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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

levads

Sausas acs slimiba (SAS), kas pazistama ari ka keratoconjunctivitis sicca, ir daudzfaktoru acs
virsmas slimiba,® kas skar simtiem miljonu cilvéku visa pasaulé.? SAS attistibas riska faktori ir
vecums, sievie$u dzimums, hormonala nelidzsvarotiba, autoimiinas slimibas, radzenes patologiska
inervacija, vitaminu triikums, apkartgjas vides izraisits stress, kontaktlecu lietosana, infekcijas,

8 Slimibu raksturo sausa,

medikamentu lieto§ana un oftalmologiska kirurgiska iejauksanas.
smilaina vai dedzinosa sajiita aci, ka arl parmériga asaroSana un fotosensitivitate. SAS ir
iekaisuma slimiba, kas ietver gan vielmainas, gan imunsistémas disregulaciju. Pieaugosa
osmolaritate asaru plévé var izraisit oksidativus apstaklus acs virsma, kas aktivizé patologisku
kaskadi. Nesen Antverpenes Universitaté izstradats jauns biologiski aktivs a-aminofosfonats
(UAMC-00050 (1), 1. att.) ka vadosais medikaments SAS arstésana.> ¢ Molekula ir peptida dabas
difenilfosfonats un neatgriezenisks serina proteazes inhibitors, kas enzima aktivaja centra veido
kovalentu saiti ar serina sanu k&des hidroksilgrupu. Sada veida savienojumu selektivitate parasti
tiek nodrosinata, amina ieklaujot peptidu k&des. Savukart Joossens u. c. pieradija, ka spécigu un
selektivu inhibiciju var panakt ari ar maziem nepeptidu difenilfosfonatiem.® Diarilfosfonats
UAMC-00050 (1) uzrada labu inhib&joso aktivitati pret urokinazes plazminogéna aktivatoru (uPA)
un citam tripsinam lidzigam serina proteazém, kas ir iesaistitas acu slimibas. Dzivniekiem, kas
arstéti ar UAMC-00050 (1), péc novértésanas ar natrija fluoresceinu novérots ievérojams acu
virsmas bojajumu samazindjums, salidzinot ar dzivniekiem, kas nebija arstéti, vai ar tadiem, kas
arsteti ar kontroles savienojumu vai ciklosporinu. IL1a un TNFa koncentracijas asaru $kidruma
ievérojami samazinas ari ar UAMC-00050 (1) arstétam zurkam. Turklat ievérojami samazinas
iekaisuma §tnu infiltracija palpebralaja acs saistené (CD3 un CD45). Pro-Matricas
metaloproteinaze (pro-MMP9) uzkrasanas un aktiva MMP9 samazina$anas konstatéti asaru
$kidruma dzivniekiem, kas arstéti ar UAMC-00050 (1), un tas liecina, ka tripsinam lidzigajam
serina proteaze€m ir nozime MMP9 aktivizé§ana acu iekaisuma gadijuma $aja dzivnieku modeli.
Lai nodroSinatu vairak materiala pirmskliniskajiem pétjjumiem, tika izstradata jauna vairaku
gramu UAMC-00050 (1) sintézes metode, uzlabojot kop&jo iznakumu, procesa izmaksas un ta
ietekmi uz vidi. Sekundarais mérkis bija nodro$inat divu a-aminofosfonatu 3-5 g iegiSanu, kas ir
lidzigi UAMC-00050 (1): UAMC-0004206 (2), ko bija planots izmantot ka rezerves savienojumu
savienojumam UAMC-00050 (1), un UAMC-0004207 (3), kas tika izmantots, lai izp&titu 4-
hlorfenilfosfonatu atvasinajumu aktivitati. (1. att.). Talak promocijas darba autora mérkis bija veikt
divu UAMC-00050 (1) enantioméru atdaliSanu, lai noteiktu tiro izoméru biologisko aktivitati. ST
mérka sasniegSanai izstradata jauna enantioselektivu un diastereoselektivu metode o-
aminofosfonatu sintgzei.
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1. att. a-aminofosfonatu UAMC-00050 (1), UAMC-0004206 (2) un UAMC-0004207 (3)
struktaras.

Pétijuma meérkis un uzdevumi

Darba meérkis ir izstradat praktisku, efektivu un drosu metodiku a-aminofosfonatu iegtisanai:

UAMC-00050 (1), UAMC-0004206 (2) un UAMC-0004207 (3).

Darba mérka istenosanai noteikti vairaki uzdevumi.

1) Izstradat metodi a-aminofosfonata UAMC-00050 (1) iegiiSanai, kas var nodrosinat produkta
vairaku gramu sintézi ar reproducgjamu kvalitati. Metodei jabit efektivakai, drosakai un l&takai,
salidzinot ar ieprieks izstradato medicinas kimijas metodi.

2) Sintezet 3-5 g rezerves a-aminofosfonata UAMC-0004206 (2) un koncepcijas pieradiSanas o-
aminofosfonata UAMC-0004207 (3).

3) Izolét divus UAMC-00050 (1) enantiom&rus in vitro pétijjumiem un izp&tit metodes UAMC-
00050 (1) stereoselektivai sintézei.

Zinatniska novitate un galvenie rezultati
1) Izstradata jauna metode o-aminofosfonatu iegi$anai izmantojot Y(OTf)s ka katalizatoru.

2) Izstradata uzlabota mérogojama metode a-aminofosfonata UAMC-00050 (1) iegfiSanai vairaku
gramu daudzuma.

3) Sintezéti a-aminofosfonati UAMC-0004206 (2) un UAMC-0004207 (3).

4) Diastereoselektiva metode a-aminofosfonata iegisanai ar hiralu karbamatu parbaudita,
izmantojot modelsubstratu. Metode nodrosinaja atbilstosa o-aminofosfonata iegiisanu ar 28 %
enantiomero parakumu.



Darba struktiira un apjoms

Promocijas darba ir Getras dalas. Pirmaja aprakstita sintézes optimizacija savienojuma
UAMC-00050 (1) iegtisanai, otraja aprakstita optimizacija savienojuma UAMC-0004206 (2)
iegtiSanai, treSaja aprakstita optimizacija savienojuma UAMC-0004207 (3) iegtiSanai un ceturtaja
aprakstiti savienojuma UAMC-00050 (1) stereoselektivas sintézes petijumi.

Publikacijas un darba aprobacija

Darba galvenie rezultati apkopoti tris zinatniskajas publikacijas, petijuma rezultati
prezenteti tris konferences.

Zinatniskas publikacijas

1) Ceradini, D.; Shubin, K. One-pot synthesis of a-aminophosphonates by yttrium-catalyzed
Birum-Oleksyszyn reaction RSC Adv. 2021, 11, 39147-39152. doi.org/10.1039/D1RA07718J.

2) Ceradini, D.; Shubin, K. New methods for the synthesis of phosphono-3-lactones
(microreview). Chem. Heterocycl. Compd. 2021, 57, 1167-1169. doi.org/10.1007/s10593-021-
03038-7.

3) Ceradini, D.; Cacivkins, P.; Ramos-Llorca, A.; Shubin, K. Improved Synthesis of the Selected
Serine Protease uPA Inhibitor UAMC-00050, a Lead Compound for the Treatment of Dry Eye
Disease. OPRD 2022, 26(10), 2937-2946. doi.org/10.1021/acs.oprd.2c00244.

Konferences

1) Process optimization of the synthesis of UAMC-00050, a novel uPA inhibitor, XXVI EFMC
International Symposium on Medicinal Chemistry (EFMC-ISMC 2021), kas notika virtuali
2021. gada 29. augusta—2. septembri.

2) Process optimization of the synthesis of UAMC-00050, a novel uPA inhibitor, Paul Walden
12™ Symposium on Organic Chemistry, kas notika virtuali 2021. gada 28.—29. oktobri.

3) Upscaling of lead compounds from WP1 and enantioselective synthesis of theserine protease
inhibitor UAMC-00050, Symposium DRY EYE DISEASE IT-DED? Consortium Meeting, kas
notika Quinze-Vingts slimnicas Redzes Institita, Parize, Francija, 2021. gada 2.—3. decembri.



PROMOCIJAS DARBA GALVENIE REZULTATI
Uzlabota vairaku gramu UAMC-00050 (1) sintézes izstrade

Medicinas kimijas metode UAMC-00050 (1) sintézei (1. shéma) vispirms atkartota bez
izmainam, izpildot sint€zi dazados mérogos, no 100 mg 1idz 17 g. Sintéze sakas ar amtna grupas
aizsardzibu 4-aminofenetilspirta (6) ar Boc2O trietilamina (TEA) klatbatng. Talak seko spirta 8
oksidésana par aldehidu 9 ar Dess-Martin periodinanu (DMP). Molekulas 11 karkass izveidots
viena reaktora triskomponentu (Birum-Oleksyszyn) Biruma-OleksiSina reakcija starp aldehidu 9,
benzilkarbamatu (10) un fosfitu 5, ka katalizatoru izmantojot vara triflatu.” ° Triarilfosfits 5 iegiits
no paracetamola (4) un izmantots nakamaja stadija bez attiriSanas. P& tam Boc grupa nonemta ar
TFA/DCM 1:1, lai iegiitu sali 12. Guanidina atlikums ievadits molekula izmantojot N,N’-di-Boc-
1H-pirazol-1-karboksamidinu (13), divas Boc grupas nopemtas ar TFA/DCM 1:1, un
trifluoracetata sals pretjons apmainits pret hloridu p&c savienojuma 15 maisiSanas ar DOWEX 1X8
Cl svekiem, lai ieglitu savienojumu 1. Parbaudot medicinas kimijas metodi, novérota virkne
kritisko punktu, kas tiks apspriesti promocijas darba. Veicot Biruma-Oleksisina reakciju, novérota
reproducgjamibas probléma 4,3 mmol méroga. Zems reakcijas iznakums (11 %) stipri ietekmgja
kopgjo metodes iznakumu (3 %), un $aja posma raduSos piemaisijumus bija gruti atdalit no
produkta. Savienojuma 5 firiba ir izkiro$a, lai ierobezotu blakusproduktu veidoSanos Biruma-
OleksiSina posma, jo skabie sadaliSanas produkti var noskelt Boc grupu un izraisit blakusproduktu
veidosanos. DMP ka oksidétaja izmantosana aldehida 9 iegliSanai nav piemérota liela apjoma
sintézém zemas atomu ekonomijas un droiibas apsvérumu dél.® Aizsargata guanidina 14
iegtiSanai ka reagents izmantots N,N’-di-Boc-1H-pirazol-1-karboksamidins (13), kas ta cenas dél
spécigi ietekmé procesa izmaksas. Neskatoties uz to, ka savienojuma 1 struktiira ir salidzinosi
vienkarsa, ir tikai viens praktisks veids, ka to iegiit. Tapéc tika nolemts saglabat Biruma-OleksiSina
reakciju neatkarigi no tas slikta iznakuma. Tika veikta apstaklu parbaude, lai palielinatu produkta
11 iznakumu un tiribu. Bija nepiecieSama plasa reakcijas apstaklu optimizacija, lai ieglitu un
izdalttu fosfitu 5 ta nestabilitates skabekla un mitruma klatbtitn€ del. Lai iegiitu aldehidu 9 ar
augstaku drosibu un uzlabotu atomu ekonomiju, pétitas dazadas DMP katalitiskas alternativas. Lai
samazinatu izmaksas, pétitas N,N’-di-Boc-1H-pirazol-1-karboksamidina (13) alternativas
guanidina dalas veido$anai savienojuma 14. Procesa masas intensitate (process mass intensity,
PMI) samazinata, izmantojot kolonnu hromatografijas alternativas metodes starpproduktu
attiriSana.
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1. shéma. Medicinas kimijas metode UAMC-00050 (1) sintézei.

Triarilfosfita 5 iegiSana

Savienojums 5 iegiits saskana ar originalajiem apstakliem® ar nelielam modifikacijam
(2. shéma). Triarilfosfita 5 atdaliSana no galvenajiem piemaisijumiem (diarilfosfits 16 un
paracetamols (4)), izmantojot hromatografisko atdali§anu, izgulsné$anu vai kristalizaciju, izradijas
sarezgita. Tapéc blakusprodukta daudzums samazinats peéc reakcijas apstaklu optimizacijas
(pieméram, samazinot reakcijas laiku no 105 lidz 60 minatém). Tika konstatéts, ka izejas
savienojuma esoSais Udens ir galvenais iemesls triarilfosfita 5 samazinatai tiribai. Izejas
savienojuma 4 riipiga zavésana vakuuma (5 mbar) vismaz 24 stundas ievérojami uzlaboja produkta
5 konversiju un tiribu. Atliku$ais Gdens paracetamola (4) veidoja 0,030 % (aprekinats, izmantojot
Karla FiSera titréSanu). P&c reakcijas optimizacijas 44 mmol iekravuma fosfits 5 iegits ar 98 %
iznakumu un 92,3 % tiribu, noteiktu ar augstas izskirtsp&jas skidruma hromatografiju, izmantojot
platibas normalizacijas metodi (AISH).
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2. shéma. Savienojuma 5 iegtsana: paracetamols (4) (3,0 ekviv.) reagé ar PClz (1,0 ekviv.)
tetrahidrofurana, TEA (3,0 ekviv.) klatbiitng, 0 °C temperatiira.

Aminogrupas Boc aizsardziba savienojuma 6

Medicinas kimijas metodé aminogrupas aizsardziba savienojuma 6 panakta, izmantojot di-
terc-butildikarbonatu (1,1 ekviv.) TEA (1,0 ekviv.) klatbatné dioksana (1. tab. 1. piem.).®> Si
procesa attistiba veiksmigi izmantots literatiira aprakstitais labakais reakcijas protokols®! (kas
neprasa TEA lieto$anu). Savienojumu 6 apstradats ar 1,1 ekviv. di-terc-butildikarbonata EtOAc
16 stundu laika (1. tab., 2. piem.). Savienojuma 8 attiriSana veiksmigi panakta, izmantojot
filtréSanu caur silikag€lu kolonnu hromatografijas vieta (1. tab., 3. piem.). Palielinot reakcijas
mérogu Iidz 73,0 mmol iekravumam, silikagéla daudzums samazinats no 15,0 sv./sv. lidz
8,3sv./sv. (1. tab., 4. piem.). Velak konstatéts, ka ari kristalizacija ir piem&rota metode
savienojuma 8 attiriSanai. Piecos dazados apstaklos MeCN/MTBE maisijums 1:1 tilp./tilp.
(8kidinatajs/8 = 1.5:1 tilp./sv.) nodroginaja produktu ar 98 % iznakumu un 99 % tiribu péc AISH
(1. tab., 5. piem.).

1. tabula
Savienojuma 8 iegiisanas optimizacija
o o
HO HO
S K
7
Skidinatajs, baze,
NH, 20-25°C NHBoc
6 8
NI | geqemems. | l€kravums - . Iznakums | Tiriba
p. K. Skidinatajs (mmol) Baze AttiriSanas metode (%)? (%)°
1. Dioksans 37,00 TEA | Kolonnu hromatografija 97 99
2. EtOAC 37,00 - Kolonnu hromatografija 99 99
3 EtOAC 37,00 B Silikaggls (SiO./8 = 15:1 95 99
Sv./sv.)
n EtOAC 73.00 7 Silikaggéls (SiO./8 = 8.3:1 99 99
sv./sv.)
Kristalizacija
5. EtOAC 73,00 - (MeCN/MTBE 1:1/8 = 98 99
1.5:1tilp./sv.)

2 |zdalits iznakums. ? Noteikts ar AISH.

11




Aldehida 9 ieguSana

Meklgjot DMP alternativas aldehida 9 iegiiSanai, tika parbaudita virkne Kkatalitisko
apstaklu, ka primaros oksid&tajus izmantojot gaisu/O2, H202 un NaClO. Diemzgl gaiss/O2 ar
(bpy)CUl/TEMPO un H,0; ar AICI5'® vai KBI/TEMPO/pTsOH nesp&ja nodrosinat produkta 9
iegisanu. No otras puses, izmantojot 1,5 ekvivalentus NaClO un TEMPO, KBr un nBusBr
katalitisko daudzumu,'® *® nodroginata substrata 8 69 % konversija (2. tab., 1. piem.). Pattkami
parsteigti, palielinot NaClO ekvivalentu daudzumu lidz 1,8, tika panakta pilniga spirta 8 konversija
jau p&c 15 minatém (2. tab., 2. piem.). 2. pieméra apstakli mérogoti lidz 4,22 mmol ickravumam.
Diemzgl péc attirisanas produkts 9 ieglits ar zemu 31 % iznakumu ar karbonskabi 17 ka galveno
piemaisTjumu (2. tab., 3. piem.). Ka zino Anelli u.c.,'® nBusNBr klatbiitne izraisa spirta 8
paroksidaciju par skabi 17. Iznakumu izdevas palielinat Iidz 59 %, iznemot no reakcijas maisijuma
ceturtgjo sali (2. tab., 4. piem.). Iznakums palielinats lidz 71 %, kad TEMPO daudzums samazinats
no 0,05 lidz 0,01 ekvivalentam un reakcijas laiks samazinats no 60 lidz 30 minGtém (2. tab.,
5. piem.). Tomér péc reakcijas mérogoSanas lidz 37 mmol apjomam tika nov&rota iznakuma
samazinasanas 1idz 60 % (2. tab., 6. piem.). Samazinot NaClO daudzumu Iidz 1,6 ekvivalentiem
un reakcijas laiku 1idz 15 minaitém, tika iegits savienojums 9 ar 66 % iznakumu (2. tab., 7. piem.).
No attiriSanas ar kolonnu hromatografiju izdevas izvairities, izmantojot bisulfita adukta
protokolu,*” un savienojums 9 iegiits ar 99 % tirtbu pec AISH. Tomér, kad 3T attiriSanas metode
piemérota, sintezgjot savienojumu 9 73 mmol méroga iekravuma, noverota iznakuma
samazina$anas (Iidz 59 %; 2. tab., 8. piem.). Filtrata parbaude liecinaja, ka to, visticamak, izraisija
probléma ar lénu adukta 18 veidoS$anos, nevis katalitisko oksidaciju. Neapstradata aldehida
reakcijas laika pagarinaSana no 2 lidz 16 stundam ar NaHSOs lava pilniba parveidot aldehidu 9
par starpproduktu 18. Bisulfita atvasinajums parveidots atpakal par aldehidu péc reakcijas ar
Na.COz tidens $kidumu, nodrosinot savienojumu 9 ar 71 % iznakumu no savienojuma 8 ar tiribu
99,2 % péc AISH (2. tab., 9. piem.).

2. tabula
Optimizacija aldehida 9 sintézei
HO o) 9 HO SN
TEnNnaP%,okBr HO . NaHSO, HO3S Na,COs
Toluols/EtOAc 1:1 EtOH EtOAc/H,0
NHBoc NHBoc NHBoc NHBoc NHBoc
8 17 9 18 9
Nr. p. Spirts NaClO | TEMPO | Laiks Bisulfita Konversija | Iznakums
k.a (mmol) | (ekviv.)? | (ekviv.) | (min) | ekstrakcija® (%) (%0)e
1 0,42 15 0,05 120 - 69 N/A
2 0,42 1,8 0,05 15 — 100 N/A
3f 4,22 1,8 0,05 15 2 st. 20-25 °C 100 31
4, 4,22 1,7 0,05 60 2 st. 20-25°C 100 59
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2. tabulas turpinajums

5. 4,22 17 0,01 30 2st. 20-25°C 100 71

6. 37,00 1,7 0,01 30 2st. 20-25°C 100 60

7. 37,00 1,6 0,01 15 2st. 20-25°C 100 66

8. 73,00 1,6 0,01 15 2st. 20-25°C 100 59

9. 73,00 1,6 0,01 15 16 st. 100 71
20-25°C

3KBr (0,1 ekviv).; P 11-15 % NaCIO tidens skidums; ¢ pirms filtrésanas maisits 1 stundu 0 °C
temperatiira; 4 noteikta ar *H KMR metodi; & izdalits iznakums; ' nBusNBr (0,05 ekviv.).

