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B nocoOun gaHbl OCHOBHBIE TEOPETHUECKHE MPEACTABIEHUA, HEOOXOAUMBIE AJIA
MOHUMAHKUA paszaena obmero kKypca opranuueckoii xumuu «HyxmeodmisHoe
3aMCIICHHE B ATM(DATHUCCKOM PAAY», OMUCAHBI PCAKIIMK ¥ TIPUBSICHBI MEX AHHU3MBI
HYKJI€O(HIBHOrO 3aMeIleHHA H HMHHHPOBAHNA y Sp° M Sp? THOPHON30BAHHOIO
aTOMa YTJICpO/a.

[Mocobue mpeaHA3HAUCHO IS CTYJCHTOB XUMHUYCCKHX CNICHHANIBHOCTCH Tpu
MOArOTOBKE K OTUETY MO COOTBETCTBYIOLIECH TeMe, a Takke NMPH MOATOTOBKE K
3K3aMeHy. B uacTHOcTH, OHO Mo)keT OBITh PEKOMEHAOBAaHO s OakaaaBpoB,
obyyaromuxca mo HanpaeieHuo ToAroToBku 04.03.01 «Xumug», a Takke MOKET
OBITh MONE3HO I CTYAEHTOB, ofydalommxcd no cneunansHoctd 04.05.01
«DyHAaAMeHTaNbHAA U TIPUKITIaJHAST XUMHUA».



YacTb 1.

O6wme npeacTaBAEHUA

0 MEeXaHM3MaX peakuui HYKNeoPUNbHOTo 3amellleHUA n
3NUMUHUPOBAHUA

Peaknvu HYKICOQUIBHOTO 3aMCIICHHS — 3TO TETCPONUTHUCCKUC PEAKIUU
3aMCIIECHUA, B KOTOPBIX aTOM yIyiepoAa cyOcTpara aTraKyeTcsl HyKICO(MWIBHBIM
peareHToOM. Y clioBHOe o0o3HaveHue: Sy (S — substitution, N — nucliophilic). OGmas
cxeMa;

Y: + R X - Y-R + X;

HyxJieodpuabHblii peareHT, HyKJeo$u (0T aar. "aapo” H rpeu. "mobmo")
(Y:) — aHHOH WIH MoJieKyna, COAEPKAIIasd HEMOIAENEHHVIO 3MEKTPOHHYIO Mapy
WICKTPOHOB WJIM IIEHTP C MOBBIMICHHOW MICKTPOHHOM IMJIOTHOCTRIO. JloHOp
3JIEKTPOHOB, BMECTE CO BXOAALLEH MPyMMOi MPeaOCTaBIAET JNIEKTPOHHYIO Mapy i
oOpasopanud HOBOH cBa3u. JIobGoe ocHoBaHue JIbloHca MOMKET CIYXKUTh
HykJicodmioM. B 3aBucuMocTH 0T THHA HYKICOPUIBHOrO aroMa pazmuarot C-, N-
, O-, S-, P-aykneodunsl, ranoreana nousl, H-aykiaeodunsl (MCTOYHHKH THAPH-
HoHa). B 3aBUCHMOCTH OT MpUpPOABl OPOUTANH, ¢ KOTOPOH YXOAAT ANEKTPOHBI: 7T-
HYKJICO(MWITH (HETPEACITBHBIC U APOMATHYUCCKUE), N-HYKICODUITBI — 3JIEKTPOHBI HA
HECBA3BIBAIONICH OpOUTATH (CITUPTHI, AMHHBI, AHUOHBHI), G-HYKJICOMUIB (JTOHOPHI
ruapua-uona H™).

HexoToprie mpUMephl HYKIeO(UIOB:

OrpunatenbHo 3apsukenubie; OH-, OR-, SH-, SR-, CN-, Hal-, RCOO~ u ap.

HeifiTpaneHbie, ¢ mapoii snektponos: H2O, ROH, HoS, RSH, NH3, u ap.

Hykj1eopuabHOCTh, HYKJIeopHIbHasA CHJIa — 3TO PEaKIHOHHAA COCOOHOCTE
HYKJICO(MITBHOIQ PEATSHTA.

Cy0cTpar npeaocTaBisaeT Aa 0Opa30oBaHUSA HOBOM CBA3M aTOM YIJICPoJaa, U
MOKET OBITh TOMOKUTENBHO 3apsXKEHHBIM WIH HEWTpPanbHBIM. [ MpOoTeKaHWA
HYKJICODMIBHON aTaky MmO atoMy yriepoja cy0Gcrpara 3aMEeCTHTENh X IOIKCH
obJaaaTe MEKTPOHOAKLICNITOPHBIM ACHCTBHEM. [ pynima X HA3HBACTCA YXOAMAIIEH
rpynnoii unu HykJeodpyrom. I’ pynmny, CKIOHHYIO K NETKOMY OTIICIUIEHHUIO B XOJ€
HYKJIeO(pWIBHON peaklK, Ha3BIBAIOT XOPOLIMM HYKJIeo(pyroM, HIM XOpollel
YXOAAMICH TPYNIOii, WM TPYNMOH ¢ BHICOKOM HYKJ/ICO(PYTHOCTHIO.

Peakuun HyKIeO(UIBHOIO 3aMEINeHHs — IUUPOKMA W BaXKHBIA Kiacc
opraHuueckux peakumii. Hanbonee pacnpocTpaHeHbl peakuud HYKJIeo(HWIBHOrO
3aMCHICHHS Yy HACBINICHHOTO yriepona. Haubomee tunuunele cyOcrparsr —
raJIOr¢HOMPOU3BOAHBIC, CITUPTH  UHX MPOU3BOAHEIC,

Peakuuu 3aMemieHdsa MPUHATO HA3BIBATh MO TPYIINE, KOTOPad BCTAET HA MECTO
aTOMa  BOAOPOAQ, MHOIO ATOMa WIM  3aMECTUTENA.  TAIOTCHUPOBAHUE,
ANKWIMPOBAHUE, AIIMIIPOBAHUE, AJIKOKCHIHPOBAHHE, aMUHAPOBaHue 1 Ap. OmHy U
TY K€ PEakUHI0O MOXXHO Ha3BaTh MO-PasHOMY, B 3aBUCHMOCTH OT TOTO, Ha KaKOM
y4acTHUKE MBI aKLIEHTUPYEM BHHUMaHUE — Ha cyOcTpaTe win pearente. Hanpumep,
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peakuHio TalOTeHANKHIa ¢ aMHHOM MOMKHO CYHTATh AMHHHPOBAHHEM 3TOTO
raJIOr¢HANIKHIIA, HO TAKXKE M aIKWIUPOBAHUCM aMHHA.

Peakiuu, B KOTOPBIX PEAarcHT ABIACTCA M PACTBOPHTEIICM H HYKICODHUIOM
OJHOBPEMEHHO, HA3BIBAIOTCA pPeakUHAMH cojibBoam3a. K TakuM peakmusam
otHocaTca: tuapoms (H>Q), ankoronus (ROH), anumom3 (RCOOH), ammonom3
(NH3) u mp.

HexoTopbie npuMepbl HYKJICO(QHILHBIX PEAreHTOB H HASBAHHUS PEAKIHAI:

HHal, PCls, TI'anorenupoBanue — 3aMEIICHHE HA TAJIOTEH

AlkOH +HCl — AIkC1 + H20

RCOOQH + PCls — RCOCI + POCIL; + HCI

H>0, HO- I'naponus — B3aUMOACHCTBHE ¢ BOAOH (PA3IOKEHHUE MO
JeHUCTBUEM BOJBI)

RX + H>0 — ROH +XH

RX + HO- — ROH + X~

S | AunanpoBanne — samemeHwe HAa anun (OCTATOK
It 7 R—C | kucnoposcosieparied MHHEPAIBHOM HITH
R /C\OH - /C\G| , P oprasmyeckoi Kuciotel 6e3 OH-rpymmsr):
R—C\ AlkOH +RCOOH — RCOOAIk + HxO
% | AIKNH; +RCOOH — RCONHAIK + H;0
H>S04 AlkOH + H>S0O4 — AIkOSO:H + H20

Jlanee OyayT paccMOTPEHBI KOHKPETHBIC MEXAHW3Mbl HYKJICOMHMIBHOIO
3aMCIICHUA U YTHMHHAPOBAHN.

MexaHunsmbl Syl u Sy2

Sn1 — HyKICOPUITBHOS 3aMEICHUE MOHOMOIIEKYJIAPHOE, SN2 — HYKJIeO(HIbHOS
3aMelIeHHe OUMOTEKYIpHOe. MOJIeKYJISIpHOCTD PeaKUHMH B O0IIEeM cliyyae — 3TO
YUCIO YACTHIL,  B3aUMOACHCTBYIONIMX B OAHOM 3ICMCHTAPHOW peaknuu. Jlng
OPraHNYCCKUX 'PEAKIMI 3aMENICHHSA W SIUMHUHUPOBAHUA TEPMHHBI 'MOHO-" U
"OuMoniekysipHoe”, a Takke UHPpHl 1 HWIM 2 B yCIOBHOM 0003HauYe€HHH
MOKA3bIBAIOT CKOMBKO MOJIEKYJ YYACTBYIOT B JIMMUTHPYIOLLEH {caMoii MeaeHHOI)
CTAJTHH.

Knaccuduxauua peakumii Ha Sn1 B Sn2 BMecTe ¢ TeopHel, OMMCHIBAIOLIEH
HykJeo(pwIbHOE 3aMelleHHe, ObUla TpPeANiooKeHAa AHTIHICKAMH  YUEHBIMH
Dmeapaom Xeio3oMm u Kpucrodepom Uurompaom B 30-x rogax 20-ro Beka. Jlna
MOATBEPXKACHUA TOTO WJIH MHOTO MEXAHW3MA HCTIONB3YIOT CTCPEOXAMAUCCKIE WITH
KHHETHYECKHE SKCIIEPUMEHTANIbHbIE KPUTEPHH.



Crepeoxumua U KWHETUKA peakun Syl v Sy2

Peakiug Sn2 npoTEKacT B OJHY CTAAUIO YEPE3 MEPEXOHOE COCTOAHUE, 0¢3
00pa3oBaHUA HHTEPMEIHATA!

perTmes .\\ sp’ sl ¥ /8133

—Y ey | Weammmea M e ™ +
\\\\m“C X — Y C X - Y U“m"” + 'X

Hyknaeodm aTakyeT peakimoOHHBIHA HEHTP ¢ ThIIA, 4 HYKI€ODyT OAHOBPEMEHHO
YXOOUT C TMPOTHBOMONOXKHON cTOPOHBI. KOBaJlleHTHBEIM W3MEHEHHAM B PEaKLHH
MOJABEPTAIOTCA OBE MONEKYNbl, MO3TOMY oOHa OumonekynapHa. Hykmeodmn,
PEAKLMOHHBIN HEHTP M YXOIAMIAsl IPYINA JOKHBI PACTIONOKUTECA B IEPEXOIHOM
COCTOAHHM Ha OJHOW mpsaMoi. IIpu stoM, yriaepoa cyOcTpaTa, y4acTBYIOIWIMI B
peaKklUdH, CTAHOBHTCA  SP>-THOPHAH3OBAHHBIM  TEHTAKOOPAHHHPOBAHHBIM,
CBA3AHHBIM OJHOBPEMEHHO ¢ HYKICO(MHIOM M HYKICOPYroMm 3a Cuér cBOECH p-
opbutanu. OCTalbHBIC TPH 3aMCCTHTSIA YIVICPOJA PaciioaraloTcsd B IJIOCKOCTH,
neprneH AUKyIApHoi ocn Y-C-X:

Y: C X Y C X Y C : X
=) — - — - , O
o 3 “iyy
§

Ctporo roBops, TJIOCKOE PacloNiOKeHHe 3aMecTUTeNeld LEeHTPATbHOIo
YIACpO/aa B MEPEXOTHOM COCTOTHUU Oy ACT JIMMIb B TOM CJIY4Yae, €U HYKJICODUT H
HYKJICO(yr OTMHAKOBHI,

Crepeoxumuuecknii pe3ynbTaT peakuud Sn2 — oOpalleHne (HHBEPCHA)
KOH(UIypalMK, KOTOPOE HA3BIBAIOT «BAJIbJACHOBCKUM OOpaIlICHUEM» B UYECTh
gareimickoro xumuka Ilayna Bamesnena, xotopmiii B koHne 19 Beka BoEpBBIC
oOHapy i 5ToT 3pPeKT, HO He UMEN BOIMOXHOCTH OOBACHUTD €ro Ha OCHOBAHUH
UMEIOMMUXCA TpeacTaBleHnii B XUMHUH. O4YeBHAHO, UYTO CTEPEOXMMHYECKOE
JIOKA3ATCIFCTBO MEXaHU3Ma SN2 BO3MOXHO B TOM CIIy4ae, €ClIA OHA MPOTEKAET TI0
acuMMeTpudeckoMy LeHTpy. KoHdurypauusa He maMeHanack Obl, ecid OBl aTaka
npoucxoauna ¢ ¢poHta. OAHAKO 3TO HEBO3MOXHO MO CTEPHUYECKUM NMPUYHHAM H
BCJIGICTBHC HICKTPOCTATHUCCKOTO OTTAJKUBAHUA 3ICKTPOHHOM MAphl HYKICOMHIA
U YACTHYHOTO OTPHUIIATE/IBHOTO 3apaaa HyKIeodyra:

W \

5
“\“\w C _X %’ “\“\u' C _Y + X :

[TockonbKy peakima Sn2 oJHOCTaAuHA, TO €€ CKOPOCTh PaBHA CKOPOCTH HTOH
CAMHCTBCHHOM CTaMH U 3aBUCHT OT KOHILICHTPAIMii 06eUX pearnpyonimx YacTHil;

ckopocTh = k [Y:] [RX]
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Cymma creneHeil nepeMeHHbIX JaHHOrO ypaBHEHWs pasHa 2. ['oBopsT, 4TO
peakiusa UMeeT o011 BTOPOii KHHeTHYECKUI MOPSAIO0K, HO TIEPBHIE MOPSIKH 110
cyocTpaty u peareHty. [lopsaaok peakiiuu onpeaesioT ¢ TOMOIIbI0 KHHETHUECKAX
ucciieoBanuid. Ecim kKoHUeHTpaumu cyOcTpata M peareHTa COMOCTaBUMBI, TO
OuMoJeKyaapHas peakuus 0yaeT UMETh BTOPOM MOPSAOK.

[lopsnox peakuum HE BCerga COBHNAZACT C  MOJEKYIAPHOCTHIO. Ecim
KOHLEHTpALMsl OJHOr0 PEarupyrollero BellecTBa MHOTMOKPAaTHO IPEBOCXOJNUT
KOHLEHTPALMIO APYroro, To peakuus OyaeT UMeTh ncesaonepsbiii nopsaok. K
TAKAM PEAKIUSIM OTHOCATCS Peakiuuu coiabBoim3a. Konuenrpauus Hywieoduia-
pPacTBOPUTEIS TPH COJIBOJTM3E YMEHbLIACTCSI HE3HAUMTENIbHO. JKCIIEPUMEHTAIBHO
CIIOKHO  3a)MKCHPOBAaTh TaKW€ HW3MEHEHUsA, [O03TOMY Kaxkercs, Oyaro
KOHIIEHTPAIUS OHOTO U3 PEarupyIONIMX BEIIECTB HE U3MEHSETCS, a PEaKIUsI UMEeT
NIEPBBIN MOPAIOK.

Peaxuus Snx1 nporekaer uepes oOpa3oBaHue KapOOKaTHOHA:

C—X =—= + X

MEANEHHO: ‘““7 Pk C\

J / \

C\ S Y_C""Hm r \uw"‘C_

[lepBas craaus — 1MCCOLMALIMsA 1101 ACHCTBUEM PACTBOPHUTEIIS — MEJIEHHAA, TaK
Kak TpeOyeT 3aTpatsl YHEprun Ha pa3psiB cBsazu C-X. Bo BTopoii (ObicTpoit) cTanuu,
o0pa3oBaBIIMHCA TUIOCKHH KapOOKaTHOH MOXET ObITh PABHOBEPOSTHO aTakOBaH
peareHToM ¢ 00eMxX CTOPOH IUIOCKOCTH, M eciu peakuuss Sn1 mporekaer y
XUPATBHOTO aTOMa YTJIepoaa, TO IPOUCXOIUT PAleMHU3AIIHS.

BbiCcTpO:

[Ipasuino:
CKopocTs MHOrOCTAAHHHOr0 NPOLIECCA PABHA CKOPOCTH CAMOKH MeAJIeHHO#H CTauu

Peaxiius Sn1 MoHOMOEKyIsipHA, T.K. B TUMUTHPYIOIICH CTAAUN KOBAJICHTHBIM
M3MEHECHHMAM TIOJIBEpraeTcs JMIlb OfHa Monekyna. [lockonibKy CKOpOCTb
MHOTOCTaJMMHOr0 Ipollecca paBHAa CKOPOCTHM CaMOM MEIJICHHOW CTajuu, TO
CKOPOCTh peakiuu Sn1 3aBUCUT TOMBKO OT KOHLEHTpauuu cyOcTpara, a ObicTpas
CTa/iMsl B YPAaBHEHHUH HE yYUThIBaeTCs. Peakuusa nMeer nepBbiid nopsAIoK:

ckopocTh = k [RX]

Ecnu cKopocTh PeaKIfK He 3aBUCUT OT HYKJICO(MHIIbHOM CHITBI M KOHUEHTPALIUH
peareHTa Y, TO 9TO CIY)KUT BECKHM apryMEHTOM B TOJIb3y MexaHu3ma Snl.
HanportuB, no0aBka B peaknMOHHYIO cpeay uoHa X, o0Opasylomerocs mnpu
JIMCCOLMAlK cyOcTpaTa, MOXKET 3aMeUIATh Peakiuio. Takoe sBlieHHe, OCHOBAHHOE
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Ha 3axone oelicmeus macc, Ha3piBaeTcs 3¢ pexTom 001ero HOHA, U OHO SBJIAETCS
oAHUM ®3 no0KaszaTenbCTB Snl. OmHako m00aBKM APYTHX COJICH, KaK TPABHUIIO,
YBEIMUUBAIOT CKOPOCTh peakuuii Snl 3a cuer NOBBIIEHWS HWOHHOW CHIIBI
(MOJISIPHOCTH) CpeJibl, YTO Ha3biBacTca coJieBbiM 3¢ dexTom. [IpuunHa 3TOro
spdexra B TOM, B OONBIIMHCTBE peakumii Sx1 mepexomaHoe cocrosiHue Oosee
MOJIIPU30BAHO MO CPABHEHUIO ¢ UCXOAHBIMU BemecTBamu (¢. 10, cM. mepBbiii TUn
peakumii Sn). B peakumn Sn2 noGaBka OJHOMMEHHOIO MOHA OyJeT BJIMATH Ha
CKOPOCTb PEaKLIUU TaK’kKe, KaK J100aBKa HHbIX HOHOB.

Taxum oOpazom, Mexanu3mbl Sn1 Sn2 MOKHO pa3IuuUTh SKCIEPUMEHTAILHO HA
OCHOBAHUH CTEPEOXUMHUYECKUX U KWHETHYECKUX MCCIIE0BAHMIA.

' KapﬁORaTHOH, nepexoaHoe CoOCTosasHHE, SHEPreTHIeCKHEe AHarpamMmmbl

® KaplokaTHoH — npomexyTo4YHas HacTula (MHTEPMEOMaT), KOTOpas XOTb M sABISAETCS

MeHee CTaOMIIBHOHM, 4eM MOJIEKYJIbl MCXOJHOIO COEAMHEHHUs M INPOAYKTa, HO BCE Ke
CYILIECTBYET HEKOTOPOE BpPEeMs, TaK KaKk Ha MOBEPXHOCTH MOTEHUMANbHOH JHEPruu modoMy
HUHTEPMEIHATy COOTBETCTBYET JOKadbHbII MUHMMyM. [lepexommoe cocTosiHHe CyLIECTBYyeT
OecKOHEYHO MaJjioe BpeMs, TaK KaK Ha MOBEPXHOCTH MOTEHLMANbHON 3HEPTHU €My COOTBETCTBYET
TOYKAa MakcHMyMma dHepruu. OTKIOHeHHE OT JTOH TOYKH HMMEET MEHBIIYI) SHEPTHUI0, MOITOMY
MEePeXOOHOEe COCTOSIHME aOCONOTHO HecTabMIBHO U CAaMOMPOU3BOJBHO pPa3pylIaeTcs [0
MPOAyKTOB peakiuu. HecMoTps Ha TO, UTO B CXeMe Peakuuu SN2 MUILYT ABE CTPENKH, 3TO OJHA
craaus. BO3HMKHOBEHHE U Pa3pyllIeHHe NEPEXOIHOrO COCTOSAHHS — HEOOpaTHMBbIE CTaZlHU OHOTO
npouecca. Ilepexoanoe cocTosHMe HE MOKET Pa3PyLIMTHCA B MCXOAHBIE coeauHeHus. Ecau
peakuust Sx2 oOpaTuma, TO 3TO O3HAYAET, YTO UMEIOT MECTO JIBa MPOLIECCa:

Y +RX — [Y---R---X] = YR+ X"

[0}

Y +RX « [Y---R---X] <« YR+X"

Ho ne

Y +RX =— [Y---R-~X] =— YR+ X

DHepreTnyecKre JHArPaMMbl peakuri HYKJIeo(pHIbLHOr0 3aMeleH s, MPOTeKaLIMX B
pacTBopuTeNe:

Sn2 Snl

‘ nepexoaHoe ‘

COCTOAHWE

WHT ep-
MEAMaT

IHEpPrAR
IHEPrUA

UCXOAHBIE HCXOZHBIE
COEAMHEHKMA COEAMHEHKA
NPOAYKT bl NPOAYKTH!
peakLuy peaKyum
S o
KOOPAWHATAE pEeakum KODPAMHATAE PeaKum




BauAHMe pa3nunyHbIX pakTOPOB Ha CKOPOCTb U MEXaHWU3M peaKLuit Sy

IIpupoaa Hyk/1eoUILHOI0 peareHra

HykneopunpHOCTh U OCHOBHOCTH — HE OJTHO M TO XK€, XOTS 9TU CBOHCTBA 4aCTO
CBA3aHBI APYT € APyroM. OCHOBHOCTb — 3TO TEPMOAMHAMUYECKAS XapAKTEPUCTHKA,
KOTOpas ONpeessdeT NO0JIONKEHHE KHCIOTHO-OCHOBHOIO PABHOBECHUSA PeaKUUu
JIAHHOT'O peareHTa ¢ KUCIO0TOM.

Y: + HY s=——= VYH

HyxiieopunbHOCTE — KMHETHYECKas XapaKTEPUCTHKA, KOTOpas onpenesser

CKOPOCTh HYKICO(DUIbHON PEAKIINU C NIEKTPOPHIOM:

|8+ |
Y: + —C—X = C—Y + X:

[TockoIbKY OCHOBHOCTb — CPOJICTBO K IPOTOHY, @ HYKJI€0(UIBHOCTD — CPOACTBO
K 3JeKTpoduily, TO CHJIbHBIH HYKJIEODHI HE BCEraa SBISETCS CHIbHbBIM
OCHOBAHHWEM, U HA00OPOT.

Cxopoctsb peakiuit Syl He 3aBUCUT OT KOHIEHTPALIMK U CUJIbI HYKJIEO(PUIBHOTO
peareHTa, OJHaKO, MOBBILIEHHE ero HYKJICO(UIBHOCTH YBEIMYUBAET BEPOATHOCTD
n3MeHeHUs Mmexanu3ma ¢ Sn1 Ha Sn2.

Ot nHykneo(unbHOCTH peareHTa M ero KOHIEHTPALMM 3aBUCHUT CKOPOCTh
peakuuu Sn2. [loBbllieHHE k€ OCHOBHOCTH peareHTa crocoOCTBYET NMPOTEKAHUIO
SJIMMUHUPOBAHHUIO — PeakuuaM nmodounbiM Syl v Sn2 3amenieHuro.

PaccmMoTpum  OCHOBHBIE  3aKOHOMEPHOCTH  W3MEHEHHS  PEAKIHMOHHOU
crocoOHOCTH HyKIIeodua.

1. OTpuuaTesibHO 3apsKEHHbIE HYKJICOPHIIbI X~ CUIIbHEE CBOCH COMPsKEHHOU
KUCIOTHI (mpoToHUpoBaHHOH (hopmbr) XH.

Hampumep, OH™ > H20; Alk-O~ > Alk-OH; NH>™ > NHs.

2. HykneoduinpHOCTb ¥ OCHOBHOCTH OJHOTHMITHO TMMOCTPOCHHBIX COEIMHEHUI
3aBUCHAT OT TMOJIOKEHHS aTaKyIOMIero aToMa B MEPHOOUYECKOW CHCTEME
JI.11. Menneneena.

i

HYKN1e0PNILHOCTb U OCHOBHOCTb B MPOTOHHbBIX B rasosoi dase
pacTBopuUTenax
B NepMogax yBeIMYUBaEeTCa B/IEBO
- I o = -g e
T 83 e -l
\N/ 6 =8 f:" g - 2 g % <=
I ST F: = g 0 I g g
. . @ @ E
oD 2ES 3
o = X O p S X
p - QS q3Se
S —Cl: v § 3 v 8IS
<N - < 0o W < oW
s a S q
D g 1] o
I I
T g T
E A E
L = o
m m: (1]
a < a
0 a0

B OonbumHCTBE ciydaeB HYKICO(PWIbHAS CHIa TAJIOTEHUI-MOHOB YBEIMUMBACTCS B
psy F~>Cl>Br > I". BaxHo 3aMeTHTb, 4TO NMOPSAAOK PEaKLIMOHHOM CIIOCOOHOCTH MOYKET
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MEHATBCA B pPasHBIX cpedax. B rasoBoii ¢aze HOHBI HecTaOWIBHBL, TOSTOMY
B3AMMOJICHCTBHE MCKTY PEAreHTOM M cyfOCTpaToM mpoTekaeT no MexaumsMmy Sn2. [Tpu
TOM  B3auMozciictBue Hykneodwra u  cydbcrpara  (Nu....R-7Z) 3aBucur oOT
MEKTPOCTATHIECKHX  (JAKTOPOB, B UYACTHOCTH, OT KOHLIEHTPALMH 3apsAja Ha
HYKJICO(IIBHOM LIEHTPE, H HYKICO(UIBHOCTE PEareHTa NprOIM3UTEIEHO KOPPETUPYET ¢
€r0 OCHOBHOCTBHIO, Tpebyer OOBICHCHHWS, TIOYEMY H3MEHCHHE OCHOBHOCTH U
HYKTeO(HIBHOCTH aTaKyIOLIMX aTOMOB OJHOH TPYNINBI HE COBMNAZAET B TIOAPHBIX
pacTBopHTeNAX. | TapHas MPHMHHA B CONMBBATALIMH, KOTOPas SKpPaHHUPYET Napy EKTPOHOB
HyKIeodmna u yMeHpIaeT HykeogwmbHocTh. Tak, Hanpumep, B paay I- Br- Cl- F-
YMEHBIIAeTCA PaguyC HOHA, CIeHOBATeNbHO, BO3PACTaeT IUIOTHOCTH €ro 3apsiza U
YCHIHBAETCA OCHOBHOCTD, UTO TPHBOJWT K YCHIEHHIO COMbBATALMM M YMEHBILEHHIO
HyKICOPMIBHOCTH. B anmpoTOHHBIX — PaCcTBOPHTEIIX  TIOPANOK -~ H3MEHCHWS
HYKJICO(DIIEHOCTH MOMUMHACTCS O0NIEE CIIOXKHBIM 3aKOHOMEPHOCTSIM.

3. DNekTpOHOAOHOPHBIE 3aMECTHUTENH VBEMHYHBAIOT . HYKI€O(DUIbHOCTD
peareHTa, a JMEKTPOHOAKIENTOPHBIE OcnabnaoT, Hanpumep:

o
CH;—O~ > H-O- > CHs—5{
o2

Ecnmu psaaoM ¢ HyKICopUIBHBIM ATOMOM HAXOAUTCA APYTOi, HECYIIHI O/IHY WK
HECKOJIBKO HETIOACNIEHHBIX Tap YICKTPOHOB, TO HAOMIOIaeTCs Tak HA3BIBACMBIH ¢~
3pdekT — CcylIecTBEHHOE YBENMYEHHE HYKICO(UIBHOCTH 3a CUYET B3aAHUMHOIO
BJINAHUA COCCAHUX HICKTPOHHBIX mnap. Hanpumep, ruapasun NH>-NH: u
ruapokcunamud NH>—OH 3HauuTensHee akTupHee aMmuaoB R—NHo.

4. TlpocTpaHcTBeHHBIE (PAKTOPE, CHOCOOCTBYIOIUNE 3KPAHUPOBAHUIO TApPHI
3JIEKTPOHOB HYKIEO(HNa, CHWKAIOT ero akTUBHOCTh. Hampumep, TpeTHuHbIE
AMHHBI ABJISFOTCSA CAMHMH CJIA0BIMH HYKJICO(HUIAMH.

BansiHue pacTBopHUTeIA

PactBopuTtenu MOXHO Pa3AC/UTh HA TPU TUNA:

Henonapuwvie anpomonnsie. MoJieKyJIBI HEMOMSAPHE H HE COAEpKaT AOHOPOB
BoAopoda Ana o0pa3oBaHHA BOAOPOAHBIX cBsA3el. [IpuMephl: YTNIEBOOOPOAHI,
TPETUYHBIC AMUHBI, JUXJIOPMETAH, 1 JIp.

Honapuwie anpomonnbie. MOJCKYIB TIOJAPHBI, HO HE COJACPXKAT IAOHOPOB
BoJOpoaa A1 o0pazoBaHNA BOJOPOAHEIX CBA3eH. [ [puMepsI:

O 0 0 e}
P
~S\ S HC—C=N  HsC—NO
H3C CH3 CH3 CH3 I 3 3 2
CH; O
aUEeToH AUMeTUN- AUMeTUN- AWOKCAH  aueTOHUTPUA HUTPOMETAH
cynedoKeuA, dopmamng
(AMCO) (AM®DA)

Honsapueie npomonnvie, MOnEKypl NOIAPHBL, CMOCOOHBI TUCCOLMHPOBATH
00pa3oBaHUECM MNPOTOHA (MM CIIYXXHTH JOHOPAMH BOJOPOJAA JUIA OOpa3oBaHHUA
BOJOPOAHBIX cBA3eil). [[puMephl: Boaa, CIUPTHI, KAPOOHOBEIE KUCIOTH, AaMMHAK.

