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Souhrn

Reakci 3-brom-1-benzofuran-2(3H)-onu s rizné substituovanymi thiomocovinami bylo
ptipraveno devét pavodnich isothiouroniovych soli la-i. Tyto relativné nestalé soli byly
charakterizovany pomoci *H a *C NMR spektroskopie, bodem tani, HRMS a elementarni
analyzou. Pfesmykem téchto soli v bazickém prostiedi vznikaji odpovidajici substituované
2-imino-1,3-thiazolidin-4-ony 2a-h, respektive 2-amino-1,3-thiazolin-4-on 2i, jejichz struktura
byla rovnéz ovéfena spektralnimi metodami. Z 'H NMR spekter je patrné, ze 2-alkylimino
i 2-fenylimino derivaty se v roztoku DMSO-ds nachazi ve smési dvou tautomeru liSicich se
polohou dvojné vazby C=N (endo-, resp. exocyklické), kdy tautomer s exocyklickou dvojnou
vazbou existuje ve formé dvou geometrickych izomeru s rozdilnou konfiguraci. Pti zahfati 1ze

pozorovat vzajemnou pfeménu téchto isomert.

Dale byla studovana kinetika a mechanismus ptesmyku N-(4-methoxyfenyl)-S-(2-oxo-
2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromidu ~ (1a) na  5-(2-hydroxyfenyl)-
2-(4-methoxyfenylimino)-1,3-thiazolidin-4-on (2a) ve vodnych roztocich pufri pii 25 °C
al=1moll? za podminek pseudoprvniho fadu. Ze zméfenych zivislosti bylo zjisténo, ze
ptesmyk je obecné kysele katalyzovan. Rychlost urCujicim krokem pfesmyku je
nejpravdépodobnéji rozpad neutralniho tetraedralniho intermediatu (TP), ktery je katalyzovéan

kyselou slozkou pufru [BH'].

Reakei 3-brom-1-benzofuran-2(3H)-onu s aromatickymi thioamidy bylo pfipraveno devét
4-hydroxythiazolti 3a-i. Pomoci 'H a *C NMR spektroskopie bylo zjiiténo, Ze se thiazoly
nachazi vyhradné ve své aromatické enolformé. U téchto 4-hydroxythiazoli (3a-i) byla
Vv roztoku pozorovana modra fluorescence a byly zméfeny spektralni charakteristiky v raznych
rozpoustédlech (DMSO, 1,4-dioxan, acetonitril, ethyl-acetat, aceton). NejvétSich hodnot
kvantovych vytézki bylo dosazeno v roztoku 1,4-dioxanu, a to konkrétné pro pyridin-2-ylovy
derivat 3g (® =0,93). Dale bylo zjisténo, ze l1ze 4-hydroxythiazoly snadno pievést pomoci
stiedné silné baze na disociovanou formu, ktera ma také fluorescencni vlastnosti. Fluorescen¢ni
vlastnosti byly srovnany s 4-hydroxy thiazolem (4) postradajicim OH skupinu v poloze 2- na
benzenovém jadfe a byl diskutovan vliv pfitomnosti této skupiny na hodnotu kvantového
vytézku. Experimentalné zjiSténé spektralni vlastnosti byly potvrzeny kvantové-chemickymi

vypocty.

Dale byly reakci 3-brom-1-benzofuran-2(3H)-onu se S-substituovanymi dithiokarbamaty

ziskany dva 2-fenylsulfanyl-5-(2-hydroxyfenyl)-4-hydroxy-1,3-thiazoly (5a-b). Pro thiazol 5a,



nesouci v poloze 4- benzenového jadra methyl skupinu, bylo zjisténo, ze se nachazi ve smési
se svou ketoformou, ktera zaujima pouhych 7,5 %. V ptipad¢ thiazolu 5b nesouciho silnou
elektronakceptorni nitro skupinu v poloze 3- je pfitomna pouze enolforma. Tato zjisténi byla
piekvapiva, nebot” analogickd reakce thiomocCovin poskytuje thiazolidinony vyhradné

V ketoformé.

Pro dva O-substituované thiokarbamaty, které reagovaly s 3-brom-1-benzofuran-2(3H)-onem,
byl ziskan pouze 5-(2-hydroxyfenyl)-1,3-thiazolidin-2,4-dion (6). Reakce nebyla provedena
v bezvodém prostiedi, a tak béhem reakce nejspiSe snadno dochazi k hydrolyze, nebot

substituované fenoly jsou relativné dobré odstupujici skupiny.

Isolobalni zaménou u 3-brom-1-benzofuran-2(3H)-onu se dospélo k 3-brom-1,3-dihydro-
2H-indol-2-onu, ktery reagoval s aromatickymi thioamidy na neocekavané produkty
Eschenmoserova couplingu (tj. 1,3-dihydro-2H-indol-2-ony). Touto cestou bylo syntetizovano
devét 1,3-dihydro-2H-indol-2-ont (8a-i), z nichz Sest je dosud nepopsanych. Bylo zjisténo, ze
thioamidy nesouci elektronakceptorni substituenty poskytuji smés ptislusnych 1,3-dihydro-
2H-indol-2-ond a 4-hydroxy thiazolt (9b-f). Thiazoly se sice v roztoku nevratné rozkladaji na
1,3-dihydro-2H-indol-2-ony, ale Setrnou separaci bylo mozné ziskat pét dosud nepopsanych
4-hydroxythiazoli 9b-f, které v roztoku vykazuji zluto-zelenou fluorescenci. Dale byly
zméfeny spektralni charakteristiky v DMSO a nejvétSich hodnot kvantovych vytézki bylo
dosazeno pro 4-methylfenyl derivat 9b (® = 0,36). Dale bylo zjisténo, ze 4-hydroxythiazoly Ize
opét prevést pomoci silné baze na disociovanou formu, kterd ma také fluorescen¢ni vlastnosti.
Experimentalné zjisténé spektralni vlastnosti byly opét potvrzeny kvantoveé-chemickymi
vypocty. V ptipadé, kdy s aromatickymi thioamidy reagoval 3-brom-1-methyl-1,3-dihydro-
2H-indol-2-on, nebyl zachycen zadny 4-hydroxythiazol. Béhem reakce vznikaly pouze
produkty Eschenmoserova pfesmyku. Takto bylo pfipraveno pét 1-methyl-1,3-dihydro-

2H-indol-2-ont (10a-e), z nichz tfi jsou dosud v literatufe nepopsany.

Klic¢ova slova
3-brom-1-benzofuran-2(3H)-on;  3-brom-1,3-dihydro-2H-indol-2-on;  4-hydroxythiazol,
methyliden-1,3-dihydro-2H-indol-2-on;  isothiouroniova  sul;  transformacni  reakce;

imino/aminova tautomerie.



Summary

Nine original substituted isothiuronium salts 1a-i were prepared by the reaction of 3-bromo-
1-benzofurane-2(3H)-one with substituted thioureas. These relatively unstable salts were
characterized by *H and *3C NMR spectra, melting point, HRMS and elemental analysis. The
rearrangement of above-mentioned isothiuronium salts under base conditions gives substituted
2-imino-1,3-thiazolidin-4-ones 2a-h and 2-amino-1,3-thiazoline-4-on 2i, respectively, whose
structures were also determined by spectral methods. From the *H NMR spectra, it is evident
that 2-alkylimino derivatives occur as a mixture of two tautomers differing in the configuration
of the double bond C=N (endo- or exocyclic) in the solution of DMSO-ds. The tautomer with
exocyclic double bond exists in the form of two geometric isomers with different absolute
configuration. The mutual interchange of these isomers (especially for 2-phenylimino

derivatives 2b-e} is observable under heating of the solution.

Next, the kinetics and the mechanism of the rearrangement of N-(4-methoxyphenyl)-S-(2-oxo-
2,3-dihydro-1-benzofurane-3-yl)isothiuronium-bromide  (la) to  5-(2-hydroxyphenyl)-
2-(4-methoxyphenylimino)-1,3-thiazolidin-4-one (2a) were studied in aqueous buffers at 25 °C
and ionic strength 1=1 mol-I"t under pseudo-first order conditions. From measured
dependencies, it was found that the rearrangement is subject to general acid catalysis but it is
virtually independent on pH of the solution. From these observations, it was concluded that the
rate-limiting step involves general acid-catalyzed decomposition of the neutral tetrahedral

intermediate (T°) under action of the acid buffer component [BH™].

Reaction of 3-bromo-1-benzofurane-2(3H)-one with aromatic thioamides gives
4-hydroxythiazoles (3a-i). The *H and 3C NMR spectroscopy experiments showed that these
4-hydroxythiazoles exist only in aromatic enol form. Fluorescence in the solution of these
thiazoles (3a-i) was observed. Spectral characteristics were measured in several solvents
(DMSO, 1,4-dioxane, acetonitrile, ethyl-acetate, acetone). Highest values of quantum vyield
(®=0,93) was observed in solution of 1,4-dioxane for thiazole 3g (pyridine-2-yl).
4-Hydroxythiazoles can be easily transformed to their anionic form using of appropriate base,
and this form also shows fluorescence in solutions. Spectral properties were compared with
4-hydroxythiazole (4) without OH group in position 2- in benzene ring. Influence of this group
on the value of quantum yield was discussed. Spectral properties were confirmed by quantum-

chemical calculations.



Two 4-hydroxy-5-(2-hydroxyphenyl)-2-phenylsulfanyl-1,3-thiazoles (5a, b) were obtained by
reaction of 3-bromo-1-benzofurane-2(3H)-one with S-substituted dithiocarbamates. Thiazole
5a carrying methyl group in position 4- of the benzene ring, was found in a mixture of keto/enol
forminratio 7,5: 92,5. Thiazole 5b carrying strong electron withdrawing nitro group in position
3- of the benzene ring was found only in its enol form. This behavior was surprising, because

similar reaction of thioureas give thiazolidinones only in their keto forms.

Two O-substituted thiocarbamates which reacted with 3-bromo-1-benzofurane-2(3H)-one gave
the same product i.e. 5-(2-hydroxyphenyl)-1,3-thiazolidin-2,4-dione (6). Probable explanation
for this behavior involves non-negligible water content causing hydrolysis, due to presence of

a relatively good leaving group (phenoxide).

3-Bromo-1,3-dihydro-2H-indol-2-one was reacted with aromatic thioamides to give
unexpected products of Eschenmoser coupling reaction (i.e. 1,3-dihydro-2H-indol-2-ones).
Nine 1,3-dihydro-2H-indol-2-ones (8a-i) were synthetized from which six of them were not
described in the literature yet. Thioamides carrying electron withdrawing substituent gave
mixtures of 1,3-dihydro-2H-indol-2-ones and 4-hydroxy thiazoles (9b-f). Thiazoles in solutions
readily undergo rearrangement to 8b-f but using gentle separations techniques it is possible to
obtain 4-hydroxythiazoles 9b-f displaying yellow-green fluorescence in solution. Spectral
characteristics were measured in solution of DMSO and the best value of quantum yield was
determined for 4-hydroxy-5-(4-methylphenyl)-1,3-thiazole 9b (® = 0,36). 4-Hydroxythiazoles
can be easily transformed to anionic form using of a strong base, and this form also shows
orange to red fluorescence in solutions. Spectral properties were confirmed by quantum-
chemical calculations. When 3-bromo-1-methyl-1,3-dihydro-2H-indol-2-one reacted with
thioamides no 4-hydroxythiazole was observed and only products of Eschenmoser coupling
were obtained. Five 1-methyl-1,3-dihydro-2H-indol-2-ones (10a-e) were synthetized in this

way from which three were not published yet.

Key words
3-bromo-1-benzofuran-2(3H)-one; 3-bromo-1,3-dihydro-2H-indol-2-one; 4-hydroxythiazole;
methyliden-1,3-dihydro-2H-indol-2-one; isothiuronium salt; transformation reaction;

imino/amino tautomerism.
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Seznam pouzitych zkratek
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2-Py

r.l.s.
TBAOH
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TRIS

Acetyl
Acetonitril
Benzyl

Tetrachlormethan

4-Dikyanomethylen-2-methyl-6-(p-(dimethylamino)styryl)-4H-pyran

Dimethylformamid
1,1’-Bis(difenylfosfin)ferrocen

Ethyl-acetat

Hartree (1 Ha = 2625,5 kJ/mol)
Hydroxylamin

Hexamethylfosfortriamid

Hmotnostni spektrometrie s vysokym rozlisenim
Methyl

N-Bromsukcinimid

N-Methylmorfolin
Tetra-(n-butylammonium)-hexafluorofosfat
Tris(dibenzylidenacetonat) palladnaty
Polyethylenglykol

Fenyl

Pyridin-2-yl

rychlost limitujici stupen
Tetra-(n-butyl)ammonium-hydroxid
terc-Butyldimethylsilyl
terc-Butyldimethylsilylchlorid

2-Thienyl

Tris(hydroxymethyl)aminomethan
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1.Uvod

V soucasné dobé existuje vice nez 125 miliond registrovanych chemickych slou¢enin?.
Odhaduje se, Ze vice nez dvé tfetiny z téchto sloucenin jsou slou¢eniny aromatické, z nichz je
zhruba jedna polovina heterocyklickych?®. Taktéz vice nez 90 % nové pfipravenych 1é¢iv
obsahuje* heterocyklicky kruh. Heterocyklické slou¢eniny jsou velmi vyznamnou skupinou
organickych sloucenin jak syntetickych, tak pfirodnich. Je tedy pochopitelny velky zajem
0 jejich syntetickou pfipravu, studium jejich vlastnosti a hledani praktického vyuziti. Jednim
Z nejrozsifenéjSich péticlennych heterocyklickych skeletii se dvéma heteroatomy je thiazolovy
kruh. Duvodem je skute¢nost, ze derivaty thiazolu nachazeji uplatnéni v mnoha oblastech lidské

¢innosti a disponuji mnohdy unikatnimi vlastnostmi.

Thiazol je heterocyklicka sloucenina, ktera je tvofena péti¢lennym aromatickym kruhem
obsahujicim atom dusiku a siry. Oba heteroatomy jsou v polohach 1 a 3. Existuje i polohovy
isomer (isothiazol), ktery ma dusik a siru v polohach 1 a 2. Obrazek 1 znazoriuje strukturu

a ¢islovani 1,3-thiazolu.

1
S
5 2
7
4
Thiazol

Obrazek 1

1,3-Thiazol se fadi mezi heterocyklické aromaty, protoze u n¢j mize dochazet k delokalizaci
volného elektronového paru z atomu siry do systému ¢ty m-elektronti, diky ¢emuz spliiuje

Hiickelovo pravidlo. Rezonanéni struktury znazortiuje Schéma 1.

AN @ @ /® /@
S S o~S S .o S
\] 72N
§\ »)<—> 4&\ \7@ - ! \7 - ;_7) - ( »
N NI =N <N o N
Schéma 1

Aromaticitu organickych sloucenin Ize posuzovat dle riznych experimentaln¢ metitelnych, ¢i
kvantovymi metodami vypoctenych kritérii (geometrie, energie, magnetické vlastnosti atd.).
Proto lze dosahnout na zakladé pouzité vypoctové metody a zvolenych kritérii riznych

vysledki. Napt. Jug a Koster® dle tzv. RC kritéria® (kritérium fadu vazby) stanovili aromaticitu
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péti¢lennych heterocykll v tomto poradi: pyrrol > thiofen > furan > imidazol > 1,3-oxazol >

1,3-thiazol > 1,2-oxazol > pyrazol.

Dle alternativniho kritéria RCy (valence vazby) byla stanovena aromaticita v nasledujicim
poradi: thiofen > pyrrol > 1,3-thiazol > pyrazol > furan > imidazol > 1,3-oxazol > 1,2-oxazol.
V nedavné dobé byla na zakladé isotropniho magnetického stinéni’ jako hlavniho kritéria
stanovena aromaticita péticlennych heterocykli v tomto poradi thiofen > 1,3-thiazol > pyrrol
> imidazol > furan > 1,3-oxazol. Ptes pon¢kud rozdilné umisténi 1ze fici, ze 1,3-thiazol patii

Kk nejaromatictéjsim z fady péticlennych heterocyklickych sloucenin.

Kromeé thiazolu existuji i ¢astecné nebo zcela nasycené analogy, pro které jsou pouzivany dle
nazvoslovi Hantzschova-Widmanova systému tyto nazvy (Obrazek 2). 2-thiazolin
(4,5-dihydrothiazol), 3-thiazolin  (2,5-dihydrothiazol), 4-thiazolin (1,2-dihydrothiazol)

a nasyceny thiazolidin.

S S S S
& Q G Q
H H
2-thiazolin 3-thiazolin 4-thiazolin

i : : . thiazolidi
(4,5-dihydrothiazol)  (2,5-dihydrothiazol)  (1,2-dihydrothiazol) iazolidin

Obrazek 2
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2. Vyznamné slou¢eniny obsahujici 1,3-thiazolovy kruh

2.1. Biologicky vyznamné slou¢eniny obsahujici thiazolovy skelet

Mnoho heterocyklickych slou¢enin obsahujicich 1,3-thiazolovy kruh vykazuje velmi uzite¢né
vlastnosti. Z téch nejznaméjsich Ize jmenovat thiamin (vitamin Bi), ktery patii do skupiny
vitamind. Vitamin B ma diileZitou roli® pii metabolismu sacharidii a aminokyselin u ¢lovéka,

pusobi pfiznive na srdce a nervovy systém (Obrdzek 3).

Vitamln B1 (thiamin-chlorid)

Obrazek 3

Znamou skupinou biologicky vyznamnych piirodnich latek obsahujicich thiazolidinovy kruh
jsou B-laktamové antibiotika® (peniciliny). Z této skupiny byl v minulosti nejvice rozsifen
Penicilin V (Obrdzek 4), ktery pasobi proti infekénim onemocnénim bakterialniho a fungalniho
ptvodu. Do skupiny B-laktamovych antibiotik patii iroké spektrum cefalosporinii’®, v jejichz
druhé generaci se ve struktute vyskytuje i 1,3-thiazol. Cefalosporini obsahujicich 1,3-thiazol
existuje vice nez dvé desitky, z nichz Ize zminit naptiklad Cefixim (Obrdzek 4), Cefotiam nebo

Cefepim.

S

RN ;

o)
OH N\-%_(o
0
2NN / 95 s
(o ot e
NHT 1S Hooc—/ SN A~
H H 0

- COOH
Penicilin V Cefixim

Obrazek 4

Z antibakterialné u¢innych latek lze 1,3-thiazolovy skelet nalézt u Sulfathiazolu!! (Obrdzek 5),
ktery patii do skupiny sulfonamidd. Stejny skelet obsahuje i Ritonavir'? (Obrdzek 5)

s obchodnim nazvem Norvir®, ktery je ti¢inny jako inhibitor viru HIV.
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H,N NH
Sulfathiazol O
i )

Ritonavir
Obrazek 5

1,3-Thiazolidinovy kruh mizeme také nalézt u tzv. glitazonu, coz jsou komeréné dostupna
peroralni antidiabetika, jez se pouzivaji u diabetu Il. typu. Prvni slouéeninou této skupiny
v klinické praxi byl troglitazon® (Rezulin®), ktery byl v roce 1997 uveden na trh ve Spojenych
statech. Vzhledem k vyznamnému vyskytu nezadoucich G¢inkt, kdy bylo hlaseno vice nez 100
ptipadi poskozeni jater a nékolik desitek imrti z divodu jaterniho selhani, byl v roce 2000
stazen z trhu v Evropé i ve Spojenych statech!*®. V roce 1999 byly uvedeny na trh dalsi dva
thiazolidindiony, a to Pioglitazon (Actos®) a Rosiglitazon (Avandia®)'®!’ (Obrdzek 6), které
byly velmi rozsifené v klinické praxi. Jejich uc¢inek'® komplexné ovliviiuje metabolismus,

snizuje inzulinovou rezistenci a také glukoneogenezi v jatrech.

0O | SN o
e} @]
Pioglitazon Rosiglitazon ©

Obrazek 6

I u téchto dvou antidiabetik bylo v roce 2007 poukazovano na jejich vedlejsi ucinky. Jednalo
se 0 nov¢ zjisténé riziko kostnich fraktur (zlomenin) u Zzen léCenych Rosiglitazonem
i Pioglitazonem a u pacienti uzivajicich Rosiglitazon bylo podezieni na mozné riziko vzniku
ischemické choroby srde¢ni'®. Pioglitazon byl opakované spojovan se zvysenym rizikem
srde¢niho selhani a také s rakovinou mocového méchyte?®. Evropska 1ékova agentura v roce
2010 doporucila stazeni vyrobkd obsahujicich Rosiglitazon z trhu, ptfi¢emz ve Spojenych
statech zGstaly tyto vyrobky na trhu s doplnénim udaji 0 bezpefnosti a omezenim jejich
pouziti'®?!, U Pioglitazonu byla viechna opatieni stazena, nebot mozna rizika nepievysuji

pfinos jeho u¢inku?®?,

15



Z myxobakterie rodu Sorangium cellulosum byly izolovany® sloudeniny Epithilon A
a Epithilon B, které také maji ve své struktute 1,3-thiazol. Tyto slou¢eniny maji antifungalni

2425 Strukturné piibuzny

vlastnosti a disponuji také vyznamnou cytotoxickou aktivitou
Ixabepilon-semisynteticky laktamovy analog Epithilonu B - je zase v druhém stadiu testovani
pii 1éEbé rakoviny plic®® (Obrdzek 7). Farmakologicky zajimava je i skupina Lissoclinamidi?’,
ktera vykazuje aktivitu proti zhoubnému bujeni. Lissoclinamidy obsahuji nékolik

1,3-thiazolovych nebo thiazolinovych kruhii anebo jsou tvofeny jejich kombinacemi.

+OH

O OH O

Epithilon A R=H _
Epithilon B R=CH, Ixabepilon

Obrazek 7

Slouceninou S vyznamnymi antifungalnimi®®2® vlastnostmi je Thiabendazol (Obrdzek 8), ktery
ma navic anthelmintické®! u¢inky (hubi nebo paralyzuje helminty (Servy) u lidi &i zvifat).
Anthelmintickymi u¢inky disponuje také Levamisol**3Y(Obrizek 8), znimy pod obchodnim
nazvem Ergamisol®. Jeho pouZivani viak bylo mezi lety 1999-2003 omezeno kvili jeho
vedlejsim uc¢inkiim. Dalsi slouc¢eninou s obdobnymi anthelmintickymi u¢inky, pusobici proti

parazitarnimu onemocnéni schistosomoéze je Niridazol®>* (Obrdzek 8).

O H
N S N N
| >~ W O,N— S\ N
QRS B
H N
Thiabendazol Levamisol Niridazol

Obrazek 8

Nejen 1,3-thiazolovy a 1,3-thiazolidinovy kruh ale i kruh 1,3-thiazolinovy lze najit v mnoha
piirodnich biologicky aktivnich latkach®4. Piikladem je Curacin A (Obrdzek 9), ktery ma
antimitotické® ucinky (tj. zabratiuje déleni bunék) nebo Thiangazol®® (Obrdzek 9), ktery piisobi
jako inhibitor viru HIV-1.
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Curacin A A—H Thiangazol

Obrazek 9

Skelet 4-hydroxy-1,3-thiazolu vykazuje vyznamnou aktivitu jako inhibitor enzymu
5-lipoxygenasy®’ (Obrdazek 10). Enzym hraje roli jako katalyzator v prvnim kroku
metabolismu3® arachidonové kyseliny, kde vznikaji leukotrieny, které udinkuji jako dulezité

intermediaty pfi riznych lidskych onemocnénich.

2 g 1
R R
\&W/
N
HO
4-Hydroxy-1,3-thiazol
R* = alkyl, aryl, subst. aryl, heteroaryl

R? = alkyl, aryl
Obrazek 10

Nové byly popsany slouceniny (Obrdzek 11) inhibujici®® patogenni bakterie z rodu

Mycobacterium tuberculosis, které zpuisobuji v mnoha ptipadech vznik tuberkulozy.

9 S
~

Nx _N
N 724 o2
70

@)
R = fenyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl
R' = H, OH, OCH,
R? = OH, NH,, OC,H,

Obradzek 11
2.2. Barviva a pigmenty obsahujici thiazolovy skelet

Dalsi vyznamnou skupinou obsahujici thiazolovy skelet jsou barviva a pigmenty. Vyznamnym

barvivem je Titanova Zlut' nebo také Thiazolova zlut (C. I. Direct Yellow 9)*. Jedna se
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0 triazenové barvivo, které lze pouzit na barveni baviny, viskézovych vlaken a pfirodniho
hedvabi. Pouziva se také jako pH indikator, ktery méni barvu ze zluté na cervenou Vv oblasti

pH 12-13, nebo ho Ize pouzit jako indikator piitomnosti hofe¢natych ionta*'(Obrdzek 12).

Titanova Zlut’
Obrazek 12

V textilnim primyslu maji velky vyznam azobarviva* na bazi aminothiazolu***°, respektive
benzothiazolu*®*’. Jejich diazotaci a naslednou azokopulaci Ize p¥ipravit velmi Sirokou $kalu
azobarviv s riznymi spektralnimi vlastnostmi. Vice se pouziva 2-aminobenzothiazol, jehoz
benzenové jadro se zapojuje do konjugace a ma vliv na barevnost. Z téchto azobarviv Ize

napiiklad jmenovat*? Disperse Red 58 a Disperse Blue 15 (Obrdzek 13).
OH
H,CO s OH H3CO S
\C[ />—N /—/ \C[ />_'\!\
H

\_\

o o)

Disperse Red 58 Disperse Blue 15

Obrazek 13

Z azobarviv odvozenych od 5-nitro-2-aminothiazolu, 1ze uvést*? Disperse Blue 102 nebo

Disperse Blue 106 (Obrazek 14).
o O C
\[ 2N
N N

\[hl/>_NN—< >—N/_ OH \_\
OH N

Disperse Blue 102 Disperse Blue 106
Obrazek 14

V kontextu barevnosti existuje tfada derivati thiazolu, které disponuji fluorescen¢nimi
vlastnostmi. Asi nejznaméjsi slouceninu vyskytujici se v pftirodé, ktera je zodpovédna za

bioluminiscenci u svétlusek, je luciferin, ktery byl poprvé izolovan*® v roce 1957.
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Molekularni mechanismus vyzafovani svétla u svétlusek byl objasnén*® na konci 60. let
minulého stoleti, kdy byl navrzen mechanismus zahrnujici vznik ¢étyfélenného cyklického
peroxidu (dioxetanonu). Dioxetanon vznika za piitomnosti enzymu luciferazy, ktera katalyzuje
oxidaci luciferinu molekularnim kyslikem. Dioxetanon je nestabilni a spontanné se rozpada na
CO: a excitovany keton, ktery se stabilizuje uvolnénim energie ve formé vyzareni svétla

s kvantovym vytézkem okolo 90 % a s maximem pii vinové délce 560 nm (Schéma 2).

O,/ATP/Mg** o
N ey NN
/C[ Luciferasa | \>—</ :r
HO S S HO S _ S
Luciferin Oxyluciferin
-Co,
hv O\
0]
N OOH N N, 7
| \>_</ — > | \>_</ 'e)
HO S S -H,0 HO S S
Schéma 2

V pritokové cytometrii se vyuziva ruznych fluorescenénich barviv s vhodnou excita¢ni
vinovou délkou, ktera se specificky navazou na urcity typ bunék a slouzi tim K jejich rychle;jsi
a presnéjsi detekci. Pro stanoveni®® koncentrace retikulocytii se ¢asto vyuziva fluorescenéniho
barviva thiazolové oranze (Obrdzek 15). Toto barvivo ma v poslednich letech velky vyznam

pii znaceni DNA, diky své specifické afinité k jeji Sroubovici®=3,

Thiazolova oranz

Obrdzek 15

Dals§imi hojné pouzivanymi fluorescen¢nimi barvivy v pratokové cytometrii obsahujici thiazol
jsou napiiklad® Pacificka oranz® (Obrdzek 16), ktera je syntetickym analogem luciferinu,
nebo® Thioflavin T (Obrdzek 16).
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Obrdzek 16

Thioflavin T
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3. Zpisoby pripravy 1,3-thiazolu

Ptiprava thiazolového kruhu je velmi Siroké téma, a proto se v této praci zaméfim pouze na tfi

nejvyuzivanéjsi typy reakci pro ptipravu 1,3-thiazolového skeletu v organické syntéze.
3.1. Hantzschova syntéza

Jedna se 0 dosud nejznaméjsi a nejpouzivanéj$i metodu piipravy thiazoli, ktera byla poprvé
popséana®® v roce 1887 Hantzschem a Weberem. V pivodnim provedeni®’ se jedna o cyklizaéni
reakci a-halogenkarbonylovych sloucenin s reaktanty obsahujicimi N-C-S fragment. Pozd¢;ji
byly kromé a-halogenkarbonylovych slouc¢enin pouzity i kyseliny nebo jejich funk¢ni derivaty,
které maji na a-uhliku dobfe odstupujici halogen, hydroxylovou skupinu nebo jsou
a,B-nenasycené. Jako reagenty obsahujici N-C-S fragment jsou nejcastéji vyuZzivany
thioamidy, thiomocoviny, thiokarbamaty, dithiokarbamaty, thiosemikarbazidy a thiokyanaty.
S témito reagenty lze ziskat thiazoly lisici se substituentem v poloze 2-, ktery je bud’ vazan

dvojnou ¢i jednoduchou vazbou.

3.1.1. Syntézy z thioamidua

Jak jiz bylo feteno v tivodu, v roce 1889 Hantzsch piipravil®’ 2-methyl-1,3-thiazol reakci
thioacetamidu s chloracetaldehydem. | kdyZ se jedna o vice nez jedno stoleti starou reakci, je
v moderni syntéze této reakce ¢asto vyuzivano a pojem ,,Hantzschova syntéza thiazolu* se stal
zazitym a béznym pro organického chemika. Reakci thioamida a a-halogenaldehydu se ziskaji

thiazoly nesubstituované v poloze 4- (Schéma 3).

R . S R S R1
X—<= + R_« \g—»/
(@) NH, N
X = halogen
Schéma 3

a-Chlor nebo a-bromaldehydy reaguji s thioamidy s nejlepsimi vytézky za refluxu v polarnich
rozpoustédlech, jako je voda®® nebo alkoholy®®®, z nichz se nejéasté&ji pouziva ethanol®®,
V nékterych ptipadech se pridava baze, napiiklad piperidin® nebo octan sodny®, diky které je
mozné snizit reakéni teplotu®”®8, Reakéni ¢as se typicky pohybuje okolo 2-3 hodin. Lze nalézt
i reakce v prostfedi DMF pfi zvysené teploté®, ale tyto podminky nejsou tak &asté. Reakci
v acetonu se pii laboratorni teploté ziskaji thiazoly ve formé hydrobromidu &i hydrochloridu®®.

Kromé nejnizsiho mozného thioamidu (thioformamidu), ktery je nestabilni a jeho reakce jsou
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velmi exothermické, 1ze pouzit thioamidy jak alifatické’, tak i aromatické®? bez vyznamného
vlivu na vytézek reakce. Lze nalézt i reakce a-halogenaldehyda s del$im fetézcem nez je
a-halogenacetaldehyd’ . V téchto piipadech je nutna zména rozpoustédla, protoZe se zvysujici

se délkou fetézce se snizuje rozpustnost v polarnich rozpoustédlech.

Pouzitelnost Hantzschovy syntézy se neomezuje pouze na o-halogenaldehydy, ale lze ji
s tispéchem realizovat i s ketony. Takto vznikaji thiazoly substituované v poloze 4-, respektive
4- a5- (Schéma 4).

NH,

S S _R?
o+, —
1
R

X = halogen
Schéma 4

Reakce probihd ve velmi dobrych vytézcich jak v aprotickych rozpoustédlech’>”, tak
i v polarnich protickych rozpoustédlech za pouziti katalyzatoru™ '’ (n-BusNPFs, PEG,
B-cyklodextrin, cholin chlorid + mocovina). Reakci Ize provadét i v iontovych kapalinach’

nebo bez rozpoustédla’™ tfenim v tfeci misce nebo pomoci mikrovin®.

V piipadé, kdy je substituentem R! benzenové jadro, tato reakce probihd snadno jak

s elektrondonornimi’*">"87 tak i s elektronakceptornimi’>8!

substituenty na benzenovém jadie
s vytézky 70-99 %. Co se tyka halogenu v poloze 2- vychoziho ketonu, Ize nalézt reakce nejen
s bromderivatem’?7°, ale i chlorderivatem®?, a dokonce i s jodderivatem®®. Thioamidy mohou

byt alifatické®84, aromatické™ 7 i heterocyklické83’85.

U reakce ketontl s thioamidy se jako rozpoustédla opét vyuzivaji alkoholy® (ethanol®’,
60-70 °C, 3-4 h). Podobnych vytézka Ize dosahnout pii energictéjSich podminkach jako je
reflux v toluenu®, benzenu®® nebo v DMF® pii kratsi reakéni dobé okolo 2 h. Piidavkem

vhodné baze, jako je pyridin® ¢i TEA®, Ize snizit teplotu i reakéni &as.

Na rozdil od a-halogenaldehydi/ketonti se pii pouziti derivati a-halogen kyselin ziskaji
4-hydroxy, nebo 4-oxo substituované thiazoly. Reakce a-halogen kyselin s thioamidy jsou sice
také znamy®, ale spise se vyuziva reaktivngjsich esteri®’ 4% g-halogenkyselin. Reakce probiha
za obdobnych podminek, které se pouzivaji pti reakci o-halogenaldehyda ¢i ketont,

tj. nejcast&ji v ethanolu®* nebo v toluenu® za pridavku pyridinu p¥i zvysené teploté. Jako piiklad
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Ize uvést reakci thiobenzamidu a a-chloroctové kyseliny®, respektive methylesteru kyseliny

o-bromoctové®’ (Schéma 5).

HN S o
—~ Sr@
+ —_— S_/
4

X=Cl;R=H; H,0, At
X = Br; R = CHj,; toluen, pyridin, 80 °C, 2 h

Schéma 5

U této reakce lze opét pouzit thioamidy aromatické®” %9 heteroaromatické® % ¢&i

alifatické%%,

V jednom piipadé byla dokonce popsana neobvykla reakce'® esteru halogenkyseliny, kdy pfi
cyklizaci odstupujici skupinou nebyl alkohol ale voda. Reakce probihala 14 hodin v methanolu
pti 90 °C v inertni atmosféie (Schéma 6). V tomto ptipadé se jedna nejspise o vyhodny vznik

aromatického thiazolu, coz je pravdépodobné hnaci silou tohoto procesu.

O

/
NH2 + CI/—qo MeOH
/ inert. atm., 90 °C, 14h

N\

1

R

R = CH,, CH,CH,, CH(CH,),

><

Schéma 6

Pokud molekula obsahuje esterovou a ketoskupinu, mezi nimiz je na spole¢ném a-uhliku

101—103, nebot’

navazan odstupujici halogen, tak dochézi pfednostné ke vzniku thiazolu z ketonu
karbonyl v esterové funkéni skupiné je diky zktizené konjugaci méné reaktivni vici ataku
nukleofilu. Jako piiklad lIze uvést reakcil® thioacetamidu a ethylesteru kyseliny 2-chlor-

3-oxopentanové (Schéma 7).
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Schéma 7

Jako posledni typ reakce thioamidi 1ze uvést reakci s a-halogenhalogenidy kyselin. Piikladem
je reakcel® chloridu kyseliny 2-brom-2-fenyloctové a thiobenzamidu (Schéma 8). Reakce
probiha pti laboratorni teploté v dichlormethanu za ptidavku hydrogenuhli¢itanu sodného po
dobu 10 hodin s vytézkem reakce 87 %.

+
NH, cl 10h
Br

87%

Schéma 8

Z duvodu solvolytické nestability a-halogenhalogenidi kyselin je nutné reakci s thioamidy
provadét v aprotickych rozpoustédlech jako je dichlormethan!®1%  acetonitril'®, toluen®’ ¢i
benzen!®, Reakce probiha bud’ za chladu (—20-0 °C)1%%7 pii laboratorni teplot&!?41% anebo
v piipadé pouziti toluenu a benzenu za refluxu® 1%, | v tomto ptipadé se do reakéni smési ¢asto

piidava baze jako je pyridin®"1%, triethylamin!®’ ¢i hydrogenuhli¢itan sodny%4105,

Specialnim piipadem rekce thioamidia a a-halogenhalogenkyselin je reakce'® dichloridu

kyseliny stavelové poskytujici 1,3-thiazolin-4,5-dion.

ﬁ)L @4 Ojsr®
Cl o
-20 C
/—N
@]
Schéma 9

3.1.2. Syntézy z thiomocovin

Thiomocoviny maji dva atomy dusiku, které jsou ekvivalentni pouze v piipad¢ stejné
substituce. Pokud oba dusiky nesou rizny substituent, maji rozdilnou reaktivitu v zavislosti na
né&kolika faktorech a teoreticky lze cyklizaci ziskat dva isomerni produkty?®®2%’. Jako piiklad

152

Ize uvést presmyk rizné¢ substituovanych isothiouroniovych soli odvozenych od
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3-bromtetrahydrofuran-2-onu. U N-fenyl*>? a N-alkylisothiouroniovych**% soli bylo zjisténo,
ze karbonylovou skupinu laktamu, resp. laktonu piednostn¢ atakuje nesubstituovany dusik (N”)
a alkylovy, resp. arylovy substituent ztistava vzdy vazan na iminoskuping vznikajiciho 2-imino-
1,3-thiazolidin-4-onu (Schéma 10).

B

1
Z e} H 1 O NIR
o Baze N—N s‘,R
S—('» HZ S
NH
2 Z=0,N-Ph R=alkyl, aryl

Schéma 10

Vlivl na regioselektivitu cyklizace je tedy nékolik:

a) Reakéni podminky (napt. rozpoustédlo, teplota, pfitomnost nebo absence baze)2% 2%

b) Volba derivati a-halogenoctovych kyselin?%-301

c) Povaha substituentd u thiomocoviny (polarni a sterické efekty)

Napriklad pifi termodynamickém fizeni podminek se vice elektronakceptorni substituenty

vétsinou nachazeji®?%30

na iminovém dusiku u 2-imino-4-thiazolidinont B (Schéma 11) (silné
snizeni nukleofility dusiku delokalizaci volného elektronového paru napi. u fenylskupiny).
Problém nastdva pii kinetickém fizeni podminek, nebot’ v nékterych piipadech dochazi
k izomerizaci na termodynamicky stabiln&jsi produkt B (Schéma 11), naptiklad pii zahtivani

v alkoholech a hlavné po piidavku kyseliny?96-2%,

SY N, 574 N,
;_ N Alkyl —0 ;_ N (Hetero)Aryl
o (Hetero)Aryl o *Alkyl

A B

Schéma 11

Vyznamny vliv na reaktivitu ma také pH prostredi®?"3%8, Pokud reakce®?® chloroctové kyseliny
s monoalkylsubstituovanymi thiomocovinami probiha v bazickém prostfedi (octan sodny),
vznikal pouze thiazolidinon A (Schéma 12), a tato reakce je nezavisla na velikosti alkyl
substituentu. V piipad¢, kdy stejna reakce probihala bez pfidavku baze, byly ziskany produkty
v zavislosti na velikosti substituentu. Pro N-methyl thiomocovinu (R = CHs) vznikal pouze
thiazolidinon B, pro N-ethyl (R = CH3CHy) a N-propyl (R = CH3(CHz)2) thiomocoviny vznikala
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smés produktti B a A v poméru 3-4:1. Naopak v ptipad¢ objemnéjsi N-isopropylthiomocoviny
vznikal pouze thiazolidinon A (Schéma 12).

/R ’R . S
S_YN Kysellna )NI\ l‘ﬁl\ Kysellnas_ —NH
TBaze |H,N” > s” COOH HNZ S COOH| gaze S N,
R
A B
Schéma 12

U substituovanych thiazolidinond typu A pfi zahiivani v HCI doslo k isomerizaci (Schéma 12)
na thiazolidinon B u vSech substituent, kromé rozvétveného isopropylu. V piipadé, kdy
thiazolidinony B byly naopak ponechany v bazickém prostiedi (ethanolat, acetat), doslo
k pfesmyku na thiazolidinony A. K pfesmyku dochazi jiz pfi zahfivani ve vodé, ale tento
pfesmyk neprobiha kompletné. Lze tedy fici, ze za vhodnych acidobazickych podminek 1ze

thiazolidinony A a B mezi sebou vzajemné preménovat.

Také pii zahiivani v polarnim rozpoustédle (napt. DMF) miize dochazet k isomerizaci®®4-3%
(Schéma 13), kdy se substituovany 2-iminothiazol pfesmykne na pfislusny

2-thioxoimidazolidinon.

v R
S Y N
YN"H 2 ?S
/4
(@) o \Rl O O/ \Rl

R!=H, Ph; R = Ph, H; Y = H, Br, Cl
Schéma 13

Dale se uplatfluj e stericky efekt (alkyl i arylskupiny stini atom dusiku, ktery pak pii cyklizaci
potvrzuje i zhruba trojnasobny rozdil v reaktivité na dusicich nesubstituované isothiouroniové
soli a N,N’-dimethylsubstituované, které jsou odvozené od 3-brom-1-fenylpyrrolidin-2-onu®

(ko > kor™®).

Byly popsany i piipady, kdy se pfi reakci rozdilné N,N"-disubstituovanych thiomocovin ziskala
smés produkti®®. Piikladem lze uvést reakci a-chloroctové kyseliny s N-fenyl-
N’-propylthiomocovinou pfi laboratorni teploté v prostiedi chloroformu za ptidavku TEA. Pti

reakci vznikaji dva produkty, jejichZ zastoupeni je v poméru 2:1 (Schéma 14).
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Schéma 14

Byla provedena rozsahlejsi studie®®” reakce esteru a-bromkyseliny, respektive bromidu

kyseliny a-bromoctové s rtizn¢ substituovanymi thiomocovinami (Schéma 15).

T Br O S N SN
R‘N/U\N’R + \_q —_— S_r %Rz + S_r "’1R1
H H R 7 "\ 1 N
R
A B
Schéma 15
R? iso-propyl R? n-propyl
R | OCHs Br OCHs Br
R! ABB AB | AB AB
fenyl 11:1  26:1 1:8 25:1
2-methyl-fenyl 4:1 42:1 | 1:10 411
3-methyl-fenyl 13:1 631 1:8 34:1
4-methyl-fenyl 18:1 541 1:7 28:1
2,6-dimethyl-fenyl 1:13 181 | 1:100 211
2-chlor-fenyl 3:1 47:1 | 1:24 471
2-methoxy-fenyl 10:1 491 1:6 22:1
3-pyridyl 5:3 59:1 | 1:73 291
cyklohexyl 1:2 1:1 | 1:100 21
benzyl 100:1 21 2:1 1:1
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isomer A oproti druhému piipadu, kdy je substituentem R2 n-propyl. Pokud je ester
a-bromkyseliny vyménén za reaktivnéjsi bromid a-bromoctové kyseliny (R = Br), dochazi ke
vzniku isomeru A jako dominantni formy, a to nezdvisle na substituentu R, a oproti esteru
(R = OCHz3) pro isopropyl skupinu (R?) doslo u dvou 2-substituovanych fenylskupin ke zvyseni
regioselektivity (2-methylfenyl, 2-chlorfenyl). Pro substituent R! 2,6-dimethylfenyl dokonce
doslo k obraceni regioselektivity ve prospéch formy A, coz naznauje, Ze se pii cyklizaci

uplatiiuje stericky efekt (OCHs vs. Br). V piipadé n-propyl série (R = OCH3) mirn¢ dominuje
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vznik isomeru B, nicméné¢ u bromidu a-bromoctové kyseliny (R = Br) doslo k obraceni

regioselektivity a prevladajicim isomerem byl typ A.

a-Halogenaldehydy reaguji s thiomo¢ovinami nejlépe v polarnich protickych rozpoustédlech
jako je vodal’® nebo ethanol*'!1™® bez pridavku jakékoliv baze za vzniku aromatického
2-aminothiazolu. Reakéni smés se pouze zahiiva po dobu né€kolika hodin (4-6 h). Obdobné
probiha i reakce s a-halogenketony. Touto reakci Se opét pfipravi substituovany 2-aminothiazol
(Schéma 16).

S
0 S N|:| 5
RIS G ¢ o
R NH 1
J R
R
X = halogen
Schéma 16

Pro reakci a-halogenketonti s thiomoc¢ovinami lze nalézt velké mnoZstvi reakénich podminek
s vynikajicimi vytézky. Reakce lze provadét v polarnich protickych rozpoustédlech za vyssi
reakéni teploty!!®, za laboratorni teploty s pouzitim katalyzatoru (n-BusNPFs’*, cholin-chlorid
+ mocovina &, NaHSO4*, NaF!!®, 1,4-diazabicyclo[2.2.2]oktan'*®) nebo bez katalyzatoru!’
za cenu delsiho reakéniho &asu. Reakci lze provést viontovych kapalinach™ (1,3-di-n-
butylimidazolium-tetrafluoroborat) nebo také bez rozpoustédla intenzivnim tfenim reakénich

komponent v tieci misce’® a Ize vyuzit i mikrovinného zafeni'*>1%,

Na vytézek reakce nema vyznamny vliv zména substituce na benzenovém jadre. V piipadé
aromatickych ketonti reakce dobfe probiha jak s elektrondonornimi™’®7%116  tak
i s elektronakceptornimi’*’>79116119 gyhstituenty. Jako odstupujici halogen v poloze
2- u ketonu Ize pouzit brom, chlor’121122 3 jod8.123.124 Reakce opét probiha nejen se samotnou
thiomocGovinou, ale i s jejimi alifaticky'?>!%, aromaticky!*>''" i heterocyklicky!?6:127

substituovanymi derivaty.

Pro reakci a-halogenketont s rizné substituovanymi thiomocovinami plati stejné reakéni
podminky jako pro reakce s thioamidy. Typicky se reakce provadi v polarnich protickych
rozpoustédlech#120 pii zvysené teploté!'®128, Teplotu a reakeni Cas Ize opét snizit pridavkem

slabé baze!? nebo katalyzatoru7u11,

Reakci thiomocovin s a-halogen kyselinami*®, jejich estery*®! nebo amidy'321%3 se ziskavaji

vV

nearomatické 2-imino-1,3-thiazolidin-4-ony. Nejreaktivnéjsi jsou estery a-halogenkyselin, pak
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amidy a nejméné¢ reaktivni jsou kyseliny, coz souvisi s kvalitou odstupujici skupiny (alkoholu,
aminu respektive vody). Obecné thiomocoviny a substituované thiomocoviny nejlépe reaguji

s derivaty o-halogenkyselin v polamich protickych rozpoustédlech jako je voda®,

ethanol*31134 nebo kyselina octoval®. Vétsinou se do reakéni smési pridava octan sodnyt31-13

a smés se refluxuje po dobu 4-6 hodin.

Tak jako v pripadé thioamidd, i thiomocoviny tvoii thiazolovy kruh piednostné s ketoskupinou
nez se skupinou esterovou!®-13, Rozdilnou reaktivitu viak vykazuji i esterova a laktonova
skupina. | kdyz pti reakci laktonu a esteru muze vzdy vznikat stejné velky kruh, bylo zjisténo,
ze dusikovy atom thiomocoviny atakuje vyhradné ethoxykarbonylovou funkéni skupinu

v poloze 3-, a nikoliv laktonovou karbonylovou funkéni skupinut#®-42 (Schéma 17).

NH—R'

COOE
Br S N=<
O+ uNA = 0P<S
o) NH =
ROCH, L 0
ROCH,
R =Pr, Bu 76-95 %

R! = H, Ph, 4-MePh, 2-MePh, 4-EtOPh
Schéma 17

Zménou polarnich protickych rozpoustédel na aceton Ize pripravit ve velmi dobrém vytézku
intermediarni isothiouroniové solil*3146 které jsou v tomto rozpoustédle nerozpustné. Jako
priklad vzniku isothiouroniové soli Ize uvést reakci**146 kyseliny a-chloroctové, respektive
jejiho esteru s thiomocovinou (Schéma 18). Reakce probiha v acetonu pii teploté 20 °C

a vytézek reakce je 67-96 %.

©
® Cl
Cl OR S H,N cyklizace e} S _NH
O O
o) NH, H,N \_< slaba baze / kyselina m
O
R=H; R=CH,R = CH,CH, 67-96 %
Schéma 18

Takto pripravené isothiouroniové soli mohou byt v silné bazickém prostfedi rozlozeny na
ptislusny thiol nebo je lze v kyselém ¢i slabé bazickém prostredi cyklizovat na jiz zminéné

2-imino-1,3-thiazolidin-4-ony. Nase pracovisté se problematikou piipravy a studiem
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transformaci rizné€ substituovanych isothiouroniovych soli zabyva jiz n¢kolik let a na toto téma

bylo publikovano nékolik pracil4’1%,

Jedna z prvnich piiprav isothiouroniovych soli na nasem pracovisti se zabyvala reakci
thiomoCoviny a kyseliny chloroctové, respektive jejiho ethylesteru (Schéma 18). Pomoci
vodného roztoku octanu sodného byla nejprve piipravena volna baze isothiouroniové soli,

147,148

ukteré byla nasledn¢ studovana Kinetika transformace na pfislusny 2-imino-

1,3-thiazolidin-4-on v kyselych roztocich puftu.

Reakce byla kineticky studovana'4’

za podminek pseudoprvniho tadu ve zifedéné kyseliné
chlorovodikové a v pufru chloracetatovém, acetatovém, formamidovém a fosfatovém. Jednalo
se 0 obecné bazicky katalyzovanou reakci, kde pii pH > 2 je rychlost limitujicim stupném (r.l.s.)
odstépovani ethanolatového aniontu, pfi hodnotaich pH < 2 je r.l.s. vznik tetraedralniho
intermediatu (Schéma 19). Vypodtena rychlostni konstanta cyklizace ks = 2:10% s je pomérné

vysoka a odpovida vzniku vyhodného péti¢lenného kruhu.

Et

)

S\/K

NH2 NH,
5 \\Iil
B
g© Ky
o H @ H H O@
HoN <2 H N\(N ! k2 HNN O,
Bt | == X Et
S
+ BH
Schéma 19

Cyklizace*® isothiouroniové soli odvozené od kyseliny chloroctové a bromoctové (Schéma 20)

probiha obdobné jako tomu bylo v pfedchozim ptipadeé.

©
X  OH S HN X
Yt HN K ——=  e)s oH
o NH, H,N \_<
X=CI; Br 0O
Schéma 20
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Kineticka meéfeni byla opét provedena v roztocich zifedéné Kkyseliny chlorovodikové
a chloroctanového pufru. Bylo zjisténo, Zze se Vtomto piipadé jedna 0 obecné kysele
katalyzovanou cyklizaci, avSak nartst rychlostni konstanty se zvySujici se koncentraci pufru je
relativné maly. Pii hodnotach pH > 2 je r.l.s. odstépovani hydroxylové skupiny, pii pH < 2 je
rychlost limitujicim krokem opét vznik tetraedralniho intermediatu. Rychlostni konstanty pro
katalyzu pufrem nebyly stanoveny. Mechanismus této cyklizace znazoriuje Schéma 21.

S
NH cf < NHZ “
s o * H __a N s o
/Y 2 /T \\\K\

H

s/\n/OH + H
) 0

HNN\—HYO P H2N<'<—\/1/0 ’//k:

Schéma 21

V této kinetické studii byla méfena i rychlostni konstanta vzniku samotné isothiouroniové soli,
reakci a-brom- (ker) a a-chloroctové kyseliny (kci) s thiomocovinou. Rychlostni konstanta pro
o-bromoctovou kyselinu je ker = 1,07-102 1'mol s a pro kyselinu a-chloroctovou je
ke =0,98-10* 1'mol *-s 1. Lze tedy ¥ici, ze kyselina a-bromoctova reaguje s thiomo&ovinou
témét o dva tady rychleji nez kyselina a-chloroctova. Tento rozdil lze ptisoudit odlisné

reaktivité bromu a chloru jako odstupujicich skupin pti Sn2 reakcich s reaktivnimi nukleofily.

Pozdgji byla studovana®® kinetika a mechanismus transformace isothiouroniové soli odvozené

od 3-brom-1-(4-methoxyfenyl)pyrrolidin-2-onu (Schéma 22).

H,CO H.CO
N&Br + H2N—< —_— é’

H,N "o
Schéma 22

Reakce byla studovana za podminek pseudoprvniho fadu ve vodnych roztocich pufri
aVvroztocich hydroxidu sodného. Transformaéni reakci byl ziskan 2-methylimino-

5-[(2-fenylamino)ethyl]thiazolidin-4-on a bylo zjisténo, Zze reakce je katalyzovana obecné
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bazicky ikysele, a také hydroxidovym iontem. Odstépovani protonu z tetraedralniho

intermediatu In je rychlost limitujicim krokem (Schéma 23).

HCO H4CO Ho N
§ oa

>—NH2

CH3

In

H3CO /
T,
NH S’</
NH

\
o

Schéma 23

Tato studie byla dile rozsitenal®

0 ruzné substituované isothiouroniové soli (Schéma 24).

Transformace byly méteny za stejnych podminek a bylo zjisténo, ze tento presmyk je také

katalyzovan obecné bazicky i kysele a hydroxidovym iontem.

é, nH s o
>—NH et
b
R? = H; CH,

R®= 4-OCHj,; H; 4-Cl; 3-Cl; 3-CF,; 3-NO,; 4-CN; 4-NO,

1= H; CH,

Schéma 24

V  piipadé  transformace  isothiouroniové  soli odvozené¢  od

1-(4-methoxyfenyl)pyrrolidin-2-onu a nesubstituované thiomocoviny je

bicyklického tetraedralniho intermediatu In* (Schéma 25).

PR S

H,N'®

/)
NH S’(
K/‘\\(NH

0]

H
N

@®
N
1

3COO 3
/

+
In~

Schéma 25

3-brom-
rozklad
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V ptipadé, kdy byla pouzita N,N -dimethylthiomocovina, je pfi bazické katalyze r.l.s. rozpad
bicyklického tetraedralniho intermediatu In. Kysele katalyzovana transformace jde také cestou
vedouci pies intermediat In, ale rychlost reakce je kontrolovana difuzi (Schéma 26).

V roztocich pufru triethylaminu a butylaminu se obecna bazicka katalyza méni na specifickou.

N

H4CO H.CO HG
Ha N,
é’ L
S

"CH,

Schéma 26

Jako piiklad mechanismu transformace, kdy se muze uplatiovat vice intermediatd a vliv
prostiedi hraje zasadni vliv, Ize uvést transformaci®>® S-(2-oxotetrahydrofuran-3-yl)-N-methyl-
N-fenylisothiouronium-bromidu, ktery presmykuje na 5-(2-hydroxyethyl)-
2-(4-methylfenyl)amino-1,3-thiazol-4(5H)-on (Schéma 27).

o R>
r 3/NH S 1 OH
N
@\I/ | F \(5
) — R—(— | \
17 \R A N
R |
X O
R'= H; 4-CH,0
?= CH;; C,Hg; CoH;
R°=H

Schéma 27

Pusobenim baze prechazi isothiouroniova sul (pKa = 6,7) na volnou isothiomocovinu.
Ta cyklizuje na zwitterionicky intermediat T* (r.1.s. pti pH < 2). Intermediat muize dale reagovat
tiemi zptsoby. Soucinnym, obecné Kysele katalyzovanym rozpadem (a = 0,47), rozpadem na
produkt (r.l.s. pti pH 2-3) a nebo vodou zprostfedkovanym pfenosem protonu na intermediat

TO, ktery nasledng podléha kysele katalyzovanému rozpadu na produkt (pH 3-6). Tteti cestou,
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ktera se uplatiuje Vv roztocich s pH vyssim nez 6, je vznik intermediatu T~ a jeho nasledny
rozpad (Schéma 28).

