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1D, 2D NMR
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APT
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Boc
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Bn
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DCE
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DOS
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1. UVOD A CILE PRACE

Predkladana rigorézni prace navazuje na predchozi vyzkum (Obrazek 1) ve vyzkumné skupiné doc.
Sourala, ve kterym jsem se zabyvala divergentné orientovanou syntézou (DOS) novych dusikatych
heterocykli vychazejici s 2/4-nitrobenzensulfonamid (Ns-amidi) jako klicovych intermediati.* Tato
prace se zabyva pfipravou strukturné novych  polycyklickych  tetrahydroisochinolint
a tetrahydrobenzo[d]azepint (Obrazek 2).
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Obrazek 1. Predchozi vyzkum ve vyzkumné skupingé doc. Sourala vychézejici z imobilizovanych
Ns-amidd a/nebo a-aminoketont a jejich nasledna modifikace na rizné typii dusikatych heterocykla

(pfevzato a upraveno)®

Navrhovand metoda vychazela z imobilizovaného Fmoc-allylglycinu ukotveného na Wangovu
pryskyfici ve formé esteru. Pro jeji vyvoj a aplikovatelnost bylo otestovano celkem dvanict rtizné
diversifikovanych alkynol, pét dienofilt a tfi elektrofily (Obrazek 2). Piiprava zadanych heterocyklu
byla provedena pomoci syntézy na pevné fazi (SPS) v kombinaci s DOS a cykloizomera¢nimi
a cykloadi¢nimi reakcemi, tj. metatézi enyni (RCEM) a [4+2] Diels-Alderovou cykloadici (DAC).
Navrhované spojeni metod umoznilo rychlou a efektivni syntézu chemické knihovny se snadnou izolaci

vech reakénich intermediati a cilovych produkti.'?
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Fmoc-allyglycin na Wangove pryskyfici
pfipraveny pro modifikaci 6 heterocyklickych skeletu
alkynoly, dienofily a elektrofily 20 reprezentativni derivatd

Obrazek 2. Vychozi komponenty pro piipravu finalnich heterocyklt ptipravenych pomoci SPS a DOS
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Slouceniny nesouci isochinolinovou jednotku patii do skupiny piirodnich a syntetickych
alkaloidi. Vyznamné biologické uc¢inky pak vykazuji predevsim 1,2,3,4-tetrahydroisochinoliny,
napitiklad alkaloidy berberinu,® pavinu* a apofinu® (Obrazek 3) a jejich analoga nesouci karboxylovou

skupinu v poloze C3 na tetrahydroisochinolinovém skeletu oznac¢ovana jako TIC derivaty (Obrazek 4).

0\

<8 ®
MeO
I e L™ S

~
N N
e oo () ®

OMe
OMe
berberin pavin aporfin
(kofeny a kmen dFfistalu a viastoviéniku) (kukufiény mak) (nandina domaci, srdcovka cizi)

Obrazek 3. Piiklady piirodnich alkaloidd s 1,2,3,4-tetrahydroisochinolinovou jednotkou®®

Mnohé ztéchto latek vykazuji celou fadu zajimavych farmakologickych vlastnosti, jako
naptiklad antitrombické, protinadorové, hypoglykemické ¢&i antivirotické uéinky.®** Pi¢emz biologické
vlastnosti tetrahydrobenzo[d]azepint (SIC) ¢i fuzovanych analogl tetrahydroisochinolinti nebyly
doposud studovany. Z tohoto diivodu se piedkladana prace zaméfuje na piipravu a studium biologickych
ucinka strukturné novych tetrahydroisochinolinovych polycyklickych slou¢enin majici ve své struktuie
TIC jednotku. Ptipravené derivaty byly otestovany vuéi vybranym nadorovym liniim a bakterialnim
kmentim, jejichz soupis je uveden v podkapitole 3.5 této prace, v které jsou zaroven shrnuty i vysledky

biologického testovani.

@@ e g
: M

O )W<
NH, H,
R = vedlejsi fetézec aminokyseliny inhibitor R = H: ACE inhibitor opioidni peptid
antitrombikum dipeptidylpeptidazy IV R = Me: antihypertenzivum  mimetika

OH
OH

OH
OH
OH
HO [i

HO [ i TN o /©[
SO Oy DI o4 ) oH
e Ala e P EEe s
(0]
. (L on

protinadorova ¢éinidla hypoglykemika REV-ERB receptor antivirotikum
modulator

Obrizek 4. Farmakologicky piibuzné N-acyl-TIC derivaty a jejich biologické vlastnosti® >

Predkladana prace je standardné ¢lenéna do sedmi kapitol a podkapitol. V prvni kapitole
Seznameni s problematikou je struéné predstavena RCEM a DAC vcéetné jejich mechanismi a naroka
na reaktivitu. Detailngjsi popis pojednavajici o SPS a DOS neni soucasti prace, nebot’ tyto metody byly

diskutovany dfive Vv zavérecnych pracich uchazecky vykonavanych na Katedie organické chemie
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v letech 2011-2020.%'%" Dalsi kapitola popisuje vybrané syntetické piistupy vedouci k TIC a SIC
derivatim a jejich fuzovanym analogiim, pfic¢emz V celé kapitole 2. je vyuzito arabského c¢islovani
struktur. Nasleduje Komentat k predkladané praci (3. kapitola), kde je struéné rozebrana optimalizace
vyvinuté metody a vysledky cytotoxického a antimikrobialniho screeningu ptipravenych latek, jez jsou
doplnény o doposud nepublikované vysledky. Cely provedeny vyzkum je shrnut v kapitole Shrnuti
(4. kapitola), nasledované kapitolami Ptehled pouzité literatury (5. kapitola), Publikace
k predkladané praci (6. kapitola) a Ptilohy, tzv. Supporting Information (7. kapitola). Posledni dvé
kapitoly jsou prevzaty z ptilozené publikace. Pro lepsi orientaci bylo v 3.—7. kapitole ponechéano

puvodni arabské ¢islovani z publikace, za¢inajici opét od struktury 1.
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2. SEZNAMENI S PROBLEMATIKOU

Kli¢ovymi reakcemi pfedkladané prace je uzavieni chinolinového cyklu pomoci metatéze enynu a [4+2]

Diels-Alderova cykloadice (DAC), které jsou rozebrany v nasledujicich podkapitolach.

3.1 RCEM a[4+2] DAC

Metatéze patii v organické syntéze mezi Siroce vyuzivané cykloizomeraéni reakce, které 1ze rozdélit
na olefinickou, tj. reakci mezi dvéma alkeny a enynovou metatézi, tzv. RCEM (z angli¢tiny ring-closure
enyne methathesis). RCEM spo¢iva v intramolekularnim uzavieni cyklu z enynu, tj. latky obsahujici jak
C-C dvojnou, tak C-C trojnou vazbu. Podle typu koordinace karbenu kovu na alkyn muzZe reakce
poskytovat bud’to exocyklicky 5a nebo endocyklicky 1,3-dien 5b. Ze stereochemického hlediska jsou
pro RCEM vyhodnégjsi exocyklické dieny 5a, kterych je mozno vyuzit pro naslednou [4+2] DAC.
Podrobné&jsi mechanismus vzniku téchto 1,3-dient je znazornén ve Schéma 1 a li§i se svou
regioselektivitou, tj. velikosti vznikajiciho cyklu. V piipadé exocyklického dienu dochazi po koordinaci
karbenu kovu na vnitini uhlik alkynu (latka 1) ke vzniku metalcyklobutenu 2a, jehoz étytélenny cyklus
muze podléhat cykloreverzi zpét na vychozi komponentu 1, nebo naopak otevieni cyklobutenového
kruhu na vinyl-metalkarbenovy komplex 3a. Ten dale podléha intramolekularni [2+2] cykloadici
a dochazi k naslednému otevieni metalcyklobutanového kruhu 4a na zadany exocyklicky 1,3-dien 5a
a k regeneraci karbenu kovu. V piipadé endocyklického 1,3-dienu 5b je mechanismus téméi totozny
s tim rozdilem, Ze po koordinaci karbenu kovu na terminalni konec alkynu 1 (intermediat 2b) a nasledné
intramolekularni [2+2] cykloadici dochazi ke vznika metalcyklobutanu 4b, ktery je dale konvertovan

na zadany endocyklicky dien 5b a karben kovu. 8

R
@) RCEM vedouci k endo produktu 3( 3 RCEM vedouci k exo produktu @)LR
x | X(A)N\\\\ | X =0, NH x4
5b P ’
H

n = celé &islo >1 n
M= karben kovu 5a H

2’ s H faint

>M R H M

N A - = = - »
Cr GG, g —Gin— G5

X )n XN X" 'n ‘?M X nl\z/( X X )n

4b M 4a
3bR 2bR ‘23 3a ‘

vznik exocyklického 1,3-dienu pro [4+2] DAC
Schéma 1. Mechanismu RCEM: Vazba karbenu kovu na vnitini a terminalni uhlik alkynu vedouci

k exocyklickému 5a a endocyklickému 1,3-dienu 5b*®

RCEM byla poprvé popsana v roce 1985 Timothym M. Sisavecem a Thomasem J. Katzem jako
karbenem wolframu katalyzovana polymerizace acetylenu a olefinu probihajici s vysokou
stereoselektivitou.”® Dalsi pouzivané katalyzatory byly na béazi karbenu molybdenu & ruthenia,

naptiklad Grubbsutv katalyzator prvni generace (Rul) 6, ktery byl termalné labilni a vykazoval nizkou
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reaktivitu. Pozdgji byly objeveny stabilngjsi a aktivnéjsi Ru-alkylidenové komplexy, tzv. Grubbsovy
katalyzarory druhé generace (Ru2) 7-8, jez reagovaly i s eneny nesoucimi elektron-akceptorni skupiny.
Podobného vyuziti mély i Grubbsovy katalyzatory tieti generace 9 (Ru3) a katalyzatory na bazi styrenu
(Hoveydav katalyzator, Ru4) 10a tzv. Blechertovy katalyzatory, kde patii binol-styrenu 11 nebo bifenyl-
styrenu 12 (Ru5; Obrazek 5).*82°

Grubbsovy katalyzatory Hoveyduv katalyzator Blechertovy katalyzatory
—_ I e =
¢rRu= r Mes~ Y “Mes N‘Mes Mes™ Mes/NYN‘Mes
PCys <l cw *Ru= Cli.
—Ru ,Ru— N ~Ru=
\ , CI cl - cmy
6:L = PCyj; (Ru1) IPI’O ‘ iPro Q

7:L= Mes’NYN‘Mes (Ru2)
=\ 9 (Ru3) 10: styren

8:L= Mes’Ni”/N Mes
Cy = cyklohexyl; Mes = 2,4,6-trimethylfenyl

11: binol-styren 12: bifenyl-styren (Ru5)

Obrazek 5. Vybrané katalyzatory pro metatézi na bazi ruthenia®*

Pro RCEM se hojné vyuzivaji Grubbsovy katalyzatory Rul a Ru2 o koncentraci 3-20 mol%
Vv zavislosti na typu vychoziho substratu. Reakce probihaji za inertnich a mirnych podminek (pokojova
teplota az 50 °C)** % i vyssich teplot (70-110 °C)*? v bezvodych rozpoustédlech, jako napiiklad
CH,Cl,,8222% toluenu®2® nebo benzenu.?® V ptipadé vychoziho substratu nesouciho elektron-
akceptorni skupiny byva reakce akcelerovana, a to napiiklad roztokem chloridu lithného
v N,N-dimethylformaidu (DMF).** Kromé syntézy v roztoku Ize RCEM provést i na polymernim nosiéi
pomoci SPS.*3* Hlavni vyhodou RCEM na pevné fazi oproti tradi¢ni roztokové syntéze je jednoduché
odstranéni vznikajicich vedlejsich produkti a katalyzatoru z reakéni smési, a to odfiltrovanim reak¢niho
roztoku pomoci injekeni stiikacky s porozni fritou a promytim Cerstvym rozpoustédlem. Toto je i jeden
z divodd, pro¢ se predkladana prace zabyva RCEM na SPS.

Produkty RCEM, konkrétn¢ exocyklické 1,3-dieny reagujici s vhodnymi dienofily, mohou byt
konvertovany pomoci [4+2] DAC na polycyklické heterocyklické slouceniny, jako naptiklad bicyklické
&i polycyklické 8-laktamy,? indolizidiny,?* tetrahydropyridiny,® hexahydroisoindoly,” aza- a oxa-
steroidy,” azapinony** peptidy a peptidomimetika® a mnohé dalsi. Existuji i ptistupy, kdy byla RCEM
a [4+2] DAC provedena v jednom kroku jako tzv. ,,ope-pot“ reakce.?

[4+2] DAC stejné jako RCEM je hojné vyuzivana Vv organické syntéze. Jedna se o cykloadici
4rn-elektront planarniho konjugovaného dienu 13 a 2m-elektronu dienofilu 14a-b (alkenu ¢i alkynu)
reagujicich pfes tzv. jednoduchy cyklicky tranzitni stav 16a—b za vzniku novych energeticky
stabilné&jsich o-vazeb oproti t-vazbam nenasyceného Sesti¢lenného cyklu 16a—b (Obrazek 6). Reakce
byla poprvé objevena a popsana v roce 1928 Otto Dielsem a Kurtem Alderem, po nichZ je pojmenovéna
a za niz v roce 1950 dostali Nobelovu cenu.*” Oblibenost DAC spo¢iva ve vzniku novych stereocenter
na obou koncich vytvorenych jednoduchych vazeb, ale zaroveinl v zachovani stereocentra dienofilu (tj.

stereospecifité) a selektivité reakce.?? Existuji vSak vyjimky, kdy DAC probihala nestereospecificky
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a poskytovala smér diastereomerti,?>%°

vSe totiZ zavisi na typu vychodniho dienu a dienofilu a jejich
substitucich. Tyto parametry jsou zasadni pro oéekavany prubéh reakce. K zachovani stereochemie, tzn.
stereospecifité reakce, obecné dochazi vlivem planarniho uspoifadani dienu 13 a dienofilu 14a—b. Pokud
se dienofil 14a nachéazi v trans konformaci, pak se v této konformaci nachdzi i substituenty

na vznikajicim cyklohexenovém kruhu, tzn. ze v ptipad¢ trans-dienofilu 14a vznika trans-cyklohexen

16a, zatimco cis-dienofil 14b poskytuje cyklohexen v cis-konformaci 16b (Obrazek 6).*

Trans-DAC

,z/’—R\ SH
L — L
\\_/IR =R

dien  trans-dienofil

trans-cyklohexen

13 14a 16a
Cis-DAC R " H exo
R 5
O (= AR =
™ R R H b H endo
dien  cis-dienofil cis-cyklohexen endo izomer endo - uvnitr cyklu
13 14b 16b 16b exo - vné cyklu
— — Prabéh DAC '
— = rovina dienu "uP
N/ N Vg
\‘& : i ~ "R 3 % ,,,,,,,,,,,,,,,,,,,,,,
R—_. 15 '
/ R | E 13+14b bendo izomer|
endo izomer exo izomer ' ] 16aexo izomer !
15a 15b ‘

| reakéni koordinata

Jednoduchy tranzitni stav

Obrazek 6. Mechanismus, stereospecifita a stereoselektivita DAC

Vyse diskutované parametry se pak vyuzivaji k hodnoceni selektivity DAC uvadéné jako tzv.
endo a exo izomery 16a-b, jejichz vznik odkazuje na bicyklické norbonany. Endo pozice na bicyklu
souvisi s pozici uvniti Sesti¢lenného cyklu a exo s pozici vné néj (Obrazek 6). PficemZ majoritnim
produktem DAC byva endo izomer 16b a jeho vznik souvisi s piekryvem orbitalu dienu 13 a dienofilu
14b ptes tranzitni stav 15a a maximalni akumulaci dvojnych vazeb, i za predpokladu, Ze je toto
usporadani Casto stericky naro¢néjsi. Prekryv orbitalu dienu 13 a dienofilu 14b je tim vétsi, ¢im vice
lezi substituenty na dienofilu pfimo pod dienem (tranzitni stavy 15a-b). Tato interakce mezi
n-systémem dienu 13 a dienofilu 14b je popisovana jako sekundarni orbitalni efekt, ktery je vysvétlovan
tim, ze orbitaly spojené se skupinou v konjugaci s dienofilni vazbou se piekryvaji s vnitinimi orbitaly
dienu, coz je specifické pro endo selektivitu (latka 16b). Ta je charakteristicka pro rigidni dienofily,
napiiklad pro anhydrid kyseliny maleinové ¢i benzochinon, naopak v ptipad¢ akrylatl, krotonatd,
polysubstituovanych dient, velmi objemnych dienofili ¢i irreverzibilnich reakci (napiiklad v piipadé
furanu a dienu) byva endo selektivita potladena ve prospéch exo izomeru.®® V téchto piipadech pak
mluvime o tzv. kinetickém a termodynamickém produktu DAC. Kinetickym produktem reakce byva
endo izomer, ktery vznika rychle pfi ireverzibilni reakci a mize vykazovat nizsi stabilitu nez
termodynamicky stabilnéjsi exo produkt vznikajici pomaleji (Obrazek 6). Vse souvisi s tranzitnim

stavem této reakce, substituci dienu a objemnosti substituentt dienofilu.*®
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Co se tyka charakteristiky vychozich komponent, vychozi exocyklicky 1,3-dien mize nést jak
elektron-donorni (EDG), tak elektron-akceptorni skupiny (EWG), jejichZ ptitomnost pak ovliviiuje
reaktivitu s danym dienem, ktery rovnéz mize nést jak EDG (napiiklad dienofily 1,2-cyklohexen ¢i
furan aj), tak EWG skupiny (naptiklad dienofily maleimid, N-fenylmaleimid, diethylfuramat
dimethylacetylendikarboxylat, 4-fenyl-1,2,4-triazolin-3,5-dion aj.). Obecné plati, Ze dieny s EDG jsou
reaktivnéj$i nez dieny s EWG skupinami a bezpodmineéné museji zaujimat cis-konformaci (syn), aby
mohlo dojit k cykloadici mezi dienem a dienofilem. Ackoli mnoho acyklickych dienti byva pfitomno
ve své stabilngj§i trans-konformaci, exocyklické 1,3-dieny ziskané RCEM zaujimaji piesné
pozadovanou konformaci pro DAC, a tudiZ jsou pro tuto reakci vhodnymi substraty, jeZ jsou pouzitelné
bez dalsich transformaci. Dienofily musi spliiovat tii parametry, a to typ konformace v jaké se nachazi
a jeji dopad na vznikajici cyklohexenovy cyklus a dale ptitomnost EDG a EWG skupin, jeZ mohou
zasadné ovliviiovat/zpomalovat rychlost reakce.*

Podle typu dienofilu lze rozlisit normalni a inverzni DAC. U tzv. normalni DAC nese dienofil
skupinu pfitahujici elektrony (EWG) a je v konjugaci s dienem, coz usnadfiuje pribéh reakce. V piipadé
inverzni DAC je dienofil konjugovan se skupinou darujici elektrony (EDG) a jeji prubeh byva casto
znemoznén/ztizen,”® a proto je potieba reakci urychlit/aktivovat pomoci Lewisovy kyseliny, naptiklad
diethylzinku® ¢&i fluoridu boritého;** nebo pouzitim mikrovinného zateni.** DAC probihaji pievazné

oc),22,23,29,35

za vyssich teplot (>50 existuji i vyjimky, kde bylo vyuzito laaboratorni teploty v zavislosti

na typu pouzitého dienofilu, napiiklad 4-fenyl-1,2,4-triazolinu-3,5-dionu,?” anebo chlazeni pii katalyze

Lewisovou kyselinou.**** Nejéast&jsimi rozpoustédly pak byvaji CH2Cl,? toluen,2%282 THF, 4

benzen®* nebo DMSO. Kromé tradi¢ni roztokové syntézy Ize [4+2] DAC uplatnit i na pevné fazi,”***
* coz s sebou pfinasi opét fadu vyhod, zvlasté jednoduché odstranéni nadbytku dienofilu, ktery se
na pevné fazi vyuziva a reakéniho roztoku.

V zavislosti na vychozim dienu/dienofilu a substitucich v molekule vznikajiciho cyklohexenu,

mohou cilové produkty podléhat in situ oxidaci,*** tj.

aromatizaci, napfiklad na nenasyceny naftalen-
1,4-dionovy kruh 22 (Schéma 2).*¢ Oxidace viak miize byt dosazeno i dodate¢ng, napiiklad pomoci
2,3-dichlor-5,6-dikyano-1,4-benzochinonu  (DDQ),%2#" Mn0,*® KMnO, a TFA* palladium-
katalyzované oxidativni dehydrogenace®® nebo bromace za nasledné eliminace pomoci

1,8-diazabicyklo[5.4.0]Jundek-7-enu (DBU).>*

OH 0 o} o] o
MeO MeO [4+2] DAC MeO [0] MeO o] MeO .O
—_ + - U R —— —_—
=
OH o} 0 o] o
17 18 19 20 21 22

Schéma 2. Piiklad spontanni oxidace pti DAC*®
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3.2 Vybrané syntetické pristupy vedouci k TIC a SIC derivatim a jejich fazovanym

analogiim

Tato kapitola je rozdélena do tfech podkapitol pojednavajicich postupné o 1,2,3,4-
tetrahydroisochinolinech nesouci karboxylovou skupinu v poloze C3 (TIC derivaty), derivatech
tetrahydrobenzo[d]azepin-2-karboxylové kyseliny (SIC derivaty) a jejich fizovanych analogach.

3.2.1 Syntéza TIC derivatia

TIC derivaty je mozno piipravit nekolika syntetickymi cestami, napfiklad c¢astecnou oxidaci
oktahydroisochinolini,* Heckovym cross couplingem,> pomoci Pictet-Spenglerovy>°" nebo Bischler-
Napieralskiho reakce®® ¢i [2+2+2] a [4+2] cykloadicemi, které jsou diskutovany déale v praci.?® Existuji
viak i piistupy vyuZivajici organokovovych slou¢enin,* oxidativni Pictet-Spenglerovu reakci,® Friedel-

Craftsovu cyklizaci® i Ritterovu reakci.®?

3.2.1.1 Castena oxidace oktahydroisochinolinii

Vychozi oktahydroisochinolin 23 byl podroben ¢asteéné oxidaci pomoci hydroxidu sodného
na vzdusném kysliku. Reakce poskytovala smés od sebe izolovatelnych izomerd, tj. (9S)-hexahydro- 24

a tetrahydroisochinolint 25 (Schéma 3).%

Schéma 3. Casteéna oxidace oktahydroisochinolinu 23 na tetrahydroisochinolin 25
Podminky a ¢inidla: (i) NaOH, O, 15 min, rt.%?

3.2.1.2 Heckiyv cross coupling

Piiprava TIC derivatu 30a spocivala v Heckové cross couplingu aryl jodidu 26a-d
s dehydroaminokyselinou 27 za katalyzy slou¢eninami palladia (podminky A a B) v zavislosti na typu
pouzitého aryl jodidu 26a—d (Schéma 4). V piipadé¢ aryl bromidi 26a-c byla Heckova reakce
uskuteCnéna pomoci tetrabutylamonium chloridu, octanu paladnatého a triethylaminu jako baze.
Naopak aryl jodidy 26a a 26d reagovaly na odpovidajici produkty 28a a 28d v pfitomnosti
N,N-dicyklohexylmethylaminu a bis(tri-terc-butylfosfinu)paladia.

Piipravené O-acetylované prekurzory 28a—d pak byly dale podrobeny bazické deprotekci,
chloraci a bazicky katalyzované cyklizaci na finalni TIC derivat 30a, ktery byl pfipraven v 99%

enantiomerni ¢istoté (stanoveno pomoci chirdlni HPLC chromatografie).*
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A

Mecos Né:z R OBn OBn
R 27 i
. i, iii v
I —_— —
X Heckiv coupling MeOOC” “NH ~0Ac R= 08BN o ynor g Me0OC” N
OAc  (podminky A nebo B) Cbz ébz (_L,bz
26a-d 28a-d 29a 30a

28a: R = OBn, X = Br (podminky A, 74 %), | (podminky B, 92 %)

28b: R = Me, X = Br (podminky B, 66 %)

28c: R = NO, X = Br (podminky B, 89 %)

28d: R = Br, X = | (podminky A, 45 %)
Schéma 4. Syntéza tetrahydroisochinolinu 30a pomoci Heckova cross couplingu
Podminky a ¢inidla: (i) podminky A: BusNCI, 5 mol% Pd(OAc),, EtsN, THF, 4,5 h, 70 °C (45 % a 74 %);
podminky B: N,N-dicyklohexylmethylamin, bis(tri-terc-butylfosfin)palladia, dioxan, 12 h, 100 °C (66 %, 89 %
a 92 %); (ii) K.COs, MeOH (95 %; ee 99,4 %); (iii) MsCI, N,N-diisopropylethylamin (DIPEA), CH.Cl, (99 %;

ee 97,7 %); (iv) Cs:COs, N,N-dimethylformamid (DMF), (93 %; ee 97,0 %).5

3.2.1.3 Pictet-Spenglerova reakce

Ke konstrukci TIC skeletu je hojné vyuzivana Pictet-Spenglerova reakce.>*®’ Jedna se o kondenzaci
alifatického primarniho aminu s aldehydem ¢i ketonem za kyselé katalyzy. Tento typ reakce byl
aplikovan naprtiklad k pfipravé dvou rtuznych izomert TIC derivati 34 a 38 odvozenych od meta-
tyrosinu 31 (Schéma 5). Metoda byla nejprve vyuzita Kk ptipravé 6-hydroxy TIC izomeru 34, jenz byl
ziskan po esterifikovaci a N-acylaci zakladni TIC struktury 32. 8-hydroxy izomer 38 byl piipraven
bromaci meta-tyrosinu 31 za nasledné Pictet-Spenglerovy cyklizace skrz vakantni ortho-pozici a dale
pomoci esterifikace, N-acylace a odredukovanim atomu bromu pomoci vodiku a palladia na aktivnim

uhli (Pd/C).5*

Pictet-Spenglerova reakce

O
OH
—_— R —_—
HOOC HOOC MeOOC MeOOC N /k
o~ O
31 32 33 34
iv
T S | T
- on 11 51 o 51
Br HOOC H MeOOC MeOOC
HOOC NH2
36 37 38

Pictet-Spenglerova reakce

Schéma 5. Syntéza 6- a 8-hydroxy izomert TIC derivatt 34 a 38 pomoci Pictet-Spenglerovy reakce
Podminky a &inidla: (i) HCL, 45 min, 90 °C; (ii) CHoN,,CHoCla, 24 h, 1t; (iii) Boc,O, CHzCly; (iv) Bra, AcOH,
30 min, 5 °C, poté 1 h, rt; (v) Hz, Pd/C, EtOAc.>

18



3.2.1.4 Bischler-Napieralskiho reakce

Jednda se o intramolekularni elektrofilni aromatickou substituci f-arylethylamidi nebo
f-arylethylkarbamati v ptitomnosti trichloridu fosforylu, ktera je casto vyuzivana k syntéze
dihydroisochinolind. Zajimava alternativa metody byla publikovana v roce 1995, kdy byl vychozi Boc-
protekovany (L)-3,4-dimethoxyfenylalanin ukotveny na Merrifildové pryskytici 39 podroben kysele
katalyzované deprotekci Boc protektivni skupiny za nasledné acylace derivaty kyseliny octové.
Pfipraveny intermediat 40 byl dale vyuzit pro Bischler-Napieralskiho reakci poskytujici klicovy
dihydroisochinolin 41. Redukci dvojné vazby pomoci kyanoborohydridu sodného a uvolnénim

z polymeru pomoci fluorovodikové kyseliny byl ziskan zadany tetrahydroisochinolin 42 (Schéma 6).%

Bischler-Napieralskiho reakce

’\/©: ’\/©:OM6
L/ j‘ N © j‘ _’O\L/ j‘ 3 ~ 7 Hooc H 3

R
39 40 41 42
R = tBu, Ph, 4-OH-Ph, 4-MeO-Ph, 4-NO2-Ph, 3,4-diMeO-Ph, Naph cis/trans = 6:1

Schéma 6. Syntéza tetrahydroisochinolinu 42 pomoci Bischler-Napieralskiho reakce

Podminky a &inidla: (i) TFA, CH,Cl,, 10 min, rt; (ii) RCH,COOH, N,N-diisopropylethylamin (DIPEA),
hexafluorofosfat benzotriazolu tetramethyl uronia (HBTU), N,N-dimethylformamid (DMF), 10 min, rt;
(iii) POCIl3, PhCHjs, 8 h, 80 °C; (iv) NaBH3CN, MeOH/HCI; (v) HF, p-kresol, 1 h, 0 °C (25-30 %).%®

3.2.1.5 [2+2+2] a [4+2] cykloadice

Cykloadi¢ni reakce pii konstrukei heterocyklickych slouc¢enin nabyvaji stale vEtsi popularity. Jednou
z moznosti vystavby TIC skeletu jsou [2+2+2] ko-trimerizace vychazejici z odpovidajiciho diynu 43
reagujiciho s vhodnym monoynem. V ptipadé [4+2] Diles-Alderovy cykloadice (DAC) je pak mozno
vychazet z 1,3-dient s vnitinim ¢i vné&j§im kruhem 44-45. Struéné znazornéni aplikace téchto

cykloadi¢nich reakei pro pfipravu tetrahydroisochinolint 46 je zobrazeno ve Schéma 7.%

HOOC nebo
H

HOOC \ HOOC HOOC

43

Schéma 7. Syntéza tetrahydroisochinolinu 46 pomoci cykloadi¢nich reakci?®

Podobné metody vedouci k fuzovanych TIC derivatim 48 bylo vyuzZito i v predkladané praci
vychazejici z imobilizovaného Fmoc-allylglycinu 47 jako vychozi latky, spocivajici ve vystavbé finalni

molekuly pomoci RCEM a DAC (Schema 8). Podrobngjsi informace k syntéze jsou diskutovany

v samostatné kapitole 3.—7. této prace.®®
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Schéma 8. Syntéza tetrahydroisochinolinti 48 pomoci RCEM a [4+2] cykloadice63

3.2.2 Syntéza SIC derivata

Homologické derivaty tetrahydrobenzo[d]azepin-2-karboxylové kyseliny (SIC) jsou nejéastéji
pfipravovany intramolekularnim Heckovym cross couplingem. V tomto piipadé byla kli¢ova
komponenta 51 pfipravena reduktivni aminaci aldehydu 49 s (+)methylesterem serinu za nasledné Boc
protekce sekundarniho aminu a zavedeni dvojné vazby potiebné pro Heckovu reakci najednou. Ziskany
Heckutv produkt 51 byl dale reagovan s octanem palladnatym (intermediat 52) za nasledné hydrogenace
dvojné vazby pomoci Pd/C poskytujici zadany tetranydrobenzo[d]azepin 53.%*

Hecktv cross coupling
Boc

COOMe || i COOMe |v iv
©:\/ ]/ W N—-Boc —> N—Boc

52 COOMe 53 COOMe

Schéma 9. Syntéza tetrahydrobenzo[d]azepinti 53 pomoci Heckova cross couplingu

Podminky a ¢&inidla: (i) (£)methylester serinu.HCI, KOAc, NaBH3CN, 2-isopropylalkohol, molekularni sita 3 A,
15 h, rt (53 %); (ii) Boc20, bezvody CH,Cly, 20 h, 0 °C; (iii) TsCl, EtsN, 12 h, rt, okyseleni HCI (pH 3; 78 %
po dvou krocich); (iv) Pd(OAc),, BusNCl, NaHCOs, bezvody DMF, molekulova sita 3 A, 16 h, 110 °C (55 %).%

3.2.3 Syntéza fuzovanych TIC a SIC derivati

Jednim ze znamych fazovanych TIC derivata je p-laktam 58, dalsi pfibuzna analoga nebyla doposud
zkoumana. Zakladni skelet dihydroisochinolinu 56 byl ptipraven z 2-amino-3-(3,4-dihydroxyfenyl)-2-
methylpropanové kyseliny 54 ve dvou krocich. Jeho nasledna Pictet-Spenglerova reakce, modifikace

chloroacetyl chloridem a OBn deprotekce za podminek debenzylace poskytla produkt 58 (Schéma 10).%°

Pictet-Spenglerova reakce

CgSH CSSBn Priprava fizovaného analoga
I 2 |
II| BnO CHO III Bno COOBn Bno COO0Bn
N BnO
56 57 CI

Schéma 10. Syntéza fizovaného TIC derivatu 58 pomoci Heckova cross couplingu

Podminky a ¢inidla: (i) OHCOCH,CN, DMSO, 3 dny, rt (64 %); (ii) BnBr, K,COs, bezvody CHsCN, 16 h,
60 °C (48 %); (iii) POCl3, CH3CN, 1,5 h, 60 °C (88 %); (iv) CICH,COCI, EtsN, CH,Cl,, 20 h, rt (47 %); (v) Ha,
Pd/C, EtOH, 3 h, rt, atmosféricky tlak (85 %).%
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3. KOMENTAR K PREDKLADANE PRACI

Cislovani struktur bylo pfevzato z publikace a vyuzivé arabskych &islic zaéinajicich od 1: Kralova, P.;
Soural, M. Synthesis of Polycyclic Tetrahydroisoquinolines and Tetrahydrobenzo[d]Azepines from
Polymer-Supported Allylglycine. J. Org. Chem. 2022, 87 (8), 5242-5256.

