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oxyl (PINO) radical, the effective species in the reaction of H-atom abstraction from the molecule of
substrate.

Key reaction in furanics oxidation is H-abstraction from the molecules of HMF, 2,5-difurfuryl
alcohol (DHF) and DFF.

PINO radical has been generated in situ from parent hydroxyimide, NHPI, by oxidation with
iodobenzenediacetate. The rate constant of H-abstraction (k+) from disubstituted furans by PINO has
been determined spectroscopically in acetonitrile.

Obtained data shows that the bimolecular rate constant of hydrogen abstraction from the
aldehyde group of DFF is lower than the rate constant for hydroxymethyl group of 2,5-difurfurylalcohol.
It means that in the oxidation process hydroxymethyl group oxidized primarely in the presence of a
PINO.

A feature of oxidative transformations HMF is that the direction of the reaction and oxidation
products, respectively, depend on the reaction conditions. The process can proceed by simultaneous
or sequential oxidation of the hydroxymethyl group and aldehyde groups, but it is also possible the
selective oxidation of one functional group. Wherein the hydroxymethyl group can be oxidized to an
aldehyde group as well as to a carboxyl group without affecting the second functional group and the
furan ring. Using a mild oxidant such as molecular oxygen and catalysts based on NHPI allows
directionally oxidizing alcohol groups, including 2-hydroxymethyl group to a formyl group, and the
highly reactive aldehyde group is not oxidized.

Keywords: oxidation, N-hydroxyphthalimide, phthalimide-N-oxyl radical, furan derivatives.
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N3YYEHUE TAYTOMEPUU UMHUHO-ITPOU3BOJAHBIX I'OCCHUIIOJIA

lMpoeedeH KeaHMOBO-XxUMUYECKUU pacyém cmpykmypbl U KorebamerbHbIX Crekmpos
OUeHaMUHHbIX U OUUMUHHbIX MaymoMepHbIX ¢hopM mpEX UMUHO-Pou3B800HbIX eoccurona (4-
memokcu- U 2,5-0umemokcuduaHunuHo2occuronos, a makxe OugeHunaudpal3oHa aoccurona)
rnosyamnupudeckum memooom PM3. CpasHeHue aKkcriepuMeHmarsbHbIX U MmeopemuyecKux Criekmpos
U3y4YeHHbIX CcoeOUHeHUl [10380/UI0 yCMaHo8UMb MmaymomMepHble opMbl, rnpeobradaruwue 8
meépdoM COCMOSsIHUU. MPOU3800HbIE aHUNTUHO20CCcUrona cyuecmsyrom 8 dueHaMuHHoU ¢ghopme, a
2udpas3oH — 8 QUUMUHHOU.

BsedeHue macwmabupyouwux KoagpuuueHmos 071 KOPPEKMUPOBKU paccyumaHHbIX
yacmom OQano 0ocmamoyYyHO Xxopouwee cogsrnadeHuUe 3KCrnepUMeHmarsbHbIX U MeopemuyecKux
yacmom.

Knro4deeble crioea: UMUHO-MPOU3BOOHbIe eoccurnosia, MK-cnekmpbl, maymomepus,
K8aHMOoBO-xUMU4YecKul pac4yém.

