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d  MetannodpranoumaHunHbl o MeauLMHCKOro

& npUMeHeHUA B KauecTe GOTOCEHCMBUNM3ATOPOB ANA
doToaMHaMMUECKOM Tepanumn paka u

AaHTUMUKPOOHOU PoTOANHAMMUECKON TEPANUU

OcHoBHbIe 3aaauun nabopartopum:
> Pa3paboTka meTOoAOB CUHTE3a  MeTanNnopTaNouUaHUHOB C
asoTcoaeprKallMMmm reTepounKANYeCKMMU 3aMecTUTeNNIAMMU
»WUccneposaHue ¢poToPpr3nUECKMX CBOMCTB MeTannoPpTaNouuaHNHOB

» UccnepoBaHue ¢poToXMmmnueckux csomucTs metannodpranoumaHmMHoB



O0beKTHI HCCICIOBAHNSA

DoTOCEHCUONIN3ATOPBI — MOJIEKYJIBl — «aAHTEHHBI», MOMIOMIAIOIINE KBAHTHI
BUJIMMOTO CBETA U MEPEAIOIINE YHEPTUI0 HA MOJIEKYJIbl KUCIOpOAa, MEPEBOJISI UX B
BO30Y>X/ICHHOE CUHIJIETHOE COCTOSHUE (aKTUBHBIE (DOPMBI KUCIIOPO/IA).
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CxeMaTnyecKoe 300pakeHUe MOCIEA0BaTEIbHOCTH BBEICHUS,
nokanu3anuu U ceetoBor aktuBanuu. OC g OAT unu
(IyOopeClIEeHTHOM BU3yaJIM3allUH.

Photochemistry

(Cell & tissue death)
l (PDT)

Fluorescence
(Imaging)

Light (PS-PS*)
activation
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PS Non-specific PS Locallzatlon
Administration  PS Distribution in Target Tissue

(idealized)

Chem. Rev. 2010, 110, 5, 2795-2838
https://doi.org/10.1021/cr900300p
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Naeanbubii poroceHcudOuausarop auasa ©AT

JM0JIKeH OTBETUTH CJIAYIOINUM TPeOOBAHUSIM:

OBITh XMMHUYECKH UYHUCTHIM, M3BECTHOTO COCTaBa W OTHOCHTEIHHO IPOCTHIM, C BOCIPOU3BOIUMBIM
METOJOM CUHTE3a;

00€eCIeynBaTh BHICOKYIO CEJIEKTUBHOCThH HAKOILJICHHS B OMYXOJIHU 110 CPABHEHUIO C HOPMAJIbHOM TKaHbIO;
UMETh MHHUMAJbHYIO TEMHOBYIO (DOTOTOKCHYHOCTh M TIPOSIBIATH ITUTOTOKCUYHOCTH TOJIBKO TIPH
00JTy4EeHUH CBETOM ONPEACICHHOMN JIJTUHBI BOJHBI,

OTCYTCTBHE 00I1IeHl TOKCMYHOCTH ()OTOCEHCUOMIN3ATOPa,;

UMETh BBICOKHI KBAaHTOBBIH BBIXOJl TPHUIUIETHOTO COCTOSHUS C JHEPTUEH TPUILIETOro YpoBHA > 94
kJ[k/Monb  (Heprust BO30YyXKJACHUs, HeEoOXoaumas Uil oOpa30oBaHHUS CHHIVIETHOTO KHCJIOPOJA) C
MPOJIOKUTEIILHBIM BPEMEHEM KU3HU 17151 3PHEKTUBHOTO 00pa30BaHUSI CUHIJIETHOTO KUCIOPOJIA;

UMETh BBIPAKEHHOE IOMIOIICHHWE B KPaCHOW YacTH BUJIHUMOTO CIEKTPa C BBICOKMM KOI(P(HUIIMEHTOM
SKCTUHKIMK (A, B auamasoHe 600-800 HM, Tak Ha3bIBAEMOE «TEPANEBTUYECKOE OKHO»), TIJIe
MPOHMKHOBEHUE CBETa B TKAHM MaKCHMaJbHO M TJE DHEPrus KBaHTAa CBETa JOCTATOYHA, YTOOBI
Tr€HEPUPOBATh CUHIJIETHBINA KUCIOPO/I;

OTCYTCTBHE arperanuu (HOoToceHCHOUIU3aTopa B BOJHBIX pPAcCTBOpax, MNPUBOIIECH K TMaJCHUIO

KBAHTOBOI'O BbIXOZd 'CHCPALMN CHUHITICTHOI'O KHCJIOPOJAa.



