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Pazpaborana Meroanka IpsMOTO (OTOMETPUUECKOTO OMNPEAETICHHUsI KOHCTAHT CKOPOCTEH OKHCIIEHUS
JUTHOTpenTOoNa (IMpUMEp THOJIOBOTO COEAMHEHHUs) N-XJIOpTaypuHOM M N-XJIOPIIMOMHOM U HX
aHAJIOTaMHU, MUMEIOIHMMH Pa3JIMYHYI0 CTPYKTYPY PEaKUHOHHOTO LeHTpa. PaccunTaHbl 3aBHCHMOCTH
OT BPEMEHHM CyMMBl ONTHYECKOW IUIOTHOCTH XJIOPAMHHOBOTO OKCHJIAHTAa M ONTHYECKON IIOTHOCTH
quTHaHa (MIPOAYKTA MPEBPAIEHUS AUTHOTPEUTONA) NMPHU Pa3HBIX 3HAUEHHUSIX OMMOJIEKYISIPHOW KOH-
CTaHTBl CKOPOCTH. MICKOMOH BEJIMYMHONM NpPHUHUMAaNN 3HAaYeHHE KOHCTAHTHI CKOPOCTH, NPH KOTOpPOH
HaOII0aI0Ch HAWIydllee COBIIAJEHHE PacyeTHOH KPUBOW M HM3MepsSeMON KHHETHYECKOW KPUBOH
ONTUYECKOH IJIOTHOCTH. AKTHUBHOCTH MOHOXJIOPAMHUHOBBIX OKCHJIAHTOB OTJIMYAIOTCS Majio: KOH-
CTaHTBl CKOpocTH sl N-xnopraypuHa, N-xjgopriaunuHa u N-xnop-2,2-IUMeTHITaypuHa paBHBI
cootBercTBeHHO 170 + 4, 235 + 9.8 u 145 + 43 M~lc'!. TIpu u3MeHeHHH CTPYKTYpH PEaKIHOHHOTO
LIEHTpa IyTeM BBEACHMS B XJOPAMHHOBYIO TPYIIY 3aMeCTHTENed aToMmMa BOJOpOJa, aKTHUBHOCTH
UCCIIEIYEMbIX COEIMHEHHI pPe3Ko TpaHCHOPMHUPYETCs: KOHCTaHTHI CKOpocTH s N-u3ompomii-N -
xinoptaypuna, N,N-guxmnop-2,2-numerunarayputia u N-anetui-N -xjop-2,2-IuMeTHITaypuHa, Onpene-
JICHHBbIE CMOCOOOM KOHKYPEHTHOM KHHETHKM, COCTaBWIM cooTBeTcTBeHHO 9 £ 0,5, 12000 + 950 u
25300 + 3000 M~lc!. Peakunonnas crnoco6HocTs N-XJTOPTIHMIMHA U CTPYKTYPHBIX aHAJOTOB XJIO-
paMHHA TaypHHa IO OTHOIICHHIO K THOJIOBBIM COEIMHEHHUAM KOPPEIHPYET C PacdyeTHON BETUIMHOU
3apsaga akTHUBHOTO xjopa. ITomydeHsl mpeicka3zaHHS O pPEeaKIHMOHHOW CIOCOOHOCTH HEU3BECTHBIX
CTPYKTYPHBIX aHaioroB N-XJIOpaMHHOKHCIOT W N-XJOpTaypHuHa.

Kniouesvie crosa: oxcuoanm, N-xaopmaypun, N-ayemun-N-xnop-2,2-0umemunmayput, Oumuompeumoi,

cnekmpogomomempus, KOHCMAHMA CKOPOCMU.
DOI: 10.1134/50006302919020017

B opranusme mpu akTUBauuu (GaroguToB 00-
pa3yroTcs XJI0paMHUHOBBIE OKCUAHTHI, N-XJIOpHIpO-
W3BOJIHbIE TaypuHa W aMuHOKHUcCIOT [1-3]; oHm
o0magaoT NpoTUBOTpoMOOTHYECKHM [4—8] 1 Tpo-
TUBOMHUKPOOHBIM [8,9—13] cBoiicTBamu. B ocHOB-
HOM OTH CBOWCTBA OOYCIOBIEHBI CIIOCOOHOCTBHIO
M0 KOBAJIEGHTHOMY MEXaHU3MY (XHUMHYECKH) MOJIH-
¢uuupoBaTh B OMOJOTHYECKH 3HAYMUMBIX COEIUHE-
HUAX CepocoAeprKallue I'PYNIbl aTOMOB, IPEXIE
BCero CcynmbOruapuibHbie u cynbumaabie [14-18].
Boo0uie roBopsi, mepcnekTUBY CTaTh TepameBTH-
JecKoW cyOCTaHIMeH WMEIOT T€ COCAWHEHHS, KO-

TOpble 00JaNar0T BBICOKOH COOCTBEHHOW YCTOM-
YUBOCTBIO U XapaKTEPU3YIOTCA BBIPAKEHHOW U3-
OMpaTeNbHOCTHIO B3aWMOJECUCTBUA C MOJEKYISp-
HOW MumeHp0. B ciaydae oOcykmaeMbIX Xiopa-
MHUHOBBIX COG[II/IHCHI/II\/'I I/136I/IpaTCHI)HOCTI) B3aHUMO-
JIEHCTBUS OIpENeNsieTcsi COOTHOIIEHHEM CKOPOCTH
p€akuouu C TepaHeBTHHeCKOﬁ MUIICHBIO U CKOPOCTHU
nmoOouHbIX peaknuid. [lodTomMy I TOHUMaHUS
OMOJIOTHYECKUX CBOWCTB XJIOPaMHHOB TaypuWHa WU
AMHHOKHCIOT COBEPIIEHHO HEOOXOAMMBI 3HAHHUS
WX peakmuOHHOW cmocoOHOCTH. OCHOBHAs KOJIH-
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YCECTBCHHAA XapPaKTCPUCTHKA 3TOH CcmocoOHOCTU —
KOHCTaHTa CKOPOCTH pCaKIHH.

B mocnennee Bpems mpoBonsiTCs pa3pabOTKH
HOBBIX XJIOPAMHHOBBIX COEIMHEHMH, OTHOCAIMXCA
K CTPYKTYpHBIM aHaJloraM XJIOpaMWHa TaypHHa.
OpHO W3 HampaBJCHHH 3THX pPa3pabdOTOK — CO3-
JlaHUE€ YCTOMUYMBBIX cOeNMHEHUN. N-XJIOpTaypuH U
N,N-guxyiopraypus B TBEPJIOM COCTOSHUH JOCTa-
TouyHO ycroituussl [12,19]. UccnenoBatenu B CIIIA
coznanu ux a”ajmor N,N-muxmop-2,2-muMeTHiTay-
PHUH C PEKOpPJIHBIM CPOKOM YCTOWYHMBOCTH B pac-
tBOpe [13,20]. B Hamux paborax Oblia mocraBieHa
3ajjaya MOJYYUTh CTPYKTYpHBIE aHaloru N-xJop-
TaypuHa, OTIMYAIONINECS PEaKIMOHHON CIIOCOOHO-
CTBIO [0 OTHOIICHHIO K CYTb(OTUAPHIBHON U CYIb-
¢bugHo#t TpymmaMm atomoB. C 3TOH IENpi0 B XJIO-
PaMUHOBYIO TPYIIY BBOAWIM alUJIbHBIE WIH aj-
KWJIBHBIE 3aMECTUTEIN aToMa BOJOpPOJA U TEM
CaMBIM TMOJydYaJl OKCHAAHTHI, UMEIOIINE PeaKIH-
OoHHbIE ((YyHKIMOHAJbHBIE) IEHTPHI Pa3ITUIHOMN
cTpyKTYpHl [17,21-25].

3amaga Hacrosmeld paboOTHI COCTOsIa B OIpe-
JIEIEHUU KOHCTAaHT CKOPOCTEH peakLIHuil CTPYKTyp-
HBIX aHAJIOTOB XJOPaMHHOB TaypWHA W TIUIHHA
¢ cynbTHAPUIBLHON IPYNIONH aTOMOB Ha MpUMepe
BOCCTAHOBJIEHHOTO TJIyTaTHOHA M JUTHOTPEUTONA.
OTo BKIOYANO pa3paboTKy Mpouenypbl KHHETH-
YECKOT0 KOHTPOJIS peakUuid M MaTeMaTH4ecKOH
o6paboTku. Ilpu 3ToM menpo pabdoTH OBIIO BHI-
SICHEHHE B3aMMOCBS3M PEAKIUOHHBIX CBOMCTB H
CTPYKTYpbl (QYHKIMOHAJIBbHON TPYINIBl AHAJIOTOB
XJIOpaMHHA TaypHHA.

MATEPUAJIBI 1 METOJbI

Hcnonp3oBanu KoOMMepUYecKHe INpenapaTsl He-
OpraHMYecKux CcoJell M THUINOXJIOpHUTAa HATPHUA
(Sigma-Aldrich, CIIA). 2,2-lumMeruntaypud ObLI
CHHTE3UPOBaH IO METOAY, OMMCaHHOMY B paboTe
[26]. N-anetun-2,2-1MMEeTUITAYPUH MOJYYEH B3au-
MOJEUCTBUEM 2,2-TUMETUITaAypUHA U YKCYCHOTO
aHTUApHUAA IPH HArpeBaHWHM B BOJHOM pacTBODE.

JuxnopaMUHOBBIE IPOU3BOAHBIE 2,2-TUMETHUII-
TaypwHa CHHTE3WPOBANU BBEIACHUEM 2,2-THUMETHUJI-
TaypuHa B pacTBop rumoxiopura (pH 6,25) npu
MOCTOSTHHOM TepEeMENINBaHUN B KOHETHOM MOJISP-
HOM cooTHOIIeHnH | : 2. MOHOXJIOpaMUH IIULHAHA,
MOHOXJIOpDAaMHUH TaypuHa, XJIOopaMuH N -aleTHI-
2,2-nUMeTUITaypuHa, MOHOXJIOPaMHH 2,2-muMe-
TWITaypuHa MOJy4ajdyd NMyTeM BBEIEHHUS THUIIOXJIO-
puTa HATpUs B YCIOBHUAX IOCTOSIHHOTO Iepeme-
IIMBaHUS B BOJHBIE PAcTBOPHl COOTBETCTBEHHO
rIULIUHA, TaypuHa, N-aneTui-2,2-1uMeTuiTaypuHa
u 2,2-TUMeTHIITaypyHA, MOJSpPHAs KOHIICHTPAaIHs
KOTOPBIX TpeBhIIalla KOHIEHTPANHIO THIOXIOPH-
ta Ha 10%. Cmecy N-anerun-2,2-nuMeTHITaypHUHa
u runoxynoputa umena pH 5,75, nns 3aBepuieHus

POIIYIIKWH wu ap.

