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B npakTHKymMe paccMOTpEHBI OCHOBBI TUIAHMPOBAHMS XMMHYe-
CKOT0 3KcTiepuMenTa. OCHOBHOE BHUMAHHE yICJICHO CTPATETUH 1 TaK-
THKE TUIAHUPOBAHMS OPraHUYecKoro cuHTe3a. CTparerus miaHupoBa-
HUSI BKJIOYACT BBIOOD LIEJIHN, TTOSTANTHBIN X0J] aHaJIN3a CTPYKTYPHI MO-
JTy4aeMOTo COCMHEHHS, TI03BOJISIIONINN N30paTh ONTHMAIbHbIC ITyTH
€ro CHHTEe3a, KpUTepun 0T0Opa TakuX myTel. TakTHKa MIaHupOBaHUS
OIMPAETCS] HA OCHOBHbIEC IPUHIIUITBI BBEACHUS U yAAICHUS (QYHKIHO-
HAJIBHBIX TPYHII, KOHCTPYUPOBAHUS HOBBIX PEaKIMi 00eCHIeUeHUS UX
CTPYKTYPHOW ¥ IIPOCTPAaHCTBEHHOW H30mpaTenbHOCTH. [IpuBoasTCs
MIPUMEPBI PETPOCHHTETHYECKOTO aHAIN3a MOJIH(YHKIMOHAIBHBIX Op-
TaHUYECKHUX COCMHCHNH. B KOHIIE MpakTHKyMa JaHbl JTab0paTOpHBIC
pa0oTBhI, HO3BOJISIONINE CTYJCHTaM Ha IPAKTHKE OCYIIECTBUTD IUTAaHH-
pPOBaHME M CHHTE3 CJIOKHOI'O OPTraHUYECKOT0 COCIMHEHHMS. B Kaxiom
paszene MpuBOJATCS KOHTPOJIBHBIC 33aHHsI M TEMBI pedeparos, I1Mo-
3BOJISIIOIINE OCYIIECTBUTH KOHTPOJIb 3HAHUI 00yUYarONIiXCsl.

[Ipeana3zHaueHO CTYACHTOB, s 00yUarOMMXCcs IO HAPaBJICHHU-
sim 04.03.01 (020100.62) u 04.04.01 (020100.68) Xumus (AUCIUTLTH-
Ha «OCHOBBI ITOCTAHOBKH HAYyYHOTO AKCIIEpUMEHTa» Kbl b2, b3),
O0YHOU (OPMBI OOYICHUS.
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BBeneHue

O ToM, 9TO CHHTE3 JI0JKEH BCEr/ia TPOBOANTHCS 110 TUTAHY U TIpe-
JIEJTbI BO3MOYKHOCTEH €r0 OCYIIECTBICHUS OMPEIENSIOTCs JIUIIb pe-
aNbHBIM TUTaHWpOBaHUeM, Trcan eme B 1956 r. HoOeneBckwii nay-
pear P. BynBopj, nonguepkuBas poJib CO3HATENIHHOTO TUIAHUPOBAHUS
B 9TOW OOJIaCTH OpPTaHWYEecKOW XUMHH. VIcTopus pa3BUTHS OpraHU-
YEeCKOW XHMMHUHU TOATBEPKJAeT 3aKOHOMEPHOCTh TaKOTO MOJXO7a,
XOT$ TEPBBIA CHHTE3 MPUPOJTHOTO COEAMHEHNST — MO4eBHHBI (1828)
6511 ocymecTBieH @. Berxepowm 3am0aro 10 TOro, Kak Obla co3AaHa
CTPYKTypHasi TEOpUSI OPraHUYECKON XUMHH M TEM CaMbIM 3aJI0KEeHa
TBEpJas OCHOBA JUIA PEAIbHOTO TUIAHUPOBAHHS OPTaHUYECKUX CHH-
Te30B. OJJHAKO CHHTE3 ATOTO COSAMHEHUS, Jla elle CHHTE3 YKCYCHOM
KHCTIOTHI, BbIMOMHEHHBIH A. Kompbe (1845), moutn ncyepnsiBaroT
CIHCOK YCIIEXOB MOTyYeHHUS] CHHTETUIECKHX BEIIIECTB B ITEPBOH MOJIO-
BuHe XIX Beka. 3aTto mocne cozmanust A. M. ByTiepoBeM CTpyKTYp-
HoOt Teopun, nononHeHHOU S. Bant-I'opdom u XK. Jle benem, ycrexu
HEM3MEPUMO BO3pociu: cuHTe3bl anmzapuHa K. I'pede u P. JIubep-
manoM (1869), unguro A. baitepom (1883), xodenna 3. Oumrepom
(1883), Tportmuaa P. Bunbmrerrepom (1902) u nukotmna A. Ilukre
(1904). brectsammM 3aBepIIeHHEM TOTO TIEpHo/ia B Pa3BUTHH Opra-
HUYECKOT'O CHHTE3a M B TO K€ BPEeMsI IIEPEX0/I0M K HOBOMY TTEPHOTY
MOCITYKWIH uccrefoBanus duinepa Mo CHHTE3y caxapoB, IMENTH-
JIOB, TTYPUHOB U AyOMJIBHBIX BEIIeCcTB, oTMedeHHbIe B 1902 1. onHOM
n3 nepBbIx HoOeneBcKkuX mpeMuii Mo XMMHH.

Haubonee uaTepecHsIil mepro/] B pa3BUTHN CUHTE3a TPUPOIHBIX
COEMHEHNH U OPTaHUYECKOTO CHHTE3a B 1I€JIOM CBSI3aH C BBEACHUEM
B OpPraHMYECKYI0 XMMHIO OMOTEHEeTHYECKUX MpeacTaBieHni. Mexons
n3 HUX P. Pobuncon (1917) ocymiecTBUI OZHOCTaJAWNHHBIA CHHTE3
TPOMTMHOHA U3 SHTAPHOTO albJeTHAa, METHIaMHUHA U alleTOHIUKap-
OOHOBOM KMCIIOTHI, HAJIOJITO CTABIIUI 0Opa3LIOM TS MTOIpaskaHui.

HoBblil nogbeM B OPraHMYECKOM CHUHTE3€, HA4YaBIIHUNCS C cepe-
nuHbl 40-x TO0B XX B., OB IOJATOTOBJICH B TIEPBYIO OYEPEb yCIIe-
XaMH TeOPETHYECKOI OpraHNIecKoil XUMHUHU B YUYEHHH O MEXaHMU3MaxX
peaxiuii, OTKpPBITHEM HECTaOWIBHBIX WHTEpMennaTroB (kapOoka-
THOHOB, KapOAaHWOHOB, PAJWKAIOB, KapOCHOB, apUHOB), CO3TAHHEM
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KOH(OPMAMOHHOTO aHajii3a, CTAHOBJICHHWEM KBAaHTOBOW XHMUHU.
OTH TOCTUKEHHS MO3BOJIMIN BECTH MJIAHUPOBAHUE CUHTE30B CaMbIX
CIIO’)KHBIX MOJIEKYJ Ha OoJiee BBICOKOM YpOBHE ¢ 0oJjiee TOHKUM IIO-
HUMaHHEM CTPYKTYpPHBIX M CTEPUYECKHX B3aWMOJEHCTBUI OTHEIb-
HBIX YacTel CJI0XKHOM MoJeKylbl. Belgaromuecss ycrnexu CHUHTETH-
YECKOW OpPraHMYecKONM XMMHUHM 3TOr0 BPEMEHHU CBSI3aHbl C UMEHAMHM
TaKMX 3aMedaTelbHbIX yueHbIX, kKak P. Bynsopa, XK. Cropk, O. Ben-
kept, I'. broxu, A. Dmenmosep, P. Paiiden, H. A. [IpeoOpaxenckuii.
Bbnectsamue cuntessl xununa (1944), xonectepuna (1951), smernna
(1950) kpacHOpEUYHBO CBUAETEIBCTBYIOT O TOM BBICOKOM YPOBHE, KO-
TOPOT0 JOCTUIJIO UCKYCCTBO MOJYyUYEHHS] CUHTETUYECKUX OpraHHuYe-
ckux BemiecTB B 40—60-¢ roasr XX B.

OrpoMHbIi ONBIT, HAKOTIJIEHHBIN MTPU PEIIEHUH Pa3InYHbIX CUHTE-
THUYECKUX 3a/1a4, IJIAHUPOBAaHUU CUHTE30B U BEIOOPE METOJIOB ISl OCY-
LIECTBIICHUS 9THX [UIAHOB, HYKJAJICS B CHCTEMaTH3ali 1 00001IeHHH.
Hauarno sTomy 06110 M0JI03X€HO B pa3paboTKe KOHLEIUN PETPOCHHTE-
THUYECKOT0 aHAJIN3a U CHHTOHHOI'O MOJX0/1a K MJIAHUPOBAaHUIO MHOTO-
CTaAMHHBIX CIOKHBIX CHHTE30B B padoTax 0. Kopu u ero mkomsr. Mx
uzeu B nanpHeeM Obin pazsuthbl C. TepHepom, C. YoppeHnoM u ap.
PaGoTel B 3TOM HampaBieHUH MPOJOJKAIOTCS U B HACTOSILEE BPeMs
B. A. Cymutom, A. @. boukoBbim u A. /1. luneManoMm.

1. CTpaTerus cuHTe3a

1.1. I]lesnu op2aHu4ecKko20 cuHmesa

Haubonee oueBUIHOM 1ENBI0 OPraHUYECKOTO CHHTE3a SIBISCTCS
MOJTy4eHUE KOHEUHOTO TPOAYKTA. ITOT KOHEYHBIH MPOIYKT MOXKET
MMETh KaKoe-THO0O0 MPAaKTHYECKOEe MPUMEHEHHE (B Ka4ecTBE JieKap-
CTBEHHBIX BEIIECTB, MECTHUIMIOB, KPACUTENCH, TUIACTU(PUKATOPOB,
WHTHOUTOPOB KOPPO3HMH, KOHCEPBAHTOB, apOMATHUYSCKUX JT00aBOK
W T. ) WIH CIYXHUTh UCXOJHBIM MaTepUaIIOM JUIsl TATbHEUIINX UC-
cienoBaHui (PU3NISCKUX, XUMHUUECKUX UM OUOJIOTHIECKHUX ).

'maBHBIM TpeOoBaHHEM K CHUHTE3aM, II€Jb KOTOPBIX — IIOJNY-
YeHHE KOHEYHOTO IMPOJYKTa, SBISIETCS UX dPPEKTUBHOCTS, T. €. T10-
JYy4YeHHEe MaKCUMAJIbHBIX BBIXOJIOB C MHHUMAJIBHBIMH 3aTpaTaMu
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BPEMEHM U TPYyJa, a €CIH Peub UJAET O MPOMBIIIIEHHOM NOJYyYeHUH
MIPaKTUYECKN BAXKHOTO BEIIECTBA — SKOHOMUYHOCTb.

Jpyroii 1ienplo OpraHMuecKoro CUHTE3a MOXKET CIYXHUThb JI0Ka-
3aTeJIbCTBO MPABUIBHOCTH CTPYKTYPBI U KOHQHUTYPALUU TPUPOTHBIX
WM UCKYCCTBEHHO TIOTy4YEHHBIX BELIECTB, YTO OCOOCHHO BayKHO B TEX
Clly4asx, Korja NPUMEHEHHE CIIEKTPOCKOMMUYECKUX METO/I0B HE JaeT
OJIHO3HAYHOro OTBeTa. JlJI1 CMHTE30B TAaKOTrO poja INIABHOE — 3TO
Ha/ICKHOCTB pe3yibTaTa, XOTs Obl U JOCTUraeMasi IEHOH O0IbIINX 3a-
TpaT BPEMEHHU Ha OCYILECTBIEHNE MHOTOCTaIuitHOTO pouecca. [Ipu-
MEPOM MOMKET CIIYKUTh padoTa, B KOTOPOH OIMUCAHO TOITy4YEeHHE TaK
Ha3bIBaeMOro (+)-KalmTaHoCIepMHUHA (ANKaJouAa U3 TUI0JI0B KallTa-
Ha) B 16 cTagmii u3 D-ritoKo3bl, MpeanpuHsTas Ui JOKa3aTeIbCTBa
ero abCoJIIOTHON KOH(UTypamuu.

Haxonern, 1ocTaTouyHO 4acTO CHHTE3 MPEANPHUHAMACTCS, YTOOBI
nokasarb 3Qp(PEeKTHBHOCTH HOBBIX METO/IOB MOIYYSHHUS TEX MM WHBIX
coenuHeHnid. Takue pabOTHI MPUBOAAT K CO3JAHUIO MPUHIUIUAAIBEHO
HOBBIX MyTeH B XMMUYECKOW TEXHOJIOTHH.

1.2. H0ea1bHbuII cCUHMeE3

CuHTe3 — 3TO TIpeBpalnieHrne MCXOAHOTO (MJIM MCXOIHBIX) CO-
eMHEHUS B KOHEYHBIH MPOAYKT, BbIpaxaeMoe peakmmeid A — B
(mwmA+B—Cur. a.).

WNneanbHblii CUHTE3 — CHUHTE3, COOTBETCTBYIOLIMNA CIEYIOUUM
TpeOoBaHUAM. JTO:

1) KOIMYEeCTBEHHBIN BBIXO/I MPOAYKTA;

2) mpeBpalieHne JO0KHO TPOMCXOIUTh MPAKTUYECKH B OJHY
CTaJWIO, T. €. YTOOBI ITOT MPOIECC WM OBLI JCHCTBUTEIHHO OJHO-
CTaJMHAHBIM, WJIH, €CIH TpEeBpalleHHe JOCTHTaeTCs B pe3yibTare
HECKOJIbKHX ITOCIIEOBATENbHBIX peakinii, He TpeOoBas BbIICICHUS
MIPOMEKYTOYHBIX TMPOTYKTOB;

3) UICXOHOE COEIMHEHHE JIOIDKHO OBITh JIETKO JOCTYITHBIM
B JIFOOBIX HEOOXOMUMBIX KOJIMYECTBAX KaK B HACTOSIIEE BPEeMs, TaK
1 B 0003puMOM OyIyIIeM;

4. llpeBparienre JODKHO TPOTEKaTh B JIETKO JTOCTHIKHMBIX
YCIIOBHSIX, HATIPpUMED B BOJHOW Cpejie Tpu KOMHATHON TeMIepaType,



1 He TpeOoBaTh OCOOBIX MPEIOCTOPOKHOCTEH, B YACTHOCTHU 3aIIUTHI
OT JTHEBHOT'O CBETA, BJIaru, KKCIOPO/Ia WU YIIIEKUCIIOTO Ta3a U T. I1.;

5) BBIZIENICHUE TIPOAYKTA CUHTE3a U3 PEaKIIMOHHON CMECH JTOJIK-
HO OBITh MPOCTHIM M JIETKHM; HAMPUMEDP, TPOJIYKT MOKET KPUCTa-
JIN30BAThCSI U3 PEAKI[MOHHOW CMECH 0 Mepe 00pa30oBaHMs B YHCTOM
BHJIE M 110 OKOHYAHHUH IIPOLIECCa OTACHATHCS (PUIBTPOBAHHEM.

B cirydae ecnu peds uieT o MpOMBIIUICHHOM TIpoliecce, K mepe-
YUCIIEHHOMY BBIIIE HY>KHO JJOOABUTH CIIEAYIONINE TPCOOBAHMUS:

1) 5KOHOMUYHOCTD (T. €. MAKCUMAJIBHYIO NPUOBLIH TPU MUHH-
MaJbHBIX 3aTpaTax);

2) OCYIIECTBUMOCTh B TEXHUYECKH HEOOXOIUMBIX MaciiTabax
(BO3MOXHOCTh 3(PPEKTUBHOTO IMEpPEeMEITUBaHMs OOJBIINX 00BEMOB
Y UCKJTFOUCHUS JIOKAIBHBIX OTKIIOHCHUH OT ONTUMAJIBHBIX YCIOBHIA);

3) coxpaHeHHUEe PKOJIOTHYECKOU YHCTOTHI;

4) 6e30MacHOCTb.

UYersipe nocieHue TPeOOBaHMsI YaCTO MPUXOJISAT B IPOTUBOPEUHUE
C TPEANISCTBYIOIUMH. B MPOMBIIICHHOCTH 0oJiee MPEANOYTHTEICH
HAJICKHO BOCIPOM3BOIMMBINA U JIETKO KOHTPOJIHPYEMbBIH B OOJBIINX
MacinTabax 0e30MacHbIi U HIKOJIOTHYECKH YUCTBIM POIIECC ¢ OOIBIITHM
YHCJIOM CTaJHH, HO HU3KUMHU KOJMYCCTBEHHBIMH TOKA3aTEIISIMU, YeM
Oornee KOPOTKUH 1 3PPEKTUBHBIN B TaOOPATOPHBIX YCIOBHUSIX MPOLIECC,
OJTHAKO CBSI3aHHBIH, HATIPUMEP, C PUCKOM JUIS KHU3HH U 37I0POBBS TIEep-
COHaJIa ¥ yIPOo30i 3arps3HEHHsT OKPY KaroIel cpebl.

B Hacrosiee BpeMst IpaKTUYECKU BCE CUHTE3bI HE COOTBETCTBY-
FOT TIOHSITHIO UJICANTLHOTO, HO 3TO 1IeJIb, K KOTOPOU HYKHO HEYKJIIOHHO
CTPEMUTHCSL.

PeanbpHBIME ITpoLIECCaMH, JIYUIIE BCETO Y IOBICTBOPSIONIUMH I1e-
PEYHCIICHHBIC BBIIIE TPEOOBAHUS, MIPEIKIC BCETO, SIBISIOTCS CHHTE3bI
C WCIOJIb30BAaHUEM JKHUBBIX CHCTEM, YTO B OBICTPO pa3BUBAIOIICHCS
OTPaciv MPOMBIILICHHOCTH - OMOTEXHOJIOTHH.

1.3. OcHOBHbIE MUNbI CUHME308

[Ipn mraHupoOBaHMM CXEMBI CHHTE3a HYXXKHO YUHTBHIBATH,UTO WX

YCIIOBHO MOYKHO Pa3/INIUTh HA 0YeBUOHbLE, CIAHOAPMHbIE U CLONCHbIE.

K ouesuonvim cuHTE3aM OTHOCSTCS, HAIIPUMEp, PEAKIUH TTOITY-

YeHHUsT OMOMOIUMEPOB U MX (ParMeHTOB — MOJUTIETITH/IOB, TIOJH-
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HYKJICOTH]IOB U MOJIUCAXapUIO0B, BEIIECTB, KOTOPBIE COCTOST U3 OJIHO-
TUTHBIX €IMHMII, CBI3aHHBIX MEXITY COOON OJHOTHITHBIMH CBSI3SIMHU.
Kak nmoka3sbiBaeT caM0 Ha3BaHUE, BEIOOP UCXOJIHBIX COCIMHEHHUI U 3a-
ITMCH TTIYTH CHHTE3a Ha OyMare 3/1eCh He BBI3BIBACT OCOOBIX 3aTpy/IHE-
HHW, XOTSI OCYIIECTBJICHUE OYEBHIHOTO IUIAHA HA TPAKTHKE MOXKET
OTPeOOBaTh OT HIKCIEPUMEHTATOPA 1 OTPOMHOTO TPY/ia, U OOJIBIIOTO
HcKyccTBa. JIoCTaTOYHO OYEBMIHO, YTO UCXOAHBIMU COEIMHEHUSIMU
OyJyT CIYXXUTh B JIAHHOM CJIy4ae MOHOMEPbl — aAMUHOKHCJIOTHI,
HYKJIEOTHIBI MJIM MOHOCaxapuipbl, COOTBETCTBYIOIIUM 00pa3oM 3a-
HIUIIEHHBIC, YTOOBI MPEAOTBPATUTH HEXKEIIATEIIbHBIC TIPOIICCCHI, U aK-
TUBUPOBaHHBIC, YTOOBI MHUIIMUPOBATh 00Pa30BaHUE CBS3EH B TOJIH-
mepe. [11aBHast TPy IHOCTh IJIAHUPOBAHUS 3TONW KaTErOpUU CHUHTE30B
KaK pa3 1 COCTOUT B BEIOOPE 3AIMUTHBIX U AKTHBUPYOIIUX TPYIIIL, YTO
TpeOyeT U JIMYHOTO OIBITA, W TITyOOKOT0 3HAHUS COOTBETCTBYIOIICH
JIUTEPATYpPHl, U HHTYULIUU.

[IpumepoM MOXKET CIYXXUTh BBHITIOJHEHHBIH B J1a00OpaTOpHH
H. K. KoueTkoBa cunTe3 O-crierupuiIecKoro mnojaucaxapuiaa ogHOTO
n3 BUJOB OakTepuu CanbMOHEIa, COCTOSIIET0 U3 OCTaTKoB f-D-
MaHHOIIUPAHO3bI, a-L-paMHONMMpaHo3sl u f-D-ramakTommpaHo3bl.
Takoll monucaxapujs MOXKHO MOJIyduTb U3 D-maHHO3BI, L-pamMHO3BI
n D-ramakro3bl. He cTonp o4eBHIHO, Kak HallpaBUTH 0Opa3oBaHME
TJIMKO3UIHBIX CBSI3€H B MOJIOKEHHE 3 0CTATKA TaTaKTO3bI, TOJIOKCHHE
4 octaTka paMHO3BI U MOJIOKEHUE 6 OCTaTKa MAHHO3bI U KaK MPUAATh
UM HeoOXoauMyto KoHpurypammio (cxema 1).