HoBsoe HanpasneHue AT — aHTMOaKTEepmuanbHan
dorognHammuecKasa repanua (aPAT)

CyLiecTByeT HECKOSIbKO KIlacCoB aHTMOMOTUKOB B COOTBETCTBUM MULLEHAM WX
nencreusa. Haubornee 3HauUUTENbHLIMW Cpeagu  HUX  SABMAAIOTCA:  UHIMOUTOPLI
OMOCUHTE3a KNeTOYHON CTEeHKU, BENKOB U HYKNEUHOBbLIX KUCIIOT.

AHTUONOTUKOPE3UCTEHTHOCTD

E OTKas oT npuema
aHTUOWOTHKOB W36bITOYHOCTb UCTIONb30BAHNS
Yepe3sMepHbliii Nprem aHTUBUOTMKOB B CENBLCKOM
aHTMBUOTUKOB X03AM1CTBE

\_“' |
Hu3kunit MHpEeKUMOHHBIA

KOHTPO/b B NOJMKAUHUKAX U
bonbHULax

= 0
-
~—

Hepocratok ObIcTpbIX
nabopaTopHbIX TECTOB

Mnoxas rurueHa u CaHUTapua



KnetouHasi cTeHKa obecnevnBaeT popMy 1 HEODXOOMMYIO XXECTKOCTb DakTeEpUmn n
3almLaeT ee OT HebNaronpmUATHOrO BO3AENCTBUA BHELLHEN cpeabl

Gram(+) cell wall Gram(-) cell wall

TEICHOIC ACID
LIPOTEICHOIC ACID

O-SPECIFIC CHAINS - PORIN

OUTER MEMBRANE =
PEPTIDOGLYCAN

P BROUN S LIPOPROTEIN

PERIPLASMIC |
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PERIPLASMIC [
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PLASMA MEMBRANE =

AND INTEGRAL PROTEINS FLARMAMEMER I
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CneBa — rpamnonoxutenbHaa bakTepus, obnagatrouiana TONACTbIM CNOEM MENTUAONTMKAHA B
COYETaHUM C MOJIEKY1aMU TEMXOEBOM KNUCNOTbI U 6e3 BHeELIHeH AMnnaHon membpaHbl; cnpasa
— rpamoTpuuaTtenbHas b6aKTepuAa C TOHKMM CNOEM MNEenTUAONIMKaHa U BHELWHUM
NMNOCaxapuaHbIM  CNOEM, COAEpPrKalWMM OoTpuuUaTeNbHO 3apsa)KeHble O-nonucaxapuapl.
AHNOHHble PC B OTCYTCTBMM MNOAXOAAWMX HOCUTENEN aAcopbupytoTca Ha MNOBEPXHOCTU
BHELIHEeN AunocaxapuaHom membpaHbl, He MPOHWKaA BHYTPb. ITO NpPUBOAUT K cnabow
MHaKTUBaUuM MUKpodopbl. B aTton cBasu, gna nHaktueaummu Fpam(-) natoreHoB Hanbonee
npeanouTuTeNnbHbl KaTUOHHble PC, cnocobHble 3¢pPEeKTUBHO CBA3LIBATLCA C BHELUHEMN
membpaHoMn.

Ana a®AT — Hanny4dwmne pesyabraTtbl NOKA3bIBAOT KATUOHHbIE PC
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AHTVIMVIKpO6HaFI (I)OTO,D,MHaMI/NeCKaﬂ Tepanmna KaTMOHHbIMUA (I)OTOCEHCM6MI'IM3aTOpaMM



Kucnopopa



power switch
keys

battery compartment

power switch
l LED indicator

key switch

lens cover

remote connector

switch

aperture locking mechanism

remote connector aperture focusing mechanism
key



MOLLHOCTb

160 100

MKMONb/C

KpaCcHO-cUHWI cnekTp 450:660 HM



JT-48xsR-220V




YCTaHOBKA 1JIfl TeHePAllMU CHHIJIETHOI'O
y KHCJIOPOoaa Ha ocHoBe quanpoexkTopa JIDTHU 60m