[ O o 0
Br (0] NHZB Ky
Ar\@/J\ Ar\N/)\S Tk Are }\
(S') (Tt)' Ar = 4-CH30-CGH4
Koo = 6.7
PPapp - Kp rychla
‘W prototropie
e O 0 o’
#0 | S ee] s
Ar Ar
\H)ks ~ s k_4 r\N/MS AI’\®///\
H
L _ L S _]

SH* (Tt) Rozpoustédlem
zprostfedkovany
pfenos protonu

ks | ks
k_alH0] |_kenBH] N)gj -— HN)gj
|
r~ /k Ar\ J\ KelOH] [ kglB r\N/Ls AF\N//LS
H
- kalH"]
™ ker[BH] (T
km YO ks[H*]
kgH'[BH] ken"[BH]

H N«—\/\OH
Ar\Nyl\S
Schéma 28

Presmykem®®* S-(3-oxo0-1,3-dihydro-2-benzofuran-1-yl)isothiouronium-bromidu ve vodném
roztoku amoniaku byl neocekavané ziskan 1-hydroxy-3-oxo-1,3-dihydro-2H-isoindol-
2-karbothioamid (Schéma 29). Pro tento ptesmyk byly navrZeny nasledujici mechanismy.
Pfidanim béze k isothiouroniové soli dojde v rychlé predfazené rovnovéaze ke vzniku reaktivni
isothiomocoviny. Vznikl4 isothiomocovina podléha cyklizaci na zwitterionicky intermediat
(T*), ktery nasledné podléha velmi rychlému acidobazicky katalyzovanému rozpadu na
aldehyd (Int). Vznikly aldehyd (Int) je

acylmocovinovym dusikem a dojde k vytvofeni 1-hydroxy-3-oxo-1,3-dihydro-2H-isoindol-

odpovidajici intramolekularné  zachycen
2-karbothioamidu (Schéma 29). Druhy navrzeny mechanismus je méné pravdépodobny
a zahrnuje moznost vzniku aldehydového produktu sprazenym mechanismem, ktery neprobiha
skrz napjaty intermediat (T*). V takovém piipad¢ odstupuje kyslik laktonu a atom siry soucasné

s atakem iminového dusiku na karbonylovou funk¢ni skupinu (Schéma 29).
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S
\( \ o
NH-R o)
Y I\\IH®
R =H; Y = H, OCH,, CI, NO, O)—NH
S R
R=CH,; Y=H (T*)
Schéma 29

V analogickém pfipadé, kdy byla pouzita isothiouroniova sl odvozena od
N,N’-dimethylthiomocoviny, byl ziskan Uplné odlisny produkt. Pfesmyk N,N’-dimethyl-
S-(3-o0x0-1,3-dihydro-2-benzofuran-1-yl) isothiouronium-bromidu za stejnych podminek vede

na 1,3-dimethyl-1-(3-oxo0-1,3-dihydro-2-benzofuran-1-yl)thiomocovinu (Schéma 30).

O
o BT NHOH o
—_—
/NH\CHS N S
S\<® HaC” <
NH ¥ NH
~CHs HsC
Schéma 30

V tomto piipadé byly navrzeny tii mozné limitni mechanismy. Cestou (a) muze dojit k ,,front
side* Sn2 reakci, kdy atom dusiku nahradi atom siry prostfednictvim ¢tyf¢lenného cyklického
tranzitniho stavu. Nebo mize dojit cestou (b) k intramolekularni Sn1 reakci skrze iontovy par,
ktery se tvorfi po disociaci thiomocCovinové ¢asti. Tieti navrzeny mechanismus (c) zahrnuje
dvojnasobnou substituci Sn2, kde se karboxylovy aniont chova jako odstupujici skupina

a zaroven jako interni nukleofil (Schéma 31).
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v Br NS NH H3C  NH-cH,
° w L,
NH~CH,
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@ _ NH-CH
Y = H, OCH,, Cl, NO, "

Schéma 31

3.1.3. Adice thiomoc¢ovin na dvojnou vazbu

Adici Michaelova typu Ize thiomocoviny adovat na a,-nenasycené karboxylové kyseliny, jako

196,161 nepo fumaroval®®1®2, Adici lze provadét i na jejich

jsou napiiklad kyselina maleinova
anhydridy'®®, N-substituované amidy®®® ¢&i estery®®163 které nasledné cyklizuji na piislusné
substituovany thiazolidinon. Jako piiklad Ize uvést reakci**® maleinanhydridu s thiomod&ovinou,
kdy se ziska 2-imino-4-oxo-1,3-thiazolidin-5-karboxylova kyselina (Schéma 32). Zde 1ze opét

vyuzit rizné substituovanych thiomocovin, napiiklad N, N -dibutylthiomocovinu.

? S 0 R’ RHX
2 ! S
| x-r' + R\N/”\NH EoH |, NS _NH 5 =N.,
H e D —— R-X N| D — N R
R o2
0 Z R o R

X = 0; R® = H (94 %), C,H, (66 %)

X =N; R?=H, R* = bu (66 %), oktyl (73 %), decyl (72 %), dodecy! (84 %)
Schéma 32

3.1.4. Syntézy z thiosemikarbazidi

Thiosemikarbazidy maji oproti thiomocovinam jeden atom dusiku navic a obsahuji tak tfi

neekvivalentni atomy dusiku. Diky témto tfem atomtim dusiku mohou vznikat pii cyklizaci tti
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razné produkty nebo dokonce jejich smés. Konkrétné mohou vznikat dva rizné thiazoly nebo
Sesti¢lenny thiadiazin (Obrdzek 17).

S S
R N R _NH R.__S.__NH,
N N N
3 H s 0~ "N~
NH, H
Obrizek 17

To, ktery produkt bude vznikat, Ize fidit bud’ vhodnou substituci na atomech dusiku (substituci
Ize zablokovat reaktivitu daného dusiku), nebo lze reakci fidit pomoci vhodnych reak¢nich
podminek. V neutralnich protickych rozpoustédlech se nejcastéji ptipravi thiazoly a reakci
v kyselém prostiedi se ptipravi piislusny thiadiazin'>"1>8(Schéma 33).

NH
H

h 2
HN A SC_N
s — (O
\_( N NH,
Alkohol HN \o
Cl > /
\—< + HZN/U\NH
O 1

cl
NH, \_(
\ 2
H® N S._NH,
HN - - \"/
>=S X N
H,N N
Schéma 33

Reakci halogenketond a halogenaldehyd se opét ziskavaji thiazoly, pfikladem lze uvést
reakci®®® a-chloracetaldehydu s N-substituovanym thiosemikarbazidem (Schéma 34). U této

reakce je vyuzita blokace atomu dusiku v poloze 1- a tudiz nehrozi vznik thiadiazinu.

EtOH, H,O, AcONa

cl S
\ + H,N - S
% ? _/<INH 60°C.2h Q_E’NHN/

N
\ HO
0

OH

O

Schéma 34

Reakci thiosemikarbazidl s a-halogenovanymi derivaty kyselin se opét ziskaji thiazolidinony.
Jako priklad Ize uvést reakci®® kyseliny chloroctové s nesubstituovanym thiosemikarbazidem
(Schéma 35).
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Cl OH S mikroviny S
\_< + H2N—< EEEE—— »/Nt'
NH : ) NH,

O ’
H,N
Schéma 35

Pro syntézu substituovanych thiazolii z thiosemikarbazidi plati stejné reakéni podminky jako
U thioamid® a thiomocovin (nejéastéji ethanol*®, toluen®’ za piidavku slabé baze jako je octan

sodny*®°, nebo pyridin®’).

3.1.5. Syntézy z thiokarbamati

V poslednich letech se pro ptipravu substituovanych thiazoli nevyuziva reakce thiokarbamatt
(soli i esterdt) tak Casto, jak tomu bylo v prvni poloviné 20. stoleti. Halogenketony reaguji se
solemi kyseliny thiokarbamové za vzniku hydroxythiazold. Naptiklad thiokarbamat amonny
s 1,3-dichloracetonem za chlazeni a po nasledném piidavku hydroxidu sodného poskytuje!®

4-chlormethyl-2-hydroxy-1,3-thiazol ve vytézku 50-70 % (Schéma 36).

o cl

®
NH, S _oec
/g + YOH
H,N O cl o NaOH/EtOH
50-70 %
Schéma 36
Funkéni  derivaty a-halogenkyselin  Casto  reaguji podobné i se  stabilnimi

N,O-disubstituovanymi thiokarbamaty. Napiiklad ethylester kyseliny o-brompropionové!®®

s O-ethyl-N-fenylthiokarbamatem pii zahtivani v ethanolu dava rovnou produkt cyklizace
3-fenyl-5-methyl-1,3-thiazolidin-2,4-dion (Schéma 37).

OE o _0
s 60 c
A ¥ 1?
N7 07N Br O T ethanol
" 8,
Schéma 37

Jako specialni priklad Ize zminit reakci soli a-halogenkyselin. Napiiklad o-bromsukcinat
sodny'® reaguje s natrium-N-alkyl-S-thiokarbamatem, kdy nejprve ve vodném prostiedi

dochazi k nukleofilni substituci atomu bromu atomem siry. Vznikla stl se nasledné cyklizuje
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v prostiedi kyseliny chlorovodikové za vzniku (3-methyl-2,4-dioxo-1,3-thiazolidin-5-yl)octové
kyseliny ve velmi dobrém vytézku 66-92 % v zavislosti na substituci dusiku (Schéma 38).

N & ® O
2o 9 R O nNa R. ,U\ @
o Br NHY o NH s Na
© S _0O
S o) HCl o b
® O -_— > —_— N
H,O 7
Na
R = CH,; CH,CH, 85-90 % 66-92 %
Schéma 38

Thiokarbamaty opét reaguji nejéastéji v polarnich protickych rozpoustédlech jako je vodal® ¢i

alkoholy®>1%7 nebo reakce probiha v kyselém prostiedi®®.

3.1.6. Syntézy z dithiokarbamatu

Stejné jako v piedchozim piipadé se v poslednich letech reakce dithiokarbamatt piilis
nevyuziva. Jako piiklad Ize uvést reakci dithiokarbamatu s a-chloroctovou kyselinou®®®, kdy
jako meziprodukt vznika sial, ktera v kyselém prostiedi cyklizuje na 2-thioxo-
1,3-thiazolidin-4-on (Schéma 39).

& O@ S
S
Cl OH + S\(S N ® s \/4
‘—< @ a
NH, NH o S HCI, A g_N
NH,
83-89 %
Schéma 39

Dal$i moznou vychozi latkou pro ziskani N-substituovaného thiazolidinového kruhu jsou
snadno dostupné N-substituované dithiokarbamaty. Naptiklad (2-halogenfenyl)dithiokarbamat
reaguje s ethylesterem Kkyseliny 2-brom-2-methylpropanové!’® (Schéma 40) za vzniku
substituovaného 2-thioxo-1,3-thiazolidin-4-onového kruhu. Vytézky reakce jsou nizsi nejspise

diky vyssi sterické naro¢nosti.

®
wx  EtNH
Ny < O  a)CHC, EL,N, 0°C 5743
T +Br) ( b) 50 °C g N X
S O-Et S
X = F (11 %); Cl (26 %); Br (26 %); | (14 %)
Schéma 40
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3.1.7. Syntézy z thiokyanata

NetypictéjsSim zastupcem obsahujici N-C-S fragment jsou anorganické thiokyanatany
a organické thiokyanaty, které také reaguji S a-halogenkyselinami nebo s jejich estery.
Nejdostupnéjsimi thiokyanatany (rhodanidy) jsou thiokyanatan sodny, draselny ¢i amonny.
Jejich reakci s derivaty kyselin se v prvnim kroku ziska ptislusny produkt substituce atomem
siry. Tato reakce se provadi ve vod&!’t, alkoholech (methanol’? | ethanol'”*17#) nebo

v acetonul™

a probiha za laboratorni nebo zvysené teploty!’®. Takto pfipravena thiokyanato
kyselina se dale v kyselém prostiedi (naptiklad Kyselina chlorovodikoval”™ nebo sirova'’)
cyklizuje na prislusny 1,3-thiazolidin-2,4-dion. K cyklizaci také dochazi ve vodném roztoku
hydrogenuhli¢itanu sodného'’®"", Jako piiklad lze uvést reakcil™ chloroctanu sodného
s thiokyanatanem sodnym, kdy nejprve vznika thiokyanatooctan sodny. Ten nasledné za chladu
v prostiedi kyseliny sirové cyklizuje na identicky produkt jako pfi reakci s thiokarbamaty, tedy

na 1,3-thiazolidin-2,4-dion (Schéma 41).

Na® H
_ e © o MO Nzc-s O HSO, o N_o
N=C-S Na + (@) " \ \< —_— §<—
0] N @ 0°C S
a

Schéma 41

Skupina SCN u vzniklého thiokyanatooctanu sodného se v kyseliné sirové hydrolyzuje na
S-substituovany thiokarbamat, ktery dale cyklizuje na pfislusny thiazolidin-2,4-dion. U této
reakce se jako nukleofil ptisobici na thiokyanatovou skupinu uplatiiuje voda, Ize ale pouzit i jiné
nukleofily jako jsou aminy!’®18 hydraziny®! nebo Schiffovy baze'®?. Napiiklad u reakce
o-thiokyanatoketonti 1ze nalézt jako nukleofily zminénou vodu®, aminy!®+1% anebo
C-nukleofily'®’ (Schéma 42).

2 2
R<_SCN RL_S._Nu R? 87/Nu
T +w — YT — W
RO RO R'

R', R*=—(CH,),~, Nu = OH 30 %
R' = Me, R? = Me, Nu = NHMe 77 %
R' = Ph, R® = H, Nu = CHCNCO,Me 93 %

Schéma 42
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Organické thiokyanity reaguji s o-halogenketony!®18 ¢&i s o-halogenkyselinami!®-192
v alkoholech nebo etherech za zvyseného tlaku a teploty 110-180 °C rovnou za vzniku
piisluiného thiazolu, respektive thiazolidinonu. Piikladem lze uvést reakci'®® 3-chlorbutan-
2-onu s fenylthiokyanatem v ethanolu pii teploté 140 °C (Schéma 43). V ethanolu pii této

reakci vznika v reak¢ni smési thiokarbamat, ktery nasledné podléha cyklizaci.

s=Cc=N S0
Cl EtOH \ N
140 °C @

Schéma 43
3.2. Syntézy vychazejici z a-sulfanylalkanovych kyselin

Reakeci a-sulfanylalkanovych kyselin nebo jejich estert s nitrily, kyanamidy, isothiokyanaty,

isokyanaty nebo se Schiffovymi bazemi se opét ziskaji riizné substituované thiazolidinony.

3.2.1. Reakce s nitrily

Nitrily reaguji s a-sulfanylalkanovymi kyselinami ¢i jejich estery nejcastéji v bazickém
prostiedi jako je pyridin®1%197 triethylamin?®®'® nebo alkoholaty?®-2%2, Reakci lze také
provést za vzniku stejného produktu i v kyselém prostredi 2°2-2%, Jako ptiklad Ize uvést reakci
kyseliny a-sulfanyloctové s benzonitrilem (Schéma 44), kdy se jak v prostiedi triethylaminu®®®,
tak v kyseling chlorovodikové?® ziska 2-fenyl-4,5-dihydro-1,3-thiazol. Mechanismus zahrnuje
adici thiolové skupiny na skupinu nitrilovou a naslednou cyklizaci nukleofilniho dusiku na

esterovou funk¢ni skupinu.

@_ /—;S O A nebO B SY@
C=EN 4 \—4,-‘ —_— ;/

OEt

A: ethanol, TEA, A1 h, 70 %
B: ether, HCI, 5 °C, 96 h, 49 %

Schéma 44

Specialnim ptipadem nitrilu je kyanamid popiipadé jeho N-substituované derivaty, které
poskytuji 2-amino-1,3-thiazol-4(5H)-ony. Kyanamidy obecné reaguji pii laboratorni teploté
v polarnich protickych rozpoustédlech jako je voda?®®-2'! nebo alkoholy?'?2'4, ke kterym se

212

Casto pridava baze (triethylamin). Piikladem lze uvést reakci-> methylesteru kyseliny
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a-sulfanyloctové, ktera reaguje s kyanamidem v methanolu za ptidavku triethylaminu pfi

laboratorni teploté a poskytuje 2-amino-1,3-thiazol-4(5H)-on ve vytézku 78 % (Schéma 45).

S
HS / Hs MeOH, TEA »/NH2
H,N-CEN + N

74
78 %

Schéma 45

3.2.2. Reakce s isothiokyanaty a isokyanaty

Reakci isothiokyanati, respektive isokyanati S a-sulfanylalkanovymi Kyselinami se ziskaji
N-substituované 2-thioxo-1,3-thiazolidin-4-ony, respektive 1,3-thiazolidin-2,4-diony. Reak¢ni
smés se zahiiva v alkoholech?>?17 nebo v jejich smési s vodou?'822° v etheru??, v toluenu za
piidavku sodiku??22?° a v dioxanu??® nebo dichlormethanu??”228 za pridavku triethylaminu. Jako
priklad Ize uvést reakci?® fenylisothiokyanatu s o-sulfanyloctovou kyselinou ve smési
ethanol-voda, kdy se ziska 3-fenyl-2-thioxo-1,3-thiazolidin-4-on (Schéma 46) v 77 % vytézku.

EtOH, H,O S
\_/ T S_Y
@ 77%®

Schéma 46

Reakce??® ethylesteru kyseliny o-sulfanyloctové s (naftalen-1-yl)thiokyanatem v toluenu za
ptidavku sodiku poskytuje N-(naftalen-1-yl)-1,3-thiazolidin-2,4-dion ve vytézku 42 %. Takto
reaguje i (naftalen-1-yl)isothiokyanat, kdy se ziska N-(naftalen-1-yl)-2-thioxo-1,3-thiazolidin-
4-on ve vytézku 41 %.

3.2.3.  Reakce se Schiffovymi bazemi

Schiffovy baze®* reaguji s a-sulfanylalkanovymi Kyselinami za vzniku substituovanych
1,3-thiazolidin-4-ond. Reakce velmi ¢asto probiha za refluxu v benzenu?®23 nebo
toluenu®*42%, v n¢kterych piipadech ve vodé?®’ nebo v ethanolu®® za piidavku piperidinu. Jako
ptiklad lze uvést reakci a-sulfanyloctové kyseliny s Schiffovou bazi ptipravenou reakci
benzaldehydu a methanaminu. Reakce poskytuje prakticky kvantitativni vytézek produktu
(Schéma 47).
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//va HS O Benzen S@
O, ==
OH A %

Schéma 47

Na nasledujici reakci?®* Ize demonstrovat variabilitu riznych substituenti na obou jadrech

a snadnost piipravy substituovanych 1,3-thiazolidin-4-ont ve vytézcich 31-72 %.

1

— XR
\|_/ /N \ |2/ + HS\_qO Toluen, A ;_SYC/

1 R OH N
R @) —
X1
R

R? H 4-NO2 4-CH30 4-CHs H H H H H

R2 H H H H 4-NO2 3-NO2 4-CI  3-Cl 4-CHs0
Vytézek (%) | 60 72 48 31 69 62 69 53 55

Schéma 48

Z tabulky je patrné, ze nejlépe reaguje imin substituovany elektronakceptory, a to na obou
aromatickych jadrech. Vytézek klesa pro derivaty, které nesou elektrondonorni substituenty,
nebot’ hlavni krok nukleofilni adice vyzaduje aktivaci klicové pozice pomoci

elektronakceptorniho substituentu na benzenovém jadre.
3.3. Priprava vychazejici z N-acyl-a-aminokarbonylovych sloucenin

Thiazoly lze snadno pripravit obdobou Robinsonovy-Gabrielovy syntézy z N-acyl-
a-aminokarbonylovych sloudenin, kdy se vyuziva sulfurizagnich ¢inidel jako je PS1o?2%%4
nebo Lawessonovo &inidlo?628, Pro vytvoteni thiazolového Kruhu touto reakei Ize formulovat

obecné Schéma 49.

N

kN

R H

OO ) Rl s R2
RA/g, »—R . \§_E/
R
Schéma 49

Jako konkrétni ptiklad lIze uvést reakci?*® methylesteru kyseliny N-benzoyl-a-aminooctové,

neboli methylesteru kyseliny hippurové (Schéma 50). Reakce se provadi refluxem
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v chloroformu za pridavku P4Sio po dobu 24 hodin a produkt se ziskd ve vyborném

vitézku 97 %.

O
O P,S,, CHCI, \ SY@
- O
\ﬂ/\’}l \Q— >

o H A, 24 h N

Schéma 50

Obecné se reakce provadi v aprotickych rozpoustédlech jako je chloroform

240,241,244,245
1

toluen?42243.246.248 napg xylen®"’ s jiz zminénymi sulfurizaénimi ¢inidly a reakéni smés se

refluxuje po dobu zhruba 15-30 hodin.
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4.Vlastnosti 1,3-thiazolu

4.1. Amino/iminova tautomerie

249 7e thiazol, benzothiazol respektive thiazolin nesouci aminoskupinu v poloze 2- se

Je znamo
muze vyskytovat ve dvou tautomernich podobach. V tvahu ptipada endocyklické (amino) nebo
exocyklické (imino) uspotfadani dvojné vazby. Diky ptitomnosti dvojné vazby u iminoskupiny

mohou jeste existovat dva konfiguraéni isomery E nebo Z (Schéma 51).

| | |

S S S
Q_TN%H CE'\P:N?’H (_TNQ‘H
H H H
Schéma 51

Stabilita jednotlivych tautomert zavisi na substituci dusikovych atomu. V piipad¢, kdy je na
dusikovém atomu thiazolu substituent, nemtize dojit ke vzniku endocyklické dvojné vazby,
a tudiz vznika pouze imino (exo) isomer. Naopak pokud na dusikovém atomu thiazolu neni
zadny substituent a na aminoskuping jsou substituenty dva, nemize dojit ke vzniku exocyklické
dvojné vazby a vznika vyhradné amino isomer. Z toho vyplyva, ze k tautomerii mize dochazet
pouze tehdy, je-li na aminovém dusiku maximalné jeden substituent a na dusiku thiazolovém
miize byt pouze vodik?®+22, Za uréitych podminek lze tautomery mezi sebou preméhovat ¢i

dokonce ziskat jejich smés v uréitém poméru®®.

Hlavnimi faktory?®® ovlivitujicimi dominanci jedné &i druhé formy jsou:

a) interni vlastnosti: energie isolované molekuly, geometrie molekuly, intramolekularni

vodikova interakce, distribuce elektronti a pfitomnost elektronakceptornich skupin
b) externi vlastnosti: moznost vzniku intermolekularni vodikové vazby a polarita prostredi

Tautomerie 2-aminothiazoll byla studovana pomoci IC?51252 UV?532%4 3 NMR?%®, pfi¢emz

bylo zjisténo, Ze derivaty aminothiazolu existuji v roztoku ve formé& aminu. Na zaklad¢ hodnot

256,257

pKeh* U 2-aminothiazoli a jejich derivatl bylo potvrzeno , Zze existuji hlavné€ v aromatické

258,259

amino formé a jsou protonovany na thiazolovém dusiku. Dle kvantovych vypocth se opet
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jevi jako dominantni tvorba amino formy. Posun Kk imino formé mutze byt docilen v pfipadé,
kdy je na aminovém dusiku silné elektronakceptorni substituent?®%2%! (p-tosyl, trifluoracetyl),
coz viak neplati ve viech piipadech?®??®3, Déle 1ze imino formu ziskat?®? jakoukoli substituci
na thiazolovém dusiku. Velky vliv na vznik imino formy muize mit rozpoustédlo nebo riizna
aditiva. Napfiklad v toluenu nebo v CCls 1ze pozorovat vznik imino formy ptidavkem malého

mnozstvi TBAB?®* nebo pridavkem DMSO?®,

Piedpoklada® se, Ze amino imino tautomerie probiha skrz dimer, u néhoZ dochazi k pienosu

protonu prostiednictvim vodikové vazby (Schéma 52).

H S H s
N— ] N= :|
Ho N .--’N_<N |

H

N H

>
S H
Schéma 52

Dle DFT kvantovych vypoéti®®®, kde byly analyzovany tfi moznosti proton transferu, a to
pfenos intramolekularni, vodou asistovany a pienos pii sdruzeni dvou molekul, kde se tvorba
dimeru jevi jako nejvyhodnéjsi, a to jak v roztoku, tak v plynné fazi.

2-Aminobenzothiazol se chova obdobné jako 2-aminothiazol, protoZe pfikondenzované
benzenové jadro zvysuje schopnost konjugace. Pomoci DFT metod bylo vypoéteno®®, ze
V plynné fa4zi méa amino forma o 0,0102 Ha (26,78 kJ/mol) niZ8i energii neZ forma imino. Amino
forma je tedy dominantni, coz potvrzuje jiz difive publikované experimentalni

Vysledky256,264,267_

Nejvice se amino/imino tautomerie projevuje u 2-aminothiazolinu, kdy nevznika energeticky
vyhodny aromaticky systém. To, jaka forma pii reakci vznika, vyvolalo v minulosti mnoho
rozporti. Napiiklad jiz v roce 1914 byla popsana reakce?® 1-fenyl-2-chlorethylaminu
s thiokyanatanem draselnym, kdy produkt byl charakterizovan jako 2-imino-5-fenylthiazolidin
(Schéma 53).

NH, &
S
NH
+ S:C:N@ —_— 74
Cl N
H

Schéma 53

|

S»/NHZ
N
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V  poloving padesatych let 20. stoleti byla popsina analogicka reakce?®%27
2-chlorcyklohexylaminu se vznikem amino formy. V roce 1972 Wohl and Headley ucinili

211 7e musi pievazovat vice stabilni amino forma. Jejich argumenty byly zaloZeny na IC

Zaver
spektrech zméfenych u ruznych derivat, kdy byl vzdy pifitomen silny absorpéni pas C=N pfi
1640 cm™, ktery je charakteristicky pro endocyklické uspoiadani dvojné vazby. Chybéjici
imidovy pas mezi 1500 az 1575 cm ™! pak déle potvrdil predpoklad, Ze amino forma (endo) je
dominantni. Tyto vysledky byly znovu potvrzeny?’? v roce 1984 pomoci *H NMR
spektroskopie, kdy integrovany singlet pii 6,62 ppm (DMSO-de) pattici dvéma protoniim po
ptidavku deuterované vody zmizel. Také pomoci IC spektroskopie byly zjistény typické

absorpéni pasy pro aminoskupinu v oblasti 3420-3430 a 1590-1600 cm.

Obdobné  spekulace o tautomerii  vznikly i okolo 2-aminothiazolidin-4-onu

(pseudothiohydantoinu) (Schéma 54).

S\ NH, S =NH
S
o 0" H

Schéma 54

V roce 1972 byla u pseudothiohydantoinu pomoci rentgenostrukturni analyzy potvrzena®”

imino forma. O dvé dekady pozdé&ji (v roce 1994) byla naopak v krystalu pseudothiohydantoinu
pti —150 °C zjisténa?’* struktura amino formy. Pomoci UV-VIS spektrofotometrie bylo zjisténo,
7e ve vodném roztoku existuji?”>?’® obé tautomerni formy, z nichz dominuje imino tautomer.
Pomoci IC bylo prokazano®”’, ze v roztoku CHCls je pfitomna aminoforma. Nakonec bylo
pomoci IC a NMR v roztoku DMSO a ve vodg zji§téno, Ze se pseudothiohydantoin vyskytuje?’®
ve své aminoform& V souCasné dobé je tedy spiSe akceptovanym tvrzenim, ze
2-aminothiazolin-4-ony se vyskytuji pfevazné ve své amino formé&, coz bylo podpoieno
i kvantové chemickymi vypodty?’®:28,

o chovani 2-methylino-5-[2-

Na nasem pracovisti bylo popsano®*
(4-nitrofenylamino)ethyl]thiazolidin-4-onu (Schéma 55), kdy v *H NMR spektru (DMSO-ds)
Cerstveé pripraveného roztoku byly pfitomny tfi sady signdlti. Hlavni sada signdlti pattila
isomeru s amino skupinou (endo), minoritni sady patfily imino uspotfadani (exo) s konfiguraci

bud’ E, nebo Z.
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Schéma 55

3

Stejny vzorek byl tyden ponechan pii laboratorni teploté a opét zméien. V. *H NMR spektru
byla patrna zména zastoupeni, a to vSech tfi forem. Jeden z imino isomerti byl pii tomto méteni

dominantni, a to na tkor ptivodn¢ nejvice zastoupené amino formy.

V piipadé, kdy se nachazi aminoskupina u 4-thiazolinu v poloze 4- (Schéma 56), je situace
opaéna a dominantni formou?! je imino tautomer, coz bylo potvrzeno v roztoku DMSO pomoci

'H a 3C NMR spektroskopie a IC.

S
H-N HN
O — Y
N N
H H
Schéma 56

U 2,4-diaminothiazolt (Schéma 57) bylo pomoci IC, H a *C NMR spektroskopie

7jisténo?81%2 7e se nachazi hlavné ve formé 2-amino-4-iminothiazolidinu.

S S S S
H>N NH - HoN —NH HN —NH HN NH
2 \K—W/ 2 =2 \K—Y —_— N\—Y —_— r 2
N N N N
H H
Schéma 57

Ackoli u nesubstituovanych derivati thiazolu dominuje aminoforma, u thiazoll
substituovanych na exocyklickém dusiku se molekula vyskytuje spiSe v iminoformé. Jak jiz
bylo zminéno vyse, v tomto ptipad¢ jiz mize dochazet ke vzniku dvou isomert, a to E nebo Z.
Na zakladé semiempirickych vypoéti®® bylo zjisténo, Ze pro 2-(methylimino)thiazolidin je

vyhodnéjsi Z-isomer a naopak pro 2-(fenylimino)thiazolidin je vice stabilni E isomer.

s. [ S
YN (_74N
. ;
H H
Exo/Z Exo/E

Obrdzek 18
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4.2. Keto/enolova tautomerie

Thiazoly substituované hydroxyskupinou v poloze 2-, 4- nebo 5- mohou rovnéz existovat?* ve

dvou tautomernich formach (Schéma 58), a to jak v aromatické enolformé, tak v ketoformé.

CE,OH §_S,<|7 HO\CB
HO
! ! !
S0 S S
o)
L o 2
H o
Schéma 58

Dosud nejvice prozkoumano bylo tautomerni chovani thiazolt substituovanych v poloze 4-
abylo vSeobecné zjisténo?®2%! ze jak v pevné fazi, tak i v nepolarnich rozpoustédlech se
uplatniuje spise ketoforma, avsak v polarnich rozpoustédlech jako je DMSO, dochazi snadno
k posunu rovnovahy smérem k enolform¢. Substituci v poloze 2- nebo 5- se také relativné
snadno posouvé rovnovdha ve sméru enolformy. Tyto poznatky byly podpofeny kvantové
chemickymi vypocty?®28, Napiiklad nasledujici thiazoly?®"?%! substituované v poloze 2- se

Vv pevné fazi vyskytuji pouze v ketoformé (Schéma 59).

SYR — SYR
Ho§_l<l o/l<l

O
Schéma 59

Také u 2-fenyl-4-hydroxythiazolu (Schéma 60 R = H) bylo pozorovano®, ze se v pevné fazi
nachazi v ketoformé. Po rozpusténi®®® v acetonu jsou obé tautomerni formy Vv rovnovaze,

kdezto v DMSO a DMF je rovnovaha z vice jak 80 % posunuta k enolformé.
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R\ﬁf@ — R\;_SQ/O

HO @)
R =H; CH,
Schéma 60
V ptipadé 2-fenyl-5-methyl-4-hydroxythiazolu (Schéma 60 R = CH3) se nach4zi?®®3" v roztoku
DMSO (DMSO-ds) i v deuterovaném chloroformu®’ pouze enolforma. Oproti tomu Johnson?!
a spol. publikovali, Ze se tato slou¢enina vyskytuje v roztoku CDCl3 jako ketoforma. Dtivodem
pro tento rozpor muze byt fakt, Ze oba thiazoly byly Johnsonem a spol. ptipraveny reakci

thiomlééné kyseliny, benzaldehydu a uhli¢itanu amonného oproti literatuie?®3’, kdy byl

produkt ziskan reakci 2-brompropanové kyseliny s thiobenzamidem.

V piipadé oxyluciferinu®®® (Obrdazek 19) byla jako dominantni zjisténa enolforma, a to jak
v roztocich DMSO a acetonu, tak i v pevné fazi.

OH
SQ
HO

Obrazek 19

Je pravidlem, Ze zavedenim aromatického substituentu do polohy 5- se vyrazné posouva
rovnovaha ve sméru enolformy. Naptiklad u 2-(pyridin-2-yl)-4-hydroxythiazolu (Schéma 61),
kdy je v poloze 5- aromatické benzenové jadro, tak v roztoku DMSO je piitomna®® pouze
enolforma. Naopak, je-li v poloze 5- methylskupina, je rovnovaha posunuta ve prospéch

ketoformy, a to v 60% zastoupeni.
N= N=
R \S ) A / R S ) A /
N ,—N
HO o}

R = Ph; 100 % enol
R = Me; 40 % enol, 60 % keto

Schéma 61
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Pokud je zablokovana®®® pozice 2- nebo 5- exocyklickou dvojnou vazbou, nebo jsou v této

poloze dva substituenty®’, nemize dojit k tvorbé aromatického kruhu a dominantni je pouze

ketoforma (Schéma 62), jako tomu je v ptipadé®®° 2-benzyliden-5-methyl-1,3-thiazolidin-

L,
HO H O H

Schéma 62

4-onu.

Rovnéz u 5-hydroxythiazold byla provedena rozsahla studie

v riznych rozpoustédlech. Tautomerie byla konkrétné

292

jejich tautomerniho chovani

studovana pomoci 'H NMR

spektroskopie, IC a UV spektroskopie pro 2-fenyl-4-methylthiazolin-5-on (Schéma 63).

HO SY© _ . 0 SYQ
\5;/ = ji/
N N

Schéma 63
Rozpoustédlo  Keto Enol | Rozpoustédlo Keto Enol
CDClIs 100 0 Cyklohexanon 50 50
CD:Cl2 100 0 CF3CH2OH 45 55
CD3NO2 100 0 PhOH 30 70
PhNO> 95 5 MeOH 20 80
PhCN 90 10 DMF 10 90
ACN 85 15 DMSO/HMPA 0 100
Aceton 65 35

Z vysledkid (Schéma 63) je opét patrné, Ze zastoupeni enolformy roste s polaritou pouzitého

rozpoustédla.

Vliv substituce byl také studovan v poloze 4- u 2-fenyl-thiazolin-5-onu (Schéma 64).

Ho;ﬁz/Q - O:S_SE/Q

Schéma 64
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R Krystal kapalina CHCIlz DMSO HMPA
H Keto - Keto 25 % keto; 75 % enol Enol
Me Enol - Keto Enol Enol
Bn Enol - Keto Enol -
iso-butyl Enol - Keto Enol -
iso-propyl | - Keto Keto 27 % keto; 73 % enol Enol
sec-butyl - Keto Keto 18 % keto; 82 % enol Enol

Z vysledku (Schéma 64) je patrné, ze vSechny derivaty se V méné polarnim CHCls vyskytuji
v ketoformé, naopak v polarnim HMPA se vSechny vyskytuji v enolform¢ a v DMSO je
preferovana enolforma. Toto zjisténi bylo potvrzeno i dal§imi autory?®*?** a podpoieno

kvantové chemickymi vypodty?®,

U 5-hydroxythiazolt pfipada v avahu vznik jesté jednoho mozného tautomeru, kdy se méni
poloha dvojné vazby v sousedstvi thiazolového dusiku u ketoformy (Schéma 65). Konkrétné
u 2-benzyl-4-ethyl-1,3-thiazol-5(4H)-onu (A) (Schéma 65) byla pomoci *H, **C NMR a IC
poprvé pozorovana®®* konjugovana ketoforma 2-benzyl-4-ethyl-1,3-thiazol-5(2H)-onu (B)
(Schéma 65). Dle 'H NMR spektroskopie bylo zjisténo, Ze tato forma B se nachézi v roztoku

CDCls v 12% zastoupeni a zbyvajicich 88 % ptipada na formu A.

HO— S Oy S OS>
N - N - =N
A B
Schéma 65

Mnohem méné byla studovanal’®?® keto-enolova tautomerie u 2-hydroxythiazola (Schéma
66), prestoze tautomeric je vtomto piipadé znaéné omezena ve srovnani s 4-
a 5-hydroxythiazoly. 2-Hydroxythiazoly se vyskytuji v ketoformé, nebot’ se jedna o laktamovy

systém.
S\-OH S0
(re" = r

N N
H

Schéma 66
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5. Cile prace

Heterocyklické slouceniny obsahujici atom siry a dusiku jsou v organické chemii jedny
z nejdiskutovanéjsich molekul. Je znamo mnoho jejich syntetickych pfiprav, avSak
nejzajimavejsi skupinou jsou presmyky, u nichz se jeden heterocyklicky systém transformuje
na druhy. Transformacnimi reakcemi lze Casto jednoduchymi postupy ziskat nékdy tézko
ptipravitelné organické slouceniny. Vysledky nékterych téchto reakci jsou vsak
nepiedvidatelné a vedou ke vzniku ptekvapivych produkti. Tento problém vSak muize byt
eliminovan pfi podrobném prostudovani mechanismu reakce, ktery pomaha hloubé&ji pochopit

samotny proces presmyku.

Kromé¢ studia mechanismt se v soucasné dob¢ klade velky duraz na funkéni vlastnosti
(fotochemické, fotofyzikalni atd.) pfipravovanych thiazoll. Prestoze jsou z minulosti dobie
znamy naptiklad bioluminiscencni vlastnosti luciferinu, tak az v poslednich letech dochazi
K vyznamnému rozvoji na tomto poli.

Hlavni cile této disertacni prace jsou:

1. V ramci studia isothiouroniovych soli probihajiciho dlouhodobé& na naSem pracovisti,
bylo cilem této disertacni prace, rozsifit paletu isothiouroniovych soli odvozenych od

bromlaktonti, pfipadné laktamd.

2. Studovat pfesmyk ptipravenych isothiouroniovych soli v bazickém prostiedi a jeho

mechanismus porovnat s predchozimi pracemi.
3. Studovat tautomerni chovani piipravenych thiazolu.

4. Studovat vliv zmény fragmentu NCS (thiomocovina, thioamid, thiokarbamat,

dithiokarbamat) na transformaci.

5. Studovat vliv isolobalni zamény atomu kysliku atomem dusiku ve vychozi molekule

laktonu.

6. Studovat fotofyzikalni vlastnosti.
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6. Experimentalni ¢ast

6.1. Pouzité chemikalie

K ptipravé organickych slou¢enin bylo pouzito chemikalii komer¢né dodavanych firmami

Sigma Aldrich, Acros Organics, Maybridge a TCI.

3-Brom-1-benzofuran-2(3H)-on je sice komeréné dostupnou slouceninou, ale jelikoz je
relativné  drahy, tak bylo vhodn&j$i jej pfipravit dvoukrokovou syntézou
z 2-hydroxyfenyloctové kyseliny, kdy v prvnim kroku byl piipraven®® cyklicky lakton
azeotropickou destilaci, jez byl nasledné bromovan®® do polohy 3- pomoci komplexu dioxan-

brom v etheru.

Thiomocoviny byly bud komeréné dostupné, nebo byly syntetizovany znamymi

metodami310-312,

Pouzité thioamidy byly rovnéz komer¢né dostupné nebo byly syntetizovany z piislusnych

nitrild dle literatury®®,

2,5-Difenyl-4-hydroxy-1,3-thiazol ~ (4) byl ptipraven 2z  methylesteru  kyseliny

o-bromfenyloctové dle literatury®’.

Thiokarbamaty byly pfipraveny z piislusnych fenolt dle literatury®* a dithiokarbamaty byly

315

syntetizovany>™ z pfisluSnych anilini, ze kterych byly nejprve pfipraveny thiokyanaty

316

a v dalsim kroku®*° ptislusné dithiokarbamaty.

817318 7 komerdné

3-Brom-1,3-dihydro-2H-indol-2-on byl syntetizovan dle literatury
dostupného isatinu, kdy v prvnim kroku byla provedena reakce s tosylhydrazinem na
3-tosylhydrazono-1,3-dihydro-indol-2-on, v druhém kroku byla provedena hydrolyza za vzniku

3-diazoindolonu a poslednim krokem bylo zavedeni bromu®!® pomoci roztoku HBr.

3-Brom-1-methyl-1,3-dihydro-2H-indol-2-on byl ptipraven z N-methylisatinu vyse uvedenymi
postupy. N-methylisatin byl piipraven alkylaci isatinu pomoci methyljodidu dle literatury®2%-32,

6.2. Elementarni analyza

Elementarni analyza byla provedena na ptistroji FLASH 2000 Organic Elemental Analysis
(ThermoFisher).
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6.3. Méieni NMR spekter

NMR spektra byla méfena na spektrometru Bruker Avance 111 400 pi#i frekvencich 400,1 MHz
(*H) a 100,6 MHz (*3C) nebo na spektrometru Bruker Ascend 500 MHz pfi frekvencich 500
MHz (*H) a 125 MHz (33C). Jako rozpoustédlo byl pouzit hexadeuterovany dimethylsulfoxid
(DMSO-ds). Chemické posuny on a oc byly vztazeny ke stfedim signalu multipletu
rozpoustédla (on = 2,50 ppm a oc = 39,6 ppm). Uhlikova NMR spektra byla méfena
s Sirokopasmovym decouplingem protont bud’ standardnim zptisobem, anebo s pouzitim pulzni
sekvence APT (Atached Proton Test), kterou byly rozliseny uhliky CH, CH2, CH3 a Civartémi.
Spektra isothiouroniovych soli musela byt zméfena bezprostiedné po ptipraveé vzorku z divodu

jejich rozkladu.

6.4. Méreni hmotnostnich spekter (MALDI)

Hmotnostni spektra byla zmétena na pristroji MALDI LTQ Orbitrap XL (Thermo Fisher
Scientific, Bremen, SRN) vybavenym dusikovym UV laserem (337 nm, 60 Hz, 8-20 uJ)
V pozitivnim iontovém modu. Pro CID experiment bylo pouzito linearni kvadrupolové pasti
(LTQ) jako kolizni plyn bylo pouzito helium a 2,5-dihydrobenzoové kyseliny (DHTB) nebo
trans-2-[3-(4-terc-butylfenyl)-2-methylprop-2-en-1-yliden]malonnitril (DCTB) jako MALDI

matrice.

6.5. Méreni UV-VIS a fluorescencnich spekter

Absorpéni spektra byla métena na spektrometru Hewlet-Packard 8453 Diode Array pii 25 °C
+ 0,1 °C v kyveté tloustky 1 cm v dioxanu, ethyl-acetatu, acetonitrilu, acetonu a suchém
DMSO.

Fluorescenéni spektra byla méfena na Steady State Spektrofluorimetru PT1 Quantamaster 40.
Pro stanoveni hodnot kvantovych vytézki u zkoumanych sloucenin, které byly meéfeny
v Sirokém rozmezi (440-490 nm) byly pouzity nasledujici standardy: Chinin-sulfat v 0,5 mol/Il
H2S04 (Armax = 445 nm, @ = 0,54)%?2323 Coumarin 153 v ethanolu (Armax = 536 nm, @ = 0,38)%
a DCM v n-propylalkoholu (Armax = 614 nm, @ = 0,57)%%,

6.6. Ramanova spektroskopie

Ramanova spektra byla métena za laboratorni teploty na FT-IR spektrometru IFS 55 opatienym
Ramanovym FRA-106 nastavcem (Bruker) metodou zpétného rozptylu. Pro excitaci bylo

vyuzito laserové ¢ary (1064 nm) Nd**:YAG laseru.
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6.7. Priprava roztoki pufri

Zasobni roztoky N-methylmorfolinovych (NMF), tris(hydroxymethyl)aminomethanovych
(TRIS), hydroxylaminovych (HA) a acetatovych pufri byly ptipraveny do 25 ml odmérné
batiky z roztoku bazické slozky pufru (¢ = 1 mol-I™) a z roztoku kyselé slozky (¢ = 1 mol-I™)
0 daném poméru. Pomér slozek znazornuje pismeno ,k* pro nadbytek kyselé slozky pufru,
anebo pismeno ,,b“ pro nadbytek bazické slozky pufru. Dale bylo odpipetovano vypoctené
mnozstvi roztoku KCI (¢ = 2 mol-I1), aby hodnota iontové sily byla vzdy | = 1 mol-1"* a viechny

roztoky byly doplnény redestilovanou vodou po rysku.

6.8. Méreni pH roztoki pufria

Me¢teni bylo provedeno na pfistroji PHM 93 RADIOMETER COPENHAGEN. Kalibrace pH
metru byla provedena vzdy na dva pufry standardni série IUPAC od firmy Radiometer.

6.9. Priprava a charakterizace sloucenin

6.9.1. Piiprava isothiouroniovych soli (1a-i)

S
0 AR ACN O o
- Br
o + H’}ll l}Iz > °
R R NH‘Rl

Br S ‘\/@)
la-i 3 N<g?

R? R? R3
a H 4-CH30Ph H
b H 4-CHsPh H
c H 4-BrPh H
d H 2-Py H
e H CH2Ph H
f CHsCH:2 CHsCH2 H
g CHs 4-CH30OPh H
h CH; CH; H
i H CHsCH2 Ph

3-Brom-1-benzofuran-2(3H)-on (0,5 g, 2,35 mmol) byl rozpustén ve 4 ml acetonitrilu. Poté byl
ptidan nasyceny roztok prislusné thiomocoviny (2,35 mmol) v acetonitrilu. Roztok byl michan,
dokud se nevyloucily krystaly (vSechny soli se vylouc€ily v rozmezi 1-24 hodin). Vylou¢ené
krystaly byly zfiltrovany, promyty 2 ml acetonitrilu a dukladné¢ vysuSeny ve vakuovém

exsikatoru.
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N-(4-Methoxyfenyl)-S-(2-ox0-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromid (1a)

bilé krystalky, vytézek: 0,79 g (85 %); b.t. 211-232 °C (rozklad); 'H-NMR (DMSO-de): 8h:
3,85 (s, 3H); 5,90 (s, 1H); 6,86 (t, 3J = 7,6 Hz, 1H); 6,93 (d, 1H, 3J = 8,0 Hz); 7,22 (AA’XX’,
2H, 33 =9,2 Hz); 7,26 (dt, 1H, 33 = 7,6 Hz, *J = 1,2 Hz); 7,36 (AA’XX’, 2H, 3 = 7,6 Hz); 7,46
(dd, 1H, 3 = 7,6 Hz, “J = 1,2 Hz); 10,59 (bs, 1H); 10,92 (vbs, 2H). *C-NMR (DMSO-ds): 8c:
50,0; 55,8; 115,8; 119,4; 120,2; 123,9; 129,5; 131,0; 132,1; 155,5; 161,0; 172, 9; 174,4;
Elementarni analyza pro C16H1sBrN20sS: C 48,62 %; H 3,82 %; N 7,09 %; S 8,11 %; Br 20,22
%. Nalezeno: C 48,70 %; H 3,67 %; N 7,04 %; S 8,26 %; Br 20,11 %. HRMS (MALDI+)
Vypocteno pro C16H1sBrN2OsS [M-Br]* 315,0798. Nalezeno: 315,0789.

N-(4-Methylfenyl)-S-(2-oxo-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromid (1b)

bilé krystalky, vytézek: 0,63 g (71 %); b.t. 215-233 °C (rozklad); *H-NMR (DMSO-ds): 8k:
2,42 (s, 3H); 5,91 (s, 1H); 6,86 (t, 1H, 3] = 7,2 Hz); 6,93 (AA’XX’, 1H, 3J = 8,0 Hz); 7,25-7,40
(m, 3H); 7,44-7,51 (m, 3H); 10,59 (bs, 1H); 10,93 (vbs, 2H). *C-NMR (DMSO-ds): &c: 21,0;
50,1; 115,8; 119,4; 120,2; 127,9; 129,1; 131,1; 131,1; 132,2; 141,0; 155,5; 172,8; 174,2;
Elementarni analyza pro C1sH1sBrN202S: C 50,67 %; H 3,99 %; N 7,39 %; S 8,45 %; Br 21,07
%. Nalezeno: C 50,76 %; H 3,83 %; N 7,35 %; S 8,62 %; Br 21,18 %. HRMS (MALDI+)
Vypocteno pro C16H1sBrN202S [M-Br]* 299,0849. Nalezeno: 299,0841.

N-(4-Bromfenyl)-S-(2-oxo-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromid (1c)

bilé krystalky, vytézek: 0,88 g (85 %); b.t. 199-222 °C (rozklad); *H-NMR (DMSO-ds): 8h:
5,92 (s, 1H); 6,86 (dt, 1H, 3J = 7,6 Hz, 2] = 0,8 Hz); 6,93 (d, 1H, 3J = 8,0 Hz); 7,28 (dt, 1H, %] =
8,0 Hz, %) = 0,8 Hz); 7,41 (AA’XX’, 2H, %) = 8,0 Hz); 7,47 (dd, 1H, %) = 7,6 Hz, 2] = 1,6 Hz);
7,92 (AA’XX, 2H, 3J = 8,8 Hz); 10,60 (bs, 1H); 10,92 (vbs, 2H). 3C-NMR (DMSO-ds): &c:
50,1; 115,8; 119,4; 120,1; 124,7; 130,4;, 131,0; 131,1; 132,1; 133,7; 155,5; 172,6; 173,8;
Elementarni analyza pro C1sH12Br2N20O,S: C 40,56 %; H 2,72 %; N 6,31 %; S 7,22 %; Br 35,98
%. Nalezeno: C 40,73 %; H 2,59 %; N 6,32 %; S 7,31 %; Br 35,89 %. HRMS (MALDI+)
Vypoéteno pro C15H12BroN20,S [M-Br]* 362,9797. Nalezeno: 362,9800.

N-(Pyridin-2-yl)-S-(2-ox0-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromid (1d)

bilé krystalky; vytézek: 0,70 g (82 %); b.t. 166-169 °C; *H-NMR (DMSO-ds): 8r: 5,60 (s, 1H);
4,00-7,00 (vbs, 2H + H,0) 6,79 (t, 3J = 7,6 Hz, 1H); 6,71 (d, 1H, 3J = 8,0 Hz); 7,14-7,24 (m,
2H); 7,35-7,45 (m, 2H); 8,14 (t, 1H, 3J = 7,6 Hz); 8,44 (d, 1H, 3J = 5,2 Hz); 10,06 (bs, 1H).
13C-NMR (DMSO-ds): 8c: 50,4; 115,7; 118,3; 119,3; 120,5; 121,9; 130,0; 130,7; 143,3; 143,9;
155,2; 155,7; 165,8; 177,0; Elementarni analyza pro C1aH12BrN3zO,S: C 45,91 %; H 3,30 %;

57



N 11,47 %; S 8,76 %; Br 21,82 %. Nalezeno: C 45,64 %; H 3,42 %; N 11,70 %; S 8,52 %;
Br 21,69 %. HRMS (MALDI) Vypoéteno pro Ci1aH12BrNz3O2S [M-Br]* 286,0645. Nalezeno:
286,0640.

N-Benzyl-S-(2-ox0-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromid (1e)

bilé krystalky; vytézek: 0,63 g (71 %); b.t. 191-206 °C (rozklad); 'H-NMR (DMSO-de): Jn:
4,97-5,17 (m, 2H); 5,98 (s, 1H); 6,84 (dt, 1H,3J = 7,6 Hz, 2 =1,2 Hz); 6,89 (d, 1H, 3] = 8,0 Hz);
7,26 (dt, 1H, %) = 8,4 Hz, ) = 2,0 Hz); 7,33-7,46 (m, 6H); 10,38 (s, 1H); 11,33 (brs, 2H).
13C-NMR (DMSO-ds): dc: 46,4; 49,9; 115,7; 119,3; 119,3; 127,1; 128,0; 128,8; 131,1; 132,0;
133,5; 155,5; 173,1; 173,5; Elementarni analyza pro C1sH15BrN.O>S: C 50,67 %; H 3,99 %; Br
21,07 %; N 7,39 %,; O 8,44 %; S 8,45 %. Nalezeno: C 52,62 %; H 3,87 %; Br 20,91 %; N 7,30
%; S 8,45 %. HRMS (MALDI+) Vypoéteno pro C1sHisBrN202S [M-Br]* 299,0849. Nalezeno:
299,0843.

N,N’-Diethyl-S-(2-ox0-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromid (1f)

bilé krystalky; vytézek: 0,65 g (80 %); b.t. 195-210 °C (rozklad); *H-NMR (DMSO-ds): dn:
1,17 (t, 3H,3J = 7,2 Hz); 1,27 (t, 1H, %) = 7,2 Hz); 3,52 (q, 2H, 3] = 7,2 Hz); 3,87-4,02 (m, 2H);
5,88 (s, 1H); 6,83 (dt, 1H, %J = 7,2 Hz, 5] = 0,8 Hz); 6,89 (d, 1H, 3J = 8,4 Hz); 7,24 (dt, 1H,
3)=8,0Hz, 43 = 1,6 Hz); 7,37 (dd, 1H, 3J = 7,6 Hz, 4 = 1,2 Hz); 10,33 (s, 2H). 3*C-NMR
(DMSO-ds): oc: 11,8; 13,8; 39,0; 42,7; 49,8; 115,8; 119,3; 120,0; 131,0; 131,8; 155,6; 172,6;
Elementarni analyza pro C13H17BrN202S: C 45,22 %; H 4,96 %; Br 23,14 %; N 8,11 %; O 9,27
%; S 9,29 %. Nalezeno: C 45,04 %; H 4,88 %; Br 22,91 %; N 8,07 %; S 9,02 %. HRMS
(MALDI+) Vypoéteno pro C13H17BrN202S: [M-Br]* 265,1005. Nalezeno: 265,0999.
N-Methyl-N"-(4-methoxyfenyl)-S-(2-oxo-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-
bromid (19):

bilé krystalky; vytézek: 0,79 g (82 %); b.t. 175-207 °C; *H-NMR (DMSO-ds)‘ 51: 3,08 (s, 3H);
3,85 (s, 3H); 5,00 (vbs + H20, 1H); 5,97 (s, 1H); 6,87 (dt, 1H, 3J = 7,2 Hz, 4J = 0,8 Hz); 6,95
(d, 1H, 3J = 8,4 Hz); 7,20 (AA’XX’, 2H, 33 = 9,2 Hz); 7,28 (dt, 1H, 3J = 8,0 Hz, *J = 1,6 Hz);
7,36 (AA’XX’, 2H,3)=8,8 Hz); 7,48 (dd, 1H, 3J=8,0 Hz,%) = 1,6 Hz); 10,59 (s, 1H). ®C-NMR
(DMSO-ds): 6c: 33,6; 50,0; 55,8; 115,6; 115,8; 119,4; 120,3; 124,6; 129,6; 131,0; 131,9; 155,6;
160,8; 171,5; 172,7; Elementarni analyza pro C17H17BrN20O3S: C 49,85 %; H 4,19 %; N 6,84
%; S 7,83 %; Br 19,52 %. Nalezeno: C 49,95 %; H 4,10 %; N 6,87 %; S 7,64 %; Br 19,40 %.
HRMS (MALDI+) Vypoéteno pro C17H17BrN203S: [M—Br]* 329,0954. Nalezeno: 329,0962.
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2-[(2-Oxo-2,3-dihydro-1-benzofuran-3-yl)sulfanyl]-4,5-dihydro-1H-imidazol-3-ium-bromid
(1h):

bilé krystalky; vytszek: 0,64 g (86 %); b.t. 181-185 °C; 'H-NMR (DMSO-de): dn: 3,98-4,12
(m, 2H); 4,35-4,49 (m, 2H); 6,18 (s, 1H); 6,84 (dt, 1H, 3 = 7,6 Hz, *J = 1,2 Hz); 6,92 (d, 1H,
3)=8,4Hz); 7,25 (dt, 1H, 3J = 7,6 Hz, ) = 1,6 Hz); 7,37 (dd, 1H, 3J = 7,2 Hz, ) = 1,6 Hz);
8,50 (bs, 1H); 10,41 (bs, 1H). 3*C-NMR (DMSO-ds): 8c: 42,5; 53,0; 57,4; 115,7; 119,3; 119,8;
131,1; 131,3; 155,8; 168,1; 173,9; Elementarni analyza pro C11H11BrN20,S: C 42,19 %; H 2,90
%; N 8,94 %; S 10,24 %; Br 25,51 %. Nalezeno: C 41,92 %; H 3,17 %; N 8,73 %; S 10,09 %;
Br 25,27 %. HRMS (MALDI+) Vypocteno pro C11H11BrN202S: [M—Br]* 235,0536. Nalezeno:
235,0528.

