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ABSTRAKT

Uni verzita Karl|l audadtftaFar Haadoii Kk&| ba ®

Katedra: Katedra farmaceutick® chemie a ko
Kandi d8t Mgr. Anton2n Cidlina

Gkolitel doc. PharmDr. Petr Zim|l2k, Ph.D.
Konzultant: doc. Phar mDr . Veroni ka Novs8kov§sg,

N§g§zev: pr8¥liv struktuantoechofagpiek&Mnh vI ast

ftalocyaninT

Ftalocyaniny (Pc) a jejich azaanalogy tetrapyrazinoporfyraziny (TPyzPz) jsou
makrocyklick®1p!l de§ohkaldIl8kktgndsrmi. Pr §vDnD Kk
rozssghl ®mu Ssyst ®mu dvojabdompm2 mazelf ovyghyka
iel ektrochemi ¢l omi kppar @me Smwr Tvon Inddh vy ulgiz ka
(nafpcSt.odynami ck§ terapie, katalyz8tory, te
aplikaci je vgak zapotSebiq1ze¢iwilemamhBsbow

perifern?2ypaermsdcenturc8l m2ho kationtu kovu.

Prvn? | §st di sertal ndzsp&h8lc& sjyestemat c
zkoum8n?2 vliivu strukturn2ch faktorT na Y

(1 CT) wu TPey zzPozd, p okvt Tedrebknp®jae n2 f ot of yzi k81 n2
kvant ov®ho vIitnDgku Fob a flupreseenae =P INejprvék jgrsel 2 k u

sezamhNSili na vliiv perifern2ch substituent?
speri fer nénmsr Tszunbismii ted ekt ronovIimi efekty, K
hodnot Hammettovy konstangppr o konkr ®t n2 | i strukturnhib
pozorovs8§no, ¢ge ef ektriowittoas cl2C Te | velbstimeotmreld art o

Z8roveRi ¢ptyDmo,zjge povaha substituentu vT:
vli astnost.i azomet hinovich at ompdklesd hodnbtk u a
fotofyzi k8l n2chnuplaer.aniedhl dlt ot agkcSAademltkk2u g tsunki
kter$§ popd®lulky wspojvovac?2ho konjugovan®ho
(NN-di met hyl amino skupina) a akcetSourDo veoru |
t®t o studie byl o, g e Yabsitnonuocs?t VvIzQIT8 |l e nd Py 2
oddonor u. T a kn@vrhlij pHns@ z ardye pr o %z kwrui k&l In& ant



mecharime m pSep2ng§n2 na z8kladhR dvou na sobh
vorgani ck®m rozpougthDdle (THF) zakakvdn?ved

lipozo mT .
Druhg8 | §st di sert att okt uprrn®cnei  svel i ¥ @b Tnv
af ot ofyzi k8l n2 wvlastnosti neperifernbD subs

obj emtertbnit yl sul fanyl ovimi substituenty byl
posunGp §spovovm®n® sbjemnimiubséepemuiovamhimi P
vymyks8 dS2ve publikovanim fakekmroZgviove
substituentu viraznhD ovlivRuje acidobazic
Proto byla vd al ¢ 2 studi. pSppratvenearN $@rimédplvEtzealk
substituentya t yt o | 8t ky jUs nie®tdo§ | seP ospteuSdfocvvabl i V' p o
apovahy substituentu na bazicitu azomet hi:

log K1.



ABSTRACT

Charles University, Faculty of Pharmacy in Hear 8 | o v ®

Department: Department of Pharmaceutical Chemistry and Drug Control
Candidate: Mgr. Anton?n Cidlina

Supervisor: doc. Phar mDr . Petr Zi ml|l 2k, Ph. D.
Consultant: doc. Phar mDr . Veroni ka Novs8kov§sg,

Title of theThesis: Influence of structural aspects on plotophysical properties at

phthalocyanines

PhthalocyninegPc)and their azaanaloues tetrapyzenoporphyrazines (TPyzPz)
are macrocyclic compounds withd8 | o ¢ a€dlectronsThe large conjugated system
of double bondsmpartsthem unique spectral, photophysical and electronic properties
which can beunedby peripheral substitutiomr/andcentral metal catiariThey found
theirusein several areas suchpisotodynami¢herapy, catalyst,djuid crystals and solar

cells.

The firg part of thisdoctoral thesislescibesthe influence oftructuralaspects
on effeciveness of intramolecular chargransfer (ICT) affPyzPz.ICT is responsible
for considerabledecreas of photophysical parameters of TPyzPzjuantum vyield
of singlet oxygen ¢p) and fluorescencéFr). At first, we focusedon the effect
of the electronic properties of peripheral substituents attached on macrocyotedGre
efficiency in TPyzPzThe series of TPyzPz with various peripheral substituents was
designed ath prepared. Peripheral substituemtsre chosen with the respect to their
electronic effectlescribedby Hammetisubstituentonstants, We have found out that
the effectiveness of the ICT significantly depeddn the electronaccepting properties
of thecore Increase of ICT efficiencwas directly proportionab electrorwithdrawing
character of the substituent@multaneously it was disclosed thathe basicity
of azomethinenitrogen can be affected by character thfe peripheral substitution.
Significant suppression of photophysical properties was observed @fitonization
of azomethine. In the following study we prepared serieof TPyzPzs with
N,N-dimethylamino group attachédthe core via -conjugated linkeof different length.

In this study, we describdtie influence ofa distance between donor and acceor



ICT on itsefficiency. Obviously, ircreasing length of linker between donor and acceptor
moiety caused the suppression of IB&sed on thisvedesigned phhdicators operating
through uniqgue OFHON-OFF principlebased on combination of two different quenching
principles Sensing propertiesf novel indicatorswere studied in organic as well as

in watermediumafter incorporatiorto liposomes.

Second part of ;mdoctoral thesis is focused time investigation of thetructure
relationship in nofperipherally substuted Pc. Norperipherally substituted Pc with
sterically hinderedert-butylsufanyl substituents showed unexpectedsoghromic shift
of Q-band in compason with others Ps in the studiedseries. Moreover, substantial
effect of substituents nature on basicity of raethine nitrogens was observed.
Finally, the series of neperipherally and peripherally substitutedsP@s prepared and
studiedfrom acidebasic point of viewThe influence of position and type of substituent
attached to macrocyclic core on azomethine basbaged ordeterminedog Ki was

described
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1 Seznamzkratek

Ac anthr&kocyaniny(anthracocyanine)

AzaPc azaftalocyaninyazaphthalocyanine)

CT komplex Acharge transfér orkplex

CS Acharge segrated staté

DBU 1,8-diazabicyclo[5.4.0]lundeE-en

DMF N,N-dimethylformamid

DMSO dimetylsulfoxid

DFT density functional theory

DPBF 1,3-difenylisobenzofuran

HOMO nejvygg?2 obsazen {highest bceupiedl o v T

molecular orbitg|

IC vnitSn2 konverze (internal con

ICT i ntramol ekul §r girtramgeSutan oharge n § b 0 |
transfer)

LG odstupuj flemdAnggrdup) pi n a

LUMO nejnigg? neobsazenT (owast|l ek ul ¢

unoccupied molecular orbijal

NATA N-acetyltryptofamamid

Nc naftalocyaniny(naphthalocyanine)

Pc ftalocyaniny(phthalocyanine)

PDT f ot ody na mi(pbdto8yname therapy) e

PET sviDtl em vy vetektrano(photgnSused @sergy
transfer)

RET resonan]| n2 (pe$eance snergyriraesfg i e

TDDFT time-dependent density functional theory
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TFA kyselina t(triflucfohcetic acin)c t o v §
THF tetrahydrofuran

TPyzPz tetrapyrazinoporfyrazingtetrapyrazinoporphyrazine)
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2 C2]1 di pegtal n?

Ftalocyaniny (Pcha jejich azaanalogyetrapyazinoporfyraziny TPyzP2 ma j 2
kv Tl sv®mu makrocyklu zaj?2 maw® oalkd err gl nj2s
studovwBioyhav odvip$ed cthoz 2w hvnlag® e cphr alcylva 2 S
pozor ov 8 nkdy pi tnuaa(ddatkgamino skupiny ngeriferii makrocyklu
TPyzPz eldbwihr8zZzzea®mgen2, ba YpHoh®mof yyimk gken
parametrT jako je kvantovl vitDdalmgd |l uor
studemibyl o zji gtBhDno, jeywrje intrinoeld eSm n2 o hpoSteonos  n
(intramolecular charge transfeiCT) a ¢ge je@&ji ckkm Bpr8mtdDmring ac ?
| koor dipread? er n? al kyl ami no SskupbmgvebP ok
fotofyzi k8§lMMZdd wéaztadsta mygl enkato nov®

jejich vyugit2 jako fluorescenln?2 senzory.

R} x -

N Akceptor

j i

R OBu S

508 s e
0,32 0,17 0,07 0,45

Sp

Obr §z@kecn§ strukt ur aozbs?luddow amd rcihf d rén2e ks isbst i t uc?.

Vprvn?2 | 8sti m® d pret@zratbal | vna2l psrt8ucdei ejns evm i
substituce makrocyklfObr § @k d® ky spoj ov aialkylanino Set Nz ¢
skupinou (donorem) a makrocyklem (akcep®m) na Yl i nn §Gbtr 81z&RTk u
2).Jednalose o navg§z8&n2 na pSedchoz?2 systemati
viivT na I CT u TPyakByyzoNhaeym®dPnmpow ipeh ky
senzorT naspbBrci pPmz P-BNPFFNEN2 OFF

11



/
Lmker

N
\
Donor
Akceptor

Obr §8z@kecn§ struktur a Tetnwdio Wad kohu IsHtogloveac?2 ho Set Nz
a akceptorem.

