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Chirkina E.A., Krivdin L.B.
QUANTUM-CHEMICAL STUDY OF THE REACTION MECHANISM
1,2-ETHEDITIOL WITH 1,3-DICHLOROBUTEN-2

AHHOTauusA. Mo pesynbTatam KBaHTOBO-XUMMYECKOrO U3ydeHNs1 B paMKkax Teopum (PyHKLMO-
Hana 3neKkTPOHHOM MnoTHOCcTM meTogom B3LYP/6-311++G(d,p) npeonoxeH TeopeTudecKkuin mexa-
HU3M peakuun 1,3-anxnopbyTteHa-2 ¢ 1,2-aTaHauTMONOM B cucteme rugpasuHrngpat-KOH. MNMokasa-
HO, YTO JaHHOe B3aMMOLEWNCTBME MPOTEKaeT MocrieoBaTeNlbHO B HECKOMbKO CTafuN, BKITHOYAOLLMX
HyKNeoUrbHOE 3amMellieHne aToMa Xopa, HaXOAsLEerocs y sp -rMbpuan3oBaHHOMO aToMa yrnepo-
Aa, Ha aTom cepbl (MexaHm3M Sy2) ¢ obpa3oBaHMeEM NpoayKTa MOHO3aMELLEHUSs, KOTOpbIA nog Aen-
CTBMEM LUENOoYN NOoABEpPraeTcsa AerngpoxnopmMpoBaHuio no bumonekynsapHoMy mexaHuamy E2, ¢ o6-
pasoBaHMeM aueTMIeHOBOro nonynpoaykra. NonydyeHHoe aueTuneHoBoe NpoM3BOAHOE 3aMblKaeTcs
B KOHEYHbIN ANTMAHOBLIW LMK B pe3ynbTate BHYTPUMOIMEKYNAPHON HyKNeodunbHOW aTaku cBoboa-
HOW TMONSATHOW rPynMnbl Ha B-yrnepoaHbin aTtoM aueTuneHoBoro parmeHTa.

KnioueBble cnoBa: 1,2-ataHantuon, 1,3-AnxnopbyTeH-2, MexaHU3mM peakuumn HyKneogurib-
Hoe 3amelleHune, Teopusa yHKUMOHana anekTpoHHou nnoTHocTn, B3LYP, noBepxHOCTb NoTeHUmnarnb-
HOW 3Hepruu.

Abstract. According to the results of a quantum chemical study in the framework of the elec-
tron density functional theory using the B3LYP / 6-311++ G (d, p) method, a theoretical mechanism of
the reaction of 1,3-dichlorobutene-2 with 1,2-ethanedithiol in the hydrazine hydrate-KOH system has
been proposed. It is shown that this interaction proceeds sequentially in several stages, including nu-
cleophilic substitution of the chlorine atom located on the sp3 hybridized carbon atom by the sulfur
atom (SN2 mechanism) with the formation of a monosubstitution product, which under the action of
alkali undergoes dehydrochlorination by the bimolecular mechanism E2, to form acetylene intermedi-
ate. The obtained acetylene derivative closes into the final dithian cycle as a result of the intramolecu-
lar nucleophilic attack of the free thiolate group on the [1-carbon atom of the acetylene fragment.

Keywords: 1,2-ethanedithiol, 1,3-dichlorobutene-2, reaction mechanism, nucleophilic substi-
tution, theory of the electron density functional, B3LYP, potential energy surface.

Llenbto HacToswen paboTbl ABNANOCH KBAHTOBO-XMMUYECKOE U3yYeHne B3au-
moaencteusa 1,3-guxnopbyteHa-2 1 ¢ 1,2-3TaHANTUONOM 2 B CUCTEME TMOPaA3UHTNA-
paT-KOH, npuBogswee k obpa3oBaHWO paHee Hen3BeCTHOro 2-atunuaex-1,4-
antunaHa 3 [1]:
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OnTuMmnsaumio reomMeTpum BCEX FOKaNM30BaHHbLIX CTALUMOHAPHbLIX TOYeK W
rapMoHMYeckuin kornebaTenbHbIi aHanM3 MpoBOAWIM B MNpPOrpaMMHOM MakeTe
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GAUSSIAN 09 B pamkax Teopuu oyHKUMOHAra SNeKTPOHHOM MSIOTHOCTU MEeTOAOM
B3LYP/6-311++G (d, p).

AHanuM3 noBepxXHOCTU MNOTEHUMANbHOMW 3JHEPrMn MNyTeM penakcMpoBaHHOIO
CKaHMpPOBaHMs MO KOOpAUHATE peakumm No3BONMMA NPEeanoXUTb CreayoLwmn Teope-
TMYeCcKMn MexaHu3am B3ammopgencteus 1,3-guxnopbyterHa-2 1 ¢ 1,2-gUTMONSATOM Ka-
nuna 2a, KOTopbIN reHepupyeTcs M3 1,2-aTaHgMTvona 2 B WeEeNoYHOoM cpeje:
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Peakuusa 1,3-guxnopbyteHa-2 1 ¢ 1,2-aTaHAUTUONSATOM 2a Ha4YnHaeTcs ¢ 06-
pa3oBaHua npegpeakumoHHoro komnnekca MPK, koTopein TpaHchopmupyeTca B
npoaykT MmoHo3amelleHnsa MC-1, 3a c4eT HykNeoUNbHOro 3aMeLLeHNa aTtomMa XIo-
pa, HaxodsLerocst y sp>-rmbpnan3oBaHHOrO aToMa yrnepoaa, Ha aToM cepbl Yepes
nepexogHoe coctosiHne MC-1*. [lanee nHtepmeamat MNC-1 nog AENCTBMEM LLENOYM
noaBepraeTca OerMapoxnopupoBaHuio nNo GumMonekynspHoMy mexaHnamy E2 yepes
nepexogHoe coctosiHme MC-2*, ¢ obpasoBaHnem aueTuneHosoro nonynpoaykra MC-
2. NMonyyeHHoe aueTUNEeHOBOE NMPOM3BOAHOE Yepe3 nepexogHoe coctosHune MC-3*
3aMbIKaeTCs B KOHEYHbIM OUTMAHOBLIM LUK 3 B pesyrbTaTte BHYTPUMOSEKYNSAPHON
HyKNeoMunbHOM atakn cBob6OOHON TUOMATHOW rpynmnbl Ha B-yrnepoaHbIn atom aue-
TUNEHOBOro oparMeHTa.
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