N-Ethyl-N-fenyl-S-(2-ox0-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromid (1i)

bilé krystalky; vytézek: 0,76 g (82 %); b.t. 168-208 °C (rozklad); 'H-NMR (DMSO-de): Jh:
1,15 (t, 3H, %) = 7,2 Hz); 3,97-4,12 (m, 2H) 5,48 (s, 1H); 6,10 (brs, 1H) 6,75 (t, 1H, 31 = 7,2 Hz);
6,81 (d, 1H, 3J = 7,6 Hz); 7,06-7,15 (m, 2H); 7,38-7,58 (m, 5H); 9,50 (brs, 1H). ¥C-NMR
(DMSO-de): oc: 12,8; 49,5; 54,9; 115,5; 119,3; 122,8; 128,0; 129,5; 129,6; 129,9; 130,2; 140,1;
155,6; 180,4; 185,9; Elementarni analyza pro C17H17BrN20,S: C 51,92 %; H 4,36 %; Br 20,32
%; N 7,12 %; O 8,14 %; S 8,15 %. Nalezeno: C 51,75 %; H 4,25 %; N 7,02 %; Br 20,12 %;
S 7,87 %. HRMS (MALDI+) Vypo¢teno pro Ci17H17BrN202S: [M-Br]* 313,1001. Nalezeno:
313,1013.
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6.9.2. Transformace isothiouroniovych soli 1a-i na 2a-i

Rl

O o 0 / 2 O 2
@8:0 Br OoH N N\ ;R oH N I\{ /R
,NH-Rl Baze S>‘N S>\N\
S < —_—> nebo R!
la-j NH-g? 2a-h 2a-e,i
R? R?

a H 4-CH3OPh

b H 4-CHsPh

c H 4-BrPh

d H 2-Py

e H CH2Ph

f | CH3CH; CH3CH>

g CHs 4-CH3OPh

h CH; CH:

i | CHsCH: Ph

Pfislusné isothiouroniové soli 1a-i (2 mmol) byly suspendovany ve 25 ml vody. Za stalého
michani bylo pfidano ekvivalentni mnozstvi 25% vodného roztoku NHas. Po dvou hodinach byla
suspenze zfiltrovana, nasledné¢ promyta 25 ml studené vody a surovy produkt byl dale
rekrystalizovan z methanolu. Timto postupem byly ziskany pfislusné 1,3-thiazolidin-4-ony
2a-i.

5-(2-Hydroxyfenyl)-2-[ (4-methoxyfenyl)imino]-1,3-thiazolidin-4-on (2a):

bilé krystalky; vytézek: 0,54 g (86 %); b.t. 166-168 °C; *H-NMR (DMSO-ds) (E/Z-isomery
v poméru 1 : 1): 8n: 3,72 a 3,75 (2xs, 3H); 5,49 a 5,51 (2xs, 1H); 6,74-6,84 (m, 2H); 6,88-7,02
(m, 3H); 7,10-7,17 (m, 2H); 7,62-7,68 (m, 1H); 9,89 a 9,99 (2xbs, 1H); 11,04 a 11,66 (2xbs,
1H). BC-NMR: &c: 50,4 a 53,6; 55,4; 114,2 a 114,6; 115,5 a 115,6; 119,2; 122,0; 123,0; 123 4;
129,4 a 129,7; 130,1; 132,2; 155,6; 156,3 a 156,8; 176,2; 188,7; Elementarni analyza pro
C16H14N203S: C 61,13 %; H 4,49 %; N 8,91 %; S 10,20 %. Nalezeno: C 61,11 %; H 4,53 %j;
N 8,99 %; S 10,19 %. HRMS (MALDI+) Vypoéteno pro CieH1aN203sS [M+H]" 315,0798.
Nalezeno: 315,0787.

5-(2-Hydroxyfenyl)-2-[ (4-methylfenyl)imino]-1,3-thiazolidin-4-on (2b):

bilé krystalky; vytézek: 0,54 g (91 %); b.t. 197-201 °C; *H-NMR (DMSO-ds) (E/Z-isomery
vpoméru 1 : 1): dn: 2,26 a 2,29 (2xs, 3H); 5,51 a 5,52 (2xs, 1H); 6,75-6,85 (m, 2H); 6,90
(LAA’XX’, 1H, %) = 8,0 Hz); 7,10-7,24 (m, 4H); 7,64 (LAA XX, 1H, 3J = 8,0 Hz); 9,90
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a10,01 (s, 1H); 11,08 and 11,72 (s, 1H); 3C-NMR (DMSO-ds): &c: 20,6; 50,0 a 53,6; 115,5
all5,6; 119,2;120,4a121,7;1229a123,4; 129,4a129,5; 129,7 a 129,8; 130,1; 133,9; 136,6;
155,6; 176,5; 188,8; Elementarni analyza pro CisH14N20,S: C 64,41 %; H 4,73 %; N 9,39 %;
S 10,75 %. Nalezeno: C 64,40 %; H 4,87 %; N 9,31 %; S 10,65 %. HRMS (MALDI+)
Vypoéteno pro C16H14N202S [M+H]" 299,0849. Nalezeno: 299,0838.

5-(2-Hydroxyfenyl)-2-[(4-bromfenyl)imino]-1,3-thiazolidin-4-on (2c)

bilé krystalky; vytézek: 0,64 g (88 %); b.t. 138-142 °C; *H-NMR (DMSO-ds) (E/Z-isomery
v poméru 1 : 1): 8n: 5,55 (s, 1H); 6,74-6,86 (m, 2H); 6,92 (m, 1H); 7,10-7,22 (m, 2H); 7,49 (m,
1H); 7,60 (m, 1H); 7,72 (m, 1H); 9,90 a 10,20 (2xbs, 1H); 11,20 a 11,84 (2xbs, 1H). 3C-NMR
(DMSO-ds) (70 °C): oc: 48,3; 115,4; 116,2; 118,9; 122,7; 122,8; 129,1; 129,4; 131,6; 155,2;
175,4; 188,4; Elementarni analyza pro C1sH1:1N2BrO,S: C 49,60 %; H 3,05 %; N 7,71 %; S 8,83
%; Br 22,00 %. Nalezeno: C 49,32 %; H 3,29 %; N 7,50 %; S 8,64 %; Br 22,27 %. HRMS
(MALDI+) Vypocteno pro CisH11N2BrO2S [M+H]" 362,9797. Nalezeno: 362,9788.

5-(2-Hydroxyfenyl)-2-(pyridin-2-ylimino)-1,3-thiazolidin-4-on (2d)

bilé krystalky; vytézek: 0,43 g (75 %); b.t. 219-222 °C; 'H-NMR (DMSO-de): 8+: 5,32 (s, 1H);
6,75-6,85 (M, 2H); 7,05-7,22 (m, 4H); 7,79 (t, 1H, 3J = 7,2 Hz); 8,33 (d, 1H, 3J = 4,0 Hz); 9,91
(bs, 1H); 11,94 (bs, 1H). **C-NMR (DMSO-ds): 5c: 49,8; 115,6; 118,4; 119,2; 123,0; 129,4;
130,3; 138,7; 146,6; 155,5; 156,4; 164,8; 178,7; Elementarni analyza pro Ci4H11N3O»S:
C 58,93 %; H 3,87 %; N 14,73 %; S 11,24 %. Nalezeno: C 58,74 %; H 3,80 %; N 14,59 %;
S 11,11 %. HRMS (MALDI+) Vypocteno pro Ci4sH11N30O2S [M+H]* 286,0645. Nalezeno:
286,0638.

5-(2-Hydroxyfenyl)-2-(benzylimino)-1,3-thiazolidin-4-on (2e)

bilé krystalky, vytézek: 0,55 g (93 %); b.t. 196-198 °C; 'H-NMR (DMSO-ds) (E/Z-isomery
v poméru 5 : 1): on: 4,48 a 4,72 (s, 2H); 5,49 a 5,53 (s, 1H); 6,80 (dt, 1H,3)=7,2 Hz,%)=1,2
Hz); 6,87 (d, 1H, 3] = 8,0 Hz); 7,12 (dd, 1H, 3J = 7,6 Hz, ®J = 1,2 Hz); 7,18 (dt, 1H, 3J = 8,0
Hz, %) = 1,2 Hz); 7,32-7,47 (m, 5H); 9,68 (s, 1H); 9,91 (s, 1H). 3C-NMR (DMSO-ds): dc: 47,8;
54,3;115,4;119,2;123,9127,5a127,6; 127,7; 128,7; 129,22 129,3; 129,7; 137,7; 179,6; 187,7;
Elementarni analyza pro C1sH14N202S: C 64,41 %; H 4,73 %; N 9,39 %; O 10,72 %; S 10,75 %.
Nalezeno: C 64,32 %; H 4,68 %; N 9,32 %; S 10,51 %. HRMS (MALDI+) Vypocteno pro
C16H14N202S [M+H]* 299,0849. Nalezeno: 299,0843.
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5-(2-Hydroxyfenyl)-3-ethyl-2-(ethylimino)-1,3-thiazolidin-4-on (2f)

bilé krystalky, vytézek: 0,46 g (86 %); b.t. 140-143 °C; *H-NMR (DMSO-de): on: 1,1-1,2 (m,
6H); 3,17-3,27 (m, 2H); 3,65-3,74 (m, 2H); 5,50 (s, 1H); 6,74-6,83 (m, 2H); 7,13-7,19 (m, 2H);
9,97 (s, 1H). *C-NMR (DMSO-de): dc: 12,16; 16,00; 37,37; 46,02; 47,28; 115,66; 119,12;
123,17; 129,77; 130,30; 151,08; 155,53; 172,65; Elementarni analyza pro CisHisN202S:
C 59,07 %; H 6,10 %; N 10,60 %; O 12,11 %; S 12,13 %. Nalezeno: C 58,82 %; H 6,03 %;
N 10,57 %; S 11,94 %. HRMS (MALDI+) Vypoéteno pro CisHi1sN202S [M+H]* 265,1005.
Nalezeno: 265,0998.

5-(2-Hydroxyfenyl)-3-methyl-2-[ (4-methoxyfenyl)imino]-1,3-thiazolidin-4-on (29):

bilé krystalky; vytézek: 0,45 g (69 %); b.t. 217-219 °C; *H-NMR (DMSO-ds): 5: 3,24 (s, 3H);
3,72 (s, 3H); 5,55 (s, 1H); 6,74-6,82 (m, 2H); 6,86-6,93 (m, 4H); 7,13-7,21 (m, 2H); 10,03 (bs,
1H). ¥ C-NMR (DMSO-ds): 8c: 29,6; 47,5; 55,3; 114,5; 115,6; 119,1; 122,1; 122,7; 129,8;
130,2; 141,2; 154,7; 155,4; 156,1; 173,2; Elementarni analyza pro C16H14N20>S: C 62,18 %;
H 4,91 %; N 8,53 %; S 9,76 %. Nalezeno: C 61,95 %; H 4,88 %; N 8,33 %; S 9,63 %. HRMS
(MALDI+) Vypoéteno pro Ci1sH1aN20.S [M+H]" 329,0954. Nalezeno: 329,0957.

2-(2-Hydroxyfenyl)-5,6-dihydroimidazo[2,1-b][1,3] thiazol-3(2H)-on (2h):

bilé krystalky, vytézek: 0,33 g (70 %); b.t. 126-129 °C; *H-NMR (DMSO-de): 8n: 3,61-3,76
(m, 2H); 4,15-4,28 (m, 2H); 5,93 (s, 1H); 6,75-6,87 (m, 2H); 7,17-7,25 (m, 2H); 10,11 (bs, 1H);
13C-NMR (DMSO-de): &¢c: 41,7; 55,3; 60,8; 115,7; 119,1; 122,8; 130,1; 130,3; 155,6; 160,1;
166,6; Elementarni analyza pro C11H10N20-S: C 56,39 %; H 4,30 %; N 11,96 %; S 13,69 %.
Nalezeno: C 56,12 %; H 4,15 %; N 7,79 %; S 13,48 %. HRMS (MALDI+) Vypo¢teno pro
C11H10N202S [M+H]" 235,0536. Nalezeno: 235,0539.

2-[Ethyl(fenyl)amino]-5-(2-hydroxyfenyl)-1,3-thiazol-4(5H)-on (2i)

bilé krystalky, vytézek: 0,47 g (75 %); b.t. 126-129 °C; 'H-NMR (DMSO-ds): dn: 1,16 (t, 3H,
3)=17,2 Hz); 3,98-4,12 (m, 2H); 5,42 (s, 1H); 6,66-6,83 (m, 2H); 7,05-7,18 (m, 2H); 7,35-7,58
(m, 5H); 9,88 (s, 1H). *C-NMR (DMSO-de): dc: 12,8; 49,0; 55,3; 115,3; 119,2; 123,4; 128,2;
129,3; 129,6; 130,0; 140,3; 155,5; 181,2; 187,6; Elementarni analyza pro Ci7HisN20.S: C
65,36 %; H 5,16 %; N 8,97 %; O 10,24 %; S 10,26 %. Nalezeno: C 65,22 %; H 5,21 %; N
8,74 %; S 10,09 %. HRMS (MALDI+) Vypoéteno pro Ci7H1sN202S [M+H]* 313,10053.
Nalezeno: 313,10085.
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6.9.3. 5-(2-Hydroxyfenyl)-4-hydroxy-1,3-thiazoly (3a-h)

0 )SJ\ oH NN
Toluen /P
O * H)N" 'R u—l [ \>‘R
80 °C S
Br 3a-h
H a b c d e f g h

R | 4CH:OPh  4-CHsPh Ph 4-CIPh  3-CIPh  4-CFsPh  2-Py 2-Th

Roztok 3-brom-1-benzofuran-2(3H)-onu (0,5 g, 2,35 mmol) v 5 ml toluenu byl po kapkach
pfidavan do smési piislusného thioamidu (2,35 mmol) a pyridinu 65 ul (0,8 mmol) v 5 ml
toluenu pfi laboratorni teploté. Reak¢éni smés byla michana pii 80 °C po dobu dvou hodin
anasledn¢ ochlazena na laboratorni teplotu. Vyloucené amorfni krystalky byly zfiltrovany
anasledné rekrystalizovany z 80% vodného ethanolu. Takto byly ziskany substituované

thiazoly 3a-h jako oranzové krystalky.

4-Hydroxy-5-(2-hydroxyfenyl)-2-(4-methoxyfenyl)-1,3-thiazol (3a)

Vytézek: 0,44 g (62 %); b.t. 230-234 °C; 'H-NMR (DMSO-ds): dn: 3,81 (s, 3H); 6,88 (dt, 1H,
3] =6,8 Hz, %) =1,2 Hz); 6,93 (dd, 1H, 3J = 8,4 Hz, °J = 1,2 Hz); 7,00-7,08 (m, 3H); 7,78 (dd,
2H, 3] =7,2 Hz, °J = 1,6 Hz); 8,06 (dd, 1H, 3J = 8,0 Hz, %] = 1,6 Hz) 10,21 (brs, 1H); 11,17
(brs, 1H). 3C-NMR (DMSO-de): dc: 55,4; 102,2; 114,7; 115,4; 119,2; 119,3; 126,4; 126,7;
127,1; 128,1; 152,4; 159,2; 160,5; 160,6; Elementarni analyza pro CisH1sNO3S: C 64,20 %;
H 4,38 %; N 4,68 %; S 10,71 %. Nalezeno: C 64,24 %; H 4,37 %; N 4,67 %; S 10,69 %. HRMS
(MALDI+) Vypocteno pro Ci6H13NOsS [M+H]" 300,0689. Nalezeno: 300,0685. Ramanovo
spektrum (cm™): 78 (w), 107 (vw), 123 (vw), 157 (W), 184 (W), 249 (vw), 266 (sh), 314 (w),
356 (vw), 378 (w), 479 (w), 505 (vw), 532 (w), 549 (vw), 587 (vw), 600 (w), 632 (w), 679 (w),
717 (vw), 737 (w), 754 (sh), 798 (w), 825 (w), 959 (vw), 984 (vw), 1010 (vw), 1040 (m), 1075
(w), 1121 (vw), 1157 (vw), 1178 (sh), 1187 (m), 1242 (m), 1278 (w), 1311 (vw), 1327 (m),
1415 (sh), 1433 (sh), 1439 (s), 1446 (sh), 1481 (w), 1492 (w), 1518 (s), 1571 (sh), 1602 (s),
1619 (sh), 2840 (vw), 2940 (vw), 3001 (vw), 3054 (w), 3077 (w).

4-Hydroxy-5-(2-hydroxyfenyl)-2-(4-methylfenyl)-1,3-thiazol (3b)

Vytezek: 0,46 g (69 %); b.t. 252-254 °C; *H-NMR (DMSO-ds): dn: 2,35 (s, 3H); 6,86 (dt, 1H,
3J=7,6 Hz, % = 1,2 Hz); 6,92 (dd, 1H, 31 = 8,0 Hz, 5J = 1,2 Hz); 7,06 (dt, 1H,3J = 7,6 Hz, %] =
1,6 Hz); 7,29 (d, 2H, %3 = 7,6 Hz); 7,78 (d, 2H, 3J = 8,0 Hz); 6,92 (dd, 1H,31=7,6 Hz, %31 =1,2
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Hz) 10,8 (brs, 2H). *C-NMR (DMSO-ds): dc: 21,1; 102,8; 115,5; 119,2; 119,3; 125,1; 127,2;
128,1; 129,8; 131,0; 139,5; 152,5; 159,4; 160,5; Elementarni analyza pro C1sH13NO>S: C 67,82
%; H 4,62 %; N 4,94 %; S 11,32 %. Nalezeno: C 67,93 %; H 4,59 %; N 4,89 %; S 11,30 %.
HRMS (MALDI+) Vypoéteno pro CisH1aNO2S [M+H]* 284,0740. Nalezeno: 284,0739.
Ramanovo spektrum (cm™2): 122 (w), 160 (vw), 195 (vw), 205 (w), 240 (sh), 249 (vw), 311
(w), 327 (vw), 358 (w), 378 (w), 394 (vw), 407 (vw), 474 (w), 488 (vw), 507 (vw), 529 (w),
548 (w), 594 (w), 637 (w), 680 (w), 698 (vw), 705 (vw), 736 (w), 753 (vw), 799 (sh), 808 (w),
834 (w), 937 (vw), 962 (w), 989 (vw), 1022 (vw), 1040 (m), 1076 (w), 1124 (vw), 1158 (w),
1195 (m), 1243 (m), 1270 (w), 1303 (w), 1328 (m), 1375 (w), 1409 (m), 1437 (s), 1476 (sh),
1492 (m), 1518 (m), 1566 (sh), 1605 (s), 2540 (vw), 2591 (vw), 2860 (vw), 2917 (w), 3062 (w).

4-Hydroxy-5-(2-hydroxyfenyl)-2-fenyl-1,3-thiazol (3c)

Vytézek: 0,49 g (77 %); b.t. 220-224 °C; *H-NMR (DMSO-ds): dn: 6,87 (t, 1H, 3J = 7,5 Hz);
6,93 (d, 1H, 3J = 8,0 Hz); 7,07 (dt, 1H, 3J = 7,5 Hz, °J = 1,3 Hz); 7,41-7,55 (m, 3H); 7,89 (d,
2H, 33 = 7,0 Hz); 8,10 (d, 1H, 3J = 8,0 Hz); 10,31 (brs, 1H); 11,28 (brs, 1H). ¥C-NMR
(DMSO-de): dc: 103,5; 115,5; 119,1; 119,3; 125,1; 127,3; 128,1; 129,3; 129,8; 133,6; 152,5;
159,6; 160,3; Elementarni analyza pro CisH11NO2S: C 66,89 %; H 4,12 %; N 5,20 %;
S 11,91 %. Nalezeno: C 66,87 %; H 4,09 %; N 5,10 %; S 11,87 %. HRMS (MALDI+)
Vypoéteno pro C1sH11NO2S [M+H]" 270,0583. Nalezeno: 270,0583. Ramanovo spektrum (cm™
1:100 (s), 106 (sh), 138 (vw), 180 (vw), 212 (vw), 246 (vw), (vw), 315 (vw), 357 (sh), 375
(vw), 456 (vw), 478 (vw), 491 (vw), 534 (vw), (vw), 549 (vw), 589 (vw), 600 (vw), 617 (vw),
653 (vw), 683 (w), 730 (sh), 753 (w), 825 (w), 834 (w), 964 (w), 985 (w), 1000 (m), 1040 (w),
1076 (vw), 1159 (w), 1191 (m), 1242 (m), 1265 (w), 1296 (sh), 1318 (w), 1343 (w), 1356 (m),
1419 (s), 1455 (sh), 1499 (s), 1592 (s), 1616 (sh), 1653 (sh), 3013 (vw), 3067 (w).

4-Hydroxy-2-(4-chlorofenyl)-5-(2-hydroxyfenyl)-1,3-thiazol (3d)

Vytezek: 0,44 g (62 %); b.t. 250-253 °C; *H-NMR (DMSO-ds): dn: 6,88 (t, 1H, 3J = 7,5 Hz);
6,94 (dd, 1H, 3J = 8,0 Hz); 7,08 (dt, 1H, 3J = 7,5, Hz, °J = 1,3 Hz); 7,53 (d, 2H, 3J = 8,5 Hz);
7,90 (d, 2H, 3 = 8,5 Hz); 8,11 (dd, 1H, 3J = 8,0 Hz, °J = 1,3 Hz) 10,35 (s, 1H); 11,38 (s, 1H).
13C-NMR (DMSO-ds): dc: 104,1; 115,5; 119,0; 119,3; 126,8; 127,5; 128,1; 129,4; 132,4; 134,2;
152,6; 158,9; 159,7; Elementarni analyza pro C1sH10CINO>S: C 59,31 %; H 3,32 %; N 4,61 %;
S 10,56 %; Cl 11,67 %. Nalezeno: C 59,40 %; H 3,28 %; N 4,57 %; S 10,45 %; CI 11,50 %.
HRMS (MALDI+) Vypoéteno pro CisH10CINO2S [M+H]" 304,0194. Nalezeno: 304,0192.
Ramanovo spektrum (cm?): 116 (m), 159 (w), 190 (w), 245 (w), 305 (sh), 316 (w), 346 (w),
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378 (w), 393 (vw), 404 (vw), 475 (m), 491 (vw), 536 (vw), 552 (vw), 562 (vw), 586 (vw), 598
(vw), 629 (vw), 680 (w), 706 (w), 760 (m), 832 (w), 965 (vw), 1014 (w), 1040 (w), 1078 (vw),
1097 (w), 1126 (vw), 1163 (w), 1193 (m), 1220 (vw), 1244 (m), 1269 (sh), 1288 (sh), 1296 (w),
1319 (m), 1340 (sh), 1400 (s), 1433 (s), 1468 (sh), 1497 (s), 1522 (sh), 1568 (sh), 1589 (s),
1612 (sh), 3059 (vw), 3073 (vw).

4-Hydroxy-2-(3-chlorofenyl)-5-(2-hydroxyfenyl)-1,3-thiazol (3e)

Vytézek: 0,48 g (68 %); b.t. 219-222 °C; *H-NMR (DMSO-de): n: 6,80-7,00 (m, 2H); 7,09 (t,
1H, 3J = 7,0 Hz); 7,50 (s, 1H); 7,80-7,95 (m, 2H); 8,11 (d, 1H, 3J = 7,5 Hz) 10,46 (brs, 1H);
11,26 (brs, 1H). 3C-NMR (DMSO-ds): éc: 104,6; 115,5; 118,9; 119,3; 123,8; 124,4; 127,5;
128,1; 129,3; 131,3; 134,1; 135/4; 152,6; 158,2; 159,7; Elementarni analyza pro
C1sH10CINO,S: C 59,31 %; H 3,32 %; N 4,61 %; S 10,56 %; ClI 11,67 %. Nalezeno: C 59,30
%; H 3,27 %; N 4,59 %; S 10,41 %; CI 11,57 %. HRMS (MALDI+) Vypocteno pro
Ci15H10CINO,S [M+H]* 304,0194. Nalezeno: 338,0191. Ramanovo spektrum (cm™2): 114 (w),
131 (w), 157 (m), 183 (w), 219 (vw), 246 (vw), 280 (vw), 304 (vw), 321 (vw), 361 (w), 388
(w), 428 (vw), 473 (m), 503 (vw), 514 (vw), 536 (w), 556 (w), 603 (w), 618 (vw), 648 (w), 680
(w), 720 (w), 734 (m), 770 (vw), 833 (w), 879 (vw), 970 (w), 996 (s), 1010 (sh), 1038 (w), 1050
(vw), 1079 (vw), 1123 (vw), 1160 (w), 1171 (w), 1195 (vw), 1207 (vw), 1244 (w), 1264 (sh),
1287 (m), 1354 (s), 1378 (sh), 1416 (s), 1488 (s), 1590 (s), 1622 (sh), 3045 (sh), 3061 (m), 3075
(m).

4-Hydroxy-5-(2-hydroxyfenyl)-2-(4-trifluormethylfenyl)-1,3-thiazol (3f)

Vytszek: 0,55 g (69 %); b.t. 233-236 °C; 'H-NMR (DMSO-ds): dn: 6,88 (dt, 1H,3J = 7,6 Hz,
43 =1,2 Hz); 6,94 (dd, 1H, 3J = 8,0 Hz, °J = 0,8 Hz); 7,09 (dt, 1H, 3J = 7,8 Hz, J = 1,6 Hz);
7,83 (d, 2H, %) = 8,4 Hz); 8,09 (d, 2H, 3J = 8,4 Hz); 8,12 (dd, 1H, 3J = 8,0 Hz, 4J = 1,6 Hz);
10,97 (brs, 2H). 3C-NMR (DMSO-ds): dc: 105,3; 115,5; 118,6; 118,9; 124,2 (q, Jc-r = 248,2
Hz); 125,7; 126,3; 127,7; 128,1; 129,3 (q, 2Jcr = 31,5 Hz); 137,3; 152,7; 158;1; 160,1;166,1;
Elementarni analyza pro C1sH10FsNO-S: C 56,97 %; H 2,99 %; N 4,15 %; S 9,51 %. Nalezeno:
C 56,70 %; H 3,04 %; N 3,91 %; S 9,24 %. HRMS (MALDI+) Vypocteno pro CisH1oFsNO2S
[M+H]* 338,0457. Nalezeno: 338,0457. Ramanovo spektrum (cm™): 109 (m), 133 (vw), 156
(m), 174 (w), 198 (vw), 241 (w), 248 (sh), 313 (vw), 331 (m), 371 (vw), 402 (w), 418 (vw),
437 (vw), 451 (vw), 478 (s), 507 (vw), 535 (W), 556 (vw), 579 (vw), 597 (vw), 616 (vw), 633
(w), 673 (w), 681 (w), 738 (w), 781 (m), 832 (w), 842 (w), 947 (vw), 966 (vw), 1017 (w), 1039
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(m), 1078 (w), 1157 (w), 1179 (m), 1190 (w), 1204 (m), 1243 (m), 1271 (m), 1306 (m), 1325
(), 1354 (sh), 1401 (s), 1424 (s), 1434 (), 1472 (sh), 1491 (s), 1521 (s), 1577 (sh), 1612 (s).

4-Hydroxy-5-(2-hydroxyfenyl)-2-(2-pyridyl)-1,3-thiazol (3g)

Vytézek: 0,37 g (59 %); b.t. 247-250 °C; 'H-NMR (DMSO-de): Jn: 6,84-6,95 (m, 1H); 6,94
(dd, 1H, 3J = 8,15 Hz, %J = 1,15 Hz); 7,07-7,12 (m, 1H); 7,41-7,46 (m, 1H); 7,90-7,96 (m, 1H);
7,98-8,02 (m, 1H); 8,11 (dd, 1H, 33 = 7,9 Hz, 5J = 1,6 Hz 8,58-8,61 (m, 1H) 10,35 (brs, 1H);
11,30 (brs, 1H); C-NMR (DMSO-d¢): dc: 106,4; 115,5; 118,3; 119,2; 119,3; 124,5; 127,6;
128,3; 137,8; 149,8; 151,1; 152,9; 159,8; 160,7; Elementarni analyza pro CisHioN20>S:
C 62,21 %; H 3,73 %; N 10,36 %; S 11,86 %; Nalezeno: C 62,18 %; H 3,74 %; N 10,30 %;
S 11,78 %. HRMS (MALDI+) Vypoéteno pro CisH1oN202S [M+H]* 271.0536. Nalezeno:
271.0533. Ramanovo spektrum (cm™): 102 (sh), 119 (w), 134 (sh), 172 (vw), 196 (vw), 216
(vw), 232 (vw), 246 (vw), 297 (vw), 367 (vw), 395 (vw), 408 (vw), 464 (vw), 485 (vw), 524
(vw), 550 (vw), 605 (vw), 637 (vw), 673 (W), 694 (W), 734 (vw), 754 (vw), 765 (vw), 780 (vw),
826 (w), 858 (vw), 966 (vw), 978 (w), 1016 (m), 1032 (vw), 1052 (vw), 1095 (vw), 1118 (vw),
1153 (w), 1195 (vw), 1219 (sh), 1235 (m), 1261 (vw), 1302 (m), 1353 (m), 1410 (vw), 1443
(s), 1483 (s), 1550 (m), 1593 (m), 1607 (m), 3048 (w), 3075 (w).

4-Hydroxy-5-(2-hydroxyfenyl)-2-(2-thienyl)-1,3-thiazol (3h)

Vytezek: 0,45 g (70 %); b.t. 248-251 °C; 'H-NMR (DMSO-ds): dn: 6,87 (t, 1H,3J = 7,5 Hz);
6,91 (d, 1H, 3 =7,9 Hz); 7,06 (t, 1H, 3J = 7,25 Hz); 7,14 (t, 1H, J = 4,35 Hz); 7,59 (d, 1H, J =
3,1 Hz); 7,66 (d, 1H, J = 4,8 Hz); 8,11 (d, 1H, 3J = 7,7 Hz); 8,58 (d, 1H, J = 4,8 Hz); 10,33 (brs,
1H); 11,40 (brs, 1H). *C-NMR (DMSO-de): dc: 102,4; 115,4; 119,2; 119,3; 125,6; 127,2;
127,9; 128,1; 128,7; 137,4; 152,3; 154,8; 159,0; Elementarni analyza pro Ci3HoNO,S,: C
56,71 %; H 3,29 %; N 5,09 %; S 23,29 %. Nalezeno: C 56,62 %; H 3,28 %; N 4,95 %; S
23,19 %. HRMS (MALDI+) Vypocteno pro CisHoNO.S, [M+H]* 276,0148. Nalezeno:
276,0146. Ramanovo spektrum (cm™): 107 (w), 146 (vw), 198 (vw), 251 (vw), 320 (vw), 346
(vw), 365 (vw), 382 (vw), 402 (vw), 446 (vw), 464 (vw), 480 (vw), 504 (vw), 533 (vw), 561
(vw), 600 (vw), 634 (w), 679 (vw), 724 (vw), 752 (w), 763 (w), 826 (w), 849 (vw), 908 (vw),
969 (vw), 1040 (w), 1054 (vw), 1070 (vw), 1081 (w), 1122 (vw), 1159 (vw), 1187 (w), 1212
(sh), 1243 (w), 1271 (vw), 1295 (vw), 1337 (sh), 1355 (m), 1412 (sh), 1441 (s), 1489 (m), 1518
(s), 1600 (m), 1614 (sh), 1817, 3011 (vw), 3025 (vw), 3062 (vw), 3084 (vw), 3102 (vw).
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4-Hydroxy-2,5-difenyl-1,3-thiazol (4)

Tato sloucenina byla piipravena dle literatury®’ Vytézek: 0,53 g (89 %); b.t. 216-218 °C;
'H-NMR (DMSO-dg): dn: 7,22 (t, 1H,3] = 7,2 Hz); 7,40 (t, 2H, 3 = 8,0 Hz); 7,46-7,54 (m, 3H);
7,73 (d, 2H, J = 7,60 Hz); 7,89 (m, 2H); 11,63 (brs, 1H). 3C-NMR (DMSO-ds): éc: 107,6;
125,3; 126,0; 126,2; 128,9; 129,4; 130,3; 131,9; 133,0; 158,6; 159,7; Elementarni analyza pro
C13H9NO>S2: C 71,12 %; H 4,38 %; N 5,53 %; S 12,66 %. Nalezeno: C 71,10 %; H 4,37 %; N
553 %; S 12,60 %. HRMS (MALDI+) Vypocéteno pro Ciz3HgNOS; [M+H]" 254,0634.
Nalezeno: 254,0631. Ramanovo spektrum (cm™): 93 (m), 124 (m), 151 (m), 208 (vw), 236
(vw), 268 (vw), 325 (vw), 339 (vw), 375 (vw), 408 (vw), 466 (vw), 487 (vw), 518 (vw), 523
(sh), 581 (w), 601 (vw), 618 (w), 654 (w), 688 (vw), 706 (w), 753 (w), 759 (sh), 774 (vw), 835
(vw), 835 (vw), 847 (vw), 939 (sh), 962 (m), 988 (sh), 1000 (s), 1038 (vw), 1052 (vw), 1158
(w), 1183 (w), 1190 (sh), 1229 (w), 1241 (w), 1279 (vw), 1290 (vw), 1316 (vw), 1356 (s), 1392
(sh), 1425 (s), 1454 (m), 1502 (s), 1593 (s), 1606 (sh), 1656 (vw), 3042 (w), 3064 (m), 3083
(sh).

6.9.4. 2-Fenylsulfanyl-5-(2-hydroxyfenyl)-4-hydroxy-1,3-thiazoly (5a-b)
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Roztok 3-brom-1-benzofuran-2(3H)-onu (0,5 g, 2,35 mmol) v 5 ml acetonitrilu byl ptidan do
roztoku piislusného dithiokarbamatu (2,35 mmol) v 5 ml acetonitrilu a michan pfi laboratorni
teploté po dobu 3 hodin. Vyloucené krystalky byly nasledné zfiltrovany a vysuSeny v exikatoru.
Krystalky byly dale suspendovany ve 25 ml vody a za stalého michani bylo piidano
ekvivalentni mnozstvi 25% vodného roztoku NHs. Po dvou hodinach byla suspenze zfiltrovana,
nasledn¢ promyta 25 ml studené vody a surovy produkt byl dale rekrystalizovan z 50%

ethanolu. Timto postupem byly ziskany prislusné 4-hydroxy-1,3-thiazolidiny 5a,b.

4-Hydroxy-5-(2-hydroxyfenyl)-2-[ (4-methylfenyl)sulfanyl]-1,3-thiazol (5a)
Vytezek: 0,52 g (74 %); b.t. 180-183 °C; 'H-NMR (DMSO-ds) (keto-enol tautomery v poméru
72,5:7,5): majoritni forma dw: 2,37 (s, 3H); 6,77-6,88 (m, 2H); 7,02 (t, 1H, 3] = 8,5 Hz); 7,030
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(d, 2H, 3 = 8,0 Hz); 7,53 (d, 2H, 3J = 8,0 Hz); 8,00 (dd, 1H, *J = 8,0 Hz); 7,76 (d, 2H,3J = 8,0
Hz, 3] = 1,5 Hz); minoritni forma dn: 2,37 (s, 3H); 5,55 (s, 1H); 6,74-6,78 (m, 1H); 7,90-7,22
(m, 3H); 7,37 (d, 2H, 3J = 8,0 Hz); 7,62 (d, 2H, 3J = 8,0 Hz); 10,01 (s, 1H); *C-NMR
(DMSO-dg): oc: 17,8; 101,2; 112,2; 115,9; 116,2; 124,0; 124,3; 124,4; 127,6; 130,5; 136,6;
148,9; 155,7; 155,8; Elementarni analyza pro C16H13NO2S2: C 60,93 %; H 4,15 %; N 4,44 %;
O 10,15 %; S 20,33 % Nalezeno: C 60,75 %; H 4,11 %; N 4,43 %; S 20,41 %; HRMS
(MALDI+) Vypoéteno pro C16H13NO2S2 [M+H]" 316,0461. Nalezeno: 316,0461.

4-hydroxy-5-(2-hydroxyfenyl)-2-[(3-nitrofenyl)sulfanyl]-1,3-thiazol (5b)

Vytézek: 0,63 g (78 %); b.t. 158-161 °C; *H-NMR (DMSO-ds): Jn: 6,80-6,95 (m, 2H); 7,08
(dt, 1H, 33 =6,8 Hz,%J = 1,5 Hz); 7,72 (t, 1H, 3J = 8,0 Hz); 7,93 (d, 1H, 3J = 8,0 Hz); 8,10 (dd,
1H, 33 =8,0 Hz, °J = 1,5 Hz); 8,20 (dd, 2H, 3J = 8,0 Hz, 3J = 2,0 Hz); 8,27 (t, 1H, 3] = 2,0 Hz);
11,12 (bs, 2H); ¥C-NMR (DMSO-ds): dc: 107,4; 115,4; 118,7; 119,3; 123,1; 124,4; 127,6;
127,7;131,2; 136,1; 136,6; 148,4; 152,0; 152,4; 159,6; Elementarni analyza pro C15sH10N204S;:
C 52,01 %; H 2,91 %; N 8,03 %; O 18,48 %; S 18,51 % Nalezeno: C 51,94 %; H 2,86 %;
N 8,09 %; S 18,36 %; HRMS (MALDI+) Vypoéteno pro CisH10N204S, [M+H]" 347,0155.
Nalezeno: 347,0153.

6.9.5. 5-(2-Hydroxyfenyl)-1,3-thiazolidin-2,4-dion (6)
H

OHO\ N
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Roztok 3-brom-1-benzofuran-2(3H)-onu (0,5 g, 2,35 mmol) v 5 ml acetonitrilu byl ptidan do
roztoku ptislusného thiokarbamatu (2,35 mmol) v 5 ml acetonitrilu a michan pfi laboratorni
teploté po dobu 5 hodin. Reakéni smés byla vakuové odpafena a néasledné cisténa pomoci

kolonové chromatografie ve smési ethyl-acetat/hexan (1:1). Nakonec byla provedena

rekrystalizace z 80% ethanolu.

Vytezek: 0,49 g (82 %); b.t. 149-152 °C; 'H-NMR (DMSO-de): 6 5,73 (s, 1H); 6,75-6,85 (m,
2H); 7,15-7,24 (m, 2H); 10,13 (s, 1H); 12,07 (s, 1H); 3C-NMR (DMSO-ds): éc: 51,4; 115,7;
119,2; 121,8; 130,1; 130,9; 155,6; 172,3; 175,4; Elementarni analyza pro CoH7NO3S: C
51,67 %; H 3,37 %; N 6,69 %; O 22,94 %; S 15,33 % Nalezeno: C 51,61 %; H 3,38 %; N
6,59 %; S 15,26 %; HRMS (MALDI+) Vypocteno pro CoH7NO3S [M+H]" 210,02109.
Nalezeno: 210,0218.
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6.9.6. 2-Fenyl-4-hydroxy-5-(2-nitrofenyl)-1,3-thiazoly (7a,b)
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2-Fenyl-4-hydroxy-5-(2-nitrofenyl)-1,3-thiazol (7a)

Methylester 2-brom-2-(2-nitrofenyl)octové kyseliny 1 g (3,65 mmol) byl smichan s 0,5 g
(3,65 mmol) thiobenzamidu ve 20 ml toluenu za piidavku 1,1 ml (14,6 mmol) pyridinu. Reak¢ni
smés byla zahtata na 80 °C a mich&na po dobu dvou hodin. Po ochlazeni byl surovy thiazol 7a

zfiltrovan a nasledné rekrystalizovan z methanolu.

Vytezek: 0,93 g (85 %); b.t. 209-212 °C.; *H-NMR (DMSO-de): 61: 7,48-7,54 (m, 3H): 7,56
(dt, 11H, 3 = 7,5 Hz, 5] = 1,0 Hz): 7,64 (dd, 1H, 3] = 8,0 Hz, 5] = 1,5 Hz): 7,73 (dt, 1H, 3] =
7,5 Hz, 5J = 1,5 Hz): 7,87-7,93 (m, 2H): 7,96 (dd, 1H, 3] = 8,5 Hz, 5J = 1,0 Hz); 11,58 (s, 1H):
13C-NMR (DMSO-de): dc: 102,2; 124,7; 125,1; 125,4; 128,7; 129,5; 130,7; 132,5; 132,8; 133,2;
148,7; 159,1; 162,6; Elementarni analyza pro C1sH10N203S: C 60,39 %; H 3,38 %; N 9,39 %;
S 10,75 %; O 16,09 % Nalezeno: C 60,49 %; H 3,33 %; N 9,35 %; S 10,59 %; HRMS
(MALDI+) Vypocteno pro CisH10N203S [M+H]" 299,0485 Nalezeno: 299,0484.

2-Fenyl-5-(2-nitrofenyl)-4-(terc-butyldimethylsilyloxy)-1,3-thiazol (7b)

Do suspenze 2-fenyl-4-hydroxy-5-(2-nitrofenyl)-1,3-thiazolu (7a) 0,6 g (2,0 mmol) a 0,28 ¢
(4,1 mmol) imidazolu v 20 ml CHxClI> byl piidan 20% nadbytek TBDMSCI 0,36 g (2,39 mmol).
Reakéni smés byla michana po dobu 24 hodin pod inertni atmosférou pii laboratorni teploté.
Nasledn¢ byla reakéni smés promyta 3x15 ml vody, organicka faze byla vysuSena a vakuové

odpatena. Surovy produkt byl rekrystalizovan z methanolu.

Vytézek: 0,67 g (88 %); b.t. 78-80 °C; 'H-NMR (DMSO-ds): dn: 0,22 (s, 6H); 0,83 (s, 9H);
7,49-557 (m, 3H); 7,62 (dt, 1H, 33 = 7,5 Hz, 5J = 1,5 Hz); 7,66 (dd, 1H, 3J =75 Hz, 5J = 1,5
Hz); 7,77 (dt, 1H, 3 = 7,5 Hz, 3] = 1,5 Hz); 7,87-7,93 (m, 2H); 8,04 (dd, 1H,3] =8,0 Hz, %) =
1,5 Hz); BC-NMR (DMSO-ds): dc: 4,2; 18,0; 25,7; 107,2; 124,1; 125,2; 125,3; 129,5; 129,6;
130,9; 132,6; 133,0; 133,5; 148,8; 156,1; 162,0; Elementarni analyza pro C21H24N203SSi:
C 61,13 %; H 5,86 %; N 6,79 %; O 11,63 %; S 7,77 %,; Si 6,81 % Nalezeno: C 61,01 %; H 5,97
%; N 6,67 %; S 7,60; HRMS (MALDI+) Vypocteno pro Co1H2aN203SSi [M+H]* 413,1350
Nalezeno: 413,1355.
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6.9.7. 1,3-Dihydro-2H-indol-2-ony (8a-i)
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K roztoku 0,3 g (1,41 mmol) 3-brom-1,3-dihydro-2H-indol-2-onu ve 2 ml acetonitrilu byl
ptidan nasyceny roztok piislusného thioamidu (1,41 mmol) v acetonitrilu. Reakéni smés byla
michana po dobu 3 hodin, kdy se postupné vylucovaly thiazoly, které se vyloucily ve formé

hydrobromidu. Krystalky byly zfiltrovany a dobife vysuseny ve vakuovém exsikatoru.

Do suspenze ptislusnych thiazold ve 20 ml vody byly piidany 2 ekvivalenty vodného roztoku
amoniaku. Reak¢ni smés byla michana pti 70 °C po dobu tii hodin. Nasledné byla suspenze
zfiltrovana, promyta 25 ml studené vody a surovy produkt byl ¢istén pomoci kolonové
chromatografie v ethyl-acetatu a nasledné rekrystalizovan z ethanolu. Vytézky piislusnych
1,3-dihydro-2H-indol-2-ont (8a-i) byly v rozmezi 69-82 %.

(32)-3-[Amino(4-methoxyfenyl)methyliden]-1,3-dihydro-2H-indol-2-on (8a)

Vytezek: 0,27 g (73 %); b.t. 227-228 °C; *H-NMR (DMSO-ds): d+: 3,86 (s, 3H); 6,23 (d, 1H,
8 = 7,6 Hz); 6,56 (t, 1H, 3J = 7,6 Hz); 6,76-6,85 (m, 2H); 7,12 (d, 1H, 3J = 8,4 Hz); 7,47 (d,
1H, 31 = 8,4 Hz); 7,91 (d, 1H, 2 = 3,6 Hz); 9,45 (d, 1H, 2J = 3,6 Hz); 10,33 (s, 1H); 3C-NMR
(DMSO-ds): dc: 55,5; 93,7; 108,7; 114,3; 117,3; 119,5; 122,3; 124,9; 127,9; 129,6; 136,0;
160,5; 160,8; 170,3; Elementarni analyza pro CisH1aN202: C 72,16 %; H 5,30 %; N 10,52 %;
O 12,02 % Nalezeno: C 72,18 %; H 5,39 %; N 10,47 %; HRMS (MALDI+) Vypoéteno pro
C16H14N202 [M+H]" 267,1128 Nalezeno: 280,1130.

(32)-3-[Amino(4-methylfenyl)methyliden]-1,3-dihydro-2H-indol-2-on (8b)

Vytezek: 0,26 g (75 %); b.t. 222-224 °C; *H-NMR (DMSO-de): dn: 2,43 (s, 3H); 6,14 (d, 1H,
3)=7,6 Hz); 6,54 (dt, 1H, 3J = 8,0 Hz, °J = 1,6 Hz); 6,77-6,86 (M, 2H); 7,35-7,44 (m, 4H); 7,94
(d, 1H, 23 = 3,6 Hz); 9,45 (d, 1H, 2] = 3,6 Hz); 10,34 (s, 1H); *C-NMR (DMSO-ds): dc: 93,7;
108,7;117,3; 119,5; 122,3; 124,8; 127,8; 129,5; 132,9; 136,0; 139,9; 160,6; 170,3; Elementarni
analyza pro CieH14N20: C 76,78 %; H 5,64 %; N 11,19 %, O 6,39 % Nalezeno: C 76,65 %;
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H5,63 %; N 10,95 %; HRMS (MALDI+) Vypoéteno pro CisH1aN2O [M+H]" 251,1179
Nalezeno: 251,1177.

(32)-3-[Amino(fenyl)methyliden]-1,3-dihydro-2H-indol-2-on (8c)

Vytézek: 0,23 g (69 %); b.t. 238-240 °C; 'H-NMR (DMSO-ds): d+: 6,00 (d, 1H, 3J = 8,0 Hz);
6,52 (dt, 1H, 33 = 7,0 Hz, ®J = 1,5 Hz); 6,78-6,85 (m, 2H); 7,50-7,54 (m, 2H); 7,55-7,64 (m,
3H); 8,06 (d, 1H, 2J = 3,5 Hz); 9,44 (d, 1H, 2J = 3,5 Hz); 10,38 (s, 1H); 3 C-NMR (DMSO-ds):
oc: 93,8; 108,8; 117,3; 119,6; 122,5; 124,7; 127,9; 129,1; 130,2; 135,8; 136,1; 160,5; 170,3;
Elementarni analyza pro CisH12N2O: C 76,25 %; H 5,12 %; N 11,86 %; O 6,77 % Nalezeno:
C 76,24 %; H 5,09 %; N 11,85 %; HRMS (MALDI+) Vypo&teno pro CisHi2N20 [M+H]*
237,1022 Nalezeno: 237,1021.

(32)-3-[Amino(4-chlorfenyl)methyliden]-1,3-dihydro-2H-indol-2-on (8d)

Vytezek: 0,27 g (71 %); b.t. 234-236 °C; *H-NMR (DMSO-ds): dn: 6,05 (d, 1H, 3] = 7,5 Hz);
6,57 (dt, 1H,3J =75 Hz, ®J = 1,5 Hz); 6,80 (d, 1H, 3J = 7,0 Hz); 6,85 (dt, 1H,3J = 7,5 Hz, %] =
1,0 Hz); 7,53-7,57 (m, 2H); 7,63-7,68 (m, 2H); 8,05 (d, 1H, 2J = 4,0 Hz); 9,40 (d, 1H,2J=4,0
Hz); 10,40 (s, 1H); *C-NMR (DMSO-de): dc: 94,0; 108,9; 117,2; 119,7; 122,7; 124,4; 129,2;
130,0; 134,5; 134,9; 136,2; 158,9; 170,2; Elementarni analyza pro Ci1sH11CIN2O: C 66,55 %;
H 4,10 %; CI 13,10 %; N 10,35 %; O 5,91 % Nalezeno: C 66,62 %; H 4,08 %; Cl 12,89 %;
N 10,29 %; HRMS (MALDI+) Vypocteno pro CisH11CIN2O [M+H]* 271,0633 Nalezeno:
271,0633.

(32)-3-[Amino(3-chlorofenyl)methyliden]-1,3-dihydro-2H-indol-2-on (8e)

Vytézek: 0,30 g (78 %); b.t. 216-217 °C; 'H-NMR (DMSO-de): 6w: 6,01 (d, 1H, 3J = 7,6 Hz);
6,56 (t, 1H, 3J = 8,0 Hz); 6,77-6,89 (m, 2H); 7,46-7,53 (m, 2H); 7,57-7,70 (m, 3H); 8,09 (s,
1H); 9,38 (s, 1H); 10,40 (s, 1H). *C-NMR (DMSO-ds): dc: 94,1; 108,9; 117,1; 119,7; 122,7;
124.,4; 126,8; 127,7; 130,1; 131,1; 133,6; 136,3; 137,6; 158,4; 170,2; Elementarni analyza pro
C15H11CIN20: C 66,55 %; H 4,10 %; CI 13,10 %; N 10,35 %; O 5,91 %. Nalezeno: C 66,62 %;
H 4,15 %; ClI 12,96 %; N 10,15 %. HRMS (MALDI+) Vypocteno pro CisH11CIN2O [M+H]*
271,0633 Nalezeno: 271,0638.

(32)-3-{Amino[4-(trifluoromethyl)fenyl] methyliden}-1,3-dihydro-2H-indol-2-on (8f)

Vytézek: 0,33 g (77 %); b.t. 234-237 °C; *H-NMR (DMSO-ds): dn: 5,95 (d, 1H, 3J = 8,0 Hz);
6,55 (t, 1H, 3J = 7,5 Hz); 6,80-6,88 (m, 2H); 7,77 (d, 2H, 3 = 7,5 Hz); 7,97 (d, 2H,3) = 7,5
Hz); 8,12 (d, 1H, 2J = 3,5 Hz); 9,44 (d, 1H, 2J = 3,5 Hz); 10,46 (s, 1H); *C-NMR (DMSO-ds):
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dc: 94,2:109,0; 117,1; 119,8; 120,9; 122,9; 124,2 (9, YJcr = 271,7 Hz); 124,3; 126,1 (q, 3JcF =
3,8 Hz); 129,1; 130,5 (q, 2JcF = 32,7 Hz) 136,4; 139,7; 158,5; 170,3; Elementarni analyza pro
Ci16H11F3N20: C 63,16 %; H 3,64 %; F 18,73 %; N 9,21 %; O 5,26 % Nalezeno: C 62,86 %;
H 3,64 %; N 8,94 % HRMS (MALDI+) Vypoéteno pro CisHiiFsN:0 [M+H]* 305,0896
Nalezeno: 305,0898.

(32)-3-{Amino[4-(dimethylamino)fenyl]methyliden}-1,3-dihydro-2H-indol-2-on (8g)

Vytézek: 0,31 g (80 %); b.t. 273-276 °C; *H-NMR (DMSO-ds): 6: 3,01 (s, 6H); 6,51 (d, 1H,
3 =7,2 Hz); 6,58 (t, 1H, 3] = 7,6 Hz); 6,76-6,90 (m, 4H); 7,38 (d, 2H, 3J = 7,6 Hz); 7,39 (s,
1H); 7,75 (s, 1H) 9,49 (s, 1H); 10,28 (s, 1H); *C-NMR (DMSO-de): dc: 93,0; 108,6; 111,5;
117,4; 119,4; 121,9; 122,3; 125,2; 129,3; 135,7; 151,7; 161,5; 170,5; Elementarni analyza pro
C17H17N30: C 73,10 %; H 6,13 %; N 15,04 %; O 5,73 % Nalezeno: C 72,97 %; H 6,29 %;
N 14,92 %; HRMS (MALDI+) Vypoéteno pro CizHi7N3O [M+H]* 280,1444 Nalezeno:
280,1445.

(32)-3-[Amino(pyridin-2-yl)methyliden]-1,3-dihydro-2H-indol-2-on (8h)

Vytézek: 0,27 g (82 %); b.t. 215-217 °C; *H-NMR (DMSO-ds): dv: 5,86 (d, 1H, 3] = 7,6 Hz);
6,53 (dt, 1H, 3 = 7,6 Hz, %] = 1,6 Hz); 6,77-6,86 (m, 2H); 7,59-7,68 (m, 2H); 8,01-8,10 (m,
2H); 8,79 (s, 1H); 9,39 (s, 1H); 10,40 (s, 1H); *C-NMR (DMSO-ds): éc: 94,2; 108,9; 117,5;
119,6; 122,7; 123,7; 124,3; 125,1; 136,3; 137,6; 149,9; 153,6; 158,1; 170,5; Elementarni
analyza pro C14H11N30: C 70,87 %; H 4,67 %; N 17,71 %; O 6,74 % Nalezeno: C 70,81 %;
H 4,68 %; N 17,70 %; HRMS (MALDI+) Vypoéteno pro CisH1i1N3O [M+H]* 238,0975
Nalezeno: 238,0975.

