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Iliaxia 10 cuHTE3y MOXIAHUX A,0,-TPUSAMIIIEHUX
AJIKLIriApa3uHiB 3 KApOOHOBUX KHCJIOT

IIpedcmasneno unenom-xopecnondenmom HAH Yipainu B.II. Xurero

3anpononosano npenapamuenuil nioxio 00 cunmesy NOXIOHUX AIKUIZIOPA3UNIE 3 MPEMUHHUM AIKUILHUM 3aMic-
HUKOM 0L amoma Himpozeny, wo rpYHMyemvcs Ha (Gopmanvniil peaxyii 2i0pasuno-oexapboxcumnosaniis 6iono-
6i0HUX 0,0, 0.-mpusamiugenux xapbonogux xuciom. Pospobiena memoduxa ne nepedbauae UKOPUCIAHHS O0OPOZUX
abo 8axNCKOOOCMYNHUX MEMANO0- MA OPZAHOKAMALI3AMOPIE Ul cneyiaiviozo ycmamxysanns. Memoo sacnosanuil
Ha paduxarvnomy Qomoximiviomy poskiadi ecmepie Bapmona (wo rezko cunmesyiomocs 3 Kapoonoeux Kuciom
y 06i cmadii uepes 6i0nosioni xaopoanziopudu) y npucymuocmi u(mpem-6ymui)aso0uxapboKcuiamy 3a ymoes
oceimaeHHs 36UUATIHOI0 IAMNOI0 Po3dcapiosanis nomyycuicnmio 500 Bm. Kuouosy ponv ois ycniwmnozo nepebizy
4b020 nepemeopenis 6idizpae 0oHop 2i0pozeny, PYHKUin K020 BUKOHYE POIUUHHUK; HAUKDAW pe3yivmamu 00-
cs12aomvest Yy 6unadky nposedennst peakuii 6 xaopogopmi. s 6lwuocmi cybcmpamis 6i0nogioni noxioui ziopa-
3Uni6 Yymeopioiomvcs 3 sucokumu suxodamu (63—87 % ). Y eunaoky, xoau 6i0nogioni mpemuii paduxaivii inmep-
Mmediamu Mamv NOMIpHY 4w HU3LKY CMAGLIGHICMYb, BUX00U NPOOYKMIG iICMOMHO SHUNCYIOMbCSL.

Kmouosi cnosa: xapbonosi xuciromu, arkinziopasunu, ecmepu bapmona, dexapboxcuniosanis, pomoximiumni ne-
pemeopenis, paouKaivii peaxiii.

Pospobka peakiriii cesektuBHoro yropetsi C—N 3B’sI3Ky € OJIHUM 3 HaraJbHUX 3aBJaHb Cy-
vyacHoi opraniyaoi ximii. [TepeTBopeHHsT KapOOHOBUX KHUCJIOT Ta iX MOXIHUX, X04Ya i € OJHUM 3
HalicTapimmx crocobiB HOCATHEHHS IIi€l MeTH, OJ(HAK i J0Ci He BTpaya€ aKTyaJIbHOCTI, 3BaKar0un
Ha ix goctymnHicTh. [IlupokoBimomi neperpynyBanns Kypiiyca, Jloccena i Todpmana moxna
hopMaTbHO PO3TJISANATH SIK 1€KapOOKCHIIOBAHHS KapOOHOBUX KUCJIOT 3 YTBOPEHHSIM TEPBUH-
HUX aMiHiB abo ix moxigHux (amino-maekapbokcumoBarts) [1]. Bognouac criopisneni peakiiii e-
KapOOKCUITIOBaHHST KapOOHOBUX KUCJIOT ab0 iX MOXiAHWX 3 YTBOPEHHSM TOXIJHUX TiJpasiHiB
(rigpasuHO-1ekapOOKCUIIOBAHHS) € 3HAYHO MEHIN AOCaisKeHuMU. Jlanuii miaxiz ocobauBo
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Puc. 1. ITpukmanu dapManieBTHYHNAX IPenapaTiB Ta arpoXiMiKaTiB — TOXIAHUX O,0L,0-TPU3AMIIIECHIX AJKINTIPA3uHIB