[TonsspHBIE  TPOTOHHBIE  PACTBOPUTEIIM  CIOCOOCTBYIOT — MPOTEKAHHIO
HYKJICODUIBHBIX PEAKIHIA M0 MEXaHU3MY Sn1, MOCKOJIBKY XOPONIO COBBATHPYIOT
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H cTaOMIH3HPYIOT MPOMEXKYTOUHO oOpasyiowuiicas kapOokaTHOH. YeM BhIIe
JUICKTPHUECKAsA TIPOHUITACMOCTh W JTAMOJIbHBI MOMEHT PACTBOPHTENA, TECM
Jayuiie OH crnocoOcTByeT peaknuu Snl. MypaBpuHasA KUCIOTAa U BOJA — OJIHHU U3
Ayvymmx pacteoputeneii ang Sn1 peakumii. IloHmkeHHe NONAPHOCTH pacTBOPUTENA,
(HampuMep, 3aMEHa KHCJIOTHL HA CHHPT) YBEIHYHBACT BEPOATHOCTH NMPOTCKAHWA
PEAKIMH MO OMMOIEKYIIAPHOMY MEXaHU3MYy. Peakiiun Sn2 gydrie BCEro MpOXoasaT
B anpOTOHHBIX MONMAPHBIX PaCTBOPHTEIAX (auMeTundopmamMui,
JUMETHIICYNIBYOOKCHA, HHUTPOMETAH), KOTOpBbl€ COJIbBATHPYIOT TOJOKHTENBHO
3aPKEHHYIO YaCTh PEAreHTa, HO HE SKPAHUPYIOT €70 HENOACAEHHYI) SJICKTPOHHYIO
napy. Jlna Oonmee cTporoi OLEHKH BIUAHUA PAaCTBOPUTENS HEOOXOAUMO YUUTHIBATE
MePEXOAHOE COCTOAHHNE PEAKLIMH.

' Teopna Xpr3a-Huronsaa

K. Maronea u 3. Xp103 NpeAnoKITH TCOPUIO AN KAUYECTBEHHOH OLICHKH BITHAHHUA PacTBOPHTENA

g HA CKOPOCTh HYKNSOPHNBEHOrO 3aMeieHm. OHI NPeyOKHIH YIHTHEAT CTENCHD Pa3JeIcHHA
HIH pacTIpedencHus 3apsaja B pearHpyIOLIMX YacTHLAX H MepexofHoM coctoaHuu. Hanmpumep, ecnu B
NEPEXOIHOM COCTOAHHHU MPOUCXOAUT YBEIHUCHHE 3apAJa HIH NOBHILICHHUE €r0 IIOTHOCTH MO CPaBHEHHIO
¢ HCXOTHEIMH BEMIECTBAMH, TO NOISPHbIE PACTEOPHTEH IyHIIe COMBBATHPYHOT NEPEXOAHOE COCTOAHUE H
TEM CaMBIM CMIOCOOCTBYIOT peakUuuH. Beero BoaMOKHO TPH BapHAHTA BIUAHHA MOBBILICHHSA MOMAPHOCTH
PACTBOPHTENA HA CKOPOCTD PEAKITHM:

|. TloBrIICHHE MOMAPHOCTH PACTBOPHTENA VBEIHYHBAET CKOPOCTh PEAKLUH, €CIH B MNEPEXOIHOM
COCTOSIHHH TIOTHOCTE 2apAfa VBENHYHBACTCA MO CPABHEHHIO ¢ UCXOAHHIMH Monekviaamu. OueBHIHO,
CHOOA JKG OTHOCHTCH BAPHAHT, KOTAA W3 HOHTPAIBHBIX MONEKYN O0pazyercs 2apaKeHHOS MSPeXOTHOS
COCTOSAHHUE.

2. ToBhieHHEe NOAPHOCTH PACTBOPHTENA YMCHBIIACT CKOPOCTh PEAKUMH, SCNH B ICPEXOIHOM
COCTOSHHH IUVIOTHOCTE 3apsJa YMEHBIIASTCH 110 CPABHCHHIO ¢ HCXOXHBIMH MOJICKYJIAMH.

3. UaMmeHEHHE MONAPHOCTH PAaCTBOPUTEN HE CKa3bIBASTCA HA CKOPOCTH PEaKLMH, €CNH B MEPEXOIHOM
COCTOSHHH IUIOTHOCTb H3MEHACTCS HE3HAYHTEIIBHO MO CPABHEHHIO ¢ HOXOIHBIMH MONICKYJIAMH.

O6obwas ckazaHHoe, MOKHO ~ copMynupoeate mnpaBuio Xew3a-HHronega: mnoaspHele
pPACTBOPHTEH YCKOPAKT peakuHH, B KOTOPBIX NMepexoJHoe COCTOAHHE MOJAPH3IOBAHO CHIbHee
PEAreHTOB, A HEMOMSIPHBIE HJIH MAJIONOJIAPHbIE, HA000POT, YCKOPAT PEAKLHH, Ifie¢ NEePexoaHoe
COCTOSIHHE MOJSPH30BaHO cj1alee HCXOAHLIX peareHToB.

B 3aBHCHMOCTH OT H3IMGHEHHS PACTIPSJCICHHA 3aPATA B MEPEXOAHOM COCTOAHMH IO CPABHCHHID C
PEAreHTAMH {H COOTBETCTECHHO, BJIMAHHA PACTBOPHTENS HA CKOPOCTD), peakuHH Syl MOXKHO pa3aenuTs Ha
JBa THIA, & PEAKLUHU Su2 — Ha YeTHpe THIA:

Tun peareHTel — MEPEeXOaHOe H3MeHeHHE CKOPOCTH
MEXaHH3MA COCTOAHHE Hsmenenne sapsna DCAKINH © YPEIIICHHEM
MOITAPHOCTH PACTBOPHTEN
RX — R&  X& NONAPH3AUMA, PAJeneHne | | sHAYHTEABHOS
SN] PATHOMMEHHBIX 3APAO0B VBCITHUCHHE
RX* — R&+  X& JeTOKATHALHKA, | YMeHbICHHE
pacnpenencHue 3apaia
Y + RX — Y® ... R .. X% |nondpmsaumud, pazacneHue | 1 sHAUHTCIABHOS
SN2 PATHOMMEHHBIX 3APAO0B VBCITHUCHHE
Y-+ RX — Y& ... R X% | aenorammaums, | ¥yMeHpIIEHHE
pacnpenencHue 3apaia
Y +RXt — Y® .. .R . X% | senorammaums, | ¥yMeHpIIEHHE
pacnpenencHue 3apaia
Y-+ RX"T — Y& ...R . X% | noHHxCHHE HIH | | 2HAYHTEABHOS
HEHTpamH3alHA 3apaaa YMCHBIICHHE

Hcnonb3ys mNpHBEAEHHBIE 3aKOHOMEPHOCTH MOMKHO He TOJbKO NPEeACKasblBaTb CKOPOCTH
peaxkiMu, HO M M3MEHATh MéxaHu3M. Hanpumep, ecnu 3aMeéHa PaCTBOPUTENA CHIKAET CKOPOCTD
SN2, HO MEHBIE CHIDKAET HIIH YBENHYHBAECT CKOPOCTh Snl, TO MOXHO CMEHHTh MEXaHH3M
peakunu ¢ Sn2 Ha Snl.
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Crpoenue cybGcTpara

1. Haruwue samecmumeneti - 4 f-nOI0ONCEHUSAX U KPAMHBIX C8s13€ll

Pa3peTBieHHA B G- W [B-TIOJIOKEHUAX YMEHBIIAIOT CKOPOCTh PeaKUHH SN2 U
yBENUUHBAIOT CKOpocTh Snl. Peaknma Sn2 mnporexaer uyepe3 oOpa3oBaHme
CTEPUYCCKH 3ATPYAHEHHOTO TEPEXOIHOIO COCTOAHUSA ¢ MEHTAKOOPAMHHPOBAHHBIM
aTOMOM YTJiepoJa. Y BeNHueHre KOMHYECTBA U 00bEMA PAJUKAIOB Y PEAKLHOHHOTO
LEeHTpa TMPENATCTBYET HYKICO(PHIBHON aTake, MO3TOMY JAHHBIA MEXaHH3M
HauOOJICE JICTKO PEaNH3yeTCs JIHIND YIS CyOCTpPaToB ¢ NCPBUYHBIM ATAKYCMBIM
aTOMOM YIJIEpOJa W MPaKTHUYECKU He peanudyerca Amd R-X, nMeoux TpeTHIHBIH
WK HEOMEHTUNBHBIN paguKar.

Peaxina Snl mpotekaer depe3 oOpa3oBaHue KapOOKATHOHA, MO3TOMY BCE
(haxkTophl, CIOCOOCTBYIOMIAG CTAOMTU3AINH 3TOr0 KapbokaTHoHa OYAyT YCKOPATH
peaKUHIo.

YBEINHUYCHUE CTA0WIBHOCTH KATHOHA

-

. . ) HoCo_, ,-CH:
CH, H,C—CHj CH,CH=-CH; C
CH,

YeM OGosibllle aNKWIBHBIX PAJHKATIOB, TeM 3HAUHTeJbHee AeOKAIH3YeTcs
MOJIOKATCITHHBIN 3apsa, cTAOUIU3NPY A KapOOKATHOH U CMIOCOOCTBY A peakiyu Syl .

C yuérom crepuuecknx (PAKTOPOB H  CTAOMIBHOCTH MPOMEKYTOUHOTO
KapOOKAaTHOHA PAA H3MEeHEHH peaKIHOHHOH CrOCOOHOCTH ¢yOCTPaToOB B peakIHIX
Sn1 1 Sn2 BRITIAANT TaK:

YBEMUCHHUE CKopocTH Snl

T
o

c% CHy
HaC—X ~  CHy-CHp-X CH=X HC—C—X
CHs
CHg

=i

YBENHUYEHNE CKOPOCTH SN2
Oco0o¢ moNoxeHne 3aHAMAaIOT cyOCTpaThl almuibHOTO THNA. MX peakumoHHasA
CIIOCOOHOCTH caMasi BBICOKAA HE TOJIbKO B peakimsax Snl, Ho u B Sn2. Bricokas
AKTUBHOCTh AJUTMJIBHBIX COSAVHEHHH B peakumiax Snl, odeBnaHo, o0ycloBleHa
CONpsKeHUEM B MPOMEKYTOUHOM KaTHOHE (CM. TakKe MeXaHH3M Sy, ¢.16), 3a cuér

Yero OH HAMHOTO 00JICE YCTOMYMB, UEM JAKe TPETUIHBIC KATHOHBHI:
+

f_A_\
CH,=CH—CH, <=— CH,—CH—CH, =  CH,=CH,=CH,

BrICOKas ¢ AaKTHBHOCTh QUIMJBHBIX COCAHHCHWH B peakumsax Sn2
o0ycmoBiena -1 3gexTOM BHHHUIBHOM IPYIIHL, YBSITHYHBAKOIAN TOJIOKATE/THHBIE
3apAd Ha PEeakUMOHHOM LEHTPE, MEHbIIMM SKPaHHPYIOLIHUM IEHCTBHEM 3TOH
IPYOIB 110 CPABHCHHIO ¢ AJKWIBHBIMH PAJUKAIAMH, a TaKXke CTabMIm3anucii
MEPEXOTHOTO COCTOIHAA 34 CUET CONPSHKCHUA ¢ AJUTHIIBHON CHCTEMOM, YTO ACNIACT
peruGpuanzanio us sp’ B sp? ocoGeHHo BHIrogHOM. I10 3T0l NpHUKHE, 3aMelIeHHE B



12

AJJTMJIBHOM TIOJIOKEHHH TPOTEKaeT, KaK IMpaBWiIo, 1O SN2 THUMY, W JIMIIb TIPU
HATMYUA CTEPUUECKUX MPENATCTBUH 1m0 Sn1 Tumy.

OnHy ™3 caMblX HU3KHX PEAKIUOHHBIX CHOCOOHOCTEH B  PeaKIusax
HYKJICO(UIIBHOI'O 3aMEILeHHS, He3aBUCUMO OT MexaHusMma Snl1 wmim Sn2, umeror
BHHU/IbHBIE U YTUHUIbHBIE (=C-X) MpoM3BOAHbIE. DIIEKTPOOTPHLATEILHOCTD SP*- U
Sp-rUOPHAM30BAHHOTO aTOMa YIJIEPOAA BHIIIE, UeM HACHIIIEHHOTO, YTO YMEHBIIAET
nonsgpHocTh cBsA3u C-X. OgHako Oosiee Becomasi TPUYMHA YCTOWYMBOCTH NMOA0OHBIX
COEIMHEHMH 00YCIIOBJICHA P-TT CONPSHKEHUEM 3aceNEHHON p-opOuTaiiv HyKiIeodyra
¢ T-OpOUTAJIbIO HEHACKIIIIEHHOTO paauKana, onarogaps yemy ¢Bsa3b C-X cTaHOBUTCS
YaCTUYHO JBOECBA3AHHOW, OoJiee NPOYHOW [0 CPABHEHUID C OPJAMHAPHOMN.
Hanpumep, A BUHUIBHOTO TPOU3BOJHOTO:

7\ ra N M\, & 5+
CH;=CH—X - CHy,—CH=X CHy=CH,==X

2. Anxumepnoe cooeticmeue.

CopnelicTBrE peakiiuu CO CTOPOHBI COCEAHEN TPYIIBI 3a CUET €€ HEMOAENEHHON
napsbl, MJIEKTPOHOB G- WIH TT-CBA3M, UMEIOIUXCS B CyOCTpaTe, HO HE CONMPSKEHHBIX
C PEaKLMOHHBIM IIEHTPOM, HAa3bIBACTCSd AHXHMEPHBIM COJEHCTBHEM (OT rpeu.
«aHXHW» — TIOYTH, KMEPOC» — YacCTh).

B ofmem Buae 3TOT MEXaHM3M MOKHO HPEACTABUTH uUepe3 JABE OCHOBHBIE
craauu. Ha nepBoil mpoucxoaut HykieoduibHas ataka COCEAHEW Ipynnoi Ha
PEaKLMOHHBIN LIEHTP ¢ 00pa30BaHHEeM OHMEBOI0 KaTUOHA:

. +
NI N )
B—C—C—D & B—GC—C—E + X
| D) I
A X A D

Ha Bropo#t crammu BHEWHWH HYKI€O(DM BBITAJIKMBACT COACHCTBYIOLLYIO
rpynny oOpaTHO ¢ COXpPaHEHWEM XMPAJbHOCTH WM 00pa3oBaHHEM MPOAYKTa
neperpyninupoBKH:

+
. 7 oE
B—C——_C—E
| 71 — Bo—=<o
A L D
Y A Y
MPOOYKT 3aMelleHns
+
YN ° 7
Br— C—E
AT el
A /. D
Y | & D

NPOAYKT 3amellieHUA-NeperpynnupoBKu

Takum 00pa3oM, 3KCIEPUMEHTAIbHBIC TMPHU3HAKKM MEXaHHW3Ma C Yy4acTHEM
cocenned rpynmnsl: 1) peakuus nporekaeT ObicTpee (4acTO B THICAUM pa3), 4eM
MOYKHO OXHAATh, 2) KOH(Urypaumus XHPATBHOTO PEAKIHOHHOTO LIEHTpPA HE
W3MEHSETCS; 3) peaKLus OCIOKHACTCS MeperpyninupoBKO.
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' ConeiicTBue 6- H/IH T-3JIEKTPOHAMH
B npuBenénHoM BeIIE NpUMEpe COOEHCTBYIOLIAA TPYMNa HMETA HENOAENIEHHYIO
® 3J1eKTPOHHYI0 mapy. OnHako, BO3MOKHO COJAEHCTBHE G- WM T-3JIeKTpoHaMu. B 3TOM

cllyyae NMpPOMEKYTOUHO 00paszyercsi HeKJIACCHYECKHH KATHOH, MUMEHOIUI ABYX3JIEKTPOHHYIO
TPEXLIEHTPOBYIO CBsA3b, B KOTOPOM [1BA HJIEKTPOHA PACCPEAOTOUUBAIOTCS 1O TpéM atomam. Taxoii
KaTHOH MMEET CBSI3W C INOPSIKOM MEHbIIE €IMHHIIBL, Ui HEro MOJKHO HarucaTh PE30HaHCHBbIE
CTPYKTYDbI, & pearupyer OH C HyKJ1eo(pHJIOM MO TeM aTroMaM, Ha KOTOPBIX PaccpenoTo4eH
MIOJIOYKHTEIbHBIN 3apsia.

3. Vxoosuyas epynna

PaznuyaroT «XOopoluue» M «IJIOXUe» YXOJA[lne rpymnnsl. Xopolas yxoaaias
rpynmna (Hykjaeodyr) OTIIENISeTcs JErko, TaK Kak COOTBETCTBYOLIAs €l YacTula
crabuibHa (B BUIE aHUOHA WJIW HEUTPATHHON MOJICKYITbI).

«[Inoxme» yxomdlue Trpynnbl OTLICIUIAIOTCA B BHJAE MaJIOyCTOWYMBBIX
aHroHOB. CnaOble OCHOBaHMA SIBJSIFOTCS JIYYIIMMHM YXOJALIMMH TPYMIaMu To
CpPaBHECHMIO ¢ CWIbHbIMEH OcHOBaHusiMu. Hanpumep, OH™ unu Alk-O~ — cunbHbie
OCHOBAHMSI, IOITOMY OHH TPYIHO OTHICTUIAIOTCS OT CHHpTOB 1 TIPOCTBIX Y(PUPOB:

Ak—OH <« —— Alk + OH

+ -

AK—O—AKk «——— Ak + O—AKk
3aTo mocie NPOTOHUPOBAHMS OT YKA3aHHBIX COCAMHEHHH JIETKO OTHICTUISAIOTCS
H>0O nwmm Alk-OH, kax Gosee ciiabbie OCHOBaHMSA, YCTOWYMBBIE B CBOOOIHOM BHUJIE:

+
Ak—OH + H* == Ak—OH, —> Ak + H,0

Ak—O—Alk + HY == AIk—é—AIk —m- Alk++ HO—AIk

[TonoOHble peakiyy 3aMeNIeHUS Yepe3 MPEABAPUTEIbHOE MPOTOHUPOBAHUE — TO
€CTh MPOTEKAIOLIME HE ¢ CaMUM CyOCTpPaToM, a C €ro CONpPKEHHOM KUCIOTOH —
HasbBalOTCs Kak SnIcA (mmm Al) m Sn2cA (umm A2), tae cA o3Hauaer
CONPSKEHHYIO KUCIIOTY.

[TopsAnok yXyAlieHuss HYKIEO(PYrHOCTH TaJIOTEHOB TaKKe COOTBETCTBYET
YMEHBILIEHUIO OCHOBHOCTH IrajlOre€HU-HOHOB:

[- >Br>ClI">F

Jliis Gonee TOYHOM OLIGHKH JIEFKOCTH OTLIEIUIeHHs HyKeodyra He0OX0auMo
YUMUTBIBaTh BIIMSHUE APYruxX (PakTOPOB: PACTBOPHUTEIb, 3JIEKTPOOTPULIATEIbLHOCTD
TPYNIIBI, CTPOCHHUE CyOCTpaTa, MEXaHU3M PEAKIIUA | Jp.
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SET-mexaHu3m

Teopus »>NEeKTPOHHBIX Map XOPOLIO OMHUCBIBAET MHOTHE MEXaHWU3Mbl B
OPraHUYCCKON XWMHH, OAHAKO /Ui PAAA PEAKIAN  MCTAUIQOPTAHHUYCCKUX
COCAMHEHUI, HYKICOMWIBHOrO apOMAaTHYCCKOTO 3aMEUICHHA, THAPHIHOIO
BOCCTAHOBJIEHHA TIPUHAT HMHOH MEXaHH3M — MEXaHW3M OJHO3JIEKTPOHHOIO
nepeHoca (single electron transfer) - SET-mexanusm. B otnuune oT MexaHH3Ma SN2,
rA¢ O3ICKTPOHBI MNepeMemaTea mapamu, B SET-Me¢xaHu3Me 3JICKTPOHBI
nepesaroTes Mo OAHOMY:

Y (RX) Y, R, X|—= YR + X

[lepBoHayanbHO B pe3yNbTaTe MEPEX0a OOHOrO MEKTPOoHA OT Hykleoduna K
cyOcTpary o6pasyioTesa paaukan Y+ H aHHoH-pagukan RX:. Jlanee aHHOH-pagHKal
pacnagaercs Ha pamukan R- u annon nykneodyra X-. Pagukansr pearenra (Y:) u
cyOctpata (R') oOvemunsioTcsa, oOpasyd mOpoAykT peakudud. OnucaHHBIE
MpeBpallleHus TMPOUCXOIAT B «KIeTke»  pactBoputeni. OOpasyoomuecs
IPOMEKYTOUHBIC YACTHIIB OUCHB HCYCTOMUHBEL, TI03TOMY JA0Ka3aTh SET-Mexanmsm
OBIBAaCT BEChMA CITOXHO. Jl0KA3aTENBbCTBOM CIIYKMT PETHCTpPALMs PAAHKAJIOB ¢
MOMOIIBIO XHMHYECKUX METOAOB (JIOBYIIKH paguKanoB, 00pa3oBaHUE XapaKTEPHBIX
NMPOAYKTOB AUMEPH3AIMH, TECPETPYNIHPOBOK W AP.) WIH (PU3HUECKUX METO/0B
uccnenosauus (OIIP — 30¢KTPOHHBIM MApaMarHUTHBIA pe3oHaHe, XA -
XUMHUYecKas MoJApU3alua aaep).

Y: + Rk, —» —_—

CmellaHHbI Sy1-Sn2, MOH-NapHbIi U 0606WEHHLIN MeXaHU3Mb

Peakiyiiu HE BCETa MPOTEKAIOT MO YueToMyY Snl unu Sn2 mexannsmy. [puaaTo
CUHMTaTh, YTO MOAOOHBIH pe3ynasTarT oOYCHOBIEH JABYMA MPHYHHAMH. Q)
HaOmoMaeTcd mapaiefibHoe TeueHue Snl m Sn2 peakmuii; §) peanuszyercs HOKHiA
MPOMEKYTOUHBIH MEXAHH3M.

[IpoMexyTOUHBII MexaHH3M Hapiaay ¢ Sn1 U Sn2 MeXxaHH3MaMH MOKeT OBITh
00BACHEH B paMKax OAHOrO (PYHAAMEHTATBHOIO HOH-TIAPHOIO MEXAHHM3MA,
KOTOPEBIH YIHPOIIEHHO MOXKHO 3allHcaTh B AB€ TJIABHBIE CTAOHH — JHCCOLHALIHA
cyocTpara ¢ 0o0pa3oBaHMEM HOHHOM Maphl H TOCACAYIONICE €€ MPEBPAICHHUE B
MPOIYKTHI:

@O

RX s=—= R X =—= npoaykKrbl

Ecimm mamutupyomas craaud — o0pa3oBaHne HOHHOM mapel, TO HAbmoaaeTcs
yucteiii Snl. Jna umcroro Sn2 MexaHM3Ma JNUMHTHPYIOIIEH cTaaveid ABnsgeTcs
pacmaji MOHHOH mapsl 10 NPOAYKTOB. [IpOMEKyTOUHBIH MEXaHM3M HaOII0IacTC,
€CIH CKOpPOCTh 00pa3oBaHUA TEepPBOH M BTOpod cTaguH Onw3ku. Ilpumep
peANIU3aNH TPOMEKYTOUHOTO MEXAHH3MA: AlETONIM3 ONTHYCCKH AKTHBHOTO 1-
(EeHUTITUIXIOpHAA B YKCYCHOM kuciote mpu 50 °C, roe nHaGmromaeres Ha 56%
UHBEpCHS U HA 22% parieMusani.
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Bonee crporas cxema 0000mMEHHOrO MEXaHH3Ma CiaokHSS. HM3BECTHO, YTO
OpoUece AUCCOUMAUMH  HEKOTOPOH MoJnekynsl RX  mpoucxoaur  vepes
MOCIICIOBATENFHOE 00PA30BAHUE PA3INUHBIX THIIOB HOHHBIX nap. Hmxe noka3zaHel
IBa THMAa WOHHBIX Map. BHauame oOpa3yercsa TecHad (BHYTPEHHAA, KOHTAKTHAas )
HOHHAA mapa (ctaauga 1), KoTopas COCTOMT U3 OMU3KOPACIONOKCHHBIX HOHOB,
OKPYKEHHBIX oO0miell conbBaTHOW oOonoukol. 3aTeM TecHad HMOHHad mapa
IPEBPALIACTCA B COIBBATHO-PA3ACICHHYIO (BHEIIHIOW ) HOHHYIO Hapy (ctaaus 2),
KOTOpas Takke OKpYXeHa CONbBAaTHOH 000NOYKOH, HO MOMNEKYJBl pacTBOPHTENA
HAXOJATCA M MEKIY MOHAMH. B KOHIE KOHIIOB, MOHBI CTAHOBATCSH IOJIHOCTHIO
HE3aBUCHUMBI APYT OT APyTa U MPHOOpeTanT cOOCTBEHHBIE COMBBATHBIE OO0IOUKH
(ctamusa 3). Ataka HYKIeO(]IIa MOKET IPOUCXOANUTD HA JIKHOOM 3Tang;

1 JluMuTHpYIOLWIHE
@ @ @ craguu: 1, 2 wi 3.
@O @ || @ O Peakuust
RX = RX == R | X s=—=R *+X MOHOMOJNEKYJIApHA.
JIumutupyromue
®Y ® cragui: 4, 5 umin 6.

Y: Y: [ Peaxuus
OumonexynapHa.

NPOAYKTBH

Ha kakoif cragud mNpoMCXOOMT HYyKJI€OPHNIbHAA aTtaka, W Kkakad CTaaud
JTUMHTHPYIOINAA — 3aBHCHT OT COBOKYIHOCTH MHOTHX (DaKTOPOB. peaKLHOHHAA
CIOCOOHOCTE HYKJICO(HIIA, YCTOHUMBOCTh HOHOB, CBOMCTBA PACTBOPUTEIIA U JIP.

YucTromMy SN2 MEXaHH3MY COOTBETCTBYET MyTh. RX — npoayKTHl

Uncromy Snl — myTh: @ ® @ o @
R &= .. .. ... == + X — MPOAYKTHI
. AN J
" Y
MCJICHHO OBICTPO

Ecmn xapGokaTHoH cTaOWIbHEIH, TO peanu3yercd udcTHd Syl Mexanusm. Ecnu
KaTHOH M€Hee CTaOWIBHBINA, TO HyKIeo(pUIbHAs aTaka HAYMHAETCA PaHbILE, YEM
OpoiaA¢T  monHasA aucconuanuia. Uem MeHee CTaOWBHBI HOHBI, TCM PAaHBILE
HAUYHHAETCA HyKNeo(pUITbHAA aTaka, a B CJIydae OUYeHb HecTaOMJIbHBIX KATHOHOB OHA
COOTBETCTBYET YHCTOMY SN2 MEXaHHU3MY.

MexaHu3am Syi

MexaHn3M BHYTPUMOIEKYIAPHOIO HYKICOoGMUNIbHOTO 3ameneHns (substitution
nucleophilic internal) Sni ObUT mpepokeH AN peakuuil, MPOTEKAIOLIUX C
coXpaHeHHeM KOHQHTYpaluH y PeakKUHOHHOTO LEHTPa, HO HMEIOMIMX TepBBIi
MOPAIOK. 3TO OTHOCHUTENBHO PeAKMii MexaHu3M. OH YCTAHOBJICH JJTA Pa3JIOKCHUA
amKUNXnoppopMHATOB, HAYILIEro 4Yepe3  UEPHIPEXLEHTPOBOE  TepexogHoe
COCTOSHHE:



16

! L4
LY Yymmmee
.. o N i\ \\ /, 0 e W Cl
. *, £
. Cl -CO,

+Cl
Hexotopoe BpeMa CUMTANOCh, UYTO PAIOKECHHE AIKWIXJIOPCYIBHDUTOB,

MOJIYYa¢MBIX M3 CIHHPTOB W XJIOPUCTOTO THOHWIA, TAKXKE TMPOTCKAET KAk
BHYTPUMOIEKYJIAPHOE HYKIEO(PUITbHOE 3aMeLLEHHE.

R—O

R—OH + socl, — \s=o — R—CI + SO,
-HCI /
Cl

[To3ske BBISICHWIOCH, UTO PA3JIOKEHHE ATKIITXJIOPCYIH(DUTOB — HOH-TIapHBIE Sn 1
MexaHu3M. Ha mepBoil cTaguu TPOUCXOAMT Jucconuanua cyOcrpara ¢
obpazoBaHueM KOHTAKTHON uHOHHOHN mapel. Ha Bropoii craaum uyacts yxomamei
IPYNIBL ATAKYET KAaTHOH cyOcTpara, a apyras €€ 9acTh yXOAuT. I10CKkONbKY HOHEI B
KOHTAKTHOH Mape pacroNoXKeHbl ONMM3KO APYT K APYTY, TO HyKJIeo(pHIbHAd aTaka
OCYIUIECTBIAETCS €O CTOPOHBI yXOAALlel rpynmbl (¢ (ppOHTaNbHOWH CTOPOHEI), a
KOH(UTYPALHA COXPAHIACTCA.

Solv O .

AT N AN \ —_—
SO'V\\\\\‘\ Y _3:0 \\'.\\“"' C|
w ;' / \\‘ = Soz
‘Cl -
e - Solv

OaHako, coxpaHeHHe KOH(PHTYPAIHH MPOHCXOAAT HE Bceraa. Bosmoxuo 3
BapHaHTa TMPOBEIEHHA OSTOH PeaKUUH, Pa3NHYAOMHECT CTepeOXUMHUYECKHM
pesyapratoM. 1) COXpaHeHHKY KOH(HUTYPALHH CIOCOOCTBYIOT OCHOBHBIE
pacTBopuTeNd (AMATWIOBEIA >)HUP, AHOKCAH W JpP.), KOTOPHIC CTaOMIH3UPYIOT
TECHYIO HOHHYIO Mapy MYTEM COJIbBATALlMH ¢ THUTBHON CTOPOHHL. 2) B oTcyTcTBHE
pacTBOpUTENEH WIH B CTA00OCHOBHEIX PACTBOPHUTENAX ¢ HU3KOH CONbBATHPYIOIIEH
CIIOCOOHOCTHIO (TONMYOJT) — HAMMPOTUB — IPEUMYIIIECTBCHHO TIPOUCXOIUT OOpanicHue
KOH(UrypaLnHu, MOCKOJBKY HOHHAA Mapa He CTaOHIH3HPYeTcs M HaOmogaeTcs
TBLIOBasg aTaka cyOcTpaTa TrajloreHHa-HOHOM. 3) B NpHCYTCTBHH OCHOBaHMIA
MPOUCXOMAT oOparieHne KOH(HUIYPAIHHA 0 KIACCHUYSCKOMY Sn2 MexaHu3My (C.
48).

