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1 Uvod

Tato rigorézni prace je tvofena tiemi hlavnimi ¢astmi — uvodem do problematiky
2-nitrobenzensulfonamidové chemie, ktera zahrnuje i komentaf k piedlozené publikaci, dale
je tvofena clankem publikovanym v mezindrodnim impaktovaném cCasopise (Journal of
Organic Chemistry) a dopliujicimi informacemi k publikaci (Supporting Information).

Tématem rigordzni prace je syntéza farmakologicky relevantnich dusikatych heterocyklt
na pevné fazi. Jedna se o piispevek k Sirsi oblasti chemie, ktera se na Katedie organické

chemie v Olomouci studuje od roku 2008.
2 Seznameni s tématikou Nos chemie

2.1 Vyznam heterocyklu v medicinalni chemii

Heterocyklické slouceniny jsou nedilnou soucasti naSich zivott. Jako purinové a
pyrimidinové baze tvoii stavebni kameny nukleovych kyselin podilejicich se na predavani
genetické informace. Mezi biogennimi aminokyselinami, které koduji priméarni strukturu
proteind, rovnéz nalezneme heterocyklické struktury, jedna se o histidin (imidazol), tryptofan
(indol) a prolin (pyrrolidin). Heterocykly hraji klicovou roli v fadé biologickych pochodu,
naptiklad ve fotosyntéze, kde zelené rostlinné barvivo chlorofyl, tetramer pyrrolu obklopujici
atom hoi¢iku, absorbuje slune¢ni zafeni a umoziuje tak tvorbu sacharidi z oxidu uhli¢itého a
vody. U Zivocicht se analogicky porfyrinovy kruh s atomem Zeleza uplatiiuje jako krevni
barvivo hemoglobin, tento metaloprotein zajiStuje transport kysliku zplic do tkani a
odstranovani oxidu uhli¢itého opaénym smérem. Jako neurotransmitery serotonin (indol) a
histamin (pyrazol) zprostfedkovavaji heterocykly pfenos nervového signalu. Nesporny
vyznam heterocyklii je dokreslovan jejich zastoupenim v fad€ pfirodnich 1éCiv (papaverin,
theobromin, chinin, atropin, prokain, morfn atd.), jsou soucasti struktury syntetickych 1é¢iv
napti¢ spektrem terapeutickych ucinkl (diazepam, chloropromazin, isoniazid, metronidazole,
azidothymidin, barbituraty atd.). Vice nez 90 % novych 1é¢iv obsahuje ve své struktuie
heterocyklus.!®

Vyvoj nového 1éciva vyzaduje otestovani 10 000 novych sloucenin, nez je nalezena
latka s optimalnimi vlastnostmi. Pfi¢emz existuje neprobadany prostor biologicky zajimavych
ptirodnich produkt. Diive se testovaly rozsahle knihovny strukturné podobnych sloucenin,
dnes se trend posouvd smérem k mensim knihovam navrhovanych tak, aby spliovaly

strukturni a funkéni diverzitu (Diversity-Oriented Synthesis, DOS)* a stale vice se zohlediiuje
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podobnost s pfirodnimi  produkty (Biology-Oriented ~Synthesis, BIOS).> Koncept
privilegovanych struktur® poukazuje na strukturni motivy, které se dokéazi vazat k vice
receptorim, pfedstavuji tak slibny farmakologicky cil. A pravé heterocykly patii
K privilegovanym strukturam.

Cilem této prace je vyvoj novych syntetickych postupti k dusikatym heterocyklim na
pevné fazi. Typické je spojeni syntézy na pevné fazi s kombinatoridlni chemii, kterd
umoziuje rychly pfistup ke knihovné rtizn¢ funkcionalizovanych sloucenin. K vyhodam
syntézy na pevné fazi patii jednoducha izolace meziprodukti bez nutnosti jejich plné
charakterizace, dale moznost pouziti vysokovroucich rozpoustédel diky jejich jednoduchému
odstran&ni pouhou filtraci, protoze produkt je ukotven na polymernim nosi¢i.” Pfedmétem této
studie jsou derivaty indazoll. Slouceniny s indazolovym skeletem a jejich N-oxidy jsou
znamy pro biologickou aktivitu, o ¢emz jiz bylo zpracovano review od Cerecetta a kol.®
Syntetické ptistupy vedouci k 1H- a 2H-indazolim byly shrnuty v review od Cankafové a
kol.? Podrobngjsi reserSe biologickych vlastnosti indazolovych derivati je uvedena
v publikaci, ktera tvoii st&Zejni ast této rigordzni prace.™?

Tato prace navazuje na tématiku, kterou se nasi katedie ve spolupraci s Univerzitou
Notre Dame (Indiana, USA) pod vedenim doktora Krchndka podatilo otevtit v roce 2008.
Klicovym objevem zde bylo zjisténi rozdilné reaktivity 4-nitrobenzensulfonamidti (Nos) a 2-
Nos derivati v bazickém prostiedi. Zamérem byla N-alkylace s pouzitim Fukuyama'! varianty
Mistunobu reakce s naslednou deprotekei aktivujici Nos skupiny. Zatimco 4-Nos skupina byla
za tradi¢nich podminek odchranéni (2-merkaptoethanol/DBU) odstépena (2, Schéma 1), u 2-
Nos derivatli doslo k tandemové reakci za formace vazby C-C nasledované vznikem N-N

vazby, kdy byly izolovanany indazol-oxidy (3).*?

Schéma 1: Rozdilnd reaktivita 4-Nos a 2-Nos derivati za podminek deprotekce.

R2
merkaptoethanol O\ R j/ merkaptoethanol
DBU L °N
—_—

R2

A x T . -
X=H,Y =NO, ozs:© X = NO,, Y < H _

2 X Y 3

1

Vedle syntézy indazol-oxida byla tato chemie az do soucasnosti rozsifena o celou fadu

dalsich heterocyklli obsahujicich 5-, 6- a 7-Clenné jadro (Obrazek 1). 2-Nos derivaty tedy

« 13

muzeme pravem oznacit za ,,advanced interemediates”,” tedy meziprodukty v jistém smyslu

»Zvyhodnéné ke tvorbé rozmanitych heterocykll, pfiCemz muze dochazet k Smilesova**

typu presmyku za odstépeni SO, (v Obr. 1 vzorec Cerven¢) nebo muze byt Nos skupina
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zachovana a inkorporovana vcetné¢ SO, skupiny (v Obr. 1 vzorec zelené pokud Nos skupina
zachovana, modie pokud nitro zredukovano na amino). Konkrétni reakéni podminky a
predispozice budou diskutovany v dalsi ¢asti tohoto textu, ktery si bere za cil seznamit Ctenaie

s touto problematikou.

Obrazek 1: 2-Nos derivaty jako vychozi latky pro rozmanité druhy heterocykla.
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2.2 Role Nos derivatu v syntéze heterocyklu

2-Nos a 4-Nos skupiny ptedstavuji efektivni protektivni a aktiva¢ni skupiny. Pro
regioselektivni N-monoalkylaci primarnich aminii na pfislusné sekundarni aminy vcetné
deprotekce za mirnych podminek byly poprvé predstaveny Fukuyamou a kol.™ Jednalo se o
velice efektivni provedeni, do t¢ doby pouzivané metody mély zjevné nevyhody (vicendsobna
alkylace, nutnost pouziti drsnych reakénich podminek apod.) Odstranéni 2- nebo 4-Nos
skupiny lze snadno docilit nukleofilni aromatickou substituci za  pouZiti
merkaptoethanolu/DBU za tvorby Meisenheimerova komplexu (24, Schéma 2), ktery se

rozpada na pozadovany sekundarni amin (25).



Schéma 2: Fukuyama alkylace za pouziti 2-, ptip. 4-Nos aktivacni skupiny.

RL ‘SR DBU-H H
“NH

\Rz
2 ( Co S 25
0,8 R OH/R X 0,8 028@ ] o s .
\©\ ’ SOz @ ol
S N+
Rz DBU-H K %

21 23 24

Meisenheimertv
intermediat

Tato tfistupiovd metodologie, tedy substituce primarniho aminu Nos skupinou,
alkylace aktivovaného dusiku a deprotekce sulfonamidové skupiny, se brzo stala bézné
pouzivana v syntéze na pevné fazi, zvlasté v chemii pe:ptidf’l.ls’17 Brzy se stala oblibenou
metodou selektivni N-alkylace také u polyfunkénich nepeptidovych molekul, napt. v syntéze
4,7 8-trisubstituovanych  1,2,3,4-tetrahydrobenzo[e][1,4] diazepin-5-onti  (2-Nos)*® a
trisubstituovanych benzo[1,4]diazepin-5-onti (4-NOS)19 na pevné fazi.

2-Nos skupina muize byt vedle protektivni/aktivacni funkce inkorporovdna do
struktury heterocyklu jako “building blok”. 2-Nitrobenzensulfonyl chlorid mtze byt totiz
pfeveden na odpovidajici sulfonamid, nésleduje redukce nitro skupiny na amino, ktera
umoznuje finalni cyklizaci. Takovéto zaclenéni do heterocyklu miize poskytovat 6-Clenné

kruhy (27,%° 28,2 29, Obrazek 2) a 7-&lenné kruhy benzothiadiazepin-1,1-dioxidd (30,2

31%%). Strukury 28 a 29 byly piipraveny na pevé fazi.

Obrazek 2: Priklady inkorporace 2-Nos skupiny do struktury heterecyklu.

2
0P R! O\\,,O 5 O O
@ A FeN ©E o0
P, R2@[ A H&N Ri" % @
27 28 29

2.3 C- a N-arylace 2-nitrobenzensulfonamidu

Béhem  vyvoje  kombinatoridlnich  knihoven  farmakologicky  relevantnich
heterocyklickych sloucenin nase skupina objevila zdsadni rozdil v reaktivit¢ 2- a 4-Nos
derivati. Ptitomnost kyselého vodiku na alfa uhliku (35, 36, Schéma 3) a substituent se
zapornym mezomernim efektem v ortho poloze umoznily vznik spiro-Meisenheimerova
intermediatu (37). Mechanismem nukleofilni aromatické substituce tedy doslo ke tvorbé nové
vazby C-C. V tandemu nasledoval nukleofilni atak nitro skupiny amino skupinou za vzniku

nové vazby N-N, vysledekm byl indazol-oxid (3).
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Schéma 3: Mechanismus vzniku indazol-oxidu z 2-Nos derivatu, resp. C-arylace

doprovazena vznikem nové vazby N-N.
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2 N02 (@] O\L/
32 33 34
l 3
2 0._R?
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1 /R\
RL j/ DBU : ~RS J L ~N O\ R1.A
L - +H* AN
ozz - \ 02\5 le) - H
|® iy SPPLD) (S5 I
= DBU-H O.}, e
O2N O\\’J{J K"TJ, e} 38
M
35 O 36 o 37
spiro-Meisenheimertv
intermediat

Tento tandem reakci nabizel fadu moznosti pro syntézu dalsich heterocyklickych sloucenin.
Indazol-oxidy (3, Schéma 4) byly za mirnych podminek (laboratorni teploty) deoxygenovany mesyl

chloridem v p¥itomnosti baze na piisluiné indazoly (40)."

Schéma 4: Redukce indazol-oxidu na indazoly, vyobrazen jen zavér nékolikastupnové syntézy.

R3
0
~ X Ms-Cl <INy, 50%TFA L
Q RN O Teaoom ™ "\
N /
o] rt, 16 h O_L DCM
o rt, 1 h

Komplexnéjsich sloucenin s dal$im ptfikondenzovanym cyklem (43, Schéma 5) bylo dosazeno
cyklizaci ketonu s amino skupinou prvniho “building bloku”. I zde autofi rozsitili portfolium cilovych

latek také na indazoly pomoci redukce N-oxidi.?

Schéma 5: Vybrana ¢ast nékolikastupiiové syntézy 3,4-dihydropyrazino[1,2-b]indazol 6-oxida.

