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1 Uvod a cile prace

Ptedlozena rigordzni prace tematicky navazuje na predchozi praci ve vyzkumné skupiné
doc. Sourala, ktera se zabyvala vyuzitim nekatalyzované Huisgenovy cykloadice pro
piipravu benzotriazolodiazepinonii s vyuzitim syntézy na pevné fazi.! Tato prace se zabyva
piripravou strukturné ptibuznych triazolodiazepinont (Obrazek 1).

_________________________
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Obrazek 1: Struktura popsanych benzotriazolodiazepinoni (vlevo) a struktura

navrzenych triazolodiazepinonti (vpravo)

Pro vyvoj a testovani pouzitelnosti metody byly navrzeny Fmoc-L-aminokyseliny a
rizné substituované alkynoly jako diversifikujici komponenty, pficemz kli¢ovou, spole¢nou
komponentou je Fmoc-azidoalanin (Obrazek 2). VVzhledem k velkému poétu dostupnych
vychozich latek se jako idealni strategie jevilo vyuziti syntézy na pevné fazi, ktera umoznuje
rychlou a snadnou paralelni ptipravu sérii latek pomoci multistupiiové syntézy. Jako
polymerni nosi¢ byla vybrana pryskyfice s Wangovym linkerem umoznujici imobilizaci

vychozich Fmoc-L-aminokyselin ve formeé estert.
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| R' = CHj, CH(CHj), CH,CH,, CH(CH,0-PG), CH(CH,CH,CH,CH,NH-PG), CH(CH,COOPG)
! R2=H, CHs, Ph, 4-Me-Ph, 4-OMe-Ph, 4-CI-Ph, 4-CF5-Ph
' R®=H, Fmoc

Obrazek 2: Rdmcové zndzornéni syntézy a struktury vychozich latek

Cilové derivaty jsou zajimavé i z pohledu biologické aktivity, jelikoz jsou strukturné
pfibuzné triazolopiperazinim, u kterych byla popsana antivirotickd? a antidiabetick4®
aktivita. Dalsi motivaci k vyvoji metodiky byla jeji potencialni aplikovatelnost v oblasti
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peptidomimetik, tedy modifikovanych peptidd s vyhodnymi farmakologickymi
vlastnostmi.* V tomto ohledu je nutné piipomenout, Ze syntéza na pevné fazi predstavuje
konvencni a nejrozsifenéjsi zplisob ptripravy peptidu a jejich analogii, a to v laboratornim 1

pramyslovém méfitku.

Préce je rozdé€lena do nékolika ¢asti. V kapitole Seznameni s problematikou je popsana
Huisgenova cykloadice a jeji varianty, dale nasleduje popis ne€kterych soucasnych piistupii
k pfipravé strukturné podobnych latek. Obecny popis konceptu syntézy na pevné fazi neni
V této praci zahrnut, nebot’ tato problematika byla jiz zpracovana v bakalaiské praci
uchazeée, resp. v ramci jinych zavéreénych praci pracovist.>®’ V podkapitole Komentat
k pfedlozené publikaci je popsana optimalizace publikované metodiky. Nasleduji kapitoly
Shrnuti a Prehled pouzité literatury. Poté nasleduje samostatna kapitola Publikace
k piedlozené praci, kde je rovnéz zahrnuta i experimentalni ¢ast a pouzité postupy. Na zavér
je zafazena kapitola Dopliujici informace k publikaci, kterd obsahuje analytickd data

piipravenych derivati (Supporting Information).®

Kapitola 2 obsahuje samostatné arabské Cislovani struktur. V kapitolach 3 a dale je

pouzito také arabské ¢islovani (pro vEtsi prehlednost), ¢islovani zac¢ind opét od struktury €.1.

2 Seznameni s problematikou

2.1 Click reakce a Huisgenova cykloadice

Pojem ,,click chemie* poprvé pouzil K. B. Sharpless v roce 2001 pro oznaceni reakeci,
které¢ maji vysokou vytéznost, jsou pouzitelné pro Siroké rozmezi reagentd, jsou jednoduse
proveditelné, stereospecifické a vedou k tvorbé jediného meziproduktu, ktery lze odstranit
bez nutnosti chromatografické separace. Obvykle se provadi v rozpoustédlech, ktera lze

jednoduse odstranit. °

Huisgenova 1,3-dipolarni cykloadice je jednou z reakci, ktera spliiuje vyse uvedena
kritéria a byva Casto spojovana s click chemii. Jedna se o reakci mezi alkynem a azidem,
vysledkem je 1,2,3-triazol. Reakce mlze byt katalyzovana teplotou (termalni Huisgenova
cykloadice) — nevyhodou je pouziti vyssSich reakénich teplot a rovnéz muze dojit ke vzniku
regioisomerd. Druhou, ¢asto preferovanou variantou je pouziti katalyzy kovem, obvykle se
pouzivaji médeéné ¢i rutheniové katalyzatory. Katalyzovanou Huisgenovu cykloadici je
obvykle mozno provadét za laboratorni teploty, prabéh je regioselektivni v zavislosti na typu

pouzitého katalyzatoru, viz Obrazek 3. Mé&di katalyzovana cykloadice mezi azidem a
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alkynem byva obvykle oznacovana zkratkou ,,CuAAC* (copper-catalyzed azide-alkyne
cycloaddition), v pfipad¢ pouziti ruthenia RUAAC (ruthenium-catalyzed azide-alkyne

cycloaddition).01112

2
N--N*=N A N—/ N-N
R1 > S nebo N
x

/

=

w\
[Ru]t N=N  R?

RZ

N

N-N

N

R1

Obrazek 3: Rozdil v regioselektivité termalni Huisgenovy cykloadice, CUuAAC a RuUAAC
2.1.1 Mechanismus

Huisgenova cykloadice je reakce dipolarofilu s1,3-dipélem vedouci k tvorbé
péticlenného cyklu. Typickymi dipolarofily jsou alkeny a alkyny, 1,3-dipélem jsou obvykle
molekuly obsahujici jeden ¢i vice heteroatomll majici alespont jednu mesomerni strukturu
obsahujici nabity dip6l — miize se jednat napiiklad o nitriloxidy, azidy ¢i diazoalkany.'?

Principem je interakce dvou 7 elektronti dipolarofilu se ¢tyfmi « elektrony 1,3-dipolu
— prubéh reakce jednokrokovy (,,concerted), pericyklicky, suprafacidlni a je piibuzny
klasické Diels-Alderové reakci, viz Obrazek 4. Spravné oznaCeni reakce je [2s + 4s]
cykloadice oznacujici pocet interagujicich @ elektronii, Casté starSi oznaceni je [2+3]

cykloadice — jedna se o pocet interagujicich atomii.

=N*=N- R2 N=N
i //) 1,3-dipolarni cykloadice \—-N\%

//
R1

Obrazek 4: Mechanismus Huisgenovy 1,3-dipolarni cykloadice

V ptipad¢é, ze dipolarofil obsahuje elektronakceptorni substituenty, LUMO

dipolarofilu interaguje s HOMO dipolu. Pokud dipolarofil obsahuje elektrondonorni
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substituenty, je prib¢h interakce opacny (HOMO dipolarofilu, LUMO dip6lu), viz Obrazek
5. Vysledkem je ale vzdy péticlenny cyklus, v ptipadé interakce alkynu s azidem 1,2,3-

triazol.1*
( 8/8\8 LUMO 99
.-~ LUMO 0

1,3-dip6l < 8__8 Hi%)/ ﬂ dipolarofil

oo 50
\8/8\81_}

Obrazek 5: Interakce molekulovych orbitalt 1,3-dipolu a dipolarofilu

Regioselektivita reakce je zavisla na elektronovych a sterickych efektech. V ptipadé
klasické termalni Huisgenovy cykloadice alkyn — azid mohou vzniknout 2 regioisomery, jak
ukazuje Obrazek 3.

Pokud je pouzita katalyza kovem (nejéasté&ji Cu'), je mechanismus reakce odlisny a

regioselektivita je vyssi — viz Obrazek 6.%°

N—R2 R'——H
R‘J§( [Cu] ‘i# o Cu
o Ri—==—H
H* H
=N ]
gk W
—

R2
R? 1
N-N RN
- _N=-N_ —R2
[Cu] N? (“ S = ™ N3—R
wlCule N [c

Obrazek 6: Navrzeny mechanismus CuAAC (pfevzato z B. T. Worrell et
al., Science, 2013, 340, 457-460)

Kromé tradicni roztokové syntézy nasla CuAAC i Siroké uplatnéni v syntéze na pevné
fazi. '
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2.2 Vybrané syntetické pristupy vedouci k pribuznym derivatim

V nasledujicich podkapitolach budou popsany tii pfistupy k syntéze piibuznych
derivatt. Nejprve bude popsana syntéza benzotriazolodiazepinonii pomoci syntézy na pevné
fazi, ve které je kli¢ovy krok spontanni Huisgenova cykloadice na finalni derivat.® Poté
budou popsany dva pfistupy vedouci k triazolodiazepinonim jako potencidlnim
peptidomimetikéim,*'” Prvni piistup vyuZival Ugiho &étyfkomponentni reakci a naslednou
Huisgenovu cykloadici,'’ druhy pfistup vyuzival klasickou termalni Huisgenovu cykloadici
nebo RUAAC.*

2.2.1 Syntéza benzotriazolodiazepinoni s vyuZitim Huisgenovy cykloadice
Predlozena rigordzni prace tematicky navazuje na ptredchozi praci zabyvajici se
pripravou 4H-benzo[f][1,2,3]triazolo[1,5-a][1,4]diazepin-6(5H)-ont S vyuzitim
Huisgenovy cykloadice. Syntéza téchto derivati byla uskute¢néna na pevné fazi, s vyuZzitim
ruznych linker umoziujici diverzifikaci cilovych latek, viz Obrazek 7. Jako polymerni
nosi¢ byla pouzita polystyrenova pryskyfice s Wangovym linkerem umoznujicim ukotveni
vychozich latek ve forme esteru, karbamatu nebo etheru; Rinktiv amidicky linker byl pouzit
pro ukotveni vychozich latek ve formé nesubstituovaného amidu; aldehydicky linker (BAL)
umoznil imobilizaci vychozich latek ve formé N-substituovaného amidu. Postup imobilizace

neni ve zminéné praci popsan, nicméné je uveden v jinych publikacich. 1:18:19

Takto imobilizované aminoderivaty 1 byly nasledné sulfonylovany pomoci 4-NsCl
za vzniku sulfonamidu 2. Nasledovala alkylace propargylbromidy za vzniku derivatu 3. Po
odstépeni nosylové skupiny (denosylace) byla slou¢enina 4 podrobena acylaci rtizné
substituovanymi derivaty 2-azidobenzoové kyseliny. Finalni derivat byl odStépen
z polymerniho nosice za vzniku intermediatu 6. Pfeména intermediatu 5 na triazol 6 probéhla
spontanné jesté pred odstépenim z polymerniho nosite, coz bylo prokazano pomoci IC
spektroskopie — vzorek pryskyfice po acylaci s 2-azidobenzoovou kyselinou byl podroben
méteni na IC spektroskopu, pii¢emz nebyla detekovéna charakteristicka vibrace alkynové

vazby. !

Kromé¢ benzotriazolodiazepinonii byly pfipraveny i dalsi slouceniny, aby byl
otestovdn rozsah pouZitelnosti vyvinuté metodiky. Pro alkylaci byl rovnéz pouZit i
allylbromid, tato cesta vedla k ptislusnému dihydro derivatu. Metodika rovnéz umoznila i
ptipravu analogickych sulfonamidt v piipad¢, ze byl pouzit 2-azidobenzensulfonyl chlorid

namisto 2-azidobenzoové kyseliny.?
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Podminky: 1) 4-NsCl, 2,6-lutidin, DCM, rt, on ii) propargylbromid, DBU, DMSQO, rt, on
iii) merkaptoethanol, DBU, DMF, rt, 30 min iv) 2-azidobenzoova kyselina, HOBt, DIC,
DMF/DCM 1:1, rt,onv) TFA/DCM 1:1,rt, 1 h

Schéma 1: Piiprava benzotriazolodiazepinont 6 *

L = Wang
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1 L L. NH
R pol” \OJ\ANHZ Pol” Y07 "2 Pol” \OJ\H/\/NHZ
o (o} (o]
L. . L.
Pol” NJ\ANHZ pol-" NJ\/\NHZ Pol” NJ\/\NHZ
Ph)
N J
L = Rink amide linker e

_________________________________________________________________________________________

_________________________________________________________________________________________
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2.2.2 Dalsi syntetické pFistupy vedouci k derivatim benzotriazolodiazepini

Kromé¢ vyse zminéného syntetického postupu byla popsana i fada dalSich zalozenych
na rtznych principech. Byla popsana cyklizace triazol-1-yl benzamidi za pouziti katalyzy
[Pd] vedouci k benzotriazolodiazepin-7-ontim, principem byla intramolekularni inzerce

palladia do trojné vazby.?

Dalsi moznosti bylo vyuziti 8-brom-3,4-dihydro-p-karbolinu, ktery byl po reakci
s TMSOTf a ethynylmagnesiumbromidem acylovan 2-azidobenzoylchloridem za vzniku
intermediatu, ktery nasledn¢ po ohtati na laboratorni teplotu podléhal intramolekularni 1,3-

dipolarni cykloadici.?*

Zékladni benzotriazolodiazepin pro dalsi modifikace bylo rovnéz mozné pfipravit
z 2-azidobenzaldehydu a propargylaminu (reduktivni aminace), nasledovala termalni

cykloadice.??

