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BBEJIEHHUE

Terpaazanopdupunsl, 6maromapsi HEOOBIYHO-
My CTPOEHHIO, HaXOIiIT Bce Oollee MMPOKOe MpuMe-
HCHHE B HETWHEHHON OITHKE, KaTaJn3e OKHUCIHUTEIIb-
HO-BOCCTAaHOBUTEIBHBIX TIPOIIECCOB M MENUIIUHE.
OHU TIPOSBISAIOT MOMYIPOBOIHUKOBBIE H JKHIKOKPH-
CTAJUTMYECKHE CBOMCTBA M PacCMaTPHUBAIOTCSA B Kaue-
CTBE MEPCIIEKTHBHBIX MaTEPHUaJIOB B CEHCOPHBIX yCT-
poricTBax. BcecTopoHHEe HCCIIEOBAHHE COCTOSHUS
TerpaasanopGUpPUHOB B Pa3IHYHBIX CpelaX BO MHO-
TOM OIpenesser He TOMBKO MX YCIIENTHOe MPaKTHYe-
CKOe TpPUMEHEHHWEe, HO W TII03BOJIAET PACIINPUTH
CHEKTp TMOJIE3HBIX CBOWCTB 3TUX MaKpPOIIUKIIOB.

* O630pHas CTaThs

B mpoToHOaKIENnTOpHBIX Cpemax Terpaasa-
nop$upuHbL, Onaromaps BBIPAXCHHBIM KHCIOTHBIM
cBoiicTBaM T0 BHyTpunmkindeckum NH-cszsam [1],
BCTYIAIOT B HEXapaKTepHBIC Ul TOPGUPHHOB KHHeE-
THYECKH KOHTPOJIMPYEMbIe B3aUMOJICHCTBHS C Opra-
HUYECKIMH OCHOBAHHSIMH C 00pa30BaHHEM KOMILICK-
COB C TIEPEHOCOM ITPOTOHOB.

TEPMOJMHAMUYECKA S KUCJIOTHOCTD
TETPAA3AIIOP®MPHOB

Ilox peiicTBUEM CUJIBHBIX OCHOBAHHM B cperne
HEBOJIHBIX PAaCTBOPHUTENEH TeTpaa3arnop(GUpHHBI MO
BEPraroTCsl JABYXCTAAUNHOM KHUCIOTHOM HOHU3alUU
Mo BHyTpulukimieckuM NH-cBsi3sM, B pe3ynbraTe
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KOTOpOH MPOHMCXOAUT MOCIeNoBaTeNbHOEe 00pa3oBa-
HUE MOHO- U JJMaHUOHHOH (GOpM ¢ OMM3KUMH 3HAUe-
HusaME KoHCTaHT pKyy U pKys [2 - 4]. DTr BeTHUUHBI
JOCTaTOYHO CHJIBHO 3aBUCST HE TOJIBKO OT OCOOEHHO-
CTEeH CTPOCHHUsI MAaKpOLHMKJA, HO U OT COJIbBaTalMOH-
HBIX (QakTopoB. CpaBHEHHE KUCIOTHBIX CBOMCTB [3-3a-
MeEIleHHbIX  TerpaazamopdupuHoB [H,TapR] wu
[H:Tap(CeH4CF3)e(C4H,)] B razoBoii (ase uckimovaer
BIIMSIHAE Cpellbl M, MOITOMY, Hambosee JOCTOBEPHO
OTpa)kacT B3aMMOCBSI3b MEXKIY MPOTOHOJOHOPHOM
CIOCOOHOCTBIO TETpaa3anopPUPHUHOBOTO MaKPOIHK-
JIa U ero CTpOGHI/IeM

«*» Aé

[H2TapR]
R1=R,=H [H,Tap]

R;=H; R,=Br [H,TapBr,]
R1:H; R2=CI [HgTapC|4]

R1:R2=@ [HzTapPhg]
R1=R,= @ NO; [H2Tap(CeHsNO,)s]
R;=R,= @ Br [HTap(CeH,Br)s]

RfRf@ [H,Tap(CgH4CF)s]
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Cornacao [5, 6], Terpaa3zazaMelnieHue B mMop-
¢une (H,P) mnpuBomuT K mepepacmpeneneHuto
T-3JIEKTPOHHOTr0 00J1aKa BCEH MOJIEKYJIbI M TTOBBIIIAET
KHCIIOTHBIE CBOMCTBa Terpaasamopduna (H,Tap) Ha
JIeCSITh TOPsAKOB 1o cpaBHeHuio ¢ HoP (pK, 22.82).
Beenenue B nupponsHbie konbla HyTap amexkTpono-
JOHOPHBIX 3aMECTHTENIEH NPHUBOAUT K YBEIUYCHHIO
KOBaJIECHTHOCTH U NPOYHOCTH cBsized NH, B pe3yinb-
TaTe Yero MpoLecc KUCIOTHOM MOHU3ALMU 3aTPYIHSI-
ercsa [6]. Hamporus, okradeHmnbHOE 3aMelieHHe B

H,Tap crmocoOGCTByeT poCTy KHCIOTHBIX CBOWCTB MO-
nekynsl. Bemuunuel pKa s terpaazanopduna u
okradenunterpaasanoppuna (HoTapPhg) pasmuua-
10Tcs Ha 2 emuHunbl (tabm. 1). JdampHedmmit poct
MPOTOHOIOHOPHOH CHOCOOHOCTH HAOMIOAaeTcs IMpH
nepexofe OT TeTpaaszanopduHa K TeTpaOpoMTeTpaa-
sanopduny (H,TapBr,) u Terpaxmoprerpaasanopdu-
uy (H,TapCly). TIpu s3TOoM mpupoma atroma TajoreHa
HE OKa3bIBaeT CYIIECTBEHHOIO BIMSHUS Ha CIOCOO-
mocte H,TapBr, u H,TapCl, x menporoHupoBaHHIO
(tabm. 1).
Tabnuua 1
KoHcTaHTBI KHCJIOTHOI HOHM3AaIMK TeTpaa3anopgu-
PMHOB 10 NepBOii CTyNeHU B ra3oBoii ¢ase [6]
Table 1. Constants of the first step of acidic ionization
of tetraazaporphyrins in a gas phase [6]

Terpaazanoppupun pKa1
Terpaazanopun 12.36
Oxradennnrerpaazanoppux 10.36
Terpaxnoprerpaazanopdun 9.09
TerpabpomTeTpaazanoppux 8.45

CBefeHNs O TepMOIMHAMIYECKON KHCIIOTHOCTH
okta(n-aurpodenmm)rerpaasaropduna (HyTap(CeHNO,)g),
okTa(n-Opompenmm)rerpaazanoppuna  (HyTap(CeHsBr)g),
okta(m-TpudTopMeTUundeHUI)TeTpaasanopPpuna
(H2Tap(CsH4CF3)s) u rexca(m-tprudropmeTriadeH)-
6enzorerpaasanopduna (HoTap(CeH4CF3)s(CsHy)) mo
CHX TIOp OTCYTCTBYIOT. J[aHHBIE O MTPOTOHOIOHOPHOM
CITOCOOHOCTH 3THX TeTpaa3aropPuprHOB OBUIH TTOITY-
YeHBI PU U3YUYCHUN MX PEAKIOHHOW CIIOCOOHOCTH B
npolieccax KUCIOTHO-OCHOBHOT'O B3aUMO/ICHCTBHSI.

CIIEKTPAJIbBHASI KAPTUHA KUCJIOTHO-OCHOB-
HOI'O B3AUMOJIEMCTBUA C YHACTHUEM TETPA-
A3AIIOPOMPHOB

KucnorHo-ocHOBHOE B3auMOJIEHCTBHE TETpaa-
3armop(UPHHOB C a30TCOMIEPKAIIMMMHI OCHOBaHMIMH (B)
B OeH3oIe (IMMeTHICYNb(hoKCcHe) HaOIoIaeTcs TOMb-
KO B YCJIOBHSIX 3HAUHATENBHOr0 M30biTKa B [7-13]. Ilpu
9TOM KapTHHA CHEKTPAIHHBIX W3MEHEHUH B X0/l Peak-
[IUM HE 3aBUCHT OT MPHPOJBI 3aMECTHTENEH B MaKpo-
[MKJIE, a TAKXKe OT MPHUPOIBI OCHOBaHWs (puc. 1, 2).
OHna yka3pIBaeT Ha TOBBIIIEHHE A PEKTUBHONW CHMMET-
puH T-XpoModopa MosteKyibl oT Doy 10 Dy (puc. 1, 2) B
pe3yIbTaTe U3MEHEHHS SHEPTUH TT-MOJICKYJISPHBIX Op-
Outaneil [1] © CBUAETENBCTBYET O TOM, 4YTO [3-3ame-
IIEHHBIE TeTpaa3anopGUpUHbI B IPUCYTCTBHHA OCHOBA-
HUU MPOSIBIAIOT CBOMCTBA JBYXOCHOBHBIX NH-kucmor
U 00pa3yrOT KOMIUIEKCHI C TIEPEHOCOM NPOTOHOB —
H,TapR-2B u H,Tap(CsH,CF3)e(C4Hy) 2B, rie B nu-
pumun (Py), 2-merwnmupuann (MePy), mopdonun
(MorPh), 6ensunamun (BzNH,), munepuaun (Pipy),
n-oytunamud (BuNH,), mpem-6ytunamun (t-BuNH,),
mtanamue  (Et;NH), tpwtumamun (EtzN), Tpu-
n-0ytinamud (BugN).
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500 ' 600 700 )L,Hllw
Puc. 1. I3MeHeHHe 31eKTPOHHOrO CIEKTPa MOTJIOIEHHUS
H,Tap(CsH4CF3)g B GeH30I1e B IPUCYTCTBUH H-OYTHIAMHHA B
TeueHue 60 MUH NpU CBuNH2 =5.06 monis/nu T =348 K
Fig. 1. Change in the absorption spectrum of H,Tap(CsH4CF3)g in
benzene in the presence of n-buthylamine during 60 min; CBuNH2

=5.06 mol/l; T =348 K

A, HM
Puc. 2. I3meHeHne 3MeKTPOHHOTO CIEKTPa MOTJIOMIEHUS
H,Tap(CsH4CF3)e(C4Hy) B GeHzoe B MpUCYTCTBUM H-OYTHII-
aMuHa B Teuenue 90 MuH npu CBuNH2 =2.53 mons/nuT =338 K

Fig. 2. Change in the absorption spectrum of HyTap(CeH4CF3)s(C4Hy)
in benzene in the presence of n-buthylamine during 90 min.;
CBuNH, =2.53 mol/l; T =338 K
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B »Tux Kommiekcax aTtoMel BOJOpOXa, CBS-
3aHHbIE C MOJIEKYJIaM{ OCHOBAHHUS U BHYTPHULIMKIIMYC-
CKHUMHM aToMamH a3ota [14], pacronararorcsi akcHab-
HO HaJ ¥ O] IUIOCKOCTbIO MAKPOLMKIA HA OCH CHUM-
METPHU YETBEPTOro HOPSIKA, YTO SIBISETCS HEo0Xo-
OVMBIM YCJIOBHEM COOJIIOJICHHS BBICOKOW CHMMETPHU
pactpenenenns 3apsanoB [15]. [Ipu sTom cremens me-

peHoca npoToHOB OT NH-KUCIIOTBI K aKIENTOPHOMY
LEHTPY OCHOBAaHHUS 3aBUCHT OT 3JICKTPOHHOTO M Teo-
METPUYECKOTO CTPOCHHUSI B3aUMOJCHCTBYIOIIMX MOJIe-
KYyJI, T. €. OT UX CHJIbI U CTEPUYECKHX BO3MOXKHOCTEH, a
TaKKe OT AMIJIEKTPUUECKON MPOHULIAEMOCTH cpeabl. B
cnyyae H,TapR u H,Tap(CeH4CF3)e(C,H,s) momuas
nepenaya nporoHoB oT NH-rpymm k OCHOBaHHIO,
NPUBOIAIIAS K BO3SHUKHOBEHHWIO Da3JIeIeHHBIX pac-
TBOPHUTEIIEM MOHHBIX Map C MOCIEAYIOMEH UX AUCCO-
nuanuel, He Haomogaercs [16]. KucaorHo-ocHoBHOE
B3aMMOJICHCTBHE OrpaHHYMBaercs aubo craaueil o0-
pazoBanus H-xommnekca (H-acconuara 1), mu6o non-
HOTO KOMIUIEKCa (MOH-MOHHOT'O accoluara), Mpei-
craBisitoniero coooit H-cesizannyto nonnyto napy (I1I)
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IIpu nyaBHOM M3MEHEHUHU NPOTOHOIOHOPHBIX
U TIPOTOHOAKIICTITOPHBIX CBOWCTB MOJIEKYI-TIApTHE-
pPOB  KHCIIOTHO-OCHOBHOE paBHOBecue (1) Moxker
CMeNIaThCsl B CTOPOHY 00pa3oBaHus Ooiiee WiTd MeHee
TOJISIPHOM CTPYKTYPBHI.

