIa OTpaboTaH-
HBIX MaceJI CIIOCOOCTBYET VX BO3BPALCHNUIO B IPOM3BOJCTBO WM CEKTOP IIOTpebIeHNs B BULIe
BTOPMYHBIX ITOTYIIPOAYKTOB VJ/IM IIPOAYKTOB, YTO OOecIeyrBaeT peabHyl0 9KOHOMMIIO pecyp-
coB [1].

B mporjecce skcIvTyaTanuy Macia HOABEPraloTCsA BO3/IEICTBIUIO BO3/IyXa, TeMIIepaTyphl I
Ipyrux GaKTOPOB, IOJ BIIMSHMEM KOTOPBIX C TeYeH)eM BpeMeHM) IPOMCXOANUT M3MEHEHNe X
cBOVICTB [2]. CTOUT OTMETUTD, 4TO BCe 3TU (PaKTOPHI AEVICTBYIOT B KOMIUIEKCE ¥ B3aIMHO YCU-
JIMBAIOT APYT Apyra. Tak, HanmpyuMep, Ha/uye BOAbI CIIOCOOCTBYET OKMC/ICHMIO Macia,  TaKk>Ke
PasBUTUIO B HeM OM03arpsA3HeHMII, pa3BUBAIOIINXCSA Ha IPaHMIle MacIo-Boja. Macia, copep-
Kalllyie 3arpssHAILINe IPUMeCH, He CIIOCOOHBI YOBIETBOPSTH NPELbAB/IAeMbIM K HUM Tpe-
00BaHUAM, JOJDKHBI OBITD YTVIM3MPOBAHBI J 3aMEHEHBI CBEKUMIY Mac/IaMH.

Vpest nepepaboTKy OTpabOTaHHBIX CMAa304YHbIX Maces MosiBMIach emle B 1930 roxy. Ox-
HAaKo OTpabOTaHHBle Mac/la CTamy IepepabaThIBAaTbCs TONBKO OKOJIO YETBhIPeX AeCATUICTUI
Hasaz. [lepBoHaYaNbHO VX CKUTAIN [JIA TIOTYYeHNs SHEPIWM, 3aTeM II0C/Ie OUMCTKM VX CTa/IN
N06aB/IATH B cBexKye Macia [4]. CerofiHs >ke HalpaBp/IeHIe IIepepabOTKy OTPabOTaHHOTO Mac/Ia
MOXXET CYLIeCTBEHHO OT/IMYAThCA OT cephl €ro Ha4aJTbHOTO NIPYMEHEHVIA.

BbIcoKast 9KOTOKCUYHOCTD, XMMIYECKas arPeCCUBHOCTD, CJIOXKHBI COCTaB 1 IIOHVKEH-
Has CIIOCOOHOCTb OTPaOOTaHHBIX Macesl K TEXHOJIOTMYECKOI ITepepaboTKe [lelaloT BecbMa He-
IIPOCTBIM BBIOOD HaIpaB/IeHMs UX pelyKmHra. Kak mpaBuio, 3ToT BBI6OP 3aBUCUT OT YPOBHS
IIPOMBIIIJIEHHOTO PAa3BUTHA CTPAaHbI (PEroHa) U IPYIMX He MeHee BaKHBIX (aKTOPOB, OJJHAKO
9KOIornyeckas 6e30macHOCTb, SKOHOMIYeCcKas 1[e7IeCO00Pa3HOCTD, a TAKXKe BO3MOXKHOCTb I10-
Jly4eHVs U3 OTPabOTaHHBIX Mace/l BTOPUYHBIX IPOJAYKTOB ¢ MUHVMAIbHBIMU U3IEPXKKAMU —
IJIaBHbIe KPUTEPUM TOTO VIV THOTO TEXHOJIOTMYECKOro mporecca [3, 5-11].

OpHMM 13 HaIpaB/IeHNII IPYMeHeHNs OTPAOOTAaHHBIX MOTOPHBIX U PACTUTEIbHBIX Ma-
CeJl MOXKET CITY>KUTD VX MCIIO/Ib30BaHNe B KaueCTBe CBA3YIOLIETo AL IIOy4eHNs aHTUKOPPO-
3MOHHBIX ITIOKPBITHIL. B CBsA3M ¢ ynoposkaHyeM mpoliecca X IIPOU3BOACTBA U3 TPAAULMOHHOTO
CBIPbs, @ TAKXKe I7T00a/IbHOIE TPO6/1eMOTI ICTOLIEHNS TPUPOHBIX pecypcoB [12], Takoii crtocob
yTUIM3anyy OTpabOTaHHBIX Macesl BecbMa npuBiekarteneH. CoeyiHeHNsI, BXOAAIIVE B COCTaB
OTpabOTaHHBIX MaceJl, ABJIAITCA CHIbHBIMYU ITOBEPXHOCTHO-aKTUBHBIMU BelljeCTBaMU, KOTO-
pble MOTYT CYLIeCTBEHHO BIMATb Ha IPOLECC CTPYKTYpooOpa3oBaHMs, 1, KaK CIe[ICTBUE, Ha
06beMHBIe VI IOBEPXHOCTHBIE CBOJICTBA ITOJTyYeHHOTO aHTUKOPPO3VOHHOTO ITOKPBITHA.
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YTo6bI IPOBEPUTD ITO MIPEAIONOKEHE, IEPBOHAYAIBHO HEOOXOAMMO IIPOBECTY TOKCH-
KOJIOTMYECKYI0 OIIeHKY OTPabOTaHHOTO Mac/ia. ITO HeoOXOAMMO Jyis mojbdopa MPUHINUIIOB
6e3omacHoT pabOTHI C HUM, Pa3pabOTKV TEXHOJIOT VM ITOJTy9€HVIS aHTVKOPPO3MOHHOTO IIOKPHI-
TISI, @ TAKXKe JUIA COCTAaB/IeHVsI HEOOXOAVIMOI TEXHIYECKOIT ¥ 9KOJIOTMYECKOT JOKYMEHTALVI.

Taxum 06pa3om, 11e/IbI0 JAHHON pabOoThI ABJIAETCA TOKCUKOIOTYecKast OlleHKa 0Tpabo-
TaHHBIX MaceJI ITyTeM OIpefe/leHNs KIacca OMacHOCTI.

OO6bexThl MCCIeOBaHUA: OTPAOOTAaHHOE MOTOpPHOE (IIOJTyCHMHTETUYEeCKOe), HAYCTPU-
aZbHOE U NuIeBoe (IIOfICOTHEYHOE, TbHAHOE) MacyIa.

OcHOBHasA 4acTh

Omnpenenenne Kracca ONACHOCTM OTPaOOTAaHHOTO Macjaa IPOBOAWTCSA Ha OCHOBAHUY
ITpukasa Ne 536 MuHucrepcTBa NpUpOAHBIX pecypcoB 1 sKonoruy Poccuiickoit @epepanum ot
04.12.2014. CornacHo IpuKasy, KpUTepUAMY OTHECEHNA OTXOM0B K I-V KiaccaM onacHOCTH 11O
CTETIeHY HEraTMBHOIO BO3/IEMICTBYA Ha OKPY>KAIOIYIO Cpefly AB/IAIOTCA:

- CTEeNeHb OIIACHOCTY OTXO/IA [/ OKPY>KAIOIlleil Cpefibl;

- KpaTHOCTb pa3BeJeHl A BOJHOI BBITAKKYU U3 OTXO/IA, IIPU KOTOPOI BPEHOE BO3JEN-
CTBM€ Ha I'MJPOOMOHTHI OTCYTCTBYET [13].

ITpu onpenenennyu Kacca OIMacCHOCTY IIPMOPUTET OTJAeTCA 9KCIepUMeHTanbHOMY (610-
JIOTM9eCKOMY) METOZY €To OIIpefie/IeHNs IT0 KPaTHOCT! pa3BefieHns BOfHOM BHITsDKKU. Ho o
3TOTO HEOOXOMMIMO €To OIpefie/ieHe PacyeTHBIM IyTeM (10 CTeIIeHN OIIACHOCTH /1A OKpY>Ka-
IOLIIel! CPefibl) € LiefIbio MOJO0pa apaMeTpoB SKCIlepuMeHTa. JJaHHbIe 110 COCTaBy OTpaboTaH-
HBIX MaceJI IpefiCTaB/IeHbl B Ta0I. 1.

Ta6muna 1. CocraB oTpabOTaHHBIX Macer

PesynbraTht
OrpaboraHHOE Maclo
MuHepanbHas 4acTh, % BnaxxnocTb, %
MotopHoe 0,06 0,54
WnagycrpuanbHoe 0,02 0,9
ITomconueynoe 0,04 0,75
JIpbHAHOE 0,05 0,48

BBupy cl10>XHOCTY IPOBENEHNSA PacyeTa, KOTOPBIN CBA3aH C ONpefie/IeHNEM TOYHOTO CO-
craBa orpaboranHoro mMacna u nouckom I1JIK sarpssHuTeeit, pacyeT oCyIiecTBIeH IpubIm-
JKeHHO. Tak yCTaHOB/IEHO, YTO OTpabOTaHHOE MOTOPHOE MAacClIO M VHAYCTPUATbHOE MacjIo
nmerot II-1II xmacc omacHocty, a muesble — III-IV kmacc omacHocTu. IlonydenHble nanHbIe
MIPOBEPAIOTCSA IKCIIEPUMEHTATbHO.

B xauecTBe TecT-00bekTa ucnonb3osancs sBup Ceriodaphnia affinis (Uepnonaduusa Ad-
¢dunuc). ladpHuy — OOVH U3 CTAHAAPTHBIX 0OBEKTOB /I TECTUPOBAHNS TOKCUYHOCTY BOJJHBIX
PacTBOPOB XMMUYECKNX COEAVHEHMUI], IPUMEHAEMbIX B MICC/IEIOBAaHUN 3arpsA3HEHUIT BOJHOM
cpenpl. [JadbHuM YyBCTBUTE/IBHBI JakKe K HEOOTBUINM KOHIIEHTPALMAM TOKCUYECKUX BEIeCTB.
[l7ist mpoBefieHMst 6MOTECTUPOBAHNS I OKOHYATE/TbHBIX BBIBOJJOB HEOOXOJMMO MCIIONTb30BATh
MVHVMYM JIBa TeCT-00beKTa.

BopHas BBITsDKKA U3 00pasiia 0TpabOTaHHOTO MacIa TOTOBUTCS 13 COOTHOIIEHS TBEp-
mas ¢asa:xupgkoctb = 1:10. B kauecTBe >XUJKOCTM MCHOJIB3YeTCs KY/IbTUBAIVIOHHAS
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(BOI[OHPOBOI[HaH BOJla, OTCTOAHHAA HE MEHEE TPEX CYTOK) Wi IUCTUINpOBaHHAA BOJA. II)I}I

aroro 20-30 r mac/ma pasBOAUTCA Ky/IbTUBALVIOHHO BOJIO B cOOTHOIIeHNM 1:10, monyyeHHas

CMECDh IIEPEMEIINBAETCA Ha MarHMTHOM MelllajiKe B TeueHMe 8 4, Iocjie Yero OTCTaBaeTCs B

TedeHMe 12 4.

ITomryyeHHasa BOAHAA BBITAXKKA MCCIENYETCA Ha TOKCUYHOCTD. TemmepaTypa BBITAXKN

20 °C, snauenne pH = 7. VI3 ucxopqHOIT BBITSDKKYM TOTOBUTCS psif pasbasnennmit: 1:10, 1:100,

1:1000, 1:10000. DxcIIepMMeHT P KKIOM pa3baBIeHN IPOBOANUTCS B TPEX IIOBTOPHOCTSIX.

B xaxxpplit pacTBop nomeatorcst 10 ocobeit nepuopadHmit Ha 48 4, IOCTIe Yero BefeTcst

HOJCYeT BBDKMBIIMX 0co0eit. [0 MonmydeHHBIM JaHHBIM HAaXO[UTCS CpefjHee 3HA4YeHUe IS

Ka)XX/[011 M3 KOHI[eHTpaumit (Tabs. 2) u cpeHMit mpoueHT cMeptHocTH A (Tabn. 3). Knacc onac-

HOCTH OIIpefe/sieTcst rpaduaecKM MEeTOIOM C MCIIO/Ib30BaHMeM IIpoOuT-aHanmm3a [14].

Ta6mmua 2. Pesynprarsl 6MOTECTMPOBAHNS BOXHBIX BBITSKEK

OtpaboTaHHOE Konnenrpauus, %
IToxasaTenn
Macyo 100 10 1 0,1 0,01
2 5 9 10
KommyecTBo BDKMBIINX
. . 4 8 10
u3 10 ocobeit ueprogadHuMit
2 6 10 10
Mortopnoe
Cpepnee sHaueHMe
0 1,6 5 9 10
BBDKMBAEMOCTH
BbpK1MBaeMOCTb B KOHTpOIIe 10 10 10 10 10
4
KomiyecTBo BBDKMBIINX
u3 10 ocobeit neprogadHuit
Mupycrpuanbaoe
CpenHee 3HaUCHUE
0 0 33 83 9,0
BBDKMBAEMOCTH
BpDKMBaEMOCTb B KOHTPOJIE 10 10 10 10 10
1 2 6 9
KomyecTBo BBDKMBIINX
. y 1 10
u3 10 ocobeit neprogadHmit N . . 0
[TomcomHeunoe
Cpepnee sHaueHMe
1 2,3 5,6 8,3 9,6
BBDKMBAEMOCTH
BbpK1MBaeMOCTb B KOHTpOTIe 10 10 10 10 10
10 10 10
KonmyecTBo BDKMBIINX
. y 10 9 9
u3 10 ocobeit ueprogadHuMit
9 10 10
JIbHAHOE
Cpepnee sHaueHMe
2,6 6,3 9,6 9,6 9,6
BBDKIBAEMOCTH
BbpK1MBaeMOCTb B KOHTpOTIe 10 10 10 10 10

H}I}I IIOCTPOEHMA AUarpaMMbI U IIPOBENEHNA PpACIETOB CTEIIEHM TOKCUYIHOCTU HEe00X0-

AVIMO BBIYVCIIUTD CPESHUI MIPOLIEHT cMepTHOCTH A [15].

X=X 00
=5 ,

rie X, — BBDKMBaeMOCTb T€CT-00BEKTOB B KOHTPOJIE;
X, — BBDKMBAEMOCTb TeCT-00EKTOB B OIIBITE.
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OT XUMUU K TEXHOJIOTHH [TITARTNITNIY TOM 3, BbINYCK 4, 2022
Ta6muma 3. Pe3ynbTaTsl ollpefie/ieHN TeTalbHOI KOHIIeHTPaLuy
OrpaboranHoe IgC
IToxasarenb
Macno 2 1 0 -1 )
A, % 100 84 50 10 0
MortopHoe
3Hauenne npobura 7,33 5,99 5,00 3,72 -
Vnmycrpuas- A, % 100 100 65 13 6
Hoe 3HaueHne npobura 7,33 7,33 5,39 3,89 3,45
A, % 90 77 44 17 4
ITomconueynoe
3naueHne npobura 6,28 5,74 4,85 4,05 2,67
A, % 74 37 4 4 4
JIpHsIHOE
3HaueHue npobuTa 5,64 4,67 3,25 3,25 3,25

Ha ocHOBaHWUM IOTy4YeHHBIX 3HAYEHUIT CTPOUTCA TpadUK 3aBUCUMOCTH IPOOUTHOTO

3HaueHus oT morapudma KoHieHTpanuu (puc. 1) u onpegensiercs KOHIeHTpanus (pasBefieHe

JICXOJHOTO pacTBOpa), IIpM KOTOPOI HacTymaeT rnbenb 10% ocobelt (rmpy mpoOuTHOM 3HaYe-

Huu 3,72). Ha ocHOBaHUU NOTy4eHHOTO 3HA4YEHNUA KOHIIEHTPAIMY YCTAaHAB/IMBACTCA K/IAcC

OITaCHOCTMN.
5 10
9
5
5
c A
— 4
3 3
2 =l
1 1
o O
3 -2 1 o] 1 3 -1 o]
LgC LgC
a 6
5
s
5
- a
4 4
3
= 2
.
6 -4 2 o] 2 4 -4 0 2 6
LgC LgC
8 2

Puc. 1. 3aBUCMMOCTh IPOOUTHOTO 3HAYEHNS OT JI0TaprpMa KOHIEHTPAIMH i1 OTPabOTaHHOTO Mac/a: d — MO-

TOPHOTO; 6 - VMHAYCTPUATIDHOTO; 8 — IIOACOTHEIHOIO; ¢ — IPHAHOTO

ITo moyry4yeHHOMY 3HaYEHMIO JIETA/IbHOV KOHIIEHTPALIMM OTIPEME/IAETCA K/IACC OITACHOCTH,

COTJIacHO Tabi1. 4.
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Ta6muia 4. 3HaueHMs1 KPaTHOCTY pa3BefeHMsI BOJHON BBITSDKKY U3 OTXOZA

Knacc onacnocru KpaTHOCTD pa3BefieHNsA BOJHOM BBITSKKM
I > 10000
II 10000-1001
I 1000-101
v <100
\% 1

KpaTHOCTD pasBefeHns pacCIMTHIBAETCA IO (pOpMyIIe
100
C )

rzie C — KOHLIeHTpauys1, Ipy KOTOpoit HacTynaeT rubensb 10% ocobeit, %.

JIKP,, = (2)

BrpIiBOABI M peKOMeH AN

Ha ocHOBaHNMM NTOTy4YE€HHBIX SKCIIEPYMEHTAIbHBIX JaHHBIX:

- I71s1 OTpabOTaHHOTO MOTOPHOTO MAac/Ia KOHIIEHTPaLyis, IpU KOTOPOJI HaCTyIaeT I'1benb
10% ocobeit, cocraBmset 0,400%, 4To cooTBeTCTBYeET passemeHuto 250 — I1I kmacc omacHocTy;

- IU1s1 OTPabOTAaHHOTO HAYCTPUAIBHOTO Mac/Ia KOHI[EHTPALs, IpY KOTOPOJ HaCTyIaeT
rubenb 10% ocobeii, cocrasisaeT 0,031%, 4TO COOTBETCTBYeT pasBemeHmio 3225 — I kmacc omac-
HOCTH;

- JUIA OTPabOTaHHOTO MOACOTHEYHOIO Mac/la KOHIJEHTpAIVA, IpU KOTOPOIl HacTymaeT
ru6enb 10% ocobei, cocraser 0,112, yTo cooTBeTcTBYeT pasBefennio 891 — III kmacc onac-
HOCTH;

- 11 OTpabOTaHHOTO JIbHAHOTO Mac/Ia KOHLEHTPAIVsA, IIpU KOTOPOI HACTyIaeT rnbenb
10% ocobeit, cocrasnsaeT 0,500%, 4T0 cooTBeTCTBYeT pasBefenuto 200 — III kmacc onacHoCcTH.

Tenepsp, 3HasA KIacc ONMACHOCTM HAaHHBIX OTXOZOB, KpallHe BaXHO pa3paboTaTb TaKyio
TEXHOJIOTYIO €T0 YTVIM3AL[UY, YTOObI €er0 3HaUeHe CHU3WU/IOCD.
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Kniouesvie cnosa: Annomauus. V3y4ueno enuanue pasnuuHlx OUCnepeamopos Ha pems oucnep-

Jucnepeamopui, 600HOOUCHEP-  2UPOBAHUT NUIMEHINO6 U HANOTHUMENEl 6 600HO0UCHEPCUOHHOTL 2PyHINOBKe.

CUOHHAS 2PYHMOBKA, YCTI06- IToxasaro, 4mo HeuoHO2eHHbITI OUCnepzamop, npedcmasnaruuLi coboti noau-

HAS 8A3KOCY, CINENeHb nepe-  Mep C NUsMeHm-aPuHHbIMU 2pyNnamu, no3eondern Ouchepeuposamsv nue-

mupa spyHmosxu MeHmMbL U HANOMHUMENU 8 800HOL cpede 00 mpeOyemoii crmenenu nepemupa
uyacmuy, ~30 mxm (no KAUHY) 36 MUHUMATILHOE 8PEMS.

s quTpoBaHus:

Bacamura A.A., Osxwuranos B.B, bakynun J.O., WMmpun A.A. VYioyumieHue [gucCIeprUpyeMOCTU
BOJITHOJIMCIIEPCUOHHOI TPpYHTOBKM // Om xumuu x mexHonoeuu wiaz 3a wazom. 2022. T. 3, spim. 4. C. 15-18.
URL: http://chemintech.ru/index.php/tor/2022-3-4

B mnocnemHee BpeMsA, BO BCeX IIPOMBIIUICHHO PpasBUTBIX CTPaHAX YCIWIMBAKOTCA
9KOJIOTMYeCKMe TpeOOBaHMsA K IPOM3BOACTBY M  MCIO/Nb30BAHMIO JIAKOKPACOYHBIX
marepuanoB (JIKM) [1, 2]. Ocobyo Huiry cpeay skonormdecku umctoix JIKM saHmMaror
BOJJHO- IVICIIEPCMOHHBIE SMA/IV U TPYHTOBKY, IIpelHa3HAUYeHHbIe /TSI OKPACKM MeTa/UINIeCKIX
noBepxHocrei [3, 4].

[Tpn paspaboTke HOBBIX IIPOTUBOKOPPO3MOHHBIX BogHOAUCIIepcoHHbIX IKM Heob6xo-
JMIMO Y7Ie/ATh 0co00e BHMMaHMe IPaBUIbHOMY IOA00PY GYHKLIMOHAIBHBIX JOOABOK — JIVIC-
IepraTopoB, MMTMEHTOB Y HAIlOJIHNUTe/Iell. [lycriepraTopel MOTYT BIMATb He TOTBKO Ha BpeMs
AVICIepPTMPOBAHNA NUTMEHTOB VM HAIIOTHUTEIEN B Cpefie CBA3YIOLIETO [0 OIpeNeIeHHOTO pas-
Mepa JacTHIl, HO U Ha CBOJCTBA OPMIUPYEMBIX IIOKPBITHIL, B TOM YJC/Ie IPOTUBOKOPPO3UOH-
HbIE.

B HacrosmIee BpeMs /1A AMCIIEPIMPOBAHNA MMTMEHTOB VI HAIIOTHUTEIEN /I BOTHOVIC-
NEepCHOHHBIX TPYHTOBOK IpuMeHsercsa aucneprarop Disperbyk 190 (mpomusBopcrsa ¢pupmb
BYK, l'epmanns).

ITpn sTom crmemyer orMeTuTh, yto Kommnanua BYK ¢ 31 mapra 2022 r. He mocraBuia B

Poccuio HM 0HOTO KMjorpaMMa cBoet pomyKuuu [5].

© A. A. BacanuHa, B. B. Oxuranos, [I. O. bakynun, A. A. Vinbun, 2022
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[Tonck HOBBIX PYHKIVIOHAIBHBIX JOOABOK, TOCTYIIHBIX HA PBIHKE, II03BO/IAIOINX YMEHb-
HINTh BpeMsA SHEPIOEMKOI CTaiuy AUCIIEPTUPOBAHNA BOSHOLVCIIEPCUOHHBIX TPYHTOBOK, AB-
JIAETCA aKTya/lbHOM 3ajayent.

Ilenb HacTOAIEl pabOTHI — MI3y4eHIEe BIVIAHNA Pa3/IYHbIX AVCIEPTraTOPOB, UCIIONb3Ye-
MBIX IIPY ITOJTy4€HUY BOGHOIVICIIEPCYOHHBIX TPYHTOBOK, Ha BpeMs JUCIIEPTMPOBaHNA IIUTMEH-
TOB ¥ HAIIOJTHNTeJIeN 10 TpeOyeMOoro pasmMepa 4acTuLI.

OcHoBolI paspabaTbiBaeMoOil IPOTMBOKOPPO3MOHHON TPYHTOBKM CITyXKI/IA BOGHAs aK-
PUI-CTUPOIbHAA NUCIIEPCHSA, HAIIOJIHEHHAA JKEIThIM >KeIe300KCU/IHBIM IIMTMEHTOM, TaJIbKOM
u pocdarom nmnka B cooTHomennn 1,0:0,65:0,9 coorBercTBeHHO. CTeleHb HAIIOMTHEHNS CO-
crasia 13-15 % 06.

[TpenmucneprupoBanne 3aMeca NMUTMEHTHON IIACThl BbIIIE€ YKAa3aHHBIX IUTMEHTOB U
HAIIOJTHUTEIeVl B BOJHON Cpefie MPOBOAMIOCHh Ha AuconbBepe Dispermat LC-110 (mpousBog-
crBa VMA-Getzmann) noj; ¢ppesoit mpy OKpy>KHOII CKOPOCTH ~3 M/c B TedeHue 10 MMH.

JuicnieprupoBaHye MUTMEHTOB IIPOBOANIIOCH B ITOTPY>XKHOIT GucepHOIt MenpHUIIEe Disper-
mat LC-110 mpu ckopoctu Bpamernsa potopa 2000 o6/MuH fo TpebyeMoit cTeleHn IepeTupa
~30 MxM (110 K/MHY) [6].

Kaxymasica BA3KOCTb 3aMeCOB NIUTMEHTHBIX IACT C PasAMYHBIMU AMCIIEPraTOpaMu
ompepensnach mpu Temmeparype (23,0+0,2) °C o BuckosumeTpy bpykduapaa (v A, mmnmH-
menb — guck Ne 3) mpu 20 06/mun o T'OCT 25271-93.

B xavecrBe mucnepraropos, UCIONAb3yEMbIX Ha CTaINM AUCIIEPTUPOBAHMA IUTMEHTOB U
HAIIOJIHUTEJIEN B BOJHOM Cpefie, IPUMEHAIACH ClIeAyIoLe:

- pucneprarop Ne 1, Disperbyk 190, nmpexncrasiatomuit co60it pacTBOp BHICOKOMOJIEKY-
JISIPHOTO OJIOK-COIONIMMepa C MUTMeHT-aMHHBIMU Tpynnamu. [laHHbI AycnepraTop obecre-
4yyBaeT AeIOKy/IANNIO NUTMEHTOB ITOCPEACTBOM CTEPMYECKOI CTabMIn3annm;

- pucriepratop Ne 2, mpefCTaB/IAIOLINI cO00/1 aMMOHMEBYIO COMTb ITOMNKAPOOKCUIOBOI
KUCTIOTBI, obecriedrBaeT HeIOKY/IALMIO NMUTMEHTOB ITOCPECTBOM CTAOWIM3aLMy 3a CYeT
37IEKTPOCTATUYECKOIO OTTAIKMBAHNA;

— pucneprarop Ne 3, mpefcTaBaAoIINi co60il MOAMQPUIPOBAHHBIN aKPUIOBBIN COIO-
NVMMep B BOLHOM PacTBOpe, obecrednBaeT AeIOKY/IALNIO INTMEHTOB IIOCPeCTBOM CTAOMIN-
3aIIVI 32 CYeT IEeKTPOCTATINYECKOTO OTTA/IKMBAHMA U CTEPUIECKIX (PAaKTOPOB;

— pucnepraTop Ne 4, mpefcTaB/IAIOMNI cO60I CMHTETNYeCKUII HEMOHOTEHHBII ITO/IIMep
C IUTMEHT—-a(pVHHBIMY IPYIIIaMM, peKOMEH/IyeMblil /I CTa0V/IM3aly HallOJTHUTeIel, opra-
HIYeCKVX, HEOPTAaHMYECKNX MUTMEHTOB I YITIEPOJHON CaK! B BOGHBIX CHCTeMaX, obecredn-
BaeT Ae(IOKY/LALVIO IINTMEHTOB IIOCPEICTBOM CTEPUIECKON CTaOMUIM3aLVIL.

[/ ompezesieHNsl ONTUMAIBHOTO KO/IMYECTBA BBOAVMBIX (PYHKIIMOHA/IBHBIX 00ABOK B
3aMece IMMTMEHTHOI ITAacThI (CYCIIeH3VI0 IIMTMEHTOB U HAIIOJTHUTENIEN B BOJie) M3y4aioch BIIM-

AHUE Ka)XYIIelcs BA3KOCTU OT COflep)KaHusA aucnepraropa (puc. 1).

16



OT XHMHUHU K TEXHOJIOTHH [RITEARELNITIANUY TOM 3, BbINYCK 4, 2022

4000
3500
3000

2500

—l—
2000 OucnepraTtop 1

==¢=[lncnepraTop 2

1500
HwncnepraTop 3

Kaxywascs BaskocTb, MIMTA*c

1000 === [ncnepraTop 4

500

0 2 4 6 8
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Puc. 1. 3aBUcMMOCTD KaXKyIlelics BA3KOCTY 3aMeca MMTMEHTHOM IACThI OT COfepKaHMsA BBOAVIMOTO [UCIIepraropa

MuHyMasnbHas JOCTUTaeMas KaKyIasicsl BA3KOCTb KOMIIO3MIUIT COOTBETCTBOBAIa HEOO-
XOAMMOMY KO/IMYeCTBY BBOAVMBIX 00aBoK. [l pucniepratopa Ne 1 — 5,0 mac. %; i1 guctepra-
Topa Ne 2 - 1,0 % mac.; ina gucnepratopa Ne 3 — 2,0 % mac.; ina gucnepratopa Ne 4 — 3,0 % mac.

Ha puc. 2 npuBefieHbl 3aBUCMMOCTY CTEIIEHU IepeTpa IPOAUCIIEPTMPOBAHHBIX Ha I10-
TPY>KHOJ OMCepHOI Me/IbHIIle IIUTMEHTHBIX ITaCT KOMIIO3UIMYU C PasIMYHBIMU IVCIIEpraTo-
pamu oT BpeMeHu gucnieprupoBanns. Heobxomumas crerneHs nepetrpa 30 MKM BOIHOJUCIIED-
CMOHHOJI TPYHTOBKM JIOCTUTAETCS C Pa3/IMYHbIMM QYHKIVOHAIbHBIMY JOOAaBKaMM 32 Pas3ind-
Hoe BpeMms (Tabmuua 1).

60
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2 40
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'g . === [lncnepraTop 2
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= Owucnepratop 3
3 ==fe==[ncnepratop 4
cC
o 20
2
O
0
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Bpems, MuH

Puc. 2. 3aBUCHMOCTD CTEIIEHN IepeTrpa IMIMEHTHBIX ITACT C Pa3/IMIHbIMI OUICIIEPTAaTOPAMU OT BpEMEHN OUICIIEP-
TMpOBaHNA
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Ta6muma 1. Bpemsa gocTikeHue creneHn repetupa 30 MKM IpY AVMCIEPIYPOBAaHUY MUTMEHTHBIX ITaCT C pas3/iny-
HBIMM JIMCIIEpPraTOpaMu

Hucm. Ne 1 Hucm. Ne 2 Hucm. Ne 3 Hucm. Ne 4
Bpems, mun 40 30 30 24

Kax BuammM, 3a cyer gycnepratopa Ne 4, KOTOPBIN IpefiCTaB/IsIeT COO0J CMHTETUYeCKUI
HO/IMIMep C IUTMEeHT-apVHHBIMY IPYIIIAMM, MOXXET OBITh CYILIIeCTBEHHO CHVDKEHO BpeMs 9Hep-
TOEMKOJ CTaIuy IUCIIEPTMPOBAHNA CYCIIEH3MI IIMTMEHTOB ¥ HaIIOJIHUTEIA B BOJHOI Cpefie 110
cpaBHeHnmIo ¢ gucrepratopom Ne 1 (Disperbyk 190).

TaxuM 06pasoM, 11 Oy4eHN s BOJHOANCIIEPCYOHHOTO aKpUI-CTYPOIbHON IPYHTOBKMI
CJIefyeT VICIIONIb30BaTh Aycrepratop Ne 4, mpemcTaBaoImuil CO00 CMHTeTUYeCKIIT TO/IMep
C IUTMeHT-apVHHBIMYU IPYIIIaMIL.
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Kniouesvie cnosa: Annomauusa. Bymaouen-numpunvuote kayuyku (BHK) omuocamea x anacmomepam
6ymaoueH-Hum- CHeuUanvHo20 HASHAYEHUS U OMAUYAIOMCS NOBbIUEHHOTE COTIKOCMYIO K anudamuye-
punvHole Kay4yKu, CKUM Y271e6000POOHBIM PACEOPUMENIM, MACNIAM, monausy. B sasucumocmu om coom-
napamempul pac- HOWEHUS MOHOMEPOB 68 OYyMadueH-HUMPUTLHBIX CONONUMEPAX COBMECHUMOCIIb UX C
meopumocmu, me- PATUMHBIMU MUNAMU PACE0pUMenell U NAACMUPUKAMOPO8 CYUuectneeHHO USMeHs-
o0 adoumueHo- emcs. Kpome mozo, npomviunennocmoto swunyckaromcs BHK ¢ ¢ynkyuonanvHomu

2pynnosuix 6kna006  epynnamu: KapooKCUnbHLIMU, eUOPOKCUNLHLIMU, a makie eudpuposartvie BHK.

Lenvto Hacmosuwetl pabomvl A6UILCT pactem NApamempos pacmeopumocmuy cononume-
pos BHK pasnuunozo cocmasa, eudpuposarnvix BHK u kayuykos ¢ 2udpokcunvHuimu u
kapbokcunvHvimu epynnamu. Ha ocnosanuu o6pabomxu cnpasouvix OAHHbIX HO IH-
MANbNUAM UCNAPEHUS U MOTIDHOMY 005eMy OpeaHu4eckux coeOUHeHUll U3 Kaccoe anu-
pamuneckux U apomMamuuecKux yzneso00podos, HUMPUL08, KUCIOM, CHUPMOS U 3Pu-
P08 BbIMUCTIEHVI UHKPEMEHNBL PYHKUUOHATIDHBIX 2PYAN, NPUCYMCIMBYIOUUX 8 UETEBbIX
cononumepax, U KOHCMaHmMvL MOneKynApHo20 npumsxcenus Cmonna. Ionyuennvie un-
KpeMeHmbl UCHONb308AHDL OIS PaACHernd MpexmMepHbiX NAPAMernpos pacmeopumoctnu
CONONUMEPOB, a maxme 3a8UCUMOCeLl USMEHeHUST c80600H0I aHepeuu [ub6ca npu cme-
wieHuU om 06vemMHOL 00NIU pacmeopumens 07 08YX MuUnos pacmeopumerneti.

s quTpoBaHus:

ConosbeB M.E., Ka6mos B.®., Conosrepa O.10., lllynsmun C.H., Opnosa E.H. Pacyer mapamerpoB pacTBOpuMO-
¢ty 6yTafjyieH-HUTPUIbHBIX KayIyKOB METOMOM aiIUTHUBHO-TPYIIIOBBIX BKIa0B // Om xumuu k mexHonoeuu waz
3a wazom. 2022. T. 3, Boim. 4. C. 19-29. URL: http://chemintech.ru/index.php/tor/2022-3-4

BBenenmne

ByTapueH-HUTpU/IbHBIE CONONMMMEPHI ABJISAIOTCA OJHMM U3 CTapeilNX BUIOB Kay4yKOB
crienyaybHOTrO HasHayeHws [ 1, 2]. O6macTb MX MpyMeHeHMs JOCTaTOYHO INPOKa, HO Hanbosee
BOXHBIM HAllpaBJieHUEeM SBJIIETCS IIOJIyYeHME DPe3VHOBBIX M3Jenumii, 00/Iaaiolyx

© M. E. Conosyes, B. ®. Kabnos, O. 0. Conosbesa, C. H. lllynsmus, E. H. Opnosa, 2022
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HIOBBILIEHHOJ CTOVMKOCTBIO K amiaTiyecKuM yI7IeBOJOPOfiaM, B TOM YMC/Ie K MacjaaM U pas-
JMYHBIM BUZIAM TOIUIVBA. BBefleHe B COCTaB COIOMMMepa HOIIOMTHITE/IbHBIX 3BEHbEB, COflep-
KAIIVX KapOOKCHIbHbIE M TY/POKCIIbHDIE I'PYIIIILL, TO3BOJIAET ellie O0IbliIe pacIIpUTD KPYT
CIlelIMa/IbHBIX CBOVICTB Pe3MH Ha VX OCHOBE, IJIABHBIM 00Pa3oM Y/Iy4IINUTD afire3yio K MeTasl-
J1aM, a TaK)Ke 00ecIeynTh BO3MOXKHOCTD BY/IKAHM3AL[MU OKCUIaMy MeTalIoB [3-7]. B 3aBucn-
MOCTH OT CItoco6a cuHTe3a QPyHKLMOHAIbHBIE TPYIIIBI MOTYT OBITH pacIpe/e/ieHbl CTaTUCTH-
JeCKM BJIO/Ib IIO/IIMEPHOT LTIV VIV JKe PacIIo/araThbCs Ha ee KOHIaxX (6yTagyieH-HUTpIUIbHbIE
COIIONIMMEPHI C KOHL[eBbIMM KapOoKcunbHbIMY rpynmamy — CTBN 1 KOHI[eBBIMM IMPOKCUIID-
HpiMu rpynnamu — HTBN) [8-11]. B HacTos1ee BpeMst IPOMBIIIEHHOCTBIO OCBOEHBI TakKe
TUJIPYPOBaHHbIe OyTafVieH- HUTPUIbHBIE KaydyKy, He COfieprKalliyie 3BeHbeB C JBOIHBIMU CBI-
35IMM M VIMEIOLIVIe YIYYLIEHHYIO CTOMKOCTD K TeIUIOBOMY cTapeHuio [12, 13].

