HALIUOHAJIbHASI AKAJIEMMSI HAYK TAUKUKACTAHA
WHCTUTYT XUMHUH UMEHU B.A. HHKUTUHA
HAYYHO-UCCJIEJOBATEJLCKUI LEHTP DKOJOTMU U
OKPYKAIOWIIEN CPEJIbI HEHTPAJILHOW A3UHU (IYILIAHBE)

YK 54.057:547 Ha npaeax pyxonucu
BBK 24.1+24.127+24.2 o S0
M-24 ‘

MAMAAIIO304A CAKHHA CAJIOMATIIO

CUHTE3 [IPOU3BOJHBIX 2-BPOM -7- (TPUOGTOPMETHNJI)- 5- OKCO-5H-
1,3,4 - THAAUA30JIO0 [3,2-A] IUPUMHUANHA U UX UHT'TBUPYIOIIUE
CBOVCTBA B OTHOIIEHUU IEJJOYHBIX ®OCPATA3 (AP)

JANCCEPTALIUA
HAa COMCKAaHMe YYEHOU CTeNeHHU
KAaHJAUIAaTA XUMHYECKHUX HAYK M0 CIeHUAIbHOCTH

1.4. Xumus (1.4.4. Opranunveckasi XuMusi)

HayuHblii pykoBOAUTEJIb:
a.x.H. Cadapos Caiipuaun

Hlaxo0onauHoBuY

JYIIAHBE — 2026



OI'JIABJIEHUE

CHUCOK COKPAIIEHWMI ............coooovieiieeeeeeeeeee e, 4
13323 DF 0 ] 5 17 U OO TP 6
OBHIAS XAPAKTEPUCTUKA UCCJIIEJOBAHUS ......cccevvvvnviiiniennnnnn 11

TJABA 1. JUTEPATYPHBIM OB3OP.............cooooiiiiiiiiiiiiii e, 17
1.1. KpaTkuii 0030p KJIFOYEBBIX OTKPBITHH U OCHOBHBIX HAYYHBIX paloT .............. 17

1.2. UccinegoBanue METOOOB CHHTE3a U OMOJIOTMYECKON aKTUBHOCTH S5-0kco-1,3,4-
THATUA30JIOTTUPUMHUIMHOBBIX TTPOMBBOTHBIX .. .vvttsteenteeenreeannneeanneeeanneennans 18
1.3. Metoas! cuHTe3a 5-0Kc0-1,3,4-THaana3ono[3,2-a|MUPUMHIAHOB ..................... 19
1.4. Cunre3 2-amuHO-7-mMeTHi-5H-7-okco-1,3,4-tnamuasono|3,2-a]nupuMuanHa
HAa OCHOBE AIIETOYKCYCHOTO DMDHPA ..veriiiriieeeiieeeeiiiieeeeirieeesteeeeesareeeessseeesssneeesns 22
1.5. Peakums kpocc-couetanus Cy3yKu, CHHTE3 TETEPOLMKINYECKUX CUCTEM ......... 32

1.6. HaJIHaHHﬁ-KaTaHHBpreMBIC pCakOuu: CHHTC3, MCXAaHHU3Mbl W IIPHUMCHCHHC

1347071707 0 WS NS 010201719 () : SRR 33
1.7. lenounsie pocdarasznr (Alkiline Phosphates AP).........coccvvveciieiciiiiiiieciieenes 39
['JIABA 2. DKCIIEPUMEHTAJIBHASA YACTbD.................coooiiii, 55
2.1. MaTtepralibl i METOABI UCCHETOBAHMS. .....uuvvvreeeeeennerrreeeeesnnnnrreeessssssnsneesssssssssneeeens 55
2.2. Cunres 2-6pom-7-(Tpudropmeru)-5-okco-5H-1,3,4-tuaanazonol 3,2-
0 007000700007 91170 ¢ R PO PRPOPPRR 56

2.3. MeToauka cuHTE3a 2-aMHHO3aMEIIeHHBIX 7-(TpudTopmeTni)-5-okco-5H-1,3,4-

THana3010[3,2-a|mupuMuIrnHa (5a1).iii i 58
2.4. OOmas MeTroauka CUHTe3a 2-apwi-7-(Tpudropmerwi)-5-okco-5H-1,3,4-
THAINA30J10[ 3,2-a [TUPUMUAMHA (02—1). ...ttt e e 75
I''TABA 3. OBCY/KIAEHHUE PE3YJIBTATOB.....ccccoivtiiiiiiiiiiiiieinnenns 102
3.1. Murubupyromue, OMOJOTUYECKHE CBOWCTBA M3YyYEHHBIX TIETEPOLUKIMYECKHX
COCIMHECHUN U UX MOJEKYIISIPHBIA JIOKHHT . ... uvtentsenteenneenneenneenneeenneenneeennes 102
3.2. Cunre3 coemuuenust 7-(tpudropmernin)-5-okco-5H-1,3,4-tnaanaszomno[3,2- aj
NUPUMUANHA U UCCIIEOBAHUE €I0 UHTHOUPYIOITUX CBOMCTB .....vvvverireieireesineeennnesss 105
3.3. Biusinue cTpyKTypbl Ha OMOJIOTHYECKYIO AKTUBHOCTD COEAMHEHUM. ................ 118

3.4. MonexkynspHoe MOJICIUPOBAHKUE B3aUMOACHCTBUM (JIOKMHT) COCTUHEHUI



BBIBOIDBL ...ttt ettt 129
PexoMeHaalIMU 0 MPAKTHYECKOMY HCIOJIb30BAHUIO PE3YJIbTATOB.................. 130
CITUCOK JIUMTEPATYPBL........ccoiiii e 132

CrarTbu, ony0JIMKOBAHHbIE B U3aHUAX, pekoMeHayeMbix BAK npu Ilpe3unente

PecnyOUKH TaTKHKHCTAH . ccvvutiiiiaiereteosssscsssssossssssssssosssssssssssssnasssnas 153



CIIUCOK COKPOIIEHUI

AJ1® — anenosunaudocdar

AM® — anenozuamonodochar

(AP) LII®D- menounsie pocdaraspl
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Et — sTunbHas rpynmna
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Het-Ar — rerepoapuib

HTS — BoicokonpousBoautensubiii ckpuHUHT (High-Throughput Screening)
IAP — xumieunas menoyHas gocdaraza

ICso — momymMakcuMasbHasi MHTMOUPYIOLasi KOHUEHTpaIs
UK — undpakpacHas CrieKTpOCKOIHUS

M/Z — OTHOIIIEHHE MACCHI K 3apsTy

M — MynbTHIIIET

Me — meTmibHas Tpymna

UM — MUKpPOMOJIB

NBu — HOpManbHBIN OyTHII

nPr — HOpMaJIBHBIN TTPOITHII

Ph — penwmnbnas rpymma
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T — Tpunuier

tBu — TpeT-OyTunbHas rpymmna
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T.IUL. — TEMIIEpaTypa TUIaBICHUS
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SIMP — saepHbIii MArHUTHBIN PE30HAHC



BBE/IEHUE

AKTYaJIbHOCTh T€Mbl HCCJIEI0BAHMS. YCUIICHHE MPOIECCOB TII00aIM3alUN
COIIPOBOXKIACTCS YXYJUICHUEM COCTOSAHMS TMPUPOIAHBIX OSKOCHUCTEM U POCTOM
MUTPAIMOHHBIX TIOTOKOB. OTH W3MEHEHHUS YCWIIMBAIOT BJIMSHHUE HA OPraHU3M
YeJIOBEKa Pa3JIMYHBIX HEOJArompusiTHBIX  (paKTOPOB KaK BHEIIHETo, Tak U
BHYTPEHHETO  IPOUCXOKICHHUS. Pocr 3aboneBaeMoCTHM HaceleHUs CBs3aH
COBMECTHBIM BO3JICHCTBHEM (PU3NYECKUX, XUMHUYECKUX M OMOTIOTHYECKUX (aKTOPOB,
a TaKXKe AaKTUBAIMEW CKPBITHIX IMMaTOJOTMYECKUX MEXaHu3MOB. B pesynbrare
HaOJII0/1aeTCsl YBEIUYEHUE PACHPOCTPAHEHHOCTH PA3IUYHBIX 3a00JI€BaHUM, BKIIIOYAs
MCUXWYECKUE  PacCTPONCTBa,  CEPACUYHO-COCYAUCTHIE,  OHKOJOTHYECKHE U
WH(MEKIMOHHBIE TaToJIOTHMH. B Takux ycioBHsSX OCOOEHHO Ba)KHOW CTaHOBHUTCS
HEOOXOJIMMOCTh CO3JaHUs HOBBIX JIEKAPCTBEHHBIX CPEICTB, KOTOphIC 00JaAaroT
BBICOKOW aKTUBHOCTBIO M HU3KOM TOKCHYHOCTBIO M MOTYT MCIOJIb30BAaTh KakK ISt
JICYCHHUS, TaK U JUIsl AMATHOCTUKU 3a00JI€BaHUN. DTO TpeOyeT pa3BUTHS COBPEMEHHBIX
METOJ0B CHHTE3a M HOBBIX ITOJXOJOB B JaHHOU 00JIacTH HccienoBanuii. Hacrosmiee
UCCIIEIOBAHUE TMOJYEPKUBAET BAXKHYIO pPOJIb TETEPOLUKIMYECKUX COCAMHEHUN B
CO3/IJaHUM HOBBIX (papMaKOJIOTHYECKUX MPENapaToB, KOTOpbIe cOCTaBIsOT O6omee 90%
COBPEMEHHBIX JIEKAPCTBEHHBIX cpeAcTB. Oco0oe BHUMAHUE YACHSETCS H3YYCHHIO
MEXaHM3MOB JEHCTBHUS TaKMX COCAWHEHUM, YTO CIIOCOOCTBYeT OoJiee TTyOOKOMY
MOHMMAHUIO XUMHUYECKHUX TIPOIIECCOB W CTUMYJUPYET pa3BUTHE HAyYHBIX
HalpaBJICHUM, TAKUX KaK OPraHU4YecKasi XuMus. B COBpEMEHHOM HayKe Ba)KHYIO POJIb
UTPAlOT TEXHOJOTMHM BBICOKOMpou3BoauTeabHOr0 ckpuamHara (High- Throughput
Screening, HTS) u KOMOMHATOpHOW XUMHH. OTH METOJIbI 332 KOPOTKHE CPOKH
3HAUUTEILHO YCKOPSIOT TIOMCK ¥  ONTHUMH3AIMI0 OHOJOTUYECKH AaKTHUBHBIX
COCIMHEHUN, TPOBEACHUE MHOTOUYUCIEHHOIO aHajlM3a XHUMHYECKUX CTPYKTYP.
[Toy4yeHHBIE CTPYKTYpHI CTaIM OCHOBOHW ISl pa3paOOTKHM HOBBIX JIEKAPCTBEHHBIX
MpenapaToB, 4acTh KOTOPBIX YK€ HAUUIM NPUMEHEHHE B KIMHUYECKON IpPaKTHKE.
CoBpeMeHHBIH ATall pa3BUTUSI XUMUHU OMUPACTCS HA JOCTUKEHUS XUMUYECKON HAYKH,
KOTOpbIE SBJISIOTCS (PYHIAMEHTOM JUIsl CO3JaHUS HOBBIX (hapMaKOJIOTHYECKHUX

cpenctB. OddexkTuBHas pa3paboTKa JIEKApCTBEHHBIX MPenapaTroB INIyOOKOro
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MMOHMMaHHSI XUMUYECKUX CBOMCTB BEUIECTB U UX MOJIEKYJISIPHBIX B3aUMOAECUCTBUN. B
JTAHHOM KOHTEKCTE OCOOYI0 Hay4YHYIO IIEHHOCTh NPEICTaBIAIOT a30TCOICpPIKAIIne
TETEPOLMKIIBI B YAaCTHOCTH NUPUMUIWHBL. OTH BEIIECTBA SIBISIOTCS OCHOBHBIMU
CTPOUTEIIbHBIMU OJIOKAaMH KJIETOK M WIPaloT KIIOYEBYIO POJIb B OMOXUMHUYECKHUE
MPOLIECCOB, KOTOPbIE MOJJIEPKUBAIOT HOPMaJIbHOE (YHKIMOHUPOBAHHE B JKUBBIX
OpTaHU3MOB.

[TypuHbl — 3TO OpraHMyYe€CcKHUE MOJEKYJbl, KOTOPhIC BBIMOJHSIIOT BaXKHEUIIINE
GbyHKUIMH, yYacTue B Mepe/laye U XpaHEHUH FeHETUYECKON MH(OpMaIu, perysinio
HPHEPreTUYECKOr0 OOMEHAa M MHOXKECTBO JPYTruX OHOXMMHUYECKHX MPOIeccax.
Hapymienue nmypuHoBoro oOMeHa MOTYT MPUBECTH K Py 3a00JieBaHU, TAKUM Kak
nojarpa, TUIEPYPEKEeMUsl, a TakKe HACJIECJACTBEHHBIM MAaTOJIOTUSIM, CBSI3aHHBIE C
HapyIICHUSIMA BOBJICYEHHBIX B MeTa00iauM3M NypuHoB. lloaToMy u3ydeHHe poJu
MyPUHOB UMEET BAKHOE JJII COBPEMEHHON MEIUIIMHBI 1 OMOXUMUMU.

WNunonbHOE S1pO0 MpeACcTaBiIsieT OO0 OUIMKINYECKYIO T€TePOapOMATHIECKYIO
CUCTEMY, BBICTYMae€T B KAyeCTBE OCHOBHOIO CTPYKTYpHOTO MOTHBa B
MHOTOYHUCJICHHBIX OHMOTEHHBIX MoJieKyJlax. K HHUM OTHOCSTCS aMHHOKHCIIOTA
TpunTodaH, (UTOTOPMOH TETEPOAYKCUH (MHAOJMIYKCYCHas KHCIIOTa), a TaKke
pa3HooOpa3Hble OMOJOTUYECKH AKTHUBHBIE TPUITAMUHBI M WUHJIOJIBHBIC ATKOJIOHUJIBI.
@OyHKIIMOHAIbHASI 3HAYUMOCTh MHJIOJIBHOTO sipa OO0YCIIOBJIEHO €r0 CIOCOOHOCTHIO,
Y4aBCTBOBATh B IIUPOKOM CHEKTPE B3aMMOJACHCTBUM U BBI3bIBATH KOHPOPMAITMOHHBIC
U3MEHEHHS B CTPYKTYpe OMOMOJIEKY!I.

TuazosbHOE AP0 - MPEACTABISACT COOOM TeTepOIMKIMUECKOE COCIUHEHUE U3
MATH aTOMOB, KOTOPOE BKIIIOYAET cepy M a30T. [[aHHas CTpyKTypa MPUCYTCTBYET BO
MHOXECTBE MOJIEKYJ, HMEIOIINX KIOYEBOE 3HAYEHUE ISl JKU3HEIEATEIIbHOCTH.
TrazosbHOE KOJIBIIO BXOAUT B COCTaB BUTaMHUH B, IEHUIIMJITUHOBBIX aHTUOMOTHKOB
U pepMeHTa KapOOKCHIIa3bl, UTPAIOIINX BAKHYIO POJIb B META0OIMYECKUX TPoIieccax
U 00ecrie4YeHN HOPMAJIBbHOTO (DYHKIIMOHUPOBAHUS OpraHu3Ma. Takke, TPOU3BOIHbBIE
THa30Jla, B TOM  4Yucle  cyibdarhazonbl, 00JagalT  3HAYUTEIbHBIMU
(bapMaKkoIOTHIECKUMU CBOMCTBAMHU U IMUPOKO MPUMEHSIOTCS B MEIUIIMHE B KAUECTBE

aHTI/I6aKTCpI/IaJII>HBIX CpEacTB.



XWHA30IMHBl TaKXKe MPEACTABIAIOT COOON 3HAUYMMBIM KIAcC COEAMHEHUH.
Cpenu UW3BECTHBIX MNPHUPOJAHBIX  ANKAJIOWAOB, COJCPXKAIIMX XHMHA30JIMHOBBIX
dbparMeHT, = MOXXHO  BBIJCIWUTH  T[ETAaHWH, TNPUMEHSIEMBIH B  KadecTBE
AHTUXOJIMHACTEPA3HOTO  cpeAcTBO u  (eOpudyruH  0o0Nagalomuidi  BBICOKOM
NPOTUBOMAIIPUIHON aKTHBHOCTHIO. CHHTETHYECKHE TPOM3BOJHBIC XHHA30JWHA
TaK)Ke HAILTU IIMPOKOE MPUMEHEHHE B METUIIMHCKOM MPAKTUKE, B TOM YHCIIC B TAKUX
mpernapaTax, Kak METaKBaJIOH (IICUXOTPOIHOE CPEJICTBO) XMHETA30H (IUYypETUUECKOE
BEIICCTBO), MPa303WH TIPU CEPJCYHO-COCYIUCTHIX 3a00JEBAHUAX), a TaKKe P
aHaJIoroB 3(aBupeHIia, 001a1al0IIUX TPOTUBOBUPYCHOM aKTUBHOCTBIO.

CreneHbr Hay4yHOl pa3padoTaHHOCTHM M3y4yaemMoM nmpoOJsembl. Ha
CETOJHAIIHUN  JI€Hb  TIeTePOLMKIMYECKHE  COEJUHEHMs, B  OCOOEHHOCTU
a30TcoepkKallre TeTePOIMKIIbI, TPEACTABISAIOT COO0M OJMH U3 HanboJiee N3YIEeHHBIX
U BOCTPEOOBAHHBIX KJIACCOB COEIMHEHUHN B 00JIACTU OPraHUYECKOM M METUIIMHCKOU
XUMHHM, a Takke (¢apmokonoruu. HccnemoBaHuss B 00JacTM  XUMUS
TUAANA30JMUPUMUAIAHOB WX CHHTE3 W XHUMHUYECKHE TPEBpAIlleHUsT OTPAKEHbI B
paborax A.A. ApytynsH [1], M.A. Kykaunues [2, 4], JleBun [5], Caug Bamu Cynran
[7], P.s1. IllapumoBa W ApyrMX OTCUECTBEHHBIX M 3apyOCIKHBIX HCCIIEIOBATEIICH.
Bricokast Guosiornyeckasi akTUBHOCTb JIaHHBIX COECIUHEHHI 00yCaBIMBAET MIUPOKOE
OPUMEHEHHE B KauyeCTBE CTPYKTYPHBIX (parMEHTOB B COCTaBE JIEKAPCTBEHHBIX
npernapaToB MmokaszaHo B padotax yu€nwix Kykanues [3], 3.I. Canros [8], S.N. Alam
[11], J. Bilski [29], B.W. Clare [43], L.A. Glenon [61, 62] u ap. B To e Bpems,
HECMOTpS Ha BBICOKMH YpPOBEHb pa3pabOTAaHHOCTH HAmpaBlICHUS B IIEJIOM,
onpenenéHHble CTPYKTYpPHBIE KJIAcChl TETEPOIMKIOB OCTAIOTCS HEAOCTATOYHO
OXBAa4eHHBIMU CHUCTEMHBIMH HCCIIEIOBaHUSAMHU. B "yacTHOCTH, mpou3BoOgHBIE 2-0pOM-
7-(TpudTopmeTnn)-5-okco-5H-1,3,4-tnaguazono[3,2-ajnupumMuaHa u 179
3aMelIEHHbIC aHAJIOTU W3Y4YeHbl OrpaHHYeHHO. buosjorumueckas akTUBHOCTh JaHHOMN
IpyNnbl COEIWHEHUH, B TOM YHCJIE€ MX TMOTEHIHMal B KAauyeCTBE HHTHOUTOPOB
mienouHbiX (pocarasz Taxke ocTaéTcs HEAOCTATOYHO MccleAoBaHHON. Hecmotps Ha
BECOMBI Mporpecc B H3yYEHUE TETePOLMKIMYECKUX CTPYKTYyp, 00JacThb

THAAUA30JIHIUPUMHUINHOB COXpaHsACT BBICOKYHO HaY4YHYIO 141 MMPAKTHYCCKYTIO
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3HAYUMOCTh, TpeOys MATbHEUINX KOMIUIEKCHBIX WCCJICIOBAHMM, HANPABICHHBIX Ha
ONTUMH3AIMI0 METOJOB WX CHHTE3a W BBISBICHUE TEPCICKTHUBHBIX HAIPABICHHMA
MPUMEHEHUS B Ka4eCTBE OMOJIOTHYCCKH aKTUBHBIX COCTMHCHHM.

Takum oOpa3om, XHMHS a30TCOACPIKAINIUX TETEPOIMKINIYCCKUX COCIUHCHUN
uMeeT OOJbIIOe 3HAYCHHUE I MEAMIMHBI, TOCKOJBKY MHOTHE W3 3UX MOJICKYJ
SIBJITFOTCSI OCHOBOM JIJ1s1 pa3paboTku 3(h(PEKTUBHBIX U PAHOOOPA3HBIX JICKAPCTBCHHBIX
IpenapaToB.

B nmaHHOM (hparMeHTE aKIEHTHPYETCS BHHUMaHUE Ha Ba)KHOCTH CO3JIaHHBIX U
CIIOKHBIX TPOU3BOJHBIX a30TCOJCPKAIMUX TETEPOIHUKINYECKUX CHCTEM. OTH
MOJICKYJIBI ~ Oyaydd CTPYKTYPHO CXOXKHMH C TPHPOAHBIMA  BEIICCTBAMH,
JEMOHCTPUPYIOT  Oojiee  IMUPOKUH  Jauana3oH  OMOJIOTMYECKOrO0  JICHMCTBHUS.
Pa3HooOpa3ue uX CBOWMCTB JellaeT d3TH MPOU3BOJHBIE MHOTOOOCIIAIOITUMHU
KaHAuaaTaMud JUIs  pa3paOOTKH HOBBIX COCJIMHEHHH, CIOCOOHBIX BIMSATH Ha
(hU3HOIOTHYECKHE TIPOLIECCHI B OPraHU3ME.

[Ipomecc aHHENMMPOBAHWSA, TMPU KOTOPOM PA3IHUYHBIE TETEPOIUKINICCKUC
CTPYKTYpBl OOBEAUHSIOTCS B OOJiee CIIOKHBIC CHCTEMBI, NMPUBOJIUT K OOpa30BaHMIO
MOJIMKOH/ICHCUPOBAHHBIX ~MOJICKYJ. OTH COCAWHCHHS, Onaromaps IUTaHApHOMN
TCOMETPUU M OCOOCHHOCTSMH DJICKTPOHHOH CTPYKTYpPHI, IMOKa3bIBAIOT YHUKAJIbHBIC
(bU3UKO-XUMUYECKHE u OMOJOTHYECKUE CBOMCTBA. KomMOunupoBanue
dbapmMako()OpPHBIX MOTHBOB pPa3HOW MPHUPOILI CO3MaéT BO3MOXKHOCTH TIONYUCHUS
BCIIIECTB, OOJIAAIONINX CBOMCTBAMHM, OTJIMYAIOIIUMHUCSI OT CBOMCTB HMCXOIHBIX
KOMIIOHCHTOB.

Takum o00pa3oM, MOXKHO YTBEP)KIaTh, YTO CHHTCTHUYECKHE IPOM3BOIHBIC
TeTEPOIMKIOB TIPEICTABIAIOT COOOM KITIOYEBBIE MOJEKYISPHBIC CTPYKTYPBI IS
pa3pabOTKM HOBBIX JICKAPCTBEHHBIX TIpemaparoB. VX yHUKaJIbHBIE CBOMCTBA
MO3BOJIAIOT CO3J7[aBaTh JIGKAPCTBA, YbM XapaKTCPHCTUKH BBIXOAAT 3a PaMKH
BO3MOKHOCTEH CYIIECTBYIOIIUX MEIUKAMEHTOB, OTKpbIBAas TEM CaMbiM HOBBIE
MEPCTIICKTUBBI JTS JICYCHUS PAa3TMIHBIX 3a00ICBaHU.

CBsi3b NPOBEAEHHOI0 HCCJIEI0BAHMS ¢ MNpPorpaMMaMM, NPOEKTaMH U

Hay4YyHOH TeMaTHKOi. CBSI3b NPOBEIEHHOr0 HCCJIEI0OBAHMS € NPOrpaMMaMM,
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NMpoeKTaMM M Hay4yHOM Tematukoil. CoaepkaHue IUCCEPTALMU HUMEIOT TECHYIO
CBSI3b C HOPMATUBHO-TIPABOBBIMU JIOKYMEHTaMHU, TaKUMHU KakK: [OCTAaHOBJICHUE
[IpaButenscTtBa PecnyOmuxku Tamxukuctan ot 27 despans 2010 roma Ne§
«[Iporpamma pa3BUTHSI €CTECTBEHHBIX, MATEMAaTUYECKUX U TOUYHbIX Hayk Ha 2010-
2020 roxw»; mocraHoBieHue IlpaBurensctBa or 3 maprta 2011 roma Nell4
«Ctparerus PecnyOmuku Tamxukucran B o01acTv HaykKd W TexHoJoruid Ha 2021—
2025 rompl, a TakKe COIJIACYETCS C LEJIEBBIMA OpPHUEHTHUPAMU HCCIENOBAaHUM,
HameyeHHbIX Ha nepuwoa g0 2030 roma. IlpoBenéHHOe  MCClEIOBaHUE
HETMOCPEJCTBEHHO CBSI3aHO C MPUOPUTETHHIMU HAYYHBIMU HAIPaBJICHUSIMU B 00JIaCTH
OpraHUYECKON M METUIIMHCKON XMMUHU, a Takxke (papmakosioruu. B yactHocTu, padboTta
COOTBETCTBYET aKTyaJbHBIM 3aJa4aM, 0003HAYEHHBIM B paMKax crenuaibHocTu 1.4.4.
Opranuyeckass XUMHSI UM OTpa)XxaeT COBPEMEHHBbIE METOJbI B pa3paboTke
OMOJIOTUYECKU aKTUBHBIX COCAMHEHHUI Ha OCHOBE T€TEPOIIMKINYECKUX CTPYKTYP.

CuHTE3 HOBBIX NPOU3BOJHBIX 2-OpoM-7-(TpudTopmerni)-5-okco-5H-1,3,4-
THAaUa30i0[3,2-a|IUpUMUIMHA W HW3YYEHUE WX HWHTUOMpYIOUIEH aKTUBHOCTU B
OTHOIIEHUM  IENOoYHbIX  (ocdaTaz HampsMyr0 CBS3aHO C  aKTyaJbHBIMH
HaIpaBJICHUSIMU (PYHIAMEHTAIbHbBIX U MPUKIAIHBIX UCCIICIOBAHUIA.

Takum o00pa3om, J1aHHOE UCCJIEIOBAHUE COOTBETCTBYET COBPEMEHHOMY
O0IIIEHAyYHOMY KOHTEKCTY COBPEMEHHBIX XMMHUKO-(hapMalleBTUUECKUX pa3paboToK U
BHOCHUT BKJIQJ B Pa3BUTHUE METOJIOJIOTUYECKUX OCHOB IMOJYUYECHHUS U OIIEHKH, HOBBIX
JIEKapCTBEHHO-TIEPCIIEKTUBHBIX MOJIEKYJI T€TEPOLUUKINYECKON TPUPOIBI.

B nanHoli paboTe mpoBeieHa CUCTEMATH3alMsl U aHAIU3 MOJYyUYCHHBIX JaHHBIX,
HaIpPaBJICHHBIX Ha YCTAHOBJIEHHE B3aMMOCBS3U MEXIY CTPYKTYPOH U OMOJIOTHYECKOM
AKTUBHOCTBIO YKa3aHHBIX COEIMHEHUH. Otu COCIMHEHUS ObLIH
(GYHKIIMOHAIM3UPOBAHBI C IIEJIBI0 HCCIEIOBAaHUS MX CBOWCTB. BbiOpanHas Tema
uccinenoBanuss «CHHTE3 MPOU3BOIHBIX 2-OpoM-7-(TpudTopmeTn)-5-okco-5H-1,3,4-
THaauasono[3,2-a] MUpUMUIMHA W WX HHTHOMPYIOIIME CBOWCTBA B OTHOIICHUU
mienounbix pocdaraz (AP)», sBiasercs kak akTyadbHOW, TaK M OOOCHOBAaHHOW B
Hay4yHOM Iuta”e. lccnenoBaHue BBINONIHANIOCH B mpouecce peanusauun HUP 'HY

«acturyr  xumun um. B.WM. Huxkurmaa HanumoHanibHOW akageMuu Hayk
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Tamxukuctana» Ha Temy: «CUHTE3 M HCCIIeOBaHUE (PU3UKO-XMMUYECKUX CBOMCTB

MPOU3BOJHBIX THAIMA30JOTTMPUMHINHOB, COJIEpKaIMX aToM (ropa B IMIECTOM

MOJIOXKCHHH, SIBJISIFOITUXCS TMEPCIEKTUBHBIMU JIJII CO37aHUs HOBBIX JICKAPCTBEHHBIX

cpeacTtB» (Homep roc. peructpauuu I'P 0116TJ 00546).

OBIIASA XAPAKTEPUCTUKA NCCJIEIJOBAHUS
Hear uccaenoBanmsi: pa3padoTka BBHICOKOAI(D(PEKTHUBHBIX W YHHUBEPCAIbHBIX

METOJIOB CHHTE3a HOBBIX HPOU3BOAHBIX 2-OpoMm-7/-TpudropMerni-5-okco-SH-1,3,4-

THaaua3ono[3,2-a] MUPUMHUJNHA, COJSPKAIIUX MUPUMHUIUHOBOE KOJBIIO, TIOHUCK

COEIMHEHUH C MOTEHIIMAIBbHON OMOJIOrMYEeCKOl aKTUBHOCTBIO.
3agaum uccjieI0BaHUSA:

o [IpoBeaeHre MOJEKYJISAPHOTO JTOKUHTAa CHUHTE3UPYEMBIX CTPYKTYp C IICJI€BBIMU
dbepMeHTaMU 11 TPOTHO3MPOBAHUS WX MPOCTPAHCTBEHHON OpHCHTAIIMU U
JOKaMW3allid B  aKTUBHBIX IIEHTpaX, CHOCOOCTBYyIomEeH (OPMHPOBAHUIO
CTaOWJIbHBIX JIUTaHA-(EePMEHTHBIX KOMIUIEKCOB.

e Pa3paboTka W COBEpIICHCTBOBAHWE HOBBIX MOJXOJOB K CHHTE3Y HEJOCTATOYHO
W3YYCHHBIX THAJAHA30JIONUPUMHUIANHOBBIX CKah(POIAOB € TICNBIO0 TOBBIIICHUS
3 PEKTUBHOCTH U BOCTPOU3BOJUMOCTH METOJIOB MX ITOJYyUYCHHS C HauOOJbIIIEM
BBIXOJIOM.

e KowmmiekcHOoe  uccienoBaHWe  OMOJOTMYECKONW  aKTUBHOCTH  TOJYYEHHBIX
COCJIMHEHUM, 3aBUCUMOCTH UX OMOJIOTMUECKHX CBOWCTB OT CTPYKTYPBI MOJIEKYI,
MPOBEICHHE  OWOTECTUPOBAHUS  JJII  ONPEACNICHUS WX  MOTCHIIMAIBHON
(hapMaKoJIOrHYECKON IEHHOCTH.

e Onenka 3G(HEKTUBHOCTH TPEIJIOKEHHBIX METOJ0OB CHHTE3a M YIIIYyOJIEHHOTO
aHaM3a PE3yJIbTaTOB IO CHUHTE3y M OWOJOTHYCCKMM CBOWCTBAM IPOU3BOIHBIX
THAINA30I0MTMPUMHTTHOBOTO psna, pa3paboTka pEKOMEHIaI i 11 ()
MPAKTUYECKOMY  MPUMEHEHUIO  TIEPCTIEKTUBHBIX  DKOJIOTMYECKH  YHCTHIX
COCIMHEHUI Ha OCHOBE JJaHHOTO cKaddoaa.

O0bekTamMH  HCCJIEI0OBAHUA  SBJISIOTCS  CHHTE3UpPYEMble  MPOU3BOIHBIC

IIPOU3BOIHBIX 2-6pom-7-Tpudropmeruin-5-okco-oH-1,3,4-tnaguazomno|3,2-

a]HI/IpI/IMI/IIII/IHa BKJIIO4Yasd aMHWH- W apUI3aMCHICHHBLIC COCIHMHCHHA, MOJICKYJISPHBIC
11



Mozenn (EepMEHTOB CEMEICTBa IIENOYHBIX (ocdaTa3, UCHOIb3yeMble B KauecTBE
OHMOJIOTHUECKOH MHMIIEHU JIs IN VItr0 OICHKM WHTUOMPYIOIICH aKTHBHOCTH,
CTPYKTYpPbl JIUTAHIOB U KOMIUIEKCOB JIMTAH/-MUIIEHb, MOJYYCHHbIC B peE3yJIbTaTe
MOJIEKYJISIPHOTO JJOKUHTA.

IIpeameTom wucciie0oBaHMs SBISIIOTCS BBISIBJICHHUE 3aKOHOMEPHOCTEH CHUHTE3a,
CTPYKTYPHBIX U  DJEKTPOHHBIX OCOOCHHOCTEW, a TakXke IOTEHIUAJIbHOM
OMOJIOTMYECKH  aKTUBHOCTHM  HOBBIX  a30TCOAEPXKAIIMX  TeTePOLUKINYECKUX
COCIMHEHUN Ha OCHOBE IMPOHU3BOAHBIX 2-OpoMm-/-TpudTopmMernii-5-okco-5H-1,3,4-
THaAna3oJo[3,2-a|nupumMuanHa. JleTaqlbHO HWCCIEAOBAaHO BIUSHUE Pa3JIMYHBIX
AMUHHBIX M apPWIbHBIX 3aMECTUTEJIEH B MOJIOKEHUM 2 MU3YYEHHOT'O TeTepOIMKIIA Ha
MPOCTPAHCTBEHHYIO OpPraHU3allMi0 U CIOCOOHOCTh K MHTHOUPOBaHUIO (EPMEHTOB
ceMeiicTBa 1enouHbiX ¢ocdara3. Ilpeamerom wuccneqoBaHUs TaKKe SBISIOTCS
METO/Ibl MOJIEKYJISIPHOT'O MOJICTTUPOBAHMS (JIOKUHT) JIJIsl YCTAHOBJICHUS 3aBUCUMOCTEH
CTPYKTYPBI UCCIEAYEMbIX COCTUHEHUN U aKTUBHBIMH IIEHTPAMH 11€JIEBBIX (DEPMEHTOB.
AHaJIM3 TOJYyYEHHBIX TEOPETUYECKUX JIAHHBIX TO3BOJUT BBIABUTH KIIIOUEBbHIC
(bakTophl, OMpENEeNAIoNIe MPOYHOCTh M CEJIEKTUBHOCTh B3aUMOJCUCTBUM JIUTAH]I-
MUILIEHb. OJTO HMeeT OO0JBIIOE 3HAUYCHHE JUIs JajbHEWIled HampaBJICHHOU
MOAU(PUKAIINYA U ONTUMHU3AIMH CTPYKTYPHI COSTMHEHUH.

Metoabl wucciaenoBanusi. B pabore wucmonb3oBaH KOMIUIEKCHBIA —TIOJIXO,
BKJIIOYAIOIINN CHUHTE3 HOBBIX MPOU3BOJHBIX THAIUA3OJNMUPUMHUINHA HA OCHOBE
peakuuii Cy3yku-Musiypbl U HykjiIeopmibHOro 3amernieHus. CTpyKTypa W YHCTOTA
coequHeHur wuccnenoanbl merogamu SAMP, UK-cnexkrpockonuu, xpomaro-Macc-
cnektpoMmerpun 1 BOXX/I'X, a Ouonoruueckass akTHBHOCTh OMPEICJICHA C TTIOMOIIbIO
MOJIEKYJIIPHOTO JOKHHTA U 1N Vitro CKpUHUHTA.

Hayuynast HOBU3HA HCCJIeIOBAHMS.

1. Bmepsble monyueH psn u3 34 HOBBIX IPOU3BOJHBIX 2-Opom-7- TpudropmeTi- 5 -
okco SH- 1,3,4 -tnaamnazono [3,2 a] nmupuMUANHA, BKIIOYAIONUX aMHH- U apUII
3aMEILIEHHBIE CTPYKTYPHI.

2. Pazpaboranbl onTUManbHBIE YCIOBHS HamOosee A(PGEKTUBHON METOIUKH

MMOJIYy4YCHUA 2 apI/IJISaMCH_IéHHBIX THAJUA30JINIUPUMHUANHOB, OCHOBAHHBLIX Ha
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npuMeHeHun 2- Opom- 7 tpudropmermi SH- 5- okco 1,3,4- Tmaguazono- [3,2 a]
NUPUMUANHA B KAYECTBE KIIFOUEBOIO0 MHTEPMEAUaTa, 00ECIEeUMBAIOLIEIO BHICOKHE
BBIXO/IbI LIEJIEBBIX MPOAYKTOB.

3. BmepBble B HCClIEAOBaHHON TeTEPOIUKIMYECKON CHUCTEME MPUMEHEHa peakius
HYKJIEOQUIBHOIO apoOMaTHYECKOro 3aMenieHus (S,Ar) Ha HCHOJIb30BaHHOM
MHTEPMEAMNATE, YTO 3HAYMUTEIIBHO PACIIMPSET CUHTETHYECKUE BO3MOXKHOCTH H
KOJIMYECTBO BAPUAHTOB OA3MCHBIX B3aUMO/ICHCTBUM.

4. CTpykTypa IOJIyYEHHBIX BIEPBBIE OPraHMYECKUX COEIMHEHUHN IOATBEPXKIEHA C
UCITOJIb30BAaHUEM KOMILJIEKCA COBPEMEHHBIX (PM3MKO-XMMHUYECKUX METOAOB: Macc
cnektpometpun, UK — u IMP cnekrpockonuii ('H, *C u F), uto obecnieunBaer
BBICOKUI YPOBEHb JTOCTOBEPHOCTHM M BOCHPOW3BOJMMOCTU 3KCIEPHUMEHTAIBHBIX
pE3yJIbTATOB.

Teopernyeckas 1 NpaKTHYeCKasi 3HAYUMOCTH ucciaenoBanus. [Ipu paspabotke
ONTHUMAJIBHBIX  YCIOBUM IONy4eHUs 34 HOBBIX COCIMHEHMH aMUH - U
apWITPOU3BOAHBIX, B 3aBUCUMOCTU OT YCJIOBHIl CHHTE3a PACIIMPEHBI TEOPETHUECKUE
OCHOBBI (DOPMHpPOBAHUS YKa3aHHBIX TE€TEPOLUKINYECKUX cucteM. OmnpenenéHHble
O0a3ucHble MapaMeTpbl: COCTaB, MPOCTPAHCTBEHHAs CTPYKTypa MOJYyYEHHBIX
COEMHEHMH, OuoJoruyeckasi akTUBHOCTb U BO3MOXHAs 00JIaCTh NPUMEHEHUs
COCTABJISIET  IUMPOKUWA  CIIEKTP  TEOPETUYECKUX  JaHHBIX IO  TEMAaTHKe
JUCCepTallMOHHOM  paboTel. McciaenoBanwe wuMeeT OOJIBIIYIO  MPAKTHYECKYHO
3HaYUMOCTb, T. K MOJyYEHHBIE BIIEPBBIE COEIMHEHUS MOTYT ObITh OCHOBOW HOBBIX,
3 PEeKTUBHBIX JICKAPCTBEHHBIX CPENICTB 0e3 moboyHoTro aeicTBus. Kpome Toro, onu
MOTYT CIOCOOCTBOBAaTh aJpecHOM JgocTaBke nmpenaparoB. Ilo  pesynbrary
NPOBEAEHHBIX HCCIIETOBAaHUN MOXKHO CO37aTh OMONMOTEKY HOBBIX HEPCIEKTUBHBIX
COEJIMHEHUN - KaHIUAATOB JUIsl pa3pabOTKH JIEKAPCTBEHHBIX CPEJICTB, HAITPABICHHBIX
HAa JIEYEHUE NaTOJOTUi, ACCOLMUPOBAHHBIX C MOBBILIEHHOW aKTUBHOCTBIO IIEIOYHBIX
docdara3z (3a0oseBaHUs KOCTEH, OHKOJOTMYECKHE M Jpyrue MaTOJOTHH).
Pa3paboTanHble METOJMKM CHHTE3a MOTYT OBIThb HCIIOJIB30BAaHbI MPU TOHKOM
OpraHM4YEeCKOM CHHTE€3€, a TaKXe BBIINOJHEHUN JUIUIOMHBIX, MAaruCTEepPCKHUX,

KaHIUJAaTCKUX, U JOKTOPCKHX HAY4YHO- HCCICAOBATCIbCKUX pa60T. HpC,IIJIO)KeHHble
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OCHOBBI CHHTE3a TETECPOIMKINYECKUX COCAMHEHUN MOTYT OBITh HCITOJIb30BAaHBI B
00pa30BaTeNbHOM TPOIECCe MPU YTEHUHU JIEKIUA M TMpoBeneHHEe JTabopaTOpPHBIX
3aHATHUM.

IHon0keHus1, BLIHOCUMbIE HA 3ALIUTY:

1. Pa3paboTaHHbIE W SKCIHEPUMEHTAIIBHO O0OCHOBaHHBIC I(P(DEKTUBHBIE METOIUKH
CUHTE3a IIPOU3BOTHBIX 2-6poM-7-(TpudTopmeTrin)-5-okco-5H-1,3,4-
THaaMa3070([3,2-a] TUPUMHUINHA C UCNOJIb30BaHUEM peakiuil Cy3yku—Musypsl U
HYKJICO(QWIBHOIO apOMaTHYECKOTO0 3aMElIeHMs, 00ecleunBaronIie BBICOKUN
BBIXO/I LIEJIEBBIX COSAUHEHUM U YIIPOIIEHHBIE YCIOBUSI TIOJIYyYCHUS,

2. YCTaHOBJICHHBIE CTPYKTYPHO-aKTHBHOCTHBIE 3aBUCUMOCTH (SAR) mist amuH- U
apWI3aMEIIEHHBIX TMPOU3BOAHBIX THAAMA3Z0JONUPUMUANHOB, XapaKTEPU3YIOLIUE
BIIMSIHUE 3aMEIICHUN Ha MHTUOUPYIOUIYI0 aKTUBHOCTh B OTHOILICHHUM IIEJIOYHBIX
docdaras;

3. Pe3ynbrarel  mPOBEAEHHOTO  MOJEKYJISIPHOTO  JIOKMHTAa  CHHTE3MPOBAHHBIX
COCIMHEHUN C AaKTUBHBIMU IIEHTpaMu WIEJIOYHbIX (ocdaTas, BBISBICHHbBIC
KJIFOUEBBIE  B3aWMOJICHCTBUS, ONPENCIAIONIME CBA3BIBAHUE M IMOTEHIMAT
MHTUOMPOBAHUS (epMeHTOB. O6ocHOBaHHAS IIEPCIIEKTUBHOCTD
THUAIUA30JIONUPUMUIMHOBBIX CTPYKTYp KakK OCHOBBI JJiIi Pa3pabOTKH HOBBIX
WHTUOUTOPOB IIEIOYHBIX (pocdaTas.

CTeneHb J0CTOBEPHOCTH Pe3YJbTATOB IOJTBEPKIACTCS TEM, UYTO CTPYKTYpbI
BCEX LIEJIEBBIX COCNMHEHUN W KIIFOYEBBIX MHTEPMEANATOB OIMPENEIICHBI C MOMOIIBIO
MOJHOTO crnekTpanbHoro anammza (‘H-, *C-, F- SMP, HK-cnekrpockomnun),
XpoMaro-macc-ciekTpomerpun u  anemeHtHoro anamuza (CHNS). Ywcrora
COCIMHEHUH MmoaTBep K aeHa MeTogamMu BOXX/T'X.

CooTBeTCcTBHE IMCCEPTAIMM MACIOPTY HAYYHOH crenuajibHOCTH. OCHOBHbBIC
pe3yNbTaThl  JUCCEPTAIMOHHOTO HWCCIEAOBAHHMS COOTBETCTBYIOT —TPEOOBAHUSIM
nacropra cnenuaibHocT 1.4. Xumus (1.4.4. Opranuueckasi XUMHUA) U OXBATHIBAIOT
10JI0’KEeHUs TyHKTOB 1, 2, 3,4, 5 u 7 (11.1. Beigenenue 1 04rCcTKa HOBBIX COCIMHEHUIA,
n.2, 3. CUHTE3 W U3y4YEHHE OPraHUYECKUX COEAMHEHUH M HMX IPOU3BOAHBIX; 1.4.

COS,Z[aHI/Ie HOBBIX MCTOJOB YCTAHOBJICHHUA CTPYKTYPBI MOJICKYIIBI; 11.5.BreisiBieHuE
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3aKOHOMEPHOCTEHN THUIA «CTPYKTypa — CBOMCTBO» U 11.7. MoaenupoBaHue CTpyKTyp U
CBOWCTB OMOJIOTUYECKH aKTUBHBIX BEIIECTB).

JIMYHBIA BKJIAJ COMCKATEJNSI YYE€HOH CTeNeHW B NPOBeJAeHHE HCCJIeN0BAHUS
3aKJII0YAETCSl B CAMOCTOATEILHON MOCTAHOBKE MCCIEA0BaHuUs, (POPMYJIUPOBAHUU €TO
HeaM W 3a4a4, a TakKkKe BBINOJHEHHE KOMIUIEKCA JKCIIEPUMEHTAJIBHBIX U
aHAIMTUYECKUX paboT. ABTOpOM pa3paboTaHbl W peanu3oBaHbl I(P(HEKTUBHBIC
METOJbI ~ CHHTE3a  MPOU3BOJAHBIX  2-Opom-7-(TpudTopmeTni)-5-okco-5H-1,3,4-
THaana3ono[3,2-a] OUPUMUAMHA, NPOBEACHA ONTHMH3ALMS YCIOBUN PEAKIIHMN.
[Tomy4yeHHble pe3yabTaThl 0000IIEHBI U TPOAHAIM3UPOBAHBI aBTOPOM, TIOJITOTOBJICHBI
Hay4dHbl€ MyOIuKaluu U 0()OPMIIEH TEKCT TUCCEPTALUOHHON PabOTHI.

Anpolanusi M peajuzanus pe3yJbTaToB JUccepTanuu. Anpodanrs OCHOBHBIX
pEe3yNbTaTOB  JHCCEPTAlMOHHOTO  HUCCIENOBAaHMUS  Oblla  OCYIIECTBIEHA  Ha:
Mex1yHapOIHOM CHMIIO3UyME [0 WHHOBAIMOHHOMY pa3BUTHIO Hayku ([lymianGe,
2020); MexnyHapOoAHbIX HAYYHO-IIPAKTHUECKUX KOH(EPEHLINX, NOCBAIMIEHHBIX POJIU
KEHUIMH-YYEHBIX B PAa3BUTUU HAYKH, MHHOBaUMW M TexHosorui (dymanoe, 2020 u
['ymuctan, 2021); MexayHapoaHOW Hay4YHO-TIPAKTUYECKOW KOH(EpeHIUHu 1o
Pa3BUTHIO XUMUYECKOM Hayku U e€ npumeHenus (ymante, 2021); MexayHnapoaHoi
HAyYHO-TIPAKTUYECKOW KOH(EPEHLUH, TOCBALIEHHON MEepCHEKTUBAM PpPa3BUTHS
MCCJIEIOBAHUM B 00JIACTH XUMUU KOOPJIUWHAIMOHHBIX coenuuenuii (ymanoe, 2022);
MexayHapoIHOH Hay4dyHO-TIpaKTU4YecKol KoH(pepeHuun «Polib HCKYCCTBEHHOTO
WHTEUIEKTa B  MPOMBIIUIEHHOCTH, JHEPreTUKE, CTPOUTENBCTBE, TPAHCIOPTE,
MEIUIMHE, CEIbCKOM XO34WlCTBE, HU(PPOBU3ALUMKM SKOHOMUKHM U WHHOBALlMOHHOM
pa3Butun TapKUKUCTaHa», MOCBAIMEHHONW 00BsBIeHu0 2025-2030 romos «I['omamu
pa3BuTHs 1H(ppPoBON dKOHOMHKK M uHHOBamwmi» (Kyns6, 2025); MexayHapoaHou
Hay4YHO-TIpaKTU4YeCKOW KoHpepeHun «bonblve JaHHBIE UM UCKYCCTBEHHBIM
WHTEJUICKT B pa3BUTUU HAYKHU, TPOMBITINICHHOCTH U o01iecTBay (Kymnso, 2025).

IMyoaukanuu no teme aucceprauuu. [lo Teme muccepranuu omy6nukoBano 14
pabot, W3 HUX [/ cTared B PEIEH3UPYEMbIX HAYYHBIX >KypHajax, H3JaHUsX,
pexomenayembix BAK mpu Ilpesunente PecnyOmuku Tamxkukucran, 7 Te3ucax

JOKJIa/10B Ha MexayHapoaHbIX U PecnyOInMKaHCKUX HayYHBIX KOH(EPEHIUSX.
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O0bém u cTpykTypa auccepramum. /[aHHOe NHCCEPTAIMOHHOE HCCIIEIOBaHUE,
npeJcTaBICHHOE B 00bEMe 156 cTpaHWIl KOMIBIOTEPHOTO HAabOpa, OXBATHIBAET BCE
HEOOXOJMMBbIE aCleKThl U HMEET CIEAYIONIYI0 CTPYKTYpy: BBeJeHue, 0030p
JUTEPATYPBI, IKCIIEPUMEHTAIBHYIO YaCTh, OOCYK/IEHHE PE3YJIBTATOB, BHIBOABL. TEKCT
wutroctpupoBan 31 cxemoi, 7 pucyHkamu u 5 Tabmunamu. bubmuorpaduueckuit

CIIMCOK BKJIFOYaeT 184 uCTOUYHMKA.
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I'JTIABA 1. JUTEPATYPHBINA OB30P
1.1. Kpatkuii 0030p K/JI104YeBbIX OTKPBITHIA H OCHOBHBIX HAYYHBIX padoT

Uccnenosanue B o61actu xumun 2-06pom-7-(tpudropmerni)-SH-5-okco-1,3,4-
THAAWa30J10[3,2-a] TUPUMUIUHA TOJYYWIM 3HAYUTEIHLHOE pa3BUTHE OJsarojaps
OOHapy>KEHUIO IMIUPOKOTO CHEKTpa OUOJIOTMYECKHM AaKTUBHBIX COCIUHEHUN Cpelnu
MPOU3BOJHBIX ATHUX Aa30TCOJCPXKAIIUX TeTepOolUKIOB. OOMIMPHBIA KOMILIEKC
HAYYHBIX TPYAOB, OXBATHIBAIOUINI 0030pHBIE PabOTHI M MOHOTpapUU BEAYIIMX
CICIMAIUCTOB JaHHOW oOmactu [1-4, 6-9, 28, 61], mocBsamEH HCCIEIOBAHUIO
XUMHUUYECKUX CBOWCTB M OUOJOTUYECKON aKTUBHOCTH YKa3aHHBIX coeluHeHuiu. B
CBA3M C OTHUM B JaHHOM 0030pe MNPEICTaBIAECTCA ULEIECOO0Pa3HBIM KpPATKO
paccMOTpeTh KJIIOYEBBIE CTPYKTYpHBIE OCOOCHHOCTH, XapaKTEpHbIE XUMHYECKHE
XapaKTEPUCTUKA W  OCHOBHBIE TMOAXOABl K  CHHTE3Y  COOTBETCTBYIOLIUX
reTEPOLUKIMYECKUX CUCTEM. JIuTeparypHble CBEACHMS, MOCBALIEHHBIE OTIEIbHBIM
KJIACCOM YKa3aHHbBIX TIE€TEPOLUKINYECKHX COEAUHEHUH, (OPMUPYIOT 3HAYUMYIO
TEOPETHUYECKYI0 0a3zy g TMpoBeACHHS (PYHIAMEHTAIbHBIX W NPHUKIAJHBIX
UCCJIEJOBaHUM B 00JIACTU OPraHUYECKOTO CHHTE3a U XUMHUH TeTEepPOLUKIIOB. AHAIN3
JUTEPATYPHBIX JAHHBIX, MOCBAIIEHHBIX Pa3JMYHBIM TOJIXOJOM K CHHTE3Y,
Moau(UKAIMM U CTPYKTYPHOMY MCCIEAOBAHUN a30TCOAEpKAIIUX TeTEPOLUKIIOB,
MO3BOJIAIET YCTAHOBUTH OOILIME TEHACHIMM B UX XUMHUYECKOM TIOBEICHHH,
PEaKIMOHHON CITOCOOHOCTH U CHEKTPAIbHBIX XapakTepucTtukax. [Ipu 3Tom ocoOblit
aKIEHT JEeJaeTCsd Ha COBPEMEHHBIM CHHTE3 BKJIIOYAIONIUXCS KaTaJUTUYECKUE,
MHOTO3TalHble U SKOJOTMYECKH OPEHMHTHPOBAHHBBIE METOAMKU O00ECIIEUMBAIOIINE
MOJIyYeHHUS] COEJAMHEHHM C BBICOKOM CEJEKTUBHOCTHIO M XOPOIIMMH BBIXOJaMHU.
N3yyenne  (UBMKO-XMMHYECKMX  XapaKTEPUCTUK U CTPYKTYPhl  M3BECTHBIX
COCIMHEHUN CO3Ja€T MPEINOChUIKK JUIsi OOOCHOBaHHOTO BBIOOpAa pEareHTOB,
YCIOBUM pPEAKIMU U YCIOBHM PEAKUMU U METONOB OYMCTKH, YTO B JaJbHEHIIEM
CocoOCTBYET pa3paboTKe PAlMOHAIBHBIX MOAXOJ0B K KOHCTPYUPOBAHHUIO CHHTE3Y
HOBBIX MTPOU3BOAHBIX C 33JJaHHBIMU CBOMCTBaMU. Takum 00pa3oM, cUCTeMaTU3alus U
aHaMW3  JUTEPATYpHBIX  J@HHBIX  CTAHOBSTCS  HEOOXOAMMBIM  DTArloM,

06CCHC‘H/IBaI-OH.II/IM HAaY4YHYIO 000CHOBAaHHOCTH OKCIICPUMCEHTAJIbHBIX I/ICCJICILOBaHI/Iﬁ 141
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HamnpaBJICHHBIM Ha CO3JJaHHC TICPCICKTUBHBIX aA30TCOACPIKAIINUX CTPYKTYp C

MOTCHITMATBHON OMOJIOTHYECKON WU (hYHKIIMOHATHLHOW aKTUBHOCTBIO.