Byl rovnéz popsan i pfistup vychazejici z cykloadice 2-oxoalkylidenfosforant
(ptipravenych z 2-azidobenzylalkoholu) na o-funkcionalizované arylazidy, které byly reakci

s aminy pievedeny na pfislusné benzotriazolodiazepiny.?®

Pro ptipravu benzotriazolodiazepini byla rovnéz pouzita i Ugiho ¢tytkomponentni
reakce. Komponentami byly 2-brombenzoova kyselina, propargylaminy, aldehydy a

isokyanidy. Kli¢ovym krokem byla in situ click reakce s azidem sodnym.?*

Benzotriazolodiazepin-6-ony bylo mozné pripravit také pomoci Sonogashira
couplingu  aryljodidd s 2-amino-N-methyl-N-(prop-2-ynyl)benzamidy, nasledovala

diazotace, azidace a cykloadice.?®

2.2.3 Syntéza triazolodiazepinoni pomoci Ugiho reakce

Z ptedchozi kapitoly vyplyva, Ze piiprava benzotriazolodiazepinoni byla v literature
pomérné Casto popsana S vyuzitim riznych pfistupu. V kontrastu s touto skutecnosti je
ptiprava triazolodiazepinoni velmi malo prozkoumana. 4-aminotriazolodiazepinony byly
pfipraveny pomoci klasické syntézy v roztoku s vyuzitim Ugiho ¢tyikomponentni reakce,
ktera byla nasledovana Huisgenovou termalni [3+2] cykloadici. Struktura finalnich produktt
ptipomina dipeptidy (struktura 8, viz Schéma 2) ¢i tripeptidy (struktury 10 a 12, viz Schéma
3) a mohou proto najit uplatnéni v oblasti medicinalni chemie jako peptidomimetika — viz

kapitola 2.2.4.41" Kli¢ovou komponentou byl v tomto p¥ipadé Boc-azidoalanin, ktery byl
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pfipraven katalytickym diazotransferem z Boc-diaminopropanové kyseliny.?®?" Tento
postup je principialn¢ stejny jako procedura, ktera byla pouzita k syntéze Fmoc-

azidoalaninu, kli¢ové komponenty pro tuto praci. 8

Jako vychozi latky pro Ugiho reakci byly pouzity propargylamin, substituované
aldehydy, terc-butyl, cyklohexyl ¢i benzylisokyanid a Boc-azidoalanin. Kvantitativni
konverze intermediatu 7 na produkt 8 bylo dosazeno pii zahfivani, nicméné naznaky
produktu 8 byly detekovany i pii laboratorni teploté. Vytézky byly znaéné vyssi pii pouziti
aromatickych aldehydt oproti alifatickym. Ve vSech ptipadech byla v NMR spektrech
detekovana smés diastereomert i piesto, ze v nekterych piipadech byl v HPLC spektru

piitomen pouze jeden pik produktu. ¥’

/\NHz N = NHBoc
j\ MeOH 3 A 70°C,36h Ny
R,CHO —MeOH _ g o

N3

BocHN” “COOH N N
rt, 24 h BocHN \HJ\NHR1 \)\/N (0]
R1NC lo) R2 H

R2 NHR1
7 8
Schéma 2: Syntéza triazolodiazepinonti pomoci Ugiho reakce!’

Déale byly ptipraveny i dva produkty pfipominajici svou strukturou tripeptidy.
V tomto piipadé byla nejprve provedena formylace chranénych aminokyselin (Cbz-lysin
methylester 9 a methylester glycinu 11), nasledovala dehydratace pomoci trifosgenu ¢i T3P
(Schéma 3) na zadané isokyanidy. Divod pouziti trifosgenu misto T3P v ptipadé Cbz-lysinu
9 bylo zachovani konfigurace chirdlniho centra. V ptipadé methylesteru glycinu 11 tento
pozadavek neni relevantni, vzhledem k absenci chirdlniho centra. DalSimi kroky byla Ugiho
¢tytkomponentni reakce a Huisgenova termalni cykloadice, analogicky jako v pfipadé
dipeptidt. Finalnimi produkty jsou tripeptidy 10 a 12. V piipad¢é produktu 12 doslo opét

k racemizaci za vzniku smési diastereomerti. Celkové reakéni vytézky byly 51 % a 43 %.%

NHCbz

1. ethylformiat, TEA, reflux, 16 h NHBoc
2. trifosgen, NMM, DCM,
-78°C -> -30°C, 3 h fkfo O COOMe
> N—N
3. propargylamin, Boc-azidoalanin, "jl\/\/N\)J\N)\/\/\NHCbz
MeOOC NH,CI (CH,0),,, MeOH, rt, 24 h H
9 4.70°C, 36 h 10

16



NHBoc
1. ethylformiat, 80°C, 4 h

2. T3P, EtOAc, TEA, 60°C fkfo O COOMe

L .

PN .~ N
CIH;3;N COOMe 5 propargylamin, Boc-azidoalanin, N“\/\/N

1 PhCHO, MeOH, rt, 18 h
4.70°C,18 h Ph

12

N
H

Schéma 3: Piiprava triazolodiazepinont piipominajici tripeptidy*’

2.2.4 Syntéza triazolodiazepinoni jako potencialnich peptidomimetik

Vroce 2011 byly popsany dvé alternativni syntetické cesty vedouci
k triazolodiazepinoniim 16 — viz Schéma 4 a 5. Prvni pfistup (Schéma 4) vyuzival jako prvni
krok intermolekuldrni RuAAC mezi chranénym propargylaminem a derivitem Boc-
azidoalaninu 13, vysledkem byl triazol 14. Nasledovala saponifikace, pii které doslo zaroven
i kK odstépeni Fmoc protektivni skupiny (derivat 15), poslednim krokem byla tvorba amidu

pomoci couplingového ¢inidla EDC.HCI za vzniku produktu 16.*

Cesta A:
(o] o— (o]
N /
3 | /\NHFmoc N\ . OH
. _ LiOH, THF, H,0
BocHN ~0 - —N NHBoc > - NHBoc
oc I cp*Ruciicopn) N N-N
dioxan, A N\/\\ N\/\\
13 NHFmoc NH,
14 15

N”%

. °N

EDC.HCI, HOBt= S/{‘H
BocHN 0

16
Schéma 4: Piiprava triazolodiazepinont — cesta A*

Autofi zaroven prozkoumali 1 druhou syntetickou moZnost vyuzivajici
intramolekularni Huisgenovu cykloadici, viz Schéma 5. Reakce probihala pii pouziti vyssi
teploty - vzhledem k tomu, ze mtze vzniknout pouze jeden regioisomer, nebylo nutné
pouzivat katalyzu rutheniem. Syntézu se tak podafilo zkratit o 2 kroky (zavedeni chrénici
skupiny pro Boc-azidoalanin a poté jeji odstranéni). V tomto ptipad¢ se navic ukazalo, Ze

pro tvorbu amidu a Huisgenovu cykloadici je mozné vyuzit one-pot protokol.*
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Cesta B: 1 /\NHR N

. N”—\>'\
N3 EDC.HCI, HOBt nebo HOA, N\ R
1, B ()

BocHN COOH 2. DMF, A o)

Y

Schéma 5: Pfiprava triazolodiazepinont — cesta B*

Potencial pfipravenych triazolodiazepinonti v oblasti peptidomimetik byl nasledné
uspésné demonstrovan, kdyz autofi zaménili dipeptidovy segment His-Pro v angiotensinu
IV (H-Val-Tyr-lle-His-Pro-Phe-OH, AT IV) za peptidomimetikum obsahujici segment Ata-
Gly (Ata = triazolodiazepinon, viz Schéma 6). Vysledna sekvence tedy byla H-Val-Tyr-lle-
Ata-Gly-Phe-OH. V enzymatické studii zabyvajici se mirou inhibice insulinem regulované
aminopeptidazy (IRAP) a aminopeptidazy-N (AP-N) se ukazalo, ze peptidomimetikum
obsahujici segment Ata-Gly je ekvipotentni k plivodnimu AT-IV obsahujici segment His-
Pro, namétené hodnoty pKi (IRAP)=7.093 pro testovanou molekulu versus 7.142 namétenou

pro AT-IV.*

N N
I \ " \
Ny {COOMe saponifikace  N-\ {COOH
N N -
= Ata-Gl
S/Q o 0 y
BocHN o BocHN o

Schéma 6: Dipeptid Ata-Gly pouzity pro demonstraci aplikace v oblasti peptidomimetik

Uvedeny synteticky pfistup je zpohledu pouziti analogickych vychozich latek
podobny metodice vyvinuté v této rigorézni praci, nicméné jeho nevyhodou jsou velmi
omezené vytéZky a dale provedeni pomoci tradi¢ni syntézy v roztoky, kterd je znacné

neefektivni v ptipadé¢ syntézy delSich peptidi.
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2.3 Komentar k predlozené publikaci

Pro vétsi prehlednost bude v nasledujicich kapitolach pouzito rovnéz arabské
¢islovani, struktury budou cislovany opét od cisla 1. Pro Cislovani derivati je pouzito
kombinatoridlni &islovani X(R?,R?), kde R identifikuje pouzitou aminokyselinu, R? pouzity

alkynol.

2.3.1 Priprava Fmoc-azidoalaninu

FmocHN._COOH pjpp FmocHN._COOH 1. Tf,0+NaN;, DCM/H,0, 4°C-rt  FmocHN.__COOH
X0  ACN, EtOAc, H,0 :\NH 2. NaHCO,, CuS0,.5 H,0 =\N
rt 2 MeOH/H,0, rt 3
NH,

Schéma 7: Ptiprava Fmoc-azidoalaninu

Piiprava Fmoc-azidoalaninu byla jiz diive popsdna.?® Bohuzel se nepodafilo
publikovanou syntézu zreprodukovat se stejnymi vysledky a bylo nutné reakéni podminky
mirné upravit. Navic bylo nutné, aby syntéza byla dostate¢né robustni, aby ji bylo mozné
pouzit i pro reakce z vétsiho mnozstvi vychoziho materialu. Po peclivé optimalizaci se
syntetickou cestu uspésné podatilo prevést az do métitka nékolika desitek grami Fmoc-
asparaginu. Kritickym krokem je Hofmannovo odbourani, u kterého se nepodatilo ziskat
lepsi vytézek nez 50 %. Tento vysledek je pravdépodobné zplisobeny nerozpustnosti
produktu, ktery nejspiSe vytvaii zwitterion. Vzhledem k uvolnovani CO2 zejména béhem
prvnich 5 hodin reakce je vhodné pouzit balonek naplnény dusikem pro vyrovnani tlaku.
Reakce je provadéna pies noc. Mirné optimalizovan byl i postup izolace produktu. Tékava
rozpoustédla byla odpafena na RVO, poté byla reak¢ni smés ochlazena v kapalném dusiku
a byl ptidan EtOAc, rovnéZ vychlazeny v kapalném dusiku. Bild aZ Zlutd sraZenina byla
odfiltrovana a nékolikrat promyta vychlazenym EtOAc. Produkt byl bez dal§iho cisténi

pouzit v nasledném kroku, katalytickém diazotransferu.

V prvnim reakénim kroku bylo obtizné monitorovat prubéh reakce. Vzhledem
k ptitomnosti PIDA obsahujici hypervalentni jod nebylo mozné monitorovat reakci pomoci
UPLC-MS kvtli riziku poskozeni chromatografické kolony. Sledovani reakce pomoci NMR
rovnéz mélo sva tuskali, a to kviili pfitomnosti AcOH jako vedlejsiho produktu reakce —
signal AcOH potlacil signaly produktu/vychozi latky a analyza byla vzdy zkreslena. Reakci
se vSak podatilo monitorovat pomoci TLC chromatografie. Jako MF byl pouzit 20% DCM
v MeOH, MF byla okyselena AcOH. Jako standard byl pouzit vychozi Fmoc-Asn-OH. Po

vyvolani byla nejprve provedena kontrola pomoci UV lampy, zda nejsou pfitomny i jiné
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skvrny krom¢ PIDA a vychozi latky/produktu. Reten¢ni faktory vychozi latky a produktu
byly ale velmi podobné, pro odliseni skvrn na TLC desticce byla nasledné¢ pouzita

vizualizace skvrny produktu pomoci ninhydrinu.

Naésledny katalyticky diazotransfer jiz probihal kvantitativné bez vétSich problémii.
Na pocatku reakce muze dojit k uvoliiovani toxickych plynt (reakce TfNs s halogenovanymi
rozpoustédly mize vést k tvorbé diazidomethanu?®), reakce byla proto kviili vyrovnani tlaku
provadéna pod inertni atmosférou (balonek s dusikem). Pro chromatografickou separaci byla
pouzita MF Tol:EtOAc:AcOH 1,5 : 1 : 0,1. Pfesny postup je popsan v experimentalni ¢asti
v kapitole 3.

2.3.2 Optimalizace syntetické cesty

Pro ptipravu cilovych derivati byly otestovany rizné vychozi latky — Fmoc-L-a-
aminokyseliny, Fmoc-B-alanin a substituované 3-fenylprop-2-yn-1-oly ¢i propargylalkohol.
Obecné schéma syntézy je zobrazeno na Schématu 8. Prvnim krokem je imobilizace Fmoc-
aminokyseliny na Wangovu pryskyfici (derivat 1(R?Y)), nasleduje odStépeni Fmoc a
sulfonylace 4-nitrobenzensulfonyl chloridem za vzniku sulfonamidu 2(R?). Dal$im krokem
je alkylace za vzniku derivatu 3(R%,R?). Po denosylaci je sloucenina 4(RY,R?) acylovana
Fmoc-azidoalaninem na kli¢ovy linearni intermediat 5(R,R?), ktery je podroben cykloadici
a na zavér odstépen z polymerniho nosi¢e (v piipadé, ze R? # H, $tépeni jesté piedchazi
odstranéni Fmoc skupiny). Optimalizace jednotlivych krokt jsou popsany v nasledujicich

podkapitolach.
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(0] deprotekce, (o]
L. imobilizace sulfonylace alkylace
Pol” "OH ——> po|/"\oJ\|la1 SRR, Pol/L\OJ\I|21 -
L = Wang NHFmoc HN-Ng
1(R) 2(R")
RZ
2
R2 R R N
\ o% i :/ 3
(0] denosylace acylace L N B
i — > o N T Pom 07 R Y NHFmoce
AL 1N« Pol” ~0~ "R!
Pol (o] R Ns (o)
3(R",R?) 4(R",R?) 5(R",R?)
R3HN R°HN
o© (deprotekce) 0 N
cykloadice N-N Stepeni HOOC_ N ~N
- Pol/L\OJ\R1N\/§/\N » R! VS/‘N
R2 R2
6(R",R?) 7(R",R?)

