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trong d6 R, RY, R%, R?, p, q va q’ 1a nhu dwogc xac dinh & ddy, duoc pham bao gdm cac hop
chat nay. Céc hop chat nay 1a hitu ich dé diéu tri nhiém coronavirut nhu COVID-19 & bénh

nhan, va dé trc ché hodc ngan nglra qua trinh sao chép cia coronavirut nhu SARS-CoV-2.
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Linh vue k§ thuét dwge dé cap

Sang ché @& cap dén cac hop chét va cac phuong phap tc ché hoat tinh sao chép
virut bao gdm viéc cho proteinaza twong tu 3C (“3CL” - 3C-like) lién quan t&i SARS-
CoV-2 tiép xuc véi lugng hitu hiéu tri licu cua chét tc ché proteaza tuong tu 3C li€én quan
t61 SARS-CoV-2. Sang ché con dé cap dén cac phuong phap diéu tri bénh do Coronavirut
2019 (Coronavirus Disease 2019 - “COVID-19”) géy ra & bénh nhan bang cach dung luong
hiru hiéu trj liéu ctia chat (e ché proteaza twong tu 3C lién quan t6i SARS-CoV-2 cho bénh
nhén c6 nhu cAu didu tri bénh. Sang ché ciing d& cap dén cac phuong phép didu tri COVID-
19 & bénh nhan, phuong phép niy bao gdm viée ding duge phdm bao gdm lugng hitu higu
tri liéu cua chét e ché proteaza twong tu 3C lién quan téi SARS-CoV-2 cho bénh nhén ¢
nhu cau diéu tri bénh.

Tinh trang k§ thuit cia sang ché

Sy bung phat trén toan thé gidi ctia bénh do Coronavirut 2019 (“COVID-19”) gy
ra lién quan t6i sw xuét hién cia né bat ngudn tir cubi nam 2019 & Vii Han, tinh Hb Béc,
Trung Qudc. Pén gifta ndm 2020, su bung phat cia COVID-19 di phat trién thanh dich
bénh toan ciu v6i hang tridu ngudi duoc xac dinh 1a dd mic bénh va dan dén hang tram
trong sd hang nghin ngudi tir vong. T4c nhan giy ra bénh COVID-19 dugc xac dinh 1a
coronavirut méi ¢6 tén goi 12 Virut Corona gy ra hoi chimg duong ho hép cip tinh nghiém
trong (Severe Acute Respiratory Syndrome Corona Virus 2 - “SARS-CoV-27). Trinh tu
bo gen ciia SARS-CoV-2 dugc giai trinh ty tir viéc phén 1ap thu duoc tir chin bénh nhén &
Vil Han, Trung Quéc va da nhén thdy rang né 1a phan nhém Sarbecovirut cia nhém
Betacoronavirut. Lu, R. et al. The Lancet, 395, 10224, 565-574; trén truc tuyén vao ngay
29 thang 1 nam 2020. P4 nhén thiy rang trinh tw cia SARS-CoV-2 ¢6 muc tuong dong 1a
88% so v6i hai coronavirut trong tu SARS bat ngudn tir doi, bat-SL-CoVZC45 va bat-SL-
CoVZXC21, ma duoc thu gom vao ndm 2018 & Chu Son, phia déng Trung Qudc. SARS-
CoV-2 ciing dugc nhén thay 1a ¢6 mirc twong déng khoang 79% véi Virut Corona gy ra
hoi chimg dudong hd hép cip tinh nghiém trong (“SARS-CoV”), tac nhan gy ra bénh
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SARS bung phat vao nam 2002-2003, va ¢6 mirc tuong dong khoang 50% v&i Coronavirut
gdy ra hoi chimg ho hip Trung Dong (Middle East Respiratory Syndrome Coronavirus -
“MERS-CoV™), tac nhan gay ra bénh ctia virut duong hé hip bing phét bét ngudn & Trung
Dong nam 2012. Trén co s& phan tich gan day cua 103 bo gen dugc giai trinh tu cia SARS-
CoV-2, d& goi ¥ ring SARS-CoV-2 c¢6 thé dugc chia thanh hai loai chinh (loai L va S) véi
loai S 1a do di truyén va loai L dugc phat trién tir loai S. Lu, J.; Cui, J. et al. On the origin
va continuing evolution of SARS-CoV-2; National Science Review, 7(6), June 2020, 1012-
1023, http://doi.org/10,1093/nsr/nwaa036. Loai S va L ¢6 thé duoc x4c dinh rd rang chi
boi hai SNP dugce lién két chit ché & cac vi tri 8.782 (ddng nghia v6i orf1ab:T8517C) va
28.144 (ORFS: C251T, S84L). Trong 103 bd gen dugc phan tich, loai L chiém xap xi 70%
va loai S chiém xAp xi 30%. Khong nhan thiy 15 rang ring sw phét trién loai L tir loai S
xuét hién & nguoi hodc thong qua dong vét trung gian 1ay b¢nh nhung nhén thdy rang loai
L x4m 14n manh hon so v6i loai S va ngan can con ngudi trong viéc nd luc dé ngan su
bimg phat ¢6 thé lam dich chuyén ty 18 twong ddi cua loai L va loai S ngay sau khi bat dau
bung phat SARS-CoV-2. Viéc phat hién ra cac phan nhém S va L dugc goi y vé SARS-
CoV-2 dua ra kha ning ring c4 thé c6 kha ning bi nhiém ddng thoi ca hai phan nhom nay.
Xem xét mbi de doa vé sy phat trién nay, can ¢6 nhu cau cép béach trong linh vyc k¥ thuat
dé diéu tri hiéu qua COVID-19 va cac phuong phép trc ché qua trinh sao chép coronavirut
SARS-CoV-2.

Bang chiing gan day rd rang chi ra rang coronavirut SARS-CoV-2 méi xuét hién 13
tac nhan gay ra bénh COVID-19 (Trung tm kiém soat bénh - Centers for Disease Control
(CDCQ)) c6 kha nang truyén bénh tir ngudi sang ngudi din dén sy lan tran cda virut nay
trong cong dong. Trinh tu ciia SARS-CoV-2 lam tang mién gén két thu thé protein (protein
receptor-binding domain - “RBD”), bao gbm motyp gan két thy thé (receptor-binding motif
- RBM) cua né tiép xuc truc tiép thu thé enzym chuyén héa angiotensin 2, ACE2 (the
angiotensin-converting enzyme 2 receptor), la tuong tw véi RBD va RBM cua SARS-CoV,
g0i v chéc chén ring SARS-CoV-2 st dung ACE2 lam thy thé ciiand. Wan, Y.; Shang, J.;
Graham, R.; Baric, R.S.; Li, F.; Receptor recognition by the novel coronavirus from
Wuhan: An analysis based on decade-long structural studies of SARS coronavirus; J.
Virol. 2020; doi:10.1128/JVI.00127-20. Mot vai gbc quan trong trong RBM ctia SARS-
CoV-2 (dic biét 1a GIn**®) tao ra sy twong tac thich hop véi ACE2 nguoi, tuong dong véi
kha nang lay nhiém té bao ngudi cia SARS-CoV-2. Mot vai gbc quan trong khac trong
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RBM ciia SARS-CoV-2 (dic biét 1a Asn>*?) 1a twong hop véi, nhung khong ly tuong dé,
gin két ACE2 ngudi, goiy ring SARS-CoV-2 st dung qua trinh gén két ACE2 trong mot
s6 kha ning truyén bénh tir ngudi sang ngudi.

Chtrc nang sao chép va phién ma Coronavirut dugc ma héa boi gen duge goi la
“replicaza” (Ziebuhr, J., Snijder, E.J., and Gorbalenya, A.E.; Virus-encoded proteinases
and proteolytic processing in the Nidovirales. J. Gen. Virol. 2000, 81, 853-879; and Fehr,
A.R.; Perlman, S.; Coronaviruses: An Overview of Their Replication and Pathogenesis,
Methods Mol. Biol. 2015; 1282: 1-23. doi:10.1007/978-1-4939-2438-7 1), ma cAu thanh
tir hai polyprotein xép chong dugc xtr Iy phd bién boi virut proteaza. Ving gan C duoc xir
ly & mudi mot nhém chirc bén trong mién dugc bao toan boi mién coronavirut hodc
proteaza “twong tw 3C” (Ziebuhr, Snijder, Gorbalenya, 2000 and Fehr, Perlman et al.,
2015). Tén goi proteaza “tuong ty 3C” xuét phét tir cac tuong ddng nhét dinh giita enzym
coronavirut va picornavirut 3C proteaza da biét r5. Céc tuong ddng nay bao gdm cac uu
tién co chat, sir dung xystein 1am vi tri hoat tinh 4i nhén trong qua trinh xUc tac, va cac
twong ddng trong cac gip nép polypeptit toan phan gia dinh cta chung. Nhan thay rang
trinh tu 3CL proteaza cua SARS-CoV-2 (S6 truy cap YP_009725301.1) cé cung muc
tuong dong 96,08% khi dugc so sanh véi 3CL proteaza cua SARS-CoV (S4 truy cap
YP 009725301.1) Xu, J.; Zhao, S.; Teng, T.; Abdalla, A.E.; Zhu, W.; Xie, L.; Wang, Y ;
Guo, X.; Systematic Comparison of Two Animal-to-Human Transmitted Human
Coronaviruses: SARS-CoV-2 and SARS-CoV; Viruses 2020, 12, 244,
doi:10.3390/v12020244. Méi day, Hilgenfeld va cac ddng nghiép da cong bd céu trac tia
X rira giai mirc cao clia proteaza chinh cta coronavirut SARS-CoV-2 (3CL) Zhang, L.;
Lin, D.; Sun, X.; Rox, K.; Hilgenfeld, R.; X-ray Structure of Main Protease of the Novel
Coronavirus SARS-CoV-2 Enables Design of a-Ketoamide Inhibitors; bioRxiv preprint
doi: hitps://doi.org/10.1101/2020.02.17.952879. Céu tric nay chi ra rdng c6 sw khac nhau
khi so sanh 3CL proteaza ctia SARS-CoV-2 va SARS-CoV. Trong SARS-CoV chir khong

phai trong dime 3CL proteaza cua SARS-CoV-2, c6 su twong tac phan cuc gitta hai mién
I lién quan dén lién két hydro 2,60-A gitra cic nhém hydroxyl mach bén cua gbc Thr?®s
ctia m&i gen thic ddy, va dugc hd trg béi phan tiép xdc ky nudc gitta mach bén cia I1e?8¢
va Thr®®® Cy,. Trong 3CL cua SARS-CoV-2, threonin dugc thay thé bang alanin, va
isoleuxin bang leuxin khi dugc so sanh véi cac gbc tuong tu trong 3CL cia SARS-CoV.
Viéc thay thé Thr285Ala dugc quan sat trong 3CL proteaza ciia SARS-CoV-2 cho phép
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hai mién III tiép c4n v&i nhau véi mic gan nhau hon (khoang céch giita cic nguyén tir Ca
cla cac gdc 285 trong céc phén tir A va B 126,77 A trong 3CL proteaza cuia SARS-CoV
va 5,21 A trong 3CL proteaza cua SARS-CoV-2 va khoang céch gifra cac tam cua khoi
cta hai mién III rat ngén tir 33,4 A xudng 32,1 A). O vi trf hoat dong 3CL ctia SARS-CoV-
2, Cys'S va His *! tao ra bo doi xtic tac, ma khi ciing v6i phan tir nuéce bi vui dugc lién Kkét
hydro véi His*! ¢6 thé duoc coi 12 tao nén bd ba xuc tac cua 3CL proteaza cia SARS-CoV-
2. Déi v6i sy lan tran ciia SARS-CoV-2 gdy ra sy bing phéat cia COVID-19 trén todn cau,
mong mudn c6 cac phuong phap tc ché qua trinh sao chép virut SARS-CoV-2 va diéu tri

COVID-19 méi ¢ bénh nhén.

Ban chét ky thudt ciia sang ché

Sang ché dé xuét cac hop chit m&i c6 tac dung e ché hodc ngin ngira qua trinh sao
chép virut SARS-CoV-2 va do d6 14 hitu ich dé diéu tri COVID-19. Sang ché ciing d& xuat
dugc phAm bao gdm cac hop chat va cic phuong phép diéu tri COVID-19 va dc ché qua
trinh sao chép virut SARS-CoV-2 bang cach dung cac hop chét theo sang ché hodc dugc
phidm bao gdm cic hop chit theo sang ché. Can hiéu rang mdi phuong phép ctia cac phuong
4n diéu tri dudi dy ciing c6 thé tao nén nhu phuong 4n vé loai str dung twong tng. Vi du,
bAt ky trong s cac hop chit, hodc cac mudi duge dung, hodc cac solvat hoac hydrat cta
chung, hodc cac mudi duge dung ctia cac hop chét, cac solvat hodc hydrat nhu dugc néu
trong phuong 4n bat ky trong s6 cac phuong an tr E1 dén E30, E45 dén E46, E50, E50a,
E59 dén E68 va E80 dén E83 c6 thé duoc sir dung dé dung 1am thude hogc theo cach khac
dé st dung trong phuong phéap diéu tri nhu duge md ta trong phuong an bét ky trong sd
céc phuong 4n tir E36 dén E41, E47 dén E49, E52 dén E58a, E69 dén E74, E77 dén R79,
E85 dén E93 va E95 dén E98.

E1 14 hop chit cia E45 hodc E59, dudi day, ¢6 cong thic I

H
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~
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hodc mubi duge dung ctia no; trong do R! dugc chon tir nhom bao g6m Ci1-Csalkyl ma tuy
y dwoc thé bang xyano hoic bang mdt dén nam flo; C2-Cs alkynyl; va (Cs-Cs xycloalkyl)-
C1-Cs alkyl ma ty y dugc thé bing mot dén hai phan tir thé dugc chon tir triflometyl va
C;-C3 alkyl hodc bing mot dén nam flo; R? 1a hydro hoac R? va R! cling v6i nguyén ti nito
va nguyén tu cacbon ma ching duoc gén vao 1a vong pyrolidin hodc piperidin ma tuy y
duge thé bang mot dén bdn R?%; R? mbi khi c6 mat doc 1ap duoce chon tir nhoém bao gdm
flo, C1-Cs alkyl tuy y duoc thé bing mot dén ba flo va C1-Ce alkoxy tuy ¥ duge thé bang
mot dén ba flo; hodc hai nhom R* khi dugc gén vao cac cacbon lién ké va cliing véi cac
cacbon ma ching dugc gan vao 1a C3-Cs xycloalkyl dwoc ngung tu ma tuy y dugc thé bang
mot dén bdn R?; hozic hai nhdm R** khi duoc gén vao cling mdt cacbon va cuing v6i cacbon
ma ching duoc gin vao 1a spiro C3-Cs xycloalkyl ma tuy y dugc thé bang mot dén bon
R2>: R2 m3i khi c6 mat doc 1ap dugc chon tir flo, C1-Cs alkyl tuy y dugc thé bang mot dén
ba flo, va C;-Cs alkoxy tuy y duoc thé bé‘mg mot dén ba flo; R dugc chon tir nhém bao
gdbm Ci-Cs alkyl, Ci-Cs alkoxy, (Ci-Ce alkoxy)-Ci-Ce alkyl, C2-Cs alkynyl, C»-Ce
alkynyloxy, Cs3-Cr2 xycloalkyl tuy ¥ dugc ngung tu v6i heteroaryl ¢6 5 dén 6 canh hoic
phenyl, (Cs-C2 xycloalkyl)-C1-Cs alkyl, C3-Ci2 xycloalkoxy, (C3-Crz2 xycloalkoxy)-Ci1-Cs
alkyl, heteroxycloalkyl c6 4 dén 12 canh ma tuy y duge ngung tu véi heteroaryl ¢6 5 dén
6 canh hozc phenyl va trong d6 heteroxycloalkyl nay chira mot dén bon nguyén tir khac
loai doc 1ap dugc chon tir N, O va S(O)n, (heteroxycloalkyl co 4 dén 12 canh)-C1-Cs alkyl
trong d6 gbc heteroxycloalkyl ndy chira mot dén bdn nguyén tir khac loai doc 1ap duoc
chon tir N, O va S(O)a, Ce-Cio aryl tuy y duoc ngung tu voi Ca-Ce xycloalkyl hodc
heteroxycloalkyl co 4 dén 7 canh, (Cg-Cio aryl)-Ci1-Cs alkyl, heteroaryl c6 5 dén 10 canh
bao gdm mot dén nam nguyén tir khac loai doc 1ap duoc chon tr N, O va S, ma tuy y dugce
ngung tu v6i Cs-Cg xycloalkyl; (heteroaryl co 5 dén 10 canh)-C;-Cg alkyl trong do6 gbe
heteroaryl chira mot dén nam nguyeén tir khac loai ddc 1ap dugc chon tir N, O va S; (Ce-Cio
aryl)-(heteroaryl c6 5 dén 10 canh)- trong d6 gdc heteroaryl chira mot dén nam nguyeén tir
khéc loai doc 1ap dugce chon tir N, O va S, (heteroaryloxy ¢o 5 dén 10 canh)-C;-Cg alkyl
trong d6 gbc heteroaryl chira mot dén nam nguyeén tir khéac loai doc 1ap duge chon tr N, O
va S; (heteroaryl c6 5 dén 6 canh)-(heteroaryl c6 5 dén 6 canh)- trong d6 mdi gbc heteroaryl
chtta mot dén bdn nguyén tir khac loai doc 1ap duge chon tir N, O va S; (heteroxycloalkyl
¢6 4 dén 7 canh)-(heteroaryl c6 5 dén 6 canh)- trong do gbc heteroxycloalkyl chira mot

dén ba nguyén tir khéc loai doc 14p dugc chon t N, O va S(O)n va géc heteroaryl chira

5
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mot dén bbén nguyén tir khac loai doc 14p duge chon tr N, O va S; (heteroaryl c6 5 dén 6
canh)-(heteroxycloalkyl c6 4 dén 7 canh)- trong d6 gbc heteroxycloalkyl chira mot dénba
nguyén t khéc loai doc 14p dwoc chon tr N, O va S(O)a va géc heteroaryl chira mot dén
bbn nguyén tir khac loai doc 1ap duge chon tir N, O va S; trong d6 mdi nhém R3 tuy y duge
thé bing mot dén ndm R*; R* mdi khi c6 mat doc 1ap duge chon tir nhom bao gbdm 0%xo,
halo, hydroxy, xyano, phenyl, benzyl, amino, (C1-Ce alkyl)amino tuy y dugc thé bang mot
dén nam flo, di(C1-Cs alkyl)amino tuy ¥ dugc thé bing mot dén mudi flo, C1-Cs alkyl tuy
¥ duoc thé bang mot dén nam flo, C;-Ce alkoxy tuy y duoc thé bang mot dén nam flo, Ci-
Cs alkoxy-C1-Cs alkyl tuy y duoc thé bang mot dén nam flo, C3-Ce xycloalkyl tuy y duogc
thé bing mot dén ba flo hoac C1-Cs alkyl, Ci-Cs alkyl-C(O)NH- tuy y dugc thé bang mot
dén nam flo, C1-Cs alkyl-S(0),NH- tuy y dugc thé bing mot dén nam flo, Ci-Ce alkyl-
C(0)- tuy ¥ duoc thé bing mdt dén nam flo, C1-Cs alkyl-S(O)- tuy y duge thé bang mot
dén niam flo; va

n mdi khi ¢6 mat doc lap dugce chon tix 0, 1 va 2.

E2 13 hop chét theo bt ky mot trong s6 E1, E45 va E59 trong d6 R' duge chon tir
nhém bao gdém (CHs3),CHCH»-, (CH3);CCHo-, xyanometyl, 2-xyanoetyl, 2,2-difloetyl,
2,2,2-trifloetyl, 3,3-diflopropyl, 3,3,3-triflopropyl, 3,3,3-triflo-2-metylpropyl,
xyclopropylmetyl, (2,2-difloxyclopropyl)metyl, [1-(triflometyl) xyclopropyl]metyl, (2-
metylxyclopropyl)metyl, (3,3-difloxyclobutyl)metyl, xyclopentylmetyl va propynyl; va R?
la hydro; hoac mubi duge dung cta nd.

E3 12 hop chét theo b4t ky mot trong s E1, E45 va ES9 trong d6 R* vaR! cling v6i
nguyén tir nito va nguyén tir cacbon ma ching duoc gén vao 1a vong pyrolidin hodc
piperidin ma tuy y duogc thé bang mot dén bén R2?; hodac mudi duge dung ctia no.

E4 12 hop chét theo bat ky mot trong s6 E1, E45, E59 va E3 trong d6 R** mdi khi
c6 mit doc 14p dugce chon tir nhém bao gém flo, metyl, isopropyl, triflometyl va fert-
butoxy; hozc hai nhom R* khi dugc gén vao cc cacbon lién k& va cung v6i cac cacbon
ma chung dugc gin vao 1a xyclopentan hodc xyclopropan dugc ngung tu ma tuy y dugc
thé bang mot dén bon R?®; hodc hai nhém R* khi duge gén vao cing mot cacbon va cling
v6i cacbon ma chiing dugc gan vao 1a vong spiroxyclopropan ma tuy y dugc thé bang mot
dén bdn R?; hodc mudi duge dung ctia né.

E5 1a hop chét cua E1, E3, E4, E45 va E59 trong do R2® mbi khi c6 mat doc 1ap

dugce chon tir nhém bao gém flo, metyl va metoxy; hodc mudi duge dung cua no.

6
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E6 12 hop chat theo bat ky mot trong s6 E1, E2, E45 va E59 dugc chon tir nhém bao

gbm cong thic tir Ta dén Ig
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E9 12 hop chét theo bat ky mot trong s6 E1, E3, E4, E7, E8, E45 va E59 trong d6

R? dugc chon tir nhdm bao gdm Ci-Cs alkyl va (C3-Cs xycloalkyl)-Ci-Cs alkyl; mdi nhém
trong s6 d6 dugc thé bang mot dén bén R*; hodc mudi duge dung cua nod.

E10 12 hop chét theo bat ky mot trong s6 E1, E3, E4, E7 dén E9, E45 va ES9 trong

d6 R® dwoc chon tr nhém bao gém (CHs)CHCH(RY)-, (CHs):CCH(RY)- va
(xyclohexyl)CH(RY)-; hoac mubi dugc dung ctia no.

E11 13 hop chat theo b4t ky mot trong s6 E1, E3, E4, E7 dén E10, E45 vaE59 dugc
chon tir nhém bao gdm
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hodc mudi dugc dung ciia nd.

E12 12 hop chét theo bt ky mot trong s6 E1, E3, B4, E7 dén E11, E45 vaE59 trong
d6 R* dugc chon tir nhém bao gdm (Ci-Cs alkyl)amino tuy y duoc thé bing mot dén nim
flo, C1-Cs alkyl-C(O)NH- tuy y dugc thé bing mot dén nam flo, va C1-Cs alkyl-S(0)2NH-
tuy v duoc thé bang mdt dén nam flo; hodc mubi duoc dung ctia noé.

E13 12 hop chét theo bt ky mot trong s6 E1, E3, B4, E7 dén E12, E45 vaE59 trong
d6 R* dugc chon tr nhém bao gdm CF3C(O)NH-, CF3S(0)NH-, CH3C(O)NH-,
CH3;CH2C(O)NH- va CF3CH2NH-; hodc mubi duge dung ctia noé.

E14 12 hop chat theo bt ky mot trong s6 E1, E3, E4, E7 dén E13, E45 vaE59 trong
d6 R* 1a CF3C(O)NH- hoic CF3S(0):NH-; hoic mudi dugc dung clia no.

E15 1a hop chét theo bét ky mét trong s6 E1 dén E8, E45 va E59 trong d6 R® 1a
heteroxycloalkyl c6 4 dén 12 canh ma tiry ¥ dugc ngung tu v6i heteroaryl ¢6 5 dén 6 canh

ho#c phenyl va trong d6 heteroxycloalkyl nay chira mot dén bdn nguyén tir khac loai doc
11
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1ap dugc chon tir N, O va S(O)n, hodc 12 (heteroxycloalkyl c6 4 dén 12 canh)-C;-Cs alkyl
trong d6 gdc heteroxycloalkyl nay chita mot dén bbn nguyén tir khac loai doc lap duoc
chon tir N, O va S(O)s; mdi nhém trong s6 do ty y duoc thé bang mot dén nam R*; hoic
mudi duge dung ctia no.

E16 12 hop chét theo bat ky mot trong s6 E1 dén E8, E15, E45 va E59 trong d6 gdc
heteroxycloalkyl c6 4 dén 12 canh trong R? dugc chon tir nhém bao gdm azetidinyl,
pyrolidinyl, piperidinyl, piperazinyl, morpholinyl, oxetanyl, tetrahydrofuranyl, pyranyl, 2-
oxo-1,3-oxazolidinyl, oxabixyclo[2.2.1]heptyl, 1-oxa-8-azaspiro[4.5]dexyl, 1,1-dioxido-
1,2-thiazolidinyl va 1,1-dioxido-1,2-thiazinanyl; mdi nhom trong sb d6 thy y dugc thé
bing mot dén ba R*; hodc mudi duge dung ctia nd.

E17 12 hop chét theo bat ky mot trong s6 E1 dén E8, E45 va E59 trong d6 R® duge
chon tr nhém bao gém phenyl, benzyl, phenetyl, heteroaryl c¢6 5 dén 10 canh bao gdm mot
dén nam nguyén tir khac loai doc 14p dugc chon tir N, O va S; (heteroaryl c6 5 dén 10
canh)-C1-Cs alkyl trong d6 gdc heteroaryl chtra mot dén nam nguyén tir khac loai doc 14p
duoc chon tir N, O va S; va (heteroaryloxy ¢6 5 dén 10 canh)-C1-Cs alkyl trong do gbc
heteroaryl chira mot dén nam nguyén tir khac loai doc 1ap dugc chon tir N, O va S; moi
nhém trong s6 d6 tuy y duoc thé bang mot dén ndm R*; hodc mudi duge dung cua nod.

E18 13 hop chét theo bat ky mot trong s6 E1 dén E8, E17, E45 va ES9 trong d6 gbc
heteroaryl ¢6 5 dén 10 canh trong R* dugc chon tir nhém bao gbdm imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl, triazolyl, pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl, indolyl, benzimitazolyl, pyridinopyrolyl, quinolinyl, quinoxalinyl,
benzotriazolyl, imidazo[1,2-a]pyridinyl, imidazo[2,1-b][1,3]thiazolyl, 4H-furo[3,2-
b]pyrolyl, 4H-thieno[3,2-b]pyrolyl, [1,2,4]triazolo[1,5-a]pyrimidinyl, [1,2,3]triazolo[1,5-
alpyridinyl va naphtyridinyl; mdi nhém trong s6 do tuy y duoc thé bang mot dén bon R%;
hodc mubi duge dung ctia né. v

E19 12 hop chat theo bat ky mot trong s6 E1 dén E8, E17 dén E18, E45 va E59
trong d6 R? 12 indolyl; ma tily ¥ duoc thé bang mot dén bdn R*; hodc mudi duoc dung cia
no.

E20 13 hop chét theo bt ky mot trong s6 E1 dén E8, E17 dén E19, E45 va E59
trong d6 R3 14 indol-2-yl; ma tiy y dugc thé bing mot dén bon R*; va R* mdi khi ¢6 mat

doc 18p dugce chon tir nhém bao gdm flo, clo, brom, hydroxy, metyl, etyl, propyl, isopropyl,

12
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1-metylpropyl, butyl, fert-butyl, axetyl, metoxy, etoxy, propoxy, butoxy, triflometyl,
triflometoxy, xyclohexyl va dietylamino; hodc mubi duoc dung cia noé.

E21 12 hop chét theo bat ky mot trong s E1, E2, E6, E9 dén E10, E12 dén E20,
E45 va E59 c¢6 cong thic

H
) N

ZT

O
3 H H N
o YCHs 0 < CHj
la hoac \'<CH3 Ib

CHj CHs,
hodc mudi dugc dung cia né.

E22 12 hop chét theo bat ky mot trong sé E1, E2, E6, E9 dén E10, E12 dén E21,
E45 va ES9 trong d6 R3 dwoc chon tir nhém bao gdm 1H-indol-2-yl, 7-flo-4-metoxy-1H-
indol-2yl,  4-metoxy-7-(triflometyl)-1H-indol-2-yl, = 4-metoxy-1H-indol-2-yl, ~ 4-
(triflometoxy)-1H-indol-2-yl, 6-(triflometyl)-1H-indol-2-yl, 4-metoxy-3,6,7-
tris(triflometyl)-1H-indol-2-yl, 3-flo-4-metoxy-1H-indol-2-yl va 3,5-diflo-4-metoxy-1H-
indol-2-yl; hodc mudi duge dung cua no.

E23 13 hop chat theo bat ky mot trong s6 E1 dén E8, E21, E45 va E59 trong do R
13 C1-Cs alkoxy; hodc mubi duge dung ctia noé.

E24 1a hop chét theo bat ky mot trong s6 E1 dén E8, E21, E23, E45 va E59 trong
d6 R? duoc chon tir nhom bao gém metoxy, etoxy va prop-2-oxy; hodc mudi duoc dung
cua no.

E25 12 hop chét theo bét ki mot trong s6 E1 dén E8, E21, E45 va E59 trong d6 R
duge chon tir nhém bao gébm C3-Ciz xycloalkyl tuy y dugc ngung tu v6i heteroaryl ¢ 5
dén 6 canh hodc phenyl, (C3-C12 xycloalkyl)-C1-Cs alkyl, C3-Ci2 xycloalkoxy va (Cs3-Cr2
xycloalkoxy)-Ci-Cs alkyl; mdi nhém trong s6 d6 tuy v duoc thé bang mot dén ba R*; hoic
mudi duoc dung cia no.

E26 12 hop cht theo bat ky mot trong s6 E1 dén E8, E21, E25, E45 va E59 trong
d6 R? duge chon tir nhém bao gém xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, 1-
(xyclohexyloxy)etyl, xyclohexoxymetyl, xyclopropylmetyl, xyclopropyletyl,
xyclobutylmetyl, xyclobutyletyl, xyclopentylmetyl, xyclopentyletyl, xyclohexylmetyl va

13
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xyclohexyletyl; mdi nhém trong s6 d6 tuy y dugc thé bang mét dén ba R*; hodc mudi duge

dung cua no.

E27 13 hop chét theo bat ky mot trong s6 E1 dén E8, E17, E45 va E59 trong d6 R?

dwoc chon tir nhém bao gdm phenyl, benzyl va phenetyl, mdi nhém trong s6 d6 tiy y dugc

thé bang mot dén ba R*; hodc mudi duge dung ctia nd.

E28 12 hop chét theo bét ky mot trong s6 E1 dén E8, E17, E27, E45 va E59 trong
do R* duoc chon tir nhém bao g@)m flo, clo, dimetylamin, triflometyl, CF3C(O)NH- va

CF5S(O)2NH-; hodc mubi duge dung ctia no.

F29 13 hop chét theo bat ky mot trong s6 E1, E45 va E59 dugc chon tir nhém bao

gbém

N-{(18)-1-xyano-2-[(38)-2-oxopyrolidin-3-yl]etyl }-N*-{(2R)-2-(dimetylamin)-2-[4-
(triflometyl)phenyl]axetyl } -4-metyl-L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-{(2R)-2-(dimetylamin)-2-[3-
(triflometyl)phenyl]axetyl } -4-metyl-L-leuxinamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4, 4-dimetyl-1-
oxopentan-2-yl]-6-(triflometyl)-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-0xopyrolidin-3-yl]etyl }amino) -4-metyl-1-
oxopentan-2-yl]-6-(triflometyl)-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-3,6,7-tris(triflometyl)-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4,4-dimetyl-1-
oxopentan-2-yl]-4-(triflometoxy)-1H-indol-2-carboxamit;
N-[(28)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl jamino) -4-metyl-1-
oxopentan-2-yl]-4-(triflometoxy)- 1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-3-flo-4-metoxy-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-3,5-diflo-4-metoxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl }amino)-4-metyl-1-
oxopentan-2-yl]-5,7-diflo-4-metoxy-1H-indol-2-carboxamit; '
N-[(2S)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-

oxopentan-2-yl]-5-flo-4-metoxy-1H-indol-2-carboxamit;

14
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N-[(28)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-3,5,7-tris(triflometyl)- 1 H-indol-2-carboxamit;
N-[(28)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-3,7-bis(triflometyl)-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-(triflometyl)-1H-indol-2-carboxamit;

15/334

7-clo-N-[(28)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-

oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(29)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-

oxopentan-2-yl]-4-metoxy-7-metyl-1H-indol-2-carboxamit;

6-clo-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-

oxopentan-2-yl]-1H-indol-2-carboxamit;

4-¢lo-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-

oxopentan-2-yl]-1H-indol-2-carboxamit;

5-clo-N-[(2S)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-

oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-7-(triflometyl)-1H-indol-2-carboxamit;
4,6-diclo-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-0xopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4-(triflometyl)-1H-indol-2-carboxamit;
N-[(28)-1-({(18)-1-xyano-2-[(3S)-2-0xopyrolidin-3-yl]etyl }amino)-4-metyl-1-
oxopentan-2-yl]-5-(triflometyl)-1H-indol-2-carboxamit;
7-clo-N-[(2S)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-7-metyl-1H-indol-2-carboxamit;
6-clo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
4-¢clo-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-

oxopentan-2-yl]-1H-indol-2-carboxamit;
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5,7-diclo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
5-clo-N-[(25)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-7-(triflometyl)-1H-indol-2-carboxamit;
4,6-diclo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-4-(triflometyl)-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-3-metyl-5-(triflometyl)imidazo[2,1-b][1,3]thiazol-2-carboxamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-{[4-metyl-2-
(triflometyl)-1,3-thiazol-5-yl]carbonyl}-L-leuxinamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-{[5-metyl-2-
(triflometyl)-1,3-thiazol-4-yl]carbonyl}-L-leuxinamit;
N2-[(4-bromo-1-etyl-3-metyl-1H-pyrazol-5-yl)carbonyl]-N-{(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-L-leuxinamit;
N2-[(4-clo-1,3-dimetyl-1H-pyrazol-5-yl)carbonyl]-N-{(1S)-1-xyano-2-[(3S)-2-
oxopyrolidin-3-yljetyl}-L-leuxinamit;
3-axetyl-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3R)-2,5-dioxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-4-hydroxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-5-hydroxy-4-metoxy-1H-indol-2-carboxamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N2-[(3,3-difloxyclobutyl)axetyl]-4-
metyl-L-leuxinamit;
N2-[(trans-4-xyanoxyclohexyl)carbonyl]-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-4-metyl-L-leuxinamit;
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N2-[(trans-4-xyanoxyclohexyl)carbonyl]-N-{(1R)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-4-metyl-L-leuxinamit;

N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-N2-[2-(xyclohexyloxy)propanoyl]-4-
metyl-L-leuxinamit;

N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N2-[xyclohexyl(metoxy)axetyl]-4-
metyl-L-leuxinamit;

N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N*-[xyclohexyl(metoxy)axetyl]-4-
metyl-L-leuxinamit;

N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N2-[(2S)-2-(dimetylamin)-2-
phenylaxetyl]-4-metyl-L-leuxinamit;

N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-(pyrolidin-1-ylaxetyl)-L-
leuxinamit;

N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(2R)-2-(dimetylamin)-2-
phenylaxetyl]-4-metyl-L-leuxinamit;
N2-[(4-clo-1,3-dimetyl-1H-pyrazol-5-yl)carbonyl]-N-{(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} -4-metyl-L-leuxinamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4-metoxy-3-(triflometyl)- 1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4-metoxy-7-(triflometyl)- 1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4-metoxy-3,7-bis(triflometyl)- 1 H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4-metoxy-3,5-bis(triflometyl)- 1 H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4-metoxy-3,6-bis(triflometyl)-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-3-(triflometyl)-1H-indol-2-carboxamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-(xyclohexylcarbonyl)-4-metyl-L-
leuxinamit;

N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-N*-(xyclohexylcarbonyl)-4-metyl-L-

leuxinamit;
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N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-{[2-(triflometyl)-1,3-
thiazol-4-yl]carbonyl } -L-leuxinamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-[(propan-2-
yloxy)axetyl]-L-leuxinamit;

N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N2-[(xyclohexyloxy)axetyl]-4-
metyl-L-leuxinamit;

N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N?-(4,4,4-triflo-3-
metylbutanoyl)-L-leuxinamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-3-metylimidazo[2,1-b][1,3 Jthiazol-2-carboxamit;
(1R,2S,5S)-N-{(1S)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl }amino)-5,5,5-triflo-1-
oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4-metyl-1-
oxopentan-2-yl]-7-flo-4-metoxy- 1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit;
(1R,28,58)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-6,6-dimetyl-3-[N-
(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0[hexan-2-carboxamit;
N2-[(4-bromo-1-etyl-3-metyl-1H-pyrazol-5-yl)carbonyl]-N-{(1S)-1 -xyano-2-[(3S)-2-
oxopyrolidin-3-yl]etyl} -4-metyl-L-leuxinamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-7-(triflometyl)- 1H-indol-2-carboxamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-(2,6-diclobenzoyl)-4-metyl-L-
leuxinamit;

(2S)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4,4-dimetyl-1-[3-metyl-N-
(trifloaxetyl)-L-valyl]piperidin-2-carboxamit;
3-metyl-N-(trifloaxetyl)-L-valyl-(4R)-N-{(1S)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-
yl]etyl} -4-metyl-4-(triflometyl)-L-prolinamit;

18



51148 19/334

(28S,4S)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-1-{3-metyl-N-
[(triflometyl)sulfonyl]-L-valyl} piperidin-2-carboxamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-{[2-(triflometyl)-1,3-thiazol-5-
yl]carbonyl}-L-leuxinamit;

N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N2-[(2S)-2-(dimetylamin)-2-
phenylaxetyl]-4-metyl-L-leuxinamit;
N2-[(trans-4-xyanoxyclohexyl)carbonyl]-N-{(15)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-
yl]etyl}-4-metyl-L-leuxinamit;
N2-[(trans-4-xyanoxyclohexyl)carbonyl]-N-{(1R)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-
yl]etyl}-4-metyl-L-leuxinamit;

N-{(1R)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[2-(xyclohexyloxy)propanoyl]-4-
metyl-L-leuxinamit;

(2S,4R)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-1- [N-(trifloaxetyl)-
L-valyl]piperidin-2-carboxamit;

5-(butan-2-y1)-N-[(2S)-1-({(1S)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(4,5-diclo-1H-imidazol-2-
yl)carbonyl]-4-metyl-L-leuxinamit;

N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(4,5-diclo-1H-pyrazol-3-
yl)carbonyl]-4-metyl-L-leuxinamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4,4-dimetyl-1-
oxopentan-2-yl]-2,3-dimetyl-4H-furo[3,2-b]pyrol-5-carboxamit;
5-clo-N-[(28)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} amino)-4,4-dimetyl-1-
oxopentan-2-yl]-1H-pyrolo[2,3-b]pyridin-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-(triflometyl)- 1H-benzimitazol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4,4-dimetyl-1-
oxopentan-2-yl]-5-metoxy-1H-pyrolo[3 ,2-b]pyridin-2-carboxamit;
5-clo-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} amino)-4,4-dimetyl-1-
oxopentan-2-yl]-1H-pyrolo[3,2-b]pyridin-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4,4-dimetyl-1-

oxopentan-2-yl]-4-flo-1H-benzimitazol-2-carboxamit;
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N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-{[3-(propan-2-yl)-1H-
pyrazol-5-yl]carbonyl } -L-leuxinamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4, 4-dimetyl-1-
oxopentan-2-yl]-5-flo- 1H-benzimitazol-2-carboxamit;
5-clo-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-1H-benzimitazol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5,6-diflo-1H-benzimitazol-2- carboxamit;
N-[(2S)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4H-thieno[3,2-b]pyrol-5-carboxamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-{[3-(2-metylpropyl)-1H-
pyrazol-5-yl]carbonyl } -L-leuxinamit;
N2-{[4-(3-clophenyl)-1H-imidazol-2-yl]carbonyl }-N-{(15)-1 -xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-metyl-L-leuxinamit;
N2-[(3-tert-butyl-1H-pyrazol-5-yl)carbonyl]-N- {(1S)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-
yl]etyl}-4-metyl-L-leuxinamit;
6-bromo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-benzimitazol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-metyl-1H-benzimitazol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4,5,6,7-tetrahydro-1H-indazol-3-carboxamit;
4,6-diclo-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-benzimitazol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-6-(1-metylxyclopropyl)-4-(triflometyl)-1H-pyrolo [2,3-b]pyridin-2-
carboxamit;

N2-{[5-(2-clophenyl)-4-flo-1H-pyrazol-3-yl]carbonyl}-N-{(1S)-1 -xyano-2-[(3S)-2-
oxopyrolidin-3-yl]etyl}-4-metyl-L-leuxinamit;
N-[(2S)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-2-metyl-4H-thieno[3,2-b]pyrol-5-carboxamit;
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N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-{[3-(4-metoxyphenyl)-1H-
pyrazol-5-yl]carbonyl}-4-metyl-L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-{[3-(2-metoxyphenyl)-1H-
pyrazol-S-ylj carbonyl }-4-metyl-L-leuxinamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N2-{[4-(4-metoxyphenyl)-1H-
imidazol-2-yl]carbonyl}-4-metyl-L-leuxinamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-{[3-(4-metylphenyl)-1H-
pyrazol-5-yljcarbonyl } -L-leuxinamit;
7-bromo-N-[(25)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4,4-
dimetyl-1-oxopentan-2-yl]-5-metyl-1H-indol-2-carboxamit;
7-bromo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
(2S,4R)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-4-metyl-1-[3-metyl-N-
(metylsulfonyl)-L-valyl]piperidin-2-carboxamit;
(2S,4S)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-4-metyl-1-[N-(trifloaxetyl)-
L-valyl]piperidin-2-carboxamit;
(28,4S)-N-{(1S)-1-xyano-2-[(38)-2-oxopyrolidin-3-yl]etyl } -4-metyl-1-[3-metyl-N-
(trifloaxetyl)-L-valyl]piperidin-2-carboxamit;
(2S,4R)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-4-metyl-1-[3-metyl-N-
(trifloaxetyl)-L-valyl]piperidin-2-carboxamit;
5-[(2S)-butan-2-y1]-N-[(2S)-1-({(1S)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-yl]etyl}amino)-
4,4-dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
(1R,2S,58)-N-{(19)-1-xyano-2-[(3S)-2-oxopyrolidin-3 -yl]etyl}-6,6-dimetyl-3-[3',3",3'-
triflo-N-(trifloaxetyl)-L-isoleuxyl]-3 -azabixyclc;[3 .1.0]hexan-2-carboxamit;
(1R,2S,58)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-3-{(2S)-2-xyclohexyl-2-
[(trifloaxetyl)amino]axetyl } -6,6-dimetyl-3-azabixyclo[3.1 .0Jhexan-2-carboxamit;
(1R,2S,58)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3 -yl]etyl}-3-{(2S)-2-xyclopentyl-2-
[(trifloaxetyl)amino]axetyl } -6,6-dimetyl-3-azabixyclo[3.1 .0Jhexan-2-carboxamit;
(1R,2S,5S)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-6,6-dimetyl-3-[4-metyl-
N-(trifloaxetyl)-L-leuxyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
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(1R,2S,58)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-3-{(25)-2-(4,4-
difloxyclohexyl)-2-[(trifloaxetyl)amino]axetyl } -6,6-dimetyl-3-azabixyclo[ 3.1 .0]hexan-2-
carboxamit;

(1R,2S,58)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-3-[3 -xyclopentyl-N-
(trifloaxetyl)-L-alanyl]-6,6-dimetyl-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,2S,58)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-3-[3 -xyclohexyl-N-
(trifloaxetyl)-L-alanyl]-6,6-dimetyl-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,28,58)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-[N-
(trifloaxetyl)-L-leuxyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit;
(1R,28S,58)-N-{(19)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -3-[6,6-diflo-N-
(trifloaxetyl)-L-norleuxyl]-6,6-dimetyl-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-{(2S)-
4,4 A-triflo-2-[(trifloaxetyl)amino] butanoyl}-3-azabixyclo|3.1 .0]hexan-2-carboxamit;
(1R,2S,58)-N-{(19)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-3-[3 -flo-N-(trifloaxetyl)-
L-valyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxamit;
(1R,2S,5S)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-3- {(2S)-2-xyclopropyl-
2-[(trifloaxetyl)amino]axetyl}-6,6-dimetyl-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,2S,5S)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-3-[3-(3,3-
difloxyclobutyl)-N-(trifloaxetyl)-L-alanyl]-6,6-dimetyl-3-azabixyclo|3.1 .0]hexan-2-
carboxamit;

(1R,2S,58)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-[N-
(trifloaxetyl)-O-(triflometyl)-L-seryl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,2S,5S)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-dimetyl-3-{(25)-2-
phenyl-2-[(trifloaxetyl)amino]axetyl } -3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,28,58)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-6,6-dimetyl-3-[N-
(trifloaxetyl)-L-phenylalanyl]-3-azabixyclo[3.1.0]Thexan-2-carboxamit;
(1R,2S,58)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-3-[3 ,5-diflo-N-
(trifloaxetyl)-L-phenylalanyl]-6,6-dimetyl-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,2S,55)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[N-
(trifloaxetyl)-3-(triflometyl)-L-phenylalanyl]-3-azabixyclo[3.1 .0Jhexan-2-carboxamit;
(1R,28,5S)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3 -yl]etyl}-6,6-dimetyl-3-[N-(2,2,2-
trifloetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit;
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(2S,4R)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-1- {(2S)-3-metyl-2-
[(trifloaxetyl)amino]butyl} piperidin-2-carboxamit;
(2S,4R)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-1- {(2S)-3-metyl-2-
[(2,2,2-trifloetyl)amino|butyl} piperidin-2-carboxamit;
(1R,2S,55)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-dimetyl-3-[N-(3,3,3-
triflopropanoyl)-L-valyl]-3-azabixyclo[3.1.0]Thexan-2-carboxamit; |
(1R,2S,5S)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-(N-
propanoyl-L-valyl)-3-azabixyclo[3.1.0]hexan-2-carboxamit;
(2S,4R)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-1-[N-(2,2,2-
trifloetyl)-L-valyl]piperidin-2-carboxamit;
N2-[(4-clo-1-etyl-3-metyl-1H-pyrazol-5-yl)carbonyl]-N-{(1S)-1 -xyano-2-[(3S)-2-
oxopyrolidin-3-yl]etyl } -L-leuxinamit;
5-clo-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} amino)-4-metyl-1-
oxopentan-2-yl]-3-etyl-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4-metyl-1-
oxopentan-2-yl]-5-xyclohexyl-1H-indol-2-carboxamit;
5-clo-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} amino)-4-metyl-1-
oxopentan-2-yl]-3-metyl-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4-metyl-1-
oxopentan-2-yi]-3,5-dimetyl-1H-indol-2-carboxamit;
5-tert-butyl-N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4-metyl-
1-oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(29)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-
oxopentan-2-yl]-5-(propan-2-yl)-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-3-etyl-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4-metyl-1-
oxopentan-2-yl]-6-etyl-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4-metyl-1-
oxopentan-2-yl]-5-etyl- 1H-indol-2-carboxamit;
4-butoxy-N-[(25)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4-metyl-1-

oxopentan-2-yl]-1H-indol-2-carboxamit;
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N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-
oxopentan-2-yl]-5-(triflometoxy)-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-6-(dietylamino)-1H-indol-2-carboxamit;
4-bromo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
5-bromo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
6-bromo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-
oxopentan-2-yl]-3-metyl-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-
oxopentan-2-yl]-6-propoxy-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl jamino)-4-metyl-1-
oxopentan-2-yl]-7-flo-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-7-metoxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl jamino)-4-metyl-1-
oxopentan-2-yl]-6-flo-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl }amino)-4-metyl-1-
oxopentan-2-yl]-5-flo-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-5-metoxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl jamino)-4-metyl-1-
oxopentan-2-yl]-4,5-dimetoxy-1H-indol-2-carboxamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-[(4-metyl-1,3-thiazol-5-
yl)carbonyl]-L-leuxinamit;

N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N2-(etoxycarbonyl)-L-leuxinamit;
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N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-(etoxycarbonyl)-4-metyl-L-
leuxinamit;

N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-5,5,5 -triflo-1-
oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-N2-{[2-(triflometyl)-1,3-
oxazol-4-yl]carbonyl }-L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-{[3-(triflometyl)-1,2-
thiazol-4-yl]carbonyl } -L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-{[3-(triflometyl)-1,2-
oxazol-4-yl]carbonyl }-L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N2-{[2-(triflometyl)-1,3-thiazol-4-
yl]carbonyl}-L-leuxinamit;

N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -5,5,5-triflo-N2-{[2-(triflometyl)-1,3-
thiazol-4-yl]carbonyl}-L-norvalinamit;
(48)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -5,5,5-triflo-N?-{[2-
(triflometyl)-1,3-thiazol-4-yl]carbonyl}-L-leuxinamit;
(4R)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-5,5,5 -triflo-N2-{[2-
(triflometyl)-1,3-thiazol-4-yl]carbonyl}-L-leuxinamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-3 -xyclopentyl-1-
oxopropan-2-yl]-2-(triflometyl)-1,3-thiazol-4-carboxamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-N2-{[5-(triflometyl)-1,2-
thiazol-4-yl]carbonyl } -L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-N2-{[5-(triflometyl)-1,2-
oxazol-4-yl]carbonyl }-L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-N2-{[2-(triflometyl)-1,3-
oxazol-5-yl]carbonyl }-L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N2-{[2-(triflometyl)-1,3-
thiazol-5-yl]carbonyl} -L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-5,5,5 -triflo-4-metyl-N2-{[2-
(triflometyl)-1,3-thiazol-4-yl]carbonyl}-L-leuxinamit;
N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-N2-{[(2S)-2-
metyltetrahydrofuran-2-yl]carbonyl}-L-leuxinamit;
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N-[(2S,4R)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-5,5,5-triflo-4-
metyl-1-oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit;
N-[(28,45)-1-({(1S)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-yl]etyl}amino)-5,5,5-triflo-4-
metyl-1-oxopentan-2-yl]-4-metoxy- 1H-indol-2-carboxamit;
N-[(25)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl tamino)-5,5,5-triflo-4,4-
dimetyl-1-oxopentan-2-yl]-4-metoxy- 1H-indol-2-carboxamit;
N-[(29)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} amino)-3-xyclopentyl-1-
oxopropan-2-yl]-4-metoxy-1H-indol-2-carboxamit;
5,7-diclo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl }amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
5-clo-N-[(25)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-3-etyl-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-xyclohexyl-1H-indol-2-carboxamit;
5-clo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-3-metyl-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-3,5-dimetyl-1H-indol-2-carboxamit;
5-tert-butyl-N-[(2S)-1-({(1S)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-yl]etyl}amino)-4,4-
dimetyl- 1-oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(25)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-(propan-2-yl)- 1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl tamino)-4,4-dimetyl-1-
oxopentan-2-yl]-7-(propan-2-yl)- 1H-indol-2-carboxamit;
N-[(25)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-3-etyl-1H-indol-2-carboxamit;
N-[(29)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-6-etyl-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-etyl-1H-indol-2-carboxamit;
4-butoxy-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3 -yl]etyl}amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;

26



51148

N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-0oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-(triflometoxy)-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-0xopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-6-(dietylamino)-1H-indol-2-carboxamit;
4-bromo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
5-bromo-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
6-bromo-N-[(25)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-3-metyl-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-6-propoxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-4-metyl-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-metyl-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-6-metyl-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-7-flo-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-7-metoxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-6-flo-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-flo-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-

oxopentan-2-yl]-6-metoxy-1H-indol-2-carboxamit;
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N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-metoxy-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino) -4,4-dimetyl-1-
oxopentan-2-yl]-4,5-dimetoxy-1H-indol-2-carboxamit;
5-(butan-2-y1)-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4-
metyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yljetyl } amino)-4-metyl-1-
oxopentan-2-yl]-7-(propan-2-yl)-1H-indol-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-4-metyl-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4 -metyl-1-
oxopentan-2-yl]-5-metyl-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-6-metyl-1H-indol-2-carboxamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4-metyl-1-
oxopentan-2-yl]-6-metoxy-1H-indol-2-carboxamit;
5-(butan-2-y1)-N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4,4-
dimetyl-1-oxopentan-2-yl]-1H-indol-2-carboxamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N2-[(2R)-2-xyclohexyl-2-
metoxyaxetyl |-L-leuxinamit;

N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(2R)-2-
(xyclohexyloxy)propanoyl]-L-leuxinamit;
N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N?-(4,4,4-triflo-3-
metylbutanoyl)-L-leuxinamit;
N2-[(trans-4-xyanoxyclohexyl)carbonyl]-N-{(18)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-
yl]etyl}-L-leuxinamit;

N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(1-etyl-4-metyl-1H-pyrazol-5-
yl)carbonyl]-L-leuxinamit;

N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-(xyclohexylcarbonyl)-L-
leuxinamit;

N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(xyclohexyloxy)axetyl]-L-

leuxinamit;
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N-{(18S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(3,3-difloxyclobutyl)axetyl]-L-
leuxinamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(propan-2-yloxy)axetyl]-L-
leuxinamit;
N-[(28)-1-({(1S)-1-xyano-2-[(3S)-2-0oxopyrolidin-3-yl]etyl } amino) -4-metyl-1-
oxopentan-2-yl]-3-metylimidazo[2,1-b][1 ,3]thiazol-2-carboxamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(2R)-2-xyclohexyl-2-
metoxyaxetyl]-4-metyl-L-leuxinamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-[(1-etyl-4-metyl-1H-pyrazol-5-
yl)carbonyl]-4-metyl-L-leuxinamit;
NZ2-[2-clo-4-(metylsulfonyl)benzoyl]-N-{(1S)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-
yl]etyl}-L-leuxinamit;
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N2-(2,6-diclobenzoyl)-L-leuxinamit;
(1R,2S,58)-3-[N-(tert-butylsulfonyl)-3-metyl-L-valyl]-N-{(1S)-1 -xyano-2-[(3S)-2-
oxopyrolidin-3-yljetyl}-6,6-dimetyl-3-azabixyclo[3.1 .O]hexan-Z-carboxamit;
(1R,2S,5S)-3-{[(3R)-1-benzyl-5-oxopyrolidin-3-yl]carbonyl} -N- {(1S)-1-xyano-2-[(3S)-
2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-azabixyclo[3.1 .0Jhexan-2-carboxamit;
(1R,2S,58)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-{[(3R)-5-
oxo-1-phenylpyrolidin-3-yl]carbonyl}-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,28,58)-3-{[(3R)-1-tert-butyl-5-oxopyrolidin-3-yl]carbonyl}-N- {(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,2S,58)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-[(3-
metylimidazo[2,1-b][1,3]thiazol-2-yl)carbonyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
(1R,2S,5S)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-ylJetyl }-6,6-dimetyl-3-{[2-
(triflometyl)-1,3-thiazol-4-yl]carbonyl} -3-azabixyclo[3.1 .0]hexan-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-3 -xyclopropyl-1-
oxopropan-2-yl]-4-metoxy-1H-indol-2-carboxamit; va
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-3 -xyclopropyl-1-
oxopropan-2-yl]-1H-indol-2-carboxamit;
hodc mudi duge dung ctia né.