CHHTE3a 3Ty cMech MHKyOupoBamu npu 6°C B Te-
yeHue 24 4.

B ombiTax Bce coequHEHHUs pacTBOpsUIH B Oy-
dbepHoMm pactBope, coumepxamem 40 MM rumgpo-
¢docthara Hatpus u 10 MM puruapodocdara Ha-
Tpuda. 3Hauenue pH moBoaunu mo 7.4.

O6pa3oBaHue XJIOPAMHHOB KOHTPOJUPOBAIH
[0 HAJIWYUIO B HUX CIEKTPax MOIJIOLIEHHUS Xapak-
TepHBIX MakKCUMyMOB (cM. HIDKe). CHexkTpsl mo-
TJIOIIEHHUSI XJIOPAMHUHOB CHHUMAaJIM Ha cHeKkTpodo-
tomerpe Cary-50 (Varian, CIIA).

Jlng KBAaHTOBOMEXaHMYECKUX PaCYETOB MOJIe-
KYJISPHBIX XapaKTEPUCTHK HUCCIEAYEMBIX XJIOPaMH-
HOB Hucnosb3oBanmu nporpaMmmy GAMESS (Chem-
Bio 3D Ultra, CambridgeSoft, CIIIA). Monaensio
pacTBopuTeNs ObUI MOJAPHU3YEMBIH KOHTHHYYM C
MUDIEKTPUIECKON MOCTOSHHOW BoABl. CTapTOBYIO
KOH(POPMALMI0O MOJIEKYJ BCEX XJIOPaMUHOB ycTa-
HaBJIMBAaJIU UCXOMAS U3 NMPOCTPAHCTBEHHOTO paclo-
JIO)KEHUSI aTOMOB XJIOPAaMHMHOBOM rpynmsl. [[By-
TPaHHBIN yroJ mis nenodyku atoMoB «CI-N—C—-C»y,
BKJIIOYAIONIE aKTHBHBIA XJIOp, YCTaHaBIUBAIU B
nByx BapuaHTax: 180° m 0°. B cinyuae nuxiopa-
MHHOBBIX CTPYKTYp OIHWH aTOM XJIOpa HaXOIUJCS
B nmonoxkeHun 0°, a npyron — 180°. Ing onrtumu-
3allMM TE€OMETPUU W TOJHOM IHEPTHH MPUMEHSIU
Meron ¢yHknuoHana miaoTtHoctu B3LYP, Gaswuc-
HbIk Habop 6-311G(d,p). [Hockompky mmst comoc-
TaBJIEHUsI CBOMCTB MCCIEAYyEeMBIX XJIOPaMHUHOB IO-
JTy4aeMble BEIUYHUHBI DHEPTHU HENb3S HUCIOJIB30-
BaTh BCJEACTBUE PA3IMYHOTO JJIEMEHTapHOTO CO-
CTaBa, PAaCCUYUTHIBAIIA XapaKTEPUCTUKU XJIOPAMH-
HOBOU Tpymnmbl aToMoB. Pacuer BKiIIOYal IIWHEL
MEXAaTOMHBIX CBA3€H, MapuuailbHbBIE aTOMHBIE 3a-
panbpl MannukeHa u JI€BauHa; 3apsabl BbhIpakalu
B €IWHHIIAX MOIYJA 3apsaa dJIeKTpoHa. B Hacros-
meil paboTe HUCHOIB30BAaHBI CpPEIHWUE 3HAYCHHS
JIBYX pac4eTOB MaJJIMKEHOBBIX 3apsAJ0B aTOMa XJIO-
pa (6asuc B3LYP/6-311G), nonyueHHbIe IpH yKa-
3aHHBIX BBINIE BapHaHTax cTapra.

JlanHble W3MeEpeHUs CHEKTPOB TMOTJIOIICHUS,
KUHETUYECKUX KPUBBIX ONTUYECKON TIIOTHOCTH 00-
pabaTeBanu ¢ moMoImbio mporpamMMel MS Excel.
B 1ol )xe nporpamMMe NpoOBOJMIN CTATUCTHYECKYIO
00paboOTKy MaHHBIX W TOJyYaJH ypaBHEHHWE MHO-
KECTBEHHOW perpeccuu (MHOKECTBEHHOH KOppens-
1IN ).

PE3VJIBTATBHI

Kunernyecknii cnexkTpogoToMeTpUyecKHii aHa-
JIN3 peakuuil yMepPeHHbIX XJOPAMHUHOBBLIX OKCHIAH-
TOB ¢ OHOJIOTUYECKH 3HAYUMBIMHU THOJaMU. [1psmoe
ompe/eNneHre KOHCTAaHT CKOPOCTel OBICTPHIX B3aH-
MOJIECTBUH COCIWHEHHM, KaK U3BECTHO, Tpedyer
IUIST UX pEerucrpanuu MNPUMEHEHHUs MalloMHepIH-
OHHBIX KOJIMYECTBEHHBIX MeToJ0B. Cpeaum TaKux
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Puc. 1. Coektpsl mornomenus N-xjopraypuHa (1),
N,N-mguxnopraypuna (2), N-anmermn-N-xiopraypuHa
(3), nutuorpeutona (4), meruonuHa (J5), nutuasa (6);
€ — MOJIAPHBIH KO3 (UIUEHT MOTIIOIIEHHS.

METOJO0B Ba)XHOE€ MECTO 3aHHMaeT CIeKTpo(oTo-
MeTpusi. MI3BecTHO, YTO XJIOPaMUHOBBIE TPOU3BOI-
Hbl€ aMHHOKMCIOT, TaypHHa M HX CTPYKTYPHBIX
aHanoroB 3(G(eKTUBHO MOTIOINAIOT yIbTpaduoe-
TOBOE H3Jy4Ye€HHE M HMEIOT XapaKTepHbIE CIIeK-
TpaJibHBIE TOJIOCHl Toryonienua. Ha puc. 1 moka-
3aHBI CHEKTPHI MOTJOMIEHUS psANa TaKUX COEIHHE-
HHH, U3MEpeHHBIe B HacTosmel padore. CekTphl
N-xnopraypuna, N,N-auximopTaypuHa, IuUTHAHA
(TpoaykTa mpeBpalleHUs DUTHOTPEUTOJNA) MO I0-
JIOKEHUI0 MAaKCUMYMOB MOTJIOUIEHUS, BEIMYUHAM
MOJIIPHBIX KO3((HUIIMEHTOB MOTJIOMEHHUS XOPOIIO
COTJIACYIOTCA C JIHUTEepaTypHbIMU NaHHbIMU [12,18,
27]. Cuextp mnornomenus N-amerun-N-xiop-2,2-
TUMETHITaypuHa OTINYaeTcd Hajau4yueM ciaboBBI-
paXXeHHO# MOJIOCH MOTJIOMCHHS B Auamna3zone 240—
320 am (kpuBas 3), KoTopas paHee OblIa OTMEUYeHa
B CIIEKTpax NpocThiX N-XJIOpaMUJIHBIX COECTUHEHUN
[28]. Perucrpanuio yMeHbIIEHUS ONNTUYECKOHN MIOT-
HOoCcTH Tpu 252 HM, KakK MOKa3aTelb YOBLIH XJIO-
paMUHa TaypWHa, NPYrUe HCCIEAOBATENH HCIIOJNb-
30Bajd MAJIsI KOHTPOJA KUHETHUKU pPEaKUh C Me-
THOHUHOM [16].

MBI npeanpUHSIIN NOMBITKY, H3Mepss KUHETH-
Ky YMEHBIIEHUS ONTHYECKON IUIOTHOCTH TIpHU
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Puc. 2. opmanpHas OUMOJIEKyIsApHast KOHCTAHTa CKO-
pocCTH peakUHuH XJIOpaMHUHAa TaypuHa C BOCCTaHOBJICH-
HBIM TJIFOTATUOHOM TIPH Pa3HbIX KOHIEHTpauusax. KoH-
CTAaHTHl OMNpPEACTSUTH IO JaHHBIM H3MEPCHHH yMEHb-
IEHUsI ONTHUYECKOHW IJIOTHOCTU NHpHU 275 HM.

