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1D, 2D NMR
Ala
AmAc
APT
aq
bezv.
Boc
BB test
Bn
Ci18
Cbz
COSY
Cy
DAC
DBU
DCE
DDQ
DIAD
DIPEA
DIC
DOS
DMAP
DMF
DMSO
dr

E.

EA
EDG
EDCI
ekv./equiv.
ESI
etal.
EWG
Fmoc-OSu
HBTU
HOBt
HPLC
HMBC
HRMS

Seznam zKkratek

jedno- a dvoudimenzionalni NMR spektra

alanin

octan amonny

uhlikov¢ spektrum (Attached Proton Test NMR)
vodny roztok

bezvody

tert-butyloxykarbonyl

test s bromfenolovou modii

benzyl

oktadecyova reverzni fize

benzyl-chlorformiat

2D NMR spektrum (Correlated Spectroscopy)
cyklohexyl

Diels-Alderova cykloadice
1,8-diazabicyklo[5.4.0Jundek-7-en
1,2-dichloroethane

2,3-dichlor-5,6-dikyano- 1,4-benzochinon
diisopropyl azodicarboxylate

N, N-diisopropylethylamid

N, N’-diisopropylkarbodiimid

divergentné orientovand syntéza

4-(N, N-dimethylamino)pyridin

N, N-dimethylformamid

dimethylsulfoxid

diastereomerni pomé&r

aktivacni energie

ethylacetat

elektron-donomi skupiny (electron-donating group)
ethyl(dimethylaminopropyl)karbodiimid

ekvivalent

ionizace elektrosprejem

a kolektiv, et alli (z latiny)

elektron-akceptorni skupina (electron-withdrawing group)
N-(9H-fluoren-9-ylmethoxykarbonyloxy)sukcinimid
hexafluorofosfat benzotriazolu tetramethyl uronia
1-hydroxybenzotriazole

High Performance Liquid Chromatography

2D NMR spektrum (Heteronuclear Multiple Bond Correlation)
hmotnostni spektrometrie s vysokym rozliSenim (High-Revolution Mass Spectrometry)
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HMQC
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in situ
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MCE
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MS
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NO
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Phe
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PTSA
RCEM
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Ru
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THF
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VL
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nepozorovano (not obtained)

nukledrni magneticka rezonance (Nuclear Magnetic Resonance)
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nitrobenzensulfonyl

fenylalanin

piperidin

p-toluensulfonova kyselina

metatéze vyuzivajici uzavieni cyklu z enynu (Ring-Closure Enyne Metathesis)
2D NMR spektrum s Overhausovym efektem (Rotating-Frame Overhauser Effect Correlation
Spectroscopy)

rozpoustédlo

reverzni faze (Reverse Phase)

pokojova teplota (room temperature)

Grubbsuv katalyzator

rotaCni vakuova odparka

syntéza na pevné fazi

tetrabutylammonium bisulfat

trifluoroctova kyselina

tetrahydrofuran

derivaty 1,2,3,4-tetrahydroisochinolin-3-karboxylové kyseliny
trifenylfosfin

ultrafialové zatfeni
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Seznam nadorovych linii

A549

BJ
CCRF-CEM
CEM-DNR
HCT116
HCT116p53-/-
K562

lidsky plicni adenokarcinom
zdravy lidsky fibroblast
T-lymfoblastickd leukémie
T-lymfoblasticka leukémie rezistentni na daunorubicin
lidsky kolorektalni karcinom
lidsky kolorektalni karcinom deficitni na p53

akutni myeloidni leukémie

K562-TAX akutni myeloidni leukémie rezistentni na paklitaxel
MRC-5 fetalni lidsky fibroblast
U20S lidsky osteosarkom

Zkratky v NMR spektrech

br./d Siroky singlet/dublet

S singlet

d dublet

dd dublet dubletu

ddd dublet dubletu dubletu

dddd dublet dublet dubletu dubletu
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td triplet dubletu

m multiplet



1. UVOD A CILE PRACE

Predkladana rigorozni 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-nitrobenzensulfonamidi (Ns-amidi) jako kli€ovych intermediat.' Tato
prace se zabyva pfipravou strukturné novych polycyklickych  tetrahydroisochinolini
a tetrahydrobenzo[d]azepini (Obrazek 2).
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Obrazek 1. Piedchozi vyzkum ve vyzkumné skupiné doc. Sourala vychazejici z imobilizovanych
Ns-amidi a/nebo a-aminoketont a jejich naslednd modifikace na rizné typt dusikatych heterocykli

(pfevzato a upraveno)'

Navrhovana metoda vychazela z imobilizovaného Fmoc-allylglycinu ukotvené¢ho na Wangovu
pryskyfici ve form¢ esteru. Pro jeji vyvoj a aplikovatelnost bylo otestovano celkem dvanact rtizné
diversifikovanych alkynola, pét dienofilu a tfi elektrofily (Obrazek 2). Priprava zadanych heterocyklu
byla provedena pomoci syntézy na pevné fazi (SPS) v kombinaci s DOS a cykloizomera¢nimi
a cykloadi¢nimi reakcemi, tj. metatézi enynu (RCEM) a [4+42] Diels-Alderovou cykloadici (DAC).
Navrhované spojeni metod umoznilo rychlou a efektivni syntézu chemické knihovny se snadnou izolaci

véech reakénich intermediati a cilovych produkti.'*

) vniténi vychodni strana
1.Mitsunobu reakce O strana @
N

3
r2 R
(\ 3.DAC N7 (\
L/ © ' > ></N
\“ 4. tvorba heterocyklu \H/\

. a Stépeni z polymeru  zipadni strana

Fmoc-allyglycin na Wangove pryskyfici o .
pfipraveny pro modifikaci 6 heterocyklickych skeletd
alkynoly, dienofily a elektrofily 20 reprezentativni derivatd

Obrazek 2. Vychozi komponenty pro pfipravu finalnich heterocykli pfipravenych pomoci SPS a DOS
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Slouceniny nesouci isochinolinovou jednotku patfi do skupiny pfirodnich a syntetickych
alkaloidi. Vyznamn¢ biologické ucinky pak vykazuji predev§im 1,23 4-tetrahydroisochinoliny,
napiiklad alkaloidy berberinu,’ pavinu* a apofinu’ (Obrazek 3) a jejich analoga nesouci karboxylovou

skupinu v poloze C3 na tetrahydroisochinolinovém skeletu oznacovana jako TIC derivaty (Obrazek 4).

0\
(0]

MeO
X O e O OMe
MeO =N MeO O
® OMe

OMe
berberin pavin aporfin
(koFeny a kmen dfistalu a viastoviéniku) (kukufiény mak) (nandina doméci, srdcovka cizi)

Obrazek 3. Piiklady pfirodnich alkaloidii s 1,2,3,4-tetrahydroisochinolinovou jednotkou®

Mnohé ztéchto latek vykazuji celou fadu zajimavych farmakologickych vlastnosti, jako
napfiklad antitrombické, protinadorové, hypoglykemické ¢i antivirotické uéinky.®™> Pfi¢emz biologické
vlastnosti tetrahydrobenzo[d]azepini (SIC) ¢i fuzovanych analogi tetrahydroisochinolini nebyly
doposud studovany. Z tohoto duvodu se predkladana prace zaméfuje na pripravu a studium biologickych
ucinku strukturné novych tetrahydroisochinolinovych polycyklickych sloucenin majici ve své strukture
TIC jednotku. Pripravené derivaty byly otestovany vuc¢i vybranym nadorovym liniim a bakterialnim
kmenum, jejichz soupis je uveden v podkapitole 3.5 této prace, v které jsou zaroven shruty i vysledky

biologického testovani.

f@ f@ e es
SRS 42N o A

R = vedlejsi fetézec aminokyseliny inhibitor R = H: ACE inhibitor opioidni peptid
antitrombikum dipeptidylpeptidazy IV R = Me: antihypertenzivum mimetika
\/O\“\\u N HO
0 oA o
K (0]
protinadorova cinidla hypoglykemika REV-ERB receptor antivirotikum
modulator

Obrazek 4. Farmakologicky piibuzné N-acyl-TIC derivaty a jejich biologické vlastnosti®'?

Predkladana prace je standardné ¢len¢na do sedmi kapitol a podkapitol. V prvni kapitole
Seznameni s problematikou je strucné predstavena RCEM a DAC véetné jejich mechanismu a naroku
na reaktivitu. Detailnéj$i popis pojednavajici o SPS a DOS neni soucasti prace, nebot’ tyto metody byly

diskutovany dfive v zavérecnych pracich uchazecky vykonavanych na Katedfe 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, pficemz v celé kapitole 2. je vyuzito arabského cCislovani
struktur. Nasleduje Komentar k predkladané praci (3. kapitola), kde je stru¢né rozebrana optimalizace
vyvinuté metody a vysledky cytotoxického a antimikrobialniho screeningu pfipravenych latek, jez jsou
doplnény o doposud nepublikované vysledky. Cely provedeny vyzkum je shrnut v kapitole Shrnuti
(4. kapitola), nasledované kapitolami Pfehled pouzit¢ literatury (5. kapitola), Publikace
k predkladané praci (6. kapitola) a Prilohy, tzv. Supporting Information (7. kapitola). Posledni dvé
kapitoly jsou prevzaty z pfiloZené publikace. Pro lepsi orientaci bylo v 3.-7. kapitole ponechano

puvodni arabské Cislovani z publikace, zacinajici 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 patfi v organické syntéze mezi Siroce vyuzivané cykloizomeracéni reakce, které lze rozdélit
na olefinickou, tj. reakci mezi dvéma alkeny a enynovou metatézi, tzv. RCEM (z angli¢tiny ring-closure
enyne methathesis). RCEM spoc¢iva v intramolekularnim uzavteni cyklu z enynu, tj. latky obsahujici jak
C-C dvojnou, tak C-C trojnou vazbu. Podle typu koordinace karbenu kovu na alkyn muze reakce
poskytovat bud’to exocyklicky 5a nebo endocyklicky 1,3-dien Sb. Ze stereochemického hlediska jsou
pro RCEM vyhodnéjsi exocyklické dieny Sa, kterych je mozno vyuzit pro naslednou [4+2] DAC.
Podrobnéj§i mechanismus vzniku téchto 1,3-dientt je znazomén ve Schéma 1 a lisi se svou
regioselektivitou, tj. velikosti vznikajiciho cyklu. V pripad¢ exocyklického dienu dochazi po koordinaci
karbenu kovu na vnitini uhlik alkynu (latka 1) ke vzniku metalcyklobutenu 2a, jehoz ¢tyiclenny cyklus
muze podl¢hat cykloreverzi zpct na vychozi komponentu 1, nebo naopak otevieni cyklobutenového
kruhu na vinyl-metalkarbenovy komplex 3a. Ten dale podléha intramolekulami [2+2] cykloadici
a dochazi k naslednému otevieni metalcyklobutanového kruhu 4a na zadany exocyklicky 1,3-dien Sa
a k regeneraci karbenu kovu. V pfipad¢ endocyklického 1,3-dienu 5b je mechanismus témér 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. '®

R
@/ RCEM vedouci k endo produktu :( : RCEM vedouci k exo produktu @JLR
%%, A SEA X =0, NH x+)
5b P
H

; ' n = celé &islo >1 "
/ ' M= karben kovu 5a H

L i~ =M = i~

H

\ H

M R H H
3 O
B —Con Cof—CM— OH
X )n X8 \M X n $M XM XM X 'n
ab M

4a

R 2bR
| 3a

3b 2a

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."” Dal§i pouzivané katalyzatory byly na bazi karbenu molybdenu & ruthenia,

naptiklad Grubbsuv katalyzator prvni generace (Rul) 6, ktery byl termaln¢ labilni a vykazoval nizkou
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reaktivitu. Pozdé&ji byly objeveny stabilngjsi a aktivnéj§i Ru-alkylidenové komplexy, tzv. Grubbsovy
katalyzarory druh¢ generace (Ru2) 7-8, jez reagovaly i s eneny nesoucimi elektron-akceptorni skupiny.
Podobné¢ho vyuziti mély i Grubbsovy katalyzatory tfeti generace 9 (Ru3) a katalyzatory na bazi styrenu
(Hoveyduv katalyzator, Ru4) 10a tzv. Blechertovy katalyzatory, kde patfi binol-styrenu 11 nebo bifenyl-
styrenu 12 (Ru5; Obrizek 5).'**

Grubbsovy katalyzatory Hoveyduv katalyzator Blechertovy katalyzatory

~N

I\
YN‘Mes

Clu
CI'RU_

o

Mes

6: L = PCy;3 (Ru1)

7:L= Mes’N\”/N‘Mes (Ru2)
= g (Ru3) 10: styren O
8:L= Mes’Ni"/N Mes
Cy = cyklohexyl; Mes = 2,4,6-trimethylfenyl 11: binol-styren 12: bifenyl-styren (Ru5)

Obrizek 5. Vybrané katalyzatory pro metatézi na bazi ruthenia'®*’

Pro RCEM se hojn¢ vyuzivaji Grubbsovy katalyzatory Rul a Ru2 o koncentraci 3-20 mol%
v zavislosti na typu vychoziho substratu. Reakce probihaji za inertnich a mirmych podminek (pokojova
teplota az 50 °C)* ™ i vyssich teplot (70-110 °C)**** v bezvodych rozpoustédlech, jako napiiklad
CH,CL,'®*% toluenu®**® nebo benzenu.”’ V piipadé vychoziho substratu nesouciho elektron-
akceptorni skupiny byva reakce akcelerovana, a to napfiklad roztokem chloridu lithného
v N,N-dimethylformaidu (DMF).* Kromé& syntézy v roztoku Ize RCEM provést i na polymernim nosici
pomoci SPS.*'* Hlavni vyhodou RCEM na pevné fazi oproti tradiéni roztokové syntéze je jednoduché
odstranéni vznikajicich vedlejSich produkti a katalyzatoru z reakéni smési, a to odfiltrovanim reakéniho
roztoku pomoci injekéni stiikacky s pordzni fritou a promytim ¢erstvym rozpoustédlem. Toto je i jeden
z divodu, 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 napfiklad bicyklické

29

** indolizidiny,** tetrahydropyridiny,” hexahydroisoindoly,*’ aza- a oxa-

¢i polycyklické B-laktamy,
steroidy,” azapinony™* peptidy a peptidomimetika*® a mnohé dalsi. Existuji i piistupy, 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 v organické syntéze. Jedna se o cykloadici
4n-elektronii planamiho konjugovanc¢ho dienu 13 a 2m-elektrond dienofilu 14a—b (alkenu ¢i alkynu)
reagujicich pres tzv. jednoduchy cyklicky tranzitni stav 16a-b za vzniku novych energeticky
stabilnéjSich o-vazeb oproti r-vazbam nenasycencho Sesticlenného cyklu 16a—b (Obrazek 6). Reakce
byla poprvé objevena a popsana v roce 1928 Otto Dielsem a Kurtem Alderem, po nichz je pojmenovana
a za niz v roce 1950 dostali Nobelovu cenu.’” Oblibenost DAC spoéiva ve vzniku novych stereocenter
na obou koncich vytvorenych jednoduchych vazeb, ale zaroven v zachovani stereocentra dienofilu (t).

stereospecifité) a selektivité reakce.”* Existuji v§ak vyjimky, kdy DAC probihala nestereospecificky
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a poskytovala smér diastereomeri,**%¢

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 usporadani dienu 13 a dienofilu 14a—b. Pokud
se dienofil 14a nachazi v frans konformaci, pak se vtéto konformaci nachazi i substituenty
na vznikajicim cyklohexenovém kruhu, tzn. Ze v pfipad¢ trans-dienofilu 14a vznika frans-cyklohexen

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

Trans-DAC
R

A//? ZoH
o
AN 1 A
~~ "R & R
dien  trans-dienofil trans-cyklohexen

13 14a 16a
Cis-DAC

R H H exo
=N\ R ¥ endo
T = A=A
™ A H

“_~ R 2 H R endo

dien  cis-dienofil cis-cyklohexen endo izomer endo - uvrjitl" cyklu
13 14b 16b 16b exo - vné cyklu

f }

— Pribéh DAC . . !

\/ = rovina dienu Luf '
N/ N ) ‘

7 ,/ 1 1 “é 1

/R ! R ' 5 i

’ 1 P AU S \ W H
R— 7 2 !
/ R ' § 13+14b 16bendo izomer|
endo izomer exo izomer E O] 16aexo izomer !
15a 15b ! .
Jednoduchy tranzitni stav o ________Treakénikoordinita ________. !

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 uvnitf Sesticlenného cyklu a exo s pozici vné€ néj (Obrazek 6). PiicemZ majoritnim
produktem DAC byva endo izomer 16b a jeho vznik souvisi s piekryvem orbitalu dienu 13 a dienofilu
14b pres tranzitni stav 15a a maximalni akumulaci dvojnych vazeb, i za predpokladu, Ze je toto
lezi substituenty na dienofilu pfimo pod dienem (tranzitni stavy 15a-b). Tato interakce mezi
nt-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 prekryvaji 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 pfipadé akrylati, krotonati,
polysubstituovanych dienti, velmi objemnych dienofila ¢i irreverzibilnich reakei (napfiklad v pripadé
furanu a dienu) byva endo selektivita potladena ve prospéch exo izomeru.”® V téchto pfipadech pak
mluvime o tzv. kinetickém a termodynamickém produktu DAC. Kinetickym produktem reakce byva
endo izomer, ktery vznika rychle pfi ireverzibilni reakci a muze vykazovat niz§i stabilitu nez
termodynamicky stabilngj§i exo produkt vznikajici pomaleji (Obrazek 6). VSe souvisi s tranzitnim

stavem této reakce, substituci dienu a objemnosti substituenti 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 pritomnost pak ovliviiuje
reaktivitu s danym dienem, ktery rovnéz muze nést jak EDG (naptiklad dienofily 1,2-cyklohexen ¢i
furan aj), tak EWG skupiny (napfiklad dienofily maleimid, N-fenylmaleimid, diethylfuramat
dimethylacetylendikarboxylat, 4-fenyl-1,2,4-triazolin-3,5-dion aj.). Obecné plati, ze dieny s EDG jsou
reaktivngj$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 dient byva pritomno
ve sv¢ stabilnéjsi trans-konformaci, exocyklické 1,3-dieny ziskané RCEM zaujimaji pfesné
pozadovanou konformaci pro DAC, a tudiz jsou pro tuto reakci vhodnymi substraty, jez jsou pouzitelné
bez dalSich transformaci. Dienofily musi spliiovat tfi parametry, a to typ konformace v jaké se nachazi
a jeji dopad na vznikajici cyklohexenovy cyklus a dale pfitomnost EDG a EWG skupin, jezZ mohou
zasadng ovliviiovat/zpomalovat rychlost reakce.*

Podle typu dienofilu 1ze rozliSit normalni a inverzni DAC. U tzv. normalni DAC nese dienofil
skupinu pritahujici elektrony (EWG) a je v konjugaci s dienem, coz usnadiuje prab¢h reakce. V pripadé
inverzni DAC je dienofil konjugovan se skupinou darujici elektrony (EDG) a jeji prub¢h byva casto
znemoznén/ztizen,* a proto je potieba reakci urychlit/aktivovat pomoci Lewisovy kyseliny, napiiklad
diethylzinku*' ¢&i fluoridu boritého;** nebo pouzitim mikrovinného zafeni.*' DAC probihaji pfevazng

za vys§ich teplot (>50 °C),>>2

existuji 1 vyjimky, kde bylo vyuzito laaboratorni teploty v zavislosti
na typu pouzitého dienofilu, napfiklad 4-fenyl-1,2,4-triazolinu-3,5-dionu,* anebo chlazeni pfi katalyze
Lewisovou kyselinou.**** Nejéast&jsimi rozpoustédly pak byvaji CH,Cly,* toluen,”?%** THF,*
benzen® nebo DMSO. Kromé tradiéni roztokové syntézy lze [4+2] DAC uplatnit i na pevné fazi,”**
%5 coz s sebou piinasi 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, napiiklad na nenasyceny naftalen-
1,4-dionovy kruh 22 (Schéma 2).*¢ Oxidace vsak mize byt dosaZeno i dodatecné, napiiklad pomoci
2,3-dichlor-5,6-dikyano-1,4-benzochinonu (DDQ),®* Mn0,*® KMnO; a TFA* palladium-
katalyzované oxidativni dehydrogenace®™ nebo bromace za nasledné eliminace pomoci

1,8-diazabicyklo[5.4.0Jundek-7-enu (DBU).”!

OH o) o] o] Q
MeO MeO [4+2] DAC MeO [O] MeO [O] MeO ‘O
—_ + Vs B —— E— R —
=
OH o] o] o] o
17 18 19 20 21 22

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

analogum

Tato kapitola je rozd€lena do tfech podkapitol pojednavajicich postupné o 1,2,3,4-
tetrahydroisochinolinech nesouci karboxylovou skupinu v poloze C3 (TIC derivaty), derivatech

tetrahydrobenzo|[d]azepin-2-karboxylov¢ kyseliny (SIC derivaty) a jejich fuzovanych analogach.

3.2.1 Syntéza TIC derivati

TIC derivaty je mozno pfipravit nckolika syntetickymi cestami, napfiiklad castecnou oxidaci

357 nebo Bischler-

oktahydroisochinolinii,’* Heckovym cross couplingem, pomoci Pictet-Spenglerovy
Napieralskiho reakce™ &i [2+2+2] a [4+2] cykloadicemi, které jsou diskutovany dale v praci.” Existuji
vsak i pistupy vyuzivajici organokovovych slou¢enin,* oxidativni Pictet-Spenglerovu reakci,* Friedel-

Craftsovu cyklizaci® ¢i Ritterovu reakci.®

3.2.1.1 Casteéna oxidace oktahydroisochinolini

Vychozi oktahydroisochinolin 23 byl podroben c¢asteéné oxidaci pomoci hydroxidu sodného
na vzdusném kysliku. Reakce poskytovala smés od sebe izolovatelnych izomeru, tj. (95)-hexahydro- 24

a tetrahydroisochinolini 25 (Schéma 3).>*

(95)-24
Schéma 3. Casteéna oxidace oktahydroisochinolinu 23 na tetrahydroisochinolin 25

Podminky a ¢inidla: (i) NaOH, Oy, 15 min, rt.”

3.2.1.2 Heckuv cross coupling

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

Pripraven¢ 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 chiralni HPLC chromatografie).”