B npeabiaywmnx paboTtax, NOCBAWEHHBIX N3YYEHMIO NMPOM3BOAHbBIX rOccunona

[1-3], HaMK OTMEYEHO, YTO NHTEPEC K U3YYEHUIO CBOMCTB Kak caMOro roccunona, Tak
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M ero NPou3BOAHbIX CBSA3aH C BGMONOrMYEeCcKOM akKTUBHOCTBIO 3TUX COEOMHEHURn, a
TakKe BO3MOXHOCTbIO WX WMCMNOMb30OBaHMS ONs CMHTE3a gpyrux cybetpatoB. ToT
dakT, YTo roccunon, obragatoWmnn NPOTMBOOMYXONEBOM CNOCOBHOCTLIO M PAAOM
APYrMx MONe3HbIX CBOWCTB, HE MOXeT OblTb WUCMONb30BaH B KayecTse
NEeKapCTBEHHOrO CpeacTtBa M3-3a TOKCUMYHOCTM M MHOFOYUCIIEHHBIX MOBOYHbIX
a(ppekToB, 4BNSETCA CTUMYNOM [ANA CUMHTE3a U U3Yy4YeHUs CBOMWCTB €ro
NPOn3BOAHbIX. YCTAaHOBMEHO, YTO 3aMeLleHne OBYX anbAernaHblX rpynn B Mosiekyne
roccunosia (a MMEHHO MX MPUCYTCTBUEM OOBACHAIOT €ro TOKCUYHOCTbL [4]) - NyTb K
nony4yeHnto 6onee 3PPEKTUBHBbIX, HO MEHEE TOKCMYHbIX, MNpenapatoB. Takum
cBoMCTBaMM 00MagalT WMMUMHO-Npou3BogHble roccunonia [5-8]. CuHTe3 HOBbIX
NPOU3BOAHbLIX  FOCCMMONa, WU3y4eHMe UX  CTPYKTYpbl,  (PUINKO-XMMUYECKNX
XapaKTEPUCTUK, PEeaKUMOHHON CMOCOBHOCTU BaXHbl Kak B Hay4yHOM, TaK W
NpUKNagHOM acnekTax.

PaHee HeoOHOKpaTHO BbICKa3blBanocb MNpeanosioKeHne O CBA3UM  Mexay
TayToOMepHONn OpMOM MNPOU3BOOHONO roccurnona W ero  aHTUOKCUOAAHTHbIMU
ceonctBamu [1]. Toatomy Gbinn NpOAOIMKEHbI paboTbl NO U3YYEHUD TayTOMepuu
NPON3BOAHbLIX roccunosia coyetaHnem metogoB WK-cnektpockonun UM KBaHTOBO-
XMMUYECKOro pacyéTa.

B paHHOM paboTe npuBeneHbl pesynbTaTbl KBAHTOBO-XMMUYECKOrOo pacyéTta
CTpOeHunss U KornebaTenbHbIX CNEKTPOB MNPOM3BOAHbLIX 4-meToken- (GMTA) n 2,5-
anmeTtoken- (GDMTA) amaHunuHoroccmnonoB, a Takke AaudeHunrmapasoHa
roccunona (GDPG), koTtopble, Kak W [Apyrne Mpou3BOAHbIE roccunona, MoryTt
CywlecTBOBaTb B [BYX TayTOMepHbIX dhopmax: AUMMUHHOM (MU-U) U OUEHAMUHHOW
(e-e), sBRsOWMXCA aHanoramMmn anbAermgHom u KeTonbHOM d)opM roccumnona,
COOTBETCTBEHHO. Ha pucyHke 1 npuBegeHbl TayToOMepHble QOPMbl U3YYEHHbIX
COeNHEHUN.
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Puc.1. TaytomepHble hopMbl NPOU3BOAHLIX FrOoccunona
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C uenbl BbIACHEHUA TayTOMEPHOM OPMbl CyLLECTBOBaHUS U3YYEHHbIX
coenHeHMn B TBEPAOM BMAE MPOBEAEHO CPaBHEHWE WX IJKCNEPUMEHTASbHbIX U
TeopeTnyeckmx NK-cnekTpos.

MK-cnekTpbl Gbinu 3anucaHbl B AuManasoHe 4000-400 cm ¢ nomoulblo
cnektpomeTpa Perkin-Elmer Spectrum BX B TabneTtkax KBr. ToyHOCTb onpegeneHns
YyacTOThbl NOMOCkl nornoweHnsd - + 0,5 cM™1, MHTeHcMBHOCTU - + 5 %.

