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ANOTACIJA

Aspartilproteazu inhibitoru izstrade malarijas arstéSanai. Kinéna L.,
zinatniska vaditaja Dr. chem. Ozola V. Promocijas darbs, 235 lappuses, 85 attéli,
18 tabulas, 115 literatiiras avoti, 4 pielikumi. Latvie$u valoda.

Petfjuma ietvaros ir izstradati nepeptidomimétiski un peptidomimetiski
plazmepsina II un plazmepsina IV inhibitori. Nepeptidomimétisku inhibitoru
izstrade ietver tetrahidroizohinolina un azolu atvasindjumu sintézi. Noskaidrots,
ka azolu atvasinagjumu rinda augstako inhibitoro aktivitati uz plazmepsinu II
uzrada 1,2,3-triazola atvasinajumi. Veikta 1,2,3-triazola atvasinajumu struktiiras-
aktivitates likumsakaribu izp&te ar dazadiem bifenilfunkcijas, fenilgredzena un
aminofunkcijas aizvietotajiem. Sintez€tie nepeptidomimétiskie inhibitori uzrada
inhibitoro aktivitati uz Plm II un Plm IV mikromolara Iimeni. Sintez€ta rinda
peptidomimétisko inhibitoru, kuru struktiiras pamata ir hidroksietilamina
fragments. Hidroksietilamina atvasinajumi tika optimiz&ti, vari€jot fenilgredzena
un amida grupas aizvietotajus. Savienojumiem, kuri uzradija visaugstakas
inhibitoras aktivitates vertibas uz Plm IV, tika noteikta to inhib&Sanas spgja
inficétu asins $tnu testa un sp&ja inhibét Plm X. Sintez&tie hidroksietilamina
atvasinajumi ir selektivi attieciba pret cilvéka aspartilproteazi katepstnu D.

Atslégvardi: MALARIJA, PLAZMEPSINI, KATEPSINS D, 1,2,3-
TRIAZOLS, TETRAHIDROIZOHINOLINI, HIDROKSIETILAMINA
ATVASINAJUMLI.



ABSTRACT

Design and synthesis of aspartic protease inhibitors as antimalarial
agents. Kinéna L., supervisor Dr. chem. Ozola V. Doctoral thesis, 235 pages,
85 figures, 18 tables, 115 literature references, 4 appendices. In Latvian.

A series of non-peptidomimetic and peptidomimetic inhibitors of plasmepsin
Il and plasmepsin IV were designed and synthesized. Development of non-
peptidomimetic inhibitors have been focused on the synthesis of
tetrahydroisoquinoline and azole derivatives. 1,2,3-Triazole based inhibitors
showed the highest plasmepsin Il inhibition activity in the azole series. Research
of structure-activity relationship of 1,2,3-triazole derivatives with various
substituents in biaryl-unit, phenyl ring and amino-function were made. The
designed non-peptidomimetic inhibitors show inhibitory activity toward
plasmepsin Il and plasmepsin IV at micromolar level. Hydroxyethylamine based
peptidomimetic inhibitors were synthesized. Optimization of hydroxyethylamine
based inhibitors was performed by inducing substituents at phenyl ring and
amide function. Inhibition capacity of parasite growth in vitro and plasmepsin X
inhibition activity was determined for the most active compounds.
Hydroxyethylamine based inhibitors display selectivity against human aspartic
protease cathepsin D.

Keywords: MALARIA, PLASMEPSINS, CATHEPSIN D, 1,23-
TRIAZOLE, TETRAHYDROISOQUINOLINE, HYDROXYETHYLAMINE
DERIVATIVES.
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IEVADS

Malarija ir dzivibai bistama infekcijas slimiba, kuru izraisa Anopheles
moskitu parnésatie Plasmodium knowlesi, Plasmodium vivax, Plasmodium
ovale, Plasmodium malariae un Plasmodium falciparum (P. falciparum)
parazitiskie viensuni. 2017. gada P. falciparum parazits izraisija 99.7 %
malarijas gadijumu Afrikas regiona, un tas ir atzits par visbistamako no ieprieks
minétajam parazitu sugam.[1] 2017. gada tika registréti 219 miljoni malarijas
infic€Sanas gadijjumu, no kuriem 435 tiikstoSi bija letali. Tai skaita 266 000
(61 %) naves gadijumu attiecinami Uz b&rniem, kuri ir jaunaki par 5 gadiem.
Pasaules Veselibas organizacija stratégijas “Global technical strategy for
malaria 2016-2030” ietvaros ir izvirzijusi mérki lidz 2030. gadam samazinat
malarijas izraistto naves gadifjumu skaitu par 90 % salidzinajuma ar
2015. gadu.[1]

Malarijas infekcijas riskam ir paklauta aptuveni puse no pasaules popu-
lacijas — Afrikas, Vidéjo Austrumu, Dienvidaustrumazijas, Dienvidamerikas,
Centralamerikas, Karibu salu un Okeanijas iedzivotaji.[1] Aprékinats, ka valstis
ar augstu saslim$anas Iimeni malarijas infekcijas rezultata ekonomiska izaugsme
samazinas par 1.3 % gada. SaslimSana ar malariju daudzas mazattistitajas valstis
ir atzita par vienu no nabadzibas c€loniem un sekam.[2], [3] Infekcijas riskam ir
paklauti ne tikai minéto regionu iedzivotaji, bet ari thristi no paréjam pasaules
valstim. Diemzgl praktiski pret visam paslaik izmantotajam medikamentu
grupam ir izveidojuSies rezistentic malarijas celmi.[4] Artemisininu grupas
preparati 1-4 paslaik ir vienigie efektivie rezistentads malarijas arstniecibas
lidzekli, un tos sekmigi izmanto kombinacija ar citam pretmalarijas zalvielam,
tomér ir =zinami rezistences veidoSanas gadijumi arl pret §is grupas
medikamentiem.[5]

o~

Artesunats 1 Artemeters 2 Arteéteris 3 Dihidroartemisinins 4

Lai novérstu draudus, ka malarija nakotné varétu klat par masveida nearstéjamu
saslim§anu liclai dalai planétas iedzivotaju, ir akiiti nepiecieSams radit jaunus
rezistences brivus pretmalarijas arstniecibas lidzeklus.[6]
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Gan cilveka organisma, gan P. falciparum parazita atrodas aspartil-
proteazes — farmakologiski nozimiga endoproteazu klase, kuras vieno kopigs
katalitiskas darbibas mehanisms peptidu substratu amidsaites SkelSana, iesaistot
divas enzima Kkatalitiska centra aspartatu sanu kédes.[7] Lidz §im kliniskaja
praks€ veiksmigi ir ieviesti vairaki aspartilproteazu inhibitori, pieméram, HIV-1
proteazes inhibitori HIV arstéSanai un renina inhibitors hipertensijas
arstesanai.[8] Sie pieméri rada, ka aspartilprotedzes var tikt veiksmigi izmantotas
ka zalvielu mérki jaunu preparatu radiSanai. Tomér P. falciparum parazita
aspartilproteazu — plazmepsinu (I, I, IV, HAP, V, IX, X) terapeitiskais
potencials malarijas arstéSanai joprojam nav izmantots.

Promocijas darba meérkis ir plazmepsina II un plazmepsina IV inhibitoru
izstrade malarijas arst€Sanai.

Darba mérka istenoSanai izvirziti $adi uzdevumi:

1) sintez&t tetrahidroizohinolinu un azolu saturo$u savienojumu
rindas struktiiras-aktivitates likumsakaribu petijumiem;

2) noteikt ieglito savienojumu inhibitoras aktivitates vertibas uz Plm
II. Noskaidrot optimalos farmakoforus inhibitoru molekula, kas
nepiecieSami aktivitates nodrosinasanai;

3) uzlabot peptidomimétisku hidroksietilamina fragmentu saturosu
inhibitoru selektivitati attieciba pret cilvéka aspartilproteazi Cat D
un veikt struktiiras-aktivitates likumsakaribu analizi;

4) aktivakajiem savienojumiem noteikt P. falciparum parazita
augSanas inhib&Sanas sp&ju infictu asins §unu testa un to sp&ju
inhib&t plazmepsiu X.

Promocijas darba zinatniska novitate un praktiska nozime. P&tijjluma
ietvaros ir dizainéti un sintez&€ti jauni nepeptidomimétiski azolu rindas
(izoksazola, pirola, triazola, imidazola) un tetrahidroizohinolina ciklu saturosi
plazmepsma II inhibitori. Tika sintez&ti peptidomimétiski hidroksietilamina
atvasinajumi ar dazadiem mono- un di- aizvietotiem amidiem. Strukttras-
aktivitates likumsakaribu analize lava noskaidrot PIm IV un Cat D S3 sub-
kabatu telpiskos izm&rus un tadgjadi uzlabot Plm IV / Cat D selektivitati.
Sintezetie hidroksietilamina atvasinajumi uzrada inhibitoras aktivitates vertibas
pret Plm IV nanomolara Iimeni, PIm IV / Cat D selektivitates faktora vertibai
sasniedzot 50. Aktivakie savienojumi inhibé P. falciparum parazita aug$anu
inficétas sarkanajas asins §0nas nanomolara Itmeni. Ir noskaidrots, ka
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hidroksietilamina atvasinajumi spgj inhib&t arT Plm X. Ta ka paslaik nav zinama
PIm IX un Plm X struktiira, PIm IV var kalpot ka modelproteins jaunu inhibitoru
izstrade.

Promocijas darba rezultatu aprobacija:

Zinatniskas publikacijas:

1. Kinena, L.; Ozola, V. Tetrahydroisoquinoline-based non-peptidomimetic
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1. LITERATURAS APSKATS

1.1. Malarijas parazita P. falciparum dzives cikls

Malarijas parazita dzives cikls ir sarezgits un sastav no daudzam atseviskam
fazém (1.1. att.). Ir divi ta galvenie cikli — cikls, kas noris cilvéka organisma, un
cikls, kas noris Anopheles moskita. Cilvéka organisma notiekosais dzives cikla
posms tiek iedalits aknu jeb preeritrocitiskaja posma un eritrocitiskaja
posma.[9], [10]
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1.1. att. Malarijas parazita dzives Cikls [2]

P&c cilveka infice€Sanas sporozoiti (1) nonak cilveka asinsrite un tiek nogadati
aknas, kur tie inficé hepatocitus (2). So parazita P. falciparum dzives cikla
posmu sauc par “aknu posmu”. Aknas veidojusies merozoiti (3) inficé sarkanos
asins kermenisus (4), kur tie iziet apla posmu, trofozitu posmu un asins Sizonta
posmu (5) [9], ka rezultata notiek merozoitu pavairoSanas, kuri tiek atbrivoti
asinsrites sisttma un inficé veselas asins $tnas (eritrocitiskais posms). P&c §1
posma cilvékam paradas kliniskie slimibas simptomi (drudzis). Tas noved pie
inficéta organisma parazit€émijas palielinasanas.[11] Asins $tinas dazi merozoiti
attistas par makro- un mikro- gametocitiem (6). Gametociti koncentr&jas adas
kapilaros, un reizé ar cilvéka asinim tie tiek uzpemti Anopheles moskita (7).
Moskita viriSkie gametociti veido gametas, kas sapliist ar sieviSkajam gametam,
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veidojot zigotas, kas pagarinas par ookineti (8). STs ookinetes migré uz moskita
kunga vidusdalu, $kérso kunga sienu un veido oocistas (9). Mejotiskas dalisanas
rezultata veidojas sporozoiti, kuri migré uz moskita siekalu dziedzeriem (10), un
moskits var talak izplatit P. falciparum parazitus.[2]

Slimibas simptomi visbiezak ir asins posma rezultats, tade] svariga ir
medikamenta izstrade, kas inhib&tu So parazita dzives posmu.[11], [12] Asins
posma laika notiek merozoitu pavairo$anas asins §inas. Saja laika tiek patéréts
liels baribas vielu daudzums, tacu parazitam ir ierobezotas iesp&jas sintezet
aminoskabes de novo. Hemoglobina katabolisma rezultata ieglitas aminoskabes
parazits izmanto ka baribu. Hemoglobina proteolize notiek parazita vakuolas
dazadu proteolitisko enzimu — plazmepsinu, falcipainu — vai metaloproteazes
falcilizina klatieng (1.2. att.).[9], [12]

HEMOGLOBINS AktivéSana

(proplazmepsina

) PLAZMEPSINI |, I, IV un HAP  ‘onvertaze) PROPLAZMEPSINI
HEMS <——— || FALCIPAINI <~ (I, IVun HAP)
(-1,-2,-2', un -3)
MAZI PEPTIDI
Agregacija n
FALCILIZINS
DPAP1
HEMOZOINS v

MAZAKI PEPTIDI| —————— AMINOSKABES
AMINOPEPTIDAZES

(parazita citoplazma)

1.2. att. Hemoglobina proteolize [9]

Hemoglobina noardisanas laika rodas hems [Fe(Il)], kas talak tiek oksidets par
hematinu [Fe(III)], ka blakusproduktu izdalot Gdenraza peroksidu, kas ir kaitigs
parazitam. P. falciparum parazitam ir izstradajies ta neitraliz€$anas mehanisms.
Hemoglobina noardisana ir parazita specifisks katabolisks process, un dazi §1
procesa soli jau tiek izmantoti ka zalu meérki.[12]

1.2. P. falciparum parazita aspartilproteazes — plazmepsini

Plazmepsini ir aspartilproteazes — farmakologiski nozimiga endoproteazu
klase, kuru vieno kopigs katalitiskas darbibas mehanisms peptidu substratu
amidsaites $kelSana, iesaistot divas enzima Kkatalitiska centra aspartatu sanu
kedes.[7] Ir zinami 10 geéni, kas kodg€ aspartilproteazes P. falciparum parazita
genoma (Plm I, II, IV, V, VI, VII, VI, IX, X un strukturali lidziga HAP
(histoaspartilproteaze, viena katalitiska aspartilatlikuma vieta satur histidinu)).
Lidz 8im laikam nav precizi noskaidrota katra plazmepsina loma parazita
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metabolisma, tacu ir zinams, ka Plm I, II, TV, V, IX, X un HAP piedalas
eritrocitiskaja stadija, savukart Plm VI, VII un VIII piedalas eksoeritrocitiskaja
stadija, un to funkcijas parazita organisma nav zinamas.[9]

Visvairak pétitie ir Plm I, IT un IV. Tie piedalas hemoglobina metabolisma
parazita vakuolas. PIm I, II, IV un HAP uzrada 60-70 % aminoskabju secibas
lidzibu, tadgjadi inhibitoram jaspgj inhib&t vairakus plazmepsinus vienlaikus.
Aktivaja centra Plm II uzrada 84 % sekvences lidzibu ar Plm I, 68 % ar PIm IV
un 39 % ar HAP. Arf cilvéka organisma atrodas aspartilproteazes — katepsins D
(Cat D), katepsins E, renins un pepsins A. Plazmepsins II un katepsins D uzrada
35 % aminoskabju secibas Iidzibu, aktivaja centra ta ir vel augstaka, tadel,
izstradajot inhibitorus plazmepsinu inhib&sanai, ir janem véra selektivitates
probléma.[9]

Gremosanas vakuolas plazmepsini I, I un IV ir plasi pétiti, un ir noskaidrota
to loma P. falciparum parazita dzives cikla. Jaunu zalu mérku definéSanai ir
svarigi noskaidrot arT plazmepsinu V, IX un X struktiru un nozimi parazita
dzives cikla. Zinams, ka Sie plazmepsini neatrodas parazita gremoSanas vakuolas
un tadgjadi nepiedalas hemoglobina proteolizg.[13]

PIm V ir endoplazmatiska tikla proteaze, kas sastav no 590 aminoskabju
atlikumiem [14] un péc sekvences vairak Iidzinas cilvéka aspartilproteazei
BACE (f-sekretaze).[15] Péc inficéSanas parazita izdzivoSanai eritrocita ir
nepiecieSams izvadit protelnus caur parazita vakuolas membranu uz eritrocita
citoplazmu, izmantojot proteina eksporta mehanismus. Sie proteini talak
remodel€ infic€to eritrocitu un ta virsmu. Lielaka dala proteinu, kas paredzéti
izvadiSanai no parazita vakuolas, satur aminoterminalu motivu PEXEL
(Plasmodium EXport Element, piecu aminoskabju fragments RXx L x Q/E /D —
arginins X leicins X glutamins / glutaminskabe / asparaginskabe). PIm V atpazist
Sos protemnus ar PEXEL motivu un proteolitiski sagatavo tos eksporteéSanai no
parazita vakuolas uz eritrocitu.[16]-[18] Plm V ir svarigs parazita attistibai un
izdzivosanai, tadél var kalpot ka labs zalu mérkis.[14]

Malarijas parazita P. falciparum dzives cikla asins posms ietver vairakus
ciklus ar merozoitu pavairosanos, to atbrivosanu asinsrites sisttma un veselo
asins sunu inficéSanu. Lai parazits spétu izdzivot, ir svarigs ta egress no
eritroctta un atkartota asins $tinu infic€Sana. SekojoSu proteolitisku procesu
norise lauj merozoitam izkliit no eritrocita, kas tiek inicita ar serina proteazes
subtilizina 1 (SUB1) eksocitozi.[19] Plm X galvena biologiska funkcija ir SUB1
proteolitiska aktiveésana. Plm IX neietekme parazita egresu no eritrocita, bet tam
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ir bitiska nozime asins Stnu infic€Sana. Pe&tijumi rada, ka, inhib&jot
plazmepsinus IX un X (strukturali lidzigi gremosanas plazmepsiniem Plm |, PIm
IT un Plm IV), iesp&jams, tiek blok&ta parazita replikacija, tadél PIm IX un Plm
X ir svarigi parazita izdzivoSanai un var kalpot ka zalu mérki.[20]-[22]

Plazmepsini (I, I, IV, V un HAP), kuriem ir pieejami kristalu
rentgendifraktometrijas dati, uzrada augstu strukturalo lidzibu (1.3. att. (A)).
Vieniga bitiska atskiriba starp tiem ir plazmepsina V papildu spiralu kopums
C-terminalaja doména un 19 aminoskabju atlikumus saturosa cilpa N-terminalaja
doména (ciankrasa 1.3. att. (C)).[23]

iilfxible loop B C
I (

1.3. att. Plazmepsinu lentveida 3D struktiiru attélojums. A — viens virs otra salikti
Plm I, Plm IT un Plm IV 3D struktiiru attéli; B — Plm III 3D struktira; C — PImV
3D struktiira [23]

Plazmepsinu (I, Il, 1V, V un HAP) struktira sastav no 3 atSkirigiem
regioniem: diviem topologiski lidzigiem N- un C- terminalajiem doméniem (zils
un roza 1.3.att.) un 6-p-loksnu kopuma, kas savieno $is divas dalas (oranzs
1.3. att.). Enzima aktiva kabata atrodas N- un C-terminalo doménu saskares vieta
un satur divus aspartilatlikumus (Asp34 un Asp214 PIm II), protonu donoru un
akceptoru, kuri veido katalitisko cilpu peptidsaites SkelSanas laika. Viens no
katalitiskajiem aspartilatlikumiem plazmepsina III (HAP) ir aizvietots ar
histidinu (1.3. att. (B)). Lidzigi ka citam aspartilproteazém [24], plazmepsinu
(1, 1, 1V, V un HAP) N-terminalais doméns satur vienu garu fS-hairpin struktiru,
ko sauc par varsta cilpu (Lys72-Phe85 plazmepsina II). Ta novietojas
perpendikulari katalitiskajai cilpai (sarkans 1.3. att.). Varsta cilpas pretéja pusé
(C-terminalaja doména) atrodas v&l viena kustiga varsta-tipa cilpas struktiira
(Gly291-Pro297 plazmepsina II) (zal 1.3. att.). Sads regions ir raksturigs visu
gremo$anas vakuolu plazmepsiniem, un, iesp&jams, tas sadarbojas ar
hemoglobina virsmas hidrofobajiem atlikumiem, un tam ir bitiska loma
hemoglobina noardisanas pirmajos solos.[25] Lielakaja dala PIm II kristalu
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rentgenstruktiiru ir redzama aizveérta varsta cilpas konformacija (1.4. att.

(A)).[23]

1.4. att. Plazmepsina II struktiiras 3D attélojums. A — dazadas Plm II varsta un
fleksiblas cilpas konformacijas (sarkans — aizvérta konformacija, zils, zalS, oranZs —
atvérta konformacija); B — plazmepsina II struktiiras lentiSveida attéls, ar lilla
krasojumu apzimétas 7 aminoskabes, kas sastopamas parazita aspartilproteazes
[23]

Ir publicéti plasmepsina II kristala rentgendifrakrometrijas dati [26], [27],
kuros redzams, ka inhibitors ir saistijies ar atvértu enzima konformaciju (1.4. att.
(A)). Tas nozimé, ka varsta cilpa ir saméra kustigs regions. Lai $o regiona
pasibu izmantotu péc iespgjas efektivak jaunu, selektivu inhibitoru dizaing$ana
un izstradg, ir identificéti aktiva centra aminoskabju atlikumi, kuri ir sastopami
visas plazmepsinu izoformas (PIm I, Il, 1V), bet nav sastopami cilvéka
organisma aspartilproteazés (Cat D, E) (1.4. att. (B)). P&tjjuma rezultata tika
identificétas septinas aminoskabes — Tyrl7, Val105, Thr108, Leul9l, Leu242,
GIn275 un Thr298 (numeracija saskana ar Plm II). Divas no $§tm aminoskabem —
Val105 un Thrl108 — atrodas varsta kabatas dziluma, kur tas sadarbojas ar to
nepeptidomimétisko inhibitoru funkcionalajam grupam, kas piesaistijusies
plazmepsinam atvértaja varsta konformacija.[23], [28]

1.3. Cilveka aspartilproteaze katepsins D

Aspartilproteazes atrodas ar1 cilvéka organisma. Cilvéka genoma ir zinami 8§
geni, kas kode aspartilproteazes — katepsins D, katepsins E, napsins A, BACE,
BACE 2, pepsins, gastricsins, renins. Katepsins D ir 346 aminoskabju atlikumu
[29] gar§ lizosomals enzims, kas sastopams lielakaja dala cilvéka $tnu.[15]
Salidzinot PIm II struktiiru ar cilvéka organisma aspartilproteazu strukttram, ir
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noskaidrots, ka Cat D strukturali ir visvairak lidzigs Plm II.[30] Izstradajot
selektivus plazmepsinu inhibitorus, svarigi ir nodroSinat selektivitati attieciba
pret katepsinu D.[15]

Salidzinot Plm II un Cat D kristalu rentgendifraktometrijas datus [31]
(1.5. att. A, B), ir noskaidrots, ka PIm Il un Cat D struktiiras lidzigie elementi ir
varsta cilpa, aktivais centrs un S-loksnu kopums.

Flexible loop

1.5. att. A — Cat D 3D struktiira [29]; B — PIm II un Cat D 3D struktiiru
salidzinajums (zal$§ — PIm 11, zils — Cat D) [23]

Tomeér ir novérojamas saméra bitiskas atskiribas kustigas varsta cilpas regiona,
kas ir eikariotisko aspartilproteazu raksturigs struktiras elements.[32] Cat D un
renina fleksibla cilpa satur tris blakus esoSus prola atlikumus, bet Plm II
struktiira viens prolina atlikums ir aizvietots ar valinu, ka arT cilpa ir daudz 1saka,
un tas konformacija ir tada, kas veido atvertaku saistiSanas vietu. Cat D varsta
cilpas gala atlikums ir Gly79, bet PIm Il tas ir Val78. Piesaistes vietas pretgja
pusé katepsina D ir Met309, bet plazmepsina II — Leu292. Plazmepsina IT Val78
un Leu292 paris ir mazliet lielaks un hidrofobaks neka attieciga Cat D dala,
tadgjadi hidrofobi inhibitori varétu labak inhibét Plm II.[23] Cat D inhib&sana
cilveka organisma var izraisit nevélamas blakusparadibas (attistibas traucgumi,
redzes zudums, epilepsija) [33] un arstésanas laika samazinat inhibitora efektivo
koncentraciju asinis.[15]

19



1.4. Aspartilproteazu katalitiskais darbibas mehanisms

Aspartilproteazu katalitiskais mehanisms tiek pétits, izmantojot izotopu
iezimesanas, teorctisko aprékinu un rentgenstruktiiras analizes metodes. Kaut
gan dazi aspekti v€l nav noskaidroti, tiek uzskatits, ka pamata ir skabes—bazes
mehanisms. Shematisks aspartilproteazu Kkatalitiskais darbibas mehanisms ir
paradits 1.6. att€la. Visas pepsinu un retrovirusu aspartilproteazu struktiiras ir
katalttiska tidens molekula, kas ar tidenraza saiSu palidzibu ir piesaistita diviem
aktivas kabatas aspartilatlikumiem — Asp34 un Asp214.

jjp34 Asp214 j\sp% /Pip214
oo, '/ ,6/&0 .9 Q HO SO
\H\ _
HogH o
N s
Phe33 ~ Phe33 N
W Leu34»nnnnn MAnnARAAn Y Leu34
0 o]
HZO/‘

Asp34 Asp214 Asp34 Asp214
— - — ~
0”0 o o o“ o H-O" 0

Phe33 NH, Phe33\_ N
Leu34 _ “Leu34
COOH ol

Tetraedriskais starpprodukts

1.6. att. Aspartilproteazu katalitiskais darbibas mehanisms [34]

Aktiveta tdens molekula veic nukleofilu uzbrukumu substrata Phe33-Leu34
amida karbonilgrupai, izveidojot tetraedrisko starpproduktu, kur§ sabrik péc
amina proton&Sanas, veidojot divus peptidus un regener&jot aspartilatlikumus
katalttiskaja cikla.[9], [34]

1.5. Misdienas izmantotie medikamenti malarijas arsteSanai

Pasaules Veselibas organizacija Sobrid ir atzinusi 14 medikamentus malarijas
arstéSanai un 4 medikamentus profilaktiskai arstéSanai. Medikamentus malarijas
arst€Sanai iedala 4 kategorijas:

1) hinolina atvasinajumi — hlorohins (Chloroquine), amodiahins

(Amodiaquine), hinins (Quinine), meflohins (Mefloquine), primahins
(Primaquine), piperahins (Piperaquine). Sie medikamenti akumul&jas
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2)

3)

4)

parazita gremoSanas vakuolas un veido kompleksus ar hému, tadgjadi
noversot ta izkristaliz€Sanos parazita gremoSanas vakuola. Tiek inhib&ta
h&ma polimerizésanas, kas izraisa citotoksiska héma uzkraSanos parazita;

antifolati — pirimetamins (Pyrimethamine) / sulfadoksins (Sulfadoxine),
atovakvons (Atovaquone) / proguanils (Proguanil). Folatu antagonisti
iedarbojas uz parazita dihidrofolata reduktazi;

artemisina  atvasingjumi — artesunats  (Artesunate), artemeters
(Artemether), dihidroartemisinins (Dihydroartemisinin) — molekulas
endoperoksida tiltin§ sadarbojas ar parazita h€ma dzelzs joniem un
izveido skabekla radikalus. Sie radikali selektivi saistds ar membranu
proteiniem, izraisa lipidu peroksidaciju, boja endoplazmatisko tiklu un
inhib€ proteinu sintézi, ka rezultata parazits aiziet boja;

antibiotikas — tetraciklins, doksiciklins, klindamicins, azitromicins —
iedarbojas uz parazita mitohondrija 70S ribosomam.[35]

Sobrid visefektivaka arstniecibas metode ir divu medikamentu kombinaciju

lietoSana (1.7. att.), kas visbieZak ietver artemisina atvasinatus medikamentus 1,
2, 3, 4 un lumefantrinu (Lumefantrine) 8, meflohinu 6, piperahinu 7, amodiahinu
5, sulfadoksinu 10 un pirimetaminu 9 ka partnermedikamentu.[36], [37]

‘ Artemisinina atvasinajumi ‘ ‘ Partnermedikamenti ‘

HN
N
U c
Y N

X N~ LN
_ \

N~ CFs _N

CF3 cl
Artemeters 2 Amodiahins 5 Meflohins 6 Piperahins 7

/\fN OH

HoN
¢ \©\?/O -
o O O cl SN * 79
. ‘ J\ HNw)%ro\
\ HoN™ N7 NH, |
.,
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1.7. att. Paslaik izmantotas medikamentu kombinacijas malarijas arstéSanai [37]

Medikamentu kombinaciju lietoSana malarijas arst€Sanai lauj izvairities no

rezistences veidoSands. Artemisina atvasinajumi ir efektivi pret visam

P. falciparum rezistences formam. Vispla§ak izmanto tadus atvasindgjumus ka
artemeteru 2, artesunatu 1 un artegteri 3 (1.7.att.).[2] Sie dalgji sintetiskie
atvasindjumi parazita tiek parversti aktivaja metabolita — dihidroartemisinina 4.
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Medikamentu kombinaciju lietoSanai ir biitiska priekSrociba attieciba pret viena
medikamenta arstéSanu — artemisns atri un efektivi iznicina lielako dalu parazitu
(ta darbibas puslaiks ir < 1 h), bet péc tam sak iedarboties otrs medikaments, kas
iznicina atlikuSos parazitus ilgaka laika posma.[37] Ta ka artemisinina
atvasinajumu darbibas puslaiks ir mazaks par 1 stundu, tad rezistence pret $o
medikamentu veidojas 1€nak. Tomer 2008. gada Kambodza tika noverots
pirmais rezistences gadijums pret §is grupas medikamentiem. 2018. gada tika
fikseti jau 30 rezistences gadijumi [37], tad€] ir svarigi definét jaunus zalu
mérkus un izstradat rezistences brivus medikamentus malarijas arstéSanai. Ir
vairakas pieejas, kas tiek lietotas jaunu pretmalarijas [idzeklu izstradg:

1) visplasak lietota pieeja ir jau esoSo medikamentu analogu sintéze [38];

2) plasu savienojumu bibliotéku un dabasvielu skrinings uz potencialo zalu
méerki;

3) medikamentu izmanto$ana, kas jau ir aktivi pret citam saslim§anam,;

4) kovalenta biterapija — arsté$ana izmanto savienojumus, kuri satur divus
kovalenti saistitus farmakoforus, kas katrs darbojas uz citu / to pasu zalu
mérki ar atSkirigiem darbibas mehanismiem [35];

5) jaunu zalu mérku atraSana un to inhibitoru sintéze.

P. falciparum parazita genoma izpgte ir lavusi identificét jaunus zalu mérkus
antimalarijas medikamentu un vakcinu izstradei.[39] Malarijas parazita
gadijuma jaunos potencialos zalu mérkus var iedalit tris kategorijas:
1) hemoglobina metabolisma process (protedazes falcipains un plazmepsini);
2) mérki, kas ietekm& makromolekulu un metabolitu sintézi (1-dezoksi-D-
ksilozes 5-fosfata reduktoizomeraze); 3) membranu transporta sistéma (holina
transportieri un proteinu kinazes).[9]

Lidz Sim zinatniskaja literatira nav aprakstiti pretmalarijas medikamenti,
kuru darbibas mehanisms ietvertu plazmepsinu inhib&Sanu. Tacu plazmepsini
var kalpot ka labs zalu mérkis vairaku iemeslu d€] — ar vienu savienojumu ir
iespgjams inhib&t vairakus plazmepsinus, tadgjadi paaugstinot inhibitora
efektivitati, un to inhib&Sanas rezultata P. falciparum parazits ietu boja. Ka arf ir
iegati PIm 1 [40], 11 [41], [42], IV [43], V (Plasmodium vivax) [44] un strukturali
lidzigas HAP [45] kristalu rentgendifraktometrijas dati, kas lauj mérktiecigi
izstradat jaunus plazmepsinu inhibitorus.
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1.6. Plazmepsinu inhibitori

P. falciparum parazita plazmepsinu inhibitori tiek iedaliti divas galvenajas
grupas — peptidomimétiski un nepeptidomimétiski inhibitori. Peptidomimgtiskie
inhibitori biezi tiek deéveti par parejas stavokla analogiem, jo tie imite
tetraedrisko starpproduktu, bet ir noturigi pret enzimatisko skelSanu modific&tas
struktiiras del (1.8. att.).[9]

P, OH O

£
¥
A O OH Py
Dihidroksietiléns

Py

f\N N
H Gy H

Hidroksietilamins .

P'H (o]

5 , |
I ST — e A ey
Py

N
O OH H Tetraedriskais starpprodukts
Reducéts amids
"Apgriezts" statins

e N
b, : P, O

ff\N 1& V ;\”&)&f
H on o b OH
1
_ H _
Statins ﬁ\N&/\{N\ Norstatins
H o on by

Hidroksipropilamins

1.8. att. Tetraedriska starpprodukta analogi [9]

Tetraedriska parejas stavokla analogu nomenklatiira tiek veidota no
peptidtipa savienojuma aminoskabju sanu k&des atrasanas vietas molekula — P1,
P1°, P2, P2’, P3, P3’, kas atbilst to saistiS8anas vietai protetna — S1, S2, S3, $4,
S1°,S2°,S3°, S4° (1.9. att.).[12]

1.9. att. Peptidomimétisko inhibitoru nomenklatara [12] un PIm |1 saistiSanas vietu
attélojums [46]

Ne visi tetraedriska starpprodukta analogi ir petiti vai sintezéti to
atvasinajumi (1.8. att.), tadg] talak tiks aplikoti vairak izpgtitie parejas stavokla
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analogi: statina, norstatina, 1,2-dihidroksietiléna un hidroksietilamina
atvasinajumi.

1.6.1. Plazmepsinu peptidomimétiskie inhibitori

Statina atvasinajumi. Statina atvasinajumu raksturigs struktiirelements ir
stattna grupa ((3S,4S)-4-amino-3-hidroksi-6-metilheptanskabe). No
aktinomicetam izdalitais aspartilproteazu inhibitors pepstatins A 11 satur divas
statina grupas.[47] Pepstatins A 11 uzrada nanomolaras ICs vertibas uz Plm I,
PIm Il (K;=0.025 nM), PIm Il un PIm IV, bet tas uzrada vl augstaku inhibitoro
aktivitati uz cilvéka aspartilproteazi Cat D (K;= 0.0038 nM). Turklat pepstatins

o L o -
N N H
N %N QKN ! o
Hoo 2 M1 2 M GHo

uM) (1.10. att.).[48]

&H ©
Pepstatins A 11: K; PIm Il = 0.025 nM
K;Cat D = 0.0038 nM
ICso RBC? = 4 uM
2- |Cso RBC - parazita P. falciparum aug$anas inhibésana inficétas sarkanajas asins $tnas

1.10. att. Pepstatina A struktira [48]

Lai uzlabotu savienojumu selektivitati attieciba pret Cat D, ir sintez&ta rinda
statina atvasinajumu (1.11. att.). Ta, pieméram, ievadot molekulas P1 un P3’
pozicijas CF3 grupas, selektivitate biitiski uzlabojas, tomér inhibitora aktivitate
samazinas (ICsy PIm Il = 1.3 nM).[49] Inhibitoru $kidibas un $tnu caurlaidibas
uzlaboSanai ir sintezéti mazaki savienojumi 13, 14, kuri uzrada zemaku
inhibitoro aktivitati, bet labaku selektivitati attieciba pret Cat D.[9], [50]
Pepstatina atvasinajuma 13 K pret parazita aspartilproteazi PIm Il ir 0.56 nM,
bet attieciba pret Cat D Kjir 38 reizes zemaka.[50]
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K; Cat D =21 nM
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1.11. att. Sintezétie statina atvasinajumi 12-14

Ievadot molekulas P1’° pozicija para-brombenziloksiaizvietotaju, selektivitate
batiski uzlabojas (inhibitora 14 K; PIm Il = 10 nM, K; Cat D = >4900 nM),
tomér inhibitora aktivitate inficétu asins $tnu testa ir zema. Datormodelésanas
rezultati liecina, ka $aja gadijuma metil-O-metil tiltin$ nodrosina pietickamu P1’
pozicijas sanu kédes kustigumu, lai iepemtu S1/S3 kabatu. P&tjjumos
noskaidrots, ka inhibitoro aktivitati ietekm& P1 aizvietotajs, savukart
selektivitate atkariga no P2 aizvietotaja.[51]

Norstatina atvasinajumi. Allofenilnorstatina-dimetilprolina atvasinajumi
ieprieks ir veiksmigi izmantoti ka HIV-1 proteazu inhibitori [52], [53], tapéc A.
Nezami izmantoja tos plazmepsinu inhibitoru dizainam.[54] Zinams, ka Sie
savienojumi uzrada zemu toksicitati un labu biopieejamibu.[54] P&tijuma
noskaidroja, ka inhibitoras aktivitates nodrosinasana pret PIm Il batiska nozime
ir tioprolina cikla dimetilgrupam. Nomainot dimetilgrupas pret tdenraza
atomiem, inhibitora aktivitate butiski samazinas (16 K;PIm Il = 30.7 uM), un
savienojums 16 inhib& ari cilvéka aspartilproteazi Cat D (K; = 18.2 uM)
(1.12. att.).[54]

\/NH o \ NH & @
O de e ey

15: R = Me, K; Pim Il = 8.6 uM 17: K;PIm Il = 70 nM 18: K;PIm Il = 0.5 nM
K; Cat D = 37.7 uM K; Cat D = 1600 nM K; Cat D = 2 nM
16:R = H, K, Pim Il = 30.7 uM ICso RBC = 10 uM ICso RBC = 6.8 uM

K CatD = 18.2 uM

1.12. att. Norstatina atvasinajumi

25



Inhibitora  aktivitate uzlabojas, ja molekulas P2 dala ievada
dimetilfeniloksiacetilgrupu (inhibitora 17 K;= 70 nM). Saja gadijuma uzlabojas
ar selektivitate (K; Cat D =1600 nM).[54] Visaugstaka inhibitora aktivitate
(savienojuma 18 K; PIm Il = 0.5 nM) ir ieguta, ievadot molekulas 18 P2 dala
dimetilfeniloksiacetilgrupu, bet P2’ dala (1S,2R)-1-amino-2-indanola grupu.
Indana sastava eso$a hidrofoba benzola gredzena dala un hidroksilgrupas
kombinacija nodro$ina optimalo sadarbibu veidoSanos ar S2’ kabatu, tomér Sis
savienojums 18 uzrada inhibitoro aktivitati arT uz Cat D (K;= 2 nM). Inhibitors
18 uzrada bitiski zemaku inhibitoro aktivitati infictu asins $tnu testa (ICso
RBC = 6.8 uM), kas skaidrojams ar to, ka plazmepsinu inhibitoriem ir jaizklast
caur 4 membranam - eritrocita, parazita vakuolas, plazmas un gremosanas
vakuolas (1.12. att.).[55]

1,2-Dihidroksietiléna atvasinajumi. Molekularas dinamikas p&tijumos ir
noskaidrots, ka  1,2-dihidroksietiléna  atvasinagjumu  stereokTmiskajai
konfiguracijai ir buitiska nozime inhibitoras aktivitates nodrosinasana. Piem&ram,
tikai viens savienojuma 19 stereoizomérs (SRRRRS) uzrada inhibitoro aktivitati
uz PIm Il (ICso = 4100 nM).[56] Aizvietojot divas P2 / P2’ valina metilamida
grupas C,-simetriska 1,2-dihidroksietiléna atvasinajuma 19 ar (1S,2R)-1-amino-
2-indanola fragmentu, inhibitora aktivitate palielinajas 40 reizes, salidzinot ar
savienojumu 19, un inhibitors 20 uzrada selektivitati attieciba pret Cat D
(1.13. att.).[57] Noskaidrots, ka 2-indanola hidroksilgrupas ir iesaistitas
iek8molekularo tidenraza saiSu veido$ana.[56]

=
R
19: K;PIm Il = 4100 nM 20: K;PIm Il = 96 nM 21: R = acetil-, K;PIm Il = 6 nM
K;Cat D = >2000 nM K; Cat D = >2000 nM
Pfinhibésana 0 % @ 5 uM Pfinhibésana 78 % @ 5 uM

22: R=H, K;PIm Il =29 nM
23: R = Me, K;PIm Il = 129 nM

1.13. att. 1,2-Dihidroksietiléna atvasinajumi 19-23

Inhibitora aktivitate uz Plm II ir augstaka, ja molekulas P1 / P1’ pozicija ir
para-acetilfenilgrupa (savienojums 21 uzrada visaugstako inhibitoro aktivitati K;
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PIm Il =6 nM). Bitiski uzlabojas ari 1,2-dihidroksietiléna atvasinajuma 21
inhibitora aktivitate infic€tu asins $tnu testa (Pf inhib&éSana 78 % @ 5 uM),
salidzinot ar savienojuma 20 inhib&Sanas sp&ju. Aizvietotdji fenilgredzena
para-pozicija bitiski ietekmé inhibitoro aktivitati. Neaizvietota fenilgredzena
gadijuma 22 K; PIm Il = 29 nM, bet para-metilgrupu saturo$s inhibitors 23
uzrada 20 reizes zemaku inhibitoro aktivitati uz Plm II ka savienojums 21
(1.13. att.).[57] P&tijuma ietvaros ir sintezSti ari savienojumi 24 un 26 ar
atSkirigiem amida bioizostériem: brivi rotSjoSu diacilhidrazina elementu (var
iesaistities Tidenraza saiSu veidoSand) un 1,3,4-oksadiazolu (var darboties ka
tdenraZa saiSu akceptors) (1.14. att.).[58]

Br Br Br
o QH (0] H o O OH O H
N. O,

Br Br Br
24: K;PIm Il = 1500 nM 25: K;PIm Il = 142 nM 26: K; PIm Il = >5000 nM
K; Cat D = 3000 nM K;Cat D = >6000 nM Ki Cat D = >6000 nM

1.14. att. 1,2-Dihidroksietiléna atvasinajumi ar amida bioizostériem —
diacilhidrazina fragmentu 24, 25 un 1,3,4-oksadiazolu 26

Rezultati liecina, ka inhibitoro aktivitati uz Plm II uzrada tikai hidrazina
fragmentu saturosi savienojumi 24 un 25. Augstaka inhibitora aktivitate ir tajos
gadijumos, ja molekula satur diacilhidrazina fragmentu un aizvietotaji nav
simetriski (25 K; PIm 11 = 142 nM, K; Cat D = >6000 nM). 1,2-Dihidroksietiléna
atvasinajumi, kas satur 1,3,4-oksadiazola fragmentu, inhibitoro aktivitati uz PIm
II un Cat D neuzrada (26 K; PIm Il = >5000 nM, K;Cat D =>6000 nM)
(1.14. att.).[58]

Hidroksietilamina atvasinajumi. Vairakas zinatnieku grupas ir stradajusas
pie hidroksietilamina atvasinajumu ka pretmalarijas lidzek]u izveides un to
efektivitates paaugstinasanas.[59], [60] Hidroksietilamina analoga ir ieviesta
baziska otrgja amina grupa, kas veidotu sadarbibas ar aktivaja centra esoSajiem
Asp34 un Asp214 atlikumiem Plm II struktiira un koncentrétu inhibitoru parazita
vakuolas (1.15. att.). Ir noskaidrots, ka inhibitoras aktivitates nodro§inasana ir
svarigi lielas meta- vai para-aizvietotas benzilgrupas inhibitora P1’ pozicija.[9]
Pieméram, ja molekula $aja pozicija satur neaizvietotu fenilgredzenu, inhibitora
aktivitate pret PIm Il ir zema un nav selektivitates attieciba pret Cat D,
savienojuma 27 K; PIm Il = 3200 nM, K;Cat D = >2800 [60], bet
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bifenilaizvietotaja gadijuma inhibitora 29 K; PIm Il = 120 nM (1.15. att.). Ir
noskaidrots, ka, mainot P1’ aizvietotajus, iesp&jams ietekm&t Plm I / PIm 1l
selektivitati, pieméram, hidroksietilamina atvasinajums 28, kas satur meta-
fenilaizvietotu benzilgrupu, uzrada zemu inhibitoro aktivitati uz Plm I

(K; = 1000 nM).[60], [61]

o y OH , © o H OH , ©
@*N LR, L L
P Ho4 2 o | P Ho§ ¢ :
Qe 0 O
-0

27: R = p-Ph, K; PIm Il = 120 nM 30: K; PIm 11 = 30 nM
K; PIm | = 68 nM K; Cat D = 1400 nM
K; Cat D = >2000 Pfinhibésana 72 % @ 2 uM

28: R = m-Ph, K; PIm Il =579 nM
K; PIm 1 = 1000 nM

29: R = H, K; PIm Il = 3200 nM
K; Cat D = >2800

1.15. att. Hidroksietilamina atvasinajumi 27-30

Lai noskaidrotu P3 un P1’ poziciju aizvietotdjus, kuri lauj iegiit augstaku
inhibitoro aktivitati pret PIm II, ir veikts savienojumu biblioteékas skrinings.
Pétijuma rezultata ir noskaidrots, ka, ievieSot molekulas P1’ pozicija lielu,
skabekli saturosu biciklu, savienojumu inhibitora aktivitate pret PIm Il batiski
pieaug (savienojuma 30 K; PIm Il = 30 nM) un inhibitors uzrada ari aktivitati
inficétu asins $tnu testa.[61] Inhibitora-plazmepsina II afinitates nodrosinasana
centralajai hidroksilgrupai ir jabut (S) konfiguracija, un terminalais slapekla
atoms nedrikst biit aizvietots.[9]

1.6.2. Plazmepsinu nepeptidomimétiskie inhibitori

Nepeptidomimétisku inhibitoru izstrade vartu laut iegiit savienojumus ar
augstaku Plm II / Cat D selektivitati, jo ir zinams, ka nepeptidomimétiski
inhibitori spgj saistities ar PIm II atveérto varsta konformaciju, bet katepsini sadu
konformaciju ienem gratak vai neienem.[62] Vairakas zinatnieku grupas ir
identific€jusas jaunas nepeptidomimetiskas inhibitoru struktiiras, izmantojot
savienojumu datubazu augstas caurlaidibas skriningu (HTS), molekularo
modeléSanu, enzimatiskos testus uz savienojumu bibliotekam, ka arl
savienojumu datubazu virtualo skriningu. Sakotngji nepeptidomimétisko Plm II
inhibitoru identific€Sana, izmantojot augstas caurlaidibas skrningu, tika
izmantota Plm II un renina (cilvéka aspartilproteaze, EC 3.4.23.15) kristalu
rentgendifraktometrijas datu lidziba [9], ta¢u Sobrid ir pieejami PIm | [40], 1l
[41], [42], IV [43], V (Plasmodium vivax) [44] un strukturali Iidzigas HAP [45]
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kristalu rentgendifraktometrijas dati, kas lauj izstradat jaunus nepeptidomi-
métiskus inhibitorus.

Azacikliski inhibitori. Pirma Plm II un pepstatina A kompleksa
rentgendifraktometrijas dati tika publicéti 1996. gada.[63] Profesora F.
Diederich grupa, balstoties uz aizvértas PIm II konformacijas un renina atvertas
konformacijas rentgendifraktometrijas datiem, ir izstradajusi
nepeptidomimétiskus, azacikliskus PIm |1 inhibitorus.[64], [65] Pirmas paaudzes
inhibitori 31 satur protonétu centralo aminogrupu, kura sadarbojas ar aktivaja
centrd eso$ajiem aspartilatlikumiem, naftilaizvietotaju (R'), kas ievietojas S1 /
S3 kabata, un heteroaromatisku grupu, kura atrodas varsta kabata (1.16. att.).[46]
Sie azanorbornana atvasinajumi 31 uzrada saméra zemas ICsq vertibas uz Plm II
((#£)-31a IC5o PIm 11 = 700 uM; ()-31b 1Cso PIm Il =70 uM). Visaugstako
inhibitoro aktivitati uz PIm II uzrada savienojums (£)-31c (ICs, PIm 11 = 9 uM),
bet §is savienojums (+)-31c nav selektivs attieciba pret cilvéka aspartilproteazi
Cat D (1.16. att.).[65]

R'= R'= O
Asp34  Asp214 / / jo
& oUNe
WO N .-0770
NH; (#)-31a: IC5o PIm Il = 700 uM  ()-31b: IC5 PIm Il = 70 uM

s2'

: R'=
W, )
S AN N
VO C s ]@
R S
Varsta kabata

S1/83 (#)-31¢: IC50 PIm 1l = 9 uM
ICso Cat D = 15 uM
31

1.16. att. Azaciklisku kodolu saturosi inhibitori (+)-31a-c un shematisks to
attélojums Plm II aktivaja centra [46]

Azacikliski atvasinajumi 32 ir otras paaudzes azaciklu saturosi inhibitori. Ari
Sie inhibitori satur proton&tu aminogrupu, kas sadarbojas ar aktiva centra
aspartilatlikumiem, naftilaizvietotaju, kas ietilpst S1 / S3 kabata, un benztiazola
ciklu, kas aiznem varsta kabatu (1.17.att.). Savienojums (+)-32a (ICs
PIm Il =13 uM) uzrada lidzigu inhibitoro aktivitati uz Plm II ka pirmas

paaudzes azanorbornana atvasinajums (£)-31c (ICsp PIm Il = 9 uM). Augstaka
inhibitora aktivitate novérojama savienojumiem, kuros X = CH, ((¥)-32b ICs
PIm Il = 4 uM) vai satur hlora atomu benztiazola cikla ((+)-32c ICs

PIm Il = 3 uM, (£)-32d IC5 PIm Il = 2 uM). Mingtie savienojumi nav selektivi,
jo tiem ir salidzino$i augsta katepsina D inhibitora aktivitate (ICso Cat D = 7-18
uM) (1.17. att.).[64]
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Varsta kabata
(#)-32a: R=H, X=0, IC5 PIm [I =13 uM
'\f ICso Cat D = 18 uM

" (#)-32b: R = H, X = CHy, IC5o PIm Il = 4 M
ICsp Cat D = 12 uM
(#)-32¢: R = Cl, X = O, ICs PIm 11 = 3 uM

ICso CatD = 12 uM
O (#)-32d: R = CI, X = CH,, ICso PIm Il =2 uM
ICso CatD =7 uM
Asp34 OH

S1/S3

(o]

Asp214 Q

xm

1.17. att. Azaciklisku kodolu saturosi inhibitori (+)-32a-d [64] un shematisks to
attélojums Plm II aktivaja centra [46]

S1 inhibitoru klase ir attistita talak, ievadot aminogrupu bicikla 2. pozicija,
kas veido papildu sadarbibu ar aktivaja centra esoSajiem aspartilatlikumiem.
Sulfonilgrupas geometrijas dél fenilfgrupas alkilkede tiek ievirzita varsta kabata,
tadgjadi nodrosinot hidrofobo saistibu veidoSanos starp inhibitoru un proteinu.
Iegiitais savienojums (#)-33 (racemats) uzrada zemakas ICs, vertibas uz
plazmepsinu II (ICs, PIm 1l = 210 nM) neka otras paaudzes azacikliskie
atvasinajumi 32a-d (ICso PIm Il = 2-13 uM), ka ari ir uzlabojusies selektivitate
attieciba pret cilvéka aspartilproteazi Cat D ((#)-33 ICsq Cat D =2800 nM).
Enantiotirs azanorbornana atvasinajums (-)-33a uzrada vél augstaku inhibitoro
aktivitati (ICso PIm 11 = 45 nM) (1.18. att.).[66], [67]

N HNR
A? 2 Her
0.8 ot
(4)-33, R = m-Bromfenil- (1)-33a
ICso PIm Il = 210 nM ICso PIm Il = 45 nM

ICso Cat D = 2800 M
(#)-34, R = Naftil-
ICso PIm Il = 130 nM
ICso Cat D = 2030 nM

1.18. att. Azanorbornana atvasinajumi (+)-33, (-)-33a un (¥)-34

Ta ka savienojums (£)-28 (ICso PIm Il = 130 nM) uzrada augstaku inhibitoro
aktivitati uz PImII neka meta-bromfenilgrupu saturos$s azanorbornans (+)-33
(ICsp PIm II = 210 nM), turpmakie pétijumi ir veikti ar naftilaizvietotiem
atvasinajumiem. Lai noskaidrotu piemérotako fenilgrupas aizvietotaja R
alkilkédes garumu un aizvietotaju ietekmi uz inhibitoro aktivitati, ir sintez&ta
azanorbornanu (£)-35a-g rinda.[68]
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1.1. tabula

Savienojumu (£)-35a-f inhibitoras aktivitates vertibas uz Plm II un Plm IV

(1)-35a-g

ICso, NM
Nr.p. k.  Sav.nr. R Plm 11 PIm IV

1. (+)-35a N 4190 1480
2. (+)-35b N 680 240
3. (+)-35¢ N 130 50
4, (+)-35d N 50 210
5. (+)-35¢ NN 70 430
6. (+)-35f N 30 90
7. (+)-35¢g T 150 1360

Rezultati rada (1.1.tabula), ka plazmepsina II gadijuma piemérotakais
alkilkedes garums ir no Cs Iidz Cg (1.1.tabula, 3.-5. rinda). Savukart
plazmepsina IV gadijuma piemérotakais alkilkédes garums ir Cq (1.1. tabula, 3.
rinda). Isaku alkilkézu gadijuma inhibitoras aktivitates vértibas pazeminas
(1.1. tabula, 1., 2. rinda). Redzams, ka, ievadot molekula garakas alkilkédes
(1.1. tabula, 7. rinda), butiskaks inhibitoras aktivitates kritums novérojams Plm
IV gadijuma. Sazarotu alkilaizvietotagju gadijuma (1.1.tabula, 6. rinda) 1Cs
vertibas pazeminajas Plm II gadijuma, bet paaugstinajas attieciba pret PIm IV.
Tas nozimg, ka atskiras plazmepsina Il un plazmepsina IV varsta kabatas izmers
un forma. Ir noskaidrots, ka svarigs ir ne tikai alkilkédes garums, bet arT tas, cik
daudz ta aizpilda varsta kabatu. Rezultati rada, ka zemakas I1Cs, vértibas ir tad, ja
Sis aizpildijums ir 55 £ 9 % no pieejamas telpas.[68] Datormodelésanas
pétijumos noskaidrots, ka n-heptilkéde aiznem ~50 % no Plm II varsta kabatas.
Garaku aizvietotaju gadijuma (n-oktil-, n-nonil-) notiek alkilkédes salociSanas,
ka rezultata neveidojas alkilkeédes un Plm II varsta kabatas sadarbibas, un
inhibitora aktivitate pret Plm II pazeminas. Dazadu funkcionalo grupu (&tera,
alkéna, alkinola vai spirta) ievadiSana arilgredzena para-pozicija inhibitoro
aktivitati uz Plm I un PIm IV neuzlaboja.[46]
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Balstoties uz pieejamajiem PIm Il kristala rentgendifraktometrijas datiem,
profesora F. Diederich grupa ir attistijusi 7-azanorbornana atvasinajumus
(+)-36a-f, kas satur exo-aizvietotajus 7-azanorbornana 5. vai 6. pozicija. Sie
aizvietotaji spétu aizpildit plazmepsina II S1° sub-kabatu.[69]

1.2. tabula

7-Azanorbornana atvasinajumu (£)-36a-f ICs, vertibas uz Plm II, PIm IV un Cat D

.

s
(e)

ZT

O(CH,)4CH;

(+)-36a-f

1Csp, NM ICso (NM)
Nr.p. k. Sav.nr. R R’ PimIl PlmIV CatD PfNF54
1L ()36 oy H 72 18 3250 2554
2. @)-36b v, H 107 11 1997 829
3. (+)-36¢ H O, 198 139 6800 nn
4. (+)-36d CLNA, H 127 6 2100 1050
5, (#)-36e L H 218 185 2690 nn?
6. (+)-36f° H H 494 223 4900 nn?

4nn — nav noteikts
® references savienojums
6-exo-aizvietotaja ievadiSana 7-azanorbornana molekula ((#)-36b) uzlaboja
inhibitoro aktivitati uz PIm II, PIm IV un Plm Il / Cat D selektivitati, salidzinot
ar 6. pozicija neaizvietotu inhibitoru (+)-36f (1.2. tabula, 2., 6. rinda). Savukart
5-exo-aizvietotaju gadijuma ((+)-36c) inhibitora aktivitate uz PIm Il bija zemaka
neka 6-exo-aizvietotiem 7-azanorbornana atvasinajumiem ((+)-36b) (1.2. tabula,
2., 3. rinda). Plm IV gadijuma inhibitoras aktivitates kritums ir vél ievérojamaks
(1.2.tabula, 2., 3. rinda). Tas liecina, ka savienojums (#)-36¢ neveido
produktivas sadarbibas starp inhibitoru un protetna S1’° sub-kabatu.
Cikloalkilaminu atvasinajumi (+)-36a, (£)-36b un (£)-36d uzrada visaugstako
inhibitoro aktivitati gan uz PIm Il (ICso = 72-127 nM), gan uz PIm 1V (ICso = 6—
18 nM) (1.2.tabula, 1., 2., 4. rinda). Vel ir svarigi minét, ka savienojumi
(+)-36a, (+)-36b un (£)-36d ir arT selektivi attieciba pret cilvéka aspartilproteazi
Cat D, pieméram, inhibitors (+)-36d ir 350 reizes aktivaks pret PIm IV neka uz
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Cat D. Heteroaromatisku aizvietotaju gadijuma 6-ex0 pozicija inhibitora
aktivitate pazeminas (1.2. tabula, 5. rinda). Savienojumi (+)-36a, (+)-36b un (z)-
36d uzrada zemaku P. falciparum parazita augSanas inhib&$anas sp&ju inficétu
asins §tnu testa neka izoléta enzima gadijuma (1.2. tabula, 1., 2., 4. rinda).[69]

Tetrahidroazepina atvasinajumi. Literatiira ir aprakstiti tetrahidroazepina
ciklu saturosi P. falciparum parazita aspartilproteazu inhibitori. To struktira tika
modeléta un optimizSta, izmantojot in silico aprékinus.[70] lesp&jamais
tetrahidroazepina 37 novietojums proteina ir paradits 1.19. att¢la, kura redzams,
ka protonéta amino grupa veido sadarbibas ar aktivaja centra esoSajiem
aspartilatlikumiem, bet 3. un 5. pozicijas aizvietotaji aiznem S2’un S1 sub-
kabatas.

P (rm
Flap
M> % s M

2 s118
4 N0
$2°( nag \
% - ’ [~ o]
\% M5 1 O>LR2
fa™ \034 R oﬂ‘d

S2 N
Y“’%f \nzu Hy
S1°

1.19. att. Tetrahidroazepina atvasinajuma 37 novietojums proteina (dokinga
rezultati) [70]

Aprékini liecina, ka tetrahidroazepina atvasinajumi 37 saistas ar proteinu
atvértaja varsta konformacija, lidz ar to ir svarigi atrast piemérotakos
aizvietotajus S2” un S1 kabata. Sim nolikam pétfjuma ietvaros ir sintezéti
savienojumi rac-37a-d ar dazadiem arilaizvietotajiem R* un R? pozicija.[70]
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1.3. tabula

Tetrahidroazepina atvasinajumu rac-37a-d K; vértibas

rac-37a-d

Ki (uM)
Nr.p.k. Sav.nr. R! R? PImIl PImIV CatD
rac-37a = &) 303 211 >320

2. rac-37b ). ) 4.7 7.2 260
/
3. rac-37c 1 ) }j@ 1.0 15 262
N
H
4, rac-37d ) )= 04 5.7 165

No rezultatiem redzams, ka inhibitoras aktivitates nodroSinasana bitiska
nozime ir R" aizvietotaja arilfunkcijas para-pozicijas aizvietotajiem (1.3. tabula).
Neaizvietotu fenilgredzenu gadijuma inhibitora aktivitate uz PIm Il ir 303 uM
(rac-37a, 1.3. tabula, 1. rinda), bet, ieviesot pozicija R* para-aminofenilgrupu,
inhibitora aktivitate uz PIm Il un PIm IV uzlabojas — K; PIm 1l = 4.7 uM, K; PIm
IV = 7.2 uM (rac-37b, 1.3. tabula, 2. rinda). Tas liecina, ka $aja pozicija ir
nepiecieSama fidenraza saidu donora grupa. Savukart, ievie$ot R pozicija 3-
indolilaizvietotaju, inhibitora aktivitate uzlabojas — K; PIm Il = 1.0 uM, ka ari
savienojums rac-37c¢ uzrada saméra augstu inhibitoro aktivitati uz Plm IV K; =
1.5 uM (rac-37c, 1.3. tabula, 3. rinda). Savienojums rac-37d ar broma atomu
molekula uzrada vislabako rezultatu un sasniedz nanomolaru Iimeni — K; PIm 11
=400 nM (1.3. tabula, 4. rinda).[70]

Pirolidina atvasinajumi. Sis sérijas savienojumi dizaingti, balstoties uz
HIV-1 proteazu inhibitoriem.[71] Pirolidina atvasinagjumu sadarbibas ar

plazmepsinu II ir lidzigas ka tetrahidroazepina atvasindgjumiem — protonétais
pirolidina slapekla atoms veido tGdenraza saites ar aktivaja centra eso$ajiem
aspartilatlikumiem, un estera vai amida karbonilgrupas skabekla atoms ar
tidenraza sait€m sadarbojas ar varsta aminoskabju atlikumiem Ser79 un Val78.
Pétljuma ietvaros ir sintez€tas tris savienojumu klases — simetriski esteri,
simetriski amidi un nesimetriski amidi.[72]
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1.4. tabula

Pirolidina atvasinajumu 38a-d un 39 K; vértibas

[0} >(\(O

b
R qﬁ R

38a-d, 39

Ki (uM)

Nr.p. k. Sav.nr. X R PIm 11 PIm IV CatD
1. 38a 0 VN 51.2 168 >1000
2. 38b 0 AR 11.4 7.4 53.4
3. 38c o 4 1.0 0.8 0.5

/
4, 38d 0 0.10 0.09 0.37
NR!

5., 39 /E) YO o4 15 117
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Savienojumu inhibitora aktivitate uz PIm Il ir zemaka, ja pirolidina
atvasinajumi 38a-d satur alkilaizvietotus esterus (38a, 1.4. tabula, 1. rinda), tacu
inhibitora aktivitate uzlabojas benzil- un 2-naftilmetil- aizvietotu esteru
gadijuma — K; vertibas attiecigi ir 11.4 un 1.0 uM (38b, 38c, 1.4.tabula, 2.,
3.rinda). Visaugstako inhibitoro aktivitati uz PIm 1l uzrada 1-naftilmetilgrupu
saturo§s pirolidina atvasingjums 38d (K; PIm Il = 010 uM, K;
PIm IV =0.09 uM) (1.4. tabula, 4. rinda). Ir redzama tendence, ka, palielinoties
aizvietotaju steriskajiem izme&riem, inhibitora aktivitate pret Plm II un Plm IV
paaugstinas. Acimredzot stériski lielaki aizvietotaji var veidot cie$akas
hidrofobas sadarbibas ar S2 un S2’ sub-kabatam. Uzlabojoties savienojumu
inhibitorajai aktivitatei uz PIm Il, pasliktinas selektivitate attieciba pret Cat
D.[72] Ari simetriskas amida grupas saturo$s pirolidina atvasinajums 39 uzrada
inhibitoro aktivitati pret Plm II (K; PIm Il = 0.43 uM) un PIm IV (K; PIm IV =
1.5 uM). Sintez&tie nesimetriskie amidi neuzradija Plm II / Cat D selektivitati.
Sis petfjumu virziens netika attistits talak, jo, modificgjot pirolidina
atvasinajumus, neizdevas uzlabot Plm II / Cat D selektivitati.

Aminopiperidina atvasinajumi. Izmantojot augstas caurlaidibas FRET
testu, ka plazmepsina II inhibitori ir identificéti 4-aminopiperidina
atvasinajumi.[12], [23], [42], [73] So savienojumu sintéze ir vienkar$a un lauj
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veikt dazadas molekulas modifikacijas. 4-Aminopiperidina atvasinajuma 40 un
PIm IT kompleksa rentgenstruktiiranalize atklaj liganda novietojumu proteina, un
redzams, ka §is inhibitors ir saistfjies ar PIm Il atvértaja varsta konformacija,
kura varsta cilpa ir nobidijusies no aktivaja centra eso$ajiem aspartilatlikumiem,
tadgjadi laujot piperidina slapeklim izveidot spécigas tdenraza saites caur
katalitisko Gidens molekulu ar aspartilatlikumiem (1.20. att.).[26], [42]

1.20. att. 4-Aminopiperidina atvasinajuma 40 un PIm Il kompleksa
rentgendifraktometrijas dati [23]

Petijuma noskaidrots, ka inhibitoras aktivitates nodrosinasana svarigs ir
molekulas B dalas benzoilaizvietotajs ar n-pentilkédi para-pozicija (1.20. att.).
4-Metilfenilaizvietotaja gadijuma inhibitora aktivitate samazinas gandriz 2000
reizu.[42] Tapat $aja molekulas dala nav v€lams ievadit nepiesatinatas saites
(alkenil-, alkinil-) vai heteroatomus, bet inhibitora aktivitate nemainas, ja
fenilgrupu aizstaj ar 4-n-pentilcikloheksilgrupu.[12], [42]

Savukart molekulas A dala piemérotakais S1 / S3 kabata ietilpstoSais
aizvietotajs ir para-pozicija aizvietota bifenilgrupa. PE&tjjuma izmantotie
savienojumi 41a-f ar dazadiem fenilgrupas aizvietotajiem para-pozicija redzami
1.21. attela. levadot molekula heteroaromatiskus ciklus — piridinu (41a),
pirimidinu (41d), tiofénu (41b), inhibitora aktivitate btiski nemainas (ICso PIm
Il = 1341 nM) (1.21. att). Zemaku inhibitoro aktivitati uzrada
4-aminopiperidina atvasinagjums 4le, kas fenilgredzena satur elektronus
atvelkosu cianogrupu, savukart elektronu donoru grupu gadijuma (41c, 41f)
inhibitora aktivitate ir augstaka (ICsp PIm Il = 8-11 nM). Noskaidrots, ka
molekulas C dala ir vélams 3-metilbutilaizvietotajs (1.21. att.). Zinams, ka
piperidina cikla esoSais slapekla atoms veido stipru tidenraza saiti ar katalitiskaja
centra eso$o tdens molekulu, tadgjadi nodroSinot sadarbibu ar Plm I
aspartilatlikumiem. Biarilaizvietotajs veido hidrofobas sadarbibas ar
plazmepsinu II, bet benzoilaizvietotajs nodroSina idealu novietojumu, lai
n-pentilkéde ienemtu varsta kabatu.[23], [73]
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N 41a 41b 41c
/\© ICso PImIl=13nM  ICs PIm Il = 23 nM IC50 PIm Il = 8 nM
n-CsHqq

R 1C5y RBC? = 252 nM

VSPN / /£

41d 41e 41f
ICsoPImIl=41nM  IC5PImII=42nM  ICso Pim Il =11 1M
ICso RBC = 150 nM
2. parazita P. falciparum aug$anas inhibé$ana inficétas sarkanajas asins §unas

1.21. att. 4-Aminopiperidina atvasinajumi 41a-f ar dazadiem fenilgrupas
aizvietotajiem

Bitiski, ka savienojumi 4la un 41f uzrada zemakas inhibitoras aktivitates
vertibas infic€tu asins $tinu testa, kas var liecinat par to, ka zalu mérkis nav PIm
I, Plm II vai Plm IV, bet varétu bt Plm IX, Plm X.[12]

a,a-Difluorcikloheksanona Veicot
atvasinajumu bioizostéro aizvietoSanu, profesora F. Diederich grupa sintezgjusi
a,a-difluorcikloheksanona atvasinajumus (+)-42c un (£)-43c (1.22. att.).
Izmantojot *°F-kodolu magnétiskas rezonanses spektroskopiju, noskaidrots, ka
tidens §kiduma $ie savienojumi pilniba hidratgjas, tadé] ICsy vértibas ir noteiktas
to hidratiem.[74] Lai noskaidrotu hidroksigrupu nozimi inhibitoras aktivitates

atvasinajumi. 4-aminopiperidina

nodrosinasana pret Plm II, ir sintez&ti arT monohidroksiatvasinajumi (+)-42a,b
un (1)-43a,b (1.22. att.).
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(+)-42a: R' = OH, R?= H; ICso PIm Il = 43 uM
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(+)-43a; R' = OH, R? = H; ICsoPIm Il = 19 uM

($)-42b: R" = H, R? = OH; IC5; PIm Il = 38 uM

(4)-43b: R' = H, R? = OH; ICg PIm 11 =16 uM
(#)-42c: R'=R?= OH; ICg PIm 11 = 10 uM

($)-43c: R'=R?= OH; IC5, PIm 11 = 7 uM

1.22. att. a,a-Difluorcikloheksanona atvasinajumu (z)-42a-c, (+)-43a-c 1Cs, vértibas

P&tijuma rezultata noskaidrots, ka inhibitori (+)-43a-c, kuros amida funkcijas
karbonilgrupa ir orientéta S1 / S3 kabatas virziena, ir aktivaki neka inhibitori
(¥)-42a-c, kuros N atoms ir orientéts S1/ S3 kabatas virziena. Datormodelé$anas
rezultati liecina, ka inhibitoru (+)-42a-c amida grupas karbonilgrupa neiesaistas
tdenraza saiSu veidoSana, savukart savienojumu (+)-43a-C gadijuma amida
grupas karbonilgrupa veido tidenraza saites ar plazmepsina II Tyr77 atlikumu.
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No iegiitajiem rezultatiem redzams, ka salidzinamas inhibitoras aktivitates pret
PIm Il uzrada monohidroksiatvasinagjumi  (£)-42a, (£)-42b (ICs
PIm Il =~40 uM) un (+)-43a, (£)-43b (ICs PIm 1l = ~20 puM). Augstaku
inhibitoro aktivitati uzrada pilniba hidratéti o,a-difluorcikloheksanona
atvasingjumi (£)-42¢ (ICso PIm 1l = 10 pM) un (£)-43c (ICsoPIm I1 =7 uM)
(1.22. att.).[74] Petijuma ietvaros ir sintez&ti arT citi a,a-difluorcikloheksanona
atvasinajumi, tacu tie neuzrada labaku inhibitoro aktivitati uz Plm I1.[75]

2-Aminohinazolin-4-(3H)-ona atvasinajumi. 2-Aminohinazolin-4-(3H)-ona
atvasinajumi rac-44 ka plazmepsinu inhibitori ir identificéti, veicot ChemBridge
fragmentu bibliotékas skriningu, izmantojot KMR metodi. Pétijuma laika tika
noskaidrots, ka 2-aminohinazolin-4-(3H)-ona 7. pozicija un THF grupas 5.
pozicija nepieciesams ievadit fenilgrupu (1.23. att.).[41]

(e}
O,
R N//J\NHZ

rac-44: R, R" = H, ICso PIm Il = 24.3 uM
rac-45: R = Ph, R'= Ph, ICg, PIm Il = 0.57 uM

1.23. att. 2-Aminohinazolin-4-(3H)-ona atvasinajumi rac-44, rac-45 ka plazmepsinu
inhibitori

Savienojums rac-45 uzrada 42 reizes augstaku inhibitoro aktivitati uz Plm II

(ICso = 0.57 uM) salidzinajuma ar neaizvietotu hinazolinonu rac-44 un ir aktivs

ari uz PIm IV (IC5, = 0.60 uM) (1.24. att. (A)). Ir iegati inhibitora rac-45 un PIm
I kompleksa rentgendifraktometrijas dati (1.24. att. (B)).[41]

B V106 P43

rac-45
1.24. att. A — Inhibitora rac-45 struktiira; B — 2-Aminohinazolin-4-(3H)-ona

atvasinajuma rac-45 un PIm Il kompleksa rentgendifraktometrijas dati [41]

Analizgjot inhibitora rac-45 un PIm Il kompleksa rentgendifraktometrijas
datus, ir noskaidrots, ka Plm II satur plasi atvértu, neaizpilditu varsta kabatu,
kuru ir iesp&ams aizpildit, ievadot linearu, alifatisku aizvietotaju fenilgrupas
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para-pozicija (1.24. att. (B)). Talaka inhibitora strukttiras optimizacija ir veikta,
ievadot dazadus aizvietotdjus 2-aminohinazolin-4-(3H)-ona fenilgrupas para-
pozicija.[41]

1.5. tabula

2-Aminohinazolin-4-(3 H)-ona atvasinajumu rac-45, rac-46a-d struktiiras-
aktivitates likumsakaribas

rac-46a-d

Nr.p. k. Sav.nr. Cs0, pM ECs0 PT 3D7,
PIm 11 PImlv  CatD pM
1. rac-45 H 0.57 0.60 13.8 nn*
2. rac-46a ~_~_\ 0.23 0.2 2.2 0.9
3. rac-46b _~_~_\ 0.15 0.10 5.0 1.1
4, rac-46¢c T\ 0.40 0.30 3.2 nn*

/
5. rac-46d ©N\ 10.0 0.13 6.0 1.2

*nn — nav noteikts

levadot 2-aminohinazolin-4-(3H)-ona fenilgredzena para-pozicija n-butil-
vai n-pentil- grupu (rac-46a,b), inhibitora aktivitate uz Plm II uzlabojas divas
(rac-46a, 1.5. tabula, 2.rinda) un tris reizes (rac-46b, 1.5. tabula, 3. rinda)
salidzinajuma ar para-pozicija neaizvietotu fenilgredzenu (rac-45, 1.5. tabula,
1.rinda). Redzams, ka ciklisku alkilaizvietotaju (sav. rac-46¢) gadijuma
inhibitora aktivitate buitiski nemainas (1.5. tabula, 4. rinda). Inhibitors rac-46d ar
3-fenilpropilgrupu fenilgredzena para-pozicija uzrada samera augstu inhibitoro
aktivitati pret Plm IV (ICs = 0.13 puM), tacu zemaku aktivitati pret Plm II
(ICsp = 10.0 uM) (1.5. tabula, 5. rinda). Molekularas model&sanas pétijumi rada,
ka Plm IV varsta kabata ir mazliet lielaka kabatas dziluma, tadgjadi steriski lieli
aizvietotdji spgj piesaistities daudz efektivak. Savienojumi rac-46a,b,d inficétu
asins $tinu testa uzrada parazita augSanas inhib&Sanas sp&ju mikromolara limeni
(1.5. tabula, 2., 3., 5. rinda). Interesanti, ka inhibitora rac-46d uzradita aktivitate
infic€tu asins $tinu testa ir augstaka neka izoléta enzima gadijuma (Plm II). Tas
nozimé, ka istais zalu mérkis varétu biit plazmepsinam IV strukturali Iidzigie
PIm IX un PIm X.[23], [41]
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Lai samazinatu inhibitora lipofilitati un uzlabotu selektivitati attieciba pret
Cat D, ir veikta 2-aminohinazolin-4-(3H)-ona atvasinajumu struktiiras
optimizacija. Rezultata ir iegits inhibitors rac-47a, kas satur neaizvietotu THF
grupu un  karboksietilgrupu  2-aminohinazolin-4-(3H)-ona 5. pozicija.
Savienojums rac-47a uzrada salidzinamu inhibitoro aktivitati ar savienojumu
rac-45 pret PIm II un Plm IV, bet ir daudz selektivaks attieciba pret cilveka
aspartilproteazi Cat D (1.5. tabula, 1. rinda un 1.6. tabula, 1. rinda).

1.6. tabula

2-Aminohinazolin-4-(3 H)-ona atvasinajumu rac-47a-d strukturas-aktivitates

likumsakaribas
HO.__O
X
N O,
R N/)\/N:zL>
rac-47a-d
1Cso, pM

Nr.p. k Sav.nr. R PIm 11 PIm IV CatD
1 rac4la (7 050 6.0 >100

2. rac4Tb (7% 0027 0042 210
3. rac-47c [ [ 0080 0030 13.0

4, rac-47d -~y 0.022 0.110 0.43

levadot 2-aminohinazolin-4-(3H)-ona molekula dazadus fenilgrupas
aizvietotajus — n-pentil- (rac-47b), fenilpropil- (rac-47c) un n-oktil- grupu
(rac-47d) (1.6.tabula, 2.-4. rinda) —, ir butiski paaugstinajusies inhibitora
aktivitate uz PIm Il (1Cs, = 0.022-0.080 puM) un PIm IV (ICs = 0.030-0.110
uM).[23], [76] Japiebilst, ka savienojums rac-47b uzrada augstu Plm Il / Cat D
selektivitati (ICso PIm I1 = 0.027 uM, ICs, Cat D = 21.0 uM).

Difenilurinvielas atvasinajumi. Izmantojot Walter Reed savienojumu
datubazes skriningu, ka Plm II inhibitori ir identificéti difenilurinvielas
atvasinajumi 48-50. Bitiski, ka §ie savienojumi uzrada inhibitoro aktivitati uz
PIm Il nanomolara limeni (K; PIm Il = 50-680 nM) un ir selektivi attieciba pret
cilveka aspartilproteazi Cat D — savienojumu 48-50 inhibitora aktivitate uz PIm
Ilir vairak neka 1000 reizu augstaka neka uz Cat D (1.25. att.). Difenilurinvielas
atvasinajums 48 ir §is savienojumu sérijas aktivakais savienojums. Lai gan
savienojumi 48-50 uzrada sp&ju inhibé Plm II nanomolara limeni, parazita
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P. falciparum parazita augSanu tie inhibé vaji (ICsy vertibas ir augstakas par
6 nug/ mL).[77]

CFs c
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48: K PIm I = 0.05 uM 49: K;PIm Il = 0.19 uM 50: K;PIm Il = 0.11 uM
K;Cat D = 83 uM K;CatD =191 uM KiCat D = 157 uM
ICso PFW2 = 15 pug/mL ICso PFW2 = 20 pg/mL ICso PFW2 = 21 pg/mL

1.25. att. Difenilurinvielas atvasinajumi 48-50 ka Plm II inhibitori

Molekularas modelésanas pétijuma ir noskaidrots, ka urinvielas funkcionalas
grupas slapekla atomi sadarbojas ar Plm II aktivaja centra esoSajiem
aspartilatlikumiem Asp34 un Asp214 un feniloksi- fragments aiznem S2’
kabatu.[77]

Plazmepsinu (I, I, HAP, IV, V (Plasmodium vivax)) rentgendifraktometrijas
datu publicésana ir lavusi dizain&t un identificét jaunus plazmepsinu inhibitorus.
Ir sintezéti gan peptidomimétiski, gan nepeptidomimétiski inhibitori.
Plazmepsinu inhibitoru izstrade ir apgritinata vairaku iemeslu dé] — inhibitoram
ir jaspg inhibet vairakus plazmepsinu subtipus un inhibitoram ir jabit
selektivam attieciba pret cilvéka aspartilproteazi katepsinu D. Ka arT biezi nav
novérojama rezultatu korelacija starp savienojumu inhibitoro aktivitati uz Plm II
un parazita augSanas inhibésanas sp&ju inficétu asins $tnu testa. Tas nozimg, ka
istais zalu mérkis varétu biit negremoSanas plazmepsini IX un X, kuri strukturali
visvairak ir Iidzigi Plm IV.
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2. REZULTATI UN TO IZVERTEJUMS

2.1. Nepeptidomimétisku Plm II inhibitoru izstrade

Viena no pieejam jaunu zalvielu izveid€ ir jau zinama biologiski aktiva
savienojuma bioizostéru sint€ze — molekula esoSo atomu, funkcionalo grupu vai
ciklu aizvieto$ana ar citiem atomiem vai atomu grupam, saglab3jot lidzigas
kimiskas vai fizikalkimiskas ipasibas un biologisko efektu.[78] ST pieeja ir
veiksmigi izmantota HIV-1 inhibitoru izstrade (2.1.att.) — piridina cikla
ievieSana savienojuma 51 molekula lava saglabat ta inhibitoro aktivitati pret
HIV-1, uzlabojot savienojuma farmakokin&tiskas Tpasibas.[79]

51 BMS-488043

2.1. att. Fenilgrupas bioizostéra aizvieto$ana ar piridina ciklu

Bioizostéras aizvietoSanas pieeju izmantojam jaunu nepeptidomimétisku PIm
I inhibitoru izstradé, par pamatu npemot Actelion zinatnieku izstradatos
nepeptidomimétiskos PIm Il inhibitorus 52, kuru pamatstruktiru veido 4-
aminopiperidina grupa.[12], [26], [42] Ir noskaidrots, ka aminopiperidina tipa
inhibitori saistas ar enzima atvérto varsta konformaciju.[26] Inhibitora-enzima
kompleksa rentgendifraktometrijas datu analize atklaja, ka piperidina slapekla
atoms veido jonu tipa sadarbibu ar aktivaja centra esoSo Asp214 atlikumu un
tidens molekulas medigtu Gidenraza saiti ar katalitisko atlikumu Asp34. Molekula
satur ari citus svarigus farmakoforos elementus — bifenilgrupu (atrodas S1 sub-
kabata) un n-pentilkedi (atrodas varsta kabata) (2.2. att.).[26]

Varsta kabata

n-CsHyy

\©\ Azols
Y%

o 3
ﬁj = XK
Q] + H---Asp34 NEt,

Nh--g
S1 sub-kabata H Asp214
4-(MeO)CgHy

52 53

2.2. att. Nepeptidomimétisko inhibitoru dizainéSana
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4-Aminopiperidina inhibitoriem piemit trikumi — tie satur enzimatiski
nestabilu amidsaiti, kas nelauj Sos savienojumus izmantot ka orali pieejamus
medikamentus.[80] Minétie inhibitori 52 uzrada nepietiekoSi labas
fizikalkimiskas 1pasibas — augstas clogP vertibas un zemu Skidibu, ka ari
savienojumu 52 aktivitate inficétu sarkano asins $tinu testa ir 2.5 lidz 20 reizes
zemaka neka izoléta enzima gadijuma.[12] Lai izvairitos no mingtajiem
trikumiem, izstradajam jaunu nepeptidomimétisku inhibitoru dizainu, kas
balstits uz amida funkcijas aizvietoSanu savienojuma 52 ar ta bioizostériem —
azoliem. Nolémam sintez&t amida grupas bioizosteérus — 1,2,3-triazolu,
izoksazolu, imidazolu un pirolu saturo$us Plm II inhibitorus, saglabajot jau
esoSos farmakoforos elementus — n-pentilkédi, aminofunkciju un
bifenilaizvietotaju (2.2. att.).

2.1.1. Azolu atvasinajumu sintéze un to struktiiras-aktivitates
likumsakaribas

1,2,3-Triazolu sintézé visbiezak tiek izmantota Huisgen 1,3-dipolara
ciklopievienosanas reakcija starp azidiem un alkiniem.[81]-[83] Reakcijas
norise iesp&jama termiskos apstaklos, bet biezi tiek izmantoti varu (I) (veicina
1,4- aizvietotu triazolu veidoSanos) vai ruténiju (I1) saturo$i katalizatori (veicina
1,5- un 1,2,3- aizvietotu triazolu veido$anos).[83] Triazola atvasinajuma 55
sint€z€ nolémam izmantot 1,3-dipolaru ciklopievienosanas reakciju starp alkina
fragmentu 56 un 4-n-pentilfenilazidu (57) (2.3. att.).

”—C5Hu\©\ N n-CsHy o~
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54 55 56 57

2.3. att. 1,2,3-Triazola 54 retrosintézes shema

Fenilazida 57 ieguSanai sakotngji méginajam izmantot literatira [84]
aprakstitu metodi fenilazidu iegiiSanai no fenilhalogenidiem, izmantojot vara (1)
katalizétu reakciju ar NaN; natrija askorbata un N,N-dimetiletiléndiamina
klatieng. Substrata 58 gadijuma, izmantojot aprakstitos reakciju apstaklus,
velamais azidoatvasinagjums 57 neveidojas. 4-Pentilfenilazida (57) sinteze
izmantojam azida parneses reagentu — tozilazidu 59, kas ir viegli ieglistams no
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tozilhlorida un NaN3.[85] Tozilazidu 59 talak izmantojam fenilazida 57 sintéze
no attieciga bromida 58 litijéSanas reakcija.[86] Produktu 57 ieguvam ar 77 %
iznakumu (2.4. att.).

N3

0=5=0
Br 50 N3

n-BuLi

—
THF
-78°C
n-CsHqq 77% n-CgHqq

58 57

2.4. att. 4-Pentilfenilazida (57) iegiiSana

Alkina fragmenta iegiiSanai ka izejvielu izmantojam bifenilatvasinajumu 64,
kuru sintez§am 3 stadiju procesa (2.5.att.). Sakuma Suzuki-Miyaura
Skerssametinasanas reakcija no 4-bromanisola (61) un
4-metoksikarbonilborskabes (60) Pd(PPhs), un Na,CO; Kklatiene ieguvam
savienojumu 62. Talak ar LiAlH; reducjam estera grupu un ieguvam
benzilspirtu  63.[87] Benzilspirtam 63 reag€jot ar fosfora tribromidu
(metilénhlorids, istabas temperatiira, 16 stundas), ieguvam 4’-brommetil-4-
metoksibifenilu (64), kuru talak izmantojam alkina 66 iegtSanai. Triskarsas
saites ievadiSanai sakotngji izmantojam trimetilsililacetilénu vara (I) bromida un
i-PrMgCl klatiené [88], tatu nebija novérojama produkta 66 veidoSanas.
Turpretim bromida 64 reakcija ar etilpropiolatu (65) vara (I) jodida, K,CO3 un
tetrabutilamonija jodida klatieng (acetonitrils, 40 °C, 24 stundas) [89] lava iegit
produktu 66 ar teicamu (80 %) iznakumu (2.5. att.).