Biruma-OleksiSina reakcija

Viena reaktora triskomponentu reakcija starp aldehidu 9, fosfitu 5 un benzilkarbamatu (10)
ir galvenais posms savienojuma 1 sintéz&. DiemZ&l, atkartojot reakciju vairaku gramu méroga,
starpprodukts 11 iegiits ar zemu iznakumu (11 %). Turklat piemaisTjumi reakcijas maisijuma radija
attiriSanas problémas. Optimizacija sakas ar katalizatoru skriningu — starp 18 Liisa un Brensteda
skabém, Y(OTf)s spgja nodrosinat savienojuma 11 42 % iznakumu un uzlabotu piemaisijumu
profilu (3. tab., 1. piem.).!8 Talak tika veikta skidinataja optimizacija. Veicot reakciju MeCN, tika
noverota noguls$nu veidosanas, kas velak identificétas ka aminals 19. Astonu reakcijas Skidinataju
skrinings atkléja ka MeCN/THF maisijums 1'1 tilp /Mtilp. ir Vispiemérotﬁkais amine‘lla 19
Vel paaugstmat (Iidz 45 %), palielinot koncentraciju no 0,07 lldz 0,17 M (3. tab., 3. piem.). Péc
tam ka piedevas tika parbaudita virkne anhidridu, jo ir zinams, ka tie veicina lidzigas reakcijas
starp aminaliem un alkilfosfonskabem.*?? Ekvimolari etikskabes un trifluoretikskabes anhidridu
daudzumi spgja palielinat o-aminofosfonata 11 iznakumu attiecigi lidz 50 % un 52 % (3. tab., 4.
un 5. piem.).

NHAc NHAc

AcHN
o <AcHN \©\
\
CbzHN.__NHCbz

O NHebz O NHebz
C% 0
NHBoc 10 OJ<
NH, NHBoc NHBoc NHBoc

Y(OTf)3, piedeva,
Skidinatajs, ist.t.

3. shéma. Biruma-Oleksi$ina reakcija a-aminofosfonata 11 iegiSanai.
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3. tabula
Skidinataju un piedevu skrinings savienojuma 11 sintézei

5 Piedeva Konc Savienojuma | Savienojumu
Nr.p. k.2 Skidinatajs (1,0 ekviv.) (M) " | 11 iznakums 11/20

' ' (%0)° attieciba
1. MeCN - 0,07 42 80,3:19,7
2. MeCN/THF 1:1 - 0,07 44 81,3:18,7
3. MeCN/THF 1:1 - 0,17 45 75,7:24,3
4. MeCN/THF 1:1 Ac,0 0,17 50 80,4:19,6
5. MeCN/THF 1:1 TFAA 0,17 52 75,7:24,3

8Aldehids 9 (1,0 ekviv.), benzilkarbamats (10) (1,0 ekviv.), fosfits 5 (1,0 ekviv.), 4,3 mmol
ickravums, reakcijas norise Cetras stundas; b izdalits iznakums.

Reakcijas beigas paracetamols (4), diarilfosfits 16, monoarilfosfonats 20 un aminals 19
veidoja galvenos piemaisijumus. Neapstradata jélsavienojuma baziska mazgasana ar 0,5 M NaOH
tidens §kidumu lava gandriz pilniba atbrivoties no skabajiem piemaisijumus, t. i., paracetamola (4)
monoarilfosfonata 20 un diarilfosfita 16. FiltréSana caur silikg€lu lava atbrivoties no aminala 19
un citiem lipofiliem piemaisTjumiem. Sadas attfriSanas rezultata iegiits a-aminofosfonats 11 ar
64,2 % tiribu péc AISH. Pé&c baziskas mazgasanas jélsavienojuma joprojam palika aptuveni 8,3 %
paracetamola (4) péc AISH datiem. Baziska tidens §kiduma izgulsnésana ar pretskidinataju lava
atbrivoties no atlikusa blakusprodukta 4. Jelsavienojuma 11 $kidumam acetona pa pilienam
pievienoja 0,5 % NaHCO; iidens $kidumu. Nogulsnes izdalitas ar 82,3 % AISH firibu. Talak tika
veikta krasaino piemaisijumu nonemsana. Tika parbauditi devini dazadu aktivétas ogles veidi,
diemZgl neviens no tiem nesp&ja nonemt krasainos piemaisijumus. Tad ka attiriSanas metode tika
izméginata suspendé$ana/mazgasana. Neapstradatais savienojums tika suspendéts EtOAc/acetona
19:1 maistjuma. P&c 16 stundu maisi$anas savienojums 11 izol&ts no mates Skiduma ar 98 % tiribu
péc AISH. Reakcija un attiriSanas protokoli (t. i., baziska mazgasana, filtréSana caur silikagglu,
izgulsn&Sana ar pretskidinataju un suspendé$ana/mazgasana) parbauditi ar 10,00 g (43 mmol)
aldehida 9 iekravumu, nodrosinot a-aminofosfonatu 11 ar 44 % iznakumu un 98,2 % tiribu pec
AISH.

N-Boc aizsarggrupas noskelSana starpprodukta 11

TFA/DCM 1:1 $kidums izmantots, lai noskeltu Boc aizsarggrupu savienojuma 11
medicinas kimijas metode. HCI izpétita ka ekonomiskaka alternativa TFA, turklat rezultata
veidojas mazak higroskopiska HCI sals (6. shéma). Sakotngji ka §kidinatajs, kas spgj izskidinat
savienojumu 11, tika izmantots 2,5 N HCI etanola. Tomér reakcijas beigas reakcijas maisijuma
tika konstateta neliela monoarilsavienojuma 22 klatbaitne. Lidziga probléma novérota, izmantojot
5-6 N HCI un iPrOH. Tapéc substrats 11 apstradats ar 4 N HCI dioksana tris stundas. Anilina
hidrohlorids 21 izoléts no reakcijas maisijuma ar izgulsnéSanu ar pretskidinataju no EtOH
$kiduma, kas maisits ar 10 reizes lielaku EtOAc tilpumu 20-25 °C temperatiira. Optimizacijas
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rezultata atrastie apstakli piemé@roti paaugstinata méroga N-Boc aizsarggrupas noskel$anai un
reakcijas maisfjuma apstradei. Anilina hidrohlorids 21 iegiits ar 99 % iznakumu un 97,9 % tiribu
péc AISH, ka izejvielu izmantojot 14 mmol a-aminofosfonata 11.

NHAc NHAc NHAc

AcHN AcHN
\©\O 2,5 N HCI EtOH vai \©\

[§¥e) 5-6 N HCI /PrOH vai

O/’P/ NHCbz __4 N HCl dioksana _ NHCbZ NHCbZ
NHBoc NH3 C| NH3 CI

1"

4. sheéma. N-Boc noskel$ana savienojuma 11 HCI vide.

Starpprodukta 21 guanilé$ana

Medicinas kimijas metodé galaprodukts 1 iegiits no anilina TFA sals 12, guanilgrupu
molekula ievadot ar N,N'-di-Boc-1H-pirazol-1-karboksamidinu (13). Sai reakcijai sekoja Boc
grupas noskelsana ar TFA/DCM un sals pretjona apmaina ar DOWEX 1X8 CI svekiem, lai
starpproduktu 15 parveérstu par produktu 1. Lai samazinatu stadiju skaitu, tika parbaudits tieSs
veids, ka anilina HCI sali 21 parvérst produkta 1. Literatira ir atrodamas anilina tie$as parvertibas
par arilguanidinu.??® No tam izvélgjamies guaniléSanu ar NH2CN, lai izstradatu protokolu ar
labako atomu ekonomiju un zemakam izmaksam.?® 2* Sakotngji anilina sals 21 guanilésana tika
veikta ar 1,2 ekvivalentiem NH2CN 0,1 ekvivalenta Sc(OTf)s klatbtitné dazados $kidinatajos vai
$kidinataju maisijumos istabas temperatiira. Noskaidrots, ka MeCN/iPrOH 1:1 ir visoptimalaka
reakcijas vide, kas nodroSina 38 % anilina sals 21 konversiju 72 stundas (4. tab., 1. piem.).
Izmantojot optimiz&to $kidinataju, talak tika parbaudita virkne skabju katalitiska vai ekvimolara
daudzuma. Liisa skabes, pieméram, Bi(OTf)3 un Y(OTf)3z (4. tab., 2. un 3. piem.) un Brensteda
skabes, pieméram, HCl, HNOs un AcOH (4.tab., 4.-6. piem.), nesp&ja nodroSinat labaku
konversiju, salidzinot ar Sc(OTf)s. Pirms turpinat optimizaciju, tika izstradata produkta 1
izdaliSanas un attiriSanas metode. Produkts 1 izdalits ka cieta viela péc jélsavienojuma EtOH
$kiduma pilinaSanas 10 reizes lielakam iPrOAc tilpumam, maisot 20-25 °C temperatiira.
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4. tabula
Katalizatora optimizacija tieSai savienojuma 21 guaniléSanai

NHAc NHAc NHAc
AcHN AcHN
O/,l-l’/o NHCbz W O//P/ NHCbz + o P NHCbz
\[@ 20-25°C, 72 st \[Q\ ®NH2 o \LQ\ (i’\lfz o
N, o H)LNHZ N “NH;
21 1 22
Nr. p. k.2 Katalizators Katalizatora ekviv. Konversija (%0)°
1 Sc(OTf)3 0,1 38
2. Bi(OTf)3 0,1 34
3. Y(OTf)3 0,1 25
4. HCI 1,0 8
5. HNO3 1,0 40
6 AcOH 1,0 11

8Anilins 21 (0,08 mmol), NH2CN (1,2 ekviv.), 1,0 M koncentracija, 72 stundas, MeCN/iPrOH 1:1;
b noteikta ar AISH.

Nemot vera sakotngja skrininga rezultatus, tika pienemts, ka tris mainigajiem apstakliem
(t. i., koncentracijai, reakcijas laikam un NH2CN ekvivalentiem) varétu bt vislielaka ietekme uz
reakcijas iznakumu. Izvélgjamies eksperimenta planoSanas pieeju (Design of Experiment, DoE),
lai vienlaikus izp&titu visus tris mainigos lielumus un rezultata noteiktu jebkadu mijiedarbibu starp
tiem. Tris mainigo lielumu robeZas noteiktas $adas: 0,1-2,0 M koncentracija, 1,2-10,0 ekvivalenti
NH2CN un reakcijas laiks 48-96 stundas. DoE tika veikta ar maksliga intelekta timekla
programmatiiras XT SAAM palidzibu.?® Programma izmanto stohastiskas optimizacijas metodes,
lai sagatavotu ieteikumus nakamajiem eksperimentiem, 1idz tiek sasniegts mérkis. Saja gadfjuma
merkis bija maksimali palielinat galaprodukta iznakumu. Kopuma veikti 22 eksperimenti, kas
sadaliti Cetras secigas paral€lo eksperimentu iteracijas. Tika apkopotas ienesiguma vértibas, un
programmatiira, izmantojot automatiz&tu mehanismu, generéja galigo modeli. No atbildes virsmas
modela (Response Surface Model, RSM; 2. att.) tika noverots, ka vislabako iznakumu var iegit pie
0,5 M koncentracijas ar 10,0 ekvivalentiem NH2CN un maksimali palielinata laika.

16



A Equiv. Cyanamide = 10 B Time = 96

Predicted yield

2
2
é 7% 5i o,\‘

2. att. Cianamida guanil&$anas reakcijas produkta 1 iznakums, kas prognoz&ts RSM modeli,
reakcijas vide — iPrOH/MeCN 1:1; A: cianamida ekvivalenti — 10,0; B: reakcijas laiks — 96
stundas. Dzeltenie apgabali norada maksimalo paredzamo iznakumu.

Optimizétos apstaklos (0,5M koncentracija, 10,0 ekvivalenti NH2CN, reakcijas laiks
96 stundas) konversija uzlabota lidz 95 %, neliela méroga (0,08 mmol) galaprodukts 1 iegats ar
86 % iznakumu un 89 % tiribu péc AISH (5. tab., 1. piem.). Tomér, palielinot reakcijas mérogu
lidz 0,77 mmol, tika novérota konversijas samazinasanas un 1idz ar to arf iznakuma un tiribas
samazinasanas (5. tab., 2. piem.). NH2CN ekvivalentu palielinasana Iidz 15,0 bija nepiecieSama,
lai saglabatu izejvielas 21 konversiju 95 % liment (5. tab., 3. piem.). Otraja reakcijas $kidinataju
skrininga tika konstatéts, ka THF/EtOH 2:1 maisTjums, 10,0 ekvivalenti NH.CN gan 0,77, gan
7,7 mmol mé&roga sp&ja nodrosinat 95 % konversiju (5. tab., 4. un 5. piem.). 7,7 mmol méroga
anilina 21 tieSa guanilé$ana THF/EtOH 2:1 maisijuma ar 10,0 ekvivalentiem NH2CN nodros$inaja
savienojumu 1 ar 90,0% iznakumu un 91,0% tiribu péc AISH. Starp galaprodukta
piemaisTjumiem tika identificéta neliela monoarilfosfonata 22 klatbiitne, kas péc AISH sasniedza
0,4-1,1 %.

5. tabula
Skidinataja optimizacija tieSai savienojuma 21 guaniléSanai
Nr.p. k2 | lekravums Skidinatajs NH2CN Iznakums | Tiriba
(mmol) (ekviv.) (%)° (%)°
1 0,08 MeCN/iPrOH 1:1 10 86 89
2. 0,77 MeCN/iPrOH 1:1 10 77 85
3. 0,77 MeCN/iPrOH 1:1 15 83 88
4. 0,77 THF/EtOH 2:1 10 89 91
5. 7,7 THF/EtOH 2:1 10 90 91

3S¢(OTf)s (0,1 ekviv.) ka katalizators, 96 st, 0,5 M; P izdalits iznakums; ¢ noteikta ar AISH.
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Galaprodukta UAMC-00050 (1) attirisana

Sakuma tika méginats kristalizét neapstradatu produktu 1, tomér ne ar vienu no 17
parbauditajiem $kidinatajiem nevargja iegit tiru savienojumu 1. Nemot véra $os rezultatus, tika
izmantotas citas attiriSanas metodes. Tika nolemts parbaudit produkta 1 izgulsn&anu ar virkni
pretskidinataju, lai noskaidrotu, vai ir iesp&jams palielinat tiribu. Jelsavienojuma 1 skidums
absoltta EtOH pievienots pa pilienam septiniem dazadiem pret$kidinatdjiem. No pieciem
organiskajiem $kidinatajiem un diviem tdens $kidumiem tikai iPrOAc un EtOAc sp&ja nedaudz
palielinat tiribu, bet ne pietiekami, lai sasniegtu 98 % tiribas meérki. Visbeidzot, tika pétita
apgrieztas fazes hromatografija galaprodukta 1 attiriSanai. P&c virknes eluentu skrininga izvéléts
tidens/(MeCN/EtOH 9:1) gradients. Savienojums 1 veiksmigi izoléts, izmantojot C18 RP kolonnu.
AttiriSanas metode parbaudita 3,75 g méroga, ieglistot savienojuma 1 divas frakcijas — S1 ar tiribu
98,1 % péc AISH un S2 ar tiribu 99,4 % péc AISH. Tirs materials regeneréts ar 79 % iznakumu

no jelprodukta, kopgjais a-aminofosfonata 1 iznakums no anilina 21 — 72 %.

Procesa metodes izstrade UAMC-00050 (1) ieguiSanai

Promocijas darba gaita ir izstradats optimizéts process a-aminofosfonata UAMC-00050 (1)
meérogojamai iegiiSanai. Metodes galvena izejviela — aldehids 9 iegfits saskana ar Anelli-Montanari
protokolu, izmantojot NaCIO ka primaro oksidétaju un TEMPO/KBr ka katalitisko sistému.
Iznakums palielinats no 65 % lidz 71 %, un atomu ekonomija uzlabota no 33 % Iidz 66 %.
Optimizéta Biruma-OleksiSina reakcija galvena starpprodukta 11 iegiiSanai. Y(OTf)s ka
katalizatora, TFAA ka piedevas un MeCN/THF 1:1 ka reakcijas vides kombinacija palielinaja
iznakumu no 11 % lidz 44 %. Savienojuma 11 attiriSana panakta, izmantojot metodes, kas
alternativas kolonnu hromatografijai, pieméram, baziska ekstrakcija, suspendéSana/mazgasana,
izgulsn&ana ar prets$kidinataju. Produkta 1 iegfiSanai izmantota maksligaja intelekta balstita
programmatiira (XT-SAAM), lai uzlabotu produkta 1 iegtisanu péc metodes, kur ka reagents lietots
cianamids. Optimiz&ta reakcija izmantota, lai aizstatu dargo N,N'-di-Boc-1H-pirazol-1-
karboksamidinu, samazinot UAMC-00050 (1) iegt$anas izmaksas. Izstradataja optimizétaja
procesa metode izdevas atteikties no hloretu skidinataju izmantoSanas un starpproduktu tiriSanas
ar kolonnu hromatografiju. Lai sasniegtu mérka tiribu > 98 %, kolonnu hromatografija bija
nepiecieSama tikai gala savienojuma attiriSanai. Jaunais vairdku gramu process uzlaboja
savienojuma 1 kopgjo iznakumu no 3 % medicinas kimijas cela lidz 22 % kopa sesas stadijas
(5. shéma).
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HO \

)NaCIO, TEMPO, KBr
Boc)ZO toluols/EtOAc 1:1, 0 °C 3 Na,CO3
" EoAc, 2) NaHSO3, EtOH, 20 - 25 °C EtOAc/H,0, istt.
NHBoc NHBoc
2

o
20-25°C NHBoc Y =89%
Y =99% Y=71% 18 0
NHAc NHAc NHAc
AcHN AcHN\©\ <> AcHN\©\ <>
(ram— ol @ o7
_PL"_NHCbz
5 © NHcbz _4NHCI dioksana, _ O NHCbz _ NH,CN, Se(0Tf; o7 o
T 0.mc T MeCN/PIOH 141, @NHC'
0 2
O “so% 20-25° A
o~ NH3 Y=72% 1 B 2

10 NH,

Y(OTf)3, MeCN/THF 1:1
TFAA, 20 - 25°C

Y =44%
5. shéma. Savienojuma UAMC-00050 (1) optimizgta sintézes metode.

Rezerves a-aminofosfonats UAMC-0004206 (2) un koncepcijas pieradiSanas a-
aminofosfonats UAMC-0004207 (3)

Antverpenes Universitaté péd&jos gados ir parbaudita virkne aktivitate balstitu paraugu (ABP),
kas iegiiti no a-aminofosfonatiem. Rezultata pieradits, ka ABP, kas iegiiti no a-aminofosfonatiem,
kas generéti no aizvietota benzaldehida, uzrada augstu aktivitati pret uPA un zemu aktivitati pret
trombinu. Rezultati promocijas darba autoram lika izstradat divas molekulas, kas satur aizvietotu
benzaldehidu, nevis aizvietotu fenilacetaldehidu, ka tas ir UAMC-00050 (1). UAMC-0004206 (2),
kas ir lidzigs UAMC-00050 (1), satur paracetamola fosfonata esteri. Savienojums kalpos ka
vadosa savienojuma UAMC-00050 (1) rezerves atvasinajums. UAMC-0004207 (3) satur 4-
hlorfenola fosfonata esteri, tapéc $is savienojums tiks parbaudits koncepcijas pieradisanai, lai
noteiktu aktivitati, kas atklata tadiem ABP, kuru strukttira ir ieklauts 4-hlorfenola fosfonata esteris.

