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OO0mas xapakTepucTuKa padoThl

AKTYaJIbHOCTb HccienoBaHus. MonapoMaTtuueckue COCIMHEHUS - OJHU U3
Han0oJiee MUPOKO MCIOJIB3YEMbIX CTPOUTEIIHLHBIX OJIOKOB B OPraHUYECKOM CHUHTE3E.
OHU 0COOCHHO Ba)KHbI KaK HE3aMEHUMBbIE€ CyOCTpaThl JIJI MHOTOYUCIIEHHBIX METOI0B
oOpazoBanus C-C cBsizeil, XUMHUU TETEPOLUKIMYECKUX U METATIIOPraHUYECKUX
COECIMHEHUI, CUHTE3a OPTraHMYECKUX COEAUHEHUN MOJMBAIIECHTHOTO MOJA.

OcoOblit UHTEPEC MPEJCTABISAIOT MOJIMHO/3aAMEIICHHbIE apeHbI, TOCKOJIbKY C UX
Y4aCTUEM 3HAYUTENIBHO PACIIMPSIIOTCS BO3MOXHOCTH MOJOPraHMYECKOrO CHUHTE3a, a
KpOME€ TOrO OHHU  SIBISIIOTCA  HMCXOOHBIMHM  NPOAYKTaMU B  IOJYyYECHUH
PEHTI€HOKOHTPACTHBIX CPEJICTB.

ApomaTthuecKkue Ua30HHUEBBIC COJM TAaKXKE SBISIIOTCS OJHMMH W3 HamOolee
BKHBIX CTPOUTENIbHBIX OJIOKOB B KJIACCMYECKOM OPraHMYECKOM CHHTE3€, a TAKKE B
MOJIYyYEHUH COBPEMEHHBIX OpPraHMYEeCKUX HAHOMATEepUaIOB U HMMMOOWIU3AINU
OpraHUYECKUX OCTAaTKOB Ha METAUIMYECKHE M HEMETANIMYECKUE MOBEPXHOCTH.
HecmoTpss Ha oOrpoMHBIE yCHEXWM CHHTE30B Ha OCHOBE COJIEM [OHa30HUA, Y
OONBIIMHCTBA W3  MOCIEIHUX HMMEETCSd NPUHUIUMNHAIBHBIM  HEIOCTATOK  —
HECTaOWJILHOCTh W B3PBIBOOMACHOCTh, YTO BCErJa CIEPKUBAIO HUX MIUPOKOE
MPOMBINJICHHOE NpuMeHeHue. [lodToMy mnosiydeHue HOBBIX CTAOWIIBHBIX COJIEH
JIMA30HUS TPEACTABISET BAKHEHIIMI HMHTEPEC I OPraHUYECKOro CHHTE3a U
TEXHOJIOTUW OPTaHUYECKHUX BEIIECTB.

Pa6ora BeinosHsIack npu nojaepxkke rpanta PODU Ne 09-03-9919

Leab padorel. [lepBoHavanbHas 1eab pabOTHl COCTOSIA B pa3pabOTKE HOBBIX
METOJOB MPSIMOTO M KOCBEHHOTO HOJHUPOBAHMS APOMATHUYECKUX COCIUHEHUH,
OTBEYAIOIINX COBPEMEHHBIM TPEOOBAHUSM 3€JICHOM XUMHHM M YHUCTHIX XUMHYECKUX
TeXHOJIOTMHA. B Xojae wuccienoBaHus HOBBIX IMOAXOJOB K JAMA30TUPOBAHMIO-
HMOJUPOBAHUIO OBUIA MOJYYEHBI HOBBIE apUIAMA30HUM TO3WJIAThI, 00JIAJA0IINE, KaK
OKa3aJI0Ch, YHUKAIBHOM ISl TUA30HUEBBIX COJICH CTAOMIBHOCTHIO U 0€301MaCHOCTHIO,
U TPEACTABISAIONINE 3HAYUTEIBHYIO BAXKHOCTD JIJIsl OPraHUYECKOM XUMHUHM B 1ieJoM. B
CBSI3M C OTUM, 3HAUMUTENIbHAsT YacTh MCCJIEAOBAHUM JOJDKHA ObUla CTaTh
HaIpaBJICHHOW Ha M3y4YEHUE JAHHOTO THUIMA JUAa30HUEBBIX COJIEH — OMpeNeseHue ux
CTPYKTYpbI, CBOMCTB, BO3MOXXHOCTEM M OrpPaHUYEHUN [UJI1 MCHOJB30BAHUS B
OpraHUYECKOM CUHTE3E.

Hay4ynasi HoBu3HA. BriepBble yCTaHOBJIEHBI 3aKOHOMEPHOCTH U MPENAPATUBHBIE
BO3MOXHOCTH  3JIEKTpOGUIBLHOr0 uoaupoBaHusi apeHoB cuctemamu [,/KIOs,
I,/NaNOQOs, I,/PhI(OAc), 6e3 pacTBOpHUTENIS B yCIOBUSAX MEXaHUUSCKOM aKTHBAIUH.

Pa3paboTansl HOBBIE TOAXOMABI K MOJYYEHHUIO IIUPOKOTO psiia 1U-, TPU- U
TETPanoJIapeHOB, OCHOBAaHHbIE HAa KOMOMHAIMSIX 3JIEKTPOPMIHHOTO HOIUPOBAHMS
aMUHOB U MOCIIEAYIOLIETO THa30TUPOBAHUS-HOIUPOBAHHSL.

[IpennoxeH NpUHIMIUATBLHO HOBBIM METOJ JUA30TUPOBAHUS aMUHOB U CUHTE3a
CTaOWIIBHBIX, XOPOIIO PACTBOPUMBIX, HE B3PBHIBOONMACHBIX M XUMHYECKH AKTHUBHBIX
apwiIna3oHui TO3WIATOB. KOMIIEKCOM SKCHEPUMEHTAIBHBIX U TEOPETUUYECKUX



METOJIOB MPOBEACHO HCCIEN0BAHUE 3JEKTPOHHOIO U MPOCTPAHCTBEHHOI'O CTPOCHHUS
ATUX COCTUHEHUM.

BnepBeie omnpeneneHbl  BO3MOXXHOCTH W OTPAHUYCHHS  MCIOJIb30BAHUS
apUJIIMa30HUN TO3WIATOB B OPraHUYECKOM CHHTE3€ (raJlor€HUPOBAaHKUE, HUTPOBAHUE,
a30coYeTaHue, apuiaupoBaHue ojaeduHOB, 00pa3oBaHUE TPHUA3EHOB, BOCCTAHOBJICHUE),
OTKpbITAa WX  YHHMKaJbHas  CIMOCOOHOCTh K  CIIOHTAHHOHW  MOAM(UKALMH
YIJIEPOACOIEPKALIUX HaHO- " MaKpO-ITIOBEPXHOCTEMN OpraHUYeCKUMU
GyHKUHOHATBHBIMU TPYTIIIAMH.

Bnepseie kBanTOBO-xMMu4eckumu wmerogamu DFT, ab initio u MP2
CUCTEMATHYECKA HCCIICIOBAHbl  B3aMMOJICUCTBUSA JIMA30HUEBBIX KATHOHOB C
AHUOHAMHM W TIONYYEHBl JIaHHBIE OO0 DSJIEKTPOHHOM CTPOCHHUM WIMPOKOTO psiia
apeHnna3oHueBbIx coneit ArN, X (X'= Cl, BF,, TsO, CH;COO, CF;COO).

IIpakTueckass 3HAYUMOCTh. MeToAbl CHHTE3a MOJUUOAAPEHOB BaXKHBI JIsS
MOJIYYEHUSI PEHTITEHOKOHTPACTHBIX CPEACTB. MeToa TMOJydyeHUs] aHTHUBUPYCHOTO
npenapata «HMogantunupun» TBepAO(a3HbIM HOJUPOBAHUEM TETPaATKUIAMMOHUN
nogauxnopuaamun  (MeyN'ICL,) u (E4N'ICL,) He Tpebyer mNpuMEHEHHS
OpPraHUYEeCKUX PACTBOPUTENIEM M B IIOJIHOM MeEpe OTBEYACT IPUHILMUIIAM 3EJICHOU
XUMUM M YUCTBIX XMUMHUYECKMX TeXHOJoruil. Pa3paboraH BhICOKOI(P(DEKTUBHBIN U
Oe3omacHbIi  METOJ] CHHTE3a M-XJIopOeH30(peHOHa  KaK  MOJYNpPOaAYKTa
IPOTUBOCYAOPOKHOTO npenapara «["amoaudy.

ITokazaHo, 4TO apeHANa30HUN TO3UJIATHI MOTYT HANTH MIKPOKOE UCITOIb30BAHUE
B «3€JIEHOM» U 0€30aCHOM OpPraHUYeCKOM CHHTE3€. OTH K€ COEAMHEHHUS
00€eCreynBalOT YHHUKAJIbHBIE BO3MOKHOCTH MOJIU(MDUKAIMU  YTIIEPOICOACPIKAITUX
MOBEPXHOCTEH OpPraHUYECKUMU (PYHKIIMOHATIBHBIMUA TPYIIAMU U  OTKPBHIBAIOT
3¢ (PeKTUBHBIE TYTH B TMOJNYYECHUH U TMPAKTUYECKOM HCIOIB30BAHUM HOBBIX
MOKOJIEHUU KOMIIO3UTHBIX OPraHO-HEOPTraHUUYECKUX HAHO- U MAaKpOMAaTEepUaJIoB.

AnpoGanus padorbl. OtaenbHble YacTH paldOTHl  JOKJIAABIBAJIUCh U
o0cyxmanrch Ha V BCEPOCCUUCKONW HAYYHO-TIPAKTUICCKON KOH(PEPESHITNHN CTYACHTOB
U acnupaHTOB «XuMmusa U xumudeckas texHosnorus B XXI Beke» (Tomck 2004); 111
MEXKTyHAPOHOU KOH(PEPEeHITNU « XUMUS, XUMHUECKass TEXHOJIOTUS U OMOTEXHOJIOTHS
Ha pyoexe ToicaueneTuit» (Tomck 2004); VII Bcepoccuiickoli Hay4YHO-IPAaKTUUYECKOM
KOH(EpEeHIMU CTYACHTOB M aCUPaHTOB «XUMHS U XumMudeckas TexHosnorus B XXI
Beke» (Tomck 2006); V wmexayHapoaHOW KOH(PEpeHIMU «XHUMHS, XUMHYECKas
TEXHOJIOTHUS M OMOTEXHOJIOTHS Ha pyoOexe Thicsuenetuid» (Tomck 2006); 2 Te3uca
noxnanoB Ha VIII Bcepoccuiickoii HAyYHO-IPAKTHUECKOW KOH(GEPEHITUU CTYICHTOB H
acriupaHToB «Xumusa u xumudeckas TexHosnorusa B XXI Beke» (Tomck 2007); 2
Te3uca NokiaagoB Ha XLV MexmayHapoIHOW HAaydYHOW CTyIEHUYECKOW KOH(EpEeHIINH
«CtyneHt u Hay4yHO-TexHHUeckui mporpecce» (HoBocubupck 2007); I MmonomexHoM
HAayYHO-TEXHUUYECKOW KoH(pepeHimn «HaykoeMkne XuUMHUYECKHE TEXHOJIOTHN)
(MockBa 2007); Ha BCEPOCCHMHCKON € MEXIYHApOIHBIM Yy4YacTHEeM KOH(EpEeHIUU
«ITomupyaknronansHble HAHOMaTepuaiabl U HaHOTexXHOMOTHUUY (Tomck 2008); Ha III



poccuiicko-repmanckom  cemuHape «KapncTom 2008: Brsicokopa3baBieHHbIE

CUCTEMBI: MacconepeHoc, peakiuu u mnporeccb» (Tomck 2008).

