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KongepeHnmus mo nzonpeHonamMm mpuOImKaeTcs K
CBOEMY MOJyBeKOBOMY robuiero. Mcropus mpose-
nenust ¢popyma Oeper Hayano Ha pybOexe 60-x u
70-X TOIOB MPOLUIOrO CTOJIETUSA KaK HalMOHAJb-
Hasi KOH(EPeHIUs 10 XUMUN CTEPOUIOB, OPTaHU-
30BaHHAs Y4eHbIMU MTHCTUTYTa OpraHU4ecKOu Xu-
Muu akaaemuu Hayk [lonpmm. [loznnHee mo wHM-
nuatuse npodeccopoB M. Koirypa, B. Uepru u B.
I'epoyTa KOH(epeHIus cTana COBMECTHBIM (GOpy-
MOM YEIICKUX U MOJIBCKUX YUeHbIX. BriocnencTeuu
TeMaTHKa KOoH(epeHInH Oblja pacIIdpeHa MmyTeM
BKJIFOUEHHSI UCCIIEIOBaHUN B oOnactu Oolee Iu-
POKOI0 KJlacca OpraHM4eCKHX COEIUHEHHMH — U30-
MPEHOUIOB, CPEAN KOTOPBIX CTEPOUIBl 3aHUMAIOT
BaxkHoe MecTo. B 1973 rogy opranuzatopom oue-
penHol KoH(epeHIuH BBICTYNHI WHCTUTYT opra-
HUYECKOH XMMHUU W Ouoxumuu YexociaoBaikoi
aKaJeMuH HayK, a MECTOM IPOBEIEHHUS ObLT BBHI-
Opan nBoper JIubnune B okpectHocTax IIparu. C
TeX MOp Hay4dHbIe POPYMBI IPOBOAMINCH Pa3 B JBa
roga noouepenHo B Ilompme u YexocnoBakuu
(BmocnencTBUU B Uexun) M TpaaWIIOHHO COOMpa-
JU IIUPOKUH KpYr CIEHUATMCTOB pPa3lIUYHOTO
npo¢uITst, CBSI3aHHBIX C UCCIIEAOBAaHUSMHU H30Tpe-
HOMJIOB, U3 MHOTHX CTPaH MHUpa.

Cronb JUIMTENbHAS UCTOPHUS M TIOCTOSHHBIN ycrex
KoH(pepeHInii ObITH 00YCIIOBICHBI PSIOM IIPHYHH:

1) IIpenmer KoH(EpEeHIHN — W3ONMPEHOHIHI (Tep-
MIEHOUIBI) — HIMPOKO PaCIpPOCTPaHEHHAS MHOTO-
YHUCIICHHAS TpyNNa MPUPOJHBIX COCAWHEHUH, MO-
JIEKYJIbI KOTOPBIX COCTOST U3 OJHOTO 110 8 U Ooee
Cs-M30TPEHOBHIX  OJIOKOB, COCAWMHEHHBIX MEXKITY
€000t paznuuHbIM 00pa3oM. CTepou bl OTHOCATCS
K MOJKIJIacCcy TEPIEHOUIOB, coAepKaT oT 18 mo 29
YIIEPOAHBIX aTOMOB W BKIIOYAIOT B KadyecTBe
CTPYKTYPHOTO 3JIEMEHTa TETPALUKIUYCCKUNA ITUK-
JIOTICHTAHOIEPTrUAPO(PEHAHTPEHOBBIH  (CTEpOu -
HBII) CKeNeT. byay4n TpuUpOAHBIME BEIeCTBaMH,
CONIepKaIlMMHUCSA BO BCEX JKMBBIX OpPTraHH3MaXx,
W30NPCHOU/IBI UTPAIOT BAXKHYIO POJb B UX (DyHK-
[IMOHUPOBAaHWH, BBICTYNAsg PETYJNATOpaMU U

y4acTHUKaMu 0OMEHHBIX TporeccoB. K nzomnpeHo-
HJaM OTHOCSITCS MHOTHE BHUTAMHHBI, a TAaKXKE CTe-
PHUHBI - OIMH U3 KIIOYEBBIX 3JIEMEHTOB CTPYKTYPhI
KIIETKU, CTEPOHHBIE TOPMOHBI YeJIOBEKA W JKH-
BOTHBIX. OHM OTBETCTBEHHBI 32 MPOIIECCHI PEIpo-
IYKIUH, TOJO0BOH muddepeHnaim, pa3BUTHS,
aJlanTanuy, YOpaBsSOT MHUHEPAIBHBIM H OENKO-
BBIM OOMEHOM, HEpPBHOH [esATeNbHOCTHIO, CHCTe-
MO MuIeBapeHusi, T.e. MPAKTUIECKH BCEMHU KU3-
HEHHO 3HAYUMBIMUA (DYHKIUSIMHU KUBOTO OPTaHU3-
Ma. M3ompeHonpI comepikaTcss BO BCEX BBICIIMX
pacTEHUSX, W TEPBbIC PEIENTH BBIACICHHUS CO-
JISpIKaIIUX TEPICHOUAbI 3(PUPHBIX Macel U3 pac-
TEHUI M3BECTHHI ellle C JOXPUCTHAHCKUX BPEMEH.
Hambomnee BaXHBIMH acrieKTaMH H30MPEHOUIOB B
MIPAKTHUYECKOM O0JIaCTH SABISETCS MX NMPUMEHEHHE
B KauecTBE JCHCTBYIONIMX BEIIECTB JIEKAPCTBECH-
HBIX IIPETapaToB, PETYIATOPOB POCTa W Pa3BUTHUS
pacTeHHii, WCIIONb30BaHUE B napQroMepud M Mu-
IEBOM NPOMBIIIICHHOCTH B KAUECTBE AYIIUCTHIX U
MIPSIHBIX BemlecTB. J{Jis 3THX memneil HCroib3yoTCs
KaK BBIJICTICHHBIE W3 PACTeHWH NPHUPOJHBEIE MPO-
IIyKThI, TAaK U UX CUHTETUYECKHUE aHAJIOTH, HaJ| CO-
3JaHUeM KOTOPBIX pabOTar0T MHOTOYHUCIICHHBIC
KOJUIEKTUBBI NCCIIEIOBATEICH-XUMHUKOB.

C cepenuHbI MPOIUIOTO BeKa HAYMHAET KOPEHHBIM
00pa3oM MEHATHCS WHCTPYMEHTaNbHas 0Oaza Xu-
MHYECKOTO JKCIEPUMEHTa B pe3yJbTaTe CTPEMHU-
TEIBHOTO Pa3BUTHA W BHEAPEHUS aHATHTUYESCKUX
METOJIOB, TaKWX Kak xpomarorpadus, macc-
crnektpometpus, AMP-cnekTpockonusi, ONTHYE-
ckast cnekTpockonus u Jip. CTaHOBUTCS BO3MOX-
HBIM pa3JielieHue CIOXHBIX CMecel, BBIIETICHHE B
WHJIUBUAYAJIbHOM COCTOSSHUM COEAUHEHUM, COo-
JepKaluXxcsl B MPUPOIHBIX HMCTOYHUKAX B OYCHB
MaJbIX KOJHMYECTBAX, YCTAHOBIEHHE CTPOCHUS
CIIO)KHBIX OpTraHMYeCKHUX coeamHeHui. OmHOBpe-
MEHHO TPHUIIIO OCO3HAHHWE MOTPeOHOCTH OOIIe-
CTBa B XHMHYECKHX MPOIYKTAaX U TEXHOJOTHSIX.
HauuHnancst «3010ToM BeK» XMMHUHU, KOTOPBIA HYX-
Jlajicd M CIOCOOCTBOBAJI Pa3BUTHIO HCCIIEIOBAHUN
BO BCEX O00JIACTSIX, U B OCOOCHHOCTH, B XUMHUU
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MIPUPOIHBIX COSAMHEHUH, obecreunBIuX (hopmu-
pOBaHUE TEOPETUYECKOTO (PyHIAMEHTa COBPEMECH-
HOW OpPraHWYeCKOW M OMOOPTaHUYEeCKOW XUMHH U
YBEHYaHHBIX psgoM HobeneBckux mpeMui.

[IpuBnekarenpHON CTOPOHOUN KOH(EPEHIIUU SIBIIS-
eTcs BKJIIOYEHHE B €€ TEMAaTHKy IIHUPOKOro Kpyra
BOIIPOCOB, CBSA3aHHBIX C U3OIPEHOMJAMHU: OT pac-
MIPOCTpaHEHHs] B MPUPOIHBIX MCTOUYHUKAX COEAH-
HEHMH JAaHHOTO KJacca, IOJHOTO XHMHUYECKOTo
CHHTE33, CTPYKTYPHBIX MOAUGUKAIMHA U CTPYK-
TYpHOTO aHanmza, JI0 MOJIEKYJIIPHO-
OMOJIOTHYECKUX, TEHHO-MHXEHEPHBIX, 3KOJIOTHYE-
CKUX U MEIMIMHCKUX acleKToB. Bce TeMbl 00cyx-
JIAI0TCS B paMKax oOIieil IUCKYCCHU ¢ ydacTueM
MIpeCTaBUTENEN BCEX HAYUHBIX HANpaBICHUH, 4TO
MO3BOJIIET PacCMaTpUBaTh KaKABI HpEeAMET co
MHOTHUX TOYEK 3pEHHs U JTaeT BO3MOKHOCTh MOJIO-
IOBIM HCCIEIOBATENsIM CPOPMUPOBATh LIMPOKOE
BUJCHUE COCTOSIHUS U IEPCIEKTHB JaHHOW oOuia-
CTH Haykd. Bo3MoOkHO, 4TO MMEHHO 3T0 00CTOs-
TEJICTBO PETYJISIPHO cOOMpaeT MojA 3HaMeHa KOH-
(epeHury OOJBIIOE YNUCIIO MOJIOBIX YUCHBIX.

Havapmuchr Ha HalMOHATBLHOM YpOBHE, KOH(e-
PEHIHS 110 M3OMPEHOUAAM OYEHb OBICTPO MpeBpa-
THJIACh B OOIIeeBporeickuii Gpopym, K KOTOpoMy
MPUCOCIVHWINCh YYEHBbIC U3 MHOTUX CTPaH MUDA.
Cpenu yuyacTHUKOB KOH(pepeHIHid ObUIN TaypeaTsl
Hobenesckoii mpemun npod. . bapror u mpod.
P. Hoilopu, U3BECTHBIE YUEHBIE:

I Amam (®PI'), . Amcaiimon (Kanama), A.
bepu (ABctpanus), bakcrpem (IIBerus), 1. Buxa
(ITomemra), A. Hanescku (ITomeima), B. JlaHeBcku
(ITomemma), A. nme I'pyr (lommammus), M. I'poen
(Fommanmust), A. Hpeiiaunar (Isenus), @. 3uneH
(Tommanous), A. Kacan (Yexus), E. Kacnu
(CIIA), Jx. Kornonu (Benmukobpuranus), [1. Ko-
cuHcku (BenmukoOpuranus), C. Jleit (BenukoOpu-
tanus), H. [eJlyka (CLIA), K. Mopu (Anonus),
K. Hakaanmm (Anonus), K. Hukonay (CIIA), T.
Hopun (IlIBenms), Atra-Yp-Paxman (Ilakucran),
Cyx Hes (Munus), b. Tpoct (CLIA), I'. Ypuccon
(Opannus), H. Xapmarta (Yexms), [. Daiikom
(Yexwms), B. @pank (I'epmanust) 1 MHOTHE IpyTHE.

[TocTOSHHBIMH aKTHBHBIMH y4YaCTHHKaMH KOH(e-
peHIMM OBUTM XWUMHUKHA W3 COIO3HBIX PECITyOJIHK
CCCP: benopyccun, Kazaxcrana, MonnaBuu,
Poccun, Y30ekucrana, YkpauHbsl U Ap. (BIOCIen-
CTBUU W3 COOTBETCTBYIOIIUX HE3aBHCHMBIX TOCY-
JApCTB), - JUACPHI M TNPEACTABUTEIIA HAyYHBIX
IIKOJI MO XUMHH NpUPOAHBIX coenuHeHuid: H.K.
AOyb6akupos, C.H. Armanuenko, A.A. Axpewm, [1.0.
Bman, I'.b. Ensgxo, A.B. Kamepuunkwuii, @.A.
Jlaxeuu, A.M. Mouceenkos, U.B. Topros, M.C.
IOnycoB m mpyrue. JImaHoe oOImieHWe, HAayYHBIE
JMOKJIaAbl M JUCKYCCHH CIIOCOOCTBOBAJIH POXKIeE-
HUIO HOBBIX HJICH, HAJTKUBAaHUIO TBOPYECKOTO
COTPYTHHYECTBA U JPYKECKHX OTHOIICHWH. bbina
MOJITOTOBJIEHA TTOYBA U CO3MAAaHUS WHTEPHAIIHO-
HAJIBHBIX KOJUIGKTHBOB I BBIIIOJIHEHUS Mac-
MTAa0HBIX MPOEKTOB, (PMHAHCHUPYEMBIX Pa3THYHbI-
Mu dormamu EBpomeiickoro Coro3a, ApyrHUMH
MEXIYHApOIHBEIMU opranu3anusiMu. Co3manoch
TpaHCTPaHUYHOE OOIIECTBO MPOo(decCHoHAaIOB, KO-
Topoe odopmmiiocs GopmanbHO Kak «l3ompeHo-
HUIHOE 00IIEeCTBO», O YeM OBLIO MPOBO3TJIAIICHO B
[Ipare Ha 22 KOH(EpPEHIMH IO H3OMPECHOUIAM,
opranuzoBaHHo# B 2014 r.

CerofHsIHUN PEHECCAaHC B HCCICAOBAHUSX H30-
MIPEHOHIOB CBS3aH C (pyHAAMEHTAIBHBIMH OTKPHI-
TUSAMH TIOCJIECTHEH TPEeTHU IABAAIATOrO BEKa, KOTO-
pble MHOTOKPATHO PACUIMPUIN MPEICTABICHUS O
pOJIM M30IPEHOUJOB B SKUBBIX OpPraHU3MAaxX U
(hyHKITMOHUPOBAHUH 3KOCHUCTEM, OTPA3WIIH HUX TIO-
HCTUHE HEHCUYEpIacMble BO3MOKHOCTH B PEIICHUH
CaMBIX aKTyaJIbHBIX TIpo0JeM COBPEMEHHOCTH:
OOpBOBI C CEePIIEIHO-COCYTUCTHIMH, OHKOJIOTHYIEC-
CKUMH ¥ JPYTHUMH OIACHBIMH 3a00JIEBaHUSIMH,
CO37IaHUS SKOJIOTHYECKU JPYKECTBEHHBIX arpoXu-
MUYECKUX MPENapaTOB M TEXHOJOTHM N7 Celb-
CKOT'O XO3SHCTBA, MPUHIMITHAIEHO HOBOTO pEIlie-
HUSI TEXHUYECKUX 3a/Jad Ha OCHOBE MOJEIHUpPOBa-
HUS TPOILIECCOB PACIIO3HABAHUS, PELICTILIMU U CHUT-
HaJMHTA, MPOTEKAIONNX B KHBOU KieTKe. BrIOop
r. MuHCKa B KauecTBE MECTa MPOBEACHUS OUYepe/I-
HOW 23 KOH(EPEHIUH SIBJIACTCS OYEPETHON BEXOH
B Pa3BUTHH U MHTEPHALMOHAIM3ALUU HCCIEIOBaA-
HUW U30TTPEHOUIOB.
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Conference on Isoprenoids is approaching its half-
century anniversary. The history of the forum starts
at the turn of the 60s and 70s of the last century as
national conference on steroids organized by
Polish chemists from the Institute of Organic
Chemistry in Warsaw. Later, the conference be-
came a joint event of Czech and Polish scientists
on the initiative of professors M. Kocér, V. Cerny,
and V. Herout. Subsequently, the conference topic
was expanded by including research on the broader
class of organic compounds - isoprenoids, among
which subclass of steroids takes an important
place. In 1973, the Conference was organized by
the Institute of Organic Chemistry and Biochemis-
try, Czechoslovak Academy of Sciences in the cas-
tle of Liblice in the neighborhood of Prague. Since
then, the Conferences were organized biennial in
Poland and Czechoslovakia (later the Czech Re-
public) alternately and traditionally brought to-
gether a large number of specialists in the field
from many countries.

The long history of the successful meetings be-
came possible due to several favorable conditions
which were put together:

1) The subject of the Conference. Isoprenoids (ter-
penoids) is a widespread large group of natural
compounds whose molecules consist of one to
eight or more C5 isoprene units connected to each
other in various ways. Steroids are terpenoid sub-
class which molecules are composed from 18 - 29
carbon atoms and include tetracyclic cyclopenta-
phenanthrene skeleton as a structural element. Iso-
prenoids are detected in all living organisms and
play an important role in their functioning, being
participants and regulators of metabolic processes.
A number of vitamins, hormones, pheromones,
allelopathins, receptor sensors as well as sterols,
the key elements of cell structure, and many other
physiologically active natural compounds belong
to isoprenoids. They are responsible for the repro-
duction, sexual differentiation, development, adap-

tation, regulation of mineral and protein metabo-
lism, nervous activity, digestive system, i.e. virtu-
ally all the vitally important functions of a living
organism. Isoprenoids are found in all higher
plants, and the recipes for isolation of enriched
with terpenoids essential oils from plants are
known since pre-Christian times. There are numer-
ous fields of practical application of isoprenoids.
They are used as active pharmaceutical ingredi-
ents, as plant growth regulators, in perfumery and
food industry as a spice and perfume substances,
etc. For this purpose both natural products and
their synthetic analogues are used, and many
groups of chemists are busy with making the latter
ones.

2) Since the middle of the last century, the instru-
mental tools for chemical research were changed
radically as a result of the rapid development and
implementation of analytical techniques, such as
chromatography, mass spectrometry, NMR spec-
troscopy, optical spectroscopy, and others. It be-
comes easier to separate complex mixtures, to iso-
late minor individual compounds from natural
sources, to determine the structure of complex or-
ganic compounds. At the same time, the society
realized the necessity in extension of chemical
products use and technologies development. The
"golden age" of chemistry started, which required
and promoted the research in all fields of chemis-
try. The progress in studies of natural products has
led to the creation of the theoretical fundament of
modern organic and bioorganic chemistry and the
results were awarded to several Nobel Prizes.

3) An attractive feature of the Conference is a vari-
ety of isoprenoid-related topics: from natural
sources, chemical synthesis and structural analysis
to molecular biological, genetic engineering, eco-
logical, and medicinal aspects. All topics are con-
sidered by the specialists from different fields dur-
ing common discussions offering a broad vision of
a subject that is especially important for young
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scientists for imaging the current state and perspec-
tives of natural products chemistry. Probably, this
is one of the reasons of substantial representation
of young scientists among the participants.

Started at the national level, the Conference on
Isoprenoids quickly turned into a pan-European
forum, joined by scientists from many countries of
the world. Among the conference lecturers there
were Nobel Prize Winners, Prof. D. H. R. Barton
and Prof. R. Noyori, and other prominent chemists,
to mention only a few:

G. Adam (Germany), J. Apsimon (Canada), A.
Berch (Australia), P. Baekstrom (Sweden), E. Cas-
pi (USA), J. Connolly (Great Britain), A. Daniew-
ski (Poland), W. Daniewski (Poland), A. Dreiding
(Switzerland), J. Fajko§ (Czech Republic), W.
Francke (Germany), A. de Groot (Netherlands), M.
Groen (Netherlands), J. Harmatha (Czech Repub-
lic), A. Kasal (Czech Republic), P. Kocienski
(Great Britain), V. Ley (Great Britain), N. de Luca
(USA), K. Mori (Japan), K.Nakanishi (USA), K.
Nicolaou, (USA), T. Norin (Sweden), G. Ourisson
(France), Atta-ur Rahman (Pakistan), Sukh Dev
(India), B. Trost (USA), J. Wicha (Poland), F.

Zeelen (Netherlands). Permanent active partici-
pants of the conference were the chemists from the
Republics of the USSR: Belarus, Kazakhstan,
Moldova, Russia, Uzbekistan, Ukraine, and others
(later from the corresponding independent States) -
leaders and representatives of the scientific schools
in chemistry of natural compounds: N.K. Abubaki-
rov, S.N. Ananchenko, A.A. Akhrem, P.F. Vlad,

G.B. Elyakov, A.V. Kamernitsky, F.A. Lakhvich,
A.M. Moiseenkov, I.V. Torgov, M.S. Yunusov,
and others. Personal contacts, scientific reports and
discussions contributed to the birth of new ideas,
establishing productive cooperation and friendly
relations. It also enabled (and enables), otherwise
possibly not simple, direct contact between the
experienced decision makers and the youngest
generation of scientists within and between disci-
plines. The conference has built a basis for assem-
bling the international teams for the implementa-
tion of large-scale projects financed by various EU
funds and other international organizations. It cre-
ates a cross-border community of professionals -
"Isoprenoid Society", that was announced in Pra-
gue in 2014 on 22™ Isoprenoid Conference.

Nowadays, one can see a renaissance of isoprenoid
research. It came on the wave of fundamental find-
ings made in the last third of the XX century,
which brought new knowledge about isoprenoid
role in living organisms and ecosystem function-
ing, pointed to the inexhaustible potential of iso-
prenoids in solving the urgent problems of modern
time: fight against cancer, cardiovascular and other
dangerous diseases, creation of ecologically friend-
ly preparations and technologies for agriculture,
new technical solutions based on the modeling of
recognition, reception and signaling in the living
cell. The choice of Minsk as the venue for the 23™
Conference is a new milestone in the development
and internationalization of isoprenoids’ research
and practice.
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PLENARY LECTURES

THE DEVELOPMENT OF NOVEL METHODS FOR DIRECT OXIDATIVE

COUPLING

Andrey P. Antonchick”
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Technische Universitdt Dortmund, Otto-Hahn-Strasse 4a, 44221 Dortmund, Germany

e-mail: andrey.antonchick@mpi-dortmund.mpg.de

C-H Bonds are ubiquitous in organic compounds
and are among the least reactive bonds. Direct and
selective methods of functionalization of simple
compounds are an important and longstanding goal
in chemistry. The direct transformation of C-H
bonds into new carbon-carbon or carbon-
heteroatom bonds is a fundamental challenge in
organic chemistry. Direct oxidative cross-coupling
between two non-functionalized compounds is an
environmentally benign and economically attrac-
tive synthetic strategy.

Hypervalent iodine(IIl) reagents found application
in direct oxidative, metal-free cross-coupling of
non-functionalized compounds under mild reaction
conditions. Recently, we developed a novel or-
ganocatalytic method of intramolecular C-H bond
amination for intramolecular and intermolecular
amination of simple arenes.” In subsequent stud-
ies using hypervalent iodine reagents, we devel-
oped a novel method for the formation of C-C and
C-O bonds using non-functionalized compounds.*
8 The development of those methods and studies
on the reaction mechanism will be discussed.

Cyclopropanes represent versatile synthons in or-
ganic synthesis with unique reactivity. Strained
carbocycles are present in many natural, biologi-
cally and medicinally important products. The syn-
thesis of the cyclopropane moiety has evoked con-

REFERENCES

siderable interest, which resulted in the develop-
ment of different synthetic strategies. These meth-
ods require the application of reactive pre-
functionalized reagents. Therefore, the develop-
ment of novel practical methods for the straight-
forward synthesis of cyclopropanes using non-
functionalized materials remains a considerable
challenge and their elaboration is highly desired.

We developed a copper-catalyzed cyclopropana-
tion of maleimides with acetophenone derivatives
with broad scope.’ This reaction represents an un-
precedented example of copper catalyzed stereose-
lective synthesis of annulated cyclopropanes.
Mechanistic studies revealed a novel reactivity for
copper catalyzed radical reactions. This method
was applied in furan synthesis using catalytic an-
nulation of acetophenone derivatives and alkyl
acetylenedicarboxylate with a broad reaction
scope.'’ The operationally simple method offers
direct access to multisubstituted furan derivatives.
Furthermore, we discovered an extraordinary
(1+1+1) cyclotrimerization for the cyclopropane
synthesis.!! The cyclotrimerization was applied in
a stereoselective synthesis of small saturated car-
bocycles from non-functionalized acetophenone
derivatives. A broad scope of the cyclotrimeriza-
tion was demonstrated and detailed studies on the
reaction mechanism were performed.

) Antonchick, A.P.; Samanta, R.; Kulikov, K.; Lategahn, J. Angew. Chem., Int. Ed. 2011, 50, 8605-8608.
2) Samanta, R.; Bauer, J.O.; Strohmann, C.; Antonchick, A.P. Org. Lett. 2012, 14, 5518-5521
3) Manna, S., Serebrennikova, P.O., Utepova, [.A., Antonchick, A.P., Chupakhin O.N. Org. Lett., 2015, 17,

4588-4591.

“4) Manna, S.; Antonchick, A.P. Angew. Chem., Int. Ed. 2014, 53, 7324-7327.

(5) Manna, S.; Matcha, K., Antonchick, A.P. Angew. Chem., Int. Ed. 2014, 53, 8163-8166.
(6) Matcha, K.; Antonchick, A.P. Angew. Chem., Int. Ed. 2013, 52, 2082-2086.

7 Antonchick, A.P.; Burgmann, L. Angew. Chem., Int. Ed. 2013, 52, 3267-3271.

®) Narayan, R.; Antonchick, A.P. Chem. Eur. J. 2014, 20, 4568-4572.
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O] Manna, S.; Antonchick, A. P. Angew. Chem., Int. Ed. 2015, 54, 14845-14848.

(10)
an

Manna, S.; Antonchick, A. P. Org. Lett., 2015, 17, 4300-4303.
Manna, S.; Antonchick, A. P. Angew. Chem., Int. Ed. 2016, 55, 5290-5293.

CONVERSION OF STEROIDOGENIC DRUGS BY ADRENAL STEROID
HYDROXYLASES AND PRODUCTION OF NOVEL METABOLITES

Lina Schiffer, Simone Brixius-Anderko, Frank Hannemann, Anne-Rose Miiller, Anna
Hobler, Josef Zapp', Jens Neunzig, Mario Thevis?, and Rita Bernhardt

Institute of Biochemistry, Saarland University, Campus B2.2, 66123 Saarbruecken, Germany,
! Pharmaceutical Biology, Saarland University, Campus C2.2, 66123 Saarbruecken, Germany, ’Institute
of Biochemistry/Center for preventive Doping Research, German Sports University Cologne, Germany

e-mail: ritabern@mx.uni-saarland.de

It was investigated whether human steroid hydrox-
ylases are able to accept other steroidal compounds
as substrates besides their physiological ones. Two
classes of compounds have been investigated in
detail: anabolic steroids and the well-known drug
spironolactone and its metabolite canrenone. We
demonstrated that the human cytochromes P450
CYP11A1, CYP11B1 and CYP11B2 which are
involved in the biosynthesis of steroid hormones
by catalyzing the side-chain cleavage of cholester-
ol and the final steps in the biosynthesis of gluco-
and mineralocorticoids, respectively, show an ad-
ditional capability to metabolize the xenobiotic
steroid oral-turinabol (OT), which is a common
doping agent. In contrast, microsomal steroid hy-
droxylases did not convert OT. Metabolites of OT
conversion by the CYP11B subfamily members
were produced at mg-scale with a recombinant

REFERENCES

Escherichia coli-based whole cell system and
could be identified by NMR to be 113-OH-OT for
both CYP11B isoforms, whereby CYP11B2 addi-
tionally formed 11p3,18-diOH-OT and 11p-OH-
OT-18-al, which rearranges to its tautomeric form
11B,18-expoxy-18-OH-OT. CYP11A1 produces 6
metabolites, which are proposed to include 2-OH-
OT, 16-OH-OT and 2,16-diOH-OT based on LC-
MS/MS analyses.'

Moreover, also spironolactone and canrenone can
be converted by CYP11B1 and CYP11B2, while
no conversion of the selective mineralocorticoid
receptor antagonist eplerenone was observed.

These findings suggest that steroidogenic P450s
can contribute to drug metabolism and should be
considered in drug design and toxicity studies.

)] Schiffer, L.; Brixius-Anderko, S.; Hannemann, F.; Zapp, J.; Neunzig, J.; Thevis, M. and Bernhardt, R.:

Drug Metab. Dispos. 2016, 44, 227-237.

2) Schiffer, L.; Mueller, A.R.; Hobler, A.; Brixius-Anderko, S.; Zapp, J.; Hannemann, F. and Bernhardt, R.: J.

Steroid Biochem. Mol. Biol. 2016, in press

TERPENES FROM MICROORGANISMS

Jeroen S. Dickschat

University of Bonn, Kekule-Institute for Organic Chemistry and Biochemistry, Gerhard-Domagk-Strafie

1, 53121 Bonn, Germany
e-mail: dickschat@uni-bonn.de

Terpenes are well known from plants, but only re-
cent research revealed that they are also wide-
spread in microorganisms including bacteria and

fungi. Genome sequencing has uncovered the ge-
netic information for terpene cyclases in many mi-
croorganisms which now allows for gene cloning
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and heterologous expression to investigate the
products of unknown enzymes. Today the products
of at least 50 bacterial terpene cyclases have been
identified with main contributions from my labora-
tory.!

The cyclisations of linear terpene precursors such
as geranyl (GPP), farnesyl (FPP) or geranylgeranyl
diphosphate (GGPP) proceeds by diphosphate ab-
straction followed by a cyclisation cascade via cat-
ionic intermediates and final deprotonation or at-
tack of water. The detailed mechanisms of terpene
cyclases are difficult to address. Possible methods
to investigate the enzyme mechanisms are:

REFERENCES
(1)  Dickschat, J. S. Nat.Prod. Rep. 2016, 33, 87-110.
(2)
(3)

Int. Ed. 2014, 53, 7652-7656.
4)

6)] enzymatic conversion of isotopically la-
belled precursors,

(i1) enzyme crystallisations and site-directed
mutagenesis,

(ii1) quantum chemical calculations.

We have used all these approaches to investigate
the mechanisms of various bacterial and fungal
terpene cyclases.”* The results of our work will be
discussed in the lecture.

Rabe, P.; Pahirulzaman, K. A. K.; Dickschat, J. S. Angew. Chem. Int. Ed. 2015, 54, 6041-6045.
Baer, P.; Rabe, P.; Fischer, K.; Citron, C. A.; Klapschinski, T. A.; Groll, M.; Dickschat, J. S. Angew. Chem.

Rabe, P.; Janusko, A.; Goldfuss, B.; Dickschat, J. S. ChemBioChem 2016, 17, 146-149.

TOTAL SYNTHESIS OF ISOPRENOIDS USING ASYMMETRIC CATALYSIS

Adriaan J. Minnaard

Stratingh Institute for Chemistry, University of Groningen, The Netherlands

e-mail: A.J. Minnaard@rug.nl

Homogeneous catalysis, including asymmetric ca-
talysis, plays an important role in natural product
synthesis. This holds in particular for isoprenoids
(terpenes) and polyketides as for those compounds
carbon-carbon and carbon-hydrogen bond for-
mation is key to build up the desired compound
skeleton and stereochemistry is overwhelmingly
important.

In our group we focus on several challenging as-
pects in the development of homogeneous catalysis
and apply the methods in the synthesis of natural
products. The formation of quaternary stereocen-
ters and the stereoselective formation of tertiary
alcohols have our particular attention. Recently we
developed a strategy for the copper-catalyzed en-
antioselective addition of Grignard reagents to
prochiral ketones."* Although the method has limi-
tations in both the scope of Grignard reagents and
the scope of ketones, as such the method is very
effective as it provides a direct way to chiral enan-
tioenriched tertiary alcohols using these most read-

ily available organometallics. The method was ap-
plied in the synthesis of y-tocopherol, a main com-
ponent of vitamin E.* The chiral tertiary ether in
the tocopherols is a piece de resistance in most
syntheses of these compounds.

An alternative approach to tertiary alcohols is the
use of enantioselective epoxidation followed by
stereospecific ring opening, illustrated in the syn-
thesis of the aggregation pheromone of the Colora-
do potato beetle.*

The formation of quaternary stereocenters (that is,
carbon surrounded by four carbons) is approached
by the enantioselective palladium-catalyzed conju-
gate addition of arylboronic acids to B-substitituted
enones.’ This leads to useful building blocks and
this is illustrated in the efficient synthesis of eno-
kipodin A, a sesquiterpene, and in the synthesis of
mastigophorene,” a terpene dimer that in addition
possesses axial chirality.
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Figure 1.

An alternative approach to quaternary stereocen-
ters is the asymmetric conjugate addition of organ-
ometallics to a-substituted enones.® The tetrasub-
stituted enolate resulting from the conjugate addi-
tion can be trapped with a carbon electrophile to
provide the quaternary center. This method has
been developed with some success and has been
applied in the synthesis of the steroid skeleton,’
based on approaches earlier reported in literature.'
We showed in addition that the hydroxyl group in

Figure 2.

REFERENCES
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mastigophorene A

pheromone of Leptinotarsa

the A-ring could be introduced by iridium-
catalyzed C-H activation.

Very recently we developed the first enantioselec-
tive synthesis of terpenes with the halimane skele-
ton, using yet another way to construct quaternary
stereocenters, nl the Diels-Alder reaction. The
compound tuberculosinyl adenosine was prepared
in this way.'' Tuberculosinyl adenosine was identi-
fied exclusively in pathogenic Mycobacterium tu-
berculosis, which makes it a bona fide candidate
marker for the disease.'

OH
N=\ n
\(Keru O o
OH

tuberculosinyl
adenosine

) Madduri, A.V.R.; Minnaard, A.J.; Harutyunyan, S.R., Chem. Comm. 2012, 48, 1478-1480.

2) Madduri, A.V.R.; Harutyunyan, S.R.; Minnaard, A.J., Angew. Chem., Int. Ed. 2012, 51, 3164-3167.

3) Wu, Z.; Harutyunyan, S. R.; Minnaard, A. J., Chem. Eur. J. 2014, 20, 14250-14255.

4) Wu Z.; Jager M.; Buter J.; Minnaard A. J. Beilstein J. Org. Chem. 2013, 9, 2374-7.

®)] Gottumukkala, A.L.; Matcha, K.; Lutz, M.; de Vries, J. G.; Minnaard, A.J. Chem. Eur. J. 2012, 18, 6907-
6914.

(6) Buter, J.; Moezelaar, R.; Minnaard, A.J., Org. Biomol. Chem. 2014, 12, 5883-5890.
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Angew. Chem. Int. Ed. 2016, 55, 3620-3624.
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1726-1742.

(11) Buter, J.; Heijnen, D.; Wan, I.C.; Young, D.C.; Otten, E.; Moody, D.B.; Minnaard, A.J., submitted.

(12) Young, D.C.; Layre, E.; Pan, S.J.; Tapley, A.; Adamson, J.; Seshadri, C.; Wu, Z.; Buter, J.; Minnaard, A.J.;

Coscolla, M.; Gagneux, S.; Copin, R.; Ernst, J.D.; Bishai, W.R.; Snider, B.B.; Moody, D.B. Chem. & Biol.

2015, 22, 516-526.

CHEMISTRY OF SEMIOCHEMICALS—A PERSONAL ACCOUNT—

Kenji Mori

The University of Tokyo, Tokyo, Japan
e-mail: kjk-mori@arion.ocn.ne.jp

Mori's works in the synthesis of bioactive natural
products' will be reviewed with special emphasis
on pheromone chemistry. The lecture will include
the following topics.

(A) Structure determination by X-ray analysis

(isoperiplanone-A?): Is it always correct
(miyakosyne A*) ?
(B) Stereochemistry-bioactivity relationships

among pheromones*’: Are they always simple

(C) A natural pheromone: Is it a stereoisomer with
the most potent bioactivity (CH503%7) ?

(D) A natural pheromone: Is it always a pure stere-
oisomer (tribolure®) ?

(E) How can we identify the correct structure of a

pheromone (triglyceride pheromones”'® and a
monoterpene pheromone of a mealybug'") ?

(F) Applications and perspectives of pheromone

) S5 Sl research.
enough to regard only an enantiomer is bioac-
tive ?
REFERENCES
) Mori, K. Chemical Synthesis of Hormones, Pheromones and Other Bioregulators, John Wiley & Sons,
Ltd., 2010.

2) Kuwahara, S.; Mori, K. Tetrahedron 1990, 46, 8083-8092.

3) Mori, K.; Akasaka, S.; Matsunaga, Tetrahedron 2014, 70, 392-401.