MePCIEeKTUBHUI JIJIs OJlePsKaHHs MTOXIIHUX O,0L,0-TPU3aMilleHUX ayKijriapasunis (1), SKi € Bax-
KOZIOCTYITHUMU 32 iHIMMU MeToiaMu cuHTe3y. lipasunu Tuny 1 € BaXIUBUME BUXiTHUMU CIIO-
JIyKaMu JIJIsT cuHTe3y TeTeponnkiaiB 3 N—N 3B’sa3kamMu, TaKUX K Mipa3oJin i mipua3uHu, 1o 3a-
CTOCOBYIOTBCSI B arpoXiMii Ta MafOTh IMUPOKUIA crieKTp Giosoriuroi aktusHocTi (puc. 1). Takum
YIHOM, PO3pO0Ka 3PYyYHUX i e(heKTUBHUX MiIXOAIB 10 CHHTE3Y MOXITHUX O,0L,0-TPU3AMIIIIEHUX
QJIKIJIT IPa3MHIB € HAYyKOBO OOIPYHTOBAHOIO Ta IIPAKTUYHO OPIEHTOBAHOIO 3a1a4€I0 Cy4aCHOI CHH-
TeTUYHOI XiMil.

[Tpurragy peakiiii rizpasuHO-AeKapOOKCUIIOBaHHST OyJIM OIMCaHi B JHTeparypi Jjmire B
octanHi poku [2—7]; po3polbiieHi paHilile METOAUKI MOXKYTH OYTH 3aCTOCOBaHi 10 0OMEKEHOTO
KoJia cybeTpariB abo K OTpeOyI0Th BUKOPUCTAHHS CIIEIiaIlbHUX JOCUTH JOPOTHX METAJIO- YU OP-
raHokarasizaTopis. ToMy B laHOMY JOCTiIKEHHI MU 3BEPHYJIUCS /10 KJIACUYHOTO MeTony (hop-
MaJIbHOTO 3aMillleHHsT KapOOKCUJIBHOI TPYIH B KapOOHOBMX KMCJIOTAX, 10 IPYHTYETHCS Ha 3aCTO-
cyBanHi ectepiB baprona 2 [8]. Criosyku 2 MOKHA OTPUMATH 3 BUCOKMMU BUXOJAMU HIISIXOM
HepeTBOPEHHS KapOOHOBUX KUCJIOT 3 Ha XJIOPOAHTIAPUAN 4 1 TOAAJIBIIOI0 PeaKIi€lo OCTAHHIX 3
HATPIEBOIO CLIIIO 1-Ti/IPOKCUTIIPUINH-2-TIOHY B MPUCYTHOCTI KAaTaJTiTUYHOI KIJIBKOCTI 4-7MMeTnJI-
aminomipuanay (DMAP) (cxema).

ITizx mieto BupmMoro csitiia abo mix yac Harpisanus (80 °C) ecrepu Baprona 2 poskiagaroTh-
C 3 YTBOPEHHAM aJKiIbHOTO paaukania, CO, Ta 2-TiomipuanabHOro paaukana. JKmo poskna
HOXiAHKX 2 BiAOYyBaTUMETHCS Y IPUCYTHOCTI AiaJIKiIa30AnKapOOKCHIATY, MOKHA OYiKYBaTH IIPU-
€IHAHHSI AJKLIBHOTO pajuKaia 3 3a 3B’s13koM N=N, a micJjst peakitii 3 JOHOPOM Ti[pOreHy Ma€
YTBOPIOBATHCS TIOXI/IHA TiipasuHy Ty 6. Jk azoaukapOokcuaar Mu Bubpasu au(mpem-0y T )-
a30JMKapOOKCUIAT, OCKLJIbKY Yy TAKOMY BHIIAIKY IIPOAYKTOM peakiiii Oyie au-Boc-noxigna, mo
MOzKe JIerKo OyTH IepeTBOpeHa Ha BiIbHMIA aJIKiriapasut 1 y M SKUX KUCJIOTHUX YMOBaX.

