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Amidation of amino ethylene-1,2-dicarboxylic acid diesters:
a theoretical consideration

The amidation features of the Z- and E-isomers of amynoethylene-1,2-dicarboxylic acid | diesters
MeOZCCN:C(NRRI)COZMe, where R = H; R' = H, Me, #-Bu; R = R' = Me, have been considered based on
the data of quantum chemical calculations in the PBE/def2-TZVPP approximation in the framework of Natu-
ral Bond Orbital (NBO). Amino-fumaric acid derivatives were chosen as objects for analysis since activated
enamines containing conjugated enamine and carbonyl groups in their structure are one of the‘promising clas-
ses of regulators. It was shown by the calculations that for enamines I-IV, regardless ofdheir configuration,
conformers with o-s-trans, pB-s-cis-arrangement of C=C and C=O bonds are most benéficial.These findings
are consistent with experimental data on the relative configurational stabilityl of the’Z£and Exisomers of
N-alkylaminoethylene-1,2-dicarboxylic acid diesters. The direction of the amidation reactions'depends criti-
cally on the structure of the reactant and the reaction conditions. It was establishedsthat.the amidation of ami-
no acid-1,2-dicarboxylic acid diesters obeys to orbital control of the reaction.“The observed regiospecificity
of non-catalytic amidation on the a-ester group was explained by the joint influence of a decrease in the
electrophilicity (increase in the energy of the loosening m-orbital) ofithe B-carbonyl group due to effective
conjugation with the n-system of the C=C-NHR and an increase in\thejelectrophilicity of the a-carbonyl
group with an increase in its conjugation with the rest part of the'moléculeThe inertness of N,N-dimethyl-
aminomaleate to reactions with amines is caused by the incréaged cnergy of n co-orbitals of ester groups.
Bis-amidation of amino-ethylene-1,2-dicarboxylic acid diesters'is possible only in the presence of catalysts.

Keywords: amidation, quantum chemical calculationsypactivated enamines, regiospecificity, conformers,
cisoid arrangement of bonds, transoidal arrangement of bonds, isemers, orbital control.

Introduction

In modern agricultural technologi€s tust important attention is paid to use of plant promoters, because
they, unlike other chemicals, usuall§prequireysmall doses for use, do not affect the environment and have
contribution to the production of environmentally friendly agricultural products.

One of the promising classesief{promoters are activated enamines, containing in their structure conju-
gated enamine and carbonyl greups, including derivatives of aminofumaric acid [1-3]. Thereby, the
amidation of amino ethylene-1,2-dicarboxylic acid diesters has particular interest. It is known [4] that the
direction of amidationfreactions“depends strictly on the structure of the reactant and the reaction conditions.
The amino-fumarig,acid diesters with unsubstituted nitrogen atom, at interaction with ammonia, primary and
secondary aliphatictamines in absolute alcohols, produce monoamides of Z-2-amino-3-alkoxycarbonyl-
acrylate acid, and in agueous methanol — mostly or exclusively 1-alkyl-3-alkylaminopyrrole-2,5-diones
(with the g€xception, of reactions with ammonia and tert-butylamine, leading only to the corresponding
moneamides).

The aming’fumarates and monoamides of Z-2-amino-3-alkoxycarbonylacrylic acid in similar reactions
under’ conditions of basic catalysis (MeOH,,./MeONa) produce bisamides of aminofumaric acid.
N-alkylaminofumarates and N-tert-butylaminomaleate at interaction with primary amines in any conditions
produee 1-alkyl-3-alkylaminopyrrol-2,5-dione, and N,N-dialkylaminomaleates are inert in all cases.

Experimental

Quantum chemical calculations of the ground states of key compounds were carried out in the
PBE/def2-TZVPP approximation [5, 6] in order to analyze and explain the observed experimental regularity.
Quantum chemical calculations were carried out within the framework of the density functional theory [7, 8]
using the PBE96 functional [9] and the basic set of atomic functions def2-TZVPP [10] using the Firefly 7.1
software complex [11], which fully satisfy to the decision of the tasks. Chemcraft 1.7 program was used to
visualize the spatial structure and construct imine molecules [12].
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Geometry optimization was performed for all systems. There are several stable conformations for all
studied compounds, so the search of the most stable geometry (having the least energy) was carried out by
optimizing the structures of possible conformers.