“4) Mori, K. Bioorg. Med. Chem. 2007, 15, 7505-7523.

®) Mori, K. Proc. Jpn. Acad., Ser. B 2014, 90, 373-388.

(6) Mori, K.; Shikichi, Y.; Shankar, S.; Yew, J.Y. Tetrahedron 2010, 66, 7161-7168.

7 Shikichi, Y.; Akasaka, K.; Tamogami, S.; Shankar, S.; Yew, J.Y.; Mori, K. Tetrahedron 2012, 68, 3750-

3760.

(8) Akasaka, K.; Tamogami, S.; Beeman, R.W.; Mori, K. Tetrahedron 2011, 67, 201-209.

) Mori, K. Tetrahedron 2012, 68, 8441-8449.
(10) Mori, K. Tetrahedron 2014, 70, 5752-5762.
(11 Mori, K. Tetrahedron to be submitted.
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CRYSTAL STRUCTURE OF CYP90B1: IMPLICATIONS FOR
BRASSINOSTEROID BIOSYNTHESIS

Keisuke Fujiyama', Masahiro Kanadani', Tomoya Hino!, Masaharu Mizutani?, and Shingo
Nagano'*

! Department of Chemistry and Biotechnology, Graduate School of Engineering, Tottori University, Tot-
tori, Japan, ° Division of Applied Chemistry in Bioscience, Graduate School of Agricultural Science, Ko-

be University, Kobe, Japan
e-mail: snagano@bio.tottori-u.ac.jp

Brassinosteroids (BRs) are plant steroid hormones
that promote plant growth and development.' The
precursor of BR is campesterol (1), which is pro-
duced from squalene via cycloartenol. The most
potent BR, brassinolide (3), contains many oxygen
atoms, which are required for BR perception by it
receptor and co-receptor kinases, BRI1 and BAK1,
because many oxygen atoms in brassinolides are
hydrogen bonded with BRIl or BAKI1. Most
brassinolide oxygen atoms are introduced by cyto-
chrome P450s (CYPs). CYP90B1 catalyzes the
hydroxylation of C22 of campesterol (1), which is
the first and rate limiting step of BR biosynthesis.
Thus, CYP90BI is the key enzyme for BR biosyn-
thesis.” We have determined crystal structures of
two inhibitor-bound forms of CYP90B1 (unicona-
zole (UCZ) and brassinazole (BRZ)). The overall
structure of CYP90B1 has a P450 fold. The UCZ
triazole coordinates to the heme iron and the chlo-
rophenyl ring fits snugly into the hydrophobic
pocket. We also determined the crystal structure of
the BRZ-bound form at 2.3 A resolution. Although
the structures of UCZ and BRZ are similar, the
conformations of these inhibitors bound to
CYP90B1 show substantial differences. Moreover,
there are significant conformational changes in
CYP90B1 around the substrate binding pocket. A
long loop before the A-helix moves further away

CYP90B1
HO

REFERENCES

from the active site and a C-terminal loop is relo-
cated closer to the active site. Owing to these con-
formational changes, BRZ has a larger contact area
with the enzyme than UCZ; therefore, BRZ has a
higher affinity for CYP90B1 than UCZ. To under-
stand the substrate binding mode and substrate se-
lectivity, we performed a substrate docking simula-
tion for CYP90BI1. The side chain of campesterol
runs parallel to the I-helix, which contains Thr315
that is essential for dioxygen activation by CYP.
The C22 atom is 4.0 A from the heme iron, which
is a reasonable distance for the C22 hydroxylation
by the enzyme. The steroid core of the substrate
interacts with the hydrophobic wall of the large
substrate binding pocket. The hydroxyl group,
which is the only hydrophilic group on the sub-
strate, is close to His385, which suggests a hydro-
gen bond between His385 and OH at C3 of the
substrate. To verify the binding mode of cholester-
ol and campesterol suggested by the docking simu-
lation, mutagenesis studies were performed on this
enzyme. Replacement of most residues that were
predicted to interact with the substrate resulted in
the loss of hydroxylation activity, indicating that
the substrate binding mode in CYP90B1 is similar
to the docking simulation model and that the model
can explain the regio- and stereospecific C22 hy-
droxylation by CYP90BI.

OH

)] Adam, G., and Marquardt, V. Phytochem. 1986, 25, 1787-1799.
2) Fujita, S., Ohnishi, T., Watanabe, B., Yokota, T., Takatsuto, S., Fujioka, S., Yoshida, S., Sakata, K., and

Mizutani, M. Plant J. 2006, 45, 765-774.
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ORGANOCATALYSIS FOR THE 215T CENTURY: SYNTHESIS OF MORPHINE

Douglass F. Taber, Sha Bai, and David A. Gerstenhaber

Department of Chemistry and Biochemistry, University of Delaware, Newark, DE 19716 USA

e-mail: taberdf@udel.edu

The use of opium, the major alkaloid of which is
morphine, dates back to at least 3,000 B.C. Crystal-
line morphine was first isolated by Friedrich
Sertiiner in 1806. The pentacyclic skeleton of mor-
phine, including five stereogenic centers, an ether
bridge and a piperidine ring, has offered a continu-
ing challenge to the art and science of total synthe-
sis. The first racemic synthesis was accomplished
by Gates in 1952. The first practical racemic syn-

thesis was by Rice in 1980, and the first enantiose-
lective synthesis was achieved by Overman in
1993. In this work, we describe the practical multi-
gram synthesis of the enone 3, the tricarbocyclic
core of (-)-morphine. The enabling step in the syn-
thesis is the organocatalyzed allylation of 2-
iodocyclohexenone by the Schaus protocol, that
proceeds rapidly and in high enantiomeric excess
at room temperature.

N .
\ (-)- Morphine

CHIRAL NANO- AND MESOSCOPIC STRUCTURES BY HIERARCHICAL SELF-
ASSEMBLY OF STEROID-PORPHYRINS: 3D VS 2D AGGREGATION

Mariano Venanzi'”*, Donato Monti!, and Pavel Drasar?

" Dept. of Chemical Sciences and Technologies, University of Rome ‘Tor Vergata’, Rome, Italy, > Univer-
sity of Chemistry and Technology, Prague, Czech Republic

e-mail: venanzi@uniroma?2.it

Porphyrins are extremely versatile synthetic base
materials. Fine tuning of their physicochemical
properties can easily be achieved by functionaliz-
ing the core and/or the periphery of the electron-
rich macrocyle, making derivatized porphyrins
suitable for manifold applications as light-
harvesting units in dye sensitized solar cells, chem-
ical sensors, biomimetic catalysts, electro-and pho-

to-active compounds in electronics and opto-
electronics, sensitizers in photodynamic therapy of
tumors.'

Intense research activity showed that, through hi-
erarchical self-assembly, porphyrin aggregation
can be driven to generate nano- and meso-
structures of well-defined topology, such as nano-
particles, nanorods, molecular wires or ordered
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monolayers. Aggregation can be controlled using
porphyrin building blocks characterized by struc-
tural and chemical properties inducing a specific
supramolecular organization, such as peripheral
substituents featuring stercochemical information
or soft/hard metal coordination to the core.’

A fundamental issue in the process of molecular
self-assembly is the chirality generated during the
building up of supramolecular structures. Chiral
nano- and mesoscopic structures can derive from
chiral groups functionalizing the porphyrin scaf-
fold, transferring the stereogenic information of the

single building block to the aggregated structure
(sergeants-soldiers effect).’

In this contribution, the formation of chiral
mesoscopic structures from porphyrin derivatives
building blocks, characterized by functionalization
of the meso-positions with multiple steroid groups
will be described (Figure 1). Differences and simi-
larities between aggregation in aqueous solutions
(3D), essentially induced by hydrophobic effect, or
by Langmuir-Blodgett techniques, in which the
film formation (2D) is driven by increasing the
surface pressure on the porphyrin film at the
air/water interface will be discussed.

Figure 1. Stick representation of the minimum energy conformer of a tetrasteroidphenylporphyrin dimer,
tetramer and octamer. C atoms: white; O atoms: red; N atoms: blue.

In particular, we will show how the number of
steroid chains functionalizing the porphyrin scaf-
fold can influence the aggregation process, leading
to the formation of chiral mesoscopic structures.
However, the morphology of the obtained supra-
molecular structures depend on the details of the
intermolecular interactions established between the
porphyrin units, involving electrostatic, van der
Waals, and hydrogen bond interactions. Further-
more, solvation and hydrophobic effects strongly
concur to stabilize the aggregated forms, determin-
ing the entropy balance of the process.

Kinetic experiments on the aggregation of steroid
porphyrins also provide important insights on the
mechanism of formation of nano- and mesoscopic
structures. This process is strongly concentration
dependent, and variation in the porphyrin concen-
tration, even at micromolar levels, can deeply af-

fect the aggregation mechanism. At low concentra-
tions a typical two-step process occur, with an ini-
tial, faster formation of aspecific aggregates, fol-
lowed by a slower growth of large aggregates. At
relatively higher concentrations, very fast nuclea-
tion of small porphyrin clusters, is followed by a
diffusionally-controlled growth of mesoscopic
structures.

The Langmuir-Blodgett technique is most suitable
to follow the formation of porphyrin films with
increasing the surface pressure at the air wa-
ter/interface. In particular, the surface pressure vs.
molecular mean area isotherm allow to character-
ize the transition from the ‘gas phase’, i.e. non in-
teracting porphryins, to the liquid condensed
phase, i.e. collapse of the porphyrin film, through
the liquid expanded phase, i.e. weakly interacting
porphyrins (Figure 2).
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Figure 2. Surface Pressure vs. Molecular mean area isotherms of two tetrasteroid-porphyrins at the air/water inter-
face. The two porphyrin compounds differ only by the number of hydroxyl groups in the steroid rings. G: gas phase;
LE: liquid expanded phase; LC: liquid condensed phase. Sketches of the porphyrin organization in the different

phases are also reported.
All these features will be amply discussed at the

Conference, focusing on the molecular aspects of

REFERENCES

the aggregation process in aqueous solutions and at
the air/water interface.

) Lettieri, R.; Monti, D.; Zelenka, K.; Trnka, T.; Drasar, P.; Venanzi, M. New J. Chem. 2012, 36, 1246-1254.
2) Zelenka, K.; Trnka, T.; Tislerova, I.; Monti, D.; Cinti, S.; Naitana, M.L..; Schiaffino, L.; Venanzi, M.;
Laguzzi, G.; Luvidi, L.; Mancini, G.; Novakova, Z.; Simak, O.; Wimmer, Z.; Drasar, P. Chem. Eur. J.

2011, /7, 13743-13753.

3) Lorecchio, C.; Venanzi, M.; Mazzuca, C.; Lettieri, R.; Palleschi, A.; Thi, T.H.N.; Cardova, L.; Drasar, P.;
Monti, D. Org. Biomol. Chem. 2014, 12, 3956-3963.

VITAMIN E AND K. ANALOGUES CONTAINING A MODIFIED LIPOPHILIC

SIDE CHAIN

Stanislaw Witkowski

Institute of Chemistry, University of Bialystok, Biatystok, Poland

e-mail: wit@uwb.edu.pl

Vitamin E includes eight chemically distinct iso-
prenoid compounds (tocochromanols) of plant
origin. Tocopherols have fully saturated side chain
attached to the 6-chromanol nucleus at the 2-
position, while the side chain of tocotrienols con-
tains three double bonds. Although all 8 vitamin E

family members share a number of similarities, the
fully methylated a-tocopherol (a-Toc) is the only
one that is preferentially retained by the human
body. It reveals the highest bioavailability due to
its highest affinity to a-tocopherol transfer protein
(a-TTP) and low rate of metabolism."
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Over past decades intense research efforts have
been devoted mostly to a-tocopherol, while non-a-
tocopherols have been regarded as redundant, and
very little is known about their therapeutic value.
Since recently a growing body of literature has
been focused on other representatives of vitamin E,

especially y-tocopherol and tocotrienols, which
often do not share biological activity of a-
tocopherol.? v-Tocopherol shows anti-
inflammatory, anti-diabetic and anti-cancer activi-
ty, whereas, tocotrienols, especially y- and 6-form,
reveal numerous health-beneficial effects e.g. neu-
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roprotective,  cholesterol-lowering,  anticancer
etc.*” Unfortunately, due to fast metabolic degra-
dation of the hydrophobic side chain, the non-a-
tocopherols are rapidly excreted from organism (as
CEHCs), and its concentration in various tissues is
very low compared to a-tocopherol.

In order to maintain a therapeutic level of to-
cochromanols the synthesis of analogs resistant
against metabolic degradation was undertaken.
Introduction of branching methyl groups or trifluo-
romethyl group should hinder or completely pre-
vent cytochrome P-450-catalysed o-hydroxylation
and oxidation to 13’-carboxychromanol followed
by five cycles of PB-oxidation. Menaquinone-7
(MK-7) is a representative of vitamin K family,
and necessary for blood coagulation, bone metabo-
lism and cell growth.® The addition of MK-7 to

REFERENCES

diet substantially reduces the risk of bone fractures
and cardiovascular disorders, which are both criti-
cal health issue worldwide and health care costs for
their managements are high. The concentration of
MK-7 in food products is low and there is a de-
mand for supplementary MK-7. A Japanese fer-
mented soybean (natto) is the richest source of
MK-7. Nevertheless, the natural sources do not
meet the demand of the market and the synthetic
sources are desired. The presented stereoselective
synthesis of MK-7 was achieved in a “1 + 6 con-
vergent strategy by a condensation of the two
building blocks, menadione monoprenyl derivative
with hexaprenyl bromide using sulphone method-
ology.” The method enables production of high
purity MK-7, which is suitable for supplementation
and for therapeutic use.®

(1) Mustacich, D.J.; Bruno, R.S.; Traber, M.G. Vitam. Horm. 2007, 76, 1-21.

2) Schneider, C. Mol. Nutr. Food Res. 2005, 49, 7-30.

3) Saldeen, K; Saldeen, T. Nutr. Res. 2005, 25, 877-889.

4) Sen, C.K.; Khanna, S.; Rink, C.; Roy, S. Vitam. Horm. 2007, 76, 203-61.

%) Ahsan, H.; Ahad, A.; Igbal, J.; Siddiqui, W. A. Nutr. Metabol. 2014, 11:52, 1-23.

6) Ferland G. Ann. Nutr.Metab. 2012, 61, 213-218.

7 Baj, A.; Walejko, P.; Kutner, A.; Kaczmarek, £.; Morzycki, J. W.; Witkowski S.; Org. Prep. Res. Dev.

2016, submitted.

8) Krajewski, K.; Kutner, A.; Dzikowska, J.; Gutowska, J.; Napiorkowski, M.; Winiarski, J.; Kubiszewski,
M.; Jedynak, L.; Morzycki, J.; Witkowski, S.; Baj, A.; Walejko, P.; Farmaceutyczny, I.; z.0.0, V. S. Pro-
cess for preparation of mk-7 type of vitamin k2, October 11, 2013.
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DEVELOPING ARTEMISIA ANNUA FOR THE EXTRACTION OF ARTEMISININ
TO TREAT MULTI-DRUG RESISTANT MALARIA

Randolph R. J. Arroo ', Christopher J. Atkinson?, Steven Bentley3, Corrinne Burns',
Michael J. Davies?, Nigel Dungey*, Ian FlockartS, Colin Hill®, Trevor Robinson’, Lydia

M. J. Smith3, Jack G. Woolley'

! De Montfort University — Leicester School of Pharmacy, Leicester, UK, ? East Malling Research, East
Malling, UK, ° National Institute of Agricultural Botany (NIAB), Cambridge, UK, * Humber VHB- Phar-
ma Unit, Chicester, UK ,” Botanical Developments Ltd, Yalding, UK, ¢ Extraction T echnology Develop-
ments Ltd, Ashford, UK, ’ Frontier Agriculture Ltd, Lincoln, UK

e-mail: rriarroo@dmu.ac.uk

Semi-synthetic derivatives of the sesquiterpene
artemisinin (1) have worldwide become the main
treatment for P. falciparum malaria. Artemisinin-
combination therapies (ACTs), containing arteme-
ther (2) or artesunate (3) combined with non-
isoprenoid drugs, are recommended as first line
treatment by the World Health Organization, par-

ticularly in areas where resistance against quinine
and quinine analogues has developed.

Whereas methods for the total synthesis of artemis-
inin have been developed', artemisinin extracted
from the leaves of Artemisia annua L. (Asteraceae)
is still the preferred source for commercial produc-
tion of antimalarial drugs.

The biosynthetic pathway of artemisinin is well-
known and a number of genes that regulate arte-
misinin biosynthesis have been identified. Various
attempts have been made to enhance the yield of
artemisinin in crops or plant cell cultures through
the use of genetic engineering” °. Another ap-
proach has been semi-synthesis of artemisinin via

REFERENCES

artemisinic acid (4) in genetically engineered
yeast4.

Although genetic engineering holds a great prom-
ise for the future, currently the largest improve-
ments in artemisinin yield have been obtained
through creation of high-yielding varieties by clas-
sical breeding programs combined with modern
agricultural production techniques”.

(1) Zhu, C.; Cook S.P.. J. Am. Chem. Soc. 2012, 134, 13577-13579.

2) Lange, B.M.; Ahkami, A. Plant Biotech. J. 2013, 11, 169-196.

3) Tang, K.X.; Shen, Q.; Yan, T.X.; Fu, X.Q Plant Cell Rep., 2014, 33, 605-615

4) Paddon, C..J.; Westfal, P.J.; Pitera, D.J.; Benjamin, K. et al. Nature 2013, 496, 528-532

(5) Cockram, J.; Hill, C.; Burns, C.; Arroo, R.R.J.; Woolley, J.G. et al. Plant Gen. Res., 2012, 10, 152-154
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SOLVOLYSIS OF 14,17-ETHENO-BRIDGED 17-ACETOXY-16-NITROSTEROIDS:
MECHANISM AND SYNTHETIC APPLICATIONS

Alexander Baranovsky

Institute of Bioorganic Chemistry, National Academy of Sciences, Minsk, Belarus

e-mail: baranovsky@iboch.bas-net.by

The 14,17-etheno(ethano)-bridge, 17-acetoxy- and
16-nitro groups in steroid molecule form a very
reactive fragment which allows preparing a wide
variety of nitrogen containing heterocycles as well
as 14p-chain products. The access to compounds
6-14 is based on one-step procedures employing
compound 1 and its 17',17°-dihydro analog. The
attractive features of these procedures are their
simplicity of execution, selectivity and a high yield
in most cases.

The pathways leading to the mentioned compounds
have been studied. They are separated in three
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types: the sigmatropic rearrangement (6), the retro-
Henry reaction (8) and the nitrile oxide generation
mechanism (9-14)'. The nitrile oxide formation in
mild basic conditions (NaHCO;, EtOH, H,O, A)
proceeds via intermediates 2 and 3. Nitrile oxide 4
then can be trapped by a reducing agent (9), dipo-
larophile (10, 11) or solvent (5, 13).

The synthesized compounds were converted to D-
ring substituted estradiol analogs (15-20) in order
to test their biological properties.
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NEUROACTIVE STEROIDS AND VITAMIN D

Marie Bi¢ikova

Institute of Endocrinology Prague , Czech Republic
e-mail: mbicikova@endo.cz

Neuroactive steroids (NAS) and neurosteroids
have rapid, non-genomic actions in CNS. Changed
NAS/neurosteroids levels are involved in many
pathological processes. Regulation of their metabo-
lism and understanding of the mechanism of ac-
tions will help to use them therapeutically.

The effects of these steroids are mediated mainly
by modulation of ionotropic receptors of y-
aminobutyric acid (GABAa) or N-methyl-D-
aspartate (NMDA) and so influencing influx of CI°
or Ca*" ions into the cells, resp. Among the best
studied NAS belongs reduced progesterone deriva-
tive allopregnanolone — a positive modulator of
GABAA receptors, with effects similar to those of
benzodiazepines. On the other side, there are actu-
ally often studied or used dehydroepiadrosterone
(DHEA) and its sulphate with their negative or
positive modulation of GABAA or NMDA recep-
tors, respectively.

NAS/neurosteroids have neuroprotective properties
and participate in neuromodulation. Both the ge-
nomic and non-genomic effects of steroids in the
brain may contribute to the pathophysiology of
psychiatric disorders and the mechanisms of action
of antidepressants or antipsychotics. The disorders
in neurosteroid metabolome have been demon-
strated in several neuro-psychiatric diseases (e.g.
schizophrenia, Alzheimer disease, multiple sclero-
sis, depression etc.).

In the last few years as one of NAS is considered
active form of vitamin D  (calcitriol;

1,25dihydroxy-cholecalciferol). More and more
communications are dealing with the relationship
between vitamin D and psychiatric and neurologi-
cal disorders. Neuroprotective role of vitamin D is
explained e.g. by the reduction of reactive oxygen
species (ROS) down-regulation of L-type of calci-
um channels or the expression of inducible nitric
oxide synthase and support for the creation of glu-
tathione. The growing number of contributions
concerns the irreplaceable role of vitamin D in
gravidity. Animal models show, that prena-
tal vitamin D-deficiency leads to alterations in fetal
brain morphology and genes related to neuronal
survival, speech and language development, and
dopamine synthesis. Low saturation pre- and peri-
natal vitamin D may be a candidate risk factor for
the later development of multiple diseases: multi-
ple sclerosis, depression, seasonal affective disor-
ders, schizophrenia, Alzheimer disease, Parkin-
son’s disease, autism, hypertension, diabetes melli-
tus 1, metabolic syndrome, osteoporosis, osteoar-
thritis and cancer. /n vivo studies demonstrated that
deficiency of vitamin D3 may alter the adult brain
with possibility of adverse neuropsychiatric impli-
cations.

The findings of more than two hundreds authors
demonstrate that vitamin D supplementation might
have a protective effect against above named dis-
eases and that normalization of low serum vitamin
D levels might contribute to the prevention of vari-
ous neuropsychiatric disorders.

Acknowledgement: This study was supported by MH CZ — DRO (Institute of Endocrinology — EU,00023761) from the Ministry of

Health of the Czech Republic.
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SYNTHESIS OF THE LONG-TERM METABOLITES OF ANABOLIC STEROIDS
WITH A A¥3-170-METHYL-178-HYDROXYMETHYL FRAGMENT

Alaksiej L. Hurski,” Maryia V. Barysevich, Tatsiana S. Dalidovich, Marharyta V. Iskryk,
Nastassia U. Kolasava, Vladimir N. Zhabinskii, and Vladimir A. Khripach

Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, Minsk, Belarus

e-mail: AHurski@iboch.bas-net.by

Steroidal 18-nor-13-ene fragment 3 arises as a re-
sult of a Wagner-Meerwein shift of the 18-methyl
group to the C-17 cationic center of intermediate 1,
followed by deprotonation at C-14 (Scheme 1).
The shifted methyl group in compounds produced
in living organisms may remain non-functionalized
as in cytotoxic steroid tubocapsinolide A (4) and
some other withanolides,' or it may be hydroxylat-
ed as in the case of 7 (200H-NorMD) and 8. The
latter compounds were found in the urine of ath-
letes abusing performance-enhancing  drugs
metandienone (5)* and oxandrolone (6)° and these
metabolites are used in doping control assays as
reference substances. The benefit of 7 and 8 is that
they can be detected for a much longer period of
time (up to 19 and 16 days, respectively) after the
administration of the parent anabolic androgenic
steroids (AAS) as compared to other metabolites of
5 and 6. The biotransformation studies of prohibit-
ed in sport AAS dehydrochloromethyltestosterone®
and oxymetholone® resulted in identification of
new long-term metabolites with the proposed
structures 9 and 10 which also contain the 17p-
hydroxymethyl-17a-methyl-18-norandrost-13-ene

moiety. Because of a very small content of such
metabolites in biological fluids, only mass-
spectrometry and synthetic methods can be applied
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for their structure elucidation. Relatively simple
structure of metabolite 7 was determined during
investigation of metabolism of the deuterium-
labeled metadienone (5) using mass-spectrometric
data,?® but structures of more complex metabolites
9 and 10 have not been completely elucidated to
date.** In this respect, synthesis of such AAS me-
tabolites is needed both to confirm their proposed
structures and for their application as reference
substances in doping control assays.

From a synthetic point of view, the presence of a
17B-hydroxymethyl group in combination with a
C13-C14 double bond in the D-fragment 13 of
compounds 7-10 makes them challenging synthetic
targets. To date, the only successful route to such
compounds has been the biotechnological-based
approach. It involves the hydroxylation of 17,17-
dimethyl derivative 12 using CYP21 expressing
recombinant strain CAD75 of fission yeast Schiz-
osaccharomyces pombe for the preparation of
200H-NorMD 7 from metandienone 5** or the
fungus Cunninghamella elegans for the transfor-
mation of oxandrolone 6 into the metabolite 8
(Scheme 2).* Though having evident advantages in
terms of the amount of steps to achieve the needed
transformation, biotechnological approaches suffer
from a lack of generality.
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In this keynote lecture, preparation of steroids 7 of Pd-catalyzed acetoxylation assisted by a direct-
and 9 by chemical transformations will be report-  ing group’ was used. The carbon backbone of the
ed. The proposed strategy to obtain 13 is based on  target fragment was built through a Lewis acid cat-
a selective functionalization of unactivated C-H alyzed Wagner-Meerwein rearrangement of readily
bonds® of the shifted 17p-methyl group in 15. To  available epoxide 14.%

achieve the required transformation, the potential

Parr (Ref. 2a, biotechnological approach)
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EFFECT OF BRASSINOSTEROIDS ON ION CHANNELS AND SIGNALLING IN

ROOTS OF HIGHER PLANTS

Darya Straltsova!, Palina Chykun', and Vadim Demidchik'*

LBelarusian State University, Minsk
e-mail: dzemidchyk@bsu.by

Brassinosteroids (BRs) are class of steroid hor-
mones essential for the proper regulation of multi-
ple physiological processes required for normal
plant growth and development. Exogenous BRs
can improve the quantity and quality of crops and
ameliorates effects of stresses. Using native and
synthetic analogues of BRs as a tool to improve
plant yield seems to have a great potential for agri-
culture and biotechnology (Khripach, 2000). BRs
have been intensively investigated for their biosyn-
thesis, distribution and physiological functions us-
ing classical physiological tests, analyses of mu-
tants and transgenic plants (Arabidopsis thaliana
plants constitutively expressing aequorin). Recent
data indicate that BRs are also sensed by the plas-
ma membrane system catalyzing increase in the
cytosolic free Ca®* (in leaves of Arabidopsis thali-
ana). Zhao et al. (2013) have shown that the BR-
induced elevation in the cytosolic free Ca®" is abol-
ished in knockout line lacking functional brassino-
steroid receptor and after treatment with Gd**
(blocker of Ca®’-permeable nonselective cation
channels) (Zhao, 2013). Zhang et al. (2005) using
suspension culture cells of Arabidopsis have found
that anion channel currents were inhibited by both
28-homobrassionolide and 28-castasterone and
outwardly-directed K* conductance was stimulated
by 28-homobrassionolide but inhibited by 28-
castasterone (Zhang, 2005).

This study was to examine possible effects of
brassinosteroids on the plasma membrane cation
conductances in plant cells and related Ca** driven
signalling events. Standard patch-clamp and ae-
quorin chemiluminometry techniques were used
(Shabala, 2006).

Here, we report the first electrophysiological char-
acterisation of brassinosteroid-activated Ca*'-
permeable channels in higher plants. Wheat root
protoplasts (tested by patch-clamping) and whole
arabidopsis plants expressing Ca®'-reporting pro-
tein, aequorin (analysed by chemiluminometry),
were used in this study.

In the whole-cell patches (wheat root protoplasts),
1 uM 24-epibrassonolide, 28-homobrassionolide or
24-epicastasterone were applied exogenously. On-
ly 24-epicastasterone modified transmembrane
cation currents while 24-epibrassonolide and 28-
homobrassionolide did not cause any reaction. Ad-
dition of 24-epicastasterone at cytosolic side
through the patch-clamp pipette increased Ca**
influx conductance, which demonstrated character-
istics of depolarisation-activated Ca®" channels.
The pharmacological analyses have shown that
brassinosteroid-activated Ca**-influx conductance
was sensitive to inhibitors of Ca**-permeable cati-
on channels. Blockers of K* channels did not in-
hibit this conductance.The plasma membrane con-
ductance, which was activated by an endogenous
24-epicastasterone, showed bell-like shape with
maximal activation at depolarisation voltages
(bath: 20 mM Ca*"). Labelling castasterone (and its
derivates) with BODIPY (using castasterone-
BODIPY conjugates which were synthesised
chemically) showed that castasterone (and its deri-
vates) can be transferred to the cytosol both in in-
tact roots and protoplasts. This confirms that the
effect of 24-epicastasterone at the cytosolic face
can potentially be observed in real plants.

We also tested the effect of different brassinoster-
oids on cytosolic free Ca®*, using Arabidopsis tha-
liana plants constitutively expressing aequorin.
Brassinolide and castasterone, and its derivates
(24-epibrassonolide, 28-homobrassionolide, 24-
epicastasterone, 28-homocastasterone) were tested.
All six brassionosteroids induced elevation of the
cytosolic free Ca®" in arabidopsis root cells. In the
present study we demonstrated that 24-
epicastasterone being more potent than 24-
epibrassonolide and 28-homobrassionolide. 10 uM
of exogenous BRs was the minimal concentration
at which statistically significant changes of the cy-
tosolic Ca®* were observed.

The obtained results suggest that the plasma mem-
brane of root cells contains the brassinosteroid-
activated cation-permeable channels, which can be
involved in cell ion homeostasis and signalling.
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PHYTOSTEROL BIOCONVERSION AS A PLATFORM FOR PRODUCTION OF
VALUABLE STEROIDS: NOVEL FINDINGS AND PROSPECTS

Marina Donova*, Dmitry Dovbnya, Galina Sukhodolskaya, Sergei Khomutov, Andrei
Shutov, Eugeny Bragin, Tanya Ivashina, and Nicolai Strizhov
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Phytosterols are recognized now as most attractive,
available and low-cost raw materials for steroid
pharmaceutical industry. Phytosterols are produced
in huge amounts from plants, such as soya, pine, or
wastes of cellulose production plants. Their micro-
bial transformation is an effective tool for the pro-
duction of high-valued steroidal drugs and their
precursors. Although a range of biocatalytic meth-
ods has been developed, selection of suitable mi-
croorganisms, as well as creation of new engi-
neered strains is of great importance for generation
of improved bioprocesses and production process-
es for obtaining known and new metabolites with
potent biological activity. The achievements in
genetic and metabolic engineering of steroid-
transforming strains in combination with novel
approaches in the enzymatic and whole-cell bio-
catalysis provide a platform for highly effective
and selective biotransformations.

Actinobacteria are known to catabolize phytosterol
via the 9(10)-secosteroid pathway.' Along with
degradation of the aliphatic side chain, different
modifications of steroid core occur during sterol
bioconversion, such as 3B-hydroxy-5-ene to 3-
keto-4-ene moiety transformation, A'-
dehydrogenation, 9a-hydroxylation. Metabolic
blocks allow production of valued steroids by ex-
ploiting of the cascade reactions which are the part
of the degradative pathway.’

Biotransformation of phytosterols by actinobacte-
ria, and especially, by the selected strains of Myco-
bacterium neoaurum VKM Ac-1815D, 1816D and
1817D provides effective production of andros-

tenedione (AD), androstadienedione (ADD) and
9a-hydroxyandrostenedione (9-OH-AD), respec-
tively. These androstane steroids are the key inter-
mediates in the synthesis of various steroid drugs.

Based on the whole genome sequencing, as well as
on transcriptomic profiling, the specific genes and
gene clusters had been revealed which are essential
for specific steroid modifications.>* The data were
applied for the generation of engineered strains
with improved biocatalytic possibilities for produc-
tion of AD, 20-hydroxymethyl pregn-4-ene-3-one
(20-HMP, BA) and their analogs. The knock-out of
fadD3 gene in Mycobacterium smegmatis mc2 155
allowed effective production of 4a-hydroxy-6a-
methyldecahydro-cyclopenta[f]chromen-7(8H)-one
(HMDC) in a single step from sterols. The recom-
binant strains capable of single-step converting of
phytosterol, or cholesterol to testosterone, 1-
dehydrotestosterone, progesterone were generated
using heterologous expression of eukaryotic
steroidogenic systems in mycobacterial hosts.
Consequent bioconversions of phytosterol with
two microbial strains, - Mycobacterium neoaurum
VKM Ac-1815D and Aspergillus ochraceus VKM
F-830, in one bioreactor vessel enable effective
production of 11a-hydroxy-AD which is a key pre-
cursor in the syntheses of halogenated corticoids.
Effective production of dehydroepiandrosterone
(DHEA) from phytosterol has been provided by
the combination of the protection-deprotection of
the oxygen functionality at C3 with selective side
chain degradation of the 3-substituted sterols using
Mycobacterium neoaurum VKM Ac-1815D. Re-
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gio- and stereospecific hydroxylation of DHEA at
positions 70, 7B and double hydroxylation at
70,150 using selected fungal strains provide effec-
tive production of the valued 3B-ol-5-ene deriva-
tives.’

Effective procedures for the isolation and purifica-
tion have been developed which provided high pu-
rity of the final crystalline products.

HO,CJ;.EE mri%‘w

Thus, exploiting of mycobacterial phytosterol cat-
abolic pathway at the generation of engineered
strains allows of improved bioprocesses and effec-
tive production schemes for obtaining of a whole
number of the high-value steroids (Fig. 1).

Figure 1. Valuable steroids produced from phytosterol (I) using bioconversion methods: Il — androst-4-
ene-3,17-dione (AD); III — androsta-1,4-diene-3,17-dione (ADD); IV - 9a-hydroxy-AD; V - 1lo-
hydroxy-AD; VI — androst-4,9(11)-diene-3,17-dione (A9(11)-AD); VII — 20-hydroxymethylpregn-4-ene-
3-one (20-HMP, BA); VIII — progesterone; IX - 4a-hydroxy-6a-methyldecahydro-cyclopenta[f]chromen-
7(8H)-one (HMDC); X — 3B-hydroxyandrost-5-en-17-one dehydroepiandrosterone (androstenolone, pras-
terone, DHEA); XI - 3pB,70-dihydroxyandrost-5-ene-17-one (70-hydroxy-DHEA); XII - 3B,7a,150-
trihydroxyandrost-5-ene-17-one (7a,15a-dihydroxy-DHEA); XIII - androst-4-ene-3-one-17p-ol, testos-

terone
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THE EFFECT OF BRASSINOSTEROIDS ON SIGNALING SYSTEMS AND
METABOLISM REGULATION IN PLANT CELLS UNDER SALT STRESS
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Brassinosteroids (BRs) are steroid plant hormones
that act as key regulators of plant growth and stress
tolerance. The effect of BRs on plant life cycle is
initiated by hormone-activated complex signaling
systems. The roles of its components in the control
of cell metabolism under stress action are not dis-
closed yet.

The aim of this study was to investigate the
influence of brassinosteroid, 24-epibrassinolide
(24-EBR) on Brassica napus seedlings and Ara-
bidopsis  thaliana  plants: wild-type (WT)
A.thaliana plants and two transgenic lines — over-
expressing alternative oxidase 40XIa (AOXla-
OE) and antisense line (AOX1a-AS) under control
and salt stress conditions.

We have observed that 24-EBR stimulates for-
mation of key lipid messengers - phosphatidic acid
(PA) and diacylglycerol (DAG). Utilizing fluores-
cent and P** labeled lipids and pharmacological
approach with specific inhibitors to key enzymes
involved in PA and DAG conversion we found that
BRs activate phosphatidylcholine-hydrolyzing

phospholipase C (NPC). PA level in mutant bak!
plants was significantly decreased that indicates
involvement of receptor kinase BAKI1 in BR-
induced activation of phospholipases.

It was investigated role of 24-EBR in facilitation of
energy homeostasis in plants (activities of cyanide-
sensitive and cyanide-resistant respiratory path-
ways, synthesis of molecular mitochondrial chap-
erones) and activation of antioxidant systems to
prevent oxidative stress development. It was estab-
lished that lowering level of endogenous BRs with
biosynthetic inhibitor brassinazole suppressed al-
ternative respiration under severe salinity condi-
tions. Exogenously applied 24-EBR stimulated
activity of cyanide-resistant respiratory pathway by
2-folds. Respiration rate of mutant bri/ plants was
not affected by exogenous 24-EBR. This is an evi-
dence of receptor kinase BRI1-mediated regulation
of plant respiration by BRs. It was observed that
24-EBR induces synthesis of probable molecular
mitochondrial chaperones which may function to
protect respiratory chain.