MexaHuam Sy’ 1 neperpynnuposkn

CoeauHEHUA, COACPKALINE YXOMAUIYIO TPYIINY B AUTHIBHOM IOJIOKCHHH, B
x0A¢ peakiuii Syl 1 Sn2 ¢nocoOHB MOABEPTATHC ALIHIBHBIM NEPErPYNMUPOBKAM
(oGo3Hauarorea Snl' wnmm Sn2', coorBeTcTBeHHO). B pesynbrare oOpa3yerca nBa
COEIUHEHHSA: MPOAYKT OOBIYHOTO 3aMeIeHHA SN U MPOAYKT aANTIIBHOIO CABUTA SN,
COOTHOIICHHE MEHKITY KOTOPHIMH 3aBHCHT, MPEHKAC BCErO, OT HYKICO(HIBHOM CHUIIBI
pearenTa, 3MeKTPOHHBIX H MPOCTPAHCTBEHHBIX (PaKTOPOB:
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Y
Y: |
R—CH=—CH—CH,—X —» R—CH=CH—CH,—Y + R—CH—CH=CH,
- X:
NpoAyKT SN npoaykKT Sy’

B peakuuu Snl npoMexyTounHo 0Opasyercs ¢cTabuiIbHbII ATUTMIBHBIN KATUOH, B
KOTOPOM 3a CUET pe30HaHCa eIHHHYHBIH TOJIOXKHTENBHEBIN 3apsaa paclpelenéH
MEKIY MBYMS KOHIICBBIMH aTOMaMH aJUIHJIbHOM cucTembl, HykneodunpHas ataka
MO ABYM BEPOATHHIM HAMPABICHUAM OTIPEACNIACT COOTHOUICHNUE BYX AILUTATBHBIX
H30MEPOB.

. + 5+ 5+
R—CH—CH—CH, -¢—m» R—CH—CH=—CH, = R—CH==CH=CH;
‘\ t‘
Y

Ecmn  ¢daktopel  cnocoOCTBYIOT MexaHu3My SN2, TO araka Hykjieoduia
BO3MO’KHA TIO TEM K€ LIEHTPaM aJUTMIbHON cHCTEMBI Oiaroaaps nepBoHAYaAIbHOMY
PACIPEACNICHUK) YACTHYHOTO MOJIOKUTEIBHOrO 3apsAfa, BO3HUKAIOIICIO 33 CYET
AWIEKTPOHOAKLUCIITOPHOTO ACUCTBUA YXOMAECH IPYIIIIHL;

5+ &+ 5~
R—CH=—CH—CHy—X

YBenuueHne KECTKOCTH Hykneoduna (HampuMep, 3aMeHa CHUPTa PacTBOPOM
3TWIATa HATPHUA B CIHPTE), KAaK IPABHIIO, CIOCOOCTBYST YBEIMUCHHMIO BHIXOZA
npoaykTa 00BIUHOro 3aMemeHus Sn2. O0rémHbIe 3aMecTuTenu R 1o cocencTy ¢
yXo4sdmed TPyNmod 3aTpymHAIOT KJIACCHYECKYIo SN2 araky H CMmocOOCTBYIOT
YBENHYEHHIO BBIX0AA MPOAYKTA aJUNIMABHON MEPErpyMNUpOBKH Sn2':

) N

Y q ?HQH—?H—X —_— Y—?H—CH:CH + X
R R' R R

Takke BO3MOKHA pealn3alfa HOH-TIAPHOTO MEXaHN3Ma, B X01€ KOTOPOTO YacThb

UCXOMHOrO cyOcTpaTa H3OMEPH3YETCA, a IPYTast YaCcTh MPECBPAIACTCA B MPOIYKTHL:

N
~

Peakuuu Sn1' mpoTekaroT, kak mpaBuio, yepe3 oOpa3oBaHle HOHHBIX Tap, a He
¢BOOOIHBIX AUIWIBHBIX KATHOHOB, TAK KAk A00AaBKa OJHOMMEHHOTO HOHA HE
3aMeisieT peakiuio. [IOHIDKCHWE MONAPHOCTH PACTBOPUTEIA CHOCOOCTBYET
VBENHUYEHNIO BBIXOJA TPOAYKTA 3aMelleHua Oe3 MeperpynmupoBKH, TaK Kak
IPOUCXOAUT 0OpPa3oBaHNE "HCCUMMETPUUIHON" TCCHOM HOHHOMN Mapel, B KOTOpOH
yXomsmuii MoH X COCCACTBYET ¢ TEM VIJICPOJOM, OT KOTOPOrO TPOM3OILIO
OTLUIETIEHHUE.

[lpuMepsl  peakumii, B XOA€ KOTOPHIX HAOMIOJAIOTCS  AJUTHJIbHBIE
[IEPETPYIIIAPOBKY B TOH WIH MHOM CTEICHH, ICIIOYHON THAPOIINS WIH AIKOTOINAS
1-xnopOyTena-2 u 3-xnopOyteHa-1. B xone aueronusza 2-MeTHi-2-xaop-OyTeHa-3
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KpOMe ABYX H30MEPHBIX alleTaTOB HaOM0AaeTcA Takke H30MepU3alua HCXOOHOTO
cyOcTpara ¢ obpa3oBanueM |-xyop-3-metundyTena-1.

Peakiiniy mogao0HOH HM30MepH3aIHH 2-MeTHI-2-XTop-OyTeHa-3 B 1-xuytop-3-
METHIOYTEH-1 MOKHO KIacCU(PHUHPOBATE Kak Sni' ¢ MPOCTOH yXOAAMIeH rpynmoi.
B peakmmu 2-6yten-1-05a ¢ THOHHIXJIOPUIOM B AH3THJIOBOM 3pupe, TakkKe Kak
NP PEaKIMU APYTHX CHUPTOB (CM. MEXAHH3M Syi) MPOMEXKYTOYHO BO3ZHHKACT
ANKWIXJIOPCYNBPHUT, OAHAKO YXOAALIAS TPYMNA aTakyeT aJUIMIbHOE MONOKEHHE,
yto npueoguT K 100% annunpHoil neperpynmupoBke Sni':

SOCI, 7N,

CH,=CH-CH,~OH ——> CH,=CH—CH, —> CICH,~CH=CH,

- HCI k o - S0,

CI\S/

\

O
Kpome annuiapHbIX meperpynnupoBok Sn1' 1 Sn2' BO3MOKHEL IEPerpynnHpOBKH
kapOoKaTHOHOB, OOpasyomuxXcd B peakiuax Snl, B Oomee cradunbHBIC
KapOOKATHOHE! B COOTBETCTBUH C PANOM: NMEPBHYHBIE > BTOPUYHBIE > TPETHYHBIE.
Ecnu B 0-nonoskeHnn y KATHOHHOTO LIEHTPa €CTh aTOM BOAOPOJA, TO HA0mogaeTcs
THAPUAHBIA NEPEHOC, B HHOM CJIYYAE¢ AHMOHHBIM NEPEHOC MPOUCXOANT 3a CUéT
MUrPAIHH AJIKWTBHOM PYIIIHL.

H
i~ +
Ak—G——CH;  — Alk—<|3—0H3
Alk Alk
CHj
\ +
CH, — Alk—clt—CHz—CH;,

Alk—(i')

Alk Alk
Murpanus auIIBHON TPYNIBI MOXKET OCYLICCTBIATBECS depe3 00pa3oBaHUE
HEKIACCHUYECKUX kapOOKAaTHOHOB ¢ aHXHMEPHBIM YCKOpeHHeM peakuuu {(c. 13).
Ecmu ke crepuueckue (akTOpbl NPENATCTBYIOT 0O0pa30BaHHUIO MOCTHKOBBIX
CTPYKTYP ¥ (WJIH) BO3MOKEH YCTOWUMBBIN KJIACCHYECKH KapOOKaTHOH, TO
AHXHMEPHOT'O YCKOPEHHUA peakHi He HaOmoaercs.

3amellleHMe Y KapboHUNBHOTO aToMa yrnepoaa.
TeTpasgpU4ecKUil MeXaHN3m

KapOonunbHble coeauHeHusa ¢ rpynmod -C(O)X MOTyT peardpoBathb ¢
HYKJICOPUIBHBIMA pear¢HTaMu ¢ 0OpPa30BaHUEM TPOAYKTOB MPUCOCAHHCHUS WIIH
3aMeILeHHs.
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Anbaernapl W KeTOHBI H,0 OH
NPHACOCAMHAIOT HYKIEODHIBHBIC —
peareHTBl ¢ OOpa3OBAHUEM OH
TUAPaTOB, OKCHHHTPUJIOB, HCN C=N
THAPOCYJILDUTOB (ATbACTHIBI U —
MCTHJIKCTOHBI),  MOJIyaneTanci OH
(anbAerugsl), noJiykeraneit SO.Na
(KeTOHBI ), aMHHOCTTHPTOB, U Ap. o NaHSO3 ’
O0fpaszoBaBmuecs NPON3BOIHBIC ' OH
nanee MoryT 3amemiats OH
TpyMmy, 6o Aeruapa- ROH O—R
THPOBAThCA c YIaCTUEM — \e.
BOAOPOJA TETEPOATOMA WU IPU
(-yrJAepOJHOM  aroMe,  €Cd OH
NOABHAKHOCTH JTOr0 BOAOPOOA RN_..HZ
JOCTaTOYHO. N N—R

O0bmas ¢xeMa ONMCAHHBIX TIPEBPAICHHI A peakuuii ¢ Hykiaeodmwiom R-YHo:

o H,Y-R &OH
_ - —_— -
} Y—R
Y—R H,0
LN H
z
-OH" -H20

z
Y—R
H

H
Y—R

B moboM chyyae peakuMH HAYT 4Yepe3 oO0pa3oBaHHE AHHOHHOTO HIIH
HENTPanbHOTO TETPAIAPHIECKOr0 HHTEPMEAHATA.

[Ton neiicTBHEM CHOHPTOB AJIBACTHABI H KCTOHBI BHAYAJIC IPEBPAIIAIOTCS
COOTBETCTBEHHO B MOJyaleTAIH HWIH TNoaykKeTtamu. lIpHcoeanHeHHEe MOXKeET
npoTeKkaTs 03 Katanu3atopa (0coOeHHO JIeTKO I aJlbAETHAOB), HO KHCIOTHBIH
KaTaJIn3 CHOCOOCTBYET PCAKIIUN;

. _ OH OH
0 T ) —on ROA + —
OR  -H' OR

noayaugrane 1AW NONYyKeTa b

HanpHelimee o0pa3oBaHue aleTanel WK KeTanel mpoTekaeT B 0oJiee mECTKUX

YCHOBUAX M OOA3ATENIBHO MOJ ACHCTBUEM KHCIOIO KATanu3aropa, MOCKOJIbKY
TpeOyeT OTILEMIEHUA THAPOKCHIBHON TPYMMEL

+ H
OH + OH, + HO-R +0OR OR
L —_— i OR —» OR L’- —
OR OR -H,0 OR _n*+ OR

noayaueTtans aueTanb
WAU NOAYKeTaNk AN KeTasb
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OOpatHad peakudsa — THAPONM3 aleTanedl W keranedl 10 KapOOHHUIBHOrO
COCIUHCHUA U CIIUPTA — TAKKE BO3MOXKHA TOJIBKO B KHCIIOH CPEaE.

Ecimm anpaernael WM KETOHBI COAEPKAT KUCABIA aTOM BOAOPOAA IpPH Q-
YIJIEpOOHOM aTOME, TO U3 MOJIyalEeTand WK MOJyKeTald NpH OTIIENIEHHH BOIBI
MOTYT 00Pa30BaThCA MPOCTHIE 3HPBI EHOIOB:

HaC, HO-R HZC/ OH
0O —= — > \\_0—R

O0—R -H,O

Tuocnuptel (R-SH) B3auMogelicTBYIOT ¢ adbdeTHIAaMH M KETOHAMH C
0o0pa3oBaHHEM B KOHEUHOM HUTOTe THOALETANIEH U THOKETaleH, COOTBETCTBEHHO!

HS-R SR
0 ——»
-H,0 SR

[Ton neHcTBHEM MNECPBHYHBIX HIH BTOPHYHBIX AMHHOB QAJIBACTHABL H KCTOHEI
HEPE3I aMHHOCTIHPTHI IIPEBPAlIAOTCA B COCAHMHEHHA ¢ HMWHHBIM HJIH €HAMHWHHBIM

¢dbparmMeHTOM:
ngHR

o
HoN-R OH
/ NHR -H20

HMMIH eHamMHWH
Ecmun mpd o-yriaepogHoM aToMe HeT TOABWKHBIX aTOMOB BOIOpOJa, TO
o0pa3yoTes TOIRKO UMHHBL. [Ipn HamMuuKM BOAOPO/JA B O-TIOJIOKEHUH CyOCTpara
MO JEHCTBUEM BTOPHUHBIX AMHHOB 00pa3ylOTCs TOJBKO CHAMHHBI. B ocTanbHBIX
CIy4yasxX BO3MOKHA HMHHO-HAMHHHAA TAyTOMEPHA MPOAYKTA PEaKLIHH.
Jlpyrue HykieoQmisl ¢ aMUHOTPYIIIOH TaKXe PEarupyroT ¢ albACTHAAMH H
KCTOHAMHM, HAIIPUMED:

O + HQN_NHZ —_— > N—NH2
H,0

rmapasuH rMApasoH

+ H;N—N EE—— N—N
FO 2 % 1,0 % %

rMApasoH asuH
+ HN— — N—OH
O + HN—OH —s

r’MApPoOKCHAaMKH OKCHUM
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HN HoN
>=° el )
HoN—NH N—NH
cemunkapbasug, cemukapbasoH
HZN\_ HoN
S s
>:O ' HZN—Nﬁ 10 N—NH
THocemukapbasug, THOCceMUKapbasoH

KapOoHoBble KHCJIOTHI H HX (PYHKUHOHATBHBIE MPOHM3BOAHBIE (CIOMKHBIE
>pUpEl,  TalOTeHAHTHAPHABI, AaMHABI), HMeloHe  of0mmii  ¢parMeHT
—C(O)X, B3auMOAEHCTBYIOT ¢ HYKICO(QHIBHBIMH PEAreHTaMH C 3aMEIICHHUCM
rpynnsl X:

AN
/ o L N} » 0
X -X Y X = OH, OR, Hal, NH>, NHR u ap.

Yamme BCEro, Taknue pEakIu HUMEIOT BTOPOil MOPANAOK, OJHAKO WX MEXAHH3M
OTNHYAETCA OT SNZ2. DTOT MPOLECC UMEET JBE OCHOBHBIE CTAOUW M HA3BIBAeTCA
MEXAHU3MOM MPHCOEINHEHUA-OTILETNIEHNA WIH TeTPA3APHUYECKHM MEXAHNU3MOM.
Kak u B cnyuae ¢ anpAeTHIaMH HJIM KCTOHAMH, B XOJI€ PEaKIMH 00pazyercd
TETPA3APUICCKUIl HHTECPMEAUAT, HO OTILEIVIACTCA OT HEro rpynna X — OpIBOIMI
¢parMeHT cyOcTpara.

's) . o) :) O
)-k S ey =. )L
X Y L X -X Y

Hanuune 3apAfa, a TakXKE€ CYIIECTBOBAHUE OOMOJTHHTEIBHBIX CTagHuil 3aBHCHUT
OT HAITHYHA H THIIA KaTalH3aTopa, a TAKKE OT HYKJ'ICOCI]HJ'IEI, HampHMEp:

OH

L

X O

_YH_ Y e
T 7 X <




22

K nogoOHeIM peakuusM OTHOCSTCS: 00pa3oBaHUE CIOXKHBIX 3(UPOB
(orepudukanms, ¢.40) U ruaponu3 CIOKHBIX PUPOB (OMBIICHHE, CM. HHIKE),
oOpa3zoBaHue u3 KapOOHOBBIX KHCIOT W THUAPOIu3 amMuaoB (c.43, ¢.56) u
XJIOpaHruaApuaoB (¢.49, ¢. 57), u ap.

Kpome TeTpa’apuueckoro Mexanu3mMa TEOPETHUECKH BO3MOIKHBI U JPYTHE.
K.Wuronba npemioxkun kiacCU(PUKALMIO MEXAHU3MOB THUIPOSIA3A CIIOKHBIX
3(pHUPOB, OCHOBaHHYIO Ha THIE KaTaJIU3aTopa U TUIE PACLICIJICHHUS, a TaKkKe BBEN
yCJIOBHbIe 0003HA4YEHHUA, COCTOsIIINE M3 TPEX yacTel. [lepBbiii CHMBOJ YCIIOBHOTO
0003HaUECHNA MeXaHn3Ma 0003Ha4daeT karanus3: A (KUCIOTHBIN) i B (ocHOBHBIN).
[Topcrpounsie 3arnaBHble cumBoiibl AC wim AL 0003Ha4aroT, COOTBETCTBEHHO,
AlUJI-KACIIOPOIHBIA WU aJIKMJI-KUCIIOPOHBINA TUIT PACIIETUICHUs CII0KHO3(DUpHOM
TPYINBI, KOTAA Pa3phIBACTCS CBsI3b MEKAY AMJIOM M KHCIOPOAOM JIM0O MEKTY
ANKUJIOM M KHCJIOPOAOM:

AC

(aumt-
KHCIOPOJIHOE
paciuernjieHue):

_____

-

______________

--------------

]

1

]

1
Al S (R SR L\

1 " 'b‘
(anmkum- lJL /R %

1 1)
KHCJIOPOIHOE ' * [

: ]

1 L

1

I

1

LY

______________

.....

paciiernieHue):

------

B xonme noGasnsercs mudpa 1 wmm 2, obGo3Hauaromas MOIEKYJISPHOCTh
peakiuu. Takum oOpa3oMm monydaerca 8 KOMOWHALIMK MEXAHWU3MOB THUAPOIU3A
cinoxHoro adupa: Aacl, Aac2, Aarl, Aar2, Bacl, Bac2, Barl, Bar2. HauGonee
4acTO BCTPeUaroTcst Mmexanusmbl Aac2 u Bac2.

PacemoTpum Bce TepeyHCIEHHBIE MEXAHW3MbI, TaKk KakK APYTHE PEaKluu
TPUIOHAJILHOTO aToMa yriiepo/ia KapOOHOBBIX KMCIIOT UMEIOT MOX0XKHE MEXaHU3MbI
WM SBJISFOTCA OOPaTHBIMH PEAKLIMAMH.

Peakiimn Aacl cootBercTBYIOT Snl THIy M HAOMOAAIOTCA IS CTEPUYECKHU
3aTpyAHEHHBIX 3PHPOB B cUIIbHO Kucabix cpeaax (HaSO4 u ap.):
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OH OH

R)+\0R' R)+\0H \ O
o b

0]
H'l'
JJ\ = J\“L = o L )‘l\
R OR' R ER' -R'OH R R +

npOoTOHUPOBaHWE MeANeHHBIA OTpbIB rnaparauna AenpoTOHWMpOBaHe

\—o
s

Mexann3Mbl  Aac2 COOTBETCTBYIOT TETPAYAPUUCCKOMY MEXaHU3MY H
peanus3yioTea MpH KHCIOTHOM TuApomuse. OO0paTHOe HampaBiieHHE — peakiys
srepudukauun  (cM. ¢.40). 310 oauH H3 HauGoJsee pacmpOCTPaHEHHBIX
MexaHmMOB'

" OH H20 OH OH OH 0
)J\ J\ /I<OH2 )<OH R'OH /]+\ H* )I\
R TorR R OH R OH
H
NPOTOHWPOBaHWE MeaneHHad ruapataund AenpoTOHUupOBaHWe

Peakunu AarLl cooTBeTcTBYIOT SNl THIY M HaGMIOAAIOTCA MPH THAPOJIH3E
CJIOKHBIX HPHPOB TPETHUYHBIX CMIHPTOB B HEHTPAJIBHBIX HJIH KHCJBIX CPeaax.
B menounoii cpeae noaoOHbie H3hUpPhl MPAKTHYECKHA HE THAPOJIM3YIOTCA.

o) " OH OH .

).I\ ——— )_‘.\ —— /g + R! \*S

’ +

R OR R ko R 0o R'—OH, === R'—OH
-H*

Ouens peaknii MexaHu3M Aar2 (Mo THNy Sn2) KOHCTATHPOBAH MOKAa JIKIUE A7

KHCJIOTHOT'O PACIIEIICHHA HCKOTOPBIX Y-JIAKTOHOB:

0 OH OH
H* +
).L — + = /K + Rn_OH2
R OR’ R O H H R 0
N Y’ -H" ™% R—0H
R’ .-
A

MexaHmM Bacl (Sn2) noka HeH3BeCTeH’

f
)k RO~ )J\ -R'OH -
R R™ o

Kak BMIHO U3 CXCMBI PEAKIIHH, JAHHBIH MEXAHU3M ABJIACTCA MO CBOCEH CYTH
HEKATANTUTHYCCKUM, XOTh ¥ UIMEET B YCIIOBHOM 0003Hau¢HUHN OykBYy B.

AJNKOKCHJIbHBIH aHWOH OTIIEIUIAeTCA OT AaHHOHHOTO HHTepMeauaTa B
TETPAAPUUECKOM MeXaHu3Me Bac2. DTo caMblil pacnpocTpaHéHHBIN MeXaHH3M

LIEJIOYHOT 0 THAPOJIH3A;

0 “OH 0) _ O

J T e — e — e
R (o}

R OR' R ('OR' R OH
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Mexannsm Barl (Snl) peanusyercs B HECHTPAIBHBIX HIH CHA0OINCIOUHBIX
cpelax And Tex ke cyOCTpaToB, UTO H paHee pacCMOTPEHHbIH MeXaHH3M Aarl.

o) o) + HO *
B Gias UL S
R OR' R o} R OH

HecMOTpsa Ha NpUHATOE YCIOBHOE 0003HauUeHHe ¢ OyKBoH B, 3TOT MexaHu3M,
Kak 1 Bacl, HekaTaTUTHYECKHH.

Penxnit mexanusM Bar2 (Sn2) nabmopaerca mpu HEHTPATBHOM THAPOIN3E
B-nakTOHOB, KOTAA CTEPHUYECKOE 3KPAHUPOBAHHE ALMIBHOW TPYNMBl 3aTPyAHAET
peaNnn3aluI0 APYTHX MEXAHU3MOB!
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Peakunn ¢ ambnaeHTHbIMK HyKneoduiamu

PeareHTbl, KOTOpEIE COAEP/KAT ABa WIM Oolee aToOMa € HEMmOAETEHHBIMHU
3JIEKTPOHHBIMH TIAPAMH HJIH B KOTOPBIX OTPULATENBHBIN 3apAa AETOKAIH30BaH MO
HECKOJIBKUM [ICHTPAM, HA3BIBAIOTCA aMOHMAEHTHLIMH HYykjeopmwiamu. OHu
CMOCOOHBI aTAKOBBIBATH CYOCTPAT PasMTUYHBIMH CBOMMH YacTAMH ¢ 00pa3oBaHUEM
pasIMyaoOIUXcA NPOIYKTOB.

PeakiinonHas CrmocOOHOCTh AMOWACHTHBIX HMOHOB TIOAYMHACTCH NPABHJITY
Kopuomoma: ¢ Svi-peaxyuax wuyxneogun amaxyem cybcmpam ceoum boree
INEKMPOOMPUYATNETLHBIM YEHMPOM (Donee OCHOBHBIM, C GORbUEN INEKIMPOHHOI
RIOMHOCMbBIO); 8 SN2-pearyusx HyKIeogun peazupyem ¢ cybcmpamom ceoum boiee
HYKTeODUIBHBIM (ROSAPUIYEMbINM) YEHMPOM.

OTH  3aKOHOMEPHOCTH MOryT ObITE 0O0BbscHeHBl ¢ mno3uuun ZKMKO.
YraepoaHsiit aroM cy0cTpaTa, HaXONAIOMHCA B COCTOSHHHM THOPHON3ALNH SP°,
OTHOCHTCA K MATKHM 3eKTpodpuabHbiM 1ieHTpaM. [lostomy peakims Sw2-
3aMELIEHHS MPOTEKAET MO LUEHTPY PEareHTa, ABJIAIOMLEMYCS MATKMM OCHOBAHHEM.
Hanpotus, Snl-3aMelieHne WAET MO LEHTPY peareHTa ¢O CBONCTBAMH XKECTKOrO
OCHOBAHHUA, TOCKOJIBKY KapOOKaTHOHHHIEH TICHTP cyOcTpara sABngercsa 0Oojiee
KECTKHM JIEKTPOPHIOM, YeM HACBIIICHHEBIN aTOM YIIIEPOIA.
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[IpuMepsl aMOMAESHTHBIX HOHOB U MPOAYKTOB X PEaKLIMii:
1. Hutput-uoH ¥ nMaHn aHUOH:
Bonee xécTkun, Syl

. ¥ N
O=—N—20 C=N
\ bonee MArknin, Sy 2 /

B3anMoaeiicTBiE ¢ HUTPUTAMHU AA¢T HUTPUTO-3PUPBI WIM HUTPOCOCSTUHCHUS:

Sy Alk—O—N=0Q  HwtpuTo-3$pupsI
NaHNO, {3dmpbl cnupTos
Alk—Hal ) 1 a30TUCTON KMCAOTbI)
- NaHal o'
Sn2 Nz
N Alk— \d!2— HUTpOCOESAHMHEH WA

Hanpumep, npu B3auMOAeHCTBHH HOPMANbHEBIX ANIKHATANOT€HHAOB C HHTPHTOM
HaTpuss B JuMeTHligopMaMuae oOpa3yloTcsd HHUTPOCOSJHHEHHA, a TIpU
B3aUMOJICHCTBUH TPETHUHBIX ANKWITAIOTCHHAOB ¢ HUTPUTOM cepebpa B
MPOTOHHBIX PACTBOPHTEAX 00pa3yOTCs 3(UPE! a30TUCTOH KUCIOTHI,

BiaumopeiicTBie ¢ UMAHHAAMH TIPUBOAWT, B 3aBUCHMOCTH OT MEXaHH3Ma, K
HUTPWIAM 00 U30HUTPUIIAM:

_ Sn1 Alk—C=N HUTPUABI
CN

Alk—Hal —
- Hal

+ f—
SN2 AIK—N=C  uzonntpunui

2. AHHOHBI B-THKETOHOB, B-KCTOBCI)H])OB H MaJIOHOBOI KHCITOTHI:
ONa

I Jed o LI

JTH aHHOHBI MOKHO CUHTATh aMﬁﬂﬂeHTHLIMH HyK]ICOClJHJ]beIMH pearcHTaMHu
WId aMOMAESHTHBIMU cyOcTpaTaMu B 3NMeKTpOUIBHEIX peakuuax. [1ogo0HbIe HOHEI
MOTYT OBITh MOJIYYEHBI AENPOTOHUPOBAHHEM IUKAPOOHUJIBHOTO COEIAWHEHUA TIOA
NCHCTBUEM OCHOBAHHS HJIM M3 HATPHUEBBIX MPOU3ZBOAHBIX (HATPUHALICTOYKCY CHBIM
3¢up). O6a MyTH NPUBOIAT K OAHOMY H TOMY )K€ ME30MEPHOMY HOHY, KOTOPBIH
TEOPETHYECKH MOXKET pearupoBaTe M0 MOOOMY H3 aTOMOB KHCIOpPOJa H 1O
«ICHTPATBHOMY» aTOMY yriepoaa. CTpOSHUE U COOTHOIMICHUE TPOAYKTOB PEAKIIUU
3aBHCHT OT KOHKPCTHBIX 3aMECTUTCIEH M Apyrux ycnoBuil peaxkumuu. [llupoko
UCTIONB3YIOTCA B CHHTETHYECKON  OpPraHHYeCcKOW  XHMHM  peakuud ¢
HATPUIAANETOYKCYCHBIM 3(DHPOM, TIOJIYYAEMBIM TYTEM B3aUMOAEHCTBHS 3THIOBOTO
»prpa aANETOYKCYCHOH KHCIOTH  (AlETOYKCYCHOrO 3(dupa) ¢ HATPHEM K
[E0YbIO:

O O
V4 NaOH V4
HiC—C—CH,—C  ——>  HyC—C=CH—C
| \ -H20 %%
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HatpuiiaueToykcycHblli 3(pup umeer cTpoeHne, ONU3Koe K HOHHOMY, a B €ro
ME30MCPHBIH AHHOH BHOCAT HAWOONBUIMHA BKJIAA TCPBHIC JBE PC3OHAHCHEHIC

CTPYKTYPHI.

0O O O
V4 -/
H;C—C=CH—C «—» HiC—C—CH—C <«—» H3;C—C—CH=C
0O- OEt ') OEt 0O OEt

YKa3aHHBIC OCOOCHHOCTH JJICKTPOHHOTO CTPOSHHS HATPHUHANICTOYKCYCHOTO
3pupa TPOABNAIOTCA B pPeakUHAX AaTKHJIHPOBAHHA H auunupoBaHui. (Crnalble
WICKTPOPUIIBI  B3aUMOJCHCTBYIOT IO MEXAHU3MY SN2 H ¢  TICPEHECCHHEM
PEAKIMOHHOTO IEHTPA, TO €CTh MO aTOMy yriaepoaa. C CHIbHBIMHA YIEKTPOdHIAMHE
(nanpumep, {CH3):C*, xmopyTonsHbIi 3Qup) peakunsa HAET MO aTOMY KHCJIOPOAA TI0
mexannaMy Snl. Ilpupoga pagmkana R B Monekyne anekTpoHJIBHOTO peareHTa
TAKXK¢ BJIMACT HA HAMPABICHHUC pEakiu. C BBCACHHEM 3JICKTPOHOAKIICITOPHBIX
3aMecTuTenel R craHoBUTCA Domee KECTKOH KUCIOTON U aTaKyeT EHOMAT-aHHOH MO
Oonee JKECTKOMY LIEHTPY — MO aTOMY KHCIOPOAa.

?H3 o)
CHal /
% . H3C—C—CH—C/
Sp2 [ \
0 OEt
. //0 + Nal
HyC—C=CH—C — o
lo ® \ 4
.0 OEt Cl—C 0
Q: Na N
OEt V4
» H;C—C=CH—C
Sn1 | \
0 OEt
\C¢o
/ + NaCl
EtO

INNMUHUPOBaHNE

DNHMHHAPOBAHHE — 3TO OTIIETTIEHHE ABYX aTOMOB HJTH [Py OT cyOcTpara 0e3
3aMCHBL. UX JIPYTUMH. Peakivu »IHUMHUHUPOBAHUA WIPAlOT BAXHYIO POJH B
OpPraHHYECKOM CHHTE3€, HO YacTO OHH ABJIAIOTCA MOOOYHBIMH KOHKYPHPYIOIIHMH
NpoLeccaMl HYKJIeo(HIBHOTO 3aMelleHHd, HMEIOT ¢ HHUMH o0muii cyOcrpaT H
peareHT. UToOBl HANpaBUTH PEAKIMID CyOCTpara mo NYTH 3aMEIICHUA 00
STUMHHUPOBAHNA HEOOXOAMMO 3HATH MECXAHHM3MBI JIHUMUHUPOBAHUA U (PAKTODEL,
BIHMAIONINE HA HAMpaBIeHHs MpeBpalleHHii.