275 HM, ONpenenuTh KOHCTAHTY CKOpPOCTH B3aH-
MoaeicTBus N-xjaopTaypruHa ¢ riIyTaTUOHOM. Bax-
HO YYHUTBHIBaTh, YTO B XOJ€ 3TOTO Ipoliecca Mpo-
TeKaeT BTOPUYHAS peaKNHs: HaAYaJbHBIH MPOIYKT,
npuoOperaronuii cynsdanonsayto rpynmny (—SOH)
B pe3ynbTaTe OKHUCIEHUS CYIbQTHAPUIBLHONU TpyN-
nel [29], pearupyer ¢ MoOJeKyjlaMU TJIyTaTHOHa C
o0pa3oBaHHEM OKHCJIEHHOTO TJIyTaTHOHA, MMEIO-
Iero AUCYNbQUAHYIO CBs3b. CIEKTp MOTIOIIEHUs
OKHCIEHHOTO TJyTaTHOHA CUJIBHO IMEpEeKpbIBAETCS
CO CIeKTpOM XxiopamuHa TaypuHa. DopmansHO
KOHCTAHTY CKOPOCTH PacCUUTBHIBAIH, U3MeEpssA Ha-
YaJIIbHYI0O CKOPOCTh YMEHBIICHUS ONTUYECKOH
minoTHocTH (ymeHblieHue He Oonee 10%). Ecnm
NPUHATH, YTO 00pa3oBaHWE OKHCIEHHOTO TIyTa-
THOHA HE JaeT CYLIECTBEHHOrO BKJajaa B uU3Mepse-
MYIO ONTHYECKYI IUIOTHOCTb, TO YTIOBOH KO3(-
(¢UIHUEHT KUHETMYEeCKOW KPHUBOW paBeH MpOHU3Be-
JIEHUI0 YeThIpeX BETUYWH: (hopMabHas KOHCTaHTa
CKOPOCTH, KOHLEHTpAIUs XJIOpaMHUHA, €ro MOJIAp-
HBIH KOX(QQUIUEHT MOTIOMEHUs, KOHIEHTpaLHus
BOCCTAHOBJIEHHOTO TiyTatuoHa. Oka3aiaock, 4TO
KOHCTaHTa, ompeaenseMas TakuM (QOpMalbHBIM
00pa3oM, — HEMOCTOsSHHAS BEIWYMHA NPH BapbH-
POBaHUM KOHIIEHTpALMHU TIyTaTUOHA; MPU €€ CHHU-
JKEHHM KOHCTAaHTa Pe3KO yBenuumBaeTcs (puc. 2).
DTO MOXHO OOBSCHHTH TEM, YTO BTOPWUYHASA pe-
aknust 0o0pa3oBaHHMS OKHCIECHHOTO TJIyTaTHOHA,
MPHUBOAAIIAS K YBEIMYSHUIO ONTHYECKON TMIOTHO-
CTH, CHWJIBHO HCKa)XXaeT pe3yJbTaT IPU BBICOKOH
WUCXONHOW KOHIeHTpanuu Tuona. [Ipu ee ymeHb-
[IEHWHW BTOPWUYHAS peaknusl pe3Ko 3aMeIsiercs U
OKa3bIBaeT MeEHbIIEe BIHSHHIA. BeposarHo, panee
ONMHUCAaHHOE HU3KOE 3HaueHue [22] KOHCTAHThI CKO-
poctu 00OCyXIaeMoOi peakIuu OTpa)kaerT 3Ty CH-
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Puc. 3. YnpomeHHas cxeMa B3aUMOJIEHCTBUS XJIOPAMHHOBBIX OKCHIAHTOB C IUTHOTPEUTOJIOM C 00pa30oBaHUEM AUTHAHA,
HUMEIOIEr0 XapaKTePHBIH CHEKTpP IOTJIOMIEHHS B ynbTpaduoneroBoil obmactu. [IpoaykT mpeBpaimeHus OKCHIAHTa He

IMOKa3aH.
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Puc. 4. Cunekrp mormomenus pactBopa N-ximop-2,2-
mumermrraypuna (0,7 MM, kpuBast /) u ero u3MeHEHHE
NpH BBEICHUU TUTHOTpenTona. KoHueHTpanuu no6as-
neHHoro autuorpeutona: 0,7 MM (kpuBas 2) u 0,5,
0,35, 0,25 MM (xpuBBIE IO MOPSAKY CBEpXy BHH3).
N3o06ecTuueckas IJIMHA BOJTHBI — 269 HM.

Tyanuio. 3aBUCUMOCTh OT KOHLEHTpPALUH TIJIyTa-
THOHA (OPMaAJIBHONW KOHCTAaHTHI CKOPOCTH YIAaeTcs
XOpOLIO alIpOKCUMHUPOBATh IOJMHOMOM BTOPOM
CTENEHH; ero IKCTPAIOJAIUI 10 HyJIeBOH KOHIICH-
Tpalluu TJAyTaTHOHA JaeT 3Ha4eHHe KOHCTAHTHI
105 M-l¢c! (puc. 2). Dro Benuuuna OGaM3Ka K
3HAYEHUI0O KOHCTaHTBl CKOPOCTH, NMPHUBEAECHHOHN B
pabote npyrux aBTopoB [16]. K coxanenuro, Takas
npoueaypa onpeaeiaeHus] KOHCTaHT BechbMa TPYIO-
eMKa, I03TOMY UIsl BBISICHEHHS] PEaKLUOHHOHN CIIO-
COOHOCTH Pa3IMYHBIX CTPYKTYPHBIX aHAJIOTOB XJIO-
paMuHa TaypuHa MO0 OTHOUICHHIO K CYJIb(THAPUIb-
HOHW rpymnme ObUIO PEemeHO HCCIEA0BaTh PEaKIUH
C JTUTHOTPEUTOJIOM.

IIpn B3aMMOIEHCTBUU C OKCHIAHTaMU JUTHO-
TPEUTON 3a CYET BHYTPHUMOJEKYISIPHOW peaKkIuu
MOJKeT OBICTPO MpeBpamaTbcs B AUTHAH [27], Kak
3TO MOKAa3aHO Ha CXeMe, MPHUBEACHHOHN Ha puc. 3.
B cnektpe moriomieHus AUTHaHa UMeeTCs IoJjoca
¢ makcumymoMm npu 283 M (puc. 1), mpurogHas
VISl CHEKTPO(OTOMETPUUYECKOTO KHHETUYECKOTO
KOHTPOJISI peakUuid OKCHIAHTOB C CyIb(pruapuib-
HOW TpyINMIOH.
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Puc. 5. Cnextp mornouieHust pactBopa N-XJTOPTIULHU-
Ha (0,5 MM; kpuBas /) U ero U3MEHEHUE P BBEICHUH
nuTHOTpenToNa.  KOHIEHTpanuu  AUTHOTPEUTONA:
1 MM (xpuBas 2), 0,45 u 0,3 MM (KpHuBBIE IO TOPAAKY
cBepxy BHH3). M3o0ecTuyeckas IJIMHA BOJHBI —
273,5 HM.

J g TOYHOTO KOJWYECTBEHHOTO OTMHCAaHUS KH-
HETUKW B3aWMOJICWCTBUS HCCIEIYyEMBIX XJIOPaMH-
HOB C JIUTHOTPEUTOJIOM HE0OXOIMMO 3HATh CTe-
XHOMETpHUYECKUH KOod(QPHIMEeHT 3TOro mpouecca.
MBI IPOBOAVIIN U3MEPEHUS CIIEKTPOB MOTJIOIICHUS
MpH KOHIEHTPAUHIX XJIOPAMUHOBBIX OKCHIAHTOB
U JOUTHOTPEUTOJAa B CMECH, HE IPEBBHIIIAIOIINX
1 MM. IIpu 3TOM ycroBuHW, KaK BHUIHO Ha puc. 4
U 5, Ipu BapbUPOBAHWUU COOTHOIIEHUS KOHIICH-
Tpaluii OKCHUJAHTAa M IUTHOTPEUTOJIa TOJIydaeTcs
CHCTEMa CIIEKTPOB MOTJIOIIEHHUS ¢ M300eCTHYecKO
TOYKOM, T.€. UMEETCs JJIMHA BOJIHBI, IPU KOTOPOU
MOJIIpHBIE KOY(DPUIUEHTH OKCHUIAHTA W JUTHAHA
paBHBI, ONTHYECKass IJIOTHOCTh HE H3MEHSETCS B
X0JIe peakIuu. JTH U300eCTHYeCKue TOUYKU B CITy-
yae N-xynop-2,2-nuMeTuiTaypua u N-XJIOPTIUIU-
Ha HaXOIATCI COOTBETCTBEHHO OKoJOo 269 wu
273,5 aMm. W3 3TuX JaHHBIX CIEAYyeT, YTO B BHI-
OpaHHBIX YCIOBHUAX B3aWMOJIEHCTBHE XJIOPAMUHOB
C MTUTHOTPEUTOJIOM OCYIIECTBIAECTCS B MOJAPHOM
cooTHomieHun 1 : 1, T.e. yOBIIb OKCHIOAHTOB H
o0pa3oBaHHe OWTHAHA MPOHUCXOASAT B COOTBETCT-
BUU cO cxemou puc. 3. Bo3amoxxHO€ B3auMOEHCT-
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Puc. 6. DxcnepuMeHTaNbHAsT KHHETHYecKass KpuBas (/)
ONTUYECKOH IUIOTHOCTU cMecu N-Xn0p-2,2-TUMETHII-
taypuHa (0,5 MM) ¢ gutuorpeutonom (0,3 MM), pac-
YEeTHBIC 3aBUCHMOCTH OT BPEMEHH ONTHYECKOH IIIOT-
HOCTH OTJHEeNbHO N-xjop-2,2-nuMeruntaypuHa (Kpu-
Basg 2), nutha”a (kpuBas 3) MU cymma (WITpUXOBas
nuHus 4) kpuBeiXx 2 U 3. KoHcTaHTa CKOpOCTH TpH
pacuerax — 150 M-lc 1,

BHE OKCHJIAHTOB MMOCIEIO0BATEIBHO C ABYMS CYJIb(]-
TUJIPUIBHBIMY TPYNIAMHU IUTHOTPEUTOIA, a TAKKE
peakmuu MPOMEKYTOUYHBIX MPOIYKTOB, WMEHOIIUX
aktuBHBIe Tpynmbl atomMoB (—SCI) mm (-SOH), ¢
HUCXOJHBIMH MOJIEKYJIaMU JHTHOTPEHTONA 3aMeT-
HOTO BKJaJa B €ro MNpeBpalieHHe He JIaloT.

HOHy‘ieHHBIC JaHHBIC IIO3BOJIAIOT KOJIHNYECT-
BEHHO OIIMCHIBATh KHUHETHUKY HCCIENyeMOTO IpO-
1ecca 00IMEeN3BECTHBIM YpaBHEHUEM KUHETUKH BTO-
poro mopsanka. KoHkpeTrHO, B HalleMm ciydyae 3a-
BUCHMOCTH KOHUEHTpauun autuana (Cpp) ¥ KOH-
nentpanuu oxcupanrta (C,,) OT BPEMEHH HMEIOT
CIEYIOIUNA BU;

Cpp=a(exp(k(a—b)t)—1)/((a/b)exp(k(a—b)t)-1), (1)
Cox=a=Cpr-

B or1o0ii mape ypaBHeHUll k — OUMoIeKyIsipHas
KOHCTaHTa CKOPOCTH peaKLUHH, ¢ U b — HUCcXOoIHbIE
KOHUEHTPAIlUH COOTBETCTBEHHO OKCHJaHTa U [H-
THOTPEUTOJA.