[/ IPOTHO3MPOBaHVS COBMECTMMOCTH C PACTBOPUTEISIMMUA CTOJIb CJIOKHBIX I10 XMMMIYe-
CKOMY COCTaBy COIIO/IIMEPOB HEOOXO[VIMO VIMETb METOJVIKY, IIO3BOJISIOIIME PAaCCUUTHIBATD
JUI HUX TapaMeTphl PaCTBOPUMOCTH, B TOM UJC/Ie ABYXMepHbIe 11 TpexmepHble. Kmaccraeckum
METOZIOM, IPUMEHsIeMBIM I pacyeTa IapaMeTPOB PACTBOPMMOCTY HONMMMEPOB VM HU3KOMO-
JIEKYJISIPHBIX PaCTBOPUTeJIEN, IBISIETCS] METOR, QAU TUBHO-TPYIIIIOBBIX BKIafoB [14]. laHHBI1
METOJ TPaAMLIMOHHO IPUMEHAETCSI B OPraHNYeCcKOl XMMIY Il pacdera Gpusmdeckux un ¢u-
3MKO-XVMIYECKIX CBOJICTB COeVIHEHMIT ¥, HECMOTPS Ha TO YTO B HACTOsAIIee BpeMs JIA STUX
1ejIell IPYMEHSIOTCS METO/bl, OCHOBaHHbIE Ha IPUMEHEeHNN 0oJlee CIOXKHBIX HeCKPUITOPOB
MOJIEKY/IIPHON CTPYKTYPHI [15, 16], He moTepsn cBoeit aktyanpHOCTH [17]. B paccmarpuBae-
MOM CJIy4ae IPeUMYLIeCTBO JAHHOTO MEeTO/a 3aK/II0YAeTCs B TOM, YTO IIPY pacyeTe SHTAIbIINIL
VICTIApeHMsA ¥ MOJIbHBIX 00'b€MOB COeVHEHVII MHKPEMEHTbI OT/Ae/MbHBIX (PYHKIVOHAIbHBIX
TPYIIII IMEIOT OIIpefie/IeHHBIN (GU3MYeCKMIl CMBICTI, YTO MTO3BOJIAET MCIIO0/Ib30BaTh UX IIPY VH-
TepIpeTanyy JaHHBIX, OTHOCAIIMXCSA K MEXMOJIEKY/IPHBIM B3aMIMOJEVICTBUAM Pa3/IMYHBIX
K/IaCCOB OpPraHMYecKux coefyHenuit [18-20].

Ilenplo Hacrosmeil pabOTHl SBWIOCH BBIYVIC/IEHME VHKPEMEHTOB (YHKIMOHATbHBIX
TPYIII, PacCCMaTPUBAEMBIX COIIO/IIMEPOB U PacTBOPUTeE/IEil, B SHTA/IBIINIO MICIIAPEHNA, MOJIb-
HBII 00beM ¥ KOHCTaHTBI MOJIEKY/IAPHOTO NMpUTsDKeHMss CMOJIIa ¢ TTIOCTIeAYIOLIIM VCIIOIb30-
BaHJEM VX /I pacdeTa apaMeTpOB PacTBOPUMOCTH VICCTIEyeMbIX COeVHEHMIA.

OcHoBHasA YacTh

B monorpac¢uu [14] npuBefeHbl pacCuuTaHHbIE pa3HBIMM ABTOPAaMJ MIHKPEMEHTBI 007Ib-
1oro Habopa (PyHKIMOHANIBHBIX IPYIII B TEPMOANHAMIYECKIEe PYHKIUY, MCIIOIb3yeMble /L
pacueToB IIapaMeTPOB PACTBOPUMOCTM IIOIVIMEPOB ¥ HM3KOMOJIEKY/ISIPHBIX >KUIKOCTEN U
OLIeHKM UX coBMecTUMOCTH. CrleffyeT OTMETHUTD, YTO YMCIeHHbIe 3HaYeHMsI MHKPEMEHTOB Ofi-
HIIX U TeX ke QYHKLMOHA/IbHBIX IPYIII, IPUBEAEHHBIX B paboTaxX pa3IMyuHbIX aBTOPOB, OCTa-
TOYHO CU/IBHO Pa3HATCA. DTO 0OYC/IOB/IEHO TeM, YTO B JICVICTBUTE/IBHOCTI CTPOTast afiiNTIUB-
HOCTb BO BJIVISIHMM OTZE/IbHBIX (PyHKI[MOHA/IBHBIX TPYIII Ha TO WM MHOE CBOVICTBO COOIIONA-
eTcs He o4eHb 4yacTo [17]. ITosaToMy npu pacumpennu Habopa KI1acCoB XMMIYECKUX COefIUHe-
HMIL /IS pacdeTa MHKPEMEHTOB (PYHKI[OHATbHBIX TPYIII TOYHOCTD HpeCKasaHus TEPMOAN-
HaMM4eckyx QyHKIMIT Ha OCHOBE aiilMTMBHOTO MTOAXO/ja HAUuMHAeT CHIDKAThCs. B 9Toil cBsI3u
B HaCTOsLIel paboTe OBUIM BBIYVMCIEHBl MHKPEMEHThI (GYHKI[MOHATBHBIX IPYII IO BBIOOpKE
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TOJIBKO T€X COe[IVIHEHIT, TPYIIIIbI KOTOPBIX BXOJAT B COCTAB XMMIYECKOI CTPYKTYPbI ICCTIERY-
eMBIX COIIO/IMMEPOB ¥ IUIACTU(PNUKATOPOB, IPUMEHAEMBIX B COCTaBe KOMITO3UIINIT Ha UX OC-
HOBe. B kauecTBe MICXOTHOTO MaccuBa JJI COCTAaBJIeHNA 00yJarolieil BBIOOPKM MCIIOTb30Ba/IN
9KCIIepPUMEHTA/IbHbIe JaHHbIE 110 SHTAIBIVAM MCIAPEHUs I MOTTBHOMY 00beMY COeRVHEHNI],
oIy6/IMKOBaHHbIE B CIIPaBOYHMKaX [21, 22], a Taxoke 6a3pl gfaHHbIX NIST o Tepmopunammye-
CKIUM CBOJICTBaM coefyHeHnit [23].

Vpesa mMeToa agfVTUBHO-TPYIIIOBBIX BKIaJOB COCTOUT B TOM, YTOOBI B XMMIYECKON
CTPYKType COe[JIHEHVSI BBIJIe/INTD OTAE/IbHbIE aTOMHBIE TPYIIIIBI, OOLIVe [/Is1 COeVIHEHWIT pas-
HBIX K/IACCOB, @ OTHECEHHOE K YNCITy MOJIeN M3ydaeMoe Gpu3niecKoe CBOMICTBO COeNMHEeHNs Y
IPefICTaBUTDb B BUJIE TMHEITHO QYHKIMM OT KOIMYECTBA TPYII:

Y = zN:Bi n;, (1)

L=l
roe Bi — BKJIa[, (I/IHKPCMCHT) COOTBCTCTBYIOI.LICf/I TpyIIIbI, N — KOJINYECTBO I'PYIIII KaOXXIOTO B1 A

B KOHKPETHOJ XMMIYECKOI1 CTPYKType, N — 4yC/I0 BULOB IPYIIIL.

Vcnonp3oBaHye B KayecTBe NEeCKPUNTOPOB MOJIEKY/IAPHOM CTPYKTYpPbI He OTHE/IbHBIX
aTOMOB, @ IMEHHO aTOMHBIX TPYIIII ONMPAeTCs Ha CTPYKTYPHYIO KIaccuUKAINI0 OpraHnye-
CKMX COEJVMHEHNI, B COOTBETCTBUM C KOTOPOJ COeJMHEeHNs, VIMEIOIyie OJMHAKOBbIE TUIIBI
aTOMHBIX I'PYIII (Q/Ib/IeT/bI, KETOHBI, CIVIPTHI, KMC/IOTBI M T. II.), XapaKTePU3YIOTCs 0OLIVMU
0COOEHHOCTAMY XMMWYECKNX Y (PU3UKO-XMMMUIECKUX CBOVICTB. XOTs, KaK MBI 3HaeM, pasyind-
Hble aTOMHBIE IPYIIIIbI OKa3bIBAIOT B3aMMHOE B/IMsIHUE APYT HAa APyTa U, KpOMe TOTO, BIVsTHIE
OKa3bIBaeT U IPOCTPAHCTBEHHAs M30MepMsi, BO MHOTMX C/Iy4asxX IPOCTas JIVHeHas MOJie/b
(1) siBIsIeTCSL XOPOIIMM Ha4aIbHBIM HPUOIVKEHVEM.

[TpenMyIieCTBOM JIVHEHON MOJeNN SBJISAETCA TAaKXKe M IPOCTOTA OLIEHKM IIapaMerT-
poB B;. C TOuKM 3peHNsI 9KCIIepUMEHTA/IbHO-CTaTUCTUYECKUX MeTO/I0B [24] ypaBHeHnme (1) sB-
JIsIeTCs YpaBHEHMEM IMHEIHOI Perpeccuil, B KOTOPOM N; MPeACTAB/IAIT co00i He3aBUCYMble
IepeMeHHbIe, a TapaMeTpPbl — KO3PUIMEHThI PerpecChm.

ITyctp mys Beramcnenus koadduimentos B; ypaBHeHus perpeccun (1) nmeercs: obyda-
Iolllasi BBIOOpKa, BKIOYatouiass M coefyHeHN , /i1 KOTOPbIX MMeeTCsl 9KCIIePUMEHTa/IbHO
oIIpefie/IeHHOE 3HA4YeHMe CBONICTBA ¥j, j = 1...M. [l KaX[0ro j-TrO COeIMHEHNS V3BECTHBI ITa-
PaMeTpBl €TO CTPYKTYPHI X;;, i = I...N, BCI0 COBOKYITHOCTb KOTOPBIX 6yZieM 0003Ha4aTb IIOCpPes-
ctBoM MaTpuipl X. [I/1 HaXOXKIeHMsI HeM3BECTHOTO BeKTOpa K09 (UIIVIEHTOB ypaBHEHM pe-
rpeccuy HeoOXOAMMO MYHUMM3UPOBATh (PYHKLIMIO BUAiA

W = (y—-XB)"(y — XB) 2)
10 TIepeMeHHbIM B;.
/13 HeOOXOAVIMOTO YC/IOBYMSI 9KCTpEMyMa
ow
55 =

HECJIOXKHO MOTYyYUTb U3BECTHYI0 (POPMYNy pPerpecCOHHOTO aHajayu3a A BBIYMCIEHNA

0 (3)

MHK-o1neHOK K09 PUIMEHTOB perpeccun:

B=X"X)"1XTy. 4)
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Pacyer mo panHHOI Qopmyrne yooOOHO NPOBOAUTH C VICIONIb30BAHMEM IIPOrPAaMMHBIX
CpefCTB aBTOMAaTH3aIV BBIYVICTIEHNI, TO/IieP>KMBAIONIVIX OTIe ALV IMHEITHON anreOpsl [24].
B ToM umcne pyHKINA, peanusyolias TaHHY0 GOPMYITy, BXOONUT B YVC/IO BCTPOECHHBIX (QYHK-
Uil makeTa 971eKTpoHHbIX Tabmur Libre Office Calc, ncrnonp3oBaHHOTO [/Is1 3TUX Leneit B
HacTos1elt pabore.

Ha ocHoBaHMM BBIOOPKY 11O SHTIBIINAM UCIIAPEHNSI IPY CTAaHAPTHBIX ycnoBusax (dH?)
U MO/bHBIM o6beMaM (V) coenVHEHUI U3 KIacCOB aJIKaHOB, JIKEHOB, apEHOB, HUTPUJIOB,
KJC/IOT, CIIMPTOB, CIOXHBIX 3QUPOB M XJIOPaIKaHOB 10 Gopmyre (4) ObUIM paccuMTaHBI
(cM. Tab/1. 1) MHKpEeMeHTBbI AaTOMHBIX IPYIII B JJaHHBIe QU3MYecKye CBOVICTBA, a TAK)Ke MHKpe-
MEHTBI B KOHCTAHTbI MOJIEKY/IAPHOTO NpuTsDKeHus Cmora [25]:

F = (Ecthm) 1/2' (5)

rie Egon, = dH® — RT - sHeprus koresun.

Ta6muma 1. VIHKpeMeHTBI aTOMHBIX I'PYIIIL, BBIYMC/ICHHbIE Ha OCHOBAaHMM BBIOOPKY U3 142 coepyHeHMI

AroMHas rpymnima dH°, x]I>x/Mo1nb Vs M*/MOIIB-10° F, MIIx/m)2/monn
-C=C- 10.24 26.69 504.08
-OH 30.49 9.23 866.27
-CN 22.12 22.27 786.45
-COOH 44.64 28.14 1323.24
—COOCH; 17.13 21.72 676.62
—C¢Hs 35.67 93.88 1771.68
—Cl 12.17 24.05 533.91
—-CH; 5.54 27.71 376.45
—CH,- 4.98 17.28 290.9
>CH- 3.29 10.15 178.56

CTaTI/ICTI/I‘{eCKYIO AOCTOBEPHOCTD MOTYI€HHDBIX PETPECCMOHHBIX MO,'E[C)'ICIU/I O €HMBAJIN I10

Be/IM4MHe K03 duIMeHTa JeTepMIHIPOBAaHHOCTI

2
R2=1—Z(Yi_:?l) : (6)
Xy —y)?
Ihe Y, - 3HaueHNA OTK/IMKA, PACCUMTAHHbIE TI0 YPABHEHUIO PEIPeccul, Y, — CpefjHee 3HaYeHNe
OTKJ/IMKA IT0 BBIOOpKe.
Brusoctb Benuunubl R? K eIUHMIIE CBUIETENBCTBYET O BHICOKOI IOCTOBEPHOCTY JIMHET-
HOJI alllIPOKCUMAIIVNL.
ToyHOCTD NpeficKa3aHMsA CBOVICTB OLIEHMBA/M IO BE/IMYMHE JOBEPUTETbHOTO MHTEPBasIa

IIpENCKAa3aHHOTO 3HAYE€HNA OTKIMKA
A9 = |S2,Ti,(0.05,M — N), (7)

1
rae SZ, = ﬂZ(}’i — 9,)% — nucnepcus ajieKkBaTHOCTU Mofienu, Tipn, (0.05,M — N) — kBaH-

TUIb pacnpenenenus CTbIOfEHTa.
OTHOCUTENIBHYIO OMMOKY IpeficCKa3aHys CBOVICTB OLIEHMBAIN IIyTeM JieJIeHVs JOBepU-
TEJIbHOTO MHTEpBaIa pefCcKas3aHlsl OTKIMKA Ha €T0 CpeflHee 3HaYeHe 110 BEIOOpKe.
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CraTucTn4ecKnil aHa/ln3 perpecCMOHHBIX MOJIENIEll YKa3bIBA€T Ha BBICOKYIO JOCTOBEP-
HOCTD aIIIPOKCUMALUY JUIA BCeX MI3YYEHHBIX CBOJCTB (Tab1. 2). OTMETNM, YTO OTHOCUTE/IbHAS
omm6ka B mpefckasanuy F menbiue, 9eM 1A dH° u V,,, 113 4eT0 MOXKHO 3aK/IIOYNTD, YTO PacyeT
IapaMeTPOB PACTBOPMMOCTH § IO KOHCTAHTaM MOJIEKY/IAPHOTO NpuTsHKeHns CMorria

§=— )

OyzeT 6071ee TOYHBIM 110 CPABHEHNIO C PaCYeTOM IO INTOTHOCTY SHEPIMI KOTe3UN

1

5= (Ecoh>§. (9)
Vin
Ta6mia 2. PesynbTaThl CTaTUCTUYECKOTO aHAIN3a IMHEITHBIX Moperneit (1)
CraTucrudecknii mapameTp dH® Vin F Fedors, dH° Fedors, V,,
R? 0.993 0.986 0.994 0.929 0.909
JloBepuTeNbHbIN MHTEPBAT 2.81 12.96 135.68 9.10 33.55
OtHocuTenpHaA omunbKa 3.01% 4.41% 2.70% 9.74% 11.42%

B mocnepHux aByX cTon6ax Tab/MIIIBI 2 IPUBE/IEHDI Pe3y/IbTaThl CTATUCTUIECKOTO aHa-
NM3a MOJeell SHTA/IbINY VCIapeHNs ¥ CBOOOIHOTO 06beMa, PaCCYMTAHHBIX HA OCHOBAHUN
MHKPEMEHTOB, IIONTy4eHHBIX B pabote Pemopca [26] u unTMpOBaHHBIX B KHUTe [14]. DTN MH-
KpPEeMEeHTBI BBIYIIC/IEHBI 110 BLIOOPKeE, BKIIOYAOIIell 3HAYMTETbHO 0OJIbIlee YIC/I0 KJIACCOB CO-
eVIHEHWIT ¥, COOTBETCTBEHHO, HACUNTHIBAIOIEl OO/blIee KOMMYECTBO Pa3/IMIHbIX ATOMHBIX
rpyni. Ha nepBblit B3ITIA/L MOKeT II0KA3aThCs, YTO TAKOE PacIIMpeHne Habopa aTOMHBIX IPYIII
B BBIOOpKeE YBEMUNMBAET €€ IIPeICTaBUTENbHOCTh. OIHAKO, KaK MO>KHO YOeINUThHCA IO JAHHBIM
TabO/MMIBI 2, 9TO pacIIMpeHNe Ha CaMOM fiefie IIPYMBOANT K TOMY, YTO IIpeficKasaTe/IbHasg TO4-
HOCTb MOJIe/IV YXY/IIIAeTCs IT0 CPABHEHNIO C MOJIE/IbIO, MIMEIOLIIell MeHbIIIee YMC/IO TAPaMeTPOB.
9T0, KaK OTMEYEHO BBIIIe, AB/IACTCA CNIeACTBIEM 3P PEeKTOB B3aMO/EICTBMA Pa3HBIX TUIIOB
aTOMHBIX TPYILI, IPOSB/IAIIMMCS Ha BBIOOPKaX ¢ OO/IBIINM KOIMYECTBOM K/IACCOB COeIHe-
Hui1. K TakoMy BBIBOJIy MO>KHO NIPMIITH TaKXKe, €C/IV IIPOAHAIN3VPOBATh CaMI 3HAUEHN S VH-
KpeMeHTOB, nonydeHHole OegopcoM. Tak, B 4aCTHOCTM, MHKPEMEHTBI MOJIBHOTO 0ObeMa My
HEKOTOPBIX aTOMHBIX TpyNI B 6a3e maHHbIX Pefopca UMEIOT OTpUIIaTe/IbHbIE 3HAUYEHMA. JTO
IPOTUBOPEYUT UX PU3NIECKOMY CMBICTY ¥ CBUAETEIbCTBYET O TOM, YTO OLIEHKM) JAHHBIX KO-
a¢dumeHTOB PaKTUIECKU CKOPPEIMPOBAHBI C IPYTUMY K03 puIieHTaMn ypaBHeHus1. B Ta-
KIX YCTIOBMAX MCIIO/Tb30BaTh JVMHEHYI0 Mofienb (1) HempaBOMepHO M ypaBHEHNE [JO/DKHO
OBITH [IOTIOJTHEHO YIEHAMV, YYMTHIBAIOIIMMY B3aMMOJIEIICTBYE NTepeMeHHBIX. TaKxke MOXHO
3aMeTUTD, YTO MHKPEMEHT KapOOKCIUIBbHO TPYIIIBI B INIOTHOCTD 9Hepruu koresun y Pegopca
HOTY4M/ICS. MEHBUIVM MHKPEMEeHTa IUAPOKCYIIbHON IPYIIIIBI ¥ IIOYTY PaBeH MHKPEMEHTY HUT-
PWIBHOJ TPYIIIBL. TO IPOTUBOPEUNT HAIIVIM OIleHKaM, II0/Ty4eHHBIM Ha OCHOBAHIY BBIOOPOK
¢ HeOO/MPILIMM HaOOPOM TUIIOB coefinHeHnit [27, 28], a Tak)Ke KBAaHTOBO-XMMUIECKUM OLIEHKAM
9HEPIUM MEeXMOJIEKY/IIPHOTO B3aMIMOMIEVICTBMS STUX aTOMHBIX I'PYIII, IPUBEJIEHHBIM B pa-
6ote [28].

C y4eToM TOro, YTO OTHOCUTE/TbHAA OMMOKA TPV BBIUVICIEHNY KOHCTAaHT MOJIEKYILAp-
Horo nputsHKeHnss CMOJIIa OKa3bIBaeTCs MEHbIlle, YeM IIPY pacdeTe SHTA/IbINY UCIIAPEHN, B
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MOC/IeYIONIVX BEIYMCIEHNAX PacyeT IapaMeTpOB PACTBOPMMOCTH ITOJIIMEPOB U IIACTU(UKA-
TOPOB OCYI|ECTB/IAJICA 10 MHKPEMEHTAM KOHCTAHT MOJIEKY/IAPHOTO IPUTXKeHus F;

1
o) =EZ Fini. (10)

ITpu BRIYMCIIEHUM [IByXMEPHBIX U TPEXMEPHBIX IapaMeTPOB PacTBOPMMOCTY MHKpe-
MeHTbl F; paspensanyu, COOTBETCTBEHHO, Ha [IBe MM TPY TPYIIIbI, OTHOCA K AMCIIEPCUOHHBIM
B3auMofielicTBuAM MHKpeMeHTHl rpynn —CH;, —CH,, >CH-, —~C=C—; K nonsapHbpIM B3aIMO-
nevictBusM — yHKpeMeHTHI rpynn —CN, —CsHs, —Cl, ~-COOCH3; k B3auMOeJICTBMSM C BO-
NOPOJHOM CBA3BI0 — MHKpeMeHThI rpynn —OH, ~-COOH.

ITpoBepKy afeKBaTHOCTY MOJIeIelt TPy BbIUMC/IEHNY TapaMeTPOB pacCTBOPUMOCTY IO/ -
MepOB IIPOBEJIN 110 BBIOOPKE SKCIIepYIMEHTA/IbHBIX IaHHBIX, IPUBEJIeHHbIX B KHure [14]. B gan-
HOJI BBIOOPKe 13 PA3/IMYHBIX MICTOYHMKOB COOPaHBI 9KCIIepUMEHTA/IbHbIE TaHHbIE ITapaMeTPOB
pacTBOpMMOCTM Hambosee pacIpOCTPaHEHHbBIX TUIOB IIOMMMEpOB. [l KaXXoro IoamMepa
IpUBeJieHbl MIHMMA/IbHBIE I MAKCUMa/IbHbIE 3HAYeHNA TapaMeTPOB PacTBOPUMOCTH, OITy6/Iu-
KOBaHHbBIE Pa3HbIMYU aBTOpaMiu. I10 9TVM JaHHBIM ObUIVM BBIYVIC/IEHBI AUCIIEPCUN BOCIIPON3BO-
IMMOCTY 9KCIIEPVMEHTA/IbHBIX JaHHBIX, a 10 MHKpeMeHTaM F; 13 Tabmsl 1 14 IomMepos,
VIMEIOIMX B COCTaBe 3BeHa COOTBETCTBYIOLIME aTOMHbIe IPyIIbl, 110 ¢popmyte (10) 66U1M BbI-
YJICTIEHbI OLIeHKU MapaMeTPOB PACTBOPUMOCTU. JHaU€HNe JUCIePCUN aleKBaTHOCTU MOJEN
(10) c mapamerpamu 13 TabmuIpl 1 10 BEIOOPKE U3 25 NOMMMEPOB COCTaBWIO 3.78 IIpu AucIep-
cun ommbkm 3.77. DTO MaeT 3HaYEHME CTATUCTUKA Sﬁd /S, = 1.001. [Ipu sTOM BenMYMHA
KBaHTU/IA pacnpepienennsa Ouiepa ¢ yposHeM 3HaunMocTu 0.05 cocrapnser 2.11, 4To 1103BO-
JIAET CAeNaTh BBIBOJ, 00 aJeKBaTHOCTY MCIIOb30BAHHOI MaTeMaTNIeCKOI MOJIeNN, a CIefi0Ba-
TeJIbHO, IIPUMEHUMOCTH ee [ pacyeTa apaMeTpPOB PaCTBOPMMOCTY HOBBIX ITOJIIMEPOB.

JlJ1s BBIYMC/IEHN ST TTapaMeTPOB PaCTBOPUMOCTI OyTafiieH-HUTPWIbHBIX COIONMMMEpOB,
cofiep>KaIyX MOHOMEpPHbIe 3BeHbs PAa3HBIX TUIIOB, VCIIOIb30BAINCH CIeAyIolIe popMyIIbL:

— 1 d
6d = V_Z Fi nl-xl-j, (11)
iy
_IN
51’ = Vv ZFL nixij, (12)
U
Op = iz FPnixy;, (13
Vo ™0 Y )

rae 84, 6, 6 — KOMIIOHEHTHI BEKTOPHOTO NTApaMeTpa PaCTBOPMMOCTH, OTBEYAIOLINe 32 BK/IafIbl
IVICIIEpCUOHHOTO, ITOIAPHOIO B3aMMOJIEVICTBUI U B3aMMOJEVICTBUI C BOJOPOJLHOM CBA3BIO; Fid,
Fip, Fl-h — MHKPEMEHTBI KOHCTAHT MOJIEKY/IAPHOTO NPUTSKEHNS -/ aTOMHO IPYIIIIbI, OTHOCH-
I1EeCs, COOTBETCTBEHHO, K K)K/0J1 13 BbIIIENIEPEYNCIEHHBIX TPYIII MEXMOJIEKY/IAPHBIX B3au-
MOJIEVICTBUIA, X;j — OTHOCUTE/IbHAS OIS i-il aTOMHO IPYIIIIbI B 3B€HE COIIOIMMEPA j-TO TUIIA.

O61mmit napaMeTp pacTBOPMMOCTY BBIYMC/ISUIN KaK CYMMY BK/IalOB 110 TPeM (B 4YaCTHOM
clry4ae IBYM, IIpM OTCYTCTBUM B COIIO/IMIMEPE 3BE€HBEB, COMIEP>KAIMX aTOMHbIE TPYIIIIBI, CIIO-
CoOHBIe K 00pa30BaHNIO BOJJOPOJHBIX CBsI3el)

§ =084+, + 8 (14)
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ITocKonbKy pasHble IPOU3BOANTEMN OyTafVieH- HUTPIIBHBIX CONOMVIMEPOB UCIIOb3YIOT
COOCTBEHHbIE TOPrOBble Ha3BaHNA IPOMBIIIIEHHBIX MapOK Kayd4yKoB, B HacToAlleil paboTe
ObUIM TPUMHATHI ClIefylolye YCIoBHble obo3HavyeHus cononumepos: BHK-20, BHK-30,
BHK-40 g4 cononuMepos, UMEIOIINX B COCTaBe, COOTBETCTBEHHO, 20, 30 1 40 Mpo1jeHTOB 3Be-
Hb€B HUTPU/IA aKPUIOBO KUCIOTBI; 1A TUAPUPOBaHHBIX CONIOIMMEPOB, B KOTOPBIX aTOMHbIE
rpynnbl gBoyiHoM cBAsu —CH=CH- 3amenenn! Ha aromuble rpynnsl —CH,—CH,—, B HasBanun
comonumepa f06aByIsIN epBYIo OYKBY «'»; 111 KapOOKCHIMPOBAaHHBIX COIIONNMEPOB, COfiep-
XKAIIMX 3BeHbA aKPWIOBON KVC/IOTHI B KOHIle Ha3BaHMUA COIONMMepa JOOABIAMN CUMBOJIBI
Tnma «-5K», rae nudpa o603HavaeT JOIIO B IPOILIEHTaX 3BEHbEB aKPUIOBOI KMC/IOTBI; /IS TUL-
POKCU/IMPOBAHHBIX COIIO/IMMEPOB B KOHI[e Ha3BaHNA CONOMMMepa JOOABILANN CUMBOJIBI TUIIA
«-5I'», rme umdpa 0603HaYaET MIPOLIEHTHOE COfiep>KaHMe B COMOIMMeEPe 3BeHbeB BIHIIOBOTO
cnupTa (Tabm. 3).

Ta6muma 3. Borunc/ieHHble 3HaUeHMA OLIGHOK ITapaMeTPOB PacTBOPMMOCTY Pa3/IMYHBIX TUIIOB OyTafueH-HNT-
PWIbHBIX COIIONMMEPOB

Tun cononumepa é 64 6, On
BHK-20 19.00 16.33 2.67 0.00
BHK-30 19.67 15.59 4.08 0.00
BbHK-40 20.38 14.82 5.55 0.00
I'BHK-20 18.12 15.71 241 0.00
I'BHK-30 18.82 15.10 3.73 0.00
I'bBHK-40 19.57 14.44 5.13 0.00

BHK-20-5K 19.65 15.95 2.61 1.10
BHK-30-5K 20.32 15.22 3.99 1.12
BbHK-40-5K 21.02 14.46 5.42 1.14
BHK-20-5T 19.58 16.20 2.65 0.73
BHK-30-5T 20.26 15.47 4.05 0.74
BbHK-40-5T 20.97 14.70 5.51 0.76

Pacyer u3MeHeHust CBOOOIHO SHEPTUY TIPU CMEIIEHUN TPOU3BOAV/IN B paMKax pelile-
TouyHoI Mojenu @nopu-Xarruuca [29]

AGy = AH,, — TASy, = nRT lNﬂ Ing + (1 —¢@)in(1— @) + yp(1 — (p)l, (15)
14

AHy = nRTxe(1 — @), (16)

TASy = nRT lNﬂ ng + (1 —¢)n(1—- (p)l, 17)
p

I/ie N — YUC/I0 MOJIel PEIeTKY; ¢ — 06'beMHas 1071 omumepa; Ny, — CTeneHb MOMMePU3aIL;
x - napametp Onopu-Xarrmaca B3auMo/eiiCTBIS HOMMMepa C PACTBOPUTEIEM.

[Tapamerp ®nopu-Xarrmaca BEIYUCIAIN Yepe3 IMapaMeTpbl PAaCTBOPUMOCTY IOIMMepa
6, u pactBopurend §, 1o Gopmyie

|4
X =5r (81— 8,)?, (18)
re Vs - MO/IBbHBIT 00BeM pacTBOPUTEJIA.
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B kauecTBe «XOpoOLIEro» U «IJIOXOrO» B TEPMOAVHAMMIYECKOM CMbIC/IE pacTBOpUTeEIeN
paccMaTpMBaIN, COOTBETCTBEHHO, AUOYTUIPTANAT, MICIONb3YIOIINIICA B KadyeCcTBe IIacTU(M-
KaTopa OyTanyeH-HUTPIWIbHBIX KaydyKOB, U M300KTaH. B mepBoM ciy4ae [iA BceX TUIIOB JIC-
CIe[IOBaHHBIX OyTalieH-HUTPWIbHBIX Kay4yKOB M3MeHeHMe CBOOOHON 9HEPTUY IPK CMelle-
HUU OTPUIIATE/IBHO BO BCEM MAINa30HE KOHIEHTPALMI pAaCTBOPUTEIA, YTO CBUETEIbCTBYET O
IIOTHOJ COBMECTVIMOCTH BCEX KayYyKOB C IUTACTU(PUKATOPOM (B KauecTBe IIpuMepa Ha puc. 1
IIPUBEEHBI 3aBUCUMOCTU /1A Kay4yKOB, cofiepkainx 30% 3BeHbeB HUTPIIIA AaKPUIOBOI KIC-
noTel). Bo BTOpOoM ciydae (puc. 2) uMmeer MecTo $a3oBoe paspiesieHue, a 0671acTb YaCTUYHOM
PacTBOPMMOCTY COCTABJIAET MNIIb HeOONbIIYIO OO AMaIla30Ha KOHIleHTpanuit. [lnia obonx
pacTBOpUTENEN HaWTy4Illasi COBMECTMMOCTb MMeET MeCTO 1A ruppuposanubix bHK. 9to ro-
BOPUT O TOM, YTO IIPM I'MIPUPOBAHUM, HECMOTPA Ha yIydllleHNe PYTUX IOJIE3HBIX CBOVICTB
OyTanyeH-HUTPUIbHBIX Kay4yKoB (B IIEPBYI0 O4Yepesb TEIIOCTOMKOCTY), CTOMKOCTb UX K He-
HOJISIPHBIM PacTBOPUTE/ISIM OyIeT HECKOIBKO YXYAIIAThCH.

@

o0
=
S
=
2 —— [BHK-30
= EHK-30-5T
. —— EHK-30-5K
= —— BHK-30
<]

-1000

Puc. 1. 3aBUCHMMOCTD M3MeHEHMsI CBOOOHON SHepIuM CMeIleHUA OyTafilieH-HUTPUIbHBIX KaydYyKOB C TUOYTII-
dranatom or o6bemMHOI lonu pacTBopuTens, n=1, N, = 1000

1000
a 800
=
o
E
= —— FBHK-30
5 EHK-30-51
= —— BHK-30-5K
) —— BHK-30
<]

-400

Puc. 2. 3aBUCMMOCTDb 3MEHEHMA CBOOOHOI SHEPTUM CMellleHNsA 6yTaiieH-HUTPUIbHBIX KayIyKOB C M300KTa-
HOM OT 00'beMHOI1 Jlonn pacToputens, n=1, N, = 1000.
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HaubobImest cTONKOCTBIO K HEIOMAPHBIM PACTBOPUTENAM, CYAs IO MpeAcTaBIeHHBIM
JlAaHHBIM, Cpefy OyTaayeH-HUTPUIbHBIX KaydyKoB, cofiepxammx 30% 3BeHbeB aKpUIOHMT-
pWIa, JO/DKHBI 06/1alaTh TUPOKCIMIMPOBAaHHbBIe OyTafVieH-HUTpUIbHbIe Kayuyku. CiaefoM 3a
HUMM MAYT KapOOKCHIMPOBaHHbIE KaydyKy, a KaydyKu, He cofieprKalye KapOOKCUIbHBIX U
TUAPOKCWIbHBIX TPYII, 3aHMMAOT INPOMeXyTouHyw nosuuyio Mexay DBHK-30-5K u
I'BHK-30.

BopIiBOABI M peKOMeHTALIN

Boryucienue MHKpEMEHTOB aTOMHBIX TPYIII METONOM aiiUTUBHO-TPYIIIIOBBIX BK/Ia/lOB
10 BBIOOPKAM, COflep KAIVIM TOJIbKO COeIMHEHNIS, IMEIOIVIM TUIIBI (PYHKIMOHA/TbHBIX TPYIIL,
COOTBETCTBYIOIIVE ILIe/IeBBIM COEAVMHEHMAM, M03BO/IAET HMOBBICUTh TOYHOCTb IPOTHO3a (u-
3MIKO-XVIMWYECKUX CBOJCTB, YTO NPOIEMOHCTPMPOBAHO Ha NPUMEPE SHTATbINN VCIAPEHNA,
MOJIBHOTO 00'beMa I ITapaMeTPOB PacCTBOPMMOCTY OyTafiMeH- HUTPUIbHBIX Kayd4yKoB C (PyHK-
L[MIOHa/IbHBIMMY TPYyTIIIaMM.

IIpu BpIYMC/IEHNM TAPAMETPOB PACTBOPUMOCTY 110 MHKPEMEHTaM KOHCTaHT MOJIEKYILAP-
Horo nputspkeHns CMoOIa OTHOCUTeNbHAsA oUIMOKa IpefCcKa3aHHBIX 3HAYeHNII HECKOIbKO
MeEHBIIE 110 CPABHEHNIO C PACYETOM JIaHHBIX ITAPAMETPOB 110 IVIOTHOCTY SHEPTUM KOTe€3UM de-
pe3 SHTA/IBIINIO UCTIAPEHVS U MOJIbHBIN 00beM.

Cpeny pasnMYHBIX TUIIOB MOAMMUIVMPOBAHHBIX OyTafgVeH-HUTPUIbHBIX KaydyKOB
Hay6o/IbIIel CTOMKOCTBIO K HEIIOIIPHBIM PACTBOPUTEIAM, MCXO/A U3 pe3y/IbTaTOB IIPOBE/eH-
HBIX pacyeToB, O/DKHBI 0071afiaTh OyTa/jyieH-HUTPU/IbHbIE KAyIYKY C TUAPOKCYIbHBIMMI TPYII-
namu. [mppupoBaHHbIe OyTafVieH-HUTPWIbHbIE KaydyK! MO/DKHBI XapaKTepU30BaTbCA He-
CKOJIBKO MEHBIIIeVl CTOMKOCTBIO K HEIIO/IIPHBIM PACTBOPUTE/ISIM IO CPABHEHMIO C OOBIYHBIMIL.
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Kntouesvie cnosa: Paspaboman npocmoii cnocob nonyueHus amuHonpoU3600HbIX
Boccmanosumenvras enympumonexkyaspuas — nupuoo[l,2-aj6ensumudasona.  Ilpednoxervi  603MOMHble
2eMEPOUUKTUSAUUS, AUUNUPOBAHUE, DeaKyust  nymu  ux oanvHetiwell  Pynxyuonanusayuu. Msyuerot
SeAr, nupudo[1,2-a]6ensumudason, xnopuo 3aKOHOMEPHOCU — PeaKuuu  HUMPOBAHUL  3AMEULeHHbIX
N-(2-numpoapun)nupudunus nupuoo[1,2-a]6eH3umuoasonos.

