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CHUHTE3 TPUA30JIOB U IIMPA30JIOB
N3 METUJI MAJIEOIIUMAPUMU/3AMEINEHHBIX AMUHOKHUCJIOT

© P.H. ManuxoBa, U.M. CaxayTiuHoB

1,3-/lunonspHoe MUKIONPUCOSANHEHNE THA30MEeTaHa WM METIII-2-a3ujoalerara K ajlieHoaTaM MPUBOIUT
K PETHOCEIICKTUBHOMY 00pa30BaHMIO THOPUIHBIX COCITMHEHHN, COJEPKAIIUX TUTSPIICHOBEIA parMeHT U dapMma-
KO(OpPHBIC MHPA30JIbHOE WIN TPUA30IBHOE KOJIBIIA COOTBETCTBEHHO. [1Mpa3oi — MATHWICHHBIH TeTepPOIMKI, CO-
JepyKaliii IBa COCETHHMX aToMa a30Ta, CTal OJHHM M3 HanOollee BaKHBIX KApKAacOB B CBS3H C €T0 IIHPOKHM
pactpocTpaHeHHEM B MPHPOIHBIX MPOAYKTax W (HapMaKOJIOTHYECKH aKTHBHBIX coequHeHHsX. Heckompko mmpa-
30JICOJICPIKAINX COSAUHEHUH, TAKUX KaK IEICKOKCUO, pUMOHA0AHT M BHArpa, OBUTH YCIICITHO KOMMEPITUAI3H-
pPOBaHBI B KaYeCTBE JICKAPCTBEHHBIX CPeACTB. ['eTeponukindeckue cucTeMsl ¢ 1,2,3-Tpra3onbHBIM KOJIBIOM SIB-
JSFOTCSL TAKKE BeChbMa MPHBJICKATEIFHBIMI COCTUHEHISIMA B TUIaHE MIPUMEHEHHS WX UL CO3JaHUSI CPENCTB 3a-
IIUTHI, PETYJIATOPOB POCTa PACTCHUH U JICKAPCTBEHHBIX MPEMAapaToB, H3BECTHBIC CBOUMH aHTHOAKTEPUATHLHBIMH,
MPOTUBOBOCIIATUTEILHBIME, TIPOTHBOMHUKPOOHBIMHU, TPOTUBOOIYXOJIEBBIMHU, IPOTUBOCYAOPOKHBIMH, aHTHAILIEP-
THYECKUMHU CBoHCTBaMuU. Kpome Toro, MaeomuMapoBasi KUCIIOTa, KOTopas siBisieTcs: axaykroM Jmmsca-Anbaepa
KaHU(OJIU C MAIICHHOBBIM aHTHUAPHUIIOM, pACCMATPHBAETCS KaK BaKHBIN KapKac Ui CHHTE3a MHOTHX OMOAKTHB-
HBIX MOJICKYJI. YUHUTBIBasl 3TO, HAMHU OBUI BRIOpAH METUII MAJICOMTUMAPAT B KAYECTBE JISTKOJOCTYITHOTO CTapTOBO-
ro OJ0Ka I CHHTE3a MPOM3BOJHBIX MHpa3oyia u Tpuazona. OcylecTBiIeHa MOTU(pHUKALINS TPOU3BOJIHBIX METH-
JIOBOTO 3(Hpa MAIICOTTMMAPOBOH KHCIOTHI IIOCPEACTBOM BBeACHHUS (hapmMakopopHbIX 1,2,3-Tpra3oapHOro u mmpa-
30JIBHOTO IUKJIOB. [JI MOCTPOCHNUS MATHWICHHBIX IIMKJIOB HAMU HCIOJIb30BaHA peakius 1,3-TUIONSIPHOTO IHK-
JOTPUCOSANHEHNUS, ISl STOr0 CHadana OBUIM TMOJYyYeHBI aJUICHOBBIE COCITUHEHUS W3 MPOAYKTOB KOHICHCAIHU
METIJI MaJleonuMapaTa ¢ TIIMIUHOM U B-anmaHuHoM. ClienyeT OTMETHTB, UTO 110 CTAHIAPTHOW METOIHKE IOIyde-
HUSI TPUA30JI0B C UCIOJF30BAHUEM SKBHMOJIBHOTO KOJIMYECTBA a3UJia, BBIXOJBI TPHA30JI0B He mpenbimaT 20%,
TOT/Ia KaK MCIOJIb30BaHUE ABYXKPATHOTO M30BITKA METHII-2-a3U0alleTaTa MO3BOJIMIO TTOBBICUTH BBIXO/] IEJICBBIX
MPOAYKTOB OoJiee 4yeM B JBa pasa. BriseieHo, uto B3anmoneiicteue CH;N, ¢ amneHoaTamu npoTekaeT permoce-
JeKTUBHO ¢ oOpazoBanueM C-N CBs3U B 0-TIOJIOKEHWH K CIIOKHOA(UPHOI rpynne. Bo Bcex ciyuasx HaOmoa-
JIach HEMOJIHAS KOHBEPCHs allIeHOaToB. Tak, pa3paboTaHbl yJOOHbBIC CIIOCOOBI CHHTE3a MPOU3BOIHBIX METHI Ma-
JeonrMapaTa, CoAepKaIix B CTPyKType papMakoQOopHBIE TPHA30JIFHOE U THPA30IEHOE KOJIBIIA.