0] 3
H R R N__R3
R
O\L/O\H/N\)\N \ O% TFA HZN\)\ ACOH /( N
’
5 i \ DCM, 1t, 1 h _ t2n R NN
O R2 RZ —/N\ \
41 R?

ProdlouZenim ukotvujiciho diaminu o dal§i ethylamino skupinu, tedy pouzitim
diethylentriaminu jako building bloku, se podafilo pfipravit ¢tyfjaderné piikondenzované
heterocyklické slouceniny (46, 47, Schéma 6).2° Ukazalo se, Ze pH hraje u téchto derivatt
velice duleZitou roli. Pfi zahfevu indazol-oxidl (44) v neutrdlnim prostiedi dochéazelo k

prekvapivému presmyku (48).2
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Schéma 6: Rovnovaha iminium-imidazolidin a pfesmyk na 2,3-dihydro-1H-imidazo[1,2-b]indazoly.

+
R’ H3Nﬂ
N

= |
+R2 N_ NH
_ ACN/AmAC BTN _ -2TFA [ ( TAR?
27 -~ Y
R S | H\/\ /4 \N 50°C, 16 h NTR 2 CR5CO; +2 TEA NTR
N™ N~ 4 X= R X= R
O (" 44: X = N-O
+— + —
48 44: X = N-O 46: X = N-O
45: X =N 47: X =N

Pokud je v blizkosti indazol-oxidu kysely alfa vodik (49, Schéma 7), dochazi v
bazickém prostiedi k rozsifeni cyklu na chinazoliny (52). Takovyto kysely vodik je mozny
zavést do struktury linedrniho intermedidtu pfi pouziti amino kyseliny gly(:inu.28 Jedna se o
krasny piiklad “scaffold hoppingu”,zg’30 coz je koncept ve vyvoji novych léCiv, ktery je
zalozeny na modifikaci centralniho jadra molekuly, pfi¢emz periferni substituenty ziistavaji

nezméneény.

Schéma 7: Rozsifeni indazolového cyklu (49) na chinazoliny (52).

DalSim zajimavym piispévkem do tématiky C-arylace je syntéza indoli (55, Schéma
8).! V tandemu reakci C-C, N-N, je tieba predejit finalni cyklizaci na indazol-oxidy, tedy
ihned po C-arylaci redukovat (54) nitro skupinu na amino a tim umoznit vznik indola (55).

Schéma 8: Vybrana Cast vicestupiiové syntézy indolt (55) na pevné fazi.

q
R3 O,N R?
\©\’(\ 33
Br
H,N. L
53 O SR \O

32

N828204
K,COs
TBAHS

B —
H,O/DCM (1:1)
r,1-16h

54

Za ucelem hlubsiho studia sméru C-arylace byly navrzeny “dudlni substraty” (56,
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Schéma 9), kde byly mozné dvé polohy C-arylace.13 Tyto substraty se lisily ukotvenim
ethanolaminu pfes N nebo O konec, Déle byly substitovany amino kyselinou véazanou
amidové nebo esterove. Terciarni amid byl pfipraven z piperazinu. Pro piipravu téchto
substratli byl pouzit opét 2-Nos chlorid, ovSem misto bromoketonu rizné benzyl alkoholy.
Arylace tak mohla probihat na benzylovy sp3 uhlik (57) nebo na alfa uhlik (59) v zavislosti na
elektronovych vlivech substituenti a na stérickych parametrech. V piipadé sekundarnich
amidt dokonce dochdzelo k dalSimu typu Smilesova piesmyku vedoucimu k N-arylovanym

derivatiim (58).

Schéma 9: C-arylace (57, 59) vs. N-arylace (58) u dualnich substrat.

C-arylace N-arylace
Oj/X\RS
O,N
X N~ "R?2 2
R1— | N
X: NH =
56
O,N
‘ C-arylace 2
X: O, NR* T RY D
=

C-aryl derivaty do polohy benzylového uhliku (57) pfedstavovaly intermediaty pro

3233 analogicky jako v ptipadé Kiupkové a kol.?8

syntézu indazol-oxidd, ptipadné chinazolinil,
Arylaci do polohy alfa uhliku (59, Schéma 9, resp. 61, Schéma 10) byly ziskany velice

zajimavé intermediaty pro syntézu 3-amino-2-oxindolt (64).%

Schéma 10: Bazicky katalyzovana C-arylace 2-Nos derivati (60) na 3-amino-2-oxindoly

(64), zavérecna Cast syntézy.

R2 R2 X
R’ R2 N
OoN
RS N O  pBU 2 R 50% TFA 02';1 Zn/AcOH mo
| > > —>
SO, O  anh.DMF, R% O DCM,rt,2h g3 R
2 rt, 16 h N RSN O ~nn HN,
) H 2 3
o) H 5 R
R2 NO, 62
63: X = OH
60 HNT 61 64: X = H
L

9

13



N-arylované derivaty (58, Schéma 9, resp. 66, Schéma 11) byly vhodnymi prekurzory
pro syntézu dalSiho typu heterocykll, chinoxalinii (16). Na syntéze byla zajimava finalni

cyklizace prostiednictvim ,,cyklického §tépeni.«®

Schéma 11: Bazicky katalyzovana N-arylace 2-Nos derivati (65) na chinoxaliny (16), vysek

syntézy.
N328204
R' 2 R2 KyCOjz
ot @
Ne)
“anh. DMF, DMF, o/\/Nj(L HZO/DCM (1:1)
rt, 16 h rt, 16 h
H,N
R1
jg/ 5% AcOH
O/\/Nj(k
O/ X DMSO
R 70°C, 16 h

67
16

2.4 Zachovani 2-Nos skupiny jako substituentu

Pfi syntéze heterocyklf, napiiklad indold® a 2,5-dihydrobenzo[f][1,2,5]thiadiazepin
1,1-dioxidt®® byla popsana preference prekurzoru cyklizovat na morfoliny (69, 71, Schéma

12), pokud byla jako “building blok” pouZzita aminokyselina serin.

Schéma 12: Cyklizace 2-Nos derivatt serinu (68, 70) na morfolin (69, 71).

2- Nos 0] H
\)J\ /O 2 lTlos (@)
N NP 50% TFA N ~NH2

L2 T —’i]A

O Ph O-tBu Ph (o)
68: X=0 69: X=0
70: X =NH 71:X = NH

2.5 Inkorporace 2-Nos derivatu do struktury heterocyklu po redukci
nitro skupiny
2,3-dihydrobenzo[f][1,2,5]thiadiazepin-4(5H)-on 1,1-dioxidy (18, Schéma 13)% byly
pfipraveny z nosylované aminokyseliny, ktera byla takto aktivovéna pro Fukuyama alkylaci
alkoholem a néasledovala redukce nitro skupiny. Po odstépeni z polymerniho nosice se 7-
¢lenny cyklus podafilo uzavtit aktivaci karboxylové skupiny na acyl chlorid (77). U tohoto

substratu nebyla Zddna migrace arylu pozorovana.
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Schéma 13: Vysek ze syntézy 2,3-dihydrobenzo[f][1,2,5]thiadiazepin-4(5H)-on 1,1-dioxidu.
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Oproti tomu v syntéze dalich 7-&lennych heterocykli (82, Schéma 14)*® byly misto
benzyl alkoholl pro derivatizaci amino skupiny pouzity bromoketony (34). Methylen vedle
karbonylu byl aktivovany pro ptipadnou arylaci a ptislusné indazoly a indoly byly v rdmci
této syntézy skutecné popsany jako vedlejsi prodkuty. K findlni cyklizaci (82) dochazelo
stanim v deuterovaném DMSO. Tyto latky (82) byly v DMSO stabilni pouze za nizsich teplot.
Uz za pokojové teploty dochazelo spontanné k zuzovani cyklu na 4H-benzo[b][1,4]thiazin
1,1-dioxidy (83) za tvorby nové vazby C-S.* Tento piesmyk bylo mozno urychlit pfidavkem
5% AcOH a zéhfevem na vyssi teplotu. 6-Clenny heterocyklus (83) bylo mozné ziskat i ptfimo

z linearniho prekurzoru rovnéz ptidavkem kyseliny octové pii zahiivani v DMSO.

Schéma 14: Vysek ze syntézy 2,5-dihydrobenzo[f][1,2,5]thiadiazepin 1,1-dioxidd (82) a
zuzovani cyklu na 4H-benzo[b][1,4]thiazin 1,1-dioxidy (83).

O,
SN fe)
o} “ L R R2 TBAHS L R’ R2
L. RT R NO,
O/ X B 33 < N\S ~s
NH, R J; 3 t,1-16h L S
78 B RN 2 NO; 2 NH,
34 ©

79 80

51 A) DMSO-dg, rt

o)
— B) 5% ACOH/DMSO o)
50% TFA J\ * DMsO- DMSO;ds )80"00’ 16 h y KH gz
LB .
: @ 500
R1
J; R3ON R2

H

15

H,O/DCM (1:1) N -



2.6 Komentar k predlozené publikaci

Vzhledem ktomu, ze syntéza indazol-oxidii poskytovala za mirnych reakénich
podminek produtky o vysoké Cistoté, byla tandemu tvorby nové vazby C-C nasledované N-N
vénovana dal$i pozornost a podafilo se zjistit nové skuteCnosti. Ukazalo se, ze predstupen
vzniku indazol-oxidu (89) je 5-¢lenny meziprodukt (88, Schéma 15), ktery na indazol-oxid

spontanné dehydratuje.

Pomoci 'H NMR byla sledovéna bazicky katalyzovana pieména signifikantnich signal
C-arylu (87) na signaly indazol-oxidu (90), pficemz byly zfetelné rostouci intenzity signalti

indazol-oxidu (90) na tkor signali neznamého meziprodktu.

Intermediat se nepodafilo izolovat a plné charakterizovat, protoze byl velice nestabilni.
Byly vsak identifikovany reakéni podminky, za kterych tento prekuzor podléhd kysele
katalyzované intramolekularni Baeyer-Villigerové oxidaci. Navic se ukazalo, ze prave tento
meziprodukt v reakci funguje jako intramolekularni oxida¢ni ¢inidlo. Pfi¢emz byl testovan i
externi oxidant, ktery se v Baeyer-Villigerové oxidaci bézné pouzivd (mCPBA), ten vSak
nevedl| k tak pisobivym vysledkim. Intramolekularni Baeyer-Villigerovou oxidaci s pouzitim
N-oxidu jako oxida¢niho ¢inidla totiz dochazlo formalné k migraci kysliku. Misto indazol-
oxidu s keto skupinou (90), ktery vznikal dehydrataci meziproduktu, byly ziskany indazoly
s esterovou skupinou (91), pfi¢emz ob¢ finalni latky (90, 91) maji stejnou molekulovou

hmotu.

Jestli vysledkem syntézy na pevné fazi bude indazol-oxid-keton (90), nebo indazol-ester
(91), zalezelo na cCistoté pouzité TFA ve $tépicim koktejlu. Ketony a estery se podatilo od
sebe rozlisit na zékladé UV a 'H a *C NMR. Estery vzdy castecné hydrolyzovaly na

indazolony (92), vse je shrnuto v pfehledném reakénim schématu (Schéma 15).

Je zde tfeba zminit, Ze samotnd syntéza na pevné fazi hrdla stéZejni roli v celé
transformaci. S jejim pouzitim totiz bylo mozné snadno odstranit rozpoustédlo, coz umoznilo
rychly pfistup k nestabilnimu intermediatu, ktery pak vstupoval do Baeyer-Villigerovy

oxidace.

