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dezudpamayus; apomamusayusi

0O606weHb! U cucmemMamu3uposaHb! lumepamypHbIe UCMOYHUKU, caudemeribCmayruue 0 8axxHocmu duauemurt
(OuarkokcukapboHuUs)3aMeu,eHHbIX 2UOPOKCULUKITO2EKCaHOHO8 KaK 8bICOKOQYHKUUOHarbHbIX KapboUUKIUYECKUX
coeduHeHuUl, ¢ 00HOU CMOPOHbI, @ MaKXe 0 rnepcrekmusHocmu uccredosaHuli 8 obnacmu paspabomku Ha
ux ocHoge Memodo8 rnosy4yeHuUs1 pa3HoobpasHbIX 2emepOoUUKIUYECKUX cucmeM, ¢ Opyzaol. OmmedeHo, Ymo
OCHOBHbIM MemMoAoM cuHme3a Ouayemusi(0uamokcukapbOHUIT)3aMeUeHHbIX UUKIT02EKCaHOIOHO8 S18/11emcsi
OukemoHHasi KoHOeHcayusl auemurnayemoHa uniu ayemoyKCcycHoeo aghupa ¢ anbOeeudamu rnpu Hamuyuu Ka-
manumuyeckux Kosiuyecms nunepuduHa. BaxHbIM MonoxumeribHbIM MOMEHMOM makoao nodxoda siensiemcsi
sapuabenibHOCMb UCXOOHbIX pea2eHmos, Ymo ro380/siem 8 WUpPOKUX npedesiax 8UGOU3MEHSIMb cocmas 3a-
mecmumereli. Buecme ¢ mem, 3a8UCUMOCMb pe2uoHanpasieHHoCMU U CEeITeKmuU8HOCIMU peakyuu om MHOXecmea
ghakmopoes dennaem uccriedosaHuUs 8 3MOM HarpasieHUU UHMepecHbIMU U He eceada rpedckadyembimu. Kpome
moezo, 0b6cyx0eHO f8eHUe Kemo-eHoMbHOU maymomepuu ouayemun3amMeweHHbIX YUKT02eKCaHOI0H08 U
onpedesnieHbl hakmopbl, KOHMPOIUPYOWUE ycmolyueocmb UX eHormbHoU ¢hopmMbl. CderiaH 861800 O MOM, 4Ymo
peakyuu yKa3aHHbIX MonuKkapboHUIbHbIX cOeOUHeHUU ¢ ambudeHmMHbIMU a30mcodepxauiuMu HyKneogusibHbI-
MU pea2eHmamu sI8IISIOMCS 3¢hgheKMUBHbBIM 8apuaHMoM CUHMe3a HoBbix npedcmasumerneli buonepcrekmus-
HbIX KapboaHHeNuUpPosaHHbIX 2eMepoyUKIIO8: U30KCa30/108, upa3ornos, mpua3sono[3,4-bJxuHa3onuHos, mueHo
[2,3-cJuzoxuHonuHos u nupa3sono[3,4-cJusoxuHonuHos. [Nlod4YepkHyma 3Ha4uMocmpb 07151 Op2aHU4eCcKo20 CUHMe-
3a npoyeccos oKucneHus, 0eaudpamayuu U apoMmamu3sayuu 2uOPOKCULUKIT02EKCaHOHO8.

THE SYNTHESIS AND REACTIONS OF DIACETHYL(DIALKOXYCARBONYL) SUBSTITUTED HYDROXYCYCLOHEXANONES
A.l.Ismiyev, A.M.Maherramov, V.A.Sukach, M.V.Vovk

Key words: cyclohexanolones; diketone condensation; tautomerism; annulation,; dehydration; aromatization
The literature sources concerning the importance of diacetyl (dialkoxycarbonyl) substituted hydroxycyclohexanones
as highly functionalized carbocyclic compounds, on the one hand, as well as, on the other hand, the research
prospects in the field of synthetic methods development based on these compounds for obtaining various hetero-
cyclic systems have been generalized and systematized. It has been noted that the main method of the synthesis
for diacetyl (diethoxycarbonyl) cyclohexanolones is diketone condensation of acetylacetone or ethyl acetoacetate
with aldehydes in the presence of catalytic amounts of piperidine. An important useful peculiarity of this ap-
proach is a variation of the initial reagents, allowing modification of the substituents in a wide range. However,
the dependence of selectivity and regiodirection of the reaction on various factors makes the studies in this area
quite interesting and not always predictable. The phenomenon of keto-enol tautomerism of diacetyl substituted
cyclohexanolones and factors that control stability of their enol form have been discussed. It has been concluded
that reactions of these multicarbonyl compounds with ambident nitrogen-containing nucleophilic reagents are
efficacious for the synthesis of new biologically promising representatives of carbofused heterocycles, such as
isoxazoles, pyrazoles, triazolo[3,4-b] quinazolines, thieno[2,3-cJisoquinolines and pyrazolo[3,4-c]isoquinolines.
The importance of oxidation, dehydration and aromatization processes of hydroxycyclohexanones for organic
synthesis has been emphasized.

CUHTE3 TA PEAKUIT QIALETUN(OQIATIKOKCUKAPBOHIT) 3AMILYEHUX IgPOKCULIMKITIOIEKCAHOHIB
A.lIcmiee, A.M.Mazeppamoe, B.A.Cyka4, M.B.Boek

Knroyoei crioga: 2i0pokcuyuknocekcaHoHU, OUKemoHHa KOHOeHcauisi, maymomepis; aHerosaHHsl, degidpama-
uisi; apomamusaujist