KonebaTenbHble cnekTpbl 6binu paccumtaHbl MeTogom PM3 13 nporpaMmMHOro
naketa MOPAC [9] ana npeaBapuUTENibHO OMTMMU3UPOBAHHBLIX C  MOMOLLbLIO
anroputma [asugoHa-®netyepa-fayanna (DFP) [10] reomeTpun un3yyYeHHbIX
coeguHeHMn B rasoBon ase. bbin ucnonb3oBaH opmanMamMm orpaHU4YeHHOro
meTtona Xaptpu-doka (RHF) [10].
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Puc. 2. TeopeTtuyeckue (a) n skcnepumenTansHole (6) MK-cnekTpbl
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Ha pucyHke 2 npefcraBneHbl pesynbTaTbl M3y4eHUst MPOU3BOAHbIX roccunona
metogom WK-cnektpockonun u©  MogenupoBaHusa  konebaTenbHbIX  CMEKTPOB.
Teopetuyeckne WK-cnektpbl ObinuM NOCTPOEHbI C MCMNOMb30BAaHMEM  FIOPEHLIEBOM
dopMbl nonockl ¢ WwWupuHon 25 cmt. AkcnepumeHTanbHble FT-IR n paccymTaHHble
metogomMm PM3 cnekTpbl npeacTasneHbl B BuAe 3aBucmmoctu nponyckanusa (T, %) oT
BOJTHOBbIX YnCEn.

CpaBHeHue TeopeTn4ecKnx n aKcnepuMeHTanbHbIX CMNeKTpoB
CBMAETENbCTBYET O TOM, YTO ANs Npou3BOAHbIX AuaHunuHoroccunona GMTA wn
GDMTA peanuayoTcs AneHaMHHbIe (pOopMbl C XapakTepHbiMu AByMSA nonocamun OH
konebaHmnm n Hanuumem nornoweHuns CO-ceasn. B cnektpe GDPG HabGntogatoTtca
nonockl nornoweHus Tpéx OH-rpynn 1 oTcyTcTByeT nonoca nornoweHuna CO-rpynnbl
npu ~1620 cm?! (kak B cnyyae GMTA u GDMTA), 4To sIBNsieTCs MpPU3HAKOM
CyLLLeCTBOBaHNA 3TOM0 COeANHEHNSA B JUMMUHHON TayTOMepHOMN dhopme.

[MonyyeHHble B pe3ynbTaTe pacyé€Ta CTPYKTYpbl AUEHaMWHHLIX opM
NPOU3BOAHLIX AMaHWUIIMHOroccunona u AUMMWHHOW POopMbl  AneHunrapasoHa
npuBegeHbl Ha pUcyHke 3.

GDMTA (e-e)

Puc. 3. CtpykTypbl AneHaMuHHbIX chopm GMTA n GDMTA, guumuHHon popmbl GDPG
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Ha pucyHke 4 npuBegeHa Hymepaumsa aToMOB M (pparMeHTOB MOJSeKyr, a B
Tabnuuax 1 n 2 npeacrtaeneHbl YacTtoTbl MK nonoc nornoweHuns n cooTBeTCTByOLME
pacCyYUTaHHble rapMOHMYECKME YacTOTbl, a Takke rnpeanosiaraemble OTHECEHUS
konebaTenbHbIX CMEKTPOB 4-MeTOKCUAMaHUIMHOroccunona wn AundeHnnrngpasoHa
roccunosnia,  CywWecCTBYWOLWMX, KaK Mokasanu  pesynbTatbl  MNPOBeAEHHbIX
uccnegoBaHnn, B OWEHAMUHHOM W OUMMWHHOW  TayTOMeEpHbIX  popmax,
COOTBETCTBEHHO.

GDFG

Puc.4. Hymepauma atomoB 1 oparMeHToOB MOMNeEKyn

M3BecTHO, YTO paccunTaHHble rapMOHUYECKNE YaCTOThI, Kak NpaBuno, Bbille,
4YeM COOTBETCTBYIOLLME SKCNEPUMEHTANbHBLIE BEMUYNHDI.