1.2. UccnenoBanue MeTOA0B CHHTE3a U OMOJIOTHYECKON AKTHBHOCTH 5-
okco-1,3,4-Tuaana3oJIONUPUMHINHOBBIX POU3BOTHBIX

Pa3paboTka HOBBIX JIEKAPCTBEHHBIX CPENICTB, arpOXMMUYECKHUX IMpernapaToB
pPETYJISITOPOB pPOCTA PACTEHUM SBISAETCA OJHOWM W3 MNPUOPUTETHBIX 334ad
COBPEMEHHOW OPraHMYECKOM XUMHUHU, U B YACTHOCTH, XMUMHUU TE€TEPOLMKINYECKUX
coequHeHuid. B Hacrosiiiee Bpemsi OOJIBIIMHCTBO HOBBIX JICKAPCTBEHHBIX CPEICTB
MPECTABIIAIOT COO0M MPOU3BOAHBIC TETEPOLIMKINYECKUX CUCTEM. B 3TOM KOHTEKCTE
5-okco-1,3,4-tnanuazono[3,2-a] MUPUMHUIWH, KaK MPEICTaBUTENb 3TOr0 Kjacca
COCIMHEHUN MPUBJICKAET 3HAYMUTEJIbHOEC BHUMAHHE Oyarojapsi MIMPOKOMY CIIEKTPY
OuoJI0oTNYeCKOM AKTUBHOCTH, MIOATBEPKIAEHHOMY MHOTOYHCIICHHBIMU
uccienoBanusmu [5, 13, 43, 61, 62, 77, 95, 133, 155-158]. Coenunenue 1 ObLIO
BBIJICJICHO B KAaYECTBE MEPCIEKTUBHOTO COCAUHEHUS NIl pa3paOOTKU MHTHOUTOPOB
KapOoaHTUIpa3bl, 00JIaAI0MIUX TOTCHIIMAIOM MPUMEHEHHS JJIsl TepPariy TIayKOMbI
[61,62,77]. IlpousBoansie II [13] u I [14] nposiBUIN pazinuHyt0 OMOJOTHYECKYIO
aKTUBHOCTb,  BBICTyIas,  COOTBETCTBEHHO B  KauecTBe  3((HEKTUBHBIX
TrepMETU3UPYIONIUX areéHTOB M MHTUOUTOPOB OaKkTepuaIbHOro pocta. B To ke Bpems
coeaquHeHue [V mpoaeMOHCTpUPOBAIO BBIPAXKEHHOE MPOTUBOOMYXOJIEBOE JCUCTBHUE,
MPOSIBJISIEMOE B OTHOIIEHUHU KJIETOK aCIUTHOM KapuuHOMbI (nuHuu E) u omyxosnei
MOJIOYHOM Keje3bl y MBIIIe, JocThras CTeneHu HHrudupoBaHus 10 99% npu
BBeneHun B go3e 10 mkr. Kpome toro, Habmonanoch yrHeTeHue mposivdepanuu
AMOpHUOHATBHBIX JIETOUHBIX (hrOpobmacToB kpbickl (RFL) Ha 98% npu ananoruyHon
KoHIeHTpanuu [156-158]. B mensix BBIACHEHHS MOJICKYJSPHBIX OCHOB BBICOKOMW
MIPOTUBOOITYXOJICBOM aKTUBHOCTH coenuHeHne [V ObuT poBenEH psii MCCIIETOBAHUMA
M0 €ro  B3aWMOJEHCTBUIO C  Pa3IUYHBIMH  OWMOJOTHYECKH  3HAUYUMBIMU
HU3KOMOJIEKYJISIPHBIMU COEJMHEHUSIMU, BKJIFOYAsi CIUPTHI, aMUHBI, L-1ucTenH, a
takke HykienHoBele kuciotel (JAHK wu PHK). VYcranoBneno, uro mpu

BSaHMOHCﬁCTBHH L-HI/ICTGI/IHOM IMPpOUCXOAUT 3aMCHICHHC CYHB(I)OHHHSTHHBHOfI
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rpymmbi(-SO,CoHs) Ha ¢yskmmonansHyto Tpynmy HOOC (CHNH;)CH,S-, B TO
BpeMs Kak Ipu o0paboOTKe CIUpTaMH Ha COOTBETCTBYIOMIYIO ankokcurpymmy (-OR,
rne R = CHs, C:Hs). U3yuenue Ouonornyeckoid akTUBHOCTH OOpa3yroLIerocs
npousBoaHoro LC VI moka3zano ero cnocooHocTh nHTrHOMpOBaTh JJHK- 3aBHCHMYyTO
PHK- nonumepasy, BBIICIEHHYI0 M3 KIETOK. I[Ipu 3TOM yCTaHOBJIEHO, 4YTO
WHTUOMpPOBAaHUE MPOUCXOJUT HE3aBUCUMO OT HaNIMuusg HyKJIeo3un] Tpudocdaros
(HT®) u coxpansiercst mociie mporeaypbl IUalin3a, YTO YKa3bIBA€T HA MPOUYHYIO U
cnenupUIHYI0 CBA3b C MUIICHBIO.

OTh  pe3ysabTarbl MO3BOJSIOT  MPEANONOXHUTh, 4YTo |V OkasbiBaeT
HEIMOCPEJICTBEHHOE BO3JelicTBHE Ha (epMeHT, a He KoHKypupyer ¢ HTO.
[Ipeanonaraercsi, 4To peakIMOHHAs AaKTUBHOCTh, HaOO/laeMas B IMOJOXKEHHEe 2
coenuHeHus [V, Moxer OBbITh KIIOYEBBIM (DAKTOPOM, OMNPEIECISIOMUM €ro
OMOJIOTMYECKYI0 aKTUBHOCTh. JTO SIBJIIEHUE, BEPOSTHO, OOYCIIOBICHO YMEHbBILIEHUEM

IINIOTHOCTH B I[ElHHOﬁ IIO3UINH, YTO CHOCO6CTByeT ITOBBIMICHUIO €T'O peaKHI/IOHHOﬁ

criocodHocTH [156-158].
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Cxema 1.1 — CuHTe3 M PYHKUHOHAIM3AUMUSA MPOU3BOAHBIX 5-0Kkco-5H-1,3,4-

THAAHUA30J10[3,2-a|nupumMuauHa

1.3. MeTtoasbl cuHTe3a 5-okco-5H-1,3,4-Tuaana3zosno[3,2-ajnupumMuanHa
[TepBoiit >dexkTuBHBIA MeTOA MojaydeHus: S5-okco-S5H-1,3,4-tuanuazonol3,2-
a|MIPUMHIMHOBOTO siipa ObLT pa3paboTaH AJieHOoM U coaBTopamu B 1959 rogy. B

OCHOBEC MPCAJIOKCHHOI'O ImoAaxoJa JICKajla KOHACHCAUA ITPOU3BOJHBIX 2-amMuHO-B -
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S5R-1,3,4-Tnagnazona ¢ ATOKCHUMETUJIIOBHIM 3(UPOM MaJOHOBOM KHUCIOTHI [5].
JIaHHBII METOJ 3aJI0)KWJI OCHOBY JUISl JAJBHEWINErOo Pa3BUTHUS CUHTETHYECKUX
CTpaTeruid, HampaBJICHHBIX Ha MOAU(UKAIMI0 U (PYHKIMOHAIU3ALUIO YKa3aHHOIO

TCTCPOUUKIIMYCCKOIO sapa.

/E—-N H3CO, g LO0CHs  H,c,co0 NN
R s" NHz * o S >’R
H COOC2H5 S
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O

Cxema 1.2. - llukiaokonaencamus, 2-amMmuHo 1,3,4-THagna3zoj10B ¢ 3 TOKCHMETHIOBBIM
3(p)upoM MaJIOHOBOI KHCJIOTHI, IPUBOASAIIAS K 00pa30BaHuI0 5-okco-5H-1,3,4-

THAANA30J10[3,2-a|NIUPUMUIUHOB

B mpomecce BocmpousBeneHuss MeTOIa CUHTe3a  coeauHeHus VI
npeio)keHHoro B pabore [5], JleBun c¢ komieramu 1964 r. Beiaenwiu
MPOMEKYTOUHBIA MPOAYKT VIa, KOTOpBIA B XOAE NOCIEAYIOMIEH UKIN3ALUN
npeoOpa3yeTcsi B II€JIEBOE€ COCAMHEHHE. ABTOPBI TaKKe YCTAHOBWIM, YTO JUIS
MOJTyYEHUsI KOHJICHCUPOBAHHBIX aHAJIOTOB TpeOyeTcst 0oJiee )KECTKUE PEaKIIMOHHBIC
ycinoBus [S]. JJaHHBIM XUMHAYECKUN TOXO0M B MOCIEACTBUM U3y4alicad B PSAE IPYTrux

uccaegoBanuii [133, 52].

a o)
N—N" COOCH HsC,CO0
3 5 sC2 N-N
R’[Ls N=c=c, — =
COOC5H5 NZ S
Via Vil

R = H, Ankumist

Cxema 1.3.- CuHTEe3 NPOU3BOAHBIX 5-0Kkc0-5H-1,3,4-Tuaana3omn0[3,2-ajnupumMuauHa
(vin

B pannux paborax, MOCBAIIEHHBIX CUHTE3Y /-0kco-5H-1,3,4-tnanuazonol3,2-
a|mupuMuIUHOB (X), B KQ4eCTBE HCXOAHOTO COCTUHEHUS MMPUMEHSIJICS JOCTYITHBIHN 3-
amMuHO-6-MeTrin-4(3H)-okco-2(1H)-mupuMuauHTHOH  (Tak)kKe W3BECTHBIA Kak  3-
aMUHO-6-MeTun-2-tuoyparui, VIII), xoTopbeiii ctas 00BEKTOM CHCTEMATHYECKOTO

uccienoBanusit B paborax Tcym u coaBropoB. B ykazanubix pabGoTax Obuin
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MPEIOKEHBl PA3IMYHbIE METOIbl CHUHTE3a JaHHBIX TETEPOIMKIOB HAa OCHOBE
coequnaenus VIII ¢ mpuMeHeHneM pa3HOOpa3HBIX PEaKIMOHHBIX ycioBuil [166, 167,
164]. Cpeau wuccleIOBaHHBIX HaMpaBiICHUNW KOHJCHCAIUs 3-aMHHO-6-MeTui-2-
THOypaluia ¢ TPOU3BOJAHBIMUA THPa30Jia B TPHUCYTCTBUM THOCEMHUKapOasujga u
aIlleTOyKCYCHOTO 3(Hpa B Cpele aaKoroyiaTa HaTpus. Takke H3ydanach peakius
THOCEeMHKapOa3oHa aleTOHa C JUKETEHOM B YKCYCHOHW KHCIIOTE C TOCICAYIOIINM
sTanoM TuAposm3a. Kpome Toro, OBIJIO yCTaHOBIEHO, YTO TIPH HArpeBaHUU C
MYypaBbUHOM KHCJIOTOM 3-aMUHO-6-MeTUI-2-THOYpaITKI obpasyer
GbopMUIIIPOU3BOJIHBIE, KOTOpPhIE TP  BO3JACHCTBUM  okcuxjopuna Qocdopa
TpanchopmupytoTcs B 7-mMetun-SH-7-okco-1,3,4- Ttrammasono[3,2-a|nupuMuanH
[166, 167].
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Cxema 1.4.- MHoOrocTyneH4aTsblii cuHTe3 7-0Kc0-1,3,4-THaqna30.10 [3,2-a|mupumMuInHa

U3 3-aMHHO-6-MeTHJI-2-THOYpallHJIa

B mocneayrommx paborax Te e HCCIENOBATEIN TMOKA3bIBAIM BO3MOXKHOCTh
nonyueHust  7-metwi-SH-7-oxco-1,3,4-  Tuanuazono[3,2-ajnupuMuanHa  TYyTEM
TEPMUUYECKOIN 00paboTku 3-popmumMu0-6-MeTHII-2-THOYpAITIIIA c
stunopropopmuaroM. Kpome TOro, OBLJIO YCTAaHOBJIEHO, YTO B3aUMOJCHCTBHE
HATPUEBOU colM yKazaHHOTO (opmumuaonpoussoaHoro (IX) ¢ unanorenOpomuaom
IMPUBOIUT K oOpa3oBaHuIo 2-aMHHO-/-MeTui-SH-7-okco-1,3,4- Tuamuasonol[3,2-

a|nupumuauHa (XI). AnTepHAaTUBHBIN CHHTETUUECKUN MyTh BKIOYAT 00paboTKy 3-
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bopMUMUI0-6-MeTHI-2-THOYpaIliiIa AUCYIb(PHUIOM yriepoda B IIETOYHOM cpene
(TMOpOKCHA Kanws), 9TO TPUBOIMIO K 00pa3oBaHWio 2-mepkanTto7-metun-SH-7-

okco-1,3,4- tmamuazono[3,2-aJmupumuauaa (XI1).
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Cxema 1.5. - Cunre3 2 mepkanTo -7-metuii-5H-7-okco-1,3,4- tuaauasono|3,2-a]
nupumuauna (XII).
B smrteparype [125] ommcaHbl criocoObl ToJydeHUs Mpou3BoaHbIX 1,3,4-

THaaMa30i0([3,2-a] NMUPUMHUJIMHA, TAKXKE PACCMOTPEHBI OCOOCHHOCTH UX YCJIOBHS H
cuare3a. OToenpHO  BBIAECIEH  CHHTE3  2-aMUHO-/-MeTwi-SH-7-okco-1,3,4-
thannasoo[3,2-a] mupumuauHa (XI), KOTOPBIH OCYIIECTBIISIETCS ¢ UCIIOIb30BAHUEM
areToykcycHoro s¢dupa u nekerena. llokazaHo, 4TO mpeACTaBICHHBIC CIIOCOOBI
OTJINYAIOTCSL BHICOKON A(PHEKTUBHOCTHIO U TMO3BOJISIIOT II€JICHANIPABIECHHO MOJIy4YaTh
JAHHBIE TETEPOLMKINYECKUE CUCTEMBI, MPEICTABISAIOIINE UHTEPEC ISl JaTbHEUIINX

HCCJIeIOBaHN, B 00J1aCTH IOMCKA HOBBIX OMOJOTMYECKH aKTUBHBIX COCTMHEHH.

1.4. Cunte3 2-aMmuHO- /-MmeTua-SH-7-okco-1,3,4- TmaguasoJo|3,2-
a|MMPUMMIUHA HA OCHOBE ALIETOYKCYCHOT0 3¢pupa
Onaum 3 3¢ GEeKTUBHBIX TOIX0I0B K mocTpoeHuto 1,3,4- tmammazono[3,2-
a|lnupuMUIMHOTO  (PparMeHTa  SIBISIETCS €r0  CHUHTE3 €  HCIOJb30BaHUEM
aneraykcycHoro »2dupa. B uyacTtHOcTH, peakuus Mexnay 2,5-auamuno-1,3,4-
tuaguazoiom (XIII) w  ameroykcyCHbIM  3GUPOM  TPENCTaBIAECT  COOOM
MEPCIIEKTUBHBIN yTh MTOTYyYEHUS 2-amuHo-7-meTmi-SH-7-okco-1,3,4-

tranunazono|3,2-ajnupumuanna (XI). [IpoBenenue 3Toil peakuuu B ropsiieM 3TaHOJIE
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OPUBOJUT K OOPA30BaHMIO IIENEBOTO MPOAYKTAa C BBIXOAOM OKoJo 19%, dto
yKa3blBaeT HAa HEOOXOAMMOCTh ONTHUMHU3ANWMKM YyciaoBui. [lpu BBIAEpKUBaHUH
peareHTOB B METAHOJE B TEUEHUE TMPOAOHKUTEIBHOTO BpPEMEHH (HECKOJBKO
MECSAIIEB) BBIXOJ yBenIuuuBaeTcs 10 54 %, 9TO BEpOSTHO, CBS3aHO ¢ 0oJiee MOTHOU
peanu3anuen peakuuu 3a CYET MPOJIOHTMPOBAHHOTO KOHTAKTa MCXOIHBIX BEIECTB.
Hau6Gonee Boicokuii Beixoa (10 90 %) mocturaercs npu 0e3pacTBOPHOM aKTHUBALUU
HarpeBaHUM CMECH PEAareHTOB 0€3 y4acTusi paCTBOPUTENS. JTO MO3BOJSET CAENAThH
BBIBOJI O BaXKHOU POJIM TEMIIEpATypHOTo (PaKkTopa v MOKa3bIBAET, YTO O€3pacTBOPHbBIC
METOJBl MOTYT WMETh TPEHMYIIECTBA NPH CHHTE3C TAKUX TeTEPOIMKINICCKUX
cucteM. [Ipu 3TOM BBEIOOP pEaKIIMOHHON Cpebl BIUSET HE TOIHKO Ha BHIXOAA HO U Ha
YUCTOTY NpoaykTa. [Ipu nmpoBeeHUN peakiuyd B 3TaHOJE WM METaHOJIE BO3MOXKHO
oOpa3oBaHu€ TMOOOYHBIX COEAUHEHUM, BO3HUKAIOIIMX H3-3a B3aUMOJCHCTBHUS
MIPOMEKYTOUHBIX YaCTHI] C PACTBOPUTEIIEM.

Takum oOpa3om, aneToyKCyCHbIN 3(pup, MPUMEHEHHBIN B KaueCTBE pearcHTa,
MIPOSIBMJT BHICOKYIO CHHTETHYECKYIO IIEHHOCTh M MOYKET OBITh YCIEITHO MPUMEHEHO
JUISL  TIOJIYYCHHS IIMPOKO  CIEKTpa TMPOU3BOJAHBIX  THAJAMA3OJIMHAPUMHUINHOB,
00J1a1aroNNX MOTEHIIMAIBHON OMOJIOrMYECKON aKTUBHOCTBIO.

Peakmusi ¢ nukereHoM. B kauecTBe alibTepHATUBHOTO MOJX0J1a K CHHTE3Y 2-
aMUHO- /-MeTua-5H-7-0kco-1,3,4-tnaguazono|3,2-ajnupumuarna (XI) mpemioxeHo
UCIIOJb30BaHUE JuKeTeHa. Peakuus 2,5-nuamuno 1,3,4-tuaguazono (XIII) c
HKBUMOJIIPHBIM ~ KOJIMYECTBOM JMKETEHa B BOJHOM cpeae TpH KOMHATHOU
TeMrepaType MPUBOJUT K OOpPa30BaHUIO MPOMEKYTOYHOTO COCIUHEHHS, KOTOPOE
OBLTO MACHTU(UIIMPOBAHHO KaK S-aMHHO-2-UMHHO-3-aneroanetui-1,3,4- tTuaauazon
(XIIIb). DtOoT MeTOAm  MPEAOCTAaBISIET HOBBIK MyTh K  0Opa30BaHUIO
(GYHKIIMOHATM3UPOBAHHBIX  MPOU3BOJHBIX YTO MOXET OBITh TIOJE3HO IS
JTaTbHEHIIeT0 paciupeHuss OUOIMOTEKN TUAINA30J0MMPUMHUIUHOBBIX COCIUHEHUH,
o0JaaronX BO3MOXKHBIMU Onosiormueckumu cBoiictBamu. s mpespamenus XIl|
b B koHeunwli mpoaykt X| OBUIO KMCHOJBK30BAHO HArPEBAaHHE B BOJC WIM CMECH
mumetuindopmamuaa (IM®D) ¢ Bomoit B Tewenwe 30 MHHYT, YTO TPHUBENO K

KOJIn4eCcTBeHHOMY 00pa3oBanuio Xl. D310 nemoHcTpupyeT 3PEeKTUBHOCTD PEaKINU
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B BOJEC WIM IIPM HCIIOJIB30BAaHUU MOJSPHBIX pacTBopuTener Takux MO, nisa
npeoOpa3oBaHus TMPOMEKYTOUYHBIX COCIMHEHUN JUIsi TPEoOpa3oBaHUS IICJICBBIC
coenuHeHuid. Takum oOpazom, I CHUHTEe3a 2-aMHHO- /-meTuia-SH-7-okco-1,3,4-
traauazono|3,2-ajnupumuanHa (XI) MoOryt OBITh HCIOJB30BaHbl JBa OCHOBHBIX
MoAXO0a:

Peakuust ¢ aneroykcycHbIM 3(GUpOM, TJ€ ONTHUMHU3AIUS BPEMEHH pEaKIuu MU
TEMIEpaTypbl 3HAYUTEIBHO BIUAET HA BBIXOJ IIEJEBOTO MPOJYKTA IIEJIEBOIO
npoaykra (10 90 %).

Peakuusi ¢ JMKETEHOM TMPU SKBUMOJIIPHOM COOTHOIIIEHUM MCXOJHBIX BEIECTB
MPUBOJUT K KOJIMYECTBEHHOMY 00pa30BaHUIO 1I€JIEBOTO MPOAYKTA MPU HATPEBaHUU B
BOJIC WJM B CMECH pacTBOpUTENW. JlaHHBIE TOAXOIbl PACHIUPSIOT BO3MOKXHOCTH
CHUHTE3a JpPYrUX TMPOU3BOJHBIX  THAIUA3OJMNUPUMHUANHOB U  MOTYT  OBIThH

UCITIOJIb30BaHbI MpHU pa3zpaboTke 3(PPEKTUBHBIX METOIOB OPraHUYECKOTO CUHTE3A.
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Cxema 1.6. - [Toayuenue 2-amuno-7-metwii-5H-7-okco-1,3,4-Tuaamnasolio[3,2-aj
NAPAMHUINH

B paGore 119 wucciaenayercs peakius 2-aMuUHO-3-3aMeIIEHHBIX 1,3,4-
tuaanazofioB (V) ¢ B-keroadupaMu HampaBieHHas Ha cuHTEe3 2,7-3aMemEHHbIX SH-
5-okco-1,3,4-tnagnazono [3,2-ajmupumuanaa  (XV). DTOT mOOXO0L IO3BOJISIET
MOJIy4aTh HOBBIC MPOU3BOIHBIC THAIUA30JOTTUPUMHINHA C K3MEHEHHOU CTPYKTYpOH,

YTO PACIIUPSIET BOZMOKHOCTH MX MPUMEHEHUs B (hapMalleBTUKE U OMOMETUITMHE.
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Cunre3 mpoBoautcs B cpeae mnonupocdopuoit kuciaorsl (IIDPK), xotopas
obOecnieunBaeT 3(P¢eKTUBHOE 00pa3oBaHUE LUKIA U (HOPMUPOBAHHME IIEJIECBOM
reTepoluKInKInyeckon cucremsl. Mcnons3oBanue [IOK nmpuBoauT K MOTy4YEHHUIO
BBICOKOMY BBIXOJy MPOJYKTa W YIPOIIAET MPOILIECC €ro BBIACICHUA. Takoil MeTon
MO3BOJISIET MOJIy4aTh IEJIEBbIE€ COCIMHEHUS C BHICOKUMHU BBIXOJIAMHM, UTO JENAET MX
MPUBJIEKATEILHBIMY JJI JabHEHIIEr0 U3yYeHUs X OHMOJIOTMYECKON aKTUBHOCTU U
NPUMEHEHHUS B OPTaHMYECKOM CHHTE3E.

B  anpTepHaTMBHOM  BapuaHTE OKCIEPUMEHTA, peaKIus  2-aMHUHO-5-
3amenénnbiX 1,3,4-tuaanazonoB (V) ¢ aneroykCcycHbIM 3(pupom Oblia MpoBEJEHA B
TONyOJ€ C WCHOJb30BAHUEM  KATaJUTHYECKOTO KOJIMYECTBA MOHOTHIpATa
apaToyoscyab(hOHOBOM KUCIOTHL. B pesynpraTe peakiuu Obula MOJy4YeHA CMEChH
NPOJYKTOB, BKJIOYaromas JSTWwioBsld 3dup 3-[(1,3,4-Tnaamnason-2-niamuHo)]|-2-
oyrenoBoit kuciotsl (XIV b) u nenesoit mpoaykt SH-5-okco-1,3,4-tnaaunazonol3,2-
aJmupumuauaa (XV f). Dtor Meton mo3BoisieT 3PpGEKTUBHO CUHTe3upoBaTh SH-5-
okco-1,3,4-tnaanazono[3,2-a|MUpUMUAIUHEI  C HCIIOJIB30BAHUEM aIlETOYKCYCHOTO
3pupa B KauecTBE BaXXKHOIO peareHTa. IIpoayKThl peakiuu BKIIOYAIOT CIEIyIOIINE
coequaenus- XIVb — oatmnoseit  a¢up  3-[(1,3,4-Tnanmazon-2-miaMuHoO)|-2-
OyTEHOBOI KHCJIOTBI, KOTOPBIM 00pazyercs Hapsiay ¢ OCHOBHBIM MpoaykToM XVT -
5H-5-okco-1,3,4-tranunazonol3,2-a|IUpuUMUIUH, SBISIONINICS 1IETEBBIM MPOIYKTOM
peakiuu. Ha ocHOBE MOMyYEeHHBIX NAHHBIX MOXKHO CII€iaTh BBIBOJ, YTO pPEakIus 2-
aMuHO-4-3ameméHHbIX  1,3,4-TMamna3zonoB ¢ P-kertoddupamMu  (Hampumep,
anenoykcycHoiM 3¢upom) B mnpucyrctBuu [IOK wunum tomyone ¢ nobaBieHUEM
MapaToyosCyIb(POHOBON KHUCIOTHI TpeACTaBisieT co0oil 3h(EeKTUBHBIN MeToa
cunTe3a 2,7-3ameménnbix SH-5-okco-1,3,4-trnanunazono[3,2-aJnupuMuInHAOB U UX
IIPOU3BOAHBIX. JIaHHBIM METOJ XapaKTEPU3UPYETCs BBICOKOM CEJIEKTUBHOCTBIO U
BBICOKMM BBIXOJIOM IIE€JIEBBIX COCIUHEHUH, YTO JEeJaeT €ro MEePCHEKTUBHBIM IS

I[ElJ'IBHCfIHIGFO IMPUMCHCHHA B OPTaHNYCCKOM CHHTC3C.
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d,R=CHj; R'=CgHg
e,R=CyHg; R'=CgHg
=N LR=H;R'=CgHg
gD
HoN S
V  Va.R=CH,
b.R= C,Hg
c.R= C.Hs
d.R=H

Cxema 1.7. - Cunre3 2,7-3amMemiénnbix SH-5-okco-1,3,4-Tuagna3o.10[3,2-a|
NUPUMHUIAHOB U3 2-aMHHO-5-3aMeméHHBIX 1,3,4-THAa1a30J10B ¢ HCNOJIb30BaHHEM [3-
KeT03(pupoB

Cunre3 mpom3BOAHBIX 2-R-7-okco-1,3,4-tmamnazono[3,2-ajnupumMuanHa  ObLT
noJIpoOHO M3y4yeH Ipymnioi uccinenosatenedl nox pykosoactsoM lllykyposa C.C. u
Kykanuera M.A. [2, 144, 145, 81]. B ux paborax paccmaTrpuBaiach peakuus 2-R-5-
amMuHO-1,3,4-THannazonoB ¢ aneToykcycHeiM 3¢dupom B mpucyrcTBuu I[IOK mpu
temmeparype 120-130° C. Ilenesoit mpoaykr (XVI) 6T monydeH ¢ BbIxomzoM 80-
85%, 4TO MOATBEPKIAET BHICOKYIO A(DPEKTUBHOCTH MPEI0KEHHOTO METO/Aa. DTOT
MOAXOJ] CYIIECTBEHHO PACIIUPSET BO3MOXKHOCTH CHUHTE3a HOBBIX 2-3aMENIEHHBIX-D-
okco-1,3,4-tuaamazono [3,2-a] nupuMUaANHA, TIpeAsiaras NEPCIeKTUBHBIC MyTH JIs
pa3pabOTKU COENMHEHH C BO3MOXXHBIMU (papMaKOJIOTMYECKUMU CBOWCTBaMH. Jlmst
MOJIYYCHHS Pa3IMYHBIX MTPOU3BOJHBIX 2-3aMENMIEHHBIX-5-0KC0-1,3,4-Tnaaunazonol3,2-
a] NUPUMHIWHA WCIOJB30BAIACH pEaKIUs ANEKTPoPrIbHOTO 3amerieHus. B
4acTHOCTH, OpoMHUpoOBaHKE 1eieBOro npoaykra (XVI) npoBoausiocs npuMeHEeHHEM
MOJICKYJIIPHOTO OpoMa B YKCYCHOW KHCIIOT€, a HUTPOBAaHHUE C TIOMOIIBIO
KOHILICHTPUPOBAHHOM a30THOW KHCJIOTBI B mpucyrctBuu 20 %-ro oneyma. [ns
BBeICHHUs (PTOpa B MOJICKYJIy M TIOJy4eHHUsS! (hTOp3aMemIEHHBIX MPOu3BOAHBIX (X VI
— XVII) ucnonb30BaiMCh COOTBETCTBYIOIINE KeTod(Pupbl. XJjop wiM OpoM B

COCTaBe XJIOPMETUJILHOM rpynnbl Ha no3utuu 2 (XVI — XIX) nerko nmoapeprarotcs
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HYKJICOPMIHPHOMY 3aMEIIEHUI0 C YYacCTHEM pa3IMYHbIX AareHToB, TaKWX Kak
AJIKOKCH/Ibl, aMUHOKHUCJIOTHI UJIU CIOUPTHI. ['aJlOTeH WM HUTPOTPYIIIAa HA MO3UIUU 6
IIPU 3TOM OCTalOTCA 0€3 M3MEHEHUM, YTO IO3BOJISIET M3MEHSATh TOJBKO aTOMBI Ha
nozuumu 2. Takod mnoaxon MAa€T BO3MOXHOCTh CO3[aBaTh MPOU3BOJHBIE 2-
3aMEIIEHHBIX 5-okco-1,3,4-tnanuazonol3,2-a|nIupuMUIMHOB C pa3HbIMU
(GYHKIIMOHAIBHBIMU TPYIIAMU. OTH HOBBIE COCJAMHEHUS MOTYT OBITh IIOJIC3HBI B
pasnuyHBIX  cdepax  BKIOYas ~ pa3pabOTKy  JICKapCTBEHHBIX  IMPEIMapaTos,
arpOXMMHUKATOB U (PYHKIIMOHAJIbHBIX MaTepuaiioB. PazpaboTaHHbIE METObI CHHTE3a
)54 (yHKIIMOHATU3AINT 2-R-7-oxco-1,3,4-tnagnazono| 3,2-a|mIMpUMHUIMHOB
OTKPBIBAIOT HOBBIE MEPCIEKTUBHI B OPraHUYECKOM CHUHTE3€, MATCPUAIIOBEICHUU U
XUMHUA ~ OWOJIOTMYECKH  aKTHBHBIX  COCAWMHEHUM  JUIsI  TPUMCHECHHS B

(apManeBTUYECKON U arpOXUMHYECKON MPOMBILIIIEHHOCTH.

N"N H
RJI\S%NHz CH3COCH LCOOCH, j\i}‘ 3
v

R =Br, CHCI R =Br, CH;CI

3
3 l
—N CHa o 3

R1\Nis:

RZ XV n—N CH3
X=n

3o .
R*=H, F, Br, NO;: R,/u\s Vi

R? = Br. CH,CI;
R*=H, F,Br, NO;;
v

L,

CH,COCHFCOOEt

o 3
N’f—&c“:’
>=~
S

XIX
R?=H, F, Br, NO;;

R's—CcH

Cxema 1.8. - CunTe3 Npou3BoaHbIX 2- R-7-0kc0-1,3,4-Tuaanas0.10[3,2-a|nupumMuanHa

B 1971 rony Ilunrpam u ero kojuieru W ero kosieru [128] Bmepsbie
OnmyOJUKOBaaM  HMHPOpMAIMIO O  cHHTe3e  7-okco-1,3,4-tuaauaszono[3,2-a]
nupumuanHa (XXI). Dto0 coeaumHeHwe OBLJIO TMOJTYYEHO B PE3yJIbTATe
[UKJIOKOHICHCAIIUN 2,3-nuxnopo-N-5[5-(meTuntro)-1,3,4-traanasono-2-mi|-

arneTmiamuia (XX) npu KUNISTYSHUH B TeTparuapodypane.
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NN C NN
c|:| 0 )L>~scn3 J\}—scu-&
—_—
HC=CCHN S 07 N7 S

Cl
XX XXI

Cxema 1.9. - CuHTeTHYECKHE MYTH K 7-0Kc0-1,3,4 —THaaMa3010 [3,2-a] NIHPUMUINH U €ro

NMPOU3BOJIHBIC

B ykazansbiii mepuoa Oxabe c¢ coaBtopamu [119, 165] paspaboranu
albTEPHATHBHBIA IMOAXOM K CHHTe3y K [-okco-1,3,4 —tmamuaszono [3,2-a]
MUPUMUJIMHA UCTIOJIB3YIOUIYIO0 AUKETEH WM aleToaleTar sl peakiuu ¢ 2-aMUHO-
1,3,4-tnagunazonomM. Peakiusi ¢ JAMKETEHOM NPOBOJWIACH B KHUIISIIEM O€H30Je, a
B3aMMOJICHCTBHUE C allETOYKCYCHBIM 3()UPOM B MPUCYTCTBUM HATPHUEBOTO METHJIATa B
0€3BOJHOM METaHOJE, KOTOPBIA TakXe MOJABEprajici KWIs4YeHuto. B pe3ynbrare
0o0pa3oBBIBAJICS MPOMEXKYTOUHbIH Tpoaykt XXI 2-ameroarerunamuno-1,3,3-
TUAIMA30J1 C TpPUEMJIEMbIM BbIXOJIOM. llocie mnpoBemeHHs] LMKIU3AIUU ITOTO
npoMexxyTouHoro coeauHeHuss XXI B cepHoit unu nonudocdopHoit kucimore ObLT
nmojiydeH  1eneBod  mpoaykr — 2R-5-mermn-7-okco-7H-1,3,4-tnaauazono[3,2-a]
nupumuanH (XXII) ¢ BbIcOKOM 3((PEKTUBHOCTHIO. DTOT MOAXOJ AEMOHCTPUPYET
BBICOKYI0O THOKOCTh M TPAaKTHYECKYH IIEHHOCTh JUII CHHTE3a  CJIOXKHBIX
TFeTEePOIUKINYECKUX CTPYKTYP, UTO CIIOCOOCTBYET €ro MPUMEHEHUIO B JaJbHEUIIINX

HCCICAOBAHMAX OpFaHquCKOﬁ XHUMHU.

—~N

N HC =——0O
) g T i | (L
HaoNT, S
V: R=CH,
R = C,Hg
g R= CGHS
~
=
N R’
g\/u\ )‘I\ N H280, N/N R
o - i
H XXl o N
XXla,R=R'=CHj; XX
b,R=CyHg; R'=CH3 XXha, R=R"=CHa,
c,R=CgHg: R'=CH; b,R=CgzHg; R'=CH;3
d,R=CHj3; R'=CgHg c,R=CgHg; R'=CH,

d,R=CHgz; R'=CgHg

Cxema 1.10. - Cunre3 2R-5-meTni -7-okco-1,3,4-Tuaanasoio[3,2-ajnupumuiuna

(XXI1)
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B pab6ore Illaden A. ¢ coaBropamu [140] 061 mpenyoxkeH crmocod CHUHTE3a
coenuaeHns XXII, ocHoBaHHBIMI Ha peaknuu 2-amuHO-1,3,4-TMamuaszona ¢
NPOW3BOAHBIMUA  MPONMUOHOBOM kucinotel (R' = H) wim  amerneHOBBIMHU
nukapookcunatamu (R' = COOCHs3) B MeTaHONBHOHN cpeae, 4To 00ecredyuBaso
00pa30BaHME IEICBOT0 COCAUHEHUS C BBICOKUM BBIXOJIOM.

1
N—N i
JL >‘NH2 R'C ZcCOOCHg N—N
-
R S

N S
v XX
XXI,e, R"=H,R=H
f, R'=COOC,Hg ,R =CH,

Cxema 1.11. - Cunre3 7-okco-1,3,4-tuaauazono[3,2-ajJnupumuauua(XXI1) u3 2-amuno-
1,3,4-Tuagmnazona

B npyrom uccnenoBanuu [90] ObuT MpeiiokKeH aNTepHATUBHBINA METOJI CUHTE3a
coenuHennsa XXII ¢ nmcnoiap30BaHHEM HOBBIX ITOAXOAOB K KOHIEHcanuu. B manHOM
cllydae peakius TMpPOBOAWIACE C Yy4yacTueM 2-amMuHo-1,3,4-TMajna3olioB U
MPOM3BOJHBIX AllETOYKCYCHOM KHUCIIOTHI C TOCJIEAYIOIIMM 3aMbIKAaHUEM IIMKJIa B
KHUCJIOW WJIM HEUTpalbHOU cpene. s u3ydeHus: peakuuy MPUMEHSUINCh Pa3IndHbIe
KaTaJN3aTophl, BKIIOYAs] KHUCJIOTHl TAaKHME KAaK YKCYCHAasi W XJOPUCTOBOJOPOJHAS, a
TAK)K€ MCIOJb30BAJIMCh Pa3HbIE PACTBOPUTENM TAaKUE KaK TOIYOJ, alleToH. B urore,
MeTo/ OKazaycs YPPEKTUBHBIM ISl TIOTYUYEHUS IEIEBOTO MPOAYKTA C BBIXOJAMHU OT
60% o 85%, mpu »ToM Hambosiee BBICOKME PE3yIbTaThl OBUIM JOCTUTHYTHI B
pacTBOpe YKCYCHOM KHUCJIOTHI ¢ HEOOIBITUMHU T100aBKaMH BOJIbI, UTO CIIOCOOCTBOBAJIO

YIIYYLIEHUIO PEAKLIUH.

R‘l
NN
N + R'C=CCOOCHg — | ™R
N~ 0 N S

JL NH, XX
R S XXll,g,R=H, R'=CF;
v h, R=Br, R' =CF,

i. R=Br, R' = CF.CF,

Cxema 1.12.- Konagencanus 2 amuno-1,3,4-Tuaguasosia ¢ aneTujianeToHoM (M

AUKETEHOM) — HUKJIM3AUUA — 7-0Kco-THaauazoanupumuanH(XXII)
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[Tpy mpoBeneHUHM HCCIIeIOBAaHUS OBbUIO YCTAHOBJICHO, YTO HYKJICO(DUIHHOE
3aMeIICHNE 2-6poM-5-(Tpudropmernin)-7-okco-7H-1,3,4-trnannazono[ 3,2-a]
NUPUMUIMHA C QJUTWJIaMH B METaHOJBHOM cpelie NMpH KOMHATHOM TeMIiepaTrype

IPUBOJIUT K ObICTpOMY oOpa3oBaHuIo 1eieBoro mpoaykra XXII ¢ Berxogom 62 % 3a

S MUHYT.
1
J >R — [ T
XX11h XXilla

Cxema 1.13. — HykieopuibHoe 3amenienne 2-0poM-5-(tpudopmernsi)-7/-oKco-
THAANA3OJIMUPUMHUINHA AJUTHIAMHHOM

B xone uccienoBanus ObUIO NMPOJIEMOHCTPUPOBAHO CHUHTE3UPOBAHHUE CEPUU
coenuHeHnid XXIII, KOTOpbIil MPOBOIMIICS B OAHOM PEAKTOpe U3 2-OpomM-5-aMUHO-
1,3,4-tnagnazona (V) u stmnoBoro 3¢gupa 4,4,4-rpudTopOyTHHOBOM KHUCIOTHI (MITH
COOTBETCTBYIOIIETO amuHa). Jlnsa storo cmech V u astunoBoro sdupa 4,4,4-
TpuPTOPOYTHHOBOM KHWCJIOTHI BBIACPKUBAIM B METAaHOJIE TIPU KOMHATHOU
temneparype B TeueHue 40 yacos. Ilocie 3Toro no6aBisuid aMUH M, IepeMeEIInBast
CMECh OT 5 MUHYT A0 3 4acoB, MOJy4Yaly 1eJE€BbIE COEIUHEHUS ¢ Bbixonamu ot 13%
110 36%. IpoxykTs cuntesa Brmodaor: XXIIa (R' = H, R, = CH,CHCH,), XXIIIb
(R'=H, R, = CH,CCH), XXIIIc (R' = H, R* = CH,(CH,),CHs), XXIIId (R' = H, R?
= CH,CHCH,), XXllle (R' = H, R? = 6ensun), XXIIIf (R' = H, R* = CH,CH,OH),
XXIi (R' = H, R*= CH,CH,OH), XXIIIj (R = CH,CHCH,, R* = CH,CHCH,) u
XXIIIk (R' = H, R? = denmn).
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N’N CF;
JL NH2 1) cryc=ccooc;Hs }\N,N R
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L \\ ‘
H /N
v 2) N O¢LN¢\\S R?
RZ/ \R1
XXilla-l
N\
g.R'=R?= 0o
—/

h,R'=R? = )

Cxema 1.14. - Cunre3 npou3Boaabix XXIII u3 2-6pom-5-amuno-1,3,4-tuaanaszona u
3TUI0BOrO0 3¢upa 4,4,4-TpupTOpOYTHHOBOI KHCJIOTHI C AMMHOTPYIIION

[ToMrMO BBINICONIUCAHHBIX METOJIOB, APYTHE HUCCIEIOBATENN TaK)KEe BHECITHU
BKJIaJ B pa3pabOTKy METOIOB IMOJYyYCHHS HOBBIX MPOU3BOAHBIX 2-R-7-okco-1,3,4-
tHaauaszofo-[3,2-ajmupumuauaa XXII, B koTopeix R MOXeT OBITH NpeaCcTaBIICH
BOJIOPOJIOM, AJIKUJIBHBIMHU, apUJIbHBIMM WU THOJbHBIMH Tpymnmnamu. Hampumep,
aBTOpbl [147] ycTaHOBWJIM BO3MOKHOCTh CHHTE3a JAHHOTO IIMKJA IOCPEICTBOM
peaknuu KoHaeHcanuu 2-R-5-amubo-1,3,4-tnaanazona (V) ¢ nuadhupomM MalOHOBOM
kucaoTel. Kpome Toro, aBTopsl [37] ucnona3oBaiy peakiuio KOHAEHCAMU V ¢ ajjieH
1,3-mukapOOKCUBHATOM, YTO TAK)KE TIO3BOJISUIO MOIYYUTH TIeJeBbie coenuans 2-R-7-
okco-1,3,4-tnaanazonol|3,2-a|MupuMUIUHBL. DTH METOJIBI PACIIUPSIIOT BO3MOKHOCTH
CHUHTE3a PA3JWYHBIX MPOU3BOAHBIX W MOTYT OBITH MOJIC3HBI JJIA JATBHEHIITHX

UCCIIEIOBAaHUM U pa3pabOTKU HOBBIX OMOJOTUYECKH aKTUBHBIX COCIMHEHUH.

R1
HC —COOCH, ,
I v N~N COOR
i — )\ R <Y HC
XXlla, b
XXlla, R' = OH
b, R' =COOCH,

Cxema 1.15. - Cunre3 npou3BoaHbIx 2-R-7-0kco0-1,3,4-Tuaanasono|3,2-ajnupumMuanna
KOH/IeHcanueii 2-R-5-amuno-1,3,4-Tnaanasoiia ¢ AmdGuUpaMu MajJOHOBOI KHCJIOTHI H
aJuteH-1,3-qukap6okcuiaTamMu
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1.5. Peaknus kpocc-couetanus Cy3yku,
CHHTE3 reTePOLMKINYECKUX CHCTEM
Peakuust xpocc-couetanust Cy3yku, Ha3BaHHas B 4YECTb SIOHCKOTO XMMHKa

Axupsl Cy3yku, SBJIS€TCS OJHOM U3 HauOoJee YHUBEPCAJIbHBIX W LIMPOKO

NPUMEHSEMbIX METOAMK B OPraHUYECKOM CHHTE3€ Il (OPMHUPOBAHUS YIIIEPO.I-

yriepoaubix (C-C) cpsizeit. [111-113, 159, 161]. B maHHO# peakmuu OpraHOTaIUIbI

(apuiibHBIE, AQNKEHWIbHbIE U AJKWHWITAJIOTCHHUBI) BCTYMAIOT B PEAKIHUI0 C

oprano6opatamu (OOPOBBIMH KHCJIOTaMH, WX CIOXHBIMU 3dupamMu WiIu TpudTopaT

Kajus), HUCIOJb3ys NaIaAUeBBId KaTanu3atop M ocHoBaHue. Peakums Cy3yku-

Mustypbl TpOTEKAET MOCPEACTBOM CIEAYIOIINX OCHOBHBIX CTaIMI:

— OKucCIuTEeNbHOE MPUCOCIUHEHUE CTaus, HA KOTOPOH, MaJIaJUEeBbIi KaTaau3aTop
OKHCIIIeTCS. A0 OoJee BBICOKOW CTENEHW OKHCICHUS M Jajee BCTYHaeT BO
B3aMMOJICHCTBHE C OpraHOTAIUAMH.

— TpancMerampoBanue CTaausi, B X0Jie KOTOPOH MPOUCXOAUT OOMEH MeTalaMu
MEXy MajuiaieM U OpraHo0opaToM, mayuiaauil mepeaaét OpraHndecKyro Tpyimy
aTomy Oopa.

— BoccTaHoBuTeNbHOE IIMMUHUPOBAHUE 3AKITIOYUTENIbHAS CTaAUsI, B X0OJI€ KOTOPOH
naJyiaJnii BOCCTAHABIMBAETCS IO HCXOIHOTO cocTostHMS, (popmupyercs HoBast C-C
CBsI3b U pereHepupyet karaiausatop [113, 111, 159, 15, 16, 39].

Peakiuss  Cy3yku-Mustypel ~ OTJIMYaeTCsi  BBICOKOM  3((PEKTUBHOCTHIO U
YHHUBEPCaJIbHOCThIO0, TO3BOJsisi ¢opmupoBath C-C CBA3M W CHHTE3HPOBAThH
CIIO)KHBIE OpraHuyeckue coeArHeHHus. OCHOBHBIE MPEUMYIIECTBA 3TOW peakluu
BBICOKasi  CEJCKTUBHOCTb,  COBMECTUMOCTh  C  IIHUPOKHM  CIEKTPOM
(GYHKIIMOHATIBHBIX TPYII W BO3MOYKHOCTH TIOJYYCHHS TPOIYKTOB C BBICOKHUM
BBIXOJIOM W YHCTOTOW. 3a MOCJIEIHHME TOJbl OHA CTaja OJHUM M3 KIIOUYEBBIX
METOJ/IOB B OPraHUYECKON XUMHHU KaK JIJIi CHHTE3a MPOCTBIX COCIWHEHUH, TaK U
CIIO)KHBIX MOJIKYJ, YTO JelaeT 4YTO JefaeT €€ IEHHBIM WHCTPYMEHTOM IJis
CO37aHMsl JIGKAPCTBEHHBIX CpeACTB. llammaguii BCTymaer Karaau3aTopoM B
TOMOTCHHBIX M TETEPOTCHHBIX CHCTEMaX, YTO TO3BOJISIET IPOBOIUTE PEAKITUIO TPH

MATKHNX YCIIOBUAX HHU3KHUX TEMIICpATypax u JaBJICHUAX C BBICOKOM
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COBMECTUMOCTHIO. B mocnennre roasl HaOII0JaeTCsl aKTUBHOE PA3BUTHE PEAKIIHH
C WCITOJIb30BAaHWEM HOBBIX OOPOOPTaHMYECKUX COCIUHEHHM, YTO JEIAeT MPOIECC
0osee yT0OHBIM U pacIIUPSET BOBMOXHOCTH (PYHKIIMOHAIHU3AIUU MOJIeKyJl. Takum
obpazom peakius Cy3yku Mustypsl ocTaércsi OJHUM U3 3PPEKTUBHBIX U IIUPOKO
NPUMEHSIEMbIX METOJIOB OpPTraHWYECKOrO0 CHUHTE3a, TPENOCTaBiIsAs YUYEHBIM
WHCTPYMEHTBl  JIJI1  TOCTPOCHMSI  CIOXKHBIX  MOJEKYJI C  YHUKQJIbHBIMU
dbyHKIIMOHATBHBIMU cBoOMcTBamu [181, 23, 75, 10, 129].
1.6. Hannaauii-kaTaausupyemMble peakiuu: CHHTE3, MEXaHU3MbI U
NpUMeHeHHEe B XUMHUM TeTePOIUKIIOB

[Ipu mpoBeaeHUU CHHTE30B C HCIIOJIB30BAHUEM PEAKIIUH KPOCC-COUYCTaHUS
tumna Cy3yKd BaXKHBIM 3JIEMEHTOM SIBJISIIOTCS MAJIJIaJIMEBBIE KaTaIU3aTOPBI, JTUTAHIbI
u ocHoBaHusa. Cpemu HambOoyiee TPUMEHIEMBIX KaTaJIM3aTOPOB IMAJUIATUS MOXHO
BeIeUT  cieayrone  Pdy(dba);  (Tpuc(mubensununeHaneron)aunamiaanii(0)),
Pd,(dppf)(OAc), (xommuekc [1,1-Ouc(mudenmndochuno) deporeHa-auarerat
namnagus (I)]), a Taxxke PdCI, m Pd(OAc),. B xkadecTBe nuUranjoB OOBIYHO
MIPUMEHSIETCS Davephos (2-muruknorekcundochuno)-2-(N, N-
JTUMETHIIaMUHO )OneHmMI), Xantphos (4,5-6uc-mudennndpochuno)-9,9-
TUMETHIKCAaHTUH), a Takke BINAP (2,2-6uc(mumermindocduno)-1,1-6unadrmm).
Cpenu ocHoBaHui yaie Bcero ucnoisdyrorces KOH, K,CO3, K3PO4, NaOH, TIOH,
T1,CO3, Cs,CO;3 [51].

OkuCIUTENTFHOE TIPUCOCTUHEHNE — ITO TIEPBBIM M KIIOUEBOM ATall B PEaKIUU
Kpocc-couetanuss Cy3yku, KOTOPBIA BKJIKOYAET B3aUMOJECHCTBHE OPraHOrajuia C
KaTaanu3aTopoM (B JaHHOM ClIy4ae MajutajieM). DTOT TPOIECC MOXKHO OITHMCATh
CJIETYIOITUM 00pa3oM:

e Bpenenne mnamiaaus B cBa3b R-X: Ha HavanbHOM »dTame MPOMCXOIUT
B3aumMojeiicTeue opraHoranmuaa (R-X, rme R — 310 opranmueckas rpymma, a X-
rajores (Hampumep, XJop, OpPOM HIIM HOM) C KaTaau3aTOpPOM, KOTOPBI OOBIYHO
NMpEJCTABNCH MaUTagHeM B OKUCIGHHOH cremenn (Hanpumep, Pd °), dgro

UHULMUpyeT akTuBauuoo C-X cBA3M.

33



e Pa3peIB cBsI3M 6. B3aUMOJICICTBIE C MAIAAUEM CITIOCOOCTBYET Pa3phIBY CBSI3U G
Mexay yriaepoaoMm (R) u ramorenom (X). IT0 NpOUCXOIUT 3a CUET 0Opa30oBaHUS
IIPOMEKYTOUYHOTO KOMIUIEKCA, B KOTOPOM TN B3aMMOACHCTBYET C aTOMOM
rajioresa, 4yto crnoco0ctByet pa3psiBy C-C cBs3u.

OOpa3oBanue ABYX HOBBIX O©-CBsi3eiii B peE3yJbTare »dTOTO pa3pbiBa
oOpa3yercsi IB€ HOBBIE G-CBSI3HM: OJIHA MEXAY MaUTaueM W aTOMOM YTIJiepoja, a
Ipyras MeXIy NaljaJgueM M aTOMOM TajloreHa. OTOT NpPOLEecC MPHUBOIUT K
00pa30BaHMIO MAJJIAIMEBOTO KOMIUIEKCA C OpPTraHOTAINUIaMU U SIBISETCS OCHOBOM /ISt

nanpHenmero cuare3a HoBou C-C cBsa3u. Cxema 1.16.

R

PdO)L, + R-Hal —» L PdaD)
Y,

: 2 Hal

3

o)

0
No N
R=Ar; Br—( l{l ; /IQ: =N
S CF3 (I S

Cxema 1.16. - OxkucianreiabHoe npucoennHenune Pd(0)Ln k R-Hal

Me

DTOT npoliecc NOJIy4Yrsl CBOE Ha3BaHUE M3-3a YBEIMUYEHUS CTETIEHH OKUCIICHUS
MeTaJljia, Ha JIB€ €AMHUIBI. DTO COMPOBOXKIAAETCA YBEINUYEHUEM KOOPIUHALIMOHHOTO
Yyucia, MpUu KOTOPOM HOBBIE CKOOPAMHUPOBAHHBIE YACTHUIILI PACIIONararoTCs B IMC-
koH(purypaumu [17, 32, 64]. CnemoBarenbHO, i TOTO YTOOBI MPOUCXOIUIIO
OKHCIIUTENIbHOE MPUCOCIUHEHUE, MPEIBAPUTEIbHBIM KOMIUIEKC MeTaula JOJDKEH
HaXOJUThCSA B HU3KOHW CTENMEHU OKUCICHHUS UM  OBITh  KOOPAMHAIMOHHO
HCHACBIIIEHHBIM T7e N 00bIYHO paBHO 2 wiwn 1 [151].

N3BecTHO Takxke, CTaaus OKUCIUTEIBLHOTO MPUCOSTUHEHMs oOJierdaeTcs 3a
CYET MOBBIIEHUS EKTPOHHOU moTHOCTH [151, 37] B MeTaimmnueckom tieHtpe. [lpu
TOM JI0OKa3aHO, 4YTO O-JOHOPHBIC JIMTaHJIbl, TAaKHE€ KaK TpPETHYHbIE (POCPUHBI,
YBEJIMYUBAIOT 3TY DJICKTPOHHYIO IUIOTHOCTh. CUHTaeTcsi, YTO TOUYHBIA MEXaHU3M
OKUCIIUTENIbHOTO TMPHUCOECAMHEHUSI HECKOIbKO OTIUYAETCd B 3aBUCUMOCTH OT

NpHUpOAbl TajJOrcHNuaAOPraHn4cCKoro cy60TpaTa. Hpez[r[onaraeTc;I, 4YTO pCaKIu:Aa
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MOJKET MPOTEeKaTh Yepe3 OJMH M3 JBYX paznuyHbIX mporeccoB [151, 177, 80, 139,
18]. IlepBbiii mpuMep MexaHHM3Ma MOXKHO CpaBHUTh C HYKJICO(UIHHBIM

apOMaTUYECKUM 3aMECTUTENEM, IJIe METaJlI AeCTBYeT Kak Hykiaeodpui. Cxema 1.17.

® Pd(Il)L - X
X L _Pd n
n

~N ~N ~N
PAOL,, * | < = | ]

A A A
Y Y Y

1 2 4 3

Cxema 1.17. - MexaHu3M OKHCJIUTEJIbHOT0 MPpUCOeTUHEHUsT SpAr

Bbu10 YCTBHOBJIEHHO, YTO JIaHHBIC MOJYYEHHBIC M3 HECKOJIbKUX BBIOpPaHHBIX
uccienoanuii [139, 148], noareepkaaroT 3TOT MexaHu3M. [Ipu 3ToM pacuierienue
apWITAJIOTCHUJHOW CBsi3M C oOpa3oBaHMeM KapOaHMOHA B MPOMEXKYTOUYHOM
coeMHeHuE 4, KaK MOJararT, ABJISETCS CTAAUEH, ONPEACIISIONIEH CKOPOCTh PEAKIINH.
OT0 corjacyercsi ¢ HaOJII0AaeMON PEaKIMOHHON CIIOCOOHOCTBHIO apUJITAIOTCHHUIOB B
OKUCJIUTEIIbHOM TMPUCOEAUHEHUH TIPU KOTOPOW PpEaKIMOHHAs  CIIOCOOHOCTh
YMEHBIIIAETCS C YBEIIMUCHUEM MPOUYHOCTH CBs3U R-X. Bbuio mokazaHo, 4TO CKOPOCTh
OKHCIIUTEIIBHOTO MPUCOETUHEHUS 3HAUUTEIIBHO YBEJIMUMBAECTCS 32 CUET MPUCYTCTBUS
AJIEKTPOHOAKIIENTOPHBIX TPYNI B  apOMaTHYECKOM  KOJIbLIE, 4YTO  SIBJISIETCS
OTIMYUTEIHHON YePTOU peakiuu Tuma SpAr

Jpyroii BO3MOKHBI MEXaHH3M BKJIIOYAeT (POPMUPOBAHUE TPEXIIEHTPOBOIO
MEePEXOTHOTO0 COCTOSIHUS 5, B KOTOPOM METajul B3aUMOJEUCTBYET CO CBs3bl0 R-X,

MIPOUCXOUT KakK MPAMOM coriacoBaHHbIi mponecce. [139, 19]. Cxema 1.18.