17



A

MeOOC El:: R OBn OBn
R 21 O i
) i, iii v
N S -
X Heckiiv coupling MeOOC” “NH ~OAc R=0Bn 11.00C” “NH >ai MeOOC” N
OAc  (podminky A nebo B) Cbz ébz CIZbZ
26a-d 28a-d 2% 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: BusNCl, 5 mol% Pd(OAc),, Et;N, THF, 4,5 h, 70 °C (45 % a 74 %);
podminky B: N,N-dicyklohexylmethylamin, bis(tri-ferc-butylfosfin)palladia, dioxan, 12 h, 100 °C (66 %, 89 %
a 92 %); (ii) KoCOs3, MeOH (95 %; ee 99,4 %); (iii) MsCl, N,N-diisopropylethylamin (DIPEA), CH>Cl» (99 %;

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

3.2.1.3 Pictet-Spenglerova reakce

Ke konstrukci TIC skeletu je hojné vyuzivana Pictet-Spenglerova reakce.”*>’ Jedna se o kondenzaci
alifatického primamiho aminu s aldehydem ¢i ketonem za kyselé katalyzy. Tento typ reakce byl
aplikovan napitiklad k pfipravé dvou riznych izomerii TIC derivati 34 a 38 odvozenych od meta-
tyrosinu 31 (Schéma 5). Metoda byla nejprve vyuzita k pfipravé 6-hydroxy TIC izomeru 34, jenz byl
ziskan po esterifikovaci a N-acylaci zakladni TIC struktury 32. 8-hydroxy izomer 38 byl pfipraven
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).>*

Pictet-Spenglerova reakce
O

OH HJ\H OH OH OH
HOOC™ "NH, HOOC H MeOOC H MeOOC™ N
o~ O
31 32 33 34

liv

O
OH Br Br
HJJ\H
1 OH 1,11 OH V OH
MeOOC
B

HOOC N N MeOOC N
r i Ak Ak
HOOC NH, o) o) o} (o)
35 36 37 38
Pictet-Spenglerova reakce

Schéma 5. Syntéza 6- a 8-hydroxy izomera TIC derivati 34 a 38 pomoci Pictet-Spenglerovy reakce
Podminky a ¢inidla: (i) HCL 45 min, 90 °C; (ii) CH2N,,CHxCl,, 24 h, 1t ; (iii) BocxO, CH,Cly; (iv) Bra, AcOH,
30 min, 5 °C, poté 1 h, rt; (v) Hp, Pd/C, EtOAc.>*
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3.2.1.4 Bischler-Napieralskiho reakce

Jedna se o intramolekulami elektrofilni aromatickou substituci S-arylethylamidi nebo
p-arylethylkarbamati v pfitomnosti trichloridu fosforylu, ktera je casto vyuzivanad k syntéze
dihydroisochinolinii. Zajimava alternativa metody byla publikovana v roce 1995, kdy byl vychozi Boc-
protekovany (L)-3,4-dimethoxyfenylalanin ukotveny na Merrifildové pryskyfici 39 podroben kysele
katalyzované deprotekci Boc protektivni skupiny za nasledné acylace derivaty kyseliny octové.
Pripraveny 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

OMe OMe OMe

| ii ||| o P OMe iv,v OMe
© \” Eo Y HooC" N |
(0] R H 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) POCls, PhCHj3, 8 h, 80 °C; (iv) NaBH;CN, 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 pfi konstrukci heterocyklickych slouéenin nabyvaji stale vétsi popularity. Jednou
z moznosti vystavby TIC skeletu jsou [2+2+2] ko-trimerizace vychazejici z odpovidajiciho diynu 43
reagujiciho s vhodnym monoynem. V pfipad¢ [4+2] Diles-Alderovy cykloadice (DAC) je pak mozno
vychazet z 1,3-dient s vnitfnim ¢i vnéj$im kruhem 44-45. Struéné znazornéni aplikace téchto

cykloadiénich reakci pro pfipravu tetrahydroisochinolinii 46 je zobrazeno ve Schéma 7.

nebo N
H

HOOC™ N HOOC
HOOC H\ HOOC™ N N
43 46 44 45

Schéma 7. Syntéza tetrahydroisochinolinu 46 pomoci cykloadiénich reakci®®

Podobné metody vedouci k fuzovanych TIC derivatim 48 bylo vyuzito i v predkladané praci
vychazejici z imobilizovaného Fmoc-allylglycinu 47 jako vychozi latky, spocivajici ve vystavbé finalni
molekuly pomoci RCEM a DAC (Schéma 8). Podrobn¢jsi informace k syntéze jsou diskutovany

v samostatné kapitole 3.-7. této prace.*’
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Schéma 8. Syntéza tetrahydroisochinolini 48 pomoci RCEM a [4+2] cykloadice®

3.2.2 Syntéza SIC derivati

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

Heckuv cross coupling
Boc

COOMe i COOMe v iv
@E\/ j/ W N—Boc —> N—Boc

52  COOMe 53  COOMe

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

Podminky a ¢inidla: (i) ()methylester serinu. HCI, KOAc, NaBH3;CN, 2-isopropylalkohol, molekularni sita 3 A,
15 h, 1t (53 %); (ii) Boc,O, bezvody CH»Cl,, 20 h, 0 °C; (iii) TsCL Et;N, 12 h, 1t, okyseleni HCI (pH 3; 78 %
po dvou krocich); (iv) Pd(OAc),, BusNCIl, NaHCO:;, bezvody DMF, molekulova sita 3 A, 16 h, 110 °C (55 %).%*

3.2.3 Syntéza fuzovanych TIC a SIC derivati

Jednim ze znamych fuzovanych TIC derivata je f-laktam 58, dalsi pribuzna analoga nebyla doposud
zkoumana. Zakladni skelet dihydroisochinolinu 56 byl pfipraven 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
COOH COOBnN

Priprava fizovaného analoga
!NH, iNH COOBn
| i BnO CHO ji BnO]@i/\(C?OBn iv 4 v HO
—_—
HO

57 ci

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

Podminky a ¢inidla: (i) OHCOCH,CN, DMSO, 3 dny, 1t (64 %); (ii) BnBr, K,CO3;, bezvody CH3;CN, 16 h,
60 °C (48 %); (iii) POCls, CH3CN, 1,5 h, 60 °C (88 %); (iv) CICH,COCI, Et:N, CH2Cly, 20 h, 1t (47 %); (v) Ho,
Pd/C, EtOH, 3 h, rt, atmosféricky tlak (85 %).5
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3. KOMENTAR K PREDKLADANE PRACI

Cislovani struktur bylo pfevzato z publikace a vyuziva arabskych ¢islic zadinajicich 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

Alkylaéni ¢inidla byla pfipravena z odpovidajicich aryljodidi 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 oznaceného pismenem ,n“ pomoci Sonogashira couplingu (Schéma 11) podle
postupu pievzatého z literatury.®® Dana ¢inidla byla ziskana v 61-93% vytdzcich a nasledné pouzita

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

I I HOU A
HO% * - N ]
. I-V: n = 1, R" = 4-CF3 4-Br, 4-F, 3-F, 2-F (79-93 %)
RT VIV n =2, R" = H, 4-Me, 4-CF, (61-83 %)

a b

Schéma 11. Priprava alkylacnich ¢inidel
Podminky a &inidla: (i) Pd(PPhs)>Cl, (1 mol%), Cul (2 mol%), degasovany Et:N, 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 reaket, tj. Mitsunobu alkylace, metatéze, Diels-Alderovy cykloadice (DAC)
a acylace s vhodnymi elektrofily. Obecné schéma syntézy je znazoméno ve Schéma 12. Klicové
alkylované meziprodukty 2 byly pfipraveny ve tiech 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 Casti 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 klicové meziprodukty pro divergentné orientovanou syntézu (DOS) a vystavbu zapadni ¢asti
molekuly pomoci acylace s vhodnymi elektrofily, jako napfiklad a-/B-aminokyselinami (derivaty 11,
13-14) ¢i jodoctovou kyselinou (intermediaty 15a—g). Ziskané intermediaty 15a-g byly dale
modifikovany pomoci vhodnych reakcnich podminek véetné uvolnéni z polymeru, jez vedly
k derivatum 19 nesoucich laktonovou ¢i terc-amidovou jednotku (derivaty 1617 piipravené pomoci
vybranych alifatickych amint). Optimalizace jednotlivych kroku jsou specifikovany v nasledujicich

podkapitolach a prehled testovanych synthonti na Obrazku 7.
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Obrazek 7. Piehled testovanych synthont pro pfipravu finalnich heterocyklu

34.1

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

Syntéza alkylovaného intermediatu 2

celkem dvanact ruznych alkynolt pro Mitsunobu alkylaci v kombinaci se dvéma sulfonyl chloridy, tj.

2-/4-NsCl, jenz jsou vyobrazeny na Obrazku 5. Pficemz 2-Ns derivaty byly zafazeny za ucelem
nasledného rozsifeni navrhované metodiky, jez by vedla k fiizovanym analogim 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 piipravu fizovanych analogi (podle podminek z literatury)®’

3.4.2 Metatéze (RCEM)

Pro otestovani pouzitelnosti navrhované metody bylo pfistoupeno k vyvoji podminek pro RCEM
pro dvé modelové slouceniny 2a—b nesouci 2/4-Ns skupinu a (4-(trifluoromethyl)fenyl)prop-2-yn-1-yl
jako R! (Schéma 14). V obou pripadech byl testovan Grubssuv katalyzator druhé generace (Ru2)
v kombinaci s roztokem LiCl v N,N-dimethylformaidu (DMF) pro akceleraci reakce * Jak se ukazalo,
RCEM byla zavisla na potadi pridavku jednotlivych reagentl (viz kapitola 6., experimentalni cast),
velikosti pouzitého michadla a rychlosti michani, kdy v pfipad¢ velkého michadla a pii otackach vyssich
jak 100 rpm dochazelo k rozemleti pryskyfice, coz znemoznovalo dal§i 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 ¢tyfech
dnech. Pomoci téchto podminek byla pfipravena analoga 2c—m nesouci razné 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 udelem

stanoveni vztahu mezi strukturou a reaktivitou (Tabulka 1).

NG ¢
SRS b
O\L/OW| O\L/ \“ NH + O\ X
O 4 Ns 4- Ns O
9k L \ﬂ\ ’T'/\
O 4-Ns H
R'=H,n= T i 10k
X i E (\ E i (ﬁ)‘\Q
. - - !
O\L/O\“\“ (l}ljf‘\(;w 5 O\'-/O\[I\‘ 'T'Hn\ 5 7 O\L/O\[\“‘ N 1
§ % k" I
_ AP o ??_—r_n_ ____________ ;
n- 1 fﬂi ::: ; ;::8E3 n=1,2-Ns: 2a: R' = 4-CF5-Ph n=1:3h: RT=Ph limited cp 33 %
C adRI— 4l n=1. 4Ns: 2b: R' = 4-CFyPh 3t Ri=4-Me notobtained
v ' L 8 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=24Ns: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: 2c: R' =Ph
2I: R' = 4-CF;-Ph
2m: R' = 4-Me-Ph

Schéma 14. Reaktivita intermediati 2a—m pro RCEM

Podminky a Cinidla: (i) Grubbsuv katalyzator druhé generace (5 mol%), 0.4 M lithium chlorid (LiCl) v DMF,
bezvody PhCH3, 24 h (pro 2a, e-g, i-—k, and m), 3 dny (pro 2d), 4 dny (pro 2b), 12 dnu (pro 2c al), 110 °C.
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Tabulka 1. Optimalizace RCEM pro intermediaty 2

Ru | LiCl/ | extra | tep- | .
VL R! R® |n gp [mol | DMF | bezv. | lota | % ,;,, ,;,, 3,7',K,, ,;,, ;0,,
U %y | rozp. | [°C] [b] | [%]* | [%])* | [%]* | [%]" | [%]
2a | 4CFPh | 2Ns | 1 |Ru2 | 5 | 04 | PhCH, | 110 | 24 | 0 | 94 | 0 | 0 | 0
22 3 | 5 | 0 ] 0 ] 0
2b | 4CEePh | 4Ns | 1|Ru2| 5 | 04 | PhCH; | 110 o201 8 13 3
% | 0 | 9% | 0 0 ] 0
24 87 ] 9 | 0 ] 0 | 0
% | 58 | 38 | 0 | 0 | 0
2¢ Ph 4Ns |2 |Ru2| 5 | 04 | PhCH: | 110 [144] 28 | 59 | 0 | 0 | ©
216 15 | 76 | 0 | 0 | 0
2881 0 | 90 | 0 | 0 | 0
24 | 84 | 9 | 0 | 0 | 0
2d| 4Br |4Ns|1|Ruw2| 5 | 04 | PhCHs | 110 [48 | 21 | 72 | 0 | 0 | 0
21 0 | B3] 0 0] 0
2e 4F | 4Ns|1|Ru2| 5 | 04 | PnCH, | 110 | 24 ] 0 | 98 | 0 | 0 | 0
2f 3F |4Ns|1|Ru2| 5 | 04 | PhCH, | 110 | 24 | 0 | 98 | 0 | 0 | 0
2s 2F | 4Ns|1|Ru2| 5 | 04 | PhCH, | 110 | 24 | 0 | 94 | 0 | 0 | 0
Rul | 5 24 | 54 | 3 | 0 | 4 | 0
S 24 38 [ 33 ] 0 | 0 | 0
2h Ph ANs [ 1| o 04 | PhCH: | 110 [ 72 | 38 | 33 ] 0 | 0 | 0
0 24 | 63 | 30 | 0 | 0 | 0
721 60 | 31 | 0 | 0 | 0
5 24 | 40 | 5 | 52 ] 0 | 0
. 48 | 21 | 5 | 71 ] 0 | 0
2i | 4-Me-Ph |4-Ns |1 |Ru2 - 04 | PhCH; | 110 (54—t 23—t
48 16 | 5 | 2] 0 | 0
2j | 4McOPh |4Ns |1 | Ru2| 5 | 04 | PhCH, | 110 | 24 | 35 | 2 | 57 | 0 | 0
0.4 2 1 [ 3 ] 0 | 6 | 5
5 [ on 2 94 | 0 | 0 | 1 | 5
: ol a0 [0 [ 5 |4
0.4 24 | 17 | 22 | 0 | 22 | 10
10 [ o, 2 | 42 | 21 | 0 | 25 | 7
: 48 | 34 | 28 | 0 | 31 | 7
Ru2 PhCHs | 50 | 24 | 95 | 0 | 0 | 0 | 0
; 80 | 24 ] 95 | 0 | 0 | 0 | 0
10 |24 | 95 | 0 | 0 | 0 | 0
20 22 o1 | 0 | 0 | 3 | 1
2k H 4Ns | 1 s o 24132 20 [0 [ [ 6
: 2 | 42 | 14| 0 | 26 | 3
48 | 1 | 24 | 0 | 26 | 44
- 24 95 | 0 | 0 ] 0 | 0
20 [, |cHch| 50 [24 20 [20 [0 | 2 [ 35
: 48 1 29 | 25 | 0 | 2 | 27
10 2 92 | 0 | 0 | 4 | 1
20 | 04 | DCE | 80 M T 21 | 0 | 17 | 5
24 | 13 | 30 | 0 | 13 | 24
Rul | 5 | 04 | PhCHs | 110 (et —t— 0o
24190 | 8 | 0 | 0 | 0
21 | 4CF-Ph | 4Ns |2 |Ru2| 5 | 04 | PhcHs | 110 [144| 73 | 25 | 0 | 0 | 0
2831 0 | 98 | 0 | 0 | 0
24 | 43 | 9 | 26 ] 0 | 0
2m | 4MePh |4Ns |2 |Ru2| 5 | 04 |PhCH: | 110 (et —t———0———

“Surova cistota stanovena pomoci HPLC-UV pii 205-400 nm. Cervené zndzornéna tiplné konverze na produkt 3.
Zkratky: VL = vychozi latka; Ru = Grubbsiiv katalyzadtor; bezv. rozp. = bezvodé rozpoustédlo.
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Z Tabulky 1 je patrné, Ze pribéh RCEM zavisi na typu pouzité substituce R' a délce fetézce
alkynolu, tzn. poétu methylenovych skupin ,n* v fetézci 3-fenylprop-2-yn-1-ylu ¢i 4-fenylbut-3-yn-1-
ylu. V pfipad¢é 3-fenylprop-2-yn-1-yl analogt s jednou methylenovou skupinou (n = 1) nesoucich
skupiny R' se zapornym 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 tfi dny.
Nesubstituovany fenyl analog 3h (R' = Ph) byl ziskan pouze v omezené surové &istots (33 %) a stejné
vysledky byly pozorovany i po tfech dnech. Lepsi konverze nebylo dosazeno ani pomoci 10 mol% Ru2,
ani po zaméné Ru2 za Grubbsuv katalyzator prvni generace (Rul). ZhorSena 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 pfipadech byl pozorovan vznik odpovidajicich ketonu 3i-K a 3j-K (Schéma
4, Tabulka 1). V pripadé propargyl derivatu 2k byla pozorovana smés tfi slouéenin; majoritni ,.cross-
linking** produkt 10k, 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 poctu pouzitych
ekvivalenti Ru2, jeho zaména za Rul, pouziti raznych rozpoustédel, teplot a cast, nemély zadny vliv
na prub¢h reakci a od dalSich optimalizaci bylo upusténo.

U derivatia majicich 4-fenylbut-3-yn-1-ylovou skupinu (n = 2, derivaty 2¢, 2l-m; Tabulka 1)
byla RCEM mozn4 pouze pro nesubstituovany fenyl analog 3¢ (R' = Ph) a derivat s elektron-akceptorni
skupinou 31 (R' = 4-CFs-Ph). Syntéza slouéeniny 2m s elektron-donomi skupinou (R'= 4-Me-Ph)
selhala z davodu vzniku ketonu 3m-K (47% surova Cistota). Struktura téchto ketonu 3i-K, 3j-K a 3m-
K byla navrzena pomoci MS spekter, protoZze dané derivaty nemély vyznamnéjsi vyznam v této
syntetické metod¢, nebyly tyto latky izolovany a podrobeny plné charakterizaci pomoci konvencnich
analytickych metod.

Obecné 1ze 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-CFs-Ph), majici zaporny indukéni efekt (R' = 4-Br-Ph a 2-/3/-4-F-Ph)
a v pfipadé 4-fenylbut-3-yn-1-ylem derivati 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. Puvodni plan
syntézy spocival v pripravé dekahydro-1H-pyrrolo[3,4-flisochinolinu 4a, jenz by byl dale oxidovan
na tetrahydroisochinolin 6a a jeho prevedeni/odstranéni 2-/4-Ns skupin by mohly umoznit modifikaci

s vhodnymi elektrofily podle podminek pievzatych z literatury®®

vedoucich k fuzovanym
heterocyklim (Schéma 15). Jak se pozdéji ukazalo, ze Diels-Alderova reakce s N-fenylmaleimidem
poskytovala sm¢s tii diastercomert, jejichz oxidace na tetrahydroisochinolin 6a zcela selhaly, a proto
bylo pfistoupeno k alternativni cest¢. Ta spocivala v zaméné¢ dienofilu, tzn. N-fenylmaleimidu

za 1,4-naftochinon, popfipad¢ 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 cyklu

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

[ [ONG
3a 3 4a CF3 \g , E CF3
(smés tfi diastereomer() s
5a-1 (24%) 5a-ll (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)/CHxCl,, 1 h, rt

a naslednd HPLC chromatografie na reverznich fazich (RF-HPLC) pomoci octanu amonné¢ho (AmAc).
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"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-I

"H-3C HMBC korelace - alifaticka oblast
w = slaba interakce "H-13C HMBC korelace - aromaticka oblast

vw = velmi slaba interakce vw = velmi slabé interakce

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

'H

13C{1H}

15N

) multiplicita, 1yy 13 TH.I5N
.g NMR 7 [Hz), NMR oc | NMR | COSY H-"C HMBC HMBC |NOE korelace
= OH e [ppm], ON |korelace korelace korelace
[ppm] *Jc.r [Hz] | [ppm]
- - 176.5 - - - - -
5 ] ) i 1(?\132)1 ) ) HI519 .
3 - - 178.2 - - - - -
C3,C4, C5,Co
_ 5 s s s b 12 21,25
4 | 345 [9T=30.) 394 : He, 1 ¢7,c13,C14 : B
1.5 Hz, TH Hy’, H (velmi slab4 int.) '
H.: dd, J=8.7, TRTE (\Eli; Sgbt’irgac (ig H2125 (velmi
2.35 3.0Hz, 1H ) > b c13 ’ > - slabd int.)
5 H . dd, J= 29'4 C3, C4, C6, C7, le H13
5 6"‘7 14.2, 1.5 - HYH,® | C8,C12 @abain) - s
) Hz, 1H C13,C20
6 - - 132.1 - - - - -
7 - - 133.0 - - - - -
H.: d,J=16.2 .8 C7, C10, C11 10 (velmi slaba
g 4.06 Hz, 1H 4171 - b (velmi slaba’inn)’ C12 - intA)’ B2
Hy: d, J=162 ’ 3 11 12125
4.25 Hz, I1H ] Ha C6,C7 ] H.o, B
9 ] ) i (9;1‘9?; ) ) Hy'!, H? }
dd.J Ha8 (velmi slaba
s J = Hall, C8 (slaba'intA)’ C1 1’ intA)’ H12’ H"3
10 4.41 12'1’ 6.1 56.9 - Hbll C12 (slaba’intA)’ C34 - (velmi slaba’intA)’
Hz, 1H s
10
Hi 1 q /=121 ; 311’ C10, C12, C34 ; H,®, HY
2.45 Hz, 1H Hblz’ > g b
11 26.7 oo
H,: dd,J=6.1, i H 1 C7, C1] (velmi slaba NO e
2.57 3.0Hz, 1H Halz’ nt) ' C12
ddd, J= Hall, Cl1 (velmi slaba’inL)’
12 2.49 12.1, 3.0, 33.9 - Hy,', C4,C7, C8, C10, N9 H* H’,H'°
1.5 Hz, 1H HB Cl11,C13
5 10 (velmi
dd, J = 3.0, s | C1.C5.C6.CI2, oy T
13 3.43 41.68 - H*, H b - slabéint.) 11
B 1.5 HZ, 1H . > Cl4 (velmi slaba int.) 0 ’“ a >
b
14 - - 132.2 - - - - -
1159’ 77'1127' m, 2H 127.1 ; HI® | C14,C15,19, C17 N2 ;
16, | 7.41- H!319, Cl14, C15,19,
18 | 748 | ™2H 128.9 - H C16,18,C17 - -
7.35- 16.18 Cl14, C15,19,
17 741 m, 1H 128.4 - H C16.18 - -
20 - - 142.6 - - - - -
C6.C20. C21.2 H4 (velmi slaba
1,25 . .
21, | 7.07- br.d,J= 224 2 ? o int) 'H,> (velmi
25 | 712 | 80Hz2H | 282 - H 22,24, €23, C26 ) slaba ) 1.5,

Hasa Hb8
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2,| o | bedy= | IBL 1 ca0,c2105, ] _~
24 | 7 8.0Hz2H | 1T C22.24. C23. C26
1278,
23 | - - J=319 | - - - - -
Hz
1242,
26 - - J=271.8 - - - - -
Hz

7| - - 1311 - - - - -

dd. 7 =84, | C28,C29,C30, | N33 Cam -
3| 762 |G n | 1294 ] H v 33 H

ddd, J =

29 | 771 | 84.74, | 1318 _ s e | €27.C28,C30, ] 2224

12 Hz, 1H C31,C32

ddd, J =

30 | 785 | 79,73, | 1240 ~ g | C2 %2392 €30, ] ]

1.0 Hz, 1H

dd.J=170. | 27,028, C29,
LT 0l | B - H €30, C31. C32 N33 -
2| - - 1475 - - - - -

3730 H28 (velmi

33 - - - (N33) - - slaba’int)A’ H3! -
4| - - 172.9 - - - - -
35 | 1313 | brs IH - - - - - -

aPfifazeni vychazi z 1D a 2D NMR analyz (\H-'H COSY, 'H-1*C HMQC, 'H-'3C HMBC, 'H-'>N HMBC a 'H-'H
NOESY); méifeno v DMSO-dg; int = interakce.