Na zaklad¢ experimenti byl navrzen mechanismus Baeyer-Villigerovy oxidace s N-

oxidem jako intramolekularnim oxidantem.
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Schéma 15: Estery z ketonu, alias syntéza 2-alkyl-2H-indazol-3-yl benzoatt a 2-alkyl-1,2-

dihydro-3H-indazol-3-ont na pevné fazi.
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2.7 Srhnuti

Derivaty 2-nitrobenzensulfonamidli (2-Nos) pfedstavuji “zvyhodnéné intermediaty”
(advanced intermediates) v syntéze riznych heterocyklli, povaZzovanych za privilegované
struktury. Na fad¢ piikladi bylo v tomto textu ilustrovano, jak je drobnou zménou v
syntetickém pfistupu mozné ziskat rozdilné heterocykly. KliCovou transformaci je casto
migrace arylové skupiny, tzv. C- a N-arylace. 2-Nos derivaty vykazuji zajimavou reaktivitu,
zahrnujici rovnéz termicky a pH katalyzované presmyky. Dalsi vyzkum této reaktivity je stale
otevienou kapitolou. Jednim z nejnovéjSich piispévkl je pravé piedlozend rigordzni prace
zabyvajici se Baeyer-Villigerovou oxidaci ketonii na estery, kde N-oxid slouzi jako

intramolekularni oxidant.
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ABSTRACT: In this study, we describe the intramolecular
Baeyer—Villiger oxidation of ketones to esters using N-oxide.
2-Nitro-N-alkyl-N-(2-oxo-2-phenylethyl )benzenesulfonamide
compounds are known to undergo base-mediated C-arylation
followed by N—N bond formation, producing unstable
five-membered ring intermediates that spontaneously dehy-
drate to indazole oxides. We identified the reaction conditions
under which the cyclic intermediate undergoes acid-mediated
intramolecular Baeyer—Villiger oxidation of the ketone in
which N-oxide serves as the intramolecular oxidizing agent.
The solid-phase synthesis plays a critical role in the successful
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transformation, allowing rapid access to the unstable but Baeyer—Villiger oxidation-prone intermediate. This synthetic route
provides practical access to 2-alkyl-2H-indazol-3-yl benzoates and 2-alkyl-1,2-dihydro-3H-indazol-3-ones, which are known
privileged structures possessing remarkable diverse pharmacologically relevant activities.

B INTRODUCTION

Our ongoing research has focused on developing new chemical
routes for the expeditious solid-phase syntheses of combinato-
rial libraries of pharmacologically relevant heterocyclic
compounds. We discovered that N-alkylated 2-nitrobenzene-
sulfonamides (Nos amides) undergo tandem carbon—carbon
followed by nitrogen—nitrogen bond formation, leading
to indazole oxides." This finding inspired us to explore the
C-arylation reaction for the preparation of various acyclic
intermediates that can be converted into diverse nitrogenous
heterocycles. Resin-bound acyclic N-alkylated 2-Nos amides
with three points of diversification, referred to as advanced
intermediates,” were applied to the syntheses of diverse classes
of nitrogenous heterocycles, including indazoles,” quinazo-
lines,* indoles,’ benzothiadiazepinones,6 and thiazines’
(Scheme 1).

Because the synthesis of indazole oxides provided products
with a high yield and purity and proceeded under mild
conditions using commercially available starting materials,
we further extended the synthetic potential of the tandem
C—-C followed by N—N bond formation. We reported the
transformation of 3-benzoyl-2H-indazole 1-oxides via the
Baeyer—Villiger oxidation of ketones to esters.”” This oxidation
provided straightforward access to 2-alkyl-2H-indazol-3-yl
benzoates and their hydrolysis products, 2-alkyl-1,2-dihydro-
3H-indazol-3-ones, an important class of privileged struc-
tures. To our delight, we found that N-oxide served as an

-4 ACS Publications  © 2016 American Chemical Society
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intramolecular oxidant and provided indazolyl benzoates via the
Baeyer—Villiger oxidation of ketones to esters. To the best of
our knowledge, the transformation of ketones to esters using
N-oxide as an intramolecular oxidant has not been previously
reported.

The 2-alkyl-2H-indazol-3-yl benzoates have not been
reported in the literature; their structural motif can be found
only in polynuclear heterocycles.'”~"> However, their hydro-
Iytic products, 1,2-dihydro-3H-indazol-3-ones, represent a true
privileged structure known to exhibit remarkably diverse
pharmacological activities, 1nc1ud1n§ anti-inflammatory activ-
ity,"”'* TRPV1-antagonist act1v1ty, ” inhibition of myeloperox-
idase, ' antlchagasu: activity,'”"® glycogen synthase actlvator
act1v1ty, antioxidant activity, neuroprotectlve act1v1ty,
phosphomannose isomerase inhibition,”” TACE inhibition,”’
and antimalarial activity.”* Therefore, not surprisingly, numer-
ous synthetic routes leading to indazolones were described in
the literature, as recently reviewed by Haddain et al.*’

B RESULTS AND DISCUSSION

Synthesis. By exploiting the specific advantages of solid-
phase synthesis, polymer-supported N-2-oxo-2-phenylethyl Nos
amides 4 were synthesized according to a pubhshed procedure'
using amino acids attached to a carbamate linker”® on a Wang
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Scheme 1. Diversity of Nitrogenous Heterocycles Prepared from N-Alkylated 2-Nos Intermediates
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resin®’ via an ethylenediamine spacer (resin 1, Scheme 2), The C-aryl derivative, S, underwent 1,8-diazabicyclo[5.4.0]-
followed by reaction with 2-Nos-CI 2 and the subsequent alkyl- undec-7-ene (DBU)-mediated ring closure by the formation of
ation with a-bromoacetophenones, 3. The key step of the a N—N bond, resulting in intermediate 6, which spontaneously
indazole synthesis was the base-mediated C-arylation of the dehydrated to indazole oxide 7.
methylene carbon to form resin 5. C-Arylation occurred during Baeyer—Villiger Oxidation. We performed the conven-
the alkylation reaction, which was conducted in the presence tional Baeyer-Villiger oxidation using an external oxidant with
of diisopropylethylamine (DIEA). This C-aryl derivative, 8, resin-bound ketone 7{1,1,1}, prepared from Fmoc-Ala-OH
was isolated after cleavage from the resin using trifluoroacetic (R! = CH;), 2-Nos-Cl (R* = H), and a-bromoacetophenone
acid (TFA) and was fully characterized by NMR and HRMS. (R® = H), with 3-chloroperbenzoic acid (mCPBA)
3586 DOI: 10.1021/acs.joc.6b00251
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Scheme 3. Baeyer—Villiger Oxidation of Ketone 7 and Subsequent Reduction to Ester 11
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(i) 0.5 M mCPBA, DCM, rt, 30 min - on; (ii) 0.7 M TEA in DCM, 0 °C, add 0.5 M Ms-Cl in DCM, rt, on; (iii) Na;S,04,
K,CO3, tetrabutylammonium hydrogen sulfate, Ho,O/DCM (1:1), rt, 2 h; (iv) TFA, DCM (1:1), rt, 1 h.

dichloromethane (DCM) to prepare ester 13{1,1,1} (Scheme 3).
The use of DCM as a solvent is beneficial for solid-phase synthesis
because of resin swelling. We searched for the optimal reaction
conditions with respect to the excess of reagent solution and
reaction time (for details, see Supporting Information). Crude
reaction mixtures were analyzed by liquid chromatography/mass
spectrometry (LC/MS) after cleavage from the resin by TFA.
Under the standard reaction conditions (60 mg of resin, 0.5 M
mCPBA in 2 mL of DCM) only traces of the product 13{1,1,1}
were detected on LC/MS. Overnight reaction caused complete
cleavage of compounds from the resin. When we performed the
oxidation in a larger volume with the same concentration (20 mg
resin, 5 mL of 0.5 M mCPBA solution in DCM) at rt for 30 min,
indazole oxide ester 13{1,1,1} was formed predominantly,
although the reaction was not complete. Repeated treatment
with the mCPBA solution yielded the expected product 13{1,1,1}
with an impressive crude purity (cf. Supporting Information).

The oxidation of N-oxide ketone 7 to N-oxide ester 10
using mCPBA can, in principle, lead to two different isomeric
products, 10a and 10b, which have the same molecular mass.”
The LC/MS analysis of the oxidized and cleaved model
compound 7{1,1,1} revealed that in addition to the expected
product, the presence of a compound with molecular ion
m/z 265 was found, corresponding to hydrolyzed ester 14{1,1,1}
(isolated and fully characterized), thus indicating that the oxygen
insertion occurred between the carbonyl and the indazole carbon.

The use of a neutral buffer for the purification of indazole
oxide ester 13{1,1,1} led to immediate hydrolysis to form
14{1,1,1}, which is expected for this type of ester. Using 0.1%
TFA in water/MeCN as the mobile phases, we succeeded in
isolating indazole oxide ester 13{1,1,1}, as well as hydrolyzed
ester 14{1,1,1}. However, only compound 14{1,1,1} was stable
and was fully characterized. N-Oxide ester 13{1,1,1} was prone
to hydrolysis, and 'H and *C NMR spectra indicated the
presence of 14{1,1,1} along with benzoic acid.

Because N-oxide ester 13{1,1,1} was prone to hydrolysis, we
reduced the N-oxide ester 10a{1,1,1} on a solid support to

3587
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obtain ester 11{1,1,1}. The reduction of N-oxide was performed
using two methods: deoxygenatlon with mesyl chloride' and
reduction with sodium dithionite.”® Both reduction routes led to
the formation of expected product 11{1,1,1} and indazolone
12{1,1,1}, although in a complex mixture containing other
unidentified components. In an attempt to improve the product
purity, we performed the reduction of indazole oxide 7{1,1,1}
to indazole prior to oxidation using the same reagents used above
(Scheme 4). We obtained clean indazoles; however, we were un-
able to oxidize the ketone even under the substantially harsher
conditions typically used for the Baeyer—Villiger oxidation
(50 °C overnight (on) and using microwave irradiation at
150 °C, 300 W, 1 h).

Baeyer—Villiger Oxidation with an Intramolecular
Oxidant. Following the unsuccessful attempts to develop the
Baeyer—Villiger oxidation of 3-benzoyl-2H-indazole 1-oxides in
a useful manner, we attempted to cleave the unstable
intermediate 6{1,1,1} from the resin. Numerous C-arylation
and cleavage conditions were evaluated to prevent spontaneous
transformation to indazole oxides. The treatment of the resin
by DBU in DMF was immediately followed by washing with
dichloromethane (DCM) and cleavage of the product from
the resin by 50% TFA in DCM (Scheme S). To our delight,
we succeeded in isolating a new product. The product was iso-
lated and purified by reverse phase HPLC in 0.1% aqueous
TFA/acetonitrile. Its structure was determined by 1D and 2D
'"H and ®C NMR spectrometry as indazole ester 11{1,1,1},
formed by the intramolecular oxidation of the ketone by the
N-oxide. Encouraged by this unanticipated result, we focused
on the scope and limitation of this unexpected but very
interesting and practical transformation. This transformation
was possible on a solid support because of the rapid removal of
the DMF solution of DBU followed by exposure to TFA.

Because of the inherent instability of intermediate 6, which is
prone to spontaneous dehydration to indazole oxide 7, the
cleavage/rearrangement reaction conditions were critical for
the successful preparation of indazole ester 11. To develop a
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Scheme 4. Swapping Reaction Steps: Deoxygenation of Indazole Oxide 7 to Indazole 15 and Subsequent Baeyer—Villiger

Oxidation to Ester 16

3

7{1,1,1} b 15
liii

Ph

17

(i) 0.7 M TEA in DCM, 0 °C, add 0.5 M Ms-Cl in DCM, rt, on; (
(iiiy TFA, DCM (1:1), rt, 1 h.

Ph

R WT&NL - CIF{FNH X- @&NHL\
b HN-L,

ii) 0.5 M mCPBA, DCM, rt (or 50 °C, or MW), 30 min - on;

Scheme 5. Baeyer—Villiger Oxidation with Internal N-Oxide
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Figure 1. Crude LC traces of 9{1,1,1} and 11{1,1,1}.
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practically useful protocol, we tested a variety of reaction
conditions and analyzed crude samples by LC/MS. Al-
though the ketone 9{1,1,1} (tg 2.70 min, first LC traces and
2.72 min, second LC traces, Figure 1) and the ester 11{1,1,1}
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(tg 2.67 min, second LC traces and 2.68 min, third LC traces,
Figure 1) eluted with similar retention times, their UV spectra
differed significantly (Figure 2). The A, values for indazole
oxide ketone 9{1,1,1} and indazole ester 11{1,1,1} were
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Figure 2. UV spectra of 9{1,1,1} and 11{1,1,1}.