Cornacho [7-13, 17], xommiaekcsl H;TapR-2B
u HyTap(CeH4CF3)e(C4H,) 2B B crcreme asorcomeprka-
1ee OCHOBAaHUE — OCH30JT YPE3BhIUAitHO HEYCTONIHUBEI
TIOJIBEPTAIOTCSl Pachagy ¢ TeUeHUeM BpeMeHU. Mckiro-
yenne cocrasister komruieke HoTap(CsHyBr)g2 BuNH,
B cucTeMe H-OyTmiaMuH — OE€H301, KOTOPBIA o0asa-
€T JOCTATOYHO BBICOKOM KMHETUYECKOW YCTONYMBO-
CTBIO.

Hectpykims komruiekcoB HpTap(CsHyNO,)g2B
B CHCTEME a30TCoJiepKaliee OCHOBaHUE — OEH301
OITUCHIBACTCS KUHETUYCCKUM YPAaBHEHHUEM BTOPOTO
MOPSIJIKA — TIEPBOTO IO KOMILIIEKCY € MEePEHOCOM MPo-
TOHOB U TIEPBOTO MO OcHOBaHUto [17]. [yia xoMrmexk-
COB C MEPEHOCOM MPOTOHOB B-TeTparajioreH3amenicH-
HBIX TeTpaasanopdupunos — HyTapHal, 2B (Hal=Br u
Cl) ypaBHEeHHE UMEET BUI:

-d[H,TapHal,2B] / dr = k[H,TapHal,-2B] [B]".
3nech K — KOHCTaHTa CKOPOCTH JAECTPYKIHH, N — TO-
PSJIOK peakiyu Mo OCHOBaHHIO. B cinydae B = Py,
MePy, MorPh, Et;N, BuzN u Pipy 3HaueHue N 6:113K0
K enuHUIE, a B cirydae B = BzNH,, BuNH,, t-BuNH,
u Et;NH — x nBym.

Cylns mo BenuyuHam (Tabm. 2), moHMKe-
HUC KHHETUYECKOW YCTOWYMBOCTH KOMITJICKCOB C Tie-

k298
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PEHOCOM TPOTOHOB TeTpaa3anopPUpPUHOB HaOIrOIA-
ercsi npu mnepexoge ot H,;Tap(CeHsNOy)s2B
H,TapCl,2B u H,TapBrs2B, uto cooTBeTCTBYET
POCTy KHCIIOTHBIX CBOWCTB Makpouukia. C yBenude-
Huem NH-kucnorHoctu papHoBecue (1) cMmemmaercs B
CTOpOHY OoJiee MONIIPHON CTPYKTYPHI, KOTOpas B ycC-
JIOBHMSIX 3HAYMTEILHOTO HM30BITKA OCHOBaHHUs OoJice
JIETKO BCTYNAeT B KOHKYPEHTHYIO PEAaKIUIO 3a MpPo-
TOH, NPHUBOAIIYI0 K OOpPa30BaHUIO JBYX3apsIHOTO
anuoHa [17]. B ycnoBusix cnaGoBbIpa)XeHHOM COJbBa-
TUPYIOIIEH CIIOCOOHOCTH CPE/bl U BCICACTBUE OTCYT-
CTBHUA KOMIICHCaAllUU PI36I)ITO‘IHOFO OTpULATCIBHOTIO
3apsia B MaKpoOLUMKIe, TUaHHOH TeTpaa3amnopdupuHa
MoJiBEpraeTcs CaMOIPOM3BOIBHOMY pacrany ¢ oopa-
30BaHUEM HHU3KOMOJICKYJISIPHBIX 6eCHBeTHBIX Inpo-
JYKTOB.

Taonuua 2
3HayeHUs] KOHCTAHT CKOPOCTH T€CTPYKIUHN KOMILICK-
COB € MIePEeHOCOM MPOTOHOB TeTpaa3anop(upHHOB B
CUCTEME a30oTcoaepkaiiece OCHOBaAHUE — 0eH30.1
[H,TapBr,-2B] = [H,TapCl,-2B] = 0.4-10° mouin/;
[H,Tap(CsHiNO,)s2B] = 0.5:10"° mouin/a
Table 2. Rate constants of destruction of proton transfer
complexes of tetraazaporphyrins in a system “nitrogen-
containing base — benzene” [H,TapBr,2B] =
[H,TapCl,2B] = 0.410° mol/l; [H,Tap(CsH;NO,)s2B]

= (.5:10™ mol/I
Kommiekc ¢ mepeHocoM MPOTOHOB k**-107,
TeTpaasanopGUpHHOB 1"/ (mons" ¢)
H,TapBr, - 2 Py 1.14%
H,TapBr, - 2 MePy 0.087%
H,TapBr, - 2 MorPh 0.12
HzTapBr4 -2 EtzN 1.66%
HzTapBr4 -2 BuzN 0.066%
H,TapBr, - 2 Pipy 6.93
HzTapBr4 - 2 BzZNH, 0.29
HzTapBr4 - 2 BuNH, 3.30
H,TapBr, - 2 (t-BuNH,) 23.12°
HzTapBr4 - 2 Eto:NH 1.08
HzTapC|4 -2 Py 0.82%
HzTapC|4 -2 MePy 0.12%
HzTapC|4 - 2 MorPh 0.14
HzTapC|4 -2 EzN 2.97%
HzTapC|4 -2 BuzN 0.38%
H,TapCl, - 2 Pipy 13.49
HzTapC|4 -2 BzNH, 0.28
HzTapC|4 -2 BuNH, 0.76
H,TapCl, - 2 (t-BuNH,) 20.55%
HzTapC|4 -2 Eto,NH 0.33
H,Tap(CsHsNO,)g - 2 MorPh 0.12°
H,Tap(CsH:NO,)s - 2 BzNH, 0.59°
HzTap(C6H4N02)3 -2 BuNH, 2826
H,Tap(CeHsNO,)s - 2 (t-BuNH,) 1.37°
H,Tap(CsHsNO,)s - 2 Pipy 2.36°

TpumMeuanue: a) k™ - 10°, 6) k°* - 107, N — mOpsIOK peaKiun
10 OCHOBAHUIO
Note: a) k?® - 10, 6) k**® - 107, n — reaction order on base

CornacHO TpEACTaBICHHBIM B TaOJ. 2 JaHHBIM,
CKOPOCTh JIECTPYKIIMH KOMIUIEKCOB 3aBHCUT OT CHJIBI
U CTEPUYECKUX BO3MOXKHOCTEH a30TCOJepKalIuX OcC-
HoBaHuil. B psny Py — MorPh — Pipy yBenudenue
pK, Ha 6 OPSIKOB IPUBOIUT K POCTY 3HadeHHiH k2
B ~6000 u ~ 16500 pa3 gms H,TapBrys2B wu
H,TapCl; 2B cooTBeTCTBEHHO. AHAJIOTHYHOE, HO Me-
Hee CWIbHOE BJHsSHUE HaOmogaercss B clydae
HgTap(C6H4N02)g'ZB.

Ilo mepe yBenMYEHHUS MNPOCTPAHCTBEHHOIO
9KPaHUPOBAHHUS aTOMa a30Ta B MPOTOHOAKIETITOPHOM
MOJIEKYJIe OTMeUaeTcs o0paTHbIi 3¢ dekT. [lpu 3ame-
He nupuauHa (pK, 5.23 [18]) Ha Onu3Kkuit Mo ocHOB-
Hoctu 2-metwnmupuaua (pK, 5.97 [18]), a Taxxke
n-Oytunamuna (pK, 10.60 [18]) na mustunamun (pK,
10.93 [18]) u TpusTHnamuna (pK, 10.87 [18]) Ha tpu-
n-Oytunamun (pK, 10.89 [18]) ycTroiumBOCTH KOM-
IJIEKCOB C MIEPEHOCOM ITPOTOHOB Bo3pacraer (Tadir. 2).

KNHETUYECKHUE OCOBEHHOCTH KUCJIOTHO-
OCHOBHOI'O B3AUMO/IEVICTBUA TETPAA3A-
[TOP®UPUHOB

Peakiinst KHCIIOTHO-OCHOBHOI'O B3aMMOJIEHCT-
BUs [-TeTparajoreH3aMeIleHHbIX TeTpaa3anopupu-
noB — H,TapHal, (Hal=Br u Cl) ¢ azorcomep;kammumu
OCHOBaHHSMH B OEH301€

H,TapHal, + 2B — H,TapHal,-2B
OIHCHIBACTCS KHHETHYECKAM ypaBHEHUEM:
-d[H,TapHal,] / dt = k[H,TapHal,] [B]",

rae K — KOHCTaHTa CKOPOCTH PEaKIHH, N — TMOPSI0K
PEaKIINH 110 OCHOBAHHIO.

IIpu B3ammoneiicreun HyTapHal, ¢ nuxmnae-
CKUMU (IIUPUIUH, 2-METHIMUPUINH, MOP(OIINH, MH-
MEpUINH) U TPETHYHBIMU AIlMKINYECKUMH aMUHAMHU
(TpudTHIAMUH, TPHU-H-OyTHIIAMHH) 3Ha4YeHuEe N Onm3-
Ko K enuHUIE. JlmMuTHpytomas craaus mporecca B
9TOM ClTydae UMeeT OMMONEeKyIApHBIA Xapakrep (K; <
< kp), a ME&KMOJIEKYJISIPHBINA MepeHoc mpoToHoB NH-
rpynn ot HyTapHal, k B ocymiectBisiercst nByxcra-
maiiao [7, 9]:

K
H,TapHal, + B — H,TapHal,B (2

H,TapHalsB + B L) H,TapHal;2B (3)

AHaNOruuHbpll JBYXCTaIUMHBIN mpouecc pea-
musyercst npu B3aumozeictBun HyTap(CeHyNO,)g [7,
10, 11], HzTap(C6H4CF3)8 [11, 13], HzTap(CeH4Br)g
[8] u H,Tap(CeH4CF3)e(CsHy) [12] ¢ mukmmmveckuMu
¥ TIEPBUYHBIMA alMKIMYECKUMH aMHHAMHU.