0,8

OoN' 3
33 H

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

Obrazek 10. Detailni COSY, 'H-"N HMBC a NOE NMR analyza isochinolinu 5a-II

"H-"H COSY korelace
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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-II

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

g HNMR | multiplicita “CUH) I\Illi/lFR TH-5N
2 PICH, | NMR dc COSY |'H-“C HMBC
N OH J [Hz], ON HMBC |NOE korelace
e b | s . [ppm], korelace korelace
2 | [ppm]® | integration |, Jer [Hz) [ppm] korelace
- - 176.8 - - - - -
5 ] ) i 1(?\]92)9 ) ) HI519 -
3 - - 178.5 - - - - -
ddd, J = 5
4 | 351 | 152,87, | 404 N C3’gf§’C6’ i
1.5 Hz, 1H b
ddd, J = C4,Ce6,C7,C8
H.: 2.73 15.2,5.5, - H* Hy’ (slabdint) (13, - -
2.8 Hz, 1H C2() (slabd int)
5 30.7 C3, C4, Co,
dd, J= 15'2’ C7, C8 (slaba’inn)’ H21,25 (velmis laba
Hy: 2.80 1.5Hz, 1H - H4’ H. C12 (slaba intA)’ - int.)
C13, C20
6 - - 132.6 - - - - -
7 - - 131.7 - - - - -
HIO H12
dd. J=14.5 H21,25 (velmi slaba
H.: 3.70 ’ ’ - H,} Co,C7 - . .
15 HZ, 1H ’ mtA)’ H28 (velmi
8 42.4 slabd int.)
d,J=14.5 Ceo, C17, C10, H,!! (velmi slabd
Hyp: 4.17 Hz, 1H - H.® C12 - inL) 2125
2.
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; .S, 12 (velmi
_ 11 a o :
10 | 466 gdé 1=l ssg Wy lcncizen |- stbi nt) 28
. y b (velmi slaba int.)
dd, J =87 - HE 7. 10w -
He: 246 1 5 g1z 11 Iﬁ‘lz’ i) C12, C34 - By H
1 wr-sq | °° : HY, | CI,C7,Clo,
Hy: 266 | S57=5 T Hy'l, | Cl1 Slbiin, N9 e
- 1z, H'? C34
- Cl, C4, C6, H., HS, H'
ddd, J = Haii, C7.C8. C10, (velmi slbi int.)
12 2.67 41 19’ 87’ 32.5 Hb13’ Cl11 (slaba intA)’ - H21,25 (velmi slaba
-1 Hz, IH H C12. C13,C34 int)
. Ha“ Hbll
ddd, J = 15.19 (velmi slabi
13| 347 | 119,87, | 423 e | b EECT | s e
5.5Hz, 1H ’ slabi int.)
14 - - 132.1 - - - - -
15, | 7.08 o 270 - qos | CIA.CIS10, | 7 | HP com
19| 7.10 : : C17 int)
16, | 7.43- - A9, | Cl4, C5.19.
18 | 747 m, 2H 128.9 H C16.18,C17 - -
737 - s | Cl14,C15,19,
17 | 7 m, 1H 128.4 H Clons ] ]
20 . - 1433 - - - - -
_ Hb5 (velmi slaba
intA)’ Ha8 (velmi
21, br.d, J=8.1 s 6. €20, salbdint) [1.8,
25| P | Hzow | 1983 H 22,24, C23 T | p o
intA)’ H13 (velmi
slabd int.)
2,| .o |budi=82 }15541 - s | €20.C2125, ] ]
u| T Hz, 2H o C22.24. C26
127.7, -
23 ] ] J=316 ] ; ; ;
Hz
1252, -
26 ] ] J=2718 ] ] ] ;
Hz
27 - - 130.8 - - - - -
_ X N33 H. 8 (velmi slaba
dd,J=17.9, 29 C28, C30 (slabd (velmi slaba in:), 10 (velmi
2 81 g | 1302 HY e en | i
ddd, /=823, -
29 | 776 | 79 14Hz | 1323 S, HY | C27.C30 ] ]
H
ddd, /=823, -
30 | 780 | 79 14Hz | 1240 2 | C28,C32 ] ]
H
31| 786 ‘id;t {; 71'19{’ 134.4 - B | C27.C29.C32 | N33 ]
2 . - 147.9 . . - - 3
3734 H28 (velmi
33 - - - (N33) - . slabd ino). )
H31
34 - - 1722 - - - - -

aPfifazeni vychazi z 1D a 2D NMR analyz (\H-'H COSY, 'H-1*C HMQC, 'H-'3C HMBC, 'H-'>N HMBC a 'H-'H
NOESY); méifeno v DMSO-dg; int = interakce.
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K urceni 3D architektury obou izomeru 5a-I a Sa-Il, tj. konfigurace stereocenter C4, C12 a 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 pripad¢ izomeru 5a-I byla konfigurace nov¢ vzniklych stereocenter C4, C12 a C14 uréena jako R, R,
a S a jednalo se o tzv. endo izomer. Naopak v pfipad¢ izomeru Sa-II 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 preferovanéj§im produktem DAC, neni tak termodynamicky
stabilni jako exo izomer vznikajici za reverznich podminek, a zaroven je potteba k jeho vzniku prekonat
mnohem vétsi stérickou prekazku nez v pfipad¢ exo izomeru. Za normalnich podminek by mél byt
kinetickym produktem dan¢ reakce endo izomer 5a-I, avSak termodynamickym, stabilngj$im a zaroven
majoritnim produktem této DAC je exo izomer Sa-I1. Vysvétleni spociva v usporadani piperidinového
a ftalimidového kruhu. V pfipad¢ exo izomeru Sa-II je predni rovina piperidinového kruhu tvofena
atomy C11 a C12 (Obrazek 12 — vpravo) v zastinu s ftalimidovym kruhem vytvarejicim 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 predni rovina piperidinového kruhu s atomy C11 a C12 zaujima formaci
ve tvaru pismene , U (Obrazek 12 — vlevo) a musi tak pfekonat mnohem vétsi stérickou zabranu,

a tudiz je dany izomer zastoupen minoritng.”

Tabulka 4. Srovnani 'H chemickych posunii, multiplicity a 2/ a >J homonukleanich couplingi obou

1izomeru 5a-I a 5a-11

H H
a 12 b COOH
Hp" — = 1 "Hy/1°
> 8=
— H, N
4 13 b 4w
H H
minorirni izomer 5a-l hlavni izomer 5a-Il
minoritni izomer Sa-I majoritni izomer 5a-11
'H 'H
pozice NI?HR multiplicita J [Hz] Ngf{R multiplicita J [Hz]
[ppm] [ppm]

H* 3.45 dd 3.0,1.5 3.51 ddd 15.2,8.7,1.5
H.’ 2.35 dd 8.7,3.0 2.73 ddd 15.2,5.5,2.8
Hy’ 2.67 dd 14.2, 1.5 2.80 dd 15.2, 1.5
H.* 4.06 d 16.2 3.70 dd 145, 1.5
Hy* | 425 d 16.2 4.17 d 14.5
H" 4.41 dd 12.1, 6.1 4.66 dd 4.7,2.8
Hau 2.45 q 12.1 2.46 dd 8.7,2.8
Hy'"! 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, 1.5 347 ddd 11.9,8.7,5.5
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5a-l (endo izomer)

Obrizek 12. Detailni '"H-'H NOE NMR analyza isochinolinu 5a-I (vlevo) a 5a-II (vpravo)

Protoze produkty 4a, respektive 5a byly pozorovany jako smés diastereomert, bylo pfistoupeno
k optimalizaci reakénich podminek za ucelem zlepSeni stereoselektivity DAC. Bylo testovano
mikrovlnné zafeni, rizna rozpoustédla, Gasy a teploty (Tabulka 5). Zadné z testovanych podminek viak
neposkytly dané izomery v lep§im poméru, a protoze pouziti mikrovlnnych vln nemélo Zadny vyraznéjsi

vliv na pribéh reakce, byly pro syntézu dalSich analogi zvoleny Cervené znazoméné podminky

v Tabulce 5 bez mikrovin.

F3C

"H-"H NOE korelace

vw = velmi slaba interakce

Tabulka 5. Testované podminky DAC pro zlepseni jeji stereoselektivity

Y

”1\*@
' CFs

N

N-fenylmaleimid, extra bezvodé O

rozpoustédlo, MW, ¢as, teplota

Sa-ll (exo izomer)

: C
4a CF,4

extra bezvodé MW | teplota | cas 3a 4a dr 4a
rozpoustédlo [W] [°C] [h] [%]* | [%]* [%]*
- 80 24 30 63 3:5:2

PhCH, ; 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 3:5:2
150 80 1 5 90 3:5:2

150 110 1 0 95 3:5:2

150 140 1 0 95 3:5:2

- 80 24 46 44 3:5:2

150 50 1 10 87 3:5:2

CH:CN 150 80 1 0 | 94 [ 352
150 110 1 0 94 3:5:2

“Surova ¢istota po RCEM uréena pomoci HPLC-UV analyzy pii 205-400 nm. dr = pomér diastereomert. Cervené
znazornéné podminky jsou pouzity pro syntézu dalSich analogi; tuné znazornéné podminky charakterizuji

vSechny nejlepsi vysledky ziskané pfi optimalizacich v¢etné porovnani surové Cistoty a dr pomért.
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Jak jiz bylo zmingéno vySe DAC poskytovala smés diastereomerti uz na polymernim nosici
(intermediat 4a), a proto bylo od snah pfipravit fizované heterocykly odvozené od 2-Ns intermediatu,
jenz jsou znazomény ve Schéma 3, upusténo. DalSi pozornost byla vénovana mozné aromatizaci
polymem¢ ukotvencho intermediatu 4a na 6a (Schéma 17). Pro tento ucel bylo vyzkouseno nékolik
diive publikovanych metod, jako napiiklad oxidace pomoci MnO»,*® KMnOs, TFA,* 2,3-dichlor-5,6-
dikyano-1,4-benzochinonu (DDQ),*” palladium-katalyzované oxidativni dehydrogenace®® nebo
bromace a nasledné eliminace pomoci 1,8-diazabicyklo[5.4.0Jundek-7-en (DBU).”! Vsechny testované

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

Schéma 17. Oxidace intermediatu 4a

Podminky a ¢inidla: (a) MnO,, bezvody PhCHj3 (0,86 M), 24 h, 120 °C; (b) KMnOs, bezvody aceton (0,1 M),
4,524 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) PA(TFA),, PhCl, anthrachinon-2-sulfonat sodny, O», 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 daldich 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 pfipad¢ posledné zminéného

R® o)

...........

i R® ‘
Ol o
A Tttt '
I
Q O ) —_ Q O .
LT N YR e N
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=2,4Ns: 3c:R'=H 7g:R'=4-F, R®=H
31:R' = 4-CF, 7h: R' = 4-F, R® = 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-CF5, R® = Ph

NP = nepfipraveno

Schéma 18. [4+2] cykloadice intermediata 3a-g, 31
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 komeréné
dostupnym O-acetylovanym analogem. Ostatni derivaty 7b—g a 7i—k byly ziskany v surové Cistot¢ >90
% (stanoveno pomoci HPLC-UV analyzy po odstépeni analytického mnozstvi pryskyfice z polymeru

pomoci smési TFA/CH,Cl,).

3.4.4 Modifikace 2-Ns skupiny vedouci k fizovanym 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,Cl, a cyklizace na (S)-12,12a-dihydro-7H-
benzo[6,7][1,2,5]thiadiazepino[2,3-bJisochinolin-13(14H)-on 5,5-dioxid podle podminek prevzatych

z literatury (Schéma 19).%

Redukovany intermediat 20a byl ziskan v niz§i 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 o¢ekavany produkt 21a v omezené surové Cistoté
38 %. S ohledem na nizkou surovou c¢istotu produktu a predchozi zkuSenost s obtiznou separaci
a kontaminaci tetrabutylammonium bisulfatem (TBAHS) v NMR spektrech,”” nebylo piistoupeno
k izolaci produktu. Alternativni cestou bylo odstépeni intermediatu 7a z polymemiho nosice a nasledna
hydrogenace nitroskupiny a cyklizace v roztoku.®’ Béhem hydrogenace latky 22a pomoci Pd/C i PtO,
vSak dochazelo kpostupné redukci chinolinového kruhu pfes tetrahydro-, hexahydro-

a oktahydroisochinolin deteckované podle MS spektra v poméru 3:3:2 (struktura 23a znazornéno

preru§ovanymi vazbami), a proto bylo od dalSich experimenti upusténo.

Syntéza na pryskyfici a posléze v roztoku

o
i
O\L/O\g‘“z E CFs — L/O\“\“'
-NS
7a

Syntéza v roztoku | j;
l f 21a (surova Gistota 38 %)

Hooc™ N CF,
2-Ns
23a

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

Schéma 19. Vyuziti 2-Ns skupiny pro pfipravu fuzovanych analogu

Podminky a ¢inidla: (i) Na,S>04.2H,0, K>COj3, tetrabutylammonium bisulfat (TBAHS), CH,Cl/H>0, 2-24 h, 1t;
(i1) 50% TFA/CH,Cl,, 1 h, rt; (iii) p-toluensulfonova kyselina (PTSA), bezvody 1,2-dichlorethan (DCE), 24 h,
90 °C; (iv) Ha, Pd/C nebo PtO, (5-35 mol%), 2-isopropanol, atmosféricky tlak, 2—24 h, rt.
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345 gtépeni 4-Ns skupiny, tzv. denosylace

Latky 7b-g a 7i-k byly podrobeny tzv. denosylaci, tedy odstépeni 4-Ns skupiny pomoci
2-merkaptoethanolu (MCE) a DBU (Schéma 20). Zadané intermediaty 8a—e a 8g—i piipravované
z 1,4-naftochinonu a 1,4-anthrachinonu byly ziskany v excelentni suroveé Cistoté (>90 %). Priprava latky
8f z intermediatu 7g nesouciho tetrahydrobenzo|f]isochinolin-7,10-dionovou jednotku zcela selhala.
Podle LC-MS analyzy dochazelo pfednostné ke vzniku produkti Michaelovy adice (neizolovany)
pochazejicich zreakce thiolatu a benzochinonu. K potladeni téchto nezadoucich produkti byl
MCE/DBU zaménén za thiofenol/DBU slouZici jako mimngéjsi nukleofil, avSak ocekavany produkt 8f byl

ziskan v nizké surové Cistote (11 %), kvuli které nebyl izolovan.

3
R3 0 R o

o o)
i nebo ii
O\L/O S N 1 O\L/O S N )
\“ po " R b H " R'

O 2/4-Ns 0

n=1,4Ns: 7b:R'=4-CF3 R®=Ph n=1: 8a:R'=4-CF3R®=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®=Ph
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=2,4-Ns: 7j:R'=H,R®=Ph n=2: 8h:R'=H,R3=Ph
7k: R' = 4-CF;, R®=Ph 8i: R' = 4-CF3-Ph, R® = Ph

NP = nepfipraveno
Schéma 20. Stdpeni 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 cast molekuly majici ve své struktufe 6-ti nebo 7-mi ¢lenné cykly byla konstruovana pomoci
trech typu elektrofilt, tj. a-/B-aminokyselin a jodoctové kyseliny, jez byly pouzity k acylaci
sekundarnich amint 8a—e a 8g—i (Schéma 21-23).

Nejprve byl pfipraven 1,4-diazepino[1,2-bJisochinolin-dion 11 (Schéma 21) acylaci
intermediatu  8b pomoci Boc-$-Ala-OH anhydridu, pfipraven¢ho in situ z Boc-f3-Ala-OH
a NV,N -diisopropylkarbodiimidu (DIC) za nasledné¢ho kysele katalyzovaného stépeni intermediatu 9
z polymeru a cyklizace pomoci HBTU, DIPEA a hydroxybenzotriazolu (HOBt) v DMF. Zadany produkt
byl detekovan (HPLC-UV analyza) v limitujici surové Cistoté (< 25 %), a proto byla vyzkousena druha
metoda. Tato altermnativni cyklizace pomoci 1-ethyl-3-(3-dimethylaminopropyl)karbodiimidu (EDCI)
poskytla oéekavany produkt opét v nizsi surové Cistoté (43 %), ta vSak byla vyssi nez v pfedchozim
pfipad¢, a proto byla latka izolovana a pln¢ charakterizovana (Tabulka 6 — Prehled pfipravenych

derivati).
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Q- 0y L B I N PR
°© ° O&L\/\NH o ONNH

8b |
9 Boc 10

11 (10 %)
(celkovy vytézek)

Schéma 21. Syntéza diazepino[1,2-b][1,4]isochinolin-dionu 11
Podminky a ¢inidla: (i) Boc-3-Ala-OH, DIC, CH,Cl», 30 min, rt, poté piidano k pryskyfici 8b, 24 h, rt; (ii) 50%
TFA/CH,Cl,, 1 h, 1t; (iii) 1-ethyl-3-(3-dimethylaminopropyl)-karbodiimid (EDCI), CH,Cl,, 24 h, rt.

Dale byla vyzkousSena 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? vak ke kompletaci vyZadovala 7 dnii (30% celkovy
vytézek). Dalsi analoga Boc-Phe-OH a Boc-Tyr(rBu)-OH (latky 13b-h a 14a—c) byla ziskana
v celkovych vytézcich v rozmezi 27-53 % (Tabulka 6 — Pichled pfipravenych derivati). V pripadé
latky 13i (pfipravené z 1,4-anthrachinonu a Boc-Phe-OH) byl celkovy vytézek vyrazné€ nizsi (9 %).

R3 o R3 o X = Boc
Kysele katalyzovana
cyklizace
o 0 iii
i nebo ii —
O\ /O W L/ A\ N *L
Ot YPON NG
0 O Bazicky katalyzovana
n=1: 8a: R' = 4-CF3, R®=Ph HN. cyklizace
8b:RY = 4-Br, R° = Ph 12a-l X=Fmoi1-13 : R' = 4-CF5, R = Me, R® = Ph (30 %
8c: R1 = 4-F, R3 =Ph X =Fmoc, Boc n=t a: TS =Me, - ( 0)

13b: R' = 4-CF5, 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-CF3, R®=Ph

Schéma 22. Syntéza pyrazino-isochinolin-diont a pyrazino-benzo[d]azepini 13-14

Podminky a ¢inidla: (i) Boc-aminokyselina, DIC, CH,Cl,, 30 min, rt, poté pfidano k pryskyfici 8, 24 h, rt; (ii)
Fmoc-aminokyselina, HOBt, DIC, DMF, CH>Cl,, 24 h, 1t; (iii) X = Boc: TFA, 20 h (latky 13b—i a 14a—c) nebo 7
dnt (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), ziskan¢ z intermediati 8b—e a 8h—i pomoci acylace anhydridem
kyseliny jodoctové (pripraven 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,

«71,72

z anglictiny tzv. ,cyclative cleavage na produkty 16a-b, 16d a 17a—c. Latka 17c byla pfipravena
v nizké surové Cistoté (36 %), a proto nebyla izolovana (Tabulka 6 — Piehled pfipravenych derivati).

Priprava latky 16¢ nesouci 3-fluorofenyl jako R' zcela selhala.

3 3 3 —
R 0 R F R o

| ®»
O\L/O\g\“" N o _>O\|_/o\“\“' N _>QL/O\”\\\- N )n
o)
o

n n R1 R1
I 0 o)\/NHR2
n=1: 8b: R' = 4-Br, R®= Ph 15a-g L i
8c:R'=4-F R®=Ph n=1: 16a: R' = 4-Br, R? = Bn, R% = 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,R®=Ph 16d: R' = 2-F, R2 = Bn, R® = Ph (35 %)
8i: R'=4-CF3, R®=Ph n=2: 17a:R'=H, R2=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 vytéZzek; NO = nepozorovano,
NI = neizolovano, c.p. = surova &istota)
Schéma 23. Syntéza N-substituovanych pyrazino-isochinolin-dionti 16 a pyrazino-benzo[d]azepinu 17
Podminky a ¢inidla: (i) jodoctova kyselina, DIC, CH>Cl,, 30 min, rt, poté ptidano k pryskyfici 8, 24 h, rt; (ii) 5%

amin/bezvody DMSO, 24 h, rt.

Protoze pfiprava 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 pfipravy téchto diketomorfolinti pak vychazela z bazicky katalyzované cyklizace

latky 18b na 19b.

i (R! = 3-F)

© 1 1 or

i iii (R = 4-F)
—_—
S
Qo
0 [
0
15b: R' = 4-F 19a: R" = 3-F (25 %)
15¢c: R = 3-F 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/CH3CN/DMSO za nasledné lyofilizace; (iii) N, N-diisopropylethylamin (DIPEA), DMSO, 24 h, tt.
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Tabulka 6. Tabulka pfipravenych a pln¢ charakterizovanych sloucenin

surova celkovy
slou. X R! R? R} Cistota | vytézek
[%]* [%]°
5a-1 - 4-CF; 2-Ns Ph 26 24
Sa-11 - 4-CF; 2-Ns Ph 48 43
11 - 4-Br - Ph 43 10
13a NH 4-CF; Me Ph 57 30
13b NH 4-CF; Bn Ph 50 19
13c NH 4-Br Bn Ph 75 24
13d NH 4-Br 4-OH-Bn Ph 80 35
13e NH 4-F Bn Ph 85 ;,gd
13f NH 2-F Me Ph 49 29
13g NH 2-F Bn Ph 75 53
13h NH 2-F 4-OH-Bn Ph 51 27
13i | NH 4F Bn Naph 50 9
14a - H Bn Ph 75 54
14b - H 4-OH-Bn Ph 52 15
14c¢ - 4-CF; 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
17¢ - 4-CF; Bn Ph 36 NI
19a (6] 3-F H Ph 64 25
19b O 4-F H Ph 95 44

*Celkova surova Cistota po skoneni reakcni sekvence stanovena pomoci HPLC-UV analazy pii 205-400 nm;

°Celkovy vytézek stanoven po purifikaci slou¢enin po od§tépeni latek z polymeru a stanoven k loadingu

pryskyfice; °Pfipraveno z Fmoc-aminokyseliny; ¢Pfipraveno 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 organicke

chemie, PiF UPOL).

3.5.1 Cytotoxicky screening

Cytotoxicka aktivita byla otestovana pomoci MTT kolorimetrickych testi vaéi 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 fibroblasti (MRC-5) a lidského osteosarkomu (U20S). Kontrolni linii byl nemaligni
lidsky fibroblast (BJ), vii€i kterému byl stanoven terapeuticky index (TDso), ktery udava kolikrat jsou
maligni buriky nadorovych linii aktivnéjsi nez nemaligni buiiky BJ. Obecné plati pfima uméra, ¢im ma
latka vys§i TDso, tim je biologicky zajimavéjsi. Vysledky cytotoxicity (Tabulka 7) jsou vyuzity
ke zhodnoceni miry aktivity dané latky a jsou uvedeny jako tzv. polovi¢ni inhibi¢ni koncentrace (ICso)
vyjadfené v mikromolech (#M). Obecné plati, Ze ¢im nizSich hodnot ICso dana latka nabyva, tim vyssi
ma cytotoxickou aktivitu.

Finalni derivaty byly otestovany vii¢i 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 #M. Pii¢emz jedenact latek vykazovalo mikromolarni
cytotoxickou aktivitu v rozmezi ICso = 0,83-10,16 4M, a to minimaln¢ vuci jedné az sedmi nadorovym
liniim zaroven, z toho se jednalo o tfi tetrahydrobenzo|d]azepinové derivaty 14a—c. Obecné 1ze fici, Ze
derivaty pripraveny z Boc-aminokyselin (latky 13—14) dosahu;ji podstatné lepSich vysledku nez derivaty
terciarni amidy 16-17, pri¢emz analoga 16 byla zcela neaktivni. NejlepSich vysledkt cytotoxicity bylo
dosazeno pro tetrahydroisochinolinovy derivat 13h (R' = 2-F a R? = 4-OH-Bn) puisobici proti Sesti
nadorovym liniim: HCT116 p53- (ICso= 0,83 #M), CCRF-CEM (ICso= 1,28 uM), HCT116 (ICsp= 1,81
uM), K562 (ICso= 1,70 uM), K562-TAX (ICs0= 1,95 uM) a 2UOS (ICso= 3,33 uM). Ostatni pripravené
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 dale alifaticky substituent v poloze R*. Mira cytotoxicity
zavisela také na substituci R’ pouzité pfi 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 viici CCRF-CEM nez 1,4-anthrachinonovy derivat 13i, ktery byl aktivni

pouze vuci jedné nadorové bunécéné linii, a to K562-Tax (ICso= 9,27 uM).
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Tabulka 7. Vybrané vysledky cytotoxického screeningu (ICso < 10 #M)

R3

ICso [uM]
slou¢. | R! R’ R’ CCRF- | CEM- | HCT | HCT K562-

A549 . e 116 | 116 ps3- KS62 | "1 | MRC5 | U208 | BJ
13a | 4-CF; Me Ph 28,93 15,95 1540 | 32,72 | 31,99 | 22,30 - >50 23,53 | >50
13b | 4-CF; Bn Ph >50 5,32 8,79 37,28 | 26,40 >50 | 13,07 >50 19,80 | >50
13¢ | 4-Br Bn Ph >50 4,27 10,16 | 41,79 | 3825 >50 | 12,80 >50 21,00 | >50
13d | 4Br | 4OH-Bn | Ph 20,73 5,47 10,99 | 26,11 | 19,17 | 23,72 - 29,61 | 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 | 2F Bn Ph 12,67 4,26 3,84 9,33 5,03 7,67 2,28 1506 | 1334 | >50
13h | 2-F | 4OH-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 >50 927 >50 >50 | >50
14a H Bn Ph 32,12 3,92 6,93 3540 | 26,46 | 3129 | 17,93 >50 1523 | >50
14b H | 40H-Bn | Ph >50 4,51 16,06 >50 >50 3787 | 7.88 >50 19,03 | >50
14c | 4-CF; Bn Ph 28,52 4,63 1235 | 28,70 | 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 g/100 ml H,0) vytemperovany v autoklavu pii 125 °C po dobu 15 min byl nalit do sterilnich Petriho
misek (prumér 8 cm), ponechan ztuhnout a ze starSi Sarze bakterialnich kmenu na néj byla pfenesena
starsi kolonie. Kultivace probihala v inkubatoru pfi 37 °C po dobu 24 h, poté byl do Sesti kultivac¢nich
zkumavek pridan vytemperovany bujon (10 ml do jedné misky; koncentrace 2,3 g/100 ml H,O;
temperace v autoklavu pfi 125 °C po dobu 15 min) a do kazd¢ zkumavky vpravena jedna bakterialni
kolonie z predchozi kultivace. Kultivace zkumavek probihala v inkubatoru pfi 37 °C po dobu 24 h.
Agarovym difuznim testem byla stanovena inhibic¢ni zéna pro kazdou latku. Z kultivovanych bakterii
v bujénu byla pfipravena suspenze o odpovidajici koncentraci 1,5-10° 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 prelita 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 ul1, 20 nM) a MeOH (360 ul). Standardem byl ciprofloxacin a slepym pokusem roztok
DMSO/MeOH (400 w1, 1/9, v/v). Po inkubaci Petriho misek v inkubatoru pii 37 °C po dobu 24 h byly
zméfeny inhibiéni zoény (mm). V pfipadé latek, jejichz inhibicni zény byly vétsi nez 22 mm byla
stanovena minimalni inhibi¢ni koncentrace (MIC), vyjadfujici nejnizsi latkovou koncentraci branici
rastu bakterii, ktera je uvedena v mikromolech (#M; Tabulka 8).