E30 14 hop chét theo phuong 4n bét ky trong s6 E1, E45 va E59 dugc chon tir nhém

bao gbm
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N-[(28)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4,4-dimetyl-1-
oxopentan-2-yl]-7-flo-4-metoxy-1H-indol-2-carboxamit;
N-[(25)-1-({(18S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl }amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-7-(triflometyl)-1H-indol-2-carboxamit;
(1R.28,5S)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[N-
(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit;
(1R,2S,58)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit;
N-[(2S)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-7-flo-4-metoxy-1H-indol-2-carboxamit;
(2S,45)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-1 -[N-(trifloaxetyl)-
L-valyl]piperidin-2-carboxamit;
(2S,48)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-1 -[3-metyl-N-
(trifloaxetyl)-L-valyl]piperidin-2-carboxamit;
(1R,2S,58)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-3- {(2S)-2-xyclohexyl-2-
[(trifloaxetyl)amino]axetyl}-6,6-dimetyl-3-azabixyclo[3.1.0] hexan-2-carboxamit;
(28,48)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-metyl-1- {3-metyl-N-
[(triflometyl)sulfonyl]-L-valyl} piperidin-2-carboxamit;
3-metyl-N-(trifloaxetyl)-L-valyl-(4R)-N-{(1S)-1-xyano-2-[(3 S)-2-oxopyrolidin-3-
ylJetyl}-4-metyl-4-(triflometyl)-L-prolinamit; va
(2S)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-4,4-dimetyl-1 -[3-metyl-N-
(trifloaxetyl)-L-valyl]piperidin-2-carboxamit;
hodc mudi duge dung ciia ching.

E31 la dugc phdm bao gdm lugng hitu hiéu tri liéu ctia hop chét bat ky trong s6 E1
dén E30 hoac mudi duge dung cua nd, cing voi chit mang dugc dung.

E32 1a dugc pham theo E31 trong d6 dugce pham nay & dang lidu dung theo dudng
tinh mach, duéi da, hit hodc dudong miéng.

E33 1a duoc pham theo E31 hodc E32 trong d6 dugc pham nay & dang lidu dung
theo dudng miéng.

E34 1a duoc pham theo bt ky mot trong s E31 dén E33 con bao gém tac nhan tri

liéu bo sung.
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E35 1a dugc phdm theo bét ky mot trong s& E31 dén E34 trong d6 dugc pham nay
con bao gém mot hoac nhiéu dexamethasone, azithromycin, va remdesivir.

E36 la phuong phap diéu tri nhifm coronavirut & bénh nhan, phwong phap nay bao
gdm viéc dung lwgng hiru hiéu tri ligu cua hop chét theo bat ky mot trong s6 E1 d&n E30
hodic mudi duoc dung ctia né cho bénh nhan ¢ nhu cau diéu trj bénh.

E37 1a phuong phép theo E36 trong do viéc nhiém coronavirut 1a COVID-19.

E38 1a phuong phap didu tri nhiém coronavirut & bénh nhan, phuong phap nay bao
odm viée ding duge phim theo bat ki mot trong s6 E31 dén E35 cho bénh nhén c6 nhu
cau diu tri bénh.

E39 13 phuong phép theo E38 trong d6 viéc nhiém coronavirut 12 COVID-19.

E40 1a phuong phap tc ché hoidc ngan ngira qué trinh sao chép virut SARS-CoV-2
bao gém viéc cho 3CL proteaza cua coronavirut SARS-CoV-2 tiép xuc voi luong hitu hiéu
tri liéu ctia hop chat hogc mudi dugc dung cua né theo bét ky mot trong s6 E1 dén E30.

E41 1a phuong phap ¢ ché hodc ngan ngira qua trinh sao chép virut SARS-CoV-2
& bénh nhan bao gém viéc dung lugng hiru higu tri liéu cta hop chét hoac mudi duoc dung
ctia n6 theo bt ky mot trong s6 E1 dén E30 cho bénh nhan c6 nhu cAu tc ché hoic ngin
nglra qua trinh sao chép virut SARS-CoV-2.

E42 1a viéc st dung hop chét hogc mubi dugc dung cua né theo bét ky mot trong s6
E1 dén E30 dé diéu tri nhiém coronavirut.

E43 1a viéc s dung E42 trong do viéc nhiém coronavirut 13 COVID-19.

E44 1a viéc st dung hop chét hodc mudi dugc dung cua nd theo bat ky mot trong sb
E1 dén E30 dé bao ché thudc 12 hitu ich dé diéu tri nhiém coronavirut.

E44a 13 viéc sit dung E44 trong d6 viéc nhiém coronavirut 13 COVID-19.

E45 13 hop chét c6 cong thie I

ZT

~
/
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hodc mubi duge dung cua nd; trong d6 R mdi khi c6 mat doc 14p 1a hydroxy hodc oxo; p
bang 0, 1 hozc 2; R! dugc chon tir nhém bao gém C1-Cs alkyl ma tuy y duoc thé bang
xyano hodc bang mot dén nam flo; C»-Cs alkynyl; va (Cs-Cs xycloalkyl)-Ci-Cs alkyl ma
tly ¥ duoc thé bang mot dén hai phan tir thé dugc chon tir triflometyl va Ci-Cs alkyl hode
bing mot dén nam flo; R? 14 hydro hodc R? va R! cing véi nguyén tu nito va nguyén tir
cacbon ma ching duoc gan vao 12 vong pyrolidin hodc piperidin ma tuy y dugc thé bang
mot dén bbn R2%; R? mbi khi c¢6 mat doc 1ap duge chon tir nhom bao gbm flo, hydroxy,
C1-Cs alkyl tuy ¥ duge thé bing mét dén ba flo va C1-Ce alkoxy tuy ¥ duge the bang mot
dén ba flo; hodc hai R?? cdc nhom khi duge ga‘in vao cac cacbon lién k& va cling véi cac
cacbon ma chung dugc gén vao 1a Cs-Ce xycloalkyl dugc ngung tu ma tuy y duoc thé bang
mot dén bdn R?"; hozc hai nhom R** khi dugc gn vio cling mot cacbon va cuing véi cacbon
ma ching dugc gan vao 1a spiro C3-Cg xycloalkyl ma tuy y dugc thé bing mot dén bdn
R2b; R? mdi khi ¢6 mat doc 1ap dugce chon tir flo, hydroxy, Ci-Cs alkyl tuy y doc 1ap dugce
thé bang mot dén ba flo hodc hydroxy va Ci-Cs alkoxy tuy y doc 1ap dugce thé bang mot
dén ba flo hodc hydroxy; R? dugc chon tir nhém bao gém C1-Cs alkyl, C1-Cs alkoxy, (Ci-
Cs alkoxy)-Ci-Cs alkyl, C2-Cs alkynyl, C2-Cg alkynyloxy, C3-Cia xycloalkyl tuy y dugc
ngung tu véi heteroaryl c6 5 dén 6 canh hodc phenyl, (C3-Ci2 xycloalkyl)-Ci-Cs alkyl, Cs-
C12 xycloalkoxy, (Cs-Ci2 xycloalkoxy)-Ci-Ce alkyl, heteroxycloalkyl ¢6 4 dén 12 canh ma
tuy y duge ngung tu vo6i heteroaryl co 5 dén 6 canh ho#ic phenyl va trong do
heteroxycloalkyl ndy chira mot dén bdn nguyén tir khéc loai doc 14p dwgc chon tir N, O va
S(O)n, (heteroxycloalkyl c6 4 dén 12 canh)-C;-Cg alkyl trong do gbc heteroxycloalkyl nay
chira mot dén bdn nguyeén tir khac loai doc 1ap duge chon tir N, O va S(O)a, Cs-Croaryl tuy
y duge ngung tu viCs-Ce xycloalkyl hodc heteroxycloalkyl co 4 dén 7 canh, (Ce-Croaryl)-
C1-Cs alkyl, heteroaryl ¢6 5 dén 10 canh bao gém mot dén nim nguyén tir khac loai doc
1ap duoc chon tir N, O va S, ma tuy y dugc ngung tu v6i Cs-Ce xycloalkyl; (heteroaryl ¢6
5 dén 10 canh)-C1-Cealkyl trong d6 gbc heteroaryl chira mot dén nam nguyén tu khac loai
doc 1ap dugc chon tir N, O va S; (Ce-Cho aryl)-(heteroaryl c6 5 dén 10 canh)- trong d6 gbe
heteroaryl chira mot dén nam nguyén tir khac loai doc 1ap dugce chon txr N, O va S,
(heteroaryloxy c6 5 dén 10 canh)-Ci-Cs alkyl trong d6 gdc heteroaryl chira mot dén nam
nguyén tr khac loai doc 1ap dugce chon tr N, O va S; (heteroaryl c6 5 dén 6 canh)-
(heteroaryl co 5 dén 6 canh)- trong d6 mdi gbc heteroaryl chira mot dén bdn nguyén tir

khéc loai doc 14p duge chon ti N, O va S; (heteroxycloalkyl c6 4 dén 7 canh)-(heteroaryl
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¢6 5 dén 6 canh)- trong d6 gbc heteroxycloalkyl chira mot dén ba nguyén tir khéc loai doc
1&p duge chon tir N, O va S(O)a va gbc heteroaryl chira mot dén bén nguyén tir khac loai
doc 1ap dugc chon tix N, O va S; (heteroaryl c6 5 dén 6 canh)-(heteroxycloalkyl c6 4 dén
7 canh)- trong d6 gdc heteroxycloalkyl chira mot dén ba nguyén tir khéc loai doc 1ap duge
chon t N, O va S(O)a va géc heteroaryl chtra mot dén bdn nguyén ttr khac loai doc lap
dwoc chon tir N, O va S; trong 6 mdi nhém R’ tuy y duge thé bing mot dén ndm R*; R*
mdi khi c6 mit doc 14p duge chon tir nhdém bao gém oxo, halo, hydroxy, xyano, phenyl,
benzyl, amino, (C1-Cs alkyl)amino tuy ¥ dugc thé bang mot dén nam flo, di(Ci-Cs
alkyl)amino tuy ¥ dugc thé bang mot dén mudi flo, C1-Cs alkyl tuy y dugc thé bang mot
dén nam flo, C1-Cg alkoxy tuy y dugc thé bing mot dén nam flo, C1-Cs alkoxy-C1-Cs alkyl
tuy ¥ duoc thé biang mot dén nam flo, C3-Cexycloalkyl tuy y duoc thé bang mot dén ba flo
hoic C1-Cs alkyl, Ci-Cs alkyl-C(O)NH- tuy y duge thé bang mot dén nam flo, C1-Cs alkyl-
OC(O)NH- tuy v dugc thé bing mot dén nam flo hogc bing mot R®, Ci-Ce alkyl-
NHC(O)NH- tuy ¥ dugc thé bing mot dén nam flo hodic bing mot R’, Ci-Ce alkyl-
S(0)NH- tuy ¥ duoc thé bing mot dén nam flo hogc bang mot R®, C1-Ce alkyl-C(0)- tuy
¥ dugc thé bing mot dén nam flo hodc bang mot R3, Ci-Cs alkyl-S(O)a- tuy y duoc thé
bang mot dén nim flo hodc biang mot R’; R3 duge chon tir phenyl, phenoxy, C3-Cs
xycloalkyl, C3-Cs xycloalkoxy, heteroxycloalkyl c6 4 dén 7 canh- trong do gbe
heteroxycloalkyl chira mot dén ba nguyén ti khac loai doc 1ap duoc chon tr N, O va S(O)n
va heteroaryl ¢6 5 dén 6 canh- trong d6 gbc heteroaryl chta mét dén bbn nguyén tir khéc
loai doc 1ap duge chon tir N, O va S; trong d6 mdi R tuy y doc 1ap duogc thé bﬁng mdt dén
ba halo, C1-Cs alkyl va Ci1-Cs alkoxy; van mdi khi c6 mat doc 14p duge chon tir 0, 1 va 2.
E46 12 hop chét cia dugc chon tir nhém bao gdm (28,4R)-4-tert-butyl-N-{(15)-1-
xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl}-1-{N- [(triflometyl)sulfonyl]-L-valyl} piperidin-
2-carboxamit; (2R,4S)-4-tert-butyl-N-{(15)-1 -xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-1-
{N-[(triflometyl)sulfonyl]-L-valyl} piperidin-2-carboxamit; 3-metyl-N-(trifloaxetyl)-L-
valyl-(4R)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-4-(triflometyl)-L-
prolinamit; (1R,2S,55)-N-{(15)-1 -xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl }-6,6-dimetyl-
3-[3-metyl-N-(metylcarbamoyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit; metyl
{(2S)-1-[(1R,2S,5S)-2-({(IS)-I-Xyano-2-[(35’)-2-ox0pyr01idin-3-yl]etyl}carbamoyl)-6,6-
dimetyl-3-azabixyclo[3.1 .0]hexan-3-yl]-3,3-dimetyl-1-oxobutan-2-yl} carbamat; va N-
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(trifloaxetyl)-L-valyl-(4R)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3 -yl]etyl}-4-
(triflometyl)-L-prolinamit; hodc mubi dugce dung cta nd.

E47 1a phuong phap diéu tri nhiém coronavirut & bénh nhan, phuong phap nay bao
odm viée ding lwong hitu hiéu trj liéu ctia hop chét theo bt ky mot trong s6 E45 va E46
hodc mudi duge dung ctia né cho bénh nhan c6 nhu cau diéu trj bénh.

E48 1a phuong phap theo E47 trong do viéc nhiém coronavirut 14 COVID-19.

E49 1a phuong phap diéu tri nhiém coronavirut & bénh nhén, phuong phap nay bao
odm viée dimg lugng hitu hiéu tri liéu ciia hop chét theo bat ky mot trong s6 E1 dén E30
va E45 dén B46 hodc mubi duge dung cia n6 trong d6 tac nhén tri ligu b6 sung duoc dung
va thc nhan tri lidu bd sung dugc chon tir nhém bao gdm remdesivir, galidesivir,
favilavir/avifavir, molnupiravir, AT-527, AT-301, BLD-2660, favipiravir, camostat,
SLV213, emtrictabine/tenofivir, clevudine, dalcetrapib, boceprevir, ABX464,
dexamethasone, hydrocortison, huyét twong dudng (convalescent plasma), gelsolin (Rhu-
p65N), regdanvimab (Regkirova), ravulizumab (Ultomiris), VIR-7831/VIR-7832, BRII-
196/BRII-198, COVI-AMG/COVI DROPS (STI-2020), bamlanivimab (LY-CoV555),
mavrilimab, leronlimab (PRO140), AZD7442, lenzilumab, infliximab, adalimumab, JS
016, STI-1499 (COVIGUARD), lanadelumab (Takhzyro), canakinumab (Ilaris),
gimsilumab, otilimab, casirivimab/imdevimab (REGN-Cov2), MK-7110
(CD24Fc¢/SACCOVID), heparin, apixaban, tocilizumab (Actemra), sarilumab (Kevzara),
apilimod dimesylat, DNL758, DC402234, PB1046, dapaglifozin, abivertinib, ATR-002,
bemcentinib, acalabrutinib, baricitinib, tofacitinib, losmapimod, Famotidin, ritonavir,
niclosamide va diminazene.

E50 1a hop chét (1R,2S,5S)-N—{(IS)-1-Xyano-2-[(35)-2-0x0pyr01idin—3-yl]etyl}-
6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit;
hodc mubi duge dung cia no.

E50a 14 hop chat (1R,2S,5S)-N—{(1S)-1-Xyano-2-[(35’)-2-0X0pyrolidin-3-yl]etyl}-
6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit.

E51 1a duoc phém bao gém luong hitu hiéu tri liéu cua (1R,25,55)-N-{(1S)-1-
Xyan0-2-[(3S)-2-0X0pyrolidin-3-yl]etyl}-6,6-dimety1-3-[3-metyl-N—(triﬂoaxetyl)-L-
valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit; hodc mudi duge dung ctia n6 cung véi chét

mang dugc dung.
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E51a 1a duge phém bao goém luong hitu hiéu tri liéu cta (1R,2S8,55)-N-{(15)-1-
xyano-2-[(35)-2-oxopyrolidin-3-yl] etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-
valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit cung voi chit mang dugc dung.

E52 1a phuong phap didu tri nhiém coronavirut & bénh nhén, phuong phap nay bao
gdm viéc dung lugng hiru hiéu tri li€u cla (1R,2S,55)-N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-metyl-V- -(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit; hoéc mubi duge dung ctia n6 cho bénh nhan c¢é nhu
cu diéu tri bénh.

E52a la phuong phap diéu tri nhiém coronavirut & bénh nhan, phuong phap nay bao
gdm viéc dung lugng hiru hiéu tri liéu cua (1R,2S,55)-N-{(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit cho bénh nhén cé nhu cau diéu tri bénh.

E53 1a phuong phap theo E52 trong d6 viéc nhiém coronavirut 1a COVID-19.

E53a 1a phuong phép theo ES52a trong d6 viéc nhiém coronavirut 1a COVID-19.

E54 1a phuong phép theo E52 hodc E53 trong do (1R,28,55)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-metyl-N- (trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit; hodc mudi duge dung ctia né duge ding qua dudng
miéng.

E54a 12 phuong phép theo E52a hodc E53a trong dé (1R,28,55)-N-{(15)-1-xyano-
2-[(38)-2-oxopyrolidin-3-yl]jetyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit dugc dung qua dudng miéng.

ES55 1a phuong phép theo E54 trong d6 50 mg dén 1500 mg (1R,2S,55)-N-{(15)-1-
xyano-2-[(3S)-2-oxopyrolidin-3-yl]Jetyl } -6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-
valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit; hoac mudi duge dung cua n6 dugc ding
moi ngay.

E55a 1a phuong phap theo E54a trong d6 50 mg dén 1500 mg (1R,2S,55)-N-{(1S)-
1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-
valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit dugc dung mdi ngay.

E56 1a phuong phap theo E55 trong d6 380 mg (1R,28,55)-N-{(15)-1-xyano-2-
[(35)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[3-metyl-/N- (trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit; hodc mubi duoc dung ctia né duge dung ba 1an mot

ngay.
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E56a 1a phuong phap theo E55a trong d6 380 mg (1R,28,55)-N-{(1S)-1-xyano-2-
[(35)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit; hodc mudi duge dung ctia né dugce dung ba 14n mot
ngay.

E57 1a phuong phép theo E55 trong d6 50 mg dén 1500 mg (1R,2S,55)-N-{(1.5)-1-
xyano-2-[(3S5)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3 -[3-metyl-N-(trifloaxetyl)-L-
valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit; hoac mudi duge dung cua nd duge dung
mdi ngay lam huyén phu, vién nang hodc vién nén dung qua dudng miéng.

E57a 1a phuong phap theo E55a trong d6 50 mg dén 1500 mg (1R,25,55)-N-{(15)-
1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-
valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit; hoéc mudi duge dung cua n6 duogc ding
mdi ngay ¢ dang huyén pht, vién nang hodc vién nén ding qua dudng miéng.

E58 13 phuong phap theo E57 trong d6 vién nén dugc dung.

E58a 1a phuong phap theo E57a trong d6 vién nén dugc dung.

E59 1a hop chét c6 cong thic 17

O
( NH
q
\(> )q'
R2 o) R
R® rL
g TN
(@] R' I ’

hodc solvat hodc hydrat cia ching, hodc mubi duoc dung cia hop chit ndy, solvat hoac

hydrat cua ching;

trong do

R mdi khi ¢6 mat doc 14p 1a hydroxy hodc oxo;

mdi q va q’ doc 1ap duogc chon tir 0, 1 va 2;

p bang 0, 1 hodc 2;

R! dugc chon tir nhém bao gdm C1-Cealkyl ma tuy y duoc thé bang xyano hodc bang mot

dén nam flo: C-Cs alkynyl; va (C3-Cexycloalkyl)-C1-Cs alkyl ma tiry y dwoc thé bing mot

dén hai phan tir thé duoc chon tir triflometyl va Ci-Cs alkyl hodc bang mot dén nam flo;
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R2 13 hydro hodc R? va R! cung v6i nguyén tir nito va nguyén tir cacbon ma chung duoc
ghn vao la vong pyrolidin hodc piperidin ma thy y dugc thé bang mot dén bon R?;

R?* mdi khi c6 mit doc 1ap duge chon tir nhoém bao gém flo, hydroxy, C1-Cs alkyl tuy y
duge thé bang mot dén ba flo va Ci-Ce alkoxy tuy y dugc thé bang mot dén ba flo; hoac
hai nhém R khi dugc gin vao cac cacbon lién ké va cling voi cac cacbon ma chung duge
gén vao 1a C3-Csxycloalkyl duge ngung tu ma tuy ¥ duge thé bing mot dén bon R?®; hodc
hai nhém R?® khi duoc gan vao cting mdt cacbon va cung véi cacbon ma ching duge gén
vao 1a spiro C3-Cs xycloalkyl ma tuy y dugc thé bang mot dén bén R?;

R? m6i khi c6 mit ddc 1ap dugce chon tir flo, hydroxy, C1-Cs alkyl tuy y doc 14p dugc thé
bang mot dén ba flo hodc hydroxy va Ci-Cs alkoxy tuy y doc lap dugc thé bang mot dén
ba flo hodc hydroxy;

R3 duoc chon tir nhém bao gém C;-Csalkyl, C;-Cgalkoxy, (C1-Cs alkoxy)-Ci-Cs alkyl, Co-
Cs alkynyl, C,-Cs alkynyloxy, C3-Cr2 xycloalkyl tuy y dugc ngung tu véi heteroaryl ¢6 5
dén 6 canh ho#c phenyl, (C3-Ci2 xycloalkyl)-C1-Cs alkyl, C3-Ci2 xycloalkoxy, (C3-Ci2
xycloalkoxy)-C1-Cs alkyl, heteroxycloalkyl c6 4 dén 12 canh ma tuy y dugc ngung tu v6i
heteroaryl ¢6 5 dén 6 canh hodc phenyl va trong d6 heteroxycloalkyl nay chira mot dén
bbn nguyén tir khac loai doc 14p duogc chon tir N, O va S(O)u, (heteroxycloalkyl c¢6 4 dén
12 canh)-Ci1-Cs alkyl trong d6 gdc heteroxycloalkyl nay chira mot dén bbn nguyén tir khac
loai doc 1ap duoc chon tir N, O va S(O)n, Cs-Cio aryl tuy y dugc ngung tu v6i Csa-Ce
xycloalkyl hodc heteroxycloalkyl c6 4 dén 7 canh, (Ce-C o aryl)-Ci-Ce alkyl, heteroaryl c6
5 dn 10 canh bao gdm mot dén nam nguyén tir khéc loai doc 14p dugc chon tir N, O va S,
ma tuy v dugc ngung tu vai Cs-Cs xycloalkyl; (heteroaryl ¢6 5 dén 10 canh)-C1-Cs alkyl
trong do géc heteroaryl chtra mdt dén nim nguyén tir khac loai doc 1ap dugc chon tir N, O
va S; (Ce-Cio aryl)-(heteroaryl c6 5 dén 10 canh)- trong d6 gdc heteroaryl chita mot dén
nim nguyén tit khac loai doc 1ap duge chon tir N, O va S, (heteroaryloxy c6 5 dén 10 canh)-
C1-Cs alkyl trong d6 gdc heteroaryl chira mot dén nam nguyén tir khac loai doc 1ap dugc
chon tr N, O va S; (heteroaryl ¢6 5 dén 6 canh)-(heteroaryl ¢6 5 dén 6 canh)- trong d6 mdi
géc heteroaryl chta mot dén bon nguyén tir khac loai doc 14p duoc chon tir N, O va S;
(heteroxycloalkyl ¢6 4 dén 7 canh)-(heteroaryl c6 5 dén 6 canh)- trong d6 gbc
heteroxycloalkyl chira mdt dén ba nguyén tir khac loai doc 1ap dugce chon tir N, O va S(O)a
va géc heteroaryl chrta mot dén bén nguyén tir khac loai doc 1ap dugc chon tir N, O va S;

(heteroaryl ¢6 5 dén 6 canh)-(heteroxycloalkyl c6 4 dén 7 canh)- trong d6 gbc
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heteroxycloalkyl chira mt dén ba nguyén tir khac loai doc 14p dugc chon tr N, O va S(O)a
va géc heteroaryl chira mot dén bdn nguyén tir khac loai doc 1ap duoc chon tr N, O va S;
trong d6 mdi nhém R3 tuy ¥ dugc thé bing mot dén ndm R*;

R* mdi khi c6 mat ddc 1ap duge chon tir nhém bao gém 0xo0, halo, hydroxy, xyano, phenyl,
benzyl, amino, (C1-Cs alkyl)amino tuy ¥ dugc thé bang mot dén nam flo, di(Ci-Cs
alkyl)amino tuy ¥ dugc thé bang mot dén muoi flo, C1-Cs alkyl tuy y dugce thé bang mot
dén nam flo, (heteroaryl ¢6 5 dén 6 canh)amino- trong d6 gbc heteroaryl chira mot dén bon
nguyén tir khac loai doc 1ap duge chon tr N, O va S; (heteroxycloalkyl c6 4 dén 7
canh)amino- trong d6 gbc heteroxycloalkyl chira mot dén ba nguyén ti khéc loai doc 1ap
duogc chon tir N, O va S(O), C1-Cs alkoxy tuy y duoc thé béng mot dén nam flo, C1-Cs
alkoxy-C1-Cs alkyl tuy ¥ duge thé bing mot dén nam flo, C3-Cs xycloalkyl tuy ¥ duoc thé
bang mot dén ba flo hogc C1-Cs alkyl, C1-Cs alkyl-C(O)NH- tuy y duge thé bang mot dén
nam flo, C1-Cs alkyl-OC(O)NH- tuy y dugc thé bing mot dén nam flo hodc bang mot R?,
C1-Cs alkyl-NHC(O)NH- tuy y dugc thé bing mét dén nam flo hodc bang mdt R, Ci-Cs
alkyl-S(0),NH- tuy y dugc thé bing mot dén nam flo hosic bang mot R3, C1-Cs alkyl-C(0)-
tuy ¥ duge thé bing mot dén nam flo hodc bang mdt R3, C1-Cs alkyl-S(O)u- tuy ¥ duoc thé
bing mot dén nam flo hoic bang mot R*;

RS duge chon tir phenyl, phenoxy, C3-Cs xycloalkyl, C3-Ce xycloalkoxy, heteroxycloalkyl
c6 4 d@n 7 canh- trong d6 gbc heteroxycloalkyl chira mot dén ba nguyén ti khac loai doc
1ap dugc chon tir N, O va S(O)a va heteroaryl ¢6 5 dén 6 canh- trong d6 géc heteroaryl
chtta mot dén bdn nguyén tir khéc loai doc 1ap dwgc chon tir N, O va S; trong dé mdi R?
tuy v doc 1ap duoc thé bang mdt dén ba halo, Ci-Cs alkyl va Ci-Cs alkoxy; va

n mdi khi c6 mat déc 1ap duge chon tir 0, 1 va 2.

E60 1a hop chét cia E59 ma 1a (1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl] -3-azabixyclo[3.1.0]hexan-2-
carboxamit; ho#c solvat hodc hydrat ciia chung, hodc mudi duge dung ctia hop chét, solvat
hoéc hydrat nay.

E61 1a hop chét (lR,2S,5S)-N—{(1S)-1-Xyan0-2-[(3S)-2-ox0pyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0Jhexan-2-carboxamit ¢o

cau truc
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hodc solvat hodc hydrat ctia ching.

E62 12 hop chit ctia E61 ma la (1R,2S,5S5)-N-{(15)-1-xyano-2-[(3S5)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-
carboxamit dang tinh thé.

E63 12 hop chat ctia E62 ma 1a (1R,2S,5S)-N-{(1S)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-
carboxamit dang tinh thé, Dang ran 1.

E64 14 hop chat ctia E62 ma 1a (1R,28,55)-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-
carboxamit dang tinh thé, Dang ran 4.

E65 1a hop chat ctia E61 ma la (1R,2S,58)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-
carboxamit dang vd dinh hinh.

E66 14 hop chat cia B61 ma la (1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-
carboxamit, metyl ferz-butyl solvat.

E67 1a hop chat ciia E66 ma la (1R,2S,5S)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-
carboxamit dang dang tinh thé, metyl ferz-butyl solvat.

E68 14 hop chat ctia E67 ma la (1R,2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-
carboxamit dang tinh thé, metyl zerz-butyl solvat, Dang ran 2.

E69 1a phuong phép diéu tri nhi®m coronavirut & bénh nhén, phuong phép nay bao gdm
viéc ding luong hiru hidu tri lidu ctia hop chit theo bat ky mot trong s E61 dén E68 cho
bénh nhan ¢6 nhu cu diéu trj bénh.

E70 13 phuong phap theo E69 trong do6 viée nhiém coronavirut 1a COVID-19.
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E71 14 phwong phap theo E70 trong d6 ritonavir cling dugc dung cho bénh nhan.

E72 12 phuong phép theo E71 theo bt ki mot trong s6 E61 dén E68 va ritonavir dwoc
dung cho bénh nhén qua duong miéng.

E73 13 phwong phép theo E72 trong d6 khoang 10 mg dén khoang 1500 mg/ngay ctia hop
chét theo bat ky mot trong s6 E61 dén E68 va khoang 10 mg dén khoang 1000 mg/ngay
cua ritonavir dugce dung.

E74 1a phuong phép theo E73 trong d6 khoang 50 mg hop chét theo bt ky mot trong sb
E61 dén E68 va khoang 100 mg ritonavir, mdi hop chét nay dugc dung cho bénh nhén hai
lan mot ngay.

E75 1a dugc phim bao gdm lugng hitu hiéu tri liéu cta (1R,28,55)-N-{(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit; hodc solvat hodc hydrat cuia ching, hodc mubi duoc
dung cia hop chét, solvat hodc hydrat nay ciing v6i chit mang dugc dung.

E75a la dugc phém bao gém lugng hitu hiéu tri liéu cua (1R,28,5S)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit; hodc solvat hodc hydrat cia chung cung véi chét
mang dugc dung.

E76 12 dugc phim theo E75a bao gdm hop chit theo bét ky mot trong s6 E62 dén E68.
E77 1a phuong phép theo E69 hodc E70 trong d6 khoang 100 mg, 150 mg, 200 mg, 250
mg, 300 mg, 350 mg, 400 mg, 450 mg, 500 mg, 550 mg, 600 mg, 650 mg, 700 mg hodc
750 mg hop chét theo bt ky mot trong s6 E61 dén E68 duoc dung qua duong miéng cho
bénh nhan hai 1an mot ngay.

E78 1a phuong phap theo E77 trong do ritonavir dugc dung dong thoi qua dudng miéng
cho bénh nhan hai 1an mot ngay.

E79 1a phuong phap theo E78 trong d6 khoang 300 mg hop chét theo bat ky mot trong 5O
E61 dén E68 va khoang 100 mg ritonavir dugc ding ddng thdi cho bénh nhan hai lan mot
ngay.

E80 1 hop chét theo E63 ma duge ddc trung boi dinh "°F véi dich chuyén hoéa hoc & -73,3
+0,1ppm va céc dinh *C véi cac dich chuyén héa hoc ¢ 31,0 + 0,1ppm, 27,9 = 0,1ppm va
178,9 = 0,2ppm.
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E81 1a hop chét theo E64 ma dugc dic trung boi mot hodc nhiéu dinh dugce chon tir nhém
bao gdbm dinh °F véi dich chuyén héa hoc & -73,6 = 0,1ppm va cac dinh BC 6 26,9 +
0,1ppm, 21,6 £ 0,1ppm va 41,5 + 0,1ppm.

ES82 1a hop chét N—(Metoxycarbonyl)-3-metyl-L-valyl-(4R)-N—{(1S)-1-Xyano-2-[(3S)-2-
oxopyrolidin-3-yl]etyl}-4-(triflometyl)-L-prolinamit c6 chu tric

hoic solvat hodc hydrat ciia ching.
E83 14 hop chéit theo E82 ma 1a N-(Metoxycarbonyl)-3-metyl-L-valyl-(4R)-N-{(15)-1-
xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl} -4-(triflometyl)-L-prolinamit.
E84 13 dugc phdm bao gdm lugng hitu hiéu tri liéu ctia N-(Metoxycarbonyl)-3-metyl-L-
valyl-(4R)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-4-(triflometyl)-L-
prolinamit; hodc solvat hodc hydrat clia chiing cung v6i chat mang duoc dung.
E85 1a phuong phap didu tri nhi®m coronavirut & bénh nhan, phuong phép nay bao gbdm
viéc dung lugng hitu higu tri liéu cua hop chét theo E82 hodc E83 cho bénh nhan c¢6 nhu
cau diéu tri bénh.
E86 1a phuong phéap theo E85 trong d6 viéc nhiém coronavirut 1a COVID-19.
E87 13 phuong phap theo E85 hogc E86 trong d6 10 mg dén 1500 mg /ngay cua hop chat
theo E82 hodc E83 dugc dung.
E88 1a phuong phap theo bét ky mot trong sb E85 dén B87 trong d6 hop chét dugc ding
qua dudng miéng.
E89 1a phuong phéap theo E88 trong d6 200 mg hop chét dugc dung hai 1an mdt ngdy.
E90 12 phuong phap huéng dich tic ché SARS-CoV-2 dung hop chét theo bat ky mot trong
s E1 dén E30, E45 dén E46, E50, ES0a, E59 dén E68 va E80 dén E83 1am cach thitc dieu
tri cac chi dinh gy ra boi viéc nhiém virut lién quan t6i SARS-CoV-2.
E91 1a phuong phép xac dinh con duong té bao hodc virut can trd chirc nang cia cac thanh
phin ma c6 thé dugc sir dung dé diéu tri cac chi dinh gay ra boi viéc nhiém SARS-CoV-2
bing cach dimg hop chét trc ché SARS-CoV-2 proteaza theo bat ky mdt trong s6 E1 dén
E30, E45 dén E46, ES0, E50a, E59 dén E68 va E80 dén E83.
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E92 1a phwong phap st dung hop chét tc ché SARS-CoV-2 proteaza theo bat ky mot trong
s6 E1 dén E30, E45 dén E46, E50, E50a, E59 dén E68 va E80 dén E83 lam céc cong cu
dé hidu duogc co ché tic dong cua cac chét trc ché SARS-CoV-2 khac.

E93 1a phuong phap st dung hop chét trc ché proteaza tuong tu 3C ctia SARS-CoV-2 theo
bét ky mot trong sé E1 dén E30, E45 dén E46, ES0, ESOa, E59 dén E68 va E80 dén E83
@ tién hanh cac thir nghiém dinh hinh gen dé kiém soét sy diéu hoa xubi hodc ngugc cla
céc gen nhim muc dich xac dinh cac chét trc ché dé diéu tri cac chi dinh gdy ra boi viée
nhiém SARS-CoV-2 nhu COVID-19.

E94 13 duge phdm didu tri COVID-19 & dong vat 6 via chira lugng cia hop chét rc ché
proteaza twong tu 3C cua SARS-CoV-2 theo bét ky mot trong s6 E1 dén B30, E45 dén
E46, E50, E50a, E59 dén E68 va E80 dén E83 14 hitu hiéu dé diéu tri COVID-19 cing v6i
chit mang dugc dung.

E95 13 phuong phap didu tri MERS & bénh nhén, phuong phép nay bao gdm viéc dung
lwong hitu hiéu tri liéu clia hop chét theo bit ky mot trong s6 E1 dén E30, E45 dén E46,
E50, E50a, B59 dén E68 va E80 dén E83 cho bénh nhan ¢6 nhu cau diéu tri bénh.

E96 13 phuong phap diéu tri MERS & bénh nhan, phuong phap nay bao gdm viéc dung
duoc pham theo b4t ky mot trong s6 E31 dén E35, E51, ESla, E75, E75a, E84 va E94 cho
bénh nhan ¢6 nhu cau diéu tri bénh.

E97 la phuong phéap uc ché hodc ngin ngira sy sao chép virut MERS bao gbdm viéc cho
3CL proteaza cta coronavirut SARS-CoV-2 tiép xtic v6i lugng hitu hiéu tri lieu cua hop
chét theo bét ky mot trong sé E1 dén E30, 45-46, 50, 50a, 59-68 va 80-83.

E98 1a phuong phap e ché hodc ngan ngira su sao chép virut MERS ¢ bénh nhén bao gbdm
viéc dung cho bénh nhén cé nhu cAu tc ché hodc ngin ngtra sy sao chép virut MERS luong
hitu hidu trj liéu cta hop chét theo bat ky mot trong s6 E1 dén E30, 45-46, 50, 50a, 59-68
va 80-83.

E99. Sir dung hop chét theo bt ky mot trong s6 E1 dén E30, 45-46, 50, 50a, 59-68 va 80-
83 dé diéu tri nhiém coronavirut.

E100. Str dung E99 trong d6 viéc nhiém coronavirut 1a COVID-19.

E101. Str dung hop chét theo bat ky mot trong s6 E1 dén E30, 45-46, 50, 50a, 59-68 va
80-83 trong bao ché thubc.

E102 12 hop chét theo phuong an bét ky mot trong sd cac phuong an El dén E30, hoic

mudi duoc dung ctia no, dé sit dung lam thuoc.
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E103 13 hop chét theo phuong &n bét k¥ trong s cac phuong 4n E1 dén E30, hodc mudi
duoc dung cua né, dé sir dung trong phwong phap diéu tri, trong d6 phuong phap nay la

nhu duge mb ta theo phurong 4n bat ky trong s6 cac phuong an E36 dén E41.

MG ta vén tit cac hinh vé

Fig. 1: MAu bdt nhifu xa tia X cta 13, metyl terz-butyl ete solvat, Dang rén 2, tr quy trinh
tbng hop khac ctia Vi du 13, metyl fert-butyl ete solvat; Tao dang ran 2.

Fig. 2: MAu bdt nhifu xa tia X cta 13, metyl terz-butyl ete solvat, Dang ran 2, tir quy trinh
tbng hop thir hai khac ctia Vi du 13, metyl zerz-butyl ete solvat; Tao dang ran 2.

Fig. 3: MAu bot nhifu xa tia X cta Vi du 13, Dang rén 1, tir quy trinh tai két tinh ctia Vi
du 13; Tao dang rén 1.

Fig. 4: X4c dinh cAu tric tia X ctia don tinh thé ciia Vi du 13, Dang ran 1. Biéu d0 ORTEP
duoc thé hién bang cac thong s6 hoan d6i v6i 50% kha nang.

Fig. 5: Su xép chdng mAu bot thu dugc cla Vi du 13, Dang rén 1, tix quy trinh tai két tinh
cua Vi du 13; Tao dang rén 1 (Fig. 3) va mau bot dugc tinh toan, tao ra qua phén mém
Mercury, tir dit liéu don tinh thé cta tia X duge phan phai ciia Dang 1 (xem céch xac dinh
cAu tric tia X ctia don tinh thé cia Vi du 13, Dang rén 1).

Fig. 6: MAu bot nhidu xa tia X cta Vi du 13, Dang ran 4, tir quy trinh téi két tinh khac cta
Vi du 13; Tao dang rén 4.

Fig. 7: X4c dinh c4u triic tia X ctia don tinh thé cia Vi du 13, Dang ran 4. Biéu d6 ORTEP
duoc thé hién bing cac théng s6 hoan doi véi 50% kha nang.

Fig. 8: Su xép chong mau bot thu duoc d6i véi vi du 13, Dang rén 4, tir quy trinh téi két
tinh khéc ctia Vi du 13; Tao dang rdn 4 (Fig. 6) va mau bot dugc tinh todn, tao ranhd phan
mém Mercury, tir dit liéu don tinh thé cua tia X dugc phan phai ciia Dang 4 (xem cach xac
dinh céu tric tia X cta don tinh thé cua Vi du 13, Dang ran 4).

Fig. 9: MAu bot nhidu xa tia X ctia Vi du 13, Dang rén 5, tir Vi du 96.

Fig. 10: MAu bdt nhidu xa tia X cta hop chét trung gian C16, muoi HCL.

Fig. 11: MAu bot nhiu xa tia X clia hop chét trung gian C91.

Fig. 12: X4c dinh ciu tric tia X cua don tinh thé cua hop chét trung gian C91. Biéu do
ORTEP dugc thé hién bing cac thong s hodn doi v6i 50% kha nang.

Fig. 13: MAu bot nhidu xa tia X ciia hgp chét trung gian C92.

Fig. 14: MAu bot nhifu xa tia X clia hop chat trung gian C42.
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Fig. 15: Xéc dinh cAu tric tia X cta don tinh thé ctia hop chét trung gian C42. Biéu dd
ORTEP dugc thé hién bang cac thong s6 hoan ddi véi 50% kha ning.

M3 ta chi tiét sang ché
Nhim muc dich sang ché, nhu md ta va duge yéu ciu bao ho & day, cac thuat ngt dudi
day dugc xac dinh 1a nhu sau:

Trong ban md ta nay, cac thuat ngft “bao gdm” va “gdbm” dugc st dung voi nghia
ma&, khong gidi han cua ching. Thuat ngr “diéu tri”, nhu duoc sur dung trong ban mod ta
nay, trir khi c¢6 chi dan khac, c6 nghia 1a dao ngugc, thuyén giam, Gc ché su tién trién cua,
hoac ngan ngura 161 loan hodc tinh trang ma céc thudt ngit nay ap dung, hodc mdt hodc
nhiéu triéu chimg ctia ri loan hodc tinh trang nay. Trong cac phwong phap diéu tri COVID-
19, cAn phai hiéu ring COVID-19 Ia bénh gy ra & cac bénh nhén bi nhiém virut SARS-
CoV-2. Virut SARS-CoV-2 cin duoc hiéu 12 bao ham ching dwgc phét hién ban dau cua
virut cfing nhu cac ching dét bién ma xuét hién, nhu nhung khong chi gidi han 6, cac
ching nhu B.1.1.7 (bién thé Anh), B.1.351 (bién thé Nam Phi), P.1 (bién thé Braxin) va
B.1.427/B.1.429 (c4c bién thé Califonia). Thudt ngit “viéc diéu tri”, nhu duoc sir dung
trong ban mo ta nay, trir khi c6 chi dAn khéc, ding dé chi hanh dong diéu tri nhu thuat ngit
“diu tri” duoc x4c dinh ngay trén day.

Thuét ngtt “bénh nhan” dung dé chi cac dong vat mau néng nhu, vi du, chudt déng,
chudt nhét, chudt, chudt nhay, meéo, tho, cho, gia suc, dé, cuu, ngua, khi, tinh tinh, va
ngudi. D8I véi viée didu tri COVID-19, cic phuong phép theo sang ché 1 ddc biét hitu ich
dé diéu tri bénh nhan 13 nguoi.

Thuat ngit “dugc dung” c6 nghia la chét hodc ché pham phai twong hop, vé mat
héa hoc va/hoidc ddc tinh, véi cac thanh phé‘m khéac bao gém ché phém, va/hoac dong vat
¢6 vi can duoc diéu tri cing v6i.

Thuét ngit “lugng hitu hiéu tri liéu” c6 nghia 1a lugng hop chét theo sang ché ma
(i) diéu tri hodc ngan ngira bénh, tinh trang, hodc r6i loan cu thé, (i) 1am giam, cai thién,
hodc loai trir mdt hodc nhiéu triéu chimg cua bénh, tinh trang, hodc rbi loan cu thé, hodc
(iil) ngan nglra hodc tri hodn su khéi phat cua mot hodc nhiéu triéu chimg cta bénh, tinh
trang, hodc 161 loan cu thé dugc mo ta & day.

Thuat ngft "alkyl” nhu dugc st dung trong ban mo ta nay dung dé chi phén tir thé
hydrocarbyl bdo hoa mach thang hodc mach nhanh (tuc 14, phan tir thé thu dugc tir
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hydrocacbon bang cach loai bé hydro); theo mot phwong an chira tir mot dén tam nguyén
tir cacbon, theo phurong an khac mot dén sau nguyén tir cacbon va theo phwong an khac
nita mét dén ba nguyén tir cacbon. Vi du khong gi6i han vé cac phé“m ttr thé nay bao gdm
metyl, etyl, propyl (bao gdm n-propyl va isopropyl), butyl (bao gdm n-butyl, isobutyl, sec-
butyl va fert-butyl), pentyl, isoamyl, hexyl, heptyl, octyl va twong tu. Theo phuong an khac
chira mot dén ba cacbon va bao gdm metyl, etyl, n-propyl va isopropyl.

Thuét ngit "alkynyl” nhu dugc st dung trong ban mo ta nay dung dé chi phan tir thé
hydrocarbyl bdo hoa mach thing hoic mach nhanh ma chira lién két ba cacbon-cacbon (tirc
13, phan tir thé thu duge tir hydrocacbon chita lién két ba bang cach loai bé hydro); theo
mot phuong an chura tir hai dén sau nguyén tir cacbon. Vi du khong giéi han vé cac phan
tir thé nay bao gdm prop-2-yn-1-yl, but-3-yn-1-yl, pent-4-yn-1-yl va hex-5-yn-1-yl.

Thuét ngit "alkoxy” dung d& chi phan tir thé hydrocarbyl bao hoa mach thang hosc
mach nhanh dugc gén vao gbe oxy (ttc 13, phén tir thé thu duoc tir rwou hydrocacbon bang
cach loai bo hydro khoi OH); theo mdt phwong 4n chira tir mot dén sau nguyén ti cacbon.
Vi du khong gi6i han v& cac phéan tir thé nay bao gdbm metoxy, etoxy, propoxy (bao gbm
n-propoxy va isopropoxy), butoxy (bao gdm n-butoxy, isobutoxy, sec-butoxy va tert-
butoxy), pentoxy, hexoxy va twong tu. Theo phwrong an khac c6 mot dén ba cacbon va bao
gdm metoxy, etoxy, n-propoxy va isopropoxy. Nhém alkoxy ma dugc gén vao nhom alkyl
duoc goi la alkoxyalkyl. Vi du vé nhom alkoxyalkyl 12 metoxymetyl.

Thuét ngtt "alkynyloxy” dung dé chi phan tir thé hydrocarbyl bdo hoa mach thing
hoic mach nhanh chtra lién két ba cacbon-cacbon duoc gén vao gdc oxy (tc 13, phan tir
thé thu dugc tir regu hydrocacbon chira lién két ba bang céch loai bo hydro khoi OH); theo
mot phuong an chira tir ba dén sau nguyén tir cacbon. Vi du khdng giéi han v& cac phan tir
thé nay bao gdbm propynyloxy, butynyloxy va pentynyloxy va twong tu.

Trong mot s6 trudong hop, s6 lwong nguyén tir cacbon trong phén tir thé hydrocarbyl
(ttc 13, alkyl, xycloalkyl, v.v.) dugc chi ra boi tién td “Cx-Cy-" hodc “Cx.y”, trong d6 x la
s6 tdi thiéu va y 12 s6 t6i da ctia nguyén tir cacbon trong phén tir thé. Do d6, vi du, “Ci-Cs
alkyl” hodc “Cys alkyl” dimg d& chi phan tir thé alkyl chira tir 1 dén 8 nguyén tir cacbon,
“C1-Cs alkyl” hodc “Ci.salkyl” dimg dé chi phan tir thé alkyl chira tir 2 dén 6 nguyén t
cacbon, “C;-C; alkyl” hodc “Ci; alkyl” dung dé chi phan tir thé alkyl chua tir 1 dén 3
nguyén tir cacbon. Bing cach minh hoa tiép, C3-Ce xycloalkyl hodc Cs-xycloalkyl dung

dé chi nhom xycloalkyl bdo hoa chira tir 3 dén 6 nguyén tir cacbon trén vong.
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Thuét nglt "xycloalkyl” dung dé chi phan tir thé cacbon trén vong thu dwoc bang
cach loai bd hydro tir phén tir cacbon vong bao hoa, vi du phan tir thé c6 ba dén bay nguyén
tir cacbon. Thuét nglt “xycloalkyl” bao gbdm vong cacbon bdo hoa mot vong. Thuét ngit
“C3-Cy xycloalkyl” c6 nghia 1a gbc ctia hé vong ¢6 ba dén bay canh ma bao gdm cac nhém
xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, va xycloheptyl. Thuat ngt “Cs-Ce
xycloalkyl” c6 nghia la gbc cua hé vong c¢6 ba dén sau canh ma bao gdm cac nhém
xyclopropyl, xyclobutyl, xyclopentyl va xyclohexyl. Cac nhom xycloalkyl cling ¢6 thé 1a
vong cacbon hai vong hodc vong xo4n. Vi du, thuat ngit “Cs-Ci2 xycloalkyl” bao gdm céc
vong cacbon mot vong va cac gbc xycloalkyl hai vong va vong x04n nhu bixyclopentyl,
bixyclohexyl, bixycloheptyl, bixyclooctyl, bixyclononyl, spiropentyl, spirohexyl,
spiroheptyl, spirooctyl va spirononyl.

Thuét ngit “C3-Cs xycloalkoxy” dung dé chi nhom xycloalkyl c6 ba dén sau canh
duoc gin vao gbc oxy. Vi du bao gbdm xyclopropoxy, xyclobutoxy, xyclopentoxy va
xyclohexoxy.

Thuét ngit “aryl” dung dé chi hé vong cacbon thom. Thuét ngit “Ce-Cio aryl” dung
dé chi hé vong cacbon thom c6 3 dén 10 nguyén tir va bao gdm phenyl va naphtyl.

Trong mot sb trudng hop, s6 luong cac nguyén tir trong phan tir thé vong chira mot
hodc nhidu nguyén tir khac loai (tic 14, heteroaryl hodc heteroxycloalkyl) dugc chi dinh
bi tién t6 “x dén y canh”, trong d6 x la s6 tdi thiéu va y 12 s6 t6i da cia cac nguyén tir tao
gbc vong ciia phan tr thé. Do do, vi du, “heteroxycloalkyl c6 4 dén 6 canh” ding dé chi
heteroxycloalkyl chura tir 4 dén 6 nguyén ti, bao gdm mot dén ba nguyén tt khac loal,
trong gbc vong ctia heteroxycloalkyl. Tuong tu, cum tir “heteroaryl ¢ 5 dén 6 canh” dung
@& chi heteroaryl chua tir 5 dén 6 nguyén tir, va “heteroaryl ¢6 5 dén 10 canh” dung dé chi
heteroaryl chira tir 5 dén 10 nguyén tu, mdi bao gdbm mét hozc nhidu nguyén tir khac loai,
trong gbc vong cua heteroaryl. Hon thé nita, cdc cum tir “heteroaryl c6 5 canh” va
“heteroaryl ¢6 6 canh” dé chi hé vong thom di vong c6 5 canh va hé vong thom di vong ¢6
sau canh, mot cach twong tmg. Nguyén tir khac loai ¢ mat trong cac hé vong nay dugc
chontur N, O va S.

Thuét ngit “hydroxy” hodc “hydroxyl” dung dé chi —OH. Khi duoc st dung két hop
v6i (c4c) thuat ngft khéc, tién t6 “hydroxy” chi raring phan tir thé ma tién t& dugc gan vao
duoc thé bang mot hoc nhiéu phan tir thé hydroxy. Céc hop chit mang cacbon ma vdi

mot hoac nhiéu phén ttr thé hydroxy bao g@)m, vi du, céac ruou, enol va phenol. Cac thuat
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ngft xyano va nitril dé chi nhém -CN. Thuat ngit “ox0” c6 nghia 1a oxy duoc gén vao
cachon boi lién két doi (tic 13, khi R* 13 oxo sau d6 R* cing véi cacbon ma nd dugc gan
vao 1a gbc C=0).

Thuat ngft “halo” hoac “halogen” dung dé chi flo (ma ¢ thé dugc mo ta 1a -F), clo
(ma c6 thé dugc md ta 13 -Cl), brom (ma c6 thé duge md ta 1a -Br), hodc iot (ma c6 thé
dugc mo ta la -I).

Thuét ngit “heteroxycloalkyl” ding dé chi phan tir thé thu dugc bang cach loai bo
hydro ttr cAu tric vong bao hoa hodc bdo hoa mot phén chira téng sb nguyén tu cu thé, nhu
4 @én 6 nguyén tir trén vong hodc 4 dén 12 nguyeén tu, trong do it nhét mot trong sb cac
nguyén tir trén vong 12 nguyén tir khac loai (ttc la, oxy, nito, ho#c luu huynh), véi nguyén
ttr trén vong con lai doc 14p duogc chon tir nhém bao gdm cacbon, oxy, nito, va luu huynh.
Luu huynh cé thé dugc oxy héa [tic 13, S(O) hodc S(0)2] hodc khdng. Trong nhém co
phan tir thé heteroxycloalkyl, nguyén tir trén vong cua phdn tir thé heteroxycloalkyl ma
duge gin két véi nhom cé thé 1a nguyén tir khac loai nito, hodc né ¢6 thé 12 nguyén ti
cacbon trén vong. Twong tw, néu phan tir thé heteroxycloalkyl 14n lugt duge thé bang nhém
hodc phan tir thé, thi nhém hodc phan tir thé ¢6 thé duoc gan két voi nguyén tir khac loai
nito, hodc né c6 thé duoc gan két véi nguyén tir cacbon trén vong. Can phai hiéu rang
nhom di vong c6 thé 13 mot vong, hai vong, da vong hodc vong XO4n.