Hanporus, npu B3aumozeiictsun H,TapHal,
C TIEPBUYHBIMHU ¥ BTOPUYHBIMU AI[UKIMYECKIMHU aMU-
Hamu (OeH3WIaMuH, H-OyTWJIaMUH, mpem-0OyTni-
aMHH, JUITWIAMHH) MOPSIOK PEeakIUH IO OCHOBa-
HUIO OJIM30K K ABYM. B 3TOM cityuae nmumuTHpYyromen
CTaauel sSBIsIeTCS HE TPUMOJIEKYJSPHBIN Tporecce, a
OoumornekyisipHass peaknusi Mexay HpTapHal, wu
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H-cBsi3aHHBIMH JTUMEPHBIMH MOJICKYJIAMUA OCHOBA-
Huid. [Ipu 3TOM HE HMCKITIOYAaeTCs BO3MOXKHOCTH TPO-
TEeKaHHs Tpoliecca B JIBE cTaauu, coracHo (2) u (3),
(v kl ~ k2 [7, 9]

BzaumoneiictBue [-3aMelIeHHBIX TeTpaas3a-
mop(UPUHOB C OCHOBaHUSMH B OCH30JI¢ XapaKTepu-
3yercsi HeOOBIYHO HU3KMMM 3HAYCHUSMU KOHCTaHT
ckopoctelt (Tabi. 3), CBA3aHHBIMH C ICHCTBUEM MaK-
POLMKINYECKOT0 3 eKTa, BKIFOYAIOUIErO B Ce0s Kak
CTEPUYECKYI0, TaK M 3JCKTPOHHYIO (TIOISIpU3AIHOH-
Hy10) coctaBistonue [19]. Ilocnennsis onpenensiercs
CTENEeHbI0 A(PPEKTUBHOCTH TIepeadn SJIEKTPOHHOTO
BIIUSHUS NTepUEepUUECKUX 3aMECTUTENICH Ha peaKIly-
OHHBIN IEHTp MOJNeKynbl. Tak, TeTpaaza3aMeleHre B
MoJieKysie mophuHa ¢ MOCIeNyIONIMM BBEICHHEM B
MAPPOJILHBIC KOJIbIA IJIEKTPOHOAKIICTITOPHBIX 3aMec-
TUTENIEN CYIIECTBEHHO MOBBIIIAET MOJISIPHOCTh CBI3EN
NH (tabsn. 1). B pesynbrare 3T0r0 co3marorcs 6iaro-
MPUSATHBIC YCJIOBHS JUIsl TIEPEHOCA MPOTOHOB OT KH-
CJIOTHI K ocHOBaHHUt0. C Jpyrodl CTOPOHBI, HEMPEPHIB-
HOE T, T-TIEpEKPhIBAaHUE TI0 16-UJIeHHOMY MaKpOITUKITY
(CgNg), BKITFOUEHHE B Nm-CONPSDKEHHE N-3JIEKTPOH-
HBIX Map BHYTPULIHUKIMYECKUX aTOMOB a30Ta, a TaKXKe
YBEITUYEHHE YHCIA T-3JIEKTPOHOB B CONPSKEHHON
CHCTEME 3a CYET Me30-aTOMOB a30Ta CIOCOOCTBYET
POCTY apOMAaTUYHOCTH ¥ KOH(POPMAIIMOHHOHN KECTKO-
cTi MOJeKyJibl. CpaBHUTEIBHO BBICOKAs JKECTKOCTh
IUTIOCKON ~ KOH(pOpPMAalMu  TeTpaazanopPUpPHHOBOTO
Makporkia [19], a Takke HAIMYUE B €T0 TMTUPPOITH-
HBIX KOJbI[aX 3aMECTHUTENEH BBI3BIBAET YBEIUUYCHHE
CTEpUYECKOl KOMITOHEHTHI, KOTOpasl XapaKTepH3yeT
JKpaHUPOBAHUE ATOMAMH U T-3JIEKTPOHAMHU BHYTPHU-
muKgeckux mpoTtoHoB NH-rpymmn. Ona 3aTpyamser
HanOosee OJIATONMPUSATHBIA KOHTAKT PEaKIIMOHHBIX
LIEHTPOB MOJEKYJI-TIAPTHEPOB M BHOCHT OCHOBHOM
BKJIAL B KHHETHKY B3ammoxeiicteusi H,TapR wu
H,Tap(CsH4CF3)e(C4H,) ¢ ocHOBaHUSAMH.

W3 manapIX Tabd. 3 BHOHO, YTO CKOPOCTH U
AKTUBAIMOHHBIE TIApaMETPBl KHUCIOTHO-OCHOBHOT'O
B3aumoseiicTBus ¢ ydacrtuem HpTapHal, mocratouno
CIUIBHO 3aBUCAT OT MPHUPOABI TPOTOHOAKIEHTOPA.
Taxk, ¢ yBenmmuenneMm pK, ocHOBaHMIA CKOPOCTb MEX-
MOJIGKYJISIpDHOTO  TiepeHoca mpoToHoB NH-rpynn
H,TapHal, Bo3pacraer, a E, mpoiiecca yMEHBIIACTCSL.
IIpu 3TOM BBINONHSETCA JUHEHWHOE COOTHOIIECHUE
mexy 1gk?® u pK, (puc. 3) u Habmomaercs cuMobat-
HOe H3MEHEHHE BeIWYnH E, U AS*, CBHIETENLCT-
BYIOIIE€ O HAJMYUW KHHETUYECKOrO KOMIIEHCAIFOH-
Horo s¢dexra [16]. Cpenu Bcex M3yUEHHBIX LUKIH-
YECKUX OCHOBAaHMHA MAaKCHUMAaJIbHOM PEAKIUOHHOU
CrocoOHOCTRIO TIpH B3aumoseiicteun ¢ HpTapHal,
o0JlajlaeT THUIIEPUINH, KOTOPBIH HMEET CTEPUYECKH
JOCTYIIHBIM aTOM a30Ta B cocTaBe MoJeKyibl [20] u
SIBJIIETCSI IOCTATOYHO CHIIBHBIM aKIIENTOPOM IPOTOHA
(pKa 11.23 [18]). BBenenue B MOJIEKyIy MUTICPUIMHA

aToMa KHCJIOpOoJa He BIMSET Ha MPOCTPAHCTBEHHOE
ctpoeHue ocHoBaHus [20], oMHAKO MPUBOAUT K CHHU-
xeHuto pK, Ha ~2.5 mopsaka W, Kak cJIeACTBUE, K
YMEHBIIEHUIO CKOPOCTH KHCIOTHO-OCHOBHOI'O B3aH-
mozeictus. [lpu mepexone k mupuanny (pK, 5.23
[18]) wHabnromaercst najbHEWIEE WHTHOMPOBAHUC
npolriecca, 4To, MPekIe BCEro, OOBSCHIETCS HU3KOH
MPOTOHOAKIICTITOPHOH CIIOCOOHOCTHIO 3TOI'O0 OCHOBA-
HUS [0 CPABHEHHIO C MUTIEPHIUHOM U MOP(OIUHOM.
MuHuMalbHBIE CKOPOCTH U MaKCUMallbHBINA 3HEpTe-
TUYECKHUI Oapbep UMEIOT MECTO IPH B3aUMOJCHCTBUN
H,TapHal, ¢ 2-merunmupummaom (pK, 5.97 [18]),
KOTOPBIA MOJHOCTBIO BBINAJAET U3 KOPPEISALUUOHHON
saucumoctr 1g k*®=f (pK,) (puc. 3), Bcnencreue 6o-
Jiee CUJIBHOTO, YeM B MUPHUJMHE NMPOCTPAHCTBEHHOIO
SKPaHUPOBAHUS HEMOJECICHHON JJIEKTPOHHOW I1apbl
aToMa a30Ta. AHAJOTWYHBIA BKJIAJ NPOCTPAaHCTBEH-
Horo (hakTopa B peakinio rmepeHoca nporona ot NH-
KUCJIOTHI K OCHOBaHWIO HAOIIOAaeTcs NpH 3aMeHe
BuNH, (pK, 10.60 [18]) Ha Et,NH (pK, 10.93 [18]), a
taoke EtzN (pK, 10.87 [18]) Ha BusN (pK, 10.89
[18]) (Taba. 3). Hapsimy ¢ yBenuueHueM 4ucia u JTH-
Hbl AJKWIBHBIX 3aMECTUTENEH ONTUMAJbHOM Mpo-
CTPAaHCTBEHHOH OpWEHTAlMM KHCIOTHO-OCHOBHBIX
[EHTPOB TPOTUBOJIEHCTBYET pa3BETBIECHHE YTJIEBO-
JIOPOJHOW IIenu B ammHe. Tak, CKOpOCTH mepeHoca
nporoHoB NH-rpynmn k BuNH; u t-BuNH, (pK, 10.45
[18]) paznmuaarotcs B ~ 90 u 40 pa3 mis H,TapBr, u
H,TapCl, coorBercTBerHO (Tabm. 3).

_ngzes
64 o8

6 8 10 pK,
Puc. 3. 3asucumocts lg k**® or pK, wist peaxuuii H,TapCly (1-10)
u HyTapBr, (1°-10°) ¢ nunepuautom (1, 1°), n-Oyrunamutom (2,
2”), mopdonutnom (3, 3°), 6ensunamuuoM (4, 4°), mupuauHoM (5,
5”), iuaTHIAMUHOM (6, 6°), TpraTHIaMUHOM (7, 7°), 2-MeTHII-
nupuauHoM (8, 8”), mpem-6yrunamutom (9, 9°), Tpu-#-OyTui-
amusoM (10, 10%) B 6ensone. (-lg k** = 7.86-0.62-pKa, koo du-
[HMEHT JUHEeHOM Koppersiuun -0.98427)

Fig. 3. Dependence of Ig k**® on pK for the reactions of H,TapCl,
(1-10) and H,TapBr4 (1°-10%) with pipyridine (1,1 ), n-butylamine
(2, 2”), morpholine (3, 3”), benzylamine (4, 4’), pyridine (5, 5°),
diethylamine (6, 6’), tricthylamine (7, 7°), 2-methylpyridine (8,
8), tert-butylamine (9, 9”), tri-n-butylamine (10, 10’) in benzene.
(-lg k*8 = 7.86-0.62 pK,, factor of linear correlation-0.984)
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Taonuua 3

KuneTnueckue nmapaMeTpsl KHCJIO0THO-OCHOBHOT0 B3aUMOJEHCTBHS TeTpaa3anopGupHHOB ¢ a30TCOAEPKAUMHA
ocHoBanusivu B Gensone [HoTapR] = (0.4 — 0.8) +10°° mous/a1, [H,Tap(CsH4CF3)s(C4H,)] = 0.82-10° moutn/a
Table 3. Kinetic parameters of the acid-base interaction of tetraazaporphyrins with nitrogen-containing bases in
benzene [H,TapR] = (0.4 - 0.8)-10"° mol/Il, [H,Tap (CsH.CF3)s (C4H,)] = 0.82-10° mol/I

298 1 /6
Terpaazanopdupun OcHoBaHue J'Inl/((MOJl'I(I);n,'C) Kﬂ)IE/;:IOJ'IL -AS?, Jlx/(monbK)
H,TapBr, [Mupunun 23 69 92
2-MeTunupuananH 1.50 87 54
Mopdonun 0.72% 26 224
Bensunamun 0.78% 29 226
TMunepumun 28.30° 20 237
H-Byrunamun 6.60% 11 270
mpem-ByTunaMus 0.076° 18 283
JusTrnamMun 4.00°? 15 261
TpusTinamux 24 46 165
Tpu-n-Oyrunamun 8.60 26 262
H,TapCl, [Mupuaua 36 40 188
2-MeTtunnupuauanH 4.00 49 174
Moponun 0.80% 28 220
Bensunamun 0.65% 31 223
[Munepuaun 22.80° 23 229
n-byrunamun 3.80° 23 235
mpem-ByTHIIaMUH 0.09% 28 251
JusTrinaMuH 1.10% 30 218
TpurTUnamMux 110 30 214
Tpu-n-6yrunamun 23 24 260
HzT&p(CeH;;NOz)g MOpd)OJ'lPIH 0.04 94 60
bensunamun 0.045 85 78
[Munepunuu 1.20 78 99
n-byrunamun 1.80 86 75
mpem-byTuinamun 0.80 94 47
H,Tap(CeH4Br)g n-ByTrnamuH 0.16 92 63
HzTap(C6H4CF3)3 MOp(bOJ'II/IH 0.11 55 181
bensunamun 0.23 56 180
[Munepunuu 6.15 32 238
n-byrunamun 4.20 32 255
mpem-byrunamun 4.30 50 186
HzTap(C6H4CF3)5(C4H4) HI/IHepI/II[I/IH 0.55 64 150
H-byTunamux 0.60 61 154

Hpumeuanne: a) k**8- 10 N — HOPSIOK PEAKLIH 110 OCHOBAHHIO.