(32)-3-[Amino(thiofen-2-yl)methyliden]-1,3-dihydro-2H-indol-2-on (8i)

Vytézek: 0,25 g (73 %); b.t. 218-220 °C; *H-NMR (DMSO-ds): dn: 6,38 (d, 1H, 3] = 7,6 Hz);
6,62 (dt, 1H, %) = 6,8 Hz, °J = 0,8 Hz); 6,81 (d, 1H, 3J = 7,6 Hz); 6,88 (dt, 1H,3J = 7,6 Hz, %) =
0,8 Hz); 7,28 (t, 1H, 3 = 5,2 Hz); 7,44 (dd, 1H, 3J = 3,2 Hz; %] = 0,8 Hz); (dd, 1H, 3J = 4,8 Hz;
%) = 1,2 Hz); 7,96 (s, 1H); 9,36 (s, 1H); 10,41 (s, 1H). 3C-NMR (DMSO-ds): dc: 95,4; 108,9;
117,6; 119,7; 123,0; 124,3; 127,9; 128,9; 129,1; 135,5; 136,3; 152,7; 170,1; Elementarni
analyza pro C13H10N20.S: C 64,44 %; H 4,16 %; N 11,56 %; O 6,60 %; S 13,23 % Nalezeno:
C 64,51 %; H 4,22 %; N 11,49 %; S 13,19 %; HRMS (MALDI+) Vypocteno pro C13HioN20,S
[M+H]* 243,0587 Nalezeno: 243,0587.
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6.9.8. 5-(2-Aminofenyl)-4-hydroxy-1,3-thiazoly (9b-f)

N
H S NH2 -
N ACN, rt R
@Eg:o + H2N/U\R e S
Br 9b-f
H b c d e f
R H 4-CHsPh Ph 4-CIPh  3-CIPh  4-CFsPh

K roztoku 0,3 g (1,41 mmol) 3-brom-1,3-dihydro-2H-indol-2-onu ve 2 ml acetonitrilu byl
ptidan nasyceny roztok piislusného thioamidu (1,41 mmol) v acetonitrilu. Reakéni smés byla
michana po dobu tii hodin, kdy se postupné vylucovaly thiazoly ve formé¢ hydrobromidu.
Krystalky byly zfiltrovany a dobie vysuSeny ve vakuovém exsikatoru. Takto ziskané surové
thiazoly byly suspendovany v 50 ml etheru a k této suspenzi byl ptidan roztok 10 ml vody
obsahujici 2 ekv. amoniaku. Po protfepani byla vodna faze jest¢ dvakrat extrahovana 10 ml
etheru. Sloucené etherové frakce byly vysuseny bezvodym NaSOs, zfiltrovany a rychle
vakuové odpateny pii laboratorni teploté. Surovy produkt 9b-f byl smichan s 3 ml studeného
ethanolu a ponechéan v ultrazvukové lazni po dobu jedné minuty. Nerozpustény podil byl
zfiltrovan a jest¢ jednou promyt 1 ml ethanolu. Po vysuseni byly ziskany pfislusné

2-aminofenylthiazoly 4a-e v ¢istoté piesahujici 98 %.

5-(2-Aminofenyl)-4-hydroxy-2-(4-methylfenyl)-1,3-thiazol (9b)

Vytézek: 0,23 g (57 %); b.t. 213-216 °C; *H-NMR (DMSO-ds): dn: 2,35 (s, 3H); 6,67 (t, 1H, 3J
= 7,6 Hz); 6,83 (d, 1H, 3J = 8,0 Hz); 7,07 (t, 1H, 3J = 7,6 Hz); 7,19 (d, 1H, 3J = 7,6 Hz); 7,30
(d, 2H, 3J = 8,0 Hz); 7,76 (d, 2H, 3J = 8,0 Hz); *C-NMR (DMSO-de): éc: 21,1; 105,9; 116,4;
117,0; 117,7; 125,2; 128,6; 129,9; 130,8; 131,1; 139,9; 145,6; 157,3; 161,4; Elementarni
analyza pro C1sH14N20S: C 60,06 %; H 5,00 %; N 9,92 %; O 5,67 %; S 11,36 % Nalezeno: C
67,80 %; H 5,06 %; N 9,98 %; S 11,35 %; HRMS (MALDI+) Vypoc&teno pro Ci6H1aN20S
[M+H]" 283,0900. Nalezeno: 283,0900.

5-(2-Aminofenyl)-2-fenyl-4-hydroxy-1,3-thiazol (9c)

Vytszek: 0,17 g (45 %); b.t. 228-231 °C; 'H-NMR (DMSO-de): o+ 6,68 (dt, 1H, 3J = 7,6 Hz,
%) = 1,2 Hz); 6,83 (d, 1H, 3J = 8,0 Hz); 7,08 (dt, 1H, 3J = 7,6 Hz, ] = 1,6 Hz); 7,20 (dd, 1H, 3J
= 7,6 Hz, 5J = 1,6 Hz); 7,44-7,53 (m, 3H); 7,88 (dd, 1H, ) = 7,6 Hz, 3] = 1,2 Hz); ®C-NMR
(DMSO-de): dc: 106,5; 116,2; 116,9; 117,6; 125,2; 127,9; 128,7; 129,4; 130,1; 131,1; 133,3;
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145,6; 157,4; 161,1 Elementarni analyza pro CisH12N20S: C 67,14 %; H 4,51 %; N 10,44 %;
0 5,96 %; S 11,95 % Nalezeno: C 67,10 %:; H 4,51 %; N 10,42 %; S 11,70 %; HRMS
(MALDI+) Vypoéteno pro CisH12N20S [M+H]* 269,0743. Nalezeno: 269,0745.

5-(2-Aminofenyl)-2-(4-chlorofenyl)-4-hydroxy-1,3-thiazol (9d)

Vytezek: 0,27 g (62 %); b.t. 227-230 °C; 'H-NMR (DMSO-de): 6 6,68 (dt, 1H, 3J = 7,4 Hz,
5J=1,2 Hz); 6,83 (d, 1H, 3J = 8,0 Hz); 7,09 (dt, 1H, 3J = 7,6 Hz, 5J = 1,2 Hz); 7,20 (dd, 1H, 3J
= 7,6 Hz, °J = 1,2 Hz); 7,56 (d, 2H, 3] = 8,8 Hz); 7,88 (d, 2H, 3J = 8,8 Hz); BC-NMR
(DMSO-dg): dc: 107,1; 116,1; 117,0; 117,7; 126,8; 128,8; 129,4; 131,1; 132,2; 134,5; 145,6;
157,6; 159,6 Elementarni analyza pro CisH11CIN2OS: C 59,50 %; H 3,66 %; Cl 11,71 %;
N 9,25 %; O 5,28 %; S 10,59 % Nalezeno: C 59,40 %; H 3,71 %,; CI 11,92 %; N 9,20 %; S
10,32 %; HRMS (MALDI+) Vypocteno pro CisHi1CIN2OS [M+H]" 303,0353. Nalezeno:
303,0349.

5-(2-Aminofenyl)-2-(3-chlorofenyl)-4-hydroxy-1,3-thiazol (9e)

Vytezek: 0,24 g (56 %); b.t. 207-210 °C; *H-NMR (DMSO-de): 6+ 6,69 (dt, 1H, 3] = 7,6 Hz,
%) = 1,2 Hz); 6,84 (dd, 1H, 3J = 8,0 Hz; 5J = 1,0 Hz); 7,09 (dt, 1H, 3] = 7,6 Hz, °J = 1,2 Hz);
7,20 (dd, 1H, 3J = 8,0 Hz, °J = 1,2 Hz); 7,50-7,56 (m, 2H); 7,78-7,86 (m, 1H); 7,88 (s, 1H);
13C-NMR (DMSO-de): dc: 107,6; 116,0; 117,0; 117,7; 123,9; 124,5; 128,9; 129,7; 131,1; 131,4;
134,1; 135,21; 145,7; 157,7; 159,0 Elementarni analyza pro C1sH11CIN2OS: C 59,50 %; H 3,66
%; CI 11,71 %; N 9,25 %; O 5,28 %; S 10,59 % Nalezeno: C 59,45 %; H 3,69 %; CI 11,82 %;
N 9,21 %; S 10,39 %; HRMS (MALDI+) Vypoéteno pro C1sH11CIN20S [M+H]* 303,0353.
Nalezeno: 303,0351.

5-(2-Aminofenyl)-4-hydroxy-2-[4-(trifluoromethyl)fenyl]-1,3-thiazol (9f)

Vytézek: 0,24 g (51 %); b.t. 232-235 °C; *H-NMR (DMSO-ds): du: 6,69 (t, 1H, 3J = 7,6 Hz);
6,85 (d, 1H, 3J = 8,0 Hz); 7,10 (t, 1H, 3J = 7,6 Hz); 7,22 (d, 1H, 3 = 7,6 Hz); 7,86 (d, 2H, 3J =
8,0 Hz); 8,08 (d, 2H, 3J = 8,0 Hz); *C-NMR (DMSO-de): oc: 108,4; 115,9; 117,0; 117,7; 124,2
(0, Yecr = 272,9 Hz); 125,3; 126,4 (q, 3Jc.r = 3,7 Hz); 129,0; 129,6 (q, 2Jcr = 32,5 Hz); 131,1;
136,8; 145,7; 158,1; 158,9; Elementarni analyza pro CisH1:F3N20S: C 57,14 %; H 3,30 %;
F 16,95 %; N 8,33 %; O 4,76 %; S 9,53 % Nalezeno: C 57,10 %; H 3,32 %; N 8,27 %; S 9,46
%; HRMS (MALDI+) Vypocteno pro CisH11FsN20S [M+H]* 337,0617. Nalezeno: 337,0619.
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6.9.9. 1-Methyl-1,3-dihydro-2H-indol-2-ony (10a-e)

/ S N/
N - HZNJ\R a) ACN, r.t. 0o
C ;<Br b) NaHCO, . NH,
10a-e
H a b c d e
R | 4-CH:OPh Ph 4-CIPh  4-CFsPh 2-Py

K roztoku 0,3 g (1,33 mmol) 3-brom-1-methyl-1,3-dihydro-2H-indol-2-onu ve 2 ml acetonitrilu
byl pfidan nasyceny roztok pfislusného thioamidu (1,33 mmol) v acetonitrilu. Reakéni smés
byla michdna po dobu tfi hodin, kdy se postupné vyluCovaly pfislusné indolony ve formé

hydrobromidu. Krystalky byly zfiltrovany a dobfe vysuSeny ve vakuovém exsikatoru.

K suspenzi pfislusnych indolon ve 30 ml ethyl-acetatu bylo pfidano 20 ml 10% roztoku
hydrogenuhli¢itanu sodného a byla provedena extrakce. Vodna faze byla jesté¢ promyta tfikrat
30 ml ethyl-acetatu, organické faze byly spojeny, vysuSeny a vakuové odpatfeny. Takto byly
ziskany surové indolony, které byly nasledné cistény pomoci kolonové chromatografie
v ethyl-acetatu a nasledné rekrystalizovany z ethanolu. Vytézky prislusnych 1,3-dihydro-
2H-indol-2-ond (10a-e) byly v rozmezi 75-84 %.

(32)-3-[amino(4-methoxyfenyl)methyliden]-1-methyl-1,3-dihydro-2H-indol-2-on (10a)
Vytezek: 0,30 g (80 %); b.t. 206-208 °C; 'H-NMR (DMSO-ds): du: 3,26 (s, 3H); 3,38 (s, 3H);
6,28 (d, 1H, 3J = 7,6 Hz); 6,58-6,68 (m, 1H); 6,85-6,97 (m, 2H); 7,13 (d, 2H, 3J = 8,4 Hz); 7,48
(d, 2H, 3J = 8,4 Hz); 8,14 (brs, 1H); 9,42 (brs, 1H); 3C-NMR (DMSO-ds): dc: 25,4; 55,44;
92,9; 107,4; 114,3; 117,1; 122,1; 122,4; 124,0; 127,7; 129,6; 137,3; 160,5; 160,8; 168,4;
Elementarni analyza pro C17H1sN202: C 72,84 %; H 5,75 %; N 9,99 %; O 11,42 % Nalezeno:
C 72,84 %; H 5,77 %; N 9,95 %; HRMS (MALDI+) Vypoéteno pro Ci7HigN202 [M+H]*
281,1285 Nalezeno: 281,1280.

(32)-3-[amino(fenyl)methyliden]-1-methyl-1,3-dihydro-2H-indol-2-on (10b)

Vytézek: 0,26 g (79 %); b.t. 175-178 °C; 'H-NMR (DMSO-ds): dui: 3,27 (s, 3H); 6,04 (d, 1H,
3)=7,6 Hz); 6,55-6,09 (M, 1H); 6,91-6,94 (m, 2H); 7,48-7,54 (m, 2H); 7,55-7,63 (m, 3H); 8,14
(d, 1H, 2J = 3,2 Hz); 9,41 (d, 1H, 2J = 3,2 Hz); ®C-NMR (DMSO-de): dc: 25,4; 107,5; 117,0;
120,1; 122,5; 123,8; 127,9; 129,0; 130,2; 135,6; 137,5; 160,5 (2 x Cq); 168,3; Elementarni
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analyza pro C1sH14N20: C 76,78 %; H 5,64 %; N 11,19 %; O 6,39 % Nalezeno: C 76,66 %;
H559 %; N 11,17 %; HRMS (MALDI+) Vypocteno pro CisH1aN20 [M+H]" 251,1179
Nalezeno: 251,1172.

(32)-3-[Amino(4-chlorfenyl)methyliden]-1-methyl-1,3-dihydro-2H-indol-2-on (10c)

Vytezek: 0,32 g (84 %); b.t. 174-177 °C; *H-NMR (DMSO-de): dn: 3,26 (s, 3H); 6,11 (d, 1H,
3) = 7,6 Hz); 6,62-6,69 (m, 1H); 6,91-6,98 (M, 2H); 7,56 (AA"XX’, 1H, 3 =6,4 Hz,%] = 2,0
Hz); 7,67 (AA'XX’, 1H, 3 = 6,4 Hz, %] = 2,0 Hz); 8,14 (d, 1H, 2J = 3,2 Hz); 9,40 (d, 1H, 2] =
3,2 Hz); ®*C-NMR (DMSO-dg): dc: 25,4; 93,3; 107,6; 117,0; 120,3; 122,8; 123,5; 129,2; 130,0;
134,3; 135,0; 137,6; 159,0; 168,3; Elementarni analyza pro C16H13CIN20: C 67,49 %; H 4,60
%; CI 12,45 %; N 9,84 %; O 5,62 % Nalezeno: C 67,45 %; H 4,62 %; Cl 12,40 %; N 9,85 %;
HRMS (MALDI+) Vypocteno pro C16H13CIN2O [M+H]* 285,0789 Nalezeno: 285,0788.
(32)-3-{Amino[4-(trifluormethyl)fenyl]methyliden}-1-methyl-1,3-dihydro-2H-indol-2-on
(10d)

Vytezek: 0,32 g (75 %); b.t. 182-185 °C; *H-NMR (DMSO-ds): 6+:3,30 (s, 3H); 5,97 (d, 1H,
3= 7,6 Hz); 6,58-6,68 (m, 1H); 6,93-7,10 (m, 2H); 7,77 (d, 2H, 3J = 8,0 Hz); 7,98 (d, 2H,
3] =8,0 Hz); 8,20 (d, 1H, 2J = 3,6 Hz); 9,39 (d, 1H, 2J = 3,6 Hz); 3C-NMR (DMSO-ds): dc:
25,4; 93,4; 107,7; 116,9; 120,3; 122,9; 123,3; 124,1 (q, YJcr = 272,6 Hz); 126,0 (q, *Jcr = 4,0
Hz); 129,1; 130,4 (q, 2JcF = 32,2 Hz) 137,7; 139,5; 158,5; 168,3; Elementarni analyza pro
C17H13F3N20: C 64,15 %; H 4,12 %; F 17,91 %; N 8,80 %; O 5,03 % Nalezeno: C 64,40 %;
H 4,28 %; N 8,61 %; HRMS (MALDI+) Vypoéteno pro Ci7H13F3sN2O [M+H]" 319,1053
Nalezeno: 319,1052.

(32)-3-[Amino(pyridin-2-yl)methyliden]-1-methyl-1,3-dihydro-2H-indol-2-on (10e)

Vytszek: 0,26 g (77 %); b.t. 170-173 °C; *H-NMR (DMSO-de): dn: 3,32 (s, 3H); 5,94 (d, 1H,
3] =7,6 Hz); 6,35-6,69 (m, 1H); 6,97-7,02 (m, 2H); 7,67-7,75 (m, 2H); 8,09 (dt, 1H, 3J=8,0 Hz,
5) = 1,6 Hz); 8,22 (s, 1H); 8,85 (d, 1H, 2J = 3,2 Hz); 9,40 (d, 1H, 2J = 3,2 Hz); 3C-NMR
(DMSO-de): oc: 25,4; 93,3; 107,6; 117,2; 120,1; 122,8; 123,3; 123,7; 125,2; 137,5; 137,6;
149,9; 153,5; 158,1; 168,6; Elementarni analyza pro CisHi3N3O: C 71,70 %; H 5,21 %;
N 16,72 %; O 6,37 % Nalezeno: C 71,75 %; H 5,20 %; N 16,67 %; HRMS (MALDI+)
Vypoéteno pro C15H13N3O [M+H]* 252,1131 Nalezeno: 252,1132.
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7. Vysledky a diskuse

7.1. Reakce 3-brom-1-benzofuran-2(3H)-onu s thiomoc¢ovinami

V navaznosti na mou diplomovou praci®?® bylo p¥ipraveno dalsich devét isothiouroniovych soli
la-i, které byly transformovany na pfislusné substituované thiazolidinony 2a-h, respektive
thiazolin 2i. Dale byla hloub¢ji prozkoumana isomerie, respektive tautomerie jak noveé
pipravenych sloudenin, tak i slou¢enin pfipravenych béhem mé diplomové prace3?®. Soli byly
syntetizovany z 3-brom-1-benzofuran-2(3H)-onu a ptislusné substituovanych thiomocovin.

152 nageho ustavu jsou tyto isothiouroniové soli stabilngjsi

Oproti pfedchozim pracim
a nepodléhaji v roztocich DMSO-dg cyklizaci na 2a-i v prubéhu nékolika desitek minut. Proto
bylo mozné je charakterizovat *H a 3C NMR spektroskopii. Tato zvysena stabilita je ponékud
ptekvapujici, protoze fenoxy skupina, ktera se odstépuje pii transformaci soli la-i na 2a-i, je
lepsi odstupujici skupinou nez alkoxy*®? skupina. Na druhou stranu jsou soli relativné nestabilni
Vv polarnich protickych rozpoustédlech, hlavné ve vod¢, kde se pomalu samovolné pifesmykuji

na thiazolidinony, respektive thiazolinony 2a-i (Schéma 67).
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Schéma 67

Pro urychleni transformace byl pfidan jeden ekvivalent baze a jako nejvhodnéjsi se pro tento
ucel jevil vodny roztok amoniaku. Silngjsi baze, jako jsou TEA, uhli¢itan nebo hydroxid, maji
negativni Vliv na celkovy vytézek a také na Cistotu produkti transformace. V piipadech, kdy
byly pouzity pro transformaci tyto silngjsi baze, byly pozorovany v *H NMR spektrech velmi

slozité smési neidentifikovatelnych produkti.

Jak jiz bylo zminéno vuvodu (kap. 3.1.2, str. 24), pii transformaci nesymetricky
substituovanych isothiouroniovych soli 1ze o¢ekavat vznik dvou konstituénich izomert. V mém
ptipadé¢ se soli la-i presmykuji na 3-substituované-2-(substituované-imino)thiazolidin-4-ony
(A nebo B) (Schéma 68).
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Schéma 68

Oba konstitu¢ni isomery A a B lze mezi sebou navzajem preménovat (kap. 3.1.2, str. 24)
pfidavkem baze nebo kyseliny, pficemz v bazickém prostiedi jsou upfednostiiovany
2-(substituované-imino/amino)thiazolidin-4-ony (A). Tomu odpovida i mnou pozorované
chovani, kdy isothiouroniové soli odvozené od monosubstituovanych thiomocovin la-e
(R'=H, R?=aryl, alkyl) cyklizuji v bazickém prostiedi na 2-(substituované-
imino/amino)thiazolidin-4-ony (A). Pro isothiouroniovou sl 1g (R = CHs, R? = 4-CH30Ph)
vznika v bazickém prostiedi thiazolidinon A, kdy je methylsubstituent vazan na
thiazolidinovém dusiku a na exocyklickém dusiku v poloze 2- je vazan 4-methoxyfenyl
substituent. Pro isothiouroniovou sul 1i odvozenou od 1-methyl-
1-(4-methoxyfenyl)thiomoc¢oviny (disubstituce na jednom dusiku) je produkt jednoznaény,
nebot’ stil mize cyklizovat pouze jedinym volnym dusikem. Zbylé isothiouroniové soli 1fa 1h

vychazeji z thiomocovin, které maji na obou dusicich stejny substituent.

Monosubstituované soli 1a-e cyklizuji na 2-(substituované-imino)thiazolidin-4-ony (A), které

mohou podléhat amino/imino tautomerii (A") (Schéma 69).

O\ N/H O\ N
OH OH
>=N‘2 — S\>\N\H
R R'
A A’
Schéma 69

Amino/imino tautomerie byla studovdna né&kolika autory!®227°276329331 g glkyl/aryl-
amino/imino substituované thiazolinony/thiazolidinony. Chovani bylo studovano jak v pevné
fazi, tak i v roztoku a z uvedenych studii Ize obecné usoudit, ze exo N-nesubstituované a N-alkyl
substituované slouceniny se vyskytuji v roztoku pievazné ve formé 2-(alkylamino)thiazolidin-
4-ond, zatimco N-aryl substituované slouceniny preferuji usporadani 2-(arylimino)thiazolidin-

4-onu. | z tohoto pravidla vsak byly publikovany**® vyjimky.
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V 'H NMR spektru (DMSO-ds) erstvé pripraveného 5-(2-hydroxyfenyl)-2-(isopropylimino)-
1,3-thiazolidin-4-onu, odvozeného od isopropylthiomocoviny (Schéma 70), ktery byl

326

syntetizovan vV ramci mé diplomové prace®°, jsou pii 25 °C pfitomny tii signaly protonu N-CH

skupiny isopropylu, kterym nalezi integralni intenzity 0,76, 0,18 a 0,06 (Obrdzek 20a).

O B@ O\ H l}\ O\ N >\
o r OH OH
NH Baze D=N D—Nh
2 S S

P —
~—

NH
A ). N
Schéma 70

Podobny, avsak hife rozliSeny signal lze pozorovat pro obé skupiny CHz isopropylu, kde je
patrny jeden dobie rozpoznatelny dublet a jeden multiplet slozeny ze dvou dubleti. Dale pro
skupinu Ar—CH jsou ptitomny dva singlety. Pokud byl vzorek zahitivan na 60 °C po dobu 10
minut a opét ochlazen na 25 °C, doslo ke zméné zastoupeni integralnich intenzit pikd
jednotlivych tautomerd, respektive isomer. Zména je nejlépe patrna u protonu N-CH, kdy
jeden signal zcela vymizel a integralni intenzita zbyvajicich signala se zménila na 0,85 a 0,15,

pii¢emz chemicky posun jednotlivych signali zistal stejny (Obrdzek 20 b).

b) 25 °C —> 60 °C — 25 °C /j/
M

T 1 I
9.2 91 8.0 AIB 46 44 42 40 36 1.4 140 . 5 130 .2 1. 20 ppm

Obrazek 20 — 'H NMR spektrum 5-(2-hydroxyfenyl)-2-(|sopr0pyl|mlno)-1,3-th|azol|d|n-4-onu
v DMSO-ds a) pti 25 °C a b) po zahtati na 60 °C a nasledném ochlazeni na 25 °C.
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Dva blizké singlety skupiny Ar—-CH se zménily na jeden singlet (neni uvedeno v obrazku)
a zaroven se rozsifeny singlet NH skupiny pfi 9,1 ppm zménil na dublet. Tento roztok
5-(2-hydroxyfenyl)-2-(isopropylamino)-1,3-thiazolidin-4-onu (forma A’) v DMSO-ds je

stabilni a zastoupeni jednotlivych isomert se jiz dale v ¢ase neméni.

Toto pozorovani Ize tedy interpretovat jako vzajemnou preménu vSech moznych isomert, ktera
je pomala na ¢asové Skale NMR. Z multiplicity signala protonu skupiny N—-CH je jasné, Ze dva
septety pii 355 a 4,73 ppm patti E/Z isomeram  2-isopropylimino-
5-(2-hydroxyfenyl)thiazolidin-4-onu (forma A) (Schéma 70, str. 79), zatimco oktet pfi
4,12 ppm patii 2-isopropylamino-5-(2-hydroxyfenyl)thiazolidin-4-onu (forma A") (Schéma
70, str. 79). Ze zmény spektra po zahtati lze usoudit, Ze cyklizaci soli se nejprve tvoii
termodynamicky méné stabilni imino forma, ktera se méni na stabilnéj$i amino formu, coz se
shoduje jiz s diive publikovanymi poznatky®227>276329-331 (viz Kkap. 4.1, str. 45). Z vyse
popsaného chovani Ize vyvodit, Ze cyklizace isothiouroniové soli probiha atakem aminového
dusiku, kterym je v ptipadé monosubstituované thiomoc€oviny nesubstituovany dusik. Proto pii
reakci vznika kineticky 2-iminothiazolidinon (forma A) (Schéma 70, str. 79), ktery se po zahiati

V roztoku méni na termodynamicky stabilnéjsi 2-aminothiazolinon (A") (Schéma 70, str. 79).

Obdobna situace byla pozorovana pro 5-(2-hydroxyfenyl)-2-(methylimino)-1,3-thiazolidin-

4-on odvozeny od N-methylthiomocoviny (Schéma 71).

o o o H o
NH2 Baze >:N - S>\NH

2 - S
e
~CH
3 A' A
Schéma 71

V tomto ptipadé pocatecni spektrum pii 25 °C (Obrdzek 21a) obsahovalo pouze jednu sadu
signali. Z multiplicity signalu skupiny N-CHs pti 3,08 ppm (singlet) Ize odvodit, Ze je v tomto
ptipadé preferovan pouze jeden stereoisomer, a to methylimino A" (Schéma 71). Spektrum po
zahtati vzorku na 60 °C a ochlazenim zpét na 25 °C (Obrdzek 21b) obsahuje vSechny tii mozné
isomery, ato v poméru 32 : 53 : 15 %, ktery byl vypocten z integralnich intenzit N-CH3 protonti
pii 3,08 ppm (singlet), 2,98 ppm (dublet) a 2,86 ppm (singlet). V tomto pfipadé opét Kineticky

vznikad iminoforma, ktera se po zahtati méni z 52,6 % na termodynamicky stabilnéj$i amino
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formu A (Schéma 71). Spektrum se jiz dale v ¢ase neméni. Z tohoto pozorovani lze opét fici,

ze cyklizace isothiouroniové soli opét probiha atakem nesubstituovaného aminového dusiku.

a) 25°C — 60 °C — 25 °C

LL&J@M e

b) 25°C

1000 9S85 930 985 980

A_JL__ e

310 305 300 295 290 285 (ppm)

Obrizek 21 — H NMR spektrum 5-(2-hydroxyfenyl)-2-(methylimino)-1,3-thiazolidin-4-onu

v DMSO-ds a) pii 25 °C a b) po zahtati na 60 °C a nasledném ochlazeni na 25 °C.
Uplné jina situace byla pozorovana u thiazolidinona 2b-d odvozenych od substituovanych
fenylthiomo¢ovin. U téchto sloucenin je podle literatury!52275:276329-331 yrefergvana iminoforma
s konfiguraci E nebo Z a tyto dvé formy bylo mozné pozorovat pomoci *H NMR spektroskopie.
Pii 25 °C jsou v 'H NMR spektru 2-(fenylimino)-5-(2-hydroxyfenyl)-1,3-thiazolidin-4-onu
odvozeného od fenylthiomocoviny (pfipraveného v ramci mé diplomové prace®?®) pritomny
obé sady signal, a to v ekvivalentnim zastoupeni (Obrdazek 22a). Pokud tento vzorek
zahtejeme, signaly postupné splynou a jiz pii teploté 70 °C lze pozorovat pouze jednu sadu
signali (Obrazek 22b). Po ochlazeni vzorku dojde k obnoveni popula¢niho zastoupeni E/Z
isomerd jako pied zahiatim. Toto pozorovani lze interpretovat tak, ze pii zahfati dochazi
k rychlé zmén¢ konfigurace na iminové vazbé a jedna sada signali pii 70 °C odpovida

vazenému primeéru obou isomerd.
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b) 70 °C

- AJALQ

a) 25 °C

DN |

T T T 1 I I T I I T

I I
12.0 11.5 1.0 10.5 10.0 7.8 7.6 74 7.2 7.0

ppm

Obrizek 22 — H NMR spektrum 2-(fenylimino)-5-(2-hydroxyfenyl)-1,3-thiazolidin-4-onu

v DMSO-ds ) pii 25 °C a b) po zahi4ti na 70 °C.
V piipadé derivatu 2d, nesouciho 2-pyridinylovy substituent (Obrdzek 23) byla pii 25 °C
pozorovana vV 'H NMR spektru pouze jedna sada signalti. Z tohoto pozorovani Ize vyvodit, ze
pro tuto slouceninu 2d existuje pouze stereoisomer E, ktery je v roztoku stabilizovan
intramolekularni vodikovou vazbou, jako v piipadé strukturné podobného 5-(2-hydroxyethyl)-
2-(2-pyridylimino)-1,3-thiazolidin-4-onu®? (Obrdzek 23), u néhoz byla konfigurace prokazana
RTG-difrakci.

NH ---- N7\ AN\
OH N — OoH X—N —
= =
2d Lit.12
Obrdzek 23
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U piipravenych sloudenin jsem rovnéz pozoroval thermochromii®*2, To znamen4, Ze roztoky
vsech Cistych sloucenin 2a-1 v polarnich protickych (napt. methanol) nebo v polarnich
aprotickych rozpoustédlech (napt. DMSQO) vzdy pii zahiati zéervenaji (Amax = 470 nm)
areverzibiln¢ se odbarvi pii opétovném ochlazeni. V piipadé bezbarvého thiazolidinonu,
odvozeného od N, N -dimethylthiomoc¢oviny, byly pii krystalizaci z horkého roztoku dokonce
ziskany razové krystalky. Dalo by se ocekavat, ze zména barvy bude pfimo spojena se
zminénou prototropii, respektive E/Z isomerii. Tato domnénka byla navrzena pro strukturné
podobné 5-aryliden-2-iminothiazolidin-4-ony**® (Obrdzek 24), avsak v mém piipadé se roztok
sloucenin 2a-i vzdy odbarvil po ochlazeni, ackoliv populacni zastoupeni jednotlivych isomeri

zustalo dle NMR stejné.

H

O\ N
L D=

S

Obrazek 24

Navic u sloucenin 2f-i prototropie neni mozna, protoze dvojna vazba C=N je fixovana a pouha
E/Z isomerie nemuze vysvétlit zménu barvy, protoze slouceniny 2f a 29 preferuji konfiguraci
Z, zatimco sloucenina 2h je fixovana v konfiguraci E. Dale byl vyloucen vznik barevného
komplexu se stopami kovovych iont jako Zn?* a Fe?*/Fe®*, které mohou byt pfitomny jako
necistoty v aktivnim uhli nebo mohou pochazet z ocelové Spachtle. Na druhou stranu po
pridavku baze (nékolik kapek koncentrovaného roztoku amoniaku) doslo vzdy k rychlému
odbarveni roztoku, a to i pti zvySené teploté. Z tohoto pozorovani se zda, Ze pozorovana
thermochromie by mohla byt spojena se vznikem intramolekularni nebo intermolekularni
vodikové vazby zpusobujici vznik barevnych clusterti. Bohuzel pro tuto hypotézu nebyl nalezen

zadny dalsi presvédCivy experimentalni dikaz.
7.2. Kinetika transformace isothiouroniové soli (1a)

Jak jiz bylo zjisténo pfi feseni mé diplomové prace®?, rychlost presmyku isothiouroniovych
soli siln€ zd&visi na substituentech pfitomnych na atomu, resp. obou atomech dusiku
isothiouroniové casti. Zatimco U soli nesubstituovanych, mono- a dialkylsubstituovanych je
rychlost pfesmyku pfili§ vysoka i v pufrech s nizkym pH, lze spektrofotometricky studovat
kinetiku pfesmyku N-fenyl substituovanych soli 1a-c. Substituovana fenylskupina totiz snizuje
jak nukleofilitu iminového dusiku, tak i hodnotu pKa vychozich isothiouroniovych soli

(reaktivni formou je volna isothiomocovina). Pro kineticka méfeni proto byly vybrany
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isothiouroniové  soli  odvozené od 4-methoxyfenyl- (1a), 4-methylfenyl- (1b)
a 4-bromfenylthiomocoviny (1c). Nesubstituovana fenylthiomocovina byla pouzita v mé

diplomové praci®?,

Kinetika ptesmyku soli 1a (Schéma 72) byla studovana za podminek pseudoprvniho fadu ve
vodnych acetatovych (Ac), tris(hydroxymethyl)aminomethanovych (TRIS),
N-methylmorfolinovych (NMF) a N-methyldiethanolaminovych (MDEA) pufrech pii 25 °C
a iontové sile | = 1 mol-1" (Obrdzek 25, Obrdzek 26).

o} o H
@) Br OoH N)—N
NH, Pufr =N
’ —_— S
S (®
la N 2a
H OCH,4
OCHj3
Schéma 72
T T T 0.7 T o |
B
1.0 R i c 0.6- b
g " 2
S & 0.5- -
o] (¢}
S =
2 0.54 - 8 0.4 T
< 2
8 0.3 -
<
0.0 T T 0.2+ T T T T
250 300 350 0 500 1000 1500 2000 2500
Vinova délka [nm] Cas (s)
Obrdazek 25 — Spektralni zaznam Obrdazek 26 — Kineticka kiivka reakce
reakce 1a — 2a v TRISovém pufru 1:1 la — 2a pti 260 nm v TRISovém pufru 1:1
(pH = 8,36). Spektra snimana po 180 s (pH = 8,36).
intervalech.

Nejprve bylo srovnanim UV-VIS spektra reakéni smési po reakci se spektrem nezavisle
pfipravené¢ho standardu ovéfeno (Obrdazek 27), ze za uvedenych podminek je kone¢nym
produktem reakce odpovidajici 5-(2-hydroxyfenyl)-2-(4-methoxyfenylimino)-1,3-thiazolidin-
4-on (2a).
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spektrum po reakci
la — 2a

1.0 ==+ spektrum 2a i

Absorbance

0.0

250 300 350 400
Vinova délka [nm]

Obrdazek 27 — Srovnani UV-VIS spekter produktu 2a a reakéni smési po reakci la — 2a

v TRISovém pufru 1:1 (pH = 8,36) pfi stejné koncentraci 1a a 2a.
Podobné jako tomu bylo v ramci feseni mé diplomové prace®?®, bylo zjisténo, Ze rychlost
transformace soli 1a na thiazolidinon 2a je zavisla na koncentraci pufru. Lze predpokladat, ze
hodnota pKa vychozi soli 1a bude podobna nebo dokonce nizs§i nez hodnota 6,7 uréena pro
strukturné  piibuzny'®®  S-(2-oxotetrahydrofuran-3-yl)-N-(4-methoxyfenyl)isothiouronium-
bromid (Schéma 73). S vyjimkou acetatovych pufri tedy neni nutné provadét korekci
pozorované rychlostni konstanty, kterd zahrnuje fakt, Zze reaktivni formou je volna

isothiomocovina a nikoliv samotna sul.

0 (@)
Lezo B [8:0
NH, —_— NH,
, ~— S
S (@ pK, = 6,7 \«
H OCH, OCH,4

Schéma 73

V aminovych pufrech s vyjimkou hydroxylaminovych bylo zjiSténo, Ze zméfené rychlostni
konstanty koo Stoupaji linearné s koncentraci pufru resp. s koncentraci jeho kyselé slozky, avsak

jsou jen malo zavislé na bazicit¢ prosttedi (Obrdzek 28, Obrdazek 30, Obrdzek 32) dané

hodnotou pH.
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Obrazek 29

Zavislost pozorované rychlostni konstanty (Kpoz) na koncentraci kyselé slozky pufru (can) (Obrdzek
28) respektive koncentraci bazické slozky (cg) (Obrdzek 29) pro TRISovy pufr v pomérech 1:2b o

(pH = 8,68); 1:1 ® (pH = 8,36); 1:2k m (pH = §,05).
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Obrazek 30
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Obrazek 31

04

Zavislost pozorované rychlostni konstanty (Kpoz) na koncentraci kyselé slozky pufru (cen) (Obrdzek
30) respektive koncentraci bazické slozky (cs) (Obrdzek 31) pro N-methylmorfolinovy pufr
vV pomérech 1:1 @ (pH = 7,84); 1:2k m (pH = 7,54);1:3k o (pH = 7,34); 1:4k o (pH = 7, 23).
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Zavislost pozorované rychlostni konstanty (Kpoz) na koncentraci kyselé slozky pufru (can) (Obrdzek
32) respektive koncentraci bazické slozky (Cg) (Obrdzek 33) pro hydroxylaminovy pufr v pomérech
1:8b e (pH=6,94); 1:4b m (pH =6,69); 1:2b o (pH=6,42); 1:1 A (pH =6,10) 1:2k ¥ (pH =5,78);
1:4k + (pH = 5,48).
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Obrazek 34 Obrazek 35

Zavislost pozorované rychlostni konstanty (Kpoz) na koncentraci kyselé slozky pufru (Csn) (Obrdzek
34) respektive koncentraci bazické slozky (cg) (Obrdzek 35) pro acetatovy pufr v pomérech 1:1 o (pH
=4,50); 1:2k m (pH = 4,19); 1:3k o (pH = 4,01); 1:4k o (pH = 3,88).

87



To znamena, ze zavislosti Kpoz Na CaH se u sad pufrti odvozenych od stejného aminu prakticky
prekryvaji a jejich smérnice udéavaji katalytickou konstantu ken odpovidajici obecné kyselé
katalyze. Z useku stejnych zavislosti 1ze vyhodnotit konstantu kn: odpovidajici specifické
katalyze. Pfesmyk isothiouroniové soli 1a je tedy katalyzovan pouze kyselou slozkou pufrat BH",
jejiz katalyticka schopnost, ¢iselné vyjadiena hodnotou ksn (Tabulka 1), vyrazné klesa s klesajici
aciditou této kyselé slozky pufru (vyjadienou pomoci pKa(BH")). Lze tak konstruovat
Bronstedovu zavislost log ken vs. log Ka(BH') a z ni byla odhadnuta hodnota Brenstedova

koeficientu a = blizka nule.

Tabulka 1 — Katalytické konstanty ke zmétené pro N-methymorfolinové a TRISové pufry o riznych
pomérech bazické a kyselé slozky.

Pufr (BH*/B) pH  pKa(BH")***  10%kgn (I'mol-s™?)

NMF (1:4k) 7,23 741 0,6135
NMF (1:3k) 7,34 741 0,8038
NMF (1:2k) 7,54 741 0,7797
NMF (1:1) 7,84 741 0,6383
TRIS (1:2k) 8,05 8,10 0,6132
TRIS (1:1) 8,36 8,10 0,5254
TRIS (1:2b) 8,68 8,10 0,4879

Jinymi slovy lze fici, ze proton Vv tranzitnim stavu tohoto rychlost uréujiciho stupné je jen malo
pienesen z kyseliny na klicovou species. Na zikladé piedchozich kinetickych studiil®
analogického laktonu se jevi jako nejpravdépodobnéjsi reaktivni species neutralni intermediat
TO, jehoz obecné kysele katalyzovanym rozpadem vznika koneény produkt 2a (Schéma 74).
Role obecné kyseliny (kyselé slozky pufru) spociva v protonaci kysliku a zlepSeni kvality
odstupujici skupiny (fenolatu na fenol). Fenol, resp. fenoldt jsou mnohonédsobné lepSimi
odstupujicimi skupinami nez alkohol, resp. alkoholét a neni tak zapotiebi otevieni nové reakcni

cesty vedouci pfes intermediat T-, které by vyZadovalo uplatnéni bazické katalyzy.
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Schéma 74

Ve srovnani s S-(2-oxotetrahydrofuran-3-yl)-N-(4-methoxyfenyl)isothiouronium-bromidem
(Schéma 73, str. 85) vsak bylo pozorovano nékolik podstatnych rozdilti. Zatimco existence
obecné katalyzovaného pribehu reakce je spole¢na obéma substratim — specificka slozka se
U obou presmyku uplatiiuje odlisné. Tento rozdil nejlépe ukazuje pH profil (Obrdzek 36) ziskany
z hodnot pozorovanych rychlostnich konstant extrapolovanych na nulovou koncentraci pufru.
U S-(2-oxotetrahydrofuran-3-yl)-N-(4-methoxyfenyl)isothiouronium-bromidu>® (Schéma 73,
str. 85) odpovidaji jednotlivé oblasti pH profilu uplatnéni vzniku, resp. rozpadu tii koexistujicich

tetraedralnich intermediati tj.:
1) Rychlost urcujici cyklizaci volné isothiomocoviny na intermediat T* (pH < 0.5).
2) Obecné kysele katalyzovanému rozpadu T* (o = —0.47) na produkt (r.l.s. pii pH 2-3).

3) Vodou katalyzovanému protontransferu na To nasledovanému jeho obecné kysele

katalyzovanému rozpadu (pH 3-6).

4) Tvorbé T~ bud’ z T* nebo To (pH > 6). U derivati 1a je az do pH 6 tvar pH profilu
odli$ny a spiSe se blizi pfimce (proloZeni bodi je pouze ilustrativni a neni provedeno

na zakladé¢ kinetické rovnice).

V aminovych pufrech (pH 6-9) dochazi k mirnému linedrnimu poklesu (smérnice piimky je
pouze —0,17) rychlosti protonem katalyzovaného presmyku. Rad reakce vi¢i protonu tak lze
povazovat za blizky nule. Ve srovnani s  S-(2-oxotetrahydrofuran-3-yl)-N-(4-

methoxyfenyl)isothiouronium-bromidem?®® (Schéma 73, str. 85) se u derivati 1a v aminovych
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pufrech neprojevuje nelinearni charakter zavislosti Kpoz VS. CeH a nebyla pozorovana obecna
bazicka katalyza. Rovnéz zlom v pH profilu se projevuje jiz okolo pH 6 a nikoliv pti pH 7 jako
v literatuie!®3. Toto chovani potvrzuje domnénku, Ze kli¢ovym rozpadajicim se intermediatem je
To, jehoz rozpad vyzaduje kyselou katalyzu. To, ze rychlost reakce nad pH 6 nestoupa, vylucuje

spolu s absenci obecné bazické katalyzy uplatnéni cesty vedouci pies T~

'1 L] L] L] L]

log kpo, NEbO log Key

% 2 4 6 8 10

pH nebo —log Cyy

Obrazek 36 - Zavislost log kpoz nebo log kex na pH nebo —log chcl pro sil la (o, e)

a S-(2-oxotetrahydrofuran-3-yl)-N-(4-methoxyfenyl)- isothiouronium bromid (o, e).
Piekvapivou skutecnosti je, ze derivat 1a se pfesmykuje pomaleji nez S-(2-oxotetrahydrofuran-
3-yl)-N-(4-methoxyfenyl)isothiouronium-bromid®?® (Obrazek 36), prestoze v rychlost uréujicim
stupni se odstépuje mnohem lepsi odstupujici skupina (fenolat, resp. fenol vs. alkoholat, resp.
alkohol) (Schéma 75). To muze byt zpisobeno tim, Ze fenolatovy fragment je mnohem rigidnéjsi
(mensi pocet stupnti volnosti) nez alkoholovy. To mulize ovlivitovat rychlost zpétného ataku

nukleofilu a tim vlastné u fenolatu brzdit vznik produktu.
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- K == | Ty — 2a
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Schéma 75
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Pro isothiouroniové soli la-c a N-fenyl-S-(2-0x0-2,3-dihydro-1-benzofuran-
3-yl)isothiouronium-bromid3?6, ktery byl pfipraven v ramci mé diplomové préace, byla méfena
kinetika transformace v TRISovych pufrech (1:1, pH = 8,36). Z obrazku (Obrdzek 37) je patrné,

ze s rostouci elektronakceptornosti substituentu na jadie se rychlost transformace zvysuje.

0.004 T T T T
1c
0.003+ -
'\(9/ 1b
¢ 0.002+ -
= la
'S
0.001+ / |
0.000 T T T

0.0 0.1 0.2 0.3 0.4 0.5

-1
Coufr (mol-I™)
Obrazek 37 — Zavislost pozorované rychlostni konstanty kyo; () na koncentraci pufru pro soli 1a
(o), 1b (1), 1c (e) a N-fenyl-S-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromid®? (m)
meétenych v TRISovych pufrech 1:1 (pH = 8,36) pti 25 °C.
Zavislost log Kexr na konstantich op pro tyto soli (Obrdzek 38) dobie spliuje linearni

Hammettovu korelaci, ktera udava reakéni konstantu p = 0,9.
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Obrazek 38 — Zavislost log Kexr na konstantach op pro soli 1la-c a N-fenyl-S-(2-oxo-2,3-dihydro-
1-benzofuran-3-yl)isothiouronium-bromid32,
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Nalezena hodnota p koresponduje s navrzenym mechanismem transformace (viz. Schéma 74).
Pro analogickou pfedifazenou rovnovahu mezi isothiouroniovou soli a volnou isothiomocovinou
byla zjisténa®*® hodnota p = +2,11, ktera odpovida §tépeni protonu z atomu dusiku vedle jadra.
Atak karbonylové skupiny (cyklizacni stupeni) vSak probiha nesubstituovanym atomem dusiku,
pro ktery lze pfi pouziti transmisniho faktoru 0,5 predpokladat p okolo —0,5, protoze reakce
probihé na tfetim atomu od jadra. Transmisni faktor pro heteroatomy je vSak obvykle vyssi nez
0,5 a navic imino vazba svou konjugaci s jadrem zlepSuje pifenos mesomerniho efektu. Hodnota
pro atak nesubstituovanym atomem dusiku tak maze nabyvat i hodnot okolo —1. Protoze pfeména
T*na T%i rychlost uréujici krok (kysele katalyzovany rozpad T°) bude mit hodnoty p blizké nule,

je pozorovana hodnota p dana souctem prvnich dvou krokii (+2 a —1).

7.3. Reakce 3-brom-1-benzofuran-2(3H)-onu s thioamidy

V dalsi ¢asti mého doktorského studia jsem thiomocoviny nahradil aromatickymi thioamidy.
V piedchozim ptipadé¢ reakci thiomoc¢ovin vznikaly isothiouroniové soli, které bylo mozné dale
transformovat na pfislusné substituované thiazolidinony. Na zaklad¢ strukturni podobnosti
thioamidi s thiomocovinami byl vacetonu ¢&i acetonitrilu o¢ekavan vznik analogického

produktu, a to methaniminiové soli (Obrazek 39).

Obrazek 39

Strukturni analyzou bylo zjisténo, ze tento produkt je pfili§ nestabilni, a ze reakce rovnou

poskytuje produkt transformace tj. 4-hydroxythiazol ve form¢ hydrobromidu (Obrdzek 40).

HO HBr
N
OH ’ N §/ R
s” \ Y
Obrazek 40

Reakce byla provedena nejprve v acetonitrilu, kdy se vyloucil ptislusny hydrobromid
4-hydroxythiazolu (3a-h), ktery byl po filtraci suspendovan ve vod¢ a k této suspenzi byl ptidan
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amoniak. Poté byl 4-hydroxythiazol (3a-h) zfiltrovan a ziskan jako volna baze. Jelikoz se jedna
0 dvoukrokovy postup s celkové niz§imi vytézky (38-55 %), byl aplikovan postup®’, kdy Ize
pozadovaného produktu dosahnout v jednom kroku a s vétsim vytézkem (59-77 %). Reakce byla
proto provedena v toluenu za piidavku pyridinu a byla zahiivana na 80 °C po dobu dvou hodin.
Poté byla reak¢ni smés ochlazena a ptislusny produkt 3a-h byl zfiltrovan rovnou ve formé volné

baze.

Pipravené produkty 3a-h mohou rovnéz podléhat tautomerii (viz. kap. 4.1, str. 45) a mohou tak

existovat bud’ jako aromaticka enolforma (Schéma 76), nebo jako ketoforma postradajici

aromaticitu.
HO
S N
OH \ OH
0 Toluen / P \ [ N
o + HZN/U\R oty >_R S>_R
80°C
Br
3a-h
H a b c d e f g h
R | 4CH:OPh  4-CHsPh  Ph 4-CIPh  3-CIPh  4-CFsPh  2-Py 2-Th
Schéma 76

'H a 13C-APT NMR spektroskopii bylo zjiténo, ze vV polarnim aprotickém DMSO a i v méné
polarnim acetonu se v roztoku vyskytuje pouze aromaticka enolforma. V *H NMR spektru jsou
ptitomny dva singlety odpovidajici protonim dvou hydroxyskupin a charakteristicky signal pii
5,50 ppm odpovidajici skupiné CH v thiazolinovém kruhu tplné chybi (nalezen u strukturné
podobného 2-amino-5-(2°-hydroxyfenyl)-1,3-thiazol-4(5H)-onu)®*®. Stejny zavér lze udinit
z BC-APT NMR spektra, kdy faze piku uhliku Cs odpovida kvarternimu uhliku.

7.4. Spektralni vlastnosti 5-(2-hydroxyfenyl)-4-hydroxythiazola (3a-h)

Z literatury?®°

je znamo, ze U 4-hydroxy-1,3-thiazolu jakykoliv aromaticky substituent v poloze
2- nebo 5- podporuje vznik enolformy, protoze tak mize dochazet k energeticky vyhodngéjsi
delokalizaci m-elektronti. Vznik aromatické enolformy je podminkou nutnou, nikoliv vsak
jedinou, pro ziskani fluorescencnich vlastnosti. Ackoli 2-heteroaryl-5-alkyl-4-hydroxy-
1,3-thiazoly*®’ vykazuji pouze slabou fluorescenci s kvantovym vytézkem okolo 10 %, n&které
2,5-diaryl-4-hydroxy-1,3-thiazoly?**® maji intenzivngjsi fluorescenci s kvantovym vytézkem
az 87 % v THF?®, Z tohoto srovnani vyplyva, ze 2,5-diaryl substituce rozsifujici n-elektronovy

systém a zavedenim vhodnych substituenti na obou aromatickych jadrech zlepsuje fluorescencni
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vlastnosti 4-hydroxy-1,3-thiazold. V sérii pfipravenych sloucenin 3a-f je na jednom aromatickém
jadre elektronoveé bohata 2-hydroxy skupina a na druhém jadte rizné substituenty v pozicich 3-
a 4-. Pro zjisténi vlivu 2-hydroxyfenyl skupiny byl ptipraven analogicky 2,5-difenyl-4-hydroxy-
1,3-thiazol (4) (Obrazek 41) a byly studovany jeho fluorescenéni vlastnosti.

HO HO
OH N N
B 00
S S
3a-h 4

Obrdzek 41

Vsechny derivaty 3a-h a 4 vykazuji v roztoku zativé modrou fluorescenci (Aem = 440-480 nm),
ktera se méni na oranzovou fluorescenci (Aem = 550-590 nm) po piidavku baze jako je TEA. Tato
zména fluorescence, ktera je zavisla na pH, byla u ptibuznych derivata jiz diive pozorovana
skupinou prof. Beckerta?®*3%:33 Kkter prisoudila toto chovani deprotonaci 4-hydroxyskupiny
Vv thiazolovém Kkruhu. Toto vysvétleni je velmi pravdépodobné, nebot’ pKa 2-substituovanych-
4-hydroxy-1,3-thiazolii bylo stanoveno potenciometricky?® pomoci UV spektrofotometrie®®
a kvantovymi vypoéty?®® v rozmezi?®6:289.2%0340 ¢ 5 a7 6,9. Thiazoly 3a-h vsak obsahuji dvé
hydroxylové skupiny, jejichz hodnoty pKa se podstatné lisi. Proto byly studovany acidobazické
rovnovahy slou¢eniny 3c v roztoku DMSO za pouziti UV-VIS. Amoniak (pKa = 10,5
v DMSO%*) a TEA (pKa = 9,07 v DMS0)**2 jsou schopny generovat ¢isty monoaniont. Naopak
mnohem slabsi N-methylmorfolin (pKa = 6,92 v 90% DMSO)**® deprotonuje hydroxylovou
skupinu thiazolu v zavislosti na koncentraci baze. Dokonce i v ¢istém DMSO sloucenina 3c jiz
Caste¢né disociuje, a proto bylo nezbytné okyseleni kyselinou chlorovodikovou pro ziskani
spektra jeji zcela nedisociované formy. Dobie vyvinuty isosbesticky bod (Obrdzek 42) potvrzuje,
ze disociace fenolické hydroxylové skupiny neinterferuje s disociaci hydroxylové skupiny

thiazolu za podminek pouzitych pti méteni.
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Absorbance

Obrdzek 42 — Absorpéni spektra 3C v DMSO (tuéné zvyraznéno), po okyseleni HCI (1 pl,
¢ =1 mol-I'Y) a po pfidavku riizného mnozstvi N-methylmorfolinu (objem v pl zaznamenén pfimo v

0.0

500
Vinova délka (nm)

obrazku). Spektrum 3C~ bylo ziskano po ptidavku 1 ul triethylaminu (TEA).

Také spektrum po piidavku 1 pl (1 mol-1Y) HCI prochazi obéma isosbestickymi body, coz

znamena, ze toto okyseleni pouze potlacuje disociaci obou hydroxylovych skupin a neprotonuje

thiazolovy (nebo u 3g pyridinovy) dusik. K deprotonaci fenolické hydroxylové skupiny nedoslo

ani po pridavku mnohem silng&;jsi baze jako je hydroxid sodny a spektra slou¢eniny 3c po ptidavku

amoniaku, TEA nebo hydroxidu sodného byla vZzdy identicka. Zatimco v hydroxidu sodném
dochézelo k pomalému rozkladu slou¢eniny 3c (k = 2,6-103 s 11, = 267 s v 5:10* M NaOH),

ktery je spojen s poklesem fluorescence, tak v triethylaminu nebo amoniaku je aniont 3¢~ stabilni.

Vsechny spektralni charakteristiky jsou shrnuty v tabulkach (Tabulka 2, Tabulka 3 a Tabulka 5)

a obrazcich (Obradzek 41, Obrdazek 42)

Tabulka 2 — Hodnoty kvantového vytézku (@) a orientacni polarizabilita (Af) pouzitych rozpoustédel.

- @
Rozpoustédlo  Af 5 3y 30 39 3¢ 3 3g 3h 4
Dioxan 0021 012 034 053 077 084 089 093 025 028
EtOAc 0202 013 024 046 062 079 075 061 020 023
DMSO  0.264 022 041 063 056 060 044 084 032 013
Aceton 0285 005 015 025 041 059 046 046 012 013
Acetonitril 0306 003 014 028 047 061 066 069 009 012
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Tabulka 3 — Absorpéni (Aa) a fluorescenéni (Af) maxima, molarni absorpéni koeficienty (&),
Stokesovy posuny (A7) a kvantové vytézky (®) studovanych sloucenin (rozpusténych v DMSO/TEA)
jako disociovana forma.

Slouc¢enina A ¢ A Av @
[nm] [Mt.cm™] [nm] [cm™]
3a- 439 6020 566 4565 0.35
3b- 445 6090 566 4355 0.31
3c 447 5810 571 4385 0.53
1d- 460 6020 581 4102 0.49
3e” 462 5920 583 4223 0.53
3f 475 6300 602 4132 0.44
39” 468 6160 588 4096 0.68
3h- 464 6140 601 4428 0.26
4- 489 — 602 3440 0.18
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Tabulka 4 — Experimentalné zjisténa absorpéni (Aa) a fluorescenéni (Ar) maxima a Stokesovy posuny (A7) vybranych slouéenin v riznych rozpoustédlech.