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

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

Tabulka 8. Vybran¢ vysledky antimikrobialniho testovani: zéna (> 22 mm)/MIC (M)

R3

O
N R' RN
Ao
R? 13
B. subtillis | M. lutteus M. vaccae | S.aureus | P.aeruginosa | E. coli
slouc. R! R? R’ [lelllnal zona [mm]/ onamm]l Bzonammn zona [mm] zona
MIC [uM] [mm]
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

Vramci prekladané prace byla vyvinuta synteticka cesta vedouci k novym polycyklickym
tetrahydroisochinolinim a péti novym tetrahydrobenzo[d]azepiniim pfipravenych pomoci syntézy
na pevné fazi a divergentné orientované syntézy. Vystavba téchto derivatu zahrnovala tii 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 diastercomert, jez se podarilo izolovat, pln¢ charakterizovat
a urcit konfigurace jednotlivych stereocenter pomoci pokroCilych 2D NMR experimentt, respektive
NOE korelaci. Dale byla zkousena aromatizace téchto diastereomert, jez mély potladit jejich vznik.
Tyto pokusy zcela selhaly a bylo pristoupeno k zaméné N-fenylmaleinimidu za jin¢ vhodné;si dienofily,
jako napfiklad 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 klicovy intermediat pro DOS. Tento intermediat byl dale vyuzit
k vystavbé zapadni ¢asti molekuly pomoci acylacnich reakci s vhodnymi elektrofily, jako napriklad
a-/B-aminokyselinami (derivaty 11, 13-14 ) ¢i jodoctovou kyselinou. V pripadé intermediatu
pripravenych z jodoctové kyseliny byly pfipraveny bud’to odpovidajici laktony (derivaty 19a—-b), nebo
reakci s alifatickymi aminy terciarni amidy (derivaty 16-17). Ackoli RCEM vykazovala znacné limity
ve své aplikovatelnosti a byla pouzitelna pouze pro nesubstituované fenylalkynoly ¢i jejich analoga
nesouci elektronakceptorni skupiny, vyvinuta metodika vedla k Sesti skeletalné odlisSnym heterocyklim
a dvaceti reprezentativnim finalnim derivatiim pfipravenych z riznych fenylalkynolu, primarnich aminu
¢i aminokyselin.

Vsechny finalni derivaty byly dale otestovany vici vybranym nadorovym liniim a bakterialnim
kmenum a byl zhodnocen vztah mezi jejich strukturou a biologickou aktivitou. Podle vysledka
cytotoxického screeningu vykazovalo jedenact latek mikromolarni cytotoxickou aktivitu ICso < 10 4M,
a to minimalné¢ vi¢i jedné az sedmi nadorovym liniim. Tii ztéchto derivati 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. NejucinnéjSimi
kandidaty ztéto chemické knihovny nesli ve své struktufe atom o-/p-fluoru, p-bromu ¢i
p-trifluoromethylova skupina v poloze R', dale alifaticky substituent v poloze R* a zbytek z 1,4-
naftochinonu v poloze R®. Piiprava derivatu odvozeného od 1,4-benzochinonu selhala pfi $tépeni 4-Ns
skupiny, a tudiz zavislost tohoto zbytku v poloze R’ nebyla posuzovana.

V pripad¢ antimikrobialnich testa byla detekovana mirna bakterialni aktivita u ctyfech finalnich
latek vuci M. lutteus. Nejucinnéj$im derivatem byla latka 13e s MIC = 25 yM. Ostatni pfipravené
derivaty byly neaktivni. Obecné¢ lze fici, Ze tyto ucinky byly pozorovany u latek nesoucich atom fluoru

v ortho- a para-poloze jako R' a dale alifaticky substituent v poloze R* na diketopiparazinovém kruhu.
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ABSTRACT: Herein, we report 3 multistep synthesis of polyeyclic 1. Mitsunobu B

tetralvydroisoquinolines and tetrabyd robeneo [d]aepine sarting l:% L L § inearior st
fom Wang resin-immobilized allylglyeine. After mulionylation with (G, — “-NJLT"\-:-'Q"“

.rc' 4 waat i
3/4-nitwbenzenesilionyl chlorides, Mitsunobu allylation with = B 0T 4heeyce g, e M
variows phemylllmols yielded the cormsponding (phenyprop-2- . . and siaavags R Rt
-1yl bsulfomamides “Intedor” ring-closure emme metathesis aleynols, disnophiles & hulursegelic s2afislds
(RCEM) using a Grubls catalyst second generation (Fu2) delded and alectrophiles 20 raprasantadive dertvathas

fanctionalized  tetrbyd rod sogquinoline tetraby drobenzo] dazepine

mtermediates. “East-sde”™ [4 + 2] cydoaddition with representative dienophiles was followed by the “west-dde” comstrocion of
different heterocydes usng variows electrophiles to fnally fumish a set of novel molecular Fameworks bearing fused [6 + 6] or [6 +
7] rings The developed methodology enables the facle parallel snthesis of novel, pharmacologically promising compounds dertved
from privileged scalfolds

B INTRODUCTION application of parallel symbesis. In this aide, the multistep
Compounds containing isoquinoline scafolds constitute one of SPs of mme]'_" i—'f‘:"i“i"":']"m" from F”_"“'l"]}ﬁ']g]?i’:e is
the Lgest known groups of alkloids. To date, more than six  *ePorted, with rng-dosure emyme metathess (RCEM)™ and
bundred natural isoquionolines with a wide range of biological ~ Dieb—Alder cycloaddition™ as the key reaction steps.
properties have been identified. Consequently, several
symthetic phamacewticals have been derved :ﬁ'm:l. this type B RESULTS AND DISCUSSION
of heterocyde, with praiquantel’ and nomifensin® being the Ty, wrihesis started from readily availible Fmoe-Lallylglyeine
bestknown examples. Mome specibeally, one the most { Fmoc-Gly(allyl)-OH) and Wiang resin. Hydroxybenz otdazole
remarkable inherent groups of soquinolines comsists of  (HORY) medisted immobiliation yielded the resin 1 with a
l_,E._,}ﬂ—teh;ah'ydnbi!Eqm'b]ine!- [ a]]u}_a.i.is of the proto- good average loading of 03 mmol/g (Scheme 1). Sub-
:b&;ﬁﬁ pavine -m; @TH“F*YHI:‘ c};‘P‘;:,‘*h déf[“r‘:“} sequently, the intermediates 2a—c were prepared in three
e heaning 2 Qrhondic grmup n o © steps™ comsigting of Fmoc cleavage, sulbaylation with 2-
TICs and their N-acyl analogs have been Fequently studied, nﬁhmmmﬁwl or mtﬁbmﬁsumm?chbﬁde (2-/4
and numerows derivatives have been reported as antithrom-  yp o4 3 g Mitsunobu alkylation with representative
botic, anticancer, hypogdycemic, and antiviral agents (Figure alkynols (4-(trifl et hyl)phenyl Jprop-2-ym-1-ol to yield

l}_-_:'- Interestingly, in comtrms to TIC, the biclogicl intermediates 22 and 2b or 4-phenylbut-3 .

. ’ . o -3m-l-ol to yield
properties of the comesponding homalogical tetmhydrobenzo- e e diste 2c). The reaction pathway was followed by ring-
[d]are pines-2-carborylic acdds and their derivatives are practi- closure enyne metathesis (RCEM), which required extensive
cally wnknown. optimzation (see Table 51 in the Supporting Information).

TIC scaffolds can be constrscted by different approaches, Finally dandd . . ) .
F . i a ; e rally, the gquantitstive conversion was acddeved wsing a
such as patial oxidation of octabydroanalogs,”™ Hed™ or  Gode cpdvst second generstion (Rul; § mal %) with the

. ) . 1 =
Suzuki—Miyaura cros couplings, © [2+2+2] and [4 +2] 44400 of lithium chiloride (LiCI) to accelerste the reaction,™
cydoadditions,” ™  or dassical Pictet—Spengler ™ and g0 the resinbound diene 3a (2-Ns, n = 1) after 24 b in
Bischler—Napieralsli™ reactions (Figure 2). excellent crude purity (94%, calculated from LC—UV traces

In contrast to the synthesis of simple TIC derivatives, the
preparation of ther analogs with fused cycles has only mrely ]
been repored™ Recently, we have been Beused on the Ecochred:  Jonmey & /T
gynthesis of novel beterocycic scaffolds wsing side-chain. — Published: March 28 2022
henctionalized Fmoc-a-aming adds o starting materials >~
Solid-plase synthesds (SPS) was wed for its wellknown
advantages, especially the fast and simple isolation of
intermedistes in multitep synthetic pathways and the facle
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Figure L Previously reporied solidphase synthesis of smple TICs.

after deavage from the polymer support). Interestingy,
quantitative formation of diene 3b (4-Ns, n = 1) required a
considerably longer reaction time (4 days), with cpclization of
the seven-membered diene 3¢ (4Na n = 2) requiring even 12
days for completion

For the subsequent Dick—Alder meaction, N-phenylmale-
mide was chosen as the model dienophile. Reaction with the
diene 3a in anhiydrous dimethd sulfodde (DMSO) at a high
temperature yielded (afier deavage from the resn) three
compounds in 3 combined crude purity of 95% and mutual
ratio of 3:5:2 MS analyiis indicated that all three dedvatives
were somers of decshydoo-1H-pyroolo] 34-f [soquinoline-8-
carboxylic add $a To investigate the sereochemical outeome
in detail, the obtained misture was submitted to revesed-phase
smipreparative: HPLC (BP-HPLC), which enabled the
quantitative sepamtion of the two major components Sa-l
and Sa-1lin purities above 98%; however, the third somer wat
congdersbly contaminated with Sa-ll, precleding its detaled
srectural analysis. With pure com s Sa-l and 5a-I in
hand, 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 dita to determine the precise
grectures. Complete assignment of the 'H, "C, and "N
signals is shown in the Supporting Infomation (Figeres S27—
529, 531-537 and Table 53). In brief, we confirmed scaffold
5a-l, followed by elucdation of the 3D architecture from the
‘H—"H NOESY spectrum (Figures 3, 52630, and 538). The

50

cmﬁig.nr:ﬁm of the C4, Cl2, and C13 democenters was
determined by analyring the 'H—"H coupling constants and
WOE comrelations of the soguinoline rng (Figure 3). The
configuration of the C10 stereocenter was adopted from the
starting material (5], and the configumtion of the newly
formed C4, C13, and C13 stereocenters was assigned as K B,
and 5, respectively. Comsequently, the 5a-1 was proposed as the
endo isomer,

A similar data analysis of Sa-11 (Figure 540—551 and Table
54) revealed the relative configuration of the comesponding
stereocenters &8 C4 5 C12 KB and C13 B and indicated the
existence of an exo isomer (Figure 4)

The chemical shifts, splitting patterns, and % and Y
homonudear couplings for both isomers Sa-1 and Sa-11 are
comprebensively compared in the Supporting Information
[ Table 55}

Although the separation and strocturl dueddstion of the
Diek—Alder products Sa-l and 5a-ll were successful, which
indicated the feaghility of wing analogical dienophiles, the
formation of the mixture disfavored completion of the reaction
sequence on the solid sup port becawse the resin-bound Bomes
4a were imseparable Comsequently, we tried to control the
sterecaelectivity wiing diferent conditions (microwave imadi-
ation, different solvents, times and temperature; Table 51), but
the isomer ratio emaned wehanged We then eplored the
possble aromatization of the resin-bound intermediates 4a to
6a (Scheme 1) wing Rrevm:iy :-epm—bed approaches, eg,
oxdation with MaO," KMaO,, TEA™ 23-dichlomn-5,6-
dicyano-14-benzogquinone I:DDQ_L“ palladizm-catalyzed oud-
dative dehydrogenation,” or bromination and subsequent 18-
diszabicyda[5.4.0] undec-T-en (DBEU)-medisted eimination,”
but only recovered the starting matedal. Fimally, to prevent the
formation of a mixture of stereoomens, N-phenylmaleimide
was repliced with 1 4-maphithogquinone. In this case, the [4 + 2]
ecyclomaddition to 3a was followed by spontaneous aromatiza-
tion,™ and the meaction vielded ntermedizte Ta as a single
product with excellent crede penty.

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

fpside e g TIL T facy jpe o000 199
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uﬁnqﬁmc-lnmﬂuuu, 0, 34 b, 110 5

I -;,._' m

=] _

‘:Cl.“_..H Hy

Dgs.. ’t e

Oy H-"H MOE comsbboms Trm— =

W N PRl W IR L

Figure 3 NOE omeations wed to determine the constitution and anfiguraton of somer S

A set of imtermediates 2 with varable R' were synthesized from of starting materials in Figure 53). Unsubstituted phenylallopnol
phenylprop-2-yn-1-ols and 4-phemylbut-3-9m-1-ols (see the list (R' = H) and its analogs bearing electron-donating (R' = Me

5244 hfpaidelomy 1L 10 fecy e 2c00 049
1 Org e 2022, @7, 52408 25
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Figure 4 NOE mmelations to identify the configuration of isoquinoline derivatives Sa-1L
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Figure 5 List of all tested building blodes “Prepared according to the modifisd Sonogashira protocol (see Experimental Section)

and MeO) or electron-wit hdrawing groups (R' = CF,, Br, F)
in different positions were selected Propangd alcobol was also
incleded a8 a resctant.

The syntheiis of the ntermediates 2d—m (Scheme 2} was
successful in each case and yielded the cormsponding resin-
bound compounds in excellent crude punbies ranging from
93% to 98% The srucum—mactivity mbbomhip for the
BCEM stape was determined. The quantitative conversion of
2d bearing 4-bromopheny] 2 B was Basible but required 3
days for completion, whereas wing o, m-, and p-fluo rophen yl
2 R in Ze—g shordened the reaction time to 1 day. The
ungubstituted phenyl analog 2h furnished the cormespomnding
digne in only limited crude purity (33% ), even under various
conditiong (3ee Table 51). Interestingly, the RCEM of 2i—j
bearing electron-donating groups (R = &MePh and 4-MeO-
Ph) completely faled. The propargy] derivative 2k afforded a
mixture of three compounds, with the major product being the
itermediste 10k (53% cude purity) originating Fom the
cros-linking reaction and the desrd diene 3k in only 33%

52

crsde purty. In summary, the RCEM of 3-phenylprop-2-yn-1-
vl was practically limited to intermediate 2 having electron-
withdrwing R' In the cae of 4-phenylbut-3-yn-1-4
derivatives (imtermediates 2¢, l—m), RCEM of 2¢ (unab-
stituted) and 21 (R = 4-CF,—Ph) was feaghle, whereas RCEM
of 2m (R' = 4MePh) faled, which followed the trend
observed for the phenylprop-2-ym-1- derivatives

In the next stage, redns 3b—g and 1 were sulbjected to [4 +
2] eycloaddition with 1 4-naphthoquinone, which vielded the
coresponding compounds Ta—e and i— (Scheme 3) in
excellent crude purities >%0%. At this step, wsng albemative
dienophdes (e, p-berogquinone, §,8-dilypdrory-1, 4-maphiho-
quinone, and 1 4-anthraquinone; Figure 5, Scheme 3) yielded
the desired s 71 and Th. By contrast, wing 5 8-dibydroxy-
1 4-raphthoquinone Giled to produce the intermediste 7g

Having comstricted the “interior” and “east-ade” rings, we
synthesized the “west-side” heterocyde. For this purpese,
resing Ta—f and h—j were subjected to 4-Ns deavage wing 2-
mercaptoethano]l (MCE ) /DBU. Using fa—e and g—i symthe-

Bt lo g 10, 1021 o e Se00 09
£ g e 202, 67, D424 28
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Scheme 2. Reactivity of Key Intermediates 2c—m for RCEM™

Q-

Py Qo

o
O &Mz O d4-Hs 0 o4 \J:&%&'u
ik 1 10k
R'=H,n=1 Tl
G - 9wl
) e —iQ '
S R pob " Qr““"-' N -
0 d-Ms i O d:Ns R O 4t

i 2.l
n=1 3d: R = 4-Br ""_"_I'_ """" , m=1: 3h: R =Pn it obtalnad
I R =dF BT RS ABPR I A'=dMa  natoblained
R =3F i::ﬁ; = 4-F-Fh 3 R"=4-Mal not obiained

cR'=2F ‘R=3FFh = : R =
. ::'_ - 2 R = 25-Ph n=7 3m: R'=4Ma nofabtainad
. v =
s 2hi ! = ph
T L 2i: B = d-Mon
2 BT = 4-Me0-Ph
FL RN ERE
n=7 2o R'=Ph

2: R = 4-CF-Ph

2me R = dMo-Ph
“Reagents and conditions: (i) Grubbs catabyst sscond generation (5 mol %), 04 M lithivn chioride (LiC1) in DMF, anhydrous PhCH,, 24 h (for
2e—g, i—k, and m], 3 days (for 2d), 12 days (for 2c and 1], 110 5C

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

[=] J--‘IJSi

n=1 3 R =4GR, =1; Tar R' = 4-CF,
3d R = 480 To: R = 4-Br, F'=Fh
3a: BT = 4-F To:R' = 4.F R*=Ph
IR =3F Td: R = LF, B = Ph
Ig R =3F TeiR' = 2-F R*=Ph
n=% 3R =H TER = d-F, R*=H
3 R' = 4.0F,

Tg: ' = 4-F, R? = pars-dioH-Ph {NP]
Th: RY = 4-F, R = Maph
- TR =H RY=Pn

ool

A=l Ba R = 4CF,, R = Ph
B R = 4-Br, R¥ = Ph
Be: R’ = 4F, R = Fh

Bd: R'=3-F R*=Ph

Bar R =25 R'=Pn

8 R = 4-F R = H NP}
#g: B = 4-F, R® = Naph
8k R = H, R*= Ph

Bi: R = 4-CF,-Ph, R = Ph

Ti: R = 8-CFyPn, B =Fn

MP = nol prepaned
and conditions: (i) d.i:mnplil: [F:gu:\e 5); anhypdrons DMS0, 24 b, 120 *C; (ii) I-J'nﬂﬂph-:thunl (MCE), DBL, 40 min, rt; (i)

a

PhSEL, DBLI, 10 min—1 b, rt.

dzed from mph&apnnme and mﬂn’ﬂluim:me yielded all the
degired intermedistes in excellant crude purities [ >90%). By
contrast, the MCE/DBU-medisted deprotection of 7f bearing
a tetmhydmobenzolf lisoquinoline-7, 10-dione moiety (the
intermediate ) afforded a mivture of compounds. LC—MC
amalysis indicated the formation of Michse]l addition products
(not isolated) odgnating from the reaction of thiclite with
benzoguinone. We attempted to suppress the maction by
replicng MCE/DBU with thiophenol/DBLL however, the

S28h
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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
used to prepare 14-diarepine[12-Flisoquinoline-diones 11
[ Scheme 4 ). Acylation of the intermediate with Boc-f-Al-0OH
anhydride (prepared in sifu from Boc-ffAl-OH and DIC)
quantitatively yielded intermediate 9, which was deaved from
the resin and cyclized with 1-ethd-3-(3-(dimethamine)-

g doiong T 102 A mo X000
L Org dhem 202, 87, 425248
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Scheme 4. Synthesis of Dizepino 1,2-F][1,4]isoguinoline
dicae 117

br
11 {10% overall yieid)
and mnditions: (i) Boc-fAL-OH, DIC, CH, (1, 30 min,
t followed by addition to resin 8, 24 h, rt; (6] 50% TFA/CH,CL, 1 b,
rt; (i) l-ethyd-3( 3 dimethdamine jpropy)-carhbodiimide (EDCI),
CHCl, 24 b 1t

propy Jearbodiimide (EDCI) to yield the product 11 (Table
L)

The intermediates Ba and Be were then acylated with Fmoc-
Ala-OH by activation with DIC/HOBt to yield resing 122 and
12f (Scheme 3) in limited crode purities (40% and 47%).
Meveritheless, basecatalyeed oydization of 12f furnished the
fimal  pyraino-isoquinoline-dione 13§ in an acceptable 15%
overall yield To increase the purity, we replaced Fmoc-Ala-
OH with Boc-Ala-0H to afford the mtermedidtes 122 in a
crude purity above 57%. A similar outoome was obtained using
Boc-Phe-OH and BocTyr( (Bu}-OH. Finally, TFA-catalyzed
cydization of 12a—e and g—1 fumihed the desred products
13a—e, g—i and l4a—c in good overall yields (Table 1).
Intersstingly, cydization of 122 bearing methyl a8 B* required
7 days for completion.

To further modify the target scaffold, the intermedistes Bb
and Bh were scylated with iodoscetic acid anhydrde (prepared
in st fom icdoscetic sdd and DIC) and then wed to
construcet the diketopiperseine (Scheme 6). Treating the
resulting intermediates 152 and 15e with 5% bersyl amine
in DMS0 led to nudeophiic subititution followed by
spontaneows cydative deavage™™* of prodecs 162 and 17a
from the resin. The developed protoco] was succesfully tested
for dx compounds (dedvatives 16a—b, d and 17a—c).

Intermediste 15¢ bearng 3-feor o B failed to react with
pro pylamine. However, when starting mat erial 15¢ was deaved
from the resin and the Ibersted intermediste 1Ba (Scheme 7)

s puribed by HPLC, the isolated compound bidonized to
o o -woquinoline-dione 19, Altematively, diketomorpho-
line 19b was prepared from 18b by bae-catalyred cydization
with NN-disopropyethdamine (DIFEA ).

B COMCLUSION

In condusion, we developed a ample SPS strategy to prepare
novel, advanced heterocydic scaffolds derived from phama-

54

ceutically pavileged soguinolines. The synthess is baoed on
preparing  immobilied key ntermedistes for their parallel
converdon to different types of molecule Fameworks bearng
dix- or severrmembered rings (Scheme 8).