Note: a) k?®- 10% n — reaction order on base

Ilpm mepexome ot [-TerparajoreH3ame-
IMEHHBIX K [B-(eHnI3aMeeHHbIM TeTpaasanopdu-
pUHAM JIENPOTOHHPOBAHHE MAKpPOIHKIA CYyIIECT-
BeHHo 3arpynusiercsa. Tak, H,Tap(CgHsCF3)g [11],
HzTap(C6H4N02)8 [7], HzTap(C5H4Br)g [8, 10] u
H,Tap(CsH4CF3)s(C4Hy4) [12] OKa3pIiBaIOTCS HEAKTHB-
HBIMH B DPEaKIHHA C OCHOBAaHHSAMH, OOJaIalOMIUMH
CITa0OBBIPAYKEHHON MPOTOHOAKIIEIITOPHOW CIIOCOOHO-
CTBIO (TMPHJIMH, 2-METWIITUPHUINH), a TAKKe C OCHO-
BaHHMSAMH, MMEIOINIMMH CHJIBHO CTEPUYECKH JKpaHH-
POBaHHBIA aToM a30Ta (AMATUIIAMHH, TPUITUIIAMHH,
Tpu-#-OyTunamun). OpHAKO, HECMOTpPS Ha CTPYK-
TypHYIO OJM30cTh P-(heHuI3aMeleHHbIX TeTpaasa-
noppupunos, H,Tap(CeHsCF3)s B oTimume ot
H,Tap(CsHsNO,)s Gosnee serko BcTymaer B KHCIIOT-

HO-OCHOBHOE€ B3amMozeicTBre ¢ MopdoiamHoM, OcH-
3WJIAMHHOM, MUIEPUANHOM U H-OyTHIaMHUHOM B OeH-
3oie (tabm. 3). Oxra(n-0pomMdenmn)rerpaazanophud B
peaknud C OCHOBAaHWSMH MEHEEe AaKTHBEH, YeM
HzTap(C5H4CF3)8 u HzTap(C5H4N02)8. U3 Bcex nsy-
YeHHbIX B OH BCTymaer BO B3aUMOJCHCTBHE TOJIBKO C
H-OytrmamuHOM. [Ipm 3TOM CKOpoOCTH IepeHoca IMpo-
TOHOB NH-l"pyl'[H HzTap(C6H4Br)g u HzTap(CeH4CF3)g
¢ BuNH,, cyms o Benmumnam K, pasmuaercs B ~26
pas, a B ciydae ¢ HoTap(CsHyNO,)g B ~ 10 pas (tabu. 3).
ITo peakionnoi criocobroctr HoTap(CeHyCF3)e(CqHy)
3aHMMaeT TPOMEKYTOYHOE  IIOJIOKEHHE  MEXAY
H,Tap(Ce¢HsNO,)s u HyTap(CsH4Br)s. Tak, mpu mepe-
xome ot HpTap(CeHsNO,)s k HyTap(CeH4CF3)s(C4Ha)
u HzTap(C6H4CF3)5(C4H4) K HzTap(C5H4Br)8 CKO-
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POCTBh KHCJIOTHO-OCHOBHOT'O B3aMMOJICHCTBUS C K-
OyTUIAMHHOM B OeH30Ie, Cyas 1o Bemmumaam K>,
yMeHbIIaeTcss B 3 U B ~ 4 pa3a COOTBETCTBEHHO
(rabn. 3). CrnemoBaTenbHO, C YBEIMYCHUEM IIPO-
CTPaHCTBEHHOTO 3KPaHUPOBAaHUS PEAKIMOHHOTO LEH-
Tpa MakpoOIUKIa W/WIN C YMEHBIICHUEM KHUCIOTHBIX
CBOMCTB TeTpaazanopdupunoB B psgy H,TapBr, =
HzTapC|4 - HzTap(C5H4CF3)3 — HzTap(C5H4NOZ)3
- HzTap(C5H4CF3)5(C4H4) — HzTap(C5H4Br)3
B3aMMOJICUCTBHE C a30TCOACPKAIIUMH OCHOBAHHSIMU
B OCH30JI€ CYNIECTBEHHO 3aTPYAHSCTCSL.

Hapsiny ¢ npoTOHOZOHOPHON M NPOTOHOAK-
LENTOPHON CITOCOOHOCTHIO MOJIEKYJ-TIAPTHEPOB, KH-
CIIOTHO-OCHOBHOE B3aUMOJICHCTBHE C Y4acTHEM TeT-
paazanopGupuHOB BO MHOTOM 3aBHCHUT OT JHMDJICK-
TPUYECKON NPOHULIAEMOCTH cpenbl. Tak, pHu 3aMeHe
Oenzomna (¢ 2.27 [21]) Ha xnop6enzon (¢ 5.61 [21])
semmanabl K%, E, u AS” He mperepreBaror cyliect-
BEHHBIX M3MeHeHuii [7, 9, 22]. naue oOCTOUT A€o B
CMEIIaHHOM pacTBopuTese (0eH301 — AUMETUIICYIIb-
doxcun (IMCO)), obmamaroriem 0oiee BRICOKOH JTH-
3EKTPUYECKOl MpoHUIaeMocThio cpensl [23]. Tak, B
cucreme Oenzon — JMCO peaknus KHCIOTHO-
ocuoBHoro B3aumogeiictust H,Tap(CeHsNO,)s u
H,Tap(CsH4Br)s ¢ BuNH; cyriecrBeHHo obseryaercs
no cpaBHeHHio ¢ Oenzonom. [Ipu KOHIEHTpamuu
JIMCO B xonmuaectBe 6omee 1.25% peakuust MexIy
H,Tap(CsHsNO)s 1 BuNH; mipoxoauT mpakTHYECKH
MTHOBEHHO CO CKOPOCTSIMH HE MTO3BOJISIFOIIMH H3Me-
PUTh WX OOBIYHBIMH KHHETHYECKAMHU METOJAMHU.
AHaoruIHBIA (aKT HaOIIOHACTCS IPHU B3aMMOCHCT-
Bun HpTap(CgHyBr)s ¢ BuNH, B cucreme GeHzom —
50% AMCO. CunpHast 3aBUCHMOCTh KOHCTAHTHI CKO-
POCTH PEaKIiy OT MpoleHTHOro coaepxkanus JJMCO
B OeH3one 00yclOBIIEHAa M3MEHEHHWEM IMAJIEKTpUde-
CKOW TIPOHUIIAEMOCTH CpENbl, KOTOpas OKa3bIBaeT
HEMOCPEICTBEHHOE BIUSHUE HA MOJSPHOCTh (HOPMH-
PYIOIIErocsl IEPEXOTHOT0 COCTOSIHUS U, KaK CIEeNCT-
BHE, Ha CKOPOCTh KHCIIOTHO-OCHOBHOT'O B3aMMOJICH-
CTBHSI.

BaxHO OTMETHTB, YTO €ClIM B CUCTeMe OcH-
301 — 50% JIMCO peakuus mexay HoTap(CsHyBr)g u
BuNH, (pK, 10.60 [18]), mpoxoauT npeaenbHo ObICT-
po, To B ciiydae ¢ MorPh (pK, 8.70 [18]) u BzNH,;
(pKa 9.34 [18]) oHa xapaKTepH3yercsi JIOCTATOYHO
HU3KAMH 3HAYCHUSMH KOHCTAHT CKOPOCTEH BCIIEACT-
BHE WX TMOHIKEHHOW MPOTOHOAKIENTOPHON CITOCO0-
Hoctu. Hanporus, yBenuuenue pK, ocHOBaHMiA Ha ~ 2
nopsizika B psimy MorPh — BzNH, — Et3N He okasbI-
BaeT CYIIECTBEHHOTO BJIMSHUS HAa CKOPOCTh U aKTH-
BallMOHHBIE MapaMeTphl mporecca. OnHako 3aMeHa
EtzN (pK, 10.87 [18]) Ha Gmuskuii 0 OCHOBHOCTH
Et,NH (pK, 10.93 [18]) npuBOIUT K CYIIECTBEHHOMY
pocry BemmunH K*® n ymensmenuio E, mporecca,

o0yciioBieHHOMY Hamnbojee OIaronpusTHOH cTepu-
YeCKOW JOCTYHMHOCTBHIO HENOJENCHHOW 3JIEKTPOHHOH
napsl aTOMa a30Ta.
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Humposanuem 4-mpem-oymungpmanumuoa Humpylouwieli cmecvlo cuHmesuposéan 4-
mpem-0ymun-5-numpogpmanumud, amuouzayueii Komopozo KOHUEHMPUPOGAHHBLIM GOOHbHIM
PACmeopom ammuaKa 6 RPUCYMCMEUN XA0PUCHO20 AMMORUS, d 3amem Oezudpamayueii coon-
eemcmeyruiezo ouamuoa xaopoxucvio ocgopa ¢ JIMPA 6vin evidenen 4-mpem-oymun-5-
Humpogmanonumpun. Hoenmuguxayuio yeneeozo coeOuHenus npoeooOuUnU ¢ npusiedeHuem
OaHHBIX IIEMEHMHO20 AHATIU3A, XPOMAMO-MACC-CHEKMPOMEMPUN, HCUOKOCMHOU XPOMAmMOozpa-

duu, AMP 'H,3Cu HK-cnekmpockonuu.

KarwueBble ciioBa: HuTpoBanue, mpem-0oyrmindranuamun, 4-mpem-0yTun-5-autpodranonutpui, IMP
CIICKTPbI, KBAHTOBO-XUMHNYECKUEC PACYECTHI, XPOMATO-MaCC-CIICKTPOCKOIIMA

Cpenu apoMaTHIECKUX HUTPHIIOB 0CO00E Me-
CTO 3aHMMAIOT (PTATIOHUTPHUI U €T0 3aMeIIeHHbIE, KO-
TOpBIC CITY’KAaT UCXOMHBIMUA COCTUHECHUSMU B CHHTE3E
paznmuuabix ¢ramonuanwHoB (Pc) [1- 5], 3HaueHme
TIOCIIETHUX TPYAHO TIEPEOICHUTH, TaK KaK OHM HaXo-
IIT caMOe IMUPOKOE MPUMEHEHUE B PA3IMIHBIX 00-
JIACTSAX HAYKH U TEXHUKH [6-15].

B nurepaType HAKOIIIEH 3HAYMTEIbHBIM Ma-
TepHuaj M0 CHHTE3Y U CBOWCTBAM pa3IMYHBIX 3aMe-
meHHsx Pc [1, 3-18], mMmeromux B OONBITMHCTBE
CIIydaeB OT OJHOTO JO IIEeCTHAIIATH OJHOMMEHHBIX
3amecturteneil. B mocnenHee BpeMs yAensercs BHU-
MaHH€ TaK Ha3bIBAEMBLIM CMeEIIaHO3aMEIIEHHBIM CO-
eOWMHEHMM, T.€. Pc, cogepxamnmm Ha mepudepun Mo-
JIEKYTBI Pa3TUYHBIE TI0 CBOEH MPUPOIE 3aMECTUTEH
[3, 4, 11, 15- 18]. CuHTe3 U HCCIIENOBAHNE TaKUX
KOMILJIEKCOB IIO3BOJIUT B JaJbHEWINEM BBLIIBUTH
BIUSHUE Tepru(epHifHOro 3aMeleHrs] MaKpOKOJIbIIa
Ha (U3NKO-XUMHUYECKHE CBONCTBA (hTAIOIIMAHUHOB.

