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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 of their configuration,
conformers with o-s-trans, B-s-cis-arrangement of C=C and C=O bonds are most beneficial. These findings
are consistent with experimental data on the relative configurational stability of the Z- and E-isomers 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 established that 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) of the B-carbonyl group due to effective
conjugation with the m-system of the C=C-NHR and an increase in the electrophilicity of the a-carbonyl
group with an increase in its conjugation with the rest part of the molecule. The inertness of N,N-dimethyl-
aminomaleate to reactions with amines is caused by the increased energy of " c_g-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 calculations, activated enamines, regiospecificity, conformers,
cisoid arrangement of bonds, transoidal arrangement of bonds, isomers, orbital control.

Introduction

In modern agricultural technologies must important attention is paid to use of plant promoters, because
they, unlike other chemicals, usually require small doses for use, do not affect the environment and have
contribution to the production of environmentally friendly agricultural products.

One of the promising classes of promoters are activated enamines, containing in their structure conju-
gated enamine and carbonyl groups, 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 amidation reactions depends strictly on the structure of the reactant and the reaction conditions.
The amino-fumaric acid diesters with unsubstituted nitrogen atom, at interaction with ammonia, primary and
secondary aliphatic amines in absolute alcohols, produce monoamides of Z-2-amino-3-alkoxycarbonyl-
acrylate acid, and in aqueous methanol — mostly or exclusively 1-alkyl-3-alkylaminopyrrole-2,5-diones
(with the exception of reactions with ammonia and tert-butylamine, leading only to the corresponding
monoamides).

The amino 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
produce 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 Firefly
7.1 package. The NBO method allows to analyze nonempirical wave functions within one-and two-center
localized orbitals, thus making it convenient to thoroughly analyze intra- and intermolecular interactions.
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 shifts C NMR
observed for NPA-charges [17]. By calculations it was established that obtained data will correspond to the
location of the molecules in the gas phase or, at least, in solution of a non-polar aprotic solvent. In reality,
almost all reactions were carried out in polar protic solvents — in absolute or aqueous methanol with specific
solvating effect. Nevertheless, from our point of view, the use of calculated data to a sufficient degree is au-
thentic and useful for analysis due to comparable impact of solvation on the properties of the considered re-
lated compounds — derivatives of aminoethylene-1,2-dicarboxylic acid.

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

analysis:
Me02t<1:RRl NRR!
O,Me  MeO,C /_<C02Me

z E
R =H; R'=H (I), Me (I), -Bu (IIT); R = R' = Me (IV)

Results and Discussion

Calculations identified that for enamines I-IV, despite their configuration, the conformers with o-s-
trans,B-s-cis-arrangement of C=C and C=0 bonds are the most favorable (Table 1). Wherein, for Z-1I, Z-III
N-alkyl derivatives of aminofumaric acid the transoidal arrangement of the substituent at the nitrogen atom
and C=C bond is the most beneficial, while for aminomaleic acid — their cisoidal arrangement.

Table 1
Internal energies (Eiy.) and dihedral angles (Oncc=0(q), °) of preferred conformers
of Z-and E-isomers of enamines I-IV
Enamine Ein, a0 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-1Ib —628.5642° 21.7 E-IIb —628.5512° 73.9 —34.1
Z-1lla —746.3755° 0.5 E-Illa —746.3697° 59.1 -15.2
Z-111b —746.3776° 42.0 E-IIIb —746.3658° 74.9 -31.0
Z-IV —-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-III, 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, which should pro-
vide almost equally probable amidation with a small preference on a-ester groups. This contradicts the ex-
perimental data [4], according to which regio-specific amidation on a-alkoxycarbonyl group is observed for
aminofumarates, and N,N-dimethylamino-maleate E-IV, for which the maximum qc value is observed is
generally inert in this reaction. Thus, the amidation of diesters of amine-ethylene-1,2-dicarboxylic acid does
not obey the charge control of the reaction.