~,

O

OV ~o
: o~
Br
HO. o OH g O
Pd(PPh3), ul choa
2 M Na,CO: LiAIH, PBr3
Toluols THF CHQCIZ MeCN
95°C,18h istt,2h |stt 16h 40°C,24 h
o~ "o 74 % 99 % 80 %
I
9

60 62 63

2.5. att. 4’-Brommetil-4-metoksibifenila (66) sinteze

Lai noskaidrotu  piemérotakos apstaklus  Huisgen  1,3-dipolarai
ciklopievienoSanas reakcijai, izmantojam modelsavienojumus alkinu 67 un azidu
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57 (2.6.att.). Sakotngjie méginajumi iegut 1,2,3-triazola atvasinajumu 69
termiskos apstaklos bija neveiksmigi, ciklopievieno$anas nenotika, un reakcijas
maisijuma bija neizreaggjusas izejvielas 67 un 57. Reakciju veicam toluola 90
°C temperattira 16 stundas, péc tam temperatiiru paaugstingjam lidz 145 °C, tacu
velamais produkts 69 neveidojas. Arl nomainot §kidinataju uz 1,4-dioksanu un
sildot 100 °C, produkta 69 veidosanos ar AESH analizi nenovérojam. Tadg|
nolémam  pétjjumus  turpinat, izmantojot ruténija (II) kataliz€tu
ciklopievienosanos (2.6. att.). Saja reakcija izmantojam katalizatorus —
Cp'RuCIl(COD) (70) un Cp'RuCI(PPh3), (71).[83] Reakciju veicam ar 2 mol%
katalizatora 1,4-dioksana, 60 °C, 16 stundas. CpRuCI(COD) (70) gadijuma
reakcijas maisijuma saskana ar AESH analizi bija novérojama 1,2,3-triazola
veidoSanas (konversija 2 %), bet, izmantojot Cp'RuUCI(PPhs), (71), triazols 69
neveidojas. Turpmako reakcijas optimizéSanu veicam ar katalizatoru
Cp'RuCI(COD) (70). Paaugstinot temperatiiru lidz 110 °C, triazola 69 iznakums
neuzlabojas, jo notiek azida 57 sadaliSanas. Tade| palielinajam katalizatora 70
daudzumu lidz 10 mol% un, veicot reakciju istabas temperatiira 16 stundas,
saskana ar AESH analizi konversija sasniedza 60 % (2.6. att.).

N3

Ru katalizatori:

© n-CsHqy
CgHy-4-(OMe) NG
n-CsHiq NN
57 —. o} ‘

A vai Ru katalize OJ

ciRu
=== Ru- 7 1 PPh.
° 1,4-dioksans RS PhgP s
N 7~
N o~
CeHy-4-(OMe)
67 69 70 7

2.6. att. 1,2,3-Triazola 69 sintéze termiskos apstaklos un izmantojot Ru
katalizatorus 70 un 71

Alkinu 66 izmantojam triazola atvasindajuma 72 sintéz€. Triazola 72 iegtisanai
no alkina 66 un 4-pentilfenilazida (57) izmantojam uz modelsavienojuma 67
piemeklétos reakciju apstaklus ruténija () Kkatalizétai 1,3-dipolarai
ciklopievienosanas reakcijai. Alkina 66 gadijuma reakcija veidojas viens
produkta regioizomérs — 1,2,3-triazolu 72 ieguvam ar 76 % iznakumu (2.7. att.).
Ta struktiras pieradiSanai izmantojam divdimensionalo HMBC kodolu
magné&tiskas rezonanses spektru — NOESY un HMBC — analizi (2.8. att.).
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N3

o

n-CsH.
O nCetyy “\Q\N'N“N

57
CpRuCI(COD) (70)
SRR

1,4-dioksans N—
istt, 16 h °
76 %
N_o_- CoHqy-4-(OMe)
o)
66 72

2.7. att. 1,2,3-Triazola atvasinajuma 72 iegisana

-CH,-

R Y | VU

OSPT_LV-1096_17)ul12_NOESY_dmso_01

A= Le.80

\\ 1
N £ Feos n-CsHis N
— ~_ - N,
= F-7.00 NN
HaH,» 7.33Hm" —

r H 4.39

71 (ppm)

450 448 446 4.44 4.42 440 4.38 4.36 434 432 430 428 426 4.24
2 (pp

2.8. att. 1,2,3-Triazola atvasinajuma 72 NOESY spektra fragments

Triazola 72 NOESY spektra redzama sadarbiba starp metiléngrupas
protoniem (6 =4.39 ppm) un aromatiska gredzena protoniem Ha, Ha’
(6 =7.38 ppm), ka ari starp aromatisko gredzenu protoniem Ha, Ha’ un Hb
(6 =6.88 ppm un 6 = 7.38 ppm). Redzamas sadarbibas apstiprina savienojuma
72 strukttiru (2.8. att.).

Talak mérksavienojumu 74a-c iegtisanai hidroliz€jam estera grupu
savienojuma 72 ar 1 M NaOH, iegiistot attiecigo karbonskabi. Tad, izmantojot
HOBt / EDC ka kondensgjoSos agentus, sintez€jam amidus 73a-C. 1zmantojot
amida 73a reducésanai LiAlH, (THF, istabas temperatira), veidojas sarezgits
produktu maisTjums, tadel talakaja darba amidu 73a-c reduce€Sanai lietojam
BH;-THF kompleksu. Reakcijas rezultata radas amina-borana komplekss, kuru
apstradajot ar 4 M HCI didens $kidumu (80 °C, 1 stunda), ieguvam aminus 74a-c
(2.9. att.).
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n-cf,Hﬂ\Q\ N 1)1 M NaOH n-cf,H“\@\ N n-CsHqq N
AN 1,4-dioksans Ny 1) BHs-THF N,
NN istt, 16 h NN THF NN

— _ R' _ R
9 . ©f ’
o 99 % N 80°C,16h N
d N— 2) HNR, J R2  2)4MHCI Y
HOBt, EDC 80°C,1h
DMF 25-31%
istt., 16 h
CgHa-4-(OMe) 58-77 % CgHy-4-(OMe) CgHy-4-(OMe)
72 73a-c 74a-c
NR'R%
\\N/\ \\N ‘\N/\
a b c

2.9. att. Mérksavienojumu 74a-c sintéze

Izoksazola cikla sintézg visbiezak izmanto 1,3-dipolaru ciklopievienosanas
reakciju starp alkinu un nitrila N-oksidu.[90] Izoksazola atvasinajumu 76
planojam sintez&t no benzonitrila N-oksida 77 un alkina 66 saskapa ar 2.10.
attela paradito retrosintézes shemu.

o CeHy-4-(OMe)
N*
Il
.
X
A OV
n-CsHys o
CoHa-4-(OMe) CeHe-4-(OMe)
75 76 7 66

2.10. att. Izoksazola atvasinajuma 75 retrosintézes shéma

Benzonitrila N-oksidu 77 ieguvam 4 stadiju sinté€zé no komerciali pieejama
bromida 58. Sakotngji savienojuma 58 veicam broma-litija apmainu ar n-BuL.i
un tai sekojoSu DMF pievienosanu, iegiistot aldehidu 78 (2.11. att.).[91]
Sintezeto aldehidu 78 talak izmantojam kondensacijas reakcija ar hidroksilamina
hidrohloridu (NaHCOs, H,0 / Et,O maisijums, 16 stundas), iegiistot oksimu 79
ar 85 % iznakumu. N-Hidroksibenzimidoilhloridu 81 ieguvam, oksimam 79 Ieni
piepilinot N-hlorsukcinimida (80) $kidumu dimetilformamida (0 °C, péc tam
istabas temperatiira 40 miniites).[92] No literatiras [93] ir zinams, ka oksTma
hlorida atvasinajumi meédz but nestabili, tade] savienojumu 81 sintez&jam tiesi
pirms talakas reakcijas veikSanas un izmantojam bez papildu attiriSanas.
N-Hidroksibenzimidoilhloridu 81 ieguvam ar kvantitativu iznakumu. Ta ka
sintézes rezultata noskaidrojam, ka nitrila N-0ksids 77 ir nestabils un sadalas, ari
uzglabajot pazeminata temperatira, tad nolémam to @generét in situ
ciklopievienoSanas reakcijas laika (2.11. att.).
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N\ Cl

N H
NH;OHHCI
n-BuLi,DMF NaHCO3; Et,N
-78 c THF é H,0/Et,0 é DMF é 0 c DMF
n- Can ist.t.,16 h istt., 40 min

85“/ nCsHit 859 n-CsHys 99 % n-CsHyq n-CsHq

58 78 79 81 77

2.11. att. Benzonitrila N-oksida 77 sintéze

Izoksazola 76 sintéz€ izmantojam iepriek$ optimiz&tos reakcijas apstaklus —
alkina 66 un N-hidroksibenzimidoilhlorida 81 S$kidumam dihloretana
pievienojam Cp-RuCl(COD) (70) un Iéni piepilingjam trietilaminu. legiito
$kidumu maisTjam istabas temperatiira 16 stundas. Sajos reakcijas apstaklos
rodas viens izoksazola 76 izomérs (2.12. att.). 1zoksazola esteri 76 ieguvam ar
37 % iznakumu un savienojuma 76 struktiru pieradijam, izmantojot
divdimensionalos NOESY un HMBC kodolu magnétiskas rezonanses spektrus.

Cl
CgHgq-4-(OMe) HO-N

81
EtgN, GpRUCI(COD) (70) . 1y .
R A

DCE
istt, 16 h

37%

% o~
o

66 76

2.12. att. 1zoksazola 76 iegiisana

Meérksavienojuma 75 sintéz€ izmantojam ieprieks triazolu 74a-c gadijuma
aprakstito sint€zes solu secibu. P&c estera grupas hidrolizes savienojuma 76
ieguvam attiecigo karbonskabi, kuru talak izmantojam amida 82 sint€zg,
izmantojot HOBt / EDC ka kondensjoSos reagentus. Talak ar BHs-THF
kompleksu reducgjam amidu 82, ieglistot aminu 75 (2.13. att.).

n-CsHyy
1) 1 M NaOH
1,4-dioksans 1) BHa-THF
istt, 16 h THE
80 % 80°C, 16 h
2) HNEt, 2) 4 MHCI
EDC, HOBt 80°C,1h
DMF, ist.t., 32 h 32%
48 %
CgHy-4-(OMe) CgHg-4-(OMe) CoHqa-4-(OMe)
76 82 75

2.13. att. Meérksavienojuma 75 sintéze

Inhibitora 84 sintézg€ izmantojam komerciali pieejamo pirol-2-karboksilatu
(85). Sakuma bromgjam pirolu 85 5. pozicija, izmantojot N-bromsukcinimidu
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tetrahidrofurana un metanola maisijuma. V&lamo produktu 86 ieguvam ar 33 %
iznakumu, kas skaidrojams ar dibromaizvietota blakusprodukta veidoS$anos.
Pirola 85 slapekla atomu aizsargajam ar Boc aizsarggrupu, izmantojot Boc,O
trietilama un DMAP klatieng. Sintez&to bromidu 86 talak izmantojam
Pd-katalizéta skerssametinasanas reakcija ar boronatu 83. Ieglitajam produktam
pievienojam 4 M HCI 1,4-dioksana un skidumu sildijam 50 °C 2 stundas, lai
noskeltu Boc aizsarggrupu. Pirolu 84 ieguvam ar 37 % iznakumu (2 stadijas)
(2.14. att.).

n-CeH Bj(Pin), n-CeH
g Pd(dppf)CI2 CH,Cl, 5
—» n-CsHy4
1,4-dioksans
100 °C, 16 h 1) PAPPhal
& 0% 8Pin 2'M Na,CO;3
v a [-PrOH/Tol (1:1)
| HPrOH/Tol (1:1)
1) NBS 2)4 MHCIA 4-dioksans ;]
THF, MeOH Br 50°C.2h 7z
0°C,5h —
— a3 D 7% CO,Et
_38% - —
HN.Z  2)(Boc),0, EtN  BoC
DMAP CO,Et 84
COEt  chyel,
istt, 18 h
85 79 % 86

2.14. att. Pirola atvasinajuma 84 sintéze

Talak pirolu 84 alkilgjam ar 4-brombenzilbromidu (87). Sekojosa iegtta
arilbromida 88  Suzuki-Miyaura  Sk€rssametinaSanas  reakcija  ar
4-metoksifenilborskabi (89) deva savienojumu 90. Pirola 90 estera grupu
reducgjam lidz spirtam (LiAlH,, THF, istabas temperatiira, 2 stundas), to
parvértam par attiecigo mezilatvasinajumu (Ms-Cl, Et;N, istabas temperatira, 1
stunda), kurs reakcija ar dietilaminu deva merksavienojumu 91 (50 % iznakums
3 stadijas) (2.15. att.).

L
n-CsH n-Cshiqq
n-CaHi ncsH” BOH),
89

Pd(PPhs), - 1) LiAIH,, THF —
NaH (60 /n mlneraIeLa — 2 M Na,CO3 N/ istt,2h N_/
DMF N~ i-PrOH/Tol (1:1) 2) Ms-Cl, Et;N
AN~ ist.t., 16 h 90°C, 16 h COEt  CHyCly N
57 % CO,Et 52 % ist.t.,1h K

CO,Et

3) Et,NH
istt, 16 h
e CgHy-4-(OMe) 50 % CgHy-4-(OMe)
84 88 20 91

2.15. att. Meérksavienojuma 91 sintéze
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Sintez&tajiem 4-aminopiperidina heterocikliskajiem analogiem — triazolam
74a, imidazolam 92, pirolam 91 un izoksazolam 75 — tika noteiktas 1Cs, vértibas
pret PIm 1I.

2.1. tabula

Azolu 74a, 75, 92 un 91 inhibitoras aktivitates vertibas pret Plm II (ICsy, pM)

Q

n-CsHq

Yy
=
L tes-ove
Nr.p. k. Sav.nr. Azolé - IC5 PIm 11, pM
1 74a oy 43+02
2 75 B 10.0£05
3. 92° e 53+02
a, 91 Q 10.0+0.4

# Savienojums iegiits sadarbiba ar G. Leiti

legatie azoli 74a, 75, 92, 91 uzrada lidzigu inhibitoro aktivitati pret PIm 1l
mikromolara liment (2.1. tabula). Triazola 74a un imidazola atvasinajumi 92
uzradija nedaudz augstaku inhibitoro aktivitati (attiecigi ICso PIm I1 = 4.3 uM un
5.3 uM) (2.1.tabula, 1., 3. rinda), tad€] turpmakajos pétijumos izmantojam
1,2,3-triazola atvasinajumus.

2.1.2. 1,2,3-Triazola atvasinajumi ka PIm II inhibitori

1,2,3-Triazola 74 molekula satur 3 fragmentus A, B, C, kurus iesp&jams
modificét, lai uzlabotu inhibitoro aktivitati uz Plm II (2.16. att.). Molekulas 74 A
fragmenta dala nolémam mainit alkilkédes garumu starp heterociklisko kodolu
un aminofunkciju un izpétit aminogrupas aizvietotaju ietekmi uz inhibitoro
aktivitati. Molekulas B dala nolémam mainit alkilkédes garumu un ieviest
aizvietotajus fenilgredzena. Savukart benzilaizvietotaja ievadiSana triazola
pirmaja pozicija lauj novietot fenilgredzenu lenki pret centralo triazola gredzenu
un noskaidrot fenilgredzena pozicijas ietekmi uz inhibitoro aktivitati. Mainot
fenilgredzena aizvietotajus molekulas C dala, iesp&jams noskaidrot to ietekmi uz
inhibitoro aktivitati (2.16. att.).
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2.16. att. 1,2,3-Triazola molekulas modificéjamie fragmenti

2.1.2.1. 1,2,3-Triazola inhibitoru fragmenta A modificésana un struktiiras
aktivitates likumsakaribas

Meérksavienojumu sint€z€ izmantojam btvblokus — alkina fragmentu saturoSu
biarilatvasinajumu 98 un ieprieks iegtito fenilazidu 57. Alkinu 95 sintezgjam no
iepriekS ieguta benzilbromida 93. Alkina fragmentu molekula 93 ievadijam,
izmantojot trimetilsililacetilenu (94) vara (I) bromida un i-PrMgCl klatieng
(THF, 80 °C, 3 stundas). Produktu 95 ieguvam ar 89 % iznakumu.
Trimetilsililaizsarggrupas noskelSanai savienojuma 95 izmantojam AgNO; un
KCN (etanola / Gidens maisijums, istabas temperatiira, 2 stundas) [94] un
ieguvam produktu 96. Mérksavienojumu 10la-g iegiiSanai bija nepiecieSams
savienojuma 96 ievadit funkcionaliz&jamu grupu — etilkarboksimetilgrupu, kas
lautu ieglit aminogrupu saturoSus atvasinajumus 2 oglekla atomu attaluma no
triazola cikla. Btvbloku 98 sintezgjam ar 77 % iznakumu no alkina atvasinajuma
96, izmantojot etildiazoacetatu (97) vara (I) jodida klatiene (MeCN, 20 stundas)
(2.17. att.).[95]

‘ -

Si O
Z
5 94 ,S‘,i N CoHae-4-(OMe)
" ~ CuBr IR AgNO; Nz 97
i-PrMgCl KCN Cul
- > — REN
THF H,0, EtOH MeCN
80°C,3h ist.t,2h ist.t., 20 h
89 % 96 % 77 %
CeHy-4-(OMe) : CeHa-4-(OMe)
CeHa-4-(OMe)
93 95

2.17. att. Alkina grupu saturosa biarilsavienojuma 98 sinteze

Iegtito alkina fragmentu saturoso biivbloku 98 un azidu 57 talak izmantojam
ruténija (Il) katalizéta ciklopievienosanas reakcija. Saskana ar AESH analizi
reakcija radas divu regioizoméru 69 un 99 maisTjums attieciba 1.6:1 (2.18. att.).
Izomeérus 69 un 99 atdalijam ar kolonnas hromatografiju.
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n'CsH11\©\ /@/n-csHﬂ
o N, N
= ~ NN N7 N

o Azids 57 ={ £ = P
Cp'RuCI(COD) (70) oJ + o

kbt St S
1,4-dioksans «

ist.t.,16 h
CeHa-4-(OMe) 45%
CgHy-4-(OMe) CgHa-4-(OMe)
98 69 (28 %) 1.6:1 99 (17 %)

2.18. att. 1,2,3-Triazola atvasinajumu 69 un 99 iegiiSana

Izmantojot protonu kodolmagngtiskas rezonanses spektrus, nebija iespgjams
ieglit viennozimigu apstiprindjumu produktu struktiram, tadé] savienojumu 69
un 99 struktiru pieradiSanai izmantojam divdimensionalo kodolu magnétiskas
rezonanses spektru — HMBC un NOESY - analizes.

-CHy-
I

W

_JUWIN

J OSPT_LV-1070-z0m2_221

Han Ha’i t 1
\ !
N 14
\\ 7
416 414 412 410 408 406

2.19. att. 1,2,3-Triazola 69 NOESY spektra fragments

Savienojuma 69 NOESY spektra redzama sadarbiba starp metiléngrupas
protoniem (6 = 4.08 ppm) un fenilgrupas protoniem Ha, Ha’ (3 = 7.25 ppm)
(2.19. att.). Savukart savienojuma HMBC spektra novérojamas sadarbibas starp
aromatiska gredzena protoniem Ha, Ha’ (6 = 7.25 ppm) un triazola cikla oglekla
atomu (6 = 134.31 ppm). Noteiktas sadarbibas apstiprina aizvietotaju
novietojumu 1,2,3-triazola 69.

Nakamaja soli p&c savienojuma 69 estera grupas hidrolizes ieguvam
karbonskabi, kuru talak izmantojam bez papildu attiriSanas. Lai noskaidrotu
inhibitoru aminogrupas aizvietotaju ietekmi uz Plm II inhib&Sanas aktivitati,
izvelgjamies aminus ar atSkirigiem st€riskajiem izmeriem. Amidus 100a-g
ieguvam no karbonskabes, ka kondensgjosos reagentus izmantojot HOBt / EDC.
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Merksavienojumus 101a-g ieguvam péc amida grupas reducésanas ar BH;-THF
kompleksu (80 °C, 16 stundas) (2.20. att.).

n-CSHH\Q\ N

1) 1 M NaOHp-C:H AN

-CsH 5011 N° °N

n-Cs M\Q\ N, 1,4-dioksans \©\ NG 1) BH3-THF _
NN istt, 16 h NN THE

_ — o]
o 99 % 80°C, 16 h N-R'
_Fh 29 . 100

o 2) HNR, N—-R' 2)4 M HCI R2
Q HOB, EDC Rz  80°C, ﬂah
DMF 26-36% CgHy-4-(OMe)
tt, 16 h
CoHq-4-(OMe) :6 09 CeHy-4-(OMe)
69 100a-g 101a-g
NR'R%
N N NTY N NN
L LNL o H
a b c d e f g

2.20. att. Mérksavienojumu 101a-g sintéze

Meérksavienojuma 108 iegiiSanai izv€lgjamies alternativu sintézes celu, kas
lauj izvairities no regioizoméru veidoSanas ruténija (II) Kkatalizéta
ciklopievienosanas reakcija (2.21. att., 2.22. att.). Alkinu 104 ieguvam 3 stadiju
sintéz&€ no 4-brombenzilbromida (87). Alkina fragmentu benzilbromida 87
molekula  ievadijam  nukleofilas aizvietoSanas cela, izmantojot
trimetilsililacetilenu (94) vara (I) bromida un i-PrMgCl klatieng (70 °C, 3
stundas). Produktu 102 ieguvam ar 94 % iznakumu. Ka desililéSanas reagentus
izmantojot AgNO; un KCN (etanola / Gidens maisijums, istabas temperatira, 2
stundas), ieguvam alkinu 103 (2.21. att.). Estera grupu alkina 103 molekula
ievadijam reakcija ar metilhloroformatu metilmagnija bromida klatieng (THF, 65
°C, 3 stundas). legiito diaizvietoto alkinu 104 izmantojam ruténija (II) katalizeta
ciklopievienoSanas reakcija ar azidu 57. Reakcijas rezultata veidojas viens
triazola regioizomérs 105 ar 80 % iznakumu (2.21. att.).

TMS

n-CsH
5! 11 /N¢N
Azids 57 N —
CuBr, /PngCI AgNO3;, KCN MeMgBr _CpRuCI(COD) (70) o
THF H,0, EtOH T e " 4, 4-dioksans g
7OC3h istt,2h 65°C,3h istt.,16 h
53 % 86 % 80 %
Br
87 102 105

2.21. att. 1,2,3-Triazola 105 sintéze

Estera 107 iegtiSanai izmantojam Kowalski estera homologacijas reakciju
[96], kas lauj iegtt produktu 108 ar vajadzigo alkilkédes (2 oglekla atomu)
garumu starp triazola ciklu un aminofunkciju. Kowalski estera homologacijas
reakcija ka starpprodukts rodas a,a-dibromketons 106, no kura talak ieguvam
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homologizéto analogu 107. Merksavienojumu 108 ieguvam 3 solu sintezg, kas
ietver — estera grupas reducéSanu ar LiAlH,, iegiistot attiecigo spirtu, spirta
grupas parveérSanu par mezilatvasinagjumu, ka ari sekojoSu nukleofilas
aizvietosanas reakciju ar benziletilaminu, veidojot mérksavienojumu 108.

n-CsH” n- Can c:f,H11 1) LiAlH,, THF - Can
1) LIHMDS istt, 1h
n-BuLi 2) MsCI EtzN
n-BuLi, TMP THE CH,Cl,

_ CHpBr, _ -78°C,2h _istt,1h
X N . N X N
THF 2) AcC\ MeOH Bn(Et NH HCI
\ -78 °C, 20 min
92 % 1,4+ dloksans
90°C,16h
48 % (péc 3

stadijam)

2.22. att. Mérksavienojuma 108 sintéze

Struktiras-aktivitates likumsakaribu noskaidroSanai bija nepiecieSams
sintez&t triazola inhibitorus 114a-c, kas satur 3 oglekla atomus starp centralo
gredzenu un aminofunkciju. Alkina 110 iegiiSanai izmantojam ieprieks sintez&to
benzilbromidu 93. Buvbloku 110 sintez&am, izmantojot alkinu 109 vara (I)
jodida, K,CO; un tetrabutilamonija jodida klatiené (MeCN, 40 °C, 24 stundas)
(2.23. att.).[89]

N M
n-CsH n-CsH
100 Cefy-4-(OMe) ° ‘“@ N, N, /©/ o
Br. Cul, K,COj, Azids 57 NN N" N

— +

BusNI Cp'RuCI(COD) (70) =
MeCN 1,4-dioksans le) o)
40°C, 16 h istt., 16 h d = 4 =
53 % X o 47 %
CHa-4-(OMe) ~
5 CgHg-4-(OMe) CgHy-4-(OMe)
93 110 M @2%) 21 112 (15 %)

2.23. att. 1,2,3-Triazola atvasinajumu 111 un 112 iegiiSana

legito alkinu 110 izmantojam Ru katalizeta triazola estera 111 sintezg.
Alkina 110 gadijuma ciklopievienoSanas reakcijas rezultata veidojas
regioizoméru 111 un 112 maisijums attieciba 2:1 (2.23. att.). Pilnigai izoméru
111 un 112 atdaliSanai izmantojam preparativo apgrieztas fazes hromatografiju.
P&c attiriSanas vajadzigo regioizoméru 111 ieguvam ar 32 % iznakumu un ta
struktiiru pieradijam ar divdimensionalajiem kodolu magnétiskas rezonanses
HMBC un NOESY spektriem (2.24. att.).
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2.24. att. 1,2,3-Triazola 111 NOESY spektra fragments

Savienojuma 111 NOESY spektra redzamas sadarbibas starp metiléngrupas
protoniem (6 =4.06 ppm) un aromatiska gredzena protoniem Ha, Ha’
(6 =7.21 ppm), ka ari starp aromatisko ciklu protoniem Ha, Ha’ (& = 7.21 ppm)
un Hb (& = 6.94 ppm) (2.24. att.). Redzamas sadarbibas apstiprina triazola 111
strukttru.

Meérksavienojumus 114a-c sintez&jam analogiski ka triazola 74a-c
atvasinajumus. Estera grupas hidrolize savienojuma 111 ar 1 M NaOH skidumu
deva karbonskabi, no kuras talak sintez€jam nepiecieSamos amidus 113a-c
(2.25. att.). Amidu reducéSanai ka reducétaju izmantojam BHs-THF kompleksu.
Reakcijas gaita raduSos amina-borana kompleksu apstradajam ar 4 M HCI udens
§kidumu (80 °C, 1 stunda) un ieguvam aminus 114a-c.

n-CsHys

y 1) 1 M NaOH ’
n c:—,HM\@\ N 1)'47diokséns \©\ 1) BHg.THE C5H11\©\ N
N °N istt, 16 h NN THF N "N
99 % N 80°C, 16 h R
o 2) HNR, 2) 4 M HCI N
4 \— HOBt, EDC 180°C,1h ‘R2
DMF N 29-37%
istt., 16 h o N,
CeHy4-(OMe)  78-85% R CeHa-4-(OMe)
CgHy-4-(OMe)
11 113a-c 114a-c

NR'R%

c

2.25. att. Meérksavienojumu 114a-c sintéze

P&tljuma ietvaros sintez€jam 1,2,3-triazola atvasindjumus, kas satur vienu,
divus un tris oglekla atomus garu alkilkedi starp centralo gredzenu un
aminofunkciju. Ka arT tika ieghti inhibitori ar atSkirigiem aminofunkcijas
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aizvietotaju stériskajiem izmériem. Triazola atvasinagjumu 74a-c, 10la-g,
114a-c, 108 inhibitoras aktivitates vertibas uz Plm II paraditas 2.2. tabula.

2.2. tabula

1,2,3-Triazola atvasinajumu inhibitoras aktivitates vértibas pret Plm II (ICsy, uM)

n-CsHqq
NN
— N
( nN'R
R1
CeHa-4-(OMe)
Nr.p.k. Sav.nr. -NR'R? n ICso PIm I, uM
1. 74a 1 43+02
o~
2 101a k 2 0.60 + 0.03
3. 114a 3 27402
Z, 74b \ 1 47402
5, 101b ‘NQ 2 0.60 +0.03
6. 114b 3 29+0.2
7. 74¢ \ 1 75+0.3
8. 101¢ Q\ 2 1.8+0.1
9. 114c¢ 3 59+0.3
10. 101d @, 2 2.9+0.2
1. 108 e 2 5002
12. 101e “NHp 2 6.5+0.3
13. 101f NS 2 3.0+0.2
4. 101g O 2 22402

Noskaidrojam, ka divu oglekla atomu gar§ linkeris starp centralo ciklu un
aminofunkciju ir piemé&rotakais inhibitoras aktivitates nodroSinasanai
(2.2. tabula, 2., 5., 8. rinda). Ja linkeris satur 1 oglekla atomu (2.2. tabula, 1., 4.,
7. rinda) vai 3 oglekla atomus (2.2.tabula, 3., 6., 9. rinda), tad inhibitora
aktivitate uz Plm II ir krietni zemaka. legutie rezultati sakrit ar datormodel&Sanas
pétfjuma datiem, kuri parada, ka triazola 101a gadijuma centralais heterocikls ir
uz S$kidinataju versts, un pargjie farmakoforie elementi veido analogiskas
sadarbibas ka 4-aminopiperidina atvasinajums A (2.26. att.).
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2.26. att. A — 4-Aminopiperidina atvasinajuma 52; B — triazola 101a molekularais
modelis PIm II aktivaja kabata

Molekularaja modeli redzams, ka divu oglekla atomus gar§ linkeris
savienojuma 10l1a nodroSina protonéta slapekla atoma optimalu poziciju virs
negativi ladeta aspartilatlikuma Asp214 un vienlaicigu Gidenraza saiSu veidoSanu
caur Gdens tiltinu ar aspartilatlikumiem Asp214 un Asp34 (2.27. att.).

T4a 101a 114a

AOA."’. 27A

33A;

:,2su ﬁ

(7 0
J Q™ A N
LA ASP34> L - ASP34 LA ASP34>

ASP214 ASP214

2.27. att. Molekularais modelis, kas parada alkilkedes garuma ietekmi uz
sadarbibas veidoSanos starp N,N-dialkilamino grupu savienojumos 74a, 101a, 114a
un katalitiskajiem aspartilatlikumiem

Isakas (1 oglekla atoms) vai garakas (3 oglekla atomi) alkilkédes gadijuma
aminofunkcija tiek virzita suboptimala pozicija, kura sadarbiba tiek veidota ar
vienu no aspartilatlikumiem, bet ne abiem reizg (2.27. att.). Ta ka visaugstako
inhibitoro aktivitati uzradija triazola atvasinajumi, kas satur 2 oglekla atomus
starp centralo triazola gredzenu un aminofunkciju, tad aminogrupas aizvietotaju
ietekmes uz aktivitati noskaidro$anai izmantojam tikai Sos atvasinajumus.

Lai novert€tu aminogrupas aizvietotaju veida un izméra ietekmi uz inhibitoro
aktivitati, sintezgjam nelielu triazola atvasinajumu sériju (2.2. tabula, 2., 5., 8.,
10.-14. rinda). Visaugstakas ICsy vertibas uzradija triazola atvasinajumi, kas
satur dietilamino- un pirolidina aizvietotajus (2.2. tabula, 2., 5. rinda). Saskana
ar PIm II un inhibitoru molekularas modeléSanas rezultatiem, N-alkilgrupas
sadarbojas ar S1’ sub-kabatas Tyr192, 11e212, Phe294 un 11e300 atlikumiem, un
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liganda saistiSanos galvenokart ietekm& So grupu forma un izmérs. Inhibitori,
kas satur stériski mazakas (amino- un etilamino-) grupas (2.2. tabula, 12., 13.
rinda), uzrada zemaku inhibitoro aktivitati neka dietilamino- atvasinajums.
Acimredzot steriski mazas grupas neaizpilda enzima hidrofobo S1’ sub-kabatu.
Savukart steriski lielu grupu (benzil-, N-metilpiperazin-, morfolin-,
tetrahidroizohinolin-) (2.2. tabula, 8. 10., 11., 13.rinda) gadijuma inhibitora
aktivitate ir zemaka, jo aizvietotajs neietilpst S1° sub-kabata.

2.1.2.2. 1,2,3-Triazola inhibitoru B fragmenta modificéSana un
struktiiras-aktivitates likumsakaribas

Lai noskaidrotu B fragmenta ietekmi uz inhibitoro aktivitati, sintezgjam
1,2,3-triazola atvasinajumus, kas B fragmenta satur:

1) hlora atomu fenilgredzena orto-pozicija. ST modifikacija veicinatu
fenilgredzena izgrieSanos no molekulas plaknes, kas lautu izveidot
papildu sadarbibas ar enzimu;

2) 4-pentilbenzilaizvietotagju. Modifikacijas rezultata tiktu palielinats
fenilgredzena kustigums;

3) 4-metilfenilaizvietotaju. ST modifikacija apstiprinatu hipotézi, ka
inhibitoras aktivitates nodros$inaSana uz Plm II biitiska nozime ir
sadarbibu veidoSanai ar varsta kabatu.

Merksavienojuma, kur§ B fragmenta satur fenilfgredzenu ar hlora atomu
orto-pozicija, iegiiSanai bija nepiecieSams sintez&t azidu 118. Azida 118 sinteze
galvena stadija bija N-acetil-anilina Pd-katalizéta C-H orto-hlorésana.[97]
Produktu 116 ieguvam ar 95 % iznakumu un talak izmantojam bez papildu
attiriSanas. P&c acetilgrupas noskelSanas ieguvam anilinu 117, kuru parvértam
par azidu 118, izmantojot terc-butilnitritu un azidotrimetilsilanu (2.28. att.).[98]

1) CH3COCI
Et;N
NH, CH,Cl, Hz
10°C,2h t-BuONO
_ %% _cl Konc HCI TMS-| N3
2) Pd(OAc),, NCS 10094(3/ 3h t(t:Hft(o:N
TsOH-H,0O is min
n-CsHqq toluolsz n-CsHyy n-CsHyy
istt., 16 h n-Cstue

95 %
115 116 17 118

2.28. att. Azida 118 iegiiSana

legiito azidu 118 talak izmantojam ruténija (Il) kataliz&ta ciklopievienoSanas
reakcija ar alkinu 98, veidojot triazola atvasinajumu 119. Ar1 $aja gadijuma
ciklopievienoSanas reakcijas rezultata radas triazola regioizoméru maisijums
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attieciba 1:1, kurus atdalijam, izmantojot kolonnas hromatografiju. Triazola
atvasinajuma 119 struktira tika pieradita, izmantojot divdimensionalo NOESY
un HMBC kodolu magnétiskas rezonanses spektru analizi. Talak hidrolizgjam
estera grupu ar tai sekojoSu amida 120 ieglSanu. Merksavienojuma 121
ieglisanai reducgjam amidsaiti, izmantojot BH;-THF kompleksu (2.29. att.).

N3

Cl
n-CsHi4

cl -Gy CI n- CSHM cl
o~ nCsHy \©i 1)1 M NaOH
= NN 1,4-dioksans 1) BHy- THF
0 18 N istt., 16 h THF
CpRuCI(COD) (70) O 9% N 80°C,16h
1,4-dioksans T2 HNEG 0 2)4MHCI
istt.,16 h O HOBt, EDC 80°C,1h
13 % < DMF 42%
CgHy-4-(OMe) istt, 16 h
CgHy-4-(OMe) 40% L (OMe) CeHy-4- <OMe)
614~
98 119 21

2.29. att. 1,2,3-Triazola atvasinajuma 121 sintéze

Benzilazidu 124 sintezgjam saskana ar 2.30. att€la redzamo sh&ému un ka
izejvielu izmantojam komerciali piecejamo 4-n-pentilbenzoskabi (122). Péc
karbonskabes grupas reducésanas savienojuma 122 ar LiAlH, ieguvam attiecigo
benzilspirtu 123. Talak veicam hidroksilgrupas nomainu pret bromu, izmantojot
fosfora tribromidu (metilenhlorids, istabas temperatiira, 16 stundas). Tai
sekojosas nukleofilas aizvietoSanas reakcijas rezultata ar azida anjonu,
izmantojot natrija azidu (H,O / acetona maisjjums, istabas temperatira, 16
stundas), ieguvam benzilazidu 124 (2.30. att.).[99]

OH 1) LiAlH,, THF Br N3
istt, 16 h
99 % NaN3
N L
2) PBr; H,O/acetons (1:4)
CH,Cl, istt., 16 h
n-CsHyy istt, 48 h n-CsHq 99 % n-CsHys
95 %
122 123 124

2.30. att. Azida 124 sintéze

Ruténija (Il) katalizéta 1,3-dipolara ciklopievieno$anas reakcija izmantojam
benzilazidu 124 un acetiléenu 126. Reakcijas rezultata veidojas triazola
regioizoméru maisijums attieciba 3:1, kurus sadalijam, izmantojot kolonnas
hromatografiju. Vajadzigais triazola regioziomérs 128 tika iegits ar 13 %
iznakumu. Zemais iznakums skaidrojams ar regioizoméru veidoSanos un
nepilnigu izejvielas 126 konversiju. Talak Suzuki-Miyaura Skérssametinasanas
reakcija no bromida 128 un 4-metoksikarbonilborskabes (89) paladija
katalizatora Pd(PPh;); un Na,CO; klatieng ieguvam bifenilatvasinajumu 129.
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Pec estera grupas hidrolizes savienojuma 128 ieguvam karbonskabi, kuru
izmantojam amida 130 sintéz€. P&c amidsaites reduc€Sanas ar BH3-THF
kompleksu un apstrades ar 4 M HCI §kidumu ieguvam aminu 131 (2.31. att.).

N3
n-CsHis

: B(oH);"Cen

o n-CsHys N
Nz 97 127
ou Pd(PPhg)A
_Cp'RuCI(COD) (70) O 2MNaCO;
TwecN 1,4-dioksans PrOHITol (1:1)
Br istt, 20 h ist.t.,16 h 90°C, 16 h
82 % 13% 80 %

CeHa-4- (OMe)
125 126 128

1)1 MNaOH| 2) HNEt,
n-CsHq n-CsHyq 1,4-dioksans| HOBt, EDC

1) BH3-THF
THF
80 °C,16 h
2)4MHCI
80°C,1h
65 %
(M <“W

CgHy-4-(OMe) CgHy-4-(OMe)

2.31. att. 1,2,3-Triazola atvasinajuma 131 iegiSana

P&éc analogiskas sintézes shémas ieguvam ari triazola atvasingjumu 135.
Acetiléna 104 un azida 132, kuru savukart ieguvam litijéSanas cela no attieciga
bromida, 1,3-dipolaras ciklopievienoSanas reakcijas rezultata radas tikai viens
triazola 133 regioizomérs ar 65 % iznakumu. Talak, izmantojot ieprieks
aprakstito reakciju secibu — karbonskabes estera hidrolizi, amidsaites veidosanu,
Suzuki-Miyaura skérssametinasanas reakciju un amidsaites reducésanu, ieguvam
merksavienojumu 135 (2.32. att.).

N3
1) 4-MeO-CgHj-
B(OH),
\©\ Pd(PPhy)s
2 M Na,CO;,
_N 1) 1 M NaOH . \©\ _N
¥ 132 NN 1,4-dioksans N FPIORITol (1) NNy
CpRuCI(COD) (70) istt., 16 h N5y 76 % = -
1,4-dioksans Q 2) HNEt, = 2) BH3-THF, THF N
ist.16 h O\ HoBt EDC N 80C. 16 h .
65 % DMF d \_  3)aMHcl
o F istt, 16 h 30 °C. 1 h
Br 64 % 76 % CeHa-4-(OMe)
© Br
104 133 134 135

2.32. att. 1,2,3-Triazola atvasinajuma 135 sintéze
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No literatiras ir zinams, ka 4-aminopiperidina 52 4-n-pentilfenilgrupa ir
virzita Plm II varsta kabata.[26] Saskana ar dokinga pé&tfjumiem ari triazola
pirmas pozicijas aizvietotdjs ir virzits Plm II varsta kabata, kas nodroSina
alkilkgdes un varsta kabatas sadarbibu veidoSanos. Alkilkeédes garuma
saisinasana no N-pentilgrupas uz metilgrupu izraisija bitisku aktivitates
samazinajumu no 4.7 uM lidz 200 uM, bet, salidzinot ar aktivako savienojumu
101a, inhibitoras aktivitates kritums parsniedz 300 reizes (2.3. tabula, 1., 2., 3.
rinda). Lidzigi rezultati tika nove@roti, p&tot 2-aminohinazolin-4-(3H)-ona
atvasinajumus 46a-d ka Plm II inhibitorus. P&tjjuma tika noskaidrots, ka varsta
kabata ietilpstoSa gara alkilkéde stabilizeé atverto varsta konformaciju un notur
liganda kodolu stingri virs aspartatu atlikumiem.[41] Var secinat, ka, saisinot
alkilkedes garumu, $ada stabilizacija nenotiek.

2.3. tabula
Triazola atvasinajumu 74a, 101a, 121, 131, 135 inhibitora aktivitate uz Plm IT
(ICs, pM)
R\N N N
= /S
(=N
"
CgHy-4-(OMe)
Nr.p. k. Sav.nr. R n ICso PIm 11, pM
1 101a ol 2 0.60 £ 0.03
2. 74a e ot 1 47+02
3. 135 ADN 1 >200
a. 131 O 2 5.240.2
5. 121 e 2 0.60 + 0.03

Ievadot benzilgrupu triazola cikla 1. pozicija, inhibitora aktivitate uz Plm II
samazinajas desmitkartigi (2.3.tabula, 4. rinda), tadg€jadi apstiprinot to, ka
fenilgrupa ir piemérotakais aizvietotajs $aja pozicija. Molekularas modelésanas
dati liecina, ka para-n-pentilbenzilkéde atrodas lenki pret centralo gredzenu,
tadgjadi samazinot molekulas sadarbibas ar aspartilatlikumiem un S1° sub-
kabatu. Hlora atoma ievadiSana fenilgredzena orto-pozicija inhibitoro aktivitati
neietekméja (2.3. tabula, 5. rinda).
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2.1.2.3. 1,2,3-Triazola inhibitoru C fragmenta modificé§ana un struktiiras-
aktivitates likumsakaribas

Lai noskaidrotu S1 sub-kabata ietilpstoso C fragmenta aizvietotaju ietekmi
uz Plm II inhibitoro aktivitati, sintez&jam triazola atvasinajumus ar dazadiem
fenilgrupas aizvietotajiem — savienojumus, kuri satur stériski lielas grupas (t-Bu,
morfolin-), neaizvietotu fenilgredzenu, tidenraza saiSu akceptoras un donoras
grupas.

Merksavienojumu sintéz€ 140a-e izmantojam iepriek§ sintez&to alkina
biivbloku 126. Ruténija (I1) kataliz&ta ciklopievienos$anas reakcija ar azidu 57 un
alkinu 126 ieguvam 2 regioizom&ru maisijumu attieciba 2:1, kurus atdalijam,
izmantojot kolonnas hromatografiju (2.33. att.). NepiecieSamo triazola
regioizoméru 136 ieguvam ar 42 % iznakumu un ta struktiru pieradijam,
izmantojot divdimensionalo kodolu magnétiskas rezonanses HMBC un NOESY
spektru analizi. P&c estera grupas hidrolizes savienojuma 136 ieguvam
karbonskabi, no kuras talak sintez&am dietilamidoatvasinajumu 137.
Savienojumu 137 modificgjam, izmantojot Suzuki-Miyaura $kerssametinasanas
reakciju, broma atomu nomainot pret dazadi aizvietotu fenilgrupu. Produktus
139a-d ieguvam ar vidgji augstiem iznakumiem. P&c amida grupas reducésanas
ar BH;-THF kompleksu un apstrades ar 4 M HCI skidumu ieguvam atbilstoSos
aminoatvasinagjumus 140a-d. Hidroksiaizvietotu triazola atvasinajumu 140e
ieguvam péc metilgrupu noskel$anas savienojuma 140c, izmantojot NaH un 1-
dodecilsulfidu (2.33. att.).[100]
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HO._ OH

5
‘ A
1)1 M NaOH X
Br n-CsHqq 1,4-dioksans 1-CsH11 N R
Azids 57 NN istt., 16 h NN 138a-d
CpRuCI(COD) (70) _/ o 9% -/ o Pd(PPha),
1,4-dioksans 2) HNEt, i-PrOH/Tol (1:1)
istt. 16 h 0 HOB, EDC N\ 2MNa,COq
« o 42 % & DMF & 90°C, 16 h
AN istt., 16 h 56-87 %
o™ 83%
Br Br
126 136 137
n- C5Hﬁ n- C5H11 - CSH“ N'N‘\N
1) BHg- THF R = 34-OMe _
o] THF NaH
80 °C,16 h _1-Dodecilsulfids _ N/\
N’\ 2)aMHC ~ omF &
80°C,1h 130°C, 2h
59-66 % 43%
{-on
7R
OH
139a-d 140a-d
a:R=H 140e
b: R=4-t-Bu
c: R = 3,4-OMe
d: R = 4-Morfolin-

2.33. att. Mérksavienojumu 140a-e sintéze

Inhibitorus 140f,g sintez&jam péc 2.34. attéla redzamas shémas. Aminu 141
ieguvam peéc amida grupas reducesanas ar BHs;-THF kompleksu savienojuma
137. Merksavienojumus 140f,g ieguvam Suzuki-Miyaura sametinasanas reakcija,
paladija katalizatora Pd(PPhg), un Na,CO; klatieng.

HO.__OH
B
X
‘ 2 R
n-CsHyy N N B.Fh;:THF”'CsHH N 138fgn CsHys N NH,
NN 80°C, 16 h NN Pd(PPhs)s NN I
— 2)4 M HCI — i-PrOH/Tol (1:1) —
80°C, 1h 2 M Na,CO;3 f
NN 46 % N\ 90°C, 16h N -
Q & 28-43 % & ©\
( OCF;
Br Br R
g
137 141 140f,g

2.34. att. Merksavienojumu 140f,g sintéze

Saglabajot nemainigus iepriek§ noskaidrotos molekulas farmakoforus,
noskaidrojam, ka bifenilfunkcijas aizvietotaji triazola molekulas C dala ietekmé
inhibitoro aktivitati pret PIm 11 (2.4. tabula).
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2.4. tabula

1,2,3-Triazola atvasinajumi ar dazadiem bifenilfunkcijas aizvietotajiem un
to ICSO, H.M

n-CSHH\Q\ N
N"°N

CK
o
—/"R
Nr. p. k. Sav. nr. R ICso PIm 11, pM

1. 140a H 1.8
2. 140b 4-t-Bu 2.8
3. 140c 3,4-OMe 1.9
4. 140d 4-Morfolino 12
5. 140e 3,4-OH 15
6. 140f 4-CONH, 0.78
7. 1409 4-OCF; 33
8. 101a 4-OMe 0.6

No iegitajiem rezultatiem redzams, ka triazola inhibitoru bifenilfunkcijas
aizvietotaji molekulas C dala maz ietekm@ inhibitoro aktivitati. Labakie rezultati
iegtti, ja bifenilfunkcijas para-pozicija atrodas metoksigrupa (101a, ICs
PImIl=0.6 uM) (2.4.tabula, 8. rinda). Saskana ar datormodelésanas
rezultatiem, metoksigrupas gadijuma veidojas hidrofoba sadarbiba starp
metilgrupu un proteina S1 sub-kabatas Ile14 un Met15 aminoskabju atlikumiem,
bet skabekla atoms atrodas parak talu no citiem heteroatomiem, lai veidotu
tudenraza  saites. Savukart, ievadot  fenilgredzena  para-pozicija
trifluormetoksigrupu, inhibitora aktivitate uz Plm II samazinajas 5 reizes (140qg,
ICso PIm 11 = 3.3 uM) (2.4. tabula, 7. rinda). Ja fenilgredzens para-pozicija satur
neaizvietotu amida grupu, inhibitora aktivitate (140f, ICs, = 0.78 uM,
2.4. tabula, 6. rinda) uz Plm II ir lidziga ka para-metoksiaizvietota triazola 101a
gadijuma (2.4. tabula, 8. rinda). Tas skaidrojams ar stabilizgjosas Tidenraza saites
veidoSanos starp amidgrupas slapekla atomu un aminoskabju atlikuma Serl18
skabekla atomu (2.35. att.). Savukart, ievadot molekula meta-pozicija papildu
metoksigrupu, inhibitord aktivitate pret PIm Il pazeminas 3 reizes ICsp= 1.9 uM
(140c, 2.4. tabula, 3. rinda).
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2.35. att. Triazola 140f amidfunkcijas idenraza saites veidoSanas ar proteina

aminoskabes atlikumu (dokinga rezultats)

3,4-Hidroksiaizvietota (140e, 2.4.tabula, 5. rinda) un neaizvietota
fenilgredzena (140a, 2.4. tabula, 1. rinda) gadijuma ICs, vértibas uz Plm II ir
zemakas, jo neveidojas Gdenraza saites starp inhibitoru un proteinu. Inhibitoro
aktivitati ietekmé ar1 fenilgredzena aizvietotaju stériskie izméri. Telpiski lielu
aizvietotdju gadijuma — 4-t-Bu (140b, ICsy PIm 1l = 2.8 uM), 4-morfolino-
(140d, ICso PIm 11 = 1.2 pM) (2.4. tabula, 2., 4. rinda) — inhibitora aktivitate
nedaudz samazinas. Saja gadijuma stériski lieli aizvietotaji neietilpst S1
sub-kabata, lidz ar to starp proteinu un ligandu neveidojas sadarbiba.

No sintezetajiem azolu rindas (izoksazola, pirola, triazola, imidazola)
atvasinajumiem triazola atvasinajumi uzradija visaugstako inhibitoro aktivitati
uz Plm II. Savienojumi, kas satur divus oglekla atomus garu alkilk&di starp
triazola ciklu un aminofunkciju, uzradija visaugstako inhibitoro aktivitati pret
PIm II. Varigjot dazadus aminogrupas aizvietotajus, noskaidrojam, ka augstakas
ICsp vertibas uzrada dietilamino- un pirolidina grupu saturosi triazola
atvasinjumi. Svarigi ir triazola molekula saglabat n-pentilkeédi, kas veido
hidrofobas sadarbibas ar varsta kabatu. C fragmenta fenilgredzena aizvietotaji

2.1.3. Tetrahidroizohinolina atvasinajumi ka Plm II inhibitori un
strukturas-aktivitates likumsakaribas

Jaunu nepeptidomimétisku inhibitoru dizain€sana iesp&jams izmantot pieeju,
kura zinami savienojumi ar vismaz vienu ciklu tiek modificéti, atverot $o ciklu
vai saslédzot jaunu ciklu, bet saglabajot esoSos farmakoforos elementus.
Izmantojot So pieeju jaunu molekulu izstradg, ir iespgjams uzlabot savienojuma
fizikalkimiskas 1pasibas, ka arl iegit jaunas struktiras. Sis molekulu
modificéSanas veids ir veiksmigi izmantotS prostaglandinu EP1 receptoru
antagonistu izstradé. Péc cikla saslégSanas savienojuma 142a molekula tika
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fikseta bioaktivaja konformacija, saglabajot nanomolaru aktivitati saistiSanas un
funkcionalajos EP1 antagonistu testos (2.36. att.).[101]

- o
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— = (¢]
SYN SYN
cl NG cl N
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0 ! R !
‘R A
142a 142b

2.36. att. Prostaglandina EP1 receptora antagonisti

Par pamatstruktiiru jaunu Plm II nepeptidomimeétisku inhibitoru dizaina
izmantojam iepriek§ aprakstito 4-aminopiperidinu 52.[12], [26], [42]
Modificgjot molekulu 52, izveidojot saiti starp fenilgredzena 3. poziciju un
piperidina cikla 3. poziciju un atverot piperidina ciklu, tika dizaingts
tetrahidroizohinolina atvasinagjums 143. Savienojums 143 saglaba eso$os
farmakoforos elementus — aminofunkciju (veido jonu tipa sadarbibas ar
aspartilatlikumiem un tdens molekulas medi€tu tdenraza saiti ar katalitisko
Asp34 atlikumu), bifenilaizvietotaju (aiznpem S1 sub-kabatu) un n-pentilkedi
(ietilpst varsta kabata) (2.37. att.).

A Varsta kabata B

n-CsHqq n-CeHry

O,
33 /‘\sp34
)0

\ R R
H
Asp214

S1-sub-kabata

52 143

2.37. att. A — Plazmepsinu II inhibitoru dizainé$ana; B —Tetrahidroizohinolina
atvasinajumu 143 dokings

Izmantojot dokinga pétijumus, parliecindjamies, ka misu dizaingtais
tetrahidroizohinolina atvasinajums 143 saistas ar Plm II Iidzigi ka
aminopiperidina  atvasingjums  (2.37.att.). Nolémam sintez€ nelielu
tetrahidroizohinolina atvasingjumu sériju ar dazadiem fenilgredzena
aizvietotdjiem un noteikt to inhibitoras aktivitates vertibas pret PIm I, PIm Il un
PIm IV.
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Analizgjot literattru [102], secindjam, ka &rtaka metode tetrahidroizohinolina
atvasinajumu 144 sintézei ir Pictet-Spengler tetrahidroizohinolinu sintézes
metode, kuras pamata ir feniletilaminu kondensacija ar karbonilsavienojumiem
protonu vai Luisa skabes klatieng (2.38. att.).[103]

PNy
R~ CsHiy
Br-
[e]

rac-146 47

2.38. att. Tetrahidroizohinolina atvasinajumu 144 retrosintézes shéma

Aminoskabes atvasinajumu rac-150 nolemam sintezét 2 stadiju procesa no
komerciali pieejama bromida 147. Savienojumu rac-149 ieguvam, C-alkilgjot 3-
brombenzilbromidu (147) ar dietilacetoamidomalonatu (148) natrija etoksida
klatieng, varot etanola (2.39. att.).[104] Sildot savienojumu rac-149 koncentrétas
salsskabes un etikskabes maistjuma, notiek acetilgrupas noskelSanas un
dekarboksilesanas, ka rezultata ieguvam aminoskabes atvasinajumu rac-150
(2.39. att.).

O CO.Et
N TCOE
148 HCl konc. kel H3N COOH

Br Br__ NaOEt COREL cHacooH

" EOH COE Jogc, 181 °C, 18n 0

85°C, 16 h 82 %
89 %

147 rac-149 rac-150

2.39. att. Aminoskabes rac-150 sintéze

legit tetrahidroizohinolina atvasinajumu 145 no neaizsargatas aminoskabes
rac-150, izmantojot nelielu paraformaldehida parakumu (1.1 ekv.) etikskabes un
sérskabes klatiené, neizdevas.[105] Tetrahidroizohinolina rac-145 iegiiSanai
izméginajam ari formaldehida §kidumu tdent (37 %) 6 M HCI $kiduma [105]
vai trifluoretikskabes un HBr (33 % etikskabg) [106] klatieng, tacu ari Sajos
apstaklos aminoskabe rac-150 nereaggja (2.40. att.).

Kel H3N COOH H*

s iimalasens

rac-150 rac-145

2.40. att. Tetrahidroizohinolina atvasinajuma rac-145 sintézes méginajums
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Tadel nolémam aizsargat skabes un amina funkcionalas grupas aminoskabes
rac-150 molekula. Skabes funkciju savienojuma rac-150 aizsargajam ar
metilgrupu esterificéSanas reakcijas rezultata ar tionilhloridu un metanolu.
Savukart aminogrupas aizsargasanai izmantojam etilhloroformatu 152 piridina
klatieng, kas lava ieglit karbamatu rac-146 (2.41. att.).

cl
"o BN socl, . 1:2
MEOH irndins
80°C.3h sz?b
99 % 18h

97 %
rac-150 rac-151 rac-146

2.41. att. Aizsargatas aminoskabes rac-146 sintéze

legtito karbamatu rac-146 izmantojam tetrahidroizohinolina 153a iegtiSanai
iepriek§ aprakstitajos reakcijas apstaklos ar paraformaldehidu etikskabes /
sérskabes (3:1) maisijuma. Reakcijas rezultata radas 2 regioizoméri 153a un
153b attieciba 3:1, kurus atdalijam, izmantojot preparativo kolonnu
hromatografiju (2.42. att.). Savukart enantiotirus savienojumus 153a ieguvam ar
17 % un 18 % iznakumu p&c enantiomeru atdaliSanas ar kolonnu hromatografiju,
izmantojot hiralu stacionaro fazi.

Enantioméru

sadali$ana |
HO/{'\O 07 ChiralpakiC \©© k o~
AcOH/H2804 (3:1)
ist.t., 20 h

rac-146 rac-153a 3:1 rac-153b (R)-153a

2.42. att. Tetrahidroizohinolina atvasinajumu 153a un 153b sintéze

Lai iegttu tetrahidroizohinolinu (R)-154, kas nepiecieSams turpmako
parveértibu realiz€$anai, vajadzgja noskelt aizsarggrupas savienojuma (R)-153a
(2.43. att.). Savienojuma (R)-153a N-karboksietilaizsarggrupu noskélam ar 33 %
HBr / etikskabes $kidumu, maisot istabas temperatira 16 stundas. Talak
karbonskabes atvasinajumu (R)-154 ieguvam péc estera grupas hidrolizes ar 6 M
HCI skidumu, sildot 70 °C.[105]
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2.43. att. Tetrahidroizohinolina atvasinajuma (R)-155 sintéze

Savienojuma 154 stereocentra absolatas konfiguracijas noskaidros$anai
nolémam izmantot kristalu rentgendifraktometrijas datu analizi. Diemz&l skabes
atvasinagjumam 154 nebija iespgjams noteikt absoliito konfiguraciju, tadel
sintez&jam  atbilstofo skabes metilesteri. Saja  gadijumd, izmantojot
rentgendifraktometrijas datu analizi, noskaidrojam, ka tetrahidroizohinolina 154
stereocentra konfiguracija ir (R) (2.44. att.).
> »

}/

) ’2?\2 Br\@@.\\o&o/
e :
“’./H\/ ’EHCF

(R)-156

]

2.44. att. Tetrahidroizohinolina (R)-156 kristala rentgendifraktometrijas dati

Talakaja sintézes gaita bija nepiecieSams aizsargat aminogrupu savienojuma
(R)-154, kas lautu izvairities no blakusproduktu veidoSanas turpmakajas stadijas.
Ka aizsarggrupu izvélgjamies terc-butoksikarbonilgrupu.[107] Reakciju veicam
t-BUOH / tdens maisijuma, NaOH un Boc,O klatiené. Boc aizsargatu
tetrahidroizohinolina atvasinajumu talak izmantojam amida (R)-155 sintézg, ka
kondensgjoso reagentu izmantojam HOBt / DCC un produktu (R)-155 ieguvam
ar 84 % iznakumu péc 2 stadijam (2.43. att.).

Iegiitajam amidam (R)-155 Boc-aizsarggrupu noskélam, izmantojot 4 M HCI
1,4-dioksana (50 °C, 2 stundas) (2.45. att.). Tegiito produktu talakajas reakcijas
izmantojam bez papildu attiriSanas. P&c amida grupas reducesanas ar LiAlH,
tetrahidrofurana ieguvam attiecigo aminoatvasinajumu. Lai molekula ievaditu
n-pentilkédi saturoSu farmakoforu, iepriek§ sintez&t0 aminu acilgjam ar
4-n-pentilbenzoilhloridu DIPEA klatiené (metilénhlorids, istabas temperatira,
18 stundas). Produktu (R)-157 ieguvam ar 44 % iznakumu péc 3 stadijam.
Merksavienojumus (R)-159a,b ieguvam Suzuki-Miyaura sametinasanas reakcija
paladija katalizatora Pd(PPhs); un Na,CO; klatieng. Hidroksiatvasinajumu
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(R)-159c ieguvam no ieprieks sintez&ta produkta (R)-159b, noskelot metilgrupu
ar 1-dodeciltiolu NaH klatieng (2.45. att.).[100]

1)4 MHCl 3 (Rr15%, R: 3
L J 1,4-dioksana L J RB(OH), : N N ‘
N ist.t., 16 h N 158a,b ' P ;
L 2) LiAlH,, THF  Br. N n-CsHyq Pd(PPh3)4 R -CgHyy | 1
Br. BN ist.t, 2 h ' Na,CO. ' |
o -t 2C03 : (R)159b R !
N 3) 4-Pentil- N 1 4 dioksans : s
“Boc benzoilhlorids, DIPEA 105 °C, 16 h '
CH,Cl, o 47-49 % :
istt., 16 h NaH MeO” ™ B
(R)-155 44 % (R)-157 no (R)}-159b | 1_podecilsulfids
130°C, 2h
58 %
(R) 159¢

2.45. att. Merksavienojumu (R)-159a-c sintéze

Lai noskaidrotu, vai fenilgrupas novietojums tetrahidroizohinolina
molekula ietekmeg inhibitoro aktivitati uz plazmepsinu II, sintez&jam aminotiltinu
saturo$u savienojumu (R)-161 (2.46. att.). Mérksavienojumu (R)-161 ieguvam
Buchwald-Hartwig reakcijas cela no 4-metoksianilina (160) un bromida (R)-157
katalizatora Pd,(dba)s, fosfina liganda X-Phos un NaOt-Bu klatieng (90 °C, 16
stundas) (2.46. att.).[108]

1-CoHy sz(dba)3 x Phos

N
Br: ;-“‘ n-CsHy4
mp Toluols /©/ \©:> \H/©/
o

90 °C, 16 h
55 %

(R)-157 (R)-161

2.46. att. Aminotiltipu saturosa inhibitora (R)-161 iegiiSana

Sintez&tajiem meérksavienojumiem (R)-159a-c un (R)-161 tika noteikta
inhibitora aktivitate pret plazmepsiu I, Il un IV. legitie rezultati ir apkopoti
2.5. tabula. Tetrahidroizohinolina atvasinajums (R)-159a uzrada inhibitoro
aktivitati pret Plm I un Plm IV mikromolara limeni, bet ir neaktivs uz Plm IL
Visaugstako Plm II inhib&Sanas sp&u uzradija metoksifenilgrupu satuross
inhibitors (R)-159b, savukart hidroksifenilgrupu un aminotiltinu saturosi
inhibitori (R)-159¢ un (R)-161 uzradija 2 lidz 3 reizes zemaku inhibitoro
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aktivitati uz Plm I, PIm II un Plm IV, salidzinot ar aktivako savienojumu
(R)-159b (2.5. tabula, 2.-4. rinda).

2.5. tabula

Tetrahidroizohinolina atvasinajumu (R)-159a-c, (R)-161 ICs, vertibas

o
1Cs0, pM
Nr.p. k. Sav.nr. R Pim | Pim Il Pim IV
1L (R159a () 22+1 S ~100
2. (R-159 U 19%01  16.2+08 46.6 + 2.0
3. (R-15%c YD 73+03  40%2 ~100

"
4, R)-161 N 7.0+03 455+ 2.0 73.6+3.0
R-61 (Y

#Koncentraciju regiona (0.01-100 uM) inhibitors neuzrada efektu

Pétijuma ietvaros tika sintez&ti jauni nepeptidomimétiski
tetrahidroizohinolina ciklu saturo$i Plm II inhibitori. Inhibitoru sintézé ka
atslégas  stadija tika izmantota Pictet-Spengler reakcija. Labakie
tetrahidroizohinolina atvasinajumi uzradija inhibitoras aktivitates vertibas pret
PIm Il mikromolara liment.

2.2. Hidroksietilamina atvasinajumi ka plazmepsinu inhibitori

2010. gada kompanija GlaxoSmithKline publicgja liela apjoma $inu testa
HTS rezultatus, lai veicinatu jaunu antimalarijas medikamentu izstradi. Pétfjuma
rezultata tika identificéti 13 533 savienojumi, kas inhib&ja P. falciparum parazita
augSanu inficétas asins $tnas vismaz 80 % 2 uM koncentracija. Identificétas
struktiiras tika sadalitas 47 grupas, izmantojot kemoinformatikas analizi. Viena
no §im grupam satur§ja 74 hidroksietilamina fragmentu saturos$us
savienojumus.[109] No publicétajiem savienojumiem talakajai attistiSanai més
izvelgjamies aktivako hidroksietilamina fragmentu saturo$u atvasinajumu (S,R)-
162 (2.47. att.).
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2.47. att. Hidroksietilamina atvasinajumi (S,R)-162-164

Ieprieks&jos pétijumos [110] tika noskaidrots, ka $is savienojums uzrada
inhibitoro aktivitati uz P. falciparum aspartilproteazém — plazmepsinu subtipiem
Plm I, PIm II un Plm IV. Al strukturali vienkarSotie savienojuma (S,R)-162
analogi (S,R)-163, (S,R)-164 saglabaja augstu inhib&Sanas sp&ju P. falciparum
infictu asins $tinu testa (ECso = 0.002-0.006 uM), tomér §ie inhibitori uzrada
arT augstu Cat D inhib&Sanas sp&ju (2.6. tabula, 1.-3. rinda).[110]

2.6. tabula

Literatura [110] aprakstitie Plm inhibitori un to inhibitora aktivitate

ICso PIm 1V, 1CspCat D, ECs, Pf3D7,
Nr.p. k. Sav.nr. R %0 %0 *0

pM pM uM
1L (SR-62 (e 002 0.043 0.002
2. (SR-163 [V 0.024 0.042 0.006
3. (S,R)-164  Ph 0.006 0.054 0.002
Tadel ka galveno uzdevumu izvirzijam — hidroksietilamina atvasinajumu

selektivitates uzlaboSanu attieciba pret cilvéka aspartilproteazi Cat D, izmantojot
informaciju par plazmepsinu un Cat D strukturalajam atskiribam. Ieprieksgjos
SAR pétijumos [110] tika noskaidrots, ka savienojuma (S,R)-162 izopropil-2-(3-
metoksifenil)- aizvietotajs, kas aiznpem galveno sub-kabatu (S’dala) (2.47. att.),
ir optimals plazmepsinu inhib&Sanai. Tadel turpmakajos petjumos nolémam
modificét aizvietotajus, kas aiznpem S3 un S4 sub-kabatas. Lai novertétu
inhibitora atpaziSanas atSkiribas starp Plm IV, IX, X un Cat D, izveidojam So
proteinu aminoskabju sekvences salidzindgjumu un, izmantojot dokingu,
salidzinajam proteinu sadarbibas ar inhibitoru (S,R)-163 (2.48. att. A, B).
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2.48. att. A—Plm IV, Plm IX un Plm X S1’ un S1-S4 kabatu aminoskabju secibas
salidzinajums; B — PIm IV un Cat D S3 un S4 kabatu virsmas attélojums (dokinga
modelis ar inhibitoru (S,R)-163)

Ta ka nav pieejamas eksperimentali noteiktas Plm IX un Plm X struktras, lai
izvairitos no iespg&jamam neprecizitatém, kas saistitas ar homologijas modelu
izmanto$anu, PIm IX un PIm X dokinga pétijumi tika veikti, balstoties uz PIm
IV kristala rentgendifraktometrijas datiem, kas ir to tuvakais analogs ar
pieejamiem kristala rentgendifraktometrijas datiem.[111] 2.48. attela A redzams,
ka S3 sub-kabata uzrada vislielakas aminoskabju rindas atSkiribas starp
plazmepsiniem un Cat D. Savukart 2.48. attéla B redzams, ka PIm IV S3 sub-
kabata ir plataka, daudz seklaka un hidrofobaka neka Cat D sub-kabata. Min&to
atskiribu del inhibitoru selektivitates uzlaboSanu uzsakam, modificgjot
N,N-dipropilamida funkciju savienojuma (S,R)-163, kas aiznem S3 sub-kabatu.

2.2.1. Diaizvietotu amidu saturoSu hidroksietilamina atvasinajumu
sinteéze un struktiiras-aktivitates likumsakaribas

Pirmais uzdevums bija sintezét inhibitora (S,R)-163 N,N-diaizvietotu amidu
analogu rindu ar dazadam hidrofobam grupam, kuras varétu aizpemt Plm IV
hidrofobo S3 sub-kabatu (2.49. att.). Mérksavienojumus (S,R)-165 planojam
sintez&t pec 2.49. attela redzamas retrosintézes sheémas, ka galvenos biivblokus
izmantojot benzoskabes atvasindgjumus 166 un aminospirtu (R,S)-167.
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(S,R)-165 166 (R.S)-167

2.49. att. Hidroksietilamina fragmentu saturo$u inhibitoru (S,R)-165 retrosinteézes
shema

Aminospirta (R,S)-175 sintézé izmantojam rac€misku alilaminu rac-168.
Aminofunkciju savienojuma rac-168 aizsargajam ar Boc-grupu (Boc,0O,
metilénhlorids, istabas temperatira, 2 stundas), iegustot karbamatu rac-169.
Alkéna rac-169 dihidroksilé$anai izmantojam AD-mix-o. (t-BUOH / @idens = 1:1
maisTjums, istabas temperatira, 20 stundas). Diolu 170 ieguvam ka syn / anti
diastereoméru maisijumu attieciba 2:3 un ka enantiom@ru maisijumu attieciba
2:1. Enantiotiru diolu (S,S)-171 ieguvam péc syn / anti diastercoméru atdaliSanas
ar kolonnu hromatografiju, kam sekoja syn 170 sadaliSana enantiomeros,
izmantojot kolonnas hromatografiju ar hiralu sorbentu. Katram no iegiitajiem
enantiotirajiem dioliem noteicam polariz&tas gaismas grieSanas lenka (o)
vertibas un iegltos rezultatus salidzinajam ar literatiras datiem.[112] No
ieglitajiem rezultatiem secindjam, ka parakuma rodas (S,S)-171 — tas ir mums
nepiecieSamais produkts. lzmantojot Mitsunobu reakcijas apstaklus (PhsP,
DEAD, 85 °C, 48 stundas), no (S,5)-171 diola ieguvam epoksidu (S,S)-172.
Veicot epoksida (S,S)-172 aminolizi ar 2-(3-metoksifenil)propan-2-aminu (173)
(izopropanols, 70 °C, 40 stundas) [110], ieguvam N-Boc aizsargatu aminospirtu
(S,R)-174. Talak, noskelot Boc aizsarggrupu savienojuma (S,R)-174 ar 4 M HCI
1,4-dioksana, ieguvam aminospirtu (R,S)-175, ko izmantojam plazmepsinu
inhibitoru sintgzg (2.50. att.).
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Enantioméru
Ph Ph

Ph /Ph sadaliSana
/é/\/ Boc,0, Et;N AD-mix-a Chiralpak-ID B
Boc. = ¢ > Boc.
HN = CH,Cl, N t-BuOH/H,0 (1:1) BocHN OH 25% u OH

istt, 2h H istt, 20 h OH péc 2 stadijam OH
o
87 % 2:3 syn:anti
2:1ea.
rac-168 rac-169 170 (S,8)-171

PhsP| CHCly
DEAD| 85°C, 48 h
64 %

|
o
Ph NH, o
1 ,4-dioksans 173
N Bocl N
3 -—
Hz st 6h Su H ipron  BocHN
99 % 70°C, 40 h o
73%

-~

(R.S)175 (S,R)-174 (S,5)-172

2.50. att. Hidroksietilamina fragmentu saturo$a biivbloka (R,S)-175 sintéze

Benzoskabju 181a-f sintéz€ ka izejvielu izmantojam dimetil-5-bromizoftalatu
(176). Bromida 176 Pd katalizéta aminéSanas reakcija ar piperidinu 177,
izmantojot Pd(OAC), ka katalizatoru un racémisku BINAP ka ligandu (toluols,
100 °C, 18 stundas), ieguvam izoftalata atvasinajumu 178. P&c hidrolizes ar 1 M
NaOH skidumu metanola (istabas temperatira, 16 stundas) ieguvam
izoftalskabes monoesteri 179. Iegiito monoesteri 179 talak izmantojam HBTU
mediéta kondensacijas reakcija ar aminiem, veidojot amidus 180a-f. Esterus
180a-f hidrolizgjot ar 1 M NaOH $kidumu, ieguvam benzoskabes atvasinajumus
181a-f. Izoftalskabes atvasinagjumu 181b-e kondensacija ar aminu (R,S)-175
ieguvam mérksavienojumus (S,R)-182b-e. Inhibitorus 182a un 182f sintez&jam
no racEmiska amina rac-175. legiitos produktus attirijam, izmantojot kolonnas ar
hiraliem sorbentiem Chiralpak-1C un Chiralpak-ID, iegiistot mérksavienojumus
(S,R)-182a un (S,R)-182f ar 18 % un 33 % iznakumu (2.51. att.).
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(S,R)-182d: R = MeOCH,CH,

(S,R)-182e: R = CF3CH,CH,
(CHa3),CHCH,

(S,R)-182a: R = Et
(S,R)-182b: R = Me
(S,R)-182¢: R = HOCH,CH, (S,R)-182f: R =

2.51. att. Mérksavienojumu 182a-f sintéze

Sintez&tajai N,N-diaizvietotu amida analogu rindai (S,R)-182a-f (2.7. tabula)
ar dazadam hidrofobam grupam, kuras varétu aiznemt Plm IV hidrofobo S3
sub-kabatu, tika noteiktas ICsq vertibas uz Plm IV un Cat D.

2.7. tabula

Sintezetie savienojumi ($,/K)-182a-f un to inhibitora aktivitate

Ph
o o
RN N N
Ho 4, H
O -

(S,R)-163, (S,R)-182a-f

Nr.p. k. Sav.nr. R ICso PIM IV, uM  IC5 CatD, pM ~ S*
1 (S,R)-163 n-Pr 0.024 0.042" 1.8
2 (S,R)-182a Et 0.014 0.25 17.9
3. (S,R)-182b Me 0.087 0.5 5.7
4. (S,R)-182c  HOCH,CH, 0.068 0.27 4.0
5 (S,R)-182d  MeOCH,CH; 0.037 0.10 2.7
6 (S,R)-182e  CF3CH,CH, 0.21 0.12 0.57
7 (S,R)-182f  (CHj;),CHCH, 0.5 1.3 2.6

2PIm IV / Cat D inhib&sanas selektivitates faktors
® Literatiiras dati [110]

Interesanti, ka N,N-dietil- un N,N-dimetilaizvietotie savienojumi (S,R)-182a
un (S,R)-182b uzradija visaugstako Plm IV / Cat D inhib&Sanas selektivitates
faktora vertibu (2.7. tabula, 2., 3. rinda), lai gan dokinga pétijumi uzradija, ka
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plataja Plm IV S3 sub-kabata ietilpst lielaki aizvietotaji. Savienojums (S,R)-182c
ar divam N-hidroksietilgrupam uzradija 4 reizes zemaku inhibitoro aktivitati uz
PIm IV (ICsy PIm IV = 0.068 uM), salidzinot ar amidu (S,R)-182a (ICs
PImIV =0.014 uM) (2.7.tabula, 2., 4. rinda). Lielaku linearu aizvietotaju
gadijuma — N,N-di(metoksietil)- ((S,R)-182d) un N,N-di(3,3,3-trifluorpropil)-
((S,R)-182e) uzlabojas inhibitora aktivitate pret Cat D, kas tadgjadi pazeminaja
selektivitates faktora vértibu (2.7.tabula, 5., 6. rinda). Inhibitoras aktivitates
pieaugums pret Cat D liecina par to, ka min&tas linearas grupas labi ietilpst
dzilaja Cat D S3 sub-kabata. Savienojumam (S,R)-182f inhibitora aktivitate pret
PIm IV samazinas (ICso PIm IV = 0.5 uM) (2.7. tabula, 7. rinda). Tas nozimg, ka
diizobutilaizvietotajs ir parak liels, lai ietilptu Plm IV un Cat D S3 sub-kabatas.
No iegiitajiem rezultatiem redzams, ka inhibitoras aktivitates nodrosinasanai pret
PIm IV S3 kabata velami stériski nelieli aizvietotaji, turpreti st€riski lielu
aizvietotaju gadijuma noverojams inhibitoras aktivitates pret PIm IV kritums un
selektivitates faktora vertibas samazinasanas.

2.2.2. Monoaizvietotu amidu saturosu hidroksietilamina atvasinajumu
sintéze un struktiiras aktivitates likumsakaribas

Lai iegiitu informaciju par PIm IV un Cat D S3 sub-kabatas izmeriem,
turpmakaja  darba  sintez€am  hidroksietilamina  atvasinajumus  ar
monoaizvietotiem amidiem. Savienojumus (S,R)-186a-m sintez&am péc
analogiskas shémas ka ieprieks (2.51. att., 2.52. att.).

(R S) 175
RNH, o o Ph
183 rac- 1 75
o HBTU RHN ‘ OH  HBTU N N
Et;N
_EeN 1 M NaOH Et3N H OH H
Y T MeOH e
N istt, 2h 50°C, 18 h N o
O 52-99 % 33-99 % istt, 16 h O ~
179 184a-m 185a-m (S,R)-186a-m
(S,R)-186a: R = MeOC(CH3),CH,  (S,R)-186d: R = CF3CH,CH, (S,R)-186g: R = Me,NCH,CH, (S,R)-186j: R = HOCH,CH,
(S,R)-186b: R = c-PrCH, (S,R)-186e: R = HOC(CH3),CH; (S,R)-186h: R = -BuCH, (S,R)-186k: R = PhCH,
(S,R)-186¢: R = HOCH,CH,CH, (S,R)-186f: R = MeOCH,CH, (S,R)-186i: R = HOCH,C(CHs), (S,R)-186l: R = t-BUOCH,CH,

(S,R)-186m: R = c-HeksilCH,

2.52. att. Plazmepsinu inhibitoru (S,R)-186a-m sintéze

Amidu 184a-m sintéz€ izmantojam ieprieks ieglito izoftalskabes monoesteri
179. P&c estera grupas hidrolizes iegiitas skabes 185a-m izmantojam amidu
(S,R)-186a-m sintéz&, ka kondensgjoso reagentu izmantojot HBTU (2.52. att.).
Meérksavienojumus  (S,R)-186a,c,e-g,i,j,I.m sintez&§jam no (R,S)-175 wun
produktus ieguvam ar 57-77 % iznakumu. Savukart amidus (S,R)-186b,d,h,k
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sintez§jam no rac€miska amina rac-175 un enantiotirus produktus
(S,R)-186b,d,h,k ieguvam ar 22-33 % iznakumu p&c attiriSanas, izmantojot
kolonnas ar hiralu sorbentu Chiralpak — IC un Chiralpak — ID. Sintez&tajiem
mérksavienojumiem (S,R)-186a-m tika noteiktas I1Csy vertibas uz Plm IV un Cat
D (2.8. tabula).

2.8. tabula
Sintezétie savienojumi (5,R)-186a-m un to inhibitora aktivitate
o o Ph
B R
@ _0
(S,R)-187, (S,R)-186a-m
Nr.p.k.  Sav.nr. R ICa PIM 1V, " 1Cs Cat D, s
uM M
1. (S,R)-187 n-Pr 0.038° 0.11° 2.9
2. (S,R)-186a MeOC(CH3),CH, 0.048 2.1 43.8
3. (S,R)-186b c-PrCH, 0.030 0.76 25.3
4. (S,R)-186c  HOCH,CH,CH, 0.093 2.25 24.2
5. (S,R)-186d CF3;CH,CH, 0.024 0.58 24.2
6. (S,R)-186e HOC(CHz;),CH, 0.10 1.66 16.6
7. (S,R)-186f MeOCH,CH, 0.05 0.75 15.0
8. (S,R)-186g Me,NCH,CH, 0.36 4.8 13.3
9. (S,R)-186h t-BuCH, 0.027 0.40 14.8
10. (S,R)-186i HOCH,C(CHs), 0.12 1.46 12.2
11. (S,R)-186j HOCH,CH, 0.21 1.42 6.8
12. (S,R)-186k PhCH, 0.038 0.22 5.8
13. (S,R)-186l t-BUOCH,CH, 0.031 0.15 4.8
14. (S,R)-186m c-HeksilCH, 0.09 0.15 1.7

4PIm IV / Cat D inhib&3anas selektivitates faktors

® Literatiiras dati [110]

Monoaizvietoti amidi uzradija zemaku inhibitoro aktivitati uz Cat D neka to
atbilstosie N,N-diaizvietotie amidu analogi ((S,R)-182d (ICso Cat D = 0.10 uM),
(S,R)-186f (ICsp Cat D = 0.75 uM) un (S,R)-182e (IC5, Cat D = 0.12 uM),
(S,R)-186d (ICs Cat D = 0.58 uM)) (2.8. tabula, 5., 6. rinda, 2.8. tabula, 5., 7.
rinda), ka rezultata selektivitates faktora v&rtiba paliclinajas pat 40 reizes.
Steriski lielaku aizvietotaju gadijuma ((S,R)-186,h,k,l,m) inhibitora aktivitate
pret Cat D uzlabojas un Iidz ar to samazinajas selektivitates faktora vértiba
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(S=1.7-14.8) (2.8.tabula, 9., 12., 13., 14. rinda). Steriski mazakas grupas
(R =c-PrCH,, (S,R)-186b) gadijuma savienojuma inhib&Sanas spgja pret Cat D
samazinajas un selektivitates faktora vertiba palielingjas (S = 25.3) (2.8. tabula,
3. rinda).

Savienojumu (S,R)-182e un (S,R)-186d dokinga modeli Plm IV un Cat D
kristalu struktiiras ir redzami 2.53. attéla, kas parada $o savienojumu stériskas
prasibas. Dokinga pétijumos noskaidrots, ka tidenraza saites donoru vai tidenraza
saites akceptoru ievadiSana var€tu veicinat elektrostatisko sadarbibu veidoSanos
ar elektronbagatajam funkcionalajam grupam S3 sub-kabata. Udenraza saites
donoras grupas var sadarboties ar PIm IV aminoskabju atlikumu Asnl3 un
Leul4 karbonilgrupam un Cat D Asp323, Tyrl5, GInl4 un Alal3 atlikumiem.
Savukart Gdenraza saiSu akceptoras grupas var sadarboties ar PIm 1V Asnl3
atlikumu un Cat D GIn14 atlikumu.

-

2e pli 2

»

|

3d pim 3 1

2.53. att. Savienojumu (S,R)-182¢e un (S,R)-186d dokinga modeli Plm IV un Cat D
kristalu struktuoras

Udenraza sai$u donoru ((S,R)-186¢, (S,R)-186e, (S,R)-186i, (S,R)-186j) vai
tdenraza saiSu akceptoru ((S,R)-186a, (S,R)-186f) grupu ievadiSana S3
sub-kabata ietilpstoSo aizvietotdju pozicija samazindja inhibitoro aktivitati pret
Cat D (2.8. tabula, 2., 4., 6., 7., 10., 11. rinda). Salidzinot savienojumu (S,R)-163
(R =di-n-Pr) (ICsp PIm IV = 0.024 uM) (2.6. tabula, 2. rinda) un (S,R)-186a
(IC5o PIm IV = 0.048 uM) (2.8. tabula, 2. rinda) 1Csy rezultatus, redzams, ka
inhibitora aktivitate samazinajusies 2 reizes. Tomer ir biitiski samazinajusies
inhibitora (S,R)-186a aktivitate uz Cat D (ICs Cat D = 2.1 uM), tadgjadi
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savienojums (S,R)-186a ir §Ts s@rijas selektivakais savienojums (S = 43.8)
(2.8. tabula, 1., 2. rinda).

Izmantojot savienojuma (S,R)-186a dokinga modeli ar PIm IV un Cat D, ir
iesp&jams izskaidrot butisko inhibitoras aktivitates kritumu pret Cat D
savienojumiem ar uUdenraza saiSu donoram grupam. Tas skaidrojams ar
neaizpilditu hidrofobu sub-kabatu, kuras solvatacija ir entropiski neizdeviga. Tas
nozimé, ka, pateicoties iepriek§ minétajam sadarbibam ar aminoskabju
atlikumiem, amida pozicija abos enzimos ir nemainiga (2.54. att.), ka rezultata
notiek entropiski neizdeviga Cat D hidrofobas sub-kabatas aizpildiSana ar tideni
un samazinas inhibitora aktivitate pret Cat D.

Additional
subpocket

2.54, att. Savienojuma (S,R)-186a un PIm 1V, Cat D kompleksa dokinga modelis

Viszemako inhibitoro aktivitati pret Plm IV $aja sérija uzradija savienojums
(S,R)-1869 (IC5 = 0.36 uM). Acimredzot protonéta amino grupa veido Gidenraza
saites un jonu tipa sadarbibas ar aminoskabju atlikumiem, kas atrodas arpus S3
sub-kabatas.

Aktivakie §1s s€rijas savienojumi uzrada lidzigu inhibitoro aktivitati ka
labakie N,N-diaizvietoto amidu sérijas (S,R)-182 savienojumi. Bitiski, ka Sie
savienojumi uzrada zemaku Cat D inhibitoro aktivitati, tadgjadi uzlabojot
selektivitati. Neskatoties uz to, ka tika variétas S3 sub-kabata ietilpstosas
tidenraza saiSu akceptoras un tidenraza saiSu donoras grupas, dokinga p&tfjumi
rada, ka galvenokart inhibitoro aktivitati uz Plm IV un Cat D ietekmé
aizvietotaju izmers un forma. Sazaroti un gari aizvietotdji neietilpst Cat D
Sauraja S3 padzilinajuma, savukart atvérta Plm IV S3 sub-kabata sadi
aizvietotdji ietilpst. Tas nozimé, ka selektivitati par Cat D iesp&ams paaugstinat,
aizpildot S3 sub-kabatu ar monoaizvietotu amida funkciju, kas satur linearas vai
sazarotas hidrofobas grupas.

Enzimu S4 sub-kabata (2.48. att. A) ir vél viens inhibitoru saistiSanas
apgabals, kur§ butiski atSkiras Plm IV un Cat D. Lai gan $1 sub-kabata ir
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hidrofoba abos enzimos, PIm IV S4 sub-kabata ir plakanaka un vairak versta uz
skidinataju, tade] turpmakaja darba pétfjam to aizvietotaju ietekmi uz inhibitoro
aktivitati, kas ietilpst S4 sub-kabata.

