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Onucano Bukopuctanus 1,4-Ha@TOXiHOHIB K CEHTHTMYHMX €KBIBAJIEHTIB €JIeKTPOHO-
AUGIMUTHAX ANKeHIB — aKTHBHMHUX AunoJsipodinom y peakuii [3+2] mukJIonpueIHAHHS.
BceTanoBJ/ieHO, 110 BUKOPHCTAHHS KaTali3aTopa anerary cpidJja 4iTko mMpocTopoBO KOOPAUHYE
MOJIEKYJY a30MeTHHUIY y mepexitHOMYy cTaHi, 1[0 TMOSICHIOE OTPUMAHHS BHUKJIIOYHO
npoayKTiB yuc-npueananns. Ilin yac ananizy omrtumizamii ymoB mnepebiry peakumii Oy.aa
BCTAHOBJIEHA 3aKOHOMIpPHicTh, 0 MiA 4Yac mepediry peakuii 3a KJIACHYHOI0 METOTUKOIO
NMEePEBAKHO YTBOPIOIOTHCS WMUKJIIYHI MPOAYKTH AHEJIOBAHHS JABOX NMPOTOHIB MO XiHOiZHOMY
pedpy, a minm Yac BUKOPUCTAHHS MiKPOXBHJIbOBOIO BHUIPOMIHIOBAHHSI OTPUMYIOTHCSl 3
O0iNbIIMM BHUXOAOM JeripaToBaHi NPOAYKTH 3 /[ABOMA €HAOUMKJIIYHMMHM MOABIiHHMMU
3B’ I3KaMH Y reTepouuKaivHoMy ¢pparmenTi. CTPyKTYpH OTPMMAHMX HOBUX IeTePOIUKIITHHX
cucTeM OyJIU MiATBEPAXkKeHi 3 BUKOPUCTAHHSIM eJleMeHTHOro anaiizy, AMP-cnexkTpockomii.

Kawuogi ciioBa: 1,4-nadpToxdpHoH, aMiHOKHCI0TH, a3oMeTHHiNiau, 1,3-nunonasipue [3+2]-
HUKJIONMPUETHAHHS.
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This paper describes the use of 1,4-naphthoquinones, as the sentimental equivalents of
electron-diphosphate alkenes, as activation by dipolarophyll in the reaction [3+2] cyclization.
The paper findsthat the use of asilver acetate catalyst strictly spatially coordinates a molecule
of azometinilide in a transitional state, which explains the production of exclusively cis-
coupling products. In the analysis of the optimization of the reaction conditions, the following
regularity was established: during the course of the reaction according to the classical
technique, cyclic products of annealing of two protons on the quinidine edge are formed to a
large extent, and when using microwave radiation, dehydrated products with two endocylic
double bonds are obtained with a larger yield in heterocyclic fragment. Structures
ofobtainednewheter ocyclicsystemswer econfirmedand their characteristics are describedusing
elemental analysis, NM R-spectroscopy.

Key words: 1,4-naphthoquinone, aminoacids, azomethinilides, 1,3-dipolar [3 + 2] —
cycloaddition.

IMocranoBka nmpo6JieMu i ii 3B'A30K 3 BaKJIMBUMH HAYKOBHMH 3aBJIaHHAMM. Pi3HOMaHITHICTh
peakiiil pyHKIioOHaTI3aIil IeTePOLMKIIIB BiIIrpae BaXKJIUBY POJIb Y CHHTE31 HOBUX JIIKOMOAIOHUX MOJICKYJI.
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Peakuii 1,3-gunossipHoro [3+2]-nUKIONPUETHAHHS MIMPOKO BHUKOPUCTOBYIOTHCS B OpraHiuHiid Ximil i
3aCTOCOBYIOTBCSl y CHHTE31 MEJWYHHX AareHTiB Ta aHAIOriB TNPHPOJHHX MPOAYKTiB. HemocratHbO
BHBYCHUMH, Ha HAIy JYMKY, 3aJHINAINCS PEaKIlii 3 BUKOPUCTAHHIM SK 1,3-IUIOJIB — a30METHHILTIIIB HA
OCHOBI ecTepiBa-aMiHOKUCIOT. 1,4-HadToXiHOH, SKHII MICTHTH JBi €IEKTPOHOAKIENTOPHI KapOOHUIbHI
rpynu i OyB YCHIIIHO BUKOPUCTaHWi, sK agieHO(inT y peakuisx Jlinbc-Anpaepa [1-6]. Pimko
3aCTOCOBYBABCS SK JUNOMAPOGUT Y KaTaIITHUYHUX peakiisx 1,3-AuMoyspHOro IUKIONPHETHAHHS
A30METHHOBHX 1Ti/1iB, HMOBIpHO, Yepe3 CKJIaJHi CHHTETUYHI TPYIHOII, TIOB si3aH1 3 KOHTPOJIEM €HaHTIo-
/niacTepeoceneKTUBHOCTI. B XiMii XiHOHIB MPOCTEKYETHCS 3alliKaBJICHICTh Y 3aCTOCYBaHHI Ili€l peakiii s
CHUHTE3Y a30TOBMICHHMX CTEPEO- Ta PEriOCEICKTHBHHMX TETEPOLMKIIYHMX IOXIMHUX XIHOHIB. 3aBIAKU
IIMPOKOMY 3aCTOCYBaHHIO TE€TEPOLMKIIYHUX XIHOHIB Yy MEAWYHIM XiMii BaKJIMBUM BBaXKaJloCh
PO3pOOIICHHS HOBOTO MIIXOAY Ha OCHOBI XIHOHOBHX CyOCTpaTiB, 110 Aajio O 3MOry OJiep:KaTH BiIIOBiIHI
¢dyukuionanizoBani 1,4-xiHoHH.

