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“Two things are infinite:
the universe and human stupidity,
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Introduccié General i Objectius

INTRODUCCIO GENERAL | OBJECTIUS

I.1. La sindrome d’immunodeficiéncia adquirida (SIDA)

El virus de la immunodeficiencia humana (VIH) segueix essent un dels problemes més greus de
la sanitat pablica mundial. La fase més avancada de la infeccié pel VIH és la sindrome d’immuno-
deficiencia adquirida (SIDA), que en funcid de la persona, pot tardar de 2 a 15 anys a manifestar-se.
Segons la OMS, el 2016 van morir un milié de persones per causes relacionades amb aquest virus. A
finals de 2016 hi havia aproximadament 36,7 milions de persones infectades pel VIH en el mdn,

havent-se produit 1,8 milions de noves infeccions durant 1’tltim any.l

N, .

g

Enfermetats cardiovasculars ‘

Cancer

® VIH/SIDA

® Tuberculosi
Nefritis i Nefrosi

® Cirrosi hepatica
Infecci6 respiratoria

Figura 1.1: Malalties més letals a cada estat o pais.

La regi6 de I’ Africa subsahariana, amb 25,6 milions de persones infectades, és la més afectada de
tot el mdn, registrant quasi dos tercos de les noves infeccions per VIH. Les Ultimes estadistiques de
I’ONU sobre I’estat de I’epidémia de la SIDA constaten que 34,5 milions d’adults (majors de 15 anys)
viuen infectats amb el VIH, dels quals 17,8 milions sén dones. A més, 2,1 milions de nens (menors de
15 anys) estan infectats. L’any 2016, només 19,5 milions d’afectats van tenir accés a la terapia
antiretrovirica, aproximadament un 54% dels adults i un 43% dels nens. Pel que fa a les inversions
mundials, a finals de 1’any 2016 hi havia 19100 milions de dolars nord-americans disponibles per a la
resposta a la SIDA en els paisos del tercer mon. Els recursos nacionals van representar el 57% del total
dels recursos destinats al VIH en aquests paisos. L’ONU estima que es necessitaran 26200 milions de

dolars per poder fer front a la SIDA ’any 2020 als paisos tercermundistes i 23900 milions 1’any 2030.

El VIH infecta les cél-lules del sistema immunitari, alterant o anul-lant la seva funci6 de lluitar

contra les infeccions i malalties. Aix0 condueix a un deteriorament progressiu del sistema immunitari,
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fet que provoca que es desenvolupin nombroses infeccions oportunistes i alguns tumors en els pacients
amb SIDA, que a la llarga solen causar la mort del malalt. Malgrat els grans avencos en els darrers 30
anys, no es disposa d’un tractament eficac per a la seva cura ja que el virus muta molt rapid: quan les
defenses han aprés a reconéixer una variant del virus 1 I’ataquen, es troben que s’han d’enfrontar a una
nova variant, i aixi successivament fins que el sistema immunitari s’esgota. Tot i aix0, amb 1’ajuda de
farmacs antiretrovirals es pot evitar el deteriorament del sistema immunoldgic del pacient infectat,
mantenint controlat el virus i fent que puguin gaudir d’una vida relativament saludable i productiva. El
VIH es pot transmetre per via sexual, via parental (una transfusi6 de sang contaminada o 1’Us
compartit d’agulles, xeringues o altres instruments punxants) 0 per transmissio vertical (de mare a fill
durant I’embaras, el part o la lactancia). Per aquest motiu, les mesures profilactiques sén fonamentals

perqué el VIH no passi d’una persona a I’altra.?

1.1.1. Historia i curiositats del VIH

S. XX: La infecci6 per VIH-1 es comenga a propagar per I’Africa central i occidental a causa de la
transmissio del virus de la immunodeficiencia en simis (VIS) d’una subespécie de ximpanzés

als humans.

1981: El centre per la prevencio i control de malalties de E.E.U.U. (CDC) descriu 5 casos de
pneumonia en homosexuals a Los Angeles i diversos casos de Sarcoma de Kaposi en la
poblaci6 gai de San Francisco i Nova York. Aquestes malalties es relacionen amb una
disminucid drastica del nivell de limfocits T CD4" dels pacients. Als pocs mesos apareixen

casos a Europa. El primer pacient a Espanya es diagnostica a 1’Hospital Vall d’Hebron.

1982: Es comenca a utilitzar I’expressid SIDA (Sindrome d’ImmunoDeficiéncia Adquirida) per

referir-se a aquests casos i es defineixen 3 vies de contagi: sexual, sanguinia i de mare a fill.

1983: Els virolegs francesos Luc Montagnier i Frangoise Barré-Sinoussi, de I’institut Pasteur, aillen i
purifiquen el VIH com agent etiologic de la SIDA. Montagnier i Barré-Sinoussi envien les
mostres al cientific nord-america Robert Gallo, que ajuda a concloure que el VIH és el causant
de la SIDA.

1985: Mort I’actor Rock Hudson, la primera figura pablica que havia manifestat que tenia SIDA.
Aquest mateix any es comenca a utilitzar el test ELISA, la primera prova de deteccio del virus.

1987: Es comenca a subministrar el primer antiretroviral, I’AZT, un inhibidor de transcriptasa
inversa del VIH. Tot i que té un bon efecte, es comprova que no té activitat suficient per

controlar el VVIH a llarg termini i que presenta efectes toxics amb el temps.
1988: L’1 de desembre es celebra el Dia Mundial de la lluita contra la SIDA per primera vegada.

1991: Mort Freddie Mercury, cantant de Queen, a causa de la SIDA.
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1996:

1997:

2000:

2008:

2012:

2015:

2017:

Introduccié General i Objectius

Durant aquest any el llag roig es converteix en el simbol internacional de la lluita contra la

malaltia.
Es crea el Programa Conjunt de les Nacions Unides sobre el VIH/SIDA (ONUSIDA).

El mateix any es presenta la terapia combinada altament activa (TARGA/HAART), que
redueix drasticament la morbiditat i mortalitat per SIDA. En els paisos desenvolupats la

malaltia passa de ser mortal a ser cronica.

ElI CDC anuncia que les morts per SIDA comencen a disminuir per primera vegada gracies a

I’¢éxit de la terapia combinada.

L’ONU inclou, dins dels 8 objectius del mil-lenni, 1’accés universal als tractaments

antiretrovirals amb 1’objectiu d’aturar la pandémia al tercer mon.

Els cientifics francesos Luc Montagnier i Francoise Barré-Sinoussi reben el Premi Nobel de

Medicina pel descobriment del virus de la immunodeficiencia humana.

Aquest mateix any es publica el cas del “Pacient de Berlin”, un portador del VIH que es va
sotmetre a un transplantament de cél-lules mare amb una mutacié resistent al VIH per tractar
la leucemia que patia. Avui en dia no pren tractament antiretroviral i es considera I’(nica

persona del mén que s’ha curat de la infeccio.

La FDA (Food and Drug Administration) aprova I’us de I’antiretroviral Truvada® com a

profilaxis de preexposicié (PrEP) per a persones amb un alt risc de contagi.

L’estudi START (Strategic Timing of AntiRetroviral Treatment) demostra que comencar el
tractament antiretroviral en pic es diagnostica la malaltia redueix la morbiditat i mortalitat per

SIDA. L’OMS canvia les seves directrius per recomanar el tractament immediat a tot el mén.

Investigadors de I’IrsiCaixa presenten els resultats preliminars d’un assaig clinic de vacuna
terapéutica combinada amb un reactivador de laténcia a la Conferéncia sobre Retrovirus i
Infeccions Oportunistes (CROI) celebrada a Seattle (USA). Per primera vegada, s’aconsegueix
gue 5 persones infectades controlin el VIH amb el seu sistema immunitari durant un periode

Ilarg de temps sense prendre cap tractament.
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1.1.2. Classificacio i estructura del VIH

El VIH forma part del génere Lentivirus, que son retrovirus exogens
no oncogenics que provoquen principalment depressions del sistema
immunitari i/o alteracions al sistema nervids central. A més, es
caracteritzen per tenir un periode d’incubacié molt llarg. La familia
Retroviridae té un genoma en forma d’ARN i es replica a través de la

formacié d’un ADN provisional per transcripcié d’un enzim també propi

de la familia, la transcriptasa inversa. Els lentivirus son capacos d’infectar
cél-lules que estan en contacte amb la que ells ocupen mitjancant la formacio6 de sincicis (cél-lula amb

diversos nuclis) sense necessitat de formar particules extracel-lulars (virions).

El viri6 del VIH és esféric, d’un diametre aproximat de 80-150 nm, i esta constituit per tres capes. La
capa exterior és una bicapa lipidica que posseeix 72 prolongacions formades per les glicoproteines
gp120 (cap extern) i gp4l (integrat a la membrana), unides no-covalentment, que actuen en el moment
de la uni6 del virus a la cel-lula hoste. La capa intermedia és una nucleocapsida icosaédrica i esta
constiturida per I’antigen p24. Per Gltim, la capa interior té forma de con truncat i esta constituida per
dues cadenes idéntiques d’ARN unides per la proteina p9, cOpies de ’enzim de transcriptasa inversa i

nucleoproteines.

Existeixen dos tipus de VIH, anomenats VIH-1 i VIH-2. El primer correspon al virus descobert
originalment, més virulent i infecciés que el VIH-2 i causant de la majoria d’infeccions per VIH al
mon. El VIH-2 és menys infeccios i es troba gairebé exclusivament als paisos de 1’Africa occidental.
Del VIH-1 n’estan descrits dos grups: el grup M (major o principal) amb onze subtipus (Al, A2, B, C,
D, F1, F2, G, H, Ji K), i el grup O (outlier). Del VIH-2 n’estan identificats 7 subtipus (A, B, C, D, E,
FiG).?

Els genomes del VIH-1 i el VIH-2 son molt similars. Els dos extrems es troben protegits per
sequiéncies repetitives conegudes amb el nom de Long Term Repeats (LTRs). En la part central del
genoma hi ha 9 gens. Els encarregats de codificar les proteines relativament més grans que intervenen
en la reproduccid del virus s6n 3 gens basics de la familia dels retrovirus: Gag, Pol i Env. Els altres 6
gens codifiquen proteines més petites que intervenen en diferents moments del cicle vital del VIH-1:
Vpu, Vpr, Vif, Tat, Rev i Nef.!
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Figura 1.2: Genoma del VIH-1.°

1.1.3. El cicle replicatiu del VIH

Entendre les interaccions que es produeixen entre les proteines virals i la maquinaria cel-lular

proporciona la base biologica per poder controlar aquesta pandémia. Per tant, I’estudi del seu cicle

vital proporciona noves dianes terapeutiques contra aquest virus.

El cicle de vida del VIH-1 consisteix de diverses etapes, que depenen de les interaccions

sequencials entre la cél-lula viral i I’amfitri6 cel-lular. Hi ha molts treballs publicats sobre les diferents

etapes del cicle vital del VIH-1, presentant-lo i dividint-lo de diferents maneres. Simplificant una mica

el complex procés d’interaccions i reaccions quimiques que hi tenen lloc, hem optat per la que divideix

el procés en 4 etapes:

1.

Entrada del virus: El virus s’uneix als receptors CD4 de la superficie dels limfocits T CD4",
macrofags, mondcits o cél-lules dendritiques a través de la glicoproteina gpl120 del virus. En
aquest procés de reconeixement hi intervenen els coreceptors CCR5 i CXCR4. Després d’un
seqguit de canvis conformacionals, la proximitat entre la membrana cel-lular i viral permet la
fusio de la cel-lula a la glicoproteina gp41 i la inevitable entrada de la capsida del VIH a la
cel-lula hoste. Els farmacs que dificulten o eviten aquest procés d’apropament i fusié de les
dues membranes son els anomenats ENIs (entry inhibitors), explicats amb més detall en el

seglient apartat (1.2.4.).

Transcripcio inversa: Les proteines de la nucleocapsida del virus es dissocien i tot el
contingut viral (ARN, enzims i proteines) s’escampa pel citoplasma de la cél-lula envaida.
L’enzim RT (reverse transcriptase) catalitza la formacié de I’ADN viral de doble cadena
(double-stranded DNA) utilitzant I’ARN viral com a plantilla. Aquest nou ADN sintetitzat és
el substrat que intervé en el procés d’integracid. Aquelles molécules que sén capaces de
pertorbar el funcionament de 1’enzim RT s’anomenen NRTIs (nucleosidic reverse
transcriptase inhibitors) o NNRTIs (non-nucleosidic reverse transcriptase inhibitors).
Aquests darrers interaccionen en un altre lloc de I’enzim i exerceixen un efecte al-lostéric:

modifiquen la conformaci6 de I’enzim i redueixen I’afinitat del substrat al centre actiu.®
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3.

Integracio: L’ADN viral de doble cadena travessa la membrana del nucli on I’enzim |
(integrase) catalitza la seva incorporacié a I’ADN de la cél-lula hoste. En aquest punt, I’ADN
viral integrat pot romandre reversiblement latent o experimentar la produccié de virus actius.

Les molecules que inhibeixen aquesta etapa son els INIs (integrase inhibitors).

Transcripcio i traduccid: L’ADN integrat es transcriu en ARN viral i es tradueix en un
polipéptid de cadena llarga. La proteasa escapca aquest polipéptid Ilarg en proteines
individuals més petites, que després reagrupa per tal de generar els virus fills i cloure’ls dins de
les corresponents capsides. Els inhibidors de proteasa (PIs) actuen en aquest nivell, impedint

aquestes etapes finals del cicle.
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Figura 1.3: Cicle replicatiu del VIH i diagrama d’acci6 dels diferents inhibidors.’
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1.1.3.1. Inhibidors d’entrada (ENIs)

El receptor CD4 és el primer implicat en ’entrada del virus a la cél-lula, essent el primer pas la
seva interacci6 amb la glicoproteina gp120 del virus.® EI CD4 és una immunoglobulina d’uns 55 kDa,
localitzada principalment en la membrana dels limfocits T CD4" i, en menor mesura, en altres tipus de
cél-lules. La glicoproteina gp120 del VIH-1, de 120 kDa, esta formada per dos dominis units per ponts
disulfur. En la cavitat formada entre ambdos dominis és on té lloc la interaccié CD4-gpl20,
majoritariament de tipus electrostatic.” El fet de ser el primer pas del procés d’infeccié i que el lloc
d’interaccio estigui resguardat, protegit i ben conservat estructuralment, ha portat a estudiar aquesta
uni6 com a possible diana terapeutica per evitar I’entrada del VIH, buscant farmacs que s’hi puguin

unir especificament i en bloquegin la unio.

Després de la unio6 CD4-gp120, el nucli de gp120 pateix canvis conformacionals, passant d’un
estat flexible a un estat rigid, cosa que permet la posterior interacci6 amb els coreceptors de
quimiocines (CCR5 i/o CXCR4)."

La capacitat que té el VIH-1 d’infectar diferents tipus de cél-lules i de variar segons la soca viral
¢és I’anomenat tropisme viral, un concepte important a tenir en compte. Al llarg dels ultims anys s’han
descrit diverses maneres de classificar aquest tropisme. En I’actualitat es classifiquen segons el
coreceptor que usa per infectar la cél-lula diana. Aixi, les soques virals que s’uneixen al coreceptor
CCRS5 s’anomenen soques R5, les que ho fan via el coreceptor CXCR4 s6n soques X4, mentre que les
soques que sOn capaces d’infectar cél-lules utilitzant els dos tipus de coreceptor amb eficiencies

semblants s’anomenen R5X4 o de tropisme dual.™*

En els ultims anys s’ha relacionat el tropisme viral amb 1’estadi de la infeccio i amb la progressio
de la malaltia. Quan la malaltia és primerenca es detecten Unicament variants de la soca R5, mentre
que en els estadis més avancats s’observa la X4, que s’associa a una disminucio dels limfocits CD4,
amb un augment de RNA del VIH i una progressié més rapida cap a la SIDA.'? Aquests coreceptors
presenten una estructura de o-hélix de quatre dominis transmembrana: 3 bucles extracel-lulars i un
domini N-terminal (Nt). La consideracié d’aquests dos coreceptors com a possibles dianes
terapeutiques ha promogut la investigacié de nous farmacs: els antagonistes de CCR5 i de CXCR4,

que actuen inhibint la unié de la gp120 amb aquests coreceptors.*®

Per Gltim, en ’entrada del virus a la cel-lula, es fusionen la membrana plasmatica de la cel-lula
hoste i I’embolcall lipidic viral. La glicoproteina gp41l és la principal implicada en aquest procés. El
seu caracter hidrofobic en I’extrem N-terminal és el que permet la seva insercié en la membrana
cel-lular.* Durant el procés de fusi6 es produeix una reorganitzacié estructural de la gp41 i provoca la
formacid d’una estructura termostable de 6 hélixs. El canvi d’energia lliure associada a la formacio
d’aquesta estructura tan estable és el que permet formar un porus de fusio i, en consequéncia, I’entrada
de la capsida del virus a I’interior de la cél-lula.”® Aquest model de fusio ja s’havia descrit préviament
per al virus de la grip. Aquest ultim pas, de fusié de les membranes, també és una bona diana

terapeutica a estudiar per evitar la infeccio.
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En resum, I’entrada del VIH té 3 punts claus que son susceptibles de ser considerats dianes

terapéutiques:

- Launié de la gp120 al receptor cel-lular CD4. EI BMS806 s’anuncia com la primera molécula
petita que era capac d’inhibir la interacci6 de la glicoproteina gp120 amb el receptor CD4 en
el procés d’entrada del virus a la cél-lula hoste.'®

- Launié del complex gp120-CD4 als coreceptors CCR5 0 CXCR4 (Maraviroc®).

- La fusi6 de les membranes cel-lular i viral (Fuzeon®).

1.1.4. Terapia Antiretroviral **’

1.1.4.1. Curs natural de la infecci6 del VIH

El curs natural de la infecci6 pel VIH-1, sense tractament, consta de tres estadis diferenciats: la

fase aguda, la fase cronica i la SIDA.
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Figura 1.4: Curs de la infeccio per VIH.

Fase aguda

Durant la primera etapa de la infeccié per VIH es dona una fase d’infecci6é aguda que comenga
quan el virus s’instal-la per primera vegada en el cos. Aquesta fase es caracteritza per un increment de
la carrega viral en sang i un descens drastic dels nivells de limfocits T CD4". Sol durar entre 6 i 12

setmanes 1 és una fase d’alta contagiositat.
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El virus arriba als ganglis limfatics on es replica i allibera particules virals noves al corrent
sanguini abans que es desenvolupi una resposta immune a la infeccid. Aquest procés sol durar entre 2 i
4 setmanes i en aquest periode no es pot detectar la infeccié mitjancant un test ELISA (Enzyme-Linked
ImmunoSorbent Assay), ja que el cos tarda aproximadament entre un i tres mesos per produir
anticossos anti-VIH. A més, la majoria de persones recentment infectades presenten un quadre clinic
similar a una mononucleosi o grip. Després de 2 0 3 setmanes, aquests simptomes desapareixen degut
a una gran produccié d’anticossos contra el virus que condueixen a la conversid serologica
(seroconversid) del pacient. Aquesta resposta immune provoca una disminucié significativa de la
carrega viral en sang i un augment del nombre de cél-lules T CD4" que, dissortadament, no és capag

d’eradicar el virus pero si mantenir-lo en equilibri fins a donar pas a la seglient fase de la infecci6.
Fase cronica

Després de ’etapa aguda de la infeccio, 1’afectat passa a un estat de portador asimptomatic del
virus en el qual no pateix la malaltia pero si que la pot transmetre. En aquest punt ja es pot detectar la
infecci6 per VIH mitjancant la prova d’anticossos ELISA.

La fase cronica es caracteritza per una resposta cel-lular i humoral intensa que permet assolir un
equilibri més o menys constant durant molt de temps (entre 3 i 10 anys amb una velocitat de
progressié variable) entre la replicacié del virus i la resposta immune. Amb el temps, hi ha una
reduccid progressiva de les cél-lules CD4 que provoca que el sistema immunitari es vagi deteriorant,
de manera que la capacitat de mantenir I’equilibri viral va disminuint, fins que s’arriba a ’etapa final

de SIDA.
SIDA

En aquesta fase ’increment de 1’activitat replicativa del virus produeix un descens marcat del
nombre de limfocits T CD4" (per sota de 200 cél-lules per mL de plasma). Com a conseqiéncia de
I’esgotament del sistema immunologic aquest esdevé incapag de combatre el virus i el pacient passa a
un estat simptomatic. En aquest estadi solen aparéixer infeccions oportunistes (s’anomenen
oportunistes ja que son infeccions causades per bacteris, virus, fongs o parasits que normalment no
produeixen cap malaltia en individus amb un sistema immunoldgic sa) i alguns tumors com el sarcoma
de Kaposi, el cancer de cervix i cancers del sistema immunitari coneguts com limfomes. A més, els
pacients de SIDA solen manifestar un agreujament de 1’estat general com ara febre, suors, dolors
musculars, etc. En aquest moment s’experimenta un retrocés immunologic que condueix

irreversiblement a la mort.

En funcié del nombre de limfocits T CD4" i el % de CD4 respecte al total de limfocits, els
pacients es classifiqguen en una de les seglients categories, les quals aporten informacié sobre el

pronostic i I’evolucio de la malaltia.
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Categories cliniques

Categories segons la xifra de limfocits T CD4+ A B C
> 500/mm® (= 29%) Al B1 C1
200-499/mm?® (14-28%) A2 B2 C2

< 200/mm? (< 14%) A3 B3 C3

Taula 1.1: Classificacié del pacient amb infeccié VIH proposada pels Centres for Disease
Control (CDC). La categoria A s’aplica a la primoinfeccié (o fase aguda) i als pacients
asimptomatics. La categoria B s’aplica als pacients que presenten simptomes o malalties no
pertanyents a la categoria C perd que indiquen cert grau d’afectacié immunologica. Per ultim, la
categoria C s’aplica a pacients que presenten malalties definidores de SIDA. Els pacients de les
categories on 1’area esta ombrejada es consideren malalts de SIDA.

Actualment, no es possible eradicar el VIH-1 amb els tractaments antiretrovirals existents pero,
gracies a les noves terapies de tractament antiretroviral de gran activitat (TARGA o HAART, highly
active antiretroviral therapy), s’ha aconseguit prolongar la fase asimptomatica i alentir la progressio

cap a la SIDA de molts pacients.

1.1.4.2. Farmacs contra el VIH "8

Com hem vist, el VIH ataca i destrueix les cél-lules CD4 que son les encarregades de combatre
les infeccions. La pérdua d’aquestes cel-lules fa que el cos no sigui capa¢ de combatre altres
infeccions (infeccions oportunistes) i cancers. Els medicaments contra el VIH impedeixen que el virus
es repliqui, fet que redueix la concentraci6 del virus en la sang (carrega viral). En haver-hi una menor
concentracié del virus a la sang, el sistema immunitari es recupera més rapid i pot combatre les

malalties colaterals que s’han esmentat.

Es recomana a totes les persones infectades pel VIH comencar quan abans millor el tractament.
Aquests medicaments ni curen ni maten el virus, perd poden prevenir o alentir la seva replicacid. A la

vegada, aquests tractaments ajuden a disminuir el risc de contagi del VIH.
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Farmacs inhibidors del VIH

ENIs (entry inhibitors)

Antagonistes de CCR5

Maraviroc MVC Selzentry@ Pfizer & ViiV Healthcare Agost 2007
Celsentri®
Inhibidors de Fusi6
Enfuvirtida T-20 Fuzeon® Roche & Trimeris. Inc. Marg 2003
NRTIs (nucleosidic reverse transcriptase inhibitors)

Abacavir ABC Ziagen® Glaxo Smith Kline Desembre 1998
Emtricitabina FTC Emtriva® GILEAD Sciences Juliol 2003
Lamivudina 3TC Epivir® Glaxo Smith Kline Novembre 1995
Tenofovir Alafenamida TAF

Tenofovir disoproxil TDF Viread® Gilead Sciences Octubre 2001
Zidovudina AZT, ZDV Retrovir® Glaxo Smith Kline Mar¢ 1987

NNRTIs (non-nucleosidic reverse transcriptase inhibitors)
Efavirenz EFV gggg\ﬁg B"Stoll\/l'(\:lrﬁr;sgg'bb & Setembre 1998
Etravirina ETR Intelence® Janssen Gener 2008
Nevirapina NVP Viramune® Boehringer-Ingelheim Juny 1996
Nevirapina XR NVP XR Viramune XR® Marg 2011
Rilpivirina RPV Edurant® Janssen Maig 2011
INIs (integrase inhibitors)
Dolutegravir DTG Tivicay® ViiV Healthcare Agost 2013
Raltegravir RAL Isentress® Merck & CO. Inc. Octubre 2007
Raltegravir HD RAL HD Isentress HD® Maig 2017
Pls (protease inhibitors)
Atazanavir ATV Reyataz® Bristol-Myers Squibb Juny 2003
Darunavir DRV Prezista® Tibotec & Janssen Juny 2006
Fosamprenavir FOS-APV, FPV I}Z)I(IZY?(S Glaxo Smith Kline Octubre 2003
Ritonavir RTV Norvir® Laboratorios Abbott Mar¢ 1996
Saquinavir SQV Invirase® Roche Desembre 1995
Tipranavir TPV Aptivus® Boehringer-Ingelheim Juny 2005
Potenciador Farmacéutic
Cobicistat CcoBl Tybost®
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Cocktails (Combinacions de farmacs)

Abacavir/Lamivudina ABC/3TC Ep;|c0m® Glaxo Smith Kline Agost 2004
Kivexa®
Abacabir/Dolutegravir/Lamivudina ABC/DTG/3TC Triumegq® ViiV Healthcare Agost 2014
Abacavir/Lamivudina/Zidovudina ABC/3TC/AZT Trizivir® Glaxo Smith Kline ~ Novembre 2000
Atazanavir/Cobicistat ATV/COBI Evotaz® Bristol-Myers Squibb Gener 2015
Bictegravir/Emtricitabina/Tenofovir BIC/FTC/ITAF Biktarvy® Febrer 2018
Darunavir/Cobicistat DRV/COBI Prezcobix® Tibotec Gener 2015
Rezolsta®
Darunavir/Cobicistat/Emtricitabine/Tenofovir DRV/COBI/FTCITAF Symtuza® Juliol 2018
. L . . Bristol-Myers Squibb .
Efavirenz/Emtricitabina/Tenofovir EFVIFTC/TDF Atripla® & GILEAD Sciences Juliol 2006
] o . Symfi Lo® Febrer 2018
Efavirenz/Lamivudina/Tenofovir EFV/3TC/TDF .
Symfi® Marg 2018
. . . L . EVG/COBI/FTCITAF Genvoya® GILEAD Sciences  Novembre 2015
Elvitegravir/Cobicistat/Emtricitavina/Tenofovir o .
EVG/COBI/FTC/TDF Stribild® GILEAD Sciences Agost 2012
FTC/RPVITAF Odefsey® Marg 2016
Emtl’icitabina/Ri|pivil’ina/Ten0f0Vir Comp|era® GILEAD Sciences &
FTC/RPVITDF Eviplera®) Janssen Therapeutics Agost 2011
o . FTCITAF Descovy® Abril 2016
Emtricitabina/Tenofovir :
FTC/TDF Truvada® GILEAD Sciences Agost 2004
Lamivudina/Tenofovir 3TC/TDF Cimduo® Febrer 2018
Lamivudina/Zidovudina 3TC/IAZT Combivir® Glaxo Smith Kline Setembre 1997
Lopinavir/Ritonavir LPV/RTV Kaletra® Laboratorios Abbott  Setembre 2000

Taula 1.2: Farmacs inhibidors del VIH. Dades de juliol de 2018.

1.2. Microbicides

Els microbicides sdn substancies quimiques o agents farmacologics que, aplicats a nivell vaginal

o0 anal, sén capacos de reduir o evitar la infeccio pel VIH i/o altres patogens de transmissié sexual. Es
poden administrar en diferents formats: gel, locid, crema, aerosol, supositori, esponja o anell vaginal.
Tot i que el preservatiu ha mostrat una gran efectivitat per a la prevencié d’infeccions de transmissio
sexual (ITS), ha estat insuficient per aturar-ne la propagacié. A més, existeixen situacions dificils on
1’as del preservatiu pot no ser una opcid, com en les dones que volen tenir fills o que tenen dificultats
per negociar-ne el seu Us 0 que estan en risc de patir violencia sexual. En el primer cas, un agent
microbicida reduiria el risc d‘infeccidé pel VIH durant la practica sexual en parelles discordants (on
només un dels dos esta infectat). En els altres escenaris, 1’s d’un microbicida pot oferir una primera
proteccio, en abséncia del preservatiu, i una proteccié secundaria, en el cas del trencament o lliscament

del preservatiu durant el coit.

Es molt important recalcar que en paisos poc desenvolupats, d’on provenen la majoria de
persones infectades amb el VIH, 1’as d’agents microbicides ajudaria a aturar la pandémia d’una

manera significativa. En aquests paisos, les normes socials i culturals no permeten que les dones
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estiguin en igualtat de drets que els homes. Per aixd en aquests paisos és més necessaria una actuacio

urgent i eficac per tal de oferir-les-hi un mecanisme per poder-se protegir.

Els primers microbicides estudiats pretenien proporcionar una amplia cobertura contra diverses
malalties de transmissié sexual. Posteriorment, es van investigar microbicides concrets contra la
infeccio pel VIH, formulats a partir de farmacs antiretrovirals (ARV), esperant que fossin capacos de
bloquejar la infeccid. Fins ara tots els microbicides estudiats estan lluny de ser més eficagos que el

preservatiu.*
Un microbicida pot actuar de diverses maneres:

- Acabant amb els patogens sense perjudicar la flora vaginal.
- Creant una barrera entre el virus i les cel-lules sanes per bloquejar la infeccio.

- Inhibint la réplica del virus amb farmacs ARVs en el cas que ja hagi infectat la cél-lula.

1.2.1. Historia i classificacio dels microbicides més rellevants

Durant els ultims anys s’han estudiat diferents mecanismes per prevenir la transmissié sexual del

VIH. Segons el mecanisme d’accid, podem diferenciar els microbicides en dos grans grups:

e Microbicides de 1a i 2a generacio, sense farmacs antiretrovirals, amb composicions diverses
com ara tensioactius, polianions, acidificants o anticossos. Aquesta familia de microbicides
actuen mentre el virus es troba en 1’entorn vaginal.

e Microbicides de 3a generacio, que contenen farmacs utilitzats pel tractament del VIH.
Aquest conjunt actua un cop el virus ha travessat ’epiteli vaginal prevenint I’interioritzacio
del virus a les cél-lules T CD4" amb inhibidors d’entrada (ENIs) o prevenint la replicaci6 viral

amb inhibidors de transcriptasa inversa (RTIs).%
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a) Microbicides de la
generacio. S’inactiva el
virus en la vagina.

b) Microbicides de 2a
generaci6. S’evita la fusio
del virus a I’epiteli vaginal.

c) S’inactiva el virus per
defensa natural conservant la
flora vaginal.
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Figura 1.5: Diagrama d’acci6 dels diferents tipus de microbicides.?*

1.2.1.1. Microbicides de primera generacio

Els microbicides de primera generacié son agents surfactants o tensioactius que tenen com a
objectiu inactivar el virus en la vagina, abans que traspassi 1’epiteli vaginal. L’objectiu és pertorbar o

modificar I’estructura de la membrana viral fent-la més porosa i menys susceptible a possibles

irrupcions.

1.2.1.1.1. Nonoxynol-9 (N-9)

El N-9 esta disponible en diferents formulacions com ara gels, supositoris i pel-licules. Va ser el
primer espermicida que es va avaluar com a microbicida contra la transmissié del VIH. Els
tensioactius actuen com a virucides, reduint la tensi6 superficial del patogen i provocant la inactivacio
del microorganisme abans de posar-se en contacte amb la mucosa vaginal. Després de diversos estudis
es va concloure que no oferia suficient proteccié contra el VIH. Fins i tot es va arribar a determinar

que augmentava la incidencia de lesions genitals incrementant alhora el risc d’infeccio per altres

malalties de transmissié sexual.?

o/\%g,OH
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1.2.1.1.2. Savy gel® (C31G)

Es un agent antimicrobia i espermicida que es va provar com agent anti-VIH. El seu mecanisme
d’acci6 és similar al del N-9, perd es dissemina més rapidament a través de la mucosa genital i és
menys toxic. Tot i aixi, diversos estudis en assaigs clinics en la fase Il van demostrar que no oferia

cap proteccié contra la infeccié pel VIH.?

o
(0]

1.2.1.1.3. Invisible Condom (Sodium Lauryl Sulfate i derivats)

El conegur agent C1,H,s0SO5'Na* (SLS) i alguns derivats seus com el que es representa dessota
€S van promocionar com a “preservatiu invisible”. A més, es va demostrar que interferien amb
diferents tipus de virus. A temperatura ambient €s un liquid que, un cop s’aplica sobre la paret vaginal
es transforma en gel gracies a la temperatura corporal. No obstant aix0, la seva ineficacia contra la
transmissio del VIH es va demostrar en la fase 11 dels assaigs clinics duts a terme.**

09 ®
g/o Na

\/\/\/\/\/\/QO\/%O/ \\O

1.2.1.2. Microbicides de segona generacio (polianions)

Després del fracas dels agents surfactants com a microbicides, les investigacions es van orientar
cap al desenvolupament de microbicides que evitessin 1’acoblament i la fusié del virus en el tracte
genital. L’objectiu era bloquejar I’entrada viral a la cel-lula a través de formulacions senzilles que
simplement evitessin el contacte entre la superficie de la mucosa genital i els patdogens. Molts

d’aquests productes no son bloquejadors especifics sind que actuen contra diversos microorganismes.

1.2.1.2.1. Carraguard® (PC-515)

Es un gel microbicida on el principi actiu és el carragena, un polisacarid lineal en forma de sulfat
extret d’algues marines. El carragena s’utilitza habitualment en productes de cosmética, dentifrics i
aliments. Es un producte segur i no és toxic. Es va formular com un gel que s’unia amb éxit als virus
(VIH, herpes simple i el del papil-loma huma) i que s’havia d’aplicar a la vagina una hora abans de
mantenir relacions sexuals. Els estudis van demostrar que el gel era segur i els efectes secundaris
associats eren lleus i poc freqlients, pero en la fase Il dels assaigs clinics es va comprovar que no era
efectiu en la prevencio de la transmissio del VIH. No obstant aix0, es va demostrar la seva capacitat

per reduir el risc de transmissio sexual del virus del papil-loma huma.?
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n

1.2.1.2.2. PRO 2000 (Polynaphthalene Sulfonate)

Es un gel microbicida on el principi actiu és un polimer sintétic del sulfonat de naftalé. Es tracta
d’un polianid6 que és capa¢ d’interaccionar amb les carregues positives de la gpl120 del virus
bloquejant aixi ’entrada del virus a la cél-lula. Ha demostrat una activitat anti-VIH in vitro i en
models animals. En els assaigs clinics ha donat bons resultats en seguretat i acceptabilitat en la fase I i

1. Ara bé, en la fase 111 no va prevenir el contagi del VIH.%

© o
! ! SO; Na

n

1.2.1.3. Microbicides potenciadors de les defenses naturals de la vagina

Els microbicides classificats en aquest apartat havien de complementar o millorar les defenses
immunes naturals de la vagina. La vagina té un pH massa acid perqué els espermatozoides i diferents
patogens, com el VIH, hi puguin sobreviure. Una caracteristica important de 1’entorn vaginal és la
capacitat dels lactobacils (bacteris residents a la vagina) per mantenir el pH acid adequat alliberant
compostos antimicrobians com 1’acid lactic, peroxid d’hidrogen, bactericides i biosurfactants. Durant
les relacions sexuals, 1’esperma, amb un pH alcali, neutralitza 1’acidesa de la vagina afavorint la
supervivencia dels espermatozoides i dels patogens de diferents virus. Aixi, els microbicides
classificats en aquest grup estan pensats perque mantinguin un pH acid o que substitueixin els

lactobacils absents.

1.2.1.3.1. Buffer Gel®

Es un gel espermicida basat en un polimer de carbopol® (policarboxilic). Aquest gel actua com
acidificant, tamponant el medi, i és capa¢ de mantenir el pH acid vaginal normal en preséncia
d’esperma. A més, després de la seva aplicacid crea una barrera fisica que pot aturar o alentir el pas
dels patogens a les parets vaginals. Tanmateix, tot i que els estudis fets han demostrat que és segur, no

evita la transmissio del VIH.?’
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1.2.1.4. Microbicides de tercera generacié

Aquesta Ultima generaci6 de microbicides inclou les formulacions que combinen productes de les
anteriors generacions 0 noves formulacions de gels amb farmacs antiretrovirals (Taula 1.2). Aquests
microbicides actuen en alguna etapa especifica del cicle replicatiu del VIH, depenent del farmac
afegit. Aixi, poden inhibir I’entrada del virus a la cél-lula hoste si el farmac és un ENI o la seva

replicacio si el farmac és un RTI.

1.2.1.4.1. Maraviroc (MVC)

El MVC és un inhibidor d’entrada antagonista del receptor CCRS5. S han realitzat diversos estudis
que demostren una bona eficacia dels microbicides que contenen MVC, adhuc en presencia d’esperma.
A més, s’ha vist que té una gran tendéncia a concentrar-se en el teixit vaginal. Assaigs realitzats amb
ratolins i macacos han conclos que diferents formulacions amb concentracions variables de MVC
proporcionen seguretat i proteccié contra la transmissié del VIH. Tot i aix0, resulta vital el temps
transcorregut entre 1’aplicacié i el contacte amb el virus. Els estudis posteriors s’han centrat a

modificar la formulacié del gel amb diferents concentracions de MVC per millorar-ne I’efectivitat.”®

0 i
F H {
F NN
=N

.2.1.4.2. Tenofovir (TEV, (R)-PMPA)

L’estudi CAPRISA 004 va avaluar la seguretat i eficacia per prevenir el contagi amb el VIH d’un
gel vaginal que contenia un 1% de TFV en dones subsaharianes. Es va trobar que el gel reduia la
infeccié pel VIH des d’un 39% i fins a un 54% en els millors dels casos. Amb aquests resultats
inicials, forca prometedors, es van iniciar diferents assaigs clinics per analitzar diversos parametres
com el factor d’adheréncia a la mucosa vaginal, el temps transcorregut entre 1’aplicacio i la relacio
sexual i un factor, que ha demostrat ser molt important, que és 1’activacid innata del nostre sistema

immune abans d’adquirir una infeccié.”
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1.2.1.4.3. Dapivirine (DPV)

El DPV s’ha sotmés a molts assaigs clinics perqué semblava un dels farmacs més prometedors
d’acabar essent un microbicida potent en la prevencid de la transmissié del VIH. Diferents assaigs in
vitro han demostrat la seva activitat anti-VIH, alhora que amb models animals s’ha comprovat que
diferents formulacions de gels a diferents concentracions de DPV no irriten la vagina.®* No obstant
aixo, I’eficacia d’aquest farmac s’ha d’avaluar més a fons, especialment en el seu Gs profilactic

continu, ja que s’ha observat que el VIH desenvolupa resisténcia a aquest farmac molt rapidament.*

1.3. Objectius

Es sabut que la bioconjugacié d’agents terapéutics amb altres molécules és una via factible per a
millorar la forma d’administracié6 d’un farmac. Amb aquesta finalitat, la unié covalent de diferents
derivats del farmac BMS806 a estructures polimériques de tipus gel podria convertir el farmac en un
agent topic amb una absorcié més controlada i esdevindria una nova generacié de microbicides (4a

generacio).

En primer lloc, aquest treball s’ha enfocat cap a la sintesi de derivats de BMS, un farmac que
s’uneix especificament i reversiblement a la gp120 del virus i blogqueja els canvis conformacionals
quan s’uneix al receptor CD4, actuant doncs com a inhibidor d’entrada (ENIs). La majoria dels
derivats de BMS806 sintetitzats fins ara no han arribat a fases cliniques avancades a causa de la seva
alta toxicitat i baixa biodisponibilitat. La via oral no és recomanable perd poden ser (tils per via

topica. Per tant, es va pensar en ells com a potencials microbicides.

En aquest context, necessitavem metodes de bioconjugacié de tipus click, és a dir, reaccions

simples, rapides, selectives i quantitatives. De bon principi es va pensar en la cicloaddicié [3+2] entre
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una azida i un triple enllag, catalitzada per Cu(l), una reaccié ampliament usada i ben coneguda al
nostre grup. A mes, es va voler idear un nou métode de bioconjugacio, aprofitant el coneixement en el
nostre laboratori de diferents reaccions d’addici6é conjugada a triples enllagos activats. Es va estudiar i
optimitzar la reaccié d’addici6 de tiols a triples enllacos activats (propinamides) amb 1’objectiu final

d’aplicar aquest métode click en la conjugacio de les nostres molécules.

El primer pas va ser la sintesi de diferents derivats del BMS806, mantenint 1’esquelet intacte i
unint-hi diferents tipus de cadenes espaiadores en diferents posicions de 1’anell benzilic de 1’indol.
Després, aquestes cadenes ens servirien de punt d’unié entre el farmac i un polimer concret, per

aconseguir el nostre microbicida final.

La idea era trobar el derivat de BMS806 més actiu biologicament per conjugar-lo al nostre
polimer, previament preparat al laboratori, mitjancant diferents métodes de bioconjugaci6. Enviariem
mostres dels microbicides sintetitzats a laboratoris especialitzats en microbicides (Hospital Univer-
sitario Gregorio Marafién, HUGM, de Madrid) a fi d’avaluar la seva citotoxicitat i activitat anti-VIH.

I.4. Organitzacio

En el Capitol 1 d’aquesta Tesi es descriu la preparacio de diversos derivats de BMS806 units als

diferents linkers per les diferents posicions del grup benzo de la molécula.

En el Capitol 2 s’estudia i s’optimitza, per a substrats polars, la reaccié de cicloaddicio [3+2]
entre una azida i un triple enllag terminal catalitzada per Cu(l). També se sintetitzen diferents lligands

per ajudar a disminuir la citotoxicitat d’aquesta reaccio.

En el Capitol 3 es posa a punt la reaccio d’addicio conjugada de tiols a triples enllagos terminals

activats desenvolupada al nostre grup.

En el Capitol 4 es preparen les diferents estructures polimeriques i s’uneixen als diferents

derivats escollits aplicant els diferents métodes de bioconjugacio suara esmentats.

Finalment, en el Capitol 5, es descriu I’avaluacié de la citotoxicitat i I’activitat anti-VIH, que fou

portada a terme per mi mateixa en el laboratori d’immunobiologia molecular de ’"THGUGM.
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Capitol 1: Sintesi de derivats del BMS806
1.1. Introduccio

Fins I’any 2000,* la majoria d’ENIs dirigits al bloqueig de la unié de la glicoproteina viral gp120
amb el receptor CD4 eren molécules amb elevat pes molecular (péptids, derivats de CD4 solubles i
anticossos). Certs tipus de polimers sulfatats també es van estudiar per blocar aquesta unié pero
s’unien menys especificament a la gp120. L'any 1998, les estructures cristal-lografiques de raigs X de
la gp120 associada amb el receptor CD4 van proporcionar detalls moleculars del lloc actiu vinculat a
la uni6 CD4-gp120. Aixo va significar un gran aveng a I’hora de desenvolupar inhibidors d’entrada
petits per interrompre la seva interacci6.*® L’any 2003, cientifics de la companyia nord-americana
Bristol-Myers Squibb van descriure per primer cop una molecula de baix pes molecular, el BMS-
378806 (1, BMS806), capa¢ d’unir-se especificament i reversible a la gp120, inhibint aixi la interacci
gp120-CD4 i evitant la infecci6 pel VIH-1.%%* Aquesta molécula semblava adequada per avancar en el
desenvolupament clinic ja que els estudis farmacocinétics i farmacoldgics inicials donaven suport a

1.*® Estudis posteriors van demostrar que presentava una

una formulaci6 d’administracié per via ora
série de propietats desitjables, com el baix grau d’uni6 a proteines i un baix potencial d’interaccié amb
altres medicaments. Malgrat aix0, durant la fase clinica es va comprovar que no tenia una bona
absorcio oral i que la vida mitjana per una dosificacié diaria no era I’adequada.*® Tanmateix, es va
poder demostrar 1’eficacia d’aquest compost en el bloqueig de la infeccié quan s'utilitzava com a

microbicida topic.*’

|C50 =1.5nM
Figura 1.1: BMS-378806 (BMS806).

Durant la fase clinica, el compost 1 va ser substituit pel compost BMS-488043 (2, BMS403), pero a
I’agost de 1’any 2004, en la fase Il dels assaigs clinics, el desenvolupament d’aquest candidat va ser
interromput pel propi fabricant per problemes de caire farmacocinétic. En aquest punt, la companyia
nord-americana es va centrar a introduir tot tipus de substituents (halur, alquil, alcoxi, etc.) en totes les
posicions de I’anell (aza)indolic del BMS per estudiar els seus efectes en la inhibicié de la interaccio
gp120-CD4. Van concloure que la substituci6 en les posicions C4 i C7 incrementava notablement la
poténcia antiviral.®® Després d’anys d’investigaci6 i analitzant tot tipus de substituents,®® van trobar un
conjunt d’inhibidors de nova generacié amb biodisponibilitats i toxicitats millorades com el BMS-
663068 (3, Fostemsavir®), el qual es troba actualment en la fase Il de desenvolupament clinic
(Clinical Trials ID: NCT02362503).%
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Figura 1.2: BMS403 (2), Fostemsavir® (3) i Temsavir® (4).

1.2. Sintesi de derivats del BMS806

Com s’ha esmentat anteriorment, I’objectiu d’aquesta Tesi Doctoral és dissenyar un microbicida
on el farmac sigui un derivat d’estructura tipus BMS. Analitzant 1’activitat anti-VIH del BMS806,

Joaquim Caner durant la seva Tesi Doctoral,*®

va comprovar que el metil en la posicié C2 de I’anell de
piperazina del BMS806 no era essencial, pero si que era contraindicada la configuracio S d’aquest
centre estereogénic. També va arribar a la conclusié que el grup benzoil era important, ja que en
sintetitzar i avaluar bioldgicament derivats amb substituents diferents a la posicié N4 de la piperazina,

la seva activitat antiviral decreixia.

Aixi doncs, per tal d’afrontar la sintesi de tots els derivats indolics, el primer pas que es va
realitzar fou la preparacié de la (R)-2-metilpiperazina benzoilada 5 que s’obtingué amb bon

rendiment gracies a una reaccié d’acilacio regioselectiva de la (R)-(—)-2-metilpiperazina comercial.

o) o]
" ONH OMe EtAICI (\NJ\©
HN ¥ CH,Cl,, 0°C a ta. HN\‘)
48 h, 89%
5
(R)-(-)-2-Metilpiperazina
Esquema 1.1

A partir d’aqui es va continuar amb la sintesi de derivats de BMS substituits en diferents
posicions de I’anell (aza)indolic (C4, C5, C6 i C7) per avaluar biologicament quin tipus de substitucio
donava millors activitats a I’hora de prevenir la infeccio per VIH (explicat en el Capitol 5 d’aquesta
Tesi). En cadascuna d’aquestes posicions es volien unir diferents linkers o espaiadors funcionalitzats
en un extrem per a la posterior conjugacié al gel (de tipus polisacarid). Com s’ha presentat en els
objectius, els metodes escollits per dur a terme les conjugacions son la cicloaddicié [3+2] catalitzada
per Cu(l) entre una azida i un triple enllag i ’addicié conjugada de tiols a propinamides (triple enllag
activat). Per tant, es va decidir de funcionalitzar I’extrem del linker de diferents maneres amb un grup

azido, un grup propargil (2-propin-1-il) i un grup propinamido.
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Figura 1.3: Posicions de 1’(aza)indol i diferents pre-linkers.

1.2.1. Substitucions en la posicié N1

Per a la sintesi dels derivats indolics funcionalitzats en la posicid N1 amb els diferents linkers es
va partir de 1’indol comercial. Com ja és sabut,** en les reaccions de substitucio electrofila aromatica
(SeAr) la posicié més reactiva de 1’indol és la C3 degut al seu caracter parcial d’enamina. L’acilacié
de Friedel-Crafts de I’indol amb clorur d’oxalil ens va permetre d’obtenir el clorur d’acid 6, que

seguidament es va acoblar amb la piperazina benzoilada 5 tot fornint la diamida 7.

1 0
ﬁN Ph
o HNj) o) (\NJ\Ph
cicococl 5 DIPEA |
_— -
I Et,0, —20 °C ] c CH,Cl,, 0°C a t.a. ] j)
HN 18 h, 95% HN o} 4h, 98% HN (o]
Indol 6 7

Esquema 1.2

A continuacio, es va fer reaccionar 7 amb dos dibromoalcans diferents (a i b), unint-se per la

posicié N1 de I’indol.

Br/\/\Br Br/\/\/\/\/\/ Br
a b

Figura 1.4: Dibromoalcans emprats.

Q N(\N Ph " NaH, RBr (a o b) Q N(\N Ph
I \‘) DMF, ta. ] \‘)
HN (6] 18 h RN (@]

8 R=(CHy)Br 71%
9 R=(CHy)oBr 75%

Esquema 1.3
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Amb els productes 8 i 9 a les nostres mans, es va substituir el brom per un grup azida per reaccio

amb azida de sodi.

X X
o) (\N Ph NaN; o) (\N Ph
N _— N
] j) DMF, ta. , \‘)
RN (@] 18 h RN (0]
8 R =(CH,)Br 10 R=(CHy)sN;  98%
9 R =(CHy)1oBr 11 R=(CHy)i N3 94%

Esquema 1.4

Es va intentar de preparar un derivat de BMS substituit amb un grup propargil a la posicié N1.
Pero, tot i seguir les condicions experimentals emprades per a 1’obtencid de 8 i 9, no es va obtenir el
producte desitjat. Per RMN es va determinar que el producte format era un al-1é. Tot sembla indicar
que el petit excés de base que s’afegia en el medi per assegurar que la reaccio finalitzés catalitza la

isomeritzacié del grup propargilamina a I’al-lenilamina.*

o NaH (1.1 equiv), o

0 N(\N Br” N (141 equiv) 0 ’\II/\NJ\©
| DMF, t.a. |
HN 0 4h,80% N 0
7 == 12

Esquema 1.5

Per solventar aquest problema es va reduir la quantitat de NaH en el medi de reaccio, de
manera que el bromur de propargil (3-bromopropi) i el compost 7 estiguessin en excés en tot moment.

En aquestes condicions, es va obtenir el producte desitjat 13 amb un rendiment del 62%.

] 0O

NaH (0.9 equiv),
0 N(\NJ\© B (1.0 equiv) 0 NK\NJ\Q
| \]) DMF, ta. Y | 5 j)

18 h, 62%

Esquema 1.6
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1.2.2. Substitucions en la posicié C4

1.2.2.1. Derivats azaindolics

Per a la preparacio dels derivats substituits a la posici6 C4 varem comengar per sintetitzar el
BMS806 pero modificant I’Ultima etapa de la seva sintesi. Es va canviar el grup metoxi per una altra
cadena que ens permetés, després, d’unir-lo al suport escollit. Aixi doncs, seguint la ruta sintética
patentada del BMS806,* es va arribar al compost nitrat on, en lloc d’introduir el grup metoxi descrit,

s’introdui la cadena 2-(2-azidoetoxi)etanol.

Es va partir del 7-azaindol o 7-azaindole comercial que es va acilar amb clorooxoacetat de metil a
la posicié C3. La hidrolisi de I’ester o éster resultant 14 i ’acoblament de ’acid 15 amb la piperazina

5 dona el producte 16.

= — (0] = 0]
9 CICOCO,Me, AICl, e OMe K,CO4 _ OK
N N N

| CH,Cl,, 0 °C a t.a. | MeOH/H,0, t.a. |
HN 6 h, 62% HN 0 18 h, 84% HN 0
7-Azaindol 14 15
0 o)
J
e I
HN — (0] N Ph
7) 5 | DIPEA { (\
- N
DMF, t.a. |
5h, 60% HN 0
16
Esquema 1.7

Donat que el rendiment global d’aquestes 3 etapes era només d’un 31%, ens varem plantejar una
ruta alternativa. La idea era generar I’ani6 de la piperazina 5 i fer-lo reaccionar directament amb 1’ester

de metil 14 amb I’objectiu de millorar el rendiment i escurgar la ruta a dues etapes.

En un primer intent es va generar I’anié de 5 amb 'BuLi, a —78 °C, i s’hi va addicionar el compost
14. Després de deixar evolucionar i temperar la reaccié només es va recuperar el producte 14. Aixo
ens va fer pensar que 1’anié de la piperazina 5 generat amb 'BuLi era massa reactiu i reaccionava amb
ell mateix. Varem repetir el procés generant 1’ani6 amb BuL.i, que no és tant basic, i varem observar el
producte 16. Abans d’optimitzar la reaccid, varem comprovar 1’estabilitat de 1’anié de 5. Després de
generar I’ani6 amb BuLi a baixa temperatura €S va constatar que una petita quantitat reaccionava
donant (R)-2-metilpiperazina i 1-fenilpentan-1-ona. Un cop sabut que necessitavem un petit excés
d’ani6 per obtenir un bon rendiment, es va assajar la reaccié de 14 amb 3.0 equiv de I’ani6 de 5. El

producte desitjat 16, es va obtenir amb un 65% de rendiment global.
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o

X

N Ph BulLi

(\
HN\‘)

THF, -78 °C a t.a. l
5

I8 Ji§
Li N"Ph (3.0 equiv
= © s (.0 equ) = O [N Tph
\ OMe > ’}l y N
| THF, -78 °C a ta. | J
HN 0o 4h,65% HN
14 16

Esquema 1.8

Tot seguit es va modificar 1’anell azaindolic del producte 16 a fi d’introduir la cadena d’interés en
la posicio C4. Primer es va formar 1’N-oxid per tal d’activar la posicié6 C4 de I’indol. Aixi, es va fer
reaccionar 16 amb 1’acid m-cloroperoxibenzoic. Després del tractament de I’N-0xid obtingut amb una
mescla de TFA i HNO; es va obtenir el corresponent producte nitrat 18.

hi§ hi§
= O [N "Ph mCPBA = O [N "ph
\ N —_—— \ N
N /, \‘) acetona, t.a. /N®/, \‘)
HN o} 3h,75% ©0 YN le}
16 17
X
NO,
HNO, =~ N
17 @ — N
TFA, ta. /N®/, \‘)
7h, 83% 00  uN o)
18
Esquema 1.9

A continuacié es va intercanviar el grup nitro del compost obtingut pel grup 2-(2-azido-
etoxi)etanol 19, preparat al laboratori per intercanvi del clor per un grup azida partint del producte
comercial 2-(2-cloroetoxi)etanol. Un cop obtingut 1’azidoderivat desitjat, el tractament amb triclorur

de fosfor va donar el producte final 20 (Esquema 1.11).*
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NaN
0 3
HO/\/ \/\Cl
DMF, t.a.
2-(2-Cloroetoxi)etanol 18 h, 93%
N3/\\O
S~
1) HO 19 | NaH
diglime, 70 °C, 3 h
2) PCly
AcOEt, t.a., 18 h
18 20
42%

Esquema 1.10

Veient que la ruta sintética patentada no donava gaire bons rendiments i que I’Gltima etapa, on
s’introdueixen diferents cadenes espaiadores, no era facil, varem pensar una ruta alternativa partint del

4-cloro-7-azaindol.