Jlist yerinHoro 3/ificHeHHsT 06roBOPEHOT0 BUIINE TTEPETBOPEHHsI BUOIP JOHOPA TifporeHy
BUSIBUBCS KJIIOYOBUM. 3 OJTHOTO OOKY, SIKIIIO JOHOP 3aHA/TO JIETKO BiJ[aBATHME aTOM Ti[POTEHY,
TO BiH BCTyIaTHMeE Yy B3aEMO/II0 3 aIKIJIBHUM PAJUKATIOM 3 3aMiCTh a30IUKapOOKCIIIATY, Jal0un
rOJIOBHUM YHHOM TIPOAYKT BiTHOBHOTO JleKapOOKCUIoBanHs 7. 3 iHIIOTO GOKY, SKIIO TOHOP OY-
Jie HeIoCTaTHbO e(heKTUBHUM, 11100 Bi/IaTH aTOM BOJIHIO YTBOPEHOMY IIiCJIsl IPUEAHAHHS a30/I1-
KapOOKCHUJIATY TiPasWIbHOMY PaauKaIy 8, TO depe3 MOKJIUBICTh 3BOPOTHOI peakilii po3KIamy
OCTaHHBOTO MEPEBAKHO CIIOCTEPIraTUMEThCS PEKOMOIHAIS aJKIIbHOIO PaMKaia & 3 HiPUIMH-
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2-TIOTHPHUM PAUKAIOM 3 YTBOPEHHAM Mucyiabdiny 9. 3 orysgay Ha MPaKTUYHY CIPSIMOBAHICTD
PO3POOITIOBAHOTO TIXO/Y MU OJIPa3y BIIKUHYJIN KJIACHYHI JOHOPH TiIPOTEHY B PAUKAIbHIX Pe-
akuigx tumy Bu,SnH Ta £-BuSH yepes ix BUCOKY TOKCHYHICTD i 30C€PEANINCA Ha BAKOPUCTAHHI

3 Ii€10 METOI0 PO3UYMHHUKIB.

Jlns migbopy oNTHMaJbHUX YMOB K MOJIEJIbHUI ectep BaproHa BUKOPHCTAHO TIOXiAHY ITi-
BaJIEBOI KUCJIOTH 2a (R1 =R*=R’= CH,). Peaknio npogoauiu B MPUCYTHOCTI €KBiBaJE€HTHOI
KibKOCTI u(mpem-6y i )asoqukapbokcuaaTy npu KoHienrtpaiii cyoerpary 0,1 M Ta ompo-
MiHeHHi 3BUUAiTHOIO JIAMIIOI0 po3s;KaptoBatHst moTyskHicTio 500 Br y pisaux posuntnHukax (tad-
st ). Haiikpartuit Buxiz mijiboBoro npoaykty (87 %) crioctepiraBest y BUIQJIKy BUKOPUCTAHHS

Onrtumisarisi yMOB peaxiii
YTBOPEHHS NPOAYKTY 6a

Ne 3/n1 Posunnnux Buxin 6, % | Buxin 7, %
1 TT® <1 73
2 1,4-/liokcan 26 46
3 Eruranerar 38 5
4 Kymen 50 -
5 Tpuernicuian 76 24
6 2-TIpomanon 33 <1
7 1,2-/luxsoperan 55 —
8 Xsopodopm 87 -

! Vmosu peakiii: 0,1 M posuun 2a, nu(mpem-
OyTin)asoaukapbokcuaar (1 exs), hv (mammna
posskapioBans noryxkuictio 500 Br), 2 roz.

74

IK PO3UMHHUKA XJIOPO(OPMY; OU4iKyBaHO, IO iH-
ITUM TPOYKTOM PeaKIlil y 1lbOMY BUIIQJIKY € CYJIb-
din 10 (X = CCl,).

OnTrMizoBaHi yMOBHU peakifii OyJIo yCIHiliHo
posiumpeHo Ha inmi noxigui 6b—f, axi ogepxano 3
Buxogamu 63—83 % (puc. 2). ¥ Bumnagaky cyberpa-
TiB, 0 YTBOPIOBAJIM MEHIIN CTabiJIbHI TPETHHHI pa-
mukam (1-agaManTUIbHUN, MeTUJITTUKJIONPOTIiTh-
Huit ta Oitukio[ 1.1.1|neHTuibHwiT), BUXOAM Bijl-
MOBIIHUX TPOAYKTIB 68—i 3HmskyBasucs 10 38, 20
ta 15 % BianosiaHo.