NHAc

E*O NHCb: © NHCbz
0* z 0"
® o [CHNC
HNYNHZ cl HN\fNH2 cl
NH, NH,
UAMC-0004206 (2) UAMC-0004207 (3)

3. att. Rezerves savienojums UAMC-0004206 (2) un koncepcijas pieradisanas savienojums
UAMC-0004207 (3).
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UAMC-0004206 (2) iegiisana un procesa optimizacija

UAMC-0004206 (2) sintézei tika iegadats terc-butil(4-formilfenil)karbamatu (24),
izmantojot to ka izejas reagentu (6. shéma). Biruma-OleksiSina reakcijas apstaklus, kas tika
izmantots starpprodukta 11 iegiisanai UAMC-00050 (1) sintézes procesa, tika pielagots
savienojuma 25 sintézei. N-Boc Aizsarggrupas noskel$ana savienojuma 25 veikta ar 4 N HCI
dioksana vai TFA/DCM 1:1. UAMC-0004206 (2) sintézes metodg, kas ir lidziga UAMC-00050
(1) medicinas kimijas metodei, tika izmantots N,N’-di-Boc-1H-pirazol-1-karboksamidins (13), lai
a-aminofosfonata ievaditu guanidina dalu. Tada veida iegitais Boc aizsargatais guanidins 28
veiksmigi attirits ar kolonnu hromatografiju uz silikagéla. NepiecieSamo tirtbu (95-98 %) vargja
viegli sasniegt péc vienas attiriSanas. Talak sekoja pedgjas N-Boc aizsarggrupas noSkelSana ar
HCI, lai viena stadija iegiitu gala savienojumu 2. Alternativi N-Boc grupu var noskelt ar TFA, kam
seko sals pretjona apmaina ar DOWEX 1X8 CI svekiem.

NHAc NHAc
@—\ AcHN AcHN
(oo ™™ L Tl
NHZ 3 0 Q o
5 7P NHCbz_TFADCM 1:1, istt vai =P~ -NHCbz
- TPA/DUM 11, istt val
Y(OTf)3 (0,1 ekviv.), TFAA (0,2 ekviv.) 4 N HCI dioksana, o
THF/MeCN 1:1, 20-25 °C 20-25 °C 26, CF3CO0
vai
)
NHBoc NHBoc ®NH3 27, Cl
NHAc NHAc NHAc
/\—\ AcHN\©\© AcHN\©\© AcHN\©\©
%0
BocN NHBoc NH b _PZ~_NHCb:
13 P 2 NHcbz TFA/DCM 1:1 b2 bowex 1x8 Ci o” z
TEA (1,5 ekviv.), 20-25°C EtOH/H,0 2:1
skidinatajs, 20-25 °C 20-25°C
® €] ©] €]
HN.__NBoc HN.__NH, CF3CO0 HNYNHQ cl
NHBoc NH, NH,
28 29 2
| 4 N HCI dioksana, 20-25 °C 4

6. sheéma. Sintézes metode UAMC-0004206 (2) iegfiSanai.

Starpprodukta 25 jegiSana Biruma-OleksiSina reakcija

Pirmais solis UAMC-0004206 (2) iegi$ana ir triskomponentu Biruma-Oleksi$ina reakcija
starp terc-butil(4-formilfenil)karbamatu (24), benzilkarbamatu (10) un triarilfosfitu 5 (6. tab.).
Nemot véra zinaSanas, kas iegitas no UAMC-00050 (1) sintézes, tika nolemts izmantot
0,1 ekvivalentu itrija triflata ka katalizatoru, MeCN/THF 1:1 maistjumu ka reakcijas vidi un TFAA
ka piedevu. Tika veikta virkne neliela méroga eksperimentu (0,22 mmol aldehida 24), lai atrastu
optimalo koncentraciju, pareizo TFAA un fosfita 5 ekvivalentu attiecibu un optimalo reakcijas
norises laiku. Reakcijas iznakums aprékinats, pamatojoties uz attiecibu starp produkta 25
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hromatografisko koncentraciju un iek$gjo standartu (IS) naftalinu. Balstoties skrininga datos,
liclaka meroga eksperimentam izvéleti $adi apstakli: 1,0 vai 1,5ekvivalenti fosfita 5,
koncentracijas 0,17, 1,0, 1,5 vai 2,5 M, un noteikts produkta 25 izdalits iznakums. Veikti Getri
eksperimenti ar 2,2 mmol aldehida 24. Produkts izdalits no reakcijas maisijuma ar kolonnu
hromatografiju. Standarta apstakli no UAMC-00050 (1) sint€zes nodro§indja savienojumu 25 ar
46 % iznakumu un 89 % tiribu p&c AISH (6. tab., 1. piem.). Pie 1,00 M koncentracijas un ar
1,5 ekvivalentiem fosfita 5 a-aminofosfonats 25 ieguts ar 59 % iznakumu un 84 % tiribu péc
AISH. Labakie maza méroga skrininga nosacijumi (1,50 M koncentracija un &etru stundu norise)
nodrogina produkta 64 % iznakumu un 84 % tiribu péc AISH, savukart ar augstaku koncentraciju
2,5M produkts iegiits pec attirisanas ar 55 % iznakumu un 90 % péc AISH. Eksperimenti
2,2 mmol méroga apstiprinaja pirma skrininga rezultatus. 6. tabulas 3. pieméra apstakli (1,50 M
koncentracija, 1,0 ekvivalents fosfita 5 un 4 stundu norise) izveléti savienojuma 25 vairaku gramu
ieglisanai. Pirms parejas uz 4,4 un 11,0 mmol mérogu tika izpétitas attiriSanas metodes, kas varétu
bt alternativas kolonnu hromatografijai. Diemzgl neizdevas atrast piemérotu $kidinataju produkta
25 baziskai mazgasanai, kas biitu analoga UAMC-00050 (1). Tapéc jelprodukts izskidinats 96 %
EtOH un pa pilienam pievienots 10 reizes lielakam EtOAc tilpumam, maisot 0 °C temperatiira. ST
attiriana lava sasniegt tiribu 87-94 % diapazona (péc AISH) tiesi no neapstradata reakcijas

j€lprodukta tikai viena attirisanas stadija.

6. tabula
Iekravumi ar produkta 25 izdalisanu
NHAc
AcHN
o AcHN otp \©\ <>
f OO
5 2P NHCbz
NHBoc @—\040
NH
24 10 ’ NHBoc
Y(OTh3 (0.1 ekviv.),
TFAA (0.2 ekviv.), 25
THF/MeCN 1:1,
20-25°C
Nr. Meérogs | Savienojums | Koncentracija | Laiks Iznakums Tiriba
p. k. (mmol) 5 (ekviv.) (M) (st.) (%) (%)°
1. 2,2 1,0 0,17 8 46 89
2. 2,2 15 1,00 4 59 84
3. 2,2 1,0 1,50 4 64 84
4. 2,2 1,0 2,50 4 55 90
5. 44 1,0 1,50 4 55 94
6. 11,0 1,0 1,50 4 63 87

2| zdalits iznakums; ® noteikta ar AISH.
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N-Boc aizsarggrupas noskelSana starpprodukta 25

Sakotngji Boc grupa noskelta, izmantojot apstaklus, kas izstradati UAMC-00050 (1) N-
Boc aizsarggrupas noskel$anai. a-aminofosfonatu 25 apstradats ar 4 N HCI dioksana tiTs stundas
20-25 °C temperatiira, produkts izol&ts, izgulsn&jot ar pretskidinataju, jélsavienojuma Skidums
EtOH pievienots pa pilienam 10 reizes lielakam MTBE tilpumam, maisot 0 °C temperatiira.
Anilina 27 hidrogénhlorids iegiits kopuma ar labu iznakumu un tiribu dazados iekravumos. Tomér
nakamaja soli, guanilgjot ar N,N’-di-Boc-1H-pirazol-1-karboksamidinu (13), iegits slikts
guaniléta produkta 28 iznakums, ja par izejvielu izmanto HCI anilina sali. Ka alternativa tika
sintez&ts anilina trifluoracetats 26, apstradajot izejas Boc aizsargatu savienojumu 25 ar TFA/DCM
1:1 20-25 °C temperatiira. P&c 45 mintit€ém sasniegta pilna konversija, un cietais savienojums 26
izolets tapat ka produkts 27. Anilina TFA sals 26 izradijas paraks par anilina HCI sali 27
guanilé8anas posma, tapéc anilina 26 liclaka méroga iegliSanai Boc grupas noskelSanai tika
nolemts izmantot TFA. Reakcija parbaudita ar 2,59 mmol a-aminofosfonata 25 iekravumu,
iegiistot anilina trifluoracetatu 26 ar 99 % iznakumu un 97 % tiribu péc AISH (7. shéma).

NHAc NHAc

o _ mof

1.0
O//,‘:/O NHCbz TFA/DCM 1:1, 20-25 °C vai o°F~-NHCbz
4 N HCI dioksana, 20-25 °C
o
NHBoc @NH3 26, CF3CO0
vai
25 27, o

7. shéma. N-Boc aizsarggrupas noskel$ana starpprodukta 25.

Starpprodukta 26 guanilé$ana

Sakotngja medicinas kimijas metodé anilina trifluoracetata 26 guaniléSana veikta, ka
reagentu izmantojot N,N’-di-Boc-1H-pirazol-1-karboksamidinu (13). Iegito Boc aizsargato
produktu var viegli attirit ar hromatografiju uz silikagéla. Sakotngji 0,78 mmol anilina hidrohlorida
27 apstradati ar 1,2 ekvivalentiem reagenta 13 iPrOH/MeCN 1:1 vidg, reakcija apturéta, kad
anilina HCl sals 27 konversija sasniedza 90 %. (7. tab., 1. piem.). DiemZ&l 1. pieméra apstakli bija
slikti atkartojami taja pa$a méroga un produkta 28 iznakums samazinajas lidz 54 %. (7. tab.,
2. piem.). Tapéc par izejvielu tika izmantots anilina TFA sals 26. Péc 96 stundam sasniegta
savienojuma 26 90 % konversija, un produkts izdalits ar 74 % iznakumu (7. tab., 3. piem.). Izol&ta
materidla AISH analize uzradija piemaisijuma klatbatni, kura masa atbilst struktirai 29, kur viena
terc-butilgrupa produkta ir apmainita pret izopropilgrupu paresterifikacijas rezultata ar iPrOH. Ka
reakcijas vidi izmantojot DCM/MeCN 1:1 iPrOH/MeCN 1:1 vieta, piemaisijums 29 vairs netika
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novérots. Izmantojot produkta un reagentu polaritates atSkirtbu, N,N’-di-Boc-1H-pirazol-1-
karboksamidins un TEA nomazgati no jelprodukta, suspendgjot un maisot ar heptanu/EtOAc 2:1.
Produkts 28 iegiits p&c filtrésanas ar 85 % tiribu pgc AISH un satur 10 % anilina 26 ka brivas
bazes. Produkts 28 atdalits no izejas anilina ar kolonnu hromatografiju uz silikaggla (gradients
heptans/EtOAc). Pirmo vairaku gramu sint€zi ar 2,68 mmol anilina trifluoracetata 26 iekravumu
sarezgTja daudz ilgaks reakcijas laiks (144 stundas), kas vajadzigs, lai sasniegtu izejas savienojuma
vismaz 90 % konversiju. P& suspendéSanas/maisisanas un hromatografijas produkts izoléts ar
67 % iznakumu (7. tab., 5. piem.). llgstoSais reakcijas laiks neizraisija lielu izejas savienojuma vai
produkta hidrolizi, tapéc tika turpinata méroga palielina$ana, nemainot reakcijas parametrus
(pieméram, $kidinatajus, koncentraciju). Veicot reakciju lidz pat 7,68 mmol liela ickravuma, tika
novérota arl lénaka konversija — $aja gadijuma 90 % konversijas slieksnis sasniegts pé&c
120 stundam, tomér dala produkta zaudéta attiriSanas laika, un ta rezultata produkta 28 iznakums
bija tikai 43 % (7.tab., 6. piem.). P&dgja vairaku gramu sintéze veikta ar 10,20 mmol izejas
savienojumu, un konversija, lielaka par 90 %, sasniegta tikai péc 168 stundam, produkts 28 izol&ts
ar 71 % iznakumu un 97 % tiribu péc AISH.

7. tabula
Guanilésanas reakcijas optimizacija savienojuma 28 sintézei
NHAc NHAc NHAc
AcHN AcHN AcHN
L @ Lo @@ @L @
(0]
//F"/o NHCbz BOCN%\NHBOC NHCbZ NHCbZ
(0) 13 .
TEA (1,5 ekviv.),
iPrOH/DCM 1:1 vai 1)
e _
NH, 26 CFsCOO chéhjl;;yc1'1' HN___NBoc HN HNkOiPr
® vai \f
S] NHBoc NBoc
27,Cl 28 20
Nr. | Aniln x Konc. Laiks Iznak
MRS Anilins Skidinatajs gnakums
p. k. | (mmol) ] (M) (st) (%)
iPrOH/MeCN 1:1
1. | o8 27 o 10 9 88
tilp./tilp.
iPrOH/MeCN 1:1
2. | 078 27 IrroTve 10 9 54
tilp./tilp.
iPrOH/MeCN 1:1
3. | 070 26 R 10 96 74
tilp./tilp.
DCM/MeCN 1:1
4. 0,70 26 o 1,0 96 75
tilp./tilp.
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7. tabulas turpinajums

5. | 268 26 DEMMeCN i1 | 144 67
tilp./tilp.

6. | 768 26 DEMMeCN 1L | 120 43
tilp./tilp.

7. | 1020 26 DEMMeCN -1 |y 168 7
tilp./tilp.

a|zdalits iznakums.

N-Boc aizsarggrupas noskel§ana starpprodukta 28 un sals pretjona apmaina
savienojuma 31

N-Boc aizsarggrupas noskel$ana sakotngji veikta ar 4 N HCI dioksana parakumu, lai uzreiz
iegtitu v€lamo hidrohloridu 2, kas nepiecieSams biologiskajiem testiem. 1zejas savienojuma 28
pilniga parvérsana par produktu 2 notika p&c 20 stundam (8. shéma). Galaprodukta AISH analize
uzradija 11 % hidrolizéta monoarilblakusprodukta 31 klatbutni. 4 N HCI dioksana aizstasana ar
TFA/DCM 1:1 ierobezoja hidrolizeéta blakusprodukta 30 veidoSanos un nodroSinaja pilnigu
savienojuma 28 konversiju produkta 29 tris stundu laika ar 84 % iznakumu 0,11 mmol m&roga. Ar
atstradatajiem reakcijas apstakliem tika veikti liclaka méroga eksperimenti. Ar 0,51, 1,03 un
2,25 mmol iekravumiem v&lamais produkts 29 iegtts ar 99 % iznakumu un blakusprodukta 30
iznakumu diapazona no 0,5 1idz 1,0 % péc AISH.

NHAc NHAc NHAc
AcHN\©\ <> AcHN\©\ <>
90 0o o o
o?PNHCbZ 4 N HClIdioksana, 2P~ -NHCbz oo P NHCbz

vai 1 N HCI Et,0,
vai TFA/IDCM 1:1,

20-25°C
@ ®
HNYNBOC HN.__NH, HN___NH,
NHBoc NH, 29, CF5C00 NH, 30, CF;c00°
28 vaie vai o
2,Cl 31,Cl

8. shéma. N-Boc Aizsarggrupas noskelSana starpprodukta 28.

Visbeidzot, trifluoracetata pretjonu savienojuma 29 tika apmainits pret hloridu, izmantojot
DOWEX 1X8 Cl svekus (sveki/sals 29 = 10:1 sv./sv., 8.shéma). Produkts 2 iegiits péc
izgulsn&Sanas ar pretS$kidinataju: jélsavienojuma 2 Skidums EtOH piepilinats 10 reizes lielakam
MTBE tilpumam maisot 0 °C temperatira. Sals pretjona apmaina veikta astonos dazados
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ickravumos, saglabajot TFA sals 29 daudzumu zem 2,0 mmol. Kopuma no dazadiem iekravumiem
savakti 5,79 g galaprodukta ar AISH tiribu, kas parsniedz 95 %, ko uzskata par pienemamu tiribu
biologiskajiem testiem (9. shéma).

NHAc NHAc

ey O@ o O@

w o)
, _PZ__NHCb
ot NNHCEZ owex 1xsl oF z
_DOWEX1X8Cl

EtOH/H,0 2:1
20-25°C, 32 st

® ®
HN._NH, HN._NH,

o
NH, CHiCOO" NH, ClI

29 2

9. shéma. Sals pretjona apmaina savienojuma 2.

Procesa metodes izstrade UAMC-0004207 (3) ieguSanai

UAMC-0004207 (3) struktiira ir loti lidziga UAMC-0004206 (2) struktiirai, atskiriba ir
tikai fosfonata estera grupa. Saja molekula paracetamola esteris ir aizvietots ar 4-hlorfenola esteri.
UAMC-0004207 (3) molekulai reaggjot ar serinu enzima aktivaja centra (pieméram, uPA), izdalas
toksisks fenols, tapec UAMC-0004207 (3) nebija planots izmantot ka UAMC-00050 (1) rezerves
savienojumu. Ta vieta $o savienojumu tika planots izmantot, lai apstiprinatu ABP koncepcijas
pieradijumu, pamatojoties uz 4-hlorfenola fosfonata esteriem. Tika nolemts izmantot to pasu
sint€zes metodi, kas tika izmantota UAMC-0004206 (2) iegtiSanai (6. shéma). Fosfits 33 ieglits no
fenola 32 péc tadas paSas metodes ka fosfits 5. Biruma-Oleksisina reakcija veikta MeCN/THF 1:1
maisijuma un katalizéta ar 10 mol% Y (OTf)s. Optimala reakcijas koncentracija, norises laiks un
TFAA ekvivalentu daudzums atrasti péc apstaklu skrininga. Tapat ka savienojuma UAMC-
0004206 (2) sintéz€ guanidina dala ievadita ar N,N'-di-Boc-1H-pirazol-1-karboksamidinu, iegtito
Boc aizsargato savienojumu 37 vargja viegli izdalit no reakcijas maisijuma. Visbeidzot, N-Boc
aizsarggrupas noskel$anu tika planots veikt péc tadas paSas strat€gijas ka citiem o-
aminofosfonatiem. Ja iesp€jams, izmantot HCI aizsarggrupas noskelSanai un nepiecieSama sals 3
ieguianai viena stadija, pret§ja gadijuma izmantot TFA aizsarggrupas noskelSanai, kam sekotu
sals pretjona apmaina ar DOWEX 1X8 Cl svekiem (10. shéma).
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O g :
on 0~ <CI—@O}P \©\
o NH, o TFA/IDCM 1:1,

PCl; (1,0 ekviv.) b0 20-25 °C vai
TEA (3,0 ekviv.), 3 ¢ Y(OTf; (0,1 ekviv.), 4 N HCI dioksana,
o
cl THF. 0°C 33 TFAA (0.2 ekviv.) 20-25°C
32 MeCN/THF 1:1,
0
NHBoc 20-25°C NHBoc
34
NHB
& NHebz o° P ez TFA/DCM 1:1 o* P NHCbz DOWEX 1X8 Cl O NHob:
TEA (1,5 ekviv.), 20-25°C EtOH/H,0 2:1,
sKidinatajs, 20-25 °C 20-25°C
o ® o ® o
NH; 35, CF3CO0 HN___NBoc HN___NH, CF3CO0 HN___NH, CI
s 38,7 M M
vai NHBoc NH, NH,
36, CI
37 38 3

4 N HCI dioksana, 20-25 °C

10. shéma. Savienojuma UAMC-0004207 (3) planotais sintézes cels.