Thuét ngtt “heteroaryl” dung @8 chi cAu tric nhan thom chita s6 nguyén tir trén
vong cu thé trong d6 it nhét mot trong sd cac nguyén tir trén vong la nguyén tir khéac loai
(tic 13, oxy, nito, hodc luu huynh), véi nguyén tir trén vong con lai doc 1ap duogc chon tur
nhém bao gém cacbon, oxy, nito, va luu huynh. Vi du vé cac phﬁn ttr thé heteroaryl bao
gdm céc phan tir thé heteroaryl ¢6 6 canh nhu pyridyl, pyrazyl, pyrimidinyl, va pyridazinyl;
va cac phan tur thé heteroaryl c6 5 canh nhu triazolyl, imidazolyl, furanyl, thiophenyl,
pyrazolyl, pyrolyl, oxazolyl, isoxazolyl, thiazolyl, 1,2,3-, 1,2,4-, 1,2,5-, hodc
1,3.4-oxadiazolyl va isothiazolyl. Nhom heteroaryl cling c6 thé 1a nhém di thom hai vong
nhu indolyl, benzofuranyl, benzothienyl, benzimitazolyl, benzothiazolyl, benzoxazolyl,
benzoisoxazolyl, oxazolopyridinyl, imidazopyridinyl, imidazopyrimidinyl va tuong tu.
Trong nhém co phan tir thé heteroaryl, nguyén ti trén vong cua phan tir thé heteroaryl ma
dugc gén két voi nhém c6 thé 13 mot trong sb cac nguyén tir khac loai, hodc né co6 thé 1a
nguyén tir cacbon trén vong. Tuong tu, néu phan tir thé heteroaryl 1an luot dugc thé bang

nhom hodc phan tir thé, thi nhém hodc phan tir thé ¢6 thé dwoc gén két v6i mot trong sd
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cac nguyén tir khéc loai, hodc nd cé thé dugc gin két véi nguyén tir cacbon trén vong.
Thuét ngfr “heteroaryl” ciing bao gdm pyridyl N-oxit va cic nhém chira vong pyridin N-
oxit. Ngoai ra, nhém heteroaryl co thé chira nhém oxo nhw nhém c6 mit trong nhém
pyridon. Vi du khac bao gdém furyl, thienyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, pyridinyl,
pyridazinyl, pyrimidinyl, pyrazinyl, pyridin-2(1H)-onyl, pyridazin-2(1/H)-onyl, pyrimidin-
2(1H)-onyl, pyrazin-2(1H)-onyl, imidazo[1,2-a]pyridinyl, va pyrazolo[1,5-a]pyridinyl.
Heteroaryl c6 thé con duoc thé nhu duoc xac dinh & day.

Vi du vé heteroaryl va heteroxycloalkyl mot vong bao gdm furanyl, dihydrofuranyl,
tetrahydrofuranyl, thiophenyl, dihydrothiophenyl, tetrahydrothiophenyl, pyrolyl,
isopyrolyl, pyrolinyl, pyrolidinyl, imidazolyl, isoimidazolyl, imidazolinyl, imidazolidinyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, triazolyl, tetrazolyl, dithiolyl, oxathiolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, thiazolinyl, isothiazolinyl, thiazolidinyl,
isothiazolidinyl, thiaoxadiazolyl, oxathiazolyl, oxadiazolyl (bao gdm oxadiazolyl,
1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, hodc 1,3,4-oxadiazolyl), pyranyl (bao gém
1,2-pyranyl hodc 1,4-pyranyl), dihydropyranyl, pyridinyl, piperidinyl, diazinyl (bao gdm
pyridazinyl, pyrimidinyl, piperazinyl, triazinyl (bao gdm s-triazinyl, as-triazinyl va
v-triazinyl), oxazinyl (bao g@)m 2H-1,2-oxazinyl, 6 H-1,3-oxazinyl, hodc 2H-1,4-oxazinyl),
isoxazinyl (bao gbém o-isoxazinyl hodic p-isoxazinyl), oxazolidinyl, isoxazolidinyl,
oxathiazinyl (bao gdm 1,2,5-oxathiazinyl hodc 1,2,6-oxathiazinyl), oxadiazinyl (bao gdm
2H-1,2,4-oxadiazinyl hoac 2H-1,2,5-oxadiazinyl), va morpholinyl.

Thuat ngit “heteroaryl” cd thé cling bao gém, khi dugc mé ta cu thé nhu vay, cac
hé vong c6 hai vong trong d6 cac vong nhu vay co thé duoc ngung tu va trong d6 mot vong
14 thom va vong con lai khong phai 1a phan déy du cta hé thom dugec tiép hop (tic 1a, vong
di vong thom c6 thé dugce ngung tu thanh vong xycloalkyl hodc heteroxycloalkyl). Vi du
khong gidi han vé cac hé vong nay bao gém 5,6,7,8-tetrahydroisoquinolinyl, 5,6,7,8-
tetrahydroquinolinyl, 6,7-dihydro-5H-xyclopenta[b]pyridinyl, 6,7-dihydro-5H-
xyclopenta[c]pyridinyl, 1,4,5,6-tetrahydroxyclopenta[c]pyrazolyl, 2,4,5,6-
tetrahydroxyclopenta[c]pyrazolyl, 5,6-dihydro-4H-pyrolo[1,2-b]pyrazolyl, 6,7-dihydro-
SH-pyrolo[1,2-b][1,2,4]triazolyl, 5,6,7,8-tetrahydro-[1,2,4]triazolo[1,5-a]pyridinyl,
4,5,6,7-tetrahydropyrazolo[1,5-a]pyridinyl, 4,5,6,7-tetrahydro-1/7-indazolyl va 4,5,6,7-

tetrahydro-2H-indazolyl. Can phai hiéu ring néu gdc vong cacbon hodc di vong cé thé
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duoc lién két hodc bang cich khac dugc gén vao co chét duge chi dinh thong qua céc
nguyén tit trén vong khac nhau ma khong chi ¥ t6i diém gén cu thé, thi tat ca cac diém c6
thé dugc du dinh, liéu c6 thong qua nguyén tir cacbon hodc, vi du, nguyén ti nito hoa tri
ba. Vi dy, thuat ngit “pyridyl” c6 nghia 1a 2-, 3- hodc 4-pyridyl, thudt ngit “thienyl” co
nghia la 2- hodc 3-thienyl, va v.v..

Néu céc phan tir thé duge mé ta 12 “doc 1ap” ¢6 nhiéu hon mt bién, thi moi truong
hop vé phan tir thé duge chon ddc 1ap clia (cac) phan tir thé khac tir danh sach cac bién c6
sin. Mbi phan tir thé do d6 c6 thé 12 gibng hodc khéc so véi (cac) phan tir thé khéc.

Néu cac phan tir thé duoc mo ta 1a “doc 1ap dugc chon” tir nhom, thi mdi trudng
hop vé phan tir thé dwoc chon doc 14p cua (cac) phan tir thé khac. M&i phan ti thé do do
¢6 thé 12 gidng hozc khéc nhau tir (cac) phan tir thé khéc.

Trong ban mo ta nay, thuat ngit “Cong thirc I, “Cong thire I’ ” hodc “Cong thirc
I” ” c6 thé dudi day duge goi 1a “(cac) hop chit theo sang ché”, “sang ché,” va “(cac) hop
chét ¢6 cong thirc I, I’ hodc I”. Céc thuét ngit nay ciing dugc xéac dinh d& bao gom tat ca
céc dang cua hop chét c6 cong thuc I, I’ va I” bao gdm cac hydrat, cac solvat, cac chét
ddng phan, tinh thé va dang khong két tinh, dang ddng hinh, dang da hinh, va cac chét
chuyén héa ctia ching. Vi du, cac hop chét theo sang ché, hodc mudi duge dung cua ching,
c6 thé ton tai & dang khong dugc solvat hoa va dugce solvat hoa. Khi dung moi hoac nudc
dwoc gén két chat ché, thi phirc hop s& c6 tinh doc 1ap héa 1ap thé vé do am duge x4c dinh
1d. Tuy nhién, khi dung mdi hodc nudc duge gén két yéu, nhu & kénh céc solvat va cac
hop chat hut 4m, ham lugng nude/dung méi s& phu thude vao didu kién do 4m va lam kho.
Trong céc trudng hop nhu vay, khong phai héa lap thé s& 1a tiéu chuén.

Céac hop chat theo sang ché ¢6 thé c6 mat & dang ludi hodc cac phuc hop khac.
Duoc bao gdm trong pham vi theo sang ché 14 cac phirc hgp nhu dang ludi, cac phirc hop
thé viii thube-vat chi trong d6 thube va vét chi ¢6 mit v6i hé s ty lwong hodc khong phai
hé sb ty lugng. Ciing bao gdm 1a cac phirc hop cua céc hop chét theo sang ché chira hai
hodc nhiéu hop phan hiru co va/hodc vo co, ma b thé 13 & hé sb ty luong hodc khong phai
hé s6 ty luong. Cac phire hop thu dugce cd thé duoc ion hoa, dugce ion hda mot phﬁn, hoéac
khong dugc ion hoa. Khi xem xét cac phirc hop nay, xem J. Pharm. Sci., 64 (8), 1269-1288
by Haleblian (August 1975).

Céc hop chét theo sang ché c6 nguyén tr cacbon khong dbi xtmg. Cac lién két

cacbon-cacbon ctia cac hop chét theo sdng ché c6 thé dugc mo ta & day st dung dudng nét
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lién ( ), dang hinh ném lién (—===), hozc dang hinh ném nét dut ("), Vige st

dung dudng nét lidn dé mo ta cac lién két v6i nguyén tir cacbon khong d6i xtmng c6 nghia
a chi ra tAt c4 cac chét ddng phan 1ap thé c6 thé ¢6 (vi dy, cac chit dong phan doi anh cu
thé, hdn hop raxemic, v.v.) & nguyén tir cacbon dugc bao gém. Viéc st dung dang hinh
ném nét lién hoic dang hinh ném nét dirt dé mo ta cc lién két voi nguyén tir cacbon khong
d6i xtng c6 nghia 1a chi ra rang chi c6 cac chét ddng phan lap thé duoc thé hién c6 nghia
13 duoc bao gdm. C6 thé ring cac hop chat ¢6 cong thic I, I’ va I” ¢6 thé chira nhiéu hon
mot nguyén tir cacbon khong d6i xting. Trong cac hop chat do, viéc st dung dudng nét
lidn dé mo ta lién két véi nguyén tir cacbon khong dbi xng c6 nghia 12 chi ra tat ca cac
chét ddng phan 1ap thé c6 thé c6 nghia 12 dugc bao gdm. Vi dy, trir khi c6 chi dan khéc,
dwoc du dinh ring cac hop chét c6 cong thirc I, I’ va I” ¢6 thé ¢6 mat & dang cac chét dong
phan d6i anh va cac chét ddng phan khong dbi quang hogc 1am chét triét quang va hdn hop
clia ching. Viée st dung dudng nét lidn dé mé ta lin két véi mot hodc nhiéu nguyeén tir
cacbon khong d6i xtmg trong hop chét ¢6 cong thitc I, I’ va I” va viéc st dung dang hinh
ném nét lién hodc dang hinh ném nét dtt dé mo ta lién két voi nguyén tir cacbon khong doi
xting khac trong cung mot hop chit c6 nghia 14 chi ra ring hdn hop chira cac chét dong
phan khéng dbi quang c6 mit.

Céc chét ddng phan 1ap thé c6 cong thire I, T’ va I” bao gdm céc chat dong phan cis
va trans, cac chit ddng phan di ciu quang hoc nhu cac chét ddng phan ddi anh R va S, cac
chét ddng phén khong dbi quang, chat ddng phan di hinh, chat dong phan quay, chét dong
phan cdu dang, va chat hd bién cua cac hop chat theo sang ché, bao gdm cac hop chét ¢6
nhidu hon mot loai ddng phéan; va hon hgp cua ching (nhu chét triét quang va cap dong
phan khong déi quang). Ciing bao gdm 13 cac mudi cong axit hodc cong bazo trong d6 ion
12 quang hoat, vi dy, D-lactat hodc L-lysin, hodc raxemic, vi du, DL-tartrat hodc DL-
arginin.

Khi cac tinh thé triét quang bat ky, tinh thé cta hai loai khéc nhau c6 the c6 mt.
Loai thir nhét 12 hop chét raxemic (chét triét quang thuc) dé chi hop chét néu trén trong do
mdt dang ddng nhat cta tinh thé duoc tao ra chira ca hai chét ddng phan dbi anh véi cac
lwong ding phan tir. Loai thit hai 12 hdn hop raxemic hogc khéi két trong d6 hai dang tinh
thé dugc tao ra voi cac lugng d4ng phan tir, mdi dang bao gbm mot chét ddng phan dbi

anh.
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Céc hop chét theo sang ché nhu cac hop chit c6 cong thie I, I' va I” ¢6 the c6 hién
tuong hd bién; cac chit hd bién nay ciing dwge coi 1a céc hop chat theo sing ché. Thtca
céc dang h bién nhu vy, va hdn hop cta ching, dugc bao gdm trong pham vi cua cac
hop chit c6 cong thire I, I’ va I”. Chit h bién c6 mat & dang hon hop clia nhém hd bién
trong dung dich. O dang ran, thong thuong mot chét hd bién chiém wu thé. Mic du mot
chét h3 bién c6 thé duge mo ta, nhung sang ché bao gbm tat ca cac chét hd bién cta cac
hop chét c6 cong thire I, I’ va I” va cac mudi cia chung.

Cum tir “(céc) mubi dugc dung”, nhu dugce s dung trong ban mo ta nay, tr khi co
chi dan khac, bao gdm cac mudi ctia nhém axit hodc bazo ma c6 thé c6 mat trong cac hop
chit duoc mb ta & day. Cac hop chét dugc st dung trong cac phuong phép theo sang ché
¢6 ban chét bazo ¢6 kha ning tao ra nhiéu loai mudi véi cac axit vO co va axit hitu co khéc
nhau. Céc axit ma c6 thé duoc st dung dé didu ché mudi cong axit duge dung ciia cac hop
chét bazo nhu vay la céac mubi tao ra mudi cdng axit khong doc, nghia la, cac mubi chira
anion c6 thé chép nhan duoc trong dugc ly, nhu cac mudi axetat, benzensulfonat, benzoat,
bicacbonat, bisulfat, bitartrat, borat, bromua, canxi edetat, camsylat, cacbonat, clorua,
clavulanat, xitrat, dihydroclorua, edetat, edislyat, estolat, esylat, etylsuxinat, fumarat,
gluceptat, gluconat, glutamat, hexylresorcinat, hydrabamin, hydrobromua, hydroclorua,
iodua, isethionat, lactat, lactobionat, laurat, malat, maleat, mandelat, mesylat, metylsulfat,
mucat, napsylat, nitrat, oleat, oxalat, pamoat (embonat), palmitat, pantothenat,
phosphat/diphosphat, polygalacturonat, salixilat, stearat, subaxetat, suxinat, tanat, tartrat,
teoclat, tosylat, triethiodod, va cac mudi valerat.

Di v6i cac hop chat theo sang ché duoc stir dung trong cac phuong phap theo sang
ché, néu cac hop chat cling c6 mit ¢ dang hd bién, sau d6 sang ché nay dé cap dén cac chat
h3 bién va viée st dung tAt ca cac chét hd bién nhu vay va hon hop cia ching.

Séng ché ciing bao gdm c4c hgp chét va cac phuong phap diéu tri nhiém coronavirut
nhu COVID-19 va cée phuong phap trc ché SARS-CoV-2 véi céc hop chét duge danh dau
dong vi, 1a gidng cac hop chit dugc dua ra & day, nhung trén thuc té rdng mot hodc nhiéu
nguyén tir dugc thay thé bang nguyén tit c6 khéi lugng nguyén tir hodc s6 khéi khéc so véi
khéi luong nguyén ttr hodc 56 khéi thuong thay trong tw nhién. Vi du vé cac chat dong vi
6 thé duoc két hop vao cac hop chét theo sang ché bao gdm céc chét dong vi ctia hydro,
cacbon, nito, oxy, phospho, flo va clo, nhu 2H, *H, °C, "*C, "N, 180,170, 31p, 2P, 338, BF,

va 3°CI, mot cach tuong tmg. Cac hop chét theo sang ché, cac tién dugc chét cia ching,
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va cac mubi duge dung cua cac hop chat nay hoic cua céc tién dugc chat nay chua cac
chét dong vi trén day va/hodc cac chét ddng vi ciia cac nguyén tir khac 1a nam trong pham
vi theo sang ché nay. Céc hop chét duge danh dau dong vi nhat dinh theo sang ché, vi du
cic hop chét ma cac chit ddng vi phéng xa nhu *H va “C dugce két hop vao, 1a hitru ich
trong céc thir nghiém phan bé thudc va/hodc mé co chat. Pugc tritiat hoa, ngha 13, °H, va
cacbon-14, nghia 13, C, cac chat ddng vi dic biét duge vu tién dé d& diéu ché va phat
hién. Ngoai ra, viéc thay thé bang cac chat déng vi ning hon nhu doteri, nghia la, ’H, cb
thé thu duoc cc loi ich didu tri nhét dinh thu dugc tir 4 én dinh trao d6i chat 1on hon, vi
du yéu cAu thdi gian ban thai in vivo tang lén hodc gidm liéu lugng va, do dé, c6 thé duoc
wu tién trong mot s6 trudng hop. Cac hop chét dugc déanh ddu dong vi duoc sir dung trong
cac phuong phéap theo sang ché va céc tidn duoc chat cua chung c¢6 thé néi chung dugc
diéu ché bang cach tién hanh cac phuong phap dé didu ché cac hop chét duge boc 10 trong
linh vuc k¥ thuat nay bang cach thé mot cach dé dang chét phan tmg dugc danh ddu dong
Vi ¢6 sin dbi vi chét phan Gng khong duge danh dau chét dong vi.

Sang ché nay cling bao ham cac phuong phap s dung cac dugc pham va cac
phuong phép didu trj nhiém coronavirut nhu nhiém COVID-19 thong qua viéc dung cac
tidn duoc chét cia cac hop chét theo séng ché. Cac hop chét c6 cdc nhém amino, amido
hoac hydroxy tu do c6 thé dugc chuyén hoa thanh cac tién dugc chét. Cac tién duoc chét
bao gdm céc hop chét trong d6 gdc axit amin, hodc chudi polypeptit gdm hai hogc nhiéu
(vi du, hai, ba hodc bdn) géc axit amin duoc lién két cong hoa tri thong qua lién két este
v6i hydroxy cua cac hop chét dugc sir dung trong cac phuong phap theo sang ché nay. Céc
gdc axit amin bao gdm nhung khong chi giéi han ¢ 20 axit amin xuét hién trong ty nhién
thuong duge chi dinh boi ba ky hiéu chit va cling bao gbm 4-hydroxyprolin, hydroxylysin,
desmosin, isodesmosin, 3-metylhistidin, norvalin, beta-alanin, axit gamma-aminobutyric,
xitrullin, homoxystein, homoserin, ornithin va methionin sulfon. Cac loai tién duoc chét
khéc ciing duoc bao ham. Vi duy, cdc nhém hydroxy tu do c6 thé duoc tao dan xuét str dung
cic nhém bao gdm nhung khong chi giéi han ¢ hemisuxinat, phosphat este,
dimetylaminaxetat, va phosphoryloxymetyloxycarbonyl, nhu dugc dua ra trong Advanced
Drug Delivery Reviews, 1996, 19, 115. Cac tién dugc chét carbamat cia nhom hydroxy va
nhém amino ciing dugc bao gdm, 14 cac tién dugc chit cacbonat, sulfonat este va sulfat
este ctia nhém hydroxy. Dan xuit ctia cdc nhoém hydroxy nhu (axyloxy)metyl va

(axyloxy)etyl ete trong d6 nhom axyl c6 thé 13 alkyl este, tuy y dugc thé bang cac nhém
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bao gdm nhung khong chi giéi han & cac nhém chic ete, amin va axit carboxylic, hodc
trong d6 nhém axyl 1 este cua axit amin nhur dugc mo ta trén day, cing dugc bao ham.
CAc tién dugc chat thudc loai ndy dugc mo ta trong J. Med. Chem., 1996, 29, 10. Cac amin
tu do ciing ¢6 thé duge tao dan xuét nhw cac amit, sulfonamit hodc phosphonamit. T4t ca
cac gbe tién duoc chit nay c6 thé két hop cac nhom bao gdm nhung khong chi gi6i han &
c4c nhém chire ete, amin va axit carboxylic.

Céc hop chét theo sang ché c6 thé dugc sir dung trong cac phuong phép theo sang
ché két hop v6i cac thude khac. Vi dy, cho bénh nhan nhiém coronavirut SARS-CoV-2
(trc 14, bénh nhan bi COVID-19) dung chét vc ché 3CL proteaza cta coronavirut SARS-
CoV-2 theo sang ché va interferon, nhu interferon alpha, hodc interferon dugc pegylat hoa,
nhu PEG-Intron hodc Pegasus, ¢ thé tao ra loi ich 14m sang 16n hon so véi khi dung lidu
interferon, interferon dugc pegylat hda hodc chét (rc ché coronavirut SARS-CoV-2 riéng
1é. CAc tac nhan bd sung khac ma c6 thé dugc s dung trong cac phuong phap theo sang
ché bao gdm dexamethasone, azithromycin va remdesivir. Vi du vé céc loi ich 1Am sang
16n hon ¢6 thé bao gdm giam manh céc triéu chimg COVID-19, thoi gian thuyén giam
nhanh hon ctia cac triéu ching, bénh phdi gidm, gidm manh luong coronavirut SARS-
CoV-2 & bénh nhan (tai lugng virut), va gidm ty 1€ tir vong.

Coronavirut SARS-CoV-2 nhiém vao cic té bao biéu hién P-glycoprotein. Mot 5O
chét wrc ché coronavirut 3CL proteaza cuia SARS-CoV-2 theo sang ché 12 chét nén P-
glycoprotein. Cac hop chét Gic ché coronavirut SARS-CoV-2 ciing 13 chit nén P-
glycoprotein c6 thé duge dung lidu v6i chét e ché P-glycoprotein. Vi du vé céc chat trc
ché P-glycoprotein 1a verapamil, vinblastine, ketoconazol, nelfinavir, ritonavir hoac
xyclosporin. Cac chét tic ché P-glycoprotein tic dong bang cach e ché dong cac chét trc
ché coronavirut SARS-CoV-2 theo sang ché ndm ngoai té bao. Qua trinh trc ché dong trén
co s& P-glycoprotein s& ngan nglra viéc gidm cac ndng do6 nodi bao cua chét &rc ché
coronavirut SARS-CoV-2 do dong P-glycoprotein. Qu4 trinh rc ché dong P-glycoprotein
s& lam ting nong do ndi bao cua cac chét wrc ché coronavirut SARS-CoV-2. Cho bénh nhan
nhidm coronavirut SARS-CoV-2 dung chét e ché coronavirut 3CL proteaza clia SARS-
CoV-2 theo sang ché va chit tc ché P-glycoprotein ¢6 thé lam giam luong chat rc ché
coronavirut 3CL proteaza SARS-CoV-2 cAn d dat duoc lidu hiéu qua bang cach 1am tang

ndng do ndi bao cla chét e ché 3CL proteaza ctia coronavirut SARS-CoV-2.
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Trong sb cac tac nhan ma c6 thé duoc sir dung dé tang kha ning tiép xtc cua dong
VAt c6 vi1 v6i hop chét theo séng ché thi tac nhan c6 thé c6 tac dung lam cac chét dc ché it
nhat mot dang dong phén cua enzyme sic t té bao P450 (CYP450 - cytochrome P450).
Céac dang dong phan cua CYP450 c6 thé dugc (e ché theo cach c6 lgi bao gbm, nhung
khong chi giéi han & CYP1A2, CYP2D6, CYP2C9, CYP2C19 va CYP3A4. Cac hop chét
duogc str dung trong cac phuong phép theo sang ché bao gdm cac hop chét c6 thé 1a co chét
CYP3A4 va dugce chuyén hoa bdi CYP3A4. Cho bénh nhan nhiém coronavirut SARS-
CoV-2 dung chét tc ché coronavirut SARS-CoV-2 ma la co chat CYP3A4, nhu chat tc
ché coronavirut 3CL proteaza SARS-CoV-2, va chét rc ché CYP3A4, nhu ritonavir,
nelfinavir ho#c delavirdine, lam giam qué trinh chuyén hoa cua chit tc ché coronavirut
SARS-CoV-2 béi CYP3A4. Pidu nay sé lam giam do thanh thai cta chat wc ché
coronavirut SARS-CoV-2 va ting ndng d6 ctia chat rc ché coronavirut SARS-CoV-2 trong
huyét twong. Do thanh thai giam va ndng do trong huyét trong cao hon ¢d thé lam giam
lidu hiéu qua cua chét e ché coronavirut SARS-CoV-2.
Céc tac nhan tri lidu bd sung ma ¢6 thé dugc sir dung két hop véi céc chat (ic ché SARS-
CoV-2 trong cac phuong phap theo sang ché bao gdm cac tac nhan sau:

Céc chit e ché PLpro, Apilomod, EIDD-2801, Ribavirin, Valganciclovir, /-
Thymidine, Aspartam, Oxprenolol, Doxycyclin, Axetophenazin, Topromit, Riboflavin,

Reproterol,  2,2" -Xycloxytidin,  Chloramphenicol, Chlorphenesin ~ carbamat,

Levodropropizin, Cefamandol, Floxuridin, Tigecyclin, Pemetrexed, axit L(+)-ascorbic,
Glutathion, Hesperetin, Ademetionin, Masoprocol, Isotretinoin, Dantvai tron, Sulfasalazin
Khang khudn, Silybin, Nicardipin, Sildenafil, Platycodin, Chrysin, Neohesperidin,
Baicalin, Sugetriol-3,9-diaxetat, (—)-Epigallocatechin galat, Phaitanthrin D, 2-(3,4-
Dihydroxyphenyl)-2-[[2-(3,4-dihydroxyphenyl)-3,4-dihydro-5 ,7-dihydroxy-2H-1-
benzopyran-3-yljoxy]-3,4-dihydro-2H-1-benzopyran-3,4,5,7-tetrol, 2,2-di(3-indolyl)-3-
indolon, (S)-(1S,2R,4aS,5R,8aS)-1-Formamido-1,4a-dimetyl-6-metylen-5 -((E)-2-(2-ox0-
2,5-dihydrofuran-3-yl)etenyl)decahydronaphtalen-2-yl-2-amino-3-phenylpropanoat,

Piceatannol, Axit Rosmarinic, va Magnolol.

Céic chét @c ché 3CLpro, Lymecyclin, Chlorhexidin, Alfuzosin, Cilastatin,
Famotidin, Almitrin, Progabide, Nepafenac, Carvedilol, Amprenavir, Tigecyclin,
Montelukast, Axit Carminic, Mimosin, Flavin, Lutein, Cefpiramit, Phenethicillin,
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Candoxatril, Nicardipin, BEstradiol valerat, Pioglitazon, Conivaptan, Telmisartan,
Doxycyclin, Oxytetracyclin, (15,2R,4aS,5R,8aS)-1-Formamido-1,4a-dimetyl-6-metylen-
5-((E)-2-(2-0%0-2,5-dihydrofuran-3-yl)etenyl)decahydronaphtalen-2-y15-((R)-1,2-
dithiolan-3-yl) pentanoat, Betulonal, Chrysin-7-O-f-glucuronit, axit Andrographisit,
(1S,2R,4aS,5R,SaS)-1-Formamido-1,4a-dimetyl-6-mety1en-5-((E)-2-(2-0X0-2,5-
dihydrofuran-3-yl)etenyl)decahydronaphtalen-2-yl 2-nitrobenzoat, 23-Hydroxy-3,4-seco-
friedelolacton-27-oic  (S)-(15,2R,4aS,5R,8aS)-1-Formamido-1,4a-dimetyl-6-metylen-5-
((E)-2-(2-0x0-2,5-dihydrofuran-3-yl)etenyl) decahydronaphtalen-2-yl-2-amino-3-
phenylpropanoat, Isodecortinol, Cerevisterol, Hesperidin, Neohesperidin, Andrograpanin,
2-((1R,5R,6R,8aS)-6-Hydroxy-5-(hydroxymetyl)-5,8a-dimetyl-2-
metylendecahydronaphtalen-1-yl)etyl benzoat, Cosmosiin, Cleistocalton A,
2,2-Di(3-indolyl)-3-indolon, Biorobin, Gnidicin, Phyllaemblinol, Theaflavin 3,3'-di-O-
galat, axit Rosmarinic, Kouitchensit I, axit Oleanolic, Stigmast-5-en-3-ol,

Deaxetylcentapicrin, va Berchemol.

Cac chat ac ché RdRp, Valganciclovir, Chlorhexidin, Ceftibuten, Fenoterol,
Fludarabine, Itraconazol, Cefuroxim, Atovaquone, axit Chenodeoxycholic, Cromolyn,
Pancuroni bromua, Cortison, Tibolon, Novobiocin, Silybin, Idarubicin Bromocriptin,
Diphenoxylat, Benzylpenicilloyl G, Dabigatran etexilat, Betulonal, Gnidicin, 2,305-
Dihydroxy-3,4-seco-friedelolacton-27-lacton, 14-deoxy-11, 12-didehydroandrographolit,
Gniditrin, Theaflavin 3,3'-di-O-galat, (R)-((1R,5aS,6R,9aS)-1,5a-dimetyl-7-metylen-3-
0x0-6-((E)-2-(2-0x0-2,5-dihydrofuran-3-yl)etenyl)decahydro-1/-benzo[ c]azepin-1-
yl)metyl2-amino-3-phenylpropanoat, axit 23-Hydroxy-3,4-seco-friedelolacton-27-oic, 2-
(3,4-Dihydroxyphenyl)-2-[[2-(3,4-dihydroxyphenyl)-3,4-dihydro-5 ,7-dihydroxy-2H-1-
benzopyran-3-yljoxy]-3,4-dihydro-2H-1-benzopyran-3,4,5,7-tetrol, Phyllaemblicin B, 14-
hydroxyxyperotundon, Andrographisit, 2-((1R,5R,6R,8aS)-6-Hydroxy-5-(hydroxymetyl)-
5,8a-dimetyl-2-metylendecahydro naphtalen-1-yl)etyl benzoat, Andrographolit, Sugetriol-
3,9-diaxetat, Baicalin, (1S,2R,4aS,5R,8&S')-1-F0rmamid0-1,4a—dimety1-6-metylen-5-((E)-
2-(2-0x0-2,5-dihydrofuran-3-yl)etenyl)decahydronaphtalen-2-yl
5-((R)-1,2-dithiolan-3-yl)pentanoat, 1,7-Dihydroxy-3-metoxyxanthon, 1,2,6-trimetoxy-8-
[(6-O-B-D-xylopyranosyl-g-D-glucopyranosyl)oxy]-9H-xanthen-9-on, va 1,8-Dihydroxy-
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6-metoxy-2-[(6-O-B-D-xylopyranosyl-f-D-glucopyranosyl)oxy]-9H-xanthen-9-on, 8-(5-
D-Glucopyranosyloxy)-1,3,5-trihydroxy-9H-xanthen-9-on,

Céc tac nhan tri liéu bd sung c6 thé duge sir dung trong cac phurong phap theo sang
ché bao gém Diosmin, Hesperidin, MK-3207, Venetoclax, Dihydroergocristine, Bolazine,
R428, Ditercalinium, Etoposide, Teniposide, UK-432097, Irinotecan, Lumacaftor,
Velpatasvir, Eluxadoline, Ledipasvir, Lopinavir / Ritonavir + Ribavirin, Alferon, va
prednison. Céc tac nhan bd sung khac hitu ich trong cdc phuong phap theo sang ché bao
gdm dexamethasone, azithromycin va remdesivir cling nhu boceprevir, umifenovir va
favipiravir.

Céc tac nhan bd sung khac c6 thé duge sir dung trong cdc phuong phép theo sang
ché bao g@)m cac hop chét a-ketoamit duoc chi rala 11r, 13a va 13b, duoc thé hién dudi
day, nhu duge mé ta trong Zhang, L.; Lin, D.; Sun, X.; Rox, K.; Hilgenfeld, R.; X-ray
Structure of Main Protease of the Novel Coronavirus SARS-CoV-2 Enables Design of a-
Ketoamide Inhibitors; bioRxiv preprint doi: https://doi.org/10.1101/2020.02.17.952879

On e} H OH

n 9 Q o) X O o) o S 0

y N\)LZ;i e Ei/ﬁ IS Z—«i
©k/75 %\C” '8 ol JL SR SRS

11r 13a 13b

Céc tac nhan bd sung c6 thé duoc st dung trong cic phuong phap theo séang ché
bao gdm cac chat hoat héa con duong RIG 1 nhur cac chéat duoc mo ta trong Patent M¥ sd
9,884,876.

Céc tac nhan tri liéu bd sung khac bao gdm chét tic ché proteaza nhu cac chét dugc
mo ta trong Dai W, Zhang B, Jiang X-M, et al. Structure-based design of antiviral drug
candidates targeting the SARS-CoV-2 main protease. Science. 2020;368(6497):1331-1335
bao gdm céc hop chét nhu hop chit dwoc thé hién duéi day va hop chit dugc chi ra la
DC402234
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Phuong 4n khac theo sang ché 1a phuong phap diéu tri COVID-19 & bénh nhan
trong d6 ngoai viéc dung hop chét theo sang ché (tic 13 hop chét c6 cong thic I, I’ hodc
I” hoac solvat hoac hydrat ciia chiing hodc mudi duoc dung ciia hop chit hoic solvat hoic
hydrat cuia ching) tdc nhan bd sung duoc ding va tic nhan bd sung dwoc chon tir cac tac
nhan khéang virut nhu remdesivir, galidesivir, favilavir/avifavir, molnupiravir (MK-
4482/EIDD 2801), AT-527, AT-301, BLD-2660, favipiravir, camostat, SLV213
emtrictabine/tenofivir, clevudine, dalcetrapib, boceprevir va ABX464, cac glucocorticoit
nhu dexamethasone va hydrocortison, huyét twong dudng, huyét twong tai t6 hop cia
ngudi nhu gelsolin (Rhu-p65N), cac khang thé don dong nhu regdanvimab (Regkirova),
ravulizumab (Ultomiris), VIR-7831/VIR-7832, BRII-196/BRII-198, COVI-AMG/COVI
DROPS (STI-2020), bamlanivimab (LY-CoV555), mavrilimab, leronlimab (PRO140),
AZD7442, lenzilumab, infliximab, adalimumab, JS 016, STI-1499 (COVIGUARD),
lanadelumab (Takhzyro), canakinumab (Ilaris), gimsilumab va otilimab, hdn hop khang
thé nhu casirivimab/imdevimab (REGN-Cov2), protein dung hop tai t6 hop nhu MK-7110
(CD24F¢/SACCOVID), céc cht chéng dong nhw heparin va apixaban, Céc chat chu vin
thu thé IL-6 nhu tocilizumab (Actemra) va sarilumab (Kevzara), cac chét e ché PIKfyve
nhu apilimod dimesylat, cac chét e ché RIPK1 nhu DNL758, DC402234, chét chi van
thu thé VIP nhu PB1046, c4c chét e ché SGLT2 nhu dapaglifozin, cdc chat tc ché TYK
nhu abivertinib, cac chat e ché kinaza nhu ATR-002, bemcentinib, acalabrutinib,
losmapimod, baricitinib va tofacitinib, chit phong bé H2 nhw Famotidin, chét trir giun san
nhu niclosamide, cac chét e ché furin nhu diminazene.

Thuét ngit “tac nhan Gc ché SARS-CoV-2” ¢6 nghia 1 hgp cht (e ché proteaza

twong tu 3C cua coronavirut lién quan dén SARS-CoV-2 bat ky duoc md ta & diy hodc
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mubi duge dung, hydrat, tién duoc chét, chét chuyén hoéa hoat tinh hoac solvat ciia chung
hoic hop chét trc ché qua trinh sao chép ciia SARS-CoV-2 theo cach batky.

Thuét ngit “can tré hodc ngan nglra” qu4 trinh sao chép cua coronavirut lién quan
dén SARS-CoV-2 (“SARS-CoV-2”) trong t€ bao c6 nghia 12 1am gidm qua trinh sao chép
SARS-nCoV-2 hodc tao ra cac hop phin SARS-CoV-2 can thiét cho virut doi sau trong té
bao dugce diéu tri bang hop chét theo sang ché nay nhu dugc so sanh véi té bao khong duge
diéu tri bang hop chét theo sang ché. Cac thit nghiém don gian va thong thuong dé xac
dinh xem qua trinh sao chép virut SARS-CoV-2 ¢6 gidm hay khong bao gdm thir nghiém
ELISA déi v6i su c6 mat, ving mat, hodc c6 mat giam cia cac khang thé khang SARS-
CoV-2 trong méu cua d6i tuong (Nasoff, et al., PNAS 88:5462-5466, 1991), RT-PCR (Yu,
et al., in Viral Hepatitis and Liver Disease 574-577, Nishioka, Suzuki and Mishiro (Eds.);
Springer-Verlag, Tokyo, 1994). Cac phuong phap nhu vay 1a da biét dbi véi ngudi c6 hiéu
biét trung binh trong linh vuc k§ thuat nay. Theo cach khac, ARN toan phén tir cac té bao
“d6i chimg” dugc chuyén nhiém va nhidm c6 thé duoc phan Iap va dem phén tich bang
cach th4m diém hodc thdm northern va duge do bang ADN dic higu SARS-CoV-2 dé xac
dinh xem qué trinh sao chép SARS-nCoV-2 c6 giam hay khong. Theo cach khac, muc
giam su biéu hién protein ciia SARS-CoV-2 ciing ¢6 thé dugc sir dung 1am chit chi du
ctia su te ché qua trinh sao chép SARS-nCoV-2. Hon ndm muoi phén trim gidm trong
qué trinh sao chép SARS-nCoV-2 dugc so sanh v6i céc té bao dbi chimg thuong dinh
leong kha nang ngan nglra qua trinh sao chép SARS-nCoV-2.

Néu hop chét &c ché SARS-CoV-2 dugc su dung trong phuong phép theo sdng ché
12 bazo, thi mudi mong mudn cé thé duge diéu ché bing phuong phap thich hop bat ky da
biét trong linh vuc k¥ thuat ndy, bao gdm viéc xir Iy bazo tw do béng axit vo co (nhu axit
clohydric, axit bromhydric, axit sulfuric, axit nitric, axit phosphoric, va tuong tu), hoac
vé6i axit hiru co (nhu axit axetic, axit maleic, axit sucxinic, axit mandelic, axit fumaric, axit
malonic, axit pyruvic, axit oxalic, axit glycolic, axit salixylic, axit pyranosidyl (nhu axit
glucuronic hodc axit galacturonic), axit alpha-hydroxy (nhw axit xitric hodc axit tartric),
axit amin (nhw axit aspartic hodc axit glutamic), axit thom (nhu axit benzoic hodc axit
xinnamic), axit sulfonic (nhu axit p-toluenulfonic hodc axit etansulfonic), va tuong tu.

Néu hop chat e ché SARS-CoV-2 dugc st dung trong phuong phap theo sang ché
14 axit, thi mubi mong mudn c6 thé duoc diéu ché bang phuong phéap thich hop bat ky da

biét trong linh vure k¥ thudt nay, bao gdm viée xtr ly axit tu do béng bazo v6 co hodc hiru
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co [nhu amin (b4c mdt, b4c hai, hodc béc ba)], hydroxit kim loai kiém, hodc hydroxit kim
loai kidm thd. Vi du minh hoa vé cac mudi thich hop bao gdm cac mudi hitu co ¢6 ngudn
géc tlr axit amin (nhu glyxin va arginin), amoniac, amin bac mot, amin bac hai, amin béc
ba, va amin vong (nhu piperidin, morpholin, va piperazin), cling nhu céc mudi vo co ¢b
nguén géc tir natri, canxi, kali, magie, mangan, sat, dong, kém, nhom va lithi.

Trong trudng hop cac hop cht irc ché SARS-CoV-2, céc tién duge chat, cac mubi,
hoidc cac solvat & dang rén, ngudi ¢6 hiéu biét trung binh trong linh vyc nay s& hiéu rang
hop chét, cac tién duge chit, cac mubi, va cac solvat duge st dung trong phuong phap theo
séng ché, c6 thé tn tai & cac dang da hinh hogc tinh thé khac nhau, tat c4 ching dugc du
dinh d& bao ham trong pham vi theo sang ché va cac cong thirc cu thé. Ngoai ra, hop chit,
cac mubi, cac tién dugc chit va cac solvat dugc sir dung trong phuong phép theo sang ché
c6 thé c6 mit & dang chét hd bién, tat ca ching duge du dinh nam trong pham vi rong theo
sang ché.

Chét hoa tan cfing c6 thé duoc sir dung véi cac hop chét theo sang ché dé lam tang
d6 hoa tan cua cac hop chét trong nuée cua dung dich dugce chép nhan vé mit sinh ly. Cac
chét hoa tan nay bao gdm xyclodextrin, propylen glycol, dietylaxetamit, polyetylen glycol,
Tween, etanol va tac nhin tao mixen. Cac chét hoa tan duoc dua ra 13 xyclodextrin, dac
biét 12 beta-xyclodextrin va cu thé 1a hydroxypropyl beta-xyclodextrin va sulfobutylete
beta-xyclodextrin.

Trong mét sb trrdng hop, cac hop chat e ché SARS-CoV-2, cac mudi, cac tién
duoc chét va céc solvat dugce sit dung trong phuong phap theo sang ché c6 thé co cac tam
khong déi xtmg. Khi tim khong ddi ximg c6 mat, thi hop chét, cic mubi, céc tién duge
chit va céc solvat c6 thé c6 mit & dang cac chat ddng phan 1ap thé, chét triét quang riéng
1¢, va/hoic hdn hop ciia cac chét ddng phan ddi anh va/hoic cac chét ddng phan khong dbi
quang. Tét ca cac chat dong phan 1ap thé, chét triét quang riéng 1é ndy, va hon hop cia
chung duoc du dinh nam trong pham vi rong theo sang ché.

Nhin chung, ngudi c¢6 hiéu biét trung binh trong linh vuc nay s& hiéu rang hop chét
tinh khiét quang 12 hop chét dong phan ddi anh tinh khiét. Trong ban mo ta nay, thuét ngit
“tinh khiét quang” duoc du dinh c6 nghia 1a hop cht bao gdm it nhit c6 hoat tinh du. Tét
hon, néu lugng tinh khiét quang ctia chit ddng phan dbi anh riéng 1é dé tao ra hop chat c6
hop chét tinh khiét vé mat dugc 1y mong muén theo sang ché bao gdm it nhit 90% chat
ddng phan riéng 1é (qua 80% chit dong phan déi anh (e.e.)), tét hon nita 1a it nhat 95%
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(90% e.e.), con t6t hon nita 1a it nhat 97,5% (95% e.e.), va tot nhat 14 it nhat 99% (98%
e.e.).

Thuat ngit “diéu tri”, nhu duogc st dung trong ban mo ta nay, trir khi c6 chi dan
khac, c6 nghia 1a dao nguoc, thuyén giam, c ché sy tién trién cua, hodc ngin ngira 1o
loan hodc tinh trang ma cac thuét nglt nay duoc 4p dung, hodc mot hodc nhiéu triéu chiing
cta r6i loan hodc tinh trang ndy. Thuat ngit “viéc diéu tri”, nhu duoc s dung trong ban
mo ta ndy, trir khi ¢6 chi din khac, ding dé chi tac dong cta viéc diéu tri khi “diéu tri”
duoc x4c dinh ngay & trén. Theo mot phwong 4n dugc wu tién theo séng ché, “diéu tri”
hodc “viéc diéu tri” c6 nghia 14 it nhat 1am nhe tinh trang bénh & nguoi, tic 12 1am thuyén
giam bang cach e ché hoat tinh ctia 3C proteaza tuong tw SARS-CoV-2 12 proteaza chinh
cia SARS-CoV-2, tac nhan gdy ra bénh COVID-19. Déi véi cac bénh nhan bi COVID-19,
sbt, mét moi, va ho khan 14 cac biéu hién chinh cta bénh, trong khi d6 cac triéu chimg
nghet mili, chdy nudc mii, va cac triéu ching khac cia duong hod hép trén 12 hiém gip.
Trung tam kiém so4t va ngan ngira bénh & Bic Kinh di chi ra rang truong hop dién hinh
méc COVID-19 ¢6 ¢6 qué trinh tién trién bénh tridm trong. COVID-19 ¢6 thé dugc phan
loai thanh céc loai nhe, binh thudng, trdm trong va ning dya vao mirc d nghiém trong cta
bénh. Uy ban sizc khoe Qubc gia Trung Qudc (National Health Commission of the People’s
Republic of China) dua ra cach chin doan va diéu tri bénh viém phdi gy ra béi 2019-
nCoV  (phiéen  ban  th¥ nghiém 4). C6 sdn  truc  tuyén:
http://www.nhc.gov.cn/jkj/s3577/202002/573340613ab243b3a7f61df260551dd4/files/c7
91e5a7ea5149f680fdcb34dac0f54e.pdf : (1) Cac truong hgp nhe—céc triéu ching 1am
sang 12 nhe, va khong phat hién thiy bénh viém phdi trén chup cét 16p vi tinh & nguc (CT
- computed tomography); (2) Cac trudng hop binh thuong— céc triéu chimg, sot, hd hap
va cac bénh nhan c6 biéu hién cua bénh viém phéi bang hinh anh; (3) Cac truong hop trdm
trong—mat trong s6 ba tinh trang sau: Suy ho hép, téc d6 ho hap > 30 lan/phut (& trang
théi nghi, dung dé chi do bio hoa oxy < 93%), ap suét ctia thanh phan oxy trong méu dong
mach (PaO2)/ndng d6 hap thu oxy (Fi02) <300 mmHg (1 mm Hg = 0,133 kPa); (4) Cac
trromg hop nang—mot trong s6 ba tinh trang sau: Suy giam ho hép va can thé mdy, sdc,
hodc suy gidm lién quan cua cac co quan khac doi hoi don vi chdm s6c¢ chuyén séu. Dt
liéu 1am sang hién nay chi ra rang phan 16n céc ca tir vong x4y ra ¢ cac bénh nhén 16n tuoi.
Tuy nhién, céc trudong hop trAm trong di duoc ghi trong tai liéu & nguoi trudng thanh tré

tudi c6 cac yéu td don nhat, dac biét 1a cic bénh nhén bi cac bénh mén tinh, nhu bénh dai
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thdo dudng hodc bénh viém gan B. Cac bénh nhan sit dung hormon hoéc thudc e ché
mién dich trong thdi gian dai, va chiic ning mién dich giam sut, c6 thé bi mic bénh tram
trong.

Cac phuong phap diéu tri dé 1am nhe tinh trang bénh do coronavirut nhu COVID-
19 bao gdm viéc st dung mot hodc nhiéu hop chét theo sang ché theo cach c6 thé chip
nhan duge thong thuong bat k3. Theo céc phwong an duge uu tién nhét dinh theo sang ché,
hop chét hoic cac hop chit dugce sir dung trong cac phuong phap theo sang ché duoc ding
cho déng vat c6 vu, nhu ngudi, c6 nhu cau diéu tri bénh. Tét hon, néu dong vat c6 v ¢b
nhu cdu didu tri bénh bi nhidm coronavirut nhur tic nhan gay ra bénh COVID-19, tuc la
SARS-CoV-2.

Sang ché ciing bao gdm cac phuong phap phong ngira, bao gdm viéc dung lugng
hitu hiéu cua chét tc ché SARS-CoV-2 theo sang ché, hoac mudi dugc dung, tién duoc
cht, chat chuyén héa hoat tinh dung trong dwgc phim, hoic solvat cua ching cho dong
vét ¢6 v, nhu nguoi ¢6 nguy co nhiém SARS-CoV-2. Theo cac phuong an duge uu tién
nhét dinh, luong hitu hiéu ctia mot hodc nhiéu hop chét theo sang ché, hoic mudi dugc
dung, tién duoc chét, chit chuyén hoa hoat tinh dung trong dugc phém, hoac solvat cua
ching dwoc ding cho ngudi c6 nguy co nhiém SARS-CoV-2, tac nhan gdy ra bénh
COVID-19. Cac phuong phap phong ngtra theo sang ché bao gébm viéc st dung mdt hodc
nhiéu hop chét theo sang ché theo cach c6 thé chép nhan dugc thong thudng bat ky.

Céc hop chat nhat dinh dugc st dung trong cac phuong phap theo sang ché, vi du
dexamethasone, azithromycin va remdesivir 13 da biét va cé thé duoc tao ra béi cac phuong
phap da biét trong linh vuc nay.

Bing chimg gan day chi ra rang coronavirut SARS-CoV-2 méi 1 tac nhén gdy ra
bénh COVID-19. Trinh tu nucleotit cia coronavirut SARS-CoV-2 cling nhu cac phan
nhom L- va S- dugce xac dinh g?m day méi dugce xac dinh va dugc tao ra mot cach cong
khai.

Hoat tinh cta cac hop chét e ché 1am céc chét e ché hoat tinh virut SARS-CoV-
2 ¢6 thé do dugc bing phuong phap bat ky trong s cac phuong phap thich hop c6 san
trong linh vuc k§ thuét niy, bao gdm céc thit nghiém in vivo va in vitro. Hoat tinh cua cac
hop chét theo sang ché 1am céc chét Gc ché hoat tinh proteaza twong tw 3C cua coronavirut
(nhu proteaza twong tu 3C cla coronavirut SARS-CoV-2) c6 thé do dugc bang phuong
phap bit k¥ trong s cac phuong phép thich hop da biét doi véi ngudi c6 hiéu biét trung
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binh trong linh vuc nay, bao gdm cac thir nghiém in vivo va in vitro. Vi du vé thir nghiém
thich hop dé do hoat tinh bao gdm thir nghiém nuoi cy té bao khang virut dugc mo ta &
day cling nhu c4c thir nghiém khang proteaza dugc mo ta ¢ ddy, nhu céc thir nghiém dugc
md ta trong phan thir nghiém.

Viéc dung cac hop chét trc ché SARS-CoV-2 va céc tién dugc chat duoc dung ciia
chung, cac mudi, chét chuyén héa hoat tinh, va cac solvat c¢6 thé dugc tién hanh theo dudng
dung bat ky trong s6 cac duong dung dugc chép nhén c6 sin d6i véi ngudi co hiéu biét
trung binh trong linh vuc nay. Vi du minh hoa vé duong dung thich hop bao gbém dudng
miéng, mii, phéi, ngoai dudng tiéu hda, khu trd, tinh mach, duoc tiém, qua da, va truc
trang. Phan phéi qua dudng miéng, tinh mach, duéi da va miii dugc vu tién.

T4c nhan tc ché SARS-CoV-2 c6 thé duoc dimg 1am dugc pham & dang duge pham
thich hop bat ky. Dang dwoc phim thich hop bao gdm dugce phim dang rén, ban ran, léng,
hodc déng kho nhanh, nhu vién nén, bdt, vién nang, thudc dan, huyén phu, liposom, va
dang khi dung. T4c nhan trc ché SARS-CoV-2 ¢6 thé dugc didu ché lam dung dich st dung
phuong phap bat k¥ trong s6 nhidu phuong phap. Vi du, tic nhan e ché SARS-CoV-2 ¢6
thé duoc hoa tan véi axit (vi du, 1 M HCI) va duoc pha lodng bang thé tich du cua dung
dich chtta 5% dextroza trong nudc (D5SW) dé tao ndng d6 cudi mong mudn cla tic nhan
trc ché SARS-CoV-2 (vi du, khoang 15 mM). Theo cach khéc, dung dich chira DSW chua
khoang 15 mM HCI c6 thé duoc st dung dé tao ra dung dich chita tac nhan tc ché SARS-
CoV-2 & ndng d6 thich hop. Ngoai ra, tic nhan trc ché SARS-CoV-2 c6 thé dugce didu ché
1am huyén phu st dung, vi du, 1% dung dich carboxymetylxenluloza (CMC).

Céc phuong phép bao ché dang dugc pham thich hgp ¢6 thé chap nhan dwgc 1a da
biét hodc c6 thé duge x4c dinh thong thudng boi ngudi c6 hiéu biét trung binh trong linh
vuc ndy. Vi du, duge phim ¢6 thé duoc bao ché theo k§ thuat hoa duge thong thuong gdm
cac budc nhu tron, tao hat, va nén néu can ddi véi dang vién nén, hodc tron, nap va hoa
tan cac thanh phan néu thich hop, dé tao ra cc san pham mong muén dé dung qua duong
tinh mach, miéng, ngoai dudng tiéu hda, khu tru, trong am dao, qua mili, trong phé quan,
trong mat, trong tai, va/hodc truc trang.

Thong thudng, hop chat theo sang ché dugc dung véi lugng hitu hidu dé diéu tri
tinh trang bénh nhw mé ta & day. Cac hop chit theo séng ché duoc dung theo duong thich
hop bét ky & dang duoc pham duge 1am thich ing véi dudng dung nhu vy, va voi lidu

hitu hidu dé diéu tri duoc du dinh. Liéu hitu hiéu diéu tri cia céc hop chat can deé diéu tri
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su tién trién cua tinh trang bénh dugc x4c dinh chéc chin mot cach dé dang boi ngudi ¢
hidu biét trung binh trong linh vuc ndy st dung cach tiép can tién 14m sang va 1am sang
tuong tu linh vuc y khoa.

Céc hop chét theo sang ché c6 thé dugc dung qua dudng miéng. Viéc ding qua
dudng miéng c6 thé bao gdm nudt, sao cho hop chét di vao dudng da day-rudt, hodc dudng
dung trong mé hodc dudi ludi co thé duoc ding, ma hop chét di vao dong mau truc tiép tir
miéng.