2.2.3. Hidroksietilamina atvasinajumu sintéze, vari€jot fenilgredzena
aizvietotajus un strukturas-aktivitates likumsakaribas

Fenilgredzena picktaja pozicija aizvietotus savienojumus sintez&jam lidzigi
ka ieprieksgjas srijas inhibitorus. Monoesteru 189a-d sintéz&€ izmantojam
komerciali pieejamos dimetilizoftalata atvasinajumus 188a-c. Dimetil-5-
metilizoftalatu  (188d) ieguvam no bromida 188c  Pd-katalizéta
Skérssametinasana ar metilborskabi kalija fosfata klatieng (toluols, 90 °C, 18
stundas). Péc estera grupas hidrolizes ieguvam produktus 189a-d ar augstu
iznakumu, kurus talakajas stadijas izmantojam bez papildu attiriSanas. Skabes
189a-d talak izmantojam amidu 190a-e sintéz€, kurus ieguvam ar 58-97 %
iznakumu. P&c estera grupas hidrolizes iegiitas skabes 19la-e izmantojam
inhibitoru (S,R)-192a,b,d,e sintéze. Mérksavienojumu (S,R)-192a sintezgjam no
enantiotira amina (R,S)-175 un produktu ieguvam ar 62 % iznakumu. Savukart
inhibitorus (S,R)-192b,d,e sintez§jam no racémiska amina rac-175 un
enantiotirus produktus (S,R)-192b,d,e ieguvam ar 16-24 % iznakumu péc
attiriSanas, izmantojot kolonnas ar hiralu sorbentu Chiralpak — IC un
Chiralpak — ID (2.55. att.).

o o
| I —
R
188a: R=F PONH
188b: R = Cl o HB)TZU o
188c: R =Br | MNaOH Ho _ BN (nPrN 0 MNaOH  (n.pr),N OH
Toluols Ty oo B,:) [ MeOH TomE T MeoH
90°C, 18 h 2 |istt, 16h istt, 2h 50°C, 18 h
80 % Pd(dp‘z)g'éc”ﬁb 91-100 % 56-7 % 97-100 % R
3P0y
o o 189a-d 190a-e 191a-e

189e: R=H
C" ? — (R.S)175
vai
k@)‘\ Lﬁ rac-175 '5“ 16h
(n-Pr),N \ /\[j HBTU, Et;N
188d

(S,R)-192a,b,d,e

2.55. att. Inhibitoru (S,R)-192a,b,d,e sinteze

P&c analogiskas shémas sintezgjam ar1 biivblokus 194 un 195. Amidu 194
ieguvam komerciali pieejamas 5-(trifluormetil)izoftalskabes (193). Cianidu 195
sintez€jam no ieprieks iegiita bromida 191c, izmantojot vara (I) kataliz&tu broma
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aizvietoSanu ar ciano grupu (NMP, 160 °C, 6 stundas).[113] Vé&lamo produktu
195 ieguvam ar 16 % iznakumu, kas skaidrojams ar nepilnigu izejvielas 191c
konversiju. ITegatas skabes 194 un 195 izmantojam savienojumu (S,R)-196 un
(S,R)-197 sintéze. Mérksavienojumu (S,R)-197 sintez&jam no enantiotira amina
(R,S)-175. Savukart hidroksietilamina atvasingjumu (S,R)-196 sintez&jam no
racémiska amina rac-175 un enantiotiru produktu (S,R)-196 ieguvam ar 19 %
iznakumu pé&c attiriSanas, izmantojot kolonnu ar hiralu sorbentu Chiralpak — 1D
(2.56. att.).

o) (n-Pr),NH o) o

o
HBTU
HO' OH__EtN _ (n-Pr),N OH — |
DMF
istt, 2h R S)175
33% R (RS) Ph

CFs3 ’
val
193 191c: R = Br rac-175 2 2
194: R = CFy HBTU, EtaN  (5.pry,N N N
- H H
NMP 1R =pr DMF OH
160°C. 6l cueN istt, 16 h
16 % ul ist.t., R _o

o o (S,R)-196: R=CF

(S,R)-197: R=CN
(n-Pr)N oH —

CN
195

2.56. att. Inhibitoru (S,R)-196 un (S,R)-197 sintéze

Karbonskabes 202 sintézei izmantojam komerciali pieejamo dimetil-
jodizoftalatu 198. Estera grupas ievadiSanai izoftalskabes 199 molekula
izmantojam Pd-Kataliz&tu metoksikarboniléSanas reakciju ar oglekla monoksidu
[114], par katalizatoru lietojot Pd(dppf)Cl, CH,Cl, (Et;N, metanols, 100 °C, 18
stundas). Esteri 200 ieguvam ar kvantitativu iznakumu un talakajas stadijas
izmantojam bez papildu attiriSanas. No iegttas dikarbonskabes 200 talak
sintez€jam diamida atvasinajumu 201. P&c estera grupas hidrolizes ieguvam
skabi 202, kuru izmantojam merksavienojuma (S,R)-203 sintéz& ieprieks
min&tos amidu ieglisanas apstaklos, un enantiotiru produktu (S,R)-203 ieguvam
ar 32 % iznakumu (2.57. att.).
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| Pd(dppf)Cly'CH,Cl (" P
1 M NaOHHO Etsﬁpco @0 stl)z HO F:EE:T,\? (n-Pr)oN
“MeOH T MeoH “oMF
40°C, 18h 100°C, 18 h istt, 2 h
o~ 100 % 100 % 57% 07 "N(n-Pr),

201

MeOH
1MNaOH| 50 °C, 18 h
96 %

o o Ph o o
(RS)}T5  (n-Pr),N OH
(n-ProN N N HBTU, EtN
OH DMF
istt., 16 h
o 32%

O N(n-Pr)
(n-Pr),N” 0 - (P
2 (S,R)-203 202

2.57. att. Hidroksietilamina fragmentu saturos$a inhibitora (S,R)-203 sintéze

Sintez&tajiem mérksavienojumiem (S,R)-192a,b,d,e, (S,R)-196, (S,R)-197,
(S,R)-203 tika noteiktas 1Cs, veértibas uz Plm IV un Cat D (2.9. tabula).
N,N-Dipropilamida grupas ievadiSsana molekula (S,R)-203 bitiski neuzlaboja
inhibitoro aktivitati uz Plm IV (ICs, PIm IV = 0.018 uM), salidzinot ar
piperidina ciklu saturo$o inhibitoru (S,R)-163 (ICso PIm IV = 0.024 uM), tac¢u
inhibitors (S,R)-203 wuzradija 15 reizes zemaku aktivitati uz Cat D (ICs
CatD =0.7 uM), ka rezultata bitiski pieauga selektivitates faktora veértiba
(S=38.9) (2.9.tabula, 1., 9. rinda). Savukart stériski nelielu aizvietotaju
gadijuma (S,R)-192a, (S,R)-192e inhibitora aktivitate uz Plm IV nedaudz
samazinajas, salidzinot ar piperidinil- (S,R)-163 un fenil- aizvietotiem (S,R)-164
inhibitoriem. Tomér $o savienojumu aktivitate uz Cat D samazinajas butiski,
laujot paaugstinat PIm IV / Cat D inhib&Sanas selektivitates faktora vértibu lidz
20 (2.9. tabula, 1., 2., 3., 6. rinda).
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2.9. tabula

Sintezétie inhibitori (5,R)-192a,b,d,e, (S,R)-196, (S,R)-197, (5,R)-203 un to
inhibitora aktivitate

° ° Ph
(n-Pr),N N N
Ho 4y H
R _0

(S.R)-163, (S,R)-164
(S\R)-192ab,d.e
(S.R)-196, (S,R)-197, (S,R)-203

Nr. p. ICso PIm 1V, 1Cs, Cat D, s?

k. Sav. nr. R uM uM

1. (S,R)-163  1-Piperidinil 0.024° 0.042° 1.8
2. (S,R)-164 Ph 0.006" 0.054° 9.0
3. (S,R)-192a F 0.050 1.0 20.0
4. (S,R)-192b Cl 0.008 0.096 12.0
5. (S,R)-192d Me 0.023 0.21 9.1
6.  (S,R)-192e H 0.058 1.15 19.8
7. (S,R)-196 CF; 0.015 0.067 45
8.  (S,R)-197 CN 0.059 0.56 9.5
9.  (S,R)-203 (n-Pr),NC(=0) 0.018 0.7 38.9

2Plm IV / Cat D inhib&Sanas selektivitates faktors
P Literaturas dati [110]

Interesanti, ka inhibitors (S,R)-192b, kas satur hlora atomu fenilgredzena,
uzradija visaugstako inhibitoro aktivitati uz Plm IV un sameéra augstu inhibitoro
aktivitati uz Cat D, ka rezultata PIm IV / Cat D inhib&Sanas selektivitates faktors
nepieauga (2.9. tabula, 4. rinda). Citu aizvietotaju gadijuma — metil- (S,R)-192d,
ciano- (S,R)-197, trifluormetil- (S,R)-196 — savienojumu inhibitora aktivitate uz
PIm IV netika bitiski ietekméta (2.9. tabula, 5., 7., 8. rinda). No iegiitajiem
rezultatiem (2.9.tabula) redzams, ka nav novérojamas skaidras struktiiras-
aktivitates likumsakaribas. Visticamak, ka Plm IV un Cat D S4 sub-kabatas
aizvietotaju uzraditas inhibitoras aktivitates vertibas ir saistitas ar hidrofobam
mijiedarbibam un polaram nekovalentam sadarbibam.

Lai iegiitu plasaku informaciju par struktiiras-aktivitates likumsakaribam,
sintez&jam inhibitora (S,R)-192b analogus 209a-c, kuri satur hlora atomu orto-
un para- pozicija, ka ari dihloraizvietotu analogu, amida dala saglabajot
di-n-propilfragmentu. Benzoskabes biuivblokus 208a-C sintez&jam saskana ar
2.58. attela redzamo sintézes shému. Biivblokus 208a-c sintez&am no
komerciali pieejamam izejvielam 204 un 205a,b, kuras molekula satur gan hlora,
gan joda atomus. Estera funkcijas ievadiSanai molekula izmantojam
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Pd-katalizetu alkoksikarbonilésanas reakciju. Ir zinams, ka $aja reakcija hlora
atoms reagé daudz lénak neka joda atoms [115], kas lauj selektivi ieglit vElamos
produktus un saglabat molekula hlora atomus. Jodidu 205a-c
alkoksikarboniléSanas reakcija ar oglekla monoksidu un metanolu, par
katalizatoru izmantojot Pd(dppf)Cl,;CH,Cl,, esterus 206a,b ieguvam ar vid&ji
augstiem iznakumiem (attiecigi 72 % un 66 %), savukart savienojuma 206c
gadijuma iznakums bija zemaks — 33 %. Talak sekoja ieprieks aprakstita sintézes
seciba — amidu iegiiSana un tai sekojoSa hidrolizes reakcija, kas lava iegit
benzoskabes 208a-c. Meérksavienojumu (S,R)-209a-C  sintéz€ izmantojam
iepriekS aprakstitos reakciju apstaklus kondensacijas reakcijai starp skabes
skabém 208a-c un aminu (R,S)-175. Amidus (S,R)-209a-c ieguvam ar 59-65 %
iznakumiem (2.58. att.).

o
Pd(dppf)Cl,"CH,Cl, ’_‘(STPJHI’E\‘HN
0~ 1MNaOH_ oH _EtsN, CO (5 atm) HBTU, BN~ N(n-PP)
TDMF 2
R 40 o 18h R? R 10('>wecm1‘8 h istt, 2 h RY R
74-87 % R2

33-72%

204,R' = R2 CLR®=H 205a, R1 ClLR?=R%®=H 206a-c 207a-c
205b, R'=R?=H,R*=ClI
1-R2= 3= MeOH
205¢,R'=R?=CI,R®=H M s0ve a8 h
N 98-100 %

(R,S)-175
(n-Pr),N _HBTU EGN N(n-Pr),
“TowE
ist.t., 16 h

59-65 %
(S.R) 209a -C
208a-c

2.58. att. Merksavienojumu (S,R)-209a-c sinteze
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Iegiitajiem savienojumiem (S,R)-209a-c noteicam inhibitoro aktivitati uz Plm
IV un Cat D, lai parbauditu, vai hlora atomu pozicijas maina molekula dod
ieguldijumu selektivitates uzlabosana (2.10. tabula).

2.10. tabula

Sintezétie inhibitori (S, R)-192b (S,R)-209a-c un to inhibitora aktivitate

Ph
o o
(n-Pr),N H H
1 3 OH
R R
R2 _0

(S,R)-192b
(S,R)-209a-c

ICso PIm 1V, 1Csy Cat D,

Nr.p. k.  Sav.nr. Cl- s?
uM M
1. (SR)-192b R, R°=H,R*=CI 0.008 0.096 12.0
2. (S,R)-209a R'=CI, R} R®*=H 0.16 0.57 3.6
3. (S,R)-209b R' R*=H,R*=Cl 0.75 0.51 0.68
4. (S,R)-209c R R®=CI,R*=H 0.050 0.080 1.6

2PIm IV / Cat D inhib&sanas selektivitates faktors

No rezultatiem redzams, ka hlora atoma pozicijas maina bitiski ietekme
inhibitoro aktivitati uz PIm IV. Hlora atoma novietojuma mainas rezultatd no R
pozicijas ((S,R)-192b, ICso PIm IV = 0.008 uM) uz R* poziciju ((S,R)-209a, ICs,
PIm IV = 0.16 uM) inhibitora aktivitate uz Plm IV samazinajas 20 reizes,
savukart R® pozicija aizvietota inhibitora (S,R)-209b gadijuma aktivitate
samazinajas pat 90 reizes (ICso PIm IV = 0.75 puM), bet R', R* pozicijas
aizvietota inhibitora (S,R)-209c gadijuma ICsy vértiba uz Plm IV samazinajas 6
reizes (2.10. tabula, 1.-4. rinda). Interesanti, ka R® pozicija ar hlora atomu
aizvietots inhibitors (S,R)-209b uzrada augstaku aktivitati uz Cat D neka uz PIm
IV (ICsy PImIV =0.75 uM, 1C5, Cat D = 0.51 uM, 2.10. tabula, 3. rinda).
Kopuma redzams, ka hlora atoma pozicijas mainas rezultata inhibitora aktivitate
uz PIm IV ir pazeminajusies un nav izdevies uzlabot inhib&$anas selektivitates
faktora veértibu (2.10. tabula).

Ta ka savienojums (S,R)-192e, kur§ nesatur aizvietotaju fenilgredzena
piektaja pozicija, uzradija visaugstako selektivitates faktora vértibu (S = 19.8)
(2.9. tabula, 4. rinda), nolémam apvienot abu sériju aktivakos savienojumus un
sintezét N-mono-aizvietoto amidu inhibitoru (S,R)-186d un (S,R)-186h analogus
ar neaizvietotu fenilgredzenu (2.59. att.).
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O (RS)175

HBTU Eth 1M NaOH HBTU Et3N RHN

“DoMF MeoH  RHN

istt, 2 h \50018h |stl 16h
55.79 % 59-65 %

189e 210a,b 211a,b (S,R)-212a,b
a: R = t-BuCH,
b: R = CF3CH,CH,

2.59. att. Hidroksietilamina fragmentu saturo$u inhibitoru (S,R)-212a,b sintéze

Savienojumus (S,R)-212a,b sintez&jam saskana ar 2.59. attéla redzamo
sintézes shému. Amidus 210a,b ieguvam no komerciali pieejamas benzoskabes
189, ka kondensgjoso reagentu izmantojot HBTU. P&c hidrolizes ar | M NaOH
Skidumu metanola iegitas skabes 21la,b izmantojam mérksavienojumu
(S,R)-212a,b sintéze. Iegiitajiem inhibitoriem (S,R)-212a,b noteicam ICxy
vertibas uz Plm IV un Cat D (2.11. tabula).

2.11. tabula
Sintezétie inhibitori (S,/)-212a,b un to inhibitora aktivitate
Ph
o o
(o}
(S,R)-212a,b
Nr. p. ICs PIm 1V, 1C5 Cat D,
"P o savnr. R %0 * s
k. pM uM
1. (S,R)-212a  t-BuCH, 0.076 3.8 50.0
2. (S,R)-212b CF3;CH,CH, 0.15 4.9 32.6

2PIm IV / Cat D inhib&sanas selektivitates faktors

legitie rezultati rada, ka amidu (S,R)-212a,b inhibitora aktivitate uz Plm IV
ir nedaudz pazeminajusies, tomer ir butiski samazinajusas ICsy vertibas uz Cat D
(2.11. tabula, 1., 2.rinda). Ieviesto modifikaciju rezultata savienojums
(S,R)-212a uzrada visaugstako PIm IV / Cat D inhib&Sanas selektivitates faktora
vertibu (S = 50.0) (2.11. tabula, 1. rinda).
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2.2.4. Selektivako savienojumu ICsy, ECs vértibas un Plm X inhibéSana

Savienojumiem, kuri uzradija visaugstakas Plm IV / Cat D inhib&Sanas
selektivitates faktora vértibas, noteicam P. falciparum augsanas inhib&Sanas
vertibas (ECsp) un inhibitoras aktivitates vertibas uz Plm I, Plm II un Plm IV
(2.12. tabula).

2.12. tabula

Selektivako savienojumu ICsy vértibas uz Plm I, Plm I, Plm IV un EC;,

ICso PIm  IC5PIm  ICg5 PIm a ECso° Pf

Nr.p. k.  Sav.nr. 1. uM Y IV, uM S 3D7, nM
1. (S,R)-182a 0.8 0.16 0.014 17.9 1.5
2. (S,R)-186a 7.4 5.4 0.048 43.8 2.0
3. (S,R)-186b 1.8 0.5 0.030 25.3 1.8
4, (S,R)-186d 2.5 2.2 0.024 24.2 2.0
5. (S,R)-186h 2.0 0.85 0.027 14.8 6.0
6. (S,R)-192e 3.1 1.7 0.058 19.8 0.3
7. (S,R)-192a 1.1 1.1 0.050 20.0 1.5
8. (S,R)-203 0.78 0.27 0.018 38.9 6.0
9. (S,R)-212a 5.6 7.1 0.076 50.0 2.0
10. (S,R)-212b 10.3 10.4 0.15 32.6 6.0

4 PIm IV / Cat D inhib&Sanas selektivitates faktors
b ECq, vertibas tika noteiktas, izmantojot SYBR Green testu ar 96 stundu inkubacijas laiku
No rezultatiem redzams, ka visi testétie savienojumi ir saméra vaji Plm I un
PIm Il inhibitori (2.12. tabula). Augstakas ICsy vértibas uz Plm II uzradija
savienojumi ar hidrofobiem un steriski lieliem aizvietotajiem molekulas amida
dala ((S,R)-186b, (S,R)-186h, (S,R)-203, 2.12. tabula, 3., 5., 8. rinda). Visi 2.12.
tabula miné&tie savienojumi uzradija ECs vértibas nanomolara Iimenti, kas liecina
par labu P. falciparum parazita augSanas inhibéSanas sp&ju infic€tu asins $iinu
testa. Sie rezultati liecina, ka nav novérojama sakariba starp inhibitoras
aktivitates veértibam uz Plm I, Plm II un ECsy vértibam. Bet inhibitoras
aktivitates vertibas uz Plm IV korele ar rezultatiem infic€tu asins Stinu testa
(ECsp). Interesanti, ka savienojums (S,R)-192e, kur§ uzradija 3 reizes zemaku
ICsp vertibu uz Plm IV neka savienojums (S,R)-203, uzradija 20 reizes labaku
P. falciparum augsanas inhib&Sanas vertibu (2.12.tabula, 6., 8. rinda).
Savienojums (S,R)-192e uzradija visaugstako P. falciparum augSanas
inhib&8anas sp&ju inficétu asins $tinu testa ECso = 0.3 nM (2.12. tabula, 6. rinda).
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Savienojumiem (S,R)-182a, (S,R)-192e, (S,R)-192a, kuri uzradija augstako
inhibitoro aktivitati infic€tu asins $tinu testa, noteicam ari sp&ju inhib&t art PIm
X. Plazmepsina X galvena biologiska funkcija ir SUBI proteolitiska
aktivéSana.[19] SUBI1 aktivas formas veidoSana ietver 2 solus. Pirmaja solf tiek
noskelts ~82 kDa pre-proenzims, veidojot 54 kDa proteinu (p54), no kura otraja
soli tiek atSkelts 47kDa terminalais produkts (p47), kurs akumul&jas
intraeritrocitiskas parazita attistibas pédejo 12 stundu laika.[21], [22] Pirmais
solis ir autokatalitisks, bet otro soli no p54 uz p47 veicina Plm X.[21] Izmantojot
Western blot testu, savienojumiem (S,R)-182a, (S,R)-192¢, (S,R)-192a noteicam
to ietekmi uz SUB1 aktivé$anu un parazita egresu (2.60. att.).

SUBL1 aktiva forma Skel seriniem bagatu antigénu 5 (SERAS; merozoitu
egresa negativais regulators) un citus efektorus, ieskaitot merozoitu virsmas
protetnu 1 (MSP1), kas atver eritrocitu un lauj parazitam iebrukt jauna $iina.
Tadgjadi SUBI ir atbildigs par merozoitu egresu no eritrocita.[19], [21], [22] Sis
egress tika kvantificets, izmeérot SkistoSa parazita proteina SERAS daudzumu
parazita kultiiras supernatanta. SERAS5 ar1 ir SUB1 substrats, kas tiek atbrivots
P50 forma, kas rodas no SUBI1-medigtas liclaka prekursora skelSanas. SERAS
P50 formas esamiba liecina par SUB1 aktivitati un efektivu parazita egresu no
eritrocita. Paklaujot attistibas stadija esoSus parazitus inhibitoru (S,R)-182a,
(S,R)-192e, (S,R)-192a iedarbibai, notick SUBI p54 formas uzkrasanas. Tas
liecina, ka tiek inhib&ta p54 formas parvérsanas par p47 formu (2.60. att. (A)).

H g 1 8
H o H o
A = 2 o B = 2o
Cl 0 O =] s Q O
o «= .+ 4— SERAS precursor
98 - - %
Prm - s <— SERAS processing intermediate
<« P 64 -
LA AL L SERAS P50
45 - - <pa7 gt
el 36 -
o 4
parasite extracts culture supernatants
probed anti-SUB1 probed anti-SERAS
PMX SuB1
suB1 seras IR TN KX

2.60. att. Savienojumu (S,R)-182a, (S,R)-192¢, (S,R)-192a P. falciparum SUB1
aktivéSana un parazita egresa inhibésana

Inhibitoru (S,R)-182a, (S,R)-192e, (S,R)-192a iedarbibai paklautajiem
parazitiem atlava sasniegt egresa stadiju. So kultiiru supernatantu analize
(2.60. att. (B)) paradija, ka savienojumu (S,R)-192e un (S,R)-192a klatieng
notiek SERA5 P50 formas daudzuma samazina$anas. Tomér savienojumu
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(S,R)-182a, (S,R)-192¢, (S,R)-192a klatiené palielingjas SERAS prekursora vai
procesa starpproduktu daudzums. Tas liecina par defektiem parazita egresa un
SERAS $kelsana. Sie rezultati liecina, ka savienojumu (S,R)-192e un (S,R)-192a
parazita augSanas inhib&Sanas mehanisms ietver PIm X inhib&$anu.

Petfjuma ietvaros tika sintezeti hidroksietilamia atvasinajumi ar dazadiem
mono- un diaizvietotiem amidiem. Tika noskaidrots, ka selektivitati attieciba
pret Cat D iesp&jams paaugstinat, aizpildot S3 sub-kabatu ar monoaizvietotu
amida funkciju, kas satur linearas vai sazarotas hidrofobas grupas. Sazaroti un
gari aizvietotdji neietilpst Cat D Sauraja S3 padzilinajuma, savukart atvertaja
PIm IV S3 sub-kabata $adi aizvietotdji ietilpst. Variéjot S4 sub-kabata
ietilpstosos fenilgredzena aizvietotajus, nav nov€rojamas skaidras struktiiras-
aktivitates likumsakaribas. Visticamak, ka Plm IV un Cat D S4 sub-kabatas
aizvietotaju uzraditas inhibitoras aktivitates vertibas var skaidrot ar hidrofobam
mijiedarbibam  un  polaram  nekovalentam  sadarbibam.  Sintez&tie
hidroksietilamina atvasinajumi uzrada inhibitoras aktivitates vértibas uz Plm IV
nanomolara limeni, selektivitates faktora vertibai pret Cat D sasniedzot 50.
Aktivakie savienojumi uzrada P. falciparum $tnu augSanas inhib&Sanas sp&ju
nanomolarda Itmeni. Izmantojot Western blot testu, ir noskaidrots, ka Sie
savienojumi spgj inhibét ar1 PIm X. Ta ka paslaik nav zinamas Plm IX un Plm X
strukttras, PIm IV var kalpot ka modelproteins jaunu inhibitoru izstradg, jo
pastav strukturala [idziba starp Siem proteiniem.
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3. EKSPERIMENTALA DALA

Sintézém, kuram bija nepiecieSama sausa vide, traukus zaveja zavskapi
120 °C temperatiira un atdzes€ja argona pliisma. Reakcijam inerta vide tika
nodroS§inata ar argona atmosféru. THF zavgja M-BRAUN MB SPS-800
skidinataju iekarta.

Reagenti un $kidinataji tika iegadati no Acros Organics, Sigma Aldrich,
Strem Chemicals un Alfa Aesar izplatitajiem un izmantoti bez papildu
attiriSanas.

Reakcijas gaitu kontrolgja un vielu tiribu noteica ar UESH Waters Acquity,
detektoru Acquity UPLC PDA e/, datu apstrades sistému MassLynx, apgrieztas
fazes kolonnu Acquity UPLC® BEH C18, 50 x 2.1 mm, 1.7 pum, ar kustigo fazi:
acetonitrils ar 0.01 % trifluoretikskabes $kidumu tdeni, eluenta sastavam 6
mintsu laika, mainoties no 10 % acetonitrila Tidens Skiduma lidz 95 %
acetonitrila tidens Skiduma, plismas atrums 0.5 mL / min, UV absorbcija no 180
nm lidz 800 nm). Masspektrometrs SQ Detector 2 ar elektroizsmidzina$anas
jonizaciju un kvadrupola analizatoru.

AIMS analizes veiktas ar Waters Acquity UPLC H-Class UESH, kas
apvienots ar Waters Synapt G2 Si TOF MS masspektrometru.

Tiesas fazes kolonnu hromatografija veikta ar Armen Spot Flash iekartu. Par
eluentiem izmantoja petrolétera (frakcijas ar T,y = 40-60 °C) / etilacetata,
etilacetata / MeOH vai CH,Cl,/ MeOH maisijumus. Detekté$anai izmantoja UV
gaismas absorbciju pie 254 nm un 210 nm.

legito savienojumu '‘H-KMR un C-KMR spektri uzpemti CDCl; un
CD;OD skidumos, izmantojot Varian Mercury-400 vai Bruker fourier-300
spektrometrus. Ka standarti tika izmantoti $kidinataju signali *H: CDCls, § =
7.260 m.d., CD;0D, § = 4.780, 3.310 m.d. **C: CDCls, § = 77.16 m.d., CD;0D,
8 =49.1 m.d.

Optiska grieSana noteikta ar Perkin-Elmer 141 un Kruess P3000 polarimetru.

Kolonnu hromatografijai izmantots Acros silikagels (0.060-0.200 nm). Vielu
sverSanai izmantoti analitiskie svari Sartorius BP 211D (Iidz 80 mg d =0.01 mg,
1idz 210 mg d = 0.1 mg) un Boeco Germany svari (d = 0.01 g).
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Meérksavienojumu 74a-c, 75, 91, 101a-g, 108, 114a-c, 121, 131, 135, 140a,b,d,e,
140f,g sint€Zzu apraksti un eksperimentalie dati publicéti Arch. Pharm. Life Sci.
2018, 351, 1800151.

Meérksavienojumu (R)-159a-c, (R)-161 sintézu apraksti un eksperimentalie dati
publicéti Chem. Heterocycl. Comp. 2020, 56, 60-66.

Meérksavienojumu (S,R)-182a-f, (S,R)-186a-m, (S,R)-192a,b,d,e, (S,R)-196,
(S,R)-197, (S,R)-203, (S,R)-209a-c, (S,R)-212a,b sintézu apraksti un
eksperimentalie dati publicéti Eur. J. Med. Chem. 2019, 163, 344-352.

(3-(4-Bromfenil)prop-1-in-1-il)trimetilsilans (102)

s lzkarséta un argona pliisma atdzeseta augstspiediena ampula ielgja
15 mL THF, tad trimetilsililacetilénu (92) (3.14 g, 4.5 mL, 32.0
mmol). Skidumu atdzesgja ledus vanna Iidz 0 °C un pilinot

Br pievienoja i-PrMgCl skidumu THF (2.0 M skidums THF, 12.0 mL,

24.0 mmol). Maistja 0 °C 30 miniites, tad istabas temperatira 1 stundu.

Pievienoja CuBr (0.69 g, 4.80 mmol), maisija istabas temperatiira 30 mindtes,

tad pievienoja 4-brombenzilbromida (87) (2.00 g, 8.00 mmol) $kidumu 5 mL

THF. Varija 3 stundas. Reakcijas maistjumu ietvaicgja pazeminata spiediena.

Parpalikumam pievienoja 20 mL destiletu H,O un 20 mL EtOAc, izveidojas

oranzas nogulsnes. Tas nofiltréja caur celita slani. Celita slani mazgaja ar

=

destilétu H,O un EtOAc. Filtratu parnesa dalamaja piltuvé un nodalija EtOAc
slani, H,O slani ekstrah&ja ar EtOAc (2 x 40 mL). Organiskos slanus apvienoja,
mazgaja ar destiletu fideni (50 mL), ar piesatinatu NaCl skidumu (50 mL),
zaveja virs b/ Na,SO,, nofiltr§ja, ietvaicgja pazeminata spiediena. Atlikumu
attirija ar ARMEN tiesas fazes hromatografu. Eluents PE / EtOAc no 90:10 lidz
40:60, 100 g silikagela kolonna, plasmas atrums 30 mL / min. leguva 2.02 g (94
%) produkta 102 ka gaisi dzeltenu ellu.

'H-KMR (CDCls) &: 7.28-7.23 (m, 2H), 7.05-7.01 (m, 2H), 3.41 (s, 2H), 0.00
(s, 9H) m.d. ®*C-KMR (CDCls) &: 135.4, 131.5, 129.6, 120.4, 103.5, 87.4, 25.7,
0.02 m.d. R¢=0.72 (PE / EtOAc, 9:1).

1-Brom-4-(prop-2-in-1-il)benzols (103)
[3-(4-Bromfenil)-prop-1-inil]-trimetilsilanu (102) (2.02 g, 7.56 mmol)

......

.

9.77 mmol) Skidumu 12 mL H,O / EtOH maisijuma attieciba 1:3.
Br Maisija istabas temperatiira 30 mindtes, tad pilinot pievienoja KCN
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(4.87 g, 74.84 mmol) skidumu H,O (15 mL). Maisija istabas temperatiira
2 stundas. Reakcijas maisijumam pievienoja EtOAc un H,O. Organisko slani
mazgaja ar destilétu H,O (2 x 20 mL), tad ar piesatinatu NaCl skidumu (20 mL),
zaveja virs b/t Na,SOy, filtréja un ietvaicgja pazeminata spiediena. leguva 0.78 g
(53 %) produkta 103, ko talakajas reakcijas izmantoja bez papildu attiriSanas.
'H-KMR (CDCl3) &: 7.50-7.41 (m, 2H), 7.26-7.21 (m, 2H), 3.56 (d, J = 2.7 Hz,
2H), 2.20 (t, J = 2.7 Hz, 1H) m.d. *C-KMR (CDCl,) &: 135.2, 131.7, 129.7,
120.7, 81.4, 70.9, 24.5 m.d. R¢= 0.72 (PE / EtOAc, 9:1).

5-(4'-Metoksibifenil-4-il)-pent-3-inskabes etilesteris (126)

Apalkolba ar izejvielu 103 (0.78 g, 4.03 mmol) pievienoja 5 ml sausa
o acetonitrila, tad Cul (38 mg, 0.20 mmol) un etildiazoacetatu (97)
(446 uL, 4.43 mmol). Maisija istabas temperatira 20 stundas.
Reakcijas maisijumam pievienoja piesatinatu NH,Cl tidens $kidumu
(10 mL) un ekstrah§ja ar EtOAc (3 x 15 mL). Organiskos slanus
apvienoja, zaveja virs b/t Na,SO,, nofiltrgja un ietvaic€ja pazeminata
spiediena. Atlikumu attirija ar ARMEN ties$as fazes hromatografu. Eluents PE /
EtOAC no 95:5 1idz 90:10, 30 g silikagela kolonna, pliismas atrums 20 mL / min.
leguva 0.93 g (82 %) produkta 126 ka gaisi dzeltenu ellu.

'H-KMR (CDCl3) &: 7.45-7.41 (m, 2H), 7.25-7.22 (m, 2H), 4.21 (q, J = 7.1 Hz,
2H), 3.57 (t, J = 2.5 Hz, 2H), 3.31 (t, J = 2.5 Hz, 2H), 1.29 (t, J = 7.1 Hz, 3H)
m.d.

Br

Etil 2-(5-(4-brombenzil)-1-(4-pentilfenil)-1H-1,2,3-triazol-4-il)acetats (136)
n_CSHﬂ\Q . Izkarséta un argona plisma atdzeséta apalkolba iesvéra
NN 4-pentilfenilazidu (57) (689 mg, 3.64 mmol), alkinu (126)
o (930 mg, 3.31 mmol), Cp-RuCI(COD) (70) (126 mg, 0.33
N mmol) un iz8kidinaja 15 mL sausa 1,4-dioksana. MaisTja
Br istabas temperatira 16 stundas. Reakcijas maisTjumu
ietvaic€ja pazeminata spiediena un attirija, izmantojot kolonnas hromatografiju.
Produktu elugja ar sisttmu PE / EtOAc no 9:1 Iidz 1:1. Ieguva 660 mg (42 %)

produkta 136 ka gaisi dzeltenu ellu.

'H-KMR (CDCly) &: 7.35-7.31 (m, 2H), 7.26-7.22 (m, 2H), 7.21-7.16 (m, 2H),
6.83-6.78 (m, 2H), 4.13 (q, J = 7.2 Hz, 2H), 4.01 (s, 2H), 3.67 (s, 2H), 2.65 (t, J
= 7.7 Hz, 2H), 1.62 (t, J = 7.5 Hz, 2H), 1.39-1.29 (m, 4H), 1.25 (t, J = 7.2 Hz,
3H), 0.90 (t, J = 7.0 Hz, 3H) m.d. ®*C-KMR (CDCl5) &: 170.0, 144.9, 138.9,
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135.2, 133.8, 133.6, 131.7, 129.8, 129.3, 125.3, 120.8, 61.2, 35.5, 31.6, 31.3,
30.9, 28.4, 22.4, 14.1, 14.0 m.d. AIMS (m/z): [M+H]" aprekinats CpsH,sN30,Br:
470.1443. Noteikts: 470.1444.

2-(5-(4-Brombenzil)-1-(4-pentilfenil)-1H-1,2,3-triazol-4-il)-N,N-
dietilacetamids (137)
n-csHﬂ\Q\ . Esteri 136 (665 mg, 1.41 mmol) izSkidinaja
NN o 1,4-dioksana (15 mL) un pievienoja 1 M NaOH tidens
N $kidumu (9 mL). Skidumu maisija istabas temperatiira
N 16 stundas. Reakcijas maistjumu paskabinaja ar 1 M
Br HCI skidumu Iidz pH = 1 (universalais indikatorpapirs)
un ekstrahgja EtOAc (3 x 15 mL). Organiskos slanus apvienoja, mazgaja ar
piesatinatu NaCl skidumu (30 mL), zavgja virs Na,SO, (b/n), filtr§ja un
ietvaic€ja pazeminata spiediena. leguva 623 mg (100 %) produkta, kuru bez
papildu attiriSanas izmantoja talakajas stadijas. Izkarséta un argona pliisma
atdzeseta apalkolba iesvera ieprieks iegtito skabi (623 mg, 1.41 mmol), HOBt
(247 mg, 1.83 mmol) un EDC (351 mg, 1.83 mmol) un izskidinaja sausa DMF
(10 mL). Skidumu maisija 0 °C 1 stundu, tad pievienoja dietilaminu (154 mg,
219 pL, 2.11 mmol) un turpindja maisit istabas temperatura 18 stundas.
Reakcijas maisijumam pievienoja destilétu H,O (15 mL) un ekstrahgja ar
CH,CI; (3 x 15 mL). Organiskos slanus apvienoja, zavgja virs Na,SO,, filtrgja
un ietvaic€ja pazeminata spiediena. Atlikumu attirija ar tieSas fazes ARMEN
hromatografu. Eluents PE / EtOAc no 9:1 Iidz 1:1. legiitais produkts 137
(3 x 10 mL). Organisko slani zavgja virs Na,SO,, filtr€ja un ietvaicgja
pazeminata spiediena. leguva 581 mg (83 %) amida 137 ka briinu, cietu vielu.
'H-KMR (CDCl3) 8: 7.34-7.28 (m, 2H), 7.27-7.22 (m, parklajas ar CDCls, 2H),
7.21-7.16 (m, 2H), 6.84-6.79 (m, 2H), 4.12 (s, 2H), 3.69 (s, 2H), 3.50 (q, J =
7.1 Hz, 2H), 3.36 (9, J = 7.1 Hz, 2H), 2.65 (t, J = 7.7 Hz, 2H), 1.63 (kvintets, J =
7.5 Hz, 2H), 1.40-1.27 (m, 4H), 1.19 (t, J = 7.1 Hz, 3H), 1.12 (t, J = 7.1 Hz,
3H), 0.90 (t, J = 7.0 Hz, 3H) m.d.
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1-(3,4-Dihidroizohinolin-2(1H)-il)-2-(5-((4'-metoksi-[1,1'-bifenil]-4-il)metil)-
1-(4-pentilfenil)-1H-1,2,3-triazol-4-il)etan-1-ons (100g)
Esteri 69 (90 mg, 0.18 mmol) izskidingja
"‘CSH”\QN,N\\N 1,4-dioksana (2 mL) un pievienoja 1 M NaOH tdens
=7 $kidumu (1 mL). Skidumu maisfja istabas
Q % temperatira 16 stundas. Reakcijas maisjjumu
paskabinaja ar 1 M HCI skidumu lidz pH = 1
Q (universalais indikatorpapirs) un ekstrah&ja EtOAc (3
P x 15 mL). Organiskos slanus apvienoja, mazgaja ar
piesatinatu NaCl skidumu (30 mL), zavgja virs Na,SO, (b/n), filtr§ja un
ietvaicgja pazeminata spiediena. Ieguva 89 mg (100 %) produkta, kuru bez
papildu attiriSanas izmantoja talakajas stadijas. Izkarséta un argona pliisma
atdzeséta apalkolba iesvéra ieprieks iegiito skabi (89 mg, 0.18 mmol), HOBt (31
mg, 0.23 mmol) un EDC (44 mg, 0.23 mmol) un izskidinaja sausa DMF (1 mL).
Skidumu maisija 0 °C 1 stundu, tad pievienoja 1,2,3,4-tetrahidroizohinolinu (36
mg, 34 plL, 0.27 mmol) un turpingja maisit istabas temperatira 18 stundas.
Reakcijas maisTjumam pievienoja destilétu H,O (5 mL) un ekstrah&ja ar CH,Cl,
(3x5mL). Organiskos slanus apvienoja, zavgja virs Na,SO,, filtrja un
ietvaic€ja pazeminata spiediena. Atlikumu attirjja ar tieSas fazes ARMEN
hromatografu. Eluents PE / EtOAc no 9:1 lidz 1:1. Ieguva 76 mg (72 %)
amida 100g.
'H-KMR (CDCl;) &: 7.44-7.37 (m, 2H), 7.35-7.29 (m, 1H), 7.26 (s, 9H,
parklajas ar CDCly), 6.99-6.90 (m, 4H), 4.81-4.66 (m, 2H), 4.21-4.08 (m, 2H),
3.93-3.75 (m, 7H), 2.85 (d, J = 5.9 Hz, 1H), 2.80 (t, J = 5.9 Hz, 1H), 2.65 (t, J =
7.7 Hz, 2H), 1.63 (kvintets, J = 7.3 Hz, 2H), 1.40-1.28 (m, 4H), 0.89 (t, J = 6.7
Hz, 3H) m.d. ®*C-KMR (101 MHz, CDCl;) &: 168.3, 159.29, 144.9, 139.9,
139.3, 135.1, 134.7, 134.2, 133.3, 133.0, 129.4, 128.9, 128.0, 127.0, 126.8,
126.7, 125.5, 114.3, 55.5, 47.9, 44.6, 44.0, 40.4, 35.7, 32.3, 31.5, 31.1, 29.5,
28.6, 22.6, 14.1.

Vispariga Suzuki-Miyaura Skérssametinasanas reakcijas procediira A
Izkarseta un Ar pliisma atdzeseta augstspiediena ampula iesvéra bromidu
(1.0 ekviv.), borskabi (1.05 ekviv.) un Pd(PPhg); (3 mol %), tad pievienoja
i-PrOH (5 mL / 1 mmol bromida), toluolu (5 mL / 1 mmol bromida) un 2 M
Na,CO; tidens skidumu (3.0 ekviv.). Iegiito divslanu skidumu sildija 90 °C 16
stundas. Reakcijas maisijumu atdzes€ja un dalamaja piltuvé pievienoja H,O un
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ekstrah&ja ar EtOAc. Organiskos slanus apvienoja, mazgaja ar piesatinatu NaCl
Skidumu, zavgja virs Na,SO,, filtr§ja un ietvaicgja pazeminata spiediena.
Atlikumu attirfja ar kolonnas hromatografiju.

2-(5-([1,1'-Bifenil]-4-ilmetil)-1-(4-pentilfenil)-1H-1,2,3-triazol-4-il)-N,N-
dietilacetamids (139a)
n—CsHu\Q " Amidu 139a 83 mg (87 %) ieguva péc visparigas
N o Suzuki-Miyaura Skerssametinasanas reakcijas
N— procediras A no bromida 137 (100 mg, 0.20 mmol),
Q \ borskabes 138a (26 mg, 0.21 mmol), Pd(PPhs), (7 mg,
Q 0.006 mmol). Produktu attirija ar tiesas fazes ARMEN
hromatografu. Eluents PE / EtOAc no 95:5 Iidz 80:20,
10 g silikagela kolonna, pliismas atrums 15 mL / min.
'H-KMR (CDCly) &: 7.56-7.50 (m, 2H), 7.46-7.39 (m, 4H), 7.36-7.30 (m, 1H),
7.28-7.23 (m, parklajas ar CDCl3, 4H), 7.05-6.99 (m, 2H), 4.21 (s, 2H), 3.72 (s,
2H), 3.48 (q, J = 7.1 Hz, 2H), 3.37 (q, J = 7.1 Hz, 2H), 2.65 (t, J = 7.7 Hz, 2H),
1.63 (kvintets, J = 7.5 Hz, 2H), 1.39-1.28 (m, 4H), 1.16 (t, J = 7.1 Hz, 3H), 1.13
(t, J = 7.1 Hz, 3H), 0.89 (t, J = 7.0 Hz, 3H) m.d. ®*C-KMR (CDCl5) 3: 168.4,
144.7, 140.5, 140.2, 139.5, 135.8, 134.6, 134.1, 129.2, 128.7, 128.7, 127.3,
127.2, 126.9, 125.4, 42.5, 40.6, 35.5, 31.3, 31.3, 30.9, 28.5, 22.4, 14.3, 14.0,
13.0 m.d.

2-(5-((4'-(terc-Butil)-[1,1'-bifenil]-4-il)metil)-1-(4-pentilfenil)-1H-1,2,3-
triazol-4-il)-N,N-dietilacetamids (139b)
Amidu 139b 87 mg (83 %) ieguva péc visparigas
"'C5H11\©N,N¢N Suzuki-Miyaura Skérssametinasanas reakcijas
=/ procediiras A no bromida 137 (95 mg, 0.19 mmol),
Q CW borskabes 138b (36 mg, 0.20 mmol), Pd(PPhs;), (7 mg,
0.006 mmol). Produktu attirija ar tieSas fazes ARMEN
Q hromatografu. Eluents PE / EtOAc no 95:5 lidz 80:20,
10 g silikagela kolonna, plasmas atrums 15 mL / min.
'H-KMR (CDCl;) &: 7.50-7.40 (m, 6H), 7.25-7.24 (m,
4H), 7.02-6.97 (m, 2H), 4.20 (s, 2H), 3.71 (s, 2H), 3.47 (q, J = 7.2 Hz, 2H), 3.37
(g, J =7.2 Hz, 2H), 2.65 (t, J = 7.7 Hz, 2H), 1.67-1.58 (m, 2H), 1.35 (s, 9H),
1.34-1.29 (m, 4H), 1.16 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H), 0.89 (t, J =
7.0 Hz, 3H) m.d. *C-KMR (CDCl5) &: 168.4, 150.3, 144.6, 140.2, 139.3, 137.6,
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135.5, 134.6, 134.1, 129.2, 128.6, 127.0, 126.5, 125.7, 125.4, 42.5, 40.6, 35.5,
34.5,31.3,31.3, 30.9, 285, 22.5, 14.3, 14.0, 13.0 m.d.

2-(5-((3",4'-Dimetoksi-[1,1'-bifenil]-4-il)metil)-1-(4-pentilfenil)-1H-1,2,3-
triazol-4-il)-N,N-dietilacetamids (139c)
n-C5H11\©\ N Amidu 139c 83 mg (79 %) ieguva p&c visparigas
NN o Suzuki-Miyaura Skérssametina$anas reakcijas
N procediiras A no bromida 137 (95 mg, 0.19 mmol),
O N borskabes 138¢ (36 mg, 0.20 mmol), Pd(PPhj), (7 mg,

Q 0.006 mmol). Produktu attirija ar tiesas fazes ARMEN
g hromatografu. Eluents PE / EtOAc no 95:5 lidz 1:1,
% 10 g silikagela kolonna, plismas atrums 15 mL / min.

'H-KMR (CDCls) &: 7.42-7.38 (m, 2H), 7.26-7.25 (m, 4H), 7.09 (dd, J = 8.3,
2.1 Hz, 1H), 7.05 (d, J = 2.1 Hz, 1H), 7.03-6.98 (m, 2H), 6.93 (d, J = 8.3 Hz,
1H), 4.20 (s, 2H), 3.93 (s, 3H), 3.92 (s, 3H), 3.72 (s, 2H), 3.49 (q, J = 7.2 Hz,
2H), 3.37 (d, J = 7.2 Hz, 2H), 2.68-2.62 (m, 2H), 1.63 (p, J = 7.7 Hz, 2H), 1.39—
1.28 (m, 4H), 1.17 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H), 0.92-0.87 (m,
3H) m.d. ®*C-KMR (101 MHz, CDCls) &: 168.5, 149.0, 144.8, 140.4, 139.5,
137.0, 135.6, 134.8, 134.2, 133.7, 132.2, 129.4, 128.7, 128.4, 127.0, 126.8,
125.5, 119.3, 111.0, 56.1, 42.7, 40.7, 35.7, 31.4, 31.1, 28.8, 22.6, 14.5, 14.1,
13.2.

N,N-Dietil-2-(5-((4'-morfolin-[1,1'-bifenil]-4-il)metil)-1-(4-pentilfenil)-1H-
1,2,3-triazol-4-il)acetamids (139d)
it Amidu 139d 73 mg (62 %) ieguva péc visparigas
QN'NW Suzuki-Miyaura Skerssametinasanas reakcijas
procediiras A no bromida 137 (100 mg, 0.20 mmol),
) Q’\ borskabes 138d (43 mg, 0.21 mmol), Pd(PPhs)s
(7 mg, 0.006 mmol). Produktu attirija ar tiesas fazes

() ARMEN hromatografu. Eluents PE / EtOAC no 9:1
N~> lidz 0:100, 10 g silikagela kolonna, pliismas atrums
&o 15 mL / min.

'H-KMR (CDCly) 8: 7.49-7.44 (m, 2H), 7.42-7.37 (m, 2H), 7.26 (m, 4H), 7.01—
6.94 (m, 4H), 4.19 (s, 2H), 3.91-3.85 (m, 4H), 3.71 (s, 2H), 3.47 (9, J = 7.1 Hz,
2H), 3.37 (9, J = 7.1 Hz, 2H), 3.24-3.17 (m, 4H), 2.68-2.61 (m, 2H), 1.63 (p, J
= 7.5 Hz, 2H), 1.39-1.28 (m, 4H), 1.19-1.09 (m, 6H), 0.93-0.86 (m, 3H) m.d.
Vispariga amidu reducéSanas procediira B

97



Izkars€ta un Ar plisma atdzes€ta ampula iesvéra amidu (1.0 ekviv.), tad
pievienoja sausu THF (7 mL / 1 mmol amida) un BH3-THF kompleksu (1 M
$kidums THF, 2.5-3.6 ekviv.). Skidumu sildlja 80 °C 16 stundas. Gaisi
dzeltenajam $kidumam pievienoja 4 M HCI tdens $kidumu (7 mL / 1 mmol
amida) un sildija 80 °C 1 stundu. Reakcijas maisijumu atdzesgja, neitralizgja ar
piesatinatu NaHCOj3; $kidumu lidz pH = 8 un ekstrah&ja ar CH,Cl,. Organiskos
slanus apvienoja, zavéja virs Na,SO,, filtréja un ietvaicgja pazeminata spiediena.
Atlikumu attirfja ar kolonnas hromatografiju.

2-(5-([1,1'-Bifenil]-4-ilmetil)-1-(4-pentilfenil)-1H-1,2,3-triazol-4-il)-N,N-
dietiletan-1-amins (140a)
n—05H11\©\N1N\\N Aminu 140a 49 mg (73 %) ieguva p&c visparigas
— amidu reducESanas procediiras B no amida 139a
N— (70 mg, 0.14 mmol) un BH;-THF kompleksa (1 M
Q N Skidums THF, 0.5 mL, 0.5 mmol). Produktu attirija ar
Q tieSas fazes ARMEN hromatografu. Eluents CH,ClI, /
MeOH no 100:0 Iidz 80:20, 10 g silikagela kolonna,
plismas atrums 15 mL / min.
'H-KMR (CDCl3) &: 7.56-7.50 (m, 2H), 7.48-7.39 (m, 4H), 7.37-7.30 (m, 1H),
7.26-7.20 (m, 4H), 7.04-6.98 (m, 2H), 4.08 (s, 2H), 2.94-2.86 (m, 4H), 2.72—
2.57 (m, 6H), 1.67-1.58 (m, 2H), 1.40-1.23 (m, 4H), 1.06 (t, J = 7.1 Hz, 6H),
0.94-0.84 (m, 3H) m.d. ®*C-KMR (CDCl;) &: 144.9, 140.6, 139.9, 136.2, 134.2,
132.9, 129.5, 128.9, 128.6, 127.5, 127.5, 127.1, 125.4, 52.2, 47.0, 35.7, 31.5,
31.1, 28.5, 22.6, 14.1 m.d. AIMS (m/z): [M+H]" aprekinats Cs,H,1N,: 481.3331.
Noteikts: 481.3331.

2-(5-((4'-(terc-Butil)-[1,1'-bifenil]-4-il)metil)-1-(4-pentilfenil)-1H-1,2,3-
triazol-4-il)-N,N-dietiletan-1-amins (140b)
.. Aminu 140b 55 mg (66 %) ieguva péc visparigas
\QNJ\‘:N amidu reducéSanas procediiras B no amida 139b
- (85 mg, 0.15 mmol) un BHs-THF kompleksa (1 M
Q Cl\ Skidums THF, 0.5 mL, 0.5 mmol). Produktu attirija ar
tiesas fazes ARMEN hromatografu. Eluents CH,CI, /
Q MeOH no 100:0 Iidz 80:20, 10 g silikagela kolonna,
pliismas atrums 15 mL / min.
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'H-KMR (CDCly) &: 7.43-7.35 (m, 5H), 7.21-7.14 (m, 5H), 6.95-6.90 (m, 2H),
4.02 (s, 2H), 2.97-2.85 (m, 4H), 2.73-2.62 (m, 4H), 2.59 (t, J = 7.7 Hz, 2H),
1.59-1.51 (m, 2H), 1.28 (s, 9H), 1.28-1.20 (m, 4H), 1.05 (t, J = 7.2 Hz, 6H),
0.86-0.79 (M, 3H) m.d. *C-KMR (CDCls) 5: 150.6, 144.9, 139.8, 137.6, 135.8,
134.2, 133.3, 129.5, 128.6, 127.4, 126.7, 125.9, 1255, 62.9, 51.9, 46.9, 35.7,
34.7,315,31.1, 30.0, 28.5, 22.6, 14.1 m.d.

2-(5-((3",4'-Dimetoksi-[1,1'-bifenil]-4-il)metil)-1-(4-pentilfenil)-1H-1,2,3-
triazol-4-il)-N,N-dietiletan-1-amins (140c)
n.c5Hﬂ\© N Aminu 140c 100 mg (60 %) ieguva p€c visparigas
N amidu reducéSanas procediras B no amida 139c
N (172 mg, 0.31 mmol) un BHs-THF kompleksa (1 M
Q N skidums THF, 1.1 mL, 1.1 mmol). Produktu attirTja ar

O tiesas fazes ARMEN hromatografu. Eluents CH,CI, /
iy MeOH no 100:0 lidz 80:20, 10 g silikagela kolonna,
P plismas atrums 15 mL / min.

'H-KMR (CDCly) &: 7.45-7.40 (m, 2H), 7.29-7.22 (m, parklajas ar CDCls, 4H),
7.09 (d, J = 8.3, 2.1 Hz, 1H), 7.05 (d, J = 2.1 Hz, 1H), 7.02-6.98 (m, 2H), 6.92
(d, J = 8.3 Hz, 1H), 4.09 (s, 2H), 3.93 (s, 3H), 3.91 (s, 3H), 3.07-2.95 (m, 4H),
2.87-2.70 (m, 4H), 2.66 (t, J = 7.7 Hz, 2H), 1.63 (kvintets, J = 7.5 Hz, 2H),
1.39-1.26 (m, 4H), 1.14 (t, J = 7.0 Hz, 6H), 0.89 (t, J = 7.0 Hz, 3H) m.d. **C-
KMR (CDCls) &: 149.3, 148.9, 145.0, 139.8, 135.6, 134.2, 133.6, 129.5, 128.6,
127.2, 125.4, 119.3, 111.6, 110.4, 62.9, 56.1, 56.1, 46.9, 35.7, 31.5, 31.1, 28.4,
22.6, 14.1 m.d.

N,N-Dietil-2-(5-((4'-morfolin-[1,1'-bifenil]-4-il)metil)-1-(4-pentilfenil)-1H-
1,2,3-triazol-4-il)etan-1-amins (140d)
it Aminu 140d 41 mg (60 %) ieguva péc visparigas
QN'N*N amidu reducéSanas procediras B no amida 139d
- (70 mg, 0.12 mmol) un BHz;-THF kompleksa (1 M
O Cl\ $kidums THF, 0.5 mL, 0.5 mmol). Produktu attirTja ar
tie$as fazes ARMEN hromatografu. Eluents CH,Cl, /
O MeOH no 100:0 Iidz 80:20, 10 g silikagela kolonna,
N~> pliismas atrums 15 mL / min.
&o 'H-KMR (CDCly) &: 7.49-7.45 (m, 2H), 7.44-7.40
(m, 2H), 7.29-7.22 (m, 4H, parklajas ar CDCly), 7.01-6.94 (m, 4H), 4.08 (s,
2H), 3.90-3.84 (m, 4H), 3.23-3.17 (m, 4H), 3.08-2.98 (m, 4H), 2.86-2.74 (m,
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4H), 2.69-2.62 (m, 2H), 1.67-1.58 (m, 2H), 1.40-1.28 (m, 4H), 1.15 (t, J = 7.1
Hz, 6H), 0.93-0.86 (m, 3H) m.d. *C-KMR (CDCls) &: 150.8, 145.0, 139.5,
135.2, 134.1, 133.5, 131.9, 129.5, 128.6, 127.8, 127.7, 126.9, 125.5, 115.9, 67.0,
51.6,49.2, 46.9, 35.7, 31.5, 31.1, 28.4, 22.6, 14.1 m.d.

2-(5-(4-Brombenzil)-1-(4-pentilfenil)-1H-1,2,3-triazol-4-il)-N,N-dietiletan-1-
amins (141)
Aminu 141 45 mg (46 %) ieguva péc visparigas amidu
"'CsH”QN,N\\N reducé$anas procediras B no amida 139d (98 mg,
= 0.20 mmol) un BH;-THF kompleksa (1 M skidums
C’\ THF, 0.5 mL, 0.5 mmol). Produktu attirija ar tiesas
fazes ARMEN hromatografu. Eluents CH,Cl,/ MeOH
o no 100:0 lidz 80:20, 10 g silikagela kolonna, pliismas
atrums 15 mL / min.
'H-KMR (CDCly) &: 7.37-7.31 (m, 2H), 7.27-7.22 (m, 2H), 7.20-7.14 (m, 2H),
6.83-6.78 (m, 2H), 4.02 (s, 2H), 3.09-2.89 (m, 4H), 2.87-2.69 (m, 4H), 2.69—
2.62 (m, 2H), 1.67-1.58 (m, 2H), 1.40-1.26 (m, 4H), 1.22-1.04 (m, 6H), 0.90
(d, J=7.0 Hz, 3H) m.d. AIMS (m/z): [M+H]" aprékinats CasH3sN,Br: 483.2123.
Noteikts: 483.2105.

2-(2-(5-((4'-Metoksi-[1,1'-bifenil]-4-il)metil)-1-(4-pentilfenil)-1H-1,2,3-
triazol-4-il)etil)-1,2,3,4-tetrahidroizohinolins (101Q)
Aminu 101g 68 mg (47 %) ieguva pec visparigas
"'csH”QN,N\\N amidu reduceSanas procediiras B no amida 1009
= (68 mg, 0.12 mmol) un BH;-THF kompleksa (1 M
N Skidums THF, 0.5 mL, 0.5 mmol). Produktu attirTja
Q % ar tiesas fazes ARMEN hromatografu. Eluents
Q CH,CI,/ MeOH no 100:0 Iidz 80:20, 10 g silikagela
5 kolonna, plismas atrums 15 mL / min.
’ 'H-KMR (CDCls) &: 7.49-7.44 (m, 2H), 7.40-7.36
(m, 2H), 7.27-7.21 (m, 4H, parklajas ar CDCly), 7.13-7.05 (m, 3H), 7.01-6.94
(m, 5H), 4.06 (s, 2H), 3.85 (s, 3H), 3.66 (s, 2H), 3.01-2.85 (m, 6H), 2.77 (t, J =
5.9 Hz, 2H), 2.67-2.62 (m, 2H), 1.62 (kvintets, J = 7.6 Hz, 2H), 1.38-1.26 (m,
4H), 0.93-0.85 (m, 3H) m.d. *C-KMR (101 MHz, CDCl;) &: 159.4, 145.3,
139.6, 135.0, 133.8, 132.9, 129.6, 128.9, 128.1, 127.2, 125.6, 114.4, 55.5, 54.2,
35.7,31.5,31.1, 28.6, 23.6, 22.6, 22.2, 14.1
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4'-((4-(2-(Dietilamino)etil)-1-(4-pentilfenil)-1H-1,2,3-triazol-5-il)metil)-[1,1'-
bifenil]-4-karboksamids (140f)
Aminu 140f 7 mg (28 %) ieguva péc visparigas Suzuki-
"'CSH”ﬂN,N\\N Miyaura Skérssametinasanas reakcijas procediras A no
= bromida 141 (23 mg, 0.05 mmol), borskabes 138f
O CW (8 mg, 0.05 mmol), Pd(PPhs), (1.6 mg, 0.0014 mmol).
Produktu attirija ar tieSas fazes ARMEN hromatografu.
O Eluents CH,Cl, / MeOH no 100:0 lidz 80:20, 10 g
o silikagela kolonna, plismas atrums 12 mL / min.
'H-KMR (CD;OD) &: 9.52-9.47 (m, 2H), 9.25-9.19
(m, 2H), 9.13-9.08 (m, 2H), 8.93-8.84 (m, 4H), 8.65-8.59 (m, 2H), 5.72 (s, 2H),
4.45-4.31 (m, 4H), 4.28-4.22 (m, 2H), 4.17 (q, J = 7.2 Hz, 4H), 3.27-3.16 (m,
2H), 2.97-2.82 (m, 4H), 2.59 (t, J = 7.2 Hz, 6H), 2.50-2.42 (m, 3H) m.d. **C-
KMR (CD;OD) &: 172.0, 146.6, 145.1, 144.6, 139.9, 138.3, 135.3, 135.2, 133.7,
130.6, 130.0, 129.3, 128.5, 127.8, 126.7, 52.9, 47.7, 36.4, 32.5, 32.2, 29.1, 23.5,
22.7,14.4,11.4 m.d.

HyN

N,N-Dietil-2-(1-(4-pentilfenil)-5-((4'-(trifluormetoksi)-[1,1'-bifenil]-4-
il)metil)-1H-1,2,3-triazol-4-il)etan-1-amins (1400)
n.csHﬂ\Q n Aminu 140g 15 mg (43 %) ieguva péc visparigas
NN Suzuki-Miyaura Skerssametinasanas reakcijas
N\ procediiras A no bromida 141 (20 mg, 0.062 mmol),
Q N borskabes 138g (14 mg, 0.068 mmol), Pd(PPhs),
O (2.2 mg, 0.0019 mmol). Produktu attirTja ar tieSas fazes
r r  ARMEN hromatografu. Eluents CH,Cl, / MeOH no
OXF 100:0 Iidz 80:20, 10 g silikagela kolonna, plismas
atrums 12 mL / min.
'H-KMR (CDCl5) &: 7.56-7.51 (m, 2H), 7.45-7.39 (m, 2H), 7.29-7.20 (m, 6H),
7.05-6.99 (m, 2H), 4.11 (s, 2H), 3.09-2.94 (m, 4H), 2.86-2.70 (m, 4H), 2.69—
2.61 (m, 2H), 1.63 (p, J = 7.4 Hz, 2H), 1.39-1.24 (m, 4H), 1.14 (t, J = 7.2 Hz,
6H), 0.95-0.84 (m, 3H) m.d. ®*C-KMR (CDClI;) §: 148.9, 145.0, 139.3, 138.6,
136.6, 134.1, 129.5, 128.8, 128.4, 127.5, 125.5, 121.4, 51.9, 47.0, 35.7, 31.5,
31.1, 285, 22.6, 141 m.d. AIMS (m/z): [M+H]" aprékinats Cj3HsN4OF3:
565.3154. Noteikts: 565.3154.
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4'-((4-(2-(Dietilamino)etil)-1-(4-pentilfenil)-1H-1,2,3-triazol-5-il)metil)-[1,1'-
bifenil]-3,4-diols (140e)
ot Izkarséta un Ar pliisma atdzeséta ampula iesvéra NaH
\QNMN (60 % mineralella, 60 mg, 1.48 mmol), to mazgaja ar
sausu Et,O (3 x 2 mL). Pievienoja sausu DMF (1 mL),
Q C/\ suspensiju atdzesgja lidz 0 °C un pilinot pievienoja
1-dodeciltiolu (300 mg, 352 pL, 1.48 mmol).
Q Pelekbalto suspensiju maisija istabas temperatira 1
HO o stundu, tad pievienoja amina 140c (100 mg,
0.18 mmol) skidumu sausa DMF (1 mL). Reakcijas maistjumu sildija 130 °C 2
stundas. Skidumu atdzesgja Iidz istabas temperatiirai, tad pievienoja piesatinatu
NH,4C1 tdens $kidumu (2 mL) un H,O (3 mL), ekstrah&ja ar EtOAc (3 x 10 mL).
Organiskos slanus apvienoja, mazgaja ar H,O (10 mL), piesatinatu NaCl
Skidumu (10 mL), zavgja virs Na,SO,, filtr§ja un ietvaic€ja pazeminata
spiediena. Atlikumu attirfja ar kolonnas hromatografiju, izmantojot eluentu
sittmu CH,Cl,/ MeOH no 100:0 lidz 80:20. Ieguva 40 mg (43 %) amina 140g.
'H-KMR (CD;0D) &: 7.43-7.27 (m, 6H), 7.01-6.94 (m, 3H), 6.89 (dd, J = 8.2,
2.2 Hz, 1H), 6.80 (d, J = 8.2 Hz, 1H), 4.10 (s, 2H), 2.93-2.81 (m, 4H), 2.76—
2.65 (m, 6H), 1.71-1.59 (m, 2H), 1.42-1.26 (m, 4H), 1.08 (t, J = 7.2 Hz, 6H),
0.94-0.85 (m, 3H) m.d. ®C-KMR (CD;0D) &: 146.7, 146.6, 143.9, 141.3, 136.2,
135.6, 135.2, 133.6, 130.6, 129.6, 127.8, 126.7, 119.3, 116.7, 114.8, 52.6, 47.9,
36.4,32.5,32.2, 235, 22.3,14.4,10.9 m.d.

Vispariga Pd — katalizétas alkoksikarboniléSanas reakcijas procediira C

Izkarséta un Ar plisma atdzeséta stikla mégené iesvéra jodbenzoskabi
(1.0 ekviv.), tad pievienoja sausu MeOH (5.6 mL / 1 mmol benzoskabes).
Skidumam pievienoja Et;N (2.2 ekviv.) un Pd(dppf)Cl,CH,Cl, (0.1 ekviv.).
MEégeni ar §kidumu ievietoja te€rauda autoklava, to noslédza un 3 reizes uzpildija
ar CO lidz 5 atmosferu spiedienam. Reakcijas maistjumu sildija 100 °C 18
stundas. Péc sildiSanas autoklavu atdzes§ja un uzmanigi atbrivojas no CO
parspiediena. Suspensiju filtr§ja caur celitu, mazgaja ar EtOAc un filtratu
1 M HCI skidumu un piesatinatu NaCl skidumu. Organisko slani zav&ja virs
Na,SQO,, filtrgja un ietvaicgja pazeminata spiediena. Produktu attirija ar kolonnas
hromatografiju.
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Vispariga amidu sintézes procediira D

Izkarsgta un Ar pliisma atdzes€ta apalkolba iesvéra benzoskabi (1.0 ekviv.)
un pievienoja DMF (4.5 mL / 1 mmol benzoskabes). Skidumam pievienoja
HBTU (1.0 ekviv.) un di-n-propilaminu (1.2 ekviv.). Reakcijas maisijumu
atdzesgja Iidz 0 °C un piepilinaja Et;N (2.0 ekviv.), maisija 0 °C 30 miniites, tad
istabas temperattra 2 stundas. legttajam skidumam pievienoja destilétu H,O un
ekstrahgja ar EtOAc. Organiskos slanus apvienoja, mazgaja ar destiletu H,O un
piesatinatu NaCl skidumu, zavgja virs Na,SO,, filtréja un ietvaicgja pazeminata
spiediena. Produktu attirTja ar kolonnas hromatografiju.

Vispariga esteru hidrolizes procediira E

Estera (1.0 ekviv.) skidumam MeOH (13 mL / 1 mmol estera) pievienoja 1 M
NaOH $kidumu (1.5 ekviv.). Skidumu sildija 50 °C 18 stundas. Reakcijas
maistjumu atdzes€ja un iekoncentrgja pazeminata spiediena. Parpalikumam
pievienoja destilétu H,0O, paskabingja ar 1 M HCI $kidumu lidz pH = 1
(universalais indikatorpapirs) un ekstrah&a ar EtOAc. Organiskos slanus
apvienoja, mazgaja ar piesatinatu NaCl skidumu, zaveja virs Na,SO,, filtrgja un
ietvaicgja pazeminata spiediena. legiito produktu izmantoja talak bez papildu
attiriSanas.

Vispariga amidu sintézes procediira F

Izkarséta un Ar plisma atdzeséta ampula iesvéra hidroksietilaminu (R,S)-175
(1.0 ekviv.) un pievienoja DMF (16 mL / 1 mmol amina). Skidumam pievienoja
HBTU (1.0 ekviv.) un benzoskabi (1.1 ekviv.). Reakcijas maisijumu atdzesgja
1idz 0 °C un piepilinaja EtsN (4.0 ekviv.), maisija 0 °C 30 mintes, tad istabas
temperatira 18 stundas. legitajam Skidumam pievienoja destiletu H,O un
ekstrah&ja ar EtOAc. Organiskos slanus apvienoja, mazgaja ar destilétu H,O un
piesatinatu NaCl $kidumu, zaveja virs Na,SO,, filtrgja un ietvaicgja pazeminata
spiediena. Produktu attirTja ar kolonnas hromatografiju.

2-Hlor-5-(metoksikarbonil)benzoskabe (206a)
o Esteri 206a 274 mg (72 %) ieguva ka briinu pulveri péc

(0]
O)de% visparigas Pd — katalizétas alkoksikarboniléSanas reakcijas
‘ o procediiras C no jodbenzoskabes 205a (500 mg, 1.77 mmol),

CO, Pd(dppf)Cl,CH,CI, (144 mg, 0.18 mmol), EtsN (394 mg, 542 uL, 3.89
mmol). Produktu attfrTja ar kolonnas hromatografiju, eluents PE / EtOAc no 1:1
l1dz 0:1.
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'H-KMR (CD;0D) &: 8.44 (dd, J = 2.2, 0.4 Hz, 1H), 8.08 (dd, J = 8.4, 2.2 Hz,
1H), 7.64-7.60 (m, 1H), 3.93 (s, 3H) m.d. *C-KMR (CD;0OD) &: 167.9, 166.8,
139.3, 134.0, 133.3, 132.7, 1325, 130.2, 53.0 m.d. AIMS (m/z): [M-H]
aprékinats CqHgsO4Cl: 212.9955. Noteikts: 212.9946.

Metil 4-hlor-3-(dipropilkarbamoil)benzoats (207a)

o) o Amidu 207a 145 mg (87 %) ieguva ka bezkrasainu ellu péc
0 N(-Pr, visparigas amidu sintézes procediras D no benzoskabes
cl 206a (120 mg, 0.56 mmol), di-n-propilamina (68 mg, 92 uL,

0.67 mmol), HBTU (212 mg, 0.56 mmol) un Et:N (113 mg, 156 pL,
1.12 mmol). Produktu attirfja ar kolonnas hromatografiju, eluentu sistéma PE /
EtOAc no 4:1 Iidz 1:1.

'H-KMR (CDCls) 5: 8.00-7.93 (m, 2H), 7.48-7.44 (m, 1H), 3.92 (s, 3H), 3.78—
3.64 (m, 1H), 3.35-3.20 (m, 1H), 3.15-2.92 (m, 2H), 1.80-1.67 (m, 2H), 1.58—
1.40 (m, 2H), 1.00 (t, J = 7.4 Hz, 3H), 0.73 (t, J = 7.4 Hz, 3H) m.d. *C-KMR
(CDCl3) &: 167.4, 165.8, 137.2, 135.5, 130.9, 130.0, 129.3, 129.2, 52.6, 50.3,
46.4, 21.8, 20.8, 11.7, 11.3 m.d. AIMS (m/z): [M+H]" aprekinats CisHx;NOsCI:
298.1210. Noteikts: 298.1217.

4-Hlor-3-(dipropilkarbamoil)benzoskabe (208a)

o o Benzoskabi 208a (128 mg, 100 %) ieguva ka iedzeltenu ellu
HO)KQ\)kN(n_Pr)z péc visparigas esteru hidrolizes procediiras E no estera 207a

o (134 mg, 0.45 mmol) un 1 M NaOH (675 pL, 0.67 mmol).

Skabi 208a talakajas stadijas izmantoja bez papildu attiriSanas.
'H-KMR (CDCls) 5: 9.14 (s, 1H), 8.06-7.96 (m, 2H), 7.55-7.47 (m, 1H), 3.81—
3.65 (m, 1H), 3.35-3.20 (m, 1H), 3.17-2.94 (m, 2H), 1.80-1.68 (m, 2H), 1.63—
1.40 (m, 2H), 1.00 (t, J = 7.4 Hz, 3H), 0.74 (t, J = 7.4 Hz, 3H) m.d. *C-KMR
(CDCl3) &: 169.7, 167.5, 137.0, 136.3, 131.5, 130.1, 129.8, 128.6, 50.3, 46.6,
21.8, 20.6, 11.7, 11.3 m.d. AIMS (m/z): [M+H]" aprékinats Cy;H;oNO3CI:
284.1053. Noteikts: 284.1053.

4-Hlor-3-(metoksikarbonil)benzoskabe (206b)

) 0 Esteri 206b 249 mg (65 %) ieguva ka brinu pulveri péc
o oH visparigas Pd-katalizétas alkoksikarboniléSanas reakcijas
cl procediiras C no jodbenzoskabes 205b (500 mg, 1.77 mmol),
CO, Pd(dppf)CI,CH,Cl, (144 mg, 0.18 mmol), EtsN (394 mg, 542 puL,

~
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3.89 mmol). Produktu attirija ar kolonnas hromatografiju, eluenta sisttma PE /
EtOAc no 4:1 Iidz 0:1, EtOAc / MeOH no 1:0 lidz 9:1.

'H-KMR (CD;0D) &: 8.42 (dd, J = 2.2, 0.4 Hz, 1H), 8.10 (dd, J = 8.4, 2.2 Hz,
1H), 7.64-7.60 (m, 1H), 3.94 (s, 3H) m.d. *C-KMR (CDs0OD) &: 167.8, 166.8,
138.9, 1345, 1335, 1324, 131.7, 131.2, 53.1 m.d. AIMS (m/z): [M-H]
aprekinats CgHgO4Cl: 212.9955. Noteikts: 212.9963.

Metil 2-hlor-5-(dipropilkarbamoeil)benzoats (207b)

0 o) Amidu 207b 124 mg (74 %) ieguva ka bezkrasainu ellu
~o NP, pEc visparigas amidu sint€zes procediras D no
cl benzoskabes 206b (120 mg, 0.56 mmol), di-n-propilamina

(68 mg, 92 uL, 0.67 mmol), HBTU (212 mg, 0.56 mmol) un Et;N (113 mg,
156 pL, 1.12 mmol). Produktu attirjja ar kolonnas hromatografiju, eluentu
sisttma PE / EtOAc no 4:1 Iidz 1:1.

'H-KMR (CDCls) &: 7.84 (dd, J = 2.1, 0.5 Hz, 1H), 7.49 (dd, J = 8.2, 0.5 Hz,
1H), 7.42 (dd, J = 8.2, 2.1 Hz, 1H), 3.93 (s, 3H), 3.52-3.37 (m, 2H), 3.24-3.08
(m, 2H), 1.76-1.63 (m, 2H), 1.60-1.48 (m, 2H), 1.06-0.89 (m, 3H), 0.86-0.71
(m, 3H) m.d. ®*C-KMR (CDCl,) 8: 169.7, 165.6, 136.0, 134.7, 131.4, 130.8,
130.2, 129.9, 52.7, 50.9, 46.7, 22.1, 20.8, 11.6, 11.2 m.d. AIMS (m/z): [M+H]"
aprekinats C;sH;NO;Cl: 298.1210. Noteikts: 298.1199.

2-Hlor-5-(dipropilkarbamoil)benzoskabe (208b)

Q a Benzoskabi 208b (105 mg, 97 %) ieguva ka iedzeltenu e]lu

HO)D)LN(”'PW pEc visparigas esteru hidrolizes procediras E no estera

“ 207b (113 mg, 0.38 mmol) un 1 M NaOH (570 L,
0.57 mmol). Skabi 208b talakajas stadijas izmantoja bez papildu attiriSanas.
'H-KMR (CDCl5) &: 9.25 (s, 1H), 8.02-7.94 (m, 1H), 7.54-7.44 (m, 2H), 3.55—
3.41 (m, 2H), 3.24-3.11 (m, 2H), 1.77-1.65 (m, 2H), 1.62-1.50 (m, 2H), 1.04—
0.92 (m, 3H), 0.84-0.70 (m, 3H) m.d. *C-KMR (CDCls) &: 170.1, 168.4, 135.6,
135.5, 131.7, 131.4, 130.6, 129.4, 51.1, 47.0, 22.1, 20.8, 11.6, 11.2 m.d. AIMS
(m/z): [M+H]" aprekinats C14H1oNO3Cl: 284.1053. Noteikts: 284.1059.

2,3-Dihlor-5-jodbenzoskabe (205c)

| Q Estera 204 (300 mg, 0.91 mmol) $kidumam MeOH (10 mL)

\Qfl\o'* pievienoja 1 M NaOH $kidumu (1.36 mL, 1.36 mmol). Skidumu
Cl

Cl
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sildija 40 °C 18 stundas. Reakcijas maisijumu paskabinaja ar 5 % KHSO,
Skidumu lidz pH = 3 (universalais indikatorpapirs) un ekstrah&ja ar EtOAc (3 %
30 mL). Organiskos slanus apvienoja, mazgaja ar piesatinatu NaCl skidumu,
7aveja virs Na,SOy, filtréja un ietvaicgja pazeminata spiediena. leguva 287 mg
(97 %) benzoskabes 205¢ ka gaisi briinu pulveri.

'H-KMR (CD;0OD) &: 8.04 (d, J = 2.1 Hz, 1H), 8.00 (d, J = 2.1 Hz, 1H) m.d.
BC-KMR (CD;0D) &: 166.8, 142.0, 138.8, 136.6, 136.0, 132.0, 91.5 m.d. AIMS
(m/z): [M-H] aprékinats C;H,0,Cl,1: 314.8477. Noteikts: 314.8479.

2,3-Dihlor-5-(metoksikarbonil)benzoskabe (206c)
o o Esteri 206c 70 mg (33 %) ieguva ka brinu pulveri péc
\OJ\@LOH visparigas Pd — Kkatalizétas alkoksikarboniléSanas reakcijas
) c procediiras C no jodbenzoskabes 205¢ (270 mg, 0.85 mmol),
CO, Pd(dppf)Cl,CH,CI, (70 mg, 0.085 mmol), EtzN (190 mg,
261 pL, 1.87 mmol). Produktu attirija ar kolonnas hromatografiju, eluentu
sistéma PE / EtOAc no 1:1 1idz 0:100, EtOAc / MeOH no 100:0 Iidz 9:1.
'H-KMR (CD;0D) &: 8.29 (d, J = 2.1 Hz, 1H), 8.23 (d, J = 2.1 Hz, 1H), 3.94 (s,
3H) m.d. ®C-KMR (CD,0D) &: 165.8, 135.8, 134.1, 131.0, 130.7, 53.3 m.d.
AIMS (m/z): [M-H] aprékinats CoHs04Cl,: 246.9565. Noteikts: 246.9565.

Metil 3,4-dihlor-5-(dipropilkarbamoil)benzoats (207c¢)
o o Amidu 207¢c 67 mg (72 %) ieguva ka baltu cietu vielu péc
N visparigas amidu sintézes procediras D no benzoskabes

o) N(n-Pr),
ol o 206¢ (70 mg, 0.28 mmol), di-n-propilamina (34 mg, 46 uL,
cl 0.34 mmol), HBTU (107 mg, 0.28 mmol) un Et;N (57 mg,
78 uL, 0.56 mmol). Produktu attirija ar tiesas fazes ARMEN hromatografu.
Eluents PE / EtOAc no 9:1 Iidz 3:1, 10 g silikagela kolonna, plismas atrums 12
mL / min.
'H-KMR (CDCl5) &: 8.12 (d, J = 2.0 Hz, 1H), 7.83 (d, J = 2.0 Hz, 1H), 3.93 (s,
3H), 3.77-3.64 (m, 1H), 3.31-3.21 (m, 1H), 3.13-3.04 (m, 1H), 3.01-2.92 (m,
1H), 1.79-1.67 (m, 2H), 1.63-1.40 (m, 2H), 1.00 (t, J = 7.4 Hz, 3H), 0.75 (t, J =
7.4 Hz, 3H) m.d. ®*C-KMR (CDCl5) &: 166.6, 164.8, 139.1, 134.1, 133.8, 131.3,
130.1, 126.9, 52.9, 50.2, 46.5, 21.8, 20.6, 11.7, 11.3 m.d. AIMS (m/z): [M+H]"
aprékinats CisHNO3Cl,: 332.0820. Noteikts: 332.0814.
3,4-Dihlor-5-(dipropilkarbamoil)benzoskabe (208c)
o o Benzoskabi 208c (62 mg, 97 %) ieguva ka iedzeltenu cietu

HO NP2 vielu pec visparigas esteru hidrolizes procediras E no

Cl
Cl
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estera 207¢ (67 mg, 0.19 mmol) un 1 M NaOH (302 uL, 0.30 mmol). Skabi 208c
talakajas stadijas izmantoja bez papildu attiriSanas.

'H-KMR (CDCls) &: 8.53 (s, 1H), 8.16 (d, J = 2.0 Hz, 1H), 7.88 (d, J = 2.0 Hz,
1H), 3.74 (dt, J = 14.7, 7.7 Hz, 1H), 3.27 (dt, J = 13.4, 7.7 Hz, 1H), 3.16-3.05
(m, 1H), 3.03-2.93 (m, 1H), 1.83-1.67 (m, 2H), 1.64-1.40 (m, 2H), 1.01 (t, J =
7.4 Hz, 3H), 0.76 (t, J = 7.4 Hz, 3H) m.d. *C-KMR (CDCl;) &: 168.4, 166.8,
138.8, 134.6, 134.3, 131.9, 129.5, 127.4, 50.4, 46.7, 21.8, 20.6, 11.6, 11.3 m.d.
AIMS (m/z): [M+H]" aprékinats C14H1sNO5Cly: 318.0664. Noteikts: 318.0657.

4-Hlor-N'-((2S,3R)-3-hidroksi-4-((2-(3-metoksifenil)propan-2-il)amino)-1-
fenilbutan-2-il)-N* N°-dipropilizoftalamids (209a)
o Hidroksietilaminu (S,R)-209a22 mg (59 %)
<n-pr)2NfE©)OLN/RAN><© ieguva ka gaiSi briinu cietu vielu p&c visparigas
N Hoon " amidu sintézes procediiras F no amina (R,S)-
0 175 (25 mg, 0.062 mmol), benzoskabes 208a
(19 mg, 0.068 mmol), HBTU (24 mg, 0.062 mmol) un Et;N (25 mg, 35 pL, 0.25
mmol). Produktu attirija ar kolonnas hromatografiju, eluents EtOAC.
'H-KMR (CDCls) &: 7.71-7.57 (m, 1H), 7.52-7.35 (m, 2H), 7.23-7.13 (m, 5H),
7.07-6.90 (m, 3H), 6.75 (ddd, J = 8.2, 2.6, 1.0 Hz, 1H), 4.41-4.28 (m, 1H), 3.78
(s, 3H), 3.72-3.62 (m, 1H), 3.56-3.47 (m, 1H), 3.26 (dd, J = 13.9, 7.2 Hz, 1H),
3.12-2.88 (m, 4H), 2.82-2.78 (m, 1H), 2.55-2.41 (m, 2H), 1.78-1.65 (m, 2H),
1.47 (d, J = 4.8 Hz, 6H), 1.33-1.23 (m, 1H), 0.99 (t, J = 7.4 Hz, 4H), 0.72 (t, J =
7.4 Hz, 4H) m.d. *C-KMR (CDCls) 5: 167.5, 159.8, 133.6, 129.4, 128.7, 126.7,
118.4, 112.6, 70.7, 56.0, 55.3, 50.3, 46.5, 44.5, 38.8, 36.8, 29.8, 21.8, 20.7, 11.7,
11.3 m.d. AIMS (m/z): [M+H]" aprekinats Ca;H,sN30,Cl: 594.3099. Noteikts:
594.3126. [0]p™° -36.3 (¢ 1.50, CHClIs).

4-Hlor-N3-((2S,3R)-3-hidroksi-4-((2-(3-metoksifenil)propan-2-il)amino)-1-
fenilbutan-2-il)-N',N*-dipropilizoftalamids (209b)
o o P Hidroksietilaminu (S,R)-209b 24 mg (65 %)
(n-Pr)gN)KQ\)L”%H% ieguva ka gaiSi dzeltenu cietu vielu péc
cl I visparigas amidu sintézes procediiras F no amina
(R,S)-175 (25 mg, 0.062 mmol), benzoskabes
208b (19 mg, 0.068 mmol), HBTU (24 mg, 0.062 mmol) un Etz;N (25 mg,
35 pL, 0.25 mmol). Produktu attirija ar kolonnas hromatografiju, eluents EtOAc.

~
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'H-KMR (CDCl;) 8: 7.37-7.31 (m, 1H), 7.30-7.27 (m, 1H), 7.25-7.17 (m, 5H),
7.13 (dd, J = 2.1, 0.4 Hz, 1H), 7.03-6.97 (m, 2H), 6.75 (ddd, J = 8.2, 2.6, 1.0
Hz, 1H), 6.46 (d, J = 9.0 Hz, 1H), 4.41-4.29 (m, 1H), 3.79 (s, 3H), 3.56-3.34
(m, 3H), 3.19-3.00 (m, 3H), 2.88-2.79 (m, 2H), 2.57 (dd, J = 12.4, 4.8 Hz, 1H),
2.48 (dd, J = 12.4, 4.8 Hz, 1H), 1.77-1.60 (m, 2H), 1.52-1.40 (m, 7H), 1.33—
1.24 (m, 1H), 1.05-0.90 (m, 3H), 0.79-0.65 (m, 3H) m.d. *C-KMR (CDClIs;) &:
169.8, 166.4, 159.7, 149.0, 137.9, 136.3, 135.8, 131.6, 130.4, 129.5, 129.3,
129.2, 128.6, 127.4, 126.6, 118.5, 112.4, 111.4, 71.3, 55.8, 55.3, 53.8, 44.6,
38.7, 36.7, 29.7, 29.5 m.d. AIMS (m/z): [M+H]" aprekindts CasHssN3O,Cl:
594.3099. Noteikts: 594.3113. [0]p™° -3.4 (¢ 1.72, CHCI5).

