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AMHUH-UMHUHHASA U KETO-EHOJIBHAS TAYTOMEPHUS 6-AMUHOYPALINJIA
B BOJIE M1 IMCO: KBAHTOBO-XUMHWYECKHWI PACYET

© A.A. Axusipos, C.JI. Xypcan, M.1O. OBuunnuukos, C.I1. UBanoB

N3yveHa aMuH-UMHUHHAS U KETO-eHONbHAS (8 TayTOMepHBIX (GopM) TayToMepun 6-aMuHOyparmia. OTHOCH-
TEJbHYI0 YCTOWYMBOCTh TAYTOMEPOB PACCUUTHIBATIN KBAHTOBO-XUMHUECKUMHU METOJAMHU C YUYE€TOM KOHAEHCUPO-
BaHHOH (a3bl st Boasl u JIMCO. Mcnons30Bany KOMIIO3UTHBIE METOABI cemelicTBa rayccuaH (G4), a taxke Me-
To61 TeopuH (pyHknuonana mrotHoctr (TPSS/6-311+G(d,p)). 3Hauenus sueprun ['nd66ca (AG), paccuntaHHbIe B
YKa3aHHBIX MPHOIIKEHUSIX, OOHAPYKUIIM YIOBJIETBOPUTENBHYIO KOPPEISALUI0. Y4eT KOHISHCUPOBAHHOM (ha3bl
OCYIIECTBIISUIM B NMPUOIMKEHUN JIANIEKTpHYecKol KoHTUHYanbHOH Teopun (IEF-PCM), a Takke Ha ypoBHE siB-
HOT'O y4Ye€Ta COJIbBATHOTO OKpYy»eHus. IlodydueHHble MaHHBIE CBHICTEIbCTBYET, uto Meron TPSS/6-311+G(d,p)
XOPOILIO MOAXOAUT AJSl OIMHMCAHMs MOJOOHBIX CHCTEM C LIEIbI0 SKOHOMMH MAIIMHHOTO pecypca. Ha ocHoBaHMM
PacCUUTaHHBIX PSAIOB YCTOHYMBOCTH YCTaHOBJIEHO, YTO OCHOBHOM (hopMoii siBisieTcs nukerodopma. Habmronaet-
Csl CYIIECTBEHHOE OTIMYHE B pe3ylbTaTtax MpH ydere combBaTanud B Boae M IMCO, ogHako CTpyKTypa psSmaoB
ycToiunBoCcTH Tayromepos B Bone U JIMCO ocTarotcs HensMeHHbIMU. Hanbosee ycToiunBoii (hopMoli Kak B BO-
ne, Tak 1 B JIMCO npu yuere Hecienu(pHuueckoil coapBaTanuu sBisieTcs: qukeropopma A. CienyromuM B pagy
ycroitunBocTH B Bojie u JIMCO siBiissercst Tayromep H (Menee Boiroas! Ha 10.7 u 14.3 xJI>x/MOJIb COOTBETCTBEH-
HO). Ilpy Mcnonp30BaHUK 5-BOJHOTO KjlacTepa caMoi YCTOHYMBOM (hOpMOH sBISETCS TayToMep A, 3aTeM HIyT
tayromepsl D (22.7 k/xx/monb) u H (32.0 k/[x/mMonb).

KiroueBsbie ciioBa: 6-aMHUHOYpalII, TAyTOMEPUS, COJIbBATalNsl, KBAHTOBO-XUMHYECKHE PacyeThl.