Theo phuong an khéc, cac hop chit theo sang ché ciing c6 thé dugc dung truc tiép
vao dong mau, vao co, hodc vao co quan bén trong. Cac duong dung thich hop dé dung
ngoai dudng rudt bao gdm tinh mach, trong dong mach, trong mang bung (IP), trong vo,
trong tdm that, trong niéu dao, trong xuong {rc, trong s, trong co va dudi da. Cac thiét bi
thich hop dé ding ngoi dudng rudt bao gdm thiét bi tiém gdm kim tiém (bao gdm vi kim
tiém), thiét bi tiém khong c6 kim tiém va cac k¥ thuat truyén.

Theo phuong an khéc, cac hop chét theo sang ché ciing ¢ thé duoc dung tai chd
cho da hodc niém mac, tirc 13, da hodc qua da. Theo phuong 4n khac, cac hop chét theo
sang ché cling c6 thé dugc dung qua mili hodc bang cach ngiri. Theo phuong an khac, cac
hop chét theo sang ché c6 thé dugc dung theo dudng truc trang hodc am dao. Theo phuong
an khac, cac hop chét theo sang ché cling ¢6 thé duogc dung truc tiép cho mat hoc tai.

Phéc db ding lidu déi v6i cac hop chit va/hodc ché pham chita cac hop chat 1a dua
trén nhidu yéu t6, bao gdm loai, tudi, thé lwong, gi6i tinh va tinh trang bénh clia bénh nhén;
mirc do nghiém trong cua tinh trang bénh; duong dung; va hoat tinh cta hop chét cu thé
dugc st dung. Do do, phac d6 dung liéu c6 thé thay ddi trong mot khoang rong. Mirc lidu
cta tht ty ding khoang tir 0,01 mg dén khoang 100 mg/kilogam thé trong/ngay 12 hitu ich
dé diéu tri cac tinh trang duoc chi dinh néu trén. Theo mot phuong én, tong lidu lugng
hing ngay cua hop chét theo sang ché (duoc dung dang liéu don hodc dugc chia nho) 1a
thuong tir khoang 0,01 dén khoang 100 mg/kg. Theo phuong an khéc, téng liéu lugng hang
ngay ctia hop chét theo sang ché 1a khoang tir 0,1 dén khoang 50 mg/kg, va theo phuong
4n khéc, khoang tir 0,5 dén khoang 30 mg/kg (tirc la, mg hop chét theo sang ché/kg thé
trong). Theo mot phuong an, lidu 12 tir 0,01 dén 10 mg/kg/ngay. Theo phuong 4n khéc,
lidu 12 tir 0,1 dén 1,0 mg/kg/ngay. Ché phim don vi liéu ¢6 thé chira luong nhu vay hodc
wéc sb cua ching dé tao nén lidu lugng hing ngay. Trong nhidu trudong hop, viée ding hop

chét sé& dugc lap lai nhiéu lan trong ngdy (thong thuong khong 16n hon 4 1an). Nhiéu

63



51148 64/334

lidwngay thong thuong ¢6 thé duge st dung dé lam tang tong liéu lugng hing ngay, néu
mudn.

Pé dung qua dudong miéng, ché phdm c6 thé dugc cung cap & dang vién nén chtra khoang
tir 0,01 mg dén khoang 500 mg hoat chét, hodc theo phuong 4n khac, khoang tir 1 mg dén
khoang 100 mg hoat chét. Trong tinh mach, céc lidu ¢6 thé nim trong khoang tir 0,1 dén
khoang 10 mg/kg/phit trong qué trinh truyén véi tbe do 6n dinh.

C4c bénh nhan thich hop theo sang ché bao gdm bénh nhan 1a dong vat c6 vi. Dong
vat ¢ va theo sang ché bao gém, nhung khong chi giéi han ¢, cho, meo, bo, dé, ngua, ctru,
lon, loai gadm nhim, dong vat gam nham, loai linh truéng, va twong tw, va bao ham dong
vt c6 vii con trong bung. Theo mot phuong an, nguoi la bénh nhan thich hgp. Cac bénh
nhén 1 ngudi c6 thé 12 nam nit va & giai doan phat trién bat ky.

Theo phuong an khéc, sang ché bao gém viéc st dung mdt hodc nhiéu hop chét theo sang
ché dé bao ché thudc diéu tri cac tinh trang dugc dua ra & day.

Viée diéu tri cac tinh trang duoc dé cap ¢ trén, hop chét theo sang ché ¢c6 thé duoc
dung & dang ban than hop chat. Theo cach khéc, cic mudi duge dung 1a thich hop cho céc
tmg dung y khoa do do hoa tan trong nudc 16n hon cia chiing so v6i hop chat gbc.

Theo phuong 4n khac, sang ché bao gdm dugc pham. Cac duge pham nhu vy bao
gdm hop chit theo sang ché c6 mit véi chét mang dugc dung. Chit mang duoc dung bao
ham dang liéu luong thich hop bat ky tirc 1a c6 thé chap nhan duge dé dung cho bénh nhan.
Chét mang c6 thé 13 dang rén, long, hodc ¢4 hai, va c6 thé duoc bao ché voi hop chét 1am
ché pham lidu don vi, vi du, vién nén, ¢6 thé chira tir 0,05% dén 95% tinh theo khi lugng
ctia hoat chat. Hop chét theo sang ché c6 thé dugc lién hop véi polyme thich hop 1am chét
mang duoc chét c6 thé huéng dich. Cac hoat chét duoc Iy khac ciing c6 thé c6 mit.

C4c hop chat theo sang ché ¢6 thé dugc dung theo dudng thich hop bét ky, tot hon
14 & dang dugc phédm duge 1am thich Gmg v&i dudng dung nhu vay, va véi liéu hiru hidu
dé diéu tri da dugc du dinh. Cac hoat chat va ché phém, vi du, c6 thé dugce dung qua dudng
miéng, theo duong truc trang, ngoai duong rudt, hodc tai chd.

Viéc dung qua dudng miéng dang lidu rén c6 thé 13, vi dy, c6 mit trong don vi riéng
r€, nhu vién nang ctirng hodc mém, vién tron, vién nhén, vién hinh thoi, hoac vién nén, mdi
dang chua lugng xé4c dinh s&n cua it nhat mot hop chét theo sang ché. Theo phuong 4n
khéac, viéc dung qua duong miéng co thé 14 & dang bot hodc hat. Theo phuong an khéc,

dang lidu ding qua dudng miéng 1a dang ding dudi ludi, nhu, vi dy, vién hinh thoi. O céc
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dang lidu rén nhu vy, cac hop chét theo sang ché dugc két hop thong thudng véi mot hodc
nhidu chét bé tro. Vién nang hodc vién nén nhu vay c6 thé chira ché phdm giai phong c6
kiém so4t. Trong trudng hop vién nang, vién nén, va vién tron, dang lidu luong ciing c6
thé chira chit dém hodc c6 thé duoc didu ché véi cac 16p bao tan trong rudt.

Theo phuong an khac, viéc dung qua dudng miéng co thé 1a & dang lidu long. Dang
lidu long dé dung qua duong miéng bao gbm, vi du, nhii twong, cac dung dich, huyén phu,
sird, va cdn ngot dugce dung chira chét pha lodng tro thudng duoc sir dung trong linh vuce
k¥ thuat nay (vi du, nudc). Cac ché pham nhu vay ciing c6 thé chtra chit bd trg, nhu chét
]am 4m, chét tao nhii tuong, chét tao huyén phu, chét tao huong (vi du, 1am ngot), va/hodc
chit tao mui thom.

Theo phuong an khac, sang ché bao gdbm dang liéu ding ngoai dudng rudt. "Dung
ngoai duong rudt" bao gém, vi du, tiém dudi da, tiém tinh mach, tiém trong mang bung,
tiém trong co, tiém trong xuong Uc, va truyén. Ché phdm c6 thé tiém (vi dy, huyén phu
tiém trong nu6e hodc dau vo tring) cb thé dugc bao ché theo linh vuc k¥ thuat da biét st
dung chét phan tan, chit gay 4m, va/hodc chit tao huyén phu thich hop.

Theo phuong 4n khac, sang ché bao o0m dang lidu dung tai chd. "Dung tai chd"
bao gém, vi du, dung trén da, nhu qua miéng déan trén da hoac thiét bi dién chuyén ion,
dung trong mét, hodc qua miii hodc nguri. Ché phém dé dung tai chd ciing bao gém, vi du,
gel dung tai chd, thuéc phun xit, thuéc m®, va kem boi. Ché pham dung tai chd ¢6 thé bao
gdm hop chét ting curdong mirc do hép thu hodc thAm thiu ctia hoat chét thong qua da hodc
céc viing bi nhidm bénh khéc. Khi céc hop chét theo sang ché nay dugc ding bing thiét b
dung trén da, viéc dung s& dugc tién hanh s dung miéng dan ctia ving 16n va loai mang
¢6 15 hodic ¢6 nén rén khac nhau. Cc ché phdm ding tai chd nhdm muc dich nay bao gdbm
gel, hydrogel, nudc thom, dung dich, kem boi, thudc m&, bot ric min, dang hd, bot, mang,
miéng dan trén da, 14t mong, cac vat cdy ghép, cao su x0p, cac x0, bang va vi nhil tuong.
Liposom cling c6 thé duoc s dung. Cac chat mang tai chd bao gdm ruou, nude, dau
khoang, vazolin long, vazolin trang, glyxerin, polyetylen glycol va propylen glycol. Chat
tang cudng thim thiu c6 thé duogc két hop; xem, vi dy, J. Pharm. Sci., 88 (10), 955-958,
by Finnin and Morgan (October 1999).

Ché phém thich hop dé dung tai chd cho mét bao gdm, vi du, giot nhé mét trong do
hop chat theo sang ché nay dugc hoa tan hodc tao huyén phi trong chit mang thich hop.
Ché phéam tai chd thich hop dé dimg cho mét hodc tai c6 thé 1a & dang nhd giot cuia huyén
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pht dugc micro hoa hodc dung dich trong nude mudi déng truong, duoc diéu chinh d6 pH,
v6 tring. C4c ché phdm khac thich hop dé ding cho mét va tai bao gdm thudc mé, céc vat
cAy ghép d& bi vi sinh vat ph4 huty (vi dy, cao su x6p dang gel c6 thé hip thu, colagen) va
khong bi vi sinh vat pha huy (vi dy, silicon), lat mong, dang 4p trong va he dang hat hodc
ti, nhu niosom hodc liposom. Polyme nhu axit polyacrylic dugc lién két ngang, ruou
polyvinylic, axit hyaluronic, polyme xenluloza, vi du, hydroxypropylmetyl xenluloza,
hydroxyetyl xenluloza, hodc metyl xenluloza, hodc polyme heteropolysacarit, vi du, gom
gelan, c6 thé duoc két hop cling véi chat bao quan, nhu benzalkoni clorua. Céc ché pham
nhu vay ciing c¢6 thé duoc phan phdi bang cach dién chuyén ion.

Dé ding qua miii hodc diing bang cach ngtri, cac hoat chét theo sang ché dugc phan
phdi thuan tién & dang dung dich hodc huyén phi tir dd chira phun bom tic 1a dugc ép
hodc dugc bom bdi bénh nhin hoidc ¢ dang phun khi dung tw dd chira duge tao ap hoac
méy phun mu, véi viéc st dung chat ddy thich hgp. Ché pham thich hop dé dung qua mii
thuong duoc dung & dang bot kho (riéng 1é, & dang hdn hop, vi dy, & hdn hop kho véi
lactoza, hodc 13 hop phan hat dwgc tron, vi du, dwgc tron véi phospholipit, nhur
phosphatidylcholin) tir may x6ng bdt khd hodc ¢ dang phun khi dung tir do chira dugc tao
ap, bom, phun, may phun tan (t5t hon 12 may phun tan sit dung dién thuy dong hoc dé tao
ra swong mu min), hodc may phun mu, c¢6 hodc khong st dung chét day thich hop, nhu
1,1,1,2-tetrafloetan hodc 1,1,1,2,3,3,3-heptaflopropan. bé dung qua mfii, bot c6 thé chira
tac nhan két dinh sinh ‘th, vi du, chitosan hodc xyclodextrin.

Theo phuong 4n khac, sang ché bao gdm dang liéu dung theo dudng truc trang.
Dang lidu ding theo dudng truc trang nhu vay c6 thé 1a & dang, vi dy, vién dan. Bo dira la
nén vién dan truyén théng, nhung cac dang khac nhau c6 thé dugc sir dung néu thich hop.

Céc nguyén liéu mang va dudng dung khac da biét trong Iinh vuc duoc pham ciing
¢6 thé duoc str dung. Dugc phém theo sang ché c6 thé duoc bao ché boi k¥ thuat bat ky
trong sb cac k¥ thuat ding trong duge pham di biét, nhu ché pham hiru hidu va phuong
phép dung. Cac mbi quan tAm néu trén lién quan dén ché pham hiru hiéu va phuong phép
ding da biét trong linh vure ndy va duoc mo ta trong sach tiéu chuén. Ché pham thudc duge
thdo luan trong, vi du, Hoover, John E., Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pennsylvania, 1975; Liberman et al., Eds., Pharmaceutical Dosage

Cac Dang, Marcel Decker, New York, N.Y., 1980; and Kibbe et al., Eds., Handbook of
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Pharmaceutical Excipients (3™ Ed.), American Pharmaceutical Association, Washington,
1999.

Cac hop chét theo sang ché c6 thé dugc sir dung, riéng 1é hodc két hop véi cac tac
nhan tri liéu khac, d& didu tri cac diéu kién hodc tinh trang bénh khac nhau. (C4c) hop chét
theo sang ché va (c4c) tac nhan tri liéu khéc c6 thé duogc ding dong thdi (& cing dang lidu
luvong hodc ¢ cac dang lidu luong riéng r&) hodc 1an luot. Hai hodc nhiéu hop chét c6 thé
dugc diing ddng thdi, ddng thoi hodc 14n lugt. Ngodi ra, viée ding ddng thoi ¢6 thé duge
thwe hién bing cach tron cac hop chét trude khi ding hodc bing cach ding cac hgp chét ¢
cing mot diém dung gid nhung & cac vi tri giai phau khéc nhau hodc sir dung cac dudng
dung khac nhau. Cum tr “ding cing lac”, “dung cung thoi diém”, “dung dong thoi”, va
“duoc dung dong thoi” ¢ nghia 1a cac hop chét duoc dung duoc két hop véi nhau.

Sang ché bao gém viéc str dung dang két hop ciia hop chét theo sang ché va mot
hodc nhiéu tac nhan tri liéu bd sung. Néu dang két hop cua hoat chét dugc dung, sau d6
chung c6 thé duoc dung 1an luot hodc dong thoi, & cac dang lidu luong riéng ré hodc Kkét
hop & dang liéu lugng don 1&. Do do, sang ché ciing bao gdom dugce pham bao gbém luong
cua: (a) tac nhan thir nhét bao gém hop chét theo sang ché hodc mubi dugce dung hop chét;
(b) tac nhan tri liu thr hai; va (c) chit mang duogc dung. Duoc phém theo sang ché ciing
c6 thé bao gém cac ta duge, cac chét pha lodng, ta dugc long, va chit mang thich hop,
cling nhu cac dugce chét khac, tuy thudc vao viéc st dung dy dinh. Chat mang duoc dung
ran hodc léng, cac chét pha lodng, ta dugc long, hodc cac ta dugc ¢b thé duoc ding trong
dugc phém. Céc chét mang rin minh hoa bao gém tinh bot, lactoza, canxi sulfat dihydrat,
thach cao, sucroza, bot talc, gelatin, pectin, acaxia, magie stearat, va axit stearic. Cac chét
mang long minh hoa bao gém sird, dau dau phong, dau 6liu, dung dich nuéc mubi, va
nuéc. Chit mang hodc chét pha lodng c6 thé bao gdm nguyén lidu giai phong kéo dai thich
hop, nhu glyxeryl monostearat hodc glyxeryl distearat, riéng 1€ hodc véi sap. Khi chét
mang long dugc st dung, thi ché phém c¢6 thé 1a ¢ dang sird, cdn ngot, nhil twong, vién
nang gelatin mém, dich long tiém vo trung (vi dy, dung dich), hodc huyén phu long trong
nudc hoac khong trong nudce.

Liéu cua dugc phém 6 thé chita it nhét lugng hitu hiéu tri liéu cta tdc nhan tc ché
SARS-CoV-2 va tét hon 14 duoc tao ra tir mot hodc nhiéu don vi liéu dung cho duge dung.
Lidu duoc chon c6 thé duge dung cho dong vét c6 vu, vi dy, bénh nhan 12 nguoi, c6 nhu

cAu diéu tri qua trung gian bang cach tc ché hoat tinh coronavirut lién quan dén SARS-
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CoV-2, bing phuong phép ding liéu di biét hodc thich hop bat ky, bao gom dung tai chd,
vi du, & dang thuéc m& hoic kem; qua dudong miéng; theo duong truc trang, vi du, ¢ dang
vién dan; ngoai duong rudt béng cach tiém; trong tinh mach; hodc lién tuc bé‘mg cach truyén
trong &m dao, qua mili, trong phé quan, trong tai, hodc trong mét.

Ay12?

Céc cum tir “lwong hitu hiéu tri liéu” va “lugng hitu hiéu” duge du dinh dé cé6 nghia
la Ivgng cua tac nhéan theo sang ché ma, khi duge dung cho dong vat ¢6 v ¢6 nhu cau diéu
tri, 1a do dé tac dong dén viéc didu tri dbi v6i ton thuong hodc céc tinh trang bénh duoc
thuyén giam bang cach trc ché qua trinh sao chép virut SARS-CoV-2. Lugng tac nhén Gc
ché SARS-CoV-2 di néu duoc sir dung trong phuong phéap theo sang ché s& 12 hitu higu
didu tri thay ddi tiy thudc vao cac yéu tb nhur tac nhan e ché SARS-CoV-2 cu theé, tinh
trang bénh va mic do nghiém trong cua chiing, tinh ddng nhét va cac dic diém cta dong
vét ¢6 vii c6 nhu ciu didu tri bénh, ma luong c6 thé duge xac dinh thong thuong boi nguoi
¢6 hiéu biét trung binh trong linh virc ndy.

Cén phai hiéu rang lidu lugng thuc ctia tac nhan tc ché SARS-CoV-2 dugc sir dung
trong dugc pham theo sang ché nay s& dugc chon theo cac dac tinh cia tAc nhan cu thé can
st dung, ché pham cu thé dugc bao ché, dudng dung va vi tri dung, va vat chi va tinh trang
cAn didu tri. Lidu luong t6i wu déi v6i cac nhém tinh trang dua ra c6 thé duge x4c dinh
chéc chin boi ngudi ¢6 hiéu biét trung binh trong linh vyc ndy st dung cac thir nghiém
xéc dinh lidu luong thong thuong. Dé ding qua dudng miéng, vi du, liéu c6 thé dugc ding
12 khoang tir 0,01 dén khoang 1000 mg/kg thé trong, tdt hon 1a khoang tir 0,1 dén khoang
500 mg/kg thé trong, va con tot hon nita 1a khoang tir 1 dén khoang 500 mg/kg thé trong,
v6i lidu trinh didu tri 1ap lai & cac khoang thich hop. P& ding theo dudng tinh mach, lidu
1én t6i 5 gam/ngdy c6 thé duge dung. Viéc dung tinh mach c6 thé xay ra trong khoang thoi
gian gian doan trong ngay hodc lién tuc trong khoang thoi gian 24 gio.

Thuat ngit “luong e ché sic t6 té bao P450” va “lugng trc ché hoat tinh enzym cta
sic t6 t& bao P450”, nhu duoc sit dung trong ban mé ta nay, dé chi lugng ctia hop chét can
dé 1am giam hoat tinh ctia enzym ctia sac t6 té bao P450 hoic dang dong phan clia enzym
cua sic t6 té bao P450 cu thé véi su cd mit ctia hop chat nhu vay. Xem liéu hop chéit cu
thé c6 1am giam hoat tinh enzym ctia sic td té bao P450, va luong ciia hop chét nay can dé
1am giam hoat tinh nay, c6 thé duge xé4c dinh bang cac phuong phap da biét doi véi ngudi

c6 hiéu biét trung binh trong linh vuc k¥ thuat nay va phuong phap dwge mo ta ¢ day.
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Céc chirc nang protein can dé sao chép va phién ma coronavirut dugc ma héoa boi
gen duoc goi 1a “replicaza”. Hai polyprotein xép chong duoc dich ma tir gen nay va duge
xtr Iy chuyén sdu béi virut proteaza. Ving gan C dugc xir Iy ¢ mudi mot ving ndi trong
mién dugc bao toan bai mién coronavirut hodc proteaza “twong tu 3C”. Tén goi proteaza
“twong tuy 3C” xut phat tir su tuong dong nhét dinh gitta enzym coronavirut va
picornavirut 3C proteaza da biét. C4c chét nay bao gdm cac wu tién co chét, sir dung xystein
lam vi tri hoat tinh ai nhan trong qua trinh xuc tac, va cac tuong ddng trong cac gap nép
polypeptit toan phan gia dinh ctia ching. So sanh trinh tu axit amin cta proteaza twong tu
3C cua coronavirut lién quan t6i SARS-CoV-2 véi trinh tu cia cac coronavirut khac da
biét nhuw SARS-CoV chi ra rang trinh ty axit amin c6 muc twong ddng x4p xi 96%.

Axit amin ctia co chit & vi tri phan cat proteaza dugc danh s tir du tan cing N dén
C 14 nhu sau: -P3-P2-P1-P1°-P2°-P3’, véi vi trf phan cét x4y ra giita cdc gbc P1 va P1’
(Schechter & Berger, 1967). Tinh dac hiéu co chit chu yéu duge x4c dinh boi cac vi tri
P2, P1 va P1’. Tinh dac hiéu vi tri phan cit clia proteaza chinh cta coronavirut dugc bao
toan cao v4i yéu cau glutamin & P1 va axit amin nhé & P1° [Journal of General Virology,
83, pp. 595-599 (2002)].

Céac hop chét theo sang ché c6 thé duoc didu ché theo cac phuong phap néu trong
cac So dd phan tmg tir 1 dén 3 dudi day.

Céc so dd duoc dua ra du6i day con minh hoa va 1am vi du cho cac hop chét theo
sang ché va cac phuong phép didu ché cac hop chit nay. CAn phai hiéu rang pham vi theo
sang ché khong bi giéi han theo cach bat ky boi pham vi ctia cac Vi du va quy trinh diéu
ché sau ddy. Trong Vi du sau day, cdc phén ti c6 mot tAm khong d6i xtmg c6 thé c6 mat
& dang chit ddng phan d6i anh riéng 1¢ hodc hdn hgp raxemic. Cac phan tir ¢6 hai hoac
nhidu tAm khong déi xtmg c6 thé c6 mat & dang chat dong phan ddi anh riéng 1€, raxemic
hodc bing cach khac hdn hop chira hai chit dong phan déi anh, hodc & dang cac hdn hop
khac nhau cta cac chat ddng phan khong ddi quang. Céc chét ddng phan ddi anh, chat triét
quang, va cac chét déng phén khong dbi quang nhu vay co thé thu duogc va / hodc duoc
tach bang cac phuong phép da biét dbi véi ngudi c6 hiéu biét trung binh trong linh vuc
nay. Nguoi c6 hiéu biét trung binh trong linh vyc ndy s& hiéu boi nguoi ¢ hiéu biét trung
binh trong linh vuc nay ring cac thao tic tong hgp nhét dinh c6 thé epime héa hogc raxemic
héa tam 1ap thé, va céc didu kién tdng hop ¢6 thé dugc chon dé thic day hodc khuyén khich

qua trinh epime ho4 hodc raxemic hoa nay.
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So dd 1 minh hoa trinh ty téng hop dé didu ché cac hop chéit c6 cong thic I nhu
duoc thé hién, trong d6 N-BOC metyl este c6 cong thire 1 (WO 2005/113580) duge chuyén
hoéa thanh amit bac mot c6 cong thirc 3 N-BOC 1a N-zert-butoxycarbonyl). Quy trinh nay
6 thé duge tién hanh truc tip, vi du bang cach xtr Iy v6i amoniac (NHs) trong binh dugc
day kin trong dung moi nhu metanol hodc etanol, vi du, tuy y véi sy ¢6 mét cua chét phu

gia nhu canxi clorua (CaClz) hodc magie dimetoxit, Mg(OMe)a.

Soddl
H H H
(¢) N (@) N (@) N
>L i i /[CJ)\
) >L OH >L NH
0" "N ~ o)J\H 07N 2
H (0] (0] (e}
1 2 3
H H
(@) N (6] N
® o
O N —_— 2 _—
ooty o i
1 H
(e} (@) R (0]
4 5 6

H H H
O<_N O<_N O<_N
R X
$2 0 + \[‘r —_— FI\>2 o) —_— 32 e)
HN NH o RS N NH RS N
%N 2 \ﬂ/ %N 2 \ﬂ/ N \\N
R 1o o rR " 0o o r' M
7 8 9

Sy chuyén héa cua hop chét c6 cong thirc 1 thanh hop chét c¢6 cong thie 3 cling c¢6
thé duoc thyuce hién bang cach chuyén hoa trude thanh axit carboxylic ¢6 cong thic 2 (WO
2005/113580). Trong truong hop nay hop chét c6 cong thirc 2 ¢6 thé duge chuyén hoa
thanh hop cht c6 cong thirc 3 sir dung cac phwong phap da biét d6i v6i nguoi c6 hidu biét
trung binh trong linh virc nay. Vi du, hop chit c6 cong thirc 2 ¢6 thé dugc x\r ly voi chat
phan tng nhu O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat
(HATU), isobutyl cloroformat, 1-[3-(dimetylamin)propyl]-3-etylcarbodiimit hydroclorua
(EDCI) va hydroxybenzotriazol (HOBt), hoac 1,1’-carbonyldiimidazol (CDI), tuy y v6i su
c6 mit cua bazo nhu N,N-diisopropyletylamin (DIEA), 4-metylmorpholin (NMM), hodc
trietylamin (TEA), tiép d6 13 xtt Iy v&i NH3 duge dung & dang khi hodc dung dich trong
dung mdi phan ung twong hgp, hodc véi mudi cia NH; nhu amoni axetat hodc amoni
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clorua vé&i sy ¢6 mit ciia bazo nhu N,N-diisopropyletylamin, 4-metylmorpholin, hoac
trietylamin. Cac dung mdi thich hop bao gbdm, nhung khong chi giéi han &, diclometan
(CH2Cl), N,N-dimetylformamit (DMEF), tetrahydrofuran (THF), hodc axetonitril
(CH;CN).

Hop chét c6 cong thirc 3 ¢6 thé duoc khir bao vé N dé tao ra amin c¢6 cong thic 4
str dung cac phuong phap da biét dbi v6i ngudi ¢6 hidu biét trung binh trong linh vuc nay
dé tac dong dén qua trinh khir bao vé nay. Céc chét phan ng axit thong thuong nhu hydro
clorua, axit metanesulfonic, hoic axit trifloaxetic dugc str dung, thong thuong trong dung
mdi phan Gmg twong hop nhu CH2Cly, 1,4-dioxan, 1,2-dicloetan, hodc CH3CN. Nguoi co
hiéu biét trung binh trong linh vyc s& hidu o rang hop chit ¢6 cong thire 4 thudng s& thu
duge & dang mudi cong axit. Hop chét c6 cong thirc 4 ¢6 thé sau d6 dugc chuyén héa thanh
hop chét c6 cong thirc 6 biang cach cho xt Iy v6i hop chét axit amin duoc bao vé N c6 cong
thikc 5 trong céc didu kién thich hop. Cac phuong phép nhu vay la da biét dbi véi ngudi c6
hiéu biét trung binh trong linh vue ndy, va néi chung cac diéu kién lién hop peptit tiéu
chun c6 thé dugc chon.

Hop chét c¢6 cong thirc 6 ¢6 thé dugc khtr bao vé N dé tao ra amin c6 cong thirc 7
stt dung cac phuong phap da biét dbi v6i nguoi ¢6 hiéu biét trung binh trong linh vue nay
dé tac dong dén qua trinh khir bao vé nay. Céc chét phan tmg axit thong thudng nhu hydro
clorua, axit metanesulfonic, ho#c axit trifloaxetic dugc sir dung, thong thuong trong dung
m6i phan tng twong hop nhu CHaoCly, 1,4-dioxan, 1,2-dicloetan, hoac CH3CN. Nguoi co
hiéu biét trung binh trong linh vuc nay s& hidu 18 ring hop chét c6 cong thic 7 thudng s&
thu dugc & dang mudi cong axit. Hop chét c6 cong thire 7 ¢6 thé sau d6 dugce chuyén hoa
thanh hop chét c6 cong thuc 9 bang cach cho xir Iy v6i hop chét axit carboxylic ¢ cong
thire 8 trong cac diéu kién thich hop. Cac phuong phap nhu vy 1a da biét ddi v6i nguoi co
hidu biét trung binh trong linh vuc nay. Vi du, khi X = nguyén ti clo, hop chét axit
carboxylic d biét 1a clorua axit va phan ung dugc tién hanh v6i sy ¢6 mat cia bazo dé sir
dung hydro halogenua HX da dugc tao ra lam san pham phu ctia phén tng. Vi du vé cac
bazo thich hgp bao gém, nhung khong chi giéi han 6, cdc amin béc ba nhu 4-
metylmorpholin, 2,6-dimetylpyridin, hodc N,N-diisopropyletylamin, hodc cac bazo vo co
nhu magie oxit (MgO), natri cacbonat (Na2COs3), hodc kali bicacbonat (KHCO:3). Cac dung
mdi thich hop bao gém, nhung khong chi giéi han ¢, CH2Clo, DMF, THF, hodc CH3CN.
Khi X = OH, thudng ding chét phan g hodc dang két hop ctia cac chat phan tmg deé tao
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diéu kién thuan lgi cho phan tmg ciia hop chét axit carboxylic ¢6 cong thiic 8. Nguoi ¢6
hidu biét trung binh trong linh vyc nay c6 thé lua chon dé ding, vi dy, chat phan ting
carbodiimit nhu 1-[3-(dimetylamin)propyl]-3-etylcarbodiimit hydroclorua (EDCI) hoéc
N,N’-dixyclohexyl carbodiimit (DCC), tuy y véi sw ¢6 mat cua chét 4i nhan bd tro nhu
hydroxybenzotriazol (HOBt) hodc 2-hydroxypyridin-N-oxit (HOPO). Ngoai ra, khi X =
OH, ngudi c6 hiéu biét trung binh trong linh vuc nay cé thé Iwa chon dé ding cac chat
phan tng 1a thich hop dé tao ra carboxyl / cacbonic anhydrit dugc tron, nhu CDI, isobutyl
hoic etyl cloroformat,thudng véi sy ¢6 méat ctia bazo nhu dugc mo ta trén day. Cac dung
mdi thich hop bao gdm, nhung khong chi gi6i han ¢, CH>Cly, THF, hogc CH3CN. Cach
tiép can khéc thuong duge st dung boi ngudi c6 hiéu biét trung binh trong linh vue nay
khi X = OH 1a dé xir 1y hop chét axit carboxylic c6 cong thirc 8 véi clorua cua axit
carboxylic, vi du nhu Me;sCCOC], v6i sy ¢6 mat clia bazo nhu duge mo ta trén day dé tao
ra carboxylic anhydrit dwgc tron c6 cong thirc R3C(0)O(0)CCMes. Cac dung moi thich
hop bao gém, nhung khong chi gigi han 6, CH2Clo, THF, hoac CH3CN. Trong mot sb
truong hop 6 thé st dung anhydrit dbi xtng cua hop chét axit carboxylic mong mudn c6
cong thirc 8 dé tién hanh phan tmg, tuy y v6i sy c6 mat cia bazo nhu dugc mo ta trén day,
trong do6 trudong hgp X = O(0)CR3 va do d6 hgp chét axit carboxylic ¢6 cong thuc 8 1a
R3C(0)O(0)CR3. Cac dung mdi thich hgp bao gdm, nhung khong chi gi6i han ¢, CH>Cl,
THF, hoac CH3CN.

Hop chét c¢6 cong thirc 9 ¢6 thé dugc chuyén héa thanh hop chét c6 cong thirc I
bing cach x 1y trong didu kién loai nudc da biét ddi véi ngudi c6 hiéu biét trung binh
trong linh vuc nay. Thong thuong, bude loai nudc ndy co thé dugc tién hanh st dung lugng
du trifloaxetic anhydrit hodc phospho oxyclorua, ndi chung véi sy c6 mdt cua bazo nhu
pyridin, N,N-diisopropyletylamin, 4-metylmorpholin, hogc trietylamin.

Ngudi c6 hiéu biét trung binh trong linh vyc nay s& biét ring axit amin dugc bao vé
N-BOC c¢6 cong thirc 5 da biét trong tai lidu hod hoc, dang c6 trén thi trudng, va ¢6 thé
duoc diéu ché tir axit amin dang c6 trén thj truong va da biét twong ng bdi nguoi co hiéu
biét trung binh trong linh vuc nay stir dung cac phwong phap da duoc thiét 14p dé tong hop
axit amin duoc bao vé N. Tuong tu, nguoi ¢ hiéu biét trung binh trong linh vuc nay sé
hiéu rang cac hop chat axit carboxylic ¢6 cong thirc 8 c6 thé 1a da biét trong tai liéu hoa
hoc, va / ho#c dang c6 trén thi truong, va / hodc ¢ thé duoc diéu ché bang cac phuong

phap d& duoc cong bd hodc bing cach twrong dong voi cac phuong phap da duge cong bb.
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Neudi c6 hidu biét trung binh trong linh vuc ndy s& hiéu r6 rang budc tao lién ket
trong So dd 1 ¢6 thé dugc tién hanh theo thit tw khac nhau v6i cac cach xem xét thich hgp,

vi du nhu dugc thé hién trong So do 2.
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Trong So dd 2, hop chét c6 cong thirc 3 duge chuyén héa thanh hop chét c6 cong
thirc 10 bing cach xi Iy trong didu kién loai nudce da biét ddi véi ngudi c6 hiéu biét trung
binh trong linh vuc nay. Thong thuong, bude loai nude nay co thé duoc tién hanh sir dung
lwong du trifloaxetic anhydrit hodc phospho oxyclorua, néi chung véi sy ¢6 mat cua bazo
nhu pyridin, N,N-diisopropyletylamin, 4-metylmorpholin, hogc trietylamin. Hop chét c6
cong thire 10 dugce khtr bdo vé N dé tao ra amin c6 cong thic 11 st dung cac phuwong phap
da biét dbi v6i ngudi c6 hidu bidt trung binh trong linh vye ndy dé tac dong dén qua trinh
khir bao vé nay. Thong thuwong, cic chit phadn tng axit nhu hydro clorua, axit
metanesulfonic, hodc axit trifloaxetic dugc stt dung, théng thuong trong dung mdi tuong
hop phan tmg nhu CHxCl, 1,4-dioxan, 1,2-dicloetan, hoaec CHsCN. Ngudi ¢6 hiéu biét
trung binh trong linh vuc nay sé€ hidu rd rang hop chét c6 cong thirc 11 thudng s& thu duoc
& dang mudi cong axit. Hop chét c6 cong thirc 11 ¢6 thé sau d6 dugc chuyén hoa thanh
hop chét c6 cong thirc I bing cach cho xtt Iy v6i hop cht c6 cong thic 12 trong cac didu
kién thich hop. Céc phuong phap nhw vay 1a da biét doi véi ngudi c6 hiéu biét trung binh
trong linh vuc nay, va ndi chung cac diéu kién lién hop peptit tiéu chuan c6 thé dugc chon.
Cac hop chét ¢6 cong thirc 12 da biét theo cach ngoai 1¢ trong tai liéu hod hoc, va nguoi
c¢6 hiéu biét trung binh trong linh vuc nay c6 thé chon d& didu ché hop chét ¢6 cong thiic
12 d3 dua ra bat ky sir dung cac phuwong phap tuong tu nhur cac phuong phap duge mo ta

trong tai liéu ho4 hoc.
73



51148 74/334

Ngudi ¢6 hiéu biét trung binh trong linh vuc nay s& hiéu 15 rang budc tao lién két
trong céc So dd 1 va 2 c6 thé dugce tién hanh theo c4c thit tu con khéac nhau nita cing voi

cac cach xem xét thich hgp, vi du nhu dugce thé hién trong So dd 3.
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Trong So dd 3, hop chat c6 cong thirc 4 ¢6 thé sau d6 duge chuyén hoa thanh hop
chit c6 cong thitc 9 bing cach cho xir Iy v6i hop chét c6 cong thirc 12 trong céc diéu kién
thich hop. Cac phuong phép nhw vay 1a da biét ddi véi ngudi c6 hiéu biét trung binh trong
linh vuc nay, va néi chung cac diéu kién lién hop peptit tiéu chuén c6 thé dugc chon. Cac
hop chat c6 cong thirc 12 da biét theo cach ngoai 1é trong tai liéu hod hoc, va nguoi co hiéu
biét trung binh trong linh vuc nay c6 thé chon dé diéu ché hop chit c6 cong thic 12 dua
ra bét k¥ sit dung cdc phuong phap twong tu nhu phuwong phap dugc moé ta trong tai liéu
ho4 hoc. Hop chét c6 cong thitc 9 sau d6 dugce chuyén héa thanh hop chét c6 cong thirc I
bing cach xt 1y trong diéu kién loai nuéc di biét dbi véi ngudi c6 hiéu biét trung binh
trong linh vuc nay. Thong thuong, budce loai nudce nay cd thé duoc tién hanh st dung lugng
du trifloaxetic anhydrit hodc phospho oxyclorua, ndi chung véi sy c6 mét ciia bazo nhu
pyridin, N,N-diisopropyletylamin, 4-metylmorpholin, hogc trietylamin.

Ngudi c6 hiéu biét trung binh trong linh vuc nay s& hiéu rang cac hodn vi khic nita
ctia bude tao lién két va cac thao tac xir Iy nhom churc trong cac So dd 1,2 va 3 c6 thé
duoc 4p dung clng v6i cac cach xem xét thich hop. Céac hoan vi nhu véy trong viéc lua
chon thr tw cac budc 12 da biét trong tai liéu hoa hoc va ngudi ¢6 hiéu biét trung binh trong

linh vuc nay ¢6 thé tra ctu tai liéu hod hoc dé hudng dan thém neu muon. Ngudi c6 hiéu
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biét trung binh trong linh vyc nay s& hiéu rang c6 thé tién hanh cac lya chon khac ctia cac

nhom bao vé va cac chat phan ung dé tdc dong vao cac chuyén hoa khac nhau.

Vi du thwe hién sang ché
Phuong phép thtr nghiém

Du6i diy minh hoa quy trinh tdng hop cac hop chat khac nhau theo séng ché. Cac
hop chéit bd sung ndm trong pham vi theo sang ché nay c6 thé dwoc didu ché st dung céc
phuong phap dugc minh hoa trong cac vi du nay, riéng 1¢ hoac két hop véi k¥ thuat néi
chung da biét trong linh vuc nay. TAt ca cac nguyén lidu ban dau trong céc ché pham va
Vi du 1a dang c6 trén thi truong hodc co thé dugc diéu ché bang cac phuong phap da biét
trong linh vuc nay hodac nhu md ta ¢ day.

T4t ca cac phan tmg dugc thyc hién st dung qua trinh khudy lién tuc trong diéu kién
khi nito hodc agon trir khi c6 chi dan khac. Néu thich hop, céc thiét bi phan tmg dugc 1am
khé trong diéu kién chan khong dong luc st dung sing sdy, va cac dung mdi khan (céc san
phém Sure-Seal™ tir Aldrich Chemical Company, Milwaukee, Wisconsin hodc cac san
phém DriSolv™ tir EMD Chemicals, Gibbstown, NJ) dugc st dung. Trong mot s6 truomg
hop, cac dung moi thuong mai dugc cho di qua cac cot duge dong goi béng sang phan tir
4A, cho t6i khi thu duge tiéu chudn QC cho nude: a) <100ppm dbi vé6i diclometan, toluen,
N,N-dimetylformamit, va tetrahydrofuran; b) <180ppm d6i véi metanol, etanol, 1,4-
dioxan, va diisopropylamin. Di véi cac phan ting rat nhay, cac dung mdi con dugce xir Iy
tiép v6i natri kim loai, canxi hydrua, hodc sang phan tlr, va dugc chung cat ngay trude khi
st dung. Cac dung moi thuong mai va cac chit phan tmg khéac dugc s dung ma khong
cin tinh ché thém. Dé tong hop cac phuong phép tham chiéu trong cac Vi du hogc cac
phuong phép khéc, cdc diéu kién phan tmg (thdi gian phan Gng va nhiét d0) c6 the thay
d6i. C4c san pham néi chung dugc 1am kho trong chan khong trudc khi tién hanh cac phan
g khéac hoic duge ding dé thir nghiém sinh hoc.

Khi duge chi dinh, cac phan tmg dugc gia nhiét bing cach chiéu xa vi séng sir dung
10 vi séng Biotage Initiator hodc Personal Chemistry Emrys Optimizer. Quy trinh phan
Gmg dugc kiém tra s dung cac phén tich sic ky ban moéng (TLC - thin-layer
chromatography), sic ky léng phd khdi (LCMS - liquid chromatography-mass
spectrometry), siac ky long hiéu ning cao (HPLC - high-performance liquid
chromatography), va/hodc phd khdi sic ky khi (GCMS - gas chromatography-mass
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spectrometry). TLC dugc thuc hién trén céc dia silicagel dugc phu sin v6i chat chi dan
phat huynh quang (budc séng kich thich 254 nm) va dugc quan sat dudi anh sang cuc tim
va/hodc voi I, KMnOa, CoCly, axit phosphomolybdic, va/hodc thudc nhudm xéri amoni
molypdat. Di liéu LCMS thu dugc trén thiét bi day Agilent 1100 v6i thiét bi lay mau tu
dong Leap Technologies, ct Gemini C18, gradien axetonitril/nuéce, va axit trifloaxetic,
axit formic, hoic chét cai bién amoni hydroxit. Dich rira giai cot dugc phén tich st dung
quang phd khdi ké Waters ZQ quét & ¢ hai dau ion dwong va am tr 100 dén 1200 Da. Cac
thiét bi twong tw khac ciing duoc sit dung. Dit liéu HPLC néi chung thu dwgc trén thiét b
diy Agilent 1100, st dung cac cdt duge chi dinh, gradien axetonitril/nudc, va axit
trifloaxetic hodc chét cai bién amoni hydroxit. Dit liéu GCMS thu dugc st dung 10 Hewlett
Packard 6890 v6i thiét bi phun HP 6890, c¢6t HP-1 (12 m x 0,2 mm x 0,33 pm), va khi
mang heli. Mau dugc phéan tich trén b do chon loc khéi HP 5973 quét tir 50 dén 550 Da
sir dung qué trinh ion héa dién tir. Qua trinh tinh ché dwoc tién hanh bang sic ky long hiéu
nang trung binh (MPLC) st dung cac thiét bi Isco CombiFlash Companion, Analogix
IntelliFlash 280, Biotage SP1, hodc Biotage Isolera One va hp silic oxit dugc dong goi
san Isco RediSep hodc Biotage Snap. Quy trinh tinh ché khéong ddi xung dugc tién hanh
bing cach sic ky long khong déi ximg siéu dén han (SFC), ndi chung sir dung thiét bi
Berger hodc Thar; cac ¢t nhu cac ¢t ChiralPAK-AD, -AS, -IC, Chiralcel-OD, hodc -OJ;
va hdn hop CO2 véi metanol, etanol, 2-propanol, hodc axetonitril, riéng 1¢ hodc dugc cai
bién st dung axit trifloaxetic hodc propan-2-amin. Vigc phat hién UV dugce sir dung dé
khéi du viéc thu gom phan doan. Dé tong hop cac phuong phap tham chiéu trong Vi du
hoi#ic cac phuong phéap khac, quy trinh tinh ché ¢6 thé thay ddi: néi chung, cac dung moi
va ty 1& dung méi sir dung cho dung moi rira giai/gradien duge chon dé tao ra Rss hodc thoi
gian luu thich hop.

Dit lidu phé khéi dugc bdo cao tir viéc phan tich LCMS. Pho khéi (MS) dugc thuce
hién boi cac ngudn ion héa hoc ap sut khi quyén (APCI - atmospheric pressure chemical
ionization), ion hoa phun dién (ESI - electrospray ionization), ion héa va cham dién tir (EI
- electron impact) hodc ion héa tan xa dién tir (ES - electron scatter). Su dich chuyén héa
hoc cua phd cong huéng tir dién tir hat proton (‘H NMR) dugc duara & dang cac phan trén
mot triéu truong thap tir tetrametylsilan va dugc ghi lai trén quang pho ké 300, 400, 500,
hodc 600 MHz Varian, Bruker, hodc Jeol. Dich chuyén héa hoc dugc biéu hién & dang cac

phén/triéu (ppm, &) dugc vién din dén cac dinh du dung méi dugc dotori hoa (cloroform,
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7,26ppm; CD,HOD, 3,31ppm; axetonitril-d», 1,94ppm; dimetyl sulfoxit-ds, 2,50ppm;
DHO, 4,79ppm). Hinh dang dinh dugc mé ta nhu sau: s, vach don; d, vach doi; t, 1a vach
ba; g, 1a vach bdn; quin, vach ndm; m, vach boi; br s, vach don rong; app, biéu kién. Dix
liéu SFC phén tich néi chung thu dugc trén thiét bi phan tich Berger nhu dugc mo ta trén
day. Dit lidu quay quang thu dugc trén may do phan cuc PerkinElmer loai 343 st dung 6
1 dm. Phan tich ¢& micro dugc tién hanh béi Dinh lwong Technologies Inc. va nim trong
0,4% gia tri tinh toan.

Trir khi c6 chi dan khéc, cic phan (mg hoa hoc duge tién hanh & nhiét do trong
phong (khoang 23°C).

Trir khi ¢6 chi dAn khéc, tAt ca cac chat phan tng thu dugc thuong mai va dugc st
dung ma khong can tinh ché thém, hodc dugc diéu ché str dung cac phuong phap da biét
trong tai liéu chuyén nganh.

Céac thuat ngit “duoc c6”, “duge 1am bay hoi”, va “dugc cd trong chan khong” dé
chi viéc loai dung moi & 4p suét thAp trén thiét bi bay hoi kiéu quay véi nhiét do bé nho
hon 60°C. Cac chit viét tht “phut” va “h” dé chi “phut” va “giv,” mot cach twong tng.
Thuét ngit “TLC” dung dé chi sic ky ban méng, “nhiét do trong phong hogc nhi¢t do moi
trudng” ¢6 nghia 1a nhiét do ndm giita 18 dén 25°C, “GCMS” dung dé chi séc ky khi-pho
khéi, “LCMS” ding dé chi long séc ky—phd khéi, “UPLC” ding dé chi sdc ky long siéu
hiéu nang, “HPLC” dung dé chi sic ky léng hiéu nang cao, va “SFC” ding dé chi sdc ky
10ng siéu dén han.

Hydro hoéa c6 thé duoc tién hanh trong may lac Parr trong diéu kién khi hydro duge
nén 4p, hoac trong thiét bi hydro héa dong Thales-nano H-Cube véi toan b hydro va & tdc
do chay tir 1-2mL/phut & nhiét do cu thé.

Thoi gian lvu HPLC, UPLC, LCMS, GCMS, va SFC dugc do sir dung phuong phép
dugc luu y trong cac phuong phép.

Trong mot s6 vi du, viéc tac khong d61 xtng duge thuc hién dé tach cac chét déng
phan déi anh hodc cac chit dong phan khong d6i quang cuia cac hgp chét nhét dinh theo
séng ché (trong mot s6 vi du, cac chat dong phan dbi anh da dugce tach duoc chirala ENT-
1 va ENT-2, theo tht tu rira giai ciia chiing; Tuwong tu, cac chét dong phan khong ddi quang
da duoc tach dugc chi ra la DIAST-1 va DIAST-2, theo thir ty rira gidi cua ching). Trong
mdt s6 vi du, su quay quang cia chat ddng phan dbi anh dugc do sir dung may do phan

cuc. Theo dit liéu quay di dugc quan sat ciia né (hodc dir liéu quay cu thé cta nod), chét
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ddng phan déi anh voi chidu quay clng chidu kim dong hé duge chi ra 1 (+)-chét dong
phén d6i anh va chat ddng phan ddi anh véi chidu quay ngugc chiéu kim dong ho dugc chi
ra 13 (-)-chat dong phan dbi anh. Cac hop chét raxemic duge chi dinh boi sy khong c6 mat
ctia héa hoc lap thé dugc vé hodc duge md ta, hodc boi su ¢6 mit cua (+/-) gan lién véi
céu truc; trong truong hop sau, héa hoc 14p thé duoc chi dinh thé hién chi mot trong sb hai
chét ddng phan ddi anh ma tao ra hdn hgp raxemic.

Céc hop chét va san pham trung gian dugc md ta duéi day dugc goi tén sir dung
quy uéc goi tén dugc dua ra boéi ACD/ChemSketch 2019.1.1, File Version CO5H41, Build
110712 (Advanced Chemistry Development, Inc., Toronto, Ontario, Canada). Quy uéc goi
tén duoc dua ra boi ACD/ChemSketch 2019.1.1 1a da biét boi ngudi c6 hidu biét trung
binh trong linh vuc nay va tin rang quy wéc goi tén dwoc dua ra béi ACD/ChemSketch
2019.1.1 néi chung phi hop v6i cac kién nghi TUPAC (International Union for Pure and
Applied Chemistry) vé cac quy tic danh phap ctia Hoa hitu co va chi s6 CAS.

Vidul
(1R,2S,585)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[ N-
(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (1)
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Bugce 1. Tong hop metyl (1R,2S,5S)-3-[ N-(tert-butoxycarbonyl)-L-valyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxylat (C1).

Dung dich 0°C gdm N-(tert-butoxycarbonyl)-L-valin (69,7 g, 321mmol) trong hon
hop chtra axetonitril va N,N-dimetylformamit (10:1, 1,10 L) dugc xu ly bang O-(7-
azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU; 122 g,
321mmol), tiép dé 1a N, N-diisopropyletylamin (127mL, 729mmol). Sau khi hdn hop phan
ung dugc khudy trong 5 phut, mubi hydroclorua cua metyl (1R,2S,55)-6,6-dimetyl-3-
azabixyélo[&I.O]hexan-Z-carboxylat, (60,0 g, 292mmol) dugc bd sung, va khudy lién tuc
& 0°C trong 1 gi. Hon hop phan Gng sau d6 duoc pha loang bang dung dich nudc axit
xitric (1 N; 50mL) va nuéc (100mL), dugc khudy trong 2 phut, va dugc ¢ trong chan
khong t6i x4p xi mot phan hai thé tich ban dau. Hon hop thu duge duge phan b6 giita etyl
axetat va nudc, va 16p nudc duge chiét ba 14n bang etyl axetat. L&p hitu co gom lai sau d6
duoc rira ba lan bé’mg nude va mot 1an bé‘mg dung dich nudc natri clorua bao hoa, dugc lam
khé trén natri sulfat, duogc loc, va dugc cd trong chan khong. Phén léng can duoc khuéy

véi luong tdi thidu cta etyl axetat, va sau d6 duoc loc; nguyén liéu khong tan duoc rira
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bing etyl axetat cho dén khi n6 mau tréng. Céc phan dich loc gom lai dugc cb trong didu
kién ap suit thap va sau d6 dugc sic ky silicagel (dung moi rira giai: 1:1 etyl axetat /
heptan), thu duoc C1 & dang ddu mau vang. Hiéu suat: 109 g, dinh lugng. LCMS m/z 369,3
[M+H]*. "H NMR (400 MHz, cloroform-d) & 5,08 (d, J = 9,6 Hz, 1H), 4,45 (s, 1H), 4,11
(dd, J=9,7, 7,8 Hz, 1H), 3,95 (d, mot nira vach bén AB, J= 10,1 Hz, 1H), 3,86 (dd, hop
phan ctia hé ABX, J = 10,2, 4,8 Hz, 1H), 3,74 (s, 3H), 2,04 - 1,93 (m, 1H), 1,50 — 1,41 (m,
2H), 1,40 (s, 9H), 1,04 (s, 3H), 1,00 (d, J = 6,8 Hz, 3H), 0,95 (d, J = 6,8 Hz, 3H), 0,93 (s,
3H).

Bué6c 2. Tong hop metyl (1R,2S,55)-6,6-dimetyl-3-L-valyl-3-azabixyclo[3.1.0]hexan-2-
carboxylat, mudi hydroclorua (C2).

Dung dich chita hydro clorua trong 1,4-dioxan (4 M; 15mL, 60mmol) duge bd sung
vao dung dich 0°C gdm C1 (1,00 g, 2,71mmol) trong etyl axetat (SOmL). Hon hop phéan
g duoc khudy & 0°C trong 2 gid, trong khi d6 b sung hydro clorua trong dung dich 1,4-
dioxan (4 M; 10mL, 40mmol) dwoc bd sung, va khudy lién tuc & 0°C trong 3 gio, sau do
& nhiét do trong phong trong 1 gid. Hon hop phéan tng sau d6 duge xir ly bang dung dich
chtra hydro clorua trong 1,4-dioxan (4 M; 10mL, 40mmol) va metanol (15mL) va dé khuly
qua dém & nhiét do trong phong. C6 trong chan khong tao ra C2 ¢ dang gdm; nguyén liéu
nay dugc st dung trong quy trinh héa hoc tiép theo ma khong can tinh thé thém, va phan
ting duoc dem dinh lugng. LCMS m/z 269,3 [M+H]". '"H NMR (400 MHz, DMSO-ds) 3
8,24 (br s, 3H), 4,27 (s, 1H), 3,81 — 3,61 (m, 3H), 3,67 (s, 3H), 2,21 - 2,06 (m, 1H), 1,63
1,55 (m, 1H), 1,49 (d, hop phin cta vach bén AB, J="7.6 Hz, 1H), 1,09 - 0,88 (m, 12H).
Bu6c 3. Téng hop metyl (1R,2S,55)-6,6-dimetyl-3-[N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxylat (C3).

