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CHUHTE3 bPOMO- 1 ABNJOITPOU3BOJHBIX
2-IIMAHO-3,4-CEKO-4(23)-EH-28-OKCO-AJIVIOBETYJIOHA

© A.B. IleTpoBa

PazpaboTka (apMaKoIOTHIECKUX areHTOB Ha OCHOBE JOCTYIIHBIX TPHUTEPIICHOMIOB SIBIISCTCS AKTyaIbHBIM
HaNpaBJICHHEM MEIUIUHCKON XUMHHU. boJbioe 4nciio myOnuKaruii Mo BEIACICHUIO 1 MOTU(PHUKAINSIM HaTHBHBIX
TPUTEPIICHOUIOB CBUICTEIBCTBYET O BAXKHOCTH STHX COCIHMHEHUI, KaK TIEPCIEKTUBHBIX B CHHTE3€ HOBBIX (hapMa-
KOJIOTHYECKUX CPEICTB C IPOTHBOOITYXOJIEBOM, MPOTUBOBOCIANUTEIHHOM, IPOTUBOBUPYCHOM, aHTHIHAOCTHYC-
CKOH W JIpYyrMH THIIaMU aKTHBHOCTel. Hanmmane 6a30Boit akTHBHOCTH Y HEMOIU(DUITUPOBAHHBIX aHATIOTOB I'OBO-
PHUT O BO3MOXKHOCTH HCIIOJIb30BAHUS TPUTEPIICHOUIOB B KAYECTBE CAMOCTOSTEIBHOTO CPEJICTBA WIN B COUCTAHHUU
C yX€ M3BECTHBIMH IperapaTaMu, HO PsJ HEJOCTATKOB, 2 UMCHHO HH3Kas PacTBOPHUMOCTh U OHMOJOCTYITHOCTB,
OTPaHMYUBAIOT WX MpuMeHeHue. [109ToMy 3HaUNTEIbHAS YaCTh HCCIIEAOBAHNN COCPENOTOUCHA Ha TIOMCKE MTOIXO0-
JIIAX TIPOJIEKAPCTB, KOTOPBIE 00JIAaf0T XOPOIIMMH CBOMCTBaMHU abCOpOIMH, pacIlpelesiecHus, MeTa0oaru3Ma H
BhIBe/icHUs1. OCHOBHAsI Macca myOmuKalui HampasieHa Ha BBereHue N-comepxammx (YHKIIMOHATBHBIX TPYIIIL,
B TOM YHCJIE U TETEPOLMKINIECKIX (TPU- U TETPA30JIBl, OKCAINUa30Ibl), a TAKKE KOHACHCUPOBAHHBIX C KOJIBIIOM A
(MHIOM0-, THPAa3UHO-, MUPA30II0, OKCA30JIOMPOM3BOAHEIX). [0 peaknmn MaHHHXa, B3aNMOACHCTBHEM C BTOPUY-
HBIMU aMHHaMH MOJIYy4YaroT MPONapriIaMHHOATIKIIIBHBIC TIPOU3BOIHBIC, CPEIN KOTOPBIX HAWICHBI COSAUHCHUS C
POTHUBOOIYXOJIEBOK akTWBHOCTHIO [1]. [pyras rpymma coequHEHHi, IpeICcTaBIsIomas HHTEPEC, CONEPKUT B
CBOEH CTPYKType HUTPHIILHYIO TPYHITy. SIpKUid IpeICTaBUTENs TaKOTO KiIacca MPOU3BOAHBIX — METHIOAPIOKCO-
JIOH W €ro Mpou3BOAHBIE, uMetonre nuaHodparmenT B C2-nonoxenud [2]. C mpyroit CTOpoHBI, HUTPUIbHAS
rpymmna sIBISETCS MPUBJICKATSIBHON C IeNblo JanmpHelred Moaudukaimy (BOCCTAHOBICHUE ATFOMOTHIPUIOM
JUTHUS) C TOMYICHUEM aMHHOCOCIMHEHHH, KOTOPhIe BBUIY OOJBIICH MOJSIPHOCTH, a BCICACTBHE M PACTBOPUMO-
cTH, o0nanaroT Jdydmiei 6uonocTynmHOCTh0. [Ipu 3TOM GonbIas yacTe MOAUMUKAIMN TPOBOJUTCS IO U3OMPOIIe-
HUJILHOHN, KapOOKCHJIBHOM W/UITU CIIUPTOBO# TPyIIIie, 3HAYUTEILHO MEHBIIIE PabOT MPEICTABICHO 0 (GYHKIHOHA-
JU3aIUK Kojblia A 2-1iuaHo-3,4-ceKonpon3BOAHbIX. B maHHOW paboTe MpeacTaBiieH CHHTE3 OpOMO- U a3uio-
NPOU3BOIHBIX 3,4-ceko-2-1nano-28-okco-amioberynona. ITokasano, uto 3,4-cexo-2-mmano-4(23)-eu-24-a3umo-
28-0kco-amto6eTyoH 00aaeT MTOTOKCHYHOCTRIO B OTHOIICHUH KIIEeTOK Jelikemun HL-60(TB).

