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AHHOTANUA

ITpoBeneHO KBAaHTOBO-XHUMHYECKOE MOJICITMPOBAHNE MEXaHU3Ma pPeakiy N-aIpIupoBaHUs TUMEITHIA (-aJlaHuUIT-
BaJIMHA 4-HUTPO(PESHUIOBBIM 3PHUPOM YKCycHOI kuciothl (Metonom RHF/6-31G(d)) B ra3oBoii dasze. Paccunrana
TpeXMepHasi MOBEPXHOCTh MOTCHIMAIBLHON 3HEPIUH YKa3aHHOTO MpOoLecca B KOOPAWHATAX YIIa aTAKU MOJICKYIIbI
Q-aJlaHWIBAJIMHA Ha KapOOHWIBHYIO Tpymny 4-HuTpodeHWIaleraTa U pacCTOSHHUSA MEXKIy aToMaMHu a30Ta
AMUHOTPYTITIBI JUIENTHA ¥ yIIepoia KapOOHWILHOM TPYIIIBI CII0KHOTO 3(hupa, 00pa3yoIMMHE CBS3b B IIEICBOM
npoaykTe peakiu. [TokasaHo, 4To B3aUMOJCHCTBHE MOYKET MPOTEKATh MO MapIIPyTy, HA KOTOPOM MPHCYTCTBYET
eIMHCTBEHHAsl CEeIUIOBasi TOYKA, COOTBETCTBYIOIIAS MEPEXOJHOMY COCTOSIHHUIO. MapIpyT peakiiy HauuHACTCS
aKCHUANIbHOW aTakod HyKJieopmia Ha KapOOHHMIIBHBIM PEaKIMOHHBIA IIEHTP MOJEKYIbl 4-HUTpodeHHalerara;
COMMKEHUE MOJICKYJI PEarcHTOB BEIET K YBEIMUCHHIO YIIia HYKIeo(QMIbHOM aTtaku 10 ~172° B ceJIOBOM TOYKE U
~177° B MUHUMyMe, COOTBETCTBYIOIIEM MPOAYKTAM PEAKLIMH. Y CTAHOBIIEHO, YTO B M3y4aeMOM peaKliH peatn3yeTcst
OJIHOCTAJIMIHBIN MEXaHW3M OMMOJIEKYJIIPHOIO COTJIACOBAHHOTO HYKJICO(MMILHOrO 3amerieHus. [loka3aHo, 4To
TPHHIMITHATLHAS BO3MOXKHOCTB MPOTEKAHHS H3y4aeMOro0 Mpoliecca B ra3oBoi (hase Ha GoHe He HAYIIeH B ra30Boi
(aze peakuy He3aMeNeHHOro (heHUIaNeTaTa ¢ (-aTaHUIIBAIMHOM O0YCIIOBJICHA SJICKTPOHOAKIICTTOPHBIM BITHSI-
HHEM HUTPOTPYIIIIBI, CUIIBHO TIOBBIMIAIOIINM 3IEKTPOGUIBHOCTh KapOOHMIILHOTO aTOMa yIiiepoia, KOTOPbIH mpH
NPOTEKaHWH PEaKIIMK MO/IBepraeTcs aTake Hykieoduia. HaiieHo, 4to reomeTprieckasi KOHPHUTyparms peakimoH-
HOTO IIEHTpA B TIEPEXOTHOM COCTOSIHUU PEAKIMH PEICTABIISET COO0N NCKaKEHHBII TETpas/Ip, 4TO XapaKkTepHO s
peaKImil UMENTHIIOB CO CIIOKHBIMH d(PHPaMH KapOOHOBBIX KUCIOT. [Tepexo/IHOE COCTOSTHUE PEaKIIMU CHHXPOHHOE,
XapaKTepHOe IS PeaKilvii, MPOTEKAIINX 0e3 00pa3oBaHMsl HHTEPMEINATOB. PaccunTanHasi BETMYMHA SHEPTUH
akTHBaIMuy peakiwu coctaBuna 304.3 k/Ix/mMoub. [TyTeM conocTapieH s MOIYYSHHON BEIMYMHBI SHEPTETUIECKOTIO
Oapbepa U3ydaeMoro Iporecca ¢ paCCYNTaHHBIMHU BEJIMYMHAMY SHEPTHH aKTUBALMU APYTHX PEAKIMil aluiIupo-
BAHMSI TUTICTITHIOB CJIOKHBIMH 3()HPaMU KapOOHOBBIX KUCIIOT YCTAHOBJICHO, YTO PACCYUTAHHBINA SHEPreTHYECKHII
Oapbep M3y9IaeMOoro MpoIecca YKIaIbIBACTCsl B MHTEPBAJ BEJIMYMH aKTHBAIIMOHHBIX 0apbepOB POJICTBEHHBIX PeaK-
1uit. BricOKOE 3HaUeHHE PACCUMTAHHOTO SHEPreTHYECKOro Oapbhepa peakiuu 4-HuTpodeHuIaeTaTa ¢ Q-alaHui-
BJIMHOM OOYCJIOBJICHO BIIMSIHMEM Ha MPOTEKAHHE MOJISITUPYEMOTO Tpoliecca IByX (PaKTOPOB: TEM, UTO YKa3aHHOE
3Ha4YEHUE PACCUMTAHO JUIS MPOLECCOB, MPOTEKAMOIIMX B Ia30BOi (has3e, a TaKKe CTEPHYCCKUMH MPETSTCTBUSAMU
IMPOTEKAaHUIO PE€aKIU, CO31aBaCMbIMU 00BEMHBIM 3aMECTHUTENIEM BAJIMHA B COCTABE JUIICIITHAA.
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Abstract