Takum YnHOM, PO3pOOJIEHO 3pYUHMIT Ta edhek-
TUBHUU TiAXi[ 0 TEPETBOPEHHS O,0L,0-TPU3aMi-
IEeHNX KapOOHOBMX KKCJIOT Ha BiAmoBiaHi au-Boc-
MOXiJIHI aJIKI/ITiIPa3uHIB 3 TPETUHHUMU aJIKiJb-
HUMM 3aMiCHUKaM¥ OLJIsT aToMa HiTPOTeHy, 10 He
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Puc. 2. Tloxigui rigpasunis 6, 1110 ogepskami 3a po3poOJeHUM MiIX0A0M

nepea6aYaB BUKOPUCTAHHS BasKKOAOCTYIIHUX METaNO- YK OPraHOKATali3aToOPiB, a TAKOXK CIIelli-
AIILHOTO YCTATKYBaHHS [IJIsI TPOBeIeHHs (hOTOXIMIUHUX TIepeTBOpeHb. MeToj nepenbayas mepe-
TBOPEHHS BUXIJHUX CIIOJIYK Ha ecTepu baprona Ta iX moganblinii po3kjaji 32 yMOB OCBITJICHHS
3BHYAHOIO JIAMIIOI0 po3skapioBaHHs motyskHicTio 500 Bt y mpucyrtHOCTi mu(mpem-0yTi)aso-
mkapOokcuiaty B xaopodopmi. [iboBi TPOAYKTH TEpEBAKHO YTBOPIOBAJIUCS 3 BUCOKUM BH-
xonoM (63—87 %), xouya y BUMaAKy cyOCTpaTiB, 1[0 TeHEPYBaIN PaJuKaibHi IHTEpPMEIiaTH T0-
HUKEHOI cTabiJIbHOCTI, METO/l MaB HIKYY edekTrBHiCTh. CHHTE30BaHI B paMKax JIOCJIiKEHHS
CTIOJTIYKW € TIEPCTIEKTUBHIMY peareHTaMu JIJisi CHHTe3y HiTPOTEHOBMICHUX TeTEPOIUKIIIB (a came,
ipasoJIiB Ta MpUIa3NHIB) — MOTEHIIHHIX JIKAaPChKUX 3aCO0IB Ta arpoxXiMiKaTiB.

ExcnepumenrtanpHa yactuHa. KoHTpoJIb 32 TIPOXOJKEHHAM peakilii, YNCTOTOI0 Ta iHAWBI-
JIyaJTbHICTIO OJIEPsKaHUX TPOAYKTIB 3/IIMCHIOBAJIIM METOJIOM TOHKOIIAPOBOI xpomMarorpadii Ha
mractuakax Polychrom ST F254. TemmniepaTypu TorieHHsT BUMiPIOBJIN 3 BUKOPUCTAHHIM aBTO-
matryutoi cuctemu MPA100 OptiMelt. Criekrpu SAIMP peectpyBanu Ha npumaai Varian Unity
Plus 400 3a Temneparypu 70 °C. /laHi eleMeHTHOro aHasIi3y, 1110 OTPUMaHI 3a JOIOMOIOI0 IIPH-
naxy “Vario Micro Cube”, Bianosigaoors po3paxoBanuM. Bukopucrani po3YnHHUKN OYUIILYBaIN
Ta OCYITYBAJH CTAaHAAPTHUMH METOIaMU.