BBenenne. Ypaiun M TUMHH SBISIIOTCS BaK-
HOW YacThIO0 HYKJIEMHOBBIX KHUCJIOT M WTPAIOT BaXK-
HEMIYI0 poJIb B Teperadye HaclICACTBEHHOW WH-
¢dopmaru. OHAKO CYIIECTBYET BEPOSITHOCTH MY-
TareHe3a KJIETKH, OOYCIIOBJIEHHOTO 0Opa3oBaHUEM
penkux GopM HyKIEHHOBBIX OCHOBAHHH BCIICACTBHE
TayTOMEPHBIX MEPETPYNITUPOBOK WIH JUCCOLUALINN.
VYpatm u ero 5,6-3aMellieHHbIE POU3BOIHBIE MO-
TYT CYIECTBOBaTh B IIECTH TayTOMEPHBIX (opMax
[1]. HauGomee crabunpHOWi (HOPMON pa3IHMIHBIX
NPOM3BOJHBIX YpPAalWIOB B Ta30BOM (ase sABISETCS
mkerodopma [2]. Tlpu oreHke TepMoaWHAMUYE-
CKOH CTaOMJIBHOCTH TayTOMEpPHBIX (OPM U PsIOB
YCTOHYMBOCTH, C(OPMUPOBAHHBIX HA HMX OCHOBE,
pelamIyl0 poJib UTpaeT BBIOPAHHBIN KBAHTOBO-
XUMHUYECKHN METOJ U y4YeT pacTBopuTens. MHorue

paboTHl MOCBSIIEHBI MOPSIIKAM YCTOWYUBOCTH ypa-
IIWJIa U €ro MPOW3BOJHBIX JUI1 BOJHBIX PAcCTBOPOB
[3-7]. Tak, B paborax [3, 5-7] ObuIM MPUMEHEHBI
Mozend crenupuuecKkod W - Hecnenupuyeckoi
conpBatari. Ilo pesynbpraTam BBIYHCIEHHH BO
BCEX CIIy4yasx JAUKETO-TayTOMep MOoKazan ceOst Hau-
Oonee crabuibHOM Qopmoii. OOUMHA MOPSAOOK yc-
TOWYMBOCTH TAayTOMEpPOB JUIA KaXJOro yparmia
MOXET MEHAThCSI B 3aBHCHMOCTH OT KOJHYECTBa
MOJIEKYJI BOJIBI B COJIbBaTHOHM obomouke [3]. B man-
HOW paboTe paccuMTaHa OTHOCHUTENbHAs YCTONYH-
BOCTH TayTOMEpPOB 6-aMHHOYpalWia B BOJAE H
JAMCO c yuerom crieriupuueckor U Hecrienugpuye-
CKOW conbBaTanuu. 6-AmuHoyparmn (6-AY) npen-
cTaBisieT coOoll COeAMHEHHWE C 8 TeopeTHYeCKH
BO3MOKHBIMHU TayTOMEpHBIMU Gopmamu (puc. 1).
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Tabnuma 1

Ommnocumenvnas ycmouuugocms maymomepos 6-amunoypayuna AG, k/loc/mon

Tavrone IEF-PCM(H,0) IEF-PCM(ZIMCO)

YTOMep G4 TPSS TPSS (5H,0) G4 TPSS
A 0 0 0 0 0

B 39.8 41.8 35.7 48.4 51.9

C 64.5 62.7 537 80.3 79.9

D 30.9 315 22.9 417 436

E 52.4 59.0 50.9 61.6 71.2

F 385 40.2 60.2 53.7 55.9

G 36.2 37.2 48.7 29.8 32.0

H 113 10.7 32.0 16.0 143

B TBepIOM COCTOSHHMH TIO IKCIIEPUMEHTAIb-
HBIM JIAHHBIM MOXKET CYIIECTBOBATh KaK JTHKETO-
¢dopmMa [8, 9], Tak u umuuHas [10].

Metonuka pacdera. KBaHTOBO-XMMHYECKHE
pacdeTsl BBINOMHEHBI C HCIOJIL30BAHHEM IIPO-
rpammMuoro maketa Gaussian 09, Rev.C.01 [11]. Bu-
3yaJM3alio ¥ 00pabOTKy MOJIEKYJ OCYILLECTBIISUIN
¢ ucronbk3oBanueM nporpammbl ChemCraft [12].