This work was supported by the SFFR of Ukraine (grant F70), NAS of Ukraine grants (9.1-16(06), Ne14-16).
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NATURAL AND SEMISYNTHETIC SESQUITERPENE LACTONES IN
CELLULAR CONTEXT: FOCUS ON LIVE-CELL IMAGING AND GENE
EXPRESSION ANALYSIS
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Sesquiterpene lactones are bioactive natural com-
pounds with high potential in various medicinal
disciplines' employing of the plethora of their wide
spectra of biological activities, such as one of the
uppermost interest — anticancer properties. Among
the other certainly belong antimicrobial, anti-
inflammatory and antiparasitic activities, as well as
effects on central nervous and cardiovascular sys-
tems.>* Two well-known examples of this group of
compounds are guaianolides thapsigargin and tri-
lobolide, which are interesting mainly for their an-
tiproliferative properties and immunostimulatory
activity.*> Another structurally related analog of
these sesquiterpene lactones, archangelolide, has
been yet nearly undescribed. Therefore, in our
study, we have focused on revealing of differences
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among the biological properties of these com-
pounds, as well as of their fluorescently labeled
analogs enabling their tracking directly on the site
of localization in living cells of various model can-
cer cell lines.® Cytotoxicity, metabolic activity and
nitric oxide production of cells treated with these
derivatives were also examined. Moreover, and
most importantly, we have performed whole ge-
nome expression profiling using DNA microarray
analysis based on Illumina HumanWG Expression
BeadChips to further disclose the differences
among these three sesquiterpene lactones. The aim
was to identify the biological pathways affected by
the individual compounds, and to compare their
antiproliferative potential and genes affected in an
in vitro model of human prostatic cancer.

(1) Marles, R. J.; Pazos-Sanou, L.; Compadre, C. M.; Pezzuto, J. M.; Blosyk, E.; Arnason, J. T. Rec.

Adv. Phytochem. 1995, 29, 333-356.

2) Picman, A. K. Biochem. Syst. Ecol. 1986, 14, 255-281.
3) Ghantous, A.; Gali-Muhtasib, H.; Vuorela, H.; Saliba, N. A.; Darwiche, N. Drug Discov. Today 2010, 15,

668-678.

4) Christensen, S. B.; Skytte, D. M.; Denmeade, S. R.; Dionne, C.; Mgller, J. V.; Nissen, P.; Isaacs, J. T. Anti-

cancer Agents Med. Chem. 2009, 9, 276-294.
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ZERUMBONE: THE FASCINATING CHEMISTRY OF A MACROCYCLIC

SESQUITERPENOID

Giovanni Appendino!”, Alberto Minassi', Giuseppina Chianese?, Federica Pollastro’,
Eduardo Munoz®, and Orazio Taglialatela-Scafati>”

! Dipartimento di Scienze Del Farmaco, Universita del Piemonte Orientale, Novara, Italy, ZDipartimento
di Farmacia, Universita di Napoli Federico II, Napoli, Italy, ° Department of Cell Biology, Physiology
and Immunology, University of Cordoba, Cordoba, Spain

e-mail: scatagli@unina.it

Zerumbone (1), a humulane sesquiterpenoid whose
structure includes a 11-membered ring and a
dienone system, is the major volatile constituent of
Zingiber zerumbet (shampoo ginger), an Indian
plant used both as food flavouring and medicine in
India and the Far East.' Zerumbone (1) has been
the object of a growing interest due to its “cure-all”
bio-pharmacological profile, similar to that of cur-
cumin, of which it could be considered a lipophilic
version. Considering only the last couple of years,
antiulcer and antihypercholesterolemic activities
have been added to the largely documented anti-
cancer potential.?

0

2

1 (Zerumbone)

The biological activity of zerumbone has been of-
ten related to the Michael acceptor behaviour of
the cross-conjugated dienone system, although this
group should be in principle poorly reactive. Ex-
amples of conjugated additions had already been

REFERENCES

reported, but we have recently investigated the
possible thiol trapping activity of zerumbone
through the cysteamine assay.’ In this assay, the
dienone system of zerumbone reacted with two
equivalents of cysteamine to give a bis-adduct,
with a marked difference in the reversibility behav-
iour. E/Z photochemical isomerization of
zerumbone caused dramatic effect on the site, the
mode (transient or irreversible), and the stoichiom-
etry of the reaction.* Interestingly, we have also
evidenced a substantial separation between Mi-
chael reactivity and biological activity toward end-
points sensitive to thiol trapping. This supports the
view that shape complementarity plays a critical
role in the covalent binding of Michael acceptors
to their macromolecular target(s).

Finally, we have explored the reactivity of
zerumbone (1) with acids, unveiling that a cornu-
copia of cyclized derivatives were produced by
treatment with Lewis acids. Surprisingly, the
course of the cyclization was dramatically depend-
ant on the exact nature of the Lewis acid, and both
carbocyclic and aromatic systems could be gener-
ated.

) Zakaria, Z. A.; Yob, N. J.; Jofrry, S. M.; Affandi, M. M. R. M. M.; Teh, L. K.; Salleh, M. Z. Evid. Based

Compl. Altern. Med. 2011, e543216.

2) Kirana, C.; Mclntosh, G. H.; Record, I. R.; Jones, G. P. Nutr. Cancer, 2003, 45, 218-225.

3) Avonto, C.; Taglialatela-Scafati, O.; Pollastro, F.; Minassi, A.; Di Marzo, V.; De Petrocellis, L.;
Appendino, G. Angew. Chem. Int. Ed. 2011, 50, 467-471.

4) Appendino, G.; Minassi, A.; Collado, J. A.; Pollastro, F.; Chianese, G.; Taglialatela-Scafati, O.; Ayyari,
M.; Garcia, V.; Munoz, E. Eur. J. Org. Chem. 2015, 3721-3726.
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DISTRIBUTION IN THE NATURE OF SESQUITERPENE LACTONES WITH THE
NON-TYPICAL STRUCTURE OF MOLECULES

Sergazy M. Adekenov

International Research and Production Holding “Phytochemistry”, Karaganda, Republic of Kazakhstan

e-mail: arglabin@phyto.kz

The improvement of methods for the isolation of
natural compounds and the study of a structure of
their molecules has revealed new sesquiterpene
lactones with non-typical structural skeletons. Over
the past 20 years (1995-2015) were isolated and
described more than 2500 sesquiterpene lactones
belonging to seven major structural types (guaiane
, germacrane, lindenane, pseudoguaiane, eudes-
mane, elemane, eremophylane). The minor quanti-
ty in natural sources contains sesquiterpene lac-
tones of such structural types as aromandendrane,
aristolane, bisabolane, botridiane, valerane, il-
ludane, carabrane, cuparane, oplopane, sterpurane,
hirsutane and other rare and non-typical carbon
skeletons.

The majority of sesquiterpene lactones from ma-
rine origin characterized by furan, selinane, aristo-
lane, lemnalane, chamigrane skeletal types with
rare for natural compounds functional groups as
isonitrile, isothiocyanate, formamide. Non-typical

i

The greatest amount of sesquiterpene lactones with
a new carbonic cycle is isolated from flowering
plants - representatives of Asteraceae family, for
example, non-typical 14,15-dimethyl-7,13-
dioxotricycle [6.4.0.0%!"]dodeca-12,13-olide (6)
with functional groups, rare for natural molecules
isolated from Nauplius graveolens subsp. odorus,
(—)-1,5; 3,4-diepoxy-10(14)-en-12,8-olide (7) from
two B-focused epoxy cycles in a five-membered
carbocyclic ring from Stevia tomentosa, antecular-

sesquiterpene lactones of marine metabolites
formed in accordance with the biogenetic isoprene
rule (farnesyl) and contradicting it (non- farnesyl).
Several sesquiterpenoids of marine organisms have
regrouped non-isoprenoid skeleton, for example,
upial (1) of Dysidea fragilis. From marine plants
identified a number of lactones with a new unique
carbon skeleton, for example, menelloide A (2)
from Menella sp., asperaculine A (3) with a new
[5,5,5,6] fenestrane ring from the marine fungus
Aspergillus aculeatus CR1323-04, massarinoline A
(4) ¢ with rare ring system of marine fungi Massa-
rina tunicata.

It is known about the isolation of the new terpene
alcohol stenotarsol (5) from a beetle Stenotarsus
subtilis (Endomychidae). This compound is a new
type of terpene skeleton and is the first of the
secondary metabolites isolated from family of bee-
tle.

0
o)§/
0./ CH,OH
0
OH o~ 0
\ @ (5)

ine (8) of Anthemis auriculata, formed out of
farnesyl pyrophosphate way, dimeric lactones from
various species of this family. Sesquiterpene
lactones of a unique structure have also been
isolated from plants of other families, for example,
michampanolide (9) with a new skeleton from
Michelia  champaca, sipandinolide (10) of
Siparuna andina, amygdalactone (11) of Prunus
amygdalus, litseabutenolide (12) of Litsea
verticillata. Molecules with spiro-2 (5H)-furanone
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fragment rarely isolated from natural sources
especially with sesquiterpenoid skeleton. From the

Thus, the majority of new sesquiterpene lactones
with non-typical carbon skeletons contain in plant
based raw materials, a significant amount of such

green mass of Abies dalavayi the new

sesquiterpene lactone is isolated (13).

)

:‘%
T
0]
\[(CHQ(CHz)sMe 0o
O (11) on
OH

lactones isolated from marine organisms, and rela-
tively few can be found among secondary
metabolites of microorganisms.

® O
H

0]

(13)

PHYSICOCHEMICAL AND BIOLOGICAL PROPERTIES OF NOVEL AMIDE-
BASED STEROIDAL INHIBITORS OF NMDA RECEPTORS

Santosh Kumar Adla', Barbora Slavikova'!, Marketa Smidkova', Eva Tloustova!, Martin
Svobodal, Vojtech Vyklicky? Barbora Krausova?, Pavla Hubalkova?, Michaela Nekardo-
val3, Kristina Holubova?, Karel Vales?, Milos Budesinsky', Ladislav Vyklicky? Hana Cho-

dounska', and Eva Kudoval”*
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v.v.i., Flemingovo nam. 2, Prague 6 — Dejvice, 16610, Czech Republic. ? Institute of Physiology CAS, Vi-
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Herein, we report a new class of amide-based
inhibitors (1-4) of N-methyl-D-aspartate recep-
tors (NMDARs) that were prepared as ana-
logues of pregnanolone sulfate (PAS) and
pregnanolone glutamate (PAG) — the steroidal
neuroprotective NMDAR inhibitors. A series
of experiments were conducted to evaluate
their physicochemical and biological proper-
ties: (i) the inhibitory effect of compounds 3
and 4 on NMDARs was significantly im-

proved (ICso = 1.0 and 1.4 puM, respectively)
as compared with endogenous inhibitor —
pregnanolone sulfate (ICso = 24.6 pM) and
pregnanolone glutamate (ICso = 51.7 uM); (ii)
physicochemical properties (logP and logD)
were calculated; (7ii)) Caco-2 assay revealed
that the permeability properties of compounds
2 and 4 are comparable with pregnanolone
glutamate; (iv) compounds 1-4 cross blood-
brain-barrier.
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Amide-based inhibitors of NMDA receptors

Strong inhibitors of NMDA currents
Evaluated in Caco-2 Permeability Assay
logP and logD values calculation

R H Do cross blood-brain-barrier
R=
0] O O 0] 0] O
HO\H)kN\\“ HOMN\\" HO N\\ * HOWN\\“
o H H O NH, M NH, 1
1. ICSO =21.7 I,LM 2. ICSO =154 MM 3. ICSO =1.0 MM 4. ICSO =14 MM
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SYNTHESIS AND PROPERTIES OF NEW DERIVATIVES OF MALEOPIMARIC

AND CITRACONOPIMARIC ACIDS

Maksim P. Bei* and Anatolij P. Yuvchenko

The Institute of Chemistry of New Materials of NAS of Belarus, Minsk, Belarus,

e-mail: beymaksim@gmail.com

One of the most promising directions of plant re-
sources use is the preparation of fine chemicals.
The terpenes from wood resins (essential oils and
rosins) constitute one of the valuable parts of plant
resources. Essential oils widely used for produc-
tion of fine chemicals but diterpene part of wood
resins (rosin) is used mostly for production of bulk
chemicals (printing inks, adhesives, glues etc.).
The most available diterpenoid substance —
maleopimaric acid (MPA) that may be isolate from
maleated rosin, serves as a valuable synthon for the
preparation of a wide range of compounds. We
developed some new efficient methods for synthe-
sis of new maleopimaric acid derivatives with val-
uable properties — esters, amides, imides, diimides
1-5:

— Previously unknown unsaturated esters of
MPA 1 were prepared by reaction of MPA
with allyl- and propargyl bromide in high
yields (83-95%).!

— Method of synthesis of maleopimaric acid N-(n-
alkyl)imides 2 by the reaction of MPA with prima-
ry aliphatic amines (butyl-, hexyl-, octyl-, dodecyl-
, octadecylamine) in melt was developed. This
method allows to produce maleopimaric acid N-(n-
alkyl)imides 2 with quantitative yields without ap-
plying excess of primary amines and organic sol-
vents.?

— Method of synthesis of individual maleopimaric
acid N-arylimides 3 from maleated rosin, without
preliminary isolation of MPA. This method allows
producing of pure maleopimaric acid N-arylimides
with 46—80 mass. % yields (from started rosin).’ In
contrast to MPA aliphatic imides, MPA N-
arylimides are high-melting (280-350°C) com-
pounds with low solubility in common organic
solvents.

— Method of preparation of a new type of terpenoid
compounds — monoamides of fumaropimaric acid
4, with trans-1,2-dicarboxylic fragment in it’s
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structure, by alkali isomerization of maleopimaric
acid amides was developed.*

— Method of synthesis of diimido diacids 5
from MPA and hexamethylenediamine, p,m-

phenylenediamines.'
Rosin

Rosin-maleic anhydride
adduct (RMA)

“COOH

“CONRR"
Fumaropimaric acid
monoamides

5

Citraconopimaric acid (CPA, 6) is an analog of
MPA bearing methyl group at a-position of cyclic
anhydride group. Previously, CPA was not isolated
in individual state and described. Method of syn-
thesis of isomer of citraconopimaric acid 6a bear-
ing methyl group at C-15 was developed.” The
method includes preparation of the adduct of pine
rosin with citraconic anhydride (formed in situ
from itaconic acid) followed by recrystallization of

Maleopimaric acid
(MPA)

o

o)
RBr/ K,COj3
[ .

“COOR
R = CH,CH=CH, CH,G=CH

RNH2 MPA esters

0

N-R

023

O

“COOH
R = Ak (2), Ar (3)
MPA imides

Hooc?
R = -(CHy)g-, m, p-CgHy-

Diimido diacids

the product from carbon tetrachloride. The precipi-
tate contains two isomeric citraconopimaric acids
6a, b poorly separable by chromatography meth-
ods, however, the isomer of CPA 6a containing
methyl group at C-15 was obtained in pure form by
partial crystallization of the mixture. Previously
unknown unsaturated allyl and propargyl esters 7,
amides 8 and imides 9 of CPA were prepared.’

Rosin
0
xECOOH
1. Logop » 170-2000C S
2. CC|4 7 R= CH20ﬂ=CH2,
RBr/K,CO3 COOR CH,C=CH
1. SOCl, 0
PhH,_ o 2. RNH,
RNH “CONHR ° R=CeHs,
2 p-Cl-, p-BrCgH,-
1250C
N—R
o)
“CooH @ R=n-C4Hg, n-CgHyz,
CH,CH,OH

42



Oral Communications

)
O +
“COOH

R = H (MPA), CHs (6a)

Reaction of maleopimaric and citraconopimaric
acids with some secondary amines (diethyl-, di-
propyl- and dibutylamine) was investigated and the
formation of N-substituted imides of citra-
conopimaric and maleopimaric acids 2, 9 instead
of the expected amidoacids was found.” Only reac-
tion of MPA with diethyl-, dipropylamine at 135°C

R,NH —>

135°C

R' = CQH5, C3H7, C4Hg

gave expected amidoacids in 10—15% yields to-
gether with MPA N-ethyl-, N-propylimides
(60—80% yields).

It was shown that the synthesized compounds can
be applied as additives to the industrial polymers,
chiral additives to the nematic liquid crystals, bio-
logically active compounds.®®

REFERENCES

) Bei, M. P.; Azarko, V. A.; Yuvchenko, A. P. Russ. J. Gen. Chem. 2010, 80, 940-943.

2) Bei, M. P.; Yuvchenko, A. P.; Russ. J. Gen. Chem. 2010, 80, 253-257.

3) Bei, M. P.; Yuvchenko, A. P.; Puchkova, N. V.; Russ. J. Gen. Chem. 2015, 85, 1034—1039.

“4) Bei, M. P.; Yuvchenko, A. P.; Proc. NAS of Belarus, Chem. Ser. 2010, 84-87.

®)] Bei, M. P.; Yuvchenko, A. P.; Patent of Belarus 13646, 2009.

(6) Yuvchenko, A. P.; Bei, M. P.; Proc. NAS of Belarus, Chem. Ser. 2013, 68—74.

7 Bei, M. P.; Yuvchenko, A. P.; Baranovsky, A. V.; Proc. NAS of Belarus, Chem. Ser. 2013, 104—108.

®) Petrushenia, A. F.; Reviaka, M. M.; Yatsenka, V. V.; Bei, M. P.; Yuvchenko, A. P.; Proc. NAS of Belarus,

Phys.-Tech. Ser. 2012, 21-24.

INTERACTION OF HUMAN STEROID 7a-HYDROXYLASES WITH

BRASSINOSTEROIDS

Yaraslau V. Dzichenka and Sergey A. Usanov

Institute of Bioorganic chemistry of National Academy of Sciences, Minsk, Belarus

e-mail: dichenko@iboch.bas-net.by

Cytochromes P450 (CYP) are superfamily of
widespread in nature heme-containing enzymes
that catalyze transformation of multitude chemical
substances [1]. Among them steroid 7o-
hydrohylases CYP7A1, CYP7B1, CYP39Al are
remarkable by their key role in the process of bile
acids biosynthesis from cholesterol [2].

Brassinosteroids (BS) are steroid class phytohor-
mones that support normal functioning of plants
mostly in the processes of growth and adaptation to
adverse conditions [3]. According to the accumu-
lated wide experimental material BS also possess
their activity not only in plants but also in the or-
ganisms of other kingdoms. In particular, it was
shown that they have anticholesterolemic effect
[3], but exact mechanism of their action in this

case as well as in the majority of other cases is still
unknown.

In the present work interactions of human steroid
7a-hydrohylases with brassinolide, epibrassinolide
and epicastasterone were investigated. It was es-
tablished that among the examined enzymes only
CYP7AL is capable to bind epibrassinolide.

Using molecular docking method, it was discov-
ered that the molecule of the ligand stands in
CYP7AL1 active site similarly to cholesterol mole-
cule. Moreover, it was shown that in stabilization
of epibrassinolide take part amino acid residues
which are principal for substrate molecules binding
[4]. This fact denotes the possibility of hydroxyla-
tion of epibrassinolide by CYP7AT1 at 7 position.
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Thereby it was shown that human cholesterol 7a-
hydrohylase participates in epibrassinolide trans-
formation. Establishment of the structure of the
generated product and its role in organism func-
tioning is the aim of further work.
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The results obtained contribute to the understand-
ing of molecular mechanism of brassinosteroids
action on human organism.
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IDENTIFICATION OF MYCOBACTERIUM TUBERCULOSIS ENZYMES
INVOLVED IN METABOLISM OF IMMUNOACTIVE STEROLS
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Introduction: Problems associated with treatment
of XDR forms of tuberculosis are well known.
Identification of new molecular drug targets is of
particular importance to combat the disease. Mem-
bers of the cytochrome P450 family (CYP) consid-
ered as potential candidates being involved in me-
tabolism of biologically important molecules in the
host organism. Mycobacterium tuberculosis has
unusually high number of different cytochrome
P450s (20 genes). Despite intensive research in this
field 75% of these enzymes remain orphans. Our
research is focused on investigation of mycobacte-
rial P450 that might be involved in metabolism of
bioactive sterols.

Materials and Methods: We apply protein family
based approach in our experiments to study the
panel of CYPs using methods of biotechnology,
enzymology, structural biology, bioinformatics as

REFERENCES

well as experimental and technological practices in
synthesis of compounds with desired properties.

Results: In present work we carried out molecular
cloning, heterologous expression and purification
of 8 cytochrome P450s from XDR strains of My-
cobacterium tuberculosis. The substrate specificity
of these enzymes was studied using various steroid
and vitamin D derivatives. We identified mycobac-
terial cytochrome P450 that shows hydroxylation
activity toward vitamin D and provitamin D3 in
vitro. We also found that mycobacterial P450s can
metabolize bioactive oxysterols.

Conclusions: We have discovered that pathogenic
mycobacteria are involved in metabolism of im-
munoactive sterols. Based on these results we sug-
gest that modulation of oxysterol and secosteroid
biosynthesis or metabolism could be an adaptation
mechanism of mycobacteria infection for human
immune system.
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DESIGN AND SYNTHESIS OF NOVEL ARYL ANALOGUES OF
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Brassinosteroids (BRs) are steroid plant hormones
essential for many aspects of plant growth and de-
velopment, like cell division, elongation and dif-
ferentiation, pollen tube growth, seed germination,
regulation of gene expression, enzyme activation
and photosynthesis." They are also involved in de-
fense against a wide range of biotic and abiotic
stresses. In contrast with mammalian nuclear ster-
oid receptor, BRs are perceived at the cell surface
by the transmembrane receptor complex formed by
the receptor kinase BRIl and its co-receptor
BAK1.? BRII receptor has binding site for BRs
located in extracellular ectodomain. There, the
nonpolar side of BRs fit into a highly nonpolar
cavity and hydroxyl groups of BRs are exposed to

“,_CHO
hwH

the solvent or towards interaction with BAK1. This
information leads us to the idea of modification
brassinosteroid tail using some nonpolar groups
like phenyl.

We prepared a series of new brassinosteroid deriv-
atives with p-substituted phenyl group in the side
chain (Scheme 1). Phenyl or substituted phenyl
groups were chosen based on successful molecular
docking into the active site of BRII using Auto-
Dock Vina. Some compounds showed promisingly
very strong interaction with BRI1 receptor. Two
basic approaches were chosen for preparation of
these analogues. They were based on Horner-
Wadsworth-Emmons reaction and metathesis.

Scheme 1: General scheme for synthesis of 23-aryl analogues of brassinosteroids.
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RING-A-OPENED STEROID: MEMBRANE ALKYNE LABELING ENABLING
EFFECTIVE RAMAN IMAGING, CLICK CHEMISTRY AND ON-SITE

CHEMICAL ACTIVATION
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Intracellular distribution and metabolism of ster-
oids are closely related to important biological
events and diseases. The methods for monitoring
the dynamic changes in the intracellular localiza-
tion of steroids have been extensively studied: cho-
lesterol have been mainly visualized by using cho-
lesterol-binding molecules and cholesterol analogs.
In most cases, these reporter molecules were la-
belled with fluorescent dyes and observed by fluo-
rescent microscopy. Alkynes have also recently
been attracting attention as a label to replace the
bulky charged fluorescent dyes. The size of al-
kynes is much smaller and they do not induce any
intermolecular electrostatic interaction. In addition,
carbon—carbon triple bonds in alkyne compounds
work effectively for not only Huisgen cycloaddi-
tion but also Raman imaging. However, as can be
seen from the fact that the compounds containing
carbon—carbon triple bonds exist very rarely in
cells, it would be very difficult to obtain a car-
bon—carbon triple bond from its precursor under
physiological conditions by use of external stimuli.
The stimuli-responsive probe has been reported to

be one of promising tools for clearly visualizing
the dynamic distribution changes even in high
background signals. However, there is still no al-
kyne steroid probe activated by external stimuli,
although such an activatable alkyne steroid probe
would be a powerful signal molecule for cell-
specific Raman imaging assays.

We first designed an alkyne-labeled steroid. When
steroids insert into lipid bilayer membrane, the ring
D tethering an alkyl chain locates at the deep in-
side of the membrane, accordingly the ring A di-
rects to the membrane surface. If we need any
modification for the cholesterol after insertion to
membrane, the ring A located close to the mem-
brane surface would be a top candidate structure
for introduction of an easily accessible reaction
point into cholesterol. Therefore, we designed the
alkynyl probe 2, which is the compound that the
ring A of cholesterol is replaced with an alkynyl
group. The probe 2 was efficiently synthesized
through epoxidation and subsequent Eschen-
moser—Tanabe fragmentation from 4-cholesten-3-
one.

TsNHNH,

RN

4,5-epoxycholestan-3-one(1)

The probe 2 may work like natural cholesterols on
the membrane. To evaluate the behavior analogy
between cholesterol and 2, their abilities of lipid
domain formation on liposomes were examined
using fluorescence imaging. On the giant liposome
consisting of dioleylphosphatidylcholine (DOPC),
dipalmitoylphosphatidylcholine (DPPC) and 2
(40:40:20), the raft-like domains were stained with

llo
4,5-secocholest-3-yn-5-one(2)

fluorescein-labeled Cholera toxin subunit B. The
other membrane domain than the raft-like domain
was fluorescently stained with Rhodamine DHPE.
The giant liposome was also prepared by employ-
ing cholesterol instead of 2, followed by staining
with the two fluorescent probes. On the
DOPC/DPPC/2 system, the two domains which
were separately stained with each fluorescent
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probe were formed, sugessting that 2 has the abil-
ity to form the raft-like domain as observed in a
cholesterol system.

The alkyne 2 has a characteristic Raman signal and
applicable to alkyne-tag Raman imaging, which
can specifically visualize the target molecules
without great influence on their intrinsic properties
because of the small size of alkyne-tag. The alkyne
2 on the lipid bilayer membranes was visualized
through mapping the Raman signal at 2100 cm™.
The alkyne signal induced from 2 was clearly
mapped on the liposome membrane and well over-
lapped on the signal corresponding to C—C stretch-
ing vibration of lipid components at 1400 cm™'.

The alkyne moiety of 2 facilitated Raman imaging
for effective observation of cholesterol behavior in
membrane. If the alkynyl group is generated under
physiological condition, this probe would be more
valuable. In looking for an alkyne formation reac-
tion, we paid more attention to the reaction well-
working in aqueous media as well as under a mild
condition where membrane is not disturbed. We
focused on Eschenmoser-Tanabe fragmentation,
which was used at the second step in the prepara-
tion of 2. An aliphatic ring containing an ao,3-
epoxy ketone moiety is opened by addition of p-
toluenesulfonyl hydrazine (TsNHNH,), resulting in
production of an alkyne group. In our case, a cho-
lesterol  oxidized on the A-ring, 4,5-
epoxycholestan-3-one (1), was converted into an
ring-A-opening alkyne form 2 in aqueous media at
room temperature.

The alkyne formation occurs efficiently even on a
lipid bilayer membrane. We prepared liposomes
including 1 and investigated the alkyne formation
reaction on the liposomes and subsequent labelling
with an azide-substituted fluorescein through cop-
per-catalyzed click chemistry. As a result, only in
the case with treatment of TSNHNH,, the emission
from the tethering fluorescein was clearly detected
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on the pellet of liposomes after centrifugation. The
fluorescence was also microsopically observed on
the lipid membrane of the liposomes. The precur-
sor 1 efficiently reacted on the liposome membrane
in the presence of TsNHNH, to convert into the
alkyne form 2 and the liposome was labeled with
azide-substituted fluorescein through copper-
catalyzed Huisgen cyclization. The Raman signals
of 2 formed by chemical conversion of 1 on mem-
brane were also observed using the giant liposomes
with the size of several micrometers. The lipid
membrane constituents consisting of DOPC (40%),
DPPC (40%) and 1 (20%) was suspended in a
phosphate-buffered saline with a small amount of
biotin-modified poly(ethylene glycol)-lipid
(0.20%). The produced giant liposomes, which
were immobilized onto the streptavidin-coated
quartz substrate of the dishes through the bio-
tin—streptavidin interaction, were observed with a
Raman microscope before and after treatment of
TsNHNH, for 40 min. After treatment of
TsNHNH,, the sharp signal appeared at the wave-
number of 2100 cm™' in the Raman spectra of the
whole image including the liposome, which were
obtained by multicomponent analysis. On the other
hand, before TsNHNH, treatment, there was no
signal at the same wavenumber in the major com-
ponents separated by the multicomponent system.
The new peak at 2100 cm™' was the signal contrib-
uted by the alkyne moiety of the product 2.

In this study, a ring-A-opened alkyne steroid probe
has been synthesized. This probe is Raman-active
and postsynthetic-modification-acceptable on lipid
bilayer membrane. In addition, chemical activation
from the Raman-silent state of the ring-A-closed
precursor is possible even on membrane. This mul-
tifunctional alkyne steroid probe would be a prom-
ising tool for understanding the intracellular distri-
bution pathway and the environment-specific dy-
namics of cholesterol.

) Waheed, A. A.; Shimada, Y.; Heijnen, H. F. G.; Nakamura, M.; Inomata, M.; Hayashi, M.; Iwashita, S.;
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E.; Vanier, M. T.; August, J. T.; Brady, R. O.; Pentchev, P. G. Proc. Natl. Acad. Sci. USA., 1988, 85, 8022.
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This study is focused on naturally occurring ses-
quiterpene esters of the daucane type isolated from
two Laserpitium L. (Apiaceae) species: roots and
rhizomes of L. latifolium L. and the herb of L.
zernyi Hayek. Some of the widely distributed spe-
cies of the genus Laserpitium, such as L. siler L.
and L. latifolium were traditionally used for the
treatment of inflammatory and infectious diseas-
es."? Despite the ethnopharmacological evidence,
constituents of extracts of Laserpitium species
were not tested for anti-inflammatory properties.
Previous investigation showed that herbs of this
genus were rich in daucane esters®* as well as in
guaianolide and eudesmanolide sesquiterpene lac-
tones.’

Glucocorticoids (GCs), steroidal hormones that
bind to the glucocorticoid receptor (GR), effective-
ly treat various inflammatory disorders via inhibi-
tion of pro-inflammatory transcription factors nu-
clear factor (NF)-xB and activator protein (AP)-1.
Unfortunately, their continuous use is associated
with detrimental side effects such as e.g. the onset
of diabetes.® Therefore, the search for novel mole-
cules that can inhibit NF-kB and AP-1 activities
and elicit anti-inflammatory effects without meta-
bolic side effects is gaining more attention.

The aim of the present study was to test sixteen
isolated daucane esters for their ability to inhibit
pro-inflammatory NF-kB and AP-1 pathways. The
most promising candidates were tested for their
inhibition of concomitant inflammatory protein
excretion and expression of specific genes induced
upon a state of cellular inflammation.

In the current study, sixteen daucanes were isolated
(flash chromatography and prep-HPLC) and their
structure was elucidated (NMR, HR-MS and IR

data). Apart from known compounds, hereby vali-
dating our approach, nine new molecules were iso-
lated from the extracts of the two Laserpitium spe-
cies. Two novel jaesckeanadiol derivatives (1-2)
together with known compounds laserpitin (5) and
siol-angelate (10) were isolated from the herb of L.
zernyi. From the same extract, four novel daucanes
were isolated — a compound featuring the keto-
group at C-9 and A7,8 double bond (11), a daucane
ester with a hydroxyl group at position C-7 (12), a
molecule with a 8a,90-epoxy-bridge (15) and a
daucane featuring an exo-methylene group at C-8
(16). Two desoxodehydrolaserpitin analogues (3-4)
and series of laserpitin (5-8) analogues were isolat-
ed from the underground parts of L. latifolium.
Two more jaesckeanadiol esters (13-14) and a
novel daucane featuring an a-oriented hydroxyl
group (9) were isolated from the underground parts
of L. latifolium. The chemical structures of com-
pounds 2, 3, 4 and 9 are shown in Figure 1.

Anti-inflammatory activities were tested using a
TNF-induced stably integrated recombinant NF-
kB-dependent luciferase reporter gene construct, as
well as a PMA-induced stably integrated recombi-
nant AP-1-dependent luciferase reporter gene
readout, both in AS549 human lung endothelial
cells. Such assays represent a powerful search tool
for novel anti-inflammatory compounds. The com-
pounds were screened at three concentrations (60,
30 and 10puM), which enabled to distinguish gen-
eral from specific activity. Also, cell viability as-
says (Cell Titer Glo and NeoLuc A549 cells) were
performed to distinguish cell toxicity from true
gene repression. The most pronounced effects were
exhibited by derivatives of 8-daucene-2,4,10-triol
featuring an ester moiety at C-2 and C-10 (2, 3, 4)
and by a compound featuring an additional o-
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oriented hydroxy group at C-9 (9). Compounds
without an ester at C-2 or C-10, as well as la-
serpitin analogues showed moderate activity, while
a compound with an exo-methylene group at C-8
and a 8a,90-epoxy-daucane exerted the weakest

effects. Entities that emerged as most promising in
reporter gene assays were further tested for their
ability to inhibit pro-inflammatory CCL-2 chemo-
kine production (as determined by ELISA) in the
basal A549 cell line.

Figure 1. Structures of the compounds 2, 3, 4 and 9.

Effects on specific gene expression were tested
using qPCR and normalization to a series of
housekeeping genes (via GENORM) in basal
A549. The most active compounds showed a sig-
nificant decrease in CCL-2 production, albeit to a
lesser extent than the GC dexamethasone, a golden
standard in the treatment of inflammation. Also,
compound 9 produced a statistically significant
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inhibition of IL-6 and IL-1p gene expression, as
determined by qPCR.

These results suggest which structural features in
the daucane scaffold may be exhibiting anti-
inflammatory activities, which could be further
hints supporting a search for novel anti-
inflammatory agents.

1) Hegi, G.; Siller (Miler) L.:lllustrierte Flora von Mitteleuropa; Beger, H., Ed.; A. Pichler’sWitwe&Sohn,

Wien, Austria, 1906.

2) Vereskovskii, V. V., Kuznetsova, Z. P., Loznukho, I. V., Sokolov, I. V., Osokin, D. M.; Noe, E. A. Khim.

Prir. Soedin. 1992, 6, 724-726.

3) Holub, M.; Samek, Z.; Herout, V. Sorm, F. Collect. Czech. Chem. Commun. 1967, 32, 591-609.
4) Popovié, V.; Heyerick, A.; Petrovié, S.; Van Calenbergh, S.; Karalié, 1.; Niketi¢, M.; Deforce, D. Rec. Nat.

Prod. 2013, 7, 245-249.

®)] Popovié, V.; Heyerick, A.; Petrovi¢, S.; Van Calenbergh, S.; Karali¢, 1.; Niketi¢, M.; Deforce, D. Phyto-

chemistry 2013, 87, 102-111.

6) De Bosscher, K.; Beck, I. M.; Haegeman, G. Brain Behav. Immun. 2010, 24, 1035-1042.

Acknowledgements: Authors are grateful to FWO Flanders for issuing a Pegasus short Marie Curie grant and to the Faculty
Research Fund of the Faculty of Medicine, Ghent University for issuing an FCWO Opvangmandaat to Dr. V. Popovic.

PKA VALUES OF HYODEOXYCHOLIC AND CHOLIC ACIDS IN THE BINARY
MIXED MICELLES SODIUM-HYODEOXYCHOLATE - TWEEN 40 AND
SODIUM-CHOLATE - TWEEN 40: THERMODYNAMIC STABILITY OF THE
MICELLE END THE COOPERATIVE HYDROGEN BOND FORMATION WITH

THE STEROID SKELETON

Mihalj PoSa*, Ana Pilipovi¢, Mirjana Becarevi¢, Zita Farkas, and Natasa Milié¢

Department of Pharmacy, Faculty of Medicine, University of Novi Sad, Hajduk Veljkova 3, 21000 Novi

Sad, Serbia

Due to a relatively small size of bile acid salts',
their mixed micelles with nonionic surfactants are
analysed. Of the special interest are real binary
mixed micelles that are thermodynamically more

stable than ideal mixed micelles. Thermodynamic
stability is expressed with an excess Gibbs energy
(G®) or over an interaction parameter (£;)*. In this
paper sodium salts of cholic (C) and hiodeoxy-
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cholic acid (HD) in their mixed micelles with
Tween 40 (T40) are analysed by potenciometric
titration® and their pKa values are determined. Ex-
amined bile acids in mixed micelles with T40 have
higher pKa values than free bile acids. The in-
crease of ApKa acid constant of micellary bound C
and HD is in a correlation with absolute values of
an interaction parameter. According to an interac-
tion parameter and an excess Gibbs energy, mixed

Tween 40

micelle HD — T40 are thermodynamically more
stable than mixed micelles C - T40.