Trietylamin (1,55mL, 11,1mmol) duoc bd sung vao dung dich 0°C gdm C2 (1,0 g,
3,3mmol) trong diclometan (37mL), tiép d6 1a timg giot bd sung trifloaxetic anhydrit
(0,57mL, 4,0mmol) trong hon 30 phat. Hén hop phan tmg dugc khudy & 0°C trong 30
phut, trong khi d6 né dugc pha lodng bang diclometan (100mL), dugc rira lién tiép bang
10% dung dich nudc kali bisulfat (50mL) va dung dich nudc natri clorua béo hoa (30mL),
dugc 1am khd trén natri sulfat, duoc loc, va dugc c6 trong chan khong dé taora C3 ¢ dang
dau mau vang sang. Hiéu suét: 1,2 g, 3,3mmol, dinh lugng. LCMS m/z 365,2 [M+H]". H
NMR (400 MHz, cloroform-d) § 7,04 (br d, J= 8,8 Hz, 1H), 4,54 (dd, /= 8,9, 6,3 Hz, 1H),
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4,46 (s, 1H), 3,91 (dd, J= 10,1, 5,0 Hz, 1H), 3,80 — 3,73 (m, 1H), 3,76 (s, 3H), 2,25 - 2,13
(m, 1H), 1,55 — 1,47 (m, 2H), 1,09 — 1,03 (m, 6H), 0,94 (d, J= 6,8 Hz, 3H), 0,92 (s, 3H).
Buéc 4. Téng hop axit (1R,2S,5 S)-6,6-dimetyl-3-[N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxylic (C4).

Axit clohydric ddm dac (0,57mL, 6,6mmol) dugc bd sung vao dung dich chia C3
(1,25 g, 3,43mmol) trong hdn hgp chura axit axetic (40,8mL) va nude (8,2mL). Hon hop
phéan tmg duoc gia nhiét & 55°C trong 3 ngay, trong khi d6 né dugc phan bd gifta nudc
(50mL) va etyl axetat (100mL). Lép nuée duge chiét bang etyl axetat (2 x 50mL), va 16p
hitu co gom lai duoc rira bang dung dich nuéc natri clorua bdo hoa (S0mL), duge 1am khod
trén natri sulfat, duoc loc, va duoc cb trong chan khong dé cho C4 & dang bot tring. Hiéu
suét: 1,00 g, 2,85mmol, 83%. LCMS m/z 351,2 [M+H]". '"H NMR (400 MHz, cloroform-
d), cac dinh dic trung: & 4,56 — 4,44 (m, 2H), 2,24 - 2,12 (m, 1H), [1,66 (d, hop phﬁn cua
vach bén AB, J = 7,5 Hz) va 1,59 — 1,47 (m), tong 2H], 1,10 — 1,01 (m, 6H), 0,96 — 0,91
(m, 6H).

Buéc 5. Téng hop tert-butyl {(28)-1-amino-1-o0x0-3-[(3S)-2-oxopyrolidin-3-yl]propan-2-
yl}carbamat (C5).

Dung dich chita amoniac trong metanol (7,0 M; 150mL, 1,0 mol) duoc bd sung vao
dung dich 0°C gdbm metyl N-(tert-butoxycarbonyl)-3-[(3S)-2-oxopyrolidin-3-yl]-L-
alaninat (5,00 g, 17,5mmol) trong metanol (25mL). Sau khi hdn hop phan tng dugc khuay
& nhiét do trong phong trong 3 ngay, né duge cd trong chan khong; phan ldng can dugc
pha lodng va dugc cd lai 1an Iuot bang hdn hop chia etyl axetat va heptan (1:1, 4 x 50mL)
tiép d6 12 heptan (50mL) dé tao ra C5 & dang chét rén (5,27 g, dugc dem dinh luong) ma
chira dung moi du. Mot phan nguyén liéu nay dugc sir dung trong budc tiép theo. LCMS
m/z 216,2 [(M — 2-metylprop-1-en)+H]". '"H NMR (400 MHz, metanol-ds) & 4,16 — 3,96
(m, 1H), 3,40 — 3,27 (m, 2H, duoc gia dinh; bi che mot phan béi dinh dung méi), 2,55 —
2,42 (m, 1H), 2,35 (dddd, J = 12,2, 8,6, 6,8, 3,3 Hz, 1H), 2,03 (ddd, /= 14,0, 11,0, 4,4 Hz,
1H), 1,93 — 1,81 (m, 1H), 1,74 (ddd, J = 14,2, 10,1, 4,3 Hz, 1H), 1.45 (s, 9H).

Buge 6. Tong hop tert-butyl {(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} carbamat
(C6).

2,6-dimetylpyridin (2mL, 17mmol) va trifloaxetic anhydrit (0,94mL, 6,6mmol)
duoc bd sung vao dung dich 0°C gobm C5 (tur bude trén day; 1,0 g, <3,3mmol) trong
diclometan (12mL). Hon hgp phéan ung dugc khudy & nhiét do trong phong trong 1,5 gio,
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trong khi d6 né duge xir ly bang axit clohydric (1 M; 30mL) va diclometan (60mL). Lép
hitu co dugc rira lién tiép bang dung dich nudc natri clorua bdo hoa (30mL) va dung dich
nuéc natri bicacbonat bdo hoa (30mL), duoc 1am kho trén natri sulfat, va dugc co trong
chan khéng; séc ky trén silicagel (Gradien: 40% dén 100% etyl axetat trong heptan) tao ra
C6 & dang chét rin. Hiéu sudt: 737 mg, 2,91mmol, 88% qua 2 budc. LCMS m/z 254.3
[M+H]*. '"H NMR (400 MHz, metanol-ds) 8 4,72 (dd, /= 9,3, 6,8 Hz, 1H), 3,39 - 3,27 (m,
2H, duoc gia dinh; bi che mot phan boi dinh dung méi), 2,57 — 2,46 (m, 1H), 2,36 (dddd,
J=122,8.6,63,3,4Hz 1H), 2,21 (ddd, J = 13,8, 9,3, 5,6 Hz, 1H), 1,92 - 1,79 (m, 2H),
1,47 (s, 9H).

Buéc 7. Téng hop (25)-2-amino-3-[(38)-2-oxopyrolidin-3-yl]propannitril, mudi
metansulfonat (C7).

Dung dich chta C6 (317 mg, 1,25mmol) trong 1,1,1,3,3,3-hexaflopropan-2-ol
(3mL) dugc bd sung axit metanesulfonic (81,2 puL, 1,25mmol). Sau khi hdn hop phan tmg
duge khudy o nhiét do trong phong trong 45 phut, n6 dugc cd trong chan khong, sau do
duoc hip thu lai trong hdn hop chira cac dung mdi va dugc ¢d lai: axetonitril va etyl axetat
(1:1, 2 x 10mL) tiép d6 12 etyl axetat va heptan (1:1, 2 x 10mL). C7 thu dugc ¢ dang thuy
tinh (423 mg), khong chira epime nitril bing cach phan tich 'H va *C NMR. Mot phan
nguyén liéu nay dugc str dung trong phan tng khac ma khong can tinh ché thém. LCMS
m/z 154,2 [M+H]". '"H NMR (400 MHz, metanol-ds) 8 4,78 (t,J= 7,3 Hz, 1H), 3,42 - 3,36
(m, 2H), 2,82 — 2,68 (m, 1H), 2,70 (s, 3H), 2,50 — 2,39 (m, 1H), 2,20 (t, /= 7.3 Hz, 1H),
2,07 - 1,80 (m, 2H).

Bude 8. Téng hop (1R,28,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-
dimetyl-3-[N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (D).

Hbn hop chita C7 (tir bude trén day; 98,8 mg, <0,292mmol) va C4 (100 mg,
0,285mmol) trong axetonitril (1,5mL) dugc lam lanh dén 0°C. O-(7-Azabenzotriazol-1-
y1)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU, 97%; 112 mg, 0,286mmol) dugc
bd sung, tiép d6 1a dung dich chta 4-metylmorpholin (94,0 uL, 0,855mmol) trong
axetonitril (0,5mL), va hdn hop phéan tmg duoc khudy & 0°C trong x4p xi 2 gio. Dung dich
nude natri bicacbonat bdo hoa (30mL) sau d6 dugc bd sung vao hdn hop phan tmg 0°C,
tiép d6 1a diclometan (50mL), va 16p hitu co dugce rira bang axit clohydric (1 M; 30mL).
Céac 16p nude gom lai dugce chiét bang diclometan (60mL), trong khi d6 16p hitu co gom

lai duoc 1am kho trén natri sulfat, dugce c6 trong chan khong, va duoc tién hanh sic ky
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silicagel (Gradien: 0% dén 20% metanol trong etyl axetat). Vi nguyén liéu thu duoc dugc
danh gi4 bang phan tich NMR va LCMS ¢6 14n epime clia san phdm, nén sau d6 né duge
tinh ché bing HPLC pha déo (Cot: Waters Sunfire C18, 19 x 100 mm, 5 pm; Pha dong A:
nudce chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha dong B: axetonitril chira 0,05%
axit trifloaxetic (thé tich/thé tich); gradien: 5% dén 95% B trong 8,54 pht, sau d6 95% B
trong 1,46 phut; Tbc d6 chay: 25mL/phit) dé cho (1R,2S,55)-N-{(1S)-1-xyano-2-[(3S5)-2-
oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[ N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit (1). Hi¢u suét: 14,6 mg, 30,1 umol, 11%. LCMS m/z
486,5 [M+H]". Thoi gian luu: 2,33 phut (Cac diéu kién phan tich. Cot: Waters Atlantis
C18, 4,6 x 50 mm, 5 pm; Pha dong A: nu6c chira 0,05% axit trifloaxetic (thé tich/thé tich);
Pha dong B: axetonitril chtra 0,05% axit trifloaxetic (thé tich/thé tich). gradien: 5% dén
95% B trong 4,0 phut, sau d6 95% B trong 1,0 phut. Tbc dd chay: 2mL/phut).

Tbng hop C4 theo cach khac

Axit  (1R,2S,55)-6,6-dimetyl-3-[N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-
carboxylic (C4)

CH, CHj
HN/U\O)<CH3 HN/U\OJ<CH3
HsCw O LiOH HaC O
] O — b 0O
CH3 N “‘\/( CH3 N “\\/(
0-CHs ¢ ] OH
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3
e NHz 5 /CLJ]\ HN” “CF,
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HCI W |\f (o) H3C/\O CF3 H3CW\‘ |\fo
CH3 N \\/( CH
Emm— o OH > 3N \\/
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* HCI
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8 3 HsC CHj,
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Bu6c 1. Tong hop axit (1R,28,58)-3-[ N-(tert-butoxycarbonyl)-L-valyl]-6,6-dimetyl-3-

azabixyclo[3.1.0]hexan-2-carboxylic (C8).

Dung dich nuéc chira lithi hydroxit (2,0 M; 436mL, 872mmol) duoc bd sung vao dung

dich chira C1 (107 g, 290mmol) trong tetrahydrofuran (730mL). Sau khi hdn hop thu dugc
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dugc khudy & nhiét do trong phong trong xép xi 2 gio, n6 dugc pha lodng bang nuéc va
etyl axetat, sau d6 dugc xir ly bang 1 M dung dich nuéc natri hydroxit. L&p nude duge rira
bang etyl axetat, va cac 16p hiru co gom lai duge chiét ba 14n bang 1 M dung dich nuéc
natri hydroxit, cho t6i khi phan tich LCMS da chi ra rang C8 dugc loai hoan toan ra khoi
16p hitu co. Axit héa cac 16p nuée gom lai dén do pH = 2 duogc thuc hién bang cach bd
sung axit clohydric ddm déc, trong khi d6 hén hop duoc chiét ba lan bang etyl axetat. L6p
hitu co gom lai dugc rira bé‘mg dung dich nuéc natri clorua béo hoa, duogc lam kho trén
natri sulfat, duogc loc, va dugc co; nghién phﬁn lang can bang heptan tao ra C8 & dang chét
rén mau tring. Hiéu suat: 92,8 g, 262mmol, 90%. LCMS m/z 355,3 [M+H]". "HNMR (400
MHz, metanol-ds) & 4,32 (s, 1H), 4,05 (d, mdt nira vach bdén AB, J = 10,5 Hz, 1H), 4,01
(d,/=9,0 Hz, 1H), 3,88 (dd, hop phan ctia hé ABX, J=10.4, 5,3 Hz, 1H), 2,03 - 1,91 (m,
1H), 1,57 (dd, hop phin ciia hé ABX, J=7,5, 5,2 Hz, 1H), 1,50 (d, mdt nira vach bon AB,
J=17,5Hz, 1H), 1,41 (s, 9H), 1,08 (s, 3H), 0,99 (d, J = 6,8 Hz, 3H), 0,97 — 0,94 (m, 6H).
Buge 2. Tong hop (1R,2S,55)-6,6-dimetyl-3-L-valyl-3 -azabixyclo[3.1.0]hexan-2-axit
carboxylic, mudi hydroclorua (C9).

Dung dich chira C8 (82,8 g, 234mmol) trong diclometan (230mL) duoc bo sung dung dich
chtra hydro clorua trong 1,4-dioxan (4,0 M; 409mL, 1,64 mol). Hon hop phan tmg dugc
khudy qua dém & nhiét do trong phong, trong khi d6 n6 duoc cb trong chan khong, tao ra
C9 & dang bot trang. Nguyén liéu nay dugc st dung truc tiép & budc tiép theo. LCMS m/z
255,3 [M+H]". '"H NMR (400 MHz, metanol-ds) 8 4,42 (s, 1H), 4,05 (d, /= 4,8 Hz, 1H),
3,89 (dd, hop phén ctahé ABX, J= 10,5, 5,2 Hz, 1H), 3,74 (d, mot nira vach bon AB, J =
10,5 Hz, 1H), 2,36 — 2,25 (m, 1H), 1,62 (dd, hop phan ctia hé¢ ABX, J=7,5, 5,1 Hz, 1H),
1,57 (d, mot ntra vach bén AB, J=7,6 Hz, 1H), 1,16 (d, /= 7,0 Hz, 3H), 1,10 (s, 3H), 1,04
(d, J=6,9 Hz, 3H), 1,01 (s, 3H).

Buéc 3. Tong hop axit (1R,2S,5 S)-6,6-dimetyl-3-[N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxylic (C4).

Dung dich chtta C9 (tir buée trén day; <234mmol) trong metanol (23 OmL) dugc lam lanh
dén 0°C, dugc xir ly bing trietylamin (66,7mL, 479mmol), va dugc khudy trong 5 phut,
trong khi d6 etyl trifloaxetat (36,1mL, 303mmol) dugc bd sung tir tir. Sau d6 hdn hop phan
g dugc khudy & nhiét d6 trong phong trong 90 phut, né dugc cd trong chan khong. Phan
cin ling duoc pha lodng bang nude, 1 M dung dich nude natri hydroxit, va etyl axetat, va

16p hitu co thu dugce duogc chiét hai 1an bang 1 M dung dich nu6c natri hydroxit. Cac 16p
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nude gom lai dugc axit hoa dén do pH = 2 bang cach bd sung axit clohydric 1M, sau dé
duoc chiét ba 1an bang etyl axetat. Lép hitu co gom lai duge rira bang nudc va bang dung
dich nudc natri clorua bao hoa, dugc lam khé trén natri sulfat, dugc loc, va dugc co trong
chan khéng, thu dugc C4 ¢ dang bot tréng. Hiéu suat: 73,4 g, 210mmol, 90% qua 2 budc.
LCMS m/z 351,3 [M+H]*. '"H NMR (400 MHz, DMSO-ds) 3 12,65 (v br s, 1H), 9,82 (d, J
=7,7Hz, 1H), 4,16 (dd, J=9,9, 7,9 Hz, 1H), 4,12 (s, 1H), 3,86 (d, mdt nira vach bdn AB,
J=10,4 Hz, 1H), 3,81 (dd, hop phan ctia hé ABX, J = 10,5, 5,0 Hz, 1H), 2,18 — 2,05 (m,
1H), 1,54 (dd, hop phﬁn cuahé ABX,J=17,7, 4,6 Hz, 1H), 1,42 (d, mdt nra vach bdn AB,
J=1,5Hz, 1H), 1,02 (s, 3H), 0,95 (d, J = 6,7 Hz, 3H), 0,89 (d, J = 6,6 Hz, 3H), 0,84 (s,
3H).

Téng hop theo cach khac cua Vi du 1
(1R,2S,58)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-[ V-
(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]Thexan-2-carboxamit (1)
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Buge 1. Tong hop metyl 3-[(3S)-2-oxopyrolidin-3-yl]-L-alaninat, mubi metansulfonat
(C10).

Dung dich chira metyl N-(tert-butoxycarbonyl)-3-[(3)-2-oxopyrolidin-3-yl]-L-
alaninat (10,1 g, 35,3mmol) trong 1,1,1,3,3,3-hexaflopropan-2-ol (70mL) duoc ) sung
axit metanesulfonic (2,30mL, 35,4mmol). Sau khi hdn hop phan ng dugc khqu o nhiét
do trong phong trong 70 phut, phan tich LCMS da chi ra rang nguyén liéu ban dau duoc
chuyén héa thanh C10: LCMS m/z 187,2 [M+H]". Hon hop phan (ng dugce ¢6 trong chan
khong, va phan ling cin dugoc téi hoa tan hai 14n, tiép d6 12 ndng d trong diéu kién 4p suat
thap, trong hén hop chira axetonitril va etyl axetat (1:1, 2 x 20mL). Nguyén liéu thu dugce
duoc hép thu trong hon hop chia axetonitril va etyl axetat (1:1, 30mL), duoc ¢o, sau do
hai 14n dugc tai hoa tan trong etyl axetat (2 x 40mL) va duoc cd. Phén ling cin duoc
nghién bang etyl axetat (60mL) dé cho C10. Hiéu suat: 9,87 g, 35,0mmol, 99%. 'H NMR
(400 MHz, metanol-ds) § 4,22 (dd, J=9,7, 3,6 Hz, 1H), 3,86 (s, 3H), 3,41 — 3,36 (m, 2H),
2,84 — 2,74 (m, 1H), 2,70 (s, 3H), 2,41 (dddd, J = 12,3, 8,6, 5,1, 3,6 Hz, 1H), 2,25 (ddd, J
=15,1, 4,5, 3,6 Hz, 1H), 1,98 (ddd, J = 15,1, 9,6, 9,6 Hz, 1H), 1,87 (dddd, J = 12,6, 10,9,
9,2,9,2 Hz, 1H).

Bugc 2. Toéng hop metyl N-({(1R,2S,55)-6,6-dimetyl-3-[ N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-yl}carbonyl)-3-[(3S)-2-oxopyrolidin-3-yl] -L-alaninat (C11).

Dung dich 0°C gém C10 (2,76 g, 9,78mmol) va C4 (3,43 g, 9,79mmol) trong
axetonitril (40mL) dugc bd sung 1-[3-(dimetylamin)propyl]-3-etylcarbodiimit
hydroclorua (1,88 g, 9,81mmol), tiép d6 12 timg giot b sung pyridin (2,37mL, 29,3mmol).
Hon hop phén ting dugc khudy & 0°C trong 2,25 gid, trong khi d6 n6 dugce xir ly bang axit
clohydric (1 M; 50mL) va dugc chiét bang etyl axetat (150mL). L6p hiru co dugce rira lién
tiép bang dung dich nudc natri clorua béo hoa (50mL), dung dich nuéce natri bicacbonat

bdo hoa (50mL), va dung dich nudc natri clorua bdo hoa (50mL), dugc lam kho trén natri
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sulfat, duoc loc, va dugc co trong chan khong. Phan lng can duoc hip thu trong metyl
tert-butyl ete (30mL) va dugc c6 trong diéu kién 4p suét thap, va thiy tinh thu dugc dﬁ:oc
khuAy bang metyl zert-butyl ete (S0mL) & nhiét d6 trong phong qua dém. Sau khi loc, banh
loc dugc rira bang metyl terz-butyl ete (3 x 6mL) dé cho C11 & dang chat ran, trong d6
phén tich 'H NMR chira metyl tert-butyl ete vé& co ban 1a dw. Mot phan nguyén liéu nay
dugce st dung trong budc tiép theo. Hiéu sudt: 3,74 g; dugc hiéu chinh dbi v6i metyl tert-
butyl ete du: 2,94 g, 5,67mmol, 58%. LCMS m/z 519,5 [M+H]". 'H NMR (400 MHz,
metanol-d4) & 4,55 (dd, J= 12,0, 3,8 Hz, 1H), 4,34 (s, 1H), 4,29 (d, J = 9,6 Hz, 1H), 3,97
(d, J= 3,1 Hz, 2H), 3,74 (s, 3H), 3,37 — 3,23 (m, 2H, duoc gia dinh; bi che mot phan béi
dinh dung mai), 2,73 — 2,62 (m, 1H), 2,32 (dddd, J = 12,4, 8,8, 6,7, 2,4 Hz, 1H), 2,21 —
2,10 (m, 2H), 1,86 — 1,74 (m, 2H), 1,60 (dt, thanh phan ctia hé ABX», J=7,7, 3,1 Hz, 1H),
1,49 (d, mot nira vach bon AB, J= 7,6 Hz, 1H), 1,09 (s, 3H), 1,02 (d, /= 6,9 Hz, 3H), 0,99
—0,95 (m, 6H).

Bu6c 3. Tbéng hop (1R,2S,55)-N-{(2S)-1-amino-1-0xo0-3-[(3S)-2-oxopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-[ N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-
carboxamit (C12).

Dung dich chita amoniac trong metanol (7,0 M; SmL, 40mmol) dugc bd sung vao
dung dich chira C11 (tlr budc trén day: 205 mg, 0,311mmol) trong metanol (ImL). Dung
dich thu dugc duoc khqu & nhiét dd trong phong trong 1,5 gio, trong khi d6 dung dich
chra amoniac trong metanol (7,0 M; 5mL, 40mmol) dugc bb sung lai, va khudy lién tuc
qua dém. Sau do, hdn hop phan tmg duge xir Iy trong 14n thi ba véi ciing lugng amoniac
trong methanol; sau d6 8 gid phan Umg nita, né dugc cd trong chan khong. Phén lang cin
dugc pha logng va dugc cd lai 14n lugt bang etyl axetat (2 x 20mL) va hdn hop chira etyl
axetat va heptan (1:1, 2 x 20mL). Nguyén li¢u thu dugc dugc hoa tan trong diclometan
(50mL), dugc rira bang axit clohydric (1 M; 30mL) va bang dung dich nudce natri clorua
bdo hoa (30mL), dugc 1am khd trén natri sulfat, dugce loc, va dugce o trong chan khong dé
tao ra C12 & dang chit rin. Hiéu suit: 87 mg, 0,17mmol, 55%. LCMS m/z 504,5 [M+H]".
'H NMR (400 MHz, metanol-ds) & 8,68 (d, J = 7,9 Hz, <IH, dugc trao dbi khong hoan
toan bang dung méi), 4,44 (ddd, J= 11,9, 7,9, 4,0 Hz, 1H), 4,37 — 4,26 (m, 2H), 4,01 (dd,
hop phan ctia hé ABX, J= 10,3, 5,1 Hz, 1H), 3,94 (d, mét nira vach bon AB,J = 10,2 Hz,
1H), 3,39 — 3,24 (m, 2H, dugc gia dinh; bi che phﬁn 16n boi dinh dung méi), 2,72 — 2,62
(m, 1H), 2,38 — 2,28 (m, 1H), 2,21 — 2,08 (m, 2H), 1,90 — 1,72 (m, 2H), 1,58 (dd, hop phan
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cua hé ABX, J=17,5, 5 Hz, 1H), 1,54 (d, mot nira vach bén AB, J= 7,7 Hz, 1H), 1,08 (s,
3H), 1,02 (d, J = 6,7 Hz, 3H), 0,97 (d, J = 6,7 Hz, 3H), 0,96 (s, 3H).

~ Bude 4. Téng hop (1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[ N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]Thexan-2-carboxamit (1).

Metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan Gmg Burgess; 88,4
mg, 0,371mmol) dugc bd sung vao dung dich chira C12 (85,0 mg, 0,17mmol) trong
diclometan (4,0mL), va hdn hop phan tng dugc khudy & nhiét d6 trong phong. Sau d6 3
gio, metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan (mg Burgess; 20 mg,
84 pmol) dwoc bd sung lai; 30 phut sau, hdn hop phan tmg dugc pha lodng béng etyl axetat
(60mL), duogc rua lién tiép bang axit clohydric (1 M; 30mL), dung dich nuGc natri
bicacbonat bdo hoa (30mL), va dung dich nuéc natri clorua bdo hoa (30mL), dugc lam kho
trén natri sulfat, dugc loc, va dugc cd trong chan khong. Phan 1éng can dugc hép thu trong
heptan va duoc ¢ lai trude khi tinh ché qua sic ky silicagel (Gradien: 0% dén 5% metanol
trong etyl axetat). (1R,25,55)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-6,6-
dimetyl-3-[N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (1) duoc
phan 14p & dang chét rén. Hiéu sudt: 35 mg, 72 pmol, 42%. LCMS m/z 486,5 [M+H]". 'H
NMR (400 MHz, metanol-ds) 8 5,04 (dd, J= 10,7, 5.4 Hz, 1H), 4,28 (d, J = 9,6 Hz, 1H),
4,25 (s, 1H), 4,03 — 3,94 (m, 2H), 3,35 — 3,23 (m, 2H, duoc gia dinh; bi che phﬁn 16n boi
dinh dung méi), 2,72 — 2,62 (m, 1H), 2,37 — 2,26 (m, 2H), 2,19 - 2,08 (m, 1H), 1,93 — 1,75
(m, 2H), 1,64 (ddd, J= 17,6, 4,2, 2,1 Hz, 1H), 1,41 (d, J = 7,6 Hz, 1H), 1,09 (s, 3H), 1,02
(d, J=6,8 Hz, 3H), 1,00 — 0,95 (m, 6H).

Vidu2
N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -4-metyl-N?-(pyrolidin-1-ylaxetyl)-L-

leuxinamit, mudi trifloaxetat (2)
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Buéc 1. Téng hop benzyl 4-metyl-L-leuxinat, mubi cua axit p-toluenulfonic (C13).

Huyén phu chtta 4-metyl-L-leuxin (9,5 g, 65mmol), rugu benzylic (28,3 g,
262mmol), va monohydrat cia axit p-toluenulfonic (14,9 g, 78,3mmol) trong toluen
(200mL) dugc gia nhiét ¢ nhiét do hdi luu qua dém; 6ng Dean-Stark chit U dugc sir dung
dé loai dang phi nuéc thu duge. Sau do, hdn hop phan Gng dugc cd trong chén khong,
trong khi d6 phén cin ling dugc pha lodng bing dietyl ete (200mL) va etyl axetat (100mL).
Huyén phi thu dugc duge khudy trong 1,5 gid va dugc loc; banh loc duge rira bang dietyl
ete dé tao ra C13 & dang chit rin mau tring. Hiéu suat: 24,9 g, 61,1mmol, 94%. LCMS
m/z 236,3 [M+H]*. 'TH NMR (400 MHz, DMSO-ds) & 8,30 (br s, 3H), 7,47 (d, /= 8,1 Hz,
2H), 7,44 — 7,36 (m, 5H), 7,11 (d, J = 7,8 Hz, 2H), 5,23 (Vach bén AB, Jag = 12,3 Hz,
Avas= 13,7 Hz, 2H), 4,02 (dd, J = 7,3, 4,5 Hz, 1H), 2,29 (s, 3H), 1,81 (dd, J=14,5,7.3
Hz, 1H), 1,57 (dd, J = 14,5, 4,6 Hz, 1H), 0,90 (s, 9H).

Budc 2. Tong hop benzyl 4-metyl-N-(pyrolidin-1-ylaxetyl)-L-leuxinat (C14).

Hdn hop 0°C chira C13 (800 mg, 1,96mmol) va axit pyrolidin-1-ylaxetic (254 mg,
1,97mmol) trong N,N-dimetylformamit (4mL) dugc xu 1y bang O-(7-azabenzotriazol-1-
yl)-N,N,N’ N -tetrametyluroni hexaflophosphat (HATU; 746 mg, 1,96mmol), tiép do6 1a
dung dich chira 4-metylmorpholin (0,496mL, 4,51 mmol) trong diclometan (1mL). Sau khi
hdn hop phén tmg duge khudy & 0°C trong 2 gid, dung dich nudc natri bicacbonat bao hoa
(30mL) dugc bd sung & 0°C; hdn hop thu duge duge chiét bang etyl axetat (2 x 60mL), va
16p hitu co gom lai duge lam kho trén natri sulfat, duge loc, va dugc ¢co trong chén khong.
Tinh ché bing séc ky silicagel dwgc thyc hién hai lan (Gradien: 0% dén 20% etyl axetat
trong heptan, tiép d6 1a sdc ky tinh ché lan thi hai st dung 0% dén 10% etyl axetat trong
heptan), dé cho C14 & dang gdm (761 mg). Nguyén liéu nay dugc sir dung truc tiép & budc
tiép theo. LCMS m/z 347,4 [M+H]*. '"H NMR (400 MHz, metanol-ds) 5 7,40 — 7,29 (m,

5H), 5,16 (Vach bén AB, Jas = 12,2 Hz, Avas = 11,1 Hz, 2H), 4,56 (dd, J = 9.0, 3,1 Hz,
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1H), 3,76 (Vach bdén AB, Jag = 15,6 Hz, Avas= 13,6 Hz, 2H), 3,17 — 3,06 (m, 4H), 2,03 —
1,93 (m, 4H), 1,81 (dd, J= 14,5, 3,1 Hz, 1H), 1,60 (dd, J = 14,5, 9,0 Hz, 1H), 0,95 (s, 9H).
Buéc 3. Téng hop 4-metyl-N-(pyrolidin-1-ylaxetyl)-L-leuxin (C15).

Dung dich chira C14 (i bude trén day; 760 mg, <1,96mmol) trong metanol (5mL)
duoc bd sung paladi trén cacbon (76,0 mg). Hon hop phan tmg dugc khuéy o nhiét do
trong phong trong diéu kién hydro (50 psi) qua dém, trong khi d6 phan tich LCMS chi ra
ring ¢6 su chuyén hod thanh C15: LCMS m/z 257,4 [M+H]". Hon hop phén tmg duoc loc
hai 14n théng qua thiét bi loc 0,15 pm, va phan loc duge ¢d trong chén khong. Phan lang
can duoc hoa tan hai 1an trong hdn hop chira etyl axetat va heptan (1:1, 2 X 20mL), tiép d6
1a ndng do trong diéu kién ap suit thap; quy trinh nay tao ra C15 & dang chét rén (646 mg).
Céc phan ctia nguyén liéu nay duoc st dung trong quy trinh hda hoc tiép theo ma khong
cin tinh ché thém. 'H NMR (400 MHz, DMSO-ds) & 8,46 (d, J = 8,3 Hz, 1H), 4,31 (ddd,
J=89, 8.6, 3,0 Hz, 1H), 3,74 — 3,60 (m, 2H), 3,00 br (s, 4H), 1,90 — 1,79 (m, 4H), 1,70
(dd, hop phan ctia hé ABX, J = 14,3, 3,0 Hz, 1H), 1,56 (dd, hop phan ciia h¢ ABX, J =
14,3, 9,2 Hz, 1H), 0,90 (s, 9H).

Busc 4. Toéng hop N—{(IS)-1-Xyan0-2-[(3S)-2-0X0pyrolidin-3-yl]etyl}-4-metyl-]\ﬂ-
(pyrolidin-1-ylaxetyl)-L-leuxinamit, mubi trifloaxetat (2).

Hdn hop chita C15 (tir bude trén day; 30 mg, <91 pmol) va C7 (tr Bude 7 cua Vi
du 1; 35,3 mg, <0,104mmol) trong N,N-dimetylformamit (ImL) dugc lam lanh dén 0°C
va dugc xu ly bang  O-(7-azabenzotriazol-1-yl)-N,N.N’.N ’=tetrametylufoni
hexaflophosphat (HATU, 97%; 39,9 mg, O,IOimmol), tiép dé la dung dich chta 4-
metylmorpholin (28,0 pL, 0,255mmol) trong diclometan (0,25mL). Sau khi hdn hgp phéan
g dugc khudy & 0°C trong khoang 1,5 gio, né duge pha lodng bang dung dich nuéce natri
bicacbonat bdo hoa (3mL) & 0°C va dugc chiét bang diclometan (4 x 4mL). Céac 16p hitu
co gom lai dugc ¢d trong chan khong va dugc tinh ché bang HPLC pha dao (Cot: Waters
Sunfire C18, 19 x 100 mm, 5 um; Pha dong A: nudc chira 0,05% axit trifloaxetic (thé
tich/thé tich); Pha dong B: axetonitril chira 0,05% axit trifloaxetic (thé tich/thé tich);
gradien: 5% dén 25% B trong 8,5 phut, sau d6 25% dén 95% axetonitril trong 0,5 phut,
sau d6 95% B trong 1,0 phut; Tbc d6 chay: 25mL/phut) dé cho N-{(15)-1-xyano-2-[(35)-
2-oxopyrolidin-3-yl]etyl } -4-metyl-N?-(pyrolidin-1-ylaxetyl)-L-leuxinamit, mudi
trifloaxetat (2) & dang gébm. Hiéu suét: 8,1 mg, 16 pmol, 18% trong 3 bude. LCMS m/z
392,6 [M+H]". Thoi gian luu: 1,47 phut (Céc diéu kién phan tich. Cot: Waters Atlantis
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C18, 4,6 x 50 mm, 5 pm; Pha dong A: nudc chira 0,05% axit trifloaxetic (thé tich/thé tich);
Pha dong B: axetonitril chira 0,05% axit trifloaxetic (thé tich/thé tich). gradien: 5% dén
95% B trong 4,0 phut, sau d6 95% B trong 1,0 phut. Tbc d6 chay: 2mL/phut).

Vidu3

N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N?-(2,6-diclobenzoyl)-4-metyl-L-

leuxinamit (3)
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Buée 1. Tong hop 3-[(3S)-2-oxopyrolidin-3-yl]-L-alaninamit, mubi metansulfonat, (C16).

Dung dich chtta C5 (6,13 g, <19mmol) trong 1,1,1,3,3,3-hexaflopropan-2-ol
(40mL) duoc bd sung axit metanesulfonic (1,83 g, 19mmol). Hon hop phan ung dugc
khudy & nhiét do trong phong trong 1 gid, trong khi d6 nd dugc co trong chan khong, dugc
tao huyén phu lai trong hdn hop chira toluen va heptan, va dugc ¢6 mot ]an nita, tao ra thity
tinh hat 4m (7,47 g). Mot phin nguyén liéu nay (6,47 g) dugc pha lodng va dugce cb lai lan
lugt nhu sau: hdn hop chita diclometan va etanol (2:3, 2 x 50mL); etyl axetat va etanol
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(2:3, 50mL); etyl axetat, heptan, va diclometan (4:4:1, 2 x 50mL). Nguyén li¢u thu dugc
duoc hoa tan trong hdn hop chira axetonitril va nude (1:1, 22mL) va dong kho nhanh trong
2 ngay dé cho C16 & dang thuy tinh. Hiéu suét: 3,23 g, 12,1mmol, 73% qua 2 buéc. LCMS
m/z 172,2 [M+H]". '"H NMR (400 MHz, metanol-d4) 8 4,03 (dd, /= 9,1, 4,6 Hz, 1H), 3,43
~ 3,35 (m, 2H), 2,82 — 2,72 (m, 1H), 2,71 (s, 3H), 2,49 — 2,38 (m, 1H), 2,12 — 1,96 (m,
2H), 1,94 — 1,81 (m, 1H).

Buge 2. Toéng hop N-(tert-butoxycarbonyl)-4-metyl-L-leuxyl-3-[(3S5)-2-oxopyrolidin-3-
yl]-L-alaninamit (C17).

Dung dich 0°C gdm C16 (1,34 g, 5,02mmol) va N-(tert-butoxycarbonyl)-4-metyl-
L-leuxin (1,28 g, 5,22mmol) trong N,N-dimetylformamit (7,0mL) dugc xir ly bang O-(7-
azabenzotriazol-1-yl)-N,N,N’, N -tetrametyluroni hexaflophosphat (HATU, 97%; 2,04 g,
5,20mmol), tiép dé 1a dung dich chira 4-metylmorpholin (1,43mL, 13,0mmol) trong
diclometan (3mL). Sau khi hon hop phan tmg duoc khudy & 0°C trong 2,25 gid, n6 duoc
Jam ngudi & 0°C bang cach bd sung axit clohydric (1 M; 30mL) va sau d6 duoc pha lodng
bang diclometan (50mL). L6p hitu co duoc rira bang dung dich nudce natri bicacbonat béo
hoa (30mL), va cac 16p nudc gom lai dugc chiét bang diclometan (60mL). Lép hitu co
gom lai dugc lam khd trén natri sulfat, dugc loc, dugc c6 trong chan khong, va tao huyén
phit / dwrge cd bing heptan (3 x 10mL). Tinh ché phan lang c4n bang cach sic ky silicagel
(Gradien: 0% dén 20% metanol trong etyl axetat) tao ra C17 ¢ dang chét rén. Hidu suét:
1,42 g, 3,56mmol, 71%. LCMS m/z 399,4 [M+H]". '"H NMR (400 MHz, metanol-ds) &
6,83 (d, J = 7,4 Hz, <1H, dugc trao d61 khong hoan toan bang dung mdi), 4,43 (dd, J =
11,2, 4,2 Hz, 1H), 4,11 — 4,05 (m, 1H), 3,38 — 3,24 (m, 2H, dugc gia dinh; bi che mot phan
boi dinh dung méi), 2,52 — 2,41 (m, 1H), 2,40 — 2,30 (m, 1H), 2,13 (ddd, J = 14,0, 11,2,
4,5 Hz, 1H), 1,91 — 1,75 (m, 2H), 1,71 (dd, hop phan ctia hé ABX, J = 14,4, 3,2 Hz, 1H),
1,51 (dd, hop phén ctua hé ABX, J = 14,4, 9,3 Hz, 1H), 1,45 (s, 9H), 0,97 (s, 9H).

Buéc 3. Téng hop 4-metyl-L-leuxyl-3-[(38)-2-oxopyrolidin-3-yl]-L-alaninamit, muoi
metansulfonat (C18).

Axit metanesulfonic (32,6 puL, 0,502mmol) duoc bd sung vao dung dich chira C17
(200 mg, 0,502mmol) trong 1,1,1,3,3,3-hexaflopropan-2-ol (1,5mL). Hon hgp phan ung
duoc khudy & nhiét d trong phong trong 40 phit, trong khi d6 né dugc ¢ trong chan
khong, dugc hoa tan trong etyl axetat va dugc cd mot lan nita, tao ra C18 & dang chét rén

(238 mg). Hau hét nguyén liéu nay dugc sir dung trong budc tiép theo. LCMS m/z 299,4
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[M+H]*. 'TH NMR (400 MHz, metanol-ds) 8 4,53 (dd, J= 10,3, 5,0 Hz, 1H), 3,91 (dd, J =
7.6, 5.5 Hz, 1H), 3,41 — 3,27 (m, 2H, duoc gia dinh; bi che mdt phﬁn boi dinh dung moi),
2,70 (s, 3H), 2,57 — 2,47 (m, 1H), 2,41 (dddd, J = 12,0, 8,6, 7,0, 3,2 Hz, 1H), 2,15 (ddd, J
=14,0, 10,3, 5,0 Hz, 1H), 2,01 (dd, J = 14,4, 7,5 Hz, 1H), 1,96 — 1,85 (m, 1H), 1,78 (ddd,
J=14,1,9,1, 5,0 Hz, 1H), 1,59 (dd, J = 14,3, 5,5 Hz, 1H), 1,01 (s, 9H).

Budce 4. Téng hop N-(2,6-diclobenzoyl)-4-metyl-L-leuxyl-3-[(35)-2-oxopyrolidin-3-yl]-
L-alaninamit (C19).

Huyén phi 0°C chtra C18 (tir bude trén ddy: 234 mg, <0,49mmol) trong diclometan
(2mL) dugc xtr ly bang trietylamin (170 pL, 1,2mmol) tiép d6 1a timg giot bd sung dung
dich chua 2,6-diclobenzoyl clorua (130 mg, 0,621mmol) trong diclometan (0,2mL). Hén
hop phan ung dwoc khudy & nhiét do trong phong trong 1 gid, trong khi d6 n6 dugc pha
lofing bing diclometan (60mL), sau d6 dugc rira bing axit clohydric (1 M; 30mL) tiép d6
14 dung dich nuéc natri bicacbonat bo hoa (30mL). Lép hitu co duge lam kho trén natri
sulfat, dugc loc, dugce ¢o trong chan khong, va dugc tién hanh sic ky silicagel (Gradien:
0% dén 30% metanol trong etyl axetat) dé cho C19. Hiéu suat: 120 mg, 0,255mmol, 52%
qua 2 bude. LCMS m/z 471,4 (dang chit ddng phan diclo duoc quan sat) [M+H]". "THNMR
(400 MHz, metanol-ds) 8 8,45 (d, J = 7.9 Hz, <1H, dugc trao ddi khong hoan toan bang
dung méi), 7,45 — 7,35 (m, 3H), 4,59 (dd, J= 7.8, 4,5 Hz, 1H), 4,52 — 4,44 (m, 1H), 3,37
— 3,24 (m, 2H, dugc gia dinh; bi che mot phﬁn bai dinh dung moi), 2,65 — 2,55 (m, 1H),
2,37 (dddd, J = 12,5, 8,8, 6,6, 2,8 Hz, 1H), 2,19 (ddd, J = 13,9, 11,3, 4,5 Hz, 1H), 1,91 -
1,72 (m, 3H), 1,66 (dd, hop phan ctia hé ABX, J= 14,4, 7,8 Hz, 1H), 1,03 (s, 9H).

Bugc 5. Toéng hop N—{(IS)-1-Xyan0-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-Nz-(2,6-
diclobenzoyl)-4-metyl-L-leuxinamit (3).

Dung dich chira C19 (90 mg, 0,19mmol) va 1H-imidazol (33,8 mg, 0,496mmol)
trong pyridin (ImL) dugc lam lanh trong bé axetonitril / bang kho (—35°C). Dung dich nay
duoc bd sung phospho oxyclorua (0,100mL, 1,07mmol), va hén hop phéan img dugc khuéy
& —30°C dén —20°C. Sau 30 phut, pyridin (2mL) dwoc bd sung dé thuan tién cho viée
khudy; sau d6 1 gio, diclometan (2mL) dugc b6 sung cho cling mdt 1i do. O 2 gid phan
g, phospho oxyclorua (0,100mL, 1,07mmol) dugc bd sung lai, va khuéy lién tuc trong
30 phut & —30°C, trong khi d6 hdn hop phan tng dugc 1am 4m dén 0°C va dugc khudy
trong 40 phut nita. Sau d6, né dugc xir ly bang axit clohydric (1 M; 30mL) va dugc chiét

béng diclometan (2 x 60mL). Lép hitu co gom lai dugc 1am kho trén natri sulfat, dugce loc,
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duoc ¢6 trong chan khong, va duge tién hanh séc ky silicagel (Gradien: 0% dén 15%
metanol trong etyl axetat) dé tao ra chét ran (67 mg). Nguyén liéu nay dugc két hop véi
san pham (12 mg) tr phén Gng twong tu duge thuc hién st dung C19 (30 mg, 64 pmol) va
hai 14n duoc hip thu trong etyl axetat (2 x 3mL) tiép d6 1a cd trong diéu kién 4p sut thap.
Phin l4ng cin duoc khudy véi hdn hop chita etyl axetat va heptan (1:3, 4mL) & nhiét do
trong phong trong 40 phut va dugc loc; banh loc dugc rira bang hdn hop chira etyl axetat
vaheptan (1:3, 5x 2mL), dé tao ra N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N?-
(2,6-diclobenzoyl)-4-metyl-L-leuxinamit (3) ¢ dang chét rén. Hiéu sudt gdp: 70 mg,
0,15mmol, 59%. LCMS m/z 453,3 (dang chét ddng phan diclo dugc quan sat) [M+H]". '"H
NMR (400 MHz, metanol-ds) & 7,45 — 7,34 (m, 3H), 5,05 (dd, J= 10,7, 5,4 Hz, 1H), 4,56
(dd, J = 17,0, 5,7 Hz, 1H), 3,37 — 3,23 (m, 2H, duoc gia dinh; bi che mot phan bai dinh
dung moi), 2,70 — 2,59 (m, 1H), 2,42 — 2,29 (m, 2H), 1,95 — 1,77 (m, 3H), 1,67 (dd, hop
phdn cua hé ABX, J= 14,4, 7,0 Hz, 1H), 1,04 (s, 9H).

Vidu4

N-[(28)-1-({(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit (4)
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Buéc 1. Téng hop metyl L-leuxyl-3-[(3S)-2-oxopyrolidin-3-yl]-L-alaninat, mudi
hydroclorua (C20).

Dung dich chira metyl N-(tert-butoxycarbonyl)-L-leuxyl-3-[(3S)-2-oxopyrolidin-3-
yl]-L-alaninat (xem Prior, A.M., et al., Bioorg. Med. Chem. Lett. 2013, 23,6317-6320;2,0
g, 5,0mmol) trong hdn hgp chira metanol (2mL) va dung dich chira hydro clorua trong etyl
axetat (4 M; 20mL) dugce khudy & 25°C trong 1 gid. C trong chan khong tao ra C20 &
dang chét rén mau tring (1,92 g, dugc dem dinh luong). 'H NMR (400 MHz, DMSO-d),
c4c dinh dic trung: & 9,09 — 8,98 (m, 1H), 8,39 (br s, 3H), 7,69 (s, 1H), 4,44 — 4,31 (m,
1H), 3,22 -3,07 (m, 2H), 2,5 — 2,38 (m, 1H, duoc gia dinh; bi che mot phén bo1i dinh dung
moi), 2,24 — 2,11 (m, 1H), 2,11 — 1,99 (m, 1H), 1,78 — 1,48 (m, 5H), 0,92 (d, /= 6,5 Hz,
3H), 0,89 (d, J = 6,5 Hz, 3H).

Buéc 2. Tong hop metyl N-(4-metoxy-1H-indol-2-carbonyl)-L-leuxyl-3-[(3.5)-2-
oxopyrolidin-3-yl]-L-alaninat (C21).

O-(7-Azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU;
494 mg, 1,30mmol) va N,N-diisopropyletylamin (388 mg, 3,00mmol) duoc bo sung vao
dung dich 0°C gdm C20 (tr thtt nghiém quy mo nhé hon twong tu véi Bude 1; 336 mg,
<0,840mmol) va axit 4-metoxy-1H-indol-2-carboxylic (159 mg, 0,832mmol) trong N,N-
dimetylformamit (6mL). Dung dich dugc khudy & 0°C trong 1,5 gid, trong khi dé né duge
6t vao nuéce / bang (10mL) va dugc chiét bang etyl axetat (3 x 10mL). L6p hitu co gom
lai duoc rira bang dung dich nudce natri clorua bao hoa, dugc lam kho trén natri sulfat, dugc
loc, va dugc ¢o trong chan khong. Sic ky silicagel (dung méi rira giai: 10:1 diclometan /
metanol) tao ra C21 & dang diu mau vang. Hiéu suat: 380 mg, 0,804mmol, 97%. LCMS
m/z 473,2 [M+H]*. "TH NMR (400 MHz, DMSO-de) 8 11,59 — 11,53 (m, 1H), 8,53 (d, J =
8,0 Hz, 1H), 8,37 (d, J = 8,0 Hz, 1H), 7,65 (s, 1H), 7,37 — 7,33 (m, 1H), 7,09 (dd, /= 8, 8
Hz, 1H), 7,00 (d, hop phén ctia vach bén AB, J = 8,2 Hz, 1H), 6,50 (d, J = 7,6 Hz, 1H),
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4,56 — 4,47 (m, 1H), 4,40 — 4,31 (m, 1H), 3,88 (s, 3H), 3,62 (s, 3H), 3,18 — 3,05 (m, 2H),
2,41 — 2,29 (m, 1H), 2,15 — 2,03 (m, 2H), 1,78 — 1,49 (m, 5H), 0,93 (d, /= 6,3 Hz, 3H),
0,89 (d, J= 6,4 Hz, 3H).

Budc 3. Tong hop N-(4-metoxy-1H _indol-2-carbonyl)-L-leuxyl-3-[(3.5)-2-oxopyrolidin-3-
yl]-L-alanin (C22).

Hon hop khudy chtra canxi clorua (0,887 g, 7,99mmol) va natri hydroxit (0,168 g,
4,20mmol) trong 2-propanol (7mL) va nuéc (3mL) duge bd sung C21 (1,8 g, 3,8mmol).
Hon hop phan ung dugc khudy & 20°C trong 6 gid, trong khi d6 n6 duoc cd trong chén
khong, duoc pha long bang nudc (4mL), duge didu chinh dén do pH = 4 bang cich bo
sung axit clohydric 1M, va dugc chiét bang etyl axetat (3 x 10mL). Lép hiru co gom lai
duoc rira bé'mg dung dich nudc natri clorua bdo hoa, duoc lam kho trén natri sulfat, duogc
loc, va dugc co trong chan khong. Séc ky silicagel (dung mdi rira giai: 10:1:0,1 diclometan
/ metanol / axit axetic) tao ra C22 & dang chét rén mau vang. Hiéu suat: 1,76 g, 3,84mmol,
100%. LCMS m/z 459,2 [M+H]". '"H NMR (400 MHz, cloroform-d), c4c dinh déac trung:
86,51 — 6,43 (m, 1H), 4,80 — 4,66 (m, 1H), 4,60 — 4,45 (m, 1H), 3,92 (s, 3H), 3,36 — 3,18
(m, 2H), 2,59 — 2,44 (m, 1H).

Alternate Bugc 3. Toéng hop N-(4-metoxy-1H-indol-2-carbonyl)-L-leuxyl-3-[(35)-2-
oxopyrolidin-3-yl]-L-alanin (C22).

Dung dich chita C21 (20 mg, 42 umol) trong tetrahydrofuran (0,4mL) duoc xur ly
bang dung dich nuée chira lithi hydroxit (14,2 mg, 0,593mmol). Sau khi hdn hop phan ing
duoc khudy ¢ nhiét do trong phong trong 2,5 gio, né duge pha lodng bing etyl axetat va
duoc rira bang 10% dung dich nuéc kali bisulfat. Lép hitu co sau d6 duoc lam kho trén
natri sulfat, duogc loc, va duoc ¢ trong chan khong, thu duoc C22 ¢ dang chit rén mau
tring. Hidu sudt: 20 mg, dinh lugng. LCMS m/z 459,2 [M+H]". '"H NMR (400 MHz,
metanol-ds) 8 7,27 (s, 1H), 7,14 (dd, hop phén ciahé ABX, J=38, 8 Hz, 1H), 7,02 (d, hop
phan cua vach bén AB, J = 8,3 Hz, 1H), 6,50 (d,J= 7,7 Hz, 1H), 4,66 (dd, /= 9,0, 5,9 Hz,
1H), 4,52 (dd, J = 11,7, 3,9 Hz, 1H), 3,92 (s, 3H), 3,30 — 3,18 (m, 2H), 2,65 — 2,52 (m,
1H), 2,38 — 2,26 (m, 1H), 2,21 (ddd, J=14,0, 11,7, 4,1 Hz, 1H), 1,90 - 1,70 (m, 5H), 1,02
(d, J=6,3 Hz, 3H), 0,99 (d, J = 6,3 Hz, 3H).

Budc 4. Téng hop N-(4-metoxy-1H: ~indol-2-carbonyl)-L-leuxyl-3-[(35)-2-oxopyrolidin-3-
yl]-L-alaninamit (C23).
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Dung dich 0°C gbém C22 (1,76 g, 3,84mmol) va amoni clorua (0,246 g, 4,60mmol)
trong N,N-dimetylformamit (15mL) dugc bd sung vao O-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetrametyluroni hexaflophosphat (HATU; 1,90 g, 5,00mmol) va N,N-
diisopropyletylamin (1,49 g, 11,5mmol). Sau khi hdn hop phan ung dugc khudy & 0°C
trong 1,5 gid, N, N-diisopropyletylamin (2,3 g, 18mmol) dwoc st dung dé dieu chinh d9
pH dén 8. Hon hop phan ung duoc khudy trong thoi gian 30 phit nita, trong khi d6 nd
duge r6t vao hdn hop chira axit clohydric (1 M; 20mL, 20mmol) va bang. Hoén hop thu
duoc duoc chiét bing etyl axetat (3 x 10mL); 16p hitu co gom lai dugc rira 14n luot bang
axit clohydric (1 M; 10mL) va dung dich nu6c natri clorua béo hoa (1 OmL), dugc lam kho
trén natri sulfat, duogc loc, duoc cd trong chan khong, va dugc tinh ché béng séc ky silicagel
(dung mbi rira gii: 10:1 diclometan / metanol), thu duge C23 6 dang chét ran mau vang.
Hiéu suét: 1,09 g, 2,38mmol, 62%. LCMS m/z 458,0 [M+H]". '"H NMR (400 MHz,
DMSO-ds) 5 11,62 — 11,55 (m, 1H), 8,42 (d, J = 7,9 Hz, 1H), 8,04 (d, /= 8,4 Hz, 1H),
7,60 (br s, 1H), 7,38 — 7,26 (m, 2H), 7,10 (dd, hop phan ciia hé ABX, J = 8, 8 Hz, 1H),
7,06 (br s, 1H), 7,00 (d, hop phén ctia vach bén AB, J = 8,2 Hz, 1H), 6,51 (d, J= 7,7 Hz,
1H), 4,54 — 4,41 (m, 1H), 4,34 — 4,22 (m, 1H), 3,88 (s, 3H), 3,17 — 3,01 (m, 2H), 2,31 -
1,95 (m, 3H), 1,76 — 1,45 (m, 5H), 0,92 (d, J = 6,1 Hz, 3H), 0,88 (d, /= 6,3 Hz, 3H).
Bué6c 5. Tong hop N—[(ZS)-l-({(lS)-1-xyano-2-[(35’)-2-0X0pyr01idin-3-yl]etyl}amino)-4-
metyl-1-oxopentan-2-yl]-4-metoxy- 1 H-indol-2-carboxamit (4).