Rozpoustédlo
Dioxan Ethyl-acetat DMSO* Aceton Acetonitril
Sloutenina  Aa A AV Aa A AV 4 A da A AV Aa A AV

I CUS I I B CU R I U O I R I G L
3a 357 445 5539 355 445 5607  o0) 455 5049 357 447 5640 351 450 6268
3b 350 440 5128 360 440 5051 o000 455 5001 358 444 5410 349 445 6181
3 360 440 5051 355 443 5506  ,oi0 458 5024 358 445 5461 355 443 5506
3d 365 449 5126 363 448 5227 13?25 470 4764 365 452 5273 357 453 5936
3 368 450 4952 366 449 5051 00 469 4386 365 454 5371 358 449 5661
af 373 457 4928 373 458 4976 00 484 4874 375 462 5022 362 450 5838
3 377 453 4450 370 450 4805 000 472 4788 373 455 4832 361 452 5577
3h 378 463 4857 373 465 5304 000 482 4853 374 464 5186 366 465 5817
4 362 445 5152 361 443 5127 S0l 463 5696 358 445 5461 356 442 5465

* absorp¢ni koeficient (¢) byl stanoven pouze pro DMSO
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Z tabulek vyplyva, ze vsechny derivaty 3a-h a 4 maji jeden Siroky absorp¢ni a fluorescencni
pas s maximy pii Aa = 350-390 nm and Ar = 440-480 nm, coz jsou hodnoty obdobné nékolika
jiz dfive publikovanym slou¢eninam?°3%, Agkoliv jsou absorpéni a fluorescenéni maxima
Vv relativné uzké oblasti (cca 20 nm), je mozné zde najit nékolik zajimavych vztahti mezi

strukturou a spektralnimi vlastnostmi.
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Obrdzek 43 — Absorpéni a fluorescenéni spektra slouéenin 3a, 3c, 3f, 3g a 4 v DMSO po ptidavku
HCI (1 pl, ¢ = 4-10 -3 mol/1)
Zavedeni druhé hydroxylové skupiny (4 — 3c) ma minimalni vliv na pozici absorpéniho
a fluorescencniho maxima. Nejvétsi bathochromni posun byl pozorovan v DMSO z 367 nm na

371 nm pro Aaa hypsochromni posun ze 463 nm na 458 nm pro Ar.

Elektrondonorni substituenty (3a, 3b) maji velmi maly vliv na pozici absorpéniho
a fluorescen¢niho maxima (Aiaand AAr 0-7 nm) ve vSech pouzitych rozpoustédlech. Na druhou
stranu elektronakceptorni skupiny a heterocyklické kruhy (3c-f, g, h) maji relativné velky
bathochromni posun (13-18 nm a 15-24 nm pro Aa a Ar konkrétné pro 3c a 3f ve vsech
rozpoustédlech). Vliv substituentil 1ze efektivné popsat Hammettovou korelaci (viz. srovnani

s NH: derivaty (kap. 7.6, str.125, Obrdzek 59).

V dioxanu, ethyl-acetatu a v acetonu byla pozorovana velmi mala zména v Aa a Ar, a to U vSech

sloucenin. Velky bathochromni posun byl pozorovan v DMSO. Ve srovnani S jinymi
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rozpoustédly dochazi v polarnim acetonitrilu piekvapiveé k absorpci pfi kratSich vinovych

délkach u vsech sloucenin.

Ve srovnani se slou¢eninou 3a maji negativné substituované derivaty 3d-g mensi Stokestv
posun ve vsech pouzitych rozpoustédlech. Bez ohledu na molekularni strukturu maji v§echny
slouceniny Vv acetonitrilu vétsi Stokestiv posun. Nejvétsi Stokesiv posun byl pozorovan

u slouc¢eniny 4 v DMSO, pfitom se jedna 0 nejslabsi fluorofor ze vSech piipravenych sloucenin.

Pti deprotonaci 3a-h za pouziti baze dochazi k velkému bathochromnimu posunu absorp¢niho
pasu z 346-389 nm pro neutralni formu na 445-475 nm pro formu disociovanou (Obrdzek 44).
Bathochromni posun fluorescenéniho maxima vykazuje stejny trend, jako byl pozorovan pro
maxima V neutralni formé. Sloucenina 4 ma nejdelsi Aa a Ar. Stokesuv posun je vzhledem

k velikosti molekul relativné velky (4450-6270 cm™L).
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Obrdazek 44 — Absorpéni a fluorescenéni spektra sloucenin 3a-, 3¢, 3f7, 3g- a 4~ v DMSO po
pridavku 1 pl TEA.

Z namétenych dat studovanych sloucenin 3a-h (Tabulka 4, str. 97) lIze vyvodit nasledujici

vztahy na zakladé molekularni struktury, polarity rozpoustédla a z kvantového vytézku ().

Zavedenim druhé hydroxylové skupiny (4 — 3c) ma vyznamny vliv na hodnotu kvantového
vytézku (D) ve vSech rozpoustédlech. Sloucenina 3¢ ma oproti 4 nejméné dvojnasobny

kvantovy vytézek (v DMSO téméf pétinasobny).
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Elektronakceptorni substituenty (3c a 3d-f) v méné polarnim dioxanu zptsobuji silné zvyseni
kvantového vytézku (az k hodnoté 0,93, Tabulka 2, str. 95), naopak elektrondonorni

substituenty (3a-c) zpusobuji silny pokles .

Krom¢ DMSO se hodnota kvantového vytézku snizuje se zvySujici se polaritou pouzitého
rozpoustédla. V polarnim protickém methanolu nebyla pozorovéna vyznamna fluorescence.
Nékteré slouceniny (3f a 3g) se odchyluji, a to v polarnim acetonu a acetonitrilu. Odchylky
u hodnot kvantového vytézku pro DMSO mohou byt zptisobeny vyssi viskozitou rozpoustédla
(7 = 1,99 mPa-s) ve srovnani S jinymi rozpous$tédly (7aceton = 0,30 mPa-s; yacn = 0,34 mPa-s;
netoac = 0,43 mPa-s; #dioxan = 1,18 mPa-s).

Thiofenovy zbytek by se mél chovat jako donor. Avsak v zavislosti na struktute a charakteru
druhé casti push-pull systému, muze pusobit nejen jako elektrondonor, ale i jako akceptor.
V tomto piipadé dle porovnani spektralnich dat se thiofen chova jako elektronakceptor (jako
pyridinovy kruh). Avsak srovnanim s 3g je kvantovy vytézek 3h vyznamné nizsi, a to ve vSech

rozpoustédlech.

Kvantovy vytézek deprotonované formy je srovnatelny s formou neutralni a hodnoty jsou pouze
malo zavislé na substituentech (srovnej s 3a-g). Sloucenina s thiofenovym kruhem 3h-,
podobné jako jeji neutralni forma, ma ve srovnani s ostatnimi substituenty nizs$i kvantovy

vytézek.

Aby bylo mozné ziskat lepsi pohled na strukturni a spektralni vlastnosti studovanych sloucenin,
byly pro konformaci v rovnovazném zakladnim stavu a pro jednoelektronovy excitovany stav
vypocteny charakteristiky pomoci semiempirickych PM3 a ZINDO/SCRF metod
implementovanych v programu®** ArgusLab. Tyto semiempirické metody v nékterych
ptipadech poskytuji obdobné nebo dokonce lepsi vysledky ve srovnani s pokrocilejSimi

45 a jsou obzvlasté vhodné pii hledani vztah®i mezi strukturou

vypodtovymi metodami®
a spektralnimi charakteristikami pro Siroké rozmezi strukturné¢ podobnych sloucenin (tzv.
Htailored system‘). Navic podobné semiempirické metody byly v neddvné dobé pouzity pro

dvoufotonové absorpce®’.

HO

Ar{»@

N
Obrdzek 45
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Vysledky téchto teoretickych vypoéti pro slouceniny 4, 3a, 3¢ a 3f, které nesou substituenty
rizného charakteru a také pro 3g a 3h (slouceniny s heterocyklickym kruhem) jsou shrnuty
v tabulce (Tabulka 5, str. 102).

Optimalizace geometrie u sloucenin 3a-h potvrdila usporadani, ve kterém je vodikovy atom
hydroxy skupiny thiazolu spojen satomem kysliku 5-(2-hydroxyfenyl) skupiny
intramolekularni vodikovou vazbou. Hydroxyskupina thiazolu je ve vazb¢é donorem vodiku,

380 pKa. Intramolekularni vodikova vazba omezuje

coz je vsouladu s jeji nizkou hodnotou
dihedralni ahel a (Tabulka 5, str. 102) mezi 2'-hydrofenylem a thiazolovym kruhem jako tomu
bylo v ptipadé 2,2 -bifenolu, kde byl pozorovan®*® dihedralni tihel 45°. Na druhou stranu
dihedralni thel B mezi 2-(4-subst.fenyl)- (3a-f), 2-(2-pyridyl)- (3g) nebo 2-(2-thienyl)- (3h)
skupinou a thiazolovym kruhem je blizky nule (B = 4 °-8 °, Tabulka 5, str. 102), coz umoziuje

pIny ptenos substitu¢nich efektt z arylu na thiazolovy kruh.

Prvni intenzivni absorpéni pas (g = 10* M*-cm™ v DMSO, Tabulka 4, str. 96) studovanych
sloucenin lze ptipsat ,,Cistému* 7t - 7 HOMO-LUMO So.S;1 ptechodu. Z tvaru HOMO, LUMO
a hlavné z rozlozeni hustoty n-elektronti v prvnim excitovaném stavu a ze zmén prechodovych
momentd k vy$§im hodnotdm v prvnim excitovaném stavu, je ziejmy CT charakter tohoto
ptechodu, ktery je spojen s pfenosem z donorni ¢asti (od 2’-hydroxyfenylu k atomim Cs4 a Cs
thiazolového kruhu) k akceptorni ¢asti (atomy Cz a N thiazolového kruhu a fenyl v pozici 2-)
(3c, Obrazek 47, str. 106). CT charakter prechodu So-S: se dominantné projevuje vlivem
akceptorni schopnosti u elektronegativné substituovaného fenylu nebo heterocyklu, a to
v akceptorni ¢asti molekuly, coz vede k bathochromnimu posunu fluorescenéniho spektralniho
pasu u sloucenin 3f-h. Byl pozorovan maly vliv polarity rozpoustédla pro vSechny slouceniny,
a to ve vSech rozpoustédlech krom& DMSO. Energie HOMO a LUMO a jejich rozdily (N-V1
ptechod) jsou uvedeny v tabulce (Tabulka 6, str. 103).
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Tabulka 5 — Teoretické spektralni charakteristiky pro So — Si ptechody vybranych slouéenin s optimalizovanou geometrii. Vypoctené dihedralni tihly slou¢enin
1a, 1c, 1f, 1g, 19 a 2. Dihedralni thel o [°] je mezi rovinami 4-5-1/2°-1°-6" a B mezi rovinami 3-2-1/1"-2"-3”.

3a'Y = OCH,; 3¢ Y=H; 3f Y = CF, 3g 3h 4

Energie piechodu Hlavni konfigura¢ni ~Dipol moment  Dihedrélni Ghel

Sila oscilatoru

Sloucenina  (vlnocet/vinova délka) interakce G. st. Exc. st. a°/B°
[10% cmY]/[nm] [D] [D]

3a 28.44/352 0.704 53-54 (0.97) 5.4 10.6 63/7
3c 28.53/351 0.641 47-48 (0.96) 3.6 10.5 60/11
3f 27.97/358 0.614 59-60 (0.96) 6.7 15.7 64/8
39 27.62/362 0.628 47-48 (0.96) 1.5 9.8 63/7
3h 26.51/377 0.723 45-46 (0.97) 5.4 10.2 63/5
4 28.31/353 0.653 44-45 (0.97) 2.3 8.7 57/6
Disoc.

3a- 18.77/533 0.333 53-54 (0.94) 21/23
3c” 18.46/542 0.331 47-48 (0.95) 22/17
3f- 17.11/584 0.334 59-60 (0.95) 22/20
39~ 17.08/585 0.341 47-48 (0.94) 22/19
3h- 17.03/587 0.323 45-46 (0.95) 21/22
4- 18.24/548 0.268 44-45 (0.94) 2/25

102



Tabulka 6 — Energie hrani¢nich molekulovych orbitalii vybranych slou¢enin.

Sloucenina HOMO [eV] LUMO [eV] A [eV]
3a —7.480 —-0.578 6.902
3c —7.534 -0.490 7.044
3f —7.779 -1.006 6.773
39 —7.616 -0.870 6.746
3h —7.433 -0.928 6.505
4 —7.562 —0.734 6.828

Substituce atomu vodiku u fenylového kruhu v akceptorni ¢asti molekuly za methoxyskupinu
(3a — 3c) ovliviiuje jen malo energii obou molekulovych orbitali. Substituce za stiedné
elektronakceptorni substituent chlor (3¢ — 3d,e) a hlavné za siln¢ elektronakceptorni
trifluormethylovy substituent (3c — 3f) nebo substituce fenylového kruhu za pyridin nebo
thiofenovy kruh zptsobuje vyznamné snizeni energie LUMO a nasledné bathochromni posun

odpovidajicich absorpc¢nich past.

Excitacni energie So-S1 prechodu a také experimentdlni excitacni energie (absorpéni maxima
v dioxanu) jsou v ptimém vztahu s N-V1 ptfechodem. To dobie potvrzuje charakter prvniho

absorpéniho pasu studovanych sloucenin (Obrazek 46).

3.6 ' r r r r ' 3.6
S
) m
=}
© 3.5k 435 @
E QS
5 o
£ §=3
2 34} 434 §
< S
Q) a
5 o
(7] o
8 33 3.3 o
2 —
g <
S 3.2k 43.2

64 65 66 67 68 69 70 71
A (eV)
Obrizek 46 — Zavislost energie absorpéniho maxima (o, eV) pro 3a,C,f-h v dioxanu (Tabulka 4,

str. 97) a teoretické energie (o, eV) So.S1 prechodu (Tabulka 5, str. 102) na energii pfechodu
HOMO-LUMO (Tabulka 6, str. 103).
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Zavedeni hydroxyskupiny do 5-fenyl substituentu (4 — 3c Obrdzek 41, str. 94) prakticky
nevykazuje zadnou zménu v excita¢ni energii prvniho elektronového prechodu. Tyto vysledky

dobie koresponduji s experimentalnimi absorpénimi maximy.

V porovnani s experimentalnimi absorpcnimi maximy U teoretickych hodnot prvniho pfechodu
dochazi ve vakuu k hypsochromnimu posunu, tak jak se ofekavalo (15 nm pro 3f v dioxanu
a 31 nm v DMSO), a jsou lehce zavisla na struktuie (Tabulka 5, str. 102 a Tabulka 7).

Byla také vypoctena teoreticka absorpéni maxima v zavislosti na &r a n (Af), a to pro nékolik
rozpoustédel. Byla nalezena velmi dobra shoda teorie s experimentem pro vSechny slouceniny

(krom¢ 3f) ve vSech rozpoustédlech kromé acetonitrilu (Tabulka 7)

Tabulka 7 — Teoreticka a experimentalni absorpéni maxima (Aa) vybranych slou€enin; teoreticka
data byla vypoctena pro vakuum a pro né¢kolik rozpoustédel.

Rozpoustedlo
vakuum Dioxan Ethyl-acetat DMSO Aceton Acetonitril
Aa[nm] Aa[nm] Aa[nm] Aa[nm] Aa[nm] Aa[nm]

Teor. Teor. Exp. Teor. Exp. Teor. Exp. Teor. Exp. Teor. EXp.
352 362 357 363 35 373 3/0 361 357 363 351
351 363 360 363 355 377 371 364 358 364 355
358 383 373 389 373 418 389 388 375 389 362
362 372 377 373 370 381 38 372 373 372 363
377 388 378 388 373 398 388 387 374 387 366
353 361 362 360 361 365 367 360 358 360 356

w w w w ceni
»RWwwe Sloucenina

vvvvvv

energii pravdépodobné diky prekvapivé kratSi experimentdlné zjiSt€éné Amax Vtomto
rozpoustédle. Role CT charakteru je pravdépodobné piecenéna vV SCRF (Self Consistent
Reaction Field) procedute pro 3f a tudiZ jsou teoretické ptechody bathochromné posunuté ve

vSech pouzitych rozpoustédlech.

Kromé¢ aniontu slouceniny 4 jsou optimalizované geometrie studovanych sloucenin v jejich
deprotonovanych formach (3a-3h) velmi rozdilné od geometrie sloucenin v jejich neutralni
formé¢ (Tabulka 5, str. 102). Na rozdil od ostatnich sloucenin aniont slouéeniny 4 vykazuje
prakticky uplnou planaritu mezi fenylem v poloze 5- a thizolovym kruhem, coz je v tomto

systému v souladu s velkym bathochromnim posunem absorpéniho pasu.

Prvni absorp¢ni pas deprotonované formy je ptifazen ¢istému piechodu So-S1 n-n* mezi HOMO

— LUMO (Obrazek 47, str. 106) a ukazuje vyznamny CT charakter od donorové casti
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k akceptorni. Ve srovnani s neutralni formou je distribuce hustoty n-elektront HOMO, LUMO
ataké vSi stavu vyrazngj§i. Dramaticky bathochromni posun absorpcnich past
deprotonovanych forem by mohl byt vysvétlen na zakladé CT charakteru So-Si piechodu.
Pfitomnost aniontu thiazol-4-oxidu vyznamné zvySuje charakter elektrondonoru v donorové
¢asti molekuly a ve srovnani s neutralni molekulou, se energie HOMO zvysi o 4,60 eV (3¢)
a4,65 eV (3g7), zatimco energie LUMO se zvysi pouze o 2,50 eV a 2,88 eV. Porovnanim
experimentalnich a teoretickych dat lze fici, ze pouzita vypoctova procedura piecenuje vliv
aniontu thiazol-4-oxidu na donorni G¢innost u donorniho subsystému. Nicmén¢ je dobfe popsan

trend bathochromniho posunu absorp¢nich past z hlediska akceptorni ¢asti molekuly.

Na zéklad¢ kvantové chemickych vypoctii se domnivam, ze vySe zminénd intramolekularni
vodikova vazba ma vyznamny vliv na fluorescen¢ni vlastnosti u sloucenin 3a-h. Z mnoha
publikaci®*®-%2 je znamo, Ze intramolekularni tak i intermolekularni vodikové vazby mohou
vést k vyznamnym zménam v dob¢ zivota prvniho singletového excitovaného stavu (Si).

Napiiklad intramolekularni vodikovéa vazba u indigo derivata®®

zpusobuje rychlou nezéfivou
deaktivaci (silné zhaseni fluorescence). Na druhou stranu u protonovaného 2,3-dipyridin-
2-ylchinoxalinu intramolekularni vodikova vazba nuti strukturu stat se planarnéjsi, a tudiz
zvysuje intenzitu fluorescence®“. Specidlni piipad pozitivniho vlivu intramolekularni vodikové
vazby je reprezentovan pienosem protonu v excitovaném stavu (ESIPT)®, ktery nasel aplikaci
napiiklad v molekularnich sondach, luminiscen¢nich materidlech a v molekulararnich

logickych ptepinacich.

V pfipadé mych sloucenin je tvrzeni o vlivu vodikové vazby na hodnotu kvantového vytézku

@ (Tabulka 2, str. 95) jasné z nasledujicich pozorovani.

- Sloucenina 4, ktera nema moznost tvorby intramolekularni vodikové vazby, vykazuje
mnohem niZs§i hodnotu kvantového vytézku ve srovnani se slou¢eninami 3a-g.
nezafivého zhasinani fluorescence.

- Charakter substituentu ovliviiuje schopnost donace protonu 4-hydroxy skupiny
thiazolu. Ve srovnani se slouc¢eninou 3c, elektronakceptorni substituenty indukuji vetsi
hodnotu kvantového vytézku @. Naopak elektrondonorni methoxy skupina zpisobuje
silné sniZeni kvantového vytézku @.

- Srovnanim hodnot kvantového vytézku @ v dioxanu s jinymi rozpoustédly dochazi

k jeho poklesu kvuli indukovanému vzniku intermolekularni interakce OH skupin
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S1

LUMO

HOMO

u vice polarnich rozpoustédel. V methanolu se intramolekularni vodikové vazby
rozpadaji @ nové intermolekularni se utvoii a kvantovy vytézek je zanedbatelny.

Ve struktufe aniontu je také pfitomna silna intramolekularni vodikova vazba mezi
thiazol-4-oxidem a 2’-hydroxyfenylovou skupinou, avSak smér vodikové vazby je
V tomto ptipadé opacny, nebot’ 2’-hydroxyfenyl skupina je donorem vodiku a thiazol-
4-oxid je akceptorem. Sila této intramolekularni vodikové vazby je patrna z pozorovani,
kdy ani ptidavek silné baze jako je hydroxid sodny nezplisobi pozorovatelné odstépeni
druhého protonu. Toto pozorovani je vsouladu schovanim monoaniontu
2,2’-bifenolu®®, pro ktery byla pozorovana kompletni disociace az v 5 molarnim
roztoku hydroxidu sodného. Také v tomto ptipad¢ konformacné rigidni uspotradani

zlepSuje kvantovy vytézek zhruba tiikrat (srovnej @ pro 3c~ a 4~ Tabulka 3, str. 96).

3c 3c

Obrazek 47 — HOMO, LUMO a S; orbitaly slou¢eniny 3C v neutralni a disociované formé.
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7.5. Reakce 3-brom-1-benzofuran-2(3H)-onu s thiokarbamaty
a dithiokarbamaty

V pfedchozich  kapitolach  byly popsany reakce 3-brom-1-benzofuran-2(3H)-onu
s thiomoCovinami a S thioamidy. Proto byla dale zkoumana zaména NCS fragmentu za
dithiokarbamaty a thiokarbamaty. Reakce byly provedeny za stejnych podminek jako
v predchozich ptipadech, tj. 3-brom-1-benzofuran-2(3H)-on byl rozpustén v ACN a smichan

s ptislusSnym dithiokarbamétem nebo thiokarbamatem za laboratorni teploty.

Na zaklad¢ chovani thiomocovin byl o¢ekavan bud’ vznik piislusné methaniminiové soli, nebo
jako v pripadé thioamidt by mohl vznikat cyklicky produkt. V ptipadé dithiokarbamat doslo
po nékolikahodinovém michani Kk vylou¢eni produktu 5a, b ve form¢ hydrobromidu. Strukturni
analyzou bylo zjisténo, Ze se jedna jiz 0 cyklické produkty, tj. substituované 2-(fenylsulfanyl)-
5-(2-hydroxyfenyl)-4-hydroxy-1,3-thiazoly (5a,b) (Schéma 77), u nichz je preferovana

enolforma.
0]
o s oH NN HO
\ OH

0o+ wd — UL — 203

Br — 4 \ 7

\ R =R =R
7 R 5a,b

R = a) 4-CH,; b) 3-NO,
Schéma 77

U 4-methylfenylderivatu (5a) bylo zjiténo, ze v *H NMR spektru (DMSO-dg) jsou piitomny
dvé sady signali v poméru 92,5:7,5 (Obrdzek 48, str. 108). Nejedna se vSak 0 nelistotu
pritomnou v produktu, protoze zahtatim vzorku doslo ke splynuti signald. Jedna se tedy o dva
isomery a dle charakteristického signalu CH skupiny pfi 5,55 ppm nalezici minoritni formé
bylo usouzeno, Ze se jedna o keto-tautomer. Pro 3-nitrofenylderivat (5b) nebyla tato tautomerie
za stejnych podminek pozorovéna, a tudiz se tato latka vyskytuje vyhradné jako enolforma.
Duvodem je nejspise piitomnost silné elektronakceptorni nitro skupiny v poloze 3- fenylového

jadra, kterd posouva rovnovahu ve sméru k enolformé.
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Obrazek 48 — 'H NMR spektrum slouceniny 58 v DMSO-ds.

~
]
o

Produkty reakce dithiokarbamati a thimocovin S 3-brom-1-benzofuran-2(3H)-onem se
u thiomocovin vyskytuji pouze v ketoformé¢, kdezto dithiokarbamaty preferuji vyhradné

aromatickou enolformu (Schéma 78).

H
OH NN
Ar =N
\NH/{S S
7 _\_
NH, R

NH, R\

Schéma 78

Toto pozorovani je pomérné piekvapivé, protoze mustkovy atom siry mezi thiazolovym
kruhem a benzenovym jadrem znemoziuje konjugaci obou z-systémi a podobné jako

u 2-fenylimino derivatli by bylo mozné spiSe ocekavat nearomatickou ketoformu.
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V pripad¢ reakce thiokarbamati s 3-brom-1-benzofuran-2(3H)-onem se z roztoku nevyloucil
zadny pevny podil a bylo nutné z reakéni smési vakuové odpaftit rozpoustédlo. Po odpareni
rozpoustédla byla ziskana smés produktii. Porovnanim *H NMR spekter (DMSO-ds) reakénich
smési po reakci O-(4-methoxyfenyl)dithiokarbamatu a O-fenyldithiokarbamatu bylo zjisténo,
7e se ve spektru vyskytuje tentyz produkt. V *H NMR spektru byl patrny signal CH skupiny pfi
5,73 ppm pattici thiazolu, coz znaci, Ze se jedna 0 thiazol v ketoformé. Dale ve spektru viibec
nebyly pfitomny signaly Vv aromatické oblasti patfici pfisluSnym fenoliim. Pomoci HRMS
(MALDI+) a elementarni analyzy bylo potvrzeno, Ze se jedna o 5-(2-hydroxyfenyl)thiazolidin-
2,4-dion (6) (Schéma 79).

0] S O\ N
OH
o) S
Br —
\ ¥ 6

Schéma 79

Jelikoz reakce nebyla provedena v suchém rozpoustédle a pod inertni atmosférou, muze byt
toto chovani vysvétleno tim, Ze béhem ni dochazi k hydrolyze, nebot’ fenolat je dobrou
odstupujici skupinou. Z ¢asovych ditvodi nebyly provedeny zddné dalsi experimenty, které by

potvrdily, poptipad¢ vyvratily tuto domnénku.

7.6. Reakce 3-brom-1,3-dihydro-2H-indol-2-onu, resp. 3-brom-1-methyl-
1,3-dihydro-2H-indol-2-onu s thioamidy

Dal$im cilem mé prace bylo studium isolobalni zamény atomu kysliku v laktonovém kruhu
3-brom-1-benzofuran-2(3H)-onu za dusik. 3-Brom-1,3-dihydro-2H-indol-2-on byl tedy
ponechan reagovat s aromatickymi thioamidy S cilem ziskat sérii analogickych 2-aryl-
5-(2-aminofenyl)-4-hydroxy-1,3-thiazola (9a-i), u nichz byly rovnéz ptedpokladany

fluorescenéni vlastnosti.

3-Brom-1,3-dihydro-2H-indol-2-on byl syntetizovan dle literatury®’!® z isatinu. Poslednim
krokem jeho piipravy byla reakce 3-diazooxindolu s kyselinou bromovodikovou, ktera byla
provedena dle literatury®®. Tato metoda vsak poskytovala jen stfedni vytézek (50 %).
Optimalizaci reak¢énich podminek bylo zjisténo, Ze je vhodné provést reakci pii —5 °C za

pridavku 9 ekv. 46-48% roztoku kyseliny bromovodikové. Takto bylo dosazeno 89% vytézku.
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Schéma 80

Dale jiz byla provedena vlastni reakce  3-brom-1,3-dihydro-2H-indol-2-onu
s 4-methoxythiobenzamidem v ACN pii laboratorni teploté po dobu tii hodin. Béhem této doby
doslo k vylouceni pevného podilu a byl ocekavan analogicky produkt jako v pfipadé 3-brom-
1-benzofuran-2(3H)-onu, a to 2-(4-methoxyfenyl)-5-(2-aminofenyl)-4-hydroxy-1,3-thiazol
(9a) ve formé hydrobromidu (Schéma 81).
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Schéma 81

Bylo vsak zjisténo, Ze béhem reakce vznika neocekavany produkt, ktery neobsahuje siru
a nevykazuje zadnou fluorescenci. Podrobnou strukturni analyzou za pouziti *H a 3C NMR
spektroskopie, HRMS (MALDI+), elementarni analyzy a rentgenostrukturni analyzou
(Obrazek 49, str. 111) byl jednoznacné potvrzen vznik (32)-
3-[amino(4-methoxyfenyl)methyliden]-1,3-dihydro-2H-indol-2-onu (8a) (Schéma 81), tj.

produktu Eschenmoserova couplingu, jehoz mechanismus bude diskutovan pozde¢;i.
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Obrazek 49 — ORTEP diagram slou¢eniny 8a.

Z divodu selhani piipravy 5-(2-aminofenyl)-2-fenylthiazolu (9a) byl retrosyntetickou analyzou

(Schéma 82) navrzen alternativni postup jak ho ptipravit.
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Schéma 82

Tato analyza vede k esteru 2-aminofenyloctové kyseliny, ktery by mél byt nasledné bromovan
do a-polohy. Jelikoz by tento ester a-bromoctové kyseliny obsahoval nukleofilni NH2 skupinu
a zaroven dvé elektrofilni centra (karbonyl a a-uhlik nesouci atom bromu), mohlo by
samovolné dochazet k cyklizaci na indolon. Proto byl zvolen jako vychozi reaktant methylester

2-nitrofenyloctové kyseliny (Obrazek 50), kde po bromaci tato komplikace nehrozi.

Ol
@)

Obrazek 50
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Komeréné dostupna 2-nitrofenyloctova kyselina byla dle literatury®’ esterifikovana a takto
ziskany methylester byl nasledné¢ bromovan nejprve pomoci komplexu dioxan-brom. Bylo
zjisténo, ze reakce neprobiha, a proto byla zvolena bromace pomoci NBS a dibenzoylperoxidu
v CCls (Schéma 83).

NO, NO, Br
NBS, BPO
O\ —_— O\
O A, CC|4 O
Schéma 83

Jelikoz se jedna o radikalovou reakci a nitroskupina je v rezonanci se vznikajicim radikalem,
reakce probihala velmi pomalu. Bylo zjisténo, ze kdyz se na pocatku davkuji tii ekvivalenty
NBS a béhem tiidenni reakce se po 12 hodinach ptidava dalsi mnozstvi dibenzoylperoxidu,
posouva se rovnovaha ve sméru k produktim a ziskd se a-bromester v lepSim vytézku 75 %
oproti piivodni literatuie®*® (22 %). V dalsim kroku (Schéma 84) takto ziskany a-bromester
reagoval s thiobenzamidem v toluenu®’ za piidavku pyridinu, kdy vznikal 4-hydroxy-2-fenyl-
5-(2-nitrofenyl)-1,3-thiazol (7a). Tento thiazol 7a se podle *H a 1*C NMR spekter vyskytuje

Vv enolformé a nebyla u né&j pozorovana zadna fluorescence.
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Schéma 84

Dal3im krokem méla byt redukce®® nitroskupiny na pozadovanou aminoskupinu. Redukci jsem
provadél v THF pomoci plynného vodiku za pfitomnosti palladia. Po zfiltrovani a odpafeni
reakéni smési bylo zjisténo, Ze se jednd o pestrou smés produktli, kterou dale nebylo mozné
separovat krystalizaci nebo pomoci kolonové chromatografie. Z tohoto jsem usoudil, ze za
pouzitych podminek by také mohlo dochazet k redukci karbonylové skupiny na thiazolovém
kruhu (ta miZze byt rovnovazné ptitomna diky keto-enolové tautomerii). Proto byla tato
hydroxyskupina blokovana®®® pomoci chranici skupiny TBDMS (Schéma 84). Takto chranény
thiazol 7b byl opét redukovan za stejnych podminek (H2/Pd), avsak opét byla ziskana

112



nedélitelnd smés produkti. Nakonec byla vyzkousena redukce®! pomoci SnCl; v EtOH

a i v tomto pripad¢ byl vysledek netuspésny.

Z divodu problémové redukce nitroskupiny byl hledan takovy postup (Schéma 85), kdy po
reakci bromovaného derivatu s thioamidem nebude potieba redukci provadét. Nejprve byl proto

362 methylester kyseliny 2-nitrofenyloctové (H2/Pd) a ziskany 2-aminofenylacetat byl

redukovan
kvuli nasledné radikalové bromaci v CCls a piipadné nezadouci cyklizaci chranén na

aminoskupiné pomoci BOC skupiny.

NO, NH, NHBOC
o H,/Pd o (BOC),0 o
~ —_— N — ~
o) r.t. 0 0
Schéma 85

Tato bromace3®® BOC-chranéného esteru 2-aminofenyloctové kyseliny v CCls za piidavku

benzoylperoxidu se vsak nezdaftila.

V priubéhu téchto netspéSnych pokustt o piipravu aminofenylthiazolu 9a bylo paralelné
zjisténo, Ze pro reakci 3-brom-1,3-dihydro-2H-indol-2-onu s jinymi thioamidy nez je
4-methoxythiobenzamid se zreakéni smési vylucuji piislusné 2-aryl-5-(2-aminofenyl)-
4-hydroxy-1,3-thiazoly (9b-f) ve smési s (3Z)-3-[amino(aryl)methyliden]-1,3-dihydro-
2H-indol-2-ony (8b-i), a to ve form¢ hydrobromidu (Schéma 86).

H S H NEO N
N ACN N 2
@Eﬁo + HZNJLR - @E{O + I S\>—R
r.t.
Br HBr NH, HBr
R
8a-i 9b-f
Schéma 86

Zastoupeni obou produkti ve vylou¢eném podilu shrnuje Tabulka 8.
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Tabulka 8 — Vytézky reakce 3-brom-1,3-dihydro-2H-indol-2-onu (1,41 mmol) s arylthioamidy
(1,41 mmol) po vylouc¢eni z ACN pfi laboratorni teploté.

Arylthioamid  Vytézek Teor. vytézek 8 (%) 9 (%)

(Ar—-CSNHy) 8+9(g) 9(9)
a 4-CHs30-CeHs 0,47 0,53 100 0
b 4-CH3-CeHs 0,47 0,51 12 88
¢ CeHs 0,42 0,49 5 95
d 4-Cl-CsH4 0,48 0,54 5 95
e 3-Cl-CeHa4 0,46 0,54 10 90
f  4-CF3-CeHs 0,51 0,59 17 83
g 4-(CHs)N-CeHs 0,51 0,55 100 0
h  2-Pyridyl 0,44 0,49 100 0
i 2-Thienyl 0,42 0,50 20 80

Ztabulky (Tabulka 8) je jasné, ze ve vétSiné piipadi je upfednostnén vznik
2-aminofenylthiazola 9b-f,i. Vyjimkou je 4-methoxyderivat, 4-dimethylaminoderivat

a 2-pyridylderivat, kde vznika pouze 8a,g,h.

Pti pokusu o0 izolaci thiazolti 9b-f,i ve formé volné baze dochazelo k transformaci na produkt
Eschenmoserova couplingu 8b-f,i jiz po rozpusténi (voda, methanol, EtOAC) za laboratorni
teploty a po zahtati dochazelo k jejimu dalSimu urychleni. Téchto poznatkl bylo vyuZzito pro
syntézu (3Z)-3-[amino(aryl)methyliden]-1,3-dihydro-2H-indol-2-ona (8a-i) (Schéma 87) ve
vytézcich 69-82 %.

H
H S N
N a) ACN, r.t. o)
@Eezo + HZN/U\R _AACN
b) NH,4/H,0, 70 °C
. R NH,
8a-i
H a b c d e f g h i

R | 4-CH:OPh 4-CHsPh Ph 4-CIPh 3-CIPh 4-CFsPh (CHz):N 2-Py 2-Th

Schéma 87

Nékteré z téchto sloucenin (8a-c) jsou jiz popsany, konkrétn¢ indolon 8c je popsan ve tiech
publikacich®43%¢ pticemz jeho piiprava je relativné slozitd nebo se pii ni dosahuje nizkych

vytézki. Slouceniny 8a,b jsou popsany v patentech®7:38,

Indolon 8c lze piipravit®® cyklizaci 2-(fenylethynyl)fenyl isokyanatu za twcasti FeCls
poskytujici 3-(fenylchlormethylen)indolon (E/Z 70:30), ktery je stereospecificky pieveden
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pouze na Zisomer 8c (Schéma 88). Dalsim postupem®® piipravy 8C je opét cyklizace
2-(fenylethynyl)fenylisokyanatu tentokrat za ucasti Pd® katalyzatoru, kdy stereospecificky
vznika trifluoracetylovany meziprodukt, ktery je naslednou hydrolyzou ptfeveden na 8c ve

smési isomert (Z/E > 20:1) (Schéma 88). Obé tyto metody poskytuji vysoké vytézky.

H
N _ _
FeCl, 1,5 ekv. O 0 NH, 99 %; 100|_‘|%> Z isomer
e CH,Cl,, r.t. Ci Q EtOH, 150 °C O o]
N=C=0 o mikroviny
0, .
S 95 % E/Z 70:30 NH,
K,CO
S CF,CONH, H 20, Q
"

N
T O © MeOH/H,0, r.t. 8c

Pd,(dba),, Dppf
NH 85 %; Z/E > 20:1
CF
S¥as

99 %; Z/E > 20:1
Schéma 88

Dalsi popsany postup®® p¥ipravy indolonu 8c spociva v reakci 2-methyl-4-fenyl-chinazolin-
3-oxidu s estery acetylendikarboxylové kyseliny, kdy dochazi k adici a naslednému presmyku
na ester (2E)-2-[2-(acetylamino)fenyl]-3-amino-3-fenylprop-2-enové kyseliny Vv malém
vytézku (20-28 %). Naslednou bazickou hydrolyzou dojde ke zformovani indolonového kruhu
8¢ (Schéma 89). Hydrolyza probiha s lepsimi vytézky nez predchozi krok (59-83 %).

® "
COOR N
Nt o | | Benzen o)
N—-O + —_—
Q _ EtOH, 20 °C NH
N COOR Q 2
8c
R=CH320% R:CH383%
R = CH,CH, 28 % R = CH,CH, 59 %

Schéma 89
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Indolon 8a lze piipravit®’ i zpiislugné substituovaného benzonitrilu (Schéma 90).
V prvnim Kroku se z nitrilu ptipravi pfislusny imidoester, ktery nasledné v bazickém prostiedi

reaguje s indol-2-onem na indolon 8a.

R N
//N hH ©1N):O O ©
— — NH,
1 HCl (@) _1 TEA/BUOH 200 °C
R R HCl mikroviny O

Rl

8a R'=4-CH,O;R*=H10%
10a R'=4-CH,0; R*=CH, 8%
10b R'=H; R®=CH, 12 %

Schéma 90

Takto pfipravené slouceniny vykazuji biologickou aktivitu a uplatiiuji se jako inhibitory nebo
aktivatory proteinové kinazy®*"*% ktera hraje vyznamnou roli pti kontrole riistu a déleni bunék.
Strukturu 3-methylenoxindolu 1lze nalézt 1 v mnoha dalsich biologicky aktivnich

slou¢eninach69-379,

Dale jsem se snazil izolovat ptislusné thiazoly 9b-i ve form¢ volné baze, pticemz se jednalo
o velmi komplikovany tkol, nebot’ pii pouziti standardnich Cisticich postupi vzdy dochazelo
k transformaci na produkty Eschenmoserova couplingu (8b-f,i). Nejlepsi postup pro ziskani
thiazoli byl nasledujici: Surové thiazoly, které se vylouCily zroztoku ACN ve formé
hydrobromidu, byly ptevedeny na volnou bazi pomoci rychlé extrakce do etheru, ke kterému
byla pfidana voda s pifidavkem amoniaku. Organicka faze byla co nejrychleji vakuoveé odpafena
pii laboratorni teploté, nebot’ po zahtati by dochazelo opét k transformaci na produkt
Eschenmoserova couplingu. Po odpateni rozpoustédla bylo k pevnému podilu pfidano malé
mnozstvi ethanolu a nésledné byla tato suspenze zfiltrovana a promyta malym mnoZstvim
studeného ethanolu. Takto byly ziskany 2-aminofenylthiazoly 9b-f v dostate¢né Cistoté.
Thiazol 9h nebyl ziskan, piestoze po vylouceni z roztoku ACN byl ptitomen v 80% zastoupeni
(Tabulka 8, str. 114), avsak béhem extrakce doslo k jeho kompletnimu pfesmyku na produkt
Eschenmoserova couplingu. Takto piipravené thiazoly byly charakterizovany pomoci *H a 3C

NMR spektroskopie, HRMS a elementarni analyzy.
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Schéma 91

Dle clementarni analyzy a HRMS slozeni odpovidalo bud’ thiazolu nebo volné bazi
intermediatu In (Schéma 81, str. 110). Struktura tohoto isomerniho intermediatu In vsak byla
vyloucena pomoci *H a 13C NMR spektroskopie. V *H NMR spektru slou¢eniny 9f (DMSO-ds)
je pfitomen kromé aromatickych protonti pouze velmi Siroky singlet ve stejné oblasti pattici

aminoskupiné skupiné a hydroxyskupiné (Obrazek 51).

J.UIL/VU A
1 [

A
@
=)
T T T T T T T T T T T

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 ppm

~
«

-

Obrazek 51 — *H NMR spektrum slouéniny 9f v roztoku DMSO-ds

Toto rozsiteni je pravdépodobné zpiisobeno rychlou vzdjemnou chemickou vyménou mezi
vodou, ktera je ptitomna v rozpoustédle a kyselymi NH2 a OH skupinami. Ve spektru ale chybi
signal CH, ktery by byl pfitomen u In nebo by se mohlo jednat o ketotautomer

2-aminofenylthiazolt 9b-f, u kterych by vsak byl ofekavan chemicky posun'® CH okolo
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5,40-5,80 ppm. Rovnéz v 'H NMR spektru neni piitomen signél okolo 10,4-10,8 ppm, ktery je
typicky pro NH skupinu indol-2-onu. Stejné zavéry lze vyvodit z 13C APT spektra. Ve spektru
nejsou piitomny signaly okolo 55 a 182 ppm patfici CH a C=0 uhlikim. Na druhou stranu
spektrum obsahuje signal kvarternich uhliki C2 (158,9-161,4 ppm), C4 (157,2-158,1 ppm) a Cs
(105,9-108,4 ppm), které jsou typické pro 4-hydroxythiazoly*®%38° Vgechna tato méfeni

potvrzuji, ze struktura obsahuje thiazolovy kruh.

Jak jiz bylo zminéno vySe, pfipravené thiazoly jsou nestabilni zvlast€¢ v roztoku nebo pii
zahiivani. Za téchto podminek pomalu podléhaji pifesmyku na odpovidajici produkty
Eschenmoserova couplingu 8b-f. Tato transformace byla pozorovana v roztoku DMSO
v IH NMR spektrech pii 70 °C snimanych v pravidelnych ¢asovych intervalech (Obrdzek 52,
Obrazek 53), kde signaly thiazolti postupné mizi a objevuji se nové, které patii odpovidajicim

3-[amino(subst. fenyl)methyliden]-1,3-dihydro-2H-indol-2-onam (8b-f).
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Obrizek 52 — *H NMR spektra slou¢eniny 9¢ v DMSO-dg pii 70 °C potizend v &asovych intervalech.
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Obrazek 53 — Kinetické kiivky reakce 9b — 8b ziskané z *H NMR spekter v DMSO-ds pti 70 °C,
pofizené v ¢asovych intervalech.
Béhem kinetického méfeni nebyl pozorovan vznik stabilniho intermediatu nebo vedlejSiho
produktu a lIze tedy fici, Ze transformace se plné tidi kinetikou prvniho tadu (Obrdzek 53,
str. 120), ¢emuz odpovida i exponencialni kinetickd kfivka. Podobné vysledky byly ziskany
pomoci UV-VIS Casovych spekter (Obrazek 54, Obrazek 55) métenych v methanolu pii 50 °C,

kde také dochazi k transformaci na produkty Eschenmoserova couplingu (8b-f).
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Obrazek 54 — Spektralni zdznam reakce Obrazek 55 — Kinetickd kiivka reakce
9c¢ — 8c v methanolu pti 50 °C. Spektra 9c — 8¢ pfi 350 nm v methanolu pfi
snimana po 600 s intervalech. Kvuli 50 °C. Kvuli piehlednosti jsou body
ptehlednosti byla spekra po case zobrazeny po 1200 s intervalech.
7200 s vynechana.
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V tabulce (Tabulka 9) jsou zaznamenany hodnoty pozorované rychlostni konstanty Kpoz, které

byly ziskany prolozenim experimentalnich dat nelinearni regresi (exponenciala).

Tabulka 9 — Pozorované rychlostni konstanty (Kpo) a reakéni poloéasy T, transformace 9b-f na 8b-f
Vv roztoku methanolu pii 50 °C.

Thiazol 10%- kpoz T

() (8)
9 4,06 1706
9c 2,36 2941
9d 1,47 4715
% 0,96 7220
of 0,67 10345

Ztabulky je patrmé, ze elektrondonorni substituent (CHs) urychluje transformaci
na indolon 8, zatimco elektronakceptorni substituenty (4-Cl, 3-Cl, 4-CFs3) tento proces
zpomaluji (Tabulka 9). Toto zjisténi pln¢ odpovida faktu, ze derivaty 4-(CHz)2N a 4-CH3O0
vibec nebyly zachyceny. VSechny pozorované rychlostni konstanty dobte spliiuji Hammettovu

korelaci (Obrazek 56), ktera udava reakéni konstantu p =-1,14.

-3.0 . . '
-3.5- -
o
XQ-
(@]
ke
-4.04 -
-4.5 e —e————
-0.2 0.0 0.2 0.4 0.6

Obrazek 56 — Zavislost log Kyo; na konstantach ¢ e, resp. 6* o métenych v methanolu pii 50 °C.

Piekvapivé oba heteroaromatické derivaty 8h,i se odchyluji od tohoto chovani. Zatimco
u elektronové bohatého 2-thienylu se v prvnim kroku reakce vylucuje pievazné hydrobromid

thiazolu 9i (vSechny pokusy o jeho isolaci vsak selhaly), u elektronové chudého 2-pyridylu
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v surovém produktu nebyl thiazol 9h vibec detekovan. V ptipadé elektronové bohatého

dimethylamino derivatu 8g také nebyla po vylouceni detekovana ptitomnost thiazolu 9g.

Z obou zminénych pozorovani lze odvodit, ze transformace thiazolt 9b-f na 8b-f musi
zahrnovat reverzni atak aminoskupiny na uhlik Cs, po kterém nésleduje otevieni thiazolového
kruhu poskytujici nestabilni intermedidt In. Tento intermediat nasledné¢ podléha
Eschenmoserovu couplingu (Schéma 92) skrz nestabilni thiiranovy adukt. Celd reakéni
sekvence za¢ina reakci bromindolonu s thioamidy, kdy kineticky vznikaji 2-aminofenythiazoly
(9b-f) (pti pokojové teploté) nebo termodynamicky fizenou kontrolou probiha nasledna

transformace 9b-f na 8b-f (pii zvysené teplote).

HO
HO N.__Ar O HN
NH, NN AT N AT HN—
[ D—ar S _— A
S 25 °C 25 °C
9b-f In

|

AT
@] B ] (@]
/) O @
/ NH
HIN NH, N )2 | s HN 2
- Ar | -—— Ar
o
Ar -S S AT S
8b-f - -
In,
Schéma 92

Tvorba indolového kruhu, otevirani thiazolového kruhu a také tvorba kruhu thiiranového by
mély byt urychlovany elektronakceptornimi substituenty na benzenovém jadfe. Byl vsak
pozorovan opacny trend v reaktivité (p =—1,14). Rychlost limitujici stupeil tedy musi zahrnovat
otevirani thiiranového kruhu, coz je jediny krok, ktery je urychlovan elektrondonornimi
substituenty®®!. Termicka extruze atomu siry byla kineticky studovana pouze pro 2,2-dichlor-
3-(9-fluorenyl)thiiran®®2383 pro ktery byl navrzen monomolekularni mechanismus zahrnujici
iontové $tépeni vazby C—S a bimolekularni mechanismus zahrnujici fetézeni atomu siry. V této

studii neméla uvolnéna sira vliv na rychlostni konstantu3?

. M4 pozorovani souhlasi s t€émito
vysledky, kterym odpovidd monomolekuldrni mechanismus zahrnujici iontové Stépeni vazby
C-S. Substituenty na benzenovém jadie ,,vidi“ tvorbu pozitivniho naboje na uhliku vedle

benzenového jadra, ktery je ¢aste¢né kompenzovan tvorbou negativniho naboje na atomu siry
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a rezonanci s elektronovym parem sousedni aminoskupiny (Schéma 92, str. 122). Nicméné
intermediat In1 pravdépodobné nema strukturu volného kationtu, protoze pro 4-Cl derivat 9d
bylo dosazeno lepsi linearni Hammettovy zavislosti (Obrdzek 56, str. 121) pii dosazeni

konstanty ¢ = 0,22 nez 6" = 0,11.

Dalsi mala strukturni zména v molekule 3-brom-1,3-dihydro-2H-indol-2-onu, tj. zavedeni
methylskupiny na atom dusiku indolu (vychozi laktam je 3-brom-1-methyl-1,3-dihydro-
2H-indol-2-on), zpusobila podstatny rozdil v reaktivité s thiobenzamidy. V tomto piipadé
nebyla viibec detekovana ptitomnost prislusnych thiazoli po vylouceni z ACN a dochazelo
pouze Kk tvorbé piislusnych produkti Eschenmoserova couplingu (10a-e). Tato zmeéna
reaktivity je nejspiSe zplisobena hor$i odstupujici methylamino skupinou ve srovnéani
s aminoskupinou pii transformaci In na odpovidajici thiazol. Analogickou reakci bylo
pfipraveno pét derivata 3-[amino(subst.fenyl)methyliden]-1-methyl-1,3-dihydro-2H-indol-
2-ont (10a-e), které byly dale charakterizovany pomoci *H a *C NMR spektroskopie, HRMS
(MALDI+) a elementarni analyzy.

U ziskanych thiazoli (9b-f) byly zkoumany acidobazické vlastnosti, které byly studovany
v roztoku DMSO pomoci UV-VIS spektrofotometrie. Snizena kyselost 4-hydroxyskupiny je
nejspise zpusobena tvorbou silné intramolekularni vodikové vazby mezi NH2 a OH skupinami.

Tato intramolekularni vodikova vazba zvysuje rigiditu celé molekuly (Schéma 93).

Schéma 93

Bylo zjisténo, ze thiazoly (9b-f) jsou méné kyselé nez 2-hydroxyfenylthiazoly (3a-h), protoze
postupnym pfidavanim triethylaminu (pKa = 9,07 v DMSO)3*! dochdzi pouze k &astecné
disociaci 4-hydroxyskupiny thiazolu (Obrdzek 57). Uplné deprotonace bylo dosazeno az po
ptidavku 1 pl 25% roztoku TBAOH, coz je velmi silna baze (srovnej s tetramethylammonium
hydroxidem, pro ktery je stanovena®“4 H_ = 26,2 v DMSO).
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Absorbance

Obrdzek 57 — Absorpéni spektra 9¢ v DMSO (tu¢na linie), po pridavku rizného mnozstvi TEA
(objem v pl zaznamenan pfimo v obrazku). Spektrum 9¢™ bylo ziskano po pridavku 1 ul TBAOH.

7.7. Spektralni vlastnosti 5-(2-aminofenyl)-4-hydroxythiazola (9b-f)
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Zatimco zavedeni hydroxyskupiny do ortho-pozice zpusobilo maly bathochromni posun (viz.

kap. 7.4, str. 93), obdobné zavedeni aminoskupiny zpusobilo naopak hypsochromni posun

okolo 6 nm. VSechny pfipravené thiazoly (9b-f) disponuji jasné Zluto-zelenou fluorescenci

ajejich emisni spektra, stejné jako absorpéni maxima (hem) jSOU zObrazena a zaznamenana
v tabulce (Tabulka 10) a na obrazku (Obrdzek 58, str. 125). Jejich chovani je podobné jako

u hydroxyfenylthiazolt (3a-h, kap. 7.4, str. 93), u kterych byla pozorovana jasn¢ modra
fluorescence. (Aem = 440-480 nm).

Tabulka 10 — Experimentalni absorpéni (Aa) a fluorescencenéni ((Ar) maxima, Stokesovy posuny
(AD) a fluorescenéni kvantové vytézky (@) pro 9b-f a 9b~f v DMSO.

}\«maXeXp }\fmaxvyp 7\-em Aﬁ (D
(nm) (hm)  (hm) (cm™)

9b 360 345 531 8945 0.36
@9b) (459) (566) (633) (5989) (0.36)

9c 361 352 542 9251 0.31
(9c) (463) (573) (640) (5973) (0.29)

9d 367 369 560 9391 0.27
@d) (477) (593) (657) (5744) (0.26)

9e 370 366 568 9421 0.22
(9e) (482) (594) (661) (5618) (0.23)

of 373 380 577 9479 0.11
(9F) (498) (623) (696) (5713) (0.13)
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Obrdzek 58 — Absorpcni a fluorescencéni spektra slouc¢enin 9b-f v DMSO.

Je pozoruhodné, ze vinové délky jak absorpénich, tak fluorescenénich maxim maji linearni
charakter pii vyneseni na Hammettovych c-konstantach (Obrdzek 59) pro substituenty na
benzenovém jadie, které je v poloze 2- thiazolu. Zatimco pro (2-hydroxyfenyl)thiazoly (3a-h)
maji Amax™® stejné jako Aem Stejnou citlivost ke zméné substituentu (smérnice linearni zavislosti
je témét stejna Viz. Obrazek 59) pro slouceniny 9b-f je citlivost Aem ke zméné substituce

cca 3,4 krat vyssi.
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Obrazek 59 — Zavislost Amax (©,0) NEPO Aem (®,m)na hodnotach sigma omp pro slouceniny 3b-f (o,e)
a pro 9b-f (o,m) v roztoku DMSO.
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Kromé toho, Stokesovy posuny pro 9b-f jsou priblizné dvakrat vétsi, nez byly pozorovany pro
strukturné podobné 2-hydroxyfenylthiazoly (3a-h, kap. 7.4, str. 93) a dosahuji neobvykle
vysokych hodnot (8945-9479 cm™) pro takto malé molekuly. Dokonce pro mnohem vétsi
4-hydroxy-5-nitrofenyl-(pyren-1-yl)thiazoly®®®, obsahujici podstatné rozsifendjsi aromaticky
systém, dosahuji Stokesovy posuny pouze 8500 cm™. Takto velké Stokesovy posuny pro 9b-f
jsou nejspise zplusobeny ¢asteCnou zménou geometrie mezi Franck-Condonovym stavem Si
a relaxovanym prvnim excitovanym stavem (S1™'). A¢koliv v zékladnim stavu intramolekularni
vodikova vazba fixuje dihedralni uhel okolo 77 © (viz. nize) mezi thiazolem a 2-fenylovym
kruhem, tak v excitovaném stavu je pravdépodobné molekula téméf planarni. Zda se, ze
pritomnost intramolekuldrni vodikové vazby zpisobuje rigiditu celého systému, ktery je
ptiznivy pro fluorescencni vlastnosti, protoze analogicky thiazol bez NH2 skupiny
v ortho-pozici (neni moznost vzniku intramolekularni vodikové vazby) vykazuje slabsi

fluorescenci (® (4) = 0,13; srovnej ® (9¢) = 0,31).

Nicméné fluorescen¢ni kvantové vytézky (@) meéfené pro 9b-f linearné Kklesaji
s elektronakceptornosti substituentu (omp) a jsou niz§i nez kvantové vytézky nalezené pro
analogické 2-hydroxyfenylthiazoly (3a-h, kap. 7.4, str. 93). To ukazuje, Ze je zde linearni
zavislost mezi @ a Aem (Obrdzek 60) u obou serii a ze kterych se zna¢né odchyluji pouze
methoxyfenyl (3a) a methylfenyl (3b) thiazol. Z obrazku (Obrdzek 60) je patrné, ze rychlostni

rel

konstanta nezafivé vnitini konverze S1™ na So (snizeni @) se zvySuje se snizujici se mezerou

mezi témito dvéma stavy v zavislosti na elektronakceptornosti substituentu.

07 | | | |
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0.6f

0.5F
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0 . C '] '] ']
450 500 550 600
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Obrazek 60 — Zavislost @ na Aem pro slouceniny 9b-f a 3a-f v roztoku DMSO.