[na  KOPPEKTUPOBKM pacCYMTaHHbIX 4YacToT KonebGaHum MCnonb3ylTcs
mMacwTabupytowme koadpdpuumnentol [11]. B gaHHon paboTe nx 3HavyeHusa Goinu: ansa
GDPG 0,90 ans oGnactn cnektpa 3850-3800 cm* (v(O-H)); 0,963-0,983 ans
obnacTu 3365-2888 cm* (v(N-H), v(C-H)); 0,900 ana obnactu cnektpa 1790-1100
cvt, 0,940 gna obnactn cnektpa 1050-660 cm™t n 0,900 ana 650-550 cmt. Ons
GMTA - 0,900 aons obnacTtu cnektpa 3835-3800 cm (v(O-H)); 0,982 ans obnacTu
3165-2859 cm? (v(N-H), v(C-H)); 0,919 ans obnactu cnektpa 1883-1160 cm™, 0,972
Aans obnactu cnektpa 1000-450 cm.

Takum o6pasom, B paboTe nNpoOOIMKEHO W3y4yeHMe TayToOMepum UMUHO-
NPON3BOAHbIX roccunona. YcTaHoBMneHo, yTo 4-meToKCu- " 2,5-
ANMETOKCUANAHUITMHOTOCCUMOSbI CYLLECTBYOT B AWEHAMUHHOW (bOpME, a MMMUHO-
npon3BogHoe roccunona ¢ PeHnrngpasmMHoM — B AUMMUHHOMN.
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Tabnuua 1. SkcnepumeHTanbHble MK nonockl NOrMoLWeHNsa n pacCinTaHHbIe
rapMoHun4yeckune Yactotbl GMTA(e-e)

YacToThl, cML

JKcnepnmeH- MpubnnautenbHoe oTHeceHne
TeopeTnyeckme
TalnbHblIE
3441 3483 V(O141-H)
3409 3368 v(Os.6-H)
3093 3111 v(N-H)
3073 3073 V(C-H)owme"
3013 3047 V(C-H)R v
2992 2957 V(C-H)me1,1 + V(C-H)mez2,2 + V(C-H)mes 3
2943 2929 V(Ca4-H) + v(C-H)rvv
2878 2871 v(Ci1,11-H)
2859 2834 v(C12,12-H)
1622 1617 v(C=0)
1583 1589 V(Cs5=Ces) + 67(0s,6-H) + 8(Cs6-C7,7") +0(Cs55-C12,12) +
+ V(Ri) + v(Rm) + v(C2,2-Cs,3) + V(C9,9=C10,10)
1554 1514 V(Cgg=Ci1,11') + V(C2-C2) +6(C2,2-C3,3) +
+ 8(C2,2=C1.1)
1486 1495 V(Co,9-C11) +86(Csg-Co9) + V(Crvyv- N) + 8(Rv,v) +