4,5-Dihlor-N*-((2S,3R)-3-hidroksi-4-((2-(3-metoksifenil)propan-2-il)amino)-
1-fenilbutan-2-il)-N° N*-dipropilizoftalamids (209c)

o o M Hidroksietilaminu (S,R) -209c 20 mg (61 %)

(n.Pr)QN)D)LH I N><© ieguva ka gaisi briinu cietu vielu p&c visparigas

cl amidu sintézes procediiras F no amina (R,S)-175
(21 mg, 0.052 mmol), benzoskabes 208c
(18 mg, 0.057 mmol), HBTU (20 mg, 0.052 mmol) un Et;N (21 mg, 29 uL, 0.21
mmol). Produktu attirija ar kolonnas hromatografiju, eluenta sistéma PE / EtOAc
no 1:1 lidz 0:100.
'H-KMR (CDCl3) &: 7.87-7.66 (m, 1H), 7.53-7.29 (m, 2H), 7.28-7.13 (m, 5H),
7.01-6.95 (m, 2H), 6.78-6.72 (m, 1H), 4.38-4.28 (m, 1H), 3.79 (d, J = 3.4 Hz,
3H), 3.71-3.61 (m, 1H), 3.55-3.46 (m, 1H), 3.32-3.21 (m, 1H), 3.11-2.84 (m,
5H), 2.55-2.40 (m, 2H), 1.78-1.65 (m, 2H), 1.48 (d, J = 4.0 Hz, 6H), 1.44-1.36
(m, 1H), 1.33-1.22 (m, 1H), 0.99 (m, 3H), 0.78-0.69 (m, 3H) m.d. *C-KMR
(CDCl,) &: 166.7, 164.9, 159.8, 148.6, 138.7, 137.9, 134.7, 134.6, 134.2, 134.0,
129.3, 128.6, 126.7, 124.6, 123.8, 118.4, 112.7, 111.3, 70.5, 55.9, 55.3, 54.7,
50.3, 46.5, 44.4, 36.7, 30.1, 29.1, 21.8, 20.6, 11.7, 11.3 m.d. AIMS (m/z):
[M+H]" aprékinats CasHasN304Cl,: 628.2709. Noteikts: 628.2689. [a]p? -42.5 (c
1.59, CHCl,).

-

108



GALVENIE REZULTATI

1. Azolu atvasinagjumu rinda (izoksazola, pirola, triazola, imidazola)

visaugstako inhibitoro aktivitati pret Plm II uzradija 1,2,3-triazolu saturosi
savienojumi.

. Tetrahidroizohinolina ciklu saturo$i Plm II inhibitori uzradija inhibitoras
aktivitates vértibas pret PIm I, PIm II un Plm IV mikromolara Iimeni.

. Hidroksietilamina atvasinajums ar neopentilaizvietotu = amidogrupu
(S,R)-212a uzrada Plm IV inhib&Sanas sp&u nanomolara limeni un augstu
selektivitates faktora vértibu pret Cat D (S = 50).

o o Ph
\%NJKQ)LNL‘A@(Q ICsp (PIm 1V) = 0.076 uM
H H gy H IC5p (Cat D) = 3.8 uM
$=50.0
/O
(S,R)-212a

. Aktivakie savienojumi uzrada P. falciparum parazita augSanas inhib&Sanas
sp&ju inficétu asins §finu testa nanomolara limeni. Izmantojot Western blot
testu, ir noskaidrots, ka Sie saVienojumi spgj inhibeét ar1 Plm X.

ICs0 (PIm IV) = 0.058 uM
(n-Pr)y ECs, (P)= 0.3 nM

(S,R)-192e
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SECINAJUMI

1. Noskaidrots, ka ir svarigi saglabat 1,2,3-triazola molekulas A dala
dietilaminogrupu un divus oglekla atomus garu alkilkedi, B dala —
4-n-pentilfenilgrupu, C dala - p-metoksiaizvietotu fenilgredzenu.
Savienojums 10la uzradija visaugstako inhibitoro aktivitati pret Plm II
(ICsp = 0.6 uM).

n-CsHqy N
B N" °N

= ICsp PIm 11 = 0.6 uM
N
O

C o
/

101a
2. Petijuma ietvaros tika sintezeti peptidomimetiski hidroksietilamina fragmentu
saturo$i atvasinajumi ar mono- un di- aizvietotiem amidiem. Ir noskaidrots,
ka PIm 1V / Cat D selektivitati iespgjams paaugstinat, aizpildot S3 sub-kabatu
ar monoaizvietotu amida funkciju, kas satur linearas vai sazarotas hidrofobas
grupas.

(S,R)-165

3. Varigjot S4 sub-kabata ietilpstoSos fenilgredzena aizvietotajus, ir noskaidrots,
ka stériski mazu aizvietotaju (R = H, R = F) gadijuma uzlabojas PIm IV / Cat
D selektivitate.

(S,R)-192a:R=F
ICs0 PIm IV = 0.050 uM

Ph
o o Me_Me
(n-Pr);N N N OMe IC50 Cat D = 1.00 uM
H gy H §=20.0

....... (S,R)-192e: R = H

R IC50 PIm IV = 0.058 uM
S4: ICsp Cat D = 1.15 uM
...... S=19.8

4. Ir noskaidrots, ka hidroksietilamina atvasingjumu Plm IV inhib&Sanas spgja
korel€ ar aktivitati inficgtu asins $iinu testa. Tas liecina, ka potencialais zalu
mgérkis varétu biit PIm IV, un tas var kalpot ka modelproteins Plm IX un Plm
X inhibitoru izstradg.
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1| INTRODUCTION

In 2016, an estimated 216 million cases of malaria caused 445000
deaths.!”) Even when non-lethal, malaria is associated with very
unpleasant symptoms such as fever, fatigue, vomiting and it can also
lead to disability. The treatment and prophylaxis of malaria are
encumbered by the spread of drug-resistant parasite strains which
motivates to replenish the antimalarial drug arsenal with new
chemotherapeutic agents.'>"* A desirable feature for a resistance
free antimalarial drug is interruption of the parasite life cycle by an
unexploited mechanism of action. For this reason, we turned our
attention to malarial aspartic proteases - plasmepsins, which have
been considered as attractive drug targets for decades.'*"® Digestive
plasmepsins (PIm 1, II, IV and HAP) are involved in the processing of
hemoglobin to amino acids, however, their inhibition may not be
sufficient to kill the parasite due to alternative pathways of
hemoglobin digestion.'* ! Recent investigations suggest that the
anti-malarial activity in red blood cell (RBC) assays likely can be

achieved by targeting the non-digestive Plms such as PIm V,"21% pim

Iveta Kanepe-Lapsa |
Edgars Suna |

Raitis Bobrovs |
Aigars Jirgensons

The spread of drug-resistant malaria parasites urges the search for new antimalarial
drugs. Malarial aspartic proteases - plasmepsins (PIms) - are differentially expressed in
multiple stages of the Plasmodium parasite's lifecycle and are considered as attractive
drug targets. We report the development of novel azole-based non-peptidomimetic
plasmepsin inhibitors that have been designed by bioisosteric substitution of the amide
moiety in the Actelion amino-piperazine inhibitars. The best triazole-based inhibitors
show submicromolar potency toward Plm II, which is comparable to that of the parent
Actelion compounds. The new inhibitors can be used as a starting point for the
development of a resistance-free antimalarial drug targeting the non-digestive Plm IX
or X, which are essential for the malaria parasite life cycle.

bioisosteric replacement, inhibitor, malaria, plasmepsins, Plasmodium falciparum, triazole

1X, and Plm X,""*-7) which are expressed in the blood stage. Of these,
PIm V triggers the export protein transfer from parasitic vacuole to the
RBC, PIm IX is involved in merozoite invasion of RBC while Plm X is
involved in both, the invasion and the egress of merozoites.
Unfortunately, the production of recombinant Plm IX and Plm X has
been only possible in higher eukaryotic protein expression systems,
such as insect or mammalian cells, limiting the availability of these
enzymes. In the meantime, Plm IX and PIm X (but not Plm V) share high
sequence homology to readily accessible digestive Plms such as Pim I,
11, and IV. Therefore, the latter are potentially suited as model proteins
to search for novel Plm inhibitors.

Much effort in recent years has been devoted to the discovery of
non-peptidomimetic Pim inhibitors.*®~2¥ These hold a promise to
provide metabolically stable drug candidates and also show an
improved selectivity profile against human aspartic proteases as
compared to peptidomimetic inhibitors. Scientists at Actelion
have developed the first non-peptidomimetic Plm Il inhibitors 1
(Figure 1) based on the amino-piperidine scaffold.!*®-2% The X-ray

structure of the inhibitor-enzyme complex demonstrates that the

Arch Pharm Chem Life Sci. 2018;e1800151.
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FIGURE 1 Design of azole-based Plm Il inhibitors by bioisosteric substitution of amide function

amino-piperidine type inhibitors 1 bind to an open-flap conformation
of the enzyme.®® Analysis of this structure revealed that the
piperidine nitrogen forms an ionic interaction with the catalytic
residue Asp214 and a water-bridged H-bond interaction with the
catalytic Asp34. Other important pharmacophoric elements are the
biphenyl group occupying the 51 subpocket and the n-pentyl chain,
which is placed in the flap-pocket (Figure 1). A drawback of the amino-
piperidine inhibitors 1 is that they contain an enzymatically labile amide
bond, which could be unattractive for the development of an orally
available drug.”®! Moreover, these compounds exhibit unfavorable
physicochemical properties such as high clogP values and very low
solubility 118] These drawbacks prompted us to develop a new series of
inhibitors 2 (Figure 1). Our approach is based on bioisosteric
replacement of the amide moiety by more drug-like scaffolds such
as azoles'?*?7 (Figure 1).

2 | RESULTS

2.1 | Structure-activity relationships

QOur study commenced with the re-synthesis of two representative
Actelion amino-piperidines 1a,b to measure their Plm Il inhibitory
potency in our assay conditions. Surprisingly, the determined
submicromolar ICso values for both compounds (Figure 1) were
considerably higher than those reported in the original publication (1a,
ICsp(Pim 1) = 8nM; 1b, ICso(PIm 11)= 11 nM).1*®¥) Although we were
unable to reproduce the published inhibitory activities, we realized that
amides 1a,b are well suited as reference compounds for our study.

A series of amino-piperidine heterocyclic analogues 2a-d was
designed by replacing the amide group in the parent inhibitor 1a with
1,2,3-triazole, isoxazole, imidazole, and pyrrole. In addition, the
piperidine moiety was replaced by N,N-diethylaminomethyl group.
All azoles 2a-d displayed comparable Plm Il inhibitory activities at
micromolar level (Table 1).

Next, the optimal chain length between the heterocyclic core and
the amino function as well as the N-substitution pattern was
investigated for the triazole analogues 2e-p (Table 2). The study

130

revealed that a two carbon atom linker between the triazole and the
amino function gives the best Plm Il inhibitors 2e hk as compared to
one and three carbon analogues. These results are in accordance with
docking studies of inhibitor 2e, which show that the heterocycle is
largely solvent exposed and all other pharmacophoric elements are
involved in the same interactions that have been observed for inhibitor

TABLE 1 PIm Il inhibitory potency of azole-based inhibitors

2a-d*
CsHy1., :
o
-
NEt,
4-(MeO)CgHy oacd
Compound Azole ICsp, pMP
2a - N, 43:02
NN
’ = 0y
2b = N, 10.0+0.5
. ;, o
2 ___N 53:02
¢ J
IN .
2d S 10004

ICsp (PIm 11} values for reference compounds: 1a, 0.42+0.02 uM; 1b,
0.30+0.015uM.

"PIm Il inhibitory activity was determined by enzymatic FRET assay in
triplicate experiments.
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TABLE 2 SAR of linker length and N-substitution pattern in triazole-
based inhibitors

CsHyre, :
NN
e N
R!
N
n :‘_\,2
4-(MeQ)CgHy 2a, 2e-p
Compound -NR'R? n ICsp (Plm 1), uM?
2a S~ N N 1 43:02
2e 2 0.6+0.03
2f 3 27+0.15
2g T NQ 1 47102
2h 2 0.6+003
2i 3 29+0.15
2j \N/\ 1 75+03
K/ N_
2k 2 1.8+0.09
21 3 59+03
2m N /\ 2 29015
Lo
2n \I\(\Ph 2 50+02
20 ‘\NHZ 2 6503
2 NN 2 30£0.15
H

?Plm Il inhibitory activity was determined by enzymatic FRET assay in
triplicate experiments.

1a (Figure 2). The two carbon linker in inhibitor 2e provides proper
positioning of the protonated amino nitrogen above the negatively
charged Asp214 residue and concomitant hydrogen bonding with both
Asp214 and Asp34 through a water bridge (Figure 3). The shorter (one
carbon) or longer (three carbon atoms) linkers in 2a,f direct the amino
function in a suboptimal position, where it can interact either with
Asp34 or Asp214, but not with both residues at the same time.

A small set of compounds with different N-alkyl substituents (2e/h,
k,m-p) was prepared to evaluate the optimal size and type of the alky!
groups. From these, compounds 2e and 2h bearing N,N-diethylamino
and pyrrolidine groups, respectively, were found to be the most potent

PIm Il inhibitors. The activity of these compounds was comparable to
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that of the parent amino-piperidine derivative 1a. According to
docking studies, the N-alkyl groups (R* and R?) interact with Tyr192,
le212, Phe294, and 11e300 of the S1' subpocket, and the ligand
binding is mostly affected by the shape and size of these groups.
Inhibitors with small substituents (20 and 2p) do not fill the
hydrophobic 51’ subpocket, whereas inhibitor 2n bearing a larger R
substituent (Bn group) does not fit into the S1' cavity. These
suboptimal inhibitor interactions with the S1' subpocket residues
result in lower activities as compared to inhibitors with medium-sized
N-substituents.

By analogy with the binding mode of amino-piperidine inhibitor 1b
(2BJU crystal structure), the substituent at the position 1 of the triazole
is directed into the flap pocket of PIm Il (Figure 1). The shortening of
the alkyl-phenyl chain length from the n-pentyl to the methyl resulted
in a significant drop of the activity (Table 3, compound 2q). A similar
result was observed in our previous studies of 2-aminoquinazolin-4
(3H)-one Pim Il inhibitors,®* where we have demonstrated that the
long aliphatic chain of the flap pocket substituent allows for
stabilization of the open-flap conformation and for locking of the
ligand core rigidly above the aspartic dyad. Introduction of a benzylic
substituent at the position 1 of the triazole (compound 2r) resulted in a
10-fold drop of inhibitory potency, thus confirming that the phenyl
group is the most optimal substituent at this position. Molecular
modeling indicated that the potency drop is due to the bending of the
p-alkyl-phenyl chain relative to the core, which diminishes interactions
with the aspartic dyad and the S1’ subpocket. The introduction of
chlorine atom at the o-position (compound 2s) did not affect Plm Il
inhibition (Table 3).

Recent work by Soldati-Favre and coworkers'*®! has shown that
the known hydroxylethylamine-based digestive vacuole Plms inhib-
itors elicit anti-plasmodial activity by targeting the non-digestive Plm
IX and X, essential for parasite egress and invasion. To examine if the
triazole-based Plm Il inhibitors 2 can potentially inhibit Plm IX and X,
we docked compound 2e into homology models which were generated
based on the PIm Il open-flap crystal structure with PDB 1D 2BJU.12%
Comparison of the docked poses of inhibitor 2e in Pim Il, IX, and X
(Figure 2) shows that the compound may interact with Plm [X and Xina
similar manner as with Plm I, although few differences in the inhibitor
recognition are apparent that could be used for selectivity tuning
against a particular Plm isoform.

2.2 | Synthesis

1,2,3-Triazole-based inhibitors 2a, 2e-s were synthesized using the
Huisgen 1,3-dipolar cycloaddition between suitably substituted
acetylenes and azides 3, 4, 8, and 11 as the key step. The synthesis
of azides 3, 4 was started with bromine-to-lithium exchange and
followed by the reaction of aryllithium intermediate with tosyl azide
(Scheme 1).%%1 The key step in the synthesis of azide 8 was Pd-
catalyzed C—H ortho chlorination of N-acetyl aniline.?” Subsequent
N-deprotection afforded aniline 7, which was elaborated into azide 8
by treatment with tert-butyl nitrite and azidotrimethylsilane.*®
Benzylazide 11 was prepared from acid 9 in a three-step sequence
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FIGURE 2 Docked poses of amino-piperidine-based inhibitor 1b and azole-based inhibitor 2e in the active sites of Plm II, IX, and X.
Electrostatic potentials mapped on the Plm Il surface were calculated in PyMol [The PyMOL Molecular Graphics System, Version 1.7
Schrédinger, LLC]. Negatively charged regions are shown in red, positively - in blue. Hydrogen bonds and ni-mt interactions are indicated with
yellow-dashed lines. Docking was performed using Schrodinger Glide software on the crystal structure of PIm Il solved in complex with an
amino-piperidine-based PIm Il inhibitor (Ref. 2, PDB ID 2BJU) or homology models of Plm IX and X generated based on the same crystal

structure

comprising the initial reduction to benzyl alcohol, followed by
conversion to benzyl bromide 10 and alkylation with azide anion
(Scheme 1). With prerequisite azides for the 1,3-dipolar cycloaddition
in hand, the synthesis of substituted acetylenes 17a-c and 21, 22 was

addressed. The synthesis of alkynes 17a-c commenced with Pd-
catalyzed Suzuki-Miyaura cross-coupling reaction between boronic
acid 12 and 4-bromoanisole to afford biaryl ester 13 (Scheme 2). The
reduction of the ester moiety in 13 delivered benzyl alcohol that was

A A

FIGURE 3 Impact of the alkyl chain length on interactions between the N,N-dialkylamino group and the catalytic aspartates. Hydrogen
bonds and ionic interactions are indicated with yellow- and blue-dashed lines, respectively
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TABLE 3 SAR of flap pocket substituent Br N3
a
N @ - @
= 3:R=CH;
R R 4 R=CsHy
(Y—NEt,
n
NH, p-COCHs NH, Ny
Cl Cl Cl
= b, c = d = e =
- 2e, 29-s - —
4-(MeO)CgHy q | | > |
CsHyy CsHyy CsHyy CsHyy
Compound R n ICs0, pM*
2 il 5 6 7 8
2e CsHyy 2 0.6£003
O 0._OH Br N3
2q \@ 1 >200 te é L
= CsHqq CsHys CsHyy
2 CsHyq 2 524025 ° 10 "
\©\,, SCHEME 1 Synthesis of azides 3, 4, 8, and 11. Reagents and
2 2 DGEEE conditions: a) n-BuLi, THF, -78°C, 1 h, then Tos-N3, 77%. b)
s CeH cl 60, CHaCOCI, NEts, CHCly, 10°C, 2 h, 96%. ) PA(OAC);, NCS, TsOH-
H20, toluene, r.t.,, 16 h, 95%. d) Conc. hydrochloric acid, 100°C, 3 h,

?Plm Il inhibitory activity was determined by enzymatic FRET assay in
triplicate experiments.

treated with PBr; to yield benzyl bromide 14. The latter was reacted
with terminal alkynes in the presence of stoichiometric Cul®* to form
acetylenes 17a,c (Scheme 2). The synthesis of 17b required an initial
alkylation of the in situ generated TMS-protected Mg-acetylide with
14 in the presence of sub-stoichiometric amounts of CuBr,m] followed
by cleavage of TMS groupm' in 15 and Cu(l)-catalyzed reaction of the
formed acetylene 16 with ethyl diazoacetate (Scheme 2).%* The latter
three-step reaction sequence was also employed for the synthesis of
alkyne 22 from para-bromobenzyl bromide (Scheme 3). Finally,
substituted acetylene 21 was obtained by the acylation of the in situ
formed Mg-acetylide (from 20) with methyl chloroformate (Scheme 3).
The Huisgen 1,3-dipolar cycloaddition between alkynes 17a-c, 21, 22
and azides 3, 4, 8, 11 was accomplished using Cp*RuCI(COD) as the
catalyst.”*> Propiolic acid derivatives such as 17a and 21 (n =0, see
Schemes 2 and 3) afforded 1.2,3-triazoles 18a, 23, 25 as single
regioisomers in the Ru-catalyzed cycloaddition reaction with azides 3
and 4. In contrast, the cycloaddition involving alkynes 17b,c (Scheme 2)
and 22 (Scheme 3) resulted in the formation of the corresponding
1,2,3-triazoles as mixtures of regioisomers. The desired pure 1,2,3-
triazoles 18b-d (Scheme 2) and 24 (Scheme 3) were obtained after
column chromatography. Elaboration of triazoles 18a-d into target
inhibitors 2a,e-m,0,p,s was accomplished in three steps, and involved
ester hydrolysis under basic conditions to acids 19a-d, followed by the
formation of amides and their reduction with the borane- THF complex
(Scheme 2). Similar three-step approach was also employed for the
conversion of triazole 28 (obtained from 24 in the Suzuki cross-
coupling reaction with 4-methoxyphenylboronic acid) to target 2r

94%. €) t-BuONO, TMS-N3, CH;CN, r.t., 40 min, 80%. f) LiAlH.,
THF, r.t, 16 h, 99%. g) PBrs, CH,Cl,, r.t, 48 h, 95%. h) NaN3, 1:4
HzO/acetone, rit., 16 h, 99%

(Scheme 3). Inhibitor 2q was synthesized using a slightly modified
approach (Scheme 3). Accordingly, triazole 25 was converted
into amide 26 prior to the Suzuki cross-coupling reaction with
4-methoxyphenylboronic acid. The subsequent reduction of the cross-
coupling product 29 with borane-THF complex delivered target 2q.
The six-step synthesis of triazole 2n from the cycloaddition product 23
started with the Suzuki cross-coupling to afford 27, and followed with
Kowalski ester homologation reaction'®®! via the intermediate
a,a-dibromoketone 30 to yield ester 31 (Scheme 3). The end game
of the synthesis involved the reduction of the ester subunit in 31 to
alcohol, its conversion into mesylate and alkylation with N-ethyl-N-
benzylamine, 7!

The key step in the synthesis of isoxazole-derived inhibitor 2b was
Ru(ll)-catalyzed cycloaddition between alkyne 21 (see Scheme 3) and
N-hydroxybenzimidoyl chloride 34 (Scheme 4).°®/ The latter was
obtained from 1-bromo-4-n-pentylbenzene in a reaction sequence
comprising metallation with n-BulLi and quench of the transient
aryllithium with DMF, subsequent condensation of the formed
aldehyde 33 with hydroxylamine and chlorination of the intermediate
oxime with NCS.1%%! Hydrolysis of the ester moiety in 35 and coupling
of the intermediate carboxylic acid with the amine furnished amide 36.
The Suzuki cross-coupling reaction of 36 with 4-methoxyphenylbor-
onic acid afforded biaryl 37, which was reduced with borane-THF
complex to yield the target isoxazole 2b.

The synthesis of imidazale-based inhibitor 2c was started fram
nitrile 38 which was subjected to the reaction of with 4-benzylamine in
the presence of AlMej; to give amidine 39 (Scheme 5). The latter was
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F COLEt
CO,Me CO,Me
dfor17a
a b c efor17c for 17¢ iorj
B(OH), CgHa-4-(OMe) c,H.-a (OMe) CgHq-4-(OMe)
12 13 17a:

CgH,-4-(OMe)
15

CgHg-4-(OMe)
16

SCHEME 2 Synthesis of inhibitors 2a, 2e-m, 20,p, 2s. Reagents and

ar, O
N-N -N
N N-N,
-
TCOEL |, TCONR'R? 1
> ——= 2a, 2e-m, 20,p, 2s
CeHy-4-(OMe) CgHy-4-(OMe)
ua R=H,n=0 19a, 19e-m, 190,p, 25

conditions: a) 4-MeO-C4H-Br, Pd(PPhj), (0.3 mol%), aqueous 2M

Na,COj3, 1:1 i-PrOH/toluene, 90°C, 9 h, 74%. b) LiAlH4, THF, r.t., 2 h, 99%. c) PBrs, CH,Cl,, r.t., 16 h, 99%. d) HC=C—CO,Et, Cul (1.0 equiv.),
K;COj3, TBA-I, MeCN, 40°C, 16 h, 80%. e) HC=C—(CH,),—CO,Et, Cul (1.0 equiv.), K,CO3, TBA-l, MeCN, 40°C, 16 h, 53%. f) TMS-C=CH,
CuBr (0.6 equiv.), i-PrMgCl, THF, reflux, 3 h, 89%. g) AgNO3, KCN, H,0, EtOH, r.t., 2 h, 88%. h) N,CHCO,Et, Cul (5 mol%), MeCN, r.t., 16 h,
77%. i) 4, Cp*RuCI(COD) (12 mol%), r.t., 16 h, 1,4-dioxane, 76% (18a); 28% (18b), and 32% (18d). j) 8, Cp*RuCI(COD) (10 mol%), r.t., 16 h, 1,4-
dioxane, 13% (18c). k) Aqueous 1 N NaOH, 1,4-dioxane, r.t., 16 h. |) Amine, EDC, HOBt, DMF, r.t., 16 h. m) BH3—THF, THF, 80°C, 16 h, then

4N HCI, 80°C,3h

treated with aldehyde 40 (prepared from 2-bromomalonaldehyde by
the acid-catalyzed enol ether formation) to furnish 5-formylimidazole
411 Biaryl aldehyde 42 was prepared by the Pd-catalyzed Suzuki
cross-coupling reaction of bromide 41 and 4-methoxyphenylboronic
acid. Finally, aldehyde 42 was subjected to the reductive amination
with diethylamine to furnish target 2c (Scheme 5).

Inhibitor 2d was obtained from ethyl pyrrole-2-carboxylate
(Scheme 6). The synthesis began with the bromination of the
heterocycle in position 2 and subsequent protection of the nitrogen
with N-Boc moiety. The resulting bromide 44 was converted into
pyrrole 45 in the Pd-catalyzed cross-coupling with boronate 43,
followed by the cleavage of N-Boc protecting group under acidic
conditions. N-Benzylation of pyrrole anion (from 45 and NaH) was
followed by the Suzuki cross-coupling reaction with 4-methoxyphe-
nylboronic acid to afford ester 47. Finally, the reduction of the ester
subunit in 47 to alcohol, its conversion into mesylate and alkylation
with diethylamine furnished target 2d.

3 | CONCLUSION

In summary, we have developed a novel series of triazole-based non-
peptidomimetic PIm inhibitors. This has been performed by bioiso-
steric substitution of amide moiety in the Actelion amino-piperazine
inhibitors. The best triazole-based inhibitors show submicromolar
potency toward PIm Il, an activity, which is comparable to that of the
parent Actelion compounds. The new inhibitors found by screening
against PIm Il as model protein have a potential to be optimized as
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potent inhibitors of non-digestive PIm IX or PIm X, which are essential
for malaria parasite life cycle.

4 | EXPERIMENTAL

4.1 | Molecular docking

Crystal structure of Plm Il in complex with an amino-piperidine-based
ligand (Ref. ¥, PDB ID 2BJU) was used for molecular docking. The
protein was prepared using Maestro Protein Preparation Wizard
(Schrédinger Release 2017-3: Maestro, Schrodinger, LLC, New York,
NY, 2017) by adjusting side chain protonation states at pH 4.6 and by
energy minimization allowing a heavy atom convergence up to 0.30 A.
Hydrogen bond network was optimized by choosing optimal
orientations of hydroxyl groups, water molecules, and side chain
amide groups of Asn and GIn and by selecting appropriate states and
orientations of histidine imidazoles. Inhibitors were prepared for
docking using the standard protocol implemented in LigPrep at pH 4.6.

Docking of azole-based PIm Il inhibitors was performed using the
Induced Fit protocol in Maestro software. Protein and ligand van der
Waals scaling was set to 0.50. After initial docking, up to 20 poses were
promoted to structure refinement. Protein residues within 7.0 A from
the docked ligand were refined using OPLS3 force field," and the
three topmost structures after redocking were examined for each
ligand. Results were visualized using PyMOL software (The PyMOL
Molecular Graphics System, Version 1.7 Schrédinger, LLC).

The homology models of PIm IX and X were based on the crystal
structure of PIm Il with PDB ID 2BJU and were generated using
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N-N
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2n -— Br
CO,Me
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C5H4-4 (OMe) CgHy-4-(OMe)
30
T j (from 27)
R R CgHqy
COR ( ,
TN-N NN N
ZZ P e for 23 N
Br 7 chor2t 7 florze f’\ ‘(\
ab d for 22 g for 25 ~COR i COR N CONEt, M 2
—_— —— — — —— 2r
Br Br Br CgHy-4-(OMe) CgHy-4-(OMe)
20 21:n=0, R=0Me =CsHyy, R=OMe 0,R'=CsH;;, R=OMe 32
22:n=1,R=0Et . R=CgHyy, R=OFEt R=C;Hyy, R=0Et

25:n=x=0, R'=CHy, R= OMe] 0,R'=CH3‘R=NElz]
h

26:n=x=0,R'=CH; R=NEt 2q

SCHEME 3 Synthesis of inhibitors 2n, 2q, and 2r. Reagents and conditions: a) TMS-C=CH, CuBr (0.6 equiv.), i-PrMgCl, THF, reflux, 3 h,
94%. b) AgNO3, KCN, H,0, EtOH, r.t., 2 h, 53%. c) MeMgBr, CICO,Me, THF, 65°C, 3h, 86%. d) NoCHCO,E, Cul, MeCN, r.t,, 16 h, 82%. e) 4,
Cp*RuCI(COD) (10 mol%), r.t,, 16 h, 1,4-dioxane, 80%. f) 11, Cp"RuCI(COD) (10 mol%), 1,4-dioxane, r.t., 16 h, 13%. g) 3, Cp"RuCl(COD) (10 mol
%), 1,4-dioxane, r.t., 16 h, 65%. h) Aqueous 1 N NaOH, 1,4-dioxane, r.t., 16 h, then HNEt;, EDC, HOBt, DMF, r.t,, 16 h, then 50°C, 2 h, 64%.
i) 4-MeO-C4zH.-BIOH),, Pd(PPhs)s (3 mol%), aqueous 2 M Na,COg, 1:1 i-PrOH/toluene, 90°C, 16 h, 85% for (27), 80% (for 28), 76% (for 29).
i) n-BuLi, TMP, CH3Br,, THF, -78°C, 20 min, 92%. k) LIHMDS, n-Buli, THF, =78°C, 1 h, then AcCl, MeQH, 27%. I} LiAIH4, THF, then Ms-Cl,
NEta, CH2Cla, then Bn(Et)NH hydrochloride, NEts, 1,4-dioxane, 48%. m) BHz-THF, THF, 80°C, 16 h, then 4 N HCI, 85°C, 1h, 76% (for 2q),
65% (for 2r). n) Aqueous 1 N NaOH, 1,4-dioxane, r.t., 16 h, then HNEt;, EDC, HOBt, DMF, r.t., 16 h, 62%

SWISS-MODEL homology-modeling server.“?) The obtained homol-
ogy models were prepared using the previously described protein
preparation procedure, and then were subjected to molecular
dynamics (MD) simulations to relax the system and to sample
several protein conformations. Molecular systems for the MD
simulations were prepared using the System builder tool in Maestro.

HnCs
IE /EN
CsHyq CsHyqq CsHyq

33 34 35

Protein-ligand complexes were solvated in an orthogonal solvent box
using SPC solvent model'*®! and the system size was set to extend 10 A
beyond the protein in all directions. Na* and CI” ions were added to
maintain physiological salinity (0.15 M) and to obtain a neutral total
charge for the system. The complete systems were relaxed and
equilibrated using the default Desmond relaxation protocol. All MD

HnCs

/
CO;Me CONEt; CONEtz

CgHa-4-(OMe)

36 37

SCHEME 4 Synthesis of inhibitor 2b. Reagents and conditions: a) n-BulLi, DMF, THF, =78°C, 1 h, 99%. b) NH,OH"HCI, NaHCO3, H,0,
Et,0, r.t., 85%. c) NCS, DMF, r.t., 30 min, 99%. d) 21, Cp*RuCl{COD) (10 mol%), NEtz, (CH2),Cly, r.t., 16 h, 47%. €) Aqueous 1N NaOH,
14-dioxane, r.t., 16 h, 99%. f) HNEtz, EDC, HOBt, DMF, r.t., 16 h, then 50°C, 2 h, 54%. g) 4-MeO-CsH4-B(OH),, Pd(PPha)4 (3 mol%), aqueous
2M NayCO3, 1:1 i-PrOH/toluene, 90°C, 16 h, 66%. h) BH3-THF, THF, 80°C, 16 h, then 4 N HCI, 80°C, 1 h, 55%
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CN NH CHO CHO

= = |

&, HN “ | o
Br CgHy-4-(OMe)
H
CsHqq 41 42
Br

38 39

SCHEME 5 Synthesis of inhibitor 2c. Reagents and conditions: a) 4-bromobenzylamine hydrochloride, AlMes, toluene, 0°C, 0.5 h, then
nitrile 38, B0°C, 4 h, 32%. b) i-PrOH, p-toluenesulfonic acid, reflux, 3 h. c) K;CO3, CHCl, r.t., 24 h, 63%. d) 4-MeQ-C¢H,4-B(OH),, Pd(PPh3),

(10 mol%), aqueous 2 M K;CO; 1:1 THF, 90°C, 16 h, 74%. €) Et;NH, NaBH(OAC)s, AcOH, 4 A MS, r.t,, 24 h, 29%

simulations were performed for 50 ns at constant pressure (1.0 bar)
maintained using a Martyna-Tobias-Klein barostat/***%! and at
constant temperature (300K) maintained using a Nose-Hoover
thermostat.*4*” Coulombic interaction cutoff was set to 9.0A.
OPLS3 force field was used for all simulations. The pressure and
temperature control used a relaxation time of 5.0 ps. All simulations
used a RESPA integrator["m with a 2.0 fstime step. Ten randomly chosen
frames were selected for docking studies. Ligand preparation and
docking protocols were identical to those used for docking into Plm 1.

4.2 | Enzymatic assay

A fluorescence resonance energy transfer (FRET) assay was performed
to evaluate ability of compounds to inhibit Plm Il. K, of the substrate
was determined for the enzyme PImll=2+0.2 uM. A solution of
compounds for testing (concentration 0.01-100 uM) on 96-well plate
was added to the enzyme in buffer (0.1 M NaOAc, pH =4.5, 10%
glycerol). The mixture was incubated for 30 min at 37°C. Substrate
(DABCYL-Glu-Arg-Nle-Phe-Leu-Ser-Phe-Pro-EDANS, AnaSpec Inc.)
was then added to reach a final concentration of 5 uM. Hydralysis of

CsHyy CsHyqq

the substrate was detected as an increase in fluorescence (Em 490 nm,
Ex 336 nm) at 37°C. The data points were collected every 1 min within
8-15min. Compounds were tested in triplicate experiments. ICsq
values were calculated using software Graph Pad Prism 5.0. Pepstatin
A (IC50=0.42+£0.02nM (PIm Il) and compound 1la were used as
positive controls.

4.3 | Chemistry

4.3.1 | General

The InChl codes of the investigated compounds together with some
biological activity data are provided as Supporting Information.

4.3.2 | General procedure A for the Suzuki
cross-coupling

A pressure tube was charged with a bromide (1.0 equiv), a boronic acid
(1.0 equiv), and Pd(PPh3;); (0.3 or 3mol%). A 1:1 (v/v) mixture of
anhydrous j-PrOH/toluene (1.8 mL/mmol of the bromide) was added,

HyyCs Hy4Cs Hq1Cs
a.
= = =
Br BPin c HN.#  d_ N/ & N/ 'y 2a
b CO,Et CO,Et CO,E
Br, |
— b — = x
HN 2. N

# Boc™ "7 Br CoHe-d-(OMe)
CO,Et CO,Et

44 45 46 47

SCHEME 6 Synthesis of inhibitor 2d. Reagents and conditions: a) Pd(dppf)Cl>"CH.Clz (1 mol%), KOAc, 1,4-dioxane, 100°C, 16 h, 80%. b)
NBS, THF, MeQH, 0°C, 5 h, 33%, then (Boc);0, NEts, DMAP, CH,Cly, r.t., 18 h, 79%. c) Pd(PPha)s (10 mol%), aqueous 2M Na,COs4, 1:1 -
PrOH/toluene, 20°C, 16 h, then 4 M HCl/dioxane, 50°C, 2h, 37%. d) NaH (60% in mineral oil), 4-Br-C4H4-CH2Br, DMF, r.t., 16 h, 67%. €)
4-MeO-C4H4-B(OH),, Pd(PPha), (3 mol%), agueous 2 M Na,CO3, 1:1 i-PrOH/toluene, 90°C, 16 h, 52%. f) LiAlH,4, THF, then Ms-Cl, NEts,
CHCly, then Et;NH, r.t.; 16 h, 45%
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followed by aqueous 2 M Na,COj5 solution (4.5 equiv). After stirring at
90°C for 9 h, the orange suspension was cooled to room temperature
and the organic layer was decanted. The aqueous layer was extracted
with CH,Cl,. The combined organic layers were dried over Na,S0,
and concentrated under reduced pressure. The crude product was
purified by silica gel column chromatography.

4.3.3 | General procedure B for the Ru-catalyzed
synthesis of azoles

An oven-dried flask was cooled under a stream of argon and charged
with an alkyne (1.0 equiv), azide (1.1 or 1.2 equiv), Cp*RuCl{COD) (10
or 12 mol%), and anhydrous 1,4-dioxane (3.7 mL/mmol of the alkyne).
The resulting dark brown solution was stirred at room temperature for
16 h. All volatiles were removed under reduced pressure and the
residue was purified by silica gel column chromatography.

4.3.4 | General procedure C for the synthesis of
amides

Corresponding carboxylic acid ester was dissolved in 1,4-dioxane
(1 mL/0.1 mmol of the ester) and aqueous 1 N NaOH solution (0.6 mL/
0.1 mmol of the ester) was added. After stirring at room temperature
for 16 h, the solution was acidified with agueous 1 N HCI solution
to pH 1, diluted with water (10mL), and extracted with EtOAc
(3% 10mL). Combined organic extracts were washed with brine
(15 mL), dried over Na,SO,, and evaporated under reduced pressure to
afford carboxylic acid that was used in a subsequent step without
purification.

The crude acid from above was dissolved in anhydrous DMF
(0.7 mL/0.1 mmol of the ester) and HOBt (1.3 equiv) was added,
followed by EDC (1.3 equiv). The resulting colorless solution was
stirred at 0°C for 1 h, then amine (1.5 equiv or 3.0 equiv) was added and
stirring at room temperature was continued for 16 h. The light yellow
solution was diluted with water (10 mL) and extracted with EtOAc
(3 x 10 mL). Combined extracts were washed with water (2 x 15 mL),
brine (15 mL) and dried over Na;SO,. The residue was purified by silica
gel column chromatography.

4.3.5 | General procedure D for the reduction of
amides

An amide (1.0 equiv) was dissolved in anhydrous THF (1mL) and
BH;-THF complex (1.0 M solution in THF, 0.5mL, 0.5 mmol) was
added under argon atmosphere. The resulting light yellow solution was
stirred at 80°C for 16 h, whereupon aqueous 1 N HCI (1 mL) solution
was added and stirring at 80°C was continued for 1 h. After cooling to
room temperature, agueous saturated NaHCOj solution was added to
adjust pH to 8 (Caution! Intense gas evolution). The aqueous layer was
extracted with EtOAc (3 x 10 mL), combined organic extracts were
washed with brine (20 mL) and dried over Na,SO,. Evaporation under
reduced pressure afforded residue, which was purified by silica gel
column chromatography.
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1-Azido-4-methylbenzene (3)

A solution of 1-bromo-4-methylbenzene (650 mg, 3.80mmol, 1.0
equiv) in anhydrous THF (5 mL) was cooled to -78°C and n-Buli (2.5 M
solution in hexanes, 1.7mL, 4.18 mmol, 1.1 equiv) was added
dropwise. The resulting orange solution was stirred at =76°C for 1 h,
whereupon a solution of p-toluenesulfonyl azide (1.12 g, 5.70 mmol) in
anhydrous THF (2 mL) was added dropwise. The dark orange solution
was warmed to -45°C, quenched with aqueous saturated NH,CI
solution (10mL) and water (10ml), and extracted with EtOAc
(3 x 20 mL). The combined organic extracts were washed with brine
(40 mL), dried over Na;SO,, and evaporated under reduced pressure.
The residue was purified by column chromatography on silica gel (24 g
silica gel) using 2% EtOAc in petroleum ether to afford azide 3 as a
brown oil (342 mg, 68% yield). 14 NMR spectra was identical to that
from the literature.”?!

1-Azido-4-pentylbenzene (4)

A solution of 1-bromo-4-pentylbenzene (2.00 g, 8.80 mmol, 1.0 equiv)
in anhydrous THF (17 mL) was cooled to -78°C and n-Buli (2.5M in
hexanes, 3.9 mL, 9.69 mmol, 1.1 equiv) was added dropwise. The
resulting orange solution was stirred at -76°C for 1 h, whereupon a
solution of p-toluenesulfonyl azide (2.60 g, 13.20 mmol) in anhydrous
THF (6mL) was added dropwise. The dark orange solution was
warmed to -45°C and quenched with aqueous saturated NH,CI
solution (20mL) and water {15mL). The reaction mixture was
extracted with EtOAc (3 x35mL), combined organic layers were
washed with brine (70 mL), dried over Na,SO,, and evaporated under
reduced pressure. The residue was purified by column chromatogra-
phy on silica gel (70 g silica gel) using 2% EtOAc in petroleum ether to
yield azide 4 as a dark orange oil (1.29 g, 77% yield). '"H NMR spectra
were identical to that from the literature.'®!

N-(2-Chloro-4-pentylphenyl)acetamide (6)

To a solution of aniline 5 (500mg, 3.06 mmol, 1.0 equiv) and
triethylamine (510 L, 3.67 mmol, 1.2 equiv) in anhydrous CH5Cl,
(10 mL) was added dropwise acetyl chloride (261 uL, 3.67 mmal, 1.2
equiv). The resulting colorless solution was stirred at 10°C for 2 h and
progress of the reaction was monitored by GC-MS analysis. Upon
complete conversion of the starting amine 5, the light yellow solution
was washed with agueous 1 N HCI solution (2 x 15 mL) and aqueous
saturated NaHCOj3 solution (2 x 15 mL). The organic phase was dried
over Naz50, and evaporated under reduced pressure to afford crude
N-acetyl aniline, which was used in the subsequent step without
purification.

The N-acetyl aniline from above (578 mg, 2.82 mmol, 1 equiv) was
dissolved in anhydrous toluene (10mL) and p-toluenesulfonic acid
monohydrate (268 mg, 1.41 mmol, 0.5 equiv) was added, followed by
N-chlorosuccinimide (392 mg, 2.93 mmol, 1.04 equiv) and Pd(QAc);
(32 mg, 0.141 mmol, 0.05 equiv). After stirring at room temperature
under air for 16 h, the solution was diluted with EtOAc (20 mL) and
washed with agueous 1 N HCI solution (20 mL), then with saturated
NaHCO; solution (20 mL), water (20mL), and brine (20 mL). The
organic layer was dried over Na;SO,4 and evaporated under reduced
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pressure to yield product 6 (643 mg, 95% yield) as a white solid
material. 'H NMR (400 MHz, CDClg, ppm) 6 8.21 (1H, d, J = 8.4 Hz),
7.52(1H,s), 7.18 (1H, d, J = 1.9 Hz), 7.07 (1H, dd, J = 8.4, 1.9 Hz), 2.54
(2H,t,J = 7.7 Hz), 2.22 (3H, 5), 1.58 (2H, quintet, J = 7.4 Hz), 1.42-1.23
(4H, m), 0.89 (3H, t, J = 6.9 Hz): "*C NMR (100.6 MHz, CDClg, ppm) &
168.2,140.0,132.3,128.7,127.8,122.6,121.8,35.2,31.4,31.0,24.9,
22.6,14.1; HRMS-ESI (m/z) calcd. for Cy3H19NOCI [M+H]" 240.1155.
Found 240.1160.

2-Chloro-4-pentylaniline (7)

The acetamide 6 (615mg, 2.57 mmol, 1.0 equiv) was dissolved in
concentrated aqueous hydrochloric acid (5mL) and heated at
100°C for 3 h. The colorless solution was cooled to room temperature
and pH was adjusted to 8 by careful addition of aqueous saturated
NaHCO3 solution (Caution! Intense gas evolution). The aqueous layer
was extracted with EtOAc (3 x 25 mL). Combined organic layers were
washed with water (50 mL) and brine (70 mL), dried over Na SOy, and
evaporated under reduced pressure to yield product 7 as a light yellow
oil (480 mg, 94% yield). '*H NMR (400 MHz, CDCla, ppm) & 7.06 (1H, d,
J=2.0Hz), 6.87 (1H, dd, J = 8.1, 2.0Hz), 6.6% (1H, d, J=8.1 Hz), 3.90
(2H, s), 2.47 (2H, t, J = 7.7 Hz), 1.60-1.47 (2H, m), 1.39-1.23 (4H, m),
0.88 (3H, t, J = 6.9 Hz); '*C NMR (100.6 MHz, CDCl3, ppm) & 140.6,
134.2,129.2,127.8,119.3,116.0, 34.9, 31.5, 31.4, 22.7, 14.2; HRMS-
ESI (m/z) caled. for Cy31H17CIN [M+H]" 198.1050. Found 198.1048.

1-Azido-2-chloro-4-pentylbenzene (8)

t-BUONO (437 uL, 3.64 mmol, 1.5 equiv) was added dropwise to a
cooled solution (0°C) of amine 7 (480 mg, 2.43 mmol, 1.0 equiv) in
anhydrous MeCN (5mL). After stirring at 0°C for 5min, TMS-N3
(384 pL, 2.92 mmol, 1.2 equiv) was added dropwise. After stirring for
40 min at room temperature, all volatiles were removed under reduced
pressure and pure azide 8 (434 mg, 80% yield) was obtained as a light
brown oil after column chromatography on silica gel (20 g silica gel)
using 10% EtOAc in petroleum ether. IR (KBr, cm™!) 2121 (Ng);
*H NMR (400 MHz, CDCls, ppm) 6 7.21-7.18 (1H, m), 7.12-7.05 (2H,
m), 2.55(2H,t,J= 7.7 Hz), 1.59 (2H, quintet, J = 7.5 Hz), 1.40-1.24 (4H,
m), 0.90(3H, t,J = 7.0 Hz); *C NMR (100.6 MHz, CDCls, ppm) 6 141.2,
134.5, 130.6,128.1, 124.7, 119.6, 35.2, 31.4, 31.0, 22.6, 14.1.

1-(Bromomethyl)-4-pentylbenzene (10)

LiAIH (1.0 M solution in THF, 10.1 mL, 10.14 mmol, 1.3 equiv) was
added dropwise to a cooled solution (0°C, crushed ice) of benzoic acid
9 (1.50g, 7.80mmol, 1.0 equiv) in anhydrous THF (15mL). After
stirring at room temperature for 16 h, the white suspension was cooled
to0°C and quenched by sequential (within intervals of 10 min) addition
of water (0.38 mL), aqueous 4 M NaOH solution (0.76 mL) and more
water (1.1 mL). Ten minutes after addition of the final amount of water,
the white suspension was filtered. The filter cake was washed with
EtOAc (80 mL). The filtrate was evaporated to dryness to yield 1.38 g
(99% vield) of (4-pentylphenyl)methanol as a white solid material,
which was used in subsequent step without purification. To a solution
of (4-pentylphenyl)methanol (1.38 g, 7.80 mmol, 1.0 equiv) in anhy-
drous CH,Cl, (10 mL) was dropwise added a solution of PBrj (1.4 mL,
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14.8 mmol, 1.9 equiv) in anhydrous CH3Cl, (5 mL). After stirring at
room temperature for 48 h, water (15mL) was added to the light
yellow solution and stirring was continued for 20 min. The organic
layer was washed with water (2 x40 mL), dried over Na,SO,, and
evaporated under reduced pressure to yield bromide 10 (1.79 g, 95%
yield) as a light yellow solid material. *"H NMR (300 MHz, CDCls, ppm) &
7.33-7.28 (2H, m), 7.18-7.13 (2H, m), 4.50 (2H, s), 2.59 (2H, t,
J=7.7Hz).1.61(2H, quintet,J = 7.5 Hz), 1.41-1.24 (4H, m), 0.8% (3H, t,
J=6.9Hz).

1-(Azidomethyl)-4-pentylbenzene (11)

Sodium azide (724 mg, 11.1 mmol, 1.5 equiv) was added to a solution
of bromide 10 (1.79 g, 7.42 mmol, 1.0 equiv) in a 1:4 (v/v) mixture of
H>0/Me,CO (15 mL). After 16 h of stirring at room temperature, the
light yellow solution was extracted with EtOAc (3x30mL). The
combined organic layers were washed with brine (2 x 50 mL), dried
over NayS0y, and concentrated under reduced pressure to give azide
11 (1.50 g, 99% vyield) as a pale yellow oil. *H NMR (400 MHz, CDCl5,
ppm) & 7.25-7.17 (4H, m), 4.30(2H, s), 2.61 (2H, t,J = 7.8 Hz), 1.62 (2H,
quintet, J= 7.4 Hz), 1.40-1.28 (4H, m), 0.89 (3H, t, J= 7.0 Hz).

Methyl 4'-methoxy-[1,1'-biphenyl]-4-carboxylate (13)

A pressure tube (200 mL) was charged with boronic acid 12 (2.00g,
11.1 mmol, 1.0 equiv), 4-bromoanisole (2.08 g, 11.1 mmol, 1.0 equiv),
Pd(PPh3); (40mg, 0.035mmol, 0.3mol%), anhydrous i-PrOH/
toluene = 1:1 (v/v) (20mL), and aqueous 2M NayCOs; solution
(25 mL). After stirring at 90°C for 9 h, the resulting orange suspension
was cooled to room temperature and layers were separated. Aqueous
layer was extracted with CH,Cl (4 x 30 mL), combined organic layers
were dried over Na,SO, and concentrated under reduced pressure.
The crude product was purified by column chromatography on silica
gel (100g silica gel) using CH,Cl, to yield biphenyl derivative 13
(2.00g, 74% yield) as a white solid material. *"H NMR spectra was

identical to that from the literature.!!

(Bromomethyl)-4'-methoxy-1,1'-biphenyl (14)

LiAIH, (2.4 M solution in THF, 4.5 mL, 10.7 mmol, 1.3 equiv) was added
dropwise to a cooled solution (0°C, crushed ice) of biphenyl derivative
13 (2.00g, 8.25mmol, 1.0 equiv) in anhydrous THF (20 mL). After
stirring at rcom temperature for 2 h, the white suspension was cooled
to 0°C and quenched by sequential (within intervals of 10 min) addition
of water (0.41 mL), aqueous 4 M NaOH solution (0.82 mL) and more
water (1.23 mL). Ten minutes after addition of the final amount of
water, the white suspension was filtered. The filter cake was washed
with EtOAc (80 mL). The filtrate was evaporated to dryness to yield
1.76 g (99% vield) of (4'-methoxy-[1,1'-biphenyl]-4-yl)methanol as a
white solid material, which was used in subsequent step without
purification.

To a solution of (4'-methoxy-[1,1'-biphenyl]-4-yl)methanol from
above (1.76 g, 8.21 mmol, 1.0 equiv) in anhydrous CH,Cl; (25 mL) was
added dropwise a solution of PBr; (1.5mL, 15.6 mmol, 1.9 equiv) in
anhydrous CH4Cl; (5 mL). After stirring at room temperature for 16 h,
water (20 mL) was added to the light yellow solution and stirring was
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continued for 15min. The organic layer was washed with water
(2x40mL), dried over Na,SO. and evaporated under reduced
pressure to yield benzylbromide 14 (2.26g, 99% yield) as a light
yellow solid material. *H NMR (400 MHz, CDCls, ppm) & 7.55-7.51
(4H,m), 7.47-7.43(2H,m), 7.04-6.94 (2H, m), 4.55 (2H, 5), 3.86 (3H, 5);
13C NMR (100.6 MHz, CDCla, ppm) & 159.5, 141.1, 136.2, 133.1,
129.6,128.3, 127.2, 114.4, 55.5, 33.7.

(3-(4’-Methoxy-[1,1'-biphenyl]-4-yl)prop-1-yn-1-yl)-
trimethylsilane (15)

To a cooled solution of trimethylsilyl acetylene (2.0 mL, 14.4 mmal, 4.0
equiv) in anhydrous THF (10 mL) was added dropwise i-PrMgCl (2.0 M
solution in THF, 5.4mL, 10.8 mmol, 3.0 equiv). The light brown
solution was stirred at 0°C for 30 min, and then at room temperature
for 1 h, whereupon CuBr (0.31 g, 2.16 mmol, 0.6 equiv) was added to
the light brown solution and stirring at ambient temperature was
continued for 30min. A solution of benzylbromide 14 (1.00g,
3.60 mmol, 1.0 equiv) in anhydrous THF (5mL) was added to the
brown suspension, which was then heated under reflux for 3 h. After
cooling to room temperature, all volatiles were removed in vacuo,
Water (20 mL) and EtOAc (20 mL) were added to the residue, orange
precipitate was removed by filtration, and filtrate was extracted with
EtOAc (2x30mL). Combined organic extracts were dried over
Na,S0O, and evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (50 g silica gel) using
5% EtOAc in petroleum ether to give product 15 (0.94 g, 89% yield) as
a colorless oil. *H NMR (400 MHz, CDCls, ppm) & 7.54-7.49 (4H, m),
7.42-7.37 (2H, m), 7.01-6.95 (2H, m), 3.85 (3H, s), 3.69 (2H, s), 0.20
(9H, s); '*C NMR (100.6 MHz, CDCls, ppm) & 159.2, 139.3, 134.9,
133.6,128.4,128.2, 126.9, 114.3, 104.4, 87.0, 55.5, 26.0, 0.3.

4-Methoxy-4'-(prop-2-yn-1-yl)-1,1'-biphenyl (16)

To a solution of propynylsilane 15 (333 mg, 1.13 mmol, 1.0 equiv) in
EtOH (5.9 mL) was added dropwise a solution of AgNQO; (288 mg,
1.70 mmol, 1.5 equiv) in a 1:3 mixture of H,O and EtOH (6 mL). After
stirring at room temperature for 30 min to the light yellow suspension
was added a solution of KCN (729 mg, 11.19 mmol, 9.9 equiv) in water
(3mL) and stirring was continued for 2 h. The resulting light yellow
solution was partitioned between EtOAc (20 mL) and water (20 mL).
Organic layer was washed with water (2 x 20 mL), brine (20 mL), dried
over Na,SO;, and evaporated under reduced pressure to give product
16 (224 mg, 88% yield) as a light yellow oil. 'TH NMR (400 MHz, CDCl5,
ppm) & 7.55-7.49 (4H, m), 7.43-7.38 (2H, m), 7.00-6.95 (2H, m), 3.85
(3H, ) 3.66-3.63 (2H, m), 221 (1H, t, J=28Hz): *C NMR
(100.6 MHz, CDCl;, ppm) & 159.3, 139.5, 134.6, 133.5, 128.4,
128.2, 127.0, 114.3, 82.1, 70.6, 55.5, 24.6.

Ethyl 4-(4'-methoxy-[1,1"-biphenyl]-4-yl)but-2-ynoate (17a)

An oven-dried pressure tube (200 mL) was cooled under stream of
argon and charged with bromide 14 (1.78 g, 6.42 mmol, 1.0 equiv),
K,CO; (0.887 g, 6.42 mmol, 1.0 equiv), Cul (1.22g, 6.42mmol, 1.0
equiv), tetrabutylammonium iodide (2.37 g, 6.42 mmol, 1.0 equiv),
ethyl propiolate (1.3 mL, 12.84 mmol, 2.0 equiv), and anhydrous MeCN
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(25 mL). After stirring at 40°C for 24 h, the suspension was cooled to
room temperature, diluted with aqueous saturated NH4Cl solution
(35mL), and extracted with diethyl ether (3x40mL). Combined
organic layers were dried over Na;SO, and evaporated under reduced
pressure, The residue was purified by column chromatography on silica
gel (70g silica gel) using gradient elution from 12.5% EtOAc in
petroleum ether to 50% EtOAc in petroleum ether to give product 17a
(1.52 g, 80% yield) as a light yellow oil. "H NMR (400 MHz, CDCls, ppm)
87.57-7.48(4H, m), 7.42-7.33(2H, m), 7.02-6.94 (2H, m), 4.24 (2H, q,
J=7.2Hz), 3.85 (3H, s), 3.77 (2H, s), 1.32 (3H, t, J = 7.2 Hz); C NMR
(100.6 MHz, CDCl3, ppm) 6 159.4, 153.9, 140.0, 133.3, 132.6, 128.6,
128.2,127.2,114.4, 86,4, 75.0, 62.1, 55.5, 24.8, 14.2.

Ethyl 5-(4"-methoxy-[1,1'-biphenyl]-4-yl)pent-3-ynoate (17b)
Ethyl diazoacetate (286 pulL, 2.72 mmol, 1.1 equiv) and Cul (24 mg,
0.12 mmol, 0.05 equiv) were added to a solution of alkyne 16 (550 mg,
2.47 mmol, 1.0 equiv) in anhydrous MeCN (10 mL). After stirring at
room temperature for 16 h, all volatiles were removed under reduced
pressure and the residue was purified by column chromatography on
silica gel (70g silica gel) using gradient elution from 1% MeOH in
CH,Cl, to 10% MeOH in CH,Cl,. Product 17b (627 mg, 77% yield) was
obtained as a light green oil. *H NMR (400 MHz, CDCls, ppm) & 7.55-
7.47 (4H, m), 7.44-7.38 (2H, m), 7.00-6.95 (2H, m), 4.24-4.18 (2H, m),
3.85(3H,5),3.66 (2H, t,J = 2.6 Hz), 3.33 (2H, t, J = 2.6 Hz), 1.30 (3H, t,
J=7.1Hz); "3C NMR (100.6 MHz, CDCl3, ppm) & 168.9, 159.2, 139.3,
135.3,133.6, 128.4,128.2, 126.9, 114.3,81.4,74.1, 61.7, 55.5, 26 4,
24.9,14.3.

Ethyl 6-(4'-methoxy-[1,1'-biphenyl]-4-yl)hex-4-ynoate (17c)

An oven-dried pressure tube (100 mL) was cooled under stream of
argon and charged with bromide 14 (1.22 g, 4.40 mmol, 1.0 equiv),
K2CO; (0.669 g, 4.84 mmol, 1.1 equiv), Cul (0.838 g, 4.40 mmol, 1.0
equiv), tetrabutylammonium iodide (1.63 g, 4.40 mmol, 1 equiv), ethyl
pent-4-ynoate (0.61 g, 4.84 mmol, 1.1 equiv), and anhydrous MeCN
(15 mL). After stirring at 40°C for 16 h, the suspension was cooled to
room temperature, diluted with aqueous saturated NH,Cl solution
(30 mL), and extracted with EtOAc (3 x 30 mL). Combined organic
extracts were dried over NaySO, and evaporated under reduced
pressure. The residue was purified by column chromatography on silica
gel (70 g silica gel) using gradient elution from 1% EtOAc in petroleum
ether to 15% EtOAc in petroleum ether to give product 17c (0.749 g,
53% vield) as a light yellow solid material. TH NMR (400 MHz, CDClj,
ppm) & 7.53-7.47 (4H, m), 7.40-7.34 (2H, m), 7.00-6.94 (2H, m), 4.16
(2H, q, J=7.2 Hz), 3.85 (3H, s), 3.59 (2H, s), 2.62-2.50 (4H, m), 1.26
(3H, 1, )= 7.2 Hz).

Ethyl 5-((4'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazole-4-carboxylate (18a)

The title compound was obtained as a light brown oil (1.00g, 76%
yield) from alkyne 17a(0.800 g, 2.72 mmol, 1.0 equiv), azide 4 (0.566 g,
2.99mmol, 1.1 equiv), and Cp*RuCI(COD) (124 mg, 0.326 mmol,
12 mol%) by following general procedure B. Product 18a was purified
by column chromatography on silica gel (100 g silica gel) using gradient
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elution from 10% EtOAc in hexanes to 90% EtOAc in hexanes.
1H NMR (400 MHz, DMSO-d,, ppm) § 7.54-7.48 (2H, m), 7.44-7.39
(2H, m), 7.39-7.35 (4H, m), 7.00-6.95 (2H, m), 6.90-6.86 (2H, m), 4.39
(2H,s),4.35(2H, q,J = 7.1 Hz), 3.77 (3H, 5), 2.66 (2H, t, J = 7.6 Hz), 1.60
(2H, quintet, J=7.3Hz), 1.39-1.20 (7H, m), 0.85 (3H, t, J=7.0Hz);
*3C NMR (100.6 MHz, DMSO-d,, ppm) & 160.9, 158.9, 145.0, 141.2,
138.1, 136.0, 134.6, 132.8, 1319, 1294, 128.3, 127.5, 126.2,
125.7, 1143, 60.6, 55.2, 34.6, 30.7, 304, 28.0, 219, 141,
13.9.

Ethyl 2-(5-((4"-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)acetate (18b)

The title compound was obtained as a light brown oil (0.469 g, 13%
yield) from alkyne 17b (1.085 g, 3.52 mmol, 1.0 equiv), azide 4 (0.799 g,
4.22mmol, 1.2 equiv), and Cp*RuCl{COD) (160mg, 0.420 mmol,
12 mol%) by following general procedure B. Product 18b was purified
by column chromatography on silica gel (150 g silica gel) using gradient
elution from 10% EtOAc in hexanes to 50% EtOAc in hexanes. *H NMR
(400 MHz, CDCl3, ppm) & 7.50-7.46 (2H, m), 7.44-7.40 (2H, m), 7.27-
7.25 (4H, m), 7.03-6.93 (4H, m), 4.14 (2H, q, J = 7.1 Hz), 4.10 (2H, s),
3.85 (3H, s), 3.71 (2H, ), 2.66 (2H, t, J=7.7 Hz), 1.63 (2H, quintet,
J=7.6Hz), 1.38-1.29 (4H, m), 1.25 (3H, t, J=7.1Hz), 0.90 (3H, t,
J=6.9 Hz); **C NMR (100.6 MHz, CDCls, ppm) 6 170.2, 159.4, 144.9,
139.5,139.1, 134.8, 134.3, 134.1, 133.1, 129.4, 128.6, 128.1, 127.0,
125.5,114.4,61.3,55.5,35.7, 31.9, 31.5, 31.1, 28.7, 22.6, 14.3, 14.1;
HRMS-ESI (m/z) caled. for CaiHagN3O3 [M+H]" 498.2757. Found
498.2756.

Ethyl 2-(1-(2-chloro-4-pentylphenyl)-5-((4"-methoxy-[1,1'-
biphenyl]-4-yl)methyl)-1H-1,2,3-triazol-4-yl)acetate (18c)

The title compound was obtained as a brown oil (100 mg, 13% yield)
from alkyne 17b (433 mg, 1.40 mmol, 1.0 equiv), azide 8 (314 mg,
1.40 mmol, 1.0 equiv), and Cp*RuCl(COD) (53 mg, 0.14 mmol, 10 mol
%) by following general procedure B. Product 18c was purified by
column chromatography on silica gel (50 g silica gel) using gradient
elution from 10% EtOAc in hexanes to 50% EtOAcin hexanes. "H NMR
(400 MHz, CDCl3, ppm) 6 7.48-7.43 (2H, m), 7.37-7.32 (3H, m), 7.13-
7.05 (2H, m), 7.00-6.91 (4H, m), 4.20-4.12 (2H, m), 3.95 (2H, s), 3.84
(3H, s), 3.72 (2H, s), 2.63 (2H, t, J = 7.5 Hz), 1.69-1.56 (2H, m), 1.41-
1.28 (4H, m), 1.27-1.22 (3H, m), 0.93-0.87 (3H, m); *C NMR
(100.6 MHz, CDCl3, ppm) 6 170.0, 159.2, 147.2, 139.3, 138.2, 135.9,
134.1, 133.0, 131.5, 131.4, 130.0, 129.1, 128.8, 127.9, 127.6, 126.6,
114.2, 61.1, 55.3, 354, 31.7, 31.2, 30.7, 28.7, 22.4, 14.1, 14.0;
HRMS-ESI (m/z) caled. for CayHasCINZO, [M+H]* 532.2367. Found
532.2366.

Ethyl 3-(5-((4"-methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)propanoate (18d)

The title compound was obtained as a white solid material (0.374 g,
32% vyield) from alkyne 17¢ (0.749 g, 2.32 mmol, 1.0 equiv), azide 4
(0.484g, 2.56mmol, 1.1 equiv), and Cp*RuCIl(COD) (88mg,
0.232 mmol, 10mol%) by following general procedure B. Crude
18d was purified by column chromatography on silica gel (100g
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silica gel) using gradient elution from 1% EtOAc in hexanes to 50%
EtOAc in hexanes to afford triazole 18d as a mixture of isomers.
The desired pure isomer 18d was obtained by preparative HPLC
(C18-silica) using 85% MeCN in aqueous 0.1% formic acid as a
mobile phase. "H NMR (400 MHz, CDCl,, ppm) & 7.51-7.45 (2H,
m), 7.44-7.39 (2H, m), 7.26-7.19 (4H, m), 6.99-6.93 (4H, m), 4.13
(2H, g, J=7.1Hz), 4.08 (2H, s), 3.84 (3H, s), 3.03-2.96 (2H, m),
2.87-2.79 (2H, m), 2.65 (2H, t, J=7.7Hz), 1.62 (2H, quintet,
J=7.4Hz), 1.39-1.27 (4H, m), 1.24 (3H, t, J = 7.1 Hz), 0.89 (3H, t,
J=7.0Hz); 'H NMR (400 MHz, CDCl3, ppm) & 173.1, 159.3, 144.8,
144.3, 139.5, 135.4, 134.2, 133.1, 132.7, 129.4, 128.4, 128.1,
127.1, 125.4, 114.4, 60.6, 55.5, 35.7, 33.4, 31.5, 31.1, 28.3, 22.6,
20.6, 14.4, 14.1; HRMS-ESI (m/2) calcd. for Ca2H3gN3O5 [M+H]*
512.2913. Found 512.2916.

N,N-Diethyl-5-((4'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazole-4-carboxamide (19a)

The title compound was obtained from carboxylic acid ester 18a
(100 mg, 0.21 mmol, 1.0 equiv), HOBt (36 mg, 0.27 mmol, 1.3 equiv),
EDC (52mg, 0.27mmol, 1.3 equiv), and diethylamine (33pL,
0.31 mmol, 1.5 equiv) by following general procedure C. Purification
by column chromatography on silica gel (10 g silica gel) using gradient
elution from 10% EtOAc in hexanes to 100% EtOAc afforded the
desired 19a as a light yellow oil (77 mg, 72% vield). 'H NMR (400 MHz,
CDCly, ppm) & 7.48-7.42 (2H, m), 7.37-7.32 (2H, m), 7.31-7.27 (2H,
m), 7.24-7.19 (2H, m), 7.00-6.96 (2H, m), 6.96-6.92 (2H, m), 4.32
(2H,s), 3.84 (3H,s), 3.77 (2H, q,J = 7.0 Hz), 3.55 (2H, q, ) = 7.0 Hz), 2.68
(2H,t,J = 7.7 Hz), 1.66 (2H, quintet, J = 7.4 Hz), 1.42-1.25 (7H, m), 1.21
(3H,t,J=7.0Hz),0.91(3H, t, J = 7.0 Hz); ">*C NMR (100.6 MHz, CDCls,
ppm) & 162.2, 159.3, 145.4, 140.8, 139.9, 139.2, 135.7, 133.6, 133.4,
129.5,128.9,128.1, 126.8, 125.9, 114.3, 55.5, 43.6,40.7, 31.5, 31.1,
28.9, 22.6, 14.8, 14.2, 13.0; HRMS-ESI (m/z) calcd. for CazHagN4O2
[M+H]* 511.3073. Found 511.3076.

N,N-Diethyl-2-(5-((4"-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-
(4-pentylphenyl)-1H-1,2,3-triazol-4-yl)acetamide (19¢)

The title compound was obtained from carboxylic acid ester 18b
(50 mg, 0.10 mmol, 1.0 equiv), HOBt (18 mg, 0.13 mmol, 1.3 equiv),
EDC (25mg, 0.13mmol, 1.3 equiv), and diethylamine (16 uL,
0.15 mmol, 1.5 equiv) by following general procedure C. Purification
by column chromatography on silica gel (10g silica gel) using
gradient elution from 20% EtOAc in hexanes to 100% EtOAc
afforded the target 19e as a light yellow oil (33mg, 62% vyield).
"H NMR (400 MHz, THF-dg, ppm) & 7.52-7.44 (2H, m), 7.44-7.36
(2H, m), 7.32-7.27 (4H, m), 7.06-6.98 (2H, m), 6.97-6.90 (2H, m),
4.18 (2H, s), 3.79 (3H, s), 3.70 (2H, s), 3.48 (2H, q, J=7.1 Hz), 3.35
(2H, q, J=7.1Hz), 2.67 (2H, t, J=7.7Hz), 1.66 (2H, quintet,
J=7.6Hz), 1.43-1.28 (4H, m), 1.13 (3H, t, J=7.1Hz), 1.08 (3H, t,
J=7.1Hz), 0.91 (3H, t, J=7.0Hz); **C NMR (100.6 MHz, THF-dg,
ppm) & 169.2, 160.6, 145.2, 141.3, 140.1, 136.8, 136.0, 135.1,
134.0,130.1,128.6,127.4,126.4, 115.1, 55.6, 43.3,41.2, 36.4, 32.5,
32.2,31.6, 29.1, 23.6, 14.8, 14.7, 14.5, 13.6; HRMS-ESI (m/2) calcd.
for Ca3Ha1N4O, [M+H]* 525.3230. Found 525.3234,
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N,N-Diethyl-3-(5-((4'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-
(4-pentylphenyl)-1H-1,2,3-triazol-4-yl)propanamide (19f)

The title compound was obtained from carboxylic acid ester 18d
(72 mg, 0.14 mmol, 1.0 equiv), HOBt (24 mg, 0.18 mmol, 1.3 equiv),
EDC (35mg, 0.18 mmol, 1.3 equiv), and diethylamine (23 uL,
0.22 mmol, 1.5 equiv) as a light yellow oil (64 mg, 85% yield) by
following general procedure C. Product 19f was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
30% EtOAc in hexanes to 100% EtOAc. *H NMR (400 MHz, CDCls,
ppm) & 7.49-7.44 (2H, m), 7.42-7.37 (2H, m), 7.25-7.18 (4H, m),
6.99-6.92 (4H, m), 4.10 (2H, s), 3.84 (3H, s), 3.36 (2H, q, J=7.1 Hz2),
3.30(2H,q,J = 7.1 Hz),3.09-3.02(2H, m), 2.86-2.80(2H, m), 2.65 (2H,
t,J=7.6 Hz),1.62(2H, quintet, J = 7.5 Hz), 1.40-1.27 (4H, m), 1.14 (3H,
t,J=7.1Hz), 1.08 (3H, t, J= 7.1 Hz), 0.89 (3H, t, J = 6.9 Hz).

(5-((4'-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)(pyrrolidin-1-yl)methanone
(19g)

The title compound was obtained from carboxylic acid ester 18a
(100 mg, 0.21 mmol, 1.0 equiv), HOBt (36 mg, 0.27 mmol, 1.3 equiv),
EDC (52 mg, 0.27 mmol, 1.3 equiv), and pyrrolidine (25 pL, 0.31 mmol,
1.5 equiv) as a light yellow oil (82 mg, 77% yield) by following general
procedure C. Product 19g was purified by column chromatography on
silica gel (10 g silica gel) using gradient elution from 20% EtOAc in
hexanes to 100% EtOAc. *H NMR (400 MHz, CDCls, ppm) 6 7.48-7.42
(2H, m), 7.37-7.32 (2H, m), 7.29-7.24 (2H, m), 7.20-7.16 (2H, m),
7.00-6.96 (2H, m), 6.96-6.92 (2H, m), 443 (2H, s), 4.11 (2H, t,
J=6.9Hz),3.84 (3H,5),3.70 (2H, t, ) = 6.9 Hz), 2.68 (2H, t, J = 7.7 H2),
2.03-1.90 (4H, m), 1.65 (2H, quintet, J = 7.5 Hz), 1.40-1.29 (4H, m),
0.91 (3H, t, J= 7.0 Hz); **C NMR (100.6 MHz, CDCls, ppm) & 161.0,
159.2, 145.4, 140.7, 140.3, 139.2, 135.7, 133.6, 133.4, 129.5, 129.0,
128.1, 126.8, 125.9, 114.3, 55.5, 49.2, 46.9, 35.7, 31.5, 31.1, 28.9,
26.8,24.1,22.6, 14.2; HRMS-ESI (m/2) calcd. for C3;H37N40; [M+H]*
509.2917. Found 509.2910.

2-(5-((4'-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)-1-(pyrrolidin-1-yl)ethan-1-
one (19h)

The title compound was obtained from carboxylic acid ester 18b
(50 mg, 0.10 mmol, 1.0 equiv), HOBt (18 mg, 0.13 mmol, 1.3 equiv),
EDC (25mg, 0.13mmol, 1.3 equiv), and pyrrolidine (13 pL,
0.15mmol, 1.5 equiv) as a light yellow oil (40mg, 75% yield) by
following general procedure C. Product 19h was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution
from 10% EtOAc in hexanes to 100% EtOAc. 'H NMR (400 MHz,
CDCl3, ppm) & 7.50-7.44 (2H, m), 7.43-7.37 (2H, m), 7.28-7.22 (4H,
m), 7.03-6.98 (2H, m), 6.98-6.94 (2H, m), 4.20 (2H, s), 3.84 (3H, s),
3.68 (2H, s), 3.56 (2H, t, J = 6.8 Hz), 3.43 (2H, t, J = 6.8 Hz), 2.65 (2H,
t, J=7.7Hz), 1.97-1.88 (2H, m), 1.87-1.79 (2H, m), 1.63 (2H,
quintet, J=7.5Hz), 1.40-1.28 (4H, m), 0.89 (3H, t, J=7.0Hz);
13C NMR (100.6 MHz, CDCl3, ppm) & 167.8, 159.3, 144.8, 140.1,
139.3,135.3,134.6, 134.2, 133.2, 129.4, 128.8, 128.0, 126.9, 125.5,
114.4,55.5,47.2,46.0,35.7, 32.8, 31.5, 31.1, 28.6, 26.2, 24.5, 22.6,
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14.1; HRMS-ESI (m/2) caled. for CaHagNO, [M+H]® 523.3073.
Found 523.3076.

3-(5-((4’-Methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)-1-(pyrrolidin-1-yl)propan-
1-one (19i)

The title compound was obtained as a light yellow oil (64 mg, 85%
yield) from carboxylic acid ester 18d (72 mg, 0.14 mmol, 1.0 equiv),
HOBt (24 mg, 0.18 mmol, 1.3 equiv), EDC (35mg, 0.18 mmol, 1.3
equiv), and pyrrolidine (18 uL, 0.22 mmol, 1.5 equiv) by following
general procedure C. Product 19i was purified by column chromatog-
raphy onssilica gel (10 gssilica gel) using gradient elution from 0% MeOH
in CH,Cl to 10% MeOH in CH,Cl,. *H NMR (400 MHz, CDCl3, ppm)
7.50-7.44 (2H, m), 7.42-7.37 (2H, m), 7.26-7.19 (4H, m), 7.01-6.92
(4H,m),4.12 (2H, s), 3.84 (3H, s), 3.47-3.36 (4H, m), 3.10-3.00 (2H, m),
2.78 (2H, t, J=7.4Hz), 2.65 (2H, t, J=7.7 Hz), 1.96-1.87 (2H, m),
1.86-1.78 (2H, m), 1.67-1.58 (2H, m), 1.39-1.26 (4H, m), 0.89 (3H, t,
J=6.9Hz).

(5-((4"-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)(4-methylpiperazin-1-yl)-
methanone (19j)

The title compound was obtained as a light yellow oil (65 mg, 58%
yield) from carboxylic acid ester 18a (100 mg, 0.21 mmol, 1.0 equiv),
HOBt (36 mg, 0.27 mmol, 1.3 equiv), EDC (52 mg, 0.27 mmol, 1.3
equiv), and 1-methylpiperazine (34uL, 0.31mmol, 1.5 equiv) by
following general procedure C. Product 19j was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
0% MeOH in CH,Cl, to 20% MeOH in CH,Cl. *H NMR (400 MHz,
CDClg, ppm) & 7.48-7.43 (2H, m), 7.39-7.33 (2H, m), 7.31-7.27 (2H,
m), 7.23-7.18 (2H, m), 7.01-6.92 (4H, m), 4.31 (2H, s), 4.10-4.04 (2H,
m), 3.84-3.79 (5H, m), 2.74-2.63 (2H, m), 2.46 (2H, t, ) = 4.8 Hz), 2.43
(2H, t,J=4.8 Hz), 2.30 (3H, 5), 1.65 (2H, quintet, J = 7.5 Hz), 1.41-1.29
(4H, m), 0.91 (3H, t, J=7.0Hz); **C NMR (100.6 MHz, CD;0D-ds,
ppm) & 163.2, 160.8, 147.1, 141.3, 140.8, 140.7, 136.2, 134.6, 134.1,
130.7, 130.2, 128.8, 127.6, 127.0, 115.3, 56.1, 55.7, 55.4, 45.9,
42.9, 36.5, 32.5, 32.2, 29.5, 23.6, 14.4; HRMS-ESI (m/z) calcd. for
Ca3H40N50, [M+H]* 538.3182. Found 538.3185.

2-(5-((4’-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)-1-(4-methylpiperazin-1-yl)-
ethan-1-one (19k)

The title compound was obtained as a light yellow oil (65 mg, 56%
yield) from carboxylic acid ester 18b (104 mg, 0.21 mmol, 1.0 equiv),
HOBt (37 mg, 0.27 mmol, 1.3 equiv), EDC (52 mg, 0.27 mmol, 1.3
equiv), and 1-methylpiperazine (35uL, 0.32mmol, 1.5 equiv) by
following general procedure C. Product 19k was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
0% MeOH in CH,Cl, to 20% MeOH in CH,Cl. *H NMR (400 MHz,
CDClg, ppm) & 7.51-7.44 (2H, m), 7.43-7.37 (2H, m), 7.27-7.23 (4H,
m), 7.02-6.93 (4H, m), 4.16 (2H, s), 3.84 (3H, s), 3.74 (2H, 5), 3.66 (2H, t,
J=5.2Hz),3.61(2H,t,J=5.2Hz), 2.65 (2H, t,J = 7.7 Hz), 2.36 (4H, q,
J=5.2Hz), 2.28 (3H, s), 1.63 (2H, quintet, J = 7.5 Hz), 1.40-1.24 (4H,
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m), 0.89 (3H, t, J = 6.9 Hz); "3C NMR (100.6 MHz, CDCls, ppm) § 167.8,
159.3, 144.9, 140.0, 139.4, 135.1, 134.7, 134.2, 133.1, 129.5, 128.8,
128.1, 126.9, 125.5, 114.4, 555, 55.2, 54.7, 46.2, 46.1, 41.9, 35.7,
315, 315, 311, 286, 22.6, 14.2; HRMS-ESI (m/z) caled. for
Ca4HaNs0, [M+H]" 552.3339. Found 552.3344,

3-(5-((4'-Methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)-1-(4-methylpiperazin-
1-yl)propan-1-one (19I)

The title compound was obtained as a light yellow oil (62 mg, 78%
yield) from carboxylic acid ester 18d (72 mg, 0.14 mmol, 1.0 equiv),
HOBt (24 mg, 0.18 mmol, 1.3 equiv), EDC (35mg, 0.18 mmol, 1.3
equiv), and 1-methylpiperazine (24 pL, 0.22 mmol, 1.5 equiv) by
following general procedure C. Product 191 was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
0% MeOH in CHCl; to 20% MeOH in CH,Cl,. "H NMR (400 MHz,
CDClg, ppm) & 7.49-7.45 (2H, m), 7.43-7.38 (2H, m), 7.25-7.20 (4H,
m), 6.99-6.93 (4H, m), 4.09 (2H, s), 3.84 (3H, s), 3.64 (2H, t, J = 4.9 Hz),
3.53-3.47 (2H, m), 3.03 (2H, dd, J = 8.5, 6.4 Hz), 2.84 (2H, dd, J = 8.5,
6.4 Hz),2.65(2H, t,J = 7.7 Hz), 2.37 (4H, t, ) = 4.9 Hz), 2.30 (3H, 5), 1.63
(2H, quintet, J=7.6 Hz), 1.39-1.28 (4H, m), 0.89 (3H, t, J= 6.9 Hz);
13C NMR (100.6 MHz, CDCl,, ppm) & 170.8, 159.4, 145.0, 144.4,
139.4, 135.4, 134.1, 133.0, 133.0, 129.5, 128.5, 128.0, 127.0, 125.4,
114.4, 68.6, 55.5, 53.9, 44.5, 35.7, 31.5, 31.1, 284, 27.9, 22.6, 20.7,
14.1; HRMS-ESI (m/z) caled. for CysHasNsO, [M+H]* 5663495
Found 566.3491.

2-(5-((4'-Methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)-1-morpholinoethan-1-one
(19m)

The title compound was obtained as a white solid material (82 mg, 85%
yield) from carboxylic acid ester 18b (90 mg, 0.18 mmol, 1.0 equiv),
HOBt (32 mg, 0.23mmol, 1.3 equiv), EDC (44 mg, 0.23 mmol, 1.3
equiv), and morpholine (23 uL, 0.27 mmol, 1.5 equiv) by following
general procedure C. Product 19m was purified by column chroma-
tography on silica gel (10 g silica gel) using gradient elution from 15%
EtOAc in petroleum ether to 100% EtOAc. "H NMR (400 MHz, CDCls,
ppm) & 7.51-7.45 (2H, m), 7.44-7.37 (2H, m), 7.27-7.24 (4H, m),
7.04-6.93 (4H, m), 4.17 (2H, s), 3.84 (3H, s), 3.74 (2H, s), 3.70-3.57
(8H,m),2.66(2H,t,J = 7.7 Hz), 1.63(2H, quintet, J = 7.6 Hz), 1.40-1.27
(4H, m), 0.90 (3H, t, J = 6.9 Hz); 13C NMR (100.6 MHz, CDCls, ppm) &
168.1, 159.4, 145.0, 139.8, 139.4, 135.1, 134.6, 134.1, 133.1, 129.5,
128.8, 128.0, 126.9, 125.4, 114.4, 66.9, 66.8, 55.5, 46.8, 42.3, 35.7,
31.5, 314, 31.1, 28.6, 22.6, 14.1; HRMS-ESI (m/z) calcd. for
CasHaeN4O5 [M+H]" 539.3022. Found 539.3015.

2-(5-((4'-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-

pentylphenyl)-1H-1,2,3-triazol-4-yl)acetamide (190)

The title compound was obtained as a white solid material (82 mg, 85%
yield) from carboxylic acid ester 18b (90 mg, 0.18 mmol, 1.0 equiv),
HOBt (32 mg, 0.23mmal, 1.3 equiv), EDC (44 mg, 0.23 mmol, 1.3
equiv), and NH3 (0.5M in THF, 1.08 mL, 0.54 mmol, 3.0 equiv) by
following general procedure C. Product 190 was purified by column
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chromatography on silica gel (10 g silica gel) using 2% MeOH in EtOAc.
*H NMR (400 MHz, CDCl3, ppm) & 7.52-7.42 (2H, m), 7.45-7.36 (2H,
m), 7.31-7.18 (4H, m), 7.00-6.89 (4H, m), 6.88-6.79 (1H, m),
5.67-5.52 (1H, m), 4.08 (2H, s), 3.84 (3H, s), 3.66 (2H, s), 2.66 (2H,
t,J=7.7 Hz), 1.64 (2H, quintet, J = 7.7 Hz), 1.44-1.24 (4H, m), 0.90 (3H,
t,J = 6.9 Hz); "*C NMR (100.6 MHz, CDClz, ppm)6171.4,159.4,145.3,
139.9,139.7, 134.6, 134.3, 133.9, 133.0, 129.6, 128.5, 128.1, 127.2,
125.5,114.4,55.5,35.7, 33.2, 31.5, 28.4, 22.6, 14.1; HRMS-ESI (m/z)
caled. for CoeHaaN4O; [M+H]" 469.2604. Found 469.2601.

N-Ethyl-2-(5-((4'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)acetamide (1%p)

The title compound was obtained as a white solid material (72 mg, 89%
yield) from carboxylic acid ester 18b (90 mg, 0.18 mmol, 1.0 equiv),
HOBt (32mg, 0.23mmol, 1.3 equiv), EDC (44 mg, 0.23mmol, 1.3
equiv), and ethylamine (2.0M in THF, 140 pL, 0.27 mmol, 1.5 equiv) by
following general procedure C. Product 19p was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
15% EtOAc in petroleum ether to 100% EtOAc. 'H NMR (400 MHz,
CDCl3, ppm) & 7.50-7.43 (2H, m), 7.42-7.36 (2H, m), 7.31-7.20 (4H,
m),7.01-6.89 (4H, m), 6.75-6.69 (1H, m), 4.08 (2H, s), 3.84 (3H, 5), 3.65
(2H, s), 3.30 (2H, ad, J = 7.3, 5.6 Hz), 2.67 (2H, t, J = 7.7 Hz), 1.64 (2H,
quintet, J = 7.5 Hz), 1.40-1.28 (4H, m), 1.14 (3H, 1, J = 7.3 Hz), 0.90 (3H,
t,J = 6.9 Hz): "®*C NMR (100.6 MHz, CDCl3, ppm) 6 168.8,159.4, 145.2,
140.2, 139.6, 134.8, 134.2, 133.9, 133.1, 129.5, 128.5, 128.1, 127.1,
125.5,114.4,55.5,35.7, 34.8, 33.6, 31.5, 31.1, 28.4, 22.6, 14.9, 14.1;
HRMS-ESI (m/2) calcd. for CaiHayN4O, [M+H]" 497.2917. Found
497.2921.

2-(1-(2-Chloro-4-pentylphenyl)-5-((4’-methoxy-[1,1'-biphenyl]-
4-yl)methyl)-1H-1,2,3-triazol-4-yl)-N,N-diethylacetamide (19s)
The title compound was obtained as a white solid material (20 mg, 40%
yield) from carboxylic acid ester 18b (46 mg, 0.089 mmol, 1.0 equiv),
HOBt (16 mg, 0.12mmol, 1.3 equiv), EDC (23 mg, 0.12mmol, 1.3
equiv), and diethylamine (14 uL, 0.13 mmol, 1.5 equiv) by following
general procedure C. Product 19s was purified by column chromatog-
raphy on silica gel (10g silica gel) using gradient elution from 15%
EtOAc in petroleum ether to 100% EtOAc. TH NMR (400 MHz, CDCls,
ppm) & 7.47-7.41(2H, m), 7.35-7.29 (3H, m), 7.12-7.05 (2H, m), 7.00-
6.92 (4H, m), 4.03 (2H, s), 3.84 (3H, s), 3.74 (2H, s), 3.46 (2H, q,
J=7.1Hz), 3.39 (2H, g, J=7.1Hz), 2.63 (2H, t, J=7.7 Hz), 1.62 (2H,
quintet, J = 7.5 Hz), 1.40-1.27 (4H,m), 1.14 (3H, t,J = 7.1 Hz), 1.13 (3H,
t, J=7.1Hz), 0.90 (3H, t, J= 6.9 Hz); C NMR (100.6 MHz, CDCl5,
ppm) & 168.5, 159.3, 147.3, 139.6, 139.2, 136.5, 134.8, 133.3, 131.8,
131.6,130.1,129.3,128.0, 127.7,126.7, 114.3, 55.5,42.6,40.6, 35.6,
31.7,31.4,30.9, 28.9, 22.6, 14.4, 14.1, 13.2.