Crenyer noA4YepKHYTh, YTO B BOJHOM PacTBOpE
THOJIOB TpH (HU3NONOTHUECKHX 3HaudeHusx pH
Cynb(QTUAPMIBHBIE TPYIIIBI CYIIECTBYIOT U B HOHH-
30BaHHOMW, M MPOTOHUPOBaHHON dopmax. 31ech U
nanee pedb maer o GopmanbHOU (HabiIOomaeMoOi)
KOHCTaHTE, KOTOPYIO ONpEAeNsiH B pacdyere Ha
00IIYI0 KOHLEHTPaIHNI0 pearupymmux cyiabdrua-
PUIBHBIX Tpymn (U3 pacdyera OJHa aKTUBHAs I'PYII-
ma B OJHOW MOJIEKyJe AUTHOTpenuTosa). Ontude-
CKHE IJIOTHOCTH, OOYCIOBJICHHBIE OTAEIBHO IH-
THAaHOM W OKCHAAHTOM, HaXOJIUM YMHOXXEHUEM
STHUX YpaBHEHHH HA COOTBETCTBYIONINE MOJSPHBIE
K03 GUIMEeHTH TOTIOIeHU TIpu pabodueit qmuHe
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Puc. 7. DxcnepuMeHTanbHasi KHHeTHYecKast kpupast (/)
ONTUYECKOM  IUIOTHOCTH  cMecH  N-XJIOpPIVIMLHUHA
(0,5 MM) ¢ gutuotpeutonom (1 MM), pacueTHble 3a-
BHCHMOCTH OT BPEMEHH ONTHYECKOH IJIOTHOCTH OT-
JebHO JuTHaHa (kpuBas 2) N-xjopriaunuHa (KpuBas
3), u cymma (WTpuxoBas JHHHUSA 4) KpUBbIX 2 U 3.
KoncranTa ckopocTu npu pacderax — 270 M~lcl.

BONHBEI. Baxno MMOOYEPKHYTh, 4YTO OINTHUYCCKasd
IJIOTHOCTH HUCCICAYEMOTIO o6pa3ua CKJIaJbIBacTCs
M3 3TUX [ABYX BCJIHWYHH.

B okcmepuMeHTe perHCTpUpPOBANN KHHETHUKY
ONTUYECKOW TUIOTHOCTH pPEAKIIMOHHOM cmecHu, Mo-
Ty9aeMyi0 IyTeM OBICTPOTO BBEACHHUS B PacTBOP
OKCHJIaHTa PaBHBI 00BEM pacTBOpa JAUTHOTPECHU-
tosnia. KonreHTpanuu o0Ooux coenMHEHUN ObLIH
nono0OpaHel Tak, 4TOOBI peakius MpOTeKaia Je-
CATKH CEKYyHI. DTO 0O0ecneunBai0 MUHHUMHU3AIUIO
HETOYHOCTH B OTCYETE Hayalla peakiuu. M3mepe-
HUsI TIOBTOPSUIA HE MEHee ISITU pa3 C U3MEHEHUEM
HayajJbHOM KOHIIEHTpallMU IUTHOTpeuTosa. Jlnu-
HBl BOJH TaK)Xe WU3MEHSIU C PacyeToM 3aperucT-
pupoBaTh YOBIIb OKCHAAHTA W, HA00OpOT, 00-
pa3oBaHHE MPOJYKTA MPEBPANICHHUS TUTHOTPEUTO-
na — nutuaHa. [IpumMmepsl pe3yiabTaToB TaKUX H3-
MEpeHHi TpHBEeAeHB Ha puc. 6 u 7.

[Ipouenypa omnpeneneHus OWMOJIEKYIIPHOHN
KOHCTaHTBI CKOPOCTH cOoCTossIa B cnenytonieM. [1pu
3aJJaHHBIX HCXOJHBIX KOHLEHTPALUSIX PaCCUUTHI-
BaJIH, 3aJ1aBasi ONPEIEICHHOE 3HAUEHNE KOHCTAHTHI
CKOPOCTH, 3aBUCUMOCTH OT BPEMEHHM ONTHYECKOH
NJIOTHOCTH OKCUIAHTa U IUTHAaHA, KAK 3TO CKa3aHO
BhIme. MIX cyMMy cpaBHUBalIW C IKCIIEPUMEHTAIb-
HO# 3aBHCHMOCTBIO (puC. 6, 7). DTy mpolenypy
MOBTOPSJIA C Pa3HBIMU 3HAYEHUSMH KOHCTAHTEHI,
OOMBAsSICh HAWIYYIIEro COOTBETCTBUA PAaCUETHOU
CyMMBI M DKCIEPUMEHTAIBHON 3aBUcuMOCTH. Kpu-
TEPUEM 3TOTO COOTBETCTBUS ObLIa BEIMYMHA Cpel-
Hell pa3HHUIbl 32 MepHoJ MPUMEPHO MOJyIpeBpa-
menusa. OHa cocraBisna MeHee 5—8%.

ITony4yeHHble 3HaAUYEHUSI KOHCTAHT CKOPOCTEH
s okcuaaHToB N-xjopTtaypuHa, N-xnop-2,2-1u-



218

POIIYIIKWH wu ap.

Tabamma 1. KoHCTaHTBI CKOPOCTH peakIuH MEXY CTPYKTYPHBIMH aHajoraMu N-XJOpTaypuHa U AUTHOTPEUTOJIOM

Koncranra CKOpPOCTH, M1l 3ap;1}1 atroMa xJjopa
XJI0paMHHOBOE COEIUHEHUE
JuTHOTpEenTON M eTHOHUH no Majsnukeny
N-xnopraypusn 170 £ 4 (220 + 11%) - 0,0895
N-xnopriauuud 235 £ 9,8 - 0,0913
N-xm0p-2,2-1TuMeTUATaypUH 145 £ 43 - 0,1001
N,N-guxnop-2,2-IuMeTHITayPUH 12000 = 950%* 45 + 0,3 (pH 5,25) 0,1734
N -aneTmin-N -x10p-2,2-IUMETHITAyPHH 25300 + 3000%* 11 £ 0,9 (pH 5,6) 0,1997

IMpumeuanne. * — 3Ha4yeHUS KOHCTAHT OTpPEAENEHBI METOJOM KOHKYPEHTHON KHHETHKH.

MeTuiITaypuHa U N-XJOpTIULIHUHA NPEACTaBICHBI
B Ta0n. 1. MHTEpecHO, YTO B 3TOH TPyNIEe OKCH-
JIaHTOB HaOJIOaeTcsl He OYeHb 3HAYUTEIbHAS pas-
HUI]A M3y4aeMbIX KOHCTAaHT CKOpocTel. Benumuuna
KOHCTaHTHl sl N-XJopTaypuHa CHJIBHO OTJIMYa-
eTcsi OT 3Ha4deHHs, NMPUBEIECHHOTO B JHUTEparype
[16]. [IpuumHa STOTO HE BIOJHE SCHA.
Hccaenopanue B3auMMOAEHCTBUS BbICOKOpEaK-
HUOHHBIX XJIOPAMHHOBBIX OKCHIAHTOB C CYJb(rus-
PWIBHOM TIPyINIO JAMTHOTPEMTOJIA € MOMOLULIO
CIeKTPo(oTOMEpUN B COYETAHHH C METO0M KOH-
KyPeHTHOiIi KuHeTukH. [Ipu ¢pusnonornyeckux 3Ha-
yeHusAx pH ompenenuTs ONMCaHHBIM NPSAMBIM CIIO-
coO0M KOHCTAaHTBI CKOPOCTEH peakLUuid MeXIy TH-
THOTPEUTOJIOM M CTPYKTYPHBIMH aHAJIOTaMH XJO-
pamuHa TaypuHa, uMermUMH N,N-IUXIOpHYIO
nnmu N-XJTOpaMHAHYK TpYINbl aTOMOB, HE Mpe-
CTaBIISIETCS BO3MOXKHBIM. I HTepecyronue Hac XJo-
pamuHOBBIE coenuHeHUsT N,N-nmuxiop-2,2-muMe-
tuntaypud, N,N-nuxiaopraypuH u N-anerun-N-
XJIOp-2,2-TUMETUATAYpUH — HACTOJBKO CHUJIbHBIE
OKCHAAHTBI, YTO UX PEAKLHUH C JUTHOTPEUTOTIOM

0.15
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Puc. 8. CriekTphl MOTJONIEHUS AWTHAaHA, 00pa30BaB-
merocss u3 nputuorpentona (0,75 MM) B cmecum c
N-xnmopraypunom (0,55 MM) (BepxHssi KpuBasi) U B
TakoW JXK€ CMECH B MPUCYTCTBUM METHOHHHA B KOH-
nentpauuax 0,5, 1,0, 2,5, 5,0 u 15 MM (xpuBbie 1O
MOPSAOKY CBEPXy BHU3).

MOJIHOCTHIO 3aBEPIIAIUCh B MEPUOJ CMEIINBAaHUSA.
Jlns ompenmeneHuss KOHCTAHT CKOPOCTEH OBICTPHIX
peaknuii mpeBpalIeHusl THOJOB IMHPOKO HCIIOJNb-
3yIOT METOJI KOHKYpPeHTHOW KWHeTHKH. OH 3aKJio-
gaeTcss B TOM, YTO HaOII0maloT ociablieHue Tpe-
Bpam€HUA OEJICBOI0 THOJIa B IPUCYTCTBUU APYTOTO
COCUHEHUS C MU3BECTHOM KOHCTAHTOM CKOPOCTH,
KOHKypuUpymoImero 3a okcugant [16,30]. U3mepstoT
OCTAaTOK THOJIa WM KOHLIEHTPALUIO MPOAYKTa Mpe-
BpalleHus MOCJe 3aBEepPUICHUS pPEeaKIUH.