The belonging of the found points to the minima and saddle points of the potential energy surfaces was
confirmed by calculations of the second derivatives with respect to coordinates (Hessian calculation). The
absence of imaginary frequency values in the vibrational spectrum testified that the optimized structures cor-
respond to minimum,.

The atomic populations, charges, and energies of intramolecular interactions were obtained using the
natural orbitals of bonds (NBO) [13—15] with the help of NBO 5.G program [16] introduced in the Birefly
7.1 package. The NBO method allows to analyze nonempirical wave functions within one-and two-genter
localized orbitals, thus making it convenient to thoroughly analyze intra- and intermoleculat) int€ragtions.
The calculation was carried out for optimized geometries of the studied enamines. The NPA'(Natural Popu-
lation Analysis) scheme was used to obtain the values of atomic populations and charges., Earlier it¥was
shown that of the charges that can be estimated by quantum chemical methods (Mulliken, AIM#, CHELPG -,
MK-charges) the best correlation with the experimental and calculated values of chemical®shift§)'’C NMR
observed for NPA-charges [17]. By calculations it was established that obtained data will conrespond to the
location of the molecules in the gas phase or, at least, in solution of a non-pola@ptetic §elvent. In reality,
almost all reactions were carried out in polar protic solvents — in absolute ¢r aqueous methanel with specific
solvating effect. Nevertheless, from our point of view, the use of calculated data to a safficient degree is au-
thentic and useful for analysis due to comparable impact of solvation onithe preperties of the considered re-
lated compounds — derivatives of aminoethylene-1,2-dicarboxylic acid.

N-derivatives of dimethyl ester amine-fumaric and amino-malgic acids I-IV were selected as objects for

analysis:
M602t<1:RR1 NRR!
O,Me  MeO,C /_<C02Me

z E
R =H; R'=H (I), Mesdl), &Bud11l); R = R' = Me (IV)

Resultssand Discussion

Calculations identified that forfenamines I-IV, despite their configuration, the conformers with a-s-
trans,B-s-cis-arrangement of C=C and €50 bonds are the most favorable (Table 1). Wherein, for Z-1I, Z-III
N-alkyl derivatives of aminofumarie 'acid*the transoidal arrangement of the substituent at the nitrogen atom
and C=C bond is the most béneficial, while for aminomaleic acid — their cisoidal arrangement.

Table 1
Intecnal energies (Ei,.) and dihedral angles (Oncc=0(q), °) of preferred conformers
of Z-and E-isomers of enamines I-IV
Enamine Foba. u.! eNCzC1:O(a), o | Enamine E. . au! eNCZCl:O(a), ° AE,.*, kI/mol

Z-1 ~—589.3090 0 E-1 -589.2909 58.8 —47.5
Z-la —628.5595” 0 E-Ila —628.5555” 54.8 -10.5
Z-1b £628.5642° 21.7 E-IIb —628.5512° 73.9 —34.1
ZAM1a —746.3755° 0.5 E-Illa —746.3697° 59.1 -15.2
Z:I11b —746.3776° 42.0 E-IIIb —746.3658° 74.9 -31.0
7V —-667.8108 21.3 E-IV -667.8148 71.5 10.5

Note. ' — 1 a.u= 1 Hartree = 2625,5 kJ/mol; > — cisoid arrangement of bonds R'-N and C=C; * — transoid arrangement of

bonds R'-N and C=C; * — the difference between the total internal energies of the preferred conformers of the Z- and E-isomers.
Conformer a — cisoid arrangement of bonds R1-N and C=C; Conformer b — transoid arrangement of bonds R1-N and C=C. All
conformers have a-s-trans- f3-s-cis-arrangement of bonds C=0 and C=C.