N-Ethyl-N-((5-((4'-methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)methyl)ethanamine (2a)

The title compound was obtained as a light yellow oil (14 mg, 25%
yield) from amide 19a (55 mg, 0.11 mmol, 1.0 equiv) and BH3-THF
complex (1.0M solution in THF, 0.5mL, 0.5mmol, 4.5 equiv) by
following general procedure D. Product 2a was purified by column
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chromatography on silica gel (10 g silica gel) using gradient elution from
0% EtOAcC in CH,Cl, to 30% EtOAc in CH,Cly. 'H NMR (400 MHz,
CDCl3, ppm) & 7.50-7.44 (2H, m), 7.40-7.35 (2H, m), 7.24-7.18 (4H,
m), 7.02-6.93 (4H, m), 4.15 (2H, s), 3.84 (3H, 5}, 3.73 (2H, s), 2.68-2.54
(6H, m), 1.67-1.55 (2H, m), 1.39-1.28 (4H, m), 1.04 (6H, t, J = 7.1 Hz2),
0.89 (3H, t, J=6.8Hz); '*C NMR (100.6 MHz, CD3;0D-d., ppm) &
160.9, 147.0, 141.1, 139.1, 135.4, 134.9, 130.7, 129.9, 128.8, 128.6,
127.9,126.8,115.3, 62.8, 55.8, 36.5, 32.5, 32.2, 30.2, 23.5, 14.4, 9.4;
HRMS-ESI (m/z) caled. for CzHaNsO [M+H]™ 497.3280. Found
497.3280.

N,N-Diethyl-2-(5-((4"-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-
(4-pentylphenyl)-1H-1,2,3-triazol-4-yl)ethan-1-amine
hydrochloride (2e)

The title compound was obtained as a white foam (15 mg, 29% vyield)
from amide 19e (50 mg, 0.095 mmol, 1.0 equiv) and BH;-THF complex
(1.0 M solution in THF, 0.5mL, 0.5mmol, 4.5 equiv) by following
general procedure D. Product 2a was purified by column chromatog-
raphy on silica gel (10 g silica gel) using gradient elution from 0% MeOH
in CH,Cl; to 20% MeOH in CH,Cl,. The oily residue was converted to
hydrochloric salt using 2 M HCI in Et,0. H NMR (400 MHz, CDCl3,
ppm) & 12,.35-12.20 (1H, br s), 7.51-7.39 (4H, m), 7.33-7.27 (4H, m),
7.06-6.98 (2H, m), 6.98-6.91 (2H, m), 4.16 (2H, s), 3.84 (3H, s), 3.40-
3.29 (4H, m), 3.24-2.99 (4H, m), 2.67 (2H, t, J=7.7 Hz), 1.64 (2H,
quintet, J=7.4Hz), 1.43-1.27 (10H, m), 0.90 (3H, t, J=6.9 Hz);
3C NMR (100.6 MHz, CDCls, ppm) & 145.4, 140.4, 139.7, 135.0,
134.5, 133.8, 132.9, 129.7, 128.8, 128.0, 127.2, 125.5, 114.4, 55.5,
50.7,46.8,35.7,31.5,31.1, 28.4, 22.6, 20.5, 14.1, 8.5; HRMS-ESI (m/z)
caled. for CaaHagN4O [M+H]* 511.3437. Found 511.3441.

N,N-Diethyl-3-(5-((4"-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-
(4-pentylphenyl)-1H-1,2,3-triazol-4-yl)propan-1-amine (2f)

The title compound was obtained as a light yellow oil (7 mg, 37% yield)
from amide 19f (20 mg, 0.037 mmol, 1 equiv) and BH3-THF complex
(1.0 M solution in THF, 0.5mL, 0.5mmol, 13.5 equiv) by following
general procedure D. Pure product 2f was obtained after purification
by column chromatography on silica gel (10 g silica gel) using gradient
elution from 0% EtQH in CH,Cl, to 10% EtOH in CH,Cl,. *H NMR
(400 MHz, CDClg, ppm) & 7.51-7.46 (2H, m), 7.46-7.42 (2H, m), 7.30-
7.27 (4H, m), 7.02-6.93 (4H, m), 4.06 (2H, s), 3.84 (3H, s), 3.06-2.94
(6H, m), 2.71 (2H, t, J = 7.0 Hz), 2.66 (2H, t, J = 7.7 Hz), 2.28-2.18 (2H,
m), 1.64 (2H, quintet, J=7.7 Hz), 1.40-1.26 (10H, m), 0.8% (3H, t,
J=7.0Hz).

5-((4'-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-pentylphenyl)-
4-(pyrrolidin-1-ylmethyl)-1H-1,2,3-triazole (2g)

The title compound was obtained as a light yellow oil (11 mg, 25%
yield) from amide 19g (45 mg, 0.088 mmol, 1 equiv) and BH;-THF
complex (1.0M solution in THF, 0.5mL, 0.5mmol, 4.5 equiv) by
following general procedure D. Product 2g was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
0% MeOH in CH,Cl, to 20% MeOH in CH,Clz. "H NMR (400 MHz,
CDCl3, ppm) § 7.51-7.44 (2H, m), 7.42-7.36 (2H, m), 7.25-7.18 (4H,
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m), 7.01-6.93 (4H, m), 412 (2H, s), 3.84 (3H, 5), 3.77 (2H, 5), 2.74-2.55
(6H, m), 1.79 (4H, quintet, J= 3.2 Hz), 1.73-1.55 (2H, m), 1.41-1.23
(4H, m), 0.89 (3H, t, J=6.9Hz HRMS-ESI (m/z) caled. for
CagHagN4O [M+H]' 495.3124. Found 495.3118.

5-((4'-Methoxy-[1,1"-biphenyl]-4-yl)methyl)- 1-(4-pentylphenyl)-
4-(2-(pyrrolidin-1-yl)ethyl)-1H-1,2,3-triazole hydrochloride (2h)
The title compound was obtained as a light yellow foam (12 mg, 36%
yield) from amide 19h (32 mg, 0.061 mmol, 1 equiv) and BH;-THF
complex (1.0M solution in THF, 0.5mL, 0.5mmol, 8.2 equiv) by
following general procedure D. Product 2h was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
0% MeOH in CHCly to 5% MeOH in CHCla. The oily residue was
converted to hydrochloric salt using 2M HCI in Et,O. 1H NMR
(400 MHz, CDCly, ppm) & 12.64-12.44 (1H, br s), 7.51-7.45 (2H, m),
7.45-7.38 (2H, m), 7.32-7.22 (4H, m), 7.06-6.97 (2H, m), 6.98-6.90
(2H, m),4.15(2H, 5), 3.84 (3H, ), 3.81-3.62(2H,m), 3.56-3.23 (4H, m),
2.89-2.69 (2H, m), 2.67 (2H, t, J=7.7 Hz), 2.29-2.13 (2H, m), 2.12-
1.97(2H, m), 1.64 (2H, quintet, J = 7.3 Hz), 1.44-1.15 (4H, m), 0.89 (3H,
t,J = 6.8 Hz); "*C NMR (100.6 MHz, CDCl3, ppm) 6 159.4, 145.3, 139.6,
135.0, 133.8, 132.9, 129.6, 128.9, 128.1, 127.2, 125.6, 114.4, 55.5,
54.2,35.7, 315, 31.1, 28.6, 23.6, 22.6, 22.2, 14.1; HRMS-ESI (m/z)
caled. for CagHa1N4O [M+H]" 509.3280. Found 509.3299.

5-((4'-Methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-(4-pentylphenyl)-
4-(3-(pyrrolidin-1-yl)propyl)-1H-1,2,3-triazole (2i)

The title compound was obtained as a light yellow oil (9 mg, 29% yield)
from amide 19i (32 mg, 0.06 mmol, 1.0 equiv) and BH3-THF complex
(1.0M solution in THF, 0.5mL, 0.5 mmol, 8.3 equiv) by following
general procedure D. Product 2i was purified by column chromatog-
raphy on silica gel (10 g silica gel) using gradient elution from 0% EtOH
in CH4Cla to 20% EtOH in CH,Cla. "H NMR (400 MHz, CDCls, ppm) 6
7.49-7.45 (2H, m), 7.44-7 40 (2H, m), 7.29-7.23 (4H, m), 6.99-6.92
(4H, m), 4.05 (2H, s), 3.88 (3H, s), 3.10-3.03 (6H, m), 2.73 (2H, t,
J=6.9Hz),2.65(2H, 1, J=7.7 Hz), 2.35-2.17 (2H, m), 2.12-1.97 (4H,
m), 1.62 (2H, quintet, J=7.5Hz), 1.43-1.22 (4H, m), 0.88 (3H, t,
J=6.9 Hz); 1°C NMR (100.6 MHz, CDCls, ppm) § 159.4, 145.0, 143.7,
139.6, 135.2, 134.0, 133.2, 132.9, 129.6, 128.6, 128.0, 127.1, 1254,
114.4, 55.5, 55.1, 53.7, 35.7, 31.5, 31.1, 28.5, 25.0, 23.6, 22.6, 22.4,
14.1; HRMS-ESI (m/2) caled. for C34H43N,0 [M+H]" 523.3437. Found
523.3455.

1-((5-((4"-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)methyl)-4-methylpiperazine
(2i)

The title compound was obtained as a light yellow oil (18 mg, 31%
yield) from amide 19j (60 mg, 0.11 mmol, 1.0 equiv) and BH;-THF
complex (1.0M solution in THF, 0.5mL, 0.5mmol, 4.5 equiv) by
following general procedure D. Product 2j was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution 0%
EtOH in CH,Cl, to 20% EtOH in CH,Clo. *H NMR (400 MHz, CDCls,
ppm) 57.51-7.45(2H, m), 7.44-7.39 (2H, m), 7.29-7.21 (4H, m), 7.03-
6.93 (4H, m), 4.09 (2H, s), 3.84 (3H, s), 3.68 (2H, s), 3.10-3.00 (2H, m),
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2.92-2.79 (2H, m), 2.78-2.69 (2H, m), 2.66 (2H, t, 1 = 7.7 Hz), 2.60 (3H,
s), 2.58-2.52 (2H, m), 1.63 (2H, quintet, J = 7.4 Hz), 1.40-1.27 (4H, m),
0.89 (3H, t, J = 6.9 Hz); HRMS-ESI (m/2) calcd. for Ca3HaNsO [M+H]®
524.3389. Found 524.3390.

1-(2-(5-((4"-Methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)ethyl)-4-methylpiperazine
(2k)

The title compound was obtained as a light yellow oil (14 mg, 26%
yield) from amide 19k (60 mg, 0.10 mmol, 1.0 equiv) and BH3-THF
complex (1.0M solution in THF, 0.5mL, 0.5 mmol, 50 equiv) by
following general procedure D. Product 2k was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
0% EtOH in CH,Cly to 20% EtOH in CHyClo. "H NMR (400 MHz,
CDCls, ppm) § 7.49-7.45 (2H, m), 7.43-7.38 (2H, m), 7.25-7.19 (4H,
m), 6.99-6.94 (4H, m), 4.04 (2H, s), 3.84 (3H, s), 2.93-2.83 (2H, m),
2.79-2.71(2H, m), 2.64 (2H,1,J = 7.7 Hz), 2.60-2.33 (8H, m), 2.28 (3H,
s), 1.62 (2H, quintet, J=7.5Hz), 1.41-1.22 (4H, m), 0.89 (3H, t,
J=69Hz).

1-(3-(5-((4’-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)propyl)-4-methylpiperazine
(21

The title compound was obtained as a light yellow foam (22 mg, 34%
yield) from amide 191 (62 mg, 0.11 mmol, 1.0 equiv) and BH3-THF
complex (1.0M solution in THF, 0.5mL, 0.5 mmol, 4.5 equiv) by
following general procedure D. After extraction hydrochloric acid salt
of amine 2l was made using 2 M HCl in EtO and washed with diethyl
ether and hexane to give pure product. 'H NMR (400 MHz, CDCl3,
ppm) & 7.54-7.47 (2H, m), 7.46-7.41(2H, m), 7.34-7.20(4H, m), 7.02-
6.91 (4H, m), 4.02 (2H, s), 3.82 (3H, s), 3.79-3.40 (8H, m), 3.25-3.11
(2H, m), 2.87 (3H, 5), 2.77-2.70 (2H, m), 2.64 (2H, t, J = 7.7 Hz), 2.33-
2.12(2H, m), 1.61(2H, quintet, J = 7.6 Hz), 1.39-1.25 (4H, m), 0.88 (3H,
t,J = 6.9 Hz); "*C NMR (100.6 MHz, CDCl3, ppm) § 159.4, 145.1,143.1,
139.4,135.2, 133.9, 133.3, 132.6, 129.6, 128.7,128.0, 127.1, 125.5,
114.5, 56.7, 55.5, 50.2, 48.7, 43.3, 35.6, 31.5, 31.0, 28.5, 22.6, 22.2,
14.1; HRMS-ESI (m/2) caled. for C35HgNsO [M+H]* 552.3702. Found
552.3707.

4-(2-(5-((4'-Methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)ethyl)morpholine (2m)

The title compound was obtained as a light yellow oil (25mg, 34%
yield) from amide 19m (69 mg, 0.13 mmol, 1.0 equiv) and BH;-THF
complex (1.0 M solution in THF, 0.5mL, 0.5 mmol, 3.8 equiv) by
following general procedure D. Product 2m was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
0% EtOH in CH.Cl; to 20% EtOH in CH:Cl,. After column
chromatography hydrachloric acid salt of amine 2m was made using
2 M HCl in Et,0. *H NMR (400 MHz, DMSO-ds, ppm) & 11.23-11.06
(1H, br s), 7.56-7.49 (2H, m), 7.47-7.42 (2H, m), 7.39-7.28 (4H, m),
7.02-6.97 (2H, m), 6.96-6.93 (2H, m), 4.16 (2H, 5), 4.00-3.94 (2H, m),
3.81 (2H, d, J=12.3Hz), 3.77 (3H, s), 3.50 (2H, d, J = 12.3 Hz), 3.46-
3.39(2H,m), 3.23-3.16 (2H, m), 3.16-3.05 (2H, m), 2.69-2.60 (2H, m),
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1.59 (2H, quintet, J=7.5Hz), 1.36-1.21 (4H, m), 0.85 (3H, d,
J=7.0Hz); *C NMR (100.6 MHz, CDCl;, ppm) & 159.4, 145.7,
139.7, 139.6, 1353, 1345, 1334, 1327, 129.7, 1289, 1280,
127.2, 125.5, 114.4, 63.7, 56.0, 55.5, 55.4, 52.2, 35.7, 31.4, 31.0,
28.5,22.6,19.7, 14.1.

2-(5-((4'-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)ethan-1-amine (20)

The title compound was obtained as a light yellow oil (15 mg, 30%
yield) from amide 190 (52 mg, 0.11 mmol, 1.0 equiv) and BH;-THF
complex (1.0M solution in THF, 0.5mL, 0.5mmol, 4.5 equiv) by
following general procedure D. Product 2o was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
0% MeOH in CH,Cl, to 50% MeOH in CH,Cl,. *H NMR (400 MHz,
CDCls, ppm) § 7.49-7.44 (2H, m), 7.43-7.37 (2H, m), 7.24-7.21 (4H,
m), 6.98-6.90 (4H, m), 4.03 (2H, s), 3.84 (3H, 5), 3.34 (2H, t, J = 6.3 Hz),
299 (2H, t, J=6.3Hz), 2.64 (2H, t, J=7.7 Hz), 1.62 (2H, quintet,
J=7.5Hz), 1.39-1.28 (4H, m), 0.89 (3H, t, J=6.8Hz); °C NMR
(100.6 MHz, CDCls, ppm) 6 159.3, 145.0, 141.6, 139.4, 134.9, 134.3,
133.9, 133.0, 129.4, 128.6, 128.0, 127.0, 125.6, 114.3, 55.4, 39.4,
357, 31.5, 31.1, 29.8, 28.3, 22.6, 14.1; HRMS-ESI (m/z) calcd. for
C,4H3sN40 [M+H]* 455.2811. Found 455.2806.

N-Ethyl-2-(5-((4'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)ethan-1-amine (2p)

The title compound was obtained as a light yellow oil (19 mg, 36%
yield) from amide 19p (56 mg, 0.11 mmol, 1.0 equiv) and BH3-THF
complex (1.0M solution in THF, 0.5mL, 0.5mmol, 4.5 equiv) by
following general procedure D. Product 2p was purified by column
chromatography on silica gel (10 g silica gel) using gradient elution from
0% MeOH in CH,Cl, to 50% MeOH in CH,Cl,. *H NMR (400 MHz,
CDCly, ppm) & 7.50-7.45 (2H, m), 7.43-7.38 (2H, m), 7.26-7.21
(4H, m), 6.99-6.93 (4H, m), 4.04 (2H, s), 3.84 (3H, s), 3.08 (2H, t,
J=6.8Hz), 291 (2H, t, J= 6.8 Hz), 276 (2H, q, J = 7.2 Hz), 2.65 (2H,
t,J=7.7 Hz), 1.63(2H, quintet, J = 7.4 Hz), 1.42-1.26 (4H, m), 1.16 (3H,
t,J=7.2Hz), 0.89 (3H, t, J= 6.9 Hz); **C NMR (100.6 MHz, CDCl;,
ppm)§159.2,144.8,142.8,139.4,134.9,133.89,133.2,132.8,129.3,
128.3,127.9, 126.9, 125.3, 114.2, 55.3, 47.3, 43.3, 35.5, 31.3, 30.9,
28.2, 23.7, 22.4, 14.0, 13.3; HRMS-ESI (m/z) calcd. for C34H3eNLO
[M+H]" 483.3124. Found 483.3119.

2-(1-(2-Chloro-4-pentylphenyl)-5-((4'-methoxy-[1,1'-biphenyl]-
4-yl)methyl)-1H-1,2,3-triazol-4-yl)}-N,N-diethylethan-1-amine
(2s)

The title compound was obtained as a light yellow oil (7 mg, 42% yield)
from amide 19s (16 mg, 0.029 mmol, 1.0 equiv) and BH3-THF complex
(1.0 M solution in THF, 0.5mL, 0.5mmol, 17.2 equiv) by following
general procedure D. Product 2s was purified by column chromatog-
raphy onsilica gel (10 g silica gel) using gradient elution from 0% MeOH
in CHxCl; to 20% MeOH in CH,Cl,. After column chromatography
hydrochloric acid salt of amine 2s was made using 2M HCl in Etz0.
'H NMR (400 MHz, CDClg, ppm) & 12.40-12.27 (1H, br s), 7.48-7.42
(2H, m), 7.41-7.36 (3H, m), 7.17-7.13 (2H, m), 7.01-6.97 (2H, m),
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6.97-6.93 (2H, m), 4.02 (2H, s), 3.84 (3H, s), 3.39-3.29 (4H, m), 3.24~
3.00 (4H, m), 2.66 (2H, t, J=7.7 Hz), 1.64 (2H, quintet, J=7.4 Hz),
1.43-1.28 (10H, m), 0.91 (3H, t,J = 7.0 Hz); "H NMR (400 MHz, CDCls,
ppm) & 159.4, 147.8, 139.6, 135.9, 134.6, 133.0, 131.5, 131.4, 130.3,
129.3,129.1,128.0,127.9, 127.1, 114.4, 55.5, 50.7, 46.7, 35.6, 31.4,
30.9, 28.6, 22.6, 20.6, 14.1, 8.6.

1-Bromo-4-(prop-2-yn-1-yl)benzene (20)

To a cooled solution of trimethylsilyl acetylene (4.5 mL, 32.0 mmol, 2.0
equiv) in anhydrous THF (10 mL) was added dropwise i-PrMgCl (2.0 M
solutionin THF, 12.0 mL, 24.0 mmol, 3.0 equiv). The light brown solution
was stirred at 0°C for 30 min and then 1 h at room temperature. CuBr
(0.69 g,4.80 mmol, 0.6 equiv) was then added to the light brown solution
and the stirring was continued for 30 min. A solution of 1-bromo-4-
(bromomethyl)benzene (2.00 g, 8.00 mmol, 1.0 equiv) in anhydrous THF
(7 mL) was then added and the resulting brown suspension was heated
under reflux for 3 h. All volatiles were removed in vacuo and water
(20 mL) and EtOAc (20mL) were added to the residue. The orange
precipitate was filtered and the filtrate was extracted with EtOAc
(2%x40mL). Combined organic extracts were washed with water
(50mL), brine (50mL), dried over Na,SO,, and evaporated under
reduced pressure. The residue was purified by column chromatography
on silica gel (100 g silica gel) using gradient elution from 10% EtOAc in
petroleum ether to 60% EtOAc in petroleum ether to give alkyne (2.02 g,
94% yield) as a light yellow oil. To the solution of alkyne from above
(2.02 g, 7.56 mmol, 1.0 equiv) in EtOH (10 mL) was added dropwise a
solution of AgNO4 (1.93 g, 11.34 mmol, 1.5 equiv) in 1:3 (v/v) H.0/
EtOH (12 mL). After stirring at room temperature for 30 min, a solution
of KCN (4.87 g, 74.84 mmol, 9.9 equiv) in water (15 mL) was added to
the light yellow suspension and the stirring was continued for 2 h. The
light yellow solution was partitioned between EtOAc and water and
organic layer was washed with water (2 x 20 mL), brine (20 mL), dried
over Na;S0,, and evaporated under reduced pressure to give product
20 (786 mg, 53% yield). "H NMR (400 MHz, CDCls, ppm) & 7.50-7.41
(2H, m), 7.26-7.21 (2H, m), 3.56 (2H, d, J=27Hz), 2.21 (1H, t,
J=2.7 Hz); **C NMR (100.6 MHz, CDCls, ppm) & 135.2, 131.7, 129.7,
120.7,81.4, 71, 24.5.

Methyl 4-(4-bromophenyl)but-2-ynoate (21)

An oven-dried pressure tube (100 mL) was cooled under a stream of
argon and then charged with alkyne 20 (1.18 g, 6.05 mmol, 1.0 equiv).
Anhydrous THF (7 mL) was added, followed by dropwise addition of
MeMgBr (1.0 M solution in THF, 7.3 mL, 7.26 mmol, 1.2 equiv). The
resulting solution was stirred at 65°C for 3 h, then cooled to room
temperature and methyl chloroformate (1.87 mL, 2.04 mmol, 4.0
equiv) was added rapidly with vigorous stirring. The resulting solution
was then heated at 65°C for 18 h. After cooling to room temperature, it
was diluted with EtOAc (20 mL) and washed with aqueous 1N HCI
solution (15 mL), water (15 mL), and brine (20 mL). The organic layer
was dried over NapSO, and evaporated under reduced pressure. The
residue was purified by column chromatography on silica gel (50 gsilica
gel) using gradient elution from 2% EtOAc in petroleum ether to 10%
EtOAc in petroleum ether to yield product 21 (1.31g, 86% vyield).
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"H NMR (400 MHz, CDCl3, ppm) & 7.53-7.41 (2H, m), 7.23-7.16 (2H,
m), 3.78 (3H, s), 3.69 (2H, s).

Ethyl 5-(4-bromophenyl)pent-3-ynoate (22)

To asolution of alkyne 20 (786 mg, 4.03 mmal, 1.0 equiv) in anhydrous
MeCN (5 mL) were added Cul (38 mg, 0.20 mmol, 0.05 equiv) and ethy!
diazoacetate (466 pL, 4.43mmal, 1.1 equiv). After stirring at room
temperature for 20h, the suspension was diluted with saturated
aqueous NH4Cl solution (10 mL) and extracted with EtOAc (3 x 15 mL).
Combined organic extracts were dried over Na,SO,, evaporated under
reduced pressure, and the residue was purified by column chromatog-
raphy onsilica gel (30 g silica gel) using gradient elution from 5% EtOAc
in petroleum ether to 10% EtOAc in petroleum ether to yield product
22 (930 mg, 82% yield). *H NMR (400 MHz, CDCl, ppm) 6 7.45-7.41
(2H, m), 7.25-7.22 (2H, m), 4.21 (2H, q, J=7.1Hz), 3.57 (2H, t,
J=2.5Hz), 3.31 (2H, t, J=25Hz), 1.29 (3H, t, J=7.1 Hz).

Methyl 5-(4-bromobenzyl)-1-(4-pentylphenyl)-1H-1,2,3-
triazole-4-carboxylate (23)

The title compound was obtained as a light brown oil (1.42 g, 80%
yield) from alkyne 21 (1.02 g, 4.03 mmol, 1.0 equiv), azide 4 (0.841 g,
4.43 mmol, 1.1 equiv), and Cp*RuCl(COD) (0.152 g, 0.40 mmol, 10 mol
%) by following general procedure B. Pure material was obtained by
column chromatography on silica gel (50 g silica gel) using gradient
elution from 10% EtOAc in petroleum ether to 33% EtOAc in
petroleum ether. "H NMR (400 MHz, CDClz, ppm) § 7.32-7.27 (4H, m),
7.15-7.12 (2H, m), 6.79-6.75 (2H, m), 4.33 (2H, s), 3.99 (3H, s), 2.68
(2H,t,J=7.7 Hz), 1.65 (2H, quintet, J = 7.5 Hz), 1.42-1.28 (4H, m), 0.90
(3H, t, J= 7.0 Hz); 13C NMR (100.6 MHz, CDClg, ppm) & 162.2, 146.0,
1409, 136.7, 135.2, 133.0, 131.9, 130.0, 129.7, 125.8, 121.1, 52.3,
357, 314, 311, 286, 226, 14.2; HRMS-ESI (m/z) calcd. for
C,2H25N30,Br [M+H]" 442.1130. Found 442.1106.

Ethyl 2-(5-(4-bromobenzyl)-1-(4-pentylbenzyl)-1H-1,2,3-triazol-
4-yl)acetate (24)

The title compound was obtained as a light brown oil (88 mg, 13%
yield) from alkyne 22 (404 mg, 1.44 mmol, 1.0 equiv), azide 11 (322 mg,
1.58 mmol, 1.1 equiv), and Cp*RuCl{COD) (55 mg, 0.144 mmol, 10 mol
%) by following general procedure B. Pure material was obtained by
column chromatography on silica gel (40g silica gel) using gradient
elution from 10% EtOAc in petroleum ether to 100% EtOAc. *H NMR
(400 MHz, CDCl3, ppm) 6 7.36-7.30 (2H, m), 7.10-7.05 (2H, m), 6.96-
6.90 (2H, m), 6.81-6.74 (2H, m), 5.28 (2H, s}, 4.10 (2H, q, J=7.1 Hz),
3.84 (2H, s), 3.64 (2H, s), 2.56 (2H, t, J=7.7 Hz), 1.63-1.53 (2H, m),
1.41-1.24 (4H, m), 1.21 (3H, t, J=7.1Hz), 0.89 (3H, t, J=7.0Hz);
13C NMR (100.6 MHz, CDCls, ppm) & 170.2, 143.5, 139.9, 134.8,
132.8,132.0,131.8,130.0, 129.1,127.2,121.1, 61.3, 52.3, 35.7, 31.7,
31.6, 31.2, 28.1, 22.6, 14.3, 14.2.

Methyl 5-(4-bromobenzyl)-1-(p-tolyl)-1H-1,2,3-triazole-4-
carboxylate (25)

The title compound was obtained as a light brown oil (282 mg, 65%
yield) from alkyne 21 (286 mg, 1.12 mmol, 1.0 equiv), azide 3 (166 mg,
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1.24 mmol, 1.1 equiv), and Cp*RuCl{COD) (43 mg, 0.112 mmol, 10 mol
%) by following general procedure B. Pure material was obtained by
column chromatography on silica gel (30 g silica gel) using gradient
elution from 10% EtOAc in petroleum ether to 100% EtOAc. H NMR
(400 MHz, CDCl3, ppm) & 7.34-7.30 (2H, m), 7.32-7.25 (2H, m), 7.16-
7.09 (2H, m), 6.82-6.75 (2H, m), 4.32 (2H, 5), 3.99 (3H, s}, 2.44 (3H, 5).

5-(4-Bromobenzyl)-N,N-diethyl-1-(p-tolyl)-1H-1,2,3-triazole-4-
carboxamide (26)

The title compound was obtained as a light yellow solid material
(200 mg, 64% yield) from carboxylic acid ester 25 (271 mg, 0.70 mmol,
1.0 equiv), HOBt (128 mg, 0.949 mmol, 1.3 equiv), EDC (182 mg,
0.949 mmol, 1.3 equiv), diethylamine (113 pL, 1.096 mmol, 1.5 equiv)
by following general procedure C. Pure material was obtained by
column chromatography using gradient elution from 20% EtOAc in
hexanes to 100% EtOAc. *H NMR (400 MHz, CDCls, ppm) & 7.30-7.24
(4H, m), 7.16-7.08 (2H, m), 6.85-6.78 (2H, m), 4.23 (2H,s), 3.7 (2H, q,
J=7.0Hz),3.53 (2H, g, J = 7.0 Hz), 2.43 (3H, 5), 1.29 (3H, t, J = 7.0 Hz),
1.21 (3H, t, J=7.0 Hz); **C NMR (100.6 MHz, CDCls, ppm) & 161.8,
140.6, 140.4, 139.3, 136.1, 133.1, 131.5, 130.1, 130.0, 125.6, 120.6,
434,407, 28.6,21.2,14.7,12.8.

Methyl 5-((4"-methoxy-[1,1'-biphenyl]-4-yl)methyl}-1-(4-
pentylphenyl)-1H-1,2,3-triazole-4-carboxylate (27)

The title compound was obtained as a white solid material (900 mg,
85% vyield) from boronic acid 12 (378 mg, 2.49 mmol, 1.1 equiv),
triazole 23 (1.00g, 2.26 mmol, 1.0 equiv), and Pd(PPh;)s (78 mg,
0.0678 mmol, 3mol%) by following general procedure A. Pure
material was abtained by column chromatography on silica gel (50 g
silica gel) using gradient elution from 10% EtOAc in petroleum ether
to 66% EtOAC in petroleum ether. *H NMR (400 MHz, CDClg, ppm) &
7.50-7.44 (2H, m), 7.40-7.35 (2H, m), 7.30-7.26 (2H, m), 7.21-7.16
(2H, m), 6.98-6.91 (4H, m), 4.41 (2H, s), 4.00 (3H, s), 3.84 (3H, s),
2.68 (2H, t, J = 7.7 Hz), 1.64 (2H, quintet, J = 7.4 Hz), 1.41-1.27 (4H,
m), 0.89 (3H, t, J=6.9 Hz); '*C NMR (100.6 MHz, CDCls, ppm) &
162.2,159.3,145.8, 141.5, 139.6, 136.7, 134.6, 133.1, 129.6, 128.7,
128.7, 126.98,125.8, 114.3, 55.5, 52.3, 35.7, 31.4, 31.1, 28.7, 22.6,
14.1.

Ethyl 2-(5-((4'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylbenzyl)-1H-1,2,3-triazol-4-yl)acetate (28)

The title compound was obtained as a light yellow solid material
(74 mg, 80% yield) from boronic acid 12 (33 mg, 0.22 mmol, 1.2
equiv), triazole 24 (88 mg, 0.18mmoal, 1 equiv), and Pd(PPhs),
(6.2 mg, 0.0054 mmol, 3 mol%) by following general procedure A.
Pure material was obtained by column chromatography on silica gel
(10 g silica gel) using gradient elution from 25% EtOAc in petroleum
ether to 50% EtOAc in petroleum ether. *H NMR (400 MHz, CDCls,
ppm) & 7.53-7.45 (2H, m), 7.45-7.39 (2H, m), 7.13-7.07 (2H, m),
7.02-6.92 (6H, m), 5.32 (2H, s), 4.11 (2H, g, J = 7.1 Hz), 3.92 (2H, s),
3.85 (3H, s), 3.68 (2H, s), 2.55 (2H, t, J = 7.7 Hz), 1.56 (2H, quintet,
J=7.4Hz), 1.39-1.25 (4H, m), 1.21 (3H, t, J=7.1Hz), 0.88 (3H, t,
J1=6.9 Hz).
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N,N-Diethyl-5-((4"-methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-(p-
tolyl)-1H-1,2,3-triazole-4-carboxamide (29)

The title compound was obtained as a light yellow solid material
(79 mg, 76% vield) from boronic acid (37 mg, 0.26 mmol, 1.05 equiv),
triazole 26 (100 mg, 0.23 mmol, 1 equiv), and Pd(PPhg); (8.0 mg,
0.0069 mmol, 3mol%) by following general procedure A. Pure
material was obtained by column chromatography on silica gel (10g
silica gel) using gradient elution from 10% EtOAc in petroleum ether
to 100% EtOAc. "H NMR (400 MHz, CDClg, ppm) & 7.48-7.43 (2H,
m), 7.38-7.34 (2H, m), 7.29 (2H, d, J=8.2Hz), 7.23-7.18 (2H, m),
6.99 (2H, d, J =8.2 Hz), 6.97-6.92 (2H, m), 4.31 (2H, s), 3.84 (3H, s),
3.77(2H,q,J=7.0Hz), 3.55 (2H, g, J = 7.0 Hz), 2.44 (3H, s), 1.28 (3H,
t,J=7.0Hz), 1.21 (3H, t, J=7.0 Hz); **C NMR (100.6 MHz, CDCls,
ppm) & 162.2, 159.3, 140.8, 140.4, 139.8, 139.3, 135.7, 133.5,
133.3, 130.2, 128.9, 128.1, 126.8, 125.9, 114.3, 55.5, 43.6, 40.7,
289 214,148, 129.

N-Ethyl-N-((5-((4'-methoxy-[1,1’-biphenyl]-4-yl)methyl)-1-(p-
tolyl)-1H-1,2,3-triazol-4-yl)methyl)ethanamine (2q)

The title compound was obtained as a light yellow oil (51 mg, 76%
yield) from amide 29 (70mg, 0.15mmol, 1 equiv) and BH;-THF
complex (1.0M solution in THF, 0.5mL, 0.5mmol, 3.3 equiv) by
following general procedure D. Pure material was obtained by column
chromatography onsilica gel (10 g silica gel) using gradient elution from
20% EtOAc in hexanes to 100% EtOAc in hexanes. *H NMR (400 MHz,
CDClg, ppm) & 7.51-7.46 (2H, m), 7.39 (2H, d, J=8.2 Hz), 7.25-7.17
(4H, m), 6.99 (2H, d, J = 8.3 Hz), 6.97-6.94 (2H, m), 4.14 (2H, 5), 3.84
(3H, s), 3.73 (2H, s), 2.60 (4H, g, J = 7.1 Hz), 2.40 (3H, s), 1.04 (6H, t,
J=7.1Hz); **C NMR (100.6 MHz, CDCls, ppm) & 159.3, 139.7, 139.2,
135.7,134.2, 133.2, 130.0, 128.7, 128.1, 126.9, 125.5, 114.4, 55.5,
46.8,28.4, 21.4, 11.8.

2,2-Dibromo-1-(5-((4"-methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-
(4-pentylphenyl)-1H-1,2 3-triazol-4-yl)ethan-1-one (30)

To a cooled 0°C (crushed ice) solution of TMP (705 pL, 4.18 mmol, 2.2
equiv) in anhydrous THF (3 mL) was added n-Buli (2.5 M in hexanes,
1.58mL, 3.80mmol, 2.0 equiv), and after stirring for 30 min the
resulting solution was cooled to -78°C (dry ice bath). In a separate
flask, carboxylic acid ester 27 (892 mg, 1.20mmol, 1.0 equiv) and
CH3Br; (267 pL, 3.80 mmol, 2.0 equiv) were dissolved in anhydrous
THF (15 mL), cooled to ~78°C, and the LTMP solution from above was
added to the resulting solution dropwise via cannula. The resulting
solution was stirred at =78°C for 20 min, then it was quenched with
aqueous 1.2 M HCI solution and extracted with EtOAc (3 x 20 mL).
Combined organic extracts were washed with brine (40 mL), dried over
NaSO., and evaporated under reduced pressure. The crude product
30 (1.07g 92% yield was used in subsequent steps without
purification. *H NMR (400 MHz, CDCls, ppm) & 7.48-7.43 (2H, m),
7.41(1H, s), 7.39-7.35 (2H, m), 7.34-7.30 (2H, m), 7.23-7.19 (2H, m),
6.98-6.90 (4H, m), 4.43 (2H, s), 3.84 (3H, s), 2.70 (2H, ), 1.67 (2H, p,
J=74Hz), 1.42-1.29 (4H, m), 0.91 (3H, t, J=6.9Hz); °C NMR
(100.6 MHz, CDCls, ppm) & 181.4, 159.2, 146.0, 142.8, 139.7, 137.9,
133.7,132.9, 132.5, 129.6, 128.6, 127.9, 126.9, 125.6, 114.2, 55.3,
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40.0, 35.6, 31.3, 30.9, 28.7, 22.5, 14.0; HRMS-ESI (m/z) calcd. for
CasH30N302Br; [M+H]" 610.0705. Found 610.0693.

Methyl 2-(5-((4"-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-(4-
pentylphenyl)-1H-1,2,3-triazol-4-yl)acetate (31)

To a cooled (-78°C) solution of triazole 30 (1.07 g, 1.75 mmol, 1.0
equiv) in anhydrous THF (20 mL) was dropwise added LIHMDS (1.0 M
in THF, 1.91mL, 1.91 mmol, 1.09 equiv). The resulting light yellow
solution was stirred at -78°C for 1h, then n-BulLi (2.4 M in hexanes,
1.6 mL, 3.85mmol, 2.2 equiv) was added dropwise and stirring was
continued for 1 h. The solution was warmed to room temperature and
added via cannula to a stirred solution of anhydrous HCI in methanol
(24 mL; prepared by mixing MeOH with CH3COClin a 1:5 (v/v) ratio) at
0°C over a 20 min period. The mixture was partitioned between EtOAc
(30mL) and water (30mL). The aqueous phase was extracted with
EtOAC (3 % 30 mL), combined organic extracts were washed with brine,
dried over NaySQs, and evaporated under reduced pressure. The
residue was purified by column chromatography on silica gel (70 g silica
gel) using gradient elution from 10% EtOAc in hexanes to 50% EtOAc
in hexanes to yield triazole 31 (230 mg, 27% yield). *H NMR (400 MHz,
CDClg, ppm) & 7.51-7.44 (2H, m), 7.38-7.32 (2H, m), 7.22-7.18 (2H,
m),7.17-7.13(2H, m), 6.99-6.93 (4H, m), 4.25 (2H, 5), 4.07 (2H, 5), 3.84
(3H, s), 3.29 (3H, s). 2.64 (2H, t, J=7.6 Hz), 1.62 (2H, p, J=7.5Ha),
1.39-1.27 (4H, m), 0.89 (3H, t, J = 7.0 Hz).

N-Benzyl-N-ethyl-2-(5-((4'-methoxy-[1,1'-biphenyl]-4-yl)-
methyl)-1-(4-pentylphenyl)-1H-1,2,3-triazol-4-yl)ethan-1-amine
(2n)

LiAIH, (1.0 M solution in THF, 520 uL, 0.52 mmol, 1.1 equiv) was
added dropwise to a cooled solution (0°C, crushed ice) of carboxylic
acid ester 31 (230 mg, 0.48 mmol, 1.0 equiv) in anhydrous THF (5 mL).
After stirring at room temperature for 1h, the white suspension was
cooled to 0°C and quenched by sequential (within intervals of 10 min)
addition of water (20 pL), aqueous 4 M NaOH solution (40 uL), and
maore water (60 pL). Ten minutes after the addition of the final amount
of water, the white suspension was filtered and the filter cake was
washed with EtOAc (20 mL). The filtrate was evaporated to dryness to
yield 218 mg (99% yield) of alcohol as a white solid material, which was
used in a subsequent step without purification. To the solution of
alcohol from above (218 mg, 0.48 mmol, 1.0 equiv) in anhydrous
CH2Cl3 (5 mL) was added triethylamine (127 pL, 0.91 mmol, 1.9 equiv).
The colorless solution was cooled to 0°C (crushed ice) and
methanesulfonyl chloride (56 uL, 0.72 mmol, 1.5 equiv) was added
dropwise. After stirring at room temperature for 1 h, water (10 mL) was
added to the light yellow solution and the agueous layer was extracted
with CHCl (3 x 10 mL). Combined organic extracts were dried over
NaySO, and evaporated under reduced pressure to yield mesyl
derivative (240 mg, 94% yield), which was used in a subsequent step
without purification. To the solution of the mesyl derivative from
above (30 mg, 0.056 mmol, 1.0 equiv) in anhydrous 1,4-dioxane (5 mL)
were added N-benzylethanamine hydrochloride (48 mg, 0.28 mmol,
5.0 equiv) and triethylamine (39 L, 0.28 mmol, 5.0 equiv). After
stirring at $0°C for 16 h, the light yellow solution was diluted with
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water (5mL) and extracted with EtOAc (3 x 5 mL). Combined organic
extracts were washed with water (10 mL), brine (10 mL), dried over
NazSO4, and evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (20 g silica gel) using
gradient elution from using gradient elution from 0% MeOH in CHCl;
to 20% MeOH in CH,Cl, to yield amine 2n (15.5mg, 48% yield).
TH NMR (400 MHz, CDClg, ppm) & 7.49-7.44 (2H, m), 7.41-7.36 (2H,
m), 7.31-7.27 (3H, m), 7.25-7.16 (6H, m), 6.99-6.94 (2H, m), 6.92-
6.88 (2H, m), 3.95 (2H, s), 3.85 (3H, 5), 3.61 (2H, 5), 2.84 (4H, 5), 2.64
(2H, t), 2.58 (2H, g, J = 7.1 Hz), 1.68-1.55 (2H, m), 1.43-1.26 (4H, m),
1.03(3H, t, J = 7.1 Hz), 0.89 (3H, t, J = 6.9 Hz); *C NMR (100.6 MHz,
CDCly, ppm) 5 159.3, 144.7, 139.4, 135.5, 134.4, 133.2,132.7, 130.7,
129.4,128.9,128.7, 128.5, 128.3, 128.1, 127.0, 126.9, 125.4, 114.4,
58.2, 55.5, 53.0, 47.5, 35.7, 31.5, 31.1, 284, 26.0, 23.6, 22.6, 14.2,
12.0; HRMS-ESI {m/z) calcd. for CagH4sN4O [M+H]* 573.3593, Found
573.3601.

N,N-Diethyl-2-(5-((4"-methoxy-[1,1"-biphenyl]-4-yl)methyl)-1-
(4-pentylbenzyl)-1H-1,2,3-triazol-4-yl)acetamide (32)

The title compound was obtained as a light yellow solid material
(47 mg, 63% yield) from carboxylic acid ester 28 (74 mg, 0.14 mmol, 1.0
equiv), HOBt (24 mg, 0.18 mmol, 1.3 equiv), EDC (35 mg, 0.18 mmol,
1.3 equiv), diethylamine (22 pL, 0.21 mmol, 1.5 equiv) by following
general procedure C. Pure material was obtained by column
chromatography on silica gel (10g silica gel) using gradient elution
from 25% EtOAc in hexanes to 4% MeOH in EtOAc. 'H NMR
(300 MHz, CDCls, ppm) 8 7.51-7.44 (2H, m), 7.43-7.36 (2H, m), 7.12-
7.05(2H, m), 7.03-6.91 (6H, m), 5.30 (2H, s}, 4.04 (2H, s), 3.85 (3H, s),
3.71(2H,5),348(2H,q,/=7.1Hz),3.34 (2H,q,J = 7.1 Hz), 2.54 (2H, t,
J=7.7Hz),1.56 (2H, quintet,J = 7.5 Hz), 1.39-1.22 (4H, m), 1.15 (3H, t,
J=7.1Hz), 1.08 (3H, t, J= 7.1 Hz), 0.88 (3H, t, J = 6.7 Hz).

N,N-Diethyl-2-(5-((4"-methoxy-[1,1'-biphenyl]-4-yl)methyl)-1-
(4-pentylbenzyl)-1H-1,2,3-triazol-4-yl)ethan-1-amine (2r)

The title compound was obtained as a light yellow oil (30 mg, 65%
yield) from amide 32 (47 mg, 0.087 mmol, 1 equiv) and BH3-THF
(1.0M solution in THF, 0.5 mL, 0.5 mmol, 5.7 equiv) by following
general procedure D. Pure material was obtained by column
chromatography on silica gel (10g silica gel) using gradient elution
from 0% MeOH in CHyCl; to 25% MeOH in CH,Cl,. "H NMR
(300 MHz, CDCl3, ppm) & 7.51-7.45 (2H, m), 7.45-7.39 (2H, m), 7.13-
7.06(2H, m), 7.01-6.93 (6H, m), 5.30 (2H, s}, 3.90 (2H, s), 3.85 (3H, s),
3.08-2.72 (4H, m), 2.70-2.39 (6H, m), 1.56 (2H, quintet, J = 7.5 Hz),
1.39-1.21(4H, m), 1.16-0.93 (6H, m), 0.88 (3H, t, J = 6.9 Hz); *CNMR
(100.6 MHz, CDCl3, ppm) 6 159.4, 143.3, 139.7, 134.7, 133.1, 132.2,
132.0,129.0,128.5,128.1,127.3,127.2,114.4,55.5,52.4,52.2, 46.9,
35.7, 31.6, 31.2, 280, 22.6, 14.1, 11.2; HRMS-ESI (m/z) calcd. for
CaaHasN4O [M+H]" 525.3593. Found 525.3600.

4-Pentylbenzaldehyde (33)

An oven-dried flask was cooled under a stream of argon and then
charged with 1-bromo-4-pentylbenzene (2.00 g, 8.8 mmol, 1.0 equiv).
Anhydrous THF (10 mL) was added and the colorless solution was
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cooled to -78°C (dry ice bath). n-BuLi (2.5M in hexanes, 3.2 mL,
9.7 mmol, 1.1 equiv) was added dropwise and the resulting mixture
was stirred at -78°C for 1 h, whereupon anhydrous DMF (1.02 mL,
13.2 mmol, 1.5 equiv) was added dropwise to the colorless solution.
The resulting solution was warmed to -45°C and quenched with
aqueous saturated NH4Cl solution (15 mL). The mixture was extracted
with EtOAc (3 x 15 mL). The combined organic extracts were washed
with brine (30 mL), dried over Na,SO4, and evaporated under reduced
pressure to yield aldehyde 33 (1.54 g, 99% yield) as a colorless oil,
which was used in subsequent step without purification. *H NMR
spectra was identical to that from the literature.'>?!

N-Hydroxy-4-pentylbenzimidoyl chloride (34)

A mixture of hydroxylamine hydrochloride (1.53g, 22.1 mmol, 2.5
equiv), NaHCO3 (2.23g, 26.6 mmol, 3.0 equiv), and aldehyde 33
(1.56 g, 8.85mmol, 1.0 equiv) in diethyl ether (14 mL) and water
(14 mL) was stirred at room temperature for 16 h. Layers were
separated and the aqueous layer was extracted with CH.Cl;
(2 x 15 mL). The combined organic extracts were dried over Na;SO4
and evaporated under reduced pressure. The residue was purified by
column chromatography using gradient elution from 2% EtOAC in
hexanes to 20% EtOAc in hexanes to yield oxime (1.43 g, 85% vield) as
a colorless oil, which was used in a subsequent step without
purification.

A solution of NCS (70 mg, 0.52 mmol, 1.0 equiv) in DMF (1 mL) was
added dropwise to the solution of oxime from above (100mg,
0.52 mmol, 1.0 equiv) in DMF (1 mL). The colorless solution was stirred
at room temperature for 30 min, then it was diluted with water (5 mL)
and extracted with diethyl ether (3% 10mL). Combined organic
extracts were washed with water (20 mL), brine (15 mL), dried over
Na,SO., and evaporated under reduced pressure. The crude product
34(116 mg, 99% yield) was used further without purification. 'H NMR
(300 MHz, CDCl3, ppm) & 8.33 (1H, s), 7.79-7.70 (2H, m), 7.23-7.18
(2H,m), 2.63 (2H, t,J = 7.7 Hz), 1.62 (2H, p, J = 7.4 Hz), 1.39-1.25 (4H,
m), 0.88 (3H, t,J = 7.0 Hz); *C NMR (100.6 MHz, CDCl,, ppm) 6 146.0,
140.0, 129.9, 1285, 127.1, 35.7, 31.4, 30.8, 22.5, 14.0.

Methyl 4-(4-bromobenzyl)-5-(4-pentylphenyl)isoxazole-3-
carboxylate (35)

An oven-dried flask was cooled under a stream of argon and charged
with alkyne 21 (935 mg, 3.69 mmol, 1.0 equiv), benzimidoyl chloride 34
(916 mg, 4.06 mmol, 1.1 equiv), Cp*RuCI(COD) (141 mg, 0.369 mmol,
10mol%) and DCE (5mL) was added. Subsequently, a solution of
triethylamine (1.03 mL, 7.38 mmol, 2.0 equiv) in DCE (1 mL) was added
via syringe pump over a period of 1h. After stirring at room
temperature for 16 h, all volatiles were removed under reduced
pressure. Purification of crude product by column chromatography on
silica gel (50g silica gel) using gradient elution from 10% EtOAc in
petroleum ether to 100% EtOAc afforded isoxazole 35 (768 mg, 47%
yield) as a light brown oil. *H NMR (300 MHz, CDCl, ppm) § 7.41-7.30
(4H, m), 7.24-7.19 (2H, m), 6.95-6.86 (2H, m), 4.17 (2H, 5), 3.96 (3H, s),
2.71-2.56 (2H, m), 1.68-1.55 (2H, m), 1.44-1.23 (4H, m), 0.98-0.79
(3H, m); *C NMR (100.6 MHz, CDClg, ppm) & 164.2, 158.1, 156.5,
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1454, 137.3, 131.8, 129.9, 129.1, 1284, 125.3, 1224, 1205, 52.8,
35.9, 315, 31.0, 28,0, 22.6, 14.1.

4-(4-Bromobenzyl)-N,N-diethyl-5-(4-pentylphenyl)isoxazole-3-
carboxamide (36)

The title compound was obtained as a light yellow oil (454 mg, 54%
yield) from carboxylic acid ester 35 (768 mg, 1.74 mmol, 1.0 equiv),
HOBt (285 mg, 2.11 mmol, 1.3 equiv), EDC (404 mg, 2.11 mmol, 1.3
equiv), and diethylamine (253 pL, 2.44 mmol, 1.5 equiv) by following
general procedure C. Full conversion required addition of more HOBt
(0.5 equiv), EDC (0.5 equiv), and diethylamine (0.5 equiv) followed by
stirring at 50°C for 2h. Pure material was obtained by column
chromatography on silica gel (30 g silica gel) using gradient elution from
10% EtOAc in hexanes to 100% EtOAc. *H NMR (300 MHz, CDCl,,
ppm) & 7.42-7.38 (2H, m), 7.34-7.2% (2H, m), 7.25-7.21(2H, m), 7.00-
6.94 (2H, m), 4.01 (2H, s), 3.49 (2H, g, J=7.1Hz), 3.36 (2H, q.
J=7.1Hz), 2,64 (2H, t, J=7.7 Hz), 1.72-1.56 (2H, m), 1.40-1.29 (4H,
m), 1.26 (3H, t, J=7.1Hz), 1.17 (3H, t J=7.1Hz), 0.90 (3H, t.
J=6.8Hz); °C NMR (100.6 MHz, CDCls, ppm) & 163.2, 161.6, 158.8,
1452, 1381, 131.6, 130.3, 129.0, 1284, 125.7, 120.3, 118.6, 43.2,
40.63, 35.9, 31.6, 31.0, 28.0, 22.6, 14.8, 14.2, 12.7.

N,N-Diethyl-4-((4"-methoxy-[1,1'biphenyl]-4-yl)methyl)-5-(4-
pentylphenyl)isoxazole-3-carboxamide (37)

The title compound was obtained as a light yellow oil (71 mg, 66%
yield) from isoxazole 36 (100 mg, 0.21 mmol, 1.0 equiv), (4-methoxy-
phenyl)boronic acid (33 mg, 0.22 mmol, 1.05 equiv), and Pd(PPhz)s
(7.3 mg, 0.0063 mmol, 3 mol%) by following general procedure A. Pure
material was obtained by column chromatography on silica gel (20 g
silica gel) using gradient elution from 10% EtOAc in petroleum ether to
100% EtOAc. 'H NMR (300 MHz, CDCls, ppm) & 7.49-7.44 (4H, m),
7.42-7.37 (2H, m), 7.26-7.22 (2H, m), 7.15-7.11 (2H, m), 6.98-6.92
(2H, m), 4.08 (2H, s), 3.84 (3H, s), 3.48 (2H, q, J=7.1 Hz), 3.32 (2H, q,
J=7.1Hz),2.64 (2H, t,J=7.7 Hz), 1.63 (2H, p, J= 7.5 Hz), 1.39-1.27
(4H, m), 1.24 (3H, t, J=7.1Hz), 1.14 (3H, t, J=7.1Hz2), 0.8% (3H. t,
J=7.0Hz).

N-(4-Bromobenzyl)-4-pentylbenzimidamide (39)

4-(Bromophenyl)methanamine hydrochloride (445 mg, 2 mmol) was
suspended in toluene (5 mL) and the mixture was cooled in an ice bath.
To this, 2M AlMe; solution in hexane (1mL, 2 mmol) was added
dropwise, The mixture was warmed to room temperature and stirred
for 30 min. Then, a solution of 4-pentylbenzonitrile (38) in toluene
(12 mL) was added and the mixture was heated to 110°C for 4hin a
sealed reactor. After cooling to room temperature, 1 M agueous NaOH
(20mL) was added and the mixture was extracted with EtOAc
(3 x 20 mL). The combined organic phase was washed with brine and
dried over Na;SO,. Solvent was removed in vacuo and the residue was
treated with Et;O. The precipitate was collected on a filter and dried to
give intermediate 39 (270 mg, 38 %). 'H NMR (400 MHz, CDCl,) &:
7.48(d,J=8.2Hz, 1H), 7.44 (d, J = 8.4 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H),
7.19(d, J=8.3 Hz, 1H), 4.48 (s, 1H), 2.67-2.53 (m, 2H), 1.64-1.54 (m,
1H), 1.38-1.22 (m, 3H), 0.94-0.78 (m, 2H). **C NMR (400 MHz,
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CDCl3) 6: 162.86, 145.44, 138.33, 134.66, 131.62, 129.34, 128.72,
12591, 120.90, 46.39, 35.64, 31.37, 30.95, 22.47, 13.98.

(E)-2-Bromo-3-isopropoxyacrylaldehyde (40)

Bromomalonaldehyde 453 mg (3.00 mmol), 2-propanol 0.92 mL
(12.00 mmolL), and p-toluenesulfonic acid 9 mg (0.045 mmol) was
refluxed for 3h in 10 mL benzole, with Dean-Stark apparatus. The
precipitate was filtered off and the residue was purified by flash
chromatography on silica gel, eluent: hexane/EtOAc, 4:1 to give the
intermediate 40 as an oil (349 mg, 60%). *H NMR (400 MHz, CDCls) &
9.13 (s, 1H), 7.63 (s, 1H), 1.45 (d, J = 6.2 Hz, &H).

1-(4-Bromobenzyl)-2-(4-pentylphenyl)-1H-imidazole-5-
carbaldehyde (41)

A mixture of amidine 39 (270mg, 0.75mmol) and (E)-2-bromo-3-
isopropoxyacrylaldehyde (40) (174mg, 0.90mmol), 6M aqueous
K3CO; (0.15mL), and CHCl; (7 mL) was stirred at room temperature
for 48 h. The mixture was diluted with saturated aqueus NaCl and
extracted with EtOAc. The organic phase was dried over Na,SO, and
evaporated. The residue was treated with dichloromethane to give
crystalline product 41 (54 mg, 18%) which was collected by filtration.
An additional amount of intermediate 41 (130 mg, 42%) was isolated
from the mother liquid by radial chromatography on silica gel (eluent,
CH,Cl2/MeOH = 1:0to 1:1). "H NMR (400 MHz, CDCl3) : 9.70 (s, 1H),
7.92 (s, 1H), 7.43 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 7.25-7.21
{m, 2H), 6.84-6.82 (m, 2H), 5.56 (s, 2H), 2.70-2.52 (m, 2H), 1.71-1.50
(m, 2H), 1.41-1.13 (m, 4H), 0.95-0.74 (m, 3H). 13C NMR (400 MHz,
CDCl3) 6: 186.35, 178.70, 155.08, 145.68, 144.25, 135.98, 132.37,
131.90, 128.84, 127.75, 125.88, 121.58, 48.98, 35.72, 31.35, 30.80,
22.46, 13.97.

1-((4'-Methoxy-[1,1'-biphenyl]-4-yl)methyl)-2-(4-pentylphenyl)-
1H-imidazole-5-carbaldehyde (42)

Intermediate 41 (135mg, 0.33 mmol), 4-MeO-phenylboronic acid
(75 mg, 0.49 mmol), Pd(PPh3), (38 mg, 10 mol%), 2 M aqueous K>CO5
(0.82mL), and THF (5 mL) was heated at 0°C for 14 h. The mixture
was cooled to room temperature and solvents evaporated. The residue
was purified by flash chromatography on silica gel (eluent, petroleum
ether/EtOAc, 1:1 to 0:1) to give intermediate 42 (106 mg, 74% yield) as
colorless solid. "H NMR (400 MHz, chloroform-d) § 9.72 (s, 1H), 7.94 (s,
1H),7.53-7.42 (m, 6H), 7.23 (d, ] = 6.4 Hz, 2H), 7.00 (d, ] = 8.2 Hz, 2H),
6.94 (d, J=8.7 Hz, 2H), 5.66 (s, 2H), 3.82 (s, 3H), 2.69-2.55 (m, 2H),
1.67-1.54 (m, 2H), 1.39-1.23 (m, 4H), 0.92-0.81 (m, 3H). 1°C NMR
(400 MHz, CDCl,) &: 178.71, 159.20, 155.08, 145.51, 144.12, 140.11,
135.30, 132.96, 132.15, 129.07, 128.89, 127.99, 127.01, 126.38,
126.09, 114.19, 55.29, 49.27, 35.73, 31.36, 30.81, 22.47, 13.98.

N-Ethyl-N-((1-((4"-methoxy-[1,1'-biphenyl]-4-yl)methyl)-2-(4-
pentylphenyl)-1H-imidazol-5-yl)methyl)ethanamine (2c)

To the solution of aldehyde 42 (93 mg, 0.21 mmol) and diethylamine
(24 uL, 0.23 mmol) in THF (10 mL) 4 (A) molecular sieves were added
and the mixture was cooled in anice bath. To this, NaBH(OAc). (67 mg,
0.225 mmol) and AcOH (48 pL, 0.84 mmol) were added and the
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mixture was stirred at room temperature for 24 h, Saturated aqueous
NaHCO; was added and the mixture was extracted with EtOAc. The
organic phase was separated and dried over Na;S0,. The solvent was
then removed in vacuo and the residue was purified by column
chromatography (EtOAc/MeOH =1:0 to 1:4) to yield product 2c
(30 mg, 28% yield) as colorless solid. 1H NMR (400 MHz, chloroform-d)
6: 7.53-7.42 (m, 6H), 7.15 (d, J=8.3Hz, 2H), 7.05 (s, 1H), 6.99 (d,
J=8.3Hz,2H),6.95(d, /= 8.8 Hz, 2H), 5.51 (s, 2H), 3.83 (5, 3H), 3.34 (s,
2H), 2.60-2.55 (m, 2H), 2.45 (q, J=7.1Hz, 4H), 1.65-1.51 (m, 2H),
1.37-1.20 (m, 4H), 0.90 (t, J=7.1Hz, 6H), 0.86 (t, J=7.0Hz, 3H).
13C NMR (400 MHz, CDCly) &: 159.19, 149.34, 143.51, 139.62,
136.32, 132.98, 129.91, 129.13, 128.53, 128.47, 128.18, 127.94,
126.96, 125.97, 114.22, 55.31, 47.69, 47.40, 46.25, 35.63, 31.38,
30.90, 22.48, 13.99, 11.40.

N-Ethyl-N-((4-((4'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-5-(4-
pentylphenyl)isoxazol-3-yl)methyl)ethanamine (2b)

The title compound was obtained as a light yellow foam (15 mg, 55%
yield) from amide 37 (55mg, 0.11 mmol, 1.0 equiv) and BHz-THF
complex (1.0 M solution in THF, 0.25 mL, 0.25 mmaol, 2.3 equiv) by
following general procedure D. Pure material was obtained by column
chromatography on silica gel (10 g silica gel) using gradient elution from
10% EtOAc in hexanes to 100% EtOAc in hexanes. The oily residue
was converted to hydrochloric acid salt using 2 M HClin Et,0. *H NMR
(400 MHz, CDClg, ppm) & 13.15-13.00 (1H, br s), 7.53-7.43 (6H, m),
7.29-7.24(2H, m), 7.17-7.11 (2H, m), 6.99-6.94 (2H, m), 4.18 (4H, s),
3.85 (3H, s), 3.19-3.09 (4H, m), 2.64 (2H, t, J=7.7Hz), 1.63 (2H,
quintet,J = 7.5 Hz), 1.47 (6H, t,J = 7.2 Hz), 1.39-1.26 (4H, m), 0.89 (3H,
t,J = 7.0 Hz); ">C NMR (100.6 MHz, CDCls, ppm) 6 164.1,159.4,158.2,
145.6,139.7,136.2, 133.0, 129.2, 128.7, 1284, 128.1, 127.3, 125.2,
119.9, 1144, 55.5, 48.1, 43.9, 35.9, 31.6, 31.0, 27.8, 22.6, 14.2, 9.5.

4.4,5,5-Tetramethyl-2-(4-pentylphenyl)-1,3,2-dioxaborolane
(43)

An oven-dried pressure tube (100 mL) was cooled under a stream
of argon and charged with 1-bromo-4-pentylbenzene (500 mg,
2.20mmol, 1.0 equiv), bis(pinacolato)diborane (670 mg, 2.64 mmol,
1.2 equiv), potassium acetate (1.08 g, 11.0 mmol, 5.0 equiv), Pd(dppf)
Cly - CH2Cl; (18 mg, 0.022 mmol, 1 mol%), and anhydrous 1,4-dioxane
(15 mL). After strirring at 100°C for 18 h, the brown suspension was
partitioned between water (15mL) and EtOAc (15 mL). Layers were
separated and organic layer was washed with brine (20 mL), dried over
Na,S0s4, and evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (50 g silica gel) using
gradient elution from 2% EtOAc in hexanes to 20% EtOAc in hexanes
to yield product 43 (480 mg, 80% vield). "H NMR (400 MHz, CDCl,,
ppm) & 7.75-7.70 (2H, m), 7.21-7.17 (2H, m), 2.61 (2H, t, J = 7.7 Hz),
1.62 (2H, quintet, J= 7.5 Hz), 1.34 (16H, m), 0.88 (3H, t, J = 6.9 Hz).

1-(tert-Butyl) 2-ethyl 5-bromo-1H-pyrrole-1,2-dicarboxylate
(44)

To a cooled (0°C, crushed ice) solution of ethyl 1H-pyrrole-2-
carboxylate (2.00g, 14.4mmol, 1.0 equiv) in a 2:1 (v/v) mixture of
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anhydrous THF and MeOH (90 mL) was added NBS (3.30 g, 18.4 mmol,
1.3 equiv) in four portions over a 3 h period. Following the addition of
the last portion of NBS, the resulting dark brown solution was stirred at
room temperature for 30min. All volatiles were removed under
reduced pressure and the residue was purified initially by column
chromatography onsilica gel (70 g silica gel) using gradient elution from
10% EtOAc in petroleum ether to 15% EtOAc in petroleum ether, and
then by the reversed-phase column chromatography (120 g of RP-18
silica gel) using gradient elution from 0% MeCN in water to 100%
MeCN in water. 5-Bromopyrrole was obtained as a light yellow solid
material (1.04 g, 33% yield), which was used in a subsequent step
without purification. Thus, to the solution of the brominated pyrrole
from above (1.04 g, 4.8 mmol, 1.0 equiv) in anhydrous CH2Cl; (30 mL)
were added DMAP (14émg, 1.2mmol, 0.25 equiv), di-tert-butyl
dicarbonate (3.13 g, 14.4 mmol, 3.0 equiv) and triethylamine (3.3 mL,
24,0 mmol, 5.0 equiv). The resulting light yellow solution was stirred at
room temperature for 16h, then pH of the reaction mixture was
adjusted to 5 with aqueous 5% KHSO,4 solution and product was
extracted with CHCl; (3 x 30 mL). Combined organic extracts were
dried over Na,SO,, evaporated under reduced pressure, and the
residue was purified by column chromatography onsilica gel (50 g silica
gel) using gradient elution from 10% EtOAc in petroleum ether to
12.5% EtOAc in petroleum ether to yield Boc-protected pyrrole 44
(1.20 g, 79% yield) as a colorless oil. *H NMR (400 MHz, CDCl, ppm) &
6.82(1H,d, J=3.9Hz),6.22 (1H,d, J=3.9Hz), 430 (2H,q,J = 7.1 Hz),
1.63 (9H, s), 1.33 (3H, t, J=7.1 Hz).

Ethyl 5-(4-pentylphenyl)-1H-pyrrole-2-carboxylate (45)

A pressure tube (100 mL) was charged with pinacolyl boronate 43
(400 mg, 1.46mmol, 1.0 equiv), pyrrole 44 (557 mg, 1.75mmol, 1.2
equiv), Pd(PPh3), (169 mg, 0.146 mmol, 10 mol%), and aqueous 2M
Na»COj solution (2.2 mL) was added, followed by a 1:1 (v/v) mixture of
anhydrous i-PrOH and toluene (10 mL). After stirring for 16 h at 90°C,
the orange suspension was diluted with water (20mL) and EtOAc
(15 mL). Layers were separated and aqueous layer was extracted with
EtOAc (3 x 30 mL). Combined organic extracts were washed with brine
(70 mL), dried over Na;SOy, and evaporated under reduced pressure.
According to LC-MS analysis, the residue contained a mixture of
N-Boc-protected pyrrole 45-Boc and the desired product 45. To
achieve complete cleavage of the N-Boc protecting group, 4 M HCI
solution in 1,4-dioxane (3 mL) was added to the mixture above and the
light yellow solution was stirred at room temperature for 4h.
Additional amount (3mL) of 4 M HCI solution in 1,4-dioxane was
added and stirring was continued at 50°C for 2 h. The solution was
cooled to room temperature and pH was adjusted to 8 with saturated
NaHCOj; solution (Caution! Intense gas evolution). The aqueous layer
was extracted with EtOAc (3 x 30 mL). Combined organic extracts
were washed with brine (70 mL), dried over Na,S0., and evaporated
under reduced pressure. The residue was purified by column
chromatography on silica gel (30 g silica gel) using gradient elution
from 10% EtOAc in hexanes to 50% EtOAc in hexanes to yield pyrrole
45 (155 mg, 37% yield) as a light yellow oil. 1H NMR (400 MHz, CDClg,
ppm) 6 9.21(1H,s),7.50-7.44 (2H, m), 7.24-7.20 (2H, m), 6.95 (1H, dd,
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J=39,24Hz), 650 (1H, dd, J=3.9, 2.7 Hz), 4.34 (2H, q, J=7.1Hz),
2.62(2H,t,J=7.7 Hz), 1.63 (2H, quintet, J = 7.6 Hz), 1.41-1.28 (7H, m),
0.90 (3H, t, J=7.0 Hz); **C NMR (100.6 MHz, CDCl3, ppm) & 161.4,
1430, 137.0, 129.2, 128.9, 124.8, 123.2, 116.8, 107.7, 60.5, 35.8,
31.6, 31.2, 22.7, 14.7, 14.2. HRMS-ESI (m/z) caled. for CygH24NO,
[M+H]" 286.1807. Found 286.1813.

Ethyl 1-(4-bromobenzyl)-5-(4-pentylphenyl)-1H-pyrrole-2-
carboxylate (46)

An oven-dried flask was cooled under a stream of argon and charged
with NaH (60% in mineral oil; 33 mg, 0.81 mmol, 1.5 equiv). The
mineral oil was removed by washing of NaH with anhydrous diethyl
ether (3 x 2 mL). Anhydrous DMF (2 mL) was then added to the dry
NaH and the resulting suspension was cooled to 0°C (crushed ice). A
solution of pyrrole 45 (155mg, 0.54 mmol, 1 equiv) in anhydrous
DMF (3 mL) was dropwise added to the suspension of NaH in DMF
(2mL). After stirring at 0°C for 30 min, a solution of 1-bromo-4-
(bromomethyl)benzene (135mg, 0.54mmol, 1.0 equiv) in DMF
(3mL) was added. The resulting light yellow solution was stirred
at room temperature for 16h whereupon it was quenched with
H20 (15 mL) and extracted with EtOAc (3 x 20 mL). The combined
organic extracts were washed with brine, dried over Na;SO, and
evaporated under reduced pressure. The residue was purified by
column chromatography on silica gel (30 g silica gel) using gradient
elution from 10% EtOAc in hexanes to 50% EtOAc in hexanes to
yield pyrrole 46 (165 mg, 67% yield) as a light yellow oil. 'H NMR
(400 MHz, CDCl3, ppm) & 7.38-7.33 (2H, m), 7.21-7.14 (4H, m), 7.12
(1H, d, J=4.0Hz), 6.77-6.72 (2H, m), 6.27 (1H, d, J=4.0Hz), 5.54
(2H, s), 4.20 (2H, a, J=7.1Hz), 2.61 (2H, t, J=7.8Hz), 1.62 (2H,
quintet, J=7.6Hz), 1.40-1.25 (7H, m), 0.90 (3H, t, J=6.8Hz);
13C NMR (100.6 MHz, CDCls, ppm) & 161.1, 143.5, 142.3, 138.7,
131.7, 129.3, 128.7, 127.6, 123.0, 120.7, 118.7, 109.8, 60.0, 48.8,
35.8, 31.6, 31.1, 227, 14.5, 14.2.

Ethyl 1-((4"-methoxy-[1,1'-biphenyl]-4-yl)methyl)-5-(4-
pentylphenyl)-1H-pyrrole-2-carboxylate (47)

The title compound was obtained as a white solid material (50 mg,
52% yield) from (4-methoxyphenyl)boronic acid (32 mg, 0.21 mmol,
1.05 equiv), pyrrole 46 (89 mg, 0.20 mmol, 1 equiv), and Pd(PPhz)s
(6.9 mg, 0.006 mmol, 3mol%) by following general procedure A.
Pure material was obtained by column chromatography on silica gel
(20g silica gel) using gradient elution from 10% EtOAc in
petroleum ether to 50% EtOAc in petroleum ether. 'H NMR
(400 MHz, CDCl, ppm) & 7.51-7.45 (2H, m), 7.45-7.40 (2H, m),
7.28-7.23 (2H, m), 7.19-7.15 (2H, m), 7.15 (1H, d, J=3.9Hz),
6.97-6.94 (2H, m), 6.94-6.90 (2H, m), 6.29 (1H, d, J= 3.9 Hz), 5.64
(2H, s), 4.21(2H, q,J = 7.1 Hz), 3.84 (3H, 5), 2.61 (2H, t, J = 7.7 Hz),
1.62 (2H, quintet, J=7.3Hz), 1.40-1.30 (4H, m), 1.28 (3H, t,
J=7.1Hz), 0.90 (3H, t, J=7.0Hz); **°C NMR (100.6 MHz, CDCls,
ppm) & 161.0, 159.0, 143.1, 142.2, 139.1, 138.0, 133.4, 129.4,
129.2, 128.5, 127.9, 126.7, 126.0, 123.0, 118.5, 114.1, 109.5,
59.8, 55.3, 48.9, 35.6, 31.5, 31, 22.5, 14.3, 14.0. HRMS-ESI (m/z)
caled. for CpHagNO5 [M+H]" 482.2695. Found 482.2673.
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N-Ethyl-N-((1-((4'-methoxy-[1,1'-biphenyl]-4-yl)methyl)-5-(4-
pentylphenyl)-1H-pyrrol-2-yl)methyl)ethanamine (2d)

LiAlIH4 (1.0 M solution in THF, 100 pL, 0.1 mmol, 1.0 equiv) was added
dropwise to a cooled solution (0°C, crushed ice) of carboxylic acid ester
47 (48 mg, 0.10 mmol, 1 equiv) in anhydrous THF (2 mL). After stirring
at room temperature for 2 h, an additional amount of LiAlH4 (1.0M
solution in THF, 100 pL, 0.1 mmol, 1.0 equiv) was added. After stirring
at room temperature for 1h, the white suspension was cooled to
0°C and quenched by sequential (within intervals of 10 min) addition of
water (8 pL), agueous 4 M NaOH solution (16 uL), and more water
(24 pL). Ten minutes after the addition of the final amount of water, the
white suspension was filtered. The filter cake was washed with EtOAc
(10 mL). The filtrate was evaporated to dryness to yield 40 mg (91%
yield) of alcohol as a white solid material, which was used in a
subsequent step without purification. Thus to the solution of alcohol
from above (34 mg, 0.08 mmol, 1 equiv) in anhydrous CH,Cl; (2 mL)
was added triethylamine (20 pL, 0.15 mmol, 1.9 equiv). The resulting
colorless solution was cooled to 0°C and methanesulfonyl chloride
(9 pL, 0.12mmol, 1.5 equiv) was added dropwise. After stirring at
0°C for 1h, diethylamine (41 pg, 0.40 mmol, 5.0 equiv) was added to
the light yellow solution. The stirring was continued at room
temperature for 16 h, then the yellow solution was diluted with water
(5 mL) and extracted with EtOAc (3 x 5 mL). Combined extracts were
washed with brine (10 mL), dried over Na,50y, and evaporated under
reduced pressure. The residue was purified by column chromatogra-
phy on silica gel (20 g silica gel) using gradient elution from 15% EtOAc
in hexanes to 100% EtOAc to yield amine 2d (20 mg, 50% yield) as a
light yellow oil. 'H NMR (400 MHz, CDCls, ppm) 6 7.55-7.49 (2H, m),
7.48-7.44 (2H, m), 7.30-7.23 (2H, m), 7.15-7.10 (2H, m), 6.99-6.96
(2H, m), 6.96-6.92 (2H, m), 6.22 (1H, d. J=3.4Hz), 6.16 (1H. d,
J=3.4Hz),5.46(2H,s),3.85(3H,s),3.37 (2H,s), 2.58(2H,t,J = 7.7 Hz),
2.49 (4H, q, J=7.1 Hz), 1.61 (2H, quintet, J = 7.6 Hz), 1.39-1.27 (4H,
m), 0.94 (6H, t, J=7.1Hz), 090 (3H, t, J=6.9Hz); °C NMR
(100.6 MHz, CDClg, ppm) & 159.2, 141.6, 139.2, 138.6, 136, 133.5,
131.3,131.2,128.8, 128.5, 128.1, 126.9, 126.2, 114.3, 109.9, 107 .4,
55.5,50.4,47.3,46.6,35.7,31.7,31.2,22.7, 14.2, 11.6; HRMS-ESI (m/
2) caled. for C34HaaN,0 [M+H]* 495.3375. Found 495.3376.
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Following up the open initiative of anti-malarial drug discovery, a GlaxoSmithKline (GSK) phenotypic
screening hit was developed to generate hydroxyethylamine based plasmepsin (Plm) inhibitors exhib-
iting growth inhibition of the malaria parasite Plasmodium falciparum at nanomolar concentrations. Lead
optimization studies were performed with the aim of improving Plm inhibition selectivity versus the
related human aspartic protease cathepsin D (Cat D). Optimization studies were performed using Plm [V
as a readily accessible model protein, the inhibition of which correlates with anti-malarial activity.
Guided by sequence alignment of Plms and Cat D, selectivity-inducing structural motifs were modified in
the S3 and 54 sub-pocket occupying substituents of the hydroxyethylamine inhibitors. This resulted in
potent anti-malarials with an up to 50-fold PIm IV/Cat D selectivity factor. More detailed investigation of
the mechanism of action of the selected compounds revealed that they inhibit maturation of the
P. falciparum subtilisin-like protease SUB1, and also inhibit parasite egress from erythrocytes. Our results
indicate that the anti-malarial activity of the compounds is linked to inhibition of the SUB1 maturase
plasmepsin subtype Plm X.

© 2018 Elsevier Masson SAS. All rights reserved.

1. Introduction

Malaria is a life-threatening disease caused by Plasmodium
parasites which are transmitted by mosquitoes [1]. More than half
of the earth’s population lives in malaria endemic areas, rendering
the disease a global health problem. Extensive eradication cam-
paigns have been implemented, leading to considerably reduced
malaria morbidity [2]. A key future goal, according to the Global
Technical Strategy for Malaria 2016—2030, is a 90% reduction in
clinical cases and deaths by 2030 as compared with 2015 [3].
However, these efforts are impeded by widespread resistance of the
parasite to all currently used drugs, including artemisinins, the
current front line drug class [4—G]. Consequently, new antimalarial
drugs with new modes of action are urgently needed. Their

+ Corresponding author.
** Corresponding author.
E-mail addresses: edgars@osi.lv (E. Suna), aigars@osi.Iv (A. Jirgensons).

https://doi.org/10.1016/j.ejmech.2018.11.068
0223-5234/© 2018 Elsevier Masson SAS. All rights reserved.

development faces notable hurdles, one of which is a low expected
profit after market approval. This has prompted several open
innovation initiatives by private and academic organizations,
including the disclosure of preclinical research data to the scientific
community [7—10]. To support one such initiative, GlaxoSmithKline
(GSK) recently published the results of a large-scale cell-based
(phenotypic) HTS screening campaign that provided a number of
starting points for anti-malarial drug discovery | 7]. From the pool of
parasite growth inhibitory compounds we selected hydroxyethyl-
amine derivative 1a for further development (Table 1) [11]. In our
previous studies we showed that compound 1a is an inhibitor of
the Plasmodium falciparum aspartic proteases - plasmepsin sub-
types PIm I, PIm Il and PIm IV with particularly high potency against
Plm IV. Structurally simplified potent PIm 1V inhibitors 1b,c were
developed as compound 1a analogues, retaining high potency in
P. falciparum growth assays (see Table 1).

It is important to note that despite more than two decades of
research on plasmepsin inhibitor discovery, only a few compounds
(including inhibitors 1a-c) exhibiting parasite growth inhibition at
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Table 1
Representative Plm inhibitors 1a-c from previous studies [11]

Comp. R 1Cs0 ICsg ECso
PIm IV, yM Cat D, pM Pf growth, uM
(SR)>-1a ~ 0029 0043 0.002
(\,scg
(SR)-1b (\N.» 0.024 0042 0.006
~
(S.R)y-1c Ph 0.006 0.054 0.002

low nanomolar concentration have been identified [11,12]. This is
likely attributable to the fact that most of the efforts so far have
been devoted to inhibiting plasmepsin subtypes involved in he-
moglobin digestion (Plms [-IV) [13-22]. Gene disruption studies
have revealed that none of these hemoglobinase Plms are essential
in the parasite asexual blood stage lifecycle, indicating a high de-
gree of redundancy in the hemoglobin catabolic pathway [23—25].
In contrast, the three other plasmepsin subtypes expressed in the
P. falciparum blood stages, Plms V [26—28], 1X, and X [29-32], all
appear to be essential for parasite viability. The hemoglobinase
plasmepsins (PIm 1, 11, IV) share high sequence homology with Plms
IX and X, but not PIm V. It might therefore be expected that in-
hibitors developed to target the hemoglobinase PIms would exhibit
activity in cell-based assays only if they additionally target Plms TX
and/or PIm X. Recombinant expression of both Pms IX and X has
been recently reported [29,30], but this could be achieved only in
higher eukaryotic protein expression systems, such as insect or
mammalian cells. For our further work to develop the hydrox-
yethylamine based inhibitors (S,R)-1a-c as anti-malarials we
therefore used PIm IV as a readily accessible model plasmepsin, an
approach also supported by the previously observed good corre-
lation between inhibition of this enzyme and potency in parasite
growth assays in erythrocytes [11,20],

The successful development of protease inhibitors as drugs re-
quires optimization of on-target potency and minimization of un-
desirable off-target activity, particularly against related host
proteases. The human lysosomal aspartic protease cathepsin D (Cat
D) plays critical roles in protein catabolism and retinal function
[33]. Recent work focused on development of inhibitors of the
human aspartic protease p-secretase (BACE1) revealed the impor-
tance of ensuring selectivity against Cat D in order to avoid off-
target ocular toxicity [34,35]. In view of this, we decided that the
next step for optimization of the hydroxyethylamine based PIm
inhibitors 1 should aim to improve their selectivity for their ma-
larial target(s) over human Cat D.

2. Results and discussion

2.1. Structural factors determining the selectivity of inhibitor
binding to Plms vs Cat D

Our previous SAR investigations revealed that the substituents
of the inhibitor (S,R)-1 occupying the prime sub-pockets (part S',
Table 1) are optimal for Plm inhibition [11]. Therefore, we focused
our efforts on optimisation of selectivity inducing motifs in the
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substituents occupying the non-prime sub-pockets (Table 1), To
assess the differences in inhibitor recognition between Plms IV, IX,
X and Cat D, we generated a structure-based sequence alignment of
these proteins and compared their interactions with inhibitor 1b in
docking models (Fig. 1). Since Plm IX and X lack experimentally
determined structures and in order to avoid possible inaccuracies
associated with the use of homology models, the docking studies
were performed on the crystal structure of Pim IV (PDB ID 2ANL),
which is the closest homologue with an available crystal structure
[36]. As can be seen from Fig. 1A, the S3 sub-pocket shows the
largest differences in amino acid composition between the Plms
and Cat D, Additionally, this revealed that the S3 sub-pocket of PIm
IV is wider, more shallow and more hydrophobic than that of Cat D
(Fig. 1B). For these reasons, selectivity improvement was first
attempted by modifying the NN-dipropylamide moiety in in-
hibitors (S,R)-1 which occupies the S3 sub-pocket.

Several N,N-disubstituted amide analogues (S,R)-2a,b,d-f were
synthesized (see Section 2.3) bearing hydrophobic groups that
would prefer the more hydrophobic $3 sub-pocket of Plm IV. Un-
expectedly the N,N-diethyl and N,N-dimethyl substituted analogues
(S,R)-2a and (S,R)-2b showed the highest selectivity factor for Plm
IV inhibition over Cat D, even though our docking studies indicated
that the wider S3 sub-pocket of PIm IV could accommodate bulkier
groups. Analogue ($,R)-2c bearing N-hydroxyethyl groups showed
3-fold weaker Plm 1V inhibition potency than compound (5,R)-2a.
Introduction of larger linear substituents such as N,N-dipropyl
(compound (S,R)-1b), N,N-di(methoxyethyl) (compound (S,R)-2d)
and N,N-di(3,3,3-trifluoropropyl) (compound (S,R)-2e) resulted in
improved Cat D inhibition and correspondingly lower selectivity
factors, suggesting that these groups fit well in the deep S3 sub-
pocket of Cat D. Analogue (S,R)-2f bearing a N,N-diisobutyl amide
showed poor inhibition of both enzymes, indicating that this group
is too large to fit into the S3 sub-pocket of both PIm IV and Cat D.

We further explored N-monosubstituted amide analogues (S,R)-
3a-m (see Section 2.3 for synthesis). The best compounds in this
series showed similar Plm IV inhibition potency compared to the
most potent N,N-disubstituted amides (S,R)-2. Gratifyingly, these
appeared to be less potent Cat D inhibitors, leading to improved
selectivity factors. The removal of one N-substituent was more
beneficial for compounds with larger or branched substituents (e.g.
(S,R)-2e and (5,R)-2d compared to (5,R)-3d and (5,R)-3f) while for
compounds bearing smaller substituents a slight decrease in Plm [V
inhibitory activity was observed e.g. (5,R)-1b (Table 2) compared to
(S,R)-1d (Table 3) (see Fig. 2 for docking of compounds 2e and 3d
into Plm IV and Cat D representing the difference of steric re-
quirements). The docking studies suggested that the introduction
of a hydrogen bond donor (inhibitors (S.R)-3c.e,ij) or hydrogen
bond acceptor ((S,R)-3a,L,f) group in the S3 sub-pocket substituents
could potentially enable additional electrostatic interactions with
electron-rich functional groups in this pocket. Hydrogen bond
donor groups could interact with Asnl3 and Leul4 backbone
carbonyl in Pim IV; and Asp323, Tyr15, GIn14 and Ala13 in CatD,
whereas for the hydrogen bond acceptors the most likely in-
teractions are with Asn13 in PIm IV and GIn14 in Cat D (Fig. 51, see
supporting information). Although the introduction of hydrogen
bond donor or acceptor groups in the S3 sub-pocket occupying
substituent reduced Plm IV inhibition activity (up to 2 times if
comparing 1b and 3a), it also produced the most selective ligand in
this series - (5,R)-3a, as the activity decrease for Cat D is even higher
(up to 19 times if comparing (S,R)-1b and (5,R)-3a). The docking
studies suggest that the relatively higher drop in activity against Cat
D for the compounds bearing the hydrogen bond donor or acceptor
groups is due to an unfilled hydrophobic sub-pocket (resulting in
an entropic penalty of solvating the non-polar sub-pocket). That is,
the position of the amide substituent remains the same in both
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pim IV

catD

Fig. 1. (A) Structure-based sequence alignment of the amino acid residues making up the S1’ and $1-54 pockets of Pim IV, PIm IX, PIm X and Cat D. (B) Surface representation of the
$3 and S4 pockets in PIm IV and Cat D docking models with the hydroxyethylamine based inhibitor (S,R)-1b. The figure was prepared in PyMol [37]. Surface oxygen atoms are
colored in red, nitrogens in blue, sulfurs in yellow and hydrogens and carbons in grey. (For interpretation of the references to color in this figure legend, the reader is referred to the

Web version of this article.)

