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O0mas xapakrepucTuka padoTbl
AKTYaJIbHOCTh MCCJIEI0BAHUA. XUMUS ApOMATHUYECKUX JHA30HUEBBIX COJEH SIBIIECTCS
oIHOM M3 Hambojee OOMMUPHBIX oOnacTell opraHuyeckoil xumuu. JloCTymHOCTH
MCXOJIHBIX aMUHOB U JUA30TUPYIOIIUX PEAr€HTOB, BBICOKAs! aKTUBHOCTh COJIEW TMA30HUS
B LIMPOKOM CIIEKTpE peakuuil 00ECHeurnBalOT BBICOKUN M TMOCTOSIHHBIM HMHTEpEC K
JAHHOMY KJIaCCy OPTaHUYECKUX COETMHEHUU.

OO01en3BecTHbIE CUHTETUYECKUE JOCTOMHCTBA JIMA30HUEBBIX COJIEH COMPSDKEHBI C
CEpbE3HBIMHU HEJIOCTATKAMU, CPEAN KOTOPHIX HU3Kasi CTAOMIBLHOCTD B CYXOM COCTOSIHHH,
ioxasi pacTBOPUMOCTb B Boje (A1 Hambojee paclpOCTPAaHEHHBIX AapeHAUa30HUMN
TeTpadTopOopaTOB) M HEMOJSAPHBIX cpefax. B To ke Bpems Bo3pacTaromnue TpedoBaHuUs
K OKOJOTMYEeCKOM 0e30macHOCTH H  A(PPEKTUBHOCTH XHMHUYECKHX IPOIIECCOB
CTUMYJIMPYIOT TOWCK HOBBIX AaKTHUBHBIX PEAreHTOB, YJOBJIETBOPSIONIMX TPEOOBAHUIM
«3EJICHON XUMUN.

Oxkono necsatu et Tomy Hazan Ha kapeape BMMOX TIIY Obut BnepBbie TOMyYEH U
UIeHTH(UIIPOBAH P apenuasonuii Tosmwiatos (ArN, " OTs, AJIT); moka3aHo, 4To 3T
COJIM HUA30HUSl CTAaOWJIBHBI B CYXOM COCTOSIHMM, XOPOIIO PAacTBOPUMBI B BOJE U B
OPraHMYECKUX PACTBOPUTENSIX BBICOKOM M CPEIHEN NOJISIPHOCTH, a TaKKE COYETAIOT
B3PBIBOOE30MACHOCTh M BBICOKYIO XMMHUYECKYIO aKTUBHOCTh. Takum oOpazom, AT
n30aBJICHbl OT HM3BECTHBIX IMOPOKOB apOMATUYECKUX TUA30HHUEBBIX COJIEH, NIEIIeBBI B
MOJIYYCHHH WU MOTYT HAWTH HIMPOKOE NPUMEHEHHE B Ja0OpaTOPHOM MPaKTUKE WU
XUMUYECKON TMpOMBINIIEHHOCTH. Peanmu3amms 3ToW  akTyaidpbHOM 3amadd  Tpedyer
TANBHEHIIUNX ~ WCCIEAOBaHUM peaknmuoHHOW crocoOHoctn AJIT w  pacmmpenus
BO3MOYXHOCTEW X CUHTETHYECKUX MPUMEHEHUI, OCOOEHHO B PAMKaX «3E€JICHON XUMHUI.

TpanuimoHHble  apoMaTHYECKHWE  JUA30HUEBBIC  COJMM  THAPOPWIBHBI, 32
UCKJIFOUEHUEM PEIKUX MPUMEPOB COJIEH ¢ IMMO(PUIBHBIMU aJKOKCUIBHBIMU I'PyNIIaMu B
nuasonnesom (parmente (AIKOCgH4N, "BF;) M KOMIUIEKCOB MA30HMIA-KATHOHOB C
KkpayH-3dupamu win noimstuneHraukosive (S.H. Korzeniowski, 1981; R.A. Bartsch,
1980). B cBsi3u ¢ 3TUM XUMUSL AMA30HUEBBIX COJIEH 10 HACTOSLIETO BPEMEHHU U3yvasach
no Oousblliell YacTd B TOMSPHBIX cpenax. [loTeHIMambHO BO3MOXKEH WHOM, Ooiee
OpoCcTON  croco0 TpuAaHus JUNOQUIBHBIX CBOWCTB JMAa30HHEBBIM COJSIM  —
UCIOJIb30BaHUE BBIPA)KEHHBIX TUNO(UIBHBIX POTHUBOMOHOB, HaIpuMep,
ankunOeH3oncynbonaTtoB. OHAKO, KaK 3TO HU YAUBUTEIBHO, JAHHBIA BapUAHT A0 CUX
Mop HE peaJln30BaH, W JUA30HUEBBIE COJIM C  AJKWIOEH30JCYIb()OHATHBIMH
MPOTUBOMOHAMU HE ObUIHM BBIICTICHBI, HACHTU(DHUIIMPOBAHBI U U3yUYeHbl. Takum oOpa3om,
MOJIyYCHHE U OIPEJCIICHUE CBOMCTB apeHIMA3OHUN J0ACHMIOCH30JCYIb(OHATOB KaK
NEPBBIX TOTCHIUATBHBIX TPEICTABUTENCH JUNOPUIHHBIX JHUA30HUEBBIX  COJICH
npeacTaBnsieT (yHIAMEHTAIBHBIA HMHTEpEC I OpPTaHWYECKOM XHWMHH, DPACIIUPUT
3HAHMSI O XMMUU JIMA30HUEBBIX COJIEH M TPaHUIbI TPAKTUYECKOTO MPUMEHEHUS JaHHOTO
KJIACCa OPTAaHUYECKUX COCTNHEHUMU.

Paznmuunbie yacTu pabOTHl BHITIOJIHAJACH TpU TOANEpKKe TpaHToB PODU 12-03-
31594 wmon_a, POOU 14-03-00743a, rocynmapctBeHHBIX KoHTpakToB No ['K
16.512.11.2127 ®UII «HMccnenoBanus U pazpabOTKU MO MPUOPUTETHHIM HANPABICHUSIM
pa3BUTHA HAy4YHO-TEXHUYECKOro komruiekca Poccum Ha 2007-2012 rr.», Ne I'K II33,
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[11296 «HayuyHble W Hay4YHO-TIEJArOrMYeCKUE KaJpbl HWHHOBAIMOHHOW Poccumy,
I'ocynapctBennbix 3aganuii «Hayka» Ne 3.3060.2011 u Ne 2387, I'ocyaapcTBEHHOTO
3aganust Ne 11.9179.2014 (rpant HAA ).

Heab padoThI.

1. Pa3paboTaTh HOBBIE CHUHTETHMUYECKHE METObl TpaHCHOpPMALUA apOMATHUUYECKHUX
coJiell Tua3oHUs aJKUIO0CH30JICYIhPOKUCIOT ¢ 0O0pa3oBaHreM HOBBIX cBs3elt C-C u C-
reTepoaToM, OTBEYAIOIINE TPEOOBAHUAM «3EICHON XUMUNY.

2. [TosmyunTh, OXapakTepu30BaTh U UCCIEIOBATh CBOMCTBA IIEPBBIX MPEACTABUTEIECH
apeHIMa30HUN CyJIb()OHATOB ¢ JUMOMDUILHBIMU MPOTUBOMOHAMU WM OIICHUTH BIUSHUE
AJKUIILHOTO 3aMEeCTUTENIs B CTPYKTYypE€ aHUOHA apeHIMa30HUM
ANKUITOCH30JICYTh()OHATOB HA UX PEAKIIMOHHYIO CTIOCOOHOCT.

Hay4ynast HOBU3HA.

1. BrepBbie mokazaHa BBICOKas pEaKIMOHHAsi CIIOCOOHOCTb  apeHIUa30HUN
ANKWIOCH30JICYTh()OHATOB B pEAKIUAX C ojJeduHamMu, OOPHBIMH KHCIOTAMH M HX
NPOM3BOIHBIMU B yclioBusx Pd-kaTamusupyembix peakuuii Matcyabi-Xeka u Cy3yku-
Muroapsl B BOIHOU CpeE.

2. BrepBbie 0OOHapy>KEHO TMOJOXHUTEIbHOE BIMSHHUE Opmo-3aMECTUTENe B
ctpykrype AT Ha ckopocTs npoTekanus peakunn Cy3yku-Muroapsl.
3. Bnepsoie wusyuensl peakuuu AJ[T ¢  aJkeHWIOOpPHBIMU COEIMHEHUSMHU U

MPEATIOKEHBI METO/IbI YIPABIEHUSI PETUOCEICKTUBHOCTHIO MPOTEKAHUS ITUX PEAKIINM C
00pazoBaHUEM CTHUPOJIOB C BRICOKMMH BBIXOJIAMHU.

4. Bnepsbie B WHIUBUIYAJIbBHOM BUJIE MOJIyYEHBI apeHINa30HUM
nonerioensoncynsdonarel  (AJIBC), wuccnemoBaHa WX CTPYKTypa M pEaKIMOHHAs
ciocoOHocTh. OOHapyxkeHo, uto AJIBC mposBISIOT BBICOKYIO PEAKIIMOHHYIO
CIOCOOHOCTh B peakuusx OpoMO- U  TUAPO-ACAUA30HUPOBAHUS  JIEWCTBUEM
raJIONIMETAHOB B OTCYTCTBUE MEJIU.

5. BrepBrie mpoBeeHO M3yUeHUE BIUSHUS AJIKWIBHOTO 3aMECTUTENSI B CTPYKTYpe
aHMOHA COJM AMA30HUS HAa UX PEAKIUMOHHYIO CHOCOOHOCTh B PEAKIUSAX 3aMEILCHUs
qua3zo-rpynnbsl.  [lokazaHo, 4YTO yBeNMYEHUE JUIMHBI AQJIKWIBHOTO  3aMECTUTEIS
npotuBonoHa (mepexon ot AJIT x AJIBC) cHmkaeT peakMOHHYIO CIIOCOOHOCTH
apeHIMa30HUN aTKUI0EH30JICYIh()OHATOB B BOAHOW Cpefie, HO 00ECIIEUNBAET BBICOKYIO
PEaKIMOHHYIO CTOCOOHOCTh B HEMOJSIPHBIX Cpeax.