KiroueBble crioBa: METHJI MajeoNMMapUMUAbI, MHUpa3zonsl, 1,2,3-Tpuaszonsl, amieHoatsl, 1,3-aumnosisipHoe
[IUKJIOTIPHCOCTHHEHHE.

Beenenue. [1upa3osbl SBISIOTCS OJHUMH M3
HauOoJIee BaXKHBIX TETEPOAPOMATUUCCKUX COCIH-
HEHU, B CBS3M C WX IMIMPOKUM PACIPOCTpaHEHHEM
B MPUPOIHBIX NPOAYKTaX, a TaKke B (papmakosio-
THYECKH aKTUBHBIX coemuHenusx [1, 2]. TIpowus-
BoAHbIE 1,2,3-TpHa30JI0B TaKK€ BEChbMa YCHEIIHO
MIPUMEHSIOTCS B KayeCcTBE OMOJIOTUYECKH AKTHB-
HBIX BEIIECTB Pa3jIMYHOrO JCUCTBUSA, CPEICTB 3a-
IIUTBL U PEryasaTopoB pocta pacteHuil [3]. IIpo-
JIOJKast padOTHI TI0 CUHTE3Y MOTEHIIUAIIBHO OHOJIO-
THYECKHM aKTHBHBIX COCIMHEHHM HAMU CHHTE3UPO-
BaHbl HOBBIC aJIeHOAThl Ha oOcCHOBEe N-maieo-
MUMapUMUI3aMEIICHHBIX aMHHOKUCIIOT (TJIMIUHA,

[-aylaHvHa), KOTOpBIC Jlajiee BBEJCHBI B PEAKIIUIO
1,3-AUMOSIPHOTO ITUKJIONPUCOSAUHEHUS C JTUA30-
METaHOM WJIH METHII-2-a3UI0alleTaTOM.

Pe3yabTaThl m o0cyxknenne. XIopaHTUIPU-
JbI KHCIOT 2a,h, MOJTyYeHHbIe U3 METHIMAIICOIH-
MapHMH/IHBIX KUCIOT 1a,b 1 oxcanunxiopua, mos
JICUCTBHEM TPHATHIAMHUHA Jal0T KeTeHsl 3a,b. Bo-
BJIEYEHHE TOCIeTHHX IN Situ B peakuunto oneduHu-
poBanusi mo Butrtury c wmetwi(tpudenunndoc-
(hopaHHIIHIEH )alleTaTOM MPUBOAUT K 00pa30BAHUIO
aenoartos 4a,b (puc. 1).
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Puc. 1. Xumnueckue tpancdopmanuu kucioT 2a,b u amreroaros 4a,b

Peakuusi annenoatoB 4a,b ¢ marukparHbIM
n30biTkoM CH,;N, B mpHCYTCTBHM 3KBHMOJIBHOTO
xonnyectBa Et;N maer 3,4-musameniennsie 1H-
nupasossl 5a,b ¢ Beixomamu 39 u 51% cootBercT-
Benno. Otmeueno, uyro B3ammoneicteue CH,N, ¢
1,2-nqueHoaTaMu TPOTEKAET PErHOCENIEKTUBHO C
obpazoaareM C-N CBSI3U B 0-TIOJIOKESHHH K CIIOXK-
HO3(upHOW Tpymme. Tpua3onbHBIE COCTUHCHHS
6a,b cuHTE3MpOBaHBI MyTEM KHUISTYCHHS aJlJIeHOA-
TOB B Toiyoie B Tedenne 10 9 ¢ wmermi-2-
asumoarieTatoM. Bo Bcex ciywasx HaOIromaeTcs
HeroJiHas KoHBepcusi ayuenoaroB 4a,b (70-75%).
CTpyKTyphl TIOJNyYEHHBIX COCJIMHEHUH [OKa3aHbI
CHEKTPATbHBIMU TaHHBIMU.