CeeTodunbTp
8 910 12 13

e
| r1 BoasaHon ¢punbTp

1

Puc, 1. Onruneckan cXeMa:

l—oTpakaTels: 2—iaamna K30-400; 3, 4, G—auH3bl KOHIEHCOPAE, S—TENIOBOI
:ﬂ&gnq;umﬁp; 7—rapposce oxuo; 8, 9, 10, 11, 12, 13—nanH3b 0O BeXTHEA

B KauyecTBe WCTOYHMKaA cCBeTa ANA onpeaeneHUA KBAHTOBbIX BbIXOAOB CUMHIIETHOMO
KMcaopoga MCMNo/sb30Baan MNPOEKUMOHHYIO OMTUYECKYD CUCTEMY, COCTOALWYH U3
rafjoreHHoM KBapueson namnbl (500 BT), TpexnnH3oBoro chepunyeckoro KoHaeHcopa ¢
oTpaxaTenem, BoasHbiMm (10 cm) puasTpom M cBeTOPMAbTPaA, NPOMNYCKAOWMM CBET B
cneKkTpasibHOM guana3oHe 550-800 HM ¢ makcumymom nponyckaHma 680 HMm. MoLHOCTb
n3ny4yeHua coctasuna 6,5-10%° poTtoHoB.
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Judennnuzodenzodypan (DPBF)
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Anthracenediyl-bis(methylene)dimalonic acid (ADMA)



KnHeTHKka OKHCJICHUSA
CHMHIVIETHBIM KHUCJIOPOIAOM
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®oroceHcMbunusaropol ana
doroaMHaAMUUYECKOU TepanMK paka

H (SO,;Na)
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OauH 13 nepBbix poToceHcmbmunmsatopos ana AT, pa3peleHHbIX K IPUMEHEHMIO — aHUOHHbIN
dTanoumaHuH antommHma. Paszpabotka HNOMuMK noa pykosoactsom npod. A.E. JlykbAHUA



K Hemocrarkam doToceHca MOKHO OTHECTH:

v'Huskas CeIeKTUBHOCTh HAKOIUIEHHUS B PAKOBBIX KJIETKAX
v'CIIO)KHOCTD  TIOJIyYEHHUS MHIAWBHMIYaJbHBIX BEIIeCTB (MPH CyIb(PHPOBAHHUM OOBIYHO
MOJIy4aeTCsl CMECh (PTATOLMAHUH-CYIb(OKHUCIOT C PA3HOU CTENEHBIO CYIb(PUPOBAHUS )

v OTHOCHTENBHO HU3KUI KBAHTOBEIHM BBIXOJ CHHITIETHOI'O KMCIOPO/IA

PeweHue - BBegeHue B monekyny ¢poroceHcubunusaropa
aHWOHHbIX FreTePOLMKAUYECKUX Fpynn, 3aMeHa
nNapamarHUTHOro aNloMUHUA HA AUaMarHUTHbIE MeTannbl
(yBenuunBaloT KBaHTOBbLI BbIXOA CUHINETHOrO
Kucnopopaa)




Terpa3zoibl - yHUKaAJbHbIE (papMaKO(OPHbIE reTEePOUKIIbI ¢ BHICOKOM

KHUCJIOTHOCTHIO
BBejieHre TeTpa3oyibHBIX FETEPOIMKIIOB MO3BOJISIET:
v IIpuaarh pacTBOPUMOCTH B BOJE M OMOJOTHYECKUX CPENax
v TIpuaaTh KHCIOTHOCTH (DOTOCEHCHOMIM3ATOPY
v TIoTeHIHaIBEHO YBEIMYUTH TPOITHOCTH K PAKOBBIM KJIETKAM (CHHEPreTHYECKUM 2 EKT,
U3BECTHO, YTO BBEJICHUE TETPA30JILHOIO (PparMeHTa yBEJIUUMBACT AKTUBHOCTb COCIMHEHUS )

