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CHHTE3, HUTOTOKCUYHOCTb, AHTUOKCUJAHTHASI U AHTH-BUY AKTUBHOCTb
HOBBIX BEH30- U UMUJIA30OJIMEBBIX COJIEM HA OCHOBE (+)-3-KAPEHA
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B mociegnee BpeMst BHUMaHHE HAYYHBIX TPYIII BCe OOJbIIE U OOJBINE IPUBICKAET CO3AAHUE B OTYIAEeMBIX
COCIMHEHHSAX TPYII, ONPENCIIIOMNX aHHOHHBIM WM KaTHOHHBIA XapakTep, YTO IOTEHIHAJIbHO YBEITUYMBACT
BEPOSITHOCTh OOHAPY>KEHHsI OUOJIOTMYECKOM aKTUBHOCTH. DTO, MO aHAJIOTUU C OOJIBIIMHCTBOM NPUPOJHBIX CO-
€IMHEHUH, 00YCIOBICHO B TOM YHCIE JTy4dlled pacTBOPUMOCTBIO BEIECTB. B qaHHOI paboTe onuchIBaeTCs mpe-
JOKCHHAsT HAMH METOAWKA IIONYyYCHHS HWMHIA30II- W OCH3MMHIA30JIMIKApaHOJIOB, coiepkamux 3,7,7-
tpumeTHnounukio[4.1.0]renTaHoI0BEIA (parMeHT, UCX0As U3 MOHOTepIeHa (+)-3-KapeHa IOCPEeICTBOM PacKpHI-
THUS SMOKCUIA, 00pa3yrolerocss u3 Hero npu BosaercTBuu 7% p-pa H,O/AcOEt B mpucyrctBum 30 mMonb%
2-5 am a-Al,O3. Mcxonst u3 mMoyd4eHHBIX MPOIYKTOB PACKPBITHS HUMUIAa30JI0M U OEH3MMHIA30JI0M HaMH HCCIIe-
JOBaJIaCh BO3MOXXHOCTh CHHTE3a BOJOPOIHO-CBSI3aHHBIX MOJICKYJISIPHBIX THOPHIOB C OMOJOTHYECKH aKTHBHBIMU
KHCJIOTaMH. B kadecTBe aHHOHHON KOMIIOHEHTHI B CIIy4ae UMHUA30JMIKapaHoiIa OblIM BeIOpaHel D-BUHHAS, JTH-
MoHHas 1 L-ackopOMHOBas KHCIOTHI, KOTOPHIE IIHUPOKO MPUMEHSIOTCS B TIUIIEBOH, XUMUIECKOH U (papMaKoIOTH-
YeCKO MPOMBIIIDIEHHOCTH, a COJIM MCIIONB3YIOTCS B MEAUIIIHE. B aHaIOTHYHBIX YCIOBUAX MPOBOAMIIOCH ITOTyde-
HUE CcoJiel, Ha OEH3UMMIA30JIbHOM MPOU3BOAHOM 3,7,7-TpuMmetunounukiol4.1.0]renranone ¢ D-BUHHOM, TUMOH-
HOH, L-ackopOMHOBOI1, TAIIOBOH U AETHAPOAOHETHHOBOH KHCIOTAMH, YTO IIPHBETIO K MPOIYKTaM KBaTePHU3AINH
C BBICOKMMH BBIXOaMH. C HENBI0 YCTAHOBIICHHUS B3aUMOCBSI3H MEXKIY CTPYKTYPOH CHHTE3WPOBAHHBIX BEUICCTB U
AQHTUOKCHUIAHTHON aKTHUBHOCTBIO JUIS KaXKA0ro u3 coeauHeHuit ompenenunu ECsy (momymakcuManbHas s¢dek-
THUBHAsl KOHLIEHTpauus), ¢ (uucio monei BocctaHoBieHHoro DPPH) u ARP (anTupanvkanbHas crocoOHOCTB)
¢ npumenenneM DPPH pannkana. B kauecTBe BemecTB CpaBHEHUS UCIOIB30BAIMCH HOHOJ M ACKOPOMHOBAsS KU-
ciora. OHOBPEMEHHO UCCIIE0BANACH IIUTOTOKCUYHOCTh U CIIOCOOHOCTD coJiel OEH3MMHUAA30JIHOTO Psiia MHTHU-
ouposatp perukanuo BUY-1 (uramm 111B) 1 BUY-2 (turamm ROD) B ocTpo uHpHUIUpOBaHHBIX KieTkax MT-4
B CpaBHEHHH ¢ npenapatoM Junano3uH. beumo oOHApyKEHO, UTO MPOU3BOTHOE TaNIOBOM KUCIOTHI MOBIHSUIO HA
PEIUIHKAIIMIO BUPYCOB B KOHIIEHTPAIIMK B TPU Pa3a MEHBIIEH, 4yeM npenapat JuaaHo3uH, KOTOPBIM B COUETAaHUU C
JPYTUMHU MeIUKaMEHTaMHU UCTIONB3YETCsl ISl BHICOKOAKTUBHON aHTUPETPOBUPYCHOH Teparuu.