T nuTupoBaHMA:

Borganosa [I.M., CaBumna JLU., BerynoB P.C. Cuure3 u ¢yHKUMOHANM3ALMA aMIHOIPOU3BOSHBIX
mupupo|1,2-a]6ensumupasona // Om xumuu x mexuonoeuu wiaz 3a waezom. 2022. T. 3, Beim. 4. C. 30-38.
URL: http://chemintech.ru/index.php/tor/2022-3-4

BBenenmne

ITpousBopuble mupupo[l,2-a]6ensummupasona (IIBM) oTHOCATCA K NPUBUIETMPOBAH-
HOMY KJIaCCy TeTepPOLMKINYECKIX COeNVMHEHMI, TIOCKONIbKY VIMEIOT IIMPOKMII CIEKTp IOJIe3-
HBIX CBOJICTB. OHY IPOSBJIAIOT Pa3/IMYHbIe BUABI O0/IOIMYeCKON aKTUBHOCTH [1-7], obmafator
MHTEHCUBHOI moMuHecteHuer [8-10] u cmoco6HOCTbIO K KOoMIUIeKcooOpazoBanmo [11].
Brarogaps aTOMy ZaHHBIe COeVIHEHMsI HAXOMAT IIPMMEHEeHNe B TAKMX BaKHBIX 00/IacTAX, KaK
paspaboTKa HOBBIX JIEKAPCTBEHHBIX IpenapaToB [1-7] 1 3¢ (eKTUBHBIX TIOMIHECIEHTHBIX
Kpacurereit [8-10], mpoBefeHNe MOIEKY/IAPHO-TEeHETUYECKUX McCIefoBanmit [12] u cospanme
XxeMoceHcopoB [13-15].

B cBsA3M ¢ BBICOKOIT BOCTpe60BaHHOCTBIO Tpou3BoHbIX IIBY, 0co6eHHO HOBBIX, BO3HM-
KaeT IpobeMa Hamu4Msi HaJleXKHbIX CIIOCO00B X cuHTe3a. I109TOMy B JaHHOM M CCTIeIOBaHNI
6b11 oTpabdoTan addexTuBHBI criocod cunTesa IIBU, copeprxalumx aMIHOTPYIIILY, U U3y4eHBbI
HEKOTOPbIe 113 BO3MOXXHBIX ITyTell X QYHKI[MOHAIN3ALINN.

OcHoBHasA YacTh

B xauectBe cybOcTpara mna QopmmpoBaHus mnupupno[l,2-a]6eH3sMMuRa30IbHOTO
IUK/Ia VCHONb30BaMINCh Xaopuabl N-[2-Hutpo-4-(tpudropmernn)dennn]- (la) u
N-(2,4-puanrpodennn)nupupunus (1b), koTopsie TerkK0 MOXHO MONTYYUTDb U3 MUPUUHA
U 0pMO-HUTPOTATIOTeHAPEeHOB [16].

© 1. M. bornanoga, JI. 1. CaBuna, P. C. beryHos, 2022
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Cunres ammHonponssogHbix IIBV ocymecTsnisamm o cnenyolei cxeme:

Swsh= C@ ng

52a 6
l R=NO, l
N N NH, AN NO,
NP N N
N NH CF N CF
2c 2 N 4 8 3 3

[TepBast cTajua — peakuusa BOCCTAHOBUTE/IbHON BHYTPUMOJIEKY/IAPHON LMKIM3ALNU —
ABJIIETCSI XOPOLIO OTPAOOTAaHHBIM paHee IPOLECCOM, KOTOPBI peannsyeTcsi B pesyabTaTe
IPYCOeAVMHEHNS CYyOCTPaTOM YeThIpeX 3/IeKTPOoHOB [17-19]. BoccTaHOB/IEHNE XTIOPU/IOB INPY-
nuHuA (1a,b) mposommmm B cmecu i-PrOH n 4% HCI npn 40 °C B Tedenne 0.1 4, uCIIonb3ys B
KadecTBe BoccTaHoBuUTens 2 skBuBaneHTa SnCl. ITpomykter peaknum 7-tpudrop- (2a) u
7-uutpormpupo|1,2-aj6ensumunason (2b) 6suM monydeHs! ¢ BeIxomoM 98 u 94% cooTBer-
CTBEHHO.

Crpykrypa coenvHeHuit 2a u 2b 6pi1a gokasana ¢ nomouisio 'H- u BC SIMP-cnexrpo-
CKOTIMM ¥ MaccC-CIIeKTPOMeTpuM BBICOKOTrO paspemenusa. Ha puc. 1 npexacrasnen 'H AMP-
CIIeKTp reTeponykiia 2b. B crekrpe npucyTcTBOBaMM CUTHA/IBI YeTHIPEX IIPOTOHOB IMVMPU/VIHO-
BOTO KOJIbI[a U TPEX 6€H30/IbHOTO KOMblLia. B camoil c1abomoibHOI 06/1aCTy CIIeKTpa BHIXOMVIT
curran H' rereporukia. Hanbosnee skpaHupoBaHHBIM 13 BCeX IIPOTOHOB Obl1 H?, mMeromuit
By Tpuiviera. CUTHa/IBI IIPOTOHOB GEH30/IBHOTO KOJIbIIA, COIEPIKAIEr0 CUIbHBIN 3JIEKTPO-
HaKIIeITOPHBIII 3aMeCTUTENb, ObUIM CMEIl[eHbI B CTA00IIOIbHYIO 00/IACTh CIIEKTpa Vi VIMe/IV 3Ha-
yenns 8.64 m.z. (H®), 8.50 m.z. (H®), 8.20 m.1. (H?®).

He

H° 4 '

| HS H H9 e 11275 NH:2
III i |
| - I H .
| H [ ir|| i |
! | I I‘.". U | . |
At A et it ¥ LS, SRS —
R EAER B FE RS E SR SRR T e @ e E T

Puc. 1. ®parmentst 'H IMP-crektpoB 7-untponmpupol 1,2-a]6ensnmumasona (2b) n nupupo|[1,2-a]6ensummzpa-
307-7-amuH (2¢) (Bruker DRX400, DMSO-d6, 303 K)

Ilanee HuTpocoenuHeHme 2b 6bUI0 BOCCTAHOBIIEHO B KUC/IO BOZHO-CIMPTOBOIL Cpefie.
B xauectBe BoccranoButens npuMmensmichk SnCl, u TiCls. bonee Bbicokuit Beixon (95%) mu-
pupol[1,2-a]6ensnmMupmason-7-amuna (2¢) ObUI IOTy4eH IpY MCIOIb30BAHNN XIOPU/iA TUTaHA
(IIT). CymMapHBIii BBIXOJ JBYCTaAVITHOTO criocoba cuHTe3a 2¢ coctaBui 89%. B 'H AMP cnek-
Tpe ZaHHOTO COeVHEHMsI IPUCYTCTBOBAIN CeMb CUTHAJIOB apOMATHYECKVX 1 reTapoMaTuye-
CKMX IIPOTOHOB, CMEIIEHHBIX, IO CPaBHEHMIO C 7-HUTpommpupo|l,2-a]6eH3anuMuasonom,
B CWIbHOINIOJIBHYI0 0071aCTb, HO C QHAJIOTMYHON MY/IbTUIUIETHOCTbIO. IloMmMMmo 3Toro,
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py 5.10 M.J. BBIXOAWI YUIMPEHHBIN CUHIJIET OT aMUHOTPYIIIBL, CBA3aHHOI ¢ C-7 aTOMOM Tre-
TepOLMKIIA.

Bbita n3ydeHa BO3SMOXXHOCTD 3G GEeKTUBHOTO MOTyYeHNA 2¢ B OAHY cTamiio. C/I0)KHOCTDb
ee MPOBeJeHNs 3aK/II0YaIach B HEOOXOMMOCTY OJJHOBPEMEHHOTO OCYILeCTBICHUS HECKOIIb-
KJX XMMMYECKUX IIPOLeCCOB: BOCCTAHOBUTEIbHOI LUKIN3ALNN C YYACTUEM OpPo-Pacloso-
’K€HHOJ HUTPOTPYIIIbL U IIOIHOTO BOCCTAHOBJIEHUS NApa-HUTPOTPYIIIbL. ITO MOXKET IIPUBO-
IUTH K IPOTEKaHMIO MOOOYHBIX IIPOLIECCOB, HANPUMeEP, K IIOTHOMY BOCCTaHOBJIEHUIO Op1o-
HUTPOTPYIIIBL, B pe3y/IbTaTe Yero NMKIN3alys He IIpoxoaya 6bl, a 06pa3oBbIBajcA ObI XJI0-
pux N-(2,4-gyuamyHOQeHNT) TUPYUAVIHYA.

Oxasanoch, 4To TPy OHOBPEMEHHOM BHeceHun pactsopa 5 axB SnCl, B 4%-noit HCI x
cimproBoMy pactBopy 1b pu 40 °C npoucxopmno o6pa3oBaHyie MHOTOKOMIIOHEHTHON cMecy
Bel[eCTB. AMIHOCOeIVMHEeHNe 2¢ ObUIO BBIfE/IEHO B MHAVBUYA/JIbHOM BUJIe C BBIXOZOM 32%.
[Tpu no6asnernu SnCl, B ABa 3Tama, CHavaIa 2 9KB [JIA pealn3anuy BOCCTAHOBUTE/IbHOM VK-
nusauuy, 3ateM depes 0.1 4 emte 3 9KB. [I/1A BOCCTAHOB/IEHUA NAPA-HUTPOTPYIIILI IO AMUHO-,
BBIXOJJ, 2€ YBeIM4MBA/ICA 10 78%.

Takum 06pa3oM, OJHOCTAAMITHBIN CIIOCOO CMHTe3a aMMUHOIIPOM3BOJHOTO 2C OKa3ajcs
MeHee 3 (EeKTVBHBIM 110 CPAaBHEHMIO C IBYXCTA/IUITHBIM.

C LesbIo IOTy4eHN s aMVHOIIPOM3BOJHOTO 4 IIepBOHAYA/IbHO OblIa IPOBeeHa PeaKIysa
HUTpoBaHus 7-TpudTopMmervinupuno|l,2-aj6ensummgasona (2a) (cM. cxemy Bbiie). B man-
HOJI CTPYKType IPUCYTCTBOBaMA TpU(TOPMETIUIbHAA TPYIIA, KOTOpas SABJIAETCA Mema-Opu-
eHTaHTOM. [IoaToMy BBefeHNe 3/1eKTPO(PIIbHOI JaCTUIBI HOJDKHO OBIIO IIPOUCXONUTD B 9-€
nonoxenne. OfHAKO peann30BbIBAIOCh 3aMeleHe HE.

Peaxnuio SgAr mpoBoan/IN B KOHLIEHTPUPOBAHHOM CEPHOI KUCIOTE C UCIONb30BaHNEM
B KayecTBe HUTPYyIoOIero areHTa Hurpara kams mnpu 30 °C. Yepes 1.5 vaca Obln BbIfeneH
8-HnTpo-7-Tprdropmermmmpuyo|[1,2-aj6ensnmugason (3) ¢ Brrxogom 96%. CTpykTypa mpo-
nykra 3 6puta mokasaHa meropgoM 'H m PC SIMP-cnekrpockomnmm, Macc-CleKTPOMETPUM U
peHTreHOCTpyKTypHOTo aHa/mm3a. B '"H AMP-cnekrpe ganHOTO coenyHeHNs (puc. 2) IpUCyT-
CTBOBA/IM CUTHAJIBI 6 (TeT)apOMaTUYeCKVX IPOTOHOB. B camoii c1abonombHOI 006/1acTy CIIeK-
Tpa BBIXOAVII Op1M0-PaCIONOKEeHHBII 10 OTHOLIEHNIO K HUTporpymne curian H’, cmerommit
B CMHITIETA. BTOpOIT apoMaTiaecknit IpOTOH TaKXKe MMeJI BUJ, CHHIJIETA U1 ObIT MeHee 9Kpa-
HIPOBaH, YeM reTepoapomMaTiyeckyie IpoToHsl H>*,

e e HE | HY

H34 H] ‘ H2

098

096

2.00
o:
o

54 63 82 %1 90 88 88 87 85 85 54 83 82 81 8n 79 78 77 76 75 74 73 7 Y 84 B2 80 78 7674 72 70 88

Puc. 2. Oparmentst 'H SIMP-ciektpos 7-tpudropmerni-8-unrpomnpunoll,2-al6ensumunasona (3) u
7-Tpudropmernnnupuzol1,2-a]6ensummnason-8-amuHa (4) (Bruker DRX400, DMSO-d6, 303 K)
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[lanee 6BUIO IIPOBEJIEHO BOCCTAaHOB/IEHME 8-HUTPO-7-TpudropMerynnmpusol1,2-al6en-
suMunpasona (3). [leppoHadanbHO peakIiio BOCCTAHOBIEHNA IPOBOAIN XIopuaoM onosa (II).
Opnako ObITa IMojyYeHa CMecCh BeIl[eCTB, COfieprKalllast XIOPMPOBAHHBIN IPOAYKT. VI3BecTHO,
YTO MPOI[eCC BOCCTAHOBJIEHN S IIPOTEKAET Yepe3 0Opa3oBaHue IPOMEKYTOYHOTO COeAVTHEHNA -
rufipokcunaMuHa, a SnCl, Mei/IeHHO BOCCTaHAB/IMBaeT €ro 1o aMMHa. B cBA3M ¢ 3TMM BO3-
MOYKHO IIpOTeKaHMe MOOOYHOTo IpoIlecca — XIOPMPOBAHNA IMAPOKCIIAMIHA C JabHe e
HeperpynmpoBKoii aToMa X/1opa B 6eH30/1bHOe Konb1io [20]. [ToaToMYy B ja/ibHelIIIeM MCIIONb-
3oBascs xmopup tutana (III). BoccranoBneHne cipToBOro pacTBOpa HUTPOIIPOU3BOJHOTO 3
nposogyu rpu 60 °C B Tedenne 0.1 4. Berxon 7-tpudropmernnmmupupo|1,2-a]6ensnmupmason-
8-ammHa (4) cocraBun 94%. B 'H SIMP-criexTpe curHan MpOTOHOB aMMHOTPYIIIIBI BBIXOAUT B
obmacty 5.48 M.JI. ¥ MMeJI BUJL IIVPOKOTO CUHITIeTa. [Io cpaBHEHMIO CO CIEKTPOM HUTPOCOEN M-
HeHNA 3 IMPOMCXOAMIO CUIbHOE CMelljeHue curHala npotoHa H® B 6onee cuibHy0 06/1acTh
criektpa (cM. puc. 2). Taxoke HaOMONANIOCh 3HAYNTENbHOE CMEIIeHNe TI0/IOChI ITOT/IOIeHIS
fpyroro apoMmarudeckoro nmporora H® ¢ 8.31 m.x. mo 7.88 M.z

[ GyHKIMOHaNMM3auMy aMIHOCOeMHEHNIT 2€ U 4 VICIIOIb30BA/IN PeaKIUy alyInpo-
BaHIA I HUTPOBAHUA:

8_NO
ReH [ N ’
7
RN H
1h* N N”

NO, 4 5 6
6
CC©~NH — m 2304 Et/go
>:o 20C | pecr, NO, H

5a, b
S PN NYO
10h Lo I Et
N CF,

I'eTeponuknmdeckuii aMmuH 2¢ BCTYNal B PEAKUUIO C IPONMOHOBBIM aHTUIPULOM TO-
paspgo nerde, 4eM aMMHOCOeiHeHMeE 4. YKe yepe3 1 4 poBefieHNs peaKiyuy Ipy KOMHAaTHOM
temiepatype N-(mmpupo[1,2-a]6eHsummaason-7-mi)nponnonamuy (5a) OblI BbIfje/IeH C BBI-
xon0M 96%. [lna nomydenns N-(7-tpudropmermnnupupol1,2-a]6eH3MmUma30/1-8-1I) IpoIm-
onamyzia (5b) mpornecc anmnuposanus nposopum npu 100 °C B Tedenne 2 yacos. Beixop 5b
cocraBun 79%.

'"H AMP-cnexTp npommonamupa 5b npuseneH Ha puc. 3. CurHam IMpOTOHOB aMIUHO-
TpynIsl 0TCyTcTBOBaI. PuKcHpoBaca curHain mporoHa NH-rpymnmnsl B ¢1ab0ImobHOM YacTy
crieKkTpa mpu 9.65 M., a TaKXKe YeTKO MPOCMATPUBAINCh MK amn(aTIeckX IPOTOHOB B
CUJIBHOIIO/IbHOM YacTy criekTpa npu 2.3 u 1.1 m.z.

HanpHermyo GyHKIMOHAIM3ANIO AlVIMPOBAHHBIX aMITHOIIPOM3BOAHBIX mupuzo|1,2-
a]6ensuMmpaasomna 5a,b mpoBoaVIN B X0/€ 37IEKTPOPIIBHOTO ApPOMATIYECKOTO 3aMelleHNA.

Peakuuio HutpoBannsa 5a nposogym 1 4 mpu 20 °C, 1cnonp3ys B Ka4eCTBe HUTPYIOLEN
cmecu KNO3/H,SO,. BBefieHre HUTPOTPyIIIIbI U3 IBYX BO3MOXKHBIX 0p110-TIOJIO>KEHUI K M-
NMPOBAHHON aMMHOTPYIIIIE peann3oBbIBaoch B 8-e. Bwixopg N-(8-Hmrpommpupo[l,2-

a]6ensnmmpmason-7-wi)nponroHamuza (6) cocrasun 92%.
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Puc. 3. 'H AMP-cnektp N-(7-tpudropmermnnupuno[l,2-al6ensumnpnason-8-mn)uponnonamuna (5b)
(Bruker DRX400, DMSO-ds, 303 K)

ITpu HuTpoBanum 5b npepnonaranoce, 4To araka s7eKTPOPUIBHOI YaCTUIBI TAKKe OY-
JieT TIPOVCXOAIUTD B 0pmMo-TIOJIOKEeHNMe K allV/IMPOBaHHOM aMyHorpytie. OgHaKo IIPOAYKT pe-
aKIVM SEAT TIOJTy9MTD He YAATI0Ch. YBeIndeHye BpeMeHy Iporecca 1o 10 9 He crroco6cTBOBAIO
IPOTEKAHUIO PEAKIINIL.

Takum 06pa3oM, Ha OCHOBaHMM ITPOBEJEHHBIX MCC/IETOBAHMIT MOXKHO CIeIaTh CIIefyIo-
Ve 3aK/TI0YeHNI:

- 9JIeKTPOHHAs IPUPOJia 3aMECTUTeIA B 7-M IIOJIOXKEHUY TeTepOLMKIIa He BIVsIeT Ha OpY-
€HTAIMIO peaKuuy SgAr;

- 9-miono>keHue B mupuo|1,2-a]6eHsnMua3onax CUIbHO Ae3aKTUBUPOBaHO. [lake mpu
Ha/IMYVY COITITACOBAHHOJ OPMEHTALVIM 3aMeCTUTeNIel ¥ HIMIMM CU/IbHOI 3/1eKTPOHOJOHOP-
HOJI TPYIIIBI B 0p110-IIONO>KEHNY IPOAYKT 3/IeKTPO(IILHOTO 3aMeleHNs TIOTYIUTh HeBO3-
MOYKHO;

- IIpenyIoXKeHbl 3P PeKTUBHbIE CIIOCOOBI CHMHTe3a U QYHKIMOHAIM3AUNY aMIHOIIPOU3-
BOJHBIX IUpupo[1,2-a]6ensumupasona. [JaHHbIe COeMHEHNS MOTYT OBbITH MCIIO/Ib30BAHbI /IS
Pa3pabOTKM Ha VX OCHOBE HOBBIX JIEKaPCTBEHHBIX IIPENapaToB.

3KCHCPI/IMCHTa}IbHa}I qacTh

Temneparyps! iaBnenus onpenensmm Ha npubope Poly Therm A co ckopocTbio Harpe-
Bauya 3 °C/MmH u He KoppektumpoBamu. Crnektpsl SIMP perucrpmpoBamm Ha mpubope
«BrukerDRX-400» gy pactBopoB IMCO-d6. B xauecTBe 3Ta/moHa A1 OTCUETa XMMIYECKUX
CIIBUTOB JICITOJIb30BAJIY CUTHA/IBI OCTATOYHBIX IIPOTOHOB pacTBoputess B 'H SIMP (6 2.50 m.z.).
Macc-cniektpsi 661y 3anucanst Ha mpubope FINNIGAN MAT. INCOS 50, aHeprust 371eKTPOH-
Horo notoka 70 3B.

MeTonMKa cMHTEe3a COefUMHEH I 2a,b.

K pacrBopy 0.0036 monb xmopupa N-(2-Hutpo-4-R-dennn)mupupnnus (1a,b) B 10 mn
msomnpomnuaoBoro cnmupra u 3 Mna Bogbsl BHocwam 0.0075 momb xnmopupa omnosa (II),
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pactBopeHHOrO B 10 M1 4%-HOII coAHOM KMcnoThl. Peakunro Bem npu TeMmneparype 40 °C B
tedeHue 0.1 4. [To okoHYaHNY CMHTe3a peaKLMOHHYI0 CMeCh OX/IaXKIaIN U IOALIeIadnBaIy 10
pH = 7-8 ¢ momo1ibio BOZHOTO pacTBOpa aMMumaka. Jlanee skcTparupoBany o6pa3oBaBIINIiCs
ocafok xnopodopmom. ITocie orronku xnmopodopma mmosydany BemjecTsa 2a,b.
7-trpudropmermmmupuno[1,2-a]6ensummupmason (2a)

Boixom 98%. T. mn. 233-235 °C. Cuextp 'H SAMP (IMCO-ds) d, mpa: 7.09 T (1H, H?
J=6.7Tnu),7.66 T (1H, H’, ] = 8.0 I'y), 7.68 1 (1H, H®, ] = 8.0 I'm), 7.75 1 (1H, H*, ] = 9.0 T'my),
8.16 ; (1H,HS, J=1.5Tn), 8.53 nn (1H, H® J=2Tn,J=8T1),9.15 1 (1H, H', ] = 6.8 I'y). Criextp
BC AMP 'H (IMCO-de) 8, ma: 111.33; 111.82; 117.31; 117.99; 125.57; 126.32; 128.20; 128.63;
130.23; 131.17; 142.75; 149.29. Haitgeno: m/z 237.0637 [M+H]*. C,HsF;N,*. Boruncneno:
M 237.0634.

7-autponupupo|1,2-ajéensumupmason (2b)

Boixom 94%. T. mn. 280-284 °C. Cuextp 'H AMP (IMCO-ds) 6, mp: 7.11 (1, 1H, H?,
J=7Tn); 7.67 (1, 1H, H3, J = 7.5 T); 7.78 (», 1H, H* J = 9.0 I'm); 8.20 (mm, 1H, HE, J = 8.5 I',
J=2.0Tn); 8.50 (m, 1H, H’, ] = 8.5 'u); 8.64 (m, 1H, H, ] = 1.5 'm); 9.13 (m, 1H, H', ] = 7.0 I'my).
Cnekrp “C AMP (IMCO-ds) 6, mpi: 112.4, 113.4,115.5, 115.8, 118.1, 128.1, 132.4, 133.3, 144.2,
146.6, 151.5. Haitgeno: m/z 214.0611 [M+H]*. C11HsN;O,. Beruncneno: m/z 214.0617.

Metoauka cuHTe3a 8-HUTPO-7-TpudTopMeTmmupuno[1,2-a]6ensumupmasona (3)

K pactBopy 0.005 monp 2a B 30 mn H,SO, mpm 25 °C MejjieHHO IpuKaIblBaIu
0.0055 monb KNO:s B 15 Mn H,SO4 m nepememmanm 1.5 yaca mpu 30 °C. ITosryyeHHBI pacTBOp
BbUIMBaMu B jief, Hetirpammsosamu NH,OH pgo pH = 7-8. BeimaBmmit ocafiok OTGUIbTPOBBHI-
BaJ/IM, IIPOMBIBA/IV HECKOIbKO pa3 BOJOI U CYLIVIIN.

Boixom 96%. T. . 225-228 °C. Cnextp 'H AMP (IMCO-de) 6, mp: 7.23 (ta, 1H, H?,
J=6.6,]=1.4Tnu);7.80 nx (1H,H? J=9.2,]=6.5,]=1.2T'n); 7.83 pr (1H, H*, ] =9.2, ] =1.2 T');
8.31c(1H, H% J=7.2);9.32 nr (1H, H', ] = 6.8, J =1.1 I'n); 9.38 ¢ (1H, H?, ] = 8.45). Criextp °C
SAMP (IMCO-ds) 6, ma: 152.1 (C*), 145.3 (C*), 139.5 (C?®), 133.6 (C°), 129.2 (C**), 128.4 (C"),
122.8 (xB, CF;,] 272.5'), 119.4 (x8, C7, ] 33.0 I'y), 118.7 (xB, C%, ] 6.0 I'ny), 117.4 (C*), 112.8 (C?),
112.7 (C°). Haitmeno: m/z 282.0485 [M+H]*. C;,H;F;N;O, Beruncneno: m/z 282.0492.

MeTtoguka cMHTE3a COeTIMHEn NIt 2¢ U 4

K pactBopy 0.0035 mosb 2b mmn 3 B 125 MJT M30IIPOIIMJIOBOTO CIVIPTA MPVJIMBAIN 24 MIT
(0.028 monb) 15%-ro pactBopa xmopupga turaHa (II1I) B 10%-HOI cOMSAHOM KUCTIOTE U IIepeMe-
myBamu 0.1 ¥ npu Tremnepatype 60 °C. 3aTeM peaKkIMOHHYI0 MAacCy OX/IaXK[alu, epeBOgIN
cpeny no pH=7-8 c momompo 25%-ro BOGZHOTO pacTBOpa aMMMaKa. IKCTParunpoBaIy BbIIaB-
NI 0CafJOK HECKOIbKVIMU ITOPLUAMY FOPAYEro X10podopmMa 1 OTTOHSIN PacCTBOPUTEIb.

nupupo|[1,2-a]6ensummuaason-7-amuH (2c)

Boixom 95%. T. mn. 178-182 °C. Cuextp 'H AMP (IMCO-de) o, ma: 5.10 ¢ (2H, NH,,
J=6.7 Tu); 6.87-6.91 m (1H, H? ] = 7.4 I'n); 7.44 m (1H, H’, ] = 6.72 I'n); 6.7 1 (1H, H,
J=6.8Tn);7.52 c (1H, H’, ] =9.15'm); 7.56 g (1H, H*, J = 9.3 T'); 7.88 ¢ (1H, HS, ] = 8.51 I'u);
8.72 n (1H, H', ] = 6.9 T'm). Cexrp “C AMP (IMCO-ds) 8, mz: 100.9, 110.1, 111.6, 112.4, 116.5,
121.7,126.8, 129.1, 146.5, 148.1, 148.3. Haiigeno: m/z 184.0868 [M+H]*. C,1HoNs Beramcneno:
m/z 184.0875.
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7-rpudropmermnupuno[1,2-a]6ensummupmason-8-amux (4)

Boixom 98%. T. mn. 233-235 °C. Cuextp 'H AMP (IMCO-ds) o, mz: 5.40 ¢ (2H, NH,,
J=6.8 I'n); 6.87-6.91 m (1H, H?, J = 7.4 T'm); 744 m (1H, H? ] = 6.72 T'n); 7.52 ¢ (1H, H’,
J=9.15Tn); 7.56 o (1H, H*, ] = 9.3 T'y); 7.88 ¢ (1H, H®, J = 8.51 I'm); 8.72 x (1H, H', ] = 6.9 I'ny).
Cnextp *C SIMP (IMCO-ds) 8, ma: 97.0,110.2,112.8 kB (J 6.0 I'ry), 117.0 kB (J 33.0 T'1y), 124.1 kB
(CFs, ] 272 Tm), 126.2, 126.7, 129.5, 132.1, 135.3, 140.9, 147.8 Haiigeno: m/z 252.0743 [M+H]".
Ci2HoF;N; Berancneno: m/z 252.0749.

MeTonMKa cHTE3a COefMHEeHMI1 5a,b

K pactBopy 0.0025 momnb 2¢ unu 4 B 5 mn JMPA npunusanu 0.003 Mosib IPONMOHOBOTO
anrugpupa. Peakunonnywo Maccy nepememnsamy npu 20 °C 1 94 m1d cuHTesa 5a u 2 4 npu
100 °C ma cuHTe3a 5b. 3aTeM oxyaxkjany pacTBOp 0 KOMHATHOV TeMIIEpaTyphl U MPYINBAIN
50 M1 Bogb! ipy momMenBaHyy. OTGUIBTPOBBIBA/IN BIIIABIINIL OCA/IOK IO/l BAKYYMOM I Cy-
VTN

N-(mupupo[1,2-a]6en3nummgaszon-7-wi)nponnoHamuy (5a)

Boixom 96%. T. mn. 189-193 °C. Cuextp 'H AMP (IMCO-ds) 8, mam: 1.12 T (3H, CH;,
J=7.7Tn);2.36 xB (2H, CH,, J=7.5T1); 7.06 T (1H, H?, J= 6.7 T'); 7.62 T (1H, H?, J = 9.0 I'u);
6.7 o (1H, H?%, J=6.8 Tny); 7.73 o (1H, H*, ] =9.3 I'y); 8.15 ¢ (1H, H?, J = 8.3 I'm); 8.43 ¢ (1H, H¢,
J=6.8T1);9.14 5 (1H, H', ] = 6.9 I'1); 9.34 ¢ (1H, NH, ] = 8.3 T'ny).

N-(7-tpudropmernmmupuno[1,2-a]6ensummupmason-8-mwi)nponnonamug, (5b)

Beixom 79%. T.mn. 241-245 °C. Cnextp 'H AMP (IMCO-ds) o, ma: 1.14 T (3H, CHs,
J=7.5Tn);2.39x8 (2H, CH,, J=7.6 T1); 7.06 T (1H, H%, J = 6.7 '); 7.62 T (1H, H?, ] = 9.0 I'n);
7.73 1 (1H, H%, J = 9.3 Tu); 8.15 ¢ (1H, H?, ] = 8.3 I'y); 8.43 ¢ (1H, H®, J = 6.8 T'1y); 9.14 1 (1H, HY,
J=6.9Tm); 9.64 c (1H, NH, J = 8.4 I'y).

Meropuka cunre3a N-(8-autponmpupo[1,2-a]6eHsummga3on-7-wi)nponnoHamuaa (6)

K pacrBopy 0.002 monb 5a B 10 M1 KOHIIEHTPMPOBAHHO CEPHOV KMCIOTHI MEMIJIEHHO
npuKanbiBamy HUTpymoyo cMech 0.0022 monp KNO; B 7 mn H,SO4 u nepememnBanu 1 4 npu
20 °C. 3areM OTy4eHHBII PAaCTBOP BBUIMBAIM B JIefl, 0OpabaThIBa/mM BOGHBIM PACTBOPOM aM-
Mmuaka o pH = 7-8. O6pasoBaBumiicsi 0cafok oTGpUIbTPOBBIBAIN IO BaKyyMOM, TIIATETBHO
IIPOMBIBa/IN BOJOI U CYLIVIIN.

Boixom 92%. T. mn. 207-211 °C. Cmextp 'H AMP (IMCO-de) 6, mam: 1.12 T (3H, CH;,
J=7.7Tnu);2.36 x (2H, CH,, ] =7.5Tn); 7.06 T (1H, H(2), J= 6.7 T); 7.62 1 (1H, H(3), ] =9.0
Tn); 7.73 o (1H, H(4), J = 9.3 T'y); 8.15 ¢ (1H, H(9), J = 8.3 Tn); 8.43 ¢ (1H, H(6), ] = 6.8 T'1y);
9.14 1 (1H, H(1), ] = 6.9 I'y); 9.34 ¢ (1H, NH, ] = 8.3 I'ny).

Hccnedosanue svinonteno 8 pamkax IIpoepammor passumus ApI'Y, npoexm Ne [12-K-1-I'-
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6 kauecmee colpvs 00bIMHO UCHONB3YIOM Y3KuUe Ppakyuu, cooep-
AHaugue Heobxo0umble yeneso00poovt. M3 napagpurosoix yenesooo-
0006 Haubonvulee npakmuueckoe 3na4erue O ANKUTUPOSAHUS
umeem uso0ymau. B nacmosiujee 8pems u306yman Ucnonv3yemcs
Kax cuipve 8 CPABHUMENBHO HeOOMbUUX Konuuecmeax. Kauecmso
NOMYy4AOU4e20Cs ANKUNAMA CHUNCAETNCS 8 3A8UCUMOCINY O UC-
nonwv3yemozo onedura. Ha npomviiunienHvIx ycmaHo8Kax opeanu-
3YI0MCs HOBble MeXHUUecKue MepOnPpUsmusi, HanpasneHHvle Ha
YIyuUieHue MexHUKO-IKOHOMUYECKUX noxazameneti pabomot. Ta-
KUM 00pa3om, 0CHOBHBIMU MeHOEHUUAMU COBPEMEHHO20 NPOUecca
CEPHOKUCTIOMHO20 ANKUTUPOBAHUS ABIAIOMCA: CHIPOUTNENLCINGO
HOBLIX MOUAHBIX YCMAHOBOK HA OCHOBE COBEPUIEHHBIX MEXHOTIO-
2uil; yeenuueHue pecypcos colpvsi 0N NPOU3B0OCMed AnKunbeH-
3UHA; NOUCK HOBLIX MEMO0008 U KAMAnNU3amopos ankunuposanus
uzobymana oneunamu u paspabomxa Ha UxX 0CHOBE BbICOKOIP-
PexmusHvIX MexHOmo2Ui.

T nuTHpoBaHMA:

I'ypanos W.C., JlebeneB A.E., Kanpanosa A.B., Batarun A.A., lorrun [I.C. VIsydeHne CTPYKTyphl IOTOKOB B
CTPYIIHOM OFHOCTYIIEHYaTOM PEaKTOpe CEPHOKNMCIOTHOTO anKMINpoBaHus // Om xumuu K mexHono2uy uiaz 3a
wiaeom. 2022 T. 3, Boim. 4. C. 39-43. URL: http://chemintech.ru/index.php/tor/2022-3-4

BBengenue

J13-3a OBBIINIEHNA KOMMYECTBA MCIIOIb3YeMOT0 1300yTaHa ¥ CEPHOI KUCTIOTHI /I IIPO-
Be[leHVsI PeaKIUy B IMPOMBIIIIEHHBIX YC/IOBUAX MPEAIIOYNTAIOT aIKIIMPOBaHMe M300yTaHa
CMecChbI0 OYTI/ICHOB, KOTOpas MOXET OBITh ITOJTyYeHa BO MHOTVX KPYITHOTOHHAKHBIX IIpOLec-
caX BTOPMYHOI IlepepaboTKM HedpTu. BBIXOL M KauecTBO IPOAYKTOB aA/IKVIVPOBAHNA

© 1. C.T'ynanos, A. E. Jlebenes, A. b. Kanpanosa, A. A. Batarus, [I. C. Jonrus, 2022
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OT XHMHUHU K TEXHOJIOTHH [RITEARELNITIANUY TOM 3, BbINYCK 4, 2022

OIIpefiessIeTCs He TOJIbKO CBOVICTBAMIU CBIPbsI U KaTaIM3aTopa, HO U YC/IOBUSAMU T€XHOIOTMYe-
CKOTO TIpOIjecca, TAKMMM KakK JaB/leHue, TeMIepaTypa, KOHIIEHTPaLsi CEPHOIL KUCTOThI; KOH-
LeHTpauys n300yTaHa B peaKIVIOHHOII 30He, POJIO/DKUTEIbHOCTBIO peakiyy u fip. [1-3].

Ha s¢dexruBHOCTD IIpoIiecca ocoboe BIMAHNE OKa3bIBaeT KOHCTPYKIA peakropa. Tpa-
JUIMOHHO [JIs1 CEPHOKMCIIOTHOTO AJKWIMPOBAHMA MCIOIb3YIOT €MKOCTHBIE PeaKTOpPBl CO
CTPYJIHBIM U MEXaHMYECKUM IepeMellBaHeM, C PasIMUHbIMY CII0OCO6aMy OTBOAA M30BITKA
Terna peakuuu. MHoroobpasye KOHCTPYKTMBHBIX 0(OPM/IEHNI peaKkIIOHHOTO 060pyoBa-
HIA 06YC/IOB/IEHO OMCKOM KOMIIPOMICCA MEX/Y 3aTpaTaMy M300yTaHa, KICTIOThI, BpeMEHEM
peaxiyy 1 Ka4eCTBOM II0/Ty4aeMOT0 a/IKM/IaTa.

OcCHOBHBIE CTaiuy TIPOLeCCa CEPHOKMCIOTHOTO /IKVIMPOBAHMA IOKa3aHbl Ha puc. 1.
B xadecTBe ChIpbs /s AIKMIMPOBAHNS Ha COBPEMEHHBIX 3aBOIaX OOBIYHO IIPYMEHSIOT OyTaH-
OyTnneHoByI0 ¢pakiyio. TexHOMOIn4Ieckas cxeMa yCTaHOBKY CEpHOKIMC/IOTHOTO a/IKU/INPOBa-
HIS M300yTaHa OyTUIEHAM) COCTOUT M3 CIEAYIOLIVX OCHOBHBIX 3TAIIOB: IOATOTOBKA ChIPb,
30Ha peakuy, 00paboTKa YIIeBOJOPOJHON cMecy, GPaKIVIOHMPOBaHNe IIPOAYKTOB [4-5].