DNUMHHAPOBAHUE KNACCHPUIMPYIOT MO THIIAM B 3aBUCHMOCTH OT B3aMMHOI'O
PACIONIOKCHUS OTIIEIULIIOIUXCA TPYNI B HCXOAHOM ¢yOCTparte.

llpu e-2mumunupoeanuu o06Ge TPYNNB YXOAAT OT OJHOIO H TOTO K€ aToMa
yriepoaa ¢ odpasoBaHHeM KapOeHOB, HalIpHMep:
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KapGeHbl — 4aCTHIIB, UMCIONTHE JIBA CIIAPSHHBIX WM HECTIAPSHHBIX HJICKTPOHA
y OOHOrO aToMa yriiepoda, T.€ CEKCTET 3JICKTPOHOB Ha BHEMIHEH 000I0UKe.
bnaropaps BbIcOKOIl peakUHOHHON CHMOCOOHOCTH OHM HCNONB3YIOTCA A
pasHooOpa3HBIX CHHTE30B (C.32).

[Mpu p-3rumunuposanuu B¢ rpynmbl yXOT OT COCETHHX aTOMOB YITIEPOaa,
00pa3ysa ABOMHYIO CBA3b:

H—C c\ X " xn /c—c\
,[[anee MEIL 6yz[eM paccMaTpHBaTe B OCHOBHOM 35TOT THII JJIHMHHHPOBAHHA,
IMMOCKONEBEKY OH HanOoJee YacTo COMpPOBOXKIAET HYI{J'IGOCI)HJ'IBHOG 3aMECLICHHE.

[Mpu p-3auMuHUPOSAHINU OOPAYIOTCA TPEXWICHHBIE HHKITBI

(‘\ - .
-XH
H X

Peakuuu 3MMMHUHHPOBAHHSA COTIPOBOKAAIOT HYKIEODHIIbHOE 3aMeLIeHHE B TOM
Cllydae, KOTrja HYKICO(UIbHBIA PEareHT BBICTYNACT KaK OCHOBaHHE bpeHcTena,
OTpBIBAIOIIEE MPOTOH OT cyOcTpara. MonekynspHOCTh MOOOYHOH peakuuu
3IUMHHUPOBAHHA, KAaK TMPaBUIO, COBMAJAeT C MOJEKYJIAPHOCTBIO peakuuu
3AMEIICHUA,

Mexannzm E2. JiuMuHNPOBaAHHE OHMOJIEKYJISPHOE,

Peakuuu, uoylmige mo MEXaHHU3My SN2, COMPOBOXKIAAIOTCS OMMONEKYNAPHBIM
suMuHUpoBaHueM E2 . Takue peaknum XapakTepHsl 114 IEPBUYHBIX 3aMEIIEHHBIX.
se | \ Y \._/

— | —C—C— | —» —C—C—

A -
/. \ X H/ \Y

H—C—C—X —

Cx |
e[| 9
Hes “YH

CKOpOCTB NTHMHHHPOBAHHA B 5TOM CIyYac€, KaKk H CKOPOCTh 3aMCIICHHA,
MOAYHHACTCA YPABHEHHIO BTOPOTO NMOPAOKA:

ckopocTh = k [Y:] [RX]

JnumuHaupoBanne E2 npoTekaeT CHHXPOHHO B OHY CTAMIO, IIPH 3TOM PEArcHT
aTakyer cyOCTpaT €O CTOPOHBI, MPOTHBOMONOXHOW Hykieobyry X (mpanc-
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SMUMHHUpoBaHHe ). Takad ocoGeHHOCTh peakuud E2 MoxkeT OBITH HCMONB3OBAaHA
JUTSL CTEPEOCHEII(DUYHBIX CHHTC30B!

B
A B ’--"‘o‘o
H
( o Yy —= N D
X X
-YH
E D E

SnumuHuposanue E2 nmporekaer B TOM ciayuae, ecliM Bce Math atoMoB (Y. H-
C-C-X), yuacTBYIOIINX B PeaKLHH, PacmoaokaTcs B OAHON MIOCKOCTH. DakTopEI,
CMOCOOCTBYIONTHE MPAHC-PACTIONIOKCHHUIO OTHICIUIAIOIIUXCA TPYII, CYIECTBCHHO
YCKOPAIOT MpoTekaHHe peakuuu. TakuM o6pa3oM, SKCepUMEHTANbHbIE KPHTEPHH
B MONb3y MexaHn3Ma E2: 1) knHeTHKa BTOporo mopaaka; 2) crepeocnenuuHoCTb
PEAKITHH.

MexannzMm E1. JIHMHHHPOBAHHE MOHOMOJICKYJIIPHOE,

MoHoMonekynapHbIe peakud Sn1 cOMpOBOKIAIOTCA AMUMHHHpoBaHHEM E1:

N/ N/

— | —C—C+ — —(C—C— (Sp1
c—C /cc\ (Sn1)

H/;'.’\ H Y
\ N /1wt Y
H/C c\x H/C c\ s _
X N/ \N_/

—CTCr | — = E1
> H/::f\ -YH /C C\ (1)
LY

Peaxuus E1, kak 1 Sy1 xapakTepHa A TPETHUYHBIX 3aMEIIEHHBIX H TPOTEKaeT
B ABe ctamuu. [lepBas crammda — aucconManua — JUMUTUPYIONIAsA. 2310 o0uas
ctagnd kak ana E1, Tak 1 ang Snvl. Ha Bropo#i cTagnu SJIMMHUHUPOBAHHS peareHr,
JOEHCTBYA KaK OCHOBAHUE, OTPHIBAET MPOTOH OT YIIEPOAa, COCEAHETO C KATHOHHBIM.

DKCNEPUMCHTATBHBIC KpUTESpUN Mexanm3Ma E1 cneayrommue.

1) Peakums o qUmMHACTCA KWHETUKE MEPBOTO MOPAAKA — CKOPOCTH HE 3aBHCHT OT
KOHUEHTPaUWHu HyKJeodua:

ckopocTh = k [RX]

2) Peakiiusa MOXET OCYIIECTRIATHCS MPH MUC-PACITIONIOKEHHH OTIICILIAFOIIHXCS
rpynn B HcXoAHOM cyOctpate. Ilpu 3ToM, ecnH ecThb ABe ambTEPHATHUBEI
00pa3oBaHuA alikeHa, TO MOJIy4YaeTca HanboJsee 3aMEINEHHBIN MPpU ABOHHON CBA3H
MPOAYKT, T.€. ACHCTBYET MpaBwiIo 3aiilieBa — BOAOPOA OTIUEILIACTCH OT MCHES
THAPOTE€HU30BAHHOTO aTOMA YIJIepoJa:

Ak | Ak Alk Ak Alk Ak
C=C—C—Ak =% H—C—C—C—Ak —> H—C—C=C
/ \ -HX V2R A -HX / \
H H H x H H Alk

[IpyuniHa TaKOro pe3ynpTaTa — TEPMOAMHAMUYECKAsd YCTOHYHBOCTE Oonee
3aMEINEHHOTO AJIKCHA 32 CUST THUIMCPKOHBIOTAMH OOJIBINCTO YHCAA ANKHIIBHBIX

IPYIIIL.
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3) CooTHolleHWE MPOAYKTOB >NHMHHMPOBAHWA W  3aMELIEHUSA TIpH
MOHOMOJICKYJIAPHOM MEXAHHM3ME HE 3aBHCHT OT Hykieodyra. [lpuumna sTOro
samouaerca B ToM, 4to Syl m El waumnarorca ¢ oOpasoBaHus oOmero
HHTEpMEONAaTa, a BO BTOPOH cTaauu (KoTopas coOCTBEHHO H omnpeaenser, Oy aeT u
310 peakima Snl win E1) ymemmas rpymnma He y4acTBYET.

PeakiiaM »>MMMHUHUPOBAHHA, HE3aBUCHMO OT wMexanusma El mm E2,
COCOOCTBYET TMOBBHIIEHHE OCHOBHOCTH HykimeodunbHoro peareHra Y (c.8),
MOCKOTBKY HMEHHO OCHOBHOCTD OTIPEAENAeT CPOACTBO K MPOTOHY:

\ X
c—/
7
H :’ \
‘. :.
Y Y
OCHOBaHMe Hykneodun

(snumuHMpoBaHue)  (3ameweHue)

Mexanmsm ElcB. 3nuMuHHpOBaHHE OT CONPAXKEHHOTO  OCHOBAHWA
MOHOMOJEKYIAPHOE (HAH SNUMHUHHPOBAHHE C¢ MOHOMOJNEKYJIAPHBIM pPacmaigom
conpskEHHOro OcHOoBaHuA). Haubonee peaxuit MexaHus3M, KOTophIil HAbmoAaeTCA
s cyOCTparoB, coAepKalluX MOABHKHBIA aTOM BOJOPOAA H IUIOXYIO YXOAALIYIO
rpymomy.

Mexaunsm ElcB Tak ke kak mexanu3M El, BkiaouaeTr aBe crtagmu, HO B
oOpaTHOI mocaeaoBaTebHOCTH. OTHICIUICHHE TPOTOHA MPEIIIECTBYET OTPHIBY
yxonameii rpynnel. Ha neppoii ctagun ot cy0ctpara, Beictynaiomwero B poan C-H
KHUCIOTHI, IO/ AEHCTBUEM OCHOBAHHUA OTIICIUISICTCS NMPOTOH, UTO JaéT KapOaHUOH,
ABJIAIOIIAMCS COMPSKEHABIM OCHOBaHUEM cyOcTparta. Ha BTopoii — muMuTupyromeit
— cTaguu U3 KapOaHHOHA BBITAIKWBAETCS TanoreHua-aHuoH. IIpoTekaer kak Obl
BHYTPHMOJIEKYJIApHAS peaklHa Sn2.

X X
\ / BLICTpO \_’W C/ Me,qneuug L pd
/c C — ¢ C\ ~ e=c{_
H<- N BH
B

3TOT JABYXCTAMUWHBIA MEXAaHWU3M ABIACTCA KAPOAHWOHHBIM, ITOCKOIBKY
HHTEPMEANATOM CJIYKHUT kapOaHHoH, a OykBocoueTaHue "c¢B" yka3piBaeT Ha To, UTO
yXOoJIasa rpynna OTILEMIAETCcs OT COMPAKEHHOro ¢y 0cTpaTy OCHOBAHHA.

Mexannsm E1¢B omiceiBaeTcs KHWHSTHUCCKHM YPAaBHEHHUEM BTOPOr0 MOPAAKA ¢
MEePBBIM TOPAIKOM TIO 0CHOBaHHIO B u o ¢cyberpary: v =k [cyberpar][B]. Tem He
Me€Hee peakUMi ABIAETCA MOHOMOJIEKYIAPHOH, TMOCKONBKY B JMMHTHPYIOLIEH
CTA/IMH YIACTBYCT O/IHA YACTHIIA.

Peaxuiuu, mnporekaromme mo ElcB-mexanmsMmy, oOrpaHWdeHB TAaKUMH
cyOcTpaTtaMu, KOTOpBIE COAEP AT AMEKTPOHOAKLENTOPHbIE 3aMeCTUTENH TpH -
VINEPOAHOM  aToMe, CTa0MMHM3MPYIOIIHE TPOMEKYTOUHO  00pasyroloHiics
kapbaHnoH, 00pasyonIeicsa Npy OTINCIUVICHUN npoToHa. Hanpumep, oH Haubonee
BEPOATEH B TOM CJIy4yae, KOrJa yXoAdllasd rpynna HaXOAWTCA B [-MOMOKEeHHH K
KapOOHWNBHOH, LWAHO-, HUTPO- WM CyNbpOHUNBHOH Tpymnme, a Takxke AA
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neHtaranoreH3TaHop tHna CHCLCF; u noao0OHBIX NMOTHraloreHaJkaHoB. DTOT
MEXaHHM3M TaKXKE¢ BO3MOKCH JUIA  CyOCTpaToB, COJACPKAUIHX  CIHJIBHYEO
NICKTPOHOAKISITOPHYIO yxoaauyio rpymny: F; N*(CH3)s; OSO2CF3 u ap.

F CF
BLIcTPO Y / MEAneHHo F
\c c/ — >C C—F — >C——C<
H/“ ‘ \F B |.|+ \F -F F

B

JKCNepUMEeHTANbHbIE KPHTEPHH

1. HaGmro maetes aciitepooOMEH ¢ pacTBOpUTEieM, coaepxkamum OD—, OaHako,
€CJIM TICPBAA CTAANAA MCUICHHASA, TO ACHTEPOOOMEH HE HIET.

2. Peaxima uagér npoTus npasuia 3aiiesa, To €CTh no npasmwiy I odmaHa.

IIpasuio I'opmana — BOAOPOA OTHICIUIACTCA OT 0O0JICC THAPOrCHU30BAHHOTO
aToMa yriepoJja:

Alk\ | /Alk Alk\ /Alk Alk\ /Alk
C=C—C—Ak =<— H—C—C—C—Ak —¥*> H—C—C=C
/ \ -HX /N -HX / \
H H H x H H Alk

[IpyuniHa Takoro pesynbTaTa — YCTOMYHBOCTH MeEHee 3aMelEHHOro
kapbanuoHa. M3BeCTHO, 4TO YCTOMYMBOCTH KApPOAHMOHOB BO3PACTACT B PAAY:
TPETUYHBIA < BTOPUYHBIN < [ICPBUYHBIN.

Yactb 2.
KOHKpeTHble NPUMEPLI peaKumn,
NPOTEKAWMX KaK HYKneopunbHOE 3amelleHne

1. 3ameweHmne ranoreHa e ranoreHonponsesodHelX yrnesoaopoaos

[ amoreHnpoN3BOAHBE  YIVICBOAOPOJAOB  JISTKO  BCTYMAIOT B PEAKIMHU
HYKIeopHIbHOrO 3aMellieHHs, YBEIHYHBas CBOIO PEaKUHOHHYIO CIIOCOOHOCTH B
pany:

R-F, R—Cl, R—Br, R—1.

B 3ToM psay HE3HAYWTENIBHO YMEHBIIACTCA NOJApHOCTh cBsa3u C-Hal, Ho
YBEJTHUHBAETCA €€ NJHHA, YMEHBIIAeTCd PHEPrus, CYIIECTBEHHO YBETHYHBAETCA
MOJIAPU3YEMOCTD, yiayumaerca Hykneodgyraocts (¢. 13) ranoresa. AKTHBHOCTH B
peaxkiuax Sy OnpeaeniaeTea NPExkae BCero noaapu3yeMocTeio cesasu C-Hal, a He
MOMAPHOCTBIO, TOATOMY, HANpPHMEpP, ATKWIHOAWABI HMEIT HaHOOIBIIYIO
PEAKLUMOHHYIO CTIOCOOHOCTD CPeAM BCEX MallOreHHIOB. 3aBUCHMOCTE PeaKIHOHHOMH
CIIOCOOHOCTH  TaIOTCHONPOU3BOIHBIX OT CTPOCHUA  YIVICPOIHOTO  CKENETa
MOAYHHAETCA OOMINM 3akoHOMepHOCTAM (¢. 11), B COOTBETCTBHH ¢ KOTOPBIMH,
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HaliMeHee aKTHBHBI BUHWIbHBIE H STHHWIBHBIE TAJIOT€HONPON3BOAHEIE, a HAaHOOIee
AKTHBHBI AJUTWITAJIOTEHUAB. Pa3HHIIA B CKOPOCTIX HYKJICOPUIBHOTO 3aMEHICHUA
MEKY TAJIOTCHUIAMH BUHUIBHOTO M AUTHIBHOTO THIIA MOYKET COCTABIIATH ACCATKH
TBICSY.

["a10TeHOTIPOU3BOMHBIC IIHPOKO UCIOIB3YIOTCA KaK AIKWIUPYIOLTHE ar¢HTH B
peaKIUAX cO cnupTaMi (¢.36), CCpOBOAOPOAOM M MEPKaNTaHaMH (37), aMMHAKOM U
amuHaMu (¢.37). I'amoreH moskeT ObITh 3aMeIEH Ha APYroi ragore (¢.44) unu Ha
rpynmny -OH (c.53). B HacTosdleM paszgene MBI OCTAHOBHMCA Ha 0COOEHHOCTAX
HYKJICOPUIBHBIX PEAKIME HEKOTOPBIX TAJIOT¢HOTIPOU3BOHBIX.

Cpean MOHO3aMEIIEHHBIX OCOOBIMH CBOHCTBAMHU 00NanalT Grop3aMelléHHbIE
yrnesogopoasl. OHH KpaiiHe MeAJIEHHO BCTYMAIOT B PEaKLUH 3aMEILEHHUS, HO JIETKO
TUMUHAPYIOT (PTOPUCTHINH BOAOPO;

OH AN

C—C Cc——C
I | -H,0, -F~ \
F H
[eMHHAIBHBIE A~ ¥ TPUTATIOT€HO3AMEIIEHHBIE YTIICBOAOPO b1, HMEIOIIUE X OTA
6Bl OJHH aToM ()TOpa IPU TOM K€ aTOME YIIEPOAA, HHEPTHHI B HYKIEO(HIbHBIX
peaKUHAX, TOCKOJABKY (TOp, MPOYHO YIAEPKHBAACh, JeCTAOHIIH3HPYET
MPOMEKYTOUHBIHE KapOOKaTHOH WJIH TEPEXOJHOE COCTOAHHME. | eMHHANIBHBIC
JMTAJOTEHO3aMEIIEHHBIE, HE  Cojepkaimmpe aromMa (ropa, BCTYHAOT B
HyKJ'IeO(l)HJ'[IaHO(-) 3aMECIUCHHE HWIH JTHMHHHPOBAHHE HAMHOIo J€rdye, 4YEM
MOHO3AMEIUEHHBIE BCICACTBUC IOBBIIICHHOTO IOJOXKUTEIBHOTO 3apdAna  Ha
peaxnmoHHOM neHTpe. IIpn ruaponnse o0pasyrOTCs AJlbASTH/IB HIIH KETOHBL:
DL I
_—

C cC=—0
PO -2 HCl /
R' Cl R'
BUllMHAJIBHEIE AUTAIIOTEHO3AMCINEHHBIS IMOA JACHCTBHEM OCHOBAHHHA JIETKO

BCTYIIAKT B PCAKIHHAKY 3JIHMHHHPOBAHHA BCJICACTBHEC MOBHIIICHHOH NOABHXHOCTH
IMMPOTOHOB!

\H. ‘
\J: C “OR, \c=c/
T w7 N

Ccl Cl -CI

[Tonyyute 1,2-AHONBI W3 TeM-AUTATOT€HOMPOU3BOAHBIX MOXHO, €CJH
HCIOJIB30BaTh aleTaT cepedpa B YKCycHOH KucnoTe. B 3ToM ciiydae o0pasyloTcs
JHALCTATHL, KOTOPHIE THAPOIHU3YIOTCS 10 TNIUKOJIEH;

0
|| eneX | |
c—cC OAg c—cC 21,0 c—cC

| -2 AgCl g | | -2CH3COOH= |
Cl Cl OAc OAc OH OH

[eMUHATBHBIC TPUTATIOTCHO3AMEINEHHBIC, HE COACPIKAINNE ATOMAa BOAOPOIA B (-
MOJIO)KEHHH HAMHOTO MeHee AaKTHBHHL B HYKIEO(MHIBHBIX pEaKUHAX, YeM
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JW3aMELIEHHEBIE, MOCKONBKY PEaKUHOHHBIN LEHT CIJIBHO SKPaHHPOBAH aTOMaMH
rajloreHa, HECYIUMM OTPUIATCIABHBIN 3apsaa. B kecTkux ycnoBusx — TpU
HArpPeBAHUH ¢ KHCIOTAMH WJTH MICI0UaAMH — OTOOHBIC COSAMHEHHS THAPOIH3YIOTCS
J10 KapOOHOBBIX KHCIIOT:

2 H,0 (HY) o)
Cl — > R—C<
-3 HCl OH
R—C—CI —
0
& 4 NaOH R .
-3 NaCl \ONa
-2H,0

B otnuume ot TpurasoreHozaMeménnbix Qgopmyasr RCHals, ramodopmsl
(CHHals) nerxo B3aMMoOAeHCTBYIOT ¢ KOHUEHTPHPOBAHHBIMH [LIENOYAMH,
MOCKONBKY HMEIOT MOABMXKHEIH MpoToH. OOpasyiolluiics Ha MepBod cTagud
KapOaHHOH OTIIEIIACT aHMOH TajioreHa W o0pasyer auranoreHkapOeH (c¢.26).
KapOeH, uMesa cekcTeT 3JeKTPOHOB, MOMEHTAJIBHO PEArHpPyeT ¢ PACTBOPHTENEM C

oOpazopanneM CO U MypaBbHHOH KHCIOTHI
Cl

_ cl HO » C==O0 +2HCI
| OH  c—c—cl AN /
H—C—Cl —— — C:
- H0 | -Cl / 2 H,0 /0
cl cl cl H-c7  +2HC
OH

B DOpHCYTCTBHH APYTHX COeIMHeHHH KapGeHBl pearHpyeT ¢ HHMH,
WIEKTPOPIILHO BHEAPSIACH MEKTY aTOMAMH:
:CR, ¥+ R—X —» R'—CR,—X

CR,
:CR, + — >A<

Cam ranohopM MOKHO MONYUHTH ¢ TOMOIIBE) rajJo¢gopMHoil peakyu:
Cly, OH™ A ch /P Clo, OH AP
CoHg—OH —— H3C_C\ — C|3C_C\ CHCI3 + H_C\ -
H H (@]
B peakudio BCTYNAOT COSAMHEHHA ¢ AUETWIBHBIM HWIH 3TOKCHIBHBIM
cbpar MEHTOM H TAHOJI. 3TAHOJ WJIH STOKCHIBHBIC OCTATKH OKHUCIIAIOTCA B YCIIOBHAX
PEAKIMHU B AUETANIBACTU, KOTOPBIH PEArupyeT JaJee.

o)
Y
H3C—C< + 3Hal, + 4NaOH —> RCOONa + CHHal, + 3 NaHal + 3 H,0
R

Hal = Cl, Br, |
FamodopMHad peakuuss OPOTEKACT UYePe3 MOCASAOBATC/IBHBIC  CTANHH
raJoreHHpOBaHUsA METHIBHOH TPYMIBI aleTHNIbHOTO (pparMeHTa, a 3aBeplIaeTcs
HyKJIeopunbHO# atakoii rHAPOKCHI-aHHOHA!
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+
S OH PH Hal, APH oH P
HsC-C. == H,C=C_ — HalH,C-C._ —— HalH,C-C
3 \R 2 \R - Hal 2 \R -H,0O 2 \R
,° OH,Hal,  OH, Hal, A
HalH,C—C - .. > .. — Hal,C—C__
R R

J ﬁ _ _
Hals;c-C=~ —> TCHals+ REOOH —> CHHals + RCOO
R
CamodopMHas peaknms I[MHMPOKO HCIONB3YeTCd KaKk KadecTBEHHAs B
AHAJTUTHYECKOH H (papMalleBTHIECKOH XHMHH.

2. AnKknnmposaHue

ANKATUpPOBaHWE — 3TO Ppeakuus 3aMelleHUd MOABWKHOTO BOAOpPOAAa Ha
YIJICBOJOPOAHBIN paguKkal (AKWIBHYIO rpynmny). B 3aBucuMoctn 0T TOrO, npH
KaKOM aTOME HAXOAUTCS 3aMEMIaCMBIil BOAOPO, pasnuyaioT C-ankunuposanue, O-
ankunuposanue, N-ankumuposaHue W T.4. B HacTodgmwiem mnocoOHU He Oyaer
paccMatpuBatbess  C-anKUTMpoOBaHWE, K. KOTOPOMY TMPUHHAIIEXAT PpeaKuuH
AIKAJIUPOBAHUS AJIKAHOB WIIH AJIKEHOB O/ ACHCTBUEM AJIKEHOB, IIPOTEKAOIINE NTPU
KACITOTHOM KaTalHW3€¢ WK MO TOMOIATHYECKOMY MEXAHH3MY, a TAKXKE peakUuuu
Opunena-Kpadrca. K N-alknimpoBaHHIO OTHOCATCA CHHTE3B amH(paTHUECKHX
amuaoB mo Todmany (c. 37). K peakuusam O-ankwidpoBaHUSA OTHOCHTCA
AIKAJIUPOBAHNE CIIUPTOB.

2.1. AhkuanposaHue CNUpPToB

[Ipy ankunHpPOBaHWH CHOHPTOB oOpaszyloTcs mpocthle 3¢upel R—-O-R.
ANKHNHPOBAHHE ATKOTONATOB WK (PEHONATOB METAIUIOB HOCUT HAa3BAHUE pPeaKLHH
Bunbamcona.  H3BECTHO  HECKOJNIBKO METOJOB  AJKWIMPOBAHUA  CIIUPTOB,
PasTUYAIOIIUXCA ANKWIHPYIOLINM PEareHToM.

2.1.2. AhKMAnposaHWe CNMpPTOB CMpTammn

AJIKHJTHPOBAHNE CIIMPTOB CHHPTAMH YAIIE BCETO HCIONB3YETCA T MOy YCHAS

3pUPOB METHUIIOBOTO, 3TUJIOBOrO H HPONIIIOBOTO CIIUPTOB!
+
R—OH + R—OH H » R—O—R
-H,O

Peakuns mpoTekaer B kHAKOW ¢ase mnpH HarpeBaHHHM B TPHUCYTCTBHH
HEOOIBIINX KOJIHYECTB KUCIOTHOTO Karanuzatopa: HaSOs, HCI, cynbpdhokucnoTsr,
docdopnas kucnora, KHSO4 u apyrue kucneie comu, kuciaotsl JIptonca — SnCly,
FeCls u gp. YBenuueHHe 4Hcla aTrOMOB yrjepoda B crmupre Tpedyer OGonee
MHTCHCHUBHOI'O HArpEBaHHUsA, YTO YBEJIMYMBACT BHIXOJ AJIKEHOB — IPOAYKTOB
PeaKIMK HTUMHHHPOBAHUA.
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[TapodasHoe ankKuIMpoBaHHe OCYIIECTRIAIOT B MPHCYTCTBHH Al2O3, Al2(SO4)s,
ThO: u ap. npu Temneparypax mo 300 °C. IIpu Gonee BBHICOKOH TeMmeparype
NMPeoONANAIIIUM CTAHOBUTCS MPOIIECC 3TUMUHHPOBAHUA,

OO0pa3zoBanue NpoCcTHIX PUPOB M3 CNHPTOB B Mapoga3HBIX YCIOBHAX HIIH MOA
NCHCTBHEM KHCIOTHOTO KATAIM3aTOpa, KAk MpaBIIIO, OOpaTuMeliii mpoiece,
MOTOMY JUI CMCIICHHA PaBHOBECHA TPSOYETCSA OTBOAMTH MPOAYKT H3 CHEphI
peakunH. Jlerye Bcero B peakiUHI0 BCTYMAIOT TPEeTHUHblE COUPTH. And Hux
xapakTepeH MexaHu3Mm Snyl. Ha mnepBoii cragum u3 cnmpra oOpasyercd
KapOOKATHOH, KOTOPBIA Aajiee TOABSPracTes HYKICO(UIBHOH arake ApyToi
MOJTeKYJI0# CITHpTA:

R—O0—H + “+C— — R—0—C— ——> R—0—C—
\ g\ oH \

[Tpecobnananne 3aMEIICHHUA HAJT KOHKYPHPYIOWICH PEeaKIHeH MHMUHAPOBAHUSA
OOBACHACTCA HEBBICOKOW OCHOBHOCTBIO CIMPTOB- Kak OCHOBaHmWil JIptomca. Jlng
MPOTEKaHHA >IHUMHHUpPOBaHHA (c. 29) HeoOxoaumo, 4dtoOBl peareHT oOmagan
JOCTATOYHBIM CPOJCTBOM K IIPOTOHY.

[TepBUYHBIC ¥ BTOPHYHBIC CIIUPTHI MOABCPTAKTCA AJTKUIHPOBAHUKY CIIAPTAMHU
nmo MexaHusMy 1o Sn2. CoOTHOIIEHHE MPOAYKTOB 3aMEIICHNUA H STUMUHAPOBAHUA
onpeaenseTca TeMmepatypoil. [Ipu HCmonb30BaHMH B KavecTBe KaTanuzaropa
CCPHOI KHCIOTH NPOMEKYTOUHBIM MPOAYKTOM PEAKIMH SBJACTCA aJKHJICCPHAA
KHCNOTA:

ve H+ +/H
HiC—CH;=O—H ——>  HyC—CH,—0_
H
H H
Y Z 0o O_CH2_0H3
NP b, —— N
2 | 2 LH0 O\
o’ OH CHs o° OH

YacTHYHOTO MOJIOXKUTENBHOTO 3apsia Ha O-YIJICPOAHOM aTOME AJIKUJICCPHOH
KHCJIQTH JOCTATOYHO AJIs1 YCHEUIHON araku TakuM ¢nadbiM HYKICO(UIOM, Kak
CIUPT, MO3TOMY TIpH Temmepatype 120-140 °C npeobnanaer peakmus Sn2 (1):

. a
H3C—CH,—0 ‘|3"'2‘°‘S°3"' ———— HyC—CH,—0—CH,~CHs
\ - H,SO, (D
H CHg

[Ipu Temmepatype Bbime 150 °C amkuiacepHas KHCIOTa CTAHOBHTCA
HecTaOUNBHOH W pa3araercs paHblle, YeM MPOUCXOIUT aTaka, U B pe3ysbTare
BHYTPHMOJICKYJISIPHOTQ JTUMHHHPOBAHHSA 00Pa3yeTcs ajIKeH:
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CH,—0O—SO3H
Yol — H,C=CH;
Hi—CH, - H280,4

[Tpu Hanumuuu ABYX THUAPOKCHIBHBIX TPYNN B MOJICKYJIC CIHUPTA BO3MOXKHA
UMKIH3amusa. B NpoMBILIIEHHOCTH HCmonb3yeTcsa pa3paboTaHHblii DaBopckum
cnoco®  MONyYeHHd  AUOKCAaHAa W3 JTHUIECHTJIMKONA B MPHUCYTCTBHHU
KOHLICHTPHUPOBAHHOU CEPHOM KUCJIOTHI

OH HO 0
HC™ ™SCH, H,S80; H,C~  CH,
| * —_— |
HoC CH, -2H,0 HoC CH,
SOH Ho~ ~o”

2.1.2. AnknnuposaHue CNUpToB ankuacynsdatamm u adpupamm cynbPpokucaoT

OOpatuM BHHMaHHE, YTO B peakuu 1 (c.34) MpOMCXOOMT ATKUJIHPOBAHHE
CIIMPTA IKWICEPHON KHCIOTOM, KOTOpad SBIACTCA MHTEPMEAHATOM PEaKLUH.
Cnoxnabie  3upbl  cepHOl  kucnoThl  (ankwicynbdarel), a Takke DUpHI
apOMaTHYeCKHX CYJIB(POKHCIOT MOTYT OBITh BE€IEHBI B peakLHIO HEMOCPEACTBEHHO
KaK QIKWIHPYIOIUE pearcHThl. HeBBICOKAas CTOMMOCTh W 3HAYUTC/IBHAA
PEAKIMOHHAA  CMOCOOHOCTH  OOYCHOBJMBACT  IIHUPOKOE  CHHTCTUYCCKOE
HCTIONB30BAaHHE YKA3aHHBIX peareHToB. Yallle BCero HCMONb3YIOT: ZUMETHIACYIbdat
(CH30-S0,—0OCH3), Mmonomermncyibdar Hatpui (CH3O—-S0O,—ONa), MeTHIIOBEIH
»bup  n-tonyoncynbpokucnorel  (#-CH3—CsHs—SO,—OCH3), apyrue  >dhupsl
apoMaTHYecKHX cylab(poKucnoT (ArSO0OR).