Kirouessie cioBa: (+)-3-kapeH, 3MOKCHI, MOHHBIC JKHAKOCTH, aHTHOKCHIAHTHBIC CBOWCTBA, ITUTOTOKCH-
YHOCTh, aHTH-BNY aKTUBHOCTS.

B mocnemHee Bpems BHUMaHHME HayYHBIX
rpyni Bce Oosblie W OOJbllie MPHUBIEKAET CO3/a-
HHE B TIOJIy4aeMbIX COCJMHEHHSAX TPYIII, OIpeje-
JSFOUIMX AaHUOHHBIA WIIM KaTHOHHBIA Xapakrep,
YTO TIOTEHIMAIBLHO YBEIMYMBAET BEPOSTHOCTH 00-
Hapy)XeHHs OMOJIOTMYECKOW aKTUBHOCTU. JTO, MO
AQHAJIOTUH C OOJBIIMHCTBOM NPHUPOIHBIX HJIOTCH-
HBIX COCJMHEHU, O0YCIIOBIEHO B TOM YHCJIE JIy4-
Ield pacTBOPUMOCTHIO BEIIIECTB.

Hamu mnpemiokeHa MeToanka MONTyYeHHS
UMHJIQ30J1II- 1 OCH3UMUIA30IHIKAPAHOIOB UCXO-
15 u3 (+)-3-kapeHa 1 mocpeacTBOM pacKpbITHs 00-
pasyromerocs snokcuaa 2 (puc.). Hamu 6but0 mo-
Ka3aHO, YTO B YCJOBHSX KHIIsT4eHus oneduna 1
B 7% pacteope H,O, B ACOEt B mpucyrcrBum
30 monb % Al,O3 B TeueHne 72 4acoB, ¢ UCIIOIbL30-

BanueM o-Al,O3 pasmepHocThio 50 HM, mpu 56%
KOHBEPCHU HCXOJIHOTO MOHOTepIrieHa 1 oOpasyercs
UCKJIIOUUTENBbHO 3moKcua 2. IToBbICHTE BBIXOI 1O
98% ynanoce mpH MOJHOW KOHBEPCHH U IPOBEIE-
HUK peakimu B npucyrctBun o-Al,O3 pasmepHo-
cTeio 2-5 uM [1, 2]. Takxke oTMedaeTCsi BO3MOXK-
HOCTB HCIIOJIb30BaHMS KaTalu3aTopa MOBTOPHO 10
ISTH IUKJIOB 03 CHW)KEHHsI akTUBHOCTH. B mpo-
moipkeHue  pabor  [3] mo  mpeBparieHUro
(+)-3-xapena 1 B ONTHYECKH AaKTHBHBIC HOHHBIC
KHUIKOCTH UCCIIEIOBATIACH PEAKIHS PACKPBITHSI SIIOK-
cuga 2 ¢ 1H-umunazonom u 1H-OeH3sumugazonoM B
npucytctBur NaOMe [4], cornacHo puc.

Peakmust mpoBomiiach B aHaJOTHYHBIX YCJIO-
BUSIX B 3allassHHOW amITyJie B CTaJbHOM aBTOKJIABeE.
C moMompl  KOJOHOYHOH  Xpomartorpaduun
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(97r0€HT XJIOPUCTHIA MeTHIeH/MeTaHon 9:1) Obutn
BBIJICJICHBI C OAMHAKOBBIM BBIXOJOM COCAMHEHHS 3
u, cooTBercTBeHHO, 4. CTpyKTypa COEIWHEHHHA
OblTa JTOKa3aHa CHEKTPATbHBIMH U AHAJTHTHYECKHU-
MU JTaHHBIMH.