B HacTosIee BpeMs CylecTByeT MHOXKECTBO TEXHOJIOTMYECKMX CXeM IIpoliecca CepHO-
KVCTIOTHOTO QJIKV/IMPOBAHMsI, HO IIPUHINII paboThI y BceX cXxoxxumil. ChIpbeBasi CMecCh, peLiup-
Ky/IMPYIOLVI M300yTaH 1 KMC/IOTA MTOAAI0TCS U PKY/IIVIOHHBIMY HACOCAMI I10 TPy6aM 1 pac-
IBULIOTCA Yepes coria B peakTop. [Tpu aToM 06pasyeTcst TOHKasi SMY/IbCYS CBIPbS C KICIIOTOIA.
Hexoropoe KommuecTBO cMecy BBIBOAUTCS CHU3Y peaKTOpa B XOJIOAV/IBHUK /IS CHATHS TeIUla
QIKWIMPOBAHMsA C TIOMOIIBIO X/IaflaTeHTa I CHOBA IOfjaeTcsl B TPyOBI peakTopa. [Tpomomkm-
TEJIbHOCTD II0/IHOTO LIVIK/Ia LMPKY/IALMY COCTAB/IACT 1-2 MUHYTHI.
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Puc. 1. OcHOBHBIE CTaVV CEPHOKMCIOTHOTO A/IKMTMPOBAHMS
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YacTb aMynbcuu U3 peaKTOpa HEIPepbIBHO BBIBOAUTCA B OTCTOVMHMUK, I7ie pasjesaeTcs
Ha yI7IEBOJOPOJbI ¥ KUCIOTY. YITIEBOJOPOJbI — 3TO HEIIPOpEearnpoBaBIIasA YacThb M a/JKuUIaT,
KOTOpbIe HAIPaB/IAITCA Ha (PaKIMOHNPOBaHIE, a KIICIOTA BO3BpalllaeTcs B peakTop. Boie-
JIEHHBI1 BO QpaKLMOHUPYIOIeM OT/eIeHNM M300yTaH TaK)Ke BO3BpAILaeTcsl B peakTop [6].

CTpyKTypa IOTOKa B peaKTOpe CEpHOKUCIOTHOTO aTKUINPOBaHUA

OmnpIT sKCIUTyaTaluy AeiiCTBYIOIIEro CTPYITHOIO peakTopa ankuauposanu ¢ 2010 r. Ha
ycranoBke 25/7 OAO «CnaBHedTh-IHOC» mokasan focTaTouHO HU3KOe 3HaYeHMe K0apPu-
nuenTa axekuyu (1,5-1,8) [1-4]. Kak 6p110 ycTaHOBIEHO, OTHO U3 IPUYMH SBJISTIOCH IIOBBI-
IIEHHOE TUPABINYIECKOE CONPOTUBIIEHNE IV PKY/IALMOHHOMY IIOTOKY Ha HEKOTOPBIX y4aCcTKaxX
peakTopa, B 4aCTHOCTY, - Ha y4acTKe comern [1, 7, 10, 11]. He BbI3pIBaeT COMHEHMe TaKXKe BIIN-
AHNe 30H OTPbIBA IOTOKA Ha BXOJie BO BHYTPEHHIOIO IIMPKY/LALMOHHYIO TpyOy, a TakoKe BA3KOe
IPUCTEHOYHOE TpeHue, 00yC/IOBIeHHOe OO/bIIMM COfiep>KaHNeM KOHI[EHTPMPOBAHHON cep-

HOI1 Kucnotsl [1-10]. ﬂ']\
OpHuM 13 crioco60B yMeHblIIe-

HIUA TULPABIMYECKOTO CONPOTUBIIE- ™S
HUA UUPKYIALVOHHOMY IIOTOKY B
paMKax MoamduKanuy TONBKO 3e-
MEHTa peaKTopa «Tape/Ka + COIlIa»

6b110 IIpEeJIOKEHO  MCIIO/Ib30BATh

COIVIa MeHbIIero oObemMa 3a cyer

yMeHbIlleHNMsI MX BbICOTHI (300 MM
BMecTO 340 MM) IpM COXpaHEHHBIX

T

fuMaMeTpax comta cpesa (55 MM) u

Bxoma [1]. r
[nst aTMX uereyt O6bUIO MpOBe-

JIeHO MOJie/IPOBaHye TUIPOAMHAMU--

4eCKOil 0OCTAaHOBK)M BO BHYTpPEeHHEM

oobeme peaktopa. C UCIONB30Ba- 4 v 6 (oA £)
HIIEM COBPEMEHHBIX CHCTEM aBTOMa-  Puc. 2. T'eomerpus peakTopa m pacyéTHas ceTKa: d — KOH-
TU3UPOBAHHOTO POEKTUPOBaHNs  TPOIbHBIE CedeHIs Cpesa; 6 — TeoMeTpuA B paspese; 8 — Hepe-
6bITIa pa3pa6OTaHa 3D'MOH€HB ry/isipHasa T-cerka Ha IIOBEPXHOCTU U3JENNA
CTPYITHOTO peaKTOpa, OCYIIeCTBIeHO (GOPMIPOBaHNE PACIETHOI CETKM C TpeOyeMbIMU I1apa-
METPaMM 3JIEMEHTOB U IPOBEJEH YMCIeHHbI pacdeT. Ha puc. 2 mokasaHa cxeMa peakTopa U
¢dparmeHT Hepery/ApHOI T-cuTa Ha ero MOBEpXHOCTIL.

HekoTtopbie pe3ynbTaThl pacu€ToOB:

o ko03ddunyent dxexuyy K = 2,2-2,5 (Bapuarys 3aBUCUT OT BbIOOpa Mofienut TypOy-

JIEHTHOCTH, 1 Mojenu K- — 2,5) (MuHUManbHOe MoBbIiIeHne He MeHee 30%);
e CKOpOCTb Ha cpese comuta 14 m/c;
e Iepemaj jaBieHus B cotvte 1,5 atM. (B mpeabiayieM BapuanTe 0,6 aT™.);

e BpeMs IpeObIBaHNA — MaKCUMajIbHOe 42 ¢, cpepHee 12 c.
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YucneHHbIe pe3y/IbTaThl, IPEACTAB/IeHHbIE 10 JAaHHOMY PeaKTOpy, ObUIV IIO/Ty4eHBI C I10-

MOIIBIO TPOrpaMMHO-BbIuMcnTeIbHOr0 Komiiekca OpenCFDLimited. OcHoBHbIe 13 HUX M-

HUM TOKaA U I3OKOHTYPbI CKOPOCTU B KOHTPOJ/IbHbBIX CEYEHNAX pE€aKTOPa II0OKa3aHbl Ha pUC. 36.

Puc. 3. Jlunum noTokKa B ce4eHUAX

3HauuTensHoe
CONPOTHBNEHHE
CONNOBOI
Tapernku

3oHa
WHTEHCHEHOTO
CMeeHHa

N\

3HaynTensHoe

KonnexkTopa

None TypGynenTHoro Mone cTaTHYECkoro
nepeMellMBaHia nasnexus

Puc. 5. 30HBI CMellIeHNs PeareHTOB B peak-
TOpe

by

Wav

Vit

=T MpoaoneHEIR BHXPE

CTpyKTypa noToKa Ans HeKOTOPbIX
ropU3OHTanNbHbIX CEYEHMA cpesa

Monepe4HbIA BUXPE

Puc. 6. [leranusanus IMHNI TOTOKA B IIPOJIO/IbHBIX ¥ IIOTIEpEY-

HBIX CEYEHMAX PeaKTopa
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BopIiBOABI M peKOMeHTALIN

OcHOBHbIE BBIBOJBI 110 IIPOBEJEHHOMY aHA/IN3Y, a TAKXKE PE3yNbTaThl pacyeTa CAeHyI0-
me:

1. Haymyme npojgo/IbHbIX BUXPEN, TPUBOAAIINX K OTPBIBHBIM T€YEHMAM Ha BXOJIE B LMp-
KY/IALVOHHYIO TPYOy CHM3Y U BBIXOfie 13 Heé CBepXYy;

2. BO3HUKHOBEHME MTONIEPEYHBIX BUXPEVl BOKPYT COIET SMY/IbIallMOHHONM PEIIETKN U B
KOHMYECKOM IIE€PEX0Jie Ha BBIXOJE U3 30HbBI NMCIIEPIUPOBAHNA IIPUBOJUT K Pa3IMYHOMY Bpe-
MeHM) IpeObIBaHNs KOMIIOHEHTOB B PEaKIIVIOHHOM 00BbEéMe 11 00pa3oBaHMIO IIOOOYHBIX IIPO-
IYKTOB;

3. bosnbiroe conpoTuBIIeHNE COIUIOBOV PEIIETKI BEAET K CHVDKEHMIO IPOU3BOAUTENbHO-
CTH, YBeIMYEHNIO 00/1acTell HU3KOI MHTEHCUBHOCTY NlepeMelIBaHNS;

4. Huskas 3 peKTUBHOCTD pabOTHI paclpenenTeNbHbIX YCTPOIICTB KOJUIEKTOPa BBOJA
071e(pMHOBOTO CHIPbS;

5. HecoBepIueHCTBO KOHCTPYKIY (POPCYHOK HIUDKHEN PEIIETKIL.
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Kniouesvie cnosa: Annomayus: Paspaboman payuoHanvHoiii cnocob cuxmesa amMuHOKUC-
beH3okau, JIOMHBIX NPOU3E00HBIX N-MEMUIbHO20 AHANI02A NPOKAUHA U GeH30KAUHA C
Boc-a-amunoxucnomeot, ucnonvsosaruem N,N-kap6oHunduumuoa3onvHozo memooda 6 pacmsope.
N,N-kap6onunduumudasorn, C ucnonv3osanuem Komniexca npozpammnozo obecneuerust PASS 6vino vi-
4-amunobeH301iHAA KUcOma, NONHEHO NPOZHO3UPOBAHUE OLUO0I02UHECKOL AKIMUBHOCHU CepUL 2UOPUOHBIX
MecmHble AHeCmemuKy coeduHeHUtl, NOYHEHHBIX CAUSHUEM AMUHOIPUPHBIX U AMUHOAHUTUOHBIX

anecmemuxos. bvino noxasano, umo npu cnusHuu Papmokodopos y ecex
2UOPUOHBIX cOeOUHeHUT HAOI00AeMCs NOMEHUUANIbHOE OMCYMCMBUe 3HA-
YUMOTL 2eNAMOMOKCUMHOCIU C NOBbIUEHUEM YPOBHS CpedHecMepmenbHO
003bl KAK Npu BHYMPUOPIOUUHHOM, MAK U NPU NOOKOHHOM Cnocobax éee-
Oerust. Cunme3uposanHvie coeOUHeHUS NPedCMAsASIOM UHmepec 8 Kaue-
Cee NOMeHUUANIbHbIX MEPANeSMUYECKUX A2eHN08 ¢ MECTMHOAHECMe3Upy-
rouwetl aKmuHOCMbI0 6 COYeMAHUU ¢ HUZKOTL MOKCUUHOCbIO.

s quTpoBaHus:

Kpacumxosa H.B., Kpacankos C.B. [IusaiiH 1 CMHTe3 aMMHOKICIOTHBIX IIPOM3BOSHBIX N-METU/IbHOTO aHa/Iora
IpoKayHa 1 GeH30KalHa Ha OCHOBE CTparerny CmsHust papmakopopos // Om xumuu K mexHonoeuy waz 3a wa-
eom. 2022. T. 3, Boim. 4. C. 44-52. URL: http://chemintech.ru/index.php/tor/2022-3-4

BBenenmne

MecTHBIe aHECTETVKY OTHOCATCS K LIMPOKO MCIIONIb3YeMbIM B K/IMHUYECKOII IIPAKTUKe
JIEKapCTBEHHBIM CPefICTBaM, KOTOpPbIe BBI3BIBAIOT OOPATUMYI0 MECTHYIO aHECTE3NIO B Pe3y/lb-
TaTe IOTEePY HOLMIENIVN B OIpee/IeHHbIX 00/IacTsAX Tejla IIyTeM OIOKMPOBaHWsA Iepefadn
HEepBHBIX UMITY/IbCOB, He B/IUAA Ha co3HaHNe. C XMMIYeCKOI TOUKM 3PEHMS MOXKHO BBIJIEINTD
JiBe OCHOBHBIE IPYIIIIbI MECTHBIX aHECTETVKOB, BKITIOYAIOIINX OOIINIT aHVIMHOBBI pparMeHT,
a IMEHHO aMMHO3VpHbIe aHeCTeTUKM (HanpuMep, OeH30KauH, IPOKauH, TeTpaKanuH, puc. 1)
Y aMUHOAMMJHble aHeCTeTUKM (HalmpuMmep, MMAOKaWH, PONMBAKayH, apTuKanH, puc. 1) [1].
Mornekynbl 3THX JIEKapCTB UMEIOT TPY OOIINX CTPYKTYPHBIX KOMIIOHEHTA: 1) MMIOMIIbHBIN
apoMaTm4ecKuil pparMeHT; 2) apUPHYIO WIN aMUIHYIO CBA3YIOLIYIO IPyIy; 3) pparMeHT Tpe-
TUYHOTO VIV BTOPUYHOTO aMyHa [2].

© H. B. Kpacuuxosa, C. B. Kpacuukos, 2022
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Il/is1 MECTHBIX aHECTETMKOB TaKie IIOKasaTe/y, KaK CUla ¥ MPOJO/DKUTEIbHOCTD [eil-
CTBUSA, OOBIYHO OOJIblIIE Y aMIHOAMUIHBIX aHECTETUKOB 110 CPAaBHEHUIO C aMIHO3(VPHBIMIA,
HO B TO YK€ BPeMsI 9TU [IOKa3aTe/y CUIbHO 3aBUCAT OT [JIMHBI U 00'beMa alKUIbHbIX 3aMeCTH-
Teslell IpY BTOPUYHOM JIM TPETUYHOM aTOMe a3oTa B UX cTpykrype [3]. C apyroit CTOpOHBI,
CTabM/IBHOCTD, TOKCUYHOCTD M CIIOCOOHOCTD BBI3BIBATDH A//IEPTUYECKIIE PEaKIINU OIIpefiesisi-
I0TCSI He TO/IBKO CTPYKTYPOIi, HO 1 MeCTOM 6yuoTpaHcdopManuy npenapata: oo myrem ¢dep-
MEHTATMBHOTO TUIPO/IN3a B IIa3Me (aMMHO3VPHbIE aHECTETUKY), TNO0 IPY pasloXeHU B
reyeHy (AMMHOAMUHbIE AHECTETUKA).

Hac\/\/”
\O\H/ \O\H/o\/\"‘ o\/\N _CHg
I

o CH3
BeHaoKauH I'IpOKaMH CHs TeTpakanH
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Puc. 1. CTpyKTypbl HEKOTOPBIX IIMPOKO VICIIOTb3YEMBIX IOKATbHBIX AaHECTETUKOB

Ba)xHO OTMeTUTD, YTO, HECMOTPsI Ha OTHOCUTEIBbHYI0 6€30I1aCHOCTh YIOMSHYTBIX IIpe-
[apaToOB, BCe OHM IPOSB/ISIIOT B HEKOTOPOJ CTETIeHN TOKCUYeCKIe CBOMCTBA 110 OTHOIIEHNIO K
LIeHTPa/IbHO HEPBHON U cepaedHococymucroir cucremaMm [3]. Cpeny mo604HbIX 3¢ deKkToB
CllelyeT OTMETUTb BEPOSATHOCTb BO3HUMKHOBEHMS MIIEMIYECKOTO HEKPO3a, BBI3BAHHOTO pPas-
[paskarolielt IpUpoRoN nin 60abIINMIU 00beMaMyl PACTBOPOB IPENAapaTOB IIPU NHDEKLUSAX, a
TaK>Ke CUIbHBIM Cy)KEHJMEM COCY[IOB B pe3y/lIbTaTe COIYTCTBYIOIIErO Ba3OIIPECCOPHOro -
¢exra [2]. KpoMme TOTO, CyLIeCTBYeT ONIACHOCTD IPOSIB/ICHMS IIPSIMOIL HEIPOTOKCUYHOCTH B pe-
3y/IbTaTe MHDBEKIVI PacCTBOPOB, COflePKAIMX BBICOKME KOHIIEHTPAIMY aHECTETUKOB (Takue
Kak 4%), B 0COOEHHOCTM apTUKalHa U IPUIOKanHa [2].

B aroit cBsi3u Hanbomee COBpeMEHHBIMY U MCIOTb3YeMbIMM B K/IMHUYECKOI ITPaKTUKe
MECTHBIMY aHECTETUKAMI, B IIEPBYIO OYepeNib, B JUINTENbHBIX XM PYPIIUECKUX IPOLIeAypax, sB-
JISIIOTCS IIPOV3BOJHBIE CEMeEVICTBA MellBaKaHa, HauboJjiee IpeIIoYTUTe/IbHbIE 13 KOTOPBIX —
pomnuBakanH u OynuBakauH [4]. [l 3TUX npemnapatos ObIIO OKa3aHO, YTO Harboree Ge3omac-
HBIM SIBJISIETCS MICTIO/Ib30BaHMe Ha MPAKTHKe YNUCTHIX (S)-9HaHTMOMEPHBIX GOPM, TaK KaK Ipu
npruMeHeHnn (R)-sHaHTMOMepHBIX OpM dYallle OTMEYINCh CTydar OCTAHOBOK cepaua [4].

Bce atut pakThI B HEKOTOPOIT Mepe OTPAaHNIMBAIOT IPYMEHEHI€ MECTHBIX aHECTETUKOB B
K/IVTHWYECKOJ TIPaKTKe, 0COOEHHO NPy HeOOXOAVIMOCTH UX IIOBTOPHOTO BBE/ICHIS VU TIPU-
MEHEeHMsI BBICOKMX KOHILIEHTPALIMIA, ¥ CBUZIETE/IbCTBYIOT O HEOOXOMMOCTY a/IbHeIiIIell pas-
paboTKy Kak 60see 3¢ eKTVBHBIX 1 6e30IIaCHBIX IIPENapaToB JAHHOI TPYIIIBI, TAaK U yIydIie-
HIS1 CBOJICTB U CIIOCOOOB CHHTE32 YK€ M3BECTHBIX.

Tak, onyO6/IMKOBaHbI CBeJIeHNsI O CUHTe3€e ¥ pe3y/IbTaTax i Vivo VICCIeOBAaHUIT CepUN
N-aJIKUIIpONMHAHUINAOB, MHOTIE U3 KOTOPBIX O[HOBPEMEHHO OKa3a/lnCh aKTUBHee KakK I10-
BEPXHOCTHBIE aHECTETUKM U MMeu 0ojiee BBICOKMIT aHTMAPUTMUYECKUII MHAEKC, YeM JINJI0-
KayH, poIMBakauH ¥ OymmBakauH [5]. PaspaboTaHbl pas3miyHble 9HAHTVOCETEKTVBHbIE Me-
TO#bI CuHTe3a (S)-2-IUIepUAMHKAPOOHOBOI KUCIOTHl KaK K/IIOYEBOTO MHTEpPMeAMaTa B
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CMHTe3e aHeCTeTHKOB CeMeiCTBa MeIMBaKalHa, HallpyMep, Ha OCHOBE XMPATbHON HOOaBKI
cynbrama Onmonbiepa u 3TviI-N-(adeHnIMeTIIeH) IIMIIHATa CO 3HaYeHeM SHaHTUOMep-
HOTro M30bITKa ee > 97 % [6]. VccmemoBaHbl albTepHATUBHBIE KIMHWYECKY BayKHble (hapMaKo-
JIOTMYeCKMe CBOJICTBA FOMOJIOTOB /IM/IOKa)HA IIOMVMMO MECTHOAHECTEe3VPIOIIEero ¥ aHTHAPUT-
MIYECKOTO [eCTBYS, @ MIMEHHO aHTUTMCTaMUHHAs CIasMOMUTIYecKas akTuBHocTH [7]. Vc-
CTIe[lOBaH CHHTe3 pANa aflaMaHTaH3aMelleHHBIX TPOV3BOJHbBIX aHECTe3VHa, IIPOKaHa, IIPOKa-
MHaMUJia ¥ METOK/IONpaMizia, 00/IafaloiuX yIyqlieHHoN munodguabHocThio [8]. ITomydenst
IIMKO3VJHBIE ITPOM3BOJIHbIE aHeCTe3VHA U MTPeficKa3aHa UX OMosorndeckas akTMBHOCTD [9].
OCHOBBIBasICb Ha CyMMe BBIILIENIPYBEAEHHbIX JAHHBIX, B HACTOsALIEIl paboTe MbI IIpefIIo-
JIO>KW/IN, YTO HOBBIe TMOPUIHbIE COeMHEeHNA 00mmx cTpykTyp A n b (puc. 2), nonydeHHsle B
pesynbrare cusaHUA papMakoPOPHBIX PparMeHTOB aMIMHOAMI/IHBIX ¥ aMITHO9(VPHBIX MeCT-
HBIX aHECTETMKOB, He TOJIbKO OyAyT 00/1afaTh YIydIIeHHON OMOIOrNYeCcKoll aKTMBHOCTBIO B
pesynbTare cuHepreTndeckoro addexra, Ho ¥ MPUOOPETYT MOBBILIEHHBIT TPOdUIb Oe30mac-
HOCTY, a TaK)Ke CHVDKEHHBIV YPOBEHb JIEKapCTBEHHOI pe3ucTeHTHOCTU. Kak n3BecTHO, cTpaTe-
TUs CIVISTHYUST HECKOMBKMX (papMakodOpOB B OTHON XMMUYECKOI CTPYKTYpe SIB/ISETCS OTHOM
U3 CaMbIX INpUBJIEKAaTe/IbHbIX KOHLEIIMII B OOTacTM CO3[aHMsI HOBBIX TepaleBTUYECKUX
CPeICTB Pa3MIHOTO JeNICTBIA, 0OCOOCHHO B PaMKaX ITOJX0/I0B I0/MM(papMaKOIOTUN 1 AV3aiiHa
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Puc. 2. CTpyKTypHBIII fU3ailH ITMOPUAHBIX COefUHeHuiT 001ux ¢popmyn A u b ¢ moTeHmanbHOM MeCTHOAHeCTe-
3UPYIOIEN aKTUBHOCTHIO

Ha npecunTeTnyeckoM aramne ObUIO BBIIIOTHEHO IIPOTHO3MPOBaHYe OMOIOTMYECKO aK-
TUBHOCTY CepyUM TMOPUIHBIX COeAMHEeHMII o6mmx cTpykTyp A u b ¢ ncnonp3oBanueM KoM-
IUIeKca IIPOrpaMMHOro obecrnedenus Ha 6ase nporpammel PASS (Prediction of activity spectra
for substances) [15-19], mo3BosOIee B OHIANH-PEeXUMe OLEHUTD in silico JIsi XMMUYeCKUX
CTPYKTYp pasmnuHoe GpapMaKoIorndeckoe AeViCTBUE, OIpefeINTh A/ HUX Hayuboriee BeposT-
Hble MOJIEKY/IApHble MUILIEHMU, BEPOSATHOCTb HA/INYMA HEKOTOPBIX IOOOYHBIX 3(p(eKToB, a
TaK>Ke OCTPYI0 TOKCMYHOCTb. [lasiee ObUI CIZIAHMPOBAH M OCYILLIECTB/IEH CHHTE3 HOBBIX COEMM-
HEeHMIT, TOTEHIVIAJIbHO 00/TalaloIUX «IIPYB/IEKaTeTbHBIM» (GapMaKOIOIMYeCKUM IIpoduieM B
KayecTBe MEeCTHBIX aHECTETVKOB.
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OcHOBHasA 4acTh

[l peanuaanyy IOCTaB/ICHHON Lie/IM Ha 3Talle CTPYKTYPHOTO [iu3aliHa B KadecTBe VC-
XOJHBIX aMMHO3(VPHBIX PparMeHTOB M3HAYATIbHO OBUIM BBIOPAHBI CTPYKTYPBHI IPOKauHA U
6ensokanHa. OfHAKO, KaK OKa3a/Joch, 3aM€HA [BYX 3TIWIbHBIX PAfMKa/IOB IIPU TPETUYIHOM
aToMe a30Ta B MOJIEKy/Ie IIPOKayHa Ha MeTV/IbHbIE IPUBOJVT K IIOTHOMY OTCYTCTBMUIO TeIIaTo-
TOKCMYHOCTY IIPU COXPAaHEHUN BBICOKOTO YPOBHS BEPOATHOCTU MECTHOAHECTE3MPYIOIIell ak-
TUBHOCTM ¥ OJIM3KOM 3HaU€HWUM OCTPOJl TOKCUMYHOCTU (Tabi. 1), MOSTOMYy B Jja/ibHeilIeM B
aMnHO3(GUpPHOM (parMeHTe B KauecTBe TPETMYHOTO aMIHA pacCMATPUBAJICA TONbKO AVIMETH-
JTaMVHOSTWIbHBIN pafiMKal B kadecTBe aMMHOAMMIHOTO (parMeHTa ObUIM BBIOpaHbBI aHU-
JINEBI A-aMVHOKMCIIOT € amMQaTdeckuM 60KOBBIM PafyKaIoM WIN IUKIMIECKOTO CTPOCHMS,
IIOCKO/IbKY MECTHbIe aHEeCTeTUMKM HO/DKHBI XapaKTepU30BaTbCs JOCTATOYHO BBICOKOJ JIMIO-
¢dunpHOCTBIO [2]. R,

Vicnionbsysi faHHbI IOAXOA, ObUIM cGOPMUPO- R N
BaHbI JiBe HeOO/IbIIMe cepuyl TMOPUIHBIX COeRVMHEHMI . o -
o61ux popmyn B u T, i KoTopeIx fajnee onpefeneHsl \/\ZH/
BEPOSTHOCTY 0a3MCHBIX MECTHOAHECTEe3UPYIIeil M aH- B ’
TUAPUTMUYECKOl aKTUMBHOCTEN, BEPOATHOCTI IIPOSIB- M
JIeHVSI apUTMUY ¥ T€IIaTOTOKCUYHOCTY KaK MOOOYHBIX Rz\u)\ﬂ/ "
3¢ (deKTOB 1 3HaYEHUA OCTPOI TOKCUYHOCTY IIPY BHY- O\ﬂ/0\/°“s
TPUOPIOIIMHHOM ¥ IIOAKOXXHOM BBefeHUM (CM.

Tab1. 1). Ilony4yeHHble JjaHHbIE CPaBHUBAINCH C pe- r

3y/IbTaTaMM JyIA IIVPOKO IPYIMEHAeMbIX MeCTHBIX aHECTEeTHMKOB, @ IMEHHO: POIVBAKaNHAa, /-
JIoKayHa, 6eH30KaMHa 11 ITpoKayHa. 3/1echb CIeflyeT OTMETUTb, YTO OLIeHKA TOOOYHOTO AeVICTBIA
pOIVBaKayHa, ¥ B MEHbIIel CTeTIeHM JIVJOKAaNHa, BBIABIIIA BBICOKYIO BEPOATHOCTD IIPOO/IEM €
CepAeYHOCOCYAUCTON cucteMolt, Pi(ap.) = 0.844 1 0.649 cOOTBETCTBEHHO, YTO COBIIATALT C pe-
a/IbHBIMM IAHHBIMM, KOTOPbIE YKa3bIBA/IVICh BBIIIE, ¥ JOCTATOYHO BBIPAXKEHHYI0 TOKCHYHOCTD
ponyBaKayHa Ipy IOJKOKHOM BBEIEHIL.

B menom, obmas TeHAeHIV 1A TUOPUAHBIX coefMHeHnit popmynel B oTHOcuTe1bHO
Me-npokanHa (2-(arMeTHIaMIHO)3TU-4-aMMHOOEH30aTa) 3aK/TI0Ya/Iach B HE3HAUYNUTEIHBHOM
CHIDKeHUY, IpuMepHO Ha 0.05 efl., BepOATHOCTY MeCTHOAHECTEe3VPYIOLlell aKTUBHOCTY IIPK ee
3HaveHuu P,(m.a.) > 0.690 mpu P,(n.a.) < 0.004, 3a MCKTI0OYeHMEM CITy4ast COeAUHEHN C CapKo-
3MHOBBIM (ParMeHTOM, [ KOTOPOTO BEPOSITHOCTb «OBITb aKTMBHBIM» OKa3ajach paBHON
0.903. Ins coepyuenmit obert popmynsl I' Habmogamack moxoxasi CUTyauys Ipy 3HaAYeHUN
P.(n.a.) > 0.453 mpu P;(1m.a.) < 0.006, 1 0.822 111 BEpOATHOCTY «OBITh aKTVBHBIM» Y IIPOM3BOJ-
HOTO capkosyHa. [IpakTudeckyt BaKHBIM pe3y/IbTaToOM IpY CVAHNMM PpapMOKO(OpoB okasa-
JIOCh TTOTEHIIMA/IbHOE OTCYTCTBYE 3HAYVMOII TeIIaTOTOKCMYHOCTH Y BCeX TMOPUIHBIX COejiHe-
HUII, 32 VICKTIOYEHMEM IIPOMMHOBBIX IPOM3BOAHBIX. KpoMme TOTro, I 3TUX COeRMHEHUI
Ha0JII0a/I0Ch COXpaHEeHMe VIM IHOBBILIEHNE YPOBHS CPeHECMepTe/NIbHOI O3Bl IpyU 000uX
crioco6ax BBeeH, 3a VICK/IIOUeH)eM IIPOM3BOIHBIX IIPOJIVHA, I KOTOPBIX P MTOJKOXKHOM
BBEJICHIN TOKCUYHOCTb BO3POC/IA B TPY pasa. Y pOBeHb BO3MOXKHOTO HA/IN4MsI ApUTMUU U aH-
TUAPUTMIYECKOTO HEVICTBYS Y IPOTHO3MPYEMBIX COSAMHEHMII OKa3aJICsl He COBCEM sICeH, IO-
CKOJIbKY pasHuiia Mexny Pai(ap.) u Pi(ap.) 6bi1a He60IbIION, MV 3TV BeTMYMHBI IPOIPaMMOI
He BBIIaBa/IVICh B KaUeCTBe pe3y/IbTaTa.
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Takum 06pa3oM, IpefcTaB/IeHHbIe IMOPUIHbIE COeMHEHN, @ MIMEHHO: CApKO3MHOBOE,
IJIMIHOBOE, aTaHMHOBOE, BA/IMHOBOE, JIHIMHOBOE, (eHIATAHIHOBOE U IPOJIMHOBOE IIPO-
u3BojHble Me-npokanHa u 6eH3oKanHa o61mux popmyn B u I, mpefcTaBiA0T 3HaYNTETbHBII
MHTepec [/ CUHTe3a 1 JATIbHEIIero 6110/I0TMYeCKOro M3yYeH s B Ka4eCTBe IIOTeHI[MaTbHBIX
MEeCTHBIX aHECTETMKOB C TIOHVKEHHBIMY T0O0YHBIMM 3 deKTaMy U TOHVKEHHOI TOKCUYHO-
CTBIO.

CuHres coenyHeHmit o61eit popmynel B Ha OCHOBe #1-aMUHOOEH30IIHOI KIMCIOTBL ObII
peanusoBaH ABYMs pas/IMYHBIMY BapUaHTaMM, OTIMYAIOIIMMICA IIOC/IE;OBATETbHOCTBIO
GbyHKLIMOHAIM3AIY aMVHOTPYIIIIBI ¥ KapOOKCU/IBHOM Tpymsl (puc. 3).

B mepBoM BapuaHTe CHTe3 OCYIIeCTB/LUICA B TPU CTafauu. [IJIs 3TOro Ha IepBOil CTafun
(S)-Boc-a-aMuHOKUCTIOTHI IpefiBapUTETbHO BBOJVIIUICD B peaxIyio c
N,N-Kap6OHUIAVMNIA30I0M B aOCONMIOTMPOBAHHOM TeTparnapodypaHe Ipu TeMmIleparype
60-66 °C c o6pasoBaHueM in situ COOTBETCTBYIOIMX UMUIA30/M0B (ycmoBus a, [20]), koTo-
pble lajiee pearupoBaIy ¢ H-aMUHOOEH30/THOI KIC/IOTON C 00pa3oBaHueM COOTBETCTBYIOLINX
amMmpokucioT (2.1-7). Ha BTopoit cTajgyuy B aHaJIOTMYHBIX YCIOBYSIX IPOBOAVIIN PEAKIIVIO 00-
PasoBaHMs CTIOXKHBIX 9(pMPOB MEXXY ITOTYYeHHBIMY IPOAYKTaMU U 2-(AYMETIUIaMIHO)3TaHO-
noM (YC/oBus ), KOTOPBIe Jjajiee Ha TPeThell CTafuy MOABeprany CHATIUIO Boc-3alnThl B 13-
6biTke pacTBopa HCI B abcomoTrpoBanHoM TeTparuapodypane (ycnosus 6).

Bo BTOpoM BapmaHTe CHayana U3 n-aMIHOOEH30IHO KIC/IOTHI B /iBe CTAAUN CUHTE3N-
poBamu 6GeHsokamH [21]. Jlamee ¢ moMoOLpI0 IepeaTepuPUKALUM  CUHTE3MPOBAIN
N-MeTU/IbHBII aHA/IOT IIPOKaNHa C BBIXOZOM, KOTOPBII 3aTeM (YHKIMOHATN3MPOBA/I IO aMM-
HOTPYIIIIe C Ja/IbHEMIINM CHATIEM Boc-3aInThl aHA/IOTMYHO TOMY, KaK B IEPBOM BapyaHTe.