Table 2
SAR of N,N-disubstituted amide analogues (S.R)-1b, 2a-f

o o P Me, Me
A u’r\AN e
on H
O

(S.R)-1b, 2a

Comp. R ICso I1Cso o
PIm IV, M Cat D, pMm

(S.R)-1b n-Pr 0.024° 0.042° 18
(SR)-2a Et 0014 0.25 179
(SR)-2b Me 0.087 05 5.7
(SR)-2¢ HOCH,CH, 0.068 0.27 40
(SiR)-2d MeOCH,CH; 0.037 0.10 2.7
(SR)-2e CF3CH,CH, 021 0.12 057
(SR)-2F (CH3)2CHCH, 05 13 26

* Selectivity factor of PIm IV/Cat D inhibition.
" Data from literature [11].

enzymes due to additional interactions with aforementioned resi-
dues (Fig. 3), but by doing so it creates a situation where the Cat D
hydrophobic sub-pocket is filled with water resulting in an entropic
penalty and reduced Cat D inhibition activity.

Despite varying hydrogen bond donor and acceptor groups in
the S3 sub-pocket filling substituents, docking studies also suggest
that the main factor affecting PIm [V and Cat D inhibition potency is
the size and shape of the substituent; branched and long

Table 3
SAR of N- amide (S.R)-1d, 3a-m
o o Ph Me Me
RHN N N OMe
HoLH
N
O (S.R)-1d, 3a-m
Comp. R ICso 1Cso o
Pim IV, tM Cat D, pM
(S.R)-1d n-Pr 0.038" 011" 29
(S.R)-3a MeOC(CH3),CH, 0.048 21 438
(S.R)-3b ¢-PrCH; 0.030 0.76 253
(S.R)-3¢ HOCH,CH,CH> 0.093 225 242
(S.R)-3d CF3CHaCHz 0.024 0.58 242
(S.R)-3e HOC(CH3),CH; 0.10 1.66 16.6
(S.R)-3f MeOCH,CH; 0.05 0.75 15.0
(S.R)-3g Me;NCHCHz 0.36 48 133
(S.R)-3h t-BuCH, 0.027 0.40 14.8
(S.R)-3i HOCH,C(CH3), 0.12 1.46 122
(SR)-3j HOCH,CH, 021 142 68
(SR)-3k PhCH, 0,038 0.22 58
(S,R)-31 t-BuOCH,CH, 0.031 0.15 48
(S,R)-3m c-HexCH; 0.09 0.15 1.7

2 Selectivity factor of PIm IV/Cat D inhibition.
b Data from literature [11].

substituents cannot fit into the narrow S3 recess of Cat D whereas
the open S3 sub-pocket of PIm IV can accommodate such

157



R. Zogota et al. / European Journal of Medicinal Chemistry 163 (2019) 344—352 347

Fig. 2. Docking models of compounds (S,R)-2e and (S,R)-3d in crystal structures of Plm IV and Cat D.

Additional
subpocket

Fig. 3. Docking models of compound 3a in complex with Plm IV and Cat D.

substituents. The weakest inhibitor of the N-mono-substituted
amide analogues was compound (S,R)-3g. This could be explained
by the protonated amine group as the amide substituent which,
according to the docking studies, tends to form hydrogen bonds
and ionic interactions with residues outside of the S3 sub-pocket.
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Altogether these results indicate that the selectivity against Cat D
can be improved by targeting the S3 sub-pocket with mono-
substituted amide moieties containing linear or branched hydro-
phobic groups.

The S4 sub-pocket is another inhibitor binding region which is
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notably distinct between Plm IV and Cat D (Fig. 1A). Although
predominantly hydrophobic in both enzymes, the 54 sub-pocket of
Plm 1V is flatter and more solvent exposed. Therefore, we investi-
gated SAR for substituents occupying the $4 sub-pocket in the se-
ries of compounds (5R)-4a-g (Table 4, see Section 2.3. for
synthesis). Installation of an N,N-dipropylamide group (compound
(S.R)-4g) resulted in practically unchanged PIm IV inhibitory ac-
tivity compared to parent compound 1b, however this was paral-
leled by a more than 15-fold drop in activity against Cat D resulting
in improvement of the selectivity factor. Installation of fluorine or
removal of the $4 filling substituent provided compounds 4b,c with
slightly decreased PIm IV inhibitory potency, whereas inhibition of
Cat D was considerably lower which again improved the selectivity
factor. Installation of chlorine in the benzene ring (compound 4d)
improved the activity for both PIm IV and Cat D. Cyano, methyl and
trifluoromethyl groups in the S4 sub-pocket (compounds 4a,e-f)
made less difference for inhibitor binding to PIm IV and Cat D.
Collectively, these effects of S4 occupying substituents are difficult
to explain from our molecular modelling data, and presumably
arise from an interplay of hydrophobic and polar non-covalent
interactions.

Considering that the lack of an S4 occupying substituent
considerably improves selectivity against Cat D, analogues (S,R)-
5a,b of the most potent N-mono-substituted amide inhibitors (S,R)-
3d,h were prepared and tested (Table 5, see Section 2.3. for syn-
thesis). As expected, a slight drop in PIm IV inhibitory potency was
observed; however the modifications appeared to be additive for a
considerable improvement in the selectivity factor.

2.2. Relation of PIm subtype inhibition with P. falciparum growth
inhibition

The capacity to inhibit growth in vitro of asexual blood stage
P. falciparum was determined for selected compounds (S,R)-
2a3a,b,d,hdb,cg5ab (Table 6). In all cases, the compounds
showed strong growth inhibitory potency with ECsq values in the
low nanomolar range. Inhibitory activity against Plm I, Plm Il and
Plm IV was determined for the same compounds. This revealed no
correlation between inhibitory potency in the parasite growth
assay and inhibition of PIm T and Il enzyme activity. In contrast,
there was a much better correlation between parasite growth in-
hibition potency and PIm IV inhibition potency, although even here
there were some notable exceptions; for instance, the most potent

Table 4
SAR of phenylgroup substitution in analogues 1b,c, 4a-g

o [+ Ef Me, Mo
(n-Pr);NAMnL(\NX. /ﬁ/ OMe
T oo H l/
(S.R)b,c; da-g
Comp. R ICs0 (% 5
Plm IV, pm Cat D, pM
(SR)-1b 1-piperidinyl 0024 0042° 18
(SR)-1c Ph 0.006" 0.054° 9.0
(S.R)}da Me 0023 021 91
(S.R)-4b H 0058 115 198
(S.R)-4c F 0,050 10 20
[5.R)-4d a 0.008 0096 120
(S.R)-4e CF3 0015 0,067 45
(S.R)-4f CN 0.059 0.56 95
[S.R)-4g (n-Pr);NC(=0) 0018 07 389

@ Selectivity factor of Plm IV[Cat D inhibition,
b Data from literature [11].

Table 5
Combining selectivity inducing structural motives in analogues (S,R)-5a,b

Ph
o
[} Mo, e
RNH)KULﬂ NM{OME
on M ‘Ky

(S,R)-5a,b
Comp. R ICsg ICso s
Plm IV, pM Cat D, pm
(SR)-5a -BuCH; 0076 38 50.0
(S.R)-5b CF5CH,CH; 015 49 326

@ Selectivity factor of Pim IV/Cat D inhibition,

Table 6
Plm I, 11, IV inhibition and P falciparum growth inhibition activity of selected
compounds.

Comp. ICso I1Cso 1Cs0 §° ECso”
PlmI,pM  PimILuM  Plm IV, uM Pf Growth, nM
(SR-2a 08 0.16 0.014 179 15
(S.R)-3a 74 54 0.048 438 20
(S.R)-3b 18 05 0.030 253 18
(SR)-3d 25 22 0.024 242 20
(S.R)-3h 20 085 0.027 148 6.0
(SR-4b 31 17 0.058 198 03
(SR)-4c 11 11 0.050 20 15
(SR)-4g 078 027 0018 389 60
(SR)-5a 56 71 0.076 500 20
(SR)-5b 103 104 0.15 326 60

? Selectivity factor of PIm IV/Cat D inhibition.

" The ECsp values for P. falciparum growth were determined using a SYBR Green-
based assay with an incubation time of 96 h (2 erythrocytic cycles). Samples were
each measured in triplicate, in 2 separate biological assays. Compound TCMDC-
134674' 12 was used as a positive control (see Supporting Information).

growth inhibitory compound, (S,R)-4b, was a 3-fold weaker in-
hibitor of Plm IV than compound (S.R)-4g, yet showed a 20-fold
Dbetter inhibition of parasite growth than (5,R)-4g.

These results implied that the important parasite target(s)
engaged by the growth inhibitory compounds are not the hemo-
globinase plasmepsins. Recent reports have shown that inhibitors
of the non-hemoglobinase plasmepsins Plm IX and Plm X (which
are structurally similar to Plm I, Il and IV) can potently block
parasite replication [29,30]. A key biological function of PIm X is the
proteolytic maturation of SUB1, a parasite subtilisin-like serine
protease that plays an essential role in regulating parasite release
(egress) from the infected host erythrocyte [38]. SUB1 maturation
comprises 2 steps in which the initial ~82 kDa pre-proenzyme is
cleaved to form first a 54 kDa protein (p54) then a 47 kDa terminal
product (p47) which accumulates during the latter ~12 h of intra-
erythrocytic parasite development. Whilst the first SUB1 process-
ing step is autocatalytic, the second p54-to-p47 step is believed to
be mediated by Plm X [29,30]. We used a Western blot-based assay
to examine the effects of selected compounds (5,R)-2a, (S,R)-4b and
(S,R)-4c on both SUB1 maturation and parasite egress (Fig. 4).

Egress was quantified by measuring the release of a soluble
parasite protein called SERA5 into parasite culture supernatants.
SERAS is also a SUB1 substrate, and is generally released in a P50
form that results from SUB1-mediated cleavage of a larger pre-
cursor. Release of correctly processed SERAS P50 is therefore an
indicator of both SUB1 activity and efficiency of egress. As shown in
Fig. 4A, treatment of developing intracellular parasites with the
three PIm inhibitors (5,R)-2a, (5,R)-4b and (S,R)-4c resulted in a
relative enrichment of the p54 form of SUB1, indicating inhibition
of conversion of p54 to the terminal p47 form. Analysis of culture

159



R. Zogota et al. / European Journal of Medicinal Chemistry 163 (2019) 344352 349

. 1 X 3
£ 8 £ 8
& 2aaul : §
Zeaslsy B Z3s¢ 83
. — - ~+ 4— SERAS precursor
Hem o84 :"" - <— SERAS processing intermediate
sw EEE eei o 45: @S - = < SERA5PS0
36 - B
’ 3 i
- e e, .8
parasite extracts culture supernatants
probed anti-SUB1 probed anti-SERAS

SUB1

seRas

Fig. 4. Inhibition of P falciparum SUBT maturation and egress by selected compounds indicates that they target PIm X, (A) Synchronous cultures of immature intracellular parasites
were treated for ~8 h with compounds (S,8)-2a or (5,R)-4b,c (10nM), ar vehicle only (DMSO, 1% v/v), or the cGMP-dependent protein kinase inhibitor (4-[7-[(dimethylamina)
methyl]-2-{4-fluorphenyl)imidazo[ 1,2-x|pyridine-3-yl]pyrimidin-2-amine (compound 2; €2, 2 uM) which inhibits egress but not SUB1 maturation. Extracts of the parasites were
then analyzed by Western blot, probing with an antibody to SUBT. The positions of migration of the SUB1 p54 and p47 forms (green arrow) are indicated. The schematic below
indicates the mode by which PIm X converts SUB1 p54 to the terminal p47 form. (B) Parasites treated for ~24h as in (A) were transferred to fresh medium containing the various
compounds and allowed to undergo egress for 4 h before the culture supernatants were analysed by Western blot, probing with antibodies to the parasite protein SERAS. The

positions of migration of the SERAS precursor, a processing intermediate and the terminal

P50 form (green arrow) are indicated. The schematic below indicates the mode by which

SUBT converts the SERAS precursor to the P50 form. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

supernatants from treated parasites allowed to proceed to egress
(Fig. 4B) showed that compounds (S,R)-4b and (5,R)-4¢ both pro-
duced a clear reduction in SERA5 P50 release, whilst all three
compounds produced an increase in the release of SERA5 precursor
or processing intermediates, indicating defects in egress and SERA5
processing. These results strongly suggest that the mechanism of
parasite growth inhibition by compounds (5,R)-4b and (S,R)-4c (as
well as possibly (5,R)-2a) involves Plm X inhibition, since the effects
on egress were linked to inhibition of SUB1 maturation and its
enzymatic activity against an endogenous substrate. Given their
structural similarity, it is likely that the other compounds 3a,b,d,h,
4g and 5a,b exerting potency in the parasite growth assay (Table 6)
also target Plm X,

2.3. Synthesis of inhibitors (S.R)—2-5

Plm inhibitors (S,R)—2-5 were synthesized from substituted
benzoic acids 15,17 and 19 and either enantiomerically pure amino

Ph _Ph Ph Ph
[N O :
HN ~# —* BocHN = BocHN OH —= BocHN OH
OH OH
]

6 7 (8,518

23 synaanti 9% de., 99% e
2tor
ln

Ph Ph Ph
Me, Me f Me, Me
o @ XAy = S
ClF HN N Tj BocHN N j *— BocHN D
OH 7,, \f OH \]4
c”
OMe OMe
(RSK11 (S.R)10 (S.519

Scheme 1. Synthesis of amino alcohol intermediate (R,S)—11. Reagents and conditions:
a) Boc,0(1.25 equiv), NEty (2 equiv), DCM, rt, 2 h, 87%, b) AD-mix-a (1 equiv), 1:1 (v/v)
t-BuOH:water, rt, 20h ¢) preparative HPLC an chiral stationary phase (Chiralpak-ID),
25% in two steps, d) PhyP (1.1 equiv), DEAD (1.1 equiv), CHCls, 85°C, 48 h, 64%, e) 2-(3-
Methoxyphenyl)propan-2-amine [11] (1.05 equiv), i-PrOH, 70°C, 40 h, 73%. f) 4 M Hcl
in dioxane, 1t, 6 h, 9%,
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alcohol (RS)—11 or the corresponding racemate rac-11 (Schemes
1-5). Inhibitors (5,R)—2b-e, (5,R)—3a,c.e-gijlm, (5R)—4cfg and
(5,R)-5a,b were obtained from enantiomerically pure amino
alcohol (R.S)—11, whereas targets 2a,f, 3b,d,h,k and 4a,b,d.e were
obtained as mixtures of stereoisomers from racemic alcohol rac-11.
Enantiomerically pure inhibitors (5,R)-2af, (S,R)-3b,d,h,k and
(S,R)—4a,b,d,e were obtained by separation of diastereomers using
chromatography on silica gel, followed by separation of enantio-
mers using the chromatography on a chiral stationary phase.
Synthesis of aminoalcohol 11 commenced with N-Boc protec-
tion of rac-6 (Scheme 1). Dihydroxylation of the resulting carba-
mate rac—7 with AD-mix-o. afforded diol 8 as a 2:3 mixture of
syn:anti diastereomers and a 2:1 mixture of enantiomers. Enan-
tiomerically pure diol (5,5)—8 was obtained by an initial separation

(S.R)204 1525
(5.R)-3a-m

Scheme 2. Synthesis of Plm inhibitors (5,R)—2a-f and (S,R)-3a-m. Reagents and
conditiens: a) piperidine {1 equiv), Pd{OAc); (5 mol%), rac-BINAP (5 mol%), Cs,C0; (1.5
equiv), toluene, 100 °C, 18 h, 88%. b) General procedure A: aqueous 1 M NaOH (1 equiv),
MeOH, rt, 16 h ¢} General procedure B: R'R’NH (1.2 equiv), HBTU (1 equiv), NEL; (2
equiv), DMF, rt, 2hd) General procedure C: aqueous 1M NaOH (1.5 equiv), MeOH,
50°C, 18h e) General procedure D: amino alcohal (RS)—11 (1.0 equiv), HBTU (1.0
equiv), NEty (4 equiv), DMF, it, 16 h f) amino alcohol rac—11 (1.0 equiv), HBTU (1.0
equiv), NEt; (4 equiv), DMF, rt, 16 h; then separation of enantiomers by HPLC on chiral
stationary phase (Chiralpak-ID).
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Scheme 3. Synthesis of Plm inhibitors (5,R)—4a-f. Reagents and conditions: a) MeB(OH); (1.2 equiv), Pd(dppfICloxCH,Cl, (5 mol%), K3PO4 (3 equiv), toluene, 90°C, 18 h b) General
pracedure A: aqueous 1 M NaOH {1 equiv), MeOH, rt, 16 h ¢) General procedure B; (n-Pr);NH (1.2 equiv}, HBTU (1 equiv), NEt; (2 equiv), DMF, rt, 2 h d) General procedure C: aqueous
1M NaOH (1.5 equiv), MeOH, 50°C, 18 h &) CuCN (2 equiv), NMP, 160°C, 6 h f) General procedure D: amino alcohol (R.S)—11 (1.0 equiv), HBTU (1.0 equiv), NEt; (4 equiv), DMF, rt,
16 hg) amino alcohol rac—11 (1.0 equiv), HBTU (1.0 equiv), NEt5 (4 equiv), DMF, rt, 16 h; then separation of enantiomers by HPLC on chiral stationary phase (Chiralpak-ID).
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Scheme 4. Synthesis of Plm inhibitor (S,R)—4g. Reagents and conditions: a) aqueous 1 N NaOH (3 equiv), MeOH, 40 “C, 18 h b) Pd(dppf)ClaxCH;Cl2 (10 mol%), NEt; (2.2 equiv), CO (70
psi), MeOH, 100°C, 18 h ¢) General procedure B: (n-Pr);NH (2.2 equiv), HBTU (2 equiv), NEt; (4 equiv), DMF, rt, 2hd) General procedure C: aqueous 1 M NaOH (1.5 equiv}, MeOH,
50°C, 18 h e) General pracedure D: amino alcohel (RS)-11 (1.0 equiv), HBTU (1.0 equiv), NEt, (4 equiv), DMF, rt, 16 h.
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Scheme 5. Synthesis of PIm inhibitors 5ab. Reagents and conditions: a) General
procedure B: (n-PrNH (1.2 equiv), HBTU (1 equiv), NEt (2 equiv), DMF, rt, 2hb)
General procedure C: aqueous 1M NaOH (1.5 equiv), MeOH, 50 °C, 18 h ¢} General
pracedure D: amine alcohol (R,S)—11 (1.0 equiv), HBTU (1.0 equiv), NEt; (4 equiv), DMF,
i, 16h.

of synfanti diastereomers using chromatography on silica gel,

followed by separation of syn—8 enantiomers by chromatography
on a chiral stationary phase. The major enantiomer turned out to be
the desired diol (55)-8 as evidenced by comparison of optical
rotation data with that from the literature [ 39]. Conversion of (5,5)—
8 into epoxide (5.5)-9 under Mitsunobu conditions was followed
by aminolysis with 2-(3-methoxyphenyl)propan-2-amine [11] to
afford N-Boc protected amino alcohol (5,R)—10. Finally, the cleavage
of N-Boc protecting group yielded amino alcohol (RS)-11.

Benzoic acids 15a-s were prepared from dimethyl 5-
bromoisophthalate (Scheme 2). Pd-catalyzed amination with
piperidine afforded 12a, which was hydrolysed to isophthalic
monoester 13a under basic conditions. Subsequent HBTU-mediated
condensation with amines afforded amides 14a-s, which were
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Table 7

Substitution pattern of compounds in Scheme 2.
R' LS No. No. No. Comments
Et Et 14a 15a (SR}-2a  from rac—11 (step )
Me Me 14b 15b (SR)-2b
HOCH,CH, ~ HOCH;CH; Mec  15¢  (SR)}-2¢
MeOCHoCH;  MeOCH,CH» 14d 15d (SR)-2d
CF3CH3CHz CF3CH,CH; 14e¢ 15e (5R)-2e
(CH3);CHCHz  (CH3);CHCH; 14af  15f  (SR}-2f  from rac—11 (step )
H MeOC(CH3):CH; 14g 15g (SR)-3a
H ¢-PrCH; 14h  15h (SR)-3b from rac—11 (step )
H HOCHyCHyCH:  14i 158 (SR)-3¢
H CF3CH,CH; 14§ 155 (SR}-3d  from rac-11 (step f)
H HOC(CH3),CHz 14k 15k  (SR}-3e
H MeOCHCH> 141 151 (SR)-3f
H Me;NCHaCHz 14m 15m (5R)-3g
H t-BuCH 14n  15n (SR}-3h  from rac—11 (step )
H HOCH:C(CHs), 140 150  (SR)-3i
H HOCH,CH, Mp 15p (SR-3j
H PhCH; 14q 159 (SR}-3k from rac—11 (step f)
H t-BUOCH,CH,  14r 15r (SR)-3L
H c-HexCH; 14s 155 (SR)}-3m

Table 8

Substitution pattern of compounds in Scheme 3.
R No. No. No. No. No. Comments
Me 12b 13b 16b 17b (S.R)>-4a from rac—11 (step g)
Br - 13c 16¢c 17¢ -
H - 13d 16d 17d (S.R)—4b from rac—11 (step g)
F - 13e 16e 17e (S.R)—4c
al - 131 16f 17f (S.R)—4d from rac—11 (step g)
CF3 - - - 17h (S.R)—4e from rac—11 (step g)
N - - - 17i (S.R)-4f

hydrolysed ta benzoic acids 15a-s. (see Table 7)

Similar synthetic approach was also used for the preparation of
acids 17b-i (Scheme 3). Accordingly, monoesters 13c-f were ob-
tained from commercially available dimethyl isophthates. The
synthesis of methyl ester 13b required an initial Pd-catalyzed
alkylation of dimethyl 5-bromoisophthalate with methylboronic
acid, followed by hydrolysis of one of the two ester moieties.
Benzoic acids 13b-f were converted into amides 16b-f and ester
moieties were hydrolysed to afford acids 17b-f. Benzoic acid 17h
was obtained directly from trifluoromethyl isophthalic acid and n-
PryNH in the presence of HBTU, whereas the synthesis of 17i was
accomplished by Cu(l)-catalyzed substitution of bromide in benzoic
acid 17c for cyano group (Scheme 3). (see Table 8)

Synthesis of benzoic acid 17g (Scheme 4) commenced with
hydrolysis of commercially available dimethyl iodo-isophthalate to
the corresponding isophthalic acid 18, followed by Pd-catalyzed
methoxycarbonylation [40] to afford ester 13g. Subsequent con-
version to diamide 16g in the presence of HBTU was followed by
ester hydrolysis to form benzoic acid 17g (Scheme 4). The amide
bond formation-hydrolysis sequence was also used for the prepa-
ration of benzoic acids 19a,b (Scheme 5).

3. Summary

The optimization of hydroxyethylamine based Plm inhibitors
was performed with the aim of improving selectivity against the
related human aspartic protease Cat D. The studies were performed
using Plm IV as a readily accessible model protein, the inhibition of
which was previously found to correlate with Plasmodium falcipa-
rum growth inhibition. Based on sequence alignment of PIm IV and
Cat D, putative selectivity inducing structural motifs were sought in
53 and 54 sub-pocket-occupying substituents of the inhibitors.
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Installation of an $3 sub-pocket targeting mono-substituted amide
moiety in compounds (S.R)-3 containing linear or branched hy-
drophobic groups resulted in up to 40-fold selectivity (compound
(S,R)-3a) against Cat D. PIm IV inhibitors (S,R)-4b,c with no sub-
stituents or fluorine targeting the S4 sub-pocket led to 20-fold
selectivity against Cat D, though with some loss of PIm IV inhibi-
tion potency, Surprisingly, installation of amide as the S$4 sub-
pocket filling group in compound (S,R}-4g resulted in potent Plm
IV inhibition with almost 40-fold selectivity against Cat D.
Selectivity-inducing factors in $3 and S4 positions were additive as
evidenced by compound (S,R)-5a (50-fold selectivity). Determina-
tion of P. falciparum growth inhibition potency for ten of the new
Plm inhibitors showed them to display activities in the low nano-
molar range. The potent anti-malarial activity did not correlate
with the relatively weak inhibition of PIm I and 1, whilst in contrast
there was a much better correlation with PIm IV inhibition. More
detailed investigation of the mechanism of action of the selected
compounds showed that they interfered with parasite egress and
maturation of the parasite serine protease SUB1, indicating a strong
link between anti-malarial activity and inhibition of the non-
hemoglobinase plasmepsin and SUB1 maturase Plm X. Future
studies should clarify whether cooperative Plm IV and Plm X in-
hibition or only Plm X inhibition is necessary to achieve optimal
anti-malarial activity.
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Peptidomimetic Plasmepsin Inhibitors with Potent anti-Malarial activity
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1. Synthesis

General procedure A for hydrolysis of diesters No.13a-f. An aqueous 1 M
NaOH solution (1.0 eq) was added to a solution of diester No.12a-b (1.0 eq) in
MeOH (1 mL/0.1 mmol of the diester). After stirring at room temperature for 16
h, the solution was acidified with agqueous 5% KHSO, solution to pH 3, diluted
with water (20 mL) and extracted with EtOAc (3 x 20 mL). Combined organic
extracts were washed with brine (20 mL), dried over anhydrous Na,SO, and
evaporated under reduced pressure to afford monoester.

General procedure B for the synthesis of amides No.l4a-s; 16b-g. An
oven-dried 20 mL pressure vial was charged with monoester No.13a-f (1.0 eq)
and dissolved in anhydrous DMF (0.5 mL/0.1 mmol of the monoester). The
corresponding amine (1.2 eq) was added, followed by HBTU (1.0 eq). The
resulting solution was stirred at 0 °C for 5 min, then TEA (2.0 eq) was added
and stirring at 0 °C was continued for 0.5 h. The resulting mixture was warmed
to room temperature and stirring was continued for 2 h. The brownish solution
was diluted with water (20 mL) and extracted with EtOAc (3 x 15 mL).
Combined organic extracts were washed with water (15 mL), brine (15 mL),
dried over anhydrous Na,SO, and evaporated under reduced pressure. The
residue was purified by silica gel column chromatography.
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General procedure C for hydrolysis of benzoates No.15a-s; 17b-g; 19a-b. An
aqueous 1 M NaOH solution (1.5 eq) was added to a solution of benzoate
No.14a-s; 16b-g (1.0 eq) in MeOH (1 mL/0.1 mmol of the benzoate). The
resulting solution was stirred at 50 °C for 18 h. After cooling to room
temperature, all volatiles were removed under reduced pressure. The white solid
was diluted with water (20 mL) and acidified to pH 1 with aqueous 1M HCI
solution. The aqueous layer was extracted with EtOAc (3 x 20 mL). Combined
organic extracts were washed with brine (20 mL), dried over anhydrous Na,SO,
and evaporated under reduced pressure to afford benzoic acid.

General procedure D for the synthesis of inhibitor No.2a-f; 3a-m; 4a-g; 5a-
b. An oven-dried 10 mL pressure vial was cooled under a stream of argon and
charged with hydroxyethylamine hydrochloride (1.0 eq), benzoic acid (1.0 eq),
HBTU (1.0 eq), and anhydrous DMF (1.2 mL/0.1 mmol of the
hydroxyethylamine hydrochloride). The resulting solution was stirred at 0 °C for
5 min, then TEA (4.0 eq) was added and stirring at 0 °C was continued for 0.5 h.
After warming to room temperature and stirring for 16 h, the brownish solution
was diluted with water (20 mL) and extracted with EtOAc (3 x 15 mL).
Combined organic extracts were washed with water (15 mL), brine (15 mL),
dried over anhydrous Na,SO,. Evaporation under reduced pressure afforded
residue, which was purified by silica gel column chromatography.

H tert-Butyl (1-phenylbut-3-en-2-yl)carbamate (7). To a stirred

Tf T< solution of amine 6 (2.70 g, 18.4 mmol, 1.0 eq) in anhydrous

DCM (50 mL) was added TEA (5.12 mL, 36.7 mmol, 2.0 eq),

followed by di-tert-butyl dicarbonate (5.01 g, 23.0 mmol, 1.25

eq). After stirring at room temperature for 2 h the yellowish solution was

extracted with DCM (3 x 30 mL), combined organic layers were dried over

Na,SO, and evaporated under reduced pressure. The crude product was purified

by column chromatography on silica gel using gradient elution from 2% EtOAc

in petroleum ether to 10% EtOAc in petroleum ether. Fraction spots on TLC

were visualized using KMnO,. The fractions containing the product 7 were

evaporated to dryness under reduced pressure to give 3.95 g (87% vyield) of 7 as
a white solid. "H-NMR spectrum was identical to that from the literature.*

! Jaudzems, K.; Tars, K.; Maurops, G.; Ivdra, N.; Otikovs, M.; Leitans, J.; Kanepe-
Lapsa, I.; Domraceva, |.; Mutule, I.; Trapencieris, P.; Blackman, M. J.; Jirgensons, A.
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'H-NMR (400 MHz, CDCl;) &: 7.32-7.27 (m, 2H, Ar-H), 7.25-7.16 (m, 3H, Ar-
H), 5.85-5.75 (m, 1H, CH), 5.14-5.05 (m, 2H, CH,), 4.54-4.33 (m, 2H, CH,),
2.84 (d, J = 6.0 Hz, 2H, CH,), 1.41 (s, 9H, CHsx3) ppm. HRMS-ESI (m/z):
[M+Na]" Calcd for C15H,;NO,Na 270.1470; Found 270.1473.

o o Ho tert-Butyl ((2S,3S)-3,4-dihydroxy-1-phenylbutan-2-
TOf T< ylcarbamate ((S,S)-8). To a mixture of alkene 7 (3.94 g,
5j 16.0 mmol, 1.0 eq) and 1:1 (v:v) t-BuOH/water (120 mL)
was added AD-mix-a (12.42 g, 16.0 mmol, 1.0 eq). After
stirring at room temperature for 20 h the orange solution was cooled to 0 °C
(crushed ice) and quenched with solid Na,SO; (12.42 g). The stirring was
continued for 0.5 h whereupon the orange color of the solution turned brown.
The suspension was extracted with EtOAc (3 x 40 mL), dried over Na,SO, and
evaporated under reduced pressure. The crude product was purified by column
chromatography on silica gel (eluent 10% i-PrOH in hexane). Fraction spots
were visualized on thin layer chromatography silica gel using KMnQO,. The
fractions containing the product were evaporated to dryness under reduced
pressure. Enantiomerically pure product was obtained by preparative HPLC on
chiral stationary phase (Chiralpak-1D) using 5% i-PrOH in hexanes as a mobile
phase (flow rate 40 mL/min, detector UV 220 nm), to give 1.11 g (25% vyield) of
(S,5)-8 as a white solid. *"H-NMR (400 MHz, CDCl;) &: 7.35-7.30 (m, 2H, Ar-
H), 7.26-7.22 (m, 3H, Ar-H), 454 (d, J = 8.7 Hz, 1H, NH), 3.89-3.79 (m, 1H,
CH), 3.71-3.57 (m, 2H, CH, OH), 3.41-3.27 (m, 2H, OCH,, OH), 3.10 (dd, J =
14.3, 4.3 Hz, 1H, OCHy,), 2.91 (dd, J = 14.3, 7.8 Hz, 1H, CH,), 2.76 (d, J = 8.7
Hz, 1H, CH,), 1.38 (s, 9H, CH3x3) ppm. HRMS-ESI (m/z): [M+Na]" Calcd for
C1sH23NO,Na 304.1525; Found 304.1521. Optical rotation [a]*p +10.1 (c 1.01,
CHClIy); Lit. 2] [a]®, +8.06 (c 0.62, CHCls)

o tert-Butyl ((S)-1-((S)-oxiran-2-yl)-2-phenylethyl)carbamate
70( 7< ((S,5)-9). PhsP (1.13 g, 4.30 mmol, 1.1 eq) was added to a

(g:r solution of diol (5,5)-8 (1.10 g, 3.91 mmol, 1.0 eq) in
anhydrous CHCI; (14 mL). Diethyl azodicarboxylate (0.68

mL, 4.30 mmol, 1.1 eq) was then added dropwise over a period of 10 min. Upon
completion of the addition the light brown solution was stirred at 85 °C for 48 h.
After cooling to room temperature water (20 mL) was added and the solution
was extracted with DCM (3 x 20 mL), dried over Na,SO, and evaporated under
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reduced pressure. The crude product was purified by column chromatography on
silica gel using gradient elution from 5% EtOAc in petroleum ether to 15%
EtOAc in petroleum ether to give product (S,S)-9 as a white solid (655 mg, 64%
yield). "H-NMR (400 MHz, CDCls) &: 7.34-7.29 (m, 2H, Ar-H), 7.26-7.20 (m,
3H, Ar-H), 4.43 (br s, 1H, NH), 3.69 (br s, 1H, CH), 2.97 (dd, J = 14.0, 5.1 Hz,
1H, CH), 2.94-2.83 (m, 2H, CH,), 2.80 (t, J = 4.9 Hz, 1H, CH,), 2.77-2.73 (m,
1H, CH,), 1.38 (s, 9H, CH3x3) ppm. HRMS-ESI (m/z): [M+Na]" Calcd for
C1sH»NO;Na 286.1419; Found 286.1419. Optical rotation [a]* +3.0 (c 0.34,
CHClIs). Lit. 1 [a]*, +6.45 (c 1.86, CHCI5)

H tert-Butyl ((2S,3R)-3-hydroxy-4-((2-(3-
%/ OTOme methoxyphenyl)propan-2-yl)amino)-1-phenylbutan-2-
HO N yl)carbamate ((S,R)-10). To a stirred solution of epoxide
(S,5)-9 (653 mg, 2.48 mmol, 1.0 eq) in anhydrous i-PrOH
(7 mL) was added 2-(3-methoxyphenyl)propan-2-amine
° (430 mg, 2.60 mmol, 1.05 eq). After stirring at 70 °C for 40
h the yellowish solution was cooled to room temperature and then concentrated
under reduced pressure. The crude product was purified by column
chromatography on silica gel using gradient elution from 25% EtOAc in
petroleum ether to 100% EtOAc to give product (S,R)-10 as a colorless oil (775
mg, 73% yield). "H-NMR spectrum was identical to that from the literature.?
'H-NMR (400 MHz, CDCls) &: 7.30-7.16 (m, 6H, Ar-H), 7.04-6.91 (m, 2H, Ar-
H), 6.75 (dd, J = 8.2, 2.5 Hz, 1H, Ar-H), 4.54 (d, J = 9.3 Hz, 1H, NH), 3.80 (s,
3H, OCHjy), 3.79-3.74 (m, 1H, CH), 3.30 (dt, J = 8.0, 4.6 Hz, 1H, CH), 2.96 (dd,
J=14.1, 4.6 Hz, 1H, CH,), 2.81 (dd, J = 14.1, 8.0 Hz, 1H, CH,), 2.46 (dd, J =
12.4, 4.6 Hz, 1H, CH,), 2.38 (dd, J = 12.4, 3.2 Hz, 1H, CH,), 1.45 (s, 6H,
CH3x2), 1.36 (s, 9H, CH3x3) ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CasH37N,0O4 429.2753; Found 429.2754. Optical rotation [a]ZOD -12.4 (c 0.43,
CHCly).

o Mo (2R,3S)-2-Hydroxy-N*-(2-(3-methoxyphenyl)propan-2-
yl)-4-phenylbutane-1,3-diaminium chloride ((R,S)-11).

*H,N HCI (4M solution in 1,4-dioxane, 8.2 mL, 33.0 mmol, 19.0

C'_ ﬁ eq) was added to the amino alcohol (S,R)-10 (744 mg, 1.74
O/

HO

mmol, 1.0 eq). After stirring at room temperature for 6 h the

2 Ghosh, A. K.; Fidanze, S. J. Org. Chem., 1998, 63, 6146-6152.
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colorless solution was concentrated under reduced pressure to obtain
hydroxyethylamine hydrochloride (R,S)-11 (697 mg, 100% vyield) as a light
yellow solid, which was used in subsequent steps without purification.

'H-NMR (400 MHz, DMSO-dg) &: 9.75 (t, J = 10.4 Hz, 1H, NH), 9.28 (t, J =
11.0 Hz, 1H, NH), 8.18 (d, J = 5.4 Hz, 2H, NH,), 7.39-7.33 (m, 1H, Ar-H), 7.28-
7.20 (m, 4H, Ar-H), 7.17-7.13 (m, 2H, Ar-H), 7.12-7.08 (m, 1H, Ar-H), 6.99-
6.95 (m, 1H, Ar-H), 6.22-6.14 (m, 1H, NH), 4.11-4.02 (m, 1H, CH), 3.80 (s, 3H,
OCHjy), 3.55-3.49 (m, 2H, CH, OH), 2.86-2.61 (m, 3H, CH,, CH,), 2.47-2.36 (m,
1H, CH,), 1.67 (s, 3H, CHj), 1.66 (s, 3H, CH;) ppm. ®*C-NMR (101 MHz,
DMSO-dg) 8: 159.6, 140.9, 136.0, 129.9, 129.3, 128.6, 126.9, 118.3, 114.1,
112.2, 72.2, 70.6, 66.2, 61.4, 55.4, 54.6, 45.0, 33.2, 25.6, 25.1 ppm. HRMS-ESI
(m/z): [M+H]" Calcd for C,oHsN,0, 329.2229; Found 329.2239.

? pressure tube (200 mL) was cooled under stream of argon and
charged with dimethyl 5-bromoisophthalate (2.00 g, 7.32 mmol,
O 1.0 eq), palladium(ll) acetate (82 mg, 0.37 mmol, 0.05 eq), rac-
BINAP (228 mg, 0.37 mmol, 0.05 eq), Cs,CO; (3.58 g, 11.0
mmol, 1.5 eq) and piperidine (0.72 mL, 7.32 mmol, 1.0 eq). The substances were
degassed and anhydrous toluene (15 mL) was added. After heating at 100 °C for
18 h, the brownish suspension was cooled to room temperature and filtered
through Celite. The filter plug was washed with EtOAc and filtrate was dried
over anhydrous Na,SO,. Volatiles were evaporated under reduced pressure. The
crude product was purified by column chromatography on silica gel using 10%
EtOACc in petroleum ether to give product 12a as a yellow solid (1.78 g, 88%
yield). "H-NMR spectrum was identical to that from the literature.?
'H-NMR (400 MHz, DMSO-ds) &: 7.85 (dd, J = 1.4, 1.4 Hz, 1H, Ar-H), 7.66 (d,
J=1.4Hz, 2H, Ar-H), 3.86 (s, 6H, OCH3x2), 3.24 (t, J = 4.9 Hz, 4H, NCH,%2),
1.68-1.50 (m, 6H, CH,x3) ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CsH,0NO, 278.1392; Found 278.1404.

)OKQ)CL Dimethyl 5-(piperidin-1-yl)isophthalate (12a). An oven-dried

o o 3-(Methoxycarbonyl)-5-(piperidin-1-yl)benzoic acid (13a).
OJ\Q/%H The title compound was obtained as a light yellow solid material

N
3 Ja@ns, K.; Tars, K.; Maurops, G.; lvdra, N.; Otikovs, M.; Leitans, J.; Kanepe-
Lapsa, I.; Domraceva, |.; Mutule, I.; Trapencieris, P.; Blackman, M. J.; Jirgensons, A.
ACS Med. Chem. Lett. 2014, 5, 373-377.
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(1.03 g, 72% yield) from diester 12a (1.52 g, 5.50 mmol, 1.0 eq) and aqueous 1
M NaOH solution (5.50 mL, 5.50 mmol, 1.0 eq) by following general procedure
A. Pure material was obtained by column chromatography using gradient elution
from 30% EtOAC in petroleum ether to 100% EtOAc. ‘H-NMR spectrum was
identical to that from the literature.*

'H-NMR (400 MHz, CDCl5) 3: 8.16 (dd, J = 1.4, 1.4 Hz, 1H, Ar-H), 7.81 (d, J =
1.4 Hz, 2H, Ar-H), 3.94 (s, 3H, OCHy), 3.31-3.26 (m, 4H, NCH;,x2), 1.77-1.69
(m, 4H, CH,x2), 1.66-1.59 (m, 2H, CH,) ppm. HRMS-ESI (m/z): [M+H]" Calcd
for C14H1gNO, 264.1236; Found 264.1240.

Q Q Methyl  3-(diethylcarbamoyl)-5-(piperidin-1-yl)benzoate
‘ L (14a). The title compound was obtained as a colorless oil (241
mg, 91% yield) from monoester 13a (220 mg, 0.84 mmol, 1.0
Q eq), diethylamine (0.10 mL, 1.00 mmol, 1.2 eq), HBTU (317
mg, 0.84 mmol, 1.0 eq) and TEA (0,23 mL, 1.70 mmol, 2.0
eq) by following general procedure B. Pure material was obtained by column
chromatography using gradient elution from 50% EtOAc in petroleum ether to
100% EtOAc.
'H-NMR (400 MHz, CDCls) &: 7.60 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 7.42 (dd, J
= 1.4, 1.4 Hz, 1H, Ar-H), 7.07 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 3.90 (s, 3H,
OCHjy), 3.58-3.50 (m, 2H, NCH,), 3.29-3.20 (m, 6H, NCH,x3), 1.73-1.66 (m,
4H, CH,x2), 1.64-1.56 (m, 2H, CH,), 1.29-1.20 (m, 3H, CH3), 1.16-1.07 (m, 3H,
CHs) ppm. *C-NMR (101 MHz, CDCls) &: 171.0, 167.1, 152.2, 138.4, 131.0,
118.1, 117.6, 117.3, 52.3, 50.1, 25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd
for CygH,7N,05 319.2022; Found 319.2028.

o o 3-(Diethylcarbamoyl)-5-(piperidin-1-yl)benzoic acid
HO N(\ (15a). The title compound was obtained as a pink solid (134
mg, 60% yield) from benzoate 14a (235 mg, 0.74 mmol, 1.0

U eq) and aqueous 1 M NaOH solution (1.11 mL, 1.11 mmol,
1.5 eq) by following general procedure C. The crude product

15a was used further without purification.

* Jaudzems, K.; Tars, K.; Maurops, G.; lvdra, N.; Otikovs, M.; Leitans, J.; Kanepe-
Lapsa, I.; Domraceva, |.; Mutule, I.; Trapencieris, P.; Blackman, M. J.; Jirgensons, A.
ACS Med. Chem. Lett. 2014, 5, 373-377.
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'H-NMR (400 MHz, DMSO-d) 8: 7.46 (dd, J = 2.7, 1.4 Hz, 1H, Ar-H), 7.19-
7.17 (m, 1H, Ar-H), 7.05 (dd, J = 2.7, 1.4 Hz, 1H, Ar-H), 3.50-3.26 (m, 2H,
overlapped with DMSO water, NCH,), 3.25-3.12 (m, 6H, NCH,x3), 1.65-1.51
(m, 6H, CH,x3), 1.19-0.99 (m, 6H, CH3x2) ppm. BC-NMR (101 MHz, DMSO-
dg) 6: 169.6, 167.2, 151.3, 138.4, 131.7, 116.8, 116.1, 115.9, 49.0, 25.0, 23.8
ppm. HRMS-ESI (m/z): [M+H]" Calcd for Cj;HsN,0;305.1865; Found
305.1869.

o 0 Methyl  3-(dimethylcarbamoyl)-5-(piperidin-1-yl)benzoate
O)KQ)LN/ (14b). The title compound was obtained as a colorless oil (130
mg, 91% yield) from monoester 13a (130 mg, 0.49 mmol, 1.0
Q eq), dimethylamine (2M solution in THF, 0.40 mL, 0.79 mmol,
1.6 eq), HBTU (187 mg, 0.49 mmol, 1.0 eq) and TEA (0.14 mL,
0.99 mmol, 2.0 eq) by following general procedure B. Pure material was
obtained by column chromatography using gradient elution from 20% EtOAc in
petroleum ether to 50% EtOAc in petroleum ether.
'H-NMR (400 MHz, CDCls) 3: 7.60 (dd, J = 2.6, 1.5 Hz, 1H. Ar-H), 7.45-7.42
(m, 1H, Ar-H), 7.12 (dd, J = 2.6, 1.5 Hz, 1H, Ar-H), 3.89 (s, 3H, OCHs), 3.26-
3.20 (m, 4H, NCH,x2), 3.09 (s, 3H, NCHj3), 2.97 (s, 3H, NCH,3), 1.73-1.65 (m,
4H, CH,x2), 1.62-1.56 (m, 2H, CH,) ppm. *C-NMR (101 MHz, CDCl;) &:
171.4, 167.1, 152.2, 137.5, 131.0, 118.7, 117.9, 52.3, 50.0, 39.7, 35.4, 25.7, 24.3
ppm. HRMS-ESI (m/z): [M+H]" Calcd for CigH3N,05291.1709; Found
291.1706.

o o 3-(Dimethylcarbamoyl)-5-(piperidin-1-yl)benzoic acid
HO n~  (15b). The title compound was obtained as a yellow solid (44
)KQ)L mg, 40% vyield) from benzoate 14b (115 mg, 0.40 mmol, 1.0
[NJ eq) and aqueous 1 M NaOH solution (0.59 mL, 0.59 mmol, 1.5
eq) by following general procedure C. The crude product 15b
was used further without purification.

'H-NMR (400 MHz, CD,0D) &: 7.65 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 7.43-7.40
(m, 1H, Ar-H), 7.17 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 3.28-3.23 (m, 4H,
NCH,x2), 3.10 (s, 3H, NCHz3), 3.00 (s, 3H, NCHj3), 1.76-1.68 (m, 4H, CH,x2),
1.67-1.59 (m, 2H, CH,) ppm. *C-NMR (101 MHz, CD;0OD) &: 173.4, 169.5,
153.6, 138.4, 133.1, 119.5, 119.1, 118.9, 51.2, 40.0, 35.6, 26.6, 25.3 ppm.

HRMS-ESI (m/z): [M+H]" Calcd for C15H2;N,05 277.1552; Found 277.1558.
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o o Methyl 3-(bis(2-hydroxyethyl)carbamoyl)-5-

o NSO (piperidin-1-yl)benzoate (14c). The title compound was
! obtained as a yellowish oil (174 mg, 64% vyield) from
LNJ oHt monoester 13a (205 mg, 0.78 mmol, 1.0 eq),
diethanolamine (90 pL, 0.93 mmol, 1.2 eq), HBTU (295
mg, 0.78 mmol, 1.0 eq) and TEA (0.22 mL, 1.56 mmol, 2.0 eq) by following
general procedure B. Pure material was obtained by column chromatography
using gradient elution from 100% EtOAc to 10% MeOH in EtOAc.
'H-NMR (400 MHz, CDCl;) &: 7.61-7.59 (m, 1H, Ar-H), 7.50-7.48 (m, 1H, Ar-
H), 7.20-7.17 (m, 1H, Ar-H), 4.03-3.94 (m, 2H, NCH,), 3.89 (s, 3H, OCHjy),
3.76-3.67 (m, 4H, NCH,, OCHy,), 3.50-3.41 (m, 2H, OCH,), 3.26-3.20 (m, 4H,
NCH,x2), 1.72-1.65 (m, 4H, CH,x2), 1.63-1.55 (m, 2H, CH,) ppm. *C-NMR
(101 MHz, CDCly) &: 173.5, 167.1, 152.1, 137.4, 131.2, 118.7, 117.9, 117.8,
61.4, 53.6, 52.4, 50.0, 25.6, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C18H27N205 351.1920; Found 351.1929.

0 0 3-(Bis(2-((tert-
HO)KQ)L N O\s‘,ﬁ< butyldimethylsilyl)oxy)ethyl)carbamoy!)-5-
H (piperidin-1-yhbenzoic acid (15c). To a stirred
O i solution of benzoate 14c (173 mg, 0.49 mmol, 1.0
eq) in anhydrous DMF (6 mL) was added imidazole
(202 mg, 2.96 mmol, 6.0 eq), followed by tert-butyldimethylsilyl chloride (223
mg, 1.48 mmol, 3.0 eq). After stirring at room temperature for 18 h water (20
mL) was added and the colorless solution was extracted with DCM (3 x 20 mL),
combined organic layers were washed with brine (20 mL), dried over Na,SO,
and evaporated under reduced pressure. The residue was purified by column
chromatography on silica gel using 30% EtOAc in petroleum ether to give a
protected intermediate as a yellow oil (257 mg, 90% vyield) that was used in the
next step.
'H-NMR (400 MHz, CDCls) &: 7.66-7.57 (m, 1H, Ar-H), 7.49-7.41 (m, 1H, Ar-
H), 7.13-7.03 (m, 1H, Ar-H), 3.92-3.86 (m, 5H, NCH,, OCHz), 3.74-3.61 (m,
4H, NCH,, OCHy), 3.53-3.45 (m, 2H, OCHy,), 3.26-3.19 (m, 4H, NCH,x2), 1.76-
1.65 (m, 4H, CH,x2), 1.63-1.55 (m, 2H, CH,), 0.91 (s, 9H, CH3x3), 0.84 (s, 9H,
CH3x3), 0.09 (s, 6H, SiCH;x2), -0.01 (s, 6H, SiCH3x2) ppm. *C-NMR (101
MHz, CDCly) é: 171.9, 167.1, 152.2, 138.1, 131.1, 118.4, 117.7, 117.6, 61.3,
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52.3, 50.1, 48.4, 26.0, 25.8, 25.7, 24.3, 18.4, -3.4, -5.2, -5.3 ppm. HRMS-ESI
(m/z): [M+H]" Calcd for C3HssN,05Si, 579.3650; Found 579.3636.

The title compound was obtained as a colorless oil (50 mg, 20% yield) from
protected intermediate (253 mg, 0.44 mmol, 1.0 eq) and aqueous 1 M NaOH
solution (0.66 mL, 0.66 mmol, 1.5 eq) by following general procedure C. Pure
material was obtained by column chromatography using gradient elution from
30% EtOAC in petroleum ether to 100% EtOAc.

'H-NMR (400 MHz, CDCls) &: 7.64 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 7.51 (dd, J
= 1.4, 1.4 Hz, 1H, Ar-H), 7.13 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 3.96-3.87 (m,
2H, NCH,), 3.70 (t, J = 5.5 Hz, 2H, NCH,), 3.65 (t, J = 6.1 Hz, 2H, OCHy,),
3.56-3.46 (m, 2H, OCH,), 3.28-3.20 (m, 4H, NCH,x2), 1.75-1.65 (m, 4H,
CH,x2), 1.64-1.56 (m, 2H, CH,), 0.92 (s, 9H, CH3x3), 0.85 (s, 9H, CH3x3), 0.10
(s, 6H, SiCH;x2), -0.01 (s, 6H, SiCH5x2) ppm. *C-NMR (101 MHz, CDCl;) &:
171.8, 171.1, 152.2, 138.1, 130.3, 119.2, 118.3, 118.1, 61.2, 52.5, 50.1, 48.5,
29.8, 26.0, 25.7, 24.3, 18.4, -5.2, -5.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
Ca9Hs3N,05Si, 565.3493; Found 565.3477.

Q Q o Methyl 3-(bis(2-methoxyethyl)carbamoyl)-5-
0 “;V > (piperidin-1-yl)benzoate (14d). The title compound was
! )i obtained as a yellowish oil (176 mg, 94% vyield) from

Q monoester 13a (130 mg, 0.49 mmol, 1.0 eq), bis(2-
methoxyethyl)amine (72 pL, 0.49 mmol, 1.0 eq), HBTU
(187 mg, 0.49 mmol, 1.0 eq) and TEA (0.14 mL, 0.99 mmol, 2.0 eq) by
following general procedure B. Pure material was obtained by column
chromatography using gradient elution from 30% EtOAc in petroleum ether to
100% EtOAc.
'H-NMR (400 MHz, CDCl5) &: 7.59 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 7.47 (dd, J
= 1.4, 1.4 Hz, 1H, Ar-H), 7.15 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 3.89 (s, 3H,
OCHjy), 3.78-3.71 (m, 2H, NCH,), 3.69-3.63 (m, 2H, NCH,), 3.55-3.48 (m, 2H,
OCH,), 3.47-3.41 (m, 2H, OCH,), 3.38 (s, 3H, OCHjy), 3.31-3.19 (m, 7H,
NCH,x2, OCHs), 1.74-1.66 (m, 4H, CH,x2), 1.63-1.56 (m, 2H, CH,) ppm. **C-
NMR (101 MHz, CDCly) &: 171.9, 166.8, 152.4, 136.4, 131.4, 118.3, 117.6,
116.6, 110.2, 52.5, 49.9, 25.6, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CaoH31N,05 379.2223; Found 379.2233.
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3-(Bis(2-methoxyethyl)carbamoyl)-5-(piperidin-1-yl)benzoic acid (15d). The
title compound was obtained as a reddish oil (151 mg, 96% yield) from benzoate
14d (163 mg, 0.43 mmol, 1.0 eq) and aqueous 1 M NaOH solution (0.65 mL,
0.65 mmol, 1.5 eq) by following general procedure C. The crude product 15d
was used further without purification.

'H-NMR (400 MHz, CD;0D) &: 7.63 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 7.43 (dd,
J=1.4,1.4Hz, 1H, Ar-H), 7.22 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 3.78-3.72 (m,
2H, NCHy), 3.70-3.63 (m, 2H, NCH,), 3.57-3.45 (m, 4H, OCH,%2), 3.40 (s, 3H,
OCHj), 3.29-3.23 (m, 7H, NCH,x2, OCHj3), 1.77-1.68 (m, 4H, CH,x2), 1.67-
1.60 (m, 2H, CH,) ppm. *C-NMR (101 MHz, CD;0D) &: 174.3, 169.4, 153.3,
138.6, 133.0, 119.8, 119.1, 118.8, 71.3, 59.1, 51.2, 46.2, 26.6, 25.3 ppm. HRMS-
ESI (m/z): [M+H]" Calcd for C19H,sN,O5 365.2076; Found 365.2086.

Q o «)F<F Methyl 3-(bis(3,3,3-trifluoropropyl)carbamoyl)-5-
OJ\Q)LN F (piperidin-1 yl)benzoate (14e). The title compound was
\ j\ obtained as a colorless oil (119 mg, 53% yield) from
Q P T monoester 13a (130 mg, 0.49 mmol, 1.0 eq), bis(3,3,3-
trifluoropropyl)amine (103 mg, 0.49 mmol, 1.0 eq),
HBTU (187 mg, 0.49 mmol, 1.0 eq) and TEA (0.14 mL, 0.99 mmol, 2.0 eq) by
following general procedure B. Pure material was obtained by column
chromatography using gradient elution from 10% EtOAc in petroleum ether to
50% EtOAC in petroleum ether.
'H-NMR (400 MHz, CDCls) &: 7.65 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 7.35 (dd, J
= 1.4, 1.4 Hz, 1H, Ar-H), 7.02 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 3.91 (s, 3H,
OCHjy), 3.72-3.51 (m, 4H, NCH,x2), 3.29-3.21 (m, 4H, NCH,x2), 2.70-2.22 (m,
4H, CH,x2), 1.73-1.67 (m, 4H, CH,x2), 1.65-1.57 (m, 2H, CH,) ppm. *C-NMR
(101 MHz, CDCly) 6: 172.0, 167.1, 151.9, 137.8, 131.0, 118.9, 118.0, 117.7,
110.2, 59.0, 52.3, 50.1, 25.7, 24.3 ppm. *F-NMR (376 MHz, CDCl;) : -70.9, -
72.8 ppm. HRMS-ESI (m/z): [M+H]" Calcd for CyoH,5N,05F 455.1769; Found
455.1775.

o o «)F<F 3-(Bis(3,3,3-trifluoropropyl)carbamoyl)-5-(piperidin-
HO N F 1-yl)benzoic acid (15e). The title compound was
)K%j/kj\ obtained as a light yellow solid (107 mg, 99% vyield)
U FEF from benzoate 14e (111 mg, 0.24 mmol, 1.0 eq) and
aqueous 1 M NaOH solution (0.37 mL, 0.37 mmol, 1.5
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eq) by following general procedure C. The crude product 15e was used further
without purification.

'H-NMR (400 MHz, CD50D) &: 7.68 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 7.39 (dd,
J=1.4,1.4Hz, 1H, Ar-H), 7.14 (dd, J = 2.6, 1.4 Hz, 1H. Ar-H), 3.81-3.70 (m,
2H, NCHy), 3.65-3.54 (m, 2H, NCH,), 3.29-3.25 (m, 4H, NCH,x2), 2.72-2.60
(m, 2H, CH,), 2.58-2.47 (m, 2H, CH,), 1.76-1.68 (m, 4H, CH,x2), 1.67-1.60 (m,
2H, CH,) ppm. *C-NMR (101 MHz, CD;0D) &: 174.0, 169.3, 153.6, 137.8,
133.4, 119.2, 118.7, 118.1, 51.0, 44.3, 40.2, 26.6, 25.3 ppm. HRMS-ESI (m/z):
[M+H]" Calcd for CigH,3N,03F 441.1613; Found 441.1617.

Q Q Methyl 3-(diisobutylcarbamoyl)-5-(piperidin-1-
O)KQ)LNY yDbenzoate (14f). The title compound was obtained as a
\ H’ colorless oil (193 mg, 78% vyield) from monoester 13a (173

Q mg, 0.66 mmol, 1.0 eq), diisobutylamine (0.14 mL, 0.79

mmol, 1.2 eq), HBTU (249 mg, 0.66 mmol, 1.0 eq) and TEA
(0.18 mL, 1.31 mmol, 2.0 eq) by following general procedure B. Pure material
was obtained by column chromatography using gradient elution from 10%
EtOAC in petroleum ether to 50% EtOAc in petroleum ether.
'H-NMR (300 MHz, CDCls) &: 7.59 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 7.37 (dd, J
= 1.4, 1.4 Hz, 1H, Ar-H), 7.05 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 3.90 (s, 3H,
OCHj), 3.35 (d, J = 7.5 Hz, 2H, NCH,), 3.26-3.18 (m, 4H, NCH,x2), 3.09 (d, J
= 7.5 Hz, 2H, NCH,), 2.20-2.04 (m, 1H, CH), 1.96-1.77 (m, 1H, CH), 1.75-1.64
(m, 4H, CH»x2), 1.64-1.55 (m, 2H, CH,), 0.99 (d, J = 6.6 Hz, 6H, CH3x2), 0.75
(d, J = 6.6 Hz, 6H, CH3x2) ppm. **C-NMR (101 MHz, CDCls,) &: 172.2, 167.2,
152.3, 138.6, 130.9, 119.0, 118.0, 117.6, 56.6, 52.3, 51.2, 50.2, 26.9, 26.3, 25.7,
243, 204, 20.0 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C,,H35N,05 375.2648; Found 375.2663.

0 0 3-(Diisobutylcarbamoyl)-5-(piperidin-1-yl)benzoic acid
HO*@ANY (15f). The title compound was obtained as a yellowish
! Kﬁ solid (176 mg, 100% vyield) from benzoate 14f (183 mg,

Q 0.49 mmol, 1.0 eq) and aqueous 1 M NaOH solution (0.73

mL, 0.73 mmol, 1.5 eq) by following general procedure C.
The crude product 15f was used further without purification.
'H-NMR (400 MHz, CDCls) &: 7.64-7.61 (m, 1H, Ar-H), 7.45-7.41 (m, 1H, Ar-
H), 7.10-7.05 (m, 1H, Ar-H), 3.35 (d, J = 7.5 Hz, 2H, NCH,), 3.23 — 3.17 (m,
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4H, NCH;,x2), 3.09 (d, J = 7.5 Hz, 2H, NCH,), 2.16-2.04 (m, 1H, CH), 1.90-
1.78 (m, 1H, CH), 1.71-1.64 (m, 4H, CH,x2), 1.61-1.53 (m, 2H, CH,), 0.97 (d, J
= 6.6 Hz, 6H, CH4x2), 0.73 (d, J = 6.6 Hz, 6H, CH;x2) ppm. *C-NMR (101
MHz, CDCl3) &: 172.4, 152.2, 138.3, 119.1, 118.5, 118.2, 56.7, 51.3, 50.2, 26.9,
26.3, 25.7, 24.3, 20.4, 20.0 ppm. HRMS-ESI (m/z): [M+H]* Calcd for
CaiH33N,05 361.2491; Found 361.2509.

0 o] Methyl  3-((2-methoxy-2-methylpropyl)carbamoyl)-5-
O)KQ)LNH (piperidin-1-yl)benzoate (14g). The title compound was
! H(O/ obtained as a colorless oil (169 mg, 85% yield) from
Q monoester 13a (150 mg, 0.57 mmol, 1.0 eq), 2-methoxy-2-
methylpropan-1-amine (70 mg, 0.68 mmol, 1.2 eq), HBTU
(216 mg, 0.57 mmol, 1.0 eq) and TEA (0.16 mL, 1.14 mmol, 2.0 eq) by
following general procedure B. Pure material was obtained by column
chromatography using gradient elution from 30% EtOAc in petroleum ether to
100% EtOAcC.
'H-NMR (400 MHz, CDCl;) &: 7.74-7.67 (m, 2H, Ar-H), 7.64-7.59 (m, 1H, Ar-
H), 6.53-6.46 (m, 1H, NH), 3.92 (s, 3H, OCHj), 3.49 (d, J = 5.6 Hz, 2H, NCH,),
3.29-3.25 (m, 4H, NCH,x2), 3.23 (s, 3H, OCHj3), 1.74-1.67 (m, 4H, CH,x2),
1.64-1.56 (m, 2H, CH,), 1.22 (s, 6H, CH3x2) ppm. **C-NMR (101 MHz, CDCls,)
3: 1674, 167.0, 136.0, 131.2, 119.5, 116.9, 74.5, 52.4, 50.1, 49.6, 48.2, 25.7,
24.3, 22.7 ppm. HRMS-ESI (m/z): [M+H]" Calcd for CyoH»9N,04 349.2127;
Found 349.2118.

a 0 3-((2-Methoxy-2-methylpropyl)carbamoyl)-5-
HO)KQ)LNH (piperidin-1-yhbenzoic acid (15g). The title compound
! H(o/ was obtained as a brownish solid (49 mg, 33% yield) from

Q benzoate 14g (154 mg, 0.44 mmol, 1.0 eq) and aqueous

1M NaOH solution (0.66 mL, 0.66 mmol, 1.5 eq) by
following general procedure C. The crude product 159 was used further without
purification.
'H-NMR (400 MHz, CD;0D) &: 8.02-7.98 (m, 1H, Ar-H), 7.89-7.84 (m, 1H, Ar-
H), 7.75-7.72 (m, 1H, Ar-H), 3.47 (s, 2H, CH,), 3.39-3.34 (m, 4H, NCH;x2),
3.28 (s, 3H, OCHj3), 1.85-1.76 (m, 4H, CH,x2), 1.70-1.63 (m, 2H, CH,), 1.22 (s,
6H, CH3x2) ppm. *C-NMR (101 MHz, CD;0D) &: 169.7, 169.0, 137.4, 133.4,
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121.8, 121.3, 76.5, 52.6, 49.9, 48.3, 26.4, 24.7, 23.2 ppm. HRMS-ESI (m/z):
[M+H]" Calcd for C;gH27N,0, 335.1971; Found 335.1961.

o o Methyl 3-((cyclopropylmethyl)carbamoyl)-5-(piperidin-1-
O)KQ)LNH yl)benzoate (14h). The title compound was obtained as a
! % colorless oil (225 mg, 85% yield) from monoester 13a (220

U mg, 0.83 mmol, 1.0 eq), 1-cyclopropylmethanamine (87 pL,

1.00 mmol, 1.2 eq), HBTU (317 mg, 0.83 mmol, 1.0 eq) and
TEA (0.23 mL, 1.67 mmol, 2.0 eq) by following general procedure B. Pure
material was obtained by column chromatography using 50% EtOAc in
petroleum ether.
'H-NMR (400 MHz, CDCls) &: 7.69-7.67 (m, 2H, Ar-H), 7.63 (dd, J = 2.7, 1.5
Hz, 1H, Ar-H), 6.33-6.25 (m, 1H, NH), 3.93 (s, 3H, OCHj3), 3.31 (dd, J = 7.2,
5.4 Hz, 2H, NCH,), 3.29-3.25 (m, 4H, NCH;,x2), 1.74-1.66 (m, 4H, CH,x2),
1.64-1.57 (m, 2H, CH,), 1.13-1.01 (m, 1H, CH, cyclopropyl), 0.62-0.53 (m, 2H,
CH,, cyclopropyl), 0.33-0.24 (m, 2H, CH,, cyclopropyl) ppm. *C-NMR (101
MHz, CDCly) é: 167.2, 167.1, 152.4, 135.9, 131.1, 119.5, 119.4, 116.7, 52.4,
50.0, 45.2, 25.7, 24.3, 10.9, 3.7 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CigH25N,05 317.1865; Found 317.1873.

o 2 3-((Cyclopropylmethyl)carbamoyl)-5-(piperidin-1-
HO)KQ)LNH ylhbenzoic acid (15h). The title compound was obtained as
a white solid (177 mg, 84% vyield) from benzoate 14h (220
mg, 0.70 mmol, 1.0 eq) and aqueous 1 M NaOH solution
(.04 mL, 1.04 mmol, 1.5 eq) by following general
procedure C. The crude product 15h was used further without purification.
'H-NMR (400 MHz, DMSO-dg) &: 8.66 (t, J = 5.7 Hz, 1H, NH), 7.83-7.80 (m,
1H, Ar-H), 7.61-7.58 (m, 1H, Ar-H), 7.54 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 3.25-
3.20 (m, 4H, NCH,x2), 3.16-3.09 (m, 2H, NCH,), 1.67-1.60 (m, 4H, CH,x2),
1.59-1.53 (m, 2H, CH,), 1.08-0.98 (m, 1H, CH, cyclopropyl), 0.47-0.38 (m, 2H,
CH,, cyclopropyl), 0.27-0.19 (m, 2H, CH,, cyclopropyl) ppm. *C-NMR (101
MHz, DMSO-d) 6: 167.4, 165.7, 165.6, 151.5, 135.7, 131.7, 118.4, 118.0, 49.3,
43.6, 25.1, 23.8, 11.0, 3.4 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C17H23N,03 303.1709; Found 303.1720.

N
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o o Methyl 3-((3-hydroxypropyl)carbamoyl)-5-(piperidin-1-
OJ\Q/\LNH yl)benzoate (14i). The title compound was obtained as a
KL light yellow oil (102 mg, 60% yield) from monoester 13a
Q " (140 mg, 0.53 mmol, 1.0 eq), 3-amino-1-propanol (48 mg,
0.64 mmol, 1.2 eq), HBTU (202 mg, 0.53 mmol, 1.0 eq) and
TEA (0.15 mL, 1.06 mmol, 2.0 eq) by following general procedure B. Pure
material was obtained by column chromatography using gradient elution from
100% EtOAc to 2% MeOH in EtOAc.
'H-NMR (400 MHz, CDClI;) &: 7.69-7.66 (m, 2H, Ar-H), 7.63-7.60 (m, 1H, Ar-
H), 6.75-6.66 (m, 1H, NH), 3.91 (s, 3H, OCH3), 3.70 (t, J = 5.7 Hz, 2H, NCH,),
3.63 (g, J = 6.2 Hz, 2H, OCH,), 3.29-3.24 (m, 4H, NCH;,x2), 3.21 (s, 1H, OH),
1.80 (quintet, J = 5.7 Hz, 2H, CH,), 1.74-1.65 (m, 4H, CH,x2), 1.64-1.56 (m,
2H, CH,) ppm. ®C-NMR (101 MHz, CDCl;) &: 168.4, 167.0, 152.4, 135.3,
131.2, 119.6, 119.3, 116.7, 59.6, 52.4, 50.0, 37.1, 32.4, 25.7, 24.3 ppm. HRMS-
ESI (m/z): [M+H]" Calcd for C17H,sN,04 321.1814; Found 321.1824.

Q Q 3-((3-Hydroxypropyl)carbamoyl)-5-(piperidin-1-
HOJ\Q)LNH yl)benzoic acid (15i). The title compound was obtained as
! KL a yellow solid (84 mg, 94% yield) from benzoate 14i (93
Q °" 'mg, 0.29 mmol, 1.0 eq) and aqueous 1 M NaOH solution
(0.44 mL, 0.44 mmol, 1.5 eq) by following general
procedure C. Pure material was obtained by the reversed-phase column
chromatography (30 g KP-C18-HS column, flow rate 15 mL/min) using gradient
elution from 100% water to 100% MeCN.
'H-NMR (400 MHz, CD;0D) &: 8.61-8.59 (m, 1H, Ar-H), 8.49 (dd, J = 2.4, 1.5
Hz, 1H, Ar-H), 8.42 (dd, J = 2.4, 1.5 Hz, 1H, Ar-H), 3.78-3.71 (m, 4H,
NCH,x2), 3.67 (t, J = 6.2 Hz, 2H, NCH,), 3.52 (t, J = 7.0 Hz, 2H, OCH),), 2.15-
2.06 (M, 4H, CH,x2), 1.92-1.79 (m, 4H, CH,x2) ppm. *C-NMR (101 MHz,
CDs;0D) 6: 167.2, 166.8, 144.2, 138.8, 135.1, 130.5, 126.2, 125.7, 60.5, 58.3,
384, 331, 249, 220 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
Ci6H23N,0, 307.1658; Found 307.1656.

Q 0 Methyl 3-(piperidin-1-y1)-5-((3,3,3-

OJ\Q)LNH trifluoropropyl)carbamoyl) benzoate (14j). The title

! j\ compound was obtained as a colorless oil (183 mg, 61%
FIoF

U F ' vyield) from monoester 13a (220 mg, 0.83 mmol, 1.0 eq),
3,3,3-trifluoropropylamine (113 mg, 1.00 mmol, 1.2 eq),
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HBTU (317 mg, 0.83 mmol, 1.0 eq) and TEA (0.23 mL, 1.67 mmol, 2.0 eq) by
following general procedure B. Pure material was obtained by column
chromatography using gradient elution from 30% EtOAc in petroleum ether to
50% EtOACc in petroleum ether.

'H-NMR (400 MHz, CDCl;) &: 7.70 (dd, J = 2.7, 1.4 Hz, 1H, Ar-H), 7.64 (dd, J
= 1.4, 1.4 Hz, 1H, Ar-H), 7.58 (dd, J = 2.7, 1.4 Hz, 1H, Ar-H), 6.47-6.40 (m,
1H, NH), 3.92 (s, 3H, OCHg), 3.75-3.68 (m, 2H, NCH,), 3.29-3.25 (m, 4H,
NCH,x2), 2.55-2.41 (m, 2H, CH,), 1.74-1.66 (m, 4H, CH,%2), 1.64-1.56 (m, 2H,
CH,) ppm. *C-NMR (101 MHz, CDCl;) &: 167.5, 166.9, 152.4, 135.2, 131.3,
119.8, 119.1, 116.6, 52.5, 50.0, 34.0, 33.8, 33.7, 25.7, 24.3 ppm. °’F-NMR (376
MHz, CDCl3) §: -65.1 (t, J = 10.9 Hz) ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C17H22N,03F; 359.1583; Found 359.1586.

o o 3-(Piperidin-1-y1)-5-((3,3,3-
HOJ\Q)LNH trifluoropropyl)carbamoyl)benzoic acid (15j). The title
! j\ compound was obtained as a white solid (142 mg, 85%
Q e F yield) from benzoate 14j (173 mg, 0.48 mmol, 1.0 eq) and
aqueous 1 M NaOH solution (0.72 mL, 0.72 mmol, 1.5 eq)
by following general procedure C. The crude product 15j was used further
without purification.
'H-NMR (400 MHz, DMSO-dq) &: 8.77 (t, J = 5.6 Hz, 1H, NH), 7.79 (dd, J =
1.4, 1.4 Hz, 1H, Ar-H), 7.58-7.54 (m, 2H, Ar-H), 3.52-3.45 (m, 2H, NCH,),
3.25-3.20 (m, 4H, NCH,x2), 2.62-2.51 (m, 2H, CH,), 1.66-1.60 (m, 4H, CH,x2),
1.59-1.52 (m, 2H, CH,) ppm. *C-NMR (101 MHz, DMSO-d¢) &: 167.3, 166.0,

151.5, 135.1, 128.2, 125.5, 118.2, 117.7, 49.2, 32.8, 32.6, 32.3, 25.0, 23.8 ppm.
HRMS-ESI (m/z): [M+H]" Calcd for CygH,N,03F; 345.1426; Found 345.1440.

0 0 Methyl 3-((2-hydroxy-2-methylpropyl)carbamoyl)-5-
O)KQ)LNH (piperidin-1-yl)benzoate (14k). The title compound was
! H(OH obtained as a light yellow oil (194 mg, 80% vyield) from

Q monoester 13a (190 mg, 0.72 mmol, 1.0 eq), 1-amino-2-
methyl-2-propanol (77 mg, 0.87 mmol, 1.2 eq), HBTU (274

mg, 0.72 mmol, 1.0 eq) and TEA (0.20 mL, 1.44 mmol, 2.0 eq) by following
general procedure B. Pure material was obtained by column chromatography

using gradient elution from 30% EtOAc in petroleum ether to 100% EtOAcC,
followed by 2% MeOH in EtOAc.
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'H-NMR (400 MHz, CDCl) &: 7.72-7.70 (m, 1H, Ar-H), 7.69-7.67 (m, 1H, Ar-
H), 7.64-7.60 (m, 1H, Ar-H), 6.74-6.66 (m, 1H, NH), 3.91 (s, 3H, OCH), 3.30-
3.23 (m, 4H, NCH,x2), 2.79 (d, J = 0.8 Hz, 2H, NCH.,), 2.52 (s, 1H, OH), 1.74-
1.65 (m, 4H, CH,x2), 1.63-1.56 (m, 2H, CH,), 1.29 (s, 6H, CH3x2) ppm. B3¢c-
NMR (101 MHz, CDCl3) &: 168.3, 167.0, 152.4, 135.5, 131.2, 119.6, 119.4,
116.8, 71.3, 52.4, 51.0, 50.0, 38.8, 27.6, 25.7, 24.3 ppm. HRMS-ESI (m/z):
[M+H]" Calcd for C15H»/N,0,4 335.1971; Found 335.1978.

o o 3-((2-Hydroxy-2-methylpropyl)carbamoyl)-5-(piperidin-
HOJ\Q)L NH 1-ylbenzoic acid (15k). The title compound was obtained
[ H(OH as a light yellow solid (139 mg, 77% yield) from benzoate
U 14k (188 mg, 0.56 mmol, 1.0 eq) and aqueous 1 M NaOH
solution (0.84 mL, 0.84 mmol, 1.5 eq) by following general
procedure C. Pure material was obtained by the reversed-phase column
chromatography (30 g KP-C18-HS column, flow rate 15 mL/min) using gradient
elution from 100% water to 50% MeCN in water.
'H-NMR (400 MHz, CD;0D) &: 7.90 (dd, J = 1.5, 1.5 Hz, 1H, Ar-H), 7.73 (dd,
J =26, 1.5 Hz, 1H, Ar-H), 7.62 (dd, J = 2.6, 1.5 Hz, 1H, Ar-H), 3.41 (s, 2H,
NCH,), 3.29-3.25 (m, 4H, NCH,x2), 1.78-1.69 (m, 4H, CH,x2), 1.67-1.59 (m,
2H, CH,), 1.24 (s, 6H, CH5x2) ppm. *C-NMR (101 MHz, CD;0D) &: 170.4,
169.5, 153.6, 136.8, 120.8, 120.3, 119.6, 72.0, 51.6, 51.3, 27.3, 26.7, 25.3 ppm.
HRMS-ESI (m/z): [M+H]" Calcd for C;7H2sN,0, 321.1814; Found 321.1825.

o 0 Methyl 3-((2-methoxyethyl)carbamoyl)-5-(piperidin-1-
? NH o yl)benzoate (14l). The title compound was obtained as a
H colorless oil (156 mg, 99% yield) from monoester 13a (130
Q > mg, 0.49 mmol, 1.0 eq), 2-methoxyethylamine (47 pL, 0.54
mmol, 1.1 eq), HBTU (187 mg, 0.49 mmol, 1.0 eq) and TEA
(0.14 mL, 0.99 mmol, 2.0 eq) by following general procedure B. Pure material
was obtained by column chromatography using gradient elution from 30%
EtOAcC in petroleum ether to 100% EtOAcC.
'H-NMR (400 MHz, CD;0D) &: 7.86-7.84 (m, 1H, Ar-H), 7.70-7.68 (m, 1H, Ar-
H), 7.62-7.59 (m, 1H, Ar-H), 3.91 (s, 3H, OCHg), 3.58-3.55 (m, 4H, NCH,,
OCH,), 3.38 (s, 3H, OCHj3), 3.29-3.24 (m, 4H, NCH;,x2), 1.77-1.69 (m, 4H,
CH,x2), 1.67-1.59 (m, 2H, CH,) ppm. *C-NMR (101 MHz, CD;0D) &: 169.8,
168.3, 153.6, 136.8, 132.4, 120.4, 120.3, 119.2, 71.9, 58.9, 52.8, 51.2, 40.8,
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26.7, 25.3 ppm. HRMS-ESI (m/z): [M+H]* Calcd for Ci;HysN,0, 321.1814;
Found 321,1822.

o o 3-((2-Methoxyethyl)carbamoyl)-5-(piperidin-1-yl)benzoic

HO NH acid (151). The title compound was obtained as a dark red

solid (85 mg, 57% yield) from benzoate 14l (156 mg, 0.49

ENJ < mmol, 1.0 eq) and aqueous 1 M NaOH solution (0.73 mL,

0.73 mmol, 1.5 eq) by following general procedure C. Pure

material was obtained by the reversed-phase column chromatography (30 g KP-

C18-HS column, flow rate 14 mL/min) using gradient elution from 100% water
to 50% MeCN in water.

'H-NMR (400 MHz, CD;0D) &: 7.87 (dd, J = 1.5, 1.5 Hz, 1H, Ar-H), 7.72 (dd,

J =26, 1.5 Hz, 1H, Ar-H), 7.60 (dd, J = 2.6, 1.5 Hz, 1H, Ar-H), 3.58-3.55 (m,

4H, NCH,, OCHy), 3.38 (s, 3H, OCHj3), 3.29-3.24 (m, 4H, NCH,x2), 1.77-1.69

(m, 4H, CH,x2), 1.67-1.59 (m, 2H, CH,) ppm. *C-NMR (101 MHz, CD;0D) &:

170.0, 169.6, 153.6, 136.7, 133.1, 120.8, 120.2, 119.6, 71.9, 58.9, 51.3, 40.8,

26.7, 25.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for CysH»3N,04 307.1658;

Found 307.1668.

o o Methyl 3-((2-(dimethylamino)ethyl)carbamoyl)-5-
? NH (piperidin-1-yl)benzoate (14m). The title compound was
! HN obtained as a colorless oil (90 mg, 47% yield) from monoester
Q ~ 7 13a (150 mg, 0.57 mmol, 1.0 eq), N,N-dimethylethylene-
diamine (69 pL, 0.63 mmol, 1.1 eq), HBTU (216 mg, 0.57
mmol, 1.0 eq) and TEA (0.16 mL, 1.14 mmol, 2.0 eq) by following general
procedure B. Pure material was obtained by column chromatography using
gradient elution from 100% DCM to 6% MeOH in DCM.
'H-NMR (400 MHz, CDCl3) &: 7.72-7.70 (m, 1H, Ar-H), 7.68-7.66 (m, 1H, Ar-
H), 7.63-7.60 (m, 1H, Ar-H), 6.88-6.82 (m, 1H, NH), 3.91 (s, 3H, OCHj), 3.56-
3.50 (m, 2H, NCH,), 3.29-3.23 (m, 4H, NCH,x2), 2.56 (t, J = 5.9 Hz, 2H,
NCHy), 2.30 (s, 6H, CH3x2), 1.74-1.66 (m, 4H, CH,x2), 1.63-1.56 (m, 2H, CH,)
ppm. *C-NMR (101 MHz, CDCls) &: 167.5, 167.1, 152.3, 135.8, 131.1, 119.5,
117.1, 58.0, 52.4, 50.1, 45.3, 37.5, 25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]"
Calcd for CigH25N3505 334.2131; Found 334.2132.
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o o 3-((2-(Dimethylamino)ethyl)carbamoyl)-5-(piperidin-1-

HO i YDbenzoic acid (15m). The title compound was obtained as

a reddish solid (46 mg, 54% vyield) from benzoate 14m (89

lNJ ~N<mg, 0.27 mmol, 1.0 eq) and aqueous 1 M NaOH solution

(0.40 mL, 0.40 mmol, 1.5 eq) by following general

procedure C. Pure material was obtained by the reversed-phase column

chromatography (30 g KP-C18-HS column, flow rate 25 mL/min) using gradient

elution from 100% water to 50% MeCN in water.

'H-NMR (400 MHz, CD;0D) &: 7.86-7.83 (m, 1H, Ar-H), 7.50-7.47 (m, 1H, Ar-

H), 7.46 (dd, J = 2.6, 1.5 Hz, 1H, Ar-H), 3.85-3.79 (m, 2H, NCH,), 3.39-3.33

(m, 2H, NCHy), 3.18-3.12 (m, 4H, NCH,x2), 2.89 (s, 6H, CH3x2), 1.72-1.64 (m,

4H, CH,x2), 1.62-1.56 (m, 2H, CH,) ppm. *C-NMR (101 MHz, CD;0D) &:

170.9, 153.1, 135.2, 121.5, 119.9, 118.8, 58.0, 51.6, 43.4, 36.3, 26.8, 25.3 ppm.
HRMS-ESI (m/z): [M+H]" Calcd for C;7H2sN305 320.1974; Found 320.1962.

o o Methyl 3-(neopentylcarbamoyl)-5-(piperidin-1-yl)benzoate
?)KQ)LNH (14n). The title compound was obtained as a colorless oil (148
mg, 78% yield) from monoester 13a (150 mg, 0.57 mmol, 1.0
eq), 2,2-dimethylpropan-1-amine (74 pL, 0.63 mmol, 1.1 eq),
HBTU (216 mg, 0.57 mmol, 1.0 eq) and TEA (0.16 mL, 1.14
mmol, 2.0 eq) by following general procedure B. Pure material was obtained by
column chromatography using gradient elution from 10% EtOAc in petroleum
ether to 20% EtOAcC in petroleum ether.
'H-NMR (400 MHz, CDCls) &: 7.68 (dd, J = 2.7, 1.5 Hz, 1H, Ar-H), 7.65 (dd, J
= 1.5, 1.5 Hz, 1H, Ar-H), 7.62 (dd, J = 2.7, 1.5 Hz, 1H, Ar-H), 6.25-6.18 (m,
1H, NH), 3.92 (s, 3H, OCHs), 3.31-3.24 (m, 6H, NCH,, NCH,x2), 1.75-1.66 (m,
4H, CH,x2), 1.64-1.57 (m, 2H, CH,), 0.98 (s, 9H, CH3x3) ppm. *C-NMR (101
MHz, CDCl,) &: 167.4, 167.1, 152.4, 136.2, 131.1, 119.5, 119.4, 116.4, 52.4,
51.2, 50.0, 32.4, 27.5, 25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
Ci9H29N,05 333.2178; Found 333.2177.

N

3-(Neopentylcarbamoyl)-5-(piperidin-1-yl)benzoic acid
HO wy  (15n). The title compound was obtained as a white solid (133
J\Q)L mg, 99% vyield) from benzoate 14n (140 mg, 0.42 mmol, 1.0
[NJ eq) and aqueous 1 M NaOH solution (0.84 mL, 0.84 mmol, 2.0

eq) by following general procedure C. The crude product 15n
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was used further without purification.

'H-NMR (400 MHz, CDCls) &: 7.75-7.71 (m, 2H, Ar-H), 7.68-7.65 (m, 1H, Ar-
H), 6.44-6.35 (m, 1H, NH), 3.31-3.23 (m, 6H, NCH,, NCH;,x2), 1.73-1.65 (m,
4H, CH,x2), 1.63-1.56 (m, 2H, CH,), 0.98 (s, 9H, CH;x3) ppm. *C-NMR (101
MHz, CDCly) é: 170.9, 167.6, 152.3, 136.2, 130.7, 120.2, 119.9, 117.1, 51.3,
50.0, 32.4, 27.5, 25.6, 24.3 ppm.

HRMS-ESI (m/z): [M+H]" Calcd for C15H»N,03 319.2022; Found 319.2031.