403 and 310 nm, respectively, allowing for the unequivocal
detection of both compounds. The LC traces of ketone
9{1,1,1} showed a single major peak, and the cleavage of ester
11{1,1,1} revealed the presence of one early eluting compound
(tg 0.79 min, second LC traces and 0.80 min, third LC traces,
Figure 1) corresponding to the hydrolyzed ester 12{1,1,1}
(Scheme 5).

Analysis of the experimental data (cf. Supporting Information)
indicated that the purity of the TFA used in the cleavage cocktail
was critical for successful conversion to indazole ester 11{1,1,1}.
We analyzed crude samples prepared by cleavage using
commercial TFAs of three different qualities: synthesis grade
TFA (<99%), reagent grade TFA (99%), and TFA purified by
redistillation for protein sequencing (purity >99%). The
analytical results unequivocally demonstrated the strong effect
of the TFA quality on the reaction outcome. Exclusive formation
of ketone 9{1,1,1} was observed with the lower-quality synthesis
grade TFA (purity <99%, Figure 1, first traces). The use of
reagent grade TFA led to a mixture of ketone 9{1,1,1} and
ester 11{1,1,1} (purity 99%, Figure 1, second traces), whereas
the clean conversion to indazole ester 11{1,1,1} was observed
only with redistilled TFA (purity >99%, Figure 1, third LC
traces). TFA is prepared industrially by the electrofluorination
of acetyl chloride and acetic anhydride, followed by the
hydrolysis of the resulting trifluoroacetyl fluoride.”” Thus,
reagent grade TFA may be contaminated with water and/or
anhydride. To investigate the effect of this potential contam-
ination on the reaction outcome, we spiked the high purity
TFA with water and trifluoroacetic anhydride and used this
reagent for the cleavage of the products from resin 6{1,1,1}. The
results indicated that as little as 0.5% water led exclusively to
ketone 9{1,1,1} (cf. Supporting Information). Reactions
performed using different acids, 36% aqueous HCI in dioxane
(1:10) at room temperature and formic acid at elevated
temperature (70 °C), led to the formation of indazole oxides,
confirming that the use of redistilled TFA was critical.

Structure Determination. The 'H and *C NMR spectra
of purified model compound 11{1,1,1} exhibited resonances
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analogous to those of indazole oxide 9{1,1,1}; however, several
proton and carbon resonances were shifted downfield relative
to the corresponding resonances for ester 11. The 'H NMR
spectrum of a mixture of 9{I1,1,1} and 11{1,1,1} (Figure 3)
showed an unambiguous difference in the chemical shifts of the
protons on the sp” carbons (A = 0.39 ppm between H3 and
H6) of benzene fused to a heterocycle and the amino acid
side chains. The most noticeable difference was observed in the
quartet of Ala (A5 = 1.29 ppm between H1 and H4) and the
methyl doublet of Ala (AS = 0.17 ppm between H2 and HS).
In the ®C NMR spectrum, the difference was most evident
in the carbonyl resonances (182.0 ppm for the ketone and
170.1 ppm for the ester).

The structure of 11{1,1,1} was confirmed from its 1D and
2D 'H and *C NMR spectra. Proton connectivities were
assigned by examination of the COSY spectrum. The signals of
all carbons with directly attached protons were derived using
the HSQC spectrum. Finally, the HMBC spectrum was used to
determine the quaternary carbons. The spectroscopic data for
11{1,1,1} are presented in the Supporting Information.

Rearrangement Mechanism. To investigate the putative
mechanism of this rearrangement, we performed the following
experiments. First, we treated indazole oxide ketone 9{1,1,1}
with TFA to show that the ester was not formed from indazole
oxide. None of the reaction conditions tested (different TFA
concentrations, temperatures, and durations) yielded any
indication of the transformation of indazole oxide ketone
9{1,1,1} to indazole ester 11{1,1,1}. We also treated the ester
with TFA, and no indazole oxide traces were observed.

Next, we exposed the DBU-treated resins to ethanolamine to
determine whether the ester was formed by the DBU and was pres-
ent on the resin or whether it was produced by TFA (Scheme 6).
The N-(2-hydroxyethyl)benzamide product of potential ester
cleavage 19 was not detected in the solution. After treatment with
ethanolamine, the resin was treated with the TFA solution.
A significant increase of indazole oxide 9 was observed at the
expense of the ester due to spontaneous dehydration.
Interestingly, when the resin was treated with DBU followed by
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Figure 3. Zoomed '"H NMR spectrum of a mixture of 9{1,1,1} and 11{1,1,1} diagnostic signals.

Scheme 6. Model Transformation Experiments of Resin 4{1,

1,1}
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(i) 0.2 M DBU, DMF, rt, 0.5 h; (ii) 0.5 M ethanolamine, DMF, rt, 0.5 h; (iii) NaOH, THF/MeOH (1:1), rt, 30 min;
(iv) NayS,04, KoCOg, tetrabutylammonium hydrogen sulfate, H,O/DCM (1:1), rt, 16 h; (v) TFA, DCM, rt, 1 h

exposure to a solution of sodium hydroxide in MeOH/THF
(Scheme 6), we isolated quinazoline 20 from the solution
(characterized by NMR and HRMS). Subsequent treatment of
the resin with TFA did not release any product from the resin,
indicating the complete cleavage to 20 by the NaOH solution.
An independent experiment excluding the presence of an ester
on the resin was based on the different reactivities of the ester
and ketone upon reduction with tetrabutylammonium hydrogen
sulfate (Scheme 6). LC/MS analysis detected a compound with
reduced carbonyl and N-oxide (21) signals but no ester cleavage.
Next, we followed the reaction of the C-aryl derivative with
DBU in solution by NMR. C-Aryl compound 8{1,1,1} was
dissolved in DMSO-dg, and '"H NMR spectra were collected
before and after addition of the base. After DBU addition,
we immediately observed the conversion of C-aryl com-
pound 8{1,1,1} (s, 6.36 ppm) into an intermediate (6.00 ppm,
5.98 ppm), which was further transformed into ketone 9{1,1,1},
as revealed by the characteristic quartet of the Ala CH proton at
6.14 ppm over 30 min (Figure 4). The addition of a weaker base,
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TEA, slowed the conversion, and we were able to capture the
intermediate only for diagnostic resonances before the formation
of ketone 9{1,1,1}. However, attempts to purify the intermediate
were unsuccessful due to its rapid conversion to indazole oxide.

The above-described experiments indicated that the ester
was formed during TFA treatment rather than on the resin.
In addition, we showed that the indazole oxide ketone could
not be transformed to the ester and vice versa. On the basis of
these findings, we proposed the following putative mechanism
of the formation of the ester 11’ (structural simplification of
the pertinent intermediate 11) from the unstable intermediate
6’ (Scheme 7), which is analogous to the Baeyer—Villiger
oxidation mechanism.

Scope and Limitations. Because the transformation
proceeded smoothly under mild conditions and because the
derivatives of 2-alkyl-2H-indazol-3-yl benzoates are pharmaco-
logically relevant, we synthesized a set of compounds with
different R groups to address the scope and limitations of the
ester formation. To efficiently isolate and characterize both
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Figure 4. Zoomed 'H NMR spectra of C-aryl 8{1,1,1} and the eventual formation of ketone 9{1,1,1} after the addition of DBU.

Scheme 7. Putative Mechanism of Ester 11’ Formation
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the 2-alkyl-2H-indazol-3-yl benzoates, 11, and their hydrolytic
products, 12, we subjected partially hydrolyzed crude samples
to reverse-phase HPLC purification and isolated both com-
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pounds. Table 1 lists the prepared compounds and demon-
strates the versatility of this chemical transformation.

The presence of an a-amino acid (Ala, Phe, Lys, or Ser) was
crucial for the formation of ester 11 (Table 1) because the
f-amino acid (f-Ala) led exclusively to ketone 9 (Table 2).
The synthesis was compatible with electron-withdrawing groups
(CF;, CN, and Cl) on either of the two aromatic rings (R* and
R? substituents). An electron-donating substituent (OCHj, for
entry § in Table 1) at the R? or at R? position combined with an
electron-withdrawing group at R* position (CF;, for entry 4 in
Table 1), led to the formation of ester 11.

B CONCLUSION

The unstable cyclic intermediate 6, formed by the base-mediated
C-arylation of 2-nitro-N-alkyl-N-(2-oxo-2-phenylethyl)benzene-
sulfonamides and the subsequent N—N bond formation, was
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Table 1. Summary of the Synthesized Compounds: Esters (11) and Debenzoylated Products (12)

R3

o, o
A R R’
_ ,NA;V N
R2 N NH R N NH
0 = H oo
" NH, N NH,

entry resin R!

1 6{1,1,1} Me

2 6{1,1,4} Me

3 6{1,2,1} Me

4 6{1,2,5} Me

S 6{1,31} Me

6 6{2,1,1} Ph

7 6{3,1,1} (CH,),NH,
8 6{4,1,1} CH,O-tBu

“The purity is estimated from LC traces at 210—400 nm. The yields are calculated from "H NMR spectra;

R? R 11° 12¢
H Ph 62/33 27/22
H 4-Cl-Ph 38/17 24/NI
CF, Ph 45/26 42/52
CF, OCH,-Ph 36/16 51/44
OCH, Ph 45/21 25/22
H Ph 40/16 43/36
H Ph 38/16 40/39
H Ph 57/21 7/NI

30 NI, not isolated.

Table 2. Summary of the Synthesized Compounds: Ketones (9)

R3

o
R2 N+

PN

0
o NH,
entry resin R! R? R} 9
1 7{3,1,1} p-Ala H Ph 97/95
2 7{32,1} B-Ala CF, Ph 98/78
3 7{(32,2} p-Ala CF, 4.CF,-Ph 96/71
4 7{3,2,3} p-Ala CF, 4-CN-Ph 85/26
5 7{33,1} B-Ala OCH, Ph 96/37

“The purity is estimated from LC traces at 210—400 nm. The yields
are calculated from "H NMR spectra.

converted to 2-alkyl-2H-indazol-3-yl benzoates. The trans-
formation occurred via the acid-mediated intramolecular
Baeyer—Villiger oxidation of a ketone to an ester in the absence
of an external oxidizing agent in which N-oxide served as the
internal oxidant. Solid-phase synthesis played a crucial role in the
expeditious transformation of the unstable intermediate. The
2-alkyl-2H-indazol-3-yl benzoates 11 and their hydrolytic
products, 2-alkyl-1,2-dihydro-3H-indazol-3-ones 12, represent
privileged structures with remarkable diversity of pharmacolog-
ically relevant activities. Thus, the reported synthesis provides an
expeditious, convenient, and practical route to arrays of target
molecules for high throughput screening,

B EXPERIMENTAL SECTION

The solid-phase syntheses were performed in plastic reaction vessels
(syringes, each equipped with a porous disc). The volume of the wash
solvent was 10 mL per 1 g of resin. For washing, the resin slurry was
shaken with fresh solvent for at least 1 min before the solvent was changed.
All of the reactions were performed at ambient temperature, unless
otherwise stated. Commercially available Wang resin (100—200 mesh,
1.0 mmol/g) was used. The yields of the crude products were
calculated with respect to the loading of the initial starting material.
The reaction conditions for the individual steps of the syntheses were
analogous to those reported in our previous communication.'
Alkylation with Bromoacetophenone (resins 4 and 5). After
reaction with Nos-Cl (1 g), the resin was washed three times with
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DCM and then three times with DMF. A solution of 0.5 M
bromoacetophenone (5 mmol) and 0.5 M DIEA (5 mmol, 870 uL) in
10 mL of DMF was added, and the syringe was shaken at ambient
temperature overnight. The resin was washed five times with DMF
and three times with DCM. If the conversion to resin 4 was not
complete, then the reaction with bromoacetophenone was repeated.