Tpu yka3aHHBIX MOHOCAXapuAa H3BECTHBIMU W3 JIUTEPaTypPhl
cnocobaMu ObUTH TIpeBpalleHbl B COOTBETCTBYIONIME MPOMEKYTOU-
HBIE cOequHEHUs. B3ammoeicTBUe MPOU3BOIHOTO PAMHO3BI, B KO-
TOPOM BCE€ THJIPOKCUIIbHBIC TPYMIbI MPEBPALLEHBI B allETOKCUIIbHBIE
BO n30eXaHNE CAMOKOHICHCAIINH, a TUTMKO3UIHBIN IEHTP aKTHUBUPO-
BaH MPEBPALICHHEM B OpPOMHUJI, C MPOU3BOTHBIM TaIAKTO3bI, UMEFO-
MM BCETO OJHY CBOOOTHYIO THAPOKCHIIBHYIO TPYIITY, ¥ TPUTOM
MMEHHO B HY»XHOM TIOJIO’)KeHuu 3, gaet aucaxapun. [locnennuit mpe-
BpaTWIM B IMPOU3BOJHOE, KOTOPOE OISTh-TAKM HMEET BCEro OJIHY
CBOOOJTHYIO THIPOKCHIILHYIO TPYIITY B HEOOXOIMMOM MECTE PaMHO3-
HOro ocTaTka. Peakiuus 3Toro aucaxapuja ¢ Mporu3BOJIHBIM MAaHHO3bI
BEJIET K TPUCAXapUAHOMY IPOU3BOJHOMY. DTO TOCIETHEE COCTUHE-
HUE aHAJIOTUYHBIMH MPUEMaMHU C 3aMEHOM OHUX 3aIIUTHBIX U (UIIHN)
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AKTUBUPYIOUX TPyl ApyruMu OBLIIO B KOHIC KOHILIOB IMMPEBPALICHO
B O-aHTUTI'CHHBIN nojaucaxapun. Takum o6pa30M, OqCBH,I[HBIfI CHHTEC3
BOBC€ HC€ O3HA4acT HpOCTOfI; OH ABJISACTCSA OYCBUIHBIM TOJIBKO C TOY-
KU1 3pCHUA BI:I60pa HCXOOHBIX COCIUHCHMIH.
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Cxema 1

Crnenyromiast OoJbIiasi TpyIIa — TaK Ha3bIBAEMBIE CrAHOApm-
Hble CHHTE3bl. 3a TOCIIEJIHUE JIBA BEKa OBLIO HAMJIEHO W OMHCaHO
MHOECTBO OOIIMX METOJIOB MOJMYYCHHUS Pa3THMYHBIX TPYII U KJIac-
COB OpPraHMYECKUX COCIUHCHUU: annpaTHIecKuX, apOMaTHICCKHX,
ATUIUKIINICCKUX, TeTePOIMKINYecKuX. [1oaToMy B TexX ciydasx,
KOTJIa TIeJICBOe COCAMHEHHE MOXKHO OTHECTH K OJIHOMY M3 XOPOIIO
M3BECTHBIX KJIACCOB OPraHMYECKHX BEIIECTB, BCET/IAa €CTh HANEK/a,
YTO B JIMTEpaType HalayTcs M CBeJCHUS 00 OOMIMX MYTSAX CHHTE3a
TaKoro poja CTpykTyp. Hampumep (cxema 2), 0OIIAM METOIOM CHH-
Te3a aleTHJICHOBBIX CITUPTOB CIIYKUT peakius Pasopckoro (1), a¢pu-
poB (GOCPOHOBEIX KHCIOT — MeperpynmnupoBka ApoOy3osa (II), 3a-
MEIIEHHBIX IIUKIOTeKCEHOB — PEaKIus TUEHOBOrO cHHTe3a J{nibca-
Ampaepa (I11), smokcumoB — peaxrust [pwmrexaesa (IV) u T. 1.
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Cxewma 2

[TnanupoBaHue TAKOTO POa CHHTE30B TPeOyeT HE CTOIBKO TBOP-
YEeCKOT'0 MOJIX0/a, CKOJIBKO XOPOIIEro 3HaHUS JIUTEPATyphl U YMEHUS
€10 MoJIb30BaThecsl. HeolleHnMble yCiTyru B TaKuX CIydasx MOTYT OKa-
3aTh CUHTETUKY TaKH€ CIpPaBOUHBIE PYKOBOJCTBA, Kak «OpraHuye-
CKHe peakumn», «['ereporuknndeckre coeuHeHus», «CoBpeMeHHas
opranuydeckas Xumus». 11 B 3ToM ciydae HyXHO MOAYEPKHYTH, UTO
CTaHJApTHBIN — BOBCE HE 3HAYUT MPOCTON B ocyIecTBiIeHnH. VHorna
caMble oOuIHe, Hae)KHbIE U TIPOBEPEHHbIE HA MHOTHX MpUMepax Me-
TOJIBI BIPYT HE paboTaloT, Ka3aoch Obl, B TPUBHAILHOM CITydae.

Hakonen, TpeTblo rpymniy CHHTE30B, I7ie HCXOHbIE COETUHEHNS
HE OYEBUHBI, 3 OTHECEHUE K U3BECTHOMY KJacCy 3aTpyIHHUTENBHO,
COCTABIIAIOT COJICHbIE CUHTE3BI.

N3 COBOKYMHOCTH yX€ OCYLIECTBIEHHBIX CIOMXHBIX CHHTE30B
MOKHO BBIJIEITH JIBA KpaWHUX Ciy4as — CHUHTE3Bl payuoHAbHble
U UppayuoOHaIbHyle.

K nepBoii moarpymnmne oTHOCATCS CHUHTE3bl, B KOTOPBIX CTPYKTY-
pa LIEJIEeBOr0 COEAMHEHUS! CTPOUTCS IMOCIEA0BATENIbHO MyTEM CTaH-
JAPTHBIX OINepalnii HapalllMBaHNUs CKeJeTa, BBEJICHHs, TPEBPaAICHNS
U yAaneHus: QyHKIHOHATbHBIX Tpynil. Takue CHHTE3bl YacTO HCIOIb-
3YIOT AJISl I0Ka3aTeNbCTBA CTPYKTYPHI.

Hamnpotus, B uppayuoranvHbix CUHTE3aX UCIOJIb3YIOTCS IIPEBpaA-
LICHUS, PE3YJIBTAaT KOTOPBIX TPYAHO MPEACKA3aTh, UCXOAS U3 OOBIYHBIX
COOOpaKeHUH, ¥ TOTOMY OH Ka)KeTCsl HEOXKMAaHHBIM. YacTo upparmo-
HaJIbHbIE CHHTE3BI SIBISIIOTCS PE3yJbTaTOM CIy4aiHbIX HaOJIOACHHH,

9



HO €CTb IPUMEPBI, KOTIa UppallMOHAIBHBIE IPEBPALeHHs ObLIN CO3HA-
TENbHO CKOHCTPYHPOBaHBI Onarojapsi GpaHTa3uu U MapagoKCaaIbHOMY
CTUJTIO MBIIICHHUS UX OTKpbIBaTeIeld. OOBIMHO HppaluOHaIbHbIE CHH-
Te3bl Kopoue U 3P PeKTHBHEE PALIMOHANBHBIX H, B CITy4ae OCyILECTBIIE-
HUsI, OBICTPO MEPEXOIAT B pa3psi cTaHAapTHIX. CHHTE3bI alaMaHTaHa
(cxema 3) XOpOILO HWIUTIOCTPUPYIOT 3TH MOJ0KEHHUSI.

a) CH,=CHCO,Me

b) OH

¢)A-CO,
(EtO0C),CHCH,CH(COOEt), ——=

(EtOOC),CH,

coon @ EtOH, H COOEt COOEt

COOH
.0 0
b) EtO CH,Br,
COOH
0 0

COOH  a) Ag,0 COOEt COOEt

b) Br, H,/Ni
U]

cooH
/ AlCH,

H,/Pd
7 4 an

Cxema 3

B mepBom cunTese, omyOnmkoBaHHOM B 1941 1. B. IIpemorowm,
HCIOJIb30BaHa JOCTAaTOYHO JUIMHHAS LENb CTAaHIAPTHBIX MpeBparie-
uuii (I). B 1957 1. I1. don lnsitep momyuni anaMaHTaH U3 JOCTYITHO-
ro quMmepa IukiIoneHTaaueHa B ase craauu (I11). Temeps aToT cuHTE3
CTaJ CTaHJAPTHBIM METOAOM IOJyUYEeHNUs aJlaMaHTaHa.

1.4 O6wyue npuHyunvl N1AHUPOBAHUS

CocrasiieHue IJ1aHA CJIOKHOI'O CHUHTE3a HAUMHAETCS C aHaIu3a
CTPYKTYPBI MOJIEKYJIBI COEIMHEHNUSI, KOTOPOE JIOJIKHO OBITh CHHTE3H-
pOBaHO — TaK Ha3bIBAa€MOM LIEJIEBOW MOJEKYJIbl. PaccmaTtpuBaroTcs
BCE MBICIMMBIE MYTH IOJyYEHHUS 3TOM MOJIEKYJBl B OJHY CTaJHIO.
BemiectBa, U3 KOTOphIX MOTYT ObITh monyuensl nenesas (T) u mpo-
MexyTouHbIE 1eneBbie Moekybl (T, T, T, u T. 1.), B CBOIO 04epe/p,
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AHAJIM3UPYIOTCA TAKHUM KE CIIocoooM. DTOT mnpounecce, I/I,Z[y]_L[I/Iﬁ B Ha-
MnpaBJICHUH, ITPOTUBOIIOJIOKXHOM OOBIYHBIM peakuusaIm (OTCIOZ[a " Ha-
3BaHUC «pempocunmemuttecxm"t aHanu3»), MNpUBOAUT K CO3JaHUIO
«ApE€Ba» CUHTCTUYCCKUX HYTCP'I, H3o6pa>KaeMor0 JJIsL Ooublleil Ha-
TISIAHOCTU KOPHEM BBEPX (CXCMa 4), H npoAoKAaeTCda A0 TEX 1Op,
MOKa B CTPYKTYpax O4YCpCAHOTO piaga MPOMEKYTOYHBIX ueneﬁ OIIBbIT-
HBIN a3 ucciaeaoBaTeysl HE YBUAUT YKC U3BCCTHBIX, NOCTATOYHO
JICTKO AOCTYITHBIX COC,E[HHCHHﬁ.

T/ﬂ\l

RN

T T Ty Ty Ty
71 7N

Tzt Tizz Ton  Top

Cxema 4

Jist Toro 4toObl U30ekKaTh MyTaHUIBI, MPEIJIOKEHO HA3bIBATH
MBICJICHHBIE PETPOCUHTETHYECKHE Ollepalu Tpanchopmamu u 060-
3HayaTh JIBOMHOM CTPENIKOH, a 3a CHHTETMUECKUMHU COXPAHUTH NpH-
BBIYHBIN TEPMUH «PEaKHs» U 0003HAUUTH UX MPOCTHIMH CTPEIKAMHU.
Taxkum 00pa3zoM, MBICIIEHHO NMPOBOJIUMEBIE PEAKLIUK, OOpaTHBIC peak-
UM CHHTe3a, HasbiBaroTcst mparncgopmamu (TT). Uens mparncgop-
M@ — yMEHBIIEHHE MOJIEKYJIIPHON CII0KHOCTH.

PaccmoTpum Temepb, BO-TIEPBBIX, KakuM 00pa3oM HaWTH
ONTHUMAJBHBIX TPEAINIECTBEHHUKOB JAaHHON 1EJeBOM MOJEKYJIbI,
1, BO-BTOPBIX, KaKle MMyTH CUHTE3a U3 MHOTUX BO3MOJKHBIX CIEIyeT
MIPEANOYECTb.

Bce cunTeTnueckue onepanuy MO>KHO pa3/ieInTh Ha J1BA OCHOB-
HBIX THTIA:

1) BBeaeHMe, NpeBpallieHne U yaajaeHue GyHKIMOHAIBHBIX TPYIIT;

2) HapalMBaHue, YIPOIIEHHE WM TEepPEerpylnupoOBKU yTrie-
POIHOTO CKeyeTa TMyTeM 00pa3oBaHUs M PACIICIUICHHS YIIIEpO.-
YTJIIEPOJIHBIX CBSI3EH.
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Jluiie HeMHOTHE peakiuy BTOPOTO THIIA MOXHO OCYIIECTBUTH
0e3 ydactus (DyHKIUMOHAIBHBIX Tpymm. [lo3romy mepBeIM naeiom
CJIeyeT HalWTH B LIEJICBOW MOJIEKYJE BCe ()YHKIIMOHAIBHBIC TPYIIIIBL.
3aTeM cleIyeT paccMOTPETh, YTO JACT Pa3phIB MMEKOIIUXCS B MO-
JISKyJIe CBsi3el. DJTO MpeBpalleHUe, HAa3bIBACMOE pa3beOUHEHUEM
(disconnection) cBsi3eil, ABISIETCS OCHOBHBIM NPHUEMOM PETPOCHHTE-
TUYECKOTOo aHaim3a. SICHO, 4TO, paspyiias CBs3b, CIEAyeT OTAaBaTh
cebe oTyeT, Kak CHOBa ee co31arh. [[03TOMYy HYKHO HAYMHATH C Ta-
KHX PETPOCHHTETHYCCKUX MTPEBPAIICHUH, KOTOPHIM B CHHTETHYECKOM
IJJAaHEe COOTBETCTBYIOT HAJICKHBIE M XOPOIIO U3BECTHBIC PEAKIIUU.

Ecnu pa3zbennHeHre CBSI3U U HE UMEET ITPOCTOT0 CUHTETHUECKOTO
SKBHBAJICHTA, HO JIA€T MIEPCIICKTUBHYIO IPOMEKYTOYHYIO I1EITh, TAKOH
IyTh HE 0053aTEILHO 0TOPACKIBATh, a JIyUIlle TOCTAPATHCS MMOUCKATh
HOBYIO peakiuto. HakonuBIimecs: K HaCTOSIIEMY BPEeMEHHU CBEICHHUS
0 MEXaHU3Max OPraHUYECKUX PEaKIUil 1 OCHOBAHHBIC HA 3TOM HOBBIC
CXEMBbI UX Kiaccu(UKAIUU CHIBLHO O0JIErYatoT MOUCK HOBBIX CHHTE-
THUYECKUX IyTEM.

Cnenyer yTOYHHTH TOHSTHE «pacuieHeHue» (disconnection),
CTOJb IIUPOKO HKCIIOJIb3YEMOE B PETPOCHHTCTHYECKOM aHAJU3E.
TepMuH «pacunenenuey» O3HAYACT MBICJICHHO IPOBOJUMBIA pa3-
PBIB CBSI3€H, NAIOLIUI MOCIEAOBATEIILHO 00JIee MPOCThIE MOJICKYIIbI-
MIPEIIIECTBEHHUKHY, HO BCETJa TAKUM IYTEM, YTOOBI 3TH CBS3H MOTJIH
OBITh BHOBB CO3/IaHbI U3BECTHBIMHM XUMHUECKUMU PEAKIIUIMHU.

®parmeHTsl, 00pa3yroIIuecs TPy Pa3beIUHCHUN CBS3CH, HA3bI-
BalOT cunmonamu. Cunmomnsl, €CTeCTBEHHO, OyIyT UMETh CBOOOI-
HbIC BaJICHTHOCTHU, M TIOTOMY MX MOYXHO TPEJCTaBUTh KaK KaTHOHBI,
AHWOHBI WIN PAJUKAIIbI, KOTOPBIE JICHCTBUTEIBHO MOTYT yU4aCTBOBATh
(HO MOT'YT M HE y4acTBOBATh) B COOTBETCTBYIOIIMX peakiusix. Peab-
HbIC COCJIMHEHUSI, UCIIOJIb3yeMbIe JIIsl 00pa30BaHUsI XUMUYECKOM CBsI-
3W, Ha3bIBAIOTCS pedceHmami.

Jnst 5 deKTUBHOTO TUTAHUPOBAHUSI CUHTE3a HEOOXOJUMBI Clie-
JIYFOIIIUE HABBIKU:

1. [ToHuMaHue MEXaHU3MOB PEAKIUH.

2. IlpakTnueckoe 3HaHUE HATEKHBIX PEAKIIUMA.

3. [lpuHsATHE BO BHUMaHHE TOTO, YTO HEKOTOPHIC COCIUHCHHS
JIETKO JOCTYITHBI.
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4. IloHnMaHue cTepeOXUMHUU.

Haunnas npouenypy peTpoCHHTETHYECKOTO aHalIN3a, HaJo0 Tpe-
/1€ BCErO OTBETUTH Ha CIIEIYIONINE BOIPOCHI:

1. Kakue (yHKIMOHANBHBIE TPYIIIBI IPUCYTCTBYIOT B TM?

2. Ectb mu cummerpust B TM? CummeTpuio Jydiie COXpaHUTb
B XO/I€ aHAJIM3a.

3. EcTh N1 aHanmorus B pemieHUH MpoOieMbl JaHHOTO CHHTE3a
¢ mpo0OieMaMHu, yKe pellieHHBIMH paHee?

4. MoKHO 71 TIpeICTaBUTh, YTO TM COCTOUT U3 TOCTYMHBIX WIH
JIETKO CUHTE3UPYEMbIX (hparMeHTOB?

B perpocuHTeTHUECKOM aHAJIN3€ BBIIEISIOT MATH OCHOBHBIX
CTpaTeruyecKuX JUHUN, UM CTPATEeTHid.

1. Cmpamezuu, 6azupyrowuecs na mpancgopmax

Lenplo Takux cTpaTeruii sIBISCTCS MOMCK HaWOOJee MOIIHO-
ro yIpoIalouIero TpaHcgopMa, KOTOpBI AaeT HauOOIbIINHA BKIIAJ
B «aepeBo cuHTe3a». [lpu 3ToM mpuxoautcst nepedparh HECKOJIBKO
BO3MOXHBIX NEPBUYHBIX TPaHC(HOPMOB, TO €CTh MOUCK MOIIHOTO
TpaHcOpMa CTAHOBUTCS CAMOLIEIBIO (JIyUllle CKa3aTh, «IIOILEIBIO).
[Tpu TakoMm moxxozae TpaHcHOPMBI HCIOIB3YIOTCS YUCTO MEXaHHUE-
CKH, 0€3 MpsIMOii CBSI3U C TTIABHOM LETbIO aHAM3a — HAXO0XKICHHEM
criocoba cuHTe3a naHHoi TM.

2. Cmpameauu, basupyrowuecs Ha cmpyKkmype

B aTux cTpaTerusx onpenenstonias poJib NPUHAJICKHUT OOHAPY-
KEHUIO B CTpYKType TM MOTEeHIHaIbHOTO UCXOAHOIO COETUHEHMS,
CyObeIMHHLIBI, COAEPIKAILEH ONpeIeICHHBIA PETPOH MIIH HaYaJIbHBIN
XUPaJIbHBIA AJIEMEHT Ul CO3[aHUs MPaBUIBHBIX CTEPEOCOOTHOLIE-
Huii B TM.

B xone ananm3a HEKOTOpBIE CBS3M M KOJbLA LENecoo0pasHo co-
XpaHATh, HE MOJBeprasi ux pacwieHeHHto. Takue GparMeHTsl CTpyK-
Typbl OOBIYHO OepyT Hayano U3 JOCTYIHBIX COCAWHEHHUH, TaKk Ha-
3bIBaEMbIX Ouroune-onoxos (building block, crpoutenbHbIil 010K).
bunoune-610xom Ha3pIBaeTCA COCIUHEHHE, COAEPIKAILEe OHY WU He-
CKOJIKO (DYHKIIMOHAJIBHBIX TPYII, MO3BOJISIOMINX JIETKO BCTPanBaTh
COAEPIKAIUI CTPYKTYPHBIH (parMeHT B MOJIEKYJIbI IPYTUX COCIHHE-
Huit. CroJa OTHOCSATCS, HAPUMEP, H-aJIKHIIbHBIE TPYIIIbI, 0EH30JIbHbIC
1 Ha() TAJIMHOBBIE KOJIBLIA, a TAKXKE PAJ] TETEPOLUKINIECKUX CTPYKTYP.
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3. Cmpameauu, 0CHOBAHHbBIE HA MONOJIO2UU

OTH cTpaTeTuy MpPEANoiaraloT oOHapy)KeHUE CBs3U (MJIH CBS-
3eil), pacroyioKeHne KOTOPOi, B COOTBETCTBHH C €€ MOJOKEHHUEM
B TM, naet MakcuManbHOE YMEHBIIEHUE MOJIEKYIISIPHOM CIOXKHOCTH.
Taxue cBs3M Ha3bIBAIOTCA «CTpaTernyeckumMm». Huxe nepedrcieHs
TP OCHOBHBIX THIIA CTPATETNYECKUX CBSA3EH. DTO:

a) CBSI3U, PacloJIOKEHHbIE B CEPEIUHE MOJIEKYIIBI;

0) CBsI3M, UAYIIUE U3 TOYKH BETBICHHUS,

B) CBSI31, HETIOCPECTBEHHO NMPUCOSAMHEHHBIE K ITUKITY.

CrpaTeruueckuMH SIBISIIOTCS CBSI3U, COCTABIIAIONINE IUKJI, KOTO-
PBIi SIBIISIETCS] KKOHBEPTOMY JUISl IBYX HJIM O0Jiee IIMKIOB MEHBILETO
pa3mepa. Tak, B IpUBEIEHHON HUXKE CTPYKTYpE CTPATETHUECKUMH SIB-
JIIFOTCS BBIJICJIEHHBIE CBS3M, HO HE LIEHTPAJIbHAs CBSI3b.

Csi3u, 001IHMe ISl ABYX LUKJIOB KOHJCHCUPOBAHHOW CHCTEMBI,
HE SIBISIIOTCS CTpAaTernyecKuMU. PacuiieHeHHne THX CBs3el IPOBO-
JIUTh HEJb3sl. IHBIMU CTIOBaMHU, HEJIb3sI IPOBOJIUTH PACWICHEHNE KOH-
JICHCUPOBAHHOW CUCTEMBI TaK, YTOOBI TIOJTYYaJICs IIUKII OOJIBIIETO pa3-
Mepa, YeM MepBUYHBIC IIUKIIBL. B cilydae MOCTUKOBBIX CHCTEM HEJNb3s
MIPOBOJUThH PACcHUJICHEHUE CBSI3H, OOIIEH ISl IByX CBS3aHHBIX MOCTH-
KOM TIEPBUYHBIX IMKIIOB, €CIIH TAKOE PacUJCHEHHE MPUBOJIUT K IH-
KITy, coJiepikarieMy 0oJiee 7 aTOMOB.