B nHamem ciryyae B KauecTBe KOHKYPHPYIOIIETO
coenquHeHUs ynoo6en mernoHuH. OH cnabo morio-
miaeT ynabTpaguoIeTOBBIH CBET MPU JUIMHAX BOJH
MOJIOCHl IMOTJOUIeHUsd AuTHaHa (puc. 1), mosaTomy
CYLIECTBEHHO He BIHsET Ha (oToMeTpHuecKkoe ol-
peneneHue 3TOro MpPOAyKTa MpeBpalleHus IUTHO-
TpeuTona. M3BecTHas ¢popmyna KOHKYPpEHTHOU KH-
HETUKHU IJIs U3Yy4aeMOd CHCTEMbl HMMeEeT Cilenylo-
MUU BULI:

klk,,= (In((b—Cp1)/b))/In((my—(a—Cpr))mg). (2)

B nannoit Gopmyne k u k,, — KOHCTaHTBI CKOPOCTH
peaKuuu OKCHUIAHTa C IUTHOTPEUTOJIOM M METHO-
HMHOM, 71 — HICXOJHAas KOHLEHTPALUs METUOHUHA.
OcranbHble 0003HaUYeHUS — KaK B ypaBHeHHX (1).

B skcmepuMeHTe K CMecH AWTHOTPEHTONA W
METHOHUWHA J00aBIIsUIM paBHBIA MO 00BeMy pac-
TBOP OKCHIAHTa MPU PHEPTUYHOM IMEepeMEIINBAHUU
u uyepe3 1-2 MHUH U3MEPSIU CHEKTP MOTJIOIIEHUS.
Bennunny Cpp HaXoQuiu, M3Mepsis ONTHYECKYIO
mnoTHOCTh Tpu 300 HM, YTOOBI MCKIIOYHUTH BIUS-
HH€ OCTATOYHOTO METHOHWHA B CIydae €ro BBICO-
KUX KOHIEHTpanuii. J{1s mpoBepKku NIPUMEHHMOCTH
MeTOo/la KOHKYPEHTHOW KHHETHKH K HamemMy o00b-
eKTy HCCIeOBaHUS BHadaje OBIJIO IMPOBEAEHO H3-
MepeHHe KOHCTAaHTBl CKOPOCTH ang N-XJIOopTaypH-
Ha npu pH 7,4. 3navyenne k,, GbLIIO B3ATO PaBHBIM
39 M-l¢7! cornmacno nurepatypHbIM naHHBIM [16],
M0 HAIIUM MpEeIBaPUTEIbHBIM H3MEPEHUSIM OHO
paBHo okosno 40 M~'c’!. Pesynbrar pacuera mo
ypaBHeHHUIO (2) ¢ WCMOJb30BAHHEM JAHHBIX PUC. 8
npuBeneH B Tabxn. 1. [TonydeHHas TakuMm oOpa3om
KOHCTaHTa CKOPOCTH IOBOJBHO Oym3ka (OTiau4ne
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npuMmepHo Ha 30%) K BenuunHE, ONpeaeNIeMOn
HOPSMBIM METOJOM.

OnpeneauTh METOJAOM KOHKYPEHTHOW KHUHETH-
KH KOHCTAHTY CKOPOCTH [Jisi BBICOKOAKTHUBHBIX
XJIOPAMUHOBBIX COCIUHCHHH Tpu (U3UOIOTHYC-
CKOM 3HaueHUM pH He ynajnoch BCIEICTBHE TPY-
HOCTEW WCHOJh30BaHUS OYCHb BBICOKMX KOHIICH-
Tpauuii MeTuoHUHA. [103TOMYy B OmBITE H3MEPSIH
oTHomenue k/k,, B kuciaoi cpeme. Jleno B ToM,
YTO MHOTHE OKCHIAHTHI, HAIIpUMEP IMEPEKUCh BO-
JopoJia, TUMOXJIOPHUT, XJIOPAMHUHBI, MPEUMYIIECT-
BEHHO pearupyloT ¢ 3apspkeHHON dopmoit (-S7)
cynbdruapunsnoi rpynnsl [33,34]. Ee pK, naxo-
JIIUTCS B IIEJIOYHOM JHara3oHe, H03TOMY B KHCIIOH
cpene (pH 5-6) mabmromaemMast KOHCTAaHTa CKOPOCTH
OKUCJICHUSI THUOJIOB PE3KO YMEHBINAETCS U K TOMY
K€ KOHCTaHTa JUJIi METUOHHUHA HECKOJIbKO YBEIIH-
yuBaercsa. CleayeT OTMETHTh, YTO Ja)xe B DTOH
CUTyallUW U3MEPUTH MPSIMBIM CIIEKTPO(POTOMETPH-
YECKUM METOJIOM KOHCTaHTy cKopoctu s N,N-
MUXJIOPHOTO OKCHUIAHTa 3aTPYIHUTENBHO BCIEICT-
BHE TOTO, YTO CHEKTPHl MOTJOIIEHHWS AWTHAHA WU
OKCHIIaHTa CHJILHO IepeKphIBaroTcsa (puc. 1).

[IpenBapuTtensHo ObUIM ONpPENENEHBl KOHCTAH-
THl CKOPOCTEH peaKIMH HCCIEAYEMbIX XJIOPaMUHO-
BBIX OKCHJAHTOB C METHOHHMHOM B KHCJIOH cpene
(tabm. 1). UX u3Mepsann B peXKUME peakIui mep-
BOTO MOpSAKa, YTO OOecmednmBaioch Ooyiee 4yeM
JNBaJNATUKPATHBIM H30BITKOM MeTHOHWHA. [Ipu
TaKOM YCIIOBMM KHMHETHYECKas KpHBas YMEHbIIIe-
HUS ONTHYECKOW IUIOTHOCTH OKCHAAaHTa B MOJY-
Jorapu(PMHUUECKUX KOOPANHATAaX MPEACTABIIIA CO-
0oit mpsamyo (puc. 9). Ee yrnosoil xospdunneHt
paBeH MPOU3BEAECHNUI0 KOHCTAHTHI CKOPOCTH U KOH-
HEHTPaIlMd METHOHUWHA.

Oxunaemas cnekTpodoToMeTpuyecKkas KapTu-
Ha oOpaszoBaHus gutuana B cucrteme N,N-I1uxiop-
HBI OKCHUIAHT, NUTHOTPEUTON] U METHOHUH Tpe-
OyeT crnenuaipbHOTO TMOsICHEHUs. B peaknusax 3Toro
OKCHUJIaHTa C JUTHOTPEUTOJIOM U METUOHUHOM OJI-
HOBPEMEHHO 00pa3yrTcs AuTuaH u N-MOHOXIIOP-
HBIM BapuaHT okculaHTta. [locnenHuil ToXKe B3au-
MOJEHCTBYET C AUTHOTPEUTOJOM, HO MEIJICHHEE,
1 ocrabJieHre 3TOT0 MpoIlecca METHOHUHOM JOJIK-
HO HMMETh MECTO Ja)Ke NIPHU €ro HHU3KUX KOHIIeH-
Tpauusx. [losTomy ymeHsmienne o6pa3oBaHus M-
tuana "Ha 50% cnemxyer cuMTaTh PE3yNbTATOM TOP-
MOJKEHHUs peaklMH, MpOTeKaroued MEeXIy TUTHO-
TPEUTOJIOM M MOHOXJIOPHOH (opmMoil okcuiaHTa.
[Monyuaercs, uTo 3¢ ¢PeKT KOHKYpEHTHOro ocnad-
JIEHUS PeaKIUu MEXIy AUXIOPHOW (HOpPMOHl OKCH-
JIaHTa U AUTHUOTPEUTOJOM — 3TO YMEHBIIEHHE KOH-
HeHTpanuu o0pa3yrolerocs TMTHAaHAa HUXKE YPOBHS
50% npu BBICOKMX KOHLEHTpPALUSIX METUOHHUHA.

[Ipumep criekTpodoTOMETpHIECKUX JAHHBIX 00
o0pa3oBaHMHM [WTHAHA W3 IUTHOTPEUTOJIa TIOJ
neiicteuem  N-anetusi-N-xiop-2,2-1uMeTUITaypHu-
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Puc. 9. Kuneruka yOpumm N, N-guxmop-2,2-1uMeTui-
taypuHa (0,25 MM) mpu B3aMMOJEHCTBUU C METHOHU-
HoM (10 MM) B pexxume peakIuii MEpBOrO MOPSIKA
(pH 5,26). Dy u D — onrtuyeckas IUIOTHOCTH B Ha-
JaNbHBIH M TEKYIIHMH MOMEHTHI.

Ha U N,N-nuxiop-2,2-IuMeTuiTaypuHa NpHu pas-
HBIX KOHIIEHTpalusiX METHOHHHA IpEeACTaBlIeH Ha
puc. 10. Takue JaHHBIE MBI HCMHOJb30BANU s
pacueToB OoTHoOIIEeHUH k,/k 1o dopmyne (2). Haii-
JIEHHbIe TaKUM 00pa3oM BeTWYWHBI st N-areTui-
N-xnop-2,2-gumernntaypuaa u N,N-guxmop-2,2-
MUMETINITaypUHa B KHCIOW Cpele COCTaBUIHU CO-
orBercTBeHHO (407 + 54) m (94,5 + 9,4) M-Ic L,
OTH BETUYUHBI HEOOXOAMMO TEpecuuTaTh A Gu-
3uonorudeckux ycinosuil. Ilo ypaBaenuto I'ennep-
coHa—Xaccenp0axa HaXOAMIM KOHIEHTPAIWH 3a-
psDKEHHON (OPMBI CylIb(PruApHIBHON TPYIIBI AH-
tuorpentona (pK, = 9,2 [31,32]) B kucnoi cpene
u pH 7,4. Ilpn nepexone ot 3Hauenuit pH 5,25
u 5,6 1o 7,4 ykazaHHbIe KOHIIEHTPALNH yBEIHYH-
BAIOTCsSI COOTBETCTBEHHO B 124 u 62,13 pa3za. [lyrem
YMHOKEHHMs BEIMYMH Kk, Ha 5TH 4YuciIa ObLIM 1O-
JIy4eHbl 3HA4YEeHHS KOHCTAaHT CKOpPOCTEeH peakuui
npu pH 7,4 (tabm. 1).