R® = H nebo Fmoc
Schéma 8: Obecna syntéza cilovych derivati

2.3.2.1 Fmoc-L-aminokyseliny

' R1(1-9)

o NHFmoc NHFmoc NHFmoc

! HO A .NHFmoc Ay O A

| \g‘% %, FmocHN ¢ ]/LSxU\OH Ho\”a{\ Ho\[ﬁg\/ousu Ho\[ﬁ:\/COOtBu
1 H o (o] (o]

} 1 2 3 4 5

! FmocHN HO  NHF

| r:lHFmoc moce = }g% moe NHFmoc
| .

: Ho\[ﬁg/\/\/\NHBOC HO . o] 7/ "NBoc HO\[]}:\/Ph
. ° 0

3 6 7 OtBu 8 9

Obrazek 8: Piehled testovanych Fmoc-L-aminokyselin

Vsechny otestované Fmoc-L-aminokyseliny jsou zobrazeny na Obrazku 8, Cervené
zvyraznéna Cast odpovida struktuie R? v molekule cilové slouéeniny. Syntéza byla nejprve
testovana na strukturné jednoduchych L-aminokyselinach — Fmoc-f-Ala-OH, Fmoc-Ala-
OH, Fmoc-Gly-OH, jako modelovy alkohol byl vybran propargylalkohol. Vsechny kroky
probihaly bez problémi. Piivodnim cilem bylo pfipravit v§echny finalni derivaty s volnou
aminoskupinou (ponechani Fmoc skupiny v koncové molekule nema Zzadnou ptidanou

hodnotu). Nicmén¢ se ukazalo, ze triazolodiazepinony nejsou detekovatelné pomoci UV-
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VIS detektoru, pokud R? & R? neobsahuje chromoforni skupinu. Tento fakt vyznamné
komplikoval findlni separaci pomoci semipreparativni HPLC, zejména u latek
nesyntetizovanych z fenylalkynold. Kromé& UV-VIS detekce bylo dale nékteré finalni latky
snaz$i Cistit ve form¢ Fmoc-derivati z pohledu uc¢inn€jsiho odstranéni necistot (vhodnéjsi

polarita, pfizniveéjSi chromatografické vlastnosti). Proto byla u nékterych vybranych

slouc¢enin Fmoc-protektivni skupina ponechana.

Co se UV-VIS detekovatelnosti produkta tyce, dal$i moznosti, jak zac¢lenit do
struktury finalnich derivatd chromofor kromé pouziti fenylalkynold, bylo pouziti
aromatickych  Fmoc-aminokyselin:  Fmoc-Tyr(OtBu)-OH, Fmoc-Phe-OH a Fmoc-
Trp(NHBoc)-OH. Bohuzel, u vsech téchto aminokyselin syntéza selhala ve fazi acylace
Fmoc-azidoalaninem. Acylaci bylo nutné nékolikrat opakovat pro dosazeni kvantitativni
tvorby derivatt 5(7-9,1) kde 1 = H. Navic pfi aplikaci identickych podminek (pfi pouziti
identickych chemikalii) na jiné Sarzi pryskyfice se opé€t acylace ukazala byt nekompletni a
vysledky tak byly velmi malo reprodukovatelné, coz je pti syntéze na polymerni matrici
klicovy parametr (intermediaty nelze dCistit). Z tohoto divodu bylo od pouziti téchto tfi
aminokyselin upusténo a jako modelovy alkohol byl i nadale pouzivan 3-fenyl-prop-2-yn-1-
ol.

Pro ziskani strukturni rozmanitosti cilovych derivath vSak byly otestovany dalsi
aminokyseliny obsahujici funk¢ni skupinu v postrannim fetézci, Fmoc-Asp(COOtBu)-OH,
Fmoc-Ser(OtBu)-OH a Fmoc-Lys(NHBoc)-OH. Syntéza intermediatt 4(R*,2) kde 2 = Ph
probihala bez vétSich problému, bylo pouze nutné prodlouzit dobu denosylace. Kritickym
krokem se ukazala byt opét acylace Fmoc-azidoalaninem, ktera neprobihala kvantitativng,
bylo ji nutné dvakrat opakovat. Nicméné vysledky bylo mozné reprodukovat. U vSech téchto
derivatd bylo nutné ve struktufe finalnich produktt ponechat Fmoc skupinu, aby je bylo
mozné dokonale vyizolovat ze surové smési pomoci semipreparativni HPLC. V pftipadé¢, ze
byla Fmoc skupina z molekuly odstépena, byly tyto derivaty z divodu pfitomnosti aditivni
NH2/OH/COOH skupiny piili§ polarni, chromatografickd separace byla velmi
komplikovana a findlni Cistota nebyla idealni. Dale je nutno zminit, Ze v ptipad¢ derivatu
serinu bylo nutné prodlouzit ¢as §t€peni z polymerniho nosice, aby doslo ke kvantitativnimu

odstépeni tBu.
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2.3.2.2 Alkylace alkynylderivaty

R2(1-7)
/OHQ/OHD/OHO/OHO/OH
H o F,C

1 2 3 4 5
= O /\OH H/Br

; Cl 6 7 8

Obrazek 9: Piehled testovanych alkyla¢nich ¢inidel se zvyraznénim R?

Vsechny testované alkynoly jsou zobrazeny na Obrazku 9. Jak jiZz bylo zminéno
v predchozi podkapitole, jako modelovy alkohol byl nejprve zvolen propargylalkohol.
Pomoci né&j byly ptipraveny tii derivaty 7(1-3,1), v jejich struktufe v§ak bylo nutné ponechat
Fmoc skupinu, aby byly derivaty UV-detekovatelné a bylo je tak mozné snadno vycistit
pomoci semipreparativni HPLC. Poté, co selhalo zavedeni chromoforu pouzitim
aromatickych Fmoc-L-aminokyselin, byl jako modelovy alkohol pro syntézu série produktii

zvolen misto propargylalkoholu 3-fenyl-prop-2-yn-1-ol (R? = Ph).

Pro otestovani pouZitelnosti syntetické metody z pohledu alkynolli byly déle pouZzity
substituované 3-fenyl-prop-2-yn-1-oly nesouci substituent s +I efektem (R? = 4-Me-Ph), +M
efektem (R? = 4-OMe-Ph) a -1 efektem (R? = 4-CF3-Ph). Bohuzel pouziti alkoholu kde R? =
4-CF3-Ph bylo komplikované kvili jeho vysoké reaktivité, ve fazi denosylace totiZ
dochazelo k adici merkaptoethanolu na trojnou vazbu a po dalsich krocich vznikaly
nezadouci meziprodukty, pricemz vysledna Cistota byla nizsi nez v ostatnich pifipadech
(méné nez 50 %). Proto byl pfipraven pouze jeden derivat 7(2,5). Nasledné byl pouzit o néco
méné reaktivni alkynol (R? = 4-CI-Ph), kde nedochazelo k tvorbé nezadoucich meziproduktii

a byly pfipraveny dva modelové finalni derivaty 7(2-3,6).

Zajimavosti je, ze pfi pouziti alkoholu, kde R? = 4-OMe-Ph a R? = 4-Me-Ph, byly
vzdy v UPLC-MS spektru detekovany pouze ptislusné ketony, k jejichz vzniku dochazelo
hydrolyzou alkynli plisobenim TFA a néslednym kontaktem s vodou (obsazend v mobilni
fazi UPLC-MS chromatografu). V piipadé derivati s R? = 4-OMe-Ph byly detekovany
vyhradné piisluiné ketony. Pro ziskani derivati 7(1-2,7), kde R? = alifaticky substituent byl
pouzit but-2-yn-1-ol.
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Kromé 3-fenyl-prop-2-yn-1-olu jsou ostatni substituované derivaty komercné
nedostupné, byly proto syntetizovany pomoci Sonogashira couplingu z pfislusnych
jodderivath a propargylalkoholu, syntézy jsou v literatufe popsdny a probihaly

bezproblémové s vysokymi vytézky (> 90 %).3031

V pocatku vyvoje syntetické metodiky byla kromé Fukuyama-Mitsunobu alkylace
s propargylalkoholem testovana i klasicka alkylace propargylbromidem. Nejprve byly
testovany podminky propargylbromid, DIPEA, DMSO, rt na pryskyfici 2(2). Bohuzel tyto
podminky nebyly pouzitelné pro efektivni ptipravu pryskytice 2(3) — alkylace byla vzdy
nekompletni, nepomohlo ani zahtivani na 70°C, alkylaci bylo nutné opakovat. Pfi pouziti
siln€j$i nenukleofilni baze DBU byl pribéh reakce kvantitativni, ale dochéazelo k tvorbé
vedlejSich produkti, Cistota byla pouze 75 %. Mezitim se podafilo najit podminky pro
Fukuyama-Mitsunobu alkylaci, ktera fungovala bezproblémové. Druhou vyhodou této

metody je i vét§i komeréni dostupnost alkohold oproti pfislusnym bromidam.

2.3.2.3 Denosylace a acylace Fmoc-azidoalaninem

Ve vSech ptipadech kromé derivatu 3(2,5) byly pro denosylaci pouzity
merkaptoethanol, DBU, DMF, rt. Reakéni ¢as bylo nutné u nékterych derivati prodlouzit.
V piipad¢ derivatu 3(2,5) bylo nutné misto merkaptoethanolu pouzit méné reaktivni
thiofenol. Jak bylo popsano v ptedchozi kapitole, dochazelo k adici thiolu na trojnou vazbu
a vznikaly nezadouci alkeny (neizolovano, uréeno pouze na zédkladé¢ UPLC-MS analyzy).
V piipadé pouziti thiofenolu nelistoty vznikaly také, ale v mensi mife (Cistota 70 %).

Optimalizované podminky denosylace shrnuje Tabulka 1.

Vychozi latka Cinidla Cas [h]

3(1-3,1-2) Merkaptoethanol, DBU, DMF 2
3(2-3,3) Merkaptoethanol, DBU, DMF 4
3(2,5) Thiofenol, DBU, DMF 0,5
3(2-3,4) Merkaptoethanol, DBU, DMF 6
3(4-6,2) Merkaptoethanol, DBU, DMF 6
3(2-3,6) Merkaptoethanol, DBU, DMF 0,5
3(1-2,7) Merkaptoethanol, DBU, DMF 0,5

Tabulka 1: Optimalizace denosylace pro jednotlivé derivaty

Nasledna acylace Fmoc-azidoalaninem byla testovana s pouzitim HOBt ¢i bez néj

(pouze DIC). Pii pouziti podminek DIC, DMF, rt byla &istota derivata 5(RY,R?) > 75 %.
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V ptipad¢ pouziti HOBt se Cistota vyrazné snizila (> 40 %). Je dilezité zminit, Ze chirdlni
derivaty 5(R%,R?) byly piipraveny opticky ¢isté, nedochazelo k racemizaci. Pii analyze
UPLC-MS byl ve spektru ptfitomen pouze jeden signdl odpovidajici produktu. I kdyby
dochazelo k piekryvu signala v UV spektru, v NMR spektrech by byly pfitomné i dalsi sady
signaltl pro diastereomery. Ve vSech piipadech byl ale v NMR spektru pfitomen pouze

jediny produkt — k racemizaci tedy nedoslo.

2.3.2.4 Cykloadice

3
R? S R3HN R3HN

o\ - 0© N ° N-N

: B N ----> HOOC_ N -

L. N ~p1 \
Pol” OJ\R1 \n/\NHFmoc p°|/L\Q)J\R1N\/§/\N R v%/N

(0] R2 R2

5(R",R?) 6(R",R?) 7(R",R?)

R® = H nebo Fmoc

Schéma 9: Posledni kroky syntézy

Poslednim syntetickym krokem byla cykloadice derivati 5(R!,R?) na imobilizované
triazolodiazepinony 6(R*,R?), viz Schéma 9. Nejprve byla na modelovém derivatu 5(1,1)
testovana CuAAC s pouzitim riiznych podminek!®, viz Tabulka 2. CuAAC probihala

kvantitativné u derivata 5(1,1), ale u ostatnich téméf neprobihala.

Derivat Cinidla Rozpoustédlo | Cas [h] | Teplota | Vysledek*
5(1,1) CuS04.5 H20, askorbat sodny DMF 16 rt probiha
5(1,1) CuS04.5 H20, askorbat sodny DMF 16 70°C neprobiha
5(1,1) Cul, DIPEA, lutidin DMF 16 rt neprobiha
5(1,2) CuS04.5 H20, askorbat sodny DMF 36 rt neprobiha

*probihd = kvantitativné vznikl produkt, neprobiha = ptitomna pouze vychozi latka ¢i doslo
k rozkladu na neidentifikovatelnou smés produktt

Tabulka 2: Testované podminky CuAAC

Paraleln¢ byla testovana i klasicka termalni cykloadice, ktera probihala i u derivatt
5(R%,2-7), proto CuAAC nebyla dale optimalizovana. Jako nejvhodnéjsi rozpoustédlo se
osvedcil acetonitril pii teplot€¢ 75°C. V ptipad€ nékterych derivati bylo nutné prodlouzit
reakéni Cas nebo reakci zopakovat. Pii pouziti DMF a vyssi teploty (100°C) byla cistota
produktli niz8i (kolem 35 %). Proto byl pro pfipravu vSech finalnich latek pouzit acetonitril
a teplota 75°C, 1 ptes nutnost pouziti delSiho reakéniho Casu (az 36 hodin). Na zavér byly

finalni derivaty odstépeny z polymerniho nosic¢e za pouziti 50% TFA/DCM. Standardni
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doba $tépeni byla 1 h, pouze v ptipadé derivatu 7(4,2) bylo nutné st€peni prodlouzit na 16

h, aby doslo ke kvantitativnimu odStépeni tBu chrénici skupiny.

Celkem bylo ptipraveno 19 finalnich derivatt. Jejich piehled je souéasti podkapitoly
2.4 a kapitoly 3.

2.3.3 Priprava diketopiperazini

V ptipadé, ze Fmoc deprotekce byla provedena jesté pied cykloadici na linedrnim
intermediatu  5(2,2), doslo ksamovolnému odstépeni z pryskyfice za vzniku
diketopiperazinu. V zavislosti na riznych podminkach $tépeni byly detekovany rizné

produkty 8-10, viz Schéma 10.