Biruma-OleksiSina reakcija

Iesakuma Biruma-Oleksisina reakcijai tika izmantoti standarta apstakli, kas atrasti, procesa
metodes izstrades laika sintez&ot UAMC-00050 (1) (3. tab., 5. piem.). Aldehids 24 (1,0 ekviv.)
reaggja ar fosfitu 33 (1,0 ekviv.) un benzilkarbamatu (10) (1,0 ekviv.) Y(OTf)s (0,1 ekviv.) un
TFAA (1.0 ekviv.) klatbwitng, izmantojot MeCN/THF 1:1 maisijumu (koncentracija 0,17 M) ka
skidinataju. Pec virknes neliela méroga eksperimentu (0,45 mmol méroga) visaugstaka produkta
34/1S attieciba iegiita, veicot eksperimentu ar 1:1:1 attiecibu starp reagentiem, 0,2 ekvivalentiem
TFAA, 2,5 M koncentracija divas stundas.

26



8. tabula
Iekravumi ar produkta 34 izdalisanu

al
©—\ 4«0 <C| O}'P Cl\@\ ©
o — -
10 N2 ’ 2.0
o 33 5P NHCbz
4 Y(OTf); (0,1 ekviv.), TFAA (0,2 ekviv.),
MeCN/THF 1:1, 20-25 °C
NHBoc NHBoc
24 34
Nr. p. k. Iekravums (mmol) Iznakums (%)? Tiriba (%)°
1. 2,3 71 85
2. 4,6 70 81
3. 11,5 43 76
4 13,3 53 75

2 |zdalits iznakums; ® noteikta ar AISH.

P&c reakcijas apstaklu optimizacijas tika veikti lielaka méroga eksperimenti, lai novertétu
produkta 34 izdalitos iznakumus. Produkts attirits ar kolonnu hromatografiju. Pie 2,5M
koncentracijas reakcija apturéta péc divam stundam, un produkts 34 izdalits ar 71 % iznakumu un
85% ftiribu pec AISH (8.tab., 1.piem.). legitais iznakums apstiprinaja mazaka méroga
eksperimentu novérojumus. Pie 4,6 mmol aldehida 24 iekravuma iegiits lidzigs produkta
iznakums — 70 % (8. tab., 2. piem.), tomér, veicot sintézi ar 11,5 un 13,3 mmol aldehida 24
iekravumiem, iznakumi samazinajas attiecigi lidz 43 % un 53 % (8. tab., 3. un 4. piem.). Zemus
iznakumus var izskaidrot ar produktu apgriitinatu attiriS$anu no piemaisijumiem.

N-Boc aizsarggrupas noskelSana starpprodukta 34

Tapat ka UAMC-0004206 (2) sintéze anilins 36 iegits, apstradajot produktu 34 ar 4 N HCI
dioksana. Produkts iegiits ka cieta viela ar 96 % iznakumu un 99 % tiribu péc AISH péc
je€lprodukta skiduma EtOH pilinaSanas 10 reizes lielakam MTBE tilpumam 0 °C temperatiira.
DiemzZél, parbaudot guaniléSanas reakciju ar N,N’-di-Boc-1H-pirazol-1-karboksamidinu, anilina
HCI salij 36 bija zema konversija 0,6 mmol méroga. Savukart anilina TFA salij 35 bija labaka
guanilésanas konversija 0,3 un 0,6 mmol méroga. Lai pagatavotu TFA sali, starpprodukts 34 tika
iz8kidinats TFA/DCM 1:1 skiduma un maisits 20-25 °C temperatiira trTs stundas Iidz pilnai
konversijai. Tomér, pievienojot savienojuma 35 EtOH $kidumu vairakiem pretskidinatajiem (t. i.,
Et,0, heptanam, aukstam MTBE, izdalit savienojumu 35 ka cietu vielu neizdevas. Attiecigi péc
pilnas 34 konversijas reakcijas maisijums tika koncentréts, neapstradata TFA sals ellas veida
izmantota nakamaja stadija. Tomé&r vélak tika atklats, ka neapstradataja sali 35 palika TFA p&das,

27



un tika pienemts, ka tas ir iemesls sliktam iznakumam guanilé$anas posma 3,0 mmol iekravuma.
Neapstradata anilina TFA sals 35 tika izskidinats EtOAc un mazgats ar 0,5 % NH4sHCO3 tidens
Skidumu. Baziska mazgasana nodro$inaja aniltnu nesaturosu bazi 39 un lava pilniba atbrivoties no
TFA, kas uzlaboja iznakumu nakamaja stadija. TFA/DCM protokols tika palielinats lidz 3,4 mmol
starpprodukta 34, iegiistot anilinu nesaturo$u bazi 39 ar 97 % iznakumu un 75 % tiribu pgc AISH
(11. shéma).

\@@ pete \@@

O NHCbz TFA/DCM 1:1, ist.t. vai O’ NHCbz baziska mazgasana NHCbz
- O .
4 N HCI dioksana, ist.t.

o
NHBoc @NH3 35, CFsC00 NH,

vai
34 o 39

36, CI
11. shéma. N-Boc aizsarggrupas noskel$ana starpprodukta 34.

Starpprodukta 39 guaniléSana

Pe&tijums tika sakts ar trifluoracetata sali 35. P&c virknes neliela méroga eksperimentu (0,3—
0,6 mmol) konstatéts, ka visaugstako produkta konversiju nodrosina $adi apstakli: anilina TFA
sals 35 ka izejviela, 1,2 ekvivalenti N,N’-di-Boc-1H-pirazol-1-karboksamidina, 1,5 ekvivalenti
DIPEA ka bazes, 1,0 M koncentracija. Ar optimizétajiem apstakliem eksperimenta m&rogs tika
paaugstinats 1idz 2,1 mmol, produktu 37 tika attirits ar kolonnu hromatografiju. 90 % konversija
sasniegta péc 96 stundam, un produkts izdalits ar 37 % iznakumu (9. tab., 1. piem.). Zemais
iznakums var biit saistits ar produkta sadaliSanos reakcijas laika vai attiriSanas laika reakcijas
maisijuma eso$a DIPEA d&l. Savienojuma 37 sintéze tika atkartota 3,0 mmol méroga, diemz&l
reakcija noritgja Ieni un bija nepiecieSamas 144 stundas, lai sasniegtu 72 % konversiju (9. tab.,
2. piem.). Pirms kolonnu hromatografijas jélprodukta $kidums EtOAc tika mazgats ar 0,5 %
KHSO4 tdens $kidumu, lai pilniba atmazgatu DIPEA. Tom@r p&c hromatografijas produkts tika
izdalits ar zemu iznakumu — 10 %. Zemo iznakumu noteica ilgaks reakcijas laiks, ko izraisija
atlikusa TFA klatbutne izejas savienojuma 35. Lielaka m@roga eksperimentos gaistoSo vielu
ietvaic€Sana vakuuma nebija pietickami efektiva, lai atbrivotos no lieka TFA, tapéc ar baziskas
mazgasanas ar 0,5 % NHsHCO3 tidens $kidumu posmu tika papildinata TFA anilina sals 35
apstrade. 1zmantojot citu izejas savienojumu 39, DIPEA daudzums, kas nepiecieSams baziska pH
(8-10) sasniegganai, tika samazinats 1idz 0,8 ekvivalentiem, un péc 96 stundam tika sasniegta
83 % konversija (9. tab., 3. piem.). P&c apstrades un attiriSanas produkts 37 izdalits ar uzlabotu
iznakumu — 45 %. Otraja ickravuma 0,8 mmol méroga DIPEA daudzums samazinats lidz
0,3 ekvivalentiem, 91 % konversija sasniegta péc 96 stundam, produkts 37 izdalits ar 43 %
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iznakumu (9. tab., 4. piem.). Apmierinats ar uzlabotajiem reakcijas un apstrades apstakliem, autors
palielingja mérogu 11dz 1,8 mmol, un produkts 37 tika izdalits ar 63 % iznakumu un 95 % tirbu
péc AISH (9. tab., 5. piem.).

9. tabula
Guanilésanas reakcijas optimizacija produkta 37 iegtiSanai
cl
@ @@ b °'©©
NHCbZ BOCN NHBOC NHCbZ
© NHCbz .
Baze,
DCM/MeCN 1:1,
NH 20-25%C HN NBoc
e NHBoc
35, CF,000 39 37
Nr. | Meérogs | lzejas savienojuma | DIPEA | Konversij Apstride Iznakums
p.k. | (mmol) apstrade (ekviv) | a (%) P (%)°
1. 2,1 Nav 15 902 Nav 37
Mazgasana ar
2. 30 Nav 15 72 0,5 % KHSOq4 10
tidens skidumu
Mazgasana ar Mazgasana ar
3. 0,8 0,5 % NH4HCOs3 0,8 832 0,5 % KHSO4 45
tidens Skidumu tdens Skidumu
Mazgasana ar MazgaSana ar
4. 0,8 0,5 % NH4HCO3 0,3 912 0,5 % KHSO4 43
tdens skidumu tdens skidumu
Mazgasana ar Mazgasana ar
5. 19 0,5 % NH4HCOs 0,3 942 0,5 % KHSO4 63
fidens Skidumu tdens Skidumu

3K onversija pec 96 st; ® konversija pec 144 st; ©izdalits iznakums.

N-Boc aizsarggrupas noskelSana starpprodukta 37

N-Boc aizsarggrupas noskelSana produkta 37 panakta, izmantojot 4 N HCI dioksana pa
tieSo iegtstot HCI sali 3. Sakuma reakcija veikta 16 stundas, gaistosas vielas ietvaic€tas vakuuma,
atlikums iz8kidinats absoliita EtOH un pa pilienam pievienots 10 reizes lielakam MTBE tilpumam,
maisot 0 °C temperatiira. Galaprodukts 3 iegiits p&c filtréSanas ka balta cieta viela ar 90 % tiribu
péc AISH. Galaprodukta AISH firiba neizmainijas, kad iegiitais savienojums 3 atkal iz8kidinats
absolitaja EtOH un pa pilienam pievienots 10 reizes lielakam MTBE tilpumam, maisot 0 °C
temperatlira. Piemaisijuma 41 klatblitne nozimgja, ka pilnigai aizsarggrupas noskelSanai bija

29



nepieciesams ilgaks reakcijas laiks. Galaprodukts iegiits ar 95 % tiribu péc AISH, veicot reakciju
24 stundas, un 97 %, tiribu veicot 30 stundas. P&c apstaklu optimize$anas tika palielinats reakcijas
iekravums 1idz 500 mg mérogam, un no piecam dazadam partijam iegiits HCl sals UAMC-
0004207 (3) ar iznakumu no 73 % lidz 89 % un tiribu no 96 % lidz 99 % péc AISH (12. shema).

@@ O @@

4 N HCI dioksana

© NHob
o & NHCbz vai TEAIDCM 1:1 o/P NHCbz " Cbz
_val TFADEM 11
20-25°C
® ®
HN._NBoc HN__NH, © HN__NH, ci®
\f 40, CF,CO0
NHBoc NH, vai ° NHBoc
37 3,Cl 41

12. shema. N-Boc aizsarggrupas noskel$ana starpprodukta 37.

UAMC-00050 (1) divu enantioméru atdali§ana

Zalu izstrades laika Joti svarigi ir izpétit, ka stereokimija var ietekmé&t enzimu inhibitoru
aktivitati. UAMC-00050 (1) sastav no diviem enantiomériem, bet Iidz §im ta saistiSanas aktivitate
ar uPA parbaudita tikai racémiskajam maistjumam. Dati par katra enantioméra saistiSanos ir loti
svarigi, lai izprastu mijiedarbibu ar enzimu un jaunu aktivaku savienojumu attistibu. Diemz&l -
aminofosfonatu stereoselektivas iegiiSanas metodes ir loti ierobezotas gan péc skaita, gan péc
enantioselektivitates pakapes. Attiecigi promocijas darba galvenais mérkis bija atsevisku UAMC-
00050 (1) enantioméru iegfiSana, sadalot racémisko maisijumu un parbaudot katra enantioméra
saistiSanos ar uPA. Ir vairakas komerciali pieejamas hiralas hromatografijas kolonnas enantioméru
atdaliSanai. Kolonnu izmeri svarstds no analitiska méroga, kura var ievadit lidz pat daZziem
miligramiem, Iidz simuléto kustigo dalinu hromatografijas kolonnam,*® kur diena var atdalit
kilogramus enantioméru. Izp&tot dazadas kolonnas, bija iesp&jams atdalit divus starpprodukta 14
enantiomérus, izmantojot chiralpak® IG kolonnu (4,6 x 250 mm) ar izokratisku eluentu, kas
sastavéja no 50 % heptana, 40 % DCM, 10 % iPrOH. Savienojuma 14 racémiskais maisijums
(250 mg) uznests uz kolonnas ka MeCN skidums. Atdalot iegiiti aptuveni 50 mg Katra enantiom&ra
ar 95 % AISH firibu. P&c tam tirus enantioméri tika apstradati ar TFA/DCM 1:1, lai noskeltu Boc
grupu, rezultata galaprodukts 1 iegiits ar 99,7 % ee pirmajam enantiom&ram un 98,4 % ee otrajam
enantioméram. Abu enantiom&ru in vitro pétijumos atklats, ka enantiom&ram 1 ir 10 reizes lielaka
afinitate pret enzimu neka enantioméram 2. Tom@&r enantioméra 1 ICxo ir tikai divas reizes zemaka
neka racémiskajam maistjumam. Tas nozimé, ka UAMC-00050 (1) ka tira enantioméra 2
izmantosana rac€miska maisTjuma vieta neradis lielas izmainas zalu terapeitiskaja darbiba. Toméer
abi enantiomeéri ir jaatdala, un to toksicitate janoverte in vivo pirms klinisko p&tijumu veik$anas ar
UAMC-00050 (1).
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o-aminofosfonatu stereoselektiva iegiiSana

Hiralus karbamatus o-aminofosfonatu diastercoselektivai sintézei iepriek§ izmantoja
Oshikawa u. ¢.3! un Chung u. ¢.3* Abi autori izmantoja karbamatus, kas iegiiti no mentola un
kampara atvasinagjumiem. Talak iegiitos o-aminofosfonatus hidrolizgja, lai iegiitu -
aminofosfonskabes, un analiz€ja optisko iznakumu, kas bija robezas no 3,3 % lidz 42,2 %.
Iedvesmojoties no Siem darbiem, tika nolemts izp&tit virkni hiralu karbamatu 42 un ievadit tos
reakcijas ar benzaldehidu (43) un trifenilfosfitu (44) vai difenilfosfitu (45), izmantojot
0,1 ekvivalentus Y (OTf)s ka katalizatoru, 1,0 ekvivalentu TFAA ka piedevu beziidens MeCN vidé
20-25 °C temperatara. Laba stereoindukcija un augsts dr savienojuma 46 gadijuma lava atdalit
diastereomérus, péc tam noskelt karbamatu skabos apstaklos un aminu 47 funkcionalizét ar
benzilhlorformiatu (48), lai ieglitu vélamo enantiobagatinatu a-aminofosfonatu 49 (13. shéma).

o)
H 1l
P(OPh); 44 vai R2_0O._N.__P(OPh),

o

jR\z i = HOP(OPh), 45 1/1 E
+ —_—
R 07 TNH, Y(OTf)3 (0.1 ekviv.)
- TFAA (1.0 ekviv.)

42 43 MeCN, 20-25 °C 46
X I
OTN : P(OPh), 48 H3N_*_P(OPh),

o Piridins (1.5 ekviv.)
DCM, 0 °C

49 47

13. shéma. Planotais cel$ a-aminofosfonata 49 stereoselektivai sintezei.

Pieci dazadi hirali spirti 50 atlasiti parvérSanai attiecigajos karbamatos reakcija ar 2,2,2-
trihloracetilizocianatu (51) un kalija karbonatu. Karbamatu izlasg ietilpst hinina karbamats (42a),
hidrohinidina karbamats (42b), (R)-1-(3,5-bistrifluorometilfenil)etanola karbamats (42c), (S)-1-
feniletanola karbamats (42d) un borneola karbamats (42¢) (14. shéma).
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1 2
CI3C)LNCO ROR
51 K2CO4 R'+ R2
R*_R? (1,2 ekviv.) 0.0 (1,5 ekviv.)
_Leewmw) _ oo
MeOH, H,0 0._0
H DCM, 0°C HN._O Hy
° Y 20-25°C \,TH
CCl3 2
50 52 42a-e

42c 42d 42e

14. shéma. Izveletie hiralie karbamati 42a—e un to iegiiSana.

Pirmie test€jamie karbamati bija st€riski apjomigi cinhona alkaloidi (hinins 42a un
hidrohinidins 42b). DiemZ&l, apstradajot abus karbamatus ar difenil-, trimetil- vai trifenilfosfitu
1,0 ekvivalenta TFAA vai HCI klatbitné un ar 0,1 vai 3,0 ekvivalentiem Y(OTf)s, neviena no
eksperimentiem produkts netika atklats. Tika pienemts, ka cinhona karbamati varétu bt parak
stériski apjomigi, lai raditu vélamo o-aminofosfonatu. Nakamaja eksperimentu sérija tika
izmantoti tris mazak apjomigi karbamati. Sakotngji (R)-1-(3,5-
bis(trifluormetil)fenil)etilkarbamats (42c) iesaistits reakcija ar difenilfosfitu (45) un benzaldehidu
(43) 0,1 ekvivalenta Y(OTf)z un 1,0 ekvivalenta TFAA klatbatng (10. tab.). Produkts 53a iegits
ar 53a/IS attiecibu 0,30 péc Cetram stundam un 0,33 péc 24 stundam ar vienadu dr 57:43 abos
eksperimentos  (10.tab., 1. un 2.piem.). Izmantojot apjomigaku trifenilfosfitu 44,
diastereoselektivitate palielinata Iidz 69:31 péc Cetram stundam un 1idz 60:40 p&c 24 stundam. Ari
53a/IS attieciba ir pieaugusi attiecigi Iidz 0,67 péc cetram stundam un 0,51 péc 24 stundam
(10. tab., 3. un 4. piem.). Reakcija starp karbamatu 42c, benzaldehidu (43) un trifenilfosfitu (44)
atkartota 1,35 mmol méroga. Reakcija apturéta péc Cetram stundam, un produkts izdalits. Gan
AISH gan *H KMR eksperimenti apstiprinaja dr 75:25. P&c tam tados pagos reakcijas apstaklos ka
karbamata 42¢ gadijuma tika parbaudits (S)-1-feniletilkarbamats (42d). Karbamats 42d iesaistits
reakcija ar difenilfosfitu (45) un trifenilfosfitu (44) (10. tab., 5.-8. piem.). Pret&ji karbamatam 42c,
karbamata 42d gadijuma attieciba 53b/IS bija trTs reizes lielaka, ja trifenilfosfita (44) vieta tika
izmantots difenilfosfits (45). DiemZ¢€l nebija iespgjams noteikt diastereoizoméru attiecibu ar
AISH, jo signali pilniba parklajas. Tapéc ta vieta izmantots H KMR eksperiments, un
galaprodukta dr attieciba noteikta ka 51:49. Visbeidzot tika izpétitas reakcijas ar borneola
karbamatu 42e tados pasos apstaklos ka ar diviem ieprieksgjiem karbamatiem: reakcija ar
benzaldehidu (43), trifenilfosfitu (44) vai difenilfosfitu (45) 0,1 ekvivalenta Y(OTf)z un
1,0 ekvivalenta TFAA klatbutng. 53c/IS attieciba bija salidzinama, lietojot trifenilfosfitu (44) vai
difenilfosfitu (45), savukart, tapat ka a-aminofosfonatam 53b, arl a-aminofosfonatam 53¢ AISH
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analizé bija viens signals. Diastereoméru attiecibas novértéjums reakcijas produktam bija
iesp&jams tikai ar 'H KMR eksperimentu. Jaunizveidota hirala centra CH protona signals spektra
tika noverots ar ddd multiplicitati, kas raksturiga 1:1 diastereoizoméru maisijumiem. Tomér péc
maisijuma attiriSanas ta pasa protona signals izskatijas ka dd, kas liecina, ka produktu 53c izdevas
izdalit ka tiru diastereoizomeru.