Perifern2 substitucaeroaemnkévloicykBDm2z2 jfeohdiay
vli astnost 2 PPec maa kKTrPoyczyPkzl.u M ze al e mi mo pova
polohuu.Vdostupn® | iteratuSe bylo mnohokr 8t po|]
Pc (polohy Obr §)pk pozorov8&§nQp&sunvmabkbsmap!| n2m
kil erven®pobbag€ntiernhD subst¢odgujosanl maz Rau
pro nhRkter® aplikace (*WBaypS. jdvegieBmped y i &mind
substituovan®sekvgahtbuxy? Poneobvykl e bazi
dus2%dyrruh® | 8sti m® pr8§ce |sdivussudspiouent
v8zanhemenwi fernbtola pokadm® o3y i k8Aca2t ak@st |

najejichvlivnabazi ci tu azomethinovich atomT dus?2k

o série
B série

Obr §8%@kecn§ struktura saadpeanbebsbBepbpivheaionl ftaloc

12



3 Soulasnl stav pozng§n?

Pcjsoui nt e nza bvanrBvyennt® t i cky ppShngr a?¢ omak® o c
| §tNkeys ub st Pdbyd v @roipr v@® apoSirpartaovSeé n Bewecea a T
1907 ako nezn§&ml pRidl| sojkppticBepmnudd®d‘'Bet ai | n2 st u
zamNSen§ na syntRRajejichal uchR &kmadlcegTzachaftal o
(AzaPg byl a vV yrate8 4983 LinsteademZd e tak® poprv=® zaz
ftalocyanin'? Jejich struktura jedv ozen8§ od p SE r oldinyddilo vp@yorr f
jednotky spojen® azpdme&tomidremvziomia nicklyt kye ng
vytvgSej?2 rozss8hl T konj ugitBsiadrell ok g bt ®mv adnv
“-elektronyNe s ub st Pdjavayvackn Tk vdh §r s ®spdukt uSe a v

prakticky nerozpustnl ve Kogoercdhi nbhBénTvchhod
centr8l n2ho atomu sdidbsd e nturca2, 3p%e &0 IB,AY, 232 c ha (
a24 ;i pol ohy) | i 1n4 B,€lt, 15, &% n22c hd gaboby) polbh

makrocykluObr §H) e &t S2 dnel? nej poug2kmMNé P# T med mmd |
modi fi kovat absorpln?2 el éektezr & &Hamit k@t iof y
molekuly specifickypr o konkr ® mg& v Ia pK vvKkllaacsi tt ndorsttoe m s p ¢
s vysokou stabilitouv T | i tmehpdPo h &) 2 tou ggkiBM g k g i t 2 . A to
fotosenzitiz®ry p r o ff ol tuoodr yensacnei fdi°krc?al k sttoérdayp
krystaly’®mat eri 8§l y pr o*%sell iSmrenBavpda pepgtyieldn?2 Sad
jako kaf?®gl yzgtory

9
2 /=N N=N\10
PEP
N \\ A N1
N= 28N N12
Q Q Th
. BN\ U JN15
27N
24<§ 2" J

N N
23 22 18 17
A o}

Obr 8 ®tkruktura porfyrinu (A), ftalocyaninu (B) a te
kow nebo 2H.

lzost er n? z8§mNDnou benzenovlIch j aad er Z a
tetrapyrazinoporfyrazinggi r ok ® r odobpnonyo Az&g8mnou doch§gz?
jejich vliastnost?2,j&deo® buboh upapibvE chioSdBkul
t ®izoost er n2 z § mNm§ rwDtge? btlayregpeaANzacec  k kt er § m-
bivihodnou vol bou perife*n2ch substituentT

13



3.1 t njN LOSNKBAFdzNT 2 NA
PS2pr aw®yzl2e yc h&zh2odnhD substituovanich

takzvanlchZptrerhkao zoy mMt. e/ APyzRA jk voobcoyuk |puS2 pade.
shodng8 a prob2h8 za svtlecjhrolzezhc hp d ddm2erke kp, r op ¢
vy gadruket er T ¢ hp opsS 2uppa RoekatzongpmolPt vo $S2 vel kou s
rTznh sobshiiv8itelva kysel imap @nhydra,| dtaliid, (
1,3-diiminoisoindol, o-kyanobenzamid)* p Si | reemgl ast Nj i poug2vanl
substituovan® dByl vwupl ifkaVv®mi mreislpw.| et r
postupTvhoknl yswpsektubpoayp®p&jilpaavDjifi pogd
vichoz?2 sels@ykkomer | nD fdtoasltounpint@ i | yalogemnb st i t u

| hitroskupinou

PSi pr asulfatyt|ail kalfdnylt,5d i substituovan® prekur
reakce 4,Hichlorftalonitiiu svhodnT m nukl eofilem pa?moc2 n
Taprob2h8§8 pomBruPsekadphsvi om@aoé&chnedo)) ast Nj i
vapr ot pok ®mmzmp o u(dindthgiduléoxid DMSO), dimethylformamid
(DMF)). Alkoxy-a arylo-der i v8ty ftalonitrilT se pSipr
f enol i c RP@arcnktickpothuklep f i | n 2 2%Ad bksothiotl uSct2y j sou Vv g
nukleofily a nukl eof ivinrBat 2hsitywdrs§t § ¢ 2ucche, wirtod§
proto d o c h 8lkylaci nleassutbos t Kk tfema Tand chni tri |l ov®
sedomol ekul y =z av § dRoseamundmmoBradiivpukonven?ahalége n T
na nitrilov® CKKECmDSsecoywuppomgoy ®o u e gastugy? mi
synt ®zy popelkudboVgohehaj2c?2 seC@Obo §8.€&r bu v
P S 2 p diakylamino4,5disubstitue anT ch ftal onitrimaf clpr ob?2 |
vitnNngcra hj @j ipch| pptoqpyd way deasru@® sfttidl oni tri

nebonitroskupinou?®

14



Cl
RX, Baze ﬁ X = S nebo O
Cl DMSO R = alkyl nebo fenyl
NHR, R
X = Br nebo NO,
R, R = Me nebo (CH,)Hj5

@ S oo =

// R = alkyl nebo fenyl
(PhsP),PdCl, \\

Obr §82zR%2 kl ady synt et idciksiucbhs tgietsuttagaififBpr o 4, 5

P S2 p arghetapatom | i al ktohBedieswhast ifttad aomlidh i |
| ast o v2B3dikygahydochinonu, k er T j e p S epotuensulfonyt e a k ¢ 2
chl ori dnbyariceh k ysel iny trifl oar mdtplobardwl] 2aio
respektive trifluormethansul fon8t. Tyto s
(leaving group, LG)a j sou vhodnTmi vTchfoizl2m?i d Bl sktair
sodpov? dudgoflee®¥hnebo procross oupl i ngéTFT®mt eakpgsobe
| ze pSi pr av-jarylsuianyk ywlkys ankbb amly ubst i t uovan® ft
(Ob r §6). Allkylace 2,3dikyanohydroch nonu | ze vyug2t pro pS2j
VpS2padh al kyl ami mwk | edofruidbvag82i Tt ucjee velice
a36di substituovar@onitiiudedos §tdy nebyly pSi
Diels-Alderovareakce amssc ou p | i n g o v ®v Trheoadkocuep rplmzuey $& pr a v
al ky!l fdteali o?BittTri | T.

15
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LG = tosylat nebo triflat

RB(OH),/K;P0,/Pd kat.
eN LG CN Suzuki coupling CN
R = alkyl

ArB(OH),/K;PO,/Pd kat.

Suzuki coupling
Ar
Ar = aryl
oR SR CN v
CN CN
CN

RI, baze RS", (SNAT)
(alkylace)

Ar

OR SR

g "

1. n-BulLi O
S 2.RX R__s o] R /o N - 80, CN
\ R
@ U ‘ -Ha CN
R
L

OH

CN RZnl

+

CN

OH

Obr §&zRR%2 pr advias udb,sét i t uovanich ftalonitrmizhlT[. za pougit?

Pro pS2pravuse TPpoBgzwoajnd wubstitu:
pyrazin2,3-dikarbonitrily zni chg neel as kahetgr? N dostupnl
5,6-dichlorpyrazin2,3di kar boni t reikltr o8Sav §em@B cthbtba an ab
zpTsoben§ zo8npeorrnmTmn enfieezkt em nitrilovlich skt

efektem dus2kovich atomfelnpyhadnhmiv®Wvd ch g
| 8t k ami pro nu¥Nekfebht!| e psaubgtectpocPs §&no
uprekurzor, pPSipproavPda gi rhetdr@am | gk 8alruy | hekgl o
substituova2dlddk arpbdatyotiyert karfloxy-,3* alkylsulfanyl,®®
arylsulfanyt 3¢ alkylamine®). P S pougdlt&@rn2kei MmMmnogst v 2
zasoul asn®ho chlazen? reakln2z smDsi |l ze pS
Ty pot® mTyeake sgandge tnukl eofilem a tak p.
substituovan@br@ErZEgkDalzgpa y dT!| e gi Komdenzace e a k ¢ 2
2,3-diaminomaleoniilu sv hodn D s ub §2dikétaneamvian $ el ®m , pr ost ¢
kter § pSede ak N @ subdituenty poT oB§c v § BarngiOnd
vazbou®* Kt vor-BNv&zby je mogns®uwodpMhtgopepkd2t nar
hd ogen subst it «8-dikarbohitilach®® pTyte anmigm o s t i nab?2

prakticky neomezenou varigd i t u peri fern®ma sybhs®zy uer

16



substituova2dide k arpbyamiztimi | T byl onedpwno ob
publikovan®m p3%%hledov®m || §nku.