[lpd HCHONBb30BAHHH B KayecTBe HYKICOPHIOB AaKOTOJIATOB LIETOUHBIX
METAJUIOB (peakius BubAMCOHA) peakuus MNPOXOAUT OCOOCHHO JICTKO M ¢
BBICOKUMH  BBRIXOJAaMH. B »TOoM c¢nmydae HaOmoAaeTcss MEXaHH3M SN2,
HuMeTnncynbgar oTAAET aANKHIBHYIO TPYINY B ABE CTAAHH — BHAYaje Ha XOJoay,
a 3aTeM IPH HArpeBaHWH B 3aKPHITHIX AIIapaTax, MOCKOIbKY COTb KHCIOro 3hupa
CCPHOM KHUCJIOTBI MCHEE AKTHBHA,

o+

+ —
) H,C—O. O NaO_ O
R—ONa + >s/< — > R—O—CH; + >s/<
He—0o Yo Ho—0 o
+ -
NaQ 0O
-+
R—ONa \S/ — R—0—CH; + Nay80,
o+ J/ \
H,c—0 O

Humetuncyns(par HMeeT NpeHMyIUeCTBa Meped HHBIMH METHITHPYIOMIMMH
peareHTaMH (B TOM YHCIIE aTKUIraToreHnaaMu ) 6maroaapsa XOpoInuM BEIXogaM (1o
100%), HEBBICOKOH CTOMMOCTH, a TAKXE JOCTATOUHOH /I TMPOTCKAHMS PEAKIIMH
TeMmeparypoi kunenus (188 ©C).

MoHo>pupsi, HanpuMep, > PUpH apoMaTHUYECKHX CYIb(OKUCIOT, PACXOAYIOTCS
B OOJIBIIEM KOJIHYECTBE, MOCKOIBKY HECYT JIMIIh OJHH METHIHPYIOMIME (parMeHT,
OJTHAKO, TAKHM MYTEM MOXXHO BBOJMTH M BHICIIINC AJTKIJIBI:
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RO™Na" + ArSO,OR> — ROR’+ ArSO;ONa

2.1.3. AnKuAnpOBaHWe CNIMPTOB a/IKWranoreHMaaMu U oKCMAaMU afKeHoB

DTH PeaKiMy TIPUMEHAIOTCA JUIS BBCACHHS ANKWIBHBIX H OKCHAJIKHIBHBIX
rpynm (B TOM YHCIE BHICOKOMONEKYIAPHEBIX ) B OKCHTPYIIIEL HE TONBKO CIUPTOB, HO
U MOJH(PYHKIHOHANBHBIX COSAHHEHHH anmndaTnieckoro U KUPHOAPOMaTHYECKOrO
pana. Peakimio npoBoaiaT npu HEOOMBIIOM H30BITKE AQNKWITANOTEHUA (03
pacTBOpHTENA, MO0 B MOAXQOIAIIEM CcOupTe, JUO0 B BHAC CYCNCH3HH B
uHaudpepeHnTHOM pacTBopuTene. B cnyvae peakuun BunbaMcoHa (ankuigpoBaHue
ATKOTOJIATOB WIH (DEHONATOB) OKOHYAHHE MPOIIECCA ONMPEASIAIOT JIAKMYCOM TIO
HCUYES3HOBEHHUIO MICJIOUHON PEAKIIHH.

Huzimne ankuiraloreHuapl HMET HEBBICOKYID TEMMEPATYPY KUIEHHUA
(HanpuMep, T. Kun. HoaucToro Metuna 42 °C), yro 3aTpyAHIeT UX HCIIOIb30BAHHE.
ANKUIHOUAB HAUOOJICe AKTUBHBI, OJHAKO UMEIOT BBICOKYIO CTOMMOCTD, TIOITOMY
B MPOMBILLIEHHOCTH Yallle MPUMEHAIOT ANIKHUIXITOPUABI P BEICOKOH TeMTepaType
M 4YacTo moA AaBneHHeM. 110ABMKHOCTh TanoreHa 3aBHCHUT TaKKe OT MPHPOAEI
CBA3AHHOTO € HHM YIJIEPOAHOTO ckenera  (¢.11). HauMeHEe aKTUBHEI
BUHIUITAJIOTCHNU/TB H APOMATHUSCKUE TAJIOTCHONMPOU3BO/HBIE, a HAUOOISE AKTHBHBI
AT AIOr eHU I, OJHAKO peakuum C HUMH COTIPOBOX AAIOTCA
MEePErPyITHPOBKAMH.

B3aumMoaeicTBiE  IKOTOMATOB ¢ AIKWITAIOTCHUJAMH  HOPOTEKACT 1O
MeXaHH3MY Sn2:

R—ONa + Hal—R’ - R—0—R’ + NaHal

[Mpu IUTAHHPOBAHHMH CHHTE30B S(HPOB, COACPNKAIMMX  PATHYAROIIHECST
paguKalbl CleQyeT YUYUTBIBaTh, YTO BBIXOA MPOAYKTOB MOOOYHON peakiHH
AIUMHHUPOBAHUA BO3PACTACT MPH MHNEPEXOAC OT MNEPBHYHBIM K TPCTHUHBIM
AIKHANITAIOIrCHRAAM, IIPH  YVBEBCJIMUCHHH WX MOJICKYVIFIDHOIO BCCA, a4 TAKXKC IIPH
nepexofe OT XJOPUCTHX K HOANCTHIM MPOH3BOAHBIM:

CH, CHs
CH3-CH,-Cl + NaO—C—CH; —» CH3-CH2-O—(1.‘,—CH3
Sy EHs
CH, CHs CH,
HsC—CH,-ONa + |3r—<|:—CH3 — CH3-CH2-O—(13—CH3 + g—CHa
& Hy  CHg

CretyeT YUHMTHIBATh TAKKE OTHOCHTCIIBHYIO PCAKIIMOHHYIO CITOCOOHOCTR. Tak,
NpH CHHTE3e JKHPHOAPOMATHYECKHX >(PHPOB HCXOAAT H3 (PEHONATOB H
amuaTHYECKHX TaJOTeHATKHIOB, a He aJKOTOJATOB H MeHee AaKTHBHBHIX
apUITAJIOTCHUOB,

JIis BBSACHUA OKCHAJIKUIBHOTO PaavKana HCTONb3YHOTCH TANIOTCHIHAPHHBI U
OKCHJBI alTKeHOB. Peakliin MpoTeKaloT OUeHb JIETKO:
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R—ONa + Cl—CH,—CH,—OH ——* R—O—CH,—CH,—OH
R—OH + H,C—CH, —» R—0-CH,—CH,—OH

O
[lpy HanU4YMH 3aMeCTHTENeHl B OKCHPAaHOBOM KOJIbLE HAMpaBJieHHE €ro
PACKPBITHSA 3aBHCUT OT MEXAHHM3MA PEaKIMU; MPH Sn1 MEXaHU3Me HYKICO(DMIbHAL
aTaka HaNpaBIACTCA MO HAUOOJSe 3aMCHICHHOMY AarOMy YIVIEPOJa, MpH Sn2
MeXaHHU3ME — [0 HauMeHee 3aMEILEHHOMY

R—CH—CH
d \o/ \2
Sni Sn2
Peakuuio BunbAMcoHa B BOAHO-TeTparuapodypaHoBoi cpene
H,C—CH,

(Terparnapodypan: HZ‘-{\O/\CHJ HCTIONB3YIOT A MOMYYEHHSA MaKPOLMKIHYECKHX

monu3QHpPOB — KpayH-*pHPOB:

(\OH Cl/j) 0(\0/1
L0 Je= (&
 ona ) o]

|

2.2. AIKWAMpOBaHUWe CepoBOAOPOLa U MEePKaNTaHOB

B3auMoaciCTBHE ANKIWITAIOTCHHIOB ¢ THAPOCYIb(dUAAMHU, CyJbpuaamMu u
TAQJIITAMH (MEPKAITHIAMH) B CHHPTOBOM PacTBOPE MPHBOAUT K OOPA3OBAHHUIO
MEPKANTAHOB 1 AUATKWICY TbUAOB:

- L

NaS—H + *R—Hal —>= R—S—H + NaHal
Na,§ + 2 R—Hal —> R—S—R + 2 NaHal

R'—S8Na + R—Hal —> R'—S—R + NaHal
Peaxiug ¢ MepkanTaHaMH TIOXOXKa HA AJIKWIHPOBaHHE cOupToB (¢. 36), a
ANKWIMPOBAHUE  THAPOCYIh(pHIA  MOX0KE  Ha  UICNOYHOH  THAPOIN3
ankuiaragoreHnaoB (c. 53). OTIHUMTENBHOH OCOOEHHOCTBIO B3aHMOJEHCTBHA ¢
CEPHUCTBIMH AHAJIOTaMHU SABJIAIOTCA XOPOIIKE BBIXOABL, TaK Kak aHMoHBl HS™, RS~
S27, B otmuue ot OH™ 1 RO, apnaroTes ¢nadpIMH OCHOBAHMSAMH M HE BBI3BIBAKOT
KOHKYPEHTHBIX peaKLUMii SNUMHUHUPOBAHHA.

2.3. AIKUIMpPOBaHME aMMMaKa 1 aMUHOB

3aMeIneHNe BOAOPOJAa aMMHAKA WIH aMHHA HA AJKWIBHYK) TPYIIY MOXHO
OCYIUECTBUTh HArPEBAaHHEM C COOTBETCTBYIOLIMMH AJIKMITANIOTEHHIAMH. JTY
peakuuio, oTkpeiTyio A.l'opmanom B 1949 roay, HCNOMB3VIOT WIS MOTYYEHHA
AMHHOB M3 AJIKWJITAJIOTCHUIOB JINOO TS ICPEXO0B; AMMHAK — TICPBUYHBIA aMHUH
— BTOPUYHBIA AMHH — TPETHYHBINA AMWH — YETBCPTHYHAA COJIb,
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/_\ © NH; +

L) + — —
NH; +'R—Hal —> R—NHzHal === R—NH, + NH,Hal
tO - NH3

R—NH, + \R—Hal — > R—/ﬁHzHau — R—NH + NH,Hal
R R
¥ © - NHg T,
R—NH + R—Hal —= R—NHHal === R—N + NH,Hal
g ™ =
R—+:/;\R—Hal Y fRyHal
R

MexaHn3M PeakiuH  Sn2, MO3TOMY PEAKIHH CNOCOOCTBYIOT TOSAPHBIS
anmpoTOHHBIE  pacTBopHTend  (aumetundopmamug). HM30piTok  aMMHaka
CMOcOOCTBYET  TMOBBILIEHWIO BEIXOJAA TEPBHMYHOrO aMuHa, a  W30BITOK
ATKWITAIOTCHUAA TMOBBINACT BBIXOJA TFAJNIOTCHUAA TETPAATKWIAMMOHHA, OJHAKO,
OCTAHOBHTH PCAKIMIO HA KOHKPCTHOH CTAJWH HEBO3MOKHO, TOITOMY BCETHA
MPUCYTCTBYIOT MPHMECH JPYTHX AMHUHOB.

YA00HEIMH ANKWIMPYIOMIMMHA ar¢HTAaMH AMMHAKa W AMHHOB SBJIAIOTCA
ANKWICYJIb}haThl MOCKOIBKY OHH BBOJAT TOJBKO OJHY aNKWIBHYIO rpynmy. Kak u

hib) & ANKHITHPOBAHUA CTIHPTOB, HCIONB3YIOTCA OMMeTHNCY Tb(aT,
MOHOMETHICYTBb(AT HATPHA, METHIOBBIH 3QUp #-TOMYONCcyNbPOKHUCIOTH H Ap.:
+ —
H,C—O_ O RNH; O_ O
2 R—NH, + >s< —= R—NH + >s<
H;C—O 0 CHj H;C—O O
R =H, Alk

ANKHJIMPYIONIMM ar¢HTOM MOKET BHICTYNATH CIIUPT B MPUCYTCTBUM KUCITOTHBIX
KaTaJau3aTopoB:

R-OH + NH4*Cl- — R-NH3*CI- + H20O
R-NH3*ClI- + NaOH — R-NH2 + NaCl

Peaxums naét uepes O-npoTOHUPOBAHUE:

JUCTIEAtS . Cl
[ X] “ +/H + —_
R—O—H +NH,CI = NH3 + R—O0__  —> R—NH;CI
H -H20
B u30BITKE CIMPTA peakipsa UAET AANbIIC ¢ 00Pa30BAHHEM COJICH BTOPHYHBIX H
TPETHYHBIX AMHHOB, A JAJICe — YSTBEPTHUHBIX COJICH. Peakiro MOKHO MPOBOIUTH
Tak:ke B TrasoBoil (ase mpu Temmeparype 350-450 °C Ha reTeporeHHBIX
katamm3aropax. Al:QOs;, ThO;, amomocunukarel, ¢ocharel amoOMHUHHA # AP.
MexaHH3M B3aUMOIEHCTBHA B 9TOM ClIydae MOXKET OBITh OoNee CIIOKHBIM, HEXENH
NpAMOE 3aMEIICHWE, W BKIIOYATH CTAAMM JACTHAPHPOBAHHA CNHPTA [0
KapOOHHUIBHBIX COeAWHEHWH, aMWHUPOBAHHA AaTbAETHIOB WIH KETOHOB U

MOCIICAYIONIETO BOCCTAHOBIICHHS 00PA3YIOINXCA UMUHOB.
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[ToGoUHPIMH MPOAYKTAMY PEAKIIHN AJIKITUPOBAHIA AMIUHOB ABJIAIOTCSA POCTHIC
3pupsl U oNneUHBL, BEIXOA KOTOPBIX MOBBIILAETCS ¢ YBETHYEHHEM JJTHHBI LEMOYKH,
MO3TOMY AIKWJIHPOBAHHE AMMHAKA CIIUPTAMU IPUMEHSIOT B OCHOBHOM JIJIsl CHHTE3a
HU3IHX ANH(PaTHIECKNX aMUHOB B IPOMBILIIEHHOCTH.

3. AunmpoBaHue

AUUNHPOBaHHE — 3TO peakUUA 3aMellIeHH MOABMKHOrO BOAOPOIA HA alu, T.€.
Ha ocrarok (0e3 OH rpynmei) KHCIOPOACOACPKANICH MUHCPANBHONW MU
OpPraHUYECKo KUcHOThl. YacTo Ha3BaHHA auWIOB CTPOAT M3 KOPHS Ha3BaHUA
KUCJIOTH (MHOr/1a TPUBHAIIBHOTO) M OKOHYAHMA — WI. Tak, Ayl MypaBbHHOH
kucnoThl (naT. acidum formicicum) HaspiBaeTcd (POPMHIIOM, YKCycHoO#H (acidum
aceficum) — amermnom. B Tabnuue npeacTaBneHBl BaXKHEHIME auUUIBL H
COOTBETCTBYIOIIAE UM KUCJIOTHI,

[lpy auuIMpoBaHWM COHUPTOB W (EHOJOB TMONYYAKOTCA CJOKHBIE 3(UPHI
RCOOR!, anpnuposanne amuaOB AaéT amuapl kucnnor RCONHR!

AUMNHPYIOIIMMH peareHTaMHu ABJIAIOTCA MHHEpPATbHBIE KHUCIOTBI, a TaKKe
OPraHWYCCKUE KHCJIOTHL M WX MPOH3BOAHBIC. AHTHAPWIBI, TATOTCHAHTHAPHUIHL,
amMuabl, COKHBIE PUPH], KETEHBl. AKTHBHOCTD aMJIMPYIOIIETO areHTa 3aBUCHT OT
BCIIMUMHBI TIOJIOXKUTEIBHOTO 3apsaJa HA - ICHTPATBHOM AlMJIBHOM aTOME.

Tabnuua
Auun
HazBaHue KNCNOTBbI
HaszeaHue PopmMyna
CynedoHun HO-50.-
CepHasn yned 2
Cynbdpypun -502-
o}
Ki —<
YroneHasn apGokeun HO
Kap6onun -CO-
O
MypaBbuHan ®opmnn H%
0
YkcycHaa Auetun HsC—‘<
0
MponuoHosasn MponuoxHun H30—0H2<
. O
BeH3oiiHas BeHsoun ©—<

B opraHHyeckux amminax — 3TO yriaepod KapOoHunbHO# rpymmbl R—CO-X.
Takum obpazom, cootHomeHue +M u -1 shdexTor 3amecTureneii —X onpenenaet
MOPAJOK U3MEHEHHNA AKTUBHOCTH CPEAM MPOU3BOJHBIX OAHON U TOM K€ KHCIOTHL
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R—CH=C—0 > R %0 > R >R ? >» R °
D T T R

0

Cond KHCJIOT TpakTHYeCKH He 0o0najaloT auWIHpYIOWel cmocoOHOCTRIO TaK
KakK He HMEIOT HeOOX 0AUMOT0 MOTOKUTENBHOTO 3apAJa Ha yriepoae KapOOHHTBHOM
rPYIOBL, OJHAKO BCTYMAKT B PEAKIWH AIMJIHPOBAHUA TAJIOTEHONPOH3BOIHBIX B
KauecTBe HyKIe€O(pUNbHBIX peareHToB {c. 41).

3.1. AumnuposaHue CNUPTOB

3.1.1. StepuduKkaumna

Orepuduranmsa — 310 peakius 0Opa3OBaHHA CHOKHBIX 3pUpPoB npH
B3aHMOJEHCTBHH CIOHPTOB C KapOOHOBHIMH NGO ' KHCIOPOACOAEPKALIHMMHU
HEOPTraHHYECKUMH KHCITOTAMH:

Aumn—OH + R-OH =——= Auun—OR' + H0

OOpatHoli peaknmell ABIACTCA THAPOJHM3 CIOKHHIX 3PHUPOB, KOTOPHIA OBUI
paccMoTpeH paHee (c¢. 22, 23). HecMoTpsi Ha cBOM OCOOEHHOCTH MeXaHH3Ma
TepudpHKaLNN, OTIHYAIOIINX €ro oT Oojiee MpOoCcThIX Snl H Sn2, peakumns MoxkeT
OBITH MOHO- TH00 OUMOJICKYJIAPHOH.

B3anmoaeiicTBie MeXAYy KHUCIOTOH U COHPTOM o0paTuMo, TMO3TOMY, B Clyvae
KHHETHKH BTOPOTO MOPAAKA BEIXOA CITOKHOTO 3(pHpa MOYKHO OBBICUTE YBETHYNBAA
KOHIICHTPAIIWI) CIIMPTA WM KHUCIOTH, JIHOO yAaNnas W3 PEAKUHOHHOW CpPE/Ibl
CIIOXHBIN 3up win soay. Ecim 3pup uMeeT HEBBICOKYIO TSMIICPATYPY KUIICHHS,
TO yaoOHee OTTOHATH ero. IIpu momyyeHHn BBICOKOKHUMAMX pPHPOB OTTOHAIOT
BOJY, YaCTO B BHJAEC a3e0Tpona ¢ 6eH3010M. Boay MOKHO CBA3BIBATE XUMHUYECKH
HANPAMEP, ¢ MOMOIIBIO MOJICKYJIAPHBIX CHT WIH A00ABIAA B PCAKIIMOHHYI) CMECH
xXJopaHrHApU AL Heopranunyeckux kucnot (PCls, SOCL u ap.).

Peakuus stepudukalms CUTbHO YCKOPAETCA B MPUCYTCTBHH KaTaau3aTOPOB —
MHUHEPATBHBIX KHCIOT, Yame BCero HCTIONB3YIOT KOHIEHTPUPOBAHHYKY CECPHYIO
KHCIOTY WIH CYXOH XITOPUCTBIA BOAOPOJ, MOJABAEMBIH B peaKIIMOHHYIO Maccy.

OT mpHpPOABI KMCJIOTH U CIHPTA 3aBUCHT POJib, KOTOPYIO OHH BBIMONHAIOT B
peakiuu 3TePUHKAIINH, a TAKKE MSCTa Pa3phIiBa CBA3CIH B HHUX.

[Ipy peaKIHy IEPBUYHOTO HJIH BTOPHYHOTO CIIADPTA ¢ OPTAHHYSCKOM KMCIOTOM,
ponp cyOcTpara BBITIOMHAET OpraHMyeckas kuciiora. [IpH 3TOM KHCHOTHBIM
KaTaJI3aTOP YBEIMYHBACT 3ﬂeKTp0chﬂbH00Tb KapOOKCHIIBHOIO YTIICPOAA:

*  +OH R‘OH 0

o= — I /w—kwmx

[TpuBe ACHHBIIT MEXAHU3M SIBJIACTCS 06paTH51M Aac2 nna mﬂponma 3¢upoB (¢.
22). Kak BHOHO M3 CXeMBI, aTOM KHCIOpoJa IS oOpa3oBaHHA BOABL YXOAHT H3

OR'
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MOJTeKYJIbl KapOOHOBOH KHCIOTHL. DTO MOXHO JOKA3aTh ¢ MOMOIUBID H30TOMHOH
METKH:
o) O
)L. + R—OH — )j\ + HIfOD
R ; 180H R OR'

B nmaHHOM ciyyae HaOMIOJaeTca paspbiB CBA3M MEXKAY alUIOM M aTOMOM
kucopoaa (O-alMIbHOS PACHCIUICHNUE).

IlpH peakuuy cnupTa ¢ MUHEPAIBHON KHCIOPOACOAEpKAIIENH KHCAOTON, THO0
TPETHYHOTO CHUPTA ¢ KapOOHOBOM KHCAOTOH, poib ¢cyOCcTpaTa BHITONHAET CAHPT H
aTOM KHCJIOPOAA YXOUT U3 MOJICKYIIBI cnupTa (O-aNKAIbHOS PACIIEIIICHHE).

ObpaszoBaHnue CHOXHOrO »Hpa HEOPraHWYCCKOH KHCJIOPOACOACP KAINCH
KHUCITOTHI — AJIKWICEPHOH KHUCIIOTH — B pe3yJibTaTe HYKIeOPHIBHON aTaku cepHOM
KHUCJIOTH HA MOJICKYJTY CIUPTa 00Cyxaanock panee (¢. 34).

Peaxina TpeTtuuyHOrO cnupra ¢ KapOOHOBOW KHCIOTOH MOHOMOJICKYJIAPHA.
Cragua oOpa3oBaHMsA KapOOKaTHOHA THMHTHPYIOLIAS:

Alk Alk Alk

H* +
Alk > OH = A|k%7OH2 Alk‘< + H;0

AlK Alk AlK
Bropas cragus — HykneopuibHasd ataka MOJEKyJioH KapOOHOBOH KHCIOTH Ha
KapOOKaTHOH — MPOTEKAET OBICTPES:

O

'i'!‘ ....... ) 0 Jj\ Alk
Alk— —_— 0

S -H* R (o) Alk
Alk HO R
Alk

OO6paTHai peakuHs — THAPOIH3 COOTBETCTBYIOIIKX Y(PHUPOB — MPOTEKAET TO
mexaHusmy Aacl (c. 23).

CTpoeHHE KHCIIOTH U CTIUPTA BIANAET HE TOJBKO Ha MEXaHN3M, HO M HA CKOPOCTh
peakiu. Hanbonee aKTUBHBIMH SBJIAIOTCA MEPBUUHBIC CIUPTHI, HAUMCHEE —
TpeTHuHble. KpoMe  Toro, TpeTHUHBIE CHOUPTHL B YCJIOBHAX ATepHUUKALINH
MOABCPrardTCA JIMMHHHPOBAHHK), IIOCKOJIBKY 3TO OJHH H3 r[yTeii CT36HHH33HHH
MPOMEKYTOUHO OOPA3YIONIETOCH KapOOKAaTHOHA:

Alk Alk
AN Na
/c+—CH2—A|k — - /C—CH—AIk
+
AlK -HY A

[To 5THM MpHUYMHAM CITOKHBIE S(PUPEI TPETUYHBIX CTTUPTOB MONYYalOT HA OCHOBE
fonee PpPEaKUMOHHOCHOCOOHBIX AIKOTOJIATA M TAMOTCHAHTHAPUAA KHCIIOTHL
OueBHAHO, YTO B OTOM ClIydae aJIKOrONAT — HYKICOQWIBHBIA pEarcHt, a
raJoreHaHrugpua — cy OcTpar.

....... O O

cI”é+~Rr -NaCl R O—CAlkg
Pa3peTBaeHHe MO COCEACTBY ¢ KapOOKCHIBHON TpymmoH TakiKe CHHXKAeT
CKOPOCTh PCAKIAM STCPUPUKANUMN H3-33 CTCPUUCCKHX MPCIATCTBUI, TO3TOMY
CIIOKHBIC BCI]Hpr C TPETHYHBIM aTOMOM B C-MTOJOKEHHH KHCIIOTHOT'O OCTATKAa
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MOAy4YalOT H3 COJH KapOOHOBOH KHCITOTH (HYKJIeOo(WIBHBEIH peareHT) H
raIOr¢HOMPOM3BOIHOTO YINICBOAOPOAa (cybeTpar):
0 O

)j\ ~ R—Hal )k
kg + —_—
- NaCl

AlksC ONa AlksC 0—R

3.1.2. AUMAMpPOBaHUE KETEHAMM, raIoreHaHrMAPUAAMAU U aHTUAPULAMU KUCNOT,
CNO¥HbIMM 3bUpamm

[amoreHaHTHAPHABI W AQHTHAPWABI  KUCJIOT  SABJAKOTCA  AKTHBHBIMH
AIWTPYIOIIUMH aT¢HTAMH, BHIIIOHAL POJIb CyOCTpaTa B HYKIeO(UIBHOH peakimu
3aMemeHna. Hanbonee akTHBHBI TaJIoT€HAaHTHAPUABL. Peakuuio ¢ HUMH MPOBOIAT
anbo B OeH30Jie B MPHCYTCTBHMH OPTaHHYeCKHX OCHOBaHHH, JHO0 B BOIHOM
pactBope ménouu (peaknua [lloren—baymaHa), ecnmu uX IETOUHOM THAPOIN3
MPOTEKaeT MeAJICHHO.

O e -. )

J{ + R—OH — )_L + HCI

R Cl R OR'
AUWNHPOBAaHHE aHTUAPUAAMH TIPOBOAAT JUOO B MPHCYTCTBUU PACTBOPUTENA,
HE BCTYMAMIIEro B peakuuio, JH00 BoBce 0e3 pacTBopuTend. BpeMsa peakuuu u
TeMIeparypa (HarpepaHue Jubo OXNaXACHHUES) 3aBUCAT OT CTPOSHUA cyOcTpaTa u
peareHTa.

Upe3pbluaiiHO '+ BBHICOKOH aUMIHPYIOWIEH AaKTUBHOCTBIO, OONBIUEH, 4YeM ¥
raJOrCHAHTUAPHIOB, OOJAMAFT KECTCHBI, KOTOPHIe (OPMAJIBHO MOKHO CUHTATh
BHYTPEHHUMH AHTUAPUIAMHM KapOOHOBBIX KHCIOT. B MpOMBILUIEHHOCTH KETEHEI
MOMYYaKOT MUPOJIH30M YKCYCHOM KHCJIOTBHI B MPHCYTCTBHUH TpusTHI(docdara wiu
MMPOJIM3OM aleTOHA Haj rimHo3éMoM (nipu 500-700 ©C, ¢ BergeneHneM MeTana). B
Jab0paTopuud KETCHBI TONYYAlOT 00padoTKON XJIOPAHrHAPUIOB KApOOHOBBIX
KHACTOT 3TUMHUHHPYIOLINM peareéHTOM, HAMPUMEP, TPHATKHIAMHAHOM:

N YOI

B ic N 5+
H/\J\ﬁ/ —_— \c:c:o

-HClI /

B kereHax wumeeTcd KyMYJWPOBAHHAA CUCTEMa ABOMHBIX CBA3CH ¢ Sp-
ruOpHAN30BaHHBIM atoMoM yriepoga rpynnel C=0. Crepuueckas AOCTYMHOCTD
VKa3aHHOTO aTOMA M BBICOKHI NOJIOXKHTENBHBIN 3apaa 00YCIOBIHBAKOT BBICOKYIO
PEAKLIMOHHYK) CNOCOOHOCTh KETCHOB, KOTOPBIC YK€ IIPH HH3KOM TeMNeparype
OUMEPH3YIOTCA B JUKETeHB. Tak, mpocTeHunii KeTeH AuMepu3yeTcs mpu -20 °C:
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+ —
ﬂHKeTeH bl TAKIKEC ABJIAKOTCA OYC€Hb aKTHBHBIMHA allHJIMPYIOIIMMH arCHTaMH.
[TockONMBKY caMu KETEHBI HEYCTOWYHMBBI, TO WX BBOAAT B PEAKIHIO
AlHJIMPOBAHHUA B MOMCHT 06])330]33[‘[[’[5]:

6]
G CHs 0 &+ R'OH Vi
C —> H,C=—C=—0 —> H;C—C
| -CH, N
o) OR

AUWIIMpOBaHWE KETEHAMH OTHOCHTCS K PEaKUMW NMPUCOCIUHEHUS, TIPU 3TOM
NnOOOYHBIEC MTPOAYKTHI TPAKTUUECKH OTCYTCTBYIOT.

