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Ha aBropetepar auccepraumn Kantemupora Asekcest Bnagumuposnda Ha TeMy «Paspaborka
METOJIOB CHHTE3a W M3yUeHHE 3aBUCHMOCTH «CTPYKTYPa-aKTHBHOCTEY MPOU3BOIHBIX ankanovma
(hackarnznHa 1Mo LEHTPABHOMY LIMKITY», TPEICTABIEHHOM HA CONCKAHNE YYEeHO! CTENeHH
KaHAWIara XUMHUYECKHX HayK 1o crenyanbrocTH 1.4.3 — «Opranudeckast XuMuish»
Huccepramyonnas pabora KantemupoBa Anexcess BrapumupoBnua mocssiuieHa pazpaboTke
METONI0B MOAMGUKALMY TPYPOAHOTe ankanonaa ¢dackannusvna. PackarinsiH OblT BriEpBhIE
BBIICJIEH W3 MOPCKUX T'YOOK, MOCHTU(WIMPORAH Kak TOKCHH W TTOKa3aJl aKTWBHOCTE Ha JINHUAX
oryxosieBbIX kieTok. COOTBETCTBEHHO, Ha NMPOTSHKEHHH MHOTUX JIET OBUIN anTeénpOBaHbl
aHaJIory (hackarIn3vHa, 9TOOBI COXPaHWUTE TPOTHBOOTYXOIEBYIO aKTUBHOCTE W, B TO JKE BPEMS,
YMEHBIIHNTE TOKCHYHOCTb B OTHOUICHHH HEPAKOBBIX KJIETOYHBIX JIMHUH, CyIIECTBYIOT aHAIOTH
¢ackaru3rHa, KOTOpbIE, Kak W3BECTHO, o0NanaroT Gombieii akTHBHOCTBI0 HO CPABHEHHIO C
VICXOOHBIM COEIMHEHVIEM, a TTONHBII CHHTE3 HATHBHOTO AJKAJIONHA OBLT BHITOJIHEH HECKOJIBKIMH

rpymnnamu, ’

CunTaercs, 4T0 WHTEKATWpPOBaHWEe MOJieKynbl ¢ackammsnHa B JHK Mmexny ocHosamusivu
TMPUBOIAWT K ariorTo3y AKTHBHO ENSIIIUXCS KieTok. Takum obpazoM, MHOrooOENAroIIM
HalpaBICHHEM  WCCJIEJOBaHWH  SBISETCS  CHHTE3  aHAIOTOB, CTPYKTYpa  KOTOPBIX
MoaudvHpoaHa 0OEEMHBIM PAIUKAIOM, YTO JOJDKHO MPUBECTH K MOTEpe MIaHapHOCTH. JTO
TIOIXOM, VCIIONB30BAHHBIM aBTOPOM B NaHHOW paboTe, rie LEHTPANbHBIH LMK MOJNEKYIbI
tackannmzvaa MoguWLMpPOBaH B MOJIOKEHUSX 6 1 7.

Huccepranvs npexncrarinser co0off OCHOBaTENBHYIO CHHTETHYECKYI0 paboTy, B KOTOPO
KOHEYHas 11e)1b OblIa JOCTUTHYTa. ABTOP NMPo0OBaJI HECKOJIBKO MOAXOHOB K Mpobneme. OavH u3
caMbrx VWHTEPECHBIX CBA3aH C WCITONB30BAHHEM TPHUPOAHOIO KPACHTENS WHIWTO, FAE aBTOp
CHavajia YCTaHOBHII TIPAaBHIIbHBIE YCIOBWS KOHAEHCALWM C AWATHIOBHIM 3QWUPOM MaJIOHOBOIA
KWCTIOTBI TS NMOTYYEHHUS TIPOMEKYTOUHOTO NMPOAYKTA. DTO TTO3BOJIMIIO, BAPBUPYS 3aMECTHUTENE B
CIIOHOM 3dupe, MOCTaBUTEL paznuyHble panvkanst (Ph, Me v Et) B nosoxenve 7 dackarnivuznHa.
B KOHEYHOM UTOTe 3TO O4YEHB PHUBJIEKATENBHEIN ABYXCTANUITHBIN CHHTE3, KOTOPBII JaeT aHaJIOTH
LIENIEBOTO COEAWHEHWS C BBICOKMM BBIXOAOM, OIHaKO OH He paboraer ¢ wHaubonee
TTPOCTPAHCTBEHHO-3aTPYAHEHHBIM 3aMecTuTeNeM - (-Bu., B cBs3w ¢ 3TuM MoxHO O6bLIO OBI
WCITONB30BaTh i-Pr, Tak kak OH WMEET OYEHb IOXOXKEE NMPOCTpaHCTBEHHOEe cTpoeHue. OaHako
aBTOp eI CHa4aia rmonpoboBare MONU(DHWIMPOBATs HATUBHEBIN MPOAYKT B MOIOXEHHU 6,
WCITONIb3YSl W3aTHH B Ka4yeCTBe HCcxoaHoro coennnenns (Pucyrkn 17 v 18), 9yto npuBesio k ycrnexy.
[Mockoneky £-Bu Mor 65 MPEAOTBPATHTE WHTEPKAIALMIO B HE3ABUCHMOCTH OT TOTO, HAXOAMICS
¥ OH B monoxeHnd 6 wim 7. Hdajee nmoNydYeHHBIE COSHMHEHWS CPaBHUBAIM C HWCXOTHBIM
HaTypaIbBHBIM NTPOAYKTOM Ha MPEIMET WX GVONOTHYECKOM aKTHBHOCTH.