UL X

l chlazenl

II L

| RB(OH),/KsP0, NC

I I _ Pd.kat. I I R = alkyl nebo aryl
1 1
NC NHz  Ox R'chcoon  NO Ny R
X, Lo
= 2
NC” ONH, 07 DR, NCT N R

Obr 8zN&j | ast Nj g2 z p ifusoovbayn TpcSh2, Bpriyakvaye bspunbisttr i | T, kde X j
R!a Rjsou alkyl nebo aryl.

32 /81 f20GSGUNI YSNAT I OS LINB1 dzNJ 2 N&A

Cyklizaln?2 reakclcpwhedkdimrz og b d tziet upoSvi apnr a
Pc/ TPyzPz. Et upédwxt at D dvhD z8kladn2 mognosti,
Janou zni ch je takzvang, kltiem $t ejased @i a if ented w{ma
al k o mkdvig'tAd k o h oé j§It apste pjrpalvswjbeen2 m al kal i ¢ k ®h
kovu alhkeninnak TpcS2 sl ugnT \abezfvactd &nk.T p tad sktogheod
pougmvisppnbut amowIS&t nat] ktedli theaplepktdne mnNjzg?
inici St oy Kl ot et rreakcev Tlz@d ki pS2 sl ugnip Salpk @alvo lt §
ipTsoben? gqamsibds8kz@ qgrak o | -diazabieypldfs?4l0]unaeg-enl , 8
(DBU)*2Vr eakl n2 embDei aphalredlektt ratwmdikdkeint n 7 il
skupinyf t al oni trilu za vzdalkgp2 m nkreakne dn &a kg e |
molekulu ftalonitrilu. T2 mt o z pp@sst oubgbrofd h §pzc?s t reupunz®a v S e n 2
makrocykluslo) en ®h o ze |t yoBl. mOot ekudbupnekuhadou t G
bTt pS2pad cyklloxtédtir aanegliamyxiet pohddyulr ctor T
proTPyzPzs & T r aefekirtha f i ci t n2 mi uhl 2ky 5 a 6, k de
per i fer n2ehw za slkokyskaping zpou gi t ®h 0¥ Vmhicti &1t Toa hu
pS2padetcet ol zveed | ej § 2 reakce vpob@eéticke d § kno n
substituové&nlich TPyzPz.
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Druhou poug2vanou met odou ply&tl ov &@ht a aerfea
kationtu kovu. o0Zah Ss?pvesined|in DEkposaittleubrezz v o d ® m
vysokovrouc2m rozpougthDdle Ké&OMKkoorcdi madi r
jednotek prekurzoru b S2 s | Kkajiont® kowu.Prekurzorysetakz a vys ok ® t ep
pSi blosgatse®lbmN alkldfamad maktoeykiu*

Do cyklotetramerizaln?2 reakceomkgeéuysftd
symetricky substitucari makrocykl. Vp S 2 pkdydidreakce vstup@jprekurzoy dva
(prekurzor A a prekurzor B)d oc h § z 2 ke vznzrklh ssurlsdtii tgueosvt
makrocykl T (AAAA, AAAB, ABAB, kPoABIB,n eABBB T
zpfsob pS2pravy hEBEBymRz2s i jdetRdhtoa 3R/ §kou kor
(Obr §8)e¥%T t Dgnost pogadovan®ho k opnagrelhree m I
vicholr | 8tek a pot® jej z*%*%* smhDsi chromat og

P BP9

. 155 FHo8LG
. QP QPP
LSS SIS

BBBB AABB BBBA

Obr §&%tkat i stick§ kondenzace prekuHzoru A a B, kde M

Podlezvolae ® s ol i kovu je pSipraven odpov?2da
Raciong8ln2 vibRr centr&8ln2ho &kationtu ko
subsitu e nt T, je dTJlegitim n8&strojem k ovlivi
(@bsorfgiofyn %k 81 edRt noehherkitek ® b udoQe nptrrogbl rngn yk ad\
makrocyklu jak Pc tak TPyzP7 e schopn&nv @zedbto jdea centr
agotir TznTch atomT kovu Pokuljsoudenau makrooykly v od 2
v&8ayatomy vod2ku jlusnaxiowdn aelzlodawisit
NRDkter® kationtyc&mtvruu (hakr sMggh Dusadwg z8nye
vyt Dsnit kydisyo beemrtmo postup je | asto poug?2yv
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de i v8t T Pc, kter® | ze d&§l e vyka@aérndipmac P Sj2ip
kationtu.Po  v1 zkum vl ast mewntazg2 Pov Tl akT@g@®Balkiulpy n

kompl exy hoSelnat® a zinelnat®, o kterTlch

33 ! 042NLIB @i¥ (B 12Dy Ay 4

Pca TPyzPzj sou pro sVTj rozs8hlT konjugov
viznamnl m c hr oanbosfoorrpelmm.2 m Vud pelatfnal ov® C
jepron@ har akteristickl-pyys @gin@éekgetocki T
voblasti 3201 370nm, kter T je u vgech It ®m&IE thepmdn Rt
Vevi dit el n® orbdzars@04 B0G@pne kjter an 2vz k o & rtgyep i Kk
pro ksgdoovad@dumengokwiraznisvyapdbcimbipg§naz mp§s
extinklnzm joefpSigrigewmdrt er akci f OM@lkl®U M
zodpovnRdnl za nodrazeleadbtae rvius tt i [XPwPzé Gp &«
vpor owRcpostintkmodr ® obl ast i . Fentdjevibgpnold poo S5e0n n |
teoreticklI mi atvdmy | dp g e #&zdienovi ch TPyaRtj edn o't
stabilizu@P2ombi &by oHOMES yvniecter incekg® LkloMQD v ®
Pc/ TPyzPzmaj 2 QpsStsr Tdfmé& gy rnemi cky stabi D2 sSyme
Jak®kotugemn? @D w@ met2rlinelnc hr oszudost i tuent
namakrocykl us nebo dvou atomT vod2ku v§&gzanl
deri@¢&miMna s PsmeatDen)*®evedekr 0z gt DPp&si@b r @ e k
Ualkylamino s u bt i t uTPyzRzrsé « b z npe&i2b #301i50Mnm objevuje
typickT absdf*plinit epr8ask tperkov onbndehch P8 r T at
TvaraposuQ-p8§su je viraznhD p&ui Kovunapeentf eght
velikosttk onj ugov an ®hme nygy¥s tnBaPe uaniatkk ®z pou gt Nd I e

Cent ratlmray kovu, kter® nemaj 2 pl nD C
(Fd',Cd" ' RU") i nt emmaakgruojcly kd em. VIisledkempg8®u o ir
kmodr ® obli &50tnin. P6skCentr 8§l n2mi pan®myoblsavzenls
val enl n2 mi, Md'rzh'y mag 1py8§ &blasti okolo 670 nifi’J s o umy Pm §
scentr 8l nzm 'k edei maximerm @ BS @may (dosahuje hodnot
808- 828nm.>2Vlivnaposun@p §su m8 koordinaln2 stav cen

oxidal*h® stav
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pln2 spektrum monomern2ho kovov®ho kor
n 2 spektrum monomet e ihoo vkaonvgo v f®d ro mak o kne
a spektrurmc(@lgarem®)v.an®ho kovov®ho kompl

Obr 82Ak absor
(mod ) . B: Absor pl
kompl exu (modr §)

ZmNDna typu a povahy perifern?2 zmppbsobtuc
ovivnDn2? vl astnost PePcfar APyg®Rhsti pravidle makr
zpougitlich prekurzorT. Substituenty Vv8zant
donorak cept orovi ch vl astnost 2 -n alkylagineg kKt r on
alkylsulfanyl nebo alkyt) a el ekt r on - &d&boerpsulfonylpflu®). ( ni t r c
VpS2padhD Pc tak® z8l eg?2 na pol omlel dramdrc® s
oblasti je dos@§esmudsu in epmarrainfRespmé® as(b)e r n N (
verzlami subdakysuenhbapyl smudpdriitfueorvmmi ch kovo
Pcj e mogn® p&dok onadblas®udad 800 nif*’Vol bou vhodn®
substituentu pr ost orovhN oBPembb substit uwu®@MHt nesc
mTegel t tak® potl al encho adjirmgrat.e tPrci meTPya Pw
kter§ |je zpTisditemkcaemimseizliniprhioc hT mia kmolEe/ku ITam
Agregace jeu Pca TPyzRzgeobecnD \wmpZ2meggneat ijkadkjo gdewvh § z 2
kvirazni m QmPsaig malvsor pOme §Ba lswlerka zm®mu  p o't
fotofyzi k8l n2ch parametrT (kkaanoovIiviibD®

fluorescence).