ApKa values are higher for mixed micelles with
Tween 40 whose second building unit is HD, relat-
ed to the building unit C. In both micellar systems,
ApKa increases with the rise of a molar fraction of
Tween 40 in binary mixtures of surfactants with
sodium salts of bile acids.

micelles hydrofobic phase

Fig 1. H-bonds beetwen Tween 40 and HD in their mixed micelles

This suggests that, ApKa can be a measure of a
thermodynamic stabilisation of analysed binary
mixed micelles as well as an interaction parameter.
ApKa values are confirmed by determination of a
distribution coefficient of HD and C in systems:
water phase with Tween 40 in a micellar concen-
tration and 1-octanol, with a change of a pH value
of a water phase.

Conformational analyses suggests that synergistic
interactions between building units of analysed
binary micelles originates from formation of hy-
drogen bonds between steroid OH groups and pol-
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yoxiethylene groups of the T40. Relative similarity
and spatial orientation of C; and Cs OH group al-
lows cooperative formation of hydrogen bonds
between T40 and HD — an excess entropy in for-
mation of mixed micelle. If a water solution of
analysed binary mixtures of surfactants contains
urea in concentration of 4M significant decreases
of an interaction parameter value happens which
confirms the importance of hydrogen bonds in
synergistic interactions (urea compete in hydrogen
bonds)

@) Posa, M.; Sebenji, A. Biochimica et Biophysic Acta: General Subjects 2014, 1840, 1072-1082.
2 Posa, M. Chemical Engineering Research and Design 2014, 92, 1826-1839.
3) Posa, M.; Popovi¢, K.; Cirin, D.; Farkas, Z. Fluid Phase Equilibria 2015, 396, 1-8.

50



Oral Communications

24-EPIBRASSINOLIDE PHARMACOKINETIC STUDIES

Alina L. Sauchuk”, Raisa P. Litvinovskaya, Vladimir Nasek, and Elena Sanko-Schislenok

Institute of Bioorganic Chemistry NAS of Belarus, 220141 Minsk, Kuprevich Str.,2/5, Belarus

e-mail: alina_kyrtikova@mail.ru

Brassinosteroids (BS), which presently include
over 80 compounds isolated from natural sources,
are steroid plant hormones that play an important
regulatory role in various physiological processes,
such as growth, development, and reproduction of
plants, adaptation to the environmental conditions.
Therefore, BS are a promising new class of envi-
ronmentally-friendly compounds for agriculture.
Research on fundamental and applied aspects of
BS is in rapid development. Results of these stud-
ies have already found practical applications in the
design of the first representatives of a new genera-
tion of agricultural chemicals (Epin, Epin-Plus)
based on the hormones of this group, which are
currently used to increase plant productivity.

The finding of the protective and growth-activating
effects of BS in fishes stimulated a systematic
search of BS-initiated responses in other verte-
brates and warm-blooded animals. The first results
were obtained in the course of toxicological studies
in rodents. They showed that BS influence the re-
productive sphere, steroid hormonal balance, some
biochemicall4and physiological parameters which

12 4

10 4

EBI, ng/ml
oo

reflected clear tendency to stimulative and adaptive
shifts in experimental animals. Similarity of BS
action in plants and in non-plant organisms dis-
played the potential value of these compounds for
medicinal applications and initiated intensive
studies.

Recent studies have shown stimulation,' antiviral,
neuroprotective,’ antidiabetic action,® adaptogenic
and other beneficial pharmacological effects of BS.
There is also evidence that BS can be used in treat-
ing androgenassociated conditions, such as benign
prostatic hyperplasia and androgenic alopecia.

Encouraging results were obtained in studies on
the effects of BS on cholesterol level.” Application
of 24-epibrassinolide (EBI) in daily doses of 2-200
ug/kg for 36 weeks to rats with normal blood cho-
lesterol level gave 9-25% lower cholesterol de-
pending on a dose in a manner, where higher doses
corresponded to a higher cholesterol lowering ef-
fect. A similar trend towards decreasing cholester-
ol level on BS application was also observed in
humans.®

100

Time, min

Fig. 1 - Plasma concentrations (mean + SD) of EBI after intragastric (#) and intraperitoneal (W) admin-
istrations at a dose of 0.75 ug/g

51



23" Conference on Isoprenoids

Table 1 - Results of pharmacokinetic study

Intragastric administra- | Intraperitoneal administra-
Parameter . .
tion tion

Absorption rate constant (k,, h™') 11.2 -
Half-absorption period (ti/2a, h) 0.062 -
Peak plasma concentration (Cax, ng/ml) 5.77 -
Time to reach Ciax (Tmax, h) 0.250 -
Expected initial concentration (Co, ng/ml) 5.95 13.84
Volume of distribution (Vg, 1/kg) - 72.2
Apparent volume of distribution (Vg4, I/kg) 168.1 -
Area under curve C(t) in plasma (AUC, ng-h/ml) 5.19 14,7
Elimination rate constant (ke, h™') 0.836 0.943
Terminal half-life (ti/2, h) 0.829 0.735
Total clearance (Cl, 1/h/kg) - 68.0
Mean residual time, (MRT, h) 1.29 1.06

Mean absorption time (MAT, h)

0.23

Bioavailability (F, %)

353

Therefore, in view of BS importance in medical
practice the aim of this research was to study their
pharmacokinetics. Plasma concentration profiles
and pharmacokinetic parameters have been ob-
tained following single dose intragastric or intra-
peritoneal administration of EBI (150 pg per 200
g) in Wistar rats.

A direct ELISA for plasma EBl was developed.
The EBI calibrating samples (0-100 nM) were pre-
pared in intact plasma by dilution from a stock so-
lution of 10 mol/l in ethanol. Labeled antigen so-
lution was prepared by dilution in assay buffer.
The calibrating samples (0-100 nM) or the plasma
samples (50 ul in duplicates) and the enzyme con-
jugate (100 pl per well) were added to the wells of
the plate with the immobilized antibodies. Further
procedures were carried out as in the traditional
ELISA.

Pharmacokinetics of EB] was characterized by are-
as under EBIl plasma concentration-time curve
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(Fig. 1) after intragastric and intraperitoneal ad-
ministrations. EBI was well absorbed from the gas-
trointestinal tract following the administration and
quickly distributed to blood, liver, intestines, lungs
and kidneys. The blood plasma highest concentra-
tion was reached in 5-10 min after administration.
The plasma elimination half-life of EBIl was about
50 min after administration. Results of pharmaco-
kinetic study are shown in Table 1

Concentration of EBI in various organs was also
determined. The highest concentration in liver took
place after 60 min and then it gradually decreased.
The quickest EBl-accumulating organ was found to
be small intestine, where only 20 min were needed
to reach its highest concentration. Other organs
(kidneys, spleen, lungs and heart) accumulated EBI
to a little degree. The elimination of EBI has been
studied. The obtained data will be discussed.

(1) Khripach, V.A.; Litvinovskaya, R.P.; Zhabinskii, V.N., Zavadskaya, M.I. et al. Pat. 017344. 2008.
2) Wachsman, M.B.; Lopez, E.M.F.; Ramirez J.A. et al. Antiviral Chemistry & Chemotherapy. 2000, 11, 71-
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3) Ismaili, J.; Boisvert, M.; Longpré, F.; Carange J. et al. Steroids. 2012, 77, 91-99.
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(6) Statsenko, E.A.; Korolevich, M.P.; Seregkina, T.V. et al. Voennaya Medicina. 2008, 9, 102-104.
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ENZYMATIC SYNTHESIS OF ARTIFICIAL POLYPRENOLS
Pia Schone, Jeanette Keim, Steve Ludwig, and Ludger A. Wessjohann*

Leibniz-Institute of Plant Biochemistry, Department of Bioorganic Chemistry, Weinberg 3, D-06120 Hal-

le, Germany
e-mail: wessjohann@ipb-halle.de

Magnesium-dependent cis-prenyltransferases
(CPT) catalyze the consecutive addition of
homoallylic isopentenyl diphosphate (IPP) mono-
mers onto allylic farnesyl diphosphate (FPP) to
form cis-configured linear polyprenyl diphos-
phates'. These native products, as well as deriva-
tives of them, are interesting for industrial process-
es like the production of neoprene (a long-chained
chloroprene).

[;:]\ﬂ/o\V/L§V/\\/J§§/”\oPP * 4¢L\/”\0PP —
_NH O
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Reaction products of MANT-O-GPP + IPP at different reaction times
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We identified a thermophilic CPT from Thermo-
coccus kodakaraensis (ThkCPT) that is able to cat-

acidic
phosphatase

Medium-chain CPTs are able to elongate FPP by
8-10 molecules of IPP** and the chain elongation
can be monitored using the fluorescent allylic
starter substrate MANT-O-GPP*. Some CPTs are
also known to accept artificial substrates like halo-
genated homoallylic diphosphates but until now, a
condensation of more than two of such substrates
has not been reported, since halogens in the acti-
vated prenyl unit were proven to inhibit terpene

synthases”.

product analog

QMH

corresponding alcohol

CPT

alyze the addition of IPP as well as an unprece-
dented oligomerization with 3-chlorobut-3-enyl
diphosphate (Cl-BPP) monomers onto MANT-O-
GPP.

The corresponding product alcohols could be de-
tected using a fluorescence based HPLC method
and the chain length of the resulting oligochloro-
prenes was proved by high resolution mass spec-
trometry. The distribution analysis showed up to
12 condensations of IPP and up to 8 condensations
of CI-BPP. Interestingly, the choice of the bivalent
cation as well as the use of dual-phase systems
changes the distribution of differently sized prod-
ucts significantly. Thus, the accumulation of spe-
cific products can be achieved by controlled modu-
lation of the reaction conditions.®
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Mycobacteria are known to take up and metabolize
cholesterol and for Mycobacterium tuberculosis
(Mtb), a severe pathogen, the processes are thought
to be important for survival and virulence. Thus,
modified cholesterol-like molecules might be use-
ful as novel anti-tubercular agents or probes for
monitoring of the axis of host-pathogen interac-
tion. On the other hand, common fluorescent cho-
lesterol analogues, 22-NBD-cholesterol (22NC),
25-NBD-cholesterol (25NC) and TopFluor™
BODIPY-cholesterol (BPCh), are known to be
powerful probes for studying various biological
processes. Previously we found that 22NC and
25NC (Fig. 1) are substrates for a cholesterol de-
hydrogenase from an actinobacterium Nocardia
sp.! and such enzymes are known to start choles-
terol degradation by mycobacteria.”

For better understanding of such steroids interac-
tion with we synthesized and used in our test two
new NBD-labeled cholesterol-like molecules,
namely 20NP (a 22NC homologue, HPLC-
separated 20R-isomer) and 3NC (a cholestane with
NBD fragment instead of 3-OH group; HPLC sep-
arated 30-H) (Fig. 1). The compounds from preg-
nenolone and Sa-cholestan-3-one using reductive

amination  approach  (NH4OAc +  either
NaBH(OAc); or NaBH;CN),* followed by HPLC
separation of pure isomers. The compounds were
obtained with affordable yield (12 % and 15 %,
respectively) and their structures were confirmed
by various methods.

We test BPCh, 22NC and newly synthesized 20NP
and 3NC interactions (uptake and metabolism)
with wild type Mtb H3;Rv and M. smegmatis
(Msmeg) mc?, cultivated on a minimal medium
with glycerol as a single carbon source.

It has been found that BPCh, 22NC and 20NP un-
dergo bioconversions by the Mtb and Msmeg
strains. The major fluorescent products were de-
termined to be 4-en-3-one (P1) and, at less extent,
5-en-3-one (P2) derivatives of the analogues ac-
cording to mass-spectrometry data, showing 2 Da
loss in the products structures (m/z values for [M-
H] ions 573, 491 and 477 for the products, derived
from BPCh, 22NC and 20NP) as well as compari-
son of major products of BPCh and 20NP conver-
sions by pure cholesterol dehydrogenase from No-
cardia sp. (a homologue of the mycobacterial 3[3-
HSDs) (Fig. 2).
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Fig. 1. Structures of the fluorescent steroids tested.
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Fig. 2. A photo of TLC plate, showing separation of the P1-type and P2’-type products formed
during incubation of BPCh (A) and 20NP (B) (25 uM both) with NAD" (1 mM) and cholesterol
dehydrogenase (3B-HSD) from Nocardia sp. (0.35 U/ml). P1 and P2’ designate the 4-en-3-one
and 5-ene-3-one derivatives of the fluorescent substrate, respectively.

Destruction of NBD fluorophore of 22NC and cholesterol dehydrogenase and inertness of a simi-
20NP was also detected. Neither NBD destruction  lar cholestane in mycobacteria.*

nor steroidal part modification were observed for  According the fluorescent microscopy data the
the synthesized 3-(NBD)-cholestane, which is in  ¢ompounds were found to stain both membrane
accordance with inability to be converted by the |ipids and cytosolic lipid droplets (LDs) of the my-
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cobacteria, and the ability was pronounced for the
most lipophilic 3NC and BPCh among the com-
pounds’ set (Hyperchem 8.0 computed Log P val-
ues 5.34, 5.65, 9.08 and 8.19 for the structures of
20NP, 22NC, 3NC and BPCh, respectively).

Recent publications describing association of cho-
lesterol with a fluorophore-substituted 3-OH-group

REFERENCES

with mycobacterial lipids* and metabolism/growth
inhibition of side-chain modified (fluorinated) cho-
lesterols’ by Mtb have demonstrated actuality of
the research performed, emphasizing further re-
search efforts in the studies of modified steroids
interactions with mycobacteria.

@) Faletrov, Y. V.; Bialevich, K. I.; Edimecheva, E. P., Kostsin, D. G.; Rudaya, E. V; Slobozhanina, E. I.,
Shkumatov, V. M. J. Steroid Biochem. Mol. Biol. 2013, 134 59-66.

2) Kim, T. W.; Chang, S. C.; Choo, J.; Watanabe, T.; Takatsuto, S.; Takao, Y.; Lee, J. S.; Kim, S. Y.; Kim, S.
K. Plant Cell Physiol. 2000, 41, 1171-1174. Ouellet, H.; Johnston, J. B.; Ortiz de Montellano, P. R. Trends

Microbiol. 2011, 19, 530-539.

3) Khan, S. N; Bae, S. Y; Kim, H. S. Tetrahedron Lett. 2005, 46. 7675-7678.
4) Wercholuk, A. N.; Thuman, J. M.; Stanley, J. L.; Sargent, A. L.; Anderson, E. S.; Allen, W. E. Bioorg Med

Chem 2016, 24, 1045-1049.

%) Frank, D. J.; Zhao, Y.; Wong, S. H.; Basudhar, D.; De Voss, J. J.; Ortiz de Montellano P. R. J Biol Chem

2016 291, 7325-7333.

ANTIHYPERLIPIDEMIC EFFECT OF MORUS ALBA L. ON STREPTOZOTOCIN-
INDUCED DIABETIC ADULT MALE WISTAR RATS

Jalal Solati and Elaheh Gholami Roudmajani

Department of Biology, Karaj branch, Islamic Azad University, Karaj, Iran

e-mail: jsolati@gmail.com

White Mulberry (Morus Alba L.) has had all parts
of it used in traditional medicine for a variety of
purposes, but currently most evidence on Morus
Alba is in regards to its anti-diabetic properties.'
We have investigated the effects of lipophilic (iso-
prenoids) extracts from Morus Alba L. fruit on se-
rum  triglycerides, LDL-cholesterol, HDL-
cholesterol and activities of aminotransferase en-
zymes in streptozotocin-induced diabetic adult
male rats. Continuous supplementation of lipo-

REFERENCES

philic extract by gavage at doses of 0.25, 0.25 and
1 g/lkg in 0.5 ml distilled water in diabetic rats re-
sulted in a significant decrease of LDL-cholesterol
and triglyceride levels after 14 days. The levels of
HDL-cholesterol and activities of serum ami-
notransaminase enzymes, alanine aminotransferase
and aspartate aminotransferase were not changed
significantly in the extract-supplemented group
compared to the control group.

)] Hunyadi, A.; Martins, A.; Hsieh, T.-J., Seres, A.; Zupko, 1. PLoS One, 2012, 7, e50619.
2) Singab; A. N. B.; El-Beshbishy, H. A.; Yonekawa, M.; Nomura, T.; Fukai, T. J. Ethnopharmacol, 2005,

100, 333-338.
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DEVELOPMENT OF MYCOBACTERIAL STRAINS PRODUCING

TESTOSTERONE

Nicolai Strizhov*, Mikhail Karpov, Galina Sukhodolskaya, Vera Nikolayeva, Victoria

Fokina, Andrei Shutov, and Marina Donova

G. K. Skryabin Institute of Biochemistry & Physiology of Microorganisms, Russian Academy of Sciences,

Pushchino, 142290, Russia
e-mail: strizhov@ibpm.pushchino.ru

Testosterone (androst-4-en-17B-o0l-3-one) is the
main male sex hormone, an anabolic steroid as
well as a drug and precursor of other important
steroid drugs. Conventionally, it is produced by
chemical synthesis. Whole-cell microbial biocatal-
ysis application for testosterone production by
side-chain degradation of sterols (e.g. cheap and
available phytosterol, or cholesterol) is still in ini-
tial stage of development. Previously, utilization of
androsta-1,4-diene-3,17-dione (ADD) - producing
Mycobacterium sp. VKM Ac-1816D allowed us to
obtain testosterone in a single biotechnological

operation from B-sitosterol.! However, the rate of
bioconversion (B-sitosterol to testosterone) did not
exceed 50% level.

For further improvements heterologous 170-
hydroxysteroid dehydrogenases/reductases (173-
HSDs) catalyzing the key reaction of androst-4-
ene-3,17-dione (AD) reduction to testosterone
(Fig. 1) were introduced into mycobacterial cells.
DNA sequences encoding three different 17-
HSDs (fungus Cochliobolus lunatus, human - 17f-
HSD type 3, mouse - 17B-HSD type 5) were de-
signed in silico.

OH

NAD(P)H NAD(P)+

(0]
androst-4-ene-3,17-dione

androst-4-en-17f3-ol-3-one,
testosterone

Fig. 1. 17B-Hydrogenation (reduction) of androst-4-ene-3,17-dione (AD) to testosterone by 17f3-
hydroxysteroid dehydrogenases/ reductases (17p-HSDs). NAD(P)H is used as a coenzyme.

Original cDNA and protein sequences were taken
from the Database GenBank NCBI: ACCESSION
AF069518, Cochliobolus lunatus 17p-
hydroxysteroid dehydrogenase (17B-HSDCI); AC-
CESSION NP_000188, Homo sapiens testosterone
17B-dehydrogenase (17p-HSDHs); ACCESSION
P70694, Mus  musculus  Estradiol  17B-
dehydrogenase 5 (17p-HSDMm).

All three original cDNA sequences (fungus, human
and mouse) have been re-encoded and optimized
(spectrum of codon usage, RNA secondary struc-
tures; all codons rarely used and intragenic Shine-
Dalgarno sequences have been removed) for high
expression in mycobacteria. GC content was in-
creased to 62.6% (fungus), 58.1% (human), 59.0%

(mouse) compared to 57.4%, 47.5%, 43.8%, re-
spectively, in the native sequences.

In order to shift the redox potential in cells towards
reduction for conduction of hydrogenation reac-
tions (in our case the hydrogenation of AD to tes-
tosterone) the genes encoding glucose-6-phosphate
dehydrogenase (G6PD) and 6-phosphogluconate
dehydrogenase (6PGD) were also introduced in
mycobacteria for controlled expression of these
dehydrogenases supplying a hydrogen donor
NAD(P)H. Mycobacterium tuberculosis H37Rv
served as a source of the genes for G6PD (Rv1121,
zwfl; Rv1447c, zwf2) and for 6PGD (Rv1122,
gnd2).
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Prior expression and functional analysis carried out
in Escherichia coli bacteria demonstrated that the
constructed recombinant plasmids (on basis of
pET28 vector) provided a high expression level of
heterologous proteins and heterologous 17p-
oxosteroid reductases produced are capable of re-
ducing AD to testosterone in vitro.

Two sets of mycobacterial constructs were made:
bicistronic with two genes combined (178-HSD
and G6PD) and monocistronic, where the genes
were placed under control of the inducible acet-
amidase promoter. Recombinant Mycobacterium
smegmatis mc*155 strains expressing heterologous
17-HSDs  (fungal 17B-HSDCI, humanl7f-

=
S

androst-4-ene-3,17-dione

o5

androsta-1,4-diene-3,17-dione

OH
o : {

HSDHs, murine 17B-HSDMm) have been con-
structed. Generated mycobacteria reduced AD to
testosterone. The highest testosterone production
level achieved is 0.53 g/l at 1.0 g/l AD load (53%
conversion) in case of fungal 178-HSDCI coex-
pressed with glucose-6-phosphate dehydrogenase
G6PDMt2 from M. tuberculosis.

Testosterone and boldenone (androsta-1,4-dien-
17B-ol-3-one) (Fig. 2) were produced by recombi-
nant mycobacteria when ADD was applied as a
substrate for bioconversion. Complete ADD con-
version to these products was reached with use of
bicistronic construct encoding 17B-HSDCI and
G6PDMt2.

OH

\/

gndrosta- 1,4-dien-17f3-0l-3-one,
boldenone

androst-4-en-17f3-0l-3-one,
testosterone

Fig. 2. Interconversions of AD (androst-4-ene-3,17-dione), ADD (androsta-1,4-diene-3,17-
dione), boldenone (androsta-1,4-dien-17B-0l-3-one) and testosterone (androst-4-en-17[3-o0l-3-one)

by 17B- and 1- oxidation/reduction.

Substantial quantities of testosterone can be pro-
duced by M. smegmatis mc*155 from both sub-
strates AD and ADD using the own innate reduc-
tive capacities for 17p- and 1-hydrogenation (Fig.
2) i.e. without heterologous 178-HSD, on condi-
tion of supplying required amount of reduced
NAD(P)H (constructs with G6PDMtl, 2 and
6PGDMt only).

Recombinant Mycobacterium neoaurum VKM Ac-
1816D strain (normally used as ADD producer)

REFERENCES

with plasmid pNS25 encoding fungal 173-HSDCI
and G6PDMt2 efficiently converted B-sitosterol to
testosterone and essentially outperformed wild
type non-recombinant VKM Ac-1816D in terms of
yield as well as completeness of bioconversion and
by-product amount.

The recombinant strains constructed can be used as
a platform for effective single-step biotechnologi-
cal testosterone production process from phy-
tosterol.

) Egorova, O. V.; Nikolayeva, V. M.; Sukhodolskaya, G. V.; Donova, M. V. J. Mol. Catal. B: Enzym 2009,

57,198-203.
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STRUCTURE-FUNCTION ANALYSIS OF HUMAN MITOCHONDRIAL P450

STEROID HYDROXYLASES

Natallia V. Strushkevich!", Irina P. Grabovec!, Limin Shen2, Farrell MacKenzie?, Tatiana
Cherkesova', Andrei A. Gilep!, Sergey A. Usanov!, and Hee-Won Park?

! Institute of Bioorganic Chemistry NAS of Belarus, Kuprevich Street, 5/2 Minsk, 220141 Belarus; * Struc-
tural Genomics Consortium, University of Toronto, 101 College Street, Toronto, Ontario, M5G 1L7,
Canada; * Tulane University School of Medicine, Department of Biochemistry and Molecular Biology,

New Orleans, LA 70112, USA.
e-mail: natstrush(@gmail.com

Steroid hormone biosynthesis is the essential
pathway in eukaryotes. The mitochondrial CYP-
dependent monooxygenase system represents a
unique electron transport chain absolutely required
for the production of steroids hormones as well as
vitamin D derivatives and bile acids. Disturbances
in this system due to congenital defects in the en-
zymes or high sensitivity to xenobiotics can cause
endocrine disorders. Here we provide structural
insights into the first and last steps of corticoster-
oid hormones synthesis. A series of structures of
members of the CYP11 family reveals how active
site can accommodate C27 and C21 steroids with-
out major amino acid substitutions. However,

mechanism of multistep catalysis might be differ-
ent between CYP11A1l and CYP11B but similar
among other mitochondrial CYPs. Notably, the
active site pocket is lined by identical residues be-
tween CYP11B isoforms implying substantial con-
formational flexibility imparted by amino acid sub-
stitutions outside the active site. Considering that
both CYP11B isoforms are drug targets it is chal-
lenging to develop a selective inhibitor. Studies of
the CYP11B allostery are under way. Our structur-
al complex of P450-ferredoxin provides important
information about the intermolecular interactions
within mammalian mitochondrial clan.

SOME RESULTS OF STUDY OF ECDYSTEROID-CONTAINING PLANTS OF

KAZAKHSTAN

Borash 1. Tuleuov

International research and production holding “Phytochemistry”, Karaganda, Republic of Kazakhstan.

e-mail: phyto_pio@mail.ru

Ecdysteroids (ecdysones) — polyhydroxylated ster-
oids, structural analogs of ecdysterone (20E) — are
of interest as perspective sources of pharmaceuti-
cals, first of all, of anabolic and adaptogenic ac-
tion. The main advantage of the phytopreparations
containing ecdysteroids as anabolic agents is their
high pharmacological activity, lack of side effects:
ecdysteroids, in particular ecdysterone, 25S-
inocosterone, turkesterone and some other com-
pounds do not show androgenic and gonadotrophic
effects.

In this regard during the last decade IRPH "Phyto-
chemistry" has been carrying out a wide screening
of the Kazakhstan flora for the purpose of identifi-
cation of superproducing species, biotesting and
molecular model operation of activity of ecdyster-

oids for identification of the most important com-
positions.

In the phytochemical study of perspective repre-
sentatives apart from ecdysterone and the known
ecdysteroids we isolated a number of new and rare
phytoecdysteroids, thus, from Rhaponticum serra-
tuloides (Georgi) Bobr. we extracted a new S-29
ecdysteroid, containing an allylic hydroxyl group
with the carbon atom S-29-rasersterone. (2P, 3P,
14a, 20R, 22R, 29-hexahydroxy-5B(H)-stigmast-7;
24(28)-diene-6-one) (1) and new ecdysteroid 25-
epi-amarasterone A (2, 3B, 140, 20R, 22R, 29-
hexahydroxy-5B(H)-stigmast-7-en-6-one) (2), from
the close species of the same genus — Rhaponticum
karatavicum Regel et Schmalh., an endemic of the
Republic of Kazakhstan, a stigmastan ecdysteroid
having in its structure methylreplaced cyclic o-

59



23" Conference on Isoprenoids

lactone fragment, consisting of five atoms of car-
bon and one atom of oxygen in position 24 and
identified as reptansterone (3) was derived.

In the detailed study of aboveground portion of the

(bloodline Caryophyllaceae Juss.) were found 20-
hydroxyecdysone and a new holestane phytoecdys-
teroid 3a, 14a, 22R, 25-tetrahydroxy-5o(H)-holest-
7-en-6-one (4), which obtained a trivial name acan-
tosterone.'

plant Acanthophyllum gypsophyloides Regel.
REFERENCES
(1

Almagambetov, A.M.; Almagambetova, L.A.; Glashkin, A.V.; Tuleuov, B.I.; Adekenov, S.M. The Chemi-

cal Research of Acanthophillum Species// Proceedings of the International Research and Practice Confer-
ence «Achievements and prospects for the Development of Phytochemistry», Karaganda, April 10-11 th,

2015.-P. 126.

ACCESS TO FUNCTIONALIZED EXTRANUCLEAR HETEROSTEROIDS VIA

MODIFIED ACID THIOHYDRAZIDES

Yulia A. Volkova,*! Yaroslav S. Antonov,! Alexander V. Komkov,! Alexander M. Scherba-
kov,? Elena I. Chernoburova', and Igor V. Zavarzin!

'N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 47 Leninsky prosp.,
119991 Moscow, Russia, > N.N. Blokhin Cancer Research Centre, Ministry of Health of the Russian Fed-

eration, 24 Kashirskoe sh., 115478 Moscow, Russia
e-mail: yavolkova@gmail.com

Extranuclear heterosteroids, over the years,
have been considered to be privileged scaffold
for drug discovery due to their outstanding bi-
ological activity, which is especially true for
A- and D-ring modified steroids.! Thus, syn-
thetic azasteroids encompass a wide range of
compounds with various biological activities,
e.g., reductase inhibitors such as finasteride,

the high-affinity agonist ligands for the gluco-
corticoid receptor e.g., cortivazol, GnRH ago-
nists such as danazol, aromatase inhibitors
such as formestane and exemestane and neu-
romuscular junction blocking agents such as
pipecuronium.

This study was focused on search of a facile
flexible strategy, in which a common interme-
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diates could be used in a conjunctive fashion
to form an array of structurally diverse N-
heterocycles attached or fused to a steroid
core. In this regard we studied oxamic acid
thiohydrazides as simple “versatile agents” for
the modification of steroids bearing a carbonyl

group. Namely, a flexible approach to un-
known pyrazole, 4,5-dihydro-pyrazole, 1,3,4-
thiadiazole, thiadiazine, and pyridazine deriva-
tives of steroids with selective control of het-
erocyclization patterns was disclosed.?
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(N-arylcarbamoyl)spiroandrosten-17,6'[1,3,4] thi-
adiazines, (N-arylcarbamoyl)androsteno- and (N-
arylcarbamoyl)-A'**1%_¢gstra-trieno[16,17-

d]pyridazines and etc., new types of heterosteroids,
were prepared from 16,17-epoxy- and 17-chloro-
16-formyl steroids in good/high yields by the

REFERENCES

St = steroid core
R =Ar, Bn
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treatment with oxamic acid thiohydrazides. The
antiproliferative activity of some synthesized com-
pounds was evaluated against the human estrogen-
responsive breast cancer cell line MCF-7, as well
as against the estrogen-independent breast cancer
cell line MDA-MB-231, using the MTT assay.

(1) (a) Hussain, H.; Al-Harrasi, A.; Al-Rawahi, A.; Green, 1. R.; Gibbons, S. Chem. Rev. 2014, 114, 10369. (b)
Bideau, F.; Dagorne, S. Chem. Rev. 2013, 113, 7793. (¢) Ibrahim-Ouali, M.; Rocheblave, L. Steroids 2008,
73, 375.

2) (a) Zavarzin, 1. V.; Chertkova, V. V.; Levina, 1. S.; Chernoburova, E. 1. Russ. Chem. Rev., 2011, 80, 661.
(b) Zavarzin, 1. V.; Antonov, Ya. S.; Chernoburova E. L.; Shchetinina M. A.; Kolotyrkina N. G.; Shashkov
A. S. Russ. Chem. Bull. 2013, 62, 2626. (c) Komkov, A. V.; Komendantova, A. S.; Menchikov, L. G.;
Chernoburova, E. 1.; Volkova, Y. A.; Zavarzin, I. V. Org. Lett., 2015, 17, 3734. (d) Volkova, Y. A.; An-
tonov, Y. S.; Komkov, A. V.; Scherbakov, A. M.; Shashkov, A. S.; Menchikov, L. G.; Chernoburova, E. L.;
Zavarzin, 1. V. RSC Advances, 2016, DOI: 10.1039/C6RA06881B.
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NEW DERIVATIVES OF ARGLABIN

Sergazy M. Adekenov, Anar S. Kishkentayeva, Baglan A. Abdygalymova, Dias N.

Kokkozov, and Gayane A. Atazhanova

International Research and Production Holding “Phytochemistry”, Karaganda Republic of Kazakhstan

e-mail: arglabin@phyto.kz

The sesquiterpene lactones containing atom of
nitrogen show biological activities (anticancer,
antibacterial). In plan of receiving nitrogen-
containing derivatives we have carried out
reactions of amination on the basis of a
sesquiterpene lactone of an arglabin 1 and its

The structure of the received compounds 5, 6 is
determined on the base of physical and chemical
constants and spectral data (IR-, UV-, NMR 'H

derivative P-epoxyarglabin 2. We used alkaloids
anabasine 3 and cytisine 4 as amine, which possess
the expressed pharmacological activity. As a result
on the base of an arglabin new bimolecular
derivatives 5, 6 with quantitative exits are

received.

and "°C, two-dimensional ranges of a NMR 'H-'H
(COSY, NOESY) and "*C-'H (COSY,COLOC).

62



Posters

NEW ANTI-STRESS ACTIVITY TEST FOR BRASSINOSTEROIDS

Vladimir I. Anikeyev and Alina L. Sauchuk*

Institute of Bioorganic Chemistry NAS of Belarus, 220141 Minsk, Kuprevich Str., 2/5, Belarus

e-mail: alina_kyrtikova@mail.ru

Brassinosteroids (BS) are endogenous plant
growth-promoting hormones, which stimulate var-
ious physiological processes in plant organs in-
cluding elongation, vascular differentiations, male
fertility, timing of senescence, decelerates of leaf
senescence and improves plant resistance to stress-
es [1]. Salinity is a major abiotic stress affecting
growth, development and productivity of plants. It
is known that BS exhibit a pronounced protective
effect on plants under salt stress [2].

Our experiment was carried out using plants of
winter wheat (cv. Caraway) and BS as anti-stress
drugs.

Seeds were soaked in water solution (10 M) of
24-epibrassinolide (EBI) or brassinolide (Bl), or
mixture (1:1) of EBI and BI for one day. Control
seeds were soaked in distilled water. Then the
seeds were transferred on wetted with experimental
solutions filter paper, which was rolled into rolls (3
rolls for each experiment). These rolls were put in
a glass with water and kept in darkness (20°C).
After 3 days rolls were taken out and deployed.
Germination energy of wheat seeds was measured
to be 83% (EBI), 90% (Bl), 83% (EBI1 + BI) and
83% (control). Then non-germinated seeds were
removed and the paper rolls were continued to be

REFERENCES

kept under the same conditions. After 5 days the
rolls with wheat seedlings were exposed to light.
They grew at room temperature with natural light-
ing for 6 days. The length of seedlings was meas-
ured every day. Then the rolls with seedlings were
put in a glass with concentrated (1 M) solution of
sodium chloride (NaCl). After 8 days the rolls
were taken out and deployed, plants were washed
with water (2 liters per roll) without removing
them from the substrate. The rolls were placed in a
glass with water and kept at room temperature.

The experimental results showed that the growth
rate of the experimental and control plants are
about the same. However plant survival value at 22
days was 56% for series EBI, 42% for series BI,
36% for series EBI+BI and 14% for the control
sample. Moreover, 32% of the plants of the EBI
series, 27% of the plants of the BI series, 28% of
the plants of the EB+BI series, 0% of the control
plants not only survived but continued natural
growth and development giving the second leaf.

These results are the basis for the development of a
relatively simple and cost-effective test for exami-
nation a number of new compounds of BS- series
on the anti-stress activity.

) Brassinosteroids. A New Class of Plant Hormones; Khripach, V.A.; Zhabinskii V.N.; Groot A.E., Ed.; San

Diego: Academic Press, 1999.

2) Brassinosteroids: A Class of Plant Hormone; Hayat, S.; Ahmad, A., Ed.; London, New York: Springer

Dordrecht Hejdelberg, 2011.

ISOPRENOID COMPOUNDS (POLYPRENOLS, MONO- AND SESQUITERPE-
NOIDS OF ESSENTIAL OILS) OF PLANTS OF KAZAKHSTAN'S FLORA

Gayane A. Atazhanova

International Research and Production Holding “Phytochemistry”, Karaganda, Republic of Kazakhstan

e-mail: arglabin@phyto.kz

At the present time we have started the study of
plants of Kazakhstan’s flora on the content of the
polyprenol compounds. So, chemical screening of

extractive substances of 9 species of plants as
Pinus sylvestris L., Spiracanthus schrenkianus
Maxim., Spiraea hypericifolia L., Hippophae
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rhamnoides L., Lonicera tatarica L., Hipericum
perforatum L., Betula pendula Roth., Fraxinus
sogdiana Bunge. and Juniperus sabina L. Re-
vealed for the first time the content of the poly-
prenol compounds in Spiraeanthus schrenkianus
Maxim; Spiraea hypericifolia L. and Juniperus
sabina L. Bioscreening of 5 samples on biological
activity is carried out; at the same time carbon
dioxide extracts of Pinus sylvestris L., Hippophae
rhamnoides L., bark Popula tremula and leaves of
Betula have shown moderate hepatoprotector
activity. We have developed the laboratory
regulations and technology of production of poly-
prenol from 15-21 isoprene links from Juniperus
sabina L.