+ 8(Co,9=C10,10) + V(C55-C10,10) + V(C3,3=Cas4)
1438 1425 O(Rv,v) + v(C1,1-0) + v(C2,2=C1,1) +
+ 8(C11,11-H) + v(C-C)rvyv
1407 1397 0(C12,12-H) + 8(C11,11-H) + 8(Cas4-H) +
+ 8(06,6-H) + 8(Cs,6-C7,7) + (N-H)
1339 1346 O(N-H) + v(C=C)rvv + V(C-O)rvyv +
+ V(Cruwv- N) + 8(C-H)mer,1' + 8(C-H)mez,2 + v(C2-C2) +
+ 8(Cs,8-Co,9) + 8(C1,1-0)
1275 1298 O(C-H)mer,1' + 8(C-H)mez,2e + O(C-H)mes 3 +
+ V(C11,11-N) + v(Ce6-0) + 6(Os,6-H) +
+ V(C-O)rvy + 8(C-H)ome
1231 1249 0(Cs5-C12,12) + 8(C12,12-H) + §(Cs,6-C7,7) +0(C2-C2) +
+0(Cs3-Mesz) + 8(C4,4-C10,10) + V(Rv,v)
1186 1177 O(Rv,v)) + 8(Cryv,yv- N) + v(Co,9-C11) +
+ 8(01,1-H) + 6(Co,9=C10,10) + 8(C2,2-C33") +
+ V(Ce,6-C7,7) + 8(C7,7-Css) + 8(C7,7-0)
1112 1112 O(C-H)rvy +0(Ci2,12-Me1,1) + 8(Ci2,12-Mez2)
1067 1034 0(Cz3-Mesz) + §(C2-C2) + 8(C1212-Merr) +
+ 8(C12,12-Me22) + 8(Cr1-Mez2) + 8(Ciz2,12-H)
972 978 O(C-H)me1,1' + 8(C-H)wmez,2 + 8(C-H)mes 3 + O(Cs5-Ci12,12) +
0(Cs,5-C10,10) + 8(C-C)rvv + 8(C12,12-Merr) +
+ 8(Ci2,12-Me22)
827 824 O(C-H)rv,y + &(C-C)Ru v + 8(C=C)Ru,im,iv
798 799 0(Co,9=C10,10) + 8(Co,9-C1.1)
705 O(C-C)Riu v + 8(C=C)Ryimv + (Cs5-C12,127) +
+ 0(C3,3=Cas4)
639 638 8(C2,2-Csz3) + 8(C2-C2) + 5(C1212-Me1 1) +
+ 8(Ci212-Me2,2) + 8(Ca212-Mevr) + 8(Caz12-Me2,2)
584 588 O(N-H) + 8(0Os,6-H) + 8(C1,1=C2,2) + 8(01,1-H) +
+ O(Crvy- O) + B(C- C)mess
544 523 0(Cs,3=Cas4) + 8(Crvyv- O) + 8(C12,12-Mex1) +
+ 8(C12,12-Me2,2) +8(C12,12-Mesz) + 8(Cs5-Ca1,11)
510 488 O(Crvy- N) + 8(Cs8=Ci1,11) + 8(C11,11-N) + &(Ci111-H)
438 420 0(Csg=C11,11) + O(Crvy- N) + 8(C7,7-Cgg) + 8(Ce,6-C7,7")