Rozg2Sen?2 konjugowh n®hme bs yrsa ®2mm?2 ddalj i
absorhplvizast nost2. Anelac?2 benzenovich | i
Pc vznikaj?2 nes$padhtaoaanaynAdn yu ( Nt er Tpodunudo c h § z
Qp8sul ekven® obl astitra dor dz m&gBOA®IBA nwmp e k
resp.8307 935nm.>* > Bylo pazor ov&no, dajlaqhkbhgd& benzenov®|
kmakrocykl u Pc znppdssimoo28 30bnm.Vhoem®oMm stej n® z
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byly potzo®ous8dyYyzPz. ovARheol akcr2u hbue ndzoe nma k r o ¢\
v z ni k ana[6,7]chinoxalinoporfyraziny s maximem QGp 8sur ozmez?
730-770nm®®Pod | ej ¢i?S2wthudi e m§& anel ace benzeno

TPyzPzzan § s | e d e k mnbpasurhoa22 i o

Nej meng? V |lohawe spektrupp® s o zdp,orteg tkix er ®m | e
rozpugthNna. Tento jev je popmibsvoyk8§re jpaSk i s
specif ckTimterakc2m mezi mol ek ul ami rozpougt
rozpougthNDnompbf8gk®dl am. M2ra vudjiev u asko |pvSetnt
z8visl 8 nans®&lTeyk ®Ncinttoer akce zahrnuj? t v
aci dobaaikaclk®ai ntveor ba t akzv @P&2dkH ardgeen tmTares
rozvol nNne zakgpiveogd&etcTi v § t Fzv PyadinaDMBO® Y #z D MF
tvorbou proton trasfer komplexusDan sy me*t 2iDS2 vNDj g2 studie z
tap®2 mou z§vi sl boefekttsna indexdomorcchzr pamfigt Nd | a

34 C202F@T A LttyN SflLatGyz2aia

Procesy, k¢ r oVt ekul e nast ahkanta eneegmin Sa b @0 e pnc 2
mol ekuly do zj®kllaasdtn® @opsé¢towus KkKy®lgagramuc 2 J al
(Obr 810)eNka di agramu jsou znsLabkdrey kaighdd! et o
mTge exnBkolWwakavvietdri alkd2cch hd raeli Bodbsdipci( 0, 1,
svNDtla o vhodn® viexocvi® ad®| creo|l edcoh §n2zek z 8
dovygg2ch vibreaibovaonh chS sada® Yt omt o okamgi k

adgav i ji mky, doch&z2enzpwva¢nnd menztile rakal n2 mi !
com8 za ekrgdaxdcimalej ni g2 mognou vibralnz hlad
Tento proces je nazlvg8n vnitSn2 konverze
107 10%%s,
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e
= ———— Fotoproces typu 1
PFenos elektoru/vodiku
0L, 0. 0F
i—'l 2H
i ISC HOS H.t.D
53 = (=10"2_,.10%sg) ? ol 2
: T AN e .
X = | Ty HO" + OH"
U o 2
w < n =n
o = =
2.__.['“ = @ —
:c- - o= = Fotoproces typu 11
= =2 Pal B Prenos energie
27l 3% 2
= 27
— s
‘0.
So ¥ ¥

Obr el di fi kovanT Jabl on supr&énoz iti BRRIOWSK I(,p Sk.v zM.t;o0 RUCE
B, REGIELFUTYRA, A.; BRI NDELL, M. ; MAZURYK, O. ; KYZl 0G, )
ARNAUT, L. G. Engineering of relevant photodynamic processes through structural modifications of
metallotetrapyrrolic photosengiérs Coord. Chem. Re2016,325 67-101).

Zestavugs e mol ekul a mTge dost at dnoDkalkilkaad n
zpTsoby:
Z8§Siv® procesy:

i Fosforescence

i Fluorescence
Nez§Siv® procesy:

f Mezisyst®movi pSechod
1T Ztr8ta tepla
1 PSenos el ekf,PBThu ( RET, |

VgechSiy®zB nez§Siveexceiltaxwd m@Ph ptr otc@\s5jy s ¢
uvedenyv 1 ge, sjobdlu klompet it ibvonw? . s tWhuokdtnuoru§ | ma Ic h
| pS2t omapetSPkadmwize korkr ®t n2aniznes h zh§gen?2 upSe

naakr jinTch.
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341aST Araealdsyz2ge LINSOK2R

Mezisyst ®movl pSechod je pSechod 2z ex
dot ri pl et o v Rdkioonys thgletow® nftaw jakz 8§ k | metakireXcitovar® m
maj 2 opalnl spi n priaicPa.ul Bline e my v Dth@Ineaccio d u
d o c h §wefzijednohox nNj g2 ch el ektronT singletov®hc
paral el n2 {IspoeSstdEngSesphiomd proto pat S2 mez
o nRkolik S8§dT poméa&iiejs)iMoklaly, fRituOTr@ sce nT\e® |
obsahuj? atom br omu neBechodups medRujy?s.t
jevysvDtlen p®arthbomoodtch rosimit 2r akicPow tsDcht o

(sest oupaj2c2m atomovim | 2sl|l em) ®&homs tpeS eic hprda
Tento efekt jako mpooue?2lPbPpsalnazCdlurleo vef e
( z an ghdaw kt@rhetfe®®*J e tedy zSejm®, jak byl o nce
vhodn®ho centrg§bhhdmovatomGdopadBt Py nebo TI
ovliivnit jejich fin&lxresd tfoovtamf®hodi K §li p3d ewt loars
mol ekul a vr §tdint2 hdo vyz&Ben2 &k lf @t ondabow e f or
tr vieSn82du mi | i s e kWpnodr oavifludme le s @ . pnri agbg22h e nse r g

at edyed gt abvich d®I k&dh.| eMolveRkmu Isad aw u mT g e
sj i nT mi mottiplekt wlva®m swrolue k mla$rSn2 m Kk ytakl 2 k e m,
vzni k8 jeho r eaktQbvrn®keski rfelnd too vss§i nfgd remha v (

hl avn2m cytotoxickim pTsobkem, kPDYza je v
poyi t& jPej i cth®™>& nal ogT

3.4.2 Fluorescence

Fluorescence je f ypzSik §k ndér Gmplaxaod mokeluly 2d Nk

zexcitovam®hon®kwyegnmplBctle energeticklch hlad
Tento procd@B) 10Rsjee Tptow8zen vyz§Sen2m fot
zm2nNDnl proces vnitSn2 konvemakelSgldovBery
vyzg&§Sen2m fotonu nmaejh§izddghadaprinmd vd xaduinmkoyy, a n
Si (Kashovo pravidle)Po vy z §Sen#%y§ ¢uii coif lahtesliez k| adn?2 ho
stavuSvr acd nipi$tn 2d &k omenrenbzddgthny stavu §8°D2 ky vni t Sn
konver zi doch8z?2 rgieeEmize fotdit 1 aki bprriag) gP2h Semser g
avyagag? VI novou cde®l|fkadamonoTe.d2 labmeezp maxi my a
aemi sn2cehj esprer&zl v_Em StQbkreSsilevieta ¥Glurn§.z k u )

Zaj2mavim faktem je, ¢ge u vRDtginy organic
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obrazem absor gObnr28miig k spektou jev j e VysviD
geomemr usRbS8§dgn2m at@dandonv2ine hi jeaxd®irt ovw an ®m

StokesTv posun
>

) @ouadsalon|4d

Absorbance (a.u.)

640 660 680
Vinov§ d®ka, nm

c
-

Absorbance (a.u.)
L
(*n'e) @ousosalon|4

400 500 600 700 800
Vinov8 d®ka, nm

Obr §8AEi sn2 (| ervens)) , a eakbcs draf |nre2k oswpeevikair ou nk of nmpol der x§u) P
DviDma nejdTledgithDjg2mi charakteristikami f
(F))adobagi vot a f (f).orkevsacretnocvel v T t(Pjeek o d fuiorr cevsEe
jako pod21l pol t (n)lkepnoilttouv aanblscohr biogMrasniddd)h f ot o

v &
(1] z P
D8 se tak®c hubhdksicdtms?tza n't pod2|,ggkzzon28Rnjres e p

rovnice(2).°

y 3
* 3 Q S

kkeGj e rychl ostn?2 k ons kiajnet ar yecnhilsoes v fp 18 © dkr oonf sc
nez§8Sivich procesT. Hodnota kvantov®ho vt
Stoksowposunu. Doba ¢(yvodefa o Bonar pakenpe TmDrn
mol ekul @ xstit ®wanWenmiss2ZaviuotpBrew 3% j e d&§na r c

»BKt OSYN Tfd2NBaoSyoSs
Il ntenzitu fluorescence nmmenakceT askd \yio vjae v |

je nazlvs8n zh8gen2 fluorescence. Mezi tyto
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tvorbu komplexT ekl adsae athi ckednvedrhgdngee ne )k o I
zh8genhni nmegmami ck® zh8§gen?2. Jak u statick®
je vygadovs8na interakcePmezst dtliucok® f oh &dne |
vytvoSen2 kompl exu zm&zgiel empokofeodem  Tst §v &
vz8kl adn?omy ssttaavtu cKX ®ho zhggemPcld® ch®BAND Lt feld
jegtnN pSedswabBtsar cog m&B bzsadrp§ Nnl2lndlesdd eiatrid2uuo
typu doeb8bP kompu eax uzaffl Queotreo fdoorby gi vot a e
stavu mol ekuly a zg¢glet vdomzABSkle@diegten resm vy
vabsorpln2zm spek®Daul ¢gs2tnu dzopvTasno®b el n§ tskny2 gen2 i |
je samozh8gen2, kdy dochB§8z?2TehtejevaehoBjgvejsr 2 f | L

zejm®na pSi vysoklch koncentr@c2ch fluorof

Dal gdi?Tnh e gzi pt T smozbre§my e n 2 je pSenos energie

Resonance energy transfe)nkDmu doch8z2 vgdy, kdyg se em
nazlvan®ho dambsror pg dekr lsywE ks rem |j iRER mol e
sni guje i escemezdonbw o | pSeing§ga ekeepgior. VI s
gexcitovanl eskpolintenakeirmkcdptoremvrruac2 do z 8§kl adn?