3.3 Priprava alkylac¢nich ¢inidel pomoci Sonogashira couplingu

Alkyla¢ni ¢inidla byla pfipravena z odpovidajicich aryljodida b nesoucich elektron-akceptorni
a elektron-donorni skupiny, a propargyl alkoholu ¢i but-3-yn-1-olu a (n = 1, 2) pouzitych v zavislosti
na délce raménka oznafené¢ho pismenem ,n“ pomoci Sonogashira couplingu (Schéma 11) podle
postupu pievzatého z literatury.®® Dana ¢inidla byla ziskdna v 61-93% vytézcich a nasledné pouzita

pro piipravu intermediatt 2a—m pomoci Mitsunobu alkylaci (viz podkapitola 3.5.1).

i
o ! L HOT AN
HO™ /) \\ 1
" I-V: n =1, R" = 4-CF5 4-Br, 4-F, 3-F, 2-F (79-93 %)
a b R1  VIVIIE: n =2 R'=H, 4-Me, 4-CF; (61-83 %)

Schéma 11. Priprava alkylac¢nich Cinidel

Podminky a ¢inidla: (i) Pd(PPhs).Cl, (1 mol%), Cul (2 mol%), degasovany EtsN, 20 h, 60 °C (61-93 %).

3.4 Vyvoj a optimalizace syntetické cesty

Cilové derivaty mély byt pfipraveny z Fmoc-allylglycinu ukotveného pies esterovou vazbu na Wangovu
pryskyfici 1 pomoci ¢tyfech reakci, tj. Mitsunobu alkylace, metatéze, Diels-Alderovy cykloadice (DAC)
a acylace s vhodnymi elektrofily. Obecné schéma syntézy je znazornéno ve Schéma 12. Kli¢ové
alkylované meziprodukty 2 byly pfipraveny ve tfech krocich podle postupu pievzatého z literatury,®®
zahrnujicich deprotekci Fmoc protektivni skupiny imobilizované aminokyseliny, sulfonylaci pomoci
2/4-nitrobenzensulfonyl (Ns) chloridi a naslednou Mitsunobu alkylaci s vhodnymi alkynoly. Tyto
intermediaty 2 byly dale pouzity k vystavbé vnitini ¢asti cilové molekuly sestavajici z piperidinu
¢i azepinu pomoci RCEM metatéze s Grubbsovym katalyzatorem (Ru; intermediaty 3) a dale k vystavbé
vychodni ¢asti molekuly tetrahydroisochinolinového a tetrahydrobenzo[d]azepinového skeletu pomoci
DAC s vhodnymi dienofily (intermediaty 4 nebo 7). Odstépenim Ns skupiny, tzn. denosylaci byly
ziskany kli¢ové meziprodukty pro divergentné orientovanou syntézu (DOS) a vystavbu zapadni ¢asti
molekuly pomoci acylace s vhodnymi elektrofily, jako naptiklad a-/6-aminokyselinami (derivaty 11,
13-14) ¢i jodoctovou kyselinou (intermediaty 15a—g). Ziskané intermediaty 15a-g byly dale
modifikovany pomoci vhodnych reakénich podminek vcetné uvolnéni z polymeru, jez vedly
k derivatim 19 nesoucich laktonovou ¢i terc-amidovou jednotku (derivaty 16-17 pfipravené pomoci
vybranych alifatickych aminit). Optimalizace jednotlivych kroki jsou specifikovany v nasledujicich

podkapitolach a prehled testovanych synthonti na Obrazku 7.
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NO,

N-protekované aminokyseliny

@O

HN—Boc HO HN Boc

Obrazek 7. Piehled testovanych synthonil pro ptipravu finalnich heterocykli

3.4.1 Syntéza alkylovaného intermediatu 2

Pro zavedeni substituce R* a nasledné stanoveni limitu a omezeni navrhované metody bylo otestovano

celkem dvanact riznych alkynoli pro Mitsunobu alkylaci v kombinaci se dvéma sulfonyl chloridy, tj.

2-/4-NsCl, jenz jsou vyobrazeny na Obrazku 5. Pii¢emz 2-Ns derivaty byly zafazeny za ucelem

nasledného rozsiteni navrhované metodiky, jez by vedla k fizovanym analogiim 21%" (Schéma 13).

Mitsunobu alkylace poskytovala intermediaty 2a—m v 93-98% surové Cistoté (Stanoveno pomoci

HPLC-UV analyzy po uvolnéni z polymeru).
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Schéma 13. Vyuziti 2-Ns skupiny pro p¥ipravu fuzovanych analogti (podle podminek z literatury)®’

3.4.2 Metatéze (RCEM)

Pro otestovani pouzitelnosti navrhované metody bylo pfistoupeno k vyvoji podminek pro RCEM
pro dvé modelové slouéeniny 2a—b nesouci 2/4-Ns skupinu a (4-(trifluoromethyl)fenyl)prop-2-yn-1-yl
jako R! (Schéma 14). V obou piipadech byl testovan Grubsstv katalyzator druhé generace (Ru2)
v kombinaci s roztokem LiCl v N,N-dimethylformaidu (DMF) pro akceleraci reakce** Jak se ukazalo,
RCEM byla zavisla na pofadi piidavku jednotlivych reagenti (viz kapitola 6., experimentalni ¢ast),
velikosti pouzitého michadla a rychlosti michani, kdy v pfipadé velkého michadla a pii ota¢kach vyssich
jak 100 rpm dochazelo k rozemleti pryskyfice, coz znemoznovalo dalsi syntézu. Po optimalizaci
podminek byl derivat 3a nesouci 2-Ns ziskan po 24 h zahfivani v konické tlakové ampuli v olejové
lazni, naproti tomu uplné konverze na derivat 3b nesouci 4-Ns skupinou bylo dosazeno aZ po Ctyfech
dnech. Pomoci téchto podminek byla pfipravena analoga 2c-m nesouci rizné alkynylové zbytky
v poloze R* odvozené od 3-fenylprop-2-yn-1-ylu (n = 1) a 4-fenylbut-3-yn-1-ylu (n = 2) za ucelem

stanoveni vztahil mezi strukturou a reaktivitou (Tabulka 1).

@)LH L

4-Ns 0 4-Ns O\L/o NN
3k 9k ] ‘/\

O 4-Ns H
R1=H,n=1Ti 10k
)y S Cor i
[ ' . X
Q.o Q))LQ Qo L. 0 OJL@
N R’ : LN Y N -«
O Ns ; O Ns R" | O 4-Ns
. S 2am ?
n:1’i'msj:‘:’;jR1f4'gF3 1 2Ne: 22 R = 4.CEPh n=1: 3h: R'=Ph limited cp 33 %
n= A 3d: 21 :3-BF3 n : 1'4—NS_' 2:_ R : 4-CF3-Ph 3i: R'=4-Me not obtained
TN T =LA ad R = AT 3j: R'=4-MeO not obtained
3d: R' = 4-Br 2d: R' = 4-Br-Ph
3e:R'=4-F 2e: R = 4-F-Ph n=2:3m: R'=4-Me not obtained
3f: R'=3-F 2f: R" = 3-F-Ph
3g:R'=2-F 2g: R' = 2-F-Ph
n=24-Ns:3c:R'=H 2h:R' = Ph
31: R' = 4-CF, 2i: R" = 4-Me-Ph
2j: R' = 4-MeO-Ph
2k:R'=H

n=2,4-Ns: 2¢c: R' = Ph
21: R! = 4-CF5-Ph
2m: R' = 4-Me-Ph

Schéma 14. Reaktivita intermediati 2a—m pro RCEM
Podminky a ¢inidla: (i) Grubbstv katalyzator druhé generace (5 mol%), 0.4 M lithium chlorid (LiCl) v DMF,
bezvody PhCHjs, 24 h (pro 2a, e—g, ik, and m), 3 dny (pro 2d), 4 dny (pro 2b), 12 dnt (pro 2c a l), 110 °C.

23



Tabulka 1. Optimalizace RCEM pro intermediaty 2

Ru | LiCl/ | extra | tep- | .
1 2 typ cas 2 3 3-K 9 10
Vb R M R | B T | e | ey | T | el | D6 | (961 | (961" | 261"
2a | 4-CFa-Ph | 2-Ns |1 |Ruz | 5 | 04 | PhCHs | 120 | 24 | 0 | 94 | 0 | 0 | 0©
20 93 | 5 | 0 | 0 | 0
2b | 4-CFsPh | 4Ns|1|Ru2| 5 | 04 | PhCHs | 110 ‘7‘2 ;é gg 8 8 8
% | 0 | 95 | 0 | 0 | 0
20 | 87 | 9 | 0 | 0 | o
9% | 58 | 38 | 0 | 0 | 0
2 Ph ANs |2 | Ru2| 5 | 04 | PhCHs | 110 [144] 28 | 59 | 0 | 0 | ©
216 15 | 76 | 0 | 0 | 0
2881 0 | 90 | 0 | 0 | 0
20 84 | 9 | 0 | 0 | 0
2d | 4Br |4aNs|1|Ru2| 5 | 04 |PhcHs | 120 [48 [ 22 | 72 | 0 | 0 | 0
721 0 | 93] 0] 0 | 0
2% | 4F | 4Ns|1|Ruz| 5 | 04 | PhCHs | 110 | 24 | 0 | 98 | 0 | 0 | 0
2f 3F | 4Ns|1|Ruz| 5 | 04 | PhCHs | 110 | 24 | 0 | 98 | 0 | 0 | 0
291 2F [4Ns|1|Ruw2| 5 | 04 |PhCHs | 110 | 24| 0 | 94 | 0 | 0 | 0
Rul | 5 20 | 54 | 3 | 0 | 4 | 0
- 24 | 38 | 33 ] 0 | 0 | 0
2h Ph aNs |1 o 04 | PhcHs | 110 [ 72 | 38 | 33 | 0 | 0 | 0
0 240 | 63 | 30 | 0 | 0 | 0
721 60 | 31 | 0 | 0 | 0
- 20 | 40 | 5 | 52 ] 0 | 0
. 8 21 | 5 | 711 0 | 0
2i 4-Me-Ph | 4-Ns | 1 | Ru2 " 0.4 PhCH;3 | 110 24 v 5 v 0 0
8 16 | 5 | 721 0 | 0
2i | 4-MeO-Ph | 4-Ns | 1 | Ruz | 5 | 04 | PhCH, | 110 | 24 | 35 | 2 | 57 | 0 | ©
0.4 22 | 1 | 3 | 0 | 6 | 53
5 [ o 20 | 94 | 0 | 0 | 1 | 5
: o | 48940 [0 [ 5 |4
0.4 20 | 17 | 22 | 0 | 22 | 10
R 20 | 42 | 21 | 0 | 25 | 7
: 43 | 34 | 28 | 0 | 31 | 7
Ru2 PhCHs | 50 | 24 | 95 | 0 | 0 | 0 | 0
; 80 | 24| 9 | 0 | 0 | 0 | 0
10 |24 | 95 | 0 | 0 | 0 | 0
20 20 91 ] 0 | 0 | 3 | 1
2K H 4Ns | 1 o4 o | 24132 [ 20 [0 [ 2 | 6
20 | 42 | 14 | 0 | 26 | 3
3 1 | 24 | 0 | 26 | 44
- 20 95 1 0 | 0 ] 0 | 0
20 [, |CHCl| 50 [2a | 20 [20 [ 0 | 2 | 35
: 8 20 | 25 | 0 | 2 | 27
10 20 92 | 0 | 0 | 4 | 1
20 | %4 | BCE |80 T 21 [ 0 | 17 | 5
20 | 13 | 30 | 0 | 13 | 24
Rul| 5 | 04 | PhCHs | 110 [—aet—>——29 8 13 1 24
20 90 | 8 | 0 | 0 | 0
2l | 4-CFs-Ph |4Ns |2 |Ru2| 5 | 04 | PhCHs | 110 [144| 73 | 25 | 0 | 0 | 0
2881 0 | 981 0 | 0 | 0
22| 431 9 | 26 ] 0 | 0
2m | 4-Me-Ph |4-Ns|2|Ru2| 5 | 04 |PhCHs | 120 —2o——2——2 20 3 13
3,

aSurova cistota stanovena pomoci HPLC-UV pri 205-400 nm. Cervené zndzornéna tiplné konverze na produkt

Zkratky: VL = vychozi latka; Ru = Grubbsiiv katalyzator; bezv. rozp. = bezvodé rozpoustédlo.
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Z Tabulky 1 je patrné, Ze priibéh RCEM zavisi na typu pouzité substituce R'a délce fetézce
alkynolu, tzn. poc¢tu methylenovych skupin ,,n“ v fetézci 3-fenylprop-2-yn-1-ylu ¢i 4-fenylbut-3-yn-1-
ylu. V pripadé¢ 3-fenylprop-2-yn-1-yl analogt s jednou methylenovou skupinou (n = 1) nesoucich
skupiny R! se zdpornym induké&nim efektem (Br a F) bylo kvantitativni konverze na 3e—g (R* = 2-/3-4-
F-Ph) dosazeno po 24 h, zatimco u derivatu 3d s 4-bromofenylem jako R* byly vyzadovany tii dny.
Nesubstituovany fenyl analog 3h (R* = Ph) byl ziskan pouze v omezené surové ¢istoté (33 %) a stejné
vysledky byly pozorovany i po ttech dnech. Lepsi konverze nebylo dosazeno ani pomoci 10 mol% Ru2,
ani po zaméné Ru2 za Grubbstv katalyzator prvni generace (Rul). Zhor$ena reaktivita byla pozorovana
i u latek 2i—j s elektron-donornimi skupinami (R* = 4-Me-Ph and 4-MeO-Ph), jejichz pfeména na latky
3i—j zcela selhala. V obou ptipadech byl pozorovan vznik odpovidajicich ketont 3i-K a 3j-K (Schéma
4, Tabulka 1). V piipadé propargyl derivatu 2k byla pozorovana smés tfi slou¢enin; majoritni ,,Cross-
linking* produkt 10Kk, zadany dien 3k a dealkylovany produkt 9k v 53%, 33% a 6% surovych Cistotach.
Dalsi optimalizace, spocivajici naptiklad ve snizeni koncentrace LiCl v DMF, zvyseni poétu pouzitych
ekvivalentll Ru2, jeho zaména za Rul, pouziti riznych rozpoustédel, teplot a ¢ast, nemély zadny vliv
na pribéh reakcei a od dalSich optimalizaci bylo upusténo.

U derivata majicich 4-fenylbut-3-yn-1-ylovou skupinu (n = 2, derivaty 2c, 2I-m; Tabulka 1)
byla RCEM mozna pouze pro nesubstituovany fenyl analog 3¢ (R*= Ph) a derivat s elektron-akceptorni
skupinou 3l (R! = 4-CF;-Ph). Syntéza slougeniny 2m s elektron-donorni skupinou (R = 4-Me-Ph)
selhala z dtivodu vzniku ketonu 3m-K (47% surova Cistota). Struktura téchto ketonu 3i-K, 3j-K a 3m-
K byla navrzena pomoci MS spekter, protoze dané derivaty nemély vyznamnéj$i vyznam v této
syntetické metod¢, nebyly tyto latky izolovany a podrobeny plné charakterizaci pomoci konvenénich
analytickych metod.

Obecné lze fici, Ze RCEM pro derivaty nesouci 3-fenylprop-2-yn-1-ylovou a 4-fenylbut-3-yn-
1-ylovou jednotku zavisi na typu pouzité substituce R!a je mozna pouze pro latky nesouci elektron-
akceptorni skupinu (R' = 4-CF3-Ph), majici zaporny indukéni efekt (R' = 4-Br-Ph a 2-/3/-4-F-Ph)
a v piipadé 4-fenylbut-3-yn-1-ylem derivatii také pro nesubstituovany fenyl (R = Ph). Délka 3-
fenylprop-2-yn-1-ylového a 4-fenylbut-3-yn-1-ylového fetézce neméla na RCEM zasadngjsi vliv.

3.4.3 [4+2] Diels-Alderova cykloadice (DAC)

Vychodni ¢ast molekuly navrhovanych derivati byla vystavéna pomoci [4+2] DAC. Pavodni plan
syntézy spocival v ptipravé dekahydro-1H-pyrrolo[3,4-flisochinolinu 4a, jenz by byl dale oxidovan
na tetrahydroisochinolin 6a a jeho pievedeni/odstranéni 2-/4-Ns skupin by mohly umoznit modifikaci

s vhodnymi elektrofily podle podminek pievzatych z literatury® ®°

vedoucich k fazovanym
heterocyklim (Schéma 15). Jak se pozdgji ukazalo, ze Diels-Alderova reakce s N-fenylmaleimidem
poskytovala smés tii diastereomert, jejichz oxidace na tetrahydroisochinolin 6a zcela selhaly, a proto
bylo pfistoupeno k alternativni cesté. Ta spocivala v zaméné dienofilu, tzn. N-fenylmaleimidu

za 1,4-naftochinon, popfipadé jeho analoga 1,4-benzochinon a 1,4-antrachinon (diskutovano dale).
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Schéma 15. Puvodni a alternativni synteticka cesta vedouci k prekurzorim pro pfipravu fuzovanych cykli

Jak jiz bylo zminéno, pro DAC dienu 3a byl nejprve testovan N-fenylmaleimid jako modelovy
dienofil a reakce byla provedena v piitomnosti bezvodého dimethylsufoxidu (DMSO) pii 120 °C
Vv konické tlakové ampuli v olejové 1azni (Schéma 16). Po uvolnéni ziskané latky 4a z polymerniho
nosi¢e pomoci smési trifluoroctové kyseliny (TFA) v CH.Cl> byly pozorovany tfi diastereomery
v celkové surové Cistot€ 95 % v poméru 3:5:2. Pomoci MS analyzy bylo uréeno, Ze se jedna o
dekahydro-1H-pyrrolo[3,4-flisochinolin-8-karboxylovou kyselinu 5a. Pro ureni konfigurace nové
vzniklych stercocenter bylo pfistoupeno k separaci jednotlivych diastereomeri pomoci HPLC
chromatografie na reverznich fazich (RF-HPLC) s mobilni fazi tvofenou CH3CN a octanem amonnym
(AmAc), jez umoznila izolaci dvou majoritnich izomera 5a-1 a 5a-11 ve finalni HPLC C¢istoté >98 %.
Tteti izomer byl kontaminovan izomerem 5a-11, coz znesnadnilo jeho strukturni identifikaci a jeho
strukturni analyza neni soucasti piedkladané prace. Kompletni 1D a 2D NMR analyza byla provedena
pomoci 'H, BC{*H}, APT, 'H-'H COSY, 'H-'H NOESY, 'H-C HMQC, 'H-*C HMBC
a 'H-""N HMBC NMR spekter pro izomery 5a-1 (Obrazek 8-9) a 5a-11 (Obrazek 10-11). K praci jsou
pfipojeny i detailni tabulky jednotlivych *H, *C a >N NMR korelaci pro oba izomery (Tabulka 2-3).

HO_ .
3a 3 4a 3 CF3 j(‘) 2E CF;
(smés tfi diastereomer) L S )
5a-l (24%) 5a-Il (43%)
(celkovy vytézek) (celkovy vétézek)

Schéma 16. [4+2] DAC intermediatu 3a a jeho §tépeni z polymeru
Podminky a ¢inidla: (i) bezvody DMSO, 24 h, 120 °C; (ii) 50% trifluoroctova kyselina (TFA)/CH.Cl,, 1 h, rt

a nasledna HPLC chromatografie na reverznich fazich (RF-HPLC) pomoci octanu amonného (AmAc).
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N

11
H-"H COSY korelace 'H-"H NOE korelace

vw = velmi slabé interakce

Obrazek 8. Detailni COSY, *H-*N HMBC a NOE NMR analyza isochinolinu 5a-1

"H-13C HMBC korelace - alifaticka oblast
w = slaba interakce TH-13C HMBC korelace - aromaticka oblast

vw = velmi slaba interakce vw = velmi slabé interakce

Obrazek 9. Detailni *H-**C HMBC NMR analyza isochinolinu 5a-1
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Tabulka 2. *H (500 MHz) a BC{*H} (126 MHz) NMR spektra véetné detailnich COSY, *H-"*C HMBC,
'H-*N HMBC a NOE korelaci pro isochinolin 5a-1*

'H

13C{1H}

15N

g multiplicita, 14413 'H-N
.g NMR J[Hz], NMR dc | NMR kCOISY H . C II-|MBC HMBC  INOE Kkorelace
S OH integrace [ppm], ON orelace orelace Korelace
[ppm] “Jer [HZ] | [ppm]
1 - - 176.5 - - - - -
2 - - - ]&32;' - - H15.19 _
3 - - 178.2 - - - - R
C3,C4,C5,C6
dd, J =3.0, 2, 1T e M H12, H21.25
4 3.45 15 HZ, 1H 39.7 - Hb5, H13 C(Zéhg:sl-li,aicm%4 - (velmi slaba int.)
Ha: dd, J=8.7, ) He .5 (\gii sEljintC.)&CClBZ ) H21,2§ -(velmi
2.35 3.0Hz, 1H 1 Mo ! ! slaba int.)
5 29.4 Ci3
He: dd,J= ' C3, C4, Cs6, C7, Hi2 g
5 6b7 142,15 - H*, H® C8, C12 (labiint) - H,21'25 ,
' Hz, 1H C13, C20
6 - - 132.1 - - - - R
7 - - 133.0 - - - - R
Ha: d, J=16.2 .8 C7,C10, C11 10 (velmi slaba
4.06 Hz 1H - b (velmislaba int) (5192 - int) 21,25
8 M, [da=162] *7 ’ ’
b ,J =16. ) 8 _ 11 421,25
425 | Hz, 1H Ha Cé, C7 Hat, H
9 - - - 8393; - - Hyll, H12 )
8 (velmi slaba
dd, J = R Cg (labaint) 11 .':? H12 13
10 441 121, 6.1 56.9 - Hb“’ C12 (slabi int) C3’4 - fveloai slabgint)
HZ lH ! )
! H28
HlO
Ha: g, J=121 ) u ) 6 Liis
245 Hz, 1H |-||_k|;12, C10,C12,C34 Hy8, H
11 26.7 - —
Hb: dd, J= 61, ) 11! C7, Cll (velmi slaba NO H13
2.57 3.0Hz, 1H I—le' int) C12
ddd, J = 2L C (velmislabd int)
12 2.49 12.1, 3.0, 33.9 - Hp'?, C4, C7, C8, C10, N9 H*, Hp?, H
1.5Hz, 1H H3 C11, C13
Hb5 HlO (velmi
dd, J=3.0, _ 4 112 C1, C5, C6, C12, . slabaint) 1y 11
13 3.43 15 HZ, 1H 41.68 H y H Cl14 (velmi slaba int.) Hbul{-la )
14 - - 132.2 - - - - R
15, 7.12- i 1618 ]
19 717 m, 2H 127.1 H C14, C15,19, C17 N2
16, 7.41- H1519 C14, C15,19,
18 | 748 | M2H | 1289 | - HY7 C16.18, C17 } }
17 773;3 m, 1H 128.4 ; H16.18 Cl‘é 1%11%19' ] ]
20 - - 142.6 - - - - R
H4 (velmi slaba
C6, C20, C21,25 ; ;
21, | 7.07- | br.dJ= 2224 L ST int) |5 (velmi
5 712 8.0 Hz, 2H 128.2 - H C22,24, C23, C26 - Slabi int) 145

(velmi slaba int.)

Has, Hb8
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22,

br.d,J=

125.1,

C20, C21,25,

= 21,25 29
24 | "7 18oHz2H | o ) 3 C22,24,C23,C26 ) H
127.8,
23 - - J=319 - - - . )
Hz
124.2,
26 - - J=271.8 - - - - -
Hz
27 - - 131.1 - - 3 : -
dd, J=8.4, » C28, C29,C30, | N33 (vemi o
281 162 195 Hz, 1H 1294 ) H C31, C32 slabd int.) H
ddd, J = €27, C28, C30
29 | 7.71 | 8.4, 74 131.8 - H28, 30 226 L3, ] H2224
1.2 Hz, 1H C31, C32
ddd, J =
30 | 7.85 | 7.973, 124.0 - e | G Céé% C30, ) ]
1.0 Hz, 1H
dd, J=7.9, © C27, C28, C29,
L1 77 | onz 1H | 1849 - H C30, C31, C32 N33 J
32 - - 1475 - - ; ; -
33 _ _ _ 373.0 ) i H28 (velmi ]
(N33) slaba Int).’ Hs1
34 - - 172.9 - - ; ; -
35 | 13.13 | br.s, 1H - - - ) - -

3pfifazeni vychdzi z 1D a 2D NMR analyz (*H-'H COSY, H-13C HMQC, 'H-13C HMBC, *H-*N HMBC a 'H-H
NOESY); méfeno v DMSO-ds; int = interakce.

"H-"H COSY korelace

0,8

OoN™ 54

29

"H-"H NOE korelace
vw = velmi slabé interakce

vvw = velmi velmi slabé interakce

Obrizek 10. Detailni COSY, 'H-*N HMBC a NOE NMR analyza isochinolinu 5a-I1



TH-13C HMBC korelace - alifaticka oblast

vw = velmi slaba interakce

TH-13C HMBC korelace - aromaticka oblast

Obrazek 11. Detailni *H-"*C HMBC NMR analyza isochinolinu 5a-I1

Tabulka 3. *H (500 MHz) a BC{*H} (126 MHz) NMR spektra véetné detailnich COSY, *H-*C HMBC,
'H-*N HMBC a NOE korelaci pro isochinolin 5a-11?