10. tabula
Biruma-Oleksisina reakcija ar hiraliem karbamatiem
O\
P(OPh); 44 vai 0
Sj HOP(O;h)z\f; RlO)LNH
+ _— = o
Y(OTf)3. (0,1 ekviv.) i
43 N TFAA3(1 0 e:viv.) @fh\o’:\OPh
Q [¢] MeCN, 20-25 °C *
R1
42¢ R = 3,5-di-CF5PhMe 53a R’ = 3,5-di-CF;PhMe
42d R" = PhEt 53b R' = PhEt
42e R" = Borneols 53c R' = Borneols
Nr. Laiks
Karbamats Fosfits Produkts/IS dr
p. k2 (st.)
L e 4 0,30 57:43°
A HOP(OPh -
2. o 20 (OPh): 24 033 57:43°
3. 4 0,67 69:31°
P(OPh !
Z, bry a2 (OPh): 24 0,51 60:40°
S. NH, 4 0,37 51:41°
HOP(OPh
6. oo (OPh). 24 0,24 51.41°
I ©/'\ P(OPh) 4 0,12 51:41°
8. 424 : 24 0,10 51.41°
9. 4 0,43 100:0°¢
HOP(OPh !
10. E% (OPh). 24 0,30 100:0°
11. Op° 4 0,40 100:0°
2 P(OPh !
12. aze M (OPh)s 24 0,39 100:0°

3Y(OTH)s (0,1 ekviv.), TFAA (1,0 ekviv.), beziidens MeCN; ° dr noteikts ar AISH; ®dr noteikts

ar 'H NMR péc produkta attiriSanas ar kolonnu hromatografiju.

Lai apstiprinatu datus, kas iegati no AISH un *H KMR analizém, bija planots noskelt
karbamata grupu o-aminofosfonatos 53a un 53c, atbilstoSais amins bitu parveidots a-
aminofosfonata 49 péc funkcionalizacijas ar benzilhlorformatu (48) (15. shéma). Iegiito produktu
49 varetu analizet uz hiralas kolonnas, lai apstiprinatu reakcijas iespgjamo stereoselektivitati.
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48 0O

0 M
R’ )k ) 0~ ~ClI
0" “NH TFA (10,0 ekviv.) pho. L ® 0
Jo TFOH (3,0 ekviv.) B NHs (1,0 ekviv) PO \ions
P\ — / —_— /
ong TOPh pcm,s0°c  PhO Piridins (1,5 ekviv.)  PhO
. DCM 0 °C Iidz ist.t.
53a R = 3,5-di-CF3PhMe
53¢ R' = Borneols 47 49

15. sheéma. Karbamata noskelSana ar TFA/TfOH un amina funkcionaliz&Sana ar
benzilhlorformiatu.

Péc karbamata funkcijas noSkelSanas un amina 47 funkcionaliz€Sanas ar
benzilhlorformiatu (48) o-aminofosfonats 49 bija izdalits un analizéts ar hiralu AISH. a-
aminofosfonata 53c gadifjuma, kas iegiits no borneola karbamata, hiralas kolonnas
hromatogramma bija divi signali ar gandriz vienadu laukumu (51:49), kas liecina par racémisku
maisijumu. Kad o-aminofosfonats 53a parveidots par a-aminofosfonatu 49, hiralas kolonnas
hromatogramma paradija divus signalus ar dazadiem laukumiem (64:36), kas liecina par
enantioméro parakumu 8 %. Galaprodukta 49 er bija zemaks neka o-aminofosfonata 53a dr,
iesp&ams, nelielas racemizacijas d&l, kas notiek, noskelot karbamatu un funkcionaliz&jot ar
benzilhlorformiatu.
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SECINAJUMI

1. Kopgjais iznakums UAMC-00050 (1) sintézg palielinats no 3 % medicinas kimijas metodes
cela lidz 22 % procesu kimijas cela. Liels darbs veltits aldehida 9, fosfonata 11, ka ari
galaprodukta 1 iegtiSanai un attiri§anai. OksidéSana ar DMP, sintézgjot aldehidu 9, aizstata ar
zalaku un Iétaku oksidé$anu ar NaCIO/TEMPO/KBr. Metodes galvena reakcija (Biruma-
Oleksisina reakcija) plasi izpétita UAMC-00050 (1) sintézei. Katalizatoru izpéte paradija, ka
Y (OTf)z ir visefektivakais katalizators UAMC-00050 (1) sintézei. Turpmaka reakcijas apstaklu
optimizacija, izmantojot izvél&to katalizatoru kombinacija ar TFAA ka piedevu un THF/MeCN
1:1 ka skidinataju, lava palielinat savienojuma 9 iznakumu no 11 % Iidz 44 %. Guanidins 1
ieglits no anilina 21 viena stadija. Par reagentu izvél&ts cianamids, un guaniléSanas reakcijas
optimiz&Sanai izmantota eksperimenta planosanas pieeja (DOE). Jaunizstradatais protokols lava
ieverojami samazinat izmaksas UAMC-00050 (1) iegfiSanai. Visos starpproduktu sintézes
posmos, iegiistot savienojumus 8, 9 un 11, izdevas atteikties no kolonnu hromatografijas, un
starpprodukti attiriti, izmantojot alternativas metodes, kas piemérotas lielaka méroga sintézém,
pieméram, kristalizacija, suspendéSana/mazgasana vai izgulsnéSana ar pretSkidinataju. Lai
iegiitu galaproduktu ar meérka tiribu >98 %, bija nepiecieSama tikai viena kolonnu
hromatografija. Uzlabota sintézes metode parbaudita, veicot sintézi vairaku gramu mé&roga, un
ir piemé&rota UAMC-00050 (1) nepieciesama daudzuma iegti$anai prekliniskajiem p&tijjumiem.

NHAc
OH NHAC
AcHN
AcHN
. <AcHN@o}P \©\ \©\
3 o O‘,O

NHCbz

_P
NHAC P NHCbz  divas stadijas O
(o)g —_—
HO o\ NH
tris stadijas N)LNHZ
- - NHBoc H hel
UAMC-00050 (1)

NH, NHBoc

2. Izstradata piecu stadiju sintézes metode, iegiistot 5,79 g UAMC-0004206 (2). Galaprodukts
iegits no aldehida 24 ar kopgo iznakumu 30 %. Veicot Biruma-OleksiSina reakciju,
koncentracija atzita par svarigu parametru, kas ietekme reakcijas iznakumu. GuaniléSanas ar
N,N'-di-Boc-1H-pirazol-1-karboksamidinu (13) posma tika pienemts, ka iPrOH izmantoSana
kombinacija ar MeCN ir piemaisijumu avots galaprodukta. DCM izmanto$ana iPrOH vieta lava
izdalit ttru galaproduktu.
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oH NHAC NHAc

NHAc

e} Cetras stadijas 1.0
_PL_NHCbz —— > o~ NHCbz
(0] O
4
® S]
HN.___NH, ClI
NHBoc NHBoc ¥
NH,

UAMC-0004206 (2)

3. Izstradata Cetru stadiju sintézes metode, iegiistot 1,9 g UAMC-0004207 (3). Galaprodukts
iegiits no aldehida 24 ar kopgjo iznakumu 26 %. Lidzigi ka UAMC-0004206 (2) sintgzg, veicot
Biruma-Oleksisina reakciju, koncentracija atzita par svarigu parametru, kas ietekmé reakcijas
iznakumu. Papildu pétijumi bija nepieciesami, jo TFA atlikumam anilina bija negativa ietekme
uz guaniléSanas reakciju ar N,N'-di-Boc-1H-pirazol-1-karboksamidinu (13). Baziska izejas
savienojuma mazgasana ar 0,5% NHsHCOs tdens $kidumu un j€lsavienojuma skaba
mazgasana ar 0,5 % KHSO4 tidens Skidumu pirms hromatografiskas attirisanas lava palielinat
aizsargata guanidina iznakumu.

OH cl ci
cl cl
3
o
? (.0
“ P NHobz s stadijas P NHCbz
o
4
® S]
NHBoc HN\?NHZ cl
NHBoc NH,

UAMC-0004206 (3)
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4. Divi UAMC-00050 enantiomegri tika izol&ti un testéti in vitro. Enzimu tests iezimgja 10 reizes
lielaku atskiribu starp diviem stereoizomériem, kuros enantiom&ram 1 ir labaka afinitate ar uPA
neka enantioméram 2. Enantioméra 1 ICso rezultata bija tikai divas reizes zemaks par racémiska
maisijuma ICso. Tika pétits stereoselektivs sintétisks preparats UAMC-00050, lai nodrosinatu
materialu toksikologiskiem pétijumiem vélaka zalu izstrades posma.

NHAG NHAc
o AcHN
<AcHN@O}P I AcHN \©\
s HoN o/\© o 0
.0 10
0 /,l‘3 * _NHCbz two steps O/”P NHCbz
\ o E——
Lewis acid + chiral ligand ®NH Cle
piy
NHBoc N NH,

NHBoc
UAMC-00050 (1)

5. legiits hirals o-aminofosfonata karbamata atvasinajums ar 75:25 diastereoméro attiecibu,
izmantojot (R)-1-(3,5-bis(trifluormetil)fenil)etilkarbamatu ka hiralo paligvielu Biruma-
Oleksisina reakcija. Pe&c hiralas paliggrupas noskelSanas ar skabi un aminogrupas
funkcionalizacijas ar benzilhlorformiatu diastereoizoméru maisijums parveidots par vélamo ar
Cbz aizsargato a-aminofosfonatu. Parvertibu rezultata iegiits enantiom&ru maisijums ar 64:36
attiecibu. Neskatoties uz zemo enantioselektivitati §1 metode ir nozimigs papildinajums
stereoselektivas Biruma-OleksiSina reakcijas attistibai, kas atstata novarta vairak neka divas
desmitgades.

CF3 CF3

\@/@\ \@/@
H CFs pro. P H = CFa Pho. 2
H,N_ O P N__O P~ NHCbz
hd PhO hig PhG
0 O HOP(OPh), O 1)TFA, TfOH, DCM, 50 °C
— 2
Y(OTfs, TFAA, 0

MeCN, 20-25 °C @Aokm

2) Piridins, DCM, 0 °C lidz 20-25 °C
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GENERAL OVERVIEW OF THE THESIS

Introduction

Dry eye disease (DED) also known as keratoconjunctivitis sicca is a multifactorial disease
of the ocular surface! that affects hundreds of millions of people around the world.? Risk factors
for the development of DED include advanced age, female sex, hormonal imbalance, autoimmune
disease, abnormal corneal innervation, vitamin deficiency, environmental stress, contact lens use,
infection, medication use, and ophthalmic surgery.® The disease is characterized by a dry, gritty,
or burning feeling in the eye, as well as excessive tearing and photosensitivity.* DED is an
inflammatory disease that involves both metabolic and immune dysregulation. An increasing
osmolarity in the tear film can induce oxidative conditions at the ocular surface which activates a
pathological cascade. Recently, a new biologically active a-aminophosphonate (UAMC-00050
(1); Figure 1) was developed at the University of Antwerp as a drug lead for the treatment of
DED.>® The molecule is a peptidic diphenyl phosphonate irreversible serine protease inhibitor
which forms a covalent bond with a serine side chain hydroxyl group in the active site. The
selectivity profile of this type of compounds is usually enforced by incorporating peptidic tails to
the amine. In contrast, Joossens et al. demonstrated that a potent and selective inhibition can also
be achieved with small, non-peptidic diphenyl phosphonates.® The diaryl phosphonate UAMC-
00050 (1) shows good inhibitory activity against urokinase plasminogen activator (uPA) and other
trypsin-like serine proteases, which are involved in eye diseases. Animals treated with UAMC-
00050 displayed a significant reduction in ocular surface damage after evaluation with sodium
fluorescein, compared to untreated, vehicle-treated and cyclosporine-treated animals.
Concentrations of IL1a and TNFa were also significantly reduced in tear fluid in UAMC-00050
treated rats. Additionally, inflammatory cell infiltration in the palpebral conjunctiva (CD3 and
CD45), was substantially reduced. An accumulation of pro-MMP9 and a decrease in active MMP9
were found in tear fluid from animals treated with UAMC-00050, suggesting that trypsin-like
serine proteases play a role in activating MMP9 in ocular inflammation in this animal model. To
provide more material for pre-clinical studies we developed a new multigram synthesis, improving
the overall yield, the cost of the process and its environmental impact. As a secondary goal, we
aimed to provide 3-5 g of two a-aminophosphonates similar to UAMC-00050: UAMC-0004206
(2), which was planned to be used as a backup for compound UAMC-00050, and UAMC-0004207
(3), which was used to investigate the activity of 4-chlorophenyl phosphonate derivatives (Figure
1). Furthermore, we aimed to perform a separation of two enantiomers of UAMC-00050 (1) to
determine biological activity of pure isomers. As a part of this endeavor we attempted to develop
a new enantioselective and diastereoselective method for the synthesis of a-aminophosphonates.
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Fig. 1. Structures of UAMC-00050, UAMC-0004206 and UAMC-0004207.

Aims and objectives
The thesis aims to develop a practical, efficient and safe methodology for the preparation of a-
aminophosphonates: UAMC-00050 (1), UAMC-0004206 (2), and UAMC-0004207 (3).

The following tasks were set:

1. Develop a procedure for the preparation of a-aminophosphonate UAMC-00050 (1) which can
deliver multigram quantities of the product with reproducible quality. The route must be more
efficient, safer and less expensive than the medicinal chemistry route.

2. Provide 3-5 g of the backup a-aminophosphonate UAMC-0004206 (2) and the proof-of-concept
a-aminophosphonate UAMC-0004207 (3).

3. Isolate two enantiomers of UAMC-00050 (1) for in vitro studies and explore routes for the
stereoselective preparation of UAMC-00050 (1).

Scientific novelty and main results
1. A new method for the preparation of a-aminophosphonates was developed using Y(OTf)s as a
catalyst.

2. An improved procedure for the preparation of multigram quantities of UAMC-00050 was
developed.

3. a-aminophosphonates UAMC-0004206 and UAMC-0004207 were prepared.

4. A diastereoselective route for the preparation of oa-aminophosphonate through a chiral
carbamate was tested on a model substrate, that provides the corresponding a-aminophosphonate
with an enantiomeric excess of 28 %.
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Structure of the Thesis

The thesis is divided into 4 sections: in Section 1, the optimization efforts for the
preparation of UAMC-00050 (1) are reported, in Section 2, the optimization efforts for the
preparation of UAMC-0004206 (2) are reported, in Section 3, optimization efforts for the
preparation of UAMC-0004207 (3) are reported, and in Section 4,d the studies of the
stereoselective preparation of UAMC-00050 (1) are reported.

Publications and approbation of the Thesis

The main results of the Thesis were summarized in 3 scientific publications, results of the
research were presented at 3 conferences.

Scientific publications:

1. Ceradini, D., Shubin, K. One-pot synthesis of a-aminophosphonates by yttrium-catalyzed
Birum-Oleksyszyn reaction RSC Adv., 2021,11, 39147-39152. doi.org/10.1039/D1RA07718J

2. Ceradini, D., Shubin, K. New methods for the synthesis of phosphono-é-lactones (microreview).
Chem Heterocycl Comp, 2021, 57, 1167-1169. doi.org/10.1007/s10593-021-03038-7

3. Ceradini, D., Cacivkins, P., Ramos-Llorca, A., Shubin, K. Improved Synthesis of the Selected
Serine Protease uPA Inhibitor UAMC-00050, a Lead Compound for the Treatment of Dry Eye
Disease. OPRD 2022, 26, 10, 2937-2946. doi.org/10.1021/acs.oprd.2c00244

4. Ramos-Llorca, A., Decraecker, L., Cacheux, V. M. Y., Zeiburlina, 1., De bruyn, M., Battut, L.,
Moreno-Cinos, C., Ceradini, D., Espinosa, E,; Dietrich, G., Berg, M., De Meester, I., Van Der
Veken, P., Boeckxstaens, G., Lambeir, A.-M., Denadai-Souza, A., Augustyns, K. Chemically
Diverse Activity-Based Probes with Unexpected Inhibitory Mechanisms Targeting Trypsin-like
Serine Proteases. Frontiers in Chemistry, 2023, 10. doi.org/10.3389/fchem.2022.1089959 (in
press).
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Presentations at conferences:

1. Process optimization of the synthesis of UAMC-00050, a novel uPA inhibitor, XXVI EFMC
International Symposium on Medicinal Chemistry (EFMC-ISMC 2021), which took place
virtually on August 29— September 2, 2021.

2. Process optimization of the synthesis of UAMC-00050, a novel uPA inhibitor, Paul Walden 121"
Symposium on Organic Chemistry, which took place virtually on 28-29 October 2021.

3. Upscaling of lead compounds from WP1 and enantioselective synthesis of theserine protease
inhibitor UAMC-00050, Symposium DRY EYE DISEASE IT-DED? Consortium Meeting, which
took at the Quinze-Vingts National Ophthalmology Hospital and the Vision Institute, Paris
(France), 2-3 December 2021.
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MAIN RESULTS OF THE THESIS
Development of an improved multigram synthesis of UAMC-00050

A medicinal chemistry route of the preparation of UAMC-00050 (Scheme ) was first
repeated without any change, reproducing the methodology at various scales, from 100 mg to 17
g. The route starts with protection of the amine in 4-aminophenethyl alcohol (6) with Boc.O in the
presence of triethylamine (TEA), followed by oxidation of alcohol 8 to aldehyde 9 with Dess-
Martin periodinane (DMP). The molecule’s core 11 is built with the one-pot three-component
Birum-Oleksyszyn reaction between aldehyde 9, benzyl carbamate (10) and phosphite 5, using
copper triflate as a catalyst.”® Triaryl phosphite 5 was prepared from paracetamol (4) and used in
the next step without any purification. Then, the Boc group was removed in TFA/DCM 1:1 v/v to
generate salt 12. The guanidine moiety was inserted using N,N’-di-Boc-1H-pyrazole-1-
carboxamidine (13), the two Boc groups were removed with TFA/DCM 1:1 v/v, and the
trifluoroacetate counterion was ion-exchanged with chloride after stirring compound 15 with a
DOWEX 1X8 Cl resin to get 1. Once the medicinal chemistry route was tested, we noted a series
of critical points, which are discussed here. A reproducibility issue was noticed, at a 4.3 mmol
scale, with the Birum-Oleksyszyn reaction. The poor yield of the reaction (11 %) heavily affected
the overall yield of the route (3 %), and the impurities generated in this step proved to be difficult
to separate from the product. The purity of 5 is pivotal to curb the generation of side products in
the Birum-Oleksyszyn step, since the acidic degradation products can cleave the Boc group and
lead to the formation of side products. The use of the Dess-Martin periodinane (DMP) as an
oxidizing agent for the preparation of aldehyde 9 is not suitable for a large-scale preparation due
to its low atom economy and its safety concerns.!® The preparation of a protected guanidine 14
employed N,N’-di-Boc-1H-pyrazole-1-carboxamidine (13) as a reagent, which, due to its price,
strongly affects the cost of the process. Despite being structurally simple, there is only one practical
way to prepare 1. Therefore, we decided to keep the Birum-Oleksyszyn reaction regardless of its
poor yield. A screening of conditions was performed to increase the yield and the purity of the
product 11. A series of optimizations of reaction conditions were necessary to prepare and isolate
phosphite 5 due to its instability in the presence of oxygen and moisture. Catalytic alternatives to
DMP were explored to generate aldehyde 9 with higher safety and an improved atom economy.
To reduce the costs, alternatives to N,N’-di-Boc-1H-pyrazole-1-carboxamidine (13), were explored
for the formation of guanidine moiety in compound 14. The process mass intensity (PMI) was
lowered, using alternatives to flash chromatography in the purification of the intermediates.
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Scheme 1. Medicinal chemistry route to UAMC-00050.