3azanvna memoouxa odeprycanms noxionux 6. Kapbonosy kucsory 3 (10 Mmmoib) po3uu-
usiorsb y CH,Cl, (30 M) i rogators 2-3 kparnti IM®A. Jlo osiep:xanoro po3unuy KparmHaMu
noaaioth okcasiaxaopu (5,08 r, 30 MMoJIb). YTBOpPEHY CyMilll TIepeMiliyioTh mpoTsroM 1—2 rou
710 TPUTIMHEHHS BU/IJIEHHS Ta3y, MiCIsI YOTO PO3UMHHUK BUTMAPOBYIOTH Yy Bakyymi. OTpuMaHuii
xnopoanrigpuz 4 posunnsiors y CH,Cl, (10 mur) i m0BibHO 10/1a10Th KparInHAMMU JI0 CyMilTi
HatpieBoi couti 1-rigpokcunipuaun-2(1H)-riony (1,79 1, 12 Mmmosb) Ta 4- TUMeTUIAMIHOTI PUIUHY
(0,122 1, 1 mmosn) y CH,CL, (10 mar) mpu 0 °C (s151 3axuCTy Bijl CBiT/Ia peakTop MoNepeHbo
obepratorh y Gosbry). Onepikany CyCHeHsilo mepeMillyioTh Mpyu KiMHATHIiT TeMiieparypi mpo-
TATOM 2 TO[ i BiZI(hiIBTPOBYIOTH Yepes Iap CUIiKareso 3aBToBIIKY 2 cM. Cuitikareab 101aTKOBO
npomusaiots CH,Cl, (10 mar). O6’enmani dinsrpaTn Bunaposyiots y Bakyymi. Onepskannii ecrep
Baprona 2 posunnsiors y CHCl, (50 M), nogators au(mpem-6yTun)asonukapbokcnmar (2,30 r,
10 MMOTB) i TIpOTTyCKafoTh Kpi3b po3unH aprony npotsarom 10 xB. /lasi po3unH mepeminryoThb
2 ToJ TP ONPOMiHEHH] JTaMIIOI0 posskapioBanus notyskuictio 500 Br. Ilicsis 1iboro po3unHHUK
BUIIAPOBYIOTh Y BaKyyMi, a 3aJIMIIIOK OYUIILYIOTh KOJIOHKOBOIO XpoMaTorpadi€io Ha cujikaresmi,
BUKOPUCTOBYIOUH SIK €JTIOEHT rekcad — eTusanerat (6: 1).
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Ju-mpem-6ymun-1-(mpem-6ymun eiopasun-1,2-duxapboxcunam (6a). Buxin 87 %. C, H,N,O,.
T  64—66 °C (65—66 °C [9]). Cuextpu "H SIMP rta "*C SIMP Bianosizaors HasexeHIM y Jii-
Tepatypi [9].

Jlu-mpem-6ymun-1-(2,3-0umemunoym-2-un)ziopasumn-1,2-ouxapboxcuram (6b). Buxin 74 %.
C16H32N204. T, 99-101 °C (101-102 °C [10]). Cnextpu '"H IMP 1a ®C IMP BI/IITOBIZAIOTH
HaBegieHUM y Jitepatypi [10].

JTu-mpem-6ymun-1-(1-memunyuxionenm-1-un)ziopasun-1,2-oukapboxcuram (6¢). Buxin
83 %. C,gHyN,0,. T, 123—125 °C. Cuexrp 'H SIMP (DMSO-d;, 400 MTu), 8, w. u. 1,29
(3M, ¢), 1,40 (9H, ), 1,42 (9, ¢), 1,51—1,66 (6H, m), 1,91—2,05 (2H, m), 8,41 (1, ymr. ¢, NH).
Crextp °C AMP (DMSO-d,, 100 M), 8, m. uw. 23,2, 24,4, 28,46, 28,52, 38,9, 39,1, 69,0,
79,3,79,6, 154,8, 156,0.

u-mpem-o6ymun-1-(1-memunyuxnodym-1-un)ziopasun-1,2-ouxapboxcunam (6d). Buxig 82 %.
C,sH,N,O,. T, 117118 °C (118—119 °C [10]). Crrexrpu 'H AMP ta ">C AMP simmosimators
HaBesieHUM y Jitepatypi [10]).

Jlu-mpem-6ymun-1-(3-memurmempaziopogypan-3-in)ziopasun-1,2-ouxapboxcuram (6e).
Bixin 83 %. C;H,N,0-. T, 129—131°C. Cuiexrp 'H SIMP (DMSO-d,, 400 MTir), 8, m. u.: 1,35
(3M, ¢), 1,41 (9H, ¢), 1,42 (9H, c), 1,78—1,83 (1H, m), 2,16—2,31 (1H, m), 3,64 (1T, 7,/ = 9,0 I'n),
3,72—3,81 (3H, m), 8,59 (1H, ym. ¢, NH). Criexrp "*C AMP (DMSO-d,, 100 MTit), 8, m. 1.: 23,0,
28,35, 28,41, 39,0, 66,6, 67,3, 77,7, 79,7, 80,35, 80,43, 154,7, 156,1.