126



Pti deprotonaci 9b-f pomoci baze dojde k velkému bathochromnimu posunu absorpéniho pasu
z 360-373 nm Vv neutralni formé& na 459-498 nm pro disociovanou formu (9c, Obrdzek 57,
str. 124, Obrazek 61). Bathochromni posun fluorescen¢niho maxima vykazuje prakticky stejny
trend jako pro maxima ve formé neutralni. A¢koliv jsou Stokesovy posuny mnohem mensi nez
pro neutralni formu, jsou stale relativné vysoké (5713-5989 cm™). Niz&i hodnoty Stokesovych
posunt koresponduji s vypoctenou energii zdkladniho stavu, ve kterém je mensi zména
geometrie ve srovnani s neutralni formou (Tabulka 11). Za piedpokladu, Ze prvni excitovany
stav (S1) je téméf planarni, mensi zména v geometrii mezi stavy Sp a Si generuje mensi
Stokestiv posun. Na druhou stranu kvantové vytézky (®) méfené pro 9b~-f~ (Tabulka 10,
str. 124) zGstavaji prakticky stejné a se zvySujici se elektronegativitou 2-fenylsubstitunetu se

snizuji.
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Obrdzek 61 — Absorp¢ni a fluorescenéni spektra slou¢enin 9b™f~ v DMSO po pfidavku 1 ul TBAOH
(25% roztok v MeOH).

Pro leps$i pochopeni vztahli mezi strukturou, spektralnimi a jinymi fotofyzikalnimi vlastnostmi
byly pro rovnovahu zakladniho stavu, konformaci a charakteristiky prvniho singletového stavu
provedeny vypodty pomoci semiempirickych metod PM3 a ZINDO/SCRT3*. Viechny
vypoctené teoretické vysledky pro 9b-f, 9b~-f~ a sloucenina 4 (9¢c/9¢~ bez NH. skupiny) jsou

zaznamenany v tabulce (Tabulka 11).
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Tabulka 11 — Teoretické spektralni charakteristiky pro So — Si prechody vybranych slou¢enin
s optimalizovanou geometrii. Vypodétené dihedralni uhly o [°] (mezi thiazolovym
a 5-(2-aminofenylovym) kruhem) a f [°] (mezi thiazolovym a 2-(3- nebo 4- substit. fenylovym
kruhem) pro slouceniny 9b-f, 4 a jejich anionty.

Eq Sila Hlavni Dipolmoment ~ Dihedralni Ghel
[10° cm™] /[nm] oscilatoru kc;ﬁg%gﬁ%gm S, S[lD] a ]
9 29.06/344 0.625 50-51(0.97) 40 75 76 15
(9b)  (17.63/567) (0.300) 50-51(0.94) - - (40) (11)
9c 29.12/343 0578  47-48(0.96) 24 87 77 15
(9c)  (17.47/572) (0.296)  47-48 (0.95) - - (31 (11)
od 28.80/347 0.611  50-51(0.96) 4.4 111 76 15
(9d7)  (16.58/603) (0.358)  50-51(0.95) - - (32 (14)
9e 28.86/346 0571  50-51(0.96) 24 99 76 15
(%9e")  (16.83/594) (0.300)  50-51(0.95) - - (40) (11)
of 28.60/350 0.565  59-60(0.96) 52 134 75 19
(9f)  (16.04/623) (0.312)  59-60 (0.95) - - (42 (7)
4 28.31/353 0.653 44-45(097) 23 87 57 6
(4)  (18.24/548) (0.268)  44-45(0.94) - - (25)

Podle optimalizované geometrie je dihedralni tthel mezi aminofenyl a hydroxythiazolovym
kruhem pro 9b-f blizky kolmé orientaci, ktera je favorizovana pro tvorbu intramolekularni
vodikové vazby piekryvem mezi antivazebnym OH orbitalem a m-orbitalem aminoskupiny.
Toto usporadani je v souladu se zvysenou kyselosti thiazolové hydroxyskupiny. Na druhou
stranu tato orientace brani elektronovému propojeni mezi témito dvéma kruhy. Naopak,
dihedralni thel mezi thiazolovym kruhem a 4-substituovanym fenylovym kruhem je relativné

maly a umoziuje jejich i¢innou vzajemnou interakci.

Prvni intenzivni absorp¢ni pas studovanych sloucenin odpovida povolenému ,,Cistému* n-*
HOMO-LUMO So.S1 ptechodu. Z distribuce hustoty m-elektroni HOMO a LUMO a hlavné
z prvniho excitovaného stavu je jasné, ze tento prechod je dominantné spojen s pienosem
naboje z donoru (HO-Cs-Cs thiazolového kruhu) k akceptorové ¢asti (N3-Cz thiazolového
kruhu a fenylového kruhu). Ugast aminofenylové skupiny v prvnim piechodu je minimélni.
Velka elektronova hustota mezi C» a Cy" atomy potvrzuje silné spojeni mezi témito dvéma
kruhy ajejich vzajemnou planaritu Vv prvnim excitovaném stavu. Vys$si dipélmoment

znazornuje pienos naboje prvniho elektronového stavu (Tabulka 11, str. 128).
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Ve srovnani s experimentalnimi absorpcnimi maximy jsou teoretické prechody (Tabulka 10,
str. 124) hypsochromné posunuty ve vakuu a vykazuji dobrou shodu pro DMSO (SCRF

procedura v zavislosti na €, v a d rozpoustédla).

Optimalizovana geometrie aniontd 9b-f je siln€ odlisna od neutralni formy (Obrdzek 62,
str. 129). Je jasné, ze orientace aminoskupiny je ptizniva pro tvorbu intramolekularni vodikové
vazby. Toto souvisi s relativné malym dihedralnim thlem B umoziujicim komunikaci mezi
fenylovym kruhem a thiazolovym kruhem. Dihedralni uihel je relativné maly a prakticky stejny
jako u neutralni formy. Oproti neutralni formé je aminoskupina donorem protonu pfi tvorbé
vodikové vazby. Tudiz 2n elektrony na dusikovém atomu mohou interagovat s 2m elektrony na
fenylovém kruhu, jak je patrné z elektronové hustoty HOMO (Obrdzek 62, str. 129). LUMO je
lokalizovany pievazné na 2-fenylovém kruhu a na C2-C" vazbé s vysledkem silného vnitiniho
ptenosu naboje HOMO-LUMO ptechodu, a tudiz silného bathochromniho posunu
2-fenylového kruhu.

Z prezentovanych dat je patrné, Ze pouzitda ZINDO metoda nadhodnocuje CT charakter So-S1
prechodu a predpovida absorpci iontli bathochromné. Nicméné tato metoda popisuje dobie

trend bathochromniho posunu v zavislosti na substituci na 2-fenylovém kruhu.

St

LUMO

HOMO

Obrazek 62 — HOMO, LUMO a S1 orbitaly slouceniny 9¢ v neutralni a disociované formée.
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8.Zavér

Reakci 3-brom-1-benzofuran-2(3H)-onu s reaktanty nesoucimi NCS fragment (thiomocoviny,
thioamidy, thiokarbamaty a dithiokarbamaty) byly ziskdny rizné derivaty thiazolu. V ptipadé
reakce thiomocovin byl dokonce zachycen meziprodukt, a to isothiouroniova sil, u které mohl
byt studovan mechanismus transformace v riznych roztocich pufri. Celkem bylo ziskano devét
isothiouroniovych soli a dvacet derivati thiazolu, které nebyly dosud popsany a disponuji
zajimavymi vlastnostmi (keto-enolova a amino-iminova tautomerie, fluorescence) a kazdy
NCS fragment poskytuje jiny produkt (Schéma 94).

o H

(@)
OH N 9 Br OH —N
S>=0 : ° D—nNH
HZN)ko/R S \Rl

HzN‘y Br \ HO N 0 R
OH
OI|—-I|O ’ '\{ | D—s oH N N
s>§R Sk S\t
3a-h 5a-b 2a-e,i

Schéma 94

Dale byla u 3-brom-1-benzofuran-2(3H)-onu provedena isolobalni zaména atomu kysliku za
dusik na  3-brom-1,3-dihydro-2H-indol-2-on. Reakci s thioamidy byl ocekavan
4-hydroxythiazol jako v piipadé 3-brom-1-benzofuran-2(3H)-onu, avsak bylo zjisténo, ze
Vv zé&vislosti na substituovaném thioamidu vznikéd smés dvou produkti. Ve smési byl nalezen
ocekavany 4-hydroxythiazol a neocekavany produkt, ktery neobsahuje siru, tj. substituovany
1,3-dihydro-2H-indol-2-on (Schéma 95). Lze tedy fici, ze malou zménou struktury, doslo

k velké zméné reaktivity.

HO
ZH N
[ Y—r
Z = NH; NCH, Z=0;NH S
@fo +HN R — »

8a i: 10a-e 3a-h; 9b-f

Schéma 95
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Dale byly Setrnou separaci ziskany 4-hydroxythiazoly 9b-f (Schéma 95, str. 130), které
Vv roztoku pomalu pfesmykuji na produkt Eschenmoserova couplingu. Bylo ptfipraveno pét
thiazolt, které nejsou v literatuie popsany a byly u nich zkoumany spektralni vlastnosti
Vv rizném prostiedi. Dale bylo pfipraveno devét derivata 1,3-dihydro-2H-indol-2-onu, z nichz
jsou tfi popsany v literatuie, pficemz jejich syntéza je zde relativné slozita. V piipadé, kdy
reagoval s thioamidy 3-brom-1-methyl-1,3-dihydro-2H-indol-2-on, nebyla viibec detekovana
pfitomnost piislusného thiazolu a bylo piipraveno pét 1-methyl-1,3-dihydro-2H-indol-2-oni,

Z nichz dva jsou popsany v patentech jako inhibitory kinazy.
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10. Prehled pripravenych sloucenin
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11. Ptilohy

Tabulky stfednich hodnot pozorovanych rychlostnich konstant, polo€asy transformac¢ni reakce

la — 2a pro rizné koncentrace vodnych roztokl pufri, které byly pozorovany pii vinové délce

260 nm a teplot¢ 25 °C.

TRISovy pufr o poméru slozek 1:2b

¢ (mol'I™?) | ce (moll™) | cen (moll™) | pH | 10%Kpoz | 712 (S79)
0,021 0,014 0,007 8,66 | 0,502 1380,8
0,075 0,05 0,025 8,68 | 0,536 1293,2
0,105 0,07 0,035 8,68 | 0,577 1201,3
0,15 0,10 0,050 8,67 | 0,617 1123,4
0,30 0,20 0,100 8,68 | 0,727 953,4
0,42 0,28 0,140 8,68 | 0,816 849,4

TRISovy pufr o poméru slozek 1:1

c (mol'I™®) | ce (mol1™) | cen (moll™) | pH | 10%Kpoz | 712 (579)
0,02 0,01 0,01 8,31 | 0,552 1255,7
0,06 0,03 0,03 8,40 | 0,597 1161,1
0,10 0,05 0,05 8,38 | 0,629 1102,0
0,14 0,07 0,07 8,36 | 0,676 1025,4
0,20 0,10 0,10 8,36 | 0,743 932,9
0,24 0,12 0,12 8,36 | 0,789 878,5
0,32 0,16 0,16 8,36 | 0,875 792,2
0,40 0,20 0,20 8,35| 0,971 713,8

TRISovy pufr o poméru slozek 1:2k

¢ (moll?) | cg (mol'I™) | cer (mol1™) | pH | 10%kpoz | 712 (579)
0,021 0,007 0,014 8,11 | 0,650 1066,4
0,075 0,025 0,05 8,06 | 0,714 970,8
0,105 0,035 0,07 8,04 | 0,770 900,2
0,15 0,05 0,10 8,03 | 0,842 823,2
0,21 0,07 0,14 8,03 | 0,954 726,6
0,24 0,08 0,16 8,03 | 1,010 686,3
0,30 0,10 0,20 8,04 | 1,090 635,9
0,42 0,14 0,28 8,02 | 1,250 554.5
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N-methylmorfolinovy pufr o poméru slozek 1:1

¢ (mol'I™?) | ce (moll™) | can (moll™) | pH | 10%kpoz | 712 (s72)
0,02 0,01 0,01 7,86 | 0,653 1061,5
0,06 0,03 0,03 7,84 | 0,764 907,3
0,10 0,05 0,05 7,86 | 0,866 800,4
0,16 0,08 0,08 7,84 | 1,020 679,6
0,20 0,10 0,10 7,85 | 1,100 630,1
0,24 0,12 0,12 7,76 | 1,190 582,5
0,40 0,20 0,20 7,83 | 1,500 462,1
N-methylmorfolinovy pufr o poméru slozek 1:2k
¢ (moll?) | cs (mol'I™) | cer (moll™) | pH | 10%Kkpoz | 712 (579
0,02 0,01 0,01 757 | 0,726 954,7
0,08 0,03 0,05 7,53 | 0,940 7374
0,11 0,04 0,07 7,54 | 1,030 673,0
0,15 0,05 0,10 754 | 1,130 613,4
0,21 0,07 0,14 7,54 1,340 517,3
0,24 0,08 0,16 754 | 1,390 498,7
0,42 0,14 0,28 754 | 1,780 389,4
N-methylmorfolinovy pufr o poméru slozek 1:3k
¢ (mol1?) | cg (mol'I™) | cer (moll™) | pH | 10%Kkpoz | 712 (579
0,08 0,02 0,06 7,35 | 0,986 703,0
0,10 0,03 0,09 7,36 | 1,170 5924
0,20 0,05 0,15 7,35 | 1,350 513,4
0,24 0,06 0,18 7,34 | 1,500 462,1
0,32 0,08 0,24 7,34 | 1,710 405,3
0,40 0,10 0,30 7,29 | 1,890 366,7
N-methylmorfolinovy pufr o poméru slozek 1:4k
¢ (moll?) | cg (mol'I™) | cer (moll™) | pH | 10%Kkpoz | 712 (579
0,004 0,016 0,020 7,26 | 0,701 988,8
0,012 0,048 0,060 7,25 | 0,903 767,6
0,020 0,080 0,100 7,22 | 1,070 647,8
0,030 0,120 0,150 7,25 | 1,260 550,1
0,040 0,160 0,200 7,23 | 1,470 4715
0,048 0,192 0,240 7,22 | 1,530 453,0
0,060 0,240 0,300 7,21 | 1,680 412,6
0,080 0,320 0,400 7,22 | 1,900 364,8
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Hydroxylaminovy pufr o poméru slozek 1:8b

¢ (mol'I™?) | ce (moll™) | can (moll™) | pH | 10%kpoz | 712 (s72)
0,032 0,028 0,004 6,94 1,43 484,7
0,112 0,098 0,014 6,98 3,30 210,0
0,160 0,140 0,020 6,97 4,33 160,1
0,192 0,168 0,024 6,88 5,13 135,1
0,240 0,210 0,030 6,96 6,40 108,3
0,320 0,280 0,040 6,94 7,70 90,0
0,400 0,350 0,050 6,96 9,13 75,9
Hydroxylaminovy pufr o poméru slozek 1:4b
¢ (moll?) | cs (mol'I™) | cer (moll™) | pH | 10%Kkpoz | 712 (579
0,02 0,016 0,004 6,67 1,46 4748
0,06 0,048 0,012 6,66 3,06 226,5
0,10 0,080 0,020 6,68 4,28 162,0
0,24 0,192 0,048 6,71 8,05 86,1
0,40 0,320 0,080 6,73 12,0 57,8
Hydroxylaminovy pufr o poméru slozek 1:2b
c (mol'I™?) | ce (moll™?) | cen (moll™?) | pH | 10%Kkpoz | 712 (s72)
0,021 0,014 0,007 6,51 1,92 361,0
0,075 0,050 0,025 6,42 5,05 137,3
0,105 0,070 0,035 6,41 6,56 105,7
0,150 0,100 0,050 6,42 8,38 82,7
0,210 0,140 0,070 6,40 10,8 64,2
0,300 0,200 0,100 6,40 13,5 51,3
0,400 0,280 0,140 6,42 16,7 41,5
Hydroxylaminovy pufr o poméru slozek 1:1
c (mol'I™?) | ce (moll™?) | cen (moll™?) | pH | 10%Kkpoz | 712 (s72)
0,02 0,01 0,01 6,14 2,53 274,0
0,06 0,03 0,03 6,11 5,95 116,5
0,10 0,05 0,05 6,11 8,00 86,6
0,16 0,08 0,08 6,10 10,9 63,6
0,20 0,10 0,10 6,10 12,5 55,5
0,24 0,12 0,12 6,09 13,5 51,3
0,30 0,15 0,15 6,09 15,2 45,6
0,40 0,20 0,20 6,09 20,0 34,7




Hydroxylaminovy pufr o poméru slozek 1:2k

¢ (mol'I™?) | ce (moll™) | can (moll™) | pH | 10%kpoz | 712 (s72)
0,02 0,01 0,01 5,78 3,30 210,0
0,08 0,03 0,05 5,82 8,08 85,8
0,11 0,04 0,07 5,83 9,45 73,3
0,15 0,05 0,10 5,80 11,9 58,2
0,21 0,07 0,14 5,74 14,6 47,5
0,24 0,08 0,16 5,79 16,0 43,3
0,30 0,10 0,20 5,76 18,6 37,3

Hydroxylaminovy pufr o poméru slozek 1:4k

¢ (mol'I™?) | ce (moll™) | cen (moll™) | pH | 10%Kpoz | 712 (579)
0,02 0,004 0,016 5,51 3,18 218,0
0,06 0,012 0,048 5,48 6,76 102,5
0,10 0,020 0,080 5,48 10,7 64,8
0,15 0,030 0,120 5,50 13,0 53,3
0,20 0,040 0,160 5,49 15,3 45,3
0,24 0,048 0,192 5,47 17,1 40,5
0,30 0,060 0,240 5,46 19,3 35,9
0,40 0,080 0,320 5,45 22,5 30,8

Acetatovy pufr o poméru slozek 1:1

c (mol'I™?) | ce (moll™?) | cen(moll™?) | pH | 10%kpoz | 712 (s7)
0,02 0,01 0,01 4,44 1,223 566,8
0,06 0,03 0,03 451 2,264 306,2
0,10 0,05 0,05 4,50 3,286 210,9
0,16 0,08 0,08 451 4,606 150,5
0,20 0,10 0,10 451 5,015 138,2
0,24 0,12 0,12 451 5,646 122,8
0,30 0,15 0,15 451 6,072 114,2
0,34 0,17 0,17 4,52 6,694 103,5
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Acetatovy pufr o poméru slozek 1:2k

¢ (mol'I™?) | ce (moll™?) | ceH (moll™?) | pH | 10%kpoz | 712 (s
0,018 0,006 0,012 4,19 |0,001305| 531,11
0,072 0,024 0,048 4,19 | 0,002362 | 293,5
0,102 0,034 0,068 4,19 | 0,002962 | 234,0

0,15 0,05 0,100 4,18 | 0,003624 | 191,3

0,21 0,07 0,140 4,19 | 0,004554 | 152,2

0,24 0,08 0,160 4,18 | 0,004867 | 1424

0,3 0,1 0,200 4,18 | 0,006062 | 114,3

0,36 0,12 0,240 4,19 | 0,006415 | 108,1
Acetatovy pufr o poméru slozek 1:3k

c (mol'I™®) | ce (moll™?) | cen(moll™?) | pH | 10%kpoz | 712 (s7Y)
0,016 0,004 0,012 4,08 0,780 888,7
0,080 0,020 0,060 4,02 2,231 310,7
0,120 0,030 0,090 4,02 2,710 255,8
0,160 0,040 0,120 4,01 3,373 205,5
0,200 0,050 0,150 4,01 3,818 181,5
0,240 0,060 0,180 3,99 4,147 167,1
0,320 0,080 0,240 4,01 5,141 134,8
0,360 0,090 0,270 4,00 5,770 120,1

Acetatovy pufr o poméru slozek 1:4k

¢ (mol'I™®) | ce (moll™) | can (moll™?) | pH | 10%kpoz | 712 (S7)
0,020 0,004 0,016 3,951 | 0,7369 940,6
0,060 0,012 0,048 3,87 1,410 491,6
0,100 0,020 0,080 3,872 | 1,955 354,6
0,150 0,030 0,120 3,869 | 2,614 265,2
0,200 0,040 0,160 3,876 | 3,235 214,3
0,240 0,048 0,192 3,873 | 3,697 187,5
0,300 0,060 0,240 3,875 | 4,590 151,0
0,350 0,070 0,280 3,873 | 4,910 1412

Chlorovodikova kyselina

c(moll™®) | pH | 10%Kpoz | 712 (s7)
0,005 2,92 |0,14490 4783,6
0,001 2,35 |0,11741 5903,6
0,05 1,91 |0,08170 8484,1
0,01 1,33 | 0,04789 14473
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Tabulky stfednich hodnot pozorovanych rychlostnich konstant, polo€asy transformac¢ni reakce
la-c — 2a-c a N-fenyl-S-(2-oxo0-2,3-dihydro-1-benzofuran-3-yl)isothiouronium-bromidu32
pro rizné koncentrace vodného roztoku TRISového pufru o poméru slozek 1:1, které byly

pozorovany pii vinové délce 260 nm a teplote 25 °C.

TRISovy pufru o poméru slozek 1:1

¢ (moll™) | cs (moll™?) | ceH (moll?) | pH
0,02 0,01 0,01 8,36
0,10 0,05 0,05 8,35
0,14 0,07 0,07 8,36
0,24 0,12 0,12 8,34
0,32 0,16 0,16 8,32
0,40 0,20 0,20 8,33
C la 1b 1c N-fenyl
(mol-l_l) 103 kpoz T1/2 103 kpoz T1/2 103 kpoz T1/2 103 kpoz T1/2
(s (s (s (s

0,02 0,680 |1019,9 0,964 718,7 1,921 | 360,8 | 1,282 | 540,7
0,10 0,897 772,8 1,256 551,9 2,282 | 303,7 | 1,587 | 436,8
0,14 1,000 693,4 1,383 501,2 2445 | 283,55 | 1,744 | 3974
0,24 1,244 557,2 1,682 412,1 2,820 | 2458 | 2,063 | 336,0
0,32 1,451 4777 1,907 363,5 3,214 | 215,7 | 2,386 | 290,5
0,40 1,603 432,4 2,147 322,8 3,509 | 1975 | 2,645 | 262,1

Tabulky stfednich hodnot pozorovanych rychlostnich konstant, polo€asy transformacni reakce

9b-f — 8b-f v methanolu, které byly pozorovany pti vinové délce 350 nm a teploté 50 °C.

Thiazol | 10%-kpoz (S7) | 74 (S)
9b 4,06 1706
9c 2,36 2941
9d 1,47 4715
9e 0,96 7220
of 0,67 10345
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Abstract — Synthesis of thirteen substituted 5-(2-hydroxyethyl)-2-phenylimino-
1,3-thiazolidin-4-ones is described starting from easily available and stable
S-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromides. The
transformation proceeds under mild conditions, is very simple to perform, and is
applicable to a wide range of substituents on isothiuronium moiety. Some
1,3-thiazolidin-4-ones show dynamic NMR behavior in solution because of
prototropy tautomerism and £-/Z-stereoisomerism. Thermochromic behavior was

observed for all synthesized compound.

INTRODUCTION

Thiazolidin-4-ones and 2-iminothiazolidin-4-ones represent widely studied heterocyclic scaffolds which
still attract attention especially for their occurrence in biologically active substances.' For instance they are
known to possess antibacterial,” anti-inflammatory” (darbufelone) and anti-protozoal® activity and some of
them are used as important per oral antidiabetics’ (glitazones). The synthesis of the
2-iminothiazolidin-4-one ring routinely starts from substituted thioureas and 2-halocarboxylic acid esters
or halides’ but several novel methods or improvements have appeared during the last decade.® In our group
we developed new method involving rearrangements of another heterocyclic rings such as lactams’ and
lactones® and intensively studied the kinetics and mechanism of these ring tranformations.” Although such
transformation giving 2-iminothiazolidin-4-ones appears to be expectable, in some cases completely
different products were formed'’ (e.g. 2H-isoindole-2-carbothioamides or N,N’-dimethyl-N-(3-oxo-
1,3-dihydro-2-benzofuran-1-yl)thiourea). In this work we applied our protocol for synthesis of novel
5-(2-hydroxyethyl)-2-phenylimino-1,3-thiazolidin-4-ones (2a-m) from easily available S-(2-oxo-

2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromides (1a-m) (Scheme 1).
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Scheme 1. Transformation reaction of isothiuronium salts 1a-m

RESULTS AND DISCUSSION

In the first step, we have prepared and characterized corresponding S-(2-oxo0-2,3-dihydro-1-benzo-
furan-3-yl)isothiuronium bromides (1a-m) from commercially available 3-bromo-1-benzofuran-2(3H)-one
and appropriately substituted thiourea or imidazolidine-2-thione. In contrast to our previous experience® it
was now possible to characterize pure isothiuronium salts by 'H and *C-NMR because their spontaneous
cyclization giving 2a-m was not observable in DMSO-d; solution during measurement. This enhanced
stability is quite surprising because phenoxide which is cleaved during transformation of 1a-m to give
2a-m is better leaving group than alkoxide.® On the other hand the salts are still unstable in polar protic
solvents — especially in water — where slow rearrangement to 2a-m takes place. In order to accelerate this
transformation the addition of one equivalent of some moderately strong base (ammonia seems to be the
best option) is beneficial. Stronger bases (e.g. triethylamine, carbonate or hydroxide) have negative
influence on the overall yield as well as on the purity of the product. In some cases a very complex mixture
of unidentified products was observed in '"H NMR spectrum. After transformation of unsymmetrically
substituted isothiuronium salts 1b-i one would expect the formation of two constitutional isomers i.e.
2-(substituted-imino)thiazolidin-4-one or 3-substituted-2-iminothiazolidin-4-one. From the past studies'" it
is well known that both constitutional isomers are mutually interconvertible by treatment with a base and an
acid and under basic conditions 2-(substituted-imino/amino)thiazolidin-4-one is favored. Our observations
were completely consistent with the previous results. Prototropy tautomerism and £-/Z-stereoisomerism are
another typical structural features of 2-iminothiazolidin-4-ones. This tautomerism was studied for both
alkyl/aryl-amino/imino substituted thiazolidinones/thiazolinones by several authors™'* in solid state as well
as in solution and the results can be generalized as follows. Exo N-unsubstituted and N-alkyl substituted
compounds exist in solution preferentially as 2-(alkyl)aminothiazolin-4-ones whereas N-aryl substituted
compounds prefer 2-aryliminothiazolidin-4-one arrangement although some exception to this rule was also
published.”
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In "H NMR spectrum of freshly prepared compound 2¢ (see Experimental part) at 25 °C there are three
signals for proton N-CH of the isopropyl group whose integral intensities are 0.76, 0.18 and 0.06 (Figure
la). Similar, but less resolved signals can be seen for isopropyl CH; groups (one well resolved doublet and
one multiplet composed of the two doublets - Figure 1a) and for Ar—CH (two singlets). When is the sample
heated to 60 °C for 10 min and then cooled to 25 °C the relative abundance of tautomers/stereoisomers
changes as seen from integral intensity for proton N—CH (i.e. 0, 0.85 and 0.15) but the chemical shift of the
individual signals remain virtually the same (Figure 1b). The two close singlets for Ar—CH changes to one
singlet and broad NH singlet at 9.1 ppm changes to broad doublet at the same time. Final solution of 2¢ in
DMSO-d; is completely stable and the ratio of individual isomers (as depicted in Figure 1b) does not

change in time.

b) 25°C -»60°C —» 25 °C

= A e

k a) 25°C
IB 4:6 4:4 412 4.[0 3:8 3j6

I Ll T
9.2 91 9.0 4.

T T T T T T T
145 140 135 130 125 1.20 ppm

Figure 1. Peaks of NH and N-CH(CH3), group in NMR spectra of compound 2¢

This observation can be interpreted as mutual interconversion of all possible isomers which is slow on the
NMR time scale. From the inspection of the line shape of N-CH proton it is clear that two septets at 3.55
and 4.73 belong to E/Z-isomers of 2-isopropylimino-5-(2-hydroxyphenyl)thiazolidin-4-one whereas the
octet at 4.12 ppm belongs to 2-isopropylamino-5-(2-hydroxyphenyl)thiazolin-4-one. From this spectrum it
can be also concluded that the initially formed (but thermodynamically less stable) imino form changes to
much stable amino form, which is in accordance with previous general claims.*'* Similar situation can be

observed for compound 2b. In this case the initial spectrum at 25 °C contains only one set of signals. From
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the lineshape of N—CHj3 at 3.08 ppm (singlet) it can be concluded that only one methylimino stereoisomer is
preferred. After heating to 60 °C and cooling back to 25 °C the spectrum contains all three possible isomers
in the ratio 32% : 52.6% : 15.4% as seen from integrals of NCHj; protons at 3.08 ppm (singlet), 2.98 ppm
(doublet) and 2.86 ppm (singlet).

Completely different situation was observed for compounds 2e-h derived from substituted phenylthioureas.
For these compounds imino form composed of the two £/Z-isomers is clearly preferred™'? as evidenced by
'H NMR spectrum. At 25 °C, there are two almost equally populated forms of 2e characterized by the two
sets of signals (Figure 2a). When is the same sample gradually heated these signals mutually approaches
and at 70 °C (Figure 2b) only one set of signals is observable. After cooling the original population of both

E/Z-isomers is restored.

b) 70 °C
a) 25 °C
121.0 111.5 111.0 1(;.5 1(;.0 l 7i8 7f6 7:4 7{2 7!0 ' ppm

Figure 2. Peaks of NH, OH and aromatic region in NMR spectra of compound 2e

In the case of 2-pyridyl derivative 2i only one set of signals was observed at 25 °C. From this observation,
it can be deduced that compound 2i exists only as £-stereoisomer stabilized in solution by intramolecular
hydrogen bond like in the case of structurally similar 5-(2-hydroxyethyl)-2-(2-pyridylimino)-

1,3-thiazolidin-4-one. "’
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Our further interests concerned thermochromism' of prepared compounds. Solutions of all pure
compounds 2a-m in polar protic (e.g. methanol) or aprotic solvents (e.g. DMSO) turn red slightly (Amax =
470 nm) when heated and then reversibly decolorize after cooling. In one case white compound 2j even
crystallized as pink crystals from hot solution. One would expect that the change in color is directly
connected with above-mentioned prototropy or £/Z-isomerism. Such suggestion was previously published
for structurally similar 5-arylidene-2-iminothiazolidin-4-ones.' However, in our case the solution of 2a-m
always decolorizes after cooling although the population of individual isomers remains the same. Moreover
for compounds 2j-m prototropic tautomerism is absent due to C=N double bond fixation and
FE/Z-1somerism cannot explain change in color because compounds 2j-1 prefer Z-configuration whereas 2m
is fixed in its £-configuration. We also excluded formation of some colored complex with metal ions like
Zn*" and Fe**/Fe’" which can be present as contaminant originating from charcoal or steel spatula. On the
other hand, the addition of a base (a few drops of concentrated ammonium hydroxide) causes very quick
decolorization even at elevated temperature. From this observation it appears that the thermochromism
could be connected with intramolecular or intermolecular hydrogen bonds causing self aggregation.

Unfortunately we have no definite experimental evidence for this suggestion.

EXPERIMENTAL

The 'H and "C-NMR spectra were recorded on a Bruker Avance 3 - 400 MHz instrument in DMSO-dq
solution. Chemical shifts & are referenced to the solvent residual peaks (DMSO-ds) = 2.50 ('H) and 39.6
(*C) ppm. Coupling constants .J are quoted in Hz. ?C NMR spectra were also measured in a standard way
and by means of the APT (Attached Proton Test) pulse sequence to distinguish CH, CHz and CH, Cquar. All
NMR experiments were performed with the aid of the manufacturer’s software. Mass spectra were recorded
on a MALDI LTQ Orbitrap XL (Thermo Fisher Scientific, Bremen, Germany) equipped with nitrogen UV
laser (337 nm, 60 Hz, 8-20 wJ) in positive ion mode. For the CID experiment using the linear trap
quadrupole (LTQ) helium was used as the collision gas and 2,5-dihydroxybenzoic acid (DHB) or
trans-2-[3-(4-tert-butylphenyl)-2-methylprop-2-en-1-ylidene|malononitrile (DCTB) as the MALDI matrix.
Starting arylthioureas"’ and 3-bromo-1-benzofuran-2(3H)-one'* (if not purchased) were prepared and
purified by known methods. All other chemicals were purchased from commercial suppliers and used as
received.

General procedure for the preparation of isothiuronium salts 1a-m

3-Bromo-1-benzofuran-2(3H)-one (0.5 g, (2.35 mmol) was dissolved in 4 mL of MeCN and the saturated
solution of corresponding thiourea (2.35 mmol) in MeCN was added in one portion. Reaction mixture was
left to stand for several hours (1-24 h) at room temperature and then precipitated crystals of isothiuronium

salts were filtered-off and washed with 2 mL of MeCN and well dried in a vacuum desiccator.
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§-(2-Ox0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromide (1a): white solid, yield: 0.59 g (87%),
mp 233-237 °C (decomp.); "H NMR: § 5.73 (s, 1H); 6.80 (t, °J = 7.6 Hz, 1H), 6.87 (d, *J = 8.0 Hz, 1H),
7.20-7.27 (m, 2H), 10.26 and 10.58 (2xbs, 4H); °C NMR: &¢: 52.3, 115.7, 119.3, 120.7, 130.6, 131.5,
155.7,176.7, 178.1; Anal. Calcd for CoHoBrN,O,S: C, 37.38; H, 3.14; N, 9.69; S, 11.09; Br, 27.63. Found:
C, 37.18; H, 3.05; N, 9.57; S, 10.97; Br, 27.45. HRMS (MALDI) Calcd. for CyHyBrN,0,S [M-Br ]
209.0379. Found: 209.0375.

N-Methyl-S-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromide (1b): white solid, yield:
0.59 g (83%), mp 181-183 °C; '"H NMR: & 3.31 (s, 3H), 5.86 (s, 1H), 6.83 (dt, >J=7.2 Hz and >J = 0.8 Hz,
1H), 6.87 (d, 1H, °J=8.0 Hz, 1H); 7.25 (dt, 1H, >*J=8.0 Hz, */= 1.6 Hz), 7.37 (dd, 1H, *J=7.6 Hz, *J= 1.6
Hz): 10.33 (bs, 1H); 11.28 (vbs, 2H); *C NMR: 8¢: 30.3, 49.7, 115.7, 119.4, 119.8, 131.0, 131.7, 155.5,
172.9, 174.1, Anal. Calcd for C,0H;;BrN,O,S: C, 39.62; H, 3.66; N, 9.24; S, 10.58; Br, 26.36; Found: C,
39.33; H, 3.48; N, 9.04; S, 10.55; Br, 26.42. HRMS (MALDI) Calcd for C;oH;;BrN,0,S [M-Br ]
223.0536. Found: 223.0529.

N-Isopropyl-$-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiouronium bromide (1¢): white solid,
yield: 0.64 g (83%); mp 223-233 °C (decomp.); 'H NMR (two tautomeric forms in the ratio 1 : 9): &y: 1.21,
1.42 and 1.44 (3xd, °J = 6.4 Hz, 6H); 4.14 and 4.69 (m and sept, *.J= 6.8 Hz, 1H); 5.53 and 5.71 (2xs, 1H);
6.75-6.89 (m, 2H); 7.11-7.17 and 7.24 (m and dt, 3J=7.6Hz,*J=12Hz, 1H); 7.11-7.17 and 7.34 (m and
d,’J=6.8 Hz, 1H); 9.92 and 10.36 (2xbs, 1H); 11.41 (vbs, 2H); "*C-NMR: 8¢: 17.8, 18.1,49.1, 49.6, 115.7,
119.3, 120.2, 130.9, 132.1, 155.5, 173.5, 173.8; Anal. Calcd for C;,H;sBrN,O,S: C, 43.51; H, 4.56; N,
8.46; S, 9.68; Br, 24.12. Found: C, 43.40; H, 4.45; N, 8.56; S, 9.45; Br, 24.34. HRMS (MALDI) Calcd for
C12H;sBrN;0,S [M-Br |" 251.0849. Found: 251.0842.
N-tert-Butyl-S-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiouronium bromide (1d): white solid,
yield: 0.54 g (67%); mp 207-219 °C (decomp.); '"H NMR (two tautomeric forms in the ratio 6.25 : 1): 8y:
1.40 and 1.44 (2xs, 9H); 5.40 and 5. 84 (2xs, 1H); 6.75 and 6.81 (2xt, =176 Hz, 1H); 6.83 and 6.90 (2xd,
3J=8.0 Hz, 1H); 7.08 and 7.32 (2xd, *J=7.2 Hz, 1H); 7.12 and 7.23 (2xt, °J = 8.0 Hz, 1H), 9.5 (bs, 1H),
9.81 (vbs, 2H); *C NMR: §¢: 28.0 and 28.4, 52.0, 55.7 and 56.7, 115.5 and 115.8, 119.3 and 119.6, 123 .4,
129.4 and 131.0, 130.0 and 131.9, 155.6 and 155.9, 175.7, 185.6; Anal. Calcd for C,3H,sBrN,0,S: C,
4522:H,4.96; N, 8.11; S, 9.29; Br, 23.14%. Found: C, 45.24; H, 497; N, 7.94; S, 9.22; Br, 22.90. HRMS
(MALDI) Caled for C3H;7BrN,0,S [M—-Br]" 265.1005. Found: 265.0999.
N-Phenyl-S-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromide (le): white solid, yield:
0.56 g (65%); mp 209-213 °C (decomp.); '"H-NMR : 8y: 5.94 (s, 1H); 6.86 (t, °.J= 7.2 Hz, 1H); 6.95 (d, *.J -
8.0 Hz, 1H); 7.28 (m, 1H); 7.45-7.49 (m, 3H); 7.63-7.71 (m, 3H); 10.62 (bs, 1H); 10.95 (vbs, 2H).
BC.NMR: 8¢: 50.2; 115.9; 119.4; 120.2; 128.2; 130.6; 131.1; 131.2; 131.7; 132.2; 155.5; 172.8; 174.1;
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Anal. Calcd for C;sH2BrN,O,S: C, 49.33; H, 3.59; N, 7.67; S, 8.78; Br, 21.88. Found: C, 49.44; H, 3.54; N,
7.76; S, 8.75; Br, 21.76. HRMS (MALDI) Calcd for C;sH;,BrN,0,S [M-Br]"285.0692. Found: 285.0693.
N-(4-Methoxyphenyl)-$-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromide (1f): white
solid, yield: 0.79 g (85%); mp 211-232 °C (decomp.); 'H-NMR: &: 3.85 (s, 3H); 5.90 (s, 1H); 6.86 (t, *J =
7.6 Hz, 1H); 6.93 (d, °J = 8.0 Hz, 1H); 7.22 (AA’XX’, °J=9.2 Hz, 2H); 7.28 (dt, ’J=7.6 Hz, *J=1.2 Hz,
1H); 7.36 (AA’XX’, °J = 7.6 Hz, 2H); 7.46 (dd, *J = 7.6 Hz, *J = 1.2 Hz, 1H); 10.59 (bs, 1H); 10.92 (vbs,
2H). “C-NMR: §¢: 50.0; 55.8; 115.8; 119.4; 120.2; 123.9; 129.5; 131.0; 132.1; 155.5; 161.0; 172.9; 174.4;
Anal. Calcd for C;6H;sBrN,OsS: C, 48.62; H, 3.82; N, 7.09; S, 8.11; Br, 20.22. Found: C, 48.70; H, 3.67; N,
7.04; S, 8.26; Br, 20.11. HRMS (MALDI) Caled for CH;5BrN,O3S [M-Br ] 315.0798. Found: 315.0789.
N-(4-Methylphenyl)-S-(2-ox0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromide (1g): white
solid, yield: 0.63 g (71%); mp 215-233 °C (decomp.); 'H-NMR &y: 2.42 (s, 3H); 5.91 (s, 1H); 6.86 (t, e
7.2 Hz, 1H); 6.93 (AA’XX’, °J = 8.0 Hz, 1H); 7.25-7.40 (m, 3H); 7.44-7.51 (m, 3H); 10.59 (bs, 1H); 10.93
(vbs, 2H). PC-NMR: §¢: 21.0; 50.1; 115.8; 119.4; 120.2; 127.9%; 129.1; 131.1; 132.2; 141.0; 155.5; 172.8;
174.2; Anal. Calcd for C1,H;5BrN,O,S: C, 50.67; H, 3.99; N, 7.39; S, 8.45; Br, 21.07. Found: C, 50.76; H,
3.83; N, 7.35; S, 8.62; Br, 21.18. HRMS (MALDI) Calcd for CsH;5BrN,0,S [M-Br]" 299.0849. Found:

299.0841. *Broad signal probably contains two carbons of the same chemical shift.

N-(4-Bromophenyl)-$-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromide (1h): white
solid, yield: 0.88 g (85%); mp 199-222 °C (decomp.); 'H-NMR: 8y: 5.92 (s, 1H); 6.86 (dt, J=7.6 Hz, *J =
0.8 Hz, 1H); 6.93 (d, °J = 8.0 Hz, 1H); 7.28 (dt, °J = 8.0 Hz, °J= 0.8 Hz, 1H); 7.41 (AA’XX’, °J=8.0 Hz,
2H); 7.47 (dd, *J= 7.6 Hz, *J = 1.6 Hz, 1H); 7.92 (AA’XX’, °J = 8.8 Hz, 2H); 10.60 (bs, 1H); 10.92 (vbs,
2H). BC-NMR: 8¢: 50.1; 115.8; 119.4; 120.1; 124.7; 130.4; 131.0; 131.1; 132.1; 133.7; 155.5; 172.6;
173.8; Anal. Calcd for C1sH;2BraN,O,S: C, 40.56; H, 2.72; N, 6.31; S, 7.22; Br, 35.98. Found: C, 40.73; H,
2.59; N, 6.32; S, 7.31; Br, 35.89. HRMS (MALDI) Calcd for C;sH;;Br,N,0,S ["M-Br " 362.9797.
Found: 362.9800. [*'M-Br " 364.9777. Found: 364.9777.
N-(Pyridin-2-yl)-S-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromide (1i): white solid;
yield: 0.70 g (82%); mp 166-169 °C; "H-NMR: &: 5.60 (s, 1H); 4.00-7.00 (vbs, 2H + H,0) 6.79 (t, J = 7.6
Hz, 1H); 6.86 (d, 1H, >J = 8.0 Hz); 7.14-7.24 (m, 2H); 7.35-7.45 (m, 2H); 8.14 (t, 1H, *J= 7.6 Hz); 8.48 (d,
1H, °J = 5.2 Hz); 10.06 (bs, 1H). "C-NMR: 8¢: 50.4; 115.7; 118.3; 119.3; 120.5; 121.9; 130.0; 130.7;
143.3; 143.9; 155.2; 155.7; 165.8; 177.0. Anal. Calcd for C14H,BrN;0,S: C, 4591; H, 3.30; N, 11.47; S,
8.76, Br, 21.82. Found: C, 45.64; H, 3.42; N, 11.70; S, 8.52; Br, 21.69. HRMS (MALDI) Calcd for
C14H1,BrN;0,S [M-Br |* 286.0645. Found: 286.0640.
N,N-Dimethyl-S-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromide (1j): white solid,
yield: 0.65 g (87%); mp 231-238 °C (decomp.); 'H-NMR: 8y: 3.15 (s, 3H); 3.32 (s, 3H); 5.92 (s, 1H); 6.83
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(dt, >J=7.6 Hz, *J = 0.8 Hz, 1H); 6.89 (d, °J = 8.4 Hz, 1H); 7.24 (dt, °J = 8.0 Hz, *J = 1.6 Hz, 1H); 7.37
3J=17.6 Hz, 1H); 10.33 (s, 2H); "C-NMR: 8¢: 30.7; 33.2; 49.7; 115.7; 119.4; 119.8; 131.0; 131.5; 155.6;
171.2; 172.6. Anal. Calcd for C;;H;3BrN,0O,S: C, 41.65; H, 4.13; N, 8.83; S, 10.11; Br, 25.19. Found: C,
41.62; H, 4.08; N, 8.79; S, 10.03; Br, 24.94. HRMS (MALDI) Calcd for C;1Hy3BrN,0,S [M-Br ]
237.0692. Found: 237.0688.

N,N -Diphenyl-S-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium bromide (1k): white solid;
yield: 0.77 g (75%); mp 219-224 °C; 'H-NMR (DMSO-d,): 8y: 5.71 (s, 1H); 6.79 (t, °J = 7.2 Hz, 1H);
6.85-6.90 (m, 3H); 7.06 (t, *J= 7.2 Hz, 1H); 7.18 (dt, >J = 7.2 Hz, *Jyn = 1.2 Hz, 1H); 7.25-7.33 (m, 3H);
7.44-7.45 (m, 3H); 7.51-7.58 (m, 2H); 8.90-10.30 (vbs, 2H); *C-NMR: &¢: 48.3; 115.9; 119.3; 121.0;
122.9; 124.4; 128.6; 128.8; 129.3; 129.4; 130.1; 130.9; 136.0; 148.2; 155.6; 173.2; Anal. Calcd for
C, H;7BrN,0,S: C, 57.15; H, 3.88; N, 6.35; S, 7.27; Br, 18.10. Found: C, 57.30; H, 3.86; N, 6.49; S,
Br, 18.10. HRMS (MALDI) Calcd for C,H;7BrN,0,S: [M—Br |" 361.1005. Found: 361.1001.
N-Methyl-N’-(4-methoxyphenyl)-S-(2-0x0-2,3-dihydro-1-benzofuran-3-yl)isothiuronium  bromide
(11): white solid; yield: 0.79 g (82%); mp 175-207 °C; 'H-NMR: &y: 3.08 (s, 3H); 3.85 (s, 3H); 5.00 (vbs
H,0, 1H); 5.97 (s, 1H); 6.87 (dt, J = 7.2 Hz, *J= 0.8 Hz, 1H); 6.95 (d, °J = 8.4 Hz; 1H); 7.20 (AA’XX’,
=9.2 Hz; 2H); 7.28 (dt, °J = 8.0 Hz, *J= 1.6 Hz; 1H); 7.36 (AA’XX’, °J = 8.8 Hz; 2H); 7.48 (dd, °J = 8.0
J=16 Hz, 1H); 10.59 (s, 1H). BC-NMR: &¢: 33.6; 50.0; 55.8; 115.6; 115.8; 119.4; 120.3; 124.6; 129.6;
131.0; 131.9; 155.6; 160.8; 171.5; 172.7. Anal. Calcd for C;7H;7BrN,OsS: C, 49.89; H, 4.19; N, 6.84; S,
7.83; Br, 19.52. Found: C, 49.95; H, 4.10; N, 6.87; S, 7.64;, Br, 19.40. HRMS (MALDI) Calcd for
C17H,7BrN,03S: [M-Br ] 329.0954. Found: 329.0962.
2-[(2-Ox0-2,3-dihydro-1-benzofuran-3-yl)sulfanyl]-4,5-dihydro-1H-imidazol-3-ium bromide (1m):
white solid; yield: 0.64 g (86%); mp 181-185 °C; 'H-NMR: &y: 3.98-4.12 (m, 2H); 4.35-4.49 (m, 2H);
(s, 1H); 6.84 (dt, °*J = 7.6 Hz, *J= 1.2 Hz, 1H); 6.92 (d, °J = 8.4 Hz, 1H); 7.25 (dt, 'J=7.6 Hz, *J= 1.6
1H); 7.37 (dd, °J = 7.2 Hz, *J = 1.6 Hz; 1H); 8.50 (vbs, 1H); 10.41 (bs, 1H). "C-NMR &¢: 42.5; 53.0;
115.7; 119.3; 119.8; 131.1; 131.3; 155.8; 168.1; 173.9. Anal. Calcd for C;;H;;BrN,0,S: C, 42.19; H,
N, 8.94; S, 10.24% S; Br, 25.51. Found: C, 41.92; H, 3.17; N, 8.73; S, 10.09; Br, 25.27. HRMS (MALDI)
Calcd for C;H;1BrN,0,S: [M-Br]" 235.0536. Found: 235.0528.

General procedure for the transformation of isothiuronium salts 1a-m to 2a-m
To a suspension of corresponding isothiuronium salt (2 mmol) in 25 mL of water one equivalent (2
of aqueous ammonia was added. After stirring for 2 h the solid residue was filtered, washed with 25 mL

of water and dried on air. Crude product can be recrystallized from MeOH.



HETEROCYCLES, Vol. 89, No. §, 2014 1191

5-(2-Hydroxyphenyl)-2-imino-1,3-thiazolidin-4-one (2a): white solid; yield: 0.35 g (83%), mp
212-214 °C; '"H-NMR: 8y: 5.44 (s, 1H); 6.74-6.84 (m, 2H); 7.04 (d, *J=7.6 Hz, 1H); 7.12 (dt, J = 8.0 Hz,
*Jun = 0.8 Hz, 1H); 8.74 (bs, 1H); 9.00 (bs, 1H); 9.81 (s, 1H); "C-NMR &¢: 54.7; 115.4; 119.2; 124.0;
129.2; 129.6; 155.5; 181.6; 188.4. Anal. Calcd for CoHgN,O,S: C, 51.91; H, 3.87; N, 13.45; S, 15.40.
Found: C, 51.99; H, 3.89; N, 13.32; S, 15.52. HRMS (MALDI) Calcd for CoHgN,0,S[M+H]" 209.0379.
Found: 209.0374.

5-(2-Hydroxyphenyl)-2-(methylamino)-1,3-thiazolin-4-one (2b): white solid; yield: 0.30 g (68%); mp
154-156 °C; "H NMR (after crystallization or heating three forms endo : exo-Z : exo-E in the ratio 3 : 2 :
1 are visible; underlined signals correspond to non-crystallized product): 6u: 2.98 and 3.07 and 2.86 (d, J
=46 Hgz, s, s, 3H); 545 and 5.53 and 541 (3xs, 1H); 6.73-6.81 (m, 2H); 7.01-7.17 (m, 2H); 9.10 and
9.14 and 9.14 and 9.51 (q, J = 4.6 Hz, bs, bs, 1H); 9.82 and 9.87 and 9.95 (3xbs, 1H); BCc NMR
(non-crystallized): 6c: 28.4; 48.5; 115.7; 119.2; 123.2; 129.7; 130.3; 155.5; 157.6; 173.3. Anal. Calcd for
C1oH10N20,S: 54.04% C; 4.53% H; 12.60% N; 14.40% O; 14.43% S. Found: 54.08% C; 4.66% H,
12.51% N; 14.27% S. HRMS (MALDI+) Calcd for C1oH 0N,0,S [M+H]+ 223.0536. Found: 223.0531.
5-(2-Hydroxyphenyl)-2-(isopropylamino)-1,3-thiazolin-4-one (2¢): white solid; yield: 0.34 g (68%);
mp 200-201 °C; "H-NMR (after crystallization or heating two forms endo : exo-Z or E in the ratio 17 : 3
are visible): dy: 1.16-1.48 (m, 6H); 3.54 and 4.13 (septet J = 5.9 Hz and octet J = 6.8 Hz); 5.40 (s, 1H);
6.73-6.83 (m, 2H); 7.00-7.15 (m, 2H); 9.08 (bd, J = 7.2 Hz, 1H); 9.80 (bs, 1H); "C-NMR (major endo
form underlined): &¢: 18.0 and 18.3; 21.8 and 22.2; 45.8 and 46.8; 53.1; 115.3 and 115.5; 118.9 and
119.0; 124.0; 128.7 and 128.9; 129.2 and 129.5; 155.3; 177.6; 187.3. Anal. Calcd for C;,H14N,0,S: C,
57.58; H, 5.64; N, 11.19; S, 12.81. Found: C, 57.55; H, 5.51; N, 11.02; S, 12.69. HRMS (MALDI) Calcd
for C1,H14N,0,S [M+H]" 251.0849. Found: 251.0842.
2-(tert-Butylamino)-5-(2-hydroxyphenyl)-1,3-thiazolin-4-one (2d): white solid; yield: 0.50 g (95%);
mp 136-139 °C; '"H-NMR: 8y: 1.45 and 1.49 (2xs, 9H); 5.37 (s, 1H); 6.78-6.87 (m, 2H); 7.04 (dd, *J=7.6
Hz, *J = 1.6 Hz, 1H); 7.13-7.18 (m, 1H); 8.96 (bs, 1H); 9.78 (bs, 1H). *C-NMR: 8¢: 28.4; 52.6; 54.9;
115.4; 119.2; 124.2; 129.0; 129.4; 155.5; 177.1; 188.2. Anal. Calcd for C;3H;6N,0,S: C, 59.07; H, 6.10;
N, 10.60; S, 12.13. Found: C, 58.89; H, 6.02; N, 10.56; S, 11.93. HRMS (MALDI) Calcd for
C13H1gN>0,S [M+H]" 265.1005. Found: 265.1003.

5-(2-Hydroxyphenyl)-2-(phenylimino)-1,3-thiazolidin-4-one (2e):

Yield: 47 g (82%); mp 203-205 °C; 'H-NMR ([/Z-isomers in the ratio 1 : 1): 8: 5.52 (s, 1H); 6.76-6.83
(m, 2H); 6.98 and 7.74 (2xd, *J = 7.6 Hz, 2H); 7.08-7.20 (m, 3H); 7.33 and 7.40 (2xt, *J = 7.4 Hz, 2H);
9.90 and 10.03 (2xbs, 1H); 11.15 and 11.81 (2xbs, 1H). "C-NMR: &¢: 49.7 and 53.6; 115.5; 115.6;
119.2; 120.4; 121.6; 122.8; 123.3; 124.8; 129.2; 129.4; 129.5; 130.2; 138.9; 155.6; 173.7; 176.9; 188.9.
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Anal. Calcd for C1sH12N,0,S: C, 63.36; H, 4.25; N, 9.85; S, 11.28. Found: C, 63.21; H, 4.11; N, 9.69; S,
11.01. HRMS (MALDI) Caled for C15sH;,N,0,S [M+H]" 285.0692. Found: 285.0696.
5-(2-Hydroxyphenyl)-2-[(4-methoxyphenyl)imino]-1,3-thiazolidin-4-one (2f): white solid; yield: 0.54
g (86%); mp 166-168 °C; 'H-NMR (F/Z-isomers in the ratio 1 : 1): 8x: 3.72 and 3.75 (2xs, 3H); 5.49 and
5.51 (2%s, 1H); 6.74-6.84 (m, 2H); 6.88-7.02 (m, 3H); 7.10-7.17 (m, 2H); 7.62-7.68 (m, 1H); 9.89 and
9.99 (2xbs, 1H); 11.04 and 11.66 (2xbs, 1H). "C-NMR: &¢: 50.4 and 53.6; 55.4; 114.2 and 114.6; 115.5
and 115.6; 119.2; 122.0; 123.0; 123.4; 1294 and 129.7; 130.1; 132.2; 155.6; 156.3 and 156.8; 176.2;
188.7. Anal. Caled for C1HisN,05S: C, 61.13; H, 4.49: N, 8.91: S, 10.20. Found: C, 61.11; H, 4.53: N,
8.99; S, 10.19. HRMS (MALDI) Calcd for C16H14sN,05S [M+H]" 315.0798. Found: 315.0787.
5-(2-Hydroxyphenyl)-2-[(4-methylfenyl)imino]-1,3-thiazolidin-4-on (2g): white solid; yield: 0.54 g
(91%); mp 197-201 °C; 'H-NMR (F/Z-isomers in the ratio 1 : 1): 8i: 2.26 a 2.29 (2xs, 3H); 5.51 and 5.52
(2xs, 1H); 6.75-6.85 (m, 2H); 6.90 (LAA’XX’, *J = 8.0 Hz, 1H); 7.10-7.24 (m, 4H); 7.64 (LAA’XX", *J
= 8.0 Hz, 1H); 9.90 and 10.01 (s, 1H); 11.08 and 11.72 (s, 1H); "C-NMR: 8¢: 20.6; 50.0 and 53.6; 115.5
and 115.6; 119.2; 120.4 and 121.7; 122.9 and 123.4; 129.4 and 129.5; 129.7 and 129.8; 130.1; 133.9;
136.6; 155.6; 176.5; 188.8; Anal. Calcd for C1¢H14N,0,S: C, 64.41; H, 4.73; N, 9.39; S, 10.75. Found: C,
64.40; H, 4.87; N, 9.31; S, 10.65. HRMS (MALDI) Calcd for C;6H4N,0,S [M+H]" 299.0849. Found:
299.0838.