X
) Pd(IL. X
X L, Pd< "
~N ~N N
PA(O)L,, + | = — | |
1 A A A
Y Y Y 3
2 5

Cxema 1.18. - CorsiacoBaHHbIii MEXaHU3M OKUCJIUTEIHLHOTO0 NPUCOETUHEHUSI
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beiio oOHapyX)eHO, YTO JaHHBIA MEXaHW3M COTJIACYETCS C OOJBITUHCTBOM
JAHHBIX, TOJYYEHHBIX B XOJE€ HCCJICJAOBAaHUM  CTAaauU  OKHUCIUTEIBHOTO
npucoenunenus [37, 177, 139, 76, 57, 57]. B ciydae OKHUCIUTEIBHOTO
npucoeauHeHus ¢ yaactueM Pd(0)L, mpsmoe oOpa3oBaHue OKUCIUTEIBHOTO aJTyKTa
B TpaHC-KOHQUTYparuy OOBIYHO CUMTACTCSA 3ampeliéHHbIM 1o cummerpun[19].
HenaBHO TeopUTHUECKMMHM HCCIEAOBAHUSAMU OBLIO JOKa3aHO, YTO O0Opa3oBaHME
TPaHC-KOMIUIEKCOB HENOCPEACTBEHHO M3 AudochuH-mamuiamuii (0) HeBo3MOXKHO [32,
64]. Takum o00pa3oM, NOJYYEHHBIH YETBIPEXKOOPAMHATHBIN KBaJAPATO-TIOCKUIMA
KOMILUIEKC M3HAYaIbHO UMEET UC-KoHpuUurypamuio 6. OKuaaercsi, 4To M30MepHu3alius

ero TpaHc-u3omepa 7 OyaeT npoucxoauts obicTpo. Cxema 1.19.

T I
L—Pd-mX = = R—Pd—X
(m | (I
I (m
L L
6 7

Cxema 1.19. - U3oMepu3anusi OKHCJIUTEIBHOIO aIyKTa U3 HUC- B TPAHC FeOMETPHIO
DOtra  u3oMepu3alusi ~ MPOTEKAET  JIETKO,  IOCKOJIBKY  TpaHC-U30MeEp

TepMoauHaMuuecku Oosee crabusien [17, 57], 4TO mNOATBEpXKIAETCSI TEM, 4YTO

koMIiekebl TpaHc-nayuianusi (II) oObryHO HaOMIOMAIOTCS M BBIIETSIOTCS HA JTOM

craauu [37, 14, 57], B otauume oT nuc-komruiekcoB [169, 40]. beutn npenosxeHb

TPHU BO3MOKHBIX MEXaHU3Ma 3TON U30MEpU3ALINU:

— TpsiMas NMeperpynnupoBKa 4epe3 KBa3UTETPAdAPUUECKOE MEPEXOAHOE COCTOSHUE,
BO3HUKAIOIIEE B PE3YyJIbTaTe UCKAKEHUS YETBIPEXKOOPAMHATHOTO KOMIUIEKCA;

— paclierieHue JUTa”aa c nepepacnpeacicHueM oOpa3yronuxcs
TPEXKOOPAUHUPOBAHHBIX KOMILIEKCOB u A (13% 01§71 MMOBTOPHOM
peKOMOMHAIIMEH JTUTaH/Ia;

— HaYaJbHOE BKJIIOYEHUE JOIMOJHUTEIBHOIO JIMTaHAa B KOOPJIWHAIIMOHHYIO chepy
najuiagus ¢ 00pa3oBaHWUEM  MSATUKOOPAWHUPOBAHHOTO  WHTEpMEaHuaTta,
MOCJEAYIOIIEe TICEBIOBPAILCHUE U TIOTEPS JIMTaH/IA.

B Teopermueckux wuccienaopanusx [30-32, 148], mnpoBenéHHBIX, OBLIO

OOHapy>K€HO, YTO TIEPBBI MEXaHW3M OOJIaJaeT BBICOKHM JSHEPTETUYECKOM
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OappepoM W3-3a HEOJArompUATHOTO OOpa30BaHMSI KBA3UTETPAIAPUUECKOTO
nepexoHoro coctosinus [32]. Bropoii MexaHu3M MoKa3all 3HaYUTEIbHO MEHBIINM
PHEPreTUYecKuii Oapbep M oOKazaluca Oojee MNpeAnoYTUTENbHBIM. [lnaBHBIM
SHEPreTUYeCKUil mpoduiib Takke ObUI MOMYYEH JJIsi TPETHEro MEXaHU3Ma, YTO
MO3BOJISIET paccMaTpuBaTh 0Opa30BaHHE MSATUKOOPIAMHATHOTO MPOMEXYTOUHOIO
KOMIIOHEHTa KaK BO3MOXkHo€. TeM He MeHee, pacy€THbIE UCCIEOOBaHMUs,
nmpoBenéHHBIE B pabortax [64, 66], He TOATBEPAWIN  CTaOWUIBLHOCTH
MIPOMEKYTOUHBIX CO€AMHEHMN [65]. OkcnepumeHtanbHble aAaHHble [40],
NOAJCPKUBAIOT BTOPOM MEXAHU3M Kak 0o0Jjiee BEPOSTHBIN, XOTSI KUHETHYECKUE
pe3yabTaThl OKA3JIUCh YCIOKHEHBI 00pa30BaHUEM JUMEPHBIX YACTHI[ B Cpeie U
BIIMSIHUEM  KOODAWMHUPYIOLIMX  PAcTBOpPUTENE, B  TO  BpeMs  Kak
TPaHCU30MEPHU3ALMS TPAAUIIMOHHO paccMaTpPUBAETCS KaK HEOOXOAMMOE YCIOBUE
JUIS. TPAHCMETAJUTMPOBAHUSI, BBIYMCIUTENbHBIE HWCCIEAOBAHUA TMOKAa3aJlH, YTO
TpaHCMETANIMPOBAHUE HAYWHAS C ITUC- U30Mepa MOXKET 3((HEKTUBHO MPOTEKATh.
[32, 66].

TpancmeTansimpoBaHue — 3TO MPOLECC, NPU KOTOPOM METAITIOPTaHUYECKUE
COCIMHEHUS PEArupyroT C OKUCIUTEIbHBIM aJJyKTOM, OOpa30BaBIIUMCS Ha
MPEABIAYIIENH CTaNM, NPUBOIAA K IIEPEHOCY BTOPOW OPraHUYECKOW TIPYyHIbl Ha
xomruieke namtaaus [111, 110, 38, 31, 30]. TpancMeranaupoBaHue paccMaTPUBACTCS
KaK LEHTpaJbHbIM J3Tan peakuuu Kpocc-codyetanus Cy3yku. B cooTBercTBUM C
WCXOJHOW MOJENIbI0 KaTaJUTUYECKOTO0 IMKIA, 3TOT MPOLECC 3aKIIYaeTcs BO
B3aUMOJICUCTBUU  MEXKIYy  «aKTUBUPOBAHHBIM»  apujaOOpaTMOHOM 8 u
TPAHCOKHUCIIUTENBHBIM AJTyKTOM 7, 4YTO NPUBOAUT K (OPMUPOBAHMIO TpaHC-
muapmimamiaaueBoro (II) kommiekca 10, a Takke HeopraHuueckoit 0opaTHon con 9,

Kak 1moboyHoro npoaykra Cxema 1.20.

© ©
R-BY,(OR) Hal-BY, (OR),
L L
| 8 \_/ 9 |
R—Pd—Hal o R—Pd—Hal
(1) o L (1)
L 7 L 10

Cxema 1.20. — Cragus TpaHCMETAJIMPOBAHUA C y4aCTHEM OTPHULATEIbHO

3apSKEHHOT0 apUJIdOpaT- HOHA
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B mnponecce ocHoBaHME UIpaeT KIIOUEBYIO pOJib B TEHEpALMHM apuiioopart-
aHMOHA §, YTO TOBBIMIAET €ro HykieopuiIbHBIE CBOMCTBa. B oTinmume oT panee
NPEIJIOKEHHOW MOJENH, albTePHATUBHBIA BapUaHT KaTAJMTUYECKOrO IIHKJIA
Mpearnojaraer, 4ro 3aMelleHHEe TaJOTCHHI-WOHA B OKUCIUTEIHHOM aaayKTe 7
ocHoBaareM (RO-) kak cTaguio, TPEAMIECTBYIONIYI0 TPAHCMETALTUPOBAHUIO. 3a
3TUM 3aMmelnieHueM (i) cieayeT MEepeHOC apWIbHOW TPYIIbI OT HEHTPaJIbHOTO
apunoopHoro cyocrpara 11 k komrmiekcy (okco) mamtagus (II) 12 (ii). B atom
KOHTEKCTE€ OCHOBaHHE CIOCOOCTBYeT oOpazoBaHuio (okco) namwnamaus (1) 12, a ne
UCKIIIOUUTENFHO YeTBEPTUYHOro Oopar-annoHa &. Otu (okco)nawiagueBbie (II)
KOMITJIEKCHI, KaK CYHWTAETCS, SBIAIOTCS OoJjiee PEaKIMOHHOCTIOCOOHBIMH  IIO
OTHOIIEHUI0O K  TPAaHCMETALTUPOBAHHMIO, YEM  TaJIOTEHUJIHBIE  KOMILUIEKCHI
apunnaiianus (II) u3-3a moBeImeHHO#M ToNspHOCTH cBsizu Pd-O, u Kak cliefcTBHE,
OosbIeii 3ekTpoPHIHOCTRIO MamaaueBoro meHrpa [101, 141]. Cxema 1.21.

© .
rS Hal R-BY, BHY,, (OR)

L L 11 ||_
| U |
R—Pd—Hal o R—Pd—OR > R—Pd—R'

> I
ﬂ(“) ) |L(||) (i) l( )
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Cxema 1.21. —Ctaaus TpaHMeTaNLJIMPOBAHUSA

Macepacom u ero kosuteramu [31, 30, 32, 148] OblIM NMpOBEICHBI HENABHHE
BBIYMCIIUTENbHBIE UCCIIEIOBAHNUS, HAIPABIECHHbIE HA U3YYEHHUE CIOXKHBIX MEXaHU3MOB
KaramuTuyeckoro  uumkina. B wvactHoctn,  DFT-mopenupoBanume — craguum
TpaHCMETAJUIUPOBAHUS TIOKA3aJI0, YTO KOHTPOJIbHAS PEaKIUs MEXKIy HEHUTpalbHOU
(GeHnnOo0pOHOBOM KHUCIOTOM W OpoMHIHBIM KoMIuiekcoM (enmnnamnaaus (1) B
YCIOBHUSIX  OTCYTCTBUSI ~OCHOBAHHUS  CTQJIKHMBAETCS € YPE3MEPHO  BBICOKUM
SHEPreTUUECKUM 0aphepoM, UTO MPEMIATCTBYET €€ mpakTuyeckoi peanusanuu [30].

BoccraHoBuTeIbHOE JIMMHUHUPOBAHNE — MOHOMOJIEKYJIPHBIN Mpoliecc, B
kotopom mnamnamuii  (II) BoccramaBnmmBaercs oOpatHo gm0 mnammaaus (0) ¢
OJIHOBPEMEHHBIM yAAJICHUEM CBSI3aHHOTO OMapmibHOTo npoaykTa [159,104]. Cxema

1.22.
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LnPd” PdO)L,, + R—FR
(I \g. 1 14
13
Cxema 1.22. — U3omepu3anus TpaHc-u30Mepa B UC-U30MeP
3arem pereHepupoBanHas (opma namwtamus (0) (1) cmocoOHA TOBTOPHO
MPONTH CTAAUIO OKUCIUTEIHHOTO MPUCOCANHEHHUS 3aBepliasi KAaTAIUTUYECKUN UK.
OTOT mpolecc BO3MOXKEH TOJBKO uepe3 IUCKOH(PUrypaluio  KOMIUIEKca
nuopranonammanusa (II) (13) u mporekaer Onaromapsi MOHUAKEHHOM SJIEKTPOHHOU
IUIOTHOCTH B ILEHTPE NaUIaJus, a TaKXKe YBEIUYEHHOMY IMPOCTPAHCTBEHHOMY
00BbEMY BOKPYTr MeTajla. bbUlo TeOpeTHYecKH MOKa3aHO, YTO MPHU HCIOJIb30BAaHUU
OOBEMHBIX, MEHEE AJIEKTPOHHO-HACBIIIEHHBIX (OCPUHOBBIX JHUIaHI0B, Oapbepbl
OKHUCJIUTENIBHOTO TPUCOEAUHEHUSI BO3pACTyT, B TO BpeMs Kak Oapbepbl s

BOCCTAHOBHUTEJIEHOTO AIIMMUHUPOBAHHMS, HAIIPOTUB CHIDKAIOTCS [64].

R R

4
’

L, P > LnPd] | . Pd(OL, + R—FR
I\ ()

13 15 1 14

Cxema 1.23. - CorsiacoBanHblii npouecc oopa3zoanusi csizu C-C

L,Pd
(1

R— R

13

Cxema 1.24. - m-opOuTaJI B BOCCTAHOBUTEIbHOM 3 THMUHUPOBAHUH

1.7. leaounnie podaraswl (Alkiline Phosphates AP)
[Menounsie ¢docdarazsr (AP) - MeTaIo(hepMEHThI, OTHOCSIIEHCS K

CEMEHCTBY OKTOHYKJIEOoTHAa3. JlaHHOe ceMeWCcTBO COCTOMT U3 (PEPMEHTOB,
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MeTabOMM3UPYIOIINX HYKJICOTUIbl, KOTOPBHIE SKCIPECCUPYIOTCS Ha IIa3MaTUYECKOU
MeMOpaHe U UMEIOT BHEITHE OPUEHTUPOBAHHBIE AKTUBHBIE LIEHTPHI.

AP BcTpeuaroTcs y BceX KMBBIX OPTaHM3MOB OT OakTepuil 0 yenoBeka [42] u
YUYBCTBYIOT B peakuusax ynajieHust GocpaTHbIX TPYII, U3 Pa3IUYHBIX COCTUHEHHIMA
BKJIIOYAsl MIpEBpallleHHe HYKJICOTUI0B B HYKJIeo3u bl [153] mocpeacTBoM ruposiusa.
AP Takxke OTBETCTBEHHBI 3a O0Opa30BaHWE KIETOYHOW CHUTHAJIBLHOW MOJIEKYJIBI
aJICHO3MHA TIOCPEACTBOM THIpon3a aneHasnamMorodochar (AMD). Kpome toro, AP
paccMaTpuBaIOTCS KaK KIIOYEBbIE MOMAYJISTOPHI KJIETOYHOW CUTrHanu3anuu [92].
Hpyras 3nHaunmas QyHkuus AP 3akmouaercs B auddepeHunanud aaunouuToB U
ocTeo0sacToB M OyTsaX uX co3peBanus [12]. AP Obumm maeHTHUUUpPOBaHBI B
Pa3JIMYHBIX TKAaHAX AJMIOLUTOB M IpeagunouuTtax [97], kak BaKHbIE yYaCTHUKU
npouecca anumnoresesa. AP mnpeactaBisioT co0oil roMoauMeEpHbIE (EPMEHTHI C
METaJUICOAEP/KAIUM aKTUBHBIM LIEHTPOM, Ka)KIblii MOHOMEpP COAEPKHUT TPU HOHA
meramios (xBa Zn>* u oxua Mg?"). Beiaemsor detbipe m3odepmenta AP, Tpu U3 Hix
ABIIAIOTCS TKaHecneuupuueckumu QGopmaMu (epMeHTa IUIaleHTapHas IIeJoYHas
docdaraza (PLAP), kumreunas menounas gpocdarasa (IAP) u menounas dpocdarasa
3apopiiieBbix kiaetok (GCAP) a yetBépThiii TKaHeBbI Hecniennpuyeckuii (TNAP),
HO OCOOEHHO pacmlpocTpaHEH B TKaHIX MEYEHH, CKeJeTa U nmouek. Kaxkaplid u3 atux
(epMEHTOB UMEET 3HAUUTEIbHYIO roMosIoruio. Kaxplil u3 3TuX epMEeHTOB UMEET
3HAUUTENbHYI0 romMoJioruto. PLAP mpucyTCTByeT Ha BBICOKOM YpOBHE B IUIAlEHTE,
AKCIIPECCUU ATOr0 (PEpMEHTa 3HAUYUTEIBHO TMOBBIIIEHA y OEPEMEHHBIX KYypSLIUX
KEHIIMH, a TaKKe NpH pake SUYHUKOB M SIMYEK, TOI/IA KAK OH HEJOCTATOYHO
JKcIIpeccupyercsd y OepeMeHHbIX KeHIIMH ¢ Ooise3nbto [llaraca [122, 134, 95].
TNAP B OCHOBHOM MpHUCYTCTBYET B IEUCHU, KOCTAX W TMOYKax. [[aHHBIN QepmeHT
JEMOHCTPUPYET MOBBILIEHHYIO AKCIPECCUIO0 Y MALKUEHTOB, CTPAJAIONINX O0O0JIE3HBIO
Ansrreitmepa (BA) [53], Torna xak npu runodocdarazun ypoBeHb €0 dKCIPECCHH
caumxkaercs [108]. IAP nOpeumyliecTBEHHO SKCIOPECCUPYETCS B KEITyIOYHO-
KHUILIEYHOM TpPaKTe, OCOOCHHO B ABEHAIATUIIEPCTHON KHILIKE U paCCMAaTPUBAETCS KaK
NOTEHLUaIbHAsl MULIEHb ISl Tepanuy BOCHAIUTENbHBIX 3a00JIeBaHUN KUIICYHHUKA,

Cercuca U aHTUOMOTHUKO-aCCOLMMPOBaHHOM nuapeu [168, 11] MoxkeT mpuBeCTH K
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pa3TUYHBIM OOJIC3HEHHBIM COCTOSHUSIM, & HEJIaBHHUE MCCIICIOBAHUS TAK)KE BBISIBUIIH
CBSI3b MEXK]Ty TTOBBIIICHHONW aKTUBHOCTBIO IIEJIOYHBIX PA3BUTHEM psijia 3a00JICBaHUM,
TaKMMH KaK 3JI0Ka4eCTBEHHbIE HOBOOOpa30BaHUs U 3a00JieBaHUs KocTel. IX MOKHO
JeYnTh, TakuM oOpa3oMm, HUHTHOuUpys 5ToT (epment [82, 131]. UccaemoBatenu
NPWIOKWIA YCWIHSI, YTOObI BHEAPUTH HOBBIE METOJbI JICYCHUS 3TUX COCTOSHHUIA,
CUHTE3UPYSI COCTMHEHUSI, KOTOPBIE IEUCTBYIOT KAaK UHTUOUTOPHI pa3iuyHbix AP.

AP mnpencraBmsroT coboit  cyOcTpaTHOHECTIEITU(UUECKHE TOMOJIMMEPHBIE
MeTasuiocoaepxanue pepMeHThl. Kaxkapiii MOHOMEp COJEPKUT TPU MOHA METAJUIOB:
mBa Zn** u oqua Mg, a taxxe mats ocratkos (Cys101, Cys121, Cys183, Cys467 u
Cys474 B PLAP). Mexnay Cysl21-Cysl83 u Cys467-Cys474 oOpasyroTcsi 1Be
nucynb(uaHbie cBa3M, Torna kak ocratok Cysl01 ocraércs B cBoOomnHou dopme. B
PLAP 3a xaTtaquTH4YeCKUid MEXaHU3M OTBEYAIOT OINpPEACIEHHbIE aMUHOKHCIOTHBIE
octaTku, BKIrodas Ser92, Asp42, His153, Serl155, Glu311, Asp316, His320, Asp357,
His358, His360 u His432 [91]. B aktuBHoM 1ientpe PLAP  HaxopsTcs aBa moHa
Zn*" OIMH U3 HEX HEMOCPEICTBEHHO, KXkKIbIil H3 MMEET CBOI XapaKTEPUCTHICCKYIO
KOOPAMHALMOHHYIO CTPYKTYpY. [lepBblii MOH Zn*" TeTpa’ApUUeCcKUid CBSI3aH C TPEMs
aMuHOKUCIOTHRIMH ocTaTkamu His320, His432, Asp316, a Takxke ¢ MOJIEKYJIOM
BOJIbI, CBSI3b C KOTOPOM SIBISCTCS IWHAMHUYHOM M CIIOCOOHOM 3aMemiaTrhCs Ha
noaxoasmuii cyocrpar. Bropoit moH Zn?*" 1eMOHCTpHUPYET MATUKOOPAHUHAIIMOHHYIO
reoMeTpuio ¢ popMmupoBaHueM cBszeit ¢ amuHokucioramu His358, Asp357, Asp42,
Ser92, a Takke C MOJIEKyJoM BoAbl WIM cyOcTparom. Mg umeer
I€KCAKOOP/IMHAIIMOHHYIO CTPYKTYpPY, TJIe OH CBSI3aH C TPeMsl aMHUHOKHUCJIOTHBIMU
octatkamu Asp42, Serl155, Glu311, a takxke emé Tpu CBSI3U C TpeMs MOJIEKYJaMu
BOJIbI, KOTOPBIE MOTYT OBITh 3aMEHEHBI CYOCTPAaTHBIM CBSI3bIBaHUEM. bosiee TOTO, BO
Bcex AP miiekomuraromux HaJIuyue MoHa Ca®" umeer pelaroniee 11 HOpMalibHOTO
dbynkuuonupoBanus gepmenta [146]. AP pacnpocTpaHeHbl BO BCEX OpPraHH3Max U
uMeroT npumepHo 25-30 % cxoAcTBa MEXIy YEIOBEKOM W TpaMOTpHUIATEIbHas
oaktepuss — Escherichia coli [36]. Karanutnueckas ¢ynkius AP mpeacrarieHa

TpaHCchHOChHOPUITUPOBAHNUEM U THUAPOIM3OM PA3IUIHBIX MOHO3GUPOB (docharoB. AP
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BBICBOOOXKJAIOT Heopranuyeckud ¢Gocpar myTéM oO0pa3oBaHHs KOBAJIEHTHOTO

npoMexyTouHoro gochocepuna [117].

IlnanenTapuas menounas gocparaza PLAP

PLAP B 0CHOBHOM 3KIIpecCUpPYETCs B IIAIEHTE HA BHICOKUX YpOBHAX. OqHAKO
B CBIBOPOTKE KPOBH MOXXHO OOHapykuTh Hu3kue ypoBuu PLAP [152]. Kpome Toro
BB HEOOJBIIMX KOJMYECTBAX OH MPHUCYTCTBYET B MICMKE MAaTKH HEOEPEMEHHBIX
KCHIIMH, SWYHUKaX © mHeBMomuctax | tuma [117]. PLAP cuwmraercs
Hed(PheKTUBHBIM (PEPMEHTOM, TOCKOJIBKY OH 00JIalaeT HU3KOM KaTaJuTUYECKOU
KOHCTAHTOM MO CPaBHEHUIO C APYrMMHU H30(pepMeHTamu. IJTa HEI()(PHEKTHUBHOCTD
OoOBsiICHSIETCST pa3Huled Mexay pH mianeHThl, COCTaBISAIONIMM  OKOJIO 7 U
ontuMmasibHbiM pH PLAP, paBabim 11. PLAP siBnisiercs yHUKanbHBIM HU30(EPMEHTOM
Onmarogapss CBOEH TEPMOCTAOMIIBHOCTH, TIIOCKOJIbKY OH HE IIOJBEpraercs
MHAKTHBALHH Iy Temmeparype Hike 75° C B mpucyreruu 102 M maramst. OxHAKO
ocTayibHbie U30(hepMeHThl TepsatoT Oosee 50% cBoeil nmepBOHAYATBHOW aKTUBHOCTU
npu BosaeiicTeun Temmepatypsl 56° C B Teuenue 30 munyt. Tepmocroiikocts PLAP
0oOyCJIOBJIEHa MCTOYHUKOM (hepMEHTa U OTCYTCTBUEM O€elKa, YyTo JenaeT (hepMEHT
yCTOWUYMBBIM K HarpeBaHuto. M3odpepment PLAP umeeT BapuaHT, W3BECTHBIM Kak
«Peran» KOTOpBIA BBISBISETCS B IJIa3M€ KPOBH HpuUMEpHO Yy 15% mnanueHToB c
KapIMHOMOW MeYeHU, KuilleuHnka win JE€rkux [103]. B nmpucyTrcTBuM HOHOB LIMHKA,
uHcynmuH U Kanbimsi PLAP crumynupyer cunte3 JIHK u nmpomudepannio kietok
¢ubpobnacroB. boree Toro, PLAP sBisieTcss nOTeHIMAIBHBIM MAapKEPOM Pa3InYHBIX
tunoB paka [130, 93]. PLAP cocTout u3 1ByX MOHOMEPOB, B KOTOPbIX N-KOHIICBasI
0-CIIMpaJib 3aHUMaeT OJUH U3 MOHOMEpPOB, 00pa3zys pPBIYAKHYIO CTPYKTYpY,
yAEpKUBAOIIYIO Apyroi MoHnoMmep. PLAP conepxut nBa caiiTa riIMKO3UIMPOBAHUS
Asnl22 u Asn249 npuyéM cTeneHb TNIMKO3WIMPOBAHUS Pa3IMvyHa B 3aBUCUMOCTHU OT
miarieHTapuoro  oopasma. Kpome Toro, crpyktypy PLAP  o6pasyror nBa
TUCYIbQUAHBIX MOCTUKA TepBbi crabmmmsupyer PLAP wnam opueHTanuio ero
BOJIM3U TIIMKO3WI(POCHaTHAMINHOZUTOIOBOTO IKOps, KOTOophiii k ASp481, BoBpems

KaK BTOpPOW MNpUIAET KECTKOCTh KOJbIy, HECYUIEMY YIJEBOAHYIO IeNb U
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pacmojiokeH pPsIOM C TMEPBOM YacThbiO TIMKO3UIUPOBaHUS. B akTUBHOM LEeHTpe
KATAIINTHIECKash AaMHHOKHCIIOTA CEPHH JBa HOHA Zn°* ommu uoH MQ®* U nx juransl
BaXKHBI /I KaTanu3a. B BepxHell 4acTh aKTUBHOTO LIEHTpa MPUCYTCTBYET OOJBIIOE
KOJIMYECTBO TUAPOQUIBHBIX OCTAaTKOB. OIHAKO HIDKHAS YacTh  COJEPIKUT
ruapodoOHbie octatku [74]. 'mapoduiibHbiii kKapMman cogaepkut Argl66 u Glu429,
OHM MMEIOT TEHJICHLHUIO CTAaOWIM3UPOBaTh THAPOPUIBHYIO YacTh MOHO3(PHUPHOIO
doctharHoro muranma, a Glu429 crnenuduueckn cTaOUIM3UPYET MOJICKYIIBI BOJIBL.
Bona umeer pemnaroiryro 3Hau€HHE IS MPOBEJEHUS KaTalli3a, MOCKOJIbKY OHa
y4acTByeT B HykieopwibHOW arake Qochocepuna [141]. PLAP oGnamaer
CIIOCOOHOCTBIO 1epochopuaoBaTh HEKOTOPHIE BEIIECTBa, Hanpumep (enmidocdar.
Karanutnueckuif MeXaHuU3M peaau3yercs B aKTUBHOM IIEHTpE, B KOTOPOM
dbenundocdarHoit cydbcTpaT MmoBopadumBacTcs psAAoM ¢ Ser92, 4ro cmocoOCTByeT
HykieopwibHOW arake. ZNnl B aktuBHOM 1eHTpe PLAP koopaunupyercs c
KHUCJIOPOJIOM YXOJAIIEH CI0XKHO3(UPHON Ipynmbl, TOraa Kak ZN2 KOOpAUHUPYETCS
C HECBS3BIBAIOIIMM aTOMOM KHCIOpoJa. Jpyroil HECBSA3BIBAIOIIMKA aTOM KHCIOpPOJa
oOpa3yeT BOJOpPOJHYIO CBSA3b C TryaHUAMHUEBOM rpynmoit Argle6. Bo mnepsbix
KHCIIOPOJT aMUHOKHUCIOTBHI CepuH aTtakyeT ¢eHundochar u o0pa3yer ¢ HHUM
KOBaJICHTHYIO CBsI3b, 00pa3ys (peHOKCH] B Ka4eCTBE yXOJAIIEH Ipynnbl. DTa rpymmna
CTaOMIIM3UPYET KOOpAUHALIUIO ZN1, 3aTeM Bo/a BHITECHSIET (DEHOKCUIAHUOH 00pasys
ruapokcuauod. Ilociae 3Toro ruapokcuibHas rpymnmna arakyeT ¢ocdocepun, u
HyKJIeopuIbHasi OKCUTE€HAllUs CepuHa BoccTaHaBiuBaeTcs. Ha mocimegHem stare
nporoH niepeHocutrcss ¢  Glu429 u  KOHEYHBIM TPOAYKTOM SIBIISIETCA HMOH
nuruapodocdara [141]. bepeMeHHbIC KEHIIMHBI ¢ MPEIIKIAMIICUEH, TUA0ETOM UIIH
3aJIePKKON BHYTPUYTPOOHOTO pa3BUTHS UMEIOT Oosiee Hu3kue ypoBHu PLAP 1o
CPaBHEHHIO CO 3JI0POBBIMH JKCHITUHAMH M 3TO MOXET CIOCOOCTBOBATH Ne(hEeKTOM
pasBuTHs u pocta mona [162]. PLAP urpaet ¢dyHnamMeHTalIbHYIO POJIb B PETYIISAINH
Oelka CBS3BIBAIONIETO (haKTOP pOCTa MHCYJIMHA MMOCPEACTBOM nedochoprmmpoBanus.
®epment PLAP Takke npucyTCTBYET B KiieTKax TpodoOaacTa, KOTOpble OTBEYAIOT 32
nepefavyy MUTATENbHBIX BEUIECTB U HMMYHOMNIOOYIMHOB Iuiogy. B cmydasx

3apakeHusl Trypanosoma Cruzi, mapa3utom, BbI3bIBaromM 00sjie3Hb [llaraca, yposHu
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PLAP wu3meHsitoTcsi y O€pEeMEHHBIX >KEHIIWH, YTO BJMSIET Ha 3J0pOBbE IUIOAA.
Nudexnmonnas ¢opma mapasura T. Cruzi HaspiBaemMas TPHUIIOMACTUTUTOM
CBSI3BIBACTCS C BHEIIHEH MEMOpaHOM KJIETOK X035€B, YTO MPUBOJUT K MEPECTPOIKe
UX MUKPO(MUIAMEHTHON CHCTEMBl WU MOOWJIM3AIMA MOHOB KaJbIUsA. DTH COOBITHS
aKTUBHUPYIOT TMPOTEMHKWHA3Y KIETOK XO35€B M CHIKAIOT KoOHIeHTpauuto PLAP
[134]. TlpucyrctBue HeHpoMUHHUIA3BI/TpaHC-cHaIuAa3bl ©  (ocdonnmassl  Ha
MOBEPXHOCTH Tapa3uTa YCUJIIMBAET BBICBOOOXIEeHHE cBOOOmHOro PLAP, koTopbrit
csa3biBaeTcs ¢ 1gG, oOpasys komiiekc PLAP- 1gG B ChIBOPOTKHM KpOBH. YPOBEHb
PLAP B chIBOpOTKE KpOBBI MHAYLIUPYETCS Y KYpAIIUX, HO OOBIYHO BO3BpAIIAETCs K
HOpPMaJbHOMY IMWAaIla3oHy 4epe3 1-2 mecsua mociie nmpekpameHust Kypenus [117].
[ToBbimiennbie  ypoBHH PLAP B CBIBOPOTKE KpOBH Yy KypSIIUX OOYCIOBJICHBI
YBEIMYEHUEM MPOHULAEMOCTH HAOTEIMWIATBHBIX M AJIbBEOJISIPHBIX AMUTEIHAIBHBIX
kietok [74]. Kpome Toro, yposenb PLAP B CHIBOPOTKE KpPOBU YBEIUUUBACTCA Y
MAIMEHTOB C paKOM SIMYHUKOB U CEMEHHUKOB [117].

Kumeuynas menouynas dgocparaza |AP. Kumeunas menounas ¢ocdaraza
IAP moxet ObiTh 0OHapykeHa B KKT, ocoOeHHO B ABEHAIIIaTUNIEPCTHON KHIIIKE, a
TaKke B TOIIEH 000J0YHON M TMOAB3AOIIHON KHUIIKE, HO Ha 00Jie€ HU3KUX YPOBHIX
(trabmuma 1.1). |AP npossnsier naubosnbiryto aktuBHocTh Tipu pH 9,7. OH wacTu4HO
CTaOWJIeH TIPU HAarpeBaHUU, MOCKOJIbKY UMEET YIJIEBOJHYIO OOKOBYIO II€Mb, KOTOpas
HE OKaHYMBAETCSI CUAJIOBOM KHUCJIOTOM, B OTJIMYHKE OT apyroro uzodepmenta AP [88].
Bo Bpewms pazButus mioga |AP uMeeT cHanuIupOBaHHYIO BEPCHUIO, KOTOpask UMEET
Ipyryto OelKoByI0 4YacTh mo cpaBHeHuto ¢ |AP B3pocnoro udenoseka. |AP urpaer
3alUTHYI0 POJb B OpraHU3Me, BKJIOYas aO0COpOLMIO JIMIMHAOB U YMEHBIICHUE
BocniasieHus. |AP ocnabnsier BocmaneHne, 0COOEHHO B KUINEYHUKE, MOIUPHUITUPYS
MUKpO(hIOpY KHILIEYHUKA H AePocPOopuianpyss HYKICOTHABI U SHIOTOKCHHBI
Oaktepuit B Buae numnononucaxapunoB (JIIIC) [29]. Jlroboe n3MeHeHHEe YpOBHS U
akTUBHOCTU |AP MNpUBOAUT K TOBBIIIEHUIO BOCHPUUMYUBOCTA K BOCHAJIEHUIO.
BocnanutensHoe 3aboneBanue kumeunuka (B3K) sBrisgercss mpumepoM maTosIOTHH,
npyu KOTOpPOW Yy TalueHTa HaOMoaeTcsd CHUXKEHUE CHUHTE€3a W aKTHUBHOCTU

sunorenHoit |AP. Beenenue sx3orennoi |AP nipencrapisier cobol mepcrneKTUBHBIN
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MOIXO/T K JICYCHUIO BOCTIAIMTEIHHBIX 3a00JICBaHUI KUMEYHUKA U APYTUX COCTOSTHHM,
CBSI3aHHBIX C HAPYIICHUEM KHIIIEYHOW MUKPOOMOTHKH, TTOCKOJIBKY MOYKET OKa3bIBATh
3al[UTHOE JIMCTBUE MPOTUB OPXHUTA U CUCTEMHOTO Bocnanenus [152, 117, 34, 130,
93, 73, 162, 83, 88, 29, 124, 63].

Uccnenoanuss B3aumopeiictBuss |AP  ©W  gueTbhl MOKa3ad  BBICOKYIO
KOppeNsaiuio Mexay cemedictBom reHoB |AP u pamumonom nutanusa. Ilumia
CIIOCOOCTBYET M3MEHEHHUIO YHMCIEHHOCTH KOMMEHCAJIBHBIX OaKTEpUl U CTPYKTYPHI
JKETyI0YHO-KUIIIEUYHOTo TpakTa. Jkcmpeccus |AP perymupyercss motpelisieMbIM
MaKpOHYTPUEHTAMH, a TaKXK€ COCTOSHHEM TOJIOJAaHUsA. DKCIEPUMEHTHI MOKa3alu,
YTO TOJOJAHUE Yy MbIIIE pe3Ko CcHikaer BbIpaboTKy IAP u ypoBeHp eé
Hedochopuupyromeid aKTHUBHOCTH. brulo BBICKAa3aHO TMPEINOJOKECHUE, YTO
nogasineHue |AP Bo Bpemsi rosiojaHus OTBEYAET 3a CHUXKEHUE 3alUTHBIX
MEXaHU3MOB MPOTUB OakTepuit. Ciie10BaTeNIbHO, I CHIKEHUS PUCKa BOCIIAJICHHUS U
MOJIZICPKAHUST BO BPEMsI TOJIOJIAaHUSI OTBEYAET 3a CHUKEHHE 3allIUTHBIX MEXaHU3MOB
npotuB Oaktepuil. CremoBaTelbHO, [JIi CHIDKCHHS PHCKAa BOCHAICHUS U
Mo/Iep)KaHUsl HOPMAIBHOTO OajaHca MUKPOOHMOTHI KHMIIIEUHHUKA CIAEAYET MPUMEHSThH
Mo UBUKAIH JUEThI, yCUIMBaromue akTuBHOCTH |AP [170].

Cerncuc npeacTaBisieT co00M KU3HEYTPOXKAIOIIEE MATOJIOTHISCKOE COCTOSIHHIE,
BO3HUKAIOIIEE BCIEICTBUE AUCPETYJIUPOBAHHOW CHCTEMHOW pEakIMyd OpraHu3Ma Ha
WHPEKIMOHHBIM mponecc. YUpesmepHas HMMYyHHasi aKTHUBalMs MOPUBOAUT K
BBIPAXKEHHOMY ITOBPEKJICHUIO TKaHEeW W HapymieHHe (DYHKIIMU JKHU3HCHHO BaXKHBIX
opranoB. OgHUM K3 HanOOJEe YaCThIX M TSHKENBIX OCIOXHEHUN cercuca sBiseTcs
octpoe moBpexacHue mnouek (OIIIl), koTopoe CyIIECTBEHHO yXY/IIaeT MPOTHO3
3aboneBanus. OIIII nmpu cerncrce He TONBKO YBEIUYMBAET PUCK JIETATLHOTO MCXO0/1a B
OCTPOM IE€PUOJIE, HO U pacCMaTPUBAETCS KaK OJIMH U3 KIIFOYEBBIX (PaKTOPOB Pa3BUTHUS
XPOHUYECKON OOJIe3HW TMOYEK y TAIMEeHTOB, MepeHEcmuX cerncuc. Jms oreHku
3G ()EKTUBHOCTH Tepamuu ¢ TpPUMEHEHHEM Yy OOJBHBIX C CENCHUCOM U
COIYTCTBYOLLIUM OIIII ObLIH [IPUBEIECHBI Ba JIBOMHBIX CJIEIIBIX
PaHIOMU3UPOBAHHBIX KIIMHUYECKUX UCCIIEIOBaHUS. Pe3ynbTaThl 3TUX UCCIIEI0BAHUI

IPOJEMOHCTPUPOBAIM IOJIOKHUTENbHOE BIusHue BBeaenuss |AP Ha TeucHme
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3a00IeBaHus, YTO MOMUEPKUBACT TTOTSHITA JAHHOTO TIOJIX0/1a KaK MEePCIEKTUBHOTO
TEpareBTUYECKOr0  BMENIATEIbCTBO  MpHU  cerncuc-accouuupoBanHom  OITIL
HccnenoBarenu npuiniv K BeiBoay, 4To AP mpossisieT 3ammTabie 3G EKTH 32 CUET
nedocdochopunupoBanus JIIIC u moBblmieHns BHEKIETOUHOU ypoBHEH AM® [55].
[TorToMy HemaBHO ObUT pa3paboTaH peKOMOMHAHTHBIM dYenoBedeckuit |AP, u B
HKCIIEPUMEHTaX H3ydajach €ro 0e30MacHOCTh, abcopOuus, pacnpeneieHue Hu
BbIBe/leHHEe. [lomydeHHBIE  pe3yJabTaThl  SIBJISIOTCS ~ MHOTOOOCIIAOIIMMH U
MOJJECPKMBAIOT €ro  Mucrojb3oBanue [121]. bBbuio  mOpoBeAEeHO  HECKOJIBKO
WCCJICIOBAaHMUM, YTOOBI TIPOJAEMOHCTPHUPOBATH KOPPEAIUI0 MEXKIY TEpOpPaTbHBIM
npuémom |AP u npodunakTukoil HHPEKUUH, CBSI3aHHBIX ¢ MPUEMOM aHTUOMOTUKOB
U JMapeu, BeI3BaHHOW Mukpoopranu3smamu Bugamu Salmonella Clostridium difficile.
UpesmepHOe MPUMEHEHNE aHTHOWOTHKOB MPHBOIUT K HAPYIIICHUIO YHCICHHOCTH H
cocraa MuKpoO #otbl JKKT, moBblllias pHUCK pa3BUTHSA YCIOBHO MaTOTE€HHBIX
OakTepuasibHbIX MHGEKIH. B skcrnepuMeHTax Ha KMBOTHBIX H3ydayics 3(dekt
coueTaHusi BBefeHUs BBeaeHue |AP ¢  aHTHOMOTHKAMU 1O CpPaBHEHUIO C
MPUMEHEHUEM TOJIbKO aHTHOMOTHKOB. B mepBoii rpyrine MbIiei, MpUHUMABIIMX
AHTUOMOTHKYM HAOJI0IaJI0Ch JIWIIL YMEHBIIICHUE KOJMYECTBA M THUIIOB KHIICYHOU
MUKpO(hIIOphI, TOTIa Kak BO BTOpOW rpymrme, noiydasmieir |AP B momosiHeHue K
aHTUOMOTHKAM, HaOIroJanach OBICTpas pereHepamuss MHUKpPOQJIOPHl KHUIIICYHUKA,
yTpauyeHHON T1OJ JCWCTBHEM aHTHOMOTHKA TMOAOOHBIC OKCIEPUMEHTHI Jar0T
BO3MOXXHOCTh TIpejmnoiaratb mnpumeHenne |APB kadecTBe HOBOro mojaxoja Juis
3alATHl TKAHW KHIIEYHUKA TMATOTCHHBIX WHQPEKIMA W JUaper BO BpeMs MpuéMa
aHTUOHMOTHUKOB.

TkaneBas Hecnenuduveckas menouyHasa ¢Qocparaza TNAP. TNAP
CHUHTE3UPYETCS] B HECKOJIbKO TKAaHSIX OpraHW3Ma, HO TJIABHBIM 00pa3oM B TKaHSIX
NeYeHu, ckenera u nmodek (tabmumna 1.1). D10 TepMonaOuIbHBIA N30)EPMEHT U €ro
EeKTpoopeTHdecKass TMOJABMIKHOCTh W TEPMOCTAOMIBHOCTh OTJIMYAIOTCS  OT
aHAJIOTUYHBIX CBOWCTB Jpyrux AP wu3-3a pasnuumii B NOCTTPaHCISLUMOHHBIX
momudukanuii  [73]. TNAP saBasercs TroMoauMepoM B KOTOPOM  Kaxmas

CY6’I>C,Z[I/IHI/IH8, XapaKTCPU3YyCTCA HAINIHNECM TpéX METAJIJIOB Mardvsa U IMHKAa U OJHOI'O
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dochar anmona. Mounomep TNAP wumeer TpéXxmepHyI0 CTPYKTYpy IEHTPaIbHOE
PO, MPOTKEHHYIO [-1IeTb, OKPYXKEHHYIO o-crirpaisiMu N-KOHIEBYI0 00JacTh C
YIUIMHEHHON  0-CIIMPaJIbI0 M KOPOHKOM A0 riiaBHOW KpayH moMeH, KOTOPBI MOKHO
OIHKCaTh KaK CBOOOTHYIO MEXK(Pa3HYIO METIIO CONEPKUT aMUHOKHCIOTHBIE OCTaTKH,
KOTOpbIE pearupyroT C HEKOHKYPEHTHbIMM HMHruOuTopamMu  (pepMeHtra u
ctabunusupyrot ux [100].

Pons TNAP mpu Oone3nu Amnsireiimepa. HemaBHo Obulo  BBICKa3aHO
MPEANOIOKEHHE, YTO OJKchpeccus W akTuBHOCTH [ NAP  koppemupyoT BA,
MIOCKOJIbKY OH OOHAapy’>KMBAa€TCsI B CHIBOPOTKE KPOBU OOJIBHBIX M OTCYTCTBYET B
CBIBOPOTKE TMPEANOJIONKEHUE, UTO IKcIpeccuss U akTUBHOCTh T NAP koppenupytot ¢
BA mnockoiibky OH 0OHapyKMBaeTCs B CHIBOPOTKE KPOBU OOJIBHBIX U OTCYTCTBYET B
CBIBOPOTKE KpOBH 3J0pOBbIX Jtoaei. Kpome Toro, ObUIO OOHapyX eHO, 4TO
WHTEJUICKTYalIbHbIE CIIOCOOHOCTU CHHIKAIOTCS IO MEpE YBEJIMYEHUS AaKTUBHOCTH
TNAP, uyTo yka3piBaeT Ha OOpaTHYIO 3aBUCUMOCTh MEXay akTUBHOCTbIO TNAP u
KOTHUTUBHBIMU (QyHKIMsIMU. [Ipu BA oTnoxeHnue nentuaoB [3- amuionia oopasyer
amunouansie  Omamku  [60]. HelipodhuOpumnsapasle  KIyOkH — 00pa3yroTcs
runepPocopuIpoBaHHbIM TayOEJIKOM, KOTOPBIM MpEACTaBIseT cOo00il OenoK,
aCCOIIMMPOBAHHBIN ¢ MUKpPOTpyOOoukamu. Bo Bpemsi rubenu HeHpOHATBHBIX KIETOK
TNAP  nedochopunupyer TayOenok, 4YTO TPUBOAUT K €ro CBSI3BIBHUIO C
MyCKapuHOBBIMH penentopamMu M1 u M3. B koHeuHOM cuéTe, 3TO CrocoOCTBYyET
MOCTOSTHHOMY YBEJICUEHHIO BHYTPUKIETOYHOTO KaJblHUsl, YTO IPUBOAUT K YCUIIEHUIO
rubenu HeiipoHoB. bosiee Toro, TNAP BbI3bIBacT npo0sieMbl ¢ HEUPOHAMU, U3MEHSA
MeTaboau3m AT® u BbI3bIBas HelpoBocnajgeHue [69].

Pons TNAP mpu runodocdorazuu (I'dD). TNAP komupyercs renom ALPL,
MyTallii B 3TOM T€HE MPUBOAAT K HepgocTarouHol akTuBHOCTA TNAP, uTO mpuBOIUT
K HaKOIUICHHIO MHIHOMTOpa MUHepaiu3aiuu PPi. DTo NpUBOAUT K T€HETHYECKOMY
3a00eBaHNIO, U3BECTHOMY Kak ['@D, koTope MpOSBISIETCS MepeoMaMu KOCTeH U
00JIb10, IpoOsIeMaMu ¢ 3y0amMu, paxuToM U octeomassiuuet [137]. DTo mposiBieHus
pa3liMyaloTCs B 3aBUCHUMOCTHM OT BpPEMEHM Hayajga M COOTBETCTBEHHO, JaHHOE

3a00sieBaHUE KJIACCU(PUIUPYIOT KaK Ha MEepUHATAIbHYIO0, MJIAJEHYECKYIO, IETCKYIO,
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B3pOCIIyI0 W ojoHTorumnodocharuro [71].

[TonnepxuBatomee JieueHne OBLIO

€IMHCTBCHHBIM BapUaHTOM JUIsl NauueHTOB ¢ ['@D 10 Tex mop, ImoKa B HEKOTOPBIX

CTpaHax HEC ObLIa 0ﬂ06peHa N BHCIAPCHA 3aMCCTUTCIIbHAA @epMeHTHaﬂ TCpaIuy:,

HancJICHHaA

Ha

BOCCTAHOBJICHHUC

CTPYKTYpOH

KOCTHOM

TKaHH.

HCCICAOBAHMA ITOKAa3bIBAIOT, YTO ['®D moxHO KOHTPOJJIHUPOBATH HYTéM ITOBTOPHBIX

BHYTPUBEHHBIX HH(OY3uU m1a3Mbl KpoBH, 6oratoii TNAP [105].

Taouauua 1.1.- Kparkue xapakrepuctuku u3ogpepmeHtbl AP

HN3o¢ep- PLAP TNAP IAP GCAP
MEHT
Pacnosox | Beicokuil ypoBeHb Bricokas Bricokas [TonoBbIe KIIETKH,
eHue B IUIALICHTE AKCIIpECCHUsI B JKCIIpECCHUS B SMOpHOHAIIEHBIC
MEYEeHH, KOCTSIX KEITYA0YHO- TKaHH,
U TIOYKax KHILIEYHOM TPAKTE, HEKOTOpbIE
0COOCHHO B OITyXOJIEBBIE
JBEHA/IIATUTIEPCTH | TKAHU U MIAlEHTa
O KMIIKE
DyHKIHA 1.Ilepenaya 1.Munepanu3zan 1. AGcopbuus
aHTHTENA K 1Sl KOCTHOU JHIAIOB
UMMYHOTJIOOYJINHY TKaHHU. 2.YMeHblIeHHE -
G marepu ony. | 2.luddepeniup BOCTIAJICHUSI.
2 Cunre3 JJHK oBka HeipoHoB | 3.Jledhocdopunmpo
3.IIponudeparus 3.Pa3ButHe BAaHUE
KJIETOK B HEpPBHOM HYKJICOTH/IOB U
¢bubpobracTax CHUCTEMBI TUIOIa | JIUIOMOIUCAXaPU/T
OB

Broicokmii 1.Kypsimue bosie3nb - -
YPOBEHb OepeMeHHbIe Anbureiimepa
(¢epmenTa YKECHILUHBI

2. Pak sMYHUKOB

3. Pak simuka

Hu3zkwuii bepemennsie ['unodocdarazu - -
YPOBEHb YKCHIIUHBI C s
¢pepmenTa | Gonesnsto Illaraca

3navenue AP npu HEKOTOPBIX PU3HOJIOTHUECKHUX

COCTOSHHUAX U 3200JIEBAHUAX

Henasuue

[TauueHnTsl ¢ HapyumieHueM (QYHKIUMUA MOYEK, KOTOpbIE MPOXOAST IUAIH3,
HYXKIAIOTCSI B OYHCTKE KpOBU OT U30BITKA BOJbl, TOKCHYHBIX BEUIECTB U

pacTBOpEHHBIX coieil. Bwicokuii ypoBeHb AP B CBIBOPOTKE KPOBH Yy TaKUX
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MalMEeHTOB AaCCOLMUPYETCS C Pa3BUTHEM CEPJCUHO-COCYIHUCTHIX 3a00JIEBaHUU U
00J1€€ BBICOKUM PUCKOM CMEPTHU. DTO CBSI3aHO C TEM, UYTO MOBBIILIEHHBII ypoBeHb AP
CIIOCOOCTBYET HAKOTUICHHIO MUHEPAJIOB B CTEHKAaX COCYJOB, UTO MOKET MPUBECTH K
KanbuuKanuu, 0COOCHHO B KOPOHAPHBIX apTepusax. B pe3ynbrare, 5TH H3MEHECHUS
YBEIMYHUBAIOT BEPOSITHOCTD CEPJICUHO-COCYAUCTHIX 3a00JI€BaHUNA U MOTYT YXYAIIHUTh
MIPOTHO3 JIJIs MAIMeHTOB, HAXOAAIINUXCS Ha auanuse [68].

3abosieBanne nepedpaabHbIX MeJKkux cocynoB 3IIMC (cerebral small vessel
disease CSVD)- 310 nporpeccupyromye cocyaucroe 3a00jaeBaHue roJIOBHOIO MO3Ta,
KOTOPO€ CTaHOBATCS KECTKUMH, KPOBOOOpAIIEHHUE B 3TOM OTJEIE MO3ra, KOTOPOE
MopakaeT MEJKUE apTepuu, apTePUOIbl, KAMWUISIphl U BEHYJbI, YTO MPUBOJUT K
MOBpeXJIeHUI0 TKaHeh mo3ra. 3LIMC- HeBposoruueckoe 3ab0JeBaHre, BbI3bIBAIOIICE
MHCYJIBT U AemeHnuio. Korjga aprepuanbHble COCYbl TOJOBHOIO MO3ra CTAHOBSITCA
KECTKUMH, KpOBOOOpaIlleHHE B ITOM OTJAEJe MO3ra YXYJIIAeTCs, pa3BUBACTCA
uieMuyeckuii uHCynbT. Kanpuudukanys CTeHOK COCY/IOB MPHUBOJUT K aKTHUBALIUU
AP. Koppensus mexay konmeHrpaiueii AP B ceiBopoTke kpoBbl 1 3LIMC (CSVD)
NOJTBEPXKIaeT Ucmoib3oBanne AP B kauecTBe OMoMapkepa aanHou natonoruu [89].

[lapofOHTUT — 3TO  XPOHUYECKOE  BOCHAIMTENIbHOE  3a00JeBaHUE,
BO3HHUKAIOIIIEe B OTBET HAa JUCOMOTHYECKYIO OaKTepHaIbHYI0 OHOIUIEHKY (3yOHOM
HAJIET) U XapaKTepHU3YyIolIeecs MPOrPEeCCUPYIONIeH MeCTPYKIIMEH OMOPHBIX TKAaHEH
3y0a JeCHbI, MEPUOJOHTAIBHON CBSI3KH, IIEMEHTA KOPHS W allbBEOJISIPHOW KOCTH.
3aboseBaHre COMPOBOXKAACTCS CUCTEMHON U JIOKAIIbHOW MMMYHHO-BOCTIAJIUTEIHLHOM
peakiueid, 1 MOXKET OBITh CBS3aHO C TEHETHUYECKOW MPEeapacloIOKEHHOCTHIO U
(dakTOopaMu pUCKa, TAKUMH KaK KypeHHeE, CTpecc, HecOalaHCHPOBAHHOE NMUTAHUE U
CUCTEMHBIC 3aboyeBaHus (HampuMmep, caxapHbpld aumaber 2 Ttwmma). Bo Bpems
BOCHAJIMTENIBHOTO TIpoliecca BbIcBOOOXkIaercs (epment AP, wurparommii  He
MOCJICTHIOIO POJIb U MOKET MCIIOJIh30BaThCs Kak Onomapkep. [lamueHTs! ¢ caxapHbiM
TruabeToM, CTpaJaroIue MapoJOHTUTOM, UMEIOT el OoJiee BRICOKUN ypoBeHb AP u3
- 3a MOJABJIEHHOW MMMYHHOM CUCTEMBI, YTO JejaeT ux 0ojiee BOCIPUUMYUBBIMU K
unpexuu [49]. T'emonu3, TO eCTh pa3pylieHHE 3PUTPOLUTOB, TPUBOAUT K

CHI)KEHUIO aKTUBHOCTM AP. DTO CBSi3aHO ¢ MOBBIIEHUWEM KOHIIEHTpauuu Mg,
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KOTOpBIN siBisieTcs Gepmenta AP 1 npu u30BITOYHOM KOJIMYECTBE MHTHOUPYET €ro
aKTUBHOCTH Yepe3 MEXaHU3M OTpHUIATeNbHON 00paTHOM cBs3u [102].