AHaJi3 momepeaHix gochimkeHb Ta myoOsikamid. BaknuBuM 3aBIaHHSAM opraHiuHoi XiMil €
CHPSIMOBAHUM IMOIIYK HOBUX O10JI0rYHO aKTMBHHX Ta BUCOKOCEICKTHBHHUX CIIONYK 3 BJIACTUBOCTSMH, SIKi
MOXYTh OYyTH BHKOPUCTaHI y MEIHUIMHI, CUIBCBKOMY T'OCIOJAPCTBI Ta MPOMHUCIOBOCTI. Peakiris
1,3-numnossipHoro  [3+2]-uuKIonpreaHaHHS Ja€ 3MOTY Ofep)KaTH KOHAEHCOBaHI MOMIreTepOoruKIiuHi
MOXITHI 3 YITKO BH3HAYECHOIO TeoMeTpieto. [lepcreKTHBHUM HANpsSMKOM CYYacHOi OpraHidyHol Ximii B
o0nacti CHHTE3y MONINUKIIYHUX CIONYK, MI0 MICTATh SAPO mipony 3 yTBopeHHsM cuctemu -C-N-C-
3B'SI3Ky, € peaKilii Mk a30METHHEIIIaMU Ta CIIONyKaMHU 3 eIeKTPOHOAUDIUTHIMU KPaTHHMH 3B’ I3KaMH
(mepeBaskHO €NeTPOHOAMDIMUTHUX AJKEHIB) B MPHUCYTHOCTI KartamizaTtopiB (comeit 1 Ta 2 BaJleHTHHX
MeTalliB Ta CTEPUYHUX JiraHaiB). 3aBasku HasBHOCTI -C-N-C-3B’s13kiB y (apManeBTHYHUX TpernapaTax i
MPUPOIHUX MPOAYKTAxX I Peakilis OTpuMaja IIUPOKE 3aCTOCYBaHHS B CHUHTETHYHIA OpraHiuHif Ximii,
30KpeMa B 0araTb0X METOJMKAX CHHTE3Y Ta MPOMHKCIIOBOTO OJIepyKaHHs JIiIKapChKHUX mpernapartis [ 7—13].

Mera po00TH — CHHTE3 HOBUX I'€TEPOIMKIIUHUX CHUCTEM, IO MICTATH SApO Mipoiy, Ha ocHOBil,4-
Ha(TOXIHOHY Ta ecTepiB (-aMiHOKHCIIOT, ONTHMI3allisi YMOB Iepediry peakiiii Ta MiATBep/KEeHHS OyI0BH
oJIep’KaHUX TIPOIYKTIB.

ExcnepuMenTanbHa uvactuHa. 'H-SIMP-criektpn 3ammcyBanu Ha  crektpomerpi  “ Bruker”
(400 MHz) (CDCls, ximiuni scyBm 'H BupaxeHi B &-IKagi II0OZ0 BHYTPIMIHOrO CTAaHAAPTYy —
TeTpaMeTHIICHIIaHy, a IHTerpaibHi iIHTEHCHBHOCTI BiATIOBIIAIOTE 3p00ICHUM BimHeceHHAM). EneMeHTHUI
aHa i3 BUKOHAHWI Ha CTaHOAPTHIH amapatypi mas MikpoaHamizy. KOHTpoib 3a XOJOM peakiii Ta
IHAMBIAyalbHICTIO pedoBMH mpoBomwian MeromoMm TIINX wa mmacrmakax ,Silufol UV-254" i
~MerkKieselgedl 60 F254". Ilin wac BHM3HAYeHHs TeMIlepaTypH TOIUJICHHS CIIOJYK TIIONpaBKa Ha
BHCTYIAIOYMI CTOBITYMK PTYTi HE MIPOBOMIIACS.

General procedure for the synthesis of heterocyclic derivatives of 1,4-quinones

4,9-Dioxo-3-phenyl-4,9-dihydro-2H-benzo [f] isoindole-1- methycarboxylate (6a). Under argon
atmosphere, AgOAc (0.022 g, 0.13 mmol) and PPh; (0.035 g, 0.13 mmol) were dissolved in CH;CN
(2 mL), and stirred at room temperature for about 1 h. Then, imine (2a) substrate (0.24 g, 1.33 mmol), and
1,4-quinones (1) (0.21 g, 1.33 mmol), were added sequentially, after that the mixture was cooled to 0 °C,
TEA (0.067 mg, 0.66 mmol) was added. Then it is microwave heated to 130°C and is maintained at 2 h,
MW 100 Hz. Once starting material was consumed (monitored by TLC), the resulting mixture of
evaporates in a vacuum. The mixture was purified by chromatography on SiO, hexanes/EtOAc gradient
elution from 1:99 to 50:50 to give 69.0 mg (85 %) product. Yield 85 %, mp=144-145°C.*H NMR
(400 MHz, CDCl3) &, ppm: 11.71 (s, 1H, OH); 7.74 (dd, 1H, J,=7.6 Hz, J,=1.5 Hz, CH); 7.60 (t, 1H,
J=7.9x2 Hz, CH); 7.44-7.40 (m, 2H, 2CH); 7.38-7.31 (m, 3H, 3CH); 7.22 (dd, 1H, J=8.2 Hz, J=1.5 Hz,
CH); 5.66 (s, 1H, CH); 3.78 (s, 3H, OCHy), 1.78 (s, 3H, CHaj). Calcd for (CxH13NO,), %: C = 72,50;
H =3,95; N = 4,23. Found, %: C = 72,41; H = 3,89; N = 4,31.
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3-(4-chloraphenyl)-4,9-dioxo-4,9-dihydro-2H-benzo [f] isoindole-1- methylcarboxylate (8a)

The title compound was prepared according to the general procedure as described above in 71 %
yield. m. p. 128-131 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J,;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30
(m, 1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H,
CHj3). Calcd for (CxH1.CINOy), %: C = 65,67; H = 3,31; Cl = 9,61; N = 3,83. Found, %: C = 65,61,
H=337; Cl =9,69; N = 3,77.

3-(4-bromophenyl)-4,9-dioxo-4,9-dihydro-2H-benzo [f] isoindole-1-methyl carboxylate (10a)

The title compound was prepared according to the general procedure as described above in 74 %
yield. m. p. 135-137 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30
(m, 1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H,
CHa). Calcd for (CxoH12BrNO,), %: C = 58,56; H = 2,95; Br = 19,48; N = 3,41. Found, %: C = 58,49;
H =2,89; Br=1954; N =347.

1-isopropyl-4,9-dioxo-3-phenyl-2,3,4,9-tetrahydro-1H-benzo [f] isoindole-1-methylcarboxylate (58)

The title compound was prepared according to the general procedure as described above in 45 %
yield. m. p. 137-138°C."H NMR (400 MHz, CDCls) §, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J,=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30
(m, 1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H,
CHj3). Calcd for (Cx3H21NO,), %: C = 63,58; H = 5,65; N = 3,73. Found, %: C = 63,65; H = 5,59; N = 3,69.