Y3aearibHeHi ma cucmemamu3o8eaHi flimepamypHi GXxepera, siKi ceiddamb rpo 8axrusicmb diauemuri(OiarikoKCUKapOOHIr)
3amiwyeHux 2i0pOKCUYUKITO2EKCaHOHI8 SIK 8UCOKODYHKUIOHanbHUX KapboyUKIiYHUX CrionyK, 3 00HO20 60Ky, mak
i nepcnekmusHocmi docnidxeHb 8 obriacmi po3pobku Ha ix 6a3i Memodie oOepxkaHHs pi3HOMaHIMHUX eemepo-
UUKITIYHUX cucmeM, 3 iHWoz20. Bid3HayeHo, wo ocHosHUM MemodoMm cuHme3y Oiauemuri(OiarnkokcukapbOoHir)
3aMilieHUX UYUKIT02eKcaHOooHi8 € OuKemoHHa KoHOeHcauis ayemunauyemoHy abo auemooymogo2o ecmepy
3 anbOezidamu npu Hass8HOCMI Kamanimu4yHuUx Kinbkocmed ninepuduHy. Baxnueum no3umueHUM MOMEHMOM
makoi Memodoroeaii € eapiabesnibHicmb 8UXIOHUX pea2eHmi8, Wo 00380J1s€ 8 WUPOKUX Mexax 8Ud03MiHH8amu
cknad 3amicHukie. Pa3zom 3 mum 3anexHicmb peesioHarpaserneHocmi i cenekmusHocmi peakuii 8i0 bazambox
akmopie pobumb OOCIOXKEHHS 8 UbOMY HanpsMKy uikasumu i He 3aexou nepedbayysaHumu. OKpiM Uyb020
8 0251510i 062080PEHO ABUULE KEMO-EHOMNBbHOI maymomepii Giayemun3amilieHux 2idpoKCULUUKTI02EKCaHOHI8 |
8U3Ha4YeHi chakmopu, siKi KOHMPOIKMb CMIUKICMb iX EHOMLHOI hopMu. 3pobrIeHO BUCHOBOK, W0 peaKuyii eKa-
3aHUX ronikapbOoHINbHUX CrionyK i3 ambiOeHMHUMU HYKMeoinbHUMU peazeHmamu € eheKmu8HUM 8apiaHmom
cuHme3sy Hosux bionpusabnusux npedcmasHukKie kapboaHenb08aHUX 2emepOoUUKIig: i30Kcasoris, nipasornis,
mpua30510[3,4-b]xiHa3oniHie, mieHo[2,3-c]i3oxiHoniHie ma nipa3ono[3,4-cjisoxiHoniHig. [lidkpecrneHa 3Hadumicmsb
01151 Op2aHiYHO020 CUHME3Y NPOoUECi8 OKUCHEHHSI, Oecidpamavyjii ma apomamu3auii 2i0pOKCULUUKITI02eKCaHOHI8.
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Kap6oHu/ibHbIE U NOJIMKapOOHU/IbHbBIE COe/JMHEe-
HUS 3aHUMMAaOT O/IHY U3 BeJyIUX N03ULHMH B opra-
HUYECKOW XMMHUU U NPeJSCTABJISAIOT COO0M BaXKHbIE
00bEeKTHI /1JIsI TEOPETUYECKUX U CHHTETUYECKHX UC-
cieoBaHuil. Oco6oe MecTo B psiiy MOJIMKapOOHUIb-
HBIX COeJUHEHNH IPHUHALJIEXKUT AUALe T (JUATKOKCH-
KapOOHMJI)3aMelleHHbIM MHIPOKCHUIIMKIOreKCAaHOHAM.
Hasnnyue o61IKMpHON ChIpbeBOM 6a3bl B BU/E JJOCTYII-
HbIX 1,3-I10KCOCOeMHEHUH (alleTHUIalleTOH, aleTo-
YKCYCHBIHN 3dup), anudpaTuiecKux U apoMaTHYeCKHUX
aJIb/IETH/IOB BbICOKMU XMMUYECKUH NOTeHLKal, 06yc-
JIOBJIEHHBIUM MPUCYTCTBUEM OKCOTPYII PA3JIUYHOI0
TUIIa, fieJlaeT yKa3aHHble COe/JMHEeHUs BecbMa IleH-
HBIMH CTPOUTEIBHBIMU 6JI0KAMH OPTaHUYECKOT0 CUH-
Te3a. fB/sIACh NOJMKAPOOHUIbHBIMU COeIMHEHUSIMHY,
OHHU CIIOCOGHBI B3aUMO/IeICTBOBAThb C HYKJ/J1e0)UJIb-
HbIMHU peareHTaMH, BCTYNaTh B peaKLUHl KOH/JeH-
CalMU U reTepOLMKIAN3aLHU. ITO O3BOJISET HOJY-
YaTh LIMPOKHUU KPyr NPOU3BOJHBIX, B TOM YHCJIE U
006J1aaI0IIMX TPAKTUYECKU e HHBIMU CBOMCTBAMH.

C yyeToM TOro ¢paKTa, YTO MOCTAeHUN 0630PHBII
MaTepHaJl 1o JaHHOHW TeMaTHKe [1] ony6/MKoBaH B
1999 r., npeicTaBJIAIOCH 11€J1eCO00Pa3HbIM MMpoaHa-
JIM3UPOBATh U CHCTEMAaTHU3UPOBATh OPUTUHAJIbHbIE
VMCTOYHHKH, OXBAThIBAIOLHE JOCTHXKEHUSI B XUMUU

()

aleTu1(aKOKCUKapOOHUI )3aMell|eHHbIX THAPOKCH-
IIUKJIOTEKCAHOHOB 3a nocyae/iHue 15 seT.

1. Cmoco6b1 NoJTyYeHusl AUALEeTWI(JUaIKOKCUKap-
6OHII)3aMell,eHHbIX THAPOKCULIUK/IOT€eKCAHOHOB

OnTUMabHBIM METO/IOM CHHTE3a AuaLeTu(gu-
3TOKCUKAPOOHUIT) 3aMellleHHbIX TH/IPOKCUITUKIIOTeK-
CAaHOHOB 5, 6 fABJISIeTCSI AUKETOHHAS KOH/leHCAlUs
aneTuaanetoHa 1 wiau auetoykcycHoro a¢upa 2 ¢
ajbAeruaamuy B cooTHomenuu 2:1 [1] (cxema 1). B
KauyeCTBe KaTaJ1u3aTopa 0ObIYHO UCTI0JIb3YeTCs -
nepuAuH. Peakiius xopolio n3yyeHa U M03BOJISIET
N0JIy4YaTh F'MJPOKCULIMKIOT€KCAHOHBI C OJITUHAKO-
BbIMU alleTUJIbHBIMU (3TOKCUKAPOOHUJIbHBIMU ) 3a-
MEeCTUTEJISIMU.

JluKeTOHHAas KOHJEHCALUs BK/IYaeT TPU OCHOB-
HBIX CTA/INH: KPOTOHOBYIO KOHJIEHCAI[UIO C 06pa3o-
BaHWEM XaJIKOHOB 3a,b, masbHely0 KOH/IeHCaluo
Muixaasnsi c ob6pa3oBaHueM 1,5-11ukeToHOB 4a,b 1 BHy TpH-
MOJIEKYJISIPHYIO aJlbJl0JIM3alMI0 OCAeJHUX, TPUBO-
JSIIYI0 K TUPOKCUIIMKJIOTeKCaHOHAM 5, 6.

CopoxkwuH B.B. [2] mokasaJi, 4TO r'dIpOKCUIIUKIIO-
rekcaHoHbl 7 U 8, copepralliye 3aMelleHHble apo-
MaTH4YeCKHe 5/pa, C XOPOLIUMH BbIXOJAMU MOJIyYa-
totrcsa npu 20°C B TeueHue 7 cyTok (cxema 2). Of-
HaKo MPU KOHJEHCAlUU alleTUIaleToHa ¢ 2-pTop-,
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Cxema 3

2-XJI0p-, 2-MeTOKCU-, 2-HUTPO-, 3,4-TUMEeTOKCUOEH-
3aJIbJlerulaMu COOTBeTCTBYIOLMe KeToJbl 06pasy-
10TCs ¢ HeBbICOKUMH (37-50%) BbIXOAAMU.

B To0 »ke BpeMsi IpU UCNI0/Ib30BAHUU apoMaTHyec-
KUX aJIbJJeTH/I0B C 3aMeCTUTEJISIMU C O0JI0XKUTEIb-
HbIM Me30MepHbIM 3pdeKkToM (4-TUPOKCHU-, 4-1U-
MeTUJIaMHUHO- U 4-TUAPOKCHU-3-METOKCH) Yepes 7 cy-
TOK M3 peaKLMOHHOU CMeCH BbIJEeJISIIOTCS XaJAKOHBI
¢ BbIX0/10M 41-60%, ¥ TOJIBKO NIPH JJIUTEJbHOM BbI-
JlepKMBAaHUHW peaKUOHHOU cMecH (0 14 cyTok)
KOH/JIeHCalusl UZET Ty6Ke C 06pa3oBaHUEM IieJie-
BBbIX I'M/IPOKCULIMKJIOT€KCAaHOHOB.

[IpuMepoM HCI0J1b30BaHUSA IreTePOLMKINIECKUX
aJbJleTU[0B B IMKETOHHOU KOHJeHCALUH CIYKUT
peakLus NMpasoJi-4-KapbaibLeruzioB 9 c aneTua-
LIETOHOM, IPUBOJALLASA K JHaleTh/I3aMellleHHbIM 1H-
NMpPasoJUATHAPOKCULIUKI0TeKcaHOHaM 10 ¢ BbIxo-
JaMu 66-72 % [3] (cxema 3).