Octeocapkoma. IIpu ocTteocapkoMe 37T0KaYECTBEHHON OIyXOJdd KOCTHOM
TKaHU TIOBBIIMIEH YpoBeHb AP B KpoBHU. DTO CBSI3aHO C aKTUBHBIM 0Opa3oBaHHEM
HE3peJoi KOCTHOM TKaHU M OCTEOUJIOB, XapaKTEPHBIX JUIsl JAHHOTO THUIA OMYXOJIH.
[ToBbIlIEHHBI ypOBEHb aKTUBHOCTU AP oOTpa’kaeT BBICOKYIO OCTE€00JIACTUYECKYIO
aKTUBHOCTh M arpecCHUBHOCTH OITyXOJIEBOTO mpoiiecca. Kpome Toro, KIMmHHUYECKHE
UCCJIEIOBAHMS MOKA3aJIM, YTO y MAlMEHTOB C IMOBBIIIEHHBIM ypoBHEeM AP mpornos
MEHee OaronpusTHBIM, TaKWe IOKa3aTeld KOPPEIUpPYIOT ¢ Oojee HU3KOW 0OIei
BBEDKMBAEMOCTBIO, YTO JellaeT ypoBeHb AP mMOTeHIMaIbHBIM MPOTHOCTHYCCKUM
MapKepoM mpu octeocapkome [48].

AP sBisisice MeMOpaHHBIMU OelKamu, KaTaau3upyroT JaedpochopriinpoBaHue
pa3IMuYHBIX CcyOCTpaToB B ILIEJIOYHOM cpene, NpHUBOAS K  0Opa3OBaHUIO
Heopranuueckoro ¢ocdara (Pi) [53, 70, 174]. Dtu Oenku, pacnpocTpaHEHHBIC OT
apxest [79] no yenoseka [53], 1eMOHCTpUPYIOT KaK (PYHKIIMOHATBLHOE pa3HOOOpasue,
TaK W DSBOJIOIUMOHHYIO KOHcepBaTUBHOCTH [53, 70]. B reHoMe uenoBeka
NPUCYTCTBYIOT  4YeThIpE TeHa, Koaupymmmx uzodpopmer AP, Brirouas
tkanecnienupuueckue (ALPI, ALPP u ALPPL2) u TNAP (ALPL) (tabauma 1.2).
[Tpuuém, byakuuu ALPP u ALPPL2 u3y4ensl B HeI0CTaTOUHOM cTeneHu. B pamkax
HacTosAlero o03opa OyAyT pacCMOTPEHbl COBPEMEHHBIC TMPEJCTABICHUS O
¢yukuusax TNAP u  kumeunoit AP (IAP) B oTHOIIEHWH 3I0pOBbS U OoJie3HEH

yenoseka. Taoauma 1.2.

Taoauuna 1.2. - U3odepmenTsl me109Hoi GocdarTasbl y yesoBexka

I'en AP Benok AP TkaHeBast IKcnpeccust

ALPL Txanenecneunpuyeckas LD Iledyenpb, moYKH, KOCTHAS TKAHb, Munepanu3zaius
(TNAP) HEpBHAs CUCTEM KocTel 1 3yOoB
ALPP [Inanenrtapuas L{® (PLAP) CuHiuTHOTpOo(Hh0OIACTHI, OITYX0IH _

PENPOIyKTUBHON CUCTEMBI

ALPPL2 | Tonanoxnerounas LL{® (GCAP) Sn4Kky, oImyXoJn penpoyKTHBHON

CHCTCMBI

ALPI Kumeunas D (IAP) Kumeynuk, sSHTEpOLUTEI

H3zBecTHBIC PyHKIINH

BcacniBanue JKUPHBIX

KHUCJIOT, ACTOKCHUKAIIHA
JIUIIONOJIMCaxapua0B

50




OpHoit 3 HamboJee APKUX CBSA3CH MEXAY TKAHEBHIMU HECTICITU(UIECKUMHU
menoydabiMu  docdatazamu  (TNAP) w  martomormeit  demoBeka  SBISICTCS
runodocdarazus (HPP) 3aboneanue, Bpi3zBaHHOE MyTanusiMu reHa ALPL, koTopsrii
koaupyer TNAP, 4To mpuUBOAWT K CHIKEHUIO AaKTUBHOCTH 3TOTO (epMeHTa B
pa3nuuHbix opranax [67, 183]. Ymenbienue akTuBHOCTH TNAP BbI3bIBACT MIMPOKUIA
CIIEKTP KIIMHUYECKUX IMPOABICHUN, BAPbUPYIOMIUX OT nepuHartaibHou [ @D, kotopas
MOXET MPUBOJUTH K MEPTBOPOXKICHHUIO M3-32 BBIPAKCHHOW THIOMUHEpaTU3ALNU
ckenera [183, 35], 1 MOTEHIMANBHO JETAIBHBIX Cya0opor npu uHbaHTUiIbHOU [ DD
[51, 85, 136], no Oonee nErkux (PEHOTHNOB, TAKUX KaK MEPEIOMbl KOCTEH U
MapoJIOHTO3 Yy MAIlMEHTOB C IOBEHWJIbHOU U B3pocioi ¢opmamu ['OD [163, 143].
Henasuue uccienoBanus Ha MbIIIMHON Mojenu [ OD, B coueTaHnu ¢ KIMHUYECKUMU
JAHHBIMM U TEHETUYECKMM  aHaJM30M,  TMO3BOJWIM  JIYYIll€  TOHSTh
naTopu3noIorHYecKue Mexanu3mel ['OD, cBA3aHHBIE C HAPYIICHUEM METabOoIM3Ma
no kpaiiHeit Mmepe nByx cyoctpatoB TNAP BHekneTounoro nupodocdara (PPi) u
nupugokcanb-o-pochara (PLP) [178]. TNAP nokanu3oBaHa Ha KIETOYHBIX
MeMOpaHax OCTe00JaCTOB M XOHJPOILIUTOB, a TAaKXKe MPUCYTCTBYET B MATPUKCHBIX
BE3UKYJIax, TJie KatanusupyeT ruaponus nupodocdara (PPi) no Heopranmyeckoro
docdara (Pi). PPi, sBnssce uHruOuTopoM MuHepanusanuu [25], perymupyercs
TNAP, obecnieunBasi TeM caMbiM HEOOXOIMMBIA YPOBEHb MUHEPATU3AlMUA KOCTHOU
TKaHu Kpucrtauiamu anaturta. Hepocratounocte TNAP nmpuBOIWT K HAKOIUIEHUIO
PPi u, xak cieacTBue, CHIDKCHUIO BHEKJIIETOYHON MUHepanu3anuu. JlanHas
naTojorus HabJIoAaeTCsl y MalMeHToB ¢ runodocdarasueii, y KOTOPbIX OTMEUAETCS
notepss (ppoHToB MuHepanm3auuu [87]. JlaHHBIE pPe3ynbTaThl MOATBEPKAAIOTCS
HCCIICIOBAHUSIMUA Ha MBIIIUHBIX Mojelssx uH(panTuiabHor ['dD [116, 98, 109].
Hapymienue mnporecca MuHEpaau3alMyd MPUBOJUT K TaKUM CHMIITOMaM, Kak
pasMsiryeHue U nedopmarisi KOCTel, CIIOHTAHHBIC TEPEIOMbI, PAXUT W aHOMAJIUU
pa3BuTHs 3y00B [86]. B CHIBOpOTKE KpOBM MAIMEHTOB C TakKe HAOIIOmaeTCs
MOBBIIIEHHBIN YPOBEHb NMUpUoKcanb-o-pochara (PLP), aktuBHOM (opMbl BUTAMUHA
Be [87], uTO, BEpOSITHO, CBsI3aHO ¢ HapyiieHueM ero Mmeradonusma [182, 180]. TNAP

Urpaer KIYEBYIO poJib B TpaHcnopre nupuaokcans (PL) depe3 kieTouHyro
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meMmOpany, aedochopunupyss PLP no ero neaktuBHoi (popmbl nupugokcans (PL).
Jlanee PL moBTtopHO ochopummpyercs 1o PLP. PLP yugactByer kak kodakTop B
OosbiioM kosmuecTBe (pepmentatuBHBIX peakiuid [33]. Jepuuur PLP u ero
MeTabOIMTOB B TOJIOBHOM MO3re, 00ycClIOBIeHHbIN HapymieHnueM QyHkuuu TNAP,
ABJISICTCSL OJJHOM M3 MPUYMH Pa3BUTHSI HEOHATAIBbHBIX cyaopor npu ['dD [149, 96].
TNAP sBnsercs MHOTOQYHKIIMOHAIBbHBIM O€JIKOM, BOBJICUEHHBIM B pa3IUYHBIC
duznonornyeckre MpOLECcChl, a Tak)Ke MAaTOTE€HEe3 COCTOSHUM, HE CBS3aHHBIX C
runodocharazueit  (I'OD)  OxcnepumeHThl  in Vvitro  MOKa3ald,  YTO
TkaHecnenuduueckas menounas Qocdaraza (TNAP), cunTesupyemas B Xoje
AMOpHOTeHe3a B HEPBHOU TPYyOKE U XOpJe, CHOCOOCTBYET POCTY aKCOHOB U
HeWporeHe3y Bo B3pociioM opranusMe [114], uto ykassiBaeT Ha €€ poJib B Pa3BUTHU U
(yHKUMOHUPOBaHUM HEpBHOW cucteMbl. [loBbimenne aktuBHoctd TNAP B
HEHWPOHHBIX KJIETKaX MPHU HEHpOJereHepaTUBHBIX 3a00J€BaHUAX, TAKUX KaK OOJIE3Hb
AnplreiiMepa, yKa3blBaeT Ha BaXHYIO pOJb 3TOro (epmMeHTa B MaTOreHese
3aboneBanusi. Tay-Oenku, nedocdopmipoansie TNAP, MoryT crnocoOCTBOBATH
o0pa30BaHUI0 HEUPOUOPHIISPHBIX KIYyOKOB, KOTOPHIE HApYyIIAIOT HOPMAJIbHYIO
GyHKUHMIO HEWpOHOB W TpuBOAIAT K ux rubemu [120]. Oro mnogu€pkuBaer
BO3MOKHOCTh HCIOJIb30BaHUsT MHTHOUTOpOoB TNAP Kak mOTEHUIMANbHON Tepanuu
JUISL  3aMeIJICHUsT TMporpeccupoBaHusi OosiesHU Adblreiimepa. JlomosHUTENBHO,
HaOMoIcHUsT B ciy4yae cuHAapoMa MapbOu, cBsizaHHOro c rumnepgocdarazemuei,
rOBOpSAT O TOM, 4YTO aHoManuu B cuHTe3e GPI-skops, KOTOpbI peryiupyer
aKTUBHOCTH IIEJOYHbIX (hocdaTas, MOryT MPUBOAUTH K HAPYIICHUIO HOPMAJIbHOIO
(GYHKIIMOHUPOBAHUS KJIETOK, YTO TMPOSIBIAECTCS B PA3IUYHBIX KIMHUYECKHUX
MPOSIBICHUSIX, TAaKUX KaK YMCTBEHHAs OTCTaJOCTh, CYJOPOTM U BBIPAKECHHBIC
nuieBbie aHoManuu [24]. Takke Moka3zaHo, YTO MOBBIIICHHAs aKTUBHOCTL TNAP B
COCYIUCTOM CETH BBI3BIBACT KAJIBIIM(PUKAIUIO COCYAOB, YTO MPUBOAUT K WX
HKECTKOCTH M, B KOHEYHOM cu€re, K cepjeuHoil HepoctarouHoctu [118]. TNAP
Y4acCTBYET B PEryJISlUU IMYyPUHEPTUUYECKOW Tepeaadyd CUTHAJIOB MYTEM THAPOJIU3a
BHEKIETOUHBIX AT® u AJI®. B 10 Bpems kak AT® u AJID, cBs3BIBasACH C

HYKIICOTUJIHBIMU PCLCIITOPAMU, ABJIAIOTCA PO BOCHAIUTCIBHBIC MCAHUATOPLI ITOCJIC
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NOBpeXACHUNA Win uHPekuui, ux aerpanauus 10 AM® u aneHnHa TPUBOIUT K
MPOTUBOBOCHAIIUTEIILHOMY OTBETY, OMOCPEIOBAHHOMY aJICHUHOBBIMHU PELIENTOPAMHU
[115]. TNAP wurpaetr poJib B 3alllUT€ OT BOCHAJCHUS W MOJJIEPKAHUU TOMEOCTa3a
KHILIEYHON MUKPOOMOTHI IMTyTEM ruipoiin3a BHEKIETOUHbIX AT® u AID [59, 20, 63].

Kumeunas mesounasi ¢ocdaraza (IAP) wurpaer BaxHyl0o poilb B
nuIeBapeHuu W abcopOumMu mNUTaTeNbHbIX BemiecTB. OHa CHUHTE3UpPYETCS B
SHTEPOIUTAX, KIIETKAX KUIICYHOW SIUTETUAIbHOW TKaHH, KOTOPbIE MOKPBHIBAIOT
BOPCUHKHU KHIIIEYHUKA, U YYaCTBYET B PETYJISILIUUA a0COPOIIUU KUPHBIX KUCIIOT, BIUSA
Ha X Metabonu3M. [AP cexpeTupyeTcsi Be3UKylaMu Kak Ha aluKaJIbHOU (CTOPOHOM,
oOpaiéHHOM K TPOCBETY KHIIEYHMKA), TaK W Ha 0a3oiaTepalibHOM (CTOPOHOM,
oOpam€éHHOM K KamwuisipaMm) TOBEPXHOCTH HSHTEPOLUTOB, YTO  IO3BOJISET
3¢ ()EKTUBHO BBIMOJIHATH CBOM (PYHKIMU MO PETYISILUU PA3TUYHBIX OMOXUMUYECKUX
npoiieccoB B kuineunuke [56, 107] monmymupyeT cekpeuuto OukapObonata u pH
MOBEPXHOCTH JIBEHAAUATUIIEPCTHON KUIIKU [179], a Takke BIUAET Ha pPAa3BUTHE
OKUpEHHUsI, BhI3BaHHOTO auetoi [106, 176], u merabonuueckoro cuuiapoma [171,
175]. Onnako, ogHoOM U3 Haubosnee 3HaUUMBIX GyHKIUNA [AP sBisieTcs e€ 3ammuTHOE
B3aUMOJICHCTBUE C OaKTepUATbHBIMU CUMOMOHTAMU, HACETSIOMIMMU KUllleYHUK. [AP
UrpaeT BaXHYI0 pOJb B 3allUTE OpPraHM3Ma OT BOCHAJIMTENIBHBIX MPOLIECCOB,
pPEryJupys B3aMMOJICHCTBHE MEXKIY HMMMYHHON CHCTEMON M OaKTepHAIbHBIMH
koMmrnoHeHTaMu. OHa feochopuyiupyeT JTUMUIHBIA KOMIIOHEHT JIMMONOIUucaxapuia,
KOTOPBI  SIBIISIETCS ~ CTPYKTYPHBIM  DJIEMEHTOM  BHEIIHEH  MeMOpaHbl
rpaMoTpUllaTeNIbHBIX  OakTepuil. IT10o  gedochopunupoBaHue  CrnocoOCTBYET
JIETOKCUKAIIMM U CHIDKAET €ro akTUBHOCTh. DocdaTHbie rpynibl UTPalOT KITHOYEBYIO
poiib B cBsizbiBaHuH ¢ toll-mogo6ubM penienitopom 4 (TLR4) / MD-2 penentopHbiM
KOMILUIEKCOM, KOTOPBIM SIBJISECTCS BaKHBIM DJIEMEHTOM BPOXKJIEHHOTO UMMYHUTETA U
aKTUBUPYETCS TPU B3aUMOJACHCTBUM ¢ maroreHamu [127, 45], 3amyckas Kackan
nepenaun curHaioB NF-kB u Be3biBas umMyHHBIN oTBeT [138, 21, 184]. Jdedunmr
IAP B kuIieyHuKe acCOIMUPOBAH C PA3BUTHEM BOCHAIUTEIBHBIX MPOIECCOB KaK y
yenoBeka [78], Tak W B OKCIEPUMEHTAIBHBIX MOJACISAX  IO3BOHOYHBIX,

XapaKTEPU3YIOIIMXCSl CHWXEHHBIM ypoBHeM [AP [78]. Dk30reHHoe BBeIeHUE
53



KumeyHor mienouHo  ¢gocdarazsl  (IAP) KMBOTHBIM € HMHIYHHPOBAaHHBIM
BOCIIAJICHUEM KHIIEYHUKA OKa3bIBA€T 3HAYMUTEIBHOE IPOTHBOBOCHAIUTEIBHOE
JNEUCTBUE. OTO CBSA3AHO C YMCHBIICHHWEM BOCHAIUTEIBHOW PEAKIHUH, YTO
MOATBEPKIAETCS UCCIEIOBAHUSIMH, B KOTOPBIX HCIIOJIb30BAIUCH KaK MpPSMbIE, TaK U
KOCBEHHbIE METOJbl MHIYKIIMM BOCHAJCHMS, BKIIOYas MPUMEHEHHE aHTUOMOTHUKOB
[78, 143, 135]. Takxe IAP neMoHCTpuUpyeT 3alllUTHBIE CBOWCTBA B MOJEIISIX
HEKPOTHUYECKOT0 SHTEPOKOJUTA y MBIIIEH, YTO MOAYEPKUBAET €€ BAXKHYIO pOJIb B
noajiepkaHuu  OapbepHONl  (QYHKIMM  KUIIEYHUMKA U MOPEJOTBpAIllEHUU
BOCHAJIMTENbHBIX 3a00neBanuid [72, 41, 100]. Ora 3amutHas ¢pynkuus [AP moxer
BKJIIOYAaTh ydacThe B (¢GopmupoBanud [127] W moaAepKaHUM TOMEOCTa3a
MUKpOOMOMa  KHILIEYHUKA. IAP, ’KCHIpeccupyemast B DHTEPOLIUTAX,
ACCOLIMMPOBAHHBIX C BOPCHMHKAMH KHILIEYHUKA, PETYIUPYET aOCOPOLMIO >KUPHBIX
KHUCIIOT Yepe3 CEKPEIUI0 BE3WKYJl KaK Ha almuKajlbHOM, Tak U Ha 0a3oiiaTepajibHOU
noBepxHocTsAX [56, 107]. OHa perynupyeT cekpenuto OukapOoHaTa ¥ MOJJEpKaHNe
pH B paBeHammarunepctHor kumke [179], a Takke ydyacTByeT B pETYJSALMHU
OXKMpEHHMS, BbI3BaHHOTO muetou [106, 176], u merabommueckom cuniapome [171,
175]. Opnnako, HaubGonee BaxxHOW ¢yHKkuued I[AP sBnsercs e€ 3alMTHOE
B3aMMOJICUCTBHUE C OaKTepUaIbHBIMU CUMOMOHTAMHU, KOTOPHIE HACENSIOT KUIICYHYIO
CUCTEMY WJIM MOTYyT BrTOprarbcsi B He€. [AP nedocdhopunupyer munuaHyro
cocTaBiisioNIyt0 Jjunononucaxapuna (LPS) kommoHeHTa BHeHIHEW MeMOpaHbI
rpaMoTpHIIaTeNIbHBIX OakTepuid [126]. ITu docdatel BakHbI 115 cBsizbiBanus LPS ¢
toll-mogobneiM  pernientopom 4 (TLR4) / MD-2 penentopHbiM KOMILIEKCOM
BPOXIEHHOTO MMMYHHTETA [45], 4TO MHUIIMHUPYET nepenady curaaios uepe3 NF-kB
U 3ammycKk MMYyHHOTO oTBeTa [138, 21, 184]. lepurut [AP B kumeuynuke OblT CBsI3aH
C BOCIAJICHUEM, YTO MOJATBEPKAACTCS UCCIEIOBAHUSIMHU KAaK y YEJIOBEKa, Tak U B
MOJIENISIX MO3BOHOYHBIX JKUBOTHBIX, rje ypoBHU AP cHuxkensl [78]. BBenenue AP
JKUBOTHBIM C HHIYUUPOBAHHBIM BOCHAJICHUEM KHIICUYHHKA (HAampuUmep, ¢
WCIIOJIb30BaHMEM aHTHOWOTHKOB) CHIDKAeT BocnaynieHue [44, 143, 135]. Takxke [AP
UTPaeT 3alIUTHYIO POJIb B MOJIENIAX HEKPOTUYECKOTO IHTEPOKOJIMTA Yy MbIIIEH [72,

41, 100], yuacTBys1 B roMmeocTtaze Mukpoouoma [127].
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'JIABA 2. OKCITEPUMEHTAJIBHASA YACTb
2.1. MarepuaJbl 1 METOAbI MCCJICTOBAHMS

B cuHTeTHueckMX TpoLEaypax MCHOJIb30BAIUCH KOMMEPUYECKH JIOCTYITHbBIE
peareHThl U PaCTBOPUTEIM C COJCP>KaHHUEM OCHOBHOIO BellecTBa He meHee 99,5 %.
KoHTposib x0/la peakuuu OCYIIECTBIISIIA METOAOM TOHKOCJIOWHOW Xpomarorpaduu
(TCX) na mmactunkax Silica 60 F254 (anomuHueBas MoAI0KKa, MPOU3BOAUTEIND
Macherey-Nagel). Jlng  OYHCTKM  NPOAYKTOB  TPUMEHSUIM  KOJIOHOYHYIO
xpomatorpaduro ¢ ucnonb3zoBanueM cunukarens Fluka Silica gel 60 (pa3mep vactun
0,063 — 0,200 mm, 70 — 320 mesh, mpousBogutens Fluka).
SAMP- cnekpbl 'H, *C, F 6bum MOJIYYEHBbl HA CIEKTPOMETPUUECKUX YCTAHOBKAX
Bruker 300, 400 u 600 MI'ny u Varian Mercury 400 u AXM 400. B kauectBe
BHYTPEHHOTO cTaHAapTa npumeHsuics tetpametwicunad ( TMS, & = 0,00 m.x.). Jns
KaJIMOPOBKU XUMHUUYECKHUX CABUTOB B SIMP- criekTpax MCIOIb30BaIMCh CTaHAAPTHBIC
curHanu pactBopurens (xsopodopma) (6 7,260 m.a. aysg '"H u 6 77,160 m.a. mus BC).
st XapaKTepUCTUKA MYJBTHIUICTHOCTH CHTHAJIOB TPUMCHSUIHCH CIICTYIOIIHC
o0o3HaueHus: ¢ (cuHrner), n (myoner), T (Tpuruier), an (ABOMHOW AyOneT), I
(TpoitHOil nyOnet), nT (mceBAOTPUILIET), K (KBaprTer), m (HEHTET), renT (remnTer).
Wudaxpacusie (MK) criekTpbl perucTprpoBainuch Ha criekrpomerpe Bruker ALPHA-
P C npuMeHeHwmeM Merona ociabieHHoro monHoro ortpakeHus (ATR).
NutencuBnocth MK-curnanos Obuta 0003HaueHa Kak ciiab (cnadwiil), cpen (cpeaHuit)
U CuibH (CWIbHBINA). PEHTreHOCTpYKTYpHBI aHallM3 MOHOKPUCTAUIOB ObLI
BBITIOJIHEH C UCIONb30BaHueM audpakromerpa Bruker-Nonius Apex X8 CCD. Macc-
CIIEKTPAJIbHBIN aHau3 ObLT MIPOBEJEH C UCTOb30BaHueM npubopa Finigal MAT 95.
Jlyist perucTparyii CIEKTPOB C BBICOKUM Pa3peIIeHHEM HCIOJIb30BAIUCH aIIapaThl
QNOF ULTIMA 3 u texunosorusi snekrpocnpeiinoi monuzauuu (ESI) Ha macc-
cnektpomerpe Thermo Electron LCQ Deca (Can-Xoce, CIIA). OnpenencHue
AJIEMEHTHOTO COCTaBa CHUHTE3MPOBAHHBIX COCIMHEHWA OBLJIO BBIMIOJHEHO B
MUKpOAHAJIUTHUECKUX JabopaTopusix YHuBepcuTrera MaliHua U YHHBEpCHUTETa

Poctoka.
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2.2. Cunre3 2-0pom -/- (Tpudropmerni) -5-okco -SH-1,3,4-Tmaguazono[3,2-

almupumuauHa (3)

o)

Br% /J%N

3

HcxonHoe coerHeHue 2-0poM-5-amuno-1,3,4-tuaauazon (1) 6110
CUHTE3UPOBAHO  MHOTOCTAJUMHON  peakuuu B  NOJUPOCHOPHOM  KUCIOTE
(IT®K) u stunoBoro  adupa  4,4,4-tpudropaneroanierata  (2).  Mertoauka
MOJIpa3yMeBaeT CJEAYIOIIYIO MOCIE0BATEIbHOCTh cTaauii: 2-bpomo-5-amuno-1,3,4-
Thanguazon  cmemmBaiu - B onudochopuoit  kucinore  (IIDK),  dopmupys
PEaKIMOHHYIO Cpely C BBICOKOM KHUCIOTHOCTHIO. [IDK, BhicTymas B pojii CUILHOTO
KHCIIOTHOTO KaTajInu3aTopa U JETUAPATUPYIONIETO areHTa, akTHBUPOBAJIa PEareHThl 3a
C4€T MPOTOHHUPOBAHUS (YHKIMOHATBHBIX Tpynm. K TONydeHHOW cMecH KamneiabHO
BBOJIMJIN 3TUJIOBRIN dup 4,4,4-tpudtopareroanerara B TedueHue 15 munyt. B xone
ATOM CTaMM aKTUBUPOBAHHBIN KapOOHWIBHBIM aToM yriaepoja 3gupa OCyIIECTBIISI
HYKJICOPWIbHYIO aTaKy Ha aTOM a30Ta THAJUa30JIbHOTO sfpa. PeakimoHHy0 cMech
narpesa 10 80 °C ¢ HCIIONBb30BAHIEM OGPATHOTO XOMOAMIBHAKA Ha MPOTHKEHAN 8
4acoB, 4YTO OOECMEYMBAJIO TIOJIHOE 3aBEpIICHHWE peakluu W MPeAoTBpallaio
UCIIapEHUE JIETYIMX KOMIOHEHTOB. [10 OKOHYaHNH pEeaKIuy CMeCh OXJIAKIAIH 10 25
°C ¥ OCTOpOXHO TepenMBaIM B JEASHYI0 BOLY, HUTO CIIOCOOCTBOBAIIO
KpUCTAUIM3AIMKA  1IeJIeBoro  mpoaykra. IlomydeHHbIH  0ocaliok (GUIBTPOBAIH,
MOCJICIOBATEIFHO TPOMBIBATIM JUCTUJUIMPOBAHHON BOJOW U BBICYIIMBAIM B

BaKyyMHOM 3KCHKaTOpE.
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Cxema 2.1. - Cunre3 2-6poM-7-(TpudTropMeTH.I)-5-0kc0-5H-1,3,4-Tmagnasoio[3,2-
anMpAMAHHA

Beixoq coemunenuss 3 cocrabmn2,3 1 (75 %)B Buae KENTOTO
KpUCTANTMYECKOro BemiecTBa U T.m1. 133-134 °C. sMP 'H (CDCly), 6, m. a., I'm.:
6.32 (¢, 1H, CHyear). SIMP °C (CHCly), 8, M. 1., T'p.: 108.42 (k, °J = 3.17, CHypetear),
120.02 (x, J = 275.56, CF3), 150.98 (x, 2] = 36.52, 157.77 (Cap), 158.77 (Cyap), C-
CF3), 163.97 (Cap). UK-cnextp, v, cm®: 533 (cpen), 563 (cnab), 682 (cpen), 702
(cpen), 793 (cnab), 855 (cpen), 886 (cpen), 965 (cnabd), 1055 (cunbh), 1145 (cunbH),
1187 (cpen), 1206 (cnab), 1282 (cunbH), 1424 (cpen), 1487 (cunbH), 1524 (cuibH),
1580 (cmab6), 1651 (cimab), 1708 (cmnbH), 3066 (cmab). Macc cniektp FD MS m/z
(%):92 (47), 107(10), 122(24), 126(24), 138(16), 163(26), 165(100), 181(12),
272(22), 274(23), 298 (57), [M",]. Macc-cnekTp Bbicokoro paspemienus (HR MS,
ESI) nna coegunenuss co crpykrypHoit  dopmynoit CsHON:BrFsS mokazan
cienytonue 3HaueHus: Pacu€tHoe 3Hauenue (m/z): 298.89704, skcriepuMeHTaIbHO
nojlyuyeHHoe 3HaueHue (m/z): 298.89709. DnemenTHwit ananus (% maccoBOW 10JM)
npoaemMoHcTpupoBair: Pacuérasie 3Hauenus: C - 24.03, H - 0.35, N -14.01,;
OkcnepuMmenTanbHbIe AaHHbIe: C - 24.42, H - 0.26, N - 13.69.
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Pucynok 2.1. - '"H SIMP cnektp 2-6pomM-7-(TpudTopMeTn)-5-okco-5H-1,3,4-
THAANA30J10(3,2-a] nMpUMHUIUHA
He3nauutenbHbie pacxoXIaeHUs MEXIy SKCHEPUMEHTAIIEHBIMUA 151
TCOPETUYCCKUMHU JAaHHBIMH HAXOJATCS B JONYCTHUMBIX IIpeAeiiax IOIPEIIHOCTH

AHAJIMTUYECKUX METOJIOB, YTO CBUIETEIBCTBYET O KOPPEKTHOCTH CTPYKTYPBI

CHUHTC3UPOBAHHOTI'O COCAMHCHMA 1 €€ COOTBETCTBUU OH(HﬂaeMOﬁ.

2.3. MeToauka cuHTe3a 2-aMHMHO3aMellleHHBIX 7-(TpUu¢TOPMETIII)-5-0KCO-
5H-1,3,4-tuaaua3zon0[3,2-a] nupumuaux (5a-n)
Coenunenue 2-0pomo-/-(Tpudropmernn)-5-okco - SH-1,3,4 tuaguazonol[3,2-

a] mupumuaua (3) (1.0 3xB., 0.333 MMOJB) PacTBOPSUIM B METaHOJIE, IOCIIE Yero

58



J00aBIISIH 2 9KB. aHWJIMHA WM COOTBETCTBYIOIINX aMUHOB (4). PeakmoHHyI0 cMech
OCTAaBJISUIA TP KOMHATHOM TEMIIEPATYPE U MEPEMEIIMBAIIM B TEUEHUE 5 YAaCOB, 3aTEM
HarpeBajiu J0 KUIEHWs W MOAJNEpKHMBAJIM Ha KuneHun emé 20 MUHYT i
3aBeplIeHUs peakiuu. I1ocie 3aBeplIeHHs peakiuu cMech oxnaxaamu 1o 25 °C u
NOOABISIM  JIENSHYI0 BOAY, UTO CIOCOOCTBOBAJIO OCAXACHHUIO IPOIYKTA.
[TosmyueHHBI OCagOK OT(UIBTPOBBIBAIM, IMPOMBIBAJIM BOJOH M BBICYIIUBAIM B

BAKYYMHOM JKCHKAaTOPE.

—</N\N \ R'-fH-R’ R! |
Br /k\ ! \ /N\N |
s7 N7 e — » N—< PR
Conditions 2/ 5 N CF,

5 (91%)
Cxema 2.2. - [losryuenue 2-aMmuHO3aMelIeHHbIX /-(TpugTopmeTni )-5-okco-5H-1,3,4-

THAANa30J10(3,2-alnupumuauna (5)

Cunres 2-pennaamMmuno-7-(TpudpropmeTna)-5-okco-5H-1,3,4-
THAAUA3010[3,2-a] nupumuauHa (5a). K pactBopy coenuneHuss 2-0pomo-/-
(TpudTopmeTmin)-5-okco-5H-1,3,4-naaunazono[3,2-a] nupumuauaa (3) (0,333 MMob,
1,0 2KB.) B MeTaHOJIe MPH KOMHATHOW Temmeparype moOasmsuin anwiuH (0,666
MMOJTb, 2,0 9KkB). PeakiinoHHyro cMech nepeMenvBalid Mpyu KOMHATHON TeMITepaType
B TEUCHHME 5 YaCOB, MOCJIC YET0 HarpeBaju 0 KUIEHUS U MPOJ0JDKAIA HarpeBaHUe
emte 20 MUHYT 70 3aBepiieHus peakiuu. [1o OKOHYaHUU peaKIuu CMECh OXJIAXIalln
10 25° C W 106GaBmsUIH JICASHYIO BOXY, CIOCOOCTBYS OCAKICHHIO MPOIYKTA.
BoinaBmmii  ocanok OTGUIBTPOBBIBAIM, MPOMBIBAIM BOJOM M BBICYIIMBAIA B

BaKyyMHOM 3KCHUKATOpE.
0
H .
I Nan

N |
STSNT N,
Sa

-~

-

Brixoa npoaykra cocrasisier 94 mr (91 %), xénroe TBEPI0€ BEIIECTBO C T.ILI.
206-207 °C. SIMP 'H (CDsSOCD), 8, m. x., T'w.: 6.87 (¢, 1H, CHyetar), 7.13 (T, %) =
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7.36, 1H, CHy,), 7.44 (1, °J = 7.81, 2H, CHy,), 7.63(un, °J = 8.75, 4 = 1.12, 2H,
CH,,), 10.86 (c, 1H, NH). AMP **C (CD;SOCD3), 8, m. 1., I'.: 107.04 (x, °J = 3.37,
CHpetar). 118.44 (CHpp), 120.77 (x, 1)=274.67, CF3), 123.63 (CHap), 129.44 (CHay,),
138.96 (Cap), 148.12 (x, 2J=34.71, C-CFs), 154.17 (Cap), 154.86 (Cap), 161.17 (Cap).
UK-criektp, v, cM™: 585 (cpen), 656 (cpexn), 691 (cpex), 753 (cubH), 843 (cuibH),
914 (cpen), 1008 (cpen), 1087 (cpen), 1182 (cunwn), 1267 (cpen), 1275 (cpen), 1334
(cmab), 1418 (cpem), 1497 (cumwn), 1555 (cpem), 1615 (cpen), 1657 (cwibn), 1673
(cpen), 1794, (cnab), 1954 (cnmab), 3093 (cmab), 3205 (cmad), 3263 (cmab). Macc
cuektp FD MS m/z (%): 108(12), 117(9), 135(29), 165(12), 181(5), 242(3) 292(5),
313 (100). [M"]]. Macc-cuextp Bbicokoro paspemenus (HR MS, ESI) mns
COeMMHEHUs co CTpykTypHOoH dopmymnoit Ci,H;ONyFS  mokazan  crnenyromue
3HaueHus: PacuérHoe 3Hauenue (m/z): 312.02872, skcriepuMeHTaIBHO MOTYYECHHOES
3HaueHue (m/z): 312.02858. Onementnpii anamu3 (%  MaccoBOW  JI0JIH)
npoaemMoHcTpupoBasl: Pacuérnele 3nauenms: C, 46.17, H, 2.27; N, 17.95,
sKcIiepuMeHTanbHbIe nannbie: C, 45.98; H, 2.05; N, 17.81.

Cunre3 2-(4-¢propdenuns) amuHo-7-(Tpudropmernin)-5-oxco-SH-1,3,4-
THAAUA3010[3,2-alnupumuanna (Sb). K pactBopy coenunenuss 2-6pomo-
7(TpudTopmMeTII) 5-okco-5H—1,3,4—Tnanuazoino[3,2—a] NUPUMHUINHA (3)
(0,333 mmomb, 1,0 5kB.) B MeTaHOJEC NPH KOMHATHOW TeMmIepaType A00aBisiian 4-
¢roparnma (0,666 Mmmonb, 2,0 3kB.). PeaknMoHHYI0 CMech TepeMEIIMBaId TpU
KOMHATHOW TeMIlepaType B T€UEHHE 5 YacoB, MOCJE YEero HArpeBaju 10 KUIICHUS U
MpOAOJLKAIM HarpeBanue emie 20 MUHYT i 3aBepuIeHUs peakuuu. 110 okoHuaHuun
peakuu cMech oxjaxnaanu a0 25 °C u no0aBisiiM JEISHYI0 BOAY, CIIOCOOCTBYS
OCXKJIEHUIO TIPOIyKTa. BhimaBmmmii ocaok oThUILTPOBBIBAIIN, POMBIBAIH BOJOU U

BBICYIIIMBAJIA B BAKYYMHOM JKCUKATOPE.
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Beixon mpoaykra coctasisieT 97 Mr (90 %), npencraBisieT )KEATOE TBEPIOE
BemectBo ¢ T.w1. 321 — 322 °C. SIMP 'H (CD3SOCD;), 8, m. ., ' 6.85 (s, 1H,
CHuetar), 7.23-7.33 (M, 2H, CHa,), 7.61-7.66 (M, 2H, CH,,), 10.86 (¢, 1H, NH). SIMP
B3C (CD5sSOCDs), 8, M. ., I'i.: 106.64 (x, %) = 3.10, CHyetar), 115.66 (1, 2 = 22.67,
CHap), 119.88 (1, °J = 7.96, CH,y), 120.35 (x, ) = 275.71, CFs), 136.01 (1, *J = 2.75,
Cap), 147.71 (x, 2 - 3521, C-CF5), 153.84 (Cap), 154.43 (Cyp), 157.78 (m, =
240.32, C-F), 160.76 (Cap). UK-cnextp, v, em™: 108(5), 126(11), 137(11), 155(29),
165(17), 196(3), 262(2), 303(2), 330(100), 538 (cmad). 684 (cpen), 3313775 (cpen),
835 (cunwh), 917(cpen), 1010 (cpen), 1085 (cpen), 1134 (cpen), 1195 (cpen), 1237
(cpen), 1277(cunbn), 1320 (cnad), 1420 (cunbH), 1494 (cunbh), 1558 (cpen), 1583
(cpen), 3026 (cmab), 3265 (cmab), 3080 (cpexn), 3220 (cnab). Macc cnexktp FD MS
m/z (%): [M"]. Macc-cnextp Bbicokoro paspemenus (HR MS, ESI) s
coeMHEHUs co CTpykrypHor dopmymnoit CioHgONyF3S  mokazan  cienyromue
3HaueHusa: PacuérHoe 3Hauenue (m/z): 330.01931, skcriepuMeHTaIBLHO MOTYYEHHOE
3HaueHue (m/z): 330.01927. DnementHsii aHamu3 (%  MaccoBOW  J10JM)
npoaemMoHcTpupoBasl: Pacuérnele 3mauvenms: C, 43.65; H, 1.84; N, 16.97,
aKcriepuMeHTanbHblie nanneie: C, 43.38; H, 1.59; N, 16.73.

Cunre3 2-(3-merokcudenus) amuHo-7-(Tpudropmerni)-5-oxco-5H-1,3,4-
THaANa30J10[3,2-aJnupumvuauna (5¢). K pactsopy 2-6pomo-7-(Tpudropmerii)-5-
okco-5H-1,3,4-tnaguazono[3,2-a] mupumuauHa (3) (0,333 mmomb, 1,0 3kB.) B
METaHOJIE TPU KOMHATHOW TeMIepaType Mpu TNepeMeluBaHuu 100aBmsum  3-
MetokcuanuiuH (0,666 mmonb, 2,0 5kB.). PeaklIMOHHYIO CMeCh BBIAEPKUBAIUA TPU
NepeMEeITMBAaHUN TIpY KOMHATHOW TEMIIepaType B TEUEHHE S5 YacoB, IOCIE YEero
JIOBOJIUJTA JIO KWTICHUS M HArpeBalid MpU OOpaTHOM XOJOIWiIbHUKE B TeueHue 20
MuHyT. [lo 3aBepuieHUN peaknuu cMech OXJIKIAIH JO0 KOMHATHOW TeMIIepaTypbl
(25 °C), mocme wero mnprIMBaNH neAsHyro Boay (20 mul), 4TO MPUBOJIUIIO K
OCAXKJEHUIO TIeIeBoro mpoaykra. OOpa3oBaBIIMICS 0OCAaNOK OT(HIBTPOBBIBAIH,
IIPOMBIBAJIM BOJOM 10 HEUTPAIBHOM pPEaKUUU U BBICYLIHBAJIM B BaKyyMHOM

skcukaTope Haj P2Os 10 TOCTOSHHON MaccChl.

61



111_4/]\\

—_() 5¢

CF3

Beixoa npoaykra cocraBisieT 90 mr (60 %), Oeioe TBEpAOE BEIIECTBO C T.ILI.
296 — 297 °C. SIMP 'H (CD3SOCD3), 8, M. 1., T'i: 3.77 (¢, 3H, OCHa, 6.73 (az, %) =
8.13, 41 = 1.97, 1H, CHyy), 6.85 (c, 1H, CHperar), 7.12 (mn, °J = 8.06, %) = 1.43, 1H,
CHay,), 7.27-7.34 (M, 2H, CHa,), 10.86 (c, 1H, NH). IMP BC (CDsSOCDy) 8, M. 1.,
I'm.: 55.11 (OCHjs), 104.69 (Cap), 106.96 (k, 3) = 3.32, 108.57 (CHap), CHuetar),
110.75 (CHap), 120.67 (x, 1) =274.63, CF,), 130.21 (CHap), 139.92 (CH,,), 148.03
(x, %) = 3491, C-CF3), 154.05 (Cap)s 154.76 (Cap), 159.93 (CAry,,), 161.04 (Cyp),
HK-cnektp, v, em™: 551 (ciab), 658 (cpen), 704(cpen), 818 (cpen), 834 (cpen), 954
(cpen), 1043(cnab), 1088 (cnad), 1148 (cunwh), 1272 (cunbH), 1297 (cnab), 1336
(cnmab), 1422 (cpen), 1496 (cunbH), 1566 (cunbh), 1664 (cunbH), 2955 (cnab), 3093
(cmab), 3223 (ciad), 3276 (cmab). Macc criekrp FD MS m/z (%):106(12), 138(7),
167(21), 181(10), 313(5), 342(26), 343 (100), [M",]. Macc-CeKTp BBICOKOTO
pazpemiennss (HR ~ MS, ESI) ana  coenuHeHus co  CTPYKTYpHOM
dbopmynoit C13HgO,N4F3S mokazan crnenyromue 3HadeHus: PacuéTHoe 3HaueHwHe
(m/z): 342.03929, skcrepuMEHTaIbHO TMOJydYeHHOe 3HaueHue (m/z): 342.03928.
OnemeHTHbI aHamu3 (% MaccoBoil J07M) NpoAeMOHCTpupoBan: PacuérHele
sHaueHus: C, 45.61; H, 2.65; N, 16.38, skcnepumentanbable ganubie: C, 45.55; H,
2.36; N, 16.06.

Cunre3 2-(4-3Troxcudennmn)amMmuHo-7-(TpudpTopmMeTnir)-5-oxco-5H-1,3,4
THAANa30,10[3,2-a|nupumuauna (5d). B kpyrmomgonnyto kon0y BHOCHIU 2-OpoMo-
7-(TpudTopmerun)-5-okco-5H-1,3,4-tnaguazono[3,2-a] nupumuaua (3) (0,333
MMOJib, 1,0 9KB.) M pacTBOpSJIM B METaHOJIE MNpH KOMHATHOW Temieparype. K
MOJIYYCHHOMY PacTBOPY MpH TMepeMenuBaHuu n00aBmsum 4-srokcuanuivH (0,666
MMoib, 2,0 3KB.). PeakIMOHHYIO cMecChb MEpeMEelIMBaM TpU KOMHATHOU
TEeMIEpaType B TE€UEHUE 5 YacoB, MOCJE YEro HarpeBayu 10 KumneHus (pedirokc) u

npoaospkanu  HarpeBanue emé€ 20 wmuHyT. I[lo 3aBepieHuMM peakiMu CMECh
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0
oxnaxnamu g0 25°C, 3arem n00aBIsUM JIEASHYIO BOXY, BBI3bIBAsS OCAXKICHUE
npoaykra. OOpa3oBaBLIUIICS OCaJAOK OTQHILTPOBBIBATIN, MPOMBIBATH XOJOTHOU

BOI[Oﬁ BBICYIIHWJIN B BAKYYMHOM 3KCHUKATOPC O0 MMOCTOSIHHON MacCCHhlI.

—\Dﬁ*
N

Brixoa mpoaykra cocrasisieT 104 mr (90 %), Genoe, xENToe BEMISCTBO C T.IL.
287 — 288 °C. SIMP 'H (CD3SOCD;), 8, m. x., T’z 1.33 (1, %1 = 6.95, 3H, 4.01 (c, %) =
6.98, 2H, CH,), CHs), 6.85 (c, 1H, CHyerar), 6.97 (11, %) = 9.06, 2H, CH,,), 7.50 (1, %
= 9.05, 2H, CHy,p), 10.65 (c, 1H, NH), SIMP BC (CDsSOCD3), 8, M. ., ' 14.64
(CHs), 63.24 (OCH,), 106.86 (k, °J = 3.28, CHrer-ap), 115.00 (CHyp), 120.28 (CHay),
120.71 (x, J = 274.70, CF3), 131.98 (Cap), 147.92 (k, 2) = 3521, C-CF,), 154.36
(Cap), 154.73 (Cap), 154.92 (Cyp), 161.02 (Cap). UK-criextp, v, cm™: 580 (cpex), 660
(cpen), 793(cnab), 835 (cunbh), 917(cpen), 1047 (cpen), 1186 (cpen), 1272 (cpen),
1392 (cnab), 1430 (cnad), 1480 (cpem), 1500 (cumbH), 1587 (cpen), 1662 (cunbH),
3028 (cnad), 3074 (cnad), 3204 (cnab), 3264 (cnad). Macc cnektp FD MS m/z (%):
(100), 92(4), 108(6), 133(11), 135(12), 165(6), 181(12), 196(13), 326(20), 327(24),

n
=

[M*,]. Macc-ciextp Beicokoro paspemenus (HR MS, ESI) mis coemuHeHus co
cTpykrypHoi hopmymnoit Ci4H110,N4F3S mokazan cnenyromue 3naueHus: PacuérHoe
3HaueHue  (m/z): 356.05494,  oSKCnepUMEHTATLHO  TOJYYEHHOE  3HAUYCHUE
(m/z): 356.05397. Dnementusbiii anaau3 (% MaccoBOH HOJH) MPOAEMOHCTPHUPOBAI:
Pacuérnnie 3nauenus: C, 47.18; H, 3.12; N, 15.73, skcniepumeHTanbHbie nanHbie: C,
47.33; H, 2.87; N, 15.46.

Cunre3 2-(4-i-mpommundennna)amMmuHo-7-(Tpudpropmernii)-5-oxco-5H-1,3,4-
THAAMa30,10[3,2-a|lnupumuauna (Se). B kpyrnomonHyo konly, CcHaOXEHHYIO
MarHUTHOM MeEIIAJIKOW W OOpaTHBIM XOJOJIWUIBLHUKOM, 3arpyxkamu 2-0pomo-7-
(Tpudropmermin)-5-okco-oH-1,3,4-tuaaunazonol3,2-a] nupumuaud (3) (0,333 mmoub,
1,0 5KB.) 1 pacTBOPSUIM B METAaHOJIE MPU KOMHATHOU Temmieparype. K nmomyyeHHOMy

pacTBOpy IpH INepeMemnBaHun 100apisuiu 4-u3onpomwianwimi (0,666 mMons, 2,0
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9KB.). PeakimonHyto cMech nmepeMenmmBany npu temmeparype 20 — 25 °C B Teuenue 5
4acoB, 3aT€M HarpeBajd a0 KumeHus (pediiokc) U BBLACPKHUBAIA TPH ITOU
temriepatype emé€ 20 munyt. Ilocie 3aBepiieHUs peaklUyd CMECh OXJIAKIAIH 0
KOMHATHOH Temeparypsl (25 °C), MpUIHBATH JEISHYIO BOIY BBI3HIBAS OCAMKICHHE
npoaykTa. OOpa3oBaBIIMICS 0CaZ0K OTHUIBTPOBBIBAIM MO BAKYYMOM, IPOMBIBAIIU
XOJIOAHOM BOJIOM M CYIIWJIM B BaKyyMHOM 3KcukaTope Haj P2Os 10 mocTosHHOM

MacCCHI.
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Beixon npoamykra cocraBusier 102 mr (87 %), mpeacraBiser KOpHYHEBOE
TBEPJI0€ BEIIECTBO C T.ILI. 242 — 243 °C. sIMP 'H (CD3SOCD3), 6, m. a., I'mi: 2.82-
2.94 (m, 1H, CHi-Pr), 1.21 (a, 3J = 6,91, 6H, CHj3). 6.85 (c, 1H, CH yet-ar), 7.28 (1, 3J
= 8.48, 2H, CHy,yp), 7.53 (m, 3)J = 8.59, 2H, CH,,), 10.77 (c, 1H, NH). SAMP B¢
(CD3SOCDsg) 6, M. a., I'u.: 23.87 (CH3), 32.84 (CHi-np), 106.88 (x, 3J = 2.85, CH
Het-ar), 118.64 (CHap), 120.71 (x, 1J = 274.85, CF3), 127.07 (CHap), 136.67 (Cap),
143.85 (Cap), 147.96 (x, 2] = 34.92, C-CF;), 154.18 (Cap), 154.76 (Cap), 161.06
(Cap). UK-cnextp, v, cMm-1: 3262 (cnad), 542 (cpen), 658 (cmab), 761 (cmad), 841
(cpen), 914 (cpen), 1012 (cna6), 1138 (cunwn), 1184 (cpenm), 1276 (cpenm), 1417
(cpen), 1501 (cmubH), 1613(cpen), 1662 (cunbH), 2966 (cnabd), 3200 (cnmabd). Macc
cnektp FD MS m/z (%): 92(9), 104(4), 117(9), 118(8), 143(7), 146(9), 158(3),
176(5) 338(100), 355 (49). [M+,]. Macc-ciektp Bbicokoro paszpemienusi (HR MS,
ESI) s coemunenuss co crpykrypHorr  dopmynoi CisHisONgF3S  mokazan
cieayrome 3HadeHus: PacuétHoe 3HaueHue (m/z): 354.07568, skcrnepuMeHTaIbLHO
noyiyueHHoe 3HadeHue (m/z): 354.07544. DnementHoiii aHanmu3 (% MaccoBOW JTOJIH)
npoaemMoHcTpupoBasl: Pacuérneie 3Hauenus: C, 58.85; H, 3.71; N, 15.82,

sKcrepuMeHTanbHbie Aanubie: C, 58.45; H, 3.57; N, 15.37.
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Cunre3 2-(4-amunopenna)aMuHo-7-(Tpudpropmernii)-5-oxco-5H-1,3,4-
THaaua30/10[3,2-a|jnupumuauna (5f). B xpyrnomonHyro konly, OCHaIIEHHYIO
MarHUTHOM MeIIaJKOW W OOpaTHBIM XOJOJUJIBLHUKOM, 3arpyxkaiu 2-0pomo-/-
(tpucdropmerin)-5-okco-5H-1,3,4-tuaanazono[3,2-a] mupumuanH (3) B KOJIUYECTBE
0,333 mmoub (1,0 2KB.) U pacTBOPSJIM B METaHOJIE PU KOMHATHOM TemnepaTtype. K
MOJIy4eHHOMY pacTBOPY IMpU TMOCTOSSHHOM TiepeMeluBaHuu Jobasmsum  1,4-
dbenunenauamMud B konmdectBe 0,666 mmonb (2,0 9kB.). PeakmuoHHyo cmech
BBIICPKUBAII TIPH TeMIIepaType okpyxatomeii cpemst (20 — 25 °C) B TeucHue 5
4acoB, oOOecreynuBas TOMOIE€HHOCTb M 3(QQEKTHUBHBIM KOHTAKT peareHToB. Jliis
3aBEpILIEHUS PEAKIUU CMECh HArPEBajIM JI0 KUNIEHUSI C OOPATHBIM XOJIOAWIBHUKOM U
BBIJICPKUBAJIM TIPU JaHHOW Temmeparype B TedeHue 20 muHyT. Ilo okoHuUaHuH
peakluUu PEaKUHOHHYI0 CMECh OXJIaXIadu 0 KOMHATHOM Temrmeparypbl (OKOJO
25°C) u Kk Hell MeIICHHO HOGABISUIH MPEIBAPUTEIBHO OXJIAKICHHYIO BOLY HTO
CHOCOOCTBOBAJIO OCaXJACHUIO LEIEBOr0 MpPOAYyKTa. BhimaBmmii ocajok OTAEISIN
(UIBTPOBAHUEM MOJ BAKYYMOM, MPOMBIBAIN XOJIOAHOW AUCTHIIMPOBAHHOW BOAOM
N0 YJaJ€HUsl pacTBOPUMBIX MPUMECEH M CYIIWIM B BAaKyyMHOM 3KCHUKATOpPE Ha

dhochopHBIM aHTUAPUAOM JI0 TOCTOSTHHON MaCCHI.
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Brixoa npoaykra cocrasnsier 72 mr (65 %), 3enéHoe TBEP10€ BELIECTBO C T.ILI.
313 — 314 °C. SIMP 'H (CD5SOCDy), 8, M. x., I'ii: 5.08 (c, 2H, NH,), 6.56 (x, 3] =
8.87, 2H, CHap), 6.78 (¢, 1H, CH wet-ar), 7.18 (m, 3J = 8.76, 2H, CH,,), 10.37 (¢, 1H,
NH). SIMP “*C (CD3SOCD3), 8, M. x., I'w.: 106.72 (x, 3] = 2.73, CH pear). 114.47
(CHap), 120.64 (x, 1J = 275.02, CF3), 121.32 (CHa,), 128.17 (Cpp), 146.54 (Cap),
147.81 (x, 2J = 34.77, C-CF3), 154.72 (Cap), 155.34 (Cap), 160.91 (C,p). HK-
criekTp, v, cMm-1: 567 (cnad), 616 (cnab), 688 (cnad), 791 (cnad), 812 (cnmabd), 832
(cunbh), 916 (cpen), 1012 (cpen), 1184 (cunbh), 1263 (cunbh), 1274 (cunbh), 1555
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(cpen), 1663 (cunmbh), 3082 (cmad), 3383 (cnmabd), 3477 (cnab). Macc cnexktp FD MS
m/z (%): 93(20), 108(12), 118(5), 125(10), 133(58), 132(19), 135(5), 166(3), 180(4),
327 (100), [M+,]. Macc-criektp Bbicokoro paszpemenus (HR MS, ESI) s
COeMHEHUs CcO CTpyKTypHOU Qopmynoit C;HgONsF3S  mokazan  cienyromiue
3HaueHus: PacuétHoe 3HaueHue (m/z): 328.04745, skcrieprMEHTAIBHO MOJYYCHHOE
3HaueHue (m/z): 328.04826. DOnementHoii anamu3 (%  MaccoBOW  JI0JIM)
npoaemMoHcTpupoBai: Pacuétasie 3Hauenus C, 44.03; H, 2.47; N, 21.4I,
sKcrepuMeHTanbHbie AaHubie: C, 43.88; H, 2.07; N, 21.17.