4. Cmpameauu, 0cHOGAHHbIE HA CIMEPEOXUMUL

B nannoMm ciydae peub UAET O ABYX MOJIXOAAX: CO3JAaHUU OTpe-
JICTICHHOW OTHOCHTENHHON KOH(QUTrypanuu (IHacTepeocelieKTHBHbIC
CTpaTeTWn) U CO3/IaHUM 3a/laHHON abCONIIOTHON KOH(UTYpauuu (Xu-
POHHBIH MOAXO/).

5. Cmpamezuu, basupyrowuecs Ha GYHKYUOHATLHBIX 2PYNNAX

OyHKIMOHATIBHBIE TPYIIBI YacTO BXOAST B COCTaB TOTO HITU
WHOTO PETPOHA U TI03TOMY UTPAIOT BAYKHYIO POJIb TIPU BBIOOpE TpaHC-
(hopMa 1 axke CTpaTernu aHaiau3a. B oTimdme ot ciokuBIIeics Tpa-
JIMIIMH, B PETPOCHHTETHYECKOM aHaJIN3€e MPAKTUIECKU BCE XapaKTep-
HBIE TPYNITUPOBKU aTOMOB, 32 UCKIIIOUCHHUEM ANKHIIbHBIX (APUITBHBIX )
IPYIII, CYUTAIOTCS (DYHKIIMOHAIBHBIMU TPYTIITaMHU.
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1.5. O6wue kpumepuu oyeHKU NJ1aHA CUHMe3da

Beiiire Ob1tH paccMOTpEHBI HEKOTOPBIE TPHUEMBI ITOCTPOESHUS CXe-
MBI CJIO)KHOTO OPTraHMYECKOTO CHHTE3a U OTMEYEHO, YTO cama IpH-
poJia 3TUX MPUEMOB BEJIET K TOMY, YTO OJHOBPEMEHHO FeHEepUpyeTCs
HECKOJIBKO cXeM. «J{peBo» CHHTeTHYECKUX MyTel MOoTydaeTcsi BETBH-
cteiM. Kak jxe BbIOpaTh W3 MHOTOYMCIICGHHBIX €ro BETBEW HamOoee
HaJe)KHbIe U TepcrekTUBHbIE? MHBIMU ClI0BaMH, MOCMOTPHUM, Kak
oTo0OpaTh HauboJee MepCneKTHBHBIC TNIaHBI CHHTE3A.

CxeMbl CHHTE30B C TOIOJIOTHYECKON TOUKH 3pEHHS] MOKHO CBe-
CTH K JIByM KpalHUM CiIydasiM: OHHU MOTYT OBITb JiUHEUHbIMU U KOH-
eepeenmuvimu (cxema 5). Ilo nuneiinoit cxeme (I) Monexyiy, cocTos-
myto u3 ¢pparmeHToB A, B, C ..., HAaUMHAIOT COOUPATH C SAMHUILILI A,
K KOTOPO# 3aTeM MpHCOoeTuHSIOT B, a k onyunBiieMycst pparMeHTy
3arem npuBs3bBaoT ¢pparMeHT C u 1. a. [Ipy KOHBEPreHTHOM MO/-
xoge (1) u3 menkux GpparMeHToOB coOMparoT 0oJiee KPyIHbBIC, 3aTeM
KpyIHbIe (parMeHThl OOBETUHSIIOT B OJIOKH, M3 KOTOPBIX, B KOHIIC
KOHIIOB, COOMPAIOT LEJIEBYIO CTPYKTYPY.

A+B—= AB+C—2> ABC +D—2> ABCD+E —» ABCDE +F —»
—> ABCDEF + G —%> ABCDEFG + H——> ABCDEFGH @
A+B C+D E+F G+H
¢ M ¢ 1-2 ¢ 3 N ¢ 4 an
AB ¢ 2.5 CD N EF ¢ 26 GH
ABCD ¢ 37 EFGH
ABCDEFGH
Cxema 5
Tabmuua 1

CymmapHnuie 861xX00bl KOHEUHO20 NPOOYKMaA
npU pasHvIX cxemax e2o nojayyenus, %

Uucio craguit JIuneitnas cxema ‘ KonBeprenTtHas cxema
1 (cpennee) 90 80 50 90 80 50
7 48 21 0,8 73 51 12,5

15 21 3.5 0.003 59 33 3.1
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[IpocToit pacuer, pe3ysibTaThl KOTOPOTO MPUBEACHBI B TaO. 1,
M03BOJIAET OLICHUTh MPEUMYLIECTBA KOHBEPIE€HTHOW CXEMBbI NEPE]
JIMHEWHOU. JIJIs1 IpOCTOTHI JOMYCTUM, YTO BBIXOAbl Ha BCEX CTAIMSX
OJIMHAKOBHI U B Tpex ciyyasx coctasisitoT 90, 80 nmu 50 % cooTtser-
CTBEHHO. B 7-cTamuiiHoM CHHTE3¢ MO JIMHEHHON cXeMe MOXKHO Haje-
SIThCSA TIOJIYYUTh YAOBJIETBOPUTEIBHBIN PE3YbTAT JIMIIb IPH BHICOKUX
BBIXOJaX HA KAXKIOM cTaguu: UCXOJ mpeAanpustus aaxe npu 50 %-m
BBIXOJIE HAa KaXXJIOW CTaJuu NPENCTaBIIIETCS COMHUTENIBHBIM, TOTIa
Kak 1py paboTe 1Mo KOHBEPIeHTHON CXeMe MOXKHO HaJIesThCs Ha OJia-
TONPUSITHBIA UCXO/ 1a’K€ IPU OTHOCUTENIbHO HU3KKX BbIX0OAax. B ciy-
yae 0oJjiee JUIMHHOTO 15-CTaquitHOr0 CHHTE3a 10 TMHEWHOW cXeMe pa-
00Ty BpSIJI JIU CTOMT HAYMHATH, €CJIM HET YBEPEHHOCTHU, YTO BBIXOJIbI
Ha KaXJou ctajuu 0yayT He MeHee 80 %, Toraa Kak 1mo KOHBEPIeHT-
HOI cxeme puck onpapnan aaxe npu 50 %-X BbIXOAAX.

Takum 00pa3oM, KOHBEPTIEHTHBIN MOJXOJ] MO3BOJSCT H30€kKAThH
oreparyii co CJIUIIKOM OOJIBIIMMH 3arpy3KaMy Ha Ha4yaJlbHBIX CTa-
JIUAX U B TO K€ BPEMS IMOJYUYUTh KOHEYHBIM NPOAYKT C JOCTATOUYHO
XOpoIuM BeixoaoM. K ToMy e mpu KOHBEPTeHTHOH cxeme Heynaya
Ha OJHOW W3 cTaauii (KpoMme, pa3yMeeTcs, MOCIeHeH) ropa3io Jier-
4ye BOCIIOJIHUMA, TOT/Ia KaK MOTeps MPOIyKTa Npu paboTe Mo JINHEH-
HOM cXeMe JjaKe B CepEe/IMHE ITyTH MOXET 00CPHYThCS HECKOJIBKIUMHU
JIUIITHAMU HEACNSIMHU, a TO M MecsiaMmu padotsl. [loatomy oTHOCH-
TEJIbHO KOPOTKHUE CUHTE3bI MOKHO MTPOBOAUTH U IO JUHEUHOU CXEME,
HO JUISl MHOTOCTAQIMMHBIX CHUHTE30B HYKHO PELIUTEJIBHO OTAAaBaTh
MPEANOYTEHNE KOHBEPIreHTHBIM cxemaM. [Ipenbiayiue paccyxaeHus
CIPaBe/IUBHI, €CITU, BBIOUPast MEXKTy HECKOJIbKUMU CXEMaMH, Mbl MO-
’KEeM 3apaHee OIICHUTh BBIXOJ Ha Kaxaou ctaauu. Caenars 3TO aaje-
KO HE BCErJa BO3MOYKHO. B KOHEYHOM CYETE B pacCHOpsIKEHUN UCCIIE-
JIOBaTeIsl, KOTJa OH TUTAHUPYET CUHTE3, HAXOATCS TOJIBKO (DOPMYIIBI,
HaIucaHHbIe Ha OyMare. [[ONbITKY OIEHUTh OTHOCHUTENIBHBIC TTPEUMY-
IIECTBA TOW WJIM WHOW CXEMbI CUHTE3a, He IpUOerast K MPUKHUIOYHBIM
JAHHBIM O BBIXOJIaX, a JIMIIb HA OCHOBAaHUHU CTPYKTYPHBIX (hopmy
HUCXOAHBIX U MPOMEKYTOUHBIX COCAMHEHUN U KOHEUHOTO MPOIYKTa,
NpEeANpUHAT aMepuKkaHckuil uccnenosarens C. bepu, ucnons3oBas
JUTSI 9TOH 11eTTH Teoputo TpadoB. OH paccMaTpUBaeT CTPYKTYPHbIE Gop-
MYJIbI KaK Tpadbl, COCTOSIIUE U3 TOYCK, CHMBOIM3UPYIOIIUX aTOMBI,
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Y JIMHUH, n300pakaronux cBsi3u. [Ipu 3ToM npuHUMarOTCsS BO BHUMA-
HHE BCE aTOMBI, KpOME aTOMOB BOA0POa. [ yriieBoJopoaoB Cloxk-
HOCTb TAKOTO «MOJICKYJISIPHOTO rpaday OnpeneNseTcs Kak YHCio nap
COCEIHUX JIMHUH, IPUYEM B KPATHBIX CBS3AX KaKJas U3 JIMHUH, UX
M300paXKaArOIINX, YYUTHIBACTCS OTACIBHO. Tak, 1Jis 3TaHa CII0KHOCTD
pasna 0, mist npormana — 1, qyg Oytana — 2, s u3o0ytana — 3,
JUTSL HeoTieHTaHa — 6, Juist aTuiieHa — 1, st Oyrena-1 — 4, s are-
TUJIeHa —3 U T. [I.
[Ipeanokensl mMpaBuia, YYUTHIBAIOIIME DJICMEHTHBIM COCTaB
Y CUMMETPHIO MOJICKYJISIPHBIX rpadoB. [l OIEHKH CXeM CHHTE30B
BBOJIUTCS TIOHATHE 00 W30BITOYHOUM CIIOKHOCTH, KOTOPYIO MOYKHO
OTPEJCIUTh KaK CYMMApPHYIO CIOXKHOCTb BCEX MPOMEKYTOUHBIX MPO-
IYKTOB, MOJCUUTHIBAEMYIO B COOTBETCTBUHU C YIOMSHYTHIMH BBIIIE
npaBuiamu. [1laHcel Ha ycriex 0OpaTHO MPOMOPIUOHATBHBI H30BITOY-
HOU cioxkHOCTU. [IpaBOMEpHOCTh TaKOTO MOAXO0Ja MPOACMOHCTPH-
pOBaHa Ha MPUMEPE CEMU PA3TUYHBIX CUHTE30B CECKBUTEPIICHOBOTO
YTIAEBOI0POJIa MOAXU(DUHA.
Tabmnuma 2
3aeucumocms 6b1x00a MOOXUpuna
OMm U30bIMOUHOIL CTI0HCHOCHIU €20 CUHME308,
ONYOIUKOGAHHBIX 6 PADOMAX PA3HBIX AGMOPOE

H30b1mounas cioxcnocmo Buixoo, %
187 26.4
235 8.2
265 6.3
296 6.1
350 4.7
482 0.7
508 3.8

Jlanneie u3 pabotel bepma (Tabi. 2) mocTtaTodyHO YOSAUTEITHHO
JEMOHCTPUPYIOT HEYKIOHHOE TaJeHNEe BBIXO/a C POCTOM HM30BITOY-
HOH CJIOKHOCTH.

Crnenmyet yrmoMsiHyTh, 9TO OTKJIOHEHHE OT YKa3aHHOM 3aKOHOMEp-
HOCTH (HU3KHI BBIXOJI TPH HEOOJBITIOM 3HAYCHUH N30BITOUHON CITOXK-
HOCTH) CBHJIETENBCTBYET, N0 MHEHHUIO bepria, o TOM, YTO BBIXOJIBI
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Ha HEKOTOPBIX CTaausX He ObUIM TOBEICHBI A0 ONTHMAIBHBIX BO3-
MOXKHBIX 3HaueHHi. bynylnee MmokaXeT, HAaCKOJBKO IpaBOMEpEH
1 TIOJIE3€H TaKOM MOJXO0J, OJTHAKO YK€ cedyac sICHO, YTO JIy4lle I0-
TPaTUTh HECKOJBKO YacOB Ha MOJCYET U30BITOUHON CIOKHOCTH, YeM
HayraJ BBIOpaTh HEMYUIYI0 CXeMY MHOTOCTaIMIHOTO CHHTE3a.

2. TaKkTHUKA CUHTe3a

2.1. Op2aHuueckas peakyus
U cuHmemu4eckuii Memoad

Beiire y:xe roBopuiiock, 4TO peaslbHbIe CHHTE3bI CIOXKHBIX Opra-
HUYECKUX COEIUHEHHH COCTOST M3 MHOTHMX CTaJuH, KaXIyr U3 KO-
TOPBIX, IPEKJIE UEM BHECTH €€ B CXEMY IIJIAHUPYEMOT'O CHHTE3A, Olle-
HUBAIOT 110 MEpKaM, IPUMEHSEMBIM JUIsl OLIEHKH CHHTE3a B LIEJIOM.
Ho He Tonbko nmo HUM. YacTh 11€10ro J0IKHA OTBEYATh HEKOTOPBIM
JOTIOJTHUTENIFHBIM TPEOOBaHMSAM, YTOOBI ILIEIOE MOTJIO CYIIECTBO-
BatTh. [loaTOMy nasieko He Kakaasi opraHudeckasl peakius, Jaxe J10-
CTaTOYHO XOPOLIO OTBEYAIONIasl EPEUNCIICHHBIM paHee TpeOOBaHU-
SIM, 3aCITY’KMBAeT HAa3BAHUSI CHHTETUYECKOTO METO/a M MOKET OBITH
BKJIIOUEHA B CXEMY CHHTE3a KaK BO3MOKHBIH ITyTh OCYIIECTBIECHHS
TOW MJIM MHOU ero cTaguu. [IepBbIM TOMOTHUTENBHBIM TPEOOBaHUEM,
KOTOpPOMY JIOJI’KHA OTBEUaTh OpraHNYecKas peaklys, IpeTeH Ay oIas
Ha MECTO B CHHTETHYECKOH CXeMe, SIBISETCS €€ OOLIHOCTb.

[TocTpoeHre cxeMbl OPraHWYECKOrO CHHTE3a, KaK U JII00oe Ipy-
roe MPOEeKTUPOBAHNE WIIH IJIAHUPOBAHNE, BKIIIOYAET SJIEMEHTHI PUCKa.
OOmmHOCTD, MHUPOKasi 00JIACTh MPUIIOKEHUSI CHHTETHYECKOTO METO/1a,
KOTOPBIM MpenoaaraeTcsl UCIoab30BaTh A MPOXOKIECHHUS TOW MM
WHOM CTaJN{, B KAKOW-TO CTENEHN CITy’KaT 3aJI0rOM yCIexa, XOTs U He
MOT'YT cllacTH OT Heynaud. HaobopoT, ecnu 0 peakiuu U3BECTHO, YTO
B OJIHUX CIIy4asx ee IMPOTEKaHHE OCJIOKHSETCS 00pa3oBaHHEM M000Y-
HBIX IPOJIYKTOB, a B IPYTUX HE yJaJoCh JOOUTHCS 00pa3oBaHusl LieJie-
BBIX COCTMHEHHMH BOOOILE, XOTSI €CTh OTJENbHbIC MPUMEPHI €€ yCIell-
HOTO HCIOJIb30BaHMs, BKJIIOUEHHE TaKOTO MPEBPALIEHUS B CXEMY CHH-
Te3a, 0COOECHHO Ha J0CTAaTOYHO JAJeKUX OT Hayaja CTaausX, BPSI JIH
MOYHO CUMTATh Pa3yMHBIM U ONIPaBIaHHBIM PHCKOM.
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Haxonen, B X04€ IUIAaHUPOBAHUS CUHTE3a MOXKET BO3HUKHYTb
co0Ja3H HMCIIOJIb30BaTh HOBYIO PEaKIMI0, 00JacTb NPUMEHEHHUS
KOTOpO# ele He u3ydeHa. Harpanoil 3a CMeOCTb MOXKET OKa3aTh-
csi ocobenHo 3ddexkTrBHOE pelieHne MpoOJeMbl, HO HaKa3aHHEM
3a Ty )K€ CaMyl0 CMEJOCTh OyJeT HampacHO MOTpPaueHHOE BpeMs
1 OECIIOAHBIN TPY .

Jpyroii BaXXHOU XapaKTEepPUCTUKONW CUHTETUYECKUX PEaKLUM
SIBJISIETCS] IIMPUHA UHTEPBaJla ONTUMAJBHBIX yciaoBuil. C 3ToH TOU-
KM 3pEHHSI BCE PEaKLUU MOTYT OBITh MOAEICHBI Ha «IIJIOCKOBEPIINH-
HbIE» U IIMKOBbIE». J{JIsl IepBOro THUIIA XapaKTEepHa HE3aBUCUMOCTh
BBIXOJA OT YCJIIOBUM B JOCTATOYHO LIMPOKOM HMHTEpPBAJIE UX U3MeE-
HeHus. /(1 BTOPOro Tuma peakiuil CTpOruii KOHTPOJb YCIOBHM UX
MIPOTEKAHUSA UMEET pellarolee 3HaUueHUe, U IOPOM HE3HAUUTEIbHOE
OTKJIOHEHUE MOXET BECTH K HEXEJIaTeIbHbIM WIM HEIPEICcKasye-
MBIM IIOCIEACTBHUAM. ECTECTBEHHO, peaKLUK [IEPBOr0 TUIA CIELYET
MPEAIIOYUTATh PEAKUSAM BTOPOIO BE3JIE, I ITO BO3MOXKHO, B 0CO-
OCHHOCTH €CJIM TpEeATNoIaraeTcss MPOMBILIEHHAs pealn3anus npo-
necca. Ecnu 11 NMKOBOM peaklUuu HE YIAeTCa HAWTH MOAXO0ASIEn
aNbTEPHATUBBI, 3TO O3HAYAET HEOOXOAMMOCTh MPUMEHEHUS anmapa-
TypBl JJIsl aBTOMAaTUYECKOTO MOAAEPKAHUS HYXKHBIX YCIIOBHM, YTO
BCETa YAOPOXKAET MPOLYKIUIO.

Hakonen, BaXXHBIMH TpeOOBaHUSIMH K CHHTETHYECKOH peak-
LUU SBIISIOTCS TPEOOBAaHUSI XEMO-, PETHO- U CTEPEOCEIEKTUBHOCTH
(cxema 6).

Peaknyuu, B KOTOPBIX y4YacTBYET JIMIIb OJHA (DYHKLIHMOHAIbHAs
Ipynna U3 HECKOJbKHUX OAMHAKOBBIX WM PA3IWYHBIX TPYMI, UME0-
UXCS. B UCXOAHOM COEAVHEHUM, WU TAKUE PEAKLUU, YbH IIEPBUY-
HBIE IPOLYKTHI MOTYT CHOBA BCTYIATh, HO HE BCTYIIAIOT B TO KE CaMOE
npeBpalieHre, Ha3bBaloT xemoceldeKTuBHbIMU (I-1V). [Ipumepamu
XEMOCEJIEKTUBHBIX IIPOLIECCOB MOTYT CIIYXKUTh aLlMJIUPOBAHHE aMU-
HOCITUPTOB TOJIBKO 10 aMuHorpymie (I) nim ToapKo Mo THAPOKCHITE-
Hoii rpymme (II), TpurmiaMpoBaHMEeMeTHI-a-D-TiaroKonUpaHo3uaa
o nepBuyuHOi ciuptoBoi rpymnie (I1I) u moxy4uenrne MOHOMETHIIOBO-
ro 3¢upa STUICHTIUKOIS U3 OKKCH 3THiIeHa U MetaHona (IV).

19



?Hz (|:H2 + Ac,O+ 0 —— CH,-CH, 0

OH OH OH NHAc
CH,=CH, +HCl + AcCl — CH,~CH, a
@ €]
OAcNH, (1
CH,0H CH,OCPh,
0 PhCCl 0
Hom — "o (1)
HO
OH/\re oH)
7

ol
§ / + MeOH ——» HOCH,CH,0Me —s—> HOCHZCHZO(CHz)ZOMe

6 atm™,

ONa
135°c
+ COo,
COONa NaOOC

95+98% 2+5%

EtONa
EtCH,COCH,COOQOEt <—<— CH3COCH,COOEt ETB: CH3CO(|3HCOOEt

C,Hs (VD
H;C H;C
>ﬁCHzBr I >:CH2 + HBr —> >ﬁCH3
G,Hs C,Hg Br vID)

H
H O (iPr0);Al

— W\OH (VII)

W e m 0

_ Br

Cxema 6

20



Peakuuu, B KOTOpBIX peareHT aTakyeT NMPEeUMYIIECTBEHHO OJIHO
13 HECKOJIbKUX PEaKIIMOHHOCIIOCOOHBIX TOJI0KEHHI MOJIEKYJTBI HCXO-
JTHOTO COeIMHEeHNUs, Ha3bIBatoTcA pecuocenrexmusuvimu (V-VII). Ilpu-
MEepaMH PETHOCETIEKTUBHBIX MPOLECCOB MOTYT CIIY>KUTh IpEeUMyIIie-
CTBEHHOE 00pa30BaHNe CATULMIOBON KHCIOTHI U3 (EHONSATa HATPUS
u ayokucu yriepona (V), aTKWINpOBaHKE alleTOyKCYCHOTO adupa
o metuneHoBoi rpyme (VI) wim nprcoennHeHne TPOTOHHBIX KUC-
JIOT WU IPYTUX HECHMMETPHUUHBIX JIEKTPOPHUIOB K HECHMMETPHY-
HBIM OJieprHaM B COOTBETCTBHU C MpaBuioM MapkoBaukosa (VII).