B HeKOTOpBIX C/1y4asX, B 3aBUCKMOCTH OT CTPO-
eHUs aJibJleryu/ia U METUJIEHOBOW KOMIIOHEHTBI, -
KeTOHHasl KOHJleHcalUsl OCTaHaBJIUBaeTCs Ha CTa-
JlM1 06pa30BaHUs XaJIKOHA UJIU XKe KUCJI0POZCoep-
»KalL[MX reTePOLMKINYeCKHX coeuHeHUH. Harmpumep,

MIPU UCII0JIb30BaHUU 5-HUTPOodYypdypoJia eJUHCTBEH-
HbIMH MPOJYKTAMHU SBJAAIOTCSA GypdypuInaeHIpo-
usBogHble 12, 13 [4] (cxema 4).

I[Ipy BBeleHMH I'MIPOKCUJIBHOU IPYIIIBI B 0-110-
JIOKeHNe OeH3aJbJlerru/ia ero KoHJeHcalnus c ale-
TUJIALLeTOHOM JIM60 € 3$UpaMH alleTOYKCyCHOW KHC-
JIOTBI He IPUBOAUT K 06pa3oBaHUIO [3-keToJ10B. [lep-
BOHaYaJIbHbIM UHTepMeAuaT A BCJieicTBUE 6J1aro-
HNPUSTHOIO IPOCTPAHCTBEHHOTO PACIoJIoKeHUs de-
HOJIbHOT'O I'MPOKCUJ/IA U KApOOHUJIbHOM IpyIIIb IIpe-
TepneBaeT O-I[UK/IM3AIMI0 C 06pa30oBaHUEM 3-alle-
THJI-2-TUJIPOKCU-2-MeTUI-2H-xpoMeHa 14 nin 3-ane-
TuJI-kKymapuHa 15 [5, 6] (cxema 5). [lokasaHo, 4To
BBICOKHU BBIXOJ, 1OCJEJHETO MOXET ObITh JOCTHUT-
HYT B IPUCYTCTBHUU MUNIEPU/IMHA IPU COOTHOLIEHUU
MeTHJIEHOBasi KOMIIOHeHTa: anbzeruf = 2:1. [lpume-
YaTeJIbHO, YTO 06pasyouuiicsa o,3-HenpeieabHbIi
KEeTOH LIMKJIM3YeTCs C y4acTHEM CJA0XKHO3IQUPHOH,
a He alleTUJIbHOU IpyIIIbl, BEPOSTHO, BCJIEACTBHE
TEePMOAMHAMHUY€eCKOT0 KOHTPOJIS PeaKLUU.

HarnsaaHeiM npuMepoM BJIMAHUSA CTPOEHUS Me-
THJIEHOBOM KOMIIOHEHTBI Ha XapaKTep U HallpaBJie-
HUe KOHJleHCaLUU C apOMaTU4eCKMMU a/lbJeruJiaMu
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Cxema 6

SIBJISIETCSI HEOOBIYHO NMPOTEKarolas KOHeHcalys 6eH-
3asbjeryaa ¢ 1,1,1-rpudrtop-2,4-nenranguosom 16
B YCJIOBUSIX OCHOBHOT'O KaTaJ/IN3a, KOTOpasi TPUBOJIUT
K 3,5-auanetun-2,6-aurupokcu-2,6-6uc(tpudTtop-
MeTu)-4-pennnnupany 17 [7] (cxema 6). Ocoben-
HOCTb 06pa30BaHUs MOCJEJHET0 COCTOUT B CTAJUH
KeTaJIM3alliy, KOTopasi peaiu3yeTcs 3a CUeT TH/pa-
TaI[¥ OJTHOUW U3 KETOHHBIX TPYIIN, aKTUBUPOBAHHOM
TPpUPTOPMETHUIBHBIM 3aMECTUTEJIEM C MOC/IEYIOLIEH
aTaKoU r'uIPOKCUIbHOU Ipynibl TPUGTOPAIUIbHON
$YHKIMH 0 MoJTyaleTaJlbHOMY MeXaHHU3MY.

JIMKeTOHHOM KOH/IeHcaleH ¢ BeixogaMu 65-90%
N0JIy4YeHbl TUPOKCUIIUKIOTeKCAHOHBI C IUKApPOOK-
CaMU/IHbIMHU 3aMeCTUTeNSAMHU 18, NposABAAIILUMU
aHTUMUKpOOHOe JeiicTBue [8] (cxeMa 7).

CHHTe3 LUKJIOTEKCAHOJIOHOB 21 ¢ pa3/InuHbIMU
KapOOHUWJICOepKAIlIUMU 3aMECTUTEJISIMU MPe/ICTaB-

JieH He3HaYUTeJIbHbIM KOJIMYeCTBOM ITPUMEPOB U ObLI
OCYLIeCTBJIEH B yCJIOBUSIX OCHOBHOI'O KaTaJl3a pu
3KBUMOJIIPHOM COOTHOUIEHUH PeareHToB B /[Be CTa-
JIMW: CHavyaJIa [oJ1y4yasiy XaJkoHbel 19 u 20, a 3aTem -
1jesieBble TPOAYKTHI [9] (cxeMa 8).

B yKa3aHHbIX YCJIOBUSIX HEJIb3sl TAKXKE UCKJII0YATh
BO3MOXXHOCTb 06pa30BaHUs IIUKJI0TEKCaHOI0HA B
(cxema 9).

CtpoeHue coeuHeHNH 21 GbIJIO CTPOTrO J0Ka3aHO
c noMoibio NOESY 2D AMP cnekTpa Ha npuMmepe
[MKJIOTeKCaHKap6oKcuaaT [3-keTosia ¢ GeHUJIbHbIM
3aMecTuTesIeM, B KOTOPOM OOHAPY»KEHO B3aUMO/IENCT-
BHe IPOTOHOB METUJ/IbHBIX PYTII alleTUJILHOTO 3aMec-
TUTEJIS ¥ aJTUIUK/INYeckoro ¢pparmenTa (1,75/1,32 M),
YTO BO3MOXXHO TOJIBKO B CJIydyae UX BULIMHAJIbHOTO
pacnonoxeHus. Takke BbISIBJIEHbI OCTaJIbHbIE B3alMO-
JleHCTBYS, IO TBEPXKAAIOLIMEe CTPYKTYPY: IPOTOHOB

Cxema 7
0O O
0O O H3CMCH3 o
HLC | CHy =————— N
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o AN o

HsC OC,H5

CH3

Cxema 9

MeTUJIbHOU IPyIIIbI alleTU/IbHOT0 3aMeCTUTeJISI C aK-
CHaJIbHBIM MMPOTOHOM B noJioxkeHuu 2 (1,75/3,93 m.1.),
MEeTUJIbHOW IPYIbl alleTUJIbHOT0 3aMeCTUTeJIs C
akcuasnbHbIM NpoToHoM nipu C3 (1,75/3,31 ma.) uc
o6oumu npotoHamu npu C° (1,75/2,52, 2,68 m.x.)
(cxema 10).

Jpyrou TUN rUAPOKCULIMKIOT€KCAHOHOB C pas-
JINYHBIMU KapO6OHUJICOAePKALLUMU 3aMeCTUTESIMU
24 noJiydeH aHaJIOTUYHBIM IIyTEM C UCTII0JIb30BaHU-
eM aleToaueTaMuioB 22 U apu/anjeHaleTuiale-
ToHOB 23 [10] (cxema 11).

MHave mpoTeKkaeT peakiys 3ITOKCUKapOoHUIaLle-
TaMUJI0B 25 c apuinieHaleTHIaleTOHOM 26: rocsie

STES
o o
N
HaC CH
HgCMNHR . | \3 e
22 |
I¥/
23

Cxema 11

Cxema 12

Cxema 13
20

Cxema 10

dopMupoBaHus aayKTa Myxas/isi IPOUCXOAUT reTe-
pOLMKJIN3aIMs ¢ 06pa30BaHUEM MTPOU3BOAHBIX H-
nepuuH-3-KkapookcuaaToB 27 (cxema 12).