0 o) Methyl 3-((1-hydroxy-2-methylpropan-2-yl)carbamoyl)-5-
OJKQ)LNH (piperidin-1-yl)benzoate (140). The title compound was
! )DO obtained as a white solid (157 mg, 82% yield) from monoester

H
Q 13a (150 mg, 0.57 mmol, 1.0 eq), 2-amino-2-methyl-1-

propanol (61 mg, 0.68 mmol, 1.2 eq), HBTU (216 mg, 0.57

mmol, 1.0 eq) and TEA (0.16 mL, 1.14 mmol, 2.0 eq) by following general
procedure B. Pure material was obtained by column chromatography using
gradient elution from 30% EtOAc in petroleum ether to 100% EtOAC.
'H-NMR (400 MHz, CDCls) &: 7.67 (dd, J = 2.7, 1.5 Hz, 1H, Ar-H), 7.60 (dd, J
=15, 1.5 Hz, 1H, Ar-H), 7.57 (dd, J = 2.7, 1.5 Hz, 1H, Ar-H), 6.25 (s, 1H, NH),
4.65 (s, 1H, OH), 3.92 (s, 3H, OCHjy), 3.70 (s, 2H, OCH,), 3.30-3.23 (m, 4H,
NCH,x2), 1.74-1.66 (m, 4H, CH,x2), 1.64-1.57 (m, 2H, CH,), 1.42 (s, 6H,
CH3%2) ppm. *C-NMR (101 MHz, CDCl,) 8: 168.2, 166.9, 152.3, 135.9, 131.1,
119.6, 119.3, 116.6, 70.8, 56.8, 52.5, 50.0, 25.6, 24.9, 24.3 ppm. HRMS-ESI
(m/z): [M+H]" Calcd for C15H»N,0O,4 335.1971; Found 335.1974.

o o 3-((1-Hydroxy-2-methylpropan-2-yl)carbamoyl)-5-
HO)KQ)LNH (piperidin-1-yl)benzoic acid (150). The title compound was
\ on obtained as an orange solid (94 mg, 66% yield) from
U benzoate 140 (148 mg, 0.44 mmol, 1.0 eq) and aqueous 1 M
NaOH solution (0.66 mL, 0.66 mmol, 1.5 eq) by following
general procedure C. Pure material was obtained by the reversed-phase column
chromatography (30 g KP-C18-HS column, flow rate 15 mL/min) using gradient
elution from 100% water to 100% MeCN.
'H-NMR (400 MHz, CD;0D) : 7.78 (dd, J = 1.4, 1.4 Hz, 1H, Ar-H), 7.70 (dd,
J=27,14 Hz, 1H, Ar-H), 7.52 (dd, J = 2.7, 1.4 Hz, 1H, Ar-H), 3.70 (s, 2H,
CH,), 3.28-3.23 (m, 4H, NCH,x2), 1.77-1.68 (m, 4H, CH>x2), 1.67-1.59 (m, 2H,
CH,), 1.41 (s, 6H, CH5x2) ppm. *C-NMR (101 MHz, CD;0D) &: 170.5, 153.5,
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138.1, 120.6, 120.2, 119.7, 69.2, 56.8, 51.4, 26.7, 25.3, 24.0, 23.2 ppm. HRMS-
ESI (m/z): [M+H]" Calcd for C1sHsN,0, 321.1814; Found 321.1814.

o 0 Methyl 3-((2-hydroxyethyl)carbamoyl)-5-(piperidin-1-
?)KQ)L NH  yl)benzoate (14p). The title compound was obtained as a
! HOH yellowish oil (97 mg, 52% yield) from monoester 13a (160

Q mg, 0.61 mmol, 1.0 eq), ethanolamine (42 pL, 0.70 mmol, 1.2

eq), HBTU (230 mg, 0.61 mmol, 1.0 eq) and TEA (0.17 mL,
1.22 mmol, 2.0 eq) by following general procedure B. Pure material was
obtained by column chromatography using gradient elution from 100% EtOAc
to 5% MeOH in EtOAc.
'H-NMR (400 MHz, CDCl3) &: 7.71-7.69 (m, 1H, Ar-H), 7.68-7.66 (m, 1H, Ar-
H), 7.62-7.60 (m, 1H, Ar-H), 6.84-6.77 (m, 1H, NH), 3.90 (s, 3H, OCHj), 3.84
(t, J = 5.4 Hz, 2H, OCHy,), 3.63 (quartet, J = 5.4 Hz, 2H, NCH,), 3.28-3.23 (m,
4H, NCH,x2), 1.74-1.66 (m, 4H, CH,x2), 1.64-1.55 (m, 2H, CH,) ppm. “*C-
NMR (101 MHz, CDCls) &: 168.4, 167.0, 152.3, 135.3, 131.1, 119.6, 119.4,
117.0, 62.6, 52.4, 50.0, 43.1, 25.6, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd
for C16H,3N,0, 307.1658; Found 307.1672.

o) o) 3-((2-Hydroxyethyl)carbamoyl)-5-(piperidin-1-yl)benzoic
HOJ\Q)LNH acid (15p). The title compound was obtained as a pink solid
[ L, (67 mg, 85% vyield) from benzoate 14p (83 mg, 0.27 mmol,
U 1.0 eq) and agueous 1 M NaOH solution (0.41 mL, 0.41
mmol, 1.5 eq) by following general procedure C. Pure
material was obtained by the reversed-phase column chromatography (30 g KP-
C18-HS column, flow rate 15 mL/min) using gradient elution from 100% water
to 100% MeCN.
'H-NMR (400 MHz, CD;0D) : 7.89 (dd, J = 1.5, 1.5 Hz, 1H, Ar-H), 7.71 (dd,
J=2.6,15Hz 1H, Ar-H), 7.62 (dd, J = 2.6, 1.5 Hz, 1H, Ar-H), 3.72 (t, J = 5.8
Hz, 2H, OCH,), 3.51 (t, J = 5.8 Hz, 2H, NCH,), 3.29-3.24 (m, 4H, NCH,x2),
1.77-1.68 (m, 4H, CH,x2), 1.67-1.59 (m, 2H, CH,) ppm. *C-NMR (101 MHz,
CD;0D) &: 170.2, 169.6, 153.6, 136.8, 133.1, 120.8, 120.2, 119.7, 61.6, 51.3,
43.6, 26.7, 253 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
Ci5H21N,0,4 293.1501; Found 293.1510.
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Q Q Methyl  3-(benzylcarbamoyl)-5-(piperidin-1-yl)benzoate
O)KQ)LNH (14q). The title compound was obtained as a colorless oil
U (233 mg, 79% yield) from monoester 13a (220 mg, 0.84
Q mmol, 1.0 eq), benzylamine (0.11 mL, 1.00 mmol, 1.2 eq),
HBTU (317 mg, 0.84 mmol, 1.0 eq) and TEA (0.23 mL,
1.67 mmol, 2.0 eq) by following general procedure B. Pure material was
obtained by column chromatography using gradient elution from 50% EtOAc in
petroleum ether to 100% EtOAcC.
'H-NMR (400 MHz, CD;0D) : 7.89 (dd, J = 1.5, 1.5 Hz, 1H, Ar-H), 7.70 (dd,
J =26, 1.5 Hz, 1H, Ar-H), 7.63 (dd, J = 2.6, 1.5 Hz, 1H, Ar-H), 7.37-7.30 (m,
4H, Ar-H), 7.27-7.22 (m, 1H, Ar-H), 4.57 (s, 2H, Ar-CH,), 3.91 (s, 3H, OCHj,),
3.28-3.24 (m, 4H, NCH,x2), 1.75-1.68 (m, 4H, CH,%2), 1.66-1.59 (m, 2H, CH,)
ppm. *C-NMR (101 MHz, CD;0D) &: 169.6, 168.3, 153.7, 140.2, 136.8, 132.4,
129.5, 128.6, 128.2, 120.5, 120.3, 119.2, 52.8, 51.2, 44.6, 26.7, 25.2 ppm.
HRMS-ESI (m/z): [M+H]" Calcd for CyHzsN,0; 353.1865; Found 353.1867.

o o 3-(Benzylcarbamoyl)-5-(piperidin-1-yl)benzoic acid
HOJ\Q/‘LNH (15q). The title compound was obtained as a white solid
! © (175 mg, 78% vyield) from benzoate 14qg (233 mg, 0.66

Q mmol, 1.0 eq) and aqueous 1 M NaOH solution (0.99 mL,

0.99 mmol, 1.5 eq) by following general procedure C. The

crude product 15q was used further without purification.
'H-NMR (400 MHz, DMSO-dg) &: 9.14 (t, J = 6.0 Hz, 1H, NH), 7.86 (dd, J =
1.4, 1.4 Hz, 1H, Ar-H), 7.65 (dd, J = 2.6, 1.4 Hz, 1H, Ar-H), 7.56 (dd, J = 2.6,
1.4 Hz, 1H, Ar-H), 7.36-7.29 (m, 4H, Ar-H), 7.27-7.21 (m, 1H, Ar-H), 4.47 (d, J
= 6.0 Hz, 2H, Ar-CH,), 3.25-3.20 (m, 4H, NCH,x2), 1.66-1.60 (m, 4H, CH,x2),
1.58-1.52 (m, 2H, CH,) ppm. *C-NMR (101 MHz, DMSO-de) &: 167.3, 165.8,
151.5, 139.6, 135.3, 131.7, 128.3, 127.3, 126.8, 118.4, 118.1, 118.0, 49.2, 42.7,
25.0, 23.8 ppm. HRMS-ESI (m/z): [M+H]" Calcd for CyHN,05339.1709;

Found 339.1715.

0 o Methyl 3-((2-(tert-butoxy)ethyl)carbamoyl)-5-(piperidin-
O)KQ)LNH 1-yl)benzoate (14r). The title compound was obtained as a
! \O colorless oil (153 mg, 85% vyield) from monoester 13a (130
Q 7< mg, 0.49 mmol, 1.0 eq), 2-tert-butoxyethan-1-amine (64 uL,
0.54 mmol, 1.1 eq), HBTU (187 mg, 0.49 mmol, 1.0 eq) and
TEA (0.14 mL, 0.99 mmol, 2.0 eq) by following general procedure B. Pure
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material was obtained by column chromatography using gradient elution from
15% EtOAc in petroleum ether to 50% EtOAc in petroleum ether.

'H-NMR (400 MHz, CDCl3) &: 7.70-7.67 (m, 2H, Ar-H), 7.60 (dd, J = 2.7, 1.6
Hz, 1H, Ar-H), 6.64-6.55 (m, 1H, Ar-H), 3.91 (s, 3H, OCH), 3.63-3.57 (m, 2H,
OCHy), 3.56-3.51 (m, 2H, NCH,), 3.30-3.24 (m, 4H, NCH,x2), 1.74-1.66 (m,
4H, CH,x2), 1.64-1.57 (m, 2H, CH,), 1.21 (s, 9H, CH;3x3) ppm. *C-NMR (101
MHz, CDCly) é: 167.2, 167.0, 152.3, 136.0, 131.2, 119.4, 119.3, 116.9, 73.4,
60.6, 52.4, 50.0, 40.6, 27.7, 25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C20H31N,0,4 363.2284; Found 363.2292.

o o 3-((2-(tert-Butoxy)ethyl)carbamoyl)-5-(piperidin-1-
HOJ\Q/\LNH yDbenzoic acid (15r). The title compound was obtained as
I ) a pink solid (107 mg, 84% yield) from benzoate 14r (133
Q j< mg, 0.37 mmol, 1.0 eq) and aqueous 1 M NaOH solution
(0.55 mL, 0.55 mmol, 1.5 eq) by following general
procedure C. Pure material was obtained by the reversed-phase column
chromatography (30 g KP-C18-HS column, flow rate 14 mL/min) using gradient
elution from 100% water to 50% MeCN in water.
'H-NMR (400 MHz, CD;0D) &: 8.48-8.43 (m, 1H, Ar-H), 8.39-8.33 (m, 1H, Ar-
H), 8.30-8.24 (m, 1H, Ar-H), 3.67-3.62 (m, 4H, NCH,x2), 3.61-3.57 (m, 2H,
OCH,), 3.55-3.50 (m, 2H, NCH,), 2.10-2.00 (m, 4H, CH,x2), 1.84-1.74 (m, 2H,
CH,), 1.21 (s, 9H, CH5x3) ppm. *C-NMR (101 MHz, CD;0D) &: 138.4, 134.7,
745, 61.3, 42.1, 27.8, 25.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C19H29N,0,4 349.2127; Found 349.2128.

0 0 Methyl 3-((cyclohexylmethyl)carbamoyl)-5-(piperidin-
O)KQ/\LNH 1-yl)benzoate (14s). The title compound was obtained as a
colorless oil (156 mg, 76% yield) from monoester 13a

LNJ (150 mg, 0.57 mmol, 1.0 eq), cyclohexanemethylamine

(77 mg, 0.68 mmol, 1.2 eq), HBTU (216 mg, 0.57 mmol,
1.0 eq) and TEA (0.16 mL, 1.14 mmol, 2.0 eq) by following general procedure
B. Pure material was obtained by column chromatography using gradient elution
from 20% EtOAc in petroleum ether to 35% EtOAc in petroleum ether.
'H-NMR (400 MHz, CDCls) &: 7.67 (dd, J = 2.6, 1.5 Hz, 1H, Ar-H), 7.65 (dd, J
=15, 1.5 Hz, 1H, Ar-H), 7.62 (dd, J = 2.6, 1.5 Hz, 1H, Ar-H), 6.28-6.21 (m,
1H, NH), 3.92 (s, 3H, OCHj), 3.33-3.24 (m, 6H, NCH,x2, Cy- CH,), 1.82-1.52
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(m, 12H, CH,x6), 1.32-1.12 (m, 3H, CH, CH,), 1.06-0.92 (m, 2H, CH,) ppm.
BC-NMR (101 MHz, CDCls) &: 167.3, 167.1, 152.4, 136.1, 131.1, 119.5, 119.4,
116.6, 52.4, 50.0, 46.5, 38.2, 31.1, 26.5, 26.0, 25.7, 24.3 ppm. HRMS-ESI (m/z):
[M+H]" Calcd for C,;H3N,03 359.2335; Found 359.2349.

o 0 3-((Cyclohexylmethyl)carbamoyl)-5-(piperidin-1-
HOJ\Q)LNH yDbenzoic acid (15s). The title compound was obtained as
| a light yellow solid (137 mg, 98% vyield) from benzoate

O 14s (146 mg, 0.41 mmol, 1.0 eq) and aqueous 1 M NaOH

solution (0.61 mL, 0.61 mmol, 1.5 eq) by following
general procedure C. The crude product 15s was used further without
purification.
'H-NMR (400 MHz, CD;0D) §: 7.87 (dd, J = 1.5, 1.5 Hz, 1H, Ar-H), 7.71 (dd,
J =26, 1.5 Hz, 1H, Ar-H), 7.59 (dd, J = 2.6, 1.5 Hz, 1H, Ar-H), 3.29-3.24 (m,
4H, NCH,x2), 3.21 (d, J = 7.0 Hz, 2H, Cy- CH,), 1.83-1.58 (m, 12H, CH,x6),
1.37-1.15 (m, 3H, CH, CH,), 1.07-0.94 (m, 2H, CH,) ppm. *C-NMR (101 MHz,
CD;0D) : 170.0, 169.6, 153.6, 137.1, 133.0, 120.7, 120.2, 119.6, 51.3, 47 .4,
39.2, 32.1, 27.6, 27.0, 26.7, 25.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CaoH29N,05 345.2178; Found 345.2178.

o o  Dimethyl 5-methylisophthalate (12b). An oven-dried 20 mL
0 o pressure vial was cooled under stream of argon and charged with
dimethyl 5-bromoisophthalate (500 mg, 1.83 mmol, 1.0 eq),
methylboronic acid (132 mg, 2.20 mmol, 1.2 eq), potassium
phosphate (1.17 g, 5.49 mmol, 3.0 eq), Pd(dppf)Cl,-CH,Cl, (75 mg, 0.092
mmol, 0.05 eq) and anhydrous toluene (7 mL). After strirring at 90 °C for 18 h,
the brown suspension was cooled to room temperature and filtered through
Celite. The filter plug was washed with EtOAc and filtrate was dried over
anhydrous Na,SO,. Volatiles were evaporated under reduced pressure. The
crude product was purified by column chromatography on silica gel using 5%
EtOAC in hexanes to give product 12b as a white solid (305 mg, 80% yield). *H-
NMR spectrum was identical to that from the literature.”
'H-NMR (400 MHz, CDClI;) &: 8.51-8.46 (m, 1H, Ar-H), 8.07-8.01 (m, 2H, Ar-
H), 3.93 (s, 6H, OCH3x2), 2.45 (s, 3H, Ar-CHs) ppm.

® Sivakumar, C.; Sultan, N. Journal of Polymer Science: Part A: Polymer
Chemistry. 2009, 47, 3337-3351.
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o o 3-(Methoxycarbonyl)-5-methylbenzoic acid (13b). The title

O)A\Q)LOH compound was obtained as a white solid material (266 mg, 97%

yield) from diester 12b (295 mg, 1.42 mmol, 1.0 eq) and

aqueous 1M NaOH solution (1.42 mL, 1.42 mmol, 1.0 eq) by following general

procedure A. The crude product 13b was used in subsequent step without
purification. *H-NMR spectrum was identical to that from the literature.®

'H-NMR (400 MHz, CD;0D) &: 8.46-8.41 (m, 1H, Ar-H), 8.07-8.03 (m, 2H, Ar-

H), 3.93 (s, 3H, OCHj), 2.46 (s, 3H, Ar-CHs) ppm. HRMS-ESI (m/z): [M-H]
Calcd for CyHsO, 193.0501; Found 193.0502.

o o Methyl 3-(dipropylcarbamoyl)-5-methylbenzoate (16b).
OJ\Q)LN/\/ The title compound was obtained as a colorless oil (246 mg,
H 66% vyield) from monoester 13b (261 mg, 1.34 mmol, 1.0
eq), dipropylamine (0.22 mL, 1.61 mmol, 1.2 eq), HBTU (510 mg, 1.34 mmol,
1.0 eq) and TEA (0.37 mL, 2.69 mmol, 2.0 eq) by following general procedure
B. Pure material was obtained by column chromatography using 20% EtOAc in
petroleum ether.
'H-NMR (400 MHz, CDClI;) &: 7.88-7.86 (m, 1H, Ar-H), 7.81-7.79 (m, 1H, Ar-
H), 7.38-7.35 (m, 1H, Ar-H), 3.91 (s, 3H, OCHjs), 3.49-3.40 (m, 2H, NCH,),
3.19-3.10 (m, 2H, NCH,), 2.41 (s, 3H, Ar-CHj), 1.76-1.62 (m, 2H, CH,), 1.58-
1.46 (m, 2H, CH,), 0.97 (t, J = 7.6 Hz, 3H, CHj), 0.74 (t, J = 7.6 Hz, 3H, CH,)
ppm. HRMS-ESI (m/z): [M+H]" Calcd for CyHxNO;278.1756; Found
278.1758.

o 0 3-(Dipropylcarbamoyl)-5-methylbenzoic acid (17b). The

HO N> title compound was obtained as a white solid (227 mg,

H 100% yield) from benzoate 16b (240 mg, 0.86 mmol, 1.0

eq) and aqueous 1 M NaOH solution (1.30 mL, 1.30 mmol,

1.5 eq) by following general procedure C. The crude product 17b was used
further without purification.

'H-NMR (400 MHz, CDCl) &: 7.95-7.92 (m, 1H, Ar-H), 7.89-7.86 (m, 1H, Ar-
H), 7.44-7.42 (m, 1H, Ar-H), 6.48-6.07 (br s, 1H, COOH), 3.55-3.39 (m, 2H,

® Gosh, A. K.; Takayama, J.; Kassekert, L. A.; Ella-Menye, J. R.; Yashchuk, S.;
Agniswamy, J.; Wang, Y. F.; Aoki, M.; Amano, M.; Weber, I. T.; Mitsuya, H. Bioorg.
Med. Chem. Lett. 2015, 25, 4903-4909.
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NCH,), 3.24-3.10 (m, 2H, NCHy), 2.43 (s, 3H, Ar-CH,3), 1.77-1.65 (m, 2H,
CHy), 1.62-1.48 (m, 2H, CH,), 0.99 (t, J = 7.6 Hz, 3H, CH3), 0.76 (t, J = 7.6 Hz,
3H, CHs) ppm. ®*C-NMR (101 MHz, CDCls) &: 171.0, 170.7, 139.1, 137.7,
132.7, 131.5, 129.6, 125.4, 51.0, 46.7, 22.1, 21.4, 20.8, 11.6, 11.2 ppm. HRMS-
ESI (m/z): [M+H]" Calcd for C5H,,NO; 264.1600; Found 264.1606.

0 o 3-Bromo-5-(methoxycarbonyl)benzoic acid (13c). The title
OJ\Q/%H compound was obtained as a white solid material (568 mg,
L 100% vyield) from dimethyl 5-bromoisophthalate (600 mg, 2.20
mmol, 1.0 eq) and aqueous 1 M NaOH solution (2.20 mL, 2.20

mmol, 1.0 eq) by following general procedure A. The crude product 13c was

used in subsequent step without purification. *H-NMR spectra was identical to
that from the literature.’

0 0 Methyl 3-bromo-5-(dipropylcarbamoyl)benzoate (16c¢).
O)KQ)LN/\/ The title compound was obtained as a colorless oil (484 mg,
! H 64% yield) from monoester 13c (568 mg, 2.19 mmol, 1.0
eq), dipropylamine (0.36 mL, 2.63 mmol, 1.2 eq), HBTU
(831 mg, 2.19 mmol, 1.0 eq) and TEA (0.61 mL, 4.38 mmol, 2.0 eq) by
following general procedure B. Pure material was obtained by column
chromatography using 10% EtOAc in petroleum ether.
'H-NMR (400 MHz, CDCls) &: 8.20-8.18 (m, 1H, Ar-H), 7.95-7.93 (m, 1H, Ar-
H), 7.70-7.67 (m, 1H, Ar-H), 3.93 (s, 3H, OCHj3), 3.45 (t, J = 7.5 Hz, 2H,
NCH,), 3.14 (t, J = 7.5 Hz, 2H, NCH,), 1.75-1.62 (m, 2H, CH,), 1.60-1.49 (m,
2H, CH,), 0.98 (t, J = 7.5 Hz, 3H, CHs), 0.77 (t, J = 7.5 Hz, 3H, CH5) ppm. **C-
NMR (101 MHz, CDCl3) 6: 169.1, 165.3, 139.5, 134.0, 133.2, 132.2, 126.3,
122.8, 52.8, 50.9, 46.7, 22.1, 20.8, 11.6, 11.2 ppm. HRMS-ESI (m/z): [M+H]"
Calcd for C1sHxNO3Br 342.0705; Found 342.0691.

o o) 3-Bromo-5-(dipropylcarbamoyl)benzoic acid (17c). The
HOJ\Q)LN/\/ title compound was obtained as a colorless oil (454 mg,
r H 100% vyield) from benzoate 16¢ (473 mg, 1.38 mmol, 1.0

eq) and aqueous 1 M NaOH solution (2.07 mL, 2.07 mmol,

1.5 eq) by following general procedure C. The crude product 17¢ was used
further without purification.

" Choi, K.; Hamilton, A. D. J. Am. Chem. Soc. 2003, 125, 10241-10249.
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'H-NMR (400 MHz, CDCl;) &: 10.83 (s, 1H, COOH), 8.26-8.23 (m, 1H, Ar-H),
8.02-7.99 (m, 1H, Ar-H), 7.76-7.73 (m, 1H, Ar-H), 3.47 (t, J = 7.7 Hz, 2H,
NCH,), 3.16 (t, J = 7.7 Hz, 2H, NCH,), 1.77-1.64 (m, 2H, CH,), 1.62-1.49 (m,
2H, CH,), 0.99 (t, J = 7.4 Hz, 3H, CHy), 0.78 (t, J = 7.4 Hz, 3H, CH,) ppm. **C-
NMR (101 MHz, CDCl3) 6: 169.3, 168.9, 139.3, 134.7, 133.8, 131.7, 126.8,
122.9, 51.0, 46.9, 22.1, 20.8, 11.6, 11.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd
for C14H1sNO5Br 328.0548; Found 328.0557.

o o 3-Cyano-5-(dipropylcarbamoyl)benzoic  acid  (17i).
HO N> Copper(l) cyanide (82 mg, 0.92 mmol, 2.0 equiv) was
H added to a solution of benzoic acid 17c¢ (150 mg, 0.46
N mmol, 1.0 equiv) in N-methyl-2-pyrrolidone (1 mL). After
6 h of stirring at 160 °C, the colorless solution was cooled to room temperature
and aqueous 2N HCI solution (10 mL) and EtOAc (15 mL) were added. The
organic layer was washed with an aqueous 2N HCI solution (2 x 10 mL), then
brine (2 x 10 mL), dried over Na,SO, and evaporated under reduced pressure.
The residue was purified by the reversed-phase column chromatography (30 g
KP-C18-HS column, flow rate 18 mL/min) using gradient elution from 100%
water to 100% MeCN to give product 17i as a brown oil (20 mg, 16% vyield).
'H-NMR (400 MHz, CDClI;) &: 8.62 (s, 1H, COOH), 8.39-8.34 (m, 1H, Ar-H),
8.29-8.25 (m, 1H, Ar-H), 7.89-7.84 (m, 1H, Ar-H), 3.49 (t, J = 7.7 Hz, 2H,
NCH,), 3.14 (t, J = 7.7 Hz, 2H, NCH,), 1.72 (sextet, J = 7.4 Hz, 2H, CH,), 1.56
(sextet, J = 7.4 Hz, 2H, CH,), 0.99 (t, J = 7.4 Hz, 3H, CH3), 0.77 (t, J = 7.4 Hz,
3H, CHs) ppm. ®C-NMR (101 MHz, CDCl;) &: 168.8, 167.4, 138.7, 134.5,
134.3,132.1, 117.2, 113.7, 51.1, 47.1, 22.1, 20.8, 11.6, 11.2 ppm. IR (KBr, cm")
2236 (C=N), 1724 (C=0). HRMS-ESI (m/z): [M+H]" Calcd for
C1sH19N,05 275.1396; Found 275.1406.

189



0 0 Methyl 3-(dipropylcarbamoyl)benzoate (16d). The title
OJKC)L N> compound was obtained as a colorless oil (426 mg, 97%
H yield) from 3-methoxycarbonylbenzoic acid (300 mg, 1.66
mmol, 1.0 eq) (13d), dipropylamine (0.27 mL, 2.00 mmol, 1.2 eq), HBTU (632
mg, 1.66 mmol, 1.0 eq) and TEA (0.46 mL, 3.33 mmol, 2.0 eq) by following
general procedure B. Pure material was obtained by column chromatography
using gradient elution from 10% EtOAc in petroleum ether to 25% EtOAC in
petroleum ether.
'H-NMR (400 MHz, CDCls) &: 8.08-8.01 (m, 2H, Ar-H), 7.56 (ddd, J = 7.6, 1.8,
1.3 Hz, 1H, Ar-H), 7.50-7.45 (m, 1H, Ar-H), 3.93 (s, 3H, OCHj3), 3.50-3.40 (m,
2H, NCH,), 3.21-3.08 (m, 2H, NCH,), 1.76-1.64 (m, 2H, CH,), 1.58-1.46 (m,
2H, CH,), 1.04-0.93 (m, 3H, CH3), 0.82-0.67 (m, 3H, CH3) ppm. *C-NMR (101
MHz, CDCly) 6: 170.8, 166.6, 137.8, 131.2, 130.4, 130.3, 128.8, 127.8, 52.4,
50.9, 46.6, 22.1, 20.9, 11.6, 11.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C1sH22NO; 264.1600; Found 264.1598.

0 0 3-(Dipropylcarbamoyl)benzoic acid (17d). The title
HO)KC)LN/\/ compound was obtained as a white solid material (382 mg,
97% vyield) from benzoate 16d (416 mg, 1.58 mmol, 1.0
eq) and aqueous 1 M NaOH solution (2.37 mL, 2.37
mmol, 1.5 eq) by following general procedure C. The crude product 17d was
used further without purification. "H-NMR spectra was identical to that from the
literature.®
'H-NMR (300 MHz, CDCls) &: 10.29 (br s, 1H, COOH), 8.23-8.01 (m, 2H, Ar-
H), 7.66-7.58 (m, 1H, Ar-H), 7.55-7.46 (m, 1H, Ar-H), 3.59-3.37 (m, 2H,
NCH,), 3.24-3.06 (m, 2H, NCH,), 1.82-1.63 (m, 2H, CH,), 1.61-1.46 (m, 2H,
CH,), 0.99 (t, J= 7.4 Hz, 3H, CH3), 0.76 (t, J = 7.4 Hz, 3H, CH3) ppm.

o o 3-Fluoro-5-(methoxycarbonyl)benzoic acid (13e). The title

OJ\Q/%H compound was obtained as a white solid material (213 mg, 91%
yield) from dimethyl 5-fluoroisophthalate (250 mg, 1.18 mmol,

1.0 eq) and aqueous 1 M NaOH solution (1.18 mL, 1.18 mmol,

¥ Bjoerklund, C.; Oscarson, S.; Benkestock, K.; Borkakoti, N.; Jansson, K.; Lindberg, J.;
Vrang, L.; Hallberg, A.; Rosenquist, A.; Samuelsson, B.. J. Med. Chem. 2010, 53, 1458-
1464.
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1.0 eq) by following general procedure A. The crude product 13e was used in
subsequent step without purification.

'H-NMR (400 MHz, CD;0D) &: 8.44 (dd, J = 1.5, 1.5 Hz, 1H, Ar-H), 7.95-7.89
(m, 2H, Ar-H), 3.95 (s, 3H, OCH3) ppm. *C-NMR (101 MHz, CD;0D) &: 167.3
(d, J = 3.0 Hz), 166.4 (d, J = 3.0 Hz), 165.0, 162.6, 134.1 (d, J = 7.5 Hz), 127.4
(d, J=3.0Hz), 121.6 (d, J = 23.4 Hz), 121.2 (d, J = 23.7 Hz), 53.2 ppm. HRMS-
ESI (m/z): [M-H] Calcd for CoHsO,4F 197.0250; Found 197.0247.

Q 0 Methyl 3-(dipropylcarbamoyl)-5-fluorobenzoate (16e).
OJ\Q)LN/\/ The title compound was obtained as a colorless oil (163 mg,
I H 58% vyield) from monoester 13e (199 mg, 1.00 mmol, 1.0
eq), dipropylamine (0.16 mL, 1.20 mmol, 1.2 eq), HBTU
(381 mg, 1.00 mmol, 1.0 eq) and TEA (0.28 mL, 2.01 mmol, 2.0 eq) by
following general procedure B. Pure material was obtained by column
chromatography using gradient elution from 25% EtOAc in petroleum ether to
50% EtOACc in petroleum ether.
'H-NMR (400 MHz, CDCl5) &: 7.81 (dd, J = 1.4, 1.4 Hz, 1H, Ar-H), 7.74 (ddd,
J=8.9, 2.6, 1.4 Hz, 1H, Ar-H), 7.29-7.26 (m, 1H, Ar-H), 3.94 (s, 3H, OCHy),
3.45 (t, J = 7.7 Hz, 2H, NCH,), 3.14 (t, J = 7.7 Hz, 2H, NCH,), 1.74-1.63 (m,
2H, CH,), 1.60-1.47 (m, 2H, CHy), 0.99 (t, J = 7.3 Hz, 3H, CHj3), 0.76 (t, J = 7.3
Hz, 3H, CH3) ppm. *C-NMR (101 MHz, CDCl,) 8: 169.3 (d, J = 2.3 Hz), 165.4
(d, J=3.0 Hz), 163.7, 161.2, 139.8 (d, J = 6.8 Hz), 123.5 (d, J = 3.3 Hz), 118.5
(d, J =22.9 Hz), 117.3 (d, J = 23.1 Hz), 52.7, 50.9, 46.7, 22.1, 20.8, 11.6, 11.2

ppm. HRMS-ESI (m/z): [M+H]" Calcd for CysH»NOsF 282.1505; Found
282.1518.

o o 3-(Dipropylcarbamoyl)-5-fluorobenzoic acid (17€). The

HO)KQ)LN/\/ title compound was obtained as a colorless sticky oil (146

I H mg, 100% vyield) from benzoate 16e (154 mg, 0.55 mmol,

1.0 eq) and aqueous 1 M NaOH solution (0.82 mL, 0.82

mmol, 1.5 eq) by following general procedure C. The crude product 17e was
used further without purification.

'H-NMR (400 MHz, CDCls) &: 10.46 (br s, 1H, COOH), 7.89-7.85 (m, 1H, Ar-

H), 7.78 (ddd, J = 8.7, 2.7, 1.3 Hz, 1H, Ar-H), 7.32 (ddd, J = 8.1, 2.7, 1.3 Hz,

1H, Ar-H), 3.47 (t, J = 7.8 Hz, 2H, NCH,), 3.15 (t, J = 7.8 Hz, 2H, NCH,), 1.75-

1.64 (m, 2H, CH,), 1.61-1.49 (m, 2H, CH,), 0.98 (t, J = 7.3 Hz, 3H, CHj,), 0.77
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(t, J = 7.3 Hz, 3H, CHs) ppm. *C-NMR (101 MHz, CDCl;) 8: 169.5 (d, J = 2.2
Hz), 169.2 (d, J = 2.3 Hz), 163.7, 161.2, 139.5 (d, J = 6.7 Hz), 124.0 (d, J = 3.1
Hz), 119.2 (d, J = 22.9 Hz), 117.9 (d, J = 23.0 Hz), 51.0, 46.9, 22.1, 20.8, 11.6,
11.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd for Cy,H:sNO;F 268.1349; Found
268.1356.

o 0 3-Chloro-5-(methoxycarbonyl)benzoic acid (13f). The title

O)KQ)LOH compound was obtained as a white solid material (282 mg,

) 100% vyield) from dimethyl 5-chloroisophthalate (300 mg, 1.31

mmol, 1.0 eq) and aqueous 1 M NaOH solution (1.31 mL, 1.31

mmol, 1.0 eq) by following general procedure A. The crude product 13f was
used in subsequent step without purification.

'H-NMR (400 MHz, CDCl,) &: 8.64 (dd, J = 1.5, 1.5 Hz, 1H, Ar-H), 8.26 (dd, J
= 1.5, 1.5 Hz, 2H, Ar-H), 3.98 (s, 3H, OCH,) ppm.

o o Methyl 3-chloro-5-(dipropylcarbamoyl)benzoate (16f).
OJ\Q)LN/\/ The title compound was obtained as a colorless oil (300 mg,
& H 77% yield) from monoester 13f (282 mg, 1.31 mmol, 1.0
eq), dipropylamine (0.22 mL, 1.58 mmol, 1.2 eq), HBTU
(498 mg, 1.31 mmol, 1.0 eq) and TEA (0.37 mL, 2.63 mmol, 2.0 eq) by
following general procedure B. Pure material was obtained by column
chromatography using 15% EtOAc in petroleum ether.
'H-NMR (400 MHz, CDClI;) &: 8.06-8.00 (m, 1H, Ar-H), 7.93-7.87 (m, 1H, Ar-
H), 7.56-7.50 (m, 1H, Ar-H), 3.94 (s, 3H, OCHjs), 3.49-3.41 (m, 2H, NCH,),
3.18-3.09 (m, 2H, NCH,), 1.75-1.64 (m, 2H, CH,), 1.60-1.49 (m, 2H, CH,), 0.98
(t, J = 7.4 Hz, 3H, CHs), 0.77 (t, J = 7.4 Hz, 3H, CH3) ppm. *C-NMR (101
MHz, CDCly) 6: 169.2, 165.4, 139.3, 135.0, 132.1, 131.2, 130.3, 125.9, 52.8,
50.9, 46.7, 22.1, 20.8, 11.6, 11.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C1sH,:NO3CI 298.1210; Found 298.1223.

o 0 3-Chloro-5-(dipropylcarbamoyl)benzoic acid (17f). The
HO)KQ)LN/\/ title compound was obtained as a white solid material (275
) H mg, 98% yield) from benzoate 16f (293 mg, 0.98 mmol, 1.0

eq) and aqueous 1 M NaOH solution (1.48 mL, 1.48 mmol,

1.5 eq) by following general procedure C. The crude product 17f was used
further without purification.
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'H-NMR (400 MHz, CDCls) &: 8.09 (dd, J = 1.8, 1.8 Hz, 1H, Ar-H), 7.96 (dd, J
= 1.8, 1.8 Hz, 1H, Ar-H), 7.59 (dd, J = 1.8, 1.8 Hz, 1H, Ar-H), 3.51-3.43 (m,
2H, NCH,), 3.16 (t, J = 7.4 Hz, 2H, NCH,), 1.77-1.65 (m, 2H, CH,), 1.62-1.50
(m, 2H, CH,), 0.99 (t, J = 7.4 Hz, 3H, CH,), 0.78 (t, J = 7.4 Hz, 3H, CH3) ppm.
BC-NMR (101 MHz, CDCl5) &: 169.4, 168.9, 139.2, 135.2, 131.9, 131.5, 130.9,
126.4, 51.0, 46.8, 22.1, 20.8, 11.6, 11.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd
for C14H1sNO5CI 284.1053; Found 284.1064.

o o 3-(Dipropylcarbamoyl)-5-(trifluoromethyl)benzoic acid
HO N>~ (17h). The title compound was obtained as a brownish oil
(90 mg, 33% vyield) from 5-(trifluoromethyl)isophthalic
FIF acid (200 mg, 0.85 mmol, 1.0 eq), dipropylamine (0.12 mL,
0.85 mmol, 1.0 eq), HBTU (324 mg, 0.85 mmol, 1.0 eq)
and TEA (0.24 mL, 1.71 mmol, 2.0 eq) by following general procedure B. Pure
material was obtained by column chromatography using 25% EtOAcC in
petroleum ether.
'H-NMR (400 MHz, CDCls) &: 8.38-8.35 (m, 1H, Ar-H), 8.27-8.24 (m, 1H, Ar-
H), 7.87-7.84 (m, 1H, Ar-H), 3.55-3.43 (m, 2H, NCH,), 3.20-3.09 (m, 2H,
NCH,), 1.80-1.66 (m, 2H, CH,), 1.63-1.51 (m, 2H, CH,), 1.01 (t, J = 7.6 Hz, 3H,
CHs), 0.78 (t, J = 7.6 Hz, 3H, CH3) ppm. *C-NMR (101 MHz, CDCls) &: 169.5,
168.6, 138.5, 132.0, 131.4, 128.4, 127.8, 124.7, 122.0, 51.1, 47.0, 22.1, 20.8,
11.6, 11.1 ppm. HRMS-ESI (m/z): [M+H]" Calcd for Cy5H;sNO5F;318.1317,;
Found 318.1321.

Q o 5-lodoisophthalic acid (18). To a solution of dimethyl 5-
HO)KQ/LOH iodoisophthalate (500 mg, 1.56 mmol, 1.0 eq) in MeOH (20
mL) was added an aqueous 1 M NaOH solution (4.69 mL, 4.69

mmol, 3.0 eq). After stirring at 40 °C temperature for 18 h, the
brown suspension was diluted with water (10 mL) and acidified to pH 3 with
aqueous 1N HCI solution. The aqueous layer was extracted with EtOAc (3 x 20
mL). Combined organic extracts were washed with brine (20 mL), dried over
anhydrous Na,SO, and evaporated under reduced pressure to yield product 18 as
a yellowish solid (455 mg, 100% yield), which was used in subsequent step
without purification. "H-NMR spectrum was identical to that from the literature.’

% Zhang, S.; Liu, Q.; Shen, M.; Hu, B.; Chen, Q.; Li, H.; Ammoureux, J. P. Dalton
Trans. 2012, 41, 4692-4698.
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'H-NMR (400 MHz, CD;0D) &: 8.59 (dd, J = 1.5, 1.5 Hz, 1H, Ar-H), 8.52 (d, J
= 15 Hz, 2H, Ar-H) ppm. HRMS-ESI (m/z): [M-H] Calcd for
CsH4041 290.9154; Found 290.9165.

o o) 5-(Methoxycarbonyl)isophthalic acid (13g). Isophthalic acid
HO oH 18 (451 mg, 1.54 mmol, 1.0 eq), Pd(dppf)Cl,-CH,Cl, (126 mg,
0.15 mmol, 0.10 eq), TEA (0.47 mL, 3.40 mmol, 2.2 eq) and
o9 dry MeOH (10 mL) were combined in a 100 mL glass liner,
which was then placed in stainless steel autoclave with a pressure gauge. The
autoclave was sealed and purged three times with carbon monoxide and then
pressurized to 70 psi with carbon monoxide. The mixture was heated at 100 °C.
After 18 h the autoclave was cooled down to room temperature and the excess of
carbon monoxide was carefully released under fume hood. The dark brown
suspension was filtered through Celite. The filter plug was washed with EtOAc
and filtrate was dried over anhydrous Na,SO,. Volatiles were evaporated under
reduced pressure. An aqueous 1N HCI solution was added to pH 1 and then
suspension was extracted with EtOAc (3 x 20 mL). Combined organic extracts
were washed with brine (15 mL), dried over anhydrous Na,SO, and evaporated
under reduced pressure, to give 346 mg (100% vyield) of 13g as a dark brown
solid, which was used in the subsequent step without purification.
'H-NMR (400 MHz, DMSO-dg) &: 8.68-8.65 (m, 1H, Ar-H), 8.63 (d, J = 1.6 Hz,
2H, Ar-H), 3.92 (s, 3H, OCHs) ppm. *C-NMR (101 MHz, DMSO-dg) &: 165.8,
164.9, 133.9, 133.2, 132.5, 130.6, 52.7 ppm. HRMS-ESI (m/z): [M-H] Calcd for
C1oH;06 223.0243; Found 223.0250.

0 0 Methyl 3,5-bis(dipropylcarbamoyl)benzoate (16g).
SN N> The title compound was obtained as a colorless oil (337
ﬁ mg, 57% yield) from monoester 13g (340 mg, 1.52
Y mmol, 1.0 eq), dipropylamine (0.46 mL, 3.34 mmol,
2.2 eq), HBTU (1.15 g, 3.03 mmol, 2.0 eq) and TEA (0.85 mL, 6.07 mmol, 4.0
eq) by following general procedure B. Pure material was obtained by column
chromatography using gradient elution from 25% EtOAc in petroleum ether to
100% EtOAcC.
'H-NMR (400 MHz, CDCls) 5: 8.05 (d, J = 1.6 Hz, 2H, Ar-H), 7.55 (dd, J = 1.6,
1.6 Hz, 1H, Ar-H), 3.93 (s, 3H, OCHj3), 3.45 (t, J = 7.5 Hz, 4H, NCH,x2), 3.14
(t, J = 7.5 Hz, 4H, NCH;x2), 1.74-1.63 (m, 4H, CH,x2), 1.58-1.48 (m, 4H,
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CH,x2), 0.98 (t, J = 7.3 Hz, 6H, CH3x2), 0.75 (t, J = 7.3 Hz, 6H, CH3x2) ppm.
BC-NMR (101 MHz, CDCl;) &: 170.0, 165.9, 138.2, 130.7, 129.4, 128.3, 52.6,
50.9, 46.6, 22.1, 20.8, 11.6, 11.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C2H35N,0,4 391.2597; Found 391.2600.

o o 3,5-Bis(dipropylcarbamoyl)benzoic acid (17g). The

SN N">"title compound was obtained as a colorless sticky oil

ﬁ H (301 mg, 96% vyield) from benzoate 13g (324 mg, 0.83

o oH mmol, 1.0 eq) and aqueous 1 M NaOH solution (1.24

mL, 1.24 mmol, 1.5 eq) by following general procedure C. The crude product
17g was used further without purification.

'H-NMR (400 MHz, CDCl;) 8: 10.08 (br s, 1H, COOH), 8.08 (d, J = 1.6 Hz, 2H,

Ar-H), 7.59 (dd, J = 1.6, 1.6 Hz, 1H, Ar-H), 3.46 (t, J = 7.7 Hz, 4H, NCH,x2),

3.15 (t, J = 7.7 Hz, 4H, NCH,x2), 1.75-1.64 (m, 4H, CH,x2), 1.58-1.48 (m, 4H,

CH,x2), 0.98 (t, J = 7.3 Hz, 6H, CH3x2), 0.74 (t, J = 7.3 Hz, 6H, CH3%x2) ppm.

BC-NMR (101 MHz, CDCls,) 8: 170.2, 168.9, 138.0, 130.5, 129.8, 128.8, 51.0,

46.7, 22.0, 20.8, 11.6, 11.1 ppm. HRMS-ESI (m/z): [M+H]" Calcd for

CxHa33N,0,4 377.2440; Found 377.2450.

o o 3-(Neopentylcarbamoyl)benzoic acid (19a). The benzoate
HO)KC)LNH intermediate was obtained as a yellow oil (164 mg, 79%
yield) from 3-methoxycarbonylbenzoic acid (150 mg, 0.83
mmol, 1.0 eq) (13d), 2,2-dimethylpropan-1-amine (87 mg,
1.00 mmol, 1.2 eq), HBTU (316 mg, 0.83 mmol, 1.0 eq) and TEA (0.23 mL,
1.66 mmol, 2.0 eq) by following general procedure B. Pure material was
obtained by column chromatography using gradient elution from 25% EtOAc in
petroleum ether to 100% EtOAc.
'H-NMR (400 MHz, CDClI;) &: 8.38-8.35 (m, 1H, Ar-H), 8.18-8.13 (m, 1H, Ar-
H), 8.05-8.00 (m, 1H, Ar-H), 7.56-7.49 (m, 1H, Ar-H), 6.31-6.18 (m, 1H, NH),
3.94 (s, 3H, OCHj), 3.30 (d, J = 6.4 Hz, 2H, NCH,), 0.99 (s, 9H, CH3x3) ppm.
BC-NMR (101 MHz, CDCls) &: 166.8, 166.5, 135.5, 132.4, 131.9, 130.6, 129.0,
127.5, 525, 51.3, 32.4, 27.5 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C14H20NO;3 250.1443; Found 250.1449.
The title compound was obtained as a white solid material (144 mg, 99% yield)
from benzoate intermediate (154 mg, 0.62 mmol, 1.0 eq) and aqueous 1 M
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NaOH solution (0.93 mL, 0.93 mmol, 1.5 eq) by following general procedure C.
The crude product 19a was used further without purification.

'H-NMR (400 MHz, CD;0D) &: 8.59-8.50 (m, 1H, NH), 8.48-8.45 (m, 1H, Ar-
H), 8.20-8.14 (m, 1H, Ar-H), 8.03 (ddd, J = 7.8, 1.8, 1.2 Hz, 1H, Ar-H), 7.61-
7.54 (m, 1H, Ar-H), 3.25-3.21 (m, 2H, NCH,), 0.98 (s, 9H, CH5x3) ppm. **C-
NMR (101 MHz, CD;0D) 6: 169.8, 169.0, 136.7, 133.4, 132.6, 132.4, 129.8,
129.6, 51.9, 33.8, 27.9 ppm. HRMS-ESI (m/z): [M+H]® Calcd for
C13H1sNO3 236.1287; Found 236.1287.

0 o 3-((3,3,3-Trifluoropropyl)carbamoyl)benzoic acid (19b).
HO)KC)LNH The benzoate intermediate was obtained as a yellow oil (127
mg, 55% yield) from 3-methoxycarbonylbenzoic acid (150
FT°r mg, 0.83 mmol, 1.0 eq) (13d), 3,3,3-trifluoropropylamine
(94 mg, 0.83 mmol 1.0 eq), HBTU (316 mg, 0.83 mmol, 1.0 eq) and TEA (0.23
mL, 1.66 mmol, 2.0 eq) by following general procedure B. Pure material was
obtained by column chromatography using gradient elution from 25% EtOAc in
petroleum ether to 100% EtOAcC.
'H-NMR (400 MHz, CDCls) &: 8.37-8.34 (m, 1H, Ar-H), 8.20-8.15 (m, 1H, Ar-
H), 8.03-7.98 (m, 1H, Ar-H), 7.54 (td, J = 7.8, 0.7 Hz, 1H, Ar-H), 6.58-6.49 (m,
1H, NH), 3.94 (s, 3H, OCHj3), 3.77-3.70 (m, 2H, NCH,), 2.57-2.42 (m, 2H, CH,)
ppm. ®*C-NMR (101 MHz, CDCls) &: 166.8, 166.4, 134.4, 132.8, 131.8, 130.8,
129.2, 127.7, 52.6, 33.9, 33.8, 33.7 ppm. *F-NMR (376 MHz, CDClI;) &: -65.0
(t, J = 106 Hz) ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C1,H13NO3F3 276.0848; Found 276.0848.
The title compound was obtained as a white solid material (114 mg, 99% yield)
from benzoate intermediate (121 mg, 0.44 mmol, 1.0 eq) and aqueous 1 M
NaOH solution (0.66 mL, 0.66 mmol, 1.5 eq) by following general procedure C.
The crude product 19b was used further without purification.
'H-NMR (400 MHz, CD;0D) : 8.48 (td, J = 1.8, 0.5 Hz, 1H, Ar-H), 8.21-8.16
(m, 1H, Ar-H), 8.03 (ddd, J = 7.8, 1.8, 1.2 Hz, 1H, Ar-H), 7.58 (td, J = 7.8, 0.5
Hz, 1H, Ar-H), 3.64 (t, J = 7.0 Hz, 2H, NCH,), 2.61-2.46 (m, 2H, CH,) ppm.
“C-NMR (101 MHz, CD;0D) &: 169.3, 168.8, 135.8, 133.7, 132.6, 129.9,
129.5, 126.6, 34.5, 34.2, 33.9 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
C11H1:NO3F; 262.0691; Found 262.0692.
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N' N'-Diethyl-N*-((2S,3R)-3-hydroxy-4-((2-(3-

J o methoxy-
phenyl)propan-2-yl)amino)-1-phenylbutan-2-yl)-5-
/5\%0 (piperidin-1-ylisophthalamide ((S,R)-2a). The title
O HN compound was obtained from rac-11 (50 mg, 0.12

Hom mmol, 1.0 eq), benzoic acid 15a (38 mg, 0.12 mmol,
1.0 eq), HBTU (47 mg, 0.12 mmol, 1.0 eq) and TEA

HN

& (70 pL, 0.50 mmol, 4.0 eq) by following general
-~ Procedure D. Purification by column chromatography
on silica gel using gradient elution from 50% EtOAC in
petroleum ether to 100% EtOAc, followed by 2% MeOH in EtOAc afforded rac-
2a as a white solid (41 mg, 54% yield). Enantiomerically pure material (S,R)-2a
(14 mg, 18% vyield) was obtained by preparative HPLC on chiral stationary
phase (Chiralpak-IC), using 50% EtOAc/50% CHCI;/0.1% DEA as a mobile

phase (flow rate 15 mL/min, detector UV 230 nm).
'H-NMR (400 MHz, CDCls) &: 7.26-7.15 (m, 7H, Ar-H, NH), 7.05-6.99 (m, 2H,
Ar-H), 6.93 (dd, J = 2.5, 1.2 Hz, 1H, Ar-H), 6.89-6.85 (m, 1H, Ar-H), 6.78-6.73
(m, 1H, Ar-H), 6.58 (d, J = 8.8 Hz, 1H, Ar-H), 4.42-4.33 (m, 1H, CH), 3.78 (s,
3H, OCHj), 3.56-3.48 (m, 2H, CHy), 3.27-3.12 (m, 5H, NCH,x2, CH), 3.08-2.87
(m, 2H, CH,), 2.54-2.44 (m, 2H, CH,), 1.71-1.65 (m, 4H, CH,x2), 1.63-1.58 (m,
2H, CH,), 1.54 (s, 3H, CHj), 1.52 (s, 3H, CH3), 1.36-1.17 (m, 6H, CHs, CH,,
OH), 1.14-1.00 (m, 3H, CH;) ppm. ®C-NMR (101 MHz, CDCls) &: 171.0,
168.1, 159.9, 152.2, 138.5, 137.8, 129.6, 129.5, 128.7, 126.7, 118.4, 116.2,
115.3, 113.9, 112.4, 70.7, 55.4, 53.5, 50.0, 36.7, 25.7 ppm. HRMS-ESI (m/z):
[M+H]" Calcd for CsHs;N,O, 615.3910; Found 615.3904. Optical rotation

[a]®p —35.7 (¢ 0.62, CHCI5).

| N*-((2S,3R)-3-Hydroxy-4-((2-(3-
N0 methoxyphenyl)propan-2-yl) amino)-1-phenylbutan-
/5\% 2-y1)-N? N-dimethyl-5-(piperidin-1-yl)

° isophthalamide ((S,R)-2b). The title compound was

m obtained from (R,S)-11(25 mg, 0.062 mmol, 1.0 eq),
benzoic acid 15b (17 mg, 0.062 mmol, 1.0 eq), HBTU

o (24 mg, 0.062 mmol, 1.0 eq) and TEA (35 uL, 0.25
mmol, 4.0 eq) by following general procedure D.

/
©  Purification by column chromatography on silica gel
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using gradient elution from 25% EtOAc in petroleum ether to 100% EtOAc
afforded (S,R)-2b as a colorless sticky oil (17 mg, 47% yield).

'H-NMR (400 MHz, CDCls) &: 7.25-7.14 (m, 7H, Ar-H, NH), 7.02-6.97 (m, 3H,
Ar-H), 6.94-6.89 (m, 1H, Ar-H), 6.76-6.64 (m, 2H, Ar-H), 4.39-4.29 (m, 1H,
CH), 3.77 (s, 3H, OCHy), 3.53-3.46 (m, 1H, CH), 3.23-3.15 (m, 4H, NCH;,x2),
3.08 (s, 3H, NCHjy), 3.01-2.75 (m, 5H, NCH3;, CH,), 2.46 (d, J = 4.3 Hz, 2H,
CHy), 1.71-1.63 (m, 4H, CH,x2), 1.62-1.56 (m, 2H, CH,), 1.48 (s, 3H, CHjy),
1.47 (s, 3H, CH3) ppm. *C-NMR (101 MHz, CDCls) &: 171.4, 167.9, 159.8,
152.2, 148.6, 137.9, 137.6, 135.7, 129.5, 129.4, 128.6, 126.6, 118.5, 116.9,
115.6, 114.6, 112.4, 111.6, 70.8, 56.1, 55.3, 53.8, 50.0, 44.6, 36.7, 29.9, 29.0,
25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for CssH,N,O4 587.3597,
Found 587.3580. Optical rotation [0]*°p —26.7 (c 1.24, CHCly).

oH N*-((2S,3R)-3-Hydroxy-4-((2-(3-

H methoxyphenyl)propan-2-yl)amino)-1-

Ho N0 phenylbutan-2-yl1)-N* N*-bis(2-hydroxyethyl)-5-
/éf (piperidin-1-yl)isophthalamide  ((S,R)-2c).  The
O N ° protected intermediate was obtained from (R,S)-11 (35

]:\@ mg, 0.087 mmol, 1.0 eq), benzoic acid 15¢ (49 mg,
0.087 mmol, 1.0 eq), HBTU (33 mg, 0.087 mmol, 1.0

o eq) and TEA (49 pL, 0.35 mmol, 4.0 eq) by following
& general procedure D. Purification by column
o” chromatography on amino-functionalized silica gel
using gradient elution from 25% EtOAc in petroleum ether to 50% EtOAcC in
petroleum ether afforded protected intermediate as a colorless oil (60 mg, 79%
yield), which was used in subsequent step without purification. HRMS-ESI
(m/z): [M+H]" Calcd for C,oH79N406Si, 875.5538; Found 875.5530.
To a solution of protected intermediate from above (53 mg, 0.060 mmol, 1.0 eq)
in anhydrous THF (4 mL) was dropwise added TBAF (1M solution in THF, 0.24
mL, 0.24 mmol, 4.0 eq). After stirring for 1 h at room temperature all the
volatiles were evaporated under reduced pressure. The residue was diluted with
water (10 mL) and extracted with EtOAc (3 x 10 mL). Combined organic layers
were washed with brine (15 mL), dried over Na,SO, and evaporated under
reduced pressure. Purification by column chromatography on amino-
functionalized silica gel using gradient elution from 100% EtOAc to 5% MeOH
in EtOAc afforded (S,R)-2c as a white solid (16 mg, 41%).
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'H-NMR (400 MHz, CDClg) 8: 7.39 (d, J = 8.7 Hz, 1H, NH), 7.24-7.11 (m, 8H,
Ar-H), 7.05 (dd, J = 2.4, 1.2 Hz, 1H, Ar-H), 7.01-6.94 (m, 2H, Ar-H), 6.76-6.71
(m, 1H, Ar-H), 4.36-4.27 (m, 1H, CH), 3.93-3.83 (m, 2H, OCH,), 3.76 (s, 3H,
OCH,), 3.69-3.53 (m, 5H, OCH,, CH,, CH), 3.43-3.29 (m, 2H, CH,), 3.22-3.11
(m, 4H, NCH,x2), 2.94-2.79 (m, 2H, NCH,), 2.50-2.39 (m, 2H, NCH,), 1.67-
1.60 (m, 4H, CH,x2), 1.60-1.53 (m, 2H, CH,), 1.44 (s, 3H, CHs), 1.43 (s, 3H,
CHs) ppm. *C-NMR (101 MHz, CDCly) &: 173.6, 168.0, 159.7, 152.2, 148.7,
138.3, 137.1, 135.6, 129.4, 128.5, 126.4, 118.5, 117.0, 115.9, 115.2, 112.5,
111.4, 71.2, 60.8, 55.9, 55.3, 54.4, 53.5, 49.9, 44.8, 36.5, 30.1, 28.8, 25.6, 24.3
ppm. HRMS-ESI (m/z): [M+H]" Calcd for CsHsN4Og 647.3809; Found
647.3796. Optical rotation [0]*°, —38.7 (c 1.16, CHClIy).

“o N*-((2S,3R)-3-Hydroxy-4-((2-(3-

S methoxyphenyl)propan-2-yl) amino)-1-

No N0 phenylbutan-2-yl)-N? N*-bis(2-methoxyethyl)-5-
/éf (piperidin-1-yDisophthalamide ((S,R)-2d). The title

° compound was obtained from (R,S)-11 (35 mg, 0.087

N
Q AN mmol, 1.0 eq), benzoic acid 15d (32 mg, 0.087 mmol,
m 1.0 eq), HBTU (33 mg, 0.087 mmol, 1.0 eq) and TEA
& (49 pL, 0.35 mmol, 4.0 eq) by following general
& procedure D. Purification by column chromatography
o” onsilica gel using gradient elution from 100% EtOAc
to 10% MeOH in EtOAc afforded (S,R)-2d as a colorless sticky oil (18 mg,
31% yield).
'H-NMR (400 MHz, CDCl5) &: 7.25-7.15 (m, 7H, Ar-H, NH), 7.05 (dd, J = 2.5,
1.2 Hz, 1H, Ar-H), 7.02-6.96 (m, 3H, Ar-H), 6.73 (ddd, J = 8.2, 2.5, 0.9 Hz, 1H,
Ar-H), 6.54 (d, J = 8.8 Hz, 1H, Ar-H), 4.39-4.29 (m, 1H, CH), 3.77 (s, 3H,
OCHjy), 3.75-3.62 (m, 4H, OCH;x2), 3.53-3.32 (m, 8H, OCHj;, NCH,x2, CH),
3.27-3.17 (m, 7H, OCHs;, NCH,x2), 3.05-2.91 (m, 2H, CH,), 2.50-2.40 (m, 2H,
CH,), 1.72-1.64 (m, 4H, CH,x2), 1.63-1.56 (m, 2H, CH,), 1.47 (s, 3H, CHj),
1.46 (s, 3H, CH3) ppm. *C-NMR (101 MHz, CDCl,) &: 172.0, 167.8, 159.7,
152.1, 148.9, 137.9, 137.7, 135.5, 129.5, 129.3, 128.7, 126.6, 118.5, 117.2,
115.4, 114.6, 112.4, 111.5, 71.0, 59.0, 55.9, 55.3, 53.6, 49.9, 44.5, 36.7, 30.0,
29.2, 25.7, 243 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CaoHssN4Og 675.4122; Found 675.4120. Optical rotation [a]®, —35.1 (c 1.28,
CHCly).
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. N*-((2S,3R)-3-Hydroxy-4-((2-(3-

F\i methoxyphenyl)propan-2-yl)amino)-1-
i I phenylbutan-2-yl)-5-(piperidin-1-yl)-N® N*-
F}F/\/ bis(3,3,3-trifluoropropyl)isophthalamide  ((S,R)-
o 2e). The title compound was obtained from (R,S)-11

O‘ i (35 mg, 0.087 mmol, 1.0 eq), benzoic acid 15e (38

j:\@ mg, 0.087 mmol, 1.0 eq), HBTU (33 mg, 0.087
mmol, 1.0 eq) and TEA (49 uL, 0.35 mmol, 4.0 eq)

HN
by following general procedure D. Purification by
> column chromatography on silica gel using gradient
elution from 50% EtOAc in petroleum ether to 100%

EtOAc afforded (S,R)-2e as a white solid (39 mg, 60% vyield).
'H-NMR (400 MHz, CDCly) &: 7.25-7.17 (m, 7H, Ar-H, NH), 7.04-6.97 (m, 2H,
Ar-H), 6.89 (dd, J = 2.6, 1.3 Hz, 1H, Ar-H), 6.84-6.82 (m, 1H, Ar-H), 6.75 (dd,
J=8.1, 2.6 Hz, 1H, Ar-H), 6.48 (d, J = 8.7 Hz, 1H, Ar-H), 4.38-4.29 (m, 1H,
CH), 3.78 (s, 3H, OCHg), 3.69-3.45 (m, 5H, NCH,x2, CH), 3.22-3.17 (m, 4H,
NCH,x2), 3.04-2.93 (m, 2H, CH,), 2.62-2.49 (m, 2H, CH,), 2.48 (d, J = 4.3 Hz,
2H, CH,), 2.35-2.22 (m, 2H, CH,), 1.73-1.65 (m, 4H, CH,x2), 1.64-1.58 (m, 2H,
CH,), 1.49 (s, 3H, CHs), 1.48 (s, 3H, CH3) ppm. **C-NMR (101 MHz, CDCls) &:
171.9, 167.7, 159.8, 152.3, 137.8, 136.6, 136.1, 129.5, 129.4, 128.7, 126.7,
118.4, 115.9, 115.8, 113.6, 112.4, 111.7, 70.7, 56.4, 55.3, 53.7, 49.8, 44.6, 38.8,
36.6, 29.8, 29.6, 29.0, 25.6, 24.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CasHsN4O4Fs 751.3658; Found 751.3660. Optical rotation [a]®p —22.4 (¢ 3.12,

CHCLy).

N*-((2S,3R)-3-Hydroxy-4-((2-(3-

methoxyphenyl)propan-2-yl) amino)-1-phenylbutan-

Ao 2-yl)-N* N*-diisobutyl-5-(piperidin-1-
/5\f yl)isophthalamide ((S,R)-2f). The title compound was
Ol 0 obtained from rac-11 (51 mg, 0.13 mmol, 1.0 eq),
AN benzoic acid 15f (46 mg, 0.13 mmol, 1.0 eq), HBTU (48
m mg, 0.13 mmol, 1.0 eq) and TEA (71 pL, 0.51 mmol, 4.0

m eq) by following general procedure D. Purification by
& column chromatography on silica gel using 1% MeOH in
O

EtOAc afforded rac-2f as a white solid (58 mg, 68%
yield). Enantiomerically pure material (S,R)-2f (28 mg, 33% yield) was obtained
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by preparative HPLC on chiral stationary phase (Chiralpak-1D), using 85%
EtOACc/15% CHCI3/0.1% DEA as a mobile phase (flow rate 30 mL/min, detector
UV 254 nm).

'H-NMR (400 MHz, CDCls) &: 7.25-7.13 (m, 7H, Ar-H, NH), 7.03-6.99 (m, 2H,
Ar-H), 6.93-6.88 (m, 1H, Ar-H), 6.85-6.80 (m, 1H, Ar-H), 6.75 (dd, J = 8.2, 24
Hz, 1H, Ar-H), 6.51 (d, J = 8.8 Hz, 1H, Ar-H), 4.90-4.74 (m, 2H, NH, OH),
4.41-4.29 (m, 1H, CH), 3.78 (s, 3H, OCHj3), 3.60-3.52 (m, 1H, CH), 3.41-3.28
(m, 2H, NCH,), 3.22-3.13 (m, 4H, NCH,%2), 3.07-2.92 (m, 4H, NCH,, CH,),
2.52-2.45 (m, 2H, CH,), 2.15-2.04 (m, 1H, CH), 1.91-1.78 (m, 1H, CH), 1.72-
1.65 (m, 4H, CH,x2), 1.63-1.57 (m, 2H, CH,), 1.47 (s, 3H, CH3), 1.46 (s, 3H,
CHj3), 0.98 (d, J = 6.6 Hz, 6H, CH;x2), 0.73 (d, J = 6.6 Hz, 6H, CH3x2) ppm.
BC-NMR (101 MHz, CDCl,) &: 172.2, 168.0, 159.9, 152.2, 138.7, 137.7, 135.5,
129.6, 128.7, 126.7, 118.4, 117.2, 115.4, 114.6, 112.4, 112.2, 70.5, 57.2, 55.4,
53.3, 50.1, 45.2, 36.5, 28.9, 28.4, 25.7, 24.3, 20.4, 20.0 ppm. HRMS-ESI (m/z):
[M+H]" Calcd for C,HsoN4O, 671.4536; Found 671.4534. Optical rotation
[0]®p —21.6 (c 2.11, CHCIy).

o N*-((2S,3R)-3-Hydroxy-4-((2-(3-
Nap© methoxyphenyl)propan-2-yl)amino)-1-
/@ phenylbutan-2-yl)-N3-(2-methoxy-2-methylpropyl)-

O‘ I ° 5-(piperidin-1-yl)isophthalamide ((S,R)-3a. The title

HO

m compound was obtained from (R,S)-11 (30 mg, 0.075
mmol, 1.0 eq), benzoic acid 15¢g (25 mg, 0.075 mmol,

™ 1.0 eq), HBTU (28 mg, 0.075 mmol, 1.0 eq) and TEA

_ (42 pL, 0.30 mmol, 4.0 eq) by following general

©  procedure D. Purification by column chromatography

on amino-functionalized silica gel using gradient elution from 50% EtOAc in

petroleum ether to 100% EtOAc afforded (S,R)-3a as a white solid (30 mg, 62%
yield).

'H-NMR (400 MHz, CDCls) &: 7.47 (dd, J = 2.6, 1.4 Hz, 1H, NH), 7.34-7.27

(m, 4H, Ar-H, NH), 7.25-7.19 (m, 4H, Ar-H), 7.06-6.99 (m, 2H, Ar-H), 6.76

(ddd, J = 8.2, 2.6, 0.9 Hz, 1H, Ar-H), 6.72-6.65 (m, 1H, Ar-H), 6.55-6.49 (m,

1H, Ar-H), 4.43-4.34 (m, 1H, CH), 3.80 (s, 3H, OCHy), 3.57-3.47 (m, 3H, CH,

NCH,), 3.25 (s, 3H, OCH3), 3.25-3.21 (m, 4H, NCH,x2), 3.02 (d, J = 6.6 Hz,

2H, CHy), 2.49 (d, J = 4.3 Hz, 2H, CH,), 1.75-1.67 (m, 4H, CH,x2), 1.66-1.60

(m, 2H, CH,), 1.50 (s, 6H, CH5x2), 1.24 (s, 6H, CH5x2) ppm. *C-NMR (101

201



MHz, CDCly) 3: 167.8, 167.6, 159.7, 152.4, 149.0, 137.9, 136.1, 135.8, 129.5,
129.3, 128.7, 126.7, 118.5, 117.6, 117.1, 114.4, 112.4, 111.4, 74.6, 70.9, 55.8,
55.3, 53.8, 50.1, 49.6, 48.4, 44.5, 36.7, 30.1, 29.1, 25.7, 24.3, 22.6 ppm. HRMS-
ESI (m/z): [M+H]" Calcd for CssHs3N4Os 645.4016; Found 645.4012. Optical
rotation [o]*°p —39.3 (¢ 2.03, CHCIy).

N*-(Cyclopropylmethyl)-N*-((2S,3R)-3-hydroxy-4-((2-
(3-methoxyphenyl)propan-2-yl)amino)-1-

phenylbutan-2-yl)-5-(piperidin-1-yl)isophthalamide

/5\%) ((S,R)-3b). The title compound was obtained from rac-11
O " (50 mg, 0.12 mmol, 1.0 eq), benzoic acid 15h (38 mg,
0.12 mmol, 1.0 eq), HBTU (47 mg, 0.12 mmol, 1.0 eq)

He HN and TEA (70 pL, 0.50 mmol, 4.0 eq) by following

general procedure D. Purification by column
o chromatography on silica gel using gradient elution from
50% EtOAc in petroleum ether to 100% EtOAc,
followed by 5% MeOH in EtOAc afforded rac-3b as a white solid (48 mg, 63%
yield). Enantiomerically pure material (S,R)-3b (17 mg, 22% yield) was obtained
by semi-preparative HPLC on chiral stationary phase (Chiralpak-1C), using 40%
EtOAc/60% CHCI;/0.1% DEA as a mobile phase (flow rate 2.0 mL/min,
detector UV 254 nm).
'H-NMR (400 MHz, CDCls) &: 7.46 (dd, J = 2.6, 1.4 Hz, 1H, NH), 7.29-7.26
(m, 1H, NH), 7.25-7.15 (m, 7H, Ar-H), 7.03-6.96 (m, 2H, Ar-H), 6.80-6.70 (m,
2H, Ar-H), 6.49-6.40 (m, 1H, Ar-H), 4.40-4.31 (m, 1H, CH), 3.77 (s, 3H,
OCHjy), 3.54-3.50 (m, 1H, CH), 3.28 (ddd, J = 7.2, 5.4, 1.9 Hz, 2H, NCH,),
3.22-3.16 (m, 4H, NCH,x2), 2.97 (d, J = 6.7 Hz, 2H, CH,), 2.49-2.40 (m, 2H,
CH,), 1.71-1.64 (m, 4H, CH,x2), 1.63-1.55 (m, 2H, CH,), 1.48 (s, 3H, CHy),
1.47 (s, 3H, CHz3), 0.93-0.80 (m, 1H, CH), 0.60-0.50 (m, 2H, CH,), 0.31-0.21
(m, 2H, CH,) ppm. *C-NMR (101 MHz, CDCl5) &: 168.0, 167.3, 159.8, 152.4,
137.9, 136.1, 135.6, 129.6, 129.4, 128.7, 126.7, 118.5, 117.9, 116.9, 114.4,
112.4, 111.9, 70.7, 55.4, 53.8, 50.0, 45.2, 44.7, 36.7, 29.8, 28.5, 25.7, 24.3, 10.9,
3.8 ppm. HRMS-ESI (m/z): [M+H]" Calcd for Cs;H4N404 613.3754; Found
613.3769. Optical rotation [0]*°5 —40.3 (¢ 1.32, CHCI;).
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N'-((2S,3R)-3-Hydroxy-4-((2-(3-
methoxyphenyl)propan-2-yl)amino)-1-

HO L~ N_0
phenylbutan-2-yl)-N*-(3-hydroxypropyl)-5-
N/é\fo (piperidin-1-yDhisophthalamide ((S,R)-3c). The
Q HN title compound was obtained from (R,S)-11 (32 mg,
m 0.080 mmol, 1.0 eq), benzoic acid 15i (24 mg,
HN 0.080 mmol, 1.0 eq), HBTU (30 mg, 0.080 mmol,
& 1.0 eq) and TEA (44 pL, 0.32 mmol, 4.0 eq) by
o following general procedure D. Purification by
column chromatography on amino-functionalized silica gel using gradient
elution from 100% EtOAc to 2% MeOH in EtOAc afforded (S,R)-3c as a white
solid (37 mg, 75% yield).
'H-NMR (400 MHz, CDCls) &: 7.46 (dd, J = 2.6, 1.4 Hz, 1H, NH), 7.28-7.26
(m, 1H, NH), 7.25-7.14 (m, 7H, Ar-H), 7.05-6.88 (m, 4H, Ar-H), 6.77-6.71 (m,
1H, Ar-H), 4.40-4.30 (m, 1H, CH), 3.77 (s, 3H, OCHj3), 3.68 (t, J = 5.5 Hz, 2H,
OCH,), 3.62-3.49 (m, 3H, NCH,, CH), 3.22-3.15 (m, 4H, NCH,%2), 2.93 (dd, J
= 6.8, 3.9 Hz, 2H, CH,), 2.54-2.41 (m, 2H, CH,), 1.76 (quintet, J = 5.7 Hz, 2H,
CH,), 1.71-1.63 (m, 4H, CH,x2), 1.62-1.56 (m, 2H, CH,), 1.47 (s, 3H, CHy),
1.45 (s, 3H, CH3) ppm. *C-NMR (101 MHz, CDCl5) &: 168.3, 168.1, 159.7,
152.4, 148.8, 138.0, 135.9, 135.4, 129.5, 129.4, 128.7, 126.7, 118.5, 117.6,
117.0, 114.2, 112.5, 111.6, 70.7, 59.8, 55.9, 55.4, 54.2, 49.9, 44.5, 37.3, 36.8,
32.2, 30.4, 28.7, 25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CasHusN4Os 617.3703; Found 617.3705. Optical rotation [a]”p —45.9 (¢ 2.51,
CHCLy).

fF N*-((2S,3R)-3-Hydroxy-4-((2-(3-
methoxyphenyl)propan-2-yl)amino)-1-

HN. 0 phenylbutan-2-yl)-5-(piperidin-1-y1)-N3-(3,3,3-
trifluoropropyl)isophthalamide ((S,R)-3d). The title

y o compound was obtained from rac-11 (50 mg, 0.12
O HN mmol, 1.0 eq), benzoic acid 15j (42 mg, 0.12 mmol,

Hom 1.0 eq), HBTU (47 mg, 0.12 mmol, 1.0 eq) and TEA
(70 pL, 0.50 mmol, 4.0 eq) by following general

HN
& procedure D. Purification by column chromatography
o~ onsilica gel using gradient elution from 100% EtOAc
to 2% MeOH in EtOAc afforded rac-3d as a colorless
sticky oil (60 mg, 73% vyield). Enantiomerically pure material (S,R)-3d (21 mg,
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26% vyield) was obtained by semi-preparative HPLC on chiral stationary phase
(Chiralpak-1C), using 40% EtOAc/60% CHCI3/0.1% DEA as a mobile phase
(flow rate 2.5 mL/min, detector UV 254 nm).

'H-NMR (400 MHz, CDCly) &: 7.47-7.42 (m, 1H, NH), 7.30-7.26 (m, 1H, NH),
7.25-7.13 (m, 7H, Ar-H), 7.03-6.96 (m, 1H, Ar-H), 6.92-6.82 (m, 1H, Ar-H),
6.73 (ddd, J = 8.2, 2.5, 0.9 Hz, 1H, Ar-H), 6.70-6.54 (m, 2H, Ar-H), 4.40-4.30
(m, 1H, CH), 3.80-3.77 (m, 3H, OCHj3), 3.70-3.63 (m, 2H, NCH,), 3.58-3.48 (m,
1H, CH), 3.25-3.17 (m, 4H, NCH;x2), 2.98-2.92 (m, 2H, CH,), 2.52-2.39 (m,
4H, CH,x2), 1.72-1.64 (m, 4H, CH,x2), 1.63-1.57 (m, 2H, CH,), 1.49-1.45 (m,
4H, CHj), 1.39 (d, J = 5.5 Hz, 2H, CH;) ppm. *C-NMR (101 MHz, CDCly) &:
168.0, 167.5, 159.7, 152.4, 137.8, 135.9, 135.3, 129.5, 129.4, 128.7, 126.8,
1185, 117.5, 117.1, 114.2, 112.5, 111.9, 70.7, 56.3, 55.4, 53.8, 49.9, 44.6, 36.7,
33.9, 33.6, 30.1, 28.5, 25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CasHasN4O4F; 655.3471; Found 655.3477. Optical rotation [a]®, —31.8 (c 0.33,
CHCLy).

o N'-(2-Hydroxy-2-methylpropyl)-N*-((2S,3R)-3-
Np© hydroxy-4-((2-(3-methoxyphenyl)propan-2-
/5\% yl)amino)-1-phenylbutan-2-yl)-5-(piperidin-1-

Ol HNO yDisophthalamide ((S,R)-3e). The title compound

m was obtained from (R,S)-11 (32 mg, 0.080 mmol, 1.0
eq), benzoic acid 15k (26 mg, 0.080 mmol, 1.0 eq),

e HBTU (30 mg, 0.080 mmol, 1.0 eq) and TEA (44 pL,
& 0.32 mmol, 4.0 eq) by following general procedure D.
o”  Purification by column chromatography on amino-
functionalized silica gel using gradient elution from 50% EtOAc in petroleum
ether to 100% EtOAc afforded (S,R)-3e as a white solid (30 mg, 60% yield).
'H-NMR (400 MHz, CDCls) &: 7.43 (dd, J = 2.6, 1.4 Hz, 1H, NH), 7.31-7.28
(m, 1H, NH), 7.24-7.12 (m, 8H, Ar-H), 7.00-6.91 (m, 3H, Ar-H), 6.73 (ddd, J =
8.2, 2.5, 1.0 Hz, 1H, Ar-H), 4.39-4.30 (m, 1H, CH), 3.76 (s, 3H, OCHj3), 3.57-
3.50 (m, 1H, CH), 3.49-3.38 (m, 2H, NCH,), 3.19-3.12 (m, 4H, NCH,x2), 2.99-
2.83 (m, 2H, CH,), 2.54-2.40 (m, 2H, CH,), 1.69-1.61 (m, 4H, CH,x2), 1.61-
1.54 (m, 2H, CH,), 1.46 (s, 3H, CHs), 1.44 (s, 3H, CHs), 1.26 (s, 6H, CH3x2)
ppm. ®*C-NMR (101 MHz, CDCls) &: 168.5, 168.1, 159.7, 152.3, 148.8, 138.0,
135.9, 135.6, 129.4, 129.3, 128.7, 126.6, 118.5, 117.7, 117.1, 114.4, 112.5,
111.6, 71.2, 70.6, 55.9, 55.4, 54.4, 51.1, 49.9, 44.5, 36.7, 30.3, 28.8, 27.6, 27.5,

HO
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25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for CyHsiN.Os 631.3859;
Found 631.3856. Optical rotation [a]*, —46.9 (¢ 2.20, CHCIs).

H N*-((2S,3R)-3-Hydroxy-4-((2-(3-
SO methoxyphenyl)propan-2-yl)amino)-1-
/5\%0 phenylbutan-2-yl)-N*-(2-methoxyethyl)-5-
O‘ o (piperidin-1-yDisophthalamide ((S,R)-3f). The title

m compound was obtained from (R,S)-11 (35 mg, 0.087
"o mmol, 1.0 eq), benzoic acid 151 (27 mg, 0.087 mmol,

HN
1.0 eq), HBTU (33 mg, 0.087 mmol, 1.0 eq) and TEA
o (49 uL, 0.35 mmol, 4.0 eq) by following general
procedure D. Purification by column chromatography
on amino-functionalized silica gel using gradient elution from 25% EtOAc in
petroleum ether to 100% EtOAc afforded (S,R)-3f as a colorless sticky oil (36
mg, 67% yield).
'H-NMR (400 MHz, CDCl3) &: 7.46-7.43 (m, 1H, NH), 7.30-7.27 (m, 1H, NH),
7.25-7.16 (m, 7H, Ar-H), 7.02-6.97 (m, 2H, Ar-H), 6.77-6.71 (m, 1H, Ar-H),
6.67-6.56 (m, 2H, Ar-H), 4.40-4.30 (m, 1H, CH), 3.77 (s, 3H, OCHy), 3.67-3.60
(m, 2H, OCH,), 3.58-3.48 (m, 3H, NH,, CH), 3.37 (s, 3H, OCHj), 3.22-3.17 (m,
4H, NCH,x2), 3.06-2.79 (m, 4H, CH,, NH, OH), 2.46 (d, J = 4.2 Hz, 2H, CH,),
1.72-1.64 (m, 4H, CH,x2), 1.63-1.56 (m, 2H, CH,), 1.48 (s, 3H, CH3), 1.48 (s,
3H, CH3) ppm. ®C-NMR (101 MHz, CDCl;) &: 167.9, 167.4, 159.7, 152.4,
137.9, 135.9, 135.8, 129.6, 129.3, 128.7, 126.7, 118.5, 117.7, 117.1, 114.4,
112.4,111.6, 71.3, 70.8, 59.0, 56.0, 55.3, 53.8, 50.0, 44.6, 40.0, 36.7, 30.2, 28.9,
25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for CzsHiN,Os 617.3703;
Found 617.3708. Optical rotation [a]*° —36.3 (¢ 2.39, CHCl5).

N'-(2-(Dimethylamino)ethyl)-N*-((2S,3R)-3-hydroxy-

T/\/ ° 4-((2-(3-methoxyphenyl)propan-2-yl)amino)-1-
phenylbutan-2-yl)-5-(piperidin-1-yl)isophthalamide

/6(0 ((S,R)-3g). The title compound was obtained from

(R,S)-11 (30 mg, 0.075 mmol, 1.0 eq), benzoic acid

m 15m (24 mg, 0.075 mmol, 1.0 eq), HBTU (28 mg,
e 0.075 mmol, 1.0 eq) and TEA (42 pL, 0.30 mmol, 4.0
5\ eq) by following general procedure D. Purification by
o”  column chromatography on amino-functionalized silica
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gel using gradient elution from 100% EtOAc to 10% MeOH in EtOAc afforded
(S,R)-3qg as a yellowish sticky oil (27 mg, 57% yield).

'H-NMR (400 MHz, CDCly) &: 7.51-7.44 (m, 1H, NH), 7.38-7.30 (m, 1H, NH),
7.29-7.26 (m, 1H, Ar-H), 7.25-7.13 (m, 6H, Ar-H), 7.02-6.95 (m, 2H, Ar-H)
6.89-6.83 (m, 1H, Ar-H), 6.81-6.76 (m, 1H, Ar-H), 6.75-6.70 (m, 1H, Ar-H),
4.40-4.31 (m, 1H, CH), 3.77 (s, 3H, OCH,;), 3.55-3.47 (m, 3H, NCH,, CH),
3.26-3.17 (m, 4H NCH;x2), 3.08-2.67 (m, 4H, CH,, NH, OH), 2.51 (t, J = 6.0
Hz, 2H, NCH,), 2.46 (d, J = 4.3 Hz, 2H, CH,), 2.26 (s, 6H, NCH3x2), 1.71-1.64
(m, 4H, CH,x2), 1.62-1.55 (m, 2H, CH,), 1.49-1.43 (m, 6H, CH;x2) ppm. **C-
NMR (101 MHz, CDCl3) ¢: 167.8, 167.5, 159.7, 152.3, 149.0, 138.0, 136.0,
135.7,129.5, 129.3, 128.7, 126.7, 118.5, 117.8, 117.1, 114.5, 112.4, 111.5, 70.9,
58.0, 55.8, 55.3, 53.9, 50.1, 45.3, 44.6, 37.5, 36.7, 30.2, 29.0, 25.7, 24.3 ppm.
HRMS-ESI (m/z): [M+H]" Calcd for Cs;Hs;NsO, 630.4019; Found 630.4048.
Optical rotation [0]*° —39.2 (¢ 1.97, CHCIs).

SR o N-((2S,3R)-3-Hydroxy-4-((2-(3-
methoxyphenyl)propan-2-yl)amino)-1-

. o phenylbutan-2-yl)-N*-neopentyl-5-(piperidin-1-
O HN yl)isophthalamide ((S,R)-3h). The title compound

Hom was obtained from rac-11 (60 mg, 0.15 mmol, 1.0 eq),
HN benzoic acid 15n (52 mg, 0.16 mmol, 1.1 eq), HBTU
5\0/

(57 mg, 0.15 mmol, 1.0 eq) and TEA (83 uL, 0.60

mmol, 4.0 eq) by following general procedure D.
Purification by column chromatography on silica gel using gradient elution from
100% EtOAc to 10% MeOH in EtOAc afforded rac-3h as a light yellowish solid
(66 mg, 70% yield). Enantiomerically pure material (S,R)-3h (31 mg, 33% yield)
was obtained by preparative HPLC on chiral stationary phase (Chiralpak-1D),
using 85% EtOAc/15% CHCI3/0.1% DEA as a mobile phase (flow rate 20
mL/min, detector UV 254 nm).
'H-NMR (400 MHz, CDCly) &: 7.47 (dd, J = 2.6, 1.4 Hz, 1H, NH), 7.32-7.30
(m, 1H, NH), 7.24-7.16 (m, 7H, Ar-H), 7.04-6.98 (m, 2H, Ar-H), 6.84 (d, J = 8.6
Hz, 1H, Ar-H), 6.79-6.73 (m, 1H, Ar-H), 6.52-6.46 (m, 1H, Ar-H), 5.26-5.04
(m, 2H, NH, OH), 4.39-4.30 (m, 1H, CH), 3.76 (s, 3H, OCHj3), 3.73-3.67 (m,
1H, CH), 3.24 (d, J = 6.4 Hz, 2H, NCH,), 3.21-3.17 (m, 4H, NCH;,x2), 3.06-
2.92 (m, 2H, CH,), 2.61-2.46 (m, 2H, CH,), 1.71-1.63 (m, 4H, CH,x2), 1.62-
1.53 (m, 8H, CH,, CH5x2), 0.96 (s, 9H, CHzx3) ppm. *C-NMR (101 MHz,
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CDCls) &: 168.0, 167.7, 159.9, 152.4, 137.8, 136.3, 135.4, 129.7, 129.6, 128.7,
126.7, 118.3, 117.9, 117.0, 114.3, 112.4, 70.2, 57.8, 55.4, 53.6, 51.2, 50.0, 45.4,
36.3, 32.5, 28.7, 27.7, 27.5, 25.7, 24.3 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CasHs3N4O, 629.4067; Found 629.4067. Optical rotation [a]®, —40.6 (c 0.59,
CHClIs).

N, N®-(1-Hydroxy-2-methylpropan-2-yl)-N*-((2S,3R)-

Ho 1 3-hydroxy-4-((2-(3-methoxyphenyl)propan-2-

o yl)amino)-1-phenylbutan-2-yl)-5-(piperidin-1-

O N yl)isophthalamide ((S,R)-3i). The title compound was

obtained from (R,S)-11 (30 mg, 0.075 mmol, 1.0 eq),

N benzoic acid 150 (24 mg, 0.075 mmol, 1.0 eq), HBTU

& (28 mg, 0.075 mmol, 1.0 eq) and TEA (42 uL, 0.30

o mmol, 4.0 eq) by following general procedure D.

Purification by column chromatography on amino-

functionalized silica gel using gradient elution from 50% EtOAc in petroleum
ether to 100% EtOAc afforded (S,R)-3i as a white solid (27 mg, 57% yield).