Cnoxubie 5(upbl  SBIMIOTCS  CMa0BIMK - AIIWJTUPYIOMIUME  areHTamu. Hx
B3aMMOJICHCTBUE CO CINUPTAMHM HA3bIBAIOT PEaKUMsAMHU MepesrepuduKaumy,
MOCKOJIBKY M3 OJIHOTO CJIOXkKHOro 3¢gupa obpazyercs apyroi. Peakimio yaoGHO
MCTIONB30BaTh T MOMy4YeHUs 3(PUPOB BBICHIMX CIMPTOB. U3 HPUPOB METHUIIOBOTO
wid 3tuiioBoro crnupra. [lporecc nmpoBOAST B IPUCYTCTBHM KaTaJMTHYECKHMX
KOJIMYECTB AJIKOTOJIATOB LIEIOUYHBIX METAJUIOB IPU HArpeBaHWM, a 00pa3yrolLmiics
HU3LIHI CIUPT OTTOHSAIOT, UTO MPENATCTBYET 00PATHOMY MPOTEKAHUIO PEAKIINK:

0 R>-ONa. - Q
)L + R2-OH — + R'-OH

R OR! R OR?
Rl =Me, Et; R?=BbiCLUMIA aNKU

3.2. AuMnnpoBaHue aMMHOB

AMUHBI AIWIAPYIOTCS KapOOHOBBIMH KHCJIOTAMM W WX NPOU3BOJHBIMH:
CIIOKHBIMU  3(Upamu,  aHTMAPHIAMHU, TaJIOTEHAHTHIPUAAaMHU, KeTeHamu. B
pe3yJibTaTe peakluy o0pa3yroTcs aMUIbl:

0 o)
)j\ + R-NH, —— )L + HX
R' X R'

N—R
H
X =Hal, OH, OR, R-COO~
Kak npaBuio, aumivpoBaHMe aMMHOB IMPOTEKAET Jerdye, 4eM aluiMpoBaHUe
CHHPTOB, TaK KaK aMUHBI Hy KineoduabHee cnupToB. CKOPOCTh KOHKPETHON PEaKIIUH
3aBUCHUT OT NPHUPOJbI AUWIMPYIOLIEr0 areHra M amuHa. [lepBUYHBIE aMHHBI
HanboJiee akTUBHbBI M ALMJIUPYIOTCA 1O/ ACHCTBMEM KapOOHOBBIX KHMCIOT M Jae
CIOXKHBIX 3(pupoB. BTopuuHbIe aMHHBI MEHEE AKTHUBHBI, MMOITOMY AlMIUPYIOTCS
NPEANOYTHTEIFHO TAJIOTCHAHTHAPUAAMHU WIM QHTUAPUAAMHU KHUCTOT. TpeTuuHbIe
aMHUHBl C KUCJIOTaMHU JIAlOT HEYCTOWYMBBIE COJM c1ab0oi KUCIOTHI M cinaboro
ocHoBanus. C TrajJlOTeHAHTUPUIAMU TPETHUHBIE AaAMUHBI O00pa3ylOT O4YE€Hb
HeycToiunBbie N-auunuesbie comu Tpuankuiammonus tuna [R-CO-N(R)s;]"Hal,
KOTOPbIE€ CJIOKHO BBIJIEJUTh B YUCTOM BHAE, HO OHHM CaMH SBJISIOTCA
AUWJIMPYIOIMMU  areHTaMM,  MPEBOCXOAALIMMH 1O  aKTHBHOCTH  CaMU
rajjoreHaHruapuasl. Mcmonb3oBaHue MNHPUAWHA B KAYECTBE KaTalM3aTopa
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ALMIMPOBAHHUA OCHOBAHO HA MOAOOHOH peaklHH MPOMEKYyTOUHOro o0pa3oBaHHsA
HeyCcTONUMBON N-aluInupuaAuHUEBOH COJIM, BRITIOTHAOIIEH POJTh AIMIHPYIOIICTO

arcHTa.
0
R-OH
O —> R—OH + R—C/< - R—C{
-
N . OH
c N\ _/ (Nj

- HCI
Bi3anmogneiicTBHe aMHHOB ¢ KapOOHOBBIMH KHCIOTaMH, Kak H peakiusd
repudrKaum, OOPATHMO H YCKOPAETCS MO ﬂeiiCTBHeM MHHCPAJIBHBIX KHCITOT!

o yﬁ o
N A
OH OH

R-NH, H,0
NH2—R -.——"‘

R' N—R
H

i cMelleHns paBHOBECHA BIPaBo OepyT H3651TOK KapOOHOBOH KHCIOTEI WITH
OTTOHAIOT 00pa3yIOLIYIOCA BOIY.

XNOpaHTUAPH/IBL H QHTHAPHIB PEArHPYIOT ¢ aMHHAMHU OBICTPO, HEOOpATHMO U
¢ KOJIMYeCTBEHHBIM BBEIXOZOM. Jnd mpedoTBpallleHHs upe3MepHo OypHOro
MpOTeKaHUA MPOLECCAa PEAaKIUH aMHHBI OepYT B BHAE THAPOXJIOPHAOB, M PEaKLHIO
MPOBOJUIT B ¢peie OSH30JIA 10 MPSKPALLCHUS BbmeﬂeHHﬂ XJIOPUCTOTO BOAOPOAA:

0
)k + R-NHp-HCI —— )j\ + 2HCI
N—R

C ew¢ Oonmee aKTHBHBIM AUMIUPYIOIIAM AareHTOM — KETEHOM — PeaKLHIo
MPOBOAIT HA XOJIONY B pa30aBaeHHBIX HPUPHBIX PACTBOPAX.

R' Cl

4. F[anoreHnpoBsaHue

B peakumio HykneopunbHOTO raJloTeHHPOBaHHS BCTYNAIOT MHOTHE CyOCTpaThl:
rATOrCHOMPOU3BOAHBIC YIVICBOJOPOAOB, CIHPTHL, MPOCTHIC SUPBI, AJTbACTHIBL,
KCTOHBI, KAQpOOHOBHRIC KUCIOTHI, 1 Jp. Ha rajoreH 3amMemaerca aroM WM rpymnmna
aTOMOB, a TakKe MOTYT MpoTeKath Oojiee CIOKHbIE MPOLECCH. AreHTaMHu
HYKACODHIBHOIO TAJOTEHHPOBAHHA ABLTIOTCH TAJOTSHOBOJAOPOAHBIC KHCIOTHI,
ramoreanabl Gocdopa, a TaKKe TATOTEHAHTHAPHIAB CEPHUCTOM, CEPHOM U APYTHX
KHCIOT.

4.1. 3amelleHHe ranoreHa uam cynbGoHaTHON rpynnbl

[TonobHBIE peakuMu WMEET CMBICT  HCTONB30BATH A MOJMYUYCHUS
TPYOHOOOCTYTIHBIX TalOreHOMPOH3BOAHBIX yrieBoAaoponoB. Hampumep, mpsamoe
¢TOpPHPOBAHHE AJIKAHOB MPOTEKACT CIIMIIKOM AaKTHBHO, HE CEICKTHBHO, ¢
BO3COPAHMEM M APYTUMH TOOOUHBIMH Tiporieccamu. [IpaMoe MOAMPOBAHUHE
aNKaHOB, HANPOTHB, He MpoTekaeT. [losToMy rop- U HOJANKaHBI MOMYYAIOT W3
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0onee JOCTYIMHBIX XJIOp- H GPOMAIKaHOB MyTEM 0OMeHAa aTOMOB raJioTeHa { peakiusa
DOUHKENBIITECIHHA).

3aBUCHMOCTE OT CTPOCHHMS CyOCTpaTa Takas e, Kak 1 i Sn2 peakimiti (¢.11).
OOMeH TajioreHoB O0OpaTHM, HO paBHOBECHE PEaKIHH CIBHHYTO B CTOPOHY
00pa3oBaHuA ANKWITATIOTEHUIA, COAepxKamero oonee HyKIeO(HIbHBIA TaIOTEH.
(O6 uzMeHeHMH HYKICOMMIBHOCTH TAJIOTCHUI-HOHOB ¢M. Ha ¢. 8.) PaBHOBecue
peakHH MOKHO CMECTHTD B MIOOYIO CTOPOHY BBIBOAA MPOAYKT M3 chephl peaklHH
OTTOHKOH HIH »KcTpaknuedi. Tak, cCHHTe3 alKWIHOAHAOB BedyT B 0e3BOAHOM
ALETOHE U3 AMKWIHOAUIOB WIH OPOMH/IOB M HOAWAA HATPHUS HIIH KAJHA, MOCKOIBKY
HOIOUABI IIEeTOYHEIX METAIIOB PACTBOPHMEI B alleTOHE, a HX OpOMHALI BBINAZAIOT B
0CaJOK, YTO TNPHBOOHT K CMEIIEHHIO PaBHOBeCHA. BMecTo alKHNraxoreHHIOB
MOXHO Opath amkuiacynb(hoHATh: ME3WIaThl (3(DUPBH METAHCYJIB(OKUCIOTH),
TO3UNATH (3QUPBI T-TONYOICYTB(POKUCTOTH) M JP.

Alk-X + Nal — Alk-l + NaX
O 0O

Il Il
X = -Cl, -Br, —O—$CHs —o—ﬁ@—cm

Cunrte3 ankundTOpUAOB H3 AaTKHJIOPOMHAOB MPOBOIAT ¢ Mek(pasHBIM
KaTaJIM30M B TCTEPOTCHHON CHCTEME, pacTBOp cyOGcTpata B OpPraHHYECKOM
pacTBopuTeNic / BOMHBIN pacTBOp ¢ropuaa wim TBEpAas coimb. MexdasHblil
KaTaTH3aTop TePeHOCHT (PTOPHI-HOH B  opraHuveckyio ¢asy, rae mpoTekaer
peaxIu.

Jpyroii ciocob noayueHnd PTOPATKAHOB — ACHCTBUE TPEX(DTOPUCTOMH CYPHMOET
wid ¢TopuaoM cepeGpa Ha  agkunramoreHuapl. PTopamkaHbl, Kak Oonee
HU3KOKHUTIALINE cOeAMHEHHS, BBIBOOATCA U3 cephl peakLMi OTTOHKOIA:

3 Alk-Br + SbF; — 3 Alk-F + SbBrs
Alk-Br + AgF — Alk-F + AgBr

4.2. 3ameLlleHne rmapoKCUIbHOM rpynnbl B CiMprax

MuapokcuipHas rpynma «mioxoi» Hykieodyr (c. 13), a e€ nykmeodmisHas
cuna Conplie, YeM y ramoreHua-uoHoB. Kpome Toro, 4acTHUHBIH MOMOXKUTETbHBINA
3aps Ha 3ICKTPOPUIBHOM HECHTPS CIHPTAa MCHBIIIG, USM Y alKuiraioreHuaa. 1o
TUM TIPHYHHAM HETIOCPEACTBEHHO THAPOKCHWIBHAS TPYMIA HE 3aMEINACTCS IOJ
OeHCTBHEM AaHHOHA TaloreHa, TO €CTh CHHPTH HE PEarHpyloT C CONAMH
raToreHOBOJOPOAHBIX  Kucnor.  OOpaTHas ke peakudd — THAPOIU3a
TrAJIOrCHOMPOU3BOAHBIX MIPOTSKACT XOPOorIo (C. 53).

NaHal .
\86+ < \5+
——C—=O=—H ——C—>Hal
e NaOH e

Jlnd mpeBpalieHHsA CIOHPTOB B TaJIOT€HONPOM3BOAHBIE  YIIEBOAOPOAOB
HEOOXOAUMO YBETUYHTD MONOKUTENBHBIN 3apAa HA PEaKUHOHHOM LIEHTPe U (1H)
MPEBPATUTH THAPOKCHIBHYEO IPYIITY B «XOPOIMINi» HYKIeo(dyr. 310 TOCTUTracTCs B
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PE€AKIHAX C TaAJIOr¢HOBOAOPOOAHBIMH KHCJIOTaMH, TaJlOr¢HHaaMH cbocq)opa HITH
XJIOPHUCTBEIM THOHHJIOM,

4.2.1. Peakumu cnUpToB € ranoreHoBOAOPOAHBIMM KUCNOTaMM

[Ipu B3anMOAEHCTBUN CIIHPTA C TANOT€HOBOAOPOIHON KUCIOTOM Mpekae BCEro
MPOUCXOANT TPOTOHUPOBAHNC THAPOKCWIBHOM TPYIIIBI, YTO TPCBPAILACT €& B
XOpolUi «HyK1neopyr» — BOAY W YBENIWYMBAET MONOXHUTENBHBIA 3apad Ha
peakuHoHHOM UeHTpe. Jlanee NpoTeKaeT peakUs ¢ TraloreHuA-HOHOM  TIo
MEXAHU3MY SN2 (114 ICPBUYHBIX M BTOPUUHBIX COUPTOB) WK Syl (/15 TPETHUHBIX

CIIUPTOB).
SN1:
+/H —
R—O—H +HHal == R—O0(_ +Hal
H
+ H lim + Hal
R—0{ === R — R—Hal
H -Hy0
Sn2:
- + H + H
Hao + R—0 — Hal-R+~0( —= R—Hal + H0O
H H

B3aumoacHcTBUE COUPTOB C TAJOTCHOBOJOPOAHOM KUCIOTOW 00paTuMo, HO
PABHOBECHE MOXHO C/IBUHYTH BIIPABO, MNPEAOTBPATHB OOPATHYIO PEAKIUIO
THAPOJIA3a, UTO JOCTHUrAeTcsl MCIMOJBb30BAHMEM BOJOOTHHUMAIOWIMX CPEACTB:
KOHIICHTPHUPOBAHHOMH CEPHOI KUCIIOTH, XJIOPHAA IMHKA W Jp. XJIOpHUI IMHKA,
KpOME TOTO, ABIACTCH < Kucimotod Jlsouca u ACHCTBYET KaTalHTHUCCKH,
COCOOCTBYSA OTIIEMIIEHHIO THAPOKCHIBHON TPYMIB KaK MpH Syl Tak ¥ mOpH Sn2
MEXaHU3ME:

- HCl _ R-CI +H,0+2ZnCl, (Sn2)
+ ‘,ZnC|2

o X i}
~ Cl
H [H\. R — R-Cl  (Sy1)

02n0;2 =

R—O—H +ZnCl, == R—

CKOpOCTE peaKkluy ONPEACIACTCS NPUPOAOH CIUPTAa U KUCTOTH. PeakiuoHHas
CMOCOOHOCTh CHUPTOB YMEHBLIAETCS B PAAY: TPETUYHBIE > BTOPUYHBIE >
MEPBUYHBIC. AKTUBHOCTE aHUOHA U CUJIA KUCJIOTH 00YCIIOBIIUBAIOT P AKTUBHOCTH
JUIA rastoreHoBoaopoaasx kuciot: HI > HBr > HCI.

Jlnd TpoTeKaHWA peakUHW HAaUMEHee AaKTHBHOTO peareHTa (XJIOpPHCTOTO
BOAOPOAA) ¢ HAaMMeHee aKTUBHBIM cyOcTpaToM (MEPBHYHBIM CTIUPTOM) Tpelyerca
HArpeBaHWEe W UCTIONB30BaHME Karanuzaropa ZnCl,. Pacteop xmopuaa muHKa B
KOHUEHTPUPOBAHHOM COJIAHON KMCIOTE HasblBaeTca peaxmucom Jlykaca. Peakuusa
Jlykaca OCHOBaHA Ha Pa3NHYMUU PEeaKUHOHHOH CIMOCOOHOCTH CIIMPTOB € CONMAHOM
KHUCIIOTOMH B YCIIOBUSIX, ONaronpuATCTBYIOLINX MexaHn3My Snl. TpeTtudnsie cuupTel
NpU BCTPAXHBAHMM C PEAKTUBOM Jlykaca MOMEHTaNbHO OOPA3sylOT [ABa CJIOA —
BOAHYIO (pa3sy M HECMEIIMBAIOIIUICA C Held MAaCIAHHUCTBIA aNKWIXJIOPHA.
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BropuuHbie cripThl pearupyror ¢ peakTUBOM B TEUEHUE HECKOJIbKMX MUHYT /1aBas
MIOMYTHEHHUE 3a CU€T MEJICHHOTO 00pa3oBaHus dMyabcuu. [lepBuunbie ke CupThI
¢ pactBopom Jlykaca npu KOMHATHOM TeMIepaType Jal0T FTOMOTCHHBIE MPO3PAYHbIC
pacTBOpbI, TaK KaK MEMJIEHHO peardpyroT Juilib Nnpu HarpeBaHuu. [lpu 3tom
BTOpUUHBIC cUPTh MOTYT pearuposats ¢ HCl u 6e3 ZnCls. a TpeTuunbie — naxe ¢
pasbasnennoit HCI.

3amelnieHe TUAPOKCUWIBHONW TpyIIbl B MajOaKTHBHBIX CyOcTparax MOKHO
OCYIIIECTBUTD, €CJIM BMECTO MCIIOJIB30BaHUs PaCTBOPA KUCIIOTHI MPOIYCKATh CyXOi
rajoreHopogopoa. Emé npeanoutuTensHee TEeHEPUpOBaTh TrajlOT€HOBOAOPOI
HETMOCPEICTBEHHO B PEAKIIMOHHOM cpejie My TEM B3auMOICHCTBUSA ILETOYHBIX COJIe
Y KOHLIGHTPUPOBAHHOW CEPHOM KUCIIOTHI:

NaBr + H2SO4 — HBr + NaHSO4

Kpome mnperMyniecTs, CBA3AHHBIX CO CMEILIEHUEM PABHOBECHS B CTOPOHY
NPOJAYKTOB, TAKOM Croco0 eié U 3KOHOMUYEH, MOCKOJIbKY MCHOIb3YEMbIE COJIU
JELIEBIE  TaJOr€HOBOAOPOAHON  KHUCIOTB, a HeoOxoammas  u30bITOYHAA
KMCIIOTHOCTB CPEABI CO3AAETCA 3a CUET CEPHOU KUCIOTHI,

[ToGouHBIMU peaKkUMsIMU 3aMEIIEHUsI THIPOKCHIILHOW TpyIIbl Ha TralloreH
ABJIFOTCA NEPErpynUpoBKH. AJUTWiIbHAS neperpyinuposka (c. 16) npuBoaur K
00pa30BaHuUIO U3 CTIUPTA ATUTUIBHOTO CTPOSHUS CMECHU ABYX MPOAYKTOB:

HHal
R—CH—CH—CH,—OH —> R—CH—CH—-CH,—Hal + R—CH,—CH=CH—Hal
-H0

[lepBuuHbIe MK BTOPUUHBIE COUPTHL, UMEIOLIUAE YETBEPTUUHBIN aTOM yriiepoaa

MO0 COCENCTBY C KapOWHOIBbHBIM, MOTYT TEPErPYNMUPOBHIBATHCA B TPETUUHbIE

ankuiaranorenu sl (¢. 18):

Alk Alk
HHal
Alk—C—CH,~OH ——— Alk—C—CH,—Alk
| - H0 |
Alk Hal

4.2.2. Peakuuum cnupTos C raforeHnaamm n okcuranoreHmaamm pocdopa,
C XJI0PUCTBIM TUOHU/IOM

JIAs 3aMenieHnss TMIPOKCHIIBHON TPYIIBI HA TajloTeH MCIONB3YIOTCS TaKHe
peareHThl KaK raJloreH /bl B OKCUTaoTeHU 16! pocdopa, MBITIBSIKA, CEPHI ¥ CeNICHA.
Haubonemee npumenenne Hauum coeaunenus ¢ocdopa u cepsr: PCls, PBrs, Pls,
PCls, POCIs, SOCl. {Bnssce kucmoramu Jlbowca, OHM OOJEryalOT OTPHIB
THAPOKCHITBHOW TPYMIBI 32 CYET NPEBpAlICHHs €€ B XOPOLIMH «HYKIeopyr» H
MOBBILICHUS TOJOXKHUTEILHOTO 3apsiia Ha peakiuoHHoM Ientpe. Kpome Toro,
yKa3aHHBIC PEareHThl FeHEPUPYIOT HYKJICOPUIbHYIO YaCTHITY — QHUOH TATOTEHA.

%R + ~PBry Br
R—OH +PBry == Br + ‘R—0{ —> R—Br + HO—P_
H Br
M - +/PCI4
R—OH +PCls == CI + “R—0{_  —> R—Cl + POCI; + HCI

H
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OOpazyroumecss HEOpPraHMYEeCKUe MPOAYKTBI MOTYT COXPaHATh TaJlOreHUPYOILMe

CBOWMCTBA W BCTYMATh Aajie€ B HyKICO(PUIBHBIH MPOLIECC, XOTS U HE TaK aKTHBHO.

Hanpumep, oaun Monb TpéxOpomuctoro ¢ochopa MOKET MPOrajioreHUPOBATH 10

3-x Monel cnupra, npespainasich nocienaosarebHo B HOPBr2, (HO)PBr u H3PO:s:
3 R-OH +PBr3 — 3 R-Br + H3PO3

PeakunonHas cnocoGHOCTh TpUranorenn10s pocdopa Bozpacraer B psay: PCls,
PBrs, Pls, B cooTBETCTBMM C BO3pacTarolleil HYKJICOPHIBHOCTHIO T€HEPUPYEMOTo
umMu uoHa Hal~. AKTMBHOCTH peareHTa BO3pacTaeT W TMPH MEPEXOIe - OT
tpuranorenuaa gocdopa PHals k maruranorennny PHals Bcnenctsue yBenuueHus
MOJIOKUTEJIBHOTO 3apsi/ia Ha LICHTPAIIbHOM aToMe.

["anorenuabt ¢ocdopa MCMONB3YIOT B OCHOBHOM Ui TaJOTCHUPOBAHUS
TPeTUYHBIX CNUPTOB. C MEPBUYHBIMH M BTOPUYHBIMH CIHPTAMH  TPOTEKAIOT
noGouHbie  mpouecchl. [lepBuuHble  COUPTBI  BMECTO  IaJIOr€HUPOBAHUS
NPEeUMYIIECTBEHHO Aa0T 3upbl POCPHOPHUCTON KUCIOTHI:

3R-OH+PClz — (RO)P + 3 HBr

Takas noGouyHas peakuus Hanbosee BeIpakeHa i Tpeéxxyiopucroro docdopa.
CBs3aHO 3TO C T€M, YTO MPOMEKYTOYHO BO3HHKAIOUINAE ATKAITAIOreH(OCHUTSI,
BMECTO peakiuu ¢o cnadsim Hykneodpunom Cl-, akTuBHEE NPOSBIAIOT ce0s Kak
KucnoTel JIprouca, pearupyst ¢ MOJIEKYJIOM CupTa;

R I|?
H,C—OH HzC—<|3 /
R R P + HCl +H*
\ \ T N
H,C—O Cl
H2C‘:_O\H

R
e o + HOPC|2
o XK H}C—CI

BropuuHble ke COUPTHI TOJ JEHCTBHEM rajoreHuaoB Qocdopa jerko
JNETHAPATHPYIOTCS, AaBas ajJKeHbl. KpoMe mepeunciaeHHBIX MOOOYHBIX PEaKIHii,
rajorenuabl pocdopa, ABAAACH KucaoTamu JIplonca, BEI3bIBAIOT MEPErPYNIMUPOBKH
¥ M30MEpH3alii TeX CIUPTOB, JUIS KOTOPHIX 3TO BO3MOKHO. i1 HEKOTOpOro
CHHIKEHHSL TTOOOUYHBIX MPONECCOB PEAKIIMU TPOBOMAT B MPUCYTCTBUM OCHOBAHUM.
["anorenupoBanue CIMPTOB NMOA AciicTBHEM rajoreHuaoB docdopa mporekaer ¢
oOpauieareM KOH(pUTYypalyH.

Y 10OHBIM raJIOreHUPYIOLIMM areHTOM SIBJISIETCS XJIOPHCThIM THOHMII, TaK Kak
1[C/IEBOC COCOMHCHHME JICTKO OYMINACTCS OT HEOPTraHWUYECKUX Tra3000pa3HbIX
MPOJIYKTOB:

R—O
R—OH + SOC, — = \s=o —> R—CI + SO,
- /
o

B omnmume or ranorennoB (ocdopa, XJIOPUCTHIA THOHMI HAET XOPOIIUe
BBIXObI MpoAyKTa (10 90%) B peakuusx ¢ nepBUUHBIMEU criupTamu. 1711 BTOpUdHBIX
¥ OCOOCHHO TPETHYHBIX C 3TUM PEAreHTOM MpeoliIalaloT peakLuu JIeruIpaTaluu.
Jlns npenoTBpaleHus nmoOOYHbIX MPOLECCOB MCMONb3YIOT OCHOBaHUSA (MMPHJIMH,
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XUHOJIHH, TPeTHYHEIE OCHOBAHHWA — TPHAITHIAMHH, AUMETHIAHHIKH, H Ap.). OHH
CHIKAIT NOOOYUHBIC MPOIECCH HAMHOrO CYIIECTBCHHEE, YEM B PEAKIMAX ¢
ramoreanaamMu  docdopa. B mpHCYTCTBHM OCHOBAHHA 3aMEIICHHE HAST ¢
oOpaireHHeM KOH(pHUTypaLHi, TaK KaK Pean3yeTcs MEXaHH3M Sn2:

. + -
OH +SOCL+B —= BH CI vy, + 80, + B-HC

LY

HMoH-napHelii MeXaHHU3M, PEaNu3yIOLIHICA B OTCYTCTBHE OCHOBAaHWI, OBLT
OMHcaH paHee (¢.16).

4.3. 3amelleHure ruapoKCUIbHOMN rpynmbl B KAPEOHOBLIX KUC/IOTaX U UX
NpoUsBOLHbIX

KapGoHOBBI¢ KHCIOTBI, B OTIMYKAC OT CIHMPTOB, HE BCTYMAKT B PEAKIMH
3aMelleHHss  THOPOKCHIBHOW  Ipymmel HAa  rajoreH moa  JelicTBHeM
raJoreHOBOJOPOIHBIX KHCIOT. [IpH TNpPOTOHHPOBAHWH CIHPTOB o0pasyercs
«xopormmmiiy Hykneodpyr — H2O (c. 46). [pu npoToHAPOBAHUH K¢ KapOOKCHIBHOM
rpynnsl 06pa3yeTcs CHMMETPHYHBIH KATHOH, CTA0HITH3HPOBAHHEIN Pe30HAHCOM:

+
O OH OH OH OH
H‘l- / ¢
OH OH QH

OH

A

HecMoTps Ha TO, 9YTO B PE30HAHCHHIX CTPYKTYpax MONOKHTEIBHO
3apsDKeHHBIMH yKka3aHbl aToMbl C wiH O, HauOONBIIMK MONOXHUTETBHBIH 3aps
OKa3plBACTCA  HA  aroMax  BOJAOPOJNA,  MOCKOJIBKY  OHH  HAUMCHEE
WICKTPOOTPULATSIRHBL, [10 3TO# NpHUYHMHE TOJOXKHTENBHOTO 3apsaAa HA aToMe
yTepoaa oka3plBaeTcsa HeAOCTATOUHO IS aTAKH TAKHM CITa0BIM HYKITEO(HIIOM, KaK
rATOr¢HU/1-AHHOH.

Urobsl 3aMEeCTHTh THAPOKCHIBHYIY TPYNIY KapOOHOBBIX KHUCIOT HA TaJIOreH
HeOOXOOHMO HCIONB30BaTh 0oONlee AaKTHBHBIE peareHTHl TaJoTe€HHpPOBaHHA:
ramoreHuapl  Qocdopa, XJIOpaHTHAPHAE HEOPraHWYECKHX H  HEKOTOPHIX
OPraHMYCCKUX  KHCJOT. Peakuum  (OPMANBHO TOXOXH Ha  3aMCIICHHE
THAPOKCHIIBHOM I'PYIIMEL B CIIHPTAX:

3 R-COOH + PHals — 3 R-COHal + HsPOs3
Hal = Cl, Br, |

R-COOH + PHals — R-COHal + POHal; + HHal
Hal = Cl, Br

R-COOH + SOCl2 — R-COCI + SOz + HCI
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B3anmogaeiicteie KapOOHOBOH KHCIOTH ¢ THOHHIXJIOPHAOM IPOTEKAET depes
00pa3oBaHKUe CMEIIAHHOTO AHTHAPWIA ¢ MOCIHCAYIOmeH Sn2 arakoit ranor¢Hua-

HOHA:
Co: - ¢l Ci
R ’ ;fl:—o cl O—L
. [ . PR \ —
0—H R 0
CI +
OH
T aAap ;
—= Gl 0—S§ — + 80, + HCI
\\o
+OH °

KaranuzaTopamu TralOoreHHPOBAHUA KHCIOT MOA AEHCTBHEM MEPEUUCIIEHHBIX
BBILIIC PEAr¢HTOB CIYXKAT TPCTUYHBIC AMHHBI WIH TUMETHI(HOPMAMHI, KOTOPHIS
o0pa3yloT MNPOMEKYTOUHBIE COEJUHEHHS, MPOABIAIONINE  HYKIeO(UIbHbIE
CBOHCTBA.