@ ['HNMR | multiplicita “CLH} Nlli/lTlR 'H-5N
S " | NMR dc COSY | 'H-®*CHMBC .
N OH -y J [Hz]_, [ppm], ON korelace korelace HMBC |NOE korelace
2 | [ppm]® | integration |, Jor [H2] [ppm] korelace
1 - - 176.8 - - - - -
_ _ _ 199-9 _ _ 15’19 _
2 (N2) H
3 - - 178.5 - - - - -
ddd, J= 5
4 3.51 15.2, 8.7, 40.4 - 50 s C3,C5, C6, -
15Hz 1H Hy>, H C13
ddd, J = C4, C6, C7,C8
Ha: 2.73 15.2, 5.5, - H*, Hp® (slabd int) C13, - -
2.8Hz, 1H C20 (labiint)
5 30.7 C3, C4, C¢,
) dd, J= 15.2, C7, Cc8 (slabéint.), H21,25 (velmis laba
Hp: 2.80 1.5 Hz, 1H - H*, Ha® C12 Glabiint) - int)
C13, C20
6 - - 132.6 - - - - -
7 - - 131.7 - - - - -
HlO, le,
dd. J =145 H21.25 (velmi slaba
Ha: 3.70 ’ ’ - Hy® C6, C7 - int) 1428 (velmi
: LoRn IR 404 e
d, J=145 Cs, C7, C10, H,1t (velmislaba
Ho: 417 “hz, 1H ] He" c12 ] ), 22
) i ) 92.8 . i 1 )
9 (N9) Hp
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0| as | 934 | gg | Tl Lo cpcg | L | D
' 2.8 Hz, 1H ' Hp!t T (velmi slabi int.)
dd, J =87 ] HY | c7,crowm
. ’ — O, 11 ’ _ 8 13
Ha' 2.46 28 HZ, 1H |_712, int.), C12, C34 Hb ,H
1 aaeer | % [T we [ cLercm,
H: 2.66 |,V 0 Hotl, | C11Gubiint) N9 H
e HY C34
ddd. J = - M C1, C4, C6, He?, Ha®, H™
12| 267 | 11987 325 et | C7.C8 Clo, remshi),
' 47 'HlZ 1|l_| . |_?13! C1l1 (slaba int.), - H21,25 (velmi slaba
' ' Cl12,C13,C34 int)
- H 11 Hbll
ddd, J = 2 0 fvelnt slubi
’ Cl, C4, C?, H15,19 (velmi slaba
13 | 347 11.9, 8.7, 423 H*, H2 hoy! - ), 2125 vl
55 HZ! 1H slaba int.)
14 - - 132.1 - - - - -
15, | 7.08- - w1s | Cl14,C1519, HI3 (velmi slabé
19 710 m, 2H 127.0 H c17 N2 int.)
16, 7.43- - H1519, C14, C5,19,
18 7.47 m, 2H 128.9 H7 C16,18, C17 ) )
7.37- - 16.18 C14, C15,19, ) )
17 741 m, 1H 128.4 H C16.18
20 - - 143.3 - - - - -
_ Hb5 (velmi slaba
int.), Ha8 (velmi
21, bl’. d, \] = 8.1 2224 C6, CZO, _ Salbéint'), Hb8,
5 | T | hzom | 1283 H C22,24,C23 12 (el b
int.), H13 (velmi
slaba int.)
2| .o |brdi=s2 J12=5é4i T | s | C20,C2125, ] ]
24 ' Hz, 2H Hzl C22,24, C26
127.7, -
23 - - J=31.6 - - - -
Hz
125.2, -
26 - - J=271.8 - - - -
Hz
27 - - 130.8 - - - - -
_ ) N33 H 8 (velmi slaba
dd, J=7.9, 29 C28, C30 (slabd (velmi slaba inté), 10 (velmi
B0 B g | 1902 o meaen |, agin)
ddd, J=8.8, -
29 7.76 7.9, 1.4 Hz, 132.3 H28, H¥® C27,C30 - -
1H
ddd, J=8.8, -
30 7.80 7.9, 1.4 Hz, 124.0 H%, H3 C28, C32 - -
1H
31 | 7.86 (_’dezi - 713" 134.4 - HO | C27,C29,C32 | N33 :
32 - - 147.9 - - - - -
373.4 H28 (velmi
33 _ _ _ (N33) _ _ slaba int)., _
H31
34 - - 172.2 - - - - -

3Pfifazeni vychézi z 1D a 2D NMR analyz (*H-*H COSY, *H-*C HMQC, *H-*C HMBC, H-*N HMBC a 'H-'H
NOESY); mé&feno v DMSO-ds; int = interakce.
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K urceni 3D architektury obou izomert 5a-1 a 5a-11, tj. konfigurace stereocenter C4, C12a C13
stereocenter bylo vyuzito *H-'H interakénich konstant a NOE korelaci isochinolinového kruhu
(Tabulka 4, Obrazek 12). Konfigurace stereocentra C10 byla odvozena z vychozi (S)-aminokyseliny.
V ptipadé€ izomeru 5a-1 byla konfigurace noveé vzniklych stereocenter C4, C12 a C14 uréena jako R, R,
a S a jednalo se o tzv. endo izomer. Naopak v piipadé izomeru 5a-11 byla uréena konfigurace
stereocenter jako C4 S, C12 R a C13 R, coz naznacovalo vznik exo izomeru. Ve zkratce, ackoli byva
endo izomer za normalnich podminek preferovangjsim produktem DAC, neni tak termodynamicky
stabilni jako exo izomer vznikajici za reverznich podminek, a zaroven je potieba k jeho vzniku ptekonat
mnohem vétsi stérickou piekazku nez v ptipadé exo izomeru. Za normalnich podminek by mél byt
kinetickym produktem dané reakce endo izomer 5a-1, avSak termodynamickym, stabiln&j$im a zaroven
majoritnim produktem této DAC je exo izomer 5a-11. Vysvétleni spo¢iva v uspoiadani piperidinového
a ftalimidového kruhu. V ptipadé exo izomeru 5a-11 je ptfedni rovina piperidinového kruhu tvotena
atomy C11 a C12 (Obrazek 12 — vpravo) v zastinu s ftalimidovym kruhem vytvaiejicim s atomy C11
a C12 pomyslnou formaci ve tvaru pismene ,,Z*, diky ¢emuz ma dany izomer mensi sterickou zabranu
nez endo izomer 5a-1, jehoz pfedni rovina piperidinového kruhu s atomy C11 a C12 zaujima formaci
ve tvaru pismene ,,U“ (Obrazek 12 — vlevo) a musi tak pifekonat mnohem vétsi stérickou zabranu,

a tudiZ je dany izomer zastoupen minoritng.™

Tabulka 4. Srovnani *H chemickych posunti, multiplicity a 2J a 3J homonukleanich couplingi obou

izomera 5a-1 a 5a-11

H H
sy 2 > ) COOH
Hb|.. = 1 /H 10
> 8=
T —t A, N
24 181 S
; H H
minorirni izomer 5a-l hlavni izomer 5a-ll
minoritni izomer 5a-1 majoritni izomer 5a-11
lH 1H
pozice N';"HR multiplicita | J [Hz] NE:R multiplicita | J [HZ]
[Ppm] [ppm]
H* 3.45 dd 3.0,15 351 ddd 15.2,8.7,1.5
2 2.35 dd 8.7,3.0 2.73 ddd 15.2,5.5, 2.8
Hp® 2.67 dd 14.2,15 2.80 dd 15.2, 1.5
K 4.06 d 16.2 3.70 dd 14.5, 1.5
Hp® 4.25 d 16.2 4.17 d 14.5
H© 4.41 dd 12.1,6.1 4.66 dd 47,2.8
Ha1 2.45 q 12.1 2.46 dd 8.7,2.8
Hp'! 2.57 dd 6.1, 3.0 2.66 dd 8.7, 4.7
H®? 2.49 ddd 12.1,3.0, 1.5 2.67 ddd 11.9, 8.7, 4.7
H 3.43 dd 3.0,15 3.47 ddd 11.9,8.7,5.5
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F3C

"H-"H NOE korelace
. vw = velmi slaba interakce .
5a-l (endo izomer) 5a-ll (exo izomer)

Obrazek 12. Detailni *H-'"H NOE NMR analyza isochinolinu 5a-1 (vlevo) a 5a-11 (vpravo)

ProtoZe produkty 4a, respektive 5a byly pozorovany jako smés diastereomert, bylo pfistoupeno
k optimalizaci reak¢nich podminek za ucelem zlepSeni stereoselektivity DAC. Bylo testovano
mikrovinné zateni, riizna rozpoustédla, Casy a teploty (Tabulka 5). Zadné z testovanych podminek viak
neposkytly dané izomery v lep$im poméru, a protoze pouziti mikrovinnych vin nemélo zadny vyrazngjsi
vliv na prubéh reakce, byly pro syntézu dalSich analogti zvoleny Cervené znazornéné podminky

v Tabulce 5 bez mikrovin.

Tabulka 5. Testované podminky DAC pro zlepSeni jeji stereoselektivity

2 (0]
N
:tz?_\ N-fenylmaleimid, extra bezvodé o
v rozpoustédlo, MW, cas, teplota
=
CF3

3a

4a CFs

v

extra bezvodé MW | teplota | &as 3a 4a dr 4a
rozpoustédlo [W] [°C] [h] [96]? | [%6]? [%6]2
- 80 24 30 63 3:5:2
PhCHs i 100 | 24 | 28 | 66 | 352
DCE - 90 24 7 89 3:5:2
- 90 24 16 78 3:5:2
- 120 16 16 88 3:5:2
- 120 24 0 95 3:5:2

DMSO 150 | 50 1 | 13 | 82 | 352
150 | 80 1 5 | 90 | 352

150 | 110 | 1 0 | 95 | 352

150 | 140 | 1 0 | 95 | 352

- 80 | 24 | 46 | 44 | 352

150 | 50 1 | 10 | 87 | 352

CHLCN 150 | 80 1 0 | 94 | 352
150 | 110 | 1 0 | 94 | 352

2Surova ¢istota po RCEM uréena pomoci HPLC-UV analyzy pii 205-400 nm. dr = pomér diastereomeri. Cervend
znazornéné podminky jsou pouzity pro syntézu dalSich analogli; tucné znazornéné podminky charakterizuji

vSechny nejlepsi vysledky ziskané pfi optimalizacich véetné porovnani surové Cistoty a dr poméra.
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Jak jiz bylo zminéno vyse DAC poskytovala smes diasterecomerti uZ na polymernim nosici
(intermediat 4a), a proto bylo od snah pftipravit fuzované heterocykly odvozené od 2-Ns intermediatu,
jenz jsou znazornény ve Schéma 3, upusSténo. Dalsi pozornost byla vénovana mozné aromatizaci
polymerné ukotveného intermediatu 4a na 6a (Schéma 17). Pro tento el bylo vyzkouseno nékolik
dfive publikovanych metod, jako napfiklad oxidace pomoci MnO2,*® KMnQ,, TFA,* 2,3-dichlor-5,6-
dikyano-1,4-benzochinonu (DDQ),*" palladium-katalyzované oxidativni dehydrogenace®® nebo
bromace a nasledné eliminace pomoci 1,8-diazabicyklo[5.4.0]undek-7-en (DBU).*! Viechny testované

metody poskytovaly pouze vychozi latku 4a, a proto bylo od dalSich pokusti upusténo.

4a-l

Schéma 17. Oxidace intermediatu 4a

Podminky a ¢inidla: (a) MnO,, bezvody PhCHjs (0,86 M), 24 h, 120 °C; (b) KMnOa, bezvody aceton (0,1 M),
4,5-24 h, rt; (c) 2,3-dichlor-5,6-dikyano-1,4-benzochinon (DDQ) (0,18-0,35 M), 5-24 h, 70-110 °C;
(d) Pd(TFA)2, PhCI, anthrachinon-2-sulfonat sodny, Oz, 24 h, 110 °C.

Na fadu prisla alternativni cesta vedouci k tetrahydroisochinolinovému derivatu 7a, spocivajici
v zaméné N-fenylmaleimidu za 1,4-naftochinon a nasledné spontanni aromatizaci (Schéma 18).%°
Zadany produkt 7a byl piipraven v excelentni surové &istotd (>95 %) a nalezené podminky byly vyuzity
pro piipravu dalsich analogii 7b—k s riznymi dienofily (substituce R® na Obrazku 7), tj. 1,4-

benzochinionu ¢&i 1,4-anthrachinonu ¢&i 5,8-dihydroxy-1,4-naftochinonu. V pifipadé posledné zminéného

QoL
O .
eyt R' B R’

O 2/4-Ns O 2/4-Ns
n=1,2-Ns: 3a:R'=4-CF, n=1,2-Ns: 7a:R'=4-CF; R®=Ph
n=1,4-Ns: 3b:R'=4-CF, n=1,4-Ns: 7b:R'=4-CF;, R®=Ph

3d: R' = 4-Br 7¢: R'=4-Br, R®= Ph
3e:R'=4-F 7d: R'=4-F, R®=Ph
3f: R"=3-F 7e:R'=3-F, R®=Ph
3g:R'=2-F 7f: R' = 2-F, R®=Ph
n=2,4-Ns: 3c:R'=H 7g:R'=4-F, R®=H
31: R = 4-CF, 7h: R' = 4-F, R3 = para-diOH-Ph nebo para-diOAc-Ph (NP)

7i: R' = 4-F, R® = Naph
n=2,4-Ns: 7j:R'=H,R®=Ph
7k: R' = 4-CF3, R® = Ph

NP = nepfipraveno
Schéma 18. [4+2] cykloadice intermediatt 3a—g, 3l
Podminky a ¢inidla: (i) bezvody DMSO, 24 h, 120 °C.
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5,8-dihydroxy-1,4-naftochinonu syntéza latky 7h zcela selhala, a to i po otestovani DAC s komer¢né
dostupnym O-acetylovanym analogem. Ostatni derivaty 7b—g a 7i—K byly ziskany v surové ¢istoté >90
% (stanoveno pomoci HPLC-UV analyzy po odstépeni analytického mnozstvi pryskyfice z polymeru
pomoci smési TFA/CH,Cly).

3.4.4 Modifikace 2-Ns skupiny vedouci k fiizovanym derivatim

Derivat 7a nesouci 2-Ns skupinu byl dale podroben redukci na pryskyfici pomoci dithioni¢itanu sodného
za nasledného uvolnéni z polymeru pomoci TFA/CH:CI, a cyklizace na (S)-12,12a-dihydro-7H-
benzo[6,7][1,2,5]thiadiazepino[2,3-b]isochinolin-13(14H)-on 5,5-dioxid podle podminek pievzatych
z literatury (Schéma 19).°” Redukovany intermediat 20a byl ziskan v nizsi surové Cistoté 55 %
(stanoveno po odStépeni latky z polymeru) a jeho cyklizace pomoci p-toluensulfonové kyseliny (PTSA)
v 1,2-dichloroethanu (DCE) za refluxu poskytovala oc¢ekavany produkt 21a v omezené surové Cistote
38 %. Sohledem na nizkou surovou ¢istotu produktu a piedchozi zkuSenost s obtiznou separaci
a kontaminaci tetrabutylammonium bisulfatem (TBAHS) v NMR spektrech,®” nebylo piistoupeno
k izolaci produktu. Alternativni cestou bylo od$tépeni intermediatu 7a z polymerniho nosiée a nasledna
hydrogenace nitroskupiny a cyklizace v roztoku.®” Béhem hydrogenace latky 22a pomoci Pd/C i PtO,
vSak dochazelo k postupné redukci chinolinového kruhu pies tetrahydro-, hexahydro-
a oktahydroisochinolin detekované podle MS spektra v poméru 3:3:2 (struktura 23a znazornéno

prerusovanymi vazbami), a proto bylo od dalSich experimentd upusténo.

Syntéza na pryskyfici a posléze v roztoku

Q.

L/Oj‘\“' N CF3 L/Oj‘\“'
O 2-Ns
7a
Syntéza v roztokul ii

21a (surova cistota 38 %)

Hooc"" N CFs
2-Ns
23a

(smés tetrahydro-/ hexahydro-
a oktahydroisochinolint v poméru 3:3:2)

Schéma 19. Vyuziti 2-Ns skupiny pro ptipravu fizovanych analogh

Podminky a ¢inidla: (i) NaS;04.2H,0, K,COs, tetrabutylammonium bisulfat (TBAHS), CH,Clo/H20, 2-24 h, t;
(i) 50% TFAJCHCly, 1 h, rt; (iii) p-toluensulfonova kyselina (PTSA), bezvody 1,2-dichlorethan (DCE), 24 h,
90 °C; (iv) Hz, Pd/C nebo PtO; (5-35 mol%), 2-isopropanol, atmosféricky tlak, 2—24 h, rt.
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3.45 Stépeni 4-Ns skupiny, tzv. denosylace

Latky 7b—g a 7i-k byly podrobeny tzv. denosylaci, tedy odsStépeni 4-Ns skupiny pomoci
2-merkaptoethanolu (MCE) a DBU (Schéma 20). Zadané intermediaty 8a—e a 8g—i pfipravované
z 1,4-naftochinonu a 1,4-anthrachinonu byly ziskany v excelentni surové ¢istoté (>90 %). Piiprava latky
8f z intermediatu 7g nesouciho tetrahydrobenzo[f]isochinolin-7,10-dionovou jednotku zcela selhala.
Podle LC-MS analyzy dochazelo piednostné ke vzniku produktd Michaelovy adice (neizolovany)
pochazejicich zreakce thiolatu a benzochinonu. K potlaceni téchto nezadoucich produkti byl
MCE/DBU zaménén za thiofenol/DBU slouzici jako mirn&jsi nukleofil, av§ak o¢ekavany produkt 8f byl

ziskan v nizké surové Cistoté (11 %), kvili které nebyl izolovan.

R® 0

inebo ii
O\L/Oj‘\“' N - —>O\

I
O 2/4-Ns

n=1,4-Ns: 7b:R'=4-CF; R®=Ph n=1: 8a:R'=4-CF; R®=Ph
7c: R'=4-Br, R®=Ph 8b: R' = 4-Br, R®=Ph
7d: R'=4-F, R®=Ph 8c: R'=4-F R®=Ph
7e:R'=3-F, R®=Ph 8d: R'=3-F, R®=Ph
7f: R'= 2-F, R® = Ph 8e: R'=2-F, R®=Pnh
79:R'=4-F, R®=H 8f: R' = 4-F, R®=H (NP)
7i: R' = 4-F, R® = Naph 8g: R' = 4-F, R® = Naph
n=2,4Ns: 7j:R'=H,R®=Ph n=2: 8h:R'=H,R®=Ph
7k: R' = 4-CF5, R® = Ph 8i: R' = 4-CF3-Ph, R® = Ph

NP = nepfipraveno
Schéma 20. Stépeni 4-Ns skupiny
Podminky a ¢inidla: (i) 2-merkaptoethanol (MCE), DBU, 40 min, rt; (ii) PhSH, DBU, 10 min-1 h, rt.

3.4.6 Vystavba zapadni ¢asti molekuly pomoci DOS

Zapadni ¢ast molekuly majici ve své struktufe 6-ti nebo 7-mi ¢lenné cykly byla konstruovana pomoci
tiech typt elektrofil, tj. a-/B-aminokyselin a jodoctové Kkyseliny, jez byly pouzity k acylaci
sekundarnich aminti 8a—€ a 8g—i (Schéma 21-23).

Nejprve byl ptipraven 1,4-diazepino[1,2-blisochinolin-dion 11 (Schéma 21) acylaci
intermediatu  8b pomoci Boc-f-Ala-OH anhydridu, pfipraveného in situ z Boc-5-Ala-OH
a N,N’-diisopropylkarbodiimidu (DIC) za nasledného kysele katalyzovaného $tépeni intermediatu 9
z polymeru a cyklizace pomoci HBTU, DIPEA a hydroxybenzotriazolu (HOBt) v DMF. Zadany produkt
byl detekovan (HPLC-UYV analyza) v limitujici surové Cistoté (< 25 %), a proto byla vyzkouSena druha
metoda. Tato alternativni cyklizace pomoci 1-ethyl-3-(3-dimethylaminopropyl)karbodiimidu (EDCI)
poskytla o¢ekavany produkt opét v nizsi surové Cistot€ (43 %), ta vSak byla vyssi nez v pfedchozim
ptipadé, a proto byla latka izolovana a pln¢ charakterizovana (Tabulka 6 — Ptehled pfipravenych

derivati).
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O\L/Oj\‘ftmji L,O\L/Oj“rbN% LHOT‘T&N% L
o o °5 NH 0 ONNHZ
9 Boc 10

Br

11 (10 %)
(celkovy vytézek)

Schéma 21. Syntéza diazepino[1,2-b][1,4]isochinolin-dionu 11
Podminky a ¢inidla: (i) Boc-f-Ala-OH, DIC, CH2Cly, 30 min, rt, poté ptidano k pryskyftici 8b, 24 h, rt; (ii) 50%
TFAJCH,Cly, 1 h, rt; (iii) 1-ethyl-3-(3-dimethylaminopropyl)-karbodiimid (EDCI), CHCly, 24 h, rt.

Dale byla vyzkousena acylace latek 8a a 8e pomoci Fmoc-Ala-OH za aktivace DIC/HOBt
poskytujici produkty 12a a 12f v nizké surové Cistoté (40 % a 47 %; Schéma 22). Bazicka deprotekce
Fmoc protektivni skupiny latky 12f pomoci piperidinu (PIP) v DMF poskytla pyrazino-isochinolin-dion
13f v 15% celkovém vytézku. Proto byla vyzkouSena alternativni cesta s Boc-aminokyselinami
za nasledné kysele katalyzované cyklizace na pyrazino-isochinolin-diony 13a-h a 14a—c, jez probihaly
pies noc.%® Latka 13a nesouci methyl jako R® viak ke kompletaci vyzadovala 7 dni (30% celkovy
vytézek). Dalsi analoga Boc-Phe-OH a Boc-Tyr(tBu)-OH (latky 13b-h a 14a-c) byla ziskana
v celkovych vytézcich v rozmezi 27-53 % (Tabulka 6 — Piehled ptipravenych derivata). V piipadé
latky 13i (ptipravené z 1,4-anthrachinonu a Boc-Phe-OH) byl celkovy vytézek vyrazné nizsi (9 %).

R® R3 0 X =Boc s N

Kysele katalyzovana (@)
cyklizace j ‘
v,

© © i HN 0
i nebo ii — RZ\H(N O
—_—
. O \
O\L/oj“‘ NT ; O\L/ j“ N R iv o) "
[ A R ¢ R?
o o] Bazicky katalyzovana
n=1: 8a: R" = 4-CF3 R® = Ph HN. cyklizace L R )
8b: R' = 4-Br, R® = Ph 12a-1 X = Fmoc 1 , ;
8c:R' = 4.F R®<Ph e Fmo g n=1: 13a: R" = 4-CF3, R? = Me, R® = Ph (30 %)
. - - = Fmoc, Boc

13b: R' = 4-CF3, R? = Bn, R = Ph (19 %)
13c: R" = 4-Br, R? = Bn, R® = Ph (24 %)
13d: R" = 4-Br, R? = 4-OH-Bn, R® = Ph (35 %)
13e: R' = 4-F, R? = Bn, R® = Ph (39 %)
13f: R = 2-F, R? = Me, R® = Ph (15 % a 29 %)
13g: R' = 2-F, R? = Bn, R® = Ph (53 %)
13h: R" = 2-F, R? = 4-OH-Bn, R® = Ph (27 %)
13i: R' = 4-F, R® = Naph (9 %)

n=2: 14a: R' = H, R? = Bn, R® = Ph (54 %)
14b: R' = H, R? = 4-OH-Bn, R® = Ph (15 %)
14c: R" = 4-CF3, R = Bn, R® = Ph (33 %)

(celkové vytézky)

8d: R'=3-F, R®=Ph

8e: R'=2-F, R®=Ph

8g: R" = 4-F, R® = Naph
n=2: 8i:R'=H,R%®=Ph

8j: R' = 4-CF;, R® = Ph

Schéma 22. Syntéza pyrazino-isochinolin-diona a pyrazino-benzo[d]azepinu 13-14

Podminky a ¢inidla: (i) Boc-aminokyselina, DIC, CHyCly, 30 min, rt, poté pfidano k pryskyfici 8, 24 h, rt; (ii)
Fmoc-aminokyselina, HOBt, DIC, DMF, CH,Cl,, 24 h, rt; (iii) X = Boc: TFA, 20 h (latky 13b-i a 14a—c) nebo 7
dnu (latka 13a), 80 °C; (iv) X = Fmoc: 50% PIP/DMF, 24 h, rt (latka 13f; celkovy vétézek 15 %).
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Dalsimi studovanymi analogy byly N-substituované pyrazino-isochinolin-diony 16 a pyrazino-
benzo[d]azepiny 17 (Schéma 23), ziskané z intermediatt 8b—e a 8h—i pomoci acylace anhydridem
kyseliny jodoctové (ptipraven in situ z jodoctové kyseliny a DIC) a jejich nasledné nukleofilni substituce
5% roztokem aminu v DMSO, coz vedlo ke spontannimu cyklickému §té€peni finalnich latek z polymeru,
z angli¢tiny tzv. ,.cyclative cleavage“’*"* na produkty 16a—b, 16d a 17a—c. Latka 17¢c byla pfipravena
v nizké surové Cistoté (36 %), a proto nebyla izolovana (Tabulka 6 — Ptehled ptipravenych derivatu).
P¥iprava latky 16¢ nesouci 3-fluorofenyl jako R* zcela selhala.

R3 R3 — R3 —_
o o

i
O\L/OT‘\\“ H A < HO\L/OW‘\\“ N 1—» O\L/OT_‘\\\- N >n <
0 o, | 0 A NHR?

n=1: 8b: R"=4-Br, R® = Ph

15a-g - -

8c:R'=4-F, R®=Ph n=1: 16a: R! = 4-Br, R2 = Bn, R3 = Ph (39 %)
8d: R'=3-F, R®=Ph 16b: R" = 4-F, R2 = Pr, R® = Ph (39 %)
8e:R'=2-F, R®=Ph 16c: R" = 3-F, R? = Pr, R® = Ph (NO)
n=2: 8h:R'=H,R3=Ph 16d: R' = 2-F, R? = Bn, R® = Ph (35 %)
8i: R' = 4-CF;, R®=Ph n=2: 17a: R'=H, R =Bn, R® = Ph (53 %)

17b: R'=H, R? = Pr, R® = Ph (14 %)
17c: R" = 4-CF3, R? = Bn, R% = Ph (NI, c.p. 36 %)
(celkovy vytéZek; NO = nepozorovano,
NI = neizolovano, c.p. = surova &istota)
Schéma 23. Syntéza N-substituovanych pyrazino-isochinolin-dionti 16 a pyrazino-benzo[d]azepint 17
Podminky a ¢inidla: (i) jodoctova kyselina, DIC, CH,Cl, 30 min, rt, poté piidano k pryskyfici 8, 24 h, rt; (ii) 5%

amin/bezvody DMSO, 24 h, rt.

Protoze ptiprava latky 16¢ nesouci 3-fluor jako R zcela selhala, byl intermediat 15¢ odstépen z
polymeru a purifikovan pomoci RF-HPLC chromatografie (meziprodukt 18a; Schéma 24). Po izolaci
této latky byla pomoci MS analyzy potvrzena jeji laktonizace na oxazino-isochinolin-dion 19a.
Alternativni metodou piipravy téchto diketomorfolinti pak vychazela z bazicky katalyzované cyklizace

latky 18b na 19b.

i (R' = 3-F)
1 or
i (R! = 4-F)

NORGES
O\L/ m\ N
o} I
O)\/
15b: R' = 4-F 18a: R' = 3-F
15c: R' = 3-F 18b: R" = 4-F

19a: R" = 3-F (25 %)
19b: R' = 4-F (44 %)
(celkovy vytéZek)

Schéma 24. Syntéza oxazino-isochinolin-dionu 19
Podminky a ¢inidla: (i) 50% TFA/CH,Cl,, 1 h, rt; (ii) semipreparativni RF—-HPLC chromatografie pomoci AmAc
pufru/CHsCN/DMSO za nasledné lyofilizace; (iii) N,N-diisopropylethylamin (DIPEA), DMSO, 24 h, rt.
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Tabulka 6. Tabulka pfipravenych a pIné charakterizovanych slou¢enin

RS

surova celkovy
sloug. X R? R? R® istota | vytéZzek
[%0]* [%]°

5a-1 - 4-CF3 2-Ns Ph 26 24
5a-11 - 4-CF3 2-Ns Ph 48 43
11 - 4-Br - Ph 43 10
13a NH 4-CF3 Me Ph 57 30
13b NH 4-CF3 Bn Ph 50 19
13c NH 4-Br Bn Ph 75 24
13d NH 4-Br 4-OH-Bn Ph 80 35
C

13e NH 4-F Bn Ph 85 égd
13f NH 2-F Me Ph 49 29
139 NH 2-F Bn Ph 75 53
13h NH 2-F 4-OH-Bn Ph 51 27

13i NH 4-F Bn Naph 50 9
l4a - H Bn Ph 75 54
14b - H 4-OH-Bn Ph 52 15
14c - 4-CF3 Bn Ph 70 33
16a - 4-Br Bn Ph 85 39
16b - 4-F Pr Ph 88 39
16¢ 3-F Pr Ph NO NO
16d - 2-F Bn Ph 66 35
17a - H Bn Ph 95 53
17b - H Pr Ph 59 14
17c - 4-CF3 Bn Ph 36 NI
19a O 3-F H Ph 64 25
19b O 4-F H Ph 95 44

aCelkova surova Cistota po skonceni reakéni sekvence stanovena pomoci HPLC-UV analazy pii 205-400 nm;

bCelkovy vytézek stanoven po purifikaci sloucenin po oditépeni litek z polymeru a stanoven k loadingu

pryskyfice; C°Pfipraveno z Fmoc-aminokyseliny; “Piipraveno z Boc-aminokyseliny; NO =

NI = neizolovano.
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3.5 Cytotoxicky a antimikrobialni screening

Finalni derivaty byly otestovany na cytotoxickou (MUDr. Dzubak a Dr. Gurska, Ustav molekularni
a translaéni mediciny, Olomouc) a antimikrobialni aktivitu (Lenka Pospisilova, Katedra organické

chemie, PfF UPOL).

3.5.1 Cytotoxicky screening

Cytotoxicka aktivita byla otestovana pomoci MTT kolorimetrickych testd vici deviti vybranym
nadorovym liniim, a to na linii plicniho adenokarcinomu (A549), T-lymfoblastické leukémie (CCRF-
CEM), T-lymfoblastické leukémie rezistentni na daunorubicin (CEM-DNR), lidského kolorektalniho
karcinomu (HCT116), lidského kolorektalniho karcinomu deficitniho na p53 (HCT116p53-/-), akutni
myeloidni leukémie (K562), akutni myeloidni leukémie rezistentni na paklitaxel (K562-TAX), lidskych
fetalnich plicnich fibroblastd (MRC-5) a lidského osteosarkomu (U20S). Kontrolni linii byl nemaligni
lidsky fibroblast (BJ), vi¢i kterému byl stanoven terapeuticky index (TDso), ktery udava kolikrat jsou
maligni bunky nadorovych linii aktivnéjsi nez nemaligni buiiky BJ. Obecné plati pfima uméra, ¢im ma
latka vy$$i TDsg, tim je biologicky zajimavéjsi. Vysledky cytotoxicity (Tabulka 7) jsou vyuzity
ke zhodnoceni miry aktivity dané latky a jsou uvedeny jako tzv. poloviéni inhibi¢ni koncentrace (ICso)
vyjadiené v mikromolech (uM). Obecné plati, Ze ¢im nizSich hodnot ICso dana latka nabyva, tim vyssi
ma cytotoxickou aktivitu.

Finalni derivaty byly otestovany viuéi vybranym nadorovym liniim a byl zhodnocen vztah mezi
jejich strukturou a biologickou aktivitou. Vysledky cytotoxického screeningu jsou shrnuty v Tabulce 7
zobrazujici pouze cytotoxicitu latek s ICso <50 uM. Pfi¢emz jedenact latek vykazovalo mikromolarni
cytotoxickou aktivitu v rozmezi ICso = 0,83-10,16 M, a to minimaln¢ vici jedné az sedmi nadorovym
liniim zaroven, z toho se jednalo o tfi tetrahydrobenzo[d]azepinové derivaty 14a—c. Obecné lze fici, ze
derivaty pfipraveny z Boc-aminokyselin (latky 13—-14) dosahuji podstatné lepsich vysledki nez derivaty
terciarni amidy 16-17, pticemz analoga 16 byla zcela neaktivni. Nejlepsich vysledku cytotoxicity bylo
dosazeno pro tetrahydroisochinolinovy derivat 13h (R* = 2-F a R? = 4-OH-Bn) plisobici proti Sesti
nadorovym liniim: HCT116 p53- (ICs0= 0,83 uM), CCRF-CEM (ICs0= 1,28 uM), HCT116 (IC5 = 1,81
uM), K562 (ICs0=1,70 uM), K562-TAX (ICs0= 1,95 uM) a 2UOS (ICs0= 3,33 uM). Ostatni pfipravené
derivaty, které nejsou uvedeny v Tabulce 7 byly zcela neaktivni, a proto nejsou soucasti této tabulky.