Wcxonst u3 momydeHHBIX uMuaazona 3 u OeH-
3uMHa301a 4 HaMH MCCIIEN0Baach BO3MOYKHOCTh
CHHTE3a BOAOPOJHO-CBSI3aHHBIX MOJICKYJISIPHBIX
ruOpyUaI0B ¢ OMOJOTMYECKH aKTHBHBIMH KHCJIOTa-
mu. Takoro poma marepuaibl OTKPHIBAIOT HOBBIC
BO3MOXHOCTH B OPTaHUYECKOM CHHTE3€: I0A00pOM
noaxonasnield KOMOMHAIMM KaTHOHA W aHWOHA
MOXHO B IIMPOKUX TIpefesiax PeryiupoBaTrh IO-
JSIPHOCTB, COJIBBATHPYIOIIYIO CHOCOOHOCTH, KaTa-
JUTHYECKUE CBOWCTBA M TEM CaMbIM BIUSTH Ha
INIyOMHY W CENEKTUBHOCTH PEaKIUH, TAKXKE KaK U
Ha OMOJIOrnYecKue cBoiicTaa.

B kauecTBe aHWMOHHOW KOMIIOHEHTHI OBLIU
BEIOpaHbl D-BuHHAM, TUMOHHAs U L-ackopOnHOBas
KHCIIOTBI, KOTOPBIE IIMPOKO MPUMEHSIOTCS B MH-
MEBOHM, XUMHUYECKON M (hapMaKOIOTHIECKON IPO-
MBIIUICHHOCTH, a COJIM WCIIOJIB3YIOTCS B MEIUIH-
He. AIICTOHOBBIN pacTBOp UMHUIa30J1a 3 M COOTBET-
CTBYIOIIIEH KUCIIOTHI 32 24 gaca MpH MepeMenInBa-
HUU TIpU KOMHATHOHN TeMIiepatype, COrJIaCHO JaH-
HeiM TCX-anamuza, oOpasyer comu 57 (puc.),
CTpOEHHE KOTOPBIX IMOATBEPKICHO NAaHHBIMHU 3Je-
MeHTHOTO aHanuza, K- u AMP-cnexTpockonuu.

B aHanoruyHbIX YCIIOBUSX TPOBOJIUIOCH TI0O-
Jy4deHue cojieil Ha OCH3MMHIA30IbHOM IPOHU3BOI-
HoMm 3,7,7-tpumeTminounukiio[4.1.0]rentanone ¢
D-BuHHOM, TUMOHHOH, L-ackOopOMHOBOH, TaJIIIOBOI
U JEeruIpoa0MeTUHOBON KUCIIOTAMHM, YTO IPHUBEJIO
K poaykTam 8—12 ¢ BRICOKMMH BBIXOaMU (pHC.).

O« OH o Ho PF OH
@OYOHH/QOH 20 ~~r0 Oj:g @O@ OH
A= O OH O OHOH 5 { o] OH @OWg
8 94% 9 94% 10 92% 11.94% 12 93%
5 97% 6 95% 7 98%
Puc. CunTe3 oprannyeckux cojeil Ha OCHOBE MMHJIA30J1a M OEH3UMH1a30J1a
TaGnuna
Anmuokcudanmmuvie c0UCMBA pOA CUHME3UPOBAHHBIX COCOUHECHUT
Ne BemecTBo CEs c ARP
1 1 16.67 0.03 0.06
2 2 9.64 0.05 0.10
3 3 18.17 0.03 0.06
4 4 3.26 0.15 0.31
5 5 3.8 0.13 0.26
6 6 0.78 0.64 1.28
7 7 11.0 0.05 0.09
8 8 4.7 0.11 0.21
9 9 0.34 1.47 2.94
10 10 0.26 1.92 3.85
11 11 472 0.11 0.21
12 12 16.67 0.03 0.06
13 HOHOJI 0.48 1.04 2.08
14 acKOpOWHOBAs KHCIOTa 0.37 1.35 2.70

61



XUMUA

C 1enplo yCTaHOBJICHUS B3AMMOCBSI3H MEXKITY
CTPYKTYpOW CHHTE3UPOBAHHBIX BEIIECTB M aHTHOK-
CHUJIaHTHOM aKTUBHOCTBIO, JUISl KaXIIOTO U3 COCIH-
Henuit onpenenin ECsy (momymakcumasbhast 3¢-
(hexTHUBHAS KOHIEHTPAIUs), 6 (YHCI0 MOJIEH BOC-
cranoBneHHoro DPPH) u ARP (antupaaukanbnas
croco6HocTh) C mpuMeHennem DPPH paaukana [5]
(Tabm.). B xauecTBe BEIIECTB CpaBHEHHS HCIIOb-
30BAJINCh HOHOJI U aCKOPOMHOBAsI KUCIIOTA.