Preparation of triaryl phosphite 5

Compound 5 was prepared according to the original conditions® after minor modifications
(Scheme 2). The separation of the triaryl phosphite 5 from the main impurities (diaryl phosphite
16 and paracetamol (4)) via chromatographic separation, precipitation, or crystallization proved to
be difficult. Therefore, the amount of side product was lowered after optimization of the reaction
conditions (e.g. reducing the reaction time from 105 to 60 minutes). Water, present in the starting
material, was found to be the main reason for the reduced purity of triaryl phosphite 5. Careful
drying of the starting material 4 in vacuo (5 mbar) for at least 24 h significantly improved the
conversion and purity of product 5. Residual water in paracetamol (4) was assessed to be 0.030 %
(Karl Fisher titration). After the optimization of the reaction, phosphite 5 was obtained with a yield
of 98 % and purity of 92.3 % area normalized (AN) by HPLC on a 44 mmol scale.

OH
PCly (1.0 equiv.
FCL @9 equlv) AcHN@o P o+ AcHN@o P-OH
TEA (3.0 equiv) ] )
o
WA e s 1
4 (3.0 equiv.)

Scheme 2. Preparation of 5, paracetamol (4) (3.0 equiv.) are reacted with PClz (1.0 equiv.) in
THF in the presence of TEA (3.0 equiv.) at 0 °C.
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Boc-Protection of the amine group in compound 6

In the medicinal chemistry procedure, protection of the amino group in 6 was achieved
using 1.1 equiv. of di-tert-butyl dicarbonate in the presence of TEA (1.0 equiv.) in dioxane (Table
1, entry 1).> A better reaction protocol reported in the literature!* (which does not require TEA)
was successfully used in our process development. Compound 6 was treated with 1.1 equivalents
of di-tert-butyl dicarbonate in EtOAc for 16 h (Table 1, entry 2). Purification of 8 was successfully
achieved using a silica pad filtration instead of flash chromatography (Table 1, entry 3). The
amount of silica was then reduced from 15.0 w/w to 8.3 w/w when the reaction was upscaled to
73 mmol (Table 1, entry 4). In a later improvement, crystallization was found to be a suitable tool
for the purification of 8. Among 7 different conditions, the mixture of MeCN/MTBE 1:1 v/v
(solvent/8 = 1.5:1 v/w) provided the product with 98 % yield and purity 99 % AN by HPLC (Table
1, entry 5).

Table 1
Optimization of Preparation of Product 8
o O
HO
S L wo
7
Solvent, Base,
NH, 20-25°C NHBoc
6 8
Scale N Yield | Purity
Entry | Solvent (mmol) Base Method of purification (%) (%)°

1 Dioxane | 37.00 | TEA Flash chromatography 97 99
2 EtOAc | 37.00 - Flash chromatography 99 99
3 EtOAc | 37.00 - Pad of Silica (SiO2/8 = 15:1 w/w ) 95 99
4 EtOAc | 73.00 - Pad of Silica (SiO2/8 = 8.3:1 w/w) 99 99

Crystallization
> EtOAc | 73.00 i (MeCN/MTBE 1:1/8 = 1.5:1 viw) % %9

2|solated yield; ® AN by HPLC.
Preparation of aldehyde 9

Looking for alternatives to DMP for the preparation of aldehyde 9 we began testing a series
of catalytic conditions using air/O2, H202, and NaClO as primary oxidants. Unfortunately, air/O>
with (bpy)Cul/TEMPO,* and H02 with AICIs*® or KBr/TEMPO/pTsOH* failed to provide
product 9. On the other hand, using 1.5 equivalents of NaClO in the presence of a catalytic amount
of TEMPO, KBr, and nBusBr,*> 6 provided a 69 % conversion of substrate 8 (Table 2, entry 1).
Gratifyingly, raising the equivalents of NaClO to 1.8, we obtained a complete conversion of
alcohol 8 after 15 minutes (Table 2, entry 2). Conditions in entry 2 were upscaled to 4.22 mmol.
Unfortunately, after purification, product 9 was obtained with a poor yield of 31 % with carboxylic
acid 17 as the main impurity (Table 2, entry 3). As reported by Anelli et al.,*” the presence of
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nBusNBr led to an overoxidation of alcohol 8 to acid 17. The yield was then increased to 59 %
when the quaternary salt was removed from the reaction (Table 2, entry 4). The yield was further
increased to 71 % when the amount of TEMPO was reduced from 0.05 to 0.01 equivalents and the
reaction time was reduced from 60 minutes to 30 minutes (Table 2, entry 5). However, after
upscaling the reaction to 37 mmol we noted a decrease in yield to 60 % (Table 2, entry 6). Reducing
the amount of NaClO to 1.6 equivalents and the reaction time to 15 minutes allowed us to obtain
9 with yield 66 % (Table 2, entry 7). The flash chromatography purification was avoided by using
the bisulfite adduct protocol® to isolate 9 with purity 99 % AN by HPLC. However, when this
method of purification was applied to a 73 mmol scale preparation of 9, a decrease in yield (59 %)
was observed (Table 2, entry 8). Examination of the mother liquid indicated that it was caused by
a slow formation of adduct 18 rather than by the catalytic oxidation. Extending the reaction time
of the crude aldehyde with NaHSO3z from 2 h to 16 h allowed the complete conversion of aldehyde
9 to intermediate 18. The bisulfite derivative was then converted back to the aldehyde, after a
reaction with ag. Na,COs, providing 9 in 71 % yield from 8 with purity 99.2 % AN by HPLC
(Table 2, entry 9).

Table 2
Optimization for the Aldehyde 9 Synthesis
HO 0, N HO N
NaClO,
TEMPO, KBr HO . NaHS0; HO3S Na,CO;4
Toluene/EtOAc 1:1 EtOH EtOAc/H,O
NHBoc NHBoc NHBoc NHBoc NHBoc
8 17 9 18 9
Entry? | Alcohol | NaCIO | TEMPO | Time Bisulfite Conversion | Yield
(mmol) | (equiv.)? | (equiv.) | (min) extraction® (%0)¢ (%)°
1f 0.42 15 0.05 120 - 69 N/A
2f 0.42 1.8 0.05 15 - 100 N/A
3f 4.22 1.8 0.05 15 2h20-25°C 100 31
4 4,22 1.7 0.05 60 2h20-25°C 100 59
5 4.22 17 0.01 30 2h20-25°C 100 71
6 37.00 1.7 0.01 30 2h20-25°C 100 60
7 37.00 1.6 0.01 15 2h20-25°C 100 66
8 73.00 1.6 0.01 15 2h20-25°C 100 59
9 73.00 1.6 0.01 15 16 h 20-25 °C 100 71

0.1 equiv. KBr; PNaClO concentration 11-15%; ®Stirred for 1 h at 0 °C before filtration; ¢ *H
NMR assay; ¢ isolated yield; 70.05 equiv. nBusNBr.
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Birum-Oleksyszyn reaction

The one-pot three-component reaction between aldehyde 9, phosphite 5 and benzyl
carbamate (10) is a key step in the synthesis of compound 1 (Scheme 3). Unfortunately, when the
reaction was repeated on a gram scale, intermediate 11 was obtained in a poor yield (11 %).
Moreover, impurities in the crude material made purification challenges. The optimization began
with a screening of catalysts, among 18 Lewis and Brgnsted acids, and Y (OTf)s; was able to provide
11 with a yield of 42 % and an improved impurity profile (Table 3, entry 1).1° Next, we focused
on solvent optimization. While running the reaction in MeCN, we noted the formation of a
precipitate, later identified as aminal 19. The screening of eight reaction mediums revealed the
mixture THF/MeCN 1:1 v/v as the most appropriate to dissolve aminal 19, which led to a 44 %
yield of 11 (Table 3, entry 2). In addition, the yield was further raised to 45 % when the
concentration was increased from 0.07 M to 0.17 M (Table 3, entry 3). A range of anhydrides was
then screened, as additives as these are known to promote a similar reaction between aminals and
alkylphosphonous acids.?’ % Equimolar amounts of both acetic and trifluoroacetic anhydride were
able to increase the yield of a-aminophosphonate 11 to 50 % and 52 %, respectively (Table 3,
entries 4 and 5).

NHAc NHAc

e

i \
5 P/O NHCbz + CbzHN NHCbz + ,/P/o NHCbz

o~ o
Oyp
NHBoc 10 0%
NH NHBoc NHBoc NHBoc

Y(OTf)3, additive,
solvent, r.t. 1" 19 20

Scheme 3. Birum-Oleksyszyn reaction for the preparation of a-aminophosphonate 11.

Table 3
Solvent and Additive Screening for the Synthesis of 11
Entry? Solvent (f (;j gclqtl:\i/\?.) C(K;)C ' Yle(l(;’c)): 1 Ratio 11/20
1 MeCN - 0.07 42 80.3:19.7
2 MeCN/THF 1:1 - 0.07 44 81.3:18.7
3 MeCN/THF 1:1 - 0.17 45 75.7:24.3
4 MeCN/THF 1:1 Ac0 0.17 50 80.4:19.6
5 MeCN/THF 1:1 TFAA 0.17 52 75.7:24.3

21.0 equiv. of aldehyde 9, 1.0 equiv. of benzyl carbamate (10), 1.0 equiv. of phosphite 5, 4.3 mmol
scale, quench after 4 h; ®isolated yield.
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At the end of the reaction, paracetamol (4), diarylphosphite 16, monoaryl phosphonate 20,
and aminal 19 constituted major impurities. A basic wash of the crude material with a 0.5 M
aqueous solution of NaOH allowed an almost complete removal of acidic impurities (i.e.
paracetamol (4) monoaryl phosphonate 20 and diarylphosphite 16), while a silica pad filtration
was used to remove aminal 19 and other lipophilic impurities from the product. At the end of these
procedures, a-aminophosphonate 11 was obtained with a purity of 64.2 % AN by HPLC. After the
basic wash, around 8.3 % AN by HPLC of paracetamol (4) was still present in the crude material.
Antisolvent precipitation in a basic aqueous solution allowed the removal of the remaining
byproduct 4. A 0.5 % aqueous solution of NaHCO3 was added dropwise to a solution of crude 11
in acetone. The precipitate was isolated with a purity of 82.3 % AN by HPLC. Next, we focused
on the removal of the colored impurities. Nine different charcoals were tested; unfortunately, none
of them was able to remove the colored impurities. Slurry conditions were then tested as a
purification method. The crude material was stirred in a solution of EtOAc/acetone 19:1 v/v. After
16 h of stirring, compound 11 was isolated from the mother liquor with a purity of 98 % AN by
HPLC. The reaction and the purification protocols (i.e. basic wash, silica pad, antisolvent
precipitation, and slurry) were then tested with 10.00 g (43 mmol) of aldehyde 9 as a starting
material providing the a-aminophosphonate 11 in 44 % yield with a purity of 98.2 % AN by HPLC.

N-Boc Deprotection of intermediate 11

TFA in DCM 1:1 v/v at room temperature was used to remove the Boc-protecting group
from 11 in the medicinal chemistry route. HCI was investigated as a more economical alternative
to TFA and led to less hygroscopic HCI salt (Scheme 4). Initially, we used 2.5 N HCI in ethanol,
a solvent capable of dissolving 11. However, at the end of the reaction, there was noted a modest
presence of monoaryl 22. A similar problem was noted with the use of 5-6 N HCI in iPrOH.
Substrate 11 was treated with 4 N HCI in dioxane for 3 h. Aniline hydrochloride 21 was then
isolated from the reaction mixture after antisolvent precipitation of an EtOH solution of the crude
material in 10 volumes of stirred EtOAc at 20-25 °C. After optimization conditions of N-Boc,
deprotection and work-up were applied for the upscale. Aniline hydrochloride 21 was obtained
with a yield of 99 % and purity of 97.9 % AN by HPLC when using 14 mmol of o-
aminophosphonate 11 as a starting material.

NHAc NHAc NHAc
AcHN AcHN
\©\ 2.5 N HCl in EtOH or
Q o 5-6 N HCl in iPrOH or

NHCbz

L
o*P<-NHCbz _ 4 N HCl in Dioxane © NHcbz
NH NH CI
NHBoc 3 CI 22 3

11
Scheme 4. HCI-mediated N-Boc deprotectlon of 11.
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Guanylation of intermediate 21

In the medicinal chemistry route, the final product 1 was prepared from aniline TFA salt
12 by inserting the guanyl group using N,N'-di-Boc-1H-pyrazole-1-carboxamidine (13). This
reaction was followed by the removal of Boc groups with TFA in DCM and salt exchange with
DOWEX 1X8 Cl resin to convert intermediate 15 to product 1. In order to reduce the step count,
we tested a direct way to convert aniline HCI salt 21 to product 1. Direct transformations of aniline
to aryl guanidine are present in literature.?*2° From these, guanylation with NH2CN was selected
for the development of the protocol with the best atom economy and costs.?* 2° Initially, the
guanylation of aniline salt 21 was performed with 1.2 equivalents of NH2CN in the presence of
0.1 equivalents of Sc(OTf)s in a panel of solvents and solvent mixtures at room temperature. These
studies revealed MeCN/iPrOH 1:1 v/v as the most optimal reaction media to give 38 % conversion
of aniline salt 21 in 72 h (Table 4, entry 1). With the optimized medium, we tested a series of acids
in catalytic or equimolar amounts. Lewis acids like Bi(OTf)3 and Y(OTf)s (Table 4, entries 2 and
3) and Brgnsted acids like HCI, HNOs and AcOH (Table 4, entries 4-6) failed to provide improved
conversion compared to Sc(OTf)s. Before further optimization efforts, an isolation/purification
method for product 1 was developed. The product was isolated as a solid after a dropwise addition
of an EtOH solution of crude 1 to 10 volumes of stirred iPrOAc at 20— 25 °C.

Table 4
Catalyst Optimization for the Direct Guanylation of 21
NHAc NHAc NHAC
AcHN AcHN
\©\ NH,CN (1.2 equiv.) \©\O
o Catalyst e HO._.O
i_0 - . + >PZ__NHCbz
o? PN NHCbZ e CN/PIOH 111 wiv o=P e o
20-25°C, 72 h OH, o ilj\l\'-'z o
ﬁH3 C|® H)LNHQ H NH,
21 1 22
Entry? Catalyst Equiv. catalyst Conversion (%0)P
1 Sc(OTf)3 0.1 38
2 Bi(OTf)3 0.1 34
3 Y(OTf)s 0.1 25
4 HCI 1.0 8
5 HNOs 1.0 40
6 AcOH 1.0 11

20.08 mmol of aniline 21, 1.2 equiv. of NH,CN, 1.0 M, 72 h, MeCN/iPrOH 1:1 v/v; ® HPLC assay.
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After the first screening, we speculated that three variables (i.e. concentration, reaction
time, and equivalents of NH.CN) might have an important role in the reaction outcome. A Design
of Experiment (DoE) approach was selected to explore all three variables at the same time and
eventually identify any interaction between them. The limits of the three variables were set as
follows: 0.1-2.0 M for the concentration, 1.2-10.0 for the equivalents of NH2CN and 48-96 h for
the reaction time. The DoE was performed with the support of the artificial intelligence web-based
software XT SAAM.% The program uses stochastic optimization techniques to produce suggestions
for the next experiments until an objective is satisfied. In our case, the objective was to maximize
the yield of the final product. A total of 22 experiments, divided into 4 consecutive iterations of
parallel experiments, were carried out. The values of yield were collected and the software, through
an automated mechanism, generated the final model. From the response surface model (RSM)
(Fig. 2), it was observed that the best yield could be obtained when the concentration was set to
0.5 M with NH2CN equivalents and time maximized.

A Equiv. Cyanamide = 10 B Time = 96

oooo
o®o0

Predicted yield
Predicted yield

cococoe
nea&lQ

Fig. 2. Predicted yield RSM for the cyanamide guanylation of 1 in iPrOH/MeCN 1:1: A — when
cyanamide equivalents are fixed at 10; B — when time is fixed at 96 h. Yellow regions indicate
the maximum predicted yield.

With the optimized conditions (i.e. 0.5 M concentration, 10.0 equiv. of NH2CN, and 96 h
reaction time) the conversion was improved to 95 % and the final product 1 was obtained on a
small scale (0.08 mmol) with 86 % vyield and purity 89 % AN by HPLC (Table 5, entry 1).
However, after an upscale of the reaction to 0.77 mmol, we noted a drop in conversion and,
therefore, in yield and purity (Table 5, entry 2). An increase of the equivalents of NH2CN to 15.0
was necessary to maintain a 95 % conversion of starting material 21 (Table 5, entry 3). A second
screening of the reaction medium identified that the mixture of THF/EtOH 2:1 v/v was able to
maintain a 95 % conversion when using 10 equivalents of NH>CN both at 0.77 and 7.7 mmol
(Table 5, entries 4 and 5). On the 7.7 mmol scale, a direct guanylation of aniline 21 in THF/EtOH
2:1 v/v with 10 equivalents of NH>CN provided 1 in 90.0 % yield with purity 91.0 % AN by HPLC.
Among the impurities in the final material we noticed a small presence of monoarylphosphonate
22 amounting to 0.4-1.1 % AN by HPLC.
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Table 5
Medium Optimization for the Direct Guanylation of 21

Entry? Scale Solvent Equiv. Yield Purity
(mmol) NH2CN (%)° (%)°

1 0.08 MeCN/iPrOH 1:1 10 86 89

2 0.77 MeCN/iPrOH 1:1 10 77 85

3 0.77 MeCN/iPrOH 1:1 15 83 88

4 0.77 THF/EtOH 2:1 10 89 91

5 1.7 THF/EtOH 2:1 10 90 91

20.1 equiv of Sc(OTf)s as catalyst, 96 h, 0.5 M; isolated yield; AN by HPLC.
Purification of the final compound 1

At first, crystallization of crude product 1 was attempted; however, none of the 17 solvents
screened was able to yield pure 1. With these results in hand, we focused on different methods of
purification. We decided to test the precipitation of product 1 with a series of antisolvents to see if
it was possible to increase the purity. A solution of crude 1 in absolute EtOH was added dropwise
to 7 different antisolvents. Among 5 organic solvents and 2 aqueous solutions, only iPrOAc and
EtOAc were able to slightly increase the purity but not in a sufficient way to reach the 98 % purity
target. Last, we investigated reverse phase chromatography (RP) for the purification of final
product 1. After a range of eluents screening, a gradient of water/(MeCN/EtOH 9:1 v/v) was
selected. Compound 1 was successfully isolated using a Ci1g RP column. The purification was
tested on a 3.75 g scale obtaining 1 in two fractions, S1 with a purity of 98.1 % AN by HPLC and
S2 with a purity of 99.4 % AN by HPLC. The pure material was recovered with a 79 % yield from
the crude product, with a total yield of a-aminophosphonate 1 from aniline 21 of 72 %.

Process development route to UAMC-00050

In summary, an optimized process for the scalable preparation of the a-aminophosphonate
UAMC-00050 has been developed. Key aldehyde 9 was prepared according to the Anelli-
Montanari protocol using bleach as the primary oxidant and TEMPO/KBr as the catalytic system.
The yield was increased from 65 to 71 % and the atom economy was improved from 33 to 66 %.
The Birum-Oleksyszyn reaction for the preparation of pivotal intermediate 11 was optimized. The
combination of Y(OTf)s as the catalyst, TFAA as the additive and THF/MeCN (1:1 v/v) as the
reaction medium increased the yield from 11 to 44 %. Purification of 11 was achieved using
alternative methods to flash chromatography (e.g. basic extraction, slurry purification, antisolvent
precipitation). For the preparation of product 1, an Al-based software (XT-SAAM) was used to
improve the preparation of 1 using cyanamide as a reagent. The optimized reaction was used to
replace the expensive N,N'-di-Boc-1H-pyrazole-1-carboxamidine, cutting the cost for the
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preparation of UAMC-00050. The use of chlorinated solvents and flash chromatography
purification of intermediates were removed from the process. Only the final material required flash
chromatography purification in order to reach the target purity >98 %. The new multi-gram process
improved the overall yield of compound 1 from 3 % for the medicinal chemistry route to 22 %
with a total of 6 steps (Scheme 5).

