ISSN 2078-5615. BicHuik JlbBiBCbKOrO YHiBepcuTeTy. Cepis ximidHa. 2018. Bunyck 59. Y. 2. C. 467473
Visnyk of the Lviv University. Series Chemistry. 2018. Issue 59. Pt. 2. P. 467473

VK 544.4 + 544.3 + 542.9 + 66.094.3.097

PEAKIIIHA 3JATHICTb N-TTIPOKCU®TAJIMIIY TA
N-TIPOKCUCYKLUHIMIAY Y B3BAEMO/II 3 MIEPMAHTAHATOM

JL. Oneﬁual*, 1O. Fpmma], 0. XaByHKOl, A. HKI/IMOBI/I‘{Z, 0. FeBycb2

! Biooinenns pizuxo-ximii 2opiovux xonanun
Tuemumymy ghizuxo-opeaniunoi ximii i ¢yeneximii im. JI. M. Jlumeunenka HAH Yxpainu,
eyn. Haykoea, 3a, 79060 Jlvsis, Ykpaina
e-mail: opeida_l@yahoo.com;

2 . . . . . T
Hayionanvuuii ynieepcumem “Jlvgiecoka nonimexuixa”,
nn. Ce. FOpa, 2, 79013 Jlveéis, Ykpaina

JocnimkeHo KiHETHKY OKHCHEHHS MepMaHTaHATOM KaJIiro TiAPOKCHIMITIB
(N-rizpokcucyknuHiMiny Ta N-rizpokcudraniminy) B anetoHiTpuii. [IokazaHo mpHCKoOpioody Jiio
OLITOBOI KHCIJIOTH Ha Iepebir peakiiii OKMCHEHHs, 0 HOsCHEHO JOMIHYIOYOI0 POJUTIO ITPOTOHOBAHOT
dopmu H,MnO," y mux mpomecax. KpaHToBO-XiMiuHMM MeTomoM PM6 OIiHEHO eneKTpOHHMIL
(pi3HMI eHeprii BHIIMX 3alHATHX MOJEKYJIIPHHUX opOitaiel) Ta TepMOAWHAMIUHME (pi3HHILT
SHTANBII peakUiii TiAPOKCHIMINIB 3 MepMaHraHatoM) (GakTOpH, SKi CBig4aTh MNP0 MCHIIY
peakTUBHICTH N-TiIPOKCHCYKIUHIMITY, IO TPOCTEKYETHCA B KIHETHIHUX JOCTiIaX.

Kniouoei crnoea: N-TigpoKcHiMiin, NMEpMaHTaHAT Kalilo, KIHETHKA, OKHCHEHHS, KBaHTOBO-
XIMIYHUH METOI.

DOI: https://doi.org/10.30970/vch.5902.467

Peaxuii okucHenHs nepmanranaTom kajiro (KMnO,) cTaHOBISATH 3HAYHUIT HAYKOBO-
TexHonoriunui inTepec. KMnQO, 3anuiaeTbesi 0JHUM 3 HAHOLIbII BaXIIMBHX 1 JOCTaTHBO
€KOJIOTIYHO YUCTUX OKHCHHKIB, sIKI BUKOPHUCTOBYIOTH SIK y XIMiuHiId iHAycTpii, Tak i B
TOHKOMY opranivHoMy cuuTe3l [1, 2]. IIBHAKICTh OKHUCHEHHS LUM II0JIiBAICHTHUM
OKHMCHHKOM 3aJIe)KMTh HE TUIBKM Bif cyOcTpary, a ¥ Bix cepeloBuIla, B SKOMY
BiIOYBA€THCS peakilisl, MO pOOUTH MOCITIKEHHS HOro MEXaHi3My OCOOJIMBO BaXXITUBUM Y
PO3po0IIi €KOIOTIYHO OE3MEeTHNK TEXHOIOTIH.