For enamines I-1II, aminofumaric acid diesters (Z-isomers) are energetically preferable, thermodynamic
preference of which are decreasing with increasing of volume of substituents at nitrogen atom. In the case of
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enamine IV which has the most voluminous substituent, derivative of aminomaleic acid (E-isomer) is ener-
getically most favorable. These conclusions approve experimental data on the relative configuration stability
of Z- and E-isomers of diesters of N-alkylamino-ethylene-1,2-dicarboxylic acid [4].

The calculated data were used to explain the regiospecificity of the amidation reaction of amino eth-
ylene-1,2-dicarboxylic acid derivatives. Theoretically, the amidation reaction can be carried out under condi-
tions of charge control, in which the unshared electron pair of the amine nitrogen atom attacks the most elec-
tropositive carbon atom of the investigated molecule, or in the conditions of orbital control, in which the
highest occupied molecular orbital (HOMO) of the nucleophile (the unshared electron pairs of amine) inter-
acts with the lowest free molecular orbital (LFMO) of the electrophile.

Analysis of the data in Table 2 reveals that the maximum and almost identical partial positive charges
(qc1(a)-gea(B) = 0.022—-0.038 € are localized on the carbon atoms of the carbonyl groups, whigh shéuld pro-
vide almost equally probable amidation with a small preference on a-ester groups. This cefitradicts the \ex-
perimental data [4], according to which regio-specific amidation on a-alkoxycarbonyl groupyis observed for
aminofumarates, and N,N-dimethylamino-maleate E-IV, for which the maximum qc valuei§, observed is
generally inert in this reaction. Thus, the amidation of diesters of amine-ethylene-1,2-di€arboxyli®acid does
not obey the charge control of the reaction.

According to the perturbation theory of molecular orbitals (MO) [18], the orbital comitrél of reaction is
determined by the efficiency of the interaction between employed and vacafit MQOs, invetselyiproportional to
the energy gap (AE) between them [19]. Respectively, regiospecificity of amidation of aminofumarates
should depends on the AE value between interacting orbitals, that is MO 7I*C=() of ester group and unshared
pair of electrons of nitrogen atom of amine (nN). Then, independently ‘on substituent at nitrogen atom,
a-methoxylcarbonyl group in Z-isomers of enamines I-IV should be more reactive because of significantly
less energy of ' -MO of a-carbonyl group (En'C,=0 —135.5 + =101.6%J/mol) in comparison with energy of
7'-MO of B-carbonyl group (En'C,=0 —83.5 + —41.7 kl/mol)andicarrespondingly, lower value AE between
interacting MOs. This fact correspond to observed regiospec¢ifieity of amidation of aminofumarates I, I in
absolute methanol in the presence of basic catalysis. In the,case of Z-111 N-tert-butylaminofumarate two the
most favorable conformers are observed that have practieallyiequal enegries (AE,,=5.5 kJ/mol), but far dif-
ferent dihedral angles Oncaci-o@) (Table 1) and erergies of T c1-o MOs (Table 2). Obviously, amidation of
Z-1I1 enamine is only possible in the case of effeetiveleenjugation of a-ester group with C=C bond, leading
to decrease of m C;=O orbital energy and formation ofian appropriate Z-Illa conformer. Thereby, non-
reactive with amines Z-IV N,N-dimethylaminofumarate deserves special attention, although dihedral angle
ONCZQ_O(Q) (Table 1), summary energyfofieonjugation of a-carbonyl group with double bond and energy of
T c1-0 MO are close to those for Z-IEN-methylaminofumarate (Table 2), that enters in reaction of amidation.
The explanation of this fact canét be connected with spatial difficulties for attack by nucleophile of ester
group, because they are practicallypidentical for considered enamines. The higher energy of ' ¢i-o MO in
Z-1V enamine could be exceptional reason.