W3BecTHO, 4YTO HHUTpO3aMEIIeHHBIE QTalo-
IMHAHWHBI 00JIaIafOT MOBHIIIIEHHON YCTOMYHBOCTHIO K
neficTBrio okuciuteneit [19], 9To odeHb BaXKHO IS
psima mporeccoB. YacTto mpakTHYecKoe MPUMEHEHHE
Pc cnepxuBaercss UX OrpaHUYEHHOW PacTBOPUMO-
CTBIO B OPTaHWYECKHX pPacTBOpHUTENsX. Psan opraHo-
pacTBOpuMBIX Pc pekoMeHI0BaH K HCIOIB30BAHUIO
[20-23]. U3BectHO, 4TO mpem-OyTHIbHBIE TPYIIIIBI
MPHUIAIOT cITOocOOHOCTh Pc pacTBoOpsATHCS B oprannye-
CKHX PacTBOPHUTEISX [24].

Wcxonst w3 BBIMIEN3IOKEHHOTO, TIOTyYEeHHE
(hraronMaHNHOB, WMEIOMINX B KayecTBE 3aMECTHTe-
Jeli ONHOBPEMEHHO HHUTPO- M mpem-OyTUIHHBIC
TPYIIIB, IPECTaBISIET MHTEPEC.

W3BecTHO, 4TO OpU HUTPOBAHUU 4-mpem-
OyTui-o-Kcujomna, ooOpasyercs  3-HUTPO-5-mpem-
OyTHII-0-KCUJION, IyTeM IIOCIeIOBaTEeIbHBIX OIepa-
WA W3 KOTOPOTO TONYYaroT 3-HUTPO-5-mpem-
oyrundranonutpun [19, 25] (cxema 1).

NO,
CHjs Hs /
HNO; KMnO o (NH2;€O _ NHOH _
OCI CsH N
P )
Bu-t CH; Bu-t CH; Bu-t 3o
Cxema 1
Scheme 1
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B T0 ke Bpems npu HuTpoBaHuH 4-OpomMdTa-
JIMMUJIA HUTPOTPYIITIA BCTAET B O-TIOJIOXKEHUE K OTHO-
CUTEIBHO 00beMHOMY 3amecTuTento (Br) [26].

0]
t-Bu
HN + NOy'
o)
t-Bu
—_—
NO,
0]
\ t-Bu
—>HN + H
O// NO,
P
Cxema 2
Scheme 2

Hcxons u3 3T0r0, B KauecTBe 00beKTa HUTPOBAHMS ObLT
WCIIONIb30BaH 4-mpem-OyTuiadralMMuz, 3apaHee IoITy-
YEHHBIN 110 N3BECTHON METOIMKE U3 o-Kcuiona [24].

C Uenpl0 NPOrHO3MPOBAHUS HANPABJICHUS
3JCKTPOPUILHON aTaku B MOJEKyle 4-mpem-OyTui-
(raumua ObUTH MPOBECHBI KBAHTOBO-XUMUYECKHIE
pacdeTsl peakiuu HUTPOBAHHS 3TOrO COCAMHCHUS.
TeopeTnueckoe U3y4eHUE MPEUMYIIECTBEHHOTO Mec-
Ta BCTYIUICHUS HHUTPOTPYIIBI B MOJCKY1y 4-mpem-
OyTmidraauMuia TPOBEACHO C HCIOIb30BaHUEM
KBaHTOBO-XMMHYECKHUX PacdeToB o Mmeroxy AMI.

N3BecTHO, YTO B peakiyy HUTPOBAHUS DJICK-
TPOMUIBHBIM areHTOM SBJISICTCA KaTHOH HHUTPOHUS
NO,", a numutupylomeii craaueii - cragus o6paso-
Banus o-komiuiekca (T's) [27].

Peaknuro HuTpoBaHust 4-mpem-OyTHndTanu-
MHUJZa MOXHO TMPEACTABUThH CIEAYIOIIMM 00pa3oM
(cxema 2).

Jlis OolleHKM MecTa BCTYIUICHHSI HUTPOTPYII-
bl OblIa BRIOpaHa BEIMYKMHA aKTHBAIMOHHOTO 0aph-
epa peakiuu AE, paccunTaHHas KaK pa3HOCTbh CYMMBbI
TEIUIOT 00pa30BaHMs UCXOIHBIX coenuHeHuil Ry u R,
U TEIUIOTH 00pPa30BaHUS MMEPEXOTHOI0 COCTOSHUS Ts:
AE= AH%ri+AH -2 AH .

W3 npezacraBiaeHHbIX B Ta0d. 1 TaHHBIX BUI-
HO, YTO HauOoJiee BEPOSTHBIM MECTOM BCTYIUICHHUS
HUTPOTPYIIBl ABIseTCH monoxkenue S5 (AE=2.256
KKaJI/MOJIb).

ITonydeHHble pe3ynbTaThl B JaJbHEHIIEM
OBLIH MTOATBEPIKIACHBI IKCIIEPUMEHTAJIBHO.

Tabnuuya 1

Pe3ysibTaThl KBAHTOBO-XUMHUYECKHX PACYETOB PeaKIMi HUTPOBaHUs 4-mpem-0yTuiidTaaumMuaa
Table 1. Results of quantum-chemical calculations of reaction of 4-tert-butylphthalimide nitration

R i Ts P
1 0
AH’;, xacaz/vos A AH’ , kxan/Mob AH% , kkan/monns AE, kian/mor
KKaJI/MOIb
¢ 5.102
4
< v 6.508
(S
-32.844
2.256
-45.100 221.109 178.296 26178
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HutpoBanue 4-mpem-Oytundranumuna, Kak
u B ciydae 4-Opomdramumuna [26], oCyIIECTBISIH
CMEChI0 KOHIIEHTPHUPOBAaHHBIX a3oTHOH (d=1,51)
u cepHort (d=1,84) xkucior. 3areM MONYYCHHBIH
4-mpem-0yTun-5-uutpopranumun (2) ToABEpraiu
aMHUIM3allMd KOHIIEHTPUPOBAHHBIM BOAHBIM DPACTBO-
POM aMMHaKa B IPHCYTCTBUH XJIOPHUCTOTO aMMOHHUS, a
JeruIpaTalieil COOTBETCTBYOMIEro auaMuna (3) xio-
pokuchkio dochopa B IMDA ObUT BBIJCICH IENICBON
4-mpem-0ytun-5-aurpodramonutpui (4) (cxema 3).

(@]
Bu-t Bu-t
g HNO; NH NH4OH
H>SO4 NH4CI
oN
[e) (@]
1 2
(0]
Bu-t
pocl, Bu-t CN
NH4OQH NH, POCl;
NH,CI NH, DMFA
02N 02 CN
(@]
3 4
Cxema 3
Scheme 3

IMonyuennsiii GragoruTpua (4) mpeacraBis-
er co0ol BemecTBO O€I0ro mBeTa, pacTBOPHMOE B
Pa3IMYHBIX OPTaHWYECKHX PACTBOPHUTENAX (AIeTOH,
OeH3011, XJTOpodopM U JIp. ).

NnenTndukanuio MOMydeHHBIX COCIUHEHUN
MIPOBOJIMIIM C MCTIONB30BaHNEM TaHHBIX DJIEMEHTHOTO
aHa/n3a, XPOMAaTO-MacC-CIIEKTPOMETPUH, KHUAKOCT-
HOW xpomarorpaduu, a taxxe SIMP 'H, *C u UK-
CHEKTPOCKOITHH.

100%1 214

75 Y-

43
50 % 141
° 169 184

114
230

L

50 100 150 200 250
m/z
Puc. 1. Macc-criektp 4-mpem-6yrun-5-aurpodrasonurpuia (4)
Fig. 1. Mass spectrum of 4-tert-butyl-5-nitrophthalonitrile (4)

25 %¢

63 100

0 %/

B Mmacc-criekTpe (MOHM3AIMS SJIEKTPOHHBIM
ynapoM) coenuHeHHs (4) OTMEUEH CHUTHAII MOJIEKY-
aspHOro uoHa ¢ m/z 230 (25 %) [M+H]’, a Takxe
nponykToB ero ¢parmentamuu ¢ m/z 214 (100 %)

[M—CH,]*, 184 (40 %), [M-NO,]*, 169 (35 %) [M—
2CN-CH;3]", 141 (30 %) [M—2CN-3CH3-NO,]" n p.
(puc. 1).

151

10

il

ﬂ-ﬂ—O—HH—Hv—FHH—L&‘H—\%%M—W
3 10 15 20

Puc. 2. Xpomarorpamma 4-mpem-0yTun-5-aurpodranonurpuna (4)
Fig. 2. Chromatogram of 4-tert-butyl-5-nitrophthalonitrile (4)

180 mV 1

ch2

1 2 3 4
t, MmuH
Puc. 3. KunxocrHas xpomarorpamma 4-mpem-0yTuin-5-HUTpo-
¢dranonutpuna (4)
Fig. 3. Liquid phase chromatogram of 4-tert-butyl-5-nitro-
phthalonitrile (4)

AHanm3upysl JaHHBIE XPOMAaTO-Macc-CIIEKTPO-
Metpur (puc. 1, 2), >XKHIKOCTHOW Xpomartorpaduu
(puc. 3), MOXXHO C YBEpEHHOCTBIO CIIENaTh BBIBOI, UTO
B pe3yJIbTaTe BHINICIPUBEICHHBIX OMEparuii MoIydeH
JIWIIb OIMH U3 TPEX BO3MOXKHBIX H30MEPOB:

NO,
NC t- Bu NC t- Bu
NC t- Bu
NC
NO,

B UK cnekrpe ¢ranonurpuia (4) uHabmoma-
FOTCS IIOJIOCHI IIOrJIolieHust B obOiactu 2239 CM_l,

XUMUA 1 XUMHWYECKAS TEXHOJIOI'MA 2013 Tom 56 BbIIL 2 13



COOTBETCTBYIOIIME HATHYHIO
OUaHOTPYNI, a B o0nactu
1539 u 1366 cM™ - mHuTpO-
rpymn. Takxke TpOSIBISIOTCS
MOJIOCH,  COOTBETCTBYIOLIHE
KoJicOaHUsIM  CBSI3CH  mpem-
OyTuibHOM rpymnisl mpu 2800-
3000 cv™ [28].

Hns  mokazarenbcTBa
CTPYKTYphI (Taionutpuia (4)
ucrons3oansl “H 1 °C SIMP
CIIEKTPBI.

—B.0651
—T1.7714

H3

H6

B 'H SIMP crexrpe 4-
mpem-0yTHII-5-HUTpOdTAaIO-
Hutpuna (4) (puc. 4) npucyt- |
CTBYIOT TPH CHHTJICTHBIX CHT-

"oba’

"sha”

K2 THE 2 T 2 T 2 TR 2 T 2 7

(ppm)

"aho” T T7he’

Haj1a: apoMaTH4YCCKUE HPOTO-

—

vl H3 (6=8,07 wm.1), H6
(0=7,77 wm.n) u mpem-0y-
TUJIBHBIE TIpoToHBI (0= 1,46 M.11.). (Home-
pa poTOHOB 3,6 BEIOPAHBI COOTBETCTBEH-
HO pacYeTHBIM BEIMYMHAM Ta0II. 2)
opmo-IlonoxkeHre  HUTPOTPYIIILI  OTHOCH-
TEIBHO mpem-OyTHIILHOTO (hparMeHTa) MOATBEPKIa-
€TCA OTCYTCTBUEM JAJIbHUX KOHCTAHT CHHH-CIIMHOBO-
ro BzanmoneiictBusi (KCCB) B cmektpe (mmst n-pac-
TIOJIOKEHHBIX TPOTOHOB 3HaueHus Jyy MeHee 1 I'mp
[29]), xoTOpBIC paHee HAOIIOMAMCEH IS COSTUHEHUIN
3-HUTPO-5-0-KCHJI0JIa U COOTBETCTBYIONIMX (PTaeBoi
KHCIIOTBI, TAIMMHIA U (TATOHUTPHIA, B KOTOPBIX
NO,-rpymnima HaxoauTes B mema-monoxkeruu [19, 25].

Xumnueckue capura 8 'H n *C SIMP crek-
Tpe 4-mpem-0yTHia-5-HUTPOPTATOHUTPUIIA TIPUBEIEC-
HBI B TaOJI. 2.