M3BecTHO, dYTO TETPa3OJbHBIA IIMKJI  SBISETCS  OMOM3OCTEPHUUYECCKUM  aHAJIOTOM
KapOOKCWJIHBHOM, IHC-aMUAHOM W HEKOTOPBIX APYTHX (DYHKIMOHAIBHBIX Tpymil. BeemeHue
TETPA30JUIBHOIO (parMeHTa B MOJIEKYJTYy OHMOJOTMYECKM aKTHUBHOIO CyOcCTpara HEpeako
CHIOCOOCTBYET TOBBIMICHUIO €T0 3(PPEKTUBHOCTH W MPOAODKUTEIBHOCTH NIEUCTBUS TIPH
CHMKEHUM TOKCMYHOCTH. Ha oCHOBe TeTpa30yioB ObLIM MOJTY4YEHBI BBICOKOA(P(PEKTUBHBIC
JICKapCTBEHHBIC CPENCTBA PA3IMYHOTO (HapMaKOJIOTHUECKOTO MPOQuUIsL: THIOTCH3UBHbBIC
(mazapran, BajgbcapTaH, ¢uMacaptaH), aHTHOakTepuanbHbie (TedazonuH, IEBTE30I,
naramokce®d), aHanpreTuku (amdeHTaHu1), aHTUTUCTAMHHHBIC (Ta3aHOILIACT, IIEMHUPOILIACT,
IPAHITYKAaCT), MPOTHBOOIYXOJIEBhIC H JIP.

Ilonosa, E. A. Cumme3s, ceolicmeéa u Hekomopbvie 6udbl OUOLOSUYECKOU AKMUBHOCU Mempa30ios
cneyuanvrocms 02.00.03 «Opeanuueckas xumusy . ouccepmayusi Ha COUCKAHUE YUEHOU CmeneHu 0OKmopa
xumuyeckux Hayk | Ilonosa Enena Anexcanoposna ; Canxkm-Ilemepoypeckuil 20cyoapcmeenHblil yHusepcument.
- Canxkm-Ilemep6ype, 2018. - 557 c. https://dspace.spbu.ru/bitstream/11701/16203/1/disser_e_a_popova.pdf
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MeTa/10QpTaI0MAHUHBI ¢ TETPA30JICOAEPKANMMHU 3aMeCTUTEISIMHU

Hamu CUHTC3UpPOBaHA CCPpHUA PAaHCC HEU3BECCTHLIX (bTaHOIIHaHI/IHOBI)IX KOMIIJICKCOB IIMHKA,
Maraus 1 XJiopuaa HHAUA C TCTPA30JI-COACPKAIUMHU 3aMCCTUTCIIAMMU.
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Opmo-, Mmema- U napa-TeTpa3oii3aMelIeHHbIE ()EHOKCUIBHBIE TPYIIIBI U COOTBETCTBYIOIIHE
MM HaTPHEBBIC COJIM B KAYECTBE 3aMeCTUTENCH B Henepudepuitao (o) u mepudepuitao ()
TeTpa3aMEeIICHHBIX METAIO(TaTOIMaHNHAX
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BBenenre TONMOIHUTENBHBIX METOKCU-TPYHII B OpmO-TIOJIOXKEHUSI OTHOCHUTEIBHO KHUCJIOPOIHBIX
JUHKEPOB IPHUBOAUT K YMEHBIICHUIO CKJIOHHOCTH K arperanuu (CTepuueckuil (akTop), 4To

YBCINYNBACT IHAIIA30H «pa6quX» KOHHGHTpaHI/Iﬁ 1 KBAaHTOBBIMN BbIXO CHMHITJICTHOI'O KHUCJIOPOAA.



Cunre3 HEJIECBbIX METaJIJIO(l)TaJIOIII/IaHI/IHOB oCymiecCTBJIACTCH «KHUTPHUJIbHbLIM>

METOAOM B MHKPOBOJIHOBOM PCAKTOPC, YTO SHAYUTC/IbHO YMCHBIIIACT BPCMS

cuHTe3a (¢ 18 10 2 4) ¥ moBBIIIAET BHIX0A MPOAYKTOB.