D’entrada vam centrar els nostres esforgos a comprovar diferents vies per a la substitucio del clor.
La primera via que es va intentar va ser la més senzilla: substituir el clor per un alcoxi. Tant a
temperatura ambient com augmentant la temperatura per forcar la substitucié de 1’halogen no es va
obtenir el producte de substitucid. Cal dir que quan es va emprar 2-cloroetanol el producte obtingut va

ser I’indol 0 indole substituit en la posicié N1.

cl OR
( — ROH, B ( -
N | DMF, t 8000> N f
HN 1a-o HN
4-Cloro-7-azaindol 21 R =CH,CH,N3

22 R = CH,CH,CI

Esquema 1.11

En aquest punt ens vam plantejar la substitucié del clor via catalisi amb pal-ladi. En un primer

intent, amb el combinat Pd,dba; i Xantphos, no es va observar reaccio i es va recuperar 1’indol de

partida.
Cl OR
( — ROH, Pd,dbas, Xantphos ( —
N— , ‘ : > N— ,
HN tolué, 80 °C HN
4-Cloro-7-azaindol 21 R =CH,CH,N3

22 R = CH,CH,CI

Esquema 1.12

49



Bioconjugaci6 de poliols i tiols amb agents antivirics

Buchwald i col. han descirt un conjunt de complexos de pal-ladi molt adients per canviar halurs
per alcoxids en substrats aromatics. EI complex RockPhos és ara com ara el catalitzador més apropiat

per a la nostra reaccid de substitucié en aquest tipus de substrats aromatics.*®*

o0,

Il
HN-Pd—O—ﬁ—Me

o)
‘Bu—P—'Bu
Pr OMe
SOSw
iPr

Figura 1.5: RockPhos Pd G3.

Es sabut que en les reaccions d’acoblament creuat del derivat azaindolic amb I’NH lliure sempre
reacciona primer el grup NH. Per tant, es va decidir de protegir-lo. En un primer intent es va protegir
el 4-cloro-7-azaindol amb el grup tert-butoxicarbonil (Boc), un grup protector molt emprat en aquests
sistemes aromatics.® Després d’haver obtingut el producte protegit amb molt bon rendiment es va
decidir de substituir el clor via pal-ladi, tant amb el complex RockPhos Pd G3 com amb la mescla de
Pd,dba; i Xantphos. Malauradament, aquest grup protector no va resultar prou estable en les
condicions de reaccid i es va recuperar el 4-cloro-7-azaindol de partida.

c Cl OR
\ Boc,0, DMAP \ ROH, Pd, Cs,CO3 {
N 7 > N Y/ > N Y
| 1,4-dioxa, t.a. | o1t 80 °C
HN 3h, 92% BocN olug, BooN
4-Cloro-7-azaindol 23 24 R = CH,CH,N,

25 R = CH,CH,CI

Esquema 1.13

En segon lloc, es van escollir el grup benzil (Bn) i p-metoxibenzil (PMB), dos grups protectors
ampliament estudiats.>® Un cop obtinguts 26 i 31, es va assajar la reaccié de substituci6 del clor per
diferents cadenes hidroxiliques via Pd (RockPhos Pd G3) i es van obtenir els productes desitjats 27,
28, 29 i 30 amb bons rendiments. En el segon cas, amb el producte protegit amb PMB, es va obtenir el

producte desitjat 32 i el subproducte 33.
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cl cl
\ NaH, BrBn \ RCH,0H, RockPhos, Cs,CO3
N / _— N / N ?
| DMF, t.a. | tolue, MW 90 °C
HN 18 h, 90% BnN 18 h, 80-90%
4-Cloro-7-azaindol 26 27
28
29

Esquema 1.14

_ Cl _ Cl HO/\/\CI _ O
\ NaH, PMBCI \ RockPhos, Cs,CO3 \
N— —————> NY , > N Cl
| DMF, t.a. | tolue, MW 90 °C |
HN 18 h, 98% PMBN 18 h PMBN
4-Cloro-7-azaindol 31 32

Esquema 1.15

R = Ph
R = CH,CH,Cl
R = CH,OCH,CH,CI

El cicle catalitic acceptat per a les reaccions d’acoblament catalitzades per Pd es mostra en el

seglient esquema. Convé resaltar que la reaccio de B-eliminacié de I’intermedi 1V és una etapa lenta en

comparacio amb el procés desitjat. Malgrat aixo, sempre es busca eliminar o minimitzar la formacio

del subproducte de B-eliminacid. Per aixo, s’estudien lligands nous més eficagos per a la reaccio de

formaci6 d’enllagcos C-O catalitzada per Pd. Els lligands dels complexos de Buchwald aporten una

rigidesa conformacional al complex 1V del cicle catalitic que provoca una millora en el rendiment de

la reaccid d’eliminaci6 reductiva de la darrera etapa.

H,N-Pd—OMs
L

Figura 1.6: Simplificacio de I’estructura del RockPhos Pd G3.
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Precatalitzador

H,oN- Pd—OMs

F

o
]
»
]

O + HB* OMs

T ‘;>////,, LPd(0
+ LPld( ) - B-eliminacio K
I v Il LPd(Ar)
" %
/\\ Ll

Base

Figura 1.7: Cicle catalitic.

Malgrat haver obtingut els productes substituits en la posicié C4, el seglient pas de desproteccio,

tant del grup Bn com del PMB en diferents condicions, no va ser possible.*?

(R <R
o) o)
( - Pd/C, H, ( -
N 7 , K N 7 ,
BN EtOH, t.a. HN
27 R=Ph 34 R=Ph
28 R = CH,CH,CI 35 R = CH,CH,CI
29 R = CH,0OCH,CH,CI 36 R = CH,0CH,CH,CI

30 R=?L®_\ 37 R=+®—\
OH OH

Esquema 1.16

Anisol

o o)
= \\\ TFA-H,S0, 15:1, t.a. = \
N_/ ;o — > % cl
BnN DDQ, H,0 HN

32 tolue, 80 °C 36

Esquema 1.17
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A fi de comprovar la viabilitat del grup PMB varem protegir amb aquest grup I’indol i el 7-
azaindol i es va assajar la desproteccio dels dos compostos. Vam verificar que, amb el grup aza a la

posicié 7, el TFA no és capac de portar a terme la desproteccié desitjada, tot i mantenir el reflux

NaH, PMBCI Anisol
—_—— —_—
| DMF, t.a. | TFA, reflux |
HN PMBN HN

durant una nit.

18 h, 95% 4 h, 93%
Indol 38 Indol
Esquema 1.18

— NaH, PMBCI - Anisol -

,}l Y — > ,}, Y — X > ,i, Y
| DMF, ta. I TEA. rofl |

HN 18 h, 92% PMBN » reflux HN
7-Azaindol 39 7-Azaindol

Esquema 1.19

En darrer terme, s’assaja el grup p-toluensulfonil (Ts) com a protector de I’NH indolic. Aixi vam
obtenir 40.>* Abans de continuar endavant amb la reaccié de substitucié del clor, es va voler
comprovar que la desproteccio del grup Ts funcionava correctament. En aquest cas es van obtenir bons
resultats, sota diferents condicions de reacci6.>

Cl NaOMe Cl

N H. TsCl ( — MeOH, t.a. ( —
a s 18 h, 92%

N/ ] — ° L > N ]
THF t.a.
4h, 93% TsN Cs,CO3 HN

- -7-azai THF/MeOH 3:2, t.a.
4-Cloro-7-azaindol 40 4 h 98% 4-Cloro-7-azaindol

Esquema 1.20

Un cop haviem palesat que la desprotecci6 no seria un impediment, es va optimitzar la reaccio de
substitucid del clor via pal-ladi amb el complex RockPhos Pd G3 i 3-cloropropanol. Es va comengar
per fer un blanc, per comprovar que la reacci6 sense pal-ladi no funcionava. Després, es va assajar la
reacci6 amb una quantitat catalitica (10 mol%) de RockPhos, tot obtenint el producte de substitucid
amb un rendiment bo. Degut a 1’elevat cost del catalitzador, es va creure convenient provar diferents
combinacions amb la finalitat de reduir-ne la quantitat. Finalment es va decidir de treballar amb un 2
mol% ja que el rendiment era només moderadament inferior a quan n’utilitzavem 5 mol% (vegeu
Taula 1.1).
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Cl (0]
- RockPhos, Cs,CO - \\\\
\ y Cad \ y

N ] * Ho T >"a tolué, MW 90 °C N ] c
TsN 18 h TsN
40 41
Esquema 1.21
RockPhos Pd G3 Cs,CO4 Rdt.
Entrada

(mol%) (equiv) (%)
1 - 11 -

2 10 1.1 85

3 5 11 70

4 5 15 71

5 2 11 69

6 2 15 70

Taula 1.1: Optimitzacio de la reaccié de substitucié del clor.

A continuacié es va desprotegir el grup Ts, emprant un excés de base. Vam obtenir el producte de

substitucié 42 amb un bon rendiment.

O\\\\
Cs,CO \
’11 Y’ G > N/

| €l THF/MeOH 32, ta. |
TsN 18 h, 97% HN

Esquema 1.22

En aquest punt es va voler substituir el clor de la posicié 4 de I’indol per altres cadenes, emprant
les condicions optimitzades anteriorment. En tractar 40 amb 2-(2-cloroetoxi)etanol, el producte 43 es
va obtenir amb un rendiment moderat, perd en utilitzar 3-azidopropanol (44), preparat al laboratori, la
reaccid no va tenir lloc. Es va verificar que sota les condicions de reaccio, sense addicionar el compost
40, I’azida 44 descomponia.

Cl )
- ~°

\ RockPhos, Cs,CO4 \

Vi + SO - 7
N | HO cl tolué, MW 90 °C N | \\\
TsN 18 h, 53% TsN Cl
40 43

Esquema 1.23
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NaN3
HO™ >""cl
H,0, 80 °C
3-Cloropropanol 24 h. 91%
Cl (0]
{ — RockPhos, Cs,CO3 { — \\\\
N K0T - NN
& 0
TsN tOer, MW 90 °C TsN
44

Esquema 1.24

RockPhos, Cs,CO3
HO/\/\N3 > Degradacio
tolué, MW 90 °C

44

Esquema 1.25

Es va desprotegir el grup Ts del compost 43. Aixi es va obtenir el compost 46.

o) Cs,CO \
N_¢ 2 > N
| THF/MeOH 3:2, t.a. |
TsN Cl 18 h, 85% HN Cl
43 46

Esquema 1.26

Tot seguit, es va voler acilar tant 42 com 46 emprant clorooxoacetat de metil i triclorur d’alumini

pero no s’obtingué 1’ester en cap dels casos. Tan sols s’observava material de partida.

R

o

CICOCOOMe

\
HN CHzclz, 0°C at.a.
6h
42 R = CH,CH,CI 47 R = CH,CH,CI
46 R = CH,OCH,CH,ClI 48 R = CH,0CH,CH,CI
Esquema 1.27

Cal subratllar que es van provar altres vies sense exit: (a) es van fer reaccionar els compostos 42 i

46 amb clorur d’oxalil; (b) es van protegir els N7 en forma de N-0xids per després assajar la reaccio
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d’acilacio6 tant amb clorooxoacetat de metil i triclorur d’alumini com amb clorur d’oxalil; (¢) també es
va provar la reaccié d’acilacié havent substituit 1’atom de clor dels compostos 42 i 46 per un grup

azido.

1.2.2.2. Derivats indolics

A la vista que el derivat azaindodlic substituit amb diferents cadenes en la posici6 C4 costava
d’obtenir, es va decidir de preparar derivats indolics substituits a la posicié C4. Per aix0, es va partir
del 4-hidroxiindol que es va fer reaccionar amb 1,3-dibromopropa tot obtenint 49, el qual s’havia
d’acilar i acoblar amb la piperazina 5. Es va assajar la reaccié d’acilacio, tant amb clorur d’oxalil com
amb clorooxoacetat de metil en preséncia de triclorur d’alumini, per0 en tots dos casos es van obtenir

hidroxiindols poliacilats, probablement degut a I’accentuada densitat electronica x de I’anell.

Br Br
é ClCcOCOCI é
or
OH Br "y © CICOCOOMe/ © o
Kz2CO3 AlCly CliOMe
I acetona, reflux - I B ,
HN 48 h, 98% HN HN 0
4-Hidroxiindol 49 50
Esquema 1.28

Esta descrit™ que aquest problema es podia resoldre acetilant el fenol, amb qué es desactiva
I’anell aromatic. Aixi, el compost acetilat 51, tractat amb clorur d’oxalil obtenint, ara si, el clorur
d’acid 52 amb un rendiment excel-lent.

(6] O

o I B B

0
piridina CICOCOCI cl
o —_—
| CH,Cly, 0°C a t.a. | Et,0, ~20 °C [
HN 4, 98% HN 18 h, 98% HN
4-Hidroxiindol 51 52

Esquema 1.29

La reaccio de 52 amb la piperazina benzoilada 5 va portar a la diamida 53. Finalment, es va

obtenir I’hidroxiindol 54 després de tractar 53 amb metoxid de sodi.
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(o)
\(O ﬁNAPh \(O o
o s b 1 hiy
OH
o} 0 (\N Ph o) (\N Ph
Cl DIPEA N NaOMe N
> — =
| DMF, 0 °C a t.a. | MeOH, t.a. |
HN o 4, 99% HN o 18 h, 97% HN 0
52 53 54

Esquema 1.30

En aquest punt, es va fer reaccionar 54 amb bromur de propargil. Es va obtenir aixi el primer

derivat indolic substituit a la posicié C4, amb un bon rendiment.

S
0 — o}
OH 0
o f”k() oo, . f“J\Q
l \‘) acetona, t.a. l \‘)
HN o 24 h, 82% HN 0
54 55

Esquema 1.31

També es va tractar 54 amb 1,3-dibromopropa (a) i 1,10-dibromodeca (b), reactius ja emprats en
’apartat de substitucié sobre 1’N1, tot generant els derivats 56 i 57.

(0] (0]
OH L OR JC

N > N
I acetona, reflux ,
(0] 48 h (0]

54

HN

56 R = (CH,)sBr 87%
57 R=(CHy)oBr  78%

Esquema 1.32

Posteriorment es van reemplacar els broms per grups azido, obtenint tots els derivats indolics

desitjats substituits en la posicié C4.

o)
NaN " Q (\NJ\Ph
56 R=(CHy)Br ___ 3 N
57 R =(CH,)oBr DMF, t.a. ] \‘)
18 h HN o)

58 R = (CH,)3N; 99%
59 R=(CH) N3  98%

Esquema 1.33
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1.2.3. Substitucions en la posicié C5

Per a la preparacio dels derivats de BMS substituits a la posicié C5 es va partir del producte
comercial 5-cloroindol. Es va tractar amb clorur d’oxalil a fi d’obtenir el clorur d’acid 60. Aquest es

va acoblar amb la piperazina benzoilada 5. Aixi s’arriba sl derivat cloroindolic 61.

Cl HN\‘) 5

_ccocoat DIPEA
] “ewo 20c DMF, 0 °C a ta.
HN 18 h, 98% 4h,99%
5-Cloroindol
Esquema 1.34

A partir d’aqui, vam aprofitar I’experiéncia assolida en les reaccions de substitucid catalitzades
per Pd. Aixi doncs, es va protegir 'NH de 1’indol ja que, si no, podria predominar el producte
substituit en aquesta posicid (N1). Es va tractar 61 amb clorur de tosil (TsCI) i es procedi a assajar la
reaccid de substitucid del clor per 3-cloropropanol amb diferents fonts de Pd com ara els complexos
RockPhos Pd G3, XPhos Pd G2 i la mescla de Pd,dba; i Xantphos. En tots els casos, perd, es va

recuperar Unicament material de partida.

o) o}
c J c JU
o} (\N Ph o) (\N Ph
N NaH, TsClI N
—_——
| DMF, 80 °C |
HN o 6 h: 84% TsN o
61 62
cl

z

\\Lo
JC
62 — ¢ = ] j)
TsN 0

Esquema 1.35

Atés que no es va aconseguir de substituir el clor provant vies conegudes, varem canviar de
tactica abans de perdre temps i diners per obtenir un derivat indolic substituit a la posicié C5. Vam
decidir d’emprar 5-hidroxiindol com a material de partida, que es va fer reaccionar amb les diferents

cadenes utilitzades fins ara (a, b i bromur de propargil).
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HO RO
K2003, BrR
I acetona, reflux o ,
HN 48 h HN
5-Hidroxiindol 64 R =CH,C=CH 97%
65 R =(CH,)3Br 94%

66 R=(CHp)iBr  91%

Esquema 1.36

La reaccio de 64, 65 i 66 amb clorur d’oxalil va fornir els corresponents clorurs d’acid (67, 68 i

69), que es van acoblar a la piperazina 5 sense cap problema.

RO
0
_ cicocoet ol
EtZO ~20°C |
o)
18 h HN
64 R=CH,C=CH 67 R=CH,C=CH  89%
65 R = (CHy)sBr 68 R = (CHy)sBr 94%
66 R = (CHy);oBr 69 R=(CHy)oBr  86%
[e]
)k

HN\‘) 5

67 R= CHZCECH DIPEA
68 R = (CH,)3Br j)
69 R = (CH,)1Br CH,Cl,, 0 °C a t.a.

4h

70 R=CH,C=CH 91%
71 R = (CH,)sBr 84%
72 R = (CH,)10Br 79%

Esquema 1.37

Els compostos 71 i 72 es van fer reaccionar amb NaN3 per obtenir els derivats desitjats.

RO RO
o) (\NJ\Ph NaN; o) (\NJ\Ph

N —_— N
I DMF, t.a. ,
(0] 18 h (0]

Esquema 1.38
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1.2.4. Substitucions en la posicié C7

El material de partida per a la preparacio dels derivats substituits en el C7 va ser I’acid indol-7-
carboxilic, que és comercial. En primer lloc es van haver de modificar les cadenes per tal de poder-les
unir a I’acid carboxilic de partida. Es van preparar cadenes amb un grup azido en un extrem i un grup
amino en 1’altre, per poder formar una amida amb 1’acid carboxilic de 1’indol. Per a la seva modifi-
cacio, es va partir dels compostos a i b que van ser tractats amb ftalimida de potassi i, posteriorment,

se substitui 1’16 bromur per I’ani6 azida, amb NaNs.

o] 0 0
O @ BrR NaNj3
N K > N-R —_— N-R'
DMF, t.a. DMF, t.a.
o 18 h 0 18 h o)
Ftalimida 75 R=(CHy)Br  61% 77 R'=(CHy)3N3  100%
de potassi 76 R =(CHy)oBr  72% 78 R'=(CHa)1oN3  98%

Esquema 1.39

L’eliminaci6 del grup ftalimida amb hidrazina ens va permetre d’obtenir ’amina corresponent
amb bons rendiments. Es van aillar les amines en forma d’hidroclorur ja que aixi sén més facils de

manipular i conservar.>

0
N2H6'H20 @ @
N—R’ >
EtOH/THF, reflux Ny M NH, Cl
\ 3h

79 n=1 98%
77 R'=(CHy)3N; 80 n=8 86%
78 R'=(CHy)10N3

Esquema 1.40

A partir de la condensacié de 1’acid indol-7-carboxilic amb la propargilamina comercial i les

amines 79 i 80 es van obtenir les amides corresponents, 81, 82 i 83.
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HQN/\

- H
» __ N I
= HN
o]
EDC, HOBt, DIPEA 81, 95%
HO |
HN DMF, t.a.
o 18 h
Acid indol-7-
carboxilic > H |
. N HN
Ny~ ™7 NH; Cl N Y
79 n=1
80 n=8 82 n=1 99%

83 n=8 T79%

Esquema 1.41

Seguint la mateixa ruta sintetica que en casos anteriors, els compostos 81, 82 i 83 es van tractar
amb clorur d’oxalil fornint els corresponents clorurs d’acid amb bons rendiments. Aquests es van
acoblar amb la piperazina benzoilada 5. Es van obtenir aixi els tres derivats indolics de BMSs

substituits en la posicié C7.

o}
CICOCOCI Cl
] —_——— , - o
RHN HN Et,0,-20°c  RHN HN o) e
e} 18 h (0] HN\l) 5
81 R = CH,C=CH 84 R=CH,C=CH  98% DIPEA
82 R =(CH,)3N; 85 R = (CHy)3N3 88% CH,Cl,, 0°C at.a.
83 R =(CH)1oN3 86 R =(CH3)1oN3 75% 4h
Y
1
o (\N Ph
Nj)
RHN |
HN 0

)

87 R=CH,C=CH 94%
88 R= (CH2)3N3 75%
89 R=(CHypiNs  67%

Esquema 1.42

Pensant en la reaccié d’addicié conjugada de tiol a una propinamida que es vol desenvolupar
durant aquesta Tesi Doctoral, també es va preparar un derivat de BMS amb un triple enlla¢ activat

terminal.

Per no comencar una ruta nova per obtenir aquest derivat, es va aprofitar 1’azida 88 ja
sintetitzada, que es va reduir mitjangant una hidrogenacié. La condensacié de I’amina 90 amb I’acid

propiolic o propinoic amb DCC va fornir la propinamida 91.
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0] 0]

o) (\NJ\Ph o} (\NJ\Ph
H N\H H,, Pd/C H N\H
\/\/N HN o MeOH, t.a. \/\/Nm
N3 o] 2 h, 98% HoN o]
88 90

(0]

i o
o (7ONTph Dcc,

! N CH,Cly, —20 °C
N | 18 h, 62%

Esquema 1.43

En vistes que el rendiment de la reaccié de formaci6 de la propinamida 91 rondava en tots els
casos el 65%, varem assajar la reaccio de condensacio de I’amina amb 1’acid propiolic pero amb el
triple enllag sililat. Buscavem evitar possibles reaccions secundaries amb la propinamida formada ja

que és un triple enllag activat. Tot seguit, es va desprotegir el triple enllag sililat en medi basic.

X X
(0]
o (\N Ph ™S o (\N Ph
N =z N y N
H ] ™S ,DCC 74 H ]
N > 0 N
HN 0 CH,Cl,, —20 °C HN o
N—""" 18 h, 56% —""" 0
20 92
o]
J\ MeONa
0 N Ph MeOH, 0 °C
N(\l\) 18 h, 68%
H
H N HN, o
\\\<N\/\/ o)
o] 91
Esquema 1.44

1.3. Conclusions

En resum, seguint el procediment descrit per a la sintesi del BMS806, amb les pertinents
modificacions, s’han sintetitzat 14 derivats de BMS substituits a les posicions N1 (13, 10 i 11), C4
(20, 55, 581 59), C5 (70, 731 74) i C7 (87, 88, 89 i 91) amb diferents pre-linkers.
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En el Capitol 5 d’aquesta Tesi es presenta 1’activitat biologica per prevenir la infecci6 per VIH
de cada un dels derivats. Cal avancar que els derivats més actius contra la infeccié per VIH son els
substituits en la posicié 7 de I’indol. Per aquest motiu, d’ara endavant en alguns casos ja nomes

s’usaran aquests derivats.

N © N © K/\/\/\/\/
=
13 Ns’/J 10 1 N
O/\\N3 N3

8 0 = o \\\ o}

— 0 (\NJ\Ph ° 5 (\NJ\Ph ° 5 (\NJ\Ph
PE e %“f Qj)km)
N ] ) |
HN 0 HN 0 HN 0
20 55 58
o}
N/\/\/\/\\o 0 (\NJ\Ph
HNI 0
59

N3

N3 N/\/\/\/\/

ol ° I

0 (\N Ph o (\N Ph
Nj) Nj)
HNI o HNI 0
73 74
0 0

87 88
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Capitol 2: Reaccid de cicloaddici6 [3+2] entre una azida i un alqui terminal catalitzada per Cu(l)

2.1 Introduccio

Una reaccid de cicloaddici6 és una reaccié en qué dues o més molécules insaturades (o parts) es
combinen formant un adducte ciclic en el qual s’han perdut enllagos de tipus 7 i s’han format enllagos
de tipus o. Aquestes transformacions poden ser pericicliques o reaccions esglaonades.” Les reaccions
de cicloaddicio s’anomenen segons la mida de I’esquelet de cada un dels participants. Aixi, una
reaccio de Diels-Alder és una cicloaddicio [4+2] i una cicloaddicié 1,3-dipolar és una cicloaddicid
[3+2].

1

2( ' ||5 [4+2] @
3 \ 6
4

Figura 2.1: Exemple d’una reacci6 de cicloaddicié.

2.1.1. Reaccid de cicloaddicié 1,3-dipolar

La reaccid de cicloaddicio 1,3-dipolar o [3+2] per a I’obtenci6 d’heterocicles de 5 membres va
ser descrita per primera vegada 1’any 1960 pel professor Rolf Huisgen i és un procés ampliament usat i
estudiat en els dltims 100 anys.”® Es una reaccié concertada [4, + 2] térmicament permesa per les
regles sobre la conservacio de la simetria dels orbitals descrites per Woodward i Hoffmann i la teoria
d’orbitals de Fukui.”*® Al reactiu que aporta 4 electrons 7 se I’anomena 1,3-dipol i esta format per 3
atoms (a, b i ), essent almenys el central un heteroatom, mentre que el reactiu que aporta 2 electrons
és conegut com a dipolarofil, i generalment és un alqué o un alqui.

® _b. O 1

O\

CD\O

c
é‘ a\
e d—

Figura 2.2: Equacio general de la reacci6 1,3-dipolar.

Els 1,3-dipols son espécies isoelectroniques amb 1’ani6 al-lil i tenen almenys una forma ressonant
amb carregues oposades en una relacié 1,3 caracteristica que explica el seu nom. Els 1,3-dipols es

poden classificar en dos grups:

- Tipus al-lil: presenten una geometria angular. L’atom central (b) pot ser un element del grup V
(N o P)obédel grup VI (Oo0YS).

- Tipus propargil/al-lenil: tenen geometria lineal. L’atom central (b) només pot ser un element
del grup V (N).
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a=b—c ~ > a=b=c Propargil/al-lenil

Figura 2.3: Classificacio dels 1,3-dipols.

2.1.1.1. Concepte click. Reaccié de cicloaddicié [3+2] entre una azida i un triple enllag
catalitzada per salts de Cu(l) (CuAAC)

L’any 2001, el professor Karl Barry Sharpless va introduir, per primer cop, el concepte de reaccid

click.%* Va proposar una série de criteris per tal que un procés es pogués considerar d’aquest grup:

o Des del punt de vista experimental, ha de ser una reacci6 simple (facil de posar a punt)

e Ha de tolerar una amplia varietat de grups funcionals i condicions de reaccio

o Ha de ser altament selectiva i regioespecifica

¢ S’ha d’obtenir el producte desitjat quantitativament

e Hade ser insensible a I’oxigen i a I’aigua

e S’ha de poder aillar el producte final de manera rapida, sense la necessitat d’una purificacio

per columna cromatografica

D’entre totes les classes de reaccions que entren en aquesta classificacié, la reaccié de
cicloaddicid 1,3-dipolar entre una azida (1,3-dipol) i un triple enllag terminal (dipolarofil) es considera

la reacci6 prototip.

La cicloaddicié 1,3-dipolar descrita per primera vegada I’any 1960 per Huisgen transcorria a
temperatures altes (reflux de tolué o CCl,) i temps llargs de reaccié (entre 12 i 60 hores) i generava
mescles dels dos regioisomers possibles (1’1,2,3-triazol disubstituit en les posicions 1 i 4 o 1,2,3-
triazole 1,4-disubstituit i 1°1,2,3-triazol 1,5-disubstituit). Amb [’objectiu de controlar aquesta

regioselectivitat, es van comencar a estudiar diferents metodes emprant metalls de transicio.

No va ser fins I’any 2002 quan els grups de Meldal (Dinamarca)®® i Sharpless i Fokin (USA)®
van publicar, de manera independent, que 1’addici6 de quantitats catalitiques de sals de Cu(I) produia
un augment considerable de la velocitat de reacci6 permetent efectuar la reaccié fins i tot a
temperatura ambient. A més a més, degut al fet que la reaccié evoluciona a partir de I’acetilur de coure
format in situ, van aconseguir un control absolut de la regioselectivitat, obtenint tan sols I’isomer 1,4-
disubstituit. Aquesta reaccid s’identifica com a CUAAC (Cu-accelerated azide—alkyne cycloaddition).
Es una reaccié molt robusta, insensible a les condicions de reaccié mentre estigui present el Cu(l) en el

medi i es poden emprar tant dissolvents aprotics com protics (fins i tot aigua).
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D’altra banda, després del gran exit de la reaccio CUAAC en els camps de la quimica, biologia i
ciéncia dels materials, es va fer evident la necessitat d’aconseguir 1’altre regioisomer de manera
selectiva. L’any 2005,% Sharpless i Fokin van publicar 1’obtencio6 dels 1,2,3-triazols 1,5-disubstituits,
igualment partint d’una azida i un alqui, afegint un catalitzador de Ru(Il). L’any 2010, cinc anys més
tard, Fokin va descriure 1’obtenci6 d’1,5-diaril-1,2,3-triazols addicionant una quantitat catalitica d’una

base forta.®®

A Ronsne 0 R
R’ R'
1,4-disubstituit 1,5-disubstituit
N
R N Cu() Ry on
Y = canc ={
© u R
1,4-disubstituit
R~ ,N\\
Ru(II) o Base N N
' ):/

1,5-disubstituit

Figura 2.4: Regioselectivitat de la cicloaddici6 1,3-dipolar entre una azida i un alqui terminal.

2.1.1.1.1. Mecanisme de reacci6

Sharpless i Fokin van proposar un mecanisme per a aquesta reacci6.®® En primer lloc, la formaci6
de T’intermedi 111, de tipus acetilur de coure, limita 1’as d’aquesta metodica a triples enllagos
terminals. A continuacié 1’azida, que es comporta com un lligand o-donador, es coordina amb el
complex de Cu(l), que evoluciona amb I’addicié nucleofila del nitrogen terminal de 1’azida al carboni
substituit de 1’acetilé fornint el metal-lacicle VV que experimenta un procés de contraccio de 1’anell. El
seglient intermedi de coure, VI, s’ha pogut aillar quan R; i R, s6n grups voluminosos que impedeixen
Pevolucié de lintermedi.*” Finalment, en una etapa de protonacié s’allibera 1’1,2,3-triazol 1,4-

disubstituit i es regenera el catalitzador.
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R——H
& CULn_1 *
[L,Cul* > |R—=—H
| I
N, R2
N“ N R Ry——=—=Cul4
R"  Cul,q m
\"/
®
N NEN<-Ro
N¢ \'/\I,Rz /N
—=CuL,, = Ry—=——Culp4
R4
v \Y

Figura 2.5: Mecanisme proposat per a les CUAAC.

2.1.1.1.2. Fonts de Cu(l)

La reacci6 s’accelera amb espécies de Cu(l). Dels tres estats d’oxidacid del coure (0, +1 i +1I),
I’i6 Cu® és el menys estable, ja que s’oxida molt facilment a Cu(ll) o desproporciona donant Cu
metal-lic i Cu(ll). No obstant aix0, reduir 1’i6 Cu(ll) a Cu(l) o oxidar el Cu metal-lic a Cu(l) és senzill.
Arran d’aixo, s’han descrit diverses estratégies per assegurar la preséncia de Cu(l) en el medi de

reaccio. Alguns exemples habituals son:

- L’addici6 d’una sal de Cu(I) directament, com per exemple Cul 0 Cu,(OTf),-CsHe
- Lareducci6 in situ d’una sal de Cu(Il). Tradicionalment s utilitza CuSO,4-5H,0 combinat amb
un excés d’ascorbat de sodi (la sal de sodi de la vitamina C) com a reductor

- L’oxidacié de Cumetal-lic en presencia de Cu(ll)

2.1.1.1.3. Us de lligands

Tot i que 1’addicio de lligands no és imprescindible perqué la reacci6 tingui lloc, s’ha observat
que és beneficids. Per un costat, els lligands estabilitzen ’i6 Cu” en front de 1’oxidaci6 i desproporcid,
cosa que fa que hi hagi més especie activa en el medi i en conseqiiéncia que augmenti la velocitat de
reaccié. D’altra banda, els ions Cu?* son citotoxics, cosa que exclou d’emprar sals de coure en els
sistemes vius. Per aix0, els lligands capagos d’estabilitzar els ions de Cu(I) sén molt importants, ja que

permeten reduir la quantitat de coure total en el medi.
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A continuacié es mostren diferents exemples de lligands tipics utilitzats en la CUAAC. De tots
aquests, els lligands que s’han utilitzat més i han resultat més efectius aquests Ultims anys contenen

una amina terciaria central substituida amb heterocicles nitrogenats.®®

/j/ RN:r y \ HO™ \j/
\ 4
- — — OH
0
R

Figura 2.6: Exemples de lligands N-donadors.

Q0 . O,
O oot
SRNSe

70,71

68,69

Figura 2.7: Exemples de lligands P-donadors.

\
=\ N
RN N-R Ar/@N\Ar

Figura 2.8: Exemples de lligands de tipus carbé.’>"

2.2. Sintesi de derivats de BMS. Reaccions click

Una vegada obtinguts tots els azido- i propargil-derivats (descrits en el Capitol 1), es va dur a
terme una reaccio de CUAAC entre els azidoderivats 10, 11, 58, 59, 88 i 89 amb el 4-fenil-1-buti i dels
propargilderivats 70 i 87 amb benzil azida (azida de benzil). Els resultats obtinguts es resumeixen a
I’Esquema 2.1. L’objectiu de sintetitzar aquests productes era observar si el triazol interfereix en

I’activitat anti-VIH o no (resultats descrits en el Capitol 5).

Jiy
0 o] N~ “Ph
o) N~ “Ph ]
N 1) Cuy(OTf),-benze N o]
> N’,N\ —kx
I3 CH,Cl,, t.a. N
N Y /\)\/
N3~n Ph
10 n=3 93 n=3 45%
1 n=10 94 n=10  68%
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N=N
TP PR R
o} °0
O N Ph Ph o [N ph
N Cuy(OTf)ybenze N
’ CH,Cly, t B} /
e} 2Llp, La.
HN A HN o
59
58 R = (CH,)sN5 95 n=3 88%
59 R = (CHy)1oN3 96 n=10  96%
/’Ph
%
o/\f:\NN I
BnN; o) (\N Ph
Cu,(OTf),-benzé \ N
CH,Cly, t - N |
2L, La.
24°h, 76% HN ©
97
X i
o ONTTPh BnN, - o) (\NJ\Ph
N 1) Cuy(OTf),-benze { N
H > H
N / CH,Cly, ta. N\ N /
t\/ HN (o] 2%12, 1 HN (e}
5 18'h, 47% Ny Y
87 98
0
J Ph/\/ Ph j\
O [N CPh o 7ONTTPh
N Cuy(OTf),-benze N
N / CHCh ta, = K |
N HN o 2Cly, t.a. N HN o)
e Y 24'h Noy Nt Ry
88 n=3 99 n=3 45%
89 n=10 100 n=10  41%
Esquema 2.1

2.3. Sintesi de lligands

Pel que fa als lligands que ajuden a la complexaci6 de 1’i6 Cu®, varem preparar-ne uns quants per
tal de comparar quin ens funcionava millor amb els nostres substrats i condicions de reacci6. A

continuacio es mostren els 5 lligands de tipus trialquilamina, sintetitzats seguint els métodes descrits a
la literatura.

Per comengar, vam obtenir alguns materials de partida senzills necessaris per a les posteriors
reaccions (Esquema 2.2).
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cl NaNj3 N PN NaNj3 ~
N ~_ N3 -

HO H,0, 80 °C HO Ph™ B DMF, ta. Ph™ Ns
2-Cloroetanol 24 h, 98% 101 Bromur de 2h, 99% 102

benzil

)< NaN3 J<
HO N

H,0/H,S04, 0°C ata. 3

10 min, 66%
Alcohol 103
tert-butilic

Esquema 2.2

TBTA (104),” el lligand més senzill, es va preparar per reaccié de la tripropargilamina amb un

exceés de benzil azida, catalitzada per Cu(l).

l Y
102, CuS0O,-5H,0 j)
ascorbat de sodi N
Z NN — - ]/\N
BuOH/H,0 2:1, 75 °C \
X N =
X 18 h, 81% PhJ N—™
N

Tripropargilamina

Esquema 2.3

Per a la sintesi dels dos seglients derivats del TBTA, de tipus trialquilamina i amb grups triazols,
es va partir, igualment, de la tripropargilamina,” que es va fer reaccionar amb 1 equivalent de 2-

azidoetanol en presencia de Cu(l), tot obtenint 1’alcohol 105.

N.
101, Cuy(OAc),
/\N/\\\ _— N
THF, 60 °C
S 18 h, 40% \\
Tripropargilamina 105
Esquema 2.4

A continuacio, 105 es va fer reaccionar amb 2 equivalents, per una banda de benzil azida (azida
de benzil, 102) i per ’altra de tert-butil azida (azida de terc-butil, 103), en preséncia de Cu(l), obtenint
aixi els derivats “tristriazolamino” 106 i 107. Finalment, 106 i 107 es van fer reaccionar amb trioxid
de sofre. El tractament basic posterior va permetre d’obtenir els sulfats de sodi corresponents 108
(DBSNa) i 109 (DTBSNa).
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/\/OH /\/OH
N-N N-N
Nj/ Nj/
RNz, CuOAc N
/\N _RNo CWOR0 ]/\N
\ THF, 60 °C N K@
AN 18 h R N-R
N:Nl
103
106 R =Bn 87%

107 R='Bu 98%

j/
106 R=Bn 1) SOg-py, piridina, 50 °C, 18 h N"NJ/\N
107 R="Bu  2)NaOH 0.05M N =
G N-R

/

N=N

108.R = Bn 89%
109.R =Bu 86%

Esquema 2.5

A més, varem sintetitzar un altre tipus de lligands de tipus trialquilamina.”® Es parti de la
cloroacetona i es va fer reaccionar amb hidroxilamina, la qual cosa va donar 1’oxima 110. Amb la
mescla del cru de reacci6 de 110 i trietilamina es va obtenir la sal 111 [TACO = N,N,N-triethyl-N-[(2-

hydroxyimino)propylJammonium chloride] amb molt bon rendiment.

_OH
oH N
0 H,NOH-HCI, K,COs N Et;N @N\)\

CI\)J\ C'\)l\ > c© )

Et,O/H,0 6:4, 0 °C a t.a. Et,O/PrOH 2:1, t.a.
Cloroacetona 18 h, 90% 110 6 h, 92% 111. TACO

Esquema 2.6

A continuacid, es van preparar els derivats mono- i bis-triazolamina amb dos o un grup oxima
respectivament (113 i 116) seguint el métode descrit a la literatura.®® Es parti de la propargilamina, en
la qual s’introdui un grup propargil, per obtenir la dipropargilamina 114. A continuacio, per reaccio de
la propargilamina i de 114 amb la sal TACO s’obtingueren les trialquilamines amb grups oxima 112 i
115 que, seguidament, es van fer reaccionar amb BnNj3 en presencia de Cu(l). Aixi es van obtenir els
lligands 113 (DTaMB) i 116 (MTaDB).
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OH OH
_N _N
111 \[ \[

102, CuSO,4-5H,0
ascorbat de sodi

N
N eaniTI xS I
CH4CN, reflux N MeOH/H,0 9:1, t.a. N N
HO™ S HO™
Propargilamina 4h,94% 18 h, 83% LPh
12 13
EtsN, 20 °C
B 3%
N 2h, 25% o
—
B
. N
HO. / 102, CuSO,-5H,0 Ho\lN KEN’
111 | ascorbat de sodi
H CH4CN, reflux 1 MeOH/H,0 9:1, t.a.
4 4h,77% Il 18 h, 77% 7 N
115 <N_N
Ph
116

Esquema 2.7

En aquest punt, es va pensar de sintetitzar un lligand alternatiu que combinés els dos tipus que
hem descrit anteriorment, una trialquilamina combinada amb un grup oxima i un grup sulfat.

Es va comencar per preparar el derivat bromat 117 mitjancant una bromacio al-lilica del clorur de

tosil.”

O 0]

NN

/©/SO2C' NBS, Ph” “0-0" “Ph
1,2-dicloroeta, reflux

2h,91%

SO,CI
Br\/©/

Clorur de tosil 117

Esquema 2.8

Després d’un tractament acid, es va substituir el brom per un grup azido, tot obtenint 119 amb

bon rendiment.

—_—
Br 1,4-dioxa, 40 °C

4 h, 90%
17 ° 118

Esquema 2.9

77

SO3H
Br\/©/

NaN3, NaHCO,

18 h, 97%

EtOH/H,0 6:4, t.a.

SO3H
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Malgrat que es va intentar acoblar 1’azida 119 amb els alquins terminals 112 i 115 no es va

obtenir en cap cas el triazol esperat.

?H C|)H

_N _N
\[ 119, Cu(l) \[

N/\ — X N&[N\\'N

_N MeOH/H,0 _N
HO j) 2 HO j) N
\\Q\SOaH

N
/ [N
HO\N / 119, Cu(l) HO\N KEN'
B S

| |
)\/ N MeOH/H,0 )\/

N-N
115 SOsH‘Q\/

Esquema 2.10

Aixi doncs, s’usaran els seglients lligands, abreviats de la seglient manera:

N N N
I NKF I NKK P v NKK
= =\ __/ =
Ph—/ NN, e N:N'N 7« IN’<'

104. TBTA 108. DBSNa 109. DTBSNa

B
N
Ho. KE ;
N
o I
e }
N 7 "N
N N "
X N N-N
N
\—ph

N
HO™ 'S (
Ph
113. DTaMB 116. MTaDB

Esquema 2.11
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2.4. Optimitzacio de la cicloaddici6 [3+2] amb la g-ciclodextrina

El substrat escollit per comencar les reaccions de conjugacio amb el nostre farmac va ser la p-
ciclodextrina (BCD), compost format per 7 unitats de a-p-glucopiranosa unides entre elles formant un
anell (oligosacarid ciclic). Les ciclodextrines son una familia de compostos ampliament utilitzats en la
industria alimentaria, farmacéutica i agricola aixi com en enginyeria ambiental, que seran tractades

més extensament en el Capitol 4 de la present Tesi.

OH HO HO O
oHO

o |.OH O
HO =
HO f0)
HO

HO OH

OH

B-Ciclodextrina

Figura 2.9: Representacio de la B-ciclodextrina

Per funcionalitzar la BCD, es va comengar per tosilar un grup hidroxil que, després, es va
intercanviar per un grup azido.” En les condicions d’aquesta publicacio,”® és possible controlar la
monotosilacio. Una “oligosulfonacio” dels hidroxils primaris, amb un excés de TsCl i piridina, no va
avancar. Es podrien fer servir agents més actius (com el clorur de o-nitrobenzen-sulfonil, 0-NsCl, o

altres amb qué tenim prou experiéncia) perod no s’han assajat per ara.

N
[ S TsCl % /\N/S

N o o =l

H CH2C|2, 0°C at.a. N

Imidazol 1.5 h, 98% 122
<HO , OTs (Ho . N
NaOH 122 NaNj;
_——
20 ta. H,0, 80 °C
2h, 26 % (QH)14 18 h, 96% (OH)M
B-Ciclodextrina 123 124

Esquema 2.12
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Com a model de triple enllag s’ha preparat una amida de 1’acid propiolic 0 propinoic.

o HN 0 pec o
//J\OH — > /J\N/\
= CH,Cly, -20°Cata. & K/O

Acid propiolic 18 h, 79%
125

Esquema 2.13

Un cop obtinguda 1’azida 124 i la propinamida 125, es va assajar la cicloaddicio [3+2] canviant

diferents parametres per trobar les millors condicions.

N:
125,

|) additius &3

dlssolvent T

124 126

Esquema 2.14

Entrada Cu(l) Lligand Dissolvent t T C(gg}/)

(mol%) (mol%) [M] (h) (°C) (%)

1 CuS0,-5H,0 (5%)" - H,0 [0.05] 18 80 100 (70)

2 CuS0,-5H,0 (5%)" 104 (5%) H.0 [0.05] 8 80 100 (85)

3 Cu,(OAC), (2.5%) - H,0 [0.05] 3 ta. 50

4 Cu,(OAC), (2.5%) 109 (5%) H,0 [0.05] 3 ta. 100 (95)

5 Cu,(OAC), (2.5%) 108 (5%) H,0 [0.05] 3 ta. 100 (91)

6 Cu,(OAC), (1%) 104 (2%) H,O/'BUOH [0.05] 18 ta. 50

7 Cu,(OAC), (1%) 106 (2%) H,O/'BUOH [0.05] 18 ta. 90

8 Cu,(OAC), (1%) 108 (2%) H,O/'BUOH [0.05] 18 ta. 80

9 Cu,(OAC), (1%) 107 (2%) H,O/'BUOH [0.05] 18 ta. 100 (92)

10 Cu,(OAC), (1%) 109 (2%) H,O/'BUOH [0.05] 18 ta. 100 (94)

11 CuS0,4-5H,0 (10%)" 104 (10%) H,0 [0.05] 3 ta. 50

12 CuS0,4-5H,0 (10%)" 113 (10%) H,0 [0.05] 3 ta. 100 (89)

13 CuS0,-5H,0 (10%)" 116 (10%) H,0 [0.05] 3 ta. 80

14 Cu,(OAC), (1%) - H,O/'BuOH [0.05] 18 ta. 30

15 Cu,(OAC), (1%) 104 (2%) H,O/'BuOH [0.05] 18 ta. 50

16 Cu,(OAC), (1%) 109 (2%) H,O/'BUOH [0.05] 18 ta. 100 (94)

17 Cu,(OAC), (1%) 113 (2%) H,O/'BuOH [0.05] 18 ta. 90

18 Cu,(OAC), (0.1%) 109 (0.2%) H,O/'BUOH [0.05] 18 50 40

* Sempre que s’ha utilitzat CuSO,4-H,0, s’ha afegit ascorbat de sodi (x3).
** La conversio s’ha determinat per RMN.

Taula 2.1: Optimitzacio6 de la reaccié model d’obtencié de 126.

80



Capitol 2: Reaccid de cicloaddici6 [3+2] entre una azida i un alqui terminal catalitzada per Cu(l)

Es va comencar per estudiar la reacci6 sense cap Iligand, un blanc, i amb 104-TBTA, el lligand
més popular a la literatura (entrades 1 i 2). Es va comprovar que, en presencia del lligand, la reaccio
anava més rapida. Tot i aixo0, calia escalfar en ambdos casos perque la reaccié acabés. L’objectiu
d’estudiar diferents lligands era trobar unes condicions suaus per evitar descomposicions tant del

farmac com de la macromolécula.

Es van estudiar les dues families de lligands diferents (entrades 3-11 i 12-14) per trobar el millor
de cadascuna per a la posterior comparacio entre ells. En tots els casos es van posar com a referéncia
una reaccio sense 104-TBTA (blanc) i/o una amb 104-TBTA.

En el cas dels lligands de tipus sulfat (108-DBSNa i 109-DTBSNa), totalment solubles en medi
aquos, els dos van donar bons rendiments (entrades 4 i 5) pero el lligand 109 fou lleugerament
superior. Dins de la mateixa familia de lligands, també vam estudiar els alcohols precursors dels
sulfats. Emprant un 2% de Cu i canviant el dissolvent a H,O/'BUOH (entrades 8—11) es va observar
que els lligands substituits amb el grup tert-butil donaven una conversié del 100% amb bons
rendiments. Per tant, el lligand emprat fins al moment amb millors resultats va ser el 109-DTBSNa.

Per a I’altre grup de lligands, de tipus oxima (entrades 13 i 14), es va observar que addicionant un
10% de Cu a la reacci6 s’obtenia una conversio del 100% per al lligand amb dos grups oxima (113-

DTaMB), mentre que la conversid era només del 80% del lligand monoxima (116-MTaDB).

Aixi doncs, un cop identificats els dos millors lligands, es van comparar entre ells (entrades 17 i
18). Afegint un 2% de Cu, amb una mescla H,O/'BUOH com a dissolvent, a una concentracié 0.05 M i
a temperatura ambient, es va observar que amb el lligand sulfat (109-DTBSNa) la conversi era total i
el rendiment molt bo. Es va intentar de baixar la quantitat de coure a 0.2% (entrada 19) perd es va
comprovar que la reaccié era massa lenta. No sembla recomanable disminuir la quantitat catalitica de

coure per sota del 2%.

Aixi vam arribar a les condicions definitives (entrada 18) que necessitariem per realitzar els

nostres assajos per a unir-hi un farmac.

Per 0ltim, es va voler comprovar si aquestes condicions funcionaven en el cas d’emprar un alqui

N =N
(HO), N CuS0,4-5H,0 (5 mol%) (o), N
ascorbat de sodi (15 mol%)

’ o

terminal alifatic.

H,O/'BUOH [0.05 M], t.a.
(OH) 18h (OH)

14 14

124 127

Esquema 2.15
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Lligand Conv” (Rdt.)
Entrada
(mol%) (%)
1 - 10
2 104 (10%) 90 (85)
3 109 (10%) 100 (96)

* La conversid s’ha determinat per RMN.

Taula 2.2: Cicloaddicio [3+2] entre 124 i 1’1-hexi.

Després de comparar un blanc, el lligand 104-TBTA i el 109-DTBSNa (entrades 1, 2 i 3) es va
fer palés que el lligand de tipus sulfat seguia essent la millor opci6, donant el producte desitjat amb
molt bon rendiment.

2.5 Conclusions

Recapitulant, s’ha assajat la reaccio de tipus click dels azidoderivats sintetitzats en el Capitol 1
de la present Tesi, que ens ha permes d’obtenir una mostra dels productes 93, 94, 95, 96, 97, 98, 99 i
100. En el Capitol 5 d’aquesta Tesi es presenta 1’activitat biologica per prevenir la infeccié per VIH
de cadascun d’aquests derivats.

93 94
N:N\
\ N
\\\\ JOJ\
Ph o)
o) (\N Ph
N\‘)
] o}
HN
95 926
/’Ph o
/>N
O \=N j\ Ph o (\NJ\Ph
0 (\N Ph { N
\ N N N |
N~ N D HN O
HN (e} N (0]
97 98
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Capitol 2: Reaccid de cicloaddici6 [3+2] entre una azida i un alqui terminal catalitzada per Cu(l)

Ph
o NN/// o
Ph \
N=N
o (\NJ\Ph o (\NJ\Ph
N H N\‘) N\‘)
Ny H
S N | |
\\\/ HN o N HN 0]
99 100

S’han optimitzat les condicions per dur a terme la reaccid de cicloaddicio [3+2] per a substrats
tan polars com la BCD en medis aquosos. S han preparat diferents lligands que estabilitzen 1’i6 Cu®, i
també es va intentar preparar un lligand nou, tot i que sense éxit. Ara com ara, les condicions optimes

son les seguents:

125 NN 0
(HO), N Cu,(OAC), (1 mol%) (o), N\/)‘ﬁ,
109 (2 mol%) N &3
H,O/'BUOH. t.a. 0o
(OH), 18 h, 94% (OH),
124 126
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Capitol 3: Addicid conjugada de tiols a triples enllacos terminals activats

3.1 Introduccio

Com ja he comentat en I’anterior capitol de la present Tesi, I’any 2001, el professor Barry
Sharpless va conceptualitzar el concepte de reaccié click,®* un terme que defineix un tipus de reaccions
simples i versatils. Des de llavors, el conjunt de reaccions pertanyents a aquest grup s’ha expandit
considerablement. En els ultims anys, les addicions nucleofiles dels tiols a diversos grups funcionals
estan centrant un gran interés, donat que sén eficients amb quantitats minimes de catalitzador i en
general no s’obtenen subproductes a temperatura ambient. Només per aix0 ja es poden considerar

reaccions de tipus click.”*®

N_R2
Ri~

S

catalyst
=——EWG

EWG

Figura 3.1: Reaccions de tipus click dels tiols.

3.1.1. Reaccio d’addicio de tia-Michael

L’addici6 de tia-Michael és una reaccio6 de tipus click molt popular en els camps de la quimica
dels materials i la sintesi organica.®! El conjugat de tia-Michael o conjugat de tiols a dobles o triples
enllagos s’esta estudiant des de fa gairebé 100 anys i avui en dia el desenvolupament de nous sistemes
catalitics per aconseguir sintesis més facils i verdes continua rebent atenci6.

B or Nu

(cat.)

R SsH ¢+ %\EWG R/\S/‘\\/EWG

Figura 3.2: Addici6 de tia-Michael.
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3.1.1.1. Mecanisme de reaccio sota catalisi basica

En general, la reaccidé de tia-Michael (o hidrotiolacié d’un doble/triple enllag activat) té lloc
facilment sota catalisi basica o nucledfila. EI mecanisme de catalisi basica acceptat es dona en el
seguent esquema (Figura 3.3) on primer la base arrenca el proté del tiol. Aquest anid tiolat, que és un
nucleofil potent, ataca el carboni-p de I’electrofil (un doble o triple enllag activat) donant un intermedi
amb la carrega negativa situada al carboni-a, que a continuacié es protona, donant el producte
d’addicio conjugada i regenerant la base. Després de la iniciacio, tot el procés és molt rapid i es
produeix sense interferéncies d’altres fonts de protons (com podria ser 1’aigua 0 algun alcohol). Cal
esmentar que el rendiment d’aquesta reaccio6 es pot veure afectat per diferents factors com la forga de
la base, el pK, del tiol i la naturalesa del grup electroatraient o atractor d’electrons de 1’electrofil, entre

d’altres.®?

R . EWG
\S/\@/

Figura 3.3: Mecanisme de I’addicié tia-Michael catalitzada per una base.

3.1.1.2. pK, dels tiols

Com ja s’ha esmentat, el pK, dels tiols és un factor important en el rendiment de la reaccio.
Essencialment, es podrien classificar el tiols en quatre grups: tiols alifatics (principalment, alcantiols),
3-mercaptopropanoats, mercaptoacetats i tiols aromatics (tiofenols). En la seglient figura es mostra la

variacié del seu pK, i la nucleofilia dels corresponents tiolats.

0
0 —
/\/\/\ /\)J\ /R
HS HS 0 Hs LR HS@R

increment de 1’acidesa

]

0] —
Og ™"\ @S/\)J\O,R @S\)J\O/R @S@
R

descens de la nucleofilia

Figura 3.4: Variacié del pK, i la nucleofilia de diferents tipus de tiols.
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3.1.1.3. Grup electroatraient de ’electrofil

Un altre factor a tenir en compte és 1’estructura de I’alqué o0 alqui terminal activat, ja que juga un
paper important en la cinetica de la reaccio. Com més electroatraient sigui el grup, més susceptible

sera ’alqué o I’alqui a una reacci6 d’addicio6 de tia-Michael.

(0]
(o} R O O
Nar
| N-R \NS\\O \VJ\O/R \VJ\N’R
H
(0]

reactivitat

Figura 3.5: Reactivitat de diferents grups vinil i etinils.

3.1.2. Precedents i objectius

En el nostre grup de treball hi ha experiéncia en 1’addicié conjugada de diversos nucleofils a
triples enllagos activats.**® Tot continuant la feina feta al nostre laboratori i pel grup d’0Odén Arjona i
Joaquin Plumet,®** sabem que els triples enllacos terminals, activats amb grups electroatraients forts
(EWG) com ara una sulfona (SO,R), sén capacos de reaccionar a temperatura ambient fins i tot amb

nucleofils molt deébils, emprant el catalitzador adecuat.

medi neutre

Y

R-S  SO,Tol
\—/

R\SH\
o 1 R_S SO2T0|
R-SH + _—§4©7 — Y—/
o} / R-S
R—SH

medi basic

Y

SOzTO'

Figura 3.6: Addici6 conjugada de tiols al p-toluensulfonilacetile (etinil 4-metilfenil sulfona).