Hakonen, peakuun, B KOTOPbIX 00pa3yeTcs IIaBHBIM 00pazoM
OJIMH U3 HECKOJIBKUX BO3MOXHBIX CTEPEOM30MEPOB, HA3BIBAIOTCS
cmepeocenexmugnvimu (VIII-1X). TIpumepamu Takux mpoLeccos,
pe3yNbTaT KOTOPBIX MOXKET OMPEENIATHCS KaK Oobliei cTabuibHO-
CTBIO OJHOTO M3 MPOAYKTOB (TEPMOJMHAMHYECKUN KOHTPOJb), TaK
1 0OJIbIIEH JOCTYITHOCTHIO OAHOM M3 CTOPOH MOJIEKYJIBI HCXOJHOTO
COEIMHEHHUd IS aTaky peareHTa (KMHETHYeCKMH KOHTPOJIb), MO-
KET CIIY’KUTh BOCCTAHOBJIEHHE IIUKIMYECKHUX KETOHOB IO PEaKIHUH
Meiiepseiina-Ilonmopda (VIII) unm KOMIIEKCHBIMUA THUAPUIAMH
metamioB (IX).

Ecnu Mexanu3Mm peakiuu AOMycKaeT 00pa3oBaHHE JUIIb OJTHOTO
13 PETHO- UM CTEPEOM30MEPOB, KOTOPBIN U ABIISETCS €JUHCTBEHHBIM
MPOAYKTOM, TOBOPSIT O PETHO- WIH CTEPEOCTIEHUPUYHOCTH PEaAKIUH
(X=XI). ITpumepom cTepeocreIiupuIeckoro mporecca IBIsieTcs MpH-
coeMHeHHe OpoMa K IUKIIOTeKCEHY, AAl0LIee TONbKO Mpanc-uzomep
(X). IpyruM KIacCHYECKUM IMPUMEPOM CTEPEOCTICUDUISCKOTO TIPO-
1eCCa MOXKET CIyXKUTh PEaKlus HyKI€O(QUIBHOTO 3aMelieHus S,
npotekatomas co 100 %-m oOparienunem korduryparmu (XI).

Kak npaBunio, yeM BbIIIe XEMO-, PErHO- U CTEPEOCETIEKTUBHOCTD
mpolecca, TeM OH I10JIE3HEE B CHHTETUYECKOH MPaKTHKE, TOCKOIbKY
BBICOKasi M30MPATENbHOCTh METO/A JIENIAeT HEHYKHBIM TPYIO0EMKOE
pasaeneHue cMecell M30MEpOB M TOBBIIIAET BBIXOJ LIEJIEBOIO MpO-
nykra. KoHeuHo, BCTpedaroTcsl ¥ MCKIIIOUEHHs, KorJa 00a BO3MOXK-
HBIX TNPOJYKTa SIBJIAIOTCS LeneBbIMU. Hampumep, BoccTaHOBIEHME
2-KapOATOKCUIMKIIONIEHTAHOHA AJFOMOTHIPUIOM JUTHs (cxema 7),
XapaKkTepu3yIoleecs: HHU3KOW CTepeoCeNeKTUBHOCTBIO, IO3BOJIH-
JI0 TIOJIy4uTh cpa3y o0a m3omepa 2-okcuMmetunuukionenranona (I).
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Yeunust o ux pasaeneHuto ObUTH MOTHOCTHIO BO3HATPAXKACHBI, KOTa
YAAJIOCh II0KA3aTh, YTO MOHOTO3WIATHI ATUX JUOJIOB I10 IIEPBUYHOMY
THIPOKCHITY JAIOT IPH COJIBBOJIN3E 3apaHee MpelcKa3aHHble, HO a0-
coroTHO Hernoxoskue nmpoayktsl (11, III).

(@) COOEt HOQ, CH,OH HO, ~CHO0H
SESERS
o
40% 60%
HO CH,OTs
an
HOQ r\\CHons H CH
(1)
—_—
Cxema 7

Takum 00pazoMm, C TOYKH 3PEHHSI OPTaHUYECKOTO CHHTE3aH-
CKITIOUUTENbHOE 3HAUCHHE UMEET YMEHHUE YNPaBIATh CEJIEKTHBHO-
CTBIO PEaKILHH.

2.2. MemooduI nogblueHUs
cesieKmugHocmu peaxkyuti

AHaJn3 NMPUBEJICHHBIX PUMEPOB (CM. CXeMy 6) ITOKa3bIBACT, YTO
CENIEKTUBHOCTD PEAKIINU 3aBUCHT B TIEPBYIO O4Epe/Ib OT BEIOOpA YCIIO-
BUU e¢ MPOBEACHUS: KOHICHTPAIMU PEarcHTOB, KUCIOTHOCTH HIIH
OCHOBHOCTH CPE/Ibl, TPUPOJIBI PACTBOPHUTEIIS, HAINYHS KATaIH3aTopa,
MOPSIJIKA CMEIICHHUSI PEareHTOB, TEMIIEPATyphl U T. JI. B HEKOTOPHIX
cilydasix BbIOOp yCIOBHUE JIOBOJIBLHO o4eBHeH. Hanpumep, cremyer
OXKHJIaTh, YTO B KHCJIOH Cpelie peakii aMHUHOTPYIIIIBI C JICKTPO-
(GWILHBIMU peareHTamMu OyJIyT B 3HAYMTEILHOW Mepe TOAaBISTHCS
BCJICJICTBHE TIPEBPAIICHHUSI AMUHOTPYIIIIBI B aMMOHHUIWHBINA HOH, TOT-
Jla KaK M3MCHEHHE KUCIOTHOCTH CPEbI JIOJDKHO BIIMSATH HA PEaKI-
OHHYIO CIIOCOOHOCTH MEHEE OCHOBHBIX THJPOKCHIBHBIX TPYIII B TO-
pa3mo MeHblned crermeHd. M3 o0mmux cooOpakeHWi yMeHbIIeHHEe
KOHIICHTPAIIMH PEarcHTa W MOHIKCHUE TeMIepaTypbl JOJKHBI CIIO-
COOCTBOBATH TOBBINICHUIO CEICKTUBHOCTH MpOoIecca.
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OnHAKO B KXJIOM KOHKPETHOM CIydae ONTHUMAJbHBIC yCIOBUSA
MIPUXOJIUTCS UCKaTh METOJOM P00 U OIIMOOK, MPUUYEM 3a KaXKIYIO
omuoOKy (KpoMme 3aTpaT TpyJa W BPEMEHHU) MPUXOJUTCS pacIuIavyu-
BAaThCsl €IIE€ U MOTEPe MPOMEKYTOUHBIX MPOAYKTOB CHHTE3a, TEM
0oJiee IparoleHHBIX, YeM Jaibllie MPOABUHYIICS chHTEe3. M Bce-Taku
JaXKe BBIIAIOIINECS MacTepa OPraHUYeCKOTO CHHTE3a BBIHYXKIICHBI
npuberatb K 3TOMY MaJONpPOAYKTUBHOMY TaKTHYECKOMY IPHEMY.
Tak, corpyauukam ByaBopaa mpuiuiocs MOBTOPUTH OJHY U3 KITIO-
YeBBbIX CTaauil B cuHTe3e xonectepuna 130 pas, nmpexae yeM OHH J10-
OWIUCH YAOBICTBOPUTEIBHBIX PE3YJIbTATOB!

Crnenyer OTMETHUTh, YTO PA3JIMYHBIC YaCTH MOJICKYJIbI cyOcTpara
HMEIOT HEOAMHAKOBOE 3HAUYCHME ISl CEIEKTMBHOCTU XHUMHYECKOTO
Ipoliecca: OJJHU UTPAIOT PEIAIOIIYI0 POJib, TOT/IA KaK APYyTHUE MEHEe
CYIIECTBeHHBI. Tak, aJKWIMPOBAHKUE AlleTOYKCYCHOIO 3(Upa 1Mo Me-
TUJICHOBOMY 3BEHY JHUKTYETCS MPUCYTCTBUEM KapO3TOKCUTPYIIIIHI,
a CEJICKTHMBHOCTh BOCCTAHOBJICHUSI 4-TpeT-OyTHIIIUKIOTEKCAHOHA
OTpeieNsieTCss HATMYUeM 00beMUCTON «SIKOPHOI» mpem-0yTUIbHON
IPYIIIbL, CTAOUIM3UPYIOIICH OJJHY 3 BO3MOXKHBIX KOH(popmanuii. 3a-
MEHA 3THUX TPYII APYTUMHU MOKET MIPUBECTH K U3MEHEHUIO CEJICKTHUB-
HOCTH MPOIECCOB BIUIOTH A0 MOJIHOM €€ MOTEPH.

['pynmel, uMeromue pemariiee 3Ha4YeHUe Ui CEIEKTUBHOCTU
Ipolecca, HOCST HAa3BaHUE KOHTPOJBHBIX 3JeMEHTOB. [Ipu mobom
PETPOCUHTETUYECKOM MPEBPAIICHUM, TIOMYyUYUB MPOMEKYTOUHYIO
LeNlb, CIeIyeT OLEHWUTh MPEXKAE BCEr0 XEMO-, PerHo- M crepeoce-
JIEKTUBHOCTb COOTBETCTBYIOIIEH CHHTETHUECKOU peakuuu. s 3To-
o B CTPYKTYypE IMPOMEKYTOYHOU IIENIM HY>KHO HAWTU KOHTPOJIbHBIC
AJIEMEHTBI M TIOCMOTPETh, OyIyT JIM OHU CIHOCOOCTBOBATh MPOTEKA-
HUIO )KeJIaeMOH peaKluu Wik, HA000pOT, OYAyT BBI3BIBATh MOOOYHBIC
npouecchl. [Ipu 0TCYyTCTBUU KOHTPOJIBHBIX AJEMEHTOB WU MPHU Ha-
JINYUU KOHTPOJIBHBIX AJIEMEHTOB, CIIOCOOHBIX CHIrPaTh OTPUIATEIb-
HYIO POJIb, HE CIIEAYET Cpa3y 0TOpachIBaTh MPOMEIKYTOUHYIO IIETh KaK
OECIepPCIIeKTUBHYO0, @ HY)KHO PACCMOTPETh MPEeBpaIeHUs PyHKIINO-
HAaJIBHBIX TPYIII, CIOCOOHBIC UCTIPABUTh TAKOE TIOJI0KCHHE.

B npunnune Bo3MOXKHBI 1B MyTH MOBBIIICHUS CEIIEKTUBHOCTU
peakiuu: NoJaBIeHue TOOOYHBIX MPOIIECCOB U YCKOPEHHUE IEJICBOM
peakuuu. [locaeanee MOXKET JOCTUTATHCS KAK CHUKEHUEM HHEPTUU
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AKTUBAIUH, TAK U YBEJIMUYECHUEM BEPOSTHOCTH JOCTHIKEHUS HEOOXO-
JUMOTO TEPEXOJITHOTO COCTOSIHUS, T. €. U3MEHEHHUEM IHTPOMHUITHOTO
(bakropa. COOTBETCTBEHHO PA3JIMYAOT TPU OCHOBHBIC TPYMIIBI KOH-
TPOJBHBIX 3JIEMEHTOB: 3alIUTHBIC (TIOAABISIONINE MOOOYHBIC TPO-
LIECChI TIYTEM YBEIHUYCHUS WX SHEPTUM aKTUBAIIUH), aKTUBUPYIOIIHE
(CHIDKAIOIIME SHEPTUIO aKTUBAIIMH IISJIEBIX MPEBPALICHHI) U MOCTH-
KOBbIe (YMEHBIIIAIONIUE YHTPONUKHBIA Oapbep). Jlanee kpatko pac-
CMATPUBAIOTCS TPHU TUIA KOHTPOJBHBIX IJIEMEHTOB M TPeOOBaHMS,
MIPEbSBISICMBIC K HIM.

2.3. 3auyyumHsle 2pynnbul

CyTh mpUMEHEHHS 3alUTHBIX TPYI B OPraHWYECKOM CHHTE3€
y/I00HO TOSICHUTH HAa KOHKPETHOM TIpuMepe (cM. cxemy 1).

[Ipu Hanmmuum B MoJleKyIe cyocTpaTa HECKOJIBKUX PEeaKIIMOHHO-
CHIOCOOHBIX TOJIOKEHUH (HarpuMep, HECKOJIbKHUX THUAPOKCHIIBHBIX
TPyNI B MOJEKYJe TallaKTO3bI), MPEXKIAEe YeM OCYIIECTBUTH KITIOUe-
BYIO PEaKLUIO (BBEICHUE OCTATKa PaMHO3bI 110 IIOJI0XKEHUIO 3 B pac-
CMaTPUBAaEMOM TpUMeEpE), MPOBOIAT OJHY WM HECKOJIBKO BCTIOMO-
raTeIbHBIX BBICOKOCEIEKTHUBHBIX PEaKIuil (MTOydeHne IIUKITHIECKUX
arietajeil B JJaHHOM CIly4yae), B pPe3ysbTaTe KOTOPHIX JOCTYIMHBIM
JUIsl aTaK{ peareHTa Ha KJII0YEeBOM CTaluK OCTAeTCsl TOJIBKO OJHO JKe-
JlaeMoe I0JI0’KeHHUe (TUAPOKCHIIbHAs Ipyna B nonoxeHuu 3). Io 3a-
BEPIICHUH CHHTE3a 3alUTHBIE TPYMIIHI (IUKIMYECKHE aleTaly B JaH-
HOM TIPAMEpE) yAAISIOT.

K nacrosmemy BpeMeHH B OpraHHYeCKON XWMHHU M3BECTHO He-
CKOJIBKO COTEH 3allIUTHBIX TPYIII, TPUMEHIEMBIX ISl BpeMEHHOMH 3a-
IIUTHI CAMBIX PA3IWYHBIX (PYHKIIMOHAIBHBIX TPYIIT U UX OKPYKECHHS:
THIPOKCHIIOB, KapOOHMIIOB, KapOOKCHIIOB, aMHUHOTPYTI, IBOIHBIX
Y TPOMHBIX CBS3€H, aKTUBHBIX METHIIOB, METUJIICHOB U METHHOB, apo-
MaTHYeCKHUX KOJIeIl W T. 7. BBeJeHWe W yJaleHue 3THX TPYyHIl OCy-
IIECTBIISIETCS] CEJICKTUBHO B BEChMa IIMPOKOM [IMANa30HE yCIOBHM
CaMBIMHU Pa3IMYHBIMU Iy TSIMH, YTO 00ECTIEYMBAET JOCTATOYHOE Pa3-
HOOOpasue 3aUTHBIX TPYIIT U BO3MOXKHOCTh HAJIE)KHOTO UX TPUMe-
HEHUS JTaXKe B TeX CITyJasix, KOT/ia Crerr(uKa MPOBOANMBIX PEaKITHHA
HaKJIa/IbIBAeT OYEHB )KECTKHE OTPAaHUYCHHUS Ha UX BBIOOP.

24



Ceituac npenoXeHbl peareHThl 1 BBICOKOCEIEKTUBHOTO BBE-
JCHUS 3aIIUTHBIX TPYII B KUCJIOH, HEHTpanbHON M C1ab00CHOBHOM
CpeJie C y4eTOM MUHUMAJIBHBIX PAa3JIMYMi B AJIEKTPOHHOM MIOTHOCTH
WM CTEPUYECKOM OKPY)KEHUU, BBIICPKUBAIOIIUX BO3JCHCTBUE Ca-
MBIX Pa3IMYHBIX KUCIOT U OCHOBAHUH, OKUCIUTENEH, BOCCTAHOBUTE-
JIeH ¥ yaNseMbIX TAKUMH ClIeIU(UIECKUME PeareHTaMu, Kak Coe/Iu-
HeHus pTyTH, pocdopa, Propa, nnu Y D-obmydeHuem.

Cdopmynupyem oCHOBHbBIE TPEOOBaHUS, KOTOPBIM JOJKHBI Y0~
BJIETBOPSATH 3alllUTHBIE TPyMNIbl. Bo-mepBbIX, BBeAEHHE 3aIIUTHOU
TPYMIBl AOJKHO MPOTEKATh CTPOTO M30HMpaTenbHO; BO-BTOPBIX, 3a-
LIUTHAs TPYyIIa J0JKHA BBIAEPKHUBATh YCIOBUSA BCEX MOCIETYIONUX
peakuuii; B-TpeTbUX, yJaJE€HHE 3allUTHON TPYIIBl TaKKe JOJKHO
OBITH BBICOKOCEJIEKTUBHBIM ITPOLIECCOM.

Hakonen, myis XWpaJbHBIX, T.€. HE COBMAJAIONIMX CO CBOMM
3epKaJIbHBIM M300pa’keHHEM, MOJIEKYJ BBEICHHE 3AILUTHBIX TPYIII
10 BO3MO’KHOCTH HE JIOJIZKHO CO3/1aBaTh HOBBIX XUPAJIbHBIX LIEHTPOB.
O6pa3oBaHye JOMOJHUTEIHLHOIO XUPAJIBHOTO LIEHTpa BEAET K 00pa-
30BaHUIO JIBYX JUACTEPEOMEPOB, UTO BBI3BIBAET TPYAHOCTH KakK MpPH
MIPOBEJICHUH MOCAEAYIOUINX PEaKUMH, Tak W NpU HHTEPIpeTauu
CHEKTPaJIbHBIX aHHBIX, TOJTYYaeMbIX B XO/I€ aHAIM3a U A0Ka3aTelb-
CTBa CTPOEHUs MPOAYKTOB. C 3TON TOUKH 3peHUs TAKHUE IIUPOKO MPH-
MEHsIeMbI€ JUI 3allUThl THAPOKCUIIOB TPYIIIBL, KaK 2-TeTparupomnu-
paHMIbHAS U 1-3TOKCUATUIIbHASA, OCTABIISIIOT JKEJIaTh JIyYIIETo.

2.4. AkKmueupyowue cpynnbwl

AXTHUBAIIUS ONIPE/ICTICHHBIX MTOJIOKCHUI HITH CBS3eW B OpraHude-
CKOI MOJIEKyJIe IyTeM MpeABAPUTENHHON MOAU(DHUKAIINN UX OKPYXKe-
HUS HACTOJIBKO XOPOIIIO M3BECTHA M TAK JJABHO NIPUMEHSIETCS B Opra-
HUYECKOM CHHTE3€, YTO XUMHUKH-OPTaHUKH YacTO HCIOJB3YIOT ITOT
TIpHeM, TaXe He OT/AaBas cebe B TOM oTdeTa. TeM He MEeHee HX IoJIe3-
HO PaCCMOTPETh, YTOOBI BIPE/Ib UCIIONB30BATh AHATOTUIHBIC TIPHEMBI
6oJiee co3HATEIHHO.

4-MeTr-4-HOAMETHIIIIUKIIOTEKCEH (CXeMa 8) TpoIIie BCEro moiry-
YHUTh U3 COOTBETCTBYIOIIETO CIIUPTA.
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Cxema 8

OmHAaKO THAPOKCHI SBJISETCS TNIOXOH YXOIAIICH TPyIIoi B pe-
aKIUAX HYyKICO(DHUIHFHOTO 3aMemeHHs] M He CIIOCOOeH 3aMelIaThes
Ha O TPH AeHCTBUM HOIMA-HOHA. VIOMCTOBOZOPOIHAS KUCIOTA,
OyIy4l CHJIBHBIM BOCCTAHOBUTENIEM, MOXKET BBI3BaTh IpeBpallie-
HHE TIEPBOHAYATLHO 0Opa3yromMIerocss HOoauaa B COOTBETCTBYIOIITHI
YTIIEBOIOPO/I, & TAKXKE TIPUCOETUHUTHCS 110 JIBOMHOM CBSI3U C ITOCIIe-
IYIOIIUM BOCCTAHOBIIEHHEM 00pa3yromierocs HOIuaa WM BBI3BATH
CKEJIeTHBIE TEeperpynnupoBKM THIIA TEPEerpyNIupoBKH Baruepa-
Metiepseiina. [ToaToMy 11e1ec000pa3HO MPEeBPaTUTE TPEABAPUTEITHLHO
CITUPT B KaKOH-THOO Cynb(oHAT, HAIpUMeEp OCH30JICYIhGOHAT, TOITY-
OJICYTb(pOHAT, METAHCYIb(OHAT WK TPUPTOPMETaHCYIb(POHAT, ACH-
CTBHEM XJIOPAHTHIPHIA COOTBETCTBYIOMIEH CyTb()OKHUCIOTH B IH-
punuae. CynbhoHaTEI, OyIydd XOPOIIUMHU YXOMISIIUMH TPYIIaMH,
JIETKO TOJIBEPraroTcs 3aMeIleHUI0 Ha WO MpU IeUCTBUU HOAUI-UOHA
B TAKMUX PACTBOPUTEISX, KaK alleTOH, alleTOHUJIAIIETOH WM JUMETHII-
dbopmamua. Takum 00pa3om, MpeBpalieHHEM CIHAPTa B CYIb(POHAT
JOCTUTAETCSl aKTUBAIMS CBSI3U MEXIYy YTIEPOIOM H KHCIOPOIOM
B PEAKINH HYKJICO(PMILHOTO 3aMETEeHHS.