Esencialni ¢asti molekuly zodpovidajici za cytotoxickou aktivitu byl atom o-/p-fluoru, p-bromu
&i p-trifluoromethylova skupina v poloze R a déle alifaticky substituent v poloze R2 Mira cytotoxicity
zavisela také na substituci R® pouzité pii vystavbé vychodni ¢&asti molekuly a odvozené
od 1,4-naftochinonu ¢i 1,4-anthrachinonu, pficemz derivat 13e nesouci 1,4-naftochinonovy zbytek
dosahoval 3,4x lepsi aktivity vi¢i CCRF-CEM nez 1,4-anthrachinonovy derivat 13i, ktery byl aktivni

pouze vuci jedné nadorové bunécné linii, ato K562-Tax (ICso= 9,27 uM).
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Tabulka 7. Vybrané vysledky cytotoxického screeningu (ICso < 10 xM)

R3

I1Cs0 [uM]
slou¢. | R! R? R® CCRF- | CEM- | HCT HCT K562-

A549 s R 116 | 116 p53- K562 | 20 MRC-5 | U20S | BJ
13a | 4-CF; Me Ph 28,93 15,95 1540 | 32,72 | 31,99 | 22,30 - >50 2353 | >50
13b | 4-CF; Bn Ph >50 5,32 8,79 37,28 | 26,40 >50 13,07 >50 19,80 | >50
13c | 4-Br Bn Ph >50 4,27 10,16 | 41,79 | 38,25 >50 12,80 >50 21,09 | >50
13d | 4-Br | 4-OH-Bn | Ph 20,73 5,47 10,99 | 26,11 | 19,17 | 23,72 - 20,61 | 20,20 | 26,23
13e | 4-F Bn Ph >50 5,32 5,65 11,31 | 11,59 - 7,28 >50 12,36 | >50
13f | 2-F Me Ph 7,47 2,87 1,49 2,76 2,89 4,00 - 23,61 | 10,04 | 26,21
13g | 2-F Bn Ph 12,67 4,26 3,84 9,33 5,03 7,67 2,28 15,06 | 13,34 | >50
13h | 2-F | 4-OH-Bn | Ph 19,98 1,28 15,52 1,61 0,83 1,70 1,95 >50 333 | >50
13i | 4F Bn Naph |  >50 18,07 28,35 >50 >50 >50 9,27 >50 >50 | >50
14a H Bn Ph 32,12 3,92 6,93 3540 | 26,46 | 31,29 | 7,93 >50 15,23 | >50
14b H | 4-OH-Bn| Ph >50 4,51 16,06 >50 >50 37,87 | 788 >50 19,03 | >50
14c | 4-CFs Bn Ph 28,52 4,63 1235 | 2870 | 17,71 | 17,01 | 17,09 >50 15,72 | >50

Ostatni pripravené derivaty vykazovaly ICso >50 uM a nejsou uvedeny v prezentované tabulce.
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3.5.2 Antimikrobialni screening

Antimikrobialni aktivita byla hodnocena na Sesti bakterialnich kmenech, a to Bacillus subtillis,
Micrococcus luteus, Mycobacterium vaccae, Staphylococcus aureus, Pseudomonas aeruginosa
a Escherichia coli. Bakterialni kmeny byly kultivovany podle standardniho protokolu. Roztok agaru
(9,5 9/100 ml H20) vytemperovany v autoklavu pii 125 °C po dobu 15 min byl nalit do sterilnich Petriho
misek (pramér 8 cm), ponechan ztuhnout a ze star$i Sarze bakterialnich kmend na néj byla pfenesena
star$i kolonie. Kultivace probihala v inkubatoru pfi 37 °C po dobu 24 h, poté byl do Sesti kultiva¢nich
zkumavek piidan vytemperovany bujon (10 ml do jedné misky; koncentrace 2,3 ¢/100 ml H.O;
temperace v autoklavu pii 125 °C po dobu 15 min) a do kazdé zkumavky vpravena jedna bakterialni
kolonie z pfedchozi kultivace. Kultivace zkumavek probihala v inkubatoru pti 37 °C po dobu 24 h.
Agarovym difuznim testem byla stanovena inhibi¢ni zoéna pro kazdou latku. Z kultivovanych bakterii
v bujonu byla pfipravena suspenze o odpovidajici koncentraci 1,5-108 CFU/ml, tzn. standardni roztok
bakterii (1 ml) a tekuty agar (34 ml; vytemperovany v autoklavu pti 125 °C po dobu 15 min), ktera byla
promichana a ptelita do sterilnich Petriho misek (pramér 13,5 cm). Do ztuhlého agaru byly vyfiznuty
jamky (prumér 1 cm) a do nich byl napipetovan testovaci roztok (40 ul) pfipraveny z roztoku vzorku
v DMSO (40 ul, 20 nM) a MeOH (360 ul). Standardem byl ciprofloxacin a slepym pokusem roztok
DMSO/MeOH (400 wul, 1/9, viv). Po inkubaci Petriho misek v inkubatoru pii 37 °C po dobu 24 h byly
zméfeny inhibiéni zény (mm). V piipadé latek, jejichz inhibi¢ni zény byly vétsi nez 22 mm byla
rustu bakterii, ktera je uvedena v mikromolech (uM; Tabulka 8).

Pomoci vyse uvedeného postupu byla naméfena bakterialni aktivita u ¢tyfech latek vaci M.
lutteus (Tabulka 8). Nejaktivngjsim analogem byl derivat 13e se stfedni bakterialni aktivitou

(MIC = 25 uM). Ostatni analoga byla zcela neaktivni, a proto nejsou v tabulce ukazana.

Tabulka 8. Vybrané vysledky antimikrobialniho testovani: zéona (> 22 mm)/MIC (uM)

R3

(0)

N R1 RN
HN \/&O 5
R2 13 14
B. subtillis | M. lutteus M. vaccae | S.aureus | P.aeruginosa | E. coli
slou¢. | R! R? R3 zona . . .
[mm] Zl\(;ll:é[&ﬁ]]/ zona [mm] | zéna mm zunsime [Zr;)]lrlr?]
13e 4-F Bn Ph 17 24/25 10 18 18 18
13f 2-F Me Ph 16 23/100 10 16 16 19
16b 4-F Pr Ph 16 24/100 10 17 16 19
16d 2-F Bn Ph 16 25/200 10 16 17 19

MIC [uM] = MIC(latka)/MIC(ciprofloxycin — standard)
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4. SHRNUTI

V ramci piekladané prace byla vyvinuta synteticka cesta vedouci k novym polycyklickym
tetrahydroisochinolinim a péti novym tetrahydrobenzo[d]azepinim pfipravenych pomoci syntézy
na pevné fazi a divergentné orientované syntézy. Vystavba téchto derivati zahrnovala tfi modifikace.
Nejprve byla pomoci RCEM vystavéna vnitini ¢ast cilové molekuly na bazi piperidinu ¢i azepinu, coz
vedlo k odpovidajicim tetrahydroisochinolinovym a tetrahydrobenzo[d]azepinym skeletim. Ty byly
dale modifikovany za podminek Diels-Alderovy cykloadice s N-fenylmaleinimidem jako dienofilem.
Reakce poskytovala smés separovatelnych diastereomeru, jez se podafilo izolovat, plné charakterizovat
a urcit konfigurace jednotlivych stereocenter pomoci pokro¢ilych 2D NMR experimentt, respektive
NOE korelaci. Dale byla zkouSena aromatizace téchto diastereomert, jez mély potlacit jejich vznik.
Tyto pokusy zcela selhaly a bylo pristoupeno k zaméné N-fenylmaleinimidu za jiné vhodnéjsi dienofily,
jako naptiklad 1,4-benzochinon, 1,4-naftochinon a 1,4-anthrachinon, jenZ umoznily konstrukci
vychodni ¢asti molekuly tetrahydroisochinolinu a tetrahydrobenzo[d]azepinu. Nasledovalo odstépeni
nosylové skupiny poskytujici kliovy intermediat pro DOS. Tento intermediat byl dale vyuzit
k vystavbé zapadni ¢asti molekuly pomoci acylaénich reakci s vhodnymi elektrofily, jako naptiklad
a-/8-aminokyselinami (derivaty 11, 13-14 ) ¢&i jodoctovou kyselinou. V piipadé intermediatd
piipravenych z jodoctové kyseliny byly pfipraveny bud’to odpovidajici laktony (derivaty 19a—b), nebo
reakci s alifatickymi aminy terciarni amidy (derivaty 16-17). A¢koli RCEM vykazovala zna¢né limity
ve své aplikovatelnosti a byla pouZitelnd pouze pro nesubstituované fenylalkynoly ¢i jejich analoga
nesouci elektronakceptorni skupiny, vyvinuta metodika vedla k Sesti skeletalné odlisnym heterocyklim
a dvaceti reprezentativnim finalnim derivatim ptipravenych z riznych fenylalkynolt, primarnich amint
¢i aminokyselin.

Vsechny finalni derivaty byly dale otestovany vici vybranym nadorovym liniim a bakterialnim
kmeniim a byl zhodnocen vztah mezi jejich strukturou a biologickou aktivitou. Podle vysledkt
cytotoxického screeningu vykazovalo jedenact latek mikromolarni cytotoxickou aktivitu 1Cse < 10 uM,
a to minimalné¢ vuéi jedné az sedmi nadorovym liniim. Tii 2z téchto derivatd byly
tetrahydrobenzo[d]azepiny 14a—c a zbytek tetrahydroisochinolinové derivaty 13b—i, které dosahovaly
obecné vyssi cytotoxicity nez jejich analoga 17a—c. Latky 16a—b, d byly zcela neaktivni. Neju¢innéj$imi
kandidaty ztéto chemické knihovny nesli ve své strukture atom o-/p-fluoru, p-bromu ¢i
p-trifluoromethylova skupina v poloze R!, dile alifaticky substituent v poloze R? a zbytek z 1,4-
naftochinonu v poloze R®. Ptiprava derivatu odvozeného od 1,4-benzochinonu selhala pfi §tépeni 4-Ns
skupiny, a tudiz zavislost tohoto zbytku v poloze R®nebyla posuzovana.

V ptipadé antimikrobialnich testii byla detekovana mirna bakterialni aktivita u ¢tyfech finalnich
latek vuci M. lutteus. Nejucinn€jsim derivatem byla latka 13e s MIC = 25 uM. Ostatni pfipravené
derivaty byly neaktivni. Obecné lze fici, Ze tyto Gcinky byly pozorovany u latek nesoucich atom fluoru

v ortho- a para-poloze jako R* a dale alifaticky substituent v poloze R? na diketopiparazinovém kruhu.

43



@

2

©)

(4)

(®)

(6)

(")

(8)

)

(10)

(11)
(12)

(13)

(14)

(15)

5. PREHLED POUZITE LITERATURY

Kralova, P. Diversity-Oriented Synthesis Using Immobilized 2/4-Nitrobenzensulfonamides As The Key
Intermediates. Disertation Thesis. Palacky University Olomouc, 2020.

Lemrova, B.; Fiilopova, V. Praktické Aspekty Syntézy Na Pevné Fazi. Skripta.; Zatloukal, M., Soural, M.,
Eds.; UP Olomouc, 2015.

Vennerstrom, J. L.; Klayman, D. L. Protoberberine Alkaloids as Antimalarials. J. Med. Chem. 1988, 31
(6), 1084-1087.

Gozler, B. Chapter 7 Pavine and Isopavine Alkaloids; Brossi, A. B. T.-T. A. C. and P., Ed.; Academic
Press, 1987, 31, 317-389.

Mahiou, V.; Roblot, F.; Hocquemiller, R.; Cavé, A.; De Arias, A. R.; Inchausti, A.; Yaluff, G.; Fournet,
A.; Angelo, A. New Aporphine Alkaloids from Guatteria Foliosa. J. Nat. Prod. 1994, 57 (7), 890-895.
Zheng, M.; Zhang, X.; Zhao, M.; Chang, H. W.; Wang, W.; Wang, Y.; Peng, S. (3S)-N-(I-Aminoacyl)-
1,2,3,4-Tetrahydroisoquinolines, a Class of Novel Antithrombotic Agents: Synthesis, Bioassay, 3D
QSAR, and ADME Analysis. Bioorg. Med. Chem. 2008, 16 (21), 9574-9587.

Zhang, X.; Wang, W.; Cheng, S.; Zhao, M.; Zheng, M.; Chang, H. W.; Wu, J.; Peng, S. 2,3-Diamino Acid
Modifying 3S-Tetrahydroisoquinoline-3-Carboxylic Acids: Leading to a Class of Novel Agents with
Highly Unfolded Conformation, Selective in Vitro Anti-Platelet Aggregation and Potent in Vivo Anti-
Thrombotic Activity. Bioorg. Med. Chem. 2010, 18 (4), 1536-1554.

Miller, K. E.; Huang, C. T.; Portlock, D. E.; Wright, G. C. Angiotensin | Converting Enzyme Inhibitors
Containing Unnatural Alpha-Amino Acid Analogues of Phenylalanine. Life Sci. 1987, 40 (1), 63-70.
Yamada, M.; Okagaki, C.; Higashijima, T.; Tanaka, S.; Ohnuki, T.; Sugita, T. A Potent Dipeptide Inhibitor
of Dipeptidyl Peptidase IV. Bioorg. Med. Chem. Lett. 1998, 8 (12), 1537-1540.

Mannekens, E.; Crisma, M.; Van Cauwenberghe, S.; Tourwé, D. Synthesis of 1-(m-Hydroxybenzyl)-
Substituted 1,2,3,4-Tetrahydroisoquinoline-3-Carboxylic Acid Derivatives as Opioid Peptide Mimetics —
Unexpected Amide Bond Cleavages under Mild Conditions. European J. Org. Chem. 2003, 2003 (17),
3300-3307.

Fuchter, M. J.; Huarte, A. U.; Brady, H. J. M. Natural Killer Cells. W02020002911A1, 2" January, 2020.
Ziemska, J.; Guspiel, A.; Jarosz, J.; Nasulewicz-Goldeman, A.; Wietrzyk, J.; Kawecki, R.; Pypowski, K.;
Jaronczyk, M.; Solecka, J. Molecular Docking Studies, Biological and Toxicity Evaluation of
Dihydroisoquinoline Derivatives as Potential Anticancer Agents. Bioorg. Med. Chem. 2016, 24 (21),
5302-5314.

Shinkai, H.; Toi, K.; Kumashiro, I.; Seto, Y.; Fukuma, M.; Dan, K.; Toyoshima, S. N-Acylphenylalanines
and Related Compounds. A New Class of Oral Hypoglycemic Agents. J. Med. Chem. 1988, 31 (11), 2092—
2097.

Kamenecka, T. M.; Burris, T. Preparation of Tertiary Amines as REV-ERB Receptors Modulators.
W02013033310A1, 7" March, 2013.

Song, G.; Liao, Y.; Li, H.; Li, S.; Chen, J. Polyphenol Compound Containing Tetrahydropapaverine-3-
Carboxylic Acid Methyl Ester and Preparation Method and Application Thereof. CN110724102A, 24"
January, 2020.

44



(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)
(32)

Kralova, P. Piiprava Novych Derivati Benzodiazepin-5-Onu Pomoci Syntézy Na Pevné Fazi. Bakalaiska
Prace. Palackého univerzita, 2014.

Kralova, P. Pfiprava Novych Derivatd Morfolin/Thiomorfolin-3-Karboxylovych Kyselin Pomoci Syntézy
Na Pevné Fazi. Diplomova Prace. Palackého univerzita v Olomouci, 2016.

Villar, H.; Frings, M.; Bolm, C. Ring Closing Enyne Metathesis: A Powerful Tool for the Synthesis of
Heterocycles. Chem. Soc. Rev. 2007, 36 (1), 55-66.

Katz, T. J.; Sivavec, T. M. Metal-Catalyzed Rearrangement of Alkene-Alkynes and the Stereochemistry
of Metallacyclobutene Ring Opening. J. Am. Chem. Soc. 1985, 107 (3), 737-738.

Grela, K.; Harutyunyan, S.; Michrowska, A. A Highly Efficient Ruthenium Catalyst for Metathesis
Reactions. Angew. Chemie Int. Ed. 2002, 41 (21), 4038-4040.

Connon, S. J.; Blechert, S. Recent Developments in Olefin Cross-Metathesis. Angew. Chemie Int. Ed.
2003, 42 (17), 1900-1923.

Desroy, N.; Robert-Peillard, F.; Toueg, J.; Duboc, R.; Hénaut, C.; Rager, M.-N.; Savignac, M.; Genét, J.-
P. An Efficient Route to 4/5/6 Polycyclic B-Lactams. European J. Org. Chem. 2004, 2004 (23), 4840
4849,

Ben-Othman, R.; Othman, M.; Coste, S.; Decroix, B. One-Pot Enyne Metathesis/Diels—Alder Reaction for
the Construction of Highly Functionalized Novel Polycyclic Aza-Compounds. Tetrahedron 2008, 64 (3),
559-567.

Lamberto, M.; Kilburn, J. D. Synthesis of Indolizidines from Dialkylated Isocyanides: A Novel Radical
Cyclisation/N-Alkylation/Ring Closing Metathesis Approach. Tetrahedron Lett. 2008, 49 (44), 6364—
6367.

Maechling, S.; Norman, S. E.; McKendrick, J. E.; Basra, S.; Koppner, K.; Blechert, S. Ring-
Rearrangement Metathesis of Bicyclic Amino Acid Derivatives. Tetrahedron Lett. 2006, 47 (2), 189-192.
Mailyan, A. K.; Krylov, I. M.; Bruneau, C.; Dixneuf, P. H.; Osipov, S. N. Access to Cyclic a-CF3-
Substituted a-Amino Acid Derivatives by Ring-Closing Metathesis of Functionalized 1,7-Enynes.
European J. Org. Chem. 2013, 2013 (24), 5353-5363.

Kotha, S.; Sreenivasachary, N. A New Synthetic Approach to 1,2,3,4-Tetrahydroisoquinoline-3-
Carboxylic Acid (Tic) Derivatives via Enyne Metathesis and the Diels—Alder Reaction. Chem. Commun.
2000, 6, 503-504.

Kotha, S.; Sreenivasachary, N. Synthesis of 1,2,3,4-Tetrahydroisoquinoline-3-Carboxylic Acid (Tic)
Derivatives by Cycloaddition Approaches. European J. Org. Chem. 2001, 2001 (17), 3375-3383.
Heerding, D. A.; Takata, D. T.; Kwon, C.; Huffman, W. F.; Samanen, J. Combinatorial Chemistry. Use of
an Intramolecular Ruthenium Catalyzed Olefin/Alkyne Metathesis Reaction in Tandem with a Diels-Alder
Cycloaddition Reaction to Construct Functionalized Hexahydroisoindoles. Tetrahedron Lett. 1998, 39
(38), 6815-6818.

Robinson, A. J.; Elaridi, J.; Van Lierop, B. J.; Mujcinovic, S.; Jackson, W. R. Microwave-Assisted RCM
for the Synthesis of Carbocyclic Peptides. J. Pept. Sci. 2007, 13 (4), 280-285.

Fiirstner, A. Olefin Metathesis and Beyond. Angew. Chemie Int. Ed. 2000, 39 (17), 3012-3043.

Schuster, M.; Lucas, N.; Blechert, S. Ruthenium-Catalysed Cross Metathesis Binding of Functionalized
Olefins to Polystyrene Resin via a Novel Allylsilyl Linker Suitable for Electrophilic Cleavage. Chem.

45



(33)

(34)

(35)

(36)

37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

Commun. 1997, No. 9, 823-824.

Schuster, M.; Blechert, S. Ruthenium-Catalyzed Yne-Ene Cross Metathesis Immobilization
of Functionalized Alkynes. Tetrahedron Lett. 1998, 39 (16), 2295-2298.

Schiirer Siegfried, S. C. B. Sequences of Yne-Ene Cross Metathesis and Diels-Alder Cycloaddition
Reactions - Modular Solid Phase Synthesis of Substituted Octahydrobenzazepinones. Synlett 1999, 1999
(12), 1879-1882.

Mori, M.; Sakakibara, N.; Kinoshita, A. Remarkable Effect of Ethylene Gas in the Intramolecular Enyne
Metathesis of Terminal Alkynes. J. Org. Chem. 1998, 63 (18), 6082—6083.

Gisemba, S. A.; Aldrich, J. V. Optimized Ring Closing Metathesis Reaction Conditions To Suppress
Desallyl Side Products in the Solid-Phase Synthesis of Cyclic Peptides Involving Tyrosine(O-Allyl). J.
Org. Chem. 2020, 85 (3), 1407-1415.

Diels—Alder Reaction: General Remarks. In The Diels—Alder Reaction; 2001, 1-28.

Houk, K. N.; Luskus, L. J. Influence of Steric Interactions on Endo Stereoselectivity. J. Am. Chem. Soc.
1971, 93 (18), 4606-4607.

Layne Morsch. Rules of the Diels—Alder Reaction
https://chem.libretexts.org/Courses/University_of _lllinois_Springfield/UIS%3A_CHE_269_(Morsch_an
d_Andrews)/Chapters/Chapter_16%3A_Conjugation%2C_Resonance%2C _and_Dienes/16.11 Rules_of
_the_Diels—-Alder_Reaction.

Libby, R. D. Advanced Organic Chemistry, Part A: Structure and Mechanism, 4th Edition by Francis A.
Carey and Richard J. Sundberg. J. Chem. Educ. 2001, 78 (3), 314.

Teyssot, M.-L.; Lormier, A.-T.; Chataigner, I.; Piettre, S. R. Cross-Diels—Alder Reactions of 6-Ox0-1-
Sulfonyl-1,6-Dihydropyridine-3-Carboxylates. J. Org. Chem. 2007, 72 (7), 2364-2373.

Gelman, D. M.; Forsyth, C. M.; Perlmutter, P. Lewis Acid Catalyzed Diels—Alder Reactions of 1,2-
Naphthoquinones. Org. Lett. 2009, 11 (21), 4958-4960.

Pagel, M.; Meier, R.; Braun, K.; Wiessler, M.; Beck-Sickinger, A. G. On-Resin Diels—Alder Reaction with
Inverse Electron Demand: An Efficient Ligation Method for Complex Peptides with a Varying Spacer to
Optimize Cell Adhesion. Org. Biomol. Chem. 2016, 14 (21), 4809-4816.

Graven, A.; Meldal, M. Peptido-Organic Diels—Alder Reactions on Hydrophilic Resin: Scope for
Combinatorial Chemistry. J. Chem. Soc., Perkin Trans. 1. 2001, No. 23, 3198-3203.

Paulvannan Tao; Jacobs, Jeffrey W, K. C. Solid Phase Synthesis of Tricyclic Nitrogen Heterocycles via
Intramolecular Diels-Alder Reaction of Furans. Synlett 1999, 1999 (10), 1609-1611.

Witayakran, S.; Ragauskas, A. J. One-Pot Synthesis of 1,4-Naphthoquinones and Related Structures with
Laccase. Green Chem. 2007, 9 (5), 475-480.

Hudkins, R. L.; Johnson, N. W. Fused Isoindolones as Inhibitors of Protein Kinase c. WO9721677A1, 19"
June, 1997.

Wang, W. L.; Ho, S. Y.; Alam, J.; Poulsen, A.; Duraiswamy, A. J. Phthalimide Derivatives as Modulators
of Wnt Pathway. W02015187094A1, 10" December, 2015.

Conchon, E.; Anizon, F.; Golsteyn, R. M.; Léonce, S.; Pfeiffer, B.; Prudhomme, M. Synthesis, in Vitro
Antiproliferative Activities, and Chk1 Inhibitory Properties of Dipyrrolo[3,4-a:3,4-c]Carbazole-Triones.
Tetrahedron 2006, 62 (48), 11136-11144.

46



(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

losub, A. V; Stahl, S. S. Palladium-Catalyzed Aerobic Oxidative Dehydrogenation of Cyclohexenes to
Substituted Arene Derivatives. J. Am. Chem. Soc. 2015, 137 (10), 3454-3457.

Tan, A.; Koc, B.; Sahin, E.; Kishali, N. H.; Kara, Y. Synthesis of New Cantharimide Analogues Derived
from 3-Sulfolene. Synthesis (Stuttg). 2011, 2011 (07), 1079-1084.

Grabley, S.; Kluge, H.; Hoppe, H. U. Diels Alder Reaction of Streptazoline with Naphthogquinone. Angew.
Chemie 1987, 99 (7), 692-693.

Chaturvedula, P. V; Mercer, S. E.; Guernon, L.; Macor, J. E.; Dubowchik, G. M. Enantioselective
Synthesis of Constrained Phenylalanine Analogues. Tetrahedron Lett. 2010, 51 (42), 5588-5591.
Decker, H.; Becker, P. Syntheses of Tetrahydroisoquinoline Derivatives. Justus Liebigs Ann. Chem. 1913,
395, 342-362.

Chen, H. G.; Goel, O. P. Pictet-Spengler Cyclization of 3,3-Diphenylalanine (DIP) (I1I), Synthesis of
Optically Pure 1,2,3,4-Tetrahydro-4-Phenyl-3-Isoquinolinecarboxylic Acids, Novel a-Amino Acids for
Peptides of Biological Interest. Synth. Commun. 1995, 25 (1), 49-56.

McKenna, J. M.; Moliterni, J.; Qiao, Y. The Scope and Limitations of the Suzuki—Miyaura Cross-Coupling
Reactions of 6- and 8-Substituted 1,2,3,4-Tetrahydroisoquinoline-3-Carboxylates. Tetrahedron Lett. 2001,
42 (34), 5797-5800.

Kotha, S.; Misra, S.; Krishna, N. G.; Devunuri, N.; Hopf, H.; Keecherikunnel, A. Diversity-Oriented
Approach to 1,2,3,4-Tetrahydroisoquinoline-3-Carboxylic Acid (TIC) Derivatives Using Diethyl
Acetamidomalonate as a Glycine Equivalent: Further Expansion by Suzuki-Miyaura Cross-Coupling
Reaction. Heterocycles 2010, 80 (2), 847-854.

Meutermans, W. D. F.; Alewood, P. F. The Solid Phase Synthesis of Dihydro- and
Tetrahydroisoquinolines. Tetrahedron Lett. 1995, 36 (42), 7709-7712.

Pedrosa, R.; Andrés, C.; Iglesias, J. M. A Novel Straightforward Synthesis of Enantiopure
Tetrahydroisoquinoline Alkaloids. J. Org. Chem. 2001, 66 (1), 243-250.

Kim, H. J.; Yoon, U. C.; Jung, Y.-S.; Park, N. S.; Cederstrom, E. M.; Mariano, P. S. Oxidative
Pictet—Spengler Cyclizations. J. Org. Chem. 1998, 63 (3), 860-863.

Locher, C.; Peerzada, N. Synthesis of Some N -Methyl-1, 2, 3, 4-Tetrahydroisoquinolines by Friedel —
Crafts Cyclisation Using Benzotriazole Auxiliary. 1999, 179-184.

Ho, T.-L.; Chein, R.-J. Intervention of Phenonium lon in Ritter Reactions. J. Org. Chem. 2004, 69 (2),
591-592.

Kralova, P.; Soural, M. Synthesis of Polycyclic Tetrahydroisoquinolines and Tetrahydrobenzo[d]Azepines
from Polymer-Supported Allylglycine. J. Org. Chem. 2022, 87 (8), 5242-5256.

E. Gibson (née Thomas), S.; Guillo, N.; J. Middleton, R.; Thuilliez, A.; J. Tozer, M. Synthesis of
Conformationally Constrained Phenylalanine Analogues via 7-, 8- and 9-Endo Heck Cyclisations. J.
Chem. Soc. Perkin Trans. 1 1997, No. 4, 447-456.

Solecka, J.; Guspiel, A.; Postek, M.; Ziemska, J.; Kawecki, R.; Leczycka, K.; Osior, A.; Pietrzak, B.;
Pypowski, K.; Wyrzykowska, A. New Derivatives of 3,4-Dihydroisoquinoline-3-Carboxylic Acid with
Free-Radical Scavenging, D-Amino Acid Oxidase, Acetylcholinesterase and Butyrylcholinesterase
Inhibitory Activity. Molecules. 2014, pp 15866-15890.

Kralova, P.; Soural, M. Reagent-Based Diversity-Oriented Synthesis of Triazolo[1,5-a][1,4]Diazepine

47



(67)

(68)

(69)

(70)

(71)

(72)

Derivatives from Polymer-Supported Homoazidoalanine. J. Org. Chem. 2021, 86 (12), 7963-7974.
Kralova, P.; Malon, M.; Volna, T.; Ruéilova, V.; Soural, M. Polymer-Supported Stereoselective Synthesis
of Benzoxazino[4,3-b][1,2,5] Thiadiazepinone 6,6-Dioxides. ACS Comb. Sci. 2017, 19 (10), 670-674.
Rucilova, V.; Kralova, P.; Soural, M. Synthesis of Disubstituted Pyrazino-Oxazine Derivatives with
Controlled Stereochemistry. Eur. J. Org. Chem. 2017, 2017 (47), 7034-7039.

Kralova, P.; Benicka, S.; Soural, M. Polymer-Assisted Synthesis of Single and Fused Diketomorpholines.
ACS Comb. Sci. 2019, 21 (3), 154-157.

Sauer, J. Diels-Alder Reactions II: The Reaction Mechanism. Angew. Chemie Int. Ed. English 1967, 6 (1),
16-33.

Cankarova, N.; Schiitznerova, E.; Krchiiak, V. Traceless Solid-Phase Organic Synthesis. Chem. Rev. 2019,
119 (24), 12089-12207.

McMaster, C.; Fiilopova, V.; Popa, 1.; Grepl, M.; Soural, M. Solid-Phase Synthesis of Anagrelide Sulfony!l
Analogues. ACS Comb. Sci. 2014, 16 (5), 221-224.

48



6. PUBLIKACE K PREDKLADANE PRACI

V této podkapitole je pfilozena dana publikace véetné ptistrojového vybaveni a experimentalni ¢asti.