IHTepec mo peakmid CHIBHHX OKHCHHKIB OCOOJHMBO 3pic TICHS BiIKPHTTS
KaTaJITHYHUX CHCTEM OKHCHUK-TI[POKCHIMi/l, BUKOPHCTAHHS SIKMX JOTIOMAarae yHUKaTH
OaraTocTagiifHUX CHHTE3IB 3 yTBOPEHHSM IIKIUIMBUX BIAXOMIB y TPOIECi OTpHUMaHHI
KHCHEBMICHUX cIONYK [3, 4]. [TokazaHO e(eKTHBHICTH OiHAPHUX KATATITHYHAX CUCTEM, IO
MICTATh COJIi MaHrany Ta N-TipoKcu@TaigiMiZl B peakiisx OKMCHEeHHS [5].

Merta namoi mpaui — gociiautu peakuii N-rigpokcucykuuniminy (NHSI) i N-
rigpokcudTaniMiny (NHPI), mio HanexaTp 10 epEeKTUBHUX OpraHOKaTali3aTopiB MPOILECiB
OKHMCHEHHSI opraHiuHux cyocrparis, 3 KMnO,.
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Peaxuii NHSI ra NHPI 3 KMnO,4 mpoBoannu nipu 298 K B iHepTHOMY 10 OKHCHEHHS
alleTOHITPWII, B SKOMY J00pe PO3YMHSIOTHCS OpraHiuHI W HEeopraHiuHi CKJIaJIoBi Hamol
cucremu. BukopucroByBamu peaktuBu ¢ipmu Merk. Kucme cepenoBuiie cTBoproBaim
JOMAaBaHHAM OLTOBOI KHCIOTH. KiHETWKy peakuiif BHBYaIM 3a BHTPATOIO II€pMaHraHaT-
ioniB (MnQO, "), BU3HA4ar09u (POTOKOIOPUMETPUIHO 3MiHy ONTHYHOI rycTuHHU (D) cmyrn 3
JOBKUHOI XBWI (A) 540 HM y KBaploBUX KroBeTax 3aBTOBIIKH 10 mm. JlocmimkeHHS
MPOBOMIIIA B 00JAacTi KOHIEHTpAIlid, A€ HE MPOCTS)KYBAaJOCh BIAXWICHb BiJl 3aKOHY
Byrepa—Jlambepra—bepa.

Opepxani  mai CBigUaTh, 110 OKHCHEHHS IIepMaHTaHATOM KaJIro
N-rizpokcucykuuHimMiny 1 N-TigpokcudTramimimy B AICTOHITPWIII NPAaKTUIHO HE
BinOyBaeThcs. IlIBuakicTe peakuii 3Ha4HO 3pOCTaE 3a JOAABAHHSA OLTOBOI KHCIIOTH
(puc. 1, a, 6) 1 3anexuTh Bif ii koHUEHTpaii (Tadmn. 1).
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Puc. 1. Kinetnuni xpusi peakuii N-rizpokcucykimHiminy (a) Ta N-rizgpokcudraniminy (6) 3
TIepMAHTAHATOM KaJliko B aneronitpu. [KMnO,4] = 2,5-10™ moms/n, [NHSI] = [NHPI] = 8-10™ mos/m.
[CH3COOH], mons/n: 0—0; 1 —0,29; 2—-0,58; 3—0,87; 41,16 (a), 1,02 (6). Apax = 540 HM
Fig. 1. Kinetic curves of the reaction of N-hydroxysuccinimide (a) and N-hydroxyphthalimide (b)
with potassium permanganate in acetonitrile. [KMnO,] = 2,5-10"* mol/L, [NHSI] = [NHPI] = 8-10™
mol/L. [CH;COOH], mol/L: 0 —0; I/ —0,29; 2—0,58; 3 —0,87; 4— 1,16 (a), 1,02 (6). Am.x =540 nm

Tabauys 1
3anexHicTh KOHCTaHTH WBUAKOCTI (k) peakmii NHSI Ta NHPI 3 KMnO, B aneToHiTpuIIi Bij
KoHIeHTpamii kucinotu. [KMnO,] = 2,5 -10"* monb/n, [NHPI] = [NHSI] = 8-10"* mons/n