KiroueBsie cnoBa: A-CeKO-TPUTEPIICHON B, IPOTHBOOMYXOJICBAsI AKTHBHOCTb.

BBenenue. IIpupopnple coeqMHEHHS C pas-
JIMYHBIMH YTJIEPOAHBIMU OCTOBAaMH M pa3HOOOpas3-
HOH OMOJIOTHYECKON aKTUBHOCTBHIO SIBIISTIOTCS TIEP-
CIIEKTUBHBIMU TUIAT(GOpPMaMU B CO3AaHUU HOBBIX
(hapMaKoJIOTHYECKA AaKTHUBHBIX areHroB. Bcrpe-
YaloIMecs B MNPHUPOJE A-CEKO-TPUTEPIICHOUIbI
00J7a/1al0T IPOTHUBOOIYXO0JIEBOH, MPOTUBOBOCTIATH-
TEIPHOW W JAPYTUMH THIIAMH aKTUBHOCTU. Tak,
A-CeKO-KyKypOUTaHOBBIE TPUTEPIICHOUIBI IPO-
SIBHJTU MHTUOMPYIOIIYI0 aKTUBHOCTh B OTHOIICHUH
aIeTHIIXOJMHACTEPA3bI iN Vitro co sHauenusmu 1Csy
2.6 u 3.1 pM. [3]. Cpenu CHHTE3UPOBAHHBIX aHA-
JIOTOB ¢ (PparMEHTUPOBAHHBIM KOJIBIIOM A OBLIM
0oOHapyKeHBl COCIMHEHUS C MPOTUBOBUPYCHOU W
aHTUANA0EeTHIECKON aKTUBHOCTHIO [4, 5]. A-ceko-
JIYIIAHOBBIE TPUTEPIICHOUIBI C aJIbJACTUIHON (QYHK-
mmern B nonoxeHusx C3 u C30 oOmagaror

BBIp@KEHHBIM ITOTOKCHUecKHM 3pdextom (1Csy
0.64-3.49 pM) B OTHOIICHWH PA3IUYHBIX PAKOBBIX
kietok  [6].  3,30-/luxapOokcu-A-ceko-TIuImpe-
TOBAast KUCJIOTa JEMOHCTPUPYET 3aMETHOE MHIHOUPO-
Banue perumkaiuu JJHK Bupyca remaruta B ¢ ICs
12.3 uM. [7]. B cBs13u ¢ 3TUM aKTyaJbHBIM SIBIISICTCS
CHHTE3 W MOAM(UKAIMS HOBBIX OHMOJOTHMYECKH aK-
THBHBIX A-CEKO-IIPOU3BOAHBIX TPUTEPIICHOUIOB.