KBanTOBOMeXaHMYecKHe XapaKTepPUCTHKH pe-
AKIIMOHHBIX CBOMCTB CTPYKTYPHBIX AHAJOIOB XJIO-
pamMuHa TaypuHa. Cpeau pacueTHBIX MOJIEKYJsp-
HBIX XapaKTEePUCTHK, OTPAXKAIOIIUX PEaKIMOHHBIE
CBOMCTBAa OKCHJIaHTOB, B IEPBYIO odYepenb Ipea-
CTaBJISIOT WHTEpPEC MaplHalbHBIE 3apsIbl aTOMOB
¥ IJIWHBI CBSI3eH B XJIOPaMHHOBOHW (PYHKIIMOHATE-
HOM aTOMHOM rpymnne. beiin u3ydeHsl yeTsipe BUaa
OKCHAAHTOB, OTJIMYAIOIHUXCA MO CTPYKType (QyHK-
MHOHAJILHON TPYIIBI: XiopamMuHOBas Trpymnma (1),
aTKUJIO3aMelleHHasl XJopaMuHoOBas rpynma (2),
IUXJIOpaMuHOBas rpymnma (3) u xinopaMuaHas rpyn-
ma (4). Ha puc. 11 BugHO, 9TO 3TH BapHAHTHI
OKCHJAHTOB CHJIBHO OTJIHMYAIOTCS IPYr OT Jpyra
BEIIMYMHOW PacueTHOTO 3aps/ia aKTHBHOTO XJOpa.
Jns okcumanToB Buaa (2), MONyYarOIIUXCS MpH
3aMelIeHNH aTOMa BOJIOPO/ia XJIOPaMHUHOBOH T'PyII-
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Puc. 10. CoexkTpbl NOTJIOLICHUsT AUTHAaHA, obOpasyromerocs u3 autnorpeutona (0,75 MM) B MPUCYTCTBUH METHOHHHA
B peaknuu ¢ N-amermin-N-xiop-2,2-mumernnataypuaoM (pH 5,6) mam N,N-mguxnop-2,2-gumeruntaypunom (pH 5,25).
(a) — Ucxomnas xonnentpanus N-anerun-N-xmop-2,2-guMeruntaypuna 0,424 MM, a xoHmeHTpanuu MernoHuHa 0, 5,
10 u 20 MM (xpuBble IO TOPAAKY cBepXy BHH3). (0) — Mcxomnas xonueHtpauus N,N-guxmop-2,2-AuMeTHITaypHHA
0,255 MM (xoHmenTpamnus akTuBHOro xmopa 0,51 mMM), a xonmentpanuu mernonmHa — 0, 10 u 20 MM (kpuBbie 1O

MOPSIIKY CBEPXY BHH3).
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Puc. 11. PacuerHsle mapuuanbHble 3apsAdbl aKTUBHOTO XJIOpA Y Pa3HBIX OKCHIAHTOB: CTONOMKH [—4: N-XJIOpTaypuH,
N-xnmopraumnun, N-xaopBanuH, N-xnop-2,2-mumMeTniTaypus; cronbuku 5—7: N-m3omponmi-N-xnopraypuH, N-merun-N-
xnoprymnuH, N-MeTwi-N-xinopraypus; cronouku §—10: N,N-muxmopriaunuH, N,N-muxinop-2,2-mumerminraypuH, N,N-
IUXIOPTYpuH; cronbuku [/—14: N-anetun-N-xnopraypus, N-anerwi-N-xmoprauuus, N-anetun-N-xmop-2,2-IuMeTui-
taypuH, N-xmopuuxioguraunuH (N-XmopuunepasnH-2,5-110H).

bl HA aJIKWJ, XapaKTEPHbl HAUMEHbIINE BETUINHBI
3apsAlOB Cpeaud M3y4YEeHHbIX coeAuHeHuil. B cpas-
HEHUH ¢ okcumaHTamu BUIOB (1) u (2) BemuamHBI
3apsA70B aKTUBHOI'O XJIOPA Y OKCUJAHTOB TPEThEro
BHUJla, UMEIOLIUX BTOPOHW aTOM aKTHBHOIO XJOpa
(N,N-guxmopnpou3BoaHbIe), HAMHOTO BbImie. Emre
0oJiee BBICOKHE 3HAYCHUS 3apsiia aKTUBHOI'O XJIopa
CBOWMCTBEHHHBI OKcuaaHTaMm Buaa (4) ¢ N-xjopa-
MHIHOW (YHKIMOHAIBHOW TpymIo#, BKIOYAs
N-anerun-N-xn0p-2,2-1UMETUATAYPUH, KOTOPBIH
9KCIIEPUMEHTAJIbHO HM3y4YeH B HacToslledl pabore.

[Ipocroe comocraBiieHHe pacCMOTPEHHBIX pac-
YETHBIX JAAHHBIX U KOHCTAHT CKOPOCTEW peakuui
MEXIy AUTHOTpeuTosoM (Tabn. 1) u mpencraBu-
TENSIMHU OKCHJIAHTOB Pa3JIMYHBIX BUJIOB CBUICTEIIb-
CTBYET, UTO CYUISCTBYET YeTKas CBS3b PEaKI[MOH-
HOW CIOCOOHOCTH XJIOPAMHHOBBIX OKCHIAHTOB C
BEJTMYMHON 3apsaa akTUBHOTO xyopa. Jus Goinee
MOJIHOTO BBISICHEHHUsSI 3TOT'0 BOIPOCA Pa3bICKUBAIU
MHOXXECTBCHHYIO KOPPEISIHUOHHYI 3aBUCHUMOCTD,
CBSI3BIBAIOIIYIO0 U3MEPEHHBIE KOHCTAHTHI CKOPOCTeH
U  MOJEKYISpHBIE pacdYeTHbIE XapaKTEPUCTHKH.
Crnenyer 0XuJaTh, 9TO B YHCIO apTyMEHTOB ATOH
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Taﬁ.lmua 2. PacueTHBIE KOHCTaHTEI CKOpPOCTH pCaKIUHU MEKAY AUTHOTPEUTOJIOM U

N-xnopraypuHa unu N-XJOpPTIHIMHA

CTPYKTYPHBIMU aHAaJIOTaMU

CoennHeHne-0KCUIAHT Pacuernas koncranta PeakimOHHBIN LIEHT
A A ckopoctn, M~Ic! 1 HCHTP
N-uzonponuin-N-xjgopTaypuH 20 (9,0 £ 0,5)*
N-ankuno3amemeHHas
N-merun-N-xmopraunus (N-XJI0pcapKO3uH) 127
XJIOpAaMHUHOBas Ipymnmna
N-merun-N-xmopraypus 102
N,N-guxaopraumun 44 x 103 N,N-Iux10paMuHOBas
N,N-guxiaopTypus 11,9 x 103 rpymmna
N-amerun-N-xnopraypuH 20,2 x 103
N-xnopamujHas rpymnna
N-anerus-N -XJOpTIUIUH 34,5 x 103
N-xnopuuknoguraunul (N-xiopnunepasnH-2,5-110H) 17,3 x 104 N-xnopamMugHasi Tpynmna
N-XI10pCyKUMHUMU, 60,3 x 10° N-xnopumugHas rpymnmna

HpI/IMCLIaHI/IS. * 3KCHepI/IM€HTaHLHO€ 3HAYCHUE KOHCTAHTBI, MOJYYCHHOC crrocooom KOHKypeHTHOﬁ KHHCTHUKU.

3aBHCUMOCTH MOJKET BXOJUThH pa3Mep MOJIEKYJ OK-
CHIIaHTOB (MOJIEKYJISIpHAs Macca), MOCKOJbKY MpH
YBEJIMYEHUU Pa3MEpPOB PEarupymoIiux MOJIEKYI
YCUJIUBAETCSI BIUSHHUE CTEPUUECKOTO OTPaHUUICHHUS.
Bruto BBIABIEHO, YTO AN NATH OKCHAAHTOB
(Tabn. 1) BOCTaTOYHO YHOBIETBOPUTEIBHOE YpaB-
HeHue (K03((UUHMEHT MHOXECTBEHHOW KOoppens-
nuu paBeH 0,9934) MoXHO TONYyYUTH B BHUJIEC 3a-
BHCHMOCTU BEIWYUH KOHCTAHT OT JABYX apryMeH-
TOB: MapUHalIbHBIA 3aps] aToMa aKTUBHOTO XJIOpa
W MOJIEKYJIsIpHasT Macca. YpaBHEHHE HMeEeT Cclie-
IYIOIUNA BUA:

k= exp(1,46+ 55,61g—0,0095M). 3)

B aToMm ypaBHeHUU k, g © M — dHUCIICHHBIC 3HAYCHUS
COOTBETCTBEHHO KOHCTAaHThI CKOPOCTH pPEaKIIuH,
3apsAla aroMa XJIopa U MOJIEKYISpHOW MaccChl.
OKCNOHEHIMANbHBIM XapaKTep 3aBUCUMOCTH ObLI
BBIOpaH HCXOMAS M3 TOTO COOOpa)XeHHs, YTO MO-
JMEeKyJIspHBIE XapaKTePUCTHUKHA HW3MEHSIOTCI B He-
O0oNBIINX TIpelenax, KOHCTAaHThl — Ha TOPSIKH.