“Imtedor” oycle formation enables the formation of
piperdine or amepane scalfolds; thus, the methodology is
generally feasible for both tetmhydroisoguinolines and
tetralydrobereold] mepines. An “east-dde” cyde was suocess-
fully formed by a Diek—Alder resction uwsing both ouwinoidal
and heterocyclic dienophiles, although the cwladdition with
the latter could not be controlled and provided the desired
intermediate as a midtwre of cormesponding, separable
diagereomen. A “west-zide” heterocydiation wa developed
for dizepines, diketodizepines, diketomorpholines, and
diketopiperarines a5 highly relevant bioactive scalfolds™
Apant from skeletsl divemity, the proposed strategy wa
studied in terms of srocwe—resctivity reltionships, and
despite some limitations of the RCEM (the applicability of
only dectron-poor dienes), the substittion of tanget scaffolds
can be extersively modibed by wsng readily available
phenyalynok, poimary amines and amino scds. Conse-
quently, the developed protocols enable rapid synthesis of
collections of novel drug-like molecules

B EXPERIMENTAL SECTION

General Information. Sobvents and chemicals were purchased

from Sigma—Aldrich (Ml wadkes, W, www sigmiaal drich.com)), Acros
[Geel, Belgium, www.acroscom), and Fluorochem (Had-

ﬁEﬂI ngdom,m_ﬂ.mudlﬂn.mﬁ]. Wang resin [ 100—
20 mesh, 1% DVE, 0.9 mmal/g) was obtained from AAPPTac
(Louisville, KY, www.aapptec.com | Solid-phase synthess wax arrisd
aut in platic reaction vessels (syr each squipped with a
disk) wing a manually operated synthesizer [Torviq Niles, ML www.
torviqoom). All reactions were carried out at ambicnt tcmpu:.ln'e
(23%C) m.lusﬂa.bddﬁ.ﬂ'mmTltfpnthﬂin&N{?;ﬁm iZa
mlﬂ]mtﬂbﬂm&dhﬂmﬂu Za—m was pﬂ'fclm-nd acoording
to the reparted protocal.” The LO—MS anabpses were carried out on
2 UUHPLC-MS system consisting of UHPLL chromatograph Acuty
with a amay dewector and si
:mm%], wing an X-Selact C18 TMM the
mobile phase onssting of 10 mM ammonium acetate (AmAc) in
i[;d:land.'l'_'i[;'l'_'l‘\u T'I:.:Eﬂsmnrudmduidaﬂugcmn\m.tud:
5 pA, vaporier temperature of 350 of
lﬂﬂ':"lll For the LOC—M5 analysis, a.s:niied::renn[ 5 mg) was
hﬂbﬂduﬁﬁﬁinf![zflhtlmdumg:mcﬁtdm
under a stream of and oleaved were extracted
into CHL CNJELO (2% or 50%; 1 mL)_ Puri wa arriad ont
by C18 reversed phase [RP)-HPLC
with the of 10 mM aqueous AmAc ad CHLCN, flowrate 15
mL/min or by nommal phase by slica gl chromatography. Residual
savents [Hy0 and AmAc buffer) were iwed by the ScanVac
Coolafe 110-4 'wln'hng at —llﬂ “C. All 1D and 2D NMR

ﬂpcmnu:l:: were In.:m.s an BOCXS500 ater
[JEOL RESOMNAMCE, Tnl'quafu.n] ata magnetic fild strength of
11.75 T @mesponding to "H and Tmﬁqﬂmuo&ﬂﬂlﬁ-

and 125.77 MHz at 27 *C. Chemical shifts (4] are reported in
per million (ppm), and upling constants () ae repored in
(Hz). The signak of DMSO-d, CDC, were st 2t 250 726
Ppm in H]‘\'ZMR andat'ﬂﬂppm,??.ﬂppm:n@hm
spectra, YN chemical shifts were referenced to externa
mhmd;mnmna’,[nmm]*‘mﬂ&[mﬂu
ent from the RP-HPLC ) was detected as a5 at
isﬂﬂ-—LQI ppm in the 'E[T#qmmun] Abhreviations :f%:;ﬂ
hshﬂdsmﬂuthd,huddmﬂut,s,smglﬂt d, doublet;

doublet of doukl f bublet of doubl of & III 1d
d-u-uHutnfdemm‘de:um‘dem t, triplet; td,miiutm‘
doublets; m, multiplst. HEMS malysis was performed using LO—MS

il rg L T2 e joe 200 0
£ Crg (hem 20X 07, 14000



http://uon.JriM.-t
http://vpi-.nl
http://www.icr-r.tGTTn
http://en.piua.tod
http://iiitnt-.it

The Joumal of Organic Chemistry pubsacs orgfoc Articls
Table 1. List of Synthesized and Fully Characterized Compounds
3
R ¥
HI
- n
£l
e D
o
3
HH}F{I R
RfO o
id v
comnpd o B RE B cde puriy [%]° firnall ey %] owerall pad [%]°
Eal - 40F, 1N P b1 g8 14
Eall - 40F, 1N P 4 Ll 2
1 - 4By - P 43 95 10
13 MH 40F, e P 57 a8 an
13k NH 4+Fy Ba 1] 50 ] 19
13 NH 4By B P 75 Lol 4
134 NH 4-Br 40 H-Bn P =0 98 s
13 NH 4F B M £ L] ]
13 NH LF Me B 49 98 o)
13 MH 1F Br P 75 Ll 5]
13k NH LF 40H-Bn B 51 98 7
1% MH 4F Bn Maph 0 o 9
14 - H B P 75 a4 54
14k - H 40H-Bn P o Lol 15
14 - 40F, B P 70 L] EE)
16 - 4By B P £ g8 ]
16 - 4F Pr P £ Lol ]
16 - AF Fr 1] NO s NO
16 - LF Ba 1] ah ] k4]
17 - H Br P 95 Ll 5]
17h - H Pr P 5 ¥ 14
17 - +°F, Ba P a4 Ml M1
19 0 ik H P &4 Lol 15
bE 0 4F H P 5 g8 44

“Overall crude parity after completion of the enfire reaction sequence caloulated from P LC-UV traces at 205—400 nm. “Caloulated from HPLC-
UV traces at 205—400 nm after RP-HPLC purification. “Calculated after purification from the loading of the starting reing KO = not obtained; N1

= not isolated.

[Dionex Ultimate 3000, Thermo Fischer Scentific, MA, 1I5A) with
an Exmactive Pls Orbitrap high-resolution mass ctrometar
(Thermo Exactive plus, Thermo Fischer Scientific, MA, USA)

i ative full scan mode (1350 000 FWKE
mmﬁﬂﬁ[hmm mcl.'l.tﬂl[ tnupﬂnbﬂd]
mass] with (2] elactrospray ionimtion (ESI) working at 150 “C and
the source voltage of 36 KV or (b) atmospheric pressure chemical
320 °C, corana discharge current 3—5 pA, vaporizer temperature 400
A, and sheath ga 40 on was
pﬂfmmdmoﬁmfmﬁmﬁuﬁmmgﬂiﬂmxlm 3
jm :Iwi:l:.u-unib:chhnmmdmnhlcphm [.MP:Im.tanng
{a) CHCN/ 10 mM Amdc (8020 vi'v) and (b) MeOH/H O (95/

55

5) + 0.1% HODOH with 2 flow of 0.4 ml. /min_ TI:I.-E:H:DII‘:: were
dissolved in CHCN/HO (80/2); w/v). Melting points (not
comected] were messured by a Thermovar apparaus | Reichert,
Vienma, Awstria) and reported in Celdus degree [*C )L IR spactra were
measured by DEIFT (Diffise Reflechnce Infrared Fowrer Trans
form) on a Thermo Micolst AVATAR 370 FTIR spectromster.
Absorbance peaks (wavenumbers) are reported in reciprocal

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

I GmarcEﬁ?mM.hr hirg Coupling To Prepare
Alkylating Agenis Pd(FFh,),Cl, (129 mg, 0.18 mmol, 1 ma %) and
Cul ['?ﬂ-mg, 036 mmol, 2 mol %) were in ed TEA
(18 mL) wnder nitrogen. Then ard iodide (1838 mmol 1.0 squiv]

Fifpacdielong L 1021 A e 200099
L drg Jhem 205, 67, 24258
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Scheme 5. Synthesis of Pyrazino-isoguinoline-diones and Pymzino-benzo[dlazsepines 13, 147

R e [s}
o
larii
—_—
0. B -0 !
o T L i R
‘E H N o R?
n=1: Ba: A’ = 4-5Fy, R* = Ph HN.,
&b @' = 4-0r B = Ph 12ad

Be: R = 4F R = PR
8d: R’ = 3-F, R* = Ph
Ba:R' = 2F R¥=Fh
8g: B! = 4-F, R = Magh
Biz:R'=H, RY=Fh

Bj: ' = 4.0F,, A= Ph

n=2

a

X = Fmoc, Bos

K& Bac

Acid-catnlyzad
eyclizaticn

3
a R

Ji
i .
A |
_.kg,m
.
— L]
|'=I

n=1: 13a: R = 4-0F, A7 = Ma, R = Ph{30%)
13b: B! = 4.0F,, B = Bn, R = Ph [18%)
1idc: B = a-8r, ¥ =80, B = Ph [24%]
13d: B = 4.8r B7 = 4-0H-Bn. B = B0 (18%)
13e: B" = 4-F, R = @n, R = Ph{29%)
136 R = 2-F, B = Me, B = Ph (28%)
13g: R' = 2-F, B! = Bn, R = PR [53%)
13h; B! = 3-F, R = 4-0H-Bn, R® = Ph (27%)
13 R = 4-F R¥ = Maph (1%

n=% 14a: B! = 4, ¥ = Bn. RY = Fn (54%)
14b: R = H, R¥ = 4-0H-8n, R = Ph {15%}
1do: R = 4.6Fy, B = Bn, B = Ph [33%)

Waole: averall yields

and conditions: (i) Boc-aming acd, DIC, CH,CL, 30 min, it followed by addition to resin 8, 24 h, rt; (i) Pmoc-amino acd, HOBt,

MHC, DMF, CH,CL, 24 b rt (i) X = Boc: nzat TFA, 20 b (for Lib—e, g—i and Ma—c) ar 7 days (for 13a), 80 *C; () X = Fmoc: 50% FIP/

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

Scheme 6. Synthesis of N-Substituted Pyrazino-goguinoline diones and Pyrazino-benso[dlazepines 16, 177

RJ R:I

Q.o
L8]

n=1 bR =48 RY=Fh
Bo: A'=4-F BT =Ph
Bd: R =35 ®R*=Ph
B R'=2.F R'=Ph

n=32 B R'=H, R = Ph
Bi: R" = 4-CF 5, B = Ph

=5

. R
n=1: 18a: R = 4-Br, R? = B, R¥ = Ph [30%)
1gb: R = 4F, R = Fr, B = Ph(39%]
18c: R = 3-F BT = Pr, R = Bh (M)
1&d: R = 25, A% = Bn, B = Pn (38%)

: 17 R = H, RY = Bn, RY = Ph 53%)
17b: R = H, R¥ = Fr, R = Ph {14%]
1o A = 4-CFy, BT = Bn, B = Ph (NI, c.p 38%)

Mobe: overnll yiokds; MO = nol oblained,
Ni'= mol isolaled, c.p. = cruds purity

“Reagents and conditions: (i) iodoacetic acid, DIC, CH,(1,, 30 min, rt, followsd by addition to resin 8, 24 h, rt; (i) 5% amine anhpdrons DMSO,

24 h, it

was addad followed by alechol (12 mL, 2021 mmel, 11
squiv] or but2end.ad (15 ml, 202 mmol 1.1 squiv), md the
reaction was stired intensively & 60 “C in m odl bath for 22 b Then
the reaction mizture was filtrabed over Celite, quantitatively washed
with Et,0, concentrated in vamus, and purified by slica gel
in EtOAc/ hexane,

3-{#-Trifivoremethyl johenyl jprop-2-yn-1-0l [. The product was
prepared acording to the above described procedurs staring from 4-
iodobenmotrifluaride (27 ml, 1838 mmol, 1.0 squiv) and propargyl
aloohod (1.2 ml, 2021 mmod, 1.1 aquiv). The cruds W
purified by slica gel chromatography in ErOdc/ hemane (3/7; wiv), B
= (L5, Wary yellow-orange solid (3.43 g 17.150 mmel 93%). HPLC
purity 99%_ 'H NMR (500 MHz, CDCL): 5 (ppm) = 757 (br 4 J =
R4 Elz, 2H), 753 (br. & [ = 8.4 Hz, 2}, 452 (s, 2H), 180 (br. 5,
1H). 5C{'H} NMR (126 Mz, CDCL,): 5 (ppm) = 1313, 1306 (g,
2f-::-.'ll = 318 Hz) 1247, 1256 ["b :f-::-: = 16 Hz], 1242 [‘} If-::-.'ll =

56

2718 Hz), 900,847, 51.9. HRMS (ESI, neg) m/z: [M — H]™ caled
for €, H,F,0 1990365, Hund 19,0359 Mp 40—42 C.
3-f-Bromophenyliprop-2-yn-1-0/ L The produdt was prepared
according in the above described starting from 1-bromao4-
indoberrens (52 g 1838 mmal, 1.0 aquiv] and propargyl aloohal
(1.2 ml, X021 mmod, 1.1 equiv). The cude product was purified by
silica gel mwnsﬂ#rp in BH0Ac hewane (3/7; wiv), Rj' =075, Pale
yellow solid (3.10 g 14832 mmol 80%). HPLC purty 99%. 'H
NMR (500 Mz, CDCL): & (ppm) = 7.4 (br. d, | = &4 Hz, 2H),
729 (br. d, ] = 8.6 Hz, 25), 448 (4, ] = &0 Hz, 2H), 1.84 [t | = &0
Hz 1H). “C{'H} NMR (126 Mz CDCL): § (ppm) = 1311,
1316, 1228, 1215, 88.3, 84.7, 5L6. HRMS [APCL, pos.) m/z: [M +
H]* caled for CgH,BrO 210.9753, found 210.9749. Mp 8083 °C.
3-fd-Fluorophen yllprop-2-yn-1-ol Il The product was preparsd
according to the abovedesoribed procedwe starting fom 1-fuoro-4-
indobermene (2.1 ml., 1838 mmol, 1.0 aquiv] and propargy aloohal

Fpaidelom 10 1O A, e 20099
i drg Foem 202 07, 224
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Scheme 7. Synthesis of Oxaine-goguinoline diones 197

18b: R = 4-F
150: R = 3F

ary HH

ts and o

+ (i) 50% TFA/CHLCL. 1 b, rty (5] semi

18a: R = A-F
18b: R = 4-F

i AT = 3-F)
4 ar
i (R = 4-F)

1%a: B! = 3-F (25%)
100 17 = 4F (dd%)
Mete! overall yelds

ive RF-HPLC chromatography wing AmAc buffer/CH,CN DMSO,

followed by freene—drying; (if]) N,N.diisopropylethylamine (DIPEA), DMSO, 24 b, rt

Scheme B Owerview of Accessible Final Scaffolds

(12 ml, X021 mmol, 1.1 squiv). The oude product was parified by
sfica gel y in EtOAc hewane (3/7; wiv), Ry = 03
Orange bquid (231 g 15.395 mmol 84%) HPLC purity 99%. 'H
MME (500 MHz, CDRCLL): &5 (ppm) = 739743 (m, ZH ], 497-7.02
(m, 2], 448 (d, | = 2.4 Hz, ZH), 200 (be 5, 1H). "C{'H} NMR
(126 MHz, CDCL): & (ppm) = 1626 (d, fo_y =250.1 Hz), 1336 (d,
ooy = &5 Haz), 1186 (d, Yy =32 Hz), 1156 (4 Jop= 223 Ha),
859, 844, 515 HRMS [APCL pos) miz [M + H] caled for
CHFO 1510554, found 1510551,
3+{3Fluorophenyliprop-Z-yn-1-ol V. The product was preparsd
a.-m-umd.ing to the above.descoribed F-u-nnd.u'-: starting from Ffluorod
iodobenzene (2.1 ml., 18.38 mmol, 1.0 squiv) and propangy alcohol
(12 ml, X121 mmol 1.1 squiv). The oude product was parifisd by
slica gel chromatography in ErOAc/hemane (3/7; wiv), By = 0.
Orange odl (252 g 16824 mmod, 92% ). HPLC purity 39%. "H NME
(500 MEEz, CDEL,): & (ppm) = 7.24—7.28 (m, 1H), 730 (dt, ] = 77,
L4 Mz, 1H), 712 [ddd, | =9.4, 2.6, 14 Bz, 150), 7.02 {dddd, ] = 167,
a4, 26, 1.1 Hz, 15, 4.49 (5, 2H), 220 (br. 5, 1H). PC{'H} NMR
(126 MHz, COCL): & (ppm) = 1623 (d, [y = 2869 Hz), 1299 (4,
oy =85 ), 1275 (d oy = 32 He] 1245 (d, 7., = 9.5 Hz],
1184 (d *[._p =223 Hz), 1158 (d. . _, = 212 Hz), 881, 84.4 (d,
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*hooy = A2 Hz), 514 FIRMS (APCL, pos) myi'z: [M + H] caled for
CgHLPD 1510554, fund 1510551

3-2-Fluorophenyllprop-2-yn-1-of V. The product was prepared

ing to the abovedesaibead starfing from 2-fluorod-

indobermens (2.1 ml., 1838 mmol, 1.0 squiv) and propargd alcohal
(1.2 ml, X021 mmol, 1.1 squiv). The crude product wa purified by
siia g:l n.ii:.'p' in EtOAc hewane (367 wiv), R_I' = L4,
Yellow liquid (2.18 g 1453F mmal, 79%). HPLC purity 99% 'H
KME (500 MHz, CDCLL): & (ppm) = 741 (d, | = 7.4, 19 Hz, 1H],
727 (dddd J=94,8.2 53,19 Hz 1H ], 702707 (m, 25), 452 (s,
ZH), 253 (5 IH). “C{'H} NMR (126 MHz, CDC,): & (ppm) =
1627 {d, "Jooy = 251.1 Haz), 133.6, 1301 {d, ., = 8.5 Hz), 1239
(d, oy = 32 Hz), 1154 (d Joy= 212 Hz), 1111 (d, "], 5 = 159
Hazl, 925 (d, To_p = 32 Hz), 789, 514 HRMS [APCI, pos) m/z:
[M + H]" caled for CoHLFO 1510554, found 1510551

d-Phamd but-3-yn-1-0f WL The pund.u.-ntw: Fqu.md a.omu‘-dms b
the above.described starting from indobenzens (2.0 mil.,
1838 mmol, 1.0 aquiv] od but-3-yoel-al {15 ml, 2021 mmol L1
eq_n.i'r:l."l'lmn'u.dgp'-ud.n-nt mpu:ﬁnd I:-'p':ilil:a.g:l
in Et0Ac herane (1/1; v/v), Ry = 08, Orange od (301 g 20635
mmol, 83%). HFLC purity 99%. 'H NME (500 MMz, CDO): &
(ppm) = 719742 (m, 2H), 725—7:28 (m, 3H], 3.78 (t, | = 6.4 H,
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), 266 (t, [ = 64 Hz, ZH), 256 (5 1H]. “C{'H} KMR (126
Mz, CDCL): & (ppm ) = 1319, 1285, 1281, 1234, 86.8, 816, 614,
M0 HRMS [APCL pos) m'z [M + HI cled for CH,,0
147.0804, found 1470801

d-{p-Toby Nbwt-3-ym - T-of H.l"l"l:.-epmndnl:tm Fqn:eda.mm'dms
o the above.described procedurs ing from 4iodotoluens (40 g
1838 mmal, 10 equiv) and but-3-yn-l-al (15 ml, 2.2 mma, 11
a@iv].Tl:.:n’nd:punductmpn’iﬁ:db‘rsita s:l dr-clndmsnph‘r
in EtOAc hexane (3/7; 'r,"'r!],qi: DA oi (240 g 15019
mmal, 81%). HPLC pusity 'H NMR (500 MEz, CDL): &
(ppm} = 732 (br. 4 J = 8.3 Hz, IH), 708 br (4, J = 79 Hz, 2H],
A79 0t J = 6.5 Hz, ] 298 (b s 1H), 266 (t, ] = &5 H=, 2H),
232 (s, ZH]). "CIH} NME (126 MHz, CDCL): & (ppm) = 1377,
1313, 128.8, 1202 854, 811, 609, 235, 211. HRMS [APCL pox]
miz [M + H]|" caled for O, H 0 1610961, found 1610960

4-{4-Triffuoromethyllphenyllbut-3-yn-1-of WII. The product was
prepared aacording to the above described procedurs starfing from 4-
indobenmtriflnoride (27 ml., 1838 mmol, 1.0 equiv] and but-3-yn-1-
al (1.5 ml, 202] mmol, 11 equiv). The cude product was purified
Iqrﬂ:l:a.gtldr Tin.&ﬂﬁq"hﬂm[{."ﬁrf‘r],%:&d.
Pale yellow solid (2.5 g, 11165 mmol, 61%). HFLC purity 99%. 'H
WMR (500 Mz, CDC i] & (ppm) = 754 (d, ] = 8.3 Hz, 2H), 7.50
(d J= &3 Hz, 2H), 3.85 (g, | = &0 Hz, 2H), 260272 (m, 2H),
205 (br 5 11[] BCi'H} NME (126 Mz, cj:-d,] & (ppm) =
1318, 1297 (g Yoy = 328 Hz), 1272, 1252 (g oy = 19 !Lz],
1239 (q, Yooy = L7 Hz), 1228 893 812, 610, 238, HRMS
[APCL pos) m/z: [M + H]" calad :h:r'EuHmFa'ﬂ 2150678, found
2150673, Mp 38—41 *

2 Immoblization of Fmoci-allplglycdne fo Wang Resin
fntermadiate 1). Wang mm[lg]wumhdhumwﬁ
CH,Cl, DMF, and a solition of an-cua.'p'lgl'p!:in: (675 mg, 20
mmiod), HOBt [ 306 mg, 2.1 mmol), DMAP (6] mg, 0.5 mmal ], and
DEC (312 gL, 2.0 mmd ) in DME/CHLCL {10 ml, 509) was added
o the resin. Adter shaking for 24 h at room &, the resin 1
was washed three times with DMF and CH 0. Caloulated loadings
of immohilized Fmoc-aly ghycine: 0.321-0432 mmol/g.

3. Synthesis of Intermediates 2: Clegvage of Fmoc Profecting
Group, Sulfonylation with Ns-s and Mitsunoby Alkylation with
Alkynols. The polymer.supported intermediate 1 (500 mg,
prewashed three times with DMF, was shaken with piperidine;
DMF (5 mL, 50%) for 30 min at room temperature. Then the resin
was washed three times with DMF and CH,CL, and a solution of
approqrizte Ns-(1 (1.50 mmol) and 2 6dutidine (191 gL, L7 mmel]
in CHz(d; (5 mL) was added The reaction was shaken for 24 h at
Toom . Then the resin was washed three times with DMF
and three times with anhydrows CH,CL, ahpdrows DME, and
anhypdrous THE, and a solution of iate alkymol (15 mmol)
and TPP (393 mg, 1.5 mmal ) in THF {25 ml; for 2a—k,
m) or a solution of 4-(4(trifluoromethyl | phemyd)buot. 3-yn-1-0l (642
mig, 10 mmal ) and TFP (786 mg, 3.0 mmol) in anhydrous THF (15
ml; for 21) was added The syringe was connscted by a plastic dutch
with the second syringe contining 2 solution of DIAD (295 kL., 15
mmal; for 22—k, m) or (590 ul, 30 mmol; for 21) in anhydrous THF
(25 ml.] The syringes were cooled to —20 “C, and their content wa
mimd.u-sﬂhﬂ'a.nd.dubminldh[fwh k, m) or7 days (for 8]

at roam temperatur R.:m.ﬁ:ns:r\enm 2a—m werz wxhed thres times
w:l:l:.a.nhd:m'l"l[Fa.ndﬂ[;Cl}

4. Ring-Closure Enyne Metathesis (Intermediofes 3). The
pobymer-mupported inermedistes 2a—m (500 mg) were washed
three times with anhypdrons CHLCL and taluene, and then added to
the vial with a conical miver. Anhydrons toluens (125 mL) was
added, and then a solution of 0.4 M LiC] (4.25 mg 01 mmel) in
anhydrous DMF [lﬁﬂ-pd_:l,ﬂﬂﬁbsmlrﬂsmdsmdim (5 mal
% olmbted to the boading of resin) in the second porfon of
anhpdrous whiene {125 mL) were added into the vial exactly in that
arder. The reaction mivture wa degassed under a stream of nitrogen,
and the vial was dosed with a cap and heated at 110 °C in an ol bath
for 24 b (far 32, e—h, i—k, m], 3 days (for 3d), 4 days (for 3b], or 12
days (for 2c, 1L Then resins 32—m were wshed thres times with
toluene and CH, L.
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5. Disls—Alder Cycloaddition [DAC, Intermediates 4a and Fa—f
ﬁ—ﬂ‘."l"l:.-:p-ulpmc mmmndut-u,]a—;,l[ﬁmms:lmc
prewashed thres times with anhypdrows CH,(l; and DM S0, and then
added to the vial with a conical mizer. To a vial anhydrous DRSO
(25 mL) and i {5 mmol] were added and
heated at 120 °C in an od bath for 24 h. Then resins 42 and Ta—f, h—j
were washed three times with DMS0 and CH O,

4. TFA-Cleavage from the Resin (Intermediates 5a, 10, and
18a—b). The resins 42, 9, and 15h—c (500 mgl were shaken with
TFA/CH (1, (5 ml., 50%) for 1 h at room femperaure. Then the
dewvage cocktail was collected and the resing were wahed three
times with the fresh deavage cocktail (5 ml). The combined washes
were evaporated winga stream of nitrogen and drisd under a vaoum
to dryness.