Cunres 2-ajuInJaaMuHo- 7/ -(tpudpropmeTnin)-5-okco-5H-1,3,4-
THAAUA3010[3,2-alnmupumuanna (5g). B KkpyrioaoHHyI0 KoJIOy OCHaIIEHHYIO
MarHUTHOM MEIIAJIKOW U OOpaTHBIM XOJIOAWIIbHUKOM, 3arpyxamu 0,333 mmouns (1,0
9KB.) 2-0pomo-7-(TpudTopMeTnn)-5-okco-5H-1,3,4-tnaauazono|3,2-a|nupuMuInHa
(3). K coemunenuto A00aBISIIM METAaHOJI W TIOJYYEHHBIM PACTBOP TIIATEIBHO
MEePEMEIINBAIM JI0 MOJHOIO PACTBOPEHHUSI. 3aTEM MPU MOCTOSIHHOM IEPEMEIINBAHUUI
BBOJWJIN aJUTMjIaMuUH B KosinuectBe 0,666 mMmonb (2,0 3kB.). PeakiimoHHyio cMmech
nepxan rpu Temmeparype 20 — 25 °C B Tedenue 5 4acoB s 06ECIICUCHHS TTOTHOTO
B3aUMOJICUCTBUSI peareHTOB. [lo OKOHYAaHUM BBIJECPKKH PEAKIMOHHYIO CMECh
HarpeBaJid JI0 KUIIEHUS C OOPATHBIM XOJIOJUIBHUKOM M KUISATWIM B TedeHue 20
MUHYT [JIs 3aBEplICHHs] peakuuu 3amenieHud. llocie oxmnaxaeHuss cMmecu [0
KOMHATHOM TemrepaTypbl (25 °C) k Heil MemwIeHHO ROGABIAIHA OXJIAKIEHHYIO
JTUCTUIUIUPOBAHHYIO BOAYy 20 MJI, UTO CITIOCOOCTBOBAJIO BBIMAJICHUIO OCAJIKA IEJIEBOTO
npoaykra. [lomyyeHHbI ocajioK OTHENsUIM BaKyyMHOM (uiibTpanuei, npoMbIBaIv
XOJIOHOW JHUCTUJUIMPOBAHHOM BOJOM [0 YyAAJICHUS PACTBOPUMBIX IIPUMECEH U
CYIIWJIN B BaKyyMHOM JKCHKaTtope Haa (PochOopHBIM aHTHIPUAOM 10 TMOCTOSHHOUN

MAacCCHI.
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Beixon npoaykra coctasusier 70 mr (75 %), TBEpHoe Oenoe BEWECTBO C T.ILL
248 — 250 °C. SIMP 'H (CDCly), 8, m. ., T'ii: 3.98 (z, 3J = 5.07, 2H, CH,), 5.16-5.35
(M, 2H, CH=CHy), 5.86-6.00 (M, 1H, CH=CH,), 6.75 (¢, 1H, CHpetar), 8.55 (c, 1H,
NH). SIMP C (CDCls), 8, m. 1., I'i.; 48.87 (CH,), 106.95 (k, *J = 1.78, CHyetar),
118.84 (CH), 120.48 (x, ') = 274.31, CF3), 132.15 (CH,), 150.03(x, %) = 35.21, C-
CF3), 156.10 (Cap), 160.17 (Cap), 161.15 (C 4p). UK-cekrp, v, cM™: 3318 (cubH),
3104 (cnab), 2913 (cnab), 2845 (cnab), 1657 (cunbn), 1582 (cunph), 1497 (cunbh),
1422 (cunbh), 1278 (cunbH), 1175 (cunbh), 1133 (cunwn), 1084 (cpen), 916 (cpen),
852 (cpen), 759 (cpen), 661 (cpen), 531 (cpen). Macc ciektp FD MS m/z (%): 277
(100), 276(9), 258(13) 195(26), 181(29), 167(19), 164(12), 137(17), 122(9), 100(8),
94(19), [M",]. Macc-cniektp Bbicokoro paspemenus (HR MS, ESI) a1s coenuneHus
co ctpykTypHOi popmymoit CoH;ON4F3S mokazan ciemyrontue 3HadeHus: Pacuéraoe
3HaueHue (m/z): 276.02872, sKCIEpUMEHTAIBLHO IMOJYyYEeHHOE 3HaueHue (m/z):
276.02867. OnementHwli aHamu3 (% MaccoBOM JIOJM) TPOJAEMOHCTPUPOBAI:
Pacuéranie 3nauenns C, 39.14; H, 2.56; N, 20.29, skcnepumenTanbabie ganHbe: C,
38.97; H, 2.44; N, 19.86.

Cunres 2-H-nponMJIaMUHO-7-(TpUpTOPMETH)-5-0KC0-5H-1,3,4-
THaaMa30,10[3,2-a|lnupumuauna (Sh). K pacreopy 2-6pomo-7-(Tpudropmerni)-5-
okco-5H-1,3,4-tnanuazono[3,2-a] nupumuauHa (3) (0,333 mmonb, 1,0 2kB.) B
METaHOJIe TIPU KOMHATHOM TemmepaType no0aBisiiiu N-npornuiaMud (0,666 MMOIb,
2,0 7kB.). PeaknmoHHyl0 cMech NEpeMElIMBald MPU KOMHATHOW TEMIIEpaType B
TEUEHUE 5 YacoB, MOCJIE HArpeBaiu J0 KUIICHUS U MPOAOJLKaIM Harpeanue eme 20
MUHYT JUIsI 3aBepIICHUs peakiuu. [Io OKOHYaHWUM peakluh CMECh OXJIAKIATH 0
25°C u go6GaBIsUIH NEMSHYIO BOLY, CIIOCOGCTBYS OCAXKICHHIO MPOAYKTa. BhImaBmmit
0CaJIoK OTACSUIM (UIBTPOBAHHEM, MPOMBIBAIN XOJOJHONW BOJOW M CYIIWJIA B

BAKYYMHOM 3KCHKATOpPC 10 MOCTOSIHHOM MacChl.
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Brixoa nponykra coctasisieT 52 mr (30 %), TBEpmoe Genoe BEImEecTBO C T.IU.
253 — 255 °C. SIMP 'H (CDCls), 8, m. ., T'w: 1.00 (t, 3 = 7.25, 3H, CH5), 1.66-1.81
(M, 2H, CH,), 3.41 (x, ®] = 6.64, 2H, CH,), 6.74 (c, 1H, CHyetar), 6.87 (c, 1H, NH).
SIMP 3C (CDCly), 8, M. 1., Tiw.: 11.33 (CH3), 48.55 (CH,), 22.83 (CH,), 107.18 (k, *J
= 2.84, CHyperar), 120.55 (x, 13 = 274.33, CFs), 149.36 (x, 2 = 36.15, C-CF;), 156.02
(Cap), 160.25 (Cap), 162.86 (Cpp). UK-cnexrp, v, em™: 572 (cnab), 704 (cuish), 855
(cpen), 928 (cmab), 1006 (cnab), 1082 (cmab), 1084 (cpem), 1125 (cunbh), 1278
(cpen), 1505 (cunbh), 1662 (cwibH), 1596 (cunbh), 2871 (cnabd), 2974 (cnab), 3101
(cma0b), 3280 (cpen). Macc criektp FD MS m/z (%):93(12), 107(3), 122(5), 164(12),
167(13), 181(14), 195(19), 237(100), 248(39), 251(22), 258(10), 279 (50), [M™].
Macc-cnektp Bbicokoro pazpemenuss (HR MS, ESI) nana coenuHeHust co
ctpykrypHoii dopmyroir CoHgON4F3S mokaszan ciemyromume 3naueHusi: Pacu€tHoe
3HaueHue (m/z): 278.04438, sKCEepUMEHTAIBHO IOJIYyYEHHOE 3HadeHue (m/z):
278.04426. OnementHwli aHamu3 (% MaccoBOW J0JM) MPOAEMOHCTPUPOBAI:
Pacuétnnie 3nauenusa C, 38.86; H, 3.27; N, 20.15, gannsie: C, 38.83; H, 3.13; N,
19.58.

Cunres 2-n-0yTuaamMmuHo- /-(TpudTopmeTmi)-5-okco-5H-1,3,4-
THaana3on0[3,2-ajnupumuauna (5i). K pacreopy 2-6pomo-7-(tpudropmernn)-5-
okco-5H-1,3,4-tuaguazono[3,2-ajmupumuauna (3) (0,333 mmonb, 1,0 9kB.) B
METaHOJIe TIPU KOMHATHOW Temmeparype n1o0apisiu n-oyrtuinamut (0,666 mmornb, 2,0
9kB.). [lomyueHHYI0 pEaKIMOHHYI0 CMeCh TEepeMENIMBAId TMPU KOMHATHOU
TEMIIepaType B TE€UEHWE 5 YacoB, 3aTeM HArpeBajM JI0 KUICHHS W MPOAOIKAIN
kursiaeHue emé 20 MUHyT 11 3aBepIieHus peakiuu. [1o okoH9aHu# peakiuu cMech

oxXJIaKmanu 1o 25 °C u MEJIJIEHHO J00aBJsIM  JICASHYIO BOJAY, CIOCOOCTBYS
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OCaXJACHUIO MPOAYKTA. BrimaBmmii ocanok OTAeNsan (GUIbTPOBAaHUEM, MTPOMBIBAIN

XOJIOJHOM BOJOU U CYIIMJIM B BAKYYMHOM JKCHUKATOPE 0 MOCTOSHHOW MacCChI.
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Beixoa npoaykra cocraBisieT 64 mr (66 %), TBEpAOe Oelloe BEIIEeCTBO C T.ILI.
232 — 233 °C. SIMP 'H (CDCls), 8, m. 1., ' 0.96 (1, *J = 7.28, 3H, CH3), 1.34-1.48
(M, 2H, CH,), 1.63-1.72 (M, 2H, CH,), 3.44 (x, *]J = 6.35, 2H, CH,), 6.74 (c, 1H,
CHpetar), 6.79 (c, 1H, NH). IMP °C (CDCly), 5, m. a., T'm: 160.15 (Cy,), 160.08
(Cap), 155.92 (Cyp), 149.78 (x, 2J = 36.08, CCF3), 120.43 (x, "J = 274.97, CF3),
107.01 (k, %) = 3.21, CHuetar), 44.56 (CHy), 31.37 (CH,), 19.92 (CH,), 13.66 (CH5).
HK-cnekTtp, v, em™: 3305 (cpen), 2961 (cnab), 2937 (cnab), 1660 (cunbH), 1590
(cunbh), 1463 (cpen), 1422 (cpen), 1274 (cunbn), 1143 (cunbh), 1084 (cpen), 1012
(cpen), 848 (cunbh), 704(cpen), 657 (cnab), 615 (cnabd), 534 (cnad). Macc cniextp FD
MS m/z (%): 293 (39), 272(20), 265(61), 237(76), 220(12), 195(100), 180(26),
167(18), 164(26), 161(15), 147(10), 137(25), 220(12), 107(6), 97(24), 94(23), [M"].
Macc-cnexktp Bbicokoro pazpemenus (HR MS, ESI) nmna coenunenust co
ctpykrypHoir popmynon CioH1;ON4F3S mokaszan cnenyromue 3nauenus: Pacuérroe
3HaueHue (m/z): 292.06002, sKcrepuMEHTaIbHO TMOJYYeHHOE 3HaueHue (m/z):
292.06002. DOnementHwli aHamu3 (% MaccoBOW J0JM) MPOAEMOHCTPUPOBAI:
Pacuérnnie 3nauenusa C, 41.08; H, 3.78; N, 19.16, skcnepuMenTaibabie nanHbie: C,
40.84; H, 3.43; N, 18.95.

Cunres 2-N-neHTWJIaMHuHO- /-(TpudTopmeTn)-5-okco-5H-1,3,4-
THaana30,10[3,2-a|jnupumuauna (5j). K pacteopy 0,333 mmous (1,0 skxB.) 2-6pomo-
7-(Tpudropmernit)-5-okco-o5H-1,3,4-tuanuazonol 3,2-ajnupumunnaa (3) B MeTaHOJIE
pyu KOMHaATHOW TemrmepaTtype nobasisuin 0,666 mmonb (2,0 9KB.) n-NEeHTUIAMUHA.
PeakiimoHHyr0 CMeCh NEPEMEIIMBAIA IIPU 20-25°C B TeueHme 5 dacoB. 3areMm
PEaKIMOHHYI0O CMECh HarpeBajM JI0 KHUIIEHHUA C OOpaTHBIM XOJIOAWJIBHUKOM H

BBLAEPKUBAIIM NTPHU KuileHnn 20 MUHYT 10 3aBeplieHus peakuuu. [locie oxnoxaeHus
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JI0 KOMHATHOW Temmeparypsl (25 °C) K cMecH MeIeHHO [0GaBIIsIHN OXJIAXKIEHHYIO
BOJly, YTO MPUBOJUIIO K BhINAACHUIO ocajka. OcaloK OTAeHsIN (uibTpanuend moa
BaKyyMOM, TPOMBIBAJIM XOJOJHON BOJOM W CYIIMIM B BaKyyMHOM 3KCHKaTOpe
ITOCTOSTHHOM MACCBI.

0
N

|
~N
IIPCI][_N~< /&
ST SNT NCF;
5

Beixon mpoaykra coctaBisieT 74 mr (72 %), mpencraBiisieT TBEpAoe Oenoe
BemecTBo ¢ T.uL. 219 — 220 °C. SIMP *H (CDCls), 8, m. 1 6.74 (¢, 1H, CHpetar), 3.42
(x, %) = 6.52, 2H, CH,), 1.63-1.74 (v, 2H, CH,), 1.33-1.39 (m, 4H, CH,), 0.92 (t, %] =
7.11, 3H, CHs). AMP °C (CDCly), 3, m. 1., T'w.: 160.32 (Cap), 160.13 (Capy), 155.93
(Cap), 149.8 (x, 2) = 36., T 6.95 (c, 1H, NH), 08, CCF5), 120.40 (x, *J = 274.85,
CF3), 106.92 (x, %) = 3.01, CHyetar), 46.94 (CH,), 29.06 (CH,), 28.75 (CH,), 22.27
(CHy), 13.91 (CH3). UK-cniexTp, Vv, em™: 3312 (cpen), 2960 (cnab), 2935 (cnad),
1661 (cunpH), 1589 (cunbH), 1500 (cunbh), 1423 (cpen), 1391 (cpen), 1275 (cpen),
1143 (cunbh), 1082 (cpen), 1013 (cnad), 846 (cunbh), 748 (cmad), 705(cunbh), 656
(cpen), 533 (cmab). Macc cnektp FD MS m/z (%): 307 (27), 292(13), 286(17)
277(46), 272(15), 262(10), 251(40), 248(72), 236(16), 235(100), 220(10), 195(88),
180(22), 148(32), 165(15), 164(20), 163(13), 137(20), 112(20), 94(19), [M",]. Macc-
cnektp Bbeicokoro paspemieHusi (HR MS, ESI) nns coemunenust co CTpyKTypHOU
dbopmynont Ci1H130N4F3S mokazan cnenyromue 3Hauenusi: Pacu€THoe 3HaueHHE
(m/z): 306.07567, skcnepuUMEHTaIbHO MOJy4yeHHoe 3HadeHue (m/z): 306.07526.
OnemenTHel aHamu3 (% MaccoBod J0nu) mpoAeMOHCTpupoBaid: Pacu€THbie
sHauenus: C, 43.12; H, 4.27; N, 18.28. sxcniepumentanbubie nannsie: C, 43.17; H,
4.04; N, 18.14.

Cunres 2-[2-(mmMeTHIIaAMHHO)-3THJI|AMHHO- 7 -(TPHPTOPMETHII)-5-0KCO-
S5H-1,3,4-tuaauazono|3,2-ajnupumuauna (5k). K pacreopy 0,333 mmous (1,0 3kB.)

2-6pomo-7-(TpudTopmernn)-5-okco-5H-1,3,4-tnagnazono|3,2-ajnupumuanaa (3) B
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METaHoJe MpH KOMHATHOM Temmeparype aobammsuin 0,666 mmons (2,0 3kB.) 2-
0
(IMMeTHIIaMUHO )3TaHOJJaMuHA. Peakmonnyto cmech nepemermmBanmm mpu 20-25°C B
TEYEHUE 5 4yacoB. 3aTeM PEaKIMOHHYI0 CMECh HarpeBalid JI0 KUIEHHUS ¢ OOpaTHBIM
XOJIOAWJIBHUKOM M BBIAEPKUBANIN MPU KUIIeHUH 20 MUHYT J0 3aBEPIICHUS PEAKIIMH.
. 0

[Tocne oxyoxaeHus 10 KOMHaTHOU Temmeparyphl (25 “C) k cMecHu MEIJICHHO
N00aBIISITA OXJIAXKAEHHYIO BOJY, YTO MPUBOJUIIO K BBINMAJICHUIO Ocajika. Brimasmimii
0CaJI0K OT(PUIBTPOBBIBAIM TOJ] BaKyyMOM, ITPOMBIBAJIA XOJIOIHOM BOJIOM M CYIIHIN

B BAKYYMHOM 3KCHKATOPC 10 MMOCTOSIHHOM MacChl.
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Beixon mpozaykra cocrasiser 45 mr (45 %), xéEnroe TBEPIOE BEIIECCTBO C T.ILI.
242 — 243 °C. SIMP 'H (CDCl,), 8, m. 1., T’ 8.93 (1, % = 5.17, *H, NH), 6.73 (c, 'H,
CHuyetar), 4.02 (, °J = 5.34, 2H, CH),), 3.44 (1, ) = 5.22, 2H, CH,), 2.94 (c, 6H, CHy).
SIMP °C (CDCly), 8, m. 11, T11.: 161.34 (Cap), 158.14 (Cap), 155.93 (Cap), 149.43 (k,
2J =36.14, C-CF3), 120.31(x, ] = 276.16, CF3), 107.22 (, ) = 3.20, CHyetar), 57.12
(CH,), 43.84 (CHj3), 39.02 (CH,). MK-criextp, v, cm': 3278 (cpen), 2983 (cnab),
2953 (cnab), 2882 (cmabd), 2861 (cnab), 2780 (cnad), 1675 (cunbn), 1570 (cunbh),
1485 (cpen), 1426(cpen), 1340 (cnab), 1274 (cpen), 1141 (cunbn), 1011 (cnad), 918
(cmab), 844 (cumbh), 702 (cunbH), 657(cnab), 678 (caad). Macc ciiektp FD MS m/z
(%): 306 (2), 264(5), 248(2), 197(2), 180(2), 161(4), 94(6). Macc-cieKTp BBICOKOTO
pazpemenuss (HR MS, ESI) nns coemuHenust co CTPYKTypHOU (opmymoit
C11H13ON4F3S  mokasanm  cneayromue 3HaueHusi: PacuérHoe 3Hadyenwe (M/z):
308.07875, sxcnepuMeHTaIBHO TIONTy4eHHoe 3Hauenue (m/z): 308.07907, (ESI, M +
Na) Beramcinern musa CioHi;ONsF3S: 330.06068, maitneno: 330.06071. DnemMeHTHBIN
ananu3 (% mMaccoBoil 101M) npoieMoHcTpupoBal: Pacuérueie 3Hauenus: C, 39.08; H,

3.93; N, 22.78, skcnepumenTanbhbie gannabie: C, 39.05; H, 3.67; N, 22.36.
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Cunre3 2-MeTHITHAPAZHHWI-/-(TpUudTOopMeTHII)-5-0KC0-5H-1,3,4-
THAAUA3010[3,2-ajmupumuauna (51). K pactsopy 0,333 mmons (1,0 35kB.) 2-6pomo-
7-(Tpudropmernin)-5-okco-5H-1,3,4-tuanuazonol 3,2-ajnupumuinHa (3) B MeTaHOJIE
Ipy KOMHATHOUN Temneparype ao6asisin 0,666 Mmons (2,0 3KB.) METUIATHIPA3HHA.
PeakiinoHHyI0 CMECh NEpPEMEIIUBAIA IIPU 20-25°C B TeueHme 5 wacoB. 3areM
PEaKIMOHHYI0O CMECh HarpeBajM JI0 KHUIIEHUA C OOpaTHBIM XOJIOAWJIBHUKOM H
BBIJICPKUBAJIN ITpY KUnieHnn 20 MUHYT A0 3aBepIIeHus peakuuu. [locne oxnoxnenus
110 KOMHATHOH Temmepatyps! (25 °C) K cMecH MEUICHHO T0GABISIIH OXJIaXISHHYIO
BOJY, YTO MPUBOAMIIO K BBIMAJAEHUIO ocaaka. Ocaok OTASIsUIN (UIbTpAIHen Mo
BaKyyMOM, IPOMBIBAJIM XOJOAHOW BOJON M CYIIMIM B BAaKyyMHOM JKCHKaTOpe IO

MOCTOSIHHOM MaccChl.

Beixon mpoaykra coctasisieT 47 mr (51 %), npencraBiser TBEpAOE KENTOE
BemecTBo ¢ T.uL. 272 — 273 °C. SIMP 'H (CD3;SOCDy), 8, M. 1., I': 6.72 (c, 1H,
CHpyetar), 5.76 (¢, 2H, NH,), 3.25 (¢, 3H, CHs). SIMP *C (CD3;SOCD3), 8, m. 1., T'ii.:
165.21 (Cap), 162.43 (Cap), 154.77 (Cap), 147.34 (x, °J = 34.65, C-CF3), 120.65 (x, J
=274.8, CF3), 106.25 (x, °J = 3.03, CHyetar), 39.87 (CHs). UK-criextp, v, cm ™ 3283
(cmab), 3236 (cnabd), 3196 (cnabd), 1650 (cunwhH), 1505 (cunbh), 1409 (cuibH), 1384
(cpen), 1292 (cpen), 1181 (cumpH), 1124 (cunbH), 1058 (cpen), 1000 (cnab), 849
(cpen), 737 (cpen), 646 (cnad), 623 (cnab). Macc ciektp FD MS m/z (%): 266 (99),
245(13), 221(10), 180(25), 163(92), 147(5), 121(8), 94(18), [M",]. Macc-cnekTp
Bbicokoro pazpemenust (HR MS, ESI) nns coenurenus co cTpykTypHO# dhopmyroin
C7HgONsF5S nokaszaja cienayroue 3HaueHus: Pacu€tHoe 3HaueHue (m/z):
265.02397, oSKCHEpUMEHTANBLHO TOMy4YeHHOe 3HaueHue (m/z): 265.2408.
OnemeHTHbI aHamu3 (% MaccoBOMl 0JM) NpOoAEeMOHCTpupoBan: PacuéTHbie
sHauenust C, 31.70; H, 2.27; N, 26.42, sxcniepumentaibubie nannsie: C, 31.65; H,

2.07; N, 25.96.
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Cunre3 2-au-n-0yTuaamMuHo-/-(TpudropMeTmii)-5-okco-5H-1,3,4-
THAaMa30,10[3,2-a|lmupumuauaa (Sm). K pacteopy 0,333 mmons (1,0 3kB.) 2-
opoMo-7-(TpudTopmermin)-5-okco-5H-1,3,4-tuanuazono[3,2-ajnupumuaraa  (3) B
METaHOJIe TIPU KOMHATHOUM Temmepatype nodasisi 0,666 mMons (2,0 5kB.) nu-n-
GyTHIaMHHA. PeakioHHyI0 cMech nepemennBati npu 20-25°C B TeueHHe 5 4acoB.
3aTeM peakIMOHHYI0 CMECh HarpeBajiu J0 KUIIEHHUS C OOpPaTHBIM XOJOJWIBHUKOM U
BBIJICPKUBAJIN ITpU KulleHnH 20 MUHYT 110 3aBepuieHus peakuuu. [locime oxmaxnenus
110 KOMHATHOH Temmepatyps! (25 °C) K cMecH MEUICHHO T0GABISIIH OXJIaXISHHYIO
BOJAY, YTO TPHUBOAWIO K BBINAACHHIO ocanka. Ocalok OTQMIBTPOBBIBATIHN O]
BaKyyMOM, NPOMBIBAIM XOJOJHOW BOJOH M CYIIMIHM B BaKyyMHOM OHKCHKAaTOpE

MOCTOSIHHON MacCChlI.

®)

nBu\ N\N
/N—< /L
nBu S >
5m N CF3

Brixon npoaykra coctaBisieT 77 Mr (67 %), )kE€nToe TBEPAOE BEIIECTBO C T.ILI.
94 — 95 °C. SIMP 'H (CD;SOCD3), 8, M. 1., I': 6.76 (¢, 1H, CHyerar), 3.41 (T, %) =
7.43, 4H, CH,), 1.56-1.67 (v, 4H, CH,), 1.23-1.36 (M, 4H, CH,), 0.92 (t, °J = 7.33,
6H, CH;). IMP °C (CD3SOCD3), 8, M. 1., T 161.32 (Cyp), 159.0 (Cyp), 154.7
(Cap), 147.43 (x, 23 = 34.14, CCF3), 120.71 (x, 'J = 274.56, CF3), 106.55 (x, ) = 3.14,
CHuetar), 50.85 (CHy), 28.74 (CH,), 19.35 (CH,), 13.67 (CHs). UK-criexTp, v, cM -
2963 (cmab), 2936 (cnab), 2871 (cmab), 1698 (cunbH), 1569 (cunbH), 1518 (cunbH),
1466 (cnab), 1432 (cmab), 1274 (cpen), 1175 (cpen), 1145 (cunph), 1110 (cnmad),
1005 (cmab), 846 (cpen), 701(cpen), 528 (cpen). Macc ciekrp FD MS m/z (%): 349
(20), 265 (22), 264(33), 251(19), 248(100), 181(13), 154(27), 112(12), 98(8), [M™].
Macc-cniektp Bbicokoro paspemenuss (HR MS, ESI) nns coeauHenus co
ctpykrypHoit dopmynont Ci4H1960N4F3S mokazan cnenyronme 3nauenus: PacuétHoe
3HaueHue (m/z): 348.12262, sKcrnepuMEHTaIbHO TMONyYeHHOE 3HadeHne (Mm/z):

348.12238. DOnementnsii aHanu3 (% MaccoBOM [101M) MPOJAEMOHCTPUPOBAI:
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Pacuéruwie 3nauenus C, 50.77; H, 6.67; N, 14.8, skcnepumentanbubie nanueie: C,
50.94; H, 6.47N, 14.47.

Cunre3 2-MeTwiI(eHWIAMUHO-/-(TpudpTOopMeTHI)-5-0KCc0-5H-1,3,4-
THAAMa30,10[3,2-a|lmupumuauna (5n). K pacteopy 0,333 mmons (1,0 skB.) 2-6pomo-
7-(Tpudropmernin)-5-okco-5H-1,3,4-tuanuazonol3,2-ajnupumuinHa (3) B MeTaHOJIE
Ipyu KOMHaTHOW TeMmmeparype jgobasmsum 0,666 wmmons (2,0 9kB.)  2-
MeTwipennnamuHa. Peakunonnyo cMech nepememuBaiu mpu 20 — 25 °C B TeueHue
5 uacoB. Jlamee cMmech HarpeBaliM A0 KHUIIEHHUS C OOpPAaTHBIM XOJIOAWJIBHUKOM U
BBIJICP)KUBAIM Tpu  kurnennn 20 MHUHYT [Ji 3aBepiueHus peakuuu. [locne
OXJIQXJEHUS 1O KOMHATHOW Temmeparypsl (25 0C) K CMECH MEIJIEHHO 100aBIIsIN
OXJIAXKJIEHHYIO BOJly, YTO CIIOCOOCTBOBAJIO BhIMAJEHUIO ocajka. Ocalok OTAENsIIN
dbunpTpanueit moa BakyyMoM, IPOMbBIBAJIM XOJIOAHOW BOJOM U CYIIMJIM B BAKYYMHOM

9KCHUKATOpPC 10 MOCTOSIHHON MacCChlI.

Brixon mpoaykra coctaBisieT 54 mr (50 %), mpencrasiser 6enoe TBEpIOE
BemecTBo ¢ T.1w1.167 — 168 °C. SIMP *H (CD3SOCDs), 8, m. ., I'u: 7.55 (1, 3J = 4.15,
4H, CHyp), 7.43-7.50 (M, 1H, CHyp), 6.84 (c, 1H, CHyetar), 3.52 (¢, 3H, CHj;). IMP
BC (CDsSOCDs), 5, M. 1., I'w.: 162.05 (Cyp), 159.81 (Cay), 154.68 (Cyp), 147.87 (x,
2J = 34.81, C-CF;), 143.96 (Cap), 130.45 (CHpp), 128.64 (CHap), 125.52 (CHayy),
120.60 (x, \J = 274.53, CF3), 106.95 (x, %) = 2.73, CHyetar), 40.06 (CH3). UK-criextp,
v, eM: 1702 (cumbh), 1597 (cna6), 1565 (cumbh), 1511(cumbh), 1491 (cpexn), 1397
(cpenm), 1361 (cnab), 1273 (cumbh), 1151 (cunwsn), 1073 (cpenm), 845 (cunbH), 772
(cpem), 703 (cunbH), 696 (cunbH), 624 (cmab), 544 (cpen). Macc criekrp FD MS m/z
(%): 325 (100), 150(22), 134(12), 133(14), 108(13), 106(13), 94(6), [M",]. Macc-
crnekTp Bbicokoro pazpemieHus (HR MS, ESI) ans coenvHeHus cO CTPYKTYypHOU

dbopmynonn Ci13HgON4F3S moxazan cnemyromue 3HaueHus: Pacu€THoe 3HaueHwHe
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(m/z): 326.04437, sKcnepUMEHTAIBHO MOJy4YeHHOE 3HadeHue (m/z): 326.04445.
OnemenTHbIi aHanu3 (% MaccoBo J0AM) MPOAEMOHCTpUpoBai: PacuéTHble
sHaueHust C, 47.84; H, 2.77; N, 17.18, sxcniepumentaibubie nannsie: C, 47.95; H,
2.62; N, 17.16.

2.4. O0mast METOAMKA CUHTe3a 2-apuJ-/-(TpudTopmMeTn)-5-okco- SH-

1,3,4-tuagnazono|3,2-ajoupumuauna (6a-t)

Jns  ocymectBieHusi peakiuu Cy3ykd B KOJIOy BHOCWIHM 2-Opomo-7-
(tpudropmermn)-5H-1,3,4-tuaauazonol3,2-ajnupumuina-5-on (1.0 sxB., 0.334
MMOJIb), COOTBETCTBYIOILIYIO apuiabopoHOByt0 kuciotry (1.1 »9kB.), amerar
namwtagusa(ll) (0.1 sxB.), nurang Xantphos (0.2 5kB.) u kapOonat kamus (2.0 5KkB).
CMech peakTHUBOB IepeMenIBail B cyxoM 1,4-nuokcane (2 MJj) W HarpeBajiu Mpu
temneparype 100 °C B TeueHme 16 4acoB ¢ TOCTOSHHBIM nepememmBanuem. 1o
3aBEpPIICHUN PEAKIMH CMECh OXJIAXJAJIU JI0 KOMHATHOM TeMIlepaTyphl, 3aTeM
J00ABJISIIIM BOAY W BBIMOJHSUIM DKCTPAKIUIO 1IEJIEBOTO COCAUMHEHUS OPraHUuYECKUM
pactBoputeneM (dtui/anerar). Opranudeckyro (aszy cymwim Haa 0e3BOAHBIM
cynb(aroM HaTpus, TMOCIAE YEro pacTBOPUTENb YAAISIA TOJ BaKyyMOM.
[TonyueHHbINH TBEPIBINA OCAIOK OUYMCTUIIM METOJOM KOJIOHOYHOM Xpomartorpadguu Ha
CWJIMKAreJe, UCIoJIb3ys CMECh STUJIOBOTO alleTaTa W TeNTaHa B KA4eCTBE DIIIOCHTA C

BAPbUPOBAHUEM MX COOTHOILLICHUH.

0
N 0
<) N |

TN ACBOH); . </\;1\

.
N7 TCF

S
3
6a -1
(35-90%)
Cxema 2.3. - CuHTe3 2-apWINPOU3BOAHBIX 7-TPUPTOPMETHI-5-0KCO-5H-

[1,3,4]Tuaaua3zouo[3,2-ajnupumMuguHa

Cunre3 2-penn-7/-(tpudropmern)-5-oxkco-5H-[1,3,4] Tuannazoio|3,2-

alnmmpumuauHa (6a ). B cyxyio kpyriogoHHyo Koily, CHa0XEHHYIO MarHUTHOMN
75



MEIIAIKONH U OOpaTHBIM XOJOJWJIBHUKOM, MOMEIaau 2-0pomMo-7-(TpupTOpMETHII)-
SH-[1,3,4]tuanuazono[3,2-ajnupumuani-5-on (0,334 mmons, 100 mr, 1,0 3kB.),
dbenundoponoByto kucioty (0,367 mmoub, 45 mr, 1,1 3xB.), PA(OAc)2 (0,033 MmMoub,
7,4 mr, 0,1 3kB.), murang Xantphos (0,067 Mmo:s, 38 mr, 0,2 3kB.) 1 KapOOHAT Kaus
(0,668 wmmomb, 92 wmr, 2,0 »9kB.). K cMecu 100aBisiii MpeaBapUTEIHHO
Jera3upoBaHHblid cyxoi 1,4-nuokcan (2 mut). PeaknmoHHyI0 cMech HarpeBalid MpH
100 °C B TeueHne 16 gacoB ¢ mepemermBaHHeM. 110 3aBEpIICHHHN PEAKIIHH CMECh
OXJIQXKJIaJu J10 KOMHATHOW TeMmIrepaTyphl, A00aBisiii 10 Myl BOABI M BBITIOJIHSIIN
IKCTpakUMiO npoaykra stwianeratoM (3:1). OObeAMHEHHBIE OPraHUYECKHE
OKCTPAKTHl CYIIWIN HaJ O€3BOIHBIM CyIb()aToM HATpHs, (PHIBTPOBATH M YIAJSUIA
pacTBOpUTEIb 1O/ BakyyMoM. [loydeHHbIi TBEPBI OCTATOK MOJBEPrajid OUUCTKE
METOJIOM KOJOHOYHOH XpomMoTorpaduu Ha CHJIMKarejie ¢ MPUMEHEHHEM CHCTEMBI

paCTBOpI/ITGJIeﬁ I'CIITaH: OTHJIALCTaT.
O

) N |
< > <S/L\N

6a, 90%

Beixoa npoaykra cocrapmsier 89 mr (90 %), npencrapiser TBEPIOE OpaAHKEBOE
BerecTBo ¢ T.01.186 — 187 °C. SIMP 'H (CDCly), 8, M. 1., T’ 7.96 (x, °J = 7.85, 2H,
CHy,), 7.55-7.65 (M, 3H, CHy,), 6.87 (¢, 1H, CHyerar). SIMP °C (CDCly), 8, M. 1.,
I'm.: 163.42 (Cpp), 160.84 (Cap), 156.15(Cyp), 151.12 (k, 2 J)=36.3, C-CF5), 130.66
(Cap)> 129.75 (CHap), 128.04 (CHyp), 127.91 (CHayp), 12041 (x, 1J =275.1, CFy),
107.8 (, %) = 3.04, CHyetar). UK-criextp, v, cm™: 3088 (cnab), 3026 (ciab), 2921
(cmab), 1702 (cunwH), 1512 (cunbh), 1418 (cunwH), 1277 (cunbh), 1136 (cuibh),
1074 (cpen), 1017 (cpem), 997 (cmab), 843 (cwnbH), 762 (cunbH), 714 (cmab), 692
(cpen), 604 (cunbH). Macc cnektp FD MS m/z (%): 298 (100), 277(7), 181(12),
167(88), 138(7), 122(53), 104(17), 98(34), [M',]. Macc-cekTp BBICOKOTO
pazpemenuss (HR MS, ESI) nns coemuHenust co CTPyKTypHOU (opmymoit

C1oHgON3F3S  mokazan cnenyroniue 3HadeHus: Pacu€tHoe 3HayeHue (m/z):

76



297.01782, »SKkcmepuMEHTaIbHO TOJNy4eHHOe 3HadeHue (m/z): 297.01739.
OnemenTHbIi aHanu3 (% MaccoBo J0AM) MPOAEMOHCTpUpoBai: PacuéTHble
sHaueHust C, 48.48; H, 2.02; N, 14.13, sxcniepumentanbubie nannbie: C, 48.26; H,
2.17; N, 14.57.

Cunre3 2-(4-meTundennn)-7-(rpudpropmMernii)-5-oxco-5H
[1,3,4]Tuanna3zono|3,2-ajnupumuaun (6b). B kpyriononHyoo koj0y ¢ MarHUTHOMN
MeIIaKol  3arpyxainmu  2-Opomo-7-(tpudropmerun)-5H-[1,3,4|tnanuazonol3,2-
a|mupumuaua-5-o1 (0,334 mmonb, 100 mr, 1,0 2kB.), 4-MeTmIhEeHUTOOPOHOBYIO
kucinory (0,367 mmons, 1,1 skB.), auerar mamnagusa(Il) (0,033 mmons, 0,1 3kB.),
Xantphos (0,067 mmorsb, 0,2 3kB.) 1 kapOoHat kanus (0,668 Mmmorb, 2,0 3kB.). CMech
nepeMenuBaii B 2 M cyxoro 1,4-auokcana. PeakiiMOHHYI0 cMeCh HarpeBaiu Mpu
100 °C B TeueHne 16 gacoB ¢ mepemermBaHHeM. 110 3aBEpIICHHN PEaKIHH CMECh
OXJIAXKJIaJIM 10 KOMHATHOM TeMmIiepaTyphl, A00aBisiiid 10 My BOABI M BBITIOJIHSIIN
OKCTpakIMiO TpoaykTa HTwianeratoM (3:1). OObeAMHEHHBIE OpPraHUYECKHE
OKCTPAKTHl CYIIWIN HaJ OE3BOIHBIM CyIb()aToM HATpHs, (PWIBTPOBATN M YIAJSUIA
pacTBOpPUTENDL IOJ BakyyMoM. IlosydeHbIld TBEPABIA OCTATOK IMOJBEPTAJIM OUYHUCTKE
METOJIOM KOJIOHOYHOW XpoMarorpaduu Ha CUJIMKareiae ¢ MPUMEHEHUEM CHUCTEMBI

PACTBOPUTENICH TENTAH: ATUJIALICTAT.

0
SN
6b

Brixon mpomykra coctaBisieT 86 mr (81 %), mpeacTaBisieT opaHKeBOE TBEPIOE
BerecTBo ¢ T.mwt. 232 — 233 °C* SIMP 'H (CDCly), 8, m. 1., T'w: 7.86 (v, %) = 8.26, 2H,
CHap), 7.33 (1, %] = 8.02, 2H, CHa,,), 6.85 (¢, 1H, CHuerar), 2.47 (¢, 3H, CH3). SIMP
BC (CDCly), 8, . 1., T1.: 164.44 (Cypp), 160.93 (Cpp), 156.23 (Cap), 151.04 (x, %) =
35.63, C-CFs), 144.82 (Cap), 130.43 (Cap), 127.96 (CH,,), 125.18 (CHyy), 120.45 (x,
1) =275.11, CFsy), 107.71 (x, *J = 3.07, CHyet.ar), 21.86 (-CH3). UK-criektp, v, cm™:
3086 (cmab), 3036 (cmab), 2958 (cnabd), 1699 (cunbh), 1512 (cunbh), 1494 (cuibH),

1414 (cpen), 1275 (cpen), 1138 (cpen), 1027 (cpen), 952 (cnab), 868 (cpen), 846
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(cpen), 815 (cmibH), 698 (cpem), 604 (cpen). Macc ciektp FD MS m/z (%): 312
(100), 291(7), 181(9), 167(81), 118(24), 117(23), 118(14), 92(23), [M",]. *,]. Macc-
cnekTp Bbeicokoro paspemieHusi (HR MS, ESI) nns coemunenus co CTpyKTypHOU
dopmymoit Ci3HgON3F3S mokazan crnemyromue 3HadeHus: Pacu€THoe 3HadeHHe
(m/z): 311.03347, skcnepuMeHTalbHO mMoJiydeHHoe 3HadeHue (m/z): 311.03312.
OneMeHTHbI aHamu3 (% MaccoBOMl J0JM) TMpOAEeMOHCTpUpoBai: PacuéTHbie
sHauenus C, 50.16; H, 2.59; N, 13.50, skcniepumenTtansabie ganasie: C, 50.31; H,
2.56; N, 13.31.

Cunre3 2-(2-meTnadenni)-7-(rpudpropmernit)-5-okco-5H-
[1,3,4]Tuaguazono[3,2-ajnupumuauna (6¢). B KPYIJIOJOHHYIO  KOJIOY,
OCHAIIIEHHYIO MarHUTHOM MEIIaTKONH U 00paTHBIM XOJIOJUIBHUKOM, 0T aTMOCchepoin
aprosa 3arpyxajiu 2-6pomo-7-(tpudropmernin)-oH-[1,3,4|tuanuazono|3,2-
a|mupumuaun-5-o1 (0,334 mmoinb, 100 mr, 1,0 2kB.), 2-MeTHIhEHUIOOPOHOBYIO
kucnory (0,367 mmons, 1,1 akB.), anerat namiaaus (II) (0,033 mmouns, 0,1 5kB.),
murany Xantphos (0,067 mmodb, 0,2 5kB.) u kapOoHat kayus (0,668 mmob, 2,0 3KB.).
K peaknuonHoit cmecu noOapimsum cyxor 1,4-gumokcan (2 mut), mpeaBapUTEIBHO
JIerasupOBaHHBIN MPOLYBKO aproHOM. PeakimonHyio cMech Harpesau npu 100°C
B TeueHne 16 yacoB c mnepememnBaHueM. [lo 3aBepuieHMM peakuu CMECh
OXJIAKJIaJIu 10 KOMHATHOM TeMriepaTyphl, 100aBisii 10 My BOABI M BBITIOTHSIIA
IKCTpakUMio npoaykra stuwinaneratoM (3:1). OObeAMHEHHBIE OpPraHUYECKHE
OKCTPAKTHI CYIIWIN Haa O€3BOJHBIM CyIb()aToM HATpHs, PUIBTPOBATIU U YIAJSUIA
pactBopuTENb TOA BakyyMoM. [losrydyeHHBIN TBEPABIA OCaAOK MOABEPraaid OUYHMCTKE
METO/IOM KOJIOHOYHOW XpoMarorpaduu Ha cUIMKareie ¢ MPUMEHEHUEM CHUCTEMBI

PAaCTBOpPUTENICH TENTAH: ATUJIALICTAT.
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Brixog mpoaykra cocrtasnisier 77 mr (75 %), npencraBisieT KEATOE TBEPIOE
BemectBo ¢ T.ioL. 131 — 132 °C' SIMP 'H (CDCls), 8, M. 1., I'w: 7.65(x, %) = 8.47, 1H,
CHap), 7.47 (an, 31 =7.36, % = 1.13, 1H, CHa,,), 7.36-7.42 (M, 2H, CHy,), 6.88 (c,
1H, CHyerar), 2.67 (c, 3H, CHs). AMP C (CDCly), 8, M. 1., I'm: 160.51 (Ca,),
160.45 (Cpp), 155.76 (Cyup), 150.76 (k, 2) = 35.64, C-CFy), 137.95 (Cap), 132.22
(Cap), 132.05 (CHpp), 130.04 (CHap), 126.66 (CHyp), 126.58 (CHyyp), 120.12 (k, =
275.11, CFy), 107.32 (x, 3 = 3.27, CHpetar), 21.38 (CH3). UK-cmextp, v, cm™: 3083
(cmab), 2961 (cnab), 2918 (cmad), 1702 (cunwH), 1602 (cmad), 1510 (cunwsn), 1407
(cpen), 1384 (cnmab), 1273 (cunbH), 1138 (cpen), 1094 (cnab), 1058 (cmad), 958
(cma0b), 847 (cpen), 759 (cpen), 700 (cpen), 653 (cnad), 558 (cnad). Macc cniektp FD
MS m/z (%): 312 (100), 253(10), 180 (9), 167 (11), 148 (45), 149 (49), 135 (24), 116
(17), 117 (55), 92 (20), [M",]. Macc-cniektp Bhicokoro paspemenus (HR MS, ESI)
JUIsl coequHeHuss co cTpykrypHou dopmymnoit Ci13HgONsF3S mokazan crnemnyromiue
3HaueHusa: PacuétHoe 3Hauenue (m/z): 311.03347, skcriepuMEHTaIbHO MOJIYYSHHOE
3HaueHue (m/z): 311.03334. DnementHbii aHamu3 (% MaccoBOM  J10JIM)
npoaemoHcTpupoBai: Pacuérasie 3nauenus C, 50.17; H, 2.58; N, 13.51,
sKcriepuMeHTanbablie nanneie: C, 50.64; H, 2.24; N, 13.95.

CuHnre3 2-(4-9rnadenni)-7-(tpudpropmernin)-5-oxco-5H-
[1,3,4]Tuagna3zono[3,2-ajnupumuauna (6d). B kpyriomoHHyro Kooy,
OCHAILIEHHYI0O MAarHUTHOM MeEMIAIKON M OOpaTHBIM XOJOJWIBHUKOM, 3arpyxaiu 2-
opomo-7-(tpudropmetin)-sH-[1,3,4|tuanuazono(3,2-a]nupuMuIuH-5-0H (0,334
MMoJib, 100 mr, 1,0 3kB.), 4-3TrndenundooponoByto kuciaoty (0,367 mmors, 1,1 9kB.),
anerat namutanus(Il) (0,033 mmons, 0,1 5kB.), nurang Xantphos (0,067 mmons, 0,2
9KB.) 1 KapOoHat kamus (0,668 mmoinb, 2,0 5kB.). K peakimonHoi cmecu q00aBIsm
cyxoil 1,4-nuokcan (2 M), npeABapUTENbHO JAETra3uPOBAHHBINA MPOAYBKON aprOHOM.
PeakiimoHHy0 CMeCh HarpeBasu npu 100°C B TeueHue 16 4acOB ¢ HEepPEMEILIHBAHHEM.
[lo 3aBepiieHWM peakMU CMECh OXJAKIAIH JO KOMHATHOM TeMIEepaTyphl,
no0aBysii 10 MJT BOJIBI M BBIMOJHSIM SKCTPAKIMIO MPOAYKTa dTHianeraroM (3:1).
OObeMHEHHBIE OpPraHMYECKHE SKCTPAKThl CYUIWIA HaJ Oe3BOAHBIM Cylb(aTrom

HATpUs, (UIBTPOBANM W YJAISUIM PAcTBOPUTENh MOJ BakyymoM. [lomyuyeHHBbIH
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TBEPBIA OCTATOK MOJBEPrajd OYMCTKE METOJOM KOJOHOYHOW Xpomatorpaduu Ha

CrJIMKarejie ¢ IpUMCHCHUCM CHCTCMbI paCTBOpI/ITeHeﬁ I'CIITaH: OTUJIancTar.
0O

S/gN CF;

6d

Brixoa nmpoaykra 72 mr (66 %), TBEpaOE kEnTOE BemiecTBO ¢ T.m1.205 — 206
°C. AMP 'H (CDCly), 8, M. 1., T': 7.87 (1, °J = 8.34, 2H), CH,,), 7.36 (1, °J = 8.31,
2H, CH,p), 6.84 (¢, 1H, CHyerar), 2.75 (x, °J = 7.56, 2H, -CH,), 1.25 (t, °J = 7.63, 3H,
CHs).). IMP *C (CDCl,), 8, m. x., I'ii.: 163.64 (Cap), 161.14 (Cyp), 156.42 (Cyy),
151.24 (x, 2 J % 35.76, C-CF3), 151.17 (Cap), 129.46 (Cap), 128.32 (CHa,), 125.57
(CHyp), 120.65 (x, 1) = 275.01, CF3), 107.92 (x, °J = 3.16, CHuerar), 29.32 (CH,),
15.37 (CHs). UK-crextp, v, eM: 3033 (cma6), 2977 (ciab), 2917 (cnab), 1698
(cunbH), 1515 (cunbh), 1498 (cunbh), 1413 (cpen), 1303 (cnab), 1275 (cunbh), 1186
(cunbH), 1144 (cunwn), 1048 (cmab), 1026 (cpen), 1013 (cmad), 867 (cpen), 842
(cpem), 698 (cpen), 608 (cpen), 536 (cmab). Macc cektp FD MS m/z (%): 326 (100),
167(65), 148 (17), 147(9), 135(32), 134(20), 133(23), 115(19), 91(5), [M",]. Macc-
cnexktp Bbicokoro paspemeHuss (HR MS, ESI) nns coenuHeHus co CTpyKTypHOH
dopmynoit Ci14H1gON3F3S mokazan cnenyromme 3Hauenus: PacuérHoe 3HaueHue
(m/z): 325.04912, skcnepuMeHTalbHO mMoJiydeHHOe 3HadeHue (m/z): 325.04890.
OneMmenTHbI aHamu3 (% MaccoBoW A0JM) MpPOAEMOHCTpUpoBai: Pacu€THbie
sHaueHust C, 51.69; H, 3.10; N, 12.92, sxcnepumentanbubie nannsie: C, 51.18; H,
3.21; N, 12.95.

Cunres 2-(3,5-Iumernadennn)-7-(rpudropmernii)-5-okco-5H-
[1,3,4]Tuagnazono[3,2-ajnupumuguna  (6e). B xpyrmomonnyio Kooy,
OCHAIIEHHYI0O MAarHUTHOW MEMIAIKOW M OOpaTHBIM XOJIOAMJIBHUKOM, 3arpyxaiu 2-
opomo-7-(tpudropmetin)-5H-[1,3,4|tuanuazono(3,2-aJnupuMuIuH-5-0H (0,334
MMoJib, 100 mr, 1,0 2kB.), 3,5-numeTmndeHunooponoByto kuciaoty (0,367 mmoub, 1,1
akB.), anerat nmammaausi(1l) (0,033 mmons, 0,1 skB.), murang Xantphos (0,067 mmoub,

0,2 »skB.) u kapOonat kamus (0,668 mMmonb, 2,0 skB.). K peakimoHnHoil cmecu
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nobapisim - cyxoil  1,4-nmuokcan (2 M), NOpeABapUTENIBHO JIEra3UpPOBAHHBIN
NMPOLYBKOil aproHoM. Peakimonnyio cmech HarpeBanu mpu 100°C B Teuenme 16
4acoB ¢ IepememmBaHueM. [lo 3aBeplieHMM peakuMM CMeCh OXJIAXKIOAIM [0
KOMHATHOW Temmeparyphl, no0aBnsii 10 M BOABI M BBIMONHSIIA HKCTPAKIUIO
npoaykra stuwianeratoMm (3:1). O0bennHEHHBIE OPraHUYECKUE SKCTPAKTHI CYIIWIN
HaJ O€3BOJIHBIM Cynab(}aToM HaTpus, (UIBTPOBAIM W YAAISIM PACTBOPUTEID O]
BakyyMOM. IlomyueHHbIi TBEPABIM OCTAaTOK MOJBEPrajJyd OYUCTKE METOJIOM
KOJIOHOYHOM  Xpomarorpauu Ha CHUJIMKarejle C IPUMEHEHUEM  CUCTEMBI

pacTBOpUTENIEH TeNTaH: 3TUIIALETaT.

Me (0]
N\N)i
s/g\_ B
Meé : CF3
6e

Beixon npoaykra cocrasiisier 66 mr (60 %), :x€nroe TBEPAOE BEMIECTBO C T.ILI.
242 — 243 °C. IMP 'H (CDCly), 8, m. 11, T 7.55 (c, 2H, CHyp), 7.23 (c, 1H, CHy,),
6.86 (¢, 1H, CHuerar), 2.42 (c, 6H, CH3). SIMP *C (CDCly), 8, M. ., T'i.: 163.42
(Cap), 161.25 (Cyp), 156.24 (Cyp), 151.02 (x, 2J = 35.74, C-CF5), 139.72 (Cap),
135.46 (Cap), 127.66 (CHyp), 125.72 (CHap), 120.43 (x, 1) =275.7, CF3), 107.66 (k,
33 =3.15, CHyetar), 21.22 (CHs). MK-criektp, v, em ™ 3043 (cimab), 2963 (cima6), 2921
(cmab), 1714 (cuneh), 1505 (cunwH), 1481 (cnab), 1414 (cnad), 1381 (cnabd), 1279
(cunpH), 1148 (cunbh), 1075 (cpexn), 1002 (cnab), 885 (cpen), 845 (cpen), 764 (cpen),
708 (cpem), 685 (cunbH), 624 (cnabd), 559 (cmab), 532 (cpex). Macc cnekrp FD MS
m/z (%): 326 (100), 267(15), 167(50), 148(17), 134(18), 133(21), 132(13), 123(36),
122(14), 108(30), 92(9), [M",]. Macc-cniektp Bricokoro paspemmenus (HR MS, ESI)
JUIS. COeIUHEHUsT co CTpYKTypHOU dopmynonn Ci4H10ON3F3S mokazan cnemnyromue
3HaueHus: PacuérHoe 3HaueHue (m/z): 325.04912, skcriepuMeHTaIbHO MOJIYYCHHOE
3HaueHue (m/z): 325.04888. OnemenTtHbii aHamu3 (% MaccoBOM  10JM)
npoaemMoHcTpupoBas: Pacuéraeie 3Hawenus C, 51.68; H, 3.11; N, 12.91,

skcriepuMenTansabie nannbie: C, 51.21; H, 3.55; N, 12.63.
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Cunre3 2-(3,4-Aumerundenn)-7-(tpudpropmerui)-5-okco-5H-
[1,3,4]Tuannaszono[3,2-ajnmpumuauna (6f). B cyxyio kpyriogoHHyw Kooy,
OCHAIIEHHYI0O MAarHUTHOM MEHIAJIKOW M OOpaTHBIM XOJIOAWJIBHUKOM, 3arpyxaiu 2-
opomo-7-(tpudropmetin)-5H-[1,3,4]tmanunazono(3,2-aJmupuMuuH-5-0H (0,334
MMoJib, 100 mr, 1,0 2kB.), 3,4-numeTundeHunooponoByro kucioty (0,367 mmos, 1,1
9KkB.), arietaT namwtaaus (I11) (0,033 mmoms, 0,1 skB.), nurana Xantphos (0,067 mmob,
0,2 skB.) u kap6onat kamus (0,668 mMmonb, 2,0 skB.). K peakimonHoii cmecu
nobapysii - cyxoil  1,4-nmuokcan (2 M), TpeABapUTENBHO JIETa3UPOBAHHBIM
IIPOTYBKOM aproHOM. PeakMOHHYH0 CMECh HarpeBajlv IpHU 100°C B Teuenne 16
4acoB C IepeMemuBaHueM. [lo 3aBeplIeHHMM peakluu CMECh OXJIAXKIAAIH 0
KOMHATHON TeMIiepaTyphl, 100aBimsuii 10 M BOABI M BBIMOJHSUIA JKCTPAKITUIO
npoaykra stunaneratoMm (3:1). OObeIMHEHHBIE OPTraHUYECKUE SKCTPAKTHI CYLIWIH
HaJ] 0e3BOJHBIM CyJlb(paTOM HATpHsi, PUIBTPOBAIM U YAQISIIA PACTBOPUTENH O]
BakyyMOM. llomyueHHbIi TBEpPABIH OCTATOK MOJABEPrajd OYHCTKE METOAOM
KOJIOHOYHOW  XpomaTtorpaduu Ha CHJIMKarejie C TNPUMEHEHUEM CHCTEMBI

PACTBOPUTENICH TENTAH: ATUJIALICTAT.