Table 2

Calculation of the quantum chemical analysis data for preferred conformers
of Z- and E-isomers of enamines I-IV

The energy of interac- | Energy of m -orbital,
tions, kJ/mol kJ/mol
N-CZ C2:C3 Cl-Cz C3-C4 qu((l) Jdc2 Jc3 qc4(B) ()N Conjugationl HB2 nN—7'|C2=C3| C1=0 |C4=0
Z-1 | 1134899875 1.505] 1.446[0.674[0.117|-0.395]0.652]0.709 [81.6*| 102.6°[30.6| 205.6 | —47.5 |-135.5|-83.5
Z-14'1.3511.385|1.505 | 1.440]0.673[0.122]-0.399] 0.648 | 0.493|75.7°| 107.2°|48.8| 210.2 | —43.3 |[-114.7|-81.1
7.1 1.3561.390|1.510| 1.439]0.682|0.125|-0.393|0.645|0.514 56.3‘fl 107.1: 61.2|1209.7| -45.4 |-126.7|-81.5
$.351(1.386|1.508 | 1.440|0.683 [0.135|-0.403]|0.649 | 0.514 [85.2°|108.3"|50.8|203.7 | —33.1 | -65.6 |-75.9
Z-IV|1.365]1.377|1.515|1.455[0.671]0.114|-0.378] 0.644|0.300[68.9°| 89.8° | — [136.9] —33.1 [-101.6]|-41.7
E-I1 [1.371]1.360]1.514]1.458[0.690[0.142]—0.398]0.6620.721[20.4*] 90.6" [<2.1]126.5] —-37.1 | —67.5 |-54.7
E-I1 | 1.3631.365|1.514 | 1.457]0.695[0.135|-0.419]0.662]0.500]25.0°| 91.0° |<2.1{161.7| —28.4 | —80.1 |-44.1
E-IIT| 1.363 | 1.367]1.520 1.455[0.698[0.151|—0.424]0.6620.516 [10.6°] 94.3° [<2.1]179.9] —17.6 | =71.2 [-39.6

No Bofid length, /, A Partial charges, e

E-IV|1.367]1.370 | 1.520 | 1.453[0.701[0.143]-0.421] 0.660]0.307 | 6.4* | 95.8° | — [166.5| —21.0 | -58.3 [-42.0
Note. " — summary energy of interactions a) e T C1=0> Tici N b) mco- 3T a0y Teao—T co—c3; > — sum of
energies interactions nO—o 1x; © — Interaction energy nN—7 cs-c3. HB-intramolecular hydrogen bond.
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Taking into account that in the condition of amidation reaction the B-ester groups of I-IV
aminofumarates and a-ester group of Z-IV enamine are inert, conditionally the energy of Z-IV enamine
n*mzo MO can be taken as a high limit of n*czo energy, at which non-catalytic amidation of ester groups is
impossible. In this case all considered aminomaleates in which the energy of o- and B-m ¢—o make up from
—80.1 till —39.6 kJ/mol, should be inert in the reaction of amidation of any of ester groups. Unfortunately,
this assumption impossible to check experimentally, first of all, on other aminomaleates. Respectively, for-
mation of bis-amides of aminoethylene-1,2-dicarboxylic acid is possible only at decrease of energetic gaps
between interacting orbitals, that possible to be reached by amidation in absolute alcohol in the presence of
sodium methylate at intermediate formation of corresponding amide-aniones, that have more high enetgy of
nitrogen atom’s unshared pair of electrons. Really, fumarates and monoamides of Z-2-amino-3-alkexyl-
carbonylacrylic acid in the condition of basic catalysis (MeOH,,;/MeONa) form bisamides of aminefumaric
acid [4].

Thus, although quantum-chemical calculations were carried out for molecules in gas phase, they Iét us
explain experimental data on amidation of esters of N-derivatives of aminoethylene-1,2-dicarbexylic acid.