Iyoaukanuu. [lo TemMe nuccepranuu onmyOJUKOBAHO 5 crtaTed, Marepuaibl 4
JNOKJIAJIOB, TE€3UCHl O JOKJIANOB, IOJYYEHO IOJOKUTEIBHOE PELICHWE Ha BBIAAYY
narenra PO.

O0beM U cTpykTypa padoThl. PaboTa u3inoxeHa Ha 162 cTpaHUIax, COASPKUT
16 pucynkoB u 29 Ttabmmi. Coctout u3 4 TJIaB, BBIBOJIOB, CIUCKAa JUTEpPaTyphl H
MIPUIOKEHH .

IHonokeHus1, BLIHOCUMBbIE HA 3AIUTY.

1. Peakuus OKHCIHUTEIBHOTO UOJUPOBAHUS APOMATUUYECKUX COCIUHEHUN CUCTEMOM
[,/PhI(OAc), B OTCYTCTBUU PaCTBOPUTEIIS;

2. Meron cuHTe3a JEKapCTBEHHOTo Impemnapara «/ogaHTUNHPUH» OTBEYAIOIINI
COBPEMEHHBIM TPEOOBAHUAM «3€JIEHON XUMUNY;

3. Meroapl cuHTE3a NOJUHOAAPOMATUYECKHX COEIUHEHUN, OCHOBAaHHbBIE Ha
MOCJEAOBATEIbHBIX PEAKIUAX «IPSIMOr0» M «KOCBEHHOI'0» HOJUPOBAHUS-
JTMa30TUPOBAHUS;

4. IlpuHIMOUANTBHO HOBBIA MOJXOJ] K CHHTE3Y M-XJIOPOEH30()EHOHA, KaK Ba)KHOTO
IIPOMEKYTOUHOT'O TPOYKTa B CHHTE3€ JIEKAPCTBEHHOI O npenapara «["anmoaudy;

5. CuHTE3 mUPOKOTrO psiga HOBOrO Kjacca JAWA30HHUEBBIX COJIEM Ha OCHOBE
MOJIUMEPHOTO  JTMA30TUPYIONIET0 peareHTa ¢ AN-TONYOJICYIb(OKUCIOTHI.
JlokazaTenbCcTBa CTPYKTYPHI MOJYYEHHBIX apwiiina3oHuii To3uinaroB SIMP-, K-
CHEKTPOCKONMUEN, PEHTIEHOCTPYKTYPHBIM aHAJIU30M, a TaK K€ IOKa3aTelu
YPOBHSI B3PBIBOOE30MACHOCTH C HCIOJIB30BAHMEM HWHTETPUPOBAHHOTO METOJa
DSC/DTA/TGA;

6. Hcnonp3oBaHuE apWiIAUMa30HUM TO3WJIATOB B BAXKHEHIIMX OpPraHUYECKUX
cuHTe3ax (OpoMHpOBaHWE, HWOAMPOBAHHWE, HUTPOBAHUE, BOCCTAHOBJICHHE,
azocoueraHve, oOpa30BaHHE TPUA3ECHOB, APWIMPOBAHUE CTUPOJIA) MHOTUE, U3
KOTOPBIX OTBEUAIOT NPUHIUIIAM «3E€JICHOU XUMUWNY;

7. IlepBble pe3yJbTaThl MO0 CHOHTAHHON MOAU(MUKAIIUA HAHO- U MAaKPO YTJIIEPOTHBIX
IIOBEPXHOCTEM C UCIIOJIB30BAHUEM apUIIINA30HUN TO3UIIATOB;

8. Pesynprarel HCCIENOBaHUM IPOCTPAHCTBEHHOTO M JJIEKTPOHHOIO CTPOEHUSA
HIMPOKOTO psja JIHUA30HUEBBIX COJICH (4-RC6H4N2+X' [X= Cl, BF,, TsO,
CH;COOQO, CF;COOQ]) kBaHTOBO-XMMHUYECKMMU MeToiaMu ab initio, DFT u MP2.

OcHoBHOe coaepxanne padoThl

1.27eKkTpodpniibHOEC HOAUMPOBAHNE APEHOB B OTCYTCTBHE PACTBOPHUTEJIS.

1.1 UccaenoBanue noaupymomei cnocodnocTu uoaa B npucyrcrsun KiO; u
NaNQO; kak okucaureseii 0e3 pacTBOPHUTENsi B YCJIOBHSIX MeXaHUYECKOM
aKTHUBALUM.

Hamu nmokazaHo, 4TO B OTCYTCTBUE PACTBOPHUTENS pacTUpaHue cMmecu aypoda (1)
(axTuBHBIA cyOcTpar B peaknusx Sg) B mpucyTcTBuM KIO; u crexmomerprueckux
N00aBOK CEpHOM KHCIIOTBHI NMPUBOJUT K MOAUPOBAHMIO CyOcTpaTa, OJHAKO IMPOLECC



COTIPOBOXKIAJICS CUJIBHBIM CMOJIOOOpa30BaHHWEM, YTO CHIDKAET BBIXOJ IICJIIEBOTO
noaaypo:na (1a) (20%).

ITombrTka 3amMeHUTh cepHyro Kucnoty Ha AcOH, p-TsOH, NaHSO, ne npusena k
yCHEeXy: B 3THX YCJIOBHSIX MPOAYKT MOIUPOBAHUS 3aUKCHPOBAH HE ObUT (IaHHBIC
TCX). HoaupoBanue nypona mnojn paedcteueM [,/NaNO;/H,SO, npoxonusno ermie
Menee 3¢ dextuHO: B TeueHue 10 gacoB Mmetogom TCX Obutn 3aMKCUPOBAHBI JTUIITH
CJICIOBBIC KOJIMYECTBa HojapeHa. Takum oO0pa3oM, ONMUCAHHBIC IKCIEPUMEHTHI C
aKTUBHBIM B Sg mpoueccax ayposnoM (1) mokasaim Manyr IEpCIEKTHBHOCTb
ucnosb3oBanus cucteM L/KIOsy/H™ u 1,/NaNOy/H' mist HOJUPOBAHUS B YCIIOBHUSIX
«solvent-freey.

1.2 UoaupoBanue moaoM B mnpucyrcrBuu genunamonosoguanerata (OPHUA)
0e3 pacTBOpHTEJsl B YCJIOBHUSIX MeXaHUYECKOH aKTHBAaUMU. Mbl YCTAaHOBHUIIH, YTO

cuctrema [,/OUA 0Ge3 pactBopuTenss  JIETKO

A 2! Phi(OAc), 20°C  ~ nommupyeT Iypoi, auQeHwnoBbii s¢up, mudenu,
r- > -

6e3 pacTBOpUTENS, anetanwna, QiyopeH, ¢gayopenon u ypamwi. [Ipu
(1-8) MexaHudeckas (1a-8a)

ATOM AKTHMBHOCTb JAHHOI'O pEareHTa B OTCYTCTBHUE
pPacTBOpPUTENS BBILIE, YEM B pAacTBOPAX - pEaKUUU
IPOTEKAIOT ObICTpee W HE TPeOYIOT JOMOIHUTENbHOW AaKTUBALMHM CHJIbHBIMH
kucioramu. OJHaKO IO OTHOLIEHHIO K JI€3aKTUBHUPOBAHHOMY #-HUTPOTOIYOIY
uccieayemMasl CHCTeMa OKa3alach MHEPTHOM, KaK 3TO UMEET MECTO U B PaCTBOpax.

1.3 Ucnosib30BaHue TETPAAJIKUJIAMMOHUI IMUXJOPHOIATOB AIKN'ICL, nas
CHHTEe32a HONAHTHUIHMPHMHA B OTCYTCTBHE pPACTBOPHTEJs]l B  YCJIOBHAX
MeXaHU4eCcKoil akTuBanuu. 4-MoJaHTUINPHH - U3BECTHBIM MEAUIIMHCKUH ITpenapar,
o011t IPOTUBOBOCHIAIUTEIBLHBIM U AHTUBUPYCHBIM JEHCTBHEM, UCIIOJIb3YETCS
B KauecTBe pajguodapMipenapaTa u MpH JeUeHUH KienieBoro sHIedanura. [loatomy
pa3paboTKa NPOrpPECCUBHBIX METOJIOB €0 MOJIYYEHHUS BECbMA aKTyaJIbHA.

Mpl  uccnemoBanu TBepAodazHOE HOJUPOBAHWME AHTUIMPUHA H  €T0
6ensoncymnbdokucnoit comu (BCK) neiicteuem I,, ICI m comamm Mey,NI'Cly,” m
EtLNI'CL,.

Taomumna 1.MomupoBanme antunupuHa u bBCK B ycnoBHAX MeXaHWYECKOU
aktMBarmn  0e3  pactBoputens mnpu  20°C, 45 MHH, NpH  COOTHOIICHHH
cyoctpar:pearest 1:1.2

aKkTmBauuna 40 - 80%

Cyoctpar Pearent 4-Nopantunupus, %
AHTUTIUPUH EtsNI'Cly 97
BCK Et,NI'Cly 88
AHTUTTUPUH MesNI'Cly 96
BCK MesNI'Cly 82
AHTUNUPUH IC1 63
BCK IC1 50
AHTUNIUPUH I 57
BCK I, 44

YcTaHoBeHO, 4TO MOA 00JaaeT HU3KOW HOAUpYHoIeld akTuBHOCThIO, a [Cl,
HAIMPOTUB, YPE3MEPHO AKTUBEH M MPHUBOAHUT K ocMmolieHuto. Haubonee ymoOHBIMU
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arentamMu okaszanuch comn Me,NI'Cl, u Et,NI'Cl,, KOTOpbIE 00€CIEUMBAIOT MMOYTH
KOJINYECTBEHHBIM BBIXOJ 1eneBoro 4-momantunupuHa. Ilpemnaraemeii MeTon
HMOJMPOBAHUS MOJHOCTHIO UCKIIKOYAET UCIIOJIb30BAHUE OPTaHUYECKOTO PACTBOPUTEIIS
Ha BCEX CTaJUSX CHHTE3a (OYMCTKA TEXHUYECKOIO MPOYyKTa MPOBOJUTCS BOIOM), UTO,
0€3yCJIOBHO, SIBJISIETCS CYUIECTBEHHBIM MPEUMYIIECTBOM TNiepes] TPaJUlIMOHHBIMU
KUAKO(DA3HBIMU METOJAMMU.