IIpakTHYecKasi 3HAYMMOCTb.

e Pa3pabotaH yA0OHBIM U MPOCTON METOJ CHHTE3a apUIa3uOB C UCIOIH30BAHUEM
B3pbIBOOE30omacHbIX AJIT B BoiHOM cpejie.

e [IpennoxxeHbl MSATKHE CUHTETUYECKHE METOIbI MPOBEACHHS peakiuii Matcybl-
Xeka u Cysyku-Mwuroapsl Ha ocHoBe A/[T m AJIBC B Bozme, oTBewaromue
TPEOOBAHUSIM «3€JICHON XUMUM.

e [lomoOpanbl ycnoBHS MJid peruocesieKTHBHOro B3aumoaeucteus AJ[T ¢
POU3BOAHBIMU BUHIIIOOPHOW KUCIIOTHI ¢ 00pa30BaHUEM 3aMEUICHHBIX CTUPOJIOB.

e Paspaboran 001mMif METOJ] CUHTE3a apeHANA30HUI 10AeIIMIOEeH30ICYIb()OHATOB B
WHAUBUAYAJTEHOM BUJIE, I0Ka3aHA UX B3PHIBOOE30MACHOCTD, PEIJI0KEHBI METO/IbI
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TUapo- ©W  OpomMo-aeauazoHupoBaHus — noiaydeHHblx  AJ[BC  nelicTBuem

TPUTAJIONIMETAHOB B OTCYTCTBUE MEJIU.
Anpobauust padorbl. OTneNbHbIE YaCTU paOOThl JAOKJIAABIBAIUCH U OOCYKIAIUCh HA
Bcepoccuiickux Hay4yHO-TIPAKTHUECKUX KOH(PEPEHUUSAX CTYICHTOB, acCIUPAHTOB U
MOJIOJIBIX YUCHBIX «XuMHs 1 xuMudeckas Texnojorus B XXI sexke» (Tomck 2010, 2011,
2012 r.), MexayHapoaHBIX KOH(MEpPEHIUAX CTYJIEHTOB W MOJIOJBIX YYEHBIX
«IlepcriekTuBel  pa3BuTusa GyHAaAMEHTAIbHBIX Hayk» (Tomck 2010, 2012 r.),
MoJioAeKHBIX MKOJaX-KOHPEPEHIHIX «AKTyalbHbIE IPOOIEMbl OPTaHUYECKON XUMUI)
(HoBocubupck 2010, Exatepunbypr 2011, HoBocubupck 2012, Hleperem 2015 r.),
MexayHapoaHoMm cumiosuyMe «Advanced Science in Organic Chemistry» (m. Kopeus,
Vkpauna 2010 r.), I MexnaynapogHoit Poccuiicko-KazaxcTanckoil KoH(MEpEHIHH II0
xumun u xumudecko texHomoruu (Tomck 2011 r.), XIX MenaeneeBCkoM Che3fe Mo
oOmieit n mpuxiagHor xumuu (Bonrorpan 2011 r.), MexayHapoqHOM KOHIpecce Mo
opranmdyeckot xumum (Kazamp 2011 r1.), Bcepoccuiickoit Hay4HO-TEXHUYECKOM
KOH(EpEeHIIMN MOJOJBIX YYEHBIX, ACHUPAHTOB M CTYACHTOB C MEXIYHAPOIHBIM
ydyacThueM «BbIcOKHe TEXHOJIOTHH B COBpEeMEHHOU Hayke u TexHuke» (Tomck 2013, 2015
r.), MengeneeBckoit koHpepeHiuu wmonoabix yueHbix (Kazanmp 2013 r1.), XXVIII
Mexnaynaponnoit HayuHo-texHuueckord koHdepenuuu «PEAKTHUB-2013» (Mpkytck
2013 r.).
Iyoaukanuu. [lo Teme auccepranuy omyONMMKOBaHO 4 CTaThbH, 1 CTaThsd HAXOIWUTCS B
MeyaTu, MaTepuaisl 23 J0KIaJ0B, TE3UCHI 2 JOKIA0B.
O0bem m cTpyktypa padorbl. PaGora usznoxkeHa Ha 153 crpaHunax, couepxur 3
pucyska, 30 cxem u 19 tabmuu. Coctout u3 3 rias, BHIBOJAOB U CIHUCKA JIUTEPATYPHI U3
180 HanMEeHOBaHUH.
ITos10:keHUs1, BBIHOCHUMBbIE HA 3ALMTY.

e Hexkaranmutnueckue wu  Pd-karanmsupyemble  peakuuu  JeIMa30HUPOBAHUS
apeH/IMa30HUN  aNKWIOEH30JCyIbPOHATOB © TyTH WX  A(PPEKTUBHOTO
UCIIOJIb30BAaHUSI B CHUHTE3€ apOMAaTHUECKUX COCAMHEHMH B paMKaxX KOHIIETIIHH
«3EJICHON XUMUN.

e [lepBeie mpeACTaBUTENN B3PHIBOOE3OMACHBIX aPEHAMA30HUA CyIb()OHATOB C
JTUNO(QWIBHBIM TPOTUBOMOHOM, METOBI UX MOJTYUYEHHUS U XMMHUYECKHE CBOMCTBA.

OcHoBHOe cogep:kaHue padoThI
1. HoBble npeBpaleHs apeHAUA30HNH TO3UIATOB B BOje
1.1 Apenana3oHuii TO3UIATHI KaK Cy0CTPATHI AJISl MOJYYeHUS] aPOMATHYECKHUX
a3UJI0B B YCJIOBHUAX «3eJIeHOH XuMHW». Mbl nokazanu, uro A/[T B BOAHBIX pacTBOpax

N,* OTs" N; MTHOBCHHO B3aMMOJICHCTBYIOT C a3UI0M HATPHS
| X ri'arzjf | X c OypHBIM BBIJICJICHHEM a30Ta U 00pa3oBaHUEM
N 2 = LIEJIEBBIX apuJIa3HuI0B la-12a c
X -
100%  komMYeCTBEHHBIMHU BBIXO/IAMH. [Monnas
1-12 1a-12a

KOHBEPCHUA COJIM JUA30HUA HOOCTUTAIaCh IaXKe

X =4NO; (1), 2-NO, (2), 4-OMe (3), 4-COH (4). 4~ npy YCIIONB30BAHUN PEATEHTOB B COOTHOIICHUHU
CN (5), 4-N=N-Ph (6), 3-CO,H (7), H (8), 2-CO,H (9),

4-Ph (10), 4-NH, (11) (69 %), CH,CeHaN,*OTs- (12)  AJIT:NaNj 1:1.



Taxxe Obl1 pa3paboTaH METOJ TMONYyYEeHUs apuiaszuioB la-22a dyepe3 one-pot
Ma30TUPOBAHKME apoMaThueckux aMuHoB 1-22 B mpucyrctBum pP-TSOH B Boge
HUTPUTOM HaTpusa ¢ mnociuenywomuMm poodasnenueM NaNjz. Tlonnas kouBepcust coiu
Ma30HUS JOCTHrajzach MeHee ueMm 3a 1 munyty. [Ipouemypa BblneneHus HpOAYKTOB
MpOCTa W 3aKjroYajgach B (UIBTPOBAHUM a3UJIOB C TOCIEIYIOMICH MPOMBIBKOW BOIOU

(ms TBepAbix asuioB la, 2a,

+ -

NH, Np" OTs N3 4a-T7a, 9a, 10a, 12a, 13a, 15a,

j X p—TsO:, (g\laNOL | X NaNs | X 18a-22a) wnmm sKcTpakuuen

2 rt

S 570 min F A F (It MacmooOpa3HBIX a3HUI0B

61-99% 3a, 8a, 14a, 16a, 17a). Bo

1-10, 12-22 1a-10a, 12a-22a  gcex cirydasX LEJIEBBIE a3U/JIbl

X = 4-NO, (1) 99 %, 2-NO, (2) 94 %, 4-OMe (3) 95 %, 4-CO,H (4) 98 %, 00pa30BBIBATIUCH C BBICOKOM

4-CN (5) 97 %, 4-N=N-Ph (6) 98 %, 3-CO,H (7) 87 %, H (8) 67 %, gnetoroii (IMP *H. BC: I'X-
2-CO,H (9) 92 %, 4-Ph (10) 85 %, 4-CH,CgHsN,*OTs- (12) 96 %, CTOTO ( , G

3-NO, (13) 93 %, 4-Me (14) 72 %, 4-Br (15) 97 %, 4-CgHy (16) 61 %, MC) ¥ He TpeboBamu

4-C4oHyq (17) 89 %, 4-1 (18) 80 %, 2-COPh-4-Cl (19) 98 %, nanbHelmel ouncTkd. MeTos

2,4,6-Br (20) 93 %, 2-anthracene (21) 97 %, 2-uracil (22) 83 %
IoKazal 0011Ly10
MIPUMEHHMOCTh - C BBICOKUMH BBIXOAAaMH OBUIM TIOJIYYEHBI apWIa3uabl U3

apOMaTUYECKUX AaAMHWHOB, COAEpP)KAIIMX KakK akKIEeNTOpHbIE, TaK MW JOHOPHBIE
3amectutenu. IlonoxxeHne 3aMecTUTeNe B KOJIbLIE AHWJIMHOB TaK)K€ Majio BIIMSET Ha
BBIXOJIBI MTPOJIYKTOB M CKOPOCTh pEaKUWU. BaKHBIM TOCTOMHCTBOM METOJIA SIBJISIETCS
ucIoab3oBanue HeOoabmuX n306ITKOB NaN3 mo otHomenuto k AJ[T, 9To CHIKAaeT pUCK
00pa3oBaHMsI TOKCUYHOM a3U0BOIOPOIHON KUCIIOTHI.

1.2 Apenana3onuii TO3WJIATHI KAK PeareHThbl 1Jis1 ApWINPOBaHUS 0J1e()UHOB B
ycaoBusix peakunu Matcyabi-Xeka B Boje. J[s1 aHanm3a peakiiuOHHOM CIIOCOOHOCTH
AT B Pd-xatanmu3upyeMmbIX peaknusx ObUI TIPOBENCH psija  TpPEBpamleHHd C

N," OTs" CO,Me HCIOJIb30BaHUEM 4-
= HUTPOOEH30/IIMAa30HUIA TO3MJIATa
Pd(OAc); 1 % mol
s A coMe 2O ‘;)2 - %o mo 1 u wmerunakpwiata (MA) B
2
NO, A: . 80 min 96 % kauectse MOJIEJIbHBIX
1 B: 75 °C. 20 min 94 % coennHeHni. Okas3ajocp, YTO
' ’ NO, 18
C:75°C, mw (60 W), 1 min 97 % peakiusa Mexay AT 1 uw MA

(cootnomenue AJIT:MA 1:1.2) B
npucytctBur 1 % mol Pd(OAC), B Boje mpu KOMHATHOW TeMIiepaType MPUBOIHUT K
noyiHOM koHBepcuu comu 1 3a 80 muH. C oOpazoBaHmeM MeTUIOBOro 3¢upa 4-
HUTPOKOPUYHON KHUCIOTHI 1B ¢ BBIXOJOM 96 %. YBenuuenune temmepatypsl g0 75 °C
CYILIECTBEHHO COKpaIaeT BpeMs peakuuu 10 20 MuH ¢ BIXoA0M mpoaykra 1B 94 %. Mur
BIIEPBBIC TIPOBENM Peakiinio Marcyapl-Xeka B yCIOBUSAX MUKPOBOJIHOBOM aKTHUBAIIMH U
MOKa3aJld, YTO WCIOJIb30BAHUE MHUKPOBOJHOBOTO HarpeBa IO3BOJSET CYHIECTBEHHO
COKpaTHUTh BpeMs peaknuu. [lomHas kouBepcus conu 1 gocturanach 3a 1 MHUHYTY, BBIXO]T
1B coctaBui 97 %.
OCHOBBIBasICh Ha MOJIYYEHHBIX pe3yJibTaTax, ObUl pa3pabOTaH HOBBIN «3EJICHBIN
METOJ] TpoBeAeHUs peakuuu Marcynpl-Xeka ¢ ucnoias3oBanueM AJIT. JlanHbiid
«3EJICHBIN» CUHTETUYECKUN METO/[| MOKa3aJl BHICOKYI0 YHUBEPCAIbHOCTD [0 OTHOLLIEHUIO
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N,*OTs’ Kk crpykrype A/T.