3-(4-chlorophenyl)-1-isopropyl-4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo [f] isoindole-1-
methylcarboxylate (78)

The title compound was prepared according to the general procedure as described above in 27 %
yield. m. p. 169-170 °C.'H NMR (400 MHz, CDCly) 6, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J,=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30 (m,
1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CHs), 3.50 (s, 3H, CHs).
Caled for (CH20CINOy), %: C = 67,40; H = 4,92; Cl = 8,65; N = 3,42. Found, %: C = 67,47, H = 4,86;
Cl =8,59; N = 3,49.

3-(4-bromophenyl)-1-isopropyl-4,9-dioxo-2,3,4,9-tetrahydro- 1H-benzo [f] isoindole-1-
methylcarboxylate (98)

The title compound was prepared according to the general procedure as described above in 35 %
yied. m. p. 165-166 °C."H NMR (400 MHz, CDCl3) &, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J,=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30 (m,
1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CHs), 3.50 (s, 3H, CHs).
Caled for (CasHoBrNOy), %: C =60,81; H = 4,44; Br = 17,59; N = 3,08. Found, %: C = 60,81; H = 4,44,
Br=17,59; N = 3,08.

1-isobutyl-4,9-dioxo-3-phenyl-2,3,4,9-tetrahydro-1H-benzo [f] isoindole-1-methylcarboxylate (5r)

The title compound was prepared according to the general procedure as described above in 37 %
yield. m. p. 133-134 °C.'H NMR (400 MHz, CDCly) 6, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J,=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30
(m, 1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H,
CHa). Calcd for (CasH2sNQy), %: C = 74,02; H = 5,95; N = 3,60. Found, %: C = 74,11; H = 5,89; N = 3,55.

3-(4-chlorophenyl)-1-isobutyl-4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo [f] isoindole-1-
methylcarboxylate (7t)

The title compound was prepared according to the general procedure as described above in 21 %
yield. m. p. 165-167 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30 (m,
1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H, CHs).
Caled for (C4H2CINOy), %: C = 68,00; H = 5,23; Cl = 8,36; N = 3,30. Found, %: C = 68,10; H = 5,15;
Cl =8,36; N = 3,26.
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3-(4-bromophenyl)-1-isobutyl-4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo [f] isoindole-1-
methylcarboxylate (9r)

The title compound was prepared according to the general procedure as described above in 33 %
yield. m. p. 151-153 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30 (m,
1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CHs), 3.50 (s, 3H, CHs).
Calcd for (CaqH2BrNOy), %: C = 61,55; H = 4,73; Br = 17,06; N = 2,99. Found, %: C = 61,47; H = 4,79;
Br=17,11; N=291.

1-methyl-4,9-dioxo-3-phenyl-2,3,4,9-tetrahydro-1H-benzo [f] isoindole-1-methylcarboxylate (56)
Under argon atmosphere, AgQOAc (0.035 g, 0.21mmol) and PPh; (0.055 mg, 0.21mmol) were dissolved in
toluene (2 mL), and stirred at room temperature for about 1 h. Then, imine (26) substrate (0.39 g,
2.10mmol), and 1,4-quinones (1) (0.33 g, 2.10mmol), were added sequentially, after that the mixture was
cooled to 0°C, TEA (0.091 mg, 0.095 mmol) was added. Then it is heated to 60 °C and is maintained at
24 h. Once starting material was consumed (monitored by TLC), the resulting mixture of evaporatesin a
vacuum. The mixture was purified by chromatography on SiO, hexanes/EtOAc gradient elution from 1:99
to 50:50 to give 32.7 mg (79 %) product. Yield 79 %, mp=123-125 °C.*H NMR (400 MHz, CDCl5) 3,
ppm: 11.71 (s, 1H, OH); 7.74 (dd, 1H, J;=7.6 Hz, J,=1.5 Hz, CH); 7.60 (t, 1H, J=7.9x2 Hz, CH); 7.44-
7.40 (m, 2H, 2CH); 7.38-7.31 (m, 3H, 3CH); 7.22 (dd, 1H, J=8.2 Hz, J=1.5 Hz, CH); 5.66 (s, 1H, CH);
3.78 (s, 3H, OCHg3), 1.78 (s, 3H, CHj3). Calcd for (C;H17NOy), %: C = 72,61; H = 4,93; N = 4,03. Found,
%: C=72,35;H=4,82; N =4,10

3-(4-chlorophenyl)-1-methyl-4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo [f] isoindole-1-
methylcarboxylate (76)

The title compound was prepared according to the general procedure as described above in 21 %
yield. m. p. 165-167 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J,;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30 (m,
1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CHs), 3.50 (s, 3H, CHs).
Calcd for (CxH16CINOy), %: C = 66,06; H = 4,22; Cl = 9,29; N = 3,67. Found, %: C = 66,11; H = 4,28; Cl
=9,19; N = 3,59.

3-(4-bromophenyl)-1-methyl-4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo [f] isoindole-1-
methylcarboxylate (96)

The title compound was prepared according to the general procedure as described above in 33 %
yield. m. p. 151-153 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30 (m,
1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H, CHa).
Calcd for (C1H16BrNOy), %: C = 59,17; H = 3,78; Br = 18,75; N = 3,29. Found, %: C = 59,24; H = 3,85;
Br =18,81; N = 3,33.

1-(2-methoxy-2-oxoethyl)  -4,9-dioxo-3-phenyl-2,3,4,9-tetrahydro-1H-benzo  [f]  isoindole-1-
methylcarboxylate (5m)

The title compound was prepared according to the general procedure as described above in yield
47 %, mp=127-128 °C.*H NMR (400 MHz, CDCls) &, ppm: 11.71 (s, 1H, OH); 7.74 (dd, 1H, =7.6 Hz,
J,=1.5 Hz, CH); 7.60 (t, 1H, J=7.9x2 Hz, CH); 7.44-7.40 (m, 2H, 2CH); 7.38-7.31 (m, 3H, 3CH); 7.22 (dd,
1H, J=8.2 Hz, J=15 Hz, CH); 5.66 (s, 1H, CH); 3.78 (s, 3H, OCH,3), 1.78 (s, 3H, CH3). Calcd for
(Cx3H19NOg), %: C = 68,14; H = 4,72; N = 3,46. Found, %: C = 68,22; H = 4,79; N = 3,51.