PesyabTratel W ux ob0cyxiaeHue. 3,4-
Cexonurpun 28-okcoamioderynon 1 [8], comep-
KAl OFHY M30NPOINCHWIBHYIO IPYIIY B IIHUKIIE
A, Ob11 BBIOpaH A7 TIPOBEACHHS 3aIUTaHUPOBAH-
HBIX MoaudUKaui. AJTMIBHOE OpPOMUpPOBAHHUE
tputepreHonaa 1 N-OpOMCYKIIMHUMUIOM B Cpeie
cyxoro CCl; mnpuBogmio K 00pa30BaHHIO
24-6poMOIIPOU3BOTHOTO 2, NANbHEUIIIee B3auMOIeH-
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cteue kotoporo ¢ NaN; B pucyrcteun NH,Cl nasa-
j0 asua 3 (puc.). O mojay4eHud coeauHeHuit 2 u 3
cymw no gaHHbiM SIMP-cnekrpockornuu. Tak, B
ciextpe SIMP 'H i 24-6pomuna 2 HaGmomaercs
CUTHAJI METHJICHOBOW TPYIIITEI B BHIE AyOJeT IyOIre-
Ta B o0mactw 3.85 u 4.00 m.11., 3aMeHa Opoma Ha a3u-
JIO-TPYTIITY CMEIaJl CUTHAI B 001acThb 3.60 u 3.78 M.
B cnektpax AMP C naGmonaercst CMeIeHHe CHr-
HanoB C4(23) gBoiiHO#t cBa3u  (146(114)—144
(117) m.11.), a Takxke Ui CoOeAMHEHUS 3, HAOIIOIaeT-
CA TOSIBIICHUE CUTHaNA mpu 57 M.J., XapaKTEPHOTO
JUTSl METAJICHOBOT'O YTJICPOJIa MPY a3UHON (PYHKIIHH.
[Nony4eHHbIe COEMUHEHHS OBUTH MPOTECTUPO-
Banbl HarwonaneueiM  MucturyromM Paka (NCI,
USA) B otHorieHnd 60 KIeTOYHBIX JIMHUKA 9 THITOB
paka genoBeka B konreHTparuu 100 MxM. Ucxon-
HbIl 3,4-cexoHuTpri 1 v ero OpoMua 2 He MPOSBH-
JIU TIPOTHBOOITYXOJIEBON aKTUBHOCTH. 3aMeHa Opo-
MO- Ha a3I/II[O'(1JYHKHI/IIO BbISIBUJIO IMTOTOKCUYHOCTD
B otHomrennn kiaerok HL-60(TB) neiikemun co
3HAYCHUEM WHTHOUpoBaHus pocta 22.68% (Tadu.).

OKcNepuMeHTAIbLHAsL YacTh. TeMmeparypel
[UIABJICHHUSI ~ ONpEACISUIM  HAa  MHKPOCTOJIHMKE
“Boetius”. OnTrveckoe MOTIONICHHE U3MEPSUIH Ha
nossipumerpe “Perkin-Elmer 241 MC” (I'epmatis)
B TpyOke mmHOM 1 M. TCX-aHanu3 mpoBOIIITH Ha
mwractiakax Copodun (3AO Copbmomumep, Poc-
CHsl), MCHOJIB3yS CHUCTEMY DPAaCTBOPHUTENEH XJIOpo-
thopm-sTrnanerar, 40:1. Bemecrsa oOHapyxuBanu
10% pacTBOpPOM CEpHOM KUCIOTHI C MOCICIYIOIIAM
HarpeBanueMm npu 100-120°C B TeueHue 2—3 MUH.
OnemeHTHbI aHanmu3 ocymectisim Ha CHNS-
ananmmsarope EUroEA-3000, ocHOBHOI cTaHAapT
arleranuu. KonoHouHyt0 XxpomaTorpaduio mpo-
BOJIMJIM HA SiO% (Silica 60, Macherey-Nagel). Criek-
pe1 SIMP 'H, °C 3aperucTpupoBaHbl Ha HMITYJIbC-
HoM criektpomerpe «Bruker» Avance Ill ¢ paboueit
gactoroit 500.13 MI'm (‘H u °C). Xumnuecknue
caBuru B criekrpax AMP 'Hu®BC MIPUBEIEHBI B M. L.
OTHOCHUTENIbHO CHTHajla BHYTPEHHEIro CTaHAapTa
terpamerwiicunana (TMC). 3,4-Cexo-2-1riano-28-
OKCO-aJI00eTyoH 1 moyJanu 1Mo ONMHUCAaHHOW pa-
Hee MeTonuke [8]. MeToauka TeCTHpOBaHUS POTH-
BOOITYXOJIEBOM aKTMBHOCTH N Vitro coenuuenuii 1-3
B NCI (CILA) omucana Ha caiite https://dtp.cancer.
gov/discovery_development/nci-60/methodology.htm.