It should be noted that according calculation data (Table 2) energy of m ¢-o MO g8 difectlyconnected
with efficiency of its conjugation with m-system of other part of molecule — removal of a-carbonyl group
from molecule plane leads to increase of its MO For example, change of digedral"ahgle ©xé2ci-0() in Z-111
enamine from 0.5 to 42° increases energy of n'¢ci—o MO for 61 kJ/mol, fii erlerggtically preferable Z- or
E-isomers of [-IV enamines energy of m c-o MO is increased generally symbatically to increasing of
Oncacio Values. Energy of conjugation of unshared electron pair (UER) ofmitrogen with n-bond of C=C
(interaction of NAN—T ¢—c3) in I-IV E-isomersis increased with increasing ofienergy of UEP (=729.6, —651.9,
—618.9 and —627.1 kJ/mol, respectively); in the case of Z-isomers the corresponding pattern is not observed
(-598.5, -577.5,-559.9, —566.9 and —581.8 kJ/mol, respectlvely) possibly because of concomitant impact of
intramolecular hydrogen bond N-H...0=C, (interaction nO—g 11&). Summary energy of conjugation (sum of
interaction energies, Table 2) in Z-isomers of I-IV enamines\significantly high than in E-isomers, which ex-
plains the increased thermodynamical stability of Z-14Z:IIL 1S@mers; decreasing of relative stability of
Z-isomer of IV enamine is caused by steric interactiomsbetween voluminous ester and dimethylamine groups.
On other hand, observed change in bond length (elengation'of C,=C; and shortening of N-C,, C,-C,, C;-C, in
Z-isomers relatively to E-isomers) is also stipulated byymore high energies of conjugation in Z-isomers.

Conelusions

Thus, the amidation of amino ethylene-1,2-dicarboxylic acidsdiesters is obey to orbital control of the
reaction. The observed regiospecificity of nemn-catalytic amidation on the a-complex ester group is due to the
combined effect of decreasing, electrophilicity (increasing the energy of loosening m-orbitals) of the
B-carbonyl group due to effective'¢onjugation with the m-system C=C—NHR and increasing the electrophilic
a-carbonyl group with ingfeasing “its conjugation with the rest molecules. The inertness of N,N-di-
methylamino maleate to reactions with amines is caused by the increased energy of the n * C=0-orbitals of
the complex ester grodps. Bis-amidation of amino-ethylene-1,2-dicarboxylic aciddiesters is possible only in
the presence of catalysts.
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AmuHo3THIIEH-1,2-TNKAPOOH/KBIINKBIILIHBIH 113 QUpJIepiHn aMuaupJey:
TeOPpUSIBLIKTYPFbIIAH KApacThIPy