IIpu ob6bpatHoMm pacuere mo ypaBHeHuio (3)
KOHCTAaHT CKOPOCTEeH AJisi yKa3aHHBIX OKCHUIAHTOB
MOJIy4aloTCsl 3HAYEHUS, OTIMYAIOIIHECs OT JKCIIe-
puMeHTalbHEIX MeHee yeM Ha 30%. Ypasuenue (3)
IMO3BOJIICT B paMKax TaKOW TOYHOCTU Impe€acKasbl-
BaTbh KOHCTAHTBI CKOPOCTHU HJId APYIrux OKCHUIOAaH-
ToB. OXumaemble (pacueTHbIe) 3HAYSHNUS] KOHCTAHT
minst N-uzonponui-N-ximopraypuHa, N-MeTui-N-
xnopraypuHa, N-metui-N-xnopriaunuHa, N,N-nu-
xyaoptypuHa, N,N-npuxmoraunuba, N-aneTni-N-
xjopraypuHa, N-anetun-N-xjopriaunuHa, N-xjiop-
nurepasuH-2,5-1M0HAa, Ha3bIBaeMOTo Takxke N -Xj10p-
MUKIOJUTITUIUHOM, U N-XJTOPCYKIIMHUMHUIA TPe-
cTaBjieHbl B Tabm. 2.
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[Ipu uccnenoBanuu Moauduranuu cyoCcTpaToB
THOJIOBOW M CyIbQUAHON MPHUPOABI MOTYyYEHBI 00-
IIUPHBIE DKCIIEPUMEHTAJIbHBIE JaHHBIE O PEaKIH-
OHHOM CIOCOOHOCTH XJIOpaMWHA TaypwHa M XJIO-
paMHUHOB pAaa aMuHOKuUcIOT [2,14,16,17,35]. U3
STUX NaHHBIX CJIEIyeT, YTO KOHCTAHTHI CKOPOCTH
peaknuy JaHHOTO XJIOpaMUHA C Pa3IUYHBIMH THO-
JIaMH, Hal[puUMep, ¢ TIyTaTHOHOM, IUCTENHOM, 3,3-
JAMETHIIIIUCTEUHOM (TICHUIIUIIAMUHOM ), I[UCTEAMH-
HOM [15,16], XOTS W pa3nuyaroTCsA, HO HE B MIHU-
pokux mpexaenax. B Hacrosimieli pabote B KadecTBe
MOJIe’U OUOJOTUYECKU 3HAYUMBIX THOJIOB OBLI HC-
MoJb30BaH AUTHOTpenTon (1,4-nuMepkantoOyTaH-
2,3-110J), OKHUCIEHHE KOTOPOro XJIOpaMUHAMHU
MpH YMEPEHHBIX KOHIEHTPAIUAX IPOTEKAJIO B CTe-
XHOMETPUUYECKOM cooTHoIneHuu 1 : 1. DT1o mo3Bo-
JUII0 OCYIIECTBUTH CTPOT0E€ OINMHCAHWE KHHETHKH
M3y4aeMoTo MpoIllecca YpaBHEHHEM pPEeaKIUH BTO-
poro mopsaKa M TEM caMbIM O00ECIeUHMBaJio OIl-
peneneHre KOHCTAHThI CKOPOCTH IO 3KCIIEpHMEH-
TaJbHBIM JaHHBIM KMHETHKH ONTHUYECKOU MIOTHO-
ctd. B Hamux oOmbITaX KOHCTaHTa CKOPOCTH pe-
aKIUM OKHUCICHUS CYIb(PTUAPWIHLHOU TPYIIBI JTU-
THOTpPEUTONa TOoJ JedcTBUeM N-xiopTtaypuHa
(rabn. 1) ornuyamack OT KOHCTaHTHI IJIsI BOCCTa-
HOBJICHHOTO TJIYTATHOHa TOJBKO MPUMEPHO Ha
70% u momajgaer B AMANa30H KOHCTAHT, Xapak-
TEPHBIX [JIs JAPYTrUX OUOJOTHYECKH 3HAYUMBIX
THOJIOB.

BaxHO OTMETHUTH, UTO pEaKIUU C TIyTATHOHOM
U IIUCTEMHOM pAa3JIUYHBIX MOHOXJIOPAMHHOB —
N-xnopraypuna, N-xmopraunuHa U N(3NCHUIIOH)-
xyop-N-alleTHJININ3UHA — NPOTEKAIOT CO CPaBHHU-
MBIMH ckopocTaAMH [16]. Hammu nannbeie cornacy-
IOTCSL ¢ 9TOH 3aKOHOMEPHOCTBIO: PEaKLUH pas3yind-
HBIX MOHOXJIOPAMHHOB C IUTHOTPEUTOJIOM Xapak-
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TepHU3yIOTCd ONU3KUMU KOHCTaHTAMHU CKOPOCTEH
(Tabim. 1). OTo yka3pIBaeT Ha TO, YTO PEAKIIMOHHASL
CoCOOHOCTh XJIOPAMUHOBBIX COCAMHEHHH B OTHO-
II€EHHUHU THOJIOB HE CHJIBHO 3aBUCHUT OT ATOMHBIX
IPYII, PAacHOJ0XEHHBIX B MOJIEKYJaX IajleKo OT
PCAaKOUOHHOIO HEHTPa C aKTHUBHBIM XJIOPOM.

B nureparype UMEHOTCS OLEHOYHBIE JAHHBIE O
pEaKIMOHHOW aKTUBHOCTU OKCHIAHTOB, CBOWCTBA
KOTOPBIX OMpenenseT He MPOCTO XJIOpaMHHOBAs
rpymnmna B MEPBUYHOM aMHUHE, a HHbIE (PYHKIIHO-
HaJbHBIE Tpymnmbl. Hampumep, yka3aHO, 94TO KOH-
CTaHTa CcKOpocTH peaknuu Mexay N,N-guxiop-
TaypUHOM U BOCCTAHOBJICHHBLIM TI'JIYTATUOHOM IIpEC-
seimraer 1000 M-l¢c! [21], a N-xmopuukioauriu-
OUH OKHUCIIACT BOCCTaHOBJIEHHBIH TJIyTaTUuOH
(pH 7,2) ¢ koHCTaHTON CKOpPOCTH, MpEBHIIIAIOLIEH
50000 M~'c! [36]. B macrosiuieii pabore npuMeHeEH
METO KOHKprHTHOﬁ KHMHETUKHN C UCIIOJIBb30BaHU-
€M METHOHWHA B KaueCTBE KOHKYPHUPYIOIIETO CyO-
cTpata, 4TOoOBl OMpPEACNUTh KOHCTAHTHI CKOPOCTH
mas N,N-guxmop-2,2-guMeTuiaTaypuHa (mpencra-
BUTenb N,N-IUXJIIOPHOTO pPEaKIHOHHOTO I[EHTpA)
u N-anermn-N-xjaop-2,2-TuMeTUIATaypruHA (TIpHIMeEp
N-x70paMUAHOTO pEaKIMOHHOTO TeHTpa). M3me-
peHHs yIaioch IPOBECTH Oyaroaaps nepBoHavaIb-
HOMY OTIpENeIeHUI0 CKOPOCTH MpEBpalleHUus IH-
THUOTPCUTOJIa TOJ I[CﬁCTBHGM OKCHUAAaHTOB B KH-
cloil cpene, Korjga IMpoliece CHIbHO 3aMemJIeH, U
MOCIEAYIOIIEeMY IepecyeTy KOHCTAHTHI CKOPOCTH
Ha KOHIIEHTPALHIO 3apsKeHHOU (GOPMBI Cynb(Tui-
pHIBHOW TPyHmbl Npu (U3UOTOTUYECKUX YCIOBH-
sx. O0o0mas sKcrepuMeHTalbHbIC TaHHBIE, TOJY-
YeHHbIe U1 N-XJIOpTaypuHa W €ro CTPYKTYPHBIX
aHajoroB (tabis. 1), MOXHO 3aKIIOYUTH, YTO pe-
AKIIMOHHas aKTUBHOCTH MOHOXJIOPAMHUHOBOTIO OK-
CHUIaHTa IMMOYTHU Ha ABa MOpAJKa HHUXE aKTUBHOCTHU
okcugaHTa, uMmeromero N,N-AuXJIOpHBIH peakuu-
OHHBIA HeHTp. ONHAKO peaKIMOHHas aKTUBHOCTH
9TOr'0 OKCHJaHTa 3HAUYUTCIBbHO YCTYIIA€T AaKTUB-
Hoctu N-xilopaMUIHOTO OKcujaHta. CaMmyr HU3-
KyK CIIOCOOHOCTh OKHCISTH CYIbQTHAPWIHHYIO
TPYIIy UMEET OKCUIAHT, UMEIONUN PeaKIIHOHHBIH
LIEHTP B BUJE€ aJKUJIO3aMEIIEHHOW XJIOpaMUHOBOM
TPYNIBI, KaK 3TO BHAHO Ha mpumepe N-m30mpo-
mmwi-N-xmopraypuna (tabm. 2).

Bo3nukaer Bompoc, cnpaBemyiiuBa Jd 3Ta 3a-
KOHOMEPHOCTh M AJI1 APYTHX COEIUHEHUH C ak-
TUBHBIM XJIOpOM. Mg HU3y4eHUS ITOU MPOOIEeMBI
MBI TPHUBJIEKIN KBAHTOBO-MEXaHUYECKHE PacueThl
MOJIEKYJSIPHBIX XapaKTepHUCTHUK OKcuaaHTOB. OO0-
Hapy>XeHO, YTO YKa3aHHBIE BBIIIE OKCHAAHTHI C
pa3IUYHBIMU pEaKIMOHHBIMU IEHTpaMU XapakTe-
pU3yIOTCAd pa3HBIMH 3HAYEHUSAMH NapLHaIbHOTO
3apsiga akTUBHOTO xjopa (puc. 11). 3HaueHus KoH-
CTAaHT CKOPOCTEH peaKuuu ¢ AUTHOTPEUTOJIOM, O~
peneneHHble SKCIEPUMEHTAIbHO, OTYETIMBO KOp-
PeNIMpYOT ¢ BEIMYMHAMH HapLUAIBHOTO 3apsaa

POLIYIIKWH wu ap.

akTUBHOTO xijopa (tabmn. 1). Bece »3To mo3Bomuio
KOJIMYECTBEHHO CBS3aTh KOHCTAHTHI M 3apSIbl aTO-
Ma XJopa B BHJE YpaBHEHHUS MHOXKECTBEHHOU KOp-
pensinuu, B KOTOPOM KpOME 3apslia aKTHBHOTO
XJIOpa apryMEHTOM CIYXHT MOJEKYyJIsIpHas Macca
okcHJaHTa. Pe3ynbTaThl pacuera 1Mo 3TOMY ypas-
HEHUIO KOHCTAHT CKOPOCTEH A psiaa APYrux OK-
CHJaHTOB CBHUAETEILCTBYIOT (Tabn. 2), 4yTo cpeau
XJIOPAMHHOBBIX OKCHJIAHTOB, SIBJISIOMINXCS CTPYK-
TYPHBIMH aHAaJOTaMH XJIOPAMHHOB aMHHOKHCIOT
Y TaypuHAa, HAOJIIOMaeTcs OMUCaHHAs BhINIE 001mas
3aKOHOMEpPHOCTh, Kacammiascs CTPYKTYpHl peak-
IIHOHHBIX I[EHTPOB M CIOCOOHOCTH OKHUCIATH THO-
npl. CremyeT OTMETHTh, YTO 3aMeElIeHHe aTOMOB
BOJIOPOJa B MOJIOKEHUU 2 Ha METHJIbHBIC TPYIIIBI
B CTPYKTYPHBIX aHaliorax XJOpaMHHa TaypuHa,
€clii U BJIMSET HAa MX PEAKIMOHHYIO CIOCOOHOCTB,
TO cnabo (ta6xa. 1 m Tabn. 2).