Among secondary metabolites of plants the
essential oils rich in contentof biologically active
isoprenoids are of considerable interest. However,
insufficiency of a source of raw materials limits the
possibilities of their practical application that gives
undoubted relevance to search of new plant
sources to obtain them. By the GC-MS method we
have established a chemical composition of
essential oils from 46 species of plants. Essential
oils isolated by hydrodistillation method with use
of Clevenger’s device, microwave extraction on
«Millestone» coater and distillation with water
vapor on trial installation.

The quantitative content of essential oils’
components and their qualitative composition
differed depending on the species of plants and
used parts of plants. For further study we selected
essential oils: Bupleurum longiforium Fisch. ex.
Hoffm. and Bupleurum multinerve DC for
producing caryophyllene oxide (1) (30.15%) and
(60.9%), respectively, for subsequent isolation

nerolidol (2) (26.2%) from the essential oil of Scu-
tellaria subcaespitosa Pavlov, spathulenol (3)
(57%) of the essential oil from Schrenkia congesta
Korov, methyleugenol (4) (60.4%) of the oil from
Dracocephalum karataviense Pavl., thymol (5)
(69.7%) and (37.4%) of essential oils from Origa-
num tyttanthum L. and Thymus karataviense
Dmitrieva ex Gamajun (37.64), PB-thujone (6)
(90%) of the essential oil from wormwood Artemi-
sia abrotanum L., a-bisabolene (7) (40.42%) from
Artemisia arenaria DC and others.

The result of screening for antimicrobial and
cytotoxic activity found that the samples of
essential oils of Artemisia saissanica Krasch., Ar-
temisia monogyna Waldst. & Kit., Artemisia fer-
ganensis Krasch. ex Poljakov exhibit moderately
strong antibacterial activity against gram-positive
bacteria Staphylococcus aureus, Bacillus subtilis,
and have cytotoxic activity. For the first time it
established that the essential oils of Thymus
mugodzharicus Klokov & Desjat.-Shost and
Thymus petraeus Serg, exhibit strong antioxidant
activity. In studying the ability to inhibit the
infectious activity of the virus A/FPV/Rostock/34
(H7N1) was found that essential oils of Thymus
rasitatus Klokov and Thymus petraeus Serg exceed
the activity of commercial agents amizon and
heviran more than 1,0 lg. The experiments
established that the essential oils of Thymus
rasitatus Klokov, Ferula ceratophylla Regel,
Artemisia  proceraeformis  Krasch.,  Paeonia
hybrida Pall. and samples of hexachlorine deriva-
tive ocimene, tetrahlorcarbene derivative terpinene,
4-chloro-4-isopropyl-1- (2,2,2-trichloroethyl)-

cyclohex-1-ene have a pronounced analgesic
effect.

OCH;
OCH;
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Researchers conducted on specific activity con-
cerning Mycobacteria tuberculosis of a strain
H37RV of essential oil from Artemisia glabella
Kar. et Kir. and a preparation on its basis
(«Epherol» spray) on model of chronic pulmonary
tuberculosis of experimental animals.

Thus, the analysis of the researches conducted by
us characterizes plant terpenoid a (polyprenols,
mono- and sesquiterpenoids essential oils) as per-
spective sources of original pharmacological com-
pounds.

HOMOBRASSINOLIDE GROWTH-REGULATING PROPERTIES AT THE EX-
AMPLE OF NORWAY SPRUCE SEEDLINGS

Alexey Babkov! and Margarita Zavadskaya®

"'V.F. Kuprevich Institute of Experimental Botany of the National Academy of Sciences of Belarus, Minsk,
Republic of Belarus; * Institute of Bioorganic Chemistry of the National Academy of Sciences of Belarus,

Minsk, Republic of Belarus
e-mail: balexio@gmail.com

It is known that phytohormones such as brassino-
steroids (epibrassinolide, homobrassinolide, etc.)
have high biological activity, which is manifested
in the regulation of plant growth and development.
Brassinosteroids increase crop yields, improve the
structure and quality of the crop as well as the re-
sistance of plants to pathogens and unfavourable
environmental conditions.

In the present work we studied the action of Epin
plus on Norway spruce seedlings at different soil
and environmental conditions in nursery garden in
Belarus. The preparation Epin plus is a solution of
homobrassinolide (0,25 g/1) supplemented with
nonionic surfactants for better wetting by spraying
of the plants.

The aim of our research was to achieve shortening
of seedlings growing in the compacted school and
to obtain the maximum number of standard plant-
ing material per unit area and the increase of bio-
metric parameters of seedlings. The studies found
that the double foliar treatment by Epin Plus in the
dose of 60 ml/ha results in a reduction to 1 year
cultivation planting material spruce, a significant
increase of biometric indicators to 27,0 % and bi-
omass of growing plants up to 64,8 %, and as a

REFERENCES

consequence increasing the yield of standard seed-
lings per unit area up to 15,8 %.

OH

7/
“,

HO"

Homobrassinolide

The use of a large-sized planting material contrib-
utes to the rapid growth of cultures and gives them
an advantage in the competition for light, water
and nutrients. As a result, such landing plant mate-
rial reduces the time of care for the crops. Created
experimental planting of the forest crops with
specified planting material indicates a high growth
regulating ability of the preparation even after 5
years after planting.

According to the results of our study, preparation
"Epin plus" is included into the "State Register of
plant protection products ..." and is recommended
for the use in cultivation of seedlings of Norway
spruce.

) Khripach, V.A.; Zhabinskii, V.N.; de Groot, A. Brassinosteroids. A new class of plant hormones. San Die-

go: 1999. 456 p.
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BRASSINOSTEROIDS DRAMATICALLY STIMULATE GROWTH AND DEVEL-
OPMENT OF PHALAENOPSIS PROTOCORM-LIKE BODIES IN VITRO

Maryia Charnysh!, Andrei V. Batuleu!, and Vadim Demidchik!'"

'Belarusian State University, Minsk, Belarus
e-mail: dzemidchyk@bsu.by

The content of certain phytohormones and their
concentrations in a medium is the determining fac-
tor for controlling growth and differentiation of
plant cultured in vitro. The most commonly used
hormones are auxins and cytokinins. Recent stud-
ies showed that brassinosteroids (BRs) have a
strong modifying effect on growth, development,
sex determination and reproduction in higher
plants. However these hormones are not studied for
their action on growth of plant in vitro cultures.
Moreover their effects are not investigated in such
an important plant as orchids.

The aim of this work was to determine the effect of
six different BRs, belonging to two main BR clas-
ses, on growth rate and development of
Phalaenopsis x hybridum Blume protocorm-like
bodies. 107'°-10°® M brassinolide (BL), castaster-
one (CS), epicastasterone (EC), homocastasterone
(GC), epibrassinolide (EB) and homobrassinolide
(GB) were tested. Culture of protocorms was gen-
erated from seeds of Phalaenopsis x hybridum
Blume. Protocorm-like bodies were isolated from

the primary culture and transferred to media con-
taining various levels of BRs. Weigh and length of
the protocorm-like bodies were measured after 100
days of cultivation on BR-containing media. Our
data demonstrated that all BRs significantly stimu-
lated orchid growth in vitro. The greatest effect on
length was caused by CS while maximal increase
of weight was induced by BL and EB. Orchid mi-
croclones, grown in the presence of 10° M CS, had
twice bigger length that control plants. Weight gain
also increased 2 and 3.5 times when plants were
cultivated on media containing 10®* M and 10° M
BL, respectively. GB and GC caused smallest ef-
fects on growth among all tested BRs. We also
compared the BR effects with classical auxins,
such as indol-3-acetic acid, indole-3-butyric acid
and 2,4-dichlorophenoxyacetic acid. We have
found that auxins were less effective than BRs.

Overall, we have demonstrated for the first time
that BRs stimulate growth of Phalaenopsis x hy-

bridum Blume protocorm-like bodies and that this
stimulation exceeds effect of auxins.

SYNTHESIS OF 19-NORTESTOSTERONE PROPIONATE FROM

TESTOSTERONE PROPIONATE

Nickolai V. Kauhanka,” Vladimir I. Dolgopalets, and Yury G. Charnou

Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, Minsk, Belarus

e-mail: kovganko@iboch-bas.net.by

19-Norandrostane steroids are an important group
of biologically active substances. These com-
pounds are used in medicine as pharmaceuticals.
19-Nortestosterone propionate 1 is a representative
example of this class of steroids. Synthetic ap-
proaches to 19-nortestosterone suffers from several
drawbacks, which include low selectivity of the
acylation process and the need to protect pre-3-

keto group. The most convenient way to convert
androstane steroids to estranes is hydroxylation of
19-methyl group, oxidation of the resulting product
to 19-carboxyl synthetic intermediate and its de-
carboxylation'. This approach was previously used
in the synthesis of 19-hydroxytestosterone’, and
19-hydroxy-progesterone’.
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Synthesis of androgen 19-nortestosterones via new
synthetic scheme has been achieved’. The synthe-
sis commenced with commercially available 2
which was transformed to diester 3 in 3 steps. Ad-
dition of hypobromous acid to the 5(6)-double
bond of the latter compound lead to bromohydrine
4 that was oxidized by lead tetraacetate to give cy-
clic ether 5. Selective hydrolysis of the acetate
group of the latter compound provided alcohol 6.
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Oxidation of its 3B-hydroxyl group by chromic
acid followed by reduction of the resulting com-
pound by zinc dust in methylethylketone gave 7.
Oxidation of the resulting 19-hydroxysteroid by
chromic acid and subsequent decarboxylation of
19-carboxylic acid by its heating in a mixture of
pyridine and benzene led to the target 19-
nortestosterone propionate 1.

(1) Medicinal Chemistry of Steroids; F. ].Zeelen., Amsterdam, 1990.

2) Kovganko, N. V.; Kashkan, Zh. N.; Chernov, Yu. G. Chem. Nat. Compd. 1992, 28, 584-588.
3) Kovganko, N. V.; Kashkan, Zh. N.; Chernov, Yu. G. Chem. Nat. Compd. 1992, 28, Ne 6, 589-592.
“) Kogranko, H.B., lonronanen, B.U., Yepnos, Y0.I". Becyi HAH benapyci. Cep. xim. nagyx, 2016, Ne 2, 45-
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SYNTHETIC STUDIES TOWARD 17-HETEROCYCLYLMETHYLENE STEROIDS

Tatsiana S. Dalidovich, Alaksiej L. Hurski,* and Vladimir N. Zhabinskii

Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, Minsk, Belarus

e-mail: AHurski@iboch.bas-net.by

Androgens are growth factors for approximately 80
percent of all prostate cancers. CYP-17 enzymes
catalyze the last step of androgens biosynthesis,
and their inhibitors are used as drugs for treatment
of prostate cancers. Representative examples of
CYP-17 inhibitors are steroidal drugs abiraterone
(2)* and galaterone (2).> Abiraterone(1) was ap-

proved by FDA in 2011, and galaterone(2) is un-
dergoing phase III clinical trial. It is expected that
steroids 3 with 17-heterocyclylmethylene moiety
would also inhibit CYP-17 enzymes, and in this
poster synthetic studies toward such steroids will
be presented.
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Abiraterone (1)

Synthesis of heterocyclic fragment of the target
molecules 3 was planned through [3+2] cycloaddi-
tion of nitrile oxides or azides to alkynyl fragments
of steroidal intermediates 4, 5 or 6. A'’-double

Galaterone (2) 3

bond of 3 was thought to be built via Corey-Winter
elimination of diol 4 or by elimination of hydroxyl
groups of intermediates S and 6.

REFERENCES

@) Goyal, J.; Antonarakis, E. S. Clin. Med. Insights Urol. 2013, 1-14.
2) Njar, V. C. O.; Brodie, A. M. H. J. Med. Chem. 2015, 58, 2077-2087.
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QUANTUM CHEMICAL DESIGNING OF CHOLESTEROL AND ESTRONE
CONTAINING RADIONUCLIDE CANCER-FIGHTING AGENTS

Evgenij A. Dikusar!”, Alexandr L. Pushkarchuk!, Dmitrij A. Rudakov!, Vladimir I. Pot-
kin!, Nikolas G. Kozlov!, Sergej J. Kilin%, Andrej G. Soldatov3, and Semen A. Kuten*

! Institute of Physical Organic Chemistry, NASB, Minsk, Belarus, ° The B.1. Stepanov Institute of Physic,
NASB, Minsk, Belarus, > The Scientific and Practical Materials Research Center, NASB, Minsk, Belarus,
* Research Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus

e-mail: dikusar@ifoch.bas-net.by

One of the commonly used cancer therapy method
consists in the tumor cells irradiation by high ener-
gy proton or neutron dose to a well-defined target
with little or no fractionation.

Nowadays the new modern technologies of tumor
treatments are intensively introduced in clinical
practice of radiation oncology: radiological de-
stroying tumors by introducing the relevant short-
lived radionuclides (Y*°, Zr*, Fe*’, In''*", Eu'¥,
Eu'®, Eu'SS, Tm'™, Re'*, Po’'*, Rn2, U, pu®®’,

Cm**, Cm*"!, Es*?), which are used in the isotope
medicine. The binary (or neutron capture) therapy
is a technology that was designed for the selective
action on malignant neoplasm. It uses the tumor-
tropic drugs that contain stable nuclides (B',
Cd'3, Gd", etc.). The triadic therapy is a con-
sistent placement in the body a combination of two
or more tumor-tropic tissue components that are
individually inactive and harmless. These compo-
nents are able to be selectively accumulated in tu-
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mors. They join each other in chemical interaction
and destroy tumor neoplasm under certain sensitiz-
ing external influences. The designing and synthe-
sis of new boron-organic compounds that can be
used in the binary oncological diseases therapy is
very perspective. In order to avoid the biological
incompatibility these compounds should contain
some natural isoprenoid fragments, for example
cholesterol or estrone:

REFERENCES

In order to estimate stability of isomeric cholester-
ol or estrone ester of o-, m-, and p-caboran-C-
caboxylic acids and to study their electronic struc-
ture and construction non-empiric quantum chemi-
cal calculations of these compounds were carried
out by the DFT method on the level of the
B3LYP/MIDI theory following the GAMESS
software.

Modelling of the electronic structure and construc-
tion of  endohedral  fullerenol  clusters
Z@Ce0(OH)230-cholesterol or -estron was per-
formed for Z = Fe, Y, Re, Po, Rn, ‘empty’ full-
erenol cluster — monoester of fullerenol and cho-
lesterol or estrone, and isolated atoms — incorpo-
rated components: Fe, Y, Re, Po, Rn. The necessi-
ty of preliminary investigations by computer mod-
eling is caused by the intensive labor and high
cost.'?

(1) Dikusar, E.A.; Zelenkovskii, V.M.; Pushkarchuk, A.L.; Rudakov, D.A.; Potkin, V.I.; Kilin, S.J.; Soldatov,
A.G.; Kuten, S.A. Functional Materials. 2016, 23, 274-278.
2) Dikusar, E.A.; Zelenkovskii, V.M.; Pushkarchuk, A.L.; Kilin, S.J.; Soldatov, A.G.; Kuten, S.A.; Khmi-

aleuski, A.N.; Babicheu, L.F. Nonlinear Dynamics and Applications: Proceedings of the 21-th Annual
Seminar (NPCS’2014). Ed. by Babichev L.F., Kuvshinov V.I., Shaparau V.V. Minsk, May 20-23. 2014, 20,

50-55.

3) Dikusar, E.A.; Zelenkovski, V.M.; Potkin, V.L; Rudakov, D.A.; Kuten, S.A.; Soldatov, A.G Proceedings of
International Conference Nanomeeting — 2013. Physics, Chemistry and Application of Nanostructures. Re-
views and Short Notes. Minsk, Belarus, 24-27 May 2013. Ed. V.E. Borisenko, S.V. Gaponenko, V.S. Gu-

rin, C.H. Kam. 2013, 324-327.

CHEMICAL COMPOSITION OF ESSENTIAL OIL FROM AUTUMNAL

CARPATHIAN WALNUT LEAVES

Nina Djapic'* and Mihailo Ristic?

! Technical Faculty “Mihajlo Pupin”, University of Novi Sad, Djure Djakovica bb, 23000 Zrenjanin, Ser-
bia; ? Institute for Medicinal Plant Research “Dr. Josif Panci¢”, Tadeusa Kosc¢uska 1, 11000 Belgrade,

Serbia
e-mail: nidjapic@gmail.com

Carpathian walnut tree (Juglans regia, Juglan-
daceae) is native to the south of the Balkan Penin-
sula and widen all over the mainland due to the
suitable soil and climatic conditions for its growth
and development. Carpathian walnut brings leaves
in mid-spring and defoliation occurs in early au-

tumn. In autumn, yellow and brown Carpathian
walnut leaves are gathered and it can be estimated
that hundreds of tons of such leaves are left to de-
compose.

Yellow Carpathian walnut leaves were collected
and essential oils were obtained by hydrodistilla-
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tion. Qualitative and quantitative analysis were
done in order to gain insight into the chemical
composition. The autumnal essential oil of Carpa-
thian walnut was rich in oxygenated sesquiterpenes
(88.23%). Oxygenated monoterpenes represented
5.85%. Sesquiterpene hydrocarbons presented
1.47% of the essential oil, while monoterpene hy-
drocarbons were not identified. The explanation
for such predominance of oxygenated sesquiter-
penes is most probably in enzymes that are activat-
ed during the leaf senescence and programmed cell
death.

Apart from terpenes in the essential oil identified
was the aromatic compound — eugenol (1.76%).
Esters were present in a quantity of 0.23%.

REFERENCES

1) Farag, M. A. J Essent Oil Res 2008, 20, 323-327.

Autumnal leaf Carpathian walnut essential oil con-
tained phytol (0.16%) and in green leaves, up to
now, it was not identified 2. There are no written
reports on the presence of vitamin K; and vitamin
E in Carpathian walnut leaves. For the timebeing,
it will be estimated that the phytol quantity regis-
tered in autumnal leaves refers to chlorophyll and
its catabolism.

The Carpathian walnut autumnal leaves can be
used as a source for the isolation of a few oxygen-
ated terpenoids, those most abundant in the essen-
tial oil.

2) Rather, M.A.; Dar, B.A.; Dar, M.Y.; Wani, B.A.; Shah, W.A.; Bhat, B.A.; Ganai, B.A.; Bhat, K.A.; Anand,
R.; Qurishi, M.A. Phytomedicine 2012, 19, 1185-1190.

24-EPICASTASTERONE AND 24-EPIBRASSINOLIDE AS STARTING MATERI-
ALS: A SIMPLE WAY TO MINOR BRASSINOSTEROIDS

Darya Osiyuk, Yuri Ermolovich®, Vladimir N. Zhabinskii, and Vladimir A. Khripach

Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, Kuprevich str. 5/2, 220141

Minsk, Belarus
e-mail: ermolovich@iboch.bas-net.by

Practical use of some brassinosteroids (e.g.
epibrassinolide) in agriculture resulted in the re-
duction of their price and made it possible to uti-
lize them as starting materials for the preparation
of less available steroids of this class. Recently, the
strategy based on the one-pot transformation of
epibrassinolide I or epicastasterone II to the corre-
sponding 22-aldehyde, followed by its successive
coupling with synthon of appropriate side chain
proved to be quite effective in the synthesis of a

OH

HO,,

HOY

I: X=0 (24-epibrassinolide)
Il: X= - (24-epicastasterone)

sufficient number of minor brassinosteroids.'™

As far as A-ring functionalization of minor brassi-
nosteroids and commercially available starting I, I1
is often non-identical, the development of simple
and efficient methods for the transformation of
2a,30-diol function into the moieties, typical of the
target compounds, is an important problem to be
solved. In this work, syntheses of minor brassino-
steroids based on the modifications of A-ring of I
and II will be discussed.

( 3-keto;
20, 30-epoxy
2B,3B-epoxy;
20.-OH,3-keto;
20.,3B-OH;
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EFFECT OF 24-EPIBRASSINOLIDE ON THE LIPID COMPOSITION IN DE-
TACHED LEAVES OF PISUM SATIVUM L.

Evgenia Fedina*, Andrey Yarin, Faimya Mukhitova, Alexander Blufard, and Ivan

Chechetkin

Kazan Institute of Biochemistry and Biophysics, Kazan Scientific Center, Russian Academy of Sciences,

Kazan, Russian Federation
e-mail: lightsolo@yandex.ru

Brassinosteroids (BRs) have recently been consid-
ered as stress hormones since their level increases
under adverse environmental conditions and that
leads to improvement of plant resistance.! Plants
deficient in the enzymes participating in BR bio-
synthesis and perception have a phenotype of pro-
longed leaf lifespan and so they are notable for the
delayed senescence.” BRs also were shown to
promote chlorophyll degradation and decrease an-
thocyanin content in leaves.” Based on these ob-
servations, BRs are thought to regulate the plant
senescence processes.’> Nevertheless, mechanisms
underlying the regulation of plant senescence by
BRs need to be revealed.

Plant leaf senescence is a complex process of the
final stage of plant life, which is characterized by
dramatic changes in metabolism in all cellular
compartments followed by modification of mac-
romolecules as well as lipids. Lipid metabolism in
the senescent plant leaves was thoroughly studied
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but no data on its regulation by BRs have been re-
ported yet. The accelerated leaf senescence is
known to occur in the detached leaves and so the
latter are often used as a model system for studying
senescence.’

In the present work, the system was used to study
the effect of 24-epibrassinolide (EBR), one of
physiological active BRs, on the composition of
some lipid classes (free fatty acids, triacylglycerols
and galactolipids) in detached pea leaves.

Our data demonstrate the effect of EBR (0.1 uM)
on fatty acids (FA) composition in detached pea
leaves for the first time. Most changes were seen in
FA content of different lipid classes. EBR in-
creased the content of free FA as well as FA bound
to triacylglycerols and decreased the content of FA
bound to galactolipids. These findings suggest that
FA are liberated from polar lipids and then under-
go esterification to neutral lipids in the detached
(senescent) leaves upon EBR treatment.

(1) Hasan, S.A.; Hayat, S.; Ahmad A. Chemosphere. 2011, 84, 1446-1451.

2) Li, J.; Nagpal, P.; Vitart, V.; McMorris, T.C.; Chory, J. Science. 1996, 272, 398-401.

3) Cag, S.; Goren-Saglam, N.; Cingil-Baris, C.; Kaplan, E. Biotechnol. Biotech. Eq. 2007, 2, 422-425.

4) Gomes, M.M.A.; Netto, A.T.; Campostrini, E.; Bressan-Smith, R.; Zullo, M.A.T.; Ferraz, T.M.; Siqueira,
L.N.; Leal, N.R.; Nuiez-Vazquez, M. Theor. Exp. Plant. Physiol. 2013, 25,186-195.

) Kaplan, E.; Cag, S. IUFS J. Biol. 2013, 72, 33-44.

(6) Boydom, A.; Dawit, W.; Getaneh, W.A. J. Plant Pathol. Microb. 2013, 4, 176-179.
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BIOCONVERSION OF 6-(N-METHYL-N-PHENYL)-AMINOMETHYL-
ANDROSTANE STEROIDS BY THE NOCARDIOFORM ACTINOBACTERIAL

STRAIN

Galina Sukhodolskaya!, Victoria Fokina'*, Andrei Shutov!, Vera Nikolayeva', Tatiana
Savinova?, Yuri Grishin?, Alexey Kazantsev?, Nikolay Lukashev?, and Marina Donova!

"'G.K. Skryabin Institute of Biochemistry & Physiology of Microorganisms, Russian Academy of Sciences,
Pushchino, Moscow region, Russian Federation, 2 Faculty of Chemistry, M.V. Lomonosov Moscow State

University, Moscow, Russian Federation
E-mail: vwfokina@rambler.ru

The N-methyl-N-phenyl-aminomethyl functionali-
ty is one of the most efficient substituents which
significantly changes steroid features and may in-
fluence different physiological activities. Except
for some aminosteroids (1), nitrogen-containing
androstanes have not been strongly investigated as
the substrates for bioconversion.

Nocardioform actinobacterial strain Nocardioides
simplex VKM Ac-2033D is an effective microbial
catalyst capable of 1-dehydrogenation of a variety
of 3-ketosteroids. We report here an application of
N. simplex cells for 1-dehydrogenation of newly
synthesized o/p-diastereomers of 6-(N-methyl-N-
phenyl)-aminomethyl-androst-4-ene-3,17-dione (6-

o
<
©\N, /'0 68-MPhAM-DT
OH
o

0" 6B-MPhAM-AD

0" 6p-MPhAM-T ~_

6a-MPhAM-T

AN

MPhAM-AD) and 6-(N-methyl-N-phenyl)-
aminomethyl-androst-4-en-17p3-o0l-3-one (6-
MPhAM-T) in comparison with their unsubstituted
analogs, - androst-4-ene-3,17-dione (AD) and an-
drost-4-en-17p-o0l-3-one (T).

N. simplex cells actively perform 1-
dehydrogenation of 6-MPhAM-AD and 6-
MPhAM-T as well as AD and T. 1-

Dehydroderivatives were identified as major bio-
conversion products from all the substrates tested
(Fig.1). The structures of steroids were confirmed
using TLC, HPLC, MS, 'H-and *C-NMR and el-
emental analysis data.

OH

steroid core
—X—> destruction

0" 6p-MPhAM-ADD

o/

6a-MPhAM-AD

Fig.1. Bioconversion of 6a/B-MPhAM-derivatives of AD and T.

Along with 1-dehydrogenation, N. simplex oxi-
dized hydroxyl group at C-17 of 6-MPhAM-T.
Both o- and B-isomeric forms of 6-MPhAM-T
were transformed to the corresponding 17-keto
derivatives. In general, the rate of conversion of
the unsubstituted androstanes was by over ten
times higher as compared with that of their 6f3-
MPhAM-substituted analogs. As one of the rea-
sons, higher hydrophobicity of the substituted sub-
strates and its hindered transport into the cells was
proposed. Application of DMSO as a co-solvent

partly enhanced the conversion thus confirming
this suggestion. No steroid core destruction was
observed at the conversion of 6-substituted an-
drostanes, while it was significant when the strain
incubating with the unsubstituted AD and T.

The known bacterial degradative pathway proceeds
via 9a-hydroxylation after 1(2)-double bond intro-
duction into Cj9 3,17-dioxosteroid with unstable
intermediate formation followed by spontaneous
cleavage of the C9—C10 bond and further degrada-
tion. In accordance with the current knowledge on
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3-ketosteroid dehydrogenase (KstD) active site, the
o-face of the 3-oxosteroid is in close proximity to
the isoalloxazine ring of FAD (Fig.2).

1-Dehydroderivatives with an axial orientation of
the substituents (6p-MPhAM-ADD and 6f-
MPhAM-DT) were accumulated as major prod-
ucts, while no any 1-dehydrogenated a-isomers
were formed. Probably, the equatorial (o)) position
of the bulky substituent prevents substrate interac-

e
T Se=o

N
> M

tion with KstD. Accordingly, an increase of -
stereoisomer content in the substrate o/p-
stereoisomer mixtures resulted in higher yields of
their 1-dehydrogenated derivatives. The lower
KstD activity towards 6p-substituted androstanes
in comparison with AD or T could also be ex-
plained by increased size of the complicated sub-
stituent at the axial 6B3-position.

Fig. 2. Proposed effect of a/B-orientation of the (N-methyl-N-phenyl)-aminomethyl functionality at C-6 of AD
or T (R=0, AD; R=H, T) on the 1-dehydrogenation mechanism catalyzed by KstD (adopted from (2)).

The permissible size was formulated earlier as no
more than two carbon atoms in the chain of a -
face axial substituent (3). However, bulkier 6f3-
MPhAM-AD and 6B-MPhAM-T selectively con-
verted by the strain to 6-MPhAM-ADD. For the
6p-substituted substrates it can be proposed that
this orientation of the large, partially hydrophobic
and locally polar branch spatially screens the ac-
tive site of the KstD (2). As shown earlier for KstD
from Arthrobacter simplex, the presence of bulky
substituents in the middle part of the a-face of the
substrate and especially at the A-ring area may
prevent 1(2)-dehydrogenation (3).

High regio-specificity of 3-ketosteroid 9a-
hydroxylase (9a-KsH) as one of many Rieske oxy-
genases is explained by the characteristic O»-
binding to the metal center at the core of the cata-
lytic domain (4) and accounted for by the shape of
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a substrate-binding pocket and a position of active
site channel of the oxygenase unit of 9u-KsH
(KshA), fit for the steroid substrates (5). The
known KshAs amino acid residues predicted to
interact with steroid substrate bound in the active
site are conserved (5). So, the presence of multi-
structured substituent at position C-6 (both in o-
and [B-orientation) appears to negatively affect the
active site of the KshA in N. simplex thus prevent-
ing 9a-hydroxylation and making impossible fur-
ther degradative pathways. Noteworthy, the strain
did not hydrolyze, or somehow modify the (N-
methyl-N-phenyl)-aminomethyl moieties at C-6,
and provided only steroid core modifications at the
rings A and D.

The results evidence high potential of N. simplex
VKM Ac-2033D at the bioconversion of synthetic
steroids.

(1) Holland, H. L.; Lakshmaiah, G.; Ruddock, P. L. Steroids 1998, 63 484-495.
2) Rohman, A.; van Oosterwijk, N.; Thunnissen, A.-M. W. H.; and Dijkstra, B. W. J. Biol. Chem. 2013, 288

35559-35568.

3) Penasse, L.; Nomine, G., Eur. J. Biochem. 1974, 47 555-559.
4) Petrusma, M.; van der Geize, R.; Dijkhuizen, L. Anfonie van Leeuwenhoek 2014, 106 157-172.
®) Capyk, J. K., D’Angelo, 1., Strynadka, N. C., Eltis, L. D. J. Biol. Chem. 2009, 284 9937-9946.

Russian Science Foundation is gratefully acknowledged for a support of the work (Grant No. 14-24-00169).
AVK, TSS, YuKG, NVL acknowledge support from M.V. Lomonosov Moscow State University Program of Development.
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SYNTHESIS OF LIGANDS FOR NOVEL STEROIDAL-PLATINUM(I) HYBRID

MOLECULES

Agnieszka Hryniewicka®, Jacek W. Morzycki, and Stanistaw Witkowski

Institute of Chemistry, University of Bialystok, Bialystok, Poland

e-mail: aga_h@uwb.edu.pl

Cisplatin belongs to cytotoxic complexes of plati-
num(Il) used in anticancer therapy. Unfortunately,
its use is limited because of the numerous and se-
vere side effects (nephro- and ototoxicity, low se-
lectivity towards cancer cells) as well as tumor
resistance to the drug. Therefore, new platinum

Cl NH
Cl< /NH3 :Pt< 2]-
c1-Pt~NH, CI”" "“NH,~{(Steroid)
cisplatin steroidal analogs of cisplatin

HO/\)J\OH —- 1 — | N —
NH, NBoc

building block Ser2

L-serine building block Ser1

ligand 1

Synthesis of new ligands was started from prepara-
tion of two types of building blocks ended with
terminal C=C double bonds: modified L-serine'
(Ser1 and Ser2) and derivative of lithocholic acid®
(St). In the next step two blocks (Serl with St and
Ser2 with St) were metathetically connected using
Grubbs 2™ generation catalyst. After reduction of
double bond followed by deprotection of amino

complexes bearing steroid moiety were designed.
Novel steroidal ligands have a binding arm capable
of complexing platinum ion. It can be expected
that the presence of a steroidal carrier in the struc-
ture of cytotoxic agent may cause more selective
delivery of the drug to cancer cells.

X
NHz

ligand binding site
for complexing of platinum
(X =-NH,, -OH)

H3C

NHBoc

HO ligand 2

—

key step: olefin metathesis
with steroid moiety derived from
lithocholic acid: HaC

H3C

RO"
building block St

and hydroxy functionalities new ligands 1 and 2
were obtained.

Finally, ligands 1 and 2 will be complexed with
platinum and resulting compounds will be tested
on selected cancer cell lines. We hope that new
complexes will be more efficient and less toxic
anticancer agents than commonly applied cisplatin.
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PALLADIUM-CATALYZED C-H FUNCTIONALYZATION OF

2-ALKYLSULFINYL-ANILINE AMIDES
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and Vladimir A. Khripach
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Transition metal-catalyzed C-H activation reac-
tions are powerful tool for synthetic organic chem-
istry'™ that allows direct formation of C-C bonds
from unactivated C-H bonds. Such transformations
may provide simple, atom and step econom-
ic pathways for making functionalized molecules.’
The challenge of regioselective C-H activation can

H
Cs
YZ

In this poster, we will present new directing 2-
alkyksulfinylaniline groups that provide unusual
palladium-catalyzed activation of PC-H bonds.
Presence of sulfinyl group in directing ligand is

Pd*2

_

o)
P Pd(OAc),, Phi(OAC),

R NH 9 or
S\R' Pd(OAc),, Phl, AgOAc
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1) Hartwig, J. F. J. Am. Chem. Soc. 2016, 138, 2-24.

P Pd*2
X _H+ B X
vy 2 'z

be addressed by incorporating a ligand directing
group into the substrate undergoing functionaliza-
tion. Palladium-catalyzed C-H functionalization
reactions usually proceed through five membered
palladocyclic intermediates, which form as a result
of regioselective activation of YC-H bonds:

responsible for regioselectivity switching of C-H
activation. The discovered directing groups were
tested in acetoxylation and arylation reactions.

unusual C-H acetoxylation or C-H arylation products

2) Newhouse, T.; Baran, P. S. Angew. Chem. Int. Ed. 2011, 50, 3362-3374.
3) Chen, D. Y.K.; Youn, S. W. Chem. Eur. J. 2012, 18, 9452.
4) Qiu, Y.; Gao, S. Natural Product Reports 2016, 33, 562-581.
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TRILOBOLIDE-STEROID HYBRIDS: SYNTHESIS AND BIOLOGICAL
PROFILING

Michal Jurasek!, Petr DZubak?", Silvie Rimpelova!, David Sedlak3, Petr Koneény?, Ivo
Frydrych?, Soiia Gurska?, Marian Hajduch?, Katefina Bogdanova?, Milan Kolai?, Tom4as
Miiller?, Eva Kmoni¢kova*S, Tom4as Ruml!, Juraj Harmatha®, and Pavel Dragar!”

"University of Chemistry and Technology Prague, Faculty of Food and Biochemical Technology, CZ-166
28 Prague, Czech Republic,’Institute of Molecular and Translational Medicine, Faculty of Medicine and
Dentistry, Palacky University and University Hospital in Olomouc, CZ-775 15 Olomouc, Czech Repub-
lic;’CZ-OPENSCREEN: National Infrastructure for Chemical Biology, Institute of Molecular Genetics
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Sesquiterpene lactone trilobolide (Tb) is a sar-
co/endoplasmic reticulum Ca?*-ATPase (SERCA)
inhibitor' 2. This contribution describes a synthesis
(via click chemistry approach) and biological pro-
filing of a series of 6 trilobolide-steroids conju-
gates (estradiol, pregnene, dehydroepiandros-
terone, and testosterone). We observed that synthe-
sized Tb-based compounds possess different bio-
logical activities. Cytotoxicity and preferential se-
lectivity on cancer cells is represented by a Tb-
pregnene derivative. The most cytotoxic clickates

REFERENCES

of estradiol and pregnene were studied by FACS.
The impact on cell cycle and RNA synthesis was
observed. Live-cell microscopy revealed the im-
pact on cell organelle morphology particularly on
endoplasmic reticulum, mitochondria and nucleus.
Further, we have studied the estrogenic and andro-
genic properties of the clickates using cell-based
luciferase assays. Finally, antimycobacterial tests
showed that testosterone and estradiol derivatives
potentiated the antimycobacterial activity (up to
ICsp of 10.6 uM) in comparison to pristine Tb.