Taburu Gaitnaneic opOutanpaapeilely (Natural Bond Orbital, NBO) ¢opmamusmi men6epinne PBE/def2-
TZVPP xybikTayblHIa KBAaHETHIK-XAMKSUIBIK €CENTeylep AepeKTepiHiH Heri3inae Z- xone E-nzomepnepaiy
AMHHOSTHICH- 1, 2-MKapOOH WBKBIIKBME  mudduprepinin  MeO,CCH=C(NRR')CO,Me  amuampiey
epekuierikTepi  KapagPpipbbiasl,. MyHaa R =H; R'=H, Me, t-Bu; R=R'=Me. Perreyuinepaig
MePCIIeKTUBAJIBI KJIACCTApBIHbIH) Oipi Oenceni TypAeri KypbUIbIChIHIa OaillTaHbICKaH SHaMUH JKOHE KapOOHHII
Tontapsl Gap sMaliBgap O0mbITT TaObLIAIbI, Taj[ay jKacay HbICAHAAp PETiHAEC aMHHO(GYMap KbIIIKBLIBI
TYBIH/BLIAPB! TAHAANAMbI, COH/BIKTAH, aMUHO-3THJICH-1,2-1uKapOOH KBIIIKBUIBIHBIH AUIGUPIH aMUIHPIICY
peakmusiTaps! Kyprizingl. Ecenteynep kepcerkenzeii, I-IV emamuHznep yumiH onapiaslH KOHOUTYpaUsICHIHA
kapamacsaH, E=Ckefe C=0 OaifaHbICTapBIHBIH OPHAIACYBIHIA O-S-trans, -s-Iucke ue KoHpophopmepep
trimMail Qo Jradeuianpl. byn kopeiThiHgbUIap N-alKHIaMHHOITHICH-1,2-TUKapOOHABIK KBILIKbLIIAD
mdupiaepiniy Z- xkoHe E-m3oMepriepiHiH canbiCThIpManbl KOHGUTYPAUMSUIBIK TYPAaKTBUIBIFBI TYpajibl
fox1pUbeTik )aepeKTepre coifkec Kenmeai. AMUIUpIIEY peakIMsUIapbIHBIH OaFbIThl PEaKTaHT KYPBUIBIMBIHA
JKoHE peAKIMA JKArmaiBIHA KPUTHKANBIK JKAaFbIHAH GaiinaHeicTel Gomagsl. MeO,CCH=C(NRR')CO,Me,
myizaR = H; R'=H, Me, -Bu; R=R'=Me amuno-strnen-1,2-1mkap6oH KbIIKbUIB AH3GUpPIEPIHiE Z-
xKoHe E-m3oMepriepiHiH aMuanpiey epeKIIelNiKTepi KapacThIpbUIFaH. AHBIKTaJFaHAad, aMHHO-ITHIEH-1,2-
JMKapOOH KBIIKBUIBL AUIGUPICPIH aMUAUPICY PEaKUUSCHIHBIH OpOUTANIbIK OakblIayblHa OaFbIHA/IBI.
O-Kypaeni 3¢upiep TonTapbl OOWBIHINA KATATHUTUKAIBIK €MeC aMHIHUPICYJiH OaiikalFaH aliMakka TOH
GoysIHBIH Oatikamys! m-xyiieciver C=C-NHR-men triMai GaitanbicsiHa B-kapOOoHMIT TOOBIH TOMEHIETETIH
ANEKTPOPHUIBIUTIKTIH (T-OpOUTAIABIH KOTICITY SHEPTHSICHIH KOFAPhIIATY) JKOHE KalFaH MOJIeKyna OeliriMexH
GaiinaHpiCy apTyMeH O-KapOOHHJI TOOBIHBIH JJIEKTPOQMIBALNIIIH  KOFApbUIATYyMEH  OaillaHbICTHI.
Amuanepmer N N-IuMeTHIaMUHOMAJIEATThIH — peaklusulapFa HMHEPTTLNr  m¥c_o-Kypaeni  3dwuprep
TONTApPBIHBIH OpPOUTANAAPbl PHEPTHACHIHBIH apTybIMeH OainaHbICTBl OONBIN Keiedi. AMHHO-3THIICH-1,2-
JIMKapOOH KBIIKBUIBIHBIH AUA(GUPIICPiH GHC-aMUIUpIIey TEK FaHa KaTalIM3aTOPIap/blH KaThICybIMEH MYMKIH
0oJ1abI.

Kinm coe30ep: amunmpiey, KBaHTTHI-XHMISIIBIK €celTeyiep, OelceH/l eHaMHHIep, aiiMaKkKa ToH, KOH(Oop-
Mepiiep, OaiaHBICTAp/ABIH IMCOUATHl OPHAIACYBI, TPAaHCOWABI OalIaHBICTHIH OpHAJACybl, HU30Mepiep,
opOuTaNBIK OaKbLIaYy.
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AmuaupoBanue 1M3(GUPOB AMUHOITIIIEH-1,2-THKAPOOHOBOI KHUCJIOTHI:
TeopeTH4ecKoe pacCMOTpPeHue