IkcnepuMeHTAILHAA YacTh. VK criekTps! 3a-
nuceiBa  Ha mpubope IR-Prestige-21  (Fourier
Transform Spectrophotometer — Shimadzu) B Torkom
ciroe win BazennHoBoM Maciie. Criektpsl SIMP mommy-
4yeHbl Ha cnektpomerpe Bruker-AM 500 ¢ paboueit
gacroroii 500.13 MIm (*H), 125.76 MI'y (“C),
BHYTpeHHHH cTannapt — terpamermwicwiad (TMC).
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MeTtumnoBslii 3pup MaaeomMMapoBOl KUCIOTHI
CHUHTE3UPOBAJIM 110 M3BECTHOH Meroauke [4], dwu-
3UKO-XUMHUYECKHE XaPaKTEPUCTHKH COOTBETCTBO-
BaJIM JIATEPaTypHbIM JaHHBIM. Kwuciorer 1a,b
HOJTy4Yaii 10 METOJMKE, ONMMCAaHHOW B paboTax [5,
6], amens: 4a,b — B [7].

MeToauka moOJyYeHHs1 MHpa3ooB 5a,b:
K oxnaxxnennomy no 0°C pactBopy 0.5 T amieHoa-
ToB 4a,b B 20 MJI XJIOPHCTOrO METHIICHA T00aBIISLIIN
SKBUMOJIBHOE KoimdecTBO ELN u mpwimBamm B
OJIMH TIPHEM 5- KpaTHbBIN U30BITOK CBEXEIOTy4eH-
noro pactsopa CH;N, B CH,Cl,, moBomumu 10 kKom-
HAaTHOM TemrepaTyphl. PeakMoHHYI0 Maccy mepe-
MEIIMBAIM Ha MArHUTHOHN MelIajKke PU KOMHATHOM
TemIieparype B TeueHue 6 4. PacTBopurens OTroHs-
JM, TIPOAYKTHl PEAKIMW BBIIEISIN KOJOHOYHOM
Xpomarorpadueil Ha cuiMKarene (3JIIOEHT: MEeTpo-
JiekHbIi adup/sTunanerart, 1/1).

Metua 12-uzonponui-2-{[3'-(meTokcu-
Kapoonmi)-1H-mupaszon-4'-un|mernn}-6,9a-nu-
MeTmiI-1,3-nuokcorekcagekarnapo-36,11-sre-
HoHa(dTo|2,1-e]u30uHI0I-6-KapOokcuaaT (5a)



XUMUA

Breixon 39%, xenteiii mopomok, T,, 194-195°C.
UK, v em™: 3146, 1726, 1693, 1682, 1372, 1337,
1243, 1102. SIMP 'H (CDCl3), § m. x.: 0.54 (c, 3H,
C'Hs), 0.71 u 0.82 (M, 6H, 2C*"H;), 0.91 u 1.39
(M, 2H, 2em-C°Hy), 1.11 (c, 3H, C*®Hs), 1.19 u 1.43
(M, 2H, 2en-C°Hy), 1.47 (m, 2H, C°Hy), 1.21 u 1.62
(M, 2H, 2em-C™°Hy), 1.65 u 2.49 (v, 2H, 2em-C*Hy),
1.35 (v, 2H, C*H, ), 1.52 u 1.69 (M, 2H, cen-
C'H,), 1.74 (m, H, C**H), 2.07 (v, H, C**H), 2.43
(z, H, C¥H, J=8.2), 2.79 (am, H, C**H, J=2.9,
J=8.2), 3.02 (v, H, C''H), 3.64 (c, 3H, C*°H;), 3.93
(c, 3H, C*'H3), 4.68 u 4.79 (x u 1, 2H, 2em-C ' Hy,
J=15.1), 5.38 (c, H, =C*H), 7.57 (¢, H, =C°H)
11.3 (¢, H, N'H).