Hecmotps #a o6umwit BeIcOKMiT yposeHs paboThl, s IyMalo, 9TO MEXaHW3MBI PeakLuii WHOTIA
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O6pM ero cnabbIM MECTOM, W BeckMa YMO3pUTENBHBI. Hanpumep, npu onucanuy cuHTE3a
aHasoroB (GackaruiM3WHa W3 WHIOWTO W U3YYEHHH BIIMSHUS BJIArW Ha KOHACHCALIMIO WHIHIO
(Pucyrok 11) st 661 n3beran IBOHHBIX OTPHLATENHLHO 3aPSHKEHHBIX CTPYKTYPD B IIPEACTARIEHHBIX
MEXaHW3Max; BIIOJIHE BEPOATHO, YTO CHIBHOOCHOBHBIN aMUH TIPOTOHHPYETCS B IPUCYTCTBUU
Biard. Ha Pucyske 16 Takxke npeﬁnonarae’rc;r Jenporonuposanve rpymmsl -CH; B m-OyTrinbrom
panukaye. 3TO He TO, YTO JIErKO MOIJIO GBI IPOW30MTH B CBS3M OONBIIMM TEPMOIHHAMUYECKHM
6aprepOM B YCITOBUSX PEAKLMH, KaK JUIs AMEKTPODUIBHOTO, TaK U JJIs paayKalsHOTo npoLecca.
Ecnw aBTOp HE CMOXET MPENIOKHTEL BEPOATHYIO ABTEPHATHBY, BO3MOXKHO, MEXAHH3M CHHTE3a
coenuraeHmst 20 crenyer OCTaBUTh HeyCTAHOBIEHHBIM,

XoTs s He KBaATMUINPOBaH KOMMEHTUPOBATh GUONOTHYECKY!0 YacTh paboTel, KanteMupos A.
B. nobuncs ceoedt uenw, paspaboTas 3MEraHTHBIN METOJ CHHTE3a, W BBIENHMB JOCTATOYHOE
KOJIFYECTBO aHAJIOTOB (hacKATUTH3HHA [JIs TPOBENCHNS VCTTBITAHKI Ha KIETOYHBIX JIHHHAX. MHe
MOKA3aJI0CE WHTEPECHBIM OTCYTCTBUE KODPPEIALMKM MEXIY pasMepoM 3aMecTuteneit w
IUTOTOKCUYECKOI aKTUBHOCTBIO coeauHeHN . Kak mpearonaraer agTop, 3T0, BEPOSTHO, CBA3AHO
C TEM, YTO HHTEPKAIALIMS He HTPAET NEPBOCTENEHHOH POJIM B akKTHBHOCTH. BBICOKas aKTHBHOCTE
nubpomdackarivanHa NpearonaraeT, 9To Takue $HaxTopsl, KaK pacTBOPUMOCTh, MOTYT WIPaTh
GoNpIIyIO POJIG B @KTMBHOCTH TaKMX COEIHHEHHH, MO3TOMY MOAW(UKALWs OCHOBHOIO CKejleTa
SIBJSIETCS BAKHBIM HaIpaBIeHHUEM s pa3paboTKy JIEKAPCTBEHHOIO nperapara B Oyayuiem. B
CBSI3W C 3TMM aBTOPHI MOTYT WICTIONB30BaTh HENABHO pa3paboTaHHble METOIRI AKTUBALMY CBA3H
C-H ¢ nomomsio Meramnvdeceoro Pd w Ni mis moaudukauwy ckenera (ackaruimsuHa
TIOCPEACTBOM ONHOCTAOMHHON peakUuwy AN NPHCOSAMHEHWs Pa3IHUYHBIX (PYHKHHOHATBHBIX
rpymm, Takux Kak -CF.