IR - KonbLO; Me — MeTun; v — BaneHTHoe, & — AedopMaLMOHHOE, Y —BHEMITOCKOCTHOE KornebaHus
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Tabnuua 2. SkcnepmmeHTanbHble VK nonockl NOrnoweHns n paccuynTaHHbie
rapmoHu4deckne yactotbl GDPG (u-n)

YacTtoTbl, cm?

MpnbnnsntenbHoe OTHeCeHMe

TeopeTuueckue SKCTIepUMEH:-
TalnbHblIE
3448 3470 v)(O1,1-H)
3422 3401 V(Os,6-H)
3350 3348 v(O7,7-H)
3240 3265 V(N14,14-H)
3119
3093
3062 3046 V(C-H)mel1.1 + V(C-H)mez,2 + V(C-H)me3,z
2959 2955 V(C-H)rR vy
2916 2918 V(C-H)rvy + v(Ca,4-H)
2878 2870 v(Cu1,11-H)
2841 2850 V(C12,12-H)
1608 1602 V(C=C)rim v + VrRvy + V(C11,11-N) +
+ v(Csg-Ci11,11)
1522 1521 V(C2.2-Caz3) + 8(C2-C2) + v(C1,1=C3.2)
1466 1496 0(C7,7=Cgg) + v(Ce,6-C7,7") + V(C55=Cs ) +
+ V(Cs,5-C10,10)+ 8(Co,9=C10,10)
1417 1424 O(C-C)rvy + 8(C=C)rvy + V(C11=C22) +
+ V(C3,3=Caa)
1374 1352 0(C11,11-H) + 8(O7,7-H)
1358 1330 O(C11,11-H) + 6(Cs,g-Co,9)
1306 1305 O(C-H)mer,1' + 8(C-H)mez,2 + 8(01,1-H) +
+ v(C7,7-0) + v(C2-C2) + 8(Cs3-Meszz) +
+ 8(C11=C22)
1256 1256 O(C-H)mer,1' + O(C-H)mez,2» + O(N14,14-H) +
+ O(N14,14-C) + 8(C33-Mesz 3)
1213 1174 5(011-H) + v(C7.7-0)
1198 1162 V(C=C)rv,v + 8(Cs,5-C12,12) + 8(C12,12-H)
1152 1123 V(C-C)rvyv + v(Co,9-C1,17) + 8(Cs,5-C10,10) +
+ 0(Cs,6-C7,7) + V(Cs,6-0)
1041 1065 0(Cs44-H) + 8(C11,11-H)
1020 1056 V(N-N) + 8(C-H)rvy
997 1026 O(C-H)rvy + V(N-N) + d(C11,11-H) +
+ O(C-H)me1, v
990 994 0(C2-C2) + 8(Css-Co,9) + 8(Ca.4-C10,10) +
+ 8(C=C)rvy *+ 8(C-Clrvy
952 953 O(C-H)rvy + 8(C-H)mes 3
917 934 O(Ci1r11-H) + &(C-H)mer,1-
851 870 v)(C10,10Ca,4H)
837 837 O(C=C)rvv + 8(C-Clrvv
795 792 0(Co,9=C10,10)) + 8(C4,4-C10,10")
784 767 0(Ca,4-H) + 5(Co,0-C1,1)
743 747 8(C-H)rvy + 8(N14,14-H) + 8(C2-Cz2) +
+ 8(C11=C22)
695 691 O(N14,14-H) + 8(C2-C2) + 8(Co,9-C1,1) +
+ 8(C2,2-C33)
621 615 0(C1,1=Cz2) + 8(C22-C33)
576 575 O(C-C)rvy + 8(C=C)rvy + 8(N14,14-Crvy)
502 503 O(N14,14-N1313) + 8(Cg,8-C11,11) + 6(0Os,6-H)

IR - KonbLO; Me — MeTun; v — BaneHTHoe, & — AedopMaLMOHHOE, Y —BHEMITOCKOCTHOE KonebaHus
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P.O. Makapoea, H.C. Inbkeeuy, O.M. fQukyH, K.FO. Yomiii, B.l. Pu6ayeHko BUBYEHHS
TAYTOMEPII IMIHO-MOXIQHUX FTOCUITONY

lMposedeHO K8aHMOBO-XIMIYHUL ~ PO3PaxyHOK CMPyKmypu i KosiugasbHUX  CrIeKmpis
dieHaMmiHHUX | QiiMIHHUX maymoMepHUX ¢hopM MPbOX iMIHO-MOXiIOHUX eocurony (4-memokcu- i 2,5-
OumemokcudiaHiniHozocuronie, a makox OugeHinaudpa3oHy 20curnosy) HanieemnipudHUM Mmemodom
PM3. T[lopigHsIHHSI eKcriepuMeHmasbHuUx i meopemuyHUx Crekmpie eus4yeHux criosyk 003680s1UM0
ycmaHosumu maymomMmepHi  ¢hopmu, WO repesaxawomb Yy meepdoMy cmaHi. MOXiOHI
diaHiniHoaocunosy icHyrompb y dieHaMiHHIU ¢hopmi, a 2udpa3oH — y OiiMiHHIL.

BeedeHHsi Mmacwmabyrodux KoegiyieHmie Onsi KOpekmyeaHHs po3paxosaHux Yacmom darsio
documb 2apHuli 36i2 ekcriepuMeHmarbHUX i meopemuYyHUX Yacmom.

Knroyvoei cnoea: imiHo-roxioHi 2ocunosny, IY-cnekmpu, maymomepisi, K8aHmMogo-XiMidHUU
PO3paxyHoOK.