Hon hop 0°C chira C23 (500 mg, 1,09mmol) va N,N-diisopropyletylamin (565 mg,
4,37mmol) trong tetrahydrofuran (8mL) dugc bd sung 2.4,6-tripropyl-1,3,5,2,4,6-
trioxatriphosphinan 2,4,6-trioxit (50% dung dich theo khdi luong trong etyl axetat; 2,78 g,
4,37mmol). Sau khi hdn hop phén tmg duoc khudy & 50°C trong 3 gid, né dugc cd trong
chan khong, dugc pha loang bang nude (SmL), va dugc chiét bang etyl axetat (3 x SmL).
Lép hitru co gom lai duoc rira bang dung dich nudc natri clorua bdo hoa, dugc 1am kho trén
natri sulfat, duogc loc, va dugc co6 trong chan khong; sdc ky silicagel (dung mdi rira giai:
10:1 diclometan / metanol) tiép d6 1a tinh ché HPLC pha dao (Cot: YMC-Actus Triart C18,
50 x 250 mm, 7 pm; Pha dong A: nudc chira 0,225% axit formic; Pha dong B: axetonitril;
gradien: 18% dén 58% B; Tdc do chay: 25mL/phit) tao ra N-[(25)-1-({(LS)-1-xyano-2-
[(3.5)-2-0xopyrolidin-3-yl]etyl }amino)-4-metyl-1-oxopentan-2-yl]-4-metoxy- 1H-indol-2-
carboxamit (4) & dang chét rén mau vang. Hiéu suat: 130 mg, 0,296mmol, 27%. LCMS
m/z 4402 [M+H]". "H NMR (400 MHz, DMSO-ds) 8 11,58 (br s, 1H), 8,90 (d, /= 8,0 Hz,

97



51148 98/334

1H), 8,47 (d, J= 7,7 Hz, 1H), 7,71 (br s, 1H), 7,38 — 7,35 (m, 1H), 7,09 (dd, hop phan cta
hé ABX, J=8, 8 Hz, 1H), 7,00 (d, hop phan ctia vach bén AB, J = 8,2 Hz, 1H), 6,51 (d, J
=7.7Hz, 1H), 5,02 — 4,93 (m, 1H), 4,49 — 4,40 (m, 1H), 3,88 (s, 3H), 3,19 — 3,05 (m, 2H),
2,41 - 2,29 (m, 1H), 2,20 — 2,06 (m, 2H), 1,85 — 1,62 (m, 4H), 1,58 — 1,47 (m, 1H), 0,94
(d, J=6,3 Hz, 3H), 0,89 (d, J = 6,3 Hz, 3H).

Tbng hop theo cach khac ciia Vi du 4
N-[(28)-1-({(15)-1-xyano-2-[(3S)-2-0xopyrolidin-3-yl] etyl }amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit (4)

O-CHs Og_NH O-CHj OgNH
N N A A Oy, —— N N A N2
H 5 ¢ o) MeOH H 56 ¢ H g
CHs “_CH;
CHs CH,
c21 c23
POCI
’ 0-CHj Og—NH
HN—\\
N 1 H 0]
— N Y TONTYY
N H 6 ¢ H
| CHs
N CH,

Bugc 1. Toéng hop N-[(4-metoxy-1H-indol-2-yl)carbonyl]-L-leuxyl-3-[(35)-2-
oxopyrolidin-3-yl]-L-alaninamit (C23).

Dung dich chita amoniac trong metanol (7,0 M; 21mL, 150mmol) dugc bd sung
vao dung dich chira C21 (500 mg, 1,06mmol) trong metanol (2,0mL). Sau khi hdn hop
phén ung dugc khudy & nhiét do trong phong trong 6 gio, dung dich chira amoniac trong
metanol (7,0 M; 7,0mL, 49mmol) dugc bd sung lai, va khuay lién tuc qua dém. Dung dich
chira amoniac trong metanol (7,0 M; 7,0mL, 49mmol) dugc b6 sung lai, va khuéy lién tuc
trong 24 gid, trong khi d6 viée xtr ly cudi voi dung dich chira amoniac trong metanol (7,0
M; 7,0mL, 49mmol) duoc thuc hién. Hon hop phan ung dugc khudy trong thoi gian hon
mdt ngay, tai thoi diém d6 n6 duge cd trong chan khong. Phén ldng cin dugc két hop véi
san pham cua phan Gng tuong tu (350 mg trong s6 512 mg dugc phan 14p) dugc thyc hién
stt dung C21 (500 mg, 1,06mmol), va hdn hop dugce hoa tan 1ap lai trong etyl axetat (5 x

10mL) va dugc ¢ trong didu kién 4p suét thap, tao ra C23 (835 mg). Nguyén li¢u nay
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duoc st dung truc tiép & budce tiép theo. LCMS m/z 458,4 [M+H]". '"H NMR (400 MHz,
metanol-ds) & 7,29 (d, J= 0,9 Hz, 1H), 7,15 (dd, hop phﬁn cua hé ABX,J=38, 8 Hz, 1H),
7,03 (br d, hop phan ciia vach bdn AB, J = 8,3 Hz, 1H), 6,51 (d, J= 7,7 Hz, 1H), 4,59 (dd,
J=9.7,5,0Hz, 1H), 4,45 (dd, J = 11,3, 4,2 Hz, 1H), 3,93 (s, 3H), 3,34 — 3,19 (m, 2H,
duoc gia dinh; bi che mot phén boi dinh dung mdi), 2,57 — 2,47 (m, 1H), 2,31 (dddd, J =
12,6, 8,5, 6,8, 2,8 Hz, 1H), 2,15 (ddd, J = 14,0, 11,4, 4,6 Hz, 1H), 1,88 — 1,67 (m, 5H),
1,02 (d, J= 6,1 Hz, 3H), 0,98 (d, J = 6,1 Hz, 3H).

Budgc 2. Tong hop N-[(28)-1-({(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yletyl }amino)-4-
metyl-1-oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit (4).

Dung dich chira C23 (tir buge trén day; 835 mg, <1,78mmol) va 1H-imidazol (323
mg, 4,74mmol) trong hén hop chira pyridin (4mL) va diclometan (4mL) dugc lam lanh
dén —35°C st dung bé axetonitril / bang khd, trong khi d6 phospho oxyclorua (0,956mL,
10,2mmol) dugc bd sung ting giot trong 5 phut. Phan tmg dugc khudy & nhiét do nam
trong khoang tur —30°C dén —20°C trong khoang 1,5 gio, sau d6 dugc xur ly bang axit
clohydric (1 M; 50mL) va duoc khudy trong 1 gid. Sau d6 chiét bang diclometan (3 x
60mL), cac 16p hitu co thu dugc duoc két hop, duoc 1am kho trén natri sulfat, dugc loc, va
duoc b trong chan khong. Phin ling cin duge két hop véi hop chét 4 d& duoc tinh ché tir
meé khac nhau (75 mg, 0,17mmol) va dugc tién hanh séc ky silicagel (Gradien: 0% dén 5%
metanol trong etyl axetat) dé tao ra 4 & dang chét ran (800 mg). Nguyén liéu nay duoc két
hop vai san pham (80 mg) tir phan tmg twong tu duge thuc hién sir dung C23 (161 mg,
0,352mmol); nguyén liéu thu dugc duge khudy trong dietyl ete (25mL) trong 3 ngay, trong
khi d6 no dugc loc. Banh loc duge rira bang hdn hop chua dietyl ete va heptan (1:1, 4 x
2mL) dé cho N—[(2S)-1-({(IS)-1-Xyan0-2-[(3S)-2-oxopyrolidin-3-yl]etyl}amino)-4-mety1-
1-oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit (4) ¢ dang chét rén. Hiéu sut gop:
519 mg, 1,18mmol, x4p xi 50% qua 2 budc. LCMS m/z 440,5 [M+H]". 'H NMR (400
MHz, DMSO-ds) & 11,57 (d, J=2,3 Hz, 1H), 8,90 (d, /= 8,1 Hz, 1H), 8,46 (d, /= 7,7 Hz,
1H), 7,70 (s, 1H), 7,37 (d, J = 2,3 Hz, 1H), 7,10 (dd, hop phan cia hé ABX, J =8, 8 Hz,
1H), 7,00 (d, hop phan ctia vach bén AB, J= 8,2 Hz, 1H), 6,51 (d, /= 7,7 Hz, 1H), 5,03 —
4,92 (m, 1H), 4,51 — 4,39 (m, 1H), 3,88 (s, 3H), 3,19 — 3,05 (m, 2H), 2,42 — 2,30 (m, 1H),
2,20 —2,06 (m, 2H), 1,80 (ddd, J=13,2,9,3, 6,7 Hz, 1H), 1,75 - 1,63 (m, 3H), 1,58 — 1,47
(m, 1H), 0,94 (d, J = 6,2 Hz, 3H), 0,89 (d, J = 6,2 Hz, 3H).

Vidu5vaé
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N-[(25)-1-({(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4 -metyl-1-
oxopentan-2-yl]-4-metoxy-3-(triflometyl)- 1 /1-indol-2-carboxamit (5) va N-[(25)-1-
({(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yletyl }amino)-4-metyl-1 -oxopentan-2-yl]-4-
metoxy-7-(triflometyl)- 1 H-indol-2-carboxamit (6)

o- CH3
/g) CF3SOZ)22I'I H

N\ N\/”\ © \/CHQ,
\rCH3 3C>l\OOH 3
4 CHs O-CHj Og—NH
CF,COOH
TRCONTY N W
L _CH;
6  CHs

Lo giai phéng 4p suit chira kém(Il) triflometansulfinat (98%, 2,44 mg, 7,21 pumol)
duoc bd sung 1an luot dung dich chira 4 (0,79 mg, 1,8 pmol) trong dimetyl sulfoxit (60
ul), axit trifloaxetic (0,56 puL, 7,3 umol), va zert-butyl hydroperoxit (70% trong nudc;
1,25 uL, 9,03 pmol). Lo duoc day va dugc gia nhigt dén 50°C qua dém, trong khi do hén
hop phan g duoc lam lanh va dugc pha loéng béng axetonitril va 1% dung dich ctia axit
formic trong nuéce, dén thé tich cua xép xi 2 dén 3mL. Ché pham dung moi cudi 1a ché
pham sao cho hdn hgp thu dugc tré nén trong sudt, néi chung khoang 20% dén 30%
axetonitril. Toan bd hdn hgp dugc tién hanh HPLC pha ddo (Cot: Phenomenex Luna C18
,10x 250 mm, 10 pm; Pha dong A: 0,5% axit axetic trong nu6c; Pha dong B: 9:1 axetonitril
/ metanol; gradien: 15% B trong 5 phut, sau d6 15% dén 70% gradien tuyén tinh B trong
84 phut, sau d6 70% dén 95% B trong 1 phut, sau d6 95% B trong 9 phut; Tbc do chay:
2mL/phut). Dich rira giai duge cho di qua bo phat hign UV/VIS va sau d6 dugce chia & x4p
xi 15:1 gifta bd gom phan doan va quang pho ké bay ion. Cac phan doan duge thu gom
cach nhau 20 gidy va chung co thé chira cac san phdm quan tdm dugc danh gia bang
UHPLC-UV-HRMS truéc khi gom lai. Hai san phdm dugc rira giai & x4p xi 71 va 75 phut.
San pham rira giai tht nhét 12 5 {N-[(2S)-1-({(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl}amino)-4-metyl-1-oxopentan-2-yl]-4-metoxy-3-(triflometyl)-1/7 -indol-2-
carboxamit}, va san pham rira giai tht hai 12 6 {N-[(28)-1-({(1S)-1-xyano-2-[(3S5)-2-
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oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-oxopentan-2-yl] -4-metoxy-7-(triflometyl)-1H-
indol-2-carboxamit}.

5 — Hiéu suat: 0,101 mg, 0,199 pumol, 11%. MS rira giai cao m/z 508,2171 [M+H]"; dugc
tinh toan déi v6i C24HaoF3Ns504, 508,2172. 'TH NMR (600 MHz, DMSO-de) & 12,22 (br s,
1H), 9,01 (d, J=7,6 Hz, 1H), 8,96 (d, J= 7.9 Hz, 1H), 7,73 (s, 1H), 7,21 (dd, /= 8, 8 Hz,
1H), 7,08 (d, J = 8,2 Hz, 1H), 6,69 (d, J = 7,8 Hz, 1H), 5,03 — 4,95 (m, 1H), 4,49 — 4,40
(m, 1H), 3,87 (s, 3H), 3,22 — 3,08 (m, 2H), 2,43 — 2,34 (m, 1H), 2,23 — 2,10 (m, 2H), 1,82
(ddd, J=13,7,9,3, 6,8 Hz, 1H), 1,78 — 1,66 (m, 2H), 1,62 (ddd, J= 14,6, 9,7, 5,2 Hz, 1H),
1,49 (ddd, J= 13,8, 8,8, 5,5 Hz, 1H), 0,97 — 0,88 (m, 6H). Thoi gian luu: 8,43 phit (Cac
diéu kién phan tich. Cot: Phenomenex Kinetex XB-C138, 2,1 x 100 mm, 2,6 um; Pha dong
A: nurée chira 0,1% axit formic; Pha dong B: axetonitril; gradien: 5% B trong 0,5 phut, sau
d6 5% dén 70% B trong 10,5 pht, sau d6 70% dén 95% B trong 2 phut; Toc dd chay:
0,4mL/phut).

6 — Hiéu suat: 14,7 pg, 0,029 umol, 1,6%. MS rira giai cao m/z 508,2178 [M+H]"; duoc
tinh toan ddi v&i Ca4HaoF3N504, 508,2172. 'TH NMR (600 MHz, DMSO-de) & 11,47 (br s,
1H), 9,00 (d, J = 7,9 Hz, 1H), 8,79 (d, J = 7,8 Hz, 1H), 7,70 (s, 1H), 7,55 (d, J = 8,2 Hz,
1H), 7,35 (s, 1H), 6,72 (d, J = 8,3 Hz, 1H), 5,02 — 4,94 (m, 1H), 4,56 — 4,48 (m, 1H), 3,97
(s, 3H), 3,18 — 3,05 (m, 2H), 2,39 — 2,30 (m, 1H), 2,18 - 2,08 (m, 2H), 1,86 — 1,77 (m,
1H), 1,75 — 1,64 (m, 3H), 1,61 — 1,52 (m, 1H), 0,95 (d, J = 6,1 Hz, 3H), 0,90 (d,J=6,1
Hz, 3H). Thoi gian luu: 8,92 phit (Céc didu kién phan tich giéng céc diéu kién dugc sit
dung ddi véi 5).

Téng hop theo cach khéac cia Vi du 6
N—[(2S)-l-({(1S)-1-Xyano-z-[(35)-2-0xopyrolidin-3-yl]etyl}amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-7-(triflometyl)-1H-indol-2-carboxamit (6)

_CH
o CHs (CF3S0,),Zn o
OH OH
[ I N |/\ \
N @) H.C CH3 Z =N @]
H 3 H
HSC>kO,OH (CF2),
x=0,1,2
CF4COOH o4
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Budc 1. Tong hop axit 4-metoxy-1H-indol-2-carboxylic dugc triflometylat hda (C24).

102/334

Hon hop chira axit 4-metoxy-1H-indol-2-carboxylic (100 mg, 0,523mmol) va

kém(II) triflometansulfinat (120 mg, 0,362mmol) dugc xu ly bang dimetyl sulfoxit

(1,5mL) tiép d6 14 axit trifloaxetic (56 pL, 0,727mmol). Sau khi hdn hop phan tmg duoc

lam ngudi dén 0°C, tert-butyl hydroperoxit (70% trong nude; 143 pL, 1,03mmol) dugc bd

sung, va khudy lién tuc & 0°C trong 20 phut, sau d6 ¢ nhiét d trong phong trong 25 phut.

Hon hop phan ting sau d6 duge gia nhiét & 52°C trong 2 gio, trong khi d6 né duoc lam

ngudi dén nhiét do trong phong va duge xit Iy timg giot véi dung dich nudce natri bicacbonat

cho t61 khi hét bong béng. Sau d6 hdn hop thu duge duoc phan b6 gitta dung dich nudce

natri bicacbonat va etyl axetat, 16p nudc dugce chiét mot 1an bang etyl axetat va 16p hitu co
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dugc bo di. Sau d6 16p nude duge axit hoa dén @6 pH = 7 véi axit clohydric 1M; etyl axetat
duge bd sung, va hdn hop duge khudy dong thoi @6 pH duge diéu chinh dén 1 bang cach
bd sung axit clohydric 1M. Sau d6 hén hop hai pha dugc khudy trong 10 phut, 16p hitu co
duoc ria béng dung dich nwéce natri clorua bdo hoa, 1am kho trén magie sulfat, duoc loc,
va dugce cd trong chan khong. Biéng cach phan tich LCMS, phén ling can (115 mg) chira
hdn hop chita nguyén liéu ban dAu va cac san pham dugc mono-triflometylat hoa, cling
nhu luong nho nguyén liéu dugc di-triflometylat hoa. Khéi hén hop nay dugc st dung
trong Budc 4. Hiéu suét: 115 mg, <0,4mmol. LCMS m/z 189,8, 257,8, 325,8 (lugng nho)
[M—H]". '"HNMR (400 MHz, metanol-ds), cac dinh dic trung tir ba hop phan chinh: § 7,07
(br d, J = 8,4 Hz), 7,02 (br d, J = 8,4 Hz), 6,81 (d, J= 7,8 Hz), 6,66 (d, J = 7,8 Hz), 6,51
(d, J=17,7 Hz), 4,06 (s, -OMe), 3,93 (s, -OMe), 3,92 (s, -OMe).

Buéc 2. Tbng hop N-(tert-butoxycarbonyl)-L-leuxyl-3-[(3S)-2-oxopyrolidin-3-yl]-L-
alaninamit (C25).

Dung dich 0°C gdbm metyl N-(fert-butoxycarbonyl)-L-leuxyl-3-[(35)-2-
oxopyrolidin-3-yl]-L-alaninat (xem Prior, A.M., et al., Bioorg. Med. Chem. Lett. 2013, 23,
6317-6320; 1,5 g, 3,8mmol) trong metanol (5mL) dugc bd sung dung dich chira amoniac
trong metanol (7 M; 43mL, 300mmol). Sau d6 lo phan ung duoc déy, hdn hop phan Umg
dugc khudy qua dém ¢ nhiét do trong phong. Dung dich chita amoniac trong metanol (7
M: 10,7mlL., 74,9mmol) dugc bd sung lai, va phan tng duge tiép tuc tién hanh ¢ nhiét do
trong phong trong 3 ngdy, trong khi dé né dugc c6 trong chan khong. Phan lang cin dugc
hép thu hai 14n trong dietyl ete (40mL) va dugc c6 trong diéu kién 4p suét thap, thu dugc
C25 & dang chét rén mau tring. Hi¢u suat: 1,46 g, 3,80mmol, dinh lugng. LCMS m/z 385,4
[M+H]*. '"H NMR (400 MHz, cloroform-d) 8 8,29 — 8,17 (m, 1H), 7,23 (br s, 1H), 5,64 (br
s, 1H), 5,32 (br s, 1H), 5,02 (d, J= 6,1 Hz, 1H), 4,50 — 4,38 (m, 1H), 4,05 (ddd, /= 10,3,
6,3, 4,5 Hz, 1H), 3,44 — 3,32 (m, 2H), 2,51 — 2,35 (m, 2H), 2,16 — 1,98 (m, 2H), 1,97 -
1,83 (m, 1H), 1,76 — 1,6 (m, 2H, duoc gia dinh; bi che mot phén boi dinh nude), 1,49 —
1,39 (m, 1H), 1,45 (s, 9H), 0,94 (d, J = 6.4 Hz, 3H), 0,94 (d, J = 6,3 Hz, 3H).

Budc 3. Téng hop L-leuxyl-3-[(3S)-2-oxopyrolidin-3-yl]-L-alaninamit, mubi
metansulfonat (C26).

Dung dich chta axit metanesulfonic (0,861mL, 13,3mmol) trong 1,1,1,3,3,3-
hexaflopropan-2-ol (SmL) dugc bd sung tir tir vao dung dich chira C25 (5,1 g, 13mmol)
trong 1,1,1,3,3,3-hexaflopropan-2-ol (43mL). Sau d6 30 phut, phén tich LCMS chi ra rang
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c6 su chuyén hoa thanh C26: LCMS m/z 285,3 [M+H]". Hon hop phan tmg dugce co trong
chan khong, sau d6 duoc hap thu trong cac hdn hop dung méi sau va dugce 6 lai: hdn hop
chira axetonitril va etyl axetat (1:1, 2 x 20mL), sau 46 hdn hop chira etyl axetat va heptan,
(1:1, 2 x 20mL). Chét rén thu duge duge chung cat dang phi hai 14n bang hdn hop chua
axetonitril va etyl axetat, sau d6 hai 14an bang hdn hop chira etyl axetat va heptan, thu duoc
C26 & dang chat ran mau tring (6,05 g) duoc giit lai cac dung moi bang cach phan tich 'H
NMR. Hiéu suét: dugc dem dinh lwong. 'H NMR (600 MHz, metanol-ds) 8 4,50 (dd, J =
10,7, 4,9 Hz, 1H), 3,91 (dd, J= 8,6, 5,5 Hz, 1H), 3,39 — 3,28 (m, 2H, duogc gia dinh; bi che
mdt phan boi dinh dung méi), 2,70 (s, 3H), 2,53 — 2,46 (m, 1H), 2,43 — 2,36 (m, 1H), 2,14
(ddd, J = 14,0, 10,7, 5,0 Hz, 1H), 1,95 — 1,86 (m, 1H), 1,82 - 1,71 (m, 3H), 1,70 — 1,64
(m, 1H), 1,02 (d, J = 6,3 Hz, 3H), 1,01 (d, J= 6,1 Hz, 3H).
Buéc 4. Tdng hop N-{[4-metoxy-7-(triflometyl)-1H-indol-2-yl]carbonyl}-L-leuxyl-3-
[(3S)-2-oxopyrolidin-3-yl]-L-alaninamit (C27).

Dung dich chira C24 (tr Budc 1; 101 mg, <0,35mmol) va C26 (tr budc trén day;
204 mg, <0,438mmol) trong axetonitril (1,7mL) va N, N-dimetylformamit (1mL) dugc lam
lanh dén 0°C va duoc xir Iy bing O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni
hexaflophosphat (HATU; 163 mg, 0,429mmol) tiép d6 1a 4-metylmorpholin (0,129mL,
1,17mmol). Hén hgp phan tmg dugc khudy & 0°C trong 40 pht, trong khi d6 hdn hop 1:1
chira dung dich nudGce natri bicacbonat va bang dugc bd sung tir tir cho dén khi két tua duc
duoc tao thanh. Etyl axetat sau d6 dugc bd sung, va hon hgp hai pha duoc khuéy trong 5
phut. Lép nude duge chiét mot 14n bang etyl axetat, va 16p hitu co gom lai duge rira bang
dung dich nudc natri clorua bio hoa, lam kho trén magie sulfat, dugc loc, va dugce ¢ trong
chan khong. Tinh ché bing séc ky silicagel dugc thuc hién hai 1an (Gradien #1: 0% dén
10% metanol trong diclometan; gradien #2: 5% dén 10% metanol trong diclometan) dé
cho C27. Héa 14p thé nguyén liéu ndy duoc xac nhan bang céc thir nghiém 2D NMR. Hiéu
suét: 19 mg, 36 pumol, Xép xi 10%. LCMS m/z 526,5 [M+H]". 'H NMR (400 MHz,
metanol-ds) § 7,53 (br d, J = 8,2 Hz, 1H), 7,41 (s, 1H), 6,68 (d, J = 8,3 Hz, 1H), 4,60 (dd,
J=9,5,5,1 Hz, 1H), 4,45 (dd, J= 11,4, 4,2 Hz, 1H), 4,01 (s, 3H), 3,3 - 3,21 (m, 2H, duoc
gia dinh; bi che mdt phan boi dinh dung moéi), 2,60 — 2,49 (m, 1H), 2,36 — 2,26 (m, 1H),
2,15 (ddd, J= 14,1, 11,5, 4,6 Hz, 1H), 1,89 — 1,68 (m, 5H), 1,03 (d, /= 6.1 Hz, 3H), 0,99
(d, J=6,2 Hz, 3H).
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Budce 5. Tong hop N—[(2S)-1-({(15’)-1-Xyan0-2-[(3S)-2—ox0pyrolidin-3-yl]etyl}amino)-4-
metyl-1-oxopentan-2-yl]-4-metoxy-7-(triflometyl)-1/- indol-2-carboxamit (6).

Metyl N-(trietylamoniosulfonyl)carbamat, mudi nodi (chat phan tmg Burgess; 17,2
mg, 72,2 pmol) dugc bd sung vao dung dich chira C27 (19 mg, 36 pmol) trong hdn hop
chira diclometan (0,5mL) va axetonitril (0,2mL). Sau khi hdn hop phan Gng dugc Khudy &
nhiét do trong phong trong 1 gid, né dugc pha loang bang etyl axetat va dugc rira bang
hdn hop 1:1 chita dung dich nudc natri bicacbonat va bang. Lp nude duge chiét bang etyl
axetat, va 16p hitu co gom lai dugc rira bang dung dich nudc natri clorua bdo hoa, va dugc
cho di qua hop chiét pha ran dugc dong goi bang magie sulfat. Co phan loc trong chan
khong tao ra can, ma duoc tinh ché bé‘mg HPLC pha dao (Cot: Waters Sunfire C18, 19 x
100 mm, 5 pm; Pha dong A: nuée chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha dong
B: axetonitril chira 0,05% axit trifloaxetic (thé tich/thé tich); gradien: 25% dén 65% B
trong 8,5 phut, sau d6 65% dén 95% B trong 0,5 phut, sau d6 95% B trong 1,0 phut; Tbc
do chay: 25mL/phut) dé cho N-[(29)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}amino)-4-metyl-1-oxopentan-2-yl]-4-metoxy-7-(triflometyl)- 1H-indol-2-
carboxamit (6). Hiéu suat: 4,3 mg, 8,5 umol, 24%. LCMS m/z 508,6 [M-+H]". Thoi gian
luu: 2,83 phat (Cot: Waters Atlantis C18, 4,6 x 50 mm, 5 pm; Pha dong A: nudc chira
0,05% axit trifloaxetic (thé tich/thé tich); Pha dong B: axetonitril chira 0,05% axit
trifloaxetic (thé tich/thé tich); gradien: 5% dén 95% B trong 4,0 phut, sau d6 95% B trong
1,0 phut; Téc do chay: 2mL/phit).

Vidu7
N-[(28)-1-({(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-3-metylimidazo[2,1-5][1 ,3]thiazol-2-carboxamit (7)

NH NH
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Budge 1. Tong hop ]\72-(z‘ert-butoxycarbonyl)-N—{(15)-1-xyan0—2-[(3S)-2-0xopyrolidin-3-
yl]etyl}-4-metyl-L-leuxinamit (C28).

Dung dich chtta C17 (560 mg, 1,41mmol) va 1H-imidazol (249 mg, 3,65mmol)
trong hdn hop chira pyridin (3mL) va diclometan (3mL) dugc lam lanh dén —35°C st dung
bé axetonitril / bang kho. Phospho oxyclorua (0,74mL, 7,94mmol) dugc bd sung timg giot,
trong 4 phut, tiép do6 1 bd sung diclometan (2mL), va khudy lién tuc & —30°C dén —20°C.
Sau d6 1 gid, hdn hop phan mg duge pha loang bing diclometan (2mL). Sau d6 x4p xi
1,5 gio, axit clohydric (1 M; 30mL) dugc b6 sung; hon hgp thu duge duge khuéy trong 30
phut, va sau do dugc chiét bang diclometan (2 x 60mL). L6p hitu co gom lai dugce lam kho
trén natri sulfat, duoc loc, va dugc ¢d trong chan khong, thu dugc C28 ¢ dang chét ran.
Hiéu suit: 492 mg, 1,29mmol, 91%. LCMS m/z 381,4 [M+H]". 'TH NMR (400 MHz,
metanol-ds) & 5,03 (dd, J = 10,4, 5,7 Hz, 1H), 4,09 (dd, J = 8,7, 4,2 Hz, 1H), 3,39 - 3,25
(m, 2H, dugc gia dinh; bi che mot phan bai dinh dung méi), 2,64 — 2,52 (m, 1H), 2,40 —
2,27 (m, 2H), 1,97 — 1,78 (m, 2H), 1,70 (dd, hop phan ctia hé ABX, J = 14,3, 4,1 Hz, 1H),
1,54 (dd, hop phan cia hé ABX, J= 14,3, 8,7 Hz, 1H), 1,45 (s, 9H), 1,00 (s, 9H).

Bugc 2. Toéng hop N—[(ZS)-1-({(lS)-1-Xyano-Z-[(3S)-2—oxopyrolidin-3-yl]etyl}amino)-
4,4-dimetyl-1-oxopentan-2-yl]-3-metylimidazo[2,1-b][1 ,3]thiazol-2-carboxamit (7).

Dung dich chita hydro clorua trong 1,4-dioxan (4,0 M; 0,3mL, 1,2mmol) dugc )
sung vao dung dich chira C28 (100 mg, 0,263mmol) trong hon hop chita axetonitril
(1,5mL) va metanol (1,0mL). Ho6n hop phan tmg dugc khudy & nhiét do trong phong trong
30 phut, trong khi d6 né duoc xir ly béng 4-metylmorpholin (0,144mL, 1,31mmol). Sau
d6, cac dung moi duge loai bo trong chan khong, phan lang cin dugc tao huyén phu lai hai
14n trong hon hop chira diclometan va heptan (1:1, 2 x 10mL) va dugc co trong didu kién
ap suét thép. Phan léng cin duoc két hop voi axit 3-metylimidazo[2,1-b][1,3]thiazol-2-
carboxylic (47,9 mg, 0,263mmol) trong N,N-dimetylformamit (3,3mL), dugc lam nguoi
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dén 0°C, va dugc xu ly bing O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni
hexaflophosphat (HATU; 99,9 mg, 0,263mmol) tiép d6 1a dung dich chtira 4-
metylmorpholin (72 pL, 0,655mmol) trong diclometan (0,2mL). Sau khi hén hop phan
timg dugc khudy & 0°C trong xAp xi 2 giv, n6 duoc xir Iy & 0°C véi axit clohydric (1 M;
30mL), va hon hop thu duge duoc chiét bang diclometan (2 x 60mL). Sau do, 16p nude
duoc bazo héa dén do pH = 9 bing cach bd sung dung dich nudce natri bicacbonat bdo hoa,
trong khi d6 n6 dugc chiét bang diclometan (3 x 60mL). Lép hitu co gom lai dugc rira
bang dung dich nudc amoni clorua bdo hoa (S0mL), duge lam kho trén natri sulfat, dugc
loc, va dugc cd trong chan khong. Phén tich 'H NMR cuta nguyén li¢u nay chi ra sy ¢ mat
cua luong nho epime, dugc xem 13 qué trinh raxemic hoa mot phan & tAim mang nitril. San
pham chinh dugc phén 14p sir dung sdc ky silicagel (Gradien: 0% dén 20% metanol trong
etyl axetat), thu dugc N—[(2S)-1-({(lS)-1-Xyano-z-[(3S)-2—oxopyrolidin—3-yl]etyl}amino)-
4,4-dimetyl-l-oxopentan-z-yl]-3-metylimidazo[2,1-b][l,3]thiazol-2-carb0xamit (7 o
dang chit rén. Hiéu sudt: 56 mg, 0,13mmol, 49%. LCMS m/z 45,4 [M+H]". 'H NMR
(400 MHz, metanol-ds) & 7,73 (d, J = 1,6 Hz, 1H), 7,37 (d, J= 1,6 Hz, 1H), 5,04 (dd, J =
10,3, 5,9 Hz, 1H), 4,53 (dd, J= 7.8, 5,0 Hz, 1H), 3,36 — 3,24 (m, 2H; dugc gia dinh; bi che
mot phan béi dinh dung mbi), 2,70 (s, 3H), 2,67 — 2,57 (m, 1H), 2,38 — 2,27 (m, 2H), 1,93
(ddd, J= 14,0, 9.4, 6,0 Hz, 1H), 1,88 — 1,78 (m, 3H), 1,03 (s, 9H).
Vidu8va9
N-{1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N?-[xyclohexyl(metoxy)axetyl]-4-metyl-
L-leuxinamit, DIAST-1 (8) va N—{1-xyan0-2-[(3S)-2-oxopyrolidin-3—yl]etyl}-NZ-
[Xyclohexyl(metoxy)axetyl ]-4-metyl-L-leuxinamit, DIAST-2 (9)

O
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Budc 1. Toéng hop N-{1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-4-metyl-L-leuxinamit
(C29).

Dung dich chtra C28 (114 mg, 0,300mmol) trong hdn hop chira axetonitril (1mL)

va metanol (ImL) duoc bd sung dung dich chta hydro clorua trong 1,4-dioxan (4 M;
0,4mL, 1,6mmol). Hon hop phan ting dugc khudy & nhiét do trong phong trong 30 phut ,
trong khi d6 4-metylmorpholin (0,165mL, 1,50mmol) duoc bd sung, thu dugc do pH dén
7 dén 8. Sau d6, cac dung modi dugce loai ra trong chdn khong, phan lang cén dugc hép thu
hai 14n trong hdn hop chira etyl axetat va heptan (1:1, 2 x 10mL) va dugc o trong didu
kién 4p suét thip dé tao ra C29 & dang chét rdn (269 mg); bang cach phan tich 'H NMR,
day dugc coi la hdn hop chira epime, dugce xem 1a & tAm mang nitril, theo ty 16 14 2-3 dén
1. Mt phan nguyén liéu nay dugc st dung trong bude tiép theo. LCMS m/z 2813 [MHH] ",
'H NMR (400 MHz, metanol-ds), cac dinh déc trung: 6 5,11 (dd, J = 8.8, 7,3 Hz, chinh)
va 5,01 (dd, J= 6,5, 6,5 Hz, lugng nho), tong 1H], [2,75 — 2,65 (m, luong nho) va 2,64 —
2,54 (m, chinh), tong 1H], 2,48 — 2,38 (m, 1H), 2,30 — 2,20 (m, 1H), 2,06 — 1,83 (m, 3H),
1,64 (dd, J = 14,1, 4,8 Hz, 1H), [1,04 (s, chinh), 1,01 (s, lugng nho), tong 9H].
Budce 2. Téng hop N-{1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl} -N2-
[xyclohexyl(metoxy)axetyl]-4-metyl-L-leuxinamit, DIAST-1 (8) va N-{1-xyano-2-[(35)-
2-oxopyrolidin-3-yl]etyl}-N?-[xyclohexyl(metoxy)axetyl] -4-metyl-L-leuxinamit, DIAST-
209).

Dung dich 0°C gdbm C29 (tir budc trén day; 83,4 mg, <93 pmol) va axit
xyclohexyl(metoxy)axetic (17,2 mg, 99,9 pmol) trong N, N-dimetylformamit (1mL) dugc
b6 sung O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU;
38,0 mg, 0,100mmol), tiép d6 1a dung dich chira 4-metylmorpholin (30,8 pL, 0,280mmol)
trong diclometan (0,2mL). Sau khi hoén hop phéan Gmg dugc khudy & 0°C trong khoang 2
gidy, n6 duge pha lodng bang dung dich nudc natri bicacbonat bdo hoa (3mL) ¢ 0°C, va
duoc chiét bang diclometan (4 x 4mL). Cac 16p hiru co gom lai duge cd trong chan khong;
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bing cach phan tich LCMS, phén ling cin bao gdm hai hop phan, dugc gia dinh 1a trong
g vé61i hai epime ¢ tdm mang nitril. Cac chét dong phan khong dbi quang nay dugc tach
bing HPLC pha d4o (Cot: Waters XBridge C18, 19 x 100 mm, 5 pm; Pha dong A: nuéc;
Pha dong B: axetonitril; gradien: 5% dén 95% B trong 8,54 phut, sau d6 95% B trong 1,46
phut; Tée do chay: 25mL/phit). Chit ddng phan khéng ddi quang rira gii lan thit nhét
duogc chi ra la 8 (N-{1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -N?-
[xyclohexyl(metoxy)axetyl]-4-metyl-L-leuxinamit, DIAST-1), va chét déng phan khong
ddi quang rira gidi tht hai 1a 9 (N-{1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-N2-
[xyclohexyl(metoxy)axetyl]-4-metyl-L-leuxinamit, DIAST-2).

8 — Hiéu suit: 12,8 mg, 29,4 umol, 32% qua 2 budc. LCMS m/z 435,6 [M+H]". Thoi gian
luu: 2,63 phut (Céc diéu kién phan tich. Cot: Waters Atlantis C18, 4,6 x 50 mm, 5 pm; Pha
dong A: nude chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha dong B: axetonitril chira
0,05% axit trifloaxetic (thé tich/thé tich). gradien: 5% dén 95% B trong 4,0 phit, sau d6
95% B trong 1,0 phut. Tdc d chay: 2mL/phut).

9 — Hiéu suét: 10 mg, 23,0 pmol, 25% qua 2 budc. LCMS m/z 435,6 [M+H]". Thoi gian
lru: 2,72 phit (Céc didu kién phan tich gidng cac didu kién dugc sir dung di voi 8).
Vidu 10

N-[(28)-1-({(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino) -4,4-dimetyl-1-
oxopentan-2-yl]-4-metoxy- 1 H-indol-2-carboxamit (10)
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Buge 1. Téng hop N-[(4-metoxy-1H-indol-2-yl)carbonyl]-4-metyl-L-leuxyl-3-[(35)-2-
oxopyrolidin-3-yl]-L-alaninamit (C30).

Dung dich 0°C gébm C18 (200 mg, <0,46mmol) va axit 4-metoxy-1H-indol-2-
carboxylic (88,2 mg, 0,460mmol) trong axetonitril (2ZmL) dugc bd sung O-(7-
azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU; 175 mg,
0,460mmol), tiép d6 1a dung dich chira 4-metylmorpholin (0,127mL, 1,16mmol) trong
axetonitril (0,2mL). Hon hop phan tmg dugc khudy & 0°C trong 2,5 gi0, trong khi dé n6
dugc pha lodng bing dung dich nudc natri bicacbonat bao hoa (3 OmL) & 0°C, sau d6 dugc
chiét bang diclometan (50mL). Lép hitu co dugc rira bang axit clohydric (1 M; 30mL), va
cac 16p nude dugce chiét bang diclometan (60mL). Sau d6 cac 16p hitu co gom lai dugc
lam kho trén natri sulfat, duogc loc, va dugc c6 trong chan khong, ph.ffm ling can duoc tinh
ché bang sic ky silicagel (Gradien: 0% dén 30% metanol trong etyl axetat) dé tao ra C30
& dang chat rén. Hiéu sut: 148 mg, 0,314mmol, 68% qua 2 budc. LCMS m/z 4724
[M+H]*. "H NMR (400 MHz, metanol-ds) & 7,25 (d, J= 0,9 Hz, 1H), 7,15 (dd, J = 8, 8 Hz,
1H), 7,03 (br d, hop phin ctia vach bon AB, J = 8,3 Hz, 1H), 6,51 (d, /=177 Hz, 1H), 4,65
(dd, /=92, 3,4 Hz, 1H), 4,44 (dd, J=11,2, 4,2 Hz, 1H), 3,93 (s, 3H), 3,29 - 3,15 (m, 2H),
2,54 — 2,44 (m, 1H), 2,29 (dddd, J= 12,6, 8,6, 7.0, 2,7 Hz, 1H), 2,14 (ddd, J = 14,0, 11,2,
4,6 Hz, 1H), 1,89 (dd, hop phan ctia hé ABX, J = 14,5, 3,4 Hz, 1H), 1,85 - 1,74 (m, 3H),
1,02 (s, 9H).

Bugc 2. Tong hop N-[(2S)-1-({(1S)-1-xyan0-2-[(35’)—2-oxopyrolidin-3-yl]etyl}amino)-
4,4-dimetyl-1-oxopentan-2-yl]-4-metoxy- 1 H-indol-2-carboxamit (10).

Dung dich chira C30 (143 mg, 0,303mmol) va 1 H-imidazol (53,7 mg, 0,789mmol)
trong hdn hop chira pyridin (1mL) va diclometan (1mL) dugc 1am lanh trong bé axetonitril
/ bang khd (—35°C). Phospho oxyclorua (0,159mL, 1,71mmol) duoc bd sung ting giot
trong 5 phit, va hon hgp phan tmg dugc khudy & —30°C dén —20°C trong 2 gio, trong khi
d6 né duoc xir Iy bang axit clohydric (1 M; 30mL), duge khudy trong 20 phit, va dugc
chiét bang diclometan (2 x 60mL). Lép hitu co gom lai dugc lam kho trén natri sulfat,
duoc loc, va duge c¢6 trong chan khong. Sic ky trén silicagel (Gradien: 0% dén 10%
metanol trong etyl axetat) tao ra N-[(28)-1-({(15)-1-xyano-2-[(3.5)-2-oxopyrolidin-3-
yl]etyl} amino)-4,4-dimetyl-1-oxopentan-2-yl]-4-metoxy- 1A -indol-2-carboxamit (10) &
dang chit rin. Hiéu sut: 68 mg, 0,15mmol, 50%. LCMS m/z 454,5 [M+H]". '"H NMR
(400 MHz, metanol-ds) & 7,24 (d, J = 0,9 Hz, 1H), 7,14 (dd, J = 8, 8 Hz, 1H), 7,02 (br d,
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hop phdn ctia vach bén AB, J = 8,3 Hz, 1H), 6,51 (d, /= 7,7 Hz, 1H), 5,03 (dd, /= 10,1,
6,0 Hz, 1H), 4,64 (dd, J = 8,6, 4,3 Hz, 1H), 3,93 (s, 3H), 3,30 - 3,17 (m, 2H), 2,63 — 2,52
(m, 1H), 2,37 — 2,21 (m, 2H), 1,95 — 1,74 (m, 4H), 1,03 (s, 9H).

Vidull

N2-[(4-bromo-1-etyl-3-metyl-1H-pyrazol-5-yl)carbonyl]-N-{(15)-1 -xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-metyl-L-leuxinamit (11)
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Huyén phu dic 0°C cua C18 (43,4 mg, <0,10mmol) va 4-bromo-1-etyl-3-metyl-
1H-pyrazol-5-axit carboxylic (23,3 mg, 0,100mmol) trong axetonitril (1,0mL) duoc bd
sung O-(7-azabenzotriazol-1-yl)-N,N,N’, N -tetrametyluroni hexaflophosphat (HATU;
38,0 mg, 0,100mmol), tiép d6 1a dung dich chia 4-metylmorpholin (30 pL, 0,27mmol)
trong axetonitril (0,2mL). Sau khi hén hop phéan tmg duge khudy & 0°C trong xéap xi 80
phut, metyl N-(trietylamoniosulfonyl)carbamat, mubi ndi (chat phan tmg Burgess; 71,5
mg, 0,300mmol) dugc bd sung, va khudy lién tuc. Sau d6 xap xi 2,75 giv, metyl N-
(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan tmg Burgess; 71,5 mg, 0,300mmol)
duoc bd sung lai, va phan Ung dugc tién hanh trong 1,5 gio, trong khi dé né duoc xir ly
béang dung dich nude natri bicacbonat bdo hoa (3mL) & 0°C, va dugce chiét bang diclometan
(2 x 8mL). Cac 16p hfm‘co gom lai duge cb trong chan khong, sau d6 dugc hoa tan trong
axetonitril (4mL) va dugc co lai su dung thiét bi 1am bay hoi Genevac dé tao ra sén pham
tho (138 mg). Mot phan nguyén lidu nay (80 mg) duoc tinh ché bang HPLC pha dao (Ct:
Waters Sunfire C18, 19 x 100 mm, 5 pm; Pha dong A: nudc chira 0,05% axit trifloaxetic
(thé tich/thé tich); Pha dong B: axetonitril chtra 0,05% axit trifloaxetic (thé tich/thé tich);
gradien: 5% dén 95% B trong 8,54 phut, sau d6 95% B trong 1,46 phit; Toc do chay:
25mL/phut) d8 cho N2-[(4-bromo-1-etyl-3-metyl-1H-pyrazol-5-yl)carbonyl]-N-{(15)-1-
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xyano-2-[(3S)-2-0X0pyrolidin-3-yl]etyl}-4-mety1-L-leuxinamit (11). Hiéu suit: 24,7 mg,
49,8 umol, 86% qua 2 budc. LCMS m/z 495,5 (mAu dong vi brom dugc quan sat) [M+H]".
Thoi gian luu: 2,48 phut (Cac diéu kién phan tich. Cot: Waters Atlantis C18, 4,6 x 50 mm,
5 um; Pha dong A: nu6c chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha dong B:
axetonitril chita 0,05% axit trifloaxetic (thé tich/thé tich). gradien: 5% dén 95% B trong
4,0 phut, sau d6 95% B trong 1,0 phut. Tbc d6 chay: 2mL/pht).
Vidu 12
N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -N?-[(3.3-difloxyclobutyl)axetyl]-4-
metyl-L-leuxinamit (12)

0)
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0 0
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Budc 1. Tong hop 4-metyl-L-leuxyl-3-[(3S)-2-oxopyrolidin-3-yl]-L-alaninamit, mudi
hydroclorua (C18, muéi HCI).

Dung dich chtta hydro clorua trong 1,4-dioxan (4 M; 1,7mL, 6,8mmol) duoc bd
sung vao dung dich chia C17 (260 mg, 0,652mmol) trong axetonitril (3mL). Hon hop
phan tmg duoc khudy & nhiét do trong phong trong 1,5 gid, trong khi d6 no6 dugce co trong
chan khong, sau d6 dugc hoa tan 1dp lai trong hon hop chira diclometan va heptan (1:1, 3
x 10mL) va duoc cb lai, thu dugc C18, mudi HC1 (242 mg) & dang thuy tinh. Mot phan
nguyén liéu nay dugc sir dung trong budc tiép theo. LCMS m/z 299,3 [M+H]". 'H NMR
(400 MHz, metanol-ds) 8 4,53 (dd, J = 10,3, 5,0 Hz, 1H), 3,91 (dd, /= 7.5, 5,4 Hz, 1H),
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3,41 — 3,26 (m, 2H, dugc gia dinh; bi che mot phén b&i dinh dung mo6i), 2,57 — 2,47 (m,
1H), 2,41 (dddd, J = 12,0, 8,7, 7,0, 3,1 Hz, 1H), 2,15 (ddd, J = 13,9, 10,3, 4,9 Hz, 1H),
2,05 — 1,97 (m, 1H), 1,97 — 1,85 (m, 1H), 1,78 (ddd, J = 14,1, 9,1, 5,0 Hz, 1H), 1,60 (dd,
J=14,3, 5,4 Hz, 1H), 1,01 (s, 9H).

Bugc 2. Toéng hop N—{(IS)-1-Xyano-2-[(35')-2-0x0pyrolidin-3-yl]etyl}-Nz-[(3,3-
difloxyclobutyl)axetyl]-4-metyl-L-leuxinamit (12).

Huyén phu dac cua C18, mubi HC1 (tir bude trén day; 37,2 mg, <0,100mmol) va
axit (3,3-difloxyclobutyl)axetic (15,8 mg, 0,105mmol) trong tetrahydrofuran (1,0mL)
duge xu ly béng 2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphinan 2,4,6-trioxit trioxit (50%
dung dich theo khdi lugng trong etyl axetat; 65,5 pL, 0,110mmol) va 4-metylmorpholin
(27,5 uL, 0,250mmol). Sau khi hdn hop phan tmg duge khudy & nhiét d trong phong qua
dém, né duoc gia nhiét § 50°C trong 4,5 gio, trong khi do 2,4,6-tripropyl-1,3,5,2,4,6-
trioxatriphosphinan 2,4,6-trioxit trioxit (50% dung dich theo khdi luong trong etyl axetat;
2,2 duwong luogng) va 4-metylmorpholin (5 duong lugng) dugce bd sung lai. Sau khi hon
hop phan tmg duge khudy & 50°C trong 3 bb sung ngay, n6 duge xu ly bang dung dich
nudce natri bicacbonat bdo hoa (3mL) va duge chiét bang diclometan (4 x 4mL). Cac 16p
hitu co gom lai dugc cd trong chan khong va dugc tinh ché bang HPLC pha dao (Cot:
Waters XBridge C18, 19 x 100 mm, 5 pm; Pha dong A: nudc; Pha dong B: axetonitril;
gradien: 20% dén 40% B trong 8,5 phut, sau d6 40% dén 95% B trong 0,5 phut, sau dé
95% B trong 1,0 phat; Téc do chay: 25mL/phit) dé cho N-{(15)-1-xyano-2-[(3S)-2-
oxopyrolidin-3-yl]etyl}-N*-[(3,3-difloxyclobutyl)axetyl] -4-metyl-L-leuxinamit (12). Hiéu
suét: 10,1 mg, 24,5 pmol, 24% qua 2 buéc. LCMS m/z 413,5 [M+H]". Thoi gian luu: 1,96
phut (Cac diéu kién phan tich. Cot: Waters Atlantis C18, 4,6 x 50 mm, 5 pm; Pha dong A:
nudce chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha dong B: axetonitril chita 0,05%
axit trifloaxetic (thé tich/thé tich). gradien: 5% dén 95% B trong 4,0 phut, sau d6 95% B
trong 1,0 phiit. Tdc d chdy: 2mL/phut).

Vidu 13
(1R,2S,5S)-N-{(1S)-1-xyano-2-[(35)-2-0X0pyr01idin-3-yl]etyl}-6,6-dimety1-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (13)
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Buéc 1. Tong hop metyl (1R,28,58)-3-[ N-(tert-butoxycarbonyl)-3-metyl-L-valyl]-6,6-
dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat (C31).

O-(7-Azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU;
7,92 g, 20,8mmol) dugc bd sung vao hdn hgp 0°C chira N-(fert-butoxycarbonyl)-3-metyl-
L-valin (4,38 g, 18,9mmol) va metyl (1R,2S,55)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxylat, mudi hydroclorua (3,9 g, 19mmol) trong N,N-dimetylformamit (95mL). Sau
khi hdn hop phan tng dugc khudy trong 5 phut, N,N-diisopropyletylamin (8,25mL,
47,4mmol) dugc bd sung; khudy lién tuc & 0°C trong 2 gio, trong khi d6 dung dich nude

axit xitric (1 N, 20mL) va nuée (40mL) dugc bd sung vao. Hén hop thu duge duge khuay
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trong 2 phut, va sau d6 dwgc pha lo2ng bing etyl axetat (250mL). L6p hitu co dugc rira
bing nude (3 x 150mL) va bing dung dich nuéc natri clorua bdo hoa, dugc 1am kho trén
natri sulfat, dugc loc, va dugc c6 trong chan khong. Tinh ché bang sac ky silicagel
(Gradien: 0% dén 100% etyl axetat trong heptan) tao ra C31 ¢ dang diu. Hiéu suét: 3,60
g, 9,41mmol, 50%. 'H NMR (400 MHz, metanol-ds) & 6,42 (d, J=9,7 Hz, <1H; dugc trao
dbi khong hoan toan biang dung mbi), 4,35 (s, 1H), 4,21 (d, J= 9,7 Hz, 1H), 4,02 (d, mot
nira vach bén AB, J = 10,4 Hz, 1H), 3,91 (dd, hop phén ctia h¢ ABX, J =103, 5,3 Hz,
1H), 3,73 (s, 3H), 1,57 (dd, hop phan ctia hé ABX, J= 7,5, 5,1 Hz, 1H), 1,47 (d, mot nira
vach bdn AB, J= 7,5 Hz, 1H), 1,41 (s, 9H), 1,07 (s, 3H), 1,02 (s, 9H), 0,93 (s, 3H).

Budc 2. Tong hop axit (1R,2S,58)-3-[N-(tert-butoxycarbonyl)-3-metyl-L-valyl]-6,6-
dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylic (C32).

Dung dich nuéc lithi hydroxit (1,0 M; 14,7mmol, 14,7mL) duogc bd sung timg giot
vao dung dich 0°C gém C31 (3,60 g, 9,41mmol) trong hdn hop chira tetrahydrofuran va
metanol (1:1, 30mL). Sau khi hdn hgp phéan tng duoc khudy & 0°C trong 1 gid, né dugc
]am 4m dén nhiét do trong phong va dugc khudy trong 1 gid, trong khi d6 phén tich LCMS
chi ra riing c6 sw chuyén hoé thanh C32: LCMS m/z 367,3 [M~H]". Biéu chinh dén do pH
= 3 dugc tién hanh bang cach bd sung axit clohydric 1M, sau d6 hon hop dugce pha lodng
bing nude (30mL). Lop nude duge chiét bang etyl axetat (2 x 75mL), va 16p hiru co gom
lai duoc lam kho trén natri sulfat, duoc loc, va dugc ¢ trong diéu kién ap suét thép dé tao
ra C32 & dang chit rin nho mau tring. Hiéu sudt: 3,10 g, 8,41mmol, 89%. 'H NMR (400
MHz, metanol-ds) 8 6,39 (d, J = 9,7 Hz, x4p xi 0,5H; dugc trao dbi khong hoan toan bang
dung méi), 4,33 (s, 1H), [4,21 (d, ] = 9,6 Hz) va 4,21 (s), tong 1H], 4,01 (d, mdt nira vach
bén AB, J = 10,5 Hz, 1H), 3,91 (dd, hop phan cua hé ABX, J = 10,4, 5,2 Hz, 1H), 1,56
(dd, hop phén cta hé ABX, J= 17,5, 5,0 Hz, 1H), 1,50 (d, mot ntra vach boén AB, J=17.6
Hz, 1H), 1,42 (s, 9H), 1,07 (s, 3H), 1,02 (s, 9H), 0,93 (s, 3H).