3-(4-chlorophenyl)-1-1-(2-methoxy-2-oxoethyl) -4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo [f]
isoindole-1-methylcarboxylate (7)

The title compound was prepared according to the general procedure as described above in 39 %
yield. m. p. 164-165 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30 (m,
1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H, CHs).
Caled for (CxH1gCINOg), %: C = 62,81; H = 4,12; Cl = 8,06; N = 3,18. Found, %: C = 62,77; H = 4,19;
Cl =8,00; N = 3,23.
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3-(4-bromophenyl)-  1-(2-methoxy-2-oxoethyl)  -4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo  [f]
isoindol e-1-methylcarboxylate (9x)

The title compound was prepared according to the general procedure as described above in 35 %
yield. m. p. 151-153 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J,;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J,=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30
(m, 1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H,
CHa). Calcd for (Cx3H1gBrNGOg), %: C = 57,04; H = 3,75; Br = 16,50; N = 2,89. Found, %: C = 57,11,
H = 3,69; Br =16,57; N = 2,93.

4,9-dioxo-1,3-diphenyl-2,3,4,9-tetrahydro-1H-benzo [f] isoindol e-1-methyl carboxylate (5¢)

The title compound was prepared according to the general procedure as described above in yield
97 %, mp=132-135 °C."H NMR (400 MHz, CDCl3) 8, ppm: 11.71 (s, 1H, OH); 7.74 (dd, 1H, J;=7.6 Hz,
J,=1.5 Hz, CH); 7.60 (t, 1H, J=7.9x2 Hz, CH); 7.44-7.40 (m, 2H, 2CH); 7.38-7.31 (m, 3H, 3CH); 7.22
(dd, 1H, J=8.2 Hz, J=1.5 Hz, CH); 5.66 (s, 1H, CH); 3.78 (s, 3H, OCHy), 1.78 (s, 3H, CH3). Calcd for
(CaH1sNOy), %: C =76,27; H = 4,68; N = 3,42. Found, %: C = 76,07; H = 4,61; N = 3,38.

3-(4-chloraphenyl)- 1-phenyl -4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo  [f] isoindole-1-
methylcarboxylate (7¢)

The title compound was prepared according to the general procedure as described above in 93 %
yield. m. p. 161-162 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30
(m, 1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H,
CHa). Caled for (CsH1sCINQy), %: C = 70,35; H = 4,09; Cl = 7,99; N = 3,16. Found, %: C = 70,25;
H=4,15;Cl=7,87, N=3,11.

3-(4-bromophenyl)- 1-phenyl -4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo  [f] isoindole-1-
methylcarboxylate (9e)

The title compound was prepared according to the general procedure as described above in 89 %
yield. m. p. 141-142 °C.'H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30 (m,
1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H, CH.).
Calcd for (CxH1sBrNOy), %: C = 63,95; H = 3,72; Br = 16,36; N = 2,87. Found, %: C = 63,89; H = 3,67,
Br=16,41; N = 2,95.

1-benzyl-4,9-dioxo-3-phenyl-2,3,4,9-tetrahydro-1H-benzo [f] isoindole-1-methylcarboxylate (5¢)
Yield 77 %, mp=127-128 °C."HNMR (400 MHz, CDCl3) 8, ppm: 11.71 (s, 1H, OH); 7.74 (dd, 1H, 3,=7.6
Hz, J,=1.5 Hz, CH); 7.60 (t, 1H, J=7.9x2 Hz, CH); 7.44-7.40 (m, 2H, 2CH); 7.38-7.31 (m, 3H, 3CH); 7.22
(dd, 1H, J=8.2 Hz, J=1.5 Hz, CH); 5.66 (s, 1H, CH); 3.78 (s, 3H, OCHy), 1.78 (s, 3H, CH3). Calcd for
(Cs7HuNOy), %: C = 76,58; H = 5,00; N = 3,31. Found, %: C = 76,51; H = 5,07; N = 3,25.

3-(4-chloraphenyl)- 1-benzyl -4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo  [f] isoindole-1-
methylcarboxylate (7¢)

The title compound was prepared according to the general procedure as described above in 58 %
yield. m. p. 145-146°C."H NMR (400 MHz, CDCls) §, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30
(m, 1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H,
CHa). Caled for (C7H20CINQy), %: C = 70,82; H = 4,04; Cl = 7,74; N = 3,06. Found, %: C = 70,77, H =
4,00; Cl =7,69; N = 3,13.

3-(4-bromophenyl)- 1-benzyl -4,9-dioxo-2,3,4,9-tetrahydro-1H-benzo  [f] isoindole-1-
methyl carboxylate ()

The title compound was prepared according to the general procedure as described above in 36 %
yield. m. p. 111-113 °C."H NMR (400 MHz, CDCls) 3, ppm: 11.64 (s, 1H, OH); 7.62 (dt, 2H, J,;=7.0 Hz,
J,=1.5x2 Hz, 2CH); 7.59-7.56 (m, 2H, 2CH); 7.52 (dt, 2H, J;=8.8 Hz, J,=2.3x2 Hz, 2CH); 7.42-7.30
(m, 1H, CH); 3.88 (d, 1H, J=16.1 Hz, CH); 3.79 (d, 1H, J=16.1 Hz, CH); 3.69 (s, 3H, CH3), 3.50 (s, 3H,
CHa).. Calcd for (Cx;H0BrNQy), %: C = 64,55; H = 4,01; Br = 15,91; N = 2,79. Found, %: C = 64,47,
H=4,11; Br=1587;, N =2,82.
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Bukyian ocHOBHOro marepiany i o0roBopeHHsi pesyabTariB. IlepmmM eramoM pobotu 0Oyiio
OJicpKaHHS BIAMOBIMHUX €CTEPIB aMIHOKUCIIOT. SIK aMiHOKHMCIOTH Oy BHOpaHi acmapariHoBa KHCIIOTa
1n, amanin 16, denimananin le, deninrminua le, rminuu la, Bamin 1B Ta neittua 1r. BuGip mmx
aMIHOKHMCJIOT TIPYHTYBaBCSA Ha BHCOKIM OIOJNOriYHIM aKTMBHOCTI iX MOXIAHMX Ta HEIOCTaTHHOMY
JOCITIKEHH] y IUX peakiisx. Ectepu onepxyBanu 3a BiZIOMOIO METOJUKOIO.

R CO,H R, CO,Me
CH,OH, socl,
0-20°C
NH, NH,
1a-€ 1.1 a-¢
Cxema 1

Kontponp peaknii THIX (CHCly/CH3;OH 10:1) moka3aB NmoBHE BHYEpIAHHS aMiHOKHCIOTH ITiCIs
24-ropuunoi BuTpuMKH. OTpUMaly BIINOBIAHI ecTepw y BHUIIISLII Oe30apBHHX KpPUCTATIB 3 BHXOIOM
82-96 %.