Merna 12-usonpomua-2-{2''-[3'-(MmeToKcH-
Kapoonuia)-1H-nupazon-4'-ua|3Tun}-6,9a-1u-
MeTHJI-1,3-1uokcorekcaruapo-36,11-3tenonad-
T0[2,1-e]u3ounI0N-6-Kapbokcuaar (5b) Bexon
51%, T,, 84-85 °C. UK, v cm™: 3114, 1731, 1694,
1685, 1375, 1340, 1256, 1105. SIMP 'H (CDCly),
& M. 1.0 0.56 (c, 3H, C'"Hj), 0.9 u 0.93 (v, 6H,
2C%H,9), 0.96 u 1.38 (M, 2H, cen-C°H,), 1.14
(c, 3H, C*®Hy), 1.17 u 1.45 (M, 2H, 2en-C°H,), 1.49
(M, 2H, C®H,), 1.19 u 1.63 (M, 2H, cem-C'°Hy),
1.68 i 2.49 (M, 2H, 2em-C*Hy), 1.38 (m, 2H, C*H,),
1.53 u 1.72 (m, 2H, 2em-C'Hy), 1.75 (m, H, C*H),
2.16 (m, H, C*H), 2.39 (1, H, C*H, J=8.1),
2.77 (mo, H, C*H, J=3, J=8.1), 2.88 (M, 2H,
C’H, ), 3.04 (m, H, C"'H), 3.58 (m, 2H, C'H, ),
3.66 (c, 3H, C*Hs), 3.96 (c, 3H, C*H,), 5.37
(c, H, C®*H), 7.59 (c, H, C°H), 10.4 (c, H, N H).

MeToanka mnoJydeHusi Tpua3oyoB 63a,b:
0.01 monp amteHos 4a,b u 0.02 monp MeTwI-2-
aszpjoaneraTa KAMATWIN B 15 MIT Toiryolia B Teue-
Hue 10 4. 3areM pPEakIMOHHYIO MacCy YHapwiiu,
OCTAaTOK XpOMaTOFpa(i)I/IpOBaJ'II/I Ha CHJIMKareiie
(nerponeitaprit 3pup- sTrnanerar 2:1).

Metua 12-n3onponunia-2-{[4'-(MeTOKCH-
Kapoonu)-1'-(2'-meTokcu-2'-okcodTni)-1"H-
1',2",3"-Tpunazon-5"-na|merni}-6,9a-numerni-
1,3-nuokcorexkcaaexaruapo-3b,11-3Tenonad-
T0[2,1-e]uzounm0-6-kapookcuaar (6a) Bexon
58%. JKentoe macmo. UK, v cm™: 1223, 1388,
1438, 1591, 1703, 2253. SIMP *H (CDCly), & m. x.:
0.52 (c, 3H, H'); 0.73 (1, 3H, J=6.8, C'*H;); 0.80
(z, 3H, J = 6.8, C*®Hy); 0.89 (v, 1H, H?); 1.10
(c, 3H, C™®Hy); 1.15 (m, IH, H®); 1.21 (M, 1H, H'):
136 (M, 1H, H®); 1.41 (v, 1H, H%; 1.43-151
(v, 2H-rem., Hy%); 1.48 (m, 1H, H°); 1.51 (M, 1H,
H): 1.62 (m, 1H, HY); 1.65 (v, 1H, HY); 1.69
(v, 1H, H'); 1.72 (m, 1H, H*); 2.04 (m, 1H, J= 6.8,
H™¥); 2.41 (o, 1H, J= 8.1, H®); 2.44 (m, 1H, HY;
2.74 (un, 1H, J = 8.1, H™); 2.97 (¢, 1H, H'); 3.62
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(¢, 3H, C®Hs); 3.76 (c, 3H, CH3'); 3.92 (c, 3H,
C¥Hs); 4.80, 4.89 (z, 2H, J=15.2, H,"); 5.25, 5.39
(1, 2H, J=18.2, H,%); 5.41 (c, 1H, H™).