Reaction with DBU (resin 6). Resin 5 (250 mg) was washed three
times with DCM and then three times with DMF. A solution of 0.2 M
DBU (1 mmol, 150 xL) in S mL of DMF was added, and the resin
slurry was shaken at ambient temperature for 30 min. The resin was
washed three times with DMF and three times with DCM.

Cleavage and lIsolation. (a) Reagent grade TFA < 99%
(compounds 8, 9, 14 and 17). (b) Redistilled TFA > 99%
(compounds 11 and 12). Resin 5 (or 6 or 7 or 15) (250 mg) was
treated with 50% TFA (reagent grade for compounds 8, 9, and 17 and
redistilled TFA > 99% for compounds 11 and 12) in DCM (3 mL) for
1 h. The TFA solution was collected, and the resin was washed three
times with 3 mL of 50% TFA in DCM. The extracts were combined
and evaporated under a nitrogen stream. The oily products were
dissolved in methanol (3 mL) and purified by semipreparative reverse
phase HPLC on C18 with mobile phases CH;CN/H,0-0.01%
TFA (for compounds 8, 9, 11, 12, 14) and CH;CN/H,0—NH,AcO
(10 mM) (for compounds 17, 20).

Baeyer—Villiger Oxidation (resin 10a). Resin 7 (250 mg) was
divided into three portions, and each portion was placed in a 20 mL
syringe. Each portion was washed three times with DCM, and then, a
solution of 0.5 M mCPBA (S mmol, 860 mg) in 10 mL of DCM was
added. The resin slurry was shaken at ambient temperature for 30 min,
and the resin was washed three times with DCM. Then, all three
portions were combined.

Analytical Data of Synthetic Compounds. 2-((25)-2-((1-(2-
Nitrophenyl)-2-oxo-2-phenylethyl)amino)propanamido)ethanaminium
2,2, 2-trifluoroacetate 8{1,1,1}.

H

N L
N/H( ~">NH, O__CF
H YT
© o)

Yield 13.3 mg (34%) of amorphous solid. 'H NMR (400 MHpg,
DMSO-dg) 6 841 (brs, 1H), 8.09 (dd, ] = 8.1, 1.2 Hz, 1H), 7.93 (m, S H),
7.78=7.71 (m, 1H), 7.67—7.58 (m, 2H), 7.55 (d, J = 7.6 Hz, 1H),
7.52—746 (m, 2H), 636 (s, 1H), 3.63 (q, J] = 6.5 Hz, 1H),
3.31-3.15 (m, 2H), 2.88—2.75 (m, 2H), 1.36 (d, ] = 6.9 Hz, 3H). *C
NMR (101 MHz, DMSO-dy) & 194.3, 171.9, 158.4 (q, J = 33.2 Hz),
148.2, 1344, 134.1, 133.9, 131.3, 130.4, 128.9, 128.7, 125.5, 60.6, 56.2,
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38.3, 36.5, 17.6. HRMS (ESI-TOF) m/z caled for C,oH,,N,O,
[M + HJ* 371.1714, found 371.1693.

Analytical Data of Synthetic Compounds: 2H-Indazole 1-Oxides
9{R",R%R%}.

R3
o
=
REC [ NR
NN NH
00

2-(3-((2-Ammonioethyl)amino)-3-oxopropyl)-3-benzoyl-2H-indazole
1-Oxide 2,2,2-Trifluoroacetate 9{3,1,1}.

/ N o <
\N/+‘\—< O\n/
HN + O
_\—NHa

Yield 88.0 mg (95%) of amorphous solid. 'H NMR (400 MHyz,
DMSO-dg) & 8.35 (t, J = 5.7 Hz, 1H), 8.02 (br s, 3H), 7.77-7.71
(m, 3H), 7.71-7.67 (m, 1H), 7.61-7.55 (m, 2H), 7.31 (ddd,
] = 87, 6.8, 0.8 Hz, 1H), 7.18 (ddd, ] = 8.7, 6.8, 0.9 Hz, 1H),
672 (d, ] = 8.7 Hz, 1H), 5.03 (t, J = 7.1 Hz, 2H), 3.28 (m, 2H),
2.88 (m, 2H), 2.81 (t, ] = 7.1 Hz, 2H). *C NMR (100 MHz,
DMSO-ds) & 1819, 170.0, 158.9 (q, ] = 32.5 Hz, 1C), 139.3,
132.7, 129.0, 128.8, 128.7, 127.7, 126.4, 120.1, 120.0, 117.1, 116.9
(g, J = 2959 Hz, 1C), 1134, 422, 38.7, 36.5, 33.3. HRMS (ESI-
TOF) m/z caled for C,oH,N,O; [M + H]" 353.1608, found
353.1608.
2-(3-((2-Ammonioethyl)amino)-3-oxopropyl)-3-benzoyl-6-(trifluoro-
methyl)-2H-indazole 1-Oxide 2,2,2-Trifluoroacetate 9{3,2,1}.

)
-
N+_\—/<

o 0’\[(
\
O HN + (0]
_\_NH3

Yield 75.0 mg (78%) of amorphous solid. 'H NMR (400 MHe,
DMSO-dg) 6 8.34 (t, ] = 5.7 Hz, 1H), 8.14—8.08 (m, 1H), 7.97 (br s,
3H), 7.81-7.77 (m, 2H), 7.77—7.71 (m, 1H), 7.64—7.56 (m, 2H),
744 (dd, J = 9.2, 1.6 Hz, 1H), 6.95 (dt, ] = 9.0, 0.8 Hz, 1H), 5.04
(t,J = 7.0 Hz, 2H), 3.32—3.20 (m, 2H), 2.92—2.76 (m, 4H). *C NMR
(100 MHz, DMSO-dy) & 181.9, 169.9, 158.8 (q, ] = 32.5 Hz, 1C),
138.7, 1332, 129.2, 128.9, 1272, 126.4 (q, ] = 32.7 Hz, 1C), 123.7 (q,
J =272.1 Hz, 1C), 122.8, 122.2, 120.3, 117.6, 116.9 (q, J = 297.0 Hz,
1C), 112.1 (q, J = 4.8 Hz, 1C), 42.6, 38.7, 36.5, 33.0. HRMS
(ESI-TOF) m/z caled for CyoH gF3N,O5 [M + HJ* 421.1482, found
421.1482.

2-(3-((2-Ammonioethyl)amino)-3-oxopropyl)-6-(trifluoromethyl)-3-
(4-(trifluoromethyl)benzoyl)-2H-indazole 1-Oxide 2,2,2-Trifluoroacetate
9{3,2,2}.

CF3

CF3
F3C

FsC
o
= -
< /N\_/<0 O._CF,
F3C N+
(o] HN + (0]
- _\—NH3

Yield 92.0 mg (71%) of amorphous solid. 'H NMR (400 MHyz,
DMSO-dg) 6 8.36 (t, ] = 5.7 Hz, 1H), 8.17—8.12 (m, 1H), 8.03—7.93
(m, 7H), 7.48 (dd, ] = 9.2, 1.5 Hz, 1H), 6.95 (d, ] = 9.0 Hz, 1H), 5.05
(t, J = 6.9 Hz, 2H), 3.32—3.20 (m, 2H), 2.94—2.77 (m, 4H). 3C NMR
(100 MHz, DMSO-d,) § 180.6, 169.9, 158.9 (q, J = 32.1 Hz, 1C),
1423, 132.5 (q, J = 32.1 Hz, 1C), 130.0, 1274, 126.5 (q, ] = 32.8 Hz,
1C), 126.0 (q, ] = 3.6 Hz, 1C), 123.9 (q, ] = 272.7 Hz, 1C), 123.7 (g,
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J=272.7 Hz, 1C), 123.3 (q, ] = 2.5 Hz, 1C), 122.1, 120.7, 117.2, 117.0
(q,J =297.8 Hz, 1C), 112.2 (q, J = 4.7 Hz, 1C), 42.7, 38.7, 36.5, 32.8.
HRMS (ESI-TOF) m/z caled for C, H,gF4N,O5 [M + H]* 489.1356,
found 489.1354.
2-(3-((2-Ammonioethyl)amino)-3-oxopropyl)-3-(4-cyanobenzoyl)-6-
(trifluoromethyl)-2H-indazole 1-Oxide 2,2,2-Trifluoroacetate 9{3,2,3}.

NC
o
N o
=)/, O._CF
FsC N¥ D
(o] HN + 0
- _\—NH3

Yield 26.0 mg (26%) of amorphous solid. 'H NMR (400 MHyz,
DMSO-dg) 6 8.29 (t, ] = 5.7 Hz, 1H), 8.21—8.16 (m, 1H), 8.13—8.08
(m, 2H), 7.96—7.91 (m, 2H), 7.85 (br's, 3H), 7.50 (dd, ] = 9.2, 1.5 Hz,
1H), 6.96 (dt, ] = 9.0, 0.7 Hz, 1H), 5.04 (t, ] = 7.0 Hz, 2H),
324 (q, J = 6.1 Hz, 2H), 2.88—2.77 (m, 4H). *C NMR (100 MHz,
DMSO-dy) 6 1804, 169.9, 158.4 (q, ] = 32.4 Hz, 1C), 142.5, 133.0,
129.7, 127.5, 126.5 (q, ] = 32.7 Hz, 1C), 123.7 (q, ] = 272.2 Hz, 1C),
1234 (q, J = 2.8 Hz, 1C), 122.2, 120.8, 118.3, 117.0, 1169 (q, ] =
2924 Hz, 1C), 115.0, 112.2 (q, ] = 4.9 Hz, 1C), 42.7, 38.7, 36.5, 32.7.
HRMS (ESI-TOF) m/z calcd for C, H sFsN;O; [M + H]* 446.1435,
found 446.1433.

2-(3-((2-Ammonioethyl)amino)-3-oxopropyl)-3-benzoyl-6-methoxy-
2H-indazole 1-Oxide 2,2,2-Trifluoroacetate 9{3,3,1}.

Q)

o
N o O._CF;
NorN L
[e) HN +
- NH3

Yield 63.0 mg (37%) of amorphous solid. 'H NMR (400 MHeg,
DMSO-dg) 6 829 (t, J = 5.6 Hz, 1H), 7.93 (br s, 3H), 7.77—7.69
(m, 3H), 7.58 (t, ] = 7.6 Hz, 2H), 6.99 (d, J = 2.2 Hz, 1H), 6.88
(dd, J =9.3,2.2 Hz, 1H), 6.62 (d, ] = 9.3 Hz, 1H), 5.01—4.93 (m, 2H),
3.84 (s, 3H), 3.31—-3.21 (m, 2H), 2.91—2.80 (m, 2H), 2.80—2.73 (m,
2H). *C NMR (101 MHz, DMSO-d;) 6 181.8, 170.1, 158.7 (q, ] =
34.0 Hz, 1C), 158.5, 139.2, 132.8, 129.4, 129.0, 128.8, 122.1, 121.3,
117.7, 116.5 (q, ] = 294.9 Hz, 1C), 115.7, 90.9, 55.8, 42.0, 38.8, 36.5,
33.6. HRMS (ESI-TOF) m/z caled for C,H,,N,O, [M + HJ*
383.1714, found 383.1716.

Analytical Data of Synthetic Compounds: 2H-Indazol-3-yl
Benzoates 11{R',R%R%}.

R3

o=,
R N
XN AngH
o \—\
NH,

(S)-2-(1-((2-Aminoethyl)amino)-1-oxopropan-2-yl)-2H-indazol-3-yl Ben-
zoate 11{1,1,1}.