BMmecTo THOHIWIXJIOPHAQ, KOTOPHI TNPEACTABIACT - cO00  XJIOpPAaHTHAPHI
CEPHHUCTOM KHCJIOTH, MOKHO HCTIOJIB30BATh M IPYTHUES FAIOTCHAHTHAPHIAB KACIIOT —
CYNb(pypUNXIOpUA (XNOPUCTBI CYNb(pYPWI, XJOPAHTHAPHA CEPHOH KHCTOTHI),
OKCAIIITXJIOPUA (XJIOPAHTHAPH/ INABEICBON KUCHOTH), (OCTeH (XJIOPAHTHAPHI
YTOIBHOM KHUCTIOTHI):

Cl O
CI\ B CI\ /0 CI\ B
/S—O /S\\ /C—O
Cl C (o) cl o Cl

MexaHn3M HX ACHCTBHA, KaKk W B ClIyuae THOHHIXJIOpHAA, OyAeT BKIIOYAThH
IPOMEXyYTOUHOE 00pazoBanne cMmemanuoro anruapuaa R-O0X, rae X — ¢pparment
COOTBETCTBYIOIIETO XJIOpaHTHAPHIA:

O  c—x 0 0
R — R% +HCI —™ R% + Heopr.
coea.
OH 0—X Cl

Pasunna Oyaer 3akmouvatbess B TOM, KakWe HeOpraHHYecKHe COeTUHEHHI,
obpasyiotea B peakuun. Hanpumep, u3 okcanunmxmopuaa nonyautes CO + COg, a
u3 pocrena Tompko CO:z. [Tockonbky B 3THX ¢aydasx He oOpasyerca u3dbiTok HCI,
Kak U3 THOHWIXJIOPHAA, TO OKCANMIXIOPHI H (hOCTeH HCMOMB3YIOTCS AT MATKOTO
raJoreHupoBaHus KapOOKCHIIBHON TPYMIEI B COe AMHEHUAX, CKITOHHBIX K TOGOUHBIM
peaKkHuaM B KHCION cpene. XIOpPHCTHI CyabpQypun, HAOPOTHB, peareHT Oolee
«KHCTIBIHY, YeM THOHHIXJIOPHI, TaK kak o0pa3yeT cepHYIO KHCIIOTY, MMO3TOMY €ro
HCTIONB3YIOT TONBKO AJIA TaNoreHHpOBaHUA conelf KHCIOT:

2 R-COOH + 80O2Cl, — 2 R-COCI + Na:S0O4
(R-COO)Ca + SOLl2 — 2 R-COCI + CaSOs4

Conu KUCJIOT MO)KHO NICPEBECTH B TAJIOTCHAHTHAPH/BI TAKXKe TOJA ACHCTBHEM

TPEXXIOPHCTOrO WK MATHXI0pHCTOTO (hocdopa:
3 R-COONa + PClz — 3 R-COCI + NasPOs3
3 R-COONa + PCls — 3 R-COCI + NaPQOs3 + 2 NaCl

[latuxnopucteiii  docdop  Hcmonb3yercd  Takke OIS MONYyYEHHA
raJIOr¢HAHTHPU/IOB U3 AHTHAPUIOB KUCIIOT,

(R-CO)X0 + PCls —» 2 R-COCI + POCI;



51

4.4. 3amelleHune anKOKCUALHOM rpynnbl 8 NPocTbiX adupax

[Mpocteie »¢upbH  00MAAAIOT OYCHb HH3KOH AKTHBHOCTBKY B  PCAKIIHIX
HYKJICOPWIBHOrO  3aMEIICHUA,  TOCKOJBKY  HEOOXOMUMBIA  YaCTHYHBI
MOJIOKUTENBHBIN 3apsi AeTOKAIU3YETCA O ABYM LEHTPAM:

\8+ o+ /

AN
PearenT, KOTOpHIH cIOCOOEH 3aMECTHTE aNKOKCHJIbHBIH pagukan Ha TaloreH —
HOTUCTOBOIOPOIHAA KUCIIOTA, TOCKONBKY M3 BCEX TAJIOTCHOBOAOPOIHBIX KHCIOT
OoHa HamOOoJICE CWIIbHAS W UMEET Haubojiee HYKICO(MWIBHBIN TaJIOTEHHA-HOH. B
MSATKHX YCIOBHAX MPOUCXOIUT 00pa3oBaHHe CIIUPTA U ANKHIHOINAA:

\ L e\ / /

—Cc—0—C— =—= C—0—C— —» |—C— + HO-C—

/ N 71\ N N

Ecimn »dup HMEET HECHMMETPHYHOE CTPOCHHE, TO HANPABICHHE ATaKH
raJoreHHA-HOHOM 3aBHCHT OT MeXaHH3Ma peakuuH. HampapneHue peakumn Swl
COOTBETCTBYET 0OOpa3oBaHUI0 HAMOONCE YCTONUMBOro KapOOKATHOHA, TO €CTh
raIOreHUPYETCA HauOONee 3aMeNIEHHBII aTOM YTIEpoa;

I~ Alk
HI .
(Alk),C-O-Alk = (AIk)3C—(|3'—AIk == *C + |I” + HO-Alk — (Al);C—| + HO-Alk

H A Alk
3ame1ueHHe no MEXaHHu3My SN2 I[MPpOHCXOOHUT IIO HanOoee NpPOCTPAaHCTBEHHO
OTKPBITOMY aTOMY YIJICPOAA.
- H
|
HI + — +
HzC-0-CH(AIK), == H30-|C_I)-CH(AIk)3 - -+ Go--O-CH(AI), = I=CHy + HO-CH(AK),

H H

AnkunapunoBbie  >QHpEl ToA  AeHiCTBHEM HOIOBOAOPOAHOH  KHCIIOTEHI
pacLIEIUIAIOTCA A0 aNKHWIHOoAuAA U deHoa.

B KECTKHX YCIOBHAX — TPH HATPEBAHWH ¢ H3OBITKOM HOJOBOIOPOIHOMH
KHCIOTHL — IPOMCXOINT 3aMellleHHe THAPOKCHIBHON TPYTITEL ¥ 00pa3yIolerocs Ha
MepBoii CTAAUN CTIHPTA, ¥ XPUP MOJHOCTHIO MPeBpallacTed B aNKHIHOINA;

R-O-R + 2HI - R-l + R-OH+ HI — 2Rl + H0O

Ob6pasyiowiics alkWIHOONA Jajiee MOKeT TOABEPraTtbCA THIAPOIH3Y, a
PE3YNBTATOM BCEl peakHu ABNSAETCA THAPONU3 3Hpa Jo cnupta {¢.53).

[Tox nmeficTBHEM HMOAOBOAOPOOHONH KHCJIOTHL PACIICIUIAIOTCA H IUKIHUCCKHE
npocteie 3hupbl. OgHAKO A4 paclieneHns OKCHAA YTHIeHA, HMEIOLLETO BEICOKOe
YTIOBOE HaMpsDkeHHe, BMECTO HOAOBOJOPOIHON KHUCIOTHI MOKHO HCTIONB30BATh
Jlaxe pa3baBICHHYIO COTHYIO KUCIOTY:

/0\ HCI
— CI-CH,-CH,-OH
H20—CH2 C C 2 C 2 O
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4.5. 3amelleHune Kucnopoaa Kap6oHWIbHOM rpynmnbl B anbaeruaax U KeToHax

[Taruxnopuctsiii hocdop 3aMermaetT KUCIOPOA B albACTHAAX U KETOHAX HA JBA
aToMa xJj1opa.
Cl

PCls
R—C—R' —> R—C—R' + POCly

Cl
Peakums nporekaeT yepe3 cramamu siekTpoduibHoro npucoeauHenus PCl4T,
HykieopuibHoro npucoeaunenus Cl- u nocnenyiormiero Syl wim Sni 3amMenieHus:

o cl
PCI* " cr Sn1 |
R—C—R' —> R—C—R —> R—C—R —_—> R~C—R
I | - POCl3 +
o OPCl, opcl, -Cl lC,—
Shi Cl
R—(|:—R'
Ci

TeéEpabIi MATHXIOPHCTHIN (ocdop CIIyKAT HCTOUHUKOM U AIIEKTPOQPHIBHBIX K
HYKJIeO(HITBHBIX YaCTHII, HEOOXOIMUMBIX JIJIs TIPOTEKAHUS 3TON peaKIvu:
2PCls — PCls*+PCle; PClss — PCls + CI-
[TATHOPOMUCTBIH WA MATHHOAMCTHIH (hochOp HE MCIIONB3YIOTCS TS TTO100HBIX
peaKIuii, TaKk Kak ¢ HUMU TIpeo0agaeT aucconuanus ¢ 00pa3oBaHUEeM CBOOOIHOTO
rajioreHa, KOTOPbIi y4aCcTBYET B 3aMCIIICHUH (-BOJAOPOAHBIX aTroMoB. Hanpumep:
2 PBrs — PBrs + Br:

3 Bry
CH;s—C—CH; —> CH.—C—CBr
77 sHBr U 3
o) 0

ATOMBI BOZIOPO/A B O-TIOJIOKEHUH OOYCIIOBJIMBAIOT MOOOUYHYIO PEAKIUIO H C
nATUXJI0puCThIM (hochopom:

Cl
PCI &l

l c — o, c|: cl — = \c=c/

|l -POCl, J -HCI / \CI

H O “H™ Cl

[To »TO¥ MpUYMHE MEPEBO ATILAETHAOB U KETOHOB B 2€M-IUTATIOTEHUBI TIOJ
neicreueM PCls mpuMeHseTcss B OCHOBHOM [UIsl IPEICTABUTENEH apOMATHUECKOTO
psina, He CoAepIKallX aTOMOB BOJAOPO/IA B O-NOJI0KEHUH K KApOOHUIIBHOM rpyririe.

5. f'maponus

HexoTopsie peakimu COMbBONNA3A (QIKOTOIN3, aMMOHOJN3, alUA0JIn3) ObLITH
pPaccMOTPEHbl HAMM PaHee NMPU M3YUYEHUH PEaKLUMM CIIUPTOB, aMUHOB MJIM KHUCJIOT.
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Peakuun ruaponus3a, BCIEACTBHE MX IIHPOKOTO PpasHOOOpasHsa H  BBICOKOM
BOKHOCTH OyayT pacCMOTPEHBI OTASIHBHO. [ MAPOIN3 HCNONB3YIOT A 3aMELICHUA
aTOMOB M TPYNI HA THWAPOKCIJIBHYIQ TPYNNY, AJA PACIHICIUICHHS OPraHWUYCCKHUX
COeIMHEHHH ¢ LeNIMH CHHTe3a MO0 aHanu3a. MHoTHe W3 PpacCMOTPEHHBIX HIKE
peaKIuii THAPOIN3A TEX UM UHBIX BEIICCTE SABJIAIOTCA OOPATHBIMH TIO OTHOMICHHUIO
K PCAKLMAM NOJIYYCHHS 3TUX BEIIECTB.

5.1. T'naponuns anknaranoreHUao0s

B3anMoacHcTBHE ANKUNTAIOTEHUIOB ¢ BOAOH obOpatuMo (cMm. obpaTHYIO
peakuuio; ¢. 46):

R—Hal + HOH =— R—OH + HHal

Y1oOBl CMECTHTH paBHOBECHE B CTOPOHY MPOAYKTOB H YCKOPHTbH PeakLHIO,
HEOOXOIUMO CBA3ZBIBATH OOPA3YIOMIMICA rajor¢HOBOIOPOA, HaNpUMep, A00aBKOL
OKHCH cepedpa (B BHAC CcycneH3uM) wau IEnoun. Okuch cepedpa TO3BONIAET
BBOIOUTE B PEAKLHIO AA)Ke BUHUITATOreHUADI:

2 HC=CH—Br + HOH + Ag,0 —> 2|H,C=CH—OH| + 2 AgBr

_ 9

HoC=CH—OH| —> H3;C—C_
H

Jlo0aBka WEeNovH YCKOPAET peakLiio He TONBKO 3a cuét ceaspiBanua HHal, o

u 3a cuét Gonbmeii Hykneodmiproi cmtet OH- mo cpasrenno ¢ H>O. C apyroit

CTOpOHBI, Oonmbmasg OCHOBHOCTHE OH~ cmocoOCTByeT npoTekaHuid NOGOYHBIX

peakuuii SMTUMHHHPOBAHHA, KOTOpble MOTYT TMpeolOnaaaTte AfMA TPETHYHBIX

rajJlIOrcHuAaA0B:

CH; CH; CH,
NaOH | |
s N e —_—T RN U + —
H3C—C—Br "NaBr HsC C|: OH HiC C|)
CH3 -H2O CH3 CH3

5.2. Tnaponus npocTbix 3¢upos

[IpocTeie 3¢upbl — BecbMa YCTOHYMBEIE K paclICIUIEHHIO COSOVHEHHA,
0cO0EHHO TOA AeHCTBHEM OCHOBAHMIA, MOCKONBKY HA COCEOHHUX C KHCIOPOAOM
aToMax YIJICPOJa MOJIOXKWUTCIBHEIN 3apsA] YMEHBIICH, a ATKOKCHIbHAS TPYIIa
ABNAeTCA IIOXHM Hykieodyrom (c.13). I'uaponuzoBats mpocThie PHPH MOKHO
MpH BBICOKOH TeMmmepatrype B mapoBoil ¢asze Ha AlOs;, nuGo mox AelcTBHEM
KHCIOTHBIX KaTaau3aropos. B 06oux ciydasx MOKET YCTaHOBHTHCS PAaBHOBECHE C
obpaTHOIl peakimei (¢M. ANTKUIHPOBAHNE CIIUPTOB CIIUPTaMH, ¢.33).

HanGonee nerko ruaponu3yrotesa 3pUpsl, UMEIOIIHe X0TA Obl OAUH TPETUYHBIH
PATVKAI, AJUTIJIBHYIO WIH OCH3WIbHYIO rpymnsl. X ruaponus uaét yxe Husko 0-
10 °C non neiicreuem HI, HBr wnu CF3COOH no mexanusmy Snl. Ddupel, He
coJepsKaliie MEePEeYNCIEHHBIX TPYNN, PaclIeIUIAOTCA B KECTKHX YCJIOBHUAX — B
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napoBoii (aze nuOO0 NpH HAarpeBaHHW ¢ KOHLUEHTPUPOBAHHBIMH BOJHBIMH
pacteopamMn HI wnu HBr no 120-150 °C. HauGonee akTuBHA HOJA0BOAOPOIHAS
kucyioTa. Ha nepBoit cTaluy NpOUCXOAUT 3aMEIICHUE ATKOKCWIBHON rpynnsl Ha
rajgoreH (¢.51), a 3aTeM rHApOIN3 raloreHOMPOU3BOAHOTO A0 CIIUPTA:
R-O-R + 2HI — Rl + R-OH+ HI — 2R-l + H0O
R-l + HOH — R-OH + HI

5.3. ITnaponus ¢yHKUMOHANBLHBIX NPOU3BOAHLIX KaPOOHOBbLIX KUCAOT

OyHKUHOHANBHBEIE ~ MPOH3BOAHBIE  KApOOHOBBIX  KHCJIOT,  MMEOLIHe
rpymny -C(O)X (cnoxHble >pHpb, aMHABL, TATOreHAHTHAPHABI), Yalle BCETO
THAPOIH3YIOTCA MO TaK HA3BIBACMOMY «TCTPA3IPUUCCKOMY» MexaHuzmy (c¢.21),
BKJTIOYAIOLIEMY, KaKk MUHUMYM, CTaJUH MpHCOeIUHEHH Hykleoduaa U mepexoaa
KapOOHHUIBHOTO YTNIepoda B TeTPadApPHUECKOe COCTOAHHE - ¢ MOCTEAYIOLIeM
OTIICIUICHACM rpymmnel X W oOpa3oBaHHEM KApOOHOBOI KHCIOTH. BO3MOXHBI
MEXaHU3MBl U 0¢3 00pa3oBaHHUA TETPAIAPUUCCKOTO MHTEPMENUATa. AKTHBHOCTH
npouseoAHbIX R-C(O)X B peakuuax m,t[ponma yObIBaeT B pagy (¢.40):

_<0 > R g > R g
% «0 _<O—R' _<NH

5.3.1. T’naponns caoxHbIx adupos

VY no6Hy0 KnaccupuKamm 1T MEXaHH3MOB THAPOJIN3A CJIOKHBIX (DHPOB BBET
K.HWuronen (c. 22). Ora kiaccupHkauumid akUEHTHPYeTCd He Ha TeOMETPHUH
HHTEPMEANATOB, a HAa THIle KaTanu3a (A — KHUCIoTHBEIH, B — OCHOBHBIH), MecTe
pacuiereHud cBa3u (AC — MKy alIOM U KUCTOPOoaoM, Al — MKy aKMIOM
H KHCJIOPOAOM) H MOJEKYIAPHOCTH peakuuu (1 wim 2). M3 BocbMH BapHaHTOB
nMoJo0HOTO MEXaHW3Ma MBI PACCMOTPHM Ha KOHKPETHBIX MpUMepax TpH HanOonee
PACTIPOCTPAHCHHBIE.

1. BONBIMHCTBO CIOXKHBIX 3QHPOB THAPOJIM3YIOTCS IPH KACIIOTHOM THAPOJIN3E
nmo MexaHnsMy Aac2. BHauane KHcoTa NpOTOHUPYET KapOOHUNIBHBIN KUCTOPOX,
aKTHBUpYA cyOctpar mia araku cinabeiMm  Hykieodmwtom — Bopoii. [locnme
HyKJICOPUIbHON araky BOAOH 00pa3yeTcs TETPAdAPUUECKHl MHTEPMEIHAT, B
KOTOPOM MPONCXOAUT MepeHoc npoToHa oT HoO'— k RO—u o6pazoBanue xopoliuero
Hykneopyra. Ha mnocneaHeM »sTane NPOMCXOAMT OTLIEIUIEHWE CIHpPTA H
JEIPOTOHHPOBAHHE:
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SR R R
HaC 0C,Hs H4C OC,Hs HC o:
St

OH /H OH 0
— L PRI
H4C (ji)_H “CHsOH ¢ on T HsC OH
CaHs
3.]'] CKTPOHOAOHOPHLIC 3daMECTHTCIIU YBCIIMYUBAKOT BEPOATHOCTD

NPOTOHUPOBAHMS CJIOKHOTO 3(pHUpa, HO YMEHBIIAIOT BEPOSTHOCTh HYKICOPHIbHON
aTaky BOAOW. DIEKTPOHOAKLENTOPHBIE — ACHCTBYIOT MPOTUBOMOIOKHBIM 00pa3oMm.
[Tostomy »snekTpoHHbie 3hdexTsl c¢1abo BAUAT HAa CKOPOCTh KHCIOTHOIO
I'MIPOJIM3a CJI0KHBIX 2(PHPOB.

2. [1pu menouHOM THAPOIH3E CIIOIKHBIX 3c])1»1p03 peanusyercs Mexaﬂmm Bac2.

)|\/—\ /k‘)OH — )]\ + CHO —> )k + C,HsOH

OC,Hs (’OCZHs

O4eBUIHO, YTO AJIEKTPOHOAKLENTOPHBIE 3aMECTUTENN (B aLMJILHOM HWIIH
ANKUIBHOM (pparMeHTe) yCKOPSIOT Peakiyio, a AMEKTPOHOIOHOPHBIE — 3aMEeUISIOT.
[Ilenouno# ruaposin3 B OOMBIIMHCTBE CIYYAEB MPEANOUTUTENbHEE KUCIOTHOTO, TAK
KaK CBSA3BIBAHUE 00pa3ylolieiics kapOOHOBONH KUCIOTHI MIENOYBIO ASTACT PEAKIIHIO
HeoOpaTUMOM M CYLIIECTBEHHO YBEJINYMBAET CKOPOCTb.

3. Cnoxnble HUPBI TPETUYHBIX CIIUPTOB THAPOIMU3YIOTCS B HEHTPAIbHBIX WUITH
KACTBIX cpemax mo mexanmsmy Aapl depe3 mpoTOHWpPOBAHHWE, OTIICTUICHUS
TPETUYHOrO KapOOKaTHOHA M €ro NMPEeBPaLEHHE B CIUPT MO ASHCTBUEM BOJIbI:

CHj + CH HiC ﬁ’ -H*

‘Wt OH 3 /
)]\ | /CHa == )Q"\ (|3 _CHy (CH3);C—OH
_C > e, ~CHaCOOH CHy

0 HsC 0
B [].[eJ]O"-lHOH cpene moaoOHbIe 3(UpPHl THAPOJIM3YIOTCA OYEHb MEUIEHHO
NOCKOJBKY ' HykneopunbHoi arake OH- Ha yraepoa kapOOKCHIIBHOH TPYIIIbI
NPEMATCTBYIOT 3JIEKTPOHHBIC U CTEPUUCCKUE (DAKTOPBI.

B menom crepuueckue GakTophl 3aMeIAIOT KaK METOYHON, TAK W KUCIIOTHBIH
rUIPOSIM3. 3aMeCTUTENN B O-TIOJOKEHHHM allMJIbHOTO (parMeHTa pacrosioKeHBbI
Onvke K peakiiMOHHOMY LIEHTPY M OKa3bIBAlOT OOJIbIIIEE CTEPUIECKOE BIMSAHUE, YEM
B ((-[TOJIOYKEHHMH AJIKAIBHOTO (PparMenTa.

[Ilupokoe MPAKTUUYECKOE WCMOJB30BAHWE  HAMET THAPOJIU3  JKAPOB
(TPUTIIMLEPHUIOB) — TPHPOJHBIX CHOXKHBIX 3(HUPOB BBICIIMX JKHPHBIX KHUCIIOT
(mamemutuHoBo  CisH31COOH,  creapunosoii  Ci17H3sCOOH,  oneunoBoi
Ci17H33COOH wu ap.) u raunepuna. ITOT OPOLECC MO3BONISET MOJYYHTh TJIMIEPHUH,
a TaK)Ke BBICIIHAE YKUPHBIE KUCIIOTH B YMCTOM BHJIEC MK B BUJE COJICH, UTO 3aBHCHT
OT crocoba NpoBeeHHs peakiuuu. [ HApOoIIn3 KUPa MOKHO IMTPOBOIAKMTH NEPETPETHIM
nmapom (200-225 ©C, 20-25 arm,), a Taxke moj ACHCTBHEM KHCIOTHBIX JTHOO
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LIEJIOYHBIX KaTaiu3aropoB. Haubosnbuiee pacnpocTpaHeHUE MOJYUYWIH THAPOJIU3
MEPErpeThiM MAPOM H IIeTIOUHOM ruaponus. B nepBom crnydae oOpa3yercs BOAHbIN
pPacTBOP TIMIIEPUHA U HE PACTBOPUMAs B HEM CMECH BBICIITNX JKUPHBIX KAPOOHOBBIX
KHACIIOT. [Tpu ruaponuse mENOUbI0 NOJy4aeTes NIMLUEPUH U COJIM BBICLUMX MKUPHBIX
KHUCJIOT — MbLIIA, YTO UCTOPUUECKH 00YCIIOBUIIO HA3BAHUE PEAKIIUU «OMBLICHHEY . B
JAIBHEUIIEM ASTOT TEPMHUH PACIIMPWICHA, U CEHYaC OMBIJICHHMEM Ha3bIBAIOT HE
TOJIbKO IEJIOYHOW THAPOSU3 KUpa, HO JIOOOH ruaponu3 (QyHKLUMOHAIBHBIX
NPOU3BOJHBIX KHCIIOT, @ TAKXKE MPOCTHIX 3(PMPOB U rajloreHONnpOr3BOIAHbIX.

5.3.2. T'ngpoauvs aMmmaos KUCAOT

B ornuume oT cinoxkHBIX 3(DUPOB, TMAPOINA3 aMHUI0B HEOOpaTUM MpH T000M
KaTaau3e, MOCKOIbKY M KMCJIOTHBIM U OCHOBHBIH KaTaau3aTopsl 00pasyioT Coyu ¢
MPOIYKTaMH peakiuy. AMHIB THAPOIU3YIOTCS MEUIEHHEE CIOKHBIX 2(UpoB, Tak
Kak aMmuHOrpymnmna 0osnee «Iuioxoi» HYKiIeo(dyr 1mo CpaBHEHHUIO C aJKOKCHUJIbHOM
rpynnoii. Jlns aMuaoB, Kak M JUIsl CIOXHBIX 3(UPOB, TEOPETUUYECKHA BO3MONKHO
TaKKe€ BOCEMb MEXAHU3MOB, OJJHAKO HanOoee pacrnpocTpaneHbl Aac2 1 Bac2.

JU1s KACIOTHOTO KaTain3a MOKHO NPEACTaBUTh MEXaHU3M AAc2, KOTOPBIH, Kak
M JUIsl CIOXKHOro 3¢upa, HauuMHaeTrcs C NPOTOHUPOBAHUA amujia 1O aTroMy
KHACJIOPO/a, MOCKOALKY 9TO HAMpaBjCHUE MPOTOHUPOBaHMS mnpeodOnagaeT Haa N-

MPOTOHUPOBAHHEM.
% u
0 H* OH /_;o OH F
/”\ —— + / )<0H"H i—
R lil/ R I'il N:

R :
Pl
OH /H OH o)
~— ko g J+\ + >NH ’ /”\ + >|~u-|2
R ('[JI.]:H HaC OH HsC OH

[Tpeanonaraercs, 4o N-IPOTOHUPOBAHHBIM aMHUJT TAKKE MOXKET y4acTBOBATh B
peakuun. OparmeHt —N< B cxeMme peakiuu 0003HAYaeT OCTAaTOK MEPBUUYHOTO,
BTOPUYHOrQ JINOO TPETUYHOTO aMUHa.

[Tox pelictBueM OCHOBAHWNA aMu/Ibl rmlponmyfo’rcs[ no MexaHmmy Bac2.

f /g on )J\ : / )J\
Ur/

Pacna,u TETPASAPHUICCKOI0O HWHTEPMECAHATA MOXKET MNPOXOAWTE H 110 Oonee
CIIOKHOM CXEME, HCPE3 AOIIOIHUTECIIBHOC ACTTPOTOHHUPOBAHUC M0 JHAHMOHA W €TO

MOCJIEAYOIIUA pacna.
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5.3.3. 'ngponus HATPUAOB U U3OHUTPUNOB

Ha nepBoii cranuu ruaponnsa n3 HUTPIWIOB 00pa3syrOTCA aMU/THL.

C\

NH,

Ecmu peakinio He OCTAHABIMBATH HAa STOH CTaAWW M HE BBHIOCNATH aMHJIBI, TO
OHH THAPOIU3YIOTCA NANICE TO OMUCAHHOH paHee cxeme. [ MApOIN3 HUTPIIOB
IPOTEKAET OYEHb MEIVIEHHO M B KeCTKUX yciaoBuax (100-200 ©C). Kucmorsl mnu
IIEOYH OKA3BIBAIOT KAaTAIHTHUECKOe AeHCTBHE, a TaAKKe CMEIIAIOT PaBHOBECHE 32
CUET CBABLIBAHMA MPOAYKTOB PEAKIHH, HO peakUHsAi BCE€ paBHO TNPOTEKAET OT
HECKOJIBKHX 9aCOB A0 HECKOIBKHX CYTOK.

HN30HUTPUIEL CYIIECTBEHHO OTJIHYAIOTCS IO XUMHYECKHUM  CBOHCTBaM OT
HUTPHIIOB, YTO O0OYCIIOBNIEHO OCOOEHHOCTBIO MX ANEKTPOHHOTO CTPOEHHS, KOTOpoe
MOXET OBITh TIPEACTABIACHO B BHAC ABYX PE3OHAHCHBIX CTPYKTYP, OAHA M3 KOTOPHIX
HMECT PA3ACICHUE 3apAfoB, a Apyrasd napy MIEKTPOHOB Ha a30Te U KapOEHOBOM
yTHepoJe:

R—ITJEC -« R—N=—T=TC:
Taxnum 06pa3oM, A H3OHHTPHIOB HEXAPAKTEPHBI PEAKIMU ¢ HYKICO(UNaMH,
B TOM YHCIe INENIOYHOM THAPONH3. DieKTpoduibHBEIE e peakuuH, HaoGOpoT,
MPOTEKAOT Jerko. IIpH mMpOTOHHPOBAHHM ©0pa3yeTcs KaTHOH, KOTOPHIH GBICTPO
BCTYMACT B PCAKIMU ¢ HYKJICODHIAMHU, HOATOMY KUCTOTHBIH THAPOIH3 MPOTEKACT
nerko. BHavane oGpa3syeTcs gopMaMu, KOTOPBIi Aajee THAPONU3YETCA JO aMHHA
H MYPaBbHHOHN KHCITOTHI.

CH

8]
+ - H + + HxO | - H ~
R—N=C —® R—N=CH -3 R—N=—CH __'_"' R—N=—CH = R—N—C<
-H H

o] + 0

H w7 H.HO + Y

R—N—c? ——> R—NH, + HO—C?

\H \H

5.3.4. Tngpoauns aHrmapuaos U ranoreHaHrMapuaos KUCAOT

AHCUIPUABL W TAJOTCHAHTHAPUAB HAMHOrO 00jie¢ YYBCTBUTCIBHBI K
THOPONH3Y, 4YeM clokHbie 3¢pupbl. HaumOonee akTHBHBI TraJloreHaHTHAPUODL,
KOTOpBIE Ja)Ke «ABIMAT» HA BO3AYXE U3-3a TMAPONU3a X MApoB BJIaroi Bo3AyXxa:

O HOH O
NI
(o] OH

Mexanusm  Terpadapuucckuii nu6o Snl, HO wuHOTAA Sn2. AKTHBHOCTH
rajoreHaHruapuAoB Bo3pactaer B pagy F < Cl < Br < I. Peakuns B G0NbIIHHCTBE
CIIy4acB HE HMMEET CHHTCTUYECKOIO 3HAYCHHA, TAK KaK KApOOHOBBIC KHCIIOTHI
JIOCTYITHEES TAIOrCHAHTHAPUIOB.

AHrHAPHAB THUAPONHU3YIOTCA YK€ NPH KOMHATHOW TeMmepaType u 0Oe3
KaTaiu3aropa:

+ HCI
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MexanusM TeTpasapudeckuii umn Snl. OCHOBaHMA W KUCIOTH KaTaNH3UPYIOT
peakuuto. Ha npumepe aHruapuzaoB OblT M3YYEH €I0€ OJWH THUI KaTajld3a —
HyKJeoQHUALHBIH  KaTaJM3, KOrJa  peakuus  IpoTekaer  Onarogaps
MEPBOHAYANIBHOW  arake  HEKOTOPBIM  HYKJIEODWIOM ¢  MOCHEAYIONM

THAPOJIHTHYCCKHM Pa3pyYIUCHHEM HHTEPMEOHATA.
0

AN D
N o 0 H,0 o
o — r-? + Re¢? —— r-c?
s e N
R—C NN S D OH
\\0 = N

5.3.5. 'mapom3 nomMcaxapuaos 1 0eJIKOB

['Hoponu3 MPHPOAHBIX AH- H MOMHCAXapPHIOB — €axapo3bl, Kpaxmana,
LIeJUTIOJIO3], IEHTO3aHOB — MIPHUMEHAETCA Kak OCHOBHOM HITH MTPOMEKYTOUHBIH ATar
JUIA TOJIIYYEHHA IMPAKTHYECKH LICHHBIX COCAUHCHUH. MOHOCAXapHUIOB, 3TAHOJA,
dbypdypona. Bee onmro- u momMcaxapuabl COAEPKAT [IIMKO3HIHBIC CBSI3H, a
CIMKO3WABl YCTOMYUBEI K LIETOYaM W THAPOIH3YIOTCS KUCIOTAMH.