B HEKOTOPBIX c/y4yasx, HAMPUMep, NPH PeaKUu
3TUJI0BOr0 3dHpa alleTOYKCYCHOM KUCIO0ThI C dypdy-
pPOJIOM IMKETOHHAs KOH/IeHCAIlUsl He OCTaHaBJIMBa-
eTcsd Ha CTaZiuy 06pa3oBaHus pypUI3aMel|eHHOT0
[UKJIOKETO0J1a, a NO/IBepTaeTcsd AaJbHeuleMy npe-
BpalleHUIO B JIAKTOHHBbIN UHTepMeauat C, fekap-
GOKCUJIMPOBAHUE KOTOPOTO MPUBOAUT K IPOU3BOJ-
HOMy LuKJjorekceHoHa 29 [11] (cxema 13). Ha npu-
Mepe MOJIEKYJISIPON MOZiesid TPOMEKYTOYHOI0 JIaK-
TOHA [1I0KAa3aHO, YTO PACCTOSIHUE MEeX/Y aTOMOM KHC-

OH O
HsC
CH,
o
R
RHN" 0
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n=1(30,32,34)
n=2(31,33,35)

Cxema 14

JIOpO/ia U aTOMOM BO/IOPO/Ia METHJIEHOBOU T'PYIIIIbI
B HeM GJIM3KO K BOJOPOZAHO# cBsizH (2,4-2,8 A), uto
CMOCOGCTBYET IENPOTOHUPOBAHUIO € TOCIEAYIOLUM
paciiensieHreM JIAKTOHA U ero JIeKap6oKCUINPOoBa-
HHUEM /10 €eHOHa.

B pa6ote [12] onucaHa peakiysi CAMMETPHUYHbBIX
JINEHOHOB IIMKJIONleHTa- (rekca)Hosoro psaza 30, 31
C alleTHUJIALeTOHOM U alleTOYKCYCHbIM 3pUPOM B pacT-
Bope /IM®A B yc/10BUSIX OCHOBHOT'O KaTa/IM3a, Pe3yJib-
TAaTOM KOTOPOMU sIBJIsieTCs 06pa3oBaHUe KapOOIUK-
JIMYECKUX TPOAYKTOB — FUIPUPOBAHHBIX POU3BO/I-
HbIX UHAAHA 32, 34 u HadTanuHa 33,35 c BbIXOJa-
MU 65-70% (cxema 14).

B3aumozeiicTBrEe HECUMMETPUIHBIX peHUuIMe-
TUIeH)YPUIMETHUIEHIIMKI0aIKaHOHOB 36 1 37 careTo-
YKCYCHBIM 3)HUPOM U alleTHU/IALleTOHOM peasii3yeTCs
c yyactTueM QpeHUJIMETHUIEHOBOrO pparMeHTa Mo-
JIEKyJibl 1 06pa30BaHHEM NPOAYKTOB PEruociernu-
duveckort 38, 39 uiu pervocesiekTuBHOU 40, 41
IUKJIOKOHJeHcaluu (cxema 15).

n=1(36), 2(37)

Cxema 15

Ar- 0

H CMOCHS

44 45

Cxema 16

U

R=CHj (32,33)
R=0GC,H5 (34,35)

B fYKeTOHHOU KOH/|EHCALlUM MOXeT y4acTBOBATh
Y MCNI0JIb3YEMbIH B 3KBUMOJISIPHOM KOJINYECTBE BTO-
PUYHBIN aMUH, KaK, HallpuMep, IPU B3aUMO/[eHCTBUH
aJIbJ1eTH/10B 44 C METUIOBBIM 3QHUPOM ALETOYKCYC-
HOU KUCI0THI 45 1 MOpdoIMHOM 46 B MOJIBHOM COOT-
HoleHuH 1:2:1.5 cOOTBETCTBEHHO B KUISILIEM GeH-
30J1e B IPUCYTCTBUHU KUCJOTHOI'O KaTaJju3aTopa.
[IpoayKTaMy TaKOU peaKIuU SBJISKOTCSI MOPPOIH-
HOI[UKJIOTeKcaZueHbl 47, 06pasylolirecs C BbIXO-
Jamu 68-83% [13] (cxema 16).

B03MOXXHBIM MeXaHU3M CHHTe3a coeJuHeHun 47
npejcTaBjeH Ha cxeMe 17. HauboJsiee BEpOsSTHO, UTO
Ha HayaJbHOM CTaJyM BCJIEJICTBUU KOH/IEHCAIMH T10
KHeBeHares1o 06pa3yoTcs IPOMeXyTOYHbIe eHa-
muHbI D v xankoHsl E, nocieayrouas koHaeHcanusa
KOTOPBIX 0 MUXa3Jit0 IPUBOAUT K MPOMENKYTOY-
HbIM aaAyKTaM F, CKIOHHBIM K BHYTPUMOJIEKYJISIP-
HOU KeTanu3auuu. OJHAKO HA 3TOM CTaA WU NPo1ecc
He OCTaHaBJIMBAETCS, a CONPOBOXKJAETCS Jeruapa-
TalMen, NPUBOJSAILEHN K 1eJIEBbIM NPOAYKTAM.

38,39 72%

40,41

70-75% 42, 43

R=CHj, (38, 40, 42), OC,Hs (39, 41, 43)

H3CO OCH 3

C H,COOH
6eH30r|

47
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Cxema 17

2. TayToMepus AuaLeTHI3aMeleHHbIX TH/-
POKCHIMK/IOT€eKCAaHOHOB

B COOTBETCTBUH C JIUTEPATYPHBIMU aHAJIOTHUSIMU
[14] MO>kHO 6bLJIO OKUAATH, YTO AUAIETHI3aMEIleH-
Hble T'UJIPOKCUIIUKJIOTeKCAaHOHBI 0011el GopMyJibl 5
OyAyT CyIleCTBOBATh B TPEX TAYTOMEPHBIX GopMax:
KEeTOHHOH 5a u JIByX eHOJIbHBIX 5b 1 5¢, 06pa3oBaH-
HBbIX COOTBETCTBEHHO 33 CYET MPOTOTPOIHUH OT aTo-
Ma C? aJIMIUKJIA K aTOMY KUCI0PO/a aIUI[UKINYe-
CKOH JIN60 3K30I[UKJINYECKON KApOGOHUJIbHBIX IPYTIIT
(cxema 18).

EZIlMHCTBEHHbIN IpUMep Bbl/leJIeHUS B UHUBU-
JlyaJIbHOM COCTOSIHUM Bcex 3 ¢popM omnucaH s 3-
¢dbeHHI3aMelEHHOTO TH/IPOKCUIIMK/IOTeKcaHoHa 5 [15].
Copokuny B.B. v coTp. [16] yaasioch BblIeJIUTb KETO- U
€HOJIbHBbIE POPMBI Pa3INYHBIX 0pMo-PeHUI3aMellleH-
HBIX IMALeTU/IIMKIOTeKCAaHOJIOHOB METOZI0M APO0-
HOW KPUCTAJIJIN3ALUU U3 CyXOro 6eH30J1a U yCTaHO-
BUTH BJIMSIHME PA3JINUHBIX 3aMeCTUTeJIed Ha KeTO-
€HOJIbHYI0 TayToMeputo. 0606111as1 MoyYeHHbIE pe-
3yJIBTAThI, MOXKHO C/IeJIaTh BBIBOJ, YTO €eHOJIbHbIE $Hop-
MBI, COZIeprKall[ie 3aMeCTUTEJIb B OpMO-TI0J0KEHUH
apoMaTHUYEeCKOro KO0Jibla, 60Jiee yCTOUYUBHI, YEM
KETOHHbIE, U €eHOJIM3ALM U KETOJIOB CII0COGCTBYIOT:

H,COOC COOCH,

H,CO0C

<
HeC 5 A N//\W
WL o

COOCH,
—

Ar

H,COOC COOCH;

HaJIM4YHe 3JIeKTPOHOAKIIENTOPHBIX TPYTII B apo-
MaTtuyeckoM Kosible (NO,, F, Cl) u anunukie
(aueTnsbHaAdA rpymnmna);

MOJIO’KeHH e 3aMeCTUTEJIEH B apOMaTHIECKOM
KoJIblle (- opmo > - napa);

BJIMSTHHE OPIMO-3aMeCTUTES B GEHUIbHOM KOJIb-
1€ Ha TO/IBUKHOCTb aTOMa BOZ0pO/a, OTBET-
CTBEHHOTO 32 eHOJIU3aLUI0.