2 MeToabl KOCBEHHOT0 HOAMPOBAHHSI APOMATHYECKHUX COEeTHMHEHHUIL.

2.1 CuHTe3 apoMaTH4YeCKHUX IMOJUHOIUA0B.

Mg pa3paboranu yaoOHbIN U 3 (PEKTUBHBINA METOJ MOTYyUYEeHUS ITUPOKOTO psia

u-, TpU- U TeTpauojcoaepxamnux apenos (156, 16s-r, 178-r, 196, 208, 2106, 220),

OCHOBAHHBI Ha TMOCJIEIOBATEILHOM JJIEKTPODUILHOM HWOJAMPOBAHUM aMHUHOB H
3aM€HLI aMUHO-TPYIIIbI YEPE3 TUA30THPOBAHUE HA UOJ.

e DieKTpoUIILHOE
l ! ] KINaNO,/p-TsQH | 34,513 (156) 50% HMOAWMPOBAHHE MPOBOJUIIOCH,
MeCN 20°C 2-1-5-NO, (16B) 73% i

231,5NO0, (16r)  70% H3BECTHBIMHU pearcHTaMH:

2-NO,-4I (178) 90% [»/HIO3/HpSO4, NIS/EtOH,

SJ'IeKTPO(*)VIJ'IbHOS nopao-gesamMuHmMpoBsaHue 2 4_|2_6N02 (1 7r) 60%

roposae 2,6-1-4-COCH; (196) 60% NIS/H>SO4/EtOH, ICI/KCI,

2F-5-1 (226) 68%
2,4,6-Br; (23a) 78% MegNTICI>/AcOH,
2,4,6-Cl; (24a) 80%

ICI/AcONa/AcOH U
ONTHMU3UPOBAHBI [IJI1 KOHKPETHBIX COCIMHEHUM, YTO TMO3BOJIMJIO MOJYYUTh Kak
MOHO-, TaK ¥ JUHOANPOU3BOJHBIE aMUHOB (15-22) Cc BBICOKMMH MpenapaTUBHBIMU
BBIXOJaMH.

3aMeHa aMHMHO-TPYIINbI HA HOJ IMPOBOJWIACH B OJIHY CTQJAUI0 MO pEaKIuu
N30 THPOBAHUSA-UOJUPOBAHUS C HCIIOJB30BAaHUEM paHee pa3pabOTaHHOM CHUCTEMBI
NaNO,/KI/p-TsOH B aneronutpune. B pesynbrare Obl1 MONyYeH IIUPOKUNA P
MOJIMMO/IAPEHOB KaK C JJOHOPHBIMH, TaK M AKUENTOPHBIMU 3aMECTUTEIIIMU B KOJbBIIE.
[TonydenHsie COCIUHECHMS  SIBJISIOTCS MMOTCHIINATbHBEIMHU MEIUITTHCKUMHA
JTUArHOCTUKYMaMU M TMPEJCTABISAIOT 3HAYUTEIbHBIM HHTEpEC MJis MpenapaTUuBHOTO
OPraHUYECKOTO CHMHTE3a B KAUE€CTBE BBICOKO PEAKIMOHHOCIOCOOHBIX CTPOUTEIbHBIX
OJIOKOB.

IIpu ucnosib30BaHUU B Ka4€CTBE KUCIIOTHI IIPU MOA0-e3aMuHupoBanuu p-TsOH
OB 3aMedeH (aKT CTAOMIBHOCTH ITPOMEKYTOUHO 00pa3yIOITUXCS COJICH TUa30HUS

B cBs3u ¢ BaXHOCTBIO 3TOro (hakTa Jjis OpraHUYECKOM XMMHH, Halia pabdoTa
ObLiIa J1ajiee HalpaBjIeHA Ha MOJTYYEeHHUE M UCCIICIOBAHKE JAaHHOTO THIA JTHAa30HUEBBIX
COJICH B CpaBHEHUHU C U3BECTHBIMHU apWJIIMAa30HUHN XJI0pUIaMu U TeTpadTopOopaTamu.

3. CuHTe3 CTA0OWIBHBIX apuaua3oHuid To3uaaToB. HcciaenoBanume wux
CTPYKTYPHI U CBOMCTB.

3.1. Cunre3 CcTa0MJIBHBLIX apUJIAMA30HMH TO3WIATOB M Z-1-apui-2-
TO3WIAUA3eHOB. [3BeCTHO [Ba TMOAX0Ja K TOJYYEHUIO apOMATHUYECKUX
IMa30HUEBBIX cojiel ¢ wmcmonb3oBanreM NaNO, u AlkONO. Mu pazpabotanu
aJbTEePHATHUBHBIM croco0 JTMa30TUPOBAHUS Ha OCHOBE MOJIMMEPHOTO
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nuasotupyiomero pearenta (P'NO,), mnpexacraBnsiomero coboi  aHHOHMT,
HACBHIIIEHHBI HUTPUT-UOHAMHU.

PazpabotanHblii MeTOJ MAa30TUPOBAHUS OYEHb MPOCT W 3aKIIOYACTCA B
CJICAYIOIIEM: K YKCYCHOKHCIIOMY PacTBOPY 7-TOJIYOJICYIb()OKUCIOTHI TPUOABISETCS
MOJIUMEPHBIN TUA30TUPYIOLIAN areHT P+N02' M apoMaTUyeCKui aMuH. Peaxuus
npoTeKaeT Mpu KOMHaTHOM Temmeparype, 3a 20-30 munyt. Ilocie yero aHMOHHT
OT(QUIBTPOBBIBAETCS, M MPOJIYKT BhICAXKHUBACTCS TUATUIOBBIM ddupom (Meton A). B
clydae apoMaTUYECKUX aMHUHOB C aKUeNnTOpHbIMU 3amectutensmu (15-17, 23, 31-37,
39, 40) B 6eH301bHOM KOJbIIe 00pa3ytorcs kpuctamumueckue AJ[T (15a-17a, 23a,
31a-37a, 39a, 40a), a B ciydae NOHOpPHBIX aMHHOB (26-30) u anununHa (25) -
Macia000pa3HbIie MPOAYKTHI (25a, 26a-30a).

®0
o NH2 p-TSOH P*NO,- o N20Ts

| (. AcOH(MeOH, MeCN) ~20-22°C | (2 25.93%
5-30 min R

B nmomnbITkax moiaydeHus KpUCTAUIMYECKUX apUIIIMAa30HUNA TO3UIaToB (25a-30a)
U3 aMUHOB C JIOHOPHBIMH 3aMECTUTENISIMH Mbl HCIIOJIb30BAIM JOMOIHUTEIbHYIO
CTaJMI0 BBIJCIICHUS, KOTOpas cocTrosjia B cuenayromiem. K mnomyyuBmmmcs
Macja000pa3HbIM MPOAYKTaM J00ABISIETCS PACTBOPEHHBIM B JIUATHIOBOM 3(upe
UCXOJHBIN apoMatuueckuit amuH (10% B pacuere Ha UCXOIHBIN cyOcTpaT) U HpH
JUTUTEIbHOM PacTUpPaHUU JIEUCTBUTEIIBHO O0pa3oBbIBAIOTCS KpucTauibl (256-300)
(meton b), oTHaKO 3TH COEIMHEHMS], KaK 0Ka3aJI0Ch, SIBJISIIOTCS HE COJISIMU JUA30HUSA,
a KOBaJe€HTHbIMU Z-l-apun-2-tozunanazeHamu (Z-ArN=NOTs). Beixoasl u
HEKOTOpbIE (PU3UKO-XUMUUYECKUE CBOWCTBA apuwiana3zoHui To3wiatoB (25a-30a) u
npoayKToB (256-300) nansl B Tabnuie 2.

B umenoMm, wmeton A nOpuMEHUM I JMAa30THPOBAaHUSA AaHWIMHOB C
ANIEKTPOHOAOHOPHBIMU U 3JEKTPOHOAKIIENTOPHBIMU 3aMECTUTENIIMM, a TAKXKe U IS
IPOCTPAHCTBEHHO 3aTPYJAHEHHOI0 aHWJIMHA 23, T. €. peaklusi UMeeT OOLUN XapaKTep.

Taoauua 2. PesynbraThl nuazotupoBaHus apomatuueckux aMruHOB RC¢HsNH;
(15-17,23,25-40) cucremoii (P'NO,)/p-TsOH B ykcycroii kucnore npu 20 °C u
BbIJICJICHUSI POAYKTOB 10 MeToaaM A u b.

R IIpoxyKThl Beixon, % Temneparypa, °C
IlnaBnenus | Pasnoxenus’
H(25) C¢HsN," (25a) 91 67-68 -
CsHsN=N-OTs (250) 63 224 224
2-Me(26) 2-MeCsH4N=N-OTs (2606) 83 182 188
3-Me(27) 3-MeCeH4N," (27a) 87 MacIio
3-MeCcH4N=N-OTs (276) 72 | 158 —-161 163
4-Me(28) 4-MeCgH4N, ' (28a) 87 |96-97
4-MeCsH4N=N-OTs (280) 86 120 129
2-Me0O(29) 2-MeOCH4N, " (29a) 82 Macio -
2-MeOC¢H4 N=N-OTs° 51 149 — 151 156
(296)




4-MeO(30) 4-MeOC¢H4N," (30a) 89 MacJjIo -
4-MeOC¢H; N=N-OTs © 79 | 118—120 168
(306)
4-NH, (31) 4-NH,C¢HsN, ' (31a) 66 | 149151 148
2-NO,(17) 2-NO,CsH4N, " (17a) 95 155 144
3-NO,(32) 3-NO,CeH4N," (32a) 85 134 141
4-NO»(16) 4-NO,C¢H4N, " (16a) 84 132 137
4-NC(33) 4-NCC¢H4N, " (33a) 97 124 113
2-HO,C(34) 2-HO,CCsH4N, " (34a) 82 128 121
4-HO,C(35) 4-HO,CC4H4N, " (352) 80 | 114—115 97
4-1(15) 4-IC¢H4N," (152) 60 | 124—126 115
2,4,6-Br3(23) 2,4,6-Br;CsH,N, ' (23a) 58 152 139
B-C10H7(36) B-C1oH,N, " (36a) 84 | 134136 174
C¢H4CH,CsH4(37) | "N,C¢H4CH,C4HuN, " (372) 25 246 269
4-C4Ho(38) 4-C4HoCsHsN, ' (38a) 25 82-84
0-C14H;0,(39) 0-C14H;0,N,"(39a) 46 142
4-C¢HsN=N(40) | 4-CsHsN=NC:H;N, (40a) 88 103

[TonydeHHbIe COCIMHEHUS OTIMYAIOTCS HEOOBIYHOM IS THA30HUEBBIX COJICH
CTa0MIBHOCTHI0. OHU XpaHATCS B TEMHOTE MPU KOMHATHOW TeMIEpaType B TCUCHUE
HECKOJIBKUX MECALIEB 0€3 U3BMEHEHM, a cob 16a coxpaHseTcs U NPHU BbLACPKUBAHUH
Ha MPSIMOM COJIHEYHOM CBETY B TEUCHHE 2 HEJETIb.