Ta6mmma 1.
O6was dpop-
myna / afmfo— R R: |Pi(a.ap.)' | Pia.ap.)! | Pa(na.)* | Pi(m.a.)* | Pa(ap.)® | Pi(ap.)’ | Pa(r.r.)* | Pi(r.1.)* LDso(5.6.), | LDso(mrxc',
coTa MI/KT MI/KT
IIpoxann - - 0.414 0.014 0.916 0.002 0.428 0.164 0.365 0.086 186 985
Me-npokaun® - - 0.253 0.042 0.861 0.002 0.474 0.129 H.0. H.O. 185 816
B/rmuiun H H 0.277 0.034 0.742 0.003 0.489 0.117 H.O. H.O. 255 1140
B/ananun Me H 0.242 0.045 0.816 0.003 0.360 0.222 H.O. H.O. 163 1480
B/Banun i-Pr H 0.135 0.125 0.737 0.003 0.305 0.297 H.O. H.O. 177 935
B/neituyn i-Bu H 0.142 0.114 0.816 0.003 0.324 0.265 H.O. H.O. 212 800
B/dennnanma- | Bn H 360 868
T 0.155 0.099 0.691 0.003 0.310 0.290 H.O. H.O.
B/capkosun H Me 0.249 0.043 0.905 0.002 0.579 0.057 H.O. H.O. 150 1055
B/mponmun CH.CH.CH2 | 0.164 0.090 0.775 0.003 0.619 0.041 0.403 0.256 179 255
bensokann - - H.O. H.O. 0.621 0.004 H.O. H.O. 0.425 0.241 721 963
T/rnmuun H H 0.169 0.086 0.538 0.004 H.O. H.O. H.O. H.O. 605 3691
I'/ananuu Me H 0.131 0.131 0.521 0.004 H.O. H.O. H.O. H.O. 720 3030
I'/Banuu i-Pr H H.O. H.O. 0.453 0.005 H.O. H.O. H.O. H.O. 942 1435
I'/neituqun i-Bu H H.O. H.O. 0.522 0.004 H.O. H.O. H.O. H.O. 1162 3279
I'/¢dpennnana- Bn H 1319 2143
H.O. H.O. 0.460 0.005 H.O. H.O. H.O. H.O.
HUH
I'/capko3un H Me 0.157 0.097 0.822 0.003 0.379 0.203 H.O. H.O. 213 1573
I'/mponun CH.CH.CH: H.O. H.O. 0.534 0.004 0.392 0.192 0.532 0.179 603 325
PonuBakanu - - 0.227 0.051 0.744 0.003 0.844 0.009 H.O. H.O. 182 118
JIngoxkauu - - 0.549 0.005 0.764 0.003 0.649 0.034 H.O. H.O. 340 1282

la.ap. — aHTMAPUTMIYECKOE AeJICTBIE; ZI.a. — MECTHOQHECTE3UPYIOLIlee AeJICTBILE; *ap. — apUTMUS; “I.T. — T€lIaTOTOKCUIHOCTb;
°B.0. — BHYTPUOPIOLIMHHOE BBeeHNe; *ILK. — IOAKOXXHOEe BBeleHNe; “H.0. — 3[leCh U Aajlee O3HAYAET «He OIPefe/sanoch»;

8Me-nipokant — N-MeTU/IbHBII aHAJIOT IIPOKANHA, & IMEHHO 2-(IMMeTI/IaMIHO )3TH/I-4-aMIHOOEH30aT.
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4.1-7

Puc. 3. Cxema CHHTe30B, TIPOBEfIeHHBIX B [JAaHHOM JCCIeNOBaHMM. PeareHThl U yCIOBMA:
a — N,N-kapboHMIguMmaasoi, rerparunapodypan, 60-66 °C, 3 4; 6 - HCl, terparugpodypas, t, 7 4; B - AcOH,
T:f, 5 q;, I — EtOH, HZSO4, Tf, 6 90— (Me)zN(CHz)zoK, Tf, 54

IKCIepUMEeHTAaTbHAs 9aCTh

[l IpOrHO3MpPOBaHNUsA OMONTOTMYECKOI aKTMBHOCTY HOBBIX TMOPMIHBIX COERVMHEHMI
VICIIO/Ib30BA/ICSI KOMIIBIOTEPHO-MHQOPMALMOHHBI Beb-pecypc Way2Drug [15], koTopbIit
BKJTIOYAET IPIIOKeHNe KOMITbIoTepHOI mporpaMMel PASS Online fy11 onjeHKY OfHOBpeMeHHO
6omee 4000 BUIOB aKTMBHOCTM CO CpPefiHEll TOYHOCTHIO MPOTHO3MpOBaHuUsi Oomee 95 %
(www.way2drug.com/passonline) [17], GUSAR st OLleHKY OCTPOIL TOKCUYHOCTY TIPY PA3yINd-
HBIX ITyTAX BBEfIEHNA JIEKAPCTB C TOYHOCTBIO 92-99% (www.way2drug.com/gusar/acutoxpredict)
(16, 18], a Takxke ADVERPred 151 otieHku Takux mo604HbIx 3¢ (HeKToB, Kak apUTMUS, TeaTo-
TOKCMYHOCTb, WMHGApKT MMOKapfia, HePPOTOKCMYHOCTb, CepAedyHasd HeZOCTaTOYHOCTDb
(www.way2drug.com/adverpred) [16]. MonekynapHble CTPYKTYpbI Ilepef OL[eHKOI IIPOrHO3M-
PYEMBIX CBOJICTB IIpeiBapUTEIbHO 3aMMChIBAIICD B Bufe MOL-daiinos, koTopsle 3aTeM o6pa-
6aThIBAMICDh B OHJIAIH-PEXXVIMe B COOTBETCTBYIOIIUX ITPOrPaMMHBIX IpIIoKeHNAX. [Tomyden-
HbIe B pe3y/IbTaTe /IS COeAVMHEHMII 3HaUeH)sI BEPOSATHOCTY «OBITh AKTUBHBIM» B OOJIBLIIHCTBE
CTy4yaeB IIPeBBbILIANN 3HaUYeHMe BEPOSTHOCTY «ObITh HEaKTUBHBIM» (P,>P;) U 103TOMY MOI/IN
OBITD YYTEHBI /I MHTEPIIpeTALNI, 33 UCK/IIOYEHIEM CTy4aeB, KOTIa 3TU Be/IMYMHBI BOOOIIe He
OTIpeJie/IINCh IIPOTPAMMOIL, YTO MHTEPIPETUPOBANIOCh KaK «HEAaKTMBHO». Ecimm 3HaueHme
P.>0.9, TO ecTb 04eHDb BBICOKOE, COeIMHEHM I C OO/IBIION BEpPOSATHOCTBIO MOTYT OKa3aTbCs U3-
BeCTHBIMU (papMalleBTUYECKNMM areHTamy; ecy P.>0.7, BepOATHOCTh 9KCIEPUMEHTAIbHOTO
(apMaKoIOrM4ecKoro HeMICTBMS CUYMUTAeTCS BBICOKOIL; ecimy Haxopmtes 0.5 <P,< 0.7, BepoAT-
HOCTb 9KCIEPUMEHTAIBHOTO PapMaKOIOTMIeCKOTO JIeICTBIUA YMEpPEeHHAs; U eC/iu 3HaueHne P,
paBHO Wiy MeHee 0.5, TO BEPOATHOCTb OOHAPY>KeHMA aKTUBHOCTY SKCIIEPYMEHTAIbHO HIDKE
[17]. Pe3ynbTaTOM OLIEHKV OCTPOJ TOKCUYHOCTU ABJIA/INCH PacueTHbIe CpefHecMepTeIbHbIe
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nossl coepuHenmit (LDso), BbIpa>keHHbIe B MIJUIMTPaMMax Ha KMIOTpaMM (MI/KT) IpU JIBYX
crioco6ax BBeieHMsI (BHYTPUOPIONIVIHHOM ¥ IIOTKOXKHOM).

Cnextper 'H SMP perucrpupoBamum Ha mnpubope Varian «VXR-400» B pactBOpe
IMCO-ds. IK-cnextpsl 3anmceiBany Ha mpubope Spectrum RX-1 (Perkin Elmer) mys Bemjects
B BUJIe CYCIIEH3M! B Ba3e/IMHOBOM Macyie. TeMIepaTyphl I/IaB/IeHNA OIIpefie/IAnn Ha mpubope
BUCHI Melting Point M-560. OfHOPOZHOCTD OTYYEHHbBIX COeAVHEHNI KOHTPOTMPOBA/IN Me-
TOZIOM TOHKOCJIOVHOJ XpoMaTorpaduim ¢ MUCIOIb30BaHMEM aHATUTUYECKUX ITacTuH Sorbfil
(Poccus) ¢ HaHeceHHBIM MIOMUHO(OPOM (254 HM), IpU 9TOM IPVUMEHSIN STII0EHT COCTaBa TO-
JTyos/aneToH = 8 My1/5 MJI, @ IPOsIB/IeH) € XPOMAaTOIPaMM OCYILeCTBII/IN HOJ, yabTpaduonero-
BBIM M3JTy4eHMEeM VIV B ITapax itofa.

O6mas metopuka cuHTe3a N-(mpem-6yTokcukapO6oHm)-(S)-aMMHOKMCIOTHBIX ITPOU3-
BOJJHBIX M-aMUHOOEH30IHOI KUCTOTHI (2.1-7), N-MeTU/IbHOTO aHajlora IpoKauHa 1 6eH30Ka-
uHa (ycnoBus a). K pactBopy 1 mMmonb N-(mpem-6yToxcukapOoHmn)-(S)-aMMHOKAUCTIOT B
10 M TT® gobasmsmm 1.15 Mmmonb N,N-kapOoHMWIMMIAa30/1a. PeakIoHHy0 Maccy nepeme-
MBIV Y HATPeBa/IM O KUIIeHNsI pacTBOpuTens B TedeHue 1 4. [lanee gobasmsmm 1.20 MMosb
aMMHa (n-aMUMHOOEH30JHOI KICIOTHI, OeH30KauHa Wiy N-MeTUIbHOTO aHa/ora IpOoKayHa)
mwm 1.40 mmonp N,N-muMeTnnaMuHosTaHona. [Ipomgo/mkany nmepememnBanyue Ipy Harpesa-
HIM ellle B TedeHMe 3 4. PeakI[MOHHYI0 cMeCh OCTAaB/Ls/IM Ha HOYDb PV KOMHATHOJ TeMIlepa-
Type, KOHIIEHTPMPOBAJIM O IIOJIOBUHBI OT IIEPBOHAYATIBHOTO 00BEMA, a 3aTeM pa3baBIIAIN BO-
0¥t B iBa pasa 1o o6veMy. [Toce 3TOro K peakoHHON cMecy fobasmsm 15-20 Myt xnopu-
CTOTO MEeTVJIEHA JIO TI0JTHOTO PacTBOPEHNA BbIJE/MMBIIETOCSA IPOAYKTa, 00pa3oBaBIINIICA Opra-
HIYECKMII CTI0M OT/e/IsUIN, OCYIIa/IN, YIIAPUBAIN O BS3KOI MacChl, KOTOPYIO Jlajiee KPUCTal-
JIM30BBIBA/IN B CMECH H-TeKCaH/AMITUIOBBI 3dup B cooTHommeHun 1:1 o o6bemy. Boigenns-
IIvecs TBepAble IIPOAYKTHI OTGV/IbTPOBBIBAIN ¥ CYLIVIN Ha BO3TYXe.

Obmass MeTofMKa CHUHTe3a TUAPOXTOPUAOB (S)-aMUMHOKVCIOTHBIX IIPOM3BOJHBIX
N-MertunpHOTO aHajora npokanta (3.1-5) u 6ensoxansa (4.1-5) (ycnosus 6). K 2.5 v 2M pac-
tBopa HCI B TeTparuppodypaHe npu MHTEHCMBHOM IlepeMernyBanyy fo6asysmm 0.50 MMOIb
N-(mpem-6yTOKCUKapOOHWI)-S-aMUHOKMC/IOTHBIX AMMHOKJCJTOTHBIX IIPOM3BOJIHBIX
N-MeTM/IbHOTO aHa/Iora IMpoKauHa 1 6eH3oKauHa. PeakI[MOHHYI0 cMech IepeMemmBany 7 4
IpY KOMHATHOJ TeMIlepaType, fiajiee PacTBOPUTENb YRALAIN NPV ITOHVKEHHOM IaBJIeHUM.
OcTaTok IpOMBIB/IN aLleTOHOM, CYIIVIN B BAaKyyMe U IIePeOCaXK/ia/li U3 BOMbI alleTOHOM, T10-
CJIe 4ero oT(hMIbTPOBBIBAMIN U CYLIVIIV Ha BO3JYXe.

4-(2-(mpem-6ymoxcukapboHunamuno)-3-auemamudo)bensotinas kucnoma (2.1)

Tonyueno 0.24 T (78%). T.mwr. 178-180 °C. R0.25. VK, v, cm: 3379 (N-H), 1712 (C=0),
1670 (C=0), 1617 (CsH.),1547 (C=0). 'H AMP, &, m.zi.: 12.60 (c, 1H), 10.20 (c, 1H), 7.86 (m,
J =10.0 T, 2H), 7.72 (1, ] = 10.0 T, 2H), 7.0 (c. 1H), 3.85 (1, ] = 6.5 [, 2H), 1.20 (m. 9H).

4-(2-(mpem-6ymokcukapboHunamuno)-3-memunbymanamuoo)bexsoinas kucnoma (2.3)

Tonyaeno 0.25 r (76%). T.mwr. 195-197 °C. R0.20. VIK, v, cm™: 3390 (N-H), 2876 (CHs),
1710 (C=0), 1676 (C=0), 1614 (CsHy),1544 (C=0). 'H AMP, &, m.i.: 12.60 (c, 1H), 10.30
(c, IH), 7.84 (1, J = 10.0 T, 2H), 7.78 (1, ] = 10.0 T, 2H), 6.80 (c, 1H), 3.9 (1., J = 8.0 T,
J=9.0 T, 1H), 1.8 (m. 1H), 1.2 (M. 9H), 0.8 (m. 6H).

4-(2-(mpem-6ymokcukapboHunamuno)-3-memunauemamuoo)oex3otinas kucnoma (2.6)
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Tonyaeno 0.27 r (78%). T.mn. 145-148 °C. R0.28. UK, v, em’: 3390 (N-H), 1710 (C=0),
1670 (C=0), 1619 (C¢Ha),1547 (C=0). 'H AMP, 8, m.1.: 12.50 (c, 1H), 10.40 (c, 1H), 7.68 (m,
J = 10.0 Tu, 2H), 7.74 (1, ] = 10.0 Ty, 2H), 3.85 (1, J = 6.5 T, 2H), 3.10 (¢, 3H), 1.20 (m. 9H).

4-(amun-(2-amuno-N-ayemamuoo))benzoam eudpoxnopuo (4.1)

[Momyueno 0.21 r (68%). T.rm. 111-113 °C. R0.11. UK, v, cm™': 3365 (N-H), 1742 (C=0),
1680 (C=0), 1620 (CsH4),1560 (C=0). 'H AMP, §, m.z.: 10.40 (c, 1H), 7.80 (1, J = 9.0 'y, 2H),
7.60 (m, ] =9.0 ', 2H), 4.5 (c.1H), 4.2 (M, 2H), 3.78 (m, ] = 6.5 'y, 2H), 1.28 (c, 3H).

4-(amun-(2-amuno-N-memunbymaramudo))bex3oam eudpoxnopuo (4.3)

Tonyueno 0.21  (66%). T.iwt. 123-125 °C. R0.13. UK, v, cm'': 3390 (N-H), 2876 (CHs),
1745 (C=0), 1678 (C=0), 1620 (CsHy),1540 (C=0). 'H IMP, 8, m.n.: 10.35 (c, 1H), 7.94 (m,
J=10.0 T, 2H), 7.65 (1, J = 10.0 T, 2H), 4.4 (¢, 1H), 3.8 (w1, J = 7.0 T, J=8.0 Tm, 1H),
1.8 (M. 1H), 0.8 (M. 6H).

4-(amun-(2-amuno-N-memunavyemamudo))6enzoam eudpoxnopuo (4.6)

Tomyueno 0.23 r (59 %). T.w1. 90-92 °C. R0.18. VIK, v, cm™: 3390 (N-H), 1748 (C=0),
1660 (C=0), 1612 (CsH.,),1549 (C=0). 'H IMP, 8, m.1.: 10.60 (c, 1H), 7.87 (1, J=9.0 T, 2H),
7.78 (1, J=9.0 T, 2H), 4.2 (¢, 1H), 3.85 (1, J=6.5 [', 2H), 3.15 (¢, 3H).

4-(2-amunoauemamud)-N-[2-(Oumemunamuno)smusn]bendamuo oueuopoxnopuo (3.1)

[MTomyueno 0.19 r (56%). T.wn. 88-90 °C. R0.32. VK, v, cm™: 3390 (N-H), 1745 (C=0),
1680 (C=0), 1621 (CsH.),1555 (C=0). 'H SIMP, 8, m.1.: 10.8 (c, 1H), 8.05 (1, J=8.5 T, 2H),
7.35 (1, ] = 8.5 Ty, 2H), 4.6 (ym. ¢, 1H), 4,4 (yur ¢, 1H), 4.30 (tp, J = 6.9 T', 2H), 3.80 (c, 2H),
2.82 (tp, J = 6.9 T'y, 2H), 2.29 (c. 6H).

4-(2-amunomemunoymanamuo)-N-[2-(Oumemunamuro)smusn]6ensamud oueudpoxnopuo (3.3)

[MTomyueno 0.16 t (53%). T.wn. 80-83 °C. R0.35. VK, v, cm™: 3375 (N-H), 1746 (C=0),
1679 (C=0), 1619 (CsH.),1556 (C=0). 'H SIMP, 8, m.z.: 10.2 (c, 1H), 8.05 (1, ] = 8.5 ', 2H),
7.35 (5, J = 8.5 Ty, 2H), 4.5 (yur. ¢, 1H), 4,3 (yu ¢, 1H), 4.30 (tp, J = 6.9 T, 2H), 3.52 (n,
J=5.1Tu, 1H), 2.82 (tp, J = 6.9 Ty, 2H), 2.29 (c. 6H), 1.95 (m,1H), 0.78-0.89 (m, 6H).

4-(2-amuno-N-memunavemamuo)-N'-[2-(Oumemunamuro)smusn]6eHsamuod oueudpoxnopuo (3.6)

[MTomyueno 0.15 r (51%). T.wr. 94-96 °C. R0.29. VK, v, cm™: 3379 (N-H), 1738 (C=0),
1685 (C=0), 1617 (CsH.),1551 (C=0). 'H IMP, 8, m.1.: 10.1 (¢, 1H), 7.85 (1, J=8.5 T, 2H),
7.34 (1, ] = 8.5 Ty, 2H), 4.8 (ymL. ¢, 1H), 4,6 (yw. ¢, 1H), 4.28 (tp, J = 7.0 T, 2H), 3.78 (¢, 2H),
2.81 (tp, J = 6.9 T'y, 2H), 2.34 (¢, 3H), 2.28 (c. 6H).
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CHMHTE3 3AMEIIEHHBIX APMTIOKCU®TAIOHUTPUIIOB HA OCHOBE
4-XJIOPO®TAJIOHUTPUWIA U 4,5-ANXTIOPOTATOHUTPUIIA
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Kntouesvie cnosa: Anunomauus: Ha ocHose pedkyuu akmusuposaHHozo apoma-
4-xnopdpmanonumpun, 4,5-0uxnopPmano-  Mmuueckoz0 HyKneOPUALHOLO 3aMEUEH U, NPOmeKasuieii Mexcoy
HUMPUT, AKMUBUPOBAHHOE apomarmudeckoe 4-xnopdmanonumpunom,  4,5-0uxnopdmanonumpunom  u
HYKTIeOUNbHOE 3amelerue, 3ameuéHHble MOHO- U OUChHeHOnamu, cOOePHAUUMU PA3TUMHbIE 3aMeCU-
APUNOKCUPMATIOHUMPUTILL, APUTEHOUOKCU-  MeU, NOTy4eHbl U3BeCHble U He ONUCAHHblE 8 Tumepamype
oupmanonumpunvt, oubenso[1,4]ouoxcun MOHO- U 6uc(apunoxcu)pmanoHumpunst, a Mmaxice 6-uneHHole

eemepoyuKnuueckue cucmemot oubenso[1,4]ouoxcuna

s quTpoBaHuA:

A6pamos VT, baxnarun BJIL., Byxanuu B.B., Maitanuiu B.E., PacconoBa A.E. Cunres 3aMeIéHHbIX apunokcudTa-
JIOHUTPWIOB Ha OCHOBE 4-x10pdTamoHnTpuia u 4,5-guxnopdranonnrpuna // Om xumuu K mexHono2uu waz 3a
waeom. 2022. T. 3, BbmL. 4. C. 53-60. URL: http://chemintech.ru/index.php/tor/2022-3-4

3aMellleHye aTOMa TaJIOTeHA VI HUTPOTPYIIIBI B aKTUBYPOBAaHHBIX apOMAaTIYECKIX CH-
CTeMax JI0 CMX IIOp SIB/IAETCA YHOOHBIM CIIOCOOOM ITOTy4eHNsI INVPOKOIL TaMMBI IO/ YHKLIN-
OHA/IbHBIX COeVHEHNII, TIePCIIeKTYBHBIX /I MICIIOIb30BAHNIS B Pa3/INYHBIX 00/1aCTAX HAYKN U
TeXHUKM [1-6]. AJIKWII-, apuii-, apaoKCc-, TeTepUI- ¥ APYTHe 3aMell€HHbIe MOHO- U i Tano-
HUTPWIbI, CHHTE3POBAaHHbIE C IIOMOIIBI0 YKAa3aHHBIX SyAr-peakiuil, 3aHMMAOT JOCTOIHOe
MeCTO B 3TOM pAAy. B mpoduibHOI Hay4HOII TUTepaType MpeficTaBlIeHO MHOTO CIIOCOOOB IO-
JIy9eHVA Pas3/MYHbIX 110 CBOEN IIPUPOJie 0pmo-TUKapOOHUTPIIOB HAa OCHOBe 4-HUTpOo@dTano-
Hutpuna [3, 7-9], 4-6pom-5-uutpodranonutpuna [9-13], terpa- u puxnopdranroHuTpuna
[14, 15], a Tak)Xe BapMaHTOB UX MPAKTMYECKOTO IPMMEHEHNA U Pas/IMYHbIX OTPACIAX. ITO 1
paspaboTka HOBBIX OMoOIOrMYecky ¥ (papMaKoJOrM4ecKy aKTMBHBIX IIpernapaTtoB [16-19],
3¢ deKTUBHBIX KpacuTeneil GTaToMaHNHOBOTO pAfa [20-22], mommadupummpos [3, 23-25].
[ToTeHIMan 3TOM peaKuy, ICIIOTb30BAHHbI /IS IIOJTyYeHMA HOBBIX U HEKOTOPBIX Y>Ke

M3BECTHBIX COeIVTHEHMI, 00CY)K/IaeTCs B JaHHOI cTaTbe (puc. 1).

© . T. A6pamos, B. JI. baxnarus, B. B. Byxanus, B. E. Maitsauu, A. E. Pacconosa, 2022
53


mailto:abramovig@ystu.ru
mailto:baklaginvl@ystu.ru
mailto:maizlish@isuct.ru
mailto:nastyna_25.05@mail.ru
http://chemintech.ru/index.php/tor/2022-3-4

OT XHMHUHU K TEXHOJIOTHH [RITEARELNITIANUY TOM 3, BbINYCK 4, 2022

NC o.

o L @
Arll

NC NC o~ "o CN

9 (f-h)

7
:©:C| Cl CN
Ar"
oo CN
10(f - h)
N_ _CH
Oy L
° H CH
d e

cl
f 9 CH, h

B kadecTBe MICXOIHBIX KITIOYEBBIX CyOCTPATOB ObIIN MCII0/Ib30BaHbI 4-X10p(TaTOHNTPIIT

Puc. 1.

(4-XOH) 1 u 4,5-guxnopdranonntpun (4,5-IXPH) 2 - apomaTnyeckne crCTeMBI, cofiepKa-
1yie B 6€H30/IbHOM KOJIbIIe IBe 97IeKTPOHOAKIIeITOPHbIE [IVIaHOTPYIIIBI, AKTUBUPYIOLINX OANH
VIV [IBa aTOMa XJI0pa K IIPOTEeKaHMIO SyAT-peaKInii IOf 1eiiCTBIEeM MOHO- U OMYHKI[MOHAIb-
HbIX O-HYKI1e0pUIOB.

B 10/THOM COOTBETCTBMM C M3BECTHBIM MeXaHM3MOM [1] Hamu4ume 3/1eKTPOHOAKIIENITOP-
HBIX 3aMeCTuUTesNell (B 0COOCHHOCTY LIMaHOTPYII) B YKa3aHHBIX cyOcTpaTax 1, 2 3HAYMTE/IbHO
CHIDKAeT 3JIEKTPOHHYIO IVIOTHOCTD B 6€H30/IbHOM KOJIbIIE, YTO II03BOJII€T IIPOTOHOJOHOPHBIM
Hyk/1eodunaM, 06pa3oBaBIINMCS B peaKI[IOHHOI Macce, YCIeIIHO ATaKOBATh AaTOMBI YI/IepOJia,
CBsI3aHHBIE C aTOMaMy xyopa (Hykneodyramu), 4To, B CBOIO O4epeib, IPUBOAUT K 0oOpa3oBa-
HJIO0 OTHOCHTE/IbHO YCTOVYMBBIX MHTEPMEANATOB. JIOrMyecKuM 3aBeplIeHeM 3TOTO IIpoliecca
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ABnAeTcsa popMMUpOBaHMe HOBOI U TEPMOAVHAMIYECKN BBITOJHON CTPYKTYPBI apUIOKCU(Ta-
nonutpuna (4, 5), 4,5-6uc(apmwiokcn)branonurpuia (6, 7), apuieHAUOKCUANPTATOHNUT-
puna (9, 10).

ITpu pabore c xnopdranonutpmiamu 1, 2 Hamu 6bUIM pea30BaHbI IBa MOAXO/A K IIPO-
BeJIeHMI0 YKa3aHHBIX SyAr-peakiuii — rerepodasHblil u romodasHblil. Kimaccnyecknit rerepo-
¢dasHbI cIOCOO XOPOIII IPY VICIIONIb30BAHNM C/IaO0aKTVBYPOBAHHBIX CYOCTPATOB, YTO U HOJ-
TBepAWIOCh Ha mpakTuke. [Ipu B3aumopeiicteyum 4-XDPH 1 ¢ penonamu 3 (a-e) n 6uchenonamu
8 (f-h) ny4ume pesynbraThl ObIIM SOCTUTHYTBI TPV MHTEHCUBHOM IlepeMelIBAHUY Y Harpe-
BaHNV PeaKIVIOHHOM cMect B 6e3BogHOM IM®A B puCyTCTBUM MEIKOAUCIIEPCHOTO IIPOKa-
JIeHHOTO KapOoHaTa kaims. ['eTepodasHblil MeTO HEOOXOVIMO VICIIONIb30BATh U /IS IOJTy4e-
HYISI CUMMETPUYHBIX Y HeCUMMETPUYHBIX IPOYKTOB Ay3aMeleHHNs 6 (a-e) n 7 B 4,5-[IXDOH.
ITO 00BACHAETCS TEM, YTO CMHTE3MPOBAHHbIE 4-apUIOKCH-5-X10pdTaTOHUTPUIBL 5 (a-e) co-
Jiep>KaT aTOM X/I0pa, KOTOPBII elllé CIOCOOeH y4acTBOBATh B SyAT-peakiny, XoTs 1 Ipu 6oree
BBICOKOJI Temmeparype. Vicronb3oBaHue ¢eHOMOB ¢ OONMBIINM KOMMYECTBOM 3/T€KTPOHOJO-
HOPHBIX 3aMeCTUTeel B 0eH30/IbHOM KOJIblie VI THO(hEHO/IOB OyeT TakKe 0/1aronpusTCTBO-
BaTb MIPOTEKAHMIO JAHHBIX PeaKIuii.

[l monmydeHns MpoOfyKTOB MOHO3aMelleHus 5 (a-e) Ha ocHoBe 4,5-[IXPH 2 nenecoo6-
Pa3HO MCHOIb30BaTh rOMOQA3HbII METOJ, ¥ IIPOBOJYUTD PEaKIMI0 B OVHAPHOM pacTBOpUTENE
IM®DA-H,O. B saTom ciry4yae B KauecTBe IENPOTOHMPYIOLIETO ar€HTa, B IPUCYTCTBUN KOTOPOTO
in sity TeHePUPOBAJICA PEAKI[MOHHOCIIOCOOHBIN O-HyK/Ieo(DVIbHBIN KOMIIIEKC, TAK)Ke VICTIO/Ib-
soBajicsa K,COs kak Hambosee JOCTYIHBIN U 06eCIIeYMBaOIMII CPAaBHUTENBHO BBICOKYIO CKO-
pocTb mpotuecca. Vcnonbp3oBaHne roMo¢pasHOTO METO/a TT03BOJIAET MOTYIUTD 4-apUIOKCH-5-
XTTOpPTATOHUTPUIBL 5 (a-€) ¢ XOpOoIIMM BBIXOAOM 0e3 IpuMeceil IPOAYKTOB [U3aMeleHN .
9TO NPOUCXOAUT IIOTOMY, YTO OOPa30BABIINECS B XOJje PeaKIUy LieJieBble IPOAYKTHI ObUIN
Majio pacTBOpUMBI B BogHOM [JM®A u BbImafanyu u3 peakl'OHHON CMecH, 9YTO He TPebOBaIo
IPOBEEHN €0 NOIOTHUTEIbHON OYMCTKHA.

Ecmu B KadecTBe MCXOAHBIX 0MC(EHONTOB B paccCMaTpUBAEMOM B3aMMOJEVICTBUM C
4,5-IXOH 2 ucnonb3oBamuch nupokarexuusl 11 (i, j), comepxaBiune aBe TMAPOKCUIbHbIE
TPYIIIbI B 0p110-TI0JI0KEHNM, TO B pe3y/IbTaTe MOC/Ie[0OBaTe/IbHO IMPOTEeKABUINX PeaKIMil MeX-
MOJIEKY/IAPHOTO ¥ 3aTeM BHYTPUMOJIEKY/IPHOTO 3aMelleHNsI aTOMOB rajioreHa 6udyHKIyo-
Ha/IbHBIM O-HYK/Ie0(p1IOM IIPONCXOAVIO 00pa3oBaHye TeTepOLVIKIIYEeCKON CUCTeMbI IVOeH-
30[IMOKCIHA, COfieprKalleli iBe uyaHorpymnmnsl 12 (i, j).

Taxum obpasom, ucnonssys 4-X®H, 4,5-IXOH u pasnuunbie MOHO- U 6MYHKINO-
HaibHbIe O-HyK/IeOpWIbl CTAHOBUTCS BO3MOXKHBIM OCYIIECTBUTD a/lbTEPHATVBHBIN 4-HNUT-
podranmonnTpuny u 4-6poM-5-HUTPODTATOPHUTUPIITY CUHTE3 LIMPOKOTO KPyTa y>Ke M3BeCT-
HBIX 0p10-JUKapOOHUTPUIIOB, COAEP KX Pa3HOOOpa3HbIe IO CBOET IIPUPOJE 3aMeCTIUTEIN,
a TaKKe CUHTE3MPOBATh 4-apUIOKCH-5-X10pPTaIOHNTPUIIBI, He ONMICAHHBIE B INTEpaType.

IKCcIepUMeHTAaTbHAs 9aCTh

VK-cnexrpsr 3anmuceiBamu Ha VIK-®ypbe ciekrpomerpe «Perkin Elmer RX-1» ¢ pymHO
BoHbI 700-4000 cM™' (cycrieH3us B Ba3eIMHOBOM Macrie).
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Cnextper '"H NMR perncrpuposamn na npubope «Bruker DRX-500» msa 5%-HbIX pac-
TBOpOB 00pasuoB B [JMCO-d® npu 30 °C. B kadecTBe aTanoHa I OTCYETa XMMUIECKUX C/IBU-
TOB JCIIO/Ib30BA/I CUTHAJIbl OCTAaTOYHBIX IIPOTOHOB PacTBOPUTENA B IPOTOHHBIX CIEKTpax
(00w 2.50 m.1i.) wim curnan [IMCO-d° B yrinepopHbix ciektpax (86¢ 39.5 M.1L.).

OnemenTHble aHamusbl BbimonHeHbl Ha C, H, N-anammsatope «Hewlett-Packard
HP-85B».

4-X®H 1 4,5-AXPH 2 momyyamu 13 KOMMEPUYECKM HOCTYIHBIX 4-X710pdTaneBoil u
4,5-muxnopdTaneBoil KUCIOT 110 METOIMKE aHATIOTMYHOA, IIpeiCTaBlIeHHO B pabore [13].

DeHoJbI, 611CEHOIBI, @ TAK)KE APYTIE PeareHThl Y PACTBOPUTENN KOMMEPYeCK) JOCTYII-
HbIE.

4-(Apunokcu)pranonnrpunsl 4 (a-e) (obmas meropuka). B konby, cHabxEéHHYIO Me-
IIAJIKOVI, 0OpaTHBIM XOJIOAMIBHUKOM ¥ TepMoMeTpoM 3arpyxamu 1.73 r (0.01 monb) 4-XPH 1,
(0.01 denona 3 (a-e), 1.56 r (0.01 momnp) K2CO; n 30 cm® [IMDA. Xop peakijum KOHTPOIMPO-
Bam MeTogoM TCX. PeakiMoHHYI0 Maccy MHTeHCUBHO NepeMemyBany npu 90-95 °C B Tede-
Hue 2,5-3,0 4. Xop peakiun KkoHTpomposanu MerogoM TCX. ITo okoOHUYaHNM peakIuu peak-
IIMOHHYI0 Maccy oxnaxgam o 5-10 °C u BpumBamu B 100 cm® xonmognoit Bogsl. O6pa3oBas-
IINIICS 0CaOK OTGIIBTPOBBIBAIN, IIPOMBIBaIY Bofoit (3x50 cm?) m cyrmm npu 70 °C. Lerne-
BbIe ITPOAYKTHI 4 (a-€) mosrydany ¢ BEIXogoM 74-93 % ot Teopun.

4-Apunoxcu-5-xmopdranoHnTpuisl 5 (a-e) (obmas metoayka). B xonby, cHabxEéHHYIO
MEIIIaIKOM, 0OPaTHBIM XOIOAV/IBHUKOM U TepMOMeTpoM, 3arpyxam 0.01 monb 4,5-[IXDH 2,
0.01 morb denona 3 (a-e) u 30 cm® IM®PA. ITocie pacTBOpeHNs peareHTOB PV MHTEHCHBHOM
HepeMelBaHNY K PeaKLMOHHOM cMecu npubass pactsop 1.56 r (0.01 monp) K,COs B 10
cM’ BOJIbl. PeakliMOHHYI0 Maccy MHTeHCUBHO NepeMentnBamu npu 90-95 °C B teueHme 1-2 4.
Xop peakuny koHTponupoBanu MerofioM TCX. ITo okoHYaHMM peaKLUM peaKLVIOHHYI0 MacCy
oxnaxxgamu o 5-10 °C u BeummBamu B 100 cM® X0710HOT BObl. BhimaBumit ocagok oTuib-
TPOBBIBA/IN, IPOMBIBAIN 2-IIpomaHonoM (50 cm?), Bogoit (3x50 cm?®) m cymmm ipu 70 °C. Le-
JIeBble IPOAYKTH MOHO3aMellleHN: 5 (a-e) IOoIyJany ¢ BBIXOOM 53-62 % OT Teopuu.

4,5-6uc(apunoxcn)pranonntpuisl 6 (a-e), 7. (obmias Meropuka). B xonby, cHabxEH-
HYIO MEIIJIKOJ, OOpaTHBIM XOJIOAVIPHMKOM U TepMOMeTpoM, 3arpyxam 0.01 monb 4-apu-
nokcu-5-xnoperanonnrpuia 5 (a-e), 0.01 monb penona 3 (a-e), 1.56 v (0.01 mosnp) K,COs n 30
cm’ IM®PA. PeaklIMOHHYIO MacCy MHTEHCUBHO IepeMemnnBany mpu 90-95 °C B TeyeHne 3-5 4.
Xop peakuny koHTponupoBamyu MerofioM TCX. ITo okOHUaHUM peaK UM PeaKIMOHHYI0 MacCy
oxnaxkgam o 5-10 °C u BeutnBanu B 100 cm? xomogHOoI Bozibl. O6pa3oBaBIINIICS OCA/IOK MTPO-
IyKTa Ay3aMelleHnsa oT(uIbTPOBBIBAIN, IPOMBIBAIN Bogoit (3x50 cm?) u cymmmm npu 70 °C.
Llenessle coepuHennA 6(a-e), 7 momydamu ¢ BoIxooM (43-78) % ot Teopum.

4,4’-(m-Apunenpnoxcn)gudraronutpuist 9 (f-h), 10 (f-h), nn6enso[1,4] pnoxcun-2,3-
nukap6onuTpusl 12 (i, j) (obmjas meropuka). B kondy, cHab>XEHHYIO MeIIaIKoii, 0OpaTHBIM
XOJIOAVIBHUKOM U TepMoMeTpoM, 3arpykamn 0.02 monb 4-XOH 1 (4,5-IXOH 2), 0.01 monb
6ucdenona 8 (f-h) wm 11 (i, j), 3.12 r (0.02 monb) K,COs3 1 30 cm® IMDA. PeakiyoHHyI0 Maccy
MHTeHCUBHO nepeMemnBany npu 90-98 °C B teyenne 3-5 4. Xoj peakuuy KOHTPOIUPOBAIN
MetogoM TCX. ITo okoHYaHNM peaKLVM peaKIMOHHYI0 Maccy oxnaxpaany go 5-10 °C u Bbuin-
Bam B 100 cM’ XomopgHOI BOAbL. BhimaBmmil ocafok OTPUJIBTPOBBIBANN, IIPOMBIBAIN
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2-nponanonoM (50 cm?), Bogoit (3x50 cm?®) u cymmmm ipu 70 °C. Llenessie npopykrst 9 (f-h),
10 (f-h) n 12 (i, j) nonyyanu ¢ Berxogom 46-74 % oT TeOpUN.

4a: Breixom 76%, Tu: = 128-130 °C. MIK (Vma): 2230 (CN), 1270 (C-O-C). Haipeno, %:
C,70.52; H, 2.92; N, 11.93. C,4;H,FN,O. Paccunrano, %: C, 70.59; H, 2.96; N, 11.76. AMP 'H
(400 MT', IMCO-ds, §, m.11.): 7,43-7,61 (M, 5H, J=14.13 I'ny), 7,7 (¢, 1H), 8,14 (m, 1H, J=2.13 T'y).

4b: Brixog 89%, Tux = 156157 °C. VIK (vmax): 2237 (CN), 1273 (C-O-C). Haigeno, %:
C, 77.80; H, 5.32; N, 10.70. C;;H14uN,O. Paccunrano, %: C, 77,84; H, 5.38; N, 10.68. AMP 'H
(400 MT', IMCO-d6, §, m.zn.): 1,24 (m, 3H, J=6.84 I'y), 2,91 (x8, 1H, J=6.72 I'ny), 7,20-7,36
(M, 4H, J=13.01 T'), 7,36 (1, 1H, J=8.30 T'x), 7,89 (c, 1H), 8,1 (1, 1H, J=2.10 T'm).

4c: Borxon 93%, Tan = 162-165 °C. UK (Umay): 2230 (CN), 1259 (C-O-C). Haitneno, %:
C, 78.20; H, 5.81; N, 10,17. C;sHi6N,O. Paccunrano, %: C 78.24; H 5.84; N 10.14. IMP 'H
(400 MT'1, IMCO-d6, 8, m.1.): 1,13 (1, 6H, J=7.04 Tr), 2,23 (c, 3H), 2,91 (x8, 1H), 6,99 (c, 1H)
7,12 (g, 1H, J=8.06 I'm), 7,34 (m, 1H, J=8.06 I'r), 7,49 (m, 1H, J=6.13 I'ry), 7,89 (¢, 1H), 8,1 (m, 1H).

4d: Boixonm 74%, Tux = 85-87 °C. VIK (Vmay): 3262 (NH), 2237 (CN), 1668 (C=0), 1256
(C-O-QC). Haitgeno, %: C, 69.22; H, 3.98; N, 15,23. C;sH11N;0,. Paccunrano, %: C, 69.31; H,
4.00; N, 15.15. AMP 'H (400 MT'u, IMCO-d6, , m.11.): 2,04 (¢, 3H), 6,84 (1, 2H, J=9.01 T'r), 7,34
(r, 1H), 7,44 (m, 1H, J=9.12 Tu1), 7,76 (c, 1H), 7,88 (c, 1H), 7,99 (1, 1H, J=7.02 T'r), 10.12 (¢, 1H).

de: Borxon 88%, Tur = 230-232 °C. VIK (Umw): 3264 (NH), 2234 (CN), 1664 (C=0),
1240 (C-O-C) Haitgeno, %: C, 68.76; H, 3.20; N, 17.77. Ci;sH0N,O,. Paccunrano, %: C, 68.79;
H, 3.21; N, 17.83. IMP 'H (400 MT, IMCO-d6, §, m.z1.): 2,07 (c, 3H), 7,11 (m, 2H, J=9.04 T'r),
7,57 (¢, 1H), 7,72 (m, 2H, J=9.14 I'r), 7,9 (¢, 1H), 8,3 (1, 1H), 10,09 (¢, 1H).