Table 1
Dependence of the rate constant (k) of the reaction of NHSI and NHPI with KMnOy, in acetonitrile on
the acid concentration. [KMnO,] = 2,5-10" mol/L, [NHPI] = [NHSI] = 8-10"* mol/L

N-TiZpoKcHiMiz [CH;COOH], k107, xB7!
MOJIB/TI
NHSI 0,29 0,6
NHSI 0,58 2,0
NHSI 0,87 3,0
NHSI 1,16 4.1
NHPI 0,29 4,7
NHPI 0,58 9,7
NHPI 0,87 12,0
NHPI 1,02 13,4
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Kinernuni kpuBi cBim4aTh TpO TMOBUIBHE MafmiHHA onTH4YHOI rycTHHH (D) Brpomomx
ycboro mnpotrecy. [T KiHemp peakii BOHa 3HIKY€EThCS Maike 10 HylIs 1 BiZOyBaeThCs 3HEOap-
BIICHHSI TIOYATKOBHX (HiOJIETOBHX PO3UHHIB, IO TOBOPHTH TPo repexi iora MnO, B Mn>".

Bapro BiamiTTH, mo Biapi3ok Kimetmuroi kpuBoi (1-60 xB) mo6pe (R* = 0,996)
CIPSIMJIIOETHCS B KOOpAMHATaX peakuii nepuoro nopsiaky log D —t (puc. 2).
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Puc. 2. Haninorapudmiuni anamMmopdo3u 3aexHocTel abcopOlii peakIiiitHoro po3unny npu 540 HM
Bix yacy B okucHeHHI NHSI (/) ta NHPI (2) nepmaHranatom Kairo B alleTOHITPHIIL.
[KMnO,] = 2,8-10* mons/n (1), 2,5-10* momns/1 (2); [NHPI] = [NHSI] = 8-10™* mons/n,
[CH3COOH] = 0,29 mounb/n
Fig. 2. Semi-logarithmic dependence of the absorption of the reaction solution at 540 nm on time in
the oxidation of NHSI (7) and NHPI (2) with potassium permanganate in acetonitrile.
[KMnO,] = 2,8-10* mol/L (1), 2,5-10™ mol/L (2); [NHPI] = [NHSI] = 8-10"* mol/L,
[CH3;COOH] = 0,29 mol/L

3a UUMH 3QJIEKHOCTSIMHU OOYKMCICHO BEJMYMHHM KOHCTAHT IIBUIKOCTI (k) peakuii
nepuoro mopsaky. 3 tabi. 1 06aummo, 1m0 32 30UIBIIEHHS KOHLEHTpPALil KHCIOTH
KOHCTaHTa MIBUAKOCTI OKMCHEeHHs nepManranaTom kajiiro NHPI ta NHSI 3pocrae. Jloriuno
TIPUITYCTHTH, IO BEJMYMHA KOHCTAHTH Oyze mpomopuiiaor mo [H'], 1i 3amexHicTs Bix
KOHIIEHTPAIIi] J0AaHOI KUCIOTH B allETOHITPHIII MOXKHA OIHCATH TaK.
3a gucomianii KUCIIOTH B PO3YHHI 32 PIBHIHHIM

CH;COOH 2 CH;COO™ + H',
KOHIICHTpAIIis i0HIB H* Oyze BU3HAYATHUCS:
[H'] = (K [CH;COOH])",
ne K — xoHcraHTa piBHOBary.

V Bumanky, komn [MnO, ] >> [H'], koHueHTpanis npoToHoBaHOi dopmu Gyme
nponopuiitHoro [H'], i 3amexHicTh MiX KOHCTAHTOK INBMIKOCTI BHTPAaTH iOHIB
NepMaHraHaTy Mae OyTH JITHIHHOIO BijI KBJIPaTHOT'O KOPEHS KOHLIEHTPALil KUCIOTH, 10 MU
i 6aynmMo Ha puc. 3.