Kpome Toro, ¢ 11enpro moaTBepKAeHHS MOTy-
YeHHBIX Pe3yJlbTaTOB OBUIM TPOBEAEHH KBAHTOBO-
XHMHUYECKHe pacueTsl Teoperndeckux SIMP criekTpoB
C HWCIIONB30BaHWEM Iakera mporpamm Gaussian 98
[30]. o onmTHMH3AIH TEOMETPHH HCIIOIH30BAJICT
meronx B3LYP/6-311G(D,P) [31], sBastoututicss pas-
HoBuaHOCTEIO DFT ¢ tuOpuaHbM (pyHKIIMOHATIOM.
Breibop storo meroma oOycIOBIIEH €ro Xoporren
MIPUMEHUMOCTBIO JIJIST PacdeToB COETUHEHUU, COfep-
JKAIIUX aTOMBI IIEPBOT0 M BTOpPOTro mepuoxaa [32, 33].
Koucrantel skpanupoBanus AMP Ha siapax yrnepona
paccunteiBanuch MeromoM GIAO [34], ¢ tem xe
¢hyHKIIOHATOM W 0a3WCHBIM HAa0OpOM, YTO W TIpPH
ontummzanuu  reomerpun  (B3LYP/6-311G(D,P)).
PacuerHbie BeNMWYMHBI XUMHYECKUX CHIBHTOB TIPE/I-
CTaBJICHBI B TA0I. 2.

OtmeruM, 9TO HAOIIOJAETCS XOpoIlas KOp-
pENAIUs pacyeTHBIX M SKCIIEPUMEHTAIFHBIX BEJTHYNH
XUMHYECKHUX CIIBUTOB B¢ (puc. 5). OTO cBUIETENBCT-
BYET, Ha Hall B3TJIS, O TOM, YTO pacdeT JOCTATOYHO
XOpOIIIO BOCHPOM3BOIUT H3MEHEHUE AIIEKTPOHHOU
IJIOTHOCTH B MOJIEKYJIE.

I”I”IIIIIIIT.IUIIIIG!SI”IE.IUI”ISESI”IIII”E.””!0””335”II3.|0IIIIZ!SI”IZ.IUIIHII”

(ppm)

Puc. 4. *H SIMP criextp 4-mpem-6yrnn-5-aurpodranonurpuia B CDCl;
Fig. 4. *H NMR spectrum of 4-tert-butyl-5-nitrophthalonitrile in CDCl,

Taonuuya 2
3KCHepHMeHTaJ’[BHLIe H PaCY€THbIC XUMHUYIECCKHUE CABHU-
ru B °C u 'H SIMP cnexrpax 4-mpem-0yTHII-5-HUTPO-

¢ranonuTpuia
Table 2. Experimental and calculated chemical shifts in
3C u 'H spectra of 4-tert-butyl-5-nitrophthalonitrile

Pacuer | DxciepuMeHT
(GIAO)| (Avance500)
0, M.JI. 0, M.JI.
121,68 114,85
124,96 117,94
141,81 135,12
156,67 148,00
161,97 152,64
137,12 128,67
117,61 113,40
118,45 114,19
44,51 36,92
31,36 30,92
7,97 8,07
7,74 7,77
1.07 1,46

[Tomy4yeHHble pe3yabTaThl IMOJTHOCTHIO TOI-
TBEP)KAAIOT UCCIIEYEMOr0 CTPYKTYPY COSTUHEHHS.

Ko BceMy BBIIIEH3I0KEHHOMY CIIeIyeT 100a-
BUTh TO, 4YTO 4-mpem-OyTun-5-HUTPO(TATOHUTPUI
MOXKET HalTH NPHMEHEHHWE KaK MCXOJHOE COCIWHe-
HHE HOBBIX 4,5-IM3aMEIIEeHHBIX (TaTOHUTPHIIOB.
BoccraHoBiieHHEM HUTPOTPYIIITBI BO3MOXKHO TIONTyYe-
HUe 4-mpem-OyTUi-5-aMUHOQTAIOHUTpUIA. JTO, B
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CBOIO OuYepeb, MO3BOJISIET CHHTE3UPOBAThH Pa3IMYHbIE
3aMeIeHHbIe (PTaJOHUTPUIIBI TPH TOCIEAYIOIMEM
ANKUJIMPOBAHUH, AlMJIMPOBAHUM, a TaKKE BO3MOXK-
HOM miepeBoae 4-mpem-OyTun-5-aMuUHOPTaTOHUT-
pHiia B IMa30HUEBYIO cOjb. TakuM 00pa3oM, CHHTeE-
3UPOBAHHBIN (TAJTOHUTPHUI OTKPHIBAET MyTh K MOTY-
YEHUIO IIMPOKOTO CIEKTpa apOMaTHYECKUX O-AUKap-
OOHMJIOB, a TaKKe COOTBETCTBYIOMIMX (TalOUaAHU-
HOB Ha UX OCHOBEC.

Soems PPM
150 -
y =0,9597x — 1,6884

100 - R?=0,9977

50 |

Spacas PPM
0 - - -
0 50 100 150

Puc. 5. Koppensuus skciepiMeHTalbHBIX U PACYETHBIX XUMHUYE-
ckux cguros B IMP °C criexrpe 4-mpem-6yrun-5-rutpodyraso-
HUTpHIIA
Fig. 5. Correlation of experimental and calculated chemical shifts
in C NMR spectrum of 4-tert-butyl-5-nitrophthalonitrile

OKCIIEPUMEHTAJIbHA S YACTD

4-Tpem-0ytundramumun (1) momydeHn no us-
BeCTHOI Meroauke [24].

Cunrte3 4-mpem-0yTni-5-HuTpOoPTAINMU-
aa (2). B xon0y, cHaOXEHHYI0 MEIIAJIKOH U TePMO-
MeTpowm, 3arpyxatoT 50 mi ceproit kuciotsl (d=1,84)
u 10 r (0,049 mons) 4-mpem-O6ytundrammmuga 1. K
pacTBOpy NpH TepeMenInBaHuy B TedeHne 5-10 mu-
HYT NMPUKANBIBAIOT 5 M1 a30THOM KucioTel (d=1,51).
PeaknnonHyto Maccy mepemMemunBaoT 2,5 9 Mpu KOM-
HaTHOW TeMIiepaType, 3aTeM BhUTUBAIOT B cMech 100
M Bonbl M 150 1 npma. BeimaBmmit ocamok oThuiIbT-
POBBIBAIOT, IPOMBIBAIOT BOJOH 10 HEUTpaJIbHOU cpe-
Ibl ¥ CyIIar.

Bexom: 10, 8 T (88 %). T. . 199-200 °C.
Haiineno, %: C 57.07; H 4.58, N 11.39. C1,H1204No>.
Beraucneno, %. C 58.09; H 4.84, N 11.29. Cnektp
SAMP 'H [AMCO-ds], 8, m.1.: 1,41 (s, 9H, t-Bu), 8.03
(s, 1H), 8.10 (s, 1H), 11.63 (s, 1H, NH). UK (Tonkas
nnenka u3 xuopodopma), cM: 3307 (NH), 1724
(C=0), 1630, 1605 (Ar), 1539, 1376 (NO,).

Cunre3 4-mpem-6yTuii-5-uurpodraiamu-
na (3). B xon0y, cHaGXeHHYI0 MemanKon, 00paTHEIM
XOJIOUJIBHUKOM U TEPMOMETPOM, 3arpyskarot 100 M
KOHLIGHTPUPOBAHHOI'O BOAHOIO PAacTBOpa aMMHaKa,

3 r NH4Cl u mpu mepememBaHUM CYCIICH3UPYIOT
10,8 t (0,044 monb) Menko pactepToro 4-mpem-
Oytuin-5-uutpodranumuna 2. PeakumonHyro Maccy
HarpeatoT 70 30°C u mepeMemmBaroT mpu ciaadboMm
KHIICHHH B TeueHue 2 4, OXMAXAAI0T 10 5 C 1 GuibT-
pytoT. Ocalok MPOMBIBAIOT XOJIOAHOM BOIOH, TIA-
TENBFHO OT)KUMAIOT Ha QUIIBTPE U CYIIAT Ha BO3IyXeE.

Beixon: 10.62 1 (92 %). IlponykT He MIaBUT-
cs mpu "HarpeBanuu 1o 300°C. Haiineno, %: C 54.19,
H 567, N 15.78. C12H15N304. BBI‘II/ICJ'ICHO, %: C
54.37,H 5.66, N 15.85. Criextp SIMP *H [JIMCO-dg],
o, m.ii.: 1.36 (s, 9H, t-Bu), 7.52 (br.s, 2H, NH,), 7.66
(br.s, 2H, NHy), 7.53 (s, 1H, H-3), 7.88 (s, 1H),
7.93(s, 1H). UK (ToHkas mjeHka u3 Xjopodopma),
cm™: 3439, 3335, 3191 (NH,), 1670 (C=0), 1625,
1609 (Ar), 1535, 1378 (NO,).

Cunrte3 4-mpem-0yTHJI-5-HUTPOPTATOHUT-
puaa (4). B koi10y, cHaOXeHHYIO0 MEIIAJIKON U Tep-
MOMeETpOM, 3arpyxaiot 42,5 mn IM®PA u MeaneHHO
npukamnsBatoT 10 mia (0,107 mons) POCl;, cnens 3a
TeM, YTOOBI TeMIlepaTypa pEakIMOHHOM MacChl He
nomauMaiack Beime 35°C. K momydeHHOMY pacTBOpy
npu nepememmBanuu npucemaroT 0,040 momp
4-mpem-0ytun-5-aurpodranamuga 3. 3aTeM peakiiu-
OHHYIO CMECh IEepEeMEIINBAIOT NPU KOMHATHOW TeM-
nepaType B TeueHue 2 4 U BBUIMBAIOT B cMech 100 mi
Boapl 1 150 r mpaa. BemaBmmii ocagok OTQMIBTPO-
BBIBAIOT, POMBIBAIOT BOZOH ¥ CyIIaT.

Bexon: 6.6 v (70 %). T.mn. = 194-195°C.
HafmeHo, %: C 6144, H 458, N 18.97. C12H11N302.
Breraucneno, %: C 62.90, H 4.80, N 18.34. Cnektp
SIMP 'H [CDClg], &, m.zi.: 1.46 (s, 9H, t-Bu), 7.77 (s,
1H, H6), 8.07 (s, 1H, H3). UK (ToHKas IIEHKA W3
xiopodopma), cm ™ 2239 (CN), 2970, 3047 (t-Bu),
1539, 1366 (NO,).

ONeMEeHTHBIA aHaIN3 CHHTE3MPOBAHHBIX CO-
€MHEHUI OCYIIECTBISUIM Ha JJIEMEHTHOM aHaln3a-
tope CHNS-O FlashEA, 1112 series.

WK crmekTpbl perucTpupoBaiM Ha TpHOOpE
«Avatar 360 FT — IR ESP» B o6nactu 400 — 4000 cm™
B TOHKHX TIEHKaX (Xsopodopm).

Temmeparypy IUTaBIEHUS OMpPENENsIN C T10-
MOIIBI0 MaJorabapuTHOTO HArpeBaTENbHOTO CTOJNA
tuna «Boetinus» ¢ HaOIIOAATENEHBIM YCTPOHCTBOM
PHMK 05.