JOCh s

pulbescs orgfoc

Synthesis of Polycyclic Tetrahydroisoquinolines and
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ABSTRACT: Herein, we report a multistep synthesis of polyeyelic
tetrabydroisoquinolines and tetrahydrobeneo [d]aepines sarting
From Wang resin-immob lized allylgveine. After sulfomylation with
3/ 4-nitbenzenesulfonyl chlorides, Mitsunobu allylation with
variowt phenylallmol yvielded the corresponding (phenylprop-2-
-l bsulfomamides “Interior” ring-closure emme metathesis
(RCEM) wing a Grubbs catalyst second genertion (Rul) yelded
fanctionalized tetralyd roisogquinoline tetraby drobenzo[ | azepine

AMitsunoba R
2. RCEM
Q Eﬁ. 3. Dluls-Aider Rl 'JL"[‘"‘\ (’5 nasd
3 J —— -\"'l
L ‘Tr HHy 4. heterocyoln ,;,,‘.
] construction 'H'ﬁ"-"]
with oA sloavage
alynols, dinnopries & halarseyelic Mtﬁalﬂi
and smctrophiles 20 rapresartative darivathes

intermediates. “Exst-sde” [4 + 2] cydoaddition with representative dienophiles was followed by the “west-sde”™ comstroction of
different heterocydes using variows electrophiles to fnally fumish a set of novel moleculsr Fameworks bearing fused [6 + 6] or [6 +
7] rings. The developed methodology enables the facile parallel synthesis of novel, pharmacologically promising compounds dertved

fom prvileged scalfolds

B INTRODUCTION

Compounds containing isoquinoline scaffolds constitute one of
the largest known groups of alkaloids. To date, more than six
hundred nateral issquionoline with 3 wide range of biological
properties have been identified. Consequently, several
synthetic phamacewticals have been denved from this type
of heterocyde, with praziquantel’ and nomifensin® being the
best-known examples. More specifically, one the most
remarkable inherent groups of Bogquinolines comsigts of
L2234 tetralydroisoquinolines (eg., akdoids of the proto-
berberine,” pavine-* and aporphine-types™) and their dedwa-
tives bearing a carboylic group in the C3 position (TIC).
TICs and their N-acy amalogs have been Fequently studied,
and numeroes derivatives have been reported as antithrom-
botic, anticancer, hypogycemic, and antiviral sgents (Figune
5" Iterestingly, in contmst to TIC, the bislogici
properties of the comesponding homological tetrahydrobenso-
[d]ame pines-2-carborylic acids and their derivatives are practi-
cally wnknown

TIC scaffolds can be constructed by different ap proaches,
such as partial oxidation of odabydm-andogs," Hedk'™ or
Sueuki —Miyaura uﬁcﬂ-Lﬁ'uP]mg-_, [2+2+2] and [4 + 2]
cydoadditions, ™" or dassical Pictet—Spengler ™" and
'En:quﬂEr—NaPEn]!-h reactions (Figure 2).

In contrast to the synthesis of simple TIC derivatives, the
preparation afﬁa‘r analogs with fused cyeles has only marely
been reported™ Recently, we have been focused on the
aynthesis of novel heterocydic scalfolds wang side-chain-
functionalized Frmoc-g-aming adds x starting material *5—%
Solid-phase symthess (SPS) was wed for its wellknown
advantages, especially the fast and simple isolation of
intermediates in multistep synthetic pathways and the fadle

© XY Bevaricars Charmieal Seelaty

vACS F'Ub'l{_allﬂl'lﬁ 5242
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application of paralle]l synthesis. In this atide, the multistep
5PS of complex Boguinolines from FmﬂL-].-\.I]]'y]g]Eur.re is
reported, with ring-dosune ey metatheds (RCEM)™™ and
Digk—Alder cycloaddition™ " as the key reaction steps.

B RESULTS AND DISCUSSION

The syntheiis started from readily available Fmoc-L-allylghrcine
( P -Gy (allyl)-0H ) and Waang resin. Hydrosybens otriaxsole
[HOBt}-medisted immobilation vielded the resin 1 with a
good average loading of 03 mmol/g (Scheme 1) Sub-

uqumﬂy, the intermediastes Za—c were prepared in three
stel:u comsisting of Fmoc cleavage, sulfonylation with 2-

nitrobernsenesulony] or 4-nitrobenenesulfony chlodde [ 2-/4-
Ms-Cl)," and Mitsunobe akdation with representative
alkynols  (4-(trifuoromethylfphenyd jprop-2-ym-1-ol to yield
intermedistes Za and 2b or 4phenybut-3-m-1-ol to yield
imtermediate 2¢). The maction pathway was followed by ring-
clogure enyne metathesis (RCEM), which required eensive
optimization (see Table 51 in the Supporting Information).
Fimally, the quantitative comverson was achieved using a
Grubbs catalyst second generstion (Ru2; 5 mol %) with the
addition of lithivm dhledde (LiC]) to sccelerate the reaction,™
yielding the resin-bound diens 3a (2-Ms, n = 1) after 24 b in
excellent crade purity (94%, caleolted from LC-UV traces
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Figure L Previousy reparted solidphase synthesis of smple TICs.

after deavage from the polymer support). Interestingy,
quantitative formation of diene 3b (4+Ms, n = 1) required a
consderably longer reaction time (4 days], with cyclization of
the seven-membered diens 3¢ (4-Ms n = 2) requiring even 12
days for completion

For the subsequent Dieh—Alder meaction, N-phenylmalei-
mide was chosen a8 the model dienophile. Reaction with the
diene 3a in anhydrous dimethyd sulfoxide (DMSO) at a high
temperature yielded (afier desvage from the mesn) three
compounds in 3 combined crude purity of 95% and mutsal
ratio of 3:5:2 MS anilysis indicated that all three dedvatives
were Bomens of decahydro-1H-pyroolo]34-f [sogquinoline-8-
carboxylic acid $a To investigate the sereochemical outoome
in detail, the obtained micdwe was submitted to revesed -phase
semiprepamative. HFLC (BP-HPLC), which enabled the
quantitative sepamtion of the two major components 5a-l
and 5a-llin purities above 98%; however, the third somer was
congderably contaminated with Sa-ll, precheding its detailed
stroctural amalysis. With pure com ds Sa-l and Sa-ll in
land, we recorded and amalyzed 'H "C['H}, APT, '"H-'H
COSY, "H-"H NOESY, '"H-"C HMQC, 'H-"'C HMBC,
and '"H-"N HMBC MMR data to determine the precise
gructures Complete sssignment of the 'H, "C, and "N
signals is shown in the Supporting Infommation (Figures 27—
529, 531—537 and Table 53). In brief, we confirmed scaffold
Sa-L followed by ehecidation of the 3D architecture Fom the
‘H—"H MOESY spectrum (Figures 3, 52030, and 538). The

50

cmﬁ]g.n-aﬁm of the C4, C12, and C13 sermocenters was
determined by amalyring the 'H—'H coupling constants and
NOE comelations of the soguinoline rng (Figure 1), The
configuration of the C10 stereccemter was adopted from the
starting material (8), and the configumtion of the newly
formed C4, C12, and C13 stereocenters was assigned as K K,
and 5, respectively. Comsequently, the 5a-1 was proposed as the
endo isomer.

A similar data amalysis of $2-01 (Figure 540-551 and Table
54) revealed the relative configuration of the coresponding
stereocenters a8 C4 5, C12 B, and C13 B and indicated the
existence of an exo isomer (Figure 41

The chemical shifie, splitting patterns, and %] and 7
homonudesr couplings for both isomers Sa-1 and Sa-11 are
comprehbensively compared in the Supporing Information
(Table 55).

Although the separation and strocurd eeddstion of the
Diek—Alder products 5a-1 and Sa-Il were successful, which
indicated the feaghility of wsing analogical dienophiles, the
formation of the mivture disavored completion of the reaction
sequence on the solid support becawse the resin-bound omers
4a were imseparable Comsequently, we tried to control the
stereoselectivity wsing different conditions (microwave imadi-
ation, different solvents, times and temperature; Table 52), but
the isomer mtio emained unchanged We then explored the
possible aromatization of the resin-bound imtermediates 4a to
6a (Scheme 1) using Rrev:l‘:luﬂy nepm-bed approaches, eg,
ondation with Mna0," EMnD,, TFA™ 23-dicklors-5,6-
dicyano-1,4-benzogquinone (DDQ} " palladivm-catabyzed oxi-
dative dehydrogenation,”” or bromination and subsequent 1,8-
dizzabicydo[5.4.0]) undec-T-en (DBU)-medisted slimination,”
bt only recovered the stating matedal. Fimally, to prevent the
formation of 3 mivture of stereoisomers, N-phenylmaleimide
was replaced with 1 4-maphthoquinone In this case, the [4 +2]
cycloaddition to 3a was followed by spontaneoss aromat -
tion, " and the reaction yelded intermediate Ta as a single
product with excellent crude purity.

Having determined the optimized conditions for the RCEM
and Dieli—Alder reaction starting from 3a, we decided to test
the limitation and scope of this part of the reaction sequence.

hepatdelong 10 1021 feci e 2e0000493
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Scheme 1. Synthesis of Isoguinolines 4-7°
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and conditions: (i) FmocL-allf glycine | Fmoc-(Ay(alld)-0H), 1-hydroxybenzotiazole (HOBt), 4 dimethylamino |pyridine (DMAF),
-ﬁnupuuﬁlc:bu-dmﬂ: [DEC ), NMN-dimethyiformamide (DMF), CHyOl,, 24 b, o (d) 50% Fpﬂ':ld:m-: (PP} N N-dimethylormamide [CME),
30 miin, rt; (i) 2/4-nitrobenzenembony chloride (24 Ns.Ch), 26-htidine, CH L, 24 b rt; (iv] 3-[4-trifluorom ethyl jphenyl) Zgn-l-ol or
-I-phﬂ'l:p“m.t Jeynel-al, h':lﬂ'lﬂl.'p'i:lmqﬂmtc (TPP), -d.nmpu'-nﬁ amdicarhmrplate [DIAD), m.ll'pd:m etrahydrofuran [ THE), 24 I;:“P (%) Grubhs
catabyst second generation (R, § mol %), 04 M lithivm chloride (L3iCl) in DMF, anhydrons PhCH,, 24 h (for 3a), 4 days (for 3b) and 12 days
[for 3c), 110 *C; [vi) anhydrows DMS0, 24 b, 120 °C; (vE) 50% trifluoroacetic acid (TFA)/CH,1, 1 h, rt fallowed by RP-HPLC purification
wing ammoninm acette (Amdc) boffer; (WE) (2) MOy, anhydrous PhOH, (086 M), 24 b, 120 *C; (b) EMnOD ;, snhypdroms actons (01 M),
45-24 h, m; (<) Z3dichlorg-§6-dicyann-14-benzoquinone (D)) (L18—035 M), 5—24 h, 70-110 °C; [d) PATFA), PhCl sodium
anthraquinone- 2sulfmnate, Oy, 24 h, 110 *C

OEN "He'H MOE comabrbone
WA eary waak nieraciion

Figure 1 NOE mmelations med to determine the constimtion and onfiguraton of somer Sa.1.

Aset of imtermediates 2 with vadable B' were synthedzed from of starting materials in Figure 5). Unsubstituted phenylalnol
P]'léng,r]Pu'\th—i'.*y’n-l-ah amd 4-P11érl5r]]:lu't -3-ymi-1-als I:!-éé the Lst I:R" = H} and it ma]rlbg- ]:!é:lﬁ:rlg déthlhn-dﬁruﬁng I:'FL" =

5244 e e rg T T fec, e 200
£ Orge (e 2022, 87, 524252
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Fill
Ij TH-"H MOE comustions
oM v o vun Sonp v schon
Figure 4 NOE mrelations to identify the configuration of isoquinoline derivatives Sa-11
= R
i
o
5 PR
o TN e
HOOC" TN -
R? D
-1 R
11, 1244, 1847: X = HH
19X = CI
Alkynois* i hﬂhubumrulul‘lmrl chlarides Amines i
:: T, gy M
: ':F’ E' F P Y snm am 1‘ }- H0y01 PR
: .l'f _r l‘ IL _,-,r %\ "-' A e
1_1 _f oy M-profested amine scids
f— — {19
Q 3 ) Iy i a :
3‘—'., — b i
i ﬂ-12 H an HO py—pee HO Hl-Sac H . L
: ™ 11 K= Frac, Boo {H ofier -:I-Ia1'lal'B-u:al:-:hlllul'nq;panlI
I '5' i ﬂum-nﬁl !
mlmph'“ PRI
jﬁ?':f f Q
fﬂf Hﬂﬁé EI [IB EID EIX:]
=17 p=13

...............................................................................................................................

Figure 5 List of all tested uilding blodes. “Prepared according to the modifisd Sonogashira protocol (see Experimental Ssction)

and MeO) or electron-withdrawing groups (R' = CF,, Br, F)
in different positions were selected Propargyl alcohol was also
incleded 2 a reactant.

The synthesis of the intermedistes 2d—m [Scheme 2) was
succesful in each case and vielded the cormsponding resin-
bound compounds in excellent crede punties manging from
93% to 98%. The strocture—meactivity rehtomship for the
RCEM stage was determined. The quantitative convesion of
2d bearing 4-bromopheny]l a8 B was fasible but required 3
days for completion, whereas wing o, m-, and p-fluoropheny
a R in Ze—g shorened the reaction time to 1 day. The
uwisubstituted phenyl analog 2h fernished the cormsponding
diene in only limited crude purity (33% ), even under vadous
conditions (see Table S1). Interestingly, the RCEM of 2i—j
bearing dectron-donating groups (R' = 4$-Me-Ph and 4-MeO-
Ph) completely faled. The propargy]l dedvative 2k aforded a
misture of three compounds, with the major product being the
mtermediste 10k (53% cude purity) originating Fom the
crog-linking resction and the desred diene 3k in only 33%
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crsde purity. In summary, the RCEM of 3-phenylprop-2-y-1-
vk was practically lmited to intermediate 2 having eectron-
withdrawing B In the case of 4-phenydbut-3yn-1-4
derivatives (imtermediates 2c, l-m), RCEM of 2c (unsub-
stituted) and 21 (R' = 4-CF;—Ph) was feagble, whereas RCEM
of 2m (R' = 4$MePh) faled, which Bblowed the tremd
observed for the phenylprop-2-m-1-W derivatives

In the next stage, redns 3b—g and | were subjected 1o [4 =
1] eycloaddition with 1 4-naphthoquinone, which yielded the
comesponding compounds Ta—e and i~ (Scheme 3) in
excellent crsde punties =W, At this step, wing altemative
dienophiles (ie, p-bemsoquinone, 5 8-dilydrooy 1, 4-naphitho-
quinone, and 1 4-anthraquinone; Figere 5, Scheme 3) yielded
the desired resing 7F and Th. By contrast, wing 5 8-dilydroxy-
L 4-maphthoquinene Biled to produce the intermediate Tg

Having comstruected the “interior” and “east-zide” rings, we
synthesized the “west-side” heterocyde. For this purpose,
resing Ta—f and h—j were subjected to 4-Ms deavage wsing 2-
mercaptoethane] (MCE) /DBU. Using Ba—e and g—i synthe-

oo longy T T e e 2001099
i Org dhem 200, 47, R240-520
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Scheme L Readivity of Key Intermediates 2c—m for RCEM®

a 4-Ms O A-Ms [} H
ik B 10k
R'=H n=1 Tl
0 o L, -
T i i . i
- 0. .- H
Q"'L"':"“"-' W - QL’ I f;lh:‘%\ : D\l.ﬁan-- " -
. H 14
O 4Ns Q: qlm ] 3 ahe
sl
n=1: 3d:R' = 4-Br ""_"_I'_ """" S n=1; dh: R'=Fn nat ohtainad
Ja R = dF TT RIS ABCPR I &'=dMa  notoblained
MR =3F i:: R‘ = &-F-Ph 3k R'= d-Mel not obiained
R = ‘R = 3-F-Ph
W:R'=2F 23 R = 26-Ph n=g 3m: R'=4Me ot obtamed
ne2 3:R'=H e
3R = 4.CF 2h: 2T =Ph
e 3 2i: B = d-MoPh
2 R = 4-Me0 PR
R =
n=2 Zo: R =PH

2 /' = 4-GF-Fh
2m: R = 4Me-Fh

‘Eﬂsmﬂudmd:i:imu: Ei]l"ﬂuﬂ:—scﬁ.talrﬂ:ﬁnamtdgﬂmm[.ﬁ mol %), 0d M lithivm chloride (13C0) in DMF, anhydrous PhOH,, 24 h [ for
2e—g, i—k, and m), 3 days (for 2d), 12 days (for 2 and 1), 110 °C.

Scheme 3 [4 + 2] Cydoaddition of 3b—g and 1 and Their 4-Ns Cleavage™

Q.o

Qe

RE

o

-

Tg: R = 4-F, R¥ = pars-dioH-Ph (NP

, g "
a &Ms O Ak
0= 3k R = 8GF, n=1; Tar R = &.0F,
3di R = 4ol To: R =48, AT =Ph
a: R = 4-F e R = a.F BY= Ph
R = 3F Td: B = &F, B* = Ph
g R =2F Te: R = 2-F, R* = Ph
n=F 3R =H TR =d-F ¥ H
MR = 40F,

Th: B’ = 4-F, ¥ = Maph

s TR =H R = Ph

T &1 = 4-CF-Fn, BT =Bh
MNP = nol prepared

o il

n=1: Ba: R = 4-CF;, RY = Ph

88 R = 4-Br, R¥ = Ph
Be: R = 4-F, R = Ph

gd: R'=3-F, R*=Fh
Ba:R'=2.5 BT =Ph

i B =4 F BY = HNP)
fg: B! = 4-F, R¥ = Kaph
Bh; R = H, R = Ph

Bi: R’ = 4-CF,-Ph, 7Y = PR

“Reagents and conditions: (i) dienophile (Figure 5], anhydrous DMSO, 24 h, 120 *C; (ii) 2-mercapioethanod (MCE ), DBLU, 40 min, ot; (i)

PhSH, DBL, 10 min—1 h, rt.

sized from maphthoguinone and anthragquinone yielded all the
desired intermediates in evcellent crude purities [>90%). By
contrast, the MCE/DBU-medisted deprotection of 7F bearing
2 tetrahydmobenea[f lisoguinoline-7, 10-dione moiety ( the
intermediate &f) aforded 2 mivture of compounds. LC—MC
analyss indicated the fomation of Michael addition producds
(not isolited) odgnating from the reaction of thiolite with
benzoquinone. We attempted to suppres the maction by
replacng MCE/DBU with thiophenol/DBU; however, the
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desired product was obtained in very low crude purity (11%)
and therefore it was not isolated

Having liberated the secondary amine, heterocycles of
different smes were comtruded Fist, intermediate Bb was
wied to prepare 14-diszepino[12-blisoquinoline-diones 11
(Scheme 4 ). Aciation of the intermediate with Boc-f-Al-0H
anhydride | prepared in situ from Boc-fA-OH and DIC)
quantitatively yielded intermediste 9, which wat deaved from
the resin and cyclized with l-ethyd-3-(3-(dimethdamine)-

Fetpaside om0 1IN A e 00099
£ dng (hem 2022 87, S2E2-4 2
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Scheme 4. Synthesis of Dizepinol 1,2-F][1,4]isoquinaline
disne 117

o=t

Lr
11 {10% overall yiesd)
and mnditions: (i) Bac-fAl-OH, DIC, CH, O, 30 min,
1t followed by addition to resin 8, 24 b, rt; (8 50% TFA/CH,CL. 1 b,
rty (] L-ethyl 33 dim ethgd amino jpropy ) -carhodimide (EDCI),
CHLCL, 24 b rt

propyl Jeartbodiimide (EDCI) to yield the prodwct 11 (Table
L)

The intermediates Ba and Be were then scyated with Fmaoc-
Ala-OH by activation with DIC/HOB to yield resing 123 and
12f (Scheme 5) in limited crude purities (40% and 47%).
Meverheless, bae-catalyeed cydiwation of 12 furnished the
fmal pyramino-isoquinoline-dione 13 in an acceptable 15%
ovenrall yield To increase the purity, we replaced Fmoc-Al-
OH with Boc-Ala-0OH to afford the intermedistes 12a in a
crude purty above 57% A sim dar outoome was obtained wsng
Boc-Phe-0OH and Boo Ty (Bu)-0OH. Finally, TFA-catalyzed
cyclization of 12a—e and g—1 fumished the desred producs
13a—e, g—i and 14a—c in good overall yields (Table 1).
Interestingly, cydization of 12a bearing methyl s B required
7 days for completion.

To further modify the target scaffold, the intermediates Bb
and Bh were acylated with iodoacetic acid anhydride (prepaned
b sty Fom iodoscetic acd and DIC) and then wed to
congtrect the diketopipermine (Scheme 6). Treating the
resulting intermediates 152 and 15e with 5% bereyl amine
in DMS0 led to nudeophdic substibution followed by
spontaneows cydative deavage™* of produdts 162 and 17a
from the resin, The developed protoco] was successfully tested
for sx compounds (dervatives 16a—b, d and 17a—c).

Intermediate 15¢ bearng 3vor o B faled to react with
propylamine. However, when starting mat erial 15¢ was deaved
From the resin and the liberated intermediate 18a (Scheme 7)
was purified by HPFLC, the isolited compound hotonized to
[Er= R inoline-dione 19, Altematively, diketomompho-
line 19b was prepared from 18b by basecatalyred cydeation
with NN-disopropyethylamine (DIPEA)L

B COMNCLUSION

In condusion, we developed a ample SPS strategy to prepare
novel, advanced heterocycic scaffolds derived from phama-
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cetically prvileged soguinolines. The synthess is baed on
preparing  immobilied key intermedites for their parallel
converdon to different types of molecule Famewaorks bearing
six- or seven-membered rings (Scheme 8).

“Intedor” oycle formation emables the formation of
pipendine or mepane scaffolds; thus, the methodology is
generally feasible for both tetmhydroisogquinolines and
tetralydrobenmo[d] mepines. An “east-side” cyde was success-
fully formed by a Diek—Alder reaction wsing both quineidal
and heterscyclic dienophiles, although the cywloaddition with
the Litter could not be controlled and provided the desired
intermediate a3 a midtere of corresponding, separalble
diagtereomen. A “west-gide” heterocydiation was developed
for dizeepines, diketodizepines, diketomorpholines, and
diketopiperarines x highly mlevant bioactive scalfolds ™
Apart from skeletal divemity, the proposed stmtegy wa
studied in tenms of srocture—resctivity reltionships, and
despite some limitations of the RCEM (the applicability of
only eectron-poor dienes), the substitution of target scafolds
can be extersively modibed by using meadly available
phenylallynolk, primary amines and amine acds. Conse-
quently, the developed protocols enable rapid symthesis of
collections of novel drsg-like molecules

B EXPERIMENTAL SECTION

General Information. Sovents and chemicals were purchased

from Sigma—Aldrich (Milwaukss, W www sigmaal drich.com), Acros

(Greel, Belginm, wwwacroscom), and Fluorochen (Had-
ﬁEﬂI nited Kingdom, www fluorochemcouk ] Wang resin (100—
200 mesh, 1% DVE, 0.9 mmal/g) was obtained from AAPPTec
[Louisville, KY, m.uwt-ar_mn].ﬁolﬂihaufpnﬁﬂw: @rried
out in platc reaction vessek (s zach g with a
disk]} :mg a.m.'l.'n.ua.qu:mt-ad[ mﬁrmﬁﬂmﬂ' [Tm‘:ﬂks,h{m
torviqcom). All reactions were carried out at ambiznt Irmp-u:.ln'e
(23 °C) unless stated otherwise The synthes of N 3-phen 2
mlﬂ]mhubmmudﬁmanﬂ.ﬂ Za-m was performed according
to the reparted protocal.” The LO—MS analyses were caried out on
a UHPLC-MS system consisting of UHPLC chromatograph Acuity
with a armay dector and si
ipﬂmm%], :mg an XSelect C18 wﬂmﬂ the
mobile phase @nsisting of 10 mM ammoninm acetate [AmAc) n
H 0 and CHyCMN. The ESI source abed ata current of
5 jiA, vaporizer temperature of 350 1C, ca.p]u'p’dﬂu? of
200 *C. Por the LOC—MS am.l'rm,a.sni:l-ed:re:m [~5 mg) was
treated with TFA in CH,CL, the deavage cocktail was
under a stream of ni and dleaved were extracted
intn CHL,CWH 0 (30% or 50%; 1 ml.). P wx auried out
by C18 i mm:ndphu: [RP)-HPLLC
with the of 10 mM aqueows AmAc and CH,CN, flow rate 15
mL/min or by normal phase by dlica gel chromatography. Residua
savents [H0 and AmAc buffer) were ized by the ScanVac
Coobafe 110-4 'I.m‘l:ing at =110 “C. All 1D and XD MMR

ents weTe an BOXS00 eter
ﬁﬂm%mjwﬁsa miagnefic fidld strength of
llTﬁTmpnmdmgm'Hand “Erﬂummuﬁtqumnﬂnfmlﬁ
and 12577 MHz at 27 *C. Chemical shifts [djmrqmtadmﬂu
per million (ppm), and @upling constants (J} are reporied in
(Hz). The sgnals of DMSO-d,, CIICl, were set at .50 736
ppm in ![hﬂﬂmmnﬂmppm,'??.ﬂppmm
spectra, . N chemical shifts were referenced to external
% formamd de mDhﬁﬂd',[lllﬂ'ﬂ-ppm
a.sﬂtﬁ'untl:.-:RP!EFLE m]mdﬂbﬂnbdua.smshtit
IW—L'lepm:nthc'j[NTuERq:-nmm in WME

: br_ s, broad singlet; br d,lnw.d.dmblugs,:mﬁut d, doublst;

J N &J Ll I 1 Li &J 1 m M

d.o-u.H-utm‘d-u-:blmm‘de:u-u&dem t, triplet; td,mii-ut-m‘
douhlets; m, muitiplet. HEMS malysis was performed using LC—MS

st e 1L T M e 20000490
1 g (e 2022, @7, 242
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Table 1. List of Synthesived and Fully Characerized Compounds
o
17

o pd X B! R* B orade parity [%] final pariry[%] " owerall wad [%]°
sal - 4CF, M Ph 24 98 4
Ra-ll = 440F 2 M3 P 48 w3 43
11 - 4B - Fh 43 95 10
13a HNH 4F, e Fh 57 e 30
13h HH +CFy Ba Ph 0 98 15
13 NH 4B B B TE 9 4
13d HH 4B 40H-Bn P By 98 kL
13 NH AF B B BS 9 k]
13 NH 1F Me P 49 98 b
13 HH IF Ba B 75 ] 53
13k HH IF 40 H- B P 51 o8 .
13 HH 4F En Haph k] e 9
l4a - H Ba Fh 75 L] &4
14 - H 440H-Bn Ph 52 L 15
T4 = +F, Ba Ph Ta bl a3
léa - 4 Bs B Hh S a8 k]
1éh - AF Fr Hh R ] k]
16 - 3F Pr P O O NO
15d - 1F Ba P 8 ) £33
17a = H Ba Fh 95 b 5
17h - H Fr Fh 5 w9 14
17c - 4CF, Ba Ph £ Ml HI
1%a ] iF H Fh &4 w9 5
19k A 4F H B 95 78 HE

‘Dm.mdcpn’tra.ftrmuqﬂnhnmud:tb: mﬁmm@nsmuﬁhﬂdﬁmimmwm at 205—400 nm. *Calculated from HPLC-
UV traces at 205—400 nm after RP-HPLC purification. “Caloulated after purification from the loading of the starting resing NO = not obtained; N1

= not isolated

(Dionex Ultimate 3000, Thermo Fischer Scentific, MA, 154 with
an Exactive Phs ﬂrbcl:'ap high-resolution mass spectrometer
(Thermo Exactive plus, Thermo Fischer Scientific, MA, USA)

at i ative full scan mode (120 000 FWAEH
mmﬁﬂﬁ [tl:.-:n:n.s:wﬂ.i mdi.tnd.t b )
mass] with (a) elsctrospray iomimtion (ESI) working at 150 *C and
the source voltage of 16 EV o (b) atmospheric pressure chemical
ionizmtion [(APCI) orbitrap working at tramsier capillary temperaturs
il E,mmﬁmﬁusemt'ﬁ—ﬁpﬁ,wpmmmdm
“C, and sheath g= 40 pei onwas
MijMLMWUMXIM 3
jom particle] with isocratic shution and mobile phase [MP) contsining
(2] CH,ON/ 10 mM Amdc (80/20 v/v) and (b) MeOH/HO (95/

55

)+ 0.1% HOOOH with 2 flow of 0.4 mlL fmin. 'I"Ii.-e:n.mi:lu were
dissobved in CHCW/HO (80/X); vwiv). Melting points [not
comected] were measured by a Thermovar apparaus (Reichert,
Vienma, Awstria) and reported in Celsns degres [“C L IR spectra were
measured by DRIFT (Difnse Refleconce Infared Fowrier Trans-
form) on 2 Thermo Micolst AVATAR 370 FTIR spectrom eter.
Absorbance peaks [(wavenumbers] are reported in reciprocal

centimeters (om™'), and transmittances [T) are reported in

percentages (%)

1. General Proceduwre for Sonogashira Coupling To Prepars
Alkylating Agents. Pd(PPh,),ClL, (129 mg 0.18 mmol, 1 mal %) and
Cul (70 mg, 036 mmol, 2 mol %) wers suspended in degased TEA
{18 ml) wmder mitTogen. Then aryl indide (1838 mmol, 1.0 eq_u"r:l

st e g 1L T Aacx [ 2N (99
i dng em 2022, 87, 2824 254
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Scheme 5 Synthesis of Pyravino-isoquinoline-diones and Pymsino-benso[dJarepnes 13, 14°

N T
g H L) ft
n=1: Ba: R’ = 4-CFy, R*= Ph HH.
Bl R = 4-Br, R? = Ph 12l

Be: R = 4F R = Ph

Ba: R = 3-F, R = Ph

Ba:R' = 2F R¥=Fh

Bg: B! = 4-F, R" = Magih
n=3 B:R'=H R*=Ph

Bz R' = 4.0F,, *" = Ph

X = Fmoe, Boo

X & Boc
Acid-culalyznd
eyclizaticn

l|__,_Ar

i

Hass-catalyzad il

n=1 13a: B = 4-CF, A% = Ma, B = Ph {30%)
13b: B = &-0Fy, B = Bn, B = Ph (18%)
13c: B = 4-Br, B® = Bn, B = Ph (24%)
13d: R' = 4.8r, B = 4-0H-Br, B = #h (38%)
130: B' = 4-F, R® = Bn, B? = Ph (29%)
130 R = &-F, A® = Me, R = Ph (26%)
13g: R' = 2-F, R = B, RY= P {53%)
13k; B = 2F, R = 4-0H-Br. R = Ph (27%)
13 " = 4-F R¥ = Mapn (9%)

n=2 14a: R' = H, R¥ = A RY = P (54%)
14b: B' = H, Y = 4-0H-8n, R = Ph [15%}
1do: R = 4.6Fy, A7 = Bn, #% = Ph [33%)

Merle: avaral yields

¥
X = Frem:

and conditions: (i) Boc-aming acd, DIC, CHLCL, 30 min, t followed by addition to resin 8, 24 b, t; (i) Fmoc-amino acd, HOBt,

[HC, DMF, CHCL, 24 b, rt () X = Boc: neat TFA, 20 b (for 13b—e, g—i and lda—c) or 7 days (for 13a), 80 °C; () X = Pmoc: 50% PIP/

DIMF, 24 b, 1t (for 136).