az§roveR elektron akceptor@bpS®ehoudfe do e
akceptor fluor ofyarfséSmnédod$ndaxkz pokamn®mo st
nast av z8kljapidmPmdop T Seylizesns e nriveegh&himysth& g e n 2

ZzTst SwH uv pS2 pa®H¥lciht estagjurSle se s B §zmleajre me
fluoregdE@nmlsrnrierzowm)an]| n 2 pGBRETP s P&eeogiue ene
sealenez %l astn2 f ot onaaemnu D2v\aind It eddokneomm eemi s e

absorbovanim akcept oakceptorem Buo topje] edgnoirnt .

di pdilp-1 bez #wStse fpSeocdhn®st oznalen?2 RET
S1 EC% Fluorescence donoru Absorpce akceptoru
Q ""'-.__F'fekrw spekier/
2 S == [\ /
o RET z \
ol | — i [
5 | \
o
3
S0 950 ° — \

Vinova délka

Obr 8128k h®mati ck® zn§ z(oprSelvnz?a tpor LAKOWHPZ,E. WReRTiTiples of
fluorescence spectrosca@: vyd.; Springer: New York, 2006SBN 9780-387-463124).
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343t njSy2a ytoz2eS t9¢ | L/ ¢

JinTm zpTsoshienng | z2ht HeBh20 ejxec i & wi¥talne®rh ov ysu
pSenos n §baonjgd i (ckEfulcedzelactan orah e r ) a intramol
pSenos n &hojkiigrkn®Eqular charge transfer).

e ‘ e
N \
~
R N
N7 Donor R Donor
\
N
N— — N‘ AN
_ N
N N >
N\ Akceptor Akceptor
N
\
ICT

=
PET

Obr 8188k h®mamiSzlo® nNn2 pSenosu elektronu mezi donoren
u TPyzPz

P Smechanimuz h § gen?2 P EtTv odrdiicikofiRlexu nkezi elektron
donorovim D a elektron kikere®toep.sTermo ¢ekion
tzv. Acharge transfgCT) kompleXis e mTge vr §tit do z 8kl adnz2h
VmechanmuPET mTge f | uor ofooornebgaksakceptorlekardnu j a k o
SmRDr pSenosureagbpprrepei§fIEamdn2ho a excit o
Nej | ast NDj gn2ans tgi@Begkdy ftlerafor vystupuje jako akceptor elektronu.
PS2kladem mohou svdkbut eleldronovauk thustotgujako je
N,NDd i met hyl ani | i n, kt empl orjogio d o ngokr8e nu  eal r eokntz
| §t-akceptor T el ektea ojngdgt IT enz oesSp Ppatdelds cejl vesknt
deficitn2ch ar omat iocafltc#ZrsgyFEstn@muP ETn aspeS .o bkjy
u pSenosu el ektronu nza exdigtedv. andiackho fp Su2okric
pSenos e leexkcti rt oorvua n Tzc h iomdoldEf inca t re2l e ki tnri ©

nebok ar bonyl a® zh8gel e

Na rozd21| opdSembT,u knddypok e doch§z2 na u
akceptorem a donor em pbSeezn ovszu§ j| edii§ rBL dkcohjng zuPry @vc
aromati ck®ho syst®mu nebo mezi dviDma stru
konjugaci.Obvykle bTv§ I CT pozorovg&n u organickl
mol ekul e jak el ektron donorovou skupinu (r
akceptorovou | 8§8st mo | etkiid tyt o( kppo dro2nryd k jaer
poexcitaci pol ari zovgha takkvytdoShk § 2
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tzv. Achargeseprateds t a(Ckdmplexuak e zvigen2 el ektronove@
akceptoruna¥k or ud*¥wvbdodnou vol bou funkln2ch sku
podl e jeji ctaci 8¢€& doxan 2vczh8 | ptmea aimi,V z & § |¥d n ca:nto s
prob2haj2c2ho pSenosu n §bboljien npooszti tpiSvennid s| ui
pomoc?2nebPIET a t eedny? nalzzheBzyd 2 | od jinTch typ’
vigpr,edi kovat pomoc?2 r edo xzhg&gcehl ep odtleencz K IT
principT e I1Sd lutdri ec hp$é reo s u el ektpolnh&r nekcwvy
r oz p o u g mdharoleacetonitr{i, DMSO,D MF ) , ve kterTch je |
podporovsg8n. Nmeompalk§rjr2dmmuoapougt NDdl’ech, |j

+28dzOAGN t9¢ | L/ ¢

Vposledn2ch tSevhrdek®hBchodog|jdokT uor e
zal ogenTch pr §vn n&Tyormedhanimpu j BET geéebockCV
ke studu makrdoiomolekul (DNA, pept i d T, )I*f poigactmologii® n T
adetekci analyi”’" Pr o studi mmg@vibgtmina fluorescen
( komer | nND npoetytlyptofammid i NATA). VSet Dz ci angntinat ei nu
jepS2®8omannokyselina histbsd@®m, pkser 8nmSm Se
shodnotou Ba kol em 6, 5. Ten mTge bilt vEr§oti sdiosd\
naok ol n2am pnH8 boj i okol PSihz lkaimd mokydmedti §ich
kvTranmsm® en? fluonescenceg at goby ¢i vot akxffl§uWemes c
excitovan®ho indol ov®ho cyklu tryptofanu i
histidinU®> (O b r §1z)e k

H
N
1,4}
s CONH, H
i L~ pH =45
NHCOCH;,
\% Hzo

-
N
I

1/t (1/ns)
5
T

0.8} e
// N
N
0,6
A W
/ pH=9 N
0,4k
b
0,2 L 1 1
0 0,1 0,2 0,3 0,4
Imidazol (M)

] Obr 8¥4ekj ednodugen® sch®ma principu anal IIde'ytjepr oteinu
pSevr 8§cens§ hodnot ap S2otboymn@isyt & t ap hddiAneiAdnawz od b s(aphSug v2zc2t o a
LAKOWICZ, J. R, Principles of fluorescence spectroscofy vyd; Springer: New York, 200dSBN 9780-387-

463124).
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Velkou skupinoufluorec ent n2 ch senzorc@/PESe@iCial T v
tvoS2 sennypreyapoat ¢ Ka¥iDbvykle je jejich st
fluoroforem a tzv. rozpozn8vaeat skilipt noou),
skupiny mpdom®mispwjenz2enebbo wmeagemD smggj o
vt gkndukl dlpiof @tviac kpac&)P tDR kg c t spanert jsou
fluorofor a rozpozn8vac? skug@iaka& esid ygpmuoVv § |

ani "*vz 8k | assthu®Bm Po rozpozn8§n?2 analytu a exci

k e zmNDN8&m intenzitwmnemteadamho nepektdgsdnskn
vabsorpln®#mespektyp] a spo\SEdeSinyVipu Gicd se t a
zmi Ruj e oOON zpwSepXFrFal i , kterl popisanmojue pr i n

Ve stavu OFF nen2 na rozpoznmexgitadd oxckhEziznu
KPET/I CT a zh8gen?2 f |iusoernezsocre njcze§ nfolvuachr todfl.oer um
spl Rovat podm2nku, ge energi e exaoxiddaciovan®h
rozpozn8vac? skupiPmy na vr8ezdSunk®c ia nfall uyat ruo fdoor u .«
se zvlig?2 | ej?2 semdrsddad snt2§ vpS t e cd nghwstBETON. Me
ICTjebl okovg&n a obomwmhw&mnz2 tfdk okiesenzoejprapu® 1 uor o
(Obr 81He k

PET
hovaps
O Analyt
Rozpoznavaci
Fluorofor Spacer skupina

PET
S Rozpoznavaci
Fluorofor pacer skupina

Obr §BeSlkc h®mati ck® znfSerog &tz pfrli mar epsboeevrzlarnt 2oc ha  suepnr zaovre
DE SILVA, A. P.; GUNARATNE, H. Q. N.; GUNNLAUGSSON, T.; HUXLEY, A. J. M.; MCCOY, C. P,
RADEMACHER, J. T.; RICE, T. Bignaling Recognition Events with Fluoresc8ensors and SwitcheGhem Rev
1997,97 (5), 15151566)

PcaTPyzPf sou pr 8v D d?2 k ychaakteriknakrooykludgpetyioc i t n2
aplikace nadhjm32nk|faldoirtomPBgsengrpk © zi nel| na't
kationty® Vzhledan kt o mu, §ge ma k roobcsyakh wijseukReu RZRz®a tsa m)

dus?2 ku, opdeehfoi ce ltenftopmthnaakrecyklu Ba e s2 | @ npr ot o s e
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b Tgro tyto aplikaced al eko v hbBD8h®Weggdubli kovan® pr §ce
sakaeptoroou | §st 2 nanoth®ai bTRyzRPz2 1 ivimi &enzory
nNDkter® alkalick® kowy® al «ovgk@l EahzokVch
pros®%ed:
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4 Metodick8 | §st