© (0]
g
- /N
N <§7NH
(o] \—\
NH,

Yield 132 mg (33%) of amorphous solid'H NMR (500 MHeg,
DMSO-dg) 6 8.07 (t, ] = 5.8 Hz, 1H), 7.87—7.84 (m, 2H), 7.83—7.78
(m, 2H), 7.75 (br s, 2H), 7.69—7.64 (m, 2H), 7.47 (ddd, ] = 8.6, 7.3,
1.3 Hz, 1H), 7.34 (ddd, ] = 7.9, 7.2, 0.7 Hz, 1H), 6.34 (d, ] = 8.6 Hz,
1H), 493 (q, ] = 7.2 Hz, 1H), 347 (dq, J = 13.3, 6.5 Hz, 1H),
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3.26—3.18 (m, 1H), 2.93—2.85 (m, 2H), 1.58 (d, ] = 7.2 Hz, 3H).
3C NMR (125 MHz, DMSO-dy) 6 170.0, 167.1, 164.6, 143.0, 133.81,
133.78, 133.5, 129.4, 129.3, 124.9, 123.7, 118.5, 113.0, 56.7, 38.6, 36.8,
14.3. HRMS (ESI-TOF) m/z caled for CgH,N,O; [M + H]*
353.1608, found 353.1618.

(S)-2-(1-((2-Aminoethyl)amino)-1-oxopropan-2-yl)-2H-indazol-3-y!
4-Chlorobenzoate 11{1,1,4}.

Cl

© 0]
or
- /N
N <§7NH
(o] \—\
NH,

Yield 6.5 mg (17%) of amorphous solid. 'H NMR (400 MHyz,
DMSO-dg) & 8.06 (t, ] = 5.8 Hz, 1H), 7.92—7.88 (m, 2H), 7.83
(dg, J =77, 0.7 Hz, 1H), 7.76 (d, ] = 8.8 Hz, 4H), 7.54 (ddd, ] = 8.5,
7.2, 1.4 Hz, 1H), 7.37 (ddd, J = 7.9, 7.1, 0.8 Hz, 1H), 6.50 (d, ] =
8.5 Hz, 1H), 492 (q, J = 7.3 Hz, 1H), 3.52—3.40 (m, 1H), 3.28—3.18
(m, 1H), 2.96—2.82 (m, 2H), 1.60 (d, ] = 7.3 Hz, 3H). *C NMR
(100 MHz, DMSO-dg) & 169.9, 166.0, 164.8, 142.9, 138.6, 133.7,
132.4, 131.3, 129.6, 125.0, 123.8, 118.6, 113.2, 56.9, 38.6, 36.8, 14.3.
HRMS (ESI-TOF) m/z caled for C,,H;,CIN,O, [M + H]* 387.1218,
found 387.1230.
(S)-2-(2-(3-(Benzoyloxy)-6-(trifluoromethyl)-2H-indazol-2-yl)-
propanamido)ethanaminium 2,2,2-Trifluoroacetate 11{1,2,1}.

o 3

o)
0
1S5S S |
N NH -
FaC g . CF
NH3
Yield 36.0 mg (26%) of amorphous solid. Slightly contaminated by
benzoic acid. '"H NMR (400 MHz, DMSO-dy) & 8.14 (t, ] = 5.8 Hz,
1H), 806 (d, J] = 8.1 Hz, 1H), 7.91-7.79 (m, SH), 7.73-7.65
(m, 3H), 6.59 (s, 1H), 497 (q, ] = 7.2 Hz, 1H), 3.54—3.42 (m, 1H),
3.33—3.20 (m, 1H), 2.91 (d, J = 5.6 Hz, 2H), 1.68 (d, ] = 7.2 Hz, 3H).
BC NMR (100 MHz, DMSO-ds) & 169.7, 166.5, 163.9, 158.6
(9 J =322 Hz, 1C), 142.6, 133.8, 133.4, 132.8 (q, ] = 32.2 Hz, 1C),
129.5, 129.4, 1282, 125.3, 123.3 (q, J = 273.0 Hz, 1C), 122.0, 121.4
(g, ] = 34 Hz, 1C), 1103 (q, ] = 42 Hz, 1C), 5§7.9, 38.5, 37.0, 14.6.
HRMS (ESI-TOF) m/z caled for CpoH;oF3;N,O; [M + H]* 421.1482,
found 421.1480.
(S)-2-(1-((2-Aminoethyl)amino)- 1-oxopropan-2-yl)-6-(trifluoromethyl)-
2H-indazol-3-yl 4-Methoxybenzoate 11{1,2,5}.
o—

O
o
-
©i~§
FsC N NH
o
NH,

Yield 14.0 mg (16%) of amorphous solid. Slightly contaminated by
4-methoxybenzoic acid. '"H NMR (400 MHz, DMSO-d) § 8.13—8.02
(m, 2H), 7.93—7.89 (m, 2H), 7.79 (br s, 2H), 7.68 (d, J = 8.1 Hz, 1H),
7.26—7.20 (m, 2H), 6.82 (s, 1H), 491 (q, ] = 7.2 Hz, 1H), 3.91
(s, 3H), 3.50—3.39 (m, 1H), 3.30—3.19 (m, 1H), 2.95—2.84 (m, 2H),
1.65 (d, J = 7.2 Hz, 3H). *C NMR (100 MHz, DMSO-d;) 6 169.6,
166.2, 164.0, 163.6, 142.9, 132.7 (q, J = 31.8 Hz, 1C), 1322, 125.3,
124.9, 123.3 (q, ] = 273.0 Hz, 1C), 121.8 (q, ] = 1.0 Hz, 1C), 121.1
(9,7 =32 Hz 1C), 114.8, 110.1 (q, ] = 4.6 Hz, 1C), 57.5, 55.9, 38.5,

3594
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36.9, 14.6. HRMS (ESI-TOF) m/z calcd for C,H,,F;N,O, [M + H]*
451.1588, found 451.1588.

(S)-2-(1-((2-Aminoethyl)amino)-1-oxopropan-2-yl)-6-methoxy-
2H-indazol-3-yl Benzoate 11{1,3,1}.

°© o
—
jo=td
H,CO N NH
(6] \—\
NH,

Yield 8.1 mg (21%) of amorphous solid. 'H NMR (400 MHpg,
DMSO-dy) 6 8.07 (t, ] = 5.8 Hz, 1H), 7.87—7.81 (m, 2H), 7.81-7.76
(m, 3H), 7.73 (d, ] = 8.7 Hz, 1H), 7.71-7.65 (m, 2H), 6.95
(dd, J=8.7,2.1 Hz, 1H), 5.74 (d, ] = 2.1 Hz, 1H), 4.88 (q, ] = 7.2 Hg,
1H), 3.51 (s, 3H), 3.50—3.43 (m, 1H), 3.29-3.18 (m, 1H), 2.95—
2.86 (m, 2H), 1.56 (d, ] = 7.2 Hz, 3H). *C NMR (100 MHz,
DMSO-dg) § 1702, 166.9, 165.0, 163.4, 144.9, 133.9, 133.5, 129.5,
129.2, 125.2, 112.7, 111.6, 97.8, 57.0, 55.5, 38.6, 36.8, 14.3. HRMS
(ESI-TOF) m/z caled for C,;H,,N,O, [M + H]" 383.1714, found
383.1721.

(S)-2-(2-(3-(Benzoyloxy)-2H-indazol-2-yl)-3-phenylpropanamido)-
ethanaminium 2,2,2-Trifluoroacetate 11{2,1,1}.

[¢)
6]
_
N NH
o .

NH;

Yield 7.1 mg (16%) of amorphous solid. 'H NMR (400 MHpz,
DMSO-dg) 6 827 (t, J = 59 Hz, 1H), 7.84—7.74 (m, 4H), 7.60
(t, ] = 7.9 Hz, 2H), 7.38 (ddd, J = 8.6, 7.3, 1.4 Hz, 1H), 7.34—7.27
(m, 3H), 7.19-7.14 (m, 1H), 7.13—7.07 (m, 3H), 6.01 (d, ] = 8.4 Hz,
1H), 522 (dd, J = 114, 4.3 Hz, 1H), 3.59 (dq, ] = 13.5, 6.6 Hz, 1H),
3.52 (d, J = 43 Hz, 1H), 3.35-3.23 (m, 2H), 3.00-2.89 (m, 2H).
3C NMR (100 MHz, DMSO-dg) 6 168.6, 166.5, 163.8, 158.2 (q, J =
33.3 Hz, 1C), 142.2, 137.7, 133.9, 133.44, 133.43, 129.4, 129.1, 128.8,
128.8 (q, J = 35.0 Hz, 1C), 128.3, 126.5, 125.0, 123.6, 118.3, 112.5,
62.2, 38.6, 36.8, 33.2. HRMS (ESI-TOF) m/z caled for C,sH,,N,O,
[M + H]* 429.1921, found 429.1920.

(S)-2-(6-Amino-2-(3-(benzoyloxy)-2H-indazol-2-yl)hexanamido)-
ethanaminium 2,2,2-Trifluoroacetate 11{3,1,1}.

o NH,
o)
\N/ NH O\H/CF3
o M\, o)

NH3

Yield 6.8 mg (16%) of amorphous solid. 'H NMR (400 MHyz,
DMSO-dg) 6 8.15 (t, ] = 5.8 Hz, 1H), 7.87—7.72 (m, 8H), 7.72—7.66
(m, 2H), 7.49 (ddd, J = 8.6, 7.3, 1.4 Hz, 1H), 7.36 (ddd, ] = 7.9, 7.3,
0.7 Hz, 1H), 6.27 (d, ] = 8.6 Hz, 1H), 4.93 (dd, ] = 10.4, 4.9 Hz, 1H),
3.49-343 (m, 1H, overlap with the water), 3.29-3.19 (m, 1H),
2.95-2.85 (m, 2H), 2.82—-2.72 (m, 2H), 2.24—2.02 (m, 2H),
1.57 (dq, J = 139, 69 Hz, 2H), 1.45-1.24 (m, 2H). C NMR
(101 MHz, DMSO-dy) & 169.7, 166.9, 164.5, 1582 (q, ] = 31.9 Hg,
1C), 142.7, 133.9, 133.8, 133.6, 129.6, 129.3, 125.0, 124.0, 118.3,
117.0 (q, J = 2979 Hz, 1C), 113.0, 60.8, 38.6, 38.4, 36.8, 27.9,
26.8, 23.0. HRMS (ESI-TOF) m/z caled for C,,H,,N;O; [M + H]*
410.2187, found 410.2186.

(@)

o
JJ\CFs
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(S)-2-(1-((2-Aminoethyl)amino)-3-(tert-butoxy)- 1-oxopropan-2-yl)-
2H-indazol-3-yl Benzoate 11{4,1,1}.

) %
o)
_ d
o
N NH
o
NH,

Yield 9.6 mg (21%) of amorphous solid. 'H NMR (400 MHyz,
DMSO-dg) 6 8.20 (t, ] = 5.9 Hz, 1H), 7.87—7.81 (m, 1H), 7.81-7.74
(m, SH), 7.73—7.67 (m, 2H), 7.50 (ddd, J = 8.5, 7.3, 1.4 Hz, 1H),
7.38—7.33 (m, 1H), 6.30 (d, ] = 8.6 Hz, 1H), 5.02 (dd, J = 94,
5.3 Hz, 1H), 3.94—4.02 (m, 1H), 3.94—3.85 (m, 1H), 3.51 (dq, ] =
13.5, 6.6 Hz, 1H), 3.33—3.21 (m, 1H), 2.97—2.85 (m, 2H), 0.96 (s,
9H). 3C NMR (101 MHz, DMSO-d;) & 168.0, 166.4, 165.1, 143.0,
133.9, 133.7, 129.6, 129.0, 123.9, 1182, 73.3, 73.0, 61.2, 61.0, 58.4,
38.6, 36.6, 27.1. HRMS (ESI-TOF) m/z caled for C,3;H,4N,O,
[M + H]* 425.2183, found 425.2181.