Arnexceli Brnagumupony KaHTeMUpoB CraHWpoBal W MPOBENl BIEUATIISIOUISS KOJIHYECTBO
UcCae0BaTeNnbCKOH paboThl, IEMOHCTPUPYIOLIEH ero 3HaHust B 00JIaCTH CHUHTE3a, BBIAEICHUS
TIPOIYKTOB, a TAKKE COCOGHOCTE TUIAHMPOBATH ¥ H3MEHATE MYTH CHHTE3a. B CBSI3M ¢ Hay4HOI
LEHHOCTBIO paboThl aBTOP 3aCIYXUBACT YYEHOH CTEMEHW KaHAMAATa XUMUYECKUX HayK T0o

cneumansHocTH 1.4.3 — opranuueckast XuMusl.
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REVIEW

on the abstract of the dissertation by Aleksey Vladimirovich Kantemirov on the topic “Development of
methods for the synthesis and study of the “structure-activity” dependence of fascaplyzine alkaloid
derivatives in the central cycle”, submitted for the degree of candidate of chemical sciences in the
specialty 1.4.3 - “Organic chemistry”

The thesis work of Kantemirov, A. V. is focused on the development of methods for the modification of
natural alkaloid fascaplysin. Fascaplysin was first isolated from marine sponges, identified as a toxin, and
showed activity in cancer cell lines. Accordingly, analogues of fascaplysin were synthesized over the
years in order to preserve the anti-cancer activity, while lowering toxicity against non-cancer cell lines.
There are analogues of fascaplysin that are known to have superior activity to the original natural
product, and the total synthesis of the original has been achieved by a number of synthetic groups.

It is believed that the cationic molecule’s intercalation into DNA, between the bases, leads to apoptosis
of actively dividing cells. Thus, a promising avenue of research is synthesizing analogues where the
structure is modified by a hydrocarbon group on a Cs2-H aromatic carbon bond, breaking planarity. This
is indeed the approach taken by the author in the current work, where the central cycle of the 5-cycle
fascaplysin molecule is modified in positions 6 and 7.

The document presents a solid synthetic work where the ultimate goal was achieved. The author
attempted a number of approaches to the problem. One of the most interesting ones involved using the
natural dye indigo, where the author first established the correct conditions for condensation with a bis
diethyl ester to give an advanced intermediate of fascaplysin. By varying the substituent of the ester, it
was possible to install the Ph, Me, and Et groups on the 7 position of the fascaplysin. It is ultimately a
very attractive two-step synthesis that gives the analogue in high yield, however it did not work for the
most sterically hindered substituent, the t-Bu group. In this regard, it may be possible to use the i-Pr as it
has a very similar steric profile. However, the author decided to first try and modify the natural product
at the 6 position via isotin starting material (Scheme 17 and 18), which was successful. As the t-Bu would
prevent intercalation no matter if it’s on position 6 or 7, the analogues were compared with the original
natural product for their biological activity.

Despite the overall strength of the document, | thought that the mechanistic schemes were sometimes a
weakness, and highly speculative. For example, when the synthesis of fascaplysin analogues from indigo
is described, and the effect of moisture on indigo condensation was elucidated, (Scheme 11) | would
avoid doubly negatively charged structures in officially drawn mechanisms; it is likely that the highly
basic amine is protonated in the presence of moisture. Scheme 16 also proposes deprotonation of a CHs
group of the t-Bu substituent. This is not something that would easily occur due to the large
thermodynamic barrier under the reaction conditions, both for an electrophilic and a radical process.
Unless the author can come up with a likely alternative, maybe the mechanism for the synthesis of
compound 20 should be left as undetermined.

Although I’'m not qualified comment on the biological part of the work, Kantemirov achieved his goal in
an elegant synthesis and enough of the fascaplysin analogues were isolated to carry out cell line tests. |



found it interesting that there was no correlation between the substituent bulkiness and the cytotoxic
activity of the compounds did not depend on their bulkiness, and as the author suggests, this is likely
due to intercalation not playing a primary role in activity. The high activity of the dibromo analogue of
fascaplysin suggests that issues such as solubility, may play a large role in the activity of such analogues,
thus, the modification of the core skeleton is an important avenue for developing successful therapies in
the future. In this regard, the authors could use the newly developed techniques of CH activation with
Pd and Ni metals to modify the skeleton of fascaplysin via one-step reaction to attach various functional
groups such as CFa.

Alexander Kantemirov has planned and executed an impressive amount of research that showcases his
knowledge in synthesis, isolation of products, and being able to plan and alter synthetic routes. Due to
the scientific value of the work, the author deserves the degree of Candidate of Chemical Science in the
specialty 1.4.3 —organic chemistry. ' :
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