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AHHOTALUA

KsanroBo-xumuueckuMm MetogoM B3LYP/6-31++G(d,p) nccneqoBan MeXaHU3M M BBIYHCIICHBI TEPMOIUHAMH-
YEeCKHe TapaMeTphl aKTUBAILMU M PEaKIMU B3aUMOJICHCTBHS Tu(eHMIKapOoHaTa ¢ MOHOMEPOM METHUJIaMHHA
KaTaJIM3UPYEMbIX Pa3MYHBIMU COCAMHEHHUSIMU: MypPaBbHHOW KUCIOTOW, aleTaToM LWHKa, 1,4-1na300uIHK-
10[2.2.2]okranoM (DABCO) 1 runpokcuaom kamust. BeIsiBIeHO 1Ba KOHKYPHUPYIOIIMX MEXaHHW3Ma MpeBpalie-
HUI: MEXaHU3M HYKJICO()UITBHOTO 3aMEIICHUS 1 MEXaHU3M "TIPHCOeTUHEHUA-0TIIeTIeHUS . 15 KaKI0T0 THIa
KaTaju3aTopa ObLI OMpe/esieH IpeobIaaloniiil MmyTh PEeakiliid U PacCCUUTaHbl COOTBETCTBYIOIINE YHEPIETH-
yeckue Oapbephl. B ciydae KHCIOTHOTO KaTanm3a (MypaBbHHAS KHCIIOTa) Peakiys IpoTeKaeT depe3 o0pas3o-
BaHUE BOJOPOTHOCBSI3aHHBIX KOMIUIEKCOB, TI€ KHCIIOTa BBIITOJHAET POJib ON(YHKIIMOHAIBHOTO KaTalnu3aTopa.
AueraT UMHKa Kak KucioTta JIbionca npeuMyIecTBeHHO KOOPIMHUPYETCS ¢ KapOOHUIBHBIM KHCIOPOAOM, YTO
MIPUBOJUT K 3HAUYUTENHHON mossipu3aunu cBs3u C=0 u obneryaer HyKI€OPUIbHYIO aTaky. | MAPOKCHA Kaus
MOKa3aJl UCKIIOYUTENhHYI0 3¢ (hEeKTHBHOCTh, 00ecreunBas camMble HU3KHE DHEPIMH aKTHBAIMH CPEAHM BCEX
n3ydeHHBIX cucteM (20.3 k/[/MOob AJ1s mepBoi cTagum). ITO OOBICHSIETCS €T0 CITIOCOOHOCTHIO OJHOBPEMEHHO
aKTHBHPOBATh METHJIAMHUH 32 CYET JIENPOTOHUPOBAHUS M CTAOMIM3HPOBATH ITEPEXOJAHOE COCTOSIHHAE 33 CUET
KOOpAMHAIMU ¢ (PEHOKCHJIBHBIMH TpyHIaMd. B OTIMYME OT 3TOro, KaTraluTHYecKas CHUCTeMa Ha OCHOBE
DABCO okazanace MeHee 3QQEeKTHBHOW, YTO CBSI3aHO C OCOOEHHOCTSAMH MPOCTPAHCTBEHHOW OpraHU3allNH
MIEPEXOTHBIX COCTOSTHUN. Peakniny B ra30Bo# (paze XapakTepru3yIOTCsI MEHBIIMMHU YHEPTETUIECKUMHE OaphepaMu
10 CPAaBHEHHIO C PEaKIUsIMHU B pacTBOpe. DTO 0OBSICHIETCS MEHBIIIeH CTaOMIN3aIe TOJIIPHBIX TEPEXOIHBIX
COCTOSHMH B HEMOJSPHBIX Cpegax, 4TO TOATBEP)KIAET BaKHOCTH BHIOOpa YCIOBHU I ONTHMH3ALINU
KaTaIUTHYECKUX MpoleccoB. KMHETHUECKU aHaIN3 MO3BOJIMI PACCUUTATh KOHCTAHTBI CKOPOCTEH IS BCeX
M3y4YaeMbIX MTPOIECCOB B IMPOKOM TeMIeparypHoM auamna3one (298-373 K). Hanbonbuine 3Ha4eHNS! KOHCTAHT
CKOpOCTEH HaOIONAINCh IS CUCTEMBI ¢ THApokcHaoM Kamus (1.75-10° mpu 298 K), 4To moarsepskaaeT ero
BBICOKYIO KaTaIMTHYECKYIO0 aKTUBHOCTB. [[JIsI HEKOTOPBIX KAaTAIMTUYECKUX pPEaKlrii KOHCTAHTBI CKOPOCTEH
MIPEBBIMIAIOT 3HAYCHUS 1T HEKATATUTHICCKUX peakinii Ha 9-10 mopsakoB.
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Abstract

The mechanism and thermodynamic parameters of activation and reaction of interaction of diphenyl carbonate
with a methylamine monomer catalyzed by various compounds: formic acid, zinc acetate, 1,4-diazobicyclo-
[2.2.2]octane (DABCO) and potassium hydroxide was studied at B3LYP/6-31++G(d,p) level. Two competing
reaction pathways have been identified: the pathway of nucleophilic substitution and the pathway of
"attachment-cleavage". The predominant reaction pathway was determined for each type of catalyst and the
corresponding energy barriers were calculated. In the case of acid catalysis (formic acid), the reaction proceeds
through the formation of hydrogen-bonded complexes, where the acid acts as a bifunctional catalyst. Zinc
acetate, as a Lewis acid, is predominantly coordinated with carbonyl oxygen, which leads to significant
polarization of the C=0 bond and facilitates nucleophilic attack. Potassium hydroxide has shown exceptional
efficiency, providing the lowest activation energies among all studied systems (20.3 kJ/mol for the first stage).
This is due to its ability to simultaneously activate methylamine by deprotonation and stabilize the transition
state by coordinating with phenoxyl groups. In contrast, the catalytic system based on DABCO turned out to be
less efficient, which is due to the peculiarities of the spatial organization of the transition states. Reactions in
the gas phase are characterized by lower energy barriers compared to reactions in solution. This is due to the
lower stabilization of polar transition states in nonpolar media, which confirms the importance of choosing
conditions for optimizing catalytic processes. Kinetic analysis made it possible to calculate the velocity
constants for all the studied processes over a wide temperature range (298-373 K). The highest values of the
velocity constants were observed for the system with potassium hydroxide (1.75-10° at 298 K), which confirms
its high catalytic activity. For some catalytic reactions, the rate constants exceed the values for non-catalytic
reactions by 9-10 orders of magnitude.
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