[Tocnennuit GakT, BEpOsSITHO, 0OBSICHSIETCS 06pa-
30BaHHEM BHYTPUMOJIEKY/ISIPHBIX BOJIOPO/HBIX CBSI3el
tunos F---H, CI---H, CH,0---H, 0-N=0---H.

C y4yeToM BBIIIEU3JI0KEHHOT'0 IIPOIIECC EHOJIN3a-
[[UY MOKHO MPEeJICTaBUTh TAK, KAK 3TO MOKA3aHO Ha
cxeme 19.

[IpocTpaHcTBeHHOE cOIMKEHME (a,e-Yuc) Y B3au-
MOJZIEHCTBHE 0pMO- 3aMECTUTEJISI C METUHOBOU I'PyTI-
MOU CIIOCOGCTBYET AENPOTOHU3ANMU U NepeMele-
HUIO MPOTOHA K aTOMY KHUCJI0PO/A AMUIMKINIeCKON
KapOOHUJIbHOU IPyMIibl. 3aTeM C/IeAyeT U3MEHEHUE
reoMeTpuHU AJTUIUKIA U 060pa30BaHKe KBa3ruapoma-
THUYECKOTO KOJIblIa, CTAOUIM3UPOBAHHOTO BOAOPO/I-
HOMU CBfI3bI0.

Hanuuue B guaneTu3aMenl€HHbBIX [[UKJIOTEKCa-
HOJIOHOHAX JIMKAPOOHU/IBLHOTO pparMeHTa no3BoJIsieT

(0] OH (0] H (0] OH O
NN
HsC
3 CH3 -~ H3C @ CH3 —— HSC CH3
Ar OH Ar OH Ar OH
HsC (0] HsC 0] HsC 0]
5b 5a 5c

Cxema 18
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KETOHHasi hopma

Cxema 19

MPEOJIOKUTh BO3MOXKHOCTb 06pa30BaHUs KOMILJIEK-
COB, TTOX0XKUX Ha alleTUJIAIeTOHATHI, YTO SIBJISJIOCh
OBl el1lé OIHUM U3 [I0OKA3aTeIbCTB eHOJIbHOU GOPMBI.
B pa6oTe [17] BiepBble MPUBEAEH CUHTE3 ME/IHBIX
KOMILJIeKCOB 48 Ha ocHOBe 2,4-auaneTua-3apui-5-
TUPOKCH-5-METWINMKIOTeKCAaHOHOB 5 M narieTaTa
Meau C BbixogaMu 50-76%, B KOTOpPbIX aTOM M€
KOBaJIEHTHO CBSI3aH C KUCJI0POAOM T'MAPOKCUIbHOU
IpyIIibl eHoJIa U KOOPJAMHALIMOHHO — C KAapOOHUJIb-
HbIM KHcaopoaoM (cxeMma 20).

[Ipy B3auMo/1eiCTBUH LIMKJIOTEKCAHOHOB 5 € 3dU-
paTtoM TpexdTopuctoro 6opa 49 nosiy4eHbl BHyTPU-

eHonbHasa opma

MoJIeKyJIsipHble 60poAUdTOPU/IbI EHOJNBHBIX GOpM
49a-c, YTO NOATBEPXK/AAET PErMOHANPABJIEHHYI0 €HO-
JIN3ALIMIO0 34 CUET aJIUIUKINYEeCKON KapOOHUJIbHOU
rpynnsl [18] (cxema 21).

[Ipu vccnenoBaHUM B3aUMOJENUCTBUS AUALETUI
(ZMaIKOKCMKapOOHUI) 3aMellleHHbBIX THPOKCULIUKIIO-
reKCaHOHOB C aJIKWJIraJIoTeHU/JaMu Hal1eHo, YTO B
YCJIOBUSIX KaTasIM3a 11e104blo, KucaoTamu Jlbonca
JIM60 6e3 KaTaarM3aTopa HapsAy ¢ npogykramu 0-aj-
KUIMpoBaHUA 50 MoOryT 06pa3oBbIBaThCA NPOJYK-
Thl KOHKYPUPYIOILlel AerujpaTallui — eHoHbl 51
[19, 20] (cxema 22).

R
(0] (0]
2 + Cu(CH3C00),
Hﬁ c CH, - 2CH;COOH
3 o)
OH
5
Cxema 20
F
B
(@] O (5‘ (0]
H-C (C,H5)O*BF
3 CH3 2'''5 3 H3C CH3
4»
Ar OH Ar OH
H,5C (@] H,C (@]
5 49a-c
Ar= 4-CH30C6H4 (a), 3,4-(CH30)2C6H3 (b), 4'HO'3'(C2H50)C6H3 (C)
Cxema 21
CsH11B" C5H11 HyC ©
CzH5O OCZH5 HBr C,H50 OC2H5 CoHs0 OCyHs
O R O
Cxema 22
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CI/—\O/jCI

(0] (0]
2% CH3000H CQHSO%CH’A 7-
-H0 OH -H,0 R
CoHs o CaHs ©

0
OH OH
H4C ‘ ‘ CH;
R CHs HiC R
o) ! 0 o) ! o)

53a-d

R = CgHs (a), 4-CHy0CeH, (b), 3NO,CgH,
(6), 4-OH-3-CH40C¢H5 (d)

O  NHAr
ArNH,

9% CHscooH C2Hs

CHj3

55

(0] R (0]
CH3;COOH R1 R1

H4C
NH NH,
H

57a-d

R=CgHs, R'=CHjs (a), R=4-CH3CgHs, R'=CHj (b),
R=CgHs, R'=0CHj(c), R=cpypun, R'=CHj (d)

NaOH
n
OH i-PrOH
@)
H;C
2 HiC CH;,
5
Cxema 23
NHAr ArNH,
CyHs
54
Cxema 24
NH,
(0] R (0]
R' R!
+ —_—
H.C O6eHson, D
8 o)
OH
5,6
NH,
56
Cxema 25

Jlyisi mpeioTBpalleHus JeTuIpaTaluy pU aaKu-
JINPOBAHUH LUKJIOTEKCAHOJOHOB 5 XJ10pekcom 52
peakI1Io MPOBOASAT B U30IPOIIUIOBOM CIHUPTE, YTO
MI03BOJISIET COXPAHUTh TPETHUYHbIE T'HIPOKCUIbHbBIE
rpynmnel B KpayH-nogaHgax 53a-d (cxema 23).

3. Peakuuu ruipOKCULIMK/IOT€KCAHOHOB C a30T-
coAepKalUuMH HyKj1eopuaiaMu

CBeJieHHs 0 peaKIUIX AUALe T (AUATKOKCUKAp-
GOHMJI)3aMellleHHbIX [[UKJIOTeKCAHOJIOHOB C MEePBUY-
HbIMM aMUHaMU paHee 0006111eHbl B 0630pe [1]. bo-
Jiee MO3HUE UCCIe/IOBaHUs B 3TOM obutacTu [21, 22]
MOCBSIIIEHBI UX B3aUMOJEHCTBUIO C apOMaTUYECKUMU
aMHHaMU, CO/IEpPKalMMU pa3IuYyHbIe 110 3J1EKTPOH-
HOU MPUPO/Je 3aMeCTUTEJIU. YCTAHOBJIEHO, YTO NPU
POBeJIEHUH peaKIuK B 6eH30J1€e B YCIOBUSAX KUCIOT-
Horo katanusa (2%-Hasa CH,COOH) uuksiorekcaHo-
JIOHBI 6 pearupyoT c 3aMellieHHbIMA aHUJIMHAMU C 06-
pasoBaHueM c BbixogaMu 20-70% LUKJIOTeKCEHUI-
apUJIaMHUHOB 54, BBISBJASIOIIMX aHTH(HArOBYI0 aKTHB-
HocTb [23]. [Ipu Hcno/Ib30BaHUM B Ka4eCTBe KaTa-
ausatopa 7-9%-Hol yKCyCHOM KUCJIOThI HallpaBJie-

24

HUE peaKI[UU CABUTAETCS B CTOPOHY IUEHAMUHOB 55
(cxema 24).