According to the perturbation theory of molecular orbitals (MO) [18], the orbital control of reaction is
determined by the efficiency of the interaction between employed and vacant MOs, inversely proportional 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 T =0 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 (Ex’'C,=0 —135.5 + —101.6 kJ/mol) in comparison with energy of
7' -MO of B-carbonyl group (En'C,=0O —83.5 + —41.7 kl/mol) and, correspondingly, lower value AE between
interacting MOs. This fact correspond to observed regiospecificity of amidation of aminofumarates I, II in
absolute methanol in the presence of basic catalysis. In the case of Z-1II N-tert-butylaminofumarate two the
most favorable conformers are observed that have practically equal enegries (AE,;=5.5 kJ/mol), but far dif-
ferent dihedral angles Oncaci- ~0() (Table 1) and energies of @ 1o MOs (Table 2). Obviously, amidation of
Z-11I enamine is only possible in the case of effective conjugation of a-ester group with C=C bond, leading
to decrease of m C;=O orbital energy and formation of an 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 energy of conjugation of a-carbonyl group with double bond and energy of
T c1-0 MO are close to those for Z-1I N-methylaminofumarate (Table 2), that enters in reaction of amidation.
The explanation of this fact can’t be connected with spatial difficulties for attack by nucleophile of ester
group, because they are practically identical for considered enamines. The higher energy of 7'ci—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 7 -orbital,
tions, kJ/mol kJ/mol
N-C2 C2:C3 CI'CZ C3-C4 qu((l) Jdc2 Jc3 qc4(B) ()N Conjugationl HB2 nN-7'|C2=C3| C1=0 |C4=0
Z-1 [1.348]1.375]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-11[1.3511.3851.505 | 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
7111 1.356(1.390|1.510| 1.439]0.682(0.125|-0.393|0.645|0.514 |56.3" 107.1: 61.2|1209.7| -45.4 |-126.7|-81.5
1.351]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 | 1.363|1.365|1.514 | 1.457]0.695[0.135|-0.4190.662]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 Bond 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 cy—c3. HB-intramolecular hydrogen bond.
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Taking into account that in the condition of amidation reaction the [-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 energy of
nitrogen atom’s unshared pair of electrons. Really, fumarates and monoamides of Z-2-amino-3-alkoxyl-
carbonylacrylic acid in the condition of basic catalysis (MeOH,,;/MeONa) form bisamides of aminofumaric
acid [4].

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

It should be noted that according calculation data (Table 2) energy of @ ¢-o MO is directly connected
with efficiency of its conjugation with n-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 angle Oncaci-o() in Z-111
enamine from 0.5 to 42° increases energy of ©'ci—o MO for 61 kJ/mol, in energetically preferable Z- or
E-isomers of I-IV enamines energy of @ ci—o MO is increased generally symbatically to increasing of
Oncaci=o values. Energy of conjugation of unshared electron pair (UEP) of nitrogen with n-bond of C=C
(interaction of NAN—T ¢—c3) in I-IV E-isomersis increased with increasing of energy 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—c 11.y). Summary energy of conjugation (sum of
interaction energies, Table 2) in Z-isomers of [-IV enamines significantly high than in E-isomers, which ex-
plains the increased thermodynamical stability of Z-I-Z-III isomers; decreasing of relative stability of
Z-isomer of IV enamine is caused by steric interaction between voluminous ester and dimethylamine groups.
On other hand, observed change in bond length (elongation of C,=C; and shortening of N-C,, C,-C,, C;-C, in
Z-isomers relatively to E-isomers) is also stipulated by more high energies of conjugation in Z-isomers.

Conclusions

Thus, the amidation of amino ethylene-1,2-dicarboxylic acidsdiesters is obey to orbital control of the
reaction. The observed regiospecificity of non-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 conjugation with the n-system C=C—NHR and increasing the electrophilic
a-carbonyl group with increasing 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 m * C=0-orbitals of
the complex ester groups. Bis-amidation of amino-ethylene-1,2-dicarboxylic aciddiesters is possible only in
the presence of catalysts.
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AMHnHO3ITHIIEH-1,2-TNKAP0OH KBIIKbLIBIHBIH I3 (UpJIepiH aMuaupJey:
TEOPUSJIbIK TYPFbIIAH KApacTbIPy