Scheme 6. Synthesis of N-Substituted Pyrainoe-goguinolinediones and Pyrazino-benso[dlasepines 16, 17%

H:I &3

Oor

f=: Bb: R =487 R¥ = Fh
8o R'=4-F R"=PFh
8d:R' =35 ®R¥=Fh
e R'=2F R'=Fh

m=7 B R =H, R? =Py
Bi: R" = 4-CF,, R = Ph

R*

_ R
no= 1 16a: R = 4-Ar, R? = Bn, R® = PR [30%)
18 R = &F, A% = Fr, R = Ph {39%)
18 R = 3-F B = Pr, R7 = Fn (NG}
16d: R = 2F, A% = Bn, R = Ph (36%)

: 174 R = H, R = Bn, R? = PR (53%)
17h: R" = H, R¥ = Py, RY = Ph{14%]
170 81 = 4-0F5, RT = Ba, B = Ph K, cp 38%)

Mobe: overall yviolds; MO = nol obiained,
NI = ol isolaled, c.p. = crude purity

“Reagents and conditions: (i) indoacetic acid, DIC, CH (1, 30 min, it, followed by addition to resin 8, 24 b, ot; (i) 5% amine/anhydrons DMSO,

24 h, it

was added followed by propargd akohol (12 ml, 2021 mmel, 11
equiv) ar but2.enl.d (15 ml, 2021 mmol 1.1 equiv), md the
reaction was stired intensively & &0 *C in @ odl bath for 22 b Then
the reaction mizture was fltrated over Celite, quantitafively washed
with Et;0, concentrated in vacus, and pwified by silica gel

in Ft(dAc/ hexane.
3-j#Triflvoromethiyl jph enyl jprop-2-yn-1-0l 1. The product was
Fﬂqﬂmﬂdamd.msmﬂtabm-dﬂ:nbad st:ﬁns:ﬁ'md-

indobenmtriflworide (27 ml, 1838 mmol 1.0 squiv] and propangyl
alcahol (1.2 ml, 2021 mmol, 1.1 sqiv). The cude produst was
purified by slica g=l ¥ in BtOAc hexane (3/7; viv), B
= L5, Waxy 'pl:.uw-mmg: solid [3.43 F 17-150 mmod, 9% ). HPLC
purity 99%. 'H NMR (500 MHz, CDCL): 5 (ppm) = 7.57 (br. 4 [ =
84 Hz, 2H), 753 (be. d J = 8.4 Fx, 2], 452 (s, 2H ), 180 (b 5,
1H). C{'H} NMR (126 Mz, CDCL): & (ppm) = 1313, 1306 (g,
ooy = 318 Hz), 1267, 1256 (g Yoy = 16 Hz), 1242 (g "Joy =

56

2718 Hz), 30.0, 847, 51.9. HRMS (ESL neg) m/z: [M — H]~ caked
for €, oH,F,0 1990365, fund 199.0359. Mp 40—42 °C.
3-{-Bromophenyllprop-2-yn-1-ol IL The product was preparsd
according o the ahove described starting from 1-hromo.4-
indoberzene (A2 g 1838 mmal, 1.0 equiv) and propargd aloohal
(1.2 ml, 2021 mmol, 1.1 squiv). The crude product was purified by
silia gel chromatography in ErOAc herane (3/7; wiv), By =03. Fale
yellow solid (3.10 g 14832 mmol, 80%). HPLC pusity 99%. 'H
NMR (500 Mz, CDCL): 5 (ppm) = 7.4 (be 4, ] = 84 Hz, 28],
729 (br. d, ] = 8.6 Hz, 2H), 448 (d, ] = &0 Hz, 2H), 1.84 (3 ] = &0
Hz IH). “C{'H} NMR (126 MHz CDCL): § (ppm) = 1311,
1314, 1228, 1215, 88.3, 84.7, 516, FIRMS [APCL, pas.) m/z: [M +
H ] caled for CH,BrO 210.9753, found 210.9749. Mp 8083 °C.
3--Fluorophenyliprop-2-yn-1-ol BL The product was prepared
ing to the dhovedesoibed starfing from 1-finorgd-
indoberzens (2.1 ml., 1838 mmol, 1.0 squiv) and propargy alcohal

FEtpaidiclong 0 1021 Asci oo X009
1 Grg dhem 205, 87, D224 258
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Scheme 7. Synthesis of Ozaine-gogquinoline-diones 19

18b: R = 4-F
15c: R = 3F

ap E#

ts and o

+ (i) 50% TFA/CH,CL, 1 b, rt () semj

18a: R" = a.F
18k R = 4-F

iR = 3-F)
9 ar
ii (R = 4-F)

138 B! = 3-F (28%)
190 17 = 4F (d4%)
Mote: ovarall yields

ipreparative RP-FIPLC du-nm.l.mg:l:liﬁr wing AmAc butfer/CHON DMSO,

iollowed by freene—drying; (i) NN diisopropylethylamine (DIPEA), DMSO, 24 b, rt

Scheme B Owerview of Accessible Final Scaffolds

(12 ml, 2021 mmol 1.1 eq_u.i'r]."l‘l:.c uud.epum-&:.dm pln:ﬁnclbr
silica g:l v in EtOAc hemane (3/7; viv), R]. = L3,
Orange bquid (231 g 15395 mmol 84%] HPLC purity 9%. 'H
NME (500 MEz, CTH,): & (ppm) = 7.39-7.43 (m, 2H |, 697-7.02
(m, 2E), 448 [d, ] = 2.4 H=, 2}, 200 (ke s 1H). "CUH]} MR
(126 MHz, CDCL): & (ppm) = 1626 (d, "J;._p =250.1 Hz), 1336 (d,
"oy = A5 Hz), 1186 (d, 5y =32 Hz), 1156 (4 Ty= 223 Hz),
85.9, 8446, 515 HEMS [APCL pox) m/z: [M + HJ caled for
CHLFO 1510554, found 1510551,
3-{3Fluorophenyllprop-2-yn-1-of I¥. The product was prepared
ing to the above-described & starting fram 3fluoro-4-
indobenzene (2.1 ml., 1838 mmol, l_ﬂnq_n.iv:l and I:lﬂupa:sﬂ aloohol
(12 ml, 2021 mmol 1.1 eq_u.i'r]."l‘l:.c uud.epum-&:.dm pln:ﬁnclbr
sllica gel chromatography i ErOdc hemane (3/7; wiv), By = Q4.
Omange ol (252 g 16824 mmol, 92% ). HPLC pamity 99%. 'H NMR
(500 MHz, CIM1,): & (ppm) = 7.24—728 [m, 1H], 7.20 (dt, [ = 7.7,
L4 Bz, 1H), 712 (ddd, | = 9.4, 2.6, 14 H=, 1H), 702 (dddd, | = 147,
94, 16, 1.1 Hz 1H), 449 (s, 21}, 220 (b s, 1H). “C{H} MR
(126 MHz, CIMCL): 8 (ppm) = 1623 (d, Yooy = 2469 Hz), 1299 [d,
oy =85 Hz), 1275 (d oy = A2 Haz 1943 (d, ¥ 5 = 9.5 Hx),
1184 (d o p= 223 Hz), 1158 (d, 3. p = 212 Hz), 881, 84.4 (d,

57

*Jeer = A2 Hz], 514 HEMS [APCI, pox) miz: [M + H] caled for
CoHLFO 1510554, found 1510551,
3-@-Fluorophenyllprop-2-yn-1-ol V. The product was prepared
according to the abovedescribed stxrting from 2-fluore4-
indoberzens (2.1 ml., 1838 mmod, 1.0 squiv) and propargd alcohal
(12 ml, 2021 mmol, 1.1 squiv). The crude product was purified by
siia maphy i Er0c‘hemane (3/7; wiv), B = Q4.
Yellow liquid (2.18 g 14533 mmal, 79%). HPLC purity 99% 'H
NMR (500 MHz, CDCL, )} & (ppm) = 7.41 (8, ] = 74, 19 Hz, 1H),
7.27(dddd, J= 94,82 53, 1.9Hz, 1H), 702707 [m, 2H], 452 (s,
IH), 153 (s, 1H). "C{'H} NMR (126 Mz, CDCL,): & (ppm) =
1627 (d oy = 251.1 Hz), 1336, 1301 (d, ¥,y = 8.5 Hz), 1239
(4, Yooy = 32 Hiz), 1154 (4 Yoy = 212 Ha), 1111 (4, Y]y = 159
Hz), 925 (d, ¥._, = 12 Hz), 78.9, 51.4 HRMS (APCI, pos) m/z:
[M + H]* cdcd for CoH,FO 1510554, found 1510551
4-Phenylbut-3yn-1-0l VL The product wa prepared acmeding to
the abmve-described starting from iodobenzens (2.0 ml,
1838 mmol, 1.0 equiv) and but3-ynl-al (15 ml, 20.21 mmol, 11
equiv). The crude product was parified by silica gel
in EtOdc hemane (1/1; w'v), By = Q8. Omange od (301 g 200635
mmol, 83%). HPLC purity 99%. 'H NMR (3500 MHz, CDC,} &
(ppm) = 739—7.42 (m, 2H), 725728 (m, 3H), 3.78 (4 [ = 6.4 Hz,

hifpacdielong L 1E21 Asc oo 200099
1 Grg hem 205, 87, D2-425
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M), 286 (t, | = 64 Hz, 3, 256 (s, 1H). “C{'H} NMR (126
Mz, CDCL): § (ppm) = 1319, 1285, 1281, 123 4 8.8, 816,614,
MO HEMS (APCL pox) m/z: [M + HJ caled for CH,,0
1470804, found 1470801

i—{p—]’a!jrﬂ'but Fym-T-of WL The pu'-u-d.nnt was Fqn.md. a.mnutlmg
o the ahove.described procedure fram 4iodotolnene (40 g
1838 momal, Lﬂuq_uv:land.llnt-ﬁ ynel-a [ 15 ml., 2021 mmd L1
equiv]). The crude product was purified by silica g=l drm:l:u-snph‘r
in EtOAc herane [3/7; va:‘l;qi-= 04 ol (240 g 15019
mmal, §1%). HPLC puriy ' NME (500 Mz, CDCL): &
{ppm) = 732 (br. 4 ] = 8.3 Hz, 2H), 7.08 br. (d, ] = 7.9 Hz, 2H),
379 (t, ] = 6.5 Hz, 20}, 298 (bx. 5 LH), 266 (1, [ = &5 Hz, 2H),
232 (s, 3H). PC{'H} NMR (136 MHz, CDCL): & (ppm) = 1377,
1313, 128.8, 120.3, 856, 821, 60.9, 235, 211 HRMS (APCI, pox)
miz: [M + H]* caled for €, 0 161091, fund 161.0%60

A-{#{Trifluoromethyllphenyllbut-3-yn-1-0f VII. The product was

a.mnu'-d.insmtlza.bm-dun'jbad ::ta'ting:f'mun-l-
indobenmtrifluaride (27 ml., 1838 mmol, 1.0 equiv) and but-3-yn-1-
al (1.5 ml, 2021 mmol, 11 equiv). The crude product was puri
Ilrﬂta.g:ldr rh&ﬂﬁq@mfﬂﬁ?ﬁvlﬁ
Pale yellow solid (2.39 g, 11165 mmel, 61%). HPLC purity 99%. 'H
NME (500 Mz, COC i] 5 (ppm) = 7.54 (4, ] = 8.3 bz, 281}, 750
(4 J = &3 Hz, 28], 3.83 (g, ] = &0 Hz, 2H), 269272 [m, 2H),
205 (br. s 11[] BCI'H} NME (126 MHz, 1:1:-1:13] & (ppm) =
1319, 1297 (g ooy = 328 Hz), 1272, 1252 (g oy = 19 Hz),
1239 (g, ooy = 2717 Hz), 1228, 893, 812, 510, 238. HEMS
(APCL pos) m/z: [M + H]" calad dor 'l:uHmFaﬂ 2150678, found
2150673 Mp 38—41 *C

2 Immobllization of Fmoci-alllglycne fo Wang Resin
fntermadiate 1). Wang resin (1 g) was washed three times with
CH,Cl, DMF, and a solution of an-:ua.'pig'pl:im (675 mg, L0
mmal), HOBE (306 mg, 2.1 mmol], DMAP (61 mg, 0.5 mmal), and
DIC (312 gL, 2.0 mmal | in DME/ CH,CL, (10 ml, 50%) wa added
to the resin. Adter shaking for 24 hat room &, the resin 1
was washed thres times with DMF and CH (3, Caloulated loadings
of i mohl med an-:i.-a.'p's"pl:inc: 032 ]1—-0432 mmnl,."s_

3. Synthesis of Infermediates 2: Clagvage of Fmoc Profecting
Group, Sulfonylation with Ns-Cls and Mirsun oby Alkylation with
Alkynols. The polymer-mpported intermediate 1 (500 mg),
mewashed three times with DMF, was shaken with piperidine
DAF (5 ml, 50%]) for 30 min at room temperatume. Then the resin
was washed three times with DMF and CHOCL, and a solution of
appropriate Ns-C1 (150 mmol) and 2 6otidine (191 gL, 17 mmol)
in CHy(1; (5 ml) was added. The reaction was shaken for 24 h at
room temperature . Then the resin was washed three times with DMF
and three times with anhydrow CH,Cl, ahydrows DME, and
anhpdrous THF, and a solution of date alkynol (15 mmol)
and TFP (393 mg, 1.5 mmal | in THF (L5 mil; for 2a—k,
m) or 2 solution of I-Ei[hﬂmﬂmﬂtﬁ.ﬂ]pﬁqﬂm-}m-lud (642
mig, 30 mmal ) and TFP (786 mg, 3.0 mmol] in anhydrous THF (25
mgfwﬂ]mdddﬁeqﬁngemmmhaﬂaﬂdmcﬁ
wi:lltl::sncmdfrﬁu.s:mhj:insamh.ﬁnmud:ﬂﬂﬂ (295 ul., 15
mminl; for 2a—k, m) or (590 g1, 30 mmol; for 21) in anhydrous THE
[Lﬁmlm:mpmmﬂdm—lﬂaﬁdﬁdmtw:
mired gether and shaken for 24 h (for 23—k, m) or 7 days (for A

T resing 2a—m were wazhed thres times
mmhd:mm:ww:,cl}

4. Ring-Cosure Enyne Metathesis (Infermedigies 3). The
polymer-supported inermediates 23—m (500 mg) were washed
three times with anhydrons CHLCL and taluenes, and then added to
the vial with a conical mirer. Anhydrous toluens (125 mL) was
added, and then a solution of 0.4 M LiC] (425 mg 01 mmol) in
anhydrous DMF (250 ul. ), Grobbs catalyst second generation (5 mol
ﬂnlmhtﬂdmth:h;ﬁxgnfrm]htﬁgsm.d ion. of
anhydrous ploene (125 ml) were added into the vial exactly in that
arder. The reaction mixture was degased under a stream of ni
and the vial was dosed with a cap and heated at 110 *C in an od bath
for 24 h (for 32, e—h, i—k,m), 3 days (for 3d), 4 days (for 3b), or 12
days (for 2c, 1) Then resins 3a—m were washed three times with
whiene and CH, 1,

= 4.

525

58

5. Diels— Alder Cpcloaddition {DALC Intermediares 4a and Ta—1f
h—jl The polymersuppored intermediates 3a—g, | (500 mg) wers
prewashed three times with anhydrows CH,(1; and DM S0, and then
added to the vial with 2 conical mixer. To a vial, anhydrons DAMS0
(25 mL) ad (5 mmol] were added and
heated at 130 °C in an odl bath for 24 h. Then resins 42 and Ta—f, h—i
wene washed three times with DMS0 and CH O

&, TFA-Cleavage from the Resin (Infermedigies 5a, 10, and
183 —b). The resins 4a, 9, and 15!:—-_-[5:10-:::5] were shaken with
TFA/CH (L, (5 mL, 50%] for 1 h at room emperaure. Then the
clewvage cocktail was collscted, and the resins wers wahed thres
timies with the fresh cleavage cocktail (5 ml). The combined washes
were svaporaed winga stream of nitrogen and drisd under 3 vacuwm
o 2
5t uerameyiperyl 3 3046.735.90 9 decanirc
ny-5 a,4,6,7, rg-
1H-pyrroko 3, 4-1 fisoquinoline-5-carboxylic Ackd
pl:.uu ml!d [.I-l'?ms,ﬂ.ﬂﬁi mmaol, 24%). The F-ud.n-ctmpu.nﬁed
by RP-HFLC chram y. HPLC purity 98%.
Cleaved from 488 mg of redn (0329 mmn{."g, 0161 mmol of
substrate]. "H NMER (500 Mz, DMSO-d,): & [ﬁm] = 13.13 b5,
1H, H¥), 785 (ddd, J = 79, 7.3, 1.0 Hz, 1H, HY),7.79 (4, [ = 79,
1.0 Ha, 1H, H*), 771 [ddd,; i.d 7.4, 1.2 Hz, TH, H®), 767 (b d,
J = 80 Hz, 25, HE¥), 762 (dd, [= 8.4, 1.2 Hz, 15, H®), 748741
(m, 2H, H'"™"), 741735 (my 1, i[”], TA7=712 (m, 2, H*'),
TOT-T12 (br. d, [ = 80 Hz, X, H*™), 441 (dd, J = 121, &1 H=,
1H, H'"), 435 (d, | = 16.2 Hz, 1H, H."), 406 (4, [ = 142 Hz, 1H,
H,'), 345 (dd, ] = 30, 1.5 Flz, 1H, HY), 343 (4, ] = 30, 1.5 Hz, 1H,
HY), 267 (dd, ] = 142 1.5 Hz, 1H, H¥), 157 (dd, [ = &1, 10 Hz,
1H, H,"'), 249 (ddd, = 121, 3.0, 1.5 Hz, 1H, H'?), 245 (g, J = 121
Hz, IH, H,"), 235 (dd [ = 8.7, 30 Hz, 1H, H). "ol 'H} KMR
(136 MEz, DMS0-d,): & (ppm] = 1782 (C3), 1765 (C1), 1729
(C34), 1475 (C32), 1426 (C20), 1345 (C31) 1330 (C7), 1322
(C14), 1321 (Ca), 1318 (C29), 1311 (C27), 1294 (CI8), 1289
(C16,18), 1284 (C17), 1282 {C1519), 1278 (g, 3. = 31.9 Hz,
C23), 1271 (C21.25), 1251 (d, ¥y = 3.2 Hz, C2224), 1242 (g,
Uy = 2718 Hz, C25), 124.0 (C30), 569 (C10), 41.71 (C8), 4158
(C13), 397 (C4), 33.9 (C12), 204 (C5), 26.7 (C11). HRMS [ESL
neg) miz [M — HI caled for CyHyFaNyOS 6541152, found
541171 IR (DRIFT): 7w = 3073, 2960, 2864, 1699, 1551, 1494,
1455, 1359, 1325, 1164, 1198, 1123, 1004, 1024, 825, 805, 758, 694
am~l

{3aR, 85,905,905 )-7-((2-Nitrophenyllswifonyl)-1,3-dioxo- 2 phe-
nyF5-f-{trifluoromethyllphenyl)-23, 334,675,992, 9b-decahydro-
1H-pyrrolo3,4-f Jisoquinaline-g-carboxylic Acld 58-I White amaor-
phow mbd I:-ﬂ.l mg, 0.069 mmol, 43%). The product was purifisd
by FP-HPLL chramatography. HPLO purity 99%.
Cleaved from 488 mg of resin (0329 mmnl,."s, 0161 mmol of
substrate). 'H NME (500 MHz, DM50-d,): & (ppm) = 814 (dd J=
7.9, L4 Hz, 1H, H™), 7.8 (dd, ] = 7.8, 14 Bz, 1H, H*"), 7.50 (ddd, |
= 8.8 79, L4 Hz, 1H, HY), 7.76 (ddd, | = &8, 78, 1.4 H=, 1H, H™),
770 (br. 4, [ = &2 Hz, 2H, H™), 743—747 (m, 2H, H'"'%), 7 37—
741 (m, 1H, H'),7.29 (br. d, ] = 81 Hz, ZH, H*"*), 708-7.10 (m,
2H, H™'), 4.66 (4d, [= 4.7, 2.8 Hz, 1H, H'"), 417 (d, [= 145 Hz,
LHL F1,%), 370 (dd, [ = 145, 1§ He, 1H, H,%), 351 (ddd, J = 152,
8.7, 15 Hz, IH, H®), 3.47 (ddd, [ = 119, 87, 55 H=, 1H, HY), 2.80
(dd, J = 15.2, 1.5 Hz, 1H, H,*), 2.73 (ddd, [ = 15.2, 5.5, 2.8 Hz, 1H,
H,T), 267 (ddd, [ =119, 87, 47 Hz, 1H, H?), 266 (dd, | = &7, 47
Hz, 1H, Hy'"), 246 (dd, ] = 87, 2.8 Hz, 11, H,"). "C{'H} NMR
(126 MHz, DM50-d,): & (ppm ]_ 1785 (C3), 176.8 (C1], 1722
(C34), 1479 (C32), 1433 [cm], 1344 (C31) 1326 (O8], 1323
(C29), 1321 (C14), 1317 (C7), 1308 (C27), 1302 (C28), 1289
(C16,18), 1284 (C17), 1283 (C2125), 1277 (g, *f-_ = 316 Ex,
C23), 1270 (C1519), 1254 (g, Yy = 3.1 Hz, C2124), 1252 (g,
by = 2718 Hz, C236), 1240 (C30], 558 (C10), 424 (C4] 423
(C13), 4004 (C4), 325 (C12), 307 (C5), 26.6 (C11). HREMS (ESI,
neg) miz [M — HJ caled for Oy, FN,0.8 6541152, found
6541171 IR (DRIFT): v = 3072, 2959, 2854, 1703, 1545 1495,
1455, 1380, 1325, 1164, 1121, 1024, 1004, 852, 825, 758, 634 an ™.
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7. O=awvage of 4-Ns Group (Intermeadiaies §a—e& g—l). The resin
Ta—f, h—j (500 mg) was washed three times with DMF, and a
solution of 2mercptoethanod (210 ul, 3.0 mmol) and DEU (150
L 1.0 mmol) in degased DMF (5 mL) was added . After shaking for
@) min @& room En:pujn:\e,tl:.crﬂinm washed thres times with
DALF and CHLO,

8. Acylation with Boc-Aming Ackds (Intermediares @ and 120 -,
g-l). Boc-amino acid (3.0 mmol) was dissoleed in CHyOL, (5 mL),
and OIC (232 gl 15 mmal] was added The reaction mizimre was
shaken for 3 min at room temperature, the Frec‘:uta.t-ad
disopropylurea was filtered, and the remaining solufion was added
o resin 8 (500 mig). After shaking for 24 h at room temperatue, the
rem.i:i:l:.}grednﬂm.dlh—e, g1 were washed three times with
CH,C

9. EDO-Mediated Coupling [Product 71). The cude deaved
intermsdiate 1) {caloulated to the theoretical quantity of the starfing
material) was dissobved in CFLCL (2.5 mL), and then EDCI-FICE (87
mg, 0.194 mmol, 12 equiv] was added The reacfion mirtue was
stimed for 34 h at room ¢ and monitored by LC—MS
amalysis. After nnu::‘:l-uhnm,tlzru.uhnnm washed with water [15
a.tdewpur.l.wd.m&pnmm wicus. The crude product was purified

EP-FIPLLZ

fS}-&-{i—.Emaphen}ﬂ-la‘, 16, 16a-tetrahydro- 11, 4]diazeping-
11, 2-bBina phthof2, 3-fllsoquinoline-1,5,10,152H, H)-tetraone 1.
Palz orange amorphow solid (82 mg, 0.016 mmol 109). HPLC
purity 5%, Cleaved from 474 myg of resin (0342 mmal /g, QG162
mmio] of substrate). The mpﬂa’lﬁ.ﬂdb‘p’mp‘emﬂ
HPLC H NMR (500 MHz, CDCL): & [
831826 (m, 2H), 823 (5, 1H), 782-7.74 (m, 3H), 765 [Em
85 Flz, 2}, 728-726 [m, 1H] 583 (br. 5 1H), 497 (d, ] = 156
Hz, 1H), 4.74 (dd, ] = 7.1, &2 Hz, 1H), 457 (4 ] = 156 Hz, 1H),
431422 (m, 2H), 162355 (m, IH), 348—3.41 (m, 1H), 3.09
(4dd, [ = 160, 9.9, 4.7 Hz, 1H ), 275 (ddd, [ = 16.0, 7.1, 4.7 Hz, 1H).
"o {'H} MMR (126 MHz, CD{L } & (ppm) = 1853, 1830, 1703,
1702, 1417, 1403, 1401, 1348, 1350, 1344, 1318, 13316, 1328,
1321, 130.7, 1299, 1275, 1274, 1248, 123.% 517, 40.6, 39.2, 355,
2%.6 HRMS (ESL neg) m/z: [M — H]|™ caked for CoH,,BeN,0,
5130444, found 513.0458 IR (DRIFT)v = 2963, 2924, 2854, 1668,
1261, 1].5(‘, 1099, 107 1010, 8240, 80, 751 an™.

0. C}\:Imbm (Products 13a—e, g—I and T4a—c)l. The redins
Ra—e, rl (500 mg) were shaken with neat TFA (5 mL]) for 20 h
(for L3b—e, g—i l4a—c) or 7 days (for L3a) at 80 “C. Then the
fimes with CH;OL; (5 ml) The combined washes were evaporated
wing a stream of ni and dried under 2 vacunm to drynes, and
crude Fﬂn-d.u.d:: were I)qnﬁﬂd. I:lp':nm:pu'q:n.n.h" RP-HPLL or silica

Sdr_‘fs, r5.-35,|-§f efh]d—?—{i—{uﬂuameth}u’}phenm-ri 15a- dlify-
drio-2H-naphthaf2 3-f joyrazina 1, 2-blisoquinoline-1,4,9,1 4-
GH6H)-tetraone 134, Pale yellow amaor said [75 mg, 1015
mmiol, 30% ). HPLC purity 98%. Cleaved 124 mg of resin (L3126
mmnl,."g, l:]-_ﬂﬁﬂ- mmal of substrate). The was pamified by
RP-HPLC chr ¥ "H NMR (500 MHz,
COM,): & (ppm) = A28—A.26 (m, 2H )|, B18 (5, 1H), 7.85-778 (m,
4EL), 750-748 (b d, ] = 8.1 Hz, 2H), 633 (br 5, 1H], 523 [d, [ =
179 Hz, 1H), 442 (dd, | = 179, 3.9 Hz, 1H), 424—416 (m, 3H],
165 (dd, ] = 179, 11.8 Hz, 1H), 1.55 (d, ] = 6.9 Hz, 3H). “C{'H}
NMR. (126 MHz, CDCL): & (ppm) = 1846, 1828, 166.5, 1654,
1446, 1419, 1372 (q, Yoy = 369 Hz), 1348 1346, 1339, 1316,
1335, 1325, 131.1, 1309, 129.0, 1277, 1275, 1248, 126.0 (g, *y
=33 Hz), 1240 (g, ¥ 5 = 2718 Fz), 552, 512, 437, 333, 213,
HERMS (ESL pos ) miz: [M +H " caled for C o HF N0, 505.1370,
found 5051371 IR (DRIFT v = 3400, 2951, 1705, 1671, 1456,
1375, 1325, 1143, 1121, 998, 804 cm~'.

(35,1505} 3-Benzyl-7-{4-{triflvoromethyllphenyl}-15,15a-dihy-
dro-2H-naphthof3, 3'-f£}'ﬂ'ﬂzmﬂﬂ (F-blisoquinoline-1,4,9,74-
(3H,.6H|-tetraone 13b sobid (12.2 mg, 0021
mmiol, 19% ). HPLC pumty 98%. Cleaved from 252 msnf:rcn'n (0432
mmiod/g, 0.109 mmal of suhstrate]. The product was pawifisd by

59

EP-FIPLLC L 'H NME (500 MHz,

CJ:H:'I,] & [ppn] = 826 (dd, ] = 74, 1.4 Hz, 2H), 8.13 (5, 1H),
7R5-7.78 (m, 4H), 7.50 (br. d, J = 80 Hz, 2H ), 724718 (m, 4H),
T.13—710 (m, 1H), 6.46 (br 5, 1H), 531 (d, J = 180 Hz, 1H], 437 —
437 (m, 1H), 4.06—4.03 (m, 3], 3.21-3.12 (m, 2H]), 244 [dd, [ =
18,4, 135 Hz, IH). *C {'H} NMR (13 Mz, CDCL): & (ppm) =
184.1, 1828, 1663, 1634, 1445, 1420, 1370, 1364, 1348, 1348,
13446, 1338, 13345, 1324, 1310 (g, 3., = 318 nz], 1304, 1283,
1289, 1289, 1277, 12744, 12742 1267, 126.0 (g, *f,_y = 34 Hz),
1239 (g, ' _I'.;,_,— z';':unz], 56.5, 550,437, 41.0, 335 HEMS (ESI,
neg) mfz: [M — H] caled for EMHEF;]\;D. 5791524, found
5?1151.'1 IR (DRIFT): v = 3223, 2922, 1689, 1671, 1650, 1314,
1296, 1276, 1094, 1069, 1052, 1033, 1019, 820, 801, 750, 713 am™".

{35, 15a5)- 3-Benzyl 7-{4-bromophenyl)- 15,15 a-dihydro-2H-
naph tho[2 3-flowazinol1,2-b Jsoguinolne-1,4,9, 14{3H 6H)-tef-
raone 131’_ Creamy amorphows solid (298 mg, 0051 mmol, 24%).
HPLC 98%. Cleaved from 455 myg of resin (0342 mmol/g,
ﬂ-l‘ﬁmmnlnd:mhtic:l Tllcpmn-d.nl:tm pu.nﬁcdb'rm:

RP-HPLC gphy. "H NMR (500 MHz, CD{,
+ DMS0): & (ppm) = 825-8.23 [(m, 2H), 810 (s, 1H), 783-77%
(m, 2F), 7.65 [Emd,; 8.4 Hz, 2H), 7.24—7.17 (m, 6H), 7.11-7.08
(m, 1H), 6.71 (br. 5, 1H], 531 (d [ = 180 Fz, 1H), 438—4.36 [m,
1H], 405—398 [m, IH), 316 (d, | = 56 Hz, IH ), 240-2.3 [m,
1H). BC'H} NMR (126 Mz, CD01;): § (ppm) = 1841, 1829,
1665, 1634, 1448, 137.1, 1369, 1345, 1348, 1348, 1345, 1337,
1334, 1324, 13232, 1303, 1301, 1299, 1288, 1374, 1274, 1274,
1247, 1211, 565, 54.9, 418, 40.9, 33.5. HRMS (ESL neg.) m/z: [M
- H]" caled far CHoBIN,0, 5890757, found 5890776 IR
[DRIFT) v = 3217, 2922, 1689, 1671, 1648, 1314, 1274, 1254, 1193,
1044, 1051, 1032, 1011, 848, 820, 750, 737, 712, 698 an ™.