B nanHO#l paboTre paccunTaHa yCTOWYMBOCTD
TayTOMEpPOB 6-AY c yueToM Hecneuupuueckon u
cnenuduueckoit comparanuu B Bome u JAMCO.
[Topsimok 1 0003HAYEHUSI KETO-CHOJBHBIX TayTO-
MEpOB HCMOJIb30BAIUCH B COOTBETCTBUH C TIpE-
JIO’)KeHHBIM 0003HaueHueM B padote [13]. Paccun-
TaHO 6 KeTo-eHOJNbHBIX TayTomMepoB (A-F) u
2 amuH-umuHHEBIX (G, H) Ttayromepa (puc. 1).
[lonHast onTHMHU3AIMSI TEOMETPUUECKUX IapaMeT-
pOB, pelieHue KojeOaTeIbHOHN 3a1aud, y4eT cIe-
nuugecKol CoMbBAaTAMK U pacueT dHeprun [ uo-
0ca BBINOJNHEHBI C MPUMEHEHHEM Teopuu (QyHK-
LIUOHAJIA TUIOTHOCTU B NPHOJIMKEHUH OOMEHHOIO
TPSS 1-3aBUCHMOTO TpaJiHEHTHO-CKOPPEKTUPOBAH-
HOro ¢yHkiuoHana. Vcnosnp3oBain 0a3ucHBINA Ha-
00p TPOMHOro BaJEHTHOIrO paCIIEIUICHHS, JOIOJ-
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HCHHBI MOJSAPU3AUMOHHBIMUA QyHKIMsAMH O- ©
p-tuma, a Taxxe HabopoMm AUQPPY3HBIX (GYHKIHN
6-311+G(d,p). Hecnennhuueckyro COIbBATAIIUIO
JAMCO u BOJOH OIICHHWBANIM C HCIIOJIb30BaHUEM
JMJIEKTPUYECKOM KOHTHHYJIbHOH TEOpUH
(IEF-PCM). [ns pacueta criennpuyueckoi cosibBa-
TalMu B Boje OBbLI WCIOJIL30BaH S-BOJHBIN Kia-
cTep, NopoOHO OIMMCaHHEIH B paboTe [14].

Pesynbrarel m ux odcy:xaenue. KsaHtoso-
XUMHYECKHE PACUETHI TTOKA3aJIH, YTO CAMOW YCTONYH-
BOH (hopmoii kak B Boze, Tak 1 B JJMCO mpu yuere
HecrenM(UUecKoil CcobBaTalii  SIBISIETCSl  TUKETO-
¢dopma (tadi. 1). Creayromum B psiy YCTOHUHUBOCTH
B Boge u JIMCO sensercs tayromep H (10.7 n
14.3 xJlx/mMonb cootBercTBeHHO). [Ipn mcnonm3oBa-
HUH 5-BOIHOTO KJIacTepa CaMoOM YCTOMYMBOM (hOpMOi
sisercst Tayromep A. Cremyromuil Mo ycToidmuBo-
cru — tayromep D (22.7 x/[x/moib).

Ecmu cpaBHUBATE OTHOCHTENLHBIE SHEPrUU
TOJIBKO KETO-eHOJBHBIX (hopMm (A—F) 6-amuHOypa-
muia (puc. 2) MOXXHO OTMETUTh, YTO IOCIIEIOBa-
TEJIHHOCTh PACIIOJIOKEHHUSI TAYTOMEPOB B PANY yC-
TOMYMBOCTH CXOKa C JIPYTHMH ypaluiiaMu, H3y-
YeHHBIMHU HaMU panee [3, 6, 7, 13, 14].
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Puc. 2. JluarpaMMa psIOB OTHOCHUTENBHON yCTOWYMBOCTH (TI0 CpaBHEHHIO ¢ (opMoil A) TayTOMepoB
6-amMuHOYypAIiiIa ¢ y4eTOM cojibBaTaiuu B Boje (cresa) u JIMCO (cnpasa)