0
Mc‘Q%N\N
Me VS
6f

Brixon mpoaykra coctaBisieT 68 Mr (63 %), mpencTaBisieT )KENToe TBEPIOE
BemecTBo ¢ T.wi. 191 — 192 °C. IMP *H (CDCly), 6, M. 1., I'i: 7.76 (c, 1H, CHa,y),
7.66 (z, °J = 751, 1H, CHap), 7.26 (g, 31 =17.88, 1H, CHap), 6.85 (c, 1H, CHyetar),
2.35 (¢, 6H, CHs). IMP *C (CDCly), 8, m. x1., T'11.:163.36 (Cap), 161.03 (Cyp), 156.16
(Cap), 15092 (k, 2) = 35.53, C-CF3), 143.53 (Cap), 138.45 (Cap), 130.77 (Cap),
128.63 (CHap), 125.63 (CHap), 125.34 (CHyp), 120.34 (k, 1) =275.12, CF,), 107.54
(x, °J = 3.27, CHuetar), 20.14 (CHs), 19.67 (CH,). VIK-criextp, v, cM ™ 3033 (cmab),
2982 (cnab), 2848 (cnmab), 1704 (cunbH), 1513 (cunbh), 1494(cpen), 1412 (cpen),
1314 (cnab), 1272 (cunwn), 1188 (cpen), 1134 (cunwn), 1075(cpen), 1002(cmad), 893
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(cpen), 845 (cwbH), 826 (cpen), 792 (cmab), 706 (cunbH), 691 (cuibH), 625 (cpen),
537 (cmab). Macc cnektp FD MS m/z (%): 326 (100), 167(62), 148(25), 149(10),
135(11), 134(25), 133(29), 115(11), 104(7), 92(3), [M",]. Macc-crekTp BBICOKOTO
pazpemenusi (HR MS, ESI) nans coemuHeHHs cO CTPYKTypHOH Qopmyroin
C14H10ON3F3S  moxkazan crnenyromme 3HaueHus: PacuérHoe 3HadeHue (m/z):
325.04912, »SKcnepuMEHTadbHO TMOJydYeHHOoe 3HadeHue (m/z): 325.04891.
OnemenTHbli aHanu3 (% MaccoBo J0AM) MPOAEMOHCTpUpoBai: PacuéTHble
sHaueHust C, 51.69; H, 3.10; N, 12.92, skcnepumentanbabie nannbie: C, 52.02; H,
3.15; N, 12.88.

Cunre3 2-(4-Metokcudenn)-7-(tpudropmerni)-5-okco-5H-
[1,3,4]Tuagnazono[3,2-ajnupumuauna  (6g). B KPYTJIOJOHHYIO  KOJIOY,
OCHAILIEHHYIO MarHUTHON MEIIAJIKONW U 0OpaTHBIM XOJIOJUIBHUKOM, TOJT aTMOC(HEpo
aprosa 3arpykajiu 2-6pomo-7-(Tpudtopmerui)-5H-[ 1,3,4]ruanuazomno[3,2-
a|mupumuaun-5-od (0,334 mMmonb, 100 mr, 1,0 3kB.), 4-MeToKCH(bEHUIOOPOHOBYIO
kuciory (0,367 mmons, 1,1 skB.), anerar namwiaaus (II) (0,033 mmons, 0,1 3kB.),
murann Xantphos (0,067 mmorns, 0,2 5xB.) u kapbonat kanus (0,668 MmoIb, 2,0 9KB.).
K peakuuonHoit cmecu poOapmsuin cyxou 1,4-guokcan (2 mut), mpeaBapuUTEIbHO
Jlera3supoBaHHBIN IPOIYBKO aproHOM. PeakumonHyro cMech Harpesau mpu 100°C B
TeyeHue 16 yacoB ¢ nepemermBanueM. 1o 3aBepieHnn peakliud CMeCh OXJIaKJalu
710 KOMHATHOW TeMIeparypbl, 100aBisiu 10 M1 BOJABI M BBITOTHSIN DKCTPAKIIUIO
npoaykra stuianeraroM (3:1). O0benuHEHHBIC OPraHUYECKUE AKCTPAKTHI CYIITHIIH
HajJ O€3BOMHBIM Cynb(haToM HaTpus, QUIBTPOBATN W YAAISIH PACTBOPUTEIH IMOJ
BakyyMoM. IlonydeHHBIM TBEPABIM OCTATOK MOABEpPrajld OYUCTKE METOJOM
KOJIOHOYHOM XpoMmMaTorpaduu Ha CHIMKAreie C MPUMEHEHHEM CHCTEMBI

pacTBOpUTElIeH TeNTaH: STUJIAlETaT.

83



Beixon npoaykra cocrasiisiet 87 mr (78 %), TBEpAOE KENTOE BEMIECTBO C T.ILL
212 - 213°C. AMP 'H (CDCls), 8, m. 1., T'x: 7.90 (1, °J = 8.87, 2H, CHy,), 7.83 (1,
= 8.87, 2H, CHy,), 6.84 (c, 1H, CHyetar), 3.91 (c, 3H, OCH,). IMP BC (CDCly), 3,
M. 1., I'm.: 163.91 (Cap), 163.33 (Cap), 160.33 (Cpp), 156.14 (Cpp), 150.84 (x, ) =
36.17, C-CF3), 129.76 (Cap), 120.21 (CHyp), 120.34 (k, 1) = 275.25, CF3), 115.05
(CHap), 107.55 (k, 3 = 3.17, CHyetar), 55.76 (OCHs3). HK-crmektp, v, em™; 3078
(cmab), 3022 (cnad), 2958 (cmab), 2847 (cmad), 1711 (cuiwn), 1602(cunbH), 1515
(cpen), 1497 (cpen), 1438 (cpen), 1321 (cpen), 1307 (cpem), 1277 (cpem), 1152
(crbH), 1074 (cpen), 1018(cpen), 964 (cmabd), 859 (cpen), 837 (cumbH), 783 (cpen),
696 (cpen), 625 (ciab), 605 (cubH), 528 (ciad). Macc criekrp FD MS m/z (%): 328
(100), 167(38), 152(26), 137(13), 136(31), 133(22), 132(25), 107(16), 102(3), 94(4),
[M*,]. Macc-ciextp Bbicokoro paspemrenus (HR MS, ESI) mns coemuHeHus co
ctpykrypHoii ¢popmynon Ci3HgO,N3F3S mokaszan cnenyromue 3nauenus: Pacu€rHoe
3HaueHue (m/z): 327.02838, sKCIEpUMEHTAIBLHO TMOJYYEeHHOE 3HaueHue (m/z):
327.02848. DOnementHwii ananu3 (% MaccoBOM 107M) TPOJEMOHCTPUPOBAI:
Pacuérnnie 3nauenus C, 47.71; H, 2.46; N, 12.84, skcniepuMeHTabHbIe NaHHBIC: C,
47.25; H, 2.11; N, 13.29.

CuHnre3 2-(3-MeTokcudenn)-7-(tpudropmerni)-5-okco-5H-
[1,3,4]Tuagna3zono[3,2-ajnupumuauna (6h). B cyxyro KpyriogoHHyO KoJOy,
OCHAaIIEHHYI0O MarHUTHON MEIIATKON 1 0OpaTHBIM XOJOIUIBHUKOM, TIOJT 3arpyKajiid
2-6pomo-7-(TpudTopmerun)-5H-[1,3,4|tnagnazono| 3,2-a|Jnupumunun-5-on (0,334
mMonb, 100 mr, 1,0 2kB.), 3-MeTokcudeHmOoponoByto kuciory (0,367 mmons, 1,1
9KkB.), arietaT namutaaus (I11) (0,033 mmomns, 0,1 skB.), nturana Xantphos (0,067 MmMob,
0,2 7xB.) m kapbonar kamus (0,668 mmonb, 2,0 skB.). K peakmuonHol cMmecu
nobapisin - cyxoil  1,4-nmuokcan (2 M), TpeABapUTENBHO JIEra3upPOBAHHBIM
NpoayBKOM aproHom. PeaknnoHHyro cMech HarpeBasid npu 100 °C B Teuenme 16
4acoB ¢ ImepeMernmBaHueM. [lo 3aBepHIeHHHM peakiuu CMECh OXJIAKIAIH 0
KOMHATHOH TeMIiepaTyphl, n00aBasuii 10 M BOABI W BBITONHSUIA SKCTPAKITUIO
npoaykra stunareratoM (3:1). OO0bequHEHHBIE OPraHUYECKHUE SKCTPAKTHI CYIIMIN

HaJl O€3BOJHBIM CyJIb(paTOM HATpHs, PUIBTPOBAIM U YAAISUIM PACTBOPUTEND O]
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BakyyMoM. [lonydeHHbIM TBEPABIA OCAaJOK OYUCTWIA METOJOM KOJOHOYHOU
xpoMarorpadun Ha CHIIMKareje ¢ MPUMEHEHHEM CHCTEMBbI PAaCTBOPUTENICH TeNTaH:

OTHJIALCTAaT.

O

S/g;\‘ CF3

MeO
6h

Beixon mpozaykra cocrasiser 71 mr (65 %), xé&nroe TBEpIOE BEIIESCTBO C T.ILI.
150 — 151 °C. SIMP 'H (CDCly), 8, m. 1., T'i: 7.43-7.54 (m, 3H, CHy,), 7.16-7.16 (M,
1H, CHy,), 6.87 (¢, 1H, CHperar), 3.91 (c, 3H, OCHs). IMP *C (CDCly), 8, m. 1.,
I'm.: 163.55 (Cap), 160.94 (Cyp), 160.65 (Cap), 156.34 (Cyp), 151.25 (k, °J = 36.14,
C-CF3), 130.95 (Cap), 129.23 (CHap), 120.87(CHyyp), 120.55 (x, '] = 275.07, CFs),
120.22 (CHap), 112.42 (CH,p), 107.93 (x, 3] = 3.31, CHperar), 56.05 (OCHy). VK-
CIeKTp, v, cM " 3056 (c1ab), 2944 (cnab), 2917 (cmab), 1696 (cumbh), 1608 (ciab),
1506 (cunbH), 1486 (cunbH), 1444 (cnab), 1417 (cunbh), 1372 (cnab), 1297(cnabd),
1277 (cpen), 1226 (cpen), 1171 (cpen), 1134 (cunbH), 1075 (cpem), 1026 (cpen), 992
(cmab), 877 (cpen), 785 (cunbH), 744 (cnad), 687 (cunbH), 627 (cnabd), 565 (cnad),
532 (cmab). Macc cnexktp FD MS m/z (%): 328 (100), 167(76), 152(26), 137(11),
136(25), 135(16), 134(27), 107(26), 104(9), 94(5), [M",]. Macc-cHeKkTp BHICOKOTO
pazpemienuss (HR MS, ESI) nns coenuHeHust co CTpyKTypHOH (opmyoii
Ci3HgO,N3F3S  moxkazan crnenyromme 3HaueHus: Pacu€rtHoe 3HadeHHe (Mm/z):
327.02838, oaKcmepuMEHTalIbHO TIONydYeHHOe 3Hauenwe (m/z): 327.02838,
OnemeHTHbI aHamu3 (% MaccoBOMl J0JM) NpOAEMOHCTpUpoBai: PacuérHbie
sHauenus C, 47.72; H, 2.45; N, 12.85, skcniepuMeHTanbHble nanHbie: 47.42; H, 2.58;
N, 12.53.

Cunre3 2-(2-Metokcudenn)-7-(tpudropmerni)-5-okco-5H-
[1,3,4]Tuannazono[3,2-ajnupumuauna (6i). B cyxywo KpyriomoHHyio KoJOy,
OCHAILIEHHYI0O MAarHUTHOM MEMIAJIKOM M OOpaTHBIM XOJOAWJIBHUKOM, 3arpyxaiu 2-

opomo-7-(tpudropmetn)-5H-[1,3,4]tnannazonol(3,2-aJmupuMu uH-5-0H (0,334
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mMonb, 100 mr, 1,0 3kB.), 2-MeTokcudenmooponoByt kuciory (0,367 mmons, 1,1
akB.), anerat mamiaaus(Il) (0,033 mmomns, 0,1 3kB.), murang XantPhos (0,067 MMob,
0,2 »skB.) m kapOonat kamus (0,668 mmomnb, 2,0 skB.). K peakiuonHol cMecu
nobapisiim  cyxoil  1,4-muokcan (2 M), TOpeABapUTENIBHO JIEra3UPOBAHHBIN
MpOAYBKOM aproHom. PeaknnoHHyr cMech HarpeBaid npu 100 °C B Teuenne 16
yacoB ¢ ImepemennBaHueM. [lo 3aBeplieHMHM peakMH CMeCh OXJIAKIAIH 0
KOMHATHOW TeMIiepaTyphl, mo0aBmsumi 10 M BOABI W BBIMIONHSUIA SKCTPAKITUIO
npoaykra stunarneratoMm (3:1). OObeIMHEHHBIE OPraHUYECKUE SKCTPAKTHI CYIIMIIN
HaJl 0€3BOJHBIM CyJIb(aToOM HATpUs, OTPUILTPOBBIBAIU U YAAISUIA PACTBOPUTEIH
o7 BakyyMmMoM. llomydeHHbIM TBEPABIM OCAZOK OYUCTUIM METOJOM KOJIOHOYHOM
xpoMartorpaduy Ha CUJIMKareiae ¢ MPUMEHEHHEM CHUCTEMbl PACTBOPHUTENCH TENTaH:

OTHUJIALCTAT.

OMe

0
N\ N

S/gN CF3
6i

Boixon mpoaykra coctaBisieT 51 mr (45 %), wéntoe TBEPAOE BEIIECTBO C T. L.
150 — 151 °C. IMP 'H (CDCly), 8, M. a., I'i: 8.46 (mem, °J = 7.96, ) = 1.57, 1H,
CH,,), 7.86 (un, 31=7.35,%=168, 1H, CHy,), 7.57-7.62 (m, 1H, CHy,), 7.13-7.19
(M, 1H, CHa,y), 6.81 (¢, 1H, CHpyetar), 4.07 (c, 3H, OCHs). SIMP BC (CDCly), 8, m. 1.,
I'm.: 164.35 (Cap), 157.46 (Cpp), 156.46 (Cyp), 151.24 (k, ?J = 36.17, C-CF3), 137.03
(Cap), 134.85 (Cyp), 133.04 (CHap), 128.97 (CHyyp), 121.85 (CHap), 120.62 (x, =
275.47, CF3), 111.84 (CH,,), 106.63 (k, 33 = 3.01, CHpetar), 56.26 (OCHj). HK-
crieKTp, v, cM ™ 3459 (cima6), 3352 (cnab), 3067 (ciaab), 3026 (cmab), 2982 (ciab),
1716 (cunbhn), 1598 (cpen), 1521 (cpen), 1498 (cwbH), 1466 (cunbH), 1435 (cpen),
1419 (cpen), 1367 (cnab), 1313 (cnabd), 1286 (cunbn), 1277 (cunbh), 1205 (cpen),
1161 (cpen), 1131 (cpen), 1077 (cpen), 1022 (cpen), 1001 (cpen), 696 (cmad), 852
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(cpem), 755(cunbr), 700 (cumpH), 608 (cpen), 525 (cpex). Macc ciektp FD MS m/z
(%): 326 (100), 325(16), 307(11), 208(20), 181(19), 167(38), 165(15), 152(10),
151(17), 137(5), 136(13), 135(10), 134(16), 133(28), 121(5), 120(13), 120(10),
118(99), 117(13), 109(26), 107(15), 104(11), 103(6), 94(8), 92(9), [M",]. Macc-
cnexkTp Bbeicokoro paspemieHusi (HR MS, ESI) nns coemuneHus co CTpyKTypHOH
dbopmynoni Ci3HgO,N3F3S mokazan cnenyromue 3Havenus: PacuéTHoe 3HaueHHE
(m/z): 327.02838, skcmepuMEHTAIBHO TOJNIy9eHHOe 3HaueHue (m/z): 327.02816
OnemenTtHbli aHanu3 (% MaccoBoOil J0AM) MPOAEMOHCTpUpoBai: PacuéTHbie
sHauenus C, 47.72; H, 2.45; N, 12.85, sxcniepumentanpabie ganasie: C, 47.72; H,
2.68; N, 13.03.

Cunre3 2-(3,5-InmeTokcudenui)- 7-(tpudropmern)-5-okco-5H-
[1,3,4]Tuanna3zono[3,2-ajnupumuauna (6j). B cyxyio KpyriogoHHyH Koy,
OCHAIIIEHHYIO MarHUTHOM MEIIATIKONH U 00paTHBIM XOJIOJUIBHUKOM, 0T aTMOChepoin
aproHa  3arpyxamu  2-0pomo-7-(tpudropmern)-5H-[1,3,4]tnaguazono  [3,2-
a|mupUMUIUH-5-0H (0,334 MMOJIb, 100 MT, 1,0 9KB.), 3,5-
nuMeTokcudenmiooponoByo kucioty (0,367 mmodns, 1,1 2kB.), anerat namtaaus(Il)
(0,033 mmomb, 0,1 3xB.), nurana XantPhos (0,067 mmons, 0,2 5kB.) U KapOOHAT
kamusa (0,668 mmonb, 2,0 2xB.). K peakumnonHoil cmecu poGaBisiim cyxout 1,4-
IuokcaH (2 M), NOpeaBapUTEIbHO AEra3upOBAaHHBIA MPOJYBKOW  aproOHOM.
Peakumonnylo cMech marpeamu npu 100 °C B Tewemme 16 uwacoB ¢
nepemerrBanueM. [lo 3aBepiieHMH peakiuu CMECh OXJIAXKIAIU JO0 KOMHATHOM
TeMIiepaTypbl, m00aBasuii 10 M BOABI W BBITOJHSUIA OSKCTPAKIUIO TMPOIYKTA
srunaneratoM (3:1). OObeaUHEHHBIE OPraHUYECKHE SKCTPAKThl CYIIWIM Hajl
0e3BoAHBIM Cylb(aToM HATpus, (QUIBTPOBAIM W YA PACTBOPUTENH TIOJ
BakyyMoM. llomydeHHbIE TBEPABIA OCAaJOK IIOABEPraid OUYKUCTKE METOIO0M
KOJIOHOYHOM  XpoMmMaTorpaduu Ha CWIMKAareiae ¢ MOPUMEHEHUEM CHCTEMBI

PAaCTBOpPUTENICH TENTAH: dTUJIALICTAT.
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s/g ;
- CF
MeO N 3
6j

Beixoa npoaykra coctaBisger 105 mr (88 %), TBEpmoe kENTOE BEIIECTBO C T.
1. 204 — 205 °C. SIMP 1H (CDCly), 8, M. x., I'w: 7.04 (m, 4 = 2.15, 2H, CH,,), 6.86
(c, 1H, CHueea), 6.66 (1, ¥ = 2.15, 1H, CH,,), 3.87 (c, 6H, OCHs). AMP ©C
(CDCly), 8, M. 1., I'i.: 163.42 (Cpp), 161.64 (Cap), 160.84 (Cpp), 156.22 (Chp,), 151.12
(x, 2 = 36.3, C-CF3), 129.5 (Cap), 120.41 (x, J = 275.22, CF3), 107.75 (x, °] = 3.3,
CHuetar), 105.94 (CHpp), 105.62(CHyp), 56.0 (OCH3). UK-cnektp, v, em™: 3075
(cmab), 2964 (cmab), 2916 (caad), 2845 (cnab), 1712 (cunbH), 1592 (cunbH), 1514
(cunbH), 1455 (cpen), 1426 (cpenm), 1412 (cma6), 1390 (cpem), 1350 (cpen), 1315
(cmab), 1278 (cunbh), 1206(cunbn), 1140 (cunbn), 1075(cnab), 1062 (cpem), 1028
(cpen), 987 (cnad), 927 (cnad), 885(cnabd), 858 (cpen), 767 (cpen), 707 (cpen), 675
(cpen), 536 (cnmad). Macc cnektp FD MS m/z (%): 356 (100), 275(28), 182(17),
167(57), 166(34), 165(17), 164(63), 139(11), 124(10), 104(5), 92(2), [M",]. Macc-
cnektp Bbeicokoro paspemieHusi (HR MS, ESI) nns coemunenust co cTpyKTypHOU
dbopmynont Cy4H1003N3F3S mokazan ciaenyromue 3HadeHmsi: Pacu€rHoe 3HaueHwHe
(m/z): 357.03895, skcnepuMEHTalbHO MOJydeHHOe 3HadeHue (m/z): 357.03863.
OnemenTtHbii aHanu3 (% MaccoBoil J0OAM) MPOAEMOHCTpUpoBai: PacuéTHbie
sHauenus C, 47.05; H, 2.83; N, 11.75, skcniepumentanbabie pannabie: C, 47.34; H,
2.58; N, 11.53.

Cunre3 2-(2,5-InmeToxcuderu)- 7-(rpudropmerna)-5-okco-5H-
[1,3,4]Tuanua3zono[3,2-ajnupumuanna (6k). B cyxyio KpyrioJgoHHYIO KoJiOy,
OCHAIIEHHYIO MAarHUTHOW MEIIAJIKONW U 00paTHBIM XOJIOAMIBHUKOM, TI0]T aTMOChepoi
aprosa 3arpyxajiu 2-6pomo-7-(TpudTopmerun)-5H-[ 1,3,4tnaguazomno3,2-
a|nupUMUINH-5-0H (0,334 MMOJIb, 100 MT, 1,0 9KB.), 2,5-
nuMeTokcudermooponoByro kucnoty (0,367 mmods, 1,1 2kB.), anerar nmamnaaus (1I)

(0,033 mmomb, 0,1 3xB.), urana XantPhos (0,067 mmons, 0,2 5kB.) U kKapOoOHAT
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kanus (0,668 mmons, 2,0 2xB). K peaknnonHo# cmecu 100aBisiin cyxoit 1,4-auokcan
(2 Mn), mpeaBapuUTENbHO JEra3upOBAaHHBIM MPOAYBKOM aproHoM. PeakImoHHYIO
cMmech HarpeBamu npu 100 °C B Tteuenme 16 wacos c nepememimBanuem. [lo
3aBEPIICHUU PEAKIIMU CMECh OXJaXJAIM JI0 KOMHATHOW TemmepaTypbl, J0OaBIISUIN
10 M3 BOABI W BBINOJHSIM OKCTPAKIUIO MpOAyKTa dTwmianeratom (3:1).
OObeIMHEHHOE OpraHUYEeCKUE HSKCTPAKThl CYIIMJIA HaJ Oe3BOJHBIM Cylb(arom
HaTpus, (DUIBTPOBAIM W YA PACTBOPUTENh TOJ BakyymoM. [lomydeHHBIHM
TBEPJBIA OCANOK IMOABEPrajd OYMCTKE METOJIOM KOJIOHOYHOW Xpomarorpaduu Ha
CUJIMKAresie ¢ MPUMEHEHUEM CUCTEMbI PAaCTBOPUTEIICH TeNTaH: THIAIETAT.

OMe 0

5/&\ CF3
6k

MeO

Beixon mpoaykra coctasisieT 41 Mr (35 %), npexactaBisieT TBEPAOE KENTOE
BerectBo ¢ T. i 72 — 73 °C. AIMP 'H (CDCls), §, m. ., T': 8.16 (x, ) = 3.18, 1H,
CHap), 743 (nm, %) = 9.13, “J = 3.11, 1H, CH,,), 7.26 (c, 1H, CH,,), 7.07 (c, 1H,
CHuetar), 4.26 (¢, 3H, OCHs), 4.12 (¢, 3H, OCH,). SIMP *C (CDCly), 8, m. x., T'mw.:
164.34 (Cyp), 156.35 (Cap), 154.24 (Cyp), 151.13 (x, ?J=35.97, C-CFs), 122.35 (Cap),
120.75 (Cap), 119.04 (x, ) = 275.64, CF;), 118.55 (Cap), 116.96 (CH,p), 113.41
(CHap), 111.21 (CHap), 106.52 (x, 3] - 3.06, CHuerar), 56.61 (OCH3), 56.25 (OCHj).
UK-crextp, v, cM: 3446 (cmab), 3352 (cmab), 3066 (caab), 2982 (cnab), 2945
(cmab), 2843 (cnab), 1713 (cunbH), 1611 (cmab), 1580 (cmab), 1503 (cunwh), 1477
(cpen), 1416 (cpen), 1336 (cmab), 1277 (cunbn), 1238 (cmab), 1221 (cnabd), 1204
(cpem), 1180 (cnab), 1165 (cnab), 1154 (cmad), 1132 (cmab), 1078 (cpem), 1005
(cnmab), 867 (ciad), 808 (cpen), 700(cpen). Macc ciektp FD MS m/z (%): 356 (100),
341(16), 337(8), 193(10), 180(15), 165(18), 162(21), 161(24), 150(11), 148(16),
147(36), 122(14), 120(11), 108(3), 107(3), 92(5), [M",]. Macc-crieKTp BHICOKOTO
paspemienuss (HR MS, ESI) nns coenuHenuss co CTpyKTypHOH (opmymoit

C14H1003N3F3S  moxkazan cnemyromue 3Hauenws: Pacu€tHoe 3Hauenwe (m/z):
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357.03895, oSkcmepuMeHTaIbHO TOJMydYeHHOe 3HadueHme (m/z): 357.03868.
OnemenTHbIi aHanu3 (% MaccoBo J0AM) MPOAEMOHCTpUpoBai: PacuéTHble
sHaueHust C, 47.05; H, 2.81; N, 11.75, sxcniepumentanbubie nanubie: C, 46.83; H,
3.11; N, 11.83.

Cunre3 2-(4-9roxcudennn)-7-(rpudTopMeTHI)-5-0kco-5H-
[1,3,4]Tuanna3zono|3,2-ajnupumuanna (61). B kpyrinononHyio Koia0y, OCHAIEHHYIO
MAarHUTHOM MENIAJIKOW W OOpaTHBIM XOJOIWIBLHUKOM, TOJ] aTMocdepor aproHa 2-
opomo-7-(tpudropmernn)-5H-[1,3,4|tnannazono  [3,2-ajuupumuaun-5-on (0,334
MmoJib, 100 mr, 1,0 3kB.), 4-3ToKcudenunooponoByto kuciory (0,367 mmons, 1,1
7kB.), anetaT namtaausa(Il) (0,033 mmomns, 0,1 3kB.), nurana XantPhos (0,067 mmoib,
0,2 7xB.) u kapbonar kamus (0,668 mmonb, 2,0 skB.). K peakiuonHoit cmecu
nobapisiin - cyxoil  1,4-nmuokcan (2 M), TOpEeABapUTENIBHO JIEra3UpPOBAHHBIN
MpOAYyBKOM aproHom. PeaknnoHHyr cMech HarpeBaid npu 100 °C B Teuenne 16
yacoB C nepeMemrBaHueM. [lo 3aBeplieHUMM peakiuu CMECh OXJaXAAIA [0
KOMHATHOM TeMmeparypsl, n00aBisuii 10 MJI BOABI U BBIMOJHSUIM JKCTPAKIUIO
npoaykra stunaneratoMm (3:1). OO0benuHEHHOE OPraHUYECKHE SKCTPAKTHI CYIIWIH
HaJl 0e3BOJHBIM CyJiibpaToM HaTpus, QUIBTPOBAIM U YIAJSIM PACTBOPUTEINb MO
BakyyMoM. llomydeHHbIi TBEPABIA OCANOK TMOABEPTAIA OUYHMCTKE METOJIOM
KOJIOHOYHOM  XpoMmMatorpaduu Ha CHIMKareiae ¢ MOPUMEHEHUEM CHCTEMbI

pacTBOpUTENIEH TeNTaH: 3TUIIALETaT.

0
Et0~©_<.\\:\'
s/gx

Breixon npoaykra coctasusier 101 mr (90 %), npencraBnser xéntoe TBEPIOE
BerectBo ¢ T.ur. 198 — 199 °C. IMP'H (CDCl,), 8, M. 1., T’ 7.88 (x, °J = 8.86, 2H,
CHap), 7.02 (1, % = 8.65, 2H, CHyy), 6.84 (c, 1H, CHyerar), 4.13 (x, %] = 6.96, 2H,
OCHy), 1.45 (1, %) = 7.04, 3H, CH,). IMP *°C (CDCly), 8, M. 1., Tw.: 163.45 (Cap),
163.38 (Cap), 160.46 (Cap), 156.22 (Cyp), 150.80 (x, ) = 36.04, C-CF3), 129.86

CF3
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(Cap), 120.44 (x, 1J = 275.10, CF3), 120.03 (Cap), 116.13 (Cpp), 115.67 (CHyy),
115.53 (CHyp), 107.62 (k, 30 = 3.17, CHuerar), 64.24 (OCH,), 14.73 (CH3). UK-
CIIEKT, V, M : 2977 (cnab), 2920 (ciaab), 2848 (cnab), 1713 (cuibn), 1603 (cuibh),
1575 (cmab), 1513 (cpen), 1494 (cunwn), 1473 (cpenm), 1414 (cpen), 1393 (cmadb),
1314 (cma6), 1303 (cmab), 1275 (m), 1260 (cuawn), 1202 (cmab), 1174 (m), 1142
(cunpH), 1118 (cnab), 1076 (cpem), 1026 (cpen), 920 (cpen), 843(cpen), 811 (cnad),
698 (cuibH), 604 (cwtbH). Mace cniektp FD MS m/z (%): 342 (100), 314(24), 195(5),
181(15), 167(63), 149(11), 138(35), 122(22), 121(21), 119(25), 109(10), 94(3). [M™,].
Macc-cnexktp Bbicokoro pazpemenuss (HR MS, ESI) nmna coenuHenus co
ctpykrypHoi hopmymoit Ci4H100,N3sF3S mokazan cnenyronue 3nadeHust: PacuérHoe
3HaueHue (m/z): 342.05186, sKcrepUMEHTAIBLHO TMOJYYEeHHOE 3HaueHue (m/z):
342.05235. DOnementHwii aHanu3 (% MaccoBOM J10M) TPOJEMOHCTPUPOBAI:
Pacuérnnie 3nauenus C, 49.26; H, 2.94; N, 12.32, skcnepumeHTanbHbie gaHHbie: C,
49.82; H, 3.01; N, 11.87.

Cunre3 2-(2-9Tokcudenun)-7-(TpudTopMeTi)-5-okco-5H-
[1,3,4]Tuanna3zono[3,2-ajnupumuauaa (6m). B kpyriogonnyio Kooy,
OCHAILIEHHYIO MarHUTHOW MEIIAJIKON U 00OpaTHBIM XOJIOAWIBHUKOM, 101 aTMOC(hepoi
aprosa 3arpyxajiu 2-6pomo-7-(tpudropmerin)-5H-[1,3,4]trnaguaszomno-[3,2-
a|mupumuaua-5-od1 (0,334 mmoinb, 100 mr, 1,0 3kB.), 2-3TOKCH(MEHUIOOPOHOBYIO
kucinory (0,367 mmonsb, 1,1 skB.), amneratr namiaaus(Il) (0,033 mmons, 0,1 5kB.),
murang XantPhos (0,067 mmonb, 0,2 2kB.) m kapbonar kamus (0,668 mMmons, 2,0
7kB.). K peakunonHoit cmecu goOaBmsuim  cyxod 1,4-muokcan (2 mi),
IIpEIBAapPUTEIBbHO JEra3upPOBAHHBIM MPOJYBKOM aproHoM. PeakIMOHHYI0 CMECh
narpesamu mpu 100°C B Tedenme 16 wacoB ¢ mepememmBanneM. 110 3aBepLICHHH
peakiuu cMech OXJIKIAIU A0 KOMHATHON TeMrieparypsl, 1o0aBmsuin 10 M BOABI U
BBITIOJIHSUTA ~ DKCTpakuuio  mpoaykra ostunaneratom  (3:1).  OObenunéHHOE
OpTraHUYECKHUE OKCTPAKThl CYIIWIM HaJ O€3BOAHBIM  Cyibh(haToM HATpus,
GUIbTpOBAIM W YAAISUIM PACTBOPUTENHh MO BakyyMoM. [lojmydeHHBIN TBEPIBIiA
0CaJIOK TMOJABEPrajIf OYMUCTKE METOJIOM KOJOHOYHOW XpoMarorpaduu Ha CUIIMKaresie

C IPUMCHCHUCM CHUCTCMBI paCTBOpHTeHeﬁ I'CrTad: 39THJIancTar.
91



OFt 0
h \N

R
S$TNSNT NCF;

6m

Boeixon mpoaykra coctaBisieT 45 mr (40 %), mpeacTaBisieT KEATOE TBEPIOE
Bemecteo ¢ 1.1 87 — 89 °C. SIMP *H (CDCl,), 8, m. a., T: 7.85 (axm, 21 = 7.27, % =
1.65, 1H, CH,,), 7.37 - 7.46 (M, 1H, CHy,), 7.03 (1, %) = 7.32, 1H, CH,,), 6.88 (1, %)
= 8.34, 1H, CHy,), 6.06 (c, 1H, CHyetar), 4.14 (x, 31=6.97, 2H, OCH,), 1.47 (1, %) =
6.96, 3H, CHs). AMP °C (CDCls), 8, m. 1., T'w.: 163.95 (Cyp), 160.9 (Cyp), 160.25
(Cap), 156.33(Cyp), 150.94 (k, ?J = 36.60, C-CF3), 136.82 (CHap), 134.74 (Cap),
132.84 (CHyp), 121.15 (CHy,y), 119.34 (k, 1) =274.65, CF3), 110.8 (CHa,), 106.45 (k,
30 = 3.66, CHyerar), 63.97 (OCH,), 14.8 (CHj). UK-criektp, v, cM™: 3442 (cnab),
3353 (cunwH), 3067 (cnab), 2986 (cmabd), 2917 (cnab), 2848 (cmabd), 1707 (cpen),
1597 (cunbh), 1572 (cpen), 1503 (cnad), 1472 (cpen), 1447 (cunbn), 1393 (cuiibH),
1342 (cumbH), 1291 (cpen), 1278(cpen), 1228 (cmibH), 1163 (cpen), 1154(cpen),
1106 (cunwn), 1034 (cunwh), 975 (cnabd), 924 (cpen), 775 (cpen), 755 (cunbH), 673
(cumeH), 608 (cpem), 541 (cnmab). Macc cnektp FD MS m/z (%): 342 (79), 328(11),
327(71), 323(13), 314(100), 268(16), 245(18), 181(34), 167(99), 149(14), 148(11)
145(56), 144(11), 136(32), 130(15), 120(37), 119(29), 108(17), 107(39), 104(6),
92(20), [M",]. Macc-cniextp Bbicokoro paszpemenns (HR MS, ESI) nns coenuHeHns
co crpykrypHoit dopmynoit CisH10O:N3F3S mokazan crnemyrorue 3HaueHUs:
Pacuérnoe 3nauenue (m/z): 342.05186, sKCrIEpUMEHTAIBHO MOJYYEHHOE 3HAUYCHHE
(m/z): 342.05207. DnementHbiid ananu3 (% MaccoBOM OJH) MPOJEMOHCTPUPOBAI:
Pacuérnnie 3nauenus C, 49.26; H, 2.94; N, 12.32, skcnepuMeHTanbpHbIe TaHHbIE: C,
49.62; H, 2.72; N, 12.72.

Cunre3 2-(2-®dropdenn)-7-(tpudropmerni)-5-okco-5H-
[1,3,4]Tuagna3zono[3,2-ajnupumuauna (6n). B cyxyio KpyrjioJloHHYIO KoJOy,
OCHAILIEHHYIO MarHUTHOM MEIIAIKONH U 00paTHBIM XOJIOJUIBHUKOM, TI0]T aTMOChepoi
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aprosa 3arpyKajiu 2-6pomo-7-(tpudropmetiun)-SH-[ 1,3,4 Jtmanuazomnol3,2-
a|mupumunua-5-on (0,334 mmons, 100 mr, 1,0 2kB.), 2-pTopdheHnI60pOHOBYIO
kucinory (0,367 mmonb, 1,1 skB.), amerar namiaausa(Il) (0,033 mmons, 0,1 3kB.),
muraan XantPhos (0,067 mmons, 0,2 3kB.) u kapbonat kamms (0,668 mmons, 2,0
akB.). K peakumonHoi cmecu goOapmsuim  cyxod  1,4-muokcan (2 mi),
MpEeIBapUTENIbHO JIEra3upOBaHHBIA MPOAYBKOM aproHoMm. PeakiuoHHy0 cMech
narpesany mpu 100 °C B Tedyenne 16 wacos ¢ mepemernnBanieM. I10 3aBeplieHHH
peaKIMK CMECh OXJIAXIAIN O KOMHATHOM TeMIeparypsl, 100aBisuin 10 M1 Boabl U
BBIIIOJIHSUIM ~ 3KCTpAakUuioo  mpoaykra atunaneratoM  (3:1). OObenuHEHHBIE
OpTaHUYECKHE OKCTPAKThI CYIIWIW Haa Oe3BOAHBIM  Cyidb(haToM  HaATpWs,
GuUIBTPOBAIM W YJAISUIM PACTBOPUTENb MOA BakyyMoM. I[lonydeHsiii TBEpABIN
0CaJIOK TMOJABEPrajIl OYMUCTKE METOJOM KOJIOHOYHOW XpoMarorpaduu Ha CHUIIMKAareyie

C IPUMCHCHHUCM CUCTCMBbI paCTBOpHTeHeﬁ I'CIITaH: OTUJIALCTAaT.

F O
S/guN

6n

CF3

Breixon mpoaykta coctaBmisier 53 mr (51 %), mpenctaBisieT kENToe TBEPIOE
BerecTBo ¢ T.mL. 146 -148 °C. SIMP 'H (CDCly), &, m. 1., I'm: 8.36-8.41 (m, 1H,
CHy,), 7.61-7.66 (m, 1H, CHy,), 7.34-7.42 (M, 1H, CH,,), 7.25-7.31 (M, 1H, CH,,),
6.85 (¢, 1H, CHperar). AMP °C (CDCl), 8, M. 1., T'iw.: 163.74 (Ca,), 160.83 (1, 1J =
254.75, C-F), 156.03 (Cp,), 154.56 (1, °J = 4.86, CHy,), 151.24 (x, 2J = 35.94, C-
CFs), 135.28 (1, °J = 9.33, CH,,), 129.13 (1, °J = 0.94, Ca,), 125.52 (m, “J = 3.28,
CHyp), 124.12 (1, % = 24.75, Cyp), 120.34 (x, 'J = 275.21, CF3), 116.65 (1, 2 =
21.45, CHy,), 107.32 (x, °T = 3.12, CHperar). MK-ciextp, v, cm™: 3066 (ci1ab), 2916
(cmab), 2847 (cnab), 1706 (cmibH), 1614 (cpem), 1582 (cpem), 1506 (cunbH), 1465
(cpen), 1414 (cpen), 1313 (cmab), 1257 (cunbn), 1213 (cpen), 1181 (cpem), 1155
(cuibn), 1103 (cpem), 1075 (cpem), 1016 (cpen), 967 (cnad), 888 (cpemn), 867 (cubH),
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828 (cpen), 794 (cubH), 698 (cpen), 607 (cpex). Macc cnexktp FD MS m/z (%): 316
(100), 295(8), 195(4), 181(12), 165(83), 138(56), 124(11), 122(14), 96(15), [M™].
Macc-cnexktp Bbicokoro pazpemenuss (HR MS, ESI) nmns coenuHenus co
ctpykrypHoir popmymnoit C1,HsONsF,S mokazan cnenyromme 3Hauenws: PacuérHoe
3HaueHue (m/z): 315.00840, sKcnepuMEHTAIBHO TIOJIYyYCHHOE 3HadYeHue (m/z):
315.00807. OnementHwii aHamu3 (% MaccoBOM [0JIM) MPOJEMOHCTPUPOBAI:
Pacuérawie 3nauenus: C, 45.71; H, 1.61; N, 13.34, skcnepumenTansubie qanubie: C,
45.92; H, 2.02; N, 13.72.

Cunre3 2-(3-@ropdhenn)-7-(TpudTopmerni)-5-okco-5H-[1,3,4]
THAAUA3010[3,2-almupumuauna  (60). B cyxywo  KpyrJogoHHYH  KoJiOy,
OCHAIIEHHYI0O MAarHUTHOM MENIAJIKOW M OOpaTHBIM XOJOJUIBHUKOM, 3arpyxaiu 2-
opomo-7-(Tpudropmeriin)-5H-[1,3,4 | tuaguazono3,2-a|nupuMuIuH-5-0H (0,334
mMonb, 100 mr, 1,0 2xB.), 3-propdenundoponoByto kucinoty (0,367 mmons, 1,1
akB.), anerat nmamaaus(Il) (0,033 mmomns, 0,1 3kB.), murang XantPhos (0,067 MMob,
0,2 5kB.) u kap6onat kayus (0,668 MMoIb, 2,0 3kB). PeakiilmoHHYI0 CMECh HarpeBaiu
mpu 100 °C B Teuenne 16 uacoB ¢ mepemernmBaHueM. 110 3aBEpIICHHH PEAKIHH
CMECh OXJIAKIAIM 10 KOMHATHOM Temmeparypbl, no0aBmsuin 10 M Boabl u
BBITIOJIHSUTA ~ OKCTPaKIuio  mpoaykra otunaneratom  (3:1).  OObenuHEHHBIC
OpraHUYECKHUE OKCTPAKThl CYIIWIM HaJd Oe3BOAHBIM  Cyib(haToM HATpus,
GbunbTpoBaAIM W YAAISUIM PACTBOPUTENHh MOoJa BakyyMoM. IlomydeHHBIN TBEPIBIit
0CaJIOK TOJABEPrajif OYMUCTKE METOJOM KOJOHOYHOW XpoMarorpaduu Ha CUIIMKaresie

C IPUMEHEHHEM CUCTEMBI PACTBOPUTEIIECH TENTaH: STUJIALIETAT.

3 0
S/gr\' CF3

60

Brixoa mpoaykra coctaBiset 55 mr (65%), xéntoe TBEPIOE BEIIECTBO C T. ILI.
166 — 167 °C. AMP ‘H (CDCly), 5, m. 1., ' 7.7-7.77 (M, 2H, CH,,), 7.52-7.59 (m,

1H, CHAr,,), 7.32-7.38 (M, 1H, CH,,), 6.85 (c, 1H, CHyere). SIMP ©°C (CDCly), §,
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M. 1., I'm: 163.23 (Cyp), 163.13 (x, 1) = 250.41, C-F), 159.44 (1, 1] = 3.22, Cap),
156.02 (Cap), 151.15 (k, % = 36.32, C-CF3), 131.62 (1, %) = 8.23, Cyp), 129.76 (1, *J =
8.24, CHy,), 123.96 (1, *3 = 3.22, CHyp), 120.77 (1, %3 = 21.45, CH,,), 120.34 (x, 1 =
275.04, CF3), 114.84 (1, %) = 24.75, CHyp), 107.96 (k, %) = 3.14, CHuerar). VK-
criexTp, v, cM: 3076 (ciab), 2966 (cnab), 2917 (cmab), 1707 (cunsh), 1611 (cnab),
1505 (cunbH), 1485 (cunbH), 1413 (cnab), 1372 (cnab), 1315 (cnmab), 1278 (cuibH),
1215 (cpen), 1175 (cpen), 1143(cunbr), 1076 (cpem), 1035 (cpen), 984(cmad), 911
(cmab), 886 (cpen), 747 (cuibH), 686 (cpem), 546 (cnab). Macc cuektp FD MS m/z
(%): 316 (100), 297(8), 195(4), 181(14), 167(93), 138(68), 124(13), 122(18), 96(27),
[M",]. Macc-ciextp Bbicokoro paspemenus (HR MS, ESI) mns coemuHeHus co
ctpykrypHoii popmynoit C1,HsON3F,S nokazan cnenyrommue 3Hauenus: PacuérHoe
3HaueHue (m/z): 315.00840, sKcCrepuMEHTAIBHO TMOJIYYEHHOE 3HadYeHue (m/z):
315.00748. DnementHwii aHamu3 (% MaccoBOM JIOJM) IPOJAEMOHCTPUPOBAI:
Pacuérnnie 3nauenus: C, 45.70; H, 1.62; N, 13.32, skciepumeHTaIbHbIE qaHHbIeE: C,
45.22; H, 1.88; N, 13.22.

CuHnre3 2-(3-®ropmerniidern)-7-(tpudropmerni)-5-okco-5H-
[1,3,4]Tuagna3zono[3,2-ajnupumuauna (6p). B cyxyio KpymioJoHHYIO KoJOy,
OCHAIIEHHYIO MarHUTHOM MEIIAIKONW U 00paTHBIM XOJIOIUIBHUKOM, 10T aTMOCchepoi
aprosa 3arpyKaju 2-6pomo-7-(Tpudropmernn)-5H-[ 1,3,4tuaguazomno[3,2-
a|mupumuann-5-0H (0,334 mmons, 100 mr, 1,0 9kB.), 3-propmernndeHUIO0pPOHOBYIO
kucnory (0,367 mmonb, 1,1 skB.), ameratr mamraausa(Il) (0,033 mmomns, 0,1 3kB.),
murang XantPhos (0,067 mmonb, 0,2 5kB.) u kapOonat kanus (0,668 mMmons, 2,0
7kB.). K peakumonHoit cmecu goOapmsuim  cyxod 1, 4-muokcan (2 mi),
MPEIBAPUTEIbHO JEra3uPOBAHHBIM MPOJYBKOW aproHoM. PeaknMOHHYI0 CMECh
HarpeBaau IpU 100°C B Teuenme 16 wacoB c nepememuBanuemM. Ilo 3aBepiieHun
peaKiuu CMeCh OXJIAXKIalIM 10 KOMHATHOM Temreparypsl, 106asmsum 10 M BOJIbI U
BBITIOJIHSUTA ~ DKCTpakuuio  mpoaykra ostunaneratom  (3:1).  OObenunéHHOE
OpTraHWUYECKHUE OKCTPAKThl CYIIWIM HaJa OE3BOJHBIM  CylIb(haToM  HATpHA,

GUIBTPOBAIM W YA PACTBOPUTENH IMOJ BakyyMoM. llomydeHHBIH TBEPIBIN
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0CaJIOK MOABEPraid OYUCTKE METOAOM KOJIOHOYHOW XpomaTorpaduu Ha CUIUKarese

C IPUMEHEHHUEM CUCTEMBI PACTBOPUTEIICH IEIITaH: TUJIALIETAT.

F3C 0
s/g\

6p

CF3

Beixon nmpoaykra cocrasisier 68 wmr (55 %), npencraBisieT TBEPAOE KENTOE
BemecTBo ¢ T. . 152 — 153 °C. IMP 'H (CDCly), 8, M. 1., I': 8.26 (c, 1H, CHa,y),
8.17 (m, °J = 8.24, 1H, CHyy), 7.94 (1, °J = 7.91, 1H, CH,,), 7.73 (r, °J = 7.85, 1H,
CHy,), 6.86 (¢, 1H, CHpgrar). AMP °C (CDCly), 8, M. 1., Tw.: 163.12 (Cy,),159.24
(Cap), 156.02 (Cyp), 151.25 (x, ’J = 36.05, C-CF3), 132.65 (k, °J = 33.54, C-CF5),
131.17 (Cap), 130.52 (CHap), 130.13 (k, 3] = 3.66, CHap), 128.84 (CHyyp), 124.76 (x,
°J = 3.67, CHy,), 123.26 (x, 'J = 272.48, CF3), 120.34 (x, 'J = 275.65, CF3), 108.13
(x, 3J = 3.06, CHperar UK-criextp, v, cM™: 3043 (cmab), 2962(cab), 2919 (cmab),
1708 (cunbh), 1618 (cnab), 1589 (cmad), 1621 (cunwh), 1510 (cunbh), 1489 (cpen),
1419 (cpen), 1342 (cunbH), 1276 (cunbH), 1195 (cpen), 1144 (cpen), 1123 (cpen),
1075 (cpen), 1031 (cunwh), 975 (cnab), 913 (cnab), 874 (cpen), 811 (cunwn), 745
(cpen), 695 (cunbH), 586 (cpen). Macc criektp FD MS m/z (%): 366 (100), 347(19),
188(47), 181(13), 174(12), 167(90), 146(16), 138(15), 126(7), 121(8), 94(5), [M",].
Macc-cnexktp Bbicokoro paszpemenus (HR MS, ESI) nana coenunenus co
ctpykrypHoii popmyroit C13HsONzFgS mokazan cieayronue 3HadueHus: PacuétHoe
3HaueHue (m/z): 365.00520, sSKCIEepUMEHTAIBHO IIOJIYyYCHHOE 3HadYeHue (m/z):
365.00401. DOnementHwii aHanmu3 (% MaccoBOW JIOJIM) MPOJAEMOHCTPUPOBAI:
Pacuérnnie 3nauenus: C, 42.74; H, 1.37; N, 11.51, skcnepumenTtanbHbie gaHabie: C,
42.84; H, 1.81; N, 11.44.

Cunre3 2-(4-Trpudropmeroxcudennn)-7-(rpudpTopmMeTiir)-5-oxco-5H-
[1,3,4]Tuagna3zono[3,2-ajnupumuanna (6q). B cyxyio KpyriogoHHYIO KoJOy,
OCHAIIEHHYIO MAarHUTHOW MEIIAIKONW U 00paTHBIM XOJIOJUIBHUKOM, TI0]T aTMOChepon

aprosa 3arpyKajiu 2-6pomo-7-(tpudropmetiun)-SH-[ 1,3,4 Jtmanuazomno|3,2-
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a|mupumunua-5-on (0,334 wmmomb, 100 wmr, 1,0 53kB.), 4-(TpudTOPMETOKCH)
dbenundoponoByto kucnoty (0,367 mmons, 1,1 2kB.), anerat mamtamus (II) (0,033
Mmodib, 0,1 9kB.), nurang XantPhos (0,067 mmonb, 0,2 3kB.) W KapOOHAT Kayus
(0,668 mmonb, 2,0 3kB.). K peaknuonHoi cmecu aoOapisuin cyxou 1,4-nmuokcan (2
MJI), IPEIBAPUTEIHHO JIera3upOBaHHBIM MPOIYBKONH aproHoM. PeakiumoHHYI0 cMech
HarpeBanu npu 100 °C B Teuenue 16 gacos ¢ nepeMmemnBanuemM. 11o 3aBeprieHnn
peaKIuu CMeCh OXJIaXKIaIN A0 KOMHATHOM TeMrieparypsl, 1o0asisui 10 M1 BoabI U
BBIMIOJIHSJIM ~ DKCTpakuuio  mpoaykra stunaneratom  (3:1).  OObenuHEHHOE
OpPraHUYeCKUEe HJKCTPAKThl CYIIWIM Haa Oe3BOAHBIM  Cyib(aToM HATpus,
(GUIBTPOBAIM W YyIANSAIM PACTBOPUTENb MOJ BakyyMoM. llosydeHHBI TBEpABINA
0CaJIOK MOJABEPrajil OYUCTKE METOJOM KOJOHOYHOW XpoMarorpaduu Ha CUIIMKaresie

C IPUMEHEHHEM CUCTEMBI PACTBOPUTEIIEH TENTaH: 3TUJIALIETAT.

O

F_;('()__@__<.\\N
S/J\,

6q

Beixon mpoaykra coctasisier 78 Mr (60 %), npencraBiser TBEpAOE KENTOE
BerecTBo ¢ T. mwi. 167-168 °C. SIMP 'H (CDCl,), 8, m. 1., I'm: 8.02-8.06 (m, 2H,
CHy,), 7.43 (um, °J = 8.95, “J = 0.96, 2H, CH,,), 6.87 (c, 1H, CHuerar). SIMP ©°C
(CDCly), 8, M. 1., I'r.: 163.25 (Cap), 159.23 (Cap), 156.05 (Cap), 153.03 (Cap), 151.22
(x, °J = 36.83, C-CF3), 129.86 (Ca,), 126.23 (CHyp), 124.02 (x, 'J = 275.51, CF3),
121.67 (CH,,), 120.37 (x, 1 = 259.52, OCF3), 108.03 (x, °J = 3.05, CHyerar). UR-
criexTp, v, cM : 3103 (cimab), 3066 (cnab), 2961 (cmab), 1715 (cunsh), 1605 (cnab),
1588(cnab), 1517 (cunbn), 1498 (cunwn), 1412 (cpen), 1302 (cnab), 1257 (cpen),
1245 (cpen), 1172 (cunbh), 1137 (cunwn), 1071 (cpen), 1026 (cpen), 965 (cnabd), 893
(cpen), 852 (cuibH), 843 (cunbH), 744 (cnad), 702 (cmibH), 602 (cpex). Macc ciekTp
FD MS m/z (%): 382 (100), 206(34), 190(18), 181(14), 167(87), 149(5), 139(14),
109(17), 94(4), [M",]. Macc-ciektp Bbicokoro paspemenus (HR MS, ESI) s
coenmuHeHus co CTpykTypHOil dopmynoir Ci3HsO,N3FeS moxazan cnemyromue

3HaueHus: PacuérHoe 3Hadenue (m/z): 381.00012, skcriepuMEHTAIBLHO MOJYYEHHOE
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sHauenne (m/z): 380.99940. OnementHsii anamu3 (% MaccoBOW  JI0JH)
npoaemonctpupoBai: Pacuérasle 3nauenums: C, 40.96; H, 1.33; N, 11.03,
skcniepumMeHTanbHble nanueie: C, 40.76; H, 1.55; N, 10.75.

Cunre3 2-(3-Luanopennn)-7-(rpudpTopmMeTiii)-5-oxco-5H-
[1,3,4]tuaauazono|3,2-ajnmpumuauna (6r). B KPYIJIOJOHHYIO  KOJIOY,
OCHAIIEHHYIO MarHUTHON MEIIaKONH U 00paTHBIM XOJIOJUIBHUKOM, 0T aTMOChepoin
aproHa 2-6pomo-7-(tpudTopmernn)-5H-[1,3,4]tnaanazono|3,2-a]nupuMuana-5-0H
(0,334 mmonb, 100 mr, 1,0 3kB.), 3-tinanopeHnI60poHOBYIO KUCIOTY (0,367 MMOJIB,
1,1 »kB.), anerat namiagusa(Il) (0,033 mmouns, 0,1 3kB.), nurana XantPhos (0,067
MMOJib, 0,2 3kB.) u kapOoHat kanus (0,668 mmoub, 2,0 3kxB.). K peakiimonHoit cmecu
nobaBms  cyxod 1,4-muokcan (2 MiI), MpeABapUTENBHO JI€ra3sUpOBaHHBIN
IIPOYBKOM aproHoM. PeaklMOHHYIO CMECh HarpeBajid IpuU 100°C B Teuenne 16
4acoB C ImepememnBaHueM. [lo 3aBeplieHMHM peaklUMd CMECh OXJaXIalIu A0
KOMHATHON TeMIiepaTyphl, 100aBimsuii 10 M BOABI U BBIMIOJHSUIA JKCTPAKITUIO
npoaykra stunaneratoMm (3:1). OObeIMHEHHOE OPraHUYECKHE SKCTPAKTHI CYLIWIH
HaJl 0e3BOJHBIM Cyib(haToOM HATpHsi, (PUIBTPOBAIM W YAAISUIA PAaCTBOPUTENH O]
BakyyMoM. llosydeHHBII TBEPABIA OCAaJOK IMOABEpPrajid OYHUCTKE METOAOM
KOJIOHOYHOM  Xpomarorpaduu Ha CHJIMKareJe C TPUMEHEHUEM CUCTEMbI

PACTBOPUTENICH TENTAH: ATUJIALICTAT.