Ha ocHoBanMM IaHHBIX KBaHTOBO-XMMHUYECKHX pacueToB B mnpubmmwkenun PBE/def2-TZVPP B pamkax
¢dopman3Ma HaTypanbHbIX cBsi3eBbix opOutaneit (Natural Bond Orbital, NBO) paccmorpensl ocobGeH-
HOCTH aMuaupoBaHuss Z- u E-m3omepoB 1audhupoB aMHHOITHIEH-1,2-IMKapOOHOBOM  KHCIOTHI
MeOzCCH=C(NRR1)COZMe, rze R =H; R'=H, Me, +-Bu; R = R' = Me. Tak kax oqsuM u3 MEePCIEKTUBHBIX
KJIaCCOB PETYIISTOPOB SIBIISIOTCS] aKTUBUPOBAHHBIE EHAMHHBI, COJIEPIKAINE B CBOEH CTPYKTYPE CONPSKEHHBIE
€HaMHUHHYIO ¥ KapOOHMJIBHYIO I'PYHITEL, B KaueCTBE 0OBEKTOB Ul aHAM3a BHIOPAHBI MPONU3BOIHBIE aMHHO-
(ymapoBoit KuCTOTEL. Pacu€rsl mokasany, 4to a1t eHaMUHOB [-IV, He3aBHCHMO OT MX KOHQHTypanuifHan-
GoJiee BEITOTHBIMH SBISIOTCS KOH(DOPMEpEI, o0Iagaomue o-s-mpanuc, -s-yuc-pacnonoxenneM cBsizéit C=C
n C=0. DTH BBIBOABI COTJIACYIOTCS C AKCIEPUMEHTAIBHBIMI JAHHBIMU [0 OTHOCHTEIILHONH KOH(MUTYpaIinoH-
HOU ycroiumBoctH Z- M E-m3omepoB mmdrdupos N-ankmmamMuHOAITHIICH-1,2-THKapOOHOBOM KHCiIOTBE, Ha-
MpaBJIeHHE PeaKUUi aMUANPOBAaHUS KPUTHIECKUM 00pa30oM 3aBUCHT OT CTPOSHUS PEaKTaHTa U PEAKLIMOHHBIX
ycnoBuil. Y CTaHOBIEHO, YTO aMUAMPOBAHHUE AUI(PHUPOB AMHUHOITHIICH- 1 ,2-TMKapOOHOBOI KHCIOTHI TOAHMUHS®
eTcst OpOUTaIbHOMY KOHTPOUIIO peakunu. Habmonaomascs pernocnenuduuHocTb HeKaTATH THEECKOTQ aMHU-
JUPOBAHUS TI0 0-CIIOMKHOI(PUPHON TpyIine 00yCcIOBIEHa COBMECTHBIM BIUSIHUEM CHUKCHESRICKTPODGUITBHO-
cTH (IOBBIMICHUEM SHEPIHU PA3PHIXJIIONel n-opOuTany) B-kapOOHUIBHOM TPYIHTE BCIeACTBHE YPPEKTHB-
Horo conpspkerus ¢ n-cucreMol C=C—NHR u nosbimeHreM 2:1eKTpohHIIbHOCTH 0-KapOOAIIILHON IPYIIIIEI C
POCTOM €€ CONpPSDKEHHsI C OCTANBHOM 4acThio MoyeKyisl. MHepTHOCTE N,N-IHMETHIaMiHHOMANeaTa K peak-
IMAM C AMUHAME BBI3BAaHA IOBBIIICHHONW SHEPIHEH T c—o-OpOHTANeH QEOKHOBGHPHBIX TIpymm. bBrc-
aMUIUpOBaHUE IUA()UPOB AMUHOITHIICH- 1 ,2-TMKapOOHOBOIT KUCIOTHI BO3MOKHQWINIID B IPUCYTCTBUM KaTa-
JIM3aTOPOB.

Knouegvie cnoséa: amuanpoBaHHe, KBaHTOBO-XUMHYECKHE PacyeThl) aKTMBUPOBAHHBIC CHAMUHBI, PETHO-
crienuduuHOCTb, KOHGOPMEPDI, LIMCOMAHOE PACIOJIOKEHHE CBASEH, TPAHCOMIHOE PACIIONOKEHUE CBS3ei,
H30MepHI, OPOUTAIBHBIN KOHTPOJIb.
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