Crextpsl IMP 'H, BC JIeUTepUpPOBAHHOM
nuMeTuicyibhokeuae u aeiirepoxaopopopme (CDClg)
npu T=294 K Obi mONMy4eHBl C WCHOJIb30BAHHEM
cnekrpomerpa AVANCE 500 (Bruker). Pabouas yac-
TOTA Ha siApax 'H cocrapnsana 500,17 MI'u, Ha sapax
Bc - 125,77 MI'n. IlorpemHocTh ONpEaeNeHus Xu-
Muyeckoro capura He npesbimana 0,01 m.n. Xumuue-
ckne cmpuru H, °C ompemenensl OTHOCHTENBHO
BHyTpeHHero ctanaapra TMC. B skcnepumeHTax mno
HaOmoIeHnt0 criektpoB SIMP B¢ MPUMEHSIACh pas3-
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Bs13ka oT mporonos “C{'H} waltz16 (monHoe moxas-
JIHWE CNMH-CIIMHOBOT'O0 B3aMMOJCHCTBHS C MPOTOHA-
Mmu). OTHeceHre curHanoB B cnektpax SIMP 'H, ®C
BBIMIOJIHEHO C HCIONB30BaHUEM KOPPEISLUOHHBIX
COOTHOLIEHUHN [29], nuTepaTypHBIX AAHHBIX POJICT-
BEHHBIX coenuHeHuit [19, 25, 26], a Takxe aBymep-
HbIx SIMP cnekrpo COSY, HSQC.

KBaHTOBO-XMMHUYECKHE pacueThl MPOBOAWIN
C HCIojb30BaHMeM makera mporpamm Gaussian98.
J7ist onTHUMU3aK TEeOMETPUH HCIIONIB30BANICS METOJ]
B3LYP/6-311G(D,P), sBnsitoiuiicsi pa3HOBHIHOCTHIO
DFT ¢ rubpuaHbsiM GyHKIIMOHATIOM.

Macc-creKTpbl perucTpUpoBaii Ha XpoMaro-
macc-crekrpomerpe Saturn 2000R, xomorka VF — Xms
(30 M x0.25Mm).

XKunkoctHyto xpomarorpaduio TpPOBOAWIH
Ha npubope Gilson 306, xomonka RP-18 (Sum), cop-
OCHT — MPUBHUTON CHJIMKAreilb C OKTAJICIHIIOM, DITI0-
€HT — alleTOHUTPHIL.
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B.B. Yanypkun, A.O. Jlutuncknii, B.H. [lepmunos, C.B. Hanypkun

OCOBEHHOCTH B3AHMOﬂEﬁCTUBHH AUMETHUJIOBOI'O D®UPA
HNEPOTOPIJOAEKAHANKAPBOHOBOU KUCJIOTHI C AIKMWJIKETOHAMM

(Bonrorpaackuii rocy1TapCTBEHHBIH TEXHUYECKUI YHUBEPCHTET)
e-mail: chapurkin@vstu.ru

Hccnedosanwvt ocobeHHocmu cunmesa noAUGmMopupoBaHHbIX MEMpPaKemonos no peakx-
UuU OUMemun06020 3IPpupa nepghmopoooeKkanouKapooHoeoll Kuciomesl ¢ anrkuikemonamu. Hc-
X005 u3 pe3yibmamoe Heamnupuueckozo MP2/6-31G* pacuema cmaouii 3mozo npouecca oocy-

JHCOCHBL Oemal MeXaHu3ma Imoil peaxkuuu.

KaroueBblie ciioBa: Qropcoaepkaline TeTpakeToHbl, nepTopaAnkapOOHOBEIE KUCIOTHI, HEIMITUPUYE-

CKUC KBAHTOBOXMMHNYCCKUEC PACYCTHBIC CXEMBI

Haubonee wu3BecTHBIE CIIOCOOBI TMONy4YEHUS
¢dropcoaepkaiux [B-IMKETOHOB OCHOBaHbI Ha pas-
JIUYHBIX ~MOMU(UKALUAX PEAKIUM  KOHIACHCAI[UU
Knsitzena [1- 4], mpudem B KadeCTBE KOHAECHCHPYIO-
IIEr0 areHTa OOBIYHO UCIIONIB3YIOTCS AJIKOTOJISITHI HITH
aMubl HaTpusi. B aHaIOTMYHBIX YCIOBUSIX MOJy4e-
HUE -ITMKETOHOB 110 PEAKIIUU JUIPUPOB TUKAPOOHO-
BBIX KHCJIOT C aJIKMJIKETOHAaMU HE MPEACTABIACTCA
BO3MOXXHBIM, TaK Kak B 3TOM citydae 3¢dupsl anuda-
THUYCCKHUX )II/IKap6OHOBI)IX KHCJIOT MOI'YT CIIY>XUTb HE
TOJIBKO <<3(1)I/IpHI)IMI/I>>, HO U «MCTHJICHOBBIMN» KOM-
MOHEHTaMU. B To ke Bpems IUalKWIOBBIE d(UPHI
nepTopAuKapOOHOBBIX KHUCJIOT B OTJIMYHE OT 3(HU-
POB YTJIEBOIOPOAHBIX TUKAPOOHOBBIX KHCIIOT B YCIIO-
BHSIX peaknnu KoHzaeHcaruu KosifzeHa MoryT ObITh
TOJNBKO d(PUPHBIMU KOMITOHEHTaMHU. ABTOpPHI [S] mpo-
BEITM KOHJCHCAITUIO AWMETHIIOBBIX A(PupoB mepdTo-
PAHTApHOW U MEePPTOPATUITUHOBON KHCIOT C aleTo-
HOM H areroeHoHOM 1o MeTonuke [1] u momyamnn
COOTBETCTBYIOIIME TETPAaKeTOHBI. B [6] m3yueHa pe-
aKI¥s IUATKAIIOBBIX 2(GHUPOB MepdTOPaTUITHHOBON 1
nepTopITUMENMHOBON KUCIIOT ¢ METHIIKETOHAMH, HO
MPH 3TOM B KAadeCTBE OCHOBHBIX IPOAYKTOB OBLIH
TIONTy4eHBl COOTBETCTBYIOINE JUKETOI(PUPHI, a He
TeTpakeToHbl. [Ipudem, Mpu BBEJEHUH B PEAKIUIO B
KauecTBe METHJIKETOHA aleToHa TUKETod(hHup BHIIE-
JIUTH HE YIAJIOCh.

B nmanno#t pabore M3ydeHO B3aUMOJIEHCTBHE
TUMETHIIOBOTO d(upa mepPpTopaoaeKkaHIuKapOoHO-
Bo#t kuciotel (JIMOIID//IK) ¢ ankuiakeToHaMHu

CH3=0—C(CFp)1p~ C— 0 CHz +

+2H—R—C—R, (1)

— 0 0

Ry —C—R{—C—(CFR)p—C—R;—C—R, *

+ 2 CH;OH

Ut Tpex map 3amecturenei Ry u R, @ 1) CH,, i-Bu;
“) CHQ, C6H5; IH) CHCHQCHg, C6H5.

yCTaHOBHeHO, 4YTO B YCJIOBUAX, ONMCAHHBLIX B
[1, 5,6] BeLEMUTH TeTpakeTOHBI HE yhaerca. OmHAKO
O00HapYKEHO, YTO MOTYYEHHIO (PTOPCOACPIKAIMX TET-
PaKETOHOB CIIOCOOCTBYET HCIIOJb30BAHUE B KAYeCTBE
pactBoputenst Terparuapodypana (TT'D), a Taxxke
s¢mpa mmbenzo-24-xpayn-8(1,4,7,10,17,20, 23,26-
oktaokca[10,10]opromukinodan). Ha Bexom Terpaxe-
TOHOB CYIICCTBEHHOC BJIMAHUEC OKa3bIBAIOT HE TOJBKO
YCJIOBHS MIPOBEICHHUS PEAKIIMKM, HO M MPHUPOJIA 3aMeC-
THTENIEH B UCXOMHOM alkuikeToHe. OOHapyKeHO, UTO
3aMEHa METHIILHOU TPYIIEI (areTopeHoH) Ha METHIIe-
HOBYIO (Tponmii)eHMWIKETOH) MPUBOANT K ITOBBIIIC-
HHUIO BBIXOMa TeTpakeToHa oT 63 % mo 69 %, uro, Be-
POSITHO, CBSI3aHO C OOJIbIIIEH PEAKIIMOHHON CITOCOOHO-
cThi0 C-H-cBsi3u y BTOpHYHOr0 aToMa yriieposa.

Jns monmydenus neranpbHOW WHQOpMAIUH O
MEXaHH3ME B3aUMOJICHCTBHS JUMETHIIOBOrO 3dupa
nepPTopaoaeKaHINKapOOHOBOI KHUCIOTHI C aJIKHIIKE-
TOHaMH HaMH MPOBEIEH pacdeT BOSMOXKHBIX dJIEMEH-
TapHBIX CTaJAUN NaHHOW peakilMM Ha OCHOBE HEIMIIH-
PUYECKON PAcCUYEeTHOM CXEMBbI BBICOKOTO YpoBHS MP-
2/6-31G*/ [7-8]. B xauecTBE MOJENBHBIX COETMHEHMI
OBITH BBEIOpAHBI METHIIOBBIH 3dup 3-rumpo-nepdrop-
MPONUOHOBON KHUCIOTHI W OyTaHOH, KOHIEHCHPYIO-
LU areHT — TUIPUA HaTpus U pacTBoputens — TT'O,
TO €CTh H3y4YEHBI DIIEMEHTAPHBIEC CTAIUN CIEAYIOIIETrO
mporiecca

H-CF,—CF,— + CH3—C—CH2—CH3_)

0—CH,

—_— H_CFZ_CFZ—C_TH_C_CH3 (2)

CH,
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Pacuer BO3MOXKHBIX 3JIeMEHTapHBIX CTaaui pe-
axumu (2) TO3BONIMI YCTaHOBHTH criefyromiee. Moneky-
ne1 pactBoputens (TT'®) u ruapuna HaTpus B3anMOIeH-
cTBYIOT ¢ obpazoBanueM komruiekca (TI'®)-NaH (I) ¢
BBIICIICHUEM dHEPruu 74 kJ/Monb:

0 + NaH ——> E> 0---Na—H
®)

od o ad
f + ‘ — —> 3 } ‘
9 v 9
;;'/ 1 ‘\‘a (5)
=;ss = f. I

Hanee xomrmiekce (TT'®) NaH artakyer atom
BOZIOpOZIa TIPH C-YTJICPOIHOM aToMe OyTaHOHA (3TO
B3aMMOJZICHCTBHE MOXKET MPOXOJUTHh KaK M0 MeThje-
HOBOM TpyIIe, TaK U 10 METUILHOW), IPHYEM KOM-
mieke (II) ¢ BeimenmenneM Tterma (=86,5 kJIk/MOb)
obpasyercs Tonbko ¢ CH; - rpymmoii:

CHs;

(TT®)-NaH + (|3H2—C—CH3 —
g
CH,
— (TFd))---Na—H---H—(|3H—C—CH3
o ()

3atem kommuekc (II), mormomiast 3HEpruio
~500 xx/Momb, TpeBpamaercsi ¢ BBIICICHHEM MO-
nekynsipaoro Bogoposa B uons (I1I) u (IV) :

(6)

+
i
OTN& | CH—E—CHg
O
(I ' (V)

XUMUA 1 XUMHWYECKAS TEXHOJIOI'MA 2013 Tom 56 BbImL

-0.84

H
046 [

H—C H
|\ /055\(:/_53 @)
H | |
o/ H
(V)

B cnyuae artakm Oyranona mno CHs-
rpynmne BMmecto anuoHa (IV) oOpasyercs aHMOH
[CH3CH,C(O)CH,] , HO 3TO HampaBjIeHHE Ipolecca
TpeOyer 3HepreTHYecKux 3arpar, OOJbIIMX Ha ~67
k/[>x/Monb.

BzaumopeiictBue katnona (II1) co cnoxubIM
a¢upom (rorsormaercs 452 kJ[/Moib), TPUBOIUT K
obpazoBanuro kapokatuona (V):

+
i -28,8
HCF2CF2_C>O Na---0O. KI[)K/MOJ-H)
CH,
— O —_
HCF.CFy | *
N
C +481
0——NaO kJIx/Mob
CH;,
®
— HCF,CF,——C=——=0 + NaOCHs + O (8)
V)

IIpuBenennsic Ha auarpammax (5) u (10) a¢-
(hekTUBHBIE 3apsAAbpl Ha aToOMaX pPEAKIMOHHBIX IEH-
TPOB CBHJETEIBCTBYIOT O OJIArONPUATHOW BO3ZMOXKHO-
CTH JUTSI TIPOTEKaHUS PEeaKIInH.