O
N\.\'
s/&\
NC -
6r

Brixog mpoaykra cocrasisieT 72 mr (55 %), npenctaBisieT KEATOe TBEPIOE
BemecTBo ¢ T. w1 228 — 229 °C. SIMP *H (CDCl,), 8, m. 1., T: 8.26 (1, *J = 1.43, 1H,
CH,,), 8.05-8.24(M, 1H, CHyp), 7.92-7.96 (M, 1H, CHy,), 7.72 (1, % = 7.73,1H,
CHap), 6.91 (¢, 1H, CHperar). AIMP ©°C (CDCly), §, M. 1., T'w.: 162.96 (C,,), 158.36

(Cap), 155.86 (Cap), 151.32 (x, 2 = 36.72, C-CF3), 136.46 (CN), 131.76 (C,,), 131.23
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(Cap), 130.83 (CHyp), 129.32 (CHyp), 120.27 (x, 1) =275.11, CF3), 117.05 (CHayp),
114.63 (CHyp), 108.25 (x, %) = 2.76, CHyerer). UK-criektp, v, cm™: 3072 (cpen), 3034
(cmab), 2958 (cmab), 2917 (cpen), 2848 (cpem), 2233 (cpen), 2231 (cpen), 1703
(cunbH), 1578 (cnab), 1524 (cuibn), 1509 (cpen), 1416 (cpen), 1282 (cunbH), 1195
(cunbH), 1144 (cunwH), 1078 (cpem), 1039 (cpen), 996 (cnmab), 895 (cnab), 871
(cunpH), 809 (cunbH), 747 (cpen), 684(cwibH), 561 (cunbpH). Macc ciektp FD MS
m/z (%): 323 (100), 295(9), 181(13), 167(99), 147(48), 139(13), 129(15), 103(22),
94(5), [M™,]. Macc-cnektp Bbicokoro paspemenus (HR MS, ESI) a5 coeiuHenus co
ctpykrypHoir popmymoit C13HsONy4F3S mokazan cnegyromme 3HaveHws: PacuéTHoe
3HaueHue (m/z): 322.01307, sSKCHEpUMEHTAIBHO IMOJIYYECHHOE 3HadYeHue (m/z):
322.01214. DnementHsii aHamu3 (% MaccoBOW JI07M) IIPOJIEMOHCTPUPOBAI:
Pacuétnnie 3nauenus: C, 48.44; H, 1.55; N, 17.68, skcnepumeHTanbubie gaHHbIe: C,
48.61; H, 2.15; N, 17.95.

Cunre3 2-(3-Hutpodenunn)-7-(rpudTopMeTH)-5-okco-5H-
[1,3,4]Tuanna3zono[3,2-ajnupumuauna (6s). B cyxyio KpyrjioJoHHYHO KoJOy,
OCHAIIEHHYIO MarHUTHON MEIIAIKONW U 00paTHBIM XOJIOJUIBHUKOM, 10T aTMOChepon
aprosa 3arpyxKajiu 2-6pomo-7-(tpudropmerni)-sH-[1,3,4 | tuanuazono|3,2-
a|mupumuaua-5-o1 (0,334 mmonb, 100 mr, 1,0 3xB.), 3-HUTPOHEHUITOOPOHOBYIO
kucnory (0,367 mmonb, 1,1 skB.), amerar mamraausa(Il) (0,033 mmons, 0,1 3kB.),
murang XantPhos (0,067 mmounb, 0,2 2xB.) U kapoonat kanus (0,668 mmoib, 2,0
7kB.). K peaknmonHoit cMecu goOaBnsanmu  cyxoil  1,4-muokcan (2 M),
MIPEABAPUTEIBHO JIETa3UPOBAHHBIA MPOAYBKOW aproHoM. PeaknHOHHYIO CcMeCh
HarpeBanu npu 100 °C B Teuenue 16 gacos ¢ nepememnBanuem. 11o 3aBeprienuun
peakiuu CMeCh OXJIAXIAIN O KOMHATHON TeMmeparypsl, 100aBisutk 10 M1 BOABI U
BBINIOJIHSJIM ~ DKCTpakuMio  mpoaykra astunaueratom  (3:1).  OObenuHEHHOE
OPTraHWUYECKHUE OKCTPAKThl CYIIWIM HaJd O€3BOAHBIM  Cyibh(haToM HATpHs,
GUIBTPOBAIM W YA PACTBOPUTENH IMOJ BakyyMoM. llomydeHHBIH TBEPIBIN
0CAaJIOK MOJABEPrajil OYMCTKE METOJOM KOJIOHOYHOW XpoMarorpaduu Ha CUIIMKaresie

C IPUMCHCHHUCM CUCTCMbI paCTBOpI/ITeHeﬁ I'CIITaH: OTUJIALCTAaT.
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Brixon mponykra coctaBisieT 75 mr (65 %), npenactaBaisieT TBEpAOE KENTOE
BEIIECTBO C T. Iu1. 247 — 248 °C. IMP 1H (CDCly), 6, m. a., I': 8.74 (T, 4] = 1.84,
1H, CHy,), 8.45-8.53 (M, 1H, CHy,), 8.36-8.37 (M, 1H, CHa,,), 7.82 (T, 31 =8.05, 1H,
CHap), 6.94 (c, 1H, CHyetar). AMP BC (CDCly), 8, m. 1., I'n.: 163.03 (Cap), 158.26
(Cap), 155.84 (Cyp), 151.34 (k, 2J = 36.32, C-CF5), 148.93 (Cap), 133.26 (Cyp),
131.13 (CHap), 129.55 (CHap), 127.84 (CHyp), 122.86 (CHyp), 120.26 (k, =
275.12, CF3), 108.24 (k, 3 = 3.26, CHyetar). UK-criextp, v, cm™: 3086 (crmab),
3034(cnab), 2851 (cmabd), 1694 (cunph), 1616 (cnabd), 1581 (cmab), 1507 (cunbH),
1435 (cnab), 1346 (cunwh), 1276 (cunbH), 1259 (cpen), 1189 (cpen), 1151 (cunbh),
1075 (cpem), 1041 (cmab), 998 (cmad), 911 (cpen), 875 (cwnbh), 812 (cpem), 711
(cpem), 564 (cmab). Macc ciektp FD MS m/z (%): 343 (98), 297(3), 181(15), 167
(100), 149 (7), 135 (11), 121 (45), 103 (6), 95 (7), [M",]. Macc-cHeKkTp BBICOKOTO
pazpemienuss (HR MS, ESI) nns coenuHeHust co CTpyKTypHOH (opmysoii
CioHsO3N4F3S  mokazan crnenyromme 3HaueHus: Pacu€rHoe 3HadeHWe (Mm/z):
342.00290, oSKcriepuMEHTAIBHO TOJyYeHHOE 3HadeHwe (m/z): 342.98217.
OneMeHTHbI aHamu3 (% MaccoBOMl 07M) NpOoAEeMOHCTpupoBan: PacuéTHbie
sHaueHus: C, 42.12; H, 1.46; N, 16.36, sxcniepumenTainbubie nanneie: C, 42.17; H,
1.45; N, 16.43.

Cunre3 2-(3-®Denunndennn)-7-(rpudpTropmMeTnii)-5-oxco-5H-
[1,3,4]Tuagnazono [3,2-ajnupumuanna (6t). B cyxymo KpyrionoHHyr Kooy,
OCHAILIEHHYIO MarHUTHON MEIIAIKONH U 00paTHBIM XOJIOJUIBHUKOM, 0T aTMOC(hepoi
2-6pomo-7-(TpudTopmerun)-5H-[1,3,4|tnagnazono| 3,2-a|Jnupumunun-5-on (0,334
mmoJb, 100 mr, 1,0 skB.), [1,1'-0udennn]-3-6oponosyio kuciaory (0,367 mmons, 1,1
7kB.), anerat namaaus(Il) (0,033 mmons, 0,1 3xB.), murang XantPhos (0,067 mMonb,
0,2 skB.) m kapOoHar kamusg (0,668 mmonb, 2,0 skB.). K peaknuoHHol cMecH

nobapisin - cyxoil  1,4-nmuokcan (2 M), TpeABapUTENBHO  JIera3UupOBAHHBIM
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MpPOLYBKOii aproHoM. Peakumonnyio cMech marpesamu mpu 100 °C B Teuenne 16
4acoB ¢ nepememmBaHueM. Ilo 3aBeplIeHMHM peaklMH CMECh OXJIAXKIAIU 10
KOMHATHOM Temneparypbl, 100aBiasii 10 M BOABI M BBINONHSUIM HKCTPAKIUIO
npoaykra stuianeratoMm (3:1). O0bennHEHHBIE OPraHUYECKHE SKCTPAKTHI CYLIMIN
HaJ O€3BOJIHBIM Cynab(haToOM HaTpus, (UIBTPOBAIU U YAAISIM PACTBOPUTEIH IOJ
BakyyMOM. [lomyuyeHHbIi TBEPIABIM OCANOK MOJABEpPrajil OUYHUCTKE METOJOM
KOJIOHOYHOM  Xpomarorpadud Ha CHJIMKareJie C NPUMEHEHHEM CHUCTEMBI

paCTBOpHTeHeﬁ I'CIITaH: OTUJIalCTarT.

-
-

Beixon mpoaykra coctasisieT 87 mr (70 %), npencraBiser TBEpAOE KENTOE
BemectBo ¢ T.Iwr. 201 — 202 °C. SIMP *H (CDCly), 8, m. 1., I'r: 8.14 (1, *J = 1.68,1H,
CHap), 7.81-7.91 (M, 2H, CHy,), 7.58-7.63 (M, 3H, CHy,), 7.43-7.52 (M, 3H, CHa,,),
6.84 (c, 1H, CHperar). SIMP °C (CDCly), 8, m. 1., Tw.: 163.37 (Cpp), 160.83 (Cap),
156.14 (Cap), 151.06 (x, ?J=36.10, CCF3), 143.14 (Cap), 139.21 (Cpp), 132.36 (Cap),
130.15 (CHap), 129.21 (CHap), 128.54 (CHyp), 128.4 (CHyp), 127.36 (CHy,), 126.75
(CHap), 126.43 (CHyp), 120.42 (x, 1 = 275.14, CF3), 107.83 (k, °J = 3.11, CHyetar).
UK -crextp, v, cM™: 3071 (cmab), 3036 (cmab), 2918 (ciab), 2847 (cmab), 1701
(cunbH), 1598 (cnad), 1585 (cnad), 1501 (cunwn), 1471 (cpen), 1415 (cunbH), 1366
(cmab), 1313(cnad), 1276 (cunwH), 1237 (cnab), 1185 (cpem), 1161 (cpen), 1145
(cunpH), 1076 (cpen), 1016 (cmab), 917 (cmad), 874 (cpen), 851 (cmab), 755 (cunbH),
697 (cuibH), 625 (cpen), 558 (cmab). Macc cnektp FD MS m/z (%): 372 (100),
344(3), 196(22), 182(18), 181(20), 178(35), 167(46), 151(24), 152(10), 138(5), 92(3),
[M*,]. Macc-ciextp Bbicokoro paspemenus (HR MS, ESI) mns coemuneHust co
ctpykrypHoit dopmynoit CigHi10ON3F3S mokazan cnenyromue 3nadenus: PacuétHoe
3HaueHue (m/z): 373.04912, skcrnepuMEHTaIbHO TONYYEHHOE 3HaueHue (m/z):
373.04855. DOnementHwii anamu3 (% MaccoBOM J107M) TPOJIEMOHCTPUPOBAI:

Pacuérabie 3nauenus: C - 57.92, H - 2.71, N-11.26. skcnepumeHnTaibHbIE faHHbIe: C-

57.78, H- 2.86, N-11.57.
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I'JTIABA 3. OBCYXJIEHUE PY3VJIbTATOB
3.1. Uurudupyommue, 6M0J10ri4ecKue CBOMCTBA U3yYeHHbBIX
reTepOUUKINYECKUX COCAMHEHUI U X MOJICKYJISPHbIA JOKHHT

['eTepouMKINYeCKUE COCTUHEHHUS TPEACTABIAIOT cO00W oAuH M3 Hambosee
3HAUMMBIX, CTPYKTYpHO  pPa3HOOOpa3HbIX ©  (PYHJIaMEHTAJbHBIX  KJIACCOB
OpraHUYECKUX COETUHEHUHN, OOJaJAIONIMX I[IUPOKUM CHEKTPOM OHOJOTUYECKOMN
aKTUBHOCTA W (PYHKIIMOHATHHOW 3HAYMMOCTH. VX XMMHYECKOEe W OHMOJOTHYECKOE
pa3HooOpa3ue Oompenensercs YHUKaIbHOM SJIEKTPOHHOW U MPOCTPAHCTBEHHOM
opraHu3anuen, oOyCIOBJICEHHONM BKIIOYEHHEM B LUKIWYECKYIO CTPYKTYpPY OJHOTO
WM HECKOJIBKO T€TEPOAaTOMOB 4Yallleé BCETO a30Ta, KUCIOpoJa miau cepbl. Hamuume
reTepodJIEMEHTOB  (POPMHUpPYET CHEHUPHUUECKOE paclpeesieHue 3JIEKTPOHHOU
IUIOTHOCTH, BJIMSAET HA KHCIOTHO-OCHOBHOE CBOWCTBA, IMOJSPHOCTh CBS3EM M
CIIOCOOHOCTH O00pPa30BaHUI0 MEXKMOJICKYJIPHBIX B3aUMOACUCTBUN. OTH (aKTOPbI
ONPENEIAIOT XapaKTePHYI0 PEaKLIHOHHYI0 CIIOCOOHOCTb, CTEPEOXUMUYECKUE
OCOOEHHOCTH M KOH(POPMALIMOHHOE MOBEJICHHUE IeTEPOIIMKIIOB, UTO B CBOIO OYEPE.lb
NpeAonpeesiieT HMX KIYEBYIO pOJb W XUMHM KaK MPUPOAHBIX, TaK U
CUHTETUYECKUX OMOJOTMYECKH aKTUBHBIX COCIUHEHUH. [ eTeponuKIbl CiIy>Kat
CTPYKTYPHBIMH 3JIEMEHTAMH MHO>KECTBO aJIKJIOWJIOB, BUTAMUHOB, KO(PEPMEHTOB,
HYKJIEMHOBBIX OCHOBAaHUHM, a TaKXKe UIIMPOKO WCIOJIB3YIOTCA TpPH CO3/IaHHUU
COBPEMEHHBIX JICKAPCTBEHHBIX MPEMApaTOB, KATAIM3aTOPOB U (DYHKIIMOHATBHBIX
MaTepuaioB. brarogapsi 3ToMy reTepOLMKIBI MPOJOJIKAIOT OCTaBATHCS OOBEKTOM
WHTEHCUBHBIX (DYHIaMEHTAJIbHBIX M TMPHUKIAIHBIX HCCIEIOBAHUI B OPraHUYECKOM,
MEJIUIIMHCKON U (papMarieBTUUeCKON XUMUHU.

B nmnocnenHue gecATUNETHS TETEPOLMKINYECKHUE CTPYKTYpPbl aKTUBHO
UCCIIEYIOTCS KaK YyHUBepcalbHble ¢dapMakopopHbie MIaTGOPMBI, CIIOCOOHBIE K
I[eJICHANPABICHHOW MOJU(PUKAIUA C TEIbI0 KOHCTPYUPOBAHUS COCAMHEHHHN C
3aJlaHHBIMU  (DApMAKOJIOTUYECKUMH CBOMCTBaMU. BBICOKass CMOCOOHOCTh TaKuX
CHUCTEM K OOpa30BaHMIO PA3JIUYHBIX THUIIOB MEXKMOJIEKYJSIPHBIX B3aUMOJCHCTBUIMA
KOBAJICHTHBIX, BOJIOPOJIHBIX, WOH-AUTIOJIbHBIX, T—T-CT3KUHTOBBIX u

KOOpAWMHAOMOHHBIX ITO3BOJIICT MM 3(1)(1)€KTI/IBHO BSaPIMOIICfICTBOBaTB C aKTHBHBIMH
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HEHTpaMu (PepMEHTOB, PELENTOPOB, HYKJIEHHOBBIX KUCIOT U APYTHMX OMOMHUIIEHEH.
OTO JAenaer TreTepolUKIbl HE3aMEHUMBIMH CTPYKTYPHBIMH 3JIEMEHTAMH [pU
MPOCKTUPOBAHUM COBPEMEHHBIX JIEKAPCTBEHHBIX CYOCTaHIUH.

Oco0oe BHHUMaHHE B OPraHUYECKOM CHHTE3€ M MEIUIMHCKON XUMHUU YAETSETCS
KOHJICHCUPDOBaHHbIM Y MOJUUUKINYECKHM  TETEPOLMKINYECKUM  CHCTEMaM,
COZIEpKAIllMM HECKOJIBKO aTOMOB TE€TEPO3JIEMEHTOB B E€IUHOM T-CONPSKEHHOU
CUCTEME. Takue  coeguHeHuss ~ O0NANAOT  BBIPAXKEHHOM  3JIEKTPOHHOM
NeloKau3alued, 4ro OmpefenseT WX YCTOMYMBOCTh W CIOCOOHOCTh K
pa3HOOOpa3HbIM XUMHUYECKUM TpaHchopMmanusM. B 4YacTHOCTH, NpPOU3BOJHBIE
NUPUMUANHA, UMUAA30J1a, THA30J1a, TUAIMa30ja U HX KOHIECHCHPOBAHHBIX (PopM
JEMOHCTPUPYIOT ILIMPOKUM Juana3oH OMOJOTMYECKOM aKTUBHOCTH, BKIIOYas
IPOTUBOMHKPOOHOE, MIPOTUBOOITYXOJIEBOE, AHTUMUKOTHUYECKOE,
IPOTUBOBOCTIAJIUTENLHOE, AHTHOKCHJIAHTHOE M aHTUMETaOOJIMUTHOE JCICTBHE.
[TupumuIMHOBOE SAPO SBISETCS OAHOM W3 HaubOosee 3HAYMMbBIX CTPYKTYPHBIX
eAUHUI] B OWOJOTMYECKHM aKTUBHBIX coequHeHusXx. OHO BXOJHUT B COCTaB
HYKJIEMHOBBIX OCHOBaHWM (IIMTO3WMHA, THUMHUHA, Yypaluia), a TaKke psaa
KO(EepMEHTOB M BHUTAMHHOB, YTO OOBACHSET €ro BBICOKYI0 OHOJOTHYECKYIO
3HAYUMOCTb.  [Ipom3BoaHBIE  NHPUMHIMHA  LIMPOKO  NPHUMEHSIOTCS B
dbapmareBTUYeCKOH  MPOMBIIUICHHOCTH KaK  aHTUMETA0OJMTHI, WHTHOUTOPHI
(GepMeHTOB, TPOTUBOOMYXOJIEBbIE U TMPOTUBOBUPYCHbIE areHThl. biaromaps
BO3MOYKHOCTH BBEJCHUS PA3JIUYHBIX MIEKTPOHOJAOHOPHBIX U 3JIEKTPOHOAKLENTOPHBIX
3aMeCTHUTEeNeH, TUPUMHUANHOBOE KOJIBIO MPEACTaBIsET COO0H yTIOOHYI0 MaTpULly AJis
HAIpPaBJICHHOTO CHHTETHMYECKOTO0 MOJAU(UUUPOBAHUS C LENbI0 ONTHUMHU3ALUU
OMOJIOTMYECKOM  aKTUBHOCTH. VMHIA30MbHBIM  IIMKJI, B CBOKO  OYEPE/b,
XapaKTEepPU3yeTCsl BBIPAKEHHOM Oa3MYHOCTBIO U CIHOCOOHOCTBIO K JIOHOPHO-
aKUENTOPHBIM  B3aMMOJCHCTBUSIM, 4TO  OOyClIaBIMBaeT €ro  pojb B
(GYHKIIMOHUPOBAaHUM MHOXecTBa OmocucteM. OH BXOAUT B COCTaB aMHUHOKHCIIOTHI
TUCTUANHA, KOPEPMEHTOB M psiia MNPUPOJHBIX aHTUOMOTHUKOB. CHHTETUYECKHE
IPOM3BOJHBIE MMH/IA30J1a M €r0 KOHJECHCUPOBAHHBIX (DOPM aKTUBHO MPUMEHSIOTCS B

Ka4€CTBC AHTHMHKOTHYCCKHUX, IMPOTHBOOITYXOJICBBIX, IPOTHUBOBOCHAIUTCIBHBIX H
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AHTUOKCUJAHTHBIX areHToB. KOHAeHcaIusi UMHIa30JbHOTO (pparMeHTa ¢ IpyrumMu
TFeTEepPOIMKIaMHi, TaKUMH KakK THAa30J, NUPUIUH WIM NOUPUMUIUH, TO3BOJISET
3HAYUTEIBHO PACHIMPUTh JTUANA30H UX (PapMaKoJIOrMUecKOW aKTUBHOCTH 3a CUET
CHHEPreTHYeCcKOro 3P ¢eKTa reTepoaTOMHBIX LIEHTPOB.

B nmocinepnwe rompl  ocoboe  BHUMaHUE — HUCCleNOBaTeNed  MPHUBJIEKAIOT
NUPUMUANHKOHACHCUPOBAHHbBIE TOJIHA3areTePOLUKIIbI, COJIepKAIUe CTPYKTYpPHBIC
AJIEMEHTHI IpyTuX hapmMakoGOopHBIX (PparMeHTOB — MHUPUINHA, UMUIA3051a, THA30J1a
U THaAMa30ia. OTH CHUCTEMBbl JEMOHCTPUPYIOT TOBBIIICHHYIO CTa0MJIBHOCTD,
BBIPAKEHHYIO TIOJISIPHOCTh U CIIOCOOHOCTh K 00Pa30BaHUIO YCTOMUYMBBIX KOMILJIEKCOB
Cc OHONOrMYecKHM 3HAYMMBIMU MeTajulaMu. Takue CBOMCTBa CIIOCOOCTBYIOT UX
UCIIOJIb30BAaHUI0O B KayeCTBE KOOPJAMHAIIMOHHBIX  JIMTAHAOB, HWHTUOUTOPOB
(hepMEeHTaTUBHBIX PEAKIIUN U MOTEHIIMATBHBIX MPOTUBOOIYXOJIEBBIX ar€HTOB.

Cpenu ykazaHHBIX CO€IMHEHUN 0COOBIN MHTEpEC MPEICTABIAIOT Mpon3BoIHbIe 1,3,4-
THaMa3070(3,2-a|IupUMHINHA, COUYETAIONUE B c€0€ CTPYKTYPHBIE DJIEMEHTHI JBYX
bapMakodOpHBIX CHUCTEM THAAMA30JBHOTO W MUPUMHUAMHOBOTO (HParMeHTOB.
Hanmnuue atroMoOB a30Ta W cepbl B €IMHOM KOHJIEHCUPOBAHHOM CHUCTEME NPUAAET
COCJIMHEHUSAM  JIaHHOTO  KJlacca  BBIPAXEHHbIE  DJICKTPOHOJOHOPHBIE U
AJIEKTPOHOAKIIETITOPHBIE CBOMCTBA, a TaKXe CIIOCOOHOCTh K KOOPJMHAIIMU C MOHAMU
MEePEXOAHBIX METAUIOB. DTO O0O0YyCIaBIMBAaEeT WX MOTCHIIMAIBHYIO aKTUBHOCTH B
KaueCTBE AaHTUOAKTEPHUAIbHBIX, MPOTUBOBUPYCHBIX, MPOTHUBOOIYXOJEBBIX U
AHTUOKCUJAHTHBIX areHToB. B Hactosmeld paboTe paccMaTpuBalOTCS —Kak
KaTAIUTUYECKUE, TaK U HEKATAIUTUYECKUE METOJAbl CUHTE3a HOBBIX MPOU3BOIHBIX
1,3,4-tuaguazono|3,2-ajnrupumuarnHa. OCHOBHOE BHHUMaHHUE YICJICHO BIUSHUIO
YCJIOBUH pEAKIMU, TPUPOJIbI UCXOIHBIX BEIIECTB U UCIIOIb3YEMbIX KaTAIM3aTOPOB Ha
BBIXOJI M YUCTOTY IIEJEBBIX MPOAYKTOB. [IpOBOIUTCS KOMIUIEKCHOE HCCIICIOBAHUE
MOJIYYCHHBIX COCIMHEHUN C HWCIOJIb30BAHUEM COBPEMEHHBIX (DHU3HKO-XUMHYECKUX
METOZ0B aHam3a, BKmodas SIMP-crexrpockormio (‘H u °C), HUK-criektpockomnuio,
MAacCC-CIEKTPOMETPUIO M DJIEMEHTHBIM aHaln3. B OTAEHbHBIX Ciaydasx i
MOATBEPAKACHUS MPOCTPAHCTBEHHOTO CTPOEHUS MPUMEHSIETCS PEHTTE€HOCTPYKTYPHBIM

aHaJIn3. OI[HI/IM N3 KIKYCBBIX acCIICKTOB HCCICAOBAHUA ABJIICTCA BBIABICHUC
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KOPPEJSILIMKA MEXy CTPYKTYPHBIMH OCOOCHHOCTSIMU CUHTE3UPOBAHHBIX COEAMHEHUN
U UX OMOJIOTUYECKOU aKTUBHOCTHIO. OIleHKa aHTUMHUKPOOHOU M MPOTUBOOITYX0JIEBOM
aKTUBHOCTH IIPOBOJUTCS B OTHOLICHHWH Psa MOJEIBHBIX MHUKPOOPTaHU3MOB U
KJIETOYHBIX JIMHHUN. [loydeHHbIEe pe3ynbTaThl MO3BOJIIOT ONPEAEIUTh CTPYKTYPHO-
OMOJIOTMYECKHE  3aBUCUMOCTH M YCTAHOBUTh  BJIMSHHE  JJIEKTPOHHOW U
IPOCTPAHCTBEHHON  Moaupukanmuu MoOJIeKyldbl Ha €€  (papMakoJIOrH4ecKui
ITOTEHLHAAIL.

Hayuynasi HOBM3Ha HACTOSILEro MCCIEAOBAaHUS 3aKJIIOUAeTCsl B pa3pabOTKe HOBBIX
HalpaBJI€HUl  cHUHTE3a  (PYHKIIMOHAIM3UPOBAHHBIX  IPOU3BOJHBIX 1,3,4-
THAaAA30y10(3,2-a|[IupUMHUINHA,  ONTUMH3ALWHM  PEAKIMOHHBIX  YCIOBHA U
YCTAaHOBJIEHUHM 3aKOHOMEPHOCTEH MX pPEaKIHOHHON crnocoOHocTH. [IpakThueckast
3HAYUMOCTh paboThI OIpeaensieTcs BO3MOXHOCTBIO HCITOJIb30BaHUS
CUHTE3UPOBAHHBIX COCJUHEHUHM B  KA4eCTBE IEPCHEKTUBHBIX  IPOTOTHUIIOB
OMOJIOTHYECKU AKTHBHBIX BELIECTB, oOnanaromux aHTUMHKPOOHBIMU,
IPOTUBOONYXOJIEBBIMA U @aHTUOKCHUIAHTHBIMU CBOMCTBAMU.

Takum o00pa3oMm, KOMIUIEKCHOE HCCIEAOBaHME, BKIIOUAIOLIee pa3padoTKy
3¢ ()EKTUBHBIX METO/IOB CUHTE3a, N3yUYEHHUE CTPOCHUS U OMOJIOTMYECKOM aKTUBHOCTH
MIPOU3BOIHBIX 1,3,4-tuagnazonol3,2-a|nupuMHUanHa, MPE/ICTaBISICT cobOoi
aKTyaJIbHO€ M TIEPCIIEKTUBHOE HAIIPABJIEHUE COBPEMEHHON TeTEepPOLUKINYECKON
XuMuHU. Pe3ynbrarel NpOBENEHHOM pabOThl MOTYT MOCIYKUTb OCHOBOW JUIA
JaJIbHENIIET0 1EJeHANPaBICHHOIO TOMCKAa HOBBIX (PApMaKOJIOTMYECKH AKTHUBHBIX
COEJIMHEHU M CIOCOOCTBOBATH PA3BUTHUIO CHHTETUYECKUX MOAXOAOB K CO3AAHUIO

MoJINa3arcTCPOUUKINICCKUX CUCTEM C IIPOTHOZUPYCEMBIMU CBOMCTBaMH.

3.2. Cunre3 coenunenus 7-(tpudropmern)-5-okco-5H-1,3,4-tnaauazosno|3,2-
a|MIUPUMMINHA ¥ UCCJIEJOBAHNE €r0 MHTMOUPYIONIUX CBOICTB
Cunres 2-6pomo-7-(Tpudropmerni)-5-okco-5H-1,3,4-tuaauazomnol3,2-
a|nupumuarHa (3) ObUT BBINIOJIHEH C HMCMOJb30BAHHEM JOCTYMHBIX KOMMEPUYECKHX
peareHTOB. MCXOQHBIMH BEIIECTBAMHU ISl CHHTE3a CTaIH S5-OpoM3aMemEHHBIN 2-

amuHo-1,3,4-tnaguazon (1) um TpudTOopMeTHIANIETOYKCYCHBIM dAdup (2), Kak
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nokazaHo Ha Cxeme 3.1 Ilpomecc cuHTE3a NPOBOAMICA B COOTBETCTBUHU C
W3BECTHBIMH METOJUKAMH, pa3paOOTaHHBIMU JIJISl TIOJTYICHHS TIPOU3BOIHBIX S5-0KCO-
S5H-1,3,4-tnagunazono|3,2-a]nupuMUANHA, YTO TO3BOJIUIIO YCIICIIHO CHUHTE3UPOBATH
IIEJIEBOE COETUHEHHE C BHICOKON 3((EKTUBHOCTHIO.

O o >
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3

CxeMma 3.1. - Peaknus nMUKJIOKOHAEHCAIIMHN coennHenuii 1 u 2

Peakuuu ¢ aHWJIMHAMU MPOTEKAIOT C BBICOKOU 3(P(HEKTUBHOCTHIO, UTO JEIACT
UX YIOOOHBIM HWHCTPYMEHTOM JUIsl BBEIEHUS apOMaTHYEeCKUX (PparMeHTOB B
CTPYKTYpPY LEJIEBOrO COCAUHEHMUS. B ciydae HCIIONb30BaHUS AIKWIAMHHOB, TaKMX
KaK METWJIaMHH WIH JTWIAMHH, HAOJIIONANOCh CHH)KEHHUE BBIXOAOB, OJIHAKO
npUMEHEeHUue OoJsiee AJIMHHOLIETIOYEYHBIX aNu(paTUYeCKUX aMHHOB (Hampumep,
nponujaMiHa WiIH OyTWUJIaMWHA) TO03BOJUJIO 3HAYUTEIBHO YIYUIIUTH BBIXObI
npoaykToB (5h-j). DTo MOXET OBITh CBS3aHO C YBEJIUUYCHHEM HYKICO(DUIBHOCTH
aMUHOB TPU Y/UIMHEHUHW YIJIEPOJHOW ILEeNH, 4TO OOJeryaeT MpOLEecC 3aMelleHUs.
Kpowme Ttoro, nposenenne peakunn Cy3yku-Muslypel ¢ yd4acTUEM COCIUHEHHUS 3 U
apWJIOOPOHOBBIX  KHCIIOT  OTKPBIBAET  JIONOJIHUTEIbHbIE  BO3MOXHOCTH ISt
GyHKIMOHATM3AIUA MOJIEKYJbI. JIaHHBIM MOAXOM MO3BOJISIET BBOJAUTH B CTPYKTYPY
pas3nuyHble apOMaTUYECKHE W TeTepoapoMaTHyecKue (parMeHThl, YTO paCIIUpPSIET
CHEKTp TMOTEHUUAIbHbIX OWMOJOrMYECKH AaKTUBHBIX coeAuHeHud. CHHTE3 U
Mo U DUKALIHS 2-6poMo-7-(TpudTopmernit)-5-okco-o5H-1,3,4-tuanuazonol 3,2-
a|nMpUMHIMHA TPEJCTABISIOT CcOO0OM Ba)KHBIM H3Tam B pa3padOTKE HOBBIX

OMOJIOTMYECKH aKTUBHBIX COe,JII/IHeHI/II\;I.

Vi ' | ? 1 A
Br \\/1_\\\ l\.‘ ' R \rlu R N <\ I/ \u
A - N
Conditions .// '~ -t\/ \‘i'l-.
3 )

4 (9%

Brixox 30-91 %

Cxema 3.2. - [lonyuyeHnne 2 aMUH3aMelEHHBIX S U3 coennHenuii 3 u 4
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Peakiusi apomMaTH4eCcKOr0 HYKJICOPUIBHOTO 3aMEIIEHUs MPOBOAMIACH C
UCIIOJIb30BAaHUEM 2 SKBUBAJIEHTOB amuHa B MeraHosne (MeOH) B kauecTBe
pactBopurens. Ilpouecc nmmuics S5 wacoB mpu temneparype 20°C. Bbixogsl
MPOIYKTOB (5) BapbUPOBAIKCH B 3aBUCUMOCTH OT CTPYKTYphI amuHa 9a: Ri = H, R2 =
CsHs (91 %), 5b: Ri = H, R2 = 4-FCsHa (90 %), 5¢: Ri = H, R2 = 3-MeOCsHa (60 %),
5d: R: = H, Rz = 4-EtOCsHa (90 %), 5e: Ri = H, R> = 4-iPrCeHa4 (87 %), 5f: Ri = H,
Rz =4-H2NCeHa (65 %), 59: Ri = H, R2 = ammuin (75 %), 5h: Ri = H, R2 = nPr (56 %),
5i: Ri = H, Rz = nBu (66 %), 5): Ri = H, R2 = nPent (72 %), 5k: Ri = H, R: =
(Me):NCH2CH: (45 %), 5I: Ri = Me, R2 = NHz (51 %), 5m: R: = nBu, R2 = nBu (67
%), 5n: Ri = Me, R2 = CsHs (50 %). Peakuuu ¢ apoMaTHUYECKUMH aMHHAMHU
(coenuuenus 5a—5f) xapakTepu3yroTCcss BBICOKUMH BBIXOJaMU MPOayKToB (60—91%),
YTO CBHUJETEIBCTBYET O BBICOKON pEaKUMOHHOW CHOCOOHOCTH JaHHOIO KJjacca
HYKJIeo(WIOB. AHUIUHBI, 00JaJalolie apoMaTUYECKOW T-CUCTEMOM, CHOCOOHBI
3 PeKTUBHO CTAOUIU3UPOBATH MEPEXOJHOE COCTOSHHE 3a CUET JICJIOKAIM3alUU
AJIEKTPOHHOM MIOTHOCTH, YTO CIIOCOOCTBYET OoJiee JIETKOMY 00pa30BaHUIO IEJIEBBIX
npoaykToB. Hamuume 31eKTpOoHOJOHOPHBIX 3amectuteneil (Hampumep, —OCHs, —
OC:Hs, —-iPrO) B apoMarnueckoM KOJbIIE HE OKa3bIBaCT CYIIECTBEHHOIO
uHruoupyronero 3ddexra, a B HEKOTOPHIX CiIydasX AaKe YIy4yllaeT BbIXObI,
MOBBIIIAS HYKICOPWIBHOCTh aMUHOTpynnbl. [Ipu MCHoOJb30BaHUM aAJKUIAMUHOB
(5h-5j) nabmromaeTcss 3aMeTHOE CHHXKCHHE BBIXOJOB peEakiuif. DTO, BEPOSATHO,
CBSI3aHO C MEHbIIIEH cTaOMIU3aIMed MPOMEKYTOUHBIX KOMIUIEKCOB U OTPAaHUYEHHOMN
AJICKTPOHHOM JeJoKaIM3aIue, XapakTepHon s anrdaruieckux aMuHOB. TeM He
MEHEE YBEJIMYEHUE JUIMHBI YIVIEPOJAHON LIENH OT N-MPONMIA A0 N-NMEHTUIA TPUBOJUT
K TOCTENIEHHOMY pOCTY BbIX0JIOB (0T 56% no 72%). Jauuwii 3¢Q¢dexT MOoxkHO
OOBSCHUTH ycuUJieHHeM TUApoPOOHBIX B3aMMOJEHCTBHA W  cTaOuiIM3anuen
NEePEXOAHOTO COCTOSIHUS 3a CUET YBEIMYEHMs aJKWIbHOW MOBEPXHOCTU. B ciydae
peakmumii ¢ N-3ameménapiMu amuaaMu (Sk—5N) mosryueHsl yMepeHHbIE BBIXObI (45—
67%), 4dYro, TMO-BUAUMOMY, OOYCIOBIEHO CTCPUYECKHMH  3aTPYJAHCHHUSIMH,

OTrpaHUYMBAIOIIMMHU JOCTYIl aMUHOTPYIIBI K peakimoHHOMY IeHTpy. Kpome Toro,
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HaIWM4Yue OJOIIOJIHUTCIbHBIX 3aMECTUTEJIC Ha aToMe a30Ta MOXKET H3MEHSTh

pacrmpeziesieHue NEKTPOHHOM MJIOTHOCTH, CHUXKAs €r0 HyKi1eopuIbHOCTh. OCOOEeHHO

3TO 3aMeTHO nisi metwiruapasuHa (51, 51%) u N-merunanununa (5n, 50%), rae

OOHOBPCMCHHO IIPOABIICTCA BJIUAHHUC KaK CTCPHUUYCCKUX, TaK MW 3JICKTPOHHBIX

(haxkTopOB.

Takum  oOpazom,

IPEII0KEHHbBIE

aHaJIn3

yCIIOBUS p

IMOJIYUYCHHBIX OAHHBIX JCMOHCTPHUPYCT,

CaKIIun

00€eCIIeYnBaOT

qTo

3¢ (heKTUBHYIO

q)YHKHI/IOHaJII/IBaHI/IIO COCIMHCHUA 3, OCOOCHHO B ciaydac BSaHMO,Z[GfICTBI/IH C

ApOMAaTHYCCKUMHU aMHWHAMMU.

OTO yKa3blBa€T HA BBICOKYIO YHUBEPCAIBHOCTD

pa3pabOTaHHOIO METOJA U €ro NEePCIEKTUBHOCTD ISl OJYYEHUS IIUPOKOTO CIEKTpa

AMHHOIIPONU3BOJHBIX, OTIIMYAIOIIUXCA II0 CTPYKTYPC U (1)YHKI_[I/IOHEUIBHI)IM CBOMCTBaM.

Tab6auuna 3.1. - Pe3yJbTaThl peakiiuu coeinHenns 3 ¢ pa3ju4HbIMH aMUHAMU

Broixo
Coeqnnenne | Ri R: o g Tun amuHa IHosicHenus
()
Apomarndecknii | BrIcokas peaxkimoHHas
5a H CoHs 01 P peaxtt
(aHMIIUH) CIIOCOOHOCTh
Bricokwnii BEIXO,
ApoMaTHuecKuit DIIEKTPOHHO-
5b H 4-FCeHa 90 P POHHO
(mapa-¢rop) AKLIENITOPHBIN
3aBeIareib
Apomarnuecknii | CHUI)KEHHBIA BBIXOJ U3-
5¢ H | 3-MeOCeH. 60 P 8
(MeToKCH) 3a ToHOpHOTO A PekTa
Apomaruueckuii
5d H 4-EtOCsH4 90 p BrIcoKuUl BBIXOA
(3TOKCH)
) Apomarnueckuii | HeMHOTO CHMKEH M3-3a
Se H 4-iPrCoHa 87 P
(u30MponoKcH) CTEpUKHU
Apomaruueckuit
5f H 4-HoNCeHa 65 p CpenHwuii BBIXO]
(mapa-amMHuHO)
Amudarraeckuit .
59 H Annun 75 . YMepeHHbII BbIXO
(HEeHaCBIILIEHHBI)
Amndaruueckuii
5h H nPr 56 ¢ CHIXeHHUE BBIXOIa
(n-mportwn)
. Amndaruueckuii VydieHue BBIX0a
5i H nBu 66 ¢ Y g
(n-OyTun) NIpY yJUTMHEHNH LIETTH
. AnmudaTudeckuit MaxkcumyM cpequ
9) H nPent 72 ¢ i EPeAL
(n-menTHIT) amn(aTHIECKUX
. . Hwuzknii BeIXO U3-3a
5k H | (Me):NCH.CH.| 45 | N-3samem@umbiit A
CTEpUKH
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[Mponomxenne Tadmuibt 3.1
I'uapasuHIIPOU3B Husxuit BrIxOZ,
51 Me NH: 51 CTEPHUECKOE U
OJIHBIE
3JICKTPOHHOE BIIMSHHE
5m nBu nBu 67 N-3amMmeréHHbII Cpennuii BBIXOT
Huskwmii BEIXOS,
5n Me CesHs 50 N-MeTuIaHUINH CTEPHUECKHUE U
3NIEKTPOHHBIE 3D (HEKTHI

e Apomartudeckne amuHbl (5a—5f) maror BeIcokme BwIXOIBI (60-91%), uTO
MOATBEPKIAET UX BHICOKYIO PEAKIIMOHHYIO CITIOCOOHOCTD.

o Ammdarnueckne amuHbl (5g—5]) TOKa3bIBAIOT YMEPCHHBIC BBIXOABI, HO
YBEIMYEHUE JITTMHBI 1IEMU MOBbIIAET BhIxoa (0T 56% 1o 72%).

e N-3amemniénubie amuHbl (5k—5N) marOT yMepeHHBbIC WM HHU3KHE BBIXOIBI (45—
67%), YTO CBSI3aHO CO CTCPUYCCKUMHU 3aTPYAHCHUSAMH U DJIEKTPOHHBIMH
b dexramu.

CTpyKTypbl BCEX CHUHTE3UPOBAHHBIX COCJUHEHUN OBLIM TOJATBEPKICHBI C
ucnosib3oBanueM naHHbiX SAMP 'H, *C u HK-cnekrpockonuu. B yacTHOCTH, 14
coenunenus 5a (R1 = H, R> = CsHs) cnexkrp AMP 'H 6bu1 3anucan 8 CD:SOCD:s
(mumetuncynbporcua-des), U HAOTIOJAMUCH CIEAYIONIME XapaKTEepHbIe CUTHAIBI (O,
m.a., T'n) 10.86 (c, 1H, NH) curnan npoTroHa aMUHOTPYIIbI, YKa3bIBAIOIINN Ha
HaJIM4ue BOAOPOAHOH cBs3u, 7.63 (nm, 3] = 8.75 I'm, 4] = 1.12 I'm, 2H, CH,,)
CUTHAJIBI apOMATHUYECKUX MPOTOHOB, XapaKTEpHBIE JIJIST 3aMEIIEHHOTO OEH30JIbHOTO
xosbna, 7.44 (t, 3J = 7.81 I'n, 2H, CH,) 1OTIOJHHATENBHBIE CUTHATIBI ADOMaTHYECKHX
poTOHOB, 7.13 (1, 3] = 7.36 ', 1H, CH,,) — curHan npoTtoHa B mapa-ToJI0KEeHUH
OenzoapHOro  kojbia, 6.87(c, 1H, CH pea) — cHrHaI  1IPOTOHA

reTCpoOHUKINICCKOTO (bpaFMeHTa, CBA3AHHOI'O C apOMATHUYCCKUM KOJIBIIOM.
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Pucynok 3.1. - CriekTp NIpOTOHHOT0 MarHuTHOro pe3onanca (SIMP 'H) 2-¢penunamuno-
7-(tpudropmerni)-5-okco-5SH-1,3,4-Tuaanazono[3,2-ajlnupumuauna (5a) B AeiiTepupoBaHHOM

aumeTuiacyabdokcenae (CD;SOCD:s)

Ha cnexktpe SAMP 'C coemunenus 5aB  CDsSOCDs wabmomaroTcs
xapakTepuble curHanbl: 107.04 (CHpetar), 118.44 1 123.63 (CHy,), 120.77 (CFs, 'J =
274.68 T'm), 129.44 (CHa,), 138.96 (Cap), 148.12 (C-CFs, 2J = 34.77 '), 154.17,
154.86 u 161.17 (Cap). CurHansl NOATBEPXKIAIOT HAIMYME APOMATHUYECKHX U
TeTePOIMKINYSCKUX (PArMEHTOB, a TaKKEe HAIWYUE TPUPTOPMETHILHON TPYIIIIBI

(CFs), uTo cornacyeTcsi C 0)KUIAEMOM CTPYKTYpOH COEIMHEHUS.
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Pucynok 3.2. - Cnextp SIMP C 2-¢pennnamuno-7-(rpudpropmerni)-5-oxco-5H-1,3,4-

THAAHA30.10[3,2-almupumuanna (5a) B CD:SOCDs.

Ha cnegyrommm 3tamne paboTsl ObUTa peann3oBaHa Peakiys KPOCC-COYSTaHUS
no Mmerony Cysyku- Mustypbl, HampaBjieHHas Ha (DYHKIIMOHAIU3AIMIO HCXOIHOTO
TeTEPOIMKINYECKOTO cyOcTpara. B kauecTBe HCXOMHOTO COSAMHEHUS UCTIOIB30BAICS
2-0pomo-T7-(TpudropmeTri)-5-okco-5H-1,3,4-traaunazosno[ 3,2 -a]nupumuiuH (3),
coJlep KAl PeaKIMOHHOCIIOCOOHBIN aToM OpoMa B TOJIOKEHUH, OJIArOMPUSITHOM
JUTA 3aMEUICHUS B YCIOBUAX TNMaJUIaAuM-Karanusupyemon peakuuu. [Ipomnecc kpocce-
coueTaHus MpoBonawics B mpucyrctBum katanu3aropa Pd(OAc): m dochunoBoro
muranga Xantphos, yto o6ecneunBanio 3¢ @dEKTHBHOE 00pa30BaHHE AKTUBHOTO
KOMITJIEKCA ~ Ta/Ulaguss W CIOCOOCTBOBAJO  CTAOMJIBHOMY  MPOTEKAHUIO
KaTaJIMTUYECKOTO IHKJIa. B KauecTBe OCHOBAaHMS HWCIIOJIB30BAICS KapOOHAT KaHs
(K2COs), a peakumoHHylO cpeay coctaBisul  1,4-muokcad, oOecTeurBarOIIMMA

XOpOIIYI0 PacTBOPUMOCTb PEAreéHTOB W CTaOMJIBHOCTh KaTanu3aropa. Peakuuio
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npoBoawin npu temneparype 100 °C B teuenue 16 yacoB, 4YTO MO3BOIMIO JOCTUYb
ONTUMAJIBHOTO COOTHOLICHHSI MEXAY CKOpPOCTBbIO TMpPOTEKaHus Tpolecca U
COXpPaHHOCTBbIO Karanu3atopa. BsaumoneiictBue coenuHenus (3) ¢ psjaom
apuIOOPOHOBBIX KUCIIOT, PA3IHYAIONIIUXCS 110 SJEKTPOHHON MPHUPOIE U MOJIOKEHHUIO
3aMecTUTeNIed B apOMaTHYECKOM KOJIbIE, MPUBEIO K O0Opa30BaHMIO MPOAYKTOB
Kpocc-coueTanuss 6a—6t ¢ BBIXOJaMU OT YMEPEHHBIX J0 BBICOKHX (CM. cxemy 3.3).
[TomryuenHbIe pe3yabTaThl MOKA3aIH, YTO ANEKTPOHHAS U MPOCTPAHCTBEHHAS IPUPOIA
3aMecTUTeNled B apuiIOOPOHOBOM KHCIIOTE OKAa3bIBAET 3HAUMTEIBHOE BIUSHUE HA
3 PeKTUBHOCTH peaKuuu: apuiI00pPOHOBBIC KHUCJIOTHI, cojeprKaime
aJIeKTpoHO0HOpHEIC TpymIbl (—Me, —OMe, —EtO), obecrieurBaivi BLICOKHAE BBIXOIBI
(mo 90%), Tora Kak COSIUHCHHS C JIEKTPOHOAKIeNTOpHBIMU 3amecTutessiMu (—CN,
—NO:, —CF5) naBanu ymepeHHbIE€ BBIXO/IbI.

Takum o0pazom, mpoBenéHHas peakius Cy3yku-Musypbl TOATBEpIUIIA
BO3MOXKHOCTh CEJICKTUBHOTO BBEJICHUS apWIbHBIX 3aMECTUTENIEH B CTPYKTYpPY
TeTePOIMKINYECKON CHUCTEMBI 3, YTO OTKPBIBAET MEPCHEKTUBBI I JATbHEHIIETO
MOAU(PUITUPOBAHKS TAHHOTO SJIpa M CO3AaHMs OMOTMOTEKH HOBBIX (DYHKIIMOHATBHBIX
MIPOM3BOIHBIX C MOTCHIIMATHLHONW OMOJIOTHYECKON aKTHBHOCTBIO.

Peakimonnasi cnocOOHOCTh OTpaHUYMBAIACH CTEPUUYECKUMH MPETSITCTBUSIMU,
OCOOEHHO TIPH HCIOJIb30BAHUU APUIIOOPOHOBBIX KHCIJIOT, 3aMENMIEHHBIX B OPTO-
MOJIO’)KEHUH, YTO TPUBOAMIO K CHHKCHHIO BBIXOJOB. APHIOOPOHOBBIE KHCIOTHI C
AJIEKTPOHOJAOHOPHBIMUA ~ 3aMECTUTEIISIMU  TIOKa3ajii  0oJiee  BBICOKHE  BBIXOJbI
Oslarosiapsi MOBBILIEHHOW HYKJICO(PUIBHOCTH, YTO CIOCOOCTBOBAIO 3(PPEKTUBHOMY

IMPOTCKAHUIO PCAKIINU.

O
N 0
A

3 |
N CF

S
3
6a-1
(35-90%)
Cxema 3.3.- Peakuus kpocc-coueranusi no Cysyku-Musiype ¢ npuMHHEHUEM
coeJHHeHHs 3
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VYcnoBus peakiuy BKIIOYAIH apuiIOOpPOHOBYIO KHCIOTY (1.1 sKBUBaneHT),
Xantphos (2.0 skBuBanent), K2COs (2.0 sxBuBanent), Pd(OAc): (10 mon %) u 1,4-
JIMOKCaH B KadecTBe pactBoputens npu 100 °C B Teuenne 16 gacos. B pe3yJbTare
B3aMMOJCHCTBHSI C Pa3IMYHBIMU APHJIOOPOHOBBIMH KHCIOTAMH OBLIH TOJXYYCHBI
MPOJYKThI KpOcCC-coueTaHuss 6 C BBIXOJAMU OT YMEPEHHBIX JI0 OTIMYHBIX: 2,3-
(MeO)2CsHs (35 %), 2-EtOCsHa (40 %), MeOCsHa (45 %), 2- 2-FCeéH4 (51 %), 3-
NCCsHa4 (56 %), 3-FsCCsHa4 (56 %), 3,3-(Me)2CsHs (61 %), 4-FsCOCsHa (61 %),
3,4-(Me)2CeHs (62 %), 3-FCsHa (65 %), 4-EtCsHa (66 %), 3-N.OCsHa (66 %), 3-
MeOCsHa (66 %), 3-HsCsCsHa (71 %), 2-MeCsHa (74,5 %), 4-MeOCsHa4 (79 %), 4-
MeCsHa (82 %), 3,3-(MeO)2CsHs (86 %), CsHs (89,9 %), 4-EtOCsHa (90 %).

PeakunonHas crmocoOHOCTh Oblila OrpaHUYE€HA CTEPUUECKUMU MPETATCTBUIMU,
YTO MPUBOAWIO K CHUKEHUIO BBIXO/I0B IPU UCIOJIb30BAaHUU apHIIOOPOHOBBIX KHUCIIOT,
3aMEUIEHHBIX B  OpPTO-TIOJIOKEHUH. HamnpoTus, apuiOOpOHOBBIE KHCIOTHI €
AJIEKTPOHOJOHOPHBIMH 3aMECTUTENIIMU OOecreunBail O00Jee BBICOKHE BBIXOJbI
Oslarosiapsi MOBBILIEHHOW HYKJICO(PUIBHOCTH, YTO CIOCOOCTBOBAIO 3()PPEKTUBHOMY
IPOTEKAHUIO PEAKLINN.

Ta6auma 3. 2. - Beixoasl coeqnHeHHIl 6 ¢ pa3IMYHBIMH APUIGOPOHOBHIMH KHCJIOTAMH

3amecTHuTENB B
Boixona,
Coennnenne apuIbHOM o XapakTep 3aMecTHTEJIs IosicHenus
0
paaukaJie (R)
Opro, Hwuzkuii BeIX0O1 HU3-3a
6a 2,3-(MeO):CsHs 35
AIIEKTPOHOJOHOPHBII CTEPUYECKUX MPENATCTBUI
Opro, Crepuueckue
6b 2-EtOCeH4 40
3JIEKTPOHOJOHOPHBIN 3aTpyAHEHUS
6¢c MeOCsHa 45 Merta/napa, TOHOPHBII YMepeHHbIH BBIXO
Opro, Creprueckoe BIUsHHAE
6d 2-FCsHa 51
AJIEKTPOHHOAKIICTITOPHBIN | YaCTUYHO CHMKAET BBIXO/T
6e 3-NCCesHa 56 Merta, ak1ienTopHbIi Cpennuii BBIXO]
6f 3-CFsCsHa 56 Mera, aKIenTOpHBIN Cpennuii BBIXO1
YMEpEeHHO BBICOKHUIA
69 3,3-(Me)2C6Hs 61 Merta, JOHOPHBI
BBIXO/]{
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[Mpogomxenue Tadmuibl 3.2.