Hamu BrepBble i Kiacca CyIb(OHATHBIX Aua3oHHEBbIX comieit XCgHyN,"
TsO™ uzydeHo ctpoenue npoayktoB X=p-I (15a), X=0-NO, (17a), X=p-CN (33a) c
MIOMOIIBKD PEHTITEHOCTPYKTYPHOTO aHajdu3a © OJHO3HAYHO JOKA3aHO HaIM4Yue
JIMa30HUEBBIX TPYIII.

Ctpoenue nonyueHnsix AJIT (15a-17a, 25a, 26a-
30a, 31a-40a), u npoaykroB (2506-300) uccienoBaHO
Taxke meromamu SIMP 13C, 'H u UK, nnsa oTtHeceHus
curHaioB B cnekrpax SMP ucnonszoBaiin 2D COSY

METOI.
JIns  mokasarenbcTBa  CTPYKTYPbl  KOBAJIEHTHO
IIOCTPOCHHBIX Z-1-apnn-2-TO3WI1IHA3E€HOB Z-

ArN=NOTs 250-300 WCIIOJIb30BaIN Macc-
Puc. 1. Jaunsie PCA cnextpockormio u SIMP  °C B cpaBenme c
Ouazonuti mosunama 15a.  pacdernsiMu crektpamu SIMP °C meromom GIAO
B3LYP/6-311G**,

3.2 UcciienoBanne TepMHUYECKON YCTOMYMBOCTH APUJIIMA30HUHA TO3MJIATOB.
st onpenenenust otHomeHus: HeKOTopeix AJIT k HarpeBaHUIO M OLEHKHU YPOBHS UX
B3PBIBOOIACHOCTH MBI TIPOBEIM COOTBETCTBYIOIIME MCCIEIOBAHUS JBYMSI METOJAMH.
[lepBbIit MeTon (Mmeton A) 3akitoyancs B HarpeBaHuu ooOpasua AJ[T B oTKpbITOM
OlOKCe B TOKE a30Ta M HarpeBaHUU CO CKOpPOCThIO (5-20 °C/MHH.), perucTpaiuio
TeIJIOBBIX A(M(PEKTOB M M3MEHEHHsS MacChl 00pasiia MPOBOJUIN WHTETPUPOBAHHBIM
metonoM DSC/DTA/TGA. Btopoit meTon cocTosii B OINPEACIICHUH TETUIOBBIX
7 (PexToB paznoxkeHus B 3aKphITOM Or0Kce B atMocepe azora (meton b).
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Mps1 o6Hapyxunu, uto AJIT ¢ akuenrtopHsiMu 3amectutensimu 15a — 17a, 23a,
32a-37a, 39a, 40a pasnaratorcs npu temmneparype Bbime 120 °C (McKiIrO4YeHHE
cocrasisieT 35a Tpazin. = 97 °C) ¢ s3x30TepMudeckuM 3(PEKTOM U BBIACICHUEM a30Ta.

Ob6a Merona UCCIENOBAHMM NOKA3aJld CXOAHBIE PE3YyJbTaThbl B OINPEIACICHUU
TEMIIEpATyp pa3IoKEeHHs U TemoBbIX 3(ddexktoB. Haubonee BaXHBIM SBISETCS
OIICHKA TeIUIOBBIX A((EKTOB, XapaKTepusyrollas YpPOBEHb B3PHIBOONACHOCTH
UCCIIETYy EMBIX COCIMHEHN. MexayHapoIHbIE CTaH1apThl IOHECKO
([http://www.unece.org/trans/danger/danger.htm]) ycraHaBnuBarOT, 4YTO BEIECTRBA,
uMmeromre TemoBble 3¢ dexkThl  paznoxeHuss Hmwke 800 Jk/r oTHOcATCS K
0e30macHbIM M MOTYT TPAHCIOPTHPOBATHCS TOJOOHO OOBIYHBIM COCIUHEHUSM.
[Tonyuennsie pe3ynbraThl roBOpAT o0 TOoM, 4To AJIT oOTHOcATCS K Kiaccy
HEB3PBIBOOMACHBIX COEAMHEHUWA IO KOJWYECTBY BBIJACISEMON DSHEPrUM MpHU
paznoxenun (Dueprusa paznoxenus AT ot -184.7 no -420 x/r). UckintoueHue
COCTABJISIIOT JIBE apWJIIUA30HUEBBIE COJIM 0-KapOOKCHApUIIANAa30HUI To3wiIat 34a u a-
AHTPaXUHOHAMA30HMUM TO3MnaT 39a.

JUis  cpaBHEHHUsT BIIEpBbIE HCCIEAOBAHO TEPMHUYECKOE pAa3lOKEHUE n-
HUTpOApEHANa30HuNTETpaAPTOPOOPAT U MOKA3aHO, YTO €ro SHEPrusl pa3ioKEeHUs
OJIM3Ka K SHEPTruu pasnoxxkeHust uzydeHubix AJ(T.

3.3. XumMu4ecKue MpeBpalieHUs] apUJIAMA30HUI TO3UIATOB U Z-1-apui-2-
TO3HJIAUA3EHOB. ApPOMAaTUYECKHE COJIM JIUA30HUS  ABJISIIOTCS  BaKHEUIIMMU
CTPOUTEIBHBIMU OJIOKAMU TOHKOTO OPraHMYECKOrO CHHTE3a, OJHAKO HX IIUPOKOE
OPOMBIIIVICHHOE  MPUMEHEHHE  CACPKHUBACTCS  HU3KOM  CTAOWJIBHOCTBIO |
B3pbIBOOINACHOCTHIO. [lonmyuennsle apunauazonuii Tto3wnarsl (AT), BBHUOY wux
CTAOMJIBHOCTU M XOpOIlIed pacTBOPUMOCTH MOTYT MMETh OIPOMHOE 3HAYCHHE IS
OpPraHMYeCKOTO CHHTE€3a U TEXHOJIOTMH, OJHAKO WX XUMHUYECKHE CBOMCTBa
MIPAKTUYECKA HEU3BECTHBI. Mpbl wuccimenoBanu xumuueckue cpovictea AJIT Ha
npuMepe NPUHIUMUAIBHO BaXHBIX PEAKIU OPraHUYECKOr0 CUHTE3A.

3.3.1. TajoreHupoBaHue apWJIAMA30HMH  TO3WJIATOB. Baxueilmum
IpeBpalIeHUeM JIMa30HUEBBIX COJIEH SBISIOTCS PEAKIUU TaJOTCHUPOBAHUS, 3TH
peaKkIuu OTHOCATCS K pEeaKIusM HYKICO(DWIHbHOTO 3aMEIICHHs U MPOTEKAIT ¢
noTtepeit azora. Yare ux mpoBOAST B CHUIbHOKUCIOTHBIX YCIOBUSIX U B MPUCYTCTBUU
comeit  wmeau (peakuus 3anameiiepa). Mbl  HcclieoBaiM  raJOreHUPOBAHHE
apunaua3zoHuid To3wiaroB 15a-17a, 23a, 25a-40a, npu 3TOM HCMOJB30BAIM BOJIHBIC
pacTBOpbl 0e3 100aBOK cojlel MeAu, 4TO COOTBETCTBYET TpPEOOBAHUSIM «3€JIEHON
XUMUW.

3.3.1.1 HoaupoBanue apuwiauazoHuii To3maaroB. Okxaszanoch, 4YTO COJHU
nuazonust 16a, 17a, 30a, 31a, 33a, 35, 36a, 40a B BoJgHOW cpeqe NMPHU KOMHATHOU
TEMIIEpaType CIIOHTAHHO B3aUMOJEHCTBYIOT ¢ 2.5 kpartHbIM u30bITKOM KI. Peakims
COIPOBOXAaNaCh OypHBIM BBIJCIEHUEM a30Ta M 00pa30BaHHWEM COOTBETCTBYIOILIETO
apWIMOIN/IA ¢ BBICOKUM BBIX00M. (Tabmuma 3).

10



. H,O
RC6H4N2 OTs + Ki RC6H4|
KOMHaTH. TeM-pa
64-100%
Ta6auna 3. PesynpraThl noaupoBanus (enwmnguazonuii To3unatos (16a, 17a,

30a, 31a, 33a, 35, 36a, 40a) u Z-1-apun-2-tozmianazeHoB(300)

Cy0ctpar BpeMs Apunnoaun; Bexon, %
pC€aKknuun, MUH
n-NO,C¢H4N, "OTs (16a) 5 n-NO,CgHyl; 97
0-NO,C¢H4N, "OTs (17a) 5 0-NO,CcH,I; 85
n-CH3;0C¢H4sN=N-OTs (300) 30 n-CH3;OCgH4I; 80
n-CH30C6H4N2+_OTS (303) 40 n-CH3OC6H4I; 94
n-NH,C¢H4N, "OTs (31a) 20 n-NH,>C¢Hal; 100
n-COOHC4H4N, "OTs (35a) 4.5 gac n-COOHCgH4I; 91
n-CNC4H4N, "OTs (33a) 20 n-CNC¢Hyl; 64
0-COOHCH4N, "OTs (34a) 200 0-COOHCgH4I; 93
I’l-C6H5N=NC6H5N2+_OTS (403) 15 I’l-C6H5N=NC6H51; 56

Okazanocs, uto Z-1-apun-2-ro3unauaszensl (300) Tak xe B3aumoaeiicteyror ¢ Kl,
JlaBasi COOTBETCTBYIOIIMI HOJWJI C BBICOKMM BBIXOJIOM 332 COU3MEPUMOE BpEMS.
Takum oOpa3oM, OBLIO MOKAa3aHO, YTO JHUA3€HBI MPOSBISIIOT AKTUBHOCTH B PEAKIIUU
MOJUPOBAHUS MTOJOOHO «UCTUHHBIMY COJISM JTUA30HMS.

Mbl  Takke ~ HcclenoBaad  BO3MOXKHOcTH — mojgupoBanus  AJIT  6e3
MpEeIBApUTEILHOTO BbIJICJICHUS KaK B YKCYCHOM KHUCJIOTE, TaK U B BOJHOM pacTBOpPE, B
KOTOPBIX MPOBOAMIIN AUA30TUPOBAHKE (Ta0nHLA 4).