Quantum-chemical simulation of the reaction mechanism of N-acylation of the dipeptide a-alanylvaline with
4-nitrophenyl ester of acetic acid (at RHF/6-31G(d) level) in the gas phase was carried out. The three-dimensional
potential energy surface of the specified process was calculated in the coordinates of the angle of attack of the
a-alanylvaline molecule on the carbonyl group of 4-nitrophenyl acetate and the distance between the nitrogen
atoms of the amino group of the dipeptide and the carbon of the carbonyl group of the ester that form the bond
in the target reaction product. It is shown that the interaction can proceed along a route in which there is a single
saddle point corresponding to the transition state. The reaction route begins with an axial attack of the
nucleophile on the carbonyl reaction center of the 4-nitrophenyl acetate molecule; the approach of the reactant
molecules leads to an increase in the angle of nucleophilic attack to ~172° at the saddle point and ~177° at the
minimum, corresponding to the reaction products. It was established that in the reaction under study a single-
stage mechanism of bimolecular concerted nucleophilic substitution is realized. It has been shown that the
fundamental possibility of the process under study occurring in the gas phase against the background of the
reaction of unsubstituted phenylacetate with a-alanylvaline, which does not occur in the gas phase, is due to the
electron-withdrawing effect of the nitro group, which greatly increases the electrophilicity of the carbonyl
carbon atom, which is attacked by a nucleophile during the reaction. It was found that the geometric
configuration of the reaction center in the transition state of the reaction is a distorted tetrahedron, which is
characteristic of reactions of dipeptides with carboxylic acid esters. The transition state of the reaction is
synchronous, characteristic of reactions that occur without the formation of intermediates. The calculated
activation energy of the reaction was 304.3 kJ/mol. By comparing the obtained value of the energy barrier of the
process under study with the calculated values of the activation energies of other reactions of acylation of dipeptides
with esters of carboxylic acids, it was established that the calculated energy barrier of the process under study falls
within the range of values of the activation barriers of related reactions. The high value of the calculated energy
barrier for the reaction of 4-nitrophenyl acetate with a-alanylvaline is due to the influence of two factors on the course
of the modeled process: the fact that the indicated value is calculated for processes occurring in the gas phase, and
also steric hindrances to the reaction created by the bulky valine substituent in the dipeptide.
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