5a: Boixopm 59%, Tu, = 141-144 °C. UK (vmx): 2232 (CN), 1276 (C-O-C), 1179 (C-F),
1010 (C-Cl). Haitpeno, %: C, 61.49; H, 2.25; N, 10.25. C,sHsCIFN,O. Paccunrano, % C, 61.67;
H, 2.22; N, 10.27. AMP 'H (400 MT'u, IMCO-d6, 6, m.n.): 7,27 (mm, 2H, J=9.28, 4.64 TI'n),
7,34 (mm, 2H, 9.04, 8.55 I'y), 7,67 (c, 1H), 8,55 (c. 1H).

5b: Boixox 58%, Tar = 160-161 °C. K (Umw): 2235 (CN), 1273 (C-O-C), 1014 (C-Cl).
Haiigeno, %: C, 68.77; H, 4.40; N, 9,53. C;;H,5CIN,O. Paccunrano, % C, 68.81; H, 4.42; N, 9.44.
AMP 'H (400 MT'1, IMCO-d6, 8, m.ii.): 1,22 (1, 6H, J=6.84 T'1), 2,94 (xB, 1H, J=6.78 T11), 7,10
(m, 2H, J=8.06 I'y), 7,36 (m, 2H, J=8.30 I'ry), 7,06 (¢, 1H), 8,56 (¢, 1H).

5¢: Boixop 53%, Tu: = 124-125 °C. VIK (vma): 2235 (CN), 1276 (C-O-C), 1017 (C-CI).
Haiipeno, %: C, 69.53; H, 4.82; N, 9.09. C,3H;sCIN,O. Paccunrano, %: C, 69.57; H, 4.86; N, 9.01.
AMP 'H (400 MT, IMCO-d6, 8, m.1.): 1,14 (1, 6H, J=7.08 T'y), 2,27 (c, 3H), 2,93 (xB, 1H), 7,12
(1, 1H, J=8.06 T1), 7,34 (1, 1H, J=8.06 1), 7,45 (c, 1H), 8,55 (c, 1H).

5d: Borxon 57%, Tar = 191-193 °C. VK (0me): 3260 (NH), 2237 (CN), 1243 (C-O-C),
1020 (C-Cl). Haitmeno, %: C, 61.64; H, 3.22; N, 13,49. C;H;0CIN;O,. Paccunrano, C, 61.65; H,
3.23; N, 13.48. AMP 'H (400 MT'u, IMCO-d6, §, m.11.): 2,02 (¢, 3H), 6,89 (1, 2H, J=9.01 T'ny),
7,37 (1, 1H), 7,44 (1, 1H, J=9.12 T11), 7,66 (c, 1H), 7,88 (c, 1H), 10.12 (c, 1H).

Se: Boixon 62%, Tux = 223-225 °C. UK (vmw): 3267 (NH), 2236 (CN), 1667 (C=0),
1240 (C-O-C), 1019 (C-Cl). Haipeno, %: C, 61.59; H, 3.18; N, 13,49. C;cH,0CIN;O,. Paccun-
Tano, %: C, 61.65; H, 3.23; N, 13.48. IMP 'H (400 MT'i, IMCO-d6, 8, m.1.): 2,05 (c, 3H), 7,14
(M, 2H, J=9.04 T'), 7,57 (¢, 1H), 7,69 (M, 2H, J=9.04 I'ny), 8,55 (¢, 1H), 10,09 (¢, 1H).
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6a: Boixon 49%, Tu: = 184-187 °C. YUK (Umax): 2232 (CN), 1220 (C-O-C), 1179 (C-F).
Haiineno, %: C, 68.99; H, 2.85; N 8.05. CyH10F.N,O,. Paccunrano, % C, 68.97; H, 2.89; N, 8.04.
AMP 'H (400 MI', IMCO-d6, 6, m.11.): 7,27-7,43 (M, 8H, J=16.28 I'ry), 7,47 (c, 2H).

6b: Boixon 48%, Tux = 218-220 °C. VIK (Umay): 2234 (CN), 1243 (C-O-C). Haitgeno, %:
C, 78.72; H, 6.06; N, 7,03. C;sH24N,0,. Paccunrano, % C, 78.76; H, 6.10; N, 7.07. AMP 'H
(400 MT'u, IMCO-d6, 6, m.m.): 1,22 (m, 12H, J=6.82 T'ny), 2,9 (x8, 2H, J=6.71 I'y), 7,14-7,31
(M, 4H, J=8.06 I'n1), 7,36 (1, 4H, ]=8.30 I'r), 7,44 (c, 2H).

6c: Boixon 43%, Tun = 232-235 °C. VIK (VUmax): 2235 (CN), 1239 (C-O-C). Haitgeno, %:
C,79.13; H, 6.62; N, 6,64. C;sH2N>O,. Paccunrano, %: C, 79.22; H, 6.65; N, 6.60. IMP 'H
(400 MT', IMCO-d6, §, m.11.): 1,14 (g, 12H, J=7.01 '), 2,23 (¢, 6H), 2,97 (B, 2H), 7,12-7,34
(m, 4H, J=13.1 I'n, 7,44 (m, 2H, J=3.4 I'ny), 7,55 (¢, 2H).

6d: Beixopm 67 %, 224-227 °C. VIK (Vmax): 3260 (NH), 2237 (CN), 1664 (C=0), 1246 (C-O-
C). Haitpeno, %: C, 67.54; H, 4.22; N, 13,19. C,sHsN4O,. Paccunrano, %: C, 67.60; H, 4.25; N,
13.14. AMP 'H (400 MTI'u, IMCO-d6, §, m.1.): 2,07 (¢, 6H), 7,12-7,29 (M, 6H, J=10.1 T'r), 7,41
(¢, 2H), 7,68 (¢, 2H), 10,01 (¢, 2H).

6e: Boixon 78%, Ty = 243-245 °C. VIK (Umax): 3265 (NH), 2233 (CN), 1667 (C=0), 1240
(C-0O-C). Haitgeno, %: C, 67.55 9; H, 4.23; N, 13.17. C,sHsN,O,. Paccunrano, %: C, 67.60; H,
4.25; N, 13.14. AMP 'H (400 MTI', IMCO-d6, §, m.z1.): 2,03 (¢, 6H), 7,14-7,19 (m, 4H, J=9.04
I'n), 7,41 (g, 4H, J=3.1 '), 7,71 (¢, 2H), 10,01 (¢, 2H).

9f: Boixop 68%, Tny = 185-187 °C. MK (Umax): 2235 (CN), 1275 (C-O-C). Haitgeno, %:
C, 72.86; H. 2.77; N, 15.47. C;2H(N4O,. Paccunrano, %: C, 72.92; H, 2.78; N, 15.46. IMP 'H
(400 MTI'u, IMCO-d6, 6, m.m.): 6,80 (¢, 1H), 7,15 (m, 2H, J=2,69 T'u), 7,29-7,43 (M, 3H,
J=10.18 I'r), 7,95-8,30 (™, 4H, J=16,3 I'11.).

9g: Boixop 74%, Tun = 191-192 °C. VIK (Uma): 2234 (CN), 1274 (C-O-C). Haitgeno, %:
C 73.35; H, 3.15; N, 14,85. C»;H1,N4O,. Paccunrano, %: C, 73.40; H, 3.21; N, 14.89. IMP 'H
(400 MT'u, IMCO-d6, §, m.11.): 2,3 (¢, 3H), 6,7 (¢, 1H), 7,0 (¢, 2H), 7,31-7,59 (m, 2H, J=10.2 I'ry),
7,95-8,24 (m, 4H, J=14,3 T'1.).

9h: Beixon 67%, T = 208-211 °C. VIK (Umax): 2233 (CN), 1244 (C-O-C), 1060 (C-CI).
Haiigeno, %: C, 66.54; H, 2.28; N, 14,16. C;,HyCIN,O,. Paccunrano, %: C, 66.59; H, 2.29; N,
14.12. AMP 'H (400 MI', IMCO-d6, §, m.z1.): 7,56 (mm, 1H, J=8.67, 2.56 T'u), 7,62 (mm, 1H,
J=8.79, 2.69 I'ny), 7,79 (m, 1H, J=8.79 I'y), 7,95 (mm, 2H, J=5.86, 2.69 I'ry), 8,10-8.16 (M, 2H).

10f: Boixox 58%, Tux = 189-191 °C. VIK (Umax): 2235 (CN), 1275 (C-O-C), 1015 (C-Cl).
Haiipeno, %: C, 61.26; H, 1.86; N, 12,97. C,,HsCLN,O,. Paccunrano, %: C, 61.27; H, 1.87; N,
12.99. AMP 'H (400 MI', IMCO-d6, d, m.1.): 7,10 (¢, 1H), 7,15 (mm, 2H, J=8.30, 2.20 I'm),
7,61 (t, 1H, J=8.18 T'n), 7,95 (c, 2H), 8,55-8.58 (m, 2H).

10g: Beixop 54%, Tux = 194-196 °C. VIK (Vmax, 0il): 2234 (CN), 1274 (C-O-C), 1012 (C-Cl).
Haiigeno, %: C, 61.95; H, 2.25; N 12,63. C»;H;0CLLN,O,. Paccunrano, %: C, 62.04; H, 2.26; N,
12.58. IMP 'H (400 MT'1;, IMCO-d6, §, m.11.): 2,3 (¢, 3H), 7,13 (¢, 1H), 7,2 (¢, 1H), 7,61 (¢, 1H),
7,9 (¢, 1H), 8,4 (c, 1H), 8,59-8,64 (m, 2H).

10h: Boixopn 57%, Tux = 201-204 °C. VIK (Umax): 2235 (CN), 1263 (C-O-C), 1012 (C-Cl).
Haiipeno, %: C, 56.72; H, 1.50; N, 12,06. C,,H,CI:N,O,. Paccunrano, %: C, 56.74; H, 1.52; N,
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12.03. IMP 'H (400 MT'y, IMCO-d6, §, m.1.): 7,29 (mn, 1H, J=8.91, 2.81 Tn), 7,45 (n, 1H,
J=2.69 T'1), 7,84 (n, 1H, J=8.79 T'y), 7,94 (c, 1H), 8,01 (c, 1H), 8,57 (m, 2H, J=8.79 T'wy).

G,

12i: Boixon 54%, Tu: = >300 °C. VIK (Vma): 2230 (CN), 1250 (C-O-C). Haitneno, %:
71.72; H, 2.60; N, 11,98. C1;HsN,O,. Paccunrtauno, %: C 71.79; H, 2.58; N 11.96. AMP 'H

(400 MT, IMCO-d6, §, M.z1.): 6, 85-7.00 (m, 4H, J=25 '), 7.70 (s, 2H).

G,

12j: Boixop 46%, Tux = 237-239 °C. VIK (Vmar): 2238 (CN), 1250 (C-O-C) Haitneno, %:
72.55; H, 3.22; N 11,26. C1sHsN,O,. Paccunrano, %: C, 72.58; H, 3.25; N, 11.28. AMP 'H

(400 MTu, IMCO-d6, §, m.zi.): 2.23 (c, 3H), 6.85 (m, 2H, J=3.02 T), 6.94 (¢, 1 H), 7.8 (c, 2 H).
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Keywords: Abstract. Environmental issues have become a growing concern in the last few
waste oils, toxicity, hazard  years. One of these issues is the production and accumulation of large-tonnage
class, calculation method, waste, which includes waste oils. Scientists conduct intensive research on a way of
experimental method, anti-  their disposal. In order to develop a safe and efficient way of disposing of waste oils,
corrosion coating it is necessary to know their toxicological characteristics, which are the focus of this
paper. We conducted a toxicological assessment beforehand by calculating the haz-
ard level of the waste to the environment and subsequently verified by bio testing.
We used the species Ceriodaphnia affinis, which belong to the lower crustacean sub-
class, as a test subject. Based on the results of the bio testing, we determined the
concentration at which 10% mortality occurs, the dilution rate of the aqueous ex-
tract at which no harmful effects on hydrobionts occur, and, as a result, the class of
waste hazard. With knowledge of the class of hazard, it is possible to establish and
select the safe process and working conditions, develop the necessary technical and
environmental documentation, and ensure that the chosen technology is environ-

mentally friendly.
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Introduction

Nowadays, many different oils are used in industries and by the individuals. Oils are age-
ing and losing their properties as they are used for their intended purpose and, as a result, be-
come waste. The amount of waste oil produced increases every year, and the amount and type
of pollutants can vary widely. As a consequence, used oil poses a serious risk to the environment
and human health.

Special requirements are applied to the deposit and storage of waste oils. They are col-

lected in separate containers that are resistant to oxidation processes, free from damage and
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deformation, and have tightly closing lids. Unauthorized dumping or burning causes contami-
nation of soil and water resources, and causes various degrees of disease for humans. In addi-
tion, the discharge of waste oils into the soil and water bodies exceeds the accidental discharges
and losses of oil during their extraction.

But despite the environmental hazards of the waste oils produced, they have valuable
properties. A well-functioning mechanism for recycling waste oils enables them to be recycled
to production or the consumption sector as secondary by-products, ensuring real savings of
resources [1].

When in use, oils are exposed to the action of air, temperature and other factors, which
change their properties [2]. It is worth noting that all these factors work together and mutually
enhance one another. For example, the presence of water causes oxidation of the oil. This also
leads to biocontamination in contact of water with oil. Oils, containing contaminants, which
are not capable of fulfilling their requirements, must be recycled and replaced with the pure
oils.

The idea of recycling of lubricating oil appeared in 1930s. However, waste oils only be-
came recycled about four decades ago. Initially they were burned for energy, then after purifi-
cation they were added to fresh oils [4]. Today, however, the direction of recycling used oil can
differ significantly from its original use.

The high ecotoxicity, chemical aggressiveness, complex structure, and reduced recycla-
bility of waste oils make the choice of the way of recycling difficult. As a rule, this choice de-
pends on the level of industrial development of the country (region) and other equally im-
portant factors, but environmental safety, economic feasibility, as well as the possibility of ob-
taining secondary products with minimum costs from used oils are the main criteria for this
technological process [3, 5-11].

One of the applications for used engine and vegetable oils is their use as a binder for anti-
corrosion coatings. Due to the rising cost of producing them from conventional raw materials
and the global problem of depleting natural resources [12], this method of used oils recycling is
very attractive. The compounds contained in waste oils are strong surface-active substances
which can significantly affect the structure formation process and consequently the bulk and
surface properties of the resulting anti-corrosion coating.

To examine this suggestion, a toxicological assessment of the waste oil must be conducted.
This is essential for selecting the principles of safe handling, for developing the corrosion pro-
tection coating technology, and for compiling the necessary technical and environmental doc-
umentation.

Thus, the purpose of this paper is to conduct a toxicological assessment of waste oils by
determining the class of hazard.

The objects of the study are used engine (semi-synthetic), industrial and cooking (sun-

flower, linseed) oils.
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Main body

The class of hazard of waste oil is defined on the basis of Order No. 536 of the Ministry of
Natural Resources and Environment of the Russian Federation dated 04.12.2014. According to
the order, the criteria for assigning waste to classes of hazard I to V by the degree of negative
impact on the environment are:

- the degree of danger of the waste to the environment;

- the dilution rate of the aqueous waste extract at which there is no harmful impact on
hydrobionts [13].

When defining the class of hazard, priority is given to the experimental (biological)
method of identifying it by the dilution rate of the aqueous extract. But before that, it must be
defined by calculation (environmental hazards), in order to select the parameters of the exper-
iment. Data on the content of waste oils are shown in Table 1.

Table 1. The composition of waste oils

. Results
Waste oil - T
Mineral content, % Humidity, %
Engine oil 0.06 0.54
Industrial oil 0.02 0.9
Sunflower oil 0.04 0.75
Linseed oil 0.05 0.48

Due to the complexity of the calculation, which involves identifying the composition of
the waste oil and finding the MPC of pollutants, the calculation is approximated. For example,
used engine oil and industrial oil have been classified as class II-III of hazard, and cooking oil
as class III-IV of hazard. We tested the data obtained experimentally.

Ceriodaphnia affinis was used as a test subject. The Daphnia are one of the standard ob-
jects for testing the toxicity of aqueous solutions of chemical compounds used in aquatic pollu-
tion studies. The Daphnia are sensitive even to small concentrations of toxic substances. A min-
imum of two test objects must be used for biotesting and final conclusions.

An aqueous extract from a waste oil sample is prepared with the ratio solid phase: liquid
= 1:10. The liquid used is cultivation water (tap water that has been settled for at least three
days) or distilled water. For this purpose, 20-30 g of oil is diluted with cultivation water at a
ratio of 1:10, the resulting mixture is stirred on a magnetic stirrer for 8 hours and then left to
stand for 12 hours.

The resulting aqueous extract is tested for toxicity. Extraction temperature is 20 °C, pH
value = 7. A number of dilutions are prepared from the original extract: 1:10, 1:100, 1:1000,
1:10000. The experiment at each dilution is conducted in three iterations.

Ten Ceriodaphnia species are placed in each solution for 48 hours, after which the sur-
viving species are counted. From the data obtained, the average value for each concentration
(Table 2) and the average percentage of mortality A (Table 3) are obtained. The class of hazard
is determined by a graphical method using a probit analysis [14].
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Table 2. Results of biotesting of aqueous extracts

. . Concentration, %
Waste oil Indicators
100 10 1 0.1 0.01
. 0 2 5 10
Number of survivors 0 I 2 10
o of 10 Ceriodaphne species
Engine oil 0 2 6 10 10
Average survival rate 0 1.6 5 9 10
Survival rate in the control 10 10 10 10 10
. 0 0 4 9 9
Number of survivors
. i 0 0 3 8
of 10 Ceriodaphne species
Industrial oil 0
Average survival rate 0 0 3.3 8.3 9.0
Survival rate in the control 10 10 10 10 10
‘ 1 2 6 8 9
Number of survivors I 3 s 3 10
. of 10 Ceriodaphne species
Sunflower oil 1 2 6 9 10
Average survival rate 1 2.3 5.6 8.3 9.6
Survival rate in the control 10 10 10 10 10
. 3 6 10 10 10
Number of survivors 0 9 9
of 10 Ceriodaphne species
Linseed oil 3 7 9 10 10
Average survival rate 2.6 6.3 9.6 9.6 9.6
Survival rate in the control 10 10 10 10 10

In order to plot and calculate the degree of toxicity, it is necessary to calculate the average
percentage of mortality A [15].

A4 =——7—-100, (1)

where X, is the survival rate of the test objects in the control;
X, is the survival rate of the test objects in the experiment.

Table 3. Results of the lethal concentration determination

lgC
Waste oil Indicators §
2 1 0 -1 -2
. . A, % 100 84 50 10 0
Engine oil -
Value of the probit 7.33 5.99 5.00 3.72 -
L A, % 100 100 65 13 6
Industrial oil -
Value of the probit 7.33 7.33 5.39 3.89 3.45
. A, % 90 77 44 17 4
Sunflower oil -
Value of the probit 6.28 5.74 4.85 4.05 2.67
. . A, % 74 37 4 4 4
Linseed oil -
Value of the probit 5.64 4.67 3.25 3.25 3.25

Based on the values obtained, a plot of the probit value versus the logarithm of concen-
tration is plotted (Fig. 1) and the concentration (dilution of the stock solution) at which 10% of
the species are dead (at a probit value of 3.72) is defined. Based on the concentration value
obtained, the hazard class is established.
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Fig. 1. Dependence of the probit value on the logarithm of concentration for used oil: a - engine oil; b - industrial
oil; ¢ - sunflower oil; d - linseed oil

The resulting lethal concentration is used to determine the hazard class according to Ta-
ble 4.

Table 4. Dilution rates of the aqueous waste extract

Class of hazard Dilution rate of the aqueous extract
I > 10000
II 10000-1001
III 1000-101
v <100
\% 1

The dilution rate is calculated according to the formula
100
C )

where C is the concentration at which 10% of the species are dead, %.

LC10 = (2)
Conclusions and recommendations

Based on the experimental data obtained:
- for waste engine oil, the concentration at which 10% mortality occurs is 0.400%, which
corresponds to a dilution of 250 - class of hazard III;
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- for waste industrial oil, the concentration at which 10% mortality occurs is 0.031%,

which corresponds to a dilution of 3225 - class of hazard II;

- for waste sunflower oil, the concentration at which 10% mortality occurs is 0.112%,

which corresponds to a dilution of 891 - class of hazard III;

- for waste linseed oil, the concentration at which 10% mortality occurs is 0.500%, which

corresponds to a dilution of 200 - class of hazard II[;

Thus, knowing the class of hazard of the waste, it is important to develop a technology for

its disposal to reduce its value.
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11.

12.

13.
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Nowadays, environmental requirements concerning the production and use of coatings
and paints (paints and varnishes) have increased in all industrialised countries [1, 2]. A special
part among environmentally friendly coatings are water-dispersion enamels and primers in-
tended for coating metal surfaces [3, 4].

When developing new anti-corrosive water-dispersion coatings special attention should
be paid to the correct selection of functional additives - dispersants, pigments, and fillers. Dis-
persants can influence not only the dispersion time of pigments and fillers under a binder me-
dium to a certain particle size, but also the properties of the formed coatings, including corro-
sion protection properties.

Nowadays the Disperbyk 190 (BYK, Germany) is used for dispersing pigments and fillers
for water-dispersion primers.

However, we should note, that the company BYK has not supplied a single kilogram of
its products to Russia since the 31 March 2022 [5].

The search for new functional additives available on the market to reduce the time of the
energy-intensive dispersion stage of water-dispersion primers is an urgent task.

The purpose of this study is to investigate the effect of different dispersants used in the
production of aqueous dispersion primers on the dispersion time of pigments and fillers to the
desired particle size.

The base of the developed corrosion protection primer was an aqueous acrylic-styrene
dispersion filled with yellow iron oxide pigment, talcum and zinc phosphate in a ratio of
1.0:0.65:0.9, respectively. The fill level was 13-15 % vol.
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We performed the predispersion of the pigment paste mentioned above in an aqueous
medium on a Dispermat LC-110 Disolver (VMA-Getzmann) under the milling machine at a
circular speed of ~3 m/s for 10 min.

We conduct the dispersion of pigments by Dispermat LC-110 immersion bead mill at a
rotor speed of 2000 rpm to the required degree of grinding ~30 um (by wedge) [6].

Also we determined the apparent viscosity of mixtures of pigment pastes with various
dispersants at a temperature of (23.0£0.2) °C by Bruckfield viscometer (type A, spindle - disk
No. 3) at 20 rpm according to GOST 25271-93.

At the stage of pigments and fillers dispersion we used the following dispersants in aque-
ous medium:

- dispersant No. 1, Disperbyk 190, which is a solution of a high molecular weight block
copolymer with pigment-affinity groups. This dispersant provides deflocculation of the pig-
ments through steric stabilisation;

- dispersant No. 2, which is an ammonium salt of polycarboxylic acid, provides defloccu-
lation of pigments by stabilisation through electrostatic repulsion;

- dispersant No. 3, which is a modified acrylic copolymer in aqueous solution, provides
deflocculation of pigments by stabilisation through electrostatic repulsion and steric factors;

- dispersant No. 4, which is a synthetic non-ionic polymer with pigment-affinity groups,
recommended for stabilisation of fillers, organic, inorganic pigments and carbon black in aque-
ous systems, provides deflocculation of pigments through steric stabilisation.

In order to determine the optimum quantity of introduced functional additives in the
mixing of pigment paste (suspension of pigments and fillers in water) we study the effect of the
apparent viscosity of the dispersant content (Fig. 1).

4000
%, 3500
<
~
g
& 3000
=
2]
o
2 2500
>
- .
g —a— Dispersant 1
5 2000
Y —o— Dispersant 2
2 s
1500 .
Dispersant 3
« 1000 == Dispersant 4
500
0
0 2 4 6 8

Dispersant content, mass %
Fig. 1. Dependence of apparent viscosity of pigment paste batch on dispersant content

The minimum achievable apparent viscosity of the compositions corresponded to the
amount of additives was added. The ratios were: for dispersant No. 1: 5.0 mass %; for dispersant
No. 2: 1.0 mass %; for dispersant No. 3:2.0 mass %; for dispersant No. 4:3.0 mass %.

Fig. 2 shows the dependencies of the degree of grinding of the composition pigment pastes
dispersed on the immersion bead mill with different dispersants on the dispersion time. The
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required 30 um grinding degree of water-dispersion primer is achieving with different func-
tional additives at different times (Table 1).
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Fig. 2. Dependence of the degree of grinding of pigment pastes with various dispersants on the dispersion time

Table 1. Time to reach a grinding degree of 30 um when dispersing pigment pastes with different dispersants

Dispersant No. 1 Dispersant No. 2 Dispersant No. 3 Dispersant No. 4
Time, min. 40 30 30 24

Therefore, dispersant No. 4, which is a synthetic polymer with pigment-affinity groups,
can significantly reduce time-consuming dispersion of pigment and filler suspension in aque-
ous medium compared to dispersant No. 1 (Disperbyk 190).

Thus, to obtain a water-dispersion acrylic styrene primer it is necessary to use dispersant
No. 4, which is a synthetic polymer with pigment-affinity groups.
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Keywords: Abstract. Butadiene Nitrile Rubber (BNR) is a special purpose elastomer with an increased
butadiene nitrile resistance to aliphatic hydrocarbon solvents, oils, and fuels. Depending on the monomer
rubbers, solubility ratio of the butadiene-nitrile copolymers, their compatibility with different types of sol-
parameters, group vents and plasticisers varies considerably. In additional, BNRs with carboxyl, hydroxyl

additivity method and hydrogenated BNRs are industrially available.

The purpose of the study was to calculate the solubility parameters of different composi-
tions of BNRs copolymers, hydrogenated BNRs, and rubbers with hydroxyl and carboxyl
groups. We calculated the increments of the functional groups of copolymers under study
and the molecular attraction by the Small constants. The calculations based on the pro-
cessing of reference data on the enthalpies of evaporation and molar volume of aliphatic
and aromatic hydrocarbons, nitriles, acids, alcohols, and esters. Also we used the incre-
ments obtained to calculate three dimensional solubility parameters of the copolymers as
well as the dependencies of the change in Gibbs free energy at mixing on the solvent volume
fraction for the two types of solvents.

For citation:

Solovyev, M.E., Kablov, V.E., Solovyova, O.Yu., Shulmin, S.N. & Orlova, E.N. (2022) The calculation of solubility
parameters of butadiene nitrile rubbers by the group additivity method, From Chemistry Towards Technology Step-
By-Step, 3(4), pp. 71-79 [online]. Available at: http://chemintech.ru/index.php/tor/2022-3-4

Introduction

Butadiene-nitrile copolymers are one of the oldest special purpose rubbers [1, 2]. Nowa-
days the most important area of their application is the production of rubber products with
improved resistance to aliphatic hydrocarbons, including oils and various fuels. The integration
of the additional links containing carboxylic and hydroxyl groups into the copolymer compo-
sition extends the range of special properties of the rubbers and improves the adhesion to met-
als, providing the possibility of their vulcanisation with metal oxides [3-7]. Depending on the
synthesis method, the functional groups can be distributed statistically along the polymer chain
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or arranged at its ends (butadiene nitrile copolymers with end carboxyl groups - CTBN and
end hydroxyl groups - HTBN) [8-11]. Nowadays, hydrogenated butadiene nitrile rubbers con-
taining no double bonds and with improved resistance to heat aging are industrially pro-
duced [12, 13].

In order to predict the solvent compatibility of the chemically complex copolymers, it is
necessary to have techniques to calculate two- and three-dimensional parameters of their solu-
bility. The classical method used to calculate the solubility parameters of polymers and low mo-
lecular weight solvents is the group additivity method [14]. Organic chemistry traditionally uses
this method to calculate the physical and physicochemical properties of compounds. This
method is still actual one [17], although there are the other ones based on more complex mo-
lecular structure descriptors [15, 16]. In our study we use this particular method because the
calculation of enthalpies of evaporation and compounds molar volumes of individual func-
tional groups have a definite physical meaning that allows their use at interpretation of data
related to intermolecular interactions of different classes of organic compounds [18-20].

The purpose of this study was to calculate the increments of the functional groups, copol-
ymers, and solvents considered in the enthalpy of evaporation, molar volume, and molecular
attraction of the Small constants in order to calculate the solubility parameters of the com-
pounds under study.

Main body

The monograph [14] contains the increments of many functional groups in thermody-
namic functions calculated by different authors, which are used not only to define the solubility
parameters of polymers and low molecular weight fluids, but also to evaluate their compatibil-
ity. The numerical values of the increments of the same functional groups given in the works of
different authors are quite different. The reason is the rare presence of the strict additivity in
the influence of individual functional groups [17]. Therefore, increasing of the chemical com-
pounds quantity for calculating the increments of functional groups causes decreasing of the
thermodynamic functions predictions accuracy, based on the additive approach. In this study
we calculated increments of compounds functional groups with the relative chemical structure
of copolymers and plasticizers under study. We used the experimental data on enthalpy of evap-
oration and molar volume of compounds [21, 22] as well as NIST databases on thermodynamic
properties of compounds [23] as an initial set for compiling the training sample.

The group additivity method can be applied for isolation of the individual atomic groups
common to compounds of different classes, and show the physical property of a compound Y as
a linear function of the number of groups, relative to the number of moles:

N
Y =ZBini, (1)
i=i

where B; is the increment of the corresponding group, n;is the number of groups of each type
in a particular chemical structure, N is the number of group types.

The use of the atomic groups, rather than the individual atoms, as descriptors of the mo-
lecular structure is based on the structural classification of the organic compounds, according
to which compounds with the same types of the atomic groups (aldehydes, ketones, alcohols,
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acids, etc.) are characterised by common features of the chemical and physicochemical proper-
ties. As the different atomic groups and spatial isomerism influence each other, therefore the
simple linear model (1) is a good initial approximation.

The advantage of the linear model is also the simplicity of parameter assessment B;. In
terms of experimental-statistical methods [24], equation (1) is a linear regression equation n;
containing the independent variables and the regression parameters.

We consider the training sample including M compounds with the experimentally deter-
mined value of the property y;j = 1... M to calculate the coefficients of the B; regression equa-
tion (1). For each j-th connection we know the parameters of its structure x;; ,i = 1... N , the
whole set of which we will denote by the matrix X. To find the vector of regression equation
coefficients, it is necessary to minimise a function of the type

W= (y-XB)'(y— XB) @
for the variables B;.

By the necessary condition of extremum
ow
5=

it is easy to obtain the well-known formula of regression analysis to calculate the least-squares

0 (3)

estimates of the regression coefficients:
B=XTX)"1xTy. (4)

Calculation by this formula can be performed using automation software that supports
the linear algebra operations [24]. We use the function that implements this formula as the
integrated one for the Libre Office Calc Programme.

Based on a sample of enthalpies of evaporation under standard conditions (dH’) and mo-
lar volumes (V) of compounds from classes of alkanes, alkenes, arenes, nitriles, acids, alcohols,
esters, and chloroalkanes using formula (4), we calculate the increments of atomic groups in
these physical properties as well as increments in molecular attraction by the Small constant
[25] (Table 1):

F= (Ecthm)l/zl (5)
where E,,;, = dH® — RT is the cohesion energy.

Table 1. Atomic group increments calculated from a sample of 142 compounds

Atomic group dH®, kJ/mol V., m*/mol-10° F, (MJ/mol*)"?/mol
-C=C- 10.24 26.69 504.08
-OH 30.49 9.23 866.27
-CN 22.12 22.27 786.45
-COOH 44.64 28.14 1323.24
—COOCH; 17.13 21.72 676.62
—CeHs 35.67 93.88 1771.68
—Cl 12.17 24.05 533.91
—-CH; 5.54 27.71 376.45
—CH,- 4.98 17.28 290.9
>CH- 3.29 10.15 178.56
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We assessed the statistical validity of the regression models w using the value of the de-
termination coefficient

Z(Yi _3}1)2
RP=1—="—— 6
2y —W)? ©

where y, - is the response value calculated by the regression equation, Y, - is the average of the
sample response values.

A value close R? to unity indicates the high reliability of the linear approximation.

Also we assessed the accuracy of the property prediction by the confidence interval value
of the predicted response value

Ay = /sngmv(o.os,M —N), (7)

where S2, = ﬁZ(yi — 9,)%is the variance of the model adequacy, T;y,,(0.05,M — N) is the
quantile of the Student distribution.

The relative error of the property prediction was estimated by dividing the confidence
interval of the response prediction by its sample mean.

The statistical analysis of the regression models indicates a high reliability of the approx-
imation for all properties studied (Table 2). The relative error in the prediction of F is smaller
than for dH® and V.. Therefore, we can conclude that the calculation of the solubility § param-
eters by the Small molecular attraction constants

_ F
6= E (8)
is more accurate than the cohesion energy density calculation
1
5= (Ecoh>§. (9)
Vin
Table 2. The results of the statistical analysis of linear models (1)
Statistical parameter dH® Vo F Fedors, dH° Fedors, V,,
R? 0.993 0.986 0.994 0.929 0.909
Confidence interval 2.81 12.96 135.68 9.10 33.55
Relative error 3.01% 4.41% 2.70% 9.74% 11.42%

The last two columns of Table 2 show the results of the statistical analysis of the evapora-
tion enthalpy and free volume models calculated by the increments obtained in Fedors [26] and
in [14]. These increments are calculated by a sample including a much larger number of classes
of compounds, and therefore containing a larger number of the different atomic groups. We
can assume that expanding of the set of atomic groups in the sample increases its representa-
tiveness. However, by Table 2, this expanding actually causes the predictive accuracy degrada-
tion of the model compared to a model with fewer parameters. It is a consequence of the inter-
action of different types of atomic groups, appearing in samples with a large number of com-
pound classes. We can obtain the same result by analysing the incremental values obtained by
Fedors. In particular, the molar volume increments for some atomic groups in the Fedors data-
base have negative values. This contradicts their physical values and indicates that the estimates
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of these coefficients are correlated with the other coefficients in the equation. Under these con-
ditions, it is not appropriate to use the linear model (1) and the equation should be firstly sup-
plemented with terms considering the interaction of the variables. Also, the increment of the
carboxylic group in the cohesion energy density of Fedors is smaller than that of the hydroxyl
group, and almost equal to the increment of the nitrile group. All above contradicts our data
based on samples with a small set of compound types [27, 28] as well as the quantum-chemical
estimates of the intermolecular interaction energy of these atomic groups [28].

Since the relative error in calculating the molecular attraction of the Small constants is
smaller than in calculating the enthalpy of evaporation, the solubility parameters of polymers
and plasticisers were calculated by the increments of the molecular attraction constants F;

1
1) :KZF‘%‘.' (10)

When calculating the two- and three-dimensional solubility parameters the increments
F; were divided, respectively, into two or three groups, relating the increments of -CHjs, -CH,,
>CH-, -C=C- groups to dispersion interactions; the increments of -CN, -C¢Hs, -Cl, -COOCH3
groups to polar interactions; the increments of -OH, -COOH groups to hydrogen bonding in-
teractions.

We tested the models for solubility parameters using a sample of the experimental data
given in [14]. This sample contains the experimental data on the solubility parameters of the
most common types of polymers from various sources. The authors give the minimum and
maximum solubility parameters of the polymers. According to these data, we calculate the re-
producibility dispersions of the experimental data. The solubility parameter estimates were cal-
culated using the increments F; (see Table 1) for polymers with the corresponding atomic
groups in the link composition by formula (10). The value of the variance of the model validity
(10) with the parameters from Table 1 for a sample of 25 polymers is 3.78 with an error variance
of 3.77. The value of statistics is S2;/S2.. = 1.001 . The quantile value of the Fisher distribution
with a significance level of 0.05 is 2.11, which indicates the adequacy of the mathematical model
used, and consequently its applicability for calculating the solubility parameters of new poly-
mers.

The following formulas were used to calculate the solubility parameters of butadiene ni-
trile copolymers containing different types of monomer links:

— 1 d
Sd = —Z Fi nl-xl-j, (11)
Vi =
_IN
51’ = v ZFL nixij, (12)
™
6p = iz Ff nyxij, (13)
Vi =

where 6,4,8,,,0), are the components of the vector solubility parameter, responsible for the con-
tributions of dispersion, polar, and hydrogen bonding interactions; F,F?,F/* are the incre-
ments of molecular attraction constants of the i-th atomic group, respectively, related to each
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of the above groups of intermolecular interactions, x;; is the relative proportion of the i-th
atomic group in the j-th type copolymer link.

The total solubility parameter was calculated as the sum of the contributions of three (or
in the special case two, if the copolymer has not units containing atomic groups capable to form
the hydrogen bonds)

Since different manufacturers of butadiene-nitrile copolymers use their own trade names
of industrial rubber grades, the following symbols for copolymers have been adopted in the
present work: BNR-20, BNR-30, BNR-40 for copolymers having respectively 20, 30 and 40 per
cent of acrylic acid nitrile links in their composition; for hydrogenated copolymers in which the
atomic groups of the double bond -CH=CHN- are replaced by atomic groups -CH,-CH,-, the
first letter "H" was added to the copolymer name; the carboxylated copolymers containing
acrylic acid units had symbols like "-5C" added to the end of the copolymer name, where the
number indicates the percentage of acrylic acid units; hydroxylated copolymers had symbols
like "-5H" added to the end of the copolymer name, where the number indicates the percentage
of vinyl alcohol units in the copolymer (Table 3).