PaccmoTpum Tenepp nosiyuyeHHUe yKazaHHOTO cnupTta. Pacmolo-
YKEHHE IBOWHOM CBSI3M B €0 MOJIEKYJIE TIOJICKA3bIBAET, YTO OH MOXKET
OBITH TTONTy4eH n3 OyTaaueHa U METaKpHUIIOBOTO CITUPTA MO PeaKInuu
JTUEeHOBOTO cuHTe3a. OHAKO IBOHHAS CBA3h B METAKPHUIIOBOM CITUPTE
HEJOCTAaTOYHO aKTHBHA B pEaKIuAX MUKJIoNprcoeanHeHus. [1losro-
My IIe7Ieco00pa3Ho 3aMEHUTh METaKPHIIOBBIN CIIUPT METAKPOIEHHOM
Wi MeTWiIMeTakpmiaToM. OcoOeHHO JIeTKO JOCTYIEH TOCIETHUH,
SBISIONINICS MHOTOTOHHXHBIM TPOMBINUICHHBIM TOTYTIPOIYK-
TOM B TIPOM3BOJICTBE OPrcTEKia. 3aMeHa OKCHMETHIIFHOW TPYIIIBI
OoJiee PICKTPOHOAKIIETITOPHONH KapOOMETOKCUTPYNIION aKTHBUPYET
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CONPSKEHHYIO TBOMHYIO CBSI3b B PEaKIMHU JUECHOBOI'O CHHTE3a U IIO-
3BOJISIET OCYIIECTBHUTH €€ B 00JIee MSATKUX YCIOBHSIX U C JIYUYIIIUM BbI-
XOJIOM, @ 3aTeM BOCCTAHOBUTbH IMOJYYCHHBIH CIOXKHBIN 3QUp B CIHPT.
B sTom mpocToM cuHTE3€ MpueM BBEIACHUS aKTUBUPYIOIICH TPYIIIbI
MOBTOPSIETCS ABAXKABI — ISl IpoBeAeHUs peakuuu Junsca—Anbaepa
Y JJIs1 3aMEeHbI THPOKCUIIBHOM TPyl Ha MO/,

CraHapTHBIM METOJIOM TOJYYCHHsI THO(DEHOIIOB SIBIISETCS] BOC-
CTaHOBJICHHE apEHCYJIb(POXIOPUIOB IUHKOM B MPUCYTCTBUH MUHE-
PaNBHBIX KUCIOT (cxema 9).
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Cxema 9

DTOT cT10c00 HE TOAUTCS IS MOTydeHus o-auTpotrodenona (I):
BO-TICPBBIX, HYXHBIH JUIi 3TOW peakiuu cyJib(OXIOPUJT SBISCTCS
COCJIMHEHHEM TPYTHOJOCTYITHBIM, MOCKOJIBKY HE MOXET OBITh IO-
JIy9eH HU HUTPOBAHWEM OCH30JICYIBb(POXIOpPHIA, HU CYITh(HOXIOpH-
poBaHWEeM HHUTPOOEH30Ja M3-3a TOTO, YTO W HHUTPO- U XJIOPCYIb(o-
TPYIIIBI SIBIFOTCSI Mema-OpUeHTaHTAMH; BO-BTOPBIX, JaXKe €CIH ObI
9TO COETUHEHHUE U OBLIO TTOYICHO KaKUM-JIHOO TIPOCTBIM CITOCOOO0M,
TO B YKa3aHHBIX BBIIIE YCIOBUSAX TOABEPTiach Obl BOCCTAHOBICHHIO
u HUTporpymnmna. Henb3s Moay4YuTh 3TO COCTUHEHUE H 0 aHAIOTHH
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C TIOJIYYCHUEM O-HUTPO(PEHOIA MPSIMBIM HUTPOBaHHEM THO(EHOIIA!
YYBCTBUTENIbHAS K OKHUCIHUTEISAM Cylb(OrUApPUIbHAS Tpynna OyaeT
B YCIIOBHSIX HUTPOBAHUS BCTYMATh B IOOOYHBIE PEAKIINH.

Ha nomorib mpuxouT akKTUBUPYIOIIEE BIUSIHUE HUTPOTPYTIIHI HA
CIIOCOOHOCTB T'aJIOT€HA B apWIITAJIOTCHU/IaX BCTYTATh B PEAKITMU HYKJIe-
ounpHoro 3amenienus (I1): o-HuTpoTHODEHON TONMYYAIOT U3 JOCTYII-
HOTO O-HUTPOXJIOPOEH301a (KOTOPBIN B CMECH C 1-XJIOPHUTPOOCH30JIOM
o0Opa3yercss Tpu HHUTPOBAHHUU XJIOPOCH30J1a) M MOHO3aMEIICHHOTO
cyiabduaa HaTpus. 3aMETHM, YTO TOIy4YCHHE THO(EHOJIOB W3 apHI-
TaJIOTEHU/IOB, HE COJACPKAIIUX AKTUBHPYIOIIUX TPYMI, HE HAXOIUT
WCTIOJIb30BaHMs B JIAOOPATOPHOW TPAKTHKE W3-3a HU3KUX BBIXOJIOB
Y HEOOXOIMMOCTH CO3/IaHUsI dKECTKUX yCIOBUi. YTO jke KacaeTcs yro-
MSIHYTOTO BBIIIC 0-HUTPOOCH30JICYIb(OXIOPHIA, TO €r0 MOKHO TPH-
TOTOBUTh JINOO OKUCIUTEIBHBIM XJIOPUPOBAHUEM O-HUTPOTUO(EHOIIA,
MO0 U3 COOTBETCTBYIONICH 0-HUTPOOEH30JCYb(okucoTel. [locnen-
HIOIO TIOJIYYAIOT U3 O-HUTPOXJIOPOCH30JIa U CYJIb(HUTA HATPUS, TAKKE
HCIIONB3YS aKTUBUPYIOIIEE ACHCTBUE HUTPOTPYIIIBI B apOMaTHUECKOM
KOJIbIIE HA MOABIKHOCTH TaJOr€HA B Opmo- U Napa-MOJI0KCHUSIX IO
OTHOLIEHUIO K HEW.

2.5. Mocmukosgble 2pynnbl

XOpoInio M3BECTHO, YTO HEKOTOpPhIe BHYTPUMOJCKYISPHBIE pe-
aKIUK TPOTEKAIOT TOPa3J0 Jierdye 1Mo CPaBHEHUIO C aHATOTWYHBIMU
OMMONIEKYJSIpHBIMU. Hampumep, TSITH- M IIECTHYICHHBIC JIAKTOHBI
00pa3yroTcss HAMHOTO OBICTPEH 1 B 00JIee MATKUX YCIOBHSX IT0 CPaB-
HEHHIO CO CBOMMHU aHAJIOT'aMH € OTKPBITOHU LEJIBI0 — CII0KHBIMU d(DU-
pamu. OTO OOBSICHSETCS MOBBIIICHHEM BEPOSTHOCTH BCTPEUU JBYX
pearupyromyx rpyril ¢ 00pa3oBaHUEM TIEPEXOJHOTO COCTOSHUS B TEX
cilydasix, KOrjJa OHH HaxOJATCS B OJHOW W TOW e MOJIEKYJIe U UX
COMKeHNE HE BBI3bIBACT CHIILHOMN JIe)OpMaIiH CBSI3eH U BAIGHTHBIX
yriioB. Hao0GopoT, ecnu it 00pa3oBaHUS TEPEXOTHOTO COCTOSHUS
BHYTPHMOJIEKYJISIPHON peakIiu TpeOyeTcsi CHIIbHOE NCKaKEHUE HOP-
MaJIbHBIX BAJICHTHBIX YTJIOB U (VUJTH) JUTHH CBSI3EH, TaKasi peaKIys BpsiI
T OYIET OCYIIeCTBUMOMN. ITH MPOCTHIE COOOPAKEHNUS JIEKAT B OCHO-
BE€ HUCIIOJIb30BAHUS TaK HA3BIBAEMBIX MOCTUKOBBIX TPYIII JIJIsI [TOBBI-
IICHUS] U30UPATEIILHOCTH CHHTETHYECKUX peakiuid. B camom obOmem

28



BUJIE STOT NPUEM MOXKHO MPOWLIFOCTPUPOBATH 00OOLICHHOW MOJe-
abto (cxema 10).

Cxema 10

[lycth y Hac uMeeTcs KecTKas MOJIEKyJa C IByMSI OJJUHAKOBBI-
MU (pyHKIHOHATBHBIMU TpynmamMu A', A? U Kakoil-HHOYIb TpeTbeit
(yHKIIMOHANBHOM Tpynmoil B, pacmonokeHHONH HECKOJIbKO Orke
K A', KOTOpyIO TpeOyeTcs CBs3aTh ¢ HEKOTOPhIM ocTaTkoM C. Peruth
9Ty 3a/1a4y MOKHO, HCIIOJIB3YS] OTHOCUTEIBHYIO MPOCTPAHCTBEHHYIO
ommsocts A! k B crmenyromum obpasom. TIpucoemuaum octatok C
K [IET0YKe, HeCyIlled Ha JIpyroM KoHie rpynmny D, cnocoOHyto pea-
rupoBath ¢ B muoro oOwictpee, yuem C ¢ A' mnu A’ JlnuHy 1emnoy-
KM BbIOEpEeM TakMM 00pa3oM, 4TOObI OHA OblIa HECKOJIKO OOJIBIIe
paccrosiausi A'B, HO MeHbIe paccTosiaust A%-B. TIpuBshkeM BCIIOMO-
raTejapHy0 MoJiekyny rpynnoil D k rpymnme B. Torma BHyTpumolie-
KysipHast peakisi C ¢ A' Oynet nmpoTekaTh HAMHOTO ObIcTpee, ueM
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MeKMOUIeKyJIsipHast peakuust C ¢ rpynmnoid A* U3 qpyroil MOJIeKyJIbl,
a BHyTpuMoieKysapHas peakiust A2 ¢ C Oyaer v BOBCE HEBO3MOXKHA.
ITopBaB 3aTeM BCIIOMOraTeabHbIE CBSA3U, Mbl JOCTUIHEM [1OCTABIICH-
HOH IIENTH.

JBe dporoxumuueckue peakuuu (I, II) MmoryT ciry>kuth xopouien
WITIOCTpaLyeil MPaKTHYECKOro BOIUIOLICHUS! 3TUX OOIIUX MPHHIU-
noB. HekoTtopele cTepouabl, o0nanaroniie BbICOKOH OMOIOTHYeCKOM
AKTHUBHOCTBIO, HAIIPUMEP CEPACUHBIN TTTUKO3U] — CTPO(aHTHH, TOp-
MOH HaJAIIOYEYHUKOB — aJIbJ0CTEPOH, BMECTO OJAHON U3 aHTYJISAPHBIX
METHJIBHBIX TPYIII COAEPKAT albAeruanyto. [loaromy HalTH criocod
npeBpalieHus: 6onee AOCTYMHBIX CTEPOMAOB C aHTYJSIPHBIMH METH-
JIaMU B COOTBETCTBYIOLIUE AJIbIETUABI KAKETCS BECbMa 3aMAHYUBBIM
U B TO € BPEMs OYEHb HEIPOCTHIM JeiIoM. Penienue 310l 3a1auu,
HalilecHHOe bapTOHOM, COCTOMT B IOJIy4YEHUMM HUTPUTOB CTEPOU[-
HBIX CIIUPTOB U MX MPEBPALICHUU B COOTBETCTBYIOIIUE OKCUMBI IIPU
Y®-06ayuennn (I). HetpyaHo BuieTh, 4To poisib rpynimsl A' B 3TOM
Clly4ae UrpaeT COCETHUM aHTYJISPHbIN MeTHI, Tpymmsl B — runpok-
cwl, rpynnsl C — HUTPO30TrpyMIa, a a30T-KUCIOPOAHAs CBS3b BbI-
MIOJIHSIET POJIb BCIIOMOI'ATENIbHOM LENOYKU. BbICOKas CEIEKTUBHOCTD
[IpEBPALLECHHs] JOCTUTAETCS TEM, UTO BCE OCTAIIBHBIE ATOMBI BOJOPOJA
CTEPOUIHON MOJIEKYJbI OKa3bIBAIOTCS MO0 CIMIIKOM JaleKo, JTH00
CJIMIIKOM OJIN3KO K aKTUBUPOBAHHOW 00JyYeHHEM HUTPO30TpYIIIIE.

Eme Gosee crokHOM Ha MepBbIi B3I 3a1aueii mpencTaBiseT-
csl mpeBpalieHue 3a-xonecraHona B 3a-xonect-14-enona. B camom
nene, u3 47 C—H-cBsi3elt, MEIOuMXCcs B 3TOH MOJIEKYJIE, HYKHO M3-
OupartenbHO OPBATh JIBE B MOJOKEHUsIX 14-a u 15. [lpumenenne mMo-
CTUKOBOU I'PYIIIBI IO3BOJISIET PEILUTH 3Ty 3aa4y BCErO B TPU CTAIUU:
CHayana CTepoJ mpeBpauarT B 3GUp OeH30()eHOHYKCYCHOH KHC-
JOTBI, KOTOPBIA 3aTeM mojBepraioT neiictBuio Y @-nzmydenus (I1).
Jnuna MocTHKa mojoOpaHa TakuM 00pa3oM, 4TO B 30HE ACHUCTBHS
($hoTOBO30YXIeHHOH KapOOHMIBHOM TPYIIBl OKAa3bIBAIOTCS UMEHHO
HY>KHbBIE BOJLOPOJHBIE ATOMBL. Y IaJIEHUE CHIIPABILIErO CBOK POJIb MO-
CTHKA 3aBEPIIACT CUHTES.

N3BeCcTHBI MHOTOYMCIIEHHBIE IPUMEPHI YCHEHIHOIO IIPUMEHE-
HUs B OPraHUYECKOM CUHTE3€ B POJIM MOCTHKOBBIX 3JIEMEHTOB, KO-
Me MOJIEKYJl W (parMeHTOB, CBSI3aHHBIX KOBAJCHTHBIMH CBS3SMH,
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TaK)K€ aTOMOB M MOHOB METaJUIOB (METaNIOKOMITJIEKCHBIN KaTalu3)
ni GparMeHTOB KPUCTAIUIMYECKON PEIIeTKH HEOPTaHHYECKHX Coe-
JUHEHUH (Ha 5TOM OCHOBAH I'eTEPOTEHHBIH KaTtanu3). B aTom ciydae
MOCTHK MOET OBITh IPUCOEIMHEH K MOJIEKYJe CyOcTpaTra HOHHBIMH
WM BOAOPOAHBIMH CBSI3SIMU U T. [I.

Takum 00pazoM, MPUMEHEHHE 3aIIUTHBIX, AKTUBUPYIOIIUX U MO-
CTMKOBBIX T'PYTII MO3BOJISIET MHOTOKPATHO YBEIHUYUTH CEJIEKTUBHOCTD
OpPraHUYECKUX PEAKIUH U MPEBPaTUTh UX B CHHTETUYECKHE METOJIBL.
Kpome Toro, paccMoTpeHHe KOHTPOJBHBIX DJIEMEHTOB, OOCYXIaB-
LIMXCS BBIIIE, MOJBOJUT K IBYM Ba)KHBIM MPHHIHIAM TAKTUKH Opra-
HUYECKOT0 cHHTe3a. Bo-mepBhIX, BBO/AS KOHTPOJIBHBIN 3JEMEHT, MBI,
[0 CyTH Jefia, 3aMEHSUIM OJHY TPYIITy IPYroi, SKBUBAJIEHTHON e
C TOUKH 3pEeHHs CHHTe3a. B opraHndyeckoil XMMHM U3BECTHBI COTHHU
Pas3IMUHBIX CIIOCOOOB MpEBpAILeHUs] OHUX (YHKIHOHAIBHBIX TPYIIT
B IpyTHe, KOTOPbIE MOTYT OBITh UCIIOJB30BAaHbI B CHHTETUYECKUX Lie-
nsx. [loaToMy ecnu B mosryuuBILEHCS TIO X0y PETPOCHHTETUYECKOTO
aHaJIM3a IPOMEXKYTOUHON LET UMEIOIINICS Ha00p (DyHKLIMOHATBHBIX
IpyIN HAC MO TeM WJIM UHBIM NPUYMHAM HE YCTPaMBaeT, TO CIEAyeT
paccMOTpeTh BO3MOKHBIE CIIOCOOBI BBEACHHSI, IPEBPALLICHUS U yaae-
HUS QYHKIMOHAIBHBIX TPYIII, ¥ [IOYTH HABEPHSIKA pelleHHE HAleTCsl.

WHpIMu cioBamu, IIaHUPYS OpraHUYECKUH CUHTE3, CIIEAYET IOM-
HUTb O MPUHLHUIIE 9KEUBALIEHMHOCHY QYHKIIMOHATIBHBIX IPYII, KOTO-
PBII K COCTOUT B TOM, YTO UMEIOLIUICS apceHall CHHTETHYECKUX METO-
JIOB TI03BOJISICT M30MPaTENbHO MPEBPATUTD B Pa3yMHOE YUCIIO CTaIui
0JHY (QYHKIMOHAIBHYIO TPYIITY MPAKTHYECKH B JIFOOYIO JPYTYIO.

Bo-BTOpBIX, cleayeT NMpUAEpKUBATbCS W APYroro MPHHIMIA —
MPUHLINTIA MAKCUMAIIBHOHN 9KOHOMUY (PYHKIMOHATBHBIX TPYII U KOH-
TPOJIBHBIX 31eMEHTOB. HeoOX0AnMO MOMHUTB, YTO JII00ast caMasi He-
CIIOXKHAsI CTaJusl CUHTe3a TpeOyeT Uil CBOEr0 OCYIIECTBICHHS HEKO-
TOPBIX 3aTpaT TPyJAa, BPEMEHH, PEareHTOB W JPYTHX MaTepHalbHBIX
pecypcoB. IloaTromy Hammydinell W3 HECKOJBKMX MPOMEXKYTOUHBIX
uenei OyaeTr Takasi, Uil IPEBpAILEHUs] KOTOPOH B LIEJIEBOM MPOAYKT
He TpeOyercsl BBEIACHUS JOMOIHUTENBHBIX (DYHKIHOHANBHBIX TPYIIT
WA KOHTPOJIBHBIX JIEMEHTOB: OHH YK€ NMPHUCYTCTBYIOT B €€ CTPYKTY-
pe. IIpoMexyTOUHYIO 1eNb, TPeOYIOUIyI0 BBEACHUS JOMOIHUTEIEHOTO
KOHTPOJIBHOT'O 3JIEMEHTA, CJIEIyeT pacCMaTpUBaTh Kak MEHEE YAaUHYIO.
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Ecnu xe Ge3 BBeneHHs IONOJIHUTENBHOTO KOHTPOJIBHOTO 3Jje-
MeHTa 00OHTHCH HE YAAETCsl, ero Hy»KHO MOCTapaThcs BHIOpATh Tak,
YTOOBI 3aT€M MPEBPATUTh B YACTh LEIEBOW CTPYKTYPBI, TEM CaMbIM
SKOHOMUTCS CTaIusl yAaJeHHUs] KOHTPOJIBHOTO 3nemMenTa. CaMoi Xya-
el TaKTHKOM OyneT Takas, Ipd KOTOPOW MOCie JOCTHXKEHUS Oue-
PEAHON IPOMEXKYTOYHOU LIEJIM BBEJCHHBIE PAHEE KOHTPOJIbHBIE dJIe-
MEHTBI IPUXOJUTCS 3AMEHATh HOBBIMU.

Nnnroctpanuel 3TUX IMOJIOKEHUM MOMKET CIY)KUTb CHUHTE3 Ce-
cKkBUTeprieHa — komnaeHa (cxema 11). PerpocunTeTnueckuii ananms
CTPYKTYPBI KOIIA€HA IIPUBEJ aBTOPA K MBICIU IPUMEHUTH B KAUECTBE
KJIFOYEBOU CTaJ UM IIOCTPOEHHMS YIVIEPOJHOIO CKEJIeTa KOIAeHa BHY-
TPUMOJIEKYJISIPHYIO PEaKLUI0 HYKICO(UIBHOTO 3aMEIICHUs] B yuc-
JeKamTuHOBOM npon3BoaHOM (I), a B KauecTBE HCXOIHOTO VIS TIONY-
YEHUS KIIIOYEBOTO MPOMEKYTOUHOIO COCIUHEHHUS UCIIOJb30BaTh J10-
cTynsbii auruapopesopuus (1I).
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CHauvana Hanuuue 1,3-1uKkapOOHUIBHON CHCTEMBbI OBLJIO UCTIONb-
30BaHO [JIs1 BBEJICHUS METUJIA B MOJOXKEHUE 2, a 3aTeM JUIsl IpOBeIe-
HUSl HapaluBaHUs MISCTUWICHHOTO KOJbIa MO0 MeToay PoOMHCOHAa,
KOTOpPOE, BCIIEICTBUE CUMMETPUHU NIPEALLIECTBYIOLIENH CTPYKTYPbI, MO-
JKET JaTh TOJILKO OAMH MPOIyKT. KuciopoaHsie, (GyHKIIMOHAIBHBIC
IPYMIBI B 3TOM COCIUHEHHUU YK€ PACIOJIOKEHBI TAKHM K€ 00pazoMm,
Kak 1 B TUIIOTETUYECKOM KJIIOUYEBOM NPOMEKYTOUYHOM COEAUHEHUU,
HO TI0Ka OTCYTCTBYeT rpymnna Y, HeoOXoauMast ISl BBEICHUS METHIb-
HOU I'PYIIbI U JBOWHOM CBSI3U B LIEJNIEBYIO CTPYKTYPY.

Pemenne 3Toii 3aa4u HAYMHACTCS C UCIOJIB30BaHUS OOJIBIICH
PEaKIMOHHOM CIIOCOOHOCTH HECOMNPSIKECHHON KapOOHUILHOW TPYIIITBI
10 CPAaBHEHUIO C COIPSYKEHHOMU, YTO MO3BOJISIET OCYILIECTBUTD €€ BOC-
CTaHOBJICHHE XEMOCEJIIEKTUBHO. | HIpUpPOBaHUE TAKKE MMPOTEKAET Ce-
JIEKTUBHO C MEHEE MPOCTPAHCTBEHHO 3aTPyAHEHHON CTOPOHBI U 1a€T
HeoOXomuMoe yuc-cowieHenne kosen. OTHIenIeHne TO3UIBHOM
TPYMIIBI TO3BOJISIET (PYHKIIMOHAIM3UPOBATE COCETHUI aTOM yTJiepo/ia.
OnHaKo CIEAYIONIYI0 CTAIUI0 — DMOKCUIUPOBAHHE — HEJB3sI MPO-
BecTH 0€3 MpeABapUTEIIbHOM 3aIUThl KAPOOHWIBHOM TPYIIIBI, TAKKE
YYBCTBUTENBHOU K JEHCTBUIO HAIKUCIOT. 37€Ch €IUHCTBEHHBIN pa3
Ha MPOTSHKSHUH BCEro 17-cTaiuiiHOTO CUHTE3a aBTOP ObLT BHIHYKICH
BBECTH M 3aTEM YJAJIUTh ITUIEHKETAIbHYIO TPYNIy C OJHOM JIMIIb
LEbI0 3alIUTUTh — KapOOHWJ. DTOKCUIUPOBAHWE M PACKPBITHE
AMOKCHJIa OCH3UJIOKCHAHUOHOM HJIyT CTEPEO- U PErHOCEIICKTHBHO.