Bugc 3. Toéng hop tert-butyl {(25)-1-[(1R,2S,55)-2-({(185)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} carbamoyl)-6,6-dimetyl-3 -azabixyclo[3.1 .O]hexan-3-yl]-3,3-
dimetyl-1-oxobutan-2-yl}carbamat (C33).

Hbn hop 0°C chita C7 (31,9 mg, <94 pmol) va C32 (34 mg, 92 pmol) trong
axetonitril (1mL) dugc xtt Iy bing O-(7-azabenzotriazol-1-yl)-N,N.N’.N -tetrametyluroni
hexaflophosphat (HATU, 97%; 36,2 mg, 92,3 pmol) tiép dé 1a dung dich chua 4-
metylmorpholin (25 pL, 0,23mmol) trong axetonitril (0,25mL). Sau khi hén hop phan ting
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dwoc khudy & 0°C trong xap xi 1 gid, né duoc pha lodng bang dung dich nudc natri
bicacbonat bio hda (3mL) & 0°C, va dugc chiét bing diclometan (4 x 4mL). Céc 16p hitu
co gom lai dugc cd trong chan khong dé tao ra C33 & dang gdm (48 mg). Hau hét nguyén
liéu nay dugc st dung trong budc tiép theo. LCMS m/z 504,6 [M+H]".
Bu6c 4. Tong hop (1R,2S,5S)-N-{(1S)-1-Xyano-2-[(3S)-2-0xopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit
(13).

Dung dich gbc chira axit metanesulfonic (60 pL) trong 1,1,1,3,3,3-hexaflopropan-
2-0l (940 pL) dugc didu ché. Dung dich chira C33 (tir budc trén day; 47 mg, <90 pmol)
trong 1,1,1,3,3,3-hexaflopropan-2-ol (1mL) dugc bd sung mot phan cta dung dich gbe axit
metanesulfonic (0,1mL; 100 pmol). Sau khi hdn hop phan tmg dugc khudy & nhiét do
trong phong trong 1 gid, n6 dugc co trong chéan khong, sau do dugc hip thu trong cac hdn
hop dung moéi sau va duoce cd lai: hén hop chira axetonitril va etyl axetat (1:1, 2 x 10mL),
va sau d6 hdn hop chira etyl axetat va heptan (1:1, 2 x 10mL). Phén ling cin duge hoa tan
trong diclometan (1mL) va dugc x ly bang 4-metylmorpholin (30,8 pL, 0,280mmol), tiép
d6 1a trifloaxetic anhydrit (0,143mL, 1,01mmol). Hon hgp phan tmg dugc khudy & nhiét
do trong phong trong 40 phut, trong khi d6 né duge xtr ly bang 4-metylmorpholin (30,8
ul, 0,280mmol) tiép dé6 1a trifloaxetic anhydrit (0,143mL, 1,01mmol); sau d6 30 phut, 4-
metylmorpholin (30,8 pL, 0,280mmol) duoc bd sung lai, tiép do 1a trifloaxetic anhydrit
(0,143mL, 1,01mmol). Sau d6 khudy 15 phut nita, hén hop phan tmg duge xi Iy bang axit
clohydric (1 M; 3mL), va hdn hop thu duge duoc chiét bang diclometan (3 x 4mL); cac
16p hitu co gom lai duge cd trong chan khong va dugce tinh ché s dung HPLC pha dao
(Waters Sunfire C18, 19 x 100 mm, 5 pm; Pha dong A: nude chtra 0,05% axit trifloaxetic
(thé tich/thé tich); Pha dong B: axetonitril chira 0,05% axit trifloaxetic (thé tich/thé tich).
gradien: 20% dén 60% B trong 8,5 phit, sau d6 60% dén 95% B trong 0.5 phut, sau do
95% B trong 1 phut; Téc dd chay: 25mL/phit) dé cho (1R,28,55)-N-{(15)-1-xyano-2-
[(3S5)-2-oxopyrolidin-3-yl]etyl }-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit (13). Hi¢u suat: 7,5 mg, 15 umol, 17% qua 2 budc.
LCMS m/z 500,5 [M+H]". Thoi gian luu: 2,66 phut (Cac diéu kién phan tich. Cot: Waters
Atlantis dC18, 4,6 x 50 mm, 5 um; Pha dong A: 0,05% axit trifloaxetic trong nude (thé
tich/thé tich); Pha dong B: 0,05% axit trifloaxetic trong axetonitril (thé tich/thé tich);

116



51148 117/334

gradien: 5,0% dén 95% B trong 4,0 phut, sau d6 95% B trong 1,0 phut; Téc do chay:
2mL/phut).

Téng hop theo cach khéac Vi du 13, metyl tert-butyl ete solvat; Tao ra 13, metyl zert-butyl
ete solvat, Dang rén 2

(1R,28,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-6,6-dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit, metyl tert-butyl ete
solvat (13, metyl zerz-butyl ete solvat), Dang ran 2

ON—NH
CH,0 __>NH3 CH
1O A O I
H,C” 07 N CH, MeOH 30 o N
H 0O o HCI
Cc5 C16, mudi HCI
O CH3
CH
HN o/k ’ o CHs
HsC on J_JcHy
H O chz\ HN” ~O” “CHj,3
Nl ep 3~ CH;0 30 LiOH
O 8 = H3C>‘ O B
CHsz N WL
* HCI HATU 0-CHs
H,C CHs CHy
(
HsC._N._CHs HsC CHs
CH3CH3 C31
CHs
] CH; NH; 0
HN” 0" CH, H4C \\«\fo L
HaC O HCI H3C>C‘:H o) H,C” 07 “CF,
H3C CH3 /O —_— 3 N ‘.\\/<OH —
“or HCl s
HyC CH, H3CYN CH,
H,C CH
3 3 ca1 CH3CH3
C32

117



51148

NH
H,N NH,
O ¢ HCI
C16, mudi HCI
0 0
CH
T\
NG, N=N N McF,

H.co w0 ¢ eHCl CHs N o
3 CHs H,C \\f
H3C 0 — 3 7\

N
OH | SV H
=
HsC CHy OH HyC CHs
CH
c42 N C43
HsC N CHs
CH3 CHj
H3C 3
0]
3 S N HN}LCSS b
‘II- \ ~
& CHy H3C7\e\\< Y
Hi H3C CHy NSy N
> H

CH
s HCJ 2
H,C CHa H3(3>ko,cr43

13, metyl zert-butyl
ete solvat

118/334

Buégc 1. Tong hop tert-butyl {(25)-1-amino-1-0x0-3-[(3S)-2-oxopyrolidin-3-yl]propan-2-

yl}carbamat (CS).

Thir nghiém nay dugc thuc hién & 2 mé song song. Dung dich chira amoniac trong

metanol (7 M; 2,4 L, 17 mol) duoc bd sung vao metyl N-(tert-butoxycarbonyl)-3-[(35)-2-

oxopyrolidin-3-yl]-L-alaninat (600 g, 2,10 mol) va hdn hop phéan ung dugc khudy & 25°C

trong 40 git. Co trong chan khong va dang két hop cua 2 mé tao ra C5 ¢ dang chét ran

mau vang. Hiéu suét gop: 1,10 kg, 4,05 mol, 96%. 'H NMR (400 MHz, DMSO-ds) 8 7,63
(br s, 1H), 7,29 (br s, 1H), 7,01 (br s, 1H), 6,89 (d, J = 8,5 Hz, 1H), 3,96 — 3,85 (m, 1H),
3,22 — 3,06 (m, 2H, duoc gia dinh; bi che mdt phin bai dinh nudc), 2,28 — 2,08 (m, 2H),
1,89 (ddd, J = 14,6, 10,8, 4,0 Hz, 1H), 1,74 — 1,60 (m, 1H), 1,56 — 1,43 (m, 1H), 1,36 (s,

9H).
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Bu6c 2. Téng hop 3-[(35)-2-oxopyrolidin-3-yl]-L-alaninamit, mudi hydroclorua (C16,
mudi HCI).

Thir nghiém nay dugc thuc hién & 3 mé song song. Dung dich 0°C gdm C5 (840 g,
3,10 mol) trong diclometan (2,0 L) duoc bd sung dung dich chtta hydro clorua trong 1,4-
dioxan (4 M; 2 L, 8 mol). Hon hop phan tmg duoc khudy & 25°C trong 2 gid, trong khi dé
n6 duoc cd trong chan khong; dang két hop ctia 3 mé tao ra C16, mudi HCI & dang chét
rén mau tring. Hieu suat gdp: 1,20 kg, 5,78 mol, 62%. MS m/z 172,1 [M+H]". 'TH NMR
(400 MHz, DMSO-ds) & 8,52 — 8,35 (br s, 3H), 8,12 (s, 1H), 7,95 (s, 1H), 7,57 (s, 1H),
3,88 — 3,76 (m, 1H), 3,24 — 3,10 (m, 2H), 2,59 — 2,5 (m, 1H, dugc gia dinh; bi che mot
phan boi dinh dung mbi), 2,35 — 2,24 (m, 1H), 2,01 (ddd, J = 14,9, 9.2, 6,1 Hz, 1H), 1,80
— 1,68 (m, 2H).

Mau C16, mudi HCI duge nghién trong 2-propanol trong 1,5 gid, trong khi d6 n6
duoc thu gom bang cach loc va duge rira bang 2-propanol. Chét rén d3 duoc thu gom duge
1am kho qua dém trong moi truong c6 do chan khong cao dé thu duoc miu dé nghién ciu
nhidu xa bot tia X. MAu nhidu xa bot tia X dbi voi nguyén lidu nay dwgc thé hién trén Fig.
10; cac dinh dic trung dugc dua ra trong bang Q.

Thu gom dit liéu nhiéu xa bot tia X

Phan tich nhidu xa bot tia X duoc tién hanh sir dung nhidu xa ké Bruker AXS D4
Endeavor duoc trang bi ngudn birc xa Cu. Khe phan ky duoc thiét 1ap & 0,6 mm trong khi
do quang hoc thir cép duoc sir dung khe bién thién. Blrc xa dugc nhiu xa dugc phat hién
bdi b do PSD-Lynx Eye. Dién thé va ampe dng tia X duoc thiét 14p 1an luot t6i 40 kV va
40 mA. Dt liéu dugc thu gom trong may do goc Theta-2Theta & bude song Cu tur 3,0 dén
40,0 dd 2-Theta st dung c& buéde 1a 0,020 do va thoi gian bude 1a 0,3 gio. Cac mau dugc
didu ché bang cach dit ching trong b phan giil mau nén thap silicon va dugc quay trong
qua trinh thu gom.

Phan tich nhidu xa bot tia X duoc tién hanh st dung nhiéu xa ké Bruker AXS D8
Advance dugc trang bi nguén birc xa Cu. Burc xa dugce nhiéu xa dugc phat hién boi bo do
LYNXEYE EX véi cac khe dugc 1ap dong co. C4 hai birc xa so cép va thi cap duoc trang
bi 2,5 khe Soller. Dién thé va ampe dng tia X dugc thiét 1ap lan lugt & 40kV va 40 mA.
Dit lidu duge thu gom trong may do géc Theta-Theta trong bo quét cdp duge khoa & bude

séng Cu K-alpha (trung binh) tir 3,0 dén 40,0 d6 2-Theta v6i s6 gia 12 0,02 d9, str dung tbc
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d6 quét 12 0,5 gidy/bude. Cac mAu dugc didu ché bing cach dat trong bo phén gift mau nén
thap silicon.

Dit liéu dugce thu gom bing cé hai thiét bi st dung phan mém Bruker DIFFRAC
Plus va phén tich dugc thyc hién béi phan mém EVA DIFFRAC Plus. HO so dit ligu PXRD
khong duge xir Iy truée khi tim kiém dinh. Si dung thudt ton tim kiém dinh trong phan
mém EVA, céac dinh dugc chon v6i gia tri ngudng la 1 dugce su dung dé tao ra cac phép
gan dinh so b. D& dam béo tinh x4c thyc, viée diéu chinh dugc tién hanh thi cong; dau ra
cua cac phép gan tu dong dugc kiém tra bdng mét thuong, va vi trf dinh duoc diéu chinh
dén do cao tdi da cua dinh. Cac dinh v6i mét do tuong ddi 1a > 3% thuong dugce chon.
Théng thudng, cac dinh khong dugc phan giai hode dugc dong nhét v6i nhiéu khong duge
chon. Sai s6 thong thuong c6 lién quan véi vi tri dinh tir PXRD dugc dé cap trong USP 1én
tGi +/- 0,2° 2-Theta (USP-941).
Bang Q. C4c dinh nhidu xa bt tia X dugc chon dbi v6i C16, mudi HCI

Mat do tuong Mait do tuong
Géc (°2 theta) d6i Géc (°2 theta) do6i
9,97 3 29,24 13
11,67 1 30,98 6
14,17 1 31,78 2
16,08 1 32,32 23
16,35 1 32,79 10
17,10 14 33,10 1
17,27 3 33,50 6
18,23 24 33,70 4
19,21 4 33,90 3
20,83 20 35,27 3
22,20 58 36,20 3
22,97 12 36,42 6
23,35 34 36,75 6
23,79 2 36,95 7
24,62 3 37,83 3
25,10 100 38,58 2
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26,85 11 39,44 7
28,39 14 39,75 1

Téng hop 3-[(38)-2-oxopyrolidin-3-yl]-L-alaninamit, muéi hydroclorua, C16 Mudi HCI
theo cach khac
Viéc didu ché theo cach khac ctia hop cht C16, mudi HCI dugc md ta trong so' dd phan

ung dudi day.

0 | o) 0
NH  NH; (13 duong luong) l NH HCI (3 duong luong) NH
“TsOH MGSO4 (1 duong luong) | .Ts0H “HCI
OMe MeOH (5 mL/g) \ NH, DMF (5 mL/g) NH,
HoN 23°C,7h L HaN i 23°C, 12 h H2N I
. Ko
Hiéu lvc: 88,3%; s  ClemudiHCI
Ba tinh khiét 97’4% chu h,l'C. 94,7 A), BO tinh khiét 98,2 %

Dung dich chitra amoniac trong metanol (7,0 M; 100mL, 725,4mmol) dugc b6 sung metyl
(S)-2-amino-3-((S)-2-oxopyrolidin-3-yl)propanoat 4-metylbenzensulfonat (20 g,
55,8mmol) va magie sulfat (6,7 g, 55,8mmol) & nhiét do trong phong. Sau khi khudy hén
hop phan tmg trong 7 gi® & nhiét do trong phong, nito duge suc vao phan Gng trong 1 gid
dé rira amoniac du. Sau d6, phan Gng dugc loc qua dém Xelit® va sau d6 duoc co trong
chan khong va (S)-2-amino-3-((S)-2-oxopyrolidin-3-yl)propanamit 4-
metylbenzensulfonat thu duoc duge sir dung tryc tiép & bude tiép theo ma khong can tinh
ché thém. Dung dich chtra dimetylformamit (50mL, 647mmol) dugc bd sung mot phan
cta (S)-2-amino-3-((S)-2-oxopyrolidin-3-yl)propanamit 4-metylbenzensulfonat (10 g,
25,9mmol) va dung dich chita hydro clorua trong 1,4-dioxan (4,0 M; 19,4mL, 77,7mmol).
Sau khi khudy trong 12 gio & nhiét d6 trong phong huyén phu dic duge loc va duoc rira
bang dimetylformamit (15mL, 190mmol). Chét ran thu dugc duoc lam kho trong ti sdy
chan khong & 40°C trong 12 gioy dé cho 3-[(3S)-2-oxopyrolidin-3-yl]-L-alaninamit, mubi
hydroclorua, C16 Mudi HCI (2,7 g, 12,4mmol) & dang chét rin mau ndu vang (téng hiéu
suét 1a 48%).

Budc 3. Toéng hop metyl (1R,2S,55)-3-[N-(tert-butoxycarbonyl)-3-metyl-L-valyl]-6,6-
dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat (C31).

Thir nghiém nay dugc thuc hién ¢ 3 mé song song. Dung dich 0°C gém metyl
(1R,2S,55)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat, mubi hydroclorua (237 g,
1,15 mol) va N-(tert-butoxycarbonyl)-3-metyl-L-valin (293 g, 1,27 mol) trong hdn hop
chtra N,N-dimetylformamit (400mL) va axetonitril (3,6 L) dugc bd sung O-(7-
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azabenzotriazol-1-y1)-N,N,N’, N -tetrametyluroni hexaflophosphat (HATU; 481 g, 1,26
mol), tiép dé 1a timg giot bd sung N,N-diisopropyletylamin (601mL, 3,45 mol). Sau do,
hdn hop phan Gng dugc lam 4m 16n dén 25°C va dugc khudy trong 16 gio, trong khi d6 né
duoc rot vao hdn hop chira nuéce da (1 L) va axit clohydric (0,5 M; 1 L), ¢ d6 pH xap xi
5, va duoc khudy trong 6 phut. Hon hop thu duge dugc chiét bang etyl axetat (2 L), va 16p
hitu co duoc rira bang nudc (2 L), duoc lam kho trén natri sulfat, duoc loc, va dugc cd
trong chan khong. Phén ling can duoc tinh ché st dung sic ky silicagel (Gradien: 0% dén
50% etyl axetat trong ete diu mo), thu duoc, sau d6 dang két hop cia 3 mé, C31 & dang
dau khong mau. Hiéu suat gop: 1,17 kg, 3,06 mol, 89%. LCMS m/z 3833 [M+H]". H
NMR (400 MHz, cloroform-d) & 5,10 (d, J = 10,2 Hz, 1H), 4,46 (s, 1H), 4,20 (d, /= 10,3
Hz, 1H), 3,98 (d, mdt nita vach bén AB, J = 10,2 Hz, 1H), 3,89 - 3,82 (m, 1H), 3,74 (s,
3H), 1,48 — 1,41 (m, 2H), 1,38 (s, 9H), 1,03 (s, 3H), 1,01 (s, 9H), 0,89 (s, 3H).

Buéc 4. Tong hop axit (1R,2S,58)-3-[N-(tert-butoxycarbonyl)-3-metyl-L-valyl]-6,6-
dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylic (C32).

Thir nghiém nay dugc thyc hién ¢ 3 mé song song. Dung dich chira C31 (668 g,
1,75 mol) trong tetrahydrofuran (2,5 L) dugc bb sung lithi hydroxit monohydrat (220 g,
5,24 mol) va nude (500mL). Sau khi hdn hgp phan tng dugc khudy & 25°C trong 2 gio,
né duoc co trong chan khong dé loai bo hau hét tetrahydrofuran; phan lang cin sau do
duoc didu chinh dén do pH 2 bing cach bd sung axit clohydric IM. Hén hop thu dugc
duoc chiét bang etyl axetat (2 x 500mL), va 16p hitu co gom lai dugc rira bang dung dich
nudc natri clorua bdo hoa (500mL), duge 1am kho trén natri sulfat, duge loc, va dugc co
trong chén khong dé tao ra C32 ¢ dang chét rén mau tring (2,0 kg) sau d6 dang két hop
cua 3 mé. Nguyén liéu nay dugc sur dung truc tiép & bude tiép theo. LCMS m/z 313,2 [(M
— 2-metylprop-1-en)+H]". 'TH NMR (400 MHz, cloroform-d) 6 5,14 (d, J=10,2 Hz, 1H),
4,46 (s, 1H), 4,24 (d, J = 10,2 Hz, 1H), 4,06 (d, mot nira vach bén AB, J= 10,5 Hz, 1H),
3,82 (dd, hop phan cia hé ABX, J=10,5, 5,5 Hz, 1H), 1,75 (d, /=77 Hz, 1H), 1,49 (dd,
J=1.7,5,4 Hz, 1H), 1,40 (s, 9H), 1,06 (s, 3H), 1,00 (s, 9H), 0,89 (s, 3H).

Budce 5. Tong hop (1R,2S,55)-6,6-dimetyl-3-(3-metyl-L-valyl)-3-azabixyc10[3.1.O]hexan-

2-axit carboxylic, mubi hydroclorua (C41).
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Th nghiém nay duge thuc hién ¢ 2 mé song song. Dung dich chira hydro clorua
trong 1,4-dioxan (4 M; 4,0 L, 16 mol) dugc bd sung vao dung dich chira C32 (tlr budc trén
day; 1,00 kg, <2,62 mol) trong diclometan (1,0 L), va hdn hop phan tng duge khuéy 4]
25°C trong 16 gio. Loai cac dung moi trong chan khong & 50°C tao ra C41 & dang chat
rin mau tring (1,8 kg) sau d6 dang két hop ctia 2 mé. Nguyén liéu nay duoc st dung truc
tiép & bude tiép theo. "H NMR (400 MHz, metanol-dy) & 4,42 (s, 1H), 4,00 (s, 1H), 3,94
(dd, hop phan ciia hé ABX, J= 10,7, 5,4 Hz, 1H), 3,80 (d, mdt nira vach bon AB, J = 10,7
Hz, 1H), 1,62 (dd, hgp phﬁn ctia hé ABX, J=17,7, 5,2 Hz, 1H), 1,56 (d, mot ntra vach bon
AB, J= 17,6 Hz, 1H), 1,15 (s, 9H), 1,09 (s, 3H), 1,03 (s, 3H).

Buge 6. Téng hop axit (1R,2S,55)-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxylic (C42).

Thir nghiém nay dugc thyc hién & 3 mé song song. Dung dich 0°C gom C41 (tir
budc trén day; 600 g, <1,75 mol) trong metanol (2 L) dugc bd sung trietylamin (1,64 L,
11,8 mol), tiép d6 1a etyl trifloaxetat (699 g, 4,92 mol), trong khi do6 hon hop phan g
duoc 1am am lén dén 25°C, va dugc khudy trong 16 gid. Sau d6, n6é dugc cd trong chan
khong & 50°C, va phan cin ling dugc pha lodng bang etyl axetat (3 L) va dugc diéu chinh
dén do pH = 3 dén 4 bang cach bd sung axit clohydric 2M. Sau d6 chiét 16p nudce bang etyl
axetat (1 L), 16p htu co gom lai dugc rira bang dung dich nu¢c natri clorua bdo hoa (3 L),
duoc 1am kho trén natri sulfat, dugc loc, va dugc ¢ trong diéu kién 4p suét thép. 3 mé
duoc két hop & thoi didm nay, dugce xir Iy bing hdn hop chira ddu mo ete va etyl axetat
(5:1, 3 L), va duoc khuy & 25°C trong 2 gid. Bude loc tao ra C42 & dang cht rdn mau
tréng. Hibu suét gop: 1,90 kg, 5,21 mol, 99% trong hon 3 budc. LCMS m/z 365,1 [M+H]".
'H NMR (400 MHz, metanol-ds) & 8,88 (d, J = 8,8 Hz, <1H; incompletely exchanged),
[4,60 (d, J = 8.9 Hz) va 4,59 (s), tong 1H], 4,35 (s, 1H), 3,96 (dd, hop phan ctia hé ABX,
J=10.,5,5.1 Hz, 1H), 3,90 (d, mot nira vach bén AB, J= 10,4 Hz, 1H), 1,58 (dd, hop phan
cuahé ABX, J= 17,6, 4,9 Hz, 1H), 1,52 (d, mt ntra vach bén AB, J= 17,6 Hz, 1H), 1,08 (s,
12H), 0,92 (s, 3H).

Bugc 7. Tong hop (1R,28,5S)-N-{(2S)-1-amino-1-0x0-3-[(3:5)-2-oxopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit (C43).
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Thir nghiém nay dugc thyc hién & 4 me song song. 2-Hydroxypyridin 1-oxit (33,9
g, 305mmol) dugc bd sung vao dung dich chira C42 (445 g, 1,22 mol) va C16, mudi HCI
(256 g, 1,23 mol) trong butan-2-on (2,5 L), va hon hop duge lam lanh dén 0°C. N,N-
Diisopropyletylamin (638mL, 3,66 mol) sau d6 dugc bd sung, tiép d6 12 tng giot b sung
1-[3-(dimetylamin)propyl]-3-etylcarbodiimit hydroclorua (351 g, 1,83 mol). Hon hop
phan @mg dugce khudy & 25°C trong 16 gid, trong khi d6 né duoc pha lofing bang etyl axetat
(1 L) va duge xtr ly bang hdn hgp chira axit clohydric (1 M; 1,5 L, 1,5 mol) va dung dich
nude natri clorua bdo hoa (1 L). Lép hitu co duge rira bang hdn hop chira dung dich nudc
natri hydroxit (1 M; 1,5 L, 1,5 mol) va dung dich nuéc natri clorua bdo hoa (1 L), dugc
lam kho trén natri sulfat, dugc loc, va dugc co trong chan khong. Dang két hop ctia 4 mé
ta0 ra C43 & dang chat rin mau tring (2,3 kg). Hiéu suét gop: 2,1 kg (duoc hidu chinh doi
v6i etyl axetat du), 4,1 mol, 84%. LCMS m/z 518,3 [M+H]". "H NMR (400 MHz, DMSO-
de) § 9,41 (br d, J = 7,7 Hz, 1H), 8,30 (d, J = 8,8 Hz, 1H), 7,56 (s, 1H), 7,32 (br s, 1H),
7,04 (br s, 1H), 4,43 (br d, J = 7,3 Hz, 1H), 4,35 — 4,25 (m, 1H), 4,28 (s, 1H), 3,89 (dd, J
= 10,3, 5,5 Hz, 1H), 3,67 (d, J= 10,4 Hz, 1H), 3,17 — 3,09 (m, 1H), 3,07 — 2,98 (m, 1H),
2,46 — 2,35 (m, 1H), 2,19 — 2,10 (m, 1H), 1,99 — 1,89 (m, 1H), 1,70 — 1,58 (m, 1H), 1,55
— 1,44 (m, 2H), 1,38 (d, mdt nira vach bén AB, J= 17,6 Hz, 1H), 1,01 (s, 3H), 0,98 (s, 9H),
0,84 (s, 3H).

Bu6c 8. Téng hop (1R,2S,SS)-N-{(1S)-1-Xyano-Z-[(3S)-2-0X0pyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0] hexan-2-carboxamit,
metyl fert-butyl ete solvat (13, metyl fert-butyl ete solvat), Dang rén 2.

Tht nghiém nay dugc thyc hién ¢ 3 mé song song. Metyl  N-
(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan tmg Burgess; 552 g, 2,32 mol) dugc
bd sung vao dung dich chita C43 (600 g, 1,16 mol) trong etyl axetat (3 L). Sau khi hdn
hop phan Ung dugc khudy ¢ 25°C trong 3 gid, n6 duge xur ly bang bd sung metyl N-
(trietylamoniosulfonyl)carbamat, muéi ndi (chat phan ing Burgess; 27,6 g, 116mmol) va
hdn hgp phan tng dugc khudy trong thoi gian 1 gio. Sau d6, n6 duge loc; banh loc duoc
rira bang etyl axetat (2 x 500mL), va cac phan dich loc gom lai duge rira lan luot bang
dung dich nuéc natri bicacbonat (1 M; 2 L), dung dich nudce natri clorua bdo hoa (2 L),
axit clohydric (1 M; 2 L), va dung dich nud6c natri clorua béo hoa (2 L). Lop hitu co sau

d6 dugc 1am kho trén natri sulfat, dugc loc, va dugce ¢d trong chan khong. Phan 1éng can
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duge xtr Iy bang hdn hop chira etyl axetat va metyl zerz-butyl ete (1:10, 2,5 L) va duoc gia
nhiét dén 50°C; sau khi khudy trong 1 gio & 50°C, né duge 1am lanh dén 25°C va duge
khudy trong 2 gio. Phan rén duoc thu lai bang cach loc, va 3 mé dugc két hop trong etyl
axetat (8 L) va duoc loc thong qua silicagel (3,0 kg); sau do silicagel dugc rira bang etyl
axetat (2 x 2 L). Sau d6 nudc rira giai dugc gom lai duge c6 trong chén khong, phan lang
cin dugc hép thu trong etyl axetat (900mL) va metyl rerz-butyl ete (9 L). Hon hop nay
duoc gia nhiét dén 50°C trong 1 gid, duge lam ngudi dén 25°C, va duoc khudy trong 2
gi0. Budce loc tao ra (1R,2S,5S5)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0] hexan-2-carboxamit,
metyl tert-butyl ete solvat (13, metyl zert-butyl ete solvat) ¢ dang chét rin mau tring. Mau
nhidu xa bot tia X d6i véi nguyén lidu nay, dwoc chi ra 13 Dang rén 2, dugc thé hién trén
Fig. 1; cac dinh dic trung dugc dua ra trong bang A. Hiéu suét gop: 1,41 kg, 2,82 mol,
81%. LCMS m/z 500,3 [M+H]*. 'H NMR (400 MHz, DMSO-ds) 6 9,42 (d, J = 8,4 Hz,
1H), 9,03 (d, J = 8,6 Hz, 1H), 7,68 (s, 1H), 4,97 (ddd, J = 10,9, 8,5, 5,1 Hz, 1H), 4,41 (d,
J=18,5 Hz, 1H), 4,16 (s, 1H), 3,91 (dd, J = 10,4, 5,5 Hz, 1H), 3,69 (d, J = 10,4 Hz, 1H),
3,18 — 3,10 (m, 1H), 3,08 — 2,99 (m, 1H), 2,46 — 2,34 (m, 1H), 2,20 - 2,03 (m, 2H), 1,78
~ 1,65 (m, 2H), 1,57 (dd, J = 7.6, 5,4 Hz, 1H), 1,32 (d, J= 7,6 Hz, 1H), 1,03 (s, 3H), 0,98
(s, 9H), 0,85 (s, 3H).
Thu gom dit lidu nhiéu xa bot tia X

Phan tich nhidu xa bot tia X duoc tién hanh sir dung nhidu xa ké Bruker AXS D8
Endeavor duoc trang bi ngudn birc xa Cu (K-a trung binh). Khe phén ky dugc thiét 1ap &
anh sang lién tuc 15 mm. Burc xa dugc nhiéu xa dugc phat hién boi bd do PSD-Lynx Eye,
v6i d6 m& bo do PSD thiét lap & 2,99 do. Dién thé va ampe ng tia X dugc thiét 14p lan
luot dén 40 kV va 40 mA. Dt liéu duge thu gom trong méy do goc Theta-Theta & budce
séng Cu tir 3,0 dén 40,0 do 2-Theta sir dung c¢& budc 0,00998 do va thoi gian budce 1a 1,0
gid. Man chéng phan tan dugc thiét 1ap t6i khoang céch ¢6 dinh 14 1,5 mm. Cac mau duge
quay & 15/phit trong qua trinh thu gom. Céc mau duoc diéu ché bang cach dit ching trong
thiét bi gitt mau nén thép silicon va dugc quay trong qua trinh thu gom. D liéu dugc thu
gom st dung phan mém Bruker DIFFRAC Plus va phén tich duge thuc hién b6i phan mém
EVA DIFFRAC Plus. Sir dung thuat toan tim kiém dinh trong phan mém EVA, céc dinh
dugc chon v6i gia tri ngudng 12 1 duge sit dung dé tao ra cac phép géan dinh so bd. Dbé dam

bao tinh xac thuc, viéc didu chinh dugc tién hanh thu cong; dau ra cta cac phép gan tu

125



51148 126/334

dong dugc kiém tra bing mét thuong va vi tri dinh dugc diéu chinh dén do cao t61 da cua
dinh. Céac dinh v61 mat do tuong dbi 1a > 3% thuong duoc chon. Cac dinh khong duoc
phén giai hodc duoc ddng nhét véi nhiéu khong dugc chon. Sai s6 thong thuong c6 lién
quan v6i vi trf dinh tir PXRD duoc dé cap trong USP 1én t6i +/- 0,2° 2-Theta (USP-941).

Bang A. Céc dinh nhiéu xa bot tia X dugc chon trong 13, metyl fert-butyl ete solvat, Dang
rén 2, tr quy trinh tong hop khac Vi du 13, metyl fert-butyl ete solvat; Tao ra 13, metyl

tert-butyl ete solvat, Dang ran 2

Goc Mat d0 tuong Goc Mat d¢ tuong
(°2-theta) déi (%) (°2-theta) d6i (%)
+/- 0,2° 2-Theta +/- 0,2° 2-Theta

7,1 78 22,7 9
10,5 8 22,9 10
11,3 15 23,1 5
11,8 36 23,4 6
12,5 49 23,7 22
12,9 4 25,3 14
14,2 34 27,3 3
15,7 10 27,9 6
16,0 24 28,3 9
16,8 100 28,5 4
17,0 41 29,1 3
18,5 50 29,4 6
18,8 7 30,2 3
19,1 25 30,8 5
19,9 11 32,0 4
20,2 8 33,3 7
20,8 14 33,8 4
21,1 9 35,4 7
21,4 4 36,4 6
21,7 4 38,1 3
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222 24

Tong hop axit  (1R,28,55)-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxylic (C42) theo cach khac

Téng hop theo céach khac thir hai cia Vi du 13, metyl tert-butyl ete solvat; Tao ra 13, metyl
tert-butyl ete solvat, Dang rin 2
(1R,ZS,5S)-N-{(1S)-1-Xyano-z-[(3S)-2-0X0pyrolidin-3-yl]etyl}-6,6-dimety1-3-[3 -metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit, metyl tert-butyl ete
solvat (13, metyl zert-butyl ete solvat), Dang ran 2

o 0« Q ,—CH, )LCF3 OS—NH
HN™ 73 NH A (_ CH )
o 0 3 H.Cws o)
) CHs U I§
Gy T M€ CHy NSy
HaC bty N A NH2 H oSN
H % CH
«HsCJ 3
H,C CHs H3C>KO,CH3
HsC CHs ’
c43 13, metyl fert-butyl ete |

solvat

Metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi (chét phan tmg Burgess; 392 g,
1,64 mol) duoc bd sung vao dung dich chira C43 (415 g, 802mmol) trong etyl axetat (2,0
L). Hon hop phan tng dugc khudy o 25°C trong 3 gio, trong khi d6 metyl N-
(trietylamoniosulfonyl)carbamat, mubi ndi (chat phan tng Burgess; 86,0 g, 361mmol)
dwoc bd sung lai. Sau khi hdn hop phan tmg dugc khudy trong 1 gid, né duge loc, va phan
loc dugc ria lién tiép br?lng dung dich nudc natri bicacbonat (1 M; 1,5 L), dung dich nuéc
natri clorua bdo hoa (1,5 L), axit clohydric (1 M; 1,5 L), va dung dich nudce natri clorua
bdo hoa (1,5 L), duge 1am kho trén natri sulfat, duoc loc, va dugce ¢d trong chan khong.
Phén l4ng can dugc xir Iy bing hon hop chta etyl axetat va metyl erz-butyl ete (1:10, 2,5
L) va duoc gia nhiét dén 50°C; sau khi khudy trong 1 gio & 50°C, né dugc lam lanh dén
25°C va duoc khudy trong 2 gio. Thu gom chét rén bang cach loc tao ra (1R,28,55)-N-
{(1S)-1-Xyano-2-[(3S)-2-0X0pyr01idin-3-yl]etyl}-6,6-dimety1-3-[3-metyl-N-(triﬂoaxetyl)-
L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit, metyl zert-butyl ete solvat (13, metyl
tert-butyl ete solvat) & dang tinh thé rdn mau trang. M&u nhiéu xa bot tia X d6i v6i nguyén
liéu nay, duoc chi ra la Dang rén 2, dugc thé hién trén Fig. 2; cac dinh ddc trung dugc dua
ra trong bang B. Hiéu suét: 338 g, 575mmol, 72%. LCMS m/z 500,3 [M+H]". 'TH NMR
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(400 MHz, DMSO-ds) 5 9,43 (d, J = 8,4 Hz, 1H), 9,04 (d, J = 8,6 Hz, 1H), 7,68 (s, 1H),
4,97 (ddd, J = 10,9, 8,5, 5,0 Hz, 1H), 4,41 (d, J = 8,5 Hz, 1H), 4,15 (s, 1H), 3,91 (dd, hop
ph?m cuahé ABX, J=10,4, 5,5 Hz, 1H), 3,69 (d, mdt nira vach boén AB, J=10,4 Hz, 1H),
3,18 — 3,10 (m, 1H), 3,08 — 2,98 (m, 1H), 2,46 — 2,34 (m, 1H), 2,20 — 2,02 (m, 2H), 1,77
~ 1,65 (m, 2H), 1,57 (dd, J = 7,6, 5,4 Hz, 1H), 1,32 (d, mdt nra vach bon AB, J=17,6 Hz,
1H), 1,02 (s, 3H), 0,98 (s, 9H), 0,85 (s, 3H); cac dinh metyl tert-butyl ete: 3,07 (s, 3H),
1,10 (s, 9H).

Phuong phap thu thap dit li¢u nhiu xa bot tia X dwoe mo ta trong quy trinh tong hop theo
cach khac cua Vi du 13, metyl fert-butyl ete solvat, Budce 8.

Bang B. Céc dinh nhiéu xa bot tia X duge chon trong 13, metyl fert-butyl ete solvat, Dang
rén 2, tir quy trinh téng hop thit hai khac ciia Vi du 13, metyl zert-butyl ete solvat; Tao ra
13, metyl zert-butyl ete solvat, Dang ran 2

Goéc Goéc Mat do Goc
Mat do ) Mat 4o
(°2-theta) | (°2-theta) | twong doi | (°2-theta) .
twong doi twong doi
+/-0,2° +/-0,2° (%) +/-0,2°
(%) (%)
2-Theta 2-Theta 2-Theta

7,2 66 20,0 9 274 3
10,6 9 20,3 6 28,0 6
11,4 12 20,8 6 28.4 7
11,9 32 20,9 12 29,5 4
12,6 49 21,2 7 30,3 3
13,0 4 21,5 4 30,9 5
14,3 37 21,8 3 32,1 3
15,8 8 22,3 24 334 5
16,1 22 22.8 6 33,5 3
16,9 100 23,0 9 35,5 6
17,2 46 23,2 5 36,5 3
18,6 42 23,5 6 38,2 3
18.9 6 23,8 17

19,3 23 25,4 10

Téng hop theo cach khac thi ba cia Vi du 13
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(1R,2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (13)

ON—NH
0] NH O
HoN 2 0
H;C \fo C16, mudi HCI A
\ ’ & O
HaC) 0 : H3C ‘\\<
3 CH3 N \\/( > H3C7\CH3 N ‘\\\”\N g

" “OH N7 N-CHs H N
\—/
? % CHa
o) H3C>k

CHj *
HsC CHs )\ HaC CHs * |20 CHs
G~/ 7 OB\ CHy
C42 O‘P’O 13, metyl tert-butyl ete
/J\\O solvat
HsC
O
O CHj, HN)\\CFQ, ON—NH
. o e o)
3 3 H307\\\\. lo
_— > HaC b, Nl
eptan H N
HsC CHs
13

Bugc 1. Tong hop (1R,28,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit,
metyl zert-butyl ete solvat (13, metyl tert-butyl ete solvat)

Hon hop 0°C chia C42 (90,5% khéi luong, 5,05 g, 12,5mmol) va C16, mudi HC1
(98,9% khéi luong, 3,12 g, 14,9mmol) trong axetonitril (50mL) duogc xu ly bang 2,4,6-
tripropyl-1,3,5,2,4,6-trioxatriphosphinan 2.4.6-trioxit (50% dung dich theo khéi lugng
trong axetonitril; 17mL, 24,3mmol) trong Xép xi 10 phat. 1-metyl-1H-imidazol (4,0mL,
50,2mmol) sau d6 duge bd sung tir tlr, trong xép xi 15 phut, va hdn hop phan ng dugc
khudy & nhiét do 0°C trong 3,5 gid, trong khi d6 né dugc 1am dm dén 25°C. 2.4.6-
Tripropyl-1,3,5,2,4,6-trioxatriphosphinan 2.4,6-trioxit (50% dung dich theo khéi luong
trong axetonitril; 17mL, 24,3mmol) dugc bb sung mot phén, va hdn hop phan ung duge
Khudy & 45°C trong 16 giv. N6 dugc 1am lanh dén 25°C Tai thoi diém do, va sau dé duge
xi ly trong 10 phut bang dung dich nudc chira natri bicacbonat (1,14 M; 35mL, 40mmol).

Sau d6 bd sung etyl axetat (25mL) va du nuée dé hoa tan chit ran thu duoc, 16p hitu co
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duge rira hai 14n bang dung dich nu6e chira natri bicacbonat (1,14 M; 25mL, 28mmol).
Sau d6 16p hiru co dugce rira bang dung dich nuéc natri clorua (14%, 2 x 20mL), né duoc
1am kho trén natri sulfat, dugc loc, va dugc co trong chan khong. Phan ling cin duoc tron
véi etyl axetat (2,1mL) va duge xur ly bang metyl fert-butyl ete (19mL); huyén phu dic thu
duoc duge gia nhiét v6i khudy & 50°C trong 1 gio, dugc 1am ngudi dén 25°C trong 1 gio,
va dugc gilt 6 25°C trong 1,5 gio. Cac chét ran dugc phan 1ap bang cach loc, duoc rira
bing metyl tert-butyl ete (2mL/g), va dugc lam khd trong ti sdy chan khong qua dém &
50°C dé cho (1R,2S5,55)-N-{(15)-1-xyano-2-[(3S5)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-
3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit, metyl ferz-
butyl ete solvat (13, metyl fert-butyl ete solvat) ¢ dang tinh thé ran mau trang. Khéi
nguyén lidu ndy duoc tién hanh & budce tiép theo. Higu suat: 3,71 g, 6,31mmol, 50%. 'H
NMR (400 MHz, DMSO-ds) 8 9,40 (d, J= 8,4 Hz, 1H), 9,02 (d, J = 8,6 Hz, 1H), 7,66 (s,
1H), 4,97 (ddd, J = 10,7, 8,6, 5,1 Hz, 1H), 4,41 (d, J = 8,4 Hz, 1H), 4,16 (s, 1H), 3,91 (dd,
hop phdn cua hé ABX, J=10,3, 5,5 Hz, 1H), 3,69 (d, mot nira vach bon AB, J = 10,4 Hz,
1H), 3,18 — 3,10 (m, 1H), 3,09 — 2,99 (m, 1H), 2,46 — 2,35 (m, 1H), 2,20 — 2,04 (m, 2H),
1,78 — 1,64 (m, 2H), 1,56 (dd, J= 7,4, 5,6 Hz, 1H), 1,32 (d, mot nira vach bén AB, J=17,6
Hz, 1H), 1,03 (s, 3H), 0,98 (s, 9H), 0,85 (s, 3H); cac dinh metyl tert-butyl ete: 3,07 (s, 3H),
1,10 (s, 9H).

Bugc 2. Téng hop (1R,2S,5S)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit
(13).

Hon hop chira propan-2-yl axetat (17mL) va heptan (17mL) dugc bd sung vao 13,
metyl zert-butyl ete solvat (tir bude trén day; 3,41 g, 5,80mmol), va khuéy duoc thuc hién
qua dém & 20°C. Heptan (17mL) sau d6 duoc bd sung trong 2 gid, va hdn hgp dugc Kkhuay
qua dém & nhiét do trong phong. Huyén phu dic thu duge duoc loc, va chét ran da duoc
thu gom dugc rira bing hdn hop chira propan-2-yl axetat (1,36mL) va heptan (3,73mL) va
duoc 1am khd & 50°C trong chan khong, thu duge (1R,2S,5S5)-N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit (13) ¢ dang tinh thé rin. Mot phan ctia mé ndy duoc
str dung lam nguyén liéu mam trong qué trinh tai két tinh cua Vi du 13; Tao dang ran 1
dué6i day. Hiéu suat: 2,73 g, 5,46mmol, 94%.

T4i két tinh cta Vi du 13; Tao dang ran 1
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(1R,28,58)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (13), Dang ran 1

@) O
Xcr, ON—NH O CH Mcr, OS—NH
HN 3 HN
0O e 0
H3C7\\\C\\< lO H3C 0 CH3 - H3C7\\‘\\ |O
H5;C CHs N ‘\\\j\N < H,C CH, N ,\\\J\N <
Q H N Heptan H N
CH
HyCJ °
CH, '3 CH
H,C 3 H3C>kO'CH3 H5;C 3
13, metyl tert-butyl ete 13

solvat

Hbn hop chira 13, metyl zert-butyl ete solvat (tir quy trinh tong hop khac Vi du 13,
metyl tert-butyl ete solvat; Tao ra 13, metyl fert-butyl ete solvat, Dang rén 2; 60,1 g,
102mmol) va propan-2-yl axetat (480mL) dugc gia nhiét dén 60°C. Mau cua 13 (nguyén
litu mam, tir quy trinh téng hop theo céach khac thr ba cua Vi du 13, Bude 2; 1,2 g,
2,4mmol) dugc bd sung; sau d6 10 phut, nguyén liéu mam van c6 mit & dang rén. Heptan
(360mL) duoc bd sung tir tir vao hdn hop da duoc khudy, trong 12 gid. Heptan bd sung
(360mL) duoc dua vao trong 4 gid, va hdn hop thu duge duge khudy trong 30 phit. Sau
d6, né duge lam ngudi dén 20°C, véi tde do 12 0,1 do/phit, trong khi d6 n6 duge khudy
qua dém. Phan ran dugc thu lai bang cach loc, va dugce rira bang hdn hop chira propan-2-
yl axetat (72mL) va heptan (168mL). Sau d6, n6é dugc lam kho trong chan khong ¢ 50°C
dé tao ra (1R,2S.,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yljetyl}-6,6-dimetyl-3-
[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (13) & dang
tinh thé ran, mau tréng. MAu nhifu xa bot tia X dbi voi nguyén liéu nay, duge chi ra la
Dang ran 1, duoc thé hién trén Fig. 3; cac dinh dic trung duoc dua ra trong bang C. Hiéu
suat: 47,8 g, 95,7mmol, 94%.

Phuong phép thu thap dit liéu nhidu xa bdt tia X dugc mo ta trong quy trinh téng hop
theo cach khac Vi du 13, metyl zert-butyl ete solvat, Budc 8.
Bang C. Céc dinh nhifu xa bt tia X duoc chon trong 13, Dang ran 1

131/334

Goc Mat do twong Goc Mat do tuong Goéce Mat do tuong
(°2-theta) | dbi (%) (°2-theta) d6i (%) (°2-theta) d6i (%)
+/- 0,2° +/-0,2° +/- 0,2°
2-Theta 2-Theta 2-Theta
7,6 16 18,9 11 2477 8
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9,8 10 19,7 7 253 7
11,4 10 19,9 14 27,0 3
11,9 13 20,5 36 27,2 6
12,7 100 21,0 14 27,9 4
15,7 40 21,7 4 28,1 3
15,8 18 22,2 23 29,5 7
17,3 10 22,5 3 32,6 6
17,8 12 23,1 6 35,7 4
18,3 55 23,6 10 37,0 3

Xéc dinh c4u tric tia X cta don tinh thé cua Vi du 13, Dang rén 1

Mau cua Vi du 13 duoc tién hanh két tinh bang cach khuéch tan, str dung etyl axetat

va hexan. Binh két tinh duoc dé yén & nhiét do trong phong dong thoi dung moi duoc lam

bay hoi; sau d6 2,5 thang, tinh thé cta lugng tia X c¢6 mit. Mot trong s6 tinh thé nay duoc

stt dung dé x4c dinh cAu tric. Bidu dd ORTEP cia dit liéu don tinh thé dwoc thé hién trén

Fig. 4. Phan mém Mercury dugc sir dung dé tinh todn mau bot tir cAu tric tinh thé dugc

phan giai; so v&i mAu nhidu xa tir quy trinh tai két tinh ctia Vi du 13; Viée tao ra dang ran

1 x4c dinh duoc nguyén lidu nay 1a Dang rén 1 (xem Fig. 5). C4c dinh dic trung dbi véi

dit liéu duogc tinh toan duoc tao ra trong bang D.

Bang D. Dt liéu mAu bot trong 13, Dang rin 1 dugc tinh toan tir viéc xac dinh ciu tric

tia X ctia don tinh thé cua Vi du 13, Dang rén 1

Goc Goc Goc
(°2-theta) |Mat o twong| (°2-theta) |Mat do twong| (°2-theta) |[Mat do tuong
+/-0,2° déi (%) +/-0,2° d6i (%) +/-0,2° dbi (%)
2-Theta 2-Theta 2-Theta
7,6 22 21,0 28 30,1 4
9,8 21 21,6 14 30,3 3
10,4 9 21,7 14 31,5 4
10,8 4 22,2 40 31,7 5
11,4 16 22,5 7 31,9 4
11,9 75 23,1 5 32,7 8
12,7 89 23,6 15 33,4 3
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14,6 3 243 5 33,6 8
15,7 100 24,8 15 35,7 8
15,9 30 254 10 36,6 3
17,4 34 26,4 3 36,6 3
17,9 24 27,0 9 37,0 4
18,3 67 273 8 37,3 4
18,9 12 27,9 3 38,3 3
19,7 15 28,1 5 39,4 3
19,9 63 28,7 5 39,6 4
20,5 53 29,5 9

20,8 9 30,0 9

Phan tich don tinh thé tia X

Thu thap dit lidu dugc thue hién trén nhiéu xa ké Bruker D8 Quest ¢ nhiét do trong
phong. Viéc thu thap dit liéu bao gdm viéc quét omega va phi.

CAu tric duoc giai quyét bang cach tao pha ndi tai st dung phan mém SHELX phu
hop trong nhom khong gian 16p truc giao P21212;. Sau do, cAu truc duge tinh ché bang
phuong phap binh phwong t6i thiéu ma tran toan bd. Toan bd nguyén tir khong phai hydro
duoc tim thay va duoc tinh ché sir dung cic thong s6 chuyén vi bat dang hudng.

Nguyén ti hydro nam trén nito dugc tim thay tir ban dd chénh léch Fourier va dugc
tinh ché véi cac khoang cach han ché. Nguyén tir hydro con lai duge dat & cac vi tri duge
tinh todn va cho phép & trén cac nguyén tir mang. Bude tinh ché cubi bao gém céc thong
s6 chuyén vi ddng hudng ddi vai tat ca nguyén tir hydro.

Phan tich cua ciu truc tuyét ddi s dung cac phwong phap hop 1y (Hooft, 2008)
duoc thuc hién st dung PLATON (Spek). Cac két qua chi ra ring cau tric tuyét d6i dwoc
gan chinh x4c. Phuong phép da tinh toan vé kha ning ma cAu tric duge gan chinh xac 1a
100%. Thong sb Hooft duoc bao cdo 1a —0,01 v6i esd (d6 1éch chuan duge uéc tinh) 12 (3)
va thong sé Parson dugc bao céo 1a —0,01 véi esd 1a (2).

Chi s R cudi 1a 3,3%. Fourier chénh léch cudi chimg t6 khong c¢6 mat d§ dién tir

hodc mat do dién tir khong dung chd.
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Tinh thé thich hop, thu thap dit liéu, va thong tin tinh ché dugc tém tét trong bang

Lién két phéi trf nguyén tir, chidu dai lién két, goc lién két, va thong s6 chuyén vi dugc

dua ra trong cac bang F — H.

Phan mém va tai liéu vién dan

SHELXTL, Version 5.1, Bruker AXS, 1997.
PLATON, A. L. Spek, J. Appl. Cryst. 2003, 36, 7-13.
MERCURY, C. F. Macrae, P. R. Edington, P. McCabe, E. Pidcock, G. P. Shields, R. Taylor,
M. Towler, and J. van de Streek, J. Appl. Cryst. 2006, 39, 453-457.
OLEX2, O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard, and H. Puschmann,

J. Appl. Cryst. 2009, 42, 339-341.

R. W. W. Hooft, L. H. Straver, and A. L. Spek, J. Appl. Cryst. 2008, 41, 96-103.
H. D. Flack, Acta Cryst. 1983, 439, 867—881.

Bang E. Dit liéu tinh thé va tinh ché cAu tric vi du 13, Dang rén 1.

Cong thuc thuc nghiém
Khéi lugng cong thirc
Nhiét do

Budc song

Heé tinh thé

Nhom khong gian

Kich thudc 6 don vi

Thé tich

VA

Ty trong (dugc tinh toan)

Heé sb hap thu

F(000)

C& tinh thé

Khoang theta dé thu thap dit liéu
Khoang chi sd
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C23H32F3N504
499,53

296(2) K
1,54178 A
H¢ truc giao

P212124

a=9,6836(2) A a=90°
b=15,0522(4)A  B=90°
c=18,0272(5) A  y=90°

2627,64(11) A?
4

1,263 Mg/m®
0,862 mm™!
1056

0,300 x 0,280 x 0,260 mm>
3,826 dén 80,042°
—12<=h<=12,

—18<=k<=19,
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—22<=[<=23

Do phan xa dugc thu thap

D0 phan xa doc lap

Do toan ven ddi voi theta = 67,679°
Hiéu chinh d6 hap thu

Phuong phép tinh ché

Dit liéu / han ché / thong s6
Mtrc @6 phu hop trén F?
Chi sb R cubi [I>20(1)]

Chi sb R (tht ca dit lidu)
Thong s céu tric tuyét dbi
Heé sb tit

Dinh va 16 khuéch tan 16n nhét
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79731

5628 [Rinr = 0,0294]

99,3%

Theo thuc nghiém

Binh phuong t6i thiéu ma tran toan b
trén F?