41 aSnSyN 19ryi20SK2 @eisS0O1dz aAy3fSi20St
MNRSen? kvant ov®ho v It 0§ Rounebs iTRyzPr bytoo v ® h o
provedendk o mp a rnaetti ovdncu  mN S e -difenylisaEnofurand (DPBFY 3
Obvyklebylo 2,5ml roztoku DPBFVT HF  ( ®md | 130mp Sevedeno do k
optick® kyveaynd$9!l dodtokia boyrit e n -lpys ld2okam j edn
minuty by | roztok probubl 8v§&n. P20 t r®0 zbtyd k pzSki adugr
| 8§t HYF wk ol o 20 Ol ) t makima QplBys ua lzkimgutnkayn®b y | a
okolo0,1Cel T tento proces bylPopr@®vigdghDnraat okl
m2ch8&8n2 ozaSov§gn s viIDGW, ezondrpeoXE B@ shorarcdamp,n T | a s
Newport)p Se's v o decmpa filtr OG580r cutd(f Gilter (Newport) Uveden® f il
jsou pSi mNSe&NrodwugygadmE&negn2z r oz&dsdwua MDIPBF
svDwll @aovyou d®I| kPouk Ipeosd &lBs20 mbmance DPBF byl
414 nm. Kvantov® vIitRgky si nojlyeypolv®Dhen Ky s

pomoc?2 rovnice 4
— 4)

kdekj e s mRDr ni c edAr)8§ wias loawsstSie ntzkdyWzadijstuu z a |
abss bance DPBF pSinnmvipnSoevd® ad @l oc eo z481A a8 e mNSe
nul a at IndeylRoszen arl eufj €rl e8rt |kruz a 21 S8 t okzun az| kilako ma n o u
referen|ln?2 théskbsbytnuepbaaiT ftalocyanin (
zn§ma hpoSknsoltuag n ®h o k v(@g=t0Bs ETHRO). lurlj eNcked k o v ®
mned vz svDt| azkoarhasow rebsopv. a ri@Fftokroduy | 2 vy pol t en
suma intenzit akhsorbopwmen®hol3Bmmi WHnmd ®I e k

(mNDSeno pombcB MBmeBovy rovnice
O Op QN (5)
kdelopj e transmitance f i |Ajeabsopadie kdbauirm@ nwWl n ¢
| 8§t B @i t ®t o vNgeece®nyd®eacghpywlry memnmtowedeny 1

abyseminimalizovalachyba v 1 sl ednl kvantovl vIitRgek zk
t Dchto tS2 hodnot.
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42 aSnSyN 106 §Op@SKR2dzPEB 31 0SSy O0S

MNRSen2 kvantov®ho mitBygko prowvedsnen ke
metodou za pougit? Gamwsuls2 vTHEWoWeEt®hot rZmjPe
AMINCO Bowman Series 2 luminescenspectrometer J a k referen]| n?2
takv zorek zkouman® | §tkywytmy!l vénoivt®o gl ceSi(
kagdou publ iPkiboRanoAbpoBcance pSi vinov® d
hodnotw 0, 015 a absor bamaximu @pk8cswmamard | B,t k5, v
zamezilo efektu virbyByg2hgpbi Pt6Eny Hbeénoby:I

- — - ®

kdeFj e integrovang pl ocAjaabgomahceeSmi sm¢ @& s |
d®l ce enxjcd tiarccke xa | o mndexy Rozzproau ctfjIBdlledt.lkruz a S
oznal 8} ku zkYbgenammoy experi menty byly ©pro
minimalizovalachybav T s| ednT kvantov] vIitRgek zkouma
t S2 hodnot .

Daltgy2py mNRSen?2 jsou specifick® pro kagd
vpubli kovanTch prad2®dl, dktser @ &)2siiigs Ewle§ g te
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5 VI s | e didkyze a d

BNDhem sv®ho doktor ste®mac et twiddchk®oyah kmit e
| ®l iv jsem se zablval pkS& | prr2aavio siv Paa doo dan 0 | ¢
azaanal ogT TlaRyoz Ppr 8ce j e komentovanou d
publ i kovdml mnlaijgrelenr Tuv e d e n .jPekmnadnguronemtdci a ut o
vc e | ®bydout§tepublikaceo z nal eny PR PSilkohgem spol
jednohopatenfda j edn® pr §cle§t &dteigzgawamlikH aa zst udo
bNDhem m® di pdPornootvo®) ep rs§tiepArzbalbiTkvaagee dv Dma
t ®maty, budlel eimiinead oD prFsmBi .| 8t i Sydudldu KkKor
publ i kovRlm®2 pk§ee®ablvaj?2 studiem struktu
ICTUNNN-di al kyl ami no monos.ubTs&niattueonv al n§lsctihig 2TdPr yuzh
d vplblikaceP3aP4ve kter ® budenepesiShar plBRRpu By @i t

astudiejejich fotof y z i k 8alcni 2dcohb aezl i acskt Tncohs t 2

51 { 6dzRAS &G NHz| GdINYNOK GTPYBA yI STFS|GA D)
Jak byl o hapiole &a4.3ewm akylaminosubsti tuovanich
doch§gz? viivem wiSr2azom@n®h op dtdTal len 2 fotof
ssidovanl dheymg§rzekh?2 fluorescence alORrstalukce
Bl okov§na3m ulgCTkonkr ®tpr? np raomsa ISyetdem |lize vga
ophNt obnovit (ON stav). Pr8§vhn toto pSep2ns§
prosenzori ck® a pjevenkl@lcuemolekil ¢ypui TRyaRgkdspeS e d n § mi
systemati clpyonedabljvealisvira®hdmseSerohodem
aOFF stavem bylo nezbytn® naj?2t matept@mps at
pSenbage udMByzPy T znamnVmividulvi.ch | etekchabddryadtoo XKic
provedeno nRkolik mhzkamn®BchrfohDPSeddgp ®§ c
pr8ce wVedovaglovahy p e r iviogho mpdélozeo malgacyikls t | t u e
s o us e dezsskupnduaonorovou & T z nelektrond onor ovi cllownloa ® v ®o s
skupiny®p ol et donor ov1 ch meldkueps rno wrbScrFrRyez,c hN v

a dal g2ch® azaanal ogT

511+f A0 LISNATFTSNYN adzaudQThiPyzP8] y I g6AY
PSefpogoov SnkR Sz alge wysokou W innestldCT
vmol ekul e obsagen8 pouze | etatobatylsdifanylovouo v 8§ s k

skupinou vorthopolozemakrocyklu*Podl e pSedpokl adu, ¢§ge dal g
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na Yl i nnost p Stomdesfui cli @ T 2 j e hneakrecyklu,ebyla TPy z F
navig e nsa®r i e 1Zh § t52nksr Tz n T mi periferaédmignsiunbist
el ektrono@bmiglbelkrevknt2ym kr okem t ®t o pgrhfage by
periferndueht ubg&ter ® budou m2t dostatelni
pak budouvn § sl edn®m mNSen2a oz§rseweR oddddadu t ®d md
neg8§douc? agaywklaPT!| @ ®iytz Bm on § setjréetpkestalal b Nr

Hammetova s ub st i tkonstantadlv Bonkr ®t n2 c h | i strukt

substituent Tpp6bli¥awmanheh v

vv “wﬁ
4%&7* . M\%&} -

R?= }10\/\/

1Zn nebo 2M 3M - 5M

(o}

R® R3
RS\%N Né%/RB 6zn Re= }%J\O/\/\
N /N
/N‘ N { R3= %S%
RS \

R3= }io\/\/
6Zn - 9Zn

Obr §&llavr gen® st kudlt Mr3Hesb®InAP 2

Prekurzory piMisMPypryapsSilppthelephpshaplTe
uvedentiedr et i ck® |pSosmokdmdetnz abaNpS2sl ugne
s2,3-diaminomaleonitrilem(DAMN) vk y s e | ®@mdrpeboos t Sukl eof i | n?2
pS2s!| ugn ®h b6dichiokpyrazieX3idli k as boni tri |l em. Kv Tl i
hydrofobn2zm vl asA fibld)taeBrflo)p@lek &1x7zgdorM8 sl ednin
ivzni KTPyizRzk o n g e n e jicH cyklotetranegizaci s me se rozhodl i
hydrofil n?2 c haB @R tners bopdr denkourrozvooruu s kupi nu :
hydroxyskupiny o o d o -@idydrbxyethyl)piperidirl-yluu | 8M ie5K. Naopak
u TPyzPz1Zn byl o nut n® z ac h onest prekdrzprd 1s @ddnordvou? v I g
NNNdi et hyl amino skupinou. Tyto rolz&8stl gl miyd
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pomohyvs epar aci pomoc?2 sl oupov® chromatogr af
sjednou donorovou skupinou. Zakupndeypsdlehydr o
nagich pSedpokladT nemhRDlo m®sdd,n NpSdoetlko e
jepS21ig vzd8len§ od2makr olcyrkpwg aapionemz e rs:
aepSi pravéMae |l §t&pnou peri f e3WhIl2i ¢séusbtget i t uc 2
vdonorov® | §Psrtoi pn@2®pebkbsvieuy n §m osviRd|l il a dS2.\
spS2pravou n e sy méindsteadokou cnietodduP o/ m P 2 but anol
hoSelnat ®ho jakh&ii poaig§t ér poroenklarkuz @3 zZTn iAk la®
ho Sel nat ® kompA&kAA, kbAARNeAFAE, AABB, ABBB
na silikagelu vel mi bl 2zk® retenietkat f akt c
reggovat s p-toluensulfonovou kyselinglk t er ou by | pyS2psSli wgna® eme z k-
deriv8typy. mdygn ®whkluo ugphr oodosehegd i 2t a sepa
pomdovanl AAAB kongener . Za ipBidinuSm@OActk pS2 sl L
byly pSipraveny jejichviihneh®att®tlodmali &8y
pro studium ICTU | Mtenwt o postup sel hal KkvTli velm
10 nesoethovpol oh8&8ch 5 a 6 but dx@y Karbyeopmotol ov ® ¢
pSipravena pomoc?2 templ §t ov @@l5webfeezkvtoud &no v u
pyridinu vp S2 t omnosA(@©b rZ&ke®XAcT)l i n2zk® vIitNDgnost
postupem a vel mi bl2zkTm reten|ln2ch fakto
pogadovanl nesymeznrzizeskki§ n k progenpakovanl ch
chromat ogr af iokzeOt®%v ec ovgl talgek ustpal i | o na dal g
Pro porovngn2 f ot olfyzp &igdrn&wehn yp &&nardeett rriTc kb@
8Zn a 9Zn, kneol®sahuj 2 donnoernoteks?y ®s kb pshmoati 0
ICT(Obr 81He k
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10 :%M\ 1Zn
o >N