N )\ ) _ . ApunupoBanre MA
L, + z Pd(9Ac), 1 % mal X | OPOXOOWIO  IJIAJKO
XF H,0 NNy pOXOoa AKO,
1-50 min, 75 °C, mw (60 W) HOJIHAs ~ KOHBEPCHS
Y = CO;Me, Z = H: 4-NO, (18) 97 %, 2-NO, (28) 92 %, 4-OMe (38) 96 %, 4-CN (58) 94 %, AJIT mocturamach 3a
H (88) 86 %, 3-NO, (138) 92 %, 4-Br (158) 88 %, 4-CO,Me (238) 92 % 1-6 C
Y = n-PrCl, Z = H: 4-NO, (1r) 90 %, 4-CN (5r) 69 %, 3-NO, (13r) 72 % MHUHYT.
Y = Ph, Z = H: 4-NO, (18) 67 %, 4-OMe (3m) 50 %, 4-CN (5a) 65 %, 3-NO, (13a) 52 % BBIXO/IAMH,
Y = CO,Me, Z = Me: 4-NO, (1e+e’) 83 %, 2-NO, (2e+e’) 71 % 5
C JU3KUMHU K
SO, : 4- oL 4- oL A o
2 1 4-NO, (1K) 55 %, 4-OMe (3x%) 50 %, 4-CN (5%) 52 % KOJINYECTBEHHBIM,

ObLIM TMOJTY4YEHbl METWILIMHHAMATHI ¢ JOHOpHbIMU (3B, 24B) 1 akuentopHsiMu (1B, 2B,
5B, 13B, 158, 23B) 3aMecTUTEISIMA B OCH30JIBHOM KOJBIIE. JIOCTOMHCTBOM METO/Ia TaKKe
ABJISIETCS BO3MOYKHOCTH JIETKOTO OTIEIEHUS TBEPABIX NPOIYKTOB OT PEAKIIMOHHOU
Macchl (UIBTPOBAHMEM M BO3MOXKHOCTh HMX JallbHEHIEro HWCHOJb30BaHusl 0e3
JOTIOTHUTENBHOW  OYMCTKH. MacnooOpa3Hble  METHILMHHAMaTel 8B u  24B
AKCTPArupOBaAIUCH FTUIALETATOM.

Peakius A/IT ¢ 3-xnmopnponmnakpuinarom B npucytctBun 1 % mol Pd(OAc), B
MPEUIOKEHHBIX YCIOBHSIX, IO3BOJIMIIA BIEPBBIE OJIYYUTh 3-XJIOPIPOMWINHUHHAMATHI 1T,
3r, 13r ! ¢ BeIxOmaMu OT YMEPEHHBIX 10 BBICOKHUX.

Crtupon mposiBUJI MEHBIIYI0 aKTUBHOCTh B peakuuu Marcyabl-Xeka ¢ AT mo
cpaBHEHHMIO C »d(dupamu akpwioBod KuCIOTHL. [ns momHot koHBepcuun AT,
coJiepKalIX JIEKTPOHOAKIIENTOPHBIE TPYIIIBI, TpeOOBAIOCh HarpeBanue B Teuenue 10-
15 muHyT, B TO Bpemsi Kak ayeKTpoHou30biTouHbli AJIT 3 momHOCTBIO pearmpoBal
tonbko 3a 50 munyt. llenmeBbie ctunpOenst 1a, 13a, 3a, 5m Obul MONMyYeHBI C
yMepeHHbIMU Bbixogamu 50-67 %.

Mps1 nokazanu, uro Metuiametakpuiar (MMA) B3aumoneiictByer ¢ AJ[T Tak xe
akTUBHO, Kak U1 MA, nonnHas koHBepcuss AJIT nocturanace 3a 1-2 mMunHyTbhl. OHAKO
o0Opasyromuics B XOJA€ pEaKIMH OCaJ0K MPEACTaBIsT COOOW CMeCh Kak IIeJIeBBIX
coeauHenuii le, 2e, Tak M TepMHHAIbHBIX ojcpuHoB le', 2e. M3-3a cxomHOi
MOJSIPHOCTM U PacTBOPUMOCTHM, JIaHHBIE CMECHM HE  yAaJIOCh  Pa3/eiuTh
nepeKpucTau3anuen win xpomarorpadueit. COOTHOIICHHE ABYX H30MEPOB OBLIO
OIPENIEJIEHO C IOMOUIBIO 'H SIMP-criekTpocKkonumu.

0,
AN* OTs™  + )\ F’d(OAsz 01 /o mol Ar/YCOZMe . Ar/\ﬂ/cone
CO,Me 2

75 °C, mw (60 W)

X = 4-NO; (1e:1e” = 1:1.5) 83 %, 2-NO, (2e:2e" = 1:1) 71 %
OTtnenpHOrOo BHMUMaHMA 3aciyxuBaeT B3aumoneictue AT ¢ cynabdoneHoM. Mel
oOHapyxwin, yto AJIT B MArKHX YyCIOBUSIX B3aUMOJECHCTBYIOT C CYJIb(OJIEHOM C
obpazoBanueM 3-apui-2,3-muruapoTuoder 1,1-TuoKCHI0B ¢ yMEPECHHBIMH BBIXOIAMHU.

! Jlaunas gacTh paGOTHI BHIIOTHEHA COBMECTHO C ACIHPAHTOM J1a00PaTOPHH MATEPHATIOB U TexHOOrHH KK-yeTpoiicTs
T'HY «MuctutyT xumun HoBbIx MaTepuanoB HAH benapycu» A.B. CtankeBuuem
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0,
AN,* OTs™  + ] Pd(OAc), 5 % mol —
SO, H,0 Ar SO,

1,3,5 75°C, mw (B0W) g s B
X = 4-NO, (1X) 55 %, 4-OMe (3x) 50 %, 4-CN (5%) 52 %

B menom Mpl mokasamu, 4to snekrpoHoaedhunutHbie AT mposBiasioT Oosee
BBICOKYIO aKTUBHOCTh B peakiuu Matcynbi-Xeka, 4eM 3JIeKTPOHOU30bITOuHbIe. CTOUT
OTMETUTh TAaKXX€ BBICOKYIO PpEruo- M  XEMOCEJIEKTUBHOCTb  IPEUIOKEHHOTO
CUHTeTHUecKoro Meroaa (kpome peakuuid ¢ MMA). Tak, B KauecTBEe NPOAYKTOB
apuJIMpoBaHus 00pa30BBIBATKNCH TOJIBKO TpaHCc-u3oMepsl. [IpoBenenue peakiuu MA c 4-
OpomMOeH301IMa30Hni To3uaaToM 15e mpuBOIMIO0 K 00pa30BaHUIO TOJBKO IEJIEBOTO 4-
opommermwinnuHHamaTta 15B 0e3 mpumeceit 1,4-deHnnenauMeTnnakpuiaTa, 4To B
ouepeaHON pa3 JoKa3bIBaeT 00Jiee BHICOKYIO aKTUBHOCTh AUA30-TPYMIBI IO CPABHEHHUIO C
Br- B 1aHHOM THIIE IpEBpALICHUIA.

1.3 HccaenoBanne peakuMOHHOWH CIMOCOOHOCTH apeHAUMA30HMI TO3UJIATOB B
peaknusaix Cy3ykn-Murwapbil. 2 Ms1 obHapyxuau, 9To AJIT TpOSBISIOT BBICOKYIO
aKTUBHOCTH B peakuuu Cy3yku-Muroapsl ¢ IpoU3BOAHBIMU (PEHMIOOPHON KUCIIOTHI HpU
IPOBEICHUU PEAKIUU B

N,* OTs" B(OH),

g § BOJIE B aTMocdepe a3oTra
| ol Pd(OAc), 1 % mol 7N ) B nipucytctBuu 1 % mol
A A H,0 /NN

X Y it, Ny, 12-72 h X Y Pd(OAC),. Merton

919
X =4-NO, Y =H (11) 60 %; X = 2-NO, Y = H (2l) 76 %; X = 4-OMe, Y = H (3I) (233 ;,1 >: mprmennM K AIT Kax ¢
=H,Y =H (81) 81 %; X =2-OMe, Y = H (24l) 88 %; X = 4-CO,Et, Y = H (25l) 54 %; 3JICKTPOHOAOHOPHBIMH,
X = 2-CO,Me, Y = H (261) 58 %; X = 2-Br, Y = H (271) 65 %; X = 4-Br2-F, Y =H (28l)  qx " c
24 %; X = 2-Br-4-F, Y = H (291) 30 %; X = 4-NO,, Y = 4-OMe (1ll) 67 %; X = 4-NO,,
Y = 4-CHO (1lll) 42 %; X = 4-NO, Y = 2-CHO (1IV) 68 %; X = 4-NO,, Y = 1-naphthyl 3JIEKTPOHOAKIIEIITOPHBI
(1V) 60 %; X = 4-NO,_ Y = 2-Me (1V1) 86 %; MH  3aMECTHTENSMH T
pa3TUYHBIMH OOPHBIMH KHCJIOTaMH, TMPU ITOM IIeJleBble OH(PEHIIB 00pa3yrTCs ¢
BBIXOJAMH OT YMEPEHHBIX 10 BBICOKHUX.
bnaromapss yHukampHOM cTabuibHOCTH W B3pbiBoOe3omacHocTH AJIT MBI cmorim
OPUMEHUTh pPa3paOOTaHHBIA METOA JUIsi CHHTE3a MYJIbTHUIPAMMOBBIX KOJIHUYECTB
On(eHUITIOB MPH MPOCTOM YBEJIMYCHUH 00beMa peakiMoHHoro cocyaa (3arpysku 10 (11
72 %), 20 (11V 81 %) u 50 (11V 91 %) mmons ucxomunoro AJIT 1). Ilpu stom
Ha0JII0/1aTIOCh 3HAUUTEIBHOE YBEJIMYEHUE BBIXOJIOB LIEJIEBBIX MPOAYKTOB, UTO SIBIISETCA
MEPCTIEKTUBHBIM C TOYKM 3PEHUS MPAKTUYECKOTO MPUMEHEHHS. TakuMm 00pa3oM, MBI
pa3zpaboTany yJOOHBIM W MATKANM METOJA TMOJYYCHHS MYJIbTUTPAMMOBBIX KOJHUYECTB
3aMEIEHHbIX OM(EHUIIOB, UCKIIOYAIOIINN HCIOJIb30BAHUE TOKCUYHBIX PACTBOPUTENEH
KaKk B IIpOLlECCE CHHTE3a, TaK WU MNPU BBIACICHUUM U OYUCTKE IPOLYKTOB, YTO
YAOBIIETBOPSIET TPEOOBAHUSAM «3EICHON XUMUN.