®Q
NH2 NonS

+ -

SN p-TsOH / P"NO, X Kl N

|// pacTBopuTenb |// pacTBopuTENb |/ P
KOMH. TeM-pa R KOMH. TeM-pa R

Tabmmua 4. Pe3ynbrarsl 1Ma30TUPOBAHUS — MOAUPOBAHUSA apOMATHUYECKHUX
aMHHOB B BOJHOM CPENle U B YKCYCHOM KHCIIOTE

CybcTpar Nonun PactBoputens; Bpemsi | Brixon,

JUA30THPOBAHUS/UO]T %

HPOBAHUSAMHH, MHH.
n-N02C6H4NH2 n-N02C6H4I ACOH; 25/5 96
n-N02C6H4NH2 n-N02C6H4I Hzo; 35/5 95
0—N02C6H4NH2 0—N02C6H4I ACOH; 35/15 82
0-NO,CcH4sNH, 0-NO,CcHul H,0; 40/20 84
I’l-CH3OC6H4NH2 I’l-CH3OC6H4I ACOH; 20/30 80
n—CH3OC(,H4NH2 n—CH3OC(,H4I HzO; 90/40 85
0-COOHC¢H4NH, 0-COOHCH,4I AcOH; 40/270 63
0-COOHC6H4NH2 0-COOHC6H4I Hzo; 50/300 60

3.3.1.2 bpomupoBaHue apuJIAHA30HUIA TO3WJIATOB. Peakiuio OpoMupoBaHUs
JTMA30HUEBBIX coJiel (peakius 3aHaMeiliepa) B KJIACCHUYECKOM BHJIE IMPOBOJAT B
CWJIBHOKHMCJIOM pacTBope B mnpucyTtctBuu Katanuzatopa (Cu wumum Cu(l)). Tlpu
OpOMUPOBAHUM MOJACPKUBAIOT HU3KYIO Temneparypy nopsiaka 0-5 °C.
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Okazanoce, uro AJIT c¢ akuenrtopubiMu 3amecturersimu 16a, 33a Jerko
pearupyior ¢ KBr 06e3 w#CHonb30BaHHS KaKUX-THOO KaTaau3aTOpoOB, peaKITus

COIIPOBOXKJAETCS BbIJICJICHUEM a30Ta U 3aBepiuaercs 3a 30-40 MuH.

H,0
RCgH N, OTs + KB———=——>  RCgHBr

KOMHaTH. Tem-pa
R=p-NO, (16a)
p-CN (33a)

Boixon uncteix apmindpomunoB coctaBui 80 % (4-6pomuutpoOenson) u 74 %
(4-6pomuuTpmnden3on). Onnako AT ¢ JOHOPHBIMU 3aMECTUTENIIMU B OE€H30JIbHOM
KOJBIIE TPOSBWIM HHU3KYIO AaKTUBHOCTh B aHAJOTMYHBIX YCJIOBHSX, 00pa3ys
MPEUMYIIECTBEHHO (PeHOmNbl. Z-1-Apuin-2-To3uiana3eHbl HE BCTYMAIOT B PEAKIHH
HykiIeomibHOTO 3amernieHus ¢ KBr.

3.3.2. HutpoBanme apujaaua3oHuii To3mwiaaroB. [logoOHO OpomMupOBaHHIO
AJIT nuTpoBaHMio noaseprivch, aumb AJ[T ¢ akuenTOpHBIMH 3aMECTHUTENISIMU B
OCH30JIBHOM KOJIblle. MBI MONXyYWIH A-JUHUTPOOEH301 ¢ BbixogoM 80 % wu3
coenunenus 16a u NaNO, B BoiHOH cpeze 0e3 100aBOK KaTanu3aTopoB 3a 40 MUHYT
Ipu KOMHaTHOM TeMmmeparype. B cxoxseix ycnoBusx AJ[T 30a ne BCcTynmmi B
peakuuio ¢ NaNO,, mporucxoauiio Juillb 00pa3oBaHUE COOTBETCTBYIOLIETO (PeHoa.

[TonmyyeHHbIe pe3yabTaThl COTJIACYIOTCS C U3BECTHBIMU JAHHBIMU O CHUXEHUU
PEaKIMOHHON CHOCOOHOCTH JUA30HUEBBIX COJIEM C JOHOPHBIMH 3aMECTUTENISIMHU B
peakuusIX HyKJIeo(pUIHLHOTO 3aMEeIICHUSI.

3.3.3. Peakuusi a3ocodeTraHusi. A30COYETAHHE, OTHOCUTCS K pEaKIUIM
JIMA30HUEBBIX COJIEH, MpoTeKawmux 0e3
) morepm aszora. Peakuus npumeHsieTcs B

N IIPOU3BOJICTBE a30KPACHUTENIEH U SBIIAETCS
@ o oH KayeCTBEHHOW NpoOOi Ha JMA30HUEBYIO
RTATNENOTs O™ 10% NaoH OO
R-Ar-N=N-0Ts - IpyIILy.
Okazamoch, 4YTO B PEAKLUIO
R=H 57%, p-NO,  84%
p-CHy 97%  oCHy 95% azocoueTtaHus C [-HaQTOIOM  JIETKO
m-CHz 87% p-COOH 89%

BCTYMAIOT HE TOJBKO ApWIUA30HUI
to3unatel 15a-17a, 23a, 25a-39a, Ho u Z-1-apui-2-ro3unaunazessl 250-300.

3.3.4. ApwiiupoBaHue CTUPOJIa. Mbl BIIEPBBIE MOKA3aIU BO3MOKHOCTh Y4acTHs
AJIT u B peakuusix odpazoanus C-C cBs3el Ha mpuUMepe KOHESHCAIIMU CO CTUPOJIOM.
Okazanoch, YTO CTHUPWIMpPOBAaHMIO YycnemHo mnoxasepratorcs AT, kak c

akuentopusiMu (16a, 34a, 35a), TaK U ¢ TIOHOpHBIMHU 3amecTutessiMu (30a)
NonS

1 % mol Pd(OAc), \ —\ R
EtOH 60°C \ 7/

R=pNO, 75%; p-COOH 67%;
p-CH; 84%; 0-COOH 65%;

3.3.5. Peakuus o0pa3oBaHusi TpUa3zeHoOB. 3BECTHO, UTO MA30HUEBBIE COJIM B
peaKIy ¢ IEPBUYHBIMA M BTOPHYHBIMA aMUHAMH 00Pa3yoT TPUA3EHEI.
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Hamu noxaszano, uro AJ/[T 16a, 30a nerko pearnpyrooT ¢ NHUNEPUAWHOM B
METHJIOBOM CIIMPTE, JaBasi COOTBETCTBYIOIIUE TPUA3EHBI C BBICOKMM BBIXOJI0M

® 0
N,OTs O
X N~ MeOH _ /7 \ NN )
| ¢ N
-

A 0-5°C
R

R=NO, (16a)
OMe (30a)

[lo nmanHOW cxeme Jerko oOpasyercs TpuazeH U3 4-HUTPODECHUIINAZOHUN
to3miara (16a) (Berxon 97%), onHako 4-meTokcudenunauazonnii To3unat (30a) naer
CJIOKHYIO CMECh MTPOJIYKTOB, B YUCJIE KOTOPHIX OOHAPYKEH 4-TO3UITIOKCUAHU30II.

B cxonnon peakunu AT 16a ¢ n-aHM3uIMHOM BBIXOJ TpHa3eHa cocTtaBuia 75%.

OMe

®

N,OTs

MeO@—NHZ

o ,N-NH
MeOH  0-5°C OZN@N

NO,

3.3.6. Tepmuueckoe pasnoxenue (peHmIana3oHuil To3miaaroB. Hamu Oblia
HCCIIEIOBAHA PEAKIIUSI TEPMUUYECKOTO Pa3JIOKEHUS apWiIIMa30HUuN TO3WIATOB U Z-1-
apuiI-2-TO3UIANA3E€HOB B PA3IMYHBIX PACTBOPUTENSAX (STUIOBBIN CIIUPT, ALIETOHUTPUIL,
Boza u 6en3on). Cocras npoaykTos omnpeaensics [’ X-MC meroaom.

I[Ipu 60 °C B »THIOBOTO cnupTa n-HUTpodeHunaua3zoHuii tozmwiar (16a)
BOCCTAHABJIMBAJICA J10 HUTpoOeH307a B TeueHwe 30 MHH c BbIXomoM 97 % u n-
MeTokcudenmanazonuii To3mnar (30a) — no anmzona ¢ BeixogoMm 78 %. Ilpu sTom
peaKIMy BOCCTAHOBJICHHS IMPOXOMST CYIIECTBEHHO OBICTpee, YeM C apeHINa30HUM
TeTpadTopbOpaTaMu.

RCgHN,*OTs —>E£OHC RCgHs
R=NO, 97 %
MeO 78 %
Opnnako, mpu TEPMUYECKOM paszinoxeHuu 1-(4-meTokcudennn)-2-To3miaua3eHa
(306) npoucxoaUT HE BOCCTAHOBIIEHHE, HO 00pazyeTcs ¢ 92 % BBIXOIOM n-aHU3HUIUH
(30).

N-OTs

N NH, \/828/’0
© -, © + E; +[Ng]
OMe OMe

TunuyHOM peakuuend paJuKaJibHOrO 3aMEIICHUS JUa30-TPYIIbl, SABISETCS
peakiusi obOpazoBanusi OudenmnoB (peaxuust ['omOepra-baxmana) B KOTOpoi
oOpa3oBaHue OU(PEHUITIOB MPOUCXOJUT YEPE3 F'EHEPUPOBAHUE CBOOOJIHBIX PAIUKATIOB
IIPU paclajae coJIer JUa3oHusl.

Jlis moaTBepKIeHUs reHepupoBaHus cBOOOHBIX paaukanoB u3 AT 16a u 30a,
MbI MCCJIEIOBAJIM UX TEPMHUUECKOE PA3JIOKEHUE B cpelie OeH30ia, IpU TeMIEepaType
KuneHuss pactBoputrensi. B tedenne 30 MHMHYT mNpou3onuia TMOJIHAsT KOHBEPCHS

ucxoaabeix AJIT u monydensl 4-HuTpoOoupeHm1 u 4-MeTOKCUOUMEHIIT ¢ BIXOaMu 95
1 93% COOTBETCTBEHHO
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RCgH4N,"OTs Céi(')"gc RCgH,—CgHs
R=NO, 95%
MeD 93 %

HyXHO OTMETUThH, YTO pEaKIUU TEPMHUYECKOTO PA3JIOKEHUSI COJEH TUA30HUS
MOTYT NPOTEKaTh KakK MO paJUKaILHOMY MEXaHHM3MY, TaK U MO HYKJIeO(pUIbHOMY, B
3aBUCUMOCTH OT YCIOBUM. J[Ji1 ompeneneHus COOTHOUIEHUSI 3THUX IPOILIECCOB MBI
uccnenosanu paznoxenue AJ/[T 16a u 30a B aneToHUTpUIIE U BOJIE.