) Jurasek, M.; Rimpelova, S.; Kmonickova, E.; Drasar, P. B.; Ruml, T. J Med Chem, 2014, 57, 7947-7954.
2) Kmoni¢kova, E.; Harmatha, J.;Vokac, K.; Kostecka, P.; Zidek, Z. Cytokine, 2009, 48, 72.
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STEROIDAL PHYTOHORMONES: REGULATION OF BIOCHEMICAL

ADAPTATION OF LEGUMES

Olga Kandelinskaya!”, Helena Grischenko!, Valentina Domash', Liliya Kartizhova?, Vla-
dimir N. Zhabinskii3, Olga Kosmachevskaya*, Elvira Nassibulina4, and Alexey Topunov*

"VF Kuprevich Institute of Experimental Botany, National Academy of Sciences of Belarus, Minsk, Bela-
rus; *Institute of Microbiology, National Academy of Sciences of Belarus, Minsk, Belarus; *Institute of
Bioorganic Chemistry, National Academy of Sciences of Belarus, Minsk, Belarus; *AN Bach Institute of
Biochemistry, Russian Academy of Sciences, Moscow, Russia

e-mail: okandy@yandex.ru

It is known that biochemical adaptation of plants
under the influence of adverse factors of the envi-
ronment has as its focus the preservation of the
organism integrity (homeostasis) and the function-

al activity of the fundamental parts of the metabo-
lism (enantiostasis).! An important role in the regu-
lation of adaptive metabolism belongs to phyto-
hormones, in particular to brassinosteroids (BS).
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It is generally recognized that BS form a group of
plant hormones with a multitude of functions and
perform the integrative function in plants similar to
steroid hormones of animals and humans. This
paradigm is fully justified by the fact that BS at
extremely low concentrations (10° M or less) have
a regulatory effect on all parts of the cell metabo-
lism in plants. It starts from the reception of the
hormonal signal by receptor kinases (such as leu-
cine-rich repeat receptor-like kinases, LRR RLKs)
and extends to regulation of the expression of the
corresponding genes and implementing functional
response.”” BS were shown to be involved in regu-
lation of hormonal status, stimulation of the nucle-
ic acid and protein synthesis, growth and develop-
ment by activating of the cell division and elonga-
tion, biosynthesis of cell wall components and seed
germination, flowering, donor-acceptor relations,
aging etc.”"

However, there are a number of gaps in the
knowledge of the mechanisms of BS action. Thus,
there is still unclear the relationship between BS-
induced resistance of agricultural plants to adverse
effects of biotic and abiotic factors and growth
processes. There is an inverse relationship in some
cases between these two integral parameters of
plant life. Especially it concerns the legumes
whose high and stable productivity is limited by
the low resistance to diseases. In addition, the ad-
aptation processes are inevitably accompanied by
temporary activation of catabolic reactions which
also contributes to reduction of the agricultural
product quality.

Thus, the mechanism of BS-stimulated of crop
productivity and, at the same time, the threshold of
sustainability to adverse environmental factors is a
multi-level interconnected process that requires the
detailed study for the most successful science-
based of BS application in agricultural production
including those oriented to organic farming.

REFERENCES

The aim of this work was to study the effect of
some BS (brassinolide, epibrassinolide, homo-
brassinolide) on the main elements of the metabo-
lism of leguminous plants (the total synthesis of
proteins and nucleic acids, the activity of endoge-
nous lectins and components of proteolysis system,
the functional status of symbiotic nitrogen-fixing
system etc.'*'®) and under the action of a wide
range of abiotic and biotic factors such as heavy
metals, fungal pathogens, insect pests.

It have been demonstrated for lupine and soybean
plants that BS stimulated the biosynthesis of nucle-
ic acids and total proteins in the leaves and matur-
ing seeds against decrease in them the activity of a
number of hydrolytic enzymes (nucleases, protein-
ases), the activation of trypsin inhibitors and gly-
coproteins of lectin family, changed the ratio of
storage proteins in the seeds without compromising
the quality of the essential aminoacids. The effects
observed were accompanied by the activation of
nodulation and nitrogen fixation in the nodules. It
was also found that BS increased the metleghemo-
globinreductase activity and leghemoglobin con-
tent in the nodules. The increase of bacteroide
metabolic activity and levels of reducing equiva-
lents in the cell bacteroidal culture was observed
under the action of BS. It was shown that BS con-
tribute to the reduction of toxic action of different
stressors on protein metabolism, function of sym-
biotic nitrogen-fixing system and morphometric
parameters of lupine plants.

The obtained data confirmed the idea of the au-
thors that the growth regulating effects and protec-
tive action of BS are closely connected. In particu-
lar, the protective action is based on the ability of
BS to stimulate the anabolic metabolism links’ by
temporary inhibition of the hydrolytic enzyme ac-
tivity, such as nucleases and proteases in addition
to the activation of proteinase inhibitors and lec-
tins, especially under the adverse environmental
conditions.

1) Hochachka, P.W., Somero G.N. Biochemical Adaptation. Princeton University Press, 1984.

2) Clouse, S. D. J. Plant Growth Regul. 2001, 22, 273-275.
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4) Avalbaev, A.M.; Yuldashev, R.A.; Shakirova, F.M. Advances of Modern Biology, 2006, 126, 192-200.
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7 Khripach, V.A.; Zhabinskii, V.N., de Groot, A.E. Brassinosteroids: A New Class of Plant Hormones. N.-

Y.: Academic Press, 1999.
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BIO-BASED TESTOSTERONE PRODUCTION FROM PHYTOSTEROL

Mikhail Karpov'?*, Galina Sukhodolskaya', Vera Nikolayeva!, Victoria Fokina', Andrei
Shutov!, Marina Donova!, and Nicolai Strizhov!

"' G.K. Skryabin Institute of Biochemistry & Phisiology of Microorganisms, Russian Academy of Sciences,
Pushchino, 142290, Russia, ° Pushchino State Institute of Natural Sciences, Pushchino, 142290, Russia
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Testosterone (androst-4-en-17f3-0l-3-one) is an
important pharmaceutical androgen steroid. It
plays key role in human health, well-being and
sexual functioning. Currently, testosterone is pro-
duced by a four-step chemical synthesis from an-
drost-4-ene-3,17-dione (AD).

An alternative way is via single-step biotechnolog-
ical process based on microbial conversion of ster-
ols to testosterone by using the strains capable of
both sterol side-chain cleaving and 17p-reducing of
3,17-diketoandrostenes:  androst-4ene-3,17-dione
(AD), androst-1,4-diene-3,17-dione (ADD). How-
ever, known microbiological methods for the pro-
duction of testosterone are ineffective, that is often
associated with low activity of native 17f-
hydroxysteroid dehydrogenase (17p-HSD) of ap-
plied strains.'

REFERENCES

In this work, we used Mycobacterium neoaurum
VKM Ac-1816D strain capable of testosterone
production with an efficiency of 32% at 10 g/l phy-
tosterol load. In order to improve its 17B-reducing
activity, recombinant M. neoaurum VKM Ac-
1816D (pNS25) strain coexpressing heterologous
17B-HSD from Cochliobolus lunatus and glucose-
6-phosphate dehydrogenase (G6PD) from Myco-
bacterium tuberculosis H37Rv have been con-
structed. The presence of additional G6PD in the
mycobacterial cells is necessary for the adequate
NAD(P)H supply and the shifting of redox poten-
tial towards AD reduction to testosterone.

Bioconversion of 10 g/l phytosterol by recombi-
nant mycobacteria resulted in production of 4 g/l
testosterone (58% efficiency). The highest yield 6
g/l was reached with 20 g/l substrate load (43%
efficiency).

) Egorova, O. V.; Nikolayeva, V. M.; Sukhodolskaya, G. V.; Donova, M. V. J. Mol. Catal. B: Enzym 2009,

57,198-203.
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SPECIES-SPECIFICITY OF PLANT-GROWTH RESPONSE TO COMBINED
APPLICATION OF N-PHOSPHONOMETHYL GLYCINE AND

EPIBRASSINOLIDE

Mikalai A. Laman!, Karina R. Kem!, Alla F. Sudnik!, Alina L. Sauchuk?, and Natalia B.

Khripach?
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Recently, it has been shown that treatment of win-
ter rape by epibrassinolide (EBI) combined with
fungicides leads to decreased toxic effect of the
latter ones on the plant growth." This prompted us

1000

the idea to study the effects of EBI in combined
application with nonselective herbicide N-
phosphonomethyl glycine (glyphosate).

200
200
3@ s
2 w00 g — £ 8
o 5 i i E | m & = O
9 a0 s @
0 < 11 EEnEsRnE RN 1 1 B -
= WA AA HHHHHH HHHH BT
o g a
a4 HHH HHHHHH HH HH
N0 HHH H HHHH H - H = o
L L L L A T
oy e S e B BN B B R e e S B e D D D e D S S B BN E 3 B ERER e e B e e
(== ] - “Cl‘ - L 1_'4 4:*1 - - - :_\qi - - :ni*i - - - - LI - - 1_'4 ‘E‘ - EE\Q“ LI
o8 HBEHBERE AR RSB BRSNS AERBEHE=S2SHE
B =N M= 00— @ =N M= e 0= =N = 0D 00 0N =0 D oo
=

Concentration, M
Fig. 1. Root length of seedlings of summer barley cv. Radzimich (% of control, control - 1% water
solution of film-forming material) depending on the concentration of EBI under constant

concentration of glyphosate (0.085%).

Seedlings of fibre flax Linum usitatissimum L.
(cvs. Laska and Vesta) and summer barley Horde-
um vulgare L. (cv. Radzimich) were used as model
plants. Working solutions for seed treatment were
prepared in a concentration range of 10°M - 10°M
by dilution of basic water EBl-solution by 1% wa-
ter solution of film-forming material with a single-
step of 1.25 times (40 variants). It was supposed
that the glyphosate concentration, which could be
the most informative for investigation of its effect
in a combination with epibrassinolide, was those
producing 40-60% of seedlings' root-growth inhi-
bition in comparison with the control (1% water

solution of film-forming material). For the case of
fibre flax of Laska cultivar it was 3.3*10°M
(0.055%), for summer barley of Radzimich cultivar
and fibre flax cv. Vesta it was 5.5%10°M
(0.085%). For treatment of seeds (incrustation) 20
ul of working solution per 1 g of seeds were used.
Then the seeds were germinated in paper rolls in
standard conditions, and the root length of seed-
lings was measured at 3, 5, 7 and 9th day.

Intervals of concentrations, in which EBI influ-
enced the effect of glyphosate, were found. For
summer barley it was 4.72*¥10°M — 2.82*107M,
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and in such conditions root inhibition was about
25% higher than in the case of pure glyphosate
(0.085%) (Fig. 1).

Opposite to barley, fibre flax cv. Vesta showed
about 25% diminishing the growth-inhibiting ef-
fect of the herbicide in EBI-concentration range of

35 9.2*10°M - 6,9*107M. In cv. Laska similar
but a bit lower effect (20% diminished growth in-
hibition by herbicide) took place in a concentration
range of 5.90*10°M — 3.52*10"M. Measured
values are statistically valid.
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Fig 2. Root length of seedlings of fibre flax cv. Laska (% of control, control - 1% water solution of

film-forming material) depending on the concentration of EBI under constant concentration of

glyphosate (0.055%).

It's an interesting fact that although being opposite-
ly directed, root-growth responses of two different
plant species to the combined one-step simultane-
ous application of glyphosate and EBI take place in
a rather narrow diapason of EBI-concentrations,
which is similar for both cases.

REFERENCES

The obtained results confirm literature data’ on
usually very narrow range of doses (or concentra-
tions) of one of the active components of a mixture
that allows to obtain maximal synergistic, antago-
nistic or additive resulting effect.

@) Sudnik, A.F.; Laman, N.A.; Ritvinskaya, V.L.; Selmanovich, V.L. Science of 21 Century: Responses for
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OPTIMIZING XYLOSE METABOLISM FOR HETEROLOGOUS TERPENE PRO-

DUCTION IN E. COLI SYSTEMS

Katarina Kemper!, Monika Fuchs!, and Thomas Brueck!

! Professorship of Industrial Biocatalysis, Department of Chemistry, Technical University of Munich, D-

85748 Garching, Germany
e-mail: kati.kemper@tum.de

Biotechnological production of highly valuable
diterpenoids, such as bioactive taxoids, using engi-

neered E.coli systems is a sustainable approach for
future pharmaceutical supply. While xylose is a
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major component of lignocellulosic feedstocks, it
cannot be metabolized efficiently by E. coli in the
presence of glucose and other hexoses. To enable
an economically sensible utilization of lignocellu-
losic hydrolysates for heterologous taxoid produc-
tion, the xylose fraction needs to be converted effi-
ciently by engineered E.coli strains. In our work
we have addressed the enhancement of xylose up-
take and improved carbon flux in the pentose
phosphate cycle.

One prerequisite for successful heterologous ter-
pene production in bacteria is the transformation of
sugar into the metabolic intermediates glyceralde-
hyde-3-phosphate and pyruvate. Targeted upregu-
lation of the intracellular concentration of diterpe-
noid precursors such as isopentenyldiphosphate

(IPP) and dimethylallyldiphosphate (DMAPP)
should thereby not affect glucose metabolism.

To achieve xylose uptake an engineered Xy-
lose/H -Symporter is expressed that resolves lim-
ited xylose uptake in the presence of glucose or
arabinose. Subsequent metabolomic analyses guide
genomic optimization strategies to enable efficient
sugar uptake and metabolism. Therefore the influ-
ence of xylose regulator XyIR is tested to optimize
xylose utilization. In further steps xylose usage is
balanced to the need of the cell by expression of
xylose isomerase and xylulose kinase. Each en-
zyme will be specifically controlled by selection of
specific promoter systems to avoid metabolic
stress.

This work is part of the SysBioTerp project, funded by the German Federal Ministry of Education and Research.

FLUORINE-CONTAINING LUPANE TRITERPENOID ACID DERIVATIVES:
SYNTHESIS AND BIOLOGICAL EVALUATION AS POTENTIAL ANTI-

INFLAMMATORY AGENTS

Tatyana S. Khlebnicova'®, Yuri A. Piven!, Fedor A. Lakhvich!, Irina V. Sorokina?, and

Tatyana G. Tolstikova?
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Lupane triterpenoids of plant origin such as betu-
lin, betulinic and betulonic acids exhibit a variety
of biological activities including antiinflammatory,
antitumor, an inhibition of human immunodefi-
ciency virus (HIV) and other activities'. Structural
modifications based on natural triterpenes have
been extensively explored to find more potent pen-
tacyclic triterpenes as preventive and therapeutic

agents. The special nature of fluorine imparts a
variety of properties to certain medicines, includ-
ing enhanced binding interactions, metabolic sta-
bility, membrane permeability and pharmacokinet-
ic properties®>. A series of fluorine-containing lu-
pane triterpenoid acid amido derivatives 2,3 and
conjugates 4,5 with fluorinated 2-
acylcyclopentane-1,3-diones® were synthesized by

RL = 4FCgH, 3CF3CeH,CHy, 3,4F,CsHs 4FCgH3CH,
R? = CF3 C,Fs CaFy 2FCgHy 3FCgHg

o0 o o
R2 O (o]
R2 R?
Cl g + g
N
N H
4 5
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us from betulonic acid 1.

The synthesized compounds possessed a low tox-
icity and displayed high anti-inflammatory activity
comparable with activity of present-day nonsteroi-
dal inflammatory drugs. It was showed on the im-

REFERENCES

munogenic inflammation models that the investi-
gated compounds suppressed an activation of cyto-
toxic Thl lymphocytes and prevented developmen-
tal pseudoallergic reactions.

)] Tolstikova, T. G.; Sorokina, I. V.; Tolstikov, G. A.; Tolstikov, A. G.; Flekhter, O. B. Rus. J. Bioorg. Chem.
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8315—-8359.

3) Khlebnikova, T. S.; Piven, Yu. A.; Isakova, V. G.; Lakhvich, F. A. Rus. J. Org. Chem. 2012, 4§,

1277-1282.
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THE EFFECT OF BRASSINOSTEROIDS ON ROOTING OF TREES AND SHRUBS

Dmitrii V. Kolbanov', Eugenia Legerova', Ilona Donskaya', Olga Saphonova', Tatiana
Kalyaga!, Darya Straltsova!, Palina Chykun!, and Vadim Demidchik!*

'Belarusian State University, Minsk, Belarus
e-mail: dzemidchyk@bsu.by

Reproduction by seeds or classical micropropaga-
tion through in vitro culture are not effective for
most ornamental lines of woody plants, which lose
their unique phenotypes when transferred to artifi-
cial conditions (in vitro). Therefore rooting of
green cuttings is still the most widely used method
for propagation of ornamental woody plants. This
method has low effectiveness but allows to obtain
high quality clones of original plants. Biotechno-
logical approaches used for vegetative propagation
of ornamental plants require development of new
techniques for increasing rate of rooting and sur-
vival of green cuttings (shoot cuttings). To induce
rhizogenes in green cuttings, ornamental horticul-
turists mainly use auxins, such as indole-3-butyric
acid (IBA) or indole-3-acetic acid (IAA). However
other hormones can also potentially be applied for
rooting. Recent studies have shown that brassino-
steroids (BRs) can act as synergists of auxins. Here
we tested the hypothesis that these substances can
also stimulate rhizogenes in trees and shrubs. We
have examined the effect of epibrassinolide (EB),
homobrassinolide (HB) and epicastasterone (EC)
on rooting of green cuttings of Thuja occidentalis
L. (Smaragd), Picea abies L. (Nidiformis), Juni-
perus scopulorum Sarg. (Blue Arrow), Berberis
thunbergii DC (Dart's Red Lady), Cotoneaster
lucidus Schlecht., Acer platanoides L. (Drum-

mondii) Crataegus x media (Paul's Scarlet) and
Forsythia x intermedia (Golden Time). We also
compared effects of BRs with the action of auxins
and substances with combined BR/auxin struc-
tures, such as tetraindolbrassinolide (TIBR),
tetraindolcastasterone (TICS) and indolcastester-
one (ICS). Obtained results have demonstrated
that, in control group (treated with water), the rate
of rooting was very low (10-20%). Treatment with
of BRs increased rooting rate by two- to five-fold.
Very similar results were obtained for auxins,
however, in some cases, auxins were less effective
as BRs. Response to BRs varied in different spe-
cies suggesting significant complexity and evolu-
tionary divergence in BR action on rooting of
woody plants. Picea abies L., Juniperus scopu-
lorum Sarg. and Berberis thunbergii DC demon-
strated highest rooting rate after treatment by BRs.
Intriguingly, EC was the most effective stimulator
for some woody plants with much greater effect
than other BRs and auxins. TIBR, TICS and ICS
demonstrated less pronounced effects on rooting
however they also caused some stimulation. Over-
all, these data demonstrated that BRs act as stimu-
lators of formation of root system in woody plants
and can be used commercially for root growth
stimulation in plant biotechnology and ornamental
horticulture.
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NEW BIOASSAY FOR BRASSINOSTEROIDS - PEA INHIBITION BIOTEST

Petra Korinkova!®, Jana Oklestkova, Jaromir Mikulik, and Miroslav Strnad

! Laboratory of Growth Regulators Centre of the Region Hand for Biotechnological and Agricultural Re-
search, Institute of Experimental Botany ASCR & Palacky University Slechtiteliit 27, 78371 Olomouc,

Czech Republic
e-mail: petra.korinkova@upol.cz

Brassinosteroids (BRs) represent a family of natu-
rally occurring plant steroids that are involved in
diverse developmental and physiological process-
es, including cell elongation, cell division, leaf se-
nescence, vascular differentiation, flowering time
control, male reproduction, photomorphogenesis
and responses to biotic and abiotic stresses.'

Ethylene is the simplest, gaseous plant hormone
composed of two carbon and four hydrogen atoms.
Ethylene is produced in most plant tissues and cell
types and affects a variety of processes in plants,
including seed germination, growth, formation of
apical hook, senescence of organ, fruit ripening,
abscission, gravitropism, and stress responses.”

The application of low levels of ethylene to etiolat-
ed seedlings causes inhibition of stem elongation,

REFERENCES

radial swelling of the stem, and absence of normal
geotropic response (aggregated apical hook), this
effect is known as the , triple response*.

We developed and optimized new pea inhibition
test based on that BRs inhibit the growth of etiolat-
ed seedlings at high concentration; this inhibition
is probably caused by ethylene production, which
is mediated by BRs. We used pea seeds (Pisum
arvense L. sort Arvica), because they grow fast and
the elongation response to applied BRs is not mul-
tiphasic. We also evaluated the optimal conditions
for measurement of ethylene production in etiolat-
ed pea seedlings and quantified the polar ethylene
precursor l-aminocyclopropan-1-carboxylic acid
(ACC).

(1) Oklestkova, J.; Rarova,L.; Kvasnica, M.; Strnad, M. Phytochemistry Reviews. 2015, 14, 1053-1072.
2) Schaller, G.E.; Kieber, J.J. Ethylene. In: Somerville, C. Meyerowitz, E.M. (eds), 2002, The Arabidopsis
book. American society of plant biologists, Rockville.

This work was funded by the Ministry of Education, Youth and Sports of the Czech Republic — NPU I program with project
LO1204 and by Internal Grant Agency of Palacky University- IGA_PrF 2016 _018.

SYNTHESIS OF PULEGONES AMIDES

Nikolas G. Kozlov!", Ludmila I. Basalaeva', Gayane A. Atazhanova?, and Sergazy M.

Adekenov?

! Institute fiziko-organic chemistry of National academy of Sciences of Belarus 220072, Minsk, Surganov
St., 13; e-mail: loc@ifoch.bas-net.by; basalaeva@ifoch.bas-net.by > JSC International Research and
Production Holding Fitochimiya, 100009, Republic of Kazakhstan, Karaganda, Gazaliyev St. 4, e-mail:

g atazhanova@mail.ru; phyto_pio@mail.ru
Pulegone (1) represents monocyclic nonsaturated
ketone p-mentane a row and is the main compo-
nent of Ziziphora clinopodioides Lam essential
oils." and Mentha longifolia L.?

In scientific and patent literature the large number
of references to the works devoted to the descrip-
tion of properties and biological activity of a

pulegone, however about chemical modification of
this monoterpenic ketone for the purpose of syn-
thesis of nitrogen-containing derivatives is had,
only two publications are found.>*

Throughout our work on synthesis nitrogen-
containing the pulegone’ in the real work with us
for receiving new nitrogen-containing derivatives
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is carried out Ritter's reaction a pulegone with a

number of both aliphatic, and aromatic nitriles (3a-
e) (acetonitrile (3a), propionitrile (3b), butyroni-

0 » o
_ — =7
+
1 2

Obviously, process is carried out through for-
mation of a tertiary carbocation (2), with the sub-
sequent accession of a nitrile molecule to him and
formation of amide. Reaction proceeds strictly ste-
reoselective with formation of individual ke-
toamide with the diequatorial arrangement of metyl
and izopropylamide groups. Properties of the re-
ceived connection (4a) correspond literary for re-
ceived by intermolecular C-N amination, as Ritter's
reaction a mentone, N-(2-(4-methyl-2-
oxocyclohexyl) propane-2-yl)acetamide.® Amides
(4b-e) in literature aren't described earlier.

REFERENCES

trile (3¢), phenylacetonitrile (3d), 1-naphthonitrile
(3e)) in the presence of catalytic quantity the con-
centrated sulfuric of acid.

RC=N 0)
3a-e 7‘\%
ROCHN
H20 4a-e

In Ritter's reaction important that the generated ion
a carbone was rather stable as nitrile group — a bad
trap for carbocation. In this work only the tertiary
carbocation (2) therefore course of reaction de-
pends on ability of a nitrile to join this ion a car-
bone is generated. From nine nitriles of a different
structure studied by us use only four allowed to
receive N-(2-(4-methyl-2-oxocyclohexyl) propane-
2-yl)-R-amides. Reaction was carried out without
solvent as liquid nitriles mixed up with pulegone,
and crystal were dissolved in it.

(1)  Topses, M.U. Dpupnuvie macaa proper CCCP, N3n-so AH KazCCP, Anma-Ara, 1952, 191 c.
(2)  Erey6aesa, P.A. Juxopacmywue s¢pupomacruunsie pacmenus FOzo-Bocmoxa Kasaxcmana, Anmatsr, 2002,

66 c.

(3) Canpipoexos, 1.T.; Ataxanosa, I'.A.; Kynericos, A.T.; Panayrun, A.T.; Barpsackas, W.1O.; Tatunos, F0.B.;
Enunnoaesa, T.T.; Typasioekos, K.M.; Anekeno, C.M. Xumus npupoo. coedun. 2005, Nel, 83-84.

(4)  Berrada, M.; Rombourg, M.; Hakiki, A.; Vidal, J. Y. Bull. Soc. Chem. France. 1985. No5, 937-946.

(5)  Kosnos, H.I'.; bacanaera, J.U.; Ataxxanoa, A.T.; Anexeros, C.M. Xumus npupoo. coeoun. 2015, Ne 3, 424-

426.

(6) Michaudel, Q.; Thevenet, D.; Baran, P.S. J. Am. Chem. Soc. 2012, 134, 2547-2549.

Work is performed with financial support of the Belarus Republican Fund of Basic Researches, X16P-023 grant.

THE ANALYSIS OF VARIABILITY OF BIOPRODUCTIONAL FEATURES OF
BLACK CURRANT RIBES NIGRUM L. IN THE PRESENCE OF

PHYTOHORMONAL STEROIDS

Oksana Kudryashoval, Galina Savchuk!, Svetlana Stepina', and Anthony Volotovich!

IPolessky State University, Pinsk, Belarus
e-mail: volant777@tut.by

Brassinosteroids (steroid plant hormones, BS) are a
promising group of natural plant growth regula-
tors.! Brassinosteroids stimulate various physiolog-
ical processes in plant cells, including membrane
potential changes, photosynthetic and enzymatic
activity, and the phytohormone balance. The ef-
fects of BS on plant growth and development show
a trend of synergism with other phytohormones,
auxins in particular. Regulation of plant cell
growth and differentiation mediated by BS intensi-

fies geotropic responses and accelerates stem elon-
gation, leaf development, and pollen tube growth.
It promotes xylem differentiation and pollen vitali-
ty, decelerates leaf senescence, and improves plant
resistance to stresses.'

Investigations were conducted in the Research La-
boratory of Cell Technologies in Plant Growing
(Polesye State University) in 2015-2016. As ob-
jects of researches were used regenerants of Ben
Alder and Tisel cultivars of black currant in vitro.
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A subject of researches were modified by addition
of steroid hormones (24-epibrassinolide, or 28-
homobrassinolide) nutrient mediums on a micro,
macro-salt MS-basis for whose efficiency evalua-
tion were used the following bioproductional fea-
tures at regenerant in vitro, such as height and
number of shoots and quantity of roots. The re-
searched concentration of phytohormonal steroids
have made 0.001 mg per litter; 0.010 and 0.100 mg
per litter. As additional phytohormone were used
the 6-BAP in concentration of 1.0 mg per litter.

Mathematical analysis of the data (the means =+
standard error, calculation of least significant differ
ences at significance levels of P < 0.05 and P <
0.01) was performed according to standard meth-
ods of variation statistics? using statistics analysis
software STATISTICA 6.0.° The dispersive analy-
sis of data and calculation of share of factors influ-
ence on variability of the studied features carried
out in the program of the statistical analysis AB-
Stat 1.0 developed at Institute of Genetics and Cy-
tology of NAS of Belarus.*

REFERENCES

Usage of a nutrient medium on the MS-basis con-
taining 0.001-0.010 mg per litter of 28- homo-
brassinolide leads to reliable increase in height of
shoots of Ben Alder cultivar of black currant in
vitro on average by 1.3 times, and to reliable in-
crease by 2.6-2.9 times in quantity of roots at re-
generants in vifro in comparison with control with-
out hormones. In the presence of 0.1 mg per litter
of 28-homobrassinolide the number of shoots at
regenerants of Ben Alder cultivar of black currant
in vitro authentically increases by 1.5 times in
comparison  with  control  without  28-
homobrassinolide.

Usage of a nutrient medium on the MS-basis con-
taining 1.0 mg per litter of 6-BAP and 0.001-0.010
mg per litter of 24-epibrassinolide leads to reliable
increase in number of shoots by 2.1-2.5 times, and
to reliable increase in quantity of roots by 1.4 times
at regenerants of Tisel cultivar of black currant in
vitro, in comparison with control without hor-
mones.

) Brassinosteroids. A new class of plant hormones; Khripach, V.A.; Zhabinskii V.N.; Groot A.E., Ed.; San

Diego: Academic Press, 1999.

2) Fielplot technique; Dospehov, B. A., Ed.; M, 1985.

3) STATISTICA; Borovikov, V. P, Ed.; SPb, 2001.

“) Anoshenko, B. Yu. Genetics. 1994, 30, 8-9.

COMPLEXES OF 20-HYDROXYECDISONE WITH a-, - AND v-

CYCLODEXTRINS

Borash 1. Tuleuov!, Tulegen M. Seilkhanov?, Oralgazy A. Nurkenov*, Bakhtiyar S.
Temirgaziyev', Perizat K. Kudabayeva!, Olzhas U. Kuatbayev!, and Sergazy M. Adekenov'

!International research and production holding “Phytochemistry”, Karaganda, Republic of Kazakhstan;
’S. Ualikhanov Kokshetau state university, Kokshetau, Republic of Kazakhstan; *Institute of organic syn-
thesis and coal chemistry, Karaganda, Republic of Kazakhstan.

e-mail: phyto_pio@mail.ru

Currently for the greatest effectiveness of created
pharmaceuticals the opportunities of supramolecu-
lar chemistry are used. It is known that supramo-
lecular complexes of inclusion of the biologically
active compounds (BAC) with cyclodextrins (CD)
allow to regulate solubility of BAC in water, re-
duce their toxicity, give the chance to transfer fluid
substrata into solid ones, increase stability of sub-
stances to hydrolysis and oxidation.'”® The possi-
bility of creation of the nanoencapsulated com-

plexes of the biologically active component allows
not only to increase solubility and physical and
chemical stability of a substratum, but also to im-
prove its bioavailability and local acceptability.
Wide use of toroidal molecules of the most wide-
spread a-, B-and y-cyclodextrins as host molecules
is explained by the features of their structure, ca-
pacity for hydrophobic binding of guest molecules,
non-toxicity and the possibility to receive it from
renewable raw materials — starch.*
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In this regard this work is devoted to research of
encapsulated complexes of phytoecdysteroid of 20-
hydroxyecdysone with the above-stated CD by
methods of one-dimensional and two-dimensional
NMR.

For the purpose of defining the type of the formed
complexes of inclusion of ecdysterone with cy-
clodextrins the values of chemical shifts 'H of a
substratum and receptors in the free state and as a
part of a supramolecule (tab.) were studied.

Table Values of chemical shifts "H a-, B-and y-CD in the free state (60, ppm) and as part of com-

plexes (6, ppm)

Ne a-CD B-CD y-CD
do ) Ad do Ad do ) Ad

H-1 |4.76 |4.75 | -0.01 4.77 478 | 0.01 4.83 483 |0
H-2 322 |3.24 |0.02 3.27 3.28 | 0.01 3.30 3.32 10.02
H-3 |3.37 |3.31 | -0.06 3.45 3.36 | —0.09 3.37 3.41 | 0.04
H-4 |324 |3.26 | 0.02 3.30 3.31 |0.01 3.32 332 |0
H-5 |3.34 |3.37 | -0.03 3.45 3.36 | —0.09 3.37 341 |0.04
H-6 |3.60 [3.60 |0 3.57 3.59 10.02 3.58 3.57 | -0.01

NMR spectrums of initial compounds and the re-
ceived supramolecular complexes were registered
in a 5-mm ampoule at ambient temperature on a
high resolution nuclear magnetic resonance spec-
trometer JNN-ECA 400 by "Jeol". Working fre-
quency of the spectrometer is 399.78 and 100.53
MHz for 'H and "*C nuclei respectively. The width
of wavelength scanning made about 5000 ('H) and
22000 Hz ("*C). As the solvent DMSO-d6 of rea-
gent grade qualifications produced by "Sigma-
Aldrich" was used. Chemical shifts were measured
concerning signals of residual protons or atoms of
carbon of deuterated dimethylsulfoxide.

Registration of two-dimensional spectrums of CO-
SY, HMQC, HMBC, ROESY was carried out with

use of the corresponding pulse sequences included
into "Delta V4.3.6" software suite.

On the basis of the provided table data it is possi-
ble to note that the largest shift is experienced by
protons of the internal sphere of cyclodextrins — H-
3 and H-5. Formation of an internal complex with
ecdysterone is supposed. Studying of integral in-
tensity of signals of molecules of the guest and
host allows to draw a conclusion about stoichio-
metric relationship 1:1. For establishment of a
fragment of a molecule of the hydroxyecdysone
located in the internal sphere of CD, the changes of
values of chemical shift were studied. The overlap
of signals of 'H substratum considerably compli-
cates the analysis of NMR data, however, it is pos-
sible to assume the following scheme of complex-
ing:

REFERENCES
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TIME-RESOLVED FLUOROIMMUNOASSAY FOR QUANTITATIVE DETERMI-
NATION OF BRASSINOSTEROIDS IN PLANTS

Olga Kuprienko, Alina L. Sauchuk, Raisa P. Litvinovskaya, and Oleg Sviridov

Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, Kuprevich str., 5/2, 220141

Minsk, Belarus
e-mail: olga_garbuz@iboch.bas-net.by

Brassinosteroids play a role of low-molecular-
weight bioregulators in plants. Quantitative meas-
urement of brassinosteroids is important for deter-
mination of their natural distribution and metabo-
lism in plants and for their application in agricul-
ture and medicine. Enzyme-linked immunoassay
(ELISA) has been developed for the detection of
brassinosteriods in plants, biopharmaceuticals and
fertilizers'.

Time-resolved fluoroimmunoassay (TR-FIA) is an
alternative method for quantitative determination
of small biomolecules. TR-FIA is much more sen-
sitive than other traditional fluoroimmunoassay
methods. Lanthanide chelates, that are used in TR-
FIA, have unique fluorescence properties which
allow the measurement of specific fluorescence
after the background fluorescence has already de-
cayed. The TR-FIA of 24R-methylbrassinosteroids
(24-epibrassinolide and 24-epicastasterone) has
been developed for the first time.

For the syntheses of 24-epicastasterone conjugates,
the derivatives of Eu®* diethylenetriameneteraace-
tate 1 and 2° have been used.

The syntheses of conjugates 4 and 5 (Scheme 1)
were carried out in an aqueous dioxane solution.
The reaction of Eu’' tetraacetate 1 with 24-

0]
/_\/_\/_(

N

COO"COO COO" COOr

Eu®*
1

epicastasterone-6-(O-carboxymethyl)oxime N-
hydroxysuccinimide ester 3 gave rise to the conju-
gate 4. It was purified on TLC plate using acetoni-
trile/water (4/1). The conjugate 5 of 24-
epicastasterone with human serum albumin (HSA)
was obtained by the interaction of the activated N-
hydroxysuccinimide esters 3 and 2 with HSA fol-
lowed by chromatography on a Superose 12 col-
umn (1x30 cm).

In TR-FIA, immobilized antibodies against 24-
epicastasterone (80-100 % cross-reactivity with
24-epibrassinolide)' were used.

Conjugates 4 and 5 were applied as labeled anti-
gens. Conjugate 5 was chosen for the quantitative
determination of 24R-methylbrassinosteroids be-
cause its maximum fluorescent intensity (Fo) was
5-fold higher than that of conjugate 4 (30 000 and
160 000 counts for conjugates 4 and S, respective-
ly). Calibration curve (Fig. 1) was linearized by the
log-logit  transformation:  logit F/Fy =
In((F/Fp)/(100 — F/Fp)). The limit of detection,
50% inhibition concentration value and a liner
range (part of the curve between 85% and 12%
F/Fo) were 0.5 nmol/L, 19.5 nmol/L and 1-1000
nmol/L, respectively.

O
NH, /N /\ /_[( /\/H O O
AN OO O QO-N;j
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Scheme 1. Syntheses of 24-epicastasterone conjugates.
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Fig. 1. Calibration curve for 24R-methylbrassinosteroids TR-FIA

Accuracy and precision of the developed TR-FIA
method were studied. The level of 24R-
methylbrassinosteroids in the 10-days-old seed-
lings of winter wheat was determined. Isolation of
a brassinosteroids fraction from freeze dried plants
was carried out according to the scheme presented
earlier’. The concentration of brassinosteroids
measured by TR-FIA (25.5+£3.04 ng/g dry weight)
was comparable with that obtained by ELISA'
(24.9£1.56 ng/g dry weight). The recovery of 24-
epibrassinolide added to plant extract ranged from

85 % to 105 %. The imprecision of the assay esti-
mated by replicate determinations of brassinoster-
oids levels in 3 plant samples ranged from 4 % to
12 %. The effect of matrix was studied using serial
dilution of 3 plant samples by an assay buffer. The
determined concentration of 24-epibrassinolide
changed linearly.