Peakuusi LMKJ/I0reKCaHOJIOHOB 5,6, cofiepKalliux
apuJibHble U QYpUTbHBIN 3aMeCTUTEH, C GEH3UIU-
HOM (56) B yC/IOBUSIX KUCJIOTHOTO KaTasu3a (2%-Hasi
YKCyCHasi KHCJIOTA), HE3aBUCHMO OT COOTHOLIEHHUS
peareHTOB, IPOTEKAaeT KAK MOHOAMHUHUPOBAHUE C
06pa3oBaHUEM NPOJYKTOB EHAMUHHOTO CTPOEHUS
57a-d c Beixogamu 40-76% [24] (cxema 25).

BTopas aMuHoOrpyImmna B NoJy4eHHbIX COeHHe-
HUSX MaJIOAKTUBHA, BEpPOSITHO, BC/IE/ICTBUE JleJI0Ka-
JIM3al {1 3JIeKTPOHHOM Maphl 0 NPOTS>)KEHHOH cHC-
TeMe T-CBsi3eil (cxeMa 26).

Cxema 26
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+ )n
HoN

58a-c
n=2(a), 4 (b), 6 (c)

Ar=CgHs, R=CHj3, n=2(59), 4(60),
Ar= 4-CH3C6H5,R CH3, n=
Ar=CgHs, R=0C,Hs, n=2 (65), 4 (6

Cxema 27

5,6 68

Cxema 28

WHaue BeayT cebs anndarryeckue JuaMuHbl 58a-c,
KOTOpbIe pearupyoT € y4acTueM 06eruX aMUHOTPy I
JiuaMHHa c 06pa30BaHUEM eHAMaMHUHOB 59-67 [25]
(cxema 27).

B To ke BpeMs peakiusl [UKJIOTEKCAHOJIOHOB C
LMKJIOTeKCWII-1,2-nuaMrHOM 68 npoTeKaeT Kak MOHO-
aMUHUPOBaHUe ¢ 06pa3oBaHUeM eHaMUHOB 69, 70
¢ BeixoaaMu 40-50%, 4To, MO-BUJUMOMY, 06YCI0B-
JIeHO cTepuyeckuMu pakropamu (cxema 28). OTcyT-
CTBYI€ BO3MOKHOU reTePOLMKJIM3AIH B COEIMHEHHUSX
69, 70 cBSI3aHO C MPAHC-PACION0KEHUEM aMHUHO-
IPYIII B [JMKJIOT€KCAHOBOM KOJIblie aMUHUPYIOLETO
peareHTa U TPYAHOCTSMHU 3aMbIKaHUS CEMUYJIEH-
HOI'0 LIUKJIA.

ABTopbI y6uKauui [34-36] nokasasy, 4To KOH-
JleHcalus LUKJI0-TEKCAHOJIOHOB 5, 6 C 3TaHOJIaMUHOM

NH, 6eH3on, D

—_—

O R (0] ) Ar O
R R
HsC n CH
3 N/G\)\N 3
H H H H
59-67

6(61)
2(62), 4(63), 6(64)
), 6(67)

O R O
NH
R 2 R)El@fuR
+
HyC
0
OH hoo N

69,70

71 v 3TUJIEHIVIMKOJIEM 72 IPOTEKAeT C y4acCTUEM aJlu-
[UKJIMYeCKON KapOOHUIbHOU IPYyMITbl, HO IPUBOAUT
K pa3HbIM NPOAYKTaM — N-OKCHUITUILUKIOTEKCUII-
amMuHaM 73, 74 B cily4yae 3TaHOJIaMUHA U COUPOLHUK-
JIMYECKHUM KeTasisAM 75, 76 B ciiydyae 3THUJIEHIVIMKO-
Js (cxema 29).

Hcmues A.U. v cotp. [29] pa3zpaboTasiu CHHTETH-
YeCKHUH MeTO/l, NO3BOJIAIIUY [10y4aTh NPU KOH-
JleHcanuu ¢ anudarruyeckum 1,2-auamuHom 77, co-
JlepKaliiM 06 beMHbIN 2-XJI0PIPONUI0BBIN 3aMec-
TUTEJIb, Ja3aCIMPOLMKINYECKUE coeiluHeH s 78-81
(cxema 30).

[Topo6HBIM HCCIEJOBAaHUEM PEAKIIUU JUHU30ITPO-
nui-1,3-aukap6okcunaToB 82 ¢ ruApasvH-TUAPATOM
B COOTHOLIEHUHU 1:1 B KUMSIIEM 3TAHOJIE B OTCYTCTBUM
KaTaJiM3aTopa 0OHAPY»KEHO 06pasoBaHHe 4,5,6,7-TeTpa-

O Ho CH3 NHZCHZCHZOH 5%:3 HOCHZCHon QO HO CH,
73,74 75,76
R = CHs (5,73,74), OC,Hs (6, 75, 76)
Cxema 29
O HO CH, CHs
H CoHs K(m
NHy >N~Son, = J
77 HN
R O OCZHS
78-81
6 R=H (78), CH;(79), CI (80), NO, (81)
Cxema 30

25
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HN-N CH; O O CH; O NOH
‘ PN
HO—\
CH HLC CH HC 0 CH
® NH,NH, % NH,OH *
OH = H — OH
X0 ° X0
HsC~ “CH ch)\c:H3 HsC”~ “CH,
83 CsHsNHNHz)/ 82 84
)Cib O  NNHCgHs
H,C
3 CH,
OH
x>
85 HsC~ “CH,
Cxema 31
(@) (@) O-~N
\
HyC NH,OH Hi G\
CHs CHs
OH MW OH
H,C® "0 H,C~ SO
5 86
Cxema 32

rugpo-2H-uHaason-5-kapookcunatoB 83. AHasoruy-
HO€e B3aHMO/IEHCTBUE C THAPOKCUJIAMUHOM MPHUBO-
JUT K okcuMaM 84, a ¢ peHUATUApa3uHoM — K TU/]-
pasonam 85 [30] (cxema 31).

B oTinuue oT AnadupoB 82 ux aualeTU/IbHbIE
a”aJIord 5 Npu KOHJEeHCalUU € TUAPOKCUIaMUHOM
B YCJIOBHUSIX MUKPOBOJIHOBOTO 06J1y4eHUs 06pasy-
I0T IPOJIyKThI FeTePOLUKJIN3aLUN — KapOoaHHeU-
poBaHHbIe n30Kca3oJibl 86 [31] (cxema 32).