En el present capitol, I’objectiu és examinar la possibilitat que en condicions fisiologiques reals,
les propinamides serveixin per unir o enllacar tiols i amines. Les amides (CONHR i CONRy), tot i ser
grups electroatraients deébils, son molt més resistents a la hidrolisi quimica que els grups ester, per la

qual cosa podrien ser una bona opcié dins del camp de la bioconjugacio.

Per aixo, el desenvolupament de reaccions facils, suaus i quimioselectives per a la conjugacio

covalent de molecules actives amb biomolecules i/o macromolecules esta captant molt d’interés. A
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més, es busquen metodes bioortogonals en condicions fisiologiques per a la unid selectiva de les

&
( @
’s \—NH
condicions —
fisiologiques

molécules dins dels complicats entorns biologics.*

0]

Figura 3.7: Estratégia per unir tiols i amines.

3.2. Assaigs preliminars

Es va comengar per avaluar I’efecte del medi de reacci6. També es va fer una tria de diferents
bases i nucleofils en quantitats catalitiques, amb 1’objectiu de trobar les millors condicions. Es va
pensar que el model més simple i adequat als nostres objectius era 1’Gs d’un aminoacid que contingués

el grup tiol, com és la cisteina.

Aixi doncs, la reaccio a estudiar va ser 1’addicié conjugada de 1’ester metilic de 1’N-acetil-L-
cisteina al propiolat d’etil (propinoat d’etil). Es va comengar per comparar un medi organic (CH3;CN) i
un medi aquds. En cada medi es va examinar 1’efecte de diferents tipus d’additius en quantitats

catalitiques.

\OJ\/\SH o)
: cat (10 mol%)

o o)
H \OJ\./\S/\NJJ J\o/\
\n/ NH + ///J\O/\ .

dissolvent, t.a., 'i”"
0 Propiolat d'etil 10 min \[o]/
N-Acetilcisteinat 128
de metil
Esquema 3.1
CH4CN H,O (pH 7.4)
Entrada - T
Additiu Rdt. (%) E/Z* Additiu Rdt. (%) ZIE*

1 - 0 - - 100 94:6
2 DMAP 98 69:31 DMAP 88 72:28
3 DABCO 100 93:7 DABCO 96 93:7
4 Et;N 100 71:29 Et;N 93 89:11
5 DIPEA 97 69:31 DIPEA 83 92:8
6 Me;P 99 69:31 Me;P 99 95:5
7 NaH 75 68:32

" La relacié Z/E s’ha determinat per RMN de *H abans de la purificaci6 del producte.

Taula 3.1: Condicions de reaccio6 per a I’obtenci6 de 1’adducte conjugat 128.
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D’una banda, es va observar que en medi organic el producte majoritari era 1’isomer E, el
termodinamicament més estable, i que la DABCO és I’amina que dona millors relacions E/Z amb un
rendiment quantitatiu. En medi aqués a pH 7.4, contrariament, el producte majoritari va ser I’isomer Z,
el producte cinétic. A més a més, es va observar que sense cap tipus d’additiu s’obtenia el producte
conjugat amb una bona relacié Z/E i amb un rendiment excel-lent, fet interessant de cara a la futura

aplicacio d’aquesta reaccié en un entorn biologic.

3.3. Optimitzacié de la reaccié d’addici6 conjugada de tiols a propinamides en

condicions fisiologiques

En aquest projecte, es volia treballar amb propinamides (és a dir, amides de 1’acid propiolic o
propinoic, relacionat amb 1’alcohol propargilic). Tot i ser un triple enllag menys activat, el seu enllag
amida és prou estable en condicions biologiques en comparacié amb enllagos de tipus ester (en

abséncia de carboxipeptidases).

A fi d’assajar la reaccié amb I’aminoacid cisteina, es van preparar dues propinamides diferents,
una amida N,N-disubstituida (una amida “terciaria”) i I’altra N-substituida (una amida “secundaria”),

com a models inicials.

HN (6] DCC

CH.Cly, -20°Cata. & K/
18 h, 79%
o 125

N —

Acid propiolic

o]
H,N" Ph , DCC /j\
= N
CH,Cl,, —20 °C a t.a. = H/\©
18 h, 81%
129

Esquema 3.2

Després d’assajar la reaccié d’addicio conjugada de I’ester metilic de 1’N-acetil-L-cisteina a les
propinamides sintetitzades, en condicions fisiologiques, es va observar que la reaccié avangava una
mica més lenta que no pas amb el propiolat d’etil, perd que seguia donant una bona relacié Z/E i un

excel-lent rendiment global.
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(0] o (0]
\OJ\;/\SH /LN . \OJ\;/\S X
\H/NH * ~ H H,O o o NH PN
,0,pH 7.4,37°C \n/ 0 N Ph
60 min, 94% H
o 129 0
N-Acetilcisteinat 130
de metil Z/E 98:2
Esquema 3.3
(0] o (0]
\OJ\:/\SH /j\N . \O)J\;/\S AN
NH + // /\ o~ NH
\[r K/O H,0, pH 7.4, 37 °C \[r o N/\
0 50 min, 98% o k/o
125
N-Acetil cisteinat 131
de metil Z/E >99:1
Esquema 3.4

Continuant amb aquest treball, es varen escollir I’L-cisteina i I’L-glutatié (en la seva forma
reduida) com a models de tiols biologics i es van assajar diferents reaccions d’addicié conjugada en
condicions fisiologiques (37 °C i pH 7.4). Paral-lelament, s’han estudiat diferents medis aquosos i
diferents casos a pH 10-12, amb la intencié d’esbrinar si I’amina, a aquests pH, competia 0 no amb el

tiol.

dissolvent, pH \H/NH o N~ Ph
Tt o H
)CJ)\/\ 130
07 Y sH
\H/NH ]
O O
N-Acetilcisteinat / N/\ 0
de metil o
125 ‘ \O)J\;/\S/j\
- o NH
dissolvent, pH, \n/ o N/\
Tt 0 L_o
131
Esquema 3.5
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*

Propinamida Dissolvent pH T t Rdt. ZIE
Entrada - -
(1.1 equiv) [0.1 M] (°C)  (min) (%)
1 129 H,O 6.0 ta. 1,000 5 50:50
2 129 H,O 7.4 ta. 70 93 98:2
3 129 EtOH/H,0 1:1 7.4 37 50 98 93:7
4 125 'BUOH/H,0 1:1 7.4 37 40 08 >99:1"

La relacid Z/E s’ha determinat per RMN de “H abans de la purificacio del producte.
L’isomer minoritari no s’ha detectat ni durant ni després de la reaccio.

Taula 3.2: Addicié conjugada entre I’ester de metil de 1’N-acetil-L-cisteina i les propinamides
129 125.

D’una banda, varem observar que a pH 6.0 la reaccid practicament no tenia lloc, pel fet que a
aquest pH la concentraci6 de tiolat en el medi és negligible. D’altra banda, es va comprovar que a
temperatura ambient, la reaccié va una mica més lenta. A més a més, es va veure que amb la mescla

1:1 d’alcohol tert-butilic/aigua la reacci6 era més homogenia i es disminuia el temps de reaccio.

(o}

%ﬁﬁ HOJOI\;/\S

129

Y
pd]
-
)
)

dissolvent, pH 19) N Ph
Tt H
132
0
HOJ\;/\SH
NH, ]
L-Cisteina 0
/ N o
© J]\/\
125 . HO Y S/j\
dissolvent, pH, NH;
133
Esquema 3.6
Alqui Dissolvent pH T t Rdt. ZIE”
Entrada - -
(1.1 equiv) [0.1 M] (°C) (min) (%)

1 129 H,0 7.4 ta. 70 92 98:2
2 129 'BUOH/H,0 1:1 7.4 37 60 96 >99:1"
3 129 THF/H,0 1:1 7.4 37 60 92 85:15
4 129 'BUOH/H,0 1:1 10.0 37 30 96 >99:1™"
5 129 H,0 12.0 37 30 92 88:12
6 125 H,O 7.4 37 40 99 95:5
7 125 'BUOH/H,0 1:1 7.4 37 40 97 >99:1"
8 125 THF/H,0 1:1 7.4 37 40 96 65:35

W?
La relacié Z/E s’ha determinat per RMN de “H abans de la purificacié del producte.
L’isomer minoritari no s’ha detectat ni durant ni després de la reaccio.

Taula 3.3: Addici6 conjugada entre I’L-cisteina i les propinamides 129 i 125.
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En aquest cas, es va confirmar que el dissolvent que donava millors resultats era la mescla
'‘BUOH/H,0 1:1. A més, tal com s’ha dit, es van estudiar reaccions a pH 10.0 (entrada 4) i pH 12.0

(entrada 5) sense observar cap subproducte d’addicio del grup amino al triple enllag.

H

o] = N

/LN s O
4 H/\© 1) 1) e
129 )J\/\/U\ N
»  HO Y N \)J\OH
dissolvent, pH NH H o
T t 2

Ph

134

(0]
L-Glutati6 /L
=

N S (0]
(forma reduida) = bo o (e} H O
dissolvent, pH, NH, H oo
Tt 135
Esquema 3.7
Alqui Dissolvent pH T t Rdt. ZIE
Entrada - -
(1.1 equiv) [0.1 M] (°C) (min) (%)
1 129 'BUOH/H,0 1:1 7.4 37 60 93 >90:1""
2 125 H,O 7.4 37 40 95 95:5
3 125 'BUOH/H,0 1:1 7.4 37 40 98 >90:1""

La relaci6 Z/E s’ha determinat per RMN de “H abans de la purificacié del producte.
L’isomer minoritari no s’ha detectat ni durant ni després de la reaccio.

Taula 3.4: Addicié conjugada entre I’L-glutatié reduit i les propinamides 129 i 125.

Per ultim, 1’addici6 conjugada de la forma reduida de 1’L-glutatio amb les propinamides 129 i 125

va donar I’isomer esperat amb rendiments excel-lents.

Tal com es fa palés en les tres Taules (3.2, 3.3 i 3.4) I’isomer majoritari és I’olefina Z. En resum,
s’han obtingut els millors resultats en la mescla 'BUOH/H,0O, fornint un Gnic isomer de cadascun dels

diferents productes d’addicio.

3.4 Estudi cinétic

Es va dur a terme un estudi cinétic per tal d’obtenir la constant de velocitat de reaccio de
I’addici6 d’L-cisteina a 2 substrats diferents: propiolat d’etil (propinoat d’etil) i N-benzilpropinamida

(129). Els experiments es van realitzar amb un espectrofotometre UV-Vis, registrant els valors
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d’absorbancia respecte al temps de reaccid. Seguint la literatura, es va treballar en condicions de
pseudo-primer ordre, €s a dir, amb un exces d’L-cisteina d’entre 8 i 25 vegades més concentrada
respecte a 1’acceptor de Michael i, com sempre, emprant com a dissolvent una mescla de '‘BUOH/H,0
1:1 a un pH 7.4. Tots els experiments cinétics es van dur a terme per triplicat. Després de la
recopilacio de dades, es van ajustar a una equacio exponencial per obtenir les constants observades de

pseudo-primer ordre (Kops) per a cada concentraci6 inicial de triple enllag terminal activat.

In[A] = In[Aq] — kt

3.4.1. Addicio6 d’L-cisteina a propiolat d’etil

0 0
0
HOJ\;/\SH /J\O/\ _ HOJ\;/\S/\/I/\
: + > :
NH, 7 'BUOH/H,0 1:1 NHz Ao
L-Cisteina Propiolat d'etil pH 7.4 136
2.510°M [prop]
Esquema 3.8

Es va seguir la reaccié amb un espectrofotometre UV-Vis, per I’evolucio de la Anax del producte
d’addicié 136 (280 nm).

Es van preparar dissolucions de propiolat d’etil de diferents concentracions: 1.0-10* M, 2.0-10™
M i 3.0-10* M. A continuacié es mostren les grafiques on es representen les absorbancies obtingudes

respecte al temps des de I’addicio del propiolat d’etil (de diferents concentracions inicials) a I’L-

cisteina.
4.0

3.0

2.5 5 = 3.0-10* M
2.0 o a o © ® 2.0-10*M
15 o ° ® 1.0.10% M

o
1.0 0°°
oow

05 09
0.0

Abs (280 nm)

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Temps (s)

Figura 3.8: Grafica d’absorbancies vs. temps.
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Representant el logaritme neperia de la concentracido del propiolat d’etil vs. el temps es van

obtenir les ko @ les diferents concentracions (Keps: = 0.0011 5™, Kgpsz = 0.0016 5™ i Kgpez = 0.0023 s7%).

75
-8.0
-85
99 y =-0.0011x - 8.1788
—_ 95 Rz =0.9953
o
3 -10.0 y = -0.0016x - 8.5147
2 .105 R2 = 0.9935
-11.0
115 y = -0.0023x - 9.2215
R2 = 0.9992
-12.0

0O 100 200 300 400 500 600 700 800 900 1000
Temps (s)

Figura 3.9: Grafica del In[prop] vs. temps.

A continuacio es mostra la representacié de cada kqs VS. la concentracio de propiolat d’etil

inicial, per tal de determinar la constant de velocitat de la reaccio (k).

2.6E-03
2.3E-03
2.0E-03
1.7E-03

kobs (5_1)

1.4E-03 y = 6x + 0.0005

L1E.03 R2 = 0.9908

8.0E-04
5.0E-05 1.5E-04 2.5E-04 3.5E-04

[prop] M

Figura 3.10: Grafica de kg Vs. [prop].

Finalment, s’obté una constant de velocitat de la reaccid per a I’obtenci6 de 136 de 6.0 M™s™.
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3.4.2. Addicio d’L-cisteina a la propinamida 129

HOJ\/\ /J\ /\@ N HOJ\:/\S/j\
'BUOH/H,0 1:1 NHz Ay
pH 7.4 H

L-Cisteina
2.510° M 132

le

Esquema 3.9

S’ha emprat exactament el mateix procediment de 1’apartat 3.4.1. per al seguiment d’aquesta
reaccid. A continuacié es mostren les grafiques on s’indiquen les absorbancies, respecte al temps de

reaccio, partint de les 3 concentracions inicials de 129 amb les quals s’ha treballat.

3 B

2.5 o 4
a° o 0 °® B 3.010*M

o (]
o ¢ ® 2010*M

o
15 B 00® % e ©°°
° 15.10*M

©
1 8:° °°°
0.5
0

0 10000 20000 30000 40000 50000 60000 70000
Temps (s)

Abs (280 nm)
N

Figura 3.11: Grafica d’absorbancies vs. temps.

Representant el logaritme neperia de la concentracio inicial de la propinamida 129 vs. el temps

s’obtenen les diferents ks a cada concentracio (Kops: = 4.0-:10° ™, Kopsp = 4.6:107° 5™ i Kgpez = 6.0-10

sh.
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y = -4E-05x - 8.9068
R2 = 0.9946

y = -5E-05x - 8.5442
R2=0.999

In[129]

y = -6E-05x - 8.1332
R2 = 0.9954

0 10000 20000 30000 40000 50000 60000 70000
Temps (s)

Figura 3.12: Grafica del In[129] vs. temps.

A continuacié, es mostra la representacio de cada ks respecte a la concentracié de 129 per

obtenir la constant de velocitat de reaccio (k).

6.5E-05
6.0E-05
5.5E-05
5.0E-05
4 5E-05
4.0E-05 y = 0.1336x + 2E-05
3.5E-05 R2 = 0.9999
3.0E-05
1.00E-04 1.50E-04 2.00E-04 2.50E-04 3.00E-04 3.50E-04

[129] M

kobs (S-l)

Figura 3.13: Grafica de kops vs. [129].

Aixi doncs, s’ha determinat una constant de velocitat de reaccio, per a I’obtencio de 132, de 0.13
M?s™. S’observa, doncs, que aquesta reacci6 té una constant de velocitat de pseudo-primer ordre unes
50 vegades més petita que la del propiolat d’etil. Es un resultat raonable perqué un grup COOEt és

més electroatraient que un CONHBn.

3.5. Addicions conjugades de tiols al derivat del BMS 91

Les addicions conjugades de I’ester metilic de I’N-acetil-L-cisteina, I’L-cisteina i I’L-glutatio (en

la seva forma reduida) a la propinamida 91 derivada del BMS (sintetitzada en el Capitol 1 de la
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present Tesi) s’han dut a terme sota les millors condicions aconseguides en 1’apartat 3.2 d’aquest

capitol (‘BuOH/H,0 1:1, 37 °C i pH 7.4) a fi d’obtenir els productes conjugats 137, 138 i 139.

© == 'BUOH/H,0 1:1

N-Acetil cisteinat 0] 91 pH 7.4, 37 °C
de metil 2 h, 98%

0
o] N
\O/U\:/\S/j\ H
\H/NH o N/\/\N o
H H
0
137
Z/E >99:1
Esquema 3.10
X
o (\N Ph
0 " N
I
HOJ\;/\SH + H\/\/N HN o
NH, = © {BUOH/H,0 1:1
L-Cisteina 0 91 pH7.4,37°C
2h, 97%
o)
\—ph
C
o) N/l
o
] A\
HOJ\;/\S/j\ ”
NH, o N/\/\N o
H H
138
ZIE >99:1

Esquema 3.11
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Jis
o (\N Ph
SH
H
A AR s |
HO™ ™ N OH  + H HN .

NH, H o t\\m\/\/ o 'BUOH/H,0 1:1

- pH 7.4, 37 °C

L-Glutatié o} 91 24 h, 93%
(forma reduida) ’ ’

HoN'
0
o)
A\
HN N
= i
07 NH 02 N N0
H H
\(0
oH 139
ZJE >99:1

Esquema 3.12

A més a més, es va estudiar la reaccié de conjugacié entre els dos grups tiols que conté
I’oxitocina (un cop reduit ’enllag disulfur amb TCEP-HCI, hidroclorur de tris(carboxietil)fosfina) i les

propinamides 129 i 91.

1
(0] NH H (0] S
N N
X K{( \)J\” b O
< N
O\\‘) (0] o) (0] o N \)J\NHZ
H
NH, H,N o
Oxitocina

Figura 3.14: Representacio de la oxitocina.

En els dos casos la reaccio es va seguir per HPLC i MS per observar la mono i disubstitucio de
cada un dels tiols de la oxitocina reduida. Cal dir que van caldre 1.5 equiv de TCEP-HCI per reduir
I’enlla¢ disulfur, aproximadament 7.5 equiv de K3PQO,4 per arribar a un pH = 7.4 i entre 3 i 4 equiv de

la propinamida en ambdos casos.
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2

Oxitocina 129

(SI)—(?)
Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly

\:O

+

'BUOH/H,0 1:1
TCEP-HCI | pH7.4,37°C
18 h, conv. 100%

0] 0]

N~ Ph N" > Ph
| H | H

(?) (S)

|
Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly

140

Esquema 3.13

En aquest cas, es va obtenir I’oxitocina disubstituida amb una conversi6 del 100% i ’isomer
de configuracié Z, com s’ha pogut comprovar per RMN de *H (8 7.06 (d, J = 10.1, 1H), 6.96 (d, J =
10.1, 1H), 6.00 (d, J = 10.0, 1H), 5.96 (d, J = 10.0, 1H)).

Paral-lelament, es va estudiar la mateixa reaccié amb la propinamida derivada del BMS 91
sota les mateixes condicions emprades en el cas anterior. Després de 18 h de reacci6, per HPLC es va
observar que quedava oxitocina monosubstituida, aixi que es van addicionar 0.5 equiv més de
propinamida 91 i de TCEP-HCI (per si quedava enllag disulfur). Al cap de 5 h es va repetir ’'HPLC i
es va comprovar que la reaccid no avancava més, tot obtenint un 73% del producte disubstituit 141
([M+H]" 2063.8925) i un 27% del producte monosubstituit 142 ([M+H]" 1536.6759). Finalment, es va
aillar I’oxitocina disubstituida 141 i es va comprovar per RMN de 'H que I’isomer obtingut era el de
configuracié Z: & 6.98 — 6.91 (m, 3H), 5.89 (d, J = 10.1, 1H), 5.86 (d, J = 10.0, 1H).
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(o}
(o}
N\
O _ o N
Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly + = /J\N/\/\N o)
Z Z H
Oxitocina 91
H,O/'BUOH 1:1
TCEP-HCI pH 7.4, 37 °C
18 h, conv. 100%
(sl.) ?H (SI) (SI)
+
Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly
142 141
27% 73%
Esquema 3.14
VWD1 A, Wavelength=275 nm (280519\002-0201 D)
mAU i g
1 o
700 T
600
500
400
300 g’
0 C
100 I &
0T = ) 2 PICHE ) DO e S = =
0 5 10 15 ,2I0 _2% 30 35 min
PMP1, Solvent A
o
80 - n G,
60 - "
| VT G U R T T T O T SR L P - PR A T \l’) T T U]
0 5 10 15 20 25 30 35 min

Figura 3.15: HPLC de 141 (ta(141) = 18.9 min, tz(91) = 22.2 min).
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MML R

141 l|1 |
L \| ' | ‘ | ﬂ L '\ N
f\ | [ I \*;"“. ,‘l IA"l
_M‘L__/"III'\L_,/'I I‘-Lr"” l\l Ju_/'l }“;.'l-u!lwrMMh,"u J llJL rn)"".“'-v/‘ ww _)"J'I v I'JI I‘-"\J‘M'.,»'-,Jw.‘ L‘\‘iuj"t.‘ i I‘-A'JL\;"I \‘\J |‘ (N
Oxitocina + TCEP w .
___7L__.qu'\ﬂtl ,UJ‘,U,N MM JNLLAN»J LJ\» Aal .||L

.0 4.5
f1 (ppm)

Figura 3.16: RMN de 'H de 91, 141 i la oxitocina.

3.6. Conclusions

En conclusid, s’ha desenvolupat un métode basat en addicions conjugades simples de tiols a

propinamides per a la conjugacié bioortogonal de derivats de la cisteina en condicions fisiologiques i

’SH
0
e L % @
HZN/\‘ > Z ﬂ/\. > ’s\_}—NH
H,0/'BUOH 1:1
pH 7.4, 37 °C

sense additius.

Juntament amb estudis complementaris de reactivitat i estabilitat s’ha publicat un article en forma

de Note a la revista Journal of Organic Chemistry.*
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Capitol 4: Preparaci6 i conjugaci6 de polimers
4.1 Introduccio

El terme de bioconjugacio s’utilitza per descriure I’estratégia de formaciéo d’un nou enllag
covalent estable entre dos molécules, de les quals com a minim una ha de ser una biomolécula. En els
darrers anys, la conjugacié o uni6 de farmacs amb anticossos, hormones i altres biomolécules esta
esdevenint una estratégia d’especial interés en 1’ambit biomeédic, sia en processos de seguiment
cel-lular, biodistribucio de proteines, administracié de farmacs, etc. L’objectiu és trobar conjugats
biocompatibles i cada cop més eficacos davant les possibilitats d’administrar i dirigir el farmac a les
seves dianes terapeutiques, de poder crear noves formulacions, de controlar processos cel-lulars,
d’estudiar la funci6 dels enzims, de determinar la biodistribuci6 de proteines, etc.” A més, en casos on
el farmac té toxicitats molt elevades, la bioconjugacié d’aquests principis actius amb altres molecules
ens permet baixar la toxicitat i, fins i1 tot canviar la ruta d’administracié del farmac, ampliant aixi el

ventall de possibilitats.

El terme polimer terapéutic es va comencar a utilitzar per a la descripcio de farmacs polimérics:
proteines, anticossos i farmacs conjugats a polimers, micel-les o dendrimers mitjangant enllagos
covalents. L’any 1953 el Premi Nobel Hermann Staudinger va ser el primer guardonat per a la quimica
del “polimer”. Staudinger va introduir el concepte de macromolécula i va preveure el gran potencial
del seu Us en aplicacions biomédiques.” La ultima década ha estat testimoni d’avencos notables en la

guimica dels materials enfocades cap a aplicacions médiques.

e

residue s

Polymeric a Imaging Agent ##°" Coiled-coil
drugs

Pol Linker
o6\ T T

peptide

Polymer-drug

i Self assembling nano-sized
conjugates

particle

Polymer-protein/

peptide conjugates Block copolymer micelle

Figura 4.1: Representacié de diferents estructures polimériques.®’

Dins el camp de la bioconjugacid, el desenvolupament de métodes bioortogonals s’ha convertit en
un punt molt important a I’hora d’unir selectivament els farmacs dins dels complicats entorns
biologics. El concepte de quimica bioortogonal va ser introduit per Bertozzi i col-laboradors.”® Tracta
de dissenyar o redissenyar reaccions selectives que es puguin realitzar de manera fiable dins d’entorns
biologics. Aquestes reaccions han de procedir de manera eficient en preséncia de diversos grups
funcionals i evidentment s’han de dur a terme en medi aquds. A més, han de tenir lloc amb un minim

impacte en el propi entorn biologic.
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Dins d’aquest capitol, es presentara la conjugaci6 dels farmacs derivats de BMSs (sintetitzats en
el Capitol 1) amb diferents macromolecules. Les estrategies utilitzades per a la unié covalent
d’aquests farmacs amb les estructures polimerigues inclouen les conegudes cicloaddicions [3+2] entre
una azida i un derivat propargilat catalitzades per salts de Cu(1)®® (el métode s’ha posat a punt en el
Capitol 2 de la present Tesi) i la reaccio d’addicié conjugada de tiols a triples enllagos terminals
activats (estudiada i presentada en el Capitol 3 d’aquesta Tesi).”* Es va pensar en aquestes dues
opcions ja que condueixen a alts rendiments i una perfecta regioselectivitat, a part que sén molt

conegudes en el nostre grup i ben estudiades en general.

Figura 4.2: Estratégia per obtenir el microbicida.

L’0s de macromolecules com a portadores de farmacs requereix una optimitzacié d’un gran
nombre de parametres. En primer lloc, cal la seva nul-la toxicitat i abséncia d’immunogenicitat.
També han de ser facilment assequibles i, per descomptat, han de ser capagos de portar una carrega de
farmac suficient per assegurar la poténcia desitjada. En aquest cas, treballarem amb la B-ciclodextrina

(BCD), ja presentada en el Capitol 2, i el poliglicerol hiperramificat (HPG).

4.2. p-Ciclodextrina (BCD)

Les ciclodextrines (CD) son un conjunt d’oligosacarids ciclics constituits per unitats repetitives
de a-D-glucopiranoses unides per enllagos glicosidics a-1,4. Les CD més convencionals son 1’a, la B i
la y que inclouen 6, 7 i 8 unitats de D-glucosa respectivament. L’estructura molecular 3D de les CD
s’assembla a un con truncat amb una superficie exterior hidrofila i una cavitat interna més hidrofoba.
La seva funcionalitzacio és flexible i senzilla, ja que contenen nombrosos grups hidroxil que es poden

modificar mitjangant reaccions quimiques organiques comunes.

Les CD naturals i els seus derivats son ampliament usades en camps com la quimica analitica, la
industria agricola, la tecnologia alimentaria, catalisi, la cosmética, la indlstria farmacéutica i en

enginyeria mediambiental.
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OH

o HO

o |.OH (6]
HO
HO 0O
HO

(0]
OH
OHHO
(0] OH )
OHO
HO o
OH

B-Ciclodextrina

Figura 4.3: Representacio grafica de la CD.

Concretament, en la industria farmacéutica, les CD s’han integrat en nombroses formulacions de
medicaments a nivell mundial i es poden administrar per via oral, nasal, sublingual, dérmica, parental i
ocular. S’utilitzen, principalment, per millorar la solubilitat d’alguns farmacs en aigua i per transportar
el principi actiu, alliberant-lo uniformement durant un temps raonable. A més, a causa de les seves
propietats fisicoquimiques i biologiques, les CD (i els seus derivats) també s’empren per fabricar
hidrogels supramoleculars per a aplicacions biomédiques.*

No es coneixen efectes toxics i, en el cas concret de la BCD, s’ha pogut demostrar la seva
innocuitat. Només en cas d’injeccid intravenosa forma complexos amb el colesterol, que precipiten a

la sang i poden col-lapsar el sistema cardiovascular.

4.2.1. Sintesi de conjugats entre la pCD i derivats del BMS

Partint de la BCD amb un grup azido (124) es va assajar la reaccid de cicloaddicié [3+2] amb el
derivat de BMS 87 substituit a la posicio 7 de 1’indol. Amb les condicions optimitzades recollides en
el Capitol 2, emprant 2 mol% de Cu i 2 mol% de lligand, es va obtenir el producte desitjat (143) amb
un rendiment del 67%.
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0
PIq Cu,(OAC), (1 mol%)
O [ONTPh 109 (2 mol%)
= N
= ] j) H,O/'BUOH [0.05 M], 50 °C
AN HN 0 3 dies, 67%
© 87
0
(\N/U\Ph
o
N=N o
(Ho N/ |
6 HN N
5 H
(OH)
" 143
Esquema 4.1

Per poder disposar de més grups azido i incrementar la carrega de farmac unit a la BCD, es va

intentar “tossilar” més grups hidroxils per, després, intercanviar-los per grups azido. Seguint el mateix

procediment emprat anteriorment,”® es va fer reaccionar 124 amb el compost 122 per “tossilar” un altre

grup hidroxil pero, dissortadament, es va recuperar tot el material de partida.

Y%

.S
@ @\ OTs
Nz (Ho N;

<HO Nj
6 5
NaOH
Hzo, t.a.
(OH), 2h (OH),
124 144
Esquema 4.2

Amb el mateix objectiu, es va decidir de bescanviar els grups funcionals. Es va fer reaccionar la

BCD amb NaH i bromur de propargil fornint una mescla homogenia de productes de propargilacio.

Aquesta reacciod es va assajar diverses vegades modificant tant els equivalents d’hidrur de sodi com els

de bromur de propargil, tot obtenint sempre una mescla controlada de BCD propargilada, en relacio a

la quantitat emprada de reactius (Taula 4.1). L’objectiu no era arribar a tenir tots els alcohols

substituits amb el triple enllag, sind que simplement voliem disposar d’entre 4 i 6 triples enllagos per
tal de poder-hi unir de 4 a 6 derivats de BMS.
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(OH),

B-Ciclodextrina

(Ho . o/\\\)n
BTN NaH '
DMF, t.a.
18 h o (HO) (o/)
145
Esquema 4.3

NaH Bro Sy n Rdt.
Entrada -

(equiv) (equiv) (np +ny) (%)

1 2.0 2.0 2+2 63

2 3.0 3.0 3+2 70

3 3.5 3.0 3+2 76

4 4.0 3.0 312 83

5 5.0 4.0 52 85

6 7.0 6.0 5+3 81

7 8.0 7.0 63 77

Taula 4.1: Optimitzacio de la reacci6 per obtenir la BCD propargilada 145.

1004

90+

1309.8

50 [V i

404
J \
. /\,

204

104 1271.8

1347.8

1385.8

1423.8

1296

1330 1364 1398 1432

Figura 4.4: Espectre de MS (MALDI-TOF/TOF) del compost 145 (Taula 4.1, Entrada 5).

Tot i que els alcohols més accessibles per impediment estéric son els alcohols primaris, no s’ha

demostrat quins son els que reaccionen. Amb I’objectiu de substituir només els alcohols primaris,

varem protegir els alcohols secundaris de la BCD en forma de dioxola, amb 2,2-dimetoxipropa i una

quantitat catalitica de TsSOH. No es va obtenir el producte amb tots els alcohols secundaris protegits,

sind majoritariament la proteccié de 3-4 parells d’alcohols secundaris (n). De totes maneres, vam fer

reaccionar 146 amb NaH i bromur de propargil. El resultat va ser una mescla homogenia d’alcohols

protegits en forma de dioxola i alcohols units a grups propargils. L’inconveninent va ser que no

podiem assegurar que només s’havien propargilat els alcohols primaris ja que en posar 7 equivalents
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de bromur de propargil es van obtenir mescles de m = 5 + 4 substitucions, cosa que indicava que hi

havien alcohols secundaris lliures i que aquests podien reaccionar.

(o), (o), o). (o)
2,2-dimetoxipropa, TsOH ¢ Br” O\, NaH
DMF, t.a. DMF, t.a.
(OH),, 48 h, 53% il HO) <OO ) 18 h, 76% 1l HO) <o§’>

B-Ciclodextrina n

146 147

n=3,4 n=4

m=5+4

Esquema 4.4

Aguesta ruta alternativa no ens va donar un Unic producte, tal com esperavem. A més a més,
encara haviem de desprotegir els alcohols secundaris, cosa que podria fer molt més complexa la
mescla. Per tot aix0, es va decidir de no seguir per aquest cami i continuar amb la dextrina

funcionalitzada 145.

Per a la sintesi dels conjugats de BCD-BMS es va partir de la BCD 145 amb grups propargil i es
va dur a terme la cicloaddicio [3+2] entre una azida i un triple enlla¢ terminals presentada en el
Capitol 2 de la present Tesi. Degut al fet que el derivat de BMS substituit a la posici6 4 era el més
facil de preparar i, a més, ens permetia unir la cadena espaiadora a 1’altim moment, primer es va
provar la reaccié amb els derivats 58 i 59 i després, un cop optimitzada la reaccio, s’assaja amb els
derivats 88 i 89.

Després de “jugar” amb diferents quantitats catalitiques de Cu(l) a diverses temperatures es va
trobar que afegint 3 equivalents del derivat de BMS 58, un 3% de Cu(Il), en preséncia d’ascorbat de
sodi, a una concentraci6 0.05 M i a 50 °C en presencia de 1’agent quelatant (109) la reacci6 s’acabava
en 5 dies. El producte obtingut va ser una mescla homogenia de conjugats on restaven grups propargils
sense reaccionar i on el pic maxim corresponia a la CD unida a 5 derivats de BMS (MW = 3720.4).
La reaccié es va seguir per cromatografia de capa fina i per espectrometria de masses (MALDI-

TOF/TOF), ja que la seva complexitat no permetia seguir-les per RMN de *H.
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N3
(Ho)... O/\> \\\ JOL CuS04-5H,0 (3 mol%)
" 0o ascorbat de sodi (30 mol%)
2 N(\N Ph 109 (5 mol%)
+
HOl (o _Z) Il j) H,0/'BUOH 1:2 [0.05 M], 50 °C
’ " HN 5 dies, 40%
145
n=5+2 58
0
N>\\Ph
/\(\N——/__‘\O o (\
N:N
\ o n
(Ho N N
Z
14-ng (o\//>n
0
A P—pn
L, L
o O N\(
< 2 \§ o m
N
H
148
n=0-3
m = 2-6
Esquema 4.5
1001 7204
904
804
_ 5 2078
™ {\,CN/NFO g N{ #2330

27335

245.9

304 - 714 758.9
231.0 m

101 f 37

0 . : : . ‘

2137.0 26908 30426 1954 3952.2 4406.0

Figura 4.5: Espectre de MS (MALDI-TOF/TOF) del compost 148.

2714

Aixi doncs, es va assajar la reaccio, sota les mateixes condicions, amb el derivat de BMS substituit a la
posicio 4 de I’indol amb I’espaiador de cadena més llarga (59) fornint una mescla del producte amb el

farmac, amb bon rendiment. Els pics maxims corresponen a la BCD unida a 3 i 4 derivats de BMS

117



Bioconjugaci6 de poliols i tiols amb agents antivirics

respectivament (MW = 2989.4 i MW = 3600.6). Com en el cas anterior, la reaccio es va seguir per

cromatografia de capa fina i espectrometria de masses (MALDI-TOF/TOF).

(Ho o/\)

7-ny

14-n(SHO) (O\/>

145
n=5+2

=

Ns

"o

CuS0,4-5H,0 (3 mol%)
ascorbat de sodi (30 mol%)
109 (5 mol%)

H,0/'BUOH 1:2 [0.05 M], 50 °C
5 dies, 53%

N
<f 2 \< (0]
m,
N
H
149
n=0-3
m=1-4
Esquema 4.6
3600.6
2989 4
NBz
{\@Nﬁ% 9 N(
N
\ o
N
H
. 23791
mk{- .
lpas2.4 o0
18436 24471
18828
30303
1767 Aes ‘ 643 6
1670.0 2206.8 21436 32804 38172 43240

=)

Figura 4.6: Espectre de MS (MALDI-TOF/TOF) del compost 149.
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Amb la reaccid per la ma, es va fer reaccionar la pCD amb els derivats de BMS d’interés (88 i
89), aplicant les condicions anteriors i seguint les reaccions tal com s’ha esmentat en els dos altres

casos. Es van obtenir mescles homogenies dels productes desitjats 150 i 151.

o)
(Ho v, 0/\> ° (\NJJ\Ph CuS0,-5H,0 (3 mol%)
’ ascorbat de sodi (30 mol%)
H ] N\‘) 109 (5 mol%)
+ N
=z (0] t .

14_n(sHO) (o\//>n Ns\/\/ % HN H,0/'BuOH 1:2 [0.05 M], 50 °C

. 5 dies, 47%

145 88
n=5+2

150
n=0-2
m=1-3
Esquema 4.7

mni

[
16330 1900.8

HEIE 24264 %831

Figura 4.7: Espectre de MS (MALDI-TOF/TOF) del compost 150.

19520
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o]
(Ho o, o\) o (\NJ\Ph CuSO4-5H,0 (3 mol%)
’ N ascorbat de sodi (30 mol%)
H ] \H 109 (5 mol%)
+ N
7 (0] t .
o {HO) (o\//>n Ny N HZO/BuO:dT.Z [(:)3.;); M], 50 °C
N 1es, o
145 89
n=5+2
mp
151
n=0-2
m = 1-3
Esquema 4.8
NBz
o et 2 Q 3974
50 N\,N%,\ \ o 2201

16350 19424 2433 25572 28648 31710

Figura 4.8: Espectre de MS (MALDI-TOF/TOF) del compost 151.

4.3. Poliglicerol hiperramificat (HPG)

En el moén dels materials, els polimers han adquirit un paper molt important, aplicant-se en arees
que van des de materials sintetics amb propietats fisiques ajustables a materials biocompatibles per a

aplicacions mediques. En concret, un creixent nombre d’articles en la bibliografia suggereixen la
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importancia en el desenvolupament de polimers per a aplicacions biomediques, com ara polimers

terapéutics, sistemes d’alliberament de farmacs, inhibidors i en medicina regenerativa.'®

Els polimers es podrien dividir en quatre grans categories segons la seva geometria: geometria
lineal, reticulada, ramificada i dendritica. En aquesta Tesi, ens hem centrat en un polimer de geometria
ramificada com és el poliglicerol hiperramificat (HPG), ja que és una bona alternativa al dendrimer,
més dificil de sintetitzar. Aquests polimers ramificats contenen una combinacié d’unitats lineals,
terminals i dendritiques, formant una estructura compacta en els quals les proporcions relatives de
cada unitat en defineixen les propietats dels sistemes. A més, ofereixen una bona solubilitat en aigua,
estabilitat quimica, excel-lent biocompatibilitat, baixa toxicitat, baixa viscositat intrinseca, sén facils

de sintetitzar i existeix la opci6 de modificar facilment els seus grups hidroxils.**
SN
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e
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Figura 4.9: Visio general del perfil de biocompatibilitat del HPG.10?

En els darrers anys, el HPG ha aparegut com una de les estructures ramificades més
prometedores i versatils. Per als polimers destinats a aplicacions biomédiques, és essencial que es
demostri la compatibilitat cel-lular, sanguinia i la tolerancia animal per al seu Us clinic. La similitud
estructural del HPG amb el PEG (polietilenglicol, conegut polimer aprovat per la FDA) va fer pensar
que seria un bon candidat a investigar. S’han realitzat nombrosos estudis que han conclos que el HPG
és compatible amb la sang, no immunogen i no toxic, i que té un perfil de biocompatibilitat igual o

millor que el PEG.*®®

Utilitzant un ampli ventall d’eines quimiques, els grups hidroxil del HPG s han convertit en acids
carboxilics, sulfats, acids sulfonics, aldehids, azides, amines, etc., per acabar aplicant-los com
polimers terapcutics, preservacid d’organs, sistemes d’alliberament controlat de farmacs, inhibidors,

agents antimicrobians, enginyeria de teixits, aplicacions teranostiques i aplicacions per a la imatge.
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4.3.1. Sintesi de conjugats entre el HPG i derivats del BMS

Es va comencar per buscar les condicions optimes per a la seva sintesi. Cal remarcar que no
sempre s’obté el mateix producte emprant les mateixes condicions. A continuaci6é es mostra un resum
de les diferents condicions d’obtencié de 152."°**% Es va comprovar que 1’as de CH;OK en metanol

va donar una estructura globular més gran i compacta i que I’addicié molt lenta del glicidol és crucial.
OH
OH
OH
HO OH
o /(
o}
g OH
HO
HO
OH base
<\ / + V\/OH . <\ /
OH dlssolvent T,

1,1,1-Propantrimetanol Glicidol
HO o}
OH
152
Esquema 4.9
Base Glicidol Dissolvent T t d'addicio t n
Entrada - :
(equiv) (equiv) [M] °C h h

1 KHMDS (0.1) 20 - 95 18 5 1-12
2 KHMDS (0.3) 50 diglime [10] 95 18 5 2-12
3 'BuOK (0.3) 50 dioxane [0.5] 90 12 10 2-9
4 CsOH (1.5) 50 diglime [2] 90 24 18 5-17
5 NaH (0.1) 40 diglime [1.8] 100 16 5 1-5
6 NaH (1.5) 40 THF [2] 90 16 16 2-10
7 CH;0K (1.5) 80 MeOH [2] 90 24 16 10-70
8 CH30K (1.5) 80 MeOH/diglime 1:1 [2] 90 24 16 6-50
9 CH;0K (1.5) 80 diglime [2] 90 24 24 5-45

Taula 4.2: Optimitzaci6 de la reaccio d’obtencio de 152.
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Figura 4.10: Espectre de MS (MALDI-TOF/TOF) del compost 152 (entrada 7, Taula 4.2).

Una vegada capacos de formar estructures de tipus HPG degudament ramificades, vam voler
sintetitzar el HPG modificat amb triples enllagos terminals que, posteriorment, podriem conjugar amb
el BMS mitjangant la cicloaddicio [3+2].

Aixi doncs, es va fer reaccionar el glicidol amb NaH i bromur de propargil per tal d’obtenir el

glicidol propargilat 153, que s’usa com a monomer en la polimeritzacio. ES van reproduir diferents

107,108

condicions descrites a la literatura i, amb les pertinents modificacions a I’hora de purificar la

mostra, es va obtenir el derivat del poliglicerol 154.

NaH =
0 @) 72
OH + Br N > O\/
\>\/ S THF, 0 °C a t.a. \>\/
18 h, 95%
Glicidol 153

HO 0]
Ho & )
; OH O\>\/OH base O OH\,
+ + 153 >
oH dissolvent, 90 °C, o)q(();

t O\_(_
1,1,1-Propantrimetanol Glicidol

Esquema 4.10
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.. . t
Entrada Base Glicidol 153 Dissolvent d'addicio n
(equiv) (equiv)  (equiv) [M] h h

1 KHMDS (1.5) 25 5 diglime [2] 18 24 5-14

2 CsOH (1.5) 25 5 diglime [2] 24 18 5-17

3 NaH (1.5) - 10 diglime [2] 24 18 2-10

4 NaH (1.5) 25 5 THF [2] 24 16 6-16

5 CH5O0K (1.5) 50 10 diglime [2] 307 16 6-40

6 CH;0K (2.0) 50 10 diglime [2] 307 16  5-35
" La reacci6 s’ha dut a terme en un tub tancat de MW.
“ Addici6 per separat, primer el glicidol i després el compost 153.
Taula 4.3: Optimitzacio6 de la reaccié d’obtencid de 154.
. - 11162

3940 1 1753
= 113
Ell 9 Tes 12504
il 1982
5 727 it LR,
EE 14128
T0 &7 913 R o R
2able 13945 WET
.1 1 _'-E-c 1580
TEE | 1‘( - 1E‘“fea-:s -
RN feal e
I | 'HT 1 .- e ooz
I ' ” ! ‘

Figura 4.11: Espectre de MS (MALDI-TOF/TOF) del compost 154 (entrada 5, taula 4.3).

Fins al moment, I’HPG sembla una molt bona opcio per tal d’arribar al nostre gel microbicida. La
idea, doncs, €s unir els derivats de BMS substituits a la posicio 7 de 1’indol amb el derivat HPG 154,
mitjancant la cicloaddicié [3+2]. Per aix0, primer es va assajar la reaccido amb una azida model, la
benzil azida (102).
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o} f \ CuS0,-5H,0 (50 mol%)
0 OHY, ©/\N3 ascorbat de sodi (1.5 equiv)
f% +
o (0] OH H,O/'BUOH 2:1, 70 °C
q 102 7 dies

Pram—

Esquema 4.11

Després de repetir la reaccid, canviant alguna condicié de reaccio, es va observar per MS el
producte 155.

Partint del HPG propargilat 154 es va provar la reaccio ja amb el derivat de BMS 88 substituit a
la posicié 7 de I’indol. Emprant 1 equiv de Cu(I), es va obtenir el producte 156 en forma de liquid

viscos.
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H,O/'BUOH 2:1, 70 °C

HO © o} (\N Ph
o JJ N CuS0,-5H,0 (100 mol%)
3 O Om n H | ascorbat de sodi (3.0 equiv)
0

Esquema 4.12
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Figura 4.12: Espectre de MS (MALDI-TOF/TOF) del compost 156.

170.6

2630.0

Finalment, es volia obtenir el HPG conjugat amb el derivat de BMS substituit a la posicié 7 de

I’indol mitjangant la reaccié d’addicié conjugada de tiols a triples enllagos activats. Per aixo, es va

preparar un HPG amb tiols terminals.
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Aixi doncs, es va fer reaccionar la ()-epiclorohidrina amb el disulfur de bis(2-hidroxietil) per tal
d’obtenir I’epoxid 157, que s’usa com a monomer en la polimeritzacié. Seguint les condicions
descrites a la literatura,*® es va aconseguir el derivat del HPG 158.

‘BuOK o)
O>_c o+ S~ _OH m DO g S~ OH
HO S t
BuOH, t.a.
18 h, 74% 157
(*)-Epiclorohidrina Disulfur de

bis(2-hidroxietil)

/\/OH

s

\

S
é\OH

o
OH
OH
HO OH
0 /(
o}

o OMS
HO HO k

S
HO 0]
OH KOMe é 0 OH H/
+ O\>\/OH + 157 > n O’b
MeOH, 90 °C
OH o) O\ OH
18 h \_(_
1,1,1- Glicidol
Propantrimetanol OH O—>_/OH
(0] (0]
/S
S OH OH
__/
158
n=2-30
m=1-13

Esquema 4.13
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Figura 4.13: Espectre de MS (MALDI-TOF/TOF) del compost 158.

2532.2

Amb el poliglicerol 158 a les nostres mans, es va assajar la reaccié d’addici6é conjugada amb el

derivat de BMS 91, substituit a la posicidé 7 de I’indol amb un triple enllag terminal activat. Emprant
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TCEP-HCI per reduir I’enllag disulfur, i KsPO, per arribar a un pH = 7.4, es va aconseguir observar el
producte desitjat 159.

OH
~
g

Ph

N TCEP-HCI (50 mol%)
o JJ H ] j) KsPO, (2.5 equiv)
O Om n HO N~ Y HN o BUOH/H,0 1:1, 37 °C
)C( Q\( 5 dies
OL(»O OH 0 91

Esquema 4.14
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1314.6930
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10224 12038
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Figura 4.14: Espectre de MS (MALDI-TOF/TOF) del compost 159.

128



Capitol 4: Preparaci6 i conjugaci6 de polimers
4.4. Conclusions

A manera de conclusio, s’han aconseguit de sintetitzar diferents conjugats entre la BCD i

alguns dels nostres derivats de BMS mitjangant cicloaddicions [3+2] catalitzades per Cu(l).

N=N
o)
|
HO N/ |
< 6 \)\H\N N
5 H
(OH)
" 143

129



Bioconjugaci6 de poliols i tiols amb agents antivirics

0 N—w
\
O P
(0]
OYPh
f\ N
®
NH ( j
O/\%\IN HN— o .
N=N 0]
e}
0]
150 151
n=0-2 n=0-2
m=1-3 m=1-3

Gracies a una estada presencial al Laboratori d’Immunobiologia Molecular de 1’Hospital
Gregorio Marafién (Madrid) s’han pogut assajar biologicament tots els conjugats de la BCD. En el
seguent capitol de la present Tesi es presenten els resultats dels assaigs biologics per prevenir la

infecci6 per VIH.

A més, s’han optimitzat les condicions per a la sintesi del HPG i derivats, un polimer emergent
d’estructura globular gran i compacta i un bon candidat com a suport del farmac per aconseguir el

microbicida desitjat.

Aixi mateix, també s’ha conjugat el HPG amb derivats dels BMS mitjancant dues vies,
estudiades durant la Tesi, la cicloaddicions [3+2] catalitzada per Cu(l) i I’addici6 conjugada de tiols a

triples enllacos terminals activats. En un futur, aquests productes tambeé s’avaluaran com a microbicides.
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5.1. Procediment seguit

En col-laboracié amb el grup de la Dra. M2 Angeles Mufioz-Fernandez de I’Hospital General
Universitario Gregorio Marafion (HGUGM, Madrid) es va poder fer una estada presencial amb
I’objectiu d’avaluar la toxicitat i I’activitat anti-VIH-1 dels compostos sintetitzats durant la Present
Tesi mitjancant una estratégia preventiva amb un model in vitro.

A continuaci6 és mostra I’esquema seguit per 1’assaig de toxicitat dels nostres productes.

7
/”* I ,,, N /
—— 6. Aixecar-les
TZM.bl cells 1. Treure el medi 5. 5' incubador 7.9-10 mL DMEM
2. Netejar amb PBS (2-3 mL) 8. Recollir

3. Treure el PBS
4. 1 mL solucié Tripsina/EDTA

™

9. Centrifugat de
10'a 1500 rpm

1 L L}
-
12.10 uL . 11. 10 mL DMEM = 10. Treure el sobrenedant
(Comptar
cel-lules)

. Tractament amb els nostres compostos
13. 24 h incubadora . .
et a diferents concentracions — 48 h incubadora
Sy d'entre 25 0.4 uM
Preparar les plaques
amb les cél-lules

Figura 5.1: Esquema seguit per I’assaig de toxicitat de les mostres analitzades.
TZM.bl: Linia cel-lular HeLa, extremadament sensible a la infeccio pel VIH
Incubadora: 37 °C, 5% CO,, 95% O, i control d”humitat
DMEM: medi escollit pel tipus de cel-lules i per experimentacié amb VIH
Tripsina: enzim que trenca alguns enllacos peptidics de les proteines

Després de 48 h a I’incubadora, s’analitzen les dades de 1’assaig de toxicitat en 1’espectro-

fotometre a 570 nm i 690 nm.
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2.200 pL de medi + MTT (10:1) DMSO
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6. Espectrofotometre
a 570 nmi 690 nm

Figura 5.2: Analisi de dades de ’assaig de toxicitat de les mostres analitzades.

El test mitocondrial s’empra com a mesura de la viabilitat cel-lular. E1 MTT (bromur de
metiltiazolildifeniltetrazol) és un compost d’un groc llampant que, en ser reduit a formaza en les

cel-lules vives, pren un color lila o violat molt intens. La reducci6 té lloc quan els enzims de tipus

\%LN
/)

s

[reduccid] HN—N\ /:/

MTT Formaza

reductasa son actius.

Esquema 5.1

Tot seguit es mostren diferents fotografies de les cél-lules vistes amb microscopi durant I’assaig

de toxicitat:

Mostra de control, sense cap tractament.
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Mostra tractada amb un 10% de DMSO que causa la mort de les cel-lules.

Cél-lules tractades amb un dels compostos.

Cel-lules tractades amb un dels compostos després del test mitocondrial.

Després de recopilar totes les dades i analitzar-les adequadament es van obtenir les grafiques de

citotoxicitat dels diferents compostos analitzats a diferents concentracions (recollits a ’apartat 5.2.).

Ates que el nostre compost volem que funcioni com un inhibidor d’entrada, és a dir, que dificulti
o eviti el procés d’apropament i fusiéo de les membranes viral i cel-lular, el procediment a seguir per
analitzar Iactivitat anti-VIH comenca per un tractament de les cel-lules amb els compostos a analitzar.
Posteriorment, s’infectaran les cél-lules tractades amb el VIH (tant amb la soca X4 com amb la R5).
Per poder quantificar el VIH, tant intracel-lular com extracel-lular, que ha infectat les cel-lules,
s’afegira un tamp6 de “lisi” a la mostra, que provoca un trencament de la membrana cel-lular i aixi
s’expulsa el virus de la cél-lula. Després de 1’addicié de la luciferasa, es podra mesurar per

luminescéncia el % d’infeccio de la cél-lula per VIH.
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< 1
y 6. Aixecar-les
TZM.bl cells 1. Treure el medi 5. 5'incubador 7.9-10 mL DMEM
2. Netejar amb PBS (2-3 mL) 8. Recollir
3. Treure el PBS
4. 1 mL solucio Tripsina/EDTA
T

9. Centrifugat de
10"a 1500 rpm

Q;S ™ 1
-
12.10 uL . 11. 10 mL DMEM = 10. Treure el sobrenedant
(Comptar
cel-lules)

Tractament amb els

. 13.24 hincubadora nostres compostos a una  14. 1 h incubadora Infeccié amb el VIH-1
e ’ concentracié de (soca X4 i R5)
o 25 uM

Preparar les plaques
amb les cél-lules

15. 3 h incubadora

16. 48 h incubadora

17.30 L tampo lisi ~ Netegem el virus que
18. 1 h nevera no ha penetrat a
19. 50 pL luciferasa la cel-lula

20. Luminiscéncia
a 135 nmi 200 nm

Figura 5.3: Esquema seguit per ’assaig d’infeccio per VIH.

La lIuciferina, gracies a I’activitat catalitica de la luciferasa i el consum d’ATP, s’oxida. Aquest
intermedi descompon emetent llum i dioxid de carboni. D’aquesta manera, es pot relacionar la
quantitat de llum emesa amb la “quantitat” de VIH present a la cél-lula. Com més llum més infeccid i

viceversa.
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o o Q o
ATP, P
HO s /Nj/Coz luciferasa HO s /Nj)\\o (I) o/\Q‘Ade
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Ho. @

(¢}
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/ \CE j/g f
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5.2. Relaci6 de compostos avaluats
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HO OH ( OoH
o) o o

O }O/(OH = o} /(O ) (OH)M

HO% % Aé © /\\\ B-Ciclodextrina
EP-37

° oj_/ on\, e O'iO)JO o
T .

o4 L,

e o WHo) [0 _Z)

\_(o oo, )
OH OH 145
152 EP-38
HPG 154
EP-34 EP-35
Esquema 5.3

5.3. Resultats de citotoxicitat

Es va estudiar la biocompatibilitat de tots els compostos anteriors en cél-lules TZM.bl. Les
cel-lules es van tractar amb concentracions creixents dels compostos, dels quals es consideraren toxics

aquells que van presentar una taxa de supervivéncia <80%.
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Els compostos derivats del BMS substituits a la posiciéo N1 de I’indol (EP-13, EP-14, EP-15,
EP-16 i EP-17) es van considerar no toxics a concentracions 1, 5 i 10 uM. Per facilitar una millor

comparaci6 dels resultats d’inhibicio del VIH, la concentracio de treball in vitro va ser d’1 uM.
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~
= 100] gl
5 ‘ TN 1Ay
g9 801t Lopf .l ]
<
2‘60-
5 40
>
820-
0- T T T T T T
[ o o o n o n —
22393 8 S 3 &
5222
— 0N
ac™

[Compound], pM

Figura 5.4: Grafica de toxicitats dels derivats de BMS substituits a la posicio N1.