B 3akmioueHnn uccienoBaiach CIIOCOOHOCTh
coneit 8-12 wuHrubupopars pemimkanuo BHY-1
(mrramm Ilg) 1 BUY-2 (mramm ROD) B ocTpo uH-
¢unmpoBanHbIX Kinetkax MT-4 B cpaBHeHUH C Tpe-
napatoM JIMoaHO3WH. YCTaHOBIIEHO, YTO W3 BCEH
raMMbl TIPO2HATM3UPOBAHHBIX MPOU3BOTHBIX COJb
BUHHOM KHUCJIOTHI 8 00J1a1a6T MAKCUMAJIBbHON 1IUTO-
TOKCHYHOCTBIO cO 3HaueHnnemM CC5,=0.297 MM.
[IpousBogHOE ackopbuHOBOI KucnoTH 10 mo cBoeit
[UTOTOKCUYHOCTH HE3HAYMTENILHO YCTYMAeT MPOU3-
BOJHOMY JIMMOHHOW KHCIOTHI 9 €O 3HaYCHUsIMU
CC5,=0.204 MM 1 CCs5;=0.196 MM cOOTBETCTBEHHO.

CpaBHUMOW C OSTUMH JaHHBIMH OOJamaeT
MPOU3BOHOE JTUTHIPOAOMETHHOBON KUCIOTH 12 ¢
noka3zatesieM CCsp=0.110 MM, Torna kak y camoii
KHACIOTHI OHO B JIBa pasa BbIIIC (3HAYCHUE
CCs=0.220 MM). [Ipu nepexoe K MPOU3BOAHOMY
rayutoBor KUCIOTH 11, pe3ko CHUKaeTcs MUTOTOK-
cnuHocTh 10 3HaueHus CCs=0.028 MM. Ilocnen-
Hee BemecTBO 11 moBNMuANIO Ha PEIUTHKALINAIO BUPY-
COB B KOHIIEHTpAallMd B TPU pa3a MEHbIIE, YeM
npenapaT JIMJaHO3WH, KOTOPBIH B COYETAHUH C
JPYTUMH MEJMKAMEHTAMHU HCIIOJB3YeTCs JUIS BbI-
COKOAKTHBHON aHTUPETPOBUPYCHOU Tepanuu.
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SYNTHESIS, CYTOTOXICITY, ANTIOXIDANT AND ANTI-HIV ACTIVITY
OF NEW BENZO- AND IMIDAZOLIUM SALTS BASED ON (+)-3-CARENE

© S.N. Curlat

Institute of Chemistry of the Republic of Moldova,
3, Academy str., Chisinau MD-2028, Republic of Moldova

Recently, the attention of scientific groups is focused on the creation of compounds with charged groups of
anionic or cationic character, which potentially increases the probability of biological activity detection. This, by
analogy with most natural compounds, can due to the better solubility of substances. This work describes method
for the preparation of imidazolyl- and benzimidazolyl-caranols containing a 3,7,7-trimethylbicyclo [4.1.0]
heptanol fragment, starting from the monoterpene (+) — 3-carene by opening the epoxide obtained by the treat-
ment of initial (+) — 3-carene with 7% solution H,0, / AcOEt in the presence of 30 mol% 2-5 nm a-Al,O3. The
opening of the epoxide with imidazole and benzimidazole gave products that were studied for the possibility of
synthesizing hydrogen-bonded molecular hybrids with biologically active acids. D-tartaric, citric and L-ascorbic
acids, which are widely used in the food, chemical and pharmacological industries, were selected as the anionic
component in the case of imidazolylcaranol. Under similar conditions, we prepared salts from benzimidazole de-
rivative of 3,7,7-trimethylbicyclo [4.1.0] heptanol with D-tartaric, citric, L-ascorbic, gallic and dehydroabietic
acids, which led to quaternization products with high yields. In order to establish the relationship between the
structure of the synthesized substances and the antioxidant activity for each of the compounds we determined
ECs (half maximum effective concentration), o (humber of moles of reduced DPPH) and ARP (antiradical pow-
er) using the DPPH radical. As reference substances, ionol and ascorbic acid were used. At the same time, the
ability of benzimidazole salts to inhibit the replication of HIV-1 (strain I1IB) and HIV-2 (strain ROD) in acutely
infected MT-4 cells was studied in comparison with Didanosine. It was also found that this compound affected the
replication of viruses at a concentration three times less than the drug Didanosine, which in combination with oth-
er medicines is used for highly active antiretroviral therapy.

Key words: (+) — 3-carene, epoxide, ionic liquids, antioxidant properties, cytotoxicity, anti-HIV activity.
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