HO HO, HO, O\
1) NaClO, TEMPO, KBr HO.S
(Boc),0 Toluene/EtOAc 1:1, 0 °C 3 Na,CO3
s —— —_—
EtOAc, 2) NaHSO3, EtOH, 20-25 °C EtOAc/H,0, r.t.

NH, 20-25°C NHBoc NHBoc NHBoc
6 Y=99% 8 Y=71% 18 Y=89% 9
NHAc NHAc NHAc
AcHN AcHN\©\ <> AcHN\©\ <>
(s ol @ .
_PZ__NHCb
s DnHcez __4NHCI Dioxane, _ JHebe _ NHCN, Se(0Tf); o7 z =
MeCN/lPrOH 1:1, @
T aesc ! NH,
20-25°C I
0 NHBoc NH3 . ” NHy
10 NH, =09 N

Y(OTf)3, MeCN/THF 1:1
TFAA, 20-25 °C

Y=44%

Scheme 5. Optimized synthetic route to UAMC-00050.

Backup a-aminophosphonate UAMC-0004206 and a proof-of-concept a-amino-
phosphonate UAMC-0004207

The University of Antwerp, in the past years, has tested a series of activity-based probes
(ABPs) derived from a-aminophosphonates. From the results, it was found that ABPs derived from
a-aminophosphonates generated from a substituted benzaldehyde showed high activity toward the
UPA and low activity toward the thrombin. The results prompted us to develop two molecules
incorporating a substituted benzaldehyde instead of a substituted phenylacetaldehyde as for
UAMC-00050 (1). UAMC-0004206 (2) similar to UAMC-00050 possesses paracetamol
phosphonate ester. The compound would serve as a follow-up of the lead compound UAMC-
00050, while UAMC-0004207 (3) possess a 4-chlorophenol phosphonate ester. This compound
will be tested as proof of concept for the activity, discovered in ABPs that incorporate the 4-
chlorophenol phosphonate ester in their structure.
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Fig. 3. Backup compound UAMC-0004206 and a proof-of-concept compound UAMC-0004207.
Process optimization and preparation of UAMC-0004206

For the preparation of UAMC-0004206 (2), tert-butyl(4-formylphenyl)carbamate (24) was
purchased and used as starting reagent for the synthesis of 2 (Scheme 6). The Birum-Oleksyszyn
reaction conditions used for intermediate 11 in UAMC-00050 synthesis were adapted for
compound 25. N-Boc deprotection in compound 25 was performed with 4 N HCI in dioxane or
TFA/DCM 1:1 v/v. For the synthesis of UAMC-0004206, analogous to the medicinal chemistry
synthesis of UAMC-00050, we used N,N’-di-Boc-1H-pyrazole-1-carboxamidine (13) to insert the
guanidine moiety in the a-aminophosphonate. In this way, the resulting Boc-protected guanidine
28 was successfully purified by flash chromatography on silica and the required purity (95-98 %)
was easily achieved after one purification. Next, the last N-Boc deprotection was performed with
HCI to access directly the final compound 2 or with TFA followed by a salt exchange with the
resin DOWEX 1X8.
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Scheme 6. Synthetic route for the preparation of UAMC-0004206.

Birum-Oleksyszyn synthesis of intermediate 25

The first step for the preparation of UAMC-0004206 (2) is a three-component Birum-
Oleksyszyn reaction between tert-butyl(4-formylphenyl)carbamate (24), benzyl carbamate (10)
and the triaryl phosphite 5 (Table 6). With our knowledge derived from UAMC-00050 synthesis,
we decided to use 0.1 equivalents of yttrium triflate as a catalyst, a mixture of MeCN/THF 1:1 v/v
as a reaction medium, and TFAA as an additive. A series of small-scale experiments (0.22 mmol
of aldehyde 24) was run in order to find the optimum concentration, the right ratio of equivalents
of TFAA and phosphite 5, and the optimal quenching time of the reaction. The outcome of the
reaction was calculated based on the ratio between the chromatographic concentration of product
25 and the internal standard (naphthalene). From the screening, the following conditions (1.0 and
1.5 equivalents of phosphite 5, and concentrations 0.17, 1.0, 1.5, and 2.5 M) were selected for a
larger scale experiment with an isolated yield of product 25. Four experiments were run with
2.2 mmol of aldehyde 24. The product was isolated from the reaction mixture after flash
chromatography. The standard conditions from UAMC-00050 provided 25 with a yield of 46 %
and a purity of 89 % AN by HPLC (Table 6, entry 1). At 1.00 M and with 1.5 equivalents of
phosphite 5, a-aminophosphonate 25 was obtained with a yield of 59 % and a purity of 84 % AN
by HPLC. The best condition of the small-scale screening (1.50 M and 4 h quench) provide the
product with a yield of 64 % and a purity of 84 % AN by HPLC, while with a higher concentration
of 2.5 M product 25 was obtained after purification with 55 % yield and purity 90 % AN by HPLC.
The 2.2 mmol scale experiments confirmed the results of the first screening. Condition in Table 6,
entry 3, (1.50 M, 1.0 equivalents of phosphite 5 and quench after 4 h) was selected for multigram
preparation of 25. Before moving to 4.4 and 11.0 mmol scale, we investigated purification methods
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alternative to flash chromatography. Unfortunately, we were not able to find a suitable solvent for
product 25 to perform a basic wash analogous to UAMC-00050. The crude product was then
dissolved in 96 % EtOH and added dropwise to 10 volumes of stirred EtOAc at 0 °C. This
purification allowed us to reach a purity ranging from 87 to 94 % AN by HPLC directly from a
crude reaction product with just one purification step.

Table 6
Batches with Isolation of Product 25
NHAc
AcHN
(0] AcHN O+P \©\ <>
o (O
5 O//P” NHCbz
NHBoc Q—\OJ<O
NH
24 1 ’ NHBoc

Y(OTf); (0.1 equiv.),

TFAA (0.2 equiv.), 25

THF/MeCN 1:1 v/v

20-25°C
Entry | Scale (mmol) | Equiv.of 5 | Conc. (M) | Time (h) | Yield (%)2 | Purity (%)°

1 2.2 1.0 0.17 8 46 89
2 2.2 15 1.00 4 59 84
3 2.2 1.0 1.50 4 64 84
4 2.2 1.0 2.50 4 55 90
5 4.4 1.0 1.50 4 55 94
6 11.0 1.0 1.50 4 63 87

2|solated yield; ® AN by HPLC.

N-Boc Deprotection of intermediate 25

Initially the Boc group was removed using conditions developed for the N-Boc
deprotection of UAMC-00050. a-Aminophosphonate 25 was treated with 4 N HCI in dioxane for
3 h at 20-25 °C, then, the product was isolated by antisolvent precipitation of the crude material
solution in EtOH added dropwise in 10 volumes of stirred MTBE at 0 °C. The HCI salt of aniline
27 was obtained in general with good yields and purity among different batches. However, it was
noted that in the next step, the guanylation with N,N’-di-Boc-1H-pyrazole-1-carboxamidine (13),
poor yields of guanylated product 28 were obtained when HCI aniline salt was used as starting
material. As an alternative, TFA aniline salt 26 was prepared instead, treating the starting Boc-
protected material 25 with TFA/DCM 1:1 v/v at 20-25 °C. After 45 minutes the conversion was
complete and solid product 26 was isolated as for product 27. The TFA aniline salt 26 proved to
be superior to the HCI salt of aniline 27 in the guanylation step, therefore, we decided to use TFA
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to remove the Boc group in a larger scale preparation of aniline 26. The reaction was tested with
2.59 mmol of a-aminophosphonate 25, and aniline trifluoroacetate 26 was obtained with a yield
of 99 % and a purity of 97 % AN by HPLC (Scheme 7).

NHAc NHAc
AoHN\©\ <> AcHN\©\ <>
(o)
C\)/o 1.0
_P{__NHCbz TFA/DCM 1:1, 20-25 °C or P~ -NHCbz

(o]
4 N HCl in dioxane, 20-25 °C

NHBoc ®NH3 26, CF3COO®

or

2 O
s 27, Cl

Scheme 7. N-Boc Deprotection of intermediate 25.

Guanylation of intermediate 26

In the original medicinal chemistry route, guanylation of aniline trifluoroacetate 26 was
performed using N,N’-di-Boc-1H-pyrazole-1-carboxamidine (13) as a reagent. The resulting Boc-
protected product can be easily purified by chromatography on silica. Initially, 0.78 mmol of
aniline hydrochloride 27 were treated with 1.2 equivalents of reagent 13 in iPrOH/MeCN 1:1 v/v,
the reaction was quenched when the conversion of aniline 27 HCI salt was higher than 90 % (Table
, entry 1). Unfortunately, the conditions in entry 1 were poorly reproducible on the same scale and
the yield of product 28 dropped to 54 % (Table , entry 2). TFA salt of aniline 26 was then used as
a starting material. After 96 h a conversion of 26 higher than 90 % was reached and the product
was isolated with a yield of 74 % (Table , entry 3). HPLC analysis of the isolated material showed
the presence of an impurity whose mass corresponds to the structure of 29, where one tert-butyl
group in the product is exchanged with an iso-propyl group due to transesterification with
isopropanol. After using DCM/MeCN 1:1 v/v as the reaction medium instead of iPrOH/MeCN 1:1
vlv, impurity 29 was not observed anymore in the reaction mixture. Using the difference in polarity
between the product and the reagents, N,N’-di-Boc-1H-pyrazole-1-carboxamidine and TEA were
removed with a slurry purification in heptane/EtOAc 2:1 v/v. Product 28 was obtained, after
filtration, with a purity of 85 % AN by HPLC, containing 10 % AN by HPLC of aniline 26 as a
free base. Product 28 was separated from the starting aniline by flash chromatography on silica
(gradient heptane/EtOAC). The first multigram synthesis with 2.68 mmol of aniline trifluoroacetate
26 was complicated by a much longer reaction time (144 h) required to reach conversion of starting
material higher than 90 %. After slurry purification and flash chromatography, the product was
isolated with a yield of 67 % (Table , entry 5). As the long reaction time did not lead to major
hydrolysis of the starting material or the product, we proceed with further upscale without any
modification to the reaction parameters (e.g. solvents, concentration). Running the reaction to
7.68 mmol we noted the same slower conversion, which in this case the 90 % conversion threshold
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was reached after 120 h, however, some product was lost during the purification, which led to a
43 % vyield of product 28 (Table , entry 6). The last multigram synthesis was performed with
10.20 mmol of starting material, a conversion higher than 90 % was reached only after 168 h, the
product 28 was isolated with a yield of 71 % and a purity of 97 % AN by HPLC.

Table 7

Optimization of Guanylation Reaction for the Preparation of 28

NHAc NHAc NHAc
AcHN\©\ A/—\\N AcHN\©\ ACHN\©\

N
NHCbz BOCN%I;NHBOC NHCbz NHCbz
TEA (1.5 equiv.),
o iPrOH/DCM 1:1 or
NH, 28 CFaCOO DC'\;(/)M;C?; v NBoc HN HN OlPr
® or
S) NHBoc NBoc
27, Cl 28 29
Aniline Conc. Time Yield
Ent Anili Solvent

ntry (mmol) niline olven M) ) (%)
1 0.78 27 iPrOH/MeCN 1:1 viv 1.0 96 88
2 0.78 27 iPrOH/MeCN 1:1 viv 1.0 96 54
3 0.70 26 iPrOH/MeCN 1:1 viv 1.0 96 74
4 0.70 26 DCM/MeCN 1:1 viv 1.0 96 75
5 2.68 26 DCM/MeCN 1:1 viv 1.0 144 67
6 7.68 26 DCM/MeCN 1:1 viv 1.0 120 43
7 10.20 26 DCM/MeCN 1:1 viv 1.0 168 71

a1solated yield.

N-Boc Deprotection of intermediate 28 and salt exchange of product 31

The N-Boc deprotection was initially carried out with an excess of 4 N HCI in dioxane in
order to obtain directly the desired chloride salt 2 required for the biological tests. A complete
conversion of the starting material 28 to product 2 was achieved after 20 h (Scheme 8). HPLC
assay of the final material showed the presence of the hydrolyzed monoary! side product 31, which
counted as 11 % AN by HPLC. Substitution of 4 N HCI in dioxane with TFA/DCM 1:1 v/v curbed
the formation of the hydrolyzed side product 30 and provided a full conversion of 28 after 3 h with
an 84 % vyield of 29 at a 0.11 mmol scale. With the working conditions in hand, larger scale
experiments were performed. At 0.51, 1.03 and 2.25 mmol scale the desired product 29 was
obtained with a yield of 99 % and with the side product 30 ranging from 0.5to 1.0 % AN by HPLC
in the final material.
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Scheme 8. N-Boc Deprotection of intermediate 28.

Finally, trifluoroacetate in 29 was exchanged with chloride using DOWEX 1X8 ClI resin
(Resin/Salt 29 = 10:1 w/w; Scheme 8), the product 2 was collected after antisolvent precipitation:
a solution of crude 2 in EtOH added dropwise in 10 volumes of stirred MTBE at 0 °C. The salt
exchange was performed on eight different batches and the scale was kept below 2.0 mmol of TFA
salt 29. Overall, 5.79 g of final material was collected from different batches with an HPLC purity
higher than 95 % AN, which is acceptable for biological tests (Scheme 9).

NHAC NHAc
ACHN\©\ © AcHN\©\ <>
g,o NHCb © NHeb
o* > DOWEX 1X8 Cl z
_DOWEXAXS O |
EtOH/H,0 2:1 viv
32 h, 20-25°C
® ®
HN._NH, HN.__NH,
o
NH, CH3COO® NH, Cl
29 2

Scheme 9. Salt exchange to product 2.

Process development of UAMC-0004207

UAMC-0004207 (3) possesses a similar structure to UAMC-0004206 (2), where the only
difference is in the phosphonate ester. In this molecule, the paracetamol ester is substituted with a
4-chlorophenol ester. Due to the toxicity of the phenol, which is released once the molecule reacts
with serine in the active site of the enzyme (e.g. uPA), UAMC-0004207 was not planned to be
used as a follow-up compound of UAMC-00050. This compound, instead, will be used to validate
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the proof of concept of ABPs based on 4-chlorophenol phosphonate esters. We decided to use the
same route, as used for the preparation of UAMC-0004206 (Scheme 6). Phosphite 33 was prepared
from phenol 32 with the same procedure as phosphite 5. Birum-Oleksyszyn reaction was run in
MeCN/THF 1:1 v/v mixture and promoted by 10 mol% of Y(OTf)s. The optimal concentration,
quench time and equivalents of TFAA were found after a conditions screening. As for UAMC-
0004206, the guanidine moiety was inserted with N,N’-di-Boc-1H-pyrazole-1-carboxamidine, and
the resulting Boc-protected compound 37 could be easily isolated from the reaction mixture.
Finally, for the N-Boc deprotection, we planned the same strategy as for the previous a-amino-
phosphonate, if possible to use HCI for deprotection and obtaining the desired salt 3 in one step,
otherwise to use TFA for deprotection, followed by a salt exchange with DOWEX 1X8 Cl (Scheme
10).

Cl

O :
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o NH, ° TFADCM 1:1,

PCly (1.0 equiv.) po 20-25°C or
_ m@o P o 8 PR NHGz | A R
TEA (3.0 GEU'V-)v 3 4 Y(OT)3 (0.1 equiv.), 4 N HCl in dioxane,
cl THF, 0°C 33 TFAA (0.2 equiv.), 20-25°C
32 THF/MeCN 1:1,
NHBOC 20-25°C NHBoc
Cl Cl
34
goLs (“©© getcl ole
o o
NHB \ 0 1.0 1.0
\ .0 ” A
O NHCbz NHCbz TEA/DCM 1:1 viv 0//P NHCbz DOWEX 1X8 Cl O’P NHCbz
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Scheme 10. A planned route for the preparation of UAMC-0004207.

Birum-Oleksyszyn reaction

As a starting point, we used the standard conditions for the Birum-Oleksyszyn reaction
found during the process development for UAMC-00050 (Table 3, entry 5). Aldehyde 24 (1.0
equivalents) was reacted with phosphite 33 (1.0 equivalents) and benzyl carbamate (10) (1.0
equiv.) in the presence of Y (OTf)s (0.1 equivalents) and TFAA (1.0 equivalents) using MeCN/THF
1:1v/v (0.17 M concentration) as a medium. After a series of small-scale experiments (0.45 mmol)
the highest ratio product (34)/1S was obtained when the transformation was performed with a 1:1:1
ratio between the reactants, 0.2 equivalents of TFAA, 2.5 M as concentration and a quenching time
of 2 h.
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Table 8
Batches with Isolation of Product 34

al
Q_\OJf <CI—< }O}P CI\@\@
10 NH2 3 %
33 O,/P/ NHCbz
/ Y(OTf)3 (0.1 equiv.), TFAA (0.2 equiv.),
THF/MeCN 1:1, 20-25 °C
NHBoc NHBoc
24 34
Entry Scale (mmol) Yield (%)? Purity (%)P
1 2.3 71 85
2 4.6 70 81
3 11.5 43 76
4 13.3 53 75

2]solated yield; ® AN by HPLC.

With the best conditions in hand, upscale experiments were carried out in order to assess
isolated yields of product 34. The product was purified by flash chromatography. At 2.5 M the
reaction was stopped after 2 h and product 34 was isolated with a yield of 71 % and a purity of
85 % AN by HPLC (Table 8, entry 1). The yield obtained confirmed observations from the small-
scale screening. At 4.6 mmol scale of aldehyde 24 a similar 70 % yield was obtained (Table 8,
entry 2); however, when the synthesis was performed at 11.5 and 13.3 mmol scale of 24, the yield
dropped respectively to 43 and 53 % (Table 8, entries 3 and 4). These poor results might be
attributed to problems in the purification of the product from impurities.

N-Boc deprotection of intermediate 34

As for UAMC-0004206, the aniline 36 was obtained after treatment of product 34 with4 N
HCI in dioxane. The product was obtained as solid with 96 % yield and purity 99 % AN by HPLC
after dropwise addition of a solution of crude product in EtOH in 10 volumes of stirring MTBE at
0 °C. Unfortunately, when tested on the guanylation reaction with N,N'-di-Boc-1H-pyrazole-1-
carboxamidine, the HCI aniline 36 salt provided poor conversion at 0.6 mmol scale. On the other
hand, the TFA aniline salt 35 showed a better conversion of guanylation at 0.3 and 0.6 mmol scale.
For the preparation of TFA salt, intermediate 34 was dissolved in TFA/DCM 1:1 v/v and stirred
at 20-25 °C for 3 h until complete conversion. However, when the EtOH solution of crude 35 was
added to several antisolvents (i.e. Et2O, heptane, cold MTBE), it was not possible to isolate solid
35. Accordingly, after a complete conversion of 34, the reaction mixture was concentrated and the
crude oily TFA salt was used in the next step. However, later it was discovered that traces of TFA
remained in the crude salt 35, and we speculated that they were responsible for the poor yield

63



during the upscale of guanylation to 3.0 mmol. Crude aniline TFA salt 35 was then dissolved in
EtOAc and washed with a solution of 0.5 % ag. NHsHCOa. The basic wash provided an aniline-
free base 39 and allowed a complete removal of TFA, which improved the yield on the next step.
The TFA/DCM protocol was upscaled to 3.4 mmol of intermediate 34 and aniline free base 39 was
obtained with a yield of 97 % and a purity of 75 % AN by HPLC (Scheme 11).
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Scheme 11. N-Boc Deprotection of intermediate 34.