Pel que fa als derivats a la posicio C4 de I’indol (EP-18, EP-19, EP-20, EP-21 i EP-22) es van
considerar no toxics a una concentracié 1 uM. La concentracio de treball in vitro seleccionada com a
no toxica va ser de 0.1 uM.
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Figura 5.5: Grafica de toxicitats dels derivats de BMS substituits a la posicio C4.

Els compostos substituits a la posicio C5 de I’indol (EP-23 i EP-24) es van considerar no toxics a
0.1 uM, concentracio de treball in vitro escollida per als assajos d’inhibicio.
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Figura 5.6: Grafica de toxicitats dels derivats de BMS substituits a la posicié C5.

Dels derivats de BMS substituits a la posicié C7 de ’anell indolic (EP-25, EP-26, EP-27 i EP-
28) es van considerar no toxics a 1 i 5 uM. La concentraci6 de treball in vitro seleccionada va ser d’1
uM.
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Figura 5.7: Grafica de toxicitats dels derivats de BMS substituits a la posicio C7.

Pel que fa als conjugats de la BCD amb els derivats de BMS, sintetitzats al Capitol 4 (EP-30,
EP-31, EP-32 i EP-33), es va observar que cap de les mostres era toxica a cap concentracio; per tant,

la concentracié no toxica que s’empra en els assaigs in vitro va ser 25 uM.
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Figura 5.8: Grafiques de toxicitats dels conjugats entre la BCD i derivats del BMS.

Per Gltim, es va analitzar la citotoxicitat dels polimers utilitzats com a suport del farmac. Es va
comprovar que no eren toxics a cap concentracié. La concentracio escollida per treballar en els assajos

in vitro va ser 25 uM.
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Figura 5.9: Grafiques de toxicitats dels polimers.
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5.4. Resultats d’inhibicio del VIH

Després de seguir el procediment descrit més amunt, s’obtenen els percentatges d’infeccidé que
s’ha produit en les cel-lules. Si comparem tots els derivats de BMS sintetitzats, es fa palés en els
seglients grafics, tal com havia avancat en les conclusions del Capitol 1 de la present Tesi, que els
millors candidats son els derivats substituits en la posicié C7 de I’indol (vegeu EP-24, EP-25 i EP-26,
compostos 87, 88 i 89, amb % d’infeccid destacats amb asteriscs).
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Figura 5.10: Grafiques d’inhibicié del VIH de tots els derivats de BMS sintetitzats.

A continuacio es mostren els resultats dels “screenings” cel-lulars que es van dur a terme dels

conjugats de BCD i dels polimers que seran el suport del farmac.

146



Capitol 5: Assaigs in vitro de prevencio d’infeccié per VIH

180- 160-

1601 Ml R5-HIV-1y aps 0 Bl R5-HIV-1y aps
O 1404 [ X4-HIV-1y 43 3) 120 [ X4-HIV-1y 43
£ 120- E3 1
= 100] = 1004
© 2 g0
§ o
‘S 60 £ 604
S 40 ‘s 404
S S
= 204 8 204 -I—'—I

0' T -lrL| T T 0' T -ll—L| -II—T_l T
N O Q N N Q2 >
9 0@‘ S oS 5 G Qg‘ o7 o

o & & < N < &
234 N
& 25 uM & 25 uM
Bl R5-HIV-1y aps
140- [ X4-HIV-1y 45
5 120- I l
v 100-
2
5 80
S 604
=
= 404
o
S 204
N1 IIN IiN [IN [iN [N 158
O & P B P
SRR 2R SR> S
N
2)
& 25 uM

Figura 5.11: Grafiques d’inhibicié del VIH dels conjugats amb la BCD i dels polimers suport.

Analitzant els resultats de les mostres, es confirma que el derivat de BMS substituit a la posicid
C7 de I’anell indolic és més actiu que el substituit a la posicio C4. D’altra banda, s’han fet assaigs
d’activitat anti-VIH dels diferents suports on es vol conjugar el farmac (blancs), on podem observar
que cap d’ells inhibeix el contagi del VIH i, per tant, cap producte obtingut de la conjugaci6 d’aquests
amb el nostre farmac ens donara un falg positiu. Finalment, com queda palés en la grafica de la figura
5.11, els compostos de la BCD conjugada amb els derivats de BMS substituits a la posicio 7 de 1’indol
(EP-32 i EP-33, compostos 150 i 151) clarament inhibeixen la infecci6 del VIH, tant per la soca X4
com per a la RS, donant un % d’infeccié tant baix com el producte estrella del grup d’investigacid de

la Dra. M2 Angeles Mufioz-Fernandez.

5.5. Conclusions

S’han pogut assajar biologicament tots els derivats de BMS i conjugats de la BCD en
col-laboracié amb el Laboratori d’Immunobiologia Molecular de I’Hospital General Universitario
Gregorio Marafidon (Madrid). En primer lloc, es va arribar a la conclusio que els millors candidats eren
els derivats de BMS substituits a la posicié C7 de I’indol.
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Fianlment, amb els resultats d’inhibicié del VIH dels conjugats amb la BCD, es va comprovar
que els derivats substituits a la posicié C7 inhibien clarament la infecci6 per VIH (tant de la soca X4

com de la soca R5), donant uns % d’infecci6 de les cel-lules prometedor.
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Falta sotmetre a “screening” els darrers productes preparats, és a dir, 156 i 159, els conjugats
de BMS i poliglicerol hiperramificat (HPG).
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Resum i conclusions

El VIH-1 segueix essent un dels problemes més greus de la sanitat pablica mundial, especialment
als paisos del tercer mon. La fase més avancada de la infeccié pel VIH és la SIDA (sindrome

d’immunodeficiéncia adquirida).

La present Tesi Doctoral descriu els nostres esfor¢os en la sintesi d’una nova generacio de
microbicides (4a generacio), uns conjugats de farmacs antivirals a estructures polimériques o suports

per aconseguir un agent topic amb una absorcio6 controlada.

Aixi, després d’una introducci6 sobre la SIDA i els microbicides, el Capitol 1 tracta de 1’obtencid
de 14 analegs del BMS806, els quals, gracies a la col-laboracié amb el Laboratori d’Immunobiologia
Molecular, es va poder assajar biologicament com inhibidors d’entrada, concloent que els millors

candidats eren els productes obtinguts substituits a la posicido C7 de I’indol o indole.

El Capitol 2 inclou I’obtencié de més derivats dels BMS806, assajant la cicloaddicid [3+2]
catalitzada per salts de Cu(l) dels azidoderivats del Capitol 1. També s’han sintetitzat diferents
lligands capagos d’estabilitzar els ions de Cu(I) enfront de 1’oxidacio6 i de solubilitzar els complexos de
Cu(l) que es formen, per ajudar a disminuir la citotoxicitat d’aquesta reaccid. A més a més, es va
intentar preparar un lligand nou, tot i que sense ¢xit. S’han optimitzat les condicions per dur a terme la
reacci6 de cicloaddicié [3+2] per a substrats tant polars com la fCD en medis aquosos, aconseguint

reduir significativament la quantitat de Cu(I) amb 1’ajuda d’un lligand.

Dins del tema de reaccions de tipus click, en el Capitol 3 es presenta el desenvolupament d’un
meétode bioortogonal basat en addicions conjugades simples de tiols a triples enllagcos terminals

activats en condicions fisiologiques i sense additius.

La conjugacio de farmacs amb anticossos, biomolécules i macromolécules esta esdevenint, cada
vegada més, una estratégia d’especial interés en 1’ambit biomeédic. A més, també és sabut que permet
desenvolupar vies menys toxiques d’administracié de medicaments. Amb 1’objectiu d’aconseguir un
gel microbicida, en el Capitol 4 s’exposa la sintesi de diferents conjugats entre la BCD i els millors
candidats analegs del BMS806 mitjancant la reacci6 de cicloaddicié [3+2], que s’han pogut assajar
bioldgicament. Satisfactoriament, es va comprovar que els productes substituits a la posicié 7 de

I’indol inhibeixen clarament la infeccio per VIH-1 (tant de la soca X4 com la R5).

En aquest mateix capitol, també es recullen les millors condicions per a la sintesi del HPG i
diferents analegs, un polimer amb una excel-lent biocompatibilitat, d’estructura compacta, globular,
versatil pel que fa a la seva funcionalitzacio i, pensem, bon candidat com a suport del farmac per
aconseguir el microbicida desitjat. També s’ha conjugat el HPG amb derivats del BMS mitjancant les

dues vies estudiades durant la Tesi, la cicloaddici6 [3+2] i I’addici6 conjugada de tiols a propinamides.
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Finalment, en el Capitol 5 de la present Tesi es mostren tots els resultats recollits, en el
Laboratori d’Immunobiologia Molecular de 1’Hospital General Universitario Gregorio Marafion de
Madrid, pel que fa a la citotoxicitat de tots els productes analitzats i a la inhibicié del VIH. Hi ha

percentatges d’infeccid de les célul-les, després de 1’exposicio al virus, que sén molt prometedors.
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Summary and conclusions

HIV-1 is still one of the most serious problems of global public health, especially in third world

countries. The most advanced stage of HIV infection is AIDS (acquired immunodeficiency syndrome).

The present Doctoral Thesis describes our efforts in the synthesis of a new generation of
microbicides (4th generation), which are conjugates of antiviral drugs to polymeric structures or

scaffolds to achieve a topical agent with controlled absorption.

Thus, after an introduction on AIDS and microbicides, Chapter 1 deals with the preparation of
14 analogues of BMS806, which could be biologically tested as entry inhibitors, concluding that the

best candidates were the products substituted on position 7 of indole.

Chapter 2 includes the preparation of more derivatives of BMS806, testing the Cu(l)-catalyzed
[3+2] cycloaddition of the azides shown in Chapter 1. Also, several ligands capable of stabilizing
Cu(l) ions versus its oxidation and deproportion and of solubilizing Cu(l) complexes that are formed
have been synthesized to reduce the cytotoxicity of this reaction. In addition, we attempted to prepare
a new ligand, without success. The conditions for carrying out the [3+2] cycloaddition reaction with

polar substrates such as BCD in aqueous media have been optimized.

Within the click reactions, Chapter 3 presents the development of a bioortogonal method based
on the simple conjugate additions of thiols to activated terminal triple bonds under physiological
conditions, without additives.

The conjugation of drugs with antibodies, biomolecules and macromolecules is increasingly
becoming a strategy of special interest in the biomedical field. In addition, it is also known that it
allows the development of less toxic routes for drug administration. In order to achieve a microbicide
gel, Chapter 4 presents the synthesis of different conjugates from BCD and the best analogous
candidates of BMS806 by [3+2] cycloaddition, which could be tested biologically. To our delight, it
was found that samples substituted at position 7 of the indole clearly inhibit HIV-1 infection (both X4
and R5).

Also Chapter 4, we summarize the best conditions for the synthesis of HPG and analogues, a
polymer with an excellent biocompatibility, compact, globular, with a versatile structure and, in our
opinion, a good candidate as a drug support to achieve the desired microbicide. HPG was also
conjugated with BMS derivatives through the two reactions studied during this Thesis, the [3+2]

cycloaddition and the conjugated addition of thiols to propynamides.

Finally, in Chapter 5 all the results obtained in the Laboratory of Molecular Immunobiology at
Hospital General Universitario Gregorio Marafion in Madrid were collected. Cytotoxicity and
inhibition of HIV of all samples were analyzed. Some products afford percentages of infection of the

cells, after exposure to the virus, which are very promising.
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Experimental Section

GENERAL EXPERIMENTAL METHODS

Unless specified otherwise, all starting materials and reagents were obtained from commercial
suppliers and used without further purification. All reactions were conducted in oven-dried glassware, under
nitrogen or argon, in anhydrous solvents, which were dried and distilled before use according to standard

procedures. Solvents used for isolation of products and chromatography were glass distilled.

Analytical thin-layer chromatography (TLC) was performed on 0.25 mm silica gel plates (Fs4). The
TLCs were analyzed by UV (254 nm) and stained with p-anisaldehyde, KMnQO, or ninhydrin. Retention

factors (Ry) are approximate.

Yields were determined after purification of the desired compound by column chromatography on
silica gel. Flash column chromatography was performed on silica gel 60 (35-70 pm). The eluent used is
indicated for each case.

"H NMR spectra were recorded on Varian Mercury 400 MHz spectrometers; chemical shifts (3) are
given in ppm, with TMS as internal reference or with the solvent resonance as the internal standard (residual
CHCl; in CDCls, 6 7.26 ppm; residual CD;SOCHD, in DMSO-dg, & 2.50 ppm; residual CD;OH in CD;0D, &
3.31 ppm; residual DOH in D,0, & 4.79 ppm). Data are reported as usual: chemical shift in 8, multiplicity (s
= singlet, d = doublet, t = triplet, ¢ = quartet or quadruplet, p = quintet or pentuplet, br = broad, m =
multiplet), coupling constants in Hz, and integration. **C NMR spectra were recorded on the above-
mentioned spectrometer (100.6 MHz for **C), chemical shifts are reported in ppm (CDCls, & 77.0 ppm,
DMSO-ds, 6 39.5 ppm, CD3;0D, & 49.0 ppm). Where necessary, 2D NMR experiments (HSQC, COSY,

NOESY) were carried out to assist in structure elucidation and signal assignments.

HPLC analyses were performed were performed under gradient conditions, which are indicated for
each case, using an Agilent Technologies LC-110 apparatus. The column used is phenomenex LUNA 5u
C18 column (250 mm x 4.60 mm), 5 pm, 100A and the eluent gradient, flow and wavelength are specified

for each case.

FTIR spectra were registered with an ATR accessory; only the more relevant frequencies (cm™) are

reported.
Melting points and decomposition temperatures were obtained with a Gallenkamp apparatus.

HRMS data were obtained by using ESI-TOF techniques and MS were obtained by using 4800 Plus
MALDI TOF/TOF (ABSciex-2010) by the Unitat d’Espectrometria de Masses, Facultat de Quimica-Tth

floor, Centres cientifics i tecnoldgics UB.
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6.1 Experimental chapter 1

109

(R)-N-Benzoyl-3-methylpiperazine (5)

A 1 M solution of Et,AICI in hexanes (25.0 mL, 25.0 mmol, 1.0 equiv) and methyl benzoate
(3.10 mL, 25.0 mmol, 1.0 equiv) were slowly added to a solution of (R)-(—)-2-methylpiperazine (2.50
g, 25.0 mmol) in anhydrous CH,Cl;, (125 mL) under a dry N, atmosphere. The reaction was stirred for
48 h at room temperature and was quenched by careful addition of 2 M NaOH (50 mL). The organic
layer was separated and the aqueous layer extracted with EtOAc (3 x 100 mL), dried over anhydrous
MgSO,, filtered and concentrated. The residue was purified by flash column chromatography
(CH.CIl,/MeOH 9:1) to give 4.56 g (22.3 mmol, 89%) of monoprotected piperazine 5.

0 White solid. Ry (CH,Cl,/MeOH 95:5) 0.22. '"H NMR (CD;0D, 400 MHz): &

(\NJ\© 7.41—7.37 (M, 5H, Hey), 4.58 (br's, 1H, Hyy,), 3.60 (brs, 1H, Hyp), 3.08 — 2.48

”N\H (M, 5H, Hyyp), 1.13 — 0.97 (m, 3H, Me,;,). °C NMR (CD;0D, 100.6 MHz): &

172.4 (CO), 136.9 (Cy), 131.1 (CH, Cpy), 129.8 (CH, Cpp), 128.0 (CH, Cp),

54.2 (Cpip), 50.7 (Cyip), 50.2 (Cpip), 48.4 (Cpip), 48.1 (Cpip), 45.2 (Cpip), 44.5 (Cyip), 41.8 (Cpip), 17.7
(CHs, Meyp), 17.3 (CH3, Meyy,).

Note: Mix of rotamers (due to the amide bond).

6.1.1. Substitutions at N1
2-(1H-Indol-3-yl)-2-oxoacetyl chloride (6)

Oxalyl chloride (0.54 mL, 6.2 mmol, 1.5 equiv) was added to a solution of indole (500 mg, 4.27
mmol) in anhydrous Et,O (10 mL) under a dry Ar atmosphere, at 0 °C. The reaction was stirred
overnight at —20 °C until TLC showed absence of starting material. The solvent was removed under
reduced pressure to give 844 mg (4.07 mmol, 95%) of acid chloride 6, which was used in the next step

without further purification.

cl Reddish solid. *H NMR (DMSO-ds, 400 MHz): & 12.36 (br s, 1H, NH), 8.41 (d, J

0]
4 o =3.2, 1H, H,), 8.19 — 8.15 (m, 1H, H,), 7.56 — 7.52 (m, 1H, H,), 7.31 - 7.22 (m,
5
e 2H, Hs + Hg). ®*C NMR (DMSO-ds, 100.6 MHz): 5 180.7 (CO), 165.2 (COCI),
6 N
" H 138.0 (CH, C,), 136.7 (Cy), 125.6 (Cy), 123.7 (CH), 122.7 (CH), 121.1 (CH, Cy),

112.7 (CH, C;), 112.3 (Cy).

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(1H-indol-3-yl)ethane-1,2-dione (7)

N,N-Diisopropylethylamine (DIPEA, 0.93 mL, 5.3 mmol, 2.0 equiv) was added to a solution of
oxoacetyl chloride 6 (553 mg, 2.66 mmol) and piperazine 5 (653 mg, 3.20 mmol, 1.2 equiv) in

anhydrous CH,CI, (26 mL) under a dry N, atmosphere, at 0 °C. The reaction was stirred overnight at
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room temperature and the solvent was removed under reduced pressure. The oily residue was purified
by flash column chromatography (CH,Cl,/MeOH, 98:2 to 95:5) to give 985 mg (2.62 mmol, 98%) of

compound 7.

o\}/@ Yellowish oil. R; (CH,Cl,/MeOH 95:5) 0.32. *"H NMR (CDCls, 400
MHz): 6 10.31 (br s, 1H, NH), 8.26 (br s, 1H), 7.78 (m, 1H, H;), 7.50 —

(Nj\ 7.33 (M, 5H, Hay), 7.32 — 7.19 (m, 3H), 4.97 — 3.00 (br m, 7H, Hy),

o N 1.27 (br s, 3H, Mey,). °C NMR (CDCls, 100.6 MHz): 8 185.5 (CO),

AP 171.7 (NCO), 166.8 (NCO), 137.0 (Co), 136.1 (C;), 134.9 (CH, Cy),

I 130.3 (CH, Cpr), 128.8 (CH, Co), 126.9 (CH, Cpy), 125.1 (C,), 124.2
7

(CH), 123.3 (CH), 121.6 (CH), 114.0 (C,), 112.4 (CH), 51.3 (CH,,
Coip), 46.3 (CH, Cyip), 41.0 (CHy, Cpip), 35.7 (CHa, Cpip), 15.4 (CHs, Meyip), 15.1 (CH3, Meyy).

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(1-(3-bromopropyl)-1H-indol-3-yl)ethane-1,2-dione
)

Sodium hydride (60% dispersion in mineral oil, 6.00 mg, 0.146 mmol, 1.1 equiv) was added to a
solution of compound 7 (50 mg, 0.13 mmol) in DMF (1.3 mL) under a dry N, atmosphere, at 0 °C.
After 30 min, 1,3-dibromopropane (15 pL, 0.15 mmol, 1.1 equiv) was added with vigorous stirring
and the reaction was stirred overnight at room temperature. The mixture was diluted with H,O (15
mL) and extracted with EtOAc (3 x 10 mL). The organic layers were collected, washed with H,O (3 x
5 mL), dried over anhydrous MgSQO,, filtered and concentrated. The residue was purified by flash
column chromatography (CH,Cl,/MeOH 95:5) to give 47 mg (95 umol, 71%) of bromide 8.

o>/® Colorless oil. Ry (CH,Cl,/MeOH 95:5) 0.69. '"H NMR (CDCls, 400
MHz): & 8.34 (br s, 1H), 7.93 (m, 1H, H,), 7.45 — 7.38 (m, 5H, Hpp),

N
(J\ 7.38 — 7.32 (m, 3H), 5.03 — 2.88 (br m, 7H, H,;,), 4.40 (t, J = 6.5, 2H,
o H.), 3.33 (t, J = 6.1, 2H, H,), 2.47 — 2.36 (m, 2H, Hy), 1.30 (br s, 3H,
A \, 0 Me,p). °C NMR (CDCls, 100.6 MHz): § 185.0 (CO), 172.3 (NCO),
NN 166.3 (NCO), 138.5 (C,), 136.9 (C,), 135.3 (CH, C;), 130.2 (CH, Csp),
a\\bL 128.8 (CH, Cpp), 127.1 (CH, Cpy), 126.4 (Cy), 124.5 (CH), 123.7 (CH),
¢ Br

122.7 (CH), 113.8 (C,), 110.3 (CH), 45.3 (CH,, C,), 32.1 (CH,, Cy),
29.7 (CH,, Cy), 16.5 (CHs, Meyp), 15.3 (CH3, Meyp). HRMS (ESI+) m/z caled for CasHpyBrN;O3"
(M+H)": 496.1230 and 498.1210, found: 496.1233 and 498.1219.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.
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(R)-1-(Benzoyl-2-methylpiperazin-1-yl)-2-(1-(10-bromodecyl)-1H-indol-3-yl)ethane-1,2-dione (9)

Sodium hydride (60% dispersion in mineral oil, 6.00 mg, 0.146 mmol, 1.1 equiv) was added to a
solution of compound 7 (50 mg, 0.13 mmol) in DMF (1.3 mL) under a dry N, atmosphere, at 0 °C.
After 30 min with vigorous stirring 1,10-dibromodecane (44 mg, 0.15 mmol, 1.1 equiv) was added and
the reaction was stirred overnight at room temperature. The mixture was diluted with H,O (15 mL)
and extracted with EtOAc (3 x 10 mL). The organic layers were collected, washed with H,O (3 x 5
mL), dried over anhydrous MgSQO,, filtered and concentrated. The residue was purified by flash
column chromatography (CH,Cl,/MeOH 95:5) to give 59 mg (99 umol, 75%) of bromide 9.

o\}/@ Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.69. ‘H NMR (CDCls, 400
MHz): & 8.33 (s, 1H), 7.87 (s, 1H, H,), 7.47 — 7.39 (m, 5H, Hpy), 7.38 —

(2 7.32 (m, 3H), 5.00 — 2.86 (br m, 7H, H,i), 4.15 (t, J = 7.3, 2H, H,),
0 N 3.40 (t, J=6.8, 2H, H.), 1.93 —1.77 (m, 4H), 1.46 — 1.18 (m, 15H). Bc
s A \, O NMR (CDCls;, 100.6 MHz): 6 184.8 (CO), 171.4 (NCO), 166.4 (NCO),
6 S N 138.2 (C,), 137.1 (C,), 135.3 (CH, C,), 130.2 (CH, Cqy), 128.8 (CH,
3\74)L Cen), 127.1 (CH, Cpp), 126.4 (Cy), 124.1 (CH), 123.5 (CH), 122.5 (C,),

¢ Br

113.4 (CH), 110.4 (CH), 49.9 (C,ip), 47.6 (CH,, C,), 44.8 (CH,, C,),
34.1 (Cpip), 33.0 (CHa, Cpip), 29.8 (CH,), 29.4 (CH,), 29.4 (CHy), 29.3 (CH,), 29.2 (CH,), 29.1 (CHy,),
28.2 (CH,, Cyip), 27.0 (CH,), 26.9 (CH,), 16.5 (CHs, Mey;), 15.5 (CHs, Me,p). HRMS (ESI+) m/z
calcd for CaoH,,BrN;O5" (M+H)™: 594.2326 and 596.2305, found: 594.2323 and 596.2315.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(1-(3-Azidopropyl)-1H-indol-3-yl)-2-(4-benzoyl-2-methylpiperazin-1-yl)ethane-1,2-dione
(10)

Sodium azide (53 mg, 0.82 mmol, 1.1 equiv) was added to a solution of bromide 8 (369 mg,
0.743 mmol) in DMF (7.5 mL) under a dry N, atmosphere. The reaction was stirred overnight at room
temperature. The mixture was diluted with H,O (80 mL) and extracted with Et,O (3 x 30 mL). The
organic layers were collected, washed with H,O (3 x 20 mL), dried over anhydrous MgSQ,, filtered
and concentrated. The residue was purified by flash column chromatography (CH,Cl,/MeOH 95:5) to
give 333 mg (0.726 mmol, 98%) of azide 10.

o \}/@ Colorless oil. Ry (CH,Cl,/MeOH 95:5) 0.42. ‘H NMR (CDCls;, 400
MHz): & 8.34 (br s, 1H), 7.89 (m, 1H, H,), 7.47 — 7.39 (m, 5H, Hep),

(Nj\ 7.38 — 7.33 (m, 3H), 4.85 — 2.91 (br m, 7H, H,;), 4.29 (t, J = 6.8, 2H,
o, N H,), 3.33 (t, J = 6.5, 2H, H,), 2.19 — 2.07 (m, 2H, Hy), 1.29 (br s, 3H,
A \, o Me,p). °C NMR (CDCls, 100.6 MHz): & 184.9 (CO), 174.2 (NCO),
6 N 166.2 (NCO), 138.3 (C,), 137.0 (C,), 135.3 (CH, Cy), 130.2 (CH, Cpp),
' \\L 128.8 (CH, Cpp), 127.2 (CH, Cpp), 126.4 (C,), 124.5 (CH), 123.7 (CH),

c N3
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122.7 (CH), 113.9 (C,), 110.2 (CH), 48.3 (CH, C,), 44.3 (CH,, C¢), 29.1 (CH,, Cp), 16.5 (CH3, Mey).
FTIR 2923, 2850, 2094, 1625, 1438. HRMS (ESI+) m/z calcd for CysHy7NgO3™ (M+H)™: 459.2139,
found: 459.2137.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(1-(10-Azidododecyl)-1H-indol-3-yl)-2-(4-benzoyl-2-methylpiperazin-1-yl)ethane-1,2-dione
(11)

Sodium azide (101 mg, 1.55 mmol, 1.1 equiv) was added to a solution of bromide 9 (836 mg,
1.41 mmol) in DMF (14 mL) under a dry N, atmosphere. The reaction was stirred overnight at room
temperature. The mixture was diluted with H,O (140 mL) and extracted with Et,O (3 x 50 mL). The
organic layers were collected, washed with H,O (3 x 40 mL), dried over anhydrous MgSQ,, filtered
and concentrated. The residue was purified by flash column chromatography (CH,Cl,/MeOH 95:5) to
give 734 mg (1.32 mmol, 94%) of azide 11.

° \}/@ Colorless oil. R (CH,CI/MeOH 95:5) 0.51. ‘H NMR (CDCl,, 400
MHz): § 8.29 (br s, 1H), 7.85 (s, 1H, H,), 7.44 — 7.34 (m, 5H, Hay),

(Nj\ 7.33-7.26 (M, 3H), 4.94 — 2.94 (br m, 7H, Hyp), 4.11 (t, J = 7.0, 2H,
o, H.), 3.21 (t, J = 6.3, 2H, H), 1.84 (br s, 2H), 1.60 — 1.49 (m, 2H), 1.37
A 9 o — 1.16 (m, 15H). *C NMR (CDCls, 100.6 MHz): & 184.8 (CO), 171.3
6 \ (NCO), 166.3 (NCO), 138.1 (CH, C,), 137.0 (C), 135.1 (C,), 130.0
' \ﬁL (CH, Cpp), 128.6 (CH, Cpy), 127.0 (CH, Cpp), 126.2 (Cy), 124.0 (CH),
%N; 123.3 (CH), 122.6 (C), 113.2 (CH), 110.3 (CH), 51.4 (CH,, C,), 49.8

(Coip), 47.4 (CHy, Co), 42,5 (Cpip), 40.9 (CHy, Cpip), 35.8 (CHa, Cyip), 29.7 (CHy), 29.3 (CHy), 29.2
(CH,), 29.0 (CHy), 29.0 (CHy), 28.9 (CH,), 28.7 (CH,), 26.6 (CH,), 16.1 (CHs, Mey;), 15.0 (CHs,
Mey;,). FTIR 2932, 2853, 2087, 2088, 1675, 1629. HRMS (ESI+) m/z calcd for CgHiNeO;™ (M+H)™:
557.3235, found: 557.3239.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(1-(prop-2-yn-1-yl)-1H-indol-3-yl)ethane-1,2-dione
(13)

Sodium hydride (60% dispersion in mineral oil, 5.00 mg, 0.127 mmol, 0.95 equiv) was added to a
solution of compound 7 (50 mg, 0.13 mmol) in DMF (1.3 mL) under a dry N, atmosphere, at 0 °C.
After 30 min with vigorous stirring, propargyl bromide (80% in toluene, 30 uL, 0.27 mmol, 2.0 equiv)
was added and the reaction was stirred overnight at room temperature. The mixture was diluted with
H,O (15 mL) and extracted with EtOAc (3 x 10 mL). The organic layers were collected, washed with
H,0O (3 x 5 mL), dried over anhydrous MgSQ,, filtered and concentrated. The residue was purified by
flash column chromatography (CH,CIl,/MeOH 95:5) to give 34 mg (82 umol, 62%) of compound 13.
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o\}/@ Yellowish oil. R (CH,CI,/MeOH 95:5) 0.65. 'H NMR (CDCls, 400
MHz): § 8.33 (br s, 1H, H,), 8.04 — 7.98 (m, 1H), 7.52 — 7.33 (m, 8H),

z

(J\ 4.91(d, J = 2.5, 2H, H,), 4.86 — 3.00 (M, 7H, Hy;p), 2.50 (d, J = 2.6, 1H,
o, N Ho), 1.29 (br s, 3H, Meyp). °C NMR (CDCls, 100.6 MHz): & 185.0
. @E\i/é 0 (CO), 171.5 (NCO), 166.2 (NCO), 137.7 (CH, C,), 136.7 (C,), 135.2
6 \ (Cg), 130.2 (CH, Cpr), 128.8 (CH, Cpy), 127.1 (CH, Cpp), 1265 (Cy),

T, 124.6 (CH), 123.9 (CH), 122.6 (CH), 114.1 (C,), 110.3 (CH), 75.8 (Cy),

75.7 (CHa, C.), 46.9 (Cyip), 43.7 (Cpip), 41.9 (Cyip), 37.0 (CH, Cy), 36.5
(Cyip), 16.5 (CH3, Meyip), 15.2 (CHs, Meyy).

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(1-(propa-1,2-dien-1-yl)-1H-indol-3-yl)ethane-1,2-
dione (12)
o\}/@ Yellowish oil. Ry (CH,Cl,/MeOH 95:5) 0.65. ‘H NMR (CDCl;, 400
MHz): 6 8.34 (br s, 1H, H,), 7.94 (d, J = 3.6, 1H), 7.64 — 7.59 (m, 1H),

N
(/l 7.47 —7.39 (m, 5H, Hpp), 7.39 — 7.34 (m, 2H), 7.17 (t, J = 6.5, 1H, H,),
o, N 572 (d, J = 6.5, 1H, Hp), 4.88 — 3.05 (m, 7H, Hyi), 1.29 (br s, 3H,
A § o Me,ip). HRMS (ESI+) m/z caled for CpsHzsN3O5" (M+H)™: 413.1739,
; N found: 413.1742.
//.) ) Note: The NMR spectra are complicated because the sample is a mix

of rotamers.

6.1.2. Substitutions at C4
Methyl 2-oxo-2-(1H-pyrrolo[2,3-b]pyridin-3-yl)acetate (14)*°

7-Azaindole (1.00 g, 8.47 mmol) was added to a suspension of AICI; (5.64 g, 42.3 mmol, 5.0
equiv) in CH,Cl, (200 mL) under a dry N, atmosphere. The mixture was stirred for 1 h at room
temperature, cooled to 0 °C and methyl chlorooxoacetate (3.6 mL, 42 mmol, 5.0 equiv) was slowly
added. The reaction was stirred for 6 h at room temperature. The reaction was quenched by careful
addition of MeOH (50 mL) at 0 °C and the solvent was removed under reduced pressure. The residue
was purified by flash column chromatography (CH,Cl,/MeOH 95:5) to give 1.15 g (5.27 mmol, 62%)

of compound 14.

OMe  Colorless oil. Ry (CH,Cl,/MeOH 95:5) 0.21. *H NMR (DMSO-ds, 400 MHz):

(0]
. o 5 11.66 (br s, 1H, NH), 8.59 (s, 1H, H,), 8.46 (dd, J = 7.9, 1.6, 1H), 8.39 (dd, J
5~
I e = 4.7, 1.6, 1H), 7.32 (dd, J = 7.9, 4.7, 1H, Hs), 3.90 (s, 3H, COOMe). *C
N1
NTOH NMR (DMSO-dg, 100.6 MHz): & 179.3 (CO), 164.4 (CO), 147.7 (Cy), 145.6
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(CH), 139.0 (CH, C,), 130.2 (Cy), 119.5 (CH, Cs), 118.9 (CH), 112.1 (Cy), 53.3 (CH3, Me). HRMS
(ESI+) m/z caled for C;oHoN,O5" (M+H)™: 205.0608, found: 205.0610.

Potassium 2-oxo-2-(1H-pyrrolo[2,3-b]pyridin-3-yl)acetate (15)*

K,CO; (1.06 g, 7.64 mmol, 2.0 equiv) in H,0O (9.5 mL) was added to a solution of compound 14
(780 mg, 3.82 mmol) in MeOH (9.5 mL) under a dry N, atmosphere. The reaction was stirred
overnight at room temperature until all the product was precipitated. The solid was filtered and washed
with a cooled mixture of H,O/MeOH 1:1 to afford 733 mg (3.21 mmol, 84%) of compound 15.

OK  White solid. 'H NMR (DMSO-ds, 400 MHz): & 8.40 (dd, J = 7.8, 1.6, 1H), 8.24

(@)
. o (dd,J=47, 15, 1H), 8.11 (s, 1H, Hy), 7.14 (dd, J = 7.8, 4.7, 1H, Hs). ®C NMR
5 =~
ISR (DMSO-ds, 100.6 MHz): & 180.7 (CO), 169.8 (CO), 148.3 (C), 144.4 (CH),
N1
N 136.6 (CH, C»), 130.3 (C,), 118.9 (CH, Cs), 118.0 (CH), 113.2 (C,).

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(1H-pyrrolo[2,3-b]pyridin-3-yl)ethane-1,2-dione
(16)46

Procedure A: N,N-Diisopropylethylamine (DIPEA, 0.76 mL, 4.4 mmol, 2.0 equiv) was added to a
solution of compound 15 (500 mg, 2.19 mmol), piperazine 5 (470 mg, 2.30 mmol, 1.05 equiv) and 3-
(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one (DEPBT, 702 mg, 2.30 mmol, 1.05 equiv) in
DMF (20 mL) under a dry N, atmosphere. The reaction mixture was stirred for 2 h at room
temperature and the solvent was removed under reduced pressure. The reaction was diluted with
saturated aqueous NaHCO; solution (30 mL) and extracted with EtOAc (3 x 50 mL). The combined
organic phases were dried over anhydrous MgSQ,, filtered and concentrated. The residue was purified
by flash column chromatography (CH,CIl,/MeOH 95:5) to give 493 mg (1.31 mmol, 60%) of desired

compound 16.

Procedure B: Butyllithium (1.6 M in hexanes, 0.46 mL, 0.74 mmol, 3.0 equiv) at —78 °C was
slowly added to a solution of piperazine 5 (150 mg, 0.735 mmol, 3.0 equiv) in THF (1.3 mL) under a
dry N, atmosphere, at —78 °C. The mixture was slowly heated to 0 °C and stirred for 30 min. Then,
compound 14 (50 mg, 0.25 mmol) in THF (1.3 mL) at —78 °C was slowly added to the reaction
mixture under a dry N, atmosphere, at —78 °C. The reaction mixture was slowly heated to room
temperature and stirred for 4 h. The solvent was removed under reduced pressure and the residue was
purified by flash column chromatography (CH,Cl,/MeOH 95:5) to give 60 mg (0.16 mmol, 65%) of

desired compound 16.
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o@ Yellowish oil. Rs (CH,Cl,/MeOH 95:5) 0.23. 'H NMR (CDCls, 400
MHz): & 11.90 (br s, 1H, NH), 8.65 (d, J = 7.9, 1H), 8.44 (d, J = 4.7,

(Nj\ 1H), 8.19 (s, 1H, H,), 7.47 — 7.38 (m, 5H, Hey), 7.34 (dd, J = 7.8, 4.9,
o, N 1H, Hs), 5.17 — 3.00 (br m, 7H, Hyp), 1.33 (br s, 3H, Meyp). °C NMR
. ~, o (CDCls, 100.6 MHz): & 185.3 (CO), 172.0 (NCO), 168.1 (NCO), 148.8
Sy (Cy), 144.9 (CH), 137.3 (CH, C), 135.1 (Cy), 130.5 (C,), 130.1 (CH,

Cot), 128.7 (CH, Cpy), 127.1 (CH, Cpp), 118.8 (CH, Cs), 117.9 (CH),
112.9 (Cy), 50.5 (Cpip), 45.3 (Cpip), 42.6 (Cpip), 36.1 (Cpip), 14.4 (CHs, Mepy,), 13.6 (CHs, Mepy).
HRMS (ESI+) m/z calcd for CpyHauN,O5" (M+H)*: 377.1608, found: 377.1611.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-3-(2-(4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-1H-pyrrolo[2,3-b]pyridine 7-oxide
(17)46

3-Chloroperoxybenzoic acid (mCPBA, 261 mg, 1.51 mmol, 1.5 equiv) was added to a solution of
compound 16 in acetone (10 mL) under a dry N, atmosphere. The reaction mixture was stirred for 3 h
at room temperature until all the product was precipitated. The solid was filtered and washed with cold
acetone to afford 297 mg (0.757 mmol, 75%) of compound 17.

o \}/@ Yellowish oil. Ry (CH.CI,/MeOH 95:5) 0.23. *H NMR (CDCls, 400
MHz): & 8.32 (d, J = 7.2, 1H), 8.26 (d, J = 7.3, 1H), 8.00 (s, 1H, Hy),

(Nj\ 7.48 — 7.38 (m, 5H, Hpy), 7.30 (t, J = 7.2, 1H, Hs), 4.88 — 2.99 (br m,
o. N 7H, Hyip), 1.18 (br s, 3H, Mey,). °C NMR (CDCls, 100.6 MHz): &
o A, 0 186.1 (CO), 171.2 (NCO), 164.8 (NCO), 140.2 (C,), 137.3 (CH, Cy),
N 137.1 (CH, C,), 135.4 (C,), 133.7 (C,), 130.0 (CH, Cpy), 128.6 (CH,

g : Cer), 127.0 (CH, Cpy), 119.5 (CH, Cs), 118.4 (CH, C), 112.7 (C,), 49.5

(Cyip), 45.0 (Cypip), 44.8 (Cpip), 34.9 (Cyip), 15.3 (CH3, Meyp), 14.2 (CH,
Meyi,). HRMS (ESI+) m/z caled for C,1H,N,O," (M+H)™: 393.1557, found: 393.1562.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-3-(2-(4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-4-nitro-1H-pyrrolo[2,3-b]pyridine  7-
oxide (18)*
N-Oxide 17 was dissolved in a 10:1 mixture of TFA and fuming nitric acid (2 mL) and stirred for

8 h at room temperature. The reaction was quenched by careful addition of MeOH (1.2 mL) and the

solvent was removed under reduced pressure to give 78 mg (0.18 mmol, 83%) of nitro compound 18.
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o@ Yellowish oil. Rs (CH,Cl,/MeOH 95:5) 0.22. 'H NMR (CDCls, 400
MHz): 6 8.41 — 8.45 (m, 2H), 7.91 (s, 1H, H,), 7.51 — 7.47 (m, 5H,

( Nj\ Her), 4.61 — 3.23 (br m, 7H, Hyy,), 1.34 (br s, 3H, Mey,). °C NMR

80,2 N (CDCls, 100.6 MHz): § 185.1 (CO), 171.6 (NCO), 168.2 (NCO), 144.0
A, 0 (Cy), 143.3 (Cg), 140.9 (Cy), 1415 (CH, Cg), 138.7 (CH, Cy), 134.6
ATV (Co), 131.0 (CH, Cpy), 129.3 (CH, Cpy), 128.9 (CH, Cpp), 115.8 (CH,
8 : Cs), 113.3 (Cg), 50.2 (Cpip), 43.3 (Cpip), 42.6 (Cpip), 15.2 (CHs, Meyyp),

13.8 (CHjs, Meyip). HRMS (ESI+) m/z caled for CpHzoNsOg™ (M+H)™:
438.1408, found: 438.1413.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

2-(2-Azidoethoxy)ethan-1-ol (19)

Sodium azide (339 mg, 5.21 mmol, 1.1 equiv) was added to a solution of 2-(2-chloroethoxy)ethanol
(0.50 mL, 4.7 mmol) in DMF (47 mL) under a dry N, atmosphere. The reaction was stirred overnight
at room temperature. The mixture was diluted with H,O (150 mL) and extracted with EtOAc (3 x 50
mL). The organic layers were collected, washed with H,O (3 x 40 mL), dried over anhydrous MgSO,,
filtered and concentrated to give 578 mg (4.41 mmol, 93%) of azide 19.

Colorless oil. R; (CH,Cl,) 0.36. '"H NMR (CDCl;, 400 MHz): & 3.58 —

3.46 (m, 6H), 3.43 — 3.39 (m, 2H), 3.26 — 3.21 (m, 2H, H,). *C NMR
(CDCls, 100.6 MHz): & 72.1 (CHy), 72.0 (CH,), 69.3 (CH;), 60.9 (CH,), 50.2 (CH,, C»).

*__O__A__N
Ho/\/\/\/3

3 1

(R)-1-(4-(2-(2-Azidoethoxy)ethoxy)-1H-pyrrolo[2,3-b]pyridin-3-yl)-2-(4-benzoyl-2-
methylpiperazin-1-yl)ethane-1,2-dione (20)

Azide 19 (282 mg, 2.15 mmol, 10 equiv) was added to a suspension of sodium hydride (60%
dispersion in mineral oil, 86 mg, 2.2 mmol, 10 equiv) in diethylene glycol dimethyl ether (diglyme) (5
mL) under a dry Ar atmosphere. The mixture was stirred for 1 h at room temperature. Then, a solution
of compound 18 (94 mg, 0.22 mmol) in diglyme (5 mL) was added. The reaction mixture was heated
at 70 °C and stirred overnight. The reaction was quenched by careful addition of MeOH (1.0 mL) and
the solvent was removed under reduced pressure to give a brown solid. PCl; (0.32 mL, 3.6 mmol, 10
equiv) was added to a suspension of this brown solid in EtOAc (10 mL) under a dry Ar atmosphere.
The reaction mixture was stirred overnight at room temperature. The mixture was then cooled at 0 °C
and neutralized to pH 6 by adding a 2 M NaOH solution and the aqueous phase was extracted with
EtOAc (3 x 10 mL). The combined organic phases were dried over anhydrous MgSQ,, filtered and
concentrated. The residue was purified by flash column chromatography (CH,CIl,/MeOH 95:5) to give
46 mg (91 umol, 42%) of desired compound 20.

170



Experimental Section

N, o@ Yellowish oil. Ry (CH,CIl,/MeOH 95:5) 0.41. 'H NMR (CDCls,
d\c N 400 MHz): 6 8.39 (d, J = 5.1, 1H, Hg), 8.02 (s, 1H, H,), 7.53 -
ON g (/l 7.46 (m, 5H, Hpyp), 7.22 (d, J = 5.1, 1H, Hs), 4.88 — 3.21 (br m, 7H,
j’\o o N Hpip), 4.23 —4.19 (m, 2H, H,), 4.02 — 3.97 (m, 2H, Hy), 3.80 — 3.72

s - | \, O (m, 4H, He+Hy), 1.31 (br s, 3H, Me,;,). *C NMR (CDCls, 100.6
Ny ”1 MHz): § 184.9 (CO), 171.2 (NCO), 168.2 (NCO), 145.1 (C,),

143.1 (C,), 142.5 (CH, Cg), 141.2 (Cy), 138.0 (CH, C;), 134.6 (C),
131.0 (CH, Cpr), 129.3 (CH, Cpr), 128.9 (CH, Cpr), 115.8 (CH, Cs), 113.3 (Cy), 69.5 (CH,, C,), 68.6
(CHz, Cy), 65.1 (CH,, Cy), 50.2 (Cyip), 44.8 (CHy, Cy), 43.3 (Cpip), 42.6 (Cyip), 15.2 (CHs, Mey;,), 13.9
(CHs, Meyp). HRMS (ESI+) m/z calcd for CosHasN,Os™ (M+H)*: 506.2146, found: 506.2149.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

tert-Butyl-4-chloro-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (23)

Di-tert-butyl dicarbonate (113 pL, 0.492 mmol, 1.5 equiv) in anhydrous 1,4-dioxane (0.5 mL)
followed by 4-(dimethylamino)pyridine (DMAP, 4.0 mg, 33umol, 0.1 equiv) in anhydrous 1,4-
dioxane (0.5 mL) were added to a solution of 4-cloro-7-azaindole (50 mg, 0.33 mmol) in anhydrous
1,4-dioxane (0.5 mL) under a dry Ar atmosphere. The reaction mixture was stirred for 3 h at room
temperature. The reaction was quenched by careful addition of MeOH (0.5 mL) and the solvent was
removed under reduced pressure to give 77 mg (0.30 mmol, 92%) of compound 23, which was used in

the next step without further purification.

Cl Yellowish oil. R; (CH,Cl,/MeOH 99:1) 0.75. *H NMR (CDCls, 400 MHz): &
m 8.23 (d, J = 5.5, 1H, Hg), 7.18 (d, J = 3.5, 1H, H,), 7.01 (d, J = 5.6, 1H, Hs),
*SNTTN >4 6.54 (d, J = 3.5, 1H, H), 1.62 (s, 9H, Hisu). °C NMR (CDCls, 100.6 MHz): &

o)\ © 151.6 (CO), 159.0 (C,), 149.7 (C), 145.0 (CH, Cg), 125.7 (CH, C,), 110.8

(Cy), 98.7 (CH, Cs), 97.5 (CH, Cs), 84.8 (C,), 28.0 (CHs, 'Bu).

tert-1-Benzyl-4-chloro-1H-pyrrolo[2,3-b]pyridine (26)™*°

Sodium hydride (60% dispersion in mineral oil, 29 mg, 0.72 mmol, 1.1 equiv) followed by
benzyl bromide (86 pL, 0.72 mmol, 1.1 equiv) were added to a solution of 4-chloro-7-azaindole (100
mg, 0.655 mmol) in anhydrous DMF (6.5 mL) under a dry N, atmosphere, at 0 °C. The reaction
mixture was stirred for 2 h at room temperature. The mixture was diluted with H,O (60 mL) and
extracted with EtOAc (3 x 20 mL). The organic layers were collected, washed with H,O (3 x 10 mL),
dried over anhydrous MgSOQ,, filtered and concentrated. The residue was purified by flash column
chromatography (CH,Cl,/MeOH 99:1) to give 144 mg (0.593 mmol, 90%) of compound 26.
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Cl Yellowish oil. R; (CH,Cl,/MeOH 99:1) 0.74. '"H NMR (CDCls, 400 MHz): & 8.24
& \, (d,J=53 1H, Hy), 7.34 — 7.25 (M, 3H, Hy+Hey), 7.23 - 7.17 (m, 3H, Hay), 7.12 (d,
*SNT N J=5.2, 1H, Hs), 6.59 (d, J = 3.6, 1H, H), 5.50 (s, 2H, CH,Ph). *C NMR (CDCl,,

©) 100.6 MHz): 5 159.0 (C,), 149.7 (C,), 145.0 (CH, Cs), 134.6 (C,), 131.0 (CH, Cpp),
129.3 (CH, Cpp), 128.9 (CH, Cpy), 125.7 (CH, Cy), 110.8 (C,), 98.7 (CH, Cs), 97.5
(CH, C3), 47.7 (CH,, NCH,).

General procedure for the obtention of 27, 28, 29 and 30.

Comercially available primary alcohol (1.5 equiv) was added to a mixture of compound 26,
RockPhos Pd G3 (2 mol%) and Cs,CO; (2.0 equiv) in anhydrous toluene (0.5 M) under a dry Ar
atmosphere. The reaction mixture was heated at 90 °C and stirred overnight (in a mw oven). The
mixture was filtered on celite® and the solvent was removed under reduced pressure. The residue was

purified by flash column chromatography (CH,CIl,/MeOH 99:1) to give the desired compound.

1-Benzyl-4-(benzyloxy)-1H-pyrrolo[2,3-b]pyridine (27)

a Yield: 81% (21 mg, 67 pmol). Yellowish oil. Ry (CH,Cl,/MeOH 99:1) 0.52. 'H
A s NMR (CDCls;, 400 MHz): & 8.22 (d, J = 5.6, 1H, Hg), 7.51 — 7.46 (m, 2H, Hpp), 7.44
ﬁjg}z —7.34 (m, 3H, Hpy), 7.31 - 7.24 (m, 3H, Hpy), 7.23 — 7.17 (m, 2H, Hpy), 7.04 (d, J =

3.5, 1H, Hy), 6.62 (d, J = 3.4, 1H, Hy), 6.61 (d, J = 5.4, 1H, Hs), 5.49 (s, 2H, CH)),
d 5.29 (s, 2H, CH,). *C NMR (CDCl;, 100.6 MHz): & 158.8 (C,), 150.3 (C,), 145.3

(CH, Ce), 134.5 (C,), 132.2 (Cy), 131.0 (CH, Cpp), 129.3 (CH, Cep), 129.1 (CH, Coy),
128.9 (CH, Cpp), 128.7 (CH, Cpp), 125.7 (CH, Cy), 110.8 (C,), 98.7 (CH, Cs), 97.5 (CH, C;), 64.6
(CHy, C,), 47.7 (CH,, NCH,). HRMS (ESI+) m/z caled for CyHioN,O" (M+H)™: 315.1492, found:
315.1493.

1-Benzyl-4-(3-chloropropoxy)-1H-pyrrolo[2,3-b]pyridine (28)

P Yield: 89% (22 mg, 7 ). Yellowish oil. R (CH,Cl,/MeOH 99:1) 0.59. 'H
o/\b/\Cl ield: 89% (22 mg, 73 umol). Yellowish oil. R; (CH,Cl,/MeOH 99:1) 0.59
N NMR (CDCls, 400 MHz): & 8.23 (d, J = 5.5, 1H, Hg), 7.33 — 7.23 (m, 3H, Hpp),
A V2 7.21-7.16 (M, 2H, Hep), 7.04 (d, J = 3.5, 1H, H,), 6.56 (d, J = 5.7, 1H, Hs), 6.48

" (d, J = 3.7, 1H, Hs), 5.48 (s, 2H, CH,), 4.35 (t, J = 5.9, 2H, H,), 3.80 (t, J = 6.3,

©) 2H, H,), 2.34 (p, J = 6.1, 2H, Hy). °C NMR (CDClI;, 100.6 MHz): & 159.1 (C,),

149.9 (C,), 145.2 (CH, Cq), 134.3 (Cy), 131.1 (CH, Cpy), 129.1 (CH, Cpy), 128.9

(CH, Cpy), 125.6 (CH, Cy), 110.7 (C,), 98.6 (CH, Cs), 97.1 (CH, Cs), 64.5 (CH,, C,), 47.8 (CH,,

NCH,), 41.4 (CH,, C.), 32.0 (CH,, Cy,). HRMS (ESI+) m/z calcd for Cy;H;sCIN,O (M+H)™
301.1102, found: 301.1105.
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1-Benzyl-4-(2-(2-chloroethoxy)ethoxy)-1H-pyrrolo[2,3-b]pyridine (29)

o/a\b/o\°/d\c:| Yield: 84% (23 mg, 70 umol). Yellowish oil. R¢ (CH,Cl,/MeOH 99:1) 0.46.
2 3 'H NMR (CDCls;, 400 MHz): & 8.22 (d, J = 5.5, 1H, Hg), 7.35 — 7.23 (m,
N | ,\? 2 3H, Hpp), 7.21 — 7.14 (m, 2H, Hpp), 7.03 (d, J = 3.5, 1H, H,), 6.58 (d, J =

3.5, 1H, Hy), 6.54 (d, J = 5.5, 1H, Hs), 5.48 (s, 2H, CH,), 4.37 (t, J = 4.7,
2H, H,), 3.98 (t, J = 4.7, 2H, Hy), 3.88 (t, J = 5.9, 2H, H,), 3.67 (t, J = 5.9,

2H, Hy). HRMS (ESI+) m/z calcd for CigHaoCIN,O,* (M+H)*: 331.1208,
found: 331.1221.

(4-(((1-Benzyl-1H-pyrrolo[2,3-b]pyridin-4-yl)oxy)methyl)phenyl)methanol (30)

OH Yield: 93% (26 mg, 77 pmol). Yellowish oil. Ry (CH,Cl,/MeOH 99:1) 0.48. 'H
NMR (CDCls;, 400 MHz): 6 8.20 (d, J = 5.5, 1H, Hg), 7.48 (d, J = 8.1, 2H, H,), 7.41

L (d, 3=8.0, 2H, H,), 7.33 — 7.24 (M, 3H, Hpy), 7.21 — 7.16 (M, 2H, Hpy), 7.04 (d, J =

o 3.5, 1H, H,), 6.61 (d, J = 3.6, 1H, Hy), 6.59 (d, J = 5.6, 1H, Hs), 5.48 (s, 2H, CH,),
] m 5.29 (s, 2H, CH,), 4.72 (s, 2H, CH,). HRMS (ESI+) m/z calcd for CyHziN,0,"
. \'1@; > (M+H)*: 345.1598, found: 345.1605.

4-Chloro-1-(4-methoxybenzyl)-1H-pyrrolo[2,3-b]pyridine (31)**

Sodium hydride (60% dispersion in mineral oil, 58 mg, 1.4 mmol, 1.1 equiv) followed by 4-
methoxybenzyl chloride (PMBCI, 146 uL, 1.44 mmol, 1.1 equiv) was added to a solution of 4-chloro-
7-azaindole (200 mg, 1.31 mmol) in anhydrous DMF (13 mL) under a dry N, atmosphere, at 0 °C. The
reaction mixture was stirred overnight at room temperature. The mixture was diluted with H,O (130
mL) and extracted with Et,O (3 x 50 mL). The organic layers were collected, washed with H,O (3 x 50
mL), dried over anhydrous MgSO,, filtered and concentrated. The residue was purified by flash
column chromatography (CH,Cl,/MeOH 99:1) to give 351 mg (1.29 mmol, 98%) of compound 31.