(35,1505 F7-{4-Bromophe nyl)-3-{4-hydroxybenzy - 15,1 5a-difhy-
dro-2H-paphthol 23 -f joyrazinof 1.2 -blsoquinoline-1,4,9,14-
(IH 6HHetraone 13d Pale s:mm-'p:lnw:mlid [15.'3' LT :|:|l:|11r|:lII
35%). HPLC purity 98%. (leaved from 229 mg of resin (0326
mmol/g, 1075 mmol of substrate ). The product was purified by slica
gel chromatography in CHyO,/MeOH (9/1; v/¥), R;= 0.4 and then

red from MeOFL 'H NME (500 MHz, DMSO-ds): & (ppm)
=& 869 (s, 1H), 837 (d, [ =23 Hg, IH], 815 (ddd, J = 120,77, 1.2
Hz, 2H), 793788 (m, 3H), 7.78 (d, | = 85 Hz, 2H), 741 [4, [ =
8.4 Hz, 2H ), 670 (d, | = 84 Hz, 2H), 626 (d, ] = 8.6 Hz, 2H), 5.00
(d, J = 173 Hz, 1H ], 4.22—4.22 (m, 1H], 4.10 (d J = 17.3 Hz, 1H),
406 (dd, [ = 12.1, 4.8 Hz, 1H), 165 (dd, | = 18.5, 4.8 Fz, 1H), 2.98
(dd, J =117, 3.6 Hz, 1H], 2.70 (dd, | = 117,45 Hz, 1H], 171 (dd, |
= 185 120 Hz 1H). BCi'H] NME (1246 Mz, DMSOd): &
(ppm) = 1832, 1825, 1655, 1&30, 1563 1434 1376, 1376, 1346,
1346, 1345, 1317, 1327, 1318, 1318, 13047, 1306, 1292, 1272,
1259, 1259, 1249, 1221, 114.6 114.5 555 535 425 385, 327.
HEMS (ESL neg) m/z [M — H]- caled for C M, Briv,o,
G050707, found S1S0727. Mp 108-111 °C. IR (DRIFT): 7% =
3175, 2918, 2849, 1487, 1669, 15648, 1315, 1326, 1274, 1254, 1096,
1043, 819, 739, 713 an~'.

{35, 1505)-3-Benzyl-7-[4-fuorophenyl)- 15, 1 5a-dihydro-2H-
naphtho[2.3-flpyrazinol1,2-b lisoguinol ne-T1,4,9, 14(3H,6H)-tef-
raone 13 Pae yellow solid (19.4 mg, 0037 mmol, 39%). HFLC
purity 99%. Cleaved f'mun 292 mg of resin (0325 mmal/g 0,095
mmed of substrate). was purified by silica gel

mﬂ[-jﬂz."hl[l.-ﬂ.![ (18/L w/v), By = 04 and then

M=OH. "H NMER (500 MHz, r_'l:n-cl,] & (ppm) =
825 (d, J= 64 H=, 2H), 8.12 (s, IH ), 783777 (m, 2H), 735-7.32
(m, ZH), 725—7.18 (m, &), 7.13—-7.10 [m, 1H), 6 68—&65 (br. s,
1H), 5.33 (d, J = 180 Hz, 1H), 4.39—436 (m, 1H), 4.08—401 (m,
3H), 321-3113 (m, 2H), 244—2.42 (m 1H]L “C{'H} KMR (126
Mz, CD1,): & (ppm) = 184.1, 1830, 166.5, 1634, 1628 (d, 'J =
2486 Hal, 1451, 1369, 1347, 1349, 1348, 1345, 1343 (d . 5=
32 Hz), 1337, 1334, 1324, 1303 (d *[._, = &5 Hz), 130.2,1299,
1289, 127.7, 1274, 126.7, 1141 (d, [,y = 212 Hz), 545, 550, 439,
4110, 335 FIRMS (ESL pos) myz: [M+ H]* caled for C B, FNL0,
5311715, found 5311719 Mp 249-251 “C IR (DRIFT v = 3212,
2921, 1690, 1670, 1648, 1324, 1276, 1254, 1193, 1070, 1052 1011,
B2, 750, 737, 713 am .

g e long L 1021 A e 20099
i Org dhem 205, 857, 24258
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(35 15a5)-3- Benzyl-7- (2-Nuorophenyl)- 15, 1 5a-dihydro-2H-
naphthal2 3-f Jpyrazino] 1, 2-Blsogquinoline-1,4, 8, 14{3H,6H )-tet-
rgone 13g. Creamy amorphows solid (409 mg, 0077 mmod, 53% ).
HPLC purity 99% Cleaved from 422 mg of resin (342 mmol/g,
@144 mmol of subsirate]l The produd ws puwified by semi-

RP-HPLC y. 'H NMR (500 Mz, CDCI,
+ DM50): & (ppm) = A26-8.24 (m, 2H), 8.16 (s 1H), 783-7.76
(m, 2], 749746 (m, IH) 735-731 (m, 2H), 722-720 (m,
SH), 7117108 (m, 1H), 682 (br 5 1H), 525 (d, J= 170 Hz, 1H),
437 (ddd, [ =74, 55, 2.2 H=, 1E), £11—4.00 (m, 3H), 317 (s 2H),
EA40-230 (m, 1H). BC{'H} NMR (126 MHz, CDCL): & (ppm) =
1841, 1829, 1665, 1633, 1593 [d, ' = 2442 Hz), 1399, 1374,
1366, 1348 (4 7] = 66 Fz), 1344, 135.7, 1343, 1324, 1310 (4,7 =
80 Mz, 1306, 1300, 128.8, 128.1, 12746, 1274, 1267, 125.7 (d 3] =
16.1 Hz), 1251, 146 1160 (4 %] = 18.7 Hz), 565, 55.0, 43.3, 410,
337 HEMS (ESL neg) miz [M — H]™ caled for OB, FN, Oy
5291558, found 5291570 IR (DRIFT) e = 3211, 2922, 1590, 1670,
1650, 1316, 1286, 1276, 1254, 1094, 1070, 1053, 1033, 1011, 820,
750, 737, 713 am .

(35 1505 -7 (Z-Fluorog han )-3-(+hydroxybenzy 15,1 Sa-dify-
dro-2H-naphtha[2, 3-f joyrazino[1, 2-bjisoquinoline-1,4, 9,1 4-
FH.6H)-tatraone 13, Creamy solid (278 mg Q051
mmod, 27% ). HPLC purity 98%. ch.;mdfmnsu myg of resin (342
mmodfg, 0186 mmal of substrate). The : was puified by
semipreparative RP-HPLC chr v. "H HMR (500 MHsz,
D50, ): & (ppm) =869 (br. s 1H), 837 (br.s, 1H], 816 (ddd |
= 144, 7.7, L1 Hz, 2H), 795787 (m, 3H), 764—759 (m, 1H],
TAT-742 (m, 3H), &71 (4, J = 74 Hz, ZH), 625 (d, ] = 8.4 Hz,
IH), 501 (d, J = 174 Hz, 1H), 422 (dd | =35, 27 Hz, 1H), 412—
404 (m, 1H), 393 (d [ = 174 Hz, 1H), 167 (dd, J = 183, 30 H=,
1H), 300 (d, J= 123 Hz, 1H), 269 (dd, | = 116, 43 Hz, 1H], 1.70
(m, 1H). "C{'H} NME (126 MEz, DMSO.d,): § (ppm) = 1833,
1825, 1655, 1630, 1583 (d, ', = 2412 Hz), 1563, 1345, 1375,
1346, 1345, 1337, 1327 (4, Yooy = 3.7 Hz), 1318, 1302 (d, oy =
A2 Hz), 130,89, 130,86, 1307, 1296, 1272 1245, 1259, 1256 (d,
Hop = 1546 Hz), 125.0, 1140 (d, 7., =204 Hz), 1144 555,535,
404, 386 326 HEMS (ESL neg) miz [M — H]|™ caled for
Coglly FN,0, 5451507, found 5451521 IR (DRIFT ) v = 2963,
336, 1668, 1448, 1326, 1265, 1250, 1048, 1034, 821, 761, 713 am™ .

(35 17a5)-3- Benzyl-7- (4-Nuorophenyl)- 17, 1 fa-dihydro-2H-
a.nrfua!!,]—ft Ir,i‘-b}asmmm:\e-r 4.9, 16{3H 6H)-tatraone

solid (5.0 myg, W03 mmal, 9%

EI:F']'_E purity $9% Ch.'l.'md from 276 mg of resin (0344 mmnl.."g..
095 mmol of smbstrate]l The produt ws pwified by semi-
e RP-HPLOC v 'H NMR (500 MEHsz,
CDN,): & (ppm) = 881 (d J= 9.5 Hz, 2H), 8.22 (s, 1H), L14—
810 (m, 2H), 773770 (m, 2H), 737-734 (m, 2H), 725-7.15
(mm, 6H), 612 (br. 5, 1H), 534 (d, ] = 18.0 Hz, 1H), 438—4.35 (m,
1H), 416—4.06 (m, 3H), 321 (dd [ = 13.9, 39 Hz, 1H), 3.12 (dd, |
=139, 73 Hz, 1H], 260 (dd, ] = 180, 125 Hz, 1H), 209 (s 1H).
"\c{_u}m.m (136 MHz CDOL): & (ppm) = 1841, 18310, 1643,
1634, 1628 (d '[._, = 2474 Hz), 1452, 1370, 1348, 1355, 1350,
1348, 1344, 1343 (d, Yoy = 34 Hz), 1314, 1310,1303 (4. _p =
A0 Hz), 13015 130010, 1298, 129.7, 129.4 129.4, 12903, 12300,
1280, 127.8, 116.1 [d, 3.y = 210 Hz), 566, 551, 44.0, 41.2, 338,
HIRMS (ESLneg) mfz: [M— H]™ caled for © H FM,0, 579.1715,
fand 579 1T4R TR (DRIFT kv = 3405, 2957, 325, 2853, 1701,
1626, 1344, 1283, 1188, 1144, 1099, 10AZ, 805, 744, 729, 711 am .

(35, 16a5)-3-Benzyl-5-phenyl-2 3,6, 7,16, 16a-hexah ydroanthr -
1, 2-dipyrazinol 1, 2-alazepine-1, 4, 10 15-fetraone 144, Creamy
amar sobid (313 mg 0122 mmal, 54%). HPLC purity 99%.
& 95:5 Cleaved from 362 mg of resin (0,357 mmol/ g, 0.129 mmol of
sulstrabe). The was plu.nﬁed by semd ive RP-FIPLC

. "H NME (500 MEz, CDCh): & (ppm) = 829 (dd,
J= 75,13 Hz, 1H), 8.22-820 {m, 2H), 7.79-773 (m, 2H), 7.51—
748 (m, 2F), 746—743 (m, 1H), 736 (4, J = 7.1 Hz, ZH], 724—
721 (my, 2E), 7.17-7.14 (m, 1H), 7.11-709 (m, 2H), 658 (br. 5,
1K), 4.81 (ddd, [ = 14.1, &1, 51 Hz, 1H), 4.24 (ddd, [=14.1, 8.5 51
Hz, 3}, 417 (t [ = 5.4 Hz, 1H), 113 (ddd, J = 153, 4.1, 49 He,
IH), 306 (dd, J= 134 36 Hz, 1H), 284284 (m, 1H], 269265

60

(m, 1F), 2.61-2.58 (m, 1H). “Ci'H} KMR (126 MHz, CDC,): &
(ppml = 1855, 1829, 166.8, 164.5, 1475, 146.3, 1410, 1399, 1353,
1353, 1343, 1334, 132.7, 1324, 1315, 1300, 1289, 1248, 128,62,
12859, 1281, 1277, 127.4, 1245, 59.7, 56.4, 42.4, 414, 3.4, 309.
HEMS (ESI, pos) miz: [M + H]" caled for CoH N0, 527.1965,
formd 5271971 IR (DRIFT): % = 3222, 2923 2864, 2844, 1688,
1671, 1652, 1315, 1275, 1254, 1194, 1070, 1053, 1033, 1012, 820,
750, 737, 713, 699 om— .

{35, 16a5)-3-{4-Hydroxybenzyl)-5-phenyl-2,3,6,7, 16,1 6a-
Fexahydroan T ‘oyrazinol 1,2-alazepine-1,4,10,1 54etraons
'Hb Gmrm salid (135 ng.,il, 0025 nn::l,. 15%). HFLC

99% (leaved from 477 mg of resin (L342 mmd;"g, 0.163
mmaol of substrate ). The was pu.nﬁed.br EP.
HPLL aphy. "H MME (500 Mz, DMS0-d,): & (ppm) =
9.13 (br. 5, 1H), 8.17—8.11 [m, 3H), 796787 (m, 3H), 7.57-754
(m,2ZH |, 751748 (m, 1H), 7.40—7 38 (m, 2H |, &78 (d, =85 Hz,
2H), 658 (d, ] = 8.5 Hz, 2H), 454 (ddd, | = 13.3,7.7, 3.9 Hz, 1H),
434 (dd, J = 153, 39 Hz, 1H), 4.08—405 (m, 1H), 401 (44, | = 69,
39 Hz, 1H), 108 (ddd, | = 149, 7.7, 3.6 Hz, 1H), 273 (ddd, ] = 133,
7.7, 36 Hz, 1H), 264-255 (m, 4H). "C{'H} NMRE (125 Mz,
DMSO-d J: & (ppm) = 184.9, 182.% 165.7, 164.2, 1562, 146.7, 1464,
1425, 1397, 1351, 1347, 1340, 1322, 1320, 1310, 1309, 1248,
1287, 1281, 1271, 1270, 1260, 1257, 1149, 593, 55.4, 411, 404,
334, 309. HREMS (ESI, pox) miz: [M + H]" caled for CablMNa05
5431914, found 5431914 IR (DRIFT) v = 2865, 2844, 2827, 1668,
1323, 1310, 1267, 1052 1053, 1020, 815, 799,761, 704 an™

351 -3-Ben zyl-B-(4-frifuoromethy, 23,8 7,186,168~
h&rﬂn@a{r}ﬂmﬂnﬂri&}aﬁﬁrﬁ&u&m
T4c. Pale Fay-green amorphous sobid (290 mg, 049 mmal, 33%).
HPLLC 9%, (leaved from 431 g of resin [CL?-II mmnl,."s,
ﬂ-l-ﬂ mma] d: substratz). The product was Iln.nﬁedb'p'puu&d by

EP-HPLL H ONME (500 Mz,
1:1:'-1:1,] & (ppm) = 833 (44, [= '}.&,1.:11[:, 1H ] 8.23 (dd, J = 74,
1.6 Hz, 1H), 820 (s, 1H), 783776 (m, 4H), 755 [d, ] = 72 Hz,
2H), T20-7.15 [my, 3H), 7.02-7.00 (m, 2H), 6.14 (br. 5, 1F), 4.83—
477 (m, LH), 4.26 (1, ] = 5.7 Hz, 1H), 4.16 (ddd, ] = 8.8, 57, 3.2 Hz,
1H], 408 (dd | =150, &1 He, 1H], 361 (dd, [ = 15.0, 32 Hx, 1H]),
3.10-304 (m, 1H), 301 (dd, = 135, 3.5 Hz, IH), 289283 (m,
1H), 2.78=273 [m, 1H), 2.32 (dd, ] = 115, 88 Hz, 1H). “c{'H}
KMR (126 MHz, COCL): & (ppm) = 1855, 1827, 166.5, 1647,
1461, 1438, 1455, 1407, 1353, 1352, 1345, 1348, 1330, 1316,
1321, 1305 (g, ‘oo = 337 Hz), 1298, 129.4, 1249, 128.4, 1278,
1272, 1247, 1257 (g, = 13 Hz), 1240 (g "J.p = 3712 Hx),
595, 564, 41.9, 416, 3.0, 307. HRMS (ESL neg) mfz: [M — H]
caled for Co M, FoN,0, 593.1683, foumd 5931700 IR (DRIFT) v =
3231, 2903, 2RA5, 2844, 1671, 1668, 1652, 1315, 1275, 1254, 1211,
1094, 1108, 1053, 1033, 1013, 993, 820, 738, 750, 713 an "

11. Agylation with Fmaoc-Aming Acids (Infermedigtes 12f). To
resin 8 (250 mg) with DMF and CH,ClL, a sdution of
Fmiac-Ala-00H (273 mg, 0.875 mma), HOBt (119 mg, 0.875 mmol),
and DIC (0875 m in DMF/CH,CL, (25 mil, 50%) was added
After shaking for 24 h at room =mperatre, the remlting resin L3
was washed thres times with DMF and CH (1,

12 Base-Mediated Cyclization Product 13f). To the resin 12f
(500 mg) piperidine/DMF 5 ml., 50%) was added, and the reaction
miirture was stimed for 24 h a room Then the reaction
solution was Iyophilized overnight, and the ouds product 13 was
purifizd by semipreparative RP-HPLC.

{35, 15a5)-7-{2-Fluarop henyl)-3-meathyl-15, 1 5a-dihydro-2H-

thol2 3-], ol 1,2-blsoquinolna-1.4.9, 14{3H 6H)- tar-
m 13f Pale ;lwm s sobd { |:1n:1173“E QU024 mmal, 299

HPLC purity 98%. Cleaved from M7 mg of resin [0_315 mme g,
0080 mmol of sbstrate). The was by semi-

prepanative  BP-FIPLC aphy. 'H NMR (500 MHz,
cn-d,]: & (ppm) = 822-819 (m, 2H], 14 (s, 1H], 7.79-7.73
(m, 2], 745—741 (m, 1H), 728 (br 5, 1H), 726726 (m, 2H),
TA7-7.16 (m, IH}, 513 (d, [ = 180 Hz, IH], 443421 (m, 1H),
417 (d J =180 Hz, 1H), 407 (dd, J= 118, 6.8 Hz, 1), 159—3.47
(m, 1H}, 281 (d, J= 12.5 Hz, 1H), 147 (d, ] = 62 H=, 3H). "C{'"H}
NME (126 Mz, CDCL): & (ppm) = 1847, 1829, 1667, 1655,

etz lomg 10 IR fact e o0
£ Org dhem 2002, &7, 5242525
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1590 (d '] = 2468 Hz), 140.1, 1384, 1347, 1344, 1338, 1334 (d,
Moy =79 He), 132.4, 1310, 130.9, 1308, 1304 (d, ¥y =43 Hz),
1243, 1273, 1265, 1253 (d, ¥y = 17.1 Hz), 1250 (d, ¥y = 19
Hiz), 1159 (d, 3, = 23.6 Hz) 55.2, 50.9, 413, 319, 21.4. HIRMS
(ESI, pos.) m/z: [M + H]" caked for CorHlgFN;0, 4551402, fomnd
4551404, IR (DRIFT): ¥ = 3219, 2923, 1690, 1670, 1650, 1452,
1316, 1276, 1254, 1159, 1094, 1011, 806, 750, 737 cmL.

13. Acylation with bdoacetic Acld (Intermediates 15a—g). 2-
Indoacetic acid (560 mg 3.0 mmol) was dissabved in CH,CL, (5 mL],
and DIC (232 ul, 15 mmal) was added The reaction mizmre was
dul:en for 3 min at room temperaturs, tl!.-e precipitated
i resin 8 (500 mg). After shaling for 24 h at room temperaturs,
resulting resing 15a—g were wshed three times with CHyCOl,, DMF,
and CHOL

14. Cyclotive Jeavage with Amines (Products 160—d and 17a—
€] To the resins 15a—g (500 mg) prewashed in anhydroms DMSO, 2
solution of fate amine/anhydrous DMSO (5 ml, 5%) was
added. The re action mirture was smed for 24 h at room temperaturs,
then the resin was filkered, and the filirats was colladed Resing wers
washed three fimes with DMS50, and the combined washes wer=
l'pnpl::il:izd mmght_ The residual material was pu::iﬁnd. by

RP-HPLL or silica gel chromatography.
J'Erl'-ﬂemﬂ-?-w-bmmuphm}r 15,15a-difydro-2H-naphtho-
12 3-flpyrazino [T, 2-blsoquinollne-1.4,9, 143H 6H)-te fraone  164.

Orange-ypellow solid (185 mg 0031 mmol 3%). HPLC pwity
8% Cleaved from 248 mg of resin (0326 mmol/'g, 0080 mmol of
substrate). The product was punﬁ.adbrnl:l:a.gdd:.lmmgnph’
CHyCL/MeOH (3/1; viv), By = 07 and then o
MO 'H NME (500 MHz, CDH,): & (ppm) = 826—824 [m,
IH], 8.11 (s, 1K), T83—7.77 (m, 2H], 763 (br. 4, [ = 8.4 Hz, 2H),
T39-7.36 (m, 2H), 734—731 (m, 3H), 7.20 (br. d, [ = 8.6 Fz, 2H),
527 (d J= 180 Hz, 1H), 472 (d J= 145 Hz, 1H), 462 (d = 145
Bz, 1H), 440 (dd, [ = 180, 3.8 Fiz, 1H), 425 (dd, [ = 120, 38 Hz,
IH], 415 (d, J= 180 Hz, 1H), 3.92 (s, 2H), 158 (dd, [ = 18.0, 120
Hz, 1H). BC{'H} NMB (1235 MHz, CDCL): & (ppm) = !
1818, 1645, 1620, 1449, 137.1, 13649, 1349, 1348, 1345, 1338,
1315, 1324, 1322, 1307, 1300, 1290, 1246, 1245, 1283, 1274,
1274, 126.7, 123.1, 55.4, 49.4, 48.7, 43.6, 33.9. HRMS (ESL neg ) mf
2 [M — H] caled for O Bri,0, 589.07 54, foumd 58907746 Mp
145—148 °C. IR (DRIFT) v = 3222, 2923, 1694, 1670, 1650, 1314,
1296, 1376, 1354, 1159, 1094, 1070, 1052, 1033, 1011, £20, 804, 750,
737, 713 698 cm™

(5)-7-(4-Fluo rophanyl - 2 -15,15a-dibydro- 3H-naphtho-
.[?J-Hprmmmfﬁ}ngﬂﬂ 7,4,.8,14 HH‘F.’EHH-E Uﬁ 16b.
Pale yell ow ann'[lmu solid (217 mg, (U5 mmaol, 3% ). HPLC

ity 99%. Cleaved fom 349 mg of resin (0325 mmal/g @113
mmol of substrate]. The was purified by semipre parative BP.
HIPLL . 'H NME (500 MHz, CIN1,): & (ppm) =
825—823 (m, 2H), 12 (5, 1H ) 782-7.7 (m, 2H), 733—729 [m,
IH), T22-717 (m, ), 529 (d, [ = 180 Hz, 1), 432 (dd | =
18.0, 38 Fiz, 151), 4.19 (dd, J = 26, 1.1 B, 1H), 416 (4d. J =38 L1
Flz, 1H), 405 (dd, J = 18.0, 1.1 Mz, 1H), 400 (dd, ] = 18.0, 11 Hz,
IH), 355 (dd, ] = 180, 12.0 Hz, LH), 143 (dt, ] = 7.0, L6 =, 2H),
165 (g [ = 7.5 Hz, 2H), 097 (t, ] = 75 Hz 3H). "C{'H} NMR
(126 MEE, CDHE): & ) = 1846, 1829, 1645, 1629 (d =
2481 Hz), 1623, 1452, 1373, 137.0, 1348, 1344, 134.2 (d, oy =
42 Hz), 133.8, 1334, 1325, 1306, 130.2 (d, ¥, = 7.4 Hz), 1278,
1274, 1267, 116.1 [d, ’j'ﬁ_, = 212 Hiz), 555, 495, 478, 434 3:1';',
19.8, 111 HEMS (ESL pos.) m/z: [M +H] caled for C0HL PN, O,
481715, found 4831718 IR (DRIFT) v = 3221, 2923, 1682, 1670,
1650, 1316, 1296, 1276, 1254, 1094, 1070, 1052, 1033 1011, 805,
50, 737 cm

5 )-2-Benzyl-7-[2-fuo rop he 15, 15a-dih ydro-2H- naphtho-
J},fi'—ﬁp}rraanlg_f rj-b}ﬁmmp mﬁnnlz-r-r,d‘, 9 H‘HH,ﬁHe umrﬁ 164
Pale yellow sobid (165 mg Q03] mmol 35%). HFLC purity 99%.
Cleaved from 270 mg of resin (0325 mmol/g, 0088 mmol of
substrate). The product was purifisd by silica gel chromatography in
CHCL/M=OH (9/1; viv), Ry = 05 and then opstalized from
MeOI 'H MME (500 MHz, CD{CL,): & (ppm) = 828825 (m,

61

IH), 818 (s 1H]), 7.84=7.77 (m, ZE}, 749-74 (m, 1H]), 7358
736 (m, ), T33—729 (m, 5H), 720-7.19 (m, 1H), 523 (4, ] =
180 Hz, 1K), 473 (d, J = 14.6 H=, 1H), 462 (d, J = 14.6 Hz, 1H],
452—408 [m 3H], 3.91 (s, 2H), 3.65—358 (m, 1H]. “C{'H} KME
(126 MHz, CIMCL): & (ppm) = 184.7, 1818, 1644, 1619, 1590 (d,
'Ly = 2463 Hz), 140.], 1382, 1345, 1350, 134.8, 1345 1338,
1335 (d, iy = &1 Hz), 1325, 1310, 130.8, 1305 (d, ‘|, = 12
Hz), 1290, 1285, 1283, 1282 127.4, 126.7, 1256 (d, ., = 143
Hz), 1252 (d, Yoy = 33 Hz), 1160 (d, %y =204 Hz), 55.6, 494,
487, 432, 29.7. HRMS (ESL neg) m/z [M — HI cald for
CpHoFN, 0, 52901558, found 5291563, Mp 242-245 °C. IR
[DRIFT) v = 3221, 2922, 2844, 1690, 1670, 1651, 1314 1276, 1254,
1159, 1094, 1069, 1053, 1033, 820, 805, 750, 713, 699 cm .

G} 2-Ben -3.3.6,7, 16, 16a-hex roanthra[l, 2-dj-
A T
mg, 0068 mmal, $3%). HPLC purity 99%. Claaved from 360 mg of
resin (0357 mmol/g, 0129 mma of suhstrate). The was
pm:iﬁ-ndb'rﬂ:iﬂsd tﬁ:mtu-snph'inﬂ[zﬂy"h&ﬂ![ [18/1; w'v),
? 05 ad then ized from MeOIL "H MME (500 Mz,

Dl & (ppm) =831-829 (m, 1H), R25—-8.23 (m, 1H), 8.20 (5,
1H), 783=737 (m, XH), 750740 (m, 5H), 727-7.30 (m, 5H],
488 (d [ = 146 Fz, IH ], 4.64 (ddd, [ = 165,9.1, 7.2 Fiz, 1H), 4.59
(dd, ] = 14.6, 37 Hiz, TH), 453 (dd, J= 8.4, 17 Hz, IH), 441 (4 J=
14.6 Hz, 1H), 385 (dd, J = 146, 84 Hz, 1], 362 (d, ] = 175 Hz,
1H]), 341 (4, J = 17.5 Hz, IH), 309-300 (m, 2H), 295 (ddd, [ =
13.2 6.4, 40 Hz, 1H). “C{"H} NMR {126 Mz, CDCL): & {ppm) =
1857, 1828, 1662, 1642, 1477, 1451, 1399, 1395, 1352, 1350,
1343, 1317, 1329, 1318, 1317, 1288, 1247, 12446, 1281, 1279,
1276, 126.7, 588, 49:5, 484, 416, 34.2, 29.9. HRMS (ESL, pos_) m/fz:
[M +H]" caled for Cp H- N0, 5271965, found 527.1972. Mp 1&0—
163 *C. IR (DRIFT ) v = 2981, 2923, 2845, 2844, 1688, 1671, 1652,
1315, 1274, 1253, 1094, 1053, 1033, 1013, 820, 764, 750, 737, 699
am™.

{5)-8-Phemyl-2-propyl- 2,3,6,7,16, 16a-hexa hyd roanthra 1, 2-d]-

pyrazingf 1, 2-aazepine-1,4, 10,1 5tatraong 17B. Creamy am "T.nu
salid (122 mg, 0% mmol, 14% ). HPLC purity 39%. Clea
535 mg of resin (0342 mmnl,."s, 0,183 mmal of suhstrate). The

wis pu:ﬁﬂdbriﬂnpu’qﬂnmﬂ.PEEPLC chromatography.

HEME (500 MHz, CD{CL): & (ppm) = 827—822 (m, 3H], 7.81—
7.75 (m, 2H], T51-T42 (m, SH), 465 (ddd, J = 142, 9.1, 6.7 Hz,
1H), 453 (dd, [ = 14.3, 3.4 Hz, 1H), 444 (dd, [ = 8.7, 3.4 Hz, 1H),
378 (dd, J=14.9,8.7 Hz, LH), 369 (d, [ = 17.5 Hz, 1H), 357 (4, |
= 175, 05 Hz, 1H), 343-3132 (m, ZH], 109-299 (m, 2] 296
(ddd, J = 129, 6.7, 36 Hz, 1H), 1.89-1.48 (m, 2H), 089 (t, [= 74
Hz, 3H) “C{'H} NMR (126 MHz CDCL): & (ppm) = 1858,
1829, 1642, 16446, 1478, 1451, 1400, 1396, 1354, 1344, 1338,
1330, 1329, 1319, 1288, 1247, 1282, 12776 1267, 58.8 49.5 441,
418 343, 300, 198 114, HRMS (ESL pos.) myz: [M + H] caled
for CayHzN:0y §79.1965, found 4791968 IR (DRIFT) v = 2980,
2966, 2937, 2923, 2871, 2843, 2826, 1668, 1660, 1653, 1269, 1045,
1051, 1033, 1421, 823, 775, 767, 708 cm™

15 Cyclization to Dike tomonp holines (Product 190—b) Method
A: The cude intermediaste 182 was dissolved n water/CEHCH/
DS [.Iﬂ-m]'_ 14,."&,."1 vfrfv]mdtﬁmpu:ﬁ:dhmwd:m
RP-HPLC The mmbined arganic fractions were in vacus,
freeze.dried and the resulting materil wes disdved in CHyCN/
DS (3 ml; 509%) and for 3 h at room
w: freeze. *Edﬂ.d.i)ﬂ.‘lﬁ.ﬂd.‘qzrﬂlti el dr-uma.t-u-gﬂ.phm:-::ﬂﬂk.'