[Ipn aHanu3e MONYYEHHBIX PE3YJbTATOB, Mbl OOHAPYKWIM YHUKAJIbHBIN s
peakiuu Cy3yku-Mutoapsl 3¢ dext 3amecturens B ctpykrype AJIT. Tak, usBectHo, 4ro
3aMECTUTENIA B Opmo-TIOJIOKEHUHU KaK JIMa30HUEBOM COJIM, TaK U apeHOOPHON KHCIOTHI

2 PaGoTa BBIIOIHEHA COBMECTHO ¢ rpymmoii mpod. S. Brise B na6oparopuu ComPlat, TeXHOTOrHIeCK i HHCTHTYT
Kapncpyn, r. Kapncpy», I'epmanus
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1100 HE BIMSIOT HA XOJ[ PEAKINH, MO0 MPUBOMAT K YMEHBIIECHHUIO BBIXOJOB IIEJIEBBIX
ougenmioB u ysenudenuto Bpemenu peakuuu (Y. Qin, 2007; X. Li, 2012; F. X. Felpin,
2009; M. B. Andrus, 2001). JIns npeasios)keHHOT0 HaMH METOJIa HaOJIro1aeTcsl oOpaTHast
teHaeHusA. Peakmus ¢ opmo-3amenieHHsiMu AJIT mpoxomut OwicTpee U ¢ Oosee
BBICOKMMH BBIXOJAMH IICJIEBBIX MPOIYKTOB, Y€M C COOTBETCTBYIOIIUMHU NApA-
3amemeHHbIMA AJ[T. O4eBUAHO, YTO MOJIOKUTENBHBIA 0pmo-3h(EKT mposBiIseTcs 3a
CYET B3aWMMOJACHUCTBUM HA CKOPOCTb-ONpENEIstome craauu. PaHee cxomHoe
MOJIOXKUTENIbHOE BIMSIHUE Opmo-3aMECTUTENs HAOII0an0ch B peakiuu Matcyapl-Xeka
C HCIIOJIb30BAaHUEM apEHMA30HUN METaHCYIh(OHATOB B KA4YE€CTBE aApPWIMPYIOIINX
arentoB (N. Susperregui, 2012) - neranbHOe n3y4eHue opmo-3pdekra B 3Tol pabore ¢
HCIOJIb30BAaHUEM KBAaHTOBO-XMMHUYECKUX PACUETOB MMOKA3aJl0, YTO U JIMMUTHUPYIOIIAS
cTaaus, U JAPYyTHE CTaJWM TpoIllecca SBIAIOTCS 00Jiee YHEPTreTUYECKH BBITOJAHBIMHU, a
unrepmenuarbl (Int. 1-5) obGnamaror meHbmiei sHepruerd ['mObOca B ciydae opmo-
3aMEIICHHBIX apeHANAa30HUI ME3UIaTOB, YE€M COOTBETCTBYIOIIMX ANaApa-3aMEIICHHBIX
apEeHANA30HUN ME3WIATOB:

=\ _Pd
. \COzMe COzMe
Q\N\ NH @PdSO3Me @PdSO3Me H

NO, NOz O = “co,Me PaSOMe OzN H  PdSO;Me

Int.1 Int.2 Int.3 |nt.4 Int.5

N3BecTHO, YTO MEXaHU3M BCEX MNaJUIAIMN-KaTAIM3UPYEMBIX peakUuid Kpocc-
COUETAaHUA SBJISETCS CXOJIHBIM (MCKIIOYCHHE COCTaBisieT peakiusi CoHorammpsl) |
JUMUTHPYIOIEH  cTaguell  sBusieTcs  B3aumozeiicteue Pd ¢ anekrpodusiom
(OKHCIIUTEIBHOE MPUCOEANHEHHE). To3nIaT-aHUOH, CXOAHBINA M0 CTPYKTYpe C Me3ujaT-
aHMOHOM, MOJKET Yy4YacTBOBaTh B OOpa30BaHWM TMAUIAJUEBOTO HWHTEpPMEaHMaTra B
mumutupytomeid craguun peakuuu AJIT ¢ apeHOOpHBIME KHCJIOTaMU aHAJIOTHMYHO
peakluK apeHaua30H1I ME3UIATOB C METUIIAKPUIIATOM

Ar _~
7 coaMe Ar-Ar Pd(OAc)
Pd(OAC), ArN,* OMs™ 2 AN* OTs®
AcO OAc
H co,Me (')/ic \ OAe Ne Pd* OT
Arei S N Pd* OMs Ar-Pd-Ar AN TS
Ar N OA
OAc c
H PdSO;Me
OAc
?AC B(OH),0Ts : N
- N Pd-OT 2
— Ar’P? OMs 2 AT s
CO,Me OAc Ar’-B(OH), OAC
N. Susperregui, 2012 npegnonaraembli MexaHmam peakummn AQT
C apeHBOPHbIMU KMCIoTaMm
\Y% 81 nmojara€M, 4YTO KOOPAMHAIIMOHHBIC B3aMMOJICUCTBUS MEXKOY Pd u

3aMCCTUTCIIEM B OpmoO-IIOJOXKCHUMU apOMATHUYCCKOTO Adpa HNPHUBOIAT K CTa6I/IJ'II/IBaHI/II/I



MHTEpMEJNaTa U TEM CaMbIM OOECIEYMBAIOT HAOIIOJAEMOE MOJIOKHUTEIILHOE BIIUSHUE
opmo-3amectureneid B AJIT B peakunn Cy3yku-Mutroapsl.

Jlu-opmo-3amentieHHble  OM(EHUIbl  SBISIOTCS  LEHHBIMM  MPOAYKTaMH U
HOJYNPOIYKTaMH B OpraHuueckoM cuHTe3e. [loaToMy MbI mpuMeHWIn pazpaboTaHHbBIN

METOJ JUIsl CHHTE3a TPYIHOAOCTYITHBIX Ou-opmo-3amenieHHbIx oudenunon 2VII1-2XI11,
26VII-28VIII, 271X, 27XI11, 28X 29X:

N,* OTs"
Pd(OAc)2 % mol
o Qj =
rt, Ny, 5120 h
X'(H) Y'(H)

24-92 %

X =NO2,Y = F (2VIIl) 92 %; X = NO2, Y = CI (2IX) 58 %; X = NO2, Y = Y = OMe (2X) 83 %:
X = NO2, Y = OMe (2XI) 89 %; X = CO2Me, Y = F (26VIll) 72 %; X = Br, Y = F (27VIll) 36 %;

X=F, X =Br,Y =F (28VIll) 24 %; X = Br, Y = CI (271X) 58 %; X = Br, Y = OMe (27XIl) 73 %;
X =NO2,Y = OCF3 (2XIl) 72 %; X = F, X' = Br, Y = Y* = OMe (28X) 36 %;

X=Br,X =F,Y =Y = OMe (29X) 32 %

C BBIXOJaMM OT YMEPEHHBIX /IO BBICOKMX B MSTKHX «3€JI€HBIX» YCIOBHUSAX OBLIU
MOJIYYEeHBI TPYIHOJAOCTYIHBIE TU-opmo-3amenieHHbie Oudenmnsl. [IpoaykTer 28X un 29X
paHee He OIKCaHbI B JIUTEpaType.

Jlis  pacliupeHuss TpaHUI] TNPUMEHHUMOCTH  pa3pabOTaHHOTO METOoJa MBI
UCCIIEJIOBAJIN  BO3MOXKHOCTh ~ HCIIOJIb30BaHUsl  (eHmnITpudTOpopaTa Kaimusg Kak

N,* OTs® BF3K aNbTEpHATUBB (PEHMIOOPHON KHUCIOTE.
PA(OAC), 1 % mol I\ Oxazanoch, uro peakius c¢ PhBFK

H,0 . MOXXET  YCHEIIHO  MpOBOJAUTCA B

rt, air,12h 69.939 CTAHIAPTHBIX YCIIOBHSX 0e3

X =4-NO, (11) 84 %, 2-NO, (21) 89 %, 3-NO, (131) 93 %, HCITIOJIB30BAHUS I/IHepTHOﬁ aTMOC(I)CpBI.
2-OMe (241) 85 %; 2-Br (271) 69 % Kpome TOTO, COOTBETCTBYIOIIHE

ondennssl 00pa3oBBIBAIUCH OBICTpee U ¢ 0osiee BricOKuMH Bhixogamu (11 84 u 60 %, 21
89 1 76 % COOTBETCTBEHHO), YeM IIPH PEaKIUu ¢ (EHIITIOOPHOMN KHCIOTOM.

JlaHHBIN METOJ TakkKe IMOKaszald OOIIyI0 MPUMEHHMOCTb, HAONIONANINCh TE Ke
3aKOHOMEPHOCTH TIPOTCKAHMsI PEAKIuH, KaK U B ciydae GeHUIO00pHBIX KucaoT. OIHAKO
apuTpuTOpOOpaThl Kadus CYIIECTBEHHO JOpoXke (B cpeagHeM B 6 paz), 4eM
apeHOOpHBIE KUCIIOTHI, YTO HECKOJIBKO CHMKAET CHHTETUYECKYIO IIEHHOCTh MeTona. C
JPYTrOf CTOPOHBI, IEHHOCTh apWITPUPTOPOOPATOB KM KaK PEarcHTOB B «3EJICHOMN
XUMHI» HUXKE, YeM COOTBETCTBYIOIIMX OOPHBIX KHCIOT — (PTOp, BXOASIINI B UX COCTaB,
HE BXOJIUT B CTPYKTYPY KOHEUHBIX MPOIYKTOB, H B X0OJI¢ PEaKIIMU 00pa3yroTCs rajloreH-
coJiepKamme oTxoabl. HecMoTps Ha 3To, pa3paOOTaHHBI METOA MOXET SBISIThCS
yJI00HOH aJIbTEPHATUBOM METOJIY C HCIIOJIb30BaHUEM apUI00POHOBBIX KHCIIOT.