A30METHHH BiIMIOBITHUX KUCIIOT OACPKYBaIIM KUIbKOMa CIIOCO0aMH 32 TaKOK CXEMOIO:

H o)

R4 CO,Me R1
\ﬁﬂ a-e H a H

6 -Me

NH, L R \ R 8 -i-Pr

N’< r -i-But

_ 2ae 4 -CH2COOMe
2Ry=H 3 e CO,Me o ph
R, 3Ry=Cl 4 ae ¢ -CH2Ph

2,34 4R7Br

Cxema 2

Byna BukopucraHa Bimoma Meroauka oxepikanHs ocHOB Illudda, ska nonsrana y 4—6-roniuHHOMY
KIlIATIHHI Y TOJIYOJIi CYMIIlli eCTepy aMiHOKHCIIOTH Ta BiIMOBITHOTO anbjeriay 3 Hacamkoto Jlina-Crapka.
3a 1i€r0 METOAMKO OyJIM OTPUMaHI HU3K1 BUXOIU MPOoayKTiB 42—48 %, a ix unucToTa OyJia He3aI0BUIbHA.

HactynmHum criocoboM Oyj10 NMPOBEIACHHS B3a€EMOMIl y OUXJIOPMETaHI y MPUCYTHOCTI CyibdaTy
MarHito. Peakmiliny cymim ButpumyBasin 12-18 ron 3a kimMHAaTHOI Temmepatypu. Llei meron mokasas
BHCOKI BUXO/U a3oMeTrHiB 2-4a-€82-90 % i 1o6py YMCTOTY OTPUMAHHX CITOTYK.

DFT-0ocrioocenns peakyitinoi 30amnocmi azomemuHinioie Ha 0CHO8I ecmepis a-amiHOKUCIOM mda
1,4-nagpmoxinony. Jns KinmbKicHOT OIIHKM PEAKI[IHOI 3JaTHOCTI pearcHTiB OyJau po3paxoBaHi ix
rIo0abHi IHACKCH PeaKIifHOCTI — TIo0albHa eNeKTPOPUILHICT @, IO € GYHKIIEIO eNeKTPOHEeraTHBHOCTI
1 XiMi4HOT kopcTkocTi, Ta HykieodinbHiCTH N. [nmobampHa enekTpodiNbHICTH TOKa3ye CTabLIBHICTH
SHeprii CHCTEeMH i/l 4ac OTPUMAaHHS EIEKTPUYHOTO 3apsay 330BHI 1 OMUCYE K CXUJIBHICTH eleKTpodiny
“mpuTsAryBaTH” NOAATKOBHH ENEKTPUYHUHN 3apsii, TaK 1 OIMip CUCTEMH MO0 OOMIHY €ICKTPHYHHUM 3apsiioM
3 OTOUYYIOUMM cepenoBHileM. Lls BenmumHa nae 3mory Tinbku 3a 3HadeHHsMu HOMO ta LUMO
1,3-munonss ta gunmonsApodiay OMmIHUTH X B3a€MHY AaKTHBHICTh Ta MOXIIMBHI MEXaHI3M peakiii
(MOMSAPHICTH TEPEXiTHOTO CTaHy, MOXKIIUBICTh YTBOPCHHS IIBITTEP-IOHHUX IHTEPME/IIaTiB Ta iH.).

Sk Oymno BcraHOBIeHO y 1,3-aMmmoii, Ha OCHOBI a30METHHINIAIB MOXYTh TeHepyBaThcs insitu 3
YTBOPEHHSIM YOTHPHOX MOMJIMBUX T€OMETPIiH, SIKi MO)KHA YMOBHO PO3IUTUTH HA TPH TUIH: TeoMeTpii 3 W-,
U- Ta Smomibnumu dopmamu. Tak, mig 4ac JOCHIDKEHHS T'€OMETpid MEpexiiHMX CTaHiB OyJio
BcraHoBJIeHO, 1m0 W-, U-reomerpii BemyTh 10 YTBOPEHHS OIHOrO i3oMepy 2,5-yuc-moximHoro, a JBi
S-noaiOHI KOH(Irypallii, CBOEI0 YePror, BEAYTh 110 10 2,5-mparc- MPOIYKTY.

Tax, 3a mpoBefeHHS peakilii MiX METHIOBHM €CTEpOMOCH3WIIIIEHAMIHOMPOITIOHOBOT KHCIOTH Ta
1,4-varoxiHoHom 1.2 y cepeJOBHIN METaHOIY 3a KIMHATHOI TeMmIeparypu Oyjia OTpHMaHa CyMIill
MPOAYKTIB, Ky HE po3AULUTH. Ha Hamry aymKy, CKIlaj CyMilli MOXKe MICTHUTH JiacTepeoMepHi (opmu
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MPOAYKTY IHUKJIONPHEIHAHHS Ta TMPOAYKT peakilii Mixaens, moxiOHi MepeTBOpeHHs] 3 BUKOPUCTAHHIM SK
JTUITONAPOd Ty eTHIOBOTO €CTEPY aKPHUIIOBOI KUCIIOTH, 110 omucani y [14].

R4 Ar CO-Me Ar R, H CO,Me

VY Garathox poOoTax OMUCAHO, IO BUKOPUCTAHHS SIK KaTali3aTOPH COJECH OAHOBAICHTHUX METANIB
Belle 10 YTBOPEHHS TUIbKU MPOAYKTIB yuc-npueananns. [13]. Take MOXKIMBO 4epe3 CTEpEOKOOPANHAIII0
pearyr4oro gy y HepexigHOMY CTaHi. 3 METOI JOCHIKEHHS MEXaHI3My peakilii Ta MOJIMBOCTI
OJIep’KaHHS IHIIMX 130MepiB MUKIONpUEAHAHHS Oynu BukoHaHi DFT-po3paxyHku eHepriii aktupariii
MEepexXiJJHUX CTaHiB Ta MPOAYKTIB 3a PI3HUX NUIAXIB peakilii, BAKOPUCTOBYIOUH TiOpUIHHNA (YHKIIOHAT
MO06-2X.