R. Makarova, N. llkevych, A Dykun, K. Chotiy, V. Rybachenko STUDYING OF THE
TAUTOMERISM OF IMINE- DERIVATIVES OF GOSSYPOL

In previous works devoted to the study of gossypol derivatives, we noted that the interest in
studying of properties of gossypol and its derivatives are associated with the biological activity of
these compounds, as well as the possibility of their use for the synthesis of the another substrates.
The fact, that gossypol that has antitumor capacity and a number of other useful features can not be
used as a drug because of its toxicity and the many side effects, stimulates the synthesis and studying
of properties of its derivatives. Found that the substitution of two aldehyde groups in molecule of
gossypol (namely their presences are explained its toxicity) - way to obtain more effective but less
toxic drugs. Imine-derivatives of gossypol have such properties. Synthesis of novel derivatives of
gossypol, the study of their structure, physico-chemical characteristics, reactivity ability are important
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both in scientific as in applied aspects. Has repeatedly been suggested link between the tautomeric
form in which gossypol derivatives exist and their antioxidant properties. That is why the researches of
tautomerism of gossypol derivatives by combination of IR spectroscopy and quantum chemical
calculations were continued.

PM3 semi-empirical method has been applied for quantum-chemical calculations of the
structure and vibrational spectra of dienamine and diimine tautomers of three gossypol imine-
derivatives: 4-methoxy- and 2,5- dimethoxydianiline of gossypol and diphenilhydrazone of gossypol.
Comparison of experimental and theoretical spectra of the compounds studied allowed to establish the
tautomeric forms prevailing in the solid state. The introduction of a scaling factor to adjust the
calculated frequencies gave good agreement between experimental and theoretical frequencies.

Analysis of the experimental IR spectra of derivatives of the dianiline of gossypol show that
are realized dienamine forms, whereas spectrum of diphenilhydrazone of gossypol indicates the
presence of diimine form in a solid state.

Keywords: imine-derivatives of gossypol, IR spectrum, tautomerism, quantum-chemical
calculation.
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C.JN. Xunbko, kaHg. xum. Hayk, P.I. CemeHoBa, KkaHO. XWUM. Hayk,
U. B. EdoumoBa., «kaHa. xum. Hayk, O.B. CmupHoBa, B.C. bBepexHon,
B. U. PbibayeHko Aa-p xuMm.Hayk, npodpeccop (NHCTUTYT pM3MKO-OpraHmyeckon
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W3MEHEHUE AHTUOKCHJIAHTHBIX CBOMCTB I'VMUHOBBIX KUCJIOT IIPH
NX MOJUPUKAIMH XJIOPUCTBIM BEH30MJIOM B YCJIOBUSAX
NHBEPCUOHHOI'O TPAHC®A3HOI'O KATAJIM3A

lMposedeHo xumuyeckoe moduchuyuposaHue HusKomemrnepamypHoUl pakyuu 2yMUHO8bIX
kucrnom (tsem=20°C) xrropucmbiM 6€H30UIOM 8 YCII08USIX UHBEPCUOHHO20 mpaHcgha3HO20 Kamasiu3a.
asosontomomempuyeckum memodom ornpederieHa aHmMuokcuGaHmMHasi akmueHOCMb UCXOOHbIX
2YMUHOBbIX KUC/IOm U MpodyKmoe8 XUuMu4Yecko2o ModughuuyuposaHusi 8 rnpoueccax paduKkarbHO-
uerHoao oKucrieHusi 8 opaaHudeckoli cpede lNokazaHo, YmMoO eyMuUHOBbIe Kucriomsl obnadaom 6ornee
8bIPaXXEHHbIMU aHMUOKCUOaHMHbIMU ceolicmeamu o CpasHeHUo ¢ ModughuyuposaHHoU ¢hpakuyued.

Knroyeebie crioea: 2yYMUHO8bIe KucCJ/iombl, peaKkuusda auuriupo8aHus, paOUKaano-uenHoe
OKUCIIeHUe, OKUCIUMesIbHO-80CCmaHo8UMeribHbIe cgolicmaa, aHMmuUOoKCcUOaHmMHas akmueHOCMb.

BBegeHune

N'ymuHoBbIe kucnoTbl ([K) aBnsTCAa caMmbiM pacnpoCTpaHeHHbIM B npupoae
KnaccoM OpraHu4ecKnx CoOeauHEHUn, BXOAALWMNX B COCTaB nNo4s, Topda, 6yporo yrna
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