Analytical Data of Synthetic Compounds: 2-Alkyl-1,2-
dihydro-3H-indazol-3-ones 12.

o}
R- I N
X NA;VNH
Hod
NH,

(S)-N-(2-Aminoethyl)-2-(3-oxo- 1H-indazol-2(3H)-yl)propanamide

12{1,1}.
o)
Ly
N NH
Hod
NH,

Yield 6.3 mg (22%) of amorphous solid. '"H NMR (400 MHeg,
DMSO-dg) 5 10.04 (br s, 1H), 8.27 (t, ] = 5.6 Hz, 1H), 7.83 (br s,
2H), 7.65 (d, ] = 7.8 Hz, 1H), 7.52 (ddd, ] = 8.3, 7.2, 1.2 Hz, 1H), 7.29
(d,J =83 Hz, 1H), 7.11 (t, ] = 7.4 Hz, 1H), 5.03 (q, ] = 7.2 Hz, 1H),
3.33 (quin, J = 5.8 Hz, 2H), 2.89 (q, ] = 5.9 Hz, 2H), 1.47 (d, ] = 7.2
Hz, 3H). ®C NMR (100 MHz, DMSO-ds) 170.6, 161.4, 147.0,
131.7, 123.0, 121.0, 117.0, 112.7, 52.3, 38.5, 36.8, 15.9 pm. HRMS
(ESI-TOF) m/z caled for C;,H (N,O, [M + H]" 249.1346, found
249.1348.
(S)-2-(2-(3-Oxo0-6-(trifluoromethyl)-1H-indazol-2(3H)-yl)-
propanamido)ethanaminium 2,2,2-Trifluoroacetate 12{1,2}.

(0]
N O._CF,
Facﬁu é’““ Ng
(0] \—\ . (0]
NH;

Yield 55.0 mg (72%) of amorphous solid. 'H NMR (400 MHg,
DMSO-dg) § 10.74 (br s, 1H), 839 (t, ] = 5.6 Hz, 1H), 7.96
(brs, 2H), 7.87 (d, ] = 8.2 Hz, 1H), 7.65 (s, 1H), 7.36 (dd, J = 8.2,
0.8 Hz, 1H), S.11 (q, J = 7.2 Hz, 1H), 3.43—3.27 (m, 2H), 291 (t,
J = 6.3 Hz, 2H), 1.51 (d, ] = 7.2 Hz, 3H). *C NMR (100 MHz,
DMSO-dg) 5 170.3, 159.8, 158.9 (q, J = 32.0 Hz, 1C), 145.6, 131.6 (g,
J =317 Hz, 1C), 124.6, 124.1 (q, ] = 272.8 Hz, 1C), 119.3, 117.1 (q,
J=12982Hz, 1C), 116.7 (q,] = 3.0 Hz, 1C), 110.0 (q, ] = 4.0 Hz, 1C),
52.3, 38.4, 36.8, 16.1. HRMS (ESI-TOF) m/z calcd for C;;H;F;N,O,
[M + H]* 317.1220, found 317.1228.

(S)-N-(2-Aminoethyl)-2-(6-methoxy-3-oxo-1H-indazol-2(3H)-yl)-
propanamide 12{1,3}.

0
@N
~o0 N NH
H oo
NH,

Yield 6.1 mg (22%) of amorphous solid. 'H NMR (400 MHyz,
DMSO-dy) 6 9.89 (brs, 1H), 8.24 (t, ] = 5.7 Hz, 1H), 7.81 (br s, 2H),
7.52 (d, ] = 9.1 Hz, 1H), 6.73 (d, ] = 1.8 Hz, 1H), 6.69 (dd, ] = 8.6,
2.1 Hz, 1H), 495 (q, ] = 7.1 Hz, 1H), 3.81 (s, 3H), 3.38—3.28
(m, 2H), 2.94—2.85 (m, 2H), 1.42 (d, J = 7.1 Hz, 3H). 3C NMR
(101 MHz, DMSO-dy) 6 170.7, 1629, 161.7, 149.1, 124.2, 111.1,
110.2, 94.8, 55.6, 52.3, 38.5, 36.7, 15.7. HRMS (ESI-TOF) m/z calcd
for C;3H;sN,O5 [M + H]* 279.1452, found 279.1452.
(S)-N-(2-Aminoethyl)-2-(3-oxo-1H-indazol-2(3H)-yl)-3-phenylpropa-

namide 12{2,1}.
Ly
N

(¢)
NH,

Yield 11.9 mg (36%) of amorphous solid. 'H NMR (400 MHpg,
DMSO-dg) 6 10.11 (br s, 1H), 8.51 (t, ] = 5.6 Hz, 1H), 7.94 (br s, 3H),
7.52 (d, ] = 7.8 Hz, 1H), 748 (ddd, J = 83, 7.1, 1.2 Hz, 1H), 7.30
(d, J = 8.3 Hz, 1H), 7.15-7.08 (m, 4H), 7.04 (ddd, ] = 7.8, 7.1, 0.6 Hz,
1H), 526 (dd, J = 109, 47 Hz, 1H), 3.39-3.31 (m, 2H), 324
(dd, J = 14.1, 10.9 Hz, 1H), 2.88 (br s, 2H). *C NMR (100 MHz,
DMSO-dy) § 169.8, 161.1, 146.6, 137.2, 131.5, 128.8, 128.1, 1264,
1229, 120.8, 116.7, 112.6, 57.4, 38.3, 36.7, 35.7. HRMS (ESI-TOF)
m/z caled for CgH,oN,O, [M + H]* 325.1659, found 325.1657.

(S)-6-Amino-N-(2-aminoethyl)-2-(3-oxo-1H-indazol-2(3H)-yl)-
hexanamide 12{3,1}.

\_\

o}

NH,

NH;

Yield 12.6 mg (39%) of amorphous solid. 'H NMR (400 MHg,
DMSO-dg) 6 10.02 (br s, 1H), 8.38 (t, ] = 5.5 Hz, 1H), 7.89 (br s,
2H), 7.74 (br s, 2H), 7.66 (d, ] = 7.8 Hz, 1H), 7.52 (t, ] = 7.7 Hz, 1H),
7.30 (d, J = 8.2 Hz, 1H), 7.11 (t, ] = 7.5 Hz, 1H), 498 (dd, ] = 9.7,
5.8 Hz, 1H), 3.38—3.27 (m, 1H), 2.96—2.83 (m, 2H), 2.77—-2.61 (m,
2H), 2.06—1.89 (m, 2H), 1.59—-1.42 (m, 2H), 1.31-1.20 (m, 1H),
1.16—0.95 (m, 2H). *C NMR (101 MHz, DMSO-d¢) § 170.2,
161.5, 146.8, 131.7, 123.1, 120.9, 116.6, 112.8, 55.9, 38.6, 38.4, 36.7,
29.4, 26.4, 22.5. HRMS (ESI-TOF) m/z caled for C;sH,;N;O,
[M + H]* 306.1925, found 306.1925.

(S)-2-(2-(1-Hydroxy-3-oxo-1H-indazol-2(3H)-yl)propanamido)-
ethanaminium 2,2,2-Trifluoroacetate 14.

o]
@fq’Né O.__CF
N NH 3
OHO \—\ . \[c];
NH;

Yield 7.2 mg (24%) of amorphous solid. 'H NMR (400 MHpz,
DMSO-dg) & 8.06 (t, J = 5.7 Hz, 1H), 7.88—7.81 (m, 2H), 7.83 (dd,
J=7.5,130 Hz, 1H), 7.77 (dd, ] = 7.8, 1.2 Hz, 1H), 7.72 (td, ] = 7.5,
1.4 Hz, 1H), 7.67 (td, ] = 7.4, 1.4 Hz, 1H), 4.57 (q, ] = 6.9 Hz, 1H),
3.45-3.34 (m, 1H), 3.34—3.25 (m, 1H), 2.93—2.84 (m, 2H), 1.39
(d, ] = 6.9 Hz, 3H). 3C NMR (101 MHz, DMSO-ds) § 170.6, 166.3,
1584 (q, J = 32.6 Hz, 1C), 147.1, 132.3, 130.9, 129.9, 127.1, 124.2,
116.7 (q, J = 298.1 Hz, 1C), 59.8, 38.5, 36.6, 14.4. HRMS (ESI-TOF)
m/z caled for C,H;(N,O; [M + H]* 265.1295, found 265.1297.

(S)-2-(2-(3-Benzoyl-2H-indazol-2-yl)propanamido)ethanaminium

Acetate 17.
o]
g
= /N -
N AngH O._CHj

° \_\r\THjor
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Yield 19.5 mg (60%) of amorphous solid. '"H NMR (400 MHz,
DMSO-dg) & 8.66—8.57 (m, 1H), 7.84 (d, J = 8.7 Hz, 1H), 7.79
(d, J = 7.0 Hz, 2H), 7.77-7.71 (m, 1H), 7.60 (t, ] = 7.7 Hz, 2H),
7.37—7.30 (m, 1H), 7.16—7.08 (m, 1H), 6.83 (d, ] = 8.6 Hz, 1H), 5.89
(g J = 70 Hz, 1H), 324 (dt, J = 12.5, 6.2 Hz, 1H), 3.21-3.13
(m, 1H), 2.71 (t, ] = 6.0 Hz, 2H), 1.88 (d, ] = 7.0 Hz, 3H). *C NMR
(101 MHz, DMSO-ds) & 185.9, 169.5, 146.6, 138.5, 133.3, 131.7,
129.4, 128.7, 126.0, 124.7, 122.9, 120.0, 118.5, 60.7, 40.0, 39.8, 17.7.
HRMS (ESI-TOF) m/z caled for CyH,(N,O, [M + H]* 337.1659,
found 337.1664.
4-Benzoyl-2-methylquinazoline 1-Oxide 20.

Ao
LA
(').

Yield 1.7 mg (5%) of amorphous solid, isolated from 1 g of resin, from
which was earlier cleaved indazole oxide by cyclative cleavage.
'H NMR (500 MHz, DMSO-ds) & 8.57 (d, J = 8.5 Hz, 1H),
829-826 (m, 1H), 8.12 (ddd, J = 8.7, 7.1, 1.3 Hz, 1H), 801
(dd, J = 84, 1.3 Hz, 2H), 7.85 (ddd, J = 8.3, 7.1, 1.1 Hz, 1H),
7.76=7.72 (m, 1H), 7.58 (t, ] = 7.8 Hz, 2H), 2.74 (s, 3H). *C NMR
(125 MHz, DMSO-d) 6 192.1, 151.5, 146.7, 143.55, 135.7, 134.9,
1342, 130.7, 129.9, 128.68, 126.6, 122.6, 1182, 19.9. HRMS
(ESI-TOF) m/z caled for C;H,N,O, [M + HJ" 265.0972, found
265.0944.
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Material and Methods

Solvents were used without further purification. The Rink amide resin (100-200 mesh, 1% DVB,

0.68 mmol/g) was used. Synthesis was carried out on Domino Blocks (www.torvig.com) in

disposable polypropylene reaction vessels.

The volume of wash solvent was 10 mL per 1 g of resin (except Mitsunobu alkylation; the
volume was 20mL per 1 g of resin). For washing, resin slurry was shaken with the fresh solvent
for at least 1 min before changing the solvent. After adding a reagent solution, the resin slurry
was manually vigorously shaken to break any potential resin clumps. Resin-bound intermediates

were dried by a stream of nitrogen for prolonged storage and/or quantitative analysis.

For the LC/MS analysis a sample of resin (~5 mg) was treated by 50% TFA in DCM, the
cleavage cocktail was evaporated by a stream of nitrogen, and cleaved compounds extracted

into 1 mL of MeOH.

The LC/MS analyses were carried out using two instruments. The first one comprised a 3 x 50
mm C18 reverse phase column, 5 um particles. Mobile phases: 10 mM ammonium acetate in
HPLC grade water (A) and HPLC grade acetonitrile (B). A gradient was formed from 5% to 80%
of B in 10 minutes, flow rate of 0.7 mL/min. The MS electrospray source operated at capillary
voltage 3.5 kV and a desolvation temperature 300 °C. The second instrument comprised a 2.1 x
50 mm C18 reverse phase column, 2.6 um particles, at 30°C and flow rate of 800 yL/min. Mobile
phases: 10 mM ammonium acetate in HPLC grade water (A) and HPLC grade acetonitrile (B). A
gradient was formed from 10% to 80% of B in 2.5 minutes; kept for 1.5 minute, flow rate of 0.8
mL/min. The column was re-equilibrated with 10% solution B for 1 minute. The APCI source
operated at discharge current of 5 pA, vaporizer temperature of 400 °C and capillary

temperature of 200 °C.