Bapro 3azHauutH, mo 3a BciXx KoHueHTpauid kucioth NHPI e xkpamum
BigHOBHUKOM, HiX NHSI. J[nsg momyky mMOsSCHEHh IUX 3aKOHOMIPHOCTEH BUKOHAJH
KBaHTOBO-XIMIYHI PO3paxXyHKH €JIEKTPOHHOI OyJIOBU pearyrounx 4YacTHHOK MeTojxoM PM6,
SKAH 3 XOPOILIOIO TOYHICTIO mependavae eNeKTPOHHY OyHOBY, T€OMETPII0 Ta CHEPreTHKY
yacTHHOK 3 aroMamu H, O, C, N, a Tako aa€ 3MOry 004YHCIIIOBATH YaCTHHKH, 11O MICTSTh
Mn [6] (maker MOPAC2016) (Tabm. 2).
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Puc. 3. 3anexHicts koHcTaHTH mBHAKOCTI (k) peakuii NHPI (/) Ta NHSI (2) 3 KMnO, B
aI[CTOHITPUIIL Bijl KBaJPAaTHOTO KOPEHS KOHIICHTPAIlii KHCIIOTH
Fig. 3. Dependence of the rate constant (k) of the reaction of NHPI (7) and NHSI (2) with KMnOy, in
acetonitrile on the square root of acid concentration

Tabauys 2

Pesynbpratn kBaHTOBO-XiMigHUX 00unciieHb (PINO — ¢ramimia-N-oxkcuinpHuit pagukan; SINO —
cykcuHIMiI-N-okcunpHUH pagukai; Eyomo Ta Erymo — €Heprii BUIIOT 3aifHATOT Ta HIKIO1 BUTBHOL
MOJIEKYJIAPHUX OpOiTaield, BilOBiTHO)
Table 2
Results of quantum-chemical calculations (PINO — phthalimide-N-oxide radical; SINO —
succinimide-N-oxide radical; Egomo and Epyvo — energies of the highest occupied and lowest
unoccupied molecular orbitals respectively)

Iapamerpu NHPI PINO NHSI SINO
AHC, kKan-Moib! 43,0 -19,8 -88,8 —64.,6
Enowmo, €B -10,4 95 -10,6 96
ELumo, B -1,58 0,21

[TopiBHSIHHS ~ BeNWYMH  pIBHIB eHepril  BUIIOT  3afiHATOI  MOJIEKYJSIPHOT
opbitan mokasye, mo B peakiii 3 enekTpodinbHUM O-IIEHTPOBAHUM PaaUKaIOM MOJICKYJia
NHSI, Epomo sikoi € Oinpmioro Ha 0,2 eB, Hik Exomo NHPI (tadm. 2), Oyme MenIn
PEaKTHBHOO (MEHII aKTUBHUM BIJIHOBHMKOM) B peaKilii OKUCHEHHSL.

TepMOIMHAMIYHOIO XapaKTEPUCTUKOI) PEAaKTHBHOCTI JaHHX CIIOJIYK MOXe OyTH
pizHuns eHepriii ixHix O-H 3B’s3kiB. BUKOpPHCTOBYIOUH METOJ 130I€CMIUYHUX pEaKIlii,
SAKAH Ja€ 3MOTY 3MEHIIMTH pPOJIb CHCTEMaTHYHUX MOXHMOOK ITiJ] 4ac KBaHTOBO-XIMIYHOT
OIIHKH PI3HUII TEPMOIWHAMIYHUX XapaKTCPUCTHK pPEAKTAHTIB Ta IX peakIiif, MeToIoM
PM6 oGuucnuium 3miny eHTanbiii (AAH) peakuii:

NHPI + SINO = NHSI + PINO.

Bona cranoButh —1,0 Kkam-Moms' (TaGm. 2), MO CBiTYMTH PO MEHIIy peaKiiiny
3maTHicTh Mosiekyn NHSI nopiBastHO 3 Monekymoro NHPI.