_________________________________

(o) : Ph |
N X ' N !
H\\,‘[,/\Eg;\,,h (i) )ob {Ns (ii) OY\N/\

Podminky: i) 50% piperidin/DMF, rt, 16 h ii) 10% piperidin/DMF, rt, 10 min iii) 10%
DBU/DCM, rt, 10 min

Schéma 10: Rizné produkty 8-10 ziskané z derivatu 5(2,2) v zavislosti na podminkach
Fmoc deprotekce

Vznik riznych produktl je zde fizen bazicitou reakéniho roztoku. Pfi pouziti 10%
piperidinu se podafilo izolovat o¢ekavany produkt 9, zatimco vyssi koncentrace (50%) vedla
k derivatu 8. Mechanismus jeho vzniku bezpochyby zahrnuje nejprve tvorbu derivatu 9,
naslednou eliminaci azidoskupiny za vzniku methylenderivatu 10 a adici nukleofilu
(piperidinu) za tvorby aduktu 8. Pii pouziti nenukleofilni baze (DBU) se podafilo intermediat
10 izolovat a charakterizovat. Pro zajimavost, na derivatu 9 byla nasledné otestovana
cykloadice — nepodatilo se najit zadné podminky, které by vedly k tvorbé triazolového cyklu
(CuAAC / termalni cykloadice), pravdépodobné ze sterickych dtvoda.
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2.3.4 Priprava heptapeptidu

Potencial syntetické metodiky byl nasledné demonstrovan na piipravé heptapeptidu,

ktery je strukturné podobny popsanym peptidomimetikiim.* Aby byla potlaéena nezadouci

tvorba diketopiperazinu ve fazi dipeptidu, byla pouzita Rinkova pryskyfice, na kterou byla

prvni Fmoc-aminokyselina imobilizovana ve form& amidu. Nejprve byl pfipraven tripeptid

Gly-Phe-Ala-NHFmoc, nasledovala série krokti Fmoc deprotekce — sulfonylace —

Fukuyama-Mitsunobu alkylace — denosylace — acylace s Fmoc-azidoalaninem — cykloadice.

Po Fmoc deprotekci nasledovala opét tradi¢ni peptidova syntéza a byly navazany dalsi tfi

aminokyseliny Gly-Ala-Phe-NHFmoc. Cela sekvence je vyobrazena na Schématu 11.

Cilovy produkt byl obdrzen v surové cistoté 93 % a celkovém vytézku 70 % (po

chromatografickém ¢isténi).

1. 20% piperidin/DMF

(o}
L. Fmoc-AA-OH o HNZ SN
Pol” "NH;  pc, HoBt b~ N N NHFmoc
= Ri DCM/DMF
L = Rink H O Ph
Ph o
-
2w &9 = oH
Lo AN ~ Po"
Pol” "N N "
H o H PPhj3, DIAD, bezv.THF
Ns” 0°C ->rt
(o] _/ 0
1. DBU =
3 OH o
DMF HS/\/ . Pol/L‘NJ\/ \[]AN)S ACN 75°C
T H H
2. Fmoc-azidoalanin o o N
DIC, DMF

T

FmocHN

(o]
I

z
Pol/ N JJ\/N\H/\ o o
1. 20% piperidin/DMF
(o]

N -

o
j/ 2. Fmoc-AA, DIC, HOB,
FmocHN DCM/DMF
N/ 3. 50% TFA/DCM FmocHN
Ph—

Schéma 11: Ptiprava heptapeptidu
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2.4 Shrnuti

Cilem prace bylo vyvinout syntetickou cestu vedouci k triazolo[1,5-a][1,4] diazepin-
6-onim a pripravit sérii derivatli za pouziti
derivatizaci byly pouzity rizné Fmoc- aminokyseliny a substituované prop-2-yn-3-oly.
Kli¢ovou komponentou spole¢nou pro vSechny derivaty byl Fmoc-azidoalanin. Podafilo se
pripravit celkem 19 findlnich latek, az na vyjimky ve vysoké surové Cistot¢ a s dobrymi
celkovymi vytézky (viz Tabulka 3 nize). V pribéhu syntézy nedoslo k racemizaci, v HPLC

spektru byl vzdy pfitomen pouze jeden signél a rovnéz v NMR spektrech byla detekovana

vzdy jen jedna sada signala ptisluSného diastereomeru.

kombinace rtznych vychozich latek. Pro

Derivat R! R2 Cistota (%)? | Vytézek (%)P
7(1,1)° -CHa-CHz- H 85 28
7(2,1)° -CHo- H 84 20
7(3,1)° -CH(CHa)- H 90 60
7(1,7)° -CHa-CHz- Me 82 48
7(2,7)° -CHo- Me 78 60
7(1,2) -CH2-CHz- Ph 78 20
7(2,2) -CH,- Ph 80 78
7(3,2) -CH(CHa)- Ph 70 40
7(1,3) -CH2-CHz- 4-Me-Ph 80 22
7(2,3) -CH,- 4-Me-Ph 80 22
7(2,4) -CHo- 4-OMe-Ph 90 80
7(2,5) -CHo- 4-CF3-Ph 54 32
7(2,6) -CHo- 4-Cl-Ph 75 43
7(3,3) -CH(CHa)- 4-Me-Ph 79 52
7(3,4) -CH(CHa)- 4-OMe-Ph 85 58
7(3,6) -CH(CHa)- 4-Cl-Ph 65 42
7(4,2)0¢ | -CH(CH20H)- Ph 60 43
7(5,2)¢ | -CH(CH,COOH)- Ph 70 57
7(6,2)8 | -CH((CH2)aNHy)- Ph 65 27

8¢ -CH,- Ph 61 32
9 -CHo- Ph 99 30
10¢ -CH,- Ph 94 20
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8surova Cistota ur¢ena z poméru ploch pikti v UV spektru pii vinové délce 205-400 nm
bcelkovy vytézek uréeny z IH NMR spektra produktu po ¢isténi

‘izolovano jako Fmoc derivat

dsurova Cistota uréena pro Fmoc derivat, vytézek pro derivat bez Fmoc

fsurova Cistota nezahrnuje Fmoc fragmenty

Tabulka 3: Pichled ptipravenych derivati

RovnéZz se podafilo identifikovat i zajimavé chovani derivatu 5(2,2) v bazickém
prostfedi. V zéavislosti na koncentraci a typu pouzité baze se podaftilo pfipravit 3 strukturné
odli$né slouceniny. Rtizné koncentrace piperidinu v DMF vedou k dvéma produktim — pii
pouziti 50% roztoku vznika vylu¢né produkt 8, zatimco pti pouziti 10% roztoku a zkraceni
reak¢éniho ¢asu na 10 minut nedochazi tak rychle k eliminaci azidoskupiny a K tvorbé
methylenderivatu 10 a je tedy mozné vyizolovat piperazin 9. V pifipadé pouziti silné

nenukleofilni baze (DBU) dochézi ke kvantitativni tvorbé methylenderivatu.

Vyvinuta metodika by navic mohla nalézt Siroké uplatnéni v oblasti peptidomimetik,

pro demonstraci byl ptipraven jeden modifikovany heptapeptid.

Piinosem této prace je rovnéZ i optimalizace piipravy Fmoc-azidoalaninu z Fmoc-
asparaginu, ktery je komeréné $patné dostupny. Jeho syntézu se podafilo ptevést do vétsiho

méfitka (desitky grami).
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Introduction

In the past decade, the Huisgen 1,3-dipolar cyclo-
addition of azides to alkyncs (AAC) has reccived
considerable attention in the field of both traditional
and solid-phase synthesis. In the latter, AAC was
applied to a wide range of immobilized molecular
frameworks, such as peptides,"! peptoids,”’ peptide
nucleic acids,”) nuclcosides™ and small molecules.”
Most frequently, the Huisgen solid-phase cycloaddition
has been promoted by catalysis with various Cu(I)
salts, which enabled the performance of this reaction in
the “click” format (CuAAC).“* Polymer-supported
substrates are beneficial in this regard, as the catalyst
can be simply removed from the reaction mixture by
the filtration of the resin-bound product and washing

Adv. Synth. Catal. 2021, 363, 11121119 Wiley Online Library
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Abstract: Synthesis of triazolo[1,5-a][1,4]diazcpin-6-oncs on solid support is reported in this article. Amino
acids immobilized on Wang resin were nosylated and alkylated with propargyl alcohol, but-2-yn-1-ol or
different 3-phenylprop-2-yn-1-ols using Mitsunobu alkylation conditions. After denosylation, acylation with
Fmoc-azidoalanine yiclded lincar precursors that were thermally cyclized on resin to give immobilized
triazolodiazepinones. After cleavage from the polymer support, the target compounds were obtained in high
crude purities and good overall yields. Furthermore, the synthetic approach was applied to convenient solid-
phase synthesis of oligopeptide containing the triazolodiazepinone moiety as the peptidomimetic heterocyclic

Keywords: Huisgen reaction; triazolodiazepinone; solid-phase synthesis; peptidomimetic.

with fresh solvent without the need for chromatog-
raphy. Compared to the CuAAC, non-catalysed Huis-
gen cycloaddition on resin was reported much less
frequently. Recently, we developed a solid-phase syn-
thesis method for triazolobenzodiazepinones based on
the spontancous AAC of immobilized propargyl-
azidobenzamides.!”? The preparation of triazolobenzo-
diazepinones was also reported by others using differ-
ent approaches."*** In contrast, the synthesis of parent
triazolodiazepinones has rarely been studied. Buysse
etal. prepared these derivatives using traditional
solution-phase synthesis starting from propargylamine
and o-azidoacids." Several derivatives were synthe-
sized by using alternative approaches: (i) The starting
materials were subjected to the RuAAC followed by a
scven-membered ring condensation, and (ii) the start-

© 2020 Wiley-VCH GmbH
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ing materials were coupled to dipeptides and sub-
sequently subjected to a thermal Huisgen reaction. The
latter alternative was performed in dimethylformamide
and furnished the desired product in very low yields.
Inspired by this fact, we decided to develop an
alternative and more robust approach consisting of the
preparation of immobilized lincar intermediates using
convenient solid-phase synthesis with on-resin Huisgen
cyclization being the final step. Apart from the
applicability of the proposed mecthodology to casily
obtaining collections of small molecules resembling
the structure of biologically active triazoloPi%)crazincs
with antiviral'” and antidiabetic properties,'® we also
tested the application of our method to prepare
constrained peptidomimetics,"” which have recently
found wide application in medicinal chemistry.””! In
this regard, it was alrcady proven that the triazolodia-
zepinone scaffold serves as a constrained histidine
mimic." The recent study reported that the replace-
ment of histidine by an aminoindoloazepinone or
aminobenzazepinone moiety led to selective agonist
and antagonist ligands of the melanocortin receptor
subtypes.”"! It is worth mentioning that triazolodiazepi-
nonc-based short oligopeptides were recently synthe-
sized by Barlow et al.*” using a one-pot Ugi-Huisgen
tandem reaction; however, with the application of
traditional solution-phase chemistry which is unfavour-
able in the preparation of long peptides.

Results and Discussion

The key building block in the suggested reaction
sequence was Fmoc-azidoalanine, which was prepared
in two steps from Fmoc-Asn-OH according to a
previously reported, slightly modified procedure.”*”!
The synthetic approach Icading to target compounds is
depicted in Scheme 1.

Fmoc-B-alaninc and propargyl alcohol were se-
lected as the representative building blocks to test the
sequence. Using DIC/HOBt technique to suppress the
racemization® ! Fmoc-B-alanine was immobilized on
Wang resin to obtain derivative 1{/}. After Fmoc
cleavage and sulfonylation with 4-nitrobenzencsulfon-
yl chloride, sulfonamide 2{/} was subjected to the
rcaction with propargyl alcohol using Fukuyama-
Mitsunobu conditions. The resulting resin 3{/} was
exposed to denosylation using mercaptoethanol and
1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU). After acy-
lation with Fmoc-azidoalanine, the derivative 5{/,/}
was obtained. In this case, DIC/HOBt technique was
replaced with only DIC activation which provided the
intermediate in higher crude purity. We detected only
one compound of the corresponding mass using LC-
MS analysis. Furthermore, only one diastercomer was
observed in the final product using NMR analysis.
These facts indicate that probably no racemerization
occured. The last synthetic step was Huisgen cycliza-
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Reagents and Conditions: /) Fmoc-aminoacid, N,N'-

diisopropylcarbodiimide (DIC), 1-hydroxybenzotriazole (HOBt),
4-dimethylaminopyridine (DMAP), dimethylformamide
(DMF)/dichloromethane (DCM) (1:1), rt, 24 h; ii) 20% piperidine
in DMF, rt, 15 min; iii) 4-NsCl, 2,6-lutidine, DCM, rt, 16 h; iv)
alcohol, PPhs, diisopropyl azodicarboxylate (DIAD), dry
tetrahydrofuran (THF), 0°C — rt, 16 h; v) thiophenol or
mercaptoethanol, 1,8-diazabicyclo[5.4.0]undec-7-ene  (DBU),
DMF, rt, 0,5-6 h; vi) Fmoc-azidoalanine, DIC, DMF, rt, 24 h; for
R' =4, 5, 6 (see Figure 1) repeated twice; vii) acetonitrile, 75°C,
24-48 h; viii) TFA/DCM, tt, 1 h (16 h for 7{4,2}).

Scheme 1. Synthesis of target compounds (Chemset Compound
Numbering System is used).

tion, which was performed in acetonitrile at 75°C and
required 24 hours. It is worth mentioning that if lincar
intermediate 5{/,/} was liberated from the resin and
stored for a month, cyclization to 6{/,/} was accom-
plished at room temperaturc. We also tested heating in
DMF, which was previously reported for similar
derivatives;" however, the crude purity of the desired
product was significantly lower (less than 35% as
calculated from LC-UV traces). After cleavage of 6
{1,1} from the polymer support using TFA/DCM, the
target compound 7{/,/} was obtained in crude purity
85% (calculated from LC-UV traces) and 25% overall
yield (after semipreparative RP-HPLC purification). In
this case, the Fmoc-protective group was not clecaved
from intermediate 6{/,/} to retain UV-VIS visibility,
enabling comfortable purification.