A new immunoassay for brassinosteroids has been
developed, and it can be used for quantitative de-
termination of 24R-methylbrassinosteroids in
plants.
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SYNTHESIS, STRUCTURAL ANALYSIS AND CYTOTOXIC PROPERTIES OF
NEW HYDROXYL AND BROMO STEROIDAL 17A-LACTONES

Ivana Z. Kuzminac!*, Du$an Skori¢!, Olivera R. Klisuri¢?, Andrea R. Nikoli¢', and Marija
N. Sakag¢!

! Department of Chemistry, Biochemistry and Environmental Protection, Faculty of Sciences, University
of Novi Sad, Novi Sad, Serbia, *Department of Physics, Faculty of Sciences, University of Novi Sad, Trg

Dositeja Obradovica 3, 21000 Novi Sad, Serbia
“e-mail: ivana.kuzminac@dh.uns.ac.rs

In order to obtain potent cytotoxic compounds,
derivatives of known 17a-lactone 1 were synthe-
sized. Starting compound 1 was synthesized ac-
cording to known procedure.' Stereospecific dihy-
droxylation of 1 gave 3f,5a,6B-trihydroxy deriva-
tive 2, while 5a,6B-dibromide 3, So-bromo-6-ol 4
and 5B,6B-epoxide 5 were obtained through two

(6]

HO

AcO

3 R=Ac
6 R=H

These compounds were tested for their cytotoxic
activity against several human tumor cell lines and
a healthy human cell line. In order to investigate
the effect of hydroxyl group and bromine in newly

REFERENCES

synthetic steps. Furthermore deprotection 3f-
hydroxy group of compound 3 gave 3p-hydroxy-
50,6B-dibromide 6. Molecular and crystal struc-
tures were confirmed by detailed NMR ('H, “cC,
HSQC 2D, 2D HMBC, NOE-experiments) and X-
ray analysis.

AcO

synthesized molecules on cytotoxic activity, in
analysis of the results have been established corre-
lations between structure and activity of the tested
compounds.

) Penov-Gasi, K.M.; Stojanovi¢, S.Z.; Saka¢, M.N.; Djurendi¢, E.A.; Csanadi, J.J.; Molnar-Gabor, D.; Lazar,
D.; Kovacevié, R.M. Collect Czech Chem Commun 2005, 70, 1387-1396
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STEROID HORMONE ANTAGONISTS. SYNTHESIS AND BIOLOGICAL EVAL-
UATION OF NOVEL PENTACYCLIC STEROIDS WITH AROMATIC A RING

Yury V. Kuznetzov!”, Alexander M. Scherbakov?, Irina V. Fedyushkina?,

Igor V. Zavarzin', and Inna S. Levina'

! Zelinsky Institute of Organic Chemistry of Russian Academy of Sciences, Leninsky pr. 47, Moscow,
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Development of effective drugs for the treatment
of hormone-dependent cancer remains an im-
portant trend in medicinal chemistry. So today, one
area of intense research is the search for new an-
tagonists of steroid hormones, particularly estro-
gens, playing a significant role in the development
of breast cancer.

Further to our work on pentacyclic steroids we
synthesized previously unknown steroid com-
pounds that combine in its structure an aromatic
ring A and additional cyclohexane ring D' at the
16a,17a-positions of steroid core, and examined in
vitro their cytotoxic and antiestrogenic activities.

Firstly we performed the 3-stages conversion of 3-
O-methylestrone I to conjugated ketone II which

COCHy
\\\\\

. ,,,//

HO
v

The compounds III - VI were tested in vitro for
their cytotoxic activity against estrogen receptor-
positive MCF-7 breast cancer cell line. Cytotoxici-
ty was evaluated by the MTT test based on the ac-
cumulation of the MTT reagent (3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium

bromide) by living cells. The highest activity was

COCHy
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i
3 steps “ 2 steps
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LiAIH,
HBr, AcOH
HaC HsC

as a dienophile reacted with butadiene by AICl;3-
catalyzed Diels-Alder cycloaddition. After hydro-
genation of the double bond in the additional D'
ring appeared of the cycloadduct formed (not
shown in the scheme) the key pentacyclic com-
pound III was obtained. The latter was demethyl-
ated to give compound IV by hydrobromic acid
and then reduced by lithium aluminium hydride to
compound V. Compound VI was obtained by di-
rect reduction of the keto group of III without de-
methylation.

The structures of all products obtained were con-
firmed by '"H NMR, BC NMR spectra, HRMS, and
X-ray analysis.

COCH,
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OH
N

N
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MeO

displayed by the compound V with two hydroxyl
groups (ICsp = 6.8 uM) and no effect was found for
the compound III. MCF-7 cells were less sensitive
to the steroid provided with 20-keto group (com-
pound IV, ICsp = 15.8 uM). 3-Methoxy analogue
of the compound V (VI) revealed no cytotoxic po-
tency towards the MCF-7 cells. Among these novel
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series only the compound V showed cytotoxicity
that may be comparable to the effect of antiestro-
gen tamoxifen (ICso = 5.2 pM). Estrogen receptor
o (ERa) was evaluated as a key target for the ob-
tained steroids.

Molecular docking calculations were also per-
formed and the results demonstrated that com-
pounds IV -VI could bind at the estrogen receptor
o (ERa) with estimated binding free energies cor-

P
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A, X

Hiss24

A !

i fAre3ze
|

X

0

To confirm the results of molecular modeling, the
ER luciferase reporter assay was performed. The
ability of compounds to inhibit 17f-estradiol-
induced ER activity was analyzed in MCF-7 cells
after ER luciferase reporter plasmid transfection.
The B-galactosidase plasmid construct was used to
normalize for transfection efficiency. Compound
IIT displayed weak antiestrogenic activity when
steroids IV and VI noticeably inhibited ER. The
highest ER antagonistic potency was showed by
the compound V, this chemical treatment caused

related well with the in vitro biological profiles. In
particular, both 3- and 20-hydroxyl groups of the
compound V formed hydrogen bonds with the
same amino acid residues of the proteins in ligand
binding domain (LBD) as estradiol (E2) in the X-
ray structure of ERo-LBD E2 complex
[PDB:1QKU]J, and the molecule was well enough
accommodated inside the ligand-binding pocket

(Fig.).

15-fold down-regulation of 17p-estradiol-induced
ER activity.

Thus, the series of novel pentacyclic steroid com-
pounds were obtained. Compound V with two hy-
droxyl groups may be considered as possible anti-
cancer agent showing high cytotoxicity in hor-
mone-dependent type of breast cancer. The ability
of this compound to bind to ER and effectively
inhibit its transcriptional activities was confirmed
by molecular modeling and reporter assay.

AN IMPROVED SYNTHESIS OF 145-METHYLISOXAZOLYL STEROIDS AND
CLEAVAGE OF THEIR HETEROCYCLIC RING

Alesia Ladyko and Alexander Baranovsky

Institute of Bioorganic Chemistry, National Academy of Sciences, Belarus

e-mail: alesyaladuka@mail.ru

Recently, the mechanism of a mild basic solvolysis
of nitrosteroids 1 leading to lactam 2 was disclosed
(1). The detailed knowledge of the mechanism al-
lowed us reinvestigating the synthesis of 14p-
methylisoxazole 3 and 14B-methylisoxazoline 7
(2). As result, we were able to raise substantially
the yield of compounds 2, 3, 7. For instance, an

application of aq. i-propanol instead of aq. ethanol
gave 94% of epimeric isoxazolines 7 (72% in aq.
ethanol) and 90% of lactam 2 (40% in aq. ethanol).
Similarly, the yield of isoxazole 3 was improved
by replacement of aq. ethanol with aq. t-butanol.
The reaction was finished in 69% of the product
(95% based on recovered steroid 1) in comparison

91



23" Conference on Isoprenoids

with 50% yield of 3 together with lactam 2 (ca
20%) in aq. ethanol.

The cleavage of the isoxazole ring in compound 3
by various reagents proceeded ambiguously giving
both 14,15-fused and open chain products due to
interfering of the conjugated double bond. The re-

1a R=Bn
1b R=Bz

o OAc
i i
-— » "'NOQ R
N 99
BzO 4 RO BnO
2
\

duction of steroid 3 with NaBH,4 led to saturated
17-alcohols (17a:17p=2.5:1), which were acetylat-
ed to afford acetates 4a and 4b. Major 17a-epimer
4a was hydrogenated over 5% Pd/C providing
enaminoketone 10 without a protection group at C-
3.

o 0
viii vii ‘
NH, =N BzO
BzO | BzO O
i OEt
0
5

7 double bond ) .
6 8 single bond vi

i NaHCO3, 95% aq iPrOH, A, 3h (90%); ii: propargyl alcohol, NaHCO3, 95% aq tBuOH, A, 4-8h (69%);
iii: 1) NaBH4, THF-MeOH, 10 min, 2) Ac;O, Py, 16h, (86%); iv: ethyl vinyl ether, NaHCOs3, 95% aq
iPrOH, A, 4h (94%); v: Hy, 5% Pd/C, MeOH, 3h (80%); vi: HCO,NH4, 5% Pd/C, EtOH, 50°C, 12h

(92%); vii: TSOH, MeCN, A, 3h (83%); viii: Mo(CO)s, MeCN, H20, A, 1h (55%).

Saturation of the double bond in steroid 7 was
achieved under action of ammonium formate in the
presence of the catalyst yielding ketone 8 and leav-
ing its heterocycle untouched. Isoxazoline 8 was
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readily converted into isoxazole 6 under treatment
with TsOH and the heterocycle of the latter was
cleaved with Mo(CO)s to afford labile aminoalde-
hyde 5.

) Baranovsky, A.V.; Bolibrukh, D.A.; Schneider, B. Steroids, 2008, 73, 585.
) Baranovsky, A.V.; Bolibrukh, D.A.; Khripach, V.A.; Schneider, B. ARKIVOC, 2008, 9, 29.

SYNTHESIS AND SPATIAL STRUCTURE OF BROMCARBENDERIVATIVE

LIMONENE

Aigerim 1. Makubayeva, Gayane A. Atazhanova, and Sergazy M. Adekenov

International Research and Production Holding “Phytochemistry”, Karaganda Republic of Kazakhstan

e-mail: arglabin@phyto.kz

On the base of limonene (1) isolated from essential
oil of an Erigeron Canadensis L. at interaction
with 50% of NaOH water solution in CHBr3 in the
presence of dicyclohexane-18-crown-6 for the first
time new bromcarbenderivative with coming out of
20% (2) is synthesized. The received new deriva-

tive represents crystal-like substance of composi-
tion C1,H;6Brs with mp 144 °C dec.

The structure of the synthesized compound (2) is
established on spectral data (Nuclear magnetic res-
onance 'H and "*C, two-dimensional spectra of the
nuclear magnetic resonance 'H-'H (COSY, NOE-
SY) and "* C-'H (COSY, COLOC)).
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For final establishment of the structure of molecule
is conducted its X-ray diffraction research (Fig.1).
On the results of which cyclopropane units have -
conformation to carbon structure, and the methyl

NaOH, CHBr3
crawn ether

group at S-6 a- oriented. Isopropyl function C-3 is
located in a-position, and at that C1-C2 and C1-C8
have B-orientation.

Figure 1 - Spatial structure of molecule (2) according to X-ray diffraction analysis

Thus, as a result of the carried-out work, for the
first time received new derivative limonene which
has  structure  7,7-dibromo-4-(2,2-dibromo-1-

LITERATURE

methyl-cyclopropyl)-1-methyl-bicyclo [4.1.0] hep-
tane, and its spatial structure is defined.

1) Goryaev M.I. Essential oils of USSR flora, Alma-Ata, 1951, 501 p.

RESTRUCTURING IN THE HORMONAL SYSTEM OF BARLEY UNDER THE
INFLUENCE OF 24-EPIBRASSINOLIDE IN BIOTIC STRESS

Neli V. Manzhelesova

V.F. Kuprevich Institute of Experimental Botany at National Academy of Sciences of Belarus, Akad-

emicheskaya str. 27, Minsk, Belarus
e-mail: manzhelesova63@mail.ru

In recent years interest researchers in the problems
of induced phytoimmunity and disease resistance
of plants increased. The search for safe biological
preparations as an alternative to chemical ones is a
basic problem in plant protection. Achievements in
understanding phytoimmunity mechanisms allow
development of absolutely new ecologically safe

preparations, action of which against harmful or-
ganisms is realized by essential changes in host
plant metabolism inducing intensification of its
own protective reactions. There is a number of
natural inductors of resistance among which a
compound of steroid origin — plant hormone 24-
epibrassinolide. Epibrassinolide is a high-effective
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growth regulator. It exhibits pronounced biological
activity and has a great effect on physiologo-
biochemical processes of plants treated with it. It
manifests itself in interaction of growth processes,
morphogenesis and exerts on effect on reproduc-
tive ability of plants. At the same time, 24-
epibrassinolide shows antistress, adaptogenic
properties increasing plant resistance to unfavora-
ble environmental factors; displays mediated anti-
fungal and antibacterial activity enabling increase
in non-specific resistance of plants to some patho-

gens. One of the fundamental properties of
brassinosteroids — interaction with  other
phytohormones, and it is expected that

brassinosteroids act as coordinators of all hormone
complex. However, it is not entirely clear
functional role brassinosteroids in pathosystem and
how to implement their protective effect. The
studies were conducted in the model pathosystem
spring barley — net blotch pathogen, phytopatho-
genic fungus Pyrenophora teres Drechler.
Participation of auxin in the relationship between
plants and phytopathogenic fungi has long been
recognized and their metabolism is given
meaningful place in the theories of phytoimmunity.
It is shown that Pyrenophora teres conidia
infection of barley tissues caused a sharp reduction
in the content of indolylacetic acid (IAA) in half
on the second day of pathogenesis, then it gradual-
ly increased reaching the maximum on the 6" day,
it dropped again up on the 10™ day in comparison
with healthy plants. The treatment of barley plants
by 24- epibrassinolide have promoted the long
time accumulation of auxin and tripled its content
in one day after treatment. The same tendency ob-
served under treatment of barley plants against in-

fected background. Most likely that the reason of
heightening of auxin level in plants treated and
infected with Pyrenophora teres Drechler fungus is
in the IAA oxidase activity inhibition. Activity of
synthetase of indolylacetic acid in this conditions
practically didn't change. It is expected, that caused
by processing of epibrassinolide treatment
increased the content of IAA in the leaf cells
hampers their nekrotization. In the cell adverse
conditions provided for the power supply of ne-
crotrophic pathogen. We studied the dynamics of
content abscisic acid (ABA), as a possible
antagonist of the IAA in the regulation of
physiological processes. However, ABA is able to
activate a number of physiological processes
associated with metabolic stress on inclusion of
switching programs, indicating that the real
opportunity to regulate the plant adaptive and
protective systems not only in response to effect of
abiotic factors, but also on the formation of
phytopathosystems. It is shown our experiments
that Pyrenophora teres conidia infection of barley
tissues caused a marked increase in the level of
ABA. Further accumulation of hormone
progressively grew in intensity and on the 6™ day
of pathogenesis was twice higher than in healthy
plants  tissues.  Preprocessing plants  24-
epibrassinolide treatment resulted in very
substantial (three times), but briefly raising the
level of the hormone in the leaves of infected
plants on the background. May 24-epibrassinolide
provides indirect ABA effect on gene expression
of PR-protein synthesis and initiates activity in the
operation of the signalling system which enables
protective reactions on the local and systemic
level.

SYNTHESIS OF TERPENE-SUBSTITUTED A-AMINO ACIDS AND THEIR
PHOSPHATE ANALOGUES. STEREOSELECTIVITY INVESTIGATIONS

Konstantin S. Marenin'*, Julia A. Bryleva?, and Aleksandr M. Agafontcev?

" N.N.Vorozhtsov Novosibirsk Institute of Organic Chemistry of Siberian Branch of RAS, Novosibirsk,
Russia, ° Nikolaev Institute of Inorganic Chemistry of Siberian Branch of RAS, Novosibirsk, Russia,
N.N.Vorozhtsov Novosibirsk Institute of Organic Chemistry of Siberian Branch of RAS, Novosibirsk, Rus-

sia
e-mail: demol@nioch.nsc.ru

Monoterpenes are convenient precursors for syn-
thesis of diverse chiral compound thanks to chirali-
ty of terpenic framework and methods for their

functionalization ~ developed.! The terpenic-
substituted o-amino acids and their phosphonic
analogues are of interest as chiral ligands in vari-
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ous fields®’, moreover amino-phosphonic acids
found application in modern biochemistry and
pharmacology®.We investigate approaches to the
synthesis of N-terpenic substituted aminoacids and
their phosphonic analogues. In first case we study
the reaction of nitroso chlorides 2a,b with an ami-
no acids or their esters 4a-f. Yield of compounds
of (A)-subclass varies from 15% to 87%. In exper-
iments with racemic aminoacids it was found that

of (S)/(R)-amino acid containing compounds
formed ranges from 1:2.7 to the yeld of (S)-
aminoacid containing compounds exclusively. For
the synthesis of phosphonic analogues of terpene-
contained aminoacids, (B)-subclass compounds,
we apply the Kabachnik-Fields reaction with ami-
no oximes 3a,b derived from monoterpens as ami-
no component. It was found that variation of the
reaction conditions and the catalyst used can

the reaction in most cases is diastereoselective with  change or even invert diastereomeric ratio of prod-

the involvement of predominantly one enantiomere  ucts.
of amino acid or its ester. Exampled extreme ratio
0]
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as chiral ligands for synthesis of fluorescent

It was demonstrated that synthesized com-
coordination complexes.?>*

pounds of A and B subclasses and products of
theirs further functionalization are of interest
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GLUTATHIONE REDOX SYSTEM MODULATION BY CALCIFEROL AND
BRASSINOSTEROID ADMINISTRATION IN PREDNISOLONE-INDUCED

D-VITAMIN DEFICIENCY

Andrei G. Moiseenok, Elena P. Lukienko, Valerij A. Gurynovich, Dmitrij S. Semenovich,
Yurij Z. Maksimchik, and Tatiyana A. Borodina

Institute of Biochemistry of Biologically Active Compounds NAS of Belarus, Grodno, Republic of Belarus

e-mail: andrey.moiseenok@tut.by

Redox-dependent modulation of intracellular sig-
naling cascades attracts special attention of re-
searchers among the diverse effects of the hormo-
nal form of vitamin D (calcitriol) in the metabolic
pathways implemented by genomic and non-
genomic mechanisms (eg.'”). Versatility and prev-
alence of redox signaling can determine pathoge-
netic role and pleiotropic actions of vitamin D and
its metabolites, in particular when initiating oxida-
tive stress and systemic autoimmune inflammatory
process. The ability to model D-vitamin deficiency
by administration of prednisolone (PS), that has
anti-inflammatory, immunosuppressive and anti-
proliferative actions violating bone mineralization
and calcium balance provides a new experimental
approach of redox processes studies, which are
largely mediated by glutathione (G) system.

Vitamin D-deficiency model was reproduced on
adult female Vistar line rats using intragastric PS
administration in a dose of 5 mg / kg for 21 days.
Oil solution of cholecalciferol was selected as a
source of vitamin D, it was administered at a dose
of 200 IU / kg. A separate group of animals re-
ceived in addition to vitamin brassinosteroid (BS)
in a dose of 10 mcg / kg. Administration of PS in-
creased catalase and superoxide dismutase activity
in blood plasma, as well as the level of catalase
activity and the level of thiobarbiturate-reactive
compounds in the liver and kidneys, as well as re-
ducing of the concentration of inorganic phospho-
rus with a tendency to reduce the overall level of
calcium and the increase of Ca / P ratio in plasma.
It was established that the level of cholecalciferol
in the liver of animals that received PS, tends to
decrease, which is eliminated by administration of
vitamin D. This effect is absent when vitamin D is
administered together with BS. The effectiveness

REFERENCES

of the latter does not modulate the effect of vitamin
D, leading to hypocalcemia, that proves the specif-
ic effect of cholecalciferol. It was revealed that in
the organs of experimental animal with intensive
metabolism of cholecalciferol there are marked
changes in redox status, which show growth of
reconstituted G, fall of oxidized G, increase in the
GSH / GSSG ratio and increase of the G redox po-
tential in the liver, while in kidney changes are
opposite. These changes were due to the appoint-
ment of PS, but their severity ware greater when
supplemental cholecalciferol and BS ware admin-
istrated. There were no changes in G-peroxidase
isoenzymes in liver, but decreased activity of sele-
nium-dependent G-peroxidase in the kidney was
effectively recovered by administration of vitamin
D and in a lesser extent - in combination of vitamin
D and BS. The manifestation of oxidative stress in
the liver and in the kidneys was partially corrected
by administration of vitamin D and slightly modu-
lated by administration of BS.

At the same time it was found that BS modulates
the effect of vitamin D on the total thiol-disulfide
status of liver tissue, and especially kidney, where
a significant effect of protein thiols increase with
decreasing level of S-glutathionylation was re-
vealed. It was also found that the combined admin-
istration of cholecalciferol and BS effectively
modulates erythrocyte G redox potential, activates
red cell G-transferase, and reduces the total antiox-
idant activity of blood plasma. Thus, violation of
the redox processes in the PS-induced vitamin D-
deficiency is accompanied by the development of
oxidative stress and impaired G system and largely
modulated by administration of calciferol and its
combination with BS.

)] Dimitrov, V. Salehi-Tabar, R.; An, B.S.; White, J.H. J. Steroid. Biochem. Mol. Biol. 2014, 144, 74-80.
2) Lin, Z.; Li, W. Curr. Top. Med. Chem. 2016, 16, 1242—-1261.
3) Kubis, A. M.; Piwowar, A. Ageing Res. Rev. 2015, 24, 126-137.
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ELECTROCHEMICAL CHOLESTERYLATION OF SUGARS

Aneta M. Tomkiel!, Jolanta Ploszynska?, Andrzej Sobkowiak?, and Jacek W. Morzycki'*

! Institute of Chemistry, University of Bialystok, 15-245 Bialystok, Poland; * Faculty of Chemistry,
Rzeszow University of Technology, 35-959 Rzeszow, Poland

e-mail: morzycki@uwb.edu.pl

The electrochemical oxidation of cholesterol was
studied in our laboratories for several years and led
to elaboration of a new method of cholesterol gly-
cosylation. Electrooxidation of cholesterol strongly
depends on the reaction conditions." The reaction
carried out in the non-polar solvent generates a
cation-radical at the oxygen atom as a result of
one-electron transfer. Further cleavage of the car-
bon-oxygen bond affords homoallylic carbocation
that may react with any nucleophile present in the
reaction mixture, including sugar hydroxyl
groups.” The method allows to obtain glycosyl de-
rivatives of cholesterol and other A’-sterols using

K > 0
R, R%, R3= Anodlc oxidation PhO— P 0

or Cholesteryl OPh

The reactions turned out to be completely stereose-
lective with respect to both sugar and steroid moie-
ties. The original configurations at sugar stereo-
genic centers were retained. Only sugar
3B-cholesteryl derivatives were formed. Primary
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CgHq7

3 or 4 equiv.

non-activated sugars. However, yields are usually
poor and glycosylation is accompanied by side re-
actions of the carbocation (e.g. with cholesterol).
Since cholesterol is competing with sugar for ac-
cess to carbocation, dicholesteryl ether is formed
as a by-product. An improvement of the glycosyla-
tion method has now been proposed.’* Cholesteryl
diphenylphosphate was selected as the best choles-
teryl donor for electrochemical sugar cholesteryla-
tion. With this protocol only equivalent amounts of
cholesterylating agent are required. Moreover, by-
products are formed to a lesser extent than in pre-
vious experiments.

CgHq7

CgH7
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- PhO-PO
—
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—_—
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CH,OH
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OH

3,
Anodic oxidation RO OCH3 g1 R? R3 R*=H

1
OR or Cholesteryl

and anomeric hydroxyl groups in sugars were the
most reactive ones, while no substantial differ-
ences in reactivity was found for different second-
ary hydroxyl groups. The mono-, di-, tri-, and tet-
ra-cholesterylated sugar products were obtained.

) Morzycki, J. W.; Sobkowiak, A. Beilstein J. Org. Chem. 2015, 11, 392-402.

2) Morzycki, J. W.; Lotowski, Z.; Siergiejczyk, L.; Walejko, P.; Witkowski, S.; Kowalski, J.; Ploszynska, J.;
Sobkowiak, A. Carbohydr. Res. 2010, 345, 1051-1055.

3) Tomkiel, A. M.; Brzezinski, K.; Lotowski, Z.; Siergiejczyk, L.; Walejko, P.; Witkowski, S.; Kowalski, J.;
Ploszynska, J.; Sobkowiak, A.; Morzycki, J. W. Tetrahedron 2013, 69, 8904—8913.
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FLAVONOIDS — PERSPECTIVE SOURCES OF ORIGINAL DRUGS
Gulim K. Mukusheva

International Research and Production Holding “Phytochemistry”, Karaganda, Republic of Kazakhstan
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The study of plants on the content of polyphenolic
compounds is of interest that it has an important
practical value to find perspective source of bio-
logically active substances. By now, there are more
than 8000 flavonoids, for which the structure of
molecules clearly established.

According to the results of the screening of en-
hanced study, we have identified 25 species of
plants in the flora of Kazakhstan. At the same time
as perspective sources of flavonoids are identified

O

Bromination of pinocembrin (2) with 1.4 - dibro-
mobutane leads to the formation (7). On the basis
of flavonoid pinostrobin (3) was developed an
original cytoprotective drug "Oxipin" in JSC IRPH
"Phytochemistry". Availability of pinostrobin and
its structure analysis leads to the conclusion about
the perspectives of the implementation of its syn-
thetic transformations with obtaining compounds
which structurally similar to a variety of natural
metabolites and other practically important sub-
stances.

buds of Populus balsamifera L., the aerial parts of
Artemisia glabella Kar.et Kir and Serratula coro-
nate L. from which more than 20 flavonoids are
identified and developed.

Efficient modification techniques practically avail-
able flavonoids cirsilineol (1), pinocembrin (2),
pinostrobin (3) for a directed search of new deriva-
tives with practically valuable properties ', Thus,
new derivatives are synthesized (4-6) on the basis
of molecule (1)

OCHs Br
OH OCH3
O\/_/ OH

HaCO
PPN

H,CO I

OH O
(6)

In terms of obtaining new modified derivatives
based on flavonoid pinostrobin, we synthesized (E)
-1- (2- (4-bromobutoxy) -6-hydroxy-4-methoxy-
phenyl) -3-phenylprop-2-in-1-on (8), (E)-1-(2-(4-
azidobutoxy)-6-hydroxy-4-methoxyphenyl)-3-
phenylprop-2in-1-on ~ (9)  (E)-1-(2-hydroxy-4-
methoxy-6-(4-(4-phenyl-1H-1,2,3-triazole-1-
il)butoxy) phenyl)-3-phenylpropanone (10), which
can be considered as potentially biologically active
substances.
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The composition and structure of the synthesized
compounds were confirmed by data of IR, UV,
NMR, 'H-, ®C - spectroscopy, including elemental
analysis.

Thus, of course, further study of polyphenolic
compounds from plants of the flora of Kazakhstan,
including the search for new representatives of this
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OH O

number of compounds. The establishment of their
structure, study of biogenesis, biological role and
physiological activity will lead to the interesting
new discoveries that finally will ensure the devel-
opment of substances and pharmaceutical formula-
tions of new drugs of herbal origin of a wide spec-
trum of action.

(1) Kulmagambetova, E.A.; Seitembetova, A.Zh.; Kulyjasov, A.T.; Raldugin, V.A.; Gatilov, Y.V.; Shakirov,
M.M.; Adekenov, S.M.; Tolstikov, G.A. News RAS. 2003. 719-721.

2) Kulmagambetova, E.A.; Yamovoi, V.I.; Kusainova, D.D.; Pak, R.N.; Kulyyasov, A.T.; Turdybekov, K.M.;
Adekenov, S.M.; Gatilov, Y.V. Chemistry of natural product. 2002, 418.

3) Mukusheva, G.K.; Lipeeva, A.V.; Zhanymkhanova, P.Zh.; Schults, E.E.; Gatilov, Y.V.; Shakirov, M.M.;

Adekenov, S.M. Chemistry of heterocyclic compounds. 2015, 52, 146 — 152.

IMMUNOSTIMULATORY PROPERTIES OF BRAVIDEFEN,
A BRASSINOSTEROID-BASED DRUG, IN CHICKENS

Marina I. Likhacheval, Igor V. Nasonov!* Raisa P. Litvinovskaya?, and Alina L. Sauchuk?

"'Vyshelesski Experimental Veterinary Medicine Institute of the National Academy of Sciences of Belarus,

Minsk, Belarus, e-mail address:nasonov@tut.by

? Institute of Bioorganic Chemistry NAS of Belarus, 220141 Minsk, Kuprevich Str.,2/5, Belarus

e-mail: alina_kyrtikova@mail.ru

The search for new high-performance products
with a broad spectrum of action is one of the most
urgent problems of modern veterinary medicine.
Natural compounds and their derivatives such as
plant hormones brassinosteroids, the first repre-
sentative of which — brassinolide was extracted in
1979 by Mitchell’s group from Brassica napus L.
pollen, are a promising basis for the developing of
new drugs">.

A new drug Bravidefen was prepared from water-
soluble form of brassinosteroid 24-epibrassinolide
for usage in the poultry industry as protective and
stimulative medication. It was a result of joint re-
search of the Institute of Bioorganic Chemistry and
Vyshelesski Experimental Veterinary Medicine
Institute of the National Academy of Sciences of
Belarus.

The aim of the current research is the investigation
of the immunostimulatory properties of Bravidefen
in the experimental disease of chickens initiated by
the Newecastle strain infection vaccine, which was
administered by watering or intranasally.

To determine the immunostimulatory activity of
Bravidefen three groups (2 experimental and 1
control) of one-day-old chickens were formed.
Each group contained 10 chickens. Chickens of the
experimental and control groups at the age of one
day were intranasally immunized by KMMWOB-
V104 Newcastle disease virus strain vaccine.
Bravidefen was administered during five days as
follows: chickens of the 1% experimental group
were watered at a dose of 1 ml (water solution of
the drug with a concentration 0.25 x 10 M) per
100 g of live weight; chickens of the 2™ experi-
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mental group were treated intranasally at a dose of
0.1 ml; chickens of the control group were immun-
ized by vaccine only and did not receive Bravide-
fen. In the beginning (background) and at the 7, 14,
21 and 28 days of the experiment, blood samples
were taken from the chickens of all groups for se-
rological tests to determine the level of antibodies
to Newcastle disease virus in the hemagglutination
inhibition test (HAI).

Measuring the HAI of one-day-old chickens' blood
serum (background level) showed no antibodies to
the virus of Newcastle disease in all three groups.
The data on serological studies of chickens' blood
after vaccination are presented in Figure 1.

Figure 1 shows that in the 1% experimental group,
starting from 14™ day after treatment with Bravide-
fen, it was a significant increase in antibody titer

by 2.6log; (P <0.05) in comparison with the con-
trol group. At the 21% day the titer in the 1% exper-
imental group was found as 9.4log, against 6.4log,
in control (P <0.05). At 28" day the quantity of
antibodies in the 1% experimental group increased
to 10.8logz, which is in 1.38 times higher in com-
parison with the control group, where the titer was
found as 7.8log, (P <0.01).

The stimulating effect of Bravidefen on the anti-
body response was also observed in the 2™ exper-
imental group. The increase of the antibodies in the
chickens up to the age of 14 days did not signifi-
cantly differ in this group from the control group.
However, at 21% and 28" days there was a signifi-
cant increase in the quantity of antibodies in 1.59
and 1.47 times (P <0.001) respectively in compari-
son with the control group.
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Figure 1. Bravidefen influence on chickens antibody response at Newcastle disease virus
immunization

Thus, it was found that Bravidefen administered by
watering or intranasally to chickens at the back-
ground of their immunization by KMHWU3B-V104
strain of Newcastle disease virus showed im-
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munostimulatory properties, significantly increas-
ing the production of antibodies to the virus of
Newcastle disease in comparison with the chickens
treated with the vaccine only.

Antiviral Properties of Brassinosteroids, in Brassinosteroids: Practical Applications in Agriculture and

Human Health; Wachman, M.B., Ed.; Bentham Science Publishers, 2012.
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Press, 1999.
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EFFECTS OF 24-EPIBRASSINOLIDE, 28 HOMOCASTASTERONE AND THEIR
SYNTHETIC DERIVATIVES ON THE VIABILITY OF CANCER CELL LINE A549
(LUNG CARCINOMA) AND ELUCIDATION OF THE MECHANISM OF THEIR

ACTION

Olesya V. Panibrat*, Pyotr Kisselev, Aliaksei R. Sysa, and Marina V. Anisovich

Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, Kuprevich str., 5/2, 220141

Minsk, Belarus
e-mail: miss.panibrat@yandex.by

It is known that the treatment of cancer with clas-
sical chemotherapeutics, for example, doxorubicin,
is facing a number of challenges, some of which
are the side effects of their action on the body.
Therefore, it becomes necessary to search for new
compounds that reduce the viability of cancer cells
and at the same time not having effects on normal
cells. Such compounds may have a vegetable
origin - brassinosteroids. Brassinosteroids have
been recognized to be an integral part of the plant
hormonal system.! Among various biological ac-
tivities of brassinosteroids, the most significant one
is the ability to increase plant resistance to unfa-
vourable biotic and abiotic environmental factors.
Of particular interest are numerous reports describ-
ing their anticancer properties, espessialy in

respect of hormone-dependent cancer cell line.*”
known

However, little 1is about the

very

mechanism by which they exert their cytotoxic
effects.

In this work with the help of flow cytometry the
effect of two natural brassinosteroids: 24-
epibrassinolide, 28-homocastasterone and two their
synthetic derivatives (225,235)-24-epibrassinolide,
(228,23S)-28-homocastasterone (Fig. 1) on the vi-
ability of hormone-independent cancer cell line
A549 (lung carcinoma) was evaluated.* To deter-
mine the level of reactive oxygen species (ROS)
was used fluorescent label 2°,7-
dichlorodihydrofluorescein diacetate, and for de-
termining the level of apoptosis and cell cycle - the
intercalating dye ethidium bromide.

It has been shown that synthetic analogues of
brassinosteroids increase ROS level 3-5 times, and
they are more effective in reducing the viability of
A549 cells, as compared to natural (Fig. 2b).

Fig. 1 Structures of evaluated brassinosteroids: 1 - 28-homocastasterone, 2 - (225,235)-28-
homocastasterone, 3 - 24-epibrassinolide, 4 - (225,235)-24-epibrassinolide.
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ICsp for (228,235)-24-epibrassinolide, (2285,235)-
28-homocastasterone was 100 and 130 uM, respec-
tively (Fig. 2a). With regard to cell cycle, % S-
phase under the effect of brassinosteroids reduced
in some extent, but the greatest inhibition was ob-
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Fig. 2 — Influence of brassinosteroids on a.) cell viability; b.) intrinsic level of ROS.

For investigating possible mechanism of cell death
caused by test compounds, a series of experiments
using ethidium bromide (Et-Br) was conducted. It
is known that ethidium bromide has intense fluo-
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rescence upon binding to DNA. In the first series
of experiments it was described effect on cellular
ROS levels permeability.
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Fig. 3 - Comparison of cell death and intracellular ROS in cancer cell lines A549: 1-control; 2-10 pM

(228,235)-28-homocastasterone.

As follows from Fig. 3, with the addition of syn-
thetic (22S5,23S)-28-homocastasterone there is a
direct correlation between the intensity of the lu-
minescence of cells caused by exposure to ethidi-
um bromide (y-axis) and the level of reactive oxy-
gen species (x-axis). This is due to the fact, that the
increase in the level of ROS causes progressive

disruption of the cell membrane permeability Et-
Br, which is a sign of necrosis.

Thus, the tested compounds can be considered as
potential antitumor agents. However, their mecha-
nism of action is different: 24-epibrassinolide and
28-homocastasterone cause cell cycle arrest and
apoptosis, which was previously shown on hor-
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mone-dependent MCF-7 cell line.> The action of

the synthetic brassinosteroids may be associated
with an increased intracellular level of ROS dam-
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age to cell membranes, which can lead to cell ne-
Crosis.
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MOLECULAR MECHANISMS OF ANTIPROLIFERATIVE, CYTOTOXIC AND
ANTICANCER EFFECTS OF BRASSINOSTEROIDS

Aliaksei R. Sysal*", Pyotr Kisselev', and Olesya V. Panibrat!