O6unBa ¢axrtopu, sIK enekTpoHHMH — pisHunsg — eHeprid  (Egomo), Tak i
TepMOAWHAMIYHMA — 3MiHa eHtamemii (AAH), cBiggate mpo Te, WO PEaKTHBHICTh
N-rigpoKCHCYyKIMHIMITy Mae OyTH MEHIIOW, M0 W MIATBEPUKEHO pe3ysbTaTaMH
KIHETUIHUX JOCHI/IiB.
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Ilepenbageno [7, 8], mo Ha IMOYATKOBIM cTamii OKHCHEHHS II€PMAHTAHATOM
OpraHIYHAX MOJIEKYI BinOyBaeThcs BimpuB H-atoma Bim C-H ab6o O-H 3B’s3kiB. 3amexHO
BiJl KICJIOTHOCTI cepenoBuiia B MexaHi3Mi okrcHeHHss NHPI ta NHSI mosxHa mpurmmyctuTi
HasIBHICTh TAKUX PIBHOBAT:

MnO, +H" == HMnO,
HMnO, +H" = H,MnO,".

ExcrieppuMeHTanbHO OLIHUTH PEAKTHBHICTH KOXHOI 3 TpbOX, IO-pi3HOMY
NPOTOHOBAaHMX YaCTHHOK B OKHCHEHHI CKJagHO. TOMY JJIsl OLIHKMA TEpPMOIUHAMIUYHHX
XapaKTEepUCTUK iX peakliii BUKOPUCTAIM KBAaHTOBO-XIMIUYHMH MeToJ] po3paxyHKy PM6
(Tabm. 3). 3anmekHO BiJ CTYNEHS KHUCIOTHOCTI CEPENOBHINA Y CUCTEMI MOXKYTh IIepeBa)kaTH
pi3Hi XiMigHI YacTHHKH: aHioH MnOy(—), HenucomiiioBaHa MoieKyispHa popma HMnO,, ii
npoTtoHOBaHa (popma HoMnO,(+).

Tabnuys 3
Brnme crynens nporonyBanas MnO,4 Ha eHtanbio (AH) mo4aTkoBoi cTanii OKHCHEHHS
NHPI [9] ta NHSI — BinpuB H-aroma npoTOHOBaHMMH YaCTHHKaMHU
Table 3
Influence of the degree of protonation of MnO,4~ on the enthalpy (AH) of the initial oxidation stage
NHPI [9] and NHSI — the H-atom abstraction with the protonated particles

Peakrantu | IIponyxTu | AH, xKkan/mMoib
MnOy(-) NHPI HMnO4(-) PINO 25,7
HMnO, NHPI H,MnO, PINO 10,2
HoMnO,4(+) NHPI H;MnOy(+) PINO 72
MnO4(-) NHSI HMnO4(-) SINO 26,7
HMnO,4 NHSI H,MnO, SINO 11,2
HoMnOy4(+) NHSI H;MnOy4(+) SINO 8,2

VY Tabn. 3 momaHo po3paxoBaHi eHTambmii peakmiii BigpuBy H-atoma Big O-H
38’s3ky NHPI ta NHSI KOXHOIO 3 IIMX YacCTHHOK 3 ypaxyBaHHSIM OOUYHCIEHUX Y [9]
cTaHmapTHUX TemwIoT yTBOopeHHS MnOy(—), HMnOy4(-), H;MnO4(+), HMnO,, H,MnO,,
H3;MnOy(+). 3MiHM cTaHIapTHUX EHTaNbIIM peakuiii MaroTh IO3UTHBHE 3HaueHHs. Lle
CBIIYMTH INIPO Te, IO YTBOPIOBaHMW B MapraHeubBMicHiii wactuHui 3B’s30k O-H €
cnabumii, vk y NHPI ta NHSI, a Haii0inpury peakuiiiHy 34aTHICTh Yy BiJpUBI atoma
BoaHIO Bia Mosiekyau NHPI ta NHSI mae mpotonoBana gpopma HyMnOy(+):

o

ol
NO-H + HMnO; —> NO" + H,MnO;
o o)
NHPI PINO
o 0
NO-H + H,MnO; —= NO' + HMnO,
o) o)

NHSI SINO



J1. Onenpa, 0. MNpuHaa, O. XaByHKO Ta iH.
472 ISSN 2078-5615. BicHuk JbiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2018. Bunyck 59. Y. 2

e y3romxyeThes 3 eKCIEPUMEHTANBHUMH JTaHUMH — 30UTBIICHHSAM MIBHIKOCTI PEaKIiii B
OpPTraHIYHOMY PO3YMHHUKY TIPH JOJaBaHHI KUCIOTH.