Purification was carried out on C18 reverse phase column 19 x 100 mm, 5 uym particles, gradient

was formed from 10 mM aqueous ammonium acetate and acetonitrile, flow rate 20 mL/min.
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All '"H and C NMR experiments were performed at magnetic field strengths of 14.09 T
corresponding to 'H resonance frequencies of 599.89 MHz, and at ambient temperature (~21
°C). 'H spectra and "°C spectra were referenced relative to the signal of DMSO ('H & = 2.49

ppm, *C & = 39.50 ppm)
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Figure S1. Atom numbering of compound 11{1,1,1}

Table S1. NMR spectroscopic data (400 MHz, DMSO-d¢) for 11{1,1,1}

11 12

9 14

=%
3
4 2/1 16
N
5 =\ 15\17
67 )

11{1,1, 1}

N 10
12__\
NH

2

position | &g, type Oy (Jin HZ) HMBC

1 164.6, C 3,15
2 118.6,C 4,6
3 123.8, CH 7.81, m (overlap with 12) 5

4 125.0, CH 7.34,ddd (7.9, 7.2, 0.7) 6

5 133.6, CH 7.47,ddd (8.6, 7.3, 1.3) 3

6 113.1, CH 6.34, d (8.6) 4

7 143.0,C 3,5
8 167.1, C=0 10, 14
9 133.78, C 10, 11, 13, 14
10 129.5, CH 7.85, m 12
11 129.4, CH 7.67, m 13
12 133.81, CH | 7.52, t (7.50; overlap with 3) 10, 14
13 129.4, CH 7.67, m 11
14 129.5, CH 7.85, m 10, 12
15 56.8, CH 4.93,q(7.2) 16
16 14.4, CH; 1.58,d (7.2) 15
17 170.1, C=0 16, 18, 15, NH
18 36.9, CH, 3.22, m 19, NH

3.47,dq (13.3, 6.5)

19 38.6, CH, 2.89, m 18
NH 8.07,t(5.8)
NH, 7.75, br. s.
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Scheme S1: Baeyer-Villiger oxidation on solid phase using mCPBA

o Ph_o
_ i
-
\+N —_— +N
N_ NH SN NH
©° HN-L 0 0 \
7{1,1,1} b o111} NH,
l i MW: 352
Ph Ph

13{1,1,1) NH, 14{1,1,1}
MW: 368 MW: 264

10{1,1,1}

0
40 0
N /—NH N NH N
00
HN_L@

(i) 0.5 M mCPBA, DCM, rt, 30 min - on; (ii))TFA/DCM (1:1), rt, 30 min.

The following LC traces are shown in Figure S2:

A) starting material, MW = 352, UV = 403 nm

B) 0.5 M mCPBA/DCM (2 mL/60 mg of resin), rt, 30 min

C) 0.5 M mCPBA/DCM (2 mL/60 mg of resin), rt, overnight

D) 0.5 M mCPBA/DCM (5 mL/20 mg of resin), rt, 30 min

E) 0.5 M mCPBA/DCM (5 mL/20 mg of resin), rt, 30 min + 30 min repeat

36
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Figure S2. LC trace of crude material
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Scheme S2: Baeyer-Villiger oxidation on solid phase using N-oxide as an internal oxidant

H O
2_NOS‘NJﬁfN\/\N o” \O i

(0] (0]
41,1,1} ©\/<
NH

11¢1,1,13 © NH,
MW: 352
310 nm
@E“ %H
12{1,1,1}
() 0.2 M DBU in DMF, rt, 30 min; (ii) cleavage - see conditionsin A-I. MW: 248

The following LC traces are shown in Figure S3:

Reaction conditions: Cleavage time 30 min; volume of cleavage cocktail for A-G 0.5 mL, for H
and | 3 mL

Analytical scale (~10 mg of resin):

A) 50% TFA(Sigma-Aldrich, redestilled = 99%)/DCM

B) 50% TFA(Sigma-Aldrich, redestilled = 99%)/DCM/AIR (in syringe)

C) 50% TFA(Sigma-Aldrich 99%)/DCM

D) 50% TFA(Litolab < 99%)/DCM

E) 50% TFA(Sigma-Aldrich, redestilled = 99%)/DCM — saturated by water
F) 50% TFA(Sigma-Aldrich, redestilled = 99%)/DCM + 0.5% H,0

G) 50% TFA(Sigma-Aldrich, redestilled = 99%)/DCM + 1% TFA anhydride
Semi-prep scale (~60 mg of resin):

H) preparative cleavage 50% TFA(Sigma-Aldrich 99%)/DCM

I) preparative cleavage 50% TFA(Sigma-Aldrich, redestilled = 99%)/DCM
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Figure S3. LC trace of crude material
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'H and "*C NMR spectra (ds-DMSO) of (2S)-N-(2-aminoethyl)-2-((1-(2-nitrophenyl)-2-oxo-2-

phenylethyl)amino)propanamide 8{7,7, 1}

Mog(m)

Mo(m)
Mo3(dd)
O,N

MO2(br. s.) MO8(d)
m n

§ O N N\/\N.'-H3 0. CF3
|

T
(@)
=
2
S

n
31.00—_ 0 o
3 ] 3| mo7(m) o
° -
E ] Y 2 —
? 0.751 T
N i
©
g
S m
4 4
0.50 (m) !
1 o
. @
0.25 §
0- A A AJUC_
0.860.955.19 1.15 2.17 0.99 2.04 0.88 1.222.34 2.22 3.00
U o0 W WU uow oy U oo u
1 10 9 8 7 6 5 4 3 2 1
Chemical Shift (ppm)
o]
q
l’\ O
<
oo}
“EOZN
0.45 "0 H
. _
N ~~">NH,; O._{CF3
0.40 H 0 \ﬂ/
0]
5 035
‘@
5 N~
£ 030 = N o
g i e
T 0.25 J
E
2
0.20 Q 28
® 38 |3 . §
~— ~ [Te}
0.15 Mol@ T ) ? © T
8% ® T
0103 . 88 3
3 254y e
0054 2 ~ B 5
I | T 5
0
e R e e e S L s ma e = R
180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

41 S10


schutzne
Text napsaný psacím strojem
41


'H and *C NMR spectra (ds-DMSO) of 2-(3-((2-ammonioethyl)amino)-3-oxopropyl)-3-

benzoyl-2H-indazole 1-oxide 2,2,2-trifluoroacetate 9{3,7, 1}
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'H and *C NMR spectra (ds-DMSO) of 2-(3-((2-ammonioethyl)amino)-3-oxopropyl)-3-

benzoyl-6-(trifluoromethyl)-2H-indazole 1-oxide 2,2,2-trifluoroacetate 9{3,2, 7}
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'H and *C NMR spectra (ds-DMSO) of 2-(3-((2-ammonioethyl)amino)-3-oxopropyl)-6-

(trifluoromethyl)-3-(4-(trifluoromethyl)benzoyl)-2H-indazole 1-oxide 2,2,2-trifluoroacetate
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'H and "®C NMR spectra (ds-DMSO) of 2-(3-((2-ammonioethyl)amino)-3-oxopropyl)-3-(4-

cyanobenzoyl)-6-(trifluoromethyl)-2H-indazole 1-oxide 2,2,2-trifluoroacetate 9{3,2,3}
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'H and *C NMR spectra (ds-DMSO) of 2-(3-((2-ammonioethyl)amino)-3-oxopropyl)-3-

benzoyl-6-methoxy-2H-indazole 1-oxide 2,2,2-trifluoroacetate 9{3,3, 7}
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'"H and "*C NMR spectra (ds-DMSO) of (S)-2-(1-((2-aminoethyl)amino)-1-oxopropan-2-yl)-

2H-indazol-3-yl benzoate 11{7,1,1}
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'"H and "*C NMR spectra (ds-DMSO) of (S)-2-(1-((2-aminoethyl)amino)-1-oxopropan-2-yl)-

2H-indazol-3-yl 4-chlorobenzoate 11{7,7,4}
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'H and *C NMR spectra (ds-DMSO) of (S)-2-(2-(3-(benzoyloxy)-6-(trifluoromethyl)-2H-

indazol-2-yl)propanamido)ethanaminium 2,2 ifluoroacetate 11{17,2, 1}
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'H and *C NMR spectra (ds-DMSO) of (S)-2-(1-((2-aminoethyl)amino)-1-oxopropan-2-yl)-6-

(trifluoromethyl)-2H-indazol-3-yl 4-methoxybenzoate 11{7,2,5}
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'H and *C NMR spectra (ds-DMSO) of (S)-2-(1-((2-aminoethyl)amino)-1-oxopropan-2-yl)-6-

methoxy-2H-indazol-3-yl benzoate 11{7,3, 1}
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'H and C NMR spectra (ds-DMSO) of (S)-2-(2-(3-(benzoyloxy)-2H-indazol-2-yl)-3-

phenylpropanamido)ethanaminium 2,2,2-trifluoroacetate 11{2,1, 71}
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'H and C NMR spectra (d-DMSO) of (S)-2-(6-amino-2-(3-(benzoyloxy)-2H-indazol-2-

yl)hexanamido)ethanaminium 2,2,2-trifluoroacetate 11{3,7, 1}
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'H and ®C NMR spectra (ds-DMSO) of (S)-2-(1-((2-aminoethyl)amino)-3-(tert-butoxy)-1-

oxopropan-2-yl)-2H-indazol-3-yl benzoate 11{4,1, 1}
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'H and "C NMR spectra (ds-DMSO) of (S)-N-(2-aminoethyl)-2-(3-oxo-1H-indazol-2(3H)-

yl)propanamide 12{7, 1}
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'H and *C NMR spectra (d;-DMSO) of (S)-2-(2-(3-ox0-6-(trifluoromethyl)-1H-indazol-2(3H)-

yl)propanamido)ethanaminium 2,2,2-trifluoroacetate 12{7,2}
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'H and "C NMR spectra (ds-DMSO) of (S)-N-(2-aminoethyl)-2-(6-methoxy-3-oxo-1H-

indazol-2(3H)-yl)propanamide 12{7,3}
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'H and *C NMR spectra (ds-DMSO) of (S)-N-(2-aminoethyl)-2-(3-ox0-1H-indazol-2(3H)-yl)-3-

phenylpropanamide 12{2, 1}

7

N
=)

o
©

M12(m) o

MO7(ddd) N H2

n

o
®

MO5(ddd)

e
3

M6 (d)

o
o

M04(d)

Normalized Intensity
I
»

o
w

e
[N

o
[$)]
A RTETI FRTR1 IXTRU ITAT] RYATA RRUTH IXTRINTATA ARATAIRRTAARAACRATACRRTUAYATA AXTRARRAT AISRINTENI ARATARTATI AT

o
=

o

1" 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

Normalized Intensity
o o o o o
[9)] [e2) ~ [o2] ©

N
IS

MeOH

o
w
169.82

—137.18

le}

—146.58
—38.33

~126.41
. \36.74
35.68

~122.92
\120.75

-116.69
112.62

—57.44

—161.12

<
—
@
—
"

1 ,L

180 160 140 120 100 80 60 40 20
Chemical Shift (ppm)

LIl Ll rl b

>8 S27


schutzne
Text napsaný psacím strojem
58


'H and "*C NMR spectra (d;-DMSO) of (S)-6-amino-N-(2-aminoethyl)-2-(3-oxo-1H-indazol-

2(3H)-yl)hexanamide 12{3, 7}
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'H and *C NMR spectra (ds-DMSO) of (S)-2-(2-(1-hydroxy-3-oxo-1H-indazol-2(3H)-

yl)propanamido)ethanaminium 2,2,2-trifluoroacetate 14
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H

and "C NMR spectra (ds-DMSO) of (S)-2-(2-(3-benzoyl-2H-indazol-2-

yl)propanamido)ethanaminium acetate 17
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'H and *C NMR spectra (d-DMSO) of 4-benzoyl-2-methylquinazoline 1-oxide 20
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