1.4 HccnenoBaHue XeMOCEJEKTHBHOCTH B3aUMOJeHCTBUS apeHIMa30HUI
TO3WJIATOB B YCJOBHUSIX KOHKYPHUPYWOIIUX peaknuii Marcynabl-Xeka u Cy3yku-
Musoapbl. ° XeMoceneKkTHBHOCTh Pd-KaTam3HpyeMbIX peakiuii JUa30HHEBBIX CONCH C
Ou(yHKIIMOHALHBIMA ~ HYKJICOPWIAMU  SIBIIICTCS MPAKTUYECKH HEUCCIIEA0OBAHHOM
obnacteio. Bununtpudpropbopar kamus (BDOBK) sBrnsercas OudyHKIMOHATBLHBIM

3 PaGoTa BBIIOIHEHA COBMECTHO ¢ rpymmoii mpod. S. Brise B na6oparopuu ComPlat, TeXHOTOrHIeCK i HHCTHTYT
Kapncpyn, r. Kapacpys, 'epmanus
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cyOCTpaToM B peakiusax Kpocc-coueTaHusi. OH MOXKET BCTyHaTh KaK B PEAKIUIO
Marcynsi-Xeka ¢ 00pa3oBaHHEM CTUPHUIOOPTPUDTOPUIAOB Kaiusi, TaK U B PEAKIUIO
Cy3yku-Mutroapsl, B pe3yibTaTe 4ero obpasyrorcs CTHposbl. Kpome TOro, BO3MOXKHO

IMPOTCKAHUC 000X IIpoLeccCoB U O6p830BaHI/Ie CUMMCTPHUYIHBIX CTHJILOEHOB:

Pd
ANy* + ZBFK _Pd AT+ A BRI S A

Suzuki-Miuara Matsuda-Heck Double arylation
product product product

Bricokas peakiuonnas criocooHocts AJIT u Xxopomias pacTBOpUMOCTh B BOJE
NO3BOJIMJIM  BIiepBbie mpoBecTH psin  Pd-katamusupyembix ¢ AJIT B yclioBusX,
YIIOBJICTBOPSIIONINX TpPeOOBaHUSIM <«3eleHol xumumn», B npucyrctBum PA(OAC), 6e3
100aBOK OpPraHMYECKHX PacTBOPUTENIECH, OCHOBAHUM M JIMTAHIOB CJIOKHOW CTPYKTYpBI
(pazmensr 1.2, 1.3). B cBsA3M ¢ 3TUM MBI PEUIWIN HCCIEI0BATH XEMOCEICKTUBHOCTH
B3aumozeiicteus AJIT B Boje ¢ BUHWIOOPHBIMU TPOU3BOAHBIMU W, B TEPCIEKTHUBE,
pa3paboTaTh HOBBIM XEMOCEJIEKTUBHBIM METOJ MOJYYEHHUs LENEBBIX IPOIYKTOB,
COOTBETCTBYIOLIMN MPUHIUIIAM «3€JICHOU XUMUW.

[lepBoHauambHO B KadyecTBE MOJENbHBIX cyOcTparoB BbiOpanbl AJ[T 1 wu
BuHminOopnuHakonatr (BBII), peakunonHast cmocoOHOCTh KOTOPOTO paHee B PEAKIUIX C
COJIIMHM JWAa30HUS HE HccheAoBaiack. Mbl OOHApYKWUIH, YTO PEAKIUs MNPOTEKaeT
MEJUICHHO M HECENEKTUBHO, JaBasi cMech 4-HUTpocTupoia 13 u 4,4 -nuHuTpocTUibrOeHa
1n.

N,* OTs” =z

i 0,
. /Bpm Pd(OA(I:_z;tg % mol o O \ O o
NO: 26h NO; 13 "
42 % 30 %

[TombITKE  yBETMYUTH CENEKTUBHOCTH TMpPOIECCa HW3MEHEHHEM COOTHOIICHUS
peareHToOB HE MPUBENN K TOJOXKHUTETbHOMY pe3ynbraTy. C ncnons3oBanueM psga AT
(1, 2, 3, 13, 24, 25, 30) moka3aHO, 4TO 3JICKTPOHHBIC 3(PPEeKTh 3amecTuTEeNel U MX
TIOJIOKEHNE HE U3MEHSIOT HAIIPABJICHNE PEaKITHH.

Tak kak BpeMs peakIMy OKa3aJloCh 3HAYUTEIHHBIM, MbI PEIIMIN UCIIONB30BaTh B
KauecTBe MoJienbHoro cybcrpara Oonee aktuBHbIE B®OBK. Okazanocs, uro AT 1
B3aumozeicteyer ¢ BOBK 3a 1 vac naxke mpu mcnonb3oBanuu 1 % mol Pd(OAC), ¢

oOpa3oBaHMeM JIByX NpoAyKToB — 4-Hutpoctuposna 13 (38 %) u 4,4 -nuHutTpocTunboeHa

1u (50 %).
N2+ OTs” =
BF3K Pd(OAc), 1 % mol O NO,
L ey + onl )/
rt, 1h
] 13 1in
38 % 50 %

HaMu mpeanpuHATHI MONBITKHA YBEJIWYEHUS CEJEKTUBHOCTH PEAKLMM, JUISL 3TOTO
BapbUPOBAIIUCH TAaKUE TMapaMmeTpbl Ipoliecca, Kak Temreparypa, PH cpensl,
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COOTHOIIIEHHE peareHToB. OKa3anoch, YTO TOJIBKO MPHU HCHOJIB30BAHUM ISITUKPATHOTO
n30biTka BOBK B Bozie pu KOMHATHOM TeMIiepaType peakius mpoTeKasia CEJIEKTUBHO, B
peaKkIMOHHOW Macce ObuM OOHapyXXeHbl JIMIIL CJENOBbIE KoiuuecTtBa 4,4 -
TUHUTpOCTUIKOCHA 11, a 4-HuTpoCcTHpO 13 BBIZENeH ¢ BbIxoaoM 69 %. Kpome Toro, Ml
npoBeNn peakiuio B nByxdasnoit cucreme H,O/Et,O u mokasanu, 4to JaHHBIH MOJXO/
MO3BOJISIET YMEHBIIUTh KOJIMYECTBO oOpasyromierocs 4,4 -auHutpoctuibOeHa 1w a0
16 %.

Jlnst oneHku BimsiHusE 3amectureseit B siape AJ[T nposenena peakius psga AT (1,
2, 3, 13, 15, 24, 27, 31) ¢ BOBK B Bojie npyu KOMHATHOM TeMIieparype B MPUCYTCTBUH

1 % mol Pd(OAC),, pe3yibTaThl IpHUBeIcHBI B Ta0IHIIC 1.
Tabnuna 1. Pesynbrarel peakunu AJIT u BOBK B Bose B pucyrcreum 1 % mol PA(OAC),

AJIT, X Bpems Brixon npoaykra, % *
peaknuu, 4 3 "
4-NO, 1 1 38 50
3-NO, 13 1 5 74
2-NO; 2 0,25 55 -0
4-Br 15 1 29 -5
3-Br 31 0,25 26 -®
2- Br 27 0,25 35 -0
4-OMe 3 1 -® 20
2-OMe 24 0,5 62 -0

® NIperapaTHBHBIA BBIXOZ; ° NPOAYKT HE ObUI OOHAPYXEH B PEAKIMOHHOH Macce; " MpOAyKT
IpenapaTUBHO HE BBIIEISUICA, OJTHAKO ObUT OOHAPYXKEH B peaKIIMOHHOW Macce

Kak BuaHo w3 Tabmumel 1, snekrponoaedunmtaeie AT (1,2,13,15,27,31)
NPOSBISIIOT  CXOAHYIO C  3iekTpoHou3ObiTouHbiME  AJlT  (3,24) peakimoHHYIO
CrocoOHOCTh. IIpu 3TOM CKOPOCTH peakimu ¢ opmo-3amemmenasiva AJIT (2,24,27)
OKaszajiach BBIIIE, Y€M JJi1 COOTBETCTBYIOIIMX Mema- W napa-3aMemieHHbx AJIT
(1,3,13,15,31), uyTo coryacyercsi ¢ OMMCAHHBIMH paHee 3aKOHOMEPHOCTSIMH JIJISl PEaKIIUU
Cy3zyku-Muroapsl.

Takxke CTOUT OTMETUTB, UTO B Ciydae opmo-3aMmenieHHbIx AJIT B3aumoenictBre ¢
B®BK npoTekano ceneKTUBHO, B pEaKIIMOHHBIX Maccax OOHAPYKUBAJIUCh TOJIBKO CIIE/IbI
COOTBETCTBYIOIINX CTHILOCHOB. B cimyuyae Opom-zamemenubix AJIT (15,27,31) wHe
OOHapy’KEHbI J1ak€ B CIEIOBBIX KOJMYECTBAX MPOJIYKTOB 3aMelIeHUs: Opoma, 4TO elie
pa3 moaTBepkaaeT 0oJjiee BBICOKYIO PEAKUHUOHHYIO CIOCOOHOCTh JAMa30-TPYMIbI B
JTAHHOM THIIE IIPEBPALLECHUM.

Mps1 nokazanu, yto Haumbosiee xemocenekTuBHO peakuus AT u BOBK moxer
OpPOBOJAUTHCA B JBYX(a3HOM cUCTEeME BOJAA/IMATWIOBBIA  3dup, aubo npu
ucrnoyib3oBaHuM Oombioro u30siTka B®BK B Bome. Ha ocHoBaHuM 3TOr0 MBI
MPEANONIOKUIN, YTO 00bEIMHEHNE ABYX IMOAXOJOB MO3BOJUT JIOCTHYb MAKCUMaJIbHOU
3 (HEKTUBHOCTH M CEJNIEKTHMBHOCTH  Mpollecca. OKCIEPUMEHT MPOBOJWICS C
ucnonp3zoBanueM AJIT 1 u BO®BK B coorHomenuu 1:5 B mpucyrctBuu 1 % mol
Pd(OAC), B cMmecu Boma/muaTwiioBblii 3dup 1:1. Peakiust compoBokaanach OypHBIM
BbIJICJICHHEM a30Ta, noJjiHas kouBepcus AJIT nocturanack 3a HECKOJIBKO CEKyH. AHAIIN3
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PEaKUMOHHOM MAacChl MOKa3aJl HaJdu4ue TONbKO cTupoia 13. [Io OKOHYaHMM peakiuuu
3GUpHBIA CITOM  OTAENSAJICSA, MPOMBIBANICS HACBIIIEHHBIM COJIEBBIM  PacTBOPOM,
IPOMyCKaJICs 4epe3 TOHKHUM CIOW CUIMKareias W yAalsijics, B pe3ysIbTaTe 4Yero ObLl
nonyueH 4-uutpocTtpoi 13 ¢ Bexoaom 57 %. Mbl nokazanu, yto BOBK Moxer ObITh
UCIOJIb30BaH MMOBTOPHO - K BOJHOW (ha3e Tmocie OTIENCHHS] OPTraHUYECKOTO CIOS
nobapnsnu 1 sxBuBaneHT AJIT 1. Peakius mpoTekana Tak ke OypHO, Kak U B TIEPBOM
mukie. C HUCMONb30BaHUEM TOHM JKe MpoueAypbl ObLT ModydeH 4-HuTpocTupon 13 ¢
BBIXOZIOM 68 %. Tosibko Ha 3 1uKIE peakuus mpoTeKanda MEIJICHHEE, B PEaKIMOHHOU
Macce ObL 3auKcupoBaH 4,4 -HUTPOCTUIIHOCH 11.

Hamu 0b110 1oKa3aHo, YTO JNaHHBINM MOAXO] MOKET OBbITh YCIEIIHO peaan30BaH A
paznmununbix AJIT kak ¢ noHopubiMu (14), Tak u ¢ akuenTopabiME (1, 5) 3amecTuTensMu
B OCH30JIbHOM KOJIbIIE C BBIXOJAaMH CTUPOJIOB 57-73 %.

Mpb1 0oOHapyxuid, 4TO J0OaBJIE€HHWE B PEAKUMOHHBI COCyl HE TOJbKO |
skBuBasieHTa AJIT, Ho u 1 »skBuBasienta BOBK 11 mopaep)kaHusi MOCTOSIHHOTO
n30piTka BOBK B peaknmoHHON Macce MO3BOJISIET MPOBOIUTH MPOIECC B TEUECHHUE KakK
MUHHMYM 4 IIMKIJIOB 0€3 BUAMMOTO U3MEHEHHS BbIX0/1a 1iesieBoro ctupona 13 (58, 61, 60,
65 %).