Table 3. Calculated solubility parameters for different types of butadiene nitrile copolymers

Copolymer type 6 84 6, Sp
BNR-20 19.00 16.33 2.67 0.00
BNR-30 19.67 15.59 4.08 0.00
BNR-40 20.38 14.82 5.55 0.00

HBNR-20 18.12 15.71 241 0.00
HBNR-30 18.82 15.10 3.73 0.00
HBNR-40 19.57 14.44 5.13 0.00
BNR-20-5C 19.65 15.95 2.61 1.10
BNR-30-5C 20.32 15.22 3.99 1.12
BNR-40-5C 21.02 14.46 542 1.14
BNR-20-5H 19.58 16.20 2.65 0.73
BNR-30-5H 20.26 15.47 4.05 0.74
BNR-40-5H 20.97 14.70 5.51 0.76

The free energy change during mixing was calculated within the framework of the Flory-
Huggins lattice model [29].

AGy = AHy — TASy = nRT lNﬂ Ing + (1 —@)in(1— @) + yp(1 — (p)l, (15)
Yo

AHy = nRTyp(1 — @), (16)

TASy = nRT lNﬂ Inp+ (1 —¢@)n(1 - go)l, (17)
D
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where 7 is the number of moles of the lattice; ¢ is the polymer volume fraction; N,, is the degree
of polymerisation; y is the Flory-Huggins index of the polymer-solvent interaction.

The Flory-Huggins index was calculated through the solubility parameters of the polymer
and 6, the solvent §, using the formula

V.
X = ﬁ(é‘l - 52)2» (18)

where V is the molar volume of the solvent.

Dibutyl phthalate, which is used as a plasticizer for butadiene nitrile rubbers, and isooc-
tane were regarded as "good" and "bad" solvents in the thermodynamic sense, respectively. In
the first case for all types of butadiene nitrile rubbers under study the change of free energy at
mixing is negative within the whole range of solvent concentration, which indicates complete
compatibility of all rubbers with plasticizer (Fig. 1 shows the dependencies for rubbers contain-
ing 30% of acrylic acid nitrile units). In the second case (Fig. 2) there is a phase separation and
the area of partial solubility is only a small fraction of the concentration range. For both sol-
vents, the best compatibility occurs for hydrogenated BNRs. Indeed, although the hydrogena-
tion process improves the useful properties of butadiene nitrile rubbers (primarily their heat
resistance), their resistance to non-polar solvents will reduced.

@
0
-100
-200
-300
=)
2 4w — HBNR-30
= BNR-30-5H
=
. 0 — BNR-30-5C
= -600 ~— BNR-30
O -700
<

-1000

Fig. 1. The dependence of change in free mixing energy of butadiene nitrile rubbers with dibutyl phthalate on the
solvent volume fraction, n = 1, N, = 1000

1000
800
= 600
£
= i —— HBNR-30
- BNR-30.5H
= G —— BNR-30-5C
&) ~—— BNR-30
<]
0
-200
-400

Fig. 2. The dependence of change in free mixing energy of butadiene nitrile rubbers with isooctane on the solvent
volume fraction, n =1, N, = 1000
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According to the study, hydroxylated butadiene nitrile rubbers with 30% acrylonitrile
units are the most resistant to non-polar solvents. They are followed by carboxylated rubbers,
and rubbers containing no carboxyl or hydroxyl groups occupy an intermediate position be-
tween BNR-30-5C and HBNR-30.

Conclusions

Calculation of atomic group increments by the group additivity method on the samples
containing only compounds with types of functional groups corresponds to the target com-
pounds and increases the accuracy of prediction their physico-chemical properties. It was
demonstrated on the example of enthalpy of evaporation, molar volume, and solubility param-
eters of butadiene nitrile rubbers with functional groups.

When solubility parameters are calculated by increments of the Small molecular attrac-
tion constants, the relative error of the predicted values is smaller compared to calculating these
parameters from the cohesion energy density through the enthalpy of evaporation and the mo-
lar volume.

According to the study, the butadiene nitrile rubbers with hydroxyl groups have the great-
est resistance to non-polar solvents compared with other types of modified butadiene nitrile
rubbers. Hydrogenated butadiene nitrile rubbers are less resistant to non-polar solvents than
conventional rubbers.
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Introduction

Pyrido[1,2-a]benzimidazole (PBI) derivatives belong to a privileged class of heterocyclic
compounds because of their useful properties. They exhibit various types of biological activity
[1-7], have an intense luminescence [8-10] and complexing ability [11]. As a result, these com-
pounds are used in important areas such as the development of new drugs [1-7] and efficient
fluorescent dyes [8-10], molecular genetic research [12] and chemosensors [13-15].

The high demand for PBI derivatives, especially new ones, raises the problem of having
reliable methods for their synthesis. Therefore, this study describes an efficient way of synthe-

sising PBI containing an amino group and some of the possible ways of their functional explore.

Main body

We used N-[2-nitro-4-(trifluoromethyl)phenyl]- (1a) and N-(2,4-dinitrophenyl)pyri-
dinium chlorides (1b) as substrates for the pyrido[1,2-a]benzimidazole cycle formation, which
can be easily obtained from pyridine and ortho-nitro-halogenarenes [16].

The synthesis of PBI amino derivatives was conducted according to the following scheme:

© D. M. Bogdanova, L. I. Savina, R. S. Begunov, 2022
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The first step, namely the reductive intramolecular cyclisation reaction, is a well-estab-
lished process that results from the addition of four electrons by the substrate [17-19]. We con-
ducted the reduction of pyridinium chlorides (1a, b) at 40 °C under the condition of i-PrOH
and 4% HCI for 0.1 h using 2 equivalents of SnCl, as reducing agent. The reaction products
7-trifluoro- (2a) and 7-nitropyrido[1,2-a]benzimidazole (2b) were obtained with 98 and 94%
yield, respectively.

The structure of the compounds 2a and 2b was proved by 'H- and *C NMR spectroscopy
and high-resolution mass spectrometry. Fig. 1 shows the '"H NMR-spectrum of heterocycle 2b.
Four protons of the pyridine ring and three protons of the benzene ring appeared in the spec-
trum. The H! heterocyclic signal released in the faintest part of the spectrum. The most screened
of all the protons were H?, which had the form of a triplet. The proton signals of the benzene
ring containing the strong electron acceptor substituent were shifted to the weakly polar spec-
trum and had values of 8.64 ppm. (H°), 8.50 ppm. (H?), 8.20 ppm. (H?®).

H6

H® 4 i

e | o 1P NH:
H! .
‘ ’ 3 m: H! 3 e
AT
- M | ] |
W‘W N—W«J W v L.-'r i e _‘,H ‘\“ ‘\ ‘UL. H\__

2b / 4 . ‘ 2¢

Fig. 1. Fragments of the '"H NMR spectra of 7-nitropyrido[1,2-a]benzimidazole (2b) and pyrido[1,2-a]benzimid-
azole-7-amine (2¢) (Bruker DRX400, DMSO-d6, 303 K)

Nitro compound 2b was further reduced in an acidic aqueous-alcoholic medium. SnCl,
and TiCl; were used as reducing agents. A higher yield (95%) of pyrido[1,2-a]benzimidazole-7-
amine (2c) was obtained using titanium (III) chloride. The total yield of the two-stage 2¢ syn-
thesis method was 89%. On the '"H NMR spectrum of this compound seven aromatic and me-
taromatic proton signals were present, shifted as compared to 7-nitropyrido[1,2-a]benzimidaz-
ole to the strongly polar spectrum but with similar multipletting. In addition, a broadened sin-
glet from the amino group bound to the C-7 atom of the heterocycle was released at 5.10 ppm.

We investigate the possibility of efficiently producing 2c¢ in a single stage. It was difficult
to conduct the several chemical processes simultaneously: reductive cyclisation involving the
ortho-nitro group and the complete reduction of the para-nitro group. This could lead to the
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formation of by-products such as the complete reduction of the ortho-nitro group. It might not
be cyclised, but could result in the formation of N-(2,4-diaminophenyl)pyridinium chloride.

We realised that the simultaneous addition of a solution of 5 eq SnCl, into 4% HCI to an
alcoholic solution of 1b at 40 °C resulted in the formation of a multicomponent mixture of
substances. The yield of isolated individually amino compound 2¢ was 32%. The yield of 2¢
increased to 78%, when we add SnCl, by two stages: first — 2 eq. to realise the reductive cyclisa-
tion; second - after 0.1 h. another 3 eq. to reduce the para-nitro aminogroup.

Thus, the one-stage method for the synthesis of the amino derivative 2¢ was less efficient
than the two-stage one.

In order to obtain the amino derivative 4, we conducted initially the nitration reaction of
7-trifluoromethylpyrido[1,2-a]benzimidazole (2a) (see diagram above). There is a meta-orien-
tant trifluoromethyl group in this structure. Therefore, we had to introduce the electrophilic
particle at position 9. However, there proceeds the H® substitution resction.

We conducted the SgAr reaction in concentrated sulphuric acid using potassium nitrate
as nitrating agent at 30 °C. The yield of isolated 8-nitro-7-trifluoromethylpyrido[1,2-a]benzim-
idazole (3) in 1.5 h was 96%. The'H and *C NMR spectroscopy, mass spectrometry, and X-ray
structure analysis proved the product 3 structure. Its '"H NMR spectrum contains (Fig. 2) the
signals of 6 (het)aromatic protons. In the faintest part of the spectrum an H? signal ortho-posi-
tioned with respect to the nitro group emerged, shifting to a singlet form. The second aromatic
proton also had the form of a singlet and was less shielded than the heteroaromatic protons

H2,3,4
6
e 151 HS | H®
HB,»1 2
H! H H
Hl ~ H2 |
I " i (P
1 "" 1’\ |
I i
/}l‘\ ﬂ\[\ ‘H /'Il‘ |"'L - J”L o i e et e il e
TT ' 8 b S IE] 8
94 93 85 84 83 82 81 B8O 7 ’8 27 76 75 74 73 72 8.6 84 8.2 8.0 7.8 7.6 74 7.2 70 68
3 4

Fig. 2. Fragments of the 'H NMR spectra of 7-trifluoromethyl-8-nitropyrido[1,2-a]benzimidazole (3) and
7-trifluoromethylpyrido[1,2-a]benzimidazole-8-amine (4) (Bruker DRX400, DMSO-d6, 303 K)

Next we conducted the reduction of 8-nitro-7-trifluoromethylpyrido[1,2-a]benzimidaz-
ole (3). Initially the reduction reaction proceeds with tin(II) chloride. However, we obtained a
mixture of substances containing a chlorinated product. The reduction process proceeds
through the formation of an adduct, hydroxylamine, and SnCl, slowly reduces it to an amine.
A side process, the chlorination of hydroxylamine with further rearrangement of the chlorine
atom into the benzene ring, is therefore possible [20]. Therefore, we used titanium (III) chlo-
ride. The reduction of the alcohol solution of nitro derivative 3 proceeds at 60 °C for 0.1 h. The
yield of 7-trifluoromethylpyrido[1,2-a]benzimidazole-8-amine (4) was 94%. On the '"H NMR
spectrum, the signal of the amino group protons came out in the field of 5.48 ppm and had the
form of a wide singlet. Compared to the spectrum of nitro compound 3, there was a strong shift
of the H® proton signal to the stronger region of the spectrum (see Fig. 2). There was also a
significant shift of the absorption band of another aromatic proton H® from 8.31 ppm to
7.88 ppm.
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We use acylation and nitration reactions to functionalise amino compounds 2¢ and 4:

Th 4 6
6
CC@WH — w 2804 Et/go
>:o 20C | pecr, NO, H
N.__O
S~ Z N hd
10h Ko Et

N CF,

Heterocyclic amine 2¢ reacted with propionic anhydride much easier than amino com-
pound 4. The yield of the reaction N-(pyrido[1,2-a]benzimidazole-7-yl)propionamide (5a) at
room temperature only in 1 hour was 96%. We conduct the acylation process at 100 °C for
2 hours to obtain N-(7-trifluoromethylpyrido[1,2-a]benzimidazol-8-yl)propionamide (5b); its
yield was 79%.

The 'H NMR spectrum of propionamide 5b is shown on Fig. 3. The amino group proton
signal was absent. A NH-group proton signal was detected in the weak-field region of the spec-
trum at 9.65 ppm and aliphatic proton peaks were clearly visible in the strong-field region of
the spectrum at 2.3 and 1.1 ppm.
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Fig. 3. '"H NMR spectrum of N-(7-trifluoromethylpyrido[1,2-a]benzimidazol-8-yl)propionamide (5b) (Bruker
DRX400, DMSO-ds, 303 K)

The acylated amino derivatives of pyrido[1,2-a]benzimidazole 5a,b were further func-
tionalized by electrophilic aromatic substitution.

We conducted the nitration reaction 5a for 1 h at 20 °C, using KNOs/H,SO; as the nitrat-
ing mixture. The implementation of the nitro group of the two possible ortho-positions to the
acylated amino group was realised in the 8th. The yield of N-(8-nitropyrido[1,2-a]benzimidaz-
ole-7-yl)propionamide (6) was 92%.

83



&&ROM CHEMISTRY TOWARDS TECHNOLOGY El3: e 143 VOL. 3, ISSUE 4, 2022

When nitrating 5b it was assumed that the attack of the electrophilic particle would also
take place at the ortho-position to the acylated amino group. However, the SgAr reaction prod-
uct could not be obtained. Increasing the process time to 10 h did not help the reaction.

According to the study, we can conclude:

- the electronic nature of the substituent at the 7th position of the heterocycle does not
affect the orientation of the SgAr reaction;

- the 9th position of the pyrido[1,2-a]benzimidazoles is strongly deactivated. Even with a
consistent orientation of the substituents and the presence of a strong electron-donor group in
the ortho-position, no electrophilic substitution product can be obtained;

-we found the efficient methods for the synthesis and functionalization of
pyrido[1,2-a]benzimidazole amino derivatives. These compounds can be used to develop new
drugs based on them.

Experimental part

We determined the melting points by apparatus PolyTherm A at a heating rate of
3 °C/min and did not correct the conditions. We recorded NMR spectra for DMSO-d6 solu-
tions on a Bruker DRX-400. The remaining solvent proton signals in "H NMR (8 2.50 ppm)
were the reference for the chemical shift counts. The recording of the mass spectra conducted
by a FINNIGAN MAT INCOS 50, the electron flux energy was 70 eV.

We added 0.0075 mol of tin(II) chloride dissolved in 10 ml of 4% hydrochloric acid to a
solution of 0.0036 mol of N-(2-nitro-4-R-phenyl)pyridinium chloride (1a,b) in 10 ml isopropyl
alcohol and 3 ml water. The reaction was conducted at 40 °C for 0.1 h. At the end of the synthesis
we cooled down and alkalised the reaction mixture to pH = 7-8 with an aqueous ammonia so-
lution. Then we extracted the resulting precipitate with chloroform. After distillation of the
chloroform we obtained substances 2a,b.

7-trifluoromethylpyrido[1,2-a]benzimidazole (2a)

Yield is 98%. Melting point is 233-235 °C. '"H NMR spectrum (DMSO-d;) 8, ppm: 7.09 t
(1H, H2, ] = 6.7 Hz), 7.66 t (1H, H3, ] = 8.0 Hz), 7.68 d (1H, H°, ] = 8.0 Hz), 7.75 d (1H, H,
J=9.0 Hz), 8.16 d (1H, HY, J = 1.5 Hz), 8.53 dd (1H, H?, J = 2 Hz, ] = 8 Hz), 9.15 d (1H, H!,
J = 6.8 Hz). Spectrum *C NMR 'H (DMSO-ds) 8, ppm: 111.33; 111.82; 117.31; 117.99; 125.57;
126.32; 128.20; 128.63; 130.23; 131.17; 142.75; 149.29. Found: m/z 237.0637 [M+H]".
Ci.HsFsNy*. Calculated: M 237.0634.

7-nitropyrido[1,2-a]benzimidazole (2b)

Yield is 94%. Melting point is 280-284 °C. Spectrum 'H NMR (DMSO-ds) 8, ppm: 7.11
(t, 1H, H?%, J =7 Hz); 7.67 (t, 1H, H? ] = 7.5 Hz); 7.78 (d, 1H, H*, ] = 9.0 Hz); 8.20 (dd, 1H, H?,
J=8.5Hz, ] =2.0Hz); 8.50 (d, 1H, H’, ] = 8.5 Hz); 8.64 (d, 1H, H, J = 1.5 Hz); 9.13 (d, 1H, H',
J = 7.0 Hz). Spectrum “C NMR (DMSO-ds) d, ppm: 112.4, 113.4, 115.5, 115.8, 118.1, 128.1,
132.4, 133.3, 144.2, 146.6, 151.5. Found: m/z 214.0611 [M+H]*. C;;HsN;O,. Calculated: m/z
214.0617.

Methodology for the synthesis of 8-nitro-7-trifluoromethylpyrido[1,2-a]benzimidazole (3)

We slowly dropped 0.0055 mol KNOs in 15 ml H,SO4into the solution of 0.005 mol 2a in
30 ml H,SO, at 25 °C and stirred the resulting solution for 1.5 hours at 30 °C. Than we poured
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the obtained solution into ice, neutralized with NH,OH to pH = 7-8, filtered off the residue,
washed it several times with water, and dried it.

Yield is 96%. Melting point is 225-228 °C. Spectrum 'H NMR (DMSO-de) 8, ppm: 7.23
(td, 1H, H2, J = 6.6, ] = 1.4 Hz); 7.80 dd (1H, H?, J = 9.2, ] =6.5, J =1.2 Hz); 7.83 dt (1H, H*,
J=9.2,]=1.2Hz); 831 c (1H, HS, J = 7.2); 9.32 dt (1H, H', ] = 6.8, J =1.1 Hz); 9.38 ¢ (1H, H’,
J = 8.45). Spectrum *C NMR (DMSO-ds) 8, ppm: 152.1 (C*), 145.3 (C*), 139.5 (C?), 133.6 (C°),
129.2 (C*), 128.4 (C"), 122.8 (kv, CF;, J 272.5 Hz), 1194 (kv, C7, J 33.0 Hz), 118.7 (kv, CS,
J6.0 Hz), 117.4 (C%), 112.8 (C?), 112.7 (C°). Found: m/z 282.0485 [M+H]*. C\,H,F;N;0, Calcu-
lated: m/z 282.0492.

Methodology for the synthesis of compounds 2c and 4

We added 24 mL (0.028 mol) of a 15% solution of titanium (III) chloride at 10% hydro-
chloric acid to a solution of 0.0035 mol 2b or 3 at 125 ml isopropyl alcohol. Then we stirred the
mixture for 0.1 h at 60 °C. After that we cooled the reaction mixture, adjusted the medium to
pH=7-8 with a 25% aqueous ammonia solution. We extracted the precipitate with several por-
tions of hot chloroform and distilled off the solvent.

pyrido[1,2-a]benzimidazole-7-amine (2c)

Yield is 95%. Melting point is 178-182 °C. Spectrum 'H NMR (DMSO-de) 8, ppm: 5.10 ¢
(2H, NH,, ] = 6.7 Hz); 6.87-6.91 m (1H, H2, ] = 7.4 Hz); 7.44 m (1H, H3, ] = 6.72 Hz); 6.7 d (1H,
H8, ] = 6.8 Hz); 7.52 s (1H, H°, J = 9.15 Hz); 7.56 d (1H, H J = 9.3 Hz); 7.88 s (1H, H¢,
J=8.51Hz); 8.72 d (1H, H', ] = 6.9 Hz). Spectrum *C NMR (DMSO-ds) 8, ppm: 100.9, 110.1,
111.6, 112.4, 116.5, 121.7, 126.8, 129.1, 146.5, 148.1, 148.3. Found: m/z 184.0868 [M+H]".
C11H1oN; Calculated: m/z 184.0875.

7-trifluoromethylpyrido[1,2-a]benzimidazole-8-amine (4)

Yield is 98%. Melting point 233-235 °C. Spectrum '"H NMR (DMSO-d¢) 8, ppm: 5.40 s
(2H, NH,, ] = 6.8 Hz); 6.87-6.91 m (1H, H?, ] = 7.4 Hz); 7.44 m (1H, H?, J = 6.72 Hz); 7.52 s (1H,
H°, J = 9.15 Hz); 7.56 d (1H, H*, J = 9.3 Hz); 7.88 s (1H, HS, ] = 8.51 Hz); 8.72 d (1H, H',
J = 6.9 Hz). Spectrum “C NMR (DMSO-ds) J, ppm: 97.0, 110.2, 112.8 kv (J 6.0 Hz), 117.0 kv
(J 33.0 Hz), 124.1 kv (CF;, ] 272 Hz), 126.2, 126.7, 129.5, 132.1, 135.3, 140.9, 147.8 Found: m/z
252.0743 [M+H]*. C,;HoF;N; Calculated: m/z 252.0749.

Methodology for the synthesis of compounds 5a,b

We added 0.003 mol of propionic anhydride to a solution of 0.0025 mol 2¢ or 4 in 5 mL
of DMFA. We stirred the reaction mixture at 20 °C for 1 h for synthesis 5a and 2 h at 100 °C for
synthesis 5b. We cooled the solution to room temperature and then added 50 ml of water while
stirring. We filtered out the precipitate under vacuum and dried it.

N-(pyrido[1,2-a]benzimidazole-7-yl)propionamide (5a)

Yield is 96%. Melting point is 189-193 °C. Spectrum 'H NMR (DMSO-d) 5, ppm: 1.12 t
(3H, CHs, ] = 7.7 Hz); 2.36 kv (2H, CH,, ] = 7.5 Hz); 7.06 t (1H, H?, J= 6.7 Hz); 7.62 t (1H, H,
J=9.0Hz); 6.7 d (1H, H% ] = 6.8 Hz); 7.73 d (1H, H*, ] = 9.3 Hz); 8.15 s (1H, H’, ] = 8.3 Hz);
8.43s (1H, HS J=6.8 Hz); 9.14d (1H, H', J = 6.9 Hz); 9.34 s (1H, NH, J = 8.3 Hz).

N-(7-trifluoromethylpyrido[1,2-a]benzimidazol-8-yl)propionamide (5b)

Yield is 79%. Melting point is 241-245 °C. Spectrum 'H NMR (DMSO-d) 3, ppm: 1.14 t
(3H, CHs, ] = 7.5 Hz); 2.39 kv (2H, CH,, ] = 7.6 Hz); 7.06 t (1H, H?, ] = 6.7 Hz); 7.62 t (1H, I,
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J=9.0Hz); 7.73d (1H, H% J = 9.3 Hz); 8.15 s (1H, H’, ] = 8.3 Hz); 8.43 s (1H, H%, ] = 6.8 Hz);
9.14d (1H, H', ] = 6.9 Hz); 9.64 s (1H, NH, ] = 8.4 Hz).

Methodology for the synthesis of N-(8-nitropyrido[1,2-a]benzimidazol-7-yl)propio-
namide (6)

We slowly added a nitrating mixture of 0.0022 mol KNO:s in 7 ml H,SO4to a solution of
0.002 mol 5a in 10 ml of concentrated sulphuric acid and stirred for 1 h at 20 °C. We poured the
resulting solution into ice, then treated with an aqueous ammonia solution to pH = 7-8. We
filtered out the resulting precipitate under vacuum, washed thoroughly with water, and dried.

Yield is 92%. Melting point is 207-211 °C. Spectrum 'H NMR (DMSO-d;) 8, ppm: 1.12 t
(3H, CH;, ] = 7.7 Hz); 2.36 kv (2H, CH,, ] = 7.5 Hz); 7.06 t (1H, H(2), J= 6.7 Hz); 7.62 t (1H,
H(3),]=9.0 Hz); 7.73 d (1H, H(4), ] = 9.3 Hz); 8.15 s (1H, H(9), ] = 8.3 Hz); 8.43 s (1H, H(6),
J=6.8 Hz);9.14d (1H, H(1), ] = 6.9 Hz); 9.34 s (1H, NH, ] = 8.3 Hz).

The study was conducted within the scope of the Yaroslavl State University Development
Programme, Project No. P2-K-1-G-1/2021.
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reactor geometry, application uses the narrow fractions containing the necessary hydrocarbons as raw ma-
cross-section, terials. Isobutane has the greatest practical importance for alkylation but it is used as a
Sflow resistance raw material in relatively small quantities. The quality of the resulting alkylate decreases

depending on the olefin used. The industrial plants implement new engineering measures
to improve the technical and economic efficiency of the operations. Consequently, the
main trends in the modern sulphuric acid alkylation process are: the construction of new
high-capacity units based on advanced technologies; increase of raw material resources
for alkylbenzene production; search for thecatalysts and new methods for alkylation of
isobutane with olefins; development of highly efficient technologies.
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Introduction

Because of the higher quantities of isobutane and sulphuric acid used, the alkylation of
isobutane with a butylene mixture, which can be produced in many large-scale secondary re-
finery processes, is preferred for the reactions in industry. The yield and quality of alkylation
products is determined not only by the properties of the raw material and catalyst, but also by
process parameters such as pressure, temperature, concentration of sulphuric acid, concentra-
tion of isobutane in the reaction zone, reaction time, etc. [1-3].

Reactor design has a particular influence on the process efficiency. Usually sulphuric acid
alkylation is performed using vessel reactors with flow and mechanical stirring, with different
ways of removing the excess heat from the reaction. The variety of reaction equipment designs
is the result of a compromise between the cost of isobutane, acid, reaction time, and the quality
of the alkylate produced.
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The main stages of the sulphuric acid alkylation process are shown in Figure 1. Modern
plants usually use butane-butylene fraction as a raw material for alkylation. The technological
scheme of sulphuric acid alkylation of butylenes consists of the following main stages: raw ma-
terial preparation, reaction zone, processing of hydrocarbon mixture, product fractionation [4, 5].

There are currently many process schemes for the sulphuric acid alkylation process, but
their operating principles are is similar. The raw mixture, recycled isobutane, and acid are
pumped through pipes by circulating pumps and sprayed through nozzles into the reactor, pro-
ducing the fine emulsion of the raw material and acid. Some of the mixture is led from the
bottom of the reactor to a cooler to remove the heat of the alkylation with the coolant and is

pumped back into the reactor pipes. The duration of a total circulation cycle is 1 to 2 minutes.

Olefins |Su1phuric ac:idl | [sobutane |-l

| Mixing process |

h 4
| Reaction mixture |

Circulating
isobutane

| Alkvlation |
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variens reaciien products

w kL
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¥
Propane

¥
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Fig. 1. The main stages of sulphuric acid alkylation

A part of the emulsion from the reactor is continuously discharged into a settling tank,
where it is separated into hydrocarbons and acid. The hydrocarbons are the nonreacted part of
the emulsion, and the alkylate, which are routed for fractionation. Acid returned to the reactor.
The isobutane separated in the fractionation unit is also returned to the reactor [6].

The structural determination of flows in the reactor of the sulphuric acid alkylation

The operating experience of the operating flow alkylation reactor since 2010 at unit 25/7
of JSC "Slavneft-YaNOS" demonstrated a rather low value of the ejection coefficient (1.5-1.8)
[1-4]. The cause was the increased hydraulic resistance to circulation flow in some parts of the
reactor, particularly in the nozzle areas [1, 7, 10, 11]. There is also the influence of the flow
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breakaway zones at the inlet to the inner circulation pipe, as well as the viscous wall friction
caused by the high content of concentrated sulphuric acid [1-10].

To reduce the hydraulic resistance to the circulation flow within the modification of the
tray + nozzles element only, we proposed to use smaller nozzles by reducing their height (300
mm instead of 340 mm) while keeping the diameters of the shear nozzle (55 mm) and inlet [1].

For this purpose, we carried out a modelling of the reactor interior hydrodynamic envi-
ronment. We designed a 3D model of the flow reactor using modern CAD systems, created a
design grid with the required element parameters, and carried out a numerical calculation. Fig-
ure 2 shows a scheme of the reactor and a fragment of an irregular T-sieve on its surface.

AN

Fig. 2. Reactor geometry and calculation grid: a - cut control sections; b - sectional geometry; ¢ - irregular T-mesh
on product surface

Some calculation results:

ejection coefficient K = 2.2-2.5 (variation depends on the choice of turbulence model, for
the model k-¢ - 2.5) (minimum increase of at least 30%);

speed at the nozzle tip 14 m/s;

pressure differential at the nozzle 1.5 atm (previous version 0.6 atm);

residence time - maximum 42 s, average 12 s;

We obtain the numerical results presented for this reactor using the OpenCFDLimited

software. The current lines and velocity isocontours in the reactor control sections are shown
in Fig. 3-6.
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Fig. 3. Flow lines in the cross sections
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Fig. 5. Reagent mixing zones in the reactor

Fig. 6. Detailing of flow lines in longitudinal and cross-sec-
tions of the reactor

Conclusion

We can conclude that:

The presence of longitudinal eddies leading to rip currents at the inlet of the circulation
pipe from below and the outlet from above;

The formation of transverse vortices around the nozzles of the emulsification lattice and

in the conical transition at the outlet of the dispersion zone leads to different residence times of
the components in the reaction volume and the formation of by-products;
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The high resistance of the nozzle grate leads to a reduction in capacity, increasing the

areas of low mixing intensity;

Low efficiency of the olefin feeder collector distribution units;
Imperfect design of the lower grille nozzles.
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ids, N,N-carbonyldiimidazole, bonyl diimidazole method in solutions. Using the PASS software package, we pre-

4-aminobenzoic acid, dicted the biological activity of a series of hybrid compounds produced by the

local anaesthetics fusion of aminoether and aminoanilide anaesthetics. All hybrid compounds have
a potential lack of significant hepatotoxicity with an increased median lethal dose
for both intraperitoneal and subcutaneous injection routes when the pharmo-
cophor is fused. The synthesised compounds are of interest as potential therapeu-
tic agents with local anaesthetic activity and low toxicity.
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Introduction

Local anaesthetics refer to medicines widely used in clinics. They induce reversible local
anaesthesia through loss of nociception in certain areas of the body by blocking nerve impulse
transmission without affecting consciousness. In terms of chemistry, we can distinguish two
main groups of local anaesthetics that include a common aniline group, namely aminoether
anaesthetics (e.g. benzocaine, procaine, tetracaine, Fig. 1) and aminoamide anaesthetics (e.g.
lidocaine, ropivacaine, articaine, Fig. 1) [1]. These drugs molecules have three common struc-
tural components: 1) a lipophilic aromatic fragment; 2) an ester or amide binding group; and
3) a tertiary or secondary amine fragment [2].

The strength and duration of action of the local anaesthetics are generally greater for ami-
noamide anaesthetics compared to aminoether anaesthetics, but at the same time these values
are strongly dependent on the length and volume of the alkyl substituents at the secondary or
tertiary nitrogen atom in their structure [3]. On the other hand, stability, toxicity, and ability to

© N. V. Krasnikova, S. V. Krasnikov, 2022
93


mailto:kamkinanv@ystu.ru
mailto:krasnikov.ystu.chem@rambler.ru
http://chemintech.ru/index.php/tor/2022-3-4

&&ROM CHEMISTRY TOWARDS TECHNOLOGY El3: e 143 VOL. 3, ISSUE 4, 2022

cause allergic reactions are determined not only by structure but also by the site of biotransfor-
mation of the drug: either by enzymatic hydrolysis in plasma (aminoether anaesthetics) or by
degradation in the hepatic system (aminoamide anaesthetics).

HSC\/\/N
\O\”/ \O\H/o\/\N CH, O\/\N/CHS
|

B cH o} CHs
enzocaine Procalne 3 Tetracaine
Hj CH, CHs
oH \ P §
/\/ 3 \”/\N N\”\\\\\\\, "
5 L !
CH3 CH3 CH3
o0 Articaine Lidocaine Ropivacaine
3

Fig. 1. Structures of some commonly used local anaesthetics

It is important to note that, despite the relative safety of these drugs, they all possess some
degree of toxicity to the central nervous and cardiovascular systems (3). Side-effects include the
possibility of ischaemic necrosis caused by the irritant nature or large volumes of drug solutions
when injected, as well as severe vasoconstriction as a result of the concomitant vasopressor ef-
fect (2). Moreover, there is a risk of direct neurotoxicity from injections of solutions containing
high concentrations of anaesthetics (such as 4%), especially artichaine and prilocaine (2).

In this regard, the most modern and clinically used local anaesthetics, primarily in long-
term surgical procedures, are derivatives of the mepivacaine derivative family, of which ropiva-
caine and bupivacaine are the most preferable (4). For these drugs, the pure (S)-enantiomeric
forms are the safest in practice, as the (R)-enantiomeric forms have a higher incidence of cardiac
arrest (4).

All these facts impose limitations to some extent on the use of local anaesthetics for clin-
ical practice, especially when repeated administration or high concentrations are required. It
indicates the need for further development of both more effective and safer preparations of this
group, and improvement of the properties and synthesis methods of already known ones.

For example, the synthesis and in vivo results of a series of N-alkylprolinanilides have
been published, many of which were both more active as surface anaesthetics and had a higher
antiarrhythmic index than lidocaine, ropivacaine and bupivacaine [5]. Various enantioselective
methods have been developed for the synthesis of (S)-2-piperidincarboxylic acid as a key inter-
mediate in the synthesis of anaesthetics of the mepivacaine family, for example based on the
chiral additive sultam Opolzer and ethyl-N-(diphenylmethylene)glycinate with an enantio-
meric excess value > 97% [6]. Alternative clinically important pharmacological properties of
lidocaine homologues have been investigated in addition to local anaesthetic and antiarrhyth-
mic effects, namely antihistamine antispasmodic activity (7). The synthesis of a number of ad-
amantan-substituted derivatives of anaesthesin, procaine, procainamide and metoclopramide
with improved lipophilicity has been investigated [8]. Glycoside derivatives of anaesthesin have
been obtained and their biological activity predicted [9].
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Based on the data above, the present paper suggests that new hybrid compounds of com-
mon structures A and B (Fig. 2), derived from the fusion of pharmacophore fragments of ami-
noamide and aminoether local anesthetics, would not only have improved biological activity as
a result of synergistic effects, but would also acquire an improved safety profile as well as a
reduced level of drug resistance. The strategy of fusing multiple pharmacophores into a single
chemical structure is one of the most attractive concepts in the development of novel therapeu-
tics with different activities, especially in polypharmacology approaches and design of drug

Ry

| R, | HoN
PN :

R ﬂ § Ry O o §
H : :
Ra N : A Y :
T 5 o} ; o
R, O g SR e—
. R,

E R’y
Amyanoanilide % 5 R, fil/ : T
anaesthetics | R R'y HaN R'4
|
B Y :
o R o)
w Aminoether w
; CHs 5 anaesthetics CHs

Fig. 2. Structural design of hybrid compounds of general formulas A and B with potential local anaesthetic activity

At the presynthetic stage we did a prediction of biological activity for a series of hybrid
compounds of common structures A and B using a software package based on PASS (Prediction
of activity spectra for substances) [15-19]. It allows the online assessment in silico for chemical
structures of various pharmacological effects, determining their most probable molecular tar-
gets, probability of certain side-effects, and acute toxicity. Further, we planned and imple-
mented the synthesis of new compounds with a potentially "attractive" pharmacological profile
as local anaesthetics.

Main body

In order to realise this purpose, we initially chose procaine and benzocaine structures as
starting aminoether fragments at the structural design stage. However, the replacement of two
ethyl radicals at the tertiary nitrogen atom in the procaine molecule by methyl radicals leads to
a complete absence of hepatotoxicity while maintaining a high probability of local anesthetic
activity and a close value of acute toxicity (Table 1), so in the future only the dimethylamine
ethyl radical was considered as a tertiary amine in the aminoether fragment. We chose anilides
of a-amino acids with an aliphatic side radical or cyclic structure as aminoamide derivatives of
local anaesthetics characterised by a sufficiently high lipophilicity [2].

Using this approach, we generated two small series of hybrid compounds of the general
formulas C and D. The probabilities of baseline local anaesthetic, antiarrhythmic activity,
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arrhythmia, and hepatotoxicity as side effects and acute toxicity values for intraperitoneal and
subcutaneous administration were further determined (see Table 1). We compare the data ob-
tained with the results for commonly used local anaesthetics, namely ropivacaine, lidocaine,
benzocaine and procaine. It should be noted here that an assessment of the adverse effects of
ropivacaine, and to a lesser extent lidocaine, revealed a high likelihood of cardiovascular prob-
lems, P,(arr.) = 0.844 and 0.649 respectively, which is consistent with the real data reported
above, and a fairly pronounced toxicity of ropivacaine when administered subcutaneously.