To reveal the limitations and scope of the method,
we subsequently tested different building blocks (Fig-
ure 1). In the casc of amino acids, Fmoc-$-Ala-OH
was replaced with Fmoc-Gly-OH, Fmoc-Ala-OH,
Fmoc-Ser(OrBu)-OH, Fmoc-Asp(COO¢Bu)-OH, and
Fmoc-Lys(NHBoc)-OH. In the case of alkynols, we
included an aromatic analogue (3-phenyl-prop-2-yn-1-
ol) and its alternatives bearing both electron-donating
(3-(p-tolyl)prop-2-yn-1-ol and 3-(4-methoxy)phenyl-
prop-2-yn-1-ol) and clectron-withdrawing  (3-(4-
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Figure 1. The list of successfully tested building blocks.

trifluoromethyl)phenyl-prop-2-yn-1-ol) and  (3-(4-
chloro)phenyl-2-yn-1-ol) functional groups. The sub-
stituted 3-phenyl-prop-2-yn-1-ols were synthesized
using  slightly modified previously reported
approaches.”’**! Finally, but-2-yn-1-ol was selected to
receive the aliphatic R* moicty.

When using Fmoc-Gly-OH and Fmoc-Ala-OH, the
reaction scquence smoothly furnished the desired
products in good crude purities and overall yields
(Table 1). In the case of Fmoc-Ser(OrBu)-OH, Fmoc-
Asp(COOfBu)-OH and Fmoc-Lys(NHBoc)-OH, the
corresponding intermediates 4{4-6,R’} were easily
preparcd; however, the subscquent acylation with
Fmoc-azidoalanine was incomplete and for the quanti-
tative preparation of the intermediates 5{4R’}, 5{5,
R’} and 5{6,R’}, the acylation had to be repeated
twice. In the case of alkynols, Fukuyama-Mitsunobu
alkylation was applicable to all tested building blocks;
however it is worth mentioning that in the case of
intermediates 3—5 with R*=4-Mc-Ph and 4-OMe-Ph,
the corresponding ketones were detected by LC-MS
analysis as a consequence of alkyne hydrolysis by the
treatment with TFA and subsequent contact with water
from the mobile phase. The reaction conditions for
denosylation step of intermediates 3 varied depending
on R’. The standard denosylation procedure (i.e.,
mercaptocthanol, DBU, DMF, rt) was used but in some
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Table 1. List of synthesized and characterized compounds.

HN

R 1 1

Osh OI N\R’OIR\N\RQOIR‘N\RZ

HOOC. N \/%/I\L (KO 7 0 mxgo
T{R'.R%} 8 9 10

Compounds R! R* Crude Overall

Purity  Yield

@) )"
7{1,1}1¥ “CH-CH, = H 85 28
7{2,1}1 -CH,- H 84 20
743,131 -CH(CHs)- H 90 60
7{1,7}1 -CH,-CH,- Me 82 48
742,731 -CH,- Me 78 60
7(1,2} -CH,-CH,- Ph 78 20
7{2,2} -CH,- Ph 80 78
7{3,2} -CH(CHS)- Ph 70 40
7{1,3} -CH,-CH,- 4-Me-Ph 80 22
7(2,3} -CH,- 4-Me-Ph 80 22
7{2,4} -CH,- 4-OMe-Ph 90 80
7{2,5} -CH,- 4-CF;-Ph 54 32
7{2,6} -CH,- 4-Cl-Ph 75 43
7(3,3} -CII(CII)- 4-Me-Ph 79 52
743,43 -CH(CH,)- 4-OMe-Ph 85 58
7{3,6} -CH(CHj)- 4-Cl-Ph 65 42
7{4,2}1 -CII(CILOII)- Ph 60 43
7{3,2}19 -CH(CH,COOH)- Ph 70 57
7(6,2} -CH((CH,),NH,)- Ph 65 27
8! -CH,- Ph 61 32
9lel -CH,- Ph 99 30
10 -CH,- Ph 94 20

1 Crude purity after the entire reaction sequence calculated
from HPLC-UV fraces at 205-400 nm.

™ Calculated from the 'Hl NMR spectrum of the purified
product.

! Compound isolated as Fmoc-protected derivative.

4 Crude purity calculated for the Fmoc product, yield for the
product without Fmoc.

I/ Crude purity does not include the Fmoc fragments
(fluorenylmethyl-piperidine and methylene-fluorence).

cascs (Table 2), the reaction time had to be prolonged
from standard 30 min to 2—6 hours to completion;
however it still furnished the desired intermediates 4 in

Table 2. Conditions for denosylation.

Resin Reagents Time [h]
3{1-3,1-2} mercaptoethanol, DBU 2
3{2-3,3} mercaptoethanol, DBU 4

3{2,5} thiophenol, DBU 0,5
3{2-3,4} mercaptoethanol, DBU 6
3{4-6,2} mercaptoethanol, DBU 6
3{2-3,6} mercaptoethanol, DBU 0,5
3{1-2,7} mercaptoethanol, DBU 0,5
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excellent crude purities. On the other hand, the
limitation has been observed for intermediates 3 {R’,5}
containing the clectron-withdrawing moiety (4-CF;-Ph
as R°): their exposure to a mixture of mercaptoethanol
and DBU caused an immediate addition of thiolate to
the triple bond, resulting in the formation of the
mixturc of alkenes (detected by LC-MS, not isolated).
For this reason, mercaptoethanol was replaced by
thiophenol, which slightly suppressed the unwanted
reaction, and the desired intermediates 4{R’,5} were
received in acceptable crude purities above 70%
(calculated from LC-UV traces after cleavage from the
resin). Despite exhaustive optimization, we were not
able to fully suppress the formation of mentioned
alkenes. Consequently, the following steps (i.e. acyla-
tion and cyclization) led to significant decrease of
purities (typically below 50%) probably duc to the
cross-reactivity of alkene by-products. For this reason,
taking the crude purity as the key parameter in solid-
phase synthesis,”” only one representative product 7
{2,5} was isolated and purified. Nevertheless, com-
pound 7{2,5} was still obtained in good overall yield
32%. It should be noted that the mentioned side
reaction was not detected for intermediate 4{2,6}
synthesized from 3-(4-chloro)phenyl-2-yn-1-ol. This
proves that addition of thiolates takes place only in the
case of strongly electron withdrawing groups. Finally,
use of but-2-yn-1-ol as the starting alkynol tested in
combination with Fmoc-Gly-OH and Fmoc-f-Ala-OH
yielded the final compounds 7{2,7} and 7{/,7} in
cxcellent purity.

The dipolar cycloaddition of intermediates 5
worked for all tested derivatives; however, compounds
bearing R* substitution required a longer reaction time
to complete (48 h) than unsubstituted derivatives
(24 h). Based on LC-MS analyscs, we could statc that
the thermal Huisgen reaction was quantitative in terms
of a full conversion of the starting material and it did
not [urnish considerable side products. In the case of
serine-based intermediate 5{4,2}, the standard TFA/
DCM cleavage from the resin (1 h) did not lead to
quantitative removal of the -butyl protecting group,
and the clcavage step had to be prolonged to 16 h.
However, the corresponding derivative 7{4,2} was
obtained in the acceptable crude purity of 60% and
overall yield of 43% after RP-HPLC purification. In
the case of compounds 7{42}, 7{5,2} and 7{6,2}
synthesized from Fmoc-amino acids with functional-
ized side chains, the protective group was preserved
for the semipreparative RP-HPLC to complete the
purification. When the Fmoc-protective group was
removed prior to chromatography, the separation of
minor impurities rom the previous steps was difficult.
If the Fmoc group was cleaved prior to the Huisgen
cycloaddition, the spontancous cyclative cleavage took
place which liberated the corresponding piperazine-
diones from the resin (Scheme 2). Interestingly, we
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Reagents and conditions: ) 50% piperidine/DMF, rt, 16 h;
i) 10% piperidine/DMF, rt, 10 min; iii) 10% DBU/DCM,
rt, 10 min.

Scheme 2. Different products received from 5{2,2} under
different conditions.

observed different outcomes based on the reaction
conditions used. When 50% piperidine/DMF was
applied to cleave the product from resin 5{2,2}, we
detected the unexpected formation of compound 8.
This compound was formed by the base-induced azide
climination from intermediate 9 and subsequent
Michael-type addition of piperidine to the resulting
mecthylene intermediate 10. When the concentration of
piperidine was decreased to 10% and the reaction time
shortened to 10 min, purc azidomethyl-dikctopipera-
zine 9 was isolated. In contrast, use of a stronger and
non-nucleophilic base (DBU) exclusively yielded the
methylene compound 10.

Finally, the developed conditions were applied to
the synthesis of model peptidomimetic 12 (Scheme 3).
To avoid undesirable diketopiperazine formation in the
stage of dipeptide formation, Rink amide resin was
used instead of Wang resin. Briefly, immobilized
tripeptide Gly-Phe-Ala was synthesized using the
convenient solid-phase peptide synthesis. After triazo-
lodiazepinone formation analogically to the Scheme 1,
the synthesis was continued by stepwisc making Gly-
Ala-Phe [ragment. Final peptidomimetic 12 was
obtained in crude purity 93% (calculated from LC-UV
traces) and 70% overall yield (after RP-HPLC purifica-
tion).

Conclusion

In conclusion, we developed simple solid-phase syn-
thesis of disubstituted triazolo|1,5-a||1,4]diazepin-6-
ones using Fmoc-azidoalanine as the key building
block. 19 representative compounds were synthesized
and fully characterized.

The method can be used for rapid preparation of the
target compounds from readily available building
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Scheme 3. Simplified synthesis of peptidomimetic 12

blocks (polymer-supported amines, amino acids and
alkynols). Cyclization of the target scaffold was
accomplished under catalyst-free conditions using the
thermal Huisgen cyclization. Further, linear intermedi-
ates can be simply applied to the synthesis of novel
piperidine-diones using various condition. Addition-
ally, the developed protocols were successfully applied
to solid-phasc synthesis of triazolodiazepinone-based
peptidomimetic which allows for the simple synthesis
of long peptides with constrained histidine mimicking
effects using convenient solid-phase peptide synthesis.
With respect to the high potential of constrained
peptidomimetics lcading to the peptide analogucs with
an increased potency, efficacy and selectivity,* the
reported protocols offer a simple tool for the produc-
tion of novel drug-like molecules.

Experimental section
General Information

Solvents and chemicals were purchased from Sigma-Aldrich
(Milwaukee, USA, www.sigmaaldrich.com), Acros Organic
(Geel, Belgium, www.acros.com) and Fluorochem (Derbyshire,
UK, www.fluorochem.co.uk). Wang resin (100-200 mesh, 1%
DVB, 1.4 mmol/g) was obtained from AAPPTec (Louisville,
USA, www.aapptec.com). Solid-phase synthesis was carried out
in plastic rcaction vesscls (syringes, cach cquipped with a
porous disk) using a manually operated synthesizer (Torvig,
Niles, USA, www.torviq.com). Dry solvents were dried over 4A
molecular sieves or stored as received from commercial
suppliers. All reactions were carried out at ambient temperature
(23°C) unless stated otherwise. For the LLC/MS analyses, a
sample of resin (~5 mg) was treated with 50% TFA in DCM,
the cleavage cocktail was evaporated under a stream of
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nitrogen, the cleaved compounds dissolved in MeCN/H,0 (20%
or 50%; 1 mL) and the resin was removed by filtration. LC/MS
analyses were carried out using UPLC-MS system consisting of
UPLC chromatograph Acquity with photodiode array detector
and single quadrupole mass spectrometer (Waters), using C18
X-Select HSS T3 column (2.5 pm, 3.0 mm x50 mm) at 30°C
and flow rate of 0.6 mL/min. Mobile phase was (A) 0.01 M
ammonium acetate (AmAc) in H,O, and (B) MeCN, linearly
programmed gradient elution). The ESI source operated at
capillary voltage of 3 kV, desolvation temperature of 350°C and
source temperature ol 120 °C. Purification was carried out using
semipreparative  HPLC chromatograph with MS detector
(YMC-Actus Pro C18 column, 20 x 100 mm, 5 pum, MP 0.01 M
aqueous AmAc/ MeCN, flow rate 15 ml./min, gradient elution)
or by normal phase (silica gel chromatography). Residual
solvents (H,O and AmAc buffer) were lyophilized by the
ScanVac Coolsafe 110-4 operating at —110°C. HRMS analysis
was perlormed using LC-MS (Dionex Ultimate 3000, Thermo
Fischer Scientific, USA) with Exactive Plus Orbitrap high-
resolution mass spectrometer (Thermo Exactive plus, Thermo
Fischer Scientific, USA) operaling at positive or negative [ull
scan mode (120 000 FWMH) in the range of 100-1000 m/z
with electrospray ionization operating at 150 °C and the source
voltage ol 3.6 kV. Chromatographic separation was perlormed
on Phenomenex Gemini column (C18, 50 x2 mm, 3 um particle
size) with isocratic elution and mobile phase (MP) containing
MeOH/H,O/formic acid 95:5:0.1. The samples were dissolved
in MeCN or MeOH/H,O (95:5 v/v). NMR experiments were
performed with the use of ECX500 spectrometer (JEOL
RESONANCE, Tokyo, Japan) at magnetic field strength of
11.75 T corresponding to 'H and “C resonance [requencies of
500.16 MHz and 125.77 MHz at 27°C. Chemical shifts (8) arc
reported in parts per million (ppm) and coupling constants (J)
are reported in Hertz (I1z). The signals of DMSO-d; was sel at
2.50 ppm in 'H NMR spectra and at 39.50 ppm in *C NMR
spectra. Abbreviations in NMR spectra: br. s — broad singlet, s —
singlet, d — doublet, dd — doublet of doublets, ddd — doublet of
doublets of doublets, dt — doublet of triplets, m — multiplet, t —
triplet.