6h 4-CFs0CsHa 61 [Tapa, akuenTopHbIi Xopomuii BEIX0]
] YMepeHHO BBICOKHUI
61 3,4-(Me)2CeH3 62 JoHopHBII
BBIXOJ]
6] 3-FCeHa 65 Mera, ak1ienTopHbIN Xopomuii BEIX0O]
6k 4-EtCsHa 66 ITapa, noHOpHBIN Xopouuii BEIXO/T
6l 3-NO:CeHas 66 Mera, akuenTopHbIN Cpennuii BBIXOT
6m 3-MeOCsHa 66 Merta, TOHOPHBII Xopomuii BEIX0O]
6n 3-CeHsCesHa 71 ApoMaTtrudeckuit Bricoknii BEIXoq
Crepuuecku
60 2-MeCsHa 74.5 Opto, TOHOPHBIN Harpy>KeHHbIH, HO BCE emié
BBICOKHI BBIXO/T
6p 4-MeOCsHa 79 [Tapa, noHOpHBIN Bricokwii BIXO
67 4-MeCsHa 82 ITapa, nOHOPHBII OTnMYHBINA BBIXOJ
6r 3,3-(Me0)2C6H3 86 Merta, TOHOPHBIT O4yeHb BBICOKHUH BBIXOJ]
[TouTn KOJNIMYECTBEHHBIN
6s CsHs 89.9 bes 3amectureneit
BBIXOJ]
MaxkcuManbHBIA BBIXO]T
6t 4-EtOCsHa4 90 [Tapa, moHOpPHBIIHA

e Opro-3ameni¢HHbIe ApUITOOPOHOBBIE KHCIOTHI —> TOHWKEHHBIE BBIXOJbI H3-32
CTEPUUYECKUX MPEIATCTBUN.
e [Ilapa- u meta-nonopusie 3amectutenu (Me, MeO, EtO) — Bbicokue BBIXOBI (10
90 %) Gmaromapsi MOBBIICHHOW HYKJICO(PIEHOCTH.
e Akrenropusie rpyiisl (CN, NO2, CFs) — ymepennsie Boixos1 (55-66 %).
st CTpYKTYpHOU HWIEHTU(UKAIIMU BCEX CHHTE3MPOBAHHBIX COCAMHEHUMN
cepuu 6 OBUT HCMOJB30BAH KOMIUIEKC CHEKTPOCKONMMYECKUX METOJI0B, BKJIIOUas
a/iepHbId MarHuTHBIA pe3oHaHc (AMP) na npotonax (*H) u yraneponax (**C), a Takxe
uHppakpacHas cnekrpockonusi (MK). 3Otu  wmeTonpl MO3BOJMIM  JI€TaIbHO
aHAJM3UPOBATh  CTPYKTYPhl TMOJYYEHHBIX TMPOAYKTOB U  TOATBEPAUTH  HX
uaeHTnaHocTh. B criektpe SIMP 'H coenmnenus 6a, 3apeructpupoBanHom B CDCls

(0, m.a., I'u), HaOGMOAAIMCH XapAaKTEPHBIE CUTHANbI, COOTBETCTBYIOIIME MPOTOHAM
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apoMaTHYeCKOl m rerepoapomarnyeckoit cuctem 107.8 (k, 3J = 3.06 I'm, CHpetar),
120.4 (x, 'J = 275.11 I'n, CF3), 127.8, 128.04, 129.7 (CHayp), 130.7 (Cap), 152.1 (x, 2
=36.30 I'u, C-CF3), 156.17, 160.83, 163.41 (Cap), 7.98 (1, 3J = 7.85 T'i, 2H, CHy,),
7.53-7.67 (m, 3H, CHyp), 6.86 (c, 1H, CH perar). B cnekrpe SAMP *C (CDCL)
coequHeHMsT 6a  ObUTM  HMICHTU(QUIIMPOBAHBI  CHUTHAIBI, COOTBETCTBYIOIINE
YIIIEPOJIHBIM aTOMaM apOMaTHYECKOTo U TeTepoapoMaTudeckoro gparmertos 107.79
(CH netar), 120.41 (CFs), 127.91, 128.04, 129.75 (CHap), 130.69 (Cap), 151.10 (C-
CFs), 156.17, 160.84, 163.42 (C,p). IlomydeHHBIE CIIEKTPOCKOIMYECKUE IaHHBIE
HaXOJIATCS B MOJTHOM COOTBETCTBUH C MPEIOIaraeMoil CTPYKTYpPOU COSTMHCHUS 6a
U TIOJTBEPXKAAIOT €€ KOPPEKTHOCTh, YTO COTJIACYETCS C JIMTEPATyPHBIMHU JTaHHBIMU

I aHAJIOTMYHBIX XUMHYCCKHUX CHUCTCM.
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Pucynok 3.3. - Cnextp SIMP 'H 2-¢penun-7-(rpudpropmerni)-5-okco-5H-1,3,4-

THAAUAa30J10[3,2-alnupumuauna (6a) B CDCls
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Ha cnextpe SAMP *C coegunenuss 6a 8 CDCls (0, m.a., I'm,) 3aduxcupoBanbl
xapaktepHble curHanbl: 107.78 (k, *J = 3.06 I'u, CH perqr), 120.42 (k, 'J =274.10 ',
CFs), 127.92, 128.05, 129.76 (CH,p), 130.68 (Cap), 151.11 (k, 2J = 36.31 I'i, C-CFs),
156.16, 160.83, 163.41 (C,,). Habmrogaemble curHaibpl HOATBEPKAAIOT HaIWdUe
apOMaTHYECKUX U TETEPOIMKINYECKHX (PparMeHTOB, a Takke TPU(TOPMETUITHHON
IpyNIbl B CTPYKTYpE COEAWMHEHHS 6a, YTO COOTBETCTBYET TMPEIIOKCHHON

XAMHUYECKOU CTPYKTYPpE.

1 I 1 I I I ¥ T T T I I i I 1 1 T 1

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Pucynok 3.4. - Cnextp SIMP °C 2-¢pennn-7-(rpudropmerni)-5-oxco-5H-1,3,4-

THAANAa30.10[3,2-a|lnupumuauna (6a) B CDCls.

Mexanusm peakuuu Cy3yKd BKJIIOYAET TPHU KIIIOUEBBIE CTaAUW: OKHCIUTEIBHOE
MIPUCOEUHEHUE, TPAHCMETAUIMPOBAHUE W BOCCTAHOBHUTEJIBLHOE JJIMMHHUPOBAHUE.
Ha nepBoii craguu, Ha3pIBa€MOM OKHUCIMTEIbHBIM ITPUCOEAUHEHUEM, apUIITAIOTCHU]]
B3aUMOJECHCTBYET C KaTald3aTOpOM Ha OCHOBE MNajiagus, 4YTO MPUBOAUT K

0o0pa30BaHUI0 APWIMAIIAAUEBOTO KOMIUIEKCA. OJTOT JTal SBISIETCS BaKHBIM,
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MOCKOJIbKY HMEHHO Ha HEM TMPOUCXOJUT AaKTUBALMA apWITaJOTEHUAA, YTO
CIOCOOCTBYET €ro JalbHEWIEMY BOBJICUEHHIO B PEAKIUIO C OOpHOM KUCIOTOW Ha
CTaAuM TpaHCMeTaIupoBaHus. Ha BTopoil craguu (TpaHCMETAIMPOBAHUE)
apunOopoHOBasi ~ KuCJIOTa WiIM €€  TPOU3BOJHOE  B3aUMOJEHCTBYET €
apuWINasulaIieBbIM KOMIUIEKCOM, 00pa3ys MPOMEXKYTOUYHBIM JUApUIINAIIaINEeBbINA
KoMIiekc. Ha 3akimountensHOM cTaauu (BOCCTAHOBHUTEIBHOE 3SIMMUHUPOBAHUE)
IPOUCXOJUT 00pa30BaHUE KOHEYHOrO0 OMapUIBHOTO COEIUHEHUs C pereHepanuen

KaTajJu3aTropa. I[aHHBIﬁ MCXAaHHU3M IIPCACTABJICH HAa CXEMC 34.
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Cxema 3.4. - Mexanu3M peakuum Kpocc-coderanus Cy3yku s
MOJIyYeHHUs coelMHeHnl 6 u3 coennuenus 3.

[Tocne craguum NOPEKATAIMTAYECKOM  AKTUBALMM, 3aKIIOYAKOIICHCA B
o0pa30BaHUM AaKTUBHOIO KaTtanmutuueckoro komiuiekca L,Pd® (Xantphos(L) +
Pd(OAc). — L,Pd°, unmmmpyercss karamutudeckuid 1uki. Ha mepBom »sTame
MPOUCXOJUT OKUCIUTEIbHOE MPHUCOCAMHEHUE apuwirajoreHuaa 3 K NauiaJueBOMY
IEHTPY, YTO MPUBOIAUT K (POPMUPOBAHUIO METAILIOOPTAHNYECKOTO UHTEpMeuaTa A.

Jlanee, mpu B3aMMOJIEUCTBUM WMHTEpMeAHaTa A c KapOOHATOM Kamusi, oOpasyercs
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IIPOMEXYTOYHOE COEQUHEHHE B, coxepxkamiee namwiaauii B BBICIIEH CTENEHU
okucieHus. Ha cragumm TpancmeraumMpoBaHus uHTEpMeauar B pearmpyer ¢
OOpaTHBIM KOMIUJIEKCOM, YTO NPHUBOJUT K OOpa30BaHUIO JHAPUINAILIAIUEBOTO
koMiiekca C. 3aBepliamomieid cragueld LUK SBISETCS BOCCTAaHOBUTEIBHOE
NMMUHUPOBAHUE, B peE3yjlbTaTe KOTOPOTO oOpa3yeTcsi IeeBoe OuapuibHOE
coenuHenne Ri-R», a katanuzatop perenepupyercs B akTuBHylo (opmy L,Pd°,

TOTOBYIO K HOBOMY KaTaJIUTUYCCKOMY HHKITY.

3.3. Biiusinue CTPYKTYpPbI HA OMOJIOTHYECKYI0 AKTUBHOCTD COeNHEHUI

N3yyenne WHrHOMpPYIOMIEH AaKTUBHOCTH COEJUHEHUN NPOTUB (HEPMEHTOB
obenx cepuii 7-(tpudropmeTrin)-5-okco- 5SH-1,3,4-tuanuazonol3,2-a]nupuMuanHa
(Tabnuua. 3) mokasano CyleCTBeHHbIE pa3anyus B ux 3pdektuBHoCTH. CoequHeHus
U3 CepuM 5a-n, B KOTOPHIX BO BTOPOM IOJIO)KEHUM HAXOAMUTCA aMHUHOTPYIIA, U
OpOU3BOAHBIE cepun 6a-t, sBIAIONMECS 2-apUI3aMEIlEHHBIMH — aHaJOraMH,
IPOJIEMOHCTPUPOBAIM pPa3jIMYHble ypOBHM HHruOupoBanus. CoeauHeHue 5g c
ATWIIOBBIM ~ 3aMECTHTENIeM  IpPU  aMHUHOTPYMIE  [O0Ka3ajll0  BBIPAXKEHHOE
uaruoupyromiee neiicteue Ha (h-TNAP) o cpasuenuito ¢ (h-IAP). Tem He Mmenee,
CEJIEKTUBHOCTh MHTMOMPOBAHUE OCTAaBAJIaCh OIPAHUYEHHOM U COCTaBJIslIa IPUMEPHO
tpéxkpartHoe pasnuuue (fold). BBenenune 3amectureseid B (eHUIBHOE KOJBIIO HE
MPUBEJIO K CYHIECTBEHHOMY YJIYUIICHUIO MHTMOMPYIOUIUX CBOMCTB MO CPABHEHHUIO C
HE3aMEIIEHHBIM COEMHEHUEM 5a, YTO MOTYEPKUBAET KIKOYEBYHO POJIb CTPYKTYpPHI
aMUHOTpyNnbl A 3PPEKTUBHOCTH MHTHOMpoBaHuA. [Ipu cpaBHUTENBHOM aHaIM3€
aKTUBHOCTH coeauHeHuit 5¢, 5d w 5f B OTHOIIEHMH  YeNOBEUECKOM
TKa"ecnernupuyeckon menodHoit pocdarassl (h-TNAP) ycTranoBneHo, 4TO BBEACHHUE
aMUHOTPyNNbl B (eHUIbHOE KOJIbLO (5f) 3HAYMTENBHO YCHIIMBAET MHTUOUPYIOIIUNA
abdext. B To xe Bpems 3ameménnbie (DeHWIHHOT KOJIbIIa METOKCHU- (5C) U ATOKCH-
rpynnamu (5d) oxazanmock Menee dddexTuBHbIM. Coenuuenus 5S¢ u Sd mokaszanu
COMOCTAaBUMbI MHTUOMPYIOIIUN MOTEHIUAN MPOTUB 000MX M30(hEePMEHTOB, OJIHAKO,
HAJIMYME€ METOKCH-TPYIIBI B MeTa-ToyiokeHuu (5¢) obecreunso 0oyiee BBICOKYIO

aKTUBHOCTb IO CPABHEHUIO C 3TOKCU-TPYIION B napanoioxenuu (5d). lanbHeitmue
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WCCJICIOBAHMS TMPOJAEMOHCTPUPOBAIIA, YTO BBEICHHE ATKWIBHBIX 3aMECTUTENCH,
TaKUX Kak MPONWI, B MapamnoiokeHrue (EeHMIBHOTO Kouiblia (5€) Takke OKa3bIBaeT
BJIUSIHUE HAa WHTUOMPYIOIIYI0 aKTUBHOCTh. Moaudukanuum B Ipyrux MOJOXKEHHSX,
BKJIIOYasl 3aMelieHue aMuHOTrpynmbl (S5h - 5j), HE NPUBOAMIM K 3HAYUTEIHLHOMY
MOBBIIICHUIO UHTUOUPYIOIIEH aKTUBHOCTHU, YTO MOAYEPKUBAET BAXKHOCTb CTPYKTYPBI
U TPOCTPAHCTBEHHOI'O pacIoioXeHus 3amecturenedl. Cpeau ajakui3aMeniéHHbIX
NIPOM3BOJIHBIX MEHEE CTEPHUECKUI 3aTpyaHEHHBIE coenuHenue (51 ,5)) He ymydimanu
aktuBHoctd  npotuB  (h-TNAP, xoTss  J1eMOHCTpUpPOBalu  MOBBIIICHHYIO
YyBCTBUTEIHHOCTH, TOTJA KaK MPOU3BOAHBIC C KOPOTKUMH AJIKWUIBLHBIMH TPYIIITAMH
5h nposeasim  ycuinennoe neiicteue npotuB (h-IAP). Beemenue nN-OyTuiabHOM
rpynmnel  5M  3HAYUTENBHO CHWXKAQJIO HWHTHOMPYIONIYI0 aKTHMBHOCTh  O0OMX
n30(hepMEHTOB.

B pany 2-apuiI3aMeIIEHHBIX 7-(TpudTopmerun)-5H-5-okco-1,3,4-
THaana3éono|3,2-aJnupuMuanHOB (6a-t), 3a UCKITIOYEHUEM coeMHEeHuI 6¢, 6h u 6k,
HauOOJBIIYIO CEJIEKTUBHOCTh K MHrHOUpoBaHuio (h-TNAP) nposiBuin coequHeHUs
61 u 6m, Torma kak 6d m 6q ObuM Oosiee ceneKTUBHBI OTHOcUTENbHO h-IAP.
Coenunenus 6g (h-TNAP; 0,28 + 0,02 uM, h-IAP; 0,48 + 0,02 uM) u 6a (h-TNAP;
0,21 = 0,02 uM, h-IAP; 0,43 + 0,07 uM) moka3anu CXOJIHbIE MHTHOUPYIOIINE
s dexTel MpoTUB 000uX H30(hepMEHTOB. JleTabHBIN aHaM3 B3aUMOCBSI3H MEKIY
XUMUYECKON CTPYKTYpOH UM OMOJOTHYCCKON aKTHUBHOCTBHIO BBISBHII, YTO COCITUHCHUC
6a, HE colepkallee 3aMECTUTENe B apuUIILHOM KOJIbIIE, OKa3aJioch Hauboiiee
s¢dextuBHbIM HMHrHOUTOpoM h-TNAP, mpeBocxoass MO aKTUBHOCTU 4-METOKCH-
MPOM3BOAHOE 6Z. DTH AaHHBIE MOIYEPKUBAIOT BAXKHOCTh MUHUMAJIBHOM CTEPUUECKOM
Harpy3kKu JUIsl JOCTIDKCHUS MaKCHUMaJIbHOW WMHTUOupyromed 3¢PGeKTUBHOCTH.
Coenunenus, cojepKalllue  JAUMETUIbHBIE  3aMECTUTENIH (6e wu  6f),
MIPOJIEMOHCTPUPOBAIIM 3HAYUTEIILHO 00JIee BHICOKMI WHTHOUPYIONTUH TTOTSHIIHAI TI0
CpPaBHECHHMIO ¢ MOHOMETHI3aMemEHHbIM aHaimoroMm 6b (ICse £ SEM = 1,06 = 0,05
uM). HaubGonee BbIpakeHHbI 3(dekT ObUT OTMEUYEH Mg coeluHeHus ¢ 3,3-
JUMETHIBHOM TPYNIION B apuiibHOM KoJiblle (6€), koTopoe noka3ano 3HaueHue [Cso £

SEM = 0,52 £ 0,08 uM. Dtu naHHbIe YKa3bIBAlOT HAa TO, YTO HAJIUYHE JBYX
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METWJIBHBIX TPyNn B  apuibHOM  (PparMeHTe  CYIIECTBEHHO  yCHJIMBACT
WHTHOMPYIONTYIO aKTUBHOCTb.

Kpome toro, ObUIO yCTaHOBJIEHO, YTO BBEACHUE METUJILHOM IPYMIbl B METa-
NoJIo’KeHNe (PEHUIIBHOTO KOJIbIIA UTPAET KIIFOUEBYIO POJIb B MOBBIIICHUN AKTUBHOCTHU
COCIMHEHUH MPOTUB YEJIOBEUECKOHN TKaHecnenudpuyeckon menounoit pocdarassl (h-
TNAP). D10 nmogu€pkuBaeT Ba)KHOCTh CTEPUYECKUX M AJIEKTPOHHBIX 3PGHEKTOB
3aMECTHUTENICH B apUIIBHOM KOJIBIIE JIsl ONITUMM3AIIUH WHTHOUPYIOIITUX CBOMCTB.

Jlns dyenoBedeckol kuiieuyHo mienounor (ocdaraszel (h-IAP) nabmaromanock
MPOTUBOMOJIO)KHOE  TMOBEACHUE  MOHOMETHI3aMeIIEHHOEe  Mpou3BojgHOE  (6b)
IPOAEMOHCTPUPOBAIIO  yAYYIICHHE WHTUOMPYIOMIEH aKTHUBHOCTU. M3MeHeHme
MOJIOKEHUSI METOKCUTPYIMIBI B CTPYKTYPE COCTUHEHUN CYIIECTBEHHO MOBIIUSIO Ha
WX UHrubupymoomme cBoictBa. Korga MeTokcurpymma HaxoAwsiach B Tapa-
MOJIOKEHUU (DEHWIIBHOTO KOJIbIla, HabM01anoch nHruonupoBanue kak h-TNAP, Tak u
h-IAP, mpu 3TOM cOeIMHEHHS MPOSBISUIA OOJBINYIO CelleKTUBHOCTL K h-TNAP.
OnHako, mepeMelIeHne METOKCUTPYIIBI B OPTO-TIOJNIOKEHUE TPUBENO K CHIKEHUIO
uHruOupytomein  aktupHoctu npotuB  h-TNAP  u  momHOMy — OTCYTCTBHIO
uHruoupoBanus  h-IAP. DT pe3yabTarbl  NOATBEPKAAIOT  BAXKHOCTH
MPOCTPAHCTBEHHOTO  PACIOJIOKEHHUS  3aMECTHTENIed Il CeJIEKTUBHOCTU U
AKTUBHOCTHU COCIUHEHUU.

B coenunenue 6e MeTunpHas Tpylna B MeTa- TMOJOXEHUH (DEHUIBHOTO
KOJIbIla oOecreurBaia HanOOJIbIYI0 HHTHOUPYIOIIYI0 aKTUBHOCThH TIO CPABHEHUIO C
OPYTUMH TIOJIOKEHHUSIMU 3aMeCTHUTENsl. VICKIIIoUeHne COCTaBUIIO COEIMHEHUE Sc,
KOTOpPO€ MOKA3aJI0 COMOCTABUMBIN PE3yIbTaT. DTU JAHHBIE CBUAECTEIBLCTBYIOT O TOM,
YTO PACMOJIOKEHUE METHUJIILHOW TPYIIbI B META-TIO3UIIMKA OKa3bIBACT 3HAUYUTEIHLHOE
BIUSHAC HAa AaKTUBHOCTh COCAMHCHHUS, YTO IOATBEP)KIAaeT BaXHOCTh TOYHOU
MOAU(UKAIIMKA CTPYKTYpPHl Ui ONTUMM3AIMA WHTHOUPYIONINX CBOWCTB. OTHU
pe3yNbTaThl MOAYEPKUBAIOT BAXKHOCTh TMOJOKEHUS W TPUPOJBI 3aMECTHTENICH B
apWJIBHOM KOJIBIIC JIJII MOJYJISSIIMM MHTUOUPYIOIICH aKTHBHOCTH U CEJICKTUBHOCTH B

OTHOIIIEHUH Pa3IMYHBIX N30(opM mienouHon (ocdarasbi.
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Ta6auna 3.3. - UnruoupoBanue meaouHbix pocdaras (h-TNAP u h-1AP)

Cep.HOMED

ICeo +SEM(uM) CoenuHeHne h-TNAP h-1AP
1 5C 0,38+0,05 0,44+0,06
2 5d 1,58+0,10 0,02+0,17
3 5e 1,98+0,11 31,5+3,67
4 5e 1,98+0,12 31,5+3,67
5 59 0,29+0,03 0,89+0,07
6 5h 1,44+0,14 0,31+0,01
7 5i 0,88+0,09 0,71 £0,07
8 5] 0,61+0,05 0,76+0,06
9 5k 0,45+0,04 3,75+102
10 51 2,02+0,17 2,22+0,06
11 5m 1,53+0,13 4,63+1,16
12 6a 0,21+0,02 0,43+0,07
13 6b 1,06+0,05 0,36+0,04
14 6d >100 4,55+1,07
15 6e 0,52+0,08 0,46+0,05
16 6f 0,54+0,11 1,75+0,13
17 69 0,28+0,02 0,48+0,02
18 6i 3,48+0,25 >100
19 69 1,15+0,16 0,76+0,12
20 6l 0,93+0,12 0,79+0,15
21 6m 4,52+0,91 >100
22 6n >100 >100
23 60 1,39+0,10 0,74+0,08
24 6p 0,52+0,08 0,68+0,03
25 6q >100 0,24+0,02
26 or 0,56+0,05 1,12+0,26
27 6s 0,62+0,03 0,48+0,04
28 6t 1,12+0,24 1,67+0,25

JleBamm3zon 19,2+0,10 -
L-®ennnananux - 80,02+1,1

Ilpumeuanue: 3navyeHus1 BbIPaskeHbl, KaKk cpeaHee 3HayeHne - SEM u n = 3.
I1Cs0 - KOHUeHTpaUusi, NP KOTOpoii uHruoupyercst 50% d¢epmenra.
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Hanmnuue atoma ¢Topa B (PEHHIBHOM KOJBLE M €r0 MO3UIMS OKa3bIBAIOT
3HAYUTENIbHOEC BIMSHHE Ha WHTHOUPYIOIIYI0 aKTUBHOCTh coenuHeHuil. B opro-
3aMelEHHOM (TOPCOAEpIKAIIEM COCIUHEHUH 6n Ha0II01ajJo0Ch MOJIHOE OTCYTCTBUE
UHTUOUpYIOoIeil akTUBHOCTH 10 oTHOIIEHUI0 K h-TNAP u h-IAP, yto mMoxer ObITh
CBSI3aHO CO CTEPUYECKUM MPEISTCTBUEM B aKTUBHOM LIEHTpE. B TO ke Bpems mera-
IPOU3BOAHOE 60 MPOSBIIIO 3aMETHOE WHIHMOMpOBaHHME 000MX H30(epMEHTOB, a
CpaBHEHHME €ro ¢ 6p TO3BOJMJIO BBIAIBUTh BIMSHHE IPOCTPAHCTBEHHOTO
pacnosnoxxeHus 3amectuteneid. OcoOEHHO MpPUMEYATEIbHbIM OKa3aJI0Ch COECIUHEHHE
6q, coaepxkamiee mnapa-acnbékd, KOTOPOE NOKA3aJI0 HAWBBICIIYI0 AKTHUBHOCTh U
CEJICKTUBHOCTh B OTHOIIEHUH h-IAP, BeposTHO, 32 CUET OJIArONPUATHOIO COYETAHUS
IMNO(UIBHOCTH U 3JEKTPOHHBIX 3(¢ekToB. I[Ipon3BoaHbIE C HUTPO - W
nuaHrpynnamu (6r—6t) Takke NpOSBHIM WHTMOMPOBAHHE, HO MX 3()PPEKTUBHOCTH
ycrynana 6q. Takum o0pa3oM, CTpyKTypHbIE OCOOEHHOCTH apUiIbHBIX 3aMECTUTENEH
CYLUIECTBEHHO BJIMSIOT Ha YpPOBEHb U HU30(EPMEHTHYIO H30MPATEIbHOCTh
WHTUOMPOBAHUS.

Takum o00pa3oM, BBISBJICHHBIE 3aBUCUMOCTH MEXIY CTPYKTYypoll U
aKTUBHOCTBIO TOJATBEPKIAIOT, YTO 2-apui3aMeliéHHbie 7-(TpudTopmerni)-oH-5-
okco-1,3,4-tnagnazono[3,2-a] NMUPUMUIUHBI MPEICTABISIOT COOOM MEPCIEKTUBHYIO
CTPYKTYPHYIO OCHOBY ISl CEJIEKTUBHOTO WHTHMOMpPOBaHUA WIEIOYHBIX (ocdaTas.
JlanbHelasi ONTUMU3ALMS UX CTPYKTYpPBI, HApaBlIeHHAs Ha YCHJIEHHWE CPOACTBA U
130(DepMEHTHOM CENEKTUBHOCTH, MOKET CIIOCOOCTBOBAThH pa3padoTKe 3((HEeKTUBHBIX
TEepaneBTUYECKUX areHToB. [IpoBeAEHHOE MOJIEKYJISIPHOE TOKMHI-MOJEITUPOBAHUE
(Ha mpuMepe coeAMHEHUH 6a 1 6q) MO3BOJIUIIO BU3YATU3UPOBATh MIPEANOUYTUTEIbHbBIE
KOH(GOpMallMU U KIIOYEBbIE B3aMMOJECUCTBUS JIUTAHJOB C aKTUBHBIMH IIEHTpamu h-
TNAP u h-IAP, yTo noaTBep:kaaet 3KkCepuMeHTaNIbHbIEC JAHHBIE U CITYKUT OCHOBOM
JUI PalMOHAJIIBHOTO Ju3ailHa HOBBIX HHrHOUTOpOB. g coeauHeHus 6a, He
COJIEp>KaIero 3aMecTUTEIel B apHJIbHOM KOJbIE, OBLJIO YCTaHOBJEHO, YTO €ro
opueHTauus B akTuBHOM LieHTpe h-TNAP cnocobcTByeT 00pa3oBaHHIO YCTONYMBBIX
B3aMMOJICHCTBUI C KIIFOUEBBIMU AMUHOKHUCIIOTHBIMU OCTaTKaMH, YTO MOKa3bIBAET €T0

BBICOKYI0 MHTHOMPYIOIIYIO aKTUBHOCTh. B ciyuae coenuHeHust 6q, cojepikaiiero
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tpudtopmetokcu-rpynmy (F:CO) B mapa- mosokeHuu, MOAECIMPOBAHUE MOKA3aJIo,
YTO €ro TMOBBIIICHHAS JUMOPHIBHOCTh U CTEPUUYECKHE CBOWCTBA OOECIEUMBAIOT
ONITUMAJIbHOE CBS3bIBaHME C aKTUBHBIM LeHTpoM h-IAP. Tpudtopmerokcu-rpymma
CHOCOOCTBYET 00pa30BaHUIO JAOMOIHUTENBHBIX THAPO(POOHBIX B3aUMOICHCTBU, UTO
YCUJIMBAET CPOJCTBO JHraHaa K (EepMEHTY U OOBSCHSET €ro CeJIeKTHBHOCTh B
otHomeHuU h-IAP. Pe3yiabpTaTel MONEKYISIPHOTO MOJIEIMPOBAHUS MTOATBEPIANIN, YTO
IPOCTPAHCTBEHHAs OpraHU3allusi U DSJICKTPOHHBIE CBOWCTBA 3aMECTHUTENCH B
apWIBHOM KOJIbLIE HUTPAIOT KIIOYEBYIO POJb B ONpeAeieHUd SPPEKTUBHOCTH U
CEJIEKTUBHOCTH HWHTHOWPOBAaHUA. OTH JaHHBIE MOTYT OBITH HCIOJIB30BaHBI JIJIS
JadbHEUIle ONTUMHU3AIMU CTPYKTYPhl COEIUHEHUM C 1eJibl0 pa3paboTku Oosee

MOIIHBIX U CCICKTUBHBIX HHFI/I6I/ITOpOB MICJIOYHBIX (bOC(i)aTaS.

3.4. MoJjexyJisspHOe MO/IeJIMPOBAHUE B3aNMOIeCTBUI (JIOKUHT)
coeqnHeHnid 6a u 6Q

MomnekynsspHOe MOJAETUPOBAHUE CTHIKOBKH (JIOKMHT) OBUIO MPOBENECHO C
[EIbI0 aHaIM3a MPEANOYTUTEITLHON OPHEHTAIMM U XapaKTepa B3auMOJECHCTBUS
HanOoJiee aKTHBHBIX COCAMHCHWM B  aKTUBHBIX IIEHTpaX H30()epMEHTOB
YyeoBeUecKor TkaHecnenuduueckoi menounon gocdarassl (h-TNAP) u kumedHoi
menounoit (ocdaraser (h-1AP). Takoit moaxoa MO3BOIMI OMPEACIUTh KIIOUYCBBIC
CTPYKTYpHBIC  (DaKTOpBI, OTBETCTBEHHBIC 3a CpPOACTBO H IOTCHIUAILHYIO
WHTUOUTOPHYIO aKTUBHOCTh MCCIIEAYyEMBIX MOJIEKYJ IO OTHOIICHUIO K JaHHBIM
dbepmenTam. JIOMOTHUTENBHO MPOBEAEHHBIN aHAIN3 SHEPTCTUUECKUX XapPaAKTEPUCTHK
KOMITJICKCOB ~ JIUTAH/I-OCJIOK TO3BOJIMJI  BBISBUTH  BKJIQJ  OTACIBHBIX  THIIOB
B3aMMOJICUCTBHUI, TaKMX KaK BOJOPOJHBIE CBS3H, TUAPO(YOOHBIE KOHTAKTHI U
KOOPJIMHAIIMOHHBIC CBS3M C KAaTAIMTHYCCKUMU HMOHAMU METAJLIOB B ()OPMHPOBAHUC
YCTOWYUBBIX KOH(PUPMAITUH.

Takum o00pa3om, TMPOBEAEHHOE WCCIENOBAHNE HE TOJIBKO PpaCIIUpseT
MPEACTABIICHUE O TPHUPOAC B3aMMOJCHCTBHA MEXIy JIMTAaHAAMU U IICIIOYHBIMU
docdarazamu, HO © CO3MAaET TEOPETUUYECKYI0 OCHOBY JUIsl PalMOHAIBHOTO

IMPOCKTUPOBAHNA HOBLIX OMOJIOrMYECKH aKTUBHBIX COCHHHCHHﬁ.
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Ha pucynke 3.5 mpencraBieHa MOJENb MPEANOIAraeMoro KOMILIEKCa MEXKTY
COCTUHCHHEM 628 W aMUHOKHCJIOTHBIMH OCTaTKaMHU aKTHBHOTO IieHTpa (pepmeHTa h-
TNAP. CornacHo pe3yiabTaTaM JOKWHTA, JIMTAH]] PacrlojiaraeTcsi B KaTaIUTHYECKOU
MoJIOCTH (hepMEHTa B TIOJOKCHHH, ONTUMAIBLHOM JUIsi OOpa30BaHUS YCTONYHBBIX
MEXMOJIEKYJISIPHBIX KOHTakToB. HaumOosee 3HauuMMBIM BKJIaag B CTaOMIM3ALIUIO
KOMILJIEKCA BHOCSIT BOJIOPOJHBIE CBSI3M M TUAPO(POOHBIE B3aUMOJEHCTBUSA C PSAIOM
AMUHOKHCJIOTHBIX OCTAaTKOB, YYaCTBYIOIIMX B KaTAIUTHUECKONU QYHKINH (PEepMEHTA.

B yactHOCTH, (QYHKIMOHAJIbHBIE TPYNIBl COEAUHEHUsT 6a 00pa3yroT
HaIlpaBJICHHBIC BOJOPOAHBIC CBSI3U C TMOJIIPHBIMH OCTaTKaMHU, PACIOJOKCHHBIMU B
HEIMOCPEICTBEHHONW OJIM30CTH OT AKTHBHOTO IICHTPA, YTO O0OECIEUMBACT TOYHOE
MO3UIIMOHUPOBAHKE JIMTaHAa B KartaquTuyeckod mienu. [Ipum sTom apomatuyeckuii
dbparMeHT  MOJEKYJBl ~ Y4aCTBYeT B  M—T-CTOKHHT-B3aUMOJCUCTBHSIX  C
apOMaTUYECKUMH  aMUHOKUCIOTHBIMU  ocTaTkamu  (Hampumep, HIS), dto0
JOTIOJTHUTENHHO MOBBIIIAET CTAOMIBHOCTh KOMILIEKCA.

DHEpPreTUYeCcKUe MapaMeTphl CTHIKOBKM YKa3bIBAIOT HA BBICOKOE CPOJCTBO
coenunenus 6a xk depmenty h-TNAP, uto cormacyercsi ¢ 3KCneprUMEHTAIbHBIMU
JAHHBIMH O €ro AaKTUBHOCTH. TakuM o0pa3oMm, MPOBEAEHHOE MOJICTUPOBAHKE
MO3BOJIMJIO HE TOJIBKO OMNPENEIUTh OCHOBHBIE THIBI B3aMMOJCHCTBUM MEXKIY
JUTAHJIOM U OENTKOM, HO W BBISIBUTH y4acTKu ¢depMeHTa, Hauboyiee 3HAUUMbIe JIs
CBSI3BIBAHUS, YTO MOXKET OBITh KCIOJB30BAHO MPH JABHEUIIEM paliOHAITBHOM
JM3aifHe UHTUOMTOPOB MIETOYHBIX (ocdaTas.

CornmacHO pe3ynbTaTaM MOJACIMPOBAaHUA, O0OpasyeTcss CeMb 3HAUYUMBIX
MEXMOJICKYJIIPHBIX KOHTAKTOB, BKIIFOYAs YETHIPE BOJOPOIHBIC CBSI3U (0003HAYCHBI
3eNEHBIMU  TYHKTUPHBIMA JIMHUSMH) W TPU T—T-B3aUMOJEUCTBHS  (PO30BBIC
NyHKTUpHBIC JuHWHK). KapOoHunapHas Tpynma TUPUMUIUHOBOTO (parMeHTa
dbopmupyeT BogopoaHbIe ¢Bsi3u ¢ octatkamu His154 u Argl167. Kpome Toro, aToMbl
a30Ta THUAAWA30JIBHOTO W TMHPUMUIAHOBOTO KOJEI[ Y4YacTBYIOT B OOpa30BaHUU
BOJIOpOHBIX cBs3el ¢ Argl51 u His434 coorBeTcTBeHHO. Takoe MHOMXKECTBEHHOE
B3aMMOJICUCTBUEE PA3TUYHBIX (PYHKIIMOHAIBHBIX TPYII MOJEKYIBI 68 C KIFOYEBBIMU

aMUHOKKCIIoTaMu akTuBHOro 1eHTtpa h-TNAP, mo-suaumMomy, oOyciaBiuBaer eé
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BBIPOKEHHYIO HHTHOUPYIONIYI0 aKTUBHOCTh. MOJIEKYJIIPHBIN JOKUHT COeTUHEHUE 6
K Mojenu akTuBHOro IneHTpa h-IAP (pucynox 3.6) BBIABHIO Tpu CTaOMIIBHBIC
BOJOPOJIHBIE  CBSI3M U 4YETbIpE  M—M-B3aUMOJCUCTBUSL C  KIIOYEBBIMU
AMUHOKHCIIOTHBIMH OCTaTKaMu ¢epMeHTta. B dYacTHOCTH, 7—m-B3aUMOACHCTBUSA
HAOJIIOAAIUCHh MEXITY apOMAaTHYECKUMU KOJIbIIAMH (DEHUIIBHOTO, MUPUMUIMHOBOTO U
THa30JbHOTO (parmeHToB 6q n octatkamu His320 u His317. KapbonwmipHas rpynmna
6q obpasyet aBe Bogopoanbie cBs3u ¢ Argl50 u His153, a 7omoTHUTENBHO CBS3b
BOBJICKAET KUCJIOPO]I OOKOBOM 1I€TIH B aHAJIOTMYHOE B3anMoiericTBre. COBOKYITHOCTh
KOHTaKTOB YKa3blBa€T Ha BBICOKYI0 KOMIUIEMEHTApHOCTh COEAMHEHUs 6q K
akTUBHOMY LEHTPY h-IAP, 4TO BEeposATHO onpenensieT ero BbICOKYI0 HHTMOUPYIOILYIO
AKTUBHOCTb M CEJICKTUBHOCTh. I[loBBIlIEHHAs JUMOQUIBHOCTh, OOYCIIOBIEHHAs
TPpUPTOPMETOKCUTPYIIONA, TaKKe CHOCOOCTBYET 3(PQPEKTUBHOCTH COEIUHEHUS
npotuB h-IAP. [TonyyeHnnbie qaHHBIE MTOAUYEPKUBAIOT BAKHOCTh BOJOPOIHBIX CBSI3EH
U T-T-B3aUMOJCHCTBUU I CTAaOMJIM3AIlMM KOMIUIEKCOB JHMTaHl ¢GEepMeHT U
NOATBEPKIAIOT KIIOYEBYIO pOJIb CTPYKTYpbl JIMTaHAa B OMNPEACICHUH €ro
WHTHUOUPYIOIIEH aKTUBHOCTH M CEJICKTUBHOCTU. OTH pe3yJabTaThl MOTYT OBbITh
WCMOJIb30BaHbl ISl JAJIbHEUIIEH ONTUMHU3ALUMUA CTPYKTYPbl COCIMHEHHH C LENbIO
pa3paboTku Oosiee A(PGEKTUBHBIX U CEIEKTUBHBIX HMHTUOUTOPOB IIEIIOYHBIX
docdaras. AToOM KUCIOpOJA METOKCUTPYMNBI B CcOeAMHEHMH 6q (opmupyer
JIOTIOJIHUTENIBHYI0  BOJIOPOJIHYIO CBsi3b ¢ octatkoM  GInl08, cnocoOcTBys
cTabWIM3aIy KOMIUIeKca Jurany gepmMerT. DdTopcoaepKaiiie 3aMeCTUTENIn 000uX
coeMHeHn 6a u 6q y4acTBYIOT B ((OPMUPOBAHUM CHIEIUPUIHBIX B3aUMOJICUCTBUM C
aKTUBHBIMU IIeHTpamMu u3odepmenToB. Ilpu sTOoM ¢TOp B CTPyKTYype 6q
JIEMOHCTpUpYeT Oosee BbIpakeHHOE cpojacTBo K h-IAP mo cpaBHenuio c
AHAJIOTHYHBIM B3auMojeiictBueM B kKoMmiuiekce 6a ¢ h-TNAP. Dtu ocoOeHHOCTH
MOJIEKYJIIPHOTO CBSI3bIBAHUS BU3YAJIM3UPOBAHBI HA PUCYHKaX 3.5 u 3.6 momuépkuBast

pas3in4duAa B CTCIICHU CTa6I/IJ'II/I33HI/II/I KOMIIJIICKCOB.
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ARGI167

ARGISI

D

Pucynok 3.5. Moaesb npeamnoJjiaraeMoro cBi3bIBaHUs coenHeHus 6a (rosyooii) ¢
akTUBHBIM HeHTPOM ¢epmenTa h-TNAP (30.1010i1). Bonopoansie B3anmoaeicTBust
0003HAYEHBI 3eJIEHBIMH IYHKTHPHBIMHU JIMHUSAMH, T—T-B3aNMO/1eliCTBHS — PO30BbIMH
NYHKTUPHBIMU JIMHUSIMHA

B pe3ynbpTaTe MOJIEKYJISIPHOTO MOAEIUPOBAHUS YCTAHOBJIEHO, YTO COCIMHEHUE
6a HanéxHo ¢ukcupyercs B akTUBHOM I1eHTpe Gepmenta h-TNAP 3a cuér
dbopmupoBaHus psga  crenUPUUECKMX  MEXKMOJICKYJISPHBIX — B3aUMOJEHCTBUN
(pucynox  3.6). Jluranm oOpa3yeT HECKOJBKO  BOJOPOJHBIX  CBSI3EM ¢
amMuHOKHCIIOTHRIMH  octatkamMu  ARG151, ARG167, HIS321 wu HIS434, yro
oOecrieuynBaeT CTaOWIBHYI0 OPHUEHTAIMIO MOJICKYJbl B KATAIUTUYECKOW IOJIOCTH.
Kpome TOro, apomaruueckue KoOJIblla COEJAMHEHHMS BOBJIIEYEHbl B M-
B3aumozeiicteus ¢ octatkamu HIS154 u TYR170, ycunuBatromumu ruapodoOHoe
CBs3bIBaHHE. Takoe COYEeTaHWE MOJISIPHBIX U T—TM-B3aUMOJACHCTBUN CIIOCOOCTBYET
MPOYHOU (PUKCAIMKM COEIMHEHHS 6a B aKTUBHOM IIEHTPE M YKa3bIBaeT Ha €ro

MOTEHITMAIBHYIO CTIOCOOHOCTh MHTHOMpoBaTh hepmeHt h-TNAP.
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Pucynok 3.6. Mozaenb npeanosaraeMoro cBsi3bIBaHus coenHeHus 6q (cserio-
3eJI€HBbIH) ¢ AKTUBHBbIM LIeHTPOM (pepmenTa h-IAP (maciamuoBblii). Bogopoanbie
B3aMMOJeHCTBHS 0003HAYEHBbI 3eJI¢HBIMUA MYHKTHPHBIMH JTUHUSAMH, T—TT-B3aNMOACHCTBUS —
PO30BbIMH NYHKTHPHBIMHU JINHUSIMH

MounekysspHOE MOIENIMPOBAHUE IIOKA3aJlo, YTO COEAMHEHHE 6 IPOYHO
(buKcUpyeTCs B aKTUBHOM LIEHTpe (hepMEHTa YeJIOBEUECKOW KHUIIEYHON IIeIOYHON
docdarazer (h-IAP) 3a cuér kommuiekca crenu(pUYSCKUX MEKMOJSKYIISIPHBIX
B3aMMOJICUCTBUI (PUCYHOK 3.6). Pe3ynbTaThl JOKMHTA CBUIIETEIBCTBYIOT O TOM, YTO
JIUTAaH]l 3aHUMAET YCTOMYMBOE TOJIOKEHHE B KaTaJIUTHYECKON MOJOCTH (epMeHTa,
YTO 00ECMEYNBACTCSA CHCTEMOW HAMPAaBIICHHBIX BOJOPOIHBIX CBSI3eH M THAPOGOOHBIX
KOHTaKTOB. B yacTHOCTH, MOJEKyna COeIUHEHUS (POPMUPYET CEPUI0 BOAOPOJIHBIX
cBsa3eil ¢ amuHOKUCHOTHRIMM ocTatkamMu GLUI108, ARGI150, HIS317, HIS326 u
GLU321, xotoppie CTAOMIM3UPYIOT OPUCHTALMIO JIMTaHAA W CHOCOOCTBYIOT €To
TOYHOMY MO3UIIMOHUPOBAHUIO BOJIM3U aKTUBHBIX IIEHTPOB.

JlomomTHUTENBHO apoMaTthueckas (parMeHT COeUHEHUsT 6 BOBIIEKACTCS B T—
n-B3aumojieicteue ¢ ocratkoM  HIS153, 4ro cmocoOcTByeT — yCHUIICHHUIO

FI/I,Z[pO(I)O6HOFO CBsiA3bIBAHUA U HOHOHHHTGHBHOﬁ CTa6I/IJII/ISaIII/II/I KoMILJIeKca. Takoe
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B3aMMOJICHCTBHE WIPAaeT BAXHYIO POJb B YACp>KaHUU JIMTaH/IA B ONTHUMAJIbHON
KoH(pOpMaIlMu, MTpPeNOTBpalas €ro CMEUIeHHEe M3 aKTHBHOTO ILIEeHTpa. AHamu3
MEKMOJICKYJIIPHBIX KOHTAKTOB yKa3bIBA€T HA TO, YTO COBOKYITHOCTH BOJIOPOJIHBIX,
T-T W DIEKTPOCTAaTUYECKUX  B3aUMOJICHCTBUN  cO3MaéT  OIAromnpusITHYIO
DHEPreTHUECKYI0 KOH(PHUTypaIluio KOMIUIEKCa, MPU KOTOPOH MoJieKyina 6q Haa&KHO
(buUKCcUpyeTCsl B KATATUTUYECKON MOJIOCTH hepMeHTa. ITO MO3BOJIAET MPEATIOI0KUTD,
YTO COeQUHEHHE 00JagaeT BbICOKOW cpoactBoM K h-IAP u morenmmanbHoit
CIIOCOOHOCTBIO HMHTHOMPOBATH €r0  KaTaIUTHYECKYI0 AaKTUBHOCTh 3a  CUET
OJIOKUpOBaHUs AOCTyMA cyOcTpaTa K akTUBHOMY cailTy. Takum oOpa3om, pe3yabTaThl
MOJIEKYJISIPHOTO ~ MOJCIMPOBAHUA HE TOJBKO TMOATBEPKAAIOT CTPYKTYPHYIO
KOMIUIEMEHTAPHOCTh MEXIy coeauHeHueM 6q u ¢epmentom h-IAP, HO wu
JIEMOHCTPHUPYIOT MEXAaHHUCTUYECKYI0 OCHOBY HX B3amMojehcTBus. I[lomyueHHbIe
JaHHBIE MOTYT CITY’KUTh OCHOBOM JJIsl ajbHEHIIIET0 PallMOHAIIBHOTO JM3aiiHa Ooee
3¢ HEKTUBHBIX UHTHUOUTOPOB h-IAP, o0nagaronmx YIIy4IIEHHBIMU

(hapMaKoJIOTHYECKUMU XapaKTEPUCTUKAMU U U30UPATEIbHOCTBIO IEUCTBUS.
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BbIBO/IbI
YcranomieHo, 4ro 2-6pomo-7-(tpudropmern)-5H-5-oxco-1,3,4-tnaanazono|3,2-
a|IMPUMUIMH SIBISIETCS YHHBEPCAJIbHBIM HMCXOAHBIM COEAMHEHUEM I peaKUui
HYKJICO(PMIBPHOTO apoMaTHYeCKOro 3amerieHus (S,Ar) um Kpocc-codeTaHHs II0
Merony Cy3ykn—Musiypbl, 4TO NOATBEPKAAET €r0 IIHPOKUE BO3MOYKHOCTU JIS
nanpHene pyukunonanuzanuu [4-A, 3-A, 5-A, 7-A, 10-A].
CuHTE3UpOBAHHBIC 2-3aMenI¢HHbIC MIPOU3BO/IHBIC XapaKTepU3yrTCs
CTaOMJIBHOCTBIO U BBICOKOM BBIXOJIHOCTBIO, YTO TOJATBEpk)AaeT 3()PEKTUBHOCTD
NPUMEHEHHBIX METOJIOB CHHTE€3a M MPUTOAHOCTh TOJYYEHHOrO siApa s
JTaIbHEHIINX XMMHUKO-OMOJOTHYCCKHX UccienoBanmii [1-A, 3-A, 6-A, 10A, 14-A].
dapMaKoJIOrMueckoe  HUCCJEeJIOBaHME In  Vvitro  TMOKa3ajllo  CIOCOOHOCTH
CUHTE3UPOBAHHBIX COCIMHEHUN MHTUOUPOBaTh U30(OPMBI IIeN0ouHON (pocdaTasbl
(h-TNAP u h-IAP), npu 3TOM OTMEYeHa OTHOCHTEIBHO HH3Kas CEJICKTHBHOCTDH
MEXIY MHIICHIMH, 4YTO TpeOyeT AajbHEeWIIed ONTUMHU3AIMKU MOJEKYISIPHOU
CTPYKTYPBI JUIS IOBBIIICHUS CHCIMPUIHOCTH aeicTBHS [4-A, 6-A, 12-A, 14-A].
Coenunenust Sh u 6b BbIACICHBI KaKk HanOoJiee MEPCICKTUBHBIC KaHIUIATHI JIJIs
pa3pabOTKU CEJIEKTUBHBIX HMHTHOUTOPOB IMeo4yHoM ¢ocdarazsl U 00J1a1aoT
MOTEHIUAJIOM CTaTh JIMA-CTPYKTYpaMU IJisi CO3JAaHUsl TEPAIEBTUYECKUX AreHTOB
[1-A, 2-A, 12-A, 13-A].
MonekynsipHoe MOACIUPOBAHUE TMO3BOJIMIIO HICHTU(PUIIUPOBATH KIHOUEBBIC
AMUHOKHCJIOTHBIE OCTaTKU (PEPMEHTOB, BOBJICUEHHBIE BO B3aUMOJCHCTBUE C
WHTUOUTOpAMU, YTO 0OECIIEYMBACT MMOHMMAHNE MEXaHU3Ma CBSI3bIBAHUS U CO3/IAET
OCHOBY ISl pallMOHAJIBLHOTO au3aiiHa OoJjiee 3(P(EKTUBHBIX M CEICKTUBHBIX
COCIMHCHUM, a TaKKe HaNpaBIsieT MalbHEUIUE WCCICAOBaHUS B 00JacTu
OpPraHUYECKOM XMMHHU M MOJICKYJIIPHOTO MoJaeaupoBanus [2-A, 6-A,7-A, 5-A, 14-

Al
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PexoMeHganuM 10 NPaKTHYECKOMY MCIIOJIb30BAHUIO Pe3yJIbTATOB

1. CuHTe3upOBaHHbIE MIPOU3BO/IHBIC 2-6pom-7-TpudTopmernn-5H-1,3,4-

Thaaua3ono|3,2-ajnupuMuanHa  00Jadal0T HWHTHOMPYIOIIEH AaKTUBHOCTHIO B
otHomeHnH n3ohopm menounoit pocdaraszer (h-TNAP u h-IAP). DT coennnenus
MOTYT CIIY>KHUTh OCHOBOHM MJisi pa3pabOTKH HOBBIX MOTEHIUMATbHBIX WHTHOUTOPOB
dbepMmeHTa, 0COOEHHO € Y4€TOM HMX BBICOKOM AKTUBHOCTA B MHUKPOMOJISIPHOM
nuamna3oHe. llomydeHHbIe pe3ysabTaTbl MOTYT ObITh MPUMEHEHbI Ha HAYaJIbHBIX
JTamax IMOMCKAa KaHJIWJATOB B JIGKAPCTBEHHbIC TNIpemaparbl Il Teparuu
3a00J1€BaHM, aCCOITMUPOBAHHBIX C MATOJIOIMYECKON akTUBHOCThIO TNAP.
MouiekynsipHO€ MOJEIUPOBAHNE (JOKUHT) IMO3BOJIMIIA IETAILHO OXapaKTepU30BaTh
B3aMMOJICUCTBUS aKTUBHBIX COCIMHEHUN C KaTAIUTHUYECKUM CalTOM (PEPMEHTOB.
[lonyyeHHbIE CTPYKTYpHBIE CBEIEHUS MOTYT OBITh HCIOJL30BaHbI B KauyeCTBE
OCHOBBI ISl PAllMOHAJILHOTO TPOEKTUPOBAHUS U IIEJIECHANIPABICHHOW CTPYKTYPHOU
ONTUMM3AIIMN MOJIEKYJI C LIEJIbIO MOBBIIICHHUS U30MPATETLHOCTH K MAaTOJIOTHYECKU
3Ha4YMMBbIM H30(opMaM 1enouHoi (ocdarasel. [Ipeanonaraempie MoAMPUKALINH
CIIOCOOHBI  yIydmuT  (apMakoJOTUYECKUd  TpoPuiib  COCAMHEHHH U
MUHUMU3UPOBAThH UX MOTCHI[MATBbHYIO TOKCUYHOCTD.

CoenvHeHUs, CHHTE3UPOBAHHbIE B XOJI€ MCCJIEAOBAHUs, MOKA3aJIH BBIPAKEHHYIO
AKTUBHOCTh B MUKPOMOJISIPHOM JIMala3oHe KOHILEHTPAIM, YTO YKa3bIBAET HA HUX
NOTEHIMAIBbHYIO TPUTrOJAHOCTh ISl JaibHEiIe oueHku 3(Q(PEeKTUBHOCTU. DTU
COCIMHEHUS MOTYT OBITh MPOTECTUPOBAHBI IN VItro Ha PAa3IUYHBIX KIETOYHBIX
JUHUSX, a TaKXke In VIVO B JKCIEPUMEHTAJIbHBIX MOJCNSIX, UMHUTHUPYIOIINX
MATOJIOTMYECKUE COCTOSIHUS, aCCOLUMUPOBAHHBIE C H30BITOYHONW AKTUBHOCTHIO
TNAP.

Bo3MoxHOCT,  TIpuMEHEHussT B (yHIAMEHTaJIbHBIX  OMOMEIMIIMHCKHUX
uccnenoBanusix. CHHTE3MPOBAHHBIE THAAUA30JONUPUMUJIUHBL  MPEJICTABISIOT
MHTEpPEC HE TOJBKO KaK IMOTEHUIHAbHBIE JIEKAPCTBEHHBIE CPEACTBA, HO M Kak
WHCTPYMEHTBI JJI1 W3Y4YEHUsI PoJid IIeNoYHOM (¢ocdarazbl B OUOIOTHYECKUX

mponeccax. X MO>XXHO HCIIOJIL30BaTh B MOJICTIBHBIX 9KCIICPUMCHTAX JJIsI U3YUCHUA
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MeXaHu3Ma JeHCTBUSA (DEpMEHTa, €ro PeryJAlnH, a TaKXKe MJIs OICHKU BIUSHUS
UHTHOMpOBaHus (pepMeHTa Ha (HPU3UOJIOTHUECKHIE U IMATOJIOTHICCKUE TTPOIIECCHI.
Hcnonb3oBanue pa3paOOTAHHBIX CUHTETUYECKUX MOJXOJ0B B OPTraHUYECKOM U
MEUITMHCKOM CHHTE3€. MeTOobl CHHTE3a, pa3paboTaHHbIC U ONMTHMHU3UPOBAHHBIC
B XOJZI€ BBIMIOJIHEHUSI AUCCEPTALMOHHON pabOThl, MOTYT OBITh MCIOJIb30BaHbI JJIsi
MOJIYYEHUS] IIUPOKOTO CHEeKTpa (PYHKIMOHAIU3UPOBAHHBIX TETEPOLMKIMYECKUX
COEIMHEHUN. DTU MOJX0/Ibl MPUMEHUMBI B IPAKTUUECKOM OPTaHUYECKOM CUHTE3E,
B TOM YHCIE JUIsl CO3JaHusli OMOJMOTEK COENMHEHMM B paMKaxX MpPOrpaMM IO
BBICOKOIIPOU3BOAUTEIILHOMY CKPUHHUHTY MOTEHIIMATBHO OMOJIOTMYECKU aKTUBHBIX
MOJIEKYJI.

Coznanue 0a3pl g pa3pabOTKU OTEYECTBEHHBIX OMOAKTHUBHBIX COEIMHEHUM.
[IpoBenéHHOE HCCIIETOBAHUE MOKET CTAaTh YacThlO JOJITOCPOYHOM CTpaTeruu
pa3BUTHSl  HAlMOHAJIBHOW  (hapMaleBTUYECKOW HAayKH, HaIpaBJICHHOW Ha
pa3pabOTKy HOBBIX OHMOAKTHUBHBIX MOJIEKYJ, OCOOCHHO B CTpaHax C
OTpaHUYCHHBIMU pecypcamu. [losiydeHHBbIE aHHBIE MOTYT UCIIOJIb30BaThCA B
o0pa3oBaTeIbHBIX, UCCIIEA0BATENLCKUX U MPUKIAIHBIX IEISIX B paMKaX HAYYHBIX
nporpaMM U TIpU TOATOTOBKE CIHEIUAIMCTOB B OOJACTH OPraHUYECKOW W

MEIUIINHCKON XUMHUH.
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