Indeed, the general trend for the hybrid compounds of formula C with respect to Me-
procaine (2-(dimethylamino)ethyl-4-aminobenzoate) was a slight decrease of about 0.05 units
in the probability of local anaesthetic activity with a P.(l.a.) value > 0.690 with P,(La.) < 0.004,
except for the compound with the sarcosine moiety, for which the probability of "being active"
was found to be 0.903. For compounds of the general formula D a similar situation was observed
with P.(l.a.) > 0.453 with Pi(l.a.) < 0.006, and 0.822 for the probability of "being active" in the
sarcosine derivative. A practically important result of the pharmocophor fusion was the poten-
tial absence of significant hepatotoxicity in all hybrid compounds except for the proline deriv-
atives. In addition, for these compounds, the average lethal dose was kept or increased for both
routes of administration, except for proline derivatives, for which the toxicity increased by a
factor of three when administered subcutaneously. The level of possible arrhythmia and anti-
arrhythmic effect of the predicted compounds was not clear, as the difference between P.(arr.)
and P;(arr.) was small, or these values were not given as programming results.

Thus, the presented hybrid compounds, namely sarcosine, glycine, alanine, valine, leu-
cine, phenylalanine, and proline derivatives of Me-procaine and benzocaine of the general for-
mula C and D, are of considerable interest for synthesis and further biological study as potential
local anaesthetics with reduced side effects and toxicity.

The synthesis of compounds of formula C based on p-aminobenzoic acid was imple-
mented in two different ways, differing in the sequence of amino group and carboxy group

functionalisation (Fig. 3). i

H

By the first version, the synthesis was conducted RZ\H "

via three stages. For this purpose at the first stage (S)- O\Q/O\/\N/CHG

Boc-a-amino acids were first reacted with N,N-car- b

bonyl dimidazole in absolute tetrahydrofuran at 60-66 o ¢

°C to form the corresponding imidazolides in situ (con- RZ\H N

ditions a, [20]), which were then reacted with p-amino- o___CH

benzoic acid to form the corresponding amido acids \©\ﬂ/

(2.1-7). At the second stage a reaction of the formation D

of esters between the obtained products and 2-(dimethylamino)ethanol was conducted under

similar conditions (conditions a), which were further subjected to removal of Boc-protection

in an excess of HCl solution in absolute tetrahydrofuran (conditions b) at the third stage.
During the second version, benzocaine was first synthesised from p-aminobenzoic acid

by two stages [21]. The N-methyl analogue of procaine was then synthesised with the yield by

interesterification and functionalised at the amino group with further removal of the Boc-pro-
tection in the same way as described in the first variant.
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Table 1.
Genera..l forn.lula Ri Ry |Pi(aarr.)! |Paarr.)' | Puo(la.)? | Pi(l.a.)? | Pa(arr.)® | Piarr.)® | Po(h.t.)* | Pi(h.t.)* LDso(i.in.)%)  LDso(p.L)"
/ amino acid mg/kg mg/kg
Procaine - - 0.414 0.014 0.916 0.002 0.428 0.164 0.365 0.086 186 985
Me-Procaine * - - 0.253 0.042 0.861 0.002 0.474 0.129 n.d.” n.d. 185 816
B/glycine H H 0.277 0.034 0.742 0.003 0.489 0.117 n.d. n.d. 255 1140
B/alanine Me H 0.242 0.045 0.816 0.003 0.360 0.222 n.d. n.d. 163 1480
V/valine i-Pr H 0.135 0.125 0.737 0.003 0.305 0.297 n.d. n.d. 177 935
B/leucine i-Bu H 0.142 0.114 0.816 0.003 0.324 0.265 n.d. n.d. 212 800
B/Phenylalanine | Bn H 0.155 0.099 0.691 0.003 0.310 0.290 n.d. n.d. 360 868
B/sarcosine H Me 0.249 0.043 0.905 0.002 0.579 0.057 n.d. n.d. 150 1055
B/proline CH.CH:CH:2 | 0.164 0.090 0.775 0.003 0.619 0.041 0.403 0.256 179 255
Benzocaine - - n.d. n.d. 0.621 0.004 n.d. n.d. 0.425 0.241 721 963
G/Glycine H H 0.169 0.086 0.538 0.004 n.d. n.d. n.d. n.d. 605 3691
G/alanine Me H 0.131 0.131 0.521 0.004 n.d. n.d. n.d. n.d. 720 3030
G/valine i-Pr H n.d. n.d. 0.453 0.005 n.d. n.d. n.d. n.d. 942 1435
G/leucine i-Bu | H n.d. n.d. 0.522 0.004 n.d. n.d. n.d. n.d. 1162 3279
G/Phenylalanine | Bn H n.d. n.d. 0.460 | 0.005 n.d. n.d. n.d. n.d. 1319 2143
G/sarcosine H Me 0.157 0.097 0.822 0.003 0.379 0.203 n.d. n.d. 213 1573
G/proline CH>CH>CH: n.d. n.d. 0.534 0.004 0.392 0.192 0.532 0.179 603 325
Ropivacaine - - 0.227 0.051 0.744 0.003 0.844 0.009 n.d. n.d. 182 118
Lidocaine - - 0.549 0.005 0.764 0.003 0.649 0.034 n.d. n.d. 340 1282

'a.ar. - antiarrhythmic action; *l.a. - localanaesthetic effect; *ar. - arrhythmia; *h.t. - hepatotoxicity; *i.in. - intraperitoneal injection; °p.i. - per-
cutaneous injection; 'n.d. - hereinafter "not determined"; *Me-procaine - N-methyl analogue of procaine, namely 2-(dimethylamino)ethyl-4-

aminobenzoate.
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Fig. 3. Layout of the syntheses conducted within this study. Reagents and conditions: a - N,N-carbonyl dimidazole,
tetrahydrofuran, 60-66 °C, 3 h; b - HCI, tetrahydrofuran, rt, 7 h; ¢ - AcOH, rf, 5 h; d - EtOH, H,SO,, f, 6 h;
€ - (Me)zN(CHz)zoK, Tf; 5h

97



&&ROM CHEMISTRY TOWARDS TECHNOLOGY El3: e 143 VOL. 3, ISSUE 4, 2022

Experimental part

To predict the biological activity of new hybrid compounds, we used the web-based com-
puter information resource Way2Drug [15], which includes the PASS Online computer soft-
ware application to simultaneously assess over 4000 activities with an average prediction accu-
racy of over 95% (www.way2drug.com/passonline) [17]; GUSAR to assess acute toxicity for var-
ious routes of drugs with 92-99% accuracy (www.way2drug.com/gusar/acutoxpredict) [16, 18];
and ADVERPred to assess side-effects such as arrhythmia, hepatotoxicity, myocardial infarc-
tion, nephrotoxicity, heart failure (www.way2drug.com/adverpred) [16]. We pre-recorded the
molecular structures as MOL files before evaluating the predicted properties, which we then
processed online in appropriate software applications. The resulting probability values for the
compounds were in most cases higher than the probability of "being active" (P,>P;) and there-
fore could be taken into account for interpretation, except in cases where these values were not
determined by the programme at all, which were interpreted as "inactive". If P.>0.9, which is
very high, compounds are very likely to be known pharmaceutical agents; if P.>0.7, the proba-
bility of experimental pharmacological action is considered high; if Pa is 0.5 <P.<0.7, the prob-
ability of experimental pharmacological action is moderate; and if P. is equal to or less than 0.5,
the probability of finding activity is experimentally lower [17]. The result of the acute toxicity
assessment was the calculated average lethal dose (LDso) of the compounds expressed in milli-
grams per kilogram (mg/kg) for the two routes of administration (intraperitoneal and subcuta-
neous).

"H NMR spectra were recorded by a Varian "VXR-400" in DMSO-d; solution. IR spectra
were recorded by a Spectrum RX-1 (Perkin Elmer) for substances in suspension in Vaseline oil.
The melting temperatures were determined by a BUCHI Melting Point M-560. The homoge-
neity of obtained compounds was controlled by thin-layer chromatography using analytical
plates Sorbfil (Russia) with applied phosphor (254 nm), the eluent used was toluene/acetone =
8 ml/5 ml and the chromatogram was developed under UV-radiation or in iodine vapor.

General methodology for the synthesis of N-(tert-butoxycarbonyl)-(S)-amino acid deriv-
atives of p-aminobenzoic acid (2.1-7), N-methyl analogue of procaine and benzocaine (condi-
tions a). We add 1.15 mmolN,N-carbonyl dimidazole to a solution of 1 mmol N-(tert-
butoxycarbonyl)-(S)-amino acids in 10 ml THF.We stirred and heated the reaction mixture to
solvent boiling for 1 hour. Then we add 1.20 mmol amine (p-aminobenzoic acid, benzocaine or
N-methyl analogue of procaine) or 1.40 mmol N,N-dimethylaminoethanol. Stirring was con-
tinued under heat for another 3 hours. The reaction mixture was left overnight at room tem-
perature, concentrated to half of its original volume, and then diluted with water to half its
volume. Afterwards we add 15-20 ml of methylene chloride to the reaction mixture until the
isolated product was completely dissolved, separated the resulting organic layer, dried, evapo-
rated it to a viscous mass, which was then crystallized in a 1:1 ratio n-hexane/diethyl ether mix-
ture by volume. The solid products were filtered off and dried on air.

General methodology for the synthesis of (S)-amino acid hydrochlorides of N-methyl de-
rivatives of procaine (3.1-5) and benzocaine (4.1-5) (conditions b). Under vigorous stirring we
add 0.50 mmol N-(tret-butoxycarbonyl)-S-amino acid amino acid derivatives of N-methyl
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analogue of procaine and benzocaine to 2.5 ml of 2M HCI solution in tetrahydrofuran.
We stirred the reaction mixture for 7 hours at room temperature, then the solvent was removed
under reduced pressure. We washed the residue with acetone, dried it in a vacuum, and resus-
pended from water with acetone, then filtered and dried on air.

4-(2-(tret-butoxycarbonylamino)-3-acetamido)benzoic acid (2.1)

0.24 g (78%) was obtained. Melting point is 178-180 °C. R0.25. IR, v, cm™: 3379 (N-H),
1712 (C=0), 1670 (C=0), 1617 (CsH4),1547 (C=0). 'H NMR, 4, ppm.: 12.60 (s, 1H), 10.20
(s, 1H), 7.86 (d, J= 10.0 Hz, 2H), 7.72 (d, J= 10.0 Hz, 2H), 7.0 (s, 1H), 3.85 (d, J= 6.5 Hz, 2H),
1.20 (m. 9H).

4-(2-(tert-butoxycarbonylamino)-3-methylbutanamido)benzoic acid (2.3)

0.25 g (76%) was obtained. Melting point is 195-197 °C. R0.20. IR, v, cm™: 3390 (N-H),
2876 (CHs), 1710 (C=0), 1676 (C=0), 1614 (CsH,),1544 (C=0). 'H NMR, &, ppm.: 12.60
(s, 1H), 10.30 (s, 1H), 7.84 (d, J= 10.0 Hz, 2H), 7.78 (d, J= 10.0 Hz, 2H), 6.80 (s, 1H), 3.9 (dd.,
J=8.0 Hz, J=9.0 Hz, 1H), 1.8 (m. 1H), 1.2 (m. 9H), 0.8 (m. 6H).

4-(2-(tert-butoxycarbonylamino)-3-methylacetamido)benzoic acid (2.6)

0.27 g (78%) was obtained. Melting point is 145-148 °C. R0.28. IR, v, cm™: 3390 (N-H),
1710 (C=0), 1670 (C=0), 1619 (CsHy),1547 (C=0). 'H NMR, 8, ppm.: 12.50 (s, 1H), 10.40
(s, 1H), 7.68 (d, J= 10.0 Hz, 2H), 7.74 (d, J= 10.0 Hz, 2H), 3.85 (d, J= 6.5 Hz, 2H), 3.10 (s, 3H),
1.20 (m. 9H).

4-(ethyl-(2-amino-N-acetamido))benzoate hydrochloride (4.1)

0.21 g (68%) was obtained. Melting point is 111-113 °C. R0.11. IR, v, cm™: 3365 (N-H),
1742 (C=0), 1680 (C=0), 1620 (C¢H,),1560 (C=0). 'H NMR, &, ppm.: 10.40 (s, 1H), 7.80
(d, J= 9.0 Hz, 2H), 7.60 (d, J= 9.0 Hz, 2H), 4.5 (s.1H), 4.2 (m, 2H), 3.78 (d, J= 6.5 Hz, 2H), 1.28
(s, 3H).

4-(ethyl-(2-amino-N-methylbutanamido))benzoate hydrochloride (4.3)

0.21 g (66%) was obtained. Melting point is 123-125 °C. R0.13. IR, v, cm™: 3390 (N-H),
2876 (CHs), 1745 (C=0), 1678 (C=0), 1620 (CsH.),1540 (C=0). 'H NMR, 8, ppm.: 10.35 (c,
1H), 7.94 (d, J= 10.0 Hz, 2H), 7.65 (d, J= 10.0 Hz, 2H), 4.4 (s, 1H), 3.8 (dd, J= 7.0 Hz, J=8.0 Hz,
1H), 1.8 (m. 1H), 0.8 (m. 6H).

4-(ethyl-(2-amino-N-methylacetamido))benzoate hydrochloride (4.6)

0.23 g (59%) was obtained. Melting point is 90-92 °C. R0.18. IR, v, cm™: 3390 (N-H), 1748
(C=0), 1660 (C=0), 1612 (CsH.),1549 (C=0). 'H NMR, 8, ppm.: 10.60 (s, 1H), 7.87 (d,
J=9.0 Hz, 2H), 7.78 (d, J=9.0 Hz, 2H), 4.2 (s, 1H), 3.85 (d, J=6.5 Hz, 2H), 3.15 (s, 3H).

4-(2-aminoacetamide)-N-[2-(dimethylamino)ethyl]benzamide dihydrochloride (3.1)

0.19 g (56%) was obtained. Melting point is 88-90 °C. R0.32. IR, v, cm™: 3390 (N-H), 1745
(C=0), 1680 (C=0), 1621 (C¢H.,),1555 (C=0). 'H NMR, §, ppm.: 10.8 (s, 1H), 8.05 (d, J=8.5 Hz,
2H), 7.35 (d, J= 8.5 Hz, 2H), 4.6 (br. s, 1H), 4,4 (br. s, 1H), 4.30 (tr, J= 6.9 Hz, 2H), 3.80 (s, 2H),
2.82 (tr, J= 6.9 Hz, 2H), 2.29 (s. 6H).

4-(2-aminomethylbutanamide)-N-[2-(dimethylamino )ethyl]benzamide dihydrochloride (3.3)

0.16 g (53%) was obtained. Melting point is 80-83 °C. R0.35. IR, v, cm™: 3375 (N-H), 1746
(C=0), 1679 (C=0), 1619 (CsH.),1556 (C=0). 'H NMR, §, ppm.: 10.2 (s, 1H), 8.05 (d, J= 8.5 Hz,
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2H), 7.35 (d, J= 8.5 Hz, 2H), 4.5 (br.s., 1H), 4,3 (br.s., 1H), 4.30 (tr, J= 6.9 Hz, 2H), 3.52 (d, J=
5.1 Hz, 1H), 2.82 (tr, J= 6.9 Hz, 2H), 2.29 (s. 6H), 1.95 (m,1H), 0.78-0.89 (m, 6H).

4-(2-amino-N-methylacetamide)-N'-[2-(dimethylamino )ethyl]benzamide dihydrochloride (3.6)
0.15 g (51%) was obtained. Melting point is 94-96 °C. R0.29. IR, v, cm™: 3379 (N-H), 1738

(C=0), 1685 (C=0), 1617 (C¢Ha),1551 (C=0). 'H NMR, 8, ppm.: 10.1 (s, 1H), 7.85 (d, J=8.5 Hz,
2H), 7.34 (d, J= 8.5 Hz, 2H), 4.8 (br.s., 1H), 4,6 (br.s., LH), 4.28 (tr, J= 7.0 Hz, 2H), 3.78 (s, 2H),
2.81 (tr, J= 6.9 Hz, 2H), 2.34 (s, 3H), 2.28 (s. 6H).

10.

11.

12.

13.

14.

15.
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Substitution of halogen atom or nitro group of activated aromatic systems is still a conven-
ient way to obtain a wide range of polyfunctional compounds, promising for use in various
fields of science and technology [1-6]. Alkyl-, aryl-, araloxy-, heteryl-, and other substituted
mono- and diphthalonitriles synthesised by the above mentioned SyAr-reactions take their
proper place in this range. The scientific literature presents many ways of producing different
types of ortho-dicarbonitriles based on 4-nitrophthalonitrile [3, 7-9], 4-bromo-5-nitrophthalo-
nitrile [9-13], tetra- and dichlorophthalonitrile [14, 15] as well as options for their practical
application and various industries. These include the development of new biologically and
pharmacologically active drugs [16-19], effective phthalocyanine dyes [20-22], and polyeth-
erimides [3, 23-25].

This paper discusses the potential of this reaction used to produce new and some already
known compounds (Fig. 1).
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Fig. 1.

We use 4-chlorophthalonitrile (4-CPHN) 1 and 4,5-dichlorophthalonitrile (4,5-DCPH)
2, aromatic systems containing two electron acceptor cyanogroups in the benzene ring, activat-
ing one or two chlorine atoms for SyAr-reactions by mono- and bifunctional O-nucleophiles as
initial key substrates.

The presence of electron acceptor substituents (especially cyanogroups) in the mentioned
substrates 1, 2 significantly decreases the electron density in the benzene ring in full accordance
with the known mechanism [1]. It allows proton-donating nucleophiles formed in the reaction
mixture to successfully attack the carbon atoms bound to the chlorine atoms (nucleofuges),
which consequently leads to the formation of relatively stable intermediates. The formation of
new and thermodynamically advantageous structure of aryloxyphthalonitrile (4, 5), 4,5-bis(ar-
yloxy)phthalonitrile (6, 7), arylendioxydiphthalonitrile (9, 10) is a logical result of this process.
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We have implemented two approaches for the above mentioned SyAr reactions with chlo-
rophthalonitriles 1, 2 - heterophase and homophase. The classical heterophase method is good
with weakly activated substrates, as has been proven in practice. We obtained the best results
by interaction of 4-CPHN 1 with phenols 3 (a-e) and bisphenols 8 (f-h) under intensive stirring
and heating the reaction mixture in anhydrous DMFA at the presence of finely dispersed cal-
cined potassium carbonate. The heterophase method should also be used to obtain the symmet-
rical and asymmetrical 6(a-e) and 7 disubstitution products in 4,5-DCPH. This is because the
4-aryloxy-5-chlorophthalonitriles 5 (a-e) synthesised contain a chlorine atom which is still ca-
pable of participating in the SyAr reaction, but at higher temperature. The use of phenols with
a large number of electron-donating substituents in the benzene ring or thiophenols will also
promote these reactions.

In order to obtain mono-substitution products 5(a-e) based on 4,5-DCPH 2, it is reason-
able to use homophase method and conduct the reaction using binary solvent DMFA-H,O. In
this case, we used K,COs as the deprotonating agent providing the in situ generation of the
reactive O-nucleophilic complex, as the most available and a comparatively rapid process. The
use of the homophase method makes it possible to obtain 4-aryloxy-5-chlorophthalonitriles
5(a-e) with good yields without the impurities of the disintegration products, due to the for-
mation of little soluble in aqueous DMFA and precipitated out of the reaction mixture target
products, which did not require additional purification.

If pyrocatechines 11 (i, j) containing two hydroxyl groups in ortho-position were used as
starting bisphenols for the considered interaction with 4,5-DCPH 2, sequential intermolecular
and then intramolecular reactions of halogen atom substitution by bifunctional O-nucleophile
resulted in formation of heterocyclic dibenzodioxin system containing two cyanogroups
12 (i, j).

Thus, using 4-CPHN, 4,5-DCPH and various mono- and bifunctional O-nucleophiles,
the synthesis of 4-aryloxy-5-chlorophthalonitriles not considered in literature and a wide range
of already known ortho-dicarbonitriles containing different substituents becomes possible.

Experimental part

We recorded the IR spectra on a Perkin Elmer RX-1 FT-IR spectrometer at 700-4000 cm™*
(suspended in Vaseline oil).

We recorded '"H NMR spectra on a Bruker DRX-500 device for 5% solutions of
samples in DMSO-d® at 30 °C. We used the residual solvent proton signals in proton spectra
(86 1 2.50 ppm.) or DMSO-d® signal in carbon spectra ( 8¢ 39.5 ppm.) as a reference for the
chemical shift reference.

We performed elemental analyses on a "Hewlett-Packard HP-85B" C, H, N analyser.

We obtained 4-CPHN 1 4,5-DCPH 2 from commercially available 4-chlorophthalic and
4,5-dichlorophthalic acids by the methodology similar to that presented in [13].

Phenols, bisphenols as well as other reagents and solvents are commercially available.

4-(Aryloxy)phthalonitriles 4 (a-e) (common methodology). We filled 1.73 g (0.01 mol)
of 4-CPHN 1, (0.01 phenol 3 (a-e)), 1.56 g (0.01 mol) of K,COs and 30 cm® of DMFA into a
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flask equipped with stirrer, reflux condenser, and thermometer under TLC monitoring.
We stirred the reaction mixture intensively at 90-95 °C for 2.5-3.0 hours under TLC monitor-
ing. At the end of the reaction, we cooled the reaction mixture to 5-10 °C and poured it into
100 cm® of cold water. We filtered off the resulting precipitate, washed with water (3x 50 cm?)
and dried at 70 °C. We obtained the target products 4 (a-e) with a yield of 74-93% according to
the theory.

4-Aryloxy-5-chlorophthalonitriles 5 (a-e) (common methodology). We filled 0.01 mole
of 4,5-DCPH 2, 0.01 mole of phenol 3 (a-e) and 30 cm’ of DMFA into a flask equipped with
stirrer, reflux condenser, and thermometer. We added to the reaction mixture a solution of
1.56 g (0.01 mol) of K;COs in 10 cm? of water after dissolving the reagents under vigorous stir-
ring. We stirred the reaction mixture intensively at 90-95 °C for 1-2 hours under TLC monitor-
ing. At the end of the reaction, we cooled the reaction mixture to 5-10 °C and poured it into
100 cm® of cold water. We filtered off the precipitate, washed with 2-propanol (50 cm?), water
(3% 50 cm’) and dried at 70 °C. We obtained the monosubstitution target products 5 (a-e) with
ayield of 53-62% according to the theory.

4,5-bis(aryloxy)phthalonitriles 6 (a-e), 7. (common methodology). We filled 0.01 mol
4-aryloxy-5-chlorophthalonitrile 5 (a-e), 0.01 mol phenol 3 (a-e), 1.56 g (0.01 mol) K,SO; and
30 cm? DMFA into a flask equipped with stirrer, reflux condenser, and thermometer. We stirred
the reaction mixture intensively at 90-95 °C for 3-5 hours under TLC monitoring. At the end
of the reaction, we cooled the reaction mixture to 5-10 °C and poured it into 100 cm’ of cold
water. We filtered off the resulting precipitate of the disubstituting product, washed with water
(3% 50 cm®) and dried at 70 °C. We obtained the target compounds 6(a-e), 7 with a yield of
(43-78) % according to the theory.

4,4'-(m-Arylendioxy)diphthalonitriles 9 (f-h), 10 (f-h), dibenzo[1,4]dioxin-2,3-dicar-
bonitriles 12 (i, j) (common methodology). We filled 0.02 mol 4-CPHN 1 (4,5-DCPH 2),
0.01 mol bisphenol 8 (f-h) or 11 (i, j), 3.12 g (0.02 mol) K,SOs and 30 cm® DMFA into a flask
equipped with stirrer, reflux condenser and thermometer. We stirred the reaction mixture in-
tensively at 90-98 °C for 3-5 hours under TLC monitoring. At the end of the reaction, we cooled
the reaction mixture to 5-10 °C and poured it into 100 cm® of cold water. We filtered off the
precipitate, washed with 2-propanol (50 cm?), water (3x 50 cm’) and dried at 70 °C. We ob-
tained the target products 9 (f-h), 10 (f-h) and 12 (i, j) with a yield of 46-74% according to the
theory.

4a: Yield 76%, Tnar. = 128-130 °C. IR (0ms): 2230 (CN), 1270 (C-O-C). Found, %: C, 70.52;
H, 2.92; N, 11.93. C;4H,FN,O. Calculated, %: C, 70.59; H, 2.96; N, 11.76. NMR 'H (400 MHz,
DMSO-ds, §, ppm.): 7,43-7,61 (m, 5H, J=14.13 Hz), 7,7 (s, 1H), 8,14 (d, 1H, J=2.13 Hz).

4b: Yield 89%, Tmer. = 156-157 °C. IR (Uma): 2237 (CN), 1273 (C-O-C). Found, %: C,
77.80; H, 5.32; N, 10.70. C;;H14N,O. Calculated, %: C, 77,84; H, 5.38; N, 10.68. NMR 'H
(400 MHz, DMSO-d6, §, ppm.): 1,24 (d, 3H, J=6.84 Hz), 2,91 (kv, 1H, J=6.72 Hz), 7,20-7,36 (m,
4H, J=13.01 Hz), 7,36 (d, 1H, J=8.30 Hz), 7,89 (s, 1H), 8,1 (d, 1H, J=2.10 Hz).

4c: Yield 93%, Tier = 162-165 °C. TR (Uma): 2230 (CN), 1259 (C-O-C). Found, %: C, 78.20;
H, 5.81; N, 10,17. CisH16N,O. Calculated, %: C 78.24; H 5.84; N 10.14. NMR 'H (400 MHz,
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DMSO-d6, 8, ppm.): 1,13 (d, 6H, J=7.04 Hz), 2,23 (s, 3H), 2,91 (kv, 1H), 6,99 (s, 1H) 7,12 (d,
1H, J=8.06 Hz), 7,34 (d, 1H, J=8.06 Hz), 7,49 (d, 1H, J=6.13 Hz), 7,89 (s, 1H), 8,1 (d, 1H).

4d: Yield 74%, Tmer = 85-87 °C. IR (vmax): 3262 (NH), 2237 (CN), 1668 (C=0), 1256
(C-0O-C). Found, %: C, 69.22; H, 3.98; N, 15,23. C;sH;:1N;0,. Calculated, %: C, 69.31; H, 4.00; N,
15.15. NMR 'H (400 MHz, DMSO-d6, §, ppm.): 2,04 (s, 3H), 6,84 (d, 2H, J=9.01 Hz), 7,34 (t,
1H), 7,44 (d, 1H, J=9.12 Hz), 7,76 (s, 1H), 7,88 (s, 1H), 7,99 (d, 1H, J=7.02 Hz), 10.12 (s, 1H).

4e: Yield 88%, Tnar = 230-232 °C. IR (Uma): 3264 (NH), 2234 (CN), 1664 (C=0), 1240
(C-0O-C) Found, %: C, 68.76; H, 3.20; N, 17.77. CisH0N4O,. Calculated, %: C, 68.79; H, 3.21; N,
17.83. NMR 'H (400 MHz, DMSO-d6, 8, ppm.): 2,07 (s, 3H), 7,11 (m, 2H, J=9.04 Hz), 7,57 (s,
1H), 7,72 (m, 2H, J=9.14 Hz), 7,9 (s, 1H), 8,3 (d, 1H), 10,09 (s, 1H).

5a: Yield 59%, Tmer. = 141-144 °C. IR (Vmax): 2232 (CN), 1276 (C-O-C), 1179 (C-F), 1010
(C-Cl). Found, %: C, 61.49; H, 2.25; N, 10.25. C14HsCIFN,O. Calculated, % C, 61.67; H, 2.22; N,
10.27. NMR 'H (400 MHz, DMSO-d6, §, ppm.): 7,27 (dd, 2H, J=9.28, 4.64 Hz), 7,34 (dd, 2H,
9.04, 8.55 Hz), 7,67 (s, 1H), 8,55 (s, 1H).

5b: Yield 58%, Ther = 160-161 °C. IR (Uma): 2235 (CN), 1273 (C-O-C), 1014 (C-Cl).
Found, %: C, 68.77; H, 4.40; N, 9,53. C;;H;CIN,O. Calculated, % C, 68.81; H, 4.42; N, 9.44.
NMR 'H (400 MHz, DMSO-d6, 8, ppm.): 1,22 (d, 6H, J=6.84 Hz), 2,94 (kv, 1H, ]=6.78 Hz), 7,10
(d, 2H, J=8.06 Hz), 7,36 (d, 2H, J=8.30 Hz), 7,06 (s, 1H), 8,56 (s, 1H).

5¢: Yield 53%, Tmer = 124-125 °C. IR (Umay): 2235 (CN), 1276 (C-O-C), 1017 (C-CI).
Found, %: C, 69.53; H, 4.82; N, 9.09. C;sH;sCIN,O. Calculated, %: C, 69.57; H, 4.86; N, 9.01.
NMR 'H (400 MHz, DMSO-d6, 8, ppm.): 1,14 (d, 6H, J=7.08 Hz), 2,27 (s, 3H), 2,93 (kv, 1H),
7,12 (d, 1H, J=8.06 Hz), 7,34 (d, 1H, J=8.06 Hz), 7,45 (s, 1H), 8,55 (s, 1H).

5d: Yield 57%, Tae. = 191-193 °C. IR (Vmar): 3260 (NH), 2237 (CN), 1243 (C-O-C), 1020
(C-Cl). Found, %: C, 61.64; H, 3.22; N, 13,49. C;H;0CIN;O,. Calculated, C, 61.65; H, 3.23; N,
13.48. NMR 'H (400 MHz, DMSO-d6, 8, ppm.): 2,02 (s, 3H), 6,89 (d, 2H, J=9.01 Hz), 7,37 (t,
1H), 7,44 (d, 1H, J=9.12 Hz), 7,66 (s, 1H), 7,88 (s, 1H), 10.12 (s, 1H).

5e: Yield 62%, Tmer = 223-225 °C. IR (Vma): 3267 (NH), 2236 (CN), 1667 (C=0), 1240
(C-0-C), 1019 (C-CI). Found, %: C, 61.59; H, 3.18; N, 13,49. C;sH0CIN;O,. Calculated, %: C,
61.65; H, 3.23; N, 13.48. NMR 'H (400 MHz, DMSO-d6, 8, ppm.): 2,05 (s, 3H), 7,14 (m, 2H,
J=9.04 Hz), 7,57 (s, 1H), 7,69 (m, 2H, J=9.04 Hz), 8,55 (s, 1H), 10,09 (s, 1H).

6a: Yield 49%, Timer. = 184-187 °C. IR (0ma): 2232 (CN), 1220 (C-O-C), 1179 (C-F). Found,
%: C, 68.99; H, 2.85; N 8.05. C,0H;0F,N,O,. Calculated, % C, 68.97; H, 2.89; N, 8.04. NMR 'H
(400 MHz, DMSO-d6, §, ppm.): 7,27-7,43 (m, 8H, J=16.28 Hz), 7,47 (s, 2H).

6b: Yield 48%, Tmer = 218-220 °C. IR (VUma): 2234 (CN), 1243 (C-O-C). Found, %: C,
78.72; H, 6.06; N, 7,03. C,H,4N,O,. Calculated, % C, 78.76; H, 6.10; N, 7.07. NMR 'H (400 MHz,
DMSO-d6, §, ppm.): 1,22 (d, 12H, J=6.82 Hz), 2,9 (kv, 2H, J=6.71 Hz), 7,14-7,31 (m, 4H, ]=8.06
Hz), 7,36 (d, 4H, J=8.30 Hz), 7,44 (s, 2H).

6¢: Yield 43%, Toer, = 232-235 °C. IR (Umar): 2235 (CN), 1239 (C-O-C). Found, %: C, 79.13;
H, 6.62; N, 6,64. C,sH2sN,O,. Calculated, %: C, 79.22; H, 6.65; N, 6.60. NMR 'H (400 MHz,
DMSO-d6, 8, ppm.): 1,14 (d, 12H, J=7.01 Hz), 2,23 (s, 6H), 2,97 (kv, 2H), 7,12-7,34 (m, 4H,
J=13.1 Hz, 7,44 (d, 2H, J=3.4 Hz), 7,55 (s, 2H).
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6d: Yield 67 %, 224-227 °C. IR (vmax): 3260 (NH), 2237 (CN), 1664 (C=0), 1246 (C-O-C).
Found, %: C, 67.54; H, 4.22; N, 13,19. C,,HsN,O,. Calculated, %: C, 67.60; H, 4.25; N, 13.14.
NMR 'H (400 MHz, DMSO-d6, §, ppm.): 2,07 (s, 6H), 7,12-7,29 (m, 6H, J=10.1 Hz), 7,41 (s,
2H), 7,68 (s, 2H), 10,01 (s, 2H).

6e: Yield 78%, T = 243-245 °C. IR (Uma): 3265 (NH), 2233 (CN), 1667 (C=0), 1240
(C-0O-C). Found, %: C, 67.559; H, 4.23; N, 13.17. C,4H;sN,O.. Calculated, %: C, 67.60; H, 4.25;
N, 13.14. NMR 'H (400 MHz, DMSO-d6, §, ppm.): 2,03 (s, 6H), 7,14-7,19 (m, 4H, J=9.04 Hz),
7,41 (d, 4H, J=3.1 Hz), 7,71 (s, 2H), 10,01 (s, 2H).

9f: Yield 68%, Tme. = 185-187 °C. IR (Umax): 2235 (CN), 1275 (C-O-C). Found, %: C, 72.86;
H. 2.77; N, 15.47. C;,H,0N4O,. Calculated, %: C, 72.92; H, 2.78; N, 15.46. NMR 'H (400 MHz,
DMSO-d6, §, ppm.): 6,80 (s, 1H), 7,15 (d, 2H, J=2,69 Hz), 7,29-7,43 (m, 3H, J=10.18 Hz),
7,95-8,30 (m, 4H, J=16,3 Hz).

9g: Yield 74%, Tmer. = 191-192 °C. IR (Umay): 2234 (CN), 1274 (C-O-C). Found, %: C 73.35;
H, 3.15; N, 14,85. C,;H,N4O,. Calculated, %: C, 73.40; H, 3.21; N, 14.89. NMR 'H (400 MHz,
DMSO-d6, §, ppm.): 2,3 (s, 3H), 6,7 (s, 1H), 7,0 (s, 2H), 7,31-7,59 (m, 2H, J=10.2 Hz), 7,95-8,24
(m, 4H, J=14,3 Hz).

9h: Yield 67%, Tmer = 208-211 °C. IR (Umax): 2233 (CN), 1244 (C-O-C), 1060 (C-CI).
Found, %: C, 66.54; H, 2.28; N, 14,16. C,,H,CIN,O,. Calculated, %: C, 66.59; H, 2.29; N, 14.12.
NMR 'H (400 MHz, DMSO-d6, 8, ppm.): 7,56 (dd, 1H, J=8.67, 2.56 Hz), 7,62 (dd, 1H, J=8.79,
2.69 Hz), 7,79 (d, 1H, ]=8.79 Hz), 7,95 (dd, 2H, ]=5.86, 2.69 Hz), 8,10-8.16 (m, 2H).

10f: Yield 58%, Tmar = 189-191 °C. IR (vmay): 2235 (CN), 1275 (C-O-C), 1015 (C-Cl).
Found, %: C, 61.26; H, 1.86; N, 12,97. C,,HsCLL,N,O,. Calculated, %: C, 61.27; H, 1.87; N, 12.99.
NMR 'H (400 MHz, DMSO-d6, §, ppm.): 7,10 (s, 1H), 7,15 (dd, 2H, J=8.30, 2.20 Hz), 7,61 (t,
1H, J=8.18 Hz), 7,95 (s, 2H), 8,55-8.58 (m, 2H).

10g: Yield 54%, Tomer. = 194-196 °C. IR (Vmax, 0il): 2234 (CN), 1274 (C-O-C), 1012 (C-Cl).
Found, %: C, 61.95; H, 2.25; N 12,63. C»;H,,CLLN,O,. Calculated, %: C, 62.04; H, 2.26; N, 12.58.
NMR 'H (400 MHz, DMSO-d6, 8, ppm.): 2,3 (s, 3H), 7,13 (s, 1H), 7,2 (s, 1H), 7,61 (s, 1H), 7,9
(s, 1H), 8,4 (s, 1H), 8,59-8,64 (m, 2H).

10h: Yield 57%, Tme. = 201-204 °C. IR (Umax): 2235 (CN), 1263 (C-O-C), 1012 (C-Cl).
Found, %: C, 56.72; H, 1.50; N, 12,06. C,,H,CI;:N,O,. Calculated, %: C, 56.74; H, 1.52; N, 12.03.
NMR 'H (400 MHz, DMSO-d6, §, ppm.): 7,29 (dd, 1H, J=8.91, 2.81 Hz), 7,45 (d, 1H, ]=2.69 Hz),
7,84 (d, 1H, J=8.79 Hz), 7,94 (s, 1H), 8,01 (s, 1H), 8,57 (d, 2H, J=8.79 Hz).

12i: Yield 54%, e = >300 °C. IR (Umar): 2230 (CN), 1250 (C-O-C). Found, %: C, 71.72;
H, 2.60; N, 11,98. C1sHsN,O,. Calculated, %: C 71.79; H, 2.58; N 11.96. NMR 'H (400 MHz,
DMSO-d6, §, ppm.): 6, 85-7.00 (m, 4H, J=25 Hz), 7.70 (s, 2H).

12j: Yield 46%, Tomer, = 237-239 °C. IR (Unmax): 2238 (CN), 1250 (C-O-C) Found, %: C, 72.55;
H, 3.22; N 11,26. C;sHsN,O,. Calculated, %: C, 72.58; H, 3.25; N, 11.28. NMR 'H (400 MHz,
DMSO-d6, 8, ppm.): 2.23 (s, 3H), 6.85 (m, 2H, J=3.02 Hz), 6.94 (s, 1 H), 7.8 (s, 2 H).
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