Guanylation of intermediate 39

The research started with trifluoroacetate salt 35. After a series of small-scale experiments
(0.3-0.6 mmol), the following conditions were found to provide the highest conversion of product:
aniline TFA salt 35 as starting material, 1.2 equivalents of N,N’-di-Boc-1H-pyrazole-1-
carboxamidine, 1.5 equiv. of DIPEA as the base, and 1.0 M as the concentration. With the
optimized conditions in hand, the scale of the experiment was raised to 2.1 mmol and product 37
was isolated with flash chromatography. After 96 h a conversion of 90 % was reached and the
product was isolated in 37 % yield (Table 1, entry 1). The low yield might be connected to a
decomposition of the product during the reaction or purification due to the DIPEA present in the
reaction mixture. The synthesis of 37 was then repeated at a 3.0 mmol scale, unfortunately, the
reaction proceeded slowly and 144 h were necessary to reach a conversion of 72 % (Table 9, entry
2). Before the flash chromatography purifications, the crude material dissolved in EtOAc was
washed with 0.5 % ag. KHSO4 to completely remove the DIPEA. However, the product was
isolated after flash chromatography with a poor 10 % yield. The low yield was due to the longer
reaction time, which was caused by the presence of residual TFA in the starting material 35. Ata
larger scale the vacuum removal of volatiles was not good enough to remove all the excess TFA,
therefore, a basic wash with 0.5 % agq. NH4sHCO3 was added as a treatment for the TFA aniline
salt 35. With the new starting material 39, the equivalents of DIPEA, necessary to achieve basic
pH (8-10), were reduced to 0.8, and after 96 h, a conversion of 83 % was reached (Table 9, entry
3). After work-up and purification, product 37 was isolated with an improved yield of 45 %. In a
second batch at 0.8 mmol scale, the equivalents of DIPEA were further reduced to 0.3 and a 91 %
conversion was reached after 96 h, product 37 isolated with a yield of 43 % (Table 9, entry 4).
Satisfied with the new reaction and work-up conditions we increase the scale to 1.9 mmol where

64



product 37 was isolated with a yield of 63 % and a purity of 95 % AN by HPLC (Table 9, entry
5).

Table 9
Optimization of the Guanylation Reaction for the Preparation of Product 37
Cl
@ @@ L °'©©
O \Heb © NHCbz B°°N NHBOC © NHCbz
Base,
DCM/MeCN (1:1 v/v),
20-25°C HN NBoc
@NH; \E—!B
35, CF3COO 39 37
Scale Treatment of Equiv. | Conversion Yield
Entry (mmol) | starting material | DIPEA (%) Work-Up (%)°
1 2.1 None 15 902 None 37
b Wash with
2 3.0 None 15 72 0.5 % aq. KHSO. 10
Wash with a Wash with
8 | 08 | 505aq NHsHCO; | 08 8 0.5%aq, KHSO, | 42
Wash with a Wash with
4 | 98 1 5590aq NHaHCOs | 03 o 0.5% ag, KHSO, |+
Wash with a Wash with
> 19 0.5 % ag. NH4HCOs 03 94 0.5 % ag. KHSO4 63

3 Conversion after 96 h; ® conversion after 144 h; ¢isolated yield.

N-Boc Deprotection of intermediate 37

N-Boc Deprotection of product 37 was performed using 4 N HCI in dioxane, directly
generating the HCI salt 3. At first, the reaction was run for 16 h, the volatiles were removed in
vacuo, and the residue was dissolved in absolute EtOH and added dropwise to 10 volumes of
stirred MTBE at 0 °C. The final product 3 was obtained by filtration as an off-white solid, with a
purity of 90 % AN by HPLC. The HPLC purity of the final material did not change when product
3 was dissolved again in absolute EtOH and added dropwise in 10 volumes of stirred MTBE at
0 °C. The presence of impurity 41 implied that a longer reaction time was necessary for the
complete deprotection. The final material was obtained with a purity of 95 % AN by HPLC when
the reaction was run for 24 h, and a purity of 97 % AN by HPLC when the reaction was run for
30 h. With the optimized conditions in hand we upscaled the reaction to a 500 mg scale, and among
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the five different batches, the HCI salt UAMC-0004207 was obtained with yields between 73 %
and 89 % and purity between 96 % and purity 99 % AN by HPLC (Scheme 12).

@@ gele @@

4 N HCI dioxane ,

© NHCbz or TFADCM 114y 7P NHCbzZ " © NHCbz
_——
20-25°C

® ®
HN.__NBoc HN.__NH, © HN._NH, ci®

40, CF4C00 h

NH © NHBoc
NHBoc 2 30
37 41

Scheme 12. N-Boc Deprotection of intermediate 37.

Separation of two enantiomers of UAMC-00050

Investigation of how stereochemistry can affect the activity of enzyme inhibitors is pivotal
during drug development. UAMC-00050 consists of two enantiomers, but so far, its binding
activity on uPA was tested only for the racemic mixture. Data on the binding of each enantiomer
is crucial for the understanding of interactions with the enzyme and the development of more active
molecules. Unfortunately, methods for the stereoselective preparation of a-aminophosphonates are
very limited both in scope and in a degree of enantioselectivity. Accordingly, our primary target
was the preparation of individual enantiomers of UAMC-00050 by separating the racemic mixture
and testing their binding with uPA. There are several commercially available chiral
chromatographic columns for the separation of enantiomers. The size of the columns ranges from
an analytical scale, where one can inject up to a few milligrams, to a simulated moving bed,*
where kilograms of enantiomers can be isolated in a day. In a screening of columns, we were able
to separate the two enantiomers of intermediate 14, using a chiralpak® IG column (4.6 x 250 mm)
with an isocratic eluent composed of heptane 50 %, DCM 40 %, iPrOH 10 %. The racemic mixture
of 14 (250 mg) was applied to the column as a solution in MeCN. The separation yielded
approximately 50 mg of each enantiomer with 95 % HPLC purity. Pure enantiomers were then
treated with TFA/DCM 1:1 v/v to cleave the Boc group, and the final product 1 was obtained with
99.7 % ee for the first enantiomer and 98.4 % ee for the second enantiomer. In vitro studies of the
two enantiomers highlighted that enantiomer 1 has a 10-fold higher affinity with the enzyme than
enantiomer 2. However, the ICso of enantiomer 1 is just twice lower as the racemic mixture. This
means that using UAMC-00050 as pure enantiomer 2 instead of the racemic mixture will not bring
a big change in the therapeutic effect of the drug. Nevertheless, the two enantiomers need to be
isolated and their toxicity must be evaluated in vivo before proceeding to clinical experimentation
with UAMC-00050.
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Stereoselective preparation of a-aminophosphonates

Chiral carbamates have been previously employed for the diastereoselective synthesis of
a-aminophosphonates by Oshikawa et al.> and Chung et al.®® Both authors used carbamates
generated from menthol and camphor derivates. Obtained a-aminophosphonates were then
hydrolyzed to yield a-aminophosphonic acids and analyzed for optical yield ranging from 3.3 to
42.2 %. Inspired by these works we decided to prepare a series of chiral carbamates 42 and couple
them with benzaldehyde (43) and triphenyl phosphite (44) or diphenyl phosphite (45) using 0.1
equivalents of Y(OTf)s as a catalyst, 1.0 equivalents of TFAA as an additive in anhydrous MeCN
at 20-25°C. In the case of a good stereoinduction and high dr of 46, we could separate
diastereomers, then cleave carbamate under acidic conditions and functionalize the amine 47 with
benzyl chloroformate (48) to yield the desired enantioenriched a-aminophosphonate (49) (Scheme
13).

(0]
H n
o P(OPh); 44 or _O__N_*_P(OPh),
ji i A HOP(OPh),45 R 70(

* + _—
R0 ONH, Y(OTf); (0.1 equiv.)
TFAA (1.0 equiv.)

42 43 MeCN, 20-25°C 46

X b
OYN *_P(OPh), 48 H3zN_*_P(OPh),

o Pyridine (1.5 equiv.)
DCM, 0 °C

49 47

Scheme 13. A planned route for the stereoselective synthesis of a-aminophosphonate 49.

Five different chiral alcohols 50 were selected for conversion to the corresponding
carbamate by a reaction with 2,2,2-trichloroacetyl isocyanate (51) and potassium carbonate. The
set of carbamates includes quinine carbamate (42a), hydroquinidine carbamate (42b), (R)-1-(3,5-
bistrifluoromethylphenhyl)ethanol carbamate (42c), (S)-1-phenylethanol carbamate (42d), and
borneol carbamate (42e) (Scheme 14).
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Scheme 14. Selected chiral carbamates 42a-e and their preparation.

The first carbamates to be tested were bulky cinchona alkaloids (quinine 42a and
hydroquinidine 42b). Unfortunately, when both carbamates were treated with diphenyl-,
trimethyl-, or triphenyl phosphite in the presence of 1.0 equivalent of TFAA, or HCI, and with 0.1,
or 3.0 equivalents of Y (OTf)3, no product was detected in any of the experiments. We speculated
that the cinchonine-carbamates might be too bulky to lead to the formation of the desired a-amino-
phosphonate. The next set of experiments employed three less bulky carbamates. Initially (R)-1-
(3,5-bis(trifluoromethyl)phenyl)ethyl carbamate (42c) was reacted with diphenyl phosphite (45)
and benzaldehyde (43) in the presence of 0.1 equivalents of Y (OTf)z and 1.0 equivalents of TFAA
(Table 10). The product 53a was obtained with a 53a/IS ratio of 0.30 after 4 h and 0.33 after 24 h,
and with dr of 57:43 both times (Table 10, entries 1 and 2). The bulkier triphenyl phosphite 44 was
used as a reactant in order to increase the diastereoselectivity, which was improved to 69:31 after
4 h and 60:40 after 24 h. Also, for 53a/IS ratio registered an increase, respectively to 0.67 after 4 h
and 0.51 after 24 h (Table 10, entries 3 and 4). The reaction between carbamate 42c, benzaldehyde
(43), and triphenyl phosphite (44) was repeated on a 1.35 mmol scale. The reaction was quenched
after 4 h and the product was isolated. Both HPLC and *H NMR assays confirmed the value of
75:25 dr. Next, we tested (S)-1-phenylethyl carbamate (42d) under the same reaction conditions
as for carbamate 42c, also carbamate 42d was reacted with diphenyl phosphite (45) and triphenyl
phosphite (44) under the same conditions (Table 10, entries 5-8). Opposite to carbamate 42c, in
the case of carbamate 42d, the 53b/IS ratio was 3 times higher when diphenyl phosphite (45) was
used instead of triphenyl phosphite (44). Unfortunately, we were not able to distinguish the
diastereoisomeric ratio with HPLC due to a complete overlapping of peaks. Therefore, *H NMR
assay was used instead, and the analysis of the final material highlighted a dr of 51:49. Last,
reactions with borneol carbamate 42e were investigated under the same conditions as the two
previous carbamates: reaction with benzaldehyde (43), triphenyl phosphite (44) or diphenyl
phosphite (45), in the presence of 0.1 equivalents of Y(OTf)s and 1.0 equivalent of TFAA. The
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53c/IS ratio was comparable when using triphenyl phosphite (44) or diphenyl phosphite (45), while
like for a-aminophosphonate 53b, also for the a-aminophosphonate 53c, HPLC assay showed one
clear peak. Assessment of diastereomeric ratio for the reaction product was possible only with *H
NMR assay. The peak of the CH proton of the newly formed chiral center showed a ddd
multiplicity typical of 1:1 diastereoisomers mixtures. However, after purification of the crude
mixture, the peak of the same proton showed a dd multiplicity as an indication of the isolation of
product 53c as a pure diastereoisomer.

Table 10
Birum-Oleksyszyn Reaction with Chiral Carbamates
O\
P(OPh); 44 or 9
Sj HOP(OPh), 25 RIOANH
+ S —— /o
43 NH, Y_(r(’):;fA)3 0.1 eqylv.) @AP/\
(1.0 equiv.) ! "OPh
(‘)/&O MeCN, 20—e2qS °C PhO
R1
42¢ R' = 3,5-di-CF;PhMe 53a R' = 3,5-di-CF;PhMe
42d R' = PhEt 53b R' = PhEt
42e R' = Borneol 53¢ R" = Borneol
Entry? Carbamate Phosphite Time (h) | Product/ IS dr
1 NH, 4 0.30 57:43P
HOP(OPh): -
2 Fc e 24 0.33 57:43°
3 4 0.67 69:31°
4 CF, 42c P(OP)s 24 0.51 60:40°
5 NH, 4 0.37 51:41°
HOP(OPh
6 oo (OPh). 24 0.24 51:41°
7 4 0.12 51:41°¢
8 ©/k42d P(OPh): 24 0.10 51:41°
9 4 0.43 100:0¢
HOP(OPh
10 Q% (OPh). 24 0.30 100:0°
11 O p© 4 0.40 100:0°
12 aze NP2 P(OPh): 24 0.39 100:0°

20.1 equiv. of Y(OTf)s and 1.0 equiv. of TFAA in anhydrous MeCN; ®dr measured with HPLC
assay; ¢ dr measured with *H NMR assay after purification of the product by flash chromatography.

In order to confirm our data registered from the HPLC and the *H NMR assay, we planned
to remove the carbamate moiety from a-aminophosphonates 53a and 53c, the corresponding amine
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would have been converted in o-aminophosphonates 49 after functionalization with benzyl
chloroformate (48) (Scheme 15). The resulting product 49 would have been analyzed with a chiral
column to confirm the presence of an eventual stereoselectivity of the reaction.

48 O
0 PN
rt L . o~ ¢l
0~ “NH TFA (10.0 equiv.) pho. L @ . pho. P
> NH (1.0 equiv.) \p/ NHCbz

//O TfOH (3.0 equiv.) P. 3
P —_— o4 -
pha OPh DCM, 50 °C PhO Pyridine (1.5 equiv.)  ~hO
DCM 0 °C tor.t.

53a R' = 3,5-di-CF3PhMe
53¢ R' = Borneol 47 49

Scheme 15. Removal of carbamate with TFA/TfOH and functionalization of the amine with
benzyl chloroformate.

After the removal of the carbamate moiety and functionalization of the amine 47 with
benzyl chloroformate 48, the a-aminophosphonate 49 was isolated and analyzed by chiral HPLC.
In the case of a-aminophosphonate 53c, derived from the borneol carbamate, the chiral column
chromatogram showed two peaks with almost the same area (51:49), indicating a racemic mixture.
On the other hand, when a-aminophosphonate 53a was converted to a-aminophosphonate 49, the
chiral column chromatogram showed two peaks with different areas (64:36), indicating an
enantiomeric excess of 28 %. The er of the final product 49 was lower than the dr recorded for a-
aminophosphonate 53a, probably due to slight racemization during the removal of carbamate and
functionalization with benzyl chloroformate.
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CONCLUSIONS

1. The overall yield for the preparation of UAMC-00050 (1) was increased from 3 % for the
medicinal chemistry route to 22 % for the process chemistry route. Major efforts were applied for
the preparation of aldehyde 9, phosphonate 11, and for the preparation and purification of product
1. DMP oxidation for the synthesis of aldehyde 9 was substituted with a green and cheap
NaCIO/TEMPO/KBr oxidation. The key reaction (Birum-Oleksyszyn) was extensively studied for
the construction of UAMC-00050. The screening of the catalyst revealed Y(OTf)s as the most
efficient catalyst for the construction of UAMC-00050. Further optimization of the reaction
conditions, using the catalyst in combination with TFAA as an additive and THF/MeCN 1:1 v/v
as a solvent allowed to increase the yield of 9 from 11 % to 44 %. Guanidine 1 was prepared from
aniline 21 in a single step. Cyanamide was selected as the reactant, and smart DoE was applied to
optimize the guanylation reaction. The newly developed protocol allowed us to cut costs for the
preparation of UAMC-00050. In all intermediate steps, for the synthesis of 8, 9, and 11 flash
chromatography was removed and intermediates were purified using alternative methods suitable
for a larger scale like crystallization, slurry or antisolvent precipitation. The only flash
chromatography was required for the final product in order to reach the target purity >98 %. The
improved route was executed on a multi-gram scale and is suitable for preclinical batch preparation
of UAMC-00050.

NHAc

OH NHAc
AcHN
AcHN
. < AcHN@O}P \©\ \©\
’ o g,o NHCb:
. z
NHAC /I‘:/O NHCbz two steps
0 —
HO O NH
three steps N)LNHZ
UAMC-00050

NH, NHBoc
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2. A five-step scheme was developed for the preparation of 5.79 g of UAMC-0004206. The target
compound was obtained from aldehyde 24 with an overall yield of 30 %. In the Birum-
Oleksyszyn step, the concentration was found to be an important parameter for the reaction
outcome. For the guanylation step with N,N'-di-Boc-1H-pyrazole-1-carboxamidine (13), the
use of the iPrOH in combination with MeCN was assumed to be the source of impurity in the
final material. Using DCM instead of iPrOH allowed us to isolate a pure material.

oM NHAC NHAC
S <AcHN@O}P AcHN AcHN
a L
NHAc o Q4
o*/P O NHeby _Toursteps o P NHCDz

~o

® S
HN.__NH, CI
NHBoG NHBoc e

NH,

UAMC-0004206 (2)

3. A four-step scheme was developed for the preparation of 1.9 g of UAMC-0004207. The final
compound was obtained from aldehyde 24 with an overall yield of 26 %. Similar to UAMC-
0004206, in the Birum-Oleksyszyn reaction, the concentration was found to be an important
parameter for the reaction outcome. The additional development effort was necessary due to
residual TFA in the aniline, which had a negative impact on the guanylation reaction with N,N'-
di-Boc-1H-pyrazole-1-carboxamidine (13). A basic wash with 0.5 % ag. NHsHCO3 of the
starting material and an acid wash of the crude product with 0.5 % ag. KHSOs4 before the
chromatographic purification allowed to increase in the yield of the protected guanidine.

iﬁ— @ O@

/ NHCbz three steps O NHCbz
S]
NHBoG HNYNHZ cl
NHBoc NH,

UAMC-0004206 (3)
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4. The two enantiomers of UAMC-00050 were isolated and tested in vitro. The enzymatic test
highlighted a 10-fold difference between the two stereoisomers in which enantiomer 1 has a
better affinity with uPA than enantiomer 2. The 1Csp of enantiomer 1 resulted to be only twice
lower than the racemic mixture. A stereoselective synthetic preparation of UAMC-00050 was
investigated to provide material for toxicological studies in a later stage of the drug
development.

NHAC NHAC
o AcHN
<ACHN@O>P L AcHN \©\
s HoN o/\© o o
! -~
O\ O,/F"/Q NHCbz two steps O’P - NHCbz
Lewis acid + chiral ligand \l©\ ®NH Cle
iy
NHBoc N NH,

NHBoc
UAMC-00050 (1)

5. A chiral carbamate derivative of a-aminophosphonate was prepared in a diastereomeric ratio
75:25 using (R)-1-(3,5-bis(trifluoromethyl)phenyl)ethyl carbamate as a chiral auxiliary for
Birum-Oleksyszyn reaction. The mixture of diastereoisomers was then converted to the desired
Cbz-protected a-aminophosphonate after acid cleavage of chiral auxiliary and functionalization
of the amino group with benzyl chloroformate. The conversion resulted in a mixture of
enantiomer with 64:36 er. Despite modest enantioselectivity, the method is an important
addition to the development of the stereoselective Birum-Oleksyszyn reaction, which was
neglected for more than two decades.
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