Mu BCTaHOBWJIH, 1[0 BUKOPHCTAHHS SK KaTaiizaTopa alerary cpidia 4iTko MPOCTOPOBO KOOPIHMHYE
MOJICKYJy a30METHHLUIIAY Y TMEPEeXiAHOMY CTaHi, IO TMOSCHIOE OTPUMAHHS BUKIIOYHO IPOIYKTIB yuc-
MPHEAHAHHS

Ag=<=—O

Ar\/l}rl Me

Ol 1%

BukopucranHsi HaBEJICHUX CTEPUYHO CTaOLTI30BAHUX XENAaTiB Ja€ 3MOT'y MPOBECTH aCHMETPHYHUI
MIJX1J] 171 IPOBECHHSI CTEPEOKOHTPOIBLOBAHOTO CHHTE3Y.

DFT-po3paxyHku eHepriii mepexiHUX CTaHIB MIiATBEPAWIH MPHIYIICHHS TPO MepeBaKalOuni
CHEPIreTUYHO BUTIIHIIINN eHdo- IEPEXiTHUHN CTaH, a PEaKi(is € TePMOIUHAMIYHO KOHTPOJIbOBAHA.

i

@]
A[ﬁ
H"‘N-‘- \R1
/ > ‘\\\\
Q Ag
o N\
(@)

o
I
M

eHpo

Bucoka axtuBHicTh 1,4-HaTOXIHOHIB SIK CEHTUTHYHUX CKBIBAJICHTIB €IEKTPOHOAUDITUTHHX
QJIKEHIB TIOSICHIOETHCSI CHIILHOIO eneKTpodinbHO0 mpuponoto C=C 3B’ 3Ky 3a paXyHOK eleKTpOHOAU(i-
LIMTHOTO BILIMBY CYCiIHIX KapOOHiNbHUX TpyIl. Moro rno6ansHa enekrpoditsHicts ® = 4,45 eB pobuts
HOro akTHBHUM JUIOIAPOdLIOM y peakiii [3 + 2] HuKIonpreHaHHS.

Cunmes nosux noxionux LA-nagpmoxinony [ 3+2] yuknonpueonannsam azomemuninioie Ha 0CHOSI ecmepig
o-aminokuciom. BuBueHHs nepediry Bzaemozii HadToxiHOHY 1.2 13 a30METHHLUIIIOM Ha OCHOBI TIIMHY 2a B
EKBIMOJISIPHUX CITIBBIZHOLIEHHSX y CEpeNoBHILI aprony 3a temmeparypu 110 °C y Tomyoni mporsrom 12 ron
MOKa3aJ10, 110 PEaKIlis POXOAUTH 3 HU3bKOK KOHBEPCIEI0 BUXIIHUX peareHTiB (koHTponb TIHIX).
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Jns ontuMizanii peakifii Oyj0 MPOBEICHO MIOCTIDKCHHS YMOB B3a€EMOMii 3 BHKOPHCTAHHSM PSIy
kartasizatopis (AgOAC, Cu (CHsCN),BF,, PPhs), B mpucytHOCTi ocHoBH EtsN 3a pi3HOI Temmiepatypu Ta 4acy
B3a€EMOJIIl 3 BUKOPUCTaHHSIM KJIaCHYHOI'O HarpiBaHHS Ta MIKPOXBHILOBOro. HaiiBuimii Buxin merwn — 4,9
miokco-3-erin -2,3,4,89- terpariapo- 1H-6enzo [f] — 1-kapOokcumary 6a (85%) omepskamm mmim yac
Bukopuctandst AgOAC (10 mone %), PPhs (10 moms %), EtsN (0,5 ekB.) sik OCHOBH, B allCTOHITPHII y
MIKPOXBHIILOBOMY peakTopi 3a Temmeparypu 130°C mporsrom 4 rox i moryskaicrio 1o 100 T'm. Lo camy
CHCTEMY KaTalizaTopiB BUKOPHUCTAIIM YISl MPOBEJCHHS PEAKIii KIACHYHIM METO/IOM 1 OTPUMAH CIIONyKy 5a 3
BHX010M 62 % Ta npoxykT 6a — 3 Buxonom 11 % micns 24 rox Harpisarus 3a Temneparypu 110 °C y Tomyori.
TuM caMuM TiATBEpIKEHA JOMUIBHICTh BUKOPHUCTAHHS MIKPOXBHIJILOBOTO BHITPOMIHFOBAHHS JJIsI 3MCHIIICHHS
Yacy Ta 30UIbIICHHS BUXO/Y ITPOAYKTY PEAKIIil MOPIBHSHO 3 KJIACHYHUM HarpiBaHHsAM. Takox OyI1o rmokas3aHo, 1o
mig yac BUKopHcTaHHs sk Katamizatopa Cu (CHiCN),BF, yrBopenHHs mpomykTiB He croctepiraim. [lepeir
peaxiiii 3a KIMHATHOI TeMIlepaTypH He 3a0e31edyBaB 3HAYHOrO 30UTBIICHHS BUXOTy HEOKHUCIIEHOTO MPOAYKTY. B
ycix BapiaHTaX CHUHTE3y KOHTpONb peakiii mpoBomwm merogom TIIX, peakiiito MpOBOIMIM IO TOBHOTO
3HUKHEHHST Ha XpOMaTorpami BUXITHMX pedoBHH. OTpUMaHy CyMIlll MPOIYKTIB YIApIOBATU Til BaKyyMOM.
OneprkaHuil Ocajl OYMIIAIM XpoMaTorpadyBaHHSAM Ha KOJOHI CHITIKATEIIO 13 BUKOPHCTAHHSM B POJI SIFOCHTY
cyMili IKIIorekcany i erwanerary 1/99 no 50/50.

CO,Me
CO,Me Q CO,Me

0 (
N
Y 10 mol% AgOAc, =
, 10 mol% PPha NH NH
TEA =
2a 'e)
12 ©

RSN S

Cxema 3
Tabnuys 1
) ) ) Buxing, %

T,°C Yac, ron Karamizatop, Jliranz OcHoBa HarpiBannst

6a 5a
130 4 - - MW - -
110 12 - - classcd - -
130 4 AgOACc EtsN MW 14 3
110 12 AgOAC Et;N classcd 7 -
r.t 24 AgOAC EtsN classcad 2 7
130 4 AgOAcC, PPh; EtsN MW 85 -
110 24 AgOAc, PPhg Et;N classcd 62 11
r.t. 24 AgOAcCc, PPhg EtzN classcd 15 9
100 24 Cu (CH;CN),BF, - classcd - -
100 12 Cu (CH;CN),BF, - classcd - -

3a pesynpratamu PX-MC OCHOBHMM MPOIYKTOM, 110 OYB BUJUICHHIA EKCIIGPUMEHTAJILHO, € CIIONTyKa 3
MOJICKYJIIPHOIO MacO0, MEHILIOK Ha 2 OIMHUIN Bil TEOPETUYHO OYIKYBaHOI, IO JOJATKOBO MiATBEPHKEHO
maravu "HSIMP-crieKTpocKorii.