Preparation of Starting Materials

Fmoc-Azidoalanine Hofmann Rearrangement of
Fmoc-Asn-OH

Starting Fmoc-L-asparagine (17.9 mmol; 6.3 g) was added to a
mixture of MeCN (28 mL), EtOAc (28 mL) and water (14 mL).
Subsequently, PIDA (diacetoxy iodobenzene) was added
portionwise (5x 1.4 g every hour, 21.7 mmol in total). Reaction
mixture was stirred overnight at rt. Next day, last portion of
PIDA (4.3 mmol; 1.4 g) was added and the reaction mixture
was stirred for additional 2 hours. The reaction was monitored
using TLC (20% DCM in McOH + 1% AcOI) and ninhydrin
visualization. Then, all volatile solvents were evaporated using
rotavapor. Residual water was lyophilized overnight to obtain
sticky yellow/pale brown solid. Next day, E(OAc¢ (100 mL) was
cooled in liquid nitrogen and small amount (20 mL) was added
to the residue. Ilask was then put to ultrasound for few minutes
and then again brielly cooled in liquid nitrogen. Pale yellow-
light brown precipitate was then filtrated, washed with nitrogen-
cooled EtOAc (3x) and dried using vacuum. Yield approx. 52%
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— product was used for catalytic diazotransfer without further
purification.

Catalytic Diazotransfer

Tirst, NaN; (176 mmol; 11.5 g) was dissolved in water (53 mL)/
DCM (80 ml.) and the flask was placed into ice bath, Tf,0
(6 mL; 35 mmol) was then added in small portions using
addition funnel (over 20 minutes). Reaction mixture was stirred
for 15 minutes in the ice bath and then for 2 hours at rt.
Aqueous layer turned pink/light brown. Then, layers were
separated in a funnel and aqueous layer was extracted 2x with
DCM (2 x50 mL). Organic layers were combined and added as
a last reagent to the solution B. Solution B contained starting
material (6 g) after Hofmann rearrangement in a mixture of
MeOH (100 mL)/water (33 mL), NaHCO; (15 g; 176 mmoL)
and CuSO,.H,O (43 mg; 176 pmol). Reaction mixture slowly
turned green — brown after addition of TfN; solution (solution
A). Reaction mixture was stirred overnight at rt under N,
atmosphere. Next day, all volatile solvents were removed using
RVO. Pale green suspension was then acidified using conc. HC1
to pH=2. Pale yellow precipitate was formed. EtOAc was then
added to the flask and the mixture was then quantitatively
transferred to the funnel. Extraction with EtOAc was repeated
3x. Organic layers were combined and dried over Na,SO,,
filtrated and evaporated to dryness. Yellow-light brown oily
residue was obtained. Product was isolated using column
chromatography (Tol:EtOAc:AcOH 1.5:1:0.1) with a purity of
90% as white-pale yellow solid. Yield 5.8 g (94%). Measured
data (ID-NMR, HRMS) are consistent with published data.?*!

Alcohols for Fukuyama-Mitsunobu Alkylation

Aryliodide (6.5 mmol) was dissolved in degassed TEA
(13 mL). Then, Cul (0.53 mmol; 100 mg) and Pd(PPh;),Cl,
(5 mol.%, 230 mg) were added and pale brown suspension was
formed. When propargylalcohol (7.8 mmol; 450 pl.) was added,
the suspension changed color to yellow and then to pale brown
and dark precipitate was formed. The reaction mixture was
vigorously stirred under N, atmosphere . After 6.5 hours, small
sample was extracted with DCM/sat. NH,ClI in eppendorf tube.
DCM layer was analyzed using TLC (H/E 7:3 — Rf of product
is 0.4, Arl 0.9). After completion, the reaction mixture was
quenched with sat. NH,CI (10 mL), diluted with sat.NH,C] and
extracted with DCM (3x). Organic layers were combined, dried
over MgSO,, liltered and concentrated. Product was then sorbed
to Si0, and purified using column chromatography with DCM
as the mobile phase. Product was isolated as yellow solid after
lyophilization of residual solvents. Analytical data were
consistent with published data.”"

Preparation of Triazolodiazepinones

Immobilization of Fmoc-Amino Acids I{R"}

A solution of Fmoc-amino acid (3 mmol), HOBtx0.5 H,O
(3 mmol; 430 mg), DMAP (0.75 mmol; 92 mg) and DIC
(3 mmol; 470 uL) in DCM/DMF (1:1, 10 mL) was added to
Wang resin (1.4 mmol; 1 g). Reaction mixture was shaken for
24 hours at rt. Resin was washed with DMF (3x) and DCM
(3x). Small sample of the resin (approx. 30 mg) was washed
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with MeOH (3x) and used for quantification. 2x 15 mg of the
resin was cleaved using 50% TFA in DCM for 1 hour and then
dried using a stream of nitrogen. Samples were dissolved in
HPLLC MeCN (1 ml) and the loading was determined by
UPLC-MS using Fmoc-B-Ala (0.25 mg/ml.) as an external
standard. Calculated loading of the resin was in the range 0.6—
0.7 mmol/g.

Nosylation with 4-Nitrobenzenesulfonyl Chloride 2
{R'}

Resin 1{R"} (1 g) was treated with 20% piperidine in DMF
(10mL) for 15 minutes and subsequently washed with DMF
(3x) and DCM (5x). A solution of 4-NsCl (3 mmol; 640 mg)
and 2,6-lutidine (3 mmol; 380 puL) in DCM (10 mL) was added
to the resin and reaction mixture was shaken overnight. Resin
was washed with DCM (5x).

Fukuyama-Mitsunobu Alkylation 3{R',R*}

Resin 2{R'} (500 mg) was washed with DCM (3x), dry DMF
(3x) and dry THF (3x). Then, a solution of PPh; (2.2 mmol;
590 mg) and alcohol (2.2 mmol) in dry THF (2.5 mL) was
added to the resin. A solution of DIAD (2.2 mmol, 444 pL) in
dry THF (2.5 mL) was added to the second syringe and both
syringes were connected with a joint and put in a freezer for
15 minutes. Both solutions were then combined. Reaction
mixture was shaken ovemnight at rt, washed with THF (3x) and
DCM (5x).

Deprotection of 4-Nosyl Group 4{R",R’}

Resin 3{R’,R’} (for all resins except 3{2,5}) (500 mg) was
washed with DMF (3x). Then, a solution ol mercaptoethanol
(7 mmol; 500 pL) and DBU (0.8 mmol; 120 uL) in DMF
(5 mL) was added to the resin and reaction mixture was shaken
at rt lor various time (see Table 2). In the case of 3{2,5}, a
solution of thiophenol (4 mmol; 420 uL) and DBU (4 mmol;
600 pL) in DMF (5 mL) was added to the resin (500 mg) and
reaction mixture was shaken for 30 minutes at rt. After reaction,
the resin was washed with DMF (5x) and DCM (5x).

Acylation with Fmoc-Azidoalanine 5{R',R*}

After washing of the resin 4 (500 mg) with DMF (3x), a
solution of Fmoc-azidoalanine (2.2 mmol; 796 mg) and DIC
(2.2 mmol; 356 uL) in DMF (5§ mL) was added to the resin and
the reaction mixture was shaken overnight at rt. (for resins 4{4-
6,2} the reaction was repeated twice). Next day, resins were
washed with DMF (3x) and DCM (3x).

Cyclization to Triazolodiazepinones 6{R',R*} and
their Cleavage from the Resin

Resin 5 was heated in MeCN (10 mL) at 75°C for 24 (R*=H)
or 48 hours (R*=aryl, Mec) in a glass vial. After cooling down
to 1t, the resin was filtered and washed with DCM (3x). For all
triazoles apart [rom 7{1-3,1}, 7{2.5}, 7{4,2} and 7{6,2} resin
was then washed with DMF (3x) and a 20% solution of
piperidine in DMTI was added to the resin. After 15 minutes,
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resin was washed with DMF and DCM (3x each). Resin 7 were
shaken in 50% TFA/DCM (3 mL) for 1 hour (or 16 h for 7
{4,2}). The resin was filtered and washed with 50% TFA/DCM
(1 mL) and DCM (2x), washes were combined and cleavage
cocktail was evaporated under the stream of nitrogen. Crude
product (brown oil) was purified by semipreparative RP-HPLC.

Preparation of Diketopiperazines

I-(3-phenylprop-2-yn-1-yl)-3-(piperidin-1-ylmethyl)
piperazine-2,5-dione 8

Resin 5{2,2} (250 mg) was washed with DMF (3x). Then, a
50% solution in DMI" (3 mL) was added and the resin was
shaken on at rt. Solution containing product was then trans-
ferred from the syringe to a separatory funnel and the resin was
washed with DCM (3x2mL). DCM solution was then
extracted 3x with 10% HCI to remove piperidine and DMF.
Organic layer was then evaporated to dryness. Crude product
(yellow oil) was purificd using semipreparative IHPLC.

(S)-3-(azidomethyl)-1-(3-phenylprop-2-yn-1-yl)pipera-
zine-2,5-dione 9

Resin 5{2,2} (250 mg) was washed with DMF (3x). Then, a
10% solution of piperidine in DMF (3 mL) was added and the
resin was shaken for 10 minutes. Solution containing product
was then transferred from the syringe to a separatory funnel and
the resin was washed with DCM (3 %2 mL). DCM solution was
then extracted 3x with 10% HCI (o remove piperidine and
DME. Organic layer was evaporated to dryness. Crude product
(yellow oil) was purified using semipreparative HPLC.

3-methylene-1-(3-phenylprop-2-yn-1-yl)piperazine-
2,5-dione 10

Resin 5{2,2} (250 mg) was washed with DCM (3x). Then, a
10% solution of DBU in DCM (3 ml.) was added and the resin
was shaken for 10 minutes at rt. Solution containing product
was then transferred from the syringe to a separatory funnel and
the resin was washed with DCM (3 x2 ml.). DCM solution was
then extracted 3x with 10% HCI to remove DBU. Organic layer
was then evaporated to dryness. Crude product (yellow oil) was
purified using semipreparative HPL.C to obtain white solid after
Iyophilization.

Preparation of Peptidomimetic 12

Gly-Phe-Ala peptide was synthesized on Rink resin according
to standard SPPS."*" Triazolodiazepinone synthesis was carried
out in the same manner as described above. Denosylation using
mercaptocthanol/DBU was performed for 2 h. Cyclization in
ACN was carried out for 24 hours at 75°C. Following Gly-Phe-
Ala peptide chain synthesis was performed by standard SPPS.
The cleavage from the resin was performed using 50% TFA/
DCM and the crude peptidomimetic was purified using semi-
preparative RP-HPLC.
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Synthesis of Triazolo[1,5-a][1,4]diazepin-6-ones Adv. Synth. Catal. 2021, 363, 1112 -
1119.8 Text byl ponechén v angli¢ting.

General method for calculation of yields using *H NMR

'H NMR spectra of external standard at three different concentration were measured. In
each spectrum, the solvent signal was integrated followed by the integration of selected HA'
signal of external standard. Ratios of solvent/standard signal areas along with known
quantity of standard were used to construct a calibration curve. Then, *H NMR spectra of
studied sample were measured and the ratio of solvent/sample (selected HA" signal) areas
was determined. Using the calibration curve, the quantity of compound in the sample was

calculated.

'H, 13C NMR and HRMS characterization of triazolodiazepinones 7

(S)-3-(7-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-6-oxo-7,8-dihydro-4H-
[1,2,3]triazolo[1,5-a][1,4]diazepin-5(6H)-yl)propanoic acid 7{1,1}

Hooc_ -~y N

N—N
o) w/
FmocHN

White solid, overall yield 25 mg (28 %). *H NMR (500 MHz, DMSO-ds)  7.90 (d,J=7.5
Hz, 2H), 7.75 (t, J = 7.3 Hz, 2H), 7.69 — 7.61 (m, 2H), 7.43 (t, J = 7.3 Hz, 2H), 7.38 — 7.31
(m,J =5.1Hz, 2H), 5.30 - 5.19 (m, 1H), 5.07 — 4.95 (m, 1H), 4.70 (s, 1H), 4.64 (d, J = 9.3
Hz, 1H), 4.35 (t, J = 8.4 Hz, 2H), 4.26 (t, J = 6.6 Hz, 2H), 3.82 — 3.60 (m, 2H), 3.60 — 3.42
(m, 2H). 13C NMR (126 MHz, DMSO-ds) & 169.37, 155.60, 143.78, 143.69, 142.55, 140.73,
139.40, 137.41, 132.91, 130.99, 128.90, 127.64, 127.26, 127.09, 125.23, 124.18, 121.35,
120.11, 120.00, 109.71, 65.97, 48.80, 48.45, 46.58. HRMS (ESI+) m/z calcd for C24H24N50s
[M+H]" = 462.1772, found [M+H]* = 462.1776.
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(S)-2-(7-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-6-oxo-7,8-dihydro-4H-
[1,2,3]triazolo[1,5-a][1,4]diazepin-5(6H)-yl)acetic acid 7{2,1}

7 "N
HOOC/\N/\(\”

N—N
(0] .|\\/
FmocHN

White solid, overall yield 30 mg (20 %). *H NMR (500 MHz, DMSO-ds) & 7.90 (d, J = 7.4
Hz, 2H), 7.75 (t, J = 8.0 Hz, 2H), 7.68 (d, J = 7.3 Hz, 1H), 7.55 (s, 1H), 7.43 (t, J = 7.3 Hz,
2H), 7.35 (t, J = 5.9 Hz, 2H), 5.36 — 5.26 (m, 1H), 5.09 (d, J = 15.3 Hz, 1H), 4.72 — 4.58 (m,
J=9.7 Hz, 2H), 4.43 - 4.32 (m, 2H), 4.27 (dd, J = 16.5, 9.8 Hz, 2H), 3.98 (s, 2H). 3°C NMR
(126 MHz, DMSO-ds) 6 169.8, 155.6, 143.8, 143.7, 142.6, 140.7, 139.4, 137.4, 132.8, 130.9,
128.9, 127.6, 127.3, 127.1, 125.2, 121.4, 120.1, 120.0, 109.7, 66.0, 48.8, 48.6, 46.6. HRMS
(ESI-) m/z calcd for C23H20NsO0s [M-H] = 446.1459, found [M-H]* = 446.1453.
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(S)-2-((S)-7-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-6-oxo-7,8-dihydro-4H-
[1,2,3]triazolo[1,5-a][1,4]diazepin-5(6H)-yl)propanoic acid 7{3,1}