WNHTEepecHO cpaBHUTH CIIOCOOHOCTU OOCyX)Iae-
MBIX OKCHJIAHTOB OKHCIATH CYIbQTHAPIIHHYIO U
cynbpuaHy0 Tpymnmsl aTomoB. Kak u B ciyuae
THOJIOB, pEaKINH MEXKIy METHOHHHOM H XIopa-
MHHAMH Pa3INYHBIX aMUHOKHCIOT W TaypuHa OT-
JUYAIOTCS 110 BETUYNHE KOHCTAHT CKOPOCTEH JINIIh
B HECKoJIbKO pa3 [15-17]. KoucraHTB cKOpOCTH
OKHUCIICHHS METHOHHMHA OKCHJAHTAMHU C aJKUJI03a-
MEIIEHHONW XJIOPAMUHOBOW TpYIIION TOro K€ IOo-
psaka, 9TO U B ciaydae XJOpaMHHa TaypuHA, AOC-
turaror 10-15 M~'c! [17]. Pacuersl mpenckasbl-
BalOT [17], 4TO peakuus MeXAYy METHOHUHOM U
OKCHJAHTaMHU C XJIOPAMUJIHBIM PEAKIIMOHHBIM IICH-
TPOM JIOJDKHA MPOTEKaTh MEAJIEHHEee, 4eM B cliydae
XJIOpaMHHA TaypHHA.

HUcxons u3 pacCMOTPEHHBIX JaHHBIX, MOKHO
BBISIBUTh CTPYKTYpHBIE OCOOEHHOCTU XJIOPAMHUHO-
BBIX OKCHJAHTOB, KOTOPHIE 00ECIEeYNBAIOT B CIOXK-
HBIX OWOJIOTHYECKHX OO0BEKTaX H30HPaATEIHbHOCTH
HaYaJIbHOW MOAupHUKAHU OCITKOBOW MHUIICHHU, CO-
JiepKaleid YyBCTBUTENBbHBIN (IOCTYNHBINH) OCTATOK
cBoOonHOrO 1ucrenHa (I), WM MHUIIEHH C YyBCT-
BUTENbHBIM ocTaTkoMm Meruonuna (II). Breiopar
nokasaTeslb M30UpaTeIbHOCTH, IO ypaBHEHHIO (2)
MOXHO HalTH OTHONIEHHE KOHCTAaHT CKOPOCTEH
peakuuii ¢ mumensmu 1 u II, oOecneunBaromiee
n30upatenpbHOCTh. Bo3bMeM B KadecTBe Mokaszare-
71 N30MpaTEeTLHOCTH JO0JI0 OKCHUIAHTA, IIpOopearu-
POBABIIETr0 ¢ MUIIEHBIO HaHHOTO Tuma. Ecnu sToT
mokasartenb paBeH 0,95, OymeM cuuTaTh, UYTO HMEET
MECTO BBIpa)keHHasi M30upaTenbHOCTh. [Ipu sTOM
YCJIOBHH W TP OJUHAKOBOM KOHIIEHTpAIUH 00eux
MHUIIEHEH B HCCIEIyeMOM OOBEKTE pacueT MoKa-
3bIBA€T, YTOOBI BBIpaXKEHHAs U30UPATEIBHOCTH
B3aUMOJICHCTBUSA ObLIa HA CTOPOHE MHUIIEHH I,
KOHCTaHTa CKOPOCTH peEaKLUUU OKCHAAHTA C €€
CynbQTUAPWILHONW TPyNHOW JOJDKHA TPEBHIIIATH
KOHCTaHTy IJIsl cyab(uaHoi rpynnsl B mumeHu 11
npuMmepHo B 50 pa3. MOHOXJIOpAMHUHOBBIE MPOU3-
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BOJIHBIE TaypHHAa M aMUHOKHUCIOT IOJDKHBI MOJIH-
¢umupoBath 00a THUma 00CY)XKZaeMBIX MHIICHEH
0e3 BBIpAXCHHOW W30MPATEITHLHOCTH: KOHCTAHTHI
CKOPOCTH peakuuii cynbOruapuibHON U Cyiabpua-
HOW TPyHH C OKCHJIaHTAMHU OTIWYAIOTCS HEOOCTa-
To4HO. CTPYKTYypHBIE aHAJOTH XJIOpaMHHA TaypH-
Ha, B KOTOPBIX PEAKLMOHHBINH LEHTp — aJIKHJIO3a-
MeEIIeHHas XJOpaMUHOBasg TIpyNma, CPaBHUTEIbHO
MEIJIEHHO B3aUMOJICHCTBYIOT € CyIb(THAPHIBHON
rpynmnoii (tabn. 2). Hecmotpst Ha 3TO, Takue OK-
CHAAHTHl HE CIOCOOHBI C BBICOKOW M30UpaTenbHO-
CTBI0O MOIM(ULHMPOBATH MHUILIEHb, B KOTOPOH 4yB-
CTBUTEIBHBIM LEHTPOM sBIsAETCSd MeTHOHUH. OK-
CHAAHTAMHM BBICOKOM30MPATENBHOI'0 THIA AEHCT-
BHsI HA MOJICKYJISIPHYIO MHUIIIEHb C YyBCTBUTEIBHBIM
OCTAaTKOM HHCTEHHA JOJIKHBI OBITH XJIOPAMHUHOBBIE
MPOU3BOIHBIE TAYPUHA U AMHHOKHUCIOT, Y KOTOPBIX
peakuUOHHBIM LeHTp — N,N-guxnopHas uIHx
N-xnopamunHas rpynnsl aToMoB. N-XJIOpaMHUIHbIE
OKCHJIAHTBI, KaK MMEIOIIHE OJUH aTOM aKTHBHOTO
XJ0pa, ynoOHH A5 N30UpaTENIbHOTO KOBAJIEHTHO-
ro UHTUOMPOBaHUS QYHKIUI OEIKOB-THOJIOB B TEX
WY WHBIX LENAX.

Hrak, Bce pacCMOTpEHHBIE JaHHBIE CBUACTEIIb-
CTBYIOT O TOM, YTO pEaKIHMOHHAs CIOCOOHOCTH
CTPYKTYPHBIX aHAJOTOB XJOPAMHHOB TaypuUHA U
AMHHOKHUCIOT BapbUpyeT B OYECHb IIUPOKUX Ipe-
Jlenax: pa3Hulla B BeIUYMHAX KOHCTAHT CKOPOCTEH
OKHCIEHHS CyIb(OTHAPUILHON TPYIIBI TUTHOTP CH-
TOJIa COCTAaBJISAET HECKOJbKO MOPIAKOB. DTO OI-
penenseTcs pazIudueM B CTPYKTYpE peaKIIHOHHBIX
IIEHTPOB OKCHUIAaHTOB. Hanbonbmiel peaknumoHHOMN
CoCOOHOCTHIO 00JaMal0T XJIOPAaMHHOBBIE OKCH-
JIaHTHI, B KOTOPBIX PEAKIIMOHHBIN IIEHTP MPEICTaB-
nser coboit N-xiopaMuIHYIO CTPYKTYpy. Takue
OKCHJAHTBI MOTYT O00ECHe4YuTh BBICOKO H30Upa-
TENbHYI0 KOBAJEHTHYI0 MOJH(PUKALIHIO OEIKOB-
THOJIOB.

PaboTa BEITIONIHEHA MPH YaCTHIHOW (puHAHCO-
Bo¥t monnepxke Poccuiickoro ¢omma dyHmameH-
TaxpHBIX uccnenoBanuii (rpant Ne 16-04-00220).
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Properties of Biologically Significant Chloramine Oxidants:
Reactivity and Its Dependence on the Structure
of the Functional Atom Group

D.I. Roshchupkin* **, V.L. Sorokin***, G.N. Semenkova***,
K.V. Buravleva**, and M.A. Murina**

*Pirogov Russian National R esearch M edical University, ul. Ostrovityanova 1, M oscow, 117997 Russia

**Federal R esearch and Clinical Centre of Physical-Chemical M edicine, Federal M edical Biological Agency
of Russian Federation, ul. M alaya Pirogovskaya la, M oscow, 119435 Russia

***Belarusian State University, prosp. Nezavisimosti 4, M insk, 220030 R epublic of Belarus

A procedure for the direct photometric determination of rate constants for the oxidation of
dithiothreitol (a thiol-compound example) by N-chlorotaurine and N-chloroglycine and their analogues
that have a different structure of the reaction center was developed. The time dependences of the
sum of the chloramine oxidant absorbance and the absorbance of dithian (the product of the
dithiothreitol conversion) were calculated for different values of the bimolecular rate constant. The
rate constant value was considered as established when the best agreement between the calculated
curve and the measured kinetic curve of absorbance was observed. Oxidative activities of monoc-
hloramine oxidants differed little: the rate constants for N-chlorotaurine, N-chloroglycine and
N-chloro-2,2-dimethyltaurine were equal to 170 + 4, 235 + 9.8 and 145 + 4.3 M~ ls1  respectively.
When reaction center structure was modified by introducing the substituents of the hydrogen atom
into chloramine group, activities of the compounds under study changed dramatically: the rate
constants for N-isopropyl-N-chlorotaurine, N,N-dichloro-2,2-dimethyltaurine and N-acetyl-N-chlo-
ro-2,2-dimethyltaurine, determined with a competitive kinetics method, were 9 £ 0.5, 12000 £ 950
and 25300 + 3000 M~!s71, respectively. The reactivity of N-chloroglycine and the structural analogues
of taurine chloramine with respect to thiol-compounds correlates with the magnitude of active
chlorine charge. Predictions about reactivity of unknown structural analogues of N-chloramino
acids and N-chlorotaurine were obtained.

Keywords: oxidant, N-chlorotaurine, N-acetyl-N-chloro-2,2-dimethyltaurine, dithiothreitol, spectropho-
tometry, rate constant
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