Ha mocnenneit cragum kapbanmon (IV) u
KapOkaTtroH (V) COeTUHSIOTCS MeXIy co0oi ¢ obpa-
30BaHHEM IieneBoro nponaykra — nukerona HCF, CF,
C(O)CH (CH3)C(O) CH; (11-13). Beinesnennas mpu
sToM dHeprust ~1357 k/[x/Monp HE TOTBKO KOMIIEH-
CUpYET 3aTpaThl SHEPTHH MPEIbIIYIINX CTaIui, HO U
Jaer oOmmmid BRIUTPHI ~ 364 k/[x/MOb.

B nHanOosee BBITONHONW KOH(UTYpAIA B MO-
JIeKyJie NTUKETOHa KapOOHWIBHBIE aTOMBI KHCIOPOJa
HaXOJATCS B OJHOU ¥ TOH e IJIOCKOCTH U T10 OJHY U
Ty K€ CTOPOHY OT MOIIEKYJIIPHOHU Iierodku. Paccros-
HHUE MeXly aToMaMH Kuciopoza (= 1,88 A) ykasbisa-
€T Ha BBICOKYIO BEPOSITHOCTh O0pa30BaHUS €HONBHOU
(hopMBI (TIIECTUWIIEHHBIN ITUKIT C BOAOPOIAHOM CBS3BIO,
JUTHHA KOTOpoit ~1,76 A).

2 19
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OKCIIEPUMEHTAIJIbHAA YACTb

UK cnexrpsl 3anucansl Ha npubope Specord
IR-75, cextpst IMP 'H — na crextpomerpe Mer-
cury-300 (300 MI'w), BHyTpeHHuii crangapt - TMC.

3,16-quu3onponui-4-(nekaneppropmern-
Jen)okrtagexan-2,4,15,17-rerpou(I). K pacrBopy
1,2 r (0,05 momneit) ruapuaa Hatpus B TT'® npu tem-
nepatype 10°C B cpene mHepTHOro rasa (a3or) mpu
MOCTOSIHHOM TepeMenBanuy npubasisitor 30,9 1
(0,05 moeit) aumernioBoro 3¢upa nephTopaoae-
KaHJIUKapOOHOBOM KUCIIOTHL [lepememnBaHue BEAyT
0,5 gac. 3aTem npu MepeMeUIMBaHUY MPUOABIISIOT 5 T
(0,10 moneit) meTunu3zo0yTrikerona u 0,15 T a¢upa
nbeH30-24-kpayH-8. PeakInoHHyr0 cMech OcTaBIIs-
IOT Ha HOYb. 3aTEM HArpeBalOT Ha BOJSHOU OaHE B
TeueHue 2-3 4. OXJIaKAAIOT, IMOJKUCIAIOT BOJHBIM
pacTBOpPOM CepHOU KHUCIOTBL. OpraHUYEeCKHil CIIOM
OTIENSIOT, HEUTPAIM3YIOT M CymarT Oe3BOIHBIM
cyib(aToM HaTpus. PacTBOpUTENh OTIOHSIOT B Ba-
kyyme. Beixon 3,16-muuzo-npornmi-4-(nexkanepdrop-
MeTHIieH Joktaaekan-2,4,15,17-rerpona(l) 25,2 r (67 %).
UK crextp (v, em™): 1805 (ReC=0), 1732 (RC=0),
1640 (C=0...H), 3424 (OH), 1060-1300 (CF).
Crextp SIMP 'H (d-IMCO, m.x., 8): 1,19 (m, 6H,
2CHs), 2,14 (¢, 3H, CH3), 13,1 (¢, 1H, OH).

1,16-mudpenni-3-(nexkanepdropmMeTnieH)-
rekcagexkan-1,3,11,16-rerpon (II). Anamorudtno u3s
1,2 r (0,05 momneit) ruapuna Hatpus, 30,9 T (0,05 mo-
JIeH) OUMETHUIOBOro 3¢upa mnepdropaoacKaHauKap-
6onoBoi Kucotel, 6 T (0,10 Momeit) arerodeHoOHA U
0,15 r »dupa aubenszo-24-kpayH-8. Brixom 1,16-
nudenn-3-(aexanepdropMerniieH )rekcaaexan-1,3,
11,16-rerpoma(Il) 25,0 r (63 %). VK crextp (v, cm™):
1804 (ReC=0), 1730 (RC=0), 1636 (C=0...H), 3424
(OH), 1030-1342 (CF). Crextp SIMP 'H (d-IMCO,
Mm.1., 6): 7,40 (c, 1H, CH), 7,23-7,89 (m, 5H, C¢Hs),
15,1 (c, 1H, OH).

Kagenpa oprannieckoii Xumuu

2,15-nmamin-1,16-mudennin-3-(nexanepgrop-

MeTHJieH)okTaaekan-2,4,1517-rerpou(I1I). Anano-
ruuHo u3 1,2 1 (0,05 moneit) ruapuna Hatpust , 30,9 r
(0,05 wmomeii) mumernioBoro »dupa mnephTopmome-
KaHuKapOoHoBOW KUCIOTHI, 7,4 T (0.10 Moneit) de-
Hwmponuwikerona u 0,15 r© adupa anbenzo-24-
kpayH-8. Beixon 2,15-auatun-1,16-audenni-3-(neka-
neppTopMmeTHiieH))okraaekan-2,4,15,17-rerpona (I11)
29.3r (69 %). UK crextp (v, cm™): 1804 (Rg C=0),
1726 (R C=0), 1634 (C=0...H), 3568 (OH), 1084-
1360 (CF). Crexrp SIMP 'H (d-IMCO, M.z, 8): 1,20
(t, 3H, CHs), 2,04 (M, 2H, CH,), 6,84-6,94 (M, 5H,
CeHs), 14,8 (¢, 1H, OH).
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T.B. JleBenen, B.O. Kozbmunbix, E.H. Ko3zbMuubIx

CHUHTE3 U CTPYKTYPA 3-APWJITUAPA30OHO-2,4-TUOKCOAJIKAHOATOB

(ITepmckuii TOCynapCTBEHHBIHN MEIarOrnYeCKUii YHUBEPCUTET)
e-mail: Itv.2009@yandex.ru, kvonsctu@yahoo.com

Konoencayueit ankunmemuikemonoe ¢ OUIMUIOKCATAMOM 8 HPUCYHICHGUU 2UOPUOA
Hampus u NOCACOYIOUUM Oelicmeuem cojiell apuioud3onus noay4deHsvt 3-apuicuopazono-2,4-
ouoxcoankanoamst. C nomowpio cnexmpansvnvix memodos ananusa (MK, AMP ‘H cnexmpo-
CKORUU, XPOMAMO-MACC-CHEKMPOMEMPUL U PEHMZEHOCMPYKMYPHOZ0 AHANU3A) YCHMAHO08IEeHbL
0CODeHHOCMU CIPOERUS CUHME3UPOGAHHBIX COCOUHEHUIL.

KiroueBbie ca0Ba: TpPEeXKOMIIOHEHTHAas OJHOPEAKTOpHAas KOHJEHcalus, a3ocoueTaHue, 3-apuil-
1
runpa3ono-2,4-muokcoankanoatsl, MK, AMP “H cnekrpockomnus, xpoMaTo-macc-criekrpomerpust, PCA

N3BecTHO, 4TO THAPA30HBI U UX OKCOIPOU3-
BOJIHbIE 00J1aJIal0T BBIPAKEHHON (PU3UOJIOrMYECKON
AKTUBHOCTBIO, & TAK)KE HAXOAT NPUMEHEHHE B CHUH-
TETUYECKON OPraHWYECKONW W aHAIUTUYECKON XUMHU
[1]. PaHee OBUTIO YCTAaHOBJIEHO, YTO KOHJICHCAITHS
KnaiizeHa apuiMETUIKETOHOB C JMAIKUAJIOKCAIaTAMU
MPUBOIUT K 00pa30BaHUI0 3(PUPOB aAPOUIITHPOBHHO-
rpagabix kucnot 1 [2, 3], mpu B3anMOAeHCTBIUN KOTO-
PBIX ¢ XJIOpHIOM (EHUIIUA30HUS OBUIM TIONYYEHBI
4-apun-3-apunruipa3oHo-2,4-1mokcoOyTaHOBbIE  KH-
ciorel 2 (cxema 1) [4]. 4-AJKUIIpOM3BOIHBIC
3-apuiIruapa3ono-2,4-1MoKCOOyTaHOBBIX KHCIOT 0
HaIlIUX WCCIICIOBAHMM [5] HEe N3yJaInCh.

o)
Arl  Me AIKO
OAIK
+
o AlkOH |1 ETONa,
,?\rz 2.
NH
N
Z° Jaennlcr W
o) COOAIK c ©O
2 1

Cxema 1. Cunres 4-apui-3-apuiiruapa3ono-2,4-1uokco-
OyTaHOBBIX KHCIIOT 2
Scheme 1. Synthesis of 4-aril-3-arylhydrazono-2,4-dioxo-
butanoates 2

Hamu mpeanoxeHna HOBast TPEXKOMITOHEHTHAST
OJTHOPEAKTOPHAs KOHJCHCAIUS aJKHUIMETHIKETOHOB
C IMATUIIOKCATIATOM B MPUCYTCTBUU OCHOBAHMS (TH-
pHia HATPUS) C MOCIESAYIONIMM a30COYETAHUEM C CO-
JISIMU apUIIINA30HUS, 00Pa3yIONIMMHUCS U3 COOTBETCT-
BYIOIINX apuJIaMHHOB N SitU mipu qua3otupoBanuu. B
pe3ynbTaTe BBIJCICHBI STUIIOBbIC dPUPBI 3-apUIITHI-
pa3oHo0-2,4-IMOKCOATKAHOBBIX KHCIIOT 3a-g (cxema 2).

Alk Me
D

(@]
OEt
EtO |
(@]

o)
1. NaH, Toryon
2[ ArNNJCr
o)
OEt
o) ° o
Et -
o) =z I|-|
Alk
N Alk ~ N
| | N Ar
O. _N
"HT DAr o)
3a-g
(E)-3A (2)-3B

3a: Alk = Me, Ar = C,H;; 3b: Alk = Me, Ar = 4-CH,C,H,;
3c: Alk = Me, Ar = 4-NO,CH,; 3d: Alk = Et, Ar = 4-CH,C,H,;
3e: Alk = Et, Ar = 4-NO,C.H,; 3f: Alk = n-Pr, Ar = 4-NO,C¢H,;
3g: Alk = u-Bu, Ar = 4-CH,C(H,
Cxema 2. Cunre3 3-apwirnapa3ono-2,4-11oKcoankaHoaTtos 3a-g
Scheme 2. Synthesis of 3-arylhydrazono-2,4-dioxoalkanoates 3a-g

CuHTE3UpOBaHHBIE COSAWHEHHS 3a-§ Tpen-
CTaBIISTIOT COOOH JKENThIE WM OPaH)KEBBIE KPHUCTAJ-
JUYECKUE BEIIECTBa, JIETKO PacTBOPUMBIE B XJIOpPO-
thopme, nuMeTHICYTH(MOKCHIE, a TPU HATPEBAHUHU — B
ATaHONe, dTUJIAleTaTe, HO HE PacTBOPUMBIE B BOJIE.
DU3BHKO-XUMUYECKUE XAPAKTEPUCTUKU 3-apHiIruapa-
30H0-2,4-TNOKCOATKaHOATOB 3a-( TMpEICTaBICHH B
TabIuIIE.

CrtpoeHue MoTy4eHHbIX CoennHeHun 3a-g yc-
TaHOBJEeHO ¢ nmomompro MK, SAMP H CIIEKTPOCKO-
UM, XpoMaTo-Macc-criekTpoMerpun 1 PCA