OTxe, KBaHTOBO-XIMiUHI PO3paxyHKH IOSICHIOIOTH EKCIIEPUMEHTaJIbHO OTPHUMAaHi
3aKOHOMIPHOCTI peakiliii OKUCHEHHs IIepMaHranatoM Kaiito rinpokcuiMigis (NHPI i NHSI)
— 3MiHy pEaKkTHBHOCTI 3aJIeKHO BiX iX XIMIYHOI CTPYKTypHM Ta BIUIMB KHCIOTHOCTI
CepeIOBHUINA HA MIBUJIKICTD PEaKIii.
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REACTIVITY OF N-HYDROXYPHTHALIMIDE AND
N-HYDROXYSUCCINIMIDE IN REACTION WITH PERMANGANATE

L. Opeida'*, Yu. Grynda', O. Havunko', A. Yakymovich?, O. Gevus’

! Department of Physical Chemistry of Fossil Fuels of the Institute of Physical-Organic
Chemistry and Coal Chemistry named after L. M. Lytvynenko of NAS Ukraine,
Naukova Str., 3a, 79053 Lviv, Ukraine
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? Lviv Polytechnic National University,
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Kinetics of oxidation of N-hydroxyphthalimide (NHPI) and N-hydroxysuccinimide (NHSI) by
potassium permanganate was investigated. Reactions of NHSI and NHPI with KMnQO, were studied
at 298 K in an acetonitrile inert to oxidation, in which the organic and inorganic components of our
system dissolve well. Merk reagents were used. The acidic medium was created by adding acetic acid.
The kinetics of the reactions were studied by measuring the consumption of permanganate ions
(MnO, ), determining the change in the optical density (D) of a band with a wavelength of 540 nm in
quartz cuvettes 10 mm thick. The investigation was carried out in the concentration region where the
Lambert-Beer law was fulfilled.

The kinetic curves show the drop in optical density (D) throughout the process. At the end of
the reaction, it decreases to almost zero. The discoloration of the initial violet solutions suggests the
transition of the MnO,4~ ion to Mn*". It is worth noting that the kinetic curve (1-60 min) is properly
(R%=0,996) described in the coordinates of the first order logD —t.

The obtained data indicate that the oxidation of N-hydroxysuccinimide and
N-hydroxyphthalimide with potassium permanganate in pure acetonitrile is very slow. The
acceleration of reaction rate by acetic acidhas been shown, the rate constant of the oxidation reaction
linearly depends on the square root of the concentration of acetic acid in the reaction medium. That
was explained by the dominant role of protonated form of H,MnO," in these processes.

The PM6 quantum-chemical method was used to estimate electronic (the difference of
energies of the highest occupied molecular orbitals) and thermodynamics (the difference of enthalpies
of isodesmic reactions of hydroxyimide with a permanganate) factors. The obtained values of both
factors explain the lower reactivity of N-hydroxysuccinimide, which is observed in kinetic
experiments.

The enthalpies of the first stage of oxidation — the H-atom abstraction from the O-H bond of
NHPI and NHSI molecules with MnO, , HMnO,4, H,MnO,'were calculated. The influence of the
degree of protonation of MnO, on the enthalpy of this reaction has been shown. The highest
reactivity in the H-atom abstraction from the NHPI and NHSI molecules has the most protonated
form — H,MnO,". This explains the accelerating role of acid in the processes of oxidation of
N-hydroxyimides by permanganate.
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