15 aromethpbeny] 2330467890 decaidrs
nyl-5 3,4,5,7, ra-
T H-pyrr olol3, 4-f s oquinoline-S-carboxylic Ackd
I)lmu ml:d. [lnl'?mg,ﬂ_mi mmol, 24%). The Fnd.lmtmpu.nﬁed
by BP-HPLC chrom ¥ HPLC purity 98%.
Cleaved from 488 mg of resin (0329 mnl,."g, 1161 mmol of
substrate]. "H NME {500 MHz, DMSO0-d,): & [ﬂmJ = 13.13 (br.s,
1H, H™), 785 (ddd, J =79, 7.3, 1.0 Hz, 1HLHY),7.79 (4, [ = 79,
1.0 Mz, 1H, H™), 7.71 (ddd, [ = 8.4, 74, 1.2 H=, 1, H”), 767 (br d,
J = 80 Hz, 2H, HZ3¥), 762 (dd, = 84, 1.2 Hz, 1H, H®), T48-7.41
(m, 2H, H"™"™), 741735 (m, 1, H"), 7.17-7.12 (m, 2H, H"'7),
TO7-7.12 (be. d, | = &0 Hz, 2, H™™), 441 (dd, J = 121, &1 Hz,
1H, H'), 425 (d, [ = 16.2 Mz, 1H, H."), 406 (4, ] = 142 Hz, 1H,
L"), 345 (&d, [ = 30, 1.5 Fiz, 1H, FT'), 343 (4, ] = 30, 1.5 Hz, 1H,
HY), 267 (dd, ] = 143, 1.5 He, 1H, HL¥), 257 (dd, [ = &1, 10 Hz,
TH, H,"'), 249 (ddd, J= 121, 3.0, 1.5 Hx, 1E, H'¥), 245 (g, [ = 121
Hz, 1H, FL"™), 235 (dd J = 8.7, 3.0 Hz, 15, 7). "C{'"H} NMR
(126 MHz, DMS0-d,): & (ppm) = 178.2 (£3), 1765 (C1), 1729
(T3], 1475 (C32), 1426 (CH), 1345 (C31), 133.0 (C7), 1322
(C14), 1321 (C4), 1318 (C29), 1311 (C27), 1294 (C28), 1289
(C16,18), 1284 (C17), 1282 {C1519), 1278 (g, 3. = 319 Hz,
C13), 127.1 (C21,25), 1251 (d, Yoy = 3.2 Hz, C2124), 1242 (g,
.y = 2718 Hz, C26), 124.0 (C30), 569 (C10), 41.71 (C8), 4158
(C13), 397 (C4), 33.9 (C12), 29.4 (C5), 26.7 (C11). HEMS (ESL
neg) mfz [M — H] caled for Oy H,FN,0,5 6541152, found
6541171 IR (DRIFT): S = 3073, 2960, 2864, 1699, 1551, 14%4,
1455, 1359, 1325, 1164, 1198, 1123, 1004, 1024, 825, 805, 758, 694
am~

[(FaR, &S, 9as, 965 - 7-1{2-Ni troph en il sul fomyl)- 1, 3-a coo- 2- pha-
nyl-5-f@-{rifuoromethWphenyl)-23,34,4,6,7.5,9,9a,9b-decafyd ro-
1 H-pyrrolo3, 4-flisoquinoln e-S-carboxylic Acid 581 White amaor-
I)lmu solid (452 mg, (069 mmol, 43%). The Fnd.lmt was plu.nﬁed
by semipreparative BP-HPLC cﬁ:unih-snphr HPLC purity 99%.
Cleaved from 488 mg of resin (0329 mmol/g, 0161 mmol of
substrate). "HI NME (500 MEz, DMSO-d,): § (ppm) = 814 (dd, J=
7.3, L4 Hz, IH, H™), 786 (dd, [ = 7.8, 14 H=, 15, H™), 7.80 (ddd |
=88, 79, 14 Hz, 1H, HY), 7.76 (ddd, = &8, 78, 1.4 Hz, 1H, H™),
770 (br. 4, | = 82 Hz, 2H, H™), 743-7.47 (m, 24, H"™'%), 737-
741 [m, 1H, H'), 7.2 (br. 4, J = &1 Hz, 2H, H*+*), 7.08—7.10 [m,
ZH, H™'), §.65 (dd, [= 4.7, 28 Hz, 18, H'"), 417 (d, J= 145 Hz,
1H, H,"), 370 (dd, | = 145, 15 Hz, 1H, "), 3.51 (ddd, J = 152,
87,15 Hz, I, FI®), 3.47 (ddd, [ = 11.9, 8.7, 55 H=, 1H, HY), 2.80
(dd, J = 152, 1.5 ¥z, 1HL F1,"), 2.75 (ddd, | = 15.2, 5.5, 2.8 Hz, IH,
H,'), 267 (ddd J =119, &7, 47 Hz, 1H, H'"), 266 (dd, ] = &7, 47
Hz, 1H, HW), 245 (dd, | = 87, 2.8 Hz, 1H, H,"). BC{'H} NMR
(126 Mz, DMS50.d,): & [p'm:l = 1785 (3], 1768 (C1), 1722
(T3], 1479 [C32), 1433 (CH), 1344 [(C31), 1326 (C6), 1313
(C29), 1321 (C14), 1317 (C7), 1308 (C27), 1302 (C28), 1289
(C16,18), 1284 (C17), 1283 (C2125), 1277 (g, “Jpy = 316 Iz,
C2), 1270 (C1519), 1254 (g, o_p= 3.1 Hz, C2224), 1252 (g,
'I_x = 2718 Hz, C26), 1240 (C30), 558 (C10), 424 (C4), 423
(C13), 904 (4], 325 (C12), 30.7 (C5), 266 (C11). HRMS (ESL,
neg) miz [M — H] caled for Oy HyFN,0.5 6541152, found
6541171 IR (DRIFT): v = 3072, 2959, 2844, 1703, 1545 1495,
1455, 1360, 1325, 1164, 1121, 1024, 1000, 852, 825, 758, 694 cn™ .
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7. Qeavage of 4-Ns Group (intermediares Ba—e g—i). The resin
Ta—f, h—j [Sm:nS:I was washed three times with DMF, and a
solution of 2mercaptosthanol (210 pl, 3.0 mmol) and DEU (150
L, 1.0 mmol) in degassed DMF (5 mL) was added After shaking for
40 min & room temperature, the resin was washed three times with
DAMF and CHLCL

8. Acylation with Boc-Aming Acds (Infermediates 9 and 12a—e,
g-). Boc-aming acid (3.0 mmol) was dissoheed in CH L, (5 ml),
and DIC (232 ul. 15 mmal) was added The reaction mivire wa
shaken for 3 min at room temperature, the precpitated
disopropriurea was fitered, and the remaining solufion was added
o resin 8 Eﬂ]ﬂmgj.ﬁfmﬂuﬁngfwldhummmqﬂm
rem.i:i:l:.}gren'nﬂu.dlh—e, §-1 wers washed three times with
CH,C

9. EDO-Mediared Coupling Froduct 71). The cude deaved
material) was dissobved in CFLCL (2.5 mL), and then EDCT-FCL (87
mg, 0.194 mmol, 11 squiv] was added The reaction mixturs wa
stimed for 34 h at room e and monitored by LOC—MS
amalysis. After completion, the reaction was washed with water (25
ml.) and collscted organic phases were dried using MgS0,, filbered,
aﬂ.cﬁpm:tﬂdm&'pnm in wauw. The cude product was purified

EP-FIPLL

ij—&-fi—.Emmaphen}ﬂ-l{ 16, 1 6a-tetrahydre-[1, 4]diazeping-
11, 2-bina phtho[2 3-f lsoquinolne-1,5, 10, 152H, H)-tetraome 11,
Palz orange amorphows solid (82 mg, 0016 mmol 10%). HPLC
purity 35%. Cleaved from 474 myg of resin (0342 mma /g Q162
mume of substrate). The mpﬂu:ﬁ.adh'rmmp‘epnmﬂ.?
HPLL HONME (500 MHz, CDCL): & |
831-826 (m, 2H), 823 (5, 1H), 782-7.74 (m, 3H), 765 [ﬁ; =
85 Hz, 2}, 728—7.36 (m, 1M}, 583 (br. 5, 1H), 457 (4, [ = 155
Hz, IH), 4.74 (dd, [ = 71, &2 Hz, 1H), 457 (4, [ = 156 Hz, 1H),
432422 (m, 2H), 162—355 (m, 1H], 348-3.41 (m, 1H], 3.09
(ddd, [ = 160,99, 4.7 Hz, 1H |, 275 (ddd, = 16.0, 7.1, 4.7 Hz, 1H).
" {'H} NMR (126 MHz, CDCL ) & (ppm) = 1852, 1830, 1703,
1702, 1417, 1403, 1401, 1348, 1350, 1344, 1338, 1316, 1328,
1321, 130.7, 1298, 1275, 1274, 1248, 123.2, 517, 406, 39.2, 355,
%6 HRMS (BSL neg) miz [M — H]|™ caled for O H, BN, O,
5110444, found 513.0458 IR (DRIFT) v = 2963, 2924, 2854, 1668,
1261, 1156, 1099, 1072, 1010, 820, 800, 751 an™".

rﬂ C]\:Imbon (Products 13a—e, g—I and T4a—c). The resins
2a—e; rl (500 mg) were shaken with neat TFA (5 mL) for 20 h
[for l}b—c_,ri ld4a—c) or 7 days (for L3a) at 80 9C. Then the
times with CHyOl; (5 ml.] The combined washes were svaporated
wing a stream of ni and dried under a vacuum to drmess, and
crude produds were purifisd by semipreparative RP-HPLC ar slica

V-
Sdf.‘fﬂ. rEaS.l*—%' et hyd-7~(4-{triffwo ronmeat byl fphe md |- 15, 152- difyy-
dro-2H-naphtha (2 3-f jpyrazine[1, 2-blisoquinoline-1,4,9,14-

(H.6H)-tatraone 134, Pale yellow amar salid (7.5 mg, Q015
mmiol, 30% ). HPLC putrvmchmd 124 mgof resin (0325
mnl,."g, ﬂ-.(Eﬂ mmal of substrate]. The was purified by

RP-HFLC chr v. "H NMR (500 Mz,
COM1,): & (ppm) = A28—826 (m, 2H |, 818 (5, 1), 7.85—7.78 (m,
4H), 750-748 (br 4. ] = 8.1 Hz, 2H), 633 (br. 5 1H], 523 (d, [ =
17.9 Hz, 1H), 442 (dd, | = 179, 3.9 Hz 1H], 424—416 (m, JH],
365 (dd, [ = 179, 11.8 Hz, 1H), 1.55 (4, [ = 6.9 Hz, 3H). BC{'H}
NME (126 MHz, CDCL): & (ppm) = 1846, 1828, 1665, 1654,
1444, 1419, 1372 (g, ', = 369 Hz), 1348, 1344, 133.9, 1334,
1335, 1325, 131.1, 13008, 1290, 127.7, 127.5, 1268, 126.0 (g, ¥y
=33 Hz). 1240 (g, “._y = 2718 Hz], 552, 511, 417, 343, 213,
HRMS (ESL poa) m/fz: [M + H] caled for C oL FN0, 5051370,
found 505.137L IR (DRIFT }7v = 3400, 2951, 1705, 1671, 1456,
1375, 1325, 1143, 1121, 998, 804 am
(35,1505 3-Benzy-7-{4-{tri fu crome thy ph enyl)-1 5,15 a-d lhy-
dro-2H-naphtho[2, JJipmma!r (2-blisoquinoline-1,4,9,74-
FH, 8H)-tetraone 135 amncrplmu -uH.[L'!..'!mS 021
mmiol, 19% ). HPLL purity 98%. Cleaved from 252 mgof resin (432
mmnl,."s, 0109 mmal of suhstrate]. The pu'-u-d.nl:t was pu:ﬁnd by

59

i RP-HPLC . 'H MME (500 Mz,
cn-u:'l,] 5 EI)'III] = 826 (dd, | = 74, 1.4 Hz, 2H], 8.13 (s 1H),
TH5-T78 (m, 4H), 750 (br. 4, J = 80 Hz, 2H ], 724718 (m, 4H),
T.13=7.10 [m, 1H], 646 (be s, 1F), 531 (d, | = 180 Hz, 1H), 437 -
437 (m, 1H), 4.06—4.03 (m, 3H), 3.21-3.12 (m, 2H), 244 (dd, =
18.4, 135 Hz, IH). "C {'H} NMR (126 Mz, CDCL): & (ppm) =
1841, 1828, 1663, 1634, 1445, 1420, 1370, 1364, 1348, 1348,
1';4.& 1‘53.3. 1335, 1u.4, 1310 [q, e = = 328 HzJ, Lm.q, 1219
1249, 1289, 1277, 12744, 12742, 126.7, 126.0 (g, Y-y = 34 jLzJ,
1239 [q, Joy = 2712 ELzJ, 56.5, 550,417, 410, 3.5 HRMS [ESI,

neg) miz: [M — HI cabed for Caull=PaMN:0s 579.1524, found
5'?1.154.1 IR (DRIFT): T = 3223, 292X 1689, 1671, 1650, 1314,
1296, 1276, 1094, 1069, 1052, 1033, 1019, 820, 801, 750, 713 am™".

(35, 15a5)-3-Benzyl- 7-{4-bromopheny)- 15,15 a-dihydro-2H-
naphthol23-floyrazinal1.2-blisoquinoline-1,4,9, 14(3H,6H])- ter-
raone '!31'_ Creamy amorphows salid (298 mg, 0051 mmol, 24%).
HPLC 98%. eaved from 455 mg of resin [ﬂ_:'i-l.! mmnl,."g,
ﬂl'iﬁ-nmnlnfmhhn:l The mpunﬁ.ed.brm:

RP-HFLC gphy. "H MMR (500 MHz, CDOL,
+ DMS0): & (pom) = 825—8.23 (m, 28], 10 (s, 1H), 783-7.76
(m, 2H), 765 (br. 4 | = 8.4 Hz, 2H), 724—7.17 (m, &H), 7.11-708
(m, 1E), 671 (br s, 1ED), 531 (d [ = 180 Hz, 1H), 438—436 (m,
1H), 405-398 (m, 3H), 316 [d, | = 56 Hz ZH), 2.40-25 (m,
1H). "C{'H} NMR (126 MHz, CDN;): & (ppm) = 1841, 1829,
1665, 1634, 1448, 137.1, 1349, 1345, 1348, 1348, 1345, 1317,
1334, 1324, 1322, 1303, 1301, 1299, 1288, 1274, 1274, 1274,
1247, 1211, 565, 54.9, 418, 40.9, 33.5. HEMS (ESL neg.) m/z: [M
- H]- caled for CpHoBr0, 5890757, found 5890776 IR
[DRIFT) v = 3217, 2922, 1689, 1671, 1548, 1314, 1274, 1254, 1193,
10468, 1051, 1032, 1011, 848, 830, 750, 737, 712, 498 an™.

(357525 7-{4-Bromophenyl)-3-{4-hydro xybanzyl - 15,1 5a-diky-
dro-2H-naphthol 2.3-f joyrazinol 1.2 -bjlsoquinoline-1,4, 9,14 -
(3K 6Hretraone 13d Pale g:r\nm-'pt'nwmlid [15.'.'-' 025 mmd,
35%). HPLC purity 9%, (leaved from 229 mglﬁ'mn'n (0326
mmol/g, ©075 mmol of substrate ). The product was purifisd by slica
gel chromatography in CHOl,/MeOH (9/1; w/v), R;= 0.4 and then

imed from MeOFL "H NME (500 MHz, DMS0-ds): & (ppm)
= 5869 (5, 1H), 837 (d, ] =23 FHz, 1H), 815 (ddd, ] = 120,77, 1.2
Hz, 1H), 7.93—7.88 (m, 3H), 778 (d | = 856 Hz, 2H), 741 (d, [ =
8.4 Hz, ZH), 670 (d | = 84 Hz, 2H), 426 (4, ] = 8.6 Hz, ZH], 500
(d, J= 173 Hz, IH), 422422 (m, 1H]}, 4.10 (d, ] = 173 Hz, 1H],
406 (dd, J = 121, 4.8 =z, 1H), 165 (dd, ] = 18.5, 4.8 Hz, 1H), 298
(dd, J = 137, 3.6 Mz, 15), 270 (dd, [ = 117, 4.5 Mz, 1H) 171 (dd |
= 185 110 Hz 1H). BC{'H} NMR (126 Mz, DMSO-d,): &
(ppm) =1832, 1825, 165.5, 163.0, 156.3, 143.6, 1376, 1376, 1346,
1344, 1345, 1347, 1327, 1318, 1318, 1307, 13046, 1292, 1272,
1259, 125.9, 1249, 1221, 1146 1145 555 535 4€2.5 38.5, 327.
HEMS (ESL meg) m/z [M — H]- caled for OB Brii0,
6050707, found &150727. Mp 108-111 °C. IR (DRIFT): 7% =
3175, 2918, 2849, 1687, 1669, 1648, 1315, 1326, 1274, 1254, 109,
1053, 819, 739, 713 an~.

(35, 15a5)-3- Banzyl 7-{4 -fuorapheny)- 15, 15a-dikydro-2H-
naphthal2 3-floyrazinol1,2-blsoquinoline-1,4,9, 14{3H,6H)-tar-
raone 13 Pde yellow sobid (194 mg 0037 mmol, 39%). HPLC
pusity 99% (leaved from 292 mg of resin [L325 mma/g 0095
mmol of substrate]. The was pu.nﬁ-nd by silica g:l

in CHzOk/MeOH (18/1; v/v), By = 0.4 and then

MO 'H MME (500 MHz, CDCL): & (ppm) =
825 [d, [ = &4 Hz, 2H), 8.12 (5, 1H), 783777 (m, TH], 735732
(m, 2HL), 725—7.18 (m, 6H), 7.13—7.10 (m, 1H), 658865 (br 5,
1H), 533 (4, ] = 18.0 Hz, 1H), 4.39—436 (m, 1H), 4.08—401 (m,
M), A21-313 (m, TH), L44—242 (m, 1H) “C{'H} NME (136
Mz, CDCL,): & (ppm) = 184.1, 1830, 166.5, 1634, 1629 (d, 'T=
2486 Haz), 145.], 1369, 1347, 1349, 1348, 1345, 1343 (d o=
32 Hz), 1337, 133.4, 1324, 1303 (d Y., = &5 Hz), 1302, 1299,
12849, 127.7, 127.4, 126.7, 1141 (d, *[,_, = 21.2 Hz), 565, 550, 419,
4110, 33.5 HRMS (ESL, pos) m/z: [M + H]* caled for C B, FNL0,
5311715, found 5311719, Mp 249—251 *C. IR (DRIFT v = 3222,
2921, 1890, 1870, 1643 1324, 1276, 1254, 1193, 1070, 1052 1011,
820, 750, 737, 713 am~ L
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(35 15a5)-3-Benzyl-7-(2-luorophenyl)- 15, 1 5a-dihpdro-2H-
naphthaol2,3-f oy azinof1,2-bllsoquinoline-1,4, 8, 14{3H,6H }-tei-
raone 134 Creamy anorphow solid (409 mg, 0077 mmol 53%).
HPLC purity 99% Cleaved from 422 mg of resin (0342 mmol/g
Q14 mmol of substrate]l The produdt wa pwified by semi

RP-HPLC v. 'H NMR (500 MHz, CDCI,
+ DMSO): & (ppm) = 826834 (m, 2H), 8.16 (5, 1H), T8I-7.76
(m, 2], 749—746 (m, 1H) 735-731 (m, 2H), 722-720 (m,
SH), 7.11-7.09 (m, 1H), 682 (br. 5, 1H), 526 (4, = 170 Hz, 1H),
437 (ddd, [ = 7.4, 55, 2.2 Hz, 1H ), 411—4.00 (m, 3H), 117 (s, ZH),
ZA0-230 (m, 1H). BC{'H} NMR (126 Mir, CDCL): & (ppm) =
1841, 1829, 1565, 1633, 1593 (4. 'J = 2442 Hz), 1399, 1374,
1366, 134.8 (4 1= &6 Hz), 1344, 133.7, 1333, 1324, 1310 (d, % =
R0 Hz), 1306, 1300, 128.8, 1281, 1275, 1274, 1267, 1257 (d ¥ =
16.1 Hz), 1251, 146, 11620 (d, %] = 18.7 Hz), 565, 55.0, 43.3, 410,
37 HRMS (ESL neg) miz [M — H]™ caled for CoH PN,
5291558, found 5291570 IR (DRIFT)cv = 3221, 2922, 1690, 1670,
1650, 1316, 1296, 1276, 1254, 1094, 1070, 1053, 1033 1011, 820,
750, 737, T13am™l.

(35, 1505 )-7- 2-Fluorop hen y)-3-(4-h ydroxybenzyl 15, 1 5a-dih -
dro-2H-naphtha[2, 3-f joyrazina1, 2-blisoquinoline-1,4, 9.1 4-
GH.6H)-tetraone 13h. Creamy solid (27.8 mg Q051
mmol, 27% ). HPLC parity 98%. cl.umdﬁm.m mig of resin ({342
mmiol/g, 0.186 mma of substrate). The | was pamified by
semipreparative RP-HPLC chr y. "H NMR (500 MHz,
DMS0d,): & [ppm) =869 (br. s, 1H), 837 (br.s, 1H), 816 (ddd, ]
= 144, 7.7, L1 Hz, 2H), 795787 (m, 3H), 7.64—759 (m, 1H],
TAT-TA2 (m, 3H), &71 (d, | = 74 Hz, 2H), 625 (d, | = 8.4 H=,
2H), 501 (d, ] = 17.4 Hz, 1H), 422 (dd | =35, 2.7 Hz, 1H), 412~
404 (my, 1H), 393 (d [ = 174 Hz, 1H), 367 (dd, ] = 183, 10 H=,
1H), 300 (d, [ = 123 Hz, 1H), 269 (dd, | = 136,43 Hz, 1H}, 1.70
(m, 1H). “C{'H} KMR (126 MHz, DMSO-d,): & (ppm) = 1813,
1825, 1655, 1630, 158.3 (d, '], = 32 Hz), 1543, 1385, 1375,
1346, 145, 1337, 1327 (4, ",y = 3.7 Hz), 1319, 1312 (4. .y =
A2 Hz), 13089, 13086, 130.7, 1294, 1172 1245, 1259, 1256 (d,
Yoy = 156 Ha), 1250, 1160 (4, Ty =204 Hz), 1145 55.5, 535,
404, 35 326 HREMS (ESL neg) miz: [M — H]|™ caled for
Uyl FRLO, 5451507, found 5451521 TR (DRIFT )7 = 2963,
926, 1668, 1448, 1326, 1265, 1250, 1048, 1034, 821, 761, 713 cm™ .