Cunres 3,4-cexo-2-umano-24-6pomo-4(23)-
eH-28-okco-anoderyiaona (2) Cmece 1 MMmoib
coemmaeans 1 (045 1) wmw 1.7 wMMmomb
N-6pomcykimanmua (0.3 r) B cyxom CCly (15 mur)
KT 2 4. Jlanee peakIMOHHYIO CMeCh BBLITHU-
Bagu B H,O (30 mu1), opranruecKuii Clioi oTaess-
mu, npombiBaiin H,O (2%30), cymmnu Hag CacCl,.
ChpIpoii MPOAYKT XpoMaTorpagupoBaid Ha KOJOH-
ke ¢ SiO; amoupys CMechl0 TIETPONCHHBIN dPup —
stunanerar (15:1—9:1) ¢ monydyeHueM KpHUCTai-
noB Oenoro ngera. Beixon 85% (0.45 r). Ry 0.84.
Tam. 167 °C. [0]p®+17.3 (c 0.025, CHCI,).
Cnextp SIMP 'H (CDCls), 3, m.1.: 0.81, 0.89, 0.98,
1.07, 1.70 (15H, ¢, 5CHz), 1.10-2.40 (24H, m, CH,
CH,), 3.85 u 4.00 (2H, o6a a1, CH,-Br), 3.95 (1H,
CH, H-19), 5.02 u 5.40 (2H, o6a c, H-4). Cnektp
SIMP C (CDCly), 8, m.i.: 11.4, 13.5, 14.1, 15.6,
20.2, 21.7, 22.7, 23.9, 24.1, 25.5, 25.9, 27.8, 28.7,
31.9, 32.1, 32.3, 33.6, 34.3, 36.0, 39.7, 40.3, 41.1,
46.1, 46.6, 50.6, 85.9 (C-19), 114.1 (C-23), 120.2
(CN), 146.9 (C-4), 179.7 (C-28). Haitmeno mis
C30H44BrNO, (530.59), %: C, 67.85; H, 8.41; Br,
15.11; N, 2.69. Brraucneno, %: C, 67.91; H, 8.36;
Br, 15.06; N, 2.64.

Cunres 3,4-cexo-2-uuano-24-azumo-4(23)-
eH-28-okco-asutooeryiaona (3). Cmecb 1 MMoOIb
coenuaeHM 2 (0.53 1) m 1 mmoms NaN3 (0.07 1) B
20 mi cyxoro MeCN xumsatunu 24 4, 3aTeM peak-
LIMOHHYIO cMech BeutuBamu B H,O/H™ (50 mn), oca-
JIOK OT(GHIBTPOBBIBAIIM, MPOMBIBATIH 1O HEUTPAIh-
HOM cpenpl, cymuian Ha Bo3ayxe. ChIpoil MPOIyKT
xpomMaTorpapupoBain Ha KojoHKe ¢ SiO; amronpys
CMECBbI0 TIeTPOJNIEWHBIH dShUp — HITWIANETaT
(15:1-9:1) nonyueHneM KpHuCTAIUIOB OENOro IBe-
ta. Beixox 95% (0.47 r). R¢ 0.80. T.ur. 179 °C.
[a]p?®+85 (c 0.025, CHCl;). Crmekrp SIMP ‘H
(CDCls), 8, m.n.: 'H 0.83, 0.89, 0.90, 1.00, 1.02
(15H, ¢, 5CHj3), 1.00-2.35 (24H, M, CH, CH,), 3.60
u 3.78 (2H, o6a n, CH,-N3), 3.95 (1H, CH, H-19),
5.05 u 5.25 (2H, oba ¢, H-4). Crextp SIMP “°C
(CDCly), 8, m.n.: 11.5, 13.5, 15.5, 19.7, 21.7, 23.9,
24.9, 25.5, 25.9, 27.8, 28.7, 31.9, 32.2, 32.3, 33.6,
34.5, 35.9, 39.7, 40.2, 40.3, 41.1, 46.1, 46.6, 47.2,
57.2 (CH,-N3), 85.9 (C-19), 117.7 (C-23), 119.8
(CN), 144.6 (C-4), 179.6 (C-28). Haiimeno mis
C3oHusN4O, (492.71), %: C, 73.20; H, 9.16; N,
11.30. Beruucneno, %: C, 73.13; H, 9.00; N, 11.37.