Jlu-mpem-oymun-1-(2-memoxcu-mpem-6ymun )ziopasun-1,2-ouxapboxcuram (6f). Buxin 65 %.
C,sH4N,O,. Criextp '"H amP (DMSO—dG, 400 MIt), 6, m. u.: 1,23 (3H, ¢), 1,30 (3H, ¢), 1,39
(9H, ¢), 1,41 (9H, ¢), 3,26 (3H, ¢, OCH3), 3,37 (1H, 1,/ = 9,1 Ty, OCH,), 3,58 (1H, 1, J = 9,1 Iy,
OCH,), 8,26 (1H, ym. ¢, NH). Cnekrp BCAMP (DMSO-d, 100 MIT), 3, m. u.: 24,0, 24,3, 28,41,
28,46, 59,1, 61,8, 77,9, 79,3, 79,8, 154,6, 156,0.

Ju-mpem-6ymun-1-(adamanm-1-un)ziopasun-1,2-ouxapboxcuram (6g). Buxing 38 %.
CyoHy,N,O,. Ciexrpu "H SIMP ta °C SIMP Bianosizaors naBesenm y giteparypi [9].

Jlu-mpem-6ymun-1-(1-memunyurxnonpon-1-in)ziopasun-1,2-ouxapboxcuram (6h). Buxizg 20 %.
C, H,N,0,. T, 126-128 °C (126127 °C [10]). Criexrpu 'H SIMP ta '>C AMP sinnosizaiors
HaBe/ieHUM y qitepaTypi [10].

Ju-mpem-6ymun-1-(3-mpem-6ymunroivuxno[1.1.1 nenm-1-un)ziopasumn-1,2-ouxapboxcuram
(61). Buxin 15 %. C,(H;,N,O,. T, 139—141 °C. Cnextp "H IMP (DMSO-dj, 400 MTIr), 8, m. u.:
0,85 (9H, ¢), 1,41 (9H, ¢), 1,42 (9H, ¢), 1,73 (6H, c), 8,52 (1H, yur. ¢, NH). Crexrp >C IMP
(DMSO-d,, 100 MTm), 8, m. u.: 26,6, 28,46, 28,50, 28,9, 43,9, 49,2, 51,0, 79,4, 80,1, 154,4, 155,6.

ITy6rixayis micmums pesyavmamu 0ocaioxcenv, nposedenux sa niompumxu TOB “HBII “Ena-
min” ma Minicmepcmea oceimu i nayku Ykpainu (npoexkm 195 D037-03).

IIMTOBAHA JIITEPATYPA

1. Aubé, J., Fehl, C., Liu, R., McLeod, M.C., Motiwala, H.FE. Hofmann, Curtius, Schmidt, Lossen, and related
reactions. Comprehensive Organic Synthesis. Knochel P, Molander G.A. (Eds.). Amsterdam: Elsevier, 2014.
P. 598-635. https://doi.org/10.1016,/B978-0-08-097742-3.00623-6

2. Wei Y., Zhang H.-X., Zeng J.-L., Nie J., Ma J.-A. Organocatalytic asymmetric decarboxylative amination of
B-keto acids: access to optically active a-amino ketones and 1,2-amino alcohols. Org. Lett. 2017. 19, Ne 8.
P. 2162—2165. https://doi.org/10.1021 /acs.orglett.7b00797

76 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2020. Ne 7



ITi0xi0 do cunmesy noxionux o.,o.,o-MmpusamiueHux aiKiiziopasunis 3 KapooHOBUX KUCIOM

10.

. Pan 'Y, Kee C.W,, Jiang Z., Ma T., Zhao Y., Yang Y., Xue H., Tan C.-H. Expanding the utility of Brgnsted

base catalysis: biomimetic enantioselective decarboxylative reactions. Chem. Eur. J. 2011. 17, Iss. 30.
P. 8363-8370. https://doi.org/10.1002/chem.201100687

. Chen L., Chao C.S,, Pan Y., Dong S., Teo Y.C., Wang J., Tan C.-H. Amphiphilic methyleneamino synthon

through organic dye catalyzed-decarboxylative aminoalkylation. Org. Biomol. Chem. 2013. 11, Iss. 35.
P. 5922-5925. https://doi.org/10.1039/c30b41091a