Merua 12-uzonmponui-2-{2''-[4'-(MeTOKCH-
KapooHua)-1'-(2'-MeToKcH-2"-0Kkc0odTHI)-1"H-
1',2",3"-Tpuazon-5"-un]3Tun}-6,9a-numerni-1,3-
auokcorexkcaaekaruapo-3b,11-arenonadro[2,1-
e]uzonnmon-6-kapooxkcunar (6b) Beixox 51%.
XKenroe macno. MK, v em™: 1377, 1405, 1442,
1690, 1724, 1754. IMP 'H (CDCls), & m. x.: 0.57
(c, 3H, C*"Hs,); 0.88 (z, 3H, J = 6.8, C*°Hs); 0.92
(z, 3H, J = 6.8, C*®Hs); 0.95 (M, 1H, H%); 1.12
(c, 3H, C*®H,); 1.18 (m, 1H, H%); 1.22 (M, 1H, H™):
139 (m, 1H, H®); 1.42 (m, 1H, H%; 1.41-1.49
(M, 2H-rem., H,%); 1.46 (m, 1H, H%); 1.52 (M, 1H,
HY; 1.64 (v, 1H, HY); 1.68 (v, 1H, HY; 1.71
(v, 1H, H): 1.74 (M, 1H, H*®); 2.14 (m, 1H, J= 6.8,
HY); 2.41 (z, 1H, J = 8.0, H®); 2.48 (m, 1H, HY;
2.77 (am, 1H, J = 8.0, H™®); 3.00 (mx, 2H, J=8.0,
H,M); 3.02 (¢, 1H, H™); 3.57 (mn, 2H, J=8.0, H,%);
3.65 (¢, 3H, C®H,); 3.80 (c, 3H, C¥Hs); 3.95
(c, 3H, C'%H5); 5.22 (c, 2H, H,%); 5.37 (¢, 1H, H®).

3aknawuenue. TakuM oOpazoMm, HaAMH TIOTY-
YeHbl TUOPUIHBIC COCAMHCHUS, COICpKAIUE JIU-
TEPIICHOBBIA OCTAaTOK W (hapMako(OpHBIE MHpa-
30JIbHO€ W TpPUA30jbHOE  KOJbLA, IIyTEM
1,3-AUMoNsIpHOTO ITUKJIONPUCOSAMHEHUS TUA30ME-
TaHa WIKM METH-2-a3ujoanerata K ajuleHoaTam,
MONYYeHHBIX M3 MeTwi1 N-ManeonumapuMui-
3aMCIICHHBIX aMHUHOKUCJIOT.

Paboma evinonnena no meme AAAA-A20-
120012090026-9 coczaoanus ¢ ucnoavzosanuem
o0bopyoosanus Llenmpa KOWIEKMUBHO20 NOIb3068a-
nus  «Xumusy Yumckoeo Hncmumyma xumuu
Y®UL] PAH.
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SYNTHESIS OF TRIAZOLES AND PYRAZOLES
FROM METHYL MALEOPYRIMARIMIDE SUBSTITUTED AMINO ACIDS

© R.N. Malikova, I.M. Sakhautdinov

Ufa Institute of Chemistry — Subdivision of the Ufa Federal Research Centre
of the Russian Academy of Sciences,
69, prospect Oktyabrya, 450054, Ufa, Russian Federation

The 1,3-dipolar cycloaddition of diazomethane or methyl 2-azidoacetate to allenoates results in the
regioselective formation of hybrid compounds containing a diterpene fragment and pharmacophore pyrazole or
triazole rings, respectively. Pyrazole, a five-membered heterocycle containing two neighboring nitrogen atoms,
has become one of the most important scaffolds due to its wide distribution in natural products and pharmacologi-
cally active compounds. Several pyrazole-containing compounds, such as celecoxib, rimonabant and viagra, have
been successfully commercialized as drugs. Heterocyclic systems with a 1,2,3-triazole ring are also very attractive
compounds in terms of their use for creating protective agents, plant growth regulators and drugs, known for their
antibacterial, anti-inflammatory, antimicrobial, antitumor, anticonvulsant, antiallergic properties. In addition,
maleopimaric acid, which is a Diels-Alder adduct of rosin with maleic anhydride, is considered as an important
framework for the synthesis of many bioactive molecules. With this in mind, we selected methyl maleopimarate
as an easily accessible starting block for the synthesis of pyrazole and triazole derivatives. Maleopimaric acid me-
thyl ester derivatives were modified by introducing pharmacophore 1,2,3-triazole and pyrazole rings. To construct
five-membered cycles, we used the reaction of 1,3-dipolar cycloaddition; for this, first, allenic compounds were
obtained from the methyl maleopimarata — glycine and B-alanine condensation products. It should be noted that
according to the standard method for the preparation of triazoles using an equimolar amount of azide, the triazole
yields do not exceed 20%, while the use of a twofold excess of methyl 2-azidoacetate made it possible to increase
the yield of the target products by more than two times. It was revealed that the interaction of CH,N, with
allenoates proceeds regioselectively with the formation of a C-N bond in the a-position to the ester group. In all
cases, incomplete conversion of allenoates was observed. Thus, convenient methods have been developed for the
synthesis of methyl maleopimarate derivatives containing pharmacophore triazole and pyrazole rings.
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