B To ke BpeMs NpU B3aUMO/IeCTBUU TUPA30JIHII-
3aMelleHHbIX IUKJIOreKcaHoJI0HOB 10 ¢ ruZipoKcuII-

Cxema 33

Cxema 34

26

aMHHOM U I'MJIpa3MHOM HapsJy C reTepoluKJIn3a-
LUed MPOUCXOAUT TaKKe Jeruaparanus B LUKJIO-
reKCaHOBOM KOJIbli€e, IPUBOASALAS K TPOU3BOAHbBIM
87 u 88 cootBeTcTBeHHO [3] (cxema 33).
MareppamoB A.M. u cotp. [32] ocyiiecTBU/IM mOC-
JiefloBaTeJIbHOE IpeBpalleHHe AualeTUIHKI0reK-
CaHoJIOHA 5 B MH/Ia30JIMHUEBYIO COJb 89, cTpoeHHe
KOTOpOU ycTaHOBJIeHO MeTosioM PCA (cxema 34).
YKa3aHHble aBTOPbI pa3paboTaay MeTO/, IPSIMOTO
M30KCa30JI0aHHEJIMPOBaHUSA JU3TOKCUKapOOHMI3a-
MelleHHOT 0 LIUKJI0TeKCaHOJIOHAa KOHZeHcaluel ¢
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6 0 O~NH
CoHsO o K,COs 0N
3+ HNOH®HCI — CHs
OH OH
0~ "0OCyH; O~ SOC,Hs
6 H,NOH _OH
N sto/4« o1
C2H50 CH3
OH
0~ SOC,Hs
90

Cxema 35

I'MIPOKCUJIAMUHOM B TPUCYTCTBUU KapOOHATA KaJIus,
a TakKe MIOKa3aJIy, 4TO 1ieJieBoe coe/juHeHne 91 mMo-
KeT BbITh OJIy4eHO U3 KeToKcuMa 90 ielicTBHEM KOH-
[eHTPUPOBAHHOM cepHOM KUCI0ThI [33-36] (cxema 35).

3HAYUTE/IbHBIA CHHTETUYECKHUHA U TeopeTHYec-
KU UHTEepeC NPeCTaB/ISAI0T CO60M peaKLKK LIUKJI0-
reKCaHOJIOHOB C aM6OHU/IEHTHBIMU aMHHoa30J1aMu. [1o-
Ka3aHo, YTO IIUKJIOKOH/IeHcal[1sl KapboKcuiaTtoB 92a,b
¢ 3-amuHO-1,2,4-TpraszosioM 93 npoTeKaeT C peanu-
3anvel 060UX OXKU/IaeMbIX HallpaBJIeHUH, 00y CJI0B-

JIEHHBIX HAJINYMEeM HeSKBUBAJIEHTHBIX HYKJIe0pHUIb-
HBIX [[EHTPOB B MOJIEKYJIE MIOCJIEJHETO U TPUBOAUT
K CMECH MapHBIX reTEPOIUKINIECKUX CUCTeM 94a,
95a u 94b, 95b, comepkalux B CBOeH CTPYKType
YeTbIpe KOH/IEHCUPOBAHHBIX $1/Pa, SIBJISIONIMXCS CTPYK-
TYPHBIMHU aHAJIOTAMU aHTUOUOTUKOB TeTPALMKJIH-
HoBoro psja [37] (cxema 36).

B cBOl0 0uepe/ib, aHAJIOTUYHASA a3aUKIU3AIUS
ITUKJIOTEKCAaHOJIOHOB 5 1 6 0TJINYaeTCs BHICOKOU pe-
I'MOCeJIEKTHBHOCTHIO U C BbIXogamu 72-81% npuBoauT

\
n=1(a), 2(b) ’ <\N’N
Cxema 36
OH Ar O
R=0C,Hs N//\N o OC,H;s
o Ar o N OH
-N CHj3
R + )N\\\> — 97
HoHNTN A
o CH; Ar O
CHs 93 NN
CH
> R=cH, N _ _ OH 3
N™ >N
CH,
96
Cxema 37

27
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O HC

OH
HyC X /QCN MOPOrvH
O HN" s
H,C™ Y0 %8
5

O HsC
OH
H4C KOH
—_—
. CN
| o
HsC~ "N” S
100 Ar
Cxema 38
o R o0
N C,HsONa
HaC CHy C[ \>_\:
5 OH N N
CH, 102
5
0
R= (a) M (b)
Cxema 39

K 06pa30BaHUI0 MPOU3BOHBIX [1,2,4]Tpuaszosio|3,4-b]
XWHa30/IMHOB 96 u 97 [38] (cxema 37). CTpyKTypa
NOJIyYeHHBIX COeJUHEHUH OJHO3HAUHO Obl/Ia yCcTa-
HOBJIEHA C TOMOIIIbI0 IaHHbIX SIMP 13C u 1ByMepHbIX
cnektpoB (NOESY, HSQS).

[[uk/I0KOHAEHCALUSI COeIMHEHUH 5 C IUAaHTHO-
anetaMuioM 98 B 6e3BOJJHOM 3TaHOJIE B IPUCYTCT-
BUH MopdoJiHa peasnusyeTcs o cxeMe GopMHUPO-
BaHUS MPOU3BOHBIX U30XUHOJUHA 99, aJIKUIUpPO-
BaHHUE KOTOPBIX F'a/IOreHKETOHAMU NTPUBOJUT K S-aJi-
KWITeTparupousoxuHoarnHaM 100, CKJIOHHBIM B I1ie-
JIOUHOH cpefie K BHYTPUMOJIEKYJISIPHON [IUKIU3aLUU
no Topny c 06pa3oBaHUeM 3aMelleHHbIX TUEHO[2,3-C|
nsoxuHosinHOB 101 [39, 40] (cxema 38).

[Tol06HBIM 06paA30M MPOTEKAET U IUKIU3AIHS C
y4yacTueM OeH3WMUAa3o/ualeToHuTpuaa 102, yc-
NelIHO UCNOoJb3yeMast AJisl CHHTe3a NPOU3BOJHBIX
TeTparuapobenso[4,5]umuazo[1,2-b|U30XHHOJIUHOB
103a,b [40] (cxema 39).

Elie oauH npeacTaByUTe b aMOUEHTHBIX aMUHO-
coeiluHeHUH — 3-aMuHO-1-deHun-1H-nMpasos-5-oH
104 Takxxe peruocesieKTUBHO pearupyer C guale-

0 R O NH,
HsC CHj SN
+ /
HyC o 5 N
OH Zn
5 104

Cxema 40
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0 HsC
KOH

J——

O Ar
HsC j/

Hal

OH
+
N CN

CH, R 0O
Q\N A CHg
N OH
CN

103a, b

THJILJMKJIOTEKCAaHOJIOHAMU € 06pa30BaHUEM NUPA30-
J10[3,4-c]u3oxrHoIMH-1-0HOB 105, HMEIHX CTPYK-
Typy UBUTTep-HUoHa [41] (cxema 40).

[Ipu uccie[oBaHNN peakLMK aJIKWIMPOBAHHs MOJIH-
LIMKJMYeCKUX coeiMHeHUN 105 BBIBJIEHO, UTO ee
HalnpasJleHHe 3aBUCUT OT NPUPO/JbI PACTBOPUTEIA.
B IM®A umeeT MecTo N-aJIKUJIUpOBaHHe C 06pa3o-
BaHHeM N-aJKuanupasoJio[3,4-clusoxuHonnHoB 106,
Torza kKak B /IMCO BbizesieHbl NPOAYKTHI O-aJKUIU-
poBaHus 107 [42] (cxema 41).

[IpofykTaMu B3auMo/elCTBUS JUaLeTU/ILUKIIO-
reKCaHOJIOHOB C MaJIOHOAUHUTpUJIoM npu 60°C B
abCoJIIDTHOM 3TaHOJIe B IPUCYTCTBUU MOPPOIHMHA
ABJISIOTCA NPOU3BO/IHbIE [eKCAarUpPOU30XUHOJINHA
108 [43] (cxema 42).

BeposiTHbIN MexaHU3M GOPMHUPOBAHUS YaCTHY-
HO TH/IpUPOBaHHBIX N30XMHOJMHOB 108 3akt04a-
€TCs1 B IepBOHAYa/IbHOM 06pa30BaHUU CIOCOOHOTO K
eHOJIM3alM1 UHTepMeuaTa J, BHyTPUMOJIEKYJISIPHO
LUKJIU3ylollerocs B UMHUHonupaH H, koTopsii 3a-
TeM B pe3y/ibTaTe pelukJn3anuy JumMpoTa TpaHc-
dopMupyeTcs B LiesieBble IPOAYKTHI.