! Institute of bioorganic chemistry of NAS of Belarus, Minsk, Belarus, * International Sakharov environ-

mental institute of BSU, Minsk, Belarus
e-mail: aliaksei.sysa@iseu.by

Brassinosteroids (BS) are group of plant hormones
similar to those of animals and humans in both
structure and by function: they regulate expression
of genes in plants, affect the metabolic processes,
cell growth and differentiation. Recently there
have been reports of a potential antiproliferative
and anticancer activity of brassinosteroids with
very low toxicity. The mechanism of action mostly
is attributed to the blockade of the cell cycle by
changing the expression level of cyclin-dependent
protein kinases what leads to apoptosis.

OH

HO,,

HO

HO,,

HO

In this paper, we tried to evaluate the effect of
brassinosteroids on monooxygenases ability to ac-

It is proved the participating of monooxygenase
systems in the initiation and development of many
carcinogenic processes due to the activation of en-
dogenous and exogenous compounds, e.g. estrogen
steroids and polycyclic aromatic compounds.
However, very little is known about the mecha-
nism by which BS exert their cytotoxic effects.
Knowledge of the influence of these compounds
on the monooxygenase systems of animal cells is
likely to contribute to the explanation of the ob-
served effects.
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o

tivate procarcinogens in cell line A549 (lung can-
cer). Causal relationship between the development
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of lung cancer and the change in the activity of
cytochrome P-450 under the influence, in particu-
lar, components of tobacco smoke in no doubt.
Thus, ten times the risk of lung cancer in smokers
as compared to nonsmokers associated with the
presence of PAHs in tobacco smoke.

To determine the contribution of monooxygenases
to the carcinogenic activation we use the reaction
of the epoxidation of dihydroxyderivatives of ben-
zo[a]pyrene (B[a]P) (mainly 7,8-
dihydroxydihydrobenzo[a]pyrene (B[a]P-7,8-
diol)). This reaction ultimately leads to the for-
mation of two stereoisomeric diolepoxydes, of
which (+)-anti-7p,8a-dihydroxy-9a,100-epoxy-
7,8,9,10-tetrahydrobenzo[a]pyrene ((+)-anti-
BPDE) has absolute carcinogenic activity, while
the other - no. Since formed diolepoxydes are un-

stable and easily hydrolyzed to the tetrol-
derivatives, it is possible to determine the for-
mation of an absolute carcinogen. We use four
steroid compounds (28-homobrassinolide (1), 24-
epibrasinolide (2), (22S,23S)-28-homobrassinolide
(3) and (228S,23S)-24-epibrassinolide) (4) that dif-
fer in ring and side chain structure.

It was shown that in the A549 cell line the metabo-
lism of B[a]P-7,8-diol is shifted toward the for-
mation of derivatives which indicate the formation
of the obligate carcinogen (+)-anti-BPDE. Culti-
vating of cancer cells in the presence of brassino-
steroids changes the activity of monooxygenase
system in general, as can be seen on the spending
of the substrate, and changes the profile tetrol-
derivatives what depends on the structure of BS.

We thank Dr. V. Khripach and Dr. V. Zhabinskii for samples of steroids used in this work, helpful discussion and comments.

BIOLOGICAL ACTIVITY OF NEW BRASSINOSTEROID ANALOGUES WITH

PHENYL GROUP IN THE SIDE CHAIN

Jana Oklestkova®, Petra KoFinkova, Miroslav Kvasnica, Jaromir Mikulik, Vaclav Bazgier,

and Miroslav Strnad

Laboratory of Growth Regulators, Centre of the Region Hana for Biotechnological and Agricultural Re-
search, Institute of Experimental Botany CAS & Palacky University, Slechtitelii 27, 783 71 Olomouc,

Czech Republic.
e-mail: jana.oklestkova@upol.cz

Brassinosteroids (BRs) are polyhydroxylated ste-
roidal plant hormones that play pivotal role in the
regulation of various plant growth and develop-
ment processes including cellular expansion and
proliferation, vascular differentiation, fertility and
senescence'. In addition to this, BRs have the abil-
ity to increase resistance to plants against various
biotic and abiotic stresses®. These attributes make
them good candidates for application in agriculture
to improve growth and yield, but the major con-
straints to use BRs at large scale in the fields is
their high cost. However, recent progress in the
chemical synthesis of new biologically active
brassinosteroids analogs leads to overcome this
economically restriction.

We prepared a series of new brassinosteroid deriv-
atives with p-substituted phenyl group in the side
chain (Fig.1). All derivatives were successfully
docking into the active site of BRI1 using Auto-
Dock Vina and some compounds showed promis-
ingly very strong interaction with BRI1 receptor.
Plant biological activity was establish using the
pea inhibition biotest and Arabidopsis root sensi-
tivity assay and then was compared with natural
brassinosteroids. Differences in the production of
plant hormone ethylene were also observed in etio-
lated pea seedlings after treatment of brassinoster-
oid analogues.
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Fig.1: General structures of new brassinosteroids analogues.
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SYNTHESIS OF NOVEL LUPANE TRITERPENOID-INDAZOLONE HYBRIDS

WITH OXIME ESTER LINKAGE

Tatyana S. Khlebnicoval, Yuri A. Piven'", Fedor A. Lakhvich!, Daina Zicane?, Inese

Mierina?, Uldis Peipins?, and Maris Turks?

! Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, Acad. Kuprevicha Str. 5/2,
220141 Minsk, Belarus, *Institute of Technology of Organic Chemistry, Faculty of Materials Science and
Applied Chemistry, Riga Technical University, P. Valdena Str. 3, Riga, LV-1048, Latvia

e-mail: piven.ya@gmail.com

The hybridization of bioactive natural and unnatu-
ral compounds is one of the most promising for the
design of new leading structures and the discovery
of new and potent drugs in the field of medicinal
chemistry. Betulin, betulonic and betulinic acids,
naturally occurring pentacyclic lupane triterpe-
noids, are common secondary metabolites of

plants, primarily from Betula species (Betulaceae),
that exhibit a variety of biological activities'. An
indazole skeleton is an attractive structural scaffold
in medicinal chemistry. In particular, variously
substituted tetrahydroindazolones were recently
recognized as important anticancer drug candi-
dates®.

R = alkyl, perfluoroalkyl, 2-furyl, cyclopropyl; X=H, F; Y =H, N
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An efficient protocol for the synthesis of novel
lupane triterpenoid-indazolone hybrids 1,2 with
oxime ester linkage has been developed from natu-
rally accessible precursor betulin 3. The synthetic
pathway includes oxidation of betulin 3 to
betulonic acid 4, purification of the latter via its
cyclohexylammonium salt, transformation of
betulonic acid 4 into acid chloride 5. For the first
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time a series of betulonic acid-indazolone hybrids
1 have been synthesized via an acylation of corre-
sponding 6,7-dihydro-1H-indazol-4(5H)-one ox-
imes®* with betulonic acid chloride. Reduction of 1
with NaBH, in dry isopropanol occurred with full
diastereoselectivity at C3 and led to the formation
of betulinic acid-indazolone hybrids 2 in excellent
yields.
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EFFICIENCY OF PLANT GROWTH REGULATOR «EPIN PLUS»

(HOMOBRASSINOLIDE) ON CABBAGE
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In modern vegetable growing, much attention is
paid to plant growth regulators (PGR) because of
their important role in the increasing of biological
plant productivity. There are examples of succes-
sive application of PGR in production of cereal,
vegetables, technical and other crops. Brassino-
steroids and the preparations on their basis current-
ly have scientific and practical interest.'> Our sci-
entific research provided creation of new methods
and reglaments of application of preparation on the
basis of brassinosteroids in vegetable growing with
the aim of extention of their application sphere. In
controlled conditions of laboratory experiment,
effect of preparation Epin plus (0,25 g/l of homo-
brassinolide) was studied on sowing quality of
cabbage seeds. It was estimated that optimal dose
of the preparation for activation of seeds germina-
tion was 0,4 ml/kg. Energy of germination and la-
boratory germination capacity increased by 4 % in
comparison with the control. A stimulating effect
of phytoregulator on seedlings growth was shown.
In variant with PGR the length of seedlings ex-
ceeded control value up to 31,6 %. Also decrease
of affection of seedlings by complex of deseases

was marked in experimental variants (1,1-1,2
times). In field conditions Epin Plus also increased
germination capacity up to 88 % in comparison
with 79 % in control, and have positive influence
in sprout period. To the moment of formation of 5-
7 real leaf, the plant height increased by 17,7 %
relative to the control and assimilation surface of
seedlings also increased by 1,4 times. The presow-
ing treatment of seeds by preparation exerted sani-
tary influence resulted in decrease of seedlings af-
fection by blackleg (8,2-9,3 % in experiment, 14,7
% in control) that favored to increase the yield of
healthy seedlings from area unity by 12,8 %.

In the vegetation period Epin Plus was applied to
cabbage plants in the phase of head setting. As a
result of the treatment, the increase of head weight
and its diameter by 20,7 % and the yield increase
by 44,0 c/ha was observed.

In conclusion, based on the results of our study, the
preparation "Epin plus" has been recommended for
registration and for the use in cultivation of cab-
bage.
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Polyhydroxylated sterol derivatives with close
structural similarity to animal and insect steroid
hormones, brassinosteroids (BRs), are plant growth
regulators representing a group of newly-
discovered agents with relatively wide-ranging
effects in plants. The study of plant-derived com-
pounds and their analogues with effect at the mo-
lecular level has become an important approach in
the selection of new agents with antitumour activi-
ty in humans. Molecular and cellular effects of
natural BRs and their derivatives were examined in
different human cancer cell lines and in primary
endothelial cells in vitro. BRs and analogues
caused growth inhibition, cell cycle arrest and ini-
tiation of apoptosis in many different cancer cell

lines and also inhibition of angiogenesis in vitro in
human endothelial cells. These findings indicate a
potential use of BRs in the prevention of metastasis
development. Investigation of the mechanisms of
action of BRs and derivatives in human cancer and
endothelial cells using cellular and molecular tech-
niques indicated the possible involvement of ster-
oid receptors in BR action. However, BRs were
shown not to bind directly to steroid receptors
which demonstrate that BRs act via steroid recep-
tor-independent pathway(s). Our results suggest
that tested BRs and their analogues are promising
leads for the development of a new generation of
potential anticancer drugs.

This work was supported by project of the Ministry of Education, Youth and Sports CR NPUI N. LO1204, grant No. 14-27669P
by the Grant Agency of the Czech Republic and the Biomedicine for regional development and human resources project (BIO-

MEDREG) C.1.05/2.1.00/01.0030.

STRUCTURE OF 15,16-EPOXY-TRANS-CLEROD-3,13(16),14-TRIENE,19,6f3-
OLIDE FROM PULICARIA SALVIIFOLIA BUNGE
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Pulicaria — a genus of grassy plants of Asteraceae
family which includes 63 species. Species of genus

are occured in Eurasia and Africa, and mainly con-
centrated in the Mediterranean. On the territory of
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the CIS plants of Pulicaria genus grow in the Eu-
ropean part, Central Asia, Western Siberia, the
Caucasus and the Far East, and there are only 5
species, which 4 species of them grow on the terri-
tory of Kazakhstan.'

Earlier’ from elevated part of Pulicaria salviifolia
Bunge. extraction by chloroform and chromo-
tographic division of the sum of substances on col-
umn with silica gel was allocated diterpenic lac-
tone salvin according to IR - mass, Nuclear Mag-
netic Resonances ranges the probable stereochem-
istry of molecule is offered.

Elevated part of Pulicaria salviifolia Bunge., col-
lected on the territory of the Southern Kazakhstan
region, in the neighborhood of the village Achisay
we extracted supercritical carbon dioxide with the
subsequent division by method of the centrifugal
chromatography of distribution (CCD) on the
FCPC-A200 installation. At re-chromatography of
lactone fraction on silica gel with the KSK brand
(the ratio the sum carrier 1:15), colourless crystal
substance of structure CyoH»sO3; with m.t. 129-
132°C (petroleum air ethyl acetate) is allocated (1).

On the base of spectral data (IR -, '"H and “C of
nuclear magnetic resonance) and physical and
chemical constant substance is identified as salvin
(1), crystal structure of molecule which is studied
for the first time by method of the X-ray diffrac-
tion analysis by us.

According to the results of X-ray diffraction exper-
iment is revealed that the lactone ring has the B-
configuration relative to the carbon skeleton, a me-
thyl group at C-5 is B-oriented (Fig. 1). The methyl
group at C-2 is also located in the B-position. Con-
formation hexene cycle is close to the envelope
with the release of the atom C-10 to 0,713, and
0.695 A, corresponding for the two molecules. The

LITERATURE

hexane cycle in conformation of slightly distorted
chair.

(1)

Figure 1. Spatial structure of molecule (1)

Lactone cycle has the shape of half-chair with the
release of the plane atoms C5,C6 to +0,334, -0,348
and +0.320, -0.359 A. In the Cambridge base of
Cambridge Structural Database.’ There are data of
structure the closest analogue cis-
clerodanfuranelactone,* which is different from the
salvin by atom configuration at C-5. In the crystal
of the molecule Salvin with weak hydrogen bonds
C16-H... 02 (distance H... O 2.34, 2.37 A, the an-
gle C-H ... O 165, 166°) are connected to the tape
along the axes of a and b.

(1 Gubanov, 1. A. Pulicaria Gaertn genus. The flora of European part of USSR, 1994, V., VII, 315 p.
2) Nurmukhamedova, M. R.; Kasymov, Sh. Z.; Abdullaev, N. D.; Sidyakin, G.P.; Yagudaev, M. R. Chemistry

of Natural Compounds, 1985, 188p.

3) Cambridge Structural Database. University of Cambridge, UK. Version 5.37, February 2016 update.
4) Ferguson, G.; Marsh, W. C., Cryst. Struct. Commun., 1976, 35p.
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TEST-SYSTEMS FOR IMMUNOASSAY OF 6-DEOXOBRASSINOSTEROIDS
Alina L. Sauchuk®, Raisa P. Litvinovskaya*, Andrey G. Pradko**, and Tatyana V. Mi-

rantsova**

*Institute of Bioorganic Chemistry NAS of Belarus, 220141 Minsk, Kuprevich Str., 2/5, Belarus;
**Hemma-Test Ltd., 220029 Minsk, Masherova St., 11, Belarus

e-mail: alina_kyrtikova@mail.ru

A special group of brassinosteroid plant hormones
are 6-deoxobrassinosteroids, which are biosynthet-
ic precursors of the corresponding BS ketones,
such as castasterone, 24-epicastasterone, 28-
homocastasterone and lactones (brassinolide, 24-
epibrassinolide, 28-homobrassinolide at all.). It has
been found that 6-deoxocastasterone and 6-

Haptens 3 and 4 with spacer at position C-26 have
been prepared from 26-hydroxy-6-deoxo-24-
epicastasterone 1 and 26-hydroxy-6-deoxo-28-
norcastasterone 2, respectively. They reacted with
bovine serum albumin (BSA) to give the conju-
gates 5 and 6 used as immunogens for producing
the  antisera  specific for  6-deoxo-24-
epicastasterone and 6-deoxo-28-norcastasterone,
respectively. Horseradish peroxidase (HRP) was
conjugated with haptens 3 and 4, obtained conju-
gates 7 and 8 were used as labeled antigens. Highly
specific antibodies were obtained by immunization
of two groups of rabbits with conjugates 5 and 6.
So, obtained antibodies and labeled antigens were
the basis for design of test-systems for ELISA of
6-deoxo-24-epicastasterone (ELISA-1) and 6-
deoxo-28-norcastasterone (ELISA-2).

The obtained antibodies have 100% specificity for
the determination of 6-deoxo-24-epicastasterone

deoxocathasterone having a significant biological
activity are the most common in plant tissues along
with brassinolide.

Here we report our results on design of test-
systems for 6-deoxobrassinosteroids enzyme im-
munoassay (ELISA) whereby their quantitative
analysis in plant tissues can be done.

OH

a. NHS/DCC HO,,,

b. BSA (or HRP)
—_—

and 6-deoxo-28-norcastasterone. Other 6-deoxo-
BS have showed a lower cross- reactivity (~ 13-
38%) in both test-systems. Only a small cross reac-
tivity (0.01-4.07%) was observed for 6-keto- and
B-lactone-BS. There was no cross-reactivity de-
tected with non-BS steroids.

The developed test-systems are very sensitive. The
limit of detection was found to be 0.01 nmol/L for
both cases. An analytical working range is 0.01-3
nmol/L (part of the curve between 40% and 90%).
Accuracy studies, parallelism and imprecision data
were determined and all were found to be satisfac-
tory. The main characteristics of the immunogenic
test-systems are shown in Table. Some chemical
and spectral properties of new synthesized com-
pounds and cross-reactivity of various steroids in
the ELISA-systems will be presented.

Table - Main characteristics of the immunogenic test-systems

Parameter Test-system

ELISA-1 ELISA-2
Accuracy 96.4 +7.6% 92.8+9.6 %
Parallelism 10.1-14.8% 10.5-16.7%
Imprecision 8.3-14.3% 9.5-15.8%
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SYNTHESIS AND STRESS-PROTECTIVE ACTION OF BRASSINOSTEROID

SALICYLATES

Aleh Savachka'*, Raisa P. Litvinovskaya!, Andrei Vayner?, Halina Zhylitskaya!, and Yurii

Kolupaev?

! Institute of Bioorganic Chemistry NAS of Belarus, Minsk, Belarus, > V. V. Dokuchaev Kharkov National

Agrarian University, Kharkiv, Ukraine
e-mail: oleg.brsv@mail.ru

Brassinosteroids (BS) are well known as the phy-
tohormones with a high plant-growth-promoting
and stress-protecting activity'. Literature data on
their functional interaction with other phytohor-
mones and plant bioregulators prompted us to syn-
thesize BS-conjugates with salicylic acid (SA) and
to assess their stress-protective activity.

Attempts to prepare BS-salicylates using SA anhy-
dride or chloride showed that the acylation was
non-specific and formed a complicated product
mixture. A study of the reaction of BS with an ex-
cess of acetyl-SA anhydride, which was prepared
in situ from the acid through the action of dicyclo-
hexylcarbodiimide (DCC) in dioxane, showed that
3,22,23-triacetoxy-2-(2’-acetoxy-benzyloxy)-

derivatives were formed, i.e., acetylation of the
hydroxyls at C-3, C-22, and C-23 occurred in addi-
tion to acylation of the 2-position by acetyl-SA.

1,2 3

OBn O (0] OBn
O

All esters were saponified under the hydrolysis
conditions so that monoesters of acetyl-SA could
not be obtained.

2-O-Benzylsalicylic acid, which was prepared
from SA by refluxing in acetone with an excess of
benzyl bromide in the presence of K,COj3 followed
by saponification of the resulting ester, was used as
a reagent. 2-Acyl-derivatives 4 and 5 were synthe-
sized by reaction of 24-epibrassinolide (1, 24-EBI)
and 24-epicastasterone (2, 24-EBKk), respectively,
with 2-O-benzylsalicylic acid anhydride (3), which
was prepared in situ from the acid. The reaction
occurred at room temperature with a slight excess
of anhydride 3.

The benzyl protection in 4 and 5 was removed by
hydrogenolysis in MeOH over a Pd catalyst. This
produced target products 6 and 7.

O\/@ OH
@;fo @ifo
i, 0/,,0‘5/ b, O,,'d\)a/
HO" X HO" X
6,7

4,5 )

1,4,6: X=C0-0;2,5,7: X=CO
a. Dioxane, DMAP, 20°C, 24 h; b. Hy/Pd, MeOH, 20°C, 1 h

The physiological activity of SA-modified BS was
assessed by comparing the effects of 24-EBI and
24-EBk and their SA-conjugates on the heat- and
salt-stress resistance of young millet plants Pani-
cum miliaceum L. We demonstrated earlier that the
experimental plants were sensitive to the action of
BS, which at concentrations of 10°~10° M in-
creased the heat resistance of the sprouts. The ef-
fect of BS was greatest at a concentration of 107
M (Table 1). The positive effects of the conjugates
of 24-EBI and 24-EBk with SA at concentrations

of 10°® and 10”7 M were greater than those of 24-
EBI and 24-EBk at the corresponding concentra-
tions. The positive effects of BS and their conju-
gates decreased at a concentration of 10° M alt-
hough the differences between the variants disap-
peared. Mixtures of BS and SA at concentrations
of 10°® and 107 M did not enhance the heat re-
sistance of the sprouts whereas higher concentra-
tions decreased the survival of sprouts after heat-
ing.
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Table 1. Effect of physiologically active compounds on survival of millet sprouts after heat stress (10 min

at 47°C).
Concentration, M
Variant 10 | 107 10°
Survival, %
Control 452+ 14
1 504+1.3 592+1.2 541+1.8
2 51.5+1.2 57.6+1.5 544+14
SA 50.2+1.5 547+1.3 493+1.2
1 + SA mixture 479+1.7 432+1.2 374+ 1.5
2 + SA mixture 480+1.4 441+ 1.7 344+1.8
6 58.8+ 1.6 669+14 57.4+1.6
7 574+14 653+1.1 53.8+14

The effects of BS and their SA conjugates on the
stress-resistance of young millet plants to salt were
compared in the next series of experiments. Treat-
ment of millet plants with BS modified by SA had

a more substantial protective effect than the corre-
sponding one initiated by non-modified BS and SA

(Fig. 1).

HH

1 2

Fig. 1. Effects of 1, 2, SA, and conjugates 6 and 7 on salt-stress resistance of millet sprouts treated with
NaCl solution (500 mM) for 7 h: control (1), 1 (0.1 uM) (2), 2 (0.1 uM) (3), SA (0.1 uM) (4), 6 (0.1 uM)

(5), and 7 (0.1 pM) (6).

Thus, the effects of conjugates of BS with SA (BS-
salicylates) differed substantially from those of a
mixture of BS and SA and their separate applica-
tion. These differences may have been related to
gradual release of free BS and SA from the conju-
gates whereas the two phytohormones were antag-

REFERENCES

onistic if administered simultaneously. The combi-
nation of stress phytohormones BS and SA as
chemical conjugates may have initiated a broader
spectrum of protective reactions than BS and SA
separately.

) Khripach, V.; Zhabinskii, V.; de Groot, A. Ann. Bot. 2000, 86, 441.
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SYNTHESIS OF SOME NEW BILE ACID TETRAZOLE DERIVATIVES FROM

DEOXYCHOLIC ACID

Dusan Skorié¢!, Marija Saka¢!, and Jano$ Canadi'

! Department of Chemistry, Biochemistry and Environmental Protection, Faculty of Sciences, University
of Novi Sad, Trg Dositeja Obradoviéa 3, 21000 Novi Sad, R. Serbia

e-mail: dusan.skoric@dh.uns.ac.rs

Bile acids and their derivatives are a popular topic
for research due to their various applications in
medicine and pharmacy especially as new drugs
and drug transport promoters'. Important field of
research in bile acid chemistry is synthesis of new
derivatives with improved biological and pharma-
cological properties (better bioavailability, de-
creased membrane toxicity etc.). Having in mind
widespread use of tetrazole moiety in the synthesis
of pharmaceutically applicable substances and
unique physico-chemical and pharmacological
properties that tetrazole can provide, we became
interested in the synthesis of tetrazole derivatives
of bile acids. In this work we present synthesis of
two new bile acid derivatives bearing C-ring fused
tetrazole: 12a-aza-3a-hydroxy-12a-homo-
tetrazolo[5°1” : 12,12a]-5B-holan-24-oic acid (1)
and 12a-aza-3a-hydroxy-12a-homo-tetrazolo[5°1:
12,12a]-5B-hol-9(11)-en-24-oic acid (2).

7,

0]
COOEt

8602

- >

AcO”

H
3

L HN3; BF3'OEt2

The key intermediate for synthesis of these te-
trazole derivatives was ethyl 3a-acetoxy-12-oxo-
5B-holanoate (3) which was prepared in high yield
from deoxycholic acid (DCA) through selective
protection’ and subsequent oxidation of the pro-
tected DCA. Selenium dioxide dehydrogenation of
compound 3 afforded enone 4 in 72% yield. Ke-
tone 3 and enone 4 were reacted with excess of
hydrazoic acid in the presence of boron trifluoride
diethyl etherate as Lewis acid catalyst’ to form
corresponding tetrazoles 5 and 6 in 74% and 62%
yield, respectively. Considerably lesser reactivity
of enone compared to ketone 3 was noticed. Final-
ly total deprotection with ethanolic potassium hy-
droxide and acidification gave the free acids 1 and
2. Structures of all newly synthesized compounds
were extensively investigated by NMR spectrosco-
py and other spectroscopic techniques.

COOEt

AcO”
H 4

i HN3; BF3‘OEt2

5: Ry=Ac, Ry=Et —
1:Ry=Ac, Ry=H ___|KOHFEOH

REFERENCES

(M
94,317-323.

6: R1=AC, R2=Et ]

Posa, M.; Csanadi, J.; Kover, K. E.; Guzsvany, V.; Batta, Gy. Colloids and Surfaces B: Biointerfaces 2012,

112



Posters

2) Kuhajda, K.; Kandrac, J.; Cirin-Novta, V.; Miljkovi¢, D. Collect. Czech. Chem. Commun. 1996, 61, 1073-

1076.

3) Alam, M.; Nami, S. A. A.; Husain, A.; Lee, D.; Park, S. C. R. Chimie. 2013, 16, 201-206.

DEVELOPMENT OF LC-MS/MS METHOD FOR SIMULTANEOUS DETERMINA-
TION OF ESTROGENS AND SELECTED ENDOCRINE DISRUPTORS IN HUMAN

PLASMA

Lucie Kolatorova Sosvorova“, Tereza Chlupacova, Jana Vitku, Marie Bi¢ikov4, Richard

Hampl, and Luboslav Starka

Institute of Endocrinology, Department of Steroids and Proteofactors, Prague, Czech Republic

e-mail: Isosvorova@endo.cz

Introduction: The current population is exposed to
number of chemicals that can affect endocrine sys-
tem. These substances are called endocrine disrup-
tors (EDs) and among them bisphenol A (BPA) is
one of the most widely studied. Its mechanism of
action through binding on different types of estro-
gen receptor and interfering with endogenous es-
trogen action is known. In several countries, the
use of BPA occurring predominately in plastics is
now regulated or prohibited. However, BPA is of-
ten replaced by other bisphenols as bisphenol S
(BPS), bisphenol F (BPF) or bisphenol AF
(BPAF). The estrogenic potential of mentioned
bisphenols is similar and in several cases even
stronger than BPA. Monitoring and evaluating the
levels and effects of BPA alternatives is still in the
beginning and their use in not regulated.

Another widespread EDs are parabens, widely
used antimicrobial agents predominately in cos-
metics and pharmaceutic products. After finding
their estrogenic activity, their usage was regulated
by European Union. The number of scientific pa-
pers documenting the endocrine system disruption
by parabens rapidly increased, however the infor-
mation of direct effect of selected parabens to the
human endocrine system are still missing.

The aim of the study was to develop and evaluate
the liquid chromatography — tandem mass spec-

trometry (LC-MS/MS) method for simultaneous
determination of estradiol (E2), estrone (E1), estri-
ol (E3), BPA, BPS, BPF, BPAF, methylparaben
(MP), ethylparaben (EP) and propylparaben (PP)
in human plasma.

Methods: Different extraction agents were tried out
(diethyl ether, methyl tert-butyl ether). Further-
more, derivatization step at phenol moiety with
dansyl chloride was carried out. Also the chroma-
tographic conditions (colon, flow, temperature)
were tested. Subsequently the parameters of
MS/MS detector for individual analytes were op-
timized in positive ESI mode.

Results: Due to phenolic hydroxyl group occurring
in all compounds of interest we were able to deri-
vatize and detect all analytes in one run. After op-
timization of all parameters we can determine
above mentioned analytes from 500ul of plasma.
The method enabled determination of plasma BPA,
BPS, BPF, BPAF, MP, EP, PP, E2, El and E3 with
the interassay and intraassay coefficients of varia-
tion within 15% and recovery within 85 — 115%.
Deuterated internal standards were employed for
the correction of losses during sample preparation.

Novel aspect: This is the first method allowing
determination of selected bisphenols, parabens and
estrogens in one run.

Acknowledgement: This study was supported by MH CZ — DRO (Institute of Endocrinology — EU, 00023761) from the Ministry

of Health of the Czech Republic.
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DEOXYECDYSONE-BASED DERIVATIVES

Bakhtiyar S. Temirgaziyev!, Lyazzat K. Salkeyeva?, Gulnara S. Agitayeva', Aizhan M. Ko-
zhanova!, Borash 1. Tuleuov', and Sergazy M. Adekenov!

!JSC International research and production holding “Phytochemistry”, 4 M. Gazaliyev St., Karaganda,
100009, phone/fax: (87212)433127; *Karaganda State University named after E.A. Buketov, 28 Universi-
tetskaya St., Karaganda, 100028, phone/fax: (87212) 770385

e-mail: phyto_pio@mail.ru; Lsalkeeeva@mail.ru

We have first recovered 2-deoxyecdysone
(3B, 140,22R,25-tetrahydroxy-5p(H)-cholest-7-en-
6-on) from the aerial parts of Silene cretaceae
Fisch of Caryophyllaceae Juss. family, and from
the aerial parts of Silene fruticulosa (Pall.)
Schischk. in quite a high concentration — 0.45

g/kg'.

+[(ED2N]sP

Therefore, the goal of this paper is regioselective
chemical modification of 2-deoxy ecdysone — the
most important technically available synthon, also
recovered by us from species-superproducer —
Silene wolgensis (Hornem) Bess. of the aforesaid
family.

-(Et),NH

NH,OH * HCI

EtOH

Regioselective reaction of 2-deoxyecdysone (1)
with hexaethyltriamidophosphite (HETAP) was
performed in the medium of absolute benzene at
60°C within 48 hours, while the reaction of ketox-
imation of compound (1) with hydrochloric hy-
droxylamine was performed in absolute benzene at

REFERENCES

H
N-OH 3

60°C within 72 hours. Thus, the results of reaction
between 2-deoxy ecdysone (1) with HETAP and
NH,OH+*HCI lead to the formation of target phos-
phorus and nitrogen derivative (2) and (3) obtained
with 92 and 74% yield respectively.

@) Tuleuov, B.1. et al. General Chemistry Journal RAS. 2014,84, 625-628.
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SPECTRAL AND MICROSCOPIC STUDY OF SELF-ASSEMBLY OF NOVEL
CATIONIC SPERMINE AMIDES OF BETULINIC ACID

Uladzimir Bildziukevich!2, Eva Kaletova!, David Saman?, Elina Sieviinen*, Erkki
Kolehmainen*, Miroslav Slouf’, and Zdenék Wimmer!-**

! Institute of Experimental Botany AS CR, Isotope Laboratory, Vidernska 1083, 14220 Prague 4, Czech
Republic, * University of Chemistry and Technology in Prague, Department of Chemistry of Natural
Compounds, Technickd 5, 16628 Prague 6, Czech Republic, ° Institute of Organic Chemistry and Bio-
chemistry AS CR, Flemingovo namésti 2, 16610 Prague 6, Czech Republic, * University of Jyviiskyld, De-
partment of Chemistry, 40014 Jyviskyld, Finland, ° Institute of Macromolecular Chemistry AS CR, Hey-
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e-mail: wimmer@biomed.cas.cz, Zdenek. Wimmer@vscht.cz

Supramolecular characteristics of two spermine
amides of betulinic acid (1 and 2) were studied by
measuring and evaluating their UV-VIS-NIR spec-
tra in aqueous acetonitrile and DOSY-NMR spec-
tra in tetradeuteromethanol, accompanied by atom-
ic force microscopy (AFM) images (Figure 1),
scanning electron microscopy (SEM) micrographs
(Figure 2), and transmission electron microscopy
(TEM) micrographs (Figure 2)'. Fibrous supramo-
lecular self-assembly of 1 and 2 was observed by

AFM images, as well as by the SEM and TEM mi-
crographs. Bathochromic shifts of the absorbance
maximum at 870 nm to 1015-970 nm in the UV-
VIS-NIR spectra were observed with increasing
water content in the acetonitrile/water systems,
indicating formation of fibrous J-type aggregates.
Variable temperature DOSY-NMR spectral meas-
urement showed non-linear dependence that also
suggests self-assembly behavior of the studied sys-
tems (Figure 3).

Figure 1: AFM images and structures of the compounds 1 (left) and 2 (right).
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Figure 2: SEM micrographs of 1 (top left) and 2 (top right) and TEM micrographs of 1 (bottom left) and 2
(bottom right).
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Figure 3: Temperature dependence of the diffusion coefficient measured by the variable temperature
DOSY-NMR technique of compounds 1 (red) and 2 (blue).
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Chiral supramolecular structures were formed by
self-assembling due to the chirality of the mono-
meric molecules. Application of aqueous media

REFERENCES

during self-assembly procedures is an important
factor in the development of targeted drug delivery
systems.

)] Bildziukevich, U.; Kaletova, E.; Saman, D.; Sievinen, E.; Kolehmainen, E.; élouf, M.; Wimmer, Z. Ster-
oids 2016, http://dx.doi.org/10.1016/j.steroids.2016.07.007.
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THE STUDIES ON THE REACTION OF 16-DEHYDROPREGNENOLONE ACE-
TATE WITH 2-AMINOBENZIMIDAZOLE

Agnieszka Wojtkielewicz", Paulina Uscinowicz, Leszek Siergiejczyk, Urszula Kielczewska,

Artur Ratkiewicz, and Jacek W. Morzycki

Institute of Chemistry, University of Bialystok, K. Ciotkowskiego 1K, 15-245 Bialystok, Poland

e-mail: jeremy@uwb.edu.pl

Synthesis of benzimidazo[1,2-a]pyrimidines has
gained considerable interest because of the pro-
nounced biological activity of these compounds.
They were reported to have antibacterial, anti-
cancer, sedative, and antiarrhythmic.! Some of
them (fasiplon, taniplon, divaplon) have found ap-
plication as anxiolytic drugs.” However only a few
steroid fused pyrimido[1,2-a]benzimidazoles have
been described so far.’ Since nowadays there is a
tendency to combine two pharmocophores in one
hybrid molecules, which potentially is more effec-
tive than its individual components, we attempted
to connect steroid skeleton with benzimidazo[1,2-
a]pyrimidine.

To synthesize the steroidal pyrimidobenzimidazole
derivative we have carried out the condensation of

) H
N

HN— |
N

base,

AcO reflux, 16 h

aprotic or protic solvent,

16-dehydropregnenolone  acetate  with  2-
aminobenzimidazole under various reaction condi-
tions (Scheme 1). As 2-aminobenzimidazole pos-
sesses two nucleophilic nitrogen atoms (NH» and
N3) the condensation may lead to two isomeric
pyrimidines. However, the aromatic product was
formed regioselectively, by conjugated addition of
N3 of benzimidazole to C16 of steroid, followed
by cyclization, autoxidation, and aromatization.
Unexpectedly, the major product was accompanied
by the D-homo ketone produced by competitive a-
ketol type rearrangement of the hydroperoxide in-
termediate. The tentative mechanism is postulated.

The elucidation of the product structures was car-
ried out by NMR, IR, MS and X-ray methods as
well as chemical evidences.

Scheme 1. The reaction between 16-dehydropregnenolone acetate and 2-aminobenzimidazole

REFERENCES
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SYNTHESIS OF NEW TRILOBOLIDE DERIVATIVES

Tomas§ Zimmermann! and Pavel Drasar!”
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Trilobolide (Tb) is sesquiterpene lactone isolated
from Laser trilobum (L.) Borkh. Tb and other
compounds belonging to group called thapsigar-
gines are known to inhibit activity of sar-
co/endoplazmic reticulum Ca** ATPase (SERCA).!
Inhibition of SERCA and rise of cytosolic concen-
tration of Ca®" may lead to apoptosis. Tb has also
interesting immunostimulatory activity, such as
interferon-y and NO production increase.”

REFERENCES

In our work several types of derivatives were pre-
pared. One of them is 7-o-alkylestradiol which
might possibly combine antiestrogenic and apop-
totic activities. The other derivatives are supposed
to better our knowledge about the binding of Tb
within SERCA pump. Nine new compounds de-
signed ,, in silico “ were synthesised. In vitro testing
will be carried out to determine biological activity
of these derivatives.

(1) Drew, D.P.; Krichau, N.; Reichwald, K.; Simonsen, H.T. Phytochem. Rev., 2009, 8, 581-599.
2) Kmonickova, E.; Harmatha, J.; Vokac, K.; Kostecka, P.; Farghali, H.; Zidek, Z. Fitoterapia, 2010, 81,

1213-1219.
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