Takum oOpa3om, BHepBbIE MPOJAEMOHCTPUPOBaHbI xumudeckue coiictBa A/[T B
peakusax ¢ oudyHkimoHanbHbIME cyoctpatamu — BBII u BOBK, a Taxke pa3zpadotan
HOBBIM MOJIXOH A XeMoceneKTUBHOro mnposeneHus peakuuu AJJT ¢ BOBK nmns
MOJIYYEHHUS TPYAHOJOCTYITHBIX 3aMEIIEHHBIX CTUPOJIOB. Xopoias pactBopumoctb AJIT
u BOBK B Boze 1o3Bosiniia BIIEpBbIE PEATN30BaTh XEMOCEIEKTUBHOE apWIMPOBAHUE 110
mexannsmy Cy3yku-Muroapsl B 6udaszHoii cucreme Boja:uATUIOBBIN 3¢dup. Hecmotps
Ha MPUCYTCTBHE OPraHUYECKOTO COPACTBOPHUTENISA, UCIIOIB30BAHUE MPOCTON MPOLIEAYPhI
BBIJICJICHUS M OYMCTKHM IEJIEBBIX IPOIYKTOB, @ TaKK€ BO3MOYKHOCTb PELUKINA3ALUN
MO3BOJISIET TOBOPUTH O COOTBETCTBUU Pa3padOTAHHOTO METOJa TPEOOBAHUSM «3E€IECHOU
XUMHW.

2 CuHTe3 U IpeBpallleHUs apeHIua30Hui 101ennI0eH301CyIb(OHATOB B BOJIE U
OPraHN4YeCKMX PAaCTBOPHUTEISAX

2.1 CunHrte3 apeHIMa30HU A0AeHNI0E€H30/1CY/ILPOHATOB. * Panee B Hameit
nabopaTopuu JMa30THPOBAHUEM AHWUJIMHOB B PUCYTCTBUU 4-
noaeunnoen3ocynbGokuciaoTsl (JIBCK) ObuT mosydeH HOBBIM THUI TMA30HUEBBIX COJIEH
— apeHauazonmii noxeumnoeH3oncyiabpoHatel (AIBC), oTimuarommecs OT paHee
U3BECTHBIX COJIEl CIMOCOOHOCTBHIO PACTBOPSTHCS B CIAOOMONISIPHBIX M HEMOJSIPHBIX
pactBopurensx (I1.C. IloctHukoB. auc. ... kKaHA. XuM. Hayk, Tomck, 2011). bnaromaps
xopoueit pactBopumoctd AJIBC B HenoJsipHbIX cpenax ObUIM BIEpBbIe OOHAPYKEHBI
YHUKaQJIbHBIE I JUA30HHUEBBIX COJEH PEAKIUH C TEKCAHOM M YETBIPEXXIJIOPHUCTHIM
yraepogom. Opnako Bce monydeHHble paHee AJIBC mpenctaBisuim  coOoi
HEKPUCTAJUIM3YIOIMECS] M MaJoCTaOMJIbHBIE Macia C HECTeXMOMETPUYECKUMU

* PaGoTa BBIIIOJIHEHA COBMECTHO CO cryaenToM kad. BUOX O.A. I'ycenbHUKOBOU
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COOTHOILICHUSIMM KAaTHOHOB K aHHWOHAM M 3arps3HEHHbIE MPUMECSMU B MPOJIAXKHOU
JBCK.

Hama 3amaya cocrtosuia B mnomydeHun W uccaegoBanun  AJIBC  kak
WUHAUBUAYAJIbHBIX COEIUHEHUN.

[Tpu nuasotupoBaHuu paHee ucnosib3oBanach ToBapHas JIBCK mapku «Aldrichy
(CAS Number 121-65-3) ¢ uucroroii > 90%. AHanu3 gaHHON KUCIOThI MeTogoM TCX
nokas3aj HajluuMe JIByX OCHOBHBIX cOeAMHEHUH - neneBod kucnothbl (Rf = 0.1, amioent
oenzoin-staHon 9:1) u menee mossipueix npumeceir (Rf = 0.9). OrcyrcrBue peakuuu
npumMeceit npu onpeickuBaHuy mIacTUH TCX X10pPEeHOTOBBIM CHHUM, a TAaKXKE JaHHbIE
SIMP 'H u C nozsomstor UACHTH(PUITUPOBATh MMPUMECH KaK CMECh AJIKMJIOEH30JI0B C
YTJIEBOJOPOIHBIMHU 3aMECTUTEIISIMU PA3IUYHOTO cTpoeHus. CTano O4eBUAHBIM, YTO IS
nostydeHusi 9ucThix 00pas3noB AJ/IBC B mepByro odepens ObUIO HEOOXOAMMO MPOBECTU
ounctky JIbCK.

Ham ynanocs mpoBectun oumctky ToBapHou cmecu JIBCK wmeromom drem-
xpoMarorpaduu (3IFOEHTHI: TeKCaH ISl XpoMaTorpapupoBaHus MPUMECEH, dTUIaneTaT
g xpomatorpadupoBanus JIbCK) u nomyuuts xpomarorpadpuuecku-uuctyto JbCK B

NH Nt OSO.CaH.Cop,  BHE OecCIBETHOTO
2 2 2%el 4120125
§ C12HpsCeHa0,SOH Y HEKPHUCTAUTA3YIOMIETOCS BSA3KOTO Macia
| t-BuONO | ¢ BeXOAOM 92  %. OtcyTcTBUE
A Et,O L .
X t. 315 min X MTOCTOPOHHUX TPUMECEH B IOJYyYECHHOM
32, 33 36.43 06pa3¥e ??I’)IJ'IO JI0Ka3aHO METOAaMHU
X = 4-NO, (32) 90 %; X = 4-OMe (33) 73 %; AMP "H u C.
X = 2-NO, (36) 85 %; X = 3-NO, (37) 80 %; JnazotupoBaHue apOMaTUYECKHUX
X = 2-Br-4-NO, (38) 42 %; X = H (39) 56 %; MIHOB IIDOBOMMIH I i
X = 4-CO,Me (40) 47 %; X = 2-CI (41) 90 %; a 0 POBOAHI 0 cleayrome
X = 2-Me (42) 58 %, X = 4-Br (43) 67 % meroauke — Kk pactBopy UBCK B

IVATUIOBOM 3(uUpe Npu KOMHATHOU
TeMIiepaType M00aBIsid mpem-OyTUIHUTPUT W 3aTeéM B TEUCHHE | MHUHYTHI TIpHU
MHTEHCUBHOM MEpPEMEIINBAaHUMN J00aBIsUIM apomaTHueckuil amuH. lloHas kKoHBepcus
apoOMaTUYECKOTO aMHHA AOCTUTANACh 3a 3-15 MUHYT, IpU 3TOM B XOJ€ AMA30TUPOBAHMUS
oOpasyromuecss A/IBC ocaxaanuck U3 peakuMoHHOM Macchl. Hamu ycnemHo nonyuyeH
mmpokuid psa AJIBC ¢ BeIxogamMu OT XOpOWIMX J0 YMEPEHHBIX, COJAEpXKaIIUX Kak
snekTponoakuenTopusie  (32,36-38,40,41,43), Tak u a3naeKkTpoHOIOHOPHBIE (33,42)
3aMECTUTENIM B apOMATHYECKOM SJIpe, YTO yKa3bIBa€T Ha OOIIMIA XapaKTep pPEaKIuu.
[Tonoxenue 3aMecTUTENS HE OKa3bIBAET BHIPAKEHHOTO BIUSHUS HA X0 JUA30TUPOBAHUS
u Bbixomel TeneBeix AJIBC (32,36,37). Cnekrtpanpabie mnapamerpsl AJIBC -
XapaKTePUCTUUECKHE 4acTOThI Konebanuit ceazu N=N B UK crnekrpax (2239-2316 cm™)
U XUMHYECKHE CJIBUTH UYETBEPTUYHBIX YIJIEPOAHBIX AaTOMOB, CBSI3aHHBIX C JHA30-
rpymmoit C' (103.4-125.6 M.1.) SBIAIOTCS THIMYHBEIMEA JUIs JHA30HHEBBIX COJEH.
CoBmemennsiM ~ TepmudeckuM  aHamm3oMm  (TTA/JATA/JCK)  Obuta  goka3aHa
B3pbIBOOE30macHOCTh nomydeHHbIX AJ/IBC (aneprum paznoxenus 118-561 JIx/r). Kpome
toro, monaydeHHble AJIBC oTIMYarTCsd HEOOBIYHOW HJisi JIHa30HUEBBIX COJICH
CTaOMJIBHOCTBIO, MOTYT XpaHUTbCSI O€3 HW3MEHEHWH B TEMHOTE MpPU KOMHATHOM
TeMIlepaType B TEUCHHE HeCKOJIbKUX Henenb mogoono AJIT, onnako, B oTmune ot AJIT,
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OHM TOKa3aJIi XOPOIIYIO0 paCTBOPUMOCTb B HEMOJISAPHBIX pacTBopurensix (oensone, CCly,
xjopodopme, aTkaHax), a TAaKKe B BOJIE, alleTOHE, YKCYCHOM KucioTe, criuptax, JIMCO,
T.€. MOKa3aJu YHUKaJbHbIe aM(puUIbHbIE CBOWCTBA.

2.2. bpomMo-1equa3oHUPOBAHNE APEHIUA30HUH T01elHI0eH30/1CYIb(GOHATOB.
Haiineno, duro nmazotupoBanue psiga anmwinHoB jaeictBueM t-BUONO wmmm NaNO, B
npucytctBun JIBCK MoxeT ObITh oOcyliecTBIEHO B pacTtBope Opomodopma mpH
KoMHaTHOM Ttemreparype. llocnenyromee npubaBienue 1.2 3kB. TpUITWIAMHHA U
HarpeBaHWE PEAaKIMOHHOW MAacChl MPHUBOJUT K PaA3JIOKEHHIO NMPOoMexXyTouHbIX AJIBC
32°-35" ° i 06pazoBanuio GpoMapeHoB 32.1-35.1 ¢ mpernapaTHBHEIME BbIxogaMu 72-83%.

NH2 N2+ _OSOZC6H4C12H25 Br
B +BuONO B CHBr o
S CHBr5 A reflux, 30-40 min AP

X rt, 15-20 min X X

X = 4-NO, (3211) 78 %; X = 4-OMe (33n) 72 %;
X = 4-CN (34n) 66 %; X = 4-N=N-Ph (35n) 83 %;

OTH TpeBpalieHus: SIBISIOTCS TMEPBBIMH NpPUMEPAMHU MPSMOro IpernapaTUBHOIO
3aMelIeHHs] aMUHOTPYIIIBI HAa OpOM uepe3 IMa3oTHUpOBaHHUE ¢ ydacTheMm Opomodopma u
MOTYT OBITH XOpOIIEH ambTePHATHBOM pEaKIUsIM OpOMO-AECIUa30HUPOBAHUS B
IPUCYTCTBUHU cosieil Menu (peakuus 3aHamMeiiepa).