; /N
Hooc” N/\(\ﬁ

(0] .|\\/
FmocHN

White solid, overall yield 100 mg (60 %). *H NMR (500 MHz, DMSO-ds) § 7.90 (d, J=7.5
Hz, 2H), 7.75 (t, J = 7.2 Hz, 2H), 7.68 (d, J = 7.5 Hz, 1H), 7.54 (s, 1H), 7.43 (t, J = 7.4 Hz,
2H), 7.35 (dd, J = 7.0, 5.0 Hz, 2H), 5.25 (ddd, J = 12.0, 7.4, 4.5 Hz, 1H), 4.92 (dd, J = 15.4,
8.1 Hz, 1H), 4.86 (s, 1H), 4.67 (dd, J = 20.0, 10.8 Hz, 2H), 4.36 (t, J = 8.7 Hz, 2H), 4.33 -
4.22 (m, 2H), 1.32 (d, J = 7.2 Hz, 3H). *C NMR (126 MHz, DMSO-ds) & 172.2, 169.6,
155.6, 143.8, 143.7, 140.7, 133.2, 131.0, 128.9, 127.6, 127.3, 127.1, 125.2, 121.4, 120.1,
120.0, 109.7, 66.0, 53.3, 49.0, 48.4, 46.6, 36.1, 14.8. HRMS (ESI+) m/z calcd for
C24H24N505 [M+H]" = 462.1772, found [M+H]" = 462.1775.
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(S)-3-(7-amino-6-oxo-3-phenyl-7,8-dihydro-4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-
5(6H)-yl)propanoic acid 7{1,2}

H,N

White solid, yield 10 mg (20 %). *H NMR (500 MHz, DMSO-ds) & 7.65 — 7.57 (m, 2H),
7.66 —7.58 (m, 2H), 7.55 — 7.49 (m, 2H), 7.46 — 7.39 (m, 1H), 5.28 — 5.14 (m, 1H), 4.69 (d,
J=17.6 Hz, 1H), 4.64 — 4.55 (m, 2H), 4.17 (t, J = 11.7 Hz, 1H), 3.63 — 3.52 (m, 2H), 2.42
—2.20 (m, 2H). *3C NMR (126 MHz, DMSO-ds) 5 172.8, 172.6, 142.4, 130.5, 129.3, 128.9,
128.0, 127.5, 52.4, 48.2, 44.4, 40.9, 32.7. HRMS (ESI+) m/z calcd for C1sH18Ns03 [M+H]*
316.1404, found 316.1405.
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2-(7-amino-6-ox0-3-phenyl-7,8-dihydro-4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-5(6H)-
yl)acetic acid 7{2,2}

NH,

Light yellow residue, overall yield 75 mg (78%). *H NMR (500 MHz, DMSO-ds) & 7.57 (dd,
J=5.1,3.3 Hz, 2H), 7.49 (dd, J = 10.4, 4.8 Hz, 2H), 7.43 — 7.37 (m, 1H), 5.26 (d, J = 17.5
Hz, 1H), 4.72 (dt, J = 10.3, 4.1 Hz, 2H), 4.59 (d, J = 17.7 Hz, 1H), 4.23 (dd, J = 16.2, 10.6
Hz, 1H), 4.17 — 4.03 (m, 2). 3C NMR (126 MHz, DMSO-ds) 5 172.4, 170.5, 142.5, 130.7,
129.3, 128.9, 127.9, 127.5, 51.7, 50.5, 48.0, 41.7. HRMS (ESI+) m/z calcd for C14H15N503
[M+H]* = 302.1248, found [M+H]" = 302.1245.
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(S)-2-((S)-7-amino-6-o0x0-3-phenyl-7,8-dihydro-4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-
5(6H)-yl)propanoic acid 7{3,2}

HsC H
Ao~ N
Hooc” N N—N
(o] .n\/
NH,

Yellow residue, overall yield 32 mg (40%). *H NMR (500 MHz, DMSO-dg) § 7.61 — 7.56
(m, 2H), 7.51 — 7.45 (m, 2H), 7.42 — 7.36 (m, 1H), 5.05 (d, J = 17.4 Hz, 1H), 4.97 (q, J =
7.2 Hz, 1H), 4.67 (ddd, J = 16.8, 11.8, 4.1 Hz, 2H), 4.56 (d, J = 17.6 Hz, 1H), 4.23 — 4.14
(m, 1H), 1.24 (d, J = 7.3 Hz, 3H). 3C NMR (126 MHz, DMSO-dg) & 172.5, 172.4, 142.4,
130.8, 129.6, 128.9, 127.9, 127.4, 53.3, 51.8, 48.3, 37.1. HRMS (ESI+) m/z calcd for
C14H15N503 [M+H]" 316.1404, found [M+H]* = 316.1402.
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(S)-2-(7-amino-6-o0xo0-3-(p-tolyl)-7,8-dihydro-4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-

5(6H)-yl)acetic acid 7{2,3}

L B
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White solid, yield 8 mg (22 %). 'H NMR (500 MHz, DMSO-de) & 7.44 (d, J = 8.1 Hz, 2H),
7.29 (d, 3 =7.9 Hz, 2H), 5.25 (d, J = 17.5 Hz, 1H), 4.72 — 4.54 (m, 4H), 4.23 — 4.09 (m, 4H),
2.35 (s, 3H). 13C NMR (126 MHz, DMSO-ds) & 172.8, 170.3, 142.5, 137.3, 129.4, 128.9,
127.8,127.4, 51.9, 50.1, 48.1, 41.6, 20.8. HRMS (ESI+) m/z calcd for C1sH1sNsOs [M+H]*

= 316.1404, found [M+H]" = 316.1403.
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(S)-2-((S)-7-amino-6-oxo0-3-(p-tolyl)-7,8-dihydro-4H-[1,2,3]triazolo[1,5-
a][1,4]diazepin-5(6H)-yl)propanoic acid 7{3,3}

NH,

White solid, overall yield 36 mg (52%). 'H NMR (500 MHz, DMSO-ds) § 7.49 — 7.44 (m,
2H), 7.29 (d, J = 7.8 Hz, 2H), 5.04 (d, J = 17.4 Hz, 1H), 5.01 — 4.93 (m, 1H), 4.69 — 4.59
(m, 2H), 4.53 (d, J = 17.6 Hz, 1H), 4.16 (t, J = 12.2 Hz, 1H), 2.35 (s, 3H), 1.24 (d, J = 7.2
Hz, 3H). *C NMR (126 MHz, DMSO-ds) & 172.7, 172.4, 142.4, 137.2, 129.4, 129.3, 128.0,
127.3,53.2,52.0, 48.3, 37.1, 20.8, 14.7. HRMS (ESI+) m/z calcd for C16H19Ns03 [M+H]* =

330.1561, found [M+H]" = 330.1557.

BLTZ-66A2_dF
single_pulse
HiC
“ I.
P |
~ 7" | | |
| i
£ H ! I
% ¥ Y o | |
Ko~y Y " | I
1l i NN I |
07N il
NH,
S _,M/‘ ‘u _‘ Jul
[ W, R, ¥
22  smzes M
S SBREES =
=z  Z3X33 P
T T T T T T T T T T T T T T
14 13 12 11 10 9 8 6 5 4 3 2

52

r5.5

5.0

4.5

r4.0

r3.5

r3.0

2.5

2.0

1.5

F1.0

0.5

r0.0

+-0.5



BLTZ-66A2_dF B
single pulse decoupled gated NOE o o

—142.36
—137.20
129.40
12925
S-127.98
12732
~53.22
“-52.03
~—48 34

£

|

37.05

—20.79
—14.68

T T A e e e FE B B e e S R R S B

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

(S)-2-(7-amino-3-(4-methoxyphenyl)-6-oxo-7,8-dihydro-4H-[1,2,3]triazolo[1,5-

a][1,4]diazepin-5(6H)-yl)acetic acid 7{2,4}
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White solid, overall yield 99 mg (83%).*H NMR (500 MHz, DMSO-dg) § 7.51 — 7.44 (m,
2H), 7.08 — 7.02 (m, 2H), 5.26 (d, J = 17.5 Hz, 1H), 4.76 (ddd, J = 17.1, 12.6, 3.9 Hz, 2H),
461 (d, J = 17.7 Hz, 1H), 4.26 (t, J =12,5 Hz, 1H), 4.19 (q, J = 17.5 Hz, 2H), 3.80 (s, 3H).
13C NMR (126 MHz, DMSO-ds) & 171.9, 170.2, 159.1, 142.4, 128.9, 128.4, 122.9, 114.3,

55.2, 51.0, 50.0, 47.9, 41.6. HRMS (ESI+) m/z calcd for CisH17NsO4 [M+H]*

found [M+H]* = 332.1355.
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(S)-2-((S)-7-amino-3-(4-methoxyphenyl)-6-oxo-7,8-dihydro-4H-[1,2,3]triazolo[1,5-
a][1,4]diazepin-5(6H)-yl)propanoic acid 7{3,4}

=0
H,C H
A 7N
HOOC N N—N
(0] \\/
NH,

White solid, overall yield 49 mg (58%). 'H NMR (500 MHz, DMSO-ds) & 7.55 — 7.42 (m,
2H), 7.11 - 6.97 (m, 2H), 5.05 (d, J = 17.4 Hz, 1H), 4.98 (g, J = 7.2 Hz, 1H), 4.61 (ddd, J =
15.8,12.2, 4.1 Hz, 2H), 4.51 (d, J = 17.6 Hz, 1H), 4.20 — 4.09 (m, 1H), 3.81 (s, 3H), 1.25 (d,
J=7.3 Hz, 3H). ©*C NMR (126 MHz, DMSO-ds) § 172.9, 172.3, 159.0, 142.2, 128.9, 128.7,
123.2, 114.3, 55.1, 53.2, 52.3, 48.4, 37.1, 14.6. HRMS (ESI+) m/z calcd for C1sH19N504

[M+H]* = 346.1510, found [M+H]" = 346.1511.
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(S)-2-(7-amino-6-0x0-3-(4-(trifluoromethyl)phenyl)-7,8-dihydro-4H-
[1,2,3]triazolo[1,5-a][1,4]diazepin-5(6H)-yl)acetic acid 7{2,5}

F3C
7 "N
P
Hooc” "N N—N
o \\/
NH,

White solid, overall yield 25 mg (32%). *H NMR (500 MHz, DMSO-ds) § 7.84 (d, J = 8.2
Hz, 2H), 7.79 (d, J = 8.1 Hz, 2H), 5.28 (d, J = 17.6 Hz, 1H), 4.66 (m, 2H), 4.14 (m, 4H). 3C
NMR (126 MHz, DMSO-de) 6 173.1, 170.6, 141.1, 134.8, 130.5, 128.1 (q, J =31.5 Hz, 1C),
128.1, 125.7 (g, J = 3.8 Hz, 1C), 124.3 (q, J = 272.2, 1C), 52.4, 50.4, 48.2, 43.39, 41.53.
HRMS (ESI+) m/z calcd for C1sH14F3NsO3 [M+H]" = 370.1121, found [M+H]" = 370.1122.
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(S)-2-(7-amino-3-(4-chlorophenyl)-6-oxo-7,8-dihydro-4H-[1,2,3]triazolo[1,5-
a][1,4]diazepin-5(6H)-yl)acetic acid 7{2,6}

cl
7 "N
N |
Hooc” "N N—N
0 \\/
NH,

White solid, overall yield 21mg (43%). *H NMR (500 MHz, DMSO-ds) & 7.60 — 7.56 (m,
2H), 7.56 — 7.53 (m, 2H), 5.24 (d, J = 17.6 Hz, 1H), 4.63 (m, 3H), 4.19 — 4.05 (m, 3H). 13C
NMR (126 MHz, DMSO-de) 6 173.3, 170.4, 141.3, 132.6, 129.7, 129.6, 129.2, 128.8, 52.5,
50.2, 48.2, 41.5. HRMS (ESI+) m/z calcd for C14H14CINsOs [M+H]* = 336.0858, found
[M+H]" = 336.0861.
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(S)-2-((S)-7-amino-3-(4-chlorophenyl)-6-oxo-7,8-dihydro-4H-[1,2,3]triazolo[1,5-
a][1,4]diazepin-5(6H)-yl)propanoic acid 7{3,6}
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White solid, overall yield 31mg (42%). *H NMR (500 MHz, DMSO-ds) & 7.63 — 7.61 (m,
1H), 7.61 — 7.60 (m, 1H), 7.56 — 7.55 (m, 1H), 7.55 — 7.53 (m, 1H), 5.06 (d, J = 17.4 Hz,
1H), 4.98 (9, J = 7.2 Hz, 1H), 4.63 (ddd, J = 15.9, 12.3, 4.2 Hz, 1H), 4.54 (d, J = 17.6 Hz,
1H), 4.18 (dd, J = 24.3, 11.9 Hz, 2H), 1.26 (t, J = 7.7 Hz, 3H). 3C NMR (126 MHz, DMSO-
ds) 6 172.8, 172.4, 141.3, 132.6, 129.9, 129.7, 129.1, 128.9, 53.2, 52.2, 48.3, 37.0, 14.7.
HRMS (ESI+) m/z calcd for C1sH16CINsO3 [M+H]" = 350.1014, found [M+H]* = 350.1017.
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(S)-2-((S)-7-amino-6-o0x0-3-phenyl-7,8-dihydro-4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-

5(6H)-yl)-3-hydroxypropanoic acid 7{4,2}

H
H

L

\\\O

HOOC
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7 "N
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N—N

White solid, overall yield 30mg (76%). *H NMR (500 MHz, DMSO-ds) & 7.67 — 7.62 (m,
2H), 7.47 - 7.42 (m, 2H), 7.38 — 7.33 (m, 1H), 4.91 — 4.82 (m, 2H), 4.79 (dd, J = 15.7, 7.6
Hz, 1H), 4.59 (dt, J = 13.6, 5.2 Hz, 1H), 4.47 (dd, J = 11.9, 3.8 Hz, 1H), 4.09 (dd, J = 17 .4,
7.6 Hz, 1H), 3.74 (dd, J = 11.3, 5.5 Hz, 1H), 3.63 (dd, J = 11.3, 7.7 Hz, 1H). *3C NMR (126
MHz, DMSO-dg) & 173.3, 172.8, 172.3, 141.9, 131.5, 130.7, 128.8, 128.6, 127.5, 127.4,
60.8, 60.5, 52.8, 48.4, 37.8. HRMS (ESI+) m/z calcd for C1sH17NsO4 [M+H]* = 332.1353,

found [M+H]* = 332.1353.
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(S)-2-((S)-7-amino-6-o0x0-3-phenyl-7,8-dihydro-4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-
5(6H)-yl)succinic acid 7{5,2}

COOH
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o .n\/
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HOOC

White solid, overall yield 43mg (57%). *H NMR (500 MHz, DMSO-ds) & 7.57 — 7.53 (m,
2H), 7.44 (dd, J = 10.5, 4.8 Hz, 2H), 7.37 — 7.32 (m, 1H), 5.01 (dd, J = 10.9, 2.8 Hz, 1H),
491 (d, J =17.2 Hz, 1H), 4.59 (dt, J = 17.4, 6.1 Hz, 1H), 4.49 — 4.39 (m, 2H), 4.11 (t,J =
12.5 Hz, 1H), 2.91 (dd, J = 15.2, 11.0 Hz, 1H), 2.22 (dd, J = 15.2, 2.9 Hz, 1H). *C NMR
(126 MHz, DMSO-dg) 6 172.9, 172.8, 172.2, 142.1, 131.2, 130.0, 128.8, 127.7, 127.5, 55.1,
52.4, 48.6, 38.3, 38.2. HRMS (ESI+) m/z calcd for C16H17Ns0s [M+H]™ = 360.1302, found
[M+H]" =360.1302.