Caxapo3a nocrpoeHa w3 - ocrarkoB  o-D-rmokomupanosert u - B-D-
$pykTodypPAHO3B, COCAHHEHHBIX [IMKO3HA-TJHKO3HAHOH CBA3BK, KOTOpas
npeacraBiasger coboif  ¢parmMeHT mpoctoro 3dHpa, oOpa3oBaHHBIH TIpU

B3aHMOﬂeﬁCTBHH TMHKO3WOHBIX THAPOKCHIIBEHBIX TPYIIIL
CH,OH

r@lﬂ CH,0H_.O H

OH H H OH

OH OWMOH
H OH OH H

B Monekyne caxapossl HMECTCA MOJIyalETATbHBIN (CO CTOPOHBI TIIOKO3BI) U
MOJYKETANBHBIH (CO CTOPOHBI (DPYKTO3B1) (DPATMEHTHI, IMOITOMY THAPOJIN3
nmpoTeKaeT B kucnoii cpene (c. 19). 'maponus caxapo3bl HA3BIBAETCA HHBEPCHE, T.K.
obpasyeTcs ¢cMech PaBHBIX KonmuaecTB D-rmokossl (+52°) u D-dpykrosm (-92°),
00NaA0IHMX CYMMAapPHBIM JICBBIM BPAIICHUCM, a YJACJIBHOS BPAIlCHHE PACTBOPOB
caMoii caxapo3el +66,5°. Mén - npupoAHBIH HWHBEPTHPOBAHHBIH caxap,
COJEP KAlIMIA MTI0KO3Y U (PPYKTO3Y B cOOTHOWIEHNH ~ 1:1.

Kpaxman u nemmono3a coctoat us 0¢tatkos D-rimoko3sl: (CsHi00s). Kpaxman
COCTOHT M3 2-X (ppakLHii: aMUI032 M AMHJIOMEKTHH. AMUITI03a — BHYTPEHHAA YaCTh
3epHa KpaxMana, pacTBopuMa B BOJe. AMHIJIONEKTHH TOYTH HE PACTBOPHM B
XONIOIHOM BOAE, HO B TOpsucH 06pa3yeT CTYACHUCTYIO YacTh KJieHcTepa. Monekyna
aMITO3el coaep:kuT 1m0 6000 OCTAaTKOB IIFOKO3BI, COCAUHEHHBIX O-1,4-TTHKO3UA-
ITIOKO3HOH CBA3bI0. MHave roBops, B CBASBIBAHUM YYAaCTBYIOT THAPOKCHIIBHEIE
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rpyNNBE MONyaleTanbHOTO (pparMeHTa M CIOHPTOBblE THAPOKCHIBHBIE TPYTIIHL.
AMAIO3a UMECT TMHCHHOE CTPOCHHE:

CH,OH [ CH,OH ] CH,OH
0
H
OH H
H OH

Monekyna aMUIONEKTHHA CWJIBHO Pa3BETBI¢HHAA, coaepskutr Ao (50000
OCTATKOB TJIIOKO3Bl. B  HEpa3sBETBICHHBIX 4YACTAX CBA3M O-1,4-FIAKO3UA-
TIIIOKO3HBIE, KaK K B aMHJTO3€, 4 MECTAX Pa3BeTBIEHHA o0pa3yeTcs AOTOJIHHUTENbHO

- 1,6-rIMKO3UA-TIIOKO3HBIE CBA3H:
CH,OH

CH,OH
O H
H oA
OH H
_0 0._
H OH

[Tockonbky B MOJEKyJe KpaxMala HMEIOTCA aleTalbHble (parMeHTBl, TO
THAPOJIH3 JICTKO MPOTEKACT B KUCITON cpene. BHauane oOpa3yrorca Gosiee KOpOTKHE
¢parMeHTBl  JEKCTpHHA, KOTOpble  MHOCOKPAaTHO  paclIeIIsiach — Jajee
MpeBpalIaoTCc AUCaXapu] MajibTo3y. KoHEeUHBIM NPOAYKTOM THAPOIH3a ABIAETCA

[JIFOKO3A;
CHZOH CHZOH

H,0, H* H,0, H*
Kpaxman ————= JeKCTPUHB ——= OH OH rniokosa

Maanoaa

Otansl THAPONH3a MOXKHO OMPEIENAaTh ¢ MOMOMIBIO HOAKPAaXMaNIbHON peakuHu
H peakUHW cepeOpsHOTO 3epkana: Kpaxmal OKpallHBAaeTcA B CHHHI LIBeT,
JEKCTPUHBL — B KOPUYHEBBIM, a MAIBTO3A U [TIIOKO3a HE OKPAIHUBAIOTCA HOAOM, HO
JAKOT PEAKLMIO CepeOPsAHOro 3¢pKajo.

Lenmonoza (kieryaTka), B OTIHUHE OT KpaxMasa, MOCTPOeHa H3 OCTaTKOB He
O-TJTIOKO3BI, @ B-rmioko3el. Monekyna nuneiiaas, coctout u3 300—10 000 ocraTkos
CITFOKO3BL, COSAUHEHHBIX B-1,4-TNHKO3HI-TTTIOKO3HBIMHA CBA3AMHU:

CH,OH [ CH,OH ] CH,OH
OH H Q OH H
H H

H OH H OH




60

JInHeiHOe CTpOeHHE MOJIEKYJ LEIUIFOI03bl 1 MHOIOUYMCIIEHHbIE BOJIOPO/IHbIE
CBA3M MEKIYy HMMH OOYCIOB/IMBAIOT 3AaCTHUHOCTh M MPOYHOCTh. Kucnorslii
THPOJIA3 LEIUTIONI03bI € MOCIEAYIOMUM OPOKEHHEM TIIOKO3bI UCHOMB3YETCS s
NOJIYUEHHS] TEXHUYECKOTO (TaK HAa3bIBAEMOT0 «TUPOJIM3HOT0» ) CIUPTA.

IlenTo3aHBI — NPUPOIHBIC TOUCAXAPUIBI, TOCTPOCHHBIC U3 TIEHTO3: CsHgO4)n.
Onu comeprkaTcs B IPEBECHBIX OMUJIKAX, MIICHUYHBIX W PXKAHBIX OTPYOAX, JIy3re
MOJICOJTHEYHMKA, OBCSHOM IIENyXe, KYKYPY3HbIX Modarkax W jap. KucrnorHslid
I'MPOITM3 MEHTO3aHOB UMEET OOJIBIIOE MPAKTUYECKOE 3HAYEHUE, TaK KaK MO3BOJISET
W3 OTXOJIOB AEPEBONEpePadaThIBAIONICH TPOMBIIIICHHOCTH U CETBCKOTO X034HCTBA
nojy4yaTh UEHHBIA nmpoaykT — dypdypon. Yaie Bcero B KauecTBe KHCIOTHOIO
KaTaju3aTopa HCIOJB3YIOT CEpHYK KucioTy. Ha mnepBom sranme obpasyrorcs
TMIEHTO3bI, KOTOPBIE B KUCTIOH Cpesie NeTuapaTupyroTes a0 ¢pypdypona;

H H H
H o ~ O._ oH
H H20, H* H —
OH H OH H .
-0 H OH H
H OH H OH

Oypbdyposr — TETEPOLUUKIUYCCKHI albACTHA, IMUPOKO HMCMOIB3YIONIMICS B
OPraHUYEeCKOM CHHTE3€ IS MOYUYEHUS TIacTMAcCE, JIEKAPCTBEHHBIX COCIUHEHUH,
KpacHuTelJIen U Jp.

Benku mocTpoeHbl W3 MOJUNENTHIHBIX HENoueK ¢ NMENTHIHBIMH (aMHIHBIMH)
CBA3SIMH MEKIY aMUHOKHCIOTHBIMH OCTaTkamu. [ 'maponn3 Oenka mpoTeKkaeT npu
KUTITYCHHH B BOJE, YTO MCIOJIB3YeTCs MPH NPHUroTOBICHUH mHIHM. Il]enounsie u
KHACIIOTHBIE KaTaJM3aToOpbl 3HAYUTENHHO YCKOPAKOT THIPOIH3, OJHAKO IS
NPaKTUYECKUX 1IEIEH UCIIONb3YETCsl KUCIOTHBIHM KaTajlu3, TaK Kak B 3TOM CIIy4ae B
MEHBIIEH CTENEHU BBIPAKEHBI MOOOUHBIEC peakiu. CxeMa ruiposin3a TPUNEnTUaa;

R 0
HoN H

o . 2 . o

H ]
H,N N Ho R A
N OH
H HoN OH
R o} R" i
R" o
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Npumepbl cCUHTE308B

Adnokcan-1,4

CH,—CH,
HyS0, \

2 OH—CH,-CH,-OH ——— > 0 + 2H,0
CH2_CH2

B kpyraomonnyio koiby eMkocThro 250 Mit, cHab)eHHYIO AeherMaTopoM ¢
TEPMOMETPOM H HUCXOIAIMM XOJOAUTBHUKOM, moMetwaioT 501 (0,8 mona) (va.s.
1,113) cyxoro stuneHrnukond B 4,5 My cepHoit kucnotsl (ya.B. 1,84). Coaepxumoe
KOJIOBI OCTOPOXHO HarpeBaldT A0 KumeHua (Ha acOectopoii cetke). CoycTsa
HEKOTOPOE BpeMa HAUHHAETCA OTTOHKA MPOAYKTA peakUHH (TeMmneparypa napoe 84-
88 °). Memnennyio OTTOHKY BeOyT AO TeX MOp, MOKa IpH TeMmneparype napos 102°
COACPXKUMOC KOIOB HE HAUMHACT PE3KO UCPHETH M BCICHUBATHCS. Ha sToMm
HarpeBaHve 3akaHUYMBaOT. M3 MOMYy4YeHHOTO MOroHa AMOKCAaH BHICATHBAIOT
VINEKHCABIM  KalheM. DBCIUBIBIOHE JerkKuid clol OTAENAIOT NpH MOMOLIN
JICTUTENILHON BOPOHKH M ¢ymat cHavana 6e3soausiM K2COs, a 3aTeM oInaBIeHHBIM
CAKHM KaTHUCM (€IKO¢ KAl BHI3BIBACT KOHACHCAIMIO HAXOAAIICIOCA B TPOAYKTE
peakUMH anbJeTHAA U yAaTeHHe ero U3 peakKLMOHHOH CMECH B BUIE CMOJIBI ).

BhICYINCHHBIH TPOAYKT PEAKIMH HEPErOHSFOT, coOupad (Ppakiuio O T.KUI,
100-103°, Beixoa 19 r (15% o1 TeOpeTH4eCcKoro).

JTHOKCcaH — KUAKOCTE ¢ T.kum. 102-103°, ng?°=1,4140

YKCYCHO3TUANOBLIA 3$Up

O
CHCE°  +CHOH S—ite CHC { ¥ HO
“oH OCHs

B kondy Bropua emkoctsio 100 mn mmBaoT 2,5 M (0,4 Mons) 3TUIOBOTO
coupTa (va.B. 0,789) u 3areM OCTOPOKHO MPH NMEPEMEIIMBAHUN TPHIMBAIOT 2,5 M
KOHLICHTPHUPOBAHHOU CEPHOM KHUCJIOTHL.

Konfy sakpeiBaroT npoOkoil, B KOTOPYI) BCTaBJICHA KalENbHASA BOPOHKA,
COSOUHAIOT ¢ HUCXOIJAIHUM XOJOAWJIBHAKOM H HArpeBalOT Ha MacisHOW WIH
necuyaHoi Oane go 140° (TepmoMeTp morpyxeH B OaHio!). B Harperyio cMmech u3
KareJbHOW BOPOHKH HAUMHAIOT MOCTCNEHHO mpunuBarhk cmech 20 mi (0,34 moma)
stunosoro cnupra H 20 mu (0,33 mond) neasHoll yKCyCHOH KHCJIOTHL ¢ TakKoH
CKOPOCTBIO, C KaKo#l OTTOHAeTCA o0pasyrowuiica 3pup.

IMocne npekpanieHusi OTrOHKW 3HUpa, MOTOH MEPSHOCAT B JCIHTENIBHYIO
BOPOHKY M B30aITBIBAIOT €0 ¢ KOHII. PACTBOPOM COMBL 10 TEX NOP, MOKA CHHAA
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nakMycoBad OyMaXkka, OMYLUEHHAsA B BEPXHHH CJIOH, He MepecTaHeT KPacHETh.
Otnensaror >PUpPHBIA CIOH M BCTPAXWUBAOT €r0 ¢ HACHIICHHBIM PacTBOPOM
XJIOPUCTOrO KajbItuA (JUTA YIAATCHHA MPUMECH CIUPTA, KOTOPBIA CBSI3BHIBACTCS C
XJIOPUCTBEIM KanblueM B koMimieke CaCly2C;HsOH).

OtpenuB  >pup, €ro cymar NOPOKAJCHHBIM XJIOPHCTBIM KAJBIIUEM U
HEPErOHAIOT HA BOAAHOH Oane. [Tpu 71-75° oTroHAETCA a3€0TPOMHAS ¢MECh Hpupa
CO COHPTOM M BoAoH, mnpu 75-78° mnepexoauT MNpaKTHUYECKH YHCTHIH
YKCYCHOATHIIOBBIH 3¢dHp, Beixoa 20 r (70%)

YKCYCHOITHIIOBBII 3(pUp — KUAKOCTH ¢ T.KuM. 77° ng®’=13722

U3oamnnaueraT (rpywesan 3cceHUMA)

CH,
=0 H,SO o
CH;-C<O + >CH-CH2 CHyOH S o c<
H cH; o-CHz-CHZ-(LH-CH3 + H0

H,
Meton A

B kpyrimoaonnoii konbe Ha 100 ma x 15 r (0,17 mons) uzoaMunoBoro compta
(ya.e. 0,81) nocreneHHo npuiuBaOT 15 © KOHICHTPUPOBAHHOMN CEPHOM KUCIOTHI
(va.s. 1,84). CMech oxnaxaaoT J0 KOMHATHOH TeMIepaTyphl H 3aTeM MPHIHBAIOT
10 r (0,17 mond) neaaHol ykcycHoit kucnotsl {100%-Hoit ya.s. 1,0).

K konbe mpucoeauHA0T 0OpaTHBIN XOMOAMIBHUK H PACTBOP HATPCBAKOT HA
KUMALLEH BoAIHOH OaHe B TeueHHe 2 yacoB. Ilocne HarpeBaHus coaepxnumMoe KonObl
OXJAKAAIOT W BBUIMBAIOT TOHKOH ctpyiikofi B 150 mn xonmoaHoli Boapl. B
JCIIUTENIBHON BOPOHKS BBLACIUBINHNCA CIIOH TPYMICBON 3CCCHIMH OTACHAROT OT
BOJAHOTO €JIOs, IPOMBIBAKOT 5% pacTBOPOM COABL 10 Cabo IMEIOYHOH peakuuu
(npo6a Ha nakmyc), a 3aTeM 2-3 pasza XOJIOIHOH BOAOM.

OTaeneHHy0 OT BOABI PYIICBYKY JCCCHIMID TOMCIIAIOT B CYXYK KOmnly,
npubaBIMEOT HECKOJIBKO KYCOUKOB  MPOKAJIEHHOTO  XJIOPUCTOrO  KAJIBITHA,
MPUCOSAUHAIOT K KoOe 0OpaTHEIN XONOJWIBHHK W HATPEBAIOT HA BOAAHOH 0aHe B
TeueHue 20-39 MUHYT.

ITo okOHYAHHM BBICYIIWBAHUA CIIMBAIOT TPYHICBYI) 3CCCHIIMIO ¢ XJIOPUCTOrO
Kansuys B KoJ0y Bropua n neperonsaot, coupas Gppakiunu:

1. mo 138° — HempopearupoBaBLIKii N30aMHJIOBBIH CTIHPT.

2.139-142° — rpymesas sccenuud, Bueixoa 11 r (50%)

['pyleBas 3CCEHIA — SKUAKOCTE ¢ T.Kum. 142° | ng?® = 1,3999

Meron b
B xpyrimoaonay0 kondy eMrocTeio 100mn momemarot cmech 20 r (0,34 moss)
neAsHOH ykcycHoH kucaotThl (ya.e.1,0) u 37 Mn (0,34 Mond) H30aMHIOBOTO CITUPTA
(va.s.0,81), mpuGaBnAior 2 MJI KoHL. cepHoii kucimotel. Konly coeamHsioT
MOCPEACTBOM ABYPOTOro (hopirocca ¢ 0OpaTHEIM XOJNOAWIBHUKOM, MEKIAY HUMH
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MOMELIAIOT «JIOBYIIKY» U BOABI, o0pa3ylolelica mpu peakunu. CMech HarpeBaroT
Ha necyaHoit Oane. B nmoBymnike coOupacTesa BOAA, KOTOPYIO CIIMBAIOT B MCPHBIH
WTHHAP ¥ M3MepsaoT. Coupt ¥ »up, MONMABIIHE B «JIOBYIIKY», BO3BPAINAKOT
oOpatHo B konOy. Peakuua cudTaeTcs 3aKOHUYEHHOH, KOraa BBLAECTUTCA BCe
KOMWYECTBO BOBI, PACCUUTAHHOE TI0 YPABHCHHUIO.

TMonyueHHbI# 3pup TPOMBIBAIOT CHAYANA BOAOH (B ACTUTCIIBHON BOPOHKE),
3aTE€M PacTBOPOM COABI A0 HEHTPAIbHONW peakuuHl MO JNaKMyCy — H BHOBb BOAOH:
OTpenuB OT BOAHOTO CNOA, BBICYIIMBAIOT €ro MPOKAJIEHHBIM CEPHOKUCIIBIM
HATPHEM M TIEPETOHAIOT, COBHpas raBHyo dpakumo npu 138-142°, ng?! = 1,3999,
Bbixog 30 r (70%,).

IIpumeuanue: s peakuun MOKHO OpaTh BMECTO JIEAAHON YKCYCHON KMCITOTEI
COOTBETCTBYIONIEE KOJIMYECTBO BOABI KOHIICHTPUPOBAHHOMN YKCYCHOM KMCIIOTHI.

BpoMUCTbIN 3TUA

KBr+H,S0,

KHSO,+ HBr

C2H50H + HBr CszBl' + H20

B kon6y Biopua na 250 mn majmsaiot 20 ma (0,34 MOms) 3THIIOBOTO CIIHPTA,
noGapamor 17 mMn BOAB U MPH TOCTOSHHOM MCPEMEIIHMBAHUM M OXJIAKICHHU
MOCTEMEeHHO MPUIHBAIOT 37 MJI KOHLIEHTPUPOBAHHOH cepHoil kucnothl (va.e. 1,84).

Konby coemHAIOT ¢ HUCXOAAMMM XOJ0UIbHHKOM. Ha koHie dopmrocca
XOJIOIMIBHHUKA 3AKPETIIAIOT AJUIOHK, KOHEII KOTOPOTO AQILKEH OBITH MOTPY)KEH HA
1 cM B BOAY, HANIUTYIO B IPUEMHHK.

ITocne okoHuanus cOOpKH ycTaHoBka B konOy Bropua sacemator 30 1
pacTepToro OpOMHCTOrO Kaymsd, KOOy 3aKkpeiBalOT NpOOKOH M HArpeBalOT HA
necoyHoil OaHe. HarpeBaHue 3aKaHUMBAIOT, KOrJa B MPHEMHHK MEPECTAHYT
MOCTYNATh  TAKeTble MAcTAHUCTBIE Karid OpoMuctoro stuna. CoaepxuMoe
[IPUECMHUKA [EPEIIMBAIOT B JCIUTCIIBHYK) BOPOHKY, OTAC/IAIOT HUXKHHUU CJIOH, €ro
npoMbiBalOT 10%-HBIM PACTBOPOM COJBI, ICPSHOCAT B CYXVIO KOJIOOUYKY H CYIIAT
MPOKATEHHBIM XJIOPUCTBIM KalTbLUEM.

Ileperonky OpOMHCTOTO 3TUIIA MPOU3BOAAT U3 KONObI Bropna npu HarpeBaHuu
Ha BOJAHOH OaHe. XOJOMWIBHUK XOPOUIO OXJIAKAAKT BOAOH, NPUEMHHUK
MOMELIAIOT B JIEAAHYIO OaHIO.

ITonyuator 26 r (93%) , T.kun. 38%, ya.s. 1,431
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BpoMUCTLIA 30amun

KBr+H,S0,

KHSO,+ HBr

C CH
CH-CH,-CHp-oH T HBI s=——== CH-CH, -CHy-Br + H,0

CH3/ CH3/

B xpyrnoaonHyio kondy emkocthio 250 mu momemaror 30 mu Boast uw40 1
MENKO pacTepToro OpOMHCTOro kanud. 3areMm npudapnsior 25 r (~ 0,3 mond)
uzoammioporo cnupta (ya.s. 0,81) u nocreneHHo, npu 4acToM B30AITHIBAHUHU
npuwmBaroT 20 T KOHII, CepHOit kucnothl (ya.B. 1,84). 3ateM k kK0106€ HPUCOCTUHSAIOT
o0OpaTHBIi XOMOAUNBHUK, Yepe3 KOTOPBIHA MPH B30aNTHBAHHH NPWIHBAIOT eme 25 T
KOHLI. cepHOil kucnmoThl. [locne npubaBneHna KUCIOTE CMeCh KHITATAT HA CeTKE Ha
HEOONMBNIOM IJIAMEHH B TCUCHHUE 2 YACOB. 3aT¢M PEAKIIMOHHYIO CMECh OXJTAXKIAOT,
OTHENAIOT AeKaHTAlHeH MacHAHUCTBIH BOAHBIA clOH OT BBIMABLIMX KPHCTAJIOB.
H3zoamunOpoMu oTAETAIOT OT BOZHOTO CJIOA B AETUTENBHON BOPOHKE, MPOMBIBAIOT
BoAoit, cymar npoxkajieHHsiM CaCl: u meperousor u3 kb Bropma, orbupas
dpaxmuio ¢ T.kum. 120-120,5°, Berxoa 30 1 (66%).

bpomucTeiii H30aMWIT — )KHAKOCTD ¢ T.kum. 120-120,5°, 1,4412

OmblneHue Xnpos (Bapka mblna)

0 —
CH,-OH
/0 3NaOH = © |
R-C » 3RC + CH-OH
O—CH ONa
CH,-OH
/0 H
R-C(

B dapdoposoii uanike B3BEHIHBAIOT 25 T kHMpa, MOJAOIPEBAIOT CICrKa Ha
necyaHoi OaHe M HeOONBLIMMH MOPUHAMH TPH TOMELIHBAHHHM MPHOABIAIOT
PACTBOP MICTIOUH, IPUTOTOBICHHBIN 13 5 r NaOH u 25 M Boasl. 3aTeM HarpeBaHue
HECKOJIPKO YBEJIMUMBAIOT W MPOAO/KAIOT BCE BPEMA NOMCNIMBATH, HE MOMYCKasd
noaropanud Macna. Ilo Mepe BeIkUMaHHA AOOABNAIOT BOAY OO NMEPBOHAYATBHOIO
o0beMa (mpuMepHo 50 mi). Korga ;kukocTh HAUHET I'YCTeTh, JAIOT YalllKe OCTHITD,
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npunueaoT 30-40 My BOOBI H CHOBA HATPEBAIOT. 3aTeM HATHBAIOT elle SO M BOAbI
H HATPEBAIOT /10 HEOOMBIIOro 3aryCTEHHS, MBUIO BEUIHBAIO B (hopMy.

[Ipoba Ha NOJMHOTY THAPONH3a

B mpomnecce Bapku menaror mpoOy HA MOMHOTY THApOMM3a. B mpobupky
HAJTUBAIOT TOpsAYel BOABI U OpPocaloT MaleHBKHI KycOoueK Mblia, B30ANTHIBAIOT.
Ecnu MBIIO TONHOCTBIO PacTBOPAETCA M HA TMOBEPXHOCTH BOABI HE MOABIAETCA
MACJITHUCTBIX KaIe/ib — THAPOIN3 IPOIISIT ITOJTHOCTHIO,

Briaenenue ¢cBoOOIHBIX JKHPHBIX KHCITOT

15 r cBIpOro MBLTA HATPEBAIOT MOYTH A0 KuneHus B 100 M1 BOBI M IPMIMBAIOT
25% cepHO# KHCIOTHI MPH SHEPTHYHOM BCTPAXHBAHHH JO TeX MOP, MOKA PacTBOP
He OyJeT MOKAa3bIBaTh ABHO KHCIYI) PCAKIMIO HA KOHTO. CMECh KHPHBIX KHCJIOT
BBIICISICTCA HA TIOBEPXHOCTH BOJBI B BHJIC MAC/ITHHUCTOrO ¢nod. Ero oTaensior,
B3BELLNBAIOT, BEIYHC/IAIOT MPOLIEHTHBIH BBIXOJ.

B coctaB pacTuTenbHBIX Macen BXOIAT [NIABHBIM 00pa3oM HempeaenbHble
XKHUAKHE OJHOOCHOBHBIC KHCJIOTHI, CPSOM KOTOPHIX TpeobnIafaeT OICHHOBAA
C17H31COOH, nunonenosas C17H20COOH n BeEKoTOpEIE ApyTHE.
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Mporpamma oT4E€Ta

Yro Takoe peakus HykneohunbHoro sameuweHus? IloHatne o cyOctpate W peareHre.
HyxneoduneHele peareHThl H HX knaccubukauua. HykneodunbHas cuna pearenta. Hykaeodyr,
Hykieoyraocts. MexanusMel Snl u Sn2. Uto Takoe MonekyaspHocTs peakuun? Kapbokatnon
H NepeXoqHOe COCTOSIHHE. JHepreTHYeCcKle JuarpaMMbl peakUuii HyKiaeo(HIbHOro 3aMeLleHus
B pacTBOpUTele. IJKCIEpPHMEHTANbHBIE [OKAa3aTENbCTBA  MexXaHu3MoB Syl u Sn2:
cTepeoxuMHdeckne H KuHerndeckue. pdext onHouMeHHOrO HOHA, CcoaeBoil et
Kuneruueckne ocOOEHHOCTH peakiuii ConbBONN3a. BinsiHue paznuvHbix GakTOPOB HA CKOPOCTD
U MEXaHH3M HyKJ1e0(HIBHOrO 3aMellleHNs: MPUPOAA H HyKIeo( UbHAS CUNla peareHTa, CTpOeHHE
cyOcrpara, cBolicTBa Hykneodyra, npupoaa pacteopurena. AHxuMmepHoe coneiicreue. Teopus
Xerw3a-Huronsna. SET-mexannsm. CwmemanHeiii Sn1-Sn2, uOH-mapHbiii ¥ 0000IIEHHBIH
MeXaHH3MBbl. MexaHu3M BHYTPHMOJEKYJSPHOrO HYKNeopUIbHOTO 3aMelleHusa Syi. MexaHusm
Sy’ M OeperpynmupoBKH  CONPOBOKAAMLIME HykIeobmnbHoe 3amemeHue.  ObpasoBaHue
«HEKJIACCHYECKHX» KATHOHOB,

3amMelleHue y KapOOHMIBHOrO aroMa yriepopa. Peakuuu anbierHaoB W KETOHOB €
HyKIeopunbHBIMH peareHTaMu. PeakuuH kapOOHOBBIX KHCIOT M HX (DyHKUMOHANBHEIX
HPOU3BOJHBIX ¢ HYKNeO(IILHEIMH peareHTamu. TeTparapuueckuii mexanmsM. Knaccudukanus
HHronbaa MexaHH3MOB THAPOJN3A CIOKHBIX 3(HPOB. ALMI-KHCIOPOAHOE U aNIKHN-KUCIOPOIHOE
pacllenneHue.

Ambunentreie Hykneopuner u cyberparatel. HUTPUT-HOH M LMAaHHA AHHOH, AHHOHBI [
OUKeTOHOB, [} keTosdupoB W ManoHoBoH kucnotel [IpaBuno KopuOmoma. OOBsAcHeHHE
peakHOHHOI cnocoGHOCTH aMOMAEHTHBIX peareHToB ¢ mo3uuuH JXMKO.

Peakuuu snumuHupoBaHusa, ux knaccudukauma. Mexanusmel E1 u E2, Elc¢B.
IJKCNEPUMEHTANIbHBIE KPHTEPHH MEXaHU3MOB 3NHMHHUpPoBaHUA. [Ipasmno 3alinesa H npaBHIO
INotpmana. PakTopel, COCOOCTBYIOWIHE MTPOTEKAHUIO PEAKLIHH 3aMelleHHs U SNHMHHHUPOBAHUS.

3aMelleHe rajoreHa B raJIOreHONPOU3BOHBIX YINeBoaopoaos. Q0Le 3aKOHOMEPHOCTH.
CpaBHeHHE MOABIKHOCTH aJIOre€Ha B 3aBHCHMOCTH OT NPHPOABI FAJIOr€HA U CTPoeHus cyOCTpaTa.
OcofenHocTi noBeAeHUA (TOp3aMelIEHHBIX H MOJNHraloreH3aMeUIEHHbIX  YIIEeBOIOPOAOB.
Tlanogropmuan peaxius.

ANKunupoBaHue. AJIKHINPOBAHHE CIUPTOB. ANKHIHPOBAaHHE CITHPTAMHU, AJKHWICYJIb(laTaMH,
sbupamu  cyabPOKHUCIOT, - aJKHNTANOT€HHOAMH, OKCHUIAMM  alKeHOB.  AJNKUIMPOBaHHE
CEPOBOOOPOAA M MepKaNnTaHOB. ANKWIHPOBAHHE aMMHAaka H aMHHOB. MeXaHH3MBI peakuHil H
crocoOBI UX MPOBEIEHHS.

AuunupopaHie. AUMIHPYIOLLME PeareHThl! KHCIOTHI, TaJlor€HaHrHAPWUAbI H aHTHAPUALI
KHCJIOT, aMUABIL, CJIOXKHEIE 3(QUpbL, KeTeHbl, N-auunuesbie conu. llomydeHHe W peakLHOHHAas
CIOCOOHOCTE ALMIMPYKIIUX PEAreHTOB. AIUUIMPOBAHHE CHHPTOB H aMHHOB. MeXaHM3MbI
sTepudHKaLHm,

I'anoreHupopaHue. 3amellleHHe rajoreHa WIH Cylnb(OHATHOH TIpyNnbl Ha TFaNoreH.
JaMeleHre TUAPOKCHIBHON TIPynmbl B COHPTAX Ha TalOreH. 3aMeleHHe Ha TajJoreH
TUAPOKCUIBHON IPyMNiel KapOOHOBBEIX KUCIOT. 3aMelleHHe alKOKCHIBHONH IPyMMbl B MPOCTEIX
adupax Ha rajgoreH. 3aMelleHHe Ha raforeH KUCNOpoAa KapOOHUIBHOI IpyMIbl albAerHAOB H
KETOHOB.

Tuaponus. T'upponus  aJKWITAJIOTEHUAOB, MNPOCTBIX  3upoB,  DYHKIHMOHANIBHBIX
NPOU3BOAHEIX KapOOHOBBIX KHUCJIOT. 3()HPOB, AMUAOE, HUTPUNIOB, H3OHUTPHIOB, AaHTHAPUAOE H
raJlOreHaHrHAPUAOB KUCNOT. [ uaponusa xKupos U ero npaktuyeckoe sHaueHne. HykneodyunbHurii
karanus. F'uaponus qu- u nonucaxapunos. Ionyuenne gypoypona. F'unponns 6enxos.
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