Taburu Gaiinansic opourtanpaapsHeH (Natural Bond Orbital, NBO) dopmanusmi men6epinne PBE/def2-
TZVPP xybikTayblHIa KBAaHTTHIK-XUMHSUIBIK €CENTEYNIep ACPeKTepiHiH Heri3inae Z- sxone E-nzomepnepaiy
AMHHOSTHNIEH-1,2-MKapOOH  KBIIKBUIsI  mudduprepinin  MeO,CCH=C(NRR')CO,Me  amuamupiey
epekmienikTepi KapacTephliabl, MyHma R=H; R'=H, Me, t-Bu; R=R'=Me. Perreyminepain
MePCIeKTUBAJIBI KJIACCTAPBIHBIH Oipi OenceHai Typaeri KypbUIbIChIHIa OaillaHbICKaH SHaMUH JKOHE KapOOHHII
Tontapsl Gap SManmbaap Ooubin TaObLIagbl, Taj[ay jkacay HbICAHAAp PETiHAEC aMHHO(GYMap KbILIKbUIBI
TYBIH/BIIAPB! TaHAAJAbI, COH/ABIKTAH, aMHHO-3THJICH-1,2-1uKapOOH KBIIIKBUIBIHBIH AUIGUPIH aMUIHUpPIICY
peaxuusiapsl xyprizinai. Ecenteynep kepcerkenzeii, I-IV enaMunzaep yIIiH olapabiH KOHOHIYpaLUsChIHA
kapamactat, C=C »xone C=0 GaiinaHbICTapbIHBIH OPHATIACYBIHAA 0-S-trans, B-s-1ucke ue koHdopdopmepiep
THiMai Gosbin  TaObuTazbl. By KopeiThiHAbUIAD N-anKHIaMHHOITHIEH-1,2-TUKapOOHABIK KBILIKbLIIAP
mmdupaepiniy Z- xkoHe E-u3oMepriepiHiH canbiCThIpManbl KOHGHUIYPAUMSUIBIK TYPAaKTBUIBIFBI TYpajibl
TOKIpUOENiK AepeKTepre coifkec Kenmeai. AMUIUpIICY peakUMsUIapbIHBIH OaFbIThl PEaKTaHT KYPbUIBIMBIHA
JKOHE DeAKLMs JKAFJaHBIHA KPUTHKANBIK JKAaFbIHAH OaiinameicTel Gomagsl. MeO,CCH=C(NRR')CO,Me,
myaga R =H; R'=H, Me, ¢-Bu; R =R'=Me amuno-stnen-1,2-1mkap6oH KbIIKbLIB TH3GUpPIEPIiHiH Z-
xoHe E-m30MepliepiHiH aMHUAUpIeYy epeKIIeTiKTepi KapacThIpblUIFaH. AHBIKTAIFaHAai, aMHHO-3THICH-1,2-
JMKapOOH KBIIKbUIBL AUIGHUPICPIH aMHUAUPICY PEaKUMSCHIHBIH OpOUTANIBIK OakblIayblHa OaFbIHA/BI.
a-Kypzaeni adupiaep TonTapsl OOWBIHIIA KATATUTHUKAIBIK €MEC aMHUAUpIICYHIiH OaiikanraH aiiMakka TOH
GourysIHBIH Oatikaimysl m-xyiieciver C=C-NHR-men tuimai GaitanbicsiHa B-kapOoHMI TOOBIH TOMEHIETETIH
ANEKTPOPHUIBIUTIKTIH (T-OpOUTAIIBIH KOIICITY SHEPTHSICHIH )KOFAPhUIATY) JKOHE KalFaH MOJIeKyna OeliriMexH
GaiinaHpiCy apTyMeH O-KapOOHHI TOOBIHBIH JJIEKTPOQMIBALNIIIH  KOFapbUIaTyMEH OailaHbICTHI.
Amuazmepmer N N-IuMeTHIaMUHOMAJIEaTThlH — peaklusulapFa HMHEpPTTLNr  m¥c_o-Kypaeni  sdwuprep
TONTApPBIHBIH OpPOUTANAAPbl SHEPTHACHIHBIH apTybIMeH OainaHbICTbl OONBIN Kenedi. AMHHO-3THIEH-1,2-
JIMKapOOH KbIIKBUIBIHBIH AUA(GUPIICPiH GHC-aMUIUpIIey TeK FaHa KaTalu3aTopiapblH KaThICybIMEH MYMKIH
0oJ1abI.