62



2.1

2.0

1.9

1.7

1.6

1.5

rl.4

1.3

ri.1

1.0

0.9

r0.8

r0.6

r0.5

0.4

0.3

r0.2

0.0

0.1

BL-TZ-40A_dF
single_pulse
| q
g E ‘ ‘ |
NI |
P F [
s i , [ ( )
% H 1.'\ | “ 1N f f
7
HU‘-\,/”\N/ x_e\ nt‘ | | ‘ | I| | (
- _ |
1l i N | |\ .|.‘ I J |
O 0P’
- 12
[
NH;
J o
gt Y Tl
T T T T T T T T T 7 T T T T
14 13 12 11 10 a 8 7 4 3 4 3 2 1
f1 (ppm)
BL-TZ-40A_dF S 2 EE-R-N ] R -
single pulse decoupled gated NOE & 2 ¢ REERG e =
S~ Ny I
||
1 ]
| "
| 1!
" A ‘ ‘ ok " JJ
T T T T T 7 T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 1z0 110 100 90 80 70 a0 50 40 30 20 10

f1 (ppm)

63

r2.1

r2.0

r1.9

rl.e

1.7

1.6

r1.5

1.4

1.3

L2

1.1

1.0

0.9

0.8

0.7

r0.6

r0.5

0.4

0.3

r0.2

0.1

0.1

+-0.2



(S)-6-amino-2-((S)-7-amino-6-o0xo0-3-phenyl-7,8-dihydro-4H-[1,2,3]triazolo[1,5-
a][1,4]diazepin-5(6H)-yl)hexanoic acid 7{6,2}

H,N
/E/ N
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/, H
HOOC/<N
A
NH,
Light yellow residue, overall yield 23.6 mg (27%). *H NMR (500 MHz, DMSO-ds) & 7.66
(t, J=7.1Hz, 2H), 7.43 (dd, J=14.5,7.1 Hz, 2H), 7.34 (t, J = 7.4 Hz, 1H), 4.83 (d, J = 16.9
Hz, 1H), 4.76 (dd, J = 9.9, 5.3 Hz, 1H), 4.68 (d, J = 17.1 Hz, 1H), 4.60 (dd, J = 13.1, 3.4 Hz,
1H), 4.44 (dd, J = 11.6, 3.5 Hz, 1H), 4.10 (t, J = 12.4 Hz, 1H), 2.57 — 2.51 (m, 2H), 1.50 —
1.31 (m, 3H), 1.17 (dd, J = 14.7, 7.3 Hz, 2H). *3C NMR (126 MHz, DMSO-ds) & 173.2,
173.1,142.1, 131.4, 130.4, 128.7, 127.6, 58.8, 52.7, 48.6, 40.4, 38.3, 36.5, 29.2, 26.8, 23.2.
HRMS (ESI+) m/z calcd for C1gH24NsO3 [M+H]" = 373.1983, found [M+H]" = 373.1981.
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(S)-3-(7-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-6-oxo-3-(p-tolyl)-7,8-dihydro-
4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-5(6H)-yl)propanoic acid 7{1,3}

Hooc. -~y N
N—N
() .\\\/
FmocHN

White solid, yield 20 mg (25 %). *H NMR (500 MHz, DMSO-ds) § 7.91 (d, J = 7.5 Hz, 2H),
7.76 (t, J=7.1 Hz, 2H), 7.71 (d, J = 7.4 Hz, 1H), 7.51 (d, J = 7.9 Hz, 2H), 7.46 — 7.40 (m,
2H), 7.39 — 7.29 (m, 4H), 5.33 — 5.20 (m, 2H), 4.74 — 4.63 (m, 2H), 4.47 — 4.33 (m, 3H),
4.27 (dd, J = 13.1, 6.4 Hz, 1H), 3.64 — 3.46 (m, 2H), 2.35 (s, 3H), 2.32 — 2.18 (m, 2H). °C
NMR (126 MHz, DMSO-dg) 6 172.6, 169.6, 155.7, 143.8, 143.7, 142.6, 140.8, 139.4, 137.5,
137.4, 129.5, 129.5, 129.1, 128.9, 127.7, 127.5, 127.4, 127.3, 127.1, 125.3, 121.4, 120.1,
120.0, 109.7, 66.0, 48.9, 46.6, 44.5, 40.8, 32.8, 20.8. HRMS (ESI+) m/z calcd for
Cs1H30Ns05 [M+H]" 552.2241, found 552.2243.
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(S)-3-(7-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-methyl-6-oxo-7,8-dihydro-
4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-5(6H)-yl)propanoic acid 7{1,7}

“Fmoc

White solid, overall yield 40 mg (48 %). MS (ESI+) m/z calcd for C2sH25Ns05 [M+H]* =
476,19, found [M+H]" = 476.45. *H NMR (500 MHz, CDCls) § 7.74 (d, J = 7.5 Hz, 2H),
7.58 (d, J=5.5Hz, 2H), 7.38 (t, J = 7.4 Hz, 2H), 7.29 (t, J = 7.4 Hz, 2H), 6.62 (d, J = 6.1
Hz, 1H), 5.23 — 5.07 (m, 1H), 4.79 (dd, J = 17.6, 10.0 Hz, 2H), 4.48 — 4.33 (m, 3H), 4.18
(dd, J = 14.9, 9.8 Hz, 2H), 4.06 — 3.96 (m, 1H), 3.51 — 3.37 (m, 1H), 2.50 — 2.32 (m, 2H),
2.27 (s, 3H). 3C NMR (126 MHz, CDCls) § 175.9, 169.8, 155.8, 143.8, 141.5, 139.7,
128.5, 128.0, 127.3, 125.2, 120.2, 67.6, 50.2, 49.1, 47.2, 46.2, 41.7, 34.3, 9.9.
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(S)-2-(7-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-methyl-6-oxo-7,8-dihydro-
4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-5(6H)-yl)acetic acid 7{2,7}

“Fmoc

White solid, overall yield 77 mg (60 %). MS (ESI+) m/z calcd for C24H23NsOs [M+H]* =
462,17, found [M+H]* = 462.46. 'H NMR (500 MHz, CDCl3) & 7.74 — 7.68 (m, 2H), 7.56
(dd, J = 6.8, 3.7 Hz, 2H), 7.45 — 7.32 (m, 2H), 7.30 — 7.16 (m, 2H), 6.88 (d, J = 5.1 Hz,
1H), 5.27 (dd, J = 13.8, 8.7 Hz, 1H), 4.87 (d, J = 17.3 Hz, 1H), 4.73 (t, J = 17.1 Hz, 1H),
4.43 — 4.32 (m, 2H), 4.25 (dd, J = 25.9, 17.1 Hz, 3H), 4.16 (t, J = 7.0 Hz, 1H), 3.85 (d, J
= 17.3 Hz, 1H), 2.16 (s, 3H). *C NMR (126 MHz, CDCls) § 172.5, 170.7, 156.0, 143.8,
141.4, 139.6, 128.5, 128.0, 127.3, 125.2, 120.2, 67.6, 51.8, 50.0, 49.1, 47.2, 42.1, 9.8.
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1-(3-phenylprop-2-yn-1-yl)-3-(piperidin-1-ylmethyl)piperazine-2,5-dione {8}
o)
a0
T
$

White solid, yield 30 mg (32 %). *H NMR (500 MHz, DMSO-ds) & 7.97 (s, 1H), 7.46 —
7.40 (m, 2H), 7.37 (m, 3H), 4.68 (d, J = 17.3 Hz, 1H), 4.22 (dd, J = 26.4, 17.0 Hz, 2H),
3.92 (d, J = 16.7 Hz, 1H), 3.82 (d, J = 2.4 Hz, 1H), 2.73 (dd, J = 13.7, 3.7 Hz, 1H), 2.52
(dd, overlapped with DMSO, 1H), 2.38 (m, 4H), 1.50 — 1.29 (m, 4H), 1.27 — 1.14 (m, 2H).
13C NMR (126 MHz, DMSO-dg) § 166.0, 165.7, 131.5, 128.7, 128.6, 121.9, 83.9, 83.2,
61.3,55.4,55.2,49.2, 34.9, 26.1, 23.5. HRMS (ESI+) m/z calcd for C19H23N302 [M+H]*
326.1863, found 326.1864.
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single pulse decoupled gated NOE
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(S)-3-(azidomethyl)-1-(3-phenylprop-2-yn-1-yl)piperazine-2,5-dione {9}
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Colorless oil, overall yield 30 mg (30 %). *H NMR (500 MHz, DMSO-ds) & 8.44 (s, 1H),
7.48 —7.43 (m, 2H), 7.40 — 7.36 (m, 3H), 4.46 (s, 2H), 4.24 — 4.20 (m, 1H), 4.14 — 4.03 (m,
2H), 3.80 (dd, J = 12.7, 3.2 Hz, 1H), 3.60 (dd, J = 12.7, 3.4 Hz, 1H). *C NMR (126 MHz,
DMSO-de) 6 164.9, 163.9, 131.5, 128.8, 128.6, 121.8, 83.7, 83.6, 54.5, 53.4, 48.6, 35.1.
HRMS (ESI+) m/z calcd for C14H14NsO2 [M+H]" 284.1142, found 284.1140.
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3-methylene-1-(3-phenylprop-2-yn-1-yl)piperazine-2,5-dione {10}

o

White solid, yield 20 mg (20 %). *H NMR (500 MHz, DMSO-ds) & 10.70 (s, 1H), 7.49 —
7.45 (m, 2H), 7.40 — 7.34 (m, 3H), 5.31 (d, J = 2.3 Hz, 1H), 4.88 (d, J = 1.3 Hz, 1H), 4.50
(s, 2H), 4.24 (s, 2H). 3C NMR (126 MHz, DMSO-ds) & 162.5, 156.8, 134.2, 131.6, 128.8,
128.6,121.8, 100.4, 83.8, 83.7, 49.3, 35.4. HRMS (ESI+) m/z calcd for C14H13N202 [M+H]*

241.0972, found 241.0972.
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PT-A-280
single pulse decoupled gated NOE
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(9H-fluoren-9-yl)methyl ((S)-1-(((S)-1-((2-(((S)-5-((S)-1-(((S)-1-((2-amino-2-
oxoethyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-1-oxopropan-2-yl)-6-oxo-5,6,7,8-
tetrahydro-4H-[1,2,3]triazolo[1,5-a][1,4]diazepin-7-yl)amino)-2-oxoethyl)amino)-1-
oxopropan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate {12}

o
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White solid, overall yield 100 mg (70 %). *H NMR (500 MHz, DMSO-dg) & 8.22 (dd, J =
10.2, 6.5 Hz, 2H), 8.16 (dd, J = 9.0, 7.1 Hz, 2H), 8.07 (t, J =5.8 Hz, 1H), 7.87 (d, J = 7.6
Hz, 2H), 7.62 (t, J = 8.0 Hz, 2H), 7.61 — 7.54 (m, 2H), 7.40 (ddd, J = 7.4, 5.1, 3.1 Hz, 2H),
7.34 —7.11 (m, 10H), 7.06 (t, J = 2.6 Hz, 2H), 7.06 — 6.95 (m, 2H), 5.41 — 5.35 (m, 1H),
5.02 (q,J=7.1Hz, 1H), 4.88 (d, J=17.0 Hz, 1H), 4.71 (d, J = 17.5 Hz, 1H), 4.65 (dd, J =
12.9, 4.0 Hz, 1H), 4.36 (dd, J = 14.2, 7.1 Hz, 1H), 4.33 — 4.28 (m, 1H), 4.25 (dd, J = 14.4,
7.5Hz, 1H), 4.22 - 4.09 (m, 4H), 3.91 (dd, J = 16.8, 5.9 Hz, 1H), 3.82 (dd, J = 16.8, 5.8 Hz,
1H), 3.63 (dd, J = 16.8, 6.0 Hz, 1H), 3.54 — 3.47 (m, 1H), 3.05 (dt, J = 9.8, 5.0 Hz, 1H), 2.79
(ddd, J=25.1, 18.2, 9.0 Hz, 2H), 2.54 (ddd, J = 9.4, 8.8, 4.9 Hz, 2H), 1.29 (dd, J = 7.0, 4.1
Hz, 5H).
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13C NMR (126 MHz, DMSO-ds) 6 172.6, 171.3, 170.9, 170.7, 170.2, 169.4, 168.7, 155.8,
143.7, 143.7, 140.6, 138.2, 137.4, 132.7, 131.1, 129.2, 128.9, 128.0, 127.6, 127.0, 126.2,
125.3,125.2, 120.1, 65.6, 55.9, 54.3, 52.3, 48.2, 48.1, 47.5, 46.5, 42.0, 41.9, 37.4, 36.7, 35.9,
18.3, 14.8. HRMS (ESI+) m/z calcd for CasHsaN110s [M+H]* 940.4100, found 940.4101.
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