B ycix BHMMagkax CHHTe3y aHami3 crektpa "H-SIMP ofepiKaHOi MaXKODHOI CIOIYKH TIOKA3aB, IO
y BUAUICHOMY TPOIYKTi BimOyBajocst iNGtU BHYTPILIHBO-MOJEKYSIDHE JETiIPOreHyBaHHS YOTHPHOX aTOMIB
BoIHIO. EjleMiHyBaHHS ABOX MPOTOHIB XIHOIAHOrO pedpa Ul MOXIMHUX XIHOHIB € 3BUYHHMM IMPAaBHJIOM, SIK BKE
Ooyno ommcano B [1-6], meif ¢akr MoXHa TIOSCHHTH OKCHIAIIHHAM e(heKTOM HEeIpopearoBaHoro
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1,4-Ha(hTOXIHOHY Ta JCPOTOHYIOUOIO 3IATHICTIO OCHOBH BBEIEHOI Yy peakiiito. CBOEI YEproro, BiIICIICHHS
aTOMIB BOJHIO BiJl a30METHHOBOIO peOpa 3 YTBOPEHHAM IMKITIYHOI CUCTEMH POy JUISA IUX TeTEPOLUKITIUHIX
cucteM OyIIo BUSIBIICHO BIIEpIIIE.

[Tin yac BUKOpHCTaHHS TIONEPENHBO ONTHMI30BaHOI METOJMKH B alleToHITpuili 3a nprcyTHocti AGOAC
(10 moms %), PPhs (10 moms %), EtaN (0,5 exB.) y MikpoxBrmsoBoMy peaktopi 3a Temmeparypu 130 °C nporsrom
4 rox i noryxuicTro 10 100 't 11 oxeprkanHs psxy noxigHux 1,4-HaTOXIHOHY 3 a30METHHLTIIAMH Ha OCHOBI
acrapariHoBOi KUCIOTH — 2-4n, anaHiHy 2-40, ¢eHinananiny 2-4e ta (eHUT NIIKHY 2-4€ HE TIOKa3aia BUCOKHX
BuxomiB mpoaykTiB (0-15 %). Byio BHpillleHO TPOBECTH CHHTE3 3a KIACHYHOI) METOIMKOI 3 BUKOPHUCTAHHIM
AgOAC (10 mons %), PPhs (10 mons %), EtN (0,5 exs.) nix yac Harpisanns no 110 °C nporsrom 24 rox y
tomyori. Korrpors TIIX Moka3aB 3HUKHEHHS BUXITHIX MPOIYKTIB, IPOTE Mic/st po3ainenns anams "H-SIMP me
3aikCyBaB YTBOPEHHSI OYIKYBaHWX MPOAYKTIB PEaKilii, a TUIbKH MPOAYKTH Jerpajailii BUXITHUX pPEarcHTiB.
[pote 1715t a30METHHITIIB HA OCHOBI BAJTIHY 2-4B BUKOPUCTAHHS METOIMKH MPOBEICHHS CHHTE3Y B alleTOHITPHITI
3a mpucytHocti AGOAC (10 mome %), PPhs (10 momb %), EtN (0,5 exB.) B MiKpOXBHIBOBOMY peakTopi 3a
temneparypu 130 °c mporsiroM 4 rof i motysxHicTio 10 100 I'11 moka3asio BUCOKI BUXOAU MPoAyKTiB 27—35 %, 1110
MICTATh BHKIIOUHO (parMeHT 2-Ar,5-R-2,5-mirinpo-1H-mipony, yTBOpEeHHS TPOMYKTIB JEriporeHyBaHHS
YOTUPHOX MPOTOHIB 3a(iKCOBAHO He OyJ10. Y pa3si B3aeMO/Iii a30METHHIUTIIIB HA OCHOBI JICHIMHY 2-4T YTBOPEHHS
MPOAYKTIB XIHOIMHMX MoximHnX 2H-mipory Oyro BuaiieHo 3 Buxonom 8-15 %.

Byna npoBeneHa ueprosa ONTHMI3Allisl YMOB PEAKIIIl 32 KIACHYHOK METOIMKOI Ha MPUKJIAl B3aeMOIIl
1,4-nadToXiHOHY 3 a30METHHLTIZIOM Ha OCHOBI aJlaHiHy 20.

CO Me

10 mol% AgOAc,

10 mol% PPh
f 0 5 ekB TEA

Cxema 4
Tabnuys 2
T,°C Yac, rox Katamizatop, Jlirasg OcHoBa Buxin, %
56 60
110 12 10 moms %, AgOAC, PPhs EtsN 17 23
110 24 10 moms %, AgOAC, PPh; EtsN 3 11
110 12 10 moms %, AgOAC, PPh; EtNiPr, 15 5
110 24 10 moms %, AgOAC, PPh; EtNiPr, 12 20
60 12 10 moms %, AgOAC, PPhs EtsN 54 12
60 24 10 Mo %, AgOAC, PPh; EtzN 35 3
60 12 10 moms %, AgOAC, PPhs EtNiPr, 49 8
60 24 10 moms %, AgOAC, PPh; EtNiPr, 31 12
K. T. 12 10 Mo %, AgOAC, PPh; EtzN 54 -
K.T. 24 10mous %, AgOAC, PPh; EtsN 79 -
K. T. 12 10 Mo %, AgOAC, PPh; EtNiPr, 67 -
K. T. 24 10 Mo %, AgOAC, PPh; EtNiPr, 74 -