Pearentsl 1 yenosust: i. NBS, CCly, 2 g, A; ii. NaNs, NH4Cl, CH3CN, 24 4, A.

Puc. Cunres azuna 3 u3 3,4-cexonuTpun 28-okcoamroberynona 1
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XUMUA

Tabnuna

Ipomusoonyxonesas axmusnocme in Vitro coeounenuii 1-3
no omHouleHuIo K Kiemkam paka yenogexa 60 aunuii 6 konyenmpayuu 100 mxM

Coenunenue %:) ecHTHf;H Juarason pocra, % UyBCTBUTENBHOCTH K KJICTOYHOU JTMHUH
, /0
1 96.86 Ot 71.85 1o 121.10 He akTuBHBIH
2 93.43 Ot 72.66 mo 120.02 He aktuBHBIH
3 75.03 Ot 22.68 no 100.12 Leukemia: HL-60(TB) 22.68 %

3axiaouenue. Takum o00pazoM, IpoBeIcHA
HOBasi MoauGuKanus 28-0KcoautoOeTyI0Ha ¢ Mo-
Jy4eHueM OpoMO- W a3HWAONPOM3BOAHBIX KakK (-
(heKTHBHBIX CyOCTpPaToOB IS TPOBEACHUS [alTh-
HEeHImMX TpaHchOopMannid, BKIIOYas pa3HOoOpas-
Hele N-conepkamniue anudaTHuecKiue U TreTepoLnK-
JTUYeCKHe PON3BOIHEIE.

Paboma evinonnena no meme Ioczadanus
No AAAA-A19-119020890014-7. Asemopwul  Orazo-
oapsim National Cancer Institute, CII/A 3a onpede-
JIeHue Npomueoonyxonesou akmusHocmu in Vitro
coedunenuu 1-3.
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e, D

SYNTHESIS OF BROMO- AND AZIDODERIVATIVES
OF 2-CYANO-3,4-SECO-4(23)-EN-28-OXO-ALLOBETULONE

© A.V. Petrova

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 development of pharmacological agents based on available triterpenoids is an important area of medici-
nal chemistry. A large number of publications on the isolation and modification of native triterpenoids indicates
the importance of these compounds as promising in the synthesis of new pharmacological agents with antitumor,
anti-inflammatory, antiviral, antidiabetic and other types of activities. The presence of basic activity in unmodi-
fied analogues indicates the possibility of using triterpenoids as an independent agent or in combination with al-
ready known drugs, but having a number of disadvantages, owing mainly to their low solubility and bioavailabil-
ity, limit their use. Therefore, a significant part of the research has focused on finding suitable prodrugs that have
good absorption, distribution, metabolism and excretion properties. Most publications are directed to the introduc-
tion of N-containing functional groups, including heterocyclic (tri- and tetrazoles, oxadiazoles), as well as con-
densed with ring A (indole-, pyrazine-, pyrazole-, oxazole-derivatives). According to the Mannich reaction, by
interaction with secondary amines, propargylaminoalkyl derivatives with antitumor activity were obtained. An-
other group of compounds of interest contains nitrile groups in its structure. A striking representative of this class
of derivatives is methylbardoxolone, and its derivatives having a cyano fragment in the C2 position. On the other
hand, the nitrile group is attractive for the purpose of further modification (reduction with lithium aluminum hy-
dride) to obtain amino compounds, which, due to their higher polarity and, due to their solubility, have better bio-
availability. Moreover, most of the modifications are carried out on the isopropenyl, carboxyl and/or alcohol
groups, much less work is presented on the functionalization of the A ring of 2-cyano-3,4-sec derivatives. This
work presents the synthesis of bromo- and azido-derivatives of 3,4-seco-2-cyano-28-oxo-allobetulone. It has been
shown that 3,4-seco-2-cyano-4 (23) -en-24-azido-28-oxo-allobetulone has cytotoxicity with respect to HL-60 leu-
kemia cells (TB).

Key words: A-seco-triterpenoids, antitumor activity.
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