Cl Yellowish oil. R¢ (CH,Cl,/MeOH 99:1) 0.70. 'H NMR (CDCls, 400 MHz): & 8.23
5 | \ i (d,J=5.2, 1H, He), 7.19 (d, = 3.7, 1H, H,), 7.17 (d, J = 8.8, 2H, Hpy), 7.10 (d, J =
*SNTTN 5.2, 1H, Hs), 6.84 (d, J = 8.7, 2H, Hep), 6.56 (d, J = 3.5, 1H, Hj), 5.40 (s, 2H, CHy),

3.78 (s, 3H, Me). ®C NMR (CDCl;, 100.6 MHz): & 158.8 (C,), 150.0 (C,), 149.6
s (Cy), 145.2 (CH, Cg), 129.9 (Cy), 129.1 (CH, Cpp), 126.2 (CH, Cy), 114.5 (CH, Cpp),

110.8 (C,), 98.9 (CH, Cs), 97.6 (CH, C), 55.5 (CH3, Me), 47.7 (CH,, NCHy).
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4-(3-Chloropropoxy)-1-(4-methoxybenzyl)-1H-pyrrolo[2,3-b]pyridine (32)

3-Chloroethanol (18puL, 0.28 mmol, 1.5 equiv) was added to a mixture of compound 31 (50 mg,
0.18 mmol), RockPhos Pd G3 (3.0 mg, 3.7 umol, 0.02 equiv) and Cs,CO; (120 mg, 0.367 mmol, 2.0
equiv) in anhydrous toluene (0.5 mL) under a dry Ar atmosphere. The reaction mixture was heated at
90 °C and stirred overnight (in a mw oven). The mixture was filtered on celite® and the solvent was
removed under reduced pressure. The residue was purified by flash column chromatography
(CH,CIl,/MeOH 99:1) to give 47 mg (0.14 mmol, 77%) of compound 32 and 10 mg (0.032 mmol) of
byproduct 33.

AN 32. Yellowish oil. R; (CH,Cl,/MeOH 99:1) 0.60. ‘H NMR (CDCls, 400 MHz): &
(0) Cl

s 3 8.23(d, J=5.5, 1H, He), 7.16 (d, J = 8.7, 2H, Hpp), 7.01 (d, J = 3.5, 1H, H,), 6.82
AN | ': 2 (d, 3 =8.7, 2H, Hpp), 6.55 (d, J = 5.6, 1H, Hs), 6.53 (d, J = 3.5, 1H, H3), 5.40 (s,

2H, NCH.,), 4.33 (t, J = 5.9, 2H, H,), 3.79 (t, J = 6.3, 2H, H,), 3.76 (s, 3H, Me),

2.33 (p, J = 6.1, 2H, Hy). ®*C NMR (CDCls, 100.6 MHz): § 159.0 (C,), 149.7

0 (Cy), 149.7 (Cy), 145.0 (CH, Ce), 130.0 (Cg), 129.0 (CH, Cpy), 125.7 (CH, Cy),

' 114.2 (CH, Cpy), 110.8 (Cy), 98.7 (CH, Cs), 97.5 (CH, Cy), 64.6 (CH;, C,), 55.4

(CHs, Me), 47.7 (CH, NCHy), 41.5 (CH, C), 32.2 (CH, C,). HRMS (ESI+) m/z calcd for
C1sHxCIN,O," (M+H)*: 331.1208, found: 331.1213.

s 33. Yellowish oil. Ry (CH,Cl,/MeOH 99:1) 0.24. *H NMR (CDCls, 400 MHz):
O/\/\OH
A §8.22 (d, J = 5.5, 1H, Hy), 7.15 (d, J = 8.6, 2H, Hey), 7.00 (d, J = 3.5, 1H, Hy),
ISR 6.82 (d, J = 8.7, 2H, Hpy), 6.55 (d, J = 5.6, 1H, Hs), 6.52 (d, J = 3.5, 1H, Hy),
N N

5.40 (s, 2H, NCH,), 4.34 (t, J = 6.0, 2H, H,), 3.91 (t, J = 5.9, 2H, H,), 3.77 (s,

3H, Me), 2.14 (p, J = 6.0, 2H, Hy). *C NMR (CDCls, 100.6 MHz): & 159.2 (C,),

o 159.1 (C,), 149.7 (C,), 145.0 (CH, Cs), 130.1 (Cy), 129.0 (CH, Cpp), 125.6 (CH,

Cy), 114.2 (CH, Cpp), 110.8 (Cy), 98.7 (CH, Cs), 97.5 (CH, C3), 65.8 (CHy, Cy),

60.3 (CH,, C.), 55.4 (CHs, Me), 47.7 (CH,, NCH,), 32.1 (CH,, C,). HRMS (ESI+) m/z calcd for
C1sH2N,O5" (M+H)": 313.1547, found: 313.1549.

1-(4-methoxybenzyl) -1H-indole (38)'*?

Sodium hydride (60% dispersion in mineral oil, 38 mg, 0.94 mmol, 1.1 equiv) followed by 4-
methoxybenzyl chloride (PMBCI, 95 pL, 0.94 mmol, 1.1 equiv) was added to a solution of indole (100
mg, 0.854 mmol) in anhydrous DMF (8 mL) under a dry N, atmosphere, at 0 °C. The reaction mixture
was stirred overnight at room temperature. The mixture was diluted with H,O (80 mL) and extracted
with Et,O (3 x 30 mL). The organic layers were collected, washed with H,O (3 x 20 mL), dried over
anhydrous MgSO,, filtered and concentrated. The residue was purified by flash column
chromatography (CH,Cl,/MeOH 99:1) to give 192 mg (0.809 mmol, 95%) of protected compound 38.
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A 3 Yellowish oil. R¢ (CH,Cl,/MeOH 99:1) 0.86. 'H NMR (CDCls, 400 MHz): & 7.68
sz (d,J =33, 1H, H,), 7.33 (d, J = 8.2, 1H), 7.23 - 7.18 (m, 1H), 7.17 — 7.12 (m, 2H),
! 7.09 (d, J = 8.6, 2H, Hpy,), 6.85 (d, J = 8.7, 2H, Hpyp), 6.57 (d, J = 3.2, 1H, Hs), 5.27
(s, 2H, NCH,), 3.79 (s, 3H, Me).
q

1-(4-methoxybenzyl)-1H-pyrrolo[2,3-b]pyridine (39)**

Sodium hydride (60% dispersion in mineral oil, 37 mg, 0.93 mmol, 1.1 equiv) followed by 4-
methoxybenzyl chloride (PMBCI, 94 pL, 0.93 mmol, 1.1 equiv) was added to a solution of 7-
azaindole (100 mg, 0.846 mmol) in anhydrous DMF (8 mL) under a dry N, atmosphere, at 0 °C. The
reaction mixture was stirred overnight at room temperature. The mixture was diluted with H,O (80
mL) and extracted with Et,O (3 x 30 mL). The organic layers were collected, washed with H,O (3 x 20
mL), dried over anhydrous MgSO,, filtered and concentrated. The residue was purified by flash
column chromatography (CH,CI,/MeOH 99:1) to give 186 mg (0.781 mmol, 92%) of protected
compound 39.

A Yellowish oil. R (CH,Cl,/MeOH 99:1) 0.59. '"H NMR (CDCls, 400 MHz): & 8.36
m (d, 3= 4.7, 1H, Hy), 7.92 (d, J = 7.8, 1H, He), 7.18 (d, J = 8.5, 2H, Hpy), 7.16 (d, J =
3.6, 1H, Hy), 7.07 (dd, J = 7.8, 4.7, 1H, Hs), 6.84 (d, J = 8.7, 2H, Hpp), 6.46 (d, J =
3.5, 1H, H3), 5.44 (s, 2H, NCH,), 3.77 (s, 3H, Me). *C NMR (CDCls, 100.6 MHz):
0 § 159.2 (Cy), 147.7 (C,), 143.1 (CH, Cy), 130.0 (C,), 129.1 (CH, Cpp), 128.9 (CH,
Co), 127.9 (CH, Cy), 120.7 (Cg), 115.9 (CH, Cs), 114.2 (CH, Cpy), 100.1 (CH, Cs),

55.4 (CHs, Me), 47.4 (CH,, NCH,).

4-Chloro-1-tosyl-1H-pyrrolo[2,3-b]pyridine (40)**

Sodium hydride (60% dispersion in mineral oil, 79 mg, 2.0 mmol, 1.5 equiv) followed by p-
toluenesulfonyl chloride (TsCI, 382 mg, 1.97 mmol, 1.5 equiv) was added to a solution of 4-chloro-7-
azaindole (200 mg, 1.31 mmol) in anhydrous THF (13 mL) under a dry N, atmosphere, at 0 °C. The
reaction mixture was stirred overnight at room temperature. The mixture was diluted with NaHCO;
(40 mL) and extracted with EtOAc (3 x 20 mL). The organic layers were collected, dried over
anhydrous MgSO,, filtered and concentrated. The residue was purified by flash column

chromatography (CH,Cl,) to give 375 mg (1.22 mmol, 93%) of protected compound 40.
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Cl Yellowish oil. R¢ (CH,Cl,/MeOH 99:1) 0.59. 'H NMR (CDCls, 400 MHz): & 8.23
5m2 (d, J=5.3, 1H, Hg), 7.98 (d, J = 8.5, 2H, Hy,), 7.69 (d, J = 4.1, 1H, H,), 7.20 (d, J
°N N‘s’o = 8.7, 2H, Hyy), 7.11 (d, J = 5.3, 1H, Hs), 6.61 (d, J = 4.1, 1H, Ha3), 2.29 (s, 3H,

o=~

Me). *C NMR (CDCls, 100.6 MHz): & 147.6 (C,), 145.6 (C,), 145.4 (CH, Cg),
136.8 (Cy), 135.2 (Cy), 129.8 (CH, Crq), 128.3 (CH, Cry), 127.0 (CH, C,), 122.3
(Cy), 119.1 (CH, Cs), 103.4 (CH, Cs), 21.8 (CH3, Me).

4-(3-Chloropropoxy)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (41)

3-Chloroethanol (16 pL, 0.24 mmol, 1.5 equiv) was added to a mixture of compound 40 (50 mg,
0.16 mmol), RockPhos Pd G3 (14 mg, 16 pmol, 0.1 equiv) and Cs,CO; (58 mg, 0.18 mmol, 1.1 equiv)
in anhydrous toluene (0.4 mL) under a dry Ar atmosphere. The reaction mixture was heated at 90 °C
and stirred overnight (in a mw oven). The mixture was filtered on celite® and the solvent was removed
under reduced pressure. The residue was purified by flash column chromatography (CH,CI,) to give
50 mg (0.14 mmol, 85%) of compound 41 (Entry 2, Table 1.1).

N Yellowish oil. Rf (CH,Cl,) 0.30. *H NMR (CDCls, 400 MHz): & 8.29 (d, J = 5.6,
A < 1H, He), 8.03 (d, J = 8.4, 2H, Hry), 7.56 (d, J = 4.0, 1H, H,), 7.24 (d, J = 8.2, 2H,
N | " ? Hrol), 6.63 (d, J = 4.0, 1H, H3), 6.62 (d, J = 5.7, 1H, Hs), 4.26 (t, J = 5.9, 2H, H,),

0=5°° 3.73 (t, J = 6.2, 2H, H.), 2.34 (s, 3H, Me), 2.28 (p, J = 6.0, 2H, H,). *C NMR
(CDCl;, 100.6 MHz): & 159.0 (C), 149.0 (C,), 147.1 (CH, Ce), 145.2 (C,), 135.6
(Cy), 129.7 (CH, Cra), 128.1 (CH, Crq), 124.3 (CH, Cy), 113.1 (Cy), 102.6 (CH,
Cs), 101.6 (CH, Cs), 64.8 (CH,, C,), 41.2 (CH,, C.), 31.9 (CH,, Cp), 21.7 (CHs,
Me).

4-(3-Chloropropoxy)-1H-pyrrolo[2,3-b]pyridine (42)

MeOH (26 mL, 1.1 mol, excess) was added to a mixture of compound 41 (245 mg, 0.672 mmol)
and Cs,CO; (1.09 g, 3.36 mmol, 5.0 equiv) in THF (40 mL) under a dry N, atmosphere, at 0 °C. The
reaction was stirred overnight at room temperature. The mixture was diluted with saturated aqueous
NH,CI solution (60 mL) and extracted with CH,Cl, (3 x 25 mL). The organic layers were collected,
dried over anhydrous MgSO,, filtered and concentrated to give 138 mg (0.655 mmol, 97%) of

deprotected compound 42.

o/aN’/C\CI Yellowish oil. Ry (CH,Cl,/MeOH 99:1) 0.21. '"H NMR (CDCls;, 400 MHz): &
A 10.53 (br s, 1H, NH), 8.16 (d, J = 5.6, 1H, Hy), 7.19 (d, J = 3.5, 1H, H,), 6.55 (d,
Ny | h} ? J=55, 1H, Hs), 6.54 (d, J = 3.6, 1H, H3), 4.35 (t, J = 5.9, 2H, H,), 3.80 (t, J =
H 6.2, 2H, Ho), 2.34 (p, J = 6.1, 2H, Hy). °C NMR (CDCls, 100.6 MHz): & 159.3
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(Cy), 150.3 (C,), 144.6 (CH, C), 122.9 (CH, C,), 110.7 (C), 98.6 (CH, Cs), 98.2 (CH, Cs), 64.7 (CH,,
C.), 41.5 (CH,, Co), 32.2 (CH,, Cy).

4-(2-(2-Chloroethoxy)ethoxy)-1-tosyl-1H-pyrrolo[2,3-b]pyridine (43)

2-(2-Chloroethoxy)ethanol (158 L, 1.50 mmol, 1.5 equiv) was added to a mixture of compound
40 (306 mg, 0.998 mmol), RockPhos Pd G3 (17 mg, 20 umol, 0.02 equiv) and Cs,CO; (357 mg, 1.10
mmol, 1.1 equiv) in anhydrous toluene (2 mL) under a dry Ar atmosphere. The reaction mixture was
heated at 90 °C and stirred overnight (in a mw oven). The mixture was filtered on celite® and the
solvent was removed under reduced pressure. The residue was purified by flash column

chromatography (CH,Cl,) to give 208 mg (0.527 mmol, 53%) of compound 43.

o0 oA Yellowishoil. Ry (CH,CL) 0.36. 'H NMR (CDCls, 400 MHz):  8.27 (d, J =
3 5.7, 1H, Hg), 8.02 (d, J = 8.4, 2H, H+y), 7.55 (d, J = 4.0, 1H, H,), 7.23 (d, J

57
Ay N 2 = 8.6, 2H, Hry), 6.66 (d, J = 4.0, 1H, H3), 6.60 (d, J = 5.7, 1H, Hs), 4.26 (m,
5-5°° 2H, Ha), 3.91 (m, 2H, Hy), 3.81 (t, J = 5.7, 2H, H,), 3.62 (t, J = 5.8, 2H, Hy),

2.33 (s, 3H, Me). *C NMR (CDCl;, 100.6 MHz): § 158.9 (C,), 148.9 (Cy),

146.9 (CH, Cq), 145.0 (Cy), 135.4 (C,), 129.6 (CH, Cry), 127.9 (CH, Cry),

124.2 (CH, C,), 113.1 (C), 102.8 (CH, Cs), 101.6 (CH, Cs), 71.6 (CH,, Cy),
69.3 (CH,, Cp), 67.8 (CH,, C.), 42.7 (CH,, Cy), 21.6 (CH3, Me).

3-Azidopropan-1-ol (44)'*

Sodium azide (5.06 g, 77.8 mmol, 1.3 equiv) was added to a solution of 3-chloro-1-propanol (5.0
mL, 60 mmol) in H,O (14 mL) under a dry N, atmosphere. The reaction mixture was heated at 80 °C
and stirred for 24 h. After cooling, the reaction mixture was diluted with brine (20 mL) and extracted
with EtOAc (3 x 25 mL), dried over anhydrous MgSQ,, filtered and concentrated to give 5.49 g (54.3
mmol, 91%) of azide 44.

Yellowish oil. Rf (CH,Cl,) 0.36. *H NMR (CDCls, 400 MHz): & 3.66 (t, J = 6.1,
2H, H,), 3.37 (t, J = 6.1, 2H, H,), 2.88 (br s, 1H, OH), 1.76 (p, J = 6.1, 2H, Hy).
3C NMR (CDCl;, 100.6 MHz): § 59.5 (CH,, C.), 48.3 (CH,, C.), 31.4 (CH,, Cy). FTIR 3331, 2944,
2880, 2088.

HO™ NN,

4-(2-(2-Chloroethoxy)ethoxy)-1H-pyrrolo[2,3-b]pyridine (46)

MeOH (15 mL, 0.63 mol, excess) was added to a mixture of compound 43 (150 mg, 0.380 mmol)
and Cs,CO3 (619 mg, 1.90 mmol, 5.0 equiv) in THF (25 mL) under a dry N, atmosphere, at 0 °C. The
reaction was stirred overnight at room temperature. The mixture was diluted with saturated aqueous

NH,4CI solution (40 mL) and extracted with CH,Cl, (3 x 20 mL). The organic layers were collected,
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dried over anhydrous MgSQ,, filtered and concentrated to give 78 mg (0.32 mmol, 85%) of compound
46.

a d i i 1 : =
O/WO\V\Cl Yellowish oil. Rf (CH,CI,) 0.23. "H NMR (CDCl;, 400 MHz): 6 8.12 (d, J
s 5.6, 1H, He), 7.17 (d, J = 3.5, 1H, H,), 6.56 (d, J = 3.5, 1H, H3), 6.52 (d, J =
5 / \
S | N 2 5.6, 1H, Hs), 4.37 — 4.28 (m, 2H, H,), 3.99 — 3.93 (m, 2H, H,), 3.86 (t, J =
N

H 5.8, 2H, H,), 3.65 (t, J = 5.8, 2H, Hy). *C NMR (CDCl;, 100.6 MHz):
159.3 (Cy), 150.2 (C,), 144.4 (CH, Cg), 122.9 (CH, C,), 110.8 (C,), 98.7 (CH, C3), 98.3 (CH, Cs), 71.8
(CH,, C.), 69.6 (CH,, Cb), 67.8 (CH,, C,), 42.9 (CH,, C).

4-(3-Bromopropoxy)-1H-indole (49)

1,3-Dibromopropane (1.93 mL, 18.8 mmol, 5.0 equiv) and K,CO; (2.60 g, 18.8 mmol, 5.0 equiv)
were added to a solution of 4-hydroxy-1H-indole (500 mg, 3.76 mmol) in acetone (10.5 mL). The
reaction mixture was refluxed for 48 h. After cooling, the reaction mixture was filtered and the solvent
was removed under reduced pressure. The oily residue was dissolved in H,O (50 mL) and extracted
with CH,CI, (3 x 25 mL). The combined organic layers were washed once with saturated aqueous
NaCl (30 mL), dried over anhydrous MgSO,, filtered and concentrated. The residue was purified by
flash column chromatography (CH,CI,) to furnish 938 mg (3.69 mmol, 98%) of bromide 49.

O/a\b/c\Br Colorless oil. Rs (CH,Cl,/MeOH 95:5) 0.66. ‘"H NMR (CDCls, 400 MHz): & 8.08
\ f < (brs, 1H, NH), 7.16 (t, J = 8.0, 1H, He), 7.11 — 7.08 (m, 1H, H,), 7.03 (d, J = 8.2,
N/ 2 1H, Hs), 6.72 — 6.68 (m, 1H, H3), 6.59 (d, J = 7.8, 1H, H;), 4.29 (t, J = 5.8, 2H,
H.), 3.70 (t, J = 6.5, 2H, H.), 2.43 (p, J = 6.3, 2H, H,). *C NMR (CDCls, 100.6
MHz): § 152.4 (C,), 137.4 (C,), 122.8 (CH), 122.8 (CH), 118.8 (C,), 104.8 (CH, Cs), 100.8 (CH, Cy),
99.8 (CH, C3), 65.5 (CH,, C,), 32.7 (CH,, Cyp), 30.4 (CH,, Cy).

6
7 H

4-((10-Bromodecyl)oxy)-1H-indole

1,10-Dibromodecane (5.63 g, 18.8 mmol, 5.0 equiv) and K,CO; (2.60 g, 18.8 mmol, 5.0 equiv)
were added to a solution of 4-hydroxy-1H-indole (500 mg, 3.76 mmol) in acetone (10.5 mL). The
reaction mixture was refluxed for 48 h. After cooling, the reaction mixture was filtered and the solvent
was removed under reduced pressure. The oily residue was dissolved in H,O (50 mL) and extracted
with CH,CI, (3 x 25 mL). The combined organic layers were washed once with saturated aqueous
NaCl (30 mL), dried over anhydrous MgSQO,, filtered and concentrated. The residue was purified by
flash column chromatography (CH,CI,) to furnish 1.28 g (3.63 mmol, 95%) of bromide.
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5 MBr Colorless oil. Ry (CH,Cl,) 0.77. *"H NMR (CDCls, 400 MHz): & 8.27 (br s, 1H,

: NH), 7.15 — 7.07 (m, 2H, He, H,), 7.01 (d, J = 8.1, 1H, Hs), 6.71 — 6.66 (m, 1H,

. v Hs), 6.53 (d, J = 7.7, 1H, Hy), 4.13 (t, J = 6.5, 2H, H,), 3.41 (t, J = 6.9, 2H, Hy),

T 1.94 — 1.81 (m, 4H), 1.60 — 1.28 (m, 12H). *C NMR (CDCls, 100.6 MHz): &

153.1 (C,), 137.4 (C,), 122.9 (CH), 122.6 (CH), 119.0 (C,), 104.3 (CH, Cs), 100.7 (CH, C;), 100.2

(CH, Cs), 68.1 (CHy, Cy), 34.2 (CH,, C), 33.0 (CH;), 29.6 (CH,), 29.5 (CHy), 29.5 (CH.), 28.9 (CH,),
28.8 (CH,), 28.3 (CH.), 28.3 (CH)).

1H-Indol-4-yl acetate (51)

Pyridine (390 pL, 4.88 mmol, 1.3 equiv) and acetic anhydride (0.53 mL, 5.7 mmol, 1.5 equiv)
was added to a solution of 4-hydroxy-1H-indole (500 mg, 3.76 mmol) in anhydrous CH,Cl, (7.5 mL)
under a dry N, atmosphere, at 0 °C. The reaction was stirred for 4 h at room temperature and the
solvent was removed under reduced pressure. The resulting residue was diluted with H,O (50 mL) and
extracted with EtOAc (3 x 25 mL). The combined organic layers were washed once with saturated
aqueous NaCl (30 mL), dried over anhydrous MgSQ,, filtered and concentrated. The residue was
purified by flash column chromatography (CH,Cl,/MeOH 95:5) to give 616 mg (3.52 mmol, 98%) of
protected alcohol 51.

o) White solid. R (CH,Cl,/MeOH 95:5) 0.74. *H NMR (CDCls, 400 MHz): & 8.27 (br
)J\o s, 1H, NH), 7.27 (d, J = 7.7, 1H, Hs), 7.15 (t, J = 7.9, 1H, Hp), 7.13 — 7.10 (m, 1H,
@ H,), 6.87 (d, J = 7.5, 1H, H,), 6.44 — 6.41 (m, 1H, Hy), 2.40 (s, 3H, Me). *C NMR

N1 (CDCls, 100.6 MHz): & 169.6 (CO), 143.7 (Cy), 137.8 (C,), 124.6 (CH, Cy), 122.2
(CH, Cq), 121.3 (C,), 111.9 (CH, C5), 109.3 (CH, Cs), 9.3 (CH, C3), 21.2 (Me).

3-(2-Chloro-2-oxoacetyl)-1H-indol-4-yl acetate (52)

Oxalyl chloride (410 pL, 4.73 mmol, 1.2 equiv) was added to a solution of compound 51 (690
mg, 3.94 mmol) in anhydrous Et,O (9.3 mL) under a dry Ar atmosphere, at 0 °C. The reaction was
stirred overnight at —20 °C until TLC showed the absence of starting material. The solvent was
removed under reduced pressure to give 1.02 g (3.85 mmol, 98%) of acid chloride 52, which was used

in the next step without further purification.

o) N Reddish solid. 'H NMR (DMSO-ds, 400 MHz): § 12.63 (br s, 1H, NH), 8.34
)J\o ° (d, J=3.4, 1H, H,), 7.45 (d, J = 7.5, 1H, Hs), 7.29 (t, J = 7.9, 1H, He), 6.91 (d,
5 \, © J =77, 1H, H;), 2.35 (s, 3H, COMe). *C NMR (DMSO-ds, 100.6 MHz): &
N N' 180.7 (CO), 169.4 (C0O), 166.3 (COCI), 144.1 (C,), 139.6 (C,), 139.2 (CH, C,),

124.3 (CH, Cq), 118.5 (Cy), 115.9 (CH, Cy), 111.9 (C,), 110.7 (CH, Cs), 21.3
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(R)-3-(2-(4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-1H-indol-4-y| acetate (53)

N,N-Diisopropylethylamine (DIPEA, 1.3 mL, 7.7 mmol, 2.0 equiv) was added to a solution of
oxoacetyl chloride 52 (1.02 g, 3.85 mmol) and piperazine 5 (863 mg, 4.22 mmol, 1.1 equiv) in

anhydrous CH,Cl, (38 mL) under a dry N, atmosphere, at 0 °C. The reaction was stirred overnight at

room temperature and the solvent was removed under reduced pressure. The oily residue was purified
by flash column chromatography (CH,CIl,/MeOH, 98:2 to 95:5) to give 1.64 g (3.78 mmol, 99%) of

compound 53.

Yellowish oil. Ry (CH,Cl,/MeOH 95:5) 0.33. *"H NMR (CDCls, 400
MH?z): 5 10.92 (br s, 1H, NH), 7.52 (br s, 1H, H,), 7.47 — 7.29 (m, 5H,
Hep), 7.14 — 7.09 (m, 1H, Hg), 6.99 (d, J = 7.6, 1H), 6.88 (d, J = 6.2,
1H), 4.97 — 2.81 (br m, 7H, Hyp), 2.45 (5, 3H, COMe), 1.23 (br s, 3H,
Meyi). °C NMR (CDCls, 100.6 MHz): & 184.9 (CO), 171.0 (CO),
170.8 (CO), 167.1 (CO), 144.2 (C,), 139.3 (C,), 138.2 (CH, Cy),
134.9 (C,), 130.3 (CH, Cpy), 128.8 (CH, Cpy), 127.0 (CH, Cpp), 124.8
(CH, Ce), 118.2 (Cy), 116.0 (CH), 113.4 (C,), 110.9 (CH), 49.9 (Cyip), 41.8 (Cyip), 41.0 (Cpip), 35.6
(Cpip), 21.6 (COMe), 15.1 (CH3, Mey;,), 14.2 (CH3, Meyy).

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(4-hydroxy-1H-indol-3-yl)ethane-1,2-dione (54)

Sodium methoxide (663 mg, 12.3 mmol, 2.5 equiv) was added to a solution of acetate 53 (2.13 g,
4.91 mmol) in methanol (50 mL) under a dry N, atmosphere. The reaction was stirred overnight at
room temperature and the solvent was removed under reduced pressure. The residue was dissolved in
EtOAc (50 mL) and washed with H,O (50 mL) and saturated aqueous NaCl (50 mL), dried over
anhydrous MgSQ,, filtered and concentrated to give 1.90 g (4.85 mmol, 97%) of alcohol 54.

o \}/@ Yellowish solid. Ry (CH,Cl,/MeOH 95:5) 0.33. *H NMR (CD,0D, 400
MHz): § 8.57 (s, 1H), 8.00 (s, 0.5H), 7.95 (s, 0.5H), 7.51 — 7.30 (m, 5H,

N
(j\ Her), 7.08 — 6.93 (M, 2H), 6.50 (br s, 1H), 4.82 — 2.95 (br m, 7H, Hy),
on © N 1.25 (br s, 3H, Me,). °C NMR (CD;0D, 100.6 MHz): & 182.1 (CO),
S { o 170.5 (NCO), 169.2 (NCO), 152.2 (C,), 149.6 (C,), 148.6 (CH), 136.2
6 N/ i (Cy), 131.2 (CH, Cep), 129.8 (CH, Cpp), 128.1 (CH, Cpy), 125.9 (CH),
7 H

117.7 (Cy), 115.5 (C,), 108.7 (CH), 108.0 (CH), 51.5 (C,ip), 46.1 (Cyip),
41.6 (Cpip), 35.8 (Cypip), 15.3 (CH3, Meyip), 14.2 (CHs, Mey;,). HRMS (ESI+) m/z caled for CpHN30,"
(M+H)": 392.1605, found: 392.1609.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.
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(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(4-(prop-2-yn-1-yloxy)-1H-indol-3-yl)ethane-1,2-
dione (55)

A solution of propargyl bromide (80% in toluene, 32 uL, 0.28 mmol, 1.1 equiv) and Cs,COj3; (92
mg, 0.28 mmol, 1.1 equiv) were added to a solution of compound 54 (100 mg, 255 pmol) in acetone
(1.3 mL). After stirring for 2 h, the reaction mixture was filtered and the solvent was removed under
reduced pressure. The oily residue was dissolved in H,O (10 mL) and extracted with CH,Cl, (3 x 5
mL). The combined organic layers were washed once with saturated aqueous NaCl (10 mL), dried
over anhydrous MgSO,, filtered and concentrated. The residue was purified by flash column
chromatography (CH,Cl,) to give 76 mg (0.18 mmol, 82%) of compound 55.

o\}/@ Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.82. '"H NMR (CDCls,
400 MHz): 6 10.57 (br s, 1H, NH), 7.86 (d, J = 3.6, 1H, H,), 7.48

(Nj\ _7.34 (m, 5H, Hey), 7.27 (t, J = 7.7, 1H, He), 6.89 (d, J = 8.2,
_ o © N 1H), 6.79 (d, J = 7.2, 1H), 4.85 (d, J = 2.3, 2H, H,), 4.75 — 2.90
7 [ (br m, 7H, Hyp), 2.57 (t, 3 = 2.1, 1H, Hy), 1.30 (br s, 3H, Meyy).
. 0 3C NMR (CDCl,, 100.6 MHz): 3 186.6 (CO), 171.4 (NCO),

7 H

165.2 (NCO), 152.3 (C,), 138.9 (C,), 138.6 (CH, C,), 135.1 (C,),
130.2 (CH, Cep), 128.8 (CH, Cpp), 127.3 (CH, Cg), 127.1 (CH, Cgp), 115.4 (Cy), 114.9 (C,), 109.6
(CH), 101.5 (CH), 76.4 (C=H), 50.3 (Cpip), 46.5 (Cpip), 41.3 (Cpip), 37.4 (CH,, C,), 36.4 (C,ip), 16.5
(CHs, Meyp), 15.1 (CH3, Meyip). HRMS (ESI+) m/z caled for CpsH24N30," (M+H)™: 430.1761, found:
430.1774.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(4-(3-bromopropoxy)-1H-indol-3-yl)ethane-1,2-dione
(56)

1,3-Dibromopropane (262 pL, 2.56 mmol, 5.0 equiv) and K,CO3 (357 mg, 2.56 mmol, 5.0 equiv)
were added to a solution of compound 54 (200 mg, 0.511 mmol) in acetone (2 mL). The reaction
mixture was refluxed for 48 h. After cooling, the reaction mixture was filtered and the solvent was
removed under reduced pressure. The oily residue was dissolved in H,O (25 mL) and extracted with
CH,CI; (3 x 10 mL). The combined organic layers were washed once with saturated aqueous NaCl (20
mL), dried over anhydrous MgSO,, filtered and concentrated. The residue was purified by flash
column chromatography (CH,Cl,) to furnish 165 mg (0.322 mmol, 87%) of compound 56.
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o@ Colorless oil. R (CH,Cl,/MeOH 95:5) 0.74. 'H NMR (CDCls,
400 MHz): 6 10.57 (br s, 1H, NH), 7.86 (d, J = 3.1, 1H, H,),

N
( 7.50 — 7.30 (M, 5H, Hey), 7.23 (t, J = 8.0, 1H, He), 6.85 (d, J =
5 O N 8.2, 1H), 6.75 (br d, J = 7.8, 1H), 5.09 — 2.80 (br m, 7H, Hyp),
b
. { 0 432 (t, J = 6.6, 2H, H,), 3.30 (t, J = 6.0, 2H, Ho), 2.37 (p, J =
2

/ 6.3, 2H, Hy), 1.29 (br s, 3H, Mey;,). *C NMR (CDCls, 100.6

MHz): § 186.4 (CO), 171.4 (NCO), 165.2 (NCO), 152.4 (C,),
139.7 (CH, Cy), 139.1 (Cy), 135.1 (Cy), 130.2 (CH, Cpy), 128.8 (CH, Cpy), 127.2 (CH, Cs), 127.1 (CH,
Cen), 115.4 (Cy), 114.5 (Cy), 109.3 (CH, Cy), 101.5 (CH, Cs), 50.2 (C,pp), 45.7 (CHz, C,), 42.3 (Cpip),
41.1 (Cyip), 36.2 (Cpip), 31.4 (CHy, C;), 29.7 (CH,, Cy), 15.2 (CH3, Meyp), 14.0 (CHs, Meyi,). HRMS
(ESI+) m/z calcd for CpsHp7BrNsO," (M+H)*: 512.1179 and 514.1159, found: 512.1229 and 514.1185.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(4-((10-bromodecyl)oxy)-1H-indol-3-yl)ethane-1,2-
dione (57)

1,10-Dibromodecane (3.64 g, 12.1 mmol, 5.0 equiv) and K,CO; (1.68 g, 12.1 mmol, 5.0 equiv)
were added to a solution of compound 54 (950 mg, 2.43 mmol) in acetone (7 mL). The reaction
mixture was refluxed for 48 h. After cooling, the reaction mixture was filtered and the solvent was
removed under reduced pressure. The oily residue was dissolved in H,O (70 mL) and extracted with
CH,CI, (3 x 40 mL). The combined organic layers were washed once with saturated aqueous NaCl (50
mL), dried over anhydrous MgSQO,, filtered and concentrated. The residue was purified by flash
column chromatography (CH,CI,) to furnish 1.01 g (1.65 mmol, 78%) of bromide 57.

o\}/@ Colorless oil. Rs (CH,Cl,/MeOH 95:5) 0.65. *H NMR (CDCls,
400 MHz): & 10.64 (br s, 1H, NH), 7.79 (br s, 1H, H,), 7.48 —

N
(j\ 7.37 (m, 5H, Hpp), 7.28 — 7.20 (M, 1H, He), 6.83 (d, J = 8.2,
Cc a N
a0 o) 1H), 6.77 (d, J = 7.8, 1H), 5.01 — 2.86 (br m, 7H, Hy;y), 4.09 (t,
; { o J=7.2,2H, H,), 3.40 (t, J = 6.8, 2H, H,), 1.92 — 1.79 (m, 4H),
6 N ’ 1.48 — 1.17 (m, 15H). **C NMR (CDCls, 100.6 MHz): & 186.1
7 H

(CO), 171.5 (NCO), 165.5 (NCO), 152.4 (C), 139.4 (CH, C,),
135.1 (Cy), 135.1 (Cy), 130.3 (CH, Cpy), 128.8 (CH, Cyp), 127.2 (CH, Cpy), 127.0 (CH, Cg), 1155 (Cy),
114.4 (C,), 109.2 (CH), 101.7 (CH), 50.2 (Cpyp), 48.1 (CH,, Cy), 41.3 (Cyip), 36.7 (Cpip), 34.2 (CH,, Co),
32.9 (CH,), 29.6 (CH,), 29.4 (CH,), 29.1 (CH,), 28.8 (CH,), 28.2 (CH,), 26.9 (CH,), 15.9 (CH,
Meyip), 13.9 (CHs, Meyp). HRMS (ESI+) m/z caled for CiHuBrN;O," (M+H)™: 610.2275 and
612.2254, found: 610.2321 and 612.2297.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.
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(R)-1-(4-(3-Azidopropoxy)-1H-indol-3-yl)-2-(4-benzoyl-2-methylpiperazin-1-yl)ethane-1,2-dione
(58)47

Sodium azide (102 mg, 1.57 mmol, 1.2 equiv) was added to a solution of bromide 56 (669 mg,
1.31 mmol) in DMF (13 mL) under a dry N, atmosphere. The reaction was stirred overnight at room
temperature. The mixture was diluted with H,O (130 mL) and extracted with EtOAc (3 x 50 mL). The
organic layers were collected, washed with H,O (3 x 40 mL), dried over anhydrous MgSQO,, filtered

and concentrated to give 580 mg (1.22 mmol, 99%) of azide 58.

o\}/@ Colorless oil. R¢ (CH,Cl,/MeOH 95:5) 0.63. '"H NMR (CDClIs,
400 MHz): 6 10.59 (br s, 1H, NH), 7.82 (d, J = 4.1, 1H, H)),

(N 7.48 —7.36 (M, 5H, Her), 7.25 (t, J = 8.1, 1H, He), 6.84 (d, J =
Ns/\b/‘\o o | 8.2, 1H), 6.78 (br d, J = 7.9, 1H), 4.84 — 2.99 (br m, 7H, Hyip),
5 \, o 4.23 (t, 3 = 6.9, 2H, Ha), 3.33 (t, J = 6.1, 2H, H.), 2.1 (p, J =
6 N/ 6.6, 2H, Hy), 1.29 (br s, 3H, Mey,;,). *C NMR (CDCls, 100.6
7 H

MHz): § 186.3 (CO), 171.5 (NCO), 165.3 (NCO), 152.5 (Cy),
139.5 (CH, C,), 139.2 (C,), 135.2 (Cy), 130.3 (CH, Cpy), 128.8 (CH, Cpy), 127.3 (CH, Cg), 127.1 (CH,
Cer), 1155 (Cy), 114.7 (Cy), 109.4 (CH), 101.5 (CH), 50.2 (Cpyp), 48.2 (CHy, C.), 44.8 (CH,, Cy), 42.5
(Coip), 36.5 (Cpip), 28.7 (CHy, Cy), 15.5 (CH3, Meyi,), 14.1 (CHs, Mey,). FTIR 3519, 2928, 2851, 2097,
1628, 1591. HRMS (ESI+) m/z calcd for CosHyNeO,* (M+H)*: 475.2088, found: 475.2104.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-((10-Azidodecyl)oxy)-1H-indol-3-yl)-2-(4-benzoyl-2-methylpiperazin-1-yl)ethane-1,2-
dione (59)

Sodium azide (128 mg, 1.97 mmol, 1.2 equiv) was added to a solution of bromide 57 (1.00 g,
1.64 mmol) in DMF (17 mL) under a dry N, atmosphere. The reaction was stirred overnight at room
temperature. The mixture was diluted with H,O (170 mL) and extracted with Et,O (3 x 60 mL). The
organic layers were collected, washed with H,O (3 x 40 mL), dried over anhydrous MgSQ,, filtered
and concentrated to give 921 mg (1.61 mmol, 98%) of azide 59.

o \}/@ Colorless oil. R¢ (CH,Cl,/MeOH 95:5) 0.65. '"H NMR (CDCls,
400 MHz): & 10.64 (br s, 1H, NH), 7.78 (br s, 1H, Hy), 7.47 —

N
(j\ 7.34 (M, 5H, Hen), 7.23 (t, J = 8.0, 1H, He), 6.83 (d, J = 8.2,
c a N
N 0 o) 1H), 6.75 (d, J = 7.7, 1H), 4.99 — 2.97 (br m, 7H, H,;,), 4.08 (t,
5 { 0 J=74,2H, Hy), 3.24 (t, J = 6.9, 2H, H.), 1.92 — 1.77 (m, 2H),
6 N/ i 1.66 — 1.51 (m, 2H), 1.40 — 1.16 (m, 15H). *C NMR (CDCl;,
7 H

100.6 MHz): & 186.1 (CO), 171.4 (NCO), 165.4 (NCO), 152.4
(Cy), 139.4 (CH, Cy), 135.1 (C,), 135.1 (C,), 130.2 (CH, Cpy), 128.8 (CH, Cpp), 127.1 (CH, Cpp), 126.9
(CH, Cg), 115.5 (C,), 114.3 (C,), 109.1 (CH), 101.7 (CH), 51.5 (CH,, C,), 48.1 (CH,, C.), 41.4 (Cyip),
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36.2 (Cpip), 29.6 (CHy), 29.4 (CH,), 29.4 (CHy), 29.3 (CHy), 29.1 (CHy), 28.8 (CHy), 26.7 (CHy), 26.9
(CH,), 16,5 (CHs, Mey;y), 14.7 (CH3, Meyp). FTIR 3106, 2926, 2856, 2094, 1637, 1592, 1425. HRMS
(ESI+) m/z caled for Cs,H4NgO,™ (M+H)™: 573.3184, found: 573.3182.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

6.1.3. Substitutions at C5
2-(5-Chloro-1H-indol-3-yl)2-2oxoacetyl chloride (60)

Oxalyl chloride (0.85 mL, 9.6 mmol, 1.2 equiv) was added to a solution of 5-chloroindole (1.22
0, 8.02 mmol) in anhydrous Et,O (18 mL) under a dry Ar atmosphere, at 0 °C. The reaction was stirred
overnight at —20 °C until TLC showed the absence of starting material. The solvent was removed
under reduced pressure to give 1.91 g (7.89 mmol, 98%) of acid chloride 60, which was used in the

next step without further purification.

cl Reddish solid. *H NMR (DMSO-ds, 400 MHz): & 12.55 (br s, 1H, NH), 8.47
(d, J =33, 1H, H,), 8.12 (d, J = 2.2, 1H, Hy), 7.55 (d, J = 8.6, 1H, H5), 7.29
(dd, J = 8.6, 2.2, 1H, Hg). *C NMR (DMSO-ds, 100.6 MHz): & 180.5 (CO),
164.8 (COCI), 139.1 (CH, Cy), 135.2 (C,), 127.4 (C,), 126.8 (Cy), 123.7 (CH,
Cs), 120.2 (CH, C,), 114.4 (CH, C;), 111.9 (C,).

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(5-chloro-1H-indol-3-yl)ethane-1,2-dione (61)

N,N-Diisopropylethylamine (DIPEA, 1.7 mL, 9.7 mmol, 2.0 equiv) was added to a solution of
oxoacetyl chloride 60 (1.28 g, 4.87 mmol) and piperazine 5 (1.00 g, 4.92 mmol, 1.05 equiv) in
anhydrous CH,Cl, (50 mL) under a dry N, atmosphere, at 0 °C. The reaction was stirred overnight at
room temperature and the solvent was removed under reduced pressure. The oily residue was purified
by flash column chromatography (CH,CIl,/MeOH, 98:2 to 95:5) to give 1.98 g (4.83 mmol, 99%) of
compound 61.

Yellowish oil. Ry (CH,Cl,/MeOH 95:5) 0.19. '"H NMR (CDCls, 400
MHz): § 11.13 (br s, 1H, NH), 8.19 (s, 1H, H,), 7.67 (s, 1H, H,),
7.50 — 7.28 (m, 5H, Hpp), 7.12 — 7.05 (m, 2H, He+H;), 5.02 — 2.83
(br m, 7H, Hyip), 1.24 (br s, 3H, Mey;,). *C NMR (CDCls, 100.6
MHz): § 185.1 (CO), 171.8 (NCO), 166.4 (NCO), 136.8 (CH, Cy),
135.3 (Cy), 134.7 (Cg), 130.4 (CH, Cpn), 129.1 (Cg), 128.9 (CH, Cen),
126.9 (CH, Cpp), 126.2 (C,), 124.5 (CH), 121.2 (CH, Cy), 113.6 (Cy),
113.4 (CH), 50.0 (Cyip), 42.4 (Cpip), 40.8 (Cpip), 35.9 (Cpip), 16.3 (CHs, Me,y), 14.9 (CHs, Mey).
HRMS (ESI+) m/z calcd for Cy,Ha1CIN;O5" (M+H)*: 410.1266, found: 410.1268.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.
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(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(5-chloro-1-tosyl-1H-indol-3-yl)ethane-1,2-dione
[ref] (62)

Sodium hydride (60% dispersion in mineral oil, 10 mg, 0.26 mmol, 1.05 equiv) followed by p-
toluenesulfonyl chloride (TsCl, 49 mg, 0.26 mmol, 1.05 equiv) was added to a solution of compound
61 (100 mg, 0.244 mmol) in anhydrous DMF (1.0 mL) under a dry N, atmosphere, at 0 °C. The
reaction mixture was stirred for 4 h at 70 °C. The mixture was diluted with H,O (10 mL) and extracted
with EtOAc (3 x 10 mL). The organic layers were collected, dried over anhydrous MgSQO,, filtered and
concentrated. The residue was purified by flash column chromatography (CH,CIl,/MeOH 98:2) to give
103 mg (0.206 mmol, 84%) of protected compound 62.

o \}/@ Yellowish oil. Ry (CH,Cl,/MeOH 99:1) 0.71. *H NMR (CDCl,, 400
MH?z): 5 8.34 (s, 1H, H,), 8.02 (d, J = 8.3, 2H, Hro), 7.93 (br s, 1H,

(Nj\ Ha), 7.46 — 7.39 (M, 5H, Her), 7.23 (d, J = 8.2, 2H, Hry), 7.02 - 6.89
oL NN, m, 2H, Hg+Hy), 4.94 — 2.89 (br m, 7H, H,p), 2.35 (s, 3H, Merq),
of §, 0 1.26 (br s, 3H, Mey). *C NMR (CDCls, 100.6 MHz): & 184.5
6 N (CO), 171.1 (NCO), 166.7 (NCO), 144.9 (C,), 137.4 (CH, C,),

" 0e8° 135.6 (Cg), 135.2 (Cg), 134.7 (Cy), 130.1 (CH, Cpy), 129.4 (CH,

Cral), 129.2 (Cg), 129.1 (CH, Cpy), 128.6 (CH, Cpy), 127.6 (CH,
Crol), 127.0 (C), 124.7 (CH), 122.0 (CH, C,), 113.4 (C), 112.7
(CH), 49.7 (Cyip), 41.4 (Cpip), 39.1 (Cpip), 36.2 (Cpip), 21.3 (CH,
Mer), 16.5 (CHs, Me;), 15.1 (CHs, Mey). HRMS (ESI+) m/z calcd for CooHzrCIN3OsS* (M+H)™:
564.1354, found: 564.1357.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

5-Prop-2-ynoxy-1H-indole (64)'*°

A solution of propargyl bromide (80% in toluene, 184 pL, 1.65 mmol, 1.1 equiv) and Cs,CO;
(544 mg, 1.65 mmol, 1.1 equiv) were added to a solution of 5-hydroxy-1H-indole (200 mg, 1.50
mmol) in acetone (7.5 mL). After stirring for 2 h, the reaction mixture was filtered and the solvent was
removed under reduced pressure. The oily residue was dissolved in H,O (40 mL) and extracted with
CH,CI; (3 x 20 mL). The combined organic layers were washed once with saturated aqueous NaCl (20
mL), dried over anhydrous MgSO,, filtered and concentrated. The residue was purified by flash

column chromatography (CH,Cl,) to give 249 mg (1.45 mmol, 97%) of compound 64.

N oA White solid. Ry (CH,Cl,) 0.66. "H NMR (CDCls, 400 MHz): & 8.01 (br s,
: @ 1H, NH), 7.23 (d, J = 8.8, 1H, H;), 7.20 (d, J = 2.4, 1H, H,), 7.13 (t, J =
2 2.8, 1H, H,), 6.91 (dd, J = 8.8, 2.4, 1H, He), 6.48 — 6.46 (m, 1H, Hy), 4.71

(d, J = 2.4, 2H, H,), 2.49 (t, J = 2.4, 1H, Hy). *C NMR (CDCl;, 100.6
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MHz): § 152.2 (Cy), 131.6 (Cy), 128.2 (Cg), 125.3 (CH, Cy), 113.1 (CH, Cq), 111.9 (CH, C;), 104.6
(CH, CJ), 102.6 (CH, C3), 79.4 (C;), 75.3 (CH, Cb), 57.0 (CH,, C.). HRMS (ESI+) m/z calcd for
CuHNO* (M+H)*: 172.0757, found: 172.0754.

5-(3-Bromopropoxy)-1H-indole (65)

1,3-Dibromopropane (370 pL, 3.57 mmol, 5.0 equiv) and K,CO3 (500 mg, 3.57 mmol, 5.0 equiv)
were added to a solution of 5-hydroxy-1H-indole (95 mg, 0.71 mmol) in acetone (2 mL) and the
reaction mixture was refluxed for 48 h. After cooling, the solid formed was filtered and the solvent
was removed under reduced pressure. The oily residue was dissolved in HO (10 mL) and extracted
with CH,CI, (3 x 5 mL). The combined organic layers were washed once with saturated aqueous NaCl
(10 mL), dried over anhydrous MgSQ,, filtered and concentrated. The residue was purified by flash
column chromatography (CH,Cl,) to furnish 171 mg (0.673 mmol, 94%) of compound 65.

Bre_A_O._A s\ Colorless oil. R (CH,CI,) 0.64. 'H NMR (CDCls, 400 MHz): 6 8.10

T mz (brs, 1H, NH), 7.35 (d, J = 8.8, 1H, H;), 7.26 — 7.23 (m, 2H, H, + H,),

ToH 6.98 (dd, J = 8.8, 2.4, 1H, Hg), 6.62 — 6.55 (m, 1H, Hs), 4.24 (t, J = 5.8,

2H, H,), 3.74 (t, J = 6.5, 2H, H,), 2.49 — 2.37 (m, 2H, Hy). *C NMR (CDCl,, 100.6 MHz): & 153.3

(Cy), 131.2 (Cy), 128.4 (Cy), 125.1 (CH, Cy), 112.9 (CH, C¢), 111.8 (CH, C,), 103.9 (CH, C,), 102.5

(CH, C5), 66.4 (CH,, C,), 32.7 (CH,, C.), 30.5 (CH,, C,). HRMS (ESI+) m/z calcd for C;3;H13BrNO*
(M+H)": 254.0175 and 256.0155, found: 254.0177 and 256.0162.

5-(3-Azidopropoxy)-1H-indole

Sodium azide (4.50 mg, 69.3 umol, 1.1 equiv) was added to a solution of compound 12 (16 mg,
63 umol) in DMF (0.63 mL) under a dry N, atmosphere. The reaction was stirred overnight at room
temperature. The mixture was then diluted with H,O (7 mL) and extracted with Et,O (3 x 3 mL). The
combined organic layers were collected, washed with H,O (3 x 5 mL), dried over anhydrous MgSOQ,,

filtered and concentrated to give 13 mg (60 umol, 95%) of azide.

Ns \c/b\a/o 4 \ Colorless oil. R (CH,Cl,) 0.66. *H NMR (CDCls, 400 MHz): & 8.13
m (br s, 1H, NH), 7.28 (d, J = 8.8, 1H, H-), 7.20 — 7.17 (m, 1H, H,), 7.11
TN (d, J=2.4, 1H, H,), 6.86 (dd, J = 8.8, 2.4, 1H, Hy), 6.49 — 6.46 (m, 1H,

Ha), 4.09 (t, J = 6.0, 2H, H,), 3.54 (t, J = 6.7, 2H, H.), 2.12 — 2.03 (m, 2H, Hy). *C NMR (CDCl,,
100.6 MHz): & 153.3 (C,), 131.3 (Cy), 128.4 (C), 125.1 (CH, C,), 112.9 (CH, Cs), 111.8 (CH, Cy),
103.8 (CH, C,), 102.5 (CH, Cs), 65.5 (CH,, C,), 48.6 (CH,, C.), 29.1 (CH,, Cy).
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5-((10-Bromodecyl)oxy)-1H-indole (66)

1,10-Dibromodecane (5.63 g, 18.8 mmol, 5.0 equiv) and K,CO;3; (2.60 g, 18.8 mmol, 5.0 equiv)
were added to a solution of 5-hydroxy-1H-indole (500 mg, 3.76 mmol) in acetone (10.5 mL) and the
reaction mixture was refluxed for 48 h. After cooling, the solid formed was filtered and the solvent
was removed under reduced pressure. The oily residue was dissolved in H,O (50 mL) and extracted
with CH,CI, (3 x 25 mL). The combined organic layers were washed once with saturated aqueous
NaCl (30 mL), dried over anhydrous MgSQ,, filtered and concentrated. The residue was purified by
flash column chromatography (CH,CI,) to furnish 1.12 g (3.16 mmol, 86%) of bromide 66.

Bra_{~_O 4 s\ Colorless oil. R (CH,Cl,) 0.74. *H NMR (CDCls, 400 MHz): & 8.03
o mz (br s, 1H, NH), 7.27 (d, J = 8.8, 1H, Hy), 7.16 — 7.18 (m, 1H, H,), 7.11

(d, J = 2.3, 1H, H,), 6.87 (dd, J = 8.8, 2.4, 1H, He), 6.47 — 6.48 (m, 1H,
Ha), 4.00 (t, J = 6.6, 2H, H,), 3.41 (t, J = 6.9, 2H, H,), 1.89 — 1.79 (m, 4H), 1.52 — 1.30 (m, 12H). *C
NMR (CDCls, 100.6 MHz): & 153.8 (Cg), 131.1 (Cy), 128.4 (C,), 124.8 (CH, Cy), 113.1 (CH, Cy),
111.7 (CH, Cy), 103.6 (CH, Cy), 102.5 (CH, Cs), 68.9 (CH, OCH,), 34.2 (CH, BrCH,), 33.0 (CH,),
29.6 (CH,), 29.5 (CH,), 29.4 (CH,), 28.9 (CH.,), 28.8 (CH,), 28.3 (CH,), 28.3 (CH.).

H

2-(5-(Prop-2-yn-1-yloxy)-1H-indol-3-yl)-2-oxoacetyl chloride (67)

Oxalyl chloride (220 pL, 1.74 mmol, 1.2 equiv) was added to a solution of compound 64 (248
mg, 1.45 mmol) in anhydrous Et,O (3.2 mL) under a dry Ar atmosphere, at 0 °C. The reaction was
stirred overnight at —20 °C until TLC showed absence of starting material. The solvent was removed
under reduced pressure to give 338 mg (1.29 mmol, 89%) of oxoacetyl chloride 67, which was used in

the next step without further purification.

Orange solid. *H NMR (DMSO-ds, 400 MHz): & 12.36 (br s, 1H, NH),
8.35 (d, J =3.3, 1H, Hy), 7.77 (d, J = 2.4, 1H, H,), 7.46 (d, J = 8.8, 1H,
H;), 6.95 (dd, J = 8.8, 2.5, 1H, Hg), 4.81 (d, J = 2.3, 2H, H,), 3.54 (t, J =
2.3, 2H, Hy). *C NMR (DMSO-ds, 100.6 MHz): & 180.6 (CO), 165.3
(COCI), 154.0 (Cy), 138.2 (CH, Cy), 131.9 (C,), 126.4 (C,), 113.8 (CH, Cg), 113.5 (CH, Cy), 112.2 (Cy)
105.0 (CH, C,), 79.6 (C,), 78.1 (CH, Cy), 56.0 (CH,, Cy).

2-(5-(3-Bromopropoxy)-1H-indol-3-yl)-2-oxoacetyl chloride (68)

Oxalyl chloride (70 pL, 0.81 mmol, 1.2 equiv) was added to a solution of bromide 65 (171 mg,
0.673 mmol) in anhydrous Et,O (1.6 mL) under a dry Ar atmosphere, at 0 °C. The reaction was stirred
overnight at —20 °C until TLC showed absence of starting material. The solvent was removed under
reduced pressure to give 217 mg (0.629 mmol, 94%) of acid chloride 68, which was used in the next

step without further purification.
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Reddish solid. *H NMR (DMSO-ds, 400 MHz): & 12.28 (br s, 1H,
NH), 8.34 (d, J = 3.3, 1H, H,), 7.69 (d, J = 2.4, 1H, H,), 7.44 (d, J =
8.8, 1H, H-), 6.93 (dd, J = 8.8, 2.5, 1H, Hy), 4.11 (t, J = 6.0, 2H,
H.), 3.70 (t, J = 6.6, 2H, H,), 2.28 (p, J = 6.3, 2H, H;). *C NMR
(DMSO-ds, 100.6 MHz): § 180.6 (CO), 165.3 (COCI), 155.1 (Cy), 138.0 (CH, Cy), 132.3 (C,), 131.6
(Cy), 126.5 (Cy), 113.7 (CH, Cq), 112.2 (CH, C;), 104.1 (CH, C,), 65.8 (CH,, Cy), 32.0 (CH,, C.), 31.4
(CH,, Cy).