2.3. T'uapo-nenua3oHUpPOBaHHE APEHAUA30HUI 10AeHUI0EeH30J1CyIb(OHATOB.
Heckonbko uHBIE pe3ynbTaThl OBLIN TOMYUYEHBI TPU TUA30TUPOBAHUM PsAJla AHUIMHOB B
xynopodopme nericteuem t-BUONO mmu NaNO; B npucyrcreun JIbCK ¢ mocnemyronmm
pazioKeHueM Jo00aBKaMu TpUATWIaMHHA. Tak, C HCIOJb30BaHUEM TOBAPHOTO
xjopodopma kBamupuKauK X.4. 0e3 CIenuaTbHON OYUCTKU MPOUCXOTUT HE XJIOPO-
JIeTMa30HUPOBAHKE, HO MOJHOE TUAPO-AeIHa30HUpOBaHNEe MPoMexyTouHbx AJIBC 32°-
35" ¢ oOpa3oBaHMEM TOJBKO COOTBETCTBYMOHmMX apeHoB 10, 330-350 B KauecTBe
€IMHCTBEHHBIX TIPOYKTOB.

NH; N2* "0S0,CgH4C12H2s5
C12H25C6H,0,SOH Et3N
] _NaNO; or t-BuONO B GHCl \
__CHC,
A CHCl3 S reflux, 30-40 min A
X rt, 15-20 min X X ~100 %
32°-35 1,33-3560

W3BecTHO, UTO TOBApHBIH X.4. XJI0PO(OpM COAEPKUT HEKOTOphie kKonndecTBa EtOH
B KauecTBe crabmimsatopa. BoccranoBnenue AC]]| cnupramMmu XOpoIIo HM3BECTHO U
YCHENIHO TPUMEHATCS B OPraHUYECKOM CHHTE3€e. BO3MOXKHO, YTO MMEHHO HalU4He
3TaHojia OO0yClIaBIMBAaeT CeJIEKTUBHOE Tuapo-aenuazonuposanne AJIBC B cpene
xynopodopma B pucytcTBun Etz3N. JIns moaTBepKaeHUs TaHHOM THUIOTE3bI MBI MPOBEIH
one-pot nuazoTupoBaHKEe 4-HUTPOAHUIIMHA B CBEKEOUHIIIEHHOM XJIOpodopme (TOBApHBIIA
xyopodopm mepememmBaym ¢ 12 % H,SO, B TeueHme dvaca, MpOMBIBAIM BOJOW H
HachbimeHHbM pactBopoM NaHCOs, 3atem cymmiu Hag CaCl, u neperonsun vag P,Os;

5 NN
st ynoOGcTBa BoCIpusTHS 371ech U HIDKe Hymepauus 32 -35" ncrosszoBana aist obo3nauenus AJIBC, nmoiaydaembIx u
UCIIOJIB30BaHHBIX ONe-pot
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OTCYTCTBUE TMpHMeceil 3TaHoNa KOHTposimpoBajiock Mmeromom ['X-MC) (Armarego,
2013). [Tocnenyroiee HarpeBaHUe PeaKIMOHHOW Macchl U o0aBienue EtzN mpusommio
K OypHOMY BBIJCIICHHIO a30Ta, mosHas kousepcust AJIBC 32" mocruranach 3a 30 MUHYT.
Cornacao nanueiM ['X-MC, OCHOBHBIM MPOJIYKTOM SIBJSUICS HUTpoOeH30i1 10, 0HaKO B
PEaKIMOHHON Macce Takke Obul OOHapykeH 4-XJIOPHUTPOOeH30s 32M (MPOIEHTHOE
cooTHomeHne npoAaykroB 10:32m = 84:16 %). IlogoOHas kapTuHa HaOIIOAANACH U MIPU
nposeaennn peakiuu ¢ AJIBC 33" — anu3zon 336 u 4-xmopanu3oi 33mM 00pa30BHIBAIUCH
B cooTHomeHnu &7:13. B o0oumx cnydasx B peakIMOHHOW cMmecH (HHUKCHPOBAJICS
reKCaxJIOPATAH KaK MPOAYKT TUMEPHU3AIIH TPUXIOPMETWIbHBIX pagukanoB CCls.

NH, N,* “0S0,CgH4C1oHos
C12H25C6H40,SOH EtsN
t-BuONO __ CHClz pure
CHCI3 pure requx 30-40 min
rt, 15-20 min
X X
X=NO, 32 X=NO, 16 84%  32m 16%
OMe 33 OMe 33687% 33mM 13%

Takum 00pa3oM, AEHCTBUTENLHO, MPUMECH ATaHOJA B TOBapHOM XJjopodopme
BHOCSIT 3aMETHBIM BKJaJ B BOCCTAHOBJICHHE IWa30HHEBbIX coiedl 32°-35. Tem He
MEHEe, U B OYHMIICHHOM XJIOPOPOpPME PEAKIIMH BOCCTAHOBJICHUS TNPEBATUPYIOT HaJ
XJIOPO-JIeAMa30HUPOBAHUEM.

TBep0 yCTaHOBIEHO, 4YTO THIPO-ACIUA30HUPOBAHHE JTUA30HHUEBBIX COJIEH
NPOTEKAET MO CBOOOMHOpAIMKATBHOMY MexaHu3My. CKopee BCero, U OOHapyKCHHbBIC
peakimu AJIBC ¢ CHBr; mw CHCIl; wayr mo cBoOOmHOpaJWKaIbHOMY ITyTH, YTO
nonareepxknaercs B cinydae CHCl; oOHapykeHMeM TekcaxiiopaTaHa B PEaKIMOHHBIX
maccax (xots 1,1,2,2-rerpabpomaTan wiu uHble OpomdTanbl B peakiusax ¢ CHBr; mb1 He
CMOTJIM 3a(UKCHPOBATh). Eciu, AeWCTBUTEIHHO, MEXaHU3MbI OOHAPYKEHHBIX pPEaKIUil
AJIBC ¢ CHBr3 u CHCIl; HociT CBOOOJHOpaTMKAIBHBIA XapakTep, TO HMX MOXHO
YCIIOBHO OTOOPAa3UTh CIEIYIOIIEH CXeMOM:

CHBry Ar-Br + CHBry

ArN2+ Ar'SO3-

[ ]

-N,, Ar'SO3-
CHCI;

Ar-H + CCl; — CI,C-CCly
YcKOpeHHne MJaHHBIX PEAKIMM TPUATWIAMHUHOM XOpPOLIO COIJIacyercss ¢ HX
paauKaIbHOM MNPHUPOAOH, TOCKOJIBKY M3BECTHO, 4YTO TPUATHIAMHUH OOECIEYMBACT
TreHepUpPOBaHUE ApUJIbHBIX PAJUKATIOB M3 TUA30HUEBBIX COJEH uepe3 MpOMEKyTOUHOE
oOpa3oBanue TpuaszeHoBbIX cTpykTyp Ar-N=N-"NEt; (Zollinger, 1994).
[To Bceit BeposTHOCTH, paznuuus B HampapieHusx peakiuii AJIBC ¢ CHBr; u

CHCl; MOTYT OTIPEICTATHCS pa3TUIHON CTaOMIIBHOCTHIO KITFOUEBBIX
unrepmenuaroB CHBr, u CCls.
CraOWiIbHOCTD paIUKANIOB XapakTepusyercs BenuunHod RSE — sHeprueit

crabwm3aiuu pajukana. M3sectHo, uro B psgy -CH,Cl (+20.3 k/[x/moins), -CHCI,
(+32.2 xJIx/monab), CCly (+46.8 xJ/Ix/moar) RSE Bospacraer, 4to TOBOpPHUT 00
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YBEJIMYEHUH CTAOMIILHOCTH PaUKAJIOB C YBEIMUYEHUEM KoJinyecTBa atoMoB xJsopa (M.L.
Coote, 2010).

W3 npuBeeHHBIX JaHHBIX CIEIyeT, YTO PeakiiH, MPOoTeKarolue ¢ 00pa3oBaHUEM
TPUXJIOPMETUIILHBIX PAJUKAIOB SIBISIOTCS 0OJee MPEeAnOYTUTENbHBIMHI, YeM PEaKIUU C
0o0pazoBaHUEM JUXJIOP- WJIM MOHOXJOPMETWIBHBIX pajukanoB. B Hamem ciydae, 310
oObsicusier Hampasienue peakuun AJ[BC B xmopodopme u oOpasoBaHue NPOAYKTOB
TUIPO-/1€AUa30HUPOBAHHUS.

K coxanenuro, B nureparype HaMH HE HAWICHBI JAaHHBIE O CTAOMIBHOCTH OpOM-
3aMEIICHHBIX METWIBHBIX pajuKanoB. VckmroueHnue coctarmsier panukan -CH,Br, RSE
KOTOporo u3BecTHa U paBHa + 14.2 xJl/monb. CpaBHUBasI 3TO 3HAUEHUE C BEIIMYMHON
RSE -CH,CI (+ 20.3 x/I>x/mois), BuaHo, uto -CH,CI sBusercs 6oaee cTaOMIbHBIM, YeM
‘CH,Br. Ucxons w3 5TUX [OaHHBIX MOJKHO TMPEAINOJIOXKHTh, YTO B IIEJIOM XJIOp-
3aMEILECHHbIE  METWIbHBIE  paJuKalibl  ABJIAIOTCA  OoJee  yCTOMYMBBIMHU, UYEM
COOTBETCTBYIOIINE OPOM-3aMEIIICHHBIE PATUKAIIBI.

B nenom peakuuu BOCCTaHOBIICHHUS IWA30HUEBBIX COJIEM MPECTaBISIOT OONBIION
UHTEpPEC JUIl CUHTETHMYECKOM  OpPraHM4eckodl XHUMHMM Kak  MATKMA — METOA
J€3aMUHUPOBAHUS apoMaTHueckux aMuHOB. [loaTomMy pa3zpaboTaHHbI MeTON 00aTaeT
BBICOKOM ITPAKTUYECKON 3HAYMMOCTBIO.