N .
~
" %s7< % 15 “ “

%S 3H 3zn
12 >< oH

i ii
}{% 4H 4Zn
13
%N 17

I 1]
5H 5Zn
14 S0~ \

NC N S
* NC:[N/ICI
Obr §ZsSlyntetickl polZnibanzmr g oS mrekv. b, Hutanol, reflix, 7Nig ( Bu O)
b) TSOH, THF, rt, 1 h; (i Zn(OAc}, pyridin, reflux, 1 h; (iii) 2(piperidin-4-yl)ethani-ol, K2COs, DMSO, rt.

Protoge tato pr 8ce o el izveitBokterf §he z € ) M@ |
charakten TPy z Pz j pBdgaprost Sednictv2m ovliVvRuj
| CT, j sou jejich elektroche® ak® ukd m& metort
dTl egi tou clZarmamR3$ersitdckolmodnot j e patrn
PTI vinov®ho red@Ek) nkiter@gotuadBoi88Ime ru ochot
j 8dr a pelSkirgnnepuStz mevi sl § tods Hhsmetkoe st @ v @®N
Goperi fernani@bs §BethbulkadleNe j v 2 trad eefl ieki t n2 chai

makrocyklIl u byl polZno shwtEaxykarlb®tnky ov I mi

sn e mo h u elektfdbpogd?tna h efelkdem.2 Naopak u molekul5Zn sper i f er n?2
substituc? b u elektroryd o $ o u @M feskrhie ms by | mNSen2n
nejme n g 2 eldfi@gtrk2t r ohar akt ek ®hmoa kSrt8edmnd® iz 8vi sl os
pozoroval. i pro odpoWaddjS2em® hymetar®iyc kj®
vTabulce 1Za zm2nku pak®esnhaj? chaweSkeealp20 ki yadirTo x
skupiny do3Znv i znamniD neovlivnilovedrkth®rcheami c|
27n.
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Tabulkal.El ekt rochemi ck® vieksTHRosti pSipravenich 1 §t

LS8t ka Gplt! Eox (V) Ered! (V) Ered® (V)
1Znlc 0,45 (COOEt) 150 -0,33 -0,69
2Zn 0,07 (SCHMe) 1,03 -0,79 -1,21
3Zn 0,07 (SCHMe) 1,02 -0,77 -1,19
4Zn -0,17 (CHCMes) 1,09 -0,78 -1,18
5Zn -0,32 (OBu) 0,67 -0,83 -1,28
6Znld 0,45 (COOEt) 140 -0,34 -0,60
7Zn 0,07 (SCHMe) 1,10 -0,78 -1,08
8Zn -0,17 (CHCMez) 114 -0,88 -1,18
9Zn -0,32 (OBuU) 0,68 -0,96 -1,30

BPot erEediaBljys ou vy Ewb(@¥vsySCH)sF&Rr | a k 0  mstandaddm.@Hodnota
Hammettovysubstite n t koms@ntylpoprost r ukt ur n N n elflBad (V) §gR48. HIELXLM) +-1,29.e n t

-0.2-
= Q
-0.4-
(&)
(73] = 5
7 I= ]
Sosf % 3
. > [¢F]
- o c
K @ o
W08 o °
-10 ] T ] L] 1
-0.4 -0.2 0.0 0.2 0.4 0.6

Ob r § BeKorelace hodnoEred s t u d o W a8ntd dudinotamiHammetovysubsitu e n t konst@nty
peri fern?2hsp,Mowhset idgrrustmed rut 1@ri5Znls@o kgr ovou skupinou a | er ve
Sy metezn, &k &na9%Znbez donupimyov® sk

Protoge je pSenos n &bloujoer eksocnepnectiima vime2zm

pSechodu, mTge blt vdttdmgkwensi nigu affoor ®d oo
afluorescence Af) vNrohodhklamat el em mohut nost. pr
FIl uorescence i mezisyst ®movi pSeathiogd dmnod e

hl avn? zhg§gmye 2?2 exmeicthagldtz®h ®@h os 5 a me zntn

zap Sedpok!| adu,agyree gnedio crhddlaeggk klh, sk tuelri & cvh d 2 k
substituent Tm n2dodtau pm®z olriotveSrnat.wir y s tv&vme ,
zinelnatTchakpmpli e kdragRaan iocgk]l cvh maszypwoeairglt did |
kyse k gne zh8gen okol n2 mia kSklaeyk afektiaitol a pkows | 2 k u
namNSens§Folveedmdt a¥azc&vantellUinenekt Bgke®mov ®r
pSecHBB8aulFeatFrn&§m t ak po sk infomaoeo reoputnbsé h1 i v ®
prob2haj2c2ho | CT.
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Hodnoty Fru s y me t6Zn, ©Zk, BAntm 9Zn dosahovalyp Si bl i gnnN st
hodnoty 0,3cog je pro zinelnat® komp.f &aogak mol ek
hodnotyFru | &niesEnbyly o nNRkaviTki SBdTbARNG§2 c2 mu
nejnigg?2 intenzpazao rfp vufonrd&gs(Eeu0OB)ab nleq vy gg?
pro5Zzn (Fr = 0,09, cog pot vr zhbofgnetamik damme lt &4 © v T csh
subst it koastantppvel rcihf er n2 ch substituentT. Podo
u Fp, kde se hodnoty pohybovalyod Fp=0,02pro 1Zna g Ape0,31pro 5Zn
(Tabulka2).Pr o s vy réEnt #Zm, 8Zk ®@9Znbyl y namhNSeny hodnot
0,5 ¢ ojgpu hodnotykte®jsouvl i t er at uSe pro t ewvtafPnyp mol

a) b)
1.0+ 0.4-
] ©56Zn
0.8 N
| m o 03
<0.6- ,efl : 0 3Zn
P +02{ ©4Zno2zn
9 0.4 8
0.2 0.17
0.0_ 00 T T T T T T v |°:IZP
'\1}\ q,'lf(\q;l}\ b:l’(\ 61’0 61’0 ,\1}\ ‘b’l}\ 91}\ -04 -0.2 0.00 02 04 086
P

Obr §1®al s bBaaFmtr o 1ZB1t9%ryP|I nT slFe,upperc§ =dniFp.b) omfecskost
souFfakrpr o 1ZBit5Knyna Hammettod s ub stk d ueiha ®ivi®f er n2t§h substituen

I pSes drobn® v afFia&Fezp Tnseozbie nt®o dvnl o tvaenmi  p
substituentT, jejich soulet zTstgvl@). u syn
U | 8tek obsahuj?2c2ch donorov® scecw|ttrwu mt Ibeyh t
hodnot jako dTsledek bEDb2h&®2 ov2eHani | @.b Si

sHammettovIimi substi@G@brnibovi mi konstant ami
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Tabulka2. Fot of yzi k8§ p 6% pv h & 8 1Zhio9KrnviTHFta ®MSH.

L§t Cp Felo Fd Fe+Fo (DI\’/IEgO) (Dmggmfxﬁ+)[°1 fD\l(AIso%T‘ﬁ i
1Zn 045 (COOEY) 0001 002 002 0,001 0,089 89

2Zn 007 (SCHMe) 002 019 021 0,001 001 10

3Zn 007 (SCHMe) 004 022 025 0002 001 5

4zn igﬁZCMeG) 002 019 021 0,001 001 10

5zn  -032 (OBu) 006 031 037 0,002 0,006 3

6Zn 045 (COOEf) 027 055 082 017

7zn 007 (SCHMe) 032 051 083 0415

8zn igﬁZCM&) 029 054 083 022

9zn  -032 (OBu) 032 053 085 022

Kvantovli vIitD@@kvehtoveésubhbgek gsDatalyhsanoeng @b ky sl 2 kL
pokud nen?2 vipdapbenyo siiamaken® ze tS$2 nalNbs%EBMaximumz§vi sl T
hodnotirp Si  protoni zke0.VY B0 e Rt B0 BEp @ (MDMSD).