2-(5-((10-Bromodecyl)oxy)-1H-indol-3-yl)-2-oxoacetyl chloride (69)

Oxalyl chloride (390 pL, 4.51 mmol, 1.2 equiv) was added to a solution of bromide 66 (1.32 g,
3.76 mmol) in anhydrous Et,O (8.8 mL) under a dry Ar atmosphere, at 0 °C. The reaction was stirred
overnight at —20 °C until TLC showed absence of starting material. The solvent was removed under
reduced pressure to give 1.43 g (3.23 mmol, 86%) of acid chloride 69, which was used in the next step
without further purification.

Reddish solid. ‘H NMR (DMSO-ds, 400 MHz): & 12.12 (br s, 1H,
NH), 8.32 (d, J=3.1, 1H, H,), 7.65 (d, J = 2.5, 1H, H,), 7.42 (d, J =
8.8, 1H, H), 6.89 (dd, J = 8.8, 2.5, Hg), 3.97 (t, J = 6.5, 2H, H,),
3.60 (t, J = 6.7, 2H, H,), 1.82 — 1.65 (m, 2H), 1.51 — 1.22 (m, 10H).
C NMR (DMSO-dg, 100.6 MHz): 5 180.5 (CO), 165.3 (CO), 155.4 (C), 137.8 (CH, C,), 131.4 (Cy),
126.5 (Cy), 113.7 (CH, C¢), 113.4 (CH, C;), 112.2 (C,), 104.0 (CH, C,), 65.8 (CHy, C.), 45.4 (CH,
C.), 35.2 (CH,), 32.3 (CH,), 32.1 (CH,), 28.9 (CHy), 28.7, (CH,) 28.2 (CHy), 27.5 (CH,), 26.3 (CH,).

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(5-(prop-2-yn-1-yloxy)-1H-indol-3-yl)ethane-1,2-
dione (70)

N,N-Diisopropylethylamine (DIPEA, 430 uL, 2.48 mmol, 2.0 equiv) was added to a solution of
oxoacetyl chloride 67 (325 mg, 1.24 mmol) and piperazine 5 (236 mg, 1.24 mmol, 1.0 equiv) in
anhydrous CH,Cl, (13 mL) under a dry N, atmosphere, at 0 °C. After stirring for 2 h, the solvent was
removed under reduced pressure. The oily residue was purified by flash column chromatography
(CH,CIl,/MeOH, 98:2 to 95:5) to give 469 mg (1.13 mmol, 91%) of bromide 70.

Yellowish solid. Mp 63-64 °C. R; (CH.Cl,) 0.35. '"H NMR
(CDCls, 400 MHz): & 10.67 (br s, 1H, NH), 7.81 (br s, 1H,
H,), 7.69 (d, J = 3.3, 1H, H,), 7.47 — 7.33 (m, 5H, Hpy,), 7.12
(d, J=8.9, 1H, H;), 6.89 (dd, J = 8.8, 2.4, 1H, He), 4.71 (d, J
= 1.8, 2H, H,), 4.73 — 3.23 (br m, 7H, H,;), 2.50 (t, J = 2.2,
1H, Hy), 1.23 (br s, 3H, Mey,). °C NMR (CDCl;, 100.6
MHz): § 185.0 (CO), 171.0 (NCO), 166.6 (NCO), 154.7 (Cy),
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136.4 (C), 134.8 (CH, Cy), 132.2 (C,), 130.4 (C,), 128.9 (CH, Cpy), 127.0 (CH, Cey), 126.0 (CH, Ca),
115.1 (CH, Ce), 114.1 (CH, C5), 113.2 (C), 105.1 (CH, C,), 78.8 (C), 75.6 (CH,, C.), 56.6 (CH, Cp),
47.8 (Cyip), 46.3 (Cpip), 41.6 (Cpip), 41.6 (Cyip), 15.0 (CHs, Meyy), 13.6 (CHs, Mey). HRMS (ESI+)
m/z calcd for CpsH24N3O," (M+H)™: 430.1761, found: 430.1763.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(5-(3-bromopropoxy)-1H-indol-3-yl)ethane-1,2-dione
(71)

N,N-Diisopropylethylamine (DIPEA, 1.10 mL, 6.19 mmol, 2.0 equiv) was added to a solution of
oxoacetyl chloride 68 (1.07 g, 3.10 mmol) and piperazine 5 (696 mg, 3.41 mmol, 1.1 equiv) in
anhydrous CH,Cl, (31 mL) under a dry N, atmosphere, at 0 °C. The reaction was stirred overnight at
room temperature and then the solvent was removed under reduced pressure. The oily residue was
purified by flash column chromatography (CH,Cl,/MeOH, 98:2 to 95:5) to give 1.33 g (2.60 mmol,
84%) of bromide 71.

Colorless oil. R¢ (CH,Cl,/MeOH 95:5) 0.65. ‘H NMR
(CDCl3, 400 MHz): 6 9.16 (br s, IH, NH), 7.88 — 7.77 (m,
2H, Hy + Hy), 7.41 (s, 5H, Hpy), 7.27 (d, J = 8.6, 1H, Hy),
6.94 (dd, J = 8.8, 2.3, 1H, Hg), 5.02 — 2.84 (br m, 7H,
Hpip), 4.19 (t, J = 5.3, 2H, H,), 3.63 (t, J = 6.5, 2H, H,),
2.35 (p, J = 6.1, 2H, Hy), 1.29 (br s, 3H, Me,;,). °C NMR
(CDCls, 100.6 MHz): & 185.1 (CO), 171.0 (NCO), 166.6
(NCO), 156.1 (C,), 137.6 (Cy), 136.2 (C,), 134.9 (CH, C,), 131.7 (C,), 130.5 (C,), 128.9 (CH, Cpy),
127.1 (CH, Cep), 126.3 (CH, Cpp), 115.0 (CH, Cq), 113.0 (CH, C;), 104.6 (CH, C,), 66.0 (CH,, C,),
53.6 (Cpip), 46.2 (Cpip), 41.7 (Cpip), 32.6 (CHy, C;), 30.3 (CH,, Cy), 14.2 (CH3, Meyp), 13.0 (CHs,
Me,ip). HRMS (ESI+) m/z caled for C,sHpBrN;O," (M+H)™: 512.1179 and 514.1159, found:
512.1178 and 514.1161.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(5-((10-bromodecyl)oxy)-1H-indol-3-yl)ethane-1,2-
dione (72)

N,N-Diisopropylethylamine (DIPEA, 0.79 mL, 4.5 mmol, 2.0 equiv) was added to a solution of
oxoacetyl chloride 69 (1.00 g, 2.26 mmol) and piperazine 5 (507 mg, 2.48 mmol, 1.1 equiv) in
anhydrous CH,CI, (23 mL) under a dry N, atmosphere, at 0 °C. The reaction was stirred overnight at
room temperature and the solvent was removed under reduced pressure. The oily residue was purified
by flash column chromatography (CH,Cl,/MeOH, 98:2 to 95:5) to give 1.09 g (1.79 mmol, 79%) of
bromide 72.
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Yellowish oil. R (CH,Cl,) 0.48. '"H NMR (CDCls, 400
MHz):  9.16 (br s, 1H, NH), 7.84 — 7.76 (m, 2H, H,+Hy,),
7.47 — 7.36 (m, 5H, Hpy), 7.26 (d, J = 8.8, 1H, Hy), 6.93
(dd, J = 8.8, 2.2, 1H, Hg), 4.99 — 2.85 (br m, 7H, H,p),
4.03 (t, J =6.2, 2H, H,), 3.40 (t, J = 6.4, 2H, H.), 1.90 —
1.77 (m, 4H), 1.51 — 1.23 (m, 15H). *C NMR (CDCl,
100.6 MHz): & 185.5 (CO), 175.7 (NCO), 167.3 (NCO),
156.6 (Cg), 135.4 (C,), 135.2 (Cy), 135.2 (CH, Cy), 131.3 (C,), 131.2 (Cy), 130.3 (CH, Cyp,), 128.9 (CH,
Cern), 127.2 (CH, Cpp), 115.5 (CH, Cg), 112.7 (CH, C5), 104.4 (CH, C,), 68.7 (CH,, C,), 34.2 (CH,, Cy),
33.0 (CHy), 29.6 (CH,), 29.5 (CH,), 28.9 (CH,), 28.3 (CH,), 26.2 (CH,), 15.0 (CH3, Mey;) 13.8 (CHjs,
Mepip). HRMS (ESI+) m/z caled for CxHuBrN;O," (M+H)™: 610.2275 and 612.2254, found:
610.2273 and 612.2246.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(5-(3-Azidopropoxy)-1H-indol-3-yl)-2-(4-benzoyl-2-methylpiperazin-1-yl)ethane-1,2-dione
(73)

Sodium azide (62 mg, 0.96 mmol, 1.1 equiv) was added to a solution of bromide 71 (445 mg,
0.868 mmol) in DMF (8.7 mL) under a dry N, atmosphere. The reaction was stirred overnight at room
temperature. The mixture was diluted with H,O (90 mL) and extracted with Et,0 (3 x 30 mL). The
organic layers were collected, washed with H,O (3 x 20 mL), dried over anhydrous MgSQO,, filtered

and concentrated to give 397 mg (0.837 mmol, 96%) of azide 73.

Colorless oil. R¢ (CH,Cl,/MeOH 95:5) 0.65. ‘H NMR
(CDCls, 400 MHz): 8 10.06 (br s, 1H, NH), 7.76 (br s,
1H, Hy), 7.70 (d, J = 2.3, 1H, H,), 7.46 — 7.39 (m, 5H,
Hen), 7.18 (d, J = 8.8, 1H, H;), 6.88 (dd, J = 8.8, 2.2, 1H,
He), 4.79 — 2.89 (br m, 7H, H,;), 4.10 (t, J = 5.7, 2H, Hy),
3.51(t,J=6.6, 2H, H,), 2.06 (p, J = 6.2, 2H, Hy), 1.29 (br
s, 3H, Mey,). °C NMR (CDCl,, 100.6 MHz): § 185.4
(CO), 171.7 (NCO), 166.6 (NCO), 156.0 (C,), 135.8 (Cy), 135.1 (CH, C,), 135.1 (C,), 131.7 (Cy),
130.3 (Cy), 128.9 (CH, Cpy), 127.1 (CH, Cpp), 126.2 (CH, Cpp), 115.1 (CH, Cs), 113.0 (CH, C;), 104.5
(CH, C,), 69.6 (Cpip), 65.3 (CHy, C,), 53.2 (Cyip), 48.5 (CH,, Cy), 42.7 (Cpip), 35.9 (Cpip), 40.1 (CH;,
Ch), 16.5 (CHs, Meyp), 14.2 (CHs, Meyp). FTIR 3061, 2909, 2098, 1622, 1425. HRMS (ESI+) m/z
calcd for CysH,7NgO," (M+H)": 475.2088, found: 475.2084.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.
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(R)-1-(5-((10-Azidodecyl)oxy)-1H-indol.3.y1)-2-(4-benzoyl-2-methylpiperazin-1-yl)ethane-1,2-
dione (74)

Sodium azide (132 mg, 2.03 mmol, 1.1 equiv) was added to a solution of bromide 72 (1.13 mg,
1.84 mmol) in DMF (18 mL) under a dry N, atmosphere. The reaction was stirred overnight at room
temperature. The mixture was then diluted with H,O (180 mL) and extracted with Et,O (3 x 60 mL).
The organic layers were collected, washed with H,O (3 x 40 mL), dried over anhydrous MgSOQs,,

filtered and concentrated to give 991 mg (1.73 mmol, 94%) of azide 74.

Colorless oil. Rt (CH,Cl,/MeOH 95:5) 0.40. ‘H NMR
(CDCls, 400 MHz): 6 9.21 (br s, 1H, NH), 7.84 — 7.75 (m,
2H, Hy+H,), 7.47 — 7.35 (m, 5H, Hpy), 7.25 (d, J = 8.7,
1H, H;), 6.93 (dd, J = 8.8, 2.2, 1H, Hg), 4.97 — 3.00 (br m,
7H, Hyip), 4.03 (t, J = 6.5, 2H, H,), 3.25 (t, J = 6.9, 2H,
Hec), 1.86 — 1.75 (m, 2H), 1.65 — 1.54 (m, 2H), 1.53 — 1.23
(m, 15H). **C NMR (CDCls, 100.6 MHz): § 185.5 (CO),
175.4 (NCO), 166.8 (NCO), 156.6 (C,), 135.4 (C,), 135.2 (C,), 135.2 (CH, C,), 131.2 (C,), 130.3 (CH,
Cpp), 128.9 (CH, Cpp), 127.1 (CH, Cpy), 126.3 (C,), 114.8 (CH, Cg), 112.7 (CH, C;), 104.4 (CH, C,),
68.7 (CH,, C,), 51.6 (CH,, C.), 29.6 (CH,), 29.6 (CH,), 29.5 (CH,), 29.3 (CH,), 29.0 (CH,), 26.9
(CHy), 26.2 (CH,), 15.5 (CHs, Mey;,), 13.9 (CHs, Me,,). FTIR 3205, 2927, 2094, 1667, 1624, 1426.
HRMS (ESI+) m/z caled for Ca,H4NgO,™ (M+H)™: 573.3184, found: 573.3188.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

6.1.4. Substitutions at C7
2-(3-Bromopropyl)isoindoline-1,3-dione (75)*°

1,3-Dibromopropane (5.5 mL, 54 mmol, 2.0 equiv) was added to a solution of potassium
phthalimide (5.0 g, 27 mmol) in DMF (63 mL) under a dry N, atmosphere at room temperature. After
stirring overnight, the reaction mixture was diluted in H,O (600 mL) and extracted with CH,CI, (3 x
100 mL). The combined organic layers were washed twice with water (2 x 100 mL), dried over
anhydrous MgSQO,, filtered and concentrated. The residue was purified by flash column
chromatography (CH,Cl,) to furnish 4.45 g (16.6 mmol, 61%) of bromide 75.

0 Colorless oil. R (CH,Cl,/MeOH 95:5) 0.67. *H NMR (CDCls, 400 MHz): §
©:‘<(N . 7.87 — 7.80 (M, 2H, Hepy), 7.74 — 7.68 (M, 2H, Hepy), 3.82 (t, J = 6.8, 2H, H,),
. —HBr 3.40 (t, J = 6.7, 2H, H,), 2.25 (p, J = 6.8, 2H, Hy). *C NMR (CDCl, 100.6

MHz): § 1683 (CO), 134.2 (CH, Cpp), 132.1 (Cy), 123.4 (CH, Cpy), 36.8
(CH,, C,), 31.8 (CH,, C), 29.9 (CH,, Cy).
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2-(10-Bromodecyl)isoindoline-1,3-dione (76)

1,10-Dibromodecane (16 g, 54 mmol, 2.0 equiv) was added to a solution of potassium
phthalimide (5.0 g, 27 mmol) in DMF (63 mL) under a dry N, atmosphere at room temperature. The
reaction mixture was stirred overnight and then was diluted in H,O (600 mL) and extracted with
CH,CI, (3 x 100 mL). The combined organic layers were washed twice with water (100 mL), dried
over anhydrous MgSO,, filtered and concentrated. The residue was purified by flash column
chromatography (CH,Cl,) to furnish 7.15 g (19.5 mmol, 72%) of bromide 76.

0 C Colorless oil. Ry (CH,Cl,) 0.73. *H NMR (CDCls, 400 MHz): § 7.85 — 7.80

§:N”a(\i“sr (M, 2H, Hepy), 7.72 — 7.67 (m, 2H, Hpyy), 3.66 (t, J = 7.3, 2H, H,), 3.39 (t, J =

0 6.9, 2H, Ho), 1.83 (p, J = 7.5, 2H), 1.66 (p, J = 7.2, 2H), 1.45 — 1.35 (m,

2H), 1.34 — 1.24 (m, 10H). **C NMR (CDCls, 100.6 MHz): § 168.6 (CO),

134.0 (CH, Cppy), 132.3 (C,), 123.3 (CH, Cppy), 38.2 (CHz, C,), 34.2 (CH,, Co), 33.0 (CHy), 29.5 (CHy),
29.4 (CH,), 29.2 (CH,), 28.8 (CH,), 28.7 (CH,), 28.3 (CH.,), 26.9 (CH.).

2-(3-Azidopropyl)isoindoline-1,3-dione (77)*®

Sodium azide (364 mg, 5.60 mmol, 1.5 equiv) was added to a solution of bromide 75 (1.00 g,
3.73 mmol) in DMF (38 mL) under a dry N, atmosphere. The reaction was stirred overnight at room
temperature and then was diluted with H,O (400 mL) and extracted with EtOAc (3 x 100 mL). The
organic layers were collected, washed with H,O (3 x 50 mL), dried over anhydrous MgSQO,, filtered

and concentrated to give 858 mg (3.73 mmol, 100%) of azide 77.

o Colorless oil. Ry (CH,CI,/MeOH 95:5) 0.60. ‘H NMR (CDCls, 400 MHz): &
@i‘éN . 7.84 —7.76 (M, 2H, Heyy), 7.70 — 7.66 (M, 2H, Her), 3.74 (t, J = 6.8, 2H, H,),
3 _HN 3.34 (t, J= 6.7, 2H, H,), 1.91 (p, J = 6.8, 2H, Hy). *C NMR (CDCl, 100.6

3

MHz): § 168.3 (CO), 134.2 (CH, Cppy), 132.1 (C), 123.4 (CH, Cppy), 49.1
(CHy, Co), 35.4 (CH,, C,), 28.1 (CH,, Cy). FTIR 2936, 2865, 2092, 1774, 1701, 1618.

2-(10-Azidodecyl)isoindoline-1,3-dione (78)

Sodium azide (319 mg, 4.91 mmol, 1.5 equiv) was added to a solution of bromide 76 (1.20 g,
3.28 mmol) in DMF (33 mL) under a dry N, atmosphere. The reaction was stirred overnight at room
temperature and then was diluted with H,O (350 mL) and extracted with EtOAc (3 x 100 mL). The
organic layers were collected, washed with H,O (3 x 50 mL), dried over anhydrous MgSQ,, filtered
and concentrated to give 1.05 g (3.20 mmol, 98%) of azide 78.

Colorless oil. Rs (CH,Cl,/MeOH 95:5) 0.77. 'H NMR (CDCls, 400 MH2z):

(0]
NN, 57.85—7.80 (M, 2H, Hen), 7.72 — 7.67 (M, 2H, Hen), 3.66 (t, J = 7.3, 2H,
o Ho), 3.23 (t, J = 7.0, 2H, H), 1.66 (p, J = 7.3, 2H), 1.61 — 1.53 (m, 2H),

192



Experimental Section

1.37 — 1.20 (m, 12H). *C NMR (CDCl;, 100.6 MHz): 5 168.6 (CO), 133.9 (CH, Cep), 132.3 (Cy),
123.2 (CH, Cppy), 51.6 (CH,, Cy), 38.2 (CH,, C,), 29.5 (CH,), 29.4 (CH,), 29.2 (CH,), 29.2 (CH,), 28.9
(CH,), 28.7 (CHy), 26.9 (CH,), 26.8 (CH,). FTIR 2926, 2853, 2089, 1768, 1707, 1399.

3-Azidopropan-1-ammonium chloride (79)*

Hydrazine hydrate (0.78 mL, 15 mmol, 4.0 equiv) was added to a solution of compound 77 (859
mg, 3.73 mmol) in EtOH/THF 1:1 (47 mL) under a dry N, atmosphere. The reaction mixture was
refluxed for 3 h and after cooling, was acidified with HCI and the solvent was removed under reduced
pressure. The oily residue was dissolved in H,O (70 mL) and washed with CH,Cl, (3 x 30 mL). The
aqueous layer was basified and extracted with CH,CI, (3 x 30 mL). The organic layers were collected,
dried over anhydrous MgSO,, filtered, acidified with HCI and concentrated to give 498 mg (3.65
mmol, 98%) of amine 79.

White solid. *H NMR (DMSO-ds, 400 MHz): § 8.19 (br s, 3H, NH), 3.46 (t, J

= 6.8, 2H, Ho), 2.85 — 2.74 (m, 2H, H.), 1.82 (p, J = 6.8, 2H, H,). *C NMR
(DMSO-ds, 100.6 MHz): § 47.9 (CH,, Cy), 36.4 (CH,, Cs), 26.5 (CH,, Cy). FTIR 3391, 2932, 2099.

o @® 2 o
CITHaNT N,

10-Azidodecan-1-ammonium chloride (80)

Hydrazine hydrate (1.60 mL, 30.3 mmol, 4.0 equiv) was added to a solution of compound 78
(2.49 g, 7.58 mmol) in EtOH/THF 1:1 (94 mL) under a dry N, atmosphere. The reaction mixture was
refluxed for 3 h and after cooling, was acidified with HCI and the solvent was removed under reduced
pressure. The oily residue was dissolved in H,O (100 mL) and washed with CH,Cl, (3 x 50 mL). The
aqueous layer was basified and extracted with CH,CI, (3 x 40 mL). The organic layers were collected,
dried over anhydrous MgSOQ,, filtered, acidified with HCI and concentrated to give 1.53 g (6.52 mmol,
86%) of amine 80.

® 2, o White solid. *"H NMR (DMSO-dgs, 400 MHz): § 7.89 (br s, 3H, NH), 3.23 (t, J
Clca HBNM/\NB Ite soli ( 65 Z) ( TS, ) ): ( 5
= 6.8, 2H, H,), 2.96 — 2.88 (m, 2H, H,), 1.73 — 1.63 (m, 2H), 1.62 — 1.51 (m,
2H), 1.42 — 1.27 (m, 12H). *C NMR (DMSO-ds, 100.6 MHz): § 52.4 (CH,, C.), 49.8 (CH,, C,), 30.3
(CH,), 30.2 (CH,), 30.1 (CH,), 30.0 (CH,), 29.8 (CH,), 27.7 (CH,), 27.4 (CH,). FTIR 3386, 2929,
2097.

N-(Prop-2-yn-1-yl)-1H-indole-7-carboxamide (81)

Propargylamine (50 pL, 0.75 mmol, 1.2 equiv) and N-(3-dimethylaminopropyl)-N’-
ethylcarbodiimide hydrochloride (EDC, 147 pL, 0.807 mmol, 1.3 equiv) were added to a solution of
1H-indole-7-carboxylic acid (100 mg, 0.621 mmol) and 1-hydroxybenzotriazole hydrate (109 mg,

0.807 mmol, 1.3 equiv) in DMF (9 mL) under a dry N, atmosphere at room temperature. The reaction
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was stirred overnight at room temperature. The mixture was diluted with 2M HCI (50 mL) and
extracted with EtOAc (3 x 30 mL). The organic layers were collected, washed once with 2M HCI (50
mL) and once with saturated aqueous NaHCO; solution (50 mL), dried over anhydrous MgSQy,,

filtered and concentrated to give 117 mg (0.590 mmol, 95%) of compound 81.

4

3 Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.76. *H NMR (CDCls, 400 MHz): &
. ,: 2 10.27 (brs, 1H, NH), 7.82 (d, J = 7.8, 1H, Hg), 7.39 (d, J = 7.5, 1H, H,), 7.33

H (t, J=2.6, 1H, Hy), 7.12 (t, J = 7.7, 1H, Hs), 6.58 (t, J = 2.5, 1H, H,), 6.52
(br s, 1H, NHCO), 4.30 (dd, J = 5.3, 2.5, 2H, H,), 2.30 (t, J = 2.6, 1H, Hy).
“C NMR (CDCls, 100.6 MHz): & 167.7 (CONH), 135.5 (C,), 129.7 (Cy),
125.9 (CH, Cs), 125.4 (CH, Cq), 119.2 (CH, C,), 118.8 (CH, Cs), 115.2 (C,), 102.2 (CH, C,), 79.7
(Cy), 72.0 (CH, Cy), 29.6 (CH,, C,).

N-(3-Azidopropyl)-1H-indole-7-carboxamide (82)

N,N-Diisopropylethylamine (DIPEA, 260 pL, 1.49 mmol, 1.2 equiv) and N-(3-dimethyl-
aminopropyl)-N’-ethylcarbodiimide hydrochloride (EDC, 300 pL, 1.61 mmol, 1.3 equiv) were added
to a solution of 1H-indole-7-carboxylic acid (200 mg, 1.24 mmol), compound 79 (204 mg, 1.49 mmol,
1.2 equiv) and 1-hydroxybenzotriazole hydrate (218 mg, 1.61 mmol, 1.3 equiv) in DMF (18 mL)
under a dry N, atmosphere at room temperature. The reaction was stirred overnight at room
temperature. The mixture was diluted with 2M HCI (150 mL) and extracted with EtOAc (3 x 60 mL).
The organic layers were collected, washed once with 2M HCI (50 mL) and once with saturated
aqueous NaHCO; solution (50 mL), dried over anhydrous MgSQ,, filtered and concentrated to give
300 mg (1.23 mmol, 99%) of azide 82.

A Colorless oil. Ry (CH,Cl,/MeOH 95:5) 0.76. '"H NMR (CDCl,, 400
. h} > MHz): 5 10.34 (br s, 1H, NH), 7.81 (d, J = 7.8, 1H, H), 7.37 (d, J = 7.5,
H

o a 1H, H,), 7.30 (t, J = 2.8, 1H, H,), 7.10 (t, J = 7.7, 1H, Hs), 6.73 (br s, 1H,
NHCO), 6.58 (dd, J = 3.0, 2.4, 1H, H3), 3.56 (q, J = 6.8, 2H, H,), 3.40 (t, J
= 6.5, 2H, H.), 1.88 (p, J = 6.8, 2H, Hy). *C NMR (CDCls, 100.6 MHz): § 168.1 (CONH), 135.4 (C,),
129.6 (Cy), 125.7 (CH, C,), 124.9 (CH, Cg), 118.9 (CH, C,), 118.7 (CH, Cs), 115.8 (C,), 102.0 (CH,
Cs), 49.5 (CH,, C.), 37.4 (CH,, C,), 28.9 (CH,, Cy). FTIR 3428, 3343, 2928, 2092, 1631, 1585.

N-(10-Azidodecyl)-1H-indole-7-carboxamide (83)

DIPEA (73 uL, 0.42 mmol, 1.5 equiv) and N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide
hydrochloride (EDC, 66 pL, 0.36 mmol, 1.3 equiv) were added to a solution of 1H-indole-7-
carboxylic acid (45 mg, 0.28 mmol), compound 80 (98 mg, 0.42 mmol, 1.5 equiv) and 1-
hydroxybenzotriazole hydrate (49 mg, 0.36 mmol, 1.3 equiv) in DMF (4 mL). The reaction was stirred

overnight at room temperature. The mixture was diluted with 2M HCI (40 mL) and extracted with
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EtOAc (3 x 20 mL). The organic layers were collected, washed once with 2M HCI (25 mL) and once
with saturated aqueous NaHCO; solution (25 mL), dried over anhydrous MgSQO,, filtered and
concentrated to give 75 mg (0.22 mmol, 79%) of azide 83.

4

Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.85. '"H NMR (CDCl;, 400
MHz): 4 10.35 (br s, 1H, NH), 7.79 (d, J = 7.8, 1H, H¢), 7.36 (d, J = 7.5,
1H, H,), 7.30 (dd, J = 3.1, 2.3, 1H, H,), 7.09 (t, J = 7.7, 1H, Hs), 6.56 (dd,
J=3.1, 2.3, 1H, Hy), 6.50 (br s, 1H, NHCO), 3.48 (q, J = 7.1, 2H, H,),
3.23(t,J=7.0, 2H, H,), 1.69 — 1.52 (m, 4H), 1.42 — 1.25 (m, 12H). *C NMR (CDCl;, 100.6 MHz): &
167.9 (CONH), 135.5 (C,), 129.6 (C,), 125.7 (CH, C,), 124.7 (CH, Cq), 118.8 (CH, Cs), 118.7 (CH,
C4), 116.2 (Cy), 101.9 (CH, Cs), 51.5 (CH,, C;), 39.8 (CHy, C,), 29.8 (CH,), 29.5 (CH,), 29.5 (CH,),
29.4 (CHy), 29.2 (CH,), 28.9 (CH,), 27.1 (CH,), 26.8 (CH,). FTIR 3429, 3344, 2923, 2852, 2091,
1629, 1529.

3
N,
N
H

2-0Ox0-2-(7-(prop-2-yn-1-ylcarbamoyl)-1H-indol-3-yl)acetyl chloride (84)

Oxalyl chloride (68 pL, 0.79 mmol, 1.3 equiv) was added to a solution of compound 81 (120 mg,
0.605 mmol) in anhydrous Et,O (1.5 mL) under a dry Ar atmosphere, at 0 °C. The reaction was stirred
overnight at —20 °C until TLC showed absence of starting material. The solvent was removed under
reduced pressure to give 186 mg (0.644 mmol, 98%) of acid chloride 84, which was used in the next

step without further purification.

cl Reddish solid. *"H NMR (DMSO-ds, 400 MHz): & 12.25 (br s, 1H, NH),
9.23 (t, J = 5.5, 1H, NHCO), 8.38 (d, J = 7.8, 1H, Hy), 8.34 (d, J = 3.3,
1H, H,), 7.86 (d, J = 7.6, 1H, H¢), 7.36 (t, J = 7.8, 1H, Hs), 3.14 (dd, J =
5.5, 2.4, 2H, H,), 3.15 (t, J = 2.5, 2H, Hy). *C NMR (DMSO-ds, 100.6
e N O MHz): § 180.6 (CO), 165.8 (CONH), 164.7 (COCI), 138.8 (CH, C,),

134.8 (Cy), 127.0 (Cy), 124.9 (CH, Cy), 122.4 (CH, Cs), 122.3 (CH, Cq),
117.6 (Cy), 112.0 (Cy), 81.2 (Cy), 72.9 (CH, Cy), 28.3 (CH,, Cy).

2-(7-((3-Azidopropyl)carbamoyl)-1H-indol-3-yl)-2-oxoacetyl chloride (85)

Oxalyl chloride (290 pL, 3.34 mmol, 1.2 equiv) was added to a solution of compound 82 (676
mg, 2.78 mmol) in anhydrous Et,O (6.5 mL) under a dry Ar atmosphere, at 0 °C. The reaction was
stirred overnight at —20 °C until TLC showed absence of starting material. The solvent was removed
under reduced pressure to give 813 mg (2.44 mmol, 88%) of acid chloride 85, which was used in the

next step without further purification.
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cl Reddish solid. *H NMR (DMSO-ds, 400 MHz): § 12.21 (br s, 1H,

O
. o NH), 8.85(t, J=5.6, 1H, NHCO), 8.35 (d, J = 7.8, 1H, H,), 8.33 (d, J
} D =33, 1H, Hy), 7.87 (d, I = 7.7, 1H, He), 7.35 (t, J = 7.7, 1H, Hs), 3.49
6 N
. . H —3.40 (M, 4H, H,+ H.), 1.85 (p, J = 6.8, 2H, Hy). *C NMR (DMSO-

de, 100.6 MHz): 5 180.6 (CO), 166.2 (CONH), 164.8 (COCI), 138.8
(CH, Cy), 134.8 (C,), 127.0 (C), 124.5 (CH, C,), 122.3 (CH, Cs),
122.2 (CH, Cq), 118.3 (Cy), 112.0 (Cy), 48.6 (CH,, C.), 36.5 (CHy, C.), 28.4 (CH,, Cy). FTIR 3476,
3316, 2917, 2097, 1774, 1631, 1581, 1403.

2-(7-((10-Azidodecyl)carbamoyl)-1H-indol-3-yl)-2-oxoacetyl chloride (86)

Oxalyl chloride (174 pL, 2.03 mmol, 1.3 equiv) was added to a solution of compound 83 (532
mg, 1.56 mmol) in anhydrous Et,O (4 mL) under a dry Ar atmosphere, at 0 °C. The reaction was
stirred overnight at —20 °C until TLC showed absence of starting material. The solvent was removed
under reduced pressure to give 505 mg (1.17 mmol, 75%) of acid chloride 86, which was used in the
next step without further purification.

Cl Reddish solid. *"H NMR (DMSO-ds, 400 MHz): & 12.55 (br s, 1H,

. > o NH), 846 (d, J=7.9, 1H, H,), 8.39 (s, 1H, H,), 7.51 (d, J = 7.6, 1H,

: N He), 7.38 (t, J = 7.7, 1H, Hs), 3.85 — 3.79 (m, 2H, H,), 3.28 (t, J = 6.9,

C . N 2H, Ho), 1.64 — 1.55 (m, 2H), 1.51 — 1.46 (m, 2H), 1.35 — 1.18 (m,
N3/\M?H © 12H). ®C NMR (DMSO-ds, 100.6 MHz): & 180.6 (CO), 164.5

(CONH), 162.1 (COCI), 139.0 (CH, C,), 134.1 (Cy), 127.1 (C,), 125.1
(CH, C4), 122.3 (CH, Cs), 122.1 (CH, Cq), 118.8 (Cy), 112.5 (Cy), 51.0 (CHy, C¢), 42.1 (CH,, C;), 28.8
(CH,), 28.7 (CH,), 28.5 (CH,), 28.3 (CH,), 28.2 (CH,), 27.8 (CH,), 26.1 (CH,), 26.0 (CH,).

(R)-3-(2-(4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-N-(prop-2-yn-1-yl)-1H-indole-7-
carboxamide (87)

N,N-Diisopropylethylamine (DIPEA, 220 pL, 1.25 mmol, 2.0 equiv) was added to a solution of
oxoacetyl chloride 84 (180 mg, 0.624 mmol) and piperazine 5 (140 mg, 0.686 mmol, 1.1 equiv) in
anhydrous CH,ClI, (7 mL) under a dry N, atmosphere, at 0 °C. The reaction was stirred overnight at
room temperature and the solvent was removed under reduced pressure. The oily residue was purified
by flash column chromatography (CH,CIl,/MeQOH, 98:2 to 95:5) to give 269 mg (0.589 mmol, 94%) of

compound 87.
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o\}/@ Colorless oil. R; (CH,CI,/MeOH 95:5) 0.32. 'H NMR (CDCls;,
400 MHz): 6 11.30 (br s, 1H, NH), 8.23 (br s, 1H, Hy), 7.96 (d,

N
(j\ J =32, 1H, H,), 7.84 (br s, 1H, NHCO), 7.46 (d, J = 7.5, 1H,
o N He), 7.42 — 7.35 (m, 5H, Hpy), 7.11 (t, J = 7.4, 1H, Hs), 4.99 —
A { o 2.84 (br m, 7H, Hyip), 4.20 (s, 2H, Ha), 2.23 (s, 1H, Hy), 1.28 (br
‘ e s, 3H, Mey;). °C NMR (CDCls, 100.6 MHz): § 185.1 (CO),

H

2 171.5 (NCO), 167.2 (NCO), 166.4 (NCO), 136.6 (CH, C,),
///\N o ( ) ( ) ( ) ( 2)
g H 135.8 (Cg), 135.0 (Cg), 130.2 (CH, Cpy), 128.8 (CH, Cpy), 127.0

(CH, Cpy), 1263 (C), 126.2 (CH, Cy), 122.4 (CH, Cs), 122.2 (CH, Cg), 115.9 (C,), 114.0 (C,), 80.0
(Co), 714 (CH, Cy), 50.0 (CH, Cyp), 40.9 (CH, Cyip), 35.9 (CHa, Cpip), 29.4 (CH,, Cy), 15.2 (CHg,
Meyp), 13.4 (CHs, Meyp). HRMS (ESI+) m/z caled for ChHpsN,O,5 (M+H)*: 457.1870, found:
457.1913.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-N-(3-Azidopropyl)-3-(2-(4-benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-1H-indole-7-
carboxamide (88)

N,N-Diisopropylethylamine (DIPEA, 3.1 mL, 18 mmol, 2.0 equiv) was added to a solution of
oxoacetyl chloride 85 (2.92 g, 8.75 mmol) and piperazine 5 (1.97 g, 9.62 mmol, 1.1 equiv) in
anhydrous CH,Cl, (80 mL) under a dry N, atmosphere, at 0 °C. The reaction was stirred overnight at
room temperature and the solvent was removed under reduced pressure. The oily residue was purified
by flash column chromatography (CH,Cl,/MeOH, 98:2 to 95:5) to give 3.29 g (6.56 mmol, 75%) of

compound 88.

o@ Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.35. 'H NMR
(CDCls, 400 MHz): 8 11.31 (br s, 1H, NH), 8.29 (br s, 1H,

(NJ\ Ha), 7.94 (t, J = 3.1, 1H, H,), 7.45 (d, J = 7.5, 1H, He), 7.45
o. N ~7.30 (m, 6H, Hpp + NH), 7.17 (t, J = 6.8, 1H, Hs), 5.04 —
A \, 0 2.96 (br m, 7H, Hyip), 3.53 (dt, J = 6.5, 6.1, 2H, H,), 3.36 (t,
6 N J=6.3, 2H, H), 1.88 (p, J = 6.6, 2H, Hy), 1.27 (br s, 3H,
NN 3 Me,ip). °C NMR (CDCls, 100.6 MHz): 8 185.2 (CO), 171.4

(NCO), 167.5 (NCO), 166.3 (NCO), 136.4 (CH, Cy), 136.0
(Cy), 135.1 (C,), 130.2 (CH, Cpy), 128.8 (CH, Cpp), 127.0 (CH, Cpy), 126.4 (C,), 126.1 (CH, Cy), 122.5
(CH, Cs), 121.7 (CH, Cq), 116.5 (Cg), 114.1 (C,), 50.0 (CH, Cyip), 49.4 (CH,, Cy), 42.2 (Cyyp), 37.4
(CHz, Cy), 36.0 (Cpyp), 28.7 (CHy, Cy), 15.2 (CH3, Mey;,), 13.9 (CHs, Meyy). FTIR 3328, 2929, 2093,
1612, 1587, 1422. HRMS (ESI+) m/z calcd for CoHsN;0," (M+H)™: 502.2197, found: 502.2230.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.
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(R)-N-(10-Azidodecyl)-3-(2-(4-benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-1H-indole-7-

carboxamide (89)

N,N-Diisopropylethylamine (DIPEA, 0.52 mL, 3.0 mmol, 2.0 equiv) was added to a solution of
oxoacetyl chloride 86 (643 mg, 1.49 mmol) and piperazine 5 (335 mg, 1.64 mmol, 1.1 equiv) in
anhydrous CH,Cl, (15 mL) under a dry N, atmosphere, at 0 °C. The reaction was stirred overnight at
room temperature and the solvent was removed under reduced pressure. The oily residue was purified
by flash column chromatography (CH,CIl,/MeOH, 98:2 to 95:5) to give 600 g (1.0 mmol, 67%) of

compound 89.

o@ Colorless oil. R; (CH,Cl/MeOH 95:5) 0.39. ‘H NMR
(CDCls, 400 MHz): 6 11.11 (br s, 1H, NH), 8.45 (br s, 1H,

N

(j\ Ha), 8.01 (t, J = 3.4, 1H, Hy), 7.47 (d, J = 7.5, 1H, Hy), 7.45
o N —7.36 (M, 5H, Her), 7.30 (t, J = 7.6, 1H, Hs), 6.63 (br s, 1H,
. A { 0 NHCO), 5.13 — 2.94 (br m, 7H, Hp;p), 3.47 (9, J = 6.9, 2H,
. v H.), 3.24 (t, J = 6.9, 2H, Hy), 1.70 — 1.50 (m, 4H), 1.47 —

c a H 13 .
v T o 1.15 (m, 15H). *C NMR (CDCls, 100.6 MHz): & 185.6
H (CO), 171.6 (NCO), 167.0 (NCO), 166.1 (NCO), 136.3 (CH,

C.), 135.2 (Cy), 135.2 (Cy), 130.2 (CH, Cpy), 128.8 (CH, Cpy), 127.1 (CH, Cpp), 126.8 (Cy), 126.2 (CH,
C4), 122.7 (CH, Cs), 121.1 (CH, Ce), 117.0 (C), 114.4 (C), 51.6 (CH,, C.), 50.0 (CH, Cpyp), 41.0
(CHz, Cyip), 40.0 (CHy, C.), 29.7 (CH,), 29.5 (CHy), 29.5 (CH,), 29.4 (CHy), 29.2 (CH,), 28.9 (CHy),
27.1 (CHy), 26.8 (CHy), 15.2 (CHs, Meyp), 14.1 (CHs, Me,;,). FTIR 3345, 2923, 2851, 2094, 1619,
1591, 1422. HRMS (ESI+) m/z calcd for Ca3H.N;0," (M+H)*: 600.3293, found: 600.3299.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-N-(3-Aminopropyl)-3-(2-(4-benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-1H-indole-7-

carboxamide (90)

Pd/C (10% Pd, 53 mg, 50 umol, 0.1 equiv) was added to a solution of compound 88 (250 mg,
498 pumol) in absolute EtOH (5 mL) under a dry N, atmosphere. After purging with hydrogen the
suspension was energetically stirred for 2 h. The heterogeneous mixture was filtered under celite®,
washed with EtOH and the solvent was evaporated under vacuum to afford 232 mg (488 umol, 98%)

of compound 90.
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o \}/@ Colorless oil. Ry (CH,CIl,/MeOH 95:5) 0.10. ‘H NMR
(CD;0D, 400 MHz): & 8.39 (br s, 1H, H,), 8.11 (s, 1H, Hy),

(Nj\ 7.74 (d, 3 = 7.4, 1H, He), 7.47 — 7.43 (m, 5H, Hey), 7.35 (&,
o, N 3=7.3,1H, Hs), 472 — 2.72 (br m, 7H, Hyp), 3.53 (t, J =
iy { o 6.8, 2H, Hy), 2.80 (t, J = 6.9, 2H, H.), 1.84 (p, J = 6.8, 2H,
6 N Hy), 1.31 (br s, 3H, Mey,). °C NMR (CD:OD, 100.6
NS N0 : MHz): § 187.2 (CO), 173.5 (NCO), 169.3 (NCO), 168.2
H (NCO), 139.2 (CH, C,), 137.4 (C,), 136.3 (C), 131.3 (CH,

Cer), 129.8 (CH, Cpp), 128.1 (CH, Cpy), 128.0 (Cy), 126.3 (CH, C,), 123.6 (CH, Cs), 123.3 (CH, C),
119.4 (C,), 114.6 (Cg), 51.7 (CH, Cyp), 41.7 (CHa, Cyip), 39.4 (CH,, Co), 37.7 (CHy, Cy), 37.3 (CHy,
Coip)s 32.5 (CHa, Cb), 16.4 (CHs, Meyp), 14.4 (CHs, Mey,). FTIR 3292, 2874, 1619, 1583, 1423,
HRMS (ESI+) m/z calcd for CosHaoNsO,* (M+H)*: 476.2292, found: 476.2284.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-3-(2-(4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-N-(3-propiolamidopropyl)-1H-indole-7-

carboxamide (91)

N,N’-Dicyclohexylcarbodiimide (DCC, 299 mg, 1.52 mmol, 1.05 equiv) followed by a solution
of compound 90 (689 mg, 1.45 mmol) in CH,Cl, (7 mL) were added to a solution of propiolic acid (94
pL, 1.5 mmol, 1.05 equiv) in CH,CI, (8 mL) under a dry N, atmosphere, at —20 °C. The reaction was
stirred overnight at —20 °C. The reaction mixture was filtered and the solvent was removed under
reduced pressure. The residue was purified by flash column chromatography (CH,Cl,/MeOH, 98:2 to
95:5) to give 474 mg (899 pmol, 62%) of compound 91.

o>/® Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.47. '"H NMR
(CDCls3, 400 MHz): 6 11.42 (br's, 1H, NH), 8.42 (br s,

N

(j\ 1H, H,), 8.01 (s, 1H, H,), 7.69 (br s, 1H, NH), 7.63 (d,
o N J = 7.4, 1H, He), 7.40 — 7.38 (M, 5H, Hey), 7.28 (M,
s A 0 1H, Hy), 6.97 (br s, 1H, NH), 4.80 — 3.11 (br m, 7H,
5 6 N Hop), 349 (br s, 2H), 3.39 (br s, 2H), 2.83 (s, 1H,
/k LA : C=CH), 1.77 — 1.73 (m, 2H, Hy), 1.25 (br s, 3H,

z N v N ° 12
Meyi). *C NMR (CDCls, 100.6 MHz): § 185.6 (CO),

171.5 (NCO), 167.5 (NCO), 166.2 (NCO), 153.3 (NCOC=CH), 136.4 (CH, C,), 135.2 (C), 135.1
(Co), 130.2 (CH, Cpy), 128.8 (CH, Cpy), 127.1 (CH, Cpy), 127.0 (Cy), 126.1 (CH, C,), 122.9 (CH, Cs),
121.8 (CH, Cg), 116.9 (Cy), 114.3 (Cy), 77.4 (Cg), 74.1 (C=CH), 50.1 (CHa, Cyip), 45.0 (CH,, Cyip),
40.1 (CH, Cpip), 37.0 (CHy), 36.0 (CHy), 29.5 (CH,, Cb), 15.3 (CHs, Mey;,), 13.7 (CHs, Meyi,). HRMS
(ESI+) m/z calcd for CagHaNsOs* (M+H)*: 528.2241, found: 528.2242.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.
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(R)-3-(2-(4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-N-(3-(3-(trimethylsilyl)propiolamido)
propyl)-1H-indole-7-carboxamide (92)

N,N’-Dicyclohexylcarbodiimide (DCC, 115 mg, 0.552 mmol, 1.05 equiv) followed by a solution
of compound 90 (250 mg, 0.526 mmol) in CH,Cl, (3 mL) were added to a solution of 3-
(trimethylsilyl)propiolic acid (76 mg, 0.526 mmol) in CH,CI, (3 mL) under a dry N, atmosphere,
at —20 °C. The reaction was stirred overnight at —20 °C. The reaction mixture was filtered and the
solvent was removed under reduced pressure. The residue was purified by flash column
chromatography (CH,Cl,/MeOH 95:5) to give 175 mg (292 umol, 56%) of compound 92.

o\}/@ Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.35. 'H
NMR (CDClz, 400 MHz): 6 11.42 (br s, 1H,

N
()\ NH), 8.44 (br s, 1H, Hy,), 8.06 (d, J = 2.9, 1H,
o. N H,), 7.83 (br s, 1H, NH), 7.69 (d, J = 7.6, 1H,
5“ { o He), 7.50 — 7.35 (M, 5H, Hey), 7.32 (t, J = 7.5,
o 6 N 1H, Hs), 6.54 (br s, 1H, NH), 4.98 — 3.18 (br m,
AU : 7H, Hyp), 3.53 — 3.48 (M, 2H), 3.44 — 3.39 (m,

2 WY N

™S 2H), 1.76 (p, J = 5.5, 2H, Hy), 1.28 (br s, 3H,

Mepip), 0.22 (s, 9H, Hrus). °C NMR (CDCl,,
100.6 MHz): § 185.3 (CO), 170.8 (NCO), 167.3 (NCO), 166.1 (NCO), 154.3 (NCOC=C), 136.5 (CH,
C,), 136.4 (C,), 135.1 (C,), 130.3 (CH, Cpr), 128.8 (CH, Cpy), 127.2 (CH, Cpy), 126.7 (C,), 126.1 (CH,
C4), 123.0 (CH, Cs), 121.9 (CH, Cq), 117.0 (C,), 114.3 (Cy), 97.2 (Cy), 92.9 (Cy), 49.8 (CH,, Cyp), 45.1
(CHz, Cppp), 41.1 (CH, Cppp), 36.6 (CHy), 35.7 (CHy), 29.6 (CHy, Cp), 15.4 (CHs, Mey;,), 13.7 (CH,
Mey,), 0.6 (Me, Crvs). HRMS (ESI+) m/z calcd for CgHagNsOsSi™ (M+H)™: 600.2637, found:
600.2635.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

6.2. Experimental chapter 2

6.2.1. BMS derivatives. Click reaction
(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(1-(3-(4-phenethyl-1H-1,2,3-triazol-1-yl)propyl)-1H-
indol-3-yl)ethane-1,2-dione (93)

4-Phenyl-1-butyne (18 pL, 0.12 mmol, 1.1 equiv) followed by copper(l) trifluoro-
methanesulfonate benzene complex (Cu,(OTf),-CeHs, 13 mg, 22 pumol, 0.2 equiv) were added to a

solution of compound 10 (50 mg, 0.11 mmol) in CH,CI, (1.1 mL) under a dry N, atmosphere. The

mixture was stirred vigorously for 48 h at room temperature. The reaction mixture was filtered on
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celite® and the solvent was removed under reduced pressure. The residue was purified by flash column
chromatography (CH,Cl,/MeOH, 98:2 to 95:5) to give 29 mg (49 umol, 45%) of compound 93.

o Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.43. '"H NMR (CDCls,

E/O 400 MHz): & 8.35 (br s, 1H), 7.91 (m, 1H, H,), 7.47 (s, 1H,

g j\ Hui), 7.46 — 7.36 (M, 5H, Hen), 7.35 — 7.24 (M, 5H, Hey), 7.21 —

o. N 7.15 (m, 3H), 5.08 — 2.78 (br m, 7H, Hy;), 4.24 (t, J = 6.9, 2H,

A { 0o H.), 4.20 — 4.13 (m, 2H), 3.02 (t, J = 6.5, 2H, H,), 2.52 — 2.35
6 N (m, 4H), 1.29 (br s, 3H, Me,;,). *C NMR (CDCls, 100.6 MHz):
' \\L § 185.0 (CO), 171.4 (NCO), 166.2 (NCO), 141.1 (C,), 138.7
N (Cy), 136.8 (Cy), 135.3 (CH, Cyia), 135.2 (Cy), 130.1 (CH, Cpy),

N=N
128.8 (CH, Cpp), 128.6 (CH, Cpp), 128.5 (CH, Cpy), 127.1 (CH,

Cer), 1265 (C,), 124.5 (CH, Cpr), 123.7 (CH), 123.4 (CH), 122.7 (CH), 122.6 (CH), 113.8 (Cy), 110.2
(CH), 46.7 (CH,, C.), 44.1 (CH;, C,), 35.4 (CH,), 29.8 (CH,), 27.5 (CHy), 16.5 (CHs, Me,;). HRMS
(ESI+) m/z calcd for CasHsNgO5™ (M+H)*: 589.2922, found: 589.2920.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(1-(10-(4-phenethyl-1H-1,2,3-triazol-1-yl)decyl)-1H-
indol-3-yl)ethane-1,2-dione (94)

4-Phenyl-1-butyne (17 pL, 0.12 mmol, 1.1 equiv) followed by copper(l) trifluoro-
methanesulfonate benzene complex (Cu,(OTf),-CeHg, 13 mg, 22 umol, 0.2 equiv) were added to a
solution of compound 11 (60 mg, 0.11 mmol) in CH,Cl, (1.1 mL) under a dry N, atmosphere. The
mixture was stirred vigorously for 48 h at room temperature. The reaction mixture was filtered on
celite® and the solvent was removed under reduced pressure. The residue was purified by flash column
chromatography (CH,Cl,/MeOH, 98:2 to 95:5) to give 49 mg (71 umol, 66%) of compound 94.

o\}/@ Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.57. *H NMR (CDCls,

{ 400 MHz): & 8.32 (br s, 1H), 7.87 (s, 1H, Hyix), 7.47 — 7.37 (m,

()\ 5H, Hep), 7.34 (s, 1H), 7.33 — 7.31 (m, 2H), 7.30 — 7.24 (m, 3H),

o | 7.22 — 7.14 (m, 3H), 5.05 — 2.97 (br m, 7H, Hyp), 4.26 (t, J =

o { 0 6.9, 2H, H,), 4.14 (t, J = 7.2, 2H, H,), 3.02 (br s, 2H), 1.92 —

6 N i 1.76 (m, 4H), 1.41 — 1.11 (m, 17H). *C NMR (CDCl;, 100.6

a\ﬁL MHz): § 184.4 (CO), 171.4 (NCO), 166.4 (NCO), 141.3 (C,),
=N

138.2 (CH, Cyixy), 137.1 (Cy), 135.2 (Cy), 130.2 (Cy), 128.8 (CH,
Crr), 128.6 (CH, Cpp), 128.5 (CH, Cpy), 127.1 (CH, Cpp), 126.4
(Co), 126.2 (CH, Cpp), 124.2 (Cg), 1235 (CH), 122.5 (CH), 113.4 (CH), 110.4 (CH), 49.3 (CH,, C,),
47.6 (CH,, Cy), 30.3 (CHy), 29.9 (CH,), 29.4 (CH,), 29.3 (CHy), 29.2 (CH,), 29.0 (CH,), 27.7 (CH,),
27.0 (CH,), 26.5 (CHy), 16.5 (CH3, Mepi,). HRMS (ESI+) m/z caled for CyoHsiNgOs*

N=N
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(M+H)": 687.4017, found: 687.4036.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(4-(3-(4-phenethyl-1H-1,2,3-triazol-1-yl) propoxy)-
1H-indol-3-yl)ethane-1,2-dione (95)

4-Phenyl-1-butyne (23 pL, 0.16 mmol, 1.1 equiv) followed by copper(l) trifluoro-
methanesulfonate benzene complex (Cu,(OTf),-CeHg, 41 mg, 74 umol, 0.5 equiv) were added to a
solution of compound 58 (70 mg, 0.15 mmol) in CH,Cl, (1.5 mL) under a dry N, atmosphere. The
mixture was stirred vigorously for 48 h. The reaction mixture was filtered on celite® and the solvent
was removed under reduced pressure. The residue was purified by flash column chromatography
(CH,CIl,/MeOH, 98:2 to 95:5) to give 78 mg (0.13 mmol, 88%) of compound 95.

o@ Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.63. '"H NMR
(CDCl3, 400 MHz): 3 10.60 (br s, 1H, NH), 7.88 (s, 1H,

N
(K Hiaz) 7.48 — 7.35 (m, 5H, Hcopn), 7.29 — 7.21 (m, 4H),
N,/N\N/\b/i’\o o, N 7.16 —7.09 (m, 3H), 6.77 — 6.75 (m, 2H), 5.00 — 2.97 (br
= s { o m, 7H, Hpip), 4.24 (m, 2H, H,), 4.09 (m, 2H, H,), 3.03
6 N ’ (m, 2H), 2.41 (br s, 2H), 1.29 (br s, 3H, Mey). B¢

NMR (CDCls, 100.6 MHz): & 186.5 (CO), 171.4 (NCO),

165.2 (NCO), 152.5 (C), 141.0 (Cy), 140.3 (CH, Cyias),

138.9 (C), 135.2 (Cy), 130.1 (CH, Cpp), 128.7 (CH, Cyy),
128.5 (CH, Cpp), 128.5 (CH), 127.2 (CH), 127.1 (CH, Cpp), 126.3 (CH), 115.5 (Cy), 114.5 (C,), 109.3
(CH), 109.3 (C,), 101.4 (CH), 50.3 (Cyip), 45.2 (CHy, C,), 44.5 (CH,, Cy), 41.4 (Cyip), 36.6 (Cpip), 35.3
(CH,), 29.2 (CH,), 27.5 (CHy), 15.2 (CHs, Meyp). HRMS (ESI+) m/z calcd for CasHgNeO,* (M+H)'™:
605.2871, found: 605.2885.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-1-(4-Benzoyl-2-methylpiperazin-1-yl)-2-(4-((10-(4-phenethyl-1H-1,2,3-triazol-1-yl)decyl)oxy)-
1H-indol-3-yl)ethane-1,2-dione (96)

4-Phenyl-1-butyne (22 uL, 0.15 mmol, 1.1 equiv) followed by copper(l) trifluoro-
methanesulfonate benzene complex (Cu,(OTf),-CeHs, 39 mg, 70 umol, 0.5 equiv) were added to a
solution of compound 59 (80 mg, 0.14 mmol) in CH,CI, (1.4 mL) under a dry N, atmosphere. The
mixture was stirred vigorously for 48 h. The reaction mixture was filtered on celite® and the solvent
was removed under reduced pressure. The residue was purified by flash column chromatography
(CH,CIl,/MeOH, 98:2 to 95:5) to give 94 mg (0.13 mmol, 96%) of compound 96.
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o \}/@ Colorless oil. R (CH,Cl,/MeOH 95:5) 0.50. 'H NMR
(CDCls, 400 MHz): & 10.64 (br s, 1H, NH), 7.79 (s, 1H,

N
(j\ Huiwr), 7.47 — 7.34 (M, 5H, Hey), 7.28 — 7.14 (m, 7H),
Cc a N — —
Mo © 6.83 (d, J = 8.2, 1H), 6.75 (d, J = 7.8, 1H), 5.05 — 2.88
— . { o (br m, 7H, Hyi,), 4.26 (t, J = 6.8, 2H, H,), 4.08 (t, J = 7.3,
2

2H, Ho), 3.07 — 2.96 (m, 4H), 1.90 — 1.79 (m, 4H), 1.40 —
1.10 (m, 15H). *C NMR (CDCl,, 100.6 MHz): § 186.1
(CO), 171.5 (NCO), 165.4 (NCO), 152.3 (C,), 141.2
(Co), 139.4 (CH, Cyiry), 139.3 (CH), 135.1 (C), 135.0
(Cy), 130.2 (CH, Cy), 128.8 (CH), 128.6 (CH, Cpy), 128.4 (CH), 127.1 (CH, Cpy), 126.9 (CH), 126.1
(CH), 115.5 (C,), 114.3 (C;), 109.1 (Cg), 109.1 (CH), 101.7 (CH), 50.1 (CH,, C.), 48.1 (CH,, C,), 45.2
(Coip), 41.6 (Cyip), 36.2 (Cpip), 35.6 (CH,), 30.3 (CH,), 29.5 (CHy), 29.3 (CHy), 29.2 (CH;), 29.1 (CH,),
28.9 (CHy), 27.6 (CHy), 26.8 (CH,), 26.4 (CH,), 16.4 (CHs, Meyp). HRMS (ESI+) m/z calcd for
CaoHs:NsO,* (M+H)*: 703.3966, found: 703.3966.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

1-(4-Benzoylpiperazin-1-yl)-2-(5-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)-1H-indol-3-yl)ethane-
1,2-dione (97)

Copper(l) trifluoromethanesulfonate benzene complex (Cu,(OTf),-CsHs, 5.0 mg, 11 umol, 0.1
equiv) was added to a solution of compound 70 (45 mg, 0.11 mmol) and benzyl azide (15 pL, 0.11
mmol, 1.05 equiv) in CH,CIl, (1.1 mL) under a dry N, atmosphere. The mixture was stirred
vigorously overnight at room temperature. Tf,Cu,-C¢Hg (3.00 mg, 1.99 umol, 0.05 equiv) was added
and the mixture was stirred again overnight. The reaction mixture was filtered on celite® and the
solvent was removed under reduced pressure. The residue was purified by flash column
chromatography (CH,Cl,/MeOH 95:5) to give 45 mg (82 umol, 76%) of compound 97.