2.4. Peaknium 1e1HA30HUPOBAHMS apeHAUA30HUI 101elUI0eH30/1CyIb(POHATOB
B BOJHBIX cpeaax ¢ oOpa3oBaHMeM CBsi3eil yriepoja-rerepoaroM. lccnemoBanue
AJIBC 0b1710 OBl HEMONHBIM 0€3 PACCMOTPEHHUS UX XUMUYECKUX CBOMCTB B BOJHBIX
cpenax. Kpome Toro, momobue xummueckoir ctpyktypbsl AT u AJIBC mno3Bomut
IPOBECTH CpPAaBHEHUE [JAHHBIX JIBYX THUIIOB COJE€H W ONPEAEIUTh OCHOBHBIE
3aKOHOMEPHOCTH BJIMSIHHSI CTPYKTYpPbl apWiICyih()OHATHOTO aHMOHA Ha CBOWCTBA H
peakumonnyto crocooHocts AC/. Jlnsi neMoHCTpalyu CUHTETUYECKUX BO3MOXKHOCTEH
AJIBC u cpaBHeHus ux peakuuoHHOW crnocobHoctu ¢ AJIT ObUIO0 HccnemoBaHO
B3aumogericteue AJIBC ¢ NagN B Bome. Oxazanock, 4Tto 4-HUTPOOEH30JIAMAZOHUIA
noxaetnoen3oncynbdonar 32, tak ke kak 1 AT 1, BCTymaeT B peakuuio ¢ a3uiaom
HaTpus B BogHOM cpeae. Onnako peakuus ¢ AJIBC npoTekaer CylecTBEHHO MEJICHHEE
— KadeCTBEHHas MpoOa Ha HaJIM4YWEe JAMAa30HMEBOM COJIM OCTAaBAJIaCh MOJIOKUTEIHLHON B
TedyeHue 6 YacoB, a Id JOCTWKEHHUS TIOJHOM KOHBEpCUU TpeOOBalIoCh OOJbIIee
KOJIMYECTBO a3uja Hatpus. Kpome TOro, B peaklMOHHOW Macce ObLI OOHapyX eH He
TOJIBKO 11eNieBOM 4-uutpoazunooenzon la (57%) Ho u HuTpoOeH301 16 (25%) kax
MPOIYKT BOCCTAHOBIICHUS:

NH; N, "0S0,CgH4C12Hzs5 Ng H
C1oHp5CeH4SO5H
t-BuONO NaN
Et,O H,O *
rt, 20 min rt. 6h
NO: NO2 | NOz 579,  NO2 259
32 1a 16

[TonbITKM TIpOBEACHUSI TUA30TUPOBaHUs U a3ujo-aeauazonupoBanus AJIBC one-
pot He yBEeHYanuCh YCIEXOM — IEpBas CTaAusl IMpolecca CONPOBOXKAANACh CHIbHBIM
NeHOOOpa30BaHUWEM, YTO CYIIECTBEHHO 3aTpyIHSJIO JauazoTupoBanue. Jlake mpu
MPOBEJECHUN PEAKIMU C TNpeaBapuTeabHO cuHTe3npoBaHHbiMH AJIBC, mnpouemypa
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BBIJICJICHUS TIPOJYKTOB CYHIECTBEHHO YCIIOXKHSIACH MO CPABHEHHUIO C HCIOJIb30BAHUEM
AJIT u3-3a Hamuaus 6osbmioro konudectsa [IAB B pacTBope.

Takum o6pazom, Obui0 mokazaHo, uyto AJIBC mnposBisior 06ojee HUBKYIO
aKTUBHOCTb B pEaKLUU a3ua0-IeJUa30HUPOBAHMS B BOJHOW cpele NeiCTBHEM asuja
Hatpus o cpaBHeHUIO ¢ AJ[T. Kpome toro, AJIBC 6osee CKIOHHBI K TOMOJUTHYECKOMY
pacmajy, IpUBOJSIIEMY K 00pa30BaHUIO MTPOYKTOB I'HIPO-JeAUa30HUPOBAHUSI.

2.5. Peaknium n1e1ua30HUPOBAHMS apeHAUA30HUI 101elUI0eH30/1CyIb(POHATOB
B BOJHBIX cpefax ¢ o0pa3oBaHHeM CBsi3el yriepoa-yriepoa. Peakuus Marcynsi-
Xeka ¢ 4-HUTPOOECH30IMA30HUN [0AeHMIOCH30CYIbGOoHAaTOM 32  MPOBOAMIACH IO
MeTOay, omucaHHomy Bbimie (pasgen 2.1.2) ¢ MA, mnokazaBmKM HAHUOOJBIIYIO
aKTUBHOCTH B JAaHHOM THUIIE TTPEBPAILICHU.

Oxka3anoch, 4TO peakius ¢ 32" MPOTEKaeT yCIEeNIHO B Bojie B mpucytcTBuu 1 % mol

Pd(OAC); B ycloBHSX MUKPOBOJIHOBOW aKTHBAIIUH.

N," "0S0,CgH4C12Has5 Pd(OAc), 1 % mol I
2 (s]

e o R 2
75 °C, 5 mir \ COZMe

NO, mw, (60 W) 68 % NO,

32 18 16

[Monnas xouBepcusi AJIBC 32 nocturanace 3a 5 MHHYT. AHaIU3 PEakIMOHHON
Macchl IOKa3ajl HAIMYKE LEJIEBOr0 METUIIOBOI0 3(pupa 4-HUTPOKOPUUHON KUCIIOTHI 1B, a
TaK)Ke CIIEJIOBBIC KOJIMYecTBAa HUTpoOeH3oma 10. M3-3a Hammuusi B peaklMOHHON macce
JOJIEIMIIOCH30IICYTb(OKUCIOTHI OCAXKACHUS IEJIEBOTO MPOAYKTa 1B U3 peaKIMOHHOU
MacChl HE TIPOUCXOAMUIIO. DKCTPAKIIMEH STUIIALIETATOM C MOCIEAYIOIeH OUnCTKON (prieri-
xpomarorpadueii mpoayKT 1B BbIIeTICH ¢ BBIX010M 68 %.

Onektporon3oObiTounbiii AJIBC 33" 3akoHOMEpHO TPOsSBWII OoJiee  HHU3KYIO
PEaKIMOHHYIO CIIOCOOHOCTh - TOJIHASE KOHBEpCHsI CyOcTpaTa JOCTUTajiach TOJBKO B
npucytctBur 2 % mol Pd(OAC), npu HarpeBaHMM pEaKIMOHHOW MacChl B
MUKpPOBOJIHOBOM pe€akTope B TeueHue 25 MuHyT. Hapsany c 1eneBbIM METHUIIOBBIM
apupomM 4-METOKCUKOPUYHOU KHUCIOTH 3B (BbIxond 52 %) B peakMOHHOW Macce HaMu
Obu1 0OHapykeH ann30i1 330.

CHmKeHue BBIXOJOB MPOAYKTOB 1B M 3B B JaHHBIX PEAKUUSIX MO CPABHEHHIO C
peakiuamu AJIT (97 % u 96 % coorBercTBeHHO, pasnen 2.1.2) Mbl CBSI3bIBa€M HE
TOJIBKO C YCJIOXXHEHUEM TMPOIEAYPHl BBIICICHUS U OYUCTKH MpoaykTa. O4eBUIHO, UTO
HaOmomaercs u BausHue [IAB Ha wMexaHw3M mNpOTEeKaHHWA pEaklud, O YeM
CBUJETENIbCTBYET NPHUCYTCTBHE B  PEAKUMOHHBIX MaccaXx MPOIYyKTOB  THJIPO-
JieIa3oHupoBanus, kotopslie B cinydae AJ[T He pukcupoBanuce.

B menom, kak ObUIO TOKa3aHO Ha MpuMepe peakuuu oOpazoBanus cBsizu C-N
(azuno-neaunazonuponanue) U C-C (peakuus Marcyasi-Xeka), npu nepexoae ot AT k
AJIBC peaknuoHHas CHOCOOHOCTh apeHIWA30HUN AJKWIOEH30JICYTb(POHATOB B BOJC
CHMDKAETCS.

VYBenuueHne BpEeMEHH pPEAKIMHU, a TaKXKe YCIOXKHEHHE MPOLEAYpbl BbIICICHUS U
OUMCTKH IEJIEBBIX TMPOAYKTOB H3-3a MPUCYTCTBUA B  PEAKIMOHHOM  Macce

JI0ICIUIO0CH30JICY Th(POKUCIOTHI  CHUKAIOT CHUHTETHYEeCKyl0 IeHHOCTh AJIBC s
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peakuuii B Bojae. OnHako OOHapyXeHHble YyHHUKajdbHble mpeBpamieHus AJ[BC B
HEMOJIAPHBIX CpeAax MO3BOJSIOT C YBEPEHHOCTHbIO TOBOPUTH 00 UX MEPCIEKTUBHOCTH U
BBICOKOM IIEHHOCTH ISl OPraHUYECKOI'0 CUHTE3A.

BoiBoabl
1. Pa3pabGotanbl HOBBIE HaNpaBIEHUS HWCIOJB30BAHUS XOPOILIO PACTBOPUMBIX H
Oe3omnacHbIx apeHanazoHuit to3uinaroB (A/[T) B opranmyeckoM cUHTE3€ B BOIHBIX
cpeliax, yIOBJIETBOPSIOLIUE TPEOOBAHUSAM «3EJICHOU XUMUN:
a) obmmii u sddextuBHb cuHTe3 apwiazuaoB w3 AT um NaN; wunu dgepes
IMa30TUPOBAHUE aPOMATUYECKUX aMUHOB B BOAHOW cpene B npucytcTBuu P-TSOH ¢
nocienyromiei peakmueit ¢ NaNs.
0) Pd-karanmsupyemble CHMHTE3bl alKeHUIapeHoB U OudenmnoB koumencarueir AT ¢
aJIKEHAMU U apeHOOPHBIMU KUCIIOTAMU,
2. OGuapyxeHno, 4to ckopocth peakiuu AJ[T, comepkamux opmo-3aMeCcTUTENH, C
apeHOOPHBIMU KHUCJIOTaMU M HUX TPUDTOPKAIMEBHIMU MPOU3BOJHBIMHU CYIIECTBEHHO
BBIIIIE, YEM PEAKLUU C napa- u mema-3ameiieHHbiMu AJIT.
3. VYcranoBneno, uro AJIT mNposBASIOT BBICOKYIO PEAKIIMOHHYIO CIOCOOHOCTH B
peakusIX ¢ MPOU3BOJAHBIMU BUHIWIOOPHOW KUCIOTHI ¢ 00Opa30BaHUEM CMECH MPOTYKTOB.
Tem He menee, Haiifeno, yto peakuus mexay AT m BunutpudropOopaToM Kamus
(B®BK) mpoTekaeT CeneKTUBHO IMPH HCIIONIb30BaHUHU 2.5 kpaTtHOTo M30bITKAa BOBK B
ougasnoit cucreme H,O/Et,O ¢ oOpa3oBaHHeM TpPyIHOJOCTYMHBIX 3aMEIICHHBIX
CTHPOJIOB ¢ BbIxogamu 57-73 %.
4. BrnepBble NOJy4YE€Hbl B HMHJMBHUIYyaJIbHOM BHUAEC apOMaTUYECKUE COJIM JIMA30HUS C
TUNO(QMIBHBIM MPOTUBOMOHOM — apeHIMa3oHui gonenminodensoncynbponarsl (ABC),
JIOKa3aHa UX CTPYKTYpa U B3PbIBOOE30MACHOCTb.
5. BnepBbie nokazano, 4to AJIBC cmocoOHBI BCTynaTh B peakiyy TUAPO- U OpoMo-
JeANa30HUPOBAHUS B cpefie Xaopodopma u 6pomodopMa B MPUCYTCTBUH TPUITHIIAMUHA
6. CpaBHenue peakimionHoi criocooHoctn AJIT m AJIBC B peakiusx oOpa3oBaHUs
HOBBIX cBsizell C-N u C-C B BOAHBIX Cpellax M MOKa3aJio, YTO NPU YBETUYEHUH IJIUHBI
AIKWIHHOTO 3aMECTUTENSI MPOTUBOMOHA YBEIUYMBACTCS BPEMS PEAKIIUH, U CHUKAIOTCA
BBIXO/IbI LI€JIEBBIX MPOTyKTOB.
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