5-(2-Hydroxyphenyl)-2-[(4-bromophenyl)imino]-1,3-thiazolidin-4-one (2h): white crystals; yield: 0.64
g (88%); mp 138-142 °C; "H-NMR ([/Z-isomers in the ratio 1 : 1): 8y: 5.55 (s, 1H); 6.74-6.86 (m, 2H);
6.92 (m, 1H); 7.10-7.22 (m, 2H); 7.49 (m, 1H); 7.60 (m, 1H); 7.72 (m, 1H); 9.90 and 10.20 (2xbs, 1H);
11.20 and 11.84 (2xbs, 1H); "C-NMR (70 °C) &¢: 48.3; 115.4; 116.2; 118.9; 122.7; 122.8; 129.1; 129.4;
131.6; 155.2; 175.4; 188.4; Anal. Calcd for C;sH;1N,BrO,S: C, 49.60; H, 3.05; N, 7.71; S, 8.83; Br, 22.00.
Found: C, 49.32; H, 3.29; N, 7.50; S, 8.64; Br, 22.27. HRMS (MALDI) Calcd for C;sH;;N,BrO,S
[M+H]" 362.9797. Found: 362.9788.
5-(2-Hydroxyphenyl)-2-(pyridin-2-ylimino)-1,3-thiazolidin-4-one (2i): white solid, yield: 043 g
(75%); mp 219-222 °C; 'H-NMR: 8y: 5.32 (s, 1H); 6.75-6.85 (m, 2H); 7.05-7.22 (m, 4H); 7.79 (t, *J = 7.2
Hz, 1H); 8.33 (d, ’J = 4.0 Hz, 1H); 9.91 (bs, 1H); 11.94 (bs, 1H). "C-NMR §: 49.8; 115.6; 118.4; 119.2;
123.0; 129.4; 130.3; 138.7; 146.6; 155.5: 156.4; 164.8: 178.7. Anal. Calcd for C1,H;1N;0,S: C, 58.93: H,
3.89; N, 14.73; S, 11.24. Found: C, 58.74; H, 3.80; N, 14.59; S, 11.11. HRMS (MALDI) Calcd for
C14H1N;0,S [M+H]" 286.0645. Found: 286.0638.
5-(2-Hydroxyphenyl)-3-methyl-2-(methylimino)-1,3-thiazolidin-4-one (2j): white or off-pink solid;
yield: 0.38 g (80%); mp 136-161 °C (decomp.); 'H-NMR: 8y: 3.04 (s, 3H); 3.11 (s, 3H); 5.58 (s, 1H);
6.77-6.83 (m, 2H); 7.16-7.20 (m, 2H); 10.04 (bs, 1H). "C-NMR: 8¢: 29.4; 37.5; 47.7; 115.7; 119.3;
122.7: 130.0; 130.5; 155.5; 156.0; 173.0. Anal. Calcd for C;;H12N,0,8: C, 55.91: H, 5.12; N, 11.86; S,
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13.57. Found: C, 55.90; H, 5.09; N, 11.81; S, 13.50. HRMS (MALDI) Calcd for C;;H;,N,0,S [M+H]"
237.0692. Found: 237.0686.

5-(2-Hydroxyphenyl)-3-fenyl-2-(phenylimino)-1,3-thiazolidin-4-on (2k): white solid; yield: 0.63 g
(88%); mp 217-219 °C; 'H-NMR: dy: 5.70 (s, 1H); 6.80 (dt, 1H, *J = 7.2 Hz, *J= 0.8 Hz); 6.87 (m, 1H);
7.07 (t, °J = 8.4 Hz, 1H); 7.2 (dt, *J=8.0 Hz, *J = 1.6 Hz, 1H); 7.28-7.32 (m, 3H); 7.44-7.48 (m, 3H);
7.54 (m, 2H); 10.30 (bs, 1H). "C-NMR: dc: 48.1; 115.8; 119.2; 120.9; 122.9; 124.3; 128.5; 128.7; 129.2;
129.3; 130.1; 130.8; 136.0; 148.3; 155.4; 155.6; 173.1. Anal. Calcd for C,;H;sN,O,S: C, 69.98; H, 4.47,
N, 7.77; S, 8.90. Found: C, 70.10; H, 4.36; N, 7.61; S, 8.82. HRMS (MALDI) Calcd for C»HisN>0,S
[M+H]" 361.1005. Found: 361.0998.
5-(2-Hydroxyphenyl)-3-methyl-2-[(4-metoxyphenyl)imino]-1,3-thiazolidin-4-one (2I): white solid,
yield: 0.45 g (69%); mp 150-153 °C; 'H-NMR §&y: 3.24 (s, 3H); 3.72 (s, 3H); 5.55 (s, 1H); 6.74-6.82 (m,
2H); 6.86-6.93 (m, 4H); 7.13-7.21 (m, 2H); 10.03 (bs, 1H). "C-NMR: 8¢: 29.6; 47.5; 55.3; 114.5; 115.6;
119.1; 122.1; 122.7; 129.8; 130.2; 141.2; 154.7, 155.4; 156.1; 173.2. Anal. Calcd for C,cH14N,0,S: C,
62.18; H, 4.91; N, 8.53; S, 9.76. Found: C, 61.95; H, 4.88; N, 8.33; S, 9.63. HRMS (MALDI) Calcd for
C16H1sN,0,S [M+H]" 329.0954. Found: 329.0957.
2-(2-Hydroxyphenyl)-5,6-dihydroimidazo|2,1-b][1,3]thiazol-3(2H)-one (2m): white solid, yield: 0.33
g (70%); mp 181-185 °C; 'H-NMR: 8y: 3.61-3.76 (m, 2H); 4.15-4.28 (m, 2H); 5.93 (s, 1H); 6.75-6.87 (m,
2H); 7.17-7.25 (m, 2H); 10.11 (bs, 1H). BC-NMR: Oc:41.7;55.3;60.8; 115.7; 119.1; 122.8; 130.1; 130.3;
155.6; 160.1; 166.6. Anal. Calcd for C;;H;oN,0,S: C, 56.39; H, 430; N, 11.96; S, 13.69. Found: C,
56.12; H, 4.15; N, 11.79; S, 13.48. HRMS (MALDI) Caled for C;;H;oN,0,S [M+H]" 235.0536. Found:
235.0539.
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ABSTRACT

Eight substituted 2-aryl-4-hydroxy-5-(2’-hydroxyphenyl)-1,3-thiazoles have been prepared and their
fluorescence properties have been investigated under neutral and alkaline conditions in solutions of
various organic solvents. From the comparison with analogous 4-hydroxy-2,5-diphenyl-1,3-thiazole it is
clear that both in neutral as well as in the deprotonated state the presence of the 2’-hydroxy group
substantially (2—4 times) enhances fluorescence quantum yields (®) — most probably due to formation
of an intramolecular hydrogen bond. Introduction of an electron withdrawing substituent into the 2-aryl
group (2-pyridyl and 4-trifluormethylphenyl derivatives) further enhances @ up to 0.93 (in dioxane).
Upon deprotonation of the 4-hydroxy group a large bathochromic shift of the absorption
(AAmax = 70 nm) as well as emission (Adem = 110 nm) bands occurs and the @-s are typically between
0.3 and 0.7. On the basis of quantum chemical calculations and spectral results, a hydrogen bond
interaction between two hydroxyl groups is obvious. The first absorption band of all studied compounds
corresponds to T—m* HOMO—LUMO transition possessing a CT character.

Intramolecular hydrogen bond

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

1,3-Thiazole and its derivatives belong to a group of heterocyclic
compounds displaying many useful properties. According to the
Merck Index [ 1] the thiazole and benzothiazole skeleton can be found
in more than 70 human and veterinary drugs (e.g. aminophenazole,
sulfathiazole, ritonavir, etc.), in several pesticides [2]| (e.g. meth-
abenzthiazuron, thiabendazol, benazolin) and also in many dyes and
pigments. For example Thiazole Yellow G (C.I. Direct Yellow 9) is used
for the dyeing of cotton, viscose rayon and natural silk [1]. Several
disperse dyes are also based on substituted 2-aminobenzothiazoles
[3] which on diazotization and coupling with anilines give rise to
red or reddish blue dyes (e.g. C.I. Disperse Red 58 and 177, C.I. Disperse
Blue 15). Although 1,3-thiazoles have been known for more than a
century, their valuable fluorescence properties were not recognized
until the middle of the eighties of the 20th century when it was found
[4] that 1-methyl-4-[(3-methyl-2(3H)-benzothiazolylidene )-methyl]

* Corresponding author.
E-mail address: Jiri.Hanusek@upce.cz (J. Hanusek).

http://dx.doi.org/10.1016/j.dyepig.2016.01.017
0143-7208/© 2016 Elsevier Ltd. All rights reserved.

quinolinium p-tosylate (called thiazole orange) is very convenient
agent for reticulocyte analysis by the use of fluorescence activated cell
cytometry. It was later recognized that this simple cyanine dye could
be used as a universal base in peptide nucleic acids whose fluores-
cence properties allow distinction between matched and single
mismatched hybridization of DNA [5—7]. More recently 4-hydroxy-
1,3-thiazoles were suggested as a new class of functional fluo-
rophores and at present they are extensively studied by Beckert's
group [8—15] and other authors [ 16] for various applications.

In our group we are dealing with the synthesis of iso-
thiouronium salts derived from various lactams and lactones and
with the reaction mechanism of their transformations to various
heterocycles, most often 1,3-thiazole-4-ones [ 17—21]. The works by
Beckert's group [8—15] encouraged us to perform the similar
transformation of 3-bromo-1-benzofuran-2(3H)-one to corre-
sponding thiazoles using substituted thiobenzamides instead of
thioureas [21]. Therefore we prepared eight substituted 4-hydroxy-
1,3-thiazoles (Scheme 1) and studied the relationships between
their structure and fluorescence properties.
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R: a) 4-MeOPh; b) 4-MePh; c) Ph; d) 4-CIPh; e) 3-CIPh; f) 4-CF;Ph; g) 2-Py, h) 2-thienyl

Scheme 1. Synthesis and structures of the 2-aryl-4-hydroxy-5-(2-hydroxyphenyl)-1,3-thiazole derivatives studied.

2. Materials and methods
2.1. Chemicals

Starting thioamides were either purchased from Sigma—Aldrich
and Across Chemicals or prepared from corresponding commer-
cially available nitriles according to a literature procedure [22]. 3-
Bromo-1-benzofuran-2(3H)-one (if not purchased) was prepared
and purified by known methods [23,24]. All other chemicals and
solvents were purchased from commercial suppliers and used as
received.

2.2. General procedure for the synthesis of 1a—h

A solution of 3-bromo-1-benzofuran-2(3H)-one (0.5 g,
2.35 mmol) in toluene (5 mL) was added dropwise to a suspension
of the corresponding thioamide (2.35 mmol) and pyridine (65 pL,
0.8 mmol) in toluene (5 mL) at room temperature. The reaction
mixture was stirred and heated at 80 °C for 2 h and then cooled. The
amorphous precipitate was collected by filtration and then
recrystallized from 80% aqueous ethanol to give products 1a—h as
orange crystals. Alternative method for synthesis of 1a is also
described in Ref. [25].

2.2.1. 4-Hydroxy-5-(2'-hydroxyphenyl)-2-(4-methoxyphenyl)-1,3-
thiazole (1a)

Yield: 62%; m.p. 230—234 °C; '"H NMR (DMSO-dg): 0y 3.81 (s,
3H, OCH3); 6.88 (dt, 1H, >y = 6.8 Hz, °Jy i = 1.2 Hz, Ar—H); 6.93
(dd, 1H, 3Jun = 8.4 Hz, °Jun = 1.2 Hz, Ar—H); 7.00—7.08 (m, 3H,
Ar—H); 7.78 (AA'XX', 2H, *Jyy = 7.2 Hz, °’Jyn = 1.6 Hz, Ar—H); 8.06
(dd, 1H, 3Jyn = 8.0 Hz, 7Jun = 1.6 Hz, Ar—H) 10.21 (brs, 1H, OH);
11.17 (brs, 1H, OH); 3C NMR (DMSO-de): éc: 55.4; 102.2; 114.7;
115.4; 119.2; 119.3; 126.4; 126.7; 127.1; 128.1; 152.4; 159.2; 160.5;
160.6; Anal. Calcd. for C16H13NO3S: 64.20% C; 4.38% H; 4.68% N;
10.71% S Found: 64.24% C; 4.37% H; 4.67% N; 10.69% S. HRMS
(MALDI+) Calcd. for CigH13NOsS [M + H]" 300.0689. Found:
300.0685. Raman spectrum (cm™~'): 78 (w), 107 (vw), 123 (vw), 157
(w), 184 (w), 249 (vw), 266 (sh), 314 (w), 356 (vw), 378 (w), 479 (w),
505 (vw), 532 (w), 549 (vw), 587 (vw), 600 (w), 632 (w), 679 (w),
717 (vw), 737 (w), 754 (sh), 798 (w), 825 (w), 959 (vw), 984 (vw),
1010 (vw), 1040 (m), 1075 (w), 1121 (vw), 1157 (vw), 1178 (sh), 1187
(m), 1242 (m), 1278 (w), 1311 (vw), 1327 (m), 1415 (sh), 1433 (sh),
1439 (s), 1446 (sh), 1481 (w), 1492 (w), 1518 (s), 1571 (sh), 1602 (s),
1619 (sh), 2840 (vw), 2940 (vw), 3001 (vw), 3054 (w), 3077 (w).

2.2.2. 4-Hydroxy-5-(2'-hydroxyphenyl)-2-(4-methylphenyl)-1,3-
thiazole (1b)

Yield: 69%; m.p. 252—254 °C; 'H NMR (DMSO-dg): dy: 2.35 (5,
3H, CH3); 6.86 (dt, 1H, 3/ = 7.6 Hz, °Jyy = 1.2 Hz, Ar—H); 6.92 (dd,
1H, Jun = 8.0 Hz, °Jyn = 1.2 Hz, Ar—H); 7.06 (dt, 1H, > = 7.6 Hz,
3Jun = 1.6 Hz, Ar—H); 7.29 (AA’XX/, 2H, 3Jyn = 7.6 Hz, Ar—H); 7.78
(AA’XX', 2H, 3Jypn = 8.0 Hz, Ar—H); 6.92 (dd, 1H, }Juy = 7.6 Hz,

3Jun = 1.2 Hz, Ar—H) 10.8 (brs, 2H, 2 x OH); >C NMR (DMSO-ds):
0c: 21.1;102.8; 115.5; 119.2; 119.3; 125.1; 127.2; 128.1; 129.8; 131.0;
139.5; 152.5; 159.4; 160.5; Anal. Calcd. for CigH13NOS: 67.82% C;
4.62% H; 4.94% N; 11.32% S Found: 67.93% C; 4.59% H; 4.89% N;
11.30% S. HRMS (MALDI+) Calcd. for CigH13NO»S [M + H]™
284.0740. Found: 284.0739. Raman spectrum (cm™'): 122 (w), 160
(vw), 195 (vw), 205 (w), 240 (sh), 249 (vw), 311 (w), 327 (vw), 358
(w), 378 (w), 394 (vw), 407 (vw), 474 (w), 488 (vw), 507 (vw), 529
(w), 548 (w), 594 (w), 637 (w), 680 (w), 698 (vw), 705 (vw), 736
(w), 753 (vw), 799 (sh), 808 (w), 834 (w), 937 (vw), 962 (w), 989
(vw), 1022 (vw), 1040 (m), 1076 (w), 1124 (vw), 1158 (w), 1195 (m),
1243 (m), 1270 (w), 1303 (w), 1328 (m), 1375 (w), 1409 (m), 1437 (s),
1476 (sh), 1492 (m), 1518 (m), 1566 (sh), 1605 (s), 2540 (vw), 2591
(vw), 2860 (vw), 2917 (w), 3062 (w).

2.2.3. 4-Hydroxy-5-(2'-hydroxyphenyl)-2-phenyl-1,3-thiazole (1c)

Yield: 77%; m.p. 220—224 °C; 'H NMR (DMSO-ds): dy: 6.87 (t,
1H, 3Jyn = 7.5 Hz, Ar—H); 6.93 (d, 1H, *J = 8.0 Hz, Ar—H); 7.07 (dt,
1H, }Jyy = 7.5 Hz, °Jyy = 1.3 Hz, Ar—H); 7.41-7.55 (m, 3H, Ar—H);
7.89 (d, 2H, 3Jiyn = 7.0 Hz, Ar—H); 8.10 (d, 1H, *Jiy 11 = 8.0 Hz, Ar—H);
10.31 (brs, 1H, OH); 11.28 (brs, 1H, OH); '*C NMR (DMSO-de): dc:
103.5; 115.5; 119.1; 119.3; 125.1; 127.3; 128.1; 129.3; 129.8; 133.6;
152.5; 159.6; 160.3 Anal. Calcd. for C15sH11NO,S: 66.89% C; 4.12% H;
5.20% N; 11.91% S Found: 66.87% C; 4.09% H; 5.10% N; 11.87% S.
HRMS (MALDI+) Calcd. for C;5H11NO,S [M + H] " 270.0583. Found:
270.0583. Raman spectrum (cm~'): 100 (s), 106 (sh), 138 (vw), 180
(vw), 212 (vw), 246 (vw), (vw), 315 (vw), 357 (sh), 375 (vw), 456
(vw), 478 (vw), 491 (vw), 534 (vw), (vw), 549 (vw), 589 (vw), 600
(vw), 617 (vw), 653 (vw), 683 (w), 730 (sh), 753 (w), 825 (w), 834
(w), 964 (w), 985 (w), 1000 (m), 1040 (w), 1076 (vw), 1159 (w), 1191
(m), 1242 (m), 1265 (w), 1296 (sh), 1318 (w), 1343 (w), 1356 (m),
1419 (s), 1455 (sh), 1499 (s), 1592 (s), 1616 (sh), 1653 (sh), 3013 (vw),
3067 (w).

2.2.4. 4-Hydroxy-2-(4-chlorophenyl)-5-(2'-hydroxyphenyl)-1,3-
thiazole (1d)

Yield: 62%; m.p. 250—253 °C; 'H NMR (DMSO-dg): dy: 6.88 (t,
1H, 3Jupy = 7.5 Hz, Ar—H); 6.94 (dd, 1H, 3Jy 1 = 8.0 Hz, Ar—H); 7.08
(dt, 1H, 3Jyu = 7.5, Hz, Sy = 13 Hz, Ar—H); 7.53 (d, 2H,
3un = 8.5 Hz, Ar—H); 7.90 (d, 2H, *Jy i = 8.5 Hz, Ar—H); 8.1 (dd,
1H, }Jyn = 8.0 Hz, ’Jyn = 1.3 Hz, Ar—H) 10.35 (brs, 1H, OH); 11.38
(brs, 1H, OH); *C NMR (DMSO-dg): 6c: 104.1; 115.5; 119.0; 119.3;
126.8; 127.5; 128.1; 129.4; 132.4; 134.2; 152.6; 158.9; 159.7; Anal.
Calcd. for Ci5H1oCINO,S: 59.31% C; 3.32% H; 4.61% N; 10.56% S;
11.67% Cl Found: 59.40% C; 3.28% H; 4.57% N; 10.45% S; 11.50% Cl.
HRMS (MALDI+) Calcd. for CisHioCINORS [M + H]* 304.0194.
Found: 304.0192. Raman spectrum (cm™'): 116 (m), 159 (w), 190
(w), 245 (w), 305 (sh), 316 (w), 346 (w), 378 (w), 393 (vw), 404
(vw), 475 (m), 491 (vw), 536 (vw), 552 (vw), 562 (vw), 586 (vw),
598 (vw), 629 (vw), 680 (w), 706 (w), 760 (m), 832 (w), 965 (vw),
1014 (w), 1040 (w), 1078 (vw), 1097 (w), 1126 (vw), 1163 (w), 1193
(m), 1220 (vw), 1244 (m), 1269 (sh), 1288 (sh), 1296 (w), 1319 (m),
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1340 (sh), 1400 (s), 1433 (s), 1468 (sh), 1497 (s), 1522 (sh), 1568 (sh),
1589 (s), 1612 (sh), 3059 (vw), 3073 (vw).

2.2.5. 4-Hydroxy-2-(3-chlorophenyl)-5-(2'-hydroxyphenyl)-1,3-
thiazole (1e)

Yield: 68%; m.p. 219—222 °C; 'H NMR (DMSO-de): d};: 6.80—7.00
(m, 2H, Ar—H); 7.09 (t, 1H, *Jy1 = 7.0 Hz, Ar—H); 7.50 (s, 1H, Ar—H);
7.80—7.95 (m, 2H, Ar—H); 8.11 (d, 1H, 34 = 7.5 Hz, Ar—H); 10.46
(brs, TH, OH); 11.26 (brs, 1H, OH); '*C NMR (DMSO-dg): éc: 104.6;
115.5; 118.9; 119.3; 123.8; 124.4; 127.5; 128.1; 129.3; 131.3; 134.1;
135.4; 152.6; 158.2; 159.7; Anal. Calcd. for C15H1oCINO,S: 59.31% C;
3.32% H; 4.61% N; 10.56% S; 11.67% Cl Found: 59.30% C; 3.27% H;
4.59% N; 1041% S; 11.57% Cl. HRMS (MALDI+) Calcd. for
C15H1oCINO,S [M + H]' 304.0194. Found: 304.0190. Raman spec-
trum (cm™1): 114 (w), 131 (w), 157 (m), 183 (w), 219 (vw), 246 (vw),
280 (vw), 304 (vw), 321 (vw), 361 (w), 388 (w), 428 (vw), 473 (m),
503 (vw), 514 (vw), 536 (w), 556 (w), 603 (w), 618 (vw), 648 (w),
680 (w), 720 (w), 734 (m), 770 (vw), 833 (w), 879 (vw), 970 (w), 996
(s), 1010 (sh), 1038 (w), 1050 (vw), 1079 (vw), 1123 (vw), 1160 (w),
1171 (w), 1195 (vw), 1207 (vw), 1244 (w), 1264 (sh), 1287 (m), 1354
(s), 1378 (sh), 1416 (s), 1488 (s), 1590 (s), 1622 (sh), 3045 (sh), 3061
(m), 3075 (m).

2.2.6. 4-Hydroxy-5-(2'-hydroxyphenyl)-2-(4-
trifluormethylphenyl)-1,3-thiazole (1f)

Yield: 69%; m.p. 233—236 °C; 'H NMR (DMSO-dg): dy: 6.88 (dt,
1H, *Jyn = 76 Hz, Yuu = 12 Hz, Ar—H); 694 (dd, 1H,
3un = 8.0 Hz, Jyy = 0.8 Hz, Ar—H); 7.09 (dt, 1H, 3Jyy = 7.8 Hz,
“Jun = 1.6 Hz, Ar—H); 7.83 (d, 2H, 3Jun = 8.4 Hz, Ar—H); 8.09 (d,
2H, 3y = 84 Hz, Ar—H); 812 (dd, 1H, 3un = 8.0 Hz,
4T = 1.6 Hz, Ar—H); 10.97 (brs, 2H, 2x OH); *C NMR (DMSO-dg):
6c: 105.3; 115.5; 118.6; 118.9; 1242 (q, ] = 248.2 Hz); 125.7; 126.3;
127.7; 128.1; 129.3 (q, 2_] = 31.5 Hz); 137.3; 152.7; 158; 1; 160.1;
166.1; Anal. Calcd. for CiH10F3NO,S: 56.97% C; 2.99% H; 4.15% N;
9.51% S Found: 56.70% C; 3.04% H; 3.91% N; 9.24% S. HRMS
(MALDI+) Calcd. for Ci6H1oF3NO2S [M + H]* 338.0457. Found:
338.0457. Raman spectrum (cm'): 109 (m), 133 (vw), 156 (m), 174
(w), 198 (vw), 241 (w), 248 (sh), 313 (vw), 331 (m), 371 (vw), 402
(w), 418 (vw), 437 (vw), 451 (vw), 478 (s), 507 (vw), 535 (w), 556
(vw), 579 (vw), 597 (vw), 616 (vw), 633 (w), 673 (w), 681 (w), 738
(w), 781 (m), 832 (w), 842 (w), 947 (vw), 966 (vw), 1017 (w), 1039
(m), 1078 (w), 1157 (w), 1179 (m), 1190 (w), 1204 (m), 1243 (m),
1271 (m), 1306 (m), 1325 (s), 1354 (sh), 1401 (s), 1424 (s), 1434 (s),
1472 (sh), 1491 (s), 1521 (s), 1577 (sh), 1612 (s).

2.2.7. 4-Hydroxy-5-(2'-hydroxyphenyl)-2-(2-pyridyl)-1,3-thiazole
(1g)

Yield: 59%; m.p. 247—250 °C; 'H NMR (DMSO-dg): 0y: 6.84-
6.95 (m, 1H, Ar—H); 6.94 (dd, 1H, 3, = 8.15 Hz, *Jyy = 115 Hz,
Ar—H); 7.07-712 (m, 1H, Ar—H); 7.41-7,46 (m, 1H, Ar—H); 7.90-7.96
(m, 1H, Ar—H); 7.98-8.02 (m, 1H, Ar—H); 8.1 (dd, 1H, 3Jn = 7.9
Hz, 3Jun = 1.6 Hz, Ar—H);10.35 (brs, 1H); 11.30 (brs, TH); 1°C NMR
(DMSO-dg): dc: 106.4; 115.5; 118.3; 119.2; 119.3; 124.5; 127.6;
128.3; 137.8; 149.8; 151.1; 152.9; 159.8; 160.7; Anal. Calcd. for
Cy4H190N20,S: 62.21 % C; 3.73 % H; 10.36 % N; 11.86 % S; Found:
62.18 % C; 3.74 % H; 10.30 % N; 11.78 % S. HRMS (MALDI+) Calcd.
for C14H1oN202S [M + H]" 271.0536. Found: 271.0533. Raman
spectrum (cm™!): 102 (sh), 119 (w), 134 (sh), 172 (vw), 196 (vw),
216 (vw), 232 (vw), 246 (vw), 297 (vw), 367 (vw), 395 (vw), 408
(vw), 464 (vw), 485 (vw), 524 (vw), 550 (vw), 605 (vw), 637 (vw),
673 (w), 694 (w), 734 (vw), 754 (vw), 765 (vw), 780 (vw), 826 (w),
858 (vw), 966 (vw), 978 (w), 1016 (m), 1032 (vw), 1052 (vw), 1095
(vw), 1118 (vw), 1153 (w), 1195 (vw), 1219 (sh), 1235 (m), 1261
(vw), 1302 (m), 1353 (m), 1410 (vw), 1443 (s), 1483 (s), 1550 (m),
1593 (m), 1607 (m), 3048 (w), 3075 (w).

2.2.8. 4-Hydroxy-5-(2'-hydroxyphenyl)-2-(2-thienyl)-1,3-thiazole
(1h)

Yield: 70%; m.p. 248—251 °C; 'H NMR (DMSO-dg): dy: 6.87 (t,
1H, 3y = 7.5 Hz, Ar—H); 6.91 (d, 1H, 3y = 7.9 Hz, Ar—H); 7.06 (t,
1H, }Jyn = 7.25 Hz, Ar—H); 7.14 (t, 1H, Ju 1 = 4.35 Hz, Ar—H); 7.59 (d,
1H, Jun = 3.1 Hz, Ar—H); 7.66 (d, 1H, Jyy = 4.8 Hz, Ar—H); 8.1 (d,
1H, 3Jun = 7.7 Hz, Ar—H); 8.58 (d, 1H, Jun = 4.8 Hz, Ar—H); 10.33
(brs, 1H, OH); 11.40 (brs, 1H, OH); '3C NMR (DMSO-dg): oc: 102.4;
115.4; 119.2; 119.3; 125.6; 127.2; 127.9; 128.1; 128.7; 1374; 152.3;
154.8; 159.0; Anal. Calcd. for C13H9NO3S;: 56.71% C; 3.29% H; 5.09%
N; 23.29% S Found: 56.62% C; 3.28% H; 4.95% N; 23.19% S. HRMS
(MALDI+) Calcd. for C13H9NO3S; [M + H]' 276.0148. Found:
276.0146. Raman spectrum (cm~'): 107 (w), 146 (vw), 198 (vw), 251
(vw), 320 (vw), 346 (vw), 365 (vw), 382 (vw), 402 (vw), 446 (vw),
464 (vw), 480 (vw), 504 (vw), 533 (vw), 561 (vw), 600 (vw), 634
(w), 679 (vw), 724 (vw), 752 (w), 763 (w), 826 (w), 849 (vw), 908
(vw), 969 (vw), 1040 (w), 1054 (vw), 1070 (vw), 1081 (w), 1122 (vw),
1159 (vw), 1187 (w), 1212 (sh), 1243 (w), 1271 (vw), 1295 (vw), 1337
(sh), 1355 (m), 1412 (sh), 1441 (s), 1489 (m), 1518 (s), 1600 (m), 1614
(sh), 1817, 3011 (vw), 3025 (vw), 3062 (vw), 3084 (vw), 3102 (vw).

2.2.9. 4-Hydroxy-2,5-diphenyl-1,3-thiazole (2)

This compound was prepared according to Ref. [26]. Yield: 89%;
m.p. 216—218 °C; "H NMR (DMSO-de): dy: 7.22 (t, 1H, *Jyy = 7.2 Hz,
Ar—H); 7.40 (t, 2H, *Jy y = 8.0 Hz, Ar—H); 7.46—7.54 (m, 3H, Ar—H);
7.73 (d, 2H, Juu = 7.60 Hz, Ar—H); 7.89 (m, 2H, Ar—H); 11.63 (brs, 1H,
OH); 3¢ NMR (DMSO-dg): 6c: 107.6; 125.3; 126.0; 126.2; 128.9;
129.4; 130.3; 131.9; 133.0; 158.6; 159.7; Anal. Calcd. for C;5H1;NOS:
7112% C; 4.38% H; 5.53% N; 12.66% S Found: 71.10% C; 4.37% H;
5.53% N; 12.60% S. HRMS (MALDI+) Calcd. for C;5H1;NOS [M + H]*
254.0634. Found: 254.0631. Raman spectrum (cm™!): 93 (m), 124
(m), 151 (m), 208 (vw), 236 (vw), 268 (vw), 325 (vw), 339 (vw), 375
(vw), 408 (vw), 466 (vw), 487 (vw), 518 (vw), 523 (sh), 581 (w), 601
(vw), 618 (w), 654 (w), 688 (vw), 706 (w), 753 (w), 759 (sh), 774
(vw), 835 (vw), 835 (vw), 847 (vw), 939 (sh), 962 (m), 988 (sh),
1000 (s), 1038 (vw), 1052 (vw), 1158 (w), 1183 (w), 1190 (sh), 1229
(w), 1241 (w), 1279 (vw), 1290 (vw), 1316 (vw), 1356 (s), 1392 (sh),
1425 (s),1454 (m), 1502 (s), 1593 (s), 1606 (sh), 1656 (vw), 3042 (w),
3064 (m), 3083 (sh).

2.3. NMR measurements

'H and C NMR spectra were recorded on a Bruker Avance III
400 MHz or on a Bruker Ascend 500 MHz instruments. Chemical
shifts ¢ are referenced to TMS (6 = 0) or solvent residual peaks
6(DMSO-dg) = 2.50 ppm ('H) and 39.6 ppm (*3C).

2.4. Matrix-assisted laser desorption/ionization mass spectrometry
(MALDI MS)

Mass spectra were recorded on a MALDI LTQ Orbitrap XL
equipped with nitrogen UV laser (337 nm, 60 Hz, 8—20 pJ) in
positive ion mode. For the CID experiment using the linear trap
quadrupole (LTQ) helium was used as the collision gas and 2,5-
dihydroxybenzoic acid (DHB) or trans-2-[3-(4-tert-butylphenyl)-
2-methylprop-2-en-1-yliden]malononitrile (DCTB) as the MALDI
matrix.

2.5. Raman spectroscopy

The room temperature Raman spectra were measured using FT-
IR spectrophotometer IFS 55 provided with Raman FRA-106
accessory (Bruker) for back scattering method. The YAG:Nd3*
laser line (1064 nm) was used for excitation.
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2.6. UV-VIS and fluorescence measurements

The absorption spectra were measured on a Hewlett—Packard
8453 diode array spectrophotometer at 25 + 0.1 °Cin a 1 cm quartz
cell in dioxane, ethyl acetate, acetonitrile, acetone and anhydrous
DMSO. Absorption and fluorescence spectra of 1a—h and 2 were
measured upon addition of one equivalent of HCl (1 pL,
¢ =4 x 1073 mol/L) in order to suppress partial dissociation of the
thiazole hydroxyl group (cf. spectra of 1c in Fig. 3 with and without
addition of HCI). The addition of more than one equivalent of HCI
(up to 250 equivalents i.e. 1 uL of 1 M HCI) has no influence both on
absorption and emission spectra as well as on quantum yields.
From this observation it appears that the protonation of thiazole
nitrogen (or pyridine nitrogen in 1g) does not occur under such
conditions. Deprotonated forms were measured upon addition of
triethylamine (5 pL). Concentrations of the samples were
2 x 107> mol/L (for UV—vis) and 2 x 10~% mol/L (for fluorescence).

The corrected fluorescence emission and excitation spectra
were measured on a steady state spectrofluorimeter PTI Quanta-
master 40. As the fluorescence maxima of the investigated com-
pounds are located in a broad wavelength range (440—590 nm), the
following fluorescence standards were used for the determination
of the fluorescence quantum yields: quinine sulfate in 0.5 M H,SO4
(AFmax = 445 nm, ¢ = 0.54) [27] and coumarin 153 in ethanol
(Afmax = 536 nm, ¢ = 0.38) [28].

Polarities of solvents used were characterized by orientation
polarizability:

=1 n? -1
e e =

where ¢, and n are relative permittivity and refractive index.

To test reversibility of spectral changes between the neutral and
the dissociated form of the substrate, neutral solutions of samples
were alkalized with 1 pL of triethylamine and after recording the
spectrum the acid—base equilibrium was converted back with 2 pL
of aqueous concentrated HCI.

3. Results and discussion
3.1. Synthesis and structure determination

4-Hydroxy-5-(2'-hydroxyphenyl)-2-(subst. phenyl)-1,3-thia
zoles (1a—h) were prepared using a modified Hantzsch thiazole
synthesis where a brominated lactone (3-bromo-1-benzofuran-
2(3H)-one) was used instead of the more common a-halogeno ester
or o-halogeno acid. Such modification involves base-catalyzed ring
transformation of the unstable [(2-0x0-2,3-dihydro-1H-indol-3-yl)
sulfanyl]-(subst. phenyl)methaniminium bromide. Two bases were
successfully used for this transformation — aqueous ammonia [25]
or pyridine in toluene. The second method appears to be optimal
because the products were isolated in slightly better yields and
purity.

Prepared products 1a—h can undergo prototropy i.e. they can
exist in the aromatic enol form or non-aromatic keto form (see
Scheme 1). 'H and '3C (APT — Attached Proton Test) NMR spectra
measured in polar aprotic DMSO as well as in less polar acetone
clearly showed that only the aromatic enol form is present in the
solution. There were two broad singlets corresponding to two hy-
droxy groups and no signal around 5.50 ppm (found in structurally
similar 2-amino-5-(2'-hydroxyphenyl)-1,3-thiazole-4(5H)-one
[21]) in the 'H NMR spectrum. The same conclusion can be drawn
from inspection of the '>*C-APT NMR spectra because the phase of
C-4 peak in 1a—h always corresponds to a quaternary carbon.

3.2. UV—vis and fluorescence spectroscopy

It is believed [9] that any aromatic substituent in position 2- or
5- of 4-hydroxy-1,3-thiazoles is responsible for the occurrence of
the enol form because its formation enables energetically favorable
delocalization of m-electrons. The formation of the aromatized enol
form represents a necessary condition, though certainly not the
only condition for their fluorescence properties. While the 2-
hetaryl-5-alkyl-4-hydroxy-1,3-thiazoles [8] display only weak
fluorescence with quantum yields up to 10%, some 2,5-diaryl-4-
hydroxy-1,3-thiazoles [9,10] display more intense fluorescence
with quantum yields up to 87% in THF [9]. From this comparison it
appears that 2,5-diaryl substitution with an extended m-electron
system together with the introduction of polarization induced by
the suitable substituents at both aromatic rings should improve the
fluorescence properties of the 4-hydroxy-1,3-thiazoles. Therefore
we introduced the electron rich 2’-hydroxyphenyl group into the 5-
position and varied the aromatic substituents in the 2-position in
our series of compounds 1a—h. In order to evaluate the influence of
2'-hydroxyphenyl group, we also prepared 2,5-diphenyl-4-
hydroxy-1,3-thiazole (2) and studied its fluorescence properties.
All derivatives 1a—h and 2 display bright blue fluorescence
(Aem = 440—480 nm) which changes to orange fluorescence
(42em = 550—590 nm) upon addition of a base — e.g. triethylamine
(Figs. 1 and 2).

Similar pH-dependent fluorescence switching was previously
observed by Beckert's group [9,10,12] who attributed this behavior
to a deprotonation of the 4-hydroxy group in the thiazole ring. Such
an explanation is plausible because the pK;,-s of 2-substituted-4-
hydroxy-1,3-thiazoles range between 6.6 and 6.9 pK; units [29].
In our case the thiazoles 1a—h contain two hydroxy groups whose
pKa values should differ substantially. Therefore we studied acid-
—base equilibrium of 1¢ in DMSO solution (Fig. 3) using UV—vis.
While ammonia (pK; = 10.5 in DMSO [30]) as well as triethylamine
(pK; = 9.07 in DMSO [31]) generates a pure monoanion 1¢~, much
weaker N-methylmorpholine (pK; = 6.92 in 90% DMSO [32]) only
partially deprotonates the thiazole OH group depending on the
concentration of the base. Even in pure DMSO partial dissociation of
1c occurs and therefore acidification with HCl is necessary to obtain
the spectrum of the non-dissociated 1c. Well-developed isosbestic
points, shown in Fig. 3, confirm that the dissociation of the phenolic
hydroxy group does not interfere with the dissociation of the
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Fig. 1. Absorption and fluorescence spectra of 1a, 1¢, 1f and 1g in DMSO upon addition
of HCl (1 pL, ¢ = 4 x 10~ mol/L).
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Fig. 2. Absorption and fluorescence spectra of the compounds 1a,1¢,1f and 1g" in
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Fig. 3. Absorption spectra of 1c in DMSO (bold line), upon acidification with HCI (1 pL,
¢ =1 mol/L) and upon addition of various amount of N-methylmorpholine (volume in
uL is directly indicated in the Figure). Spectrum of 1c~ was taken upon addition of 1 uL
of triethylamine (TEA).

thiazole hydroxyl group under the conditions used for measure-
ment. Also the spectrum after addition of 1ul (1 mol/L)of HCl tra-
verses both isosbestic points, which means that such slight
acidification only suppresses dissociation of both hydroxy groups
but it does not cause measurable protonation of thiazole (or pyri-
dine in 1g) nitrogen. The deprotonation of the phenolic hydroxy
group does not occur even upon addition of much stronger sodium
hydroxide and the spectra of 1c, after addition of ammonia, trie-
thylamine or sodium hydroxide were always identical. While so-
dium hydroxide causes slow decomposition (k = 2.6-107> s~ I;
7y, = 267 sin 5-10~4 M NaOH) of fluorescent 1c¢~ to non-fluorescent
products, in triethylamine or ammonia solution 1c™ is stable.

All derivatives 1a—h and 2 show a single broad absorption and
fluorescence  emission bands with the maxima at
Amax = 350—390 nm and Zey, = 440—480 nm, respectively; which

is consistent with data has already been published for a small
number of compounds [9,10]. Although the absorption as well as
fluorescence emission maxima occur in a relatively narrow region
(ca 20 nm) it is possible to find some interesting relationships
between their structure and spectral properties (Tables 14, Figs. 1
and 2):

i) An introduction of the second hydroxyl group (cf. 2 — 1c)
has only a minor influence on the position of absorption and
fluorescence maxima; the largest bathochromic shifts were
observed in DMSO: from 367 nm to 371 nm for Ayax and
hypsochromic shifts from 463 nm to 458 nm for Aem.

ii) Electron donating substituents (1a, 1b) have only a very small
influence on the position of the absorption and fluorescence
maxima (AZmax and Alemy 0—7 nm) in all solvents used. On
the other hand electron withdrawing substituents and het-
erocyclic rings (cf. 1c—f, g, h) show relatively large bath-
ochromic shifts (¢f. 13—18 nm and 15—24 nm for Ayax and Aem
respectively comparing 1c and 1f in all solvents).

iii) In dioxane, ethyl acetate and acetone, only small changes of
Amax and ZAem were found for all compounds; large bath-
ochromic shifts were observed in DMSO. In comparison with
the other solvents, surprisingly all compounds absorb at
shorter wavelengths in polar acetonitrile.

iv) Compared with 1a, the negatively substituted derivatives
show smaller Stokes shifts in all solvents used. Regardless of
the molecular structure, all compounds exhibit the largest
Stokes shifts in acetonitrile. The largest Stokes shift was
exhibited by compound 2 in DMSO although it is the weakest
fluorophore of the prepared compounds.

v) Upon deprotonation of 1a—h with a base, a large bath-
ochromic shift of the absorption bands, from 346 to 389 nm
in the neutral form to 445—475 nm, occurs in the dissociated
form. The bathochromic shifts of the fluorescence maxima
display virtually the same trend as those observed for the
maxima in the neutral form. Compound 2 exhibits the
longest Amax and Aem. The Stokes shifts are relatively large
(4450—6270 cm 1) for the size of the molecules.

From the data presented in Table 2 further relationships can be
made in regard to the molecular structure, solvent polarity and
fluorescence quantum yield (@) of the studied compounds:

i) An introduction of the second hydroxyl group (i.e. 2 — 1c)
has a significant positive influence on the fluorescence
quantum yield (@) in all solvents. The @ for 1c s at least twice
(but for DMSO almost five times) higher than for 2.

ii) In less polar dioxane, substitution by an electron with-
drawing substituent (cf. 1¢ and 1d—f) causes a strong raising
of @ (up to 0.93) in contrast to substitution by an electron
donating substituent (cf. 1a—c) exhibits a strong decrease of
.

iii) With the exception of DMSO, the @ of all the compounds
studied decreases with increasing polarity of the solvent
used; some deviations were only found for 1f and 1g in
closely polar acetone and acetonitrile. Inconsistencies found
in the quantum yield for DMSO may be caused by the higher
viscosity of this solvent (7 = 1.99 mPa s) as compared to other
solvents (mac = 030 mPa s; nacn = 0.34 mPa s;
NEt0Ac = 0.43 mPa S; Ndioxane = 1.18 mPa s).

iv) Thiophene heterocycle may behave as auxiliary donor.
However, depending on the structure of chromophore where
one moiety is represented by the thiophene ring this het-
erocycle may act as an electro donor or acceptor in depen-
dence on the structure and character of the second
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’!l-i?(zleeri;ental absorption (4max) and fluorescence (A.,,) maxima and Stokes shifts (A7) of selected compounds in different solvents.
Compd. Solvent
Dioxane Ethyl acetate DMSO? Acetone Acetonitrile
Amax Aem Av Amax Aem A Amax Aem Ap Amax Aem Ap Amax Aem Ap
-
[M~'em™]
1a 357 445 5539 355 445 5697 370 455 5049 357 447 5640 351 450 6268
1b 359 440 5128 360 440 5051 5%100 455 5001 358 444 5410 349 445 6181
1c 360 440 5051 355 443 5596 21%3‘1600 458 5024 358 445 5461 355 443 5596
1d 365 449 5126 363 448 5227 ;23 00 470 4764 365 452 5273 357 453 5936
1e 368 450 4952 366 449 5051 ;g(; 25 469 4386 365 454 5371 358 449 5661
1f 373 457 4928 373 458 4976 ;g; o 484 4874 375 462 5022 362 459 5838
1g 377 453 4450 370 450 4805 ;2?50 472 4788 373 455 4832 361 452 5577
1h 378 463 4857 373 465 5304 ;2,8800 482 4853 374 464 5186 366 465 5817
2 362 445 5152 361 443 5127 §2,7250 463 5696 358 445 5461 356 442 5465
17,500

2 Absorption coefficients (¢) are listed only for DMSO.

Table 2
Fluorescence quantumyields () and orientation polarizability (Af) in solvents used.

Solvent Af [
1a 1 1c 1d 1e 1If 1g 1h 2

Dioxane 0.021 0.12 034 053 077 0.84 089 0.93 025 028
EtOAc 0202 0.13 024 046 062 079 075 0.61 020 023
DMSO 0264 022 041 063 056 060 044 0.84 032 0.13
Acetone 0285 0.05 0.15 025 041 059 046 0.46 0.12 0.13
Acetonitrile 0.306 0.03 0.14 0.28 047 061 066 0.69 0.09 0.12

push—pull moiety. In our case, from the spectral point of
view (Amax and Zem), thiophene ring behaves as an electron
withdrawing moiety (like a pyridine ring). However
compared with 1g, ¢ of 1h exhibits a significant decrease in
all solvents.

v) Virtually no relationships exist between @ and the emitting
state energy of S; as defined by the experimental fluores-
cence band maxima.

vi) In a polar protic methanol no significant fluorescence was
observed.

Table 3

Experimental absorption (4max) and fluorescence (Zem) maxima, molar absorption
coefficients (), Stokes shifts (A7) and fluorescence quantum yields (®) of the com-
pounds studied (dissolved in DMSO/TEA) in their dissociated forms.

Compound Amax e Jem A [
[nm] M 'em '] [nm] [em™']

1a” 439 6020 566 4565 0.35
1b 445 6090 566 4355 0.31
1c 447 5810 571 4385 0.53
1d 460 6020 581 4102 0.49
1e 462 5920 583 4223 0.53
1f 475 6300 602 4132 0.44
1g 468 6160 588 4096 0.68
1h- 464 6140 601 4428 0.26
2 489 - 602 3440 0.18

vii) The fluorescence quantum yields of deprotonated forms are
comparable to the neutral forms and the values are only a
slightly dependent on substituents (cf. 1a—g); similar to the
neutral form, 1Th shows a decrease of ¢.

4. Theoretical approach

In order to gain more detailed insight into the structural and the
spectroscopic properties of the compounds studied the equilibrium
ground state conformations and the singlet electronic excited state
characteristics have been calculated using semiempirical PM3 and
ZINDO/SCRF, methods respectively [33]. The semi-empirical
methods afford in some cases comparable or even better results
compared with the higher level methods [34]; they are especially
suited in search of relationships structure-spectral characteristics
for large structurally homogenous series of compounds (“tailored
system”). Moreover similar semiempirical methods were recently
used for electronic spectra prediction of structurally similar 2,5-
diarylthiazoles [35] and also for more complex two-photon ab-
sorption spectra prediction [36]. The results of these theoretical
calculations for the compounds 2, 1a, 1c and 1f carrying sub-
stituents of a different character and also for 1g and 1h (i.e. the
compounds with heterocyclic rings) are presented in Table 4.

The geometry optimization of compounds 1a—h has confirmed
an arrangement in which the hydrogen atom of the thiazole 4-
hydroxy group is connected to an oxygen atom of the 5-(2-
hydroxyphenyl) group through an intramolecular hydrogen bond.
The thiazole hydroxy group is therefore a hydrogen-bond-donor
which is in accord with its lower pK; [29]. The intramolecular
hydrogen bond interaction constrains the dihedral angle (2, see
Table 4) between the 2’-hydroxyphenyl and thiazole ring like in
2,2'-biphenol where a dihedral angle 45° was found [37]. On the
other hand the dihedral angle B between the 2-(4-subst. phenyl)-,
2-(2-pyridyl)- or 2-(2-thienyl)- group and the thiazole ring is close
to zero (B =4°—8°, see Table 4), which allows full substituent ef-
fects to be transmitted from the phenyl to the thiazole ring.

The first intense absorption band (¢ =10* M~! cm~! in DMSO,
Table 1) of the compounds studied is ascribed to an allowed “pure”
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Table 4

Theoretical spectral characteristics of Sy — S, transitions of selected compounds for their optimized geometry. Calculated dihedral angles in compounds 1a, 1c, 1f, 1g,1Th and 2.
Dihedral angle « [°] is between planes 4-5-1/2"-1’-6' and B between planes 3-2-1/1"-2"-3".

3 "

HO 1
OH “I Ny 2=
2 2 2 W\Y
1
6

©

Z: CHorN; Y: OCHj; H; CF3

1h 2

Compound Energy of transition (wavenumber/wavelength) Oscillator strength Main CI configuration Dipole moment Dihedral angle
Gr. st. Exc. st. o’ [p°
[10* cm™"]/[nm] [D] [D]
1a 28.44/352 0.704 53-54(0.97) 5.4 10.6 63/7
1c 28.53/351 0.641 47-48 (0.96) 3.6 10.5 60/11
1f 27.97/358 0.614 59-60 (0.96) 6.7 157 64/8
1g 27.62/362 0.628 47-48 (0.96) 15 9.8 63/7
1h 26.51/377 0.723 45-46 (0.97) 5.4 10.2 63/5
2 28.31/353 0.653 44-45 (0.97) 23 8.7 5716
Dissoc.
1a 18.77/533 0.333 53-54 (0.94) 21/23
1c 18.46/542 0.331 47-48 (0.95) 22/17
1f 17.11/584 0.334 59-60 (0.95) 22/20
1g 17.08/585 0.341 47-48 (0.94) 22/19
1h 17.03/587 0.323 45-46 (0.95) 21/22
2 18.24/548 0.268 44-45 (0.94) 2/25

T—m* HOMO—LUMO Sp—S; transition. From the shape of the HOMO
and LUMO and especially from the distribution of the m-electron
density in the first excited state and changes of transition moments
to higher values in the first excited state, a CT character of this
transition connected with a transfer from the donor moiety (from
2’-hydroxyphenyl to C4 and Cs atoms of thiazole ring) to the
acceptor moiety (C; and N atoms of thiazole ring and phenyl in
position 2) is obvious (e.g. 1c, Fig. 4). A CT character of Sp—S;
transition is manifested dominantly in an influence of an electro-
negatively substituted phenyl or heterocycle on acceptor ability of
acceptor moiety leading in more or less bathochromic shift of
fluorescence spectral band for 1f—h. Very small influence of solvent
polarity was found for all individual substances in all solvents
except for DMSO. The energies of HOMO and LUMO and their dif-
ference (N—V; transition) are presented in Table 5.

The substitution of a hydrogen atom in the phenyl ring of the
acceptor part with a methoxy group (1a — 1c) influences the en-
ergy of both MOs by a small amount. However, substitution with a
moderately electron-withdrawing chlorine atom (1c — 1d,e) and
mainly with a strongly electron withdrawing trifluoromethyl group
(1c — 1f) or the substitution of the phenyl ring with pyridine or
thiophene ring causes a significant fall in the energy of LUMO and
consequently a bathochromic shifts of the corresponding absorp-
tion bands. Excitation energy of So—S; transition and also the
experimental excitation energy (absorption maxima in dioxane)
are in good relation with N—V; transitions. It confirmed well the
character of the first absorption band of the studied compounds
(Fig 5).

The introduction of an OH group into the 5-phenyl ring (cf. 2 and
1c¢) does not show practically any change in the excitation energy of
the first electronic transition. This corresponds well with the
experimental absorption maxima.

As compared with the experimental absorption maxima, the
theoretical values of the first transition exhibit hypsochromic shifts
in vacuum as expected (up to 15 nm for 1f in dioxane and 31 nm in
DMSO), and are only slightly dependent on the structure (Tables 4
and 6).

Theoretical absorption maxima in dependence on &, and n (Af)
for several solvents were calculated as well. An agreement of the
theory with experiment was found to be very good for all sub-
stances (except 1f) in all solvents except of acetonitrile (Table 6).
The values calculated by theory for these transitions for all

1c 1c™

LUMO

HOMO

Fig. 4. Electron density for HOMO, LUMO and S, excited states of compound 1c in
neutral and dissociated form.
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Table 5

Energy of frontier molecular orbitals of selected compounds.
Compound HOMO LUMO A

[eV] [eV] [eV]

1a —7.480 -0.578 6.902
1c —-7.534 —0.490 7.044
1f -7.779 —-1.006 6.773
1g ~7.616 -0.870 6.746
1h ~7.433 -0.928 6.505
2 ~7.562 —0.734 6.828
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Fig. 5. Dependence of energy of absorption maxima (O, eV) of 1a,c,f~h in dioxane
(see Table 1) and theoretical energy (®, eV) of So—S; transitions (see Table 4) on
energy of HOMO—LUMO transitions (see Table 5).

compounds in acetonitrile are lower in energy probably due to a
surprisingly short experimental Amax in this solvent. The role of the
CT character is probably overestimated in the SCRF (Self Consistent
Reaction Field) procedure for 1f and consequently the theoretical
transitions are shifted bathochromically in all the solvents used.
With the exception of the anion of 2, the optimized geometry of
the compounds studied in their deprotonated form (1a —1h") is
quite different from the geometry of the compounds in their
neutral form (Table 4). Contrary to the other compounds, the anion
of compound 2 exhibits virtually full planarity between the 5-
phenyl and the thiazole rings which is in agreement with the
strong bathochromic shift of the absorption band of this system.

The first absorption band of the deprotonated forms is assigned
to a pure So—S; T—7t* transition between HOMO—LUMO exhibiting
significant CT character from the donor to the acceptor part (Fig. 4).
Compared to the neutral form, a distribution of r-electron density
in the HOMO and LUMO and also in the S; state, is more pro-
nounced. The dramatic bathochromic shift of the absorption bands
of the deprotonated forms may be explained on the basis of the CT
character of the Sp—S; transition. The presence of the thiazole-4-
oxide anion increases significantly the electron donor character of
the donor moiety; compared to the neutral form, the energy of the
HOMO is increased by 4.60 eV (1¢”) and 4.65 eV (1g~) while the
LUMO energy is increased by only 2.50 eV and 2.88 eV, respectively.
From the comparison of the experimental and theoretical data, it is
recognized that the computational procedure used overestimates
an influence of the thiazole-4-oxide anion on the donor efficiency
of the donor subsystem; nevertheless, it describes well the trend of
the absorption bands bathochromic shifting also from the point of
view of the acceptor part of the structure.

Quantum chemical calculations suggest that the above-
mentioned intramolecular hydrogen bond can play an important
role in the fluorescence properties of the compounds 1a—h. From
numerous reports in the literature [38—41] it is well known that
both intramolecular and intermolecular hydrogen bonding can lead
to significant changes in the lifetime of the first excited singlet
state. For example in indigo derivatives [42] intramolecular
hydrogen bonding provides a channel for fast radiationless deac-
tivation causing strong fluorescence quenching. On the other hand
in protonated 2,3-dipyridine-2-ylquinoxaline an intramolecular
hydrogen bond forces the structure to become flatter and conse-
quently enhances its fluorescence intensity [43].

A special case of the positive influence of intramolecular
hydrogen bonding is represented by excited state intramolecular
proton transfer (ESIPT) [44]| which has found an application in, for
example, molecular probes, luminescent materials, molecular logic
gates.

In the case of our compounds, the statement that the @ is
influenced by the intramolecular hydrogen bond is clear from the
following observations:

- Compound 2 which has no possibility to form an intramolecular
hydrogen bond displays a much smaller ¢ compared to com-
pounds 1a—g;

- Intramolecular hydrogen bonding increases the conformational
rigidity of 1a—g and thus may suppress the quenching processes
that would otherwise be possible, leading to a fluorescence
enhancement.