(35, 17a5)-3-Benzyl-7-(4-fvoraphenyl)- 17, 1 7a-dihydro-2H-

I!h.l'fJIJ',_'f-f yrazing [1,2-bj aqum 14,9, 16{3H,6H)-tetraone
m t'mvn - JE:E_E} mg Q009 mmal, %)

jcpr_c pm'.l:p'ﬂ'!i Ch:.md. irmn 27% mg of resin (0344 nnnnl,-'g..
anln&mm].mpnduﬂw:puiﬁudbrsm-
Fq:unme RP-HFPLL duummgﬂphr. 'H NMR (500 MHz,
CIHl,): & (ppm) = 881 (d = 9.5 Hz, 2H), 822 (s 1H), 814

810 (m, 2H), 773770 (m, 2H), 737734 (m, 2H), 725-7.15
(m, 6H), 612 (br. s, 1H], 5.34 (d, ] = 180 Hz, 1H), 438—4.35 (m,
1H], 416—4.06 (m, 3H), 121 (dd, [ = 13.9, 19 Bz, 1H), 3.12 (4d, |
=139, 7.3 Hz, IH], 2.60 (dd, ] = 180, 12.5 Hz, 1H), 209 (s, 1H).
'“c{j[}m.m (126 MHz, CDH,): & Eﬁm] = 1841, 183.0, 1643,
1634, 1628 (d 'J._, = 2474 Hz), 1452, 1370, 1348, 1355, 1350,
1348, 134.4, 1343 (d, *Jc 5 = 34 Hz), 1314, 1310, 1303 (d, Yy =
R0 Hz), 13015 130,10, 1298, 1297, 1294 129.4, 12903, 139.00,
1280, 1278, 116.1 {d, oy = 21.0 Hz), 566, 551, 440, 41.2, 318,
HIRMS (ESL neg) m'z: [M — H]™ caled for C M FNo0, 5791715,
found 5791748 IR (DRIFT : v = 3405, 2957, 2925, 2853, 1701,
1626, 1344, 1283, 1188, 1144, 1099, 1082, 805, 744, 729, 711 cn~'.
(35, 16a5)-3-Benzyl-§-phanyl- 2 3,6,7,16, 1 6a-hexahydro anthra-
1, 2-dipyrazinal1,2-alazepine-1,4, 10 15-tetrgone 148, Creamy
amaor sobid (313 mg 0122 mmal, 54%). HPLC purity 99%.
dr 95:5 Cleaved from 362 g of resin Eﬂ_ﬁﬁ'? nnnnl,."s,ﬂ-.l.'!'q mmmol of
substrate]. The was purified by semd ive BP-FIFLC
- 'H NME (500 Mz, COL): & (ppm) = 829 (dd,

J= 75,13 Hz, 1H), 822820 (m, 2H), 7.78—7.73 (m, 2H), 7.51—
748 (m, ZH), 746743 (m, 1H), 736 (d, ] = 7.1 Hz, 2H), 724
721 (m, 2H), 7.17—-7.14 (m, 1H), 7.11—-7.09 (m, 2H), 658 [br. 5,
1H), 481 (ddd, = 14.1, 81,51 Hz, 1H), 4.24 (ddd J=14.1, 84 51
Bz, 3], 417 (t [ = 5.4 Hz, 1H), 113 (ddd, J = 153, 8.1, 49 Hz,
IH), 3.0 (dd, J= 134 16 Hz, 1H), 284284 (m, 1H), 269255

60

(m, TH), 2.61=2.58 (m, 1H). *C{'H} NMR (126 MH=, CDC1,): &
(ppm) = 1855, 182.9, 166.8, 164.5, 1475, 146.3, 1410, 1399, 1353,
1353, 1343, 13346, 132.7, 1324, 1315 1300, 128.9, 1248, 128.62,
12859, 1281, 1277, 1274, 1245, 59.7, 56.4, 42.4, 41.4, 34.4, 309.
HEMS (ESI, pos) miz: [M + H]" caled for Oy H N0, 527.1965,
fomd 5271971 IR (DRIFT): 7w = 3222, 2923, 2864, 2844, 1688,
1671, 1652, 1315, 1275, 1254, 1194, 1070, 1053 1033 1012 820,
50, 737, 713, 699 cm— L.

(35, 16a5)-3-{4-Hydroxybenzyl)-8-phenyl-2,3,6,7, 16,1 6a-
hexahy droan 1 ioyrazino[1,2-a -1,4, 10,1 542 traone
ub ﬁmrm salid (13.5 mgjl,ﬂ_ﬂlﬁ :umj:l, 15%). HPLC

99% (deaved from 477 mg of resin (0342 mmd;"g, 0.163
mmi of substrate]. The wan RP-
HPLL ]a.':l:.'r mdk[mwhﬁﬂ&,dmﬂﬂ d,): & (ppm] =
913 (br. 5, 1H), 8.17—8.11 {m, 3H), 7.96—787 [m, 3H], 7.57-7.54
(m, 21, 7.51—748 (m, 1H), 740—738 (m, ZH ), 678 (d [=8.5 Hz,
2H), 658 (d, J = 8.5 Hz, 2H), 454 (ddd, J = 13.3,7.7, 3.9 Hz, 1H),
434 (dd, J = 153, 39 Hz, 1H), 4.08—4.05 [m, 1F], 401 (dd, | = 49,
39 Hz, 1H), 108 (ddd, | = 149, 7.7, 3.6 H=, 1H ), 273 (ddd, [ = 113,
7.7, 16 Hz, 1H), 264-255 (m, 4H). “CIH} NME (126 Mz,
DMS O, J: & (ppm) = 184.9, 1823, 165.7, 164.2, 156.2, 146.7, 1464,
1425, 1397, 1351, 1347, 1340, 1322, 1320, 1310, 1309, 1288,
1287, 1281, 127.1, 127.0, 1260, 1257, 1149, 593, 55.4, 411, 404,
334, 309, HRMS (ESI, poa) m/z: [M + FI]" caled for CaublNz05
54311914, found 543.1914 IR (DRIFT) v = 2865, 2844, 2817, 16468,
1323, 1310, 1267, 1052, 1033, 1020, 815, 799,761, 704 an™.

351 3-Ban zyl-5-{4-firifuorameatfy 2,35 716, 160-
heﬂa%ayﬂﬁmﬂ}-ﬂp}ﬂmﬂ}ﬂ}amﬁrf&{e&m
14¢. Pal= Fray green amorphous sobid (290 mg, 0049 mmal, 33%).
HPLLC 99%_ (leaved from 431 g of resin [0_34.! mmnl,."s,
ﬂlﬂmmﬂ&mhhie] Tll.ep'-n-d.u.ctm?lunﬁadbrpuuﬂdbr

BP-HPLC H NMRE (500 MHz,
c:rd,] & (ppm) = 833 (dd, [= 76, 1.0 M=z, 1H), 823 (&, [ = 76,
1.6 Fz, 1H], 820 (s, 1H), 783—7.76 (m, 4H), 755 (d, J = 7.2 Hz,
ZH], 720-7.15 (m, 3H), 702—700 (m, 2H), 6.14 (br. 5, 1H), 4.83—
4.77 (m, 1H), 4.26 (t, ] = 5.7 Hz, 1H), 4.16 (ddd, ] =88, 57, 3.2 Hz,
1H], 408 (dd [ =150, &1 Hz, 1H], 361 (dd, ] = 150, 32 Hz, 1H),
3.10-304 (m, 1H), 201 (dd, = 135, 35 Ha, 1F), 2.89-283 (m,
1H), 2.78—273 (m, 1H), 2.32 (dd, = 115, 88 Hz, IH). “ci'H}
MMER (126 MHz, COCL): & (ppm) = 185.5, 1827, 166.5, 1647,
1461, 1438, 1435, 1407, 1353, 1352, 1345, 1338, 1330, 1516,
1321, 1305 (g, .y = 337 Hz), 1298, 129.4, 1289, 128.4, 1278,
1272, 1247, 1257 (g, |y = 13 Hz), 1240 (g "J;. , = 712 Hz),
595, 564, 419, 416, 3.0, 307, HRMS (ESL neg ) myz: [M — HT
caled for CagH o FLNL00, 5831683, found 5931700, R (DEIFT) o =
3231, 2923, 2865, 2844, 1671, 1668, 1652, 1315, 1275, 1254, 1211,
1094, 1108, 1053, 1033, 1013, 933, 824, 738 750, 713 em™ .

11. Acylation with Fmoc-Aming Acids (Intermedigres 12). To
resin Bz (250 mg) with DMF and CHLCL a salution of
Fmoc-Ali-OH (273 mg, 0.875 mmadl), HOBt (119 mg 0.875 mmal),
and DIC (0875 m in DMFACHCL (25 ml, 50%) was addsd.
After shaking for 24 h at room #mperature, the resulting resin 12
wi washed thres times with DMF and CHO,

12 Bose-Mediated Cyclization (Product 13f). To the resn 12
(500 mg) piperidine/DMF (5 ml, 50% ) was added, and the reaction
mirture was stired for 24 h & room temperature. Then the reaction
salution was | med. ovemi and the guds L3 was
e T o e o

(35, 1505 -7 ~{2-Fluoropheny)-3-methyl-15, 15a-dihydro-2H-
nap.htha!!‘.]‘-ﬂp}u‘amo!ﬂ-bfﬁm winoline-1,4,9, 14(3H,6H)-ter -
raone 135 Pale [1&'? 024 mumeal, 29% ).

HPLC purty 98%. 'ljﬂ.'md from 247 g -ud: resin [ﬂ_ﬁlﬁ mmnl,."s,
0080 mmol of smbstrae]. The was by semi

RPF-HPLC y. 'H NME (500 MEHz,
1:1::-1:'!,) & (ppm) = A22-819 (m, 2H), 114 (s 1H], 779773
(m, ZH), 745741 (m, 1H), 728 (br. 5, 1E), 726726 (m, 2H),
7.17—-716 [m, 1H}, 513 (d, J = 180 Hz, 1F), 443—421 [m, 1H),
4.17 (d [ =180 Hz, 1H),4.07 (dd, [= 118, 6.8 Hz, 1H), 159-3.47
(m, 1H}, 281 {d. [ = 12.5 Hz, 1H), 1.47 (4, ] = 62 H=, 3H). “C{'H}
MMR (126 MHz, CDCL): & (ppm) = 184.7, 1829, 166.7, 1655,

hifpa-tdielong L 1021 Asci oo 2000199
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1590 (4, '] = 2468 Hz), 140.1, 1384, 1347, 1344, 1338 133.4 (4,
Moy =79 Hz), 132.4, 1310, 1309, 1308, 1304 (d, ¥, = 4.3 Hz),
1283, 1273, 1266, 1253 ([, = 17.1 Hz), 1250 (d, ¥, = 19
Hz), 1158 (d, 3., = 23.6 Hz), 55.3 50.9, 413, 319, 2L4. HEMS
(ESL, pos) m/z: [M + H]* caled for CoblyFN,O, 4551402 found
4551404, IR (DRIFT):» = 3219, 2923, 1690, 1670, 1650, 1452,
1318, 1276, 1254, 1159, 1094, 1011, 806, 750, 737 cm—".

13. Acylation with lodoacetic Acd (Intermediates 15a—g). 2-
Todoacetic acid [ 560 mg, 3.0 mmol] was dissolved in CH,CL, (5 mL],
and DIC (232 wl, 15 mmal) was added The reaction mizre was
shaken for 30 min at room temperature, the precpitated
diisopropyiures was and the remaining solufion was added
o resin B (500 mg). After shaking for 24 h at room temperature,
:n:mﬂ:m.g resing 1Sa—g wers washed three times with CELCL,, DME,
and CHLOI

14. Cyclative (eavage with Amines (Products 16a—d and 17a—
€l To the resins 15a—g [ 500 mg) prevashed in anhydroms DMSO, a
sohution of iate amine/anhydrous DMSO (5 ml, 5%) was
added. The reaction mivture was stimed for 24 h at room temperature,
then the resin was filkered, and the filirate was collaced. Resing were
washed three fimes with DAM350, and the combined wahes wer=
l'pupl:.'il:izd mmgﬁ.t_ The residual material was pu::iﬁ.n:l by

RP-HPLC or sifica
ml-?-ﬁ-b:maphm}r EWHMWH:&
12 3-flpyrazino [T, 2-bisoquinol ne-1,4,9, 14 3H 6H)-tetraone  16a.

Orange-pellow solid (185 mg 0031 mmol 3¥%). HFLC parity
9B% Cleaved from 248 mg of resin (0326 mmol/' g, 0,080 mmol of
substrate). The product was purified by slica gel d::-nun.l.tugnphr
CHCLMeOH (9/1; wiv), By = 07 and then o
M=OFL 'H NME (500 MHz, CDOL): & (ppm) = 826824 [m,
IH), 811 (5 1H), 783777 (m, 2H), 763 (b d, ] = 8.4 Hz, 2H),
739736 (m, ZH), 734731 (m 3H}, 7.20 (br. 4 [= 8.6 Hz, ZH],
527 (d J= 180 Hz, 1H), 472 (d [ = 145 Hz, IH), 462 (d J= 145
Hiz, 1H], 440 (dd, ] = 18.0, 3.8 Fz, 151, 425 (dd, ] = 12.0, 38 Iz,
1K), 415 (d, J= 180 Hz, 1E), 382 (5 2], i58 (dd, ] = 18.0, 120
Hz, 1H). BCI'H} NMR (126 MHz, CDCL): & (ppm) =
1828, 1645, 1620, 1449, 137.1, 1349, 1349, 1348, 1345, 1318,
1335, 1324, 1322, 1307, 1300, 1290, 1286, 1285, 1243, 1278,
1274, 126.7, 123.1, 5.4, 49.4, 48.7, 43.6, 33.9. FIRMS (ESL neg ) mf
2 [M — H] caled for O HBrN,0, 5890754, found 589.0776 Mp
145148 “C_ IR (DRIFT) e = 3222, 2923, 1690, 1670, 1450, 1314,
1296, 1276, 1254, 1159, 1094, 1070, 1052, 1033, 1011, 820, 804, 750,
737, 713 698 cm™ .

5)-7-(d-Fluo anyl} 2 -15, 1. 5a-di by dro-2H htho-
ot oty oy
Pale yellow amorphows sobid (217 mg 00045 mmol, 39%). HPLC

ity 9%. (leaved from 39 mg of resin (1L325 mmal/g @113
mmal of substrate]. The was purifisd by semipreparative RP-
HPLC . 'H NMR (500 MEz, CDCL,): § (ppm) =
R25-823 (m, 2H), 812 (s, 1H ), 782776 (m, 2H), 7.35-7.29 (m,
), 722-7.17 (m, 2H), 529 (4, [ = 180 Hz, 1), 432 (dd, J =
18.0, 38 Hz, 1H], 4.19 (dd, [ = 26, 1.1 Hg, 1H], 416 (dd, ] =38, L1
Hix, 1H]J, 405 (dd, [ = 18.0, 1.1 Hz, 1F], 400 (dd, [ = 18.0, 11 Hz,
IH), 355 (dd, [ = 180, 120 Fz, 1H], 343 (dt, ] = 7.0, L6 Fz, 2ET),
L85 (g J =75 Hz, ZH), 097 (t, [ = 75 Hz, 3H). "C{'H} NMR
{126 MHz, COCL): & (ppm) = 1846, 1823, 1645, 1629 (d T =
M Hz), 1623, 1452, 1373, 137.0, 1348, 1344, 1342 (d, .y =
42 Hz), 133.8, 1334, 1325, 1306, 1302 (d, ., = 74 Hz), 1278,
1274, 1267, 116.1 (4, Sy = 212 Hz), 555, 495, 7.8, 434 317,
19.9, 111 HEMS (ESL pos.) miz: [M + H caled for O HL PN, O,
483715, found 4831718, IR (DRIFT)Sv = 3221, 2923, 1689, 1670,
1650, 1315, 1296, 1276, 1254, 1094, 1070, 1052 1033 1011, 805,
750, 737 cm .

{5)-2-Benzyl-7-(2-fuorophenyl}-15.15a-dihydro-2H-nap htho-
I?J-HP:-’MEH.?—W.EOL;WOPHDII”H}:-I.{ g, H’L"I'H.ﬁl“-le Umw 16d.
Pale yellow solid (165 mg 0031 mmol, 33%). HPLC purity 99%.
Ceaved from 270 of resin (0325 mmol/g, 0088 mmol of
subwtrate]. The was purified by silica gel chromatography in
CHCLMeOH (3/1; viv), By = @5 and then oysullized from
MeOH. 'H NMR (500 MHz, CDCL,): § (ppm) = 828-825 (m,

61

IH), 818 (s 1H), 784—7.77 (m, ZH), 749—74 (m, 1H), 739
736 (m, 2H), T33—729 (m, 5H), 7.20-7.19 [m, IH], 523 (4, [ =
18.0 Bz, 1H), 473 (d, | = 14.6 Hz, 1H), 462 (4, [ = 14.6 Hz, 1H),
4.52—408 (m, 3H), 3.91 (s, 2H), 3.65—3.58 (m, 1H). "C{'H} NMR
(126 MEz, CDCL): & (ppm) = 184.7, 1818, 1646, 1619, 159.0 (d,
'Ly = 2463 Hz), 140.1, 1382, 1365, 1350, 1348, 1345 1318,
1315 (d, Yoy = &1 Hz), 1325, 1310, 1308, 1305 (4, Yoy = 32
Hz), 1290, 1285, 1283, 1282, 1274, 126.7, 1256 (d, *|._, = 143
Ha), 1252 (d, Yoy = 33 Ha), 116.0 (4, oy = 204 Hz), 5.6, 494,
48.7, 432 297 HEMS (ESL, neg) mfz: [M — HI caled for
CopHFR, O 52901558, found 5291563 Mp 242-245 °C. IR
(DRIFT)w = 3221, 2922, 3844, 1690, 1670, 1651, 1314 1276, 1254,
1159, 1094, 1064, 1053, 1033, 824, 805, 750, 713, 699 an™ .

5 2-Benzyl-E-phemy-2, 36,716, 16a-heax roanthrall, 2 dj-
pyrra}z:umﬂ}?:}amﬂ.dﬁﬂﬁs-tgm Fﬂhmbﬂ [3?}3
mg, 0058 mma, 53%). HPLC purity 99%. 'E'h.mud. from 360 mg of
resin (0357 mnnl,."g, 01X mmal of substrate). The product was
pll:mﬁedh'rﬂustl -cluﬁnmtn-snphr:nﬂ[zﬂ}."h'[rﬂ.i[ (18/1; w'v),
? 05 ad then ized from MeOFL "H NME (500 MHz,

o) & (ppm) =8.31—8.29 (m, 1E), 25—-8.23 (m, 1H), 8.20 (5,
1H), 783=737 (m, XH), 750740 (m, 5H), 727-7.50 (m, 5H),
488 (d [ = 14.6 Fz, 1], 4.64 [ddd, [ = 165,9.1, 7.2 Hz, IH), 4.59
(44, J = 14.6, 37 Hax, 1H), 453 (dd = 8.4, 37 Hz, 1H), 441 (d | =
14.6 Bz, 1H), 185 (dd, ] = 146, 84 Fi=, 1H ), 362 (d, J = 175 H=,
1H], 341 (d, = 175 Hz, 1), 3209-300 (m, 2H), 295 (ddd, | =
132, 6.4, 4.0 Hz, 1H). “C{'H} NMR { 126 Mz, CDCL): & (ppm) =
1857, 1828, 1642, 1642, 1477, 1451, 1399, 1395, 1352, 1350,
1343, 1337, 1329, 1328, 1317, 1288, 1287, 1284, 1241, 1274,
1276, 126.7, 588, 495, 484, 416, 3.2, 29.9. HEMS (ESL pos_) m/z:
[M +H]" caled for Co)H N0, 5271965, found 527.1972. Mp 160—
163 % IR (DRIFT }:w = 2981, 2923, 28465, 2844, 1688, 1671, 1652,
1315, 1274, 1253, 1094, 1053, 1033, 1013, 824, 766, 750, 737, 699
am

(5 )-8-Phanyl-2-propyl- 2,3,6,7, 16, 16a-hesa hyd roan thral 1, 2 df-

oy razingf 1, 2-alazepine-1,4, 10, 1 5-tetraone 1 7B Creamy am
salid (122 mg, 0026 mmol, 14%). HPLC purity 99%. Cleaved from
535 myg of resin (0342 mmol/g 0183 mmal of substrate). The

wa parified by semipreparative RP-HPLC chromatography.

HKME (500 MHz, CIM1,): 5 (ppm) = 827-822 (m, 3H], 7.81—
775 (my, B, T51-742 (m, 5H), 4.65 (ddd, | = 142, 9.1, 6.7 H=,
1H), 453 (dd, | = 14.9, 3.4 Flz, 1H), 444 (dd, ] =87, 3.-1 Haz 1H],
378 (dd, = 149, 8.7 Hz, 1H), 3.69 (d, [ = 17.5 Hz, 1H), 157 (dd, |
= 175, 05 Hz, 1H), 343-332 (m 2H), 309-299 (m, 2H] 296
(ddd, [ = 129, 6.7, 36 Hz, 1), 1.69—1 48 (m, 2H), 089 (¢, [= 74
Hz, 3H). "C{'H} NMR (12§ MHz CDCL): & (ppm) = 1858,
1829, 1662, 1646, 1478, 1451, 1400, 1396, 1354, 1344, 1318,
1330, 1329, 131.9, 1288, 1287, 1282, 1374, 1267, 58.8, 49.5 441,
41.8 343, 30,0, 198, 114. HEMS (ESL pos.) m/z: [M + H] caled
for CaalblMNy0s 479.1965, found 4791968, IR (DRIFT) e = 2980,
2966, 2937, X923, 2871, 2843, 2824, 1668, 1640, 1653 12469, 1085,
1051, 1033, 1021, 822, 775, 767, 708 an .

15 Cypclization fo Diketomonpholings (Product 19a—bL Method

A: The crode ntermediate 182 was dissoheed in uﬂ.tﬂ'_."f![;‘l'."l‘\_."
Dhﬁﬂ (30 ml; 14/6/1; w'v'v) md&mpu:ﬁ:dlqrmwl:ﬂ
RPJEPLETI!.:mmﬁmﬂlugmcﬁ:mmm in wacus,
freeze-dried and the resulting maerial was disaved in CHCN/S
DIMSO |3 504 and for 3 h at room Then it
was :":rme[ :Edm.d]pu:ﬁedhq:r silica gel d:mtu-g::phm:::
hexane (8/2; wiv). Method B: To the cude intermediate 18b, 2
solubion of THPEA (435 ul. 2.5 mmol) n DM S50 (5 ml.) was added
and the reaction mivture was stimed for 24 h at room temperature.
Thm.imﬁm—d:ﬂaﬂhmﬂnﬂmmﬂmpuiﬁndbr
siic gel chromatography in EtOAc/ hewane [8/% wiv).