DOTOCEHCHONTIU3ATOPHI A
AHTHOAKTEPHUAJIBLHOU (POTOAUHAMUYCCKON TepaANUU

KaTMOHHbIe

MmeTannoPTasounMaHnHbI
LUMPOKO MUCCneaytoTca B
Kayectee PC pana adAT,
TaK Kak OHW OAMHAKOBO
3pPEeKTUBHbI KaK NpoTUB
pam+, Tak wn  [pam-
lWTaMmmoB  GaKktepun. B
KayecTBe MNOJIOXKMUTENbHO
3aPAXKEHHbIX  rpynn B
3aMELLEHHbIX

meTannodpTasounaHUHOB

1 p2
R',R? R3 rR¢ RR M3BECTHbI:
M = Zn?*, Mg?*, In®*, Ga®*, Ge**, Si**, etc.

https://doi.org/10.1016/j.jphotochemrev.2021.100422
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, Hama jadoparopusi NpeajoKujia HoBble KATHOHHBIE
B8 (hOTOCEHCHOMITU3ATOPHI HA OCHOBE METAJLJIO(PTAJIOIHMAHNHOB, COAEPKALIUX
NUPAa30JbHbIEe FreTePONMKINYECKHE (PparMeHThbl.

Ha nepsom 23Tane 6blna pa3pabotaHa 3¢PeKTUBHAA CXema CUHTEe3a 3aMeLleHHbIX
dTanoHuUTpMNoB. Bnepsble ocyuwectBneH cuHTe3 4-(4-rmapasmHundeHoKcn)pranoHUTpuna,
YHUKaANbHOrO CTpoutenbHoro 6n0Ka, ucnonb3yemoro Ans cuHTesa ¢GTasIoHUTPUAOB C
Pa3IMYHbIMU asoTcoAepKalmMmm reTepoLUNKANYECKUMU 3aMeCcTUTENAMM. HoBble
bTaNIOHUTPUABI, CcodepXKallne nNMUPasosibHbIM  UAW  NUPA30JIOHOBLIM  pparmeHTbl, 6bian
nosiyyeHbl B3aumogencTesmem 4-(4-rugpasmHundeHokcn)PpranoHnTpuna ¢ pasamyHbimm 1,3-

ICI,I/IKa|i)6OHl/U'IbeIMI/I coeanHeHnAMM.
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Reagents and conditions: ¢) 2.4-pentancdione, EcOH. reflux;
if) Ethy] acetoacetate, EtOH, reflux

https://macroheterocycles.isuct.ru/ru/system/files/mhc140721z.pdf
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NH-NH, « HCI



Ha BTopom »Tame ObLIM pa3paboTaHbl METOALI CHUHTE3a (PTAJIOHUTPUIIA,

CBSI3aHHOTO ¢  3,5-IMMeETUINUpa3on-1-un-GeHunpbHoM TPynmol depes
cynbduaaeiii Moctuk (http://doi.org/10.1016/].ica.2019.119306)
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Ha tperbem sTamne ObUIM pa3pabOTaHbl METOJbI CHHTE3a (PTATOHUTPHUJIIOB,
comepxkamux  mema-(3,5- IUMETHIIIHPA30JI-1-11) PCHUTIOKCH-TPYIIITY €
pPa3IMYHBIMU I{III/IHKCpaMI/I:

e
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B~9:- R;=CN; R,=H; X=0O
B~10: R;=CN; R,=H; X=S
a-11: R;=H; R,=CN; X=0
a-12: R;=H; R,=CN; X=S
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HUccaenoBanue (poToXMMHYECKUX CBOUCTB
METALIO(PTAIONMAHUHOB

KpacHbin cBet rnybike
NPOHUKAET Yepe3 KOXKHble
NOKpPOBbI

0.01 - 0.015men J; p
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https://www.myledtherapy.com/en/led-light-therapy/
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TepaI'IEBTW-IeCKOE OKHO, B KOTOPOM remor106uH u BO4da NMeEET
# \ MWHUMaZIbHOE nornoweHune, 4To NpmBoaUuUT K 3(I)CI)EKTMBHOMY
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A novel 4-((3,5-dimethyl-1H-pyrazol-1-yl)phenylthio)phthalonitrile 3 and corresponding zine phthalocyanine 5