- The character of the substituent influences the proton donation
ability of the 4-hydroxy group on the thiazole ring; as compared
with 1c, the electron withdrawing substituents induce larger ¢

Table 6
Theoretical and experimental absorption maxima (4max) of selected compounds; theoretical data were computed for vacuum and for several solvents.
Compound Solvent
Vacuum Dioxane Ethyl acetate DMSO Acetone Acetonitrile
}lnmx )>I1‘ld)( ;\m.)x )*max ;‘l\).lx }\m.lx
[nm] [nm] [nm] [nm] [nm] [nm]
Theor. Theor. Exp. Theor. Exp. Theor. Exp. Theor. Exp. Theor. Exp.
1a 352 362 357 363 355 373 370 361 357 363 351
1c 351 363 360 363 355 377 371 364 358 364 355
1f 358 383 373 389 373 418 389 388 375 389 362
1g 362 372 377 373 370 381 385 372 373 372 363
1h 377 388 378 388 373 398 388 387 374 387 366
2 353 361 362 360 361 365 367 360 358 360 356
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values; in contrast the electron donating methoxy group causes
the strong decrease of @.

- In comparison with ¢-s in dioxane, a drop of the ¢ in the other
solvents occurs due to a solvent induced intermolecular inter-
action of OH groups with more polar solvents; in methanol
where intramolecular hydrogen bond is destroyed and new
intermolecular hydrogen bonds are formed, the @ is negligible.

- In anionic structures there is also a strong intramolecular
hydrogen bond between thiazole-4-oxide and 2’-hydrox-
yphenyl group. However the “direction” of this bond is
opposite because here 2’-hydroxyphenyl represents the donor
and the thiazole-4-oxide is the acceptor of the hydrogen. The
high strength of this intramolecular hydrogen bond is clear
from the observation that even a strong base such as sodium
hydroxide does not cause measurable dissociation of the
proton. Such an observation is consistent with the behavior of
the monoanion of 2,2’-biphenol [45] for which only incom-
plete dissociation was observed in 5 M sodium hydroxide
solution. Also in this case such a conformationally rigid
arrangement enhances the quantum yield ca three times
(¢f. #-s for 1c” and 27).

5. Conclusion

New fluorescent 2-aryl-4-hydroxy-5-(2’-hydroxyphenyl)-1,3-
thiazoles have been prepared and characterized. Their fluores-
cence properties have been investigated under neutral and alkaline
conditions in solutions of various organic solvents (measured @'s
were up to 0.93 and 0.68, respectively). It was found that the
presence of the 2’-hydroxyphenyl group in position 5 together with
an electron withdrawing substituent in position 2 substantially
(2—4 times) enhances fluorescence quantum yields (®) — most
probably due to formation of an intramolecular hydrogen bond.
Quantum chemical calculations confirmed the presence of the
intramolecular hydrogen bond and mw—m* HOMO-LUMO Sp—S;
transition having CT character in those molecules.
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Eschenmoser coupling reaction
3-Bromo-1,3-dihydro-2H-indol-2-one
3-Bromo-1-benzofuran-2(3H)-one

The reactions of 3-bromo-1-benzofuran-2(3H)-one (1a) and 3-bromo-1,3-dihydro-2H-indol-2-one (1b)
with 4-methoxythiobenzamide and thiourea under mildly basic conditions are reported. While bromi-
nated lactone 1a gave the expected 5-(2-hydroxyphenyl)-2-(4-methoxyphenyl)-1,3-thiazol-4-ol (2) or
2-amino-5-(2-hydroxyphenyl)-1,3-thiazol-4(5H)-one (5) products, the analogous brominated lactam
1b reacted with the thioamide via an unexpected Eschenmoser coupling reaction to give (32)-3-
[amino(4-methoxyphenyl)-methylidene]-1,3-dihydro-2H-indol-2-one (3). When lactam 1b was treated
with thiourea, isoindigo (4) was the only isolated product. The reaction mechanisms, involving formation
of a-thioiminium or isothiouronium salts and their base-catalyzed decomposition are also proposed.

© 2015 Elsevier Ltd. All rights reserved.

Brominated lactones' ® and lactams’® represent suitable start-
ing material for the syntheses of a variety of heterocyclic com-
pounds. A focus of our group is the ring transformation of
isothiouronium salts derived from lactones and lactams which give
not only the expected thiazoles or thiazolidines’ '* but also the
unexpected 2H-isoindol-2-carbothioamides'® and 1,3-dimethyl-
1-(3-0x0-1,3-dihydro-2-benzofuran-1-yl)-thioureas.'*

Recently, we extended our study to the reaction of 3-bromo-1-
benzofuran-2(3H)-one (1a)'® and 3-bromo-1,3-dihydro-2H-indol-
2-one (1b)'® with 4-methoxythiobenzamide or thiourea and found
that each of the reactions proceeded by completely different path-
ways despite only minor differences in the structure of the starting
heterocycle and attacking nucleophile (Scheme 1).

While lactone 1a reacted with 4-methoxythiobenzamide via the
expected nucleophilic attack of sulfur on the 3-position to give the
corresponding thioiminium salt which subsequently undergoes
ring closure giving'” 5-(2-hydroxyphenyl)-2-(4-methoxyphenyl)-
1,3-thiazol-4-ol (2), the same reaction of lactam 1b gave an unex-
pected product'® that did not contain sulfur. Careful structural
analysis including 'H, '*C, MALDI-HRMS, elemental analysis, and
X-ray crystallography'? (Fig. 1) provided unambiguous proof that
(32)-3-[amino(4-methoxyphenyl)-methylidene]-1,3-dihydro-2H-
indol-2-one (3) had been formed exclusively instead of the

* Corresponding author. Tel.: +420 466 037 015; fax: +420 466 037 068.
E-mail address: jiri.hanusek@upce.cz (J. Hanusek).
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Scheme 1. Structure of the products formed from reaction of 1a,b and thiourea or
4-methoxythiobenzamide.

expected
4(5H)-one.
Substitution of the endocyclic oxygen by nitrogen therefore
causes a substantial difference in reactivity. Two reasons could
be suggested why favorable ring closure of the thioiminium salt
is not the preferred reaction pathway. Firstly, the reactivity of
the lactam carbonyl group toward the internal nucleophile is much
lower than in the lactone and secondly, the aromatic amine is a
much poorer leaving group than the phenoxide anion. However,

5-(2-aminophenyl)-2-(4-methoxyphenyl)-1,3-thiazol-
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Figure 1. ORTEP view of compound 3 (thermal ellipsoids at 50% probability level).

these two reasons are not sufficient to explain the change of
reactivity because structurally similar brominated lactams
undergo ring transformation even with less reactive thioureas

easily under mild conditions (Scheme 2).71°
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Scheme 2. Ring transformation of 3-bromo-1-(4-methoxyphenyl)-pyrrolidin-2-
one‘l.ﬂ.l(r

This comparison indicates that the main reason for the change
in reactivity lies in the presence of a relatively acidic hydrogen at
the o-carbon of the thioiminium salt formed from 1b. The base
(or even slightly basic solvent) can act to convert the thioiminium
group to the thioimide and also abstract the acidic hydrogen from
the benzylic a-carbon to give an internal C-nucleophile. This nucle-
ophile then preferentially attacks the imino (or iminium) group to
give a thiirane (episulfide) which then undergoes spontaneous sul-
fur-extrusion to give the final product 3 (Scheme 3).

N N
0 o
4-MeOCgH,CSNH, 5, bese "
-S

1b
Me0~©\(s S

. O
" NH,

Scheme 3. The Eschenmoser coupling reaction of 1b.

I

This reaction sequence represents a very rare example of the
Eschenmoser coupling reaction’” where a primary thioamide pro-
ceeds along this reaction pathway without the addition of a thiophile
(phosphine or phosphite). Moreover it is well known”° that in most
cases only secondary and tertiary thioamides are suitable starting
materials for Eschenmoser coupling reactions since primary thioa-
mides readily undergo conversion to nitriles under basic conditions.
We found only two other examples”'?* where primary thioamides
were successfully used in the Eschenmoser coupling reaction.

The presence of elemental sulfur in the precipitated product
was confirmed by microanalysis. While the crude precipitated pro-
duct contained less than a stoichiometric equivalent of sulfur,
repeated crystallization from hot methanol gave the same product
(according to NMR and MALDI-MS) but without sulfur. It is worth
mentioning that product 3 has previously been synthesized using a
different synthetic approach and showed significant kinase inhibi-
tor activity?® (ICso=3.1 x 10~%). The Eschenmoser coupling reac-
tion of lactam 1b therefore represents a suitable alternative to
the existing synthetic approaches.”* %’

The formation of the unexpected Eschenmoser coupling product
3 encouraged us to perform a similar experiment with thiourea.
Further support for this experiment was a recent report®® in which
1b was highlighted as a suitable C-nucleophile in an asymmetric
organocatalytic Mannich reaction with N-tosylimines, giving prod-
ucts bearing quaternary stereocenters at the C3 position with excel-
lent diastereo and enantioselectivity. Various bifunctional thiourea-
derived catalysts containing the cinchona alkaloid moiety have been
successfully used to mediate this reaction although such thioureas
could behave as S-nucleophiles toward 1b.

According to our previous experience® with 1a where 2-amino-
5-(2-hydroxyphenyl)-1,3-thiazol-4(5H)-one (5) was formed exclu-
sively, we expected the initial formation of the isothiouronium salt
from the reaction of 1b and thiourea which would then undergo
base-catalyzed ring transformation to give 2-amino-5-(2-amino-
phenyl)-1,3-thiazol-4(5H)-one.

When compound 1b was added to the solution of thiourea in
acetonitrile’” a white precipitate was formed immediately in
almost quantitative yield. According to MALDI MS the composition
of this solid corresponded to the expected S-(2-o0xo0-2,3-dihydro-
1H-indol-3-yl) isothiouronium bromide (6). However when this
salt 6 was dissolved in DMSO-dg both 'H and '3C NMR spectra
did not match the expected structure.

The 'H NMR spectrum®® (Fig. 2) contained one singlet
corresponding to an aliphatic CH, six multiplets corresponding to
eight aromatic hydrogens, two sets of two broad singlets which
are typical for the isothiouronium moiety (-S(NH,)3), two broad
singlets corresponding to two NHs, and one broad singlet
corresponding to an SH group. The '3C NMR spectrum’® contained
eighteen different carbons (see SI). These spectra lead us to the
conclusion that the initially formed S-(2-oxo-2,3-dihydro-1H-
indol-3-yl)isothiouronium bromide (6) had undergone a fast cou-
pling reaction in DMSO-dg to give an equimolar mixture of

JLJLJ___.__JU\.JU& id o
B W W W R A

T
1 6 ppm
Figure 2. 'H NMR spectrum of (7) + thiourea hydrobromide in DMSO-dj.
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Scheme 4. The proposed mechanism for formation of isoindigo (4).

thiourea hydrobromide®” and S-(2,2’-dioxo-2,2',3,3'-tetrahydro-
1H,3'H-3,3’-biindol-3'-yl)isothiouronium bromide (7), presumably
via nucleophilic attack of the conjugated C-base of the isothiouro-
nium salt 6 to the second molecule of this salt (Scheme 4).

Again, the enhanced acidity of the hydrogen at the benzylic
o-carbon in the polar aprotic solvent (which also enhances nucle-
ophilic displacement) is the main reason for our observations.
When an aqueous solution of isothiouronium salt 6 was treated
with base®' (ammonia or sodium carbonate) a dark red precipitate
gradually started to form. Careful structural analysis including 'H,
13C, MALDI-HRMS, elemental analysis and comparison with pub-
lished data®® confirmed the formation of (E)-[3,3’-biindolinyli-
dene]-2,2'-dione (isoindigo) (4).

In conclusion, we discovered the anomalous behavior of 3-
bromo-1,3-dihydro-2H-indol-2-one (1b) toward S-nucleophiles
(thiamide, thiourea). While N-aryl-3-bromolactams, 3-bromolac-
tones, and 3-bromobenzolactones undergo the expected trans-
formations with these S-nucleophiles to form thiazolidines or
thiazoles, 3-bromobenzolactam 1b gives the products derived from
either an Eschenmoser coupling reaction or dimerization.
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ABSTRACT

The reaction of 3-bromooxindole with substituted (hetero)aromatic thioamides in acetonitrile was
studied. At room temperature the reaction preferably gives products of ring transformation i.e. 2-aryl-5-
(2-aminophenyl)-4-hydroxy-1,3-thiazoles (3b-f,h) whereas at elevated temperature products of an
Eschenmoser coupling reaction, ie. 3-[amino(aryl)-methylidene]-1,3-dihydro-2H-indol-2-ones (2b-f),
are formed exclusively. There exist only two exceptions (4-methoxy and 2-pyridinthioamide) in which
the Eschenmoser coupling reaction always takes place giving 2a and 2g. Also N-methylation of the
starting 3-bromooxindole completely prevents formation of thiazoles. The prepared thiazoles 3b-f are
unstable in solution and they undergo slow ring transformation to 2b-f. The rate limiting step of this
rearrangement involves cleavage of an intermediary thiirane ring, which is slowed down by electron-
withdrawing substituents on the thioamide (p = —1.15).

1,3-Dihydro-2H-indol-2-ones
Kinetics

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

In our group we are constantly dealing with ring transformations
of substituted isothiuronium salts derived from o-brominated
lactams'  and lactones® °® giving in most cases substituted thia-
zolidines but also other heterocyclic products such as 2H-isoindol-
2-carbothioamides.” An extension of the scope of this work to thi-
oiminium salts derived from 3-bromo-1-benzofuran-2(3H)-one
gave highly fluorescent 2-aryl-4-hydroxy-5-(2-hydroxyphenyl)-1,3-
thiazoles.®

Recently’ we have observed unexpected behavior during the
reaction of 3-bromo-1,3-dihydro-2H-indol-2-one (3-bromo-oxin-
dole, 1a) with 4-methoxythiobenzamide giving a product arising
from a Eschenmoser coupling reaction ie. (3Z)-3-[amino(4-
methoxyphenyl)-methylidene]-1,3-dihydro-2H-indol-2-one  (2a)
instead of the expected transformation product 5-(2-aminophenyl)-
4-hydroxy-2-(4-methoxyphenyl)-1,3-thiazole (3a) (Scheme 1).
Deeper exploration of this reaction brought further unexpected
results which we want to report in this article.

* Corresponding author. Dedicated to Professor Jaromir Kavalek on the occasion
of his 80th birthday.
E-mail address: Jiri.Hanusek@upce.cz (J. Hanusek).
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0040-4020/© 2017 Elsevier Ltd. All rights reserved.

2. Results and discussion
2.1. Synthesis and structure of products

In our previous report’ we have prepared Eschenmoser coupling
product 2a from 3-bromo-oxindole (1a) in a relatively good overall
yield (57%) after recrystallization from hot methanol. However,
when we tried to extend this synthetic protocol to other aromatic
thioamides, we have found that the structure of intermediate
formed in acetonitrile during the first step does not correspond to
the hydrobromide salt of the expected Eschenmoser coupling
product (2a-h) but another side reaction product, namely thiazoles
3b-f and 3h, are formed in amounts which depend on the substi-
tution in the starting thioamide (Table 1).

From Table 1 it is clear that the ring transformation of non-
isolable intermediate thioiminium salt (In-HBr) to the corre-
sponding hydrobromide of 5-(2-aminophenyl)-4-hydroxy-2-(sub-
st.phenyl)-1,3-thiazole (3b-f,h) is preferred over the Eschenmoser
coupling reaction giving 2b-f and 2h. There are only two exceptions
i.e. 4-methoxy and 2-pyridyl derivatives which give 2a and 2g
exclusively. However, the isolation of a free base of 3b-f)h in a pure
state is quite difficult because each attempt at purification, such as
crystallization or column chromatography, always lead to an
enormous increase of 2b-fh content. The best method for isolation
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Scheme 1. Reaction of 3-bromo-1,3-dihydro-2H-indol-2-ones (1a,b) with aromatic
thioamides.

Table 1

Composition of crude precipitated product formed from reaction of 1a (1.4 mmol)
with thioamides (1.4 mmol) in acetonitrile at room temperature (for details see
Experimental Section).

Arylthioamide (Ar—CSNH,) Yield 2 + 3 (g) 2 (%) 3 (%)
a: 4-CH30-CgHs 0.47 100 0

b: 4-CH3-CgHy 0.47 12 88
c: CgHs 0.42 5 95
d: 4-Cl-CgHy4 0.48 5 95
e: 3-Cl-CgHa 0.46 10 90
f: 4-CF3-CgHa 0.51 17 83
g: 2-Pyridyl 0.44 100 0

h: 2-Thienyl 0.42 20 80

of 3b-f (not applicable for 3h) involved quick extraction of the
crude precipitated hydrobromide suspended in diethylether with
water containing two equivalents of ammonia and washing of the
evaporated solid residue with cold ethanol. Thiazoles 3b-f prepared
in this way were fully characterized by spectral methods ('H and
13C NMR, HRMS) and microanalysis. HRMS as well as microanalysis
gave results consistent with the proposed structures of 3b-f or a
free base of intermediate In. The structure of isomeric intermediate
In can be excluded on the basis of 'H and '*C NMR spectra. '"H NMR
spectrum contains the expected number of aromatic protons and a
very broad signal in the same region (Fig. 1) corresponding to NH
and OH groups. This broadening probably occurs due to fast
chemical exchange with water present in the solvent and between
the NH; and OH groups. No signal for a CH group present in In or for
the prototropic keto-form of 3b-f was observed for which chemical
shift about 5.40—5.80 ppm would be expected.®? On the other

Fig. 1. Inset of "H NMR spectrum of 3f in DMSO-ds.

hand, the 'H NMR spectrum does not contain a signal around
10.4—-10.8 ppm which are typically observed for NH in indol-2-one
(cf. spectra of 1a vs. 2a-f).

The same conclusion can be drawn from the '>C APT spectra. No
CH and C=0 carbons are present (around 55 and 182 ppm respec-
tively). On the other hand this spectrum contains typical signals
expected for the 4-hydroxythiazole quaternary carbons C;
(158.9—161.4 ppm), C4 (157.2—158.1 ppm) and C5 (105.9—108.4 ppm)
which are found® in the '*C NMR spectra of similar 2-aryl-4-hydroxy-
5-(2-hydroxyphenyl)-1,3-thiazoles (i.e. 159.7—160.6 ppm for Cp,
158.9—159.6 ppm for C4 and 102.2—104.1 ppm for Cs). All these
measurements confirmed the identity of a structure containing a
thiazole ring.

An attempt was made to independently synthesize 3c starting
from methyl 2-(2-nitrophenyl)acetate (Scheme 2).

While the bromination and reaction with thiobenzamide affor-
ded 5-(2-nitrophenyl)-4-hydroxy-2-phenyl-1,3-thiazole (5) in
good vyield, the final reduction of the nitro group (H»/Pd-C) was
unsuccessful due to formation of very complex and inseparable
mixture of products. An alternative synthesis starting from Boc-
protected 2-(2-aminophenyl)acetate failed in the initial bromina-
tion step. Considering this failed synthesis it would appear that the
route starting from 1a and involving ring transformation of In
represents the only successful method for obtaining 3b-f thus
confirming the general statement by Hajos about the synthetic
importance of transformation reactions.'”

2.2. Ring transformation of thiazoles 3b-f to 2b-f

As mentioned above, the initially prepared thiazoles 3b-f are
unstable compounds — especially when present in solution or under
heating. Under such conditions they slowly undergo a trans-
formation reaction to give the corresponding Eschenmoser coupling
products 2b-f. This transformation can be observed in time-resolved
TH NMR spectra at 70 °C in DMSO-dg (for 3b see Supplementary Info)
where the thiazole peaks gradually disappear and new peaks cor-
responding to 3-[amino(subst. phenyl)-methylidene]-1,3-dihydro-
2H-indol-2-one (2b-f) appear. No stable intermediate or by-product
are observable during kinetic measurements and transformation
clearly fulfils first-order kinetics. Similar results can be obtained in
methanol and using UV—Vis time-resolved spectra to follow the
exclusive formation of 2b-f. Values of the observed rate constants,
kobs, Were obtained by curve-fitting the experimental data using
non-linear regression (single exponential) and are listed in Table 2:

From inspection of the results presented in Table 2 it is clear that

NO. NO.
2 dioxan-Br, 2 Ph-CSNH, N
COOCH, COOCH,
N

Br 8-
5
®) Ph

Scheme 2. Synthesis of 5-(2-nitrophenyl)-4-hydroxy-2-phenyl-1,3-thiazole (5).

Table 2

Values of the observed rate constants (kg,s) and reaction half-lives (7,,) for trans-
formation of 3b-f to 2b-f measured in methanol at 50 °C (for details see Experi-
mental Part and Supplementary Info).

Thiazole 10% Kops (s 1) 74 (8)
3b 435 1593
3c 222 3122
3d 147 4715
3e 0.96 7220
3f 0.67 10340
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the electron-donating substituent (CH3) accelerates the trans-
formation to 2b, while electron-withdrawing substituents (4-Cl, 3-
Cl, 4-CF3) cause deceleration of this process. All the observed rate
constants nicely fulfils Hammett correlation giving a reaction con-
stant p = —1.15. Surprisingly, both hetaryl derivatives deviate from
this behavior. While for the electron-rich 2-thienyl prevalent for-
mation of 3h was observed, all attempts at its isolation failed, for
the electron-poor 2-pyridyl system only traces of 3g were identi-
fied in the crude product which was impossible to isolate in a pure
state. Finally the influence of a base was tested. It was found that
the rate of transformation remains virtually the same after addition
up to 10 triethylamine equivalents.

From above observations it can be concluded that the trans-
formation of 3b-f to 2b-f must involve reverse attack at the thiazole
carbon C4 with 2-amino group followed by thiazole ring opening to
give the unstable intermediate In. This intermediate then un-
dergoes an Eschenmoser coupling reaction (Scheme 3) via the
unstable thiirane adduct.

The whole reaction sequence starting from 1a and the thio-
amides therefore takes place either under kinetic control leading to
formation of 3b-f at room temperature or, under thermodynamic
control, which allows subsequent transformation of 3b-f to 2b-f
and which occurs at elevated temperature.

Indole ring-closure, thiazole ring-opening as well as formation
of the thiirane ring should be enhanced by electron-withdrawing
substituents in the benzene ring (Ar). However, the reverse trend
in reactivity was observed (p = —1.15). The rate-limiting step of the
transformation must therefore involve opening of a thiirane ring,
which is the only step that would be accelerated by electron-
donating substituents.'’ Thermal sulfur extrusion has previously
been kinetically studied only for 2,2-dichloro-3-[9-fluorenyl]thiir-
ane'*" for which both a unimolecular mechanism involving ionic
C—S bond cleavage and a bimolecular mechanism involving the
concatenation of sulfur atoms were proposed. Released elemental
sulfur had no influence on the reaction rate in the previous study."”
Our results are therefore completely consistent with a unim-
olecular mechanism involving ionic C—S bond cleavage. The sub-
stituent in the benzene nucleus (Ar) registers development of a
positive charge on the carbon next to the benzene nucleus which is
partially compensated by a negative charge developing on sulfur
and by resonance with a lone electron pair on the neighboring NH;
group (Scheme 3). However, the intermediate probably does not
have the structure of a free cation because a better linear Hammett
correlation is achieved using a Hammett ¢ = 0.22 than with
o' = 0.11 for the 4-Cl derivative 3d.

It is noteworthy that such a slight change in the structure of
starting 3-bromooxindole (1a), i.e. the methylation of the indole
nitrogen giving 1b, causes substantial change in its reactivity
with thiobenzamides. As seen from the NMR measurements, the
expected thiazoles are not formed anymore and only the
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Scheme 3. Mechanism of transformation of 3b-f to 2b-f.

corresponding Eschenmoser coupling products 4a-f can be
observed, even in a crude precipitated product. This change in
reactivity probably relates to a worse leaving ability of methyl-
amino group as compared to the amino group during the trans-
formation of In to corresponding thiazole.

3. Conclusion

The reaction of 3-bromooxindole with substituted (hetero)ar-
omatic thioamides in acetonitrile which was previously
reported” as giving the Eschenmoser coupling product (ie. 3-
[amino(aryl)-methylidene]-1,3-dihydro-2H-indol-2-ones), gave at
room temperature products of ring transformation (i.e. 2-aryl-5-
(2-aminophenyl)-4-hydroxy-1,3-thiazoles). It was found that the
composition of the product depends on the reaction temperature
and the substitution of the starting thioamide. While elevated
temperature and electron-donating substituents (especially 4-
CH30) favor the Eschenmoser coupling product, room tempera-
ture and electron-withdrawing substituent enable formation of
the ring transformation product (thiazole). The thiazoles initially
formed can be easily converted to the corresponding Eschen-
moser coupling products by simple heating or long standing in
solution. The mechanism of the thiazole rearrangement was
studied using kinetic measurements and it involves rate-limiting
cleavage of the reactive thiirane intermediate. Surprisingly, the N-
methylation of the starting 3-bromooxindole completely prevents
formation of thiazoles even at low temperature and with thio-
amides carrying electron-withdrawing substituents.

4. Experimental section
4.1. Compounds

Starting 3-bromo-1,3-dihydro-2H-indol-2-one (1a) and its 1-
methyl analogue 1b were synthesized'* from corresponding 3-
diazooxindole'® using slightly modified procedure (see Supple-
mentary Info) and were immediately used for further reactions.
Thiobenzamides were either purchased from commercial suppliers
(Sigma Aldrich, Across Chemicals) or prepared'® from corre-
sponding benzonitriles.

4.2. Reaction of 1a-b with substituted thiobenzamides

To a solution containing 1.4 mmol of 3-bromooxindole (1a) or 3-
bromo-1-methyloxindole (1b) in acetonitrile (2 mL) a saturated
solution of corresponding thiobenzamide (1.4 mmol) in acetonitrile
(ca 3—10 mL) was added. The mixture was stirred at room tem-
perature for 3 h. Precipitated crystals were collected by filtration
and analyzed using 'H NMR (or HPLC for 1c). The results are
summarized below and for 1a also in Table 1.

4.3. Preparation of (3Z)-3-[amino(aryl)-methylidene]-1,3-dihydro-
2H-indol-2-ones (2a-f and 4a-g)

Precipitated crystals obtained from procedure described in part
4.2. were dissolved in water (20 mL) and 0.15 mL (2 mmol) of 25%
aqueous ammonia was added. The reaction mixture was then
stirred for 3 h at 70 °C. After cooling precipitated product was
filtered off, washed with cold water and the crude product was
purified by column chromatography (SiOy/ethyl acetate). The yields
of prepared compounds ranged from 69 to 82% for 2a-f and 75—81%
for 4a-g.
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4.3.1. (3Z)-3-[amino(4-methoxyphenyl)-methylidene]-1,3-dihydro-
2H-indol-2-one (2a)

Yield: 0.27 g (73%) of yellow plates with data consistent with the
literature.”

4.3.2. (3Z)-3-[amino(4-methylphenyl)-methylidene]-1,3-dihydro-
2H-indol-2-one (2b)

Yield: 0.26 g (75%) of yellow plates; mp 222—224 °C; [found: C,
76.65; H, 5.63; N, 10.95. C;6H14N20 requires C, 76.78; H, 5.64; N,
11.19; 'H NMR (400 MHz, DMSO) 6 2,43 (s, 3H, CH3); 6.14 (d, 1H,
3] = 7.6 Hz, ArH); 6.54 (dt, 1H, 3] = 8.0 Hz, 4 = 1.6 Hz, ArH);
6.77—6.86 (m, 2H, 2 x ArH); 7.35—7.44 (m, 4H, 4 x ArH); 7.94 (bd,
1H, ¥ = 3.6 Hz, NH); 9.45 (bd, 1H, %] = 3.6 Hz, NH); 10.34 (bs, 1H,
NH); 13C NMR (100 MHz, DMSO) ¢ 93.7, 108.7, 117.3, 119.5, 122.3,
124.8,127.8,129.5,132.9, 136.0, 139.9, 160.6, 170.3; HRMS: [M+H ],
found 251.1177. C46H15N,0 requires 251.1179.

4.3.3. (3Z)-3-[amino(phenyl)-methylidene]-1,3-dihydro-2H-indol-
2-one (2c)

Yield: 0.23 g (69%) of light yellow plates; mp 238—239 °C (ref. I’
gives 238 °C); [found: C, 76.24 H, 5.09; N, 11.85. C;5H12N,0 requires
C, 76.25; H, 5.12; N, 11.86; "H NMR (500 MHz, DMSO) 6 6.00 (d, 1H,
3] = 8.0 Hz, ArH); 6.52 (dt, 1H, 3] = 7.0 Hz, ¥ = 1.5 Hz, ArH);
6.78—6.85 (m, 2H, 2 x ArH); 7.50—7.54 (m, 2H, 2 x ArH); 7.55—7.64
(m, 3H, 3 x ArH); 8.06 (bd, 1H, %] = 3.5 Hz, NH); 9.44 (bd, 1H,
2] = 3.5 Hz, NH); 10.38 (bs, 1H, NH); *C NMR (125 MHz, DMSO)
093.8,108.8,117.3,119.6,122.5,124.7,127.9,129.1,130.2,135.8,136.1,
160.5, 170.3. HRMS: [M+H"], found 237.1021. C;5H13N,0 requires
237.1022.

4.3.4. (3Z)-3-[amino(4-chlorophenyl)-methylidene]-1,3-dihydro-
2H-indol-2-one (2d)

Yield: 0.27 g (71%) of yellow plates; mp 234—236 °C (dec.);
[found: C, 66.62; H, 4.08; Cl,12.89; N, 10.29. C45H11CIN20 requires C,
66.55; H, 4.10; Cl,13.10; N, 10.35; 'H NMR (500 MHz, DMSO0) 6 6.05
(d, 1H, 3] = 7.5 Hz, ArH); 6.57 (dt, 1H, 3] = 7.5 Hz, 4] = 1.5 Hz, ArH);
6.80 (d, 1H, 3] = 7.0 Hz, ArH); 6.85 (dt, 3] = 7.5 Hz, 4] = 1.0 Hz 1H,
ArH); 7.54-7.56 (AA’XX’, 2H, ArH); 7.63—7.68 (AA’XX/, 2H, ArH);
8.05 (bd, 1H, %) = 4.0 Hz, NH); 9.40 (bd, 1H, % = 4.0 Hz, NH); 10.40
(bs, 1H, NH); 13C NMR (125 MHz, DMS0) é 94.0, 108.9, 117.2, 119.7,
122.7, 124.4, 129.2, 130.0, 134.5, 134.9, 136.2, 158.9, 170.2; HRMS:
[M+H*], found 271.0633. C;5sH33CIN,0 requires 271.0633.

4.3.5. (3Z)-3-[amino(3-chlorophenyl)-methylidene]-1,3-dihydro-
2H-indol-2-one (2e)

Yield: 0.30 g (78%) of yellow plates; mp 216—218 °C; [found: C,
66.62; H, 4.15; Cl, 12.89; N, 10.15. C15H1;CIN,0 requires C, 66.55; H,
4.10; Cl, 13.10; N, 10.35; 'H NMR (500 MHz, DMSO) 6 6.00 (d, 1H,
3] = 7.7 Hz, ArH); 6.56 (dt, 1H, 3] = 7.6 Hz, 4] = 1.3 Hz, ArH); 6.80 (dd,
1H, 3] = 7.0 Hz, %] = 0.8 Hz, ArH); 6.85 (dt, >] = 7.7 Hz, 4| = 1.1 Hz, 1H,
ArH); 7.49 (td, 1H, 3] = 7.6 Hz, ¥ = 1.4 Hz, ArH); 7.59 (t, 1H,
4] = 1.5 Hz, ArHy); 7.62 (t, 1H, 3] = 7.6 Hz, ArHs); 7.68 (ddd,
3] =8.0Hz, 4 =2.0Hz, %/ = 1.2 Hz, 1H, ArH); 8.10 (bd, 1H, ] = 3.7 Hz,
NH); 9.38 (bd, 1H, % = 3.9 Hz, NH); 10.40 (bs, 1H, NH); 13C NMR
(125 MHz, DMSO) 6 94.1,108.9, 117.1, 119.7, 122.7, 124.3, 126.8, 127.7,
130.0, 131.1, 133.6, 136.3, 137.6, 158.3, 170.2; HRMS: [M+H*], found
271.0631. C;5H33CIN,0 requires 271.0633.

4.3.6. (3Z)-3-[amino(4-trifluoromethylphenyl)-methylidene]-1,3-
dihydro-2H-indol-2-one (2f)

Yield: 0.33 g (77%) of yellow plates; mp 234—237 °C (dec.);
[found: C, 62.86; H, 3.64; N, 8.94. C;¢H11F3N,0 requires C, 63.16; H,
3.64; F, 18.73; N, 9.21; 'H NMR (500 MHz, DMSO) 6 5.95 (d, 1H,
3] = 8.0 Hz, ArH); 6.55 (t, 1H, 3] = 7.5 Hz, ArH); 6.80—6.88 (m, 2H,
2 x ArH); 7.77 (AA'XX', 2H, 3] = 7.5 Hz, 2 x ArH); 7.97 (AA’XX/,

3] = 7.5 Hz, 2 x ArH); 8.12 (bd, 1H, % = 3.5 Hz, NH); 9.44 (bd, 1H,
2] = 3.5 Hz, NH); 1046 (bs, 1H, NH); '3C NMR (125 MHz, DMSO)
0 94.2, 109.0, 117.1, 119.8, 120.9, 122.9, 124.2 (q, Jcr = 271.7 Hz),
124.3,126.1 (q, >Jcr = 3.8 Hz), 129.1, 130.5 (q, Jc_r = 32.7 Hz), 136.4,
139.7, 158.5, 170.3; HRMS: [M+H*], found 305.0898. C1gH12F3N,0
requires 305.0896.

4.3.7. (3Z)-3-[amino(pyridin-2-yl)-methylidene]-1,3-dihydro-2H-
indol-2-one (2g)

Yield: 0.27 g (82%) of yellow plates; mp 215—217 °C; [found: C,
70.81; H, 4.68; N, 17.70. C14H11N30 requires C, 70.87; H, 4.67; N,
17.71; 'H NMR (400 MHz, DMSO) 6 5.86 (d, 1H, ] = 7.6 Hz, ArH);
6.53 (dt, 1H, ’] = 7.6 Hz, 4] = 1.6 Hz, ArH); 6.77—6.86 (m, 2H,
2 x ArH); 7.59—7.68 (m, 2H, 2 x ArH); 8.01-8.10 (m, 2H, 2 x ArH);
8.79 (bs, 1H, NH); 9.39 (bs, 1H, NH); 10.40 (bs, 1H, NH); *C NMR
(100 MHz, DMS0) 6 94.2,108.9,117.5,119.6, 122.7,123.7,124.3,125.1,
136.3, 137.6, 149.9, 153.6, 158.1, 170.5; HRMS: [M+H"], found
238.0975. C14H12N30 requires 238.0975.

4.3.8. (3Z)-3-[amino(thiophen-2-yl)-methylidene]-1,3-dihydro-2H-
indol-2-one (2h)

Yield: 0.25 g (73%) of yellow plates; mp 218—220 °C; [found: C,
64.51; H, 4.22; N, 11.49; S, 13.19. C;3HgN,0S requires C, 64.44; H,
416; N, 11.56; S, 13.23; 'H NMR (400 MHz, DMSO) 6 6.38 (d, 1H,
3] = 7.6 Hz, ArH); 6.62 (dt, 1H, 3] = 6.8 Hz, 4] = 1.1 Hz, ArH); 6.81 (d,
1H, 3] = 7.3 Hz, ArH); 6.88 (dt, 1H, 3] = 7.6 Hz, %] = 0.9 Hz, ArH); 7.28
(dd, 1H, 3] = 5.0 Hz, ¥ = 3.6 Hz, 1 x ArH); 7.43 (dd, 1H, 3] = 3.5 Hz,
4] =1.1 Hz, ArH); 7.88 (dd, 1H, %] = 5.0 Hz, %] = 1.1 Hz, ArH); 7.96 (bs,
1H, NH); 9.36 (bs, 1H, NH); 10.41 (bs, 1H, NH); '>C NMR (100 MHz,
DMSO) 6 94.2, 108.9, 117.5, 119.6, 122.7, 123.7, 124.3, 125.1, 136.3,
137.6, 149.9, 153.6, 158.1, 170.5; HRMS: [M-+H*], found 238.0975.
C14H12N30 requires 238.0975.

4.3.9. (3Z)-3-[amino(4-methoxylphenyl)-methylidene]-1-methyl-
1,3-dihydro-2H-indol-2-one (4a)

Yield: 0.30 g (80%) of yellow plates; mp 206—208 °C; [found: C,
72.84; H, 5.77; N, 9.95. C;7H1gN20, requires C, 72.84; H, 5.75; N,
9.99]; 'H NMR (400 MHz, DMSO) 6 3.26 (s, 3H, NCH3); 3.38 (s, 3H,
OCH3); 6.28 (d, 1H, 3] = 7.6 Hz, ArH); 6.58—6.68 (m, 1H, ArH);
6.85—6.97 (m, 2H, 2 x ArH); 713 (d, 2H, 3] = 8.4 Hz, 2 x ArH); 7.48
(d, 2H, 3] = 8.4 Hz, 2 x ArH); 8.14 (brs, 1H, NH); 9.42 (brs, 1H, NH);
3¢ NMR (100 MHz, DMSO) 6 25.4, 55.4, 92.9, 1074, 114.3, 117.1,
1221, 122.4, 124.0, 127.7, 129.6, 137.3, 160.5, 160.8, 168.4; HRMS:
[M+H™], found 281.1280. C17H17N20; requires 281.1285.

4.3.10. (3Z)-3-[amino(4-methylphenyl)-methylidene]-1-methyl-
1,3-dihydro-2H-indol-2-one (4b)

Yield: 0.30 g (81%) of yellow plates; mp 179—181 °C; [found: C,
7716 H, 6.10; N, 10.52. C47H1gN20 requires C, 77.25; H, 6.10; N,
10.60]; '"H NMR (500 MHz, DMSO) 6 2.43 (s, 3H, CH3), 3.26 (s, 3H,
NCH3); 6.17 (d, 1H, 3] = 7.7 Hz, ArH); 6.58—6.64 (m, 1H, ArH); 6.92
(AA’XX’, 2H, 2 x ArH); 7.38—7.42 (m, 4H, 4 x ArH); 8.04 (bd, 1H,
2] = 3.4 Hz, NH); 9.40 (bd, 1H, 3 = 3.4 Hz, NH); >C NMR (100 MHz,
DMSO0) 6 21.1, 25.4, 92.9, 107.5, 117.1,120.1, 122.4, 123.9, 127.9, 129.5,
132.7, 137.4, 140.0, 160.7, 168.4; HRMS: [M+H"], found 265.1334.
Cy7H17N20 requires 265.1335.

4.3.11. (3Z)-3-[amino(phenyl)-methylidene]-1-methyl-1,3-dihydro-
2H-indol-2-one (4c)

Yield: 0.26 g (79%) of light yellow plates; mp 175—178 °C;
[found: C, 76.66 H, 5.59; N, 11.17. C16H14N20 requires C, 76.78; H,
5.59; N, 11.17]; "H NMR (400 MHz, DMSO) 6 3.27 (s, 3H, NCH3); 6.04
(d, 1H, 3] = 7.6 Hz, ArH); 6.55—6.09 (m, 1H, ArH); 6.91—6.94 (m, 2H,
2 x ArH); 7.48—7.54 (m, 2H, 2 x ArH); 7.55—7.63 (m, 3H, 3 x ArH);
8.14 (bd, 1H, % = 3.2 Hz, NH); 9.41 (bd, 1H, %] = 3.2 Hz, NH); *C NMR
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(100 MHz, DMSO) 6 25.4, 107.5, 117.0, 120.1, 122.5, 123.8, 127.9,
129.0, 130.2, 135.6, 137.5, 160.5 (2 x C4), 168.3. HRMS: [M+H"],
found 251.1172. C16H15N20 requires 251.1179.

4.3.12. (3Z)-3-[amino(4-chlorophenyl)-methylidene]-1-methyl-1,3-
dihydro-2H-indol-2-one (4d)

Yield: 0.32 g (84%) of yellow plates; mp 174—177 °C; [found: C,
67.45; H, 4.62; Cl,12.40; N, 9.85. C;6H13CIN,0 requires C, 67.49; H,
4.60; Cl, 12.45; N, 9.84]; TH NMR (400 MHz, DMSO) 6 3.26 (s, 3H,
NCH3); 6.11 (d, 1H, 3] = 7.6 Hz, ArH); 6.62—6.69 (m, 1H, ArH);
6.91-6.98 (m, 2H, 2 x ArH); 7.56 (AA’XX’, 2H, °] = 6.4 Hz,
5] = 2.0 Hz, 2 x ArH); 7.67 (AA'’XX/, 2H, 3] = 6.4 Hz, °] = 2.0 Hz,
2 x ArH); 8.14 (bd, 1H, % = 3.2 Hz, NH); 9.40 (bd, 1H, %] = 3.2 Hz,
NH); 3¢ NMR (100 MHz, DMSO) 6 25.4, 93.3, 107.6, 117.0, 120.3,
122.8, 123.5, 129.2, 130.0, 134.3, 135.0, 137.6, 159.0, 168.3; HRMS:
[M+H], found 285.0788. C1gH33CIN,O requires 285.0789.

4.3.13. (3Z)-3-[amino(3-chlorophenyl)-methylidene]-1-methyl-1,3-
dihydro-2H-indol-2-one (4e)

Yield: 0.31 g (78%) of yellow plates; mp 68—71 °C; [found: C,
67.46; H, 4.51; Cl, 12.26; N, 9.79. C16H13CIN,0 requires C, 67.49; H,
4.60; Cl, 12.45; N, 9.84]; 'H NMR (500 MHz, DMSO) 6 3.26 (s, 3H,
NCHs); 6.04 (d, 1H, 3] = 7.7 Hz, ArH); 6.62—6.67 (m, 1H, ArH);
6.92—6.98 (m, 2H, 2 x ArH); 7.49 (d, 4H, 3] = 7.5 Hz, ArH); 7.59 (s,
1H, ArH); 7.63 (t, 1H, 3] = 7.7 Hz, ArH); 7.69 (d, 1H, 3] = 8.1 Hz, ArH),
8.15 (bs, 1H, NH), 9.34 (bs, 1H, NH); *C NMR (100 MHz, DMSO)
025.4,93.3,107.7,116.9,122.8, 123.4,126.8,127.8, 130.1,130.3, 131.1,
133.7, 137.4, 137.6, 158.4, 168.3; HRMS: [M+H"], found 285.0790.
C16H33CIN,O requires 285.0789.

4.3.14. (3Z)-3-[amino(4-trifluoromethylphenyl)-methylidene]-1-
methyl-1,3-dihydro-2H-indol-2-one (4f)

Yield: 0.32 g (75%) of yellow plates; mp 182—185 °C; [found: C,
64.40; H, 4.28; N, 8.61. C17H13F3N20 requires C, 64.15; H, 4.12; F,
17.91; N, 8.80]; 'H NMR 400 MHz, DMSO) 6 3.30 (s, 3H); 5.97 (d, 1H,
3] = 76 Hz, ArH); 6.58—6.68 (m, 1H, ArH); 693—7.10 (m, 2H,
2 x ArH); 7.77 (AA’XX’, 3] = 8.0 Hz, 2 x ArH); 7.98 (AA’XX/,
3] = 8.0 Hz, 2 x ArH); 8.20 (d, 1H, ¥ = 3.6 Hz, NH); 9.39 (d, 1H,
2] = 3.6 Hz, NH); 3C NMR (100 MHz, DMSO) é 25.4, 93.4, 107.7,
116.9, 1203, 122.9, 123.3, 1241 (q, 'Je.r = 272.6 Hz), 126.0 (q, Jc-
F=4.0 Hz),129.1,130.4 (q, ¥Jc.r = 32.2 Hz) 137.7,139.5, 158.5, 168.3;
HRMS: [M+H"], found 319.1052. C;7H14F3N20 requires 319.1053.

4.3.15. (3Z)-3-[amino(pyridin-2-yl)-methylidene]-1-methyl-1,3-
dihydro-2H-indol-2-one (4g)

Yield: 0.26 g (77%) of yellow plates; mp 170—173 °C; [found: C,
71.75; H, 5.20; N, 16.67. C;5H13N30 requires C, 71.70; H, 5.21; N,
16.72); 'H NMR 400 MHz, DMSO) & 3.32 (s, 3H); 5.94 (d, 1H,
3] = 7.6 Hz, ArH); 6.35-6.69 (m, 1H, ArH); 6.97—7.02 (m, 2H,
2 x ArH); 7.67—7.75 (m, 2H, 2 x ArH); 8.09 (dt, 1H, 3] = 8.0 Hz,
5] = 1.6 Hz, ArH); 8.22 (s, 1H, ArH); 8.85 (d, 1H, 2] = 3.2 Hz, NH); 9.40
(d, 1H, ¥ = 3.2 Hz, NH); '3C NMR (100 MHz, DMSO) § 25.4, 93.3,
107.6,117.2,120.1,122.8,123.3,123.7,125.2,137.5, 137.6, 149.9, 153.5,
158.1, 168.6; HRMS: [M+H "], found 252.1132. C15H14N30 requires
252.1131.

4.4. Isolation of 5-(2-aminophenyl)-2-aryl-4-hydroxy-1,3-thiazoles
(3a-+f)

Precipitated crystals obtained from procedure described in part
4.2. were suspended in Et;0 (50 mL) and extracted with 10 mL of
water containing 2 equivalents of NHs3. The suspension then grad-
ually turned to solution. Both layers were separated and organic
layer was dried and quickly evaporated under vacuum at room
temperature. Crude product 3a-f was mixed with cold ethanol

(3 mL) and sonificated for 1 min. Then the insoluble residue was
filtered off and washed with another portion of cold ethanol (1 mL)
to give 3a-f in the highest accessible purity (>98%).

4.4.1. 5-(2-aminophenyl)-4-hydroxy-2-(4-methylphenyl)-1,3-
thiazole(3b)

Yield: 023 g (57%) of yellowish amorphous solid; mp
213-216 °C; [found: C, 67.80; H, 5.06; N, 9.98; S, 11.35. C16H14N>0S
requires C, 68.06; H, 5.00; N, 9.92; S, 11.36%]; 'H NMR (500 MHz,
DMSO) ¢ 2.35 (s, 3H); 6.67 (t, >] = 7.6 Hz, 1H, ArH); 6.83 (d,
3] =8.0 Hz, 1H, ArH); 7.07 (t,>] = 7.6 Hz, 1H, ArH); 7.19 (d, ] = 7.6 Hz,
1H, ArH); 7.30 (AA’XX’, 3] = 8.0 Hz, 2H, ArH); 7.76 (AA’XX/,
3] = 8.0 Hz, 2H, ArH); 6.00—8.00 (vbs, 3H, OH+NH>); *C NMR
(125 MHz, DMSO0) 6 21.1,105.9, 116.4, 117.0, 117.7, 125.2, 128.6, 129.9,
130.8, 131.1, 139.9, 145.6, 157.3, 161.4; HRMS: [M+H"], found
283.0900. C16H15N,0S requires 283.0900.

4.4.2. 5-(2-aminophenyl)-4-hydroxy-2-phenyl-1,3-thiazole (3c)

Yield: 0.17 g (45%) of yellowish amorphous solid; mp
228-231 °C; [found: C, 67.10; H, 4.51; N, 10.42; S, 11.70. C;5H;,N,0S
requires C, 67.14; H, 4.51; N, 10.44; S, 11.95]; '"H NMR (400 MHz,
DMSO) 6 6.68 (dt, 1H, 3] = 7.4 Hz, 4 = 1.1 Hz, ArH), 6.83 (dd, 1H,
3] =81 Hz, ¥ = 1.0 Hz, ArH), 7.08 (dt, 1H, 3] = 7.6 Hz, ¥J = 1.5 Hz,
ArH), 7.20 (dd, 1H, }] = 7.6 Hz, ¥ = 1.4 Hz, ArH), 7.49 (m, 3H, ArHp, ),
7.88 (m, 2H, ArH,), 5.60—8.90 (vbs, 3H, OH+NH,). '*C NMR
(125 MHz, DMSO) 6 106.5, 116.2, 116.9, 117.6, 125.2, 127.9, 128.7,
129.4, 130.1, 131.1, 133.3, 145.6, 157.4, 161.1; HRMS: [M+H"] found
269.0745. C15H13N,0S requires 269.0743.

4.4.3. 5-(2-aminophenyl)-2-(4-chlorophenyl)- 4-hydroxy-1,3-
thiazole (3d)

Yield: 0.27 g (62%) of yellowish amorphous solid; mp
227-230 °C; [found: C, 59.40; H, 3.66; Cl, 11.92; N, 9.20; S, 10.32.
Cy5H11CIN20S requires C, 59.50; H, 3.66; Cl, 11.71; N, 9.25; S,
10.59%]; 'H NMR (400 MHz, DMSO) ¢ 6.68 (dt, 3] = 7.4 Hz,
3] = 1.2 Hz, 1H, ArH); 6.83 (d, 3] = 8.0 Hz, 1H, ArH); 7.09 (dt,
3] =7.6Hz,% = 1.2 Hz, 1H, ArH); 7.20 (dd, 3] = 7.6 Hz, °] = 1.2 Hz, 1H,
ArH); 7.56 (AA’XX’, 3] = 8.8 Hz, 2H, ArH); 7.88 (AA’XX', ] = 8.8 Hz,
2H, ArH), 6.10—8.40 (vbs, 3H, OH+NH3); *C NMR (125 MHz, DMSO)
0107.1,116.1,117.0,117.7,126.8, 128.8,129.4, 131.1, 132.2, 134.5, 145.6,
157.6, 159.6; HRMS: [M-+H*], found 303.0349. C;5H33CIN,0S re-
quires 303.0353.

4.4.4. 5-(2-aminophenyl)-2-(3-chlorophenyl)- 4-hydroxy-1,3-
thiazole (3e)

Yield: 0.24 g (56%) of yellowish amorphous solid; mp
207-210 °C; [found: C, 59.45; H, 3.69; Cl, 11.82; N, 9.21; S, 11.39.
Ci5H11CIN2OS requires C, 59.50; H, 3.66; Cl, 11.71; N, 9.25; S,
10.59%]; 'H NMR (400 MHz, DMSO) 6 6.69 (dt, 1H, 31 = 7.6 Hz,
SJun = 1.2 Hz); 6.84 (dd, 3] = 8.0 Hz; ] = 1.0 Hz, 1H, ArH); 7.09 (dt,
3] = 7.6 Hz, ] = 1.2 Hz, 1H, ArH); 7.20 (dd, > = 8.0 Hz,°] = 1.2 Hz, 1H,
ArH); 7.50—7.56 (m, 2H, ArH); 7.78—7.86 (m, 1H, ArH); 7.88 (s, 1H,
ArH); 6.40—9.00 (vbs, 3H, OH-+NH,); '3C NMR (125 MHz, DMSO)
0107.6,116.0,117.0,117.7,123.9, 124.5,128.9,129.7,131.1,131.4,134.1,
135.2, 145.7, 157.7, 159.0; HRMS: [M+H"], found 303.0351.
C15H33CIN,0S requires 303.0353.

4.4.5. 5-(2-aminophenyl)- 4-hydroxy-2-(4-trifluormethylphenyl)-
1,3-thiazole (3f)

Yield: 0.24 g (51%) of yellowish amorphous solid; mp
232-235°C; [found: C,57.10; H, 3.32; N, 8.27; S, 9.46. C16H11F3N20S
requires C, 57.14; H, 3.30; N, 8.33; S, 9.53%]; 'H NMR (400 MHz,
DMSO0) 6 6.69 (t, >] = 7.6 Hz, 1H, ArH); 6.85 (d, 3] = 8.0 Hz, 1H, ArH);
710 (t, 3] = 7.6 Hz, 1H, ArH); 7.22 (d, 3] = 7.6 Hz, 1H, ArH); 7.86
(AA’XX', 3] = 8.0 Hz, 2H, ArH); 8.08 (AA’XX’, 3] = 8.0 Hz, 2H, ArH);
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6.10—8.60 (vbs, 3H, OH+NH>); *C NMR (125 MHz, DMSO) § 108.4,
115.9, 117.0, 117.7, 1242 (q, 'Je.r = 272.9 Hz), 1253, 126.4 (q, °Jc
F= 3.7 Hz),129.0,129.6 (q, )Jc_r = 32.5 Hz), 131.1,136.8, 145.7, 158 1,
158.9; HRMS: [M+H'], found 337.0619. CigH2F3N20S requires
337.0617.

4.5. 5-(2-nitrophenyl)-4-hydroxy-2-phenyl-1,3-thiazole (5)

Commercially available 2-(2-nitrophenyl)acetic acid was ester-
ified'® and resulting methyl ester was brominated using modified
procedure described in Ref. '° Three equivalents of N-bromosucci-
nimide were used and dibenzoylperoxide was added in five por-
tions (5 x 0.50 g; 5 x 0.1 eq.), each after 12 h. After total 72 h methyl
2-bromo-2-(2-nitrophenyl)acetate was isolated in 75% yield (col-
umn chromatography, SiO2/CHClz). This intermediate (1.00 g,
3.65 mmol) was reacted” with thiobenzamide (0.50 g, 3.65 mmol)
in toluene (20 mL) containing pyridine (1.1 mL) under reflux for 2 h.
Filtration and crystallization from 80% EtOH gave pure product 5.

Yield (5): 0.93 g (85%) of orange solid; mp 209—-212 °C; [found:
C,60.12; H, 3.34; N, 9.27; S, 10.59. C15H1oN,03S requires C, 60.37; H,
3.38; N, 9.39; S, 10.75]; 'H NMR (400 MHz, DMSO) 6 7.48—7.54 (m,
3H, ArH); 7,56 (dt, 3] = 7.6 Hz, 4 = 1.3 Hz, 1H, ArH); 7.64 (dd,
3] = 6.5 Hz, 4 = 1.3 Hz, 1H, ArH); 7.72 (dt, *] = 7.6 Hz, %] = 1.2 Hz, 1H,
ArH); 7.88—7.92 (m, 2H, ArH) 7.96 (dd, 3] = 8.0 Hz, ¥ = 1.2 Hz, 1H,
ArH); 11.58 (bs, 1H, OH); '3C NMR (100 MHz, DMSO) 6 102.2; 124.7;
125.1; 125.4; 128.7; 129.5; 130.7; 132.5; 132.8; 133.2; 148.7; 159.1;
162.6; HRMS: [M+H"], found 299.0484. C;5H11N203S requires
299.0485.

4.6. NMR measurements

'H and >C NMR spectra were recorded on a Bruker Avance 11l
400 MHz or on a Bruker Ascend 500 MHz instruments. Chemical
shifts ¢ are referenced to TMS (6 = 0) or solvent residual peaks
6(DMSO0-dg) = 2.50 ppm ('H) and 39.6 ppm ('3C).

4.7. Matrix-assisted laser desorption/ionization mass spectrometry
(MALDI MS)

Mass spectra were recorded on a MALDI LTQ Orbitrap XL
equipped with nitrogen UV laser (337 nm, 60 Hz, 8—20 pJ) in
positive ion mode. For the CID experiment using the linear trap
quadrupole (LTQ) helium was used as the collision gas and 2,5-

dihydroxybenzoic acid (DHB) or trans-2-[3-(4-terc-butylphenyl)-
2-methylprop-2-en-1-yliden]malononitrile (DCTB) as the MALDI
matrix.

4.8. Elemental analysis

Elemental analyses were performed on a Flash 2000 Organic
Elemental Analyser (Thermofisher). For samples containing chlo-
rine mercurimetric titration’” was used.
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