B aneronutpune npu 70 °C (30 munyT) n-mutpodpenusn- (16a) u n-
metokcupenmiauazonuit (30a) Tozunatel aanu 60 % 4-TO3UITOKCUHUTPOOEH30J1a U
40% wutpobensomna, 50 % 4-merokcuaneranunuga w30 % mpoaykra

BOCCTAHOBJICHUA - aHU30JI.
OTs
+ CH3CN
RCGH4N2 OTSTE’OE © + ©
R R

R=NO, 60 % 40 %
MeO 50 % 30 %

IIpy TepMHUECKOM pa3JIOKEHHM B aleTOHUTpwiIe To3unauazeHa (300),
oOHapy>KHUBaeTCs JUIIb n-aHU3UIUH 30 ¢ KOTMYECTBEHHBIM BBIXOJIOM.

[Ipumepom apyroro Tuma HYKICOPUIBHOTO 3aMEUICHUS TPU TEPMUYECKOM
Pa3NOKEHUH COJIEH JMAa30HUSI, MOXKET SBJIATHCS M3BECTHAs peakius 00pa3oBaHUs
(hE€HOJI0B B BOJIHOM PacTBOpE.

Mp1 uccnenoBanu HykieohuiabHOe 3aMmenienne nua3o-rpymmsl B AJIT 16a u 30a
Ha OH B BogHoM pactBope npu 40 °C u mokaszanu, 4TO COOTBETCTBYIOMINUE (PEHOIIBI
00pa3yroTcs ¢ KOJTUYECTBEHHBIMH BBIXOaMH

RCgHsN,*OTs l-:l-ZOOOC RCgH,OH

R=NO, 96 %
MeO 93 %

Takum o6pazom, AJIT mHpOSBASIOT CXOAHYIO AaKTUBHOCTH C HW3BECTHBIMH
JIMa30HUEBBIMU COJISIMH, T.€. CIIOCOOHBI YYacTBOBaTh Kak B CBOOOJHOpPAIUKaIbHBIX,
TaK M HYKJICOQWIbHBIX MpeBpalleHUsX. BaXHO OTMETHTb, YTO B HEKOTOPBIX
peakuusx OHM OOJaAarOT MPEUMYLIECTBOM IMEpPEA H3BECTHBIMHM COJIAMH, TaK Kak
XOpOILIO PACTBOPUMBI B BOJIE U BO MHOTHX OPraHUYECKUX PaCTBOPUTEIISIX.

3.3.7. /InazoTMupoBaHUe-BOCCTAHOBJIEHHE 2-aMUHO-5-XJIOpOeH30(eHoHA. M-
Xnopbenzodenon (41a), mpencTaBiseT BaXKHOCTh KaK MCXOJIHBIM cyOcTpar B
IPOU3BOJICTBE AaHTUKOHBYJIbcaHTa «[ anogud».

Hamu mpemyio’keH HOBBIM MOAXOJ K TOJYYEHHUIO M-XxjopOeHzodeHoHa (41a).
Coennnenne 4la 1o TNPEIOKEHHOMY METOAY JIETKO MOJYy4aeTcs 4epe3
JUA30TUPOBAHNE-BOCCTAHOBIICHNE C MCIIOJb30BAaHUEM HA CTaAUMU JUA30TUPOBAHUS p-
TsOH u nmonuMepHOro IMa3oTHPYIOLIErO areHTa B PAacTBOpPE JIEASHOM YKCYCHOMU
KUCJIOTHL. B pe3ynbrare Ha nepBoil CTaiuM C KOJIMYECTBEHHBIM BBIXOJOM O0Opa3yercs

cTabWabHAs M JIOITO XPaHSAIIAascs JUa30HUEBas COJIb 2-aMHHO-5-XJI0pOeH3(peHOoHa
+ -
ArN, TsO'.
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NH, N,* "OTs

O O p-TSOH/P*NO, NaH,PO,
_— > —_— >
© AcOH 20-23°C o AcOH 20-23°C 0
| 30 MUH. 6-7 u.

(41) cl Cl (#1a) 99%

[Tocnenyronryto cTaanuio BOCCTAHOBJIEHUS] MPOoBOAAT noj AecvictBuem NaH,PO,.
U3BECTHBIM 0Opa3om. llpennaraemsiii cmoco® HMeEET psii MNPEUMYLIECTB MEpea
M3BECTHBIM CIIOCOOOM U OBLT 3aI1aTE€HTOBAH.

3.3.8 KoBasenTHass Moaupukanuss MaKpo- H HaHONMOBepxHOcTH. B
MOCJIEAHEE BPEMs BO3pPACTAE€T MHTEPEC K HAHOCTPYKTypaM M HCIIOJIb30BAaHUIO UX B
Hay4YHBIX W MPUKIAIHBIX LEJSAX, B TOM YUCJIE B OPraHUYECKOM CHUHTE3€, MEIUIIMHE,
OMOTEXHOJIOTUH U TEHHOW MHKEHEPUH.

MBI npoBenu MpeaBapuTEIbHbIE UCCIEIOBAHUS 110 ONPEACICHUI0 PEAKIIMOHHOM
cnocobHoct AJIT 1o OTHOWIEHWIO K YIVIEPOACOAEPKALIMM I[OBEPXHOCTSIM, B
KaueCTBE KOTOPBIX BBIOpaHbl HAHOYACTHUIIBI METAJIJIOB, IMOKPBITHIE YIIIEPOAHBIMU
o6omoukamu (Fe, Ni, Co) (amamerp >10 uM)* a Takke rpadHTOBBIEC IEKTPOIBL
HCTIONb3yeMble B BOIBTAMIIEPOMETPHUCCKHX aHamm3atopax** . OKa3a;och, HTO
nonyueHHble Hamu AJIT o0nagaroT o4eHb BBICOKOM aKTUBHOCTBIO — MPU KOHTAKTE
BoAHBIX pactBopoB AJIT 16a, 31a, 35a ¢ HaHONOPOIIKAMU MTPOUCXOAUT O€3 KAKOTo-
AM00 JOMOJHUTENBHOTO WHUIIMMPOBAHMSI CIOHTAHHAas M MIHOBEHHAs pEaKLMs C
BBIJICJIEHUEM A30Ta.

eomn (‘315‘?)3
NH, (3la)

B UK-cnektpax MOaupUIMUPOBAHHBIX TMOPOIIKOB YE€TKAa BHUAHBI IOJOCHI
MIOTJIOIIEHUS apOMATHYECKOT0 KOJIblla B KOPOTKOBOIHOBOM obsactu (500-1300 cMm-1)
¥ XapaKTEePUCTHUECKIE MON0CH! GyHKIMOHANBHBIX Tpy (1400 cM' o1 NO,-rpyrmsL,
3500 cm”' — COOH-rpymmsr, 1640 cm™ — NH,-rpyrmst ), KOTOPbIe He HAGTIOIAI0TCS B
NK-criekTpax UCXOIHBIX TOPOIIKOB.

[Tokazano Ttakxe, uro AJIT 16a, 31a, 35a B BOOHBIX pacTBOpax CIHOHTAHHO
pearupyroT C MOBEPXHOCTBIO  CTEKJIOYIJIEpOJHOro 3iekrpona IlomydeHHbie
MOJU(PUIMPOBAHHBIE 3JIEKTPOAbl OBLIM HCCIEAOBaHbBl B BOJIBTAMIIEPOMETPUYECKOM
x aHanuse kBepueruHa. Ha puc. 2 npeacrasneHa
—/  rpajyMpoBOYHAs 3aBMCHMOCTH IIMKA TOKA OT
/%' KOHIIEHTpal{H KBAapIETHHA Ha TpadHTOBOM
/3% (1) u  MoaMpUUUPOBAHHBIX TIPaUTOBBIX
ANEKTPOJAX C PA3IMYHBIMU 3aMECTUTEIISIMHU,
_/ W3 KOTOPOW BUIHO, YTO MOAU(PUIIMPOBAHHBIC

N2+-OTS

_N2

" HaHonopollku MeTanmnos nonyyeHsl B nabopatopun npodeccopa Epmakosa A.E., MHCTUTYT comankn
meTannos, YPO AH, EkatepuHbypr, 1 paboTbl NPOBOAMIIUCE COBMECTHO C K.X.H. ®eayiak T.A.

“PaboTta nposoannack COBMeCTHO ¢ nabopatopueit Mukponpumeceii TMY XT®, 3aB. A.x.H. CnenyeHko 6.,
acnupaHTammn MapTbiHiok O.A. MocTtHukoBbiM IM1.C. n Kam ®am HbyHr
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AIIEKTPOJIbI 00J1aat0T O0IbIIEH YYBCTBUTEIBHOCTHIO IO CPABHEHUIO C TPa()UTOBBIMH.
[Tpu 5TOM HaMOOJBIINI AHATTMTUYECKUNA CUTHAI HAOIIOJAETCsl IPU UCIOJIb30BAHUM B
kauectBe MoaudukaropoB AT ¢ xapbokcunbHoM (35a) (MI'D- COOH) wumm
amuHorpynno (31a) (MI'D- NH;), no cpaBHeHUI0O ¢ MOAU(PUKATOPOM C
Hutporpymnmnoi (16a) (MI'2-NO,).

1,, mxA
12 4
.

Puc.2 [Ipaoyuposounas 3aeucumocmv mokKa
. ‘ /; 3 nuKka — om  KOHYeHmpayuu  KeepyemuHa  Ha
| , epaghumosom (1) u MOOUDUYUPOBAHHBLX
. . / ., epagumosvix anekmpooax (MII) ¢ paznuunvimu
o /};;115”/"1 samecmumenamu. 2- MI'D-NO, 3-MI'D- NH, 4-
— MI'3- COOH

<
-
T
0 40 80 120 160
Ckv , me/

VYrnyGaenHnoe W3yUYCHHE MOJTYYEHHBIX KOMITO3UIITUOHHBIX opraHo-
HEOPraHUYECKUX HAHOMATEPUAJIOB M MOJIU(PUIIMPOBAHHBIX SJIEKTPOJIOB SIBISCTCS
peIMETOM JabHEUIINX CIEIUaTbHBIX UCCIIEIOBAHUN U HE BXOJIUT B HaIlly 3aa4y.