Yellowish oil. R¢ (CH,Cl,) 0.56. '"H NMR (CDCl;,
400 MHz): & 10.51 (br s, 1H, NH), 7.83 (br s, 1H,
Hyiaz), 7.81 (d, J = 3.3, 1H, H,), 7.59 (s, 1H, H,),
7.46 — 7.37 (M, 5H, Hpp), 7.35 — 7.32 (M, 3H, Hey),
7.26 — 7.23 (M, 2H, Hpp), 7.16 (d, J = 8.9, 1H, Hy),
6.84 (dd, J = 8.8, 2.4, 1H, He), 5.50 (s, 2H, CH,Ph),
5.18 (s, 2H, H,), 4.72 — 2.09 (br m, 7H, Hy;,), 1.25
(br s, 3H, Mey,). *C NMR (CDCls, 100.6 MHz): § 185.2 (CO), 170.9 (NCO), 166.6 (NCO), 155.4
(Cy), 1445 (C,), 136.4 (CH, Cy), 135.0 (CH, Cyix), 134.5 (C,), 132.1 (C), 130.4 (CH, Cpy), 129.3
(CH, Cpr), 128.9 (CH, Cpp), 128.9 (CH, Cpy), 128.2 (CH, Cpp), 127.2 (CH, Cpy), 126.2 (Cy), 123.1 (Cy),
115.0 (Cy), 114.3 (CH, Cg), 113.2 (CH, C;), 105.1 (CH, C,), 62.6 (CH,, C,), 54.4 (CH,, CH,Ph), 46.3
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Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-3-(2-(4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-N-((1-benzyl-1H-1,2,3-triazol-4-
yl)methyl)-1H-indole-7-carboxamide (98)

Benzyl azide (32 mg, 0.24 mmol, 1.1 equiv) followed by copper(l) trifluoromethanesulfonate
benzene complex (Cu,(OTf),-CsHs, 62 mg, 0.11 mmol, 0.5 equiv) were added to a solution of
compound 87 (100 mg, 219 pmol) in CH,CI, (2.2 mL) under a dry N, atmosphere. The mixture was
stirred vigorously for 48 h and then the solvent was removed under reduced pressure. The residue was
purified by flash column chromatography (CH,Cl,/MeOH, 98:2 to 95:5) to give 58 mg (0.10 mmol,
46%) of compound 98.

Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.78. '"H NMR
(CDCls, 400 MHz): 5 11.10 (br s, 1H, NH), 8.22 (br s,
1H, Hy), 8.02 (s, 1H, H,), 7.80 (s, 1H, NHCO), 7.58 —
7.55 (m, 2H, Hg + Hyiz), 7.46 — 7.37 (m, 5H, Hpy),
7.35 - 7.20 (m, 6H, Hpy, + Hs), 5.48 (s, 2H, NCH,Ph),
4.95 —3.00 (br m, 7H, Hyip), 4.70 (d, J = 2.5, 2H, H,),
1.29 (br s, 3H, Me,;). **C NMR (CDCls, 100.6 MHz):
§ 185.5 (CO), 171.7 (NCO), 167.2 (NCO), 166.1
(NCO), 136.4 (CH, Cyiay), 136.2 (CH, C,), 135.2 (C,),
134.4 (C,), 130.2 (CH, Cpp), 129.3 (CH, Cpp), 129.0 (CH, Cpp), 128.8 (CH, Cpp),128.3 (CH, Cpp), 127.1
(Cen), 126.7 (Cy), 126.6 (Cy), 126.3 (CH, Cy), 122.7 (CH, Cs), 121.9 (CH, C¢), 116.6 (C,), 114.4 (Cy),
54.5 (CH,, CH,Ph), 50.0 (CH, Cp), 41.3 (CH,, Cypip), 36.1 (CHy, Cpip), 35.2 (CH,, C,), 15.2 (CHs,
Meyip). HRMS (ESI+) m/z caled for Ca3H3,N;O," (M+H)™: 590.2510, found: 590.2503.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(R)-3-(2-(4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-N-(3-(4-phenethyl-1H-1,2,3-triazol-1-
yl)propyl)-1H-indole-7-carboxamide (99)

4-Phenyl-1-butyne (35 upL, 0.24 mmol, 1.1 equiv) followed by copper(l)
trifluoromethanesulfonate benzene complex (Cu,(OTf),-CgHs, 62 mg, 0.11 mmol, 0.5 equiv) were
added to a solution of compound 88 (111 mg, 221 pmol) in CH,Cl, (2.2 mL) under a dry N,
atmosphere. The mixture was stirred vigorously for 48 h. The solvent was then removed under
reduced pressure and the residue was purified by flash column chromatography (CH,Cl,/MeOH, 98:2
to 95:5) to give 63 mg (0.10 mol, 45%) of compound 99.
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Colorless oil. R (CH,Cl,/MeOH 95:5) 0.50. *H NMR
(CDCls, 400 MHz): § 11.13 (br s, 1H, NH), 8.42 (s,
1H, Hyier), 8.01 (t, J = 3.3, 1H, Hy), 7.53 (d, J = 7.4,
1H, H,), 7.45 — 7.32 (M, 5H, Hen), 7.29 — 7.09 (m, 8H,
NHCO + Hpp, + He + Hs), 4.97 — 2.83 (br m, 7H, Hyy),
4.40 (t,J=6.3, 2H, H.), 3.46 (g, J = 6.0, 2H, H,), 3.03
—2.87 (m, 4H), 2.23 — 2.12 (m, 2H, Hy), 1.28 (br s,
3H, Me,p). °C NMR (CDCls, 100.6 MHz): § 185.2
(CO), 171.4 (NCO), 167.5 (NCO), 166.3 (NCO),
141.1 (Cy), 136.3 (CH, C;), 135.2 (Cy), 135.1 (Cy),
130.2 (CH, Cpp), 128.8 (CH, Cpp), 128.6 (C), 128.5
(CH, Cepn), 128.5 (CH, Cpp),127.1 (CH, Cpp), 126.7
(Cy), 126.7 (CH, C,), 126.2 (CH, Cyiar), 122.8 (CH, Cs), 121.7 (CH, Cg), 116.6 (C), 114.3 (C,), 50.0
(CH, Cyip), 48.0 (CHy, C;), 41.2 (CHy, Cpip), 37.0 (CH,, C,), 36.5 (CH,, Cyip), 35.5 (CHy), 28.9 (CHy,
Cp), 27.5 (CH,), 15.2 (CHs, Me,). HRMS (ESI+) m/z caled for CaHagN;0," (M+H)*: 632.2980,
found: 632. 3035.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

6.2.2. Ligands
2-Azidoethan-1-ol (101)*"

2-Chloroethanol (5.6 mL, 84 mmol) was added to a solution of sodium azide (7.00 g, 108 mmol,
1.3 equiv) in H,O (20 mL). The mixture was stirred for 24 h at 80 °C. After cooling, the reaction
mixture was diluted with brine (10 mL) and extracted with EtOAc (3 x 25 mL), dried over anhydrous
MgSQ,, filtered and concentrated to give 7.14 g (82.0 mmol, 98%) of azide 101.

HO -~ Colorless oil. R; (CH,Cl,) 0.23. *H NMR (CDCls, 400 MHz): & 3.77 — 3.75 (m, 2H,
3

HOCH,), 3.43 (t, J = 5.1, 2H, CH,N3), 2.27 (br s, 1H, OH). *C NMR (CDCl;, 100.6
MHz): § 61.1 (CH,, CH,0H), 53.3 (CH,, CH,N;). FTIR 3357, 2930, 2878, 2093.

Benzyl azide (102)

Benzyl bromide (8.7 mL, 73 mmol) was added to a suspention of sodium azide (5.00 g, 76.9
mmol, 1.05 equiv) in DMF (20 mL) under a dry N, atmosphere and the mixture was stirred for 2 h at
room temperature. The reaction was diluted with H,O (200 mL) and extracted with Et,0 (3 x 150 mL).
The organic layers were collected, washed with H,O (3 x 100 mL), dried over anhydrous MgSO,,
filtered and concentrated to give 9.72 g (73.0 mmol, 99%) of azide 102.
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©/\N3 Colorless oil. R; (CH,Cl,) 0.90. *H NMR (CDCls, 400 MHz): & 7.41 — 7.32 (m, 5H,
Her), 4.35 (s, 2H, CH,). ®*C NMR (CDCls, 100.6 MHz): & 135.3 (C,), 128.6 (CH,
Cer), 128.0 (CH, Cpp), 128.0 (CH, Cpp), 54.4 (CH,, CHN,).

2-Azido-2-methylpropane (103)*®

Sodium azide (4.58 g, 70.4 mmol, 1.1 equiv) was added little by little to a solution of H,O/H,SO,4
1:1 (w/w, 70 g) at 0 °C. When all of the NaN; was dissolved, tert-butyl alcohol (6.0 mL, 64 mmol)
was slowly added and the resulting solution was stirred for 10 min at room temperature and then
maintained without stirring for 2 days. The organic layer was separated, washed with 2 M NaOH (5
mL), dried over anhydrous MgSQ,, filtered and concentrated to give 4.195 g (42.32 mmol, 66%) of
azide 105.

Colorless oil. *H NMR (CDCls, 400 MHz): & 1.23 (s, 18H, Hg,). *C NMR (CDClIs,
N3 100.6 MHz): & 58.9 (Cy), 28.0 (CH3, Me,).

Tris((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)amine (104, TBTA)™"

Sodium r-ascorbate (50 mg, 0.25 mmol, 0.1equiv) in H,O (3 mL) followed by copper(ll) sulfate
pentahydrate (31 mg, 0.13 mmol, 0.05 equiv) in H,O (3 mL) were added to a solution of benzyl azide
(102, 1.00 mL, 8.80 mmol, 1.2 equiv) and tripropargylamine (328 mg, 2.50 mmol) in tert-butyl
alcohol (8 mL) under a dry N, atmosphere, at 0 °C. The reaction mixture was heated to 75 °C and
stirred overnight. The reaction was quenched by addition of ammonia (5 mL) and diluted with CH,CI,
(20 mL). The organic layer was separated and the aqueous layer extracted with CH,Cl, (3 x 20 mL),
dried over anhydrous MgSQO,, filtered and concentrated. The residue was purified by flash column
chromatography (CH,Cl,/MeOH 95:5) to give 1.07 g (2.01 mmol, 81%) of compound 104.

Ph White solid. M, 137-138 °C (lit."*® 138-139). R; (CH,Cl,/MeOH 95:5)
3<N_N 0.49. '"H NMR (CDCls, 400 MHz): & 7.68 (s, 3H, Hy), 7.35 — 7.27 (m,
&YN 9H, Hey), 7.25 — 7.20 (M, 6H, Hey), 5.49 (s, 6H, Hs), 3.72 (s, 6H, Hy). **C
,/NJ/\N 1 NMR (CDCls, 100.6 MHz): § 144.3 (Cy), 134.8 (C,), 129.1 (CH, Cp),
N
N / _ 128.7 (CH, Cpp), 128.1 (CH, Cpp), 124.0 (CH, C,), 54.2 (CH,, Cs), 47.2
N
bh N=\  Ph (CH,, Cy).

2-(4-((Di(prop-2-yn-1-yl)amino)methyl)-1H-1,2,3-triazol-1-yl)ethan-1-ol (105)*?

Copper(l) acetate (22 mg, 0.18 mmol, 0.05 equiv) was added to a solution of 2-azidoethan-1-ol
(101, 462 mg, 5.30 mmol, 1.5 equiv) and tripropargylamine (500 pL, 3.53 mmol) in anhydrous THF

(35 mL) under a dry N, atmosphere. The reaction mixture was heated to 60 °C and stirred overnight.
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The solvent was removed under reduced pressure and the residue was purified by flash column
chromatography (CH,Cl,/MeOH 95:5) to give 303 mg (1.39 mmol, 40%) of compound 105.

HO Colorless oil. R; (CH,Cl,/MeOH 95:5) 0.25. *"H NMR (CDCls, 400 MHz): § 7.66

, (s, 1H, Hy), 4.48 (M, 2H, Hy), 4.07 (m, 2H, Hy), 3.86 (s, 2H, H,), 3.47 (d, J = 2.1,
N—N —
%(N 4H, Hs), 2.27 (t, J = 2.4, 2H, Hy).
4

Z N

5
\%

6

2-(4-((Bis((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)amino)methyl)-1H-1,2,3-triazol-1-yl)ethan-1-ol
(106)

Copper(l) acetate (12 mg, 0.10 mmol, 0.1 equiv) was added to a solution of benzyl azide (102,
403 mg, 3.02 mmol, 3.0 equiv) and compound 105 (220 mg, 1.01 mmol) in anhydrous THF (10 mL)
under a dry N, atmosphere. The reaction mixture was heated to 60 °C and stirred overnight. The
solvent was removed under reduced pressure and the residue was purified by flash column
chromatography (CH,Cl,/MeQOH 94:6) to give 425 mg (0.877 mmol, 87%) of alcohol 106.

HO Colorless oil. Ry (CH,Cl,/MeOH 95:5) 0.38. '"H NMR (CDCl,,
2 400 MHz): & 7.92 (s, 1H, Ha), 7.69 (s, 2H, He), 7.43 — 7.18 (m,
3N\_NN 10H, Her), 5.50 (5, 4H, H-), 4.46 (t, J = 4.7, 2H, H,), 4.02 (t, J =

- % 4.6, 2H, Hy), 3.82 (5, 2H, Hy), 3.79 (s, 4H, Hs).

2-(4-((Bis((1-(tert-butyl)-1H-1,2,3-triazol-4-yl)methyl)amino)methyl)-1H-1,2,3-triazol-1-yl)ethan-
1-ol (107)"

Copper(l) acetate (8.4 mg, 0.069 mmol, 0.1 equiv) was added to a solution of compound 103
(340 mg, 3.44 mmol, 5.0 equiv) and alcohol 105 (150 mg, 0.687 mmol) in anhydrous THF (5 mL)
under a dry N, atmosphere. The reaction mixture was heated to 60 °C and stirred overnight. The
solvent was removed under reduced pressure and the residue was purified by flash column
chromatography (CH,Cl,/MeOH 95:5) to give 280 mg (0.672 mmol, 98%) of alcohol 107.
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HO, Colorless oil. Ry (CH,CI,/MeOH 95:5) 0.09. 'H NMR (D,0, 400
v MHz): § 7.90 (s, 1H, Hy), 7.84 (s, 2H, He), 4.47 (t, J = 5.0, 2H, H,),
N\‘NN 4.00 (t, J =5.2, 2H, H,), 3.72 (s, 2H, Hy), 3.81 (s, 4H, Hs), 1.64 (s,
% 18H, H,). °C NMR (CDCl;, 100.6 MHz): § 143.8 (Cg), 143.1

6 5 4
%NM N (Co), 125.1 (CH, Cs), 121.3 (CH, C¢), 61.0 (CH, Cu), 59.5 (Co),
\N:N K(\
N

’Q 53.0 (CH,, Cy), 50.5 (CH,, Cs), 47.2 (CHa, Ca), 30.1 (CHs, Cigy).
N:N/

Sodium  2-(4-((bis((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)amino)methyl)-1H-1,2,3-triazol-1-yl)ethyl
sulfate (108)

Sulfur trioxide-pyridine complex (SOs-py, 154 mg, 0.970 mmol, 5.0 equiv) was added to a
solution of alcohol 106 (94 mg, 0.19 mmol, 1.0 equiv) in anhydrous pyridine (5 mL) under a dry N,
atmosphere. The reaction was heated to 50 °C and stirred overnight. After cooling, the reaction
mixture was quenched with MeOH (2 mL) and stirred for 30 min at room temperature. The solvent
was removed under reduced pressure and the oily residue was purified by flash column
chromatography (CH,Cl,/MeOH 85:15) to furnish the corresponding acid that was further neutralized
with 0.05 M NaOH to obtain 99 mg (0.17 mmol, 89%) of sodium salt 108.

SO;Na Colorless oil. R; (CH,Cl,/MeOH 85:15) 0.27. *"H NMR (CDCls,

° ) 400 MHz): & 7.82 (s, 1H, H3), 7.68 (s, 2H, He), 7.29 — 7.14 (m,

NN 10H, Hey), 5.42 (s, 4H, H;), 4.55 (t, J = 4.9, 2H), 4.27 (t, J = 4.6,

3%“N 2H), 3.59 (s, 4H, Hs), 3.57 (s, 2H, H,). *C NMR (CDCls, 100.6

- MN . MHz): § 144.2 (C,), 143.6 (Cy), 129.0 (CH, Cp), 128.7 (CH, Cpp),

e NN K@ 128.0 (CH, Cpp), 125.1 (CH, C3), 124.1 (CH, Cy), 65.8 (CH,), 54.1
N:N/N'\Ph (CH,), 54.1 (CH,, C;), 49.7 (CH,, Cs), 47.3 (CH,, Cy).

2-(4-((Bis((1-(tert-butyl)-1H-1,2,3-triazol-4-yl)methyl)amino)methyl)-1H-1,2,3-triazol-1-yl)ethyl
hydrogen sulfate (109)"

Sulfur trioxide-pyridine complex (SOs;-py, 191 mg, 1.20 mmol, 5.0 equiv) was added to a
solution of alcohol 107 (100 mg, 0.240 mmol, 1.0 equiv) in anhydrous pyridine (5 mL) under a dry N,
atmosphere. The reaction was heated to 50 °C and stirred overnight. After cooling, the reaction
mixture was quenched with MeOH (2 mL) and stirred for 30 min at room temperature. The solvent
was removed under reduced pressure and the oily residue was purified by flash column
chromatography (CH,Cl,/MeOH/TFA 85:10:5) and it was stored under vacuum in a desiccator with
P,Os until constant weight to furnish the corresponding acid that was further neutralized with 0.05 M
NaOH to obtain 107 mg (0.206 mmol, 86%) of sodium salt 109.
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SO;3Na Colorless oil. Rf (CH,Cl,/MeOH/TFA 85:10:5) 0.11. 'H NMR
9, (CDCls, 400 MHz): & 8.40 (s, 2H, He), 8.31 (s, 1H, H3), 4.76 (t, J =
22N_ 4.8, 2H, H,), 4.55 (t, J = 4.8, 2H, H,), 3.36 (s, 2H, H,), 3.31 (s, 4H,
AN Hs), 1.64 (s, 18H, Hegy). *C NMR (CDCls;, 100.6 MHz): & 143.8
%N MNK/( (Cy), 143.3 (Cy), 126.2 (CH, C3), 123.0 (CH, Cq), 67.0 (CHy, Cy),
LN K(\N ’é 60.6 (Cg), 50.0 (CH,, C,), 48.4 (CH,, Cs), 48.2 (CHy, Cy), 29.3
N=N (CH3, CtBu)-

N,N-Bis((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)prop-2-yn-1-amine**!

Copper(l) acetate (4.0 mg, 0.035 mmol, 0.02 equiv) in H,O (50 pL) was added to a solution of
benzyl azide (102, 470 mg, 3.53 mmol, 2.0 equiv) and tripropargylamine (250 pL, 1.77 mmol) in tert-
butyl alcohol (7 mL) under a dry N, atmosphere. The reaction mixture was stirred for 3 h at room
temperature. The solvent was removed under reduced pressure and the oily residue was diluted in H,O
(20 mL) and extracted with CH,Cl, (3 x 15 mL). The organic layers were collected, dried over
anhydrous MgSO,, filtered and concentrated. The residue was purified by flash column
chromatography (CH,Cl,/MeOH 97:3) to give 220 mg (0.553 mmol, 31%) of compound 110.

1 Colorless oil. Ry (CH,Cl,/MeOH 97:3) 0.18. '"H NMR (CDCl,,

o J' 400 MHz): § 7.57 (s, 2H, Ha), 7.29 — 7.43 (m, 10H, Hpy), 5.49 (5,
Ph/S\N‘/?\’I/\N 4H, Hs), 3.87 (s, 4H, Ha), 3.67 (5, 2H, H,), 2.27 (s, 1H, Hy). ©°C
N kf\,w\ NMR (CDCls, 100.6 MHz): 8 137.7 (Cy), 127.8 (Cy), 122.2 (CH,

=N Ph

Cer), 121.8 (CH, Cpr), 121.2 (CH, Cpp), 116.3 (CH, Cy), 78.2 (Cy),
67.0 (CH, C1), 47.2 (CHj, Cs), 40.9 (CH,, Cs), 35.2 (CHy, C.).

N,N-Bis((1-(tert-butyl)-1H-1,2,3-triazol-4-yl)methyl)prop-2-yn-1-amine”

Copper(l) acetate (4.0 mg, 0.035 mmol, 0.02 equiv) in H,O (50 pL) was added to a solution of
azide 103 (351 mg, 3.53 mmol, 2.0 equiv) and tripropargylamine (250 pL, 1.77 mmol) in tert-butyl
alcohol (7 mL) under a dry N, atmosphere. The reaction mixture was stirred for 3 h at room
temperature. The solvent was removed under reduced pressure and the oily residue was diluted in H,O
(20 mL) and extracted with CH,Cl, (3 x 15 mL). The organic layers were collected, dried over
anhydrous MgSO,, filtered and concentrated. The residue was purified by flash column
chromatography (CH,Cl,/MeOH 97:3) to give 257 mg (0.780 mmol, 44%) of compound 111.
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1 Colorless oil. Ry (CH,Cl,/MeOH 97:3) 0.18. *"H NMR (CDCls, 400

L J' MHz): § 7.67 (s, 2H, Hy), 3.87 (s, 4H, Hs), 3.40 (d, J = 2.4, 2H, H,),
2
%\N/ﬁ/\ N 2.28 (t, J = 2.4, 1H, H,), 1.67 (s, 18H, Hg,). *C NMR (CDCl,,
\ $N
N K@N 100.6 MHz): § 143.6 (C,), 120.2 (CH, C,), 78.8 (C,), 73.5 (CH, Cy),

/

N=
N 59.2 (CHy, Cy), 47.8 (CHy, Cs), 42.2 (C,), 30.0 (CH3, Cesu).

1-Chloropropan-2-one oxime (110)"®

Hydroxylamine hydrochloride (3.84 g, 55.3 mmol, 1.0 equiv) in H,O (1 mL) followed by a
saturated aqueous solution of K,COj3 (3 mL) were added to a solution of freshly distilled chloroacetone
(4.4 mL, 55 mmol) in Et,O (6 mL) under a dry N, atmosphere, at 0 °C. The reaction was stirred
overnight at room temperature. The mixture was then diluted with H,O (100 mL) and extracted with
Et,O (50 mL). The organic layers were collected, dried over anhydrous MgSO,, filtered and
concentrated to give 5.35 g (49.7 mmol, 90%) of compound 110.

NOH  Yellowish oil. Ry (CH,Cl,) 0.35. *H NMR (CDCls, 400 MHz): § 4.09 (s, 2H, CICH,),
2.02 (s, 3H, Me). C NMR (CDCls, 100.6 MHz): & 154.8 (CNOH), 45.5 (CH,,
CICH,), 12.1 (CHs, Me).

Cl

N,N,N-Triethyl-2-(hydroxyimino)propan-1-aminium chloride (111, TACO)**

Triethylamine (7.2 mL, 52 mmol, 1.05 equiv) in 'PrOH (18 mL) was added to a solution of
compound 110 (5.30 g, 49.3 mmol) in anhydrous Et,O (42 mL) under a dry N, atmosphere. The
reaction was stirred overnight at room temperature until all the product precipitated. The solid was
filtered and washed with 'PrOH to afford 9.46 g (45.3 mmol, 92%) of compound 111.

3 White solid. *H NMR (DMSO-ds, 400 MHz): 5 11.8 (s, 1H, NOH), 4.04 (s, 2H,

@ NOH
”gJ\ CH,, Ho), 3.29 (g, J = 7.2, 6H, H,), 1.95 (s, 3H, Hy), 1.23 (t, J = 7.1, 9H, Hy). °C
[ e NMR (DMSO-ds, 100.6 MHz): & 147.1 (CNOH), 58.9 (CH,, C), 52.8 (CH,, C),

15.3 (CH3, Cy), 7.4 (CH3, Cy).

1-((2-(Hydroxyimino)propyl)(prop-2-yn-1-yl)amino)propan-2-one oxime (112)*

TACO (111, 4.07 g, 19.5 mmol, 2.5 equiv) was added to a solution of propargylamine (0.50 mL,
7.8 mmol) in anhydrous CH3;CN (21 mL) under a dry N, atmosphere. The reaction mixture was
refluxed for 4 h. The solvent was removed under reduced pressure and the oily residue was purified by

flash column chromatography (EtOAC) to give 1.44 g (7.34 mmol, 94%) of compound 112.
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) NOH  White solid. Rs (EtOAC) 0.50. '"H NMR (DMSO-ds, 400 MHz): § 10.60 (s, 2H,
b/C\NJJ\ NOH), 3.23 (d, J = 2.3, 2H, H,), 3.11 (t, J = 2.2, 1H, Cy), 3.03 (s, 4H, H,), 1.76
§:NOH (s, 6H, Me). *C NMR (DMSO-ds, 100.6 MHz): & 153.3 (CNOH), 78.3 (C,),

75.9 (CH, Cp), 56.5 (CH;, C,), 41.3 (CH,, C,), 12.1 (CH3, Me).

1-(((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)(2-(hydroxyimino)propyl)amino)propan-2-one oxime
(113)%°

Sodium L-ascorbate (75 mg, 0.38 mmol, 0.15 equiv) in H,O (2.5 mL) followed by copper(ll)
sulfate pentahydrate (32 mg, 0.13 mmol, 0.05equiv) in H,O (2.5 mL) were added to a solution of
benzyl azide (102, 310 pL, 2.54 mmol, 1.0 equiv) and compound 112 (500 mg, 2.54 mmol) in
methanol (45 mL) under a dry N, atmosphere, at 0 °C. The reaction mixture was stirred overnight at
room temperature. The solvent was then removed under reduced pressure and the oily residue was
purified by flash column chromatography (EtOAc) to give 695 mg (2.10 mmol, 94%) of compound
113.

. NOH  White solid. Ry (EtOAC) 0.23. *H NMR (CD,0D, 400 MHz): § 7.87 (s,
/%,/\N\)J\
L N 1H, Hyia), 7.37 — 7.29 (M, 5H, Hep), 5.59 (s, 2H, CH,Ph), 3.67 (s, 2H,
&DNOH H,), 3.00 (s, 4H, Hy), 1.81 (s, 6H, Me). *C NMR (CD,0D, 100.6
MHz): § 156.9 (CNOH), 145.6 (Cq), 136.9 (Cq), 130.0 (CH, Cpp), 129.5
(CH, Cpy), 129.0 (CH, Cpy), 125.4 (CH, Cyiaz), 58.3 (CH,, Cy), 54.9 (CH,, CH,Ph), 49.1 (CH,, C,), 12.4
(CHs, Me).

1-(Di(prop-2-yn-1-yl)amine (114)

Propargyl bromide (80% in toluene, 3.50 mL, 31.2 mmol, 1.0 equiv) was added to a solution of
triethylamine (4.40 mL, 31.2 mmol, 1.0 equiv) and propargylamine (2.0 mL, 31 mmol) under a dry N,
atmosphere, at 20 °C. The reaction was stirred 1 h at 20 °C. The reaction mixture was filtered and the
solvent was removed under reduced pressure. The oily residue was distilled to give 720 mg (7.81

mmol, 25%) of amine 114.

/\H\ Colorless oil. R; (CH,Cl,/MeOH 97:3) 0.40. '"H NMR (CDCl,;, 400 MHz): &
3.47 (s, 2H, CHy), 2.26 (s, 1H, CH). ®*C NMR (CDCl;, 100.6 MHz): & 81.0 (Cy),
72.0 (CH), 36.2 (CH,).

1-(Di(prop-2-yn-1-yl)amino)propan-2-one oxime (115)*

TACO (111, 1.13 g, 5.42 mmol, 1.3 equiv) was added to a solution of amine 114 (300 mg, 3.25

mmol) in anhydrous CH3;CN (14 mL) under a dry N, atmosphere. The reaction mixture was refluxed
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for 2 h. The solvent was removed under reduced pressure and the oily residue was purified by flash

column chromatography (EtOAC) to give 411 mg (2.50 mmol, 77%) of compound 115.

. NOH  Colorless oil. R (EtOAC) 0.45. *H NMR (CD;OD, 400 MHz): & 3.40 (s, 2H,
bé/\NCJJ\ H.), 3.39 (s, 2H, H,), 3.19 (s, 2H, Hy), 3.13 (s, 2H, H), 1.87 (s, 3H, Me). 2°C
X\ NMR (CD;0D, 100.6 MHz): § 156.7 (CNOH), 79.3 (Cy), 74.6 (CH, Cy), 57.9

(CHy, Co), 42.7 (CH,, C,), 12.4 (CH3, Me).

1-(Bis((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)amino)propan-2-one oxime (116)*

Sodium v-ascorbate (48 mg, 0.24 mmol, 0.15 equiv) in HO (1.5 mL) followed by copper(ll)
sulfate pentahydrate (20 mg, 0.08 mmol, 0.05 equiv) in H,O (1.5 mL) were added to a solution of
benzyl azide (102, 440 pL, 3.55 mmol, 2.2 equiv) and compound 115 (265 mg, 1.61 mmol) in
methanol (29 mL) under a dry N, atmosphere, at 0 °C. The reaction mixture was stirred overnight at
room temperature. The solvent was removed under reduced pressure and the oily residue was purified

by flash column chromatography (EtOAc) to give 535 mg (1.24 mmol, 77%) of compound 116.

a NOH White solid. R¢ (CH,Cl,/MeOH 95:5) 0.22. Mixture of E-116 and Z-
PhﬁN‘;jl/\gl\l:\”)J\ 116 in a 2:1 ratio. E-116: '"H NMR (CD50D, 400 MHz): & 7.89 (s,

= 2H, Hyiar), 7.37 — 7.29 (m, 10H, Hpp), 5.57 (s, 4H, CHyPh), 3.69 (s,
4H, H,), 3.00 (s, 2H, Hy), 1.81 (s, 3H, Me)."*C NMR (CD;0D, 100.6
MHz): § 156.9 (CNOH), 145.8 (C), 136.9 (C,), 132.0 (CH, Cpp), 129.5 (CH, Cpy), 129.0 (CH, Cpy),
125.4 (CH, Cuix), 58.3 (CH,, C,), 54.9 (CH,, CH,Ph), 49.0 (CH,, Cp), 12.4 (CHs, Me). Z-116: 'H
NMR (CD;OD, 400 MHz): 6 7.87 (s, 2H, Hyiaz), 7.37 — 7.29 (m, 10H, Hpy), 5.59 (s, 4H, CH,Ph), 3.67
(s, 4H, H,), 3.04 (s, 2H, Hy), 1.74 (s, 3H, Me).

N Ph

~ _N
N ~

4-(Bromomethyl)benzenesulfonyl chloride (117)"

Benzoyl peroxide (635 mg, 2.62 mmol, 0.05 equiv) was added to a solution of p-toluenesulfonyl
chloride (10.00 g, 52.45 mmol) and N-bromosuccinimide (9.43 g, 53.0 mmol, 1.01 equiv) in 1,2-
dichloroethane (66 mL) under a dry N, atmosphere. The reaction mixture was heated at 80 °C and
stirred for 2 h. The solvent was removed under reduced pressure and the residue was purified by

crystallisation from heptane to give 12.87 g (47.73 mmol, 91%) of compound 117.

SO4CI White solid. R; (CH,Cl,) 0.74. *H NMR (CDCls;, 400 MHz): & 8.01 (d, J =
Br\/©/ 8.5, 2H, Hy), 7.63 (d, J = 8.4, 2H, Ha), 451 (s, 2H, CH,Br). *C NMR
(CDCls, 100.6 MHz): 5 145.6 (Cy), 143.9 (C,), 130.3 (CH, Ca,), 127.6 (CH,

Car), 30.9 (CH,, CH,Br).
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4-(Bromomethyl)benzenesulfonic acid (118)'%

An aqueous HCI solution (10%, 50 mL) was added to a solution of compound 117 (7.62 g, 28.3
mmol) in 1,4-dioxane (55 mL). The reaction mixture was heated at 40 °C and stirred for 4 h. The
solvent was removed under reduced pressure and the residue was purified by crystallization from

chloroform to give 5.99 g (25.4 mmol, 90%) of compound 118.

SO4H White solid. R; (CH,Cl,/MeOH 95:5) 0.05. *H NMR (CD;0OD, 400 MHz): &
Br\/©/ 7.80 (d, J = 8.3, 2H, Ha,), 7.63 (d, J = 8.5, 2H, Ha,), 4.59 (s, 2H, CH,Br). **C
NMR (CD;0D, 100.6 MHz): § 146.7 (Cy), 137.3 (C,), 129.8 (CH, Ca,), 127.4

(CH, Ca,), 32.8 (CH,, CH,Br).

4-(Azidomethyl)benzenesulfonic acid (119)**

NaHCO; (2.14 g, 25.5 mmol, 1.0 equiv) followed by sodium azide (1.66 g, 25.5 mmol, 1.0 equiv)
were added to a solution of compound 118 (5.99 g, 25.4 mmol) in EtOH/H,O 8:2 (50 mL). The
reaction mixture was stirred overnight at room temperature. The solvent was removed under reduced
pressure and the oily residue was purified by flash column chromatography (CH,Cl,/MeOH/TFA
9:1:0.5) to give 5.28 g (24.8 mmol, 97%) of compound 119.

so,H  Orange solid. Ry (CH,Cl/MeOH/TFA 9:1:0.5) 0.13. '"H NMR (DMSO-ds,
MV@ 400 MHz): & 7.65 (d, J = 8.0, 2H, Ha,), 7.34 (d, J = 7.9, 2H, Ha,), 4.44 (s, 2H,
CH,N;). °C NMR (DMSO-ds, 100.6 MHz): & 147.7 (C;), 136.1 (C;), 128.0

(CH, Cay), 126.1 (CH, Ca)), 53.3 (CH,, CH,Ny).

6.2.3. BCD
1-Tosyl-1H-imidazole (122)**

Tosyl chloride (15.00 g, 78.68 mmol) in anhydrous CH,Cl, (58 mL) was added dropwise over 1.5
h to a solution of imidazole (12.32 g, 181.0 mmol, 2.3 equiv) in anhydrous CH,Cl, (58 mL) under a
dry N, atmosphere, at 0 °C. The reaction mixture was stirred for 2 h at room temperature. The solid
was filtered through a pad of celite® and washed with CH,Cl,. The filtrate is concentrated under
reduced pressure and the residue was purified by cristallization from EtOAc/hexanes 1:3 to give 14,13
g (63.57 mmol, 81%) of solid 122.

Q.0 White solid. Mp 78-80 °C (lit."** 78-79). *H NMR (CDCl,, 400 MHz): & 8.00

a S\ 1
/"@( N\:\\/N (s, 1H, H,), 7.81 (d, J = 8.0, 2H, H,), 7.34 (d, J = 8.0, 2H, Hy), 7.28 (br s, 1H),
: £ 7.07 (br s, 1H), 2.43 (s, 3H, Me). *C NMR (CDCl;, 100.6 MHz): & 146.5

(Co), 136.8 (CH, Cy), 135.0 (Cy), 131.5 (CH), 130.6 (CH, C,), 127.5 (CH, Cy),
117.6 (CH), 21.8 (CH3, Me).
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O-Toluenesulfonyl-p-cyclodextrin (123)*

Compound 122 (4.70 g, 21.2 mmol, 4.0 equiv) was added to a solution of f-cyclodextrin (6.00 g,
5.29 mmol) in H,0O (140 mL). The reaction mixture was vigorously stirred for 2 h at room temperature
and was quenched by careful addition of 5 M NaOH (10 mL). The mixture was diluted with saturated
aqueous NH,4CI solution (50 mL) and concentrated under reduced pressure to reduce the volume. The
precipitate formed was washed several times with acetone to give 1.77 g (1.37 mmol, 26%) of

cyclodextrin 123.

<Ho . _oTs White solid. Mp 78-80 °C (lit.*** 78-79). R; (PrOH/H,O/EtOAC/NH,OH 5:3:1:1)

0.45. *H NMR (DMSO-ds, 400 MHz): & 7.75 (d, J = 8.2, 2H, Ha,), 7.43 (d, J =
8.2, 2H, Ha), 5.83 — 5.62 (m, 14H), 4.83 (br s, 5H), 4.77 (br s, 2H), 4.53 — 4.41
(m, 5H), 4.38 — 4.29 (m, 2H), 4.19 (dd, J = 11.3, 6.5, 1H), 3.74 — 3.42 (m, 30H),
3.41 — 3.19 (m, 10H), 2.43 (s, 3H, Me). MS (MALDI-TOF/TOF): m/z calcd for CsH7;NaO3;S" (M-
Na)": 1311.2, found: 1311.3.

(OH),

Azido-p-cyclodextrin (124)

Sodium azide (378 mg, 5.82 mmol, 15 equiv) was added to a solution of compound 123 (500 mg,
0.388 mmol) in H,O (2 mL). The reaction mixture was heated at 80 °C and stirred overnight. The
mixture was concentrated under reduced pressure to half the volume. The precipitate formed was
filtered, redissolved with H,O and cristallized by addition of acetone to give 439 mg (0.373 mmol,
96%) of azide 124.

o), N  White solid. Ry (PrOH/H,0/EtOAC/NH,OH 5:3:1:1) 0.35. *"H NMR (DMSO-ds,
400 MHz): & 5.81 — 5.60 (m, 14H), 4.87 (d, J = 2.3, 1H), 4.86 — 4.80 (m, 6H), 4.52

(dd, J = 12.9, 5.7, 2H), 4.48 — 4.42 (m, 4H), 3.78 — 3.52 (m, 30H), 3.42 — 3.23 (m,

‘Ol 12H). MS (MALDI-TOF/TOF): m/z calcd for CaHesNsNaOss* (M-Na)*: 1182.4,

found: 1182.4.

1-Morpholinoprop-2-yn-1-one (125)

A solution of morpholine (2.9 mL, 33 mmol, 1.05 equiv) in CH,CI, (20 mL) followed by N,N -
dicyclohexylcarbodiimide (DCC, 6.93 g, 33.6 mmol, 1.05 equiv) were added to a solution of propiolic
acid (2.0 mL, 32 mmol) in CH,CI, (60 mL) under a dry N, atmosphere, at —20 °C. The reaction was
stirred overnight at room temperature. The reaction mixture was filtered and the solvent was removed
under reduced pressure. The residue was purified by flash column chromatography (CH,CI,/EtOAc,
1:1) to give 3.53 g (25.4 mmol, 79%) of propiolamide 125.

214



Experimental Section

0 White solid. Mp 70-71 °C (lit."*® 70-72). Ry (CH,CI,/EtOAc 1:1) 0.47. '"H NMR
/H«\ (CDCls, 400 MHz): & 3.80 — 3.75 (m, 4H, Hunorpn), 3.74 — 3.70 (M, 2H, Horpn), 3.70

©  _363(m 2H, Humorpn), 3.14 (s, 1H, CCH). *C NMR (CDCls;, 100.6 MHz): & 151.7
(CO), 79.8 (CH, CCH), 75.2 (C,), 67.0 (CH2, Crnorpn), 66.5 (CHa, Crnorpn), 47.4 (CHa, Crrorpn), 42.1 (CH,
Crmorph)- HRMS (ESI+) m/z caled for C;H;oNO," (M+H)": 140.0706, found: 140.0708.

4-(N-Morpholine-4-carbonyl)-1-p-cyclodextrin-1H-1,2,3-triazole (126)

Copper(l) acetate (0.1 mg, 0.9 umol, 0.02 equiv) in H,O (0.45 mL) was added to a mixture of
compound 124 (50 mg, 0.043 mmol), compound 125 (6.3 mg, 0.045 mmol, 1.05 equiv), and ligand
109 (0.4 mg, 0.9 umol, 0.02 equiv) in tert-butyl alcohol (0.45 mL) under a dry N, atmosphere. The
reaction mixture was stirred overnight at room temperature. The mixture was concentrated under
vacuum (to remove ‘BuOH) and acetone (0.5 mL) was added. The precipitates that appeared were
filtered, washed with acetone, and dried under vacuum over P,O1o until constant weight to give 52 mg
(0.041 mmol, 94%) of compound 126 (Entry 16, Table 2.1).

NN O White solid. Ry (PrOH/H,0/EtOAC/NH,OH 5:3:1:1) 0.31. *H NMR

(Ho)s N‘M (DMSO-ds, 400 MHz): § 8.53 (5, 1H, Hyiaz), 5.92 — 5.60 (m, 14H), 5.07
&} —4.91 (br m, 1H), 4.90 — 4.74 (M, 6H), 4.56 — 4.40 (m, 5H), 4.12 — 4.00

O, (m, 2H), 3.84 — 3.49 (m, 30H), 3.45 — 3.18 (M, 21H). MS (MALDI-

TOF/TOF): m/z calcd for CsoHgNsNaOs;,* (M-Na)*: 1351.4, found:
1351.3.

4-butyl-1-g-cyclodextrin-1H-1,2,3-triazole (127)

Sodium L-ascorbate (1.3 mg, 6.5 umol, 0.15 equiv) in H,O (0.2 mL) followed by copper(ll)
sulfate pentahydrate (0.5 mg, 2 pumol, 0.05equiv) in H,O (0.2 mL) were added to a mixture of
compound 124 (50 mg, 0.043 mmol), 1-hexyne (5 pL, 0.05 mmol, 1.05 equiv), and ligand 109 (2.0
mg, 4.3 umol, 0.1 equiv) in tert-butyl alcohol (0.45 mL) under a dry N, atmosphere. The reaction
mixture was stirred overnight at room temperature. The mixture was concentrated under vacuum (to
remove '‘BuOH) and acetone (0.5 mL) was added. The precipitates that appeared were filtered, washed
with acetone, and dried under vacuum over P,O4, until constant weight to give 51 mg (0.041 mmol,
96%) of compound 127 (Entry 3, Table 2.2).

N=N White solid. Rs (iPrOH/HZO/EtOAc/NH4OH 5:3:1:1) 0.63. 'H NMR

1
(HO s Nf\\\\ (DMSO-dg, 400 MHz): § 8.62 (S, 1H, Hyiwz), 6.02 — 5.71 (m, 14H), 4.87
— 4.61 (m, 6H), 4.49 — 4.32 (m, 6H), 4.08 — 3.97 (m, 3H), 3.82 — 3.44

(m, 28H), 3.32 — 3.15 (m, 16H), 1.20 — 1.01 (m, 7H). MS (MALDI-
TOF/TOF): m/z caled for CuHgiN3NaOss™ (M-Na)™: 1294.5, found:

(OH)

14

1293.4.
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6.3. Experimental chapter 3
Ethyl (R,E)-3-((2-acetamido-3-methoxy-3-oxopropyl)thio)acrylate (E-128)

DABCO (2.0 mg, 0.018 mmol, 0.1 equiv) was added to a solution of N-acetyl-L-cysteine methyl
ester (40 mg, 0.20 mmol) and ethyl propiolate (22 pL, 0.22 mmol, 1.1 equiv) in CH3CN (2 mL) under
a dry N, atmosphere, at 0 °C. The reaction was stirred for 10 min at room temperature. The solvent
was removed under reduced pressure. The residue was purified by flash column chromatography
(CH.CIl,/MeOH, 98:2) to give 55 mg (0.20 mmol, 100%) of compound E-128 (Entry 3, Table 3.1,
column CH;CN).

0 0 Yellowish oil. R; (CH,Cl,/MeOH 98:2) 0.50. '"H NMR (CDCls,

1\oJ\f)\s5“\6)]\0/7\8 400 MHz): 6 7.51 (d, J = 15.3, 1H, Hs), 6.45 (br s, 1H, NH), 5.83

4\[(NH (d, J=15.3, 1H, Hg), 4.97 — 4.85 (m, 1H, H,), 4.15 (9, J = 7.1, 2H,

© H;), 3.77 (s, 3H, Hy), 3.44 — 3.15 (m, 2H, H3), 2.02 (s, 3H, Hy),

1.24 (t, J = 7.0, 3H, Hg). ®*C NMR (CDCls, 100.6 MHz): & 170.4 (CO), 170.1 (CO), 165.1 (CO),

145.8 (CH, Cs), 115.8 (CH, Cq), 60.5 (CH,, C;), 53.1 (CH3, C,), 52.0 (CH, C,), 34.7 (CH,, C5), 23.1

(CHs, Cu), 14.4 (CHs, Cg). HRMS (ESI+) m/z calcd for CyHisNOsS™ (M+H)™: 276.0900, found:
276.0903.

Ethyl (R,Z2)-3-((2-acetamido-3-methoxy-3-oxopropyl)thio)acrylate (Z-128)

Ethyl propiolate (22 pL, 0.22 mmol, 1.1 equiv) was added to a solution of N-acetyl-L-cysteine
methyl ester (40 mg, 0.20 mmol) in phosphate-buffered solutions (2 mL) under a dry N, atmosphere,
at 0 °C. The reaction was stirred for 10 min at room temperature. The mixture was diluted with H,O
(10 mL) and extracted with CH,Cl, (3 x 5 mL). The organic layers were collected, dried over
anhydrous MgSQ,, filtered and concentrated to give 54 mg (0.20 mmol, 100%) of compound Z-128
(Entry 1, Table 3.1, column H,O (pH 7.4)).

0 Yellowish oil. R (CH,Cl,/MeOH 98:2) 0.33. '"H NMR (CDCls, 400

SNo N : s/sj\ MH?Z): 5 6.95 (d, J = 10.1, 1H, Hs), 6.47 (br s, 1H, NH), 5.82 (d, J =
“\[rNH 07 0 e 101, 1H, Hq), 4.88 — 4.81 (m, 1H, Hy), 4.16 (q, J = 7.2, 2H, Hy), 3.75
© (s, 3H, Hy), 3.27 (dd, J = 6.3, 4.7, 2H, Hy), 2.01 (s, 3H, Ha), 1.25 (t, J

= 7.1, 3H, Hg). 3C NMR (CDCls, 100.6 MHz): § 170.5 (CO), 170.1 (CO), 166.6 (CO), 149.3 (CH,
Cs), 114.2 (CH, Cq), 60.3 (CH,, C;), 53.0 (CHg, Cy), 52.7 (CH, Cy), 38.2 (CH,, Cs), 23.1 (CHg, Ca),
14.4 (CHg, Cg). HRMS (ESI+) m/z calcd for CyiHigNOsS* (M+H)*: 276.0900, found: 276.0902.
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N-Benzylpropynamide (129)"%

A solution of benzylamine (1.7 mL, 17 mmol, 1.05 equiv) in CH,CI, (10 mL) followed by N,N-
dicyclohexylcarbodiimide (DCC, 3.52 g, 17.1 mmol, 1.05 equiv) were added to a solution of propiolic
acid or propynoic acid (1.0 mL, 16 mmol) in CH,CI, (10 mL) under a dry N, atmosphere, at —20 °C.
The reaction was stirred overnight at room temperature. The reaction mixture was filtered and the
solvent was removed under reduced pressure. The residue was purified by flash column

chromatography (CH,Cl, 1:1) to give 2.10 g (13.2 mmol, 81%) of propynamide 129.

0 White solid. Mp 88-89 °C (lit.*?” 89-92). R (CH,Cl,/MeOH 98:2) 0.48. *H
%m/\© NMR (CDCls, 400 MHz): § 7.38 — 7.16 (m, 5H, Hen), 6.39 (br s, 1H, NH),

4.41 (d, J = 5.9, 2H, CH,Ph), 2.74 (s, 1H, CCH). *C NMR (CDCl,, 100.6
MHz): § 152.2 (CO), 137.1 (Cy), 128.9 (CH, Cpp), 128.0 (CH, Cpy), 127.9 (CH, Cpy), 77.3 (CH, CCH),
73.7 (Cy), 43.9 (CH,, CH,Ph). HRMS (ESI+) m/z calcd for CyHioNO™ (M+H)*: 160.0757, found:
160.0760.

General Procedure for the Addition of Thiols to Propynamides (Propiolamides) in Aqueous
Media. Thiols (in general, 0.20-0.50 mmol) were dissolved in phosphate-buffered solutions (2.5 mL)
under Ny; in the cases of L-cysteine and L-glutathione reduced, solid K,HPO, was added until the pH
value was 7.40 (pHmeter). These solutions were slowly added, over 10 min, to the propynamides
(0.22-0.55 mmol) in 2.5 mL of H,0, 'BUOH, EtOH, THF, or buffered water/THF, either at room
temperature or 37 °C. The reaction mixtures were stirred until TLC analysis indicated complete
consumption of the substrate (usually for a further 10-60 min). The conversion yields were ~100% in

all cases, at pH > 7.4.

The reaction mixtures from N-acetyl-L-cysteine methyl ester were diluted with H,O and extracted
three times with CH,ClI,. The organic layers were collected, dried over anhydrous MgSQO,, filtered, and
concentrated. The residues were usually purified by flash column chromatography and the solids were

then stored in vacuum desiccators over P,O,, until the weight was constant.

The reaction mixtures from L-cysteine were concentrated under vacuum (to remove ‘BuOH), and
the precipitates that appeared were filtered, rinsed with water, and dried under vacuum over P,O4,. The
crude products from most experiments were chromatographically and spectroscopically pure (only the

Z isomers); no recrystallization was needed.

The reaction mixtures from L-glutathione reduced were acidified to pH 3.5 with NaH,PQO, (plus a
drop of HsPO,), and a similar volume of EtOH was added and separated (three times). The moist
EtOH solutions were evaporated to dryness. The residues were treated with a 4:1 'PrOH-H,O mixture.
The solutions were filtered through celite® (to remove remaining amounts of the insoluble phosphates)

and rinsed with the same mixture (‘PrOH-H,0), evaporated to dryness and stored in the desiccator,
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weighted. In the experiments in which a mixture of stereoisomers was formed, the crude products

were recrystallized from an 'PrOH/H,O mixture (80-85% recovery) to remove the minor E-isomers.

The reaction mixtures from oxytocin were concentrated under vacuum (to remove 'BuOH), and
the resulting precipitate was filtered, washed with EtOAc (to remove the excess of organic
compounds), rinsed with water, and dried under vacuum desiccator over P40, until the weight was

constant.

Methyl N-acetyl-S-[(Z)-3-phenylmethylamino)-3-oxo-1-propen-1-yl]-L-cysteinate (130)

o Yield: 94% (91 mg). White solid. Mp 123-125 °C. R
SNo e NNy (CH,CI,/MeOH 98:2) 0.30. 'H NMR (CDCls, 400 MHz): & 7.33 —
“\[(NH o H*ph 7.25 (M, 5H, Hpp), 6.76 (d, J = 9.9, 1H, Hs), 6.43 (br s, 1H, NH),
© 5.89 (br s, 1H, NH), 5.78 (d, J = 9.9, 1H, Hg), 4.85 (m, 1H, Hy),

4.47 (d, J = 5.8, 2H, Hy), 3.76 (s, 3H, Hy), 3.24 (d, J = 4.5, 2H, Hy), 2.01 (s, 3H, H,). *C NMR
(CDCls, 100.6 MHz): & 170.6 (CO), 170.1 (CO), 166.0 (CO), 145.2 (CH, Cs), 138.3 (C), 128.8 (CH,
Csh), 128.8 (CH, Cpy), 127.7 (CH, Cpy), 116.0 (CH, Cq), 53.0 (CHs, C1), 53.0 (CH, C,), 43.6 (CH,, C»),
38.5 (CH,, C3), 23.2 (CH3, C4). FTIR 3303, 3271, 3069, 2917, 1738, 1660, 1632, 1568, 1538. HRMS
(ESI+) m/z calcd for CysH»N,0,S* (M+H)*: 337.1217, found: 337.1221.