3

(0] R (‘:H
H3C) J\M NH

C,H;ONa [
45, HsCJ’W\
- H0 OH N

S
- N
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H,;C = IOvmpota H3C -
7 HgC g¥e) T T HC X NH
O R CHs O R CH,
H 108
Cxema 42

ABTOpbI paboThl [43] Takke COOBLIUIN O CHUH-
Te3e (TeTparuJpou30XMHONNH-3-UIU/eH)Mal0HO-
HUTpuioB 110 B3auMoeicTBUEM iUalleTUI3aMe-
IleHHBIX THPOKCULUKJIOT€KCAHOJOHOB C AIUMEPOM
MaJIOHOHUTPUJA — 2-aMUHO0-1,1,3- Tpuniuano-1-npo-
nieHoM 109 B MPUCYTCTBUM 3TOKCHIA HAaTpus (cxeMa 43).

Tuocemukap6asu 111 pearupyer c I[UKJIOTEK-
CaHOJIOHAMH 6 MPU KUMISTYEHUH B 3TaHOJIe WU GeH-
30J1e IPpU 3KBUMOJILHOM COOTHOLIEHUU cyoCcTpaT/
peareHT B OTCYTCTBUHU U IPU HAJIMYMUU KaTaJIU3aTo-

pa (2%-Haa yKcycHas KUCJ0Ta). YCTAaHOBJIEHO, UTO
CMeHa PacTBOPUTEJIS He BJUSET Ha HalpaBJeHUe
npoliiecca, a HaJlM4Kue KaTajJu3aTopa CHUXKAeT Bbl-
X0/ibl THOCeMUKap6a3zoHoB 112 ¢ 58-86% n0 40%
[44] (cxema 44).

4. lernapaTanys rupoKCUIUKIOTeKCAHOHOB

Hanuyue moBUKHBIX aTOMOB BO/IOPO/Ia B (-T10-
JIO)KEHUH K TUAPOKCUJIBHOM I'PyIIIe UKJI0TreKCaHO-
JIOHOB 00YCJIOBJIMBAET UX CIOCOOHOCTD K JIeruapa-
Talliy MO JBYM HaMpaBJeHUsSM C y4acTHUeM BOJO-

OH on N ON
H,;C CHj; = . H,C ~_NH
0O R O 109 O R CH,
5 110
Cxema 43
H
_N_ _NH,
T
111
6
Cxema 44
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Cxema 46

poja npu atoMax C3u60 C° 1 o6pa3oBaHHEM Q,B-
W [3,y-IMKJI0TeKceHOHOB. OBBIYHO pean3yeTcs ofi-
HOBpeMeHHOe NPoTeKaHue 060MX HallpaBJeHU! Jie-
TUJIpaTaLMH, IPUBOJSIIIEE K CMECH O, 3- U [B,Y-IIUKJIO-
rekceHoHOB 113 u 114 B cooTHOWEeHUH 2:1 IpH Uc-
M0JIb30BAaHMU B Ka4eCTBe KaTaJM3aTopa NUINepy/IMHa
B CMeCH 3TaHoJ1a U xJopodopma [45] (cxema 45).

BoJiee cesleKTUBHBIN MTPOLECC HAGIIOAAETCS B IPU-
CYTCTBUU KUCJOTHBIX KaTaJIU3aTOPOB, HAIPUMED, CO-
JITHOW KHCJIOThI B 3TaHOJIE, XJI0podopMe, JieITHOU
YKCYCHOU KucyoTe [46, 47] unu napa-Toayoscyib-
dokUuCI0THI B KUMNALLEM 6eH30J1e [48].

OnucaH ¥ mpuUMep KUCI0TOKATaJIM3UPYEMOTO Cce-
JIEKTUBHOTO CUHTe3a [3,y-I[uKJorekceHoHOB 115, Ko-
TOPBIH JOCTUTAETCS NPU MPOBEJIEHUH JIerHAPaATALUU
B nponuJieHrnukoJe [49] (cxema 45). HauboJiee Be-
POSITHO, UTO TaKOW BapHUaHT 06YyCJI0BJIeH IpeBpalle-
HUEM M0/, IeiICTBUEM [VIMKOJI1 KETOHHOU IpyNIbl B
KeTaJIbHY10, IT0CJIe Yero CaeAyeT JeTrupaTanus c
06pa3oBaHUEM CONPSKEHHOM C aleTUJIbHBIM HJIU
AJIKOKCHKapOOHUJIbHBIM 3aMeCTUTeEM 0J1ePUHO-
BOW CBsI3U. Bbl/lesisironiasicss npy 3TOM Bojia CIOCO6-

Cxema 47

30

113 114

CTBYET I'M/IPOJIN3Y KeTaJsisl U TeHEPHUPOBAHHUIO KETO-
rpynnsl (cxema 46).

MareppamoB A.M., UcmueB A.M. u coTp. ycTaHo-
BUWJIH, YTO AUKap6okcuaat 113, nosyyeHHbIN AeTU/-
paTauuen QUKJIOTeKCeHOJ0HA 6, IPU KUIISTYEHUHU B
3TaHoJIe JIETKO pearupyer c ruzipazoHoM 116 c o6pa-
30BaHHeM rujpasoHa 117, MosieKysnsapHas CTpyKTypa
KOTOpOro 6bL1a ycTaHoBsieHa mpu oMoty PCA [50,51]
(cxema 47).

5. Oxucnenue no baiiepy-BusiiuHrepy u apo-
MaTHU3alMs THAPOKCULMK/IOreKCAaHOHOB

ABTODBI [52] U3yUHIU IEepEKHCHOE OKUCIEHHE
JMKapOOKCUJIAaTOB 6 B yCI0BUSX peaknuu baiepa-
BussinHrepa 1 06Hapy>KUJIy, UTO B YKCYCHOW KUCJIOTE
nop aercreueM 30% H,0, npu 95°C npoucxogur fe-
CTPYKLHMS IUKJIOTEKCAHOBOTO KOJIbIIA C 06pa30BaHUEM
paHee HEM3BECTHBIX ITUJ 4-apHJI-2-MeTUI-2-KapOOKCH-
MeTHJI-5-0KcoauruapodypaH-3-kapbokcuiatos 118,
COCTaB U CTPOEHUE KOTOPBIX J0Ka3aHbI C TIOMOLIbIO
CMEeKTPaIbHBIX U CTPYKTYPHBIX MeTO/I0B (cxeMa 48).

JuaneTua(AUaTUAKApOOHUI )3aMellleHHbIe [IUKJI0-
reKCaHoJIOHBI 5, 6 MPU B3aUMOAeUCTBUH C HOJIOM B
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Cxema 48
O CHj
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Cxema 49

MeTaHoJIe NI0/IBEPTaloTCsl OKUCIUTENbHONW apoMaTH-
3alMH, YTO IPUBOAUT K BbICOKOQYHKIMOHAIHU3UPO-
BaHHBIM MPOU3BO/IHBIM 6udeHusa 119 c BbIxogaMu
50-55% [53] (cxema 49).

O [
o 0 HO
5 [O] HiC oH
o) H,0 of
—> GC,HO
OCH
CHs co, I OH
-H,0
R R ]

Jlist noBbIieHUs 3G PEKTUBHOCTH OKUCTUTEb-
HOU apoMaTHU3aliU TaKXKe UCI0JIb30BaJICS s, PY-
I'MX PaCTBOPHUTEJIEN U peareHTOB, CPe/Id KOTOPhIX Hau-
6oJsiee y06HOM okazasack cuctema JABKO-/IM®A,
MO3BOJISAIOINAS TIOBBICUTD BBIXO/bI MPOU3BOAHBIX OU-
denuna 1o 50%.
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