34 KBanToBO-xumMHnuyeckue HCCJIeI0OBAHNSA CTPOEHUA U
TEPMOJIMHAMHYECKHX CBOICTB apOMATHYECKHUX JUA30HMEBBIX COJieH MeTodaMu
ab initio m DFT. (m1s ynoOcTtBa BocHpuATHS pe3yJbTAaTOB BBEIEHA HOBas
Hymepanusi) B Hactosmelr pabore BIepBbIE MPOBEIEHBI KBAHTOBO-XMMHUYECKUX
UCCIIEJOBAHUS 3JIEKTPOHHOTO U MPOCTPAHCTBEHHOTO CTPOCHUS Psilla apOMaTUYECKUX
nuasonuesblx comeit (AJIC) 4-RCH4N, X (1-5) [X= Cl (1), BF, (2), TsO (3),
CH;COO (4), CF;COO (5)] B cpaBHEHMM C H30JUPOBAaHHBIMU KaTHOHAMU 4-
RC¢H4N,' (6) [R=H (a), Me (b), OMe (¢), NH, (d), CI (e), F (f), CN (g), COOH (h),
NO, (i)] ¥ BbBIYHMCIEHBl HEKOTOpbIE (AKTOPHI, OMPEACISAIOININE PEAKIUOHHYIO
crmocoonocts AJIC.

BriOpanHblii psig aHMOHOB coneil 1-5 nepekpbiBaeT Bech ciekTp u3BecTHbIX AJIC
OT KJACCUYECKUX HEYCTOMYMBBIX apeHAUMa3oHUM XJIOpUAO0B 1, OTHOCHUTEIHHO
YCTOMYMBBIX alleTaTOB U TpU(TOpaneraTtoB 4, S U «cTabWIBHBIX» TeTpadTOpOOpaTOB
2. OcoOblii MHTEpEC MNPEACTaBISAIOT APEHIUA30HUN TO3WUJATHl 3, TOJIyYEHHBIE B
JaHHOU padoTe.

Ontumuzanusi T€OMETPUM M OMNPEEICHHE TEPMOJUHAMUYECKHX IMapaMeTPOB
WCCIICIOBAHHBIX COCAMHEHUHM MpoBOaMIMCh MeTogamu ab initio RHF u meromom
dynkuuonana miaotHoctd (DFT) B3LYP B Gasuce 6-311G* ¢ ucnonbp3oBanueM
natural bond orbitals (NBO). Beraucnennst meroqom MP2/6-311G** mpoBoaumucs ¢
ucnonp3oBanueM mporpaMmmbl  PC GAMESS  version 7.1 (Tornado) Ha
BBEIYUCIIUTEILHOM Ki1acTepHoM Komiuiekce T-mmardopmer (HPC-0011102-001) TITY.
Bce nonydeHHble cTallmoOHaApHBIE CTPYKTYPHl HE UMEIOT MHUMBIX YaCTOT KOJIeOaHUH.
Jlns onpeneneHrs TEPMOAUHAMUUECKUX CBONCTB ONTUMU3UPOBAHHBIX COCIUHEHUN B
pactBopuTensax npuMmeHsuin Mojaeiab PCM. OnTuMu3MpoBaHHBIE CTPYKTYPHI ObLIN
uccnenoBanbl Takxke MetoioM ADF (Amsterdam Density Functional).
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Oka3zanoce, uyrto Tonpko Meron RHF mosBossier nokanm3oBaTe cTanmoHapHBIE
CTPYKTYpBI, OTBEUAIOIINE UCTUHHBIM Aua30HUeBbIM conam 4-RCsH4N," X 1-5 (puc.
4). B To Bpems kak B3LYP u MP2 metonsr ans coneii 1, 4 u S5 npeackasplBarOT UX
CYILIECTBOBAaHHE B (JOPME CUH-KOBAJIEHTHBIX CTPYKTYp ArN=N-X.

[Ipu MoaenupoBaHUU B3aUMOACHCTBUI OCH30JIIMA30HUN KaTHOHA 6a U XJIOpU/I-
noHa MetojgoM DFT B3LYP, mnomMmuMo cTalimoHapHBIX CTPYKTYpP, Mbl HAIlUIM TaKKe U
CTPYKTYpPY, OTBEYAIOIIYK) MEPEXOAHOMY COCTOSIHUIO  PEaKUMH  3aMEIeHUs
JIMA30HUEBOM T'PYIINbBI HA XJIOP ¥ UMEIOIIYIO0 OJTHY MHUMYIO 4acTOTy KoJjebaHuit -569
cm” (puc. 3).

Puc. 3. Bwviuucnennas memooom b3lyp/6-
311G* cmpyKkmypa nepexooHozo
COCMOSIHUSL ~ peakyuu  XJI0pUO-uoHa ¢
OeH3010Ua30HUL KAaMUOHOM 64.

Takum o6pazom wmeroast DFT B3LYP, u MP2 He no3BOJWIN BBISIBUTH
CTPYKTYPbI OTBEUAIOIIUE MO CTPOCHUIO U CIIEKTPaM MU3BECTHBIM OC€H30JIIMa30HUEBBIM
coiisiM ¢ TakuMu aHnoHamu, kak ClI', CH;COO™ u, otuactu, CF;COO".

: @ s @ @@ P

g ®@@ © @ ®

®
~5 @ © o0© O QF @
la ® 2a ® 3a ©
g “ong, G-
: /7 G
@ ® Q ® . Q
g %W o—g .0 °
N B CaG) -6
(3@@@ @J@—-@j
L@ o ©
oo, Nons
4a o 5a @

Puc. 4. Onmumuszuposannvlie npocmpancmeeHHble CMPYKmMypvl apeHOUA30HUEBbIX
conetl la, 2a, 3a, 4c, 5a, paccuumannvie memooom RH.

BriuncneHHble paccTOSIHUSIT MEXAY aTOMaMHM aHHOHHOro ¢parmMeHta X U
aromamu N' i N* 0Kka3bIBAIOTCSl KOpOUe CyMMBI MX Bam-aep-BaanbcoBbiX pagnycos.
[Ipu 3TOM BO BCcex apeHaua3zoHUN xyopuaax 1 aToM XJjopa pacHoyioKeH OJuxke K
atomy N 1ua3oHHeBOil Tpymb, ueM K atomy N'. OGpaTHas CHTyaIus HaGII0AaeTcs
st arnietatoB 4 u TpudTopareTaToB 5, y KOTOPBIX HamOOJee TECHBIE KOHTAKTHI
aTOMBI KHCIOPOAA AHHOHOB HMMeEOT ¢ aromamu N'. B rerpadropboparax 2 u
To3uiaTax 3 Hanbosiee KOPOTKUMH KOHTAKTaMU SIBIISIIOTCS N?---F 1 N*---O cormacHo
pacuetam no merony B3LYP, omnako meron RHF mnpeacka3piBaeT B KadyecTBe
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KpaTdaifmmux KoHTakToB N'---F 115t TerpadTopGopaToB 2 (MCKIIOUEHHEM BBICTYMACT
conb 2d). Jns TtosunaroB 3 meron RHF mnpenckaspiBaeTr Hambosiee KOPOTKHUE
paccrosiauss N*---O s GombiumuctBa coneit (3b-g). Taxum o6pasom, o6a aToma
asora N' u N° B Toif WIM MHON Mepe CBA3aHbI C AHMOHAMH, YTO HAXOMMUTCS B
COOTBETCTBHUM C SKCIIEPUMEHTAIBHBIMU JaHHBIMU. Kak BUAHO U3 puc. 4, 10CTaTOUYHO
KOPOTKHE MEXATOMHbBIE PACCTOSHUS HAOIIOJAIOTCS MEX]Yy aHMOHAMHU U OJHUM U3
OpMO-IIPOTOHOB aPOMATHYECKOro mukaa H”, 9TO yKasblBaeT HA BO3MOXKHOCTD
00pa3oBaHUs BOJOPOJIHBIX CBS3EH H2---X.

B Tabnuue 5 mpuBOIATCS TOPAIKH BHYTPHU- U MEXKMOJEKYJSIPHBIX CBS3EH
(NAO) u unnexkcel BubGepra (W) tex ke cBsizeit B katuone 6a u AJIC 1a-5a,
BbIuKclIieHHbIE MeTO1oM NBO Ha ocHoBe RHF onTuMu3npoBaHHBIX CTPYKTYP.

Ta6auna 5. NAO nopsiaku cBsizet u unaekcsl Bubepra (W), BBIYMCICHHBIE METOA0OM
NBO RHF/6-311G*

R X N'-N? C'-N! X-N' X-N? X-H*
Cl 1.8297 0.8123 0.0017 0.0156 0.048
H1a (2.8156) | (0.9417) | (0.0108) (0.0150) (0.0237)
H2a BF, 1.8285 0.8112 0.0077 0.0090 0.0051
(2.8298) | (0.9366) | (0.0034) (0.0066) (0.0084)
H 3a TsO 1.8274 0.8116 0.0059 0.0101 0.0272
(2.8238) | (0.9366) | (0.0035) (0.0077) (0.0156)
H da CH;CO, 1.8425 0.8132 0.0101 0.0050 0.0071
(2.8390) | (0.9356) | (0.0081) (0.0067) (0.0159)
H 5a CF;CO, 1.8320 1.8165 0.0055 0.0024 0.0047
(2.8369) | (0.9383) | (0.0047) (0.0031) (0.0116)
H 6a HET 1.8177 0.8218
(2.8142) | (0.9487)

B pabore mpuBenensl BerumcieHHbie MeTogoM RHF sueprum muccormarum
nua3oHueBbIX cosied 1-5 mpu (= 0) U B BRICOKOMOJISIPHOM BOJIHOW Cpejie MO MOJETU
PCM (ypaBHuenue 1).

AN," X = AN,” + X (1)

N3 pacueToB cienyer, 4To B HeMoJsipHO# cpene (e= 0) cuia CBA3BIBAaHUS MEKITY
JTMAa30HUEBBIMU KaTHOHAMU M aHMOHAMU Bo3pacTaeT B cienytromem psiay: BF, < Cl' <
TsO < CF;COO < CH;COQO'. DnekTpoHOAaKLeNTOpHbIE 3amMecTuTead R B
JIMA30HUECBOM KATHOHE YCWIMBAIOT MPOYHOCTh CBA3M C AaHHOHaAMuM X, a
AIEKTPOHOJOHOPHBIE — ochabnsor. B memom Benwuumnbel AH  aucconmarnum
n3ydeHHbIx coiiei ¢ BFs, ClI' u TsO yaoBJIETBOPHUTEIHHO KOPPEIUPYIOT C csp+
KOHCTaHTaMu 3amecturenerd R. YBenuueHne mNOIAPHOCTH Cpeabl NPUBOINAT K
PE3KOMY CHWIKEHHIO DHEpruil aucconuannu Bcex uszydeHHbIX AJIC B pesynbraTe
CWIBHOM COJIbBATAIlMM CBOOOMHBIX KaTHOHOB ArN, wu anmonoB X. Tak,
BBIUMCIICHHBIE B BOJE DSHEPIUM COJIbBATAIMU JUISI W3YYCHHBIX HOHOB DPAaBHBI
(xkan/moms): C¢HsN,'™ -51.58, C1"-77.53, BF, -59.14, TsO™ -67.43, CH;COO" -78.74,
CF;COO" -64.50, T.e. cpaBHUMBI 110 Benn4urHE ¢ AHgyiss M AGgiss, B HEIOJISIPHOM Cpe/ie.
Crenenp mucconmanyu AJIC ¢ pa3nuuHbIMM aHUOHAMH B BOJAE BO3pPAcTacT B
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cnenyromem nopsgke BF, < CF;COO < CH;COO < TsO < CI. 3Otot psaa
KAUYECTBEHHO COBMNAAACT C M3BECTHOM IUIOXOW pPACTBOPUMOCTBIO apPEHIMA30HUMN
TeTpadTOpOOPaTOB M, HAIIPOTHUB, BHICOKON PaCTBOPUMOCTHIO XJIOPUJIOB U TO3UJIATOB.
Takum 00pa3oMm, B BBICOKOIOJISIPHOM CpeJie COJIbBAaTalMOHHbIE (DaKTOPBI, BIUSIOIINE
HA TOPOYHOCTh  CBSI3€M  JIMA30HMEBBIM  KAaTMOH-aHUOH, JIOMUHHUPYIOT  Haj
ANEKTPOHHBIMU 3 dexTamMu, 00ecrneurnBalONIMMU HOHHBIE B3aWMOJCIHCTBUS B
HETOJSIPHOM Cpefie.