Kinm coe30ep: amuaupiey, KBaHTTHI-XHMISUIBIK ecelTeynep, OelceHi eHaMHuHIep, aiiMakKa ToH, KOH(op-
Mepiiep, OaiJIaHBICTApABIH IMCOMATHL OPHANACYBI, TPAHCOMIBI OAlJIAHBICTHIH OpHAIACYBI, H30MepJep,
opOuTanbIK OaKpLIay.
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AMmuaupoBanue 113 (GpUPOB aMUHOITIIIEH-1,2-TUKAPOOHOBOI KHCJIOTHI:
TeopeTH4ecKoe pacCMOTpPeHue

Ha ocHoBaHMM IaHHBIX KBaHTOBO-XHMHUYECKHX pacueToB B mnpubmmwkenun PBE/def2-TZVPP B pamkax
¢dopman3ma HaTypanbHbIX cBs3eBbix opOutaneit (Natural Bond Orbital, NBO) paccmorpensl ocoGeH-
HOCTH aMuaupoBaHuss Z- u E-u3omepoB 1muddupoB aMHHOITHICH-1,2-IUKApOOHOBOM  KHCIOTHI
MeOzCCH=C(NRR1)COZMe, rze R =H; R'=H, Me, +-Bu; R = R' = Me. Tak kax oqsum u3 MEePCIEKTUBHBIX
KJIaCCOB PETYIISITOPOB SIBIISIFOTCSI aKTUBUPOBAHHBIE €HAMHHBI, COJIEPIKAINE B CBOEH CTPYKTYpE CONPSKEHHBIE
S€HaMHMHHYIO ¥ KapOOHMJIBHYIO I'PYHITEL, B KauecTBE 0OBEKTOB Ul aHAJIM3a BBHIOPAHBI MPONU3BOJHBIC aMHHO-
(ymapoBoii KUCTOTEL Pacuérsl mokasany, 4To A1t eHaMUHOB [-IV, He3aBHCHMO OT MX KOH(UIypanuu, Hau-
GoJiee BEITOAHBIMH SBIIOTCS KOH(DOPMEPEI, 00JIafalomue o-s-mpanuc, P-s-yuc-pacnonoxenneM caszeit C=C
u C=0. DTu BBIBOJBI COTIACYIOTCS C IKCIICPHMEHTAIBHBIMY JaHHBIMH 110 OTHOCUTEIBFHOH KOH(PUTypaIoH-
HOU ycroiumBoctH Z- M E-m3omepoB mmdrdupos N-ankmmamuHOAITHIICH-1,2-THKapOOHOBOM KncimoTsl. Ha-
TpaBJIeHHE PeaKUUi aMUANPOBAaHUS KPUTHUECKUM 00pa3oM 3aBUCHT OT CTPOSHUS PeaKTaHTa U PEaKIIMOHHBIX
ycnoBuil. Y CTaHOBIEHO, YTO aMUAUPOBAHUE AUIPHUPOB AMHUHOITHIICH-1,2-1MKapOOHOBOI KHCIOTH HOAYUHS-
eTcst OpOUTaIbHOMY KOHTpOUIO peakunu. Habmonatomascs pernocnenuduuHocTb HEKaTAIUTHYECKOTO aMu-
JHUPOBAHUS TI0 O-CIIOMKHOIPUPHON TpyIine 00yCIOBIeHa COBMECTHBIM BIUSIHUEM CHIDKEHUS 3IEKTPO(UIBHO-
cTH (IOBBIMICHUEM SHEPIHU PAa3phIXJIIONed n-opOuTany) B-kapOOHMIBHOM IPYMITEI BCIeACTBHE Y deKTHB-
Horo conpspkerus ¢ n-cucreMol C=C—NHR u nosbimeHreM 2:1eKTpohIIBHOCTH 0-KapOOHWIBHON IPYIIII C
POCTOM €€ CONPSDKEHHsI C OCTANBHOM 4acThio MoieKyibl. MuepTHOCTs N,N-IHMeTHIaMIHOMANIeaTa K peak-
IMAM C AMHHAMH BBHI3BAHA IOBBIIICHHOM OHEPIHeil T c—o-OpOHTameil CIOKHOI(QUPHBIX Tpymr. buc-
aMUIUpOBaHue IU3(QUPOB AMHHOITHIICH- 1,2-1TMKapOOHOBOI KUCIOTHI BO3MOJKHO JIMIIb B IPUCYTCTBUM KaTa-
JIM3aTOPOB.

Kniouegvie cnoséa: amuampoBaHHe, KBaHTOBO-XUMHYECKHE PacydeThl, aKTHMBHUPOBAHHBIC C€HAMUHBI, PETHO-
crienuduuHOCTb, KOH(GOPMEPDI, LIMCOMAHOE PACIIOJIOKEHHE CBA3CH, TPAHCOMIHOE PACIIONIOKEHUE CBs3ei,
H30MepHI, OpOUTAIBHBIN KOHTPOJIb.
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