. Zhang M.-]., Schroeder G.M., He Y.-H., Guan Z. Visible light-mediated decarboxylative amination of

indoline-2-carboxylic acids catalyzed by Rose Bengal. RSC Adv. 2016. 6, Iss. 99. P. 96693—-96699. https://doi.
org/10.1039/C6RA17524D

. Miyake Y., Nakajima K., Nishibayashi Y. Visible light-mediated oxidative decarboxylation of arylacetic

acids into benzyl radicals: addition to electron-deficient alkenes by using photoredox catalysts. Chem.
Commun. 2013. 49, Iss. 71. P. 7854—7856. https://doi.org/10.1039 /c3cc44438d

. Lang S.B., Cartwright K.C., Welter R.S., Locascio T.M., Tunge J.A. Photocatalytic aminodecarboxylation

of carboxylic acids. Eur. J. Org. Chem. 2016. 20. P. 3331-3334. https://doi.org/10.1002/ejoc.201600620

. Saraiva M.F, Couri M.R.C., Le Hyaric M., de Almeida M. V. The Barton ester free-radical reaction: a brief

review of applications. Tetrahedron. 2009. 65. P. 3563—3572. https://doi.org/10.1016/]. TET.2009.01.103

. Yatham V.R., Bellotti P, Kénig B. Decarboxylative hydrazination of unactivated carboxylic acids by cerium

photocatalysis. Chem. Commun. 2019. 55, Iss. 24. P. 3489-3492. https://doi.org/10.1039,/C9CC00492K
Waser J., Gaspar B., Nambu H., Carreira E.M. Hydrazines and azides via the metal-catalyzed hydrohydrazi-
nation and hydroazidation of olefins. J. Am. Chem. Soc. 2006. 128, Ne 35. P. 11693—11712. https://doi.
org/10.1021/JA062355+

Hapiiimno no pemaxiiii 16.03.2020

REFERENCES

1.

10.

Aubé, J., Fehl, C., Liu, R., McLeod, M. C. & Motiwala, H. F. (2015). Hofmann, Curtius, Schmidt, Lossen, and
related reactions. In Knochel, P, Molander, G.A. (Eds.). Comprehensive organic synthesis (pp. 598-635).
Amsterdam: Elsevier. https://doi.org/10.1016 /B978-0-08-097742-3.00623-6

. Wei, Y., Zhang, H.-X,, Zeng, J.-L., Nie, J. & Ma J.-A. (2017). Organocatalytic asymmetric decarboxylative

amination of B-keto acids: access to optically active a-amino ketones and 1,2-amino alcohols. Org. Lett., 19,
No. 8, pp. 2162-2165. https://doi.org/10.1021 /acs.orglett.7b00797

. Pan, Y, Kee, C.W,, Jiang, Z., Ma, T,, Zhao, Y., Yang, Y., Xue, H. & Tan, C.-H. (2011). Expanding the utility of

Brgnsted base catalysis: biomimetic enantioselective decarboxylative reactions. Chem. Eur. J., 17, Iss. 30,
pp.- 8363-8370. https://doi.org/ 0.1002/chem.201100687

. Chen, L., Chao, C.S., Pan, Y,, Dong, S., Teo, Y.C., Wang, J. & Tan, C.-H. (2013). Amphiphilic methyleneamino

synthon through organic dye catalyzed-decarboxylative aminoalkylation. Org. Biomol. Chem., 11, Iss. 35,
pp. 5922-5925. https://doi.org/10.1039/c30b41091a

. Zhang, M.-J., Schroeder, G. M., He, Y.-H. & Guan, Z. (2016). Visible light-mediated decarboxylative

amination of indoline-2-carboxylic acids catalyzed by Rose Bengal. RSC Adv,, 6, Iss. 99, pp. 96693-96699.
https://doi.org/10.1039/C6RA17524D

. Miyake, Y., Nakajima, K. & Nishibayashi, Y. (2013). Visible light-mediated oxidative decarboxylation of

arylacetic acids into benzyl radicals: addition to electron-deficient alkenes by using photoredox catalysts.
Chem. Commun., 49, Iss. 71, pp. 7854-7856. https://doi.org/10.1039/c3cc44438d