'H-NMR (400 MHz, CDCl3) 8: 7.37 (dd, J = 2.7, 1.4 Hz, 1H, NH), 7.28-7.26

(m, 1H, NH), 7.25-7.10 (m, 7H, Ar-H), 7.09-7.01 (m, 1H, Ar-H), 7.00-6.94 (m,

2H, Ar-H), 6.73 (ddt, J = 8.1, 2.3, 1.1 Hz, 1H, Ar-H), 6.42-6.35 (m, 1H, Ar-H),

4.39-4.30 (m, 1H, CH), 3.76 (s, 3H, OCHg), 3.67 (d, J = 1.2 Hz, 2H, OCHy,),

3.57-3.52 (m, 1H, CH), 3.23-3.13 (m, 4H, NCH,x2), 3.02-2.85 (m, 2H, CH,),

2.54-2.41 (m, 2H, CH,), 1.70-1.63 (m, 4H, CH,x2), 1.62-1.53 (m, 2H, CH,),

1.46 (s, 3H, CH3), 1.45 (s, 3H, CHs), 1.40 (s, 6H, CH;x2) ppm. *C-NMR (101

MHz, CDCl;) &: 168.4, 167.9, 159.7, 152.3, 148.8, 137.9, 136.2, 135.8, 129.5,

129.4, 128.7, 126.7, 118.5, 117.5, 117.0, 114.4, 112.5, 111.4, 70.7, 70.6, 56.7,

55.9, 55.3, 54.3, 50.0, 44.5, 36.7, 30.3, 28.9, 25.7, 24.7, 24.2 ppm. HRMS-ESI

(m/z): [M+H]" Calcd for CsHsN4Os631.3859; Found 631.3839. Optical

rotation o], —41.2 (¢ 2.00, CHCIs).

HO
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H N*-((2S,3R)-3-Hydroxy-4-((2-(3-
HO 0 methoxyphenyl)propan-2-yl)amino)-1-
/@O phenylbutan-2-yl)-N*-(2-hydroxyethyl)-5-
(piperidin-1-yDisophthalamide ((S,R)-3j). The title
m compound was obtained from (R,S)-11 (32 mg, 0.080
" mmol, 1.0 eq), benzoic acid 15p (23 mg, 0.080 mmol,
1.0 eq), HBTU (30 mg, 0.080 mmol, 1.0 eq) and TEA
&o/ (44 pL, 0.32 mmol, _4.0 eq) by following general
procedure D. Purification by column chromatography
on amino-functionalized silica gel using gradient elution from 100% EtOAc to
2% MeOH in EtOAc afforded (S,R)-3j as a white solid (37 mg, 77% vyield).
'H-NMR (400 MHz, CDCl3) 3: 7.40-7.31 (m, 2H, NHx2), 7.25-7.08 (m, 9H, Ar-
H), 7.02-6.95 (m, 2H, Ar-H), 6.74 (ddd, J = 8.2, 2.5, 1.1 Hz, 1H, Ar-H), 4.39-
4.30 (m, 1H, CH), 3.80 (t, J = 4.9 Hz, 2H, OCH,), 3.76 (s, 3H, OCH3), 3.62-3.53
(m, 3H, CH, NCH,), 3.22-3.10 (m, 4H, NCH,x2), 3.00-2.81 (m, 2H, CH,), 2.56-
2.41 (m, 2H, CH,), 1.68-1.61 (m, 4H, CH,x2), 1.60-1.53 (m, 2H, CH,), 1.46 (s,
3H, CHj), 1.43 (s, 3H, CH3) ppm. *C-NMR (101 MHz, CDCls) 8: 168.5, 168.3,
159.7, 152.2, 148.7, 138.0, 135.8, 135.4, 129.4, 128.7, 126.6, 118.5, 117.6,
117.0, 114.4, 1125, 111.6, 70.7, 62.2, 55.9, 55.4, 54.6, 49.9, 44.6, 43.2, 36.6,
30.3, 28.6, 257, 243 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CssH47N4Os 603.3546; Found 603.3544. Optical rotation [a]®, —49.7 (c 2.85,
CHCly).

N*-Benzyl-N*-((2S,3R)-3-hydroxy-4-((2-(3-

@ methoxyphenyl) propan-2-yl)amino)-1-
w0 phenylbutan-2-yl)-5-(piperidin-1-
yl)isophthalamide ((S,R)-3k). The title compound

/5\?() was obtained from rac-11 (50 mg, 0.12 mmol, 1.0
O i eq), benzoic acid 15q (42 mg, 0.12 mmol, 1.0 eq),

J:\@ HBTU (47 mg, 0.12 mmol, 1.0 eq) and TEA (70 L,
"o HIV 0.50 mmol, 4.0 eq) by following general procedure
D. Purification by column chromatography on silica

& _ el using gradient elution from 100% EtOAc to 3%

®  MeOH in EtOAc afforded rac-3k as a yellowish

sticky oil (60 mg, 74% vyield). Enantiomerically pure material (S,R)-3k (18 mg,
22% yield) was obtained by semi-preparative HPLC on chiral stationary phase
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(Chiralpak-1C), using 40% EtOAc/60% CHCI3/0.1% DEA as a mobile phase
(flow rate 3.0 mL/min, detector UV 254 nm).

'H-NMR (400 MHz, CDCls) 8: 7.51 (dd, J = 1.9 Hz, 1H, NH), 7.37-7.27 (m, 6H,
NH, Ar-H), 7.23-7.10 (m, 7H, Ar-H), 7.02-6.95 (m, 2H, Ar-H), 6.86-6.75 (m,
2H, Ar-H), 6.73-6.68 (m, 1H, Ar-H), 4.61 (d, J = 5.8 Hz, 2H, NCH,), 4.41-4.27
(m, 1H, CH), 3.75 (s, 3H, OCHj3), 3.59-3.53 (m, 1H, CH), 3.21-3.16 (m, 4H,
NCH;x2), 2.99-2.89 (m, 2H, CH,), 2.55-2.40 (m, 2H, CH,), 1.70-1.62 (m, 4H,
CH,x2), 1.62-1.56 (m, 2H, CH,), 1.50 (s, 3H, CH3), 1.49 (s, 3H, CHs) ppm. 3c-
NMR (101 MHz, CDClj) 6: 168.2, 167.2, 159.8, 152.3, 138.5, 137.8, 135.6,
131.0, 129.6, 129.5, 128.8, 128.7, 128.1, 127.6, 126.7, 118.4, 118.0, 117.2,
114.3, 112.5, 55.4, 53.8, 49.9, 44.2, 38.9, 36.4, 29.8, 29.1, 25.7, 24.3 ppm.
HRMS-ESI (m/z): [M+H]" Calcd for C,H4N,O, 649.3754; Found 649.3755.
Optical rotation [a]*°p —35.3 (¢ 1.20, CHCIs).

>L H N®-(2-(tert-Butoxy)ethyl)-N3-((2S,3R)-3-hydroxy-
0O 4-((2-(3-methoxyphenyl)propan-2-yl)amino)-1-
/5\% phenylbutan-2-yl)-5-(piperidin-1-

O y ° ylisophthalamide ((S,R)-3l). The title compound

m was obtained from (R,S)-11 (35 mg, 0.087 mmol, 1.0
eq), benzoic acid 15r (30 mg, 0.087 mmol, 1.0 eq),

" HBTU (33 mg, 0.087 mmol, 1.0 eq) and TEA (49
P pL, 0.35 mmol, 4.0 eq) by following general
©  procedure D. Purification by column
chromatography on amino-functionalized silica gel using gradient elution from
15% EtOAc in petroleum ether to 100% EtOAc afforded (S,R)-3l as a colorless
sticky oil (33 mg, 57% yield).
'H-NMR (400 MHz, CDCls) &: 7.44-7.40 (m, 1H, NH), 7.30-7.27 (m, 1H, NH),
7.26-7.17 (m, 7H, Ar-H), 7.02-6.96 (m, 2H, Ar-H), 6.76-6.70 (m, 1H, Ar-H),
6.68-6.57 (m, 2H, Ar-H), 4.39-4.31 (m, 1H, CH), 3.77 (s, 3H, OCHy), 3.62-3.45
(m, 6H, OCH,, NCH,, CH, NH), 3.25-3.15 (m, 4H, NCH,x2), 3.06-2.92 (m, 3H,
CH,, OH), 2.49-2.43 (m, 2H, CH,), 1.71-1.64 (m, 4H, CH,x2), 1.63-1.57 (m,
2H, CH,), 1.48 (s, 6H, CH5x2), 1.21-1.18 (m, 9H, CH5x3) ppm. *C-NMR (101
MHz, CDCly) 6: 167.8, 167.4, 159.7, 152.3, 148.8, 137.9, 136.1, 135.8, 129.6,
129.3, 128.7, 126.7, 118.5, 117.4, 117.0, 114.4, 112.4, 111.6, 73.4, 70.8, 60.6,
55.9, 55.3, 53.7, 50.0, 44.5, 40.8, 36.7, 30.1, 29.0, 27.7, 25.7, 24.3 ppm. HRMS-
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ESI (m/z): [M+H]" Calcd for CsoHssN4Os 659.4172; Found 659.4191. Optical
rotation [o]*°p —34.6 (c 2.31, CHCIy).

N’-(Cyclohexylmethyl)-N*-((2S,3R)-3-hydroxy-4-

@H o ((2-(3-methoxyphenyl)propan-2-yl)amino)-1-
phenylbutan-2-yl)-5-(piperidin-1-

/5\%) yDisophthalamide ((S,R)-3m). The title compound

O‘ ! was obtained from (R,S)-11 (25 mg, 0.062 mmol, 1.0

m eq), benzoic acid 15s (24 mg, 0.069 mmol, 1.1 eq),
HBTU (24 mg, 0.062 mmol, 1.0 eq) and TEA (35 pL,

HN
0.25 mmol, 4.0 eq) by following general procedure D.
> Purification by column chromatography on silica gel
using 1% MeOH in EtOAc afforded (S,R)-3m as a
white solid (28 mg, 69% yield).
'H-NMR (400 MHz, CDCl3) 8: 7.45 (dd, J = 2.5, 1.4 Hz, 1H, NH), 7.29-7.26
(m, 1H, NH), 7.25-7.15 (m, 7H, Ar-H), 7.03-6.97 (m, 2H, Ar-H), 6.76-6.68 (m,
2H, Ar-H), 6.32 (d, J = 6.3 Hz, 1H, Ar-H), 4.40-4.30 (m, 1H, CH), 3.77 (s, 3H,
OCHjy), 3.54-3.48 (m, 1H, CH), 3.30-3.23 (m, 2H, NCH,), 3.22-3.16 (m, 4H,
NCH,x2), 3.03-2.91 (m, 2H, CH,), 2.46 (d, J = 4.3 Hz, 2H, CH,), 1.80-1.71 (m,
4H, CH,x2), 1.70-1.63 (m, 5H, CH,x2, CH), 1.62-1.54 (m, 3H, CH,, OH), 1.47
(s, 3H, CHy), 1.47 (s, 3H, CH3), 1.32-1.08 (m, 4H, CH,x2), 1.04-0.91 (m, 2H,
CH,) ppm. *C-NMR (101 MHz, CDCl;) &: 168.0, 167.4, 159.7, 152.4, 137.9,
136.2, 135.8, 129.6, 129.3, 128.7, 126.7, 118.5, 117.7, 116.8, 114.2, 112.4,
111.6, 70.8, 55.9, 55.4, 53.9, 50.0, 46.5, 44.5, 38.8, 38.2, 36.7, 31.1, 30.3, 28.8,
26.5, 26.0, 25.7, 243 ppm. HRMS-ESI (m/z): [M+H]® Calcd for
CuoHssN4O, 655.4223; Found 655.4229. Optical rotation [a], —33.2 (c 2.00,
CHCly).
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N'-((2S,3R)-3-Hydroxy-4-((2-(3-
/j methoxyphenyl)propan-2-yl)amino)-1-phenylbutan-
2-yl)-5-methyl-N® N*-dipropylisophthalamide ((S,R)-
4a). The title compound was obtained from rac-11 (50
N mg, 0.12 mmol, 1.0 eq), benzoic acid 17b (33 mg, 0.12
m mmol, 1.0 eq), HBTU (47 mg, 0.12 mmol, 1.0 eq) and
"o Y TEA (70 L, 0.50 mmol, 4.0 eq) by following general
& procedure D. Purification by column chromatography

o/

O

O

on silica gel using gradient elution from 100% EtOAc

to 2% MeOH in EtOAc afforded rac-4a as a colorless
sticky oil (50 mg, 70% yield). Enantiomerically pure material (S,R)-4a (17 mg,
24% yield) was obtained by semi-preparative HPLC on chiral stationary phase
(Chiralpak-1C), using 60% EtOAc/40% CHCI3/0.1% DEA as a mobile phase
(flow rate 2.5 mL/min, detector UV 270 nm).
'H-NMR (400 MHz, CDCls) &: 7.43-7.37 (m, 2H, NH, Ar-H), 7.29-7.26 (m, 5H,
Ar-H), 7.24-7.15 (m, 2H, Ar-H), 6.95-6.88 (m, 2H, Ar-H), 6.70 (ddd, J = 8.2,
2.6, 0.9 Hz, 1H, Ar-H), 6.52 (d, J = 9.0 Hz, 1H, Ar-H), 4.24-4.15 (m, 1H, CH),
3.75 (s, 3H, OCHg), 3.56 (dd, J = 9.9, 3.9 Hz, 1H, CH), 3.51-3.40 (m, 2H,
NCH,), 3.19-3.08 (m, 2H, NCH,), 3.06-2.91 (m, 2H, CH,), 2.45 (dd, J = 12.3,
4.0 Hz, 1H, CH (CHy)), 2.40 (s, 3H, Ar-CHy), 2.27 (dd, J = 12.2, 9.7 Hz, 1H,
CH (CHy,)), 1.75-1.65 (m, 2H, CH,), 1.57-1.47 (m, 2H, CH,), 1.42 (s, 3H, CH5),
1.40 (s, 3H, CHs), 1.04-0.95 (m, 3H, CH3), 0.79-0.68 (m, 3H, CH3) ppm. **C-
NMR (101 MHz, CDCly) &: 171.1, 167.4, 159.8, 148.7, 139.0, 137.9, 137.8,
134.9, 130.1, 129.5, 129.4, 128.7, 128.4, 126.7, 122.0, 118.5, 112.5, 111.5, 70.8,
56.0, 55.3, 53.9, 46.5, 44.5, 36.9, 30.0, 29.1, 22.0, 21.4, 20.9, 11.6, 11.2. ppm.
HRMS-ESI (m/z): [M+H]" Calcd for CssHsN3O4 574.3645; Found 574.3670.
Optical rotation [0]*°p —32.4 (c 1.02, CHCIs).
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N*-((2S,3R)-3-Hydroxy-4-((2-(3-

/j o methoxyphenyl)propan-2-yl)amino)-1-phenylbutan-

2-yl)-N* N*-dipropylisophthalamide ((S,R)-4b). The

5\%0 title compound was obtained from rac-11 (50 mg, 0.12

mmol, 1.0 eq), benzoic acid 17d (31 mg, 0.12 mmol,

1.0 eq), HBTU (47 mg, 0.12 mmol, 1.0 eq) and TEA

N (70 uL, 0.50 mmol, 4.0 eq) by following general

procedure D. Purification by column chromatography

o on silica gel using gradient elution from 100% EtOAc

to 2% MeOH in EtOAc afforded rac-4b as a colorless

sticky oil (45 mg, 64% vyield). Enantiomerically pure material (S,R)-4b (16 mg,

23% yield) was obtained by semi-preparative HPLC on chiral stationary phase

(Chiralpak-1C), using 40% EtOAc/60% CHCI3/0.1% DEA as a mobile phase
(flow rate 2.5 mL/min, detector UV 254 nm).

'H-NMR (400 MHz, CDCls) &: 7.67-7.62 (m, 1H, NH), 7.60-7.57 (m, 1H, Ar-

H), 7.46-7.37 (m, 2H, Ar-H), 7.26-7.15 (m, 6H, Ar-H), 7.05-6.99 (m, 2H, Ar-H),

6.85 (d, J = 8.6 Hz, 1H, Ar-H), 6.77 (ddd, J = 8.1, 2.3, 1.0 Hz, 1H, Ar-H), 4.46-

4.35 (m, 1H, CH), 3.78 (s, 3H, OCHjy), 3.60-3.54 (m, 1H, CH), 3.50-3.40 (m,

2H, NCH,), 3.16-3.07 (m, 2H, NCH,), 3.03-2.95 (m, 2H, CH,), 2.59-2.45 (m,

2H, CH,), 1.75-1.63 (m, 2H, CH,), 1.59-1.44 (m, 8H, CH,, CH3x2), 1.03-0.93

(m, 3H, CHjy), 0.77-0.69 (m, 3H, CH;) ppm. *C-NMR (75 MHz, CDCl;) &:

170.8, 167.4, 159.9, 137.9, 137.6, 134.6, 129.6, 129.5, 128.9, 128.8, 127.7,

126.8, 125.2, 118.4, 112.5, 70.5, 55.4, 53.6, 50.9, 46.6, 45.0, 36.7, 29.9, 28.5,

22.1, 209, 14.3, 11.6, 11.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd for

CasHsN30, 560.3488; Found 560.3507. Optical rotation [a]*p —24.1 (c 0.37,

CHCly).

5-Fluoro-N*-((2S,3R)-3-hydroxy-4-((2-(3-

/j o methoxyphenyl) propan-2-yl)amino)-1-phenylbutan-
2-y1)-N3 N®-dipropyl isophthalamide ((S,R)-4c). The

/éfo title compound was obtained from (R,S)-11 (19 mg,

] 0.047 mmol, 1.0 eq), benzoic acid 17e (15 mg, 0.057

HN
m mmol, 1.2 eq), HBTU (18 mg, 0.047 mmol, 1.0 eq) and
TEA (26 pL, 0.19 mmol, 4.0 eq) by following general

HN
% l procedure D. Purification by column chromatography
5 on silica gel using gradient elution from 50% EtOAc in
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petroleum ether to 100% EtOAc afforded (S,R)-4c as a brown solid (17 mg, 62%
yield).

'H-NMR (400 MHz, CDCl;) &: 7.40 (ddd, J = 9.0, 2.5, 1.5 Hz, 1H, NH), 7.33
(dd, J =15, 1.5 Hz, 1H, Ar-H), 7.25-7.10 (m, 8H, Ar-H), 7.01-6.97 (m, 2H, Ar-
H), 6.77-6.73 (m, 1H, Ar-H), 4.40-4.30 (m, 1H, CH), 3.78 (s, 3H, OCHj), 3.50
(dt, J = 6.4, 4.1 Hz, 1H, CH), 3.47-3.39 (m, 2H, NCH,), 3.14-3.05 (m, 2H,
NCH,), 2.95 (d, J = 6.8 Hz, 2H, CH,), 2.53-2.42 (m, 2H, CH,), 1.72-1.62 (m,
2H, CH,), 1.55-1.44 (m, 8H, CH,, CH3x2), 0.98 (t, J = 7.1 Hz, 3H, CHy), 0.74 (t,
J = 7.1 Hz, 3H, CHs) ppm. *C-NMR (101 MHz, CDCl5) &: 169.4 (d, J = 2.2
Hz), 165.8 (d, J = 2.3 Hz), 163.8, 161.3, 159.8, 148.7, 139.7 (d, J = 6.8 Hz),
137.8,137.5(d, J = 7.1 Hz), 129.4, 128.7, 126.7, 120.5, 118.4, 116.6 (d, J = 23.0
Hz), 115.2 (d, J = 22.7 Hz), 112.7, 111.2, 70.6, 55.9, 55.3, 54.4, 50.8, 46.7, 44.4,
36.9, 30.1, 29.1, 22.0, 20.8, 11.6, 11.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CasHasN3O4F 578.3394; Found 578.3397. Optical rotation [a]?, —32.8 (¢ 1.10,
CHCLy).

5-Chloro-N*-((2S,3R)-3-hydroxy-4-((2-(3-

/\i o methoxyphenyl) propan-2-yl)amino)-1-
phenylbutan-2-yl)-N° N*-dipropyl  isophthalamide

/5\%0 ((S,R)-4d). The title compound was obtained from rac-

“ 11 (50 mg, 0.12 mmol, 1.0 eq), benzoic acid 17f (35

HN
m mg, 0.12 mmol, 1.0 eq), HBTU (47 mg, 0.12 mmol, 1.0
eq) and TEA (70 uL, 0.50 mmol, 4.0 eq) by following

HN
general procedure D. Purification by column
o chromatography on silica gel using gradient elution
from 100% EtOAc to 3% MeOH in EtOAc afforded
rac-4d as a colorless sticky oil (34 mg, 46% vyield). Enantiomerically pure
material (S,R)-4d (12 mg, 16% yield) was obtained by preparative HPLC on
chiral stationary phase (Chiralpak-1D), using 80% EtOAc/20% hexanes/0.1%
DEA as a mobile phase (flow rate 15 mL/min, detector UV 270 nm).
'H-NMR (400 MHz, CDCl3) &: 7.66-7.63 (m, 1H, NH), 7.46-7.41 (m, 1H, Ar-
H), 7.40-7.35 (m, 1H, Ar-H), 7.28-7.26 (m, 1H, Ar-H), 7.24-7.15 (m, 6H, Ar-H),
7.01-6.96 (m, 2H, Ar-H), 6.78-6.73 (m, 1H, Ar-H), 4.42-4.31 (m, 1H, CH), 3.79
(s, 3H, OCHg), 3.52 (d, J = 5.6 Hz, 1H, CH), 3.48-3.38 (m, 2H, NCH,), 3.15-
3.04 (m, 2H, NCH,), 2.95 (d, J = 6.7 Hz, 2H, CH,), 2.71 (br s, 2H, NH, OH),
2.56-2.42 (m, 2H, CH,), 1.74-1.63 (m, 2H, CH,), 1.54-1.45 (m, 8H, CH,,
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CH;x2), 1.03-0.94 (m, 3H, CHs), 0.79-0.70 (m, 3H, CH;) ppm. *C-NMR (101
MHz, CDCl3) &: 169.4, 165.8, 159.8, 139.3, 137.8, 136.8, 135.1, 129.4, 128.7,
128.0, 126.8, 123.2, 118.4, 112.7, 111.4, 110.2, 70.6, 56.1, 55.3, 54.4, 50.9,
46.7, 445, 36.9, 30.0, 29.0, 22.1, 20.8, 11.6, 11.2 ppm. HRMS-ESI (m/z):
[M+H]" Calcd for CsyHsN3O,Cl 594,3099; Found 594,3101. Optical rotation
[a]®5 —42.1 (c 0.82, CHCIs).

N*-((2S,3R)-3-Hydroxy-4-((2-(3-

H methoxyphenyl)propan-2-yl)amino)-1-phenylbutan-
AN o 3813 Jg: .

2-yl)-N°,N°-dipropyl-5-(trifluoro

. o methyl)isophthalamide  ((S,R)-4e).  The title

F compound was obtained from rac-11 (50 mg, 0.12

;
HN@ mmol, 1.0 eq), benzoic acid 17h (47 mg, 0.15 mmol,
i) 1.2 eq), HBTU (47 mg, 0.12 mmol, 1.0 eq) and TEA
(70 pL, 0.50 mmol, 4.0 eq) by following general
5\0/ procedure D. Purification by column chromatography
on silica gel using gradient elution from 100% EtOAc
to 2% MeOH in EtOAc afforded rac-4e as a colorless sticky oil (30 mg, 38%
yield). Enantiomerically pure material (S,R)-4e (15 mg, 19% yield) was obtained
by preparative HPLC on chiral stationary phase (Chiralpak-1D), using 80%
EtOAC/20% hexanes/0.1% DEA as a mobile phase (flow rate 15 mL/min,
detector UV 270 nm).
'H-NMR (400 MHz, CDCl3) &: 7.91-7.87 (m, 1H, Ar-H), 7.79-7.74 (m, 1H, Ar-
H), 7.69-7.65 (m, 1H, Ar-H), 7.33-7.15 (m, 7H, NH, Ar-H), 7.03-6.95 (m, 2H,
Ar-H), 6.75 (dd, J = 8.2, 2.6, Hz, 1H, Ar-H), 4.44-4.34 (m, 1H, CH), 3.78 (s, 3H,
OCHjy), 3.58-3.52 (m, 1H, CH), 3.50-3.41 (m, 2H, NCH,), 3.13-3.04 (m, 2H,
NCHy), 2.95 (dd, J = 6.9, 2.4 Hz, 2H, CH,), 2.90-2.70 (m, 2H, NH, OH), 2.50
(qd, J=12.3,4.2 Hz, 2H, CH,), 1.80-1.61 (m, 2H, CHy), 1.59-1.45 (m, 8H, CH,,
CH5x2), 1.00 (t, J = 7.5 Hz, 3H, CH3), 0.74 (t, J = 7.5 Hz, 3H, CH;) ppm. “*C-
NMR (101 MHz, CDCl3) &: 169.4, 165.7, 159.8, 138.6, 137.7, 136.1, 131.7,
131.3, 129.5, 129.4, 128.8, 128.5, 126.8, 126.2, 124.7, 122.0, 118.4, 112.7,
111.6, 70.5, 56.3, 55.3, 54.5, 50.9, 46.8, 44.7, 36.8, 29.8, 28.9, 22.1, 20.8, 11.6,
11.1 ppm. ®F-NMR (376 MHz, CDCl;) &: -62.8 ppm. HRMS-ESI (m/2):
[M+H]" Calcd for CssHasN3O4F; 628.3362; Found 628.3393. Optical rotation
[a]®p —33.7 (¢ 1.10, CHCIy).
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H 5-Cyano-N"-((2S,3R)-3-hydroxy-4-((2-(3-
P methoxyphenyl) propan-2-yl)amino)-1-
phenylbutan-2-yl)-N® N*-dipropyl isophthalamide
((S,R)-4f). The title compound was obtained from
NZ (R,S)-11 (24 mg, 0.060 mmol, 1.0 eq), benzoic acid
17i (16 mg, 0.060 mmol, 1.0 eq), HBTU (23 mg,
HN 0.060 mmol, 1.0 eq) and TEA (33 pL, 0.24 mmol, 4.0
& eq) by following general procedure D. Purification by
o column chromatography on amino-functionalized
silica gel using gradient elution from 25% EtOAcC in
petroleum ether to 100% EtOAc afforded (S,R)-4f as a colorless sticky oil (14
mg, 40% yield).
'H-NMR (400 MHz, CDCl3) &: 7.95-7.92 (m, 1H, Ar-H), 7.83-7.79 (m, 1H, Ar-
H), 7.70-7.66 (m, 1H, Ar-H), 7.56-7.49 (m, 1H, NH), 7.24-7.13 (m, 6H, Ar-H),
7.02-6.96 (m, 2H, Ar-H), 6.80-6.74 (m, 1H, Ar-H), 4.37 (quintet, J = 7.0 Hz,
1H, CH), 3.79 (s, 3H, OCHjy), 3.62-3.55 (m, 1H, CH), 3.48-3.41 (m, 2H, NCH)),
3.12-3.04 (m, 2H, NCH,), 2.97-2.72 (m, 4H, CH,, NH, OH), 2.58-2.44 (m, 2H,
CH,), 1.74-1.62 (m, 2H, CH,), 1.56-1.44 (m, 8H, CH,, CH3x2), 0.98 (t, J = 7.3
Hz, 3H, CHs), 0.74 (t, J = 7.3 Hz, 3H, CH3) ppm. *C-NMR (101 MHz, CDCl,)
5: 168.6, 164.9, 159.8, 148.1, 139.0, 137.8, 136.5, 132.4, 131.3, 129.5, 129.3,
128.7, 126.8, 118.4, 117.4, 113.4, 112.8, 111.4, 70.4, 56.2, 55.4, 54.8, 51.0,
44.6, 36.8, 28.9, 22.1, 20.8, 11.6, 11.2 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
CasHusN4O,4 585.3441; Found 585.3419. Optical rotation [a]*, —31.3 (¢ 1.15,
CHCLy).

N*-((2S,3R)-3-Hydroxy-4-((2-(3-

H methoxyphenyl)propan-2-yl)amino)-1-phenylbutan-
N0 2-y1)-N°® N° N® N°-tetrapropylbenzene-1,3,5-
Yé\f tricarboxamide ((S,R)-4g). The title compound was
© obtained from (R,S)-11 (18 mg, 0.045 mmol, 1.0 eq),

/rNL ”Nm benzoic acid 17g (20 mg, 0.054 mmol, 1.2 eq), HBTU

HO (17 mg, 0.045 mmol, 1.0 eq) and TEA (25 pL, 0.18

O

o mmol, 4.0 eq) by following general procedure D.
Purification by column chromatography on silica gel

o/

using gradient elution from 50% EtOAc in petroleum
ether to 100% EtOAc afforded (S,R)-4g as a brownish solid (10 mg, 32% yield).
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'H-NMR (400 MHz, CDCls) &: 7.66 (d, J = 1.5 Hz, 2H, NH, Ar-H), 7.44 (dd, J
= 1.5, 1.5 Hz, 1H, Ar-H), 7.25-7.13 (m, 6H, Ar-H), 7.02-6.90 (m, 3H, Ar-H),
6.74 (ddd, J = 8.2, 2.5, 0.9 Hz, 1H, Ar-H), 4.41-4.32 (m, 1H, CH), 3.78 (s, 3H,
OCHs), 3.52-3.37 (m, 5H, CH, NCH,x2), 3.18-3.07 (m, 4H, NCH,x2), 3.00-2.93
(m, 2H, CH,), 2.47 (dd, J = 4.3, 2.9 Hz, 2H, CH,), 1.74-1.61 (m, 4H, CH,x2),
1.55-1.42 (m, 10H, CH,x2, CH,x2), 1.02-0.93 (m, 6H, CH5x2), 0.79-0.67 (m,
6H, CH5x2) ppm. *C-NMR (101 MHz, CDCl,) &: 170.1, 166.2, 159.8, 138.2,
137.8, 135.2, 129.4, 128.7, 127.7, 126.7, 125.8, 118.4, 112.5, 111.4, 70.7, 55.3,
54.1, 50.9, 46.6, 44.6, 36.7, 29.8, 29.3, 22.1, 20.8, 11.6, 11.2 ppm. HRMS-ESI
(m/z): [M+H]* Calcd for CaHsoN,Os 687.4485; Found 687.4495. Optical
rotation [a]*°p —30.6 (c 0.79, CHCIy).

NG N*-((2S,3R)-3-Hydroxy-4-((2-(3-
methoxyphenyl)propan-2-yl)amino)-1-phenylbutan-

5\%) 2-yl)-N*-neopentylisophthalamide ((S,R)-5a). The title
compound was obtained from (R,S)-11 (30 mg, 0.075

HN]:O mmol, 1.0 eq), benzoic acid 19a (18 mg, 0.075 mmol,
i) 1.0 eq), HBTU (28 mg, 0.075 mmol, 1.0 eq) and TEA
(42 pL, 0.30 mmol, 4.0 eq) by following general
&o/ procedure D. Purification by column chromatography
on amino-functionalized silica gel using gradient elution
from 25% EtOAc in petroleum ether to 60% EtOAc in petroleum ether afforded
(S,R)-5a as a white solid (23 mg, 56% vyield).
'H-NMR (400 MHz, CDCls) &: 8.05-8.01 (m, 1H, Ar-H), 7.90-7.85 (m, 1H,
NH), 7.75-7.69 (m, 1H, NH), 7.47-7.39 (m, 1H, Ar-H), 7.29-7.26 (m, 1H, Ar-H),
7.24-7.15 (m, 6H, Ar-H), 7.02-6.95 (m, 2H, Ar-H), 6.77-6.71 (m, 1H, Ar-H),
6.38-6.29 (m, 1H, Ar-H), 4.46-4.35 (m, 1H, CH), 3.76 (s, 3H, OCHy), 3.58-3.51
(m, 1H, CH), 3.27 (d, J = 6.5 Hz, 2H, NCH,), 3.03-2.87 (m, 2H, CH,), 2.55-2.41
(m, 2H, CH,), 1.47 (s, 6H, CH5x2), 0.98 (s, 9H, CH3x3) ppm. *C-NMR (101
MHz, CDCl3) 8: 166.9, 159.7, 148.8, 137.8, 135.5, 134.9, 130.2, 129.5, 129.4,
129.4, 129.0, 128.7, 126.7, 125.3, 118.5, 112.6, 111.4, 70.5, 55.9, 55.3, 54.4,
51.3,44.4,36.9, 32.4, 30.1, 29.0, 27.5 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
Ca3H4N30,4 546.3332; Found 546.3341. Optical rotation [a]ZOD -49.0 (c 1.73,
CHCly).
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. N N'-((2S,3R)-3-Hydroxy-4-((2-(3-
F}F/\/ methoxyphenyl)propan-2-yl)amino)-1-
@O phenylbutan-2-yl)-N3-(3,3,3-trifluoropropyl)
o isophthalamide ((S,R)-5b). The title compound was
m obtained from (R,S)-11 (30 mg, 0.075 mmol, 1.0 eq),
N benzoic acid 19b (20 mg, 0.075 mmol, 1.0 eq), HBTU
(28 mg, 0.075 mmol, 1.0 eq) and TEA (42 uL, 0.30
- mmol, 4.0 eq) by following general procedure D.
Purification by column chromatography on amino-
functionalized silica gel using gradient elution from 25% EtOAc in petroleum
ether to 60% EtOAc in petroleum ether afforded (S,R)-5b as a white solid (27
mg, 63% yield).
'H-NMR (400 MHz, CDCls) &: 8.01-7.97 (m, 1H, Ar-H), 7.90-7.86 (m, 1H,
NH), 7.73-7.67 (m, 1H, NH), 7.45-7.39 (m, 1H, Ar-H), 7.33 (d, J = 8.6 Hz, 1H,
Ar-H), 7.28-7.26 (m, 1H, Ar-H), 7.24-7.16 (m, 5H, Ar-H), 7.02-6.96 (m, 2H, Ar-
H), 6.78-6.71 (m, 2H, Ar-H), 4.46-4.35 (m, 1H, CH), 3.77 (s, 3H, OCHy), 3.74-
3.66 (m, 2H, NCH,), 3.59-3.53 (m, 1H, CH), 3.02-2.84 (m, 2H, CH,), 2.59-2.40
(m, 4H, CH,x2), 1.48 (s, 3H, CHj), 1.47 (s, 3H, CH;) ppm. *C-NMR (101
MHz, CDCly) 8: 166.9, 166.9, 159.7, 148.8, 137.8, 135.1, 134.5, 130.3, 129.8,
129.4, 129.1, 128.7, 127.9, 126.7, 125.4, 118.5, 112.6, 111.5, 70.4, 55.9, 55.4,
54.6, 44.4, 37.0, 33.9, 33.6, 30.2, 28.8 ppm. HRMS-ESI (m/z): [M+H]" Calcd for
Cs1H37N3O4F; 572.2736; Found 572.2737. Optical rotation [a]®, —45.2 (c 2.04,
CHCly).

2. Molecular modeling

Docking was performed using the standard precision protocol in Glide.
Docked complexes were further refined with Prime MM-GBSA (Molecular
Mechanics/Generalized Born Surface Area) method using VSGB solvation
model and OPLS3 force field. For MM-GBSA calculations, a 7-A active region
around the ligands for full molecular mechanics minimization was used. Results
were visualized using UCSF Chimera v1.12 and Maestro.
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3c Pim IV 3j PIm IV

Fig. S1. Docking models of compounds containing hydrogen bond donor in
S3 substituent (3c,j in complex with PIm IV); and compounds containing
hydrogen bond acceptor group in S3 substituents (3a,l in complex with Cat D).
Hydrogen bonds are indicated with yellow dashed line.

3. Biological assays

3.1. Enzymatic assay

A fluorescence resonance energy transfer (FRET) assay was performed to
evaluate ability of compounds to inhibit PIml, 1I, IV, and Cat D. K, of the
substrate was determined for each enzyme: PImll = 2 £ 0.2 uM; Plml = 2.7 +
0.3uM; PImIV = 2.8 £ 0.2uM; Cat D = 1.8 £ 0.2 uM. A solution of compounds
for testing (concentration 0.01-100 uM) on 96-well plate was added to the
enzyme (PIm I, II, IV or Cat D) in buffer (0.1 M NaOAc, pH = 4.5, 10%
glycerol). The mixture was incubated for 30 min at 37 °C. Substrate (DABCYL-
Glu-Arg-Nle-Phe-Leu-Ser-Phe-Pro-EDANS, AnaSpec Inc.) was then added to
reach a final concentration of 5 pM. Hydrolysis of the substrate was detected as
an increase in fluorescence (Em 490 nm, Ex 336 nm) at 37 °C. The data points
were collected every 1 min within 8—15 min. For the rate calculation, only the
linear interval was used, which was slightly different for each enzyme.
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Compounds were tested in triplicate experiments. 1Cs, values were calculated
using software Graph Pad Prism 5.0. Pepstatin A (ICsp = 0.42 £ 0.02 nM (PIm
I); 1C50=0.9 £ 0.02 nM (PIm I); ICs0= 0.3 £ 0.04 nM (PIm 1V)) and resveratrol
(ICso = 138 uM) were used as positive controls.

3.2. Red blood cell assay

The effects of compounds on growth of blood-stage plasmodium falciparum
(clone 3D7) was assessed using a SYBR Green | assay, essentially as described
previously." Test compounds (dissolved in DMSO at concentrations ranging
from 1 mM-0.1 uM) were added in triplicate to wells of flat bottomed, 96 well
microtitre plates (1 uL per well). Wells were then supplemented with 100 pL per
well of a synchronous P. falciparum parasite culture at 0.1% parasitaemia, 1%
haematocrit. Each assay plate also included DMSO only control wells, as well as
additional control wells containing uninfected erythrocytes only. Plates were
incubated in sealed humidified gassed chambers at 37 °C for 96 h to allow the
parasites to undergo two entire cycles of erythrocytic growth. Wells were then
supplemented with 100 uL of a 1:5,000 dilution of stock SYBR Green | (Life
Technologies, catalogue #S7563) diluted in 20 mM Tris-HCI pH 7.5, 5 mM
EDTA, 0.008 % (wi/v) saponin, 0.08% (v/v) Triton X100. Plates were agitated to
mix, incubated for a further 1 h in the dark at room temperature, then transferred
to a Cary Eclipse fluorescence spectrophotometer (Varian) equipped with a 96-
well microplate reader accessory for fluorescence readings (Ex 485 nm, Em 530
nm). ECs, values were determined from dose-response curves obtained after
subtracting background fluorescence values (obtained from the erythrocyte only
wells) from all experimental readings.
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A series of tetrahydroisoquinoline derivatives containing different aryl substituents were designed and synthesized using Pictet-Spengler

.

reaction as the key step. The sy d tetrahydi

derivatives displayed micromolar inhibitory activity against plasmepsins I and II.

Keywords: plasmepsins, tetrahydroisoquinoline, malaria, Pictet-Spengler reaction, X-ray analysis.

Malaria is a potentially life-threatening disease caused
by Plasmodium falciparum parasite. It is transmitted
through the bite of an infected mosquito. The increasing
resistance of the malaria parasite to currently available
drugs requires urgent development of new antimalarial
agents.'~ Malarial aspartic proteases — plasmepsins (Plm I,
Plm II, PIm IV) are involved in hemoglobin degradation
and are potential drug targets.** There are two kinds of
plasmepsin inhibitors: peptidomimetic and non-peptido-
mimetic inhibitors. Peptidomimetic plasmepsin inhibitors
usually show high inhibitory activity, but low selectivity
against human aspartic proteases.® Several studies have
been performed to discover new non-peptidomimetic
plasmepsin inhibitors in order to overcome selectivity
issues.” ” Scientists from Actelion have published first non-
peptidomimetic PIm II inhibitor A based on the amino-
piperidine scaffold (Fig. 1). Aminopiperidine-based inhibi-
tors have several drawbacks — they display adverse
physicochemical properties such as high ClogP and low
solubility.'"" Therefore, we decided to design a new series
of inhibitors by rescaffolding Actelion aminopiperidine-
type inhibitor A (Fig. 1).

A series of tetrahydroisoquinoline derivatives B were
designed by introducing bond between C-3 carbon atom of
aromatic ring and C-3 carbon atom of piperidine and
opening piperidine cycle. According to the docking studies,
the newly designed tetrahydroisoquinoline inhibitor B
binds to the enzyme similarly to aminopiperidine derivative
A. Our design retains the key pharmacophoric elements
needed for inhibitory activity: amino moiety (makes ionic
interaction with Asp 214 residue and water-bridged

© 2020 i

it uHCTHTYT OpI cuntesa

H-bonding interaction with the catalytic Asp 34), biphenyl
substituent (occupies S1 subpocket), and n-pentyl chain
(placed in the flap pocket) (Fig. 2)."

Flap pocket
CsHy4
o
3
3 %:\sp 34
MeO Rl
e <=
¢ He-Q
S1 subpocket HAsp 214
A CHMe,
CsHi4

L

Figure 1. Design strategy of tetrahydroisoquinoline-based inhibi-
tors B by rescaffolding Actelion aminopiperidine-type inhibitors A.
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Figure 2. Binding mode of tetrahydroisoquinoline-based inhibitor
B to the active site of Plm II. Docking was performed using the
AutoDock Vina software package'® on the crystal structure of
Plm II solved in complex with an aminopiperidine-based Plm II
inhibitor (Protein Data Bank ID 21GX').

A small series of tetrahydroisoquinoline derivatives
(R)-9a—¢, (R)-10 with different aryl substituents was prepared
to evaluate the inhibitory activity against Plm I, PIm II, and
Plm IV isoforms. Tetrahydroisoquinoline-based inhibitors
(R)-9a—c, (R)-10 were synthesized from ester 4 and
paraformaldehyde using Pictet—Spengler reaction as the
key step. The synthesis was started by C-alkylation of diethyl
2-acetamidomalonate with meta-bromobenzyl bromide (1)
in presence of NaOEt."* Subsequent hydrolysis of ester and
deprotection of the amino group in compound 2 was
followed by decarboxylation to afford amino acid 3."* The
Pictet—Spengler reaction involving protected amino acid 4
and paraformaldehyde' resulted in the formation of tetra-
hydroisoquinoline derivative as a mixture of regioisomers
5a and 5b. Enantiomerically pure tetrahydroisoquinoline
(R)-5a was obtained by initial separation of regioisomers
by preparative column chromatography, followed by separa-
tion of enantiomers on a chiral stationary phase (Scheme 1).

Scheme 1
O, OEt
EtQ
NH
Br ;B R o
Br | Me
89% 82%
1 2

ﬁ\

B R

r\CG‘ -
+ -

- NH, CI

Figure 3. The molecular (a) and chemical (b) structure of met

ester (R)-6a with atoms represented by thermal vibration el
soids of 50% probability.

a)

After hydrolysis and deprotection of amino function
compound 5a, acid 6 was obtained (Scheme 2).
determine the absolute configuration of carboxylic a¢
(R)-6 it was converted to methyl ester (R)-6a. Single crys
X-ray analysis of methyl ester (R)-6a confirm
(R) absolute configuration of stereogenic center (Fig. 3).

For further modifications, only acid (R)-6 was us
Next, amino function was protected with Boc moiety
yielding tetrahydroisoquinoline which was reacted w
diethylamine in the presence of HOBt leading
tetrahydroisoquinoline derivative (R)-7 (Scheme 2). Af
cleavage of the N-Boc protecting group, the amide moir
was reduced with LiAlH4 to give amine. The latter v
acylated with 4-pentylbenzoyl chloride in the presence
DIPEA yielding tetrahydroisoquinoline (R)-8. This v
used as the key building block. Suzuki-Miyaura cro
coupling reaction between bromide (R)-8 and boronic ac
in the presence of Pd(PPh;), was used for the synthesis
diaryl derivatives (R)-9a,b. Demethylation of tetrahyd
isoquinoline derivative (R)-9b was accomplished w
NaH/1-dodecanethiol in DMF'® to yield hydroxy grot
containing derivative (R)-9¢. Buchwald-Hartwig aminati
reaction'” was used for the introduction of 4-metho»
phenylamino substituent yielding tetrahydroisoquinoli
derivative (R)-10 (Scheme 2).

Et0.__O
cr 'Y e

5
HN
H3NZ_COOH oM
Br. jii,iv - B"
o
96%
3 4
1
Br ““SoMe
N._OEt

[e] Br [e]
—_— —_—
OEt OMe 17%
5a (35%) O 5b (12%) O
i- ACNHCH(CO,Et),, NaOEt, EtOH, 85°C, 16 h; i HCI, AcOH, 100°C, 18 h
jii: SOCl,, MeOH, 60°C, 3 h; iv: CICOEt, Py, CH,Cl,, 1t, 18 h

v: paraformaldehyde, AcOH, H,SOy, rt, 20 h; vi: preparative HPLC on chiral stationary phase (Chiralpak-IC)
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Scheme 2

1 L
..L o
NHZ OI Bu
Taw Taan
(R)-5a (R)-6 (R)-7 0
NEt; NEtz
CsHis CsHyq
- mp Kiﬁp
(R}8 O
(R)-9a (47%
vi | 55% (R)-9b (49%)
l bl
NElz
(R0 O
i 33% HBr in AcOH, t, 84 h, then aq 6 M HCI, 70°C, 18 h
ii: (Boc)O, NaOH, t-BuOH-H30, 1:1, rt, 18 h, then Et;NH, DCC, HOBt-H,0, DMF, rt, 16 h
iif: 4 M HCI in dioxane, rt, 16 h, then LiAlH4, THF, rt, 2 h, then 4-pentylbenzoyl chloride, DIPEA, CH,Cly, rt, 16 h
iv: RB(OH),, Pd(PPhy)s (3 mol %), aq 2 M Na,CO,, 1,4-dioxane, 105°C, 16 h
v: 1-dodecanethiol, NaH, DMF, 0°C, then 130°C, 2 h
vi: 4-methoxyaniline, Pd,(dba); (2 mol %), X-Phos (8 mol %), NaOt-Bu, PhMe, 90°C, 16 h
The synthesized tetrahydroisoquinoline derivatives In summary, we have developed a new series of tetra-

(R)-9a—c¢, (R)-10 were tested for their PIm I, PIm II, and
PIm IV inhibiting properties (Table 1I). Tetrahydroiso-
quinoline 9a displayed micromolar inhibitory activity
against Plm I, but hardly any activity against Plm II and
Plm IV was observed. Inhibitor 9b with p-OMe substituent
at the phenyl ring showed the highest activity against Plm L,
Plm 11, and Plm IV. In contrast, p-OH-substituted and amino-
linker-containing inhibitors 9¢ and 10 showed 2-3 times
lower inhibitory activity against Plm I, Plm II, Plm IV
(Table 1).

Table 1. Plm I, Plm I1, and Plm IV inhibitory activity
of compounds 9a—¢, 10, A

Com . 1C50*, uM
pound Plm 1 Plm 11 PIm IV
N\
9a \ 2 = 100
el
MeO.
9 @ 194009 162408  466+2
Ho
% @ 73403 4042 <100
MeO.
10 \©\ . 7:03 45522 73643
N
Aver 04 042 092

* Plm I, Plm 11, and Plm IV inhibitory activity was determined by enzy-
matic FRET assay in triplicate experiments.

*#% The assay was performed at five concentrations of the inhibitor (0.01
100 uM). At this range of concentrations inhibitor 9a did not show any effect.
##% Reference compound, see Figure 1.
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hydroisoquinoline-based non-peptidomimetic Plm inhibitors.
Synthesis of the inhibitors was performed using Pictet—
Spengler reaction as the key step. Plm I, Plm II, and Plm IV
inhibiting properties of the synthesized tetrahydroiso-
quinoline derivatives were tested. The best tetrahydroiso-
quinoline derivatives show inhibitory activity toward plas-
mepsins I and II at micromolar level. However, inhibition
potency of tetrahydroisoquinoline derivatives is lower than
Actelion aminopiperidine-type inhibitor. Hence, the per-
formed rescaffolding does not allow the molecule to adopt
the bioactive conformation in the active site of enzyme.

Experimental

'H and "*C NMR spectra (400 and 100 MHz, respec-
tively) were recorded on a Bruker 400 spectrometer in
CDCl;, DMSO-dg, or CD;0D; TMS was used as internal
standard. HRMS (ESI) spectra were recorded on a Waters
Acquity UPLC H-Class apparatus with a time-of-flight
(TOF) mass analyzer Waters Synapt G2 Si TOF MS.
Analytical thin-layer chromatography (TLC) was performed
on precoated Merck silica gel F-254 plates.

Unless otherwise noted, all chemicals were used as
obtained from commercial sources and all reactions were
performed under nitrogen or argon atmosphere in glass-
ware dried in an oven (120°C) and cooled under a stream
of argon. Dry PhMe, THF, CH,Cl,, and Et,O were
obtained by passing commercially available anhydrous
solvents through activated alumina columns.

Diethyl (acetylamino)(3-br l)prop
(2). A pressure tube was charged with diethyl 2-acet-
amidomalonate (1.74 g, 8.00 mmol) and NaOEt (2.59 g,
8.00 mmol), then anhydrous EtOH (10 ml) was added and
light-yellow suspension formed. A solution of m-bromo-

dioat,

225



Chem. Heterocyel. Compd. 2020, 56(1), 60-66 [Xuwus cemepoyura. coedunenui 2020, 56(1), 60-66]

benzyl bromide (1) (2.00 g, 8.00 mmol) in anhydrous
EtOH (10 ml) was added, and the resulting orange solution
was heated at 85°C for 16 h. After cooling to room
temperature, orange suspension was concentrated under
reduced pressure and the residue was partitioned between
EtOAc (50 ml) and H-O (50 ml). Water phase was
extracted with EtOAc (3 * 50 ml), combined extracts were
washed with brine, dried over Na,SO4, and evaporated
under reduced pressure. The residue was purified by
column chromatography on silica gel (100 g), eluent
hexane-EtOAc, gradient from 10 to 100% EtOAc. Yield
2.76 g (89%), light-yellow solid. Analytical data of the
compound were identical to the literature data.'

2-Amino-3-(3-bromophenyl)propancic acid hydro-
chloride (3). Diethyl (acetylamino)(3-bromobenzyl)propane-
dioate (2) (2.95 g, 7.66 mmol) was dissolved in a mixture
of concentrated AcOH (7.6 ml) and concentrated aqueous
HCI (23 ml). The light-yellow solution was heated at 100°C
for 18 h. The light-brown suspension was concentrated
under reduced pressure, the precipitate was filtered off and
washed with petroleum ether, dried over P;Os at 60°C for
18 h. The product was used in a subsequent step without
purification. Yield 1.75 g (82%), light-brown solid.
'H NMR spectrum (DMSO-d;), &, ppm: 14.22-13.52 (1H,
br. s, COOH); 8.78-8.32 (3H, m, NH;"); 7.56-7.51 (1H, m,
H Ar); 7.51-7.45 (1H, m, H Ar); 7.35-7.27 (2H, m, H Ar);
4.25-4.13 (1H, m, CH,CH); 3.16 (2H. d, J = 6.3, CH,CH).
3C NMR spectrum (DMSO-dg), 8, ppm: 170.1; 137.9; 132.3;
130.6; 130.1; 128.7; 121.8; 52.9; 35.1. Found, m/z: 243.9971
[M+H]". CoH,,BrNO,. Calculated, m/z: 243.9973.

Methyl 3-(3-bromophenyl)-2-[(ethoxycarbonyl)amino]-
propanoate (4). SOCI; (1.13 ml, 15.66 mmol) was added
to cooled (0°C) anhydrous MeOH (20 ml), and the
resulting solution was stirred for 10 min. Hydrochloride 3
(1.75 g, 6.27 mmol) was then added in portions, and the
light-brown solution was stirred at 60°C for 3 h. The
volatiles were removed under reduced pressure, and
anhydrous PhMe (2 x 20 ml) was added and evaporated
under reduced pressure. The precipitate was dried over
P,0s at 40°C and used in subsequent step without purifi-
cation. Yield 1.82 g (98%), light-brown powder. Pyridine
(1.50 ml, 18.54 mmol) was added dropwise to a solution of
methyl  2-amino-3-(3-bromophenyl)propanoate  hydro-
chloride from the previous step (1.82 g, 6.18 mmol) in
anhydrous CH,Cl; (20 ml). The light-brown solution was
cooled to 0°C, and ethyl chloroformate (737 mg, 649 pl,
6.80 mmol) was added dropwise. After stirring at room
temperature for 18 h, the light-brown suspension was
concentrated under reduced pressure. The residue was
dissolved in EtOAc (50 ml), washed with aqueous 1 M HC1
solution (30 ml), saturated aqueous NaHCO; solution
(50 ml), and brine (30 ml). The organic layer was
evaporated under reduced pressure, and product 4 was used
in a subsequent step without purification. Yield 1.98 g
(96%), light-brown oil. 'H NMR spectrum (CDCly),
&, ppm: 7.38 (1H, ddd, /= 7.9, J= 2.0,/ = L.1, H Ar); 7.30-
7.26 (1H, m, H Ar); 7.16 (1H, dd, J = 7.9, 7 = 7.9, H Ar);
7.08-7.04 (1H, m, H Ar); 5.15 (1H, d, J = 8.2, NH); 4.68—
4.56 (1H, m, CH,CH); 4.11 (2H, q, J = 7.1, CH,CH3); 3.72
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(3H, s, CHj): 3.15-2.98 (2H, m, CH.CH): 1.23 (3H, t,
J = 7.1, CH,CHs). "C NMR spectrum (CDCl3), 8, ppm:
171.9: 155.9; 1384; 132.5; 130.4; 130.2; 128.0; 122.7,
61.4; 54.7, 52.5; 38.1; 14.7. Found, m/z: 330.0331 [M+H] .
C3H7BrNO,. Calculated, m/z: 330.0341.

2-Ethyl 3-methyl (R)-6-bromo-34-dihydroisoquinoline-
2,3(1H)-dicarboxylate (5a) and 2-ethyl 3-methyl 8-bromo-
3.4-dihydroisoquinoline-2,3(1H)-dicarboxylate (5b).
AcOH (7.4 ml), H,SO, (2.5 ml), and paraformaldehyde
(198 mg, 6.60 mmol) were added to methyl
3-(3-bromophenyl)-2-[(ethoxycarbonyl)amino]propanoate (4)
(1.98 g, 6.00 mmol), and the resulting light-brown
suspension was stirred at room temperature for 20 h, then the
second portion of paraformaldehyde (198 mg, 6.60 mmol)
was added and stirring was continued for 20 h more. The
light-brown solution was poured into ice water (25 ml). After
20 min, the suspension was extracted with EtOAc (3 = 50 ml).
The combined extracts were washed with saturated
NaHCO; solution (2 = 50 ml), brine (50 ml), dried over
Na;S04, and evaporated under reduced pressure. The
residue was purified by column chromatography on silica
gel (100 g), eluent hexane-EtOAc, gradient from 25 to
100% EtOAc. The crude product was obtained as a mixture
of regioisomers 5a:5b in ratio 2.9:1. The regioisomers 3a
and 5b were separated by preparative chromatography
(Sunfire™ Prep Silica OBD™ 5um, 30 = 100 column),
cluent hexane—EtOAc, 9:1, flow rate 40 ml/min, detector
UV 230 nm, 260 nm. Yield of compound 5a 717 mg
(35%), yield of compound 5b 247 mg (12%). Enantio-
merically pure material (R)-5a was obtained by preparative
HPLC on chiral stationary phase (DAICEL, Chiralpak-IC),
eluent hexane—EtOAc, 5:1, flow rate 36 ml/min, detector
UV 230 nm, 260 nm. Yield of compound (R)-5a 351 mg
(17%), light-vellow oil, mixture of rotamers, [a]p” —45.7
(¢ 1.03, CHCl;).

Compound 5a. 'H NMR spectrum (CDCls), 8, ppm:
7.36-7.28 (2H, m, H Ar); 7.02 (0.45H, d, J = 8.0, H Ar);
6.98 (0.55H, d, J = 8.0, H Ar); 5.18 (0.55H, dd, J = 6.1,
J =29, CH); 496 (0.45H, dd, J = 6.1, J= 4.2, CH); 4.77-
4.67 (1H, m, CH;N); 4.56-4.42 (1H, m, CH,N); 4.32-4.13
(2H, m, CH.CHg); 3.63 (3H, s, OCH;); 3.33-3.06 (2H, m,
CH-CH); 1.33 (1.65H, t, J = 7.1, CH,CH;); 1.26 (1.35H, t,
J = 7.1, CH,CH5). *C NMR spectrum (CDCIly), 8, ppm:
171.7; 171.5; 156.3; 155.7; 134.0; 132.2; 131.6; 131.5;
131.1; 130.2; 130.1; 128.2; 128.0; 120.5; 62.2; 62.1; 53.3;
52.6; 44.1; 44.0; 31.3; 31.0; 14.8; 14.7. Found, m/z:
342.0327 [M+H]".C1sH;7BrNO,. Calculated, m/z: 342.0341.

Compound 5b. '"H NMR spectrum (CDCl3), 8, ppm:
7.46-7.40 (1H, m, H Ar); 7.14-7.08 (IH, m, H Ar); 7.08—
7.02 (IH, m, H Ar); 5.25 (0.6H, dd, J = 6.3, J = 2.5, CH);
5.06 (0.4H, dd, J = 6.3, J = 3.2, CH); 4.86 (0.4H, d,
J = 17.6, CH:N); 479 (0.6H, d, J = 17.6, CH:N); 4.45
(0.6H, d, J=17.6, CH;N); 4.43 (0.4H, d, J = 17.6, CH;N);
4.31-4.16 (2H, m, CH,CH;); 3.64 (3H, s, OCH;); 3.33-
3.13 (2H, m, CH,CH); 1.35 (1.8H, t, J = 7.1, CH,CHs):
128 (1.2H, t, J = 7.1, CH,CH). *C NMR spectrum
(CDCly), 8, ppm: 171.5; 171.4; 156.4; 134.1; 133.9; 132.3;
131.8: 131.2; 131.1; 128.1; 128.0; 127.6; 122.6; 122.5;
62.3;62.1; 53.1; 52.6; 52.4: 45.2; 31.6; 31.2; 14.8; 14.7.
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(R)-6-Bromo-1,2,3,4-tetrahydroisoquinoline-3-carboxy-
lic acid hydrochloride (6). 2-Ethyl 3-methyl (R)-6-bromo-
3 4-dihydroisoquinoline-2,3(1 H)-dicarboxylate (5a) (351 mg,
1.03 mmol) was dissolved in 33% HBr in AcOH (4.1 ml,
24.6 mmol) and the orange solution was stirred at room
temperature for 84 h. Volatiles were removed under
reduced pressure, and the residue was treated with aqueous
6 M HCI solution (10 ml). The light-brown suspension was
stirred at 70°C for 18 h. The formed precipitate was filtered
off, dried over P,Os at 50°C. Yield 244 mg (81%), light-
brown solid, [a]p™ 66.5 (¢ 1.05, MeOH). 'H NMR
spectrum (CD;0OD), 8, ppm: 7.55-7.50 (1H, m, H Ar); 7.46
(1H, dd, J=8.3,/=2.1,H Ar); 7.20 (1H, d, /= 8.3, H Ar);
4.50-4.34 (3H, m, CH:N, CH.CH); 3.48 (1H, dd, J = 174,
J=53,CH,CH); 3.23 (1H, dd, /=174, /= 11.6, CH:CH).
3C NMR spectrum (CD;0D), 8, ppm: 170.7; 134.2; 132.9;
131.7; 129.6; 128.1; 122.9; 55.0; 45.2; 29.3. Found, m/z:
255.9970 [M+H]'. CyoHyBrNO,. Calculated, m/z: 255.9973.

Methyl (R)-6-bromo-1,2,3,4-tetrahydroisoquinoline-
3-carboxylate hydrochloride (6a). SOClL, (12 ml,
0.17 mmol) was added to the cooled (0°C) anhydrous
MeOH (1 ml), and resulting solution was stirred for
10 min. Hydrochloride 6 (20 mg, 0.068 mmol) was then
added, and the light-brown solution was stirred at 60°C for
3 h. The volatiles were removed under reduced pressure,
and anhydrous PhMe (2 * 1 ml) was added and evaporated
under reduced pressure. The precipitate was dried over
P,0s at 40°C. Yield 20 mg (95%), light-brown powder,
[a]p™® 55.2 (¢ 0.55, MeOH). 'H NMR spectrum (CD:0D),
8, ppm: 7.55-7.49 (1H, m, H Ar); 7.47 (1H, dd, J = 83,
J=2.0,H Ar); 7.20 (1H, d, J= 8.3, H Ar); 4.56-4.34 (3H,
m, CH:N, CH,CH): 3.91 (3H, s, OCH3); 3.47 (1H, dd,
J=174,J =52, CH,CH); 3.28-3.17 (1H, m, CH,CH).
"C NMR spectrum (CD;0OD), &, ppm: 169.9; 133.8; 132.9;
131.7; 129.6; 128.0; 122.9; 55.1; 54.0; 45.3; 29.1. Found, m/z:
270.0141 [M+H]". C,;H;BrNO,. Calculated, m/z: 270.0130.

tert-Butyl  (R)-6-bromo-3-(diethylcarbamoyl)-3,4-di-
hydroisoquinoline-2(1H)-carboxylate (7). NaOH (70 mg,
1.76 mmol) was added to a suspension of hydrochloride 6
(215 mg, 0.84 mmol) in +BuOH-H,0, 1:1 (6 ml). The
reaction mixture was stirred till clear solution was formed,
then Boc,O (183 mg, 0.84 mmol) was added. The light-
yellow solution was stirred at room temperature for 16 h.
The solution was evaporated under reduced pressure to 1/3
of volume, then acidified with aqueous 5% KHSO, solu-
tion to pH 3 and extracted with EtOAc (3 x 15 ml). The
combined extracts were washed with brine (20 ml), dried
over Na,SO,, and evaporated under reduced pressure.
The crude product (258 mg, 0.72 mmol) was dissolved
in anhydrous DMF (4 ml) and HOBt-H,O (144 mg,
0.94 mmol) was added, followed by DCC (194 mg,
0.94 mmol). The resulting light-yellow solution was stirred
at 0°C for 1 h, then diethylamine (79 mg, 112 pl, 1.09 mmol)
was added and stirring was continued at room temperature
for 16 h. The light-yellow solution was diluted with H,O
(10 ml) and extracted with EtOAc (3 *x 10 ml). The
combined extracts were washed with H,O (15 ml), brine
(15 ml), dried over Na,SO,, and evaporated under reduced
pressure. The residue was purified by column chromato-
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graphy on silica gel (25 g), eluent hexane-EtOAc, gradient
from 15 to 85% EtOAc. Yield 250 mg (84%), light-yellow
oil, mixture of rotamers, [a]p™ 27.9 (¢ 0.86, CHCI;).
'H NMR spectrum (CDCl;), 8, ppm: 7.33-7.26 (2H, m.
H Ar); 7.04-691 (1H, m, H Ar); 5.33-5.24 (0.6H, m,
CH>CH); 5.00-4.84 (0.8H, m, CH;N, CH,CH); 4.78 (0.6H,
d, J = 16.6, CH,N); 4.35 (0.6H, d, J = 16.6, CH,N); 4.25
(0.4H, d, J = 16.2, CH,); 3.56-3.16 (4H. m, (CH.CH3),):
3.14-2.92 (2H, m, CH,CH); 1.47 (9H, s, C(CH1);); 1.31-
1.19 (3H, m, CH.CHs); 1.14-1.01 (3H, m, CH,CH,).
*C NMR spectrum (CDCL3), 8, ppm: 170.3; 154.7; 135.5;
135.3; 132.6; 131.2; 130.6; 129.6, 129.3; 127.7; 127.4;
120.4; 120.2; 80.9; 51.5; 49.5: 44.3; 43.7; 42.0; 40.6; 31.4;
30.8; 28.6; 14.6; 13.0. Found, m/z: 433.1086 [M+Na]".
C9H;7BrNaN,O;. Calculated, m/z: 433.1103.
(R)-{6-Bromo-3-[(diethylamino)methyl]-3,4-dihydroiso-
quinolin-2(1H)-yl}(4-pentylphenyl)methanone (8). 4 M HCI
in 1.4-dioxane (1.52 ml, 6.10 mmol) was added dropwise
to a solution of amide (R)-7 (251 mg, 0.61 mmol) in anhydrous
1,4-dioxane (4 ml). The light-yellow solution was stirred at
room temperature for 16 h, then solvent was evaporated
under reduced pressure to give unprotected tetrahydroiso-
quinoline (207 mg, 98%) which was used in the next step
without purification. LiAlH; (2.4 M solution in THF,
496 pl, 1.19 mmol) was added dropwise to a cooled
solution (0°C) of crude product from previous step
(207 mg, 0.59 mmol) in anhydrous THF (6 ml). After
stirring at room temperature for 2 h, the light-yellow
solution was cooled to 0°C and quenched by sequential
(within intervals of 10 min) addition of H.O (45 pul),
aqueous 4 M NaOH solution (90 pl), and more H,O
(135 ul). Ten minutes after addition of the final amount of
H->0, the white suspension was filtered. The filter cake was
washed with EtOAc (20 ml). The filtrate was evaporated to
dryness to yield 162 mg (92%) of (R)-N-[(6-bromo-1,23.4-
tetrahydroisoquinolin-3-yl)methyl]-N-ethylethanamine as a
light-yellow oil, which was used in subsequent step without
purification. DIPEA (283 pl, 211 mg, 1.64 mmol) was
added to a cooled (0°C) solution of amine from previous
step (162 mg, 0.54 mmol) in anhydrous CH,Cl, (7 ml)
followed by 4-pentylbenzoyl chloride (122 pl, 126 mg,
0.60 mmol). The light-yellow solution was stirred at room
temperature for 16 h, then evaporated under reduced
pressure. The residue was partitioned between EtOAc
(10 ml) and H,O (10 ml) and extracted with EtOAc
(3 ¥ 10 ml). The combined extracts were washed with
brine, dried over Na,SO,, and evaporated under reduced
pressure. The residue was purified by column chromato-
graphy on silica gel (15 g), eluent hexane—EtOAc, gradient
from 10 to 100% EtOAc. Yield 113 mg (44% in three
steps), light-yellow oil, mixture of rotamers, [u].-,zu 10.2
(¢ 0.98, CHCls). "H NMR spectrum (CDCly), &, ppm: 7.38—
7.28 (4H. m, H Ar); 7.24-7.17 (2H, m, H Ar); 7.11-7.03
(IH, m, H Ar); 523 (1H, d, J = 17.9, CH:N); 4.57-4.12
(2H, m, CH>N, CH,CH); 3.20-2.97 (1H, m, CH,CH); 2.89-
275 (IH, m, CH,CH): 2.69-2.45 (4H, m, 1-CH,,
CH>CHj5); 2.44-2.10 (4H, m, CHCH>NEt, CH,CHs); 1.62
(2H, quint, J = 7.3, 2-CH,); 1.42-1.20 (4H, m, 3,4-CH,);
1.01-0.93 (3H, m, CH,CHs); 0.89 (3H, t, J = 6.9, 5-CH;);
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0.82-0.63 (3H, m, CH-CH;). "*C NMR spectrum (CDCls),
3, ppm: 172.3: 144.9; 134.6; 133.9; 132.3; 131.4; 129.7;
128.6; 128.3; 126.9; 120.3; 54.3; 51.7; 47.3; 45.1; 41.7;
35.9; 31.5; 31.4; 31.1; 22.7; 14.2; 11.8. Found, m/z:
471.2007 [M+H]‘. C1H36BrN-O. Calculated, m/z: 471.2011.
(R)-{3-[(Diethylamino)methyl]-6-(pyridin-3-yl)-3 4-di-
hydroisoquinolin-2(1H)-yl}(4-pentylphenyl)methanone
(9a). A vial was charged with bromide (R)-8 (20 mg,
0.042 mmol), pyridin-3-ylboronic acid (7.8 mg, 0.064 mmol),
and Pd(PPhs)y (1.5 mg, 0.0013 mmol), then 1.4-dioxane
(0.5 ml) was added, followed by aqueous 2 M Na,CO;
solution (42 pl, 0.084 mmol). After stirring at 105°C for
16 h, the orange suspension was cooled to room tempe-
rature and diluted with H,O (5 ml) and EtOAc (5 ml). The
organic layer was decanted, and the aqueous layer was
extracted with EtOAc (3 = 5 ml). The combined organic
layers were washed with brine, dried over Na,SO,, and
evaporated under reduced pressure. The residue was puri-
fied by column chromatography on silica gel (15 g), cluent
hexane-EtOAc, gradient from 50 to 100% EtOAc, then
EtOAc—MeOH, 9:1. Yield 9 mg (47%), light-yellow oil,
mixture of rotamers, [a]p”’ 7.0 (¢ 0.62, CHCL;).'H NMR
spectrum (CD;OD), 3, ppm: 8.84-8.76 (1H, m, H Ar); 8.55—
847 (1H, m, H Ar); 8.15-8.04 (1H, m, H Ar); 7.59-7.48
(3H, m, H Ar); 7.46-7.36 (3H, m, H Ar); 7.36-7.28 (2H,
m, H Ar); 5.24 (1H, d. J = 18.5, CH:N); 4.65-4.24 (2H, m,
CH,N, CH,CH); 3.30-3.17 (1H, m, CH,CH); 3.07-2.94
(IH, m, CH,CH); 2.76-2.53 (4H, m, 1-CH,, CH,CHjy);
2.52-2.13 (4H, m, CHCH:NEt,, CH.CH;); 1.66 (2H,
quintet, J = 7.5, 2-CH,); 1.45-1.23 (4H, m, 3,4-CH.); 1.03
(3H, t, J = 7.1, CH,CHs); 0.96-0.84 (3H, m, 5-CH;); 0.77
(3H, t, J = 7.1, CHy,CHs). "C NMR spectrum (CD;0D),
8, ppm: 174.4; 148.8; 148.3; 138.2; 137.2; 136.4; 134.8;
133.5; 133.1; 133.0; 130.,0; 129.9; 129.8; 129.2; 128.5;
128.1; 126.4; 125.5; 55.2: 53.6: 49.3; 48.5; 43.1; 306.7;
32.4;32.3; 23.6; 14.4; 12.1. Found, m/z: 470.3164 [M+H]".
C3HyoN;O. Caleulated, m/z: 470.3171.
(R)-{3-|(Diethylamino)methyl]-6-(4-methoxyphenyl)-
3,4-dihydroisoquinolin-2(1H)-yl}(4-pentylphenyl)-
methanone (9b). A vial was charged with bromide (R)-8
(50 mg, 0.106 mmol), (4-methoxyphenyl)boronic acid (24 mg,
0.159 mmol), and Pd(PPhs), (3.7 mg, 0.0032 mmol), then
1.4-dioxane (1 ml) was added, followed by aqueous 2 M
Na,CO; solution (106 ul, 0.212 mmol). After stirring at
105°C for 16 h, the orange suspension was cooled to room
temperature and diluted with H,O (5 ml) and EtOAc
(5 ml). The organic layer was decanted, and the aqueous
layer was extracted with EtOAc (3 * 5 ml). The combined
organic layers were washed with brine, dried over Na,SO,,
and evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (15 g),
eluent hexane-EtOAc, gradient from 10 to 100% EtOAc.
Yield 26 mg (49%), light-yellow oil, [a]p™® 13.3 (¢ 1.03,
CHCl5). 'H NMR spectrum (CDCl3), 6, ppm: 7.54-7.46
(2H, m, H Ar); 7.44-7.28 (4H, m, H Ar); 7.25-7.19 (3H,
m, H Ar); 7.01-6.93 (2H, m, H Ar); 5.31 (1H, d, /= 18.9,
CH,N); 4.61-4.16 (2H, m, CH.N, CH,CH); 3.85 (3H, s,
OCH;); 3.29-3.07 (1H, m, CH,CH); 2.95-2.83 (IH, m,
CH,CH); 2.72-2.49 (4H, m, 1-CH,, CH,CHs); 2.47-2.37
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(1H, m, CHCH:NEt;); 2.34-2.13 (3H, m, CHCH:NEt,,
CH-CHj;); 1.63 (2H, quint, J = 7.4, 2-CH>); 1.41-1.23 (4H,
m, 3,4-CH;); 1.08-0.94 (3H, m, CH,CHs); 0.90 (3H, t,
J = 6.8, 5-CH;); 0.76 (3H, t, J = 7.1, CH,CH;). "C NMR
spectrum (CDCl3), &, ppm: 172.3; 159.3; 144.7; 139.3;
134.2; 133.5; 132.6: 130.8: 128.6; 128.1; 127.7; 127.0;
126.2; 125.0; 114.3; 55.5; 54.5; 52.1; 47.4; 47.2; 41.9;
35.9; 31.5; 31.1; 22.7; 14.2; 11.8. Found, m/z: 4993322
[M+H]". C53H4sN2O,. Caleulated, m/z: 499.3325.
(R)-{3-[(Diethylamino)methyl]-6-(4-hydroxyphenyl)-
3,4-dihydroisoquinolin-2(1H)-yl)}(4-pentylphenyl)-
methanone (9¢). A vial was charged with NaH (60%
suspension in mineral oil) (7.4 mg, 0.184 mmol) and
washed with anhydrous Et;O (3 % 1 ml), then anhydrous
DMEF (1 ml) was added. The suspension was cooled to 0°C,
and 1-dodecanethiol (44 pl. 0.184 mmol) was added
dropwise (Caution! Gas evolution!). After stirring at room
temperature for 10 min, solution of isoquinoline derivative
(R)-(9b) (23 mg, 0.046 mmol) in anhydrous DMF (0.5 ml)
was added to the white suspension. The yellow solution was
stirred at 130°C for 2 h, then evaporated, and H>O (3 ml)
was added to the residue and extracted with EtOAc (3 x 3 ml).
The combined extracts were washed with H,O (7 ml), brine
(7 ml), dried, and evaporated. The mixture was purified by
column chromatography on silica gel (10 g), eluent
CH-Cl,, gradient to CH,Cl,-MeOH, 96:4. Yield 13 mg
(58%), light-yellow oil, [a]y™ 9.8 (¢ 1.16, CHCI).
'"H NMR spectrum (CDCls), 8, ppm: 7.46-7.34 (4H, m,
H Ar); 7.34-7.17 (5H, m, H Ar); 7.00-6.82 (2H, m, H Ar);
5.32 (1H, d, J = 18.0, CH:N); 4.66-4.17 (2H, m, CH:N,
CH-CH); 3.31-3.06 (I1H, m, CH-CH); 2.96-2.84 (1H, m,
CH.CH); 2.76-2.54 (4H, m, 1-CH;, CH.CH;); 2.50-2.37
(IH, m, CHCH,NEL); 2.35-2.15 (3H, m, CHCH-NEL,
CH,CH:); 1.71-1.54 (2H, m, 2-CH,); 1.44-1.23 (4H, m,
3.4-CHz); 1.12-0.96 (3H, m, CH>CH): 0.90 (3H, t, /= 6.7,
5-CH;); 0.76 (3H, t, J = 6.9, CH,CH;). C NMR spectrum
(CDCly), 8, ppm: 172.6; 156.0; 144.9; 139.5; 133.8; 133.0;
132.4; 130.5; 128.6; 128.2; 127.6; 127.3: 127.0; 126.2;
125.0; 116.0; 54.5; 52.2; 47.3; 42.0; 35.9; 31.5; 31.1; 22.7;
14.2; 11.7. Found, m/z: 514.3428 [M+H]". C53H4N;0,.
Calculated, m/z: 514.3434.
(R)-{3-|(Diethylamino)methyl]-6-[(4-methoxyphenyl)-
amino|-3,4-dihydroisoquinolin-2(1 H)-y1}(4-pentylphenyl)-
methanone (10). A vial was charged with Pds(dba);
(0.78 mg, 0.0009 mmol), X-Phos (0.81 mg, 0.0017 mmol),
then anhydrous PhMe (1 ml) was added and the solution
was heated to 60°C. After 10 min, bromide (R)-8 (20 mg,
0.042 mmol), 4-methoxyaniline (6.3 mg, 0.051 mmol), and
NaO¢-Bu (5.7 mg, 0.059 mmol) were added. After stirring
at 90°C for 16 h, the yellow suspension was cooled to room
temperature and diluted with H,O (5 ml) and EtOAc
(5 ml). The organic layer was decanted, and the aqueous
layer was extracted with EtOAc (3 x 5 ml). The combined
organic layers were washed with brine, dried over Na->SOy,
and evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (15 g),
eluent hexane-EtOAc, gradient from 50 to 100% EtOAc.
Yield 12 mg (55%). light-yellow oil, [a]y™® 11.5 (¢ 0.81,
CHCI;}.'H NMR spectrum (CDCly), 8, ppm: 7.40-7.33
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(2H, m, H Ar); 7.25-7.18 (2H, m, H Ar); 7.10-6.98 (3H,
m, H Ar); 6.90-6.83 (2H, m, H Ar); 6.82-6.66 (2H,
m, Ar); 5.43 (IH, s, NH); 5.19 (1H, d, J = 17.4, CH;N);
4.47-4.06 (2H, m, CH;N, CH,CH); 3.80 (3H, s, OCH;);
3.17-2.96 (1H, m, CH,CH); 2.72 (1H, d, J = 162,
CH.CH); 2.67-2.49 (4H, m, 1-CH,, CH.CHj3); 2.44-2.33
(1H, m, CHCH,NEt,); 2.31-2.12 (3H, m, CHCH,NEt;,
CH,CH3); 1.71-1.54 (2H, m, 2-CH,); 1.44-1.19 (4H, m,
3,4-CH,); 1.03-0.94 (3H, m, CH,CH,); 0.93-0.86 (3H, m,
5-CHy); 0.75 (3H. t, J = 7.1, CH,CHs). *C NMR spectrum
(CDCls), 8, ppm: 172.2; 155.4; 144.6; 143.8; 136.1; 134.3;
133.2; 128.5; 127.6; 127.2; 127.0; 122.4; 122.1; 116.2;
114.8; 55.7; 54.6; 52.1; 47.4; 41.7; 35.9; 31.6; 31.2; 27.7,
22.7; 14.2; 11.9. Found, m/z: 514.3428 [M+H]". C53HuN:O..
Calculated, m/z: 514.3434.

Inhibitory activity assays of compounds 9a—c, 10.
A fluorescence resonance energy transfer (FRET) assay
was performed to evaluate the ability of compounds to
inhibit PIm I, Plm II, and Plm IV. K, of the substrate was
determined for each enzyme: PIm I — 2.7 + 0.3 uM, Plm IT —
2+02 pM, Plm IV — 2.8 £ 0.2 pM. A solution of each
compound for testing (concentration 0.01-100 uM) was
added to the enzyme (PIm I, Plm II, or PIm IV) in buffer
(0.1 M NaOAc, pH 4.5, 10% glycerol) on 96-well plate.
The mixture was incubated for 30 min at 37°C. Substrate
(DABCYL-Glu-Arg-Nle-Leu-Ser-Phe-Pro-EDANS, AnaSpec
Inc.) was then added to reach the final concentration of
5 uM. Hydrolysis of the substrate was detected as an
increase in fluorescence (Em 490 nm, Ex 336 nm) at 37°C.
The data points were collected every | min within 815 min,
For the rate calculation, only the linear interval was used,
which was slightly different for each enzyme. Compounds
were tested in triplicate experiments. 1Csy values were
calculated using the software Graph Pad Prism 5.0.
Pepstatin A (ICs, nM: 0.42 = 0.02 (PIm II), 0.9 + 0.02
(Plm I), 0.3 £ 0.04 (PIm 1V)) and compound A were used
as positive control.

X-ray structural analysis of compound (R)-6a. Single
crystals of Cj;H,3BrCINO, were investigated on a Rigaku,
XtaLAB Synergy, Dualflex, HyPix diffractometer. The
crystal was kept at 150.0(1) K during data collection. Using
Olex2,"” the structure was solved with the ShelXT™
structure solution program using Intrinsic Phasing and
refined with the olex2.refine® refinement package using
Levenberg-Marquardt minimization. Crystal data for
C H;3BrCINO; (M 306.59 g/mol): triclinic, space group
Pl;a 7.0731(4). b 7.9997(4), ¢ 12.2609(4) A; o 77.412(4),
B 74.682(4), v 68.708(5)°; ¥ 617.68(6) A% Z 1; p(CuKa)
6.417 mm™"; deue 1.6483gﬂ’cm3. 16651 reflections measured
(20 < 155.0°), 4805 unique (Riy 0.0475, Rgym, 0.0349)
which were used in all calculations. The final R, was 0.0438
(I > 20(l)) and wR, was 0.1318 (all data). The complete
crystallographic dataset was deposited at the Cambridge
Crystallographic Data Center (deposit CCDC 1953912).

Docking studies. Docking studies were performed using
the AutoDock Vina software package.'®

This work was supported by the European Regional
Development Fund (agreement No. 1.1.1.1/16/4/290).
Authors thank Dr. S. Belyakov for X-ray crystallographic
analysis and Dr. I. Domraceva for ICsy measurements.
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PEPTIDOMIMETIC PLASMEPSIN INHIBITORS WITH POTENT
ANTI-MALARIAL ACTIVITY AND SELECTIVITY AGAINST
CATHEPSIN D

Linda Kinena (1), Rimants Zogota (1,2), Vita Ozola (1), Aigars Jirgensons (1), Edgars Suna (1)

1) Larvian Institute of Qrganic Synthesis, Aizkraukles 21, Riga, LV-1006, Latvia
2) The Faculty of Chemistry, University of Latvia, Jelgavas 1, Riga, LV-1004, Latvia

Malaria is a life-threatening disease caused by Plasmodium parasites which are transmitted by mosquites.[1] The
spread of drug-resistant malaria parasites urges the development of new antimalarial drugs. Malarial aspartic
proteases — plasmepsins (PIm I, PIm I1, PIm IV, HAP) — are found in the food vacuole of the parasite. The
plasmepsins are involved in processing of hemoglobin to amino acids and are considered as attractive drug
targets.[2]

Hydroxyethylamine derivative A was recently published by GlaxoSmithKline as potent antimalarial which shows
high inhibitory activity against PIm IV but no selectivity versus human aspartic protease Cathepsin D (CatD).[3]
For the lead optimization Plm IV was used as a readily accessible model protein, the inhibition of which was
previously found to correlate with results of parasite growth assay. Based on sequence alignment of PIm IV and
Cat D, the selectivity factor (S) PIm IV/Cat D of antimalarial hit A was optimizied by changing substituents
occupying S3 and $4 sub-pockets.[4]

+ Rand R substituents induces selectivity
Me Me

3 Ph
83 (o] (e}
R OMe *High (40-fold) Pim IV/Cat D selectivity
N N N
H O H OH H ¢ECs (P.falciparum)= 0.3-6.0 nM
® e Ol
o0

Introduction of an 53 sub-pocket targeting mono-substituted amide moiety containing linear or branched
hydrophobic groups resulted in up to 40-fold PIm IV/Cat D selectivity factor. PIm IV inhibitors with no
substituents or fluorine targeting the S4 sub-pocket led to 20-fold selectivity against Cat D. Determination of
parasite growth inhibition potency for selected Plm inhibitors showed activities in the low nano-molar range
(0.3-0.6 nM).[4]
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Malaria is one of the most life-threatening infectious disease spread by
mosquitoes. The rapidly growing resistance of parasite has affected most of the
anti-malarial drugs. The potential anti-malarial drug targets could be aspartic
proteases - PIm I, PIm II, PIm IV that are found in the food vacuole of the parasite
and degrade 75% of host hemoglobin.

Antimalarial hit ZSR was identified to be potent PIm II and Plm IV inhibitor with
no selectivity over Cathepsin D (the human aspartic protease). CatD shares ~35%
sequence identity with the plasmepsins of the malaria parasite so anti-malarial
drugs targeting the plasmepsins must have reduced activity on CatD to avoid
adverse side-effects such as neuronal ceroid lipofuscinosis (NCL), developmental
regression, visual loss and epilepsy [1]. Majority of the ZSR analogues which has
the best potency against PIm IV possess poor selectivity over CatD [2]. To
improve the selectivity (selectivity factor of CatD/Plm IV inhibition), we
attempted to optimize this molecule by structural variations in positions X and Y.

Lipophilic and sterically large amide fragments

OMe
H H Me Me
N (S) [: ] (S)
,o \/(.‘}/ \@/

1SR Sterically small substltuents

Among various fragments tested at the position X and Y we can confirm that high
ICs0 values and good CatD/PImIV selectivity factor can be achieved if inhibitor
contains secondary amide with lipophilic substituent at position X and sterically
small substituent at position Y.
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Malaria is one of the most life-threatening
infectious  disease spread by mosquitoes.
Plasmodium falciparum is one of the four species of
Plasmodium that cause malaria in humans, The
rapidly growing resistance of parasite has affected
most of the anti-malarial drugs. The potential anti-
malarial drug targets could be aspartic proteases -
Plm 1, Plm II, Plm IV that are found in the food
vacuole of the parasite and degrade 75% of host
hemoglobin [1].

Antimalarial hit /SR (Figure 1) was identified by
GlaxoSmithKline to be potent Pim Il and Plm IV
inhibitor with no selectivity over Cathepsin D (the
human aspartic protease) [2]. CatD shares a ~35%
sequence identity with the plasmepsins of the
malaria parasite [3]. Anti-malarial drugs targeting
the plasmepsins must have reduced activity on CatD
to avoid adverse side-effects such as neuronal
ceroid lipofuscinosis (NCL), developmental
regression, visual loss and epilepsy [4]. Majority of
the ISR analogues, which has the best potency
against Pim [V, possess poor selectivity over CatD.
To improve the selectivity (inhibitory activity on
CatD against inhibitory activity on Plm IV), we
attempted to optimize this molecule by structural
variations in positions X and Y.

Lipophiic and lhr:uwl-wlmm fragments
l

Imi., 1) uga,q-ﬁ).

158 IJ Sterically small mn
Figure 1. The optimization of the JSR molecule.

Among various secondary and tertiary amides
tested at the position X, the best CatD/PlmIV
selectivity was obtained with secondary amides
possessing  lipophilic and  sterically large
substituents, such as 3,33-trifluoropropyl 1.
Significant decrease in selectivity was observed
using tertiary amides, such as bis-3,33-
wrifluoropropyl 2 (Figure 2).

=

Position Y required sterically small substituents
such as hydrogen and chlorine (Figure 3) to achieve
high ICso values and CatD/PImIV selectivity.
Molecule 3 lacking substituent at position Y shows
the highest selectivity in a series.

8 (seleciiviy) = IC55(CatD) / ICao(Pim IV)

geSBJIT e
: | s {’\Ot

Figure 2. The optimization of the position X.
5 (selectivity) = ICg{CatD) / x:..,‘m %]

@O\,HWL,Q') 35\( n@

S=198 §=120
Figure 3. The optimization of the position Y.

In summary, high ICsp values and good
CatD/PImlV selectivity can be achieved if inhibitor
contains secondary amide with lipophilic nitrogen
substituent at position X and sterically small
substituent at position Y.
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