3apsael NBO coseit 1-5 usMmensitorest 6osiee peryssipabiM obpazom, yem ESP
3apsiibl, W TOAYMHSIOTCS HEKOTOPHIM 3aKOHOMEPHOCTSAM. Tak, HMEET MeCTO
napajuielIbHOEe U 0KMAAEMOE CHIXKEHUE 3JIeKTpOoHHOM mioTHOCTH NBO Ha atromax C!
u N* ¢ BO3PaCTaHUEM DJIEKTPOHOAKLENITOPHOIO Xapakrepa 3amecturened R u
NpUOJIU3UTENBHBIE KOPPEJISAIUU 3aPSIOB C G, KOHCTAHTAMH STHX 3aMECTUTENIEH.

JlaBHO u3BECTHO, YTO ¢ yBeauueHueM pH cpenbl AMa30HUEBBIE COJIM CIIOCOOHBI
U30MEPU30BATHCS B COCAMHEHUSI KOBAJEHTHOM MPUPOJbI, CYLIECTBYIOIINE B CHUH- U
antu-popmax [Zollinger H. Diazo Chemistry. / Weinheim. New York. Basel.
Cambridge. Tokyo. — 1994; ]

AN, X" = ArN=NX

Mpb1 BIiepBbI€ BBIYUCIUIN TEPMOJAMHAMUYECKUE TapaMeTphbl 3THX MEPEXOJ0B B
ra3oBoil (paze U B BOJHBIX pacTBOpUTENAX. BrluncieHHble JaHHBIE TOKA3bIBAIOT, YTO
nzomepuzanust AJIC B koBajeHTHbIE (OPMBI TEPMOJUHAMHYECKH BBITOJHA TOJIBKO
utst OeH3oana3zoHuiianerara 4a. J{is ocTagbHBIX COEIMHEHUN CYIIECTBEHHO Oosee
CTaOWJIbHBIMU  OKa3bIBAIOTCSI HMOHHBIC JIMA30HUEBBIC COCTOSIHUSI, TPHU OSTOM UX
OTHOCHUTEJIbHAS CTA0MIBHOCTH BO3PACTAET C YBEIMUEHUEM TOJSIPHOCTH CpPEbl.

JI71s1 OEHKU MPUPOABI CBA3U TMA30HUEBBIM KATHOH-AHUOH MBI IIPOBEIN PaCcU€Thl
ontumu3upoBaHHbeix MeTosioM RHF crpykryp AJIC 1a-5a, denunanazonnii kaTuoHa
6a u coorBercTByronux anuonoB — Cl', BF,', TsO", CH;COO", CF;COO’ ¢ noMo1uisto
nporpammbel ADF (Amsterdam Density Functional). UtoOsl oneHuTh BKIAABI BO
B3aMMOJICHCTBHE MEXJy MOHAMH, ObUI OCYIIECTBICH aHAIM3 pa3felIeHUs dHEPTUu
(EPA) B pamkax nporpammbel ADF. CornacHo 3Toi cxeme, sHeprus (GopMHUpPOBaHUS
nua3zoHueBbIX cotied (D) U3 kKaTMoOHa U aHMOHA MOKET OBbITh Pa3J0KeHa CIEAYIOIINM
obpazom:

De: - (AEprep+AEint) (2)3
AEint = AEPauli + AEelstat + AEorb (3)9

Tadamma 6. Pesynpratel pacueta wetomom ADF  oOmelr  sHepruu

dbopmupoBanus D, v sHepreTHueCKUX COCTaBJISIONIMX IS coJiel nua3onus la-6a.

Coenunenue AEpauti, % | AEeistat, %6 AEs, % | De, keal/mol
PhN, CI 1a 26.3 67.3 6.4 96
PhN, BF, 2a 38.0 7.7 54.3 78
PhN, TsO 3a 32.5 7.0 60.5 81
PhN, CH;COO 4a | 35.1 8.2 56.7 97
PhN, CF;COO 5a | 39.6 9.2 51.2 84
PhN, " 6a (7 inner) 48.1 11.0 40.9 57
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| PhN," 6a (7 op) | 48.4 [ 11.9 | 39.7 | 36 |

Xopomio BUJHO, 4TO BO BCEX COJISIX 2a-5a 3a UCKIIOUYEHUEM XJiopujia la BKJaj
DPHEPTUU OPOUTAIBHOTO B3amMOJEHCTBUS AFE,, CYIIECTBEHHO OOJIbIIIE SHEPTHUU
AIEKTPOCTATUUECKOTO B3aUMOACHCTBUA AE.y,, beHzonauazonui xsopua la pesko
ommuaercss oT  octanmpHbIXx AJIC  mpeoOiiaanveM — 3IEKTPOCTATHYECKOTO
B3aMMO/IcCTBUS. Ba)kHO OTMETHTh, YTO BhIYMCIICHHBIC 3HaueHus D, qis AJ[C 2a-5a
(Tabn. 8) HaxomATCs B HACATbHOM JIMHEWHOM B3aMMOCBS3M CO 3HauyeHusMu AH
JIMCCOLIMAIINY TEX K€ COJICH.

BriBoabI
1.YcraHoBI€HBI OCHOBHBIE 3aKOHOMEPHOCTH AJIEKTPODUIBLHOTO HOAUPOBAHUS apEHOB
U HEKOTOPBIX TETEPOLMKIOB B OTCYTCTBHE PACTBOPUTEIS IMOJ ACHUCTBUEM HOJa U
dbeHnMo030a11eTaTa Wik TeTpaaKIIaMMOHUN HO0AUXIIOPHIOB Alk,N'ICL,.
2.Pa3zpaboran BBICOKOI((HEKTHUBHBIM METOJ] CHHTE3a JICKapCTBEHHOIO Ipemnapara
«omaHTUNIUPUH» C HKCIOJIb30BAHHEM TETPAAIKUIAMMOHUN HOJOAUXJIOPUIOB B
OTCYTCTBHE OpPTraHWYECKHX PACTBOPUTEJICH, OTBEUAIOIMINUNA TPEOOBAHMAM 3€JICHOU
XUMUH U YACTHIX XUMUYECKUX TEXHOJIOTHUH.
3.IIpennoxen oOmuii 1 3pPEKTUBHBIN MOAXO] K MOJYYEHHUIO MOJUHOJAPEHOB KakK
MPEAIMISCTBEHHUKOB PEHTTCHOKOHTPACTHBIX CPEJCTB HA OCHOBE KOMOWHAIIHIA
peakiuii  ANEKTpOUIBHOTO  HMOJUPOBAHUSI ~ APOMATHUUYECKUX  aMHUHOB U
JTNa30TUPOBAHUS-UOAUPOBAHUSL.
4.B xozae pa3pabOTKH HOBBIX MOJAXOAO0B K JUAa30TUPOBAHUIO AMUHOB IO ACHCTBUEM
MOJIMMEPHOTO JTHUAa30TUPYIOIIETO areHTa M TOJYOJICYJIb(OKUCIOTH ObLT BIEPBbIE
MOJIYYeH MIMPOKUM psiii apeHaua3onuii To3mnaroB (AJIT), koTopble, Kak 0Ka3anaoch,
o0nafgaroT  yHMKaJIbHOM  JUIi  JMA30HUEBBIX  COJIEHW  CTaOMIIBHOCTBIO,  HE
B3PBIBOOIIACHOCTBKD M  XOPOILIEW pPacTBOPUMOCTBIO B BOJE U OPraHUYECKUX
pPacTBOPUTEISX.
5.BnepBrie mokazano, uto AJIT, 00amaroT BEICOKON PEaKIIMOHHOM CIIOCOOHOCTBIO B
BOXHBIX pEAKIMSIX OPraHUYecKoro CHHTe3a — OpOMHUPOBAaHHE, HOIUPOBAHHE,
HUTPOBAaHME,  BOCCTAHOBJICHHE,  a30COUYETaHHe,  OOpa3oBaHUE  TPHUA3CHOB,
apWIMpPOBaHUE CTUPOJIA. YCTAHOBJEHBI 3aBUCUMOCTH PEAKIIMOHHOW CIIOCOOHOCTH
AT ot ctpoenusd. biaronaps cBoeil 0€30MaCHOCTH M MOBBIILIEHHON pacTBOPUMOCTH
AJIT, MOryT 3aHsITh Ba)XXHOE€ MECTO B OPraHUYECKOM CHHTE3€ U OPraHUYECKUX
TEXHOJIOTUSAX, OCOOCHHO B «3EJIEHBIX)» U «YUCTBIX» TEXHOJIOTUSX.
6.Kommekcom meronos (UK, AMP, DSC/DTA/TGA, PCA) uzyueno crpoenue AJIT.
BnepBble s MMPOKOro psna CoJIEM OUAa30HUS HM3ydYeHa MNPUPOAA SIECKTPOHHBIX
B3aUMOJECHCTBUI [TMa30HUEBBIX KAaTUOHOB C AHMOHAMHU KBAaHTOBO-XWMHYECKUMH
MeTonaamH ab initio, DFT u MP2;
7.Haiineno, uto nonydenubie AJIT o0nagaroT YHUKaIbHOW M YPE3BBIYAHO BaXKHOM
CIIOCOOHOCTHIO K CIIOHTAHHOMY B3aMMOJICUCTBHIO C YIJIEPOACOJACPKAIMMUA HAHO- H
MaKpO-TIOBEpXHOCTSIMHU,  OOecrednBas JIETKYl0 TPHUBUBKY K  IOBEPXHOCTSIM
OpraHUYeCKUX (PYHKIIMOHATHHBIX TPYTII.
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