E!_."l 'v,."'r:l Method B To the crude intermediate 1!:-, a
saution of DIPEA [435 ul, 2.5 mmol) in DMS0 (5 ml. ) was added
and the reaction mivture was stimed for 24 h at room temperature.
Then it was freewe—dried and the residuad material was purifisd by
sitim gel chromatography in ErOAc hewane (8% wiv).

{5)-7-(3-Fluorophenyl)-15, 15a-difydronaphtho [23-F (1,4 ]-
oxazingfd, -blsoquinolne- 14,9, 1 43H 6H)-fetraone 190 Yellow
amaorphows sobid (14.1 mg 0032 mmol 25%). HPLC purity 99%.
Cleaved from 380 mg of resin (0342 mmolfg, 0124 mmol of
substrate]. The product was purified by silica gel in
EtOAc/hexme (8,/2; wiv), By = 0.7. "H NMR (500 MHz, CDCL): &
(ppm) = 829-826 (m, ZH), 8.2 (s, 1H), 7.85-778 (m, ZH],

Fifpacdielong L 1021 A, e 20099
£ Org e 205, 87, 242528
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T52—T48 (m, 1H), 7.19 (dddd, [ = 25, 9.2 2.5, 09 Hz, 1H), 7.11
[(ddd, J = 7.4 1.4 0.9 Hz, 1H), 705 (ddd, ] = 9.2 2.5 1.6 Hz, 1H],
501 (d J= 17.1 Hz, 1H), 4.82 (5, 2H), 4.52—445 (m, 25, 438 q
J= 107, 45 Hz, 1H), 388 (ddd, = 17.1, 10.7, Q6 Hz, 1H). "C{'H}
KME (126 Mz, CDCL): & (ppm) = 1847, 1826, 1658, 1625,
1628 (d Yy = MR3 Hz), 1445, 1399 (d, ], = 76 Hz), 1372,
1364, 1347, 1346, 1340, 133.7, 1325, 1308 (d, ¥y = 8.6 Hz),
1304, 128.0, 1276, 126.8, 1244, 116.0 (d ¥,y = 16.7 Hz], 1158 [d,
ey = 173 Hz), 674, 52.9, 42.1, 302 HIRMS (EST, neg.) mfz: [M—
H]~ caled for CpH L FNO, 4400929, found 4400094 L 1R [ DREIFT):
= 12, 2923, 2RAS, 2M44, 1689, 1670, 1651, 1314 1296, 1274,
1254, 1158, 1094, 10710, 1053, 1033, 1012, 820, 737 an™.
{5)-7-{4-Fluorophenyl)-15, 1 5a-dihydrona phthol2, 3-F )1, 4]-
ouazingl4, 3-blisoquinoline- 14,9 14{3H, 6H)-tafraone 196
ail (385 mg UAT mmal, 44%). HFLC purity 98% (leaved from
556 mg of resin (0357 mnnldg.' 0.199 mmol of substrate). The
product was purified by silica gel chromatography in BtOAc hexans
(8/2; w/'v], By= 08. "H NMR (500 MHz, CDCL): & (ppm) = 27—
24 (m, 2], 8.19 (s, 1H), 782778 (m, 2H), 7.33-730 (m, 2H),
7.23—-7.19 (m, 2H), 498 (d, [ = 17.2 Hz, 1H), 4.81 (s, 2H), 451—
443 (m, 2H), 4.36 (dd, J = 105, 4.6 Hz, 1H), 3.86 (dd, J = 172, 105
Hr, 1H). “C{'H} NMR (126 MHz CDCL): & (ppm) =
1826, 1659, 1629 (d, "J._p = 2505 Hz) 1626, 1449, 1374, 13464,
1347, 1345, 1339, 133.8 (4, *[.y = 3.2 Hz), 1334, 1324, 130.4 (4,
My = B4 Hz) 130.1, 1282, 1275, 1247, 1162 (d, J._, = 217
Hz), 674, 528, 421, 30.0. HEMS (ESL neg.) mjz: [M — H]™ caled
for CoH, FNO, #0099, fund 4400939 IR [DRIFT v = 2922,
864, 2844, 1688, 1671, 1&52. 1314, 1276, 1254, 1094, 10740, 1053,
1033, 1::-1'1, #24, 737 ca L.
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7. PRILOHY (SUPPORTING INFORMATION)

Tato kapitola byla pfevzata z originalni publikace pfilozené v kapitole 6. a jeji text a ¢islovani obrazku
jako ,,Figure S* byl ponechan v angli¢tiné: Kralova, P.; Soural, M. Synthesis of Polycyclic
Tetrahydroisoquinolines and Tetrahydrobenzo[d]Azepines from Polymer-Supported Allylglycine.
J. Org. Chem. 2022, 87 (8), 5242-5256.

7.1 NMR a HRMS spktra pripravenych alkynoli

7.1.1  3-(4-trifluoromethyl)phenyl)prop-2-yn-1-ol |
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Figure S1. *H NMR spectrum of I (500 MHz, CDCl5)
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Figure S2. BC{*H} NMR spectrum of | (126 MHz, CDCls)
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Figure S6. *C{*H} NMR spectrum of 11 (126 MHz, CDCl5)
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Figure S7. HRMS spectrum of 11
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7.1.3  3-(4-fluorophenyl)prop-2-yn-1-ol 111
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Figure S8. *H NMR spectrum of 111 (500 MHz, CDCl3)
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Figure S9. ®C{*H} NMR spectrum of 111 (126 MHz, CDCls)
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Figure S11. *H NMR spectrum of 1V (500 MHz, CDCl5)
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Figure S12. Detailed *H NMR spectrum of 1V — aromatic area (500 MHz, CDCls)
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Figure S13. *C{*H} NMR spectrum of 1V (126 MHz, CDCls)
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Figure S14. HRMS spectrum of 1V

7.1.5 3-(2-fluorophenyl)prop-2-yn-1-ol V
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Figure S15. 'H NMR spectrum of V (500 MHz, CDCIs;). Note: Residual signals of EtOAc
at 1.23 ppm (t), 2.03 ppm (s) and 4.11 ppm (q).
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Figure S16. *C{*H} NMR spectrum of V (126 MHz, CDCls). Note: Residual signals of EtOAc at 20.9,
60.5 and 171.5 ppm, and n-hexane at 14.0 ppm.
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Figure S17. HRMS spectrum of V
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7.1.6 4-phenylbut-3-yn-1-ol VI
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Figure S18. *H NMR spectrum of VI (500 MHz, CDCls)
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Figure S19. *C{*H} NMR spectrum of VI (126 MHz, CDCls)
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Figure S20. HRMS spectrum of VI
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Figure S21. *H NMR spectrum of VII (500 MHz, CDCls)
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Figure S22. “C{*H} NMR spectrum of VIl (126 MHz, CDCls)
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Figure S23. HRMS spectrum of VII
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7.1.8  4-(4-(trifluoromethyl)phenyl)but-3-yn-1-ol VIII
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Figure S24. *H NMR spectrum of VII1 (500 MHz, CDCls)
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Figure S25. *C{*H} NMR spectrum of VII1 (126 MHz, CDCls)
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Figure S26. HRMS spectrum of VIII

7.2 NMR a HRMS spektra finalnich slouc¢enin

7.2.1

(3aR,8S,9aR,9bS)-7-((2-nitrophenyl)sulfonyl)-1,3-dioxo-2-phenyl-5-(4-(trifluoromethyl)
phenyl)-2,3,3a,4,6,7,8,9,9a,9b-decahydro-1H-pyrrolo[3,4-f]isoquinoline-8-carboxylic acid
5a-1

"H-"H COSY correlations

Figure S27. Detailed COSY and *H-">N HMBC NMR analysis of isoquinoline 5a-I
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"H-13C HMBC correlations - aliphatic area
w = weak interaction

vw = very weak interaction

Figure S28. Detailed *H-*C HMBC NMR analysis (aliphatic area) of isoquinoline 5a-1

13 . _ "H-"H NOE correlations
H-"°C HMBC correlations - aromatic area vw = very weak interaction
vw = very weak interaction

Figure S29. Detailed 'H-®C HMBC (aromatic area) and 'H-'H NOE NMR analysis

of isoquinoline 5a-1
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vw = very weak interaction
"H-"H NOE correlations

Figure S30. Detailed *H-"H NOE NMR analysis of isoquinoline 5a-I

Table S1. *H NMR (500 MHz) and ®C{*H} NMR (126 MHz) spectral data, including detailed COSY,
'H-1C HMBC, *H-*N HMBC and NOE correlations for isoquinoline 5a-1

a | 13C{1H} 15N a @ 1H_15N
HNMR | splitting pattern, | NMR d¢ COSY H-+*C HMBC
POS- | 6 [ppm]° | [Hz], integration| [ppm], N['g'pRm?N correl. correl. ':O'\frBef NOE correl.
4Jcr [HZ] d
1 - - 176.5 - - - - -
2 - - - %?\1325 - _ H15.19 .
3 - - 178.2 - - - - -
C3, C4, C5, C6
dd,J=3.0,15 Ha®, Hp®, P H12, H21.25
4 3.45 Hz, 1H 39.7 - His CZ&eSZILDa,mCﬁ)l4 - (very lowint)
C3, C4, C6, C8
Hy235 | 449=87.30 ; He HS | Geylowing G1p, ) H“'Z?ngery *
5 Hz, 1H 204 c13
_ ' C3, C4, C6, CT, s
Hii267 | 0 JH'Zl‘llf,’ Ls - H% He | C8, C12 (owin), - HH'M'; '
' C13, C20
6 - - 132.1 - - - - -
7 - - 133.0 - - - - -
d, J=16.2 Hz, C7, C10, C11 H10 (very low int)
Ha: 4.06 1H - Hp® (very lowint) 12 - H?2L.25
8 di=162Hz | HM '
Ho: 4.25 ' _lH. ' - Ha8 C6, C7 - Hall, H2L25
11
o ] ] ] 943 ] ] Ho™ ]
(N9) H
_ Cc8 (low im.)’ Cll, H 8 (very low int.)l
10 441 dd,J=121,6.1 56.9 ) Hallll, C12 (owint) _ :112, H13 (very
Hz, IH Ho C34 lowint) 428
- 10 11
Hozas | @I 15LHZ - [T | ciociz e - Hyf, HE2
1 , ddi=6130 | 287 HO Rl | C7 1L o ”
Ho: 2.57 L TH - L b ot N9 H
ddd J=121 all, C1 (very low int.),
12 249 | 20 15, 1 | 339 - He', | C4,C7,C8, N9 | H* Ho H®
o ' H*® C10, C11, C13
- C1, C5, C6, Hp3, H10 (very
13 3.43 dd, ) =30,1.5 41.68 - HY H2 | C12,C14 (e - lowint) - H, 11,
Hz, 1H low int.) Hy !
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14 - - 132.2 - - - - -
15,19 | 7.12-7.17 m, 2H 127.1 - H1618 014*(:(31175*19’ N2 -
H5® | C14, C15,19,
16,18 | 7.41-7.48 m, 2H 128.9 - H? 1618 C17 - -
C14, C15,19
- - 16,18 ’ 1+, _ _
17 | 7.35-7.41 m, 1H 128.4 H C16.18
20 - - 142.6 - - - - -
C6, CZO, H4 (very low
i br.d, J =8.0 ] 224 C21,25, L], H e
21,25 | 7.07-7.12 He. 2H 128.2 H 2324 023, oW, 1.5
C26 (very low int.) a8, Hbs,
_ 125.1, C20, C21,25,
22,24 7.67 br'S'ZJZ‘HB'O J=32 - H2125 | 22,24, C23, - H2°
’ Hz C26
127.8,
23 - - J=319 - - - - -
Hz
124.2,
26 - - J=2718 - - - - -
Hz
27 - - 131.1 - - - - -
N33
dd,J=8.4,12 2 C28, C29, (very low 0
28 7.62 Hz, 1H 1294 | - H C30,C31,C32 | ) H
ddd, J= 84, _ 28 30 027, CZS; _ 22,24
29 LT 4 1oHz n | 1818 H® HT 1 30, C31, C32 H
ddd, J=7.9, ] 0 a1 | C28,C29, ] ]
30 185 | 753 0Hz, 1H | 1240 H H C30, C32
_ C27, C28,
31 779 | 94 ﬁ; 71'5;' 101 qaus | - 130 C29. C30 N33 ;
' C31, C32
32 - - 1475 - - - - -
H28 (very
33 - - - 373.0 - - low int). _
(N33) (e ’
34 - - 172.9 - - - - -
35 13.13 br. s, 1H - - - - - -

aAssignments are based on extensive 1D and 2D NMR analysis (*H-tH COSY, 'H-3C HMQC, *H-*C HMBC, *H-'°*N
HMBC and 'H-'H NOESY); measured in DMSO-ds; correl. = correlations; int = interaction.
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Figure S31. "H NMR spectrum of 5a-1 (500 MHz, DMSO-ds)
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Figure $32. *C{*H} NMR spectrum of 5a-1 (126 MHz, DMSO-ds)
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Figure S33. 3C APT NMR spectrum of 5a-1 (126 MHz, DMSO-ds)
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Figure S34. *H-'H COSY NMR spectrum of 5a-1 (500 MHz, DMSO-ds)
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Figure S35. *H-C HMQC NMR spectrum of 5a-1 (DMSO-ds)
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Figure S36. *H-C HMBC NMR spectrum of 5a-1 (DMSO-ds)
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Figure S37. *H-">N HMBC NMR spectrum of 5a-1 (DMSO-ds)
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Figure S38. *H-'H NOESY NMR spectrum of 5a-1 (DMSO-ds)
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Figure S39. HRMS spectrum of 5a-1I

7.2.2

(3aS,8S,9aR,9bR)-7-((2-nitrophenyl)sulfonyl)-1,3-dioxo-2-phenyl-5-(4-(trifluoromethyl)
phenyl)-2,3,3a,4,6,7,8,9,9a,9b-decahydro-1H-pyrrolo[3,4-f]isoquinoline-8-carboxylic acid
5a-11

"H-"H COSY correlations

Figure S40. Detailed COSY and *H-">°N HMBC NMR analysis of isoquinoline 5a-11
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O 2N
"H-13C HMBC correlations - aliphatic area

vw = very weak interaction

Figure S41. Detailed ‘H-*C HMBC NMR analysis (aliphatic area) of isoquinoline 5a-11

TH-13C HMBC correlations - aromatic area

Figure S42. Detailed *H-*C HMBC NMR analysis (aromatic area) of isoquinoline 5a-I1
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O,N

"H-"H NOE correlations
vw = very weak interaction
vvw = very very weak interaction

"H-"H NOE correlations
vw = very weak interaction
Vvvw = very very weak interaction

Figure S43. Detailed *H-‘H NOE NMR analysis of isoquinoline 5a-I1

Table S2. *H NMR (500 MHz) and ®C{*H} NMR (126 MHz) spectral data, including detailed COSY,
'H-13C HMBC, *H->N HMBC and NOE correlations for isoquinoline 5a-11

15N
H NMR splitting pattern, |*C{*H} NMR [NMR dn 1y 13 14-15N
pOS. o J [Hz], oc[ppm], | [PPm] COSY  \"H-"C HMBC | \\1ac | NOE correl.
b . - 4 correl. correl.
[ppm] integration Jer [HZ] correl.
1 - - 176.8 - - - - -
_ _ _ 199-9 _ - 15,19 _
2 (N2) H
3 - - 1785 - - - - -
ddd, J=15.2, Ha, Hp®, C3,C5, C6,
4 351 8.7,15Hz, 1H 40.4 i H3 C13 i
C4, C6, C7,
) ddd, J=15.2, i 4 s C8 (owint) ) )
Ha: 2.73 5.5,2.8 Hz, 1H H, Ho C13, €20 (low
int.)
5 307 C3, C4, C6,
dd, J=15.2, C7, C8 (ow H2L25 (very low
Ho:280 | 1 5 hz, 1H ; HOHS i) 'Crp tow ; int)
’ i) 'C13, C20
6 - - 1326 - - - - -
7 - - 131.7 - - - - -
_ HlOl H12l H21,25
Ha3.70 | 9J=145 - Hy? c6, C7 o | veyiowint pyzs
8 1.5Hz, 1H 42.4 (very low int.)
d, J=14.5 Hz, C6, C7, C10, Hall (very low int)
Hb: 4.17 1H - Ha8 c12 - : 2125
92.8 u
9 - - - (N9) - - Ho -
_ HaS H12 (very
dd,J=47,28 Hal, C11, C12, low) 1426 (very o
10 4.66 Hz. 1H 55.8 ot Can - W), Hint.)v w
, dd, J=8.7,238 - H H.l | C7, C10 (ow 6 L1
Ha: 2.46 Hz, 1H He | cipcaa | C Hy", H
11 _ 26.6 R 01 | Cl C7 C10,
Hy: 2.66 | 4 J=8.7.47 HE S c1gtovmy” | g Hes
Hz, 1H H C34
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C1, C4, C6,

C7, C8, C10 Ha5, Ha8, H0
= 11 ) ) ) ) )
12 267 8d;1d21\]7—H11.f|,_| 325 ’ Tla |_,|13 C11 (owint) _ (very low) 421,25
A, 4. Z, b™, C12, C13, (very low int.)
C34
- Hall, Hbll,
ddd, J=11.9, C1, C4, C7, H15.19 (very low
13 3471 87,55 Hz, 1H 42:3 HY, R C12 ) int), 2125 (very
' ' l low int.)
14 - - 132.1 - - - - -
15,19 | 7.08-7.10 m, 2H 127.0 ) H16.18 C14'CC1]%5'19’ N2 H13 (very lowint)
- H1519) C14, C5,19,
16,18 | 7.43-7.47 m, 2H 128.9 HL7 C16,18, C17 - -
- C14, C15,19
_ 16,18 ) 419, _ )
17 7.37-7.41 m, 1H 128.4 H C16.18
20 - - 1433 - - - - -
- Hb5 (very low int.)l
8 (very low int.)
21,25 | 7.29 br. d, J=8.1 128.3 H22.24 €6, €20, - ﬁbaﬁ HE2 (er low
’ Hz, 2H C22,24, C23 im_)'ng (ery low
int.)
br.d,J=8.2 125.4, - 22 | C20,C21,25, ] ]
22,24 7.70 Hz, 2H J=3.1Hz H C22,24, C26
127.7, -
23 ] ] J=316Hz - - - )
125.2, -
26 ) ) J=271.8 Hz i i i -
27 - - 130.8 - - - - -
N N33 i
dd,J=7.914 C28, C30 (low H,8 (very lowint),
28 8.14 hz 1H 1302 HS | ) cat ca (Veirnyt.l)ow ey o)
ddd, J =838, - 5 0 ] ]
29 7.76 7.9 1.4 Hz, 1H 132.3 H*, H C27,C30
ddd, \] = 8.8, - 29 31 _ _
30 7.80 7.9 1.4 Hz, 1H 124.0 H= H C28, C32
dd,J=7.9,14 - i C27, C29,
31 7.86 Hz, 1H 134.4 H c32 N33 -
32 - - 147.9 - - - - -
3734 H?28
N33 (very low
B | - . : N3 : ) :
H3i
34 - - 172.2 - - - - -

aAssignments are based on extensive 1D and 2D NMR analysis (*H-tH COSY, 'H-3C HMQC, H-*C HMBC, H-'°N
HMBC and 'H-'H NOESY); measured in DMSO-ds; correl. = correlations; int = interaction.
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Figure S45. 3C{*H} NMR spectrum of 5a-11 (126 MHz, DMSO-ds)
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Figure S46. *C APT NMR spectrum of 5a-11 (126 MHz, DMSO-ds)
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Figure S47. *H-'H COSY NMR spectrum of 5a-11 (500 MHz, DMSO-ds)
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Figure S48. *H-C HMQC NMR spectrum of 5a-11 (DMSO-ds)
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Figure S49. *H-C HMBC NMR spectrum of 5a-11 (DMSO-ds)
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Figure S51.

'H-"N HMBC NMR spectrum of 5a-11 (DMSO-ds)
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Figure S52. HRMS spectrum of 5a-11

Table S3. Comparison of *H chemical shifts, splitting patterns, and 2J and 3J homonuclear couplings

for 5a-1 and 5a-11

T T
450

T e
500
miz

T
550

T T
600

e
650

The key splitting patterns between key protons

minor isomer 5a-l

|
rnn

_ =
4 13'::
H H

12 Hb

11 'H
°A

major isomer 5a-ll

T
700

N
b A

™
750

COOH

10

minor isomer 5a-1 major isomer 5a-11
position ['H NMR splitting 'HNMR | splitting
oH [ppm] pattern JI[Hz] on [ppm] | pattern J[Hz]
H* 3.45 dd 3.0,15 3.51 ddd 15.2,8.7,15
N 2.35 dd 8.7,3.0 2.73 ddd 15.2, 5.5, 2.8
Hp® 2.67 dd 14.2, 15 2.80 dd 15.2, 1.5
N 4.06 d 16.2 3.70 dd 14.5, 1.5
Hp® 4.25 d 16.2 4.17 d 14.5
H© 4.41 dd 12.1,6.1 4.66 dd 47,28
Ha1 2.45 q 12.1 2.46 dd 8.7, 2.8
Hp'! 2.57 dd 6.1, 3.0 2.66 dd 8.7, 4.7
H® 2.49 ddd 12.1,3.0,1.5 2.67 ddd 11.9,8.7,4.7
H 3.43 dd 3.0,15 3.47 ddd 11.9,8.7,5.5
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7.2.3 (S)-8-(4-bromophenyl)-3,4,16,16a-tetrahydro-[1,4]diazepino[1,2-b]naphtho[2,3-f]
isoquinoline-1,5,10,15(2H,7H)-tetraone 11
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Figure S53. *H NMR spectrum of 11 (500 MHz, CDCls)
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Figure S54. *C{*H} NMR spectrum of 11 (126 MHz, CDCl5)
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Figure S55. HRMS spectrum of 11

7.2.4

(3S,15aS)-3-methyl-7-(4-(trifluoromethyl)phenyl)-15,15a-dihydro-2H-naphtho[2,3-f]
pyrazino[1,2-b]Jisoquinoline-1,4,9,14(3H,6H)-tetraone 13a
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Figure S56. *H NMR spectrum of 13a (500 MHz, CDCls)
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Figure S58. HRMS spectrum of 13a
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(3S,15aS)-3-benzyl-7-(4-(trifluoromethyl)phenyl)-15,15a-dihydro-2H-naphtho[2,3-f]

pyrazino[1,2-b]Jisoquinoline-1,4,9,14(3H,6H)-tetraone 13b
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Figure S59. *H NMR spectrum of 13b (500 MHz, CDCls)
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Figure S60. *C{*H} NMR spectrum of 13b (126 MHz, CDCl5)
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Figure S61. HRMS spectrum of 13b

7.2.6 (3S,15aS)-3-benzyl-7-(4-bromophenyl)-15,15a-dihydro-2H-naphtho[2,3-f]pyrazino[1,2-b]
isoquinoline-1,4,9,14(3H,6H)-tetraone 13c
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Figure S62. *H NMR spectrum of 13c (500 MHz, CDCl;+DMSO)
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Figure S63. *C{*H} NMR spectrum of 13c (126 MHz, CDCls)
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Figure S64. HRMS spectrum of 13c
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(3S,15aS)-7-(4-bromophenyl)-3-(4-hydroxybenzyl)-15,15a-dihydro-2H-naphtho[2,3-f]

pyrazino[1,2-bJisoquinoline-1,4,9,14(3H,6H)-tetraone 13d
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Figure S66. *C{*H} NMR spectrum of 13d (126 MHz, DMSO-ds)
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Figure S67. Detailed *C{*H} NMR spectrum of 13d — aliphatic area (126 MHz, DMSO-ds)
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Figure S68. HRMS spectrum of 13d
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7.2.8 (3S,15aS)-3-benzyl-7-(4-fluorophenyl)-15,15a-dihydro-2H-naphtho[2,3-f]pyrazino[1,2-b]
isoquinoline-1,4,9,14(3H,6H)-tetraone 13e
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Figure S69. *H NMR spectrum of 13e (500 MHz, CDCls)
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Figure S70. *C{*H} NMR spectrum of 13e (126 MHz, CDCl5)
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Figure S71. HRMS spectrum of 13e

7.2.9 (3S,15aS)-7-(2-fluorophenyl)-3-methyl-15,15a-dihydro-2H-naphtho[2,3-f]pyrazino[1,2-b]
isoquinoline-1,4,9,14(3H,6H)-tetraone 13f
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Figure S72. *H NMR spectrum of 13f (500 MHz, CDCls+MeOH-d.): Note: Residual signals of DMF
at 2.88 ppm (s) and 2.96 ppm (s).
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Figure S73. ®C{*H} NMR spectrum of 13f (126 MHz, CDCl3+MeOH-dy)
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Figure S74. HRMS spectrum of 13f
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7.2.10 (3S,15aS)-3-benzyl-7-(2-fluorophenyl)-15,15a-dihydro-2H-naphtho[2,3-f]pyrazino[1,2-b]

isoquinoline-1,4,9,14(3H,6H)-tetraone 13g
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Figure S75. *H NMR spectrum of 13g (500 MHz, CDCl3+DMSO)
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Figure S76. *C{*H} NMR spectrum of 13g (126 MHz, CDCls)
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Figure S77. HRMS spectrum of 13g

7.2.11 (3S,15aS)-7-(2-fluorophenyl)-3-(4-hydroxybenzyl)-15,15a-dihydro-2H-naphtho[2,3-f]
pyrazino[1,2-bJisoquinoline-1,4,9,14(3H,6H)-tetraone 13h
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Figure S78. *H NMR spectrum of 13h (500 MHz, DMSO-ds)
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Figure S80. HRMS spectrum of 13h
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7.2.12 (3S,17aS)-3-benzyl-7-(4-fluorophenyl)-17,17a-dihydro-2H-anthra[2,3-f]pyrazino[1,2-b]

isoquinoline-1,4,9,16(3H,6H)-tetraone 13i
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Figure S81. *H NMR spectrum of 13i (500 MHz, CDCls)
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Figure S82. *C{*H} NMR spectrum of 13i (126 MHz, CDCls)
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Figure S83. HRMS spectrum of 13i

7.2.13 (3S,16aS)-3-benzyl-8-phenyl-2,3,6,7,16,16a-hexahydroanthra[1,2-d]pyrazino[1,2-a]
azepine-1,4,10,15-tetraone 14a
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Figure S84. 'H NMR spectrum of 14a (500 MHz, CDCls)
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Figure S85. *C{*H} NMR spectrum of 14a (126 MHz, CDCl5)
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Figure S86. HRMS spectrum of 14a
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7.2.14 (3S,16aS)-3-(4-hydroxybenzyl)-8-phenyl-2,3,6,7,16,16a-hexahydroanthra[1,2-d]

pyrazino[1,2-aJazepine-1,4,10,15-tetraone 14b
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Figure S87. *H NMR spectrum of 14b (500 MHz, DMSO-ds)
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Figure S88. *C{*H} NMR spectrum of 14b (126 MHz, DMSO-ds)
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Figure S89. HRMS spectrum of 14b

7.2.15 (3S,16aS)-3-benzyl-8-(4-(trifluoromethyl)phenyl)-2,3,6,7,16,16a-hexahydroanthra[1,2-d]
pyrazino[1,2-aJazepine-1,4,10,15-tetraone 14c
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Figure S90. *H NMR spectrum of 14c¢ (500 MHz, CDCls)
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Figure S91. *C{*H} NMR spectrum of 14c (126 MHz, CDCl3)
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Figure S92. Detailed *C{*H} NMR spectrum of 14c — aromatic area (126 MHz, CDCls)
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Figure S93. HRMS spectrum of 14c
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7.2.16 (S)-2-benzyl-7-(4-bromophenyl)-15,15a-dihydro-2H-naphtho[2,3-f]pyrazino[1,2-b]
isoquinoline-1,4,9,14(3H,6H)-tetraone 16a
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Figure S94. *H NMR spectrum of 16a (500 MHz, CDCls)
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Figure S95. “C{*H} NMR spectrum of 16a (126 MHz, CDCls)
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Figure S96. HRMS spectrum of 16a
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7.2.17 (S)-7-(4-fluorophenyl)-2-propyl-15,15a-dihydro-2H-naphtho[2,3-f]pyrazino[1,2-b]
isoquinoline-1,4,9,14(3H,6H)-tetraone 16b
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Figure S97. *H NMR spectrum of 16b (500 MHz, CDCls)
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Figure S98. *C{*H} NMR spectrum of 16b (126 MHz, CDCl5)
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Figure S99. HRMS spectrum of 16b

7.2.18 (S)-2-benzyl-7-(2-fluorophenyl)-15,15a-dihydro-2H-naphtho[2,3-f]pyrazino[1,2-b]
isoquinoline-1,4,9,14(3H,6H)-tetraone 16d
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Figure S100. *H NMR spectrum of 16d (500 MHz, CDCls)
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Figure S102. HRMS spectrum of 16d
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7.2.19 (S)-2-benzyl-8-phenyl-2,3,6,7,16,16a-hexahydroanthra[l,2-d]pyrazino[1,2-a]azepine-
1,4,10,15-tetraone 17a
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Figure S103. *H NMR spectrum of 17a (500 MHz, CDCls).
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Figure S104. *C{*H} NMR spectrum of 17a (126 MHz, CDCls)
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Figure S105. HRMS spectrum of 17a
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Figure S106. *H NMR spectrum of 17b (500 MHz, CDCls)
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Figure 108. Detailed *C{*H} NMR spectrum of 17b — aromatic area (126 MHz, CDCls)
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Figure S109. HRMS spectrum of 17b
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7.2.21 (S)-7-(3-fluorophenyl)-15,15a-dihydronaphtho[2,3-f][1,4]oxazino[4,3-b]isoquinoline-
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Figure S110. *H NMR spectrum of 19a (500 MHz, CDCls). Note: Residual signals of EtOAc at 4.12
(9), 2.04 ppm (s) and 1.25 ppm (1).
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Figure S113. HRMS spectrum of 19a
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Figure S114. *H NMR spectrum of 19b (500 MHz, CDCI3). Note: Residual signals of DMSO at 2.61
ppm (s) and H grease at 0.88 ppm (m) and 1.25 ppm (br. s).
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Figure S115. *C{*H} NMR spectrum of 19b (126 MHz, CDCls). Note: Residual signals of DMSO
at 40.9 ppm and H grease 29.6 ppm.
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Figure S116. HRMS spectrum of 19b
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