Methyl N-acetyl-S-[(Z)-3-N-morpholino-3-oxo-1-propen-1-yl]-L-cysteinate (131)

o) Yield: 98% (89 mg). White solid. Mp 177-178 °C. Rs
1\0)1\%3/36\ (CH,Cl,/MeOH 98:2) 0.28. *H NMR (CDCls, 400 MHz): § 6.90 (d, J
“\[rNH 0PN = 9.9, 1H, Hs), 6.36 (br s, 1H, NH), 6.16 (d, J = 9.9, 1H, Hg), 4.88 (m,
o O 1H, H,), 3.77 (s, 3H, Hy), 3.68 (br s, 6H, Huopn), 3.49 (br s, 2H,
Humopn), 3.25 (d, J = 4.5, 2H, Hs), 2.03 (s, 3H, Hy). *C NMR (CDCls, 100.6 MHz): § 170.6 (CO),
170.0 (CO), 165.5 (CO), 147.6 (CH, Cs), 111.8 (CH, Cg), 67.0 (CHz, Crnorpn), 66.8 (CHz2, Crnorpi), 53.0
(CHs, Cy), 52.7 (CH, C,), 46.1 (CH2, Crnorpn), 41.9 (CHz, Cron), 38.5 (CHa, C3), 23.2 (CHs, Cy). FTIR
3278, 3069, 2914, 2850, 1721, 1639, 1625, 1614, 1539. HRMS (ESI+) m/z calcd for CigHpN,0sS*
[M+H]* 317.1166, found 317.1171.

S-[(2)-3-Phenylmethylamino-3-oxo-1-propen-1-yl]-L-cysteine (132)

0 Yield: 96% (56 mg). White solid. Dec 215-217 °C. R
2 3
HOJ\;/\S X (CH,Cl,/MeOH/TFA 80:15:5) 0.71. 'H NMR (D,O+TFA, ref. to 1:1
NH, A

07 "N” "Ph CHCI,/CDCl;, 400 MHz): § 7.38 — 7.32 (m, 5H, Hp), 7.01 (d, J =
10.0, 1H, Hs), 6.09 (d, J = 10.0, 1H, H,), 4.40 (s, 2H, Hs), 3.43 — 3.38
(m, 3H, Hi+H,). *C NMR (D,0+TFA, ref. to 1:1 CHCIy/CDCl;, 100.6 MHz): § 170.4 (CO), 170.0
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(CO), 143.6 (CH, Cs), 138.3 (C,), 129.4 (CH, Cpp), 129.0 (CH, Cpy), 127.5 (CH, Cpp), 117.4 (CH, Cy),
53.0 (CH, Cy), 43.0 (CH,, Cs), 35.5 (CH,, C,). HRMS (ESI-) m/z calcd for Ci3HisN,05S™ [M—H]
279.0809, found 279.0815.

S-[(2)-3-Morpholino-3-oxo-1-propen-1-yl]-L-cysteine (133)

0 . Yield: 97% (65 mg). White solid. Dec 198-200 °C. Rs

HoJ\gﬂzs/j‘\ (CH,Cl,/MeOH/TFA 80:15:5) 0.62. 'H NMR (D,O+TFA, ref. to 1:1

" oSN CHCI/CDCL, 400 MHz): 6 7.37 (d, J = 10.1, 1H, Hs), 6.66 (d, J =

© 101, 1H, Hy), 4.02 — 3.94 (M, 6H, Huorpr), 3.83 (M, 2H, Huon), 3.55

(M, 3H, Hy+ Hy). °C NMR (D,0+TFA, ref. to 1:1 CHCI/CDCly, 100.6 MHz): § 172.1 (CO), 167.1

(CO), 146.0 (CH, Cy), 113.9 (CH, Cy), 66.6 (CHa, Crompn), 63.8 (CHz, Cunorpry), 54.3 (CH, Cy), 42.3

(CHz, Cropn), 36.1 (CHz, Cs), 32.6 (CHz, Crnopn). HRMS (ESI-) m/z caled for CyoHisN;0,S [M-H]
259.0758, found 259.0766.

S-[(2)-3-Phenylmethylamino-3-oxo-1-propen-1-yl]glutathione (134)

e H Yield: 93% (152 mg). White solid. Dec 236-237 °C. Rs¢
Y
rro (CH.Cl,/MeOH/TFA 80:15:5) 0.55. 'H NMR (D0, ref. to
m %Hi 1:1 CHCI,/CDCls, 400 MHz): & 7.53 — 7.30 (M, 5H, Her),
HO s N I OH 7.03 (d, J = 10.0, 1H, H,), 6.03 (d, J = 10.0, 1H, Hg), 4.70

— 4.62 (M, 1H, Hy), 4.40 (s, 2H, Ho), 3.79 — 3.69 (m, 3H,
H;+Hs), 3.29 (d, J = 13.9, 1H, Hg), 3.08 (dd, J = 13.8, 9.8, 1H, H¢), 2.50 (t, J = 7.1, 2H, Hs), 2.19 —
2.07 (M, 2H, H,). *C NMR (D,0, ref. to 1:1 CHCI;/CDCls, 100.6 MHz): & 176.4 (CO), 175.0 (CO),
174.1 (CO), 171.6 (CO), 168.6 (CO), 145.2 (CH, C;), 138.5 (Cy), 129.0 (CH, Cpp), 127.6 (CH, Cpy),
127.5 (CH, Cpp), 116.3 (CH, Cg), 54.3 (CH, C;), 54.0 (CH, C,), 43.6 (CH,, Cs), 43.0 (CH,, Cy), 37.1
(CH,, Cg), 31.7 (CH,, C3), 26.4 (CH,, C,). HRMS (ESI+) m/z calcd for ChHypN4O-S™ [M+H]
467.1595, found 467.1596; HRMS (ESI-) m/z calcd for CyH,sN4O,S™ [M-H] 465.1449, found
465.1463.

S-[(2)-3-N-Morpholino-3-oxo-1-propen-1-yl]glutathione (135)

(\o Yield: 95% (146 mg). White solid. Dec 220-222 °C. Rs
N

7 Z (CH,Cl,/MeOH/TFA 80:15:5) 0.55. *H NMR (D,0, ref. to
o o oS ! %5 1:1 CHCI4/CDCls, 400 MHz): & 7.13 (d, J = 10.2, 1H, H,),
2
HOJ\T/\S/U\N 3 NSJJ\OH 6.36 (d, J = 10.1, 1H, Hg), 4.63 (dd, J = 8.8, 5.0, 1H, Hy),
z H
NH; 0 3.76 — 3.68 (M, 7H, Hy+Hs+Humopn), 3.63 — 3.56 (m, 4H,

Humorgn), 3.28 (dd, J = 14.3, 5.0, 1H, Hy), 3.07 (dd, J = 14.4, 8.8, 1H, Hy), 2.53 — 2.47 (m, 2H, H3), 2.17
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—2.07 (m, 2H, H,). *C NMR (D,0, ref. to 1:1 CHCI,/CDCl;, 100.6 MHz): § 176.2 (CO), 174.8 (CO),
174.0 (CO), 171.4 (C0O), 167.0 (CO), 147.0 (CH, C;), 112.9 (CH, Cs), 66.4 (CH,, Crnopn), 54.1 (CH,
C,), 53.8 (CH, Cy), 46.1 (CH,, Crnorpn), 43.5 (CH,, Cs), 42.0 (CHa, Crnorpr), 36.8 (CHa, Cg), 31.5 (CH,
Cs), 26.3 (CH,, C,). HRMS (ESI+) m/z calcd for C17H,;N,OS™ [M+H]" 447.1544, found 447.1545.
HRMS (ESI-) m/z calcd for Ci7HpsN4OsS [M—H] 445.1399, found 445.1413.

Methyl N-acetyl-S-((2)-3-((3-(3-(2-((R)-4-benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-1H-indole-7-
carboxamido)propyl)amino)-3-oxoprop-1-en-1-yl)-L-cysteinate (137)

o Yield: 98% (80 mg). Yellowish Oil; R¢
h?/@ (CH.Cl,/MeOH 95:5) 0.19. 'H NMR
( j\ (CDCls, 400 MHz): § 11.33 (br s, 1H, NH),

8.42 (brs, 1H, H,), 8.02 (m, 1H, H,), 7.92
4 o (br's, 1H, NH), 7.73 (d, J = 6.9, 1H, NH),
7.64 (d, J = 7.3, 1H, He), 7.41 — 7.37 (m,

12\0)?\1%8 HN;\b/a\N ° 5H, Hpr), 7.30 — 7.27 (m, 1H, Hs), 6.72 (d,

11\[]/NH 8\7/&0 H J=9.7, 1H, Hg), 6.48 (br s, 1H, NH), 5.79

o) (d, J =9.9, 1H, H,), 4.84 (br s, 1H, Hyy),

3.77 (s, 3H, Mey,), 3.47 — 2.98 (m, 13H,

Hpip + Ha + He + Ho), 2.04 (s, 3H, Meyy), 1.73 (m, 2H, Hy), 1.28 (br s, 3H, Mey;,). *C NMR (CDCls,

100.6 MHz): 5 185.6 (CO), 170.8 (CO), 170.5 (CO), 170.4 (CO), 167.5 (CO), 167.4 (CO), 167.2

(CO), 144.7 (CH, Cg), 136.6 (CH, Cy), 136.2 (Cy), 135.1 (Cy), 130.2 (CH, Cpy), 128.8 (CH, Cpy), 127.1

(CH, Cpn), 126.7 (C,), 125.9 (CH, Cj), 122.9 (CH, Cs), 122.2 (CH, Cq), 117.4 (C,), 116.4 (CH, Cy),

114.2 (Cy), 52.9 (CH3, Meyy), 52.7 (CH, Cyp), 45.0 (Cyip), 38.4 (CHy, Cy), 36.7 (CHy), 36.4 (CHy), 36.3

(Coip), 29.8 (Cpip), 29.4 (CHy, Cy), 23.3 (CHs, Meyy), 16.4 (CHs, Me,p), 15.2 (CHs, Mey,). HRMS
(ESI+) m/z caled for CasH4 NgOgS™ [M+H]" 705.2701, found 705.2699.

o

Note: The NMR spectra are complicated because the sample is a mix of rotamers.
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S-((2)-3-((3-(3-(2-((R)-4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-1H-indole- 7-carboxa-
mido)propyl)-amino)-3-oxoprop-1-en-1-yl)-L-cysteine (138)

o\}/@ Yield: 97% (103 mg). Yellowish Oil; R¢
(CH,CI,/MeOH/TFA 80:15:5) 0.33. 'H

g Nj\ NMR (DMSO-ds, 400 MHz): & 12.20 (br d,

o N J=12.9, 1H, NH), 8.75 (t, J = 5.6, 1H, NH),

A 0o 8.29 (br s, 1H, H,), 8.05 (d, J = 3.3, 1H, Hy),

o ‘ ?‘T 7.82(d, J=7.6, 1H, He), 7.42 — 7.38 (m, 6H,
HOMS HN;\b/a\N o Hen + Hs), 6.90 (d, J = 10.0, 1H, Hg), 5.95
NH, 8\7/% H (d, J=9.8, 1H, H;), 4.22 (s, 1H, Hyo), 4.60 —

2.71 (m, 13H, Hyjp + Ha + He + Hg), 1.72 (p,
J=6.9, 2H, Hy), 1.21 (br s, 3H, Me,;,). *C NMR (DMSO-ds, 100.6 MHz): & 186.0 (CO), 169.4 (CO),
166.1 (CO), 165.9 (CO), 165.8 (CO), 142.3 (CH, Cg), 138.0 (CH, C,), 135.6 (C,), 135.2 (C,), 129.8
(CH, Cpp), 128.6 (CH, Cpy), 127.1 (CH, Cpp), 126.3 (C,), 124.4 (CH, C,), 122.4 (CH, Cs), 122.3 (CH,
Ce), 118.5 (Cy), 117.9 (CH, Cy), 112.7 (Cy), 51.4 (CH, Cyp), 44.3 (Cpip), 37.4 (CHy), 37.0 (CH,), 36.9
(Cpip), 36.8 (CHy, Co), 32.2 (Cpip), 29.3 (CHg, Cy), 28.8 (Cyip), 16.0 (CHs, Mey;y), 14.9 (CHs, Mepy).
HRMS (ESI-) m/z calcd for C3HasNsO-S™ [M—H]™ 647.2293, found 647.2296.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

S-[(2)-3-((3-(3-(2-((R)-4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-1H-indole-7-carboxa-
mido)propyl)-amino)-3-oxoprop-1-en-1-yl]glutathione (139)

o\}/@ Yield: 93% (32 mg). White wax. R¢
(CH.CI,/MeOH/ TFA 80:15:5) 0.18.

( Nj\ 'H NMR (DMSO-dg + one drop of

o. N TFA, 400 MHz): § 12.21 (d, J = 12.6,

2 0 1H, NHy), 8.75 (t, J = 5.4, 1H, NHy),
; * 8.43 (t, J = 5.8, 1H, NH,), 8.35 (d, J =

5 Hr 8.3, 1H, Hy,), 8.31 — 8.22 (br s, 3H,

NH,@+NH,), 8.02 (dd, J = 12.3, 3.4,
1H, Hy), 7.96 (t, J = 5.5, 1H, NH,),
OH 7.82 (d, J = 7.5, 1H, Hys), 7.50 — 7.38

(m, 5H, Hpy), 7.34 (t, J = 7.6, 1H, Hyy),

7.02 (d, 3 =10.1, 1H, Hy), 5.88 (d, J = 10.0, 1H, Hg), 4.86 — 3.02 (br m, 7H, Hy;,), 4.54 — 4.44 (m, 1H,
H,), 3.94 (dd, J = 11.2, 5.7, 1H, H,), 3.77 (d, J = 5.8, 2H, Hs), 3.35 (dd, J = 12.7, 5.6, 2H, H,), 3.16
(dd, J = 12.5, 5.7, 2H, H.), 3.03 (dd, J = 13.8, 4.1, 1H, He), 2.78 (dd, J = 13.9, 9.9, 1H, He), 2.39 —
2.30 (m, 2H, Hs), 2.06 — 1.95 (M, 2H, Hy), 1.72 (p, J = 5.9, 2H, Hyp), 1.20 (br s, 3H, Mey;). °C NMR
(DMSO-d; + one drop of TFA, 100.6 MHz): § 186.1 (CO), 173.0 (CO), 171.3 (CO), 171.2 (CO),
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171.0 (CO), 170.6 (CO), 166.2 (CO), 166.0 (CO), 165.9 (CO), 143.7 (CH, C,), 138.1 (CH, Cy,), 135.7
(Cy), 135.3 (Cy), 129.8 (CH, Cpp), 128.7 (CH, Cpp), 127.1 (CH, Cpp), 126.4 (C,), 124.5 (CH, C1a),
122.3 (CH, C;5), 122.2 (CH, Cy4), 118.7 (Cy), 116.2 (CH, Cg), 112.9 (C,), 53.3 (CH, C,), 51.8 (CH,
Cy), 49.6 (CHy, Cyip), 44.4 (CHy, Cyip), 41.0 (CH, Cyjp), 40.9 (CH,, Cs), 37.5 (CH,, Cs), 37.2 (CH,, Cy),
36.5 (CHy, Cy), 30.7 (CHy, C3), 29.6 (CH,, Cyp), 29.2 (CH,, Cyip), 26.0 (CH,, C;), 16.0 (CHs, Meyp),
15.0 (CH3, Meyi,). HRMS (ESI+) m/z caled for CagHazNgO1;S™ [M+H]" 835.3080, found 835.3084;
HRMS (ESI-) m/z calcd for C3gHysNgO13S™ [M—H] 833.2934, found 833.2931.

Note: The NMR spectra are complicated because the sample is a mix of rotamers.

(S,S-Bis((2)-3-benzylamino)-3-oxoprop-1-en-1-yl)thio)(Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-
Gly(NH))) (140)

Conversion: 100% (52 mg). White solid. 'H NMR (CD3;OD, 400 MHz): & 7.06 (d, J = 10.1, 1H, H),
6.96 (d, J = 10.1, 1H, H,), 6.00 (d, J = 10.0, 1H, H,), 5.96 (d, J = 10.0, 1H, H,). ®C NMR (CD;0D,
100.6 MHz): & 146.2 (CH, C,), 146.3 (CH, C,), 116.4 (CH, C,), 117.4 (CH, C,). HRMS (ESI+) m/z
calcd for CgzHgsN1401S," [M+H]" 1327.5962, found 1327.5866. HPLC (phenomenex LUNA 5u C18
100A, gradient from 90:10 to 40:60 in 30 min v/v A/B [A: H,O with 1% HiPO,; B: CH3;CN],
ImL/min, A = 275 nm): tg = 22.86 min.

(S,S-Bis(((R,2)-3-(2-(4-benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-N-(3-acrylamido) propyl)-
1H-indole-7-carboxamide)(Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly(NHy))) (141)

Solid K3PO, (13 mg, 0.076 mmol, 7.5 equiv) was added to a solution of oxytocin (10 mg, 0.010
mmol) and tris(2-carboxyethyl)phosphine hydrochloride (TCEP-HCI, 4.0 mg, 0.015 mmol, 1.5 equiv)
in H,O (1.5 mL) under a dry N, atmosphere. This solution was slowly added to a solution of
propynamide 91 (19 mg, 0.036 mmol, 3.5 equiv) in '‘BUOH (1.5 mL), and the resulting solution was
vigorously stirred at 37 °C overnight. The crude mixture was concentrated under vacuum. The organic

solvent was removed under vacuum, and the resulting precipitate was filtered, washed with EtOAc (to
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recover the excess of propynamide 91), rinsed with water, and dried in a vacuum desiccator over P4,019

until the weight was constant. HPLC analysis indicated the presence of only the desired disubstituted

product.
o o]
§ [N
N
j o HN

”p

ﬁgi 5 Eﬁm

NH
o)
HN
o)
N
N/ ©
o}

Yield: 73% (15 mg). White solid. Dec 178 °C. *"H NMR (DMSO-ds, 400 MHz): & 12.23 (br s, 2H),
9.12 (s, 1H), 8.75 (br s, 3H), 8.29 (br s, 4H), 8.11 (d, J= 7.7, 1H), 8.08 — 8.01 (m, 4H), 8.01 — 7.90 (m,
5H), 7.81 (br d, J = 7.4, 2H), 7.51 — 7.39 (m, 10H), 7.37 — 7.32 (m, 3H), 7.30 (br s, 1H), 7.23 (br s,
2H), 6.98 — 6.91 (m, 3H), 6.89 (br s, 1H), 6.80 (br s, 1H), 6.61 (d, J = 8.4, 2H), 5.89 (d, J = 10.1, 1H),
5.86 (d, J = 10.0, 1H), 4.84 — 4.68 (m, 2H), 4.63 — 4.48 (m, 4H), 4.38 — 4.24 (m, 5H), 4.17 (t, J = 7.4,
3H), 3.70 (d, J = 6.4, 1H), 3.66 (d, J = 6.2, 1H), 3.59 — 3.48 (m, 5H), 3.21 — 3.10 (m, 7H), 3.03 (dd, J
=14.1, 6.5, 2H), 2.93 - 2.85 (m, 3H), 2.79 — 2.70 (m, 2H), 2.67 (t, J = 1.8, 1H), 2.60 (dd, J = 13.7, 8.5,
1H), 2.43 — 2.37 (m, 1H), 2.33 (p, J = 1.8, 1H), 2.11 (t, J = 7.3, 2H), 2.06 — 1.95 (m, 1H), 1.88 — 1.80
(m, 4H), 1.75-1.70 (m, 6H), 1.64 — 1.56 (m, 1H), 1.51 (t, J = 7.2, 2H), 1.45 - 1.37 (m, 2H), 1.22 (d, J
= 7.6, 2H), 1.19 — 1.02 (m, 9H), 0.88 (d, J = 6.4, 3H), 0.84 — 0.77 (m, 9H). HRMS (ESI+) m/z calcd
for Ci0H17N202,S," [M+H]" 2063.8931, found 2063.8925. HPLC (phenomenex LUNA 5u C18
100A, gradient from 90:10 to 40:60 in 30 min v/v A/B [A: H,O with 1% H;PO,; B: CH3;CN],
ImL/min, A = 275 nm): tg = 18.94 min.
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VWD1 A, Wavelength=275 nm (290519\002-0201.D)
mAU ¢
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6.4. Experimental chapter 4

6.4.1. BCD derivatives

(R)-((4-((3-(2-(4-Benzoyl-2-methylpiperazin-1-yl)-2-oxoacetyl)-1H-indole-7-carboxamido)
methyl)-1H-1,2,3-triazol-1-p-cyclodextrin (143)

Copper(l) acetate (0.6 mg, 5 umol, 0.05 equiv) in H,O (1 mL) was added to a mixture of
compound 124 (116 mg, 0.100 mmol), compound 87 (50 mg, 0.11 mmol, 1.1 equiv), and ligand 109
(5.0 mg, 10 umol, 0.1 equiv) in tert-butyl alcohol (1 mL) under a dry N, atmosphere. The reaction
mixture was stirred overnight at room temperature. The mixture was concentrated under vacuum (to
remove ‘BUOH) and acetone (3 mL) was added. The precipitates that appeared were filtered, washed
with acetone, and dried under vacuum over P,O4, until constant weight to give 108 mg (67.0 umol,
67%) of compound 143.

o Yellowish solid. R; (‘PrOH/H,O/EtOAc/
fNJ\Ph NH,OH 5:3:1:1) 0.35. '"H NMR (DMSO-dj,

o N\) 400 MHz): 5 12.26 (br s, 1H, NH), 8.29 (s, 1H),

o E)\\ o 8.12 (br s, 1H), 8.04_(d, =35, 1H, Hy), 7.95
‘ Y . (br's, 1H), 7.66 (d, J = 7.6, 1H), 7.52 — 7.39 (m,

o H 5H, Hpr), 7.36 — 7.30 (m, 1H), 5.87 — 5.66 (m,

Ok, 14H), 4.83 — 4.77 (m, 20H), 4.67 — 4.40 (m,

9H), 3.78 — 3.49 (m, 30H), 3.45 — 2.80 (m, 3H),
2.97 (br s, 1H, Hp), 1.20 (br s, 3H, Mey,). HRMS (ESI+) m/z calcd for CegHesN/NaO3zs™ (M+Na)™
1638.5452, found: 1638.5455.
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Propargylated p-cyclodextrin (145)

Sodium hydride (60% dispersion in mineral oil, 352 mg, 8.81 mmol, 5.0 equiv) was added to a
solution of B-cyclodextrin (2.00 g, 1.76 mmol) in DMF (25 mL) under a dry N, atmosphere, at 0 °C.
After 30 min with vigorous stirring, propargyl bromide (80% in toluene, 0.80 mL, 7.1 mmol, 4.0
equiv) was added and the reaction was stirred overnight at room temperature. The mixture was
concentrated under vacuum and then the residue was filtered on silica, washed with
'PrOH/H,0/EtOAC/NH,OH 5:3:1:1 and the solvent was removed under reduced pressure to give 1.93

g (1.50 mmol, 85%) as a mixture of a propargylated B-cyclodextrin 145 (Entry 5, Table 4.1, n=5+
2).

<HO 7n< o/\> Yellowish oil. R; (‘PrOH/H,O/EtOAc/NH,4OH 5:3:1:1): n = 3, 0.33; n = 4,
. p 0.34;n=5,0.42; n=6, 0.45; n = 7, 0.53. 'H NMR (D0, 400 MHz): &
5.22 — 5.04 (m, 7H), 4.52 — 4.39 (m, 8H), 4.10 — 3.83 (br m, 40H), 3.75 —
(HO) (o\///)

1o, A 3.53 (br m, 20H), 3.03 (s, 2H), 2.96 (s, 2H), 2.87 (s, 1H). MS (MALDI-
TOF/TOF) m/z calcd for n = 3 Cs;H7;NaOss™ (M+Na)™: 1271.4, found:
1271.8; n = 4 CssH7sNaO3s" (M+Na)+: 1309.4, found: 1309.8; n = 5 Cs;HgoNaOss" (M+Na)*: 1347.4,
found: 1347.8; n = 6 CgHgNaOss (M+Na)™: 1385.5, found: 1385.8; n = 7 CgHgsNaOss™ (M+Na)™

1423.5, found: 1423.8.

100 1347.8

P

1309.8

1385.8

50
40

1423.8
30

20
10 1271.8 ‘

0
1262 1296 1330 1364 1398 1432

Protected p-cyclodextrin (146)

p-Toluenesulfonic acid monohydrate (2.0 mg, 8.8 umol, 0.02 equiv) was added to a solution of -
cyclodextrin (500 mg, 0.441 mmol) in 2,2-dimetoxypropane (4.5 mL) and DMF (4.5 mL) under a dry
N, atmosphere. The reaction mixture was stirred overnight at room temperature. The mixture was
concentrated under vacuum and then the residue was filtered on silica, washed with
'PrOH/H,O/EtOAC/NH,OH 5:3:1:1 and the solvent was removed under reduced pressure to give 303
mg (0.234 mmol, 53%) as a mixture of a protected p-cyclodextrin 146 (n = 3, 4).
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<HO ] Yellowish oil. R¢ (‘PrOH/HZO/EtOAc/NH4OH 5:3:1:1): n =3, 0.52; n = 4, 0.60.
'H NMR (DMSO-ds, 400 MHz): § 5.96 — 5.52 (m, 7H), 4.93 — 4.75 (m, 6H), 3.92

—3.43 (br m, 23H), 3.39 — 3.21 (br m, 11H), 3.12 — 2.98 (m, 15H), 1.44 — 1.31 (m,

1w2A 10 <O(§,> 8H), 1.24 (br s, 13H). HRMS (ESI+) m/z calcd for n = 3 Cs5Hgz035° (M+H)™
! 1255.4709, found: 1255.4775; n = 4 Cs4Hg:035° (M+H)™: 12955022, found:

1295.5069.

Propargylated protected B-cyclodextrin (147)

Sodium hydride (60% dispersion in mineral oil, 157 mg, 3.97 mmol, 9.0 equiv) was added to a
solution of B-cyclodextrin (624 mg, 0.441 mmol) in DMF (4.5 mL) under a dry N, atmosphere, at 0
°C. After 30 min with vigorous stirring, propargyl bromide (80% in toluene, 0.40 mL, 3.5 mmol, 8.0
equiv) was added and the reaction was stirred overnight at room temperature. The mixture was
concentrated under vacuum and then the residue was filtered on silica, washed with
'PrOH/H,O/EtOAC/NH,OH 5:3:1:1 and the solvent was removed under reduced pressure to give 503
mg (0.335 mmol, 76%) as a mixture of a propargylated protected p-cyclodextrin 147 (n=4, m=5+
4).

<HO o o/\) Yellowish oil. R; (PrOH/H,O/EtOAC/NH,OH 5:3:1:1): n=4, m =1, 0.62;
" nN=4m=2,066n=4m=3,069n=4m=4,074,n=4 m=5,

0.77; n=4,m=6,080;n=4, m=7,0083;n=4,m=8,087;n=4m

2{HO) <0§,> = 9 091. MS (MALDI-TOF/TOF) m/z caled for n = 4, m = 1,

" Cs/HggNaOss™ (M+Na)™: 13555, found: 1347.4; n = 4, m = 2,
CeoHgoNaO3s" (M+Na)™: 1393.5, found: 1385.4; n = 4, m = 3, CgHgoNaOss™ (M+Na)*: 1431.5, found:
1423.4; n = 4, m = 4, CgHosNaOss™ (M+Na)*™: 1469.5, found: 1463.5; n = 4, m = 5, CgoHggNaOs5"
(M+Na)*: 1507.6, found: 1501.5; n = 4, m = 6, C,,HesNaOss" (M+Na)*: 1545.6, found: 1539.5; n = 4,
m =7, CssH100NaO3s (M+Na)*: 1583.6, found: 1577.5; n = 4, m = 8, CgH10,NaO3s" (M+Na)™: 1621.6,
found: 1615.5; n =4, m = 9, Cg;H;04NaO3s' (M+Na)*: 1659.6, found: 1653.5.

Conjugated p-cyclodextrin (148)

Sodium r-ascorbate (4.6 mg, 0.023 mmol, 0.3 equiv) in H,O (0.3 mL) followed by copper(ll)
sulfate pentahydrate (0.6 mg, 2 umol, 0.03 equiv) in H,O (0.3 mL) were added to a solution of
compound 145 (100 mg, 77.5 umol) and compound 58 (110 mg, 0.232 mmol, 3.0 equiv) in tert-butyl
alcohol (1.2 mL) under a dry N, atmosphere. The reaction mixture was heated to 50 °C and stirred for
5 days. The mixture was concentrated under vacuum (to remove ‘BuOH) and acetone (3 mL) was
added. The precipitates that appeared were filtered, washed with acetone, and dried under vacuum
over P40y until constant weight to give 115 mg (31.0 umol, 40%) of compound 148 (n = 0-3, m = 2-
6).
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3&\ Yellowish ~ solid. R;  (‘PrOH/H,O/
M (N Ph EtOAC/NH,OH 5:3:1:1) 0.76. MS
. o o N{ (MALDI-TOF/TOF) m/z caled for n = 1, m

ﬂl C101H123N12NaO43+ (M+Na)+: 22198,

0/\> ” found: 22208; n = 2, m = 2

p C104H130N12NaO43+ (M+Na)+: 22578,

(o\///> found: 2258.8;+n = 3,+m = 2,

" 0 Cio7H132N12NaOg3 (M+Na)":  2295.8,

~ D—ph found: 22968, n_= 0, m = 3,
N N . .

N=N /\/\O o ( Ciz6H15aN1sNaOs;m  (M+Na)™:  2694.0,

found: 26950; n = 1, m = 3,

y© m CizoHissNisNaOs"  (M+Na)*:  2732.0,

N found: 27330; n_= 2, m = 3

CiHissNigNaO,;*  (M+Na)™:  2770.0,
found: 2771.0; n = 0, m = 4, Cy5H15N,NaOs;* (M+Na)™: 3206.2, found: 3207.1; n =1, m =4
Ci57H18sN2sNaOs; " (M+Na)™: 3244.2, found: 3246.2; n = 0, m = 5, CygHz10N3NaOss™ (M+Na)™
3718.4, found: 3720.3; n =1, m = 5, Cyg5H,1,N5NaOss” (M+Na)™: 3756.5, found: 3758.4; n =0, m =
6, CoioH23sN3sNaOse™ (M+Na)*: 4230.7, found: 4232.5; n = 1, m = 6, Cy13H240N3sNaOse” (M+Na)™
4268.7, found: 4271.5.

7204

2078

1233.0
r33s

2459
404 256 9

204 297 1
241.0
104 f 37

0 T T T T J
2370 25908 3044.6 34984 3992.2 4406.0

771.4 758.9

Conjugated p-cyclodextrin (149)

Sodium vr-ascorbate (4.6 mg, 0.023 mmol, 0.3 equiv) in H,O (0.3 mL) followed by copper(Il)
sulfate pentahydrate (0.6 mg, 2 umol, 0.03 equiv) in H,O (0.3 mL) were added to a solution of
compound 145 (100 mg, 77.5 umol) and compound 59 (133 mg, 0.232 mmol, 3.0 equiv) in tert-butyl
alcohol (1.2 mL) under a dry N, atmosphere. The reaction mixture was heated to 50 °C and stirred for

5 days. The mixture was concentrated under vacuum (to remove '‘BuOH) and acetone (3 mL) was

e
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added. The precipitates that appeared were filtered, washed with acetone, and dried under vacuum

over P40y until constant weight to give 148 mg (41.1 pumol, 53%) of compound 149 (n = 0-3, m = 1-

4).

0150H193N18N3.047+ (M+Na)+: 3026.4, found: 3030.3;

Yellowish  solid. Ry  (PrOH/H,0/
EtOAc/NH,OH 5:3:1:1) 0.80. MS
(MALDI-TOF/TOF) m/z calcd for n =0, m
= 1, CyH11:NgNaOs" (M+Na)™: 1767.7,
found: 17678, n_ = 2, m = 1,
CgsH116NgNaOse" (M+Na)™: 1843.7, found:
1844.8; n = 3, m = 1, CgH115NsNaOso"
(M+Na)*: 1881.7, found: 1881.8; n = 0, m
= 2, CyoHi1ssNoNaO,s" (M+Na)™: 2378.0,
found: 23791, n = 1 m = 2,
CisHissNipNaOg"w  (M+Na)™:  2416.0,
found: 24171, n_ = 0, m = 3,
CisHi1sNigNaO,;*  (M+Na)™:  2988.3,
found: 29894; n = 1 m = 3,

n=0 m=4 C132H238N24NaO51+ (M+Na)+:

3598.7, found: 3600.6; n =1, m = 4, CygsH240N24NaOs; " (M+Na)™: 3636.7, found: 3641.6.

100 2989 4

23791

2992 4
1843.8 24171

B 18825 03
10 ‘1757 2467)4

36006

3603.6

}3643 6

0 T T
1670.0 2206.3 27438

Conjugated p-cyclodextrin (150)

32804 38172 43840

Sodium c-ascorbate (4.6 mg, 0.023 mmol, 0.3 equiv) in H,O (0.3 mL) followed by copper(ll)

sulfate pentahydrate (0.6 mg, 2 umol, 0.03 equiv) in H,O (0.3 mL) were added to a solution of

compound 145 (100 mg, 77.5 umol) and compound 88 (116 mg, 0.232 mmol, 3.0 equiv) in tert-butyl

alcohol (1.2 mL) under a dry N, atmosphere. The reaction mixture was heated to 50 °C and stirred for
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5 days. The mixture was concentrated under vacuum (to remove ‘BuOH) and acetone (3 mL) was
added. The precipitates that appeared were filtered, washed with acetone, and dried under vacuum
over P40y until constant weight to give 101 mg (36.4 pmol, 40%) of compound 150 (n = 0-2, m = 1-
3).

Yellowish  solid. Ry  (PrOH/H,0/
EtOAc/NH,OH 5:3:1:1) 0.77. MS
(MALDI-TOF/TOF) m/z calcd for n =0, m

N=N
m, = 1, C71H99N7Na039+ (M+Na)+: 1696.6,
(o © %L found: 16976; n = 1, m = 1,
CraH10:N;NaO3ze" (M+Na)*: 1734.6, found:
14.nS(HO) <O\///> 0 Ph 17356, n= 2, m = 1, C77H103N7Na03g+
S Y (M+Na)*: 1772.6, found: 1772.6; n = 0, m

N
=2 H12sN14N * (M+Na)": 2235.
O/\(\/N//O/\NH HN \\\“(NJ = 2, CiooH12sN1sNaOy3™ ( a) 35.8,
N=N |
(6]

w found: 22368 n = 1, m = 2
5 CisHi130N1sNaOs"  (M+Na)™:  2273.8,

ms found: 22748, n = 0, m = 3,
Ci29H157N2:NaO,;" (M+Na)*: 2775.0, found: 2776.0.

0
16330 1900.8 HEIR 264 6832 3520

Conjugated p-cyclodextrin (151)

Sodium vr-ascorbate (4.6 mg, 0.023 mmol, 0.3 equiv) in H,O (0.3 mL) followed by copper(Il)
sulfate pentahydrate (0.6 mg, 2 umol, 0.03 equiv) in H,O (0.3 mL) were added to a solution of
compound 145 (100 mg, 77.5 umol) and compound 89 (139 mg, 0.232 mmol, 3.0 equiv) in tert-butyl
alcohol (1.2 mL) under a dry N, atmosphere. The reaction mixture was heated to 50 °C and stirred for

5 days. The mixture was concentrated under vacuum (to remove ‘BuOH) and acetone (3 mL) was
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added. The precipitates that appeared were filtered, washed with acetone, and dried under vacuum

over P40y until constant weight to give 45 mg (24.8 umol, 32%) of compound 151 (n = 0-2, m = 1-3).

kel

6.4.2. HPG derivatives

Hyperbranched polyglycerol, HPG (152)

Yellowish  solid. Ry  (PrOH/H,0/
EtOAc/NH,OH 5:3:1:1) 0.79. MS
(MALDI-TOF/TOF) m/z calcd for n =0, m
= 1, CgH113N;NaOs" (M+Na)™: 1794.7,
found: 17948; n = 1, m = 1,
CgH11sN7NaOse" (M+Na)*: 1832.7, found:
1932.8; n = 2, m = 1, CgHi1;7N/NaO3y"
(M+Na)*: 1870.7, found: 1870.8; n = 0, m
= 2, Ci4HissN1yNaO,s" (M+Na)™: 2432.0,

found: 24331, n = 1 m = 2,
Cii7H1ssNisNaO,"  (M+Na)™:  2470.0,
found: 24711, n = 0, m = 3,

Potassium methoxide (111 mg, 1.51 mmol, 1.5 equiv) was added to a solution of 1,1,1-

tris(hydroxymethyl)propane (135 mg, 1.01 mmol) in MeOH (0.5 mL) under Ar atmosphere. After 30

min of vigorous stirring, the reaction mixture was heated to 90 °C and (z)-glycidol (5.6 mL, 81 mmol,

80 equiv) was added over 24 h. Then, the reaction was stirred overnight at 90 °C. The mixture was

cooled, dissolved in methanol and acetone was added. The HPG was isolated by decanting the

solvents and the remaining oil was concentrated under vacuum at 60 °C to give 3.27 g of compound

152 (Entry 7, Table 4.2, n= 10 - 70).
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OH Yellowish viscous liquid. *H NMR (D,0, 400 MHz): & 4.05 —

OH
é\OH 3.43 (m, 340H), 1.37 — 1.25 (br s, 2H, Hy), 0.94 — 0.70 (br s, 3H
HO OH Hy).

20205 2243.1
100 2465.7 5528.4
17978 | |othols 2688.3

90 16499 2836.7

15031 2619 2985.1

15 ﬂ 2780(4 31336
P9 | s2819
30

80
70 12 6
1Z 200
50 11 I
10 3(9
50 ’ ‘U 1 ‘ ‘ ‘ ‘

\"\I I ”, 44533

i 3430.3
488.8
;A addls, 37271
3 g8 (3875.5
31r95 |, 4023.9
bk g 42309

i |v|

5917
0
729.0 2028.8 3328.6 4628.4 5928.2 7228.0
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2-((Prop)-2-yn-1-yloxy)methyl)oxirane (153)

Sodium hydride (60% dispersion in mineral oil, 622 mg, 15.6 mmol, 1.2 equiv) was added to a
solution of (+)-glycidol (1.00 g, 13.0 mmol) in THF (65 mL) under a dry N, atmosphere, at 0 °C. After
30 min with vigorous stirring, propargyl bromide (80% in toluene, 1.4 mL, 13 mmol) was added and
the reaction was stirred overnight at room temperature. The mixture was diluted with saturated
aqueous NH,CI solution (60 mL) and extracted with Et,O (3 x 40 mL). The organic layers were
collected, dried over anhydrous MgSQ,, filtered and concentrated to give 1.25 g (12.3 mmol, 95%) of

compound 153.

?}2\/0\///5 Yellowish oil. R; (CH.Cl,) 0.46. '"H NMR (CDCl;, 400 MHz): & 4.22 — 4.09
o3 e (m, 2H, H,), 3.81 - 3.72 (m, 1H), 3.47 — 3.38 (m, 1H), 3.15 - 3.07 (m, 1H, H,),
2.78 — 2.72 (m, 1H), 2.60 — 2.56 (m, 1H), 2.42 (t, J = 2.5, 1H, Hs). ®*C NMR (CDCl;, 100.6 MHz): &
79.3 (Cy), 79.9 (CH, Cs), 70.3 (CH,), 58.4 (CH,, C,), 50.4 (CH, C,), 44.2 (CH,).
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Propargylated hyperbranched polyglycerol (154)

Potassium methoxide (25% in methanol, 0.33 mL, 1.1 mmol, 1.5 equiv) was added to a solution
of 1,1,1-tris(hydroxymethyl)propane (100 mg, 0.745 mmol) in MeOH (0.4 mL) under Ar atmosphere.
After 30 min of vigorous stirring, the solvent was removed under vacuum. The residue was dissolved
in diglyme (0.5 mL) and the mixture was heated to 90 °C. Glycidol (2.6 mL, 37 mmol, 50 equiv) was
added over 24 h and then, compound 153 (760 mg, 7.45 mmol, 10 equiv) was added over 6 h. The
reaction mixture was stirred overnight at 90 °C. The mixture was cooled, dissolved in methanol and
acetone was added. The HPG was isolated by decanting the solvents and the remaining oil was
concentrated under vacuum at 60 °C to give 1.73 g of compound 154 (Entry 5, Table 4.3, n = 6 — 40).

// Yellowish viscous liquid. '"H NMR (D,0, 400 MHz): &
4.33 (br s, 21H), 4.19 (br s, 33H), 3.89 (br s, 8H), 3.81 —
3.44 (m, 97H), 3.35 (s, 25H), 1.45 — 1.31 (m, 2H, Hy),

(Q 0.93-0.84 (m, 3H H,).

. 1116.2
1 2940 9881 1753

50 H L] Tt 12644

19 I 1 ;.:e.;;
21524

?eoo 8844 40EE 1332 MITE pkrl]
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Derivative from hyperbranched polyglycerol (155)

Sodium L-ascorbate (27 mg, 0.14 mmol, 1.5 equiv) in H,O (2 mL) followed by copper(Il) sulfate
pentahydrate (11 mg, 0.046 mmol, 0.5 equiv) in H,O (2 mL) were added to a solution of compound
154 (100 mg, 91.4 pmol) and compound 102 (61 mg, 0.46 mmol, 5.0 equiv) in H,O/'BuOH 1:1 (6 mL)
under a dry N, atmosphere. The reaction mixture was heated to 70 °C and stirred for a week. Residual
copper was removed by stirring the reaction mixture with a cation exchange resin (Amberlite® 1R120).
The mixture was filtered and concentrated under vacuum (to remove ‘BuOH). The residue was
dissolved in methanol and acetone was added. The HPG was isolated by decanting the solvents and
the remaining oil was concentrated under vacuum at 60 °C to give 121 mg of compound 155.

OH Yellowish viscous liquid.

776.3
2.8E+4

60 5312

50 1773
1021.4

30 36102 4522 2443 0224

03.2
4352 470 599.3 754, 8503
2 7 3P 468.2] 322 605.2 664.3
3192 53 93l che s 5652 [00.3 78.3 5.3
736
) A& i m}ﬁhz : J | ﬁgzz ‘4 SA%LQ N s I s | 7°%2 2133 353453 oa4 2984 1 &ZjA o (2669
a3 sol2 ‘Wf \5363 L 1 ”:H - Ei‘ ] 77 107k4 11474 1035 1244
0 01 OO O TV 90 5 O P Y T (W st O el R R LT
771.2 985.8

342.0 556.6 1200.4 1415.0

Derivative from hyperbranched polyglycerol (156)

Sodium L-ascorbate (54 mg, 0.27 mmol, 3.0 equiv) in H,O (2 mL) followed by copper(Il) sulfate
pentahydrate (23 mg, 0.091 mmol, 1.0 equiv) in H,O (2 mL) were added to a solution of compound
154 (100 mg, 91.4 umol) and compound 88 (183 mg, 0.37 mmol, 4.0 equiv) in H,O/'BuOH 1:1 (6 mL)
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under a dry N, atmosphere. The reaction mixture was heated to 70 °C and stirred for a week. Residual
copper was removed by stirring the reaction mixture with a cation exchange resin (Amberlite® IR120).
The mixture was filtered and concentrated under vacuum (to remove '‘BuOH). After dissolving the
mixture in methanol, the polymer was precipitated into excess acetone and washed twice with acetone.

The resulting polymer was dried under vacuum at 60 °C for 1 day to give 83 mg of compound 156.

)

OH
OH 0N

0 0]

Yellowish viscous liquid.
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2-((2-(Oxiran-2-ylmethoxy)ethyl)disulfanyl)ethan-1-ol'® (157)

Potassium tert-butoxide (2.75 g, 24.5 mmol, 1.2 equiv) was added to a solution of 2-
hydroxyethyl disulfide (3.0 mL, 25 mmol) in 'BuOH (120 mL) under Ar atmosphere. After 30 min of
vigorous stirring, (x)-epichlorohydrin (14.0 mL, 172 mmol, 7.0 equiv) was added and the reaction was
stirred overnight at room temperature. The solid formed was filtered and the solvent was removed
under reduced pressure. The oily residue was diluted with H,O (60 mL) and extracted with CH,CI, (3

x 30 mL). The combined organic layers were washed with saturated aqueous NaCl (40 mL), dried over
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anhydrous MgSO,, filtered and concentrated. The residue was purified by flash column
chromatography (EtOAc/hexanes 7:3) to furnish 3.82 g (18.2 mmol, 74%) of compound 157.

Yellowish oil. R; (EtOAc/hexanes 7:3) 0.33. *"H NMR (CDCls, 400
MHz): 6 3.91 — 3.84 (m, 2H), 3.81 (dd, J = 11.7, 2.7, 1H), 3.79 —
3.71 (m, 2H), 3.37 (dd, J = 11.7, 6.1, 1H), 3.19 — 3.11 (m, 1H, H,), 2.90 (t, J = 6.4, 2H), 2.88 — 2.84
(m, 2H), 2.80 (t, J = 4.6, 1H), 2.61 (dd, J = 4.9, 2.7, 1H), 2.44 (br s, 1H, OH). *C NMR (CDCl,
100.6 MHz): 6 71.7 (CH,), 69.6 (CH,), 60.4 (CH,), 51.0 (CH, C,), 44.3 (CH,), 41.3 (CH,), 38.6 (CH,).

Do Ay s A
Y Y TS o

Thiol from hyperbranched polyglycerol (158)

Potassium methoxide (25% in MeOH, 220 uL, 0.745 mmol, 0.5 equiv) was added to a solution of
1,1,1-tris(hydroxymethyl)propane (200 mg, 1.49 mmol) in MeOH (0.5 mL) under Ar atmosphere.
After 30 min with vigorous stirring, the reaction mixture was heated to 90 °C and (%)-glycidol (8.2
mL, 0.12 mol, 80 equiv) followed by compound 157 (3.14 g, 14.9 mmol, 10 equiv) were added over
30 h. Then, the reaction was stirred overnight at 90 °C. The mixture was cooled and dissolved in
methanol. The polymer was precipitated into excess diethyl ether and washed twice with diethyl ether.
The resulting polymer was dried under vacuum at 90 °C for 1 day to give 2.37 g of compound 158 (n =
2-30,m=1-13).

OH Yellowish viscous liquid. '"H NMR (DO, 400
MHz): & 4.20 — 3.98 (m, 23H), 3.96 — 3.81 (m,
14H), 3.79 — 3.54 (m, 196H), 3.51 — 3.36 (m,
85H), 3.12 — 2.79 (M, 8H), 1.30 — 1.20 (br s, 2H,

Hy), 1.07 — 0.82 (br s, 3H Hy,).
é\ OH

e
e,
0 o),  wd
A~ q(( 4
Ho O_(>_/OH
s

OH
\_/

/\/

S
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1218.4227
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B
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8
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Derivative from hyperbranched polyglycerol (159)

Solid K3PO,4 (150 mg, 0.711 mmol, 2.5 equiv) was added to a solution of compound 158 (200
mg) and tris(2-carboxyethyl)phosphine hydrochloride (TCEP-HCI, 41 mg, 0.14 mmol, 0.5 equiv) in
H,O (3 mL) under a dry N, atmosphere. This solution was slowly added to a solution of propynamide
91 (150 mg, 0.284 mmol) in ‘BuOH (3 mL), and the resulting solution was vigorously stirred at 37 °C
for 5 days. The mixture was concentrated under vacuum. After dissolving the mixture in methanol, the
polymer was precipitated into excess acetone and washed twice with acetone. The resulting polymer
was dried under vacuum at 60 °C for 1 day to give 180 mg of compound 159.

HS

Yellowish viscous liquid.
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6.5. ANTI-HIV-1 ACTIVITY OF AN IN VITRO MODEL

Materials & Methods

Stocks of compounds were prepared from powders as 10 mM solutions in dimethyl sulfoxide
(DMSO; Sigma-Aldrich, St. Louis, MO, USA). Serial dilutions using sterile-PBS were completed to
obtain a final concentration of DMSO in cells not more than 1%, to avoid toxic effects by the solvent.

Polyanionic carbosilane dendrimer G2-S16 was dissolved at 10 mM in distilled water and was
used as an Inhibitor of the entry of HIV into host cells."”**** Subsequent dilutions to obtain a pM
concentration were prepared in nuclease-free water (Promega, Madison, WI, USA). Dextran (average
Mw: 4.84 x 10° g/mol; Sigma-Aldrich) was used as a harmless control to check and to verify the status

of cells.
Cells

TZM.bl cells (Cat# 8129, AIDS Reagent Program, Germantown, MD, USA) are developed from
human cervical epithelial carcinoma Hela cells and generated by introducing separate integrated
copies of luciferase and f-galactosidase genes under control of the HIV-1 promoter. TZM.bl cells
express CD4, CCR5 and CXCR4 and firefly luciferase in response to tat expression following the
HIV-1 infection. TZM.bl cells were cultured in complete DMEM at 37 °C with 5% CO.,.

HEK-293T/7 cells (ATCC CRL-11268, Teddington, UK). HEK-293T/7 cells are human
embryonic kidney packaging cells derived from 293T cells that were inserted a temperature sensitive
gene SV40 to obtain a line capable of producing high titers of infectious retrovirus. HEK-293T cells
were cultured in complete DMEM at 37 °C with 5% CO..

Virus stocks

Infectious CCR5-tropic HIV-1y aps, and CXCR4-tropic HIV-1y.43 Stocks were produced by
transfection of HEK-293T/7 cells using the calcium phosphate transfection kit (Sigma-Aldrich) with
plasmids encoding the respective molecular clones: pNLAD8 (Cat# 11346, AIDS Reagent
Program)™*, and pNL4.3 (Cat# 114, AIDS Reagent Program),"* respectively. Virus production was
quantified in cell culture supernatants by HIV p24 antigen ELISA (Innogenetics, Ghent, Belgium)

according to manufacturer’s instructions. Virus titers and infectivity were determined on TZM.bl cells.
Cell-viability assays

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich) assay
measures the reduction of tetrazolium components into insoluble formazan products by the
mitochondria of viable cells. TZM.bl cells at a cell density of 7.5 x 10° cells/mL were treated with
different compounds at 37 °C for 48 h. Forty-eight hours post-treatment, TZM.bl cells were washed
with sterile-phosphate-buffer saline (PBS; Lonza, Walkersville, MD, USA). Afterwards, 20 pL of
MTT solution (5 mg/mL) and 200 pL of Opti-MEM were added to TZM.bl cells and incubated at 37

°C for 3 h. The medium was removed and formazan crystals were dissolved in 200 uL of DMSO. The
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plate was gently placed on a shaker for 10 min to completely dissolve the precipitation. The
absorbance was detected at 570 nm (above background of 690 nm) using the Synergy 4 microplate
reader. The medium alone and 10% DMSO were used as untreated and cell death controls. Dextran
(10 uM) was used as a harmless control to check and to verify the status of cells. 1% DMSO was used

as control to check the absence of toxic effects by the solvent.
Antiviral assays

TZM.bl cells at a cell density of 7.5 x 10° cells/mL were pre-treated with different compounds at
37 °C for 1 h. Cells were then infected with the equivalent to 20 ng capsid protein (p24)/10° cells of
X4-HIV-1y43, or R5-HIV-1y aps at 37 °C for 3 h. Following the infection, cells were washed twice
with sterile-PBS to remove unbound viruses and compounds, and incubated in fresh medium with no
further addition of compounds at 37 °C for 48 h. At 48 h post-infection, the luciferase activity was
measured using the Luciferase assay system kit (Promega) according to manufacturer’s instructions.
The light emission was measured by luminescence using the Synergy 4 microplate reader. The total
light units were normalized by the total protein content in the extract.

Statistical analysis

Data are represented as mean values and standard deviations. The statistical significance between
a treatment group and untreated control was calculated by an unpaired T-test by using the statistical
software GraphPadPrism, version 5.0 (GraphPad, San Diego, CA, USA). A non-parametric unpaired
T-test was conducted to analyze differences between groups considering pure values. A P-value < 0.05

was considered statistically significant.
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ACRONIMS | ABREVIACIONS







Ac
ADN
anh
aq.
Ar
ARN
ARV
AZT
br

BCD
Bn
Boc
cat.
CCF
CDC
Conv.
COSsYy

dba
DCC
dd
DDQ
DEPBT
Diglyme
DIPEA
DMAP
DMF
DMSO
dt

EDC
EDTA
ELISA
ENI
equiv
ESI

Et
EWG
FDA

HAART
HIV
HPG
HPLC
HSQC
Hz

INI

Acronims i Abreviacions

ACRONIMS
Acetil
Acid desoxiribonucleic (DNA)
Anhidre
Aquos
Aromatic

Acid ribonucleic (RNA)

Antiretroviral

3’-Azidotimidina

Broad

Base

B-Ciclodextrina

Benzil

tert-Butiloxicarbonil

Catalitzador

Cromatografia en capa fina

Centre de prevencid i control de malalties de E.E.U.U.
Conversio

Espectroscopia de correlacio

Doblet

Dibenzilidenacetona
N,N’-Diciclohexilcarbodiimida

Doblet de doblets
2,3-Diciano-5,6-dicloro-1,4-benzoquinona
3-(Dietoxifosforiloxi)-1,2,3-benzotriazin-4(3H)-ona
Bis(2-metoxietil) éter

Diisopropiletilamina

4-Dimetilaminopiridina
N,N-Dimetilformamida

Dimetil sulfoxid o sulfoxid de dimetil

Doblet de triplets
N-(3-Dimetilaminopropil)-N’-etilcarbodiimida
Acid 1,2-etandiamino-N,N,N’,N’-tetraacétic
Enzyme-linked immunosorbent assay
Inhibidor d’entrada

Equivalents

lonitzacio per electrospray

Etil

Grup electroatractor

Food and Drug Administration, Administracié d’Aliments i Medicaments
Hores

Highly active antiretroviral therapy

Human immunodeficiency virus

Poliglicerol hiperramificat

Cromatografia liquida d’alta resolucio
Coheréncia heteronuclear quantica simple o 2D H/**C directament units
Hertz

Inhibidor d’integrasa
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IR Infraroig

ITS Infeccid de transmissio sexual

KHMDS Hexametildisililamidur de liti o bis(trimetilsilil)amidur de liti
m Multiplet

M Molar

MHz Megahertz

mCPBA Acid m-cloroperbenzoic o acid 3-cloroperbenzoic
Me Metil

min Minuts

M, Melting point

MS Espectroscopia de masses

MTT Bromur de metiltiazolildifeniltetrazol

MVC Maraviroc

MW Microwave, Microones

NHS N-Hidroxisuccinimida

NNRTI Inhibidor no-nucleosidic de transcriptasa inversa
NRTI Inhibidor nucleosidic de transcriptasa inversa
OMS Organitzacié Mundial de la Salut, WHO

ONU Organitzacio de les Nacions Unides, MNO

p Pentuplet o quintuplet

PBS Tampd fosfat sali

Ph Fenil

Pl Inhibidor de proteasa

PMB 4-Metoxibenzil

q Quadruplet

Rdt. Rendiment

R¢ Factor de retencio

RMN Ressonancia magnetica nuclear

RTI Inhibidors de la transcriptasa inversa

S Singlet o segons

sat. Saturada

SIDA Sindrome de I’immunodeficiéncia adquirida
START Strategic Timing of antiretroviral treatment

t Temps o triplet

T Temperatura

ta. Temperatura ambient

TACO Clorur de N,N,N-trietil-N-((2-hidroxiimino)propil)amoni
TARGA Terapia combinada altament activa

Tf Triflat

TFA Acid trifluoroacétic

TFV Tenofovir

THF Tetrahidrofura

TLC Cromatografia de capa fina 0 CCF

TMS Trimetilsilil

Ts Tosil, p-toluensulfonil

uv Llum ultravioleta

VIH Virus de la immunodeficiéncia humana, HIV
VIS Visible i virus de la immunodeficiéncia en simis
Xantphos 4,5-Bis(difenilfosfino)-9,9-dimetilxanté
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