. Lang, S. B., Cartwright, K. C., Welter, R. S., Locascio, T. M. & Tunge, J. A. (2016). Photocatalytic amino-

decarboxylation of carboxylic acids. Eur. J. Org. Chem., 20, pp. 3331-3334. https://doi.org/10.1002/
€joc.201600620

. Saraiva, M. E, Couri, M. R. C., Le Hyaric, M. & de Almeida, M. V. (2009). The Barton ester free-radical

reaction: a brief review of applications. Tetrahedron, 65, pp. 3563-3572. https://doi.org/10.1016/].
TET.2009.01.103

. Yatham, V. R, Bellotti, P. & Konig, B. (2019). Decarboxylative hydrazination of unactivated carboxylic acids

by cerium photocatalysis. Chem. Commun., 55, Iss. 24, pp. 3489-3492. https://doi.org,/10.1039,/C9CC00492K
Waser, J., Gaspar, B., Nambu, H. & Carreira, E. M. (2006). Hydrazines and azides via the metal-catalyzed
hydrohydrazination and hydroazidation of olefins. J. Am. Chem. Soc., 128, No. 35, pp. 11693-11712. https://
doi.org/10.1021 /JA062355+

Received 16.03.2020

ISSN 1025-6415. Jlonos. Hay,. axad. nayx Yxp. 2020. Ne 7 77



C.0. Koxan, A.B. Tumuynix, B.C. Mockeina, O.0. Ipuzopernxo

S.0. Kokhan?, A.V. Tymtsunik 23
V.S. Moskvina', 0.0. Grygorenko

" Taras Shevchenko National University of Kyiv

2 : .

“Enamine Ltd., Kyiv

*NTU of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
E-mail: gregor@univkiev.ua

AN APPROACH TO THE SYNTHESIS OF a,0,a-TRISUBSTITUTED
ALKYLHYDRAZINE DERIVATIVES FROM CARBOXYLIC ACIDS

A preparative approach to the synthesis of alkylhydrazine derivatives with tertiary alkyl substituent at the nit-
rogen atom is proposed. It is based on the formal hydrazino-decarboxylation reaction of the corresponding
o,a,0-trisubstituted carboxylic acids. The developed procedure does not require the use of expensive or hardly
available metalo- or organocatalysts, as well as special equipment. The method is based on the radical photo-
chemical decomposition of Barton esters (1-hydroxypyridine-2(1H)-thione esters, that can be easily synthesized
from the carboxylic acids in two steps via the corresponding acyl chlorides) in the presence of di(tert-butyl)
azodicarboxylate upon irradiation with a usual 500 W incandescent lamp. A plausible mechanism of this reaction
includes the initial formation of tertiary alkyl and (2-pyridyl)thiyl radicals (as well as carbon dioxide) from the
Barton ester. The tertiary alkyl radical then adds to the double N=N bond of azodicarboxylate to form the cor-
responding hydrazinyl radical, which then abstracts a hydrogen atom from some molecule present in the reaction
mixture (typically, solvent) to give the target di-Boc-hydrazine. Hydrogen atom donor (that is, the solvent) has
the key role for the successful outcome of this transformation. With too reactive hydrogen donors, the product of
reductive decarboxylation is formed preferentially, whereas, with a hydrogen donors of low reactivity, the recom-
bination of tertiary alkyl and (2-pyridyl)thiyl radicals becomes the major process. The best results are obtained,
when the reaction is performed in chloroform. For most substrates (i.e. tert-butyl, 2,3-dimethylbut-2-yl, 1-me-
thylcyclopent-1-yl, 1-methylcyclobut-1-yl, 3-methyltetrahydrofuran-3-yl, and 2-metoxy-tert-butyl derivatives),
the corresponding protected hydrazines are obtained with high yield (63-87 %). When the corresponding ter-
tiary radical intermediates have moderate or low stability (adamant-1-yl, 1-methylcycloprop-1-yl, and 3-tert-
butylbicyclo[1.1.1]pent-1-yl derivatives), the yields of the products are significantly diminished.

Keywords: carboxylic acids, alkyl hydrazines, Barton esters, decarboxylation, photochemical transformations, ra-
dical reactions.
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