Paznmuuus B sHeprusx tayromepoB D u H
npu ydeTe cnenruuueckod u HecrenupuIecKo it
CONbBAaTallUM B BOJE BBHI3BAaHBI, OYEBHIHO,
HECOBEPIIEHCTBOM INSTHBOAHONH MOJENH, KOTO-
pas He YYUTBIBAET COJIbBATAIIMIO 110 aMUHOTI'PYTI-
nme. B cBs3u ¢ 3TUM HEOOXOIUMO IS TAHHOTO
COCMHEHHUsS HCIIOJNB30BaTh MpPH JATbHEHIINX
pacderax Oojee TOYHYIO MOJENb THUApPATAIUH.
Tem He MeHee pe3ylbTaThl PACUETOB, BHIMOJIHEH-
HBIX B JaHHOW paboTe, CBUAETEIHCTBYIOT O 00-
Jiee BBICOKOH BEPOSATHOCTH KCIIEPUMEHTAIBHOTO
oOHapyxeHUsT ~ UMHHHOTO  Taytomepa  (H)
6-aMHHOYpanmia B BOJHBIX PacTBOpax MO CpaB-
HEHHIO ¢ KeTo-eHOoIbHEIMH (B-F).

3akmiouenne. TakuMm o00pa3oM, paccuuTaH
pPAI OTHOCHTENHHOH YCTOMYMUBOCTA TayTOMEPOB
6-aMuHOypamia ¢ yd4eToM Hecnenuduyeckoit
(Boma, IMCO) u crienudurueckoil cojibBaTallii B
Bojie (NMATUBONHBIA Kiactep). V3 KBaHTOBO-
XUMHYECKHAX PacueToB CIeNyeT, 4YTo HauOolee yc-
TOMYMBBIM TayTOMEpPOM 6-aMHUHOYypalluiIa BO BCEX
MOJIESIX pacuera sBisieTcss nukerodopma. Cre-
IYIOIIUM B PsITy YCTOWYMBOCTH TPU y4deTe Hecle-
nuduieckoi conpBaTanuu B Boge u IMCO sBs-
eTcsi UMUHHBIN TayToMep H (MeHee BBITOJIHBI Ha
10.7 u 14.3 x/[>x/M0JIb COOTBETCTBEHHO ).
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AMINE-IMINE AND KETO-ENOL TAUTOMERISM OF 6-AMINOURACIL
IN WATER AND DMSO: QUANTUM CHEMICAL CALCULATION
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The amine-imine and keto-enol (8 tautomeric forms) of the 6-aminouracil tautomerism were studied in DFT
approximation. The relative stability of tautomers was estimated using IEF-PCM formalism for aqueous and
DMSO solutions. We used composite methods of the Gaussian family (G4), as well as methods of the density
functional theory (TPSS/6-311+G(d,p)). Gibbs free energy (AG) calculated in the indicated approximations found
a satisfactory correlation. Condensed phase was covered by the dielectric continuum theory (IEF-PCM) as well as
at the level of explicit inclusion of the solvate environment. The data obtained indicate that the TPSS/6-
311+G(d,p) method is well suited to describe such systems with minimal computation time cost. Based on the
calculated series of stability, it was established that the main form is the diketo tautomer (A). The most stable
form of uracil is diketo tautomer A for both of considered solvents. The next in the series of resistance in water
and DMSO is tautomer H (less favorable at 10.7 and 14.3 kJ/mol, respectively). When using a 5-water cluster,
tautomer A is the most stable form, followed by tautomers D (22.7 kJ/mol) and H (32.0 kJ/mol). The differences
in the energies of tautomers D and H when taking into account specific and nonspecific solvation in water are
caused, obviously, by the imperfection of the five-water model, which does not take into account the solvation of
the amino group. In this regard, it is necessary to use a more accurate hydration model for further calculations for
this compound. Nevertheless, the results of calculations being performed in this work indicate a higher probability
of experimental detection of the imine tautomer H of 6-aminouracil in aqueous solutions compared to keto-enol
forms (B-F).
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