To3uwinpoBaHue ¢ MOCAEAYIOIUM KHUCIOTHBIM THAPOIU30M
3aBEpILIACT IOJYYEHUE KIHOYEBOIO NPOU3BOJHOIO, CKEJIET U pac-
MOJIOKEHUE (DYHKIMOHATIBHBIX TPYMI B KOTOPOM COOTBETCTBYIOT
TUIIOTETUYECKON CTpyKType. [lanpHeliine npeBpalleHus MpoTeKa-
0T OJHO3HA4HO. [IpuyeM KuCIOpoIHBIC (DYHKIMU HUCIOIB3YHOTCS
JUJIs BBEACHUSL B HYKHBIE MOJIOKEHUS N30MPONUIBHON U METUIIBHOU
IPYII ¥ JBOHHOW CBSI3M, a MOCJICOBATEIBHOCTh PEaKIMi BhIOpaHa
TaK, YTO aBTOPY HUTJE OOJIbIIE HE MPUXOIUTCS MpUOEraTh K BBEIC-
HUIO JONOJHUTENIBHBIX KOHTPOJIbHBIX 3JIEMEHTOB.

OcCyIIecTBUTh 3aMBIKAHUE YETHLIPEXWICHHOTO KOJbllda Ha CTa-
JAWA DIOKCHJA, CTPYKTypa KOTOPOIO TaKXe 3KBHUBAJIEHTHA THIIO-
TETUYECKOM, HENb3A MO ABYM NpPUYMHAM: BO-IIEPBBIX, B MPUCYT-
CTBUM YYBCTBHUTEJIBHON K KHCIOTaM 3IMOKCUIHON (DYHKIIMU BecbMa
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3aTPyAHUTEIBHO yIAINTH STUICHKETAIBHYIO TPYIIIUPOBKY AJISl OCBO-
00X IeHNsT KapOOHUIIBHON (QYHKIUH, KOTOpasi HeoOXoauMa Jyis TeHe-
paumu COOTBETCTBYIOIIETO KapOaHMOHA; BO-BTOPBIX, €CIH OBl Ja)Ke
3TO M yJaJl0Ch PEAIM30BaTh, aTaka kKapOanuona npu C, HampasJsnach
Obl rnaBHBIM 00pazom 1o C, ¢ 00pa3oBaHHEM MEHEE HAINPSKEHHOM
TPULIMKJIMYECKOH CTPYKTYpHI, a He 1o C, Kak 3T0 HeoOxoaumo. Ta-
KM 00pa3oM, Kaxzas u3 (QyHKIMOHAJIBHBIX TPYMI HCHOJb3YETCS
MHOTOKPATHO JJIsl HOCTPOCHUSI CKEJIeTa, a B KOHIIE CIYXHT IS BBE-
JeHnst OOKOBBIX Hemnei. MorymecTBoM OpraHuuecKod XUMHUH aBTOP
CHHTE3a IOJb3yeTCs Leseco00pa3sHO yMEPEeHHO, KaK, BIPOYEM, IO-
CTYHAaOT BCE HACTOALIME MacTepa HE3aBUCUMO OT MPO(ECCHU: B KaXK-
JI0€ IBMKEHHE OHH BKJIAJIBIBAIOT POBHO CTOJIBKO CHIIBI, CKOJIBKO HY K-
HO, YTOOBI IOCTUYb LeJTH, U He OoJiee TOro.

2.6. CuHme3 Xupa/ibHbIX coedUHeHUll

Oco0bIe TPo6IIEMBI BO3HUKAIOT TIEPE]T HCCIICIOBATEIIEM, E€CITH TPE-
OyeTcsl CHHTE3UPOBATh XUPATLHOE COSAMHECHNE B ONITHICCKH aKTUBHOM
Q)opMe, T.C. MOJIYYNUThb OJWH U3 IBYX BO3MOKHbBIX aHTUIIOAO0B C 3apaHCC
3amanHoN abcomoTHOW KoHuTypanueil. CamMoe mpocToe, HO OTHIOAb
He caMoe A (HEKTHBHOE PEIICHHEe — CHHTE3 pareMara ¢ IMOoCeIyTo-
UM pa3IeICHUEM aHTUIIONOB OHUM W3 M3BECTHBIX CITOCOOOB: KpH-
CTaHHHSaHI/Ieﬁ IIPOMU3BOJHBIX, ITOJTYYCHHBIX BSaHMOIIei’ICTBI/IeM CO CII1e-
[HATFHO BEIOPAHHBIM XHPAITGHBIM PEareHTOM (COJIeH MPUPOJHBIX XH-
PaTBHBIX OCHOBAHHM M KUCIIOT, CIIOKHBIX 2(PUPOB H T. 1.); 00pabOTKOMH
(hepMEHTHBIMH TIpETIApaTaMH, Pa3pYIIAIOIIUMU TOJHFKO OJWUH U3 aHTH-
TI0JIOB; SKCTPAKIMel XHPaTbHBIMI PAaCTBOPUTEISIMH; XpoMmaTorpadu-
YCCKUM Pa3acICHUEM Ha XUPAJIbHBIX HOCUTEIIAX U T. 1.

Takoii Ioaxoa HMEECT MHOXCECTBO OUYCBUJIHBIX HCEIOCTATKOB.
Bo-nepBhIX, najke TEOPETHYECKH BBIXOJ HE MOXKET mpeBbImaTh 50 %,
Ha MPaKTHKE e pa3JeJieHue AaHTHIOZOB COTPOBOXKIACTCS BCEra
SHAYUTCIIbHBIMU TMOTCPAMU U HAKOIUICHUEM OONBIINX KOJWYECTB OT-
XOJIOB, YTO OCOOCHHO HEXEJATEIbHO Il KPYIMHOMACIITAOHBIX IPO-
MBIIIUICHHBIX CHHTE30B. BO-BTOPHIX, pas/ie/icHHe aHTUIIO0B TpeOyeT
CepBhE3HBIX 3aTparT TPyJa, BPEMEHH W MaTepHajioB (pacTBOPUTEIICH,
peareHToB U T. 11.). B-TpeThHX, ake ecu pa3/ieieHue yIaeTcsl ocyIie-
CTBHTb, YaCTO MPHUXOIUTCS ONMPEICIIATh a0COIIOTHYIO KOH(PHUTYPAIIHIO
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BBIJIEJIEHHOIO IPOAYKTA, YTO SIBJSIETCS CJIO0KHOW M TPYJOEMKOM 3a1a-
yel. [loaromy npu nmiiaHUPOBaHNUU CUHTE3A XUPAIBHOTO OpPraHU4eCKo-
IO COSJMHEHHS CIIeyeT BCEMHU CHJIaMU U30eraTh pasJielieHus paleMa-
TOB, 0COOCHHO Ha KOHEYHBIX CTAJIHSIX, KOTJIa TIOJTy4YCHHbBIC C BeJTNYaii-
LM TPYJAOM KPOXH APArOLEHHOT0 BEUIECTBA MOT'YT IPOCTO UCUE3HYTh
B pe3yJsibTare HU3KOW 3(PQEKTUBHOCTH IMpOoIlecca pa3ieiCHUs U HEH3-
OEKHBIX TIOTEPb.

Hcnonb3oBaHWE UCXOIHBIX XUPAIBHBIX COSAUHEHUM MO3BOJISET
n30ekKaTh pas/elieHus] ONTUYSCKUX aHTUMOJOB. /locTaTOYHO MIMpo-
KUH KpYT MPUPOJIHBIX COEAUHEHUN MOYKET CIIYKUThb B KaueCTBE HC-
XOJHBIX BEIIECTB JIJIs1 TAKMX CUHTE30B: aMUHOKHCIIOTHI, OKCUKHUCIOTHI
(BuHHAs, 0JI09HAs), MOHOCAXAPUJIBI M UX IPOU3BOIHBIC, AJTKATIOUIbI
(HMKOTHWH, IIMHXOHWH), TEPIICHBI, CTEPOU/IbI (XOJIECTEPHH, CAIIOTCHH-
HbI). OcOOEHHO MUPOKOE PACIIPOCTPAHEHUE TIOTYUYHMI CUHTE3 XUPaITh-
HBIX IPUPOJHBIX COEIMHEHUN U3 CaxapoB, UYTO OMNPENEIIAETCS OTHO-
CUTENIbHOW JIEIEBU3HONW U JOCTYIHOCTBIO, BBICOKOW KOHLIEHTPALIMEN
XUPATBHBIX IEHTPOB B MOJIEKYJIE, pa3HOOOpa3reM KOMOMHAIIUHN TICH-
TPOB C pa3HbIMU a0COJTFOTHBIMU U OTHOCHTEIBHBIME KOH(HUTYpaIHsi-
MU U OOIIMMH yCIIEXaMHU XHMHUHU YTJIEBOJOB B pa3pabOTKE METOOB
cnenu(uUecKuX MpeBpalieHnuii ckenera u (pyHKIMOHATBHBIX TPYIIIL.

[Ipy nnaHMpoBaHWMM CHUHTE3a XUPAJIBHOIO COEOUHEHHUS W3 CO-
OTBETCTBYIOIIECTO MPEANICCTBEHHUKA CIIEAYEeT BBIOMpATh €r0 TaKUM
00pa3oM, 4ToObI HAMOOJBIIEE YUCIIO XUPATBHBIX IIEHTPOB IIEJIEBOTO
COCIMHEHUS YK€ MPUCYTCTBOBAIO B UCXOAHOM (B HUACATLHOM CIIydae
— BCE ICHTPHI C MPaBUILHOW aOCOJIFOTHOW KOH(HTypaluei); Toraa
CUHTE3 OYJIeT CBOJUTHCS B OCHOBHOM K JIOCTPOMKE aXWpaJbHBIX Ya-
cteii mosiekyibl. Citydali, Korja yaaercs moJo0path ACHIeBOE U JI0-
CTYITHOE HCXOJHOE COCAMHEHHE, COJCpiKaliee OOJbIliee YHCIO XU-
pajbHBIX LIEHTPOB, YEM LIEJEBas CTPYKTYpa, TAKXKE CIEIyET paccMma-
TPUBATH KaK OJIATONPUATHBIN: TIPEBPALICHUE U30BITOUHBIX XUPATHHBIX
LIEHTPOB B aXWpajbHbIE TPYIIbl, HANPUMEP BTOPUYHO-CIUPTOBOU
B METHJICHOBYFO, 00OBIYHO HE BCTPEYaeT OOJIBIINX 3aTPyTHCHHUN.

HecoBnanenue xoH(Uryparyu OJHOTO WM JIaXKe HECKOJIbKUX
XUPATBHBIX IEHTPOB, HECYIIMX (PYHKIMOHAIBHBIC TPYIIIbI, TAKXKE
HE SIBJISIETCA CEPBHE3HBIM NPENATCTBUEM. M3BECTHO MHOMKECTBO CIO-
cO0OB MOJTHOT'O OOpaIIeHUs] KOH(DUTYPAIIUHY MIPH YTIIEPOTHBIX aTOMaX.
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Bonbime TpyAHOCTH BOZHHUKAIOT B TEX CiIydasiX, KOT1a He yIaeTcs J10-
CTHYb NePEKPHIBAHUSI KOHEUHOM U HCXOAHOM CTPYKTYp U MPUXOAUTCS
JOCTpanBaTh HEJOCTAIOIINE XUpPaIbHble HeHTPbl. OOBIYHO AJISL 3TOTO
MPUMEHSAIOT TaK Ha3bIBAEMYI0 aCUMMETpPUYECKYI0 MHAyKIHi0. CyThb
9TOTO SIBIIEHUSI COCTOMT B TOM, YTO BO3HHKAIOIIME MPHU B3aUMOJEH-
CTBUH NMPOXUPATBHOTO LIEHTPA B XMPAIbHOM COEAMHEHUU C axupaib-
HBIM PEareHTOM WJIH IPOXUPATIBLHOTO LIEHTPA B aXUPAIbHOM COETUHE-
HUU C XUPAJIBHBIM PEAareHTOM NEPEXOHbIE COCTOSHUS MPEICTABIIAIOT
co00# auacTepeoMepbl, UMEIOT Pa3IMYHYI0 SHTAIBIUIO U SHTPOIHIO
00pa3oBaHusl, ¥ MIOTOMY OAHMH U3 AUACTEPEOMEPOB 00pazyeTcs npeu-
MYIIECTBEHHO. 31M00IeHHBIM TPUEMOM ISl YCUIICHUS] aCHMMETPH-
YeCKOW MHIYKIMM SIBISIETCS MCIIOJIb30BaHUE BCIIOMOIATEIbHON MO-
CTUKOBOH TPYIIIBL.

Hanpumep (cxema 12), okcHMepKypHUpOBaHHE LHUKIMYECKHX al-
JIMJIOBBIX CIIUPTOB BEJIET K 00Pa30BAHUIO CMECH YETHIPEX BOZMOKHBIX
pEruo- U CTEPEOU30MEPOB.

OH

HgOAc HgOAc OAc
Hg(OAc), W8 g B \Q/
—_—
,//OAC /HgOAc "HgOAc

CHCCI ccl
~ 3 3
9" “on o’/< - OH
a) Bty OH
HgX, O byzn
“HgX

Cxema 12

Jlo6aBka xJIopas, JerKo 00pa3yroIIero co CIIMpPTaMH MoJTyareTa-
JIN, BEJIET K PETHO- U CTEPEOCTICITUPUICCKOMY 00pa30BaHUIO TOIBKO
OJTHOTO M30Mepa BCIIEJICTBHE MPEUMYIIECTBA BHYTPUMOJIEKYIIPHON
aTaKu HYKJICO(PHIEHOW THAPOKCHIILHON TPYIITEI TOTyaleTals mepet
aTakoil BHemHero Hykieo¢wra. [lo crepuueckum MpuUYUHAM TakKas
aTaka BO3MOKHA TOJIBKO TI0 TTOJIOKEHHUIO, COCETHEMY C THIPOKCHIb-
HOM IpyNIou, U TOJBbKO C TOM e CTOPOHBI, YTO BEJET K OJIMHAKOBOU
a0COTIOTHOHM KOH(PUTYpAITH 00X BTOPUIHBIX CITUPTOBBIX TPYIIIL.
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HakoHer, BO3MOYCGH DJHAHTHOCEICKTUBHBIA CHHTE3 XHPAlb-
HBIX COCMHEHHI U3 axUpabHBIX MPEANICCTBEHHUKOB P TTOMOIIH
(hepMEHTHBIX TPEMapaToB, JKUBBIX KICTOK WM XHUPATbHBIX KATaU-
3atopoB. Hampumep (cxema 13), ruaponau3 audGpupoB MUKINISCKUAX
JTUKapOOHOBBIX KHCIIOT 3CTEPa30i U3 MEYSHHU CBUHBH MO3BOJISICT TMO-
Jy4aTh XUpanbHbeie MOHOd(GUPHI (I), a aTKuIUpOBaHKUe MPOU3BOTHOTO
WHIaHOHA XJIOPUCTHIM METHJIOM B YCIOBHUSIX MEK(PA3HOTO KaTaau3a
B MPUCYTCTBUH XUPATLHOTO 71-(TPUPTOPMETHI )OCH3UIIIMHXOHIUHU -
OpoMU/Ia B KauecTBe KaTtanuzartopa (pazoBoro mepeHoca 1aet BO3MOXK-
HOCTh MOJYYHUTh XHPATBHBIA WHAAKPHUHOH C ONTHUECKONW YUCTOTOM
BoIre 90 % (II).

_COQCH:; -_COZCH:‘,
< — < o
L C0,CH; L COOH
0
CH3C1/PhCH3 Cl
. “NaOH, 50% ""”@
CH;0
ZJ Dﬁy--@
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] jas)

mllln
mllu-

HZCO
anll
HO=H COOH (In
7 CF,
NS
N

Cxema 13

HOHy‘leHHBIC TaKUM 06pa30M XHUPAJIbHBIC COCANHCHUA CaMU MO-
TYyT CIIYKUTb UCXOAHBIMU IJIA ﬂaﬂbHeﬁHlHX CHHTC30B.
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3. BbIGOp ONTUMAJIBHBIX MyTEH CHHTE3a

Jliss OKOHUYATENTHHOTO BBIOOpA ONTHMAIILHBIX MYyTEH CUHTE3a
HY’KHO IIar 3a [IaroM CHOBA IMePeCMOTPETh BCE CXEMBI, 0Oparias 0co-
00c¢ BHUMaHHE Ha YUCTO MPAKTHYECKHE BOTIPOCHI:

1) mmeroTcst i B 1abopaTopruu HEOOXOIUMEBIE peareHThl, pacTBO-
puTenH, aacopOeHTHl M JAPYTHe MaTepuaibl HY)KHOTO Ka4decTBa; IJie,
KaK M HACKOJIBKO TPYIHO MOJIYYNTh HEJOCTAIONINE; MOYKHO JIH UX TIPH-
FOTOBUThH CBOMMH CHUJIAMHU M KaKOBBI Oy IyT 3aTpaThl BpEMEHH U TPY/a;

2) XBaTUT JIU UMEIOIIETOCS B JIAOOpaTOpUu O00OpYIOBAHUS HIIH
MIPHUIETCS IPHOOPETaTh TAaKOE CIIEHAIN3UPOBAHHOE 000PYAOBaHUE,
KaK 3JICKTPOXHUMHUYECKHE WIN (HOTOXUMHUYECKHE PEaKTOPhI, aBTOKJIIa-
BbI, TpyOYaThie NICUU; FOAATCS JIM JTOCTYIIHBIC CIIEKTPaJIbHBIC TPHOO-
PBI TIO CBOMM XapaKTEPUCTHKAM JUIS JTI0Ka3aTeIbCTBA CTPOCHHUS U CTe-
PCOXUMHHM ITPOMEKYTOUHBIX U KOHEUHBIX TPOTYKTOB;

3) noctatouHa NI KBaTU(PUKANMS COTPYIHUKOB IS OCYIIECT-
BIICHUS 3aIyMaHHOTO U KOMY U3 HUX KaKyo padoTy 1ejaecoodpazHee
MOPYYUTh, YIUTHIBASI UX 3HAHMS, OIIBIT U CKJIOHHOCTH.

Haxkomner, kaxayio cTai0 CHHTETHYECKOTO IJIaHa CIIEIYET Olle-
HUTH C TOYKH 3pEHHS] BO3MOKHOCTH HEYAA4YH TPH €€ OCYIIECTBIIe-
Hun. ['MOKue CXeMBI, TOMYCKAIOIINe TIEPECTAHOBKY CTamuii U (W)
pean3anuio Kax10M U3 CTaANi HECKOIBKUMHU Y TSAMH, 3aCITYKHBAIOT
MPEANOYTEHUS [TEPE TEMHU, I'/Ie HEylaua Ha OJHOM U3 CTauil O3Haya-
€T MPOBaJI BCETO CHHTE3a.

[Ipn momoIu Takoro poja KPUTEPUEB OTOMPAIOT Hamboyee
pealibHbIC W HAJCKHBIC IMYTH, MOCJIE Yero MPUCTYIAKT K WX JIUTE-
patypHO#i mpopaborke. OOb9HO paboTa B OMONMHMOTEKE MO3BOJISET
COKpAaTUTh YMCIIO OTOOpPAHHBIX IJIAHOB JI0 Tpex-ueThipex. Ecmu mo-
3BOJISIIOT JTa0OpaTOPHBIE YCIIOBHS, a IIEh TOTO 3aCTy’KUBAET, paboTy
HA4YMHAIOT CPa3y 10 BCEM BbIOPaHHBIM HamnpaBjicHusIM. [1pu ObicTpoM
MIPOJBIKEHUH K TIENIM TI0 TOMY FJTH WHOMY HAIPaBIICHHUIO IIEJIECO0-
OpasHo TepepacnpeesuTh PeCypChl B MOJI3Y TPYIIIBI, JOOUBIIEHCS
HanbopImuX ycrexoB. Koria ognH U3 myTeil IpUBOINUT K IENICBOMY
COEIMHEHHIO, HAUMHAETCS CIIEIYOLIUI 3Tall — ONTUMH3ALUS KaXKI0U
CTaJINy U1 OKOHYATEIbHON KOPPEKTHPOBKHU M YCIIEITHOTO 3aBepIe-
HUS pa3paObOTaHHOTO TJIaHA HA TIPAKTHKE.
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4, llpyuMepbl pETPOCUHTETUYECKOTr0 aHA/IM3a
CJIOXKHBIX OpTraHUYEeCKHUX COeAUHEHUMN

PerpocunTeTnyeckuii ananu3, Kak OBLIO OTMEUYEHO BBIIIE, -
POKO HCTIONB3YeTCsl TP OCYIIECTBICHUH IEJIEHANIPAaBICHHOTO CHH-
Te3a TpeOyeMbIX BemecTB. Takoil CHHTE3 He MOYKET OCYIIECTBISATHCS
0e3 COOTBETCTBYIOIIEH OpraHM3alMd XUMHYECKOTO JKCIePUMEHTA.
Xumuyeckuii sxcnepumenm — UICTOYHUK 3HAHUS O XMMUYECKUX Bellle-
CTBax M MX MpEeBpaIleHUsIX.