Jak bylo naznaleno vige, proces | CT mT
bl okovgn, obagveedef &t of y2P Rdgtbkgpg $ihp rpaaw eamiect |
molekul1Zzni 5Zna symetricklch | §t 620, 7ne8Znadnnor ov ®
byly protot i t r «D¥IOyr ozt ok em k y s« aledovaliyjsmesr? & roTvset
fluorescence. Zde je tSeba zm2nidtonogev®r o
| §sti mol ek plSyi myPI® chl tk onc e nprroatc®ncihz okvygs
iazomet hi nov ®nakrdcyklmy cobujspdklesdiiaorekcencéd 1°?Titrace
byla nejdS2ve zkoum&na na mol ekules§eh bez
pozorovsn vV e v Moty s HpB&2 pea dkeocuhma n ®m rozto
(vyj svise o , kter® stalmetohipnroov ®froo taoctnoinzua c
proj ednot | i v® §witsklyo sltitigpilmed dvadiuastiok Ubazi ci t a
souviela sel ekt ronovi mipewil fast m2osh misubstituent ]
charakter azomet hi nov ®h g t%nushdtdky skupiyaimi p oz o
apostupaaVS&®m@s 7Zn D 8Zn >6Zn. Ti t r a c1&n il 58 eIkl a
charakteri st i cakakter(dOba Bfz&kp v¥dpc f §zi doch§:
kprotonizaci donorov®ho centra a MBI oRSWVEN?
vygg2ch koncent r apr2zoctho nvigzaakc i d oi c ha8zzoenheot hki n o v
sn2 gFen2Dosagen? kdremvalo tspS ebdeedjd T mi titracemi
donor ov®UW®nsneenjtvr2ac.e bazi c k1 mpakeskArpRiykll iegm 1l «
pSi 1SODMSO( v/ v), pSilemg pSed dosna8Felns2tm t ¢
Frnat r oj n8s obek p Naopakl mn2eci m®mdld nboatz.i ¢ Kl&h o ma k
doch8zel oFrag 9153 § 038G NWDMSB @) Hoedly kt ®mN S
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YapImu® bl okov8n?2 donorov®ho <centra a nS8rTs
pTvodn?2 c(hObhro8dzneokt 2 0)

a)1 ,DI:\::-:;‘__-I\ b) 0101,

T 0.08-

é Yo " 0.06-

.é““d 054 ‘\‘ f_‘ ‘\ "y 0 2 s

o ' . ' 0.04-

] t‘ 4 \‘ /
o S 0.02;

\ % \
0.0 —e— 4 —h- 0.00 . r
0 10 20 30 0 10 20 30 40

% HoS0,4 (viv) % H,S04 (VIV)

Obr §20&knNny nor mal i Z#Fewvtamd @\ha rhiohnv@tVEStCe kp o 1pSOi. a)§n2 H

6Zn (| t verec, | er ven§87Znp(Serrouygvohvea mm& k|, Sroar)ang§Zoy 8vipPpSéaugaeaes
pSerugoveZnEt ¢lska) ,fial oyB)1ZpSler wgme a,n §2Zd(Svrensg d kK,r amo dr § |
3Zn(troj ““hel n2 k4Znphalzgodoa s HSBrmegfkhs8&rb)alovg | 8&ra).

Visl edky el2esktarnc®c hemi ckT chmhR&ennjf2ecthabyniak 81
potvrdily, ge nmastpnibhhaj 2 c2ho m&T zw aviivRdektrBre

defi cit nakracykla(f.akcept or ppSel)&iCdrdn mTgeme vIi
ovlivnit peri f éeorhaurhinosubdtCiTt usent Y8 z8rov
predi kovat za pougiuteznt Bla mmal. tBowisdidon Hu b st
pozorov&i®ektmgenov® vl asbeostuemnmptelri ¥érmanzao
ibazi ci t u azomet hinovlich at omeddkuskR& usmi gjoe

fluorescence.

~A A~ A~

512+f A0 RStl1e aLkRa22gdl ONKR2n(fSNBIYO St B3
na mohutnost ICTP2]

Posl edn2zm | 1 8nkem sstyrsuketmartn 2ckh® wsltiuvdT ¢
namohut nost pSenosu | CTspo¢oshaPlPaSetiddce wmk
aakceptorem elektronT, kterluspSeldas mB ujj eme
rozhodli vyupSededplz@askudize, ¢ge protoni zac

atomT dus¥%HTarxe®mu ksn2 gen? fluorescence
protonpeatal ekn? | CT a (O &2B. kTytd ksoa leld c e n ¢
kompetitiprotonzacebekdwvpu rTznTlchsmerawnwBgd] iT Pl :
specificklch pH| isbeRrHecdmdTpH p u®m g u jnd prihciph
OFFON-OFF pSep2ng§n2 . Do dnegn2 dobypSkhklwandyu
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i ndi k8t or T pHerkee®P®obmastuj 2spekONQFF.a pr ac
Prvmi ch, publ i kjoev aznalha@fiuspoapro®mnizace a deprotonizace

i mi dazol ov®khberclyk] @ saeaiygsnadl ujoes csgek | fal2umo r
ON stavem ve velm@ i rnorko® me z 2 i 158) vDMSO¥*Dr uhindi & 8§t or T
srozpozn§8vac?2 sk ubylivwioutvnma)2b § aib ¢ fe @ pani®id n T
prosi baBi ck®apvygsggSeg2t ak®s j2/8dgemechani

Obr §82ekPrincip vyvinutTch ineipb OFFRONOKEt ¢ p BEIPIENAL 0] ZCc 2 n
A.; MILETIN, M.; FATHI-RASEKH, M.; NEMYKIN, V.; ZIMCIK, P.; NOVAKOVA, V. OFFON-OFF
RedEmitting Fluorescent Indicators for a Narrow pH Wind@hem. Eur. J, 2017, 23, 8, 17951804).

Vt ®t o wlra&8cmavwr gena s1@ni &3Znls§ T edlNoTuPhylzn® z
konjugovanim SetRDzcem, kterl je spojovac?2,]
el ekt r oNpN\NHdimethyd mi n o skupinou ( dlo & to K4Emm el ek
s N,N-dimethylaminoethylsulfadgvou skupinal byl a zahrnut a do h
por owrmrr8rcReTsalPET.L 8 t 64n al6Zn,kt er ® ve sv® mol ekul
donorovou skupinubyl 'y pSapravamenyako kowmdiel nz |
mognosti xah®geamd che stavTObp$SLBis ePrer il fCAr n
tercbut yl sul fanhbhby® vybkTuBodgwy zef ekt i vn2zho po
H-agr egr8otzlpochlppMadl elobr ® el e kdice oejsaundi6tudie f e kt vy .
di skutpSad®h oz?2 kapi tzalje gz ddal2a nied d EIprmy?2 hpor e
charakteru makrocykl u, ale vhodnDjg?2 but
kompl i kbvaed®ska syntetick®ho a separaln?h
kongener T bylhyelvaelomianmalc&. nk@ &jisidé p tzii m&Il m2at
fotofyzikgdkaéuman laanbtyll§ tsdtkabe |l @ *Hr st Sed?
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Obr §28é&srgen® str anidézZy. | §t ek

Vt ®t o pr 8ci byl o vyugito nNkalsikkEnz yp
pogadovanrzoh(TOpr € k.efekuz@y)28 a29a byly pSipra
jedomduchou nukl eofi | n2 subst i-23dikatbontiiuS2 s | ug
spS2sl ugni mb e dpostap@z entin Mrilfern r et i ¢ kv Rapitolésv o d u
PS2pparehkuMHadtmPen substitRZalhne® ptraelkyur spoly
sderivgty kyslgill9myc oz dmiov @l&dek katmiyzovpnow p a
Suzuki-Mi yaura couplingovou r e2k2liPrekutzér2®g v zni
byl pSipraven k auideonuzRBAMR Vv IDSLes!l @ n@rhost Sed?
octov® podle dS2v&*maddhrkionw aznp®lhsoo bped?8 t vuzprui k
p o pSedchoz? p &jodacetgfénn & pamdati oxXi du s e
nao d p o v 2addikgton.cP2 nak ol 1B D A%bny8ltyy pSi praveny pc
publ i kovan®®™¥h postupT
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Obr 82868k nt et i ck® pP2ssprupwu pwioahimmdmermk yp rrekaikg@05 i) Pd(
ekv.), KCOs (2 ekv.), THF/HO ( 4: 1) (v/iv), 7 b dioxsh/Bt0 R:C), VVA reflia 12m.ii) i i) S
DAMN, AcOH, 3 h, reflux. iv) Pd(PBRCI2 (0.05 ekv.), BCOs (2 ekv.), THF/HO (4:1) (v/v), 7h , 80 AC. V)
hydrochlorid 2(dimethylamino)ethanthiolu, &0s, DMSO, 30 min, rt. vi) 2nethylpropar2-thiol, NaOH, THF, 15
min, rt

Podm2mdsyowp!| i ngewy@raSeakke pro pS24pravu
I 27jsous umar i zTabuBen3Reva k c e22d Spkyakol7phbobdé m&t &
pouzezpougit?2 pall adidow® vdigakddnni@d(dpp)@)aop $Ii s
vitnNDgku 59 %. PSs$j epdonuogviatzzn T kma tl ab)plezrsakeen u( P d (
nepr otPoldalban ® pozorov MKillopi @ Sid Shloggrazipb p € a |
apS2slugn®ho deri V8Na d&rywshedu nyt rbaomrw npSi® p o
Pd(PPB)C,byl a vitRgnost r RddREV2e pvSjie cshy npt SBzpea dles

vporovné&akcemi, k de 3)iCly. | pougit Pd(PPh
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