(8} 7-(3-Fluorophenyl)-15, 15a-dikydronaphthol2 3-F 1,4 -
o azinol4, 3-blsoquin oline-1.4.9, 14 3H 6H)-fetraone 190 Yellow
am-clplmu solid (14.1 myg, LOE2 mmal, 25%). HPLC pity 99%.
Cleaved from 360 mg of resin (1342 mmol/g, 0124 mmol of
substrate]. The product was purified by slica gel in
EtDAc hexme (8/2; v/v), By= 0.7. "H KMR (500 Mz, CDCL): §
(ppm) = 829-226 (m, 2H1), 822 (s, 1H), 785-778 (m, 2H),

e lorgy 10 1 faci joe 2000049
1 g (R, 2022, 07, 3424208
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T51—T48 (m, 1H), 7.19 (dddd, ] = 25, 9.2, 2.5, 09 Hz, 1H), 7.11
(ddd, | = 74 1.4 0.9 Hz, 1H), 705 (ddd, [ =92 25 16 Hzg 11:],
501 (d, J= 17.1 Hz, 1H), 4.82 (5, ZH), 452—445 (m, 2H), 438 (dd,
J= 107, 45 Hz, 1H), 188 (ddd, J= 17.1, 10.7, &s Hz, 1H]. “C{H}
KME (126 Mz, CDCL): & (ppm) = 1847, 18246, 1658, 1625,
1628 (d Yooy = 2483 Hz), 1446, 1399 (4, Y], = 76 Hz), 1372,
1364, 1347, 1346, 1340, 1337, 1325 1308 (d, ¥._, = 8.6 =),
13004, 128.0, 1276, 126 8, 1244, 116.0 [d, ¥, = 167 Hz], 1158 [d,
g = 173 Hz), &7.4, 52.9, 421, 302 HEMS (ESI, neg) m/z: [M—
H]= caled for CyH . FNO, 4400929, found 440094 1 IR (DRIFT):
= 31IF, PR3, BRAS, 2844, 1689, 1470, 1651, 1314 1296, 1276,
1254, 1158, 1094, 10710, 1053, 1033, 1012, 820, 737 an™"

[5)-7-{4 -Fluarop henyl)-15, 15a-dihydronaphthol2, 3-F 17, 4]-
ouwazingld, 3-bllsoquinaline- 14,81 4(3H,6H)-tetraone 195
ail (385 mg 0,087 mmal, amc] HPLC purity 98% (leaved from
556 my of resin (0357 mmol/ dg 0.199 mmal of sbstate). The
product was purifisd by slica g du-ummgniﬁ'rmﬂﬂﬁﬂhum.e
(8/2; vfv), Ry= 08, "H KMR (500 MEz, CDCL): & (ppm) = 827—
A24 (m, ZH], 8.19 s, 1H], 782-7.78 (m, 2H), 733—730 (m, 2H),
T23=7.19 (m, ZH], 458 [d, | = 172 Hz, 1H), 481 (s, ZH), 451-
443 (m, 2H), 436 (dd, ] = 105, 4.5 Hz, 1H), 3.85 (dd, [ = 172, 105
Hz, 1H). WC{'H} NMR (126 Mz, CDCL): & (ppm) =
1826, 1659, 1629 (4, "J._, = 2505 Hz], 1626, 1449, 1374, 1344,
1347, 1345, 1319, 1338 (4, *[.y = 3.2 Hz), 1334, 1324, 130.4 (4,
1y = 84 H=z) 130.1, 1283, 1275, 1247, 11&2 (d, ¥y = 207
Hz), 674, 528, 421, 30.0. HRMS (ESL neg) m/z: [M — H]™ caled
for T FRO, 4400929, band 4400939, IR (DRIFT )7 = 2922,
2864, 2844, 1688, 1671, 1&52. 1314, 1376, 1254, 1094, 1070, 1053,
1033, 1013, 820, 737 co™
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7. PRILOHY (SUPPORTING INFORMATION)

Tato kapitola byla prevzata z originalni publikace priloZené v kapitole 6. a jeji text a Cislovani obrazku
jako ,Figure S“ byl ponechan v anglictiné: 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 alkynolu

7.1.1 3-(4-trifluoromethyl)phenyl)prop-2-yn-1-ol I
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Figure S1. "H NMR spectrum of I (500 MHz, CDCls)
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Figure S2. "C{'H} NMR spectrum of I (126 MHz, CDCl)

N

131022

— 130.Tal
130500

:
|

130 239
— 12717

— 123111
1200 5 5

12T A ]

UL I | L T
1310 1300 129.0 128 A

_

T L LI LA B AL L T
127.0 126.0 125.0 1240 1230 1220 121.0 12
1 ]

Figure S3. Expansion of *C{'H} NMR spectrum of I (126 MHz, CDCl;)
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Figure S5. '"H NMR spectrum of IT (500 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 III
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Figure S8. 'H NMR spectrum of III (500 MHz, CDCls)
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Figure S9. °C{'H} NMR spectrum of III (126 MHz, CDCl)
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Figure S10. HRMS spectrum of III
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Figure S11. "H NMR spectrum of IV (500 MHz, CDCl;)

69




oIr'L \
€L

Y4

o
I

T T T[T T T T
¢l I'l 0T 60 80 L

BRSNS DRA DR DR
‘0 90 S0 ¥0 €0 ¢0 I'0 0
Jouepunqe

7.0

7.1

7.2

7.3

—L6°0

—96'0

—L6°0

—00'1

parts per Million

Figure S12. Detailed "H NMR spectrum of IV — aromatic area (500 MHz, CDCls)
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Figure S13. °C{'H} NMR spectrum of IV (126 MHz, CDCls)
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Figure S14. HRMS spectrum of IV

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, CDCl;). 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, CDCl;). 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-o0l VI
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Figure S18. '"H NMR spectrum of VI (500 MHz, CDCl;)
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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, CDCl5)
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Figure S22. "C{'H} NMR spectrum of VII (126 MHz, CDCl;)
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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 VIII (500 MHz, CDCls)
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Figure S25. "C{'H} NMR spectrum of VIII (126 MHz, CDCl5)
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Figure S26. HRMS spectrum of VIII
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Figure S27. Detailed COSY and '"H-'’N HMBC NMR analysis of isoquinoline 5a-I
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TH-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-I

1 : _ "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-I
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vw

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-"*C HMBC, 'H-"N HMBC and NOE correlations for isoquinoline 5a-I

q ISC{IH} 15N COS a 13C C IH_ISN
HNMR | splitting pattern, | NMR dc Y H-*C HMB
pos. Ju [ppm]° |J [Hz], integration| [ppm], 1\1[1;;[;;5]1“ correl. correl. I:(?flzlc DL o
4Jc.r [Hz] :
1 - - 176.5 - - - - -
5 . i ) 1(9N32)1 ) B HI5:19 R
3 - - 178.2 - - - - -
C3,C4,C5,C6
dd,/=3.0,1.5 H.°, Hy, A nia H'?, H>'%
4 3.45 o, 1H 39.7 - b €7, C13,C14 - (very low inty
_ C3, C4, Co, C8 2125 (very low
Ha: 2.35 dd,J=8.7,3.0 ) H, HyS (vary owint), (412, i H ¢ Y
Hz, 1H c13 )
S 294 C3, C4, C6, C7
_ ) s B ) 12 13
H:2.67 | 99 = l‘l‘ﬁ’ 15 ) HYHS | C8, C12 Gowint), - Ao
» C13,C20
6 - - 132.1 - - - - -
7 - - 133.0 - - - - -
— 10 (very low int.)
Hea06 | 47=162Hz, ] me | Ccncnct ] ROt i,
1H Y , C12 H-"
8 iJ=162H 41.71
Hy: 4.25 R - H.$ Cs6, C7 - Ha!l, 2125
9 ) ) ) 94.3 ) ) Hy'!, )
(N9) H'?
C8 (low int.) Cll HaS (very low int.)
— 11 > E s
10 4.41 dd, J= 12'1’ 6.1 56.9 _ Ha “’ C12 (low im,)’ _ le’ H!3 (very
Hz, 1H Hp C34 low int) FJ28
— 10 11
He245 | %7 _11&1 Hz, - PR | crociz e ) Ho®, HI3
u _ dd, J=6.1, 3.0 267 HO H.T, | C7,CI10e B
Hy: 2.57 6 - 2 0w, C12 N9 H
Hal 1’ Cl (very low intA)’
12| 249 | JoIZIEL 330 S| ML | c4crcs | NO | HYHSHO
o ’ H!3 C10, C11, C13
Cl1, C5, Ce6, Hy>, HO (very
13| 343 | 9EI=3005 0 g6 | L | moH2 | cl2,clavey | | owi g
Hz, 1H low int.) H,!!
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14 - - 1322 - - - - -
15,19 | 7.12-7.17 m, 2H 127.1 ; H1618 C14’CC1175’19’ N2 ;
AT, | Cl4, CI5.19,
16,18 | 7.41-7.48 m, 2H 128.9 ] wr | Cleis Cr ] ]
Cl4,Cl15.19
- } 16,18 ) ,19, ) i
17 | 7.35-7.41 m, 10 128.4 H v
20 - - 142.6 - - - - -
C6’ C20’ H4 (very low
br.d, J=8.0 s C21.25. int), 1,3 very
21,25 | 7.07-7.02 | Tt 1282 1 - | H 22,24, C23, ] lowint) 1.3,
C26 (very low int.) Ha8’ Hbs,
_ 125.1, C20. C21.25.
224 | 767 bfﬁ’z" 2_1{8'0 J=32 | - 2125 | (2224, C23, ] 2
> Hz C26
1273,
23 ] ; J=319 | - ; ; ; ;
Hz
1242,
26 ] ] J=2718 | - ; ; ; ;
Hz
27 - - 1311 - - - - -
N33
dd. J=84.12 ] » c28.c29, | N33 o0
28 7.62 o in 129.4 H c20, C1. ¢az | H
ddd, 7 =34, o c27.cos, s
2 TIC N g4 2Hz 1| B8 - | HLHT 30 03102 | H
ddd, =79, | 28 02,
30 785 g3 oHz | 2#0 | - |HLH C30.C32 - -
C27. C28,
31 779 | 94 {1; 71'19{’ L0 1345 ] 0 C29.C30. | N33 ]
’ C31.C32
2 - - 1475 - - - - -
H28 (very
33 - - - 373.0 - _ low int)A’ _
(N33) o
34 - - 172.9 - - - - -
35 | 1313 br.s, 10 - - - - - -

aAssignments are based on extensive 1D and 2D NMR analysis (\H-'H COSY, 'H-*C 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 Sa-I (500 MHz, DMSO-ds)
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Figure S32. "C{'H} NMR spectrum of 5a-I (126 MHz, DMSO-ds)
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Figure S33. °C APT NMR spectrum of 5a-I (126 MHz, DMSO-ds)
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Figure S34. '"H-'H COSY NMR spectrum of 5a-I (500 MHz, DMSO-ds)
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Figure S35. '"H-"*C HMQC NMR spectrum of 5a-I (DMSO-dj)

et Millien

1500

s

1700
1

¢

e

o ']

parts per Million

T T T T
20 70

T
a0

T
50

LR R S R R R AR R R
40 30 20 1.0 0

Figure S36. 'H-"°C HMBC NMR spectrum of 5a-I1 (DMSO-ds)
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Figure S37. '"H->"N HMBC NMR spectrum of 5a-I (DMSO-dj)
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Figure S38. '"H-'H NOESY NMR spectrum of 5a-I (DMSO-ds)
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Figure S39. HRMS spectrum of 5a-1

7.2.2

™
750

(3aS,85,9aR ,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-flisoquinoline-8-carboxylic acid
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Figure S40. Detailed COSY and 'H-'>’N HMBC NMR analysis of isoquinoline 5a-II
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"H-13C HMBC correlations - aliphatic area

vw = very weak interaction

Figure S41. Detailed 'H-">*C HMBC NMR analysis (aliphatic area) of isoquinoline Sa-II

TH-3C HMBC correlations - aromatic area

Figure S42. Detailed 'H-"°C HMBC NMR analysis (aromatic area) of isoquinoline Sa-1I
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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
vvw = very very weak interaction

Figure S43. Detailed 'H-'H NOE NMR analysis of isoquinoline 5a-IT

Table S2. '"H NMR (500 MHz) and “C{'H} NMR (126 MHz) spectral data, including detailed COSY,
'H-"C HMBC, 'H-""N HMBC and NOE correlations for isoquinoline Sa-II

ISN
THNMR splitting pattern, |*C{'H} NMR [NMR cosy |'H.-3C HMBC 1H-15N
0s. o J [Hz] dc[ppm] [ppm] . HMBC | NOE correl.
p H g clppmy, correl. correl.
[ppm]° integration 4Jc.r [Hz] correl.
1 ; ; 176.8 } } } } }
199.9 ) B 15,19 R
2 - - - o) H
3 } } 178.5 } } } } }
ddd, J=15.2, H.°, Hy, C3,C5, Co,
4 351 8.7,1.5Hz, 1H 404 ) H C13 )
C4, Co6, C7,
_ ddd, J =15.2, W s | €8 towin ) )
Ha 2731 55 28 Hy, 1H - HLES 013 cog tow
int.)
S 30.7 C3, C4, C6,
dd, J= 15'2’ C7, C8 (low H21,25 (very low
Hy: 2.80 1.5Hz, 1H - H* HJ int) (]2 0w - int.)
int) 'C13, C20
6 } } 132.6 } } } } }
7 ; ; 1317 ; ; ; ; ;
Hl()’ le, H21,25
He370 | 447=145, - HS c6, C7 B e T
8 1.5 Hz, 1H 4.4 (very low int.)
d, J=14.5Hz, Ce, C7, C10, H,!! (very low int)
Hp: 4.17 w - H 2 - 15
92.8 11
9 - - - o0 - - Hs -
_ 8 12 (very
dd, J=47,28 Hal, cl1,Cl12, o e
10 4.66 o 55.8 lh Can - , H28 ey
B int.)
dd,J=8.7,2.8 - H'O, H,'!, C7, C10 (ow
H: 2.46 Hz, I1H H"2 i C12, C34 i H', H
11 ~ 26.6 ; W1 | Cl,C7,Clo,
Hy 266 | 907=8T47 e e T I HI3
? C34
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- Cl1, C4, C6,
C7, C8, C10 H.’, Ha8, H!?
ddd,J=11.9 H.!! N ow) 1
12 267 ’ ’ 325 ’ Cll (low mL)’ _ (very low)’ H21,25
8.7, 4.7 HZ, 1H Hb“, H13 C12, C13, (very low int.)
C34
_ Ha“, Hb“,
ddd, J=11.9, s un | Cl,04,07, HIS19 (very low
130 347 Y g755m,1m | 43 H.H 12 T |, s ey
low int.)
14 - - 132.1 - - - - -
15,19 | 7.08-7.10 m, 2H 127.0 ) H'618 C14’C(i175’19’ N2 H'3 (very lowint.)
- H'S1, Cl14, C5,19,
16,18 | 7.43-7.47 m, 2H 128.9 HY7 C16.18, C17 - -
- C14, C15,19
- 16,18 > 17, B _
17 7.37-7.41 m, 1H 128.4 H C16.18
20 - - 1433 - - - - -
- Hbs (very low im,)’
b d J=8.1 C6. C20 HaS (very low im,)’
.4, J =0 2224 i ) _ 8 12 (very low
21,25 | 7.29 Ha. 2H 1283 H 2200 C23 IT?)’ Hm =
int. R H!3 (very low
int.)
br.d, /=82 1254, - s | C20,C21,25,
24| 770 Hz, 2H J=3.1Hz H C22,24,C26 i i
127.7, -
3 - - J=31.6 Hz - - - -
125.2, -
26 ' i J=271.8 Hz . i i i
27 - - 130.8 - - - - -
28 e1a | dd.J=7914 13002 ) e | €28,C30 0 o33 | e owin,
. HZ, 1H . im,)’ C31, Cc32 it HlO (very low int.)
ddd, J =8.8, - 28 1130
29 7.76 79,14 Hz, 1H 132.3 H*, H C27,C30 - -
ddd, J =8.8, - 29 131
30 7.80 79,14 Hz, 1H 124.0 H”, H C28,C32 - -
dd,J=79, 14 - 0 C27, C29,
31 7.86 Hz, 1H 134.4 H 32 N33 -
32 - - 147.9 - - - - -
3734 H?
N33 (very low
B3| - - - e - i -
HSI
34 - - 1722 - - - - -

aAssignments are based on extensive 1D and 2D NMR analysis (\H-'H COSY, 'H-*C HMQC, 'H-*C HMBC, 'H-°N
HMBC and 'H-'H NOESY); measured in DMSO-ds; correl. = correlations; int = interaction.
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Figure S46. °C APT NMR spectrum of 5a-II (126 MHz, DMSO-ds)
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Figure S47. '"H-'H COSY NMR spectrum of 5a-II (500 MHz, DMSO-ds)
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Figure S48. 'H-">C HMQC NMR spectrum of Sa-II (DMSO-ds)
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Figure S49. 'H-'*C HMBC NMR spectrum of 5a-II (DMSO-dy)
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Figure S50. "H-'’N HMBC NMR spectrum of 5a-II (DMSO-ds)
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Figure S51. '"H-'H NOESY NMR spectrum of 5a-II (DMSO-dy)
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Figure S52. HRMS spectrum of Sa-I1

Table S3. Comparison of 'H chemical shifts, splitting patterns, and %/ and *J homonuclear couplings

for 5a-I and 5a-I1

The key splitting patterns between key protons

H
2 3% 1 cooH
1 'Hy/™°
Bl:lb N
minor isomer 5a-l major isomer 5a-ll
minor isomer 5a-I major isomer Sa-11
position |'H NMR splittin '"HNMR | splittin,
OH [ppm] [E)atterng J [Hz] ou [ppm] [E)atterng J [Hz]
H* 3.45 dd 3.0,1.5 3.51 ddd 15.2,8.7,1.5
H.’ 2.35 dd 8.7,3.0 2.73 ddd 15.2,5.5,2.8
Hy’ 2.67 dd 14.2, 1.5 2.80 dd 15.2, 1.5
H.* 4.06 d 16.2 3.70 dd 14.5, 1.5
H® 4.25 d 16.2 4.17 d 14.5
H" 4.41 dd 12.1, 6.1 4.66 dd 4.7,2.8
Han 2.45 q 12.1 2.46 dd 8.7,2.8
Hy" 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" 343 dd 3.0,1.5 347 ddd 11.9,8.7,5.5
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(S)-8-(4-bromophenyl)-3,4,16,16a-tetrahydro-[1,4]diazepino[1,2-b Jnaphtho[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, CDCl;)
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Figure S54. "C{'H} NMR spectrum of 11 (126 MHz, CDCl)
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Figure S55. HRMS spectrum of 11

7.2.4 (35,15a5)-3-methyl-7-(4-(trifluoromethyl)phenyl)-15,15a-dihydro-2H-naphtho[2,3-f]
pyrazino[1,2-blisoquinoline-1,4,9,14(3H,6H)-tetraone 13a
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Figure S56. '"H NMR spectrum of 13a (500 MHz, CDCl5)

95



0.1

abundance

[NE
S 0
O &~
<
00 00
—_—

—— 166.546
165.409

J

137.268
136.973
134.782
134.572
133.923
133.594
132.482
128.952
127.680
127.519
126.778

, lJJﬂﬂ

126.045
126.020

=

Lo

T .WMT‘J

— 55.186
51.167
T 43.652

33314

21.290

e

R

210.0 190.0

170.0
X : parts per Million : Carbon13

150.0

130.0

110.0 90.0

70.0

50.0

30.0 10.0

Figure S57. "C{'H} NMR spectrum of 13a (126 MHz, CDCl;)
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Figure S58. HRMS spectrum of 13a
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(35,15aS)-3-benzyl-7-(4-(trifluoromethyl)phenyl)-15,15a-dihydro-2H-naphtho[2,3-f]

pyrazino[1,2-blisoquinoline-1,4,9,14(3H,6H)-tetraone 13b
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Figure S59. '"H NMR spectrum of 13b (500 MHz, CDCl5)
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Figure S60. °C{'H} NMR spectrum of 13b (126 MHz, CDCls)
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Figure S61. HRMS spectrum of 13b
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isoquinoline-1,4,9,14(3H,6H)-tetraone 13c
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Figure S62. 'H NMR spectrum of 13¢ (500 MHz, CDCl3+DMSO)
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Figure S63. °C{'H} NMR spectrum of 13¢ (126 MHz, CDCl;)
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Figure S64. HRMS spectrum of 13c
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7.2.7 (35,15a5)-7-(4-bromophenyl)-3-(4-hydroxybenzyl)-15,15a-dihydro-2H-naphtho[2,3-f]
pyrazino[1,2-blisoquinoline-1,4,9,14(3H,6H)-tetraone 13d
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Figure S65. 'H NMR spectrum of 13d (500 MHz, DMSO-ds)
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Figure S66. °C{'H} NMR spectrum of 13d (126 MHz, DMSO-d;)
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Figure S67. Detailed “C{'H} NMR spectrum of 13d — aliphatic area (126 MHz, DMSO-dj)
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Figure S68. HRMS spectrum of 13d
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-1,4,9,14(3H,6H)-tetraone 13e

line

(3S,15aS)-3-benzyl-7-(4-fluorophenyl)-15,15a-dihydro-2H-naphtho[2,3-fIpyrazino[1,2-b]

isoquino
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Figure S70. °C{'H} NMR spectrum of 13e (126 MHz, CDCl)
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Figure S71. HRMS spectrum of 13e

7.2.9 (35,15a5)-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, CDCl;+MeOH-dy): 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 (35,15a5)-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, CDCI3+DMSO)

1s9€e
18607
ovesy —

£66'7S
10§96 ——

9T6'ST1
690911 >

099971
89€°LT1 N

VeS8l 7
086°6C1 \

POL'EET \v
8THPEl

£50°8S1
L10°091 =
£0£°€91 —

9vS991

PE6T81
Y181 —

T

T

T

douepunqe

210.0

170.0 150.0 130.0 110.0 90.0

190.0

X : parts per Million : Carbon13

Figure S76. °C{'H} NMR spectrum of 13g (126 MHz, CDCl;)
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Figure S77. HRMS spectrum of 13g
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7.2.11 (35,15a5)-7-(2-fluorophenyl)-3-(4-hydroxybenzyl)-15,15a-dihydro-2H-naphtho[2,3-f]
pyrazino[1,2-blisoquinoline-1,4,9,14(3H,6H)-tetraone 13h
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Figure S78. 'H NMR spectrum of 13h (500 MHz, DMSO-djs)
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Figure S80. HRMS spectrum of 13h
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isoquinoline-1,4,9,16(3H,6H)-tetraone 13i

7.2.12 (3S,17aS)-3-benzyl-7-(4-fluorophenyl)-17,17a-dihydro-2H-anthra[2,3-f]pyrazino[1,2-b]
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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, CDCl;)
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Figure S85. "C{'H} NMR spectrum of 14a (126 MHz, CDCl;)
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Figure S86. HRMS spectrum of 14a

110

T
700

1
750

NL:

2.52E8

MS-PK-
ICHg49GA4DPheC#43 RT:
0.93 AV:18SB:4 0.81-0.88 ,
1.08-1.14 T: FTMS + ¢ ESI Full
lock ms [250.0000-750.0000]

NL:

6.80E5

Ca4 H2s N2 O4 +H:
Caq Ha7 N2 O4

pa Chrg 1



7.2.14 (35,16aS)-3-(4-hydroxybenzyl)-8-phenyl-2,3,6,7,16,16a-hexahydroanthra[1,2-d]
pyrazino[1,2-a]azepine-1,4,10,15-tetraone 14b
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Figure S87. '"H NMR spectrum of 14b (500 MHz, DMSO-d;)
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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
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Figure S93. HRMS spectrum of 14¢

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, CDCl;)
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7.2.17 (S)-7-(4-fluorophenyl)-2-propyl-15,15a-dihydro-2H-naphtho[2,3-fIpyrazino[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, CDCl;)
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Figure S99. HRMS spectrum of 16b
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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 S101. "C{'H} NMR spectrum of 16d (126 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[1,2-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, CDCl5).
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Figure S104. °C{'H} NMR spectrum of 17a (126 MHz, CDCl5)
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Figure S105. HRMS spectrum of 17a

7.2.20 (S)-8-phenyl-2-propyl-2,3,6,7,16,16a-hexahydroanthra[1,2-d]pyrazino[1,2-a]azepine-
1,4,10,15-tetraone 17b
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Figure S106. '"H NMR spectrum of 17b (500 MHz, CDCls)
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Figure S107. °C{'H} NMR spectrum of 17b (126 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

7.2.21 (S)-7-(3-fluorophenyl)-15,15a-dihydronaphtho(2,3-f][1,4]oxazino[4,3-b]Jisoquinoline-
1,4,9,14(3H,6H)-tetraone 19a
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Figure S110. '"H NMR spectrum of 19a (500 MHz, CDCI;). Note: Residual signals of EtOAc at 4.12
(q), 2.04 ppm (s) and 1.25 ppm (t).
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Figure S112. Detailed *C{'H} NMR spectrum of 19a — aromatic area (126 MHz
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Figure S113. HRMS spectrum of 19a

7.2.22 (S)-7-(4-fluorophenyl)-15,15a-dihydronaphtho(2,3-f][1,4]oxazino[4,3-bJisoquinoline-
1,4,9,14(3H,6H)-tetraone 19b
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Figure S114. '"H NMR spectrum of 19b (500 MHz, CDCls). 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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