B xuMuyeckoM 3KCHepUMEHTE MOYKHO BBIIEIHUTH CIIEAYIOIIHE
KOMITOHEHTBI:

1) m3ydueHne XUMUIECKHX OOBEKTOB (BEIICCTB M XMUMHYCCKHUX
peakumii);

2) MOCTAaHOBKY IICJICH U 3a7a4 SKCIICPUMCHTA;

3) DKCIIEpUMEHTATBHYIO IeATEILHOCTh CAMUX 00y9IaeMBbIX;

4) 0CBOCHHNE TEXHUKH XUMUICCKOTO IKCIICPIMEHTA.

XHUMHUUYECKHH 3KCIIEPUMEHT ITPOBOJUTCS] B HECKOJIBKO 3TAIIOB!

1-if oTanm — 000OCHOBaHME TTOCTAHOBKH OMbBITA (C KAKOH IIEITBIO
MIPOBOANTHCS IKCIIEPUMEHT?);

2-1i 3Tam — MJIAaHUPOBAHNE U MPOBE/IEHUE IKCIICPUMEHTA;

3-if oTam — OIEHKA MOJyYEeHHBIX PE3yTbTaTOB.

B ocHOBe miiaHMpOBaHMS XUMHYECKOTO SKCIIEPHMEHTA JIeXkKat
aHaIU3 U CUHmMes3.

PaccmoTpuM, Kak TpPOBOAUTCS IIAHWPOBAHHE HKCIEPUMEHTA
Ha TpUMepe MOIy4YeHHs: 3T 4-aMuHOOeH30aTa (ITHIIOBOTO 3(hupa
4-aMrHOOEH30HOM KUCIIOTHI), 1-(MeTokcndeHmn)aTanoHa (4-MeTOK-
cuareropeHona), 2,6-muHUTpo-N-ponii-4-(TpuToOpMETHI)aHUITH-
Ha W COBMECTHOro cuHTe3a 1,2-6ensuzornazon-3(2H)-on 1,1-muok-
cua u 4-MeTIIOCH30CYIb(POHMUIT XJTOPUIA.

B nmanHBIX CTpyKTypax CBs3b, KOTOpas AOJDKHA OBITH pacdiie-
HEHa, TPAaKTUYEeCKH BCET/a SIBIAETCS CBS3bIO, COCNUHSIONICH apo-
MaTHYeCKOe KOJBIIO C OCTaTKOM MOJIEKYJBl. Bcé, uTo HEeobxommumo
peIInTh, — T7Ie ¥ KOT/Ia TPON3BOJNTH pacujIeHeHNe 1 KaKue KOHKPET-
HO WCXOJHBIE BEIECTBA MCIOIB30BaTh. Hike OyayT MCIIONB30BaHBI
TaKre METO/I0JIOTHYECKHEe TEPMUHBI, KaK pacuieHenue, 83aumMonpes-
pawenue gyuxyuonanvroi epynnot (BOI') u cunmon. Pacunenenue
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— 9T0 (hopMaNbHBIN NpoLIEcC, OOPaTHBINM CHHTE3Y, H 3TOT IPUEM MpPU-
MEHSEeTCs JIUILb TOT/1a, KOTJja U3BECTEH Hal&KHbBIN METO/I CHHTE3a.

4.1. IInaHupogaHue cuHme3sa
amusa 4-amuHob6eH30ama

[Ipy nmnaHupoBaHWM CHHTE3a MECTHOTO aHEeCTETHKa OCH30KamHa
(oI 4-ammHOOEH30aT, aHacTe3uH) (4.1) u3BecTHO, YTO dPUPHI TTO-
JYYaroTCsl U3 CIIUPTOB M KHUCIIOT, CIEAOBATEIBHO, MOXKHO 3aIHCaTh
C—O-pacunenenne. OOBIYHO pacwIeHEHHUS OYyAyT MapKHpPOBATHCH,
9TOOBI ITOKA3aTh MOTHB MX BBIMTOTHEHUS.

Anamms 1

(yrf CO,H
OE C © + EtOH
a(pnp H,N

(4.1) (42)

Tenepb HaIpanMBaeTCss CaMoe MPOCTOE PEUICHUE: OTWICHHTh
COOH- u NH_ -rpynmel OT apOMaTu4ecKoro KoJjblia, HO HEM3BECT-
HO HH OJIHOW XOpOIIeH peakIK, COOTBETCTBYIOIICH TaKUM pacdlie-
HEHHSIM. 3HAYUT, HY)KHO CHAuaya MPOU3BECTH 83aUMONpespaljeHue
@ynxyuonanvroix epynn (BOI'), aT006I 3aMEHHATH 3TH (HYHKIIMOHATH-
HBIC TPYIIILI HA JIPYTUE, KOTOPBIE MO3BOJIAT MPOBECTH pacUJICHEHHUE.
ApomMaTuvecKue KUCIOThI MOXKHO TIOJTYYUTh OKHCIICHUEM METHIILHBIX
IPYIII, @ aMAHOTPYIIITBI — BOCCTAHOBICHHEM HUTPOTPYII. DTO MOXK-
HO 3aITUCaTh CIEIYIONIM 00pa3oM.

AHanns 2

COZH COzH CH3
Bor Bor

HZN OzN 02N
4.2) 43) 44)

Tenepp oT4iIeHEHHE HUTPOTPYIIIHI PAIMOHAIBHO, TaK KaK HU-
TpPOBaHHUE TOIYOJIa MMPOTEKAET JIETKO, & CaM TOIYOJI JJOCTYTICH.
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Ananms 3

OzN@ HI/ITpOBaHI/Ie /O/

(4.4) 4.5)

Orto mpuaéT aHaIM3y 3aKOHUEHHBIM BHU[, U TEIEPb MOXKHO 3a-
IUCaTh CUHTE3 C MpennojaraeMeMu peareHtamu. He crnexyer ctpe-
MUTBCS K TOYHOMY IPEICKa3aHUIO PEareHTOB M YCJIOBHH CHHTE3a.
JlocTaToyHO 3HaTh THI TPeOyeMOro peareHra, a B JIUTEPaType MOXK-
HO HAaiTH peareHThl M YCIIOBHSA, 4TOOBI MOMOYb PACIIUPUTH BALIH
3HaHMs, aKLEHTUPYS! BHUMAHUE HA BAXKHBIX AETANISX, OTHOCSIIMXCS
K yCJIOBUSIM NIPOBEACHUS CHHTE3A.

CH; CH; COH
__HNOy KMnOy
sto4 ON

4.5) (44) 423)
Hy COM L on
s — 45
Pd. C T M (4.5)
H,N
42)

OTH CTaguH MOXXHO ObLTO OBl IPOBECTH M B JPYrod MocienoBa-
TEIBHOCTH:

C % OCZHSC 5 o
+ OGH.
P e — o
H,N H,N
COH CH CH CH
2 3 3 C%N 3
jr— fr— j—
N HN O,N

HO, B OTJIMYHE OT YKa3aHHOIO, AJIbTEPHATUBHBIA MOPSAOK Mpe-
BpAILIEHUS IJIOX, TaK KaK MPEANoJiaraeT OKUCJIEHUE An-TONyUAuHA
B n-aMUHOOEH30MHYIO0 KHCJIOTY — SIBHO HEHAJICXKHBIN MPOIECC, I10-
CKOJIBKY XOpOLIO M3BECTHO, UYTO 3JIEKTPOHO-JOHOPHASI aMUHOTpyIIa
YMEHBIIIACT CTA0MILHOCTh aPOMATHUYECKOTO KOJIbI[A K OKUCIIUTENISIM
W HAZIESIThCS HAa XOPOLIMK BBIXOJ 31ECh BPAJL JIU IPUXOIATCS.
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Pemenus no BI:I60py Hanboee NEPCICKTUBHOI'O IIYTU CUHTE3a
COCTAaBJIAIOT YaCTb cmpamecuu.

Llla610H 0151 npoeKMUpo8aHUSsl CUHME3A
amuus 4-amuHobeH3oama

AHanns3

a). PaciosnaBanue yHKIIMOHAIBHBIX TPYIII B LIEJICBOM MOJICKYJIE.

0). Pacunenenne Meronamu, COOTBETCTBYIOLIMMHU H3BECTHBIM
1 HaJEKHBIM PEaKIHsM.

B). [loBTOpenue npouenyps! a) u 0) U1 MOIyYEHHBIX (pparmen-
TOB C LIEJBIO MOJYYECHHUS TOCTYIHBIX HCXOIHBIX COCMHEHHM.

Cunres

a). [Iumem 11ad, COOTBETCTBYIOIMIUN aHAIHU3Y, JOTIOTHSIS €T0 Ha-
MMHCAaHUEM PEareHTOB U YCIIOBUI.

No Peazenm 1 Peazenm 2 Peaxyus

A3oTHas KHCJIOTAa,

1 Tomyon Hurposanue (S Ar)
CepHasl KUCIIOTa
2 4-HUTPOTOITY O [lepmaHTaHAT KaIHs Oxucnenue
4-uutpobenzoitHas | Bomopon, miiatuHo-
3 N Boccranosnenue
KHCJIO0Ta BBII KaTaln3aTop
4-amuHOOCH30MHAs
4 OraHon Orepudukanys

KHCJIOTa

0). MoauduiupyeM 1miaH B COOTBETCTBHU ¢ HEOXKUIAHHBIMU He-
ylauaMy WM YCIIEXaMH, TOCTUTHYTHIMHU Ha MPAKTHKE B Ta00PATOPHH.

4.2 llnaHuposaHue cuHmesd
1-(memokcugheHu1)3maHoHa

Hpyroe mone3Hoe pacuyieHeHHE COOTBETCTBYET peakiun Dpuie-
ns—Kpadrca, KOTOpyo MOKHO HCIIONIB30BaTh B cHHTE3e |-(MEeTOKCH-
(henmn)aTanona (4.6) — AYIIFCTOTO BEIIECTBA IIBETOB OOSPHIIITHAKA.
DTO OHOCTAIUIHBIN CHHTE3 U3 JOCTYITHOTO 3(upa.
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AHanus
(0]

LLLLJ\ C-C H O

®punens-Kpadre

MeO MeO
4.6) 4.7 (4.8)
Cunres
MeCOCI »
—_—
AICl, M (4.6)
MeO 94-96%

@.7)

B 00oux ciydasix, Kak B 3TOUM peakIiiu, TaK ¥ B HUTPOBAaHUH, UC-
OJIb30BAaHHOMW JJIs TOJTydeHUs] OCH30KanHa, peareHT, KOTOPBIA aTa-
KOBaJI OEH30JIbHOE KOJBIIO, SIBISIETCS KATHOHOM: CH3CO+ B peakLHHu

+
®punens—Kpaprca u NO," npu murposanuu. Korga pacunensem

CBA3b C apOMATUYCCKUM KOJBLIOM, TO INpeaAnojgaracm TaKkol THII pe-

AKII1H. CJ'IGZ[OBB.TGJ'IBHO, MOXXHO BBI6paTL HE TOJIbKO KaKyr0 MMCHHO

CBA3b HA/10 pa3pylInTh, HO U KaK 3TO CACJIAaTh HA 3JICKTPOHHOM YpPOB-

He. B naHHOM cityyae MBI 3amichIBacM BapuaHT (a) 1 HuKak He (0),
TaK KaKk apoMaTH4ecKoe KOJIIO BeAET ceds Kak HyKIeo(pui, a XJo-
PaHTHIPU] KHCIOTHI — KaK 3JEKTPODHIL.

- (0]
a) /@ + + K
Q MeO

V%J\ @.7) 4.8

b)
MeO — |
(4.6) ’ _\
MeO

Taxue ¢parmentsl, kak (4.7') u (4.8"), SABISAIOTCS cunmonamu,
TO €CTh BOOOpakaeMbIMU ()parMeHTaMu, KOTOpBIE JTHO0 00pa3yroTcs
peaibHO B XOJ€ PEaKUH, JMOO HET, HO MOMOTAIOT PELINTh, KaKue
peareHThl UCTIONB30BaTh. B nanHoM ciyyae cuHToH (4.8') oOpasyercst
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B JICHCTBUTEIILHOCTHU, B OTJIHYUE OT (4.7'), ¥ SBISCTCS uHmepmeoua-
mom B cuHtese. Korja ananus 3aBepiiéH, CHHTOHBI JJOJDKHBI OBITh 3a-
MEHEHBI peaceHmamy 1 MPaKTUUECKOro UCTIONb30Banusl. Jis aHu-
OHHOI'O CHHTOHA PEareHTOM YacTO SBJSICTCS COOTBETCTBYIOIIMIA
YIIIEBOAOPO.I — AJI1 KATHOHHOTO CHHTOHA PEareHTOM YacTO SIBIISICTCS
COOTBETCTBYIOIIU TAIOTCHHU/I.

L A A

— . — H
o T
(4.6)
MeO MeO

CHHTOHBI Pearenter

4.3. InaHuposaHue cuHme3sa 2,6-0uHUMpo-

-N-nponuxa-4-(mpugpmopmemu.i)aHUAUHA
HpHMOG 3aMCIICHUC TaJIOr€Ha B apOMAaTHYCCKOM KOJIbLEC BO3-
MOJKHO JIMIIb B TOM CJiy4ae€, €CJIu B opmo- U napa-noJjIOKECHUN UME-

FOTCSI HUTPOIPYIIIBl WIH JAPYTrUe 3JIEKTPOHOAKLENTOPHBIE I'PYIIIBL.
OOBIYHO 3TH COETMHEHUS JIETKO MOJIyYaroTCs HITPOBAHHEM:

Cl Cl Nu
HNO, NO, NO,
H,SO4
NO, NO,

Panee npomsBomumbie kommnanmed Lilley repOummmsi, Takue
kak Ttpupnypamua B (2,6-muHETpO-N-TiponHi-4-(TPUPTOPMETHIN)
aHuuH) (4.9), SBISIOTCS XOPOIIMMHU KaHAWAATAMH JUIS MOJTYYCHUS
[0 TAKOMY METOAY. AMHUHOTPYIIITY MOXHO MPHCOCTUHHUTL HYKJICO-
(GWIbHBIM 3aMEIEHHEM TaJOreHa, a HUTPOTPYIIbl BBECTH MPSIMBIM
HUTPOBAHHUCM.
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Tpudaypanun B: Ananus

NR, cl cl
[VaVaVaVA)
O,N NO, O,N, ‘??{Noz
C-N C-N
— —
HUTPOBAHUE
CF; CF; CF;
(4.9), R=n-mpormmn (4.10) (4.11)
CuHnre3
Cl
NO.
HNO; O:N ? ocHoBamme A
4.11) —>st04 PN M (4.9)
CF;

(4.10)

4.4. [InaHuposaHue co8MeCcmMHO20 CuUuHmMes3a
1,2-6eH3u3omua3o-3(2H)-oH 1,1-duokcuda
u 4-memu16eH30Ccy1bHoHU XA0puUda

Yacro Ha MpaKTHKE BO BPeMs CHHTE3a 00pa3yeTcsl CMeCh, KOTO-
Py HEOOXOAUMO Pa3lIeUTh, YTOOBI TOJYYUTh HEOOXOIUMBIA H30-
Mep. B menom peakium, KOTOpbIE JaOT CMECH IMPOAYKTOB, Jydllle
Bcero oboiitu. OJIHAKO apOMaTHYEeCKOe 3aMEIICHUE HACTOIBKO JIETKO
BBITIOJIHHUTD, YTO Pa3Jie]ICHHe H30MEPOB IIPUEMIIEMO, OCOOCHHO €CIIH
ATO TepBasi CTaIMsl CHHTETHYECKOH Iernodku. JKemarenbHO, 4TOOBI
peaxiusi, KOTOPYI MPOBOJIAT YIS TIOJTYYSHHS B OOJBIIIOM MaciiTade
HYKHOTO M30Mepa, JaBalia JAPYroi n3oMep, KOTOPHIH 1mocie pasjene-
HUSI CMECH MOKHO HCIIOJIb30BATh JUISl IPYTHUX IEIIEH.

Takum 00pa3oM, ¢ y4€TOM BHIIIECKAa3aHHBIX TPEOOBaHUH MOITY-
yaroT caxapuH (1,2-0ensuzoruazon-3(2H)-on 1,1-guokcun) (4.12).
Pacunenenue umuna naér aukuciory (4.13), kotopas MOXeET ObITh
nonrydeHa uepe3 BOI™ u3 ronyon-opmo-cynbPOKHCIOTHI.
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CaxapuH: AHa.]'II/B

CO,H
BoT
S aMl/IIl SOZOH OKHUCJICHUEC
(4.12) (4.13)
Me Me

C-S

——
CYJIB(PUPOBAHUC
IJ{JSOZOH ywpup
(4.14) 4.5)

Ha mpaktuke myst 607bI1eH OBICTPOTHI TTOIYYAIOT Cpas3y CyIbQo-
Huwxiopun (4.15), MUHYS KUCIIOTY, a 3aTeM OT/EISAIOT ero OT napa-
COoeTMHEeHNA. 3aBepIIeHNEe CHHTE3a IPOBOINUTCS CTaHIAPTHO.

Cunres

Me Me
@ W
CIS0,0H SO,C1  ClO5S

(4.5) (4.16)

COH
SO,NH, SO,NH,
(4.17) (4.18)

|

M (4.12)

CaxapuH TpOU3BOAUTCS B OOJNBIIOM KOJHYECTBE, CIIEI0BATEIIb-
HO, 00pa3yeTcsi MHOTO napa-TolnyoJcyibhoxiopuia (4-MeTHIOCH-
30CyJIb(OHMIT XJIOpU/Aa) U OH AocTaTo4Ho JgiieB. [1o aToii npuynHe
TO3WJIbHAA rpyIlIma — A0CTAaTOYHO IMONIyJIsApHasd yXoJdllas TIpyIima
B OPraHUYECKOM CHHTE3E.
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5. [l1aHMpoOBaHUe CUHTE3a
U CUHTEe3 apOMaTU4YeCKUX JUAMUHOB,
3aMeHHuTeJield 6eH3uANHa
AJIS OJIyYeHUA a30KpacuTeaen

5.1. [locmaHnoeka npo6aemul

Kpacurenu — XxuMu4YecKre COeIMHEHUS, 00JIaatoe Crocoo-
HOCTBIO HHTEHCHBHO MOTJIONIATh U MPE0OpPa30BhIBATH YHEPTHUIO JICK-
TPOMAarHUTHOTO M3JIyYCHHUS! B BUAUMOU M B OJIMKHUX yJbTpaduoe-
TOBOH 1 MH(PAKPACHOM 00JIACTSX CIIEKTPa U IPUMEHSIEMBIE JUIs TIPH-
JaHUs 3TOW CIOCOOHOCTH IpyruM TenaMm. CaMo CIIOBO «KPacHTelb
npoucxoxaeHrueM cBouM o0sizaHo A. E. Ilopaii—Kommny. Cpenu
LIMPOKO HCIOJIb3YEMBIX B IMPOMBIIIJIEHHOCTH KJIACCOB KpacsIuX
BEIIECTB 0CO0OE MECTO 3aHUMAIOT A30KPACHTENH, COCTABJISIOLINE
710 IByX TpeTeil oObeMa OT BceX BBIITyCKaeMBIX KpacuTenei. ['pynna
a30KpacHTesel BKJII0YaeT caMblii OOJIBILION U caMblil pa3HOOOPa3HBIN
ACCOPTHMEHT UCKYCCTBEHHBIX OPraHMYECKHUX KpacuTelel, IpuMeHs-
€MBIX AJI KpaIIeHUsI HaTypaJIbHBIX U CUHTETHUYECKUX TKaHEH, KOXKH,
OyMmaru, pe3uHbl, B TaKOKPACOYHOH, MOTUTPpauIecKoi U APYrux OT-
paciax NPOMBIIIJIEHHOCTH.

A30KpacuTenu — OpraHMYECKUe KPaCUTENN, B MOJIEKyJIaxX KOTO-
PBIX COJEPIKUTCS OJIHA MM HECKOJBKO a3zorpymi -N=N-, cBsA3bIBato-
LIIMX apoMaTH4ecKkue paaukaisl. [lo yucily 3THX rpynn pasindaroT
MOHO-, OHC-, TPUC- U NOJHA30KpacuTean. Azorpymnmna -N=N- sgBiseT-
Csl CHJIBHBIM XPOMOTCHOM (MCTOYHHMKOM L[BETA), M TIOATOMY a30KpacH-
TEJIM 0OBIYHO 00JIaAaI0T BBICOKOH Kpacse CioCOOHOCTHIO.

OpHako, HeCMOTpPS Ha OOJIBILON KPYT M3BECTHBIX KPACSILIUX BeE-
LIECTB, MPOJOJIKAETCS MOMCK HOBBIX CTPYKTYpP a30KpacHTeNed Kak
HanOoJiee MEePCIEeKTUBHBIX MPEACTaBUTENCH NaHHON TPYIIBI, KOTO-
pble 06nazany Obl BRICOKUMH (PU3UKO-XHUMHUYECKUMH CBOWCTBAMHU.

B cBs3u ¢ oTHM mepen XMMHKOM—CHUHTETMKOM CTOMT 3ajada
CO3/1aTh HOBBIE CTPYKTYpbI a3zokpacuteneld. s peain3anuu JaH-
HOM 3a7a4i He0OXOAUMO YUUTHIBATh OE30MaCHOCTh MX JJISl YeJIOBEKa
n okpy>xaromeit cpeasl. Hanpumep, B XX Beke MHMPOKO UCIIOIb30BaA-
JIICh KPacHUTEJIM Ha OCHOBE OCH3MIMHA, ogHako ¢ 1970-x rr. mocne
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06Hapy)KCHI/I$I €T0 KaHLCPOICHHOCTHU B PAAC CTpaH €T0 MPOMBIIICH-
HOC NPOMU3BOACTBO U UCIIOJIB30BAHUC OBLIO 3aIlpeuiCHoO.

Bensunnn

[Tpumepamu azokpacuteneld Ha OCHOBE OCH3MIMHA SIBISIOTCS
KOHI'O KpacHbIN (MpsIMOil KpacHsbIi 28), mpsSMOH 3eneHblid 1 u T. 10.:

ora0i

NaO;S 3

[psimoit 3enéuprii 1

NH,
o - O D
v

SOH

Konro kpacHslil Uiy npsiMoit kpacHbli 28
Cxema cuHTe3a KOHI'O KpacHOTo TpejicTaBiieHa Ha c. 49.