Hatikpanmii pesynbrar OyB OTpUMaHWH TiJ Yac TPOBENECHHS pPeakilii 3a KIMHATHOI TeMIiepaTtypu 3
BukopuctanHsaM cymirn B 10 % karamizaropi i jiranaa ta 0,5 ekBiBasieHTy TpueTHiIaMiny. J{iis opiBHAHHS Oyria
MIPOBE/ICHA PEAKIIIS 3 JAWI30MPONUICTHIAMIHOM, aJie BUXIiJ MPOAYKTIB OYB HE3HAYHO MEHIIMH, HDK Y peakiil 3
BUKOPHCTAHHSIM TPHETHIIAMIHY, TOMY B IOJaJIBIIIOMY BUKOPHCTOBYBAIIM TUTHKW OCTaHii. PeakiiiiiHi yMOBH Ta
BHXOJIM KOKHOT'O 3 IPOYKTIB B3aEMOJIii BIMOBIAHKMX a30MeTuiIimiB 3 1,4-HahTOXIHOHOM HaBeieHO y TalI. 3.
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Tabauys 3
MpoaykTu 1,3-1uN0aAPHOT0 HMKJIONPHEAHAHHA HA ocHOBI 1,4-HadToxiHony

A3oMeTHHIIIx
R,=H (5,6), Cl (7,8), Peaxiritini ymoBU IIpoxykr
Br (9,10)
1 2 3

3-11% 47-62%
CO,Me MeO,C

~ 10 moss % AgOALC, / .
N 10 Mo % PPh; 0,5ekB. """"'QRz y A

Et3N, Tonyomn, 110 °c =

5a,7a,9a
e}

10 momp % AgOAC, R,
10 momb % PPh3 0,5exB. 6a,8a,10a
EtsN, CH,CN, 130°C, | 71-85%
MW 100 I'g

10 mons % AgOAC,
Me CO,Me 10 momb % PPh3 0,5eks.
Y Et3N, Tonyom, k. T.

/ N
10 moms % AgOAC,
10 mons % PPh3 0,5exs.
Et3N, Tomyon, 60 °c
R2
/N

RZ
66,86,106
CO,Me
58,78,98
10 mons % AgOAC,
10 momb % PPh3 0,5exB. . i
EtsN, CH5CN, 130 °C, 2
MW 100 I'rg
27-45%
R2
6r,8r,10r

Z 10 monp % AgOAC, MeO,C,,, 5r.7r.9r
10 moss % PPh3 0,5ekB. | Q /—NH
(5 EtsN, CH,CN, 130°C, QRZ
MW 100 I'ry

R, 0 21-37%
o 35-47%
CO,Me 10 moms % AgOAC, )
MeO,C CO,M:
e /Y 10 mois % PPhg 0,5exs. /%/ g -~
AN Et3N, Tonyon, k. T. 5 COMe
s NH
10 mons % AgOAC, a K %

10 mons % PPh3 0,5exs.
EtaN, CH,CN, 130°C, | ¢ 5 o

R, MW 100 I'ry 7 349 R2 60,80 0-11%
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Ipoooeoicennss mabn. 3

1 2 3 4

MeOQ 10 moms % AgOALC,
N>‘© 10 momnb % PPhg 0,5eksB.

\ Et3N, Tonyom, k. T.

5e,7e,9¢e

10 moms % AgOAC,
10 momnb % PPhg 0,5ekB.
R Et3N, Tomyon, 60 °c

2

10 mons % AgOAC,
comMe | 10momb % PPh; 0,5eks.
Et3N, Tonyorn, k. T.
10 mons % AgOAC,

10 momb % PPh3 0,5exB.
Et3N, Tomyon, 60 °c

B ycix BapiaHTax CHHTE3Y KOHTPOJb peakilii mpooaunu merogoM TIIX, peakiiito MpoOBOAMIN 10
MOBHOTO 3HUKHEHHS Ha Xpomarorpadi BUXiIHUX pedoBHH. OTpHUMaHy CyMilll IPOAYKTIB yHaproBaid Mij
BakyymMoM. Ojiep>kaHuil ocal OYHIIali XpoMaTorpadyBaHHIM Ha KOJIOHI CHITIKATENIO 13 BUKOPHCTAHHSIM y
PO eMOEHTY CyMIilll IMKIIOreKcany i ermanerary 1/99 mo 50/50.

Bynoga mipornis 5a-€, 10a minrBepmkyerses manumu "H SIMP-criextpis. ¥V 'H SIMP-criekTpax mopsi
13 CHTHaJIaMH MTPOTOHIB XiHOIAHOTO ()parMeHTa HasiBHI CHHTIICTH MPOTOHA METHHOBOI IPYIH MipOJIBLHOTO
mukty 3a 5.54-586 m. 4. y moximaux 2-Ar,5-R-2,5-murinpo-1H-mipony. MerokcudparmenT B ycix
MOXIHUX TPOIUCYETHCS TPUIIPOTOHHUM CUHIJICTOM B 00iacTi 3.64—4.06 M. 4.. CurHajii apoMaTUYHHX
MPOTOHIB XIHOIHOTO (pparMeHTa 1 apHIIbHUX 3aMiCHHUKIB MPOMUCYIOTHCS CKIIAJHOI0 CHCTEMOIO CHTHAIIIB y
XapakTepHii oonacti 7.64-8.36 M. u..

BucHoBku. CHHTE30BaHO PsiJl HOBUX FETEPOLUKIIYHUX CHCTEM, IO MICTATh SIPO MIPOITy, Ha OCHOBI
1,4-nadTOXiHOHY Ta ecTepiB 0-aMiHOKHCIIOT. BcTaHOBJIEHO, IO BHKOPUCTaHHS SIK KaTamizaTopa aleraTty
Cpi0Jia YiTKO MPOCTOPOBO KOOPAMHYE MOJICKYJY a30METHHUIY Yy MEPexiAHOMY CTaHi, IO IOSCHIOE
OTPUMAaHHS BUKIIOYHO MPOIYKTIB yuc-npueananss. [IpoBeneHo onTuMizaliito yMoB repediry peaxiii. TTig
yac aHajily OTPUMaHUX PE3yJIbTaTiB Oyna BCTAHOBJICHA TaKa 3aKOHOMIPHICTh, IO i 4Yac mepediry
peakiii 3a KJIaCHYHOIO METOIUKOI0 TMEPEBAKHO YTBOPIOIOTHCS HUKIIYHI MPOAYKTH AHETIOBAHHS JBOX
MPOTOHIB 10 XiHOITHOMY pebpy, a M Yac BUKOPUCTaHHS MiKPOXBHIIOBOT'O BUIIPOMIHIOBAHHS OTPHUMYIOTh
3 OUIBIIMM BHUXOAOM JCTiApaTOBaHi MPOJAYKTH 3 JIBOMA CHIOLMKIIYHMUMH MOJABIHHUMH 3B'sS3KaMH y
reTepOLUKIIYHOMY (hparMeHTi.
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