CH, CH, ABSTRACT

=y Hy has been synthesized and characterized. There has been investigated the effect of nature of the linker heteroa tom
N (S or O) on spectroscopic, photophysical and photochemical properties of zine phthalocyanine 5 and zinc
phthalocyanine 6, containing 4-(3,5-dimethyl-1H-pyrazol-1-yl)phenoxy moiety. The zine phthalocyanines 5 and
6 are highly soluble in common organic solvents. The solvatochromic effects were evaluated by changes in
UV-Vis spectra. A correlation between the () band frequency and the refractive index of 20 organic solvents was
i N._CHs examined. The aggregation behavior and photochemical properties (quantum yields singlet oxygen generation
: N—@—X X—@—NJ and photodegradation) of zinc phthalocyanines were investigated at different concentrations in DMSO, DMF,
HyC THF and water-organic solvents mixtures. The water content in the mixture has a crudal effect on the ag-
X= S (5),0 (6) gregation behavior and the generation of singlet oxygen. In DMSO aggregation of 5 takes place with the addition
. of any amount of water, whereas for 6 the formation of dimers is observed at a water concentration of more than
129 ZnPc(-5-Ph-P2), (5) 10%. However, in THF the formation of aggregates is observed at a water concentration above 30% for 5 and
50% for 6. The synthesized novel phthalocyanines have high quantum yield of singlet oxygen (@,) values (the
—gzg range of 0.50-0.70) and can be considered as potential photosensitizers for photodynamic therapy. The highest

:g § @ values were obtained for zinc phthalocyanine 6 containing oxygen linker hetercatom in all solvents.
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Synthesis and Aggregation of Cationic Zinc
and Magnesium Phthalocyanines Containing
4-(3,5-Dimethyl-1H-pyrazol-1-yl)phenoxy Groups

A. V. Ziminov™, V. K. Mal’tsev’, A. A. Sherstyuk”,
Yu. A. Vikent’eva“, N. S. Seravin’, and S. M. Ramsh"”
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Abstract—Tetracationic metal phthalocyanines were synthesized by the quaternization of the C.-regioisomers
of tetrasubstituted zinc and magnesium phthalocyanines containing 3,5-dimethylpyrazole fragments. The
mdividuality of the synthesized compounds was confirmed by HPLC—mass spectrometry. The aggregation of
the cationic metal phthalocyanines in water and aqueous-organic media, as well as in the presence of Triton X-
100 was studied. The dependence of the dunerization constant on the polarty of mixed solvents was

determined.
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Synthesis and Isolation of 2,9,17,23—Tetrakis[(3,5—dimethyl-1H-
pyrazol-1-yl)phenoxy]phthalocyanine and Its Magnesium(II)

and Zinc(II) Complexes

Andrey V. Ziminov,® Marina A. Furman, Evgeny V. Borisov, Nikita S. Seravin,
and Stanislav M. Ramsh

Saint-Petersburg State Institute of Technology (Technical University), 190013 Saint-Petersburg, Russian Federation
“Corresponding author E-mail: ziminov@inbox.1u

The synthesis of novel phthalocyanine containing four (3, 5-dimethvi-1H-pyrazel-1-vi)phenoxy groups and its complexes
with magnesium and zinc is reported. The practically pure C regioisomers of peripheral substituted phthalocyanines
were separated and isolated by column chromatography with good vields. The structure and symmeitry of synthesized
phthalocvanines were confirmed by ‘H NMR, BC NMR, IR, UV-Vis, and MS spectral data. Influence of metals and
reaction conditions en the isolation of practically pure C; regioisomers were discussed. Aggregation properties of
phthalocvanines were investigated in DMF in different concentration ranges.

Keywords: Phthalocyanine, pyrazole, C; regioisomer, isolation, aggregation.
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yanines with peripheral nitrogen-
lomatic substituents aftract interest

semiconductors, and photosen-
dynamic therapy of cancer [1].
Fw studies have been reported on
d phthalocyanine complexes [2—4].
e the synthesis of previously un-
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Synthesis of Zinc Phthalocyanine
ng 4-(3,5-Dimethyl-1H-pyrazol-1-yl)phenoxy Groups
L. V. Ziminov, M. A. Furman, A. I Kolganova, and S.JM. Ramsh

ptersbure State Institute of Technology, Moskovskii pr. 26, 5t. Petersburg, 190013 Russia
e-mail; ziminovi@inbox.ru

Recerved October 15, 2013

Complex 2 was synthesized by tetramerization of
phthalomitrile 1 [6] in pentan-1-ol in the presence of
anhvdrous zinc acetate and DBU as catalyst. The IR
spectrum of 2 contained absorption bands due to
stretching vibrations of the isoindole fragments and
bending vibrations of the phthalocyanine macrocycle
at 1334 and 746 cm™. respectively, as well as due to
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