[ToaTomMy BeayTcs MCCEOBaHUSA B HANpPaBIEHUH €r0 3aMEHBI
pa3IMYHBIMHA aHAJOTHYHBIMM CTpyKTypamu. Kpome storo, mis cos-
nanust dQQEKTUBHBIX KpacHuTesed, 00JIafalonuX BBICOKMMHU ITOKa-
3aTels MM KadecTBa, TAKUMHU KaK yCTONYHMBOCTH K JICHCTBHIO CBETa,
BJIaTH, K CTUPKE (FOpsYMM pacTBOpaM MbIIa U COJbI), TPEHUIO, TOTY
U TJI2KCHUIO, HEOOXOIUMO YUHTBHIBATh CBS3b TOCIEAHUX C COCTa-
BOM M CTPYKTYpOH Kpacurens. Tak, aToMbl xjiopa, Opoma, cynbdo-
1 KapOOKCHJIbHAsI TPYIIBI 3aMEJISIIOT BBIIBETAHHE, HUTPOTPYIINa,
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KapOOHMJIbHAS TPYIIA yJIy4lIaloT T1yOuHy okpacku. [loatomy mpu-
CYTCTBHE TaKUX TPYIIII )KEIATESIBHO B TOIYIPOLYKTE, UCTIOIb3YEMOM
JUIsl CHHTe3a a3oKpacuTeneld. Bricokue mokasarenu KauecTBa Kpacu-
TeJel 3aBUCAT TaKKe OT HAJIMUYKs XpOMO(POPOB B MOJIEKyIe. XpOMO-
(opBl — 3TO TPYIIIBI, KOTOPBIE MPH MIPHUCOSTUHEHUH K OECLIBETHOMY
OpPTaHMYECKOMY BEIIECTBY, 34 CUET CBOMX HEHACBHIIICHHBIX aTOMOB,
npuaamT eMy okpacky. K xpomodopam otHocsTes: -N=N- azorpyn-
na, -NO, (aurporpynmna), =C=0O (xapOoHMJIbHas Ipymmna), COIps-
’KEHHBIC CUCTEMBbI JIBOMHBIX CBS3€H, XMHOUIHBIC TPYIIIUPOBKU U JP.
Kpome Toro, n3BecTHo, 4TO BBEIEHHE MOCTHKOBBIX aTOMOB M TPYIII
MeXy OCH30JbHBIMU KOJIBbIIAMHU CHIKAECT KaHLIEPOTEHHOE JCHCTBHE
OpraHMYEeCKHX BEIeCcTB. B KayecTBe TaKOBBIX MOTYT HCIOJIBb30BATh-
cs: -O-, -S-, -N(H)-, -C(O)-, -S(O),-. Haubosnee npeanoyTUuTeIbHbIM
NpPE/CTABISICTCS HAJIM4YMe B CTPYKTYpE IUa3aKkpacuTens Cyib(o-
rpynmel. 9TO OOYCIOBICHO BBICIICH CTENEHBIO OKUCICHHS aToMa
cepsl M, KaK CJIEJCTBHE, CIIOCOOHOCTBIO CYJIb(OTPYNIbl OTTSITUBATD
ANIEKTPOHBI COCEAHUX OCH3OJIBHBIX SIAEP, UYTO BEAET K MOBBILICHHIO
UX YCTOWYMBOCTH K BO3/ICHCTBHIO Pa3IMUHBIX OKUCIUTENCH U PYTHX
HeOIaronpusTHBIX YCIOBUI OKPYKaIOMICH CpPeIbL.

NH,

- N

NH,

SO;Na SO;Na
I<IH2 NH,
H H
N—N N—N
— ~I .

Cxema CMHTE3a KOHI'O KpacHOToO
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HpOﬂHaJ’II/ISI/IPOBaB BCC BBIIICU3JIOKCHHOC, B KAa4YCCTBC XOPO-
e AJIbTCPHATUBLL 6CHBI/I,I[I/IHy MOKHO NPEAJIOKUTH CICAYIOLIYIO

CTPYKTYDPY: 0
O

$ cl
0

NH,

5-[(4-amunrO G eHMIT)CynbHOHNT | -2 -XTOPAHUITHH

Tembl pedpepaTon

1. Teopust IBETHOCTH.

2. Kinaccudukanusi CHHTETHIECKUX KPACUTEIICH.

3. Mcxonuble BelecTBa 1 MOMYPOILYKThI I CHHTE3a KpacHTeIeH.
4. CuHTe3 U CBOWCTBA a30KpacuTenei.

5. Cnoco0bl KpalieHus! ICKYCCTBEHHBIX M HATYPAIbHBIX TKAaHEH.

5.2. [lnaHupoeaHue u npogedeHue IKchepumeHma

5.2.1. [lnanuposaHue cunmesa
5-[(4-amunogeHun)cyrbgpoHuN]-2-XN0pAHUAUHA

Anamms 1

M3BecTHO, 4TO OCHOBHBIMHU CIIOCOOaMH CHHTE3a aMUHOAPEHOB 5B~
JSIIOTCSL peaKIMi aMUHUPOBAHUS M BOCCTaHOBIJICHNUS. B iepBoM ciryuae
B cyOcTpare HEOOXOIMMO HAIMYHE XOPOIIMX HYKICO(pYIroB U CHIIb-
HBIX JIEKTPOHOAKLETITOPHBIX IPYIIII, PACIIONOKEHHBIX B 0pmo-, napa-
MOJIOKEHHSIX K PEAKIIMOHHOMY LIEHTpY. B maHHOM citydae 3ToT MeToj
(pueM pacunenenus) MCHONIB30BATh HENb3sl, TaK KaK OJHA W3 aMU-
HOTPYII HAaXOIWUTCS B Mema-TIOJIOKEHHN K aKTUBHpYIOLIEH cyibgho-
rpymre. K Tomy e B epByro odepesb OyeT 3aMearhest aToM XJopa
B 1oJio’keHuH 4-. [loaToMy Gosiee MOAXOMSAIIMM HPOLIECCOM MOTyde-
Hus (5.1) sBIISIETCS peakysi BOCCTAHOBIICHUSI COOTBETCTBYIOIIETO JIH-
HuTpoapeHa. TakuM 00pa3oM, Hy>KHO HPOBECTH 83AUMONPEspAlyeHUe
@yuryuonanvuvix epynn (BOI'), 4ro0bl 3aMEHHUTH 3TH (PYHKIIHOHAIb-
HBIE TPYIIIBI HA IPyTHe, KOTOPBIE IO3BOJISIT IPOBECTU pPACHICHEHUE.
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0 BOI'
(0]

.1 N

5-[(4-amuHODE HILT )CyTBHOHMT |-2- X0 pAaHUITHH

Q
-
o)
52 NO&

2-uuTpO-1-x710p-4-[(4- HU'TpOd e HILT )CyTBPOHIT |6E H30T

Bonpocet u 3a0anua

1. Kakue n3BecTHbI JOHOPBI 3JICKTPOHOB, HCIIOIb3yEMBIE TSI BOC-
CTaHOBJICHHUS HUTPOCOSAMHEHNH? B KaknuxX ycioBusX oHH paboTaroT?

2. HapucyiiTe MexaHu3M BOCCTaHOBIIEHUS 4-HUTPOXIOPOECH301a
XJIOPUIAMH METAJUIOB [IEPEMEHHOM BaJICHTHOCTH.

AHanms 2

BBenenne HUTPOrpynmbsl MOYKHO OCYLIECTBHTH B COEIMHEHUE
(5.3), 9To mocTaTouHO MPOOIEMATHYHO, YUUTHIBASI €O HJIEKTPOHIE-
¢uuTHBIN XapakTep. C Apyroil CTOPOHBI, HUTPOBaHUE (5.5) MOHKHO
IIPOTEKATh B 00JIee MATKUX YCJIOBHSX, HO IIPH 3TOM MOT'YT 00pa30BbI-
BaThCsI TPU H30MEpa. DTO CBA3AHO C TEM, UYTO aTOM XJIOpa U THOde-
HWIBHBIN pajluKal sIBJISIOTCSI OpDUEHTaHTaMU 1iepBoro poaa. [lostomy
OyzeT HabIIOAaTHCSI HECOTIIACOBAHHASI OPUEHTALNS PEaKkMy apoMa-
THUYECKOTO NIEKTPOPHUILHOTO 3aMELIEHNUS, YTO IPUBEAET K HAIUYHIO
JIBYX HW30MepoB. TpeTwii MpoAyKT HUTPOBaHUs coefuHeHus (5.4),
XOTs1 ¥ B HEOOJIBIIOM KOJIMYECTBE, MOXKET 00Pa30BbIBATHCS NP BBE-
JCHUU HUTPOTPYMIIEl B Apyroe OEH30JbHOE KOJIBLO, B KOTOPOM YXKe
HMMEIOIIAsICSl HUTPOTPYIIA SIBISAETCS OPUEHTAaHTOM BTOPOTO poja,
a TuoeHMIIbHBIN panukan 1-ro pona (corjacoBaHHAs OPUHTALIUS).
VYuuThIBas TO, YTO MPEANIOYTECHUE BCErJa JIOJDKHO OTHABaThCs MPO-
Leccy ¢ HanOoNbLIEH CEJIEKTUBHOCTBIO, BEIOOP CTAaHOBUTCS OYECBH/-
HBIM. DTO MyTh a.
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(53)

1-x110p-4-[(4-HuTpodhennn cyabhonn |6eH30I
a) pac‘meHeHue/ HUTPOBAaHKE

@ Q OZNQ;—)QQ

(5.2) NO, (4-xnopderun)(4-nurpodenm)cy

b) BOT\\ OKACIECHHE

A Van

54 NO
2-untpo- 1 -xmop-4-[(4-aurpod eHrn)cy b anu|6eH301

Bonpocwt u 3a0anun

1. Hapucyiite MeXaHW3M pPEaKIHH apoOMaTHYECKOTO 3JIEKTPO-
(bMITBHOTO 3aMelIeHHs Ha TPUMepe HUTPOBAaHUA 4-HUTPOXIOPOEH30-
na HNO, B H,SO,.

2. Kakue W3BeCTHBI OpPHEHTAHTHI 1-TO M 2-TO pojia B peaKinu
apOMaTHYECKOro MEKTPOPUILHOTO 3aMEIIeH s ?

Anaaus 3

(4-xnoppennn)(4'-HUTPOPEHUIT)CYIbPHU JIETKO MOXHO TMOJYy-
YUTH IIpU B3aPIMOIlCI71CTBPIH JICTKOJAOCTYIIHBIX 1 BBICOKO PCAKIIMOHHO-
CIIOCOOHBIX B YCJIOBHSIX PEaKLUH apOMAaTHUECKOT0 HYKICO(DUIBHOTO
3aMelieHust 4-HUTPO- 1-xJ10pOeH30s1a U 4-xJ10pTHO(EHOJIA.

Z /: pac'meHeHne
S Ar
(5.5)
NOCI + HSOCI

(5.6) (5.7)
4-autpo-1-xmopOen3on  4-XI0pTHO(PEHOT
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Bonpocul u 3a0anusn

1. HamumunTe MexaHu3M M YCIOBHsI IPOBEICHHS pPEaKkMy aKTU-
BMPOBAHHOI'0 aPOMATUYECKOr0 HyKJIE€O(QUILHOro 3ameleHus (S, Ar).
2. Kak Biwmsier mpupoaa cyOcrpara, Hykieo(huna, pacTBOPUTENs
¥ JIEIPOTOHMPYIOILETO areHTa Ha CKOPOCTh NPOTEKaHUs peakuuu S, Ar

5.2.2. Cunmes
5-[(4-amunogernus)cyrbdpoHun]-2-xA0paHUAUHA

Jlabopamopnas paboma Ne 1

Cunmes (4-xnopgpenun)(4'-numpoghenun)cynvpuoa

4-HuTpo- 1-X710pOEH30T  4-XTOPTUODEHO

K,CO ®A, 110°C
MRS o))

(4-xnopdenmn)(4'-auTpod eHun )Cy b G

B tpexropnyio kon0y, CHaOKEHHYIO TEPMOMETPOM U 00paTHBIM
XOJOJWIBHUKOM U TEPEMEIINBAIOLIMM yCTPOWCTBOM, HMOMELIAIOT
6.4 1 (0.044 monw) 4-xnoptuodenona, 6.1 v (0.040 mons) 4-xy0p-
auTpobensona u 9.1 r K,CO, (0.066 mons), npunusaror 120 mi
AM®A u unteHcuBHO nepemermnBaoT npu 110°C B Teyenue S u.
[Tocne oxnaxkaeHUs] PeaKUOHHYIO CMECh BBUIMBAIOT B BOJNY, BbI-
MaBLUIMHA 0CaZ0K OT(QWIBTPOBLIBAIOT HA KEPaMHUYECKOM (QHIBTPE
0]l BaKyyMOM, IPOMBIBAIOT BOIOI M BBICYIIMBAIOT B CYLIMJIBHOM
mkady npu temreparype 50—60 °C. 3aTeM IpoBOAAT MEPEKPUCTA-
JIM3ALHUI0 BEIIECTBA B U30NPOINUIOBOM CIIHPTE.
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3aoanusn

1. Onpenenute BoIX0 (4-x10pdennn)(4'-uuTpodeHnn)cynshuia.

2. Onpenenute TeMIepaTypy IIaBICHUS OTYYEHHOTO COeIUHE-
HUS M CPABHUTE C JIUTEPATYPHBIMU TaHHBIMH.

3. Hokaxwute crpoenue (4-xmopdennn)(4'-HuTpodeHm)CyabPu-
Jla UCXOJISl M3 aHAJIN3a TaHHbIX:

a) 1H SIMP-cniexkrpockonmu:

'H AMP-criektp (4-xmopdennn)(4’-autpodheHnn)cyabhuna

0) MK-cniexTpockomnumu.
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Jlabopamopnas paboma Ne 2

Cunmes
1-xnop-4-[(4-numpogpenun)cynvponunjoenzona

0,
OQN@S@ cl H,0, CH;COOH, 80°C

1-x10p-4-[(4-HuTpoheHmnT)CynbhoHmI |0eH301

B Tpexropiayio koi0y, cCHaOKEHHYIO TEPMOMETPOM, OOpaTHBIM
XOJIOAWIBHUKOM W TIEPEMELIMBAIOIIMM YCTPOMCTBOM, TOMEIIAIOT
791 (0.03 monp) (4-xnmopdennn)(4’-uutpodenun)cynbhuaa, npu-
nuBatoT 200 M J1eIHOM YKCYCHOM KUCIIOTHI U HarpeBatoT 10 80 °C
MU TIepeMelIMBaHUH. 3aTeM yepe3 KarelnbHyI0 BOPOHKY TpUKaIbIBa-
tot 7.2 mn (0.21 mons) nepekucu Bogopoaa (33 %). Cunres npoBo-
autcst 4 u. [Tocne oxnaxkaeHus: peaklMOHHON MacChl BBIMABIINN Oca-
JOK OT(QHIBTPOBBIBAIOT HA KEPAMUYECKOM (PHUIBTPE MO/ BAKYYMOM
W BBICYIIMBAIOT. 3aTeM IMPOBOIAT MEPEKPUCTAIIIM3ALNIO BEIICCTBA
B M30MIPONIIIOBOM CIUPTE ¢ nobaBieHnem JJMDA.

3aoanus

1. Onpenenure BbIXOA 1-XJ70p-4-[(4-HUTpODEHMIT)CYTBhOHMI]
OeHzoua.

2. Onpenenure TeMIeparTypy IJIaBICHHUS OTYYEHHOTO COeIMHE-
HUSL ¥ CPAaBHHUTE C JIUTEPATYPHBIMH JIAHHBIMHU.

3. Hokaxure crpoenue 1-xiop-4-[(4-HuTpodeHw)CyIbPOHMNI]
OeH30J1a KCXO/1s M3 aHAJIN3a TAaHHBIX:
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a) 1H SIMP-cnexrpockonuu:
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1H SIMP-criektp 1-xmmop-4-[(4-aurpodenun)cynbhomm|0eH3ona

0) UK-cmiekTpockomnum.



Jlabopamopnas paboma Ne 3

Cunmes
2-numpo-1-xnop-4-[(4-numpoghenun)cynvghonun]oenzona

Q KNOj3, H,804, 80°C
oD
0
om@—ﬁ Cl

o)
NO,

2-auTpO- 1 -X1M0p-[(4-HUTpOD eHIT)CyIbHOHMI | OEH30T

B Tpexropnyto konly, cHaOXXEHHYI0 TEPMOMETPOM U 00paT-
HBIM XOJOIWIHBHIUKOM ¥ TEPEMEIINBAIOIINM YCTPOHCTBOM, MOME-
matot 7.4 1 (0.025 monw) 1-xmop-4-[(4-HuTpodenmn)cynbhonn]
OeH3o0y1a, Jajee NpHU IepeMenrBaHuU mpwimBaroT 50 M cep-
Holl kucnotel (98 %). [locne storo cmech HarpeBator g0 80 °C.
2.7t autpara kamus (0,0263 moinb) pactBopsitoT B 15 Mt cepHoi
K1caoThl (98 %). IIpuroToBIeHHBIN PacTBOP NMPUKANBIBAIOT K PEaK-
LIMOHHOW CMECH TpH TepeMEeNINBaHuN C TTOMOIIbIO KalelbHOH BO-
pouku. Cunres npoBoautcs 6 4. [locne oxmaxkaeHus peakinoOHHYIO
CMECh BBUIMBAIOT B BOJIY CO JIBJIOM, BBINTABIIHNA OCAZOK OT(QMIBTPO-
BBIBAIOT Ha K€paMUYEeCKOM (HUIbPE TOJ BaKyyMOM, IMPOMBIBAIOT
BOJIOM O HEUTpajIbHOU Cpelbl U BHICYIIMBAIOT. 3aTEM HPOBOMST
MEPEKPUCTAILTU3AINIO BEIIECTBA B M3OMPOMIIOBOM CIIUPTE C J0-
OaBnenuem JIM®DA.

3aoanun

1. Onpenenure BBIX0a 2-HUTPO- 1 -Xx10p-4-[ (4-HUTPODEHUIT ) CYITh-
(honmn|6eH3oma.

2. Onpenenure TeMIEPaTypy TUIABICHUS OTYYCHHOTO COSIUHE-
HUS M CPABHUTE C JIUTEPATYPHBIMHU JIAHHBIMH.
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3. Jlokaxxute crpoeHHe 2-HUTPO-l-xmop-4-[(4-HuTpodenun)
cyab(oHMIT |0SH301a UCXOIS U3 aHATU3a TaHHbIX:
a) |H SAIMP-cnexTpockonuu:

1H SIMP-cnektp 2-Hutpo-1-x510p-4-[(4-HUTpOdeHm)Cyab(oHIT |0eH301a

0) UK-cniekTpockonuu.
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Jlabopamopnas paboma Ne 4

Cunmes
5-[(4-amunogpenun)cynvponunf-2-xnopanununa

SnCl,, 70°C

{ HCI, i-PrOH
ox (4o
NO,
Il
w4
O

NH,

5-[(4-amuHOpeHMIT)CYNBGOHM |-2-XTOpPAHUIUH

B tpexropyio kondy, CHaOKEHHYIO TEPMOMETPOM U 00paTHBIM
XOJIOUIBHUKOM U TEePEMENINBAIONIUM YCTPOMCTBOM, MOMEIAIOT
21 (0.0065 monb) 2-HUTPO- 1 -x710p-4-[(4-HUTpODEeHMIT)CYTBHOHMT |
Oenzona, 40 MJI M30MPOIMIOBOTO CHOUPTA W HArpeBaloT MPH Mepe-
MemmBanuu 10 60°C. 3areM K peakUMOHHOW Macce MpuOaBis-
o1 14,71 (0.065 monb) SnCl, x 2H,O, pactBopennoro B 40 mi
18 %-it HCl n narpeBatot 10 70 °C. Yepe3 | 4 peakunoHHast Macca
oxynaxkaaercss u oOpabarbiBaeTcst 25 %-M BOIHBIM PacTBOPOM aMm-
muaka 10 pH 7-8. I[IpoayKT peakuinu BelIJIeAs€TCS SKCTPAKIIMEH XJ10-
podopmom u ero ganpHeiel OTroHKOH. OcagoKk KPUCTAIUIU3YETCS
B M30MPOTHIIOBOM CIHPTE.

3aoanus

1. Onpenenute BbIxo 5-[(4-amuHOMEHMT)CYIBGOHMI]-2-XII0D-
AQHMJIMHA.

2. Onpenenute TeMIepaTypy IJIaBICHHUs OTYYEHHOTO COeIUHE-
HUS M CPABHHUTE C JIUTEPATYPHBIMU TaHHBIMH.

3. Jlokaxute ctpoenue 5-[(4-amuHodeHw)Cynb(OHMIT]-2-XI0p-
AQHWJIMHA UCXOsl U3 aHaIu3a JaHHBIX:
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a) |H SAIMP-cnexTpockonuu:

1H SAMP-cnektp 5-[(4-amuHOPESHMIT)CYTHGOHMI |-2-XTOpaHWINHA

0) UK-cniekTpockonuu.

5.3 OyeHnka pezyabmamoes pa6omul

1. Ompenenure cyMMapHBIA BBIXOJ CHHTE3a S-[(4-aMUHO(DEHI)
Cynb(h0-HUI |-2-XTIOpaHIITHHA.

2. Onenure 3¢ (eKTHBHOCTD BEIOPAHHOHN CTpaTeTuy CUHTE3A.

3. Hapucyiite cxeMy CHHTE3a JUA30KPACUTENsl IPU B3aUMOACH-
cTBUA S-[(4-aMUHODEHIT)CYIh(POHIIT |-2-XJIOpaHWINHA C O- U B-Had-
TOJIAMH.

4. Kaxo# u3 3THX ABYX JAnMa30Kpacuresei OyaeT oomaaars Oomee
XOPOIINMH KCIUTyaTallMOHHBIMU XapaKTEPUCTUKAMU?
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