5628 /9 /358

1,040

R1=0,0326, wR2 = 0,0906
R1=10,0346, wR2 = 0,0928
—-0,01(3)

khong xéc dinh

0,112 va—0,121 e.A™3

Bang F. Lién két phdi tri nguyén tir (x 10%) va cac thong s6 chuyén vi dang huéng tuong

duong (A% x 10%) d6i v6i vi du 13, Dang rin 1. U(eq) dugc x4ac dinh bang mot phan ba cia

vét ctia tenxo dugc truc giao héa Ul

X y z Ueq)
F(1) 4585(8) 3891(5) 8183(8) 174(4)
F(2) 2984(6) 4623(4) 8601(2) 135(2)
F(3) 2988(7) 4449(5) 7471(2) 133(3)
F(1A) 2622(7) 4494(8)  8158(16)  237(10)
F(2A) 4140(20) 3994(5) 7406(4) 167(6)
F(3A) 4404(15) 3963(8) 8488(5) 127(5)
N(1) 5507(2) 5598(1) 8478(1) 54(1)
N(2) 8733(1) 6526(1) 8104(1) 49(1)
N@3) 7304(1) 6456(1) 6213(1) 44(1)
N() 9229(2) 5659(2) 4815(1) 99(1)
N(5) 2159(2) 6087(2) 5207(1) 76(1)
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o)
0(2)
0@3)
0(4)
C(1)
C(2)
C@3)
C4)
C)
C(6)
C(7)
C®)
C9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)

4297(2)
8176(2)
7711(2)
3393(2)
3848(3)
4597(2)
6284(2)
5739(3)
6747(4)
5652(4)
4309(3)
7812(2)
10204(2)
10931(2)
10769(2)
11879(3)
10220(3)
9842(2)
8435(2)
7781(2)
6994(2)
8256(2)
5822(2)
4454(2)
3297(2)
2355(2)
3911(2)
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5900(1)
5753(1)
5377(1)
7171(1)
4543(2)
5424(2)
6425(1)
7084(2)
7872(2)
6670(2)
7402(3)
6195(1)
6319(2)
6770(2)
7754(2)
8175(2)
8359(2)
7109(1)
6868(1)
6149(1)
5848(1)
5732(2)
6180(1)
6159(1)
6544(1)
5356(2)
5237(1)

7426(1)
9126(1)
7059(1)
4635(1)
8022(2)
7941(1)
8485(1)
9082(1)
9133(2)
9851(1)
8847(2)
8592(1)
8211(1)
7575(1)
7454(1)
6970(2)
8049(1)
7047(1)
7361(1)
6870(1)
5610(1)
5157(1)
5115(1)
5519(1)
5059(1)
5718(2)
5704(1)

84(1)
70(1)
70(1)
86(1)
93(1)
63(1)
51(1)
69(1)
98(1)
94(1)
110(1)
50(1)
65(1)
68(1)
70(1)
101(1)
85(1)
58(1)
45(1)
44(1)
47(1)
67(1)
47(1)
44(1)
56(1)
82(1)
63(1)

Bang G. Chidu dai lién két [A] va géc [°] déi v6i vi du 13, Dang rin 1.

F(1)-C(1)

1,248(7)
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F(2)-C(1)
F(3)-C(1)
F(1A)-C(1)
F2A)-C(1)
F3A)-C(1)
N(1)-C(2)
N(1)-C(3)
N(1)-H(1X)
N(2)-C(8)
N(2)-C(15)
N(2)-C(9)
N(3)-C(16)
N(3)-C(17)
N(3)-H(3X)
N(4)-C(18)
N(5)-C(21)
N(5)-C(22)
N(5)-H(5X)
0(1)-C(2)
0(2)-C(8)
0(3)-C(16)
0(4)-C(21)
C(1)-C(2)
C(3)-C(8)
C(3)-C(4)
C(3)-H(3)
C4)-C(7)
C(4)-C(6)
C(4)-C(5)
C(5)-H(5A)
C(5)-H(5B)
C(5)-H(5C)

51148

1,342(5)
1,305(4)
1,215(9)
1,414(8)
1,325(11)
1,335(2)
1,455(2)
0,906(18)
1,348(2)
1,4631(19)
1,471(2)
1,3527(19)
1,452(2)
0,944(17)
1,132(3)
1,326(3)
1,447(3)
0,91(2)
1,209(2)
1,222(2)
1,214(2)
1,218(2)
1,518(4)
1,531(2)
1,554(3)
0,9800
1,525(4)
1,523(3)
1,540(4)
0,9600
0,9600
0,9600
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C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(9)-C(10)
C(9)-H(9A)
C(9)-H(9B)
C(10)-C(11)
C(10)-C(14)
C(10)-H(10)
C(11)-C(13)
C(11)-C(14)
C(11)-C(12)
C(12)-H(124)
C(12)-H(12B)
C(12)-H(12C)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(17)-C(18)
C(17)-C(19)
C(17)-H(17)
C(19)-C(20)
C(19)-H(19A)
C(19)-H(19B)
C(20)-C(21)

0,9600
0,9600
0,9600
0,9600
0,9600
0,9600
1,506(3)
0,9700
0,9700
1,505(3)
1,510(3)
0,9800
1,505(4)
1,511(3)
1,522(3)
0,9600
0,9600
0,9600
0,9600
0,9600
0,9600
1,520(2)
0,9800
1,535(2)
0,9800
1,480(2)
1,528(2)
0,9800
1,512(2)
0,9700
0,9700
1,510(2)
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C(20)-C(23)
C(20)-H(20)

C(22)-C(23)

C(22)-H(224A)
C(22)-H(22B)
C(23)-H(23A)
C(23)-H(23B)

C(2)-N(1)-C(3)
C(2)-N(1)-H(1X)
C(3)-N(1)-H(1X)
C(8)-N(2)-C(15)
C(8)-N(2)-C(9)
C(15)-N(2)-C(9)
C(16)-N(3)-C(17)
C(16)-N(3)-H(3X)
C(17)-N(3)-H(3X)
C(21)-N(5)-C(22)
C(21)-N(5)-H(5X)
C(22)-N(5)-H(5X)
F(1)-C(1)-F(3)
F(1A)-C(1)-F(3A)
F(1)-C(1)-F(2)
F(3)-C(1)-F(2)
F(1A)-C(1)-F(2A)
F(3A)-C(1)-F(2A)
F(1A)-C(1)-C(2)
F(1)-C(1)-C(2)
F(3)-C(1)-C(2)
F(3A)-C(1)-C(2)
F(2)-C(1)-C(2)
F(2A)-C(1)-C(2)

51148

1,521(2)
0,9800
1,518(3)
0,9700
0,9700
0,9700
0,9700

121,10(16)
120,7(15)
117,9(15)
126,62(13)
118,51(14)
112,66(14)
120,65(13)
122,1(13)
112,1(12)
114,42(16)
126,1(19)
119,3(19)
117,2(6)
103,3(11)
104,3(6)
101,7(4)
108,6(10)
91,8(7)
122,6(7)
115,8(4)
109,1(3)
116,3(6)
107,2(3)
109,8(5)
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O(1)-C(2)-N(1)
0(1)-C(2)-C(1)
N(1)-C(2)-C(1)
N(1)-C(3)-C(8)
N(1)-C(3)-C(4)
C(8)-C(3)-C(4)
N(1)-C(3)-H(3)
C(8)-C(3)-H(3)
C4)-C(3)-HB3)
C(7)-C(4)-C(6)
C(7)-C(4)-C(5)
C(6)-C(4)-C(5)
C(7)-C(4)-C(3)
C(6)-C(4)-C(3)
C(5)-C(4)-C(3)
C(4)-C(5)-H(5A)
C(4)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(4)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
C(4)-C(6)-H(6A)
C(4)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(4)-C(6)-H(6C)
H(6A)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
C(4)-C(7)-H(7A)
C(4)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(4)-C(7)-H(7C)
H(7A)-C(7)-H(7C)

51148

126,8(2)
118,5(2)
114,65(19)
107,86(14)
112,12(15)
112,72(16)
108,0
108,0
108,0
109,3(2)
110,5(2)
107,2(2)
108,5(2)
112,81(19)
108,52(19)
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
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H(7B)-C(7)-H(7C)
0(2)-C(8)-N(2)
0(2)-C(8)-C(3)
N(2)-C(8)-C(3)
N(2)-C(9)-C(10)
N(2)-C(9)-H(9A)
C(10)-C(9)-H(9A)
N(2)-C(9)-H(9B)
C(10)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(11)-C(10)-C(9)
C(11)-C(10)-C(14)
C(9)-C(10)-C(14)
C(11)-C(10)-H(10)
C(9)-C(10)-H(10)
C(14)-C(10)-H(10)
C(10)-C(11)-C(13)
C(10)-C(11)-C(14)
C(13)-C(11)-C(14)
C(10)-C(11)-C(12)
C(13)-C(11)-C(12)
C(14)-C(11)-C(12)
C(11)-C(12)-H(12A)
C(11)-C(12)-H(12B)

H(12A)-C(12)-H(12B)

C(11)-C(12)-H(12C)

H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)

C(11)-C(13)-H(13A)
C(11)-C(13)-H(13B)

H(13A)-C(13)-H(13B)

C(11)-C(13)-H(13C)
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109,5
121,60(16)
120,04(16)
118,28(13)
104,93(15)
110.8
110.8
110,8
1108
108.8
120,3(2)
60,18(13)
107,82(15)
118,0
118.0
118.0
121,92(19)
60,07(14)
121,66(19)
114,8(2)
113,9(2)
114,14(18)
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
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H(13A)-C(13)-H(13C) 109,5
H(13B)-C(13)-H(13C) 109,5

C(10)-C(14)-C(11) 59,75(14)
C(10)-C(14)-C(15) 108,04(15)
C(11)-C(14)-C(15) 120,32(16)
C(10)-C(14)-H(14) 118.0
C(11)-C(14)-H(14) 118,0
C(15)-C(14)-H(14) 118.0
N(2)-C(15)-C(14) 104,39(13)
N(2)-C(15)-C(16) 111,18(13)
C(14)-C(15)-C(16) 108,87(13)
N(2)-C(15)-H(15) 110,7
C(14)-C(15)-H(15) 110,7
C(16)-C(15)-H(15) 110,7
0(3)-C(16)-N(3) 123,70(15)
0(3)-C(16)-C(15) 122,40(14)
N(3)-C(16)-C(15) 113,89(13)
N(3)-C(17)-C(18) 108,50(13)
N(3)-C(17)-C(19) 112,62(13)
C(18)-C(17)-C(19) 109,24(14)
N(3)-C(17)-H(17) 108.8
C(18)-C(17)-H(17) 108.8
C(19)-C(17)-H(17) 108.8
N(4)-C(18)-C(17) 178.,6(2)
C(20)-C(19)-C(17) 111,27(13)
C(20)-C(19)-H(19A) 109,4
C(17)-C(19)-H(19A) 109,4
C(20)-C(19)-H(19B) 109,4
C(17)-C(19)-H(19B) 109,4
H(19A)-C(19)-H(19B) 108.0
C(21)-C(20)-C(19) 112,17(13)
C(21)-C(20)-C(23) 102,32(14)
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C(19)-C(20)-C(23)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
C(23)-C(20)-H(20)
0(4)-C(21)-N(5)
0(4)-C(21)-C(20)
N(5)-C(21)-C(20)
N(5)-C(22)-C(23)
N(5)-C(22)-H(22A)
C(23)-C(22)-H(22A)
N(5)-C(22)-H(22B)
C(23)-C(22)-H(22B)
H(22A)-C(22)-H(22B)
C(22)-C(23)-C(20)
C(22)-C(23)-H(23A)
C(20)-C(23)-H(23A)
C(22)-C(23)-H(23B)
C(20)-C(23)-H(23B)
H(23A)-C(23)-H(23B)

51148

115,26(15)
108.9
108,9
108.9
126,30(18)
125,79(17)
107,91(15)
102,06(17)
1114
111,4
111,4
111,4
109,2
103,82(18)
111,0
111,0
111,0
111,0
109,0

Chuyén hoa dbi xing dugc sir dung dé tao ra cdc nguyén tir twong duong.
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Bang H. Céc thong sb chuyén vi bat dédng huéng (A2 x 10%) ddi véi vi du 13, Dang réin 1.

S6 mii cua yéu td chuyén vi bit ddng huéng c6 dang: —2n°[h? a*?U' + ...+ 2 h k a* b* UP

1.

Ull U22 U33 U23 U13 U12
F(1) 105(3) 87(3)  329(14)  -12(6)  -36(6) -6(2)
F(2) 113(4) 185(4)  107(3) 29(2) 25(2) -68(3)
F(3) 138(4) 170(5)  91(2) 18(3) 442)  -92(4)
F(1A) 55(3) 183(9)  470(30)  64(16)  -24(9)  -39(4)
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F(2A)
F(3A)
N(1)
N(2)
NQ3)
N(4)
N(5)
O(1)
0(2)
0@3)
04)
C(1)
C@2)
C(3)
C(4)
C®)
C(6)
C(7)
C(8)
C(9)
C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C(20)
C(21)

317(18)
185(11)

48(1)
42(1)
45(1)
46(1)
40(1)
75(1)
60(1)
92(1)
76(1)
86(2)
51(1)
47(1)
70(1)
111(2)
1172)
81(2)
49(1)
44(1)
41(1)
57(1)
74(2)
93(2)
47(1)
43(1)
41(1)
39(1)
42(1)
41(1)
40(1)
46(1)

99(4)
94(6)
70(1)
64(1)
45(1)
140(2)
105(1)
118(1)
92(1)
51(1)
79(1)
113(2)
90(1)
62(1)
70(1)
67(1)
108(2)
138(3)
58(1)
88(1)
99(2)
95(1)
150(3)
91(2)
84(1)
54(1)
48(1)
52(1)
85(1)
58(1)
52(1)
62(1)
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86(4)
103(4)
44(1)
42(1)
42(1)
110(2)
84(1)
59(1)
58(1)
67(1)
102(1)
79(2)
48(1)
43(1)
67(1)
117(2)
57(1)
111(2)
42(1)
65(1)
63(1)
56(1)
80(2)
72(1)
44(1)
39(1)
44(1)
51(1)
73(1)
41(1)
41(1)
58(1)
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28(3)

17(3)
10(1)
7(1)
2(1)

-65(2)

12(1)
14(1)
32(1)
12(1)
36(1)
702)
1(1)
11(1)
2(1)

-14(1)
-11(1)

-8(2)
7(1)
16(1)
5(1)
11(1)
23(2)
-3(1)
3(1)
5(D)
4(1)
-5(1)

-33(1)

1(1)
1(1)
4(1)

_12(6)
_12(4)

-3(1)
-7(1)
-6(1)
7(1)

_14(1)
21(1)

_8(1)

_19(1)
_15(1)
-14(1)

-3(1)
0(1)
7(1)
17(2)
18(1)
10(2)
-6(1)
11(D)
-4(1)
-11(1)
-9(1)
-13(1)
-2(1)
-4(1)
-3(1)
-6(1)
-9(1)
-4(1)
-6(1)
-9(1)

-34(7)
-63(6)

-5(1)
0(1)
-4(1)
-2(1)
-6(1)
-4(1)
1(1)
3(1)
14(1)

-34(2)

-4(1)
1(1)
(1)
0(1)
2(2)

46(2)
0(1)
4(1)
-3(1)

27(1)
-55(2)
-32(1)
“14(1)

-3(1)
1(1)
-2(1)
0(1)
-5(1)
-4(1)
6(1)
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C(22) 58(1) 1032)  84(1) 14(1) 0(1) 28(1)
C(23) 60(1) 64(1)  66(1) 19(1) 4(1) -12(1)

Phan tich NMR trang thai rén cia hop chat ciia Vi du 13, cc Dang 1 va 4 duoc tién hanh
trén bo do CPMAS dugc dit vao quang phd ké NMR Bruker-BioSpin Avance III 500 MHz
(tn s6 H). Tbc d6 quay goc ma thuat 15,0 kHz dugce sit dung. Phd cua Dang 1 duge thu
gom & nhiét do mdi truong (nhiét do khong duge kiém soat) va phé cta Dang 4 dugc thu
gom ¢ 15°C.

Phé 13C ssNMR duoc thu gom st dung thtt nghiém quay géc ma thuat phén cyc ngang khir
lién hop proton (CPMAS). Trudng kht lién hgp proton duge diéu bién pha 80-100 kHz
duoc ap dung trong qué trinh thu nhan phd. Thoi gian tiép xtc v6i qua trinh phan cuc
ngang duoc thiét 1ap dén 2 ms va d¢ tré chu trinh dén 3,5 gidly doi v6i Dang 1 va Dang 4.
S6 luong quét duge didu chinh dé thu dugc tin hiéu thich hop véi ty 18 nhiéu. Pham vi dich
chuyén hoéa hoc C duge dua ra thir nghiém C CPMAS trén chét chuin ngoai cua tinh

thé adamantan, thiét 1ap cong hudng tr trudong cao cua nd dén 29,5ppm.

Phé “F ssNMR duoc thu gom st dung thit nghiém quay géc ma thuat khir lién hgp proton
(MAS). Truong khir lién hop proton duge diéu bién pha 80-100 kHz dwoc dp dung trong
qua trinh thu nhén phé. Phd dugc thu gom v6i do tré chu trinh dén 6 gidy dbi voi Dang 1
va 5,25 gidy dbi v6i Dang 4. S 1an quét duge didu chinh dé thu dwgc tin higu thich hop
v6i ty 18 nhidu. Pham vi dich chuyén héa hoc °F dugc duara sir dung thir nghiém F MAS
trén chat chét ngoai axit trifloaxetic (50%/50% thé tich/thé tich trong H,0), thiét 1ap cong
hudng tir cia né téi -76,54ppm.

Viéc luya chon dinh tu dong dugc thuc hién sit dung ph?m mém Bruker-BioSpin TopSpin
phién ban 3.6. N6i chung, gia tri ngudng cta 4% mat do tuong d6i duoc sir dung dé lua
chon dinh so bd. Pau ra cia viéc lva chon dinh tu dong duoc kiém tra bang mét thuong dé
dam béo tinh xac thue va viéc didu chinh duoc tién hanh thii cong néu can. Mic du céc gia
tri dinh NMR & trang thai rén cu thé duoc bdo céo & ddy, nhung van ton tai khoang doi véi
céc gi4 tri dinh nay do sy khac nhau v& thiét bi, mAu, va quy trinh diéu ché mau. Pay la

thao tac thong thuong trong linh vuc k¥ thuat NMR trang thai ran do tinh bién thién von
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¢6 & vi trf dinh. Tinh bién thién thong thuong doi véi gia tri x dic
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trong khoang cong hodc trir 0,2ppm, trir khi c6 chi din khac, déi v6i tinh thé ran. Tinh bién
thién d6i v6i gia tri truc x dich chuyén héa hoc F nam trong khoang cong hodc trir 0,1 ppm.
Chidu cao dinh ctia NMR trang thai rén duoc bao cdo & day co mat do tuong doi. Mat do
NMR trang thi rén c6 thé thay déi tiry thudc vao viéc thiét 1ap thuc cia céc thong sb thir
nghiém va lich sir v& nhiét ctia mau.

NMR trang thai rén 3C cta Vi du 13, Dang 1 thu dugc nhu dugc mo ta trén day va danh
sach dinh duéi day cta Vi du 13, Dang 1 dugc xé4c dinh. Tinh bién thién trongcéc gia tri
dich chuyén héa hoc 13C 12 + 0,2ppm, trix khi ¢6 quy dinh cu the.

Dich Dich Mat do Dich Mat do
chuyénhéa | Matdo | chuyénhoa | tuwongddi | chuyénhéa | twong ddi
hoc *C tuong dbi hoc 13C (%) hoc °C (%)
(ppm) (%) (ppm) (ppm)
178,9 24 62,7 24 33,0+ 0,1 35
172,3 21 58,6 27 31,0+ 0,1 31
172,1 25 472 26 27.9+0,1 100
169,6 21 40,3 28 26,3 58
156,7 14 39,4 24 26,0 41
123,5 10 39,0 31 20,8+ 0,1 49
122,6 + 0,1 6 37,8 +0,1 48 13,0+ 0,1 47
118,5 4 37,4 +0,1 41
116,1 4 34,6 + 0,1 33

NMR trang thai rin '°F ctia hop chit ctia Vi du 13, Dang 1 thu dugc va NMR trang thai
rin dinh F & dich chuyén héa hoc 1a -73,3 + 0,1ppm dugc xéac dinh.

Céc dinh dic trung d6i véi hop chat cta Vi du 13, Dang 112 dinh '°F véi dich chuyén héa
hoc ¢ -73,3 = 0,1ppm két hop véi cac dinh *C véi céc dich chuyén héa hoc & 31,0 +
0,1ppm, 27,9 + 0,1ppm va 178,9 =+ 0,2ppm.

T4i két tinh theo cach khéc cia Vi du 13; Tao dang ran 4
(1R,28,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}-6,6-dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (13), Dang ran 4
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Buéc 1. Tai két tinh (1R,2S,55)-N-{(1S5)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (13)
tir propan-2-yl axetat va heptan.

Hon hop chira propan-2-yl axetat (50mL) va heptan (50mL) dugc b6 sung vao 13,
metyl zerz-butyl ete solvat, Dang rén 2 (tir quy trinh tong hop thu hai khéac cua Vi du 13,
metyl rert-butyl ete solvat; 10,02 g, 17,0mmol) va hdn hop duge khudy & 20°C va 3500
vong/phut qua dém. Heptan (50mL) sau d6 dugc b sung tir tir, va khudy lién tuc trong 30
pht, trong khi d6 hdn hop dwoc lam lanh dén 10°C trong hon 30 phut. Sau khi khudy trong
2 gid nita, huyén phu dic duge loc; banh loc dugc rira bang hdén hop chira propan-2-yl
axetat (4mL) va heptan (16mL) va sau d6 dugc 1am kho & 55°C trong chan khong dé cho
(1R,2S,SS)-N-{(1S)-1-xyan0-2-[(3S)-2-0X0pyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-mety1-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (13) & dang tinh thé ran.
Mot phan nguyén lidu ndy dugc st dung trong qua trinh tai két tinh sau. Hiéu sut: 7,74 g,
15,5mmol, 91%.
Buéc 2. Tai két tinh (1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit (13)
tr nudce.

Huyén phu dic 13 (tt bude trén day; 1,0 g, 2,0mmol) trong nudce (12mL) duogc
khudy & 5°C trong 21 ngay, trong khi dé phan rén dugc thu lai bang cach loc. Sau do, né
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duoc 1am kho trong chan khong trong 10 phut va lam kho trong khong khi trén 16p mong
trén gidy trong 20 phut, thu duoc (1R,2S,55)-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-

yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-

carboxamit (13) & dang tinh thé rén, mau tring. MAu nhiu xa bot tia X ddi véi nguyén

liéu nay, dugc chi ra 1a Dang rin 4, dugc thé hién trén Fig. 6; cac dinh dic trung duogc dua

ra trong bang J. Hiéu suét: 755 mg, 1,51mmol, 76%. Phuong phép thu thap dit liéu nhiéu

xa bot tia X dugc mo ta trong quy trinh tong hop theo cach khac Vi du 13, metyl zerz-butyl

ete solvat, Budc 8.

Bang J. Céc dinh nhi®u xa bot tia X dugc chon trong 13, Dang réan 4

Goc Mat do Goéc Mat do Goc Mat do
(°2-theta) | twongddi | (°2-theta) | twong ddi | (°2-theta) | twong doi
+/-0,2° (%) +/-0,2° (%) +/-0,2° (%)
2-Theta 2-Theta 2-Theta
7,6 15 20,4 43 30,6 3
9,8 14 20,7 44 30,8 5
10,8 7 21,1 42 31,3 3
11,2 4 21,6 9 31,8 6
11,4 4 21,8 16 32,5 6
11,4 8 22,3 53 32,8 4
11,7 5 23,1 14 33,2 4
12,0 6 23,4 11 34,4 9
12,3 82 242 9 35,5 12
12,7 61 24,9 12 35,6 7
13,7 4 25,2 8 35,6 7
14,9 3 26,1 4 36,0 3
15,1 5 27,0 5 36,4 3
15,9 100 27,2 15 37,1 6
17,5 47 28,1 17 38,7 3
18,0 5 28,9 4 39,4 3
18,2 57 29,4 9 39,5 3
18,5 21 29,5 4 39,8 4
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18,8

37

29,8

5

20,0

12

30,0

21

Xac dinh cAu tric tia X cia don tinh thé ctia Vi du 13, Dang ran 4

149/334

MAu ctia Vi du 13 duoc tién hanh két tinh bang cach khuéch tan & nhiét d trong

phong, str dung etyl axetat va pentan; mot trong sb cac tinh thé thu duoc duoc st dung dé

xac dinh cAu tric tia X cta don tinh thé. Biéu @ ORTEP cua dit liéu don tinh thé dugc thé

hién trén Fig. 7. Phan mém Mercury duoc st dung dé tinh toan mAu bot tir cau tric tinh

thé dwoc phén giai; so v&i mAu nhidu xa tir quy trinh tai két tinh khac cua Vi du 13; Tao

dang ran 4 d3 xac dinh dugc nguyén lidu nay 1a Dang ran 4 (xem Fig. 8). Cac dinh dic

trung d6i véi dit liéu dugce tinh todn dugce tao ra trong bang K.

Bang K. Dit liéu mAu bot déi v6i 13, Dang rén 1 duge tinh toan tlr viéc x4c dinh cAu truc

tia X cua don tinh thé cia Vi du 13, Dang rén 4

Géc Géc Mat do tuong Goc
(°2-theta) |Mat do tuong| (°2-theta) dbi (%) (°2-theta) |Méat do tuong

+/-0,2° déi (%) +/-0,2° +/-0,2° dbi (%)

2-Theta 2-Theta 2-Theta
7,6 22 20,1 6 29,9 3
9,7 19 20,4 40 30,0 13
10,8 10 20,7 31 30,7 3
11,2 4 21,1 32 30,9 3
11,3 7 21,6 8 31,3 3
11,7 6 21,8 12 31,9 3
12,2 100 22,3 35 32,6 4
12,6 49 22,5 3 33,2 5
13,7 4 23,1 13 34,5 7
14,9 3 23,5 7 35,5 6
15,1 4 24,2 8 35,8 6
15,7 14 24,8 6 37,2 3
15,9 82 24,9 8 39,9 3
17,5 35 25,2 7
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18,2 54 26,2 4
18,5 14 27,0 4
18,7 31 27,2 7
19,9 3 28,1 11

Phan tich don tinh thé tia X

Thu thép dit liéu dugce thuc hién trén nhiéu xa ké Bruker D8 Venture & —100°C.
Thu thap dit liéu bao gdm viéc quét omega va phi.

CAu trac duoc giai quyét bang cach tao pha ndi tai st dung phan mém SHELX thich
hop trong nhém khong gian 16p truc giao P2:2:21. Sau do, cAu trac duge tinh ché bang
phuong phéap binh phuong tdi thiéu ma tran toan bg. Toan bd nguyén tir khong phai hydro
duoc tim thiy va duoc tinh ché sir dung céac thong s6 chuyén vi bat dang hudng.

Nguyén tu hydro nam trén nito duoc tim thay tir ban dd chénh 1éch Fourier va duoc
tinh ché v6i cac khoang cach han ché. Nguyén tir hydro con lai duge dat & cac vi tri duoc
tinh todn va cho phép & trén cac nguyén to mang. Budc tinh ché cudi gdbm cac thong 5O
chuyén vi ding hudng d6i v6i tat ca nguyén tir hydro.

Phan tich v& céu triic tuyét dbi st dung cac phuong phap hop 1y (Hooft, 2008) duroc
thuc hién st dung PLATON (Spek). Hoéa hoc lap thé tuyét ddi khong duge xac dinh, do
cac gia tri khong dugc md ta cua cac thong s6 Hooft / Parsons / Flack va do 1éch chuén.

Chi s6 R cubi 1a 6,3%. Fourier chénh 1éch cubi chimg t6 khong c6 mét do dién tir
hodc mat do dién tir khong dung chd.

Tinh thé thich hop, viéc thu thap dit liéu, va thong tin tinh ché duoc tém tét trong
bang L. C4c lidn két phéi tri nguyén tir, chidu dai lién két, goc lién két, va thong s6 chuyén
vi dugc dua ra trong cac bang M — P.

Phin mém va Tai liéu vién dan

SHELXTL, Version 5.1, Bruker AXS, 1997.

PLATON, A. L. Spek, J. Appl. Cryst. 2003, 36, 7-13.

MERCURY, C. F. Macrae, P. R. Edington, P. McCabe, E. Pidcock, G. P. Shields, R. Taylor,
M. Towler, and J. van de Streek, J. Appl. Cryst. 2006, 39, 453-457.

OLEX2, O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard, and H. Puschmann,
J. Appl. Cryst. 2009, 42,339-341.

R. W. W. Hooft, L. H. Straver, and A. L. Spek, J. Appl. Cryst. 2008, 41, 96-103.

150



51148

151/334

H. D. Flack, Acta Cryst. 1983, A39, 867-881.

Bang L. Dt lidu tinh thé va tinh ché chu tric d6i v6i vi du 13, Dang rén 4.

Cong thtrc thuc nghiém C23H32F3N504

Khéi luong cong thirc 499,53

Nhiét do 1732) K

Buéc séng 1,54178 A

Heé tinh thé Hé truc giao

Nhom khong gian P2:2:124

Kich thuéc 6 don vi a=9,2114(9) A a=90°
b=15,1607(16) A  B=90°
c=18,191(2) A y = 90°

Thé tich 2540,5(5) A3

Z 4

Ty trong (dugc tinh toan) 1,306 Mg/m?

Heé s6 hap thu 0,892 mm™!

F(000) 1056

Co tinh thé 0,100 x 0,060 x 0,040 mm>

Khoang theta dé thu thap dit liéu 3,795 dén 54,284°

Khoang chi s6 —9<=h<=9, —15<=k<=15,

—18<=[<=18

Do phan xa dugc thu thap 15896

Do phan xa doc 1ap 3070 [Ri = 0,1260]

Do toan ven ddi vé6i theta = 54,284° 99,1%

Hiéu chinh d9 hép thu Theo thuc nghiém

Phuong phap tinh ché Binh phuong t6i thiéu ma tran toan bd

trén I

Dit liéu / han ché / thong sb
Mirc do phu hop trén F?
Chi s6 R cubi [I>20(1)]

Chi sb R (tt ca dit liéu)

151
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1,067

R1=10,0625, wR2 = 0,1515
R1=0,0696, wR2 = 0,1578
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Théng sb cu tric tuyét dbi 0,14(14)
Heé sd tat khéng xac dinh
Dinh va 15 khuéch tan 16n nhét 0,280 va —0,220 e.A™3

Bang M. Lién két phdi tri nguyén tir (x 10%) va cac thong s6 chuyén vi dang huéng twong
duong (A2 x 10%) dbi v6i vi du 13, Dang rin 4. U(eq) dugc x4c dinh bang mot phan ba cia

vét ctia tenxo duge truc giao hoa UV,

X y z Uleq)
F(1) 4306(16) 6041(7) 2387(4) 174(5)
F(2) 2770(10) 5589(8) 1525(8) 181(5)
F(3) 4932(11) 6015(5) 1280(6) 114(3)
o(1) 4026(8) 4159(6) 2397(4) 80(2)
Cc(1) 4115(14) 5581(8) 1775(8) 105(3)
CQ2) 4561(14) 4555(7) 1871(9) 65(3)
F(1A) 3230(70) 5710(30)  2210(20) 174(5)
F(2A) 3400(40) 5940(30) 1470(40) 181(5)
F(3A) 4940(60) 6060(30)  1660(30) 114(3)
O(1A) 4410(40) 4580(20)  2430(20) 80(2)
C(1A) 4210(70) 5320(30)  1790(40) 105(3)
C(2A) 4840(70) 4850(40)  1940(40) 65(3)
N(1) 5533(5) 4303(3) 1395(2) 57(1)
NQ) 8573(4) 3139(3) 1925(2) 53(1)
NQ@) 6772(4) 3489(3) 3714(2) 51(1)
N4) 8394(7) 4673(5) 5053(4) 103(2)
N(5) 1220(5) 3638(4) 4615(3) 80(2)
0(2) 8305(4) 3783(3) 826(2) 76(1)
0(3) 7583(4) 4429(3) 2845(2) 70(1)
O(4) 2759(5) 2668(3) 5176(3) 84(1)
C@3) 6097(5) 3407(4) 1448(3) 55(1)
C(4) 5356(6) 2775(4) 886(4) 66(2)
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C(5)

C(6)

C(7)

C(8)

C(9)

C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)

3799(7)
5336(8)
6176(8)
7747(6)
10166(5)
10729(6)
10341(7)
9762(8)
11307(8)
9439(6)
8090(5)
7471(5)
6277(6)
7465(7)
5031(6)
3625(6)
2506(6)
1247(7)
2822(6)

51148

2611(6)
3163(5)
1903(5)
3468(3)
3230(5)
2754(5)
1816(5)
1239(5)
1311(5)
2528(4)
2884(4)
3677(3)
4180(4)
4485(4)
3887(4)
3736(4)
3278(4)
4355(5)
4572(4)

1123(5)
106(3)
876(5)
1378(3)
1885(3)
2548(4)
2669(3)
2060(4)
3196(4)
3023(3)
2660(3)
3070(3)
4192(3)
4670(4)
4683(3)
4274(3)
4745(3)
4095(4)
4041(4)

100(2)
80(2)
94(2)
55(1)
68(2)
73(2)
73(2)
89(2)
96(2)
62(2)
51(1)
49(1)
61(2)
78(2)
62(2)
59(2)
61(1)
80(2)
71(2)

Béng N. Chidu dai lién két [A] va géc [°] d6i v6i vi du 13, Dang rin 4.

F(D-C(1)
F(@2)-C(1)
F(3)-C(1)
O(1)-C(2)
C(1)-CQ2)
C(2)-N(1)
F(1A)-C(1A)
F(1A)-F(2A)
F(2A)-C(1A)

1,326(15)
1,320(15)
1,345(14)
1,233(18)
1,618(18)
1,303(15)
1,3303)
1,40(7)
1,33(3)
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F(2A)-F(3A) 1,47(7)
F(3A)-C(1A) 1,34(3)
F(3A)-C(2A) 1,90(8)
O(1A)-C(2A) 1,05(8)
O(1A)-C(1A) 1,62(7)
C(1A)-C(2A) 0,95(8)
C(2A)-N(1) 1,45(6)
N(1)-C(3) 1,458(7)
N(1)-H(1X) 0,98(3)
N(2)-C(8) 1,348(7)
N(2)-C(15) 1,462(7)
N(2)-C(9) 1,476(7)
N(3)-C(16) 1,368(7)
N(3)-C(17) 1,436(7)
N(3)-H(3X) 0,98(3)
N(4)-C(18) 1,140(9)
N(5)-C(21) 1,326(8)
N(5)-C(22) 1,441(9)
N(5)-H(5X) 0,993)
0(2)-C(8) 1,225(7)
0(3)-C(16) 1,215(6)
0(4)-C(21) 1,236(7)
C(3)-C(8) 1,528(7)
C(3)-C(4) 1,559(8)
C(3)-H(3) 1,0000
C(4)-C(5) 1,518(9)
C(4)-C(7) 1,522(9)
C(4)-C(6) 1,537(9)
C(5)-H(5A) 0,9800
C(5)-H(5B) 0,9800
C(5)-H(5C) 0,9800
C(6)-H(6A) 0,9800
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C(6)-H(6B)
C(6)-H(6C)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(9)-C(10)
C(9)-H(9A)
C(9)-H(9B)
C(10)-C(11)
C(10)-C(14)
C(10)-H(10)
C(11)-C(14)
C(11)-C(12)
C(11)-C(13)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(15)-H(15)
C(17)-C(18)
C(17)-C(19)
C(17)-H(17)
C(19)-C(20)
C(19)-H(19A)
C(19)-H(19B)
C(20)-C(21)
C(20)-C(23)

51148

0,9800
0,9800
0,9800
0,9800
0,9800
1,497(9)
0,9900
0,9900
1,483(10)
1,509(8)
1,0000
1,507(8)
1,509(9)
1,516(10)
0,9800
0,9800
0,9800
0,9800
0,9800
0,9800
1,506(7)
1,0000
1,525(7)
1,0000
1,472(10)
1,521(8)
1,0000
1,511(8)
0,9900
0,9900
1,509(8)
1,528(8)
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C(20)-H(20)
C(22)-C(23)
C(22)-H(22A)
C(22)-H(22B)
C(23)-H(23A)
C(23)-H(23B)

F(2)-C(1)-F(1)
F(2)-C(1)-F(3)
F(1)-C(1)-F(3)
F(2)-C(1)-C(2)
F(1)-C(1)-C(2)
F(3)-C(1)-C(2)
0(1)-C(2)-N(1)
0(1)-C(2)-C(1)
N(1)-C(2)-C(1)
C(1A)-F(1A)-F(2A)
C(1A)-F(2A)-F(1A)
C(1A)-F(2A)-F(3A)
F(1A)-F(2A)-F(3A)
C(1A)-F(3A)-F(2A)
C(1A)-F(3A)-C(2A)
F(2A)-F(3A)-C(2A)
C(2A)-O(1A)-C(1A)
C(2A)-C(1A)-F(1A)
C(2A)-C(1A)-F(2A)
F(1A)-C(1A)-F(2A)
C(2A)-C(1A)-F(3A)
F(1A)-C(1A)-F(3A)
F(2A)-C(1A)-F(3A)
C(2A)-C(1A)-O(1A)
F(1A)-C(1A)-O(1A)

51148

1,0000
1,491(9)
0,9900
0,9900
0,9900
0,9900

114,1(13)
106,9(11)
103,3(11)
106,5(12)
112,4(11)
113,6(11)
130,4(10)
116,8(11)
112,6(11)
59(2)
58(2)
57(2)
85(4)
56(2)
28(3)
84(4)
34(4)
125(8)
171(9)
63(4)
112(7)
94(5)
67(4)
38(5)
89(4)
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F(2A)-C(1A)-O(1A)
F(3A)-C(1A)-O(1A)
C(1A)-C(2A)-O(1A)
C(1A)-C(2A)-N(1)
O(1A)-C(2A)-N(1)
C(1A)-C(2A)-F(3A)
O(1A)-C(2A)-F(3A)
N(1)-C(2A)-F(3A)
C(2)-N(1)-C(3)
C(2A)-N(1)-C(3)
C(2)-N(1)-H(1X)
C(2A)-N(1)-H(1X)
C(3)-N(1)-H(1X)
C(8)-N(2)-C(15)
C(8)-N(2)-C(9)
C(15)-N(2)-C(9)
C(16)-N(3)-C(17)
C(16)-N(3)-H(3X)
C(17)-N(3)-H(3X)
C(21)-N(5)-C(22)
C(21)-N(5)-H(5X)
C(22)-N(5)-H(5X)
N(1)-C(3)-C(8)
N(1)-C(3)-C(4)
C(8)-C(3)-C(4)
N(1)-C(3)-HQ3)
C(8)-C(3)-H(3)
C(4)-C(3)-HQ3)
C(5)-C(4)-C(7)
C(5)-C(4)-C(6)
C(7)-C(4)-C(6)
C(5)-C(4)-C(3)

149(5)
131(7)
108(8)
120(8)
121(5)
41(4)
129(5)
110(5)
118,3(7)
130(3)
120(4)
102(5)
121(4)
127,0(4)
119,4(5)
111,8(4)
121,1(4)
113(4)
123(4)
114,3(5)
120(4)
125(4)
107,0(4)
111,9(4)
114,7(5)
107,7
107,7
107,7
109,3(6)
108,2(5)
109,1(6)
109,2(5)

51148
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C(7)-C(4)-C(3) 108,9(5)
C(6)-C(4)-C(3) 112,1(5)
C(4)-C(5)-H(5A) 109,5
C(4)-C(5)-H(5B) 109,5
H(5A)-C(5)-H(5B) 109,5
C(4)-C(5)-H(5C) 109,5
H(5A)-C(5)-H(5C) 109,5
H(5B)-C(5)-H(5C) 109,5
C(4)-C(6)-H(6A) 109,5
C(4)-C(6)-H(6B) 109,5
H(6A)-C(6)-H(6B) 109,5
C(4)-C(6)-H(6C) 109,5
H(6A)-C(6)-H(6C) 109,5
H(6B)-C(6)-H(6C) 109,5
C(4)-C(7)-H(7A) 109,5
C(4)-C(7)-H(7B) 109,5
H(7A)-C(7)-H(7B) 109,5
C(4)-C(7)-H(7C) 109,5
H(7A)-C(7)-H(7C) 109,5
H(7B)-C(7)-H(7C) 109,5
0(2)-C(8)-N(2) 120,8(5)
0(2)-C(8)-C(3) 120,6(5)
N(2)-C(8)-C(3) 118,5(5)
N(2)-C(9)-C(10) 105,1(5)
N(2)-C(9)-H(9A) 1107
C(10)-C(9)-H(9A) 1107
N(2)-C(9)-H(9B) 1107
C(10)-C(9)-H(9B) 1107
H(9A)-C(9)-H(9B) 108.8
C(11)-C(10)-C(9) 119,9(5)
C(11)-C(10)-C(14) 60,5(4)
C(9)-C(10)-C(14) 107,3(4)
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C(11)-C(10)-H(10)
C(9)-C(10)-H(10)
C(14)-C(10)-H(10)
C(10)-C(11)-C(14)
C(10)-C(11)-C(12)
C(14)-C(11)-C(12)
C(10)-C(11)-C(13)
C(14)-C(11)-C(13)
C(12)-C(11)-C(13)
C(11)-C(12)-H(12A)
C(11)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(11)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
C(11)-C(13)-H(13A)
C(11)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
C(11)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
C(15)-C(14)-C(11)
C(15)-C(14)-C(10)
C(11)-C(14)-C(10)
C(15)-C(14)-H(14)
C(11)-C(14)-H(14)
C(10)-C(14)-H(14)
N(2)-C(15)-C(14)
N(2)-C(15)-C(16)
C(14)-C(15)-C(16)
N(2)-C(15)-H(15)
C(14)-C(15)-H(15)

118,2
118,2
118,2
60,6(4)
122,2(6)
122,3(5)
115,9(6)
114,6(5)
112,2(6)
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109.5
109,5
121,6(5)
108,5(5)
58,9(4)
117.,6
117,6
117.6
104,2(4)
110,6(4)
112,1(4)
109,9
109,9

51148
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C(16)-C(15)-H(15)
0(3)-C(16)-N(3)
0(3)-C(16)-C(15)
N(3)-C(16)-C(15)
N(3)-C(17)-C(18)
N(3)-C(17)-C(19)
C(18)-C(17)-C(19)
N(3)-C(17)-H(17)
C(18)-C(17)-H(17)
C(19)-C(17)-H(17)
N(4)-C(18)-C(17)
C(20)-C(19)-C(17)
C(20)-C(19)-H(19A)
C(17)-C(19)-H(19A)
C(20)-C(19)-H(19B)
C(17)-C(19)-H(19B)

H(19A)-C(19)-H(19B)

C(21)-C(20)-C(19)
C(21)-C(20)-C(23)
C(19)-C(20)-C(23)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
C(23)-C(20)-H(20)
0(4)-C(21)-N(5)
0(4)-C(21)-C(20)
N(5)-C(21)-C(20)
N(5)-C(22)-C(23)
N(5)-C(22)-H(224)
C(23)-C(22)-H(22A)
N(5)-C(22)-H(22B)
C(23)-C(22)-H(22B)

H(22A)-C(22)-H(22B)

109,9
121,6(5)
122,9(5)
115,5(4)
110,5(4)
112,4(5)
107.8(5)
108,7
108,7
108,7
176,2(8)
113,7(5)
108.8
108,8
108.8
108,8
107,7
112,1(5)
102,0(5)
115,2(5)
109,1
109,1
109,1
126,1(5)
125,2(5)
108,6(5)
103,1(5)
111,1
111,1
111,1
111,1
109,1
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C(22)-C(23)-C(20) 105.6(5)
C(22)-C(23)-H(23A) 1106
C(20)-C(23)-H(23A) 110,6
C(22)-C(23)-H(23B) 110,6
C(20)-C(23)-H(23B) 110.6

H(23A)-C(23)-H(23B) 108,7

Chuyén hoa d61 xing duoc st dung dé tao ra cac nguyén tr tuong duong.

Bang P. Cac thong s6 chuyén vi bat ding hudng (A2 x 10%) doi v6i vi du 13, Dang rin 4.
Sé mii cta yéu té chuyén vi bit déng huéng tao ra dang: —2n°[h* a**U'! + ... + 2 h k a* b*

U2 ]

Ull U22 U33 U23 U13 UIZ
F(1) 279(15)  138(7)  106(5)  -56(5)  -28(7)  100(8)
F(2) 69(5) 172¢9)  302(12)  75(9) -10(7) 44(5)
F(3) 1435)  83(3) 117(7)  -10(5)  -24(6) 33(3)
o(1) 77(5) 91(6) 74(3) 1(4) 29(3) 9(4)
c(1) 116(7)  76(10)  122(8) 6(9) 25(6)  43(10)
C(2) 65(7) 68(9) 63(6) -13(7) -5(5) 18(6)
FA)  279(15)  138(7)  106(5)  -56(5)  -28(7)  100(8)
F(2A) 69(5) 1729)  302(12)  75(9) -10(7) 44(5)
F(3A) 1435)  83(3) 117(7)  -10(5)  -24(6) 33(3)
O(1A) 77(5) 91(6) 74(3) 1(4) 29(3) 9(4)
C(1A) 116(7)  76(10)  122(8) 6(9) 25(6)  43(10)
C(2A) 65(7) 68(9) 63(6) -13(7) -5(5) 18(6)
N(1) 49(2) 70(3) 53(3) 102) 3(2) 19(2)
N(Q2) 38(2) 75(3) 45(3) 2(2) 3(2) 2(2)
NQG) 50(2) 51(2) 52(3) 1(2) 3(2) 4(2)
N(@) 60(3) 1305)  119(5)  -49(4) 0(4) -10(3)
N(5) 53(3) 105(4) 82(4) 17(3) 15(3) 11(3)
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0Q) 51(2) 1143)  62(3) 25(2) 12Q2) 6(2)
0(3) 78(2) 55(2) 76(3) 4(2) 18(2) 0(2)
0(4) 82(3) 83(3) 86(3) 30(3) 2(2) 11(2)
C(3) 45(3) 70(3) 51(3) 9(3) 4(2) 9(3)
C(4) 48(3) 70(4) 79(4) 5(3) 7(3) 5(3)
C(5) 56(3) 1316)  114(6)  -16(5) 4(4) L20(4)
C(6) 76(4) 107(5)  59(4) -15(4) 9(3) 12(4)
C(7) 82(4) 83(5) 117(6)  -17(4)  -18(4) 6(4)
C(8) 44(3) 60(3) 60(4) 2(3) 6(3) 702)
C(9) 37(3) 95(4) 70(4) 2(4) 13) 2(3)
C(10) 41(3) 105(5)  73(4) 24(4) -8(3) 5(3)
C(11) 69(4) 82(4) 67(4) 114 -1203) 20(3)
C(12) 85(4) 96(5) 87(5) 24(4)  -17(4) 34(4)
C(13) 82(4) 116(6)  90(5) 25(4)  -18(4) 48(4)
C(14) 55(3) 74(4) 57(3) 6(3) -6(3) 16(3)
C(15) 44(2) 59(3) 51(3) 0(3) 42) 2(2)
C(16) 39(2) 48(3) 59(3) 2(3) 3(2) 402)
C(17) 49(3) 62(3) 73(4) 303) 2(3) 3(3)
C(18) 57(4) 85(4) 92(5) 26(4) 26(4) -3(3)
C(19) 59(3) 65(3) 63(4) 0(3) 15(3) 8(3)
C(20) 49(3) 61(3) 66(4) 6(3) 2(3) 6(2)
C(21) 58(3) 72(4) 53(3) 6(3) 6(3) 2(3)
C(22) 65(4) 92(5) 82(5) 13(4) 11(3) 16(3)
C(23) 62(3) 74(4) 77(4) 21(3) 73) 5(3)

Danh séch NMR trang thai rén dinh 13C cia PF-07321332-00 Dang 4. Tinh bién thién doi
véi cac gia tri dich chuyén héa hoc 1BC 14 +£0,2ppm, trir khi c6 chi dan khac.

Dich Dich chuyén Mat do Dich Mat do
chuyénhéa | Matdo héahoc BC | tuong ddi | chuyénhéa | tuong dbi
hoc BC tuong do6i (ppm) (%) hoc BC (%)

(ppm) (%) (ppm)

179,3 16 62,0 17 32,9 16
178,8 11 58,5 26 31,9 23
172,3 20 47,1 26 31,3+£0,1 16
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169,6 8 41,5 17 29,7 18
168,6 12 40,2 12 27,9+0,1 100
156,7 12 38,8 22 26,9+ 0,1 36
123,7 4 38,3 27 26,2 28
120,1 6 37.9 43 25,9 18
119,1 4 37,5 39 21,6 £0,1 31
118,5 4 37,0 25 20,8 +0,1 22
62,4 16 34,4 13 12,9+ 0,1 46

NMR trang thai rin '°F ctia hop chat ctia Vi du 13, Dang 4 thu duge va dinh ¢ -73,6 + 0,1
v6i mat do trong ddi 13 100% duoc xac dinh.

D6i v6i hop chét ciia Vi du 13, Dang 4, sau dinh déc trung dugc x4c dinh: dich chuyén
héa hoc 1°F & -73,6 + 0,1ppm va dich chuyén héa hoc *C ¢ 26,9 + 0,1ppm, 21,6 + 0,1ppm,
41,5 + 0,2ppm, 27,9 = 0,1ppm, va 12,9 + 0,1. Dinh véi dich chuyén hoéa hoc F ¢ -73,6 +
0,1ppm 14 dic trung ciia hop chat cia Vi du 13, Dang 4. Mbi dinh *C & 26,9 + 0,1ppm,
21,6 £ 0,1ppm va 41,5 + 0,1ppm 1 cac dinh dic trung ctia hgp chét cua Vi du 13, Dang 4.
M&i dinh 13C & 27,9ppm va 12,9ppm 14 dic trung ctia hop chét ciia Vi du 13, Dang 4 khi
dua ra két hop v6i mot hodc nhiéu dinh dwge chon tir cac dinh PC & 21,6ppm, 26,9ppm va
41,5ppm va dinh F & -73,6ppm.

Téng hop thit tu theo cach khac cua Vi du 13, metyl fert-butyl ete solvat
(1R,2S,SS)-N-{(1S)-1-Xyano-2-[(3S)-2-0X0pyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit, metyl tert-butyl ete
solvat (13, metyl zerz-butyl ete solvat)

0 %\
0
o TCFs OgH 29 HN O NH
H,C \o‘\\/<o o) CF3/U\O CF, H3C7\\‘C\\< (ﬁ\
HsC bh. Nt NH, > HaC CHy NSy
: N .CHj H N
H,C CHs HoC CHs * "6 Ng CHa
C43 13, metyl zert-butyl ete
solvat

Huyén phu dic 0°C cta C43 (5,0 g, 9,7mmol) trong propan-2-yl axetat (/ ,omL/g,
38mL) duoc nap 4-metylmorpholin (4,5 duong lugng; 4,8mL, 44mmol). Huyén phu dic
thu duoc duoc nap trifloaxetic anhydrit (2,25 duwong lwgng; 3,1mL, 22mmol) trong 1 gio
bang bom lidu. Sau khi khudy & 0°C trong it nhit 1 gid, hdn hop phan tmg dugc lam am
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dén khoang 20°C, dugc 1am ngudi bing nude (8mL/g, 40mL), va dugc khudy trong it nhét
10 phut. Sau do ling gan, 16p duéi (nuwdce) duge bo di va nude (8mL/g, 40mL) duoc bd
sung vao 16p hitu co. Sau khi khudy trong it nhat 10 phit, céc 16p dugce tach, va 16p dudi
(nudc) duge b di. Lép hitu co duge cd trong didu kién &p suat thép t6i xap xi 4mL/g
(khoang 20mL), trong khi d6 trang thai chan khong dugc pha v st dung nito va dung dich
duoc 1am &m dén xAp xi 50°C. Metyl fert-butyl ete (12mL/g, 60mL) dugc bo sung tir tir
trong it nhat 4 gio bang ph&u bd sung, va hdn hop phan Gmg duge duy tri ¢ 50°C trong it
nhét 1 gio truéce khi dugc lam ngudi dén 25°C trong 1 gio. Huyén phu dic thu duge duoc
gilt & 25°C qua dém, sau d6 duoc loc, duge rira lién tiép bang hdn hop chta propan-2-yl
axetat va metyl ferz-butyl ete [1:3 (thé tich/thé tich); 2mL/g] va véi metyl rert-butyl ete
(2mL/g, 10mL), va dugc lam kho trén thiét bi loc trong it nhat 30 phut. Cac chét ran sau
d6 duoc chuyén vao 16 chan khong ¢ 50°C va dugc lam khd trong it nhét 8 gio, thu duge
(1R,2S,5S)-N—{(IS)-1-xyan0-2-[(3S)-2-ox0pyr01idin-3-y1]etyl}-6,6—dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit, metyl tert-butyl ete
solvat (13, metyl Zert-butyl ete solvat) & dang chét rin nhd mau trang. Hiéu suat: 3,4 g,
5,8mmol, 60%.

Tdng hop thi nam theo cach khac cta Vi du 13, metyl zert-butyl ete solvat
(1R,2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit, metyl tert-butyl ete
solvat (13, metyl zerz-butyl ete solvat)

Ao
HsC—" % “g’\,CH3 (3\\ .
=4 C
OCFs OgNH o N Ol NH
H3C oy ° 9 HsC HaC oy ?\
HaC tH. Nt NH, > O CHy NS
0 N7 N-CHs Q H
- H,C CHs ° H3C>CKH3CH
HsC CHa 3 HsC” 0 3
c43 13, metyl tert-butyl ete

solvat
Huyén phu dic & nhiét do trong phong ctia C43 (4,0 g, 7,7mmol) trong axetonitril
(10mL/g, 40mL) duoc nap 1-metyl-1H-imidazol (4,6 duong luong; 2,84mL, 35,6mmol)
va hén hop thu duoc duge lam Am dén xap xi 30°C. Dung dich chira 2,4,6-tripropyl-
1,3,5,2,4,6-trioxatriphosphinan  2,4,6-trioxit (50% dung dich theo khéi luong trong
axetonitril; 2 duong lugng; 10,8mL) duoc bd sung trong it nhit 6 gid st dung bom. Sau
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khi h&n hop phan tmg dugc khudy trong it nhét 10 gid, né dwgc lam lanh dén 25°C va mot
c4ch cAn than duoc 1am ngudi bang cach bd sung dung dich nudce natri bicacbonat béo hoa
(7mL/g, 28mL) (téa nhiét va loai khi). Axetonitril sau d6 dugc chung cét trong diéu kién
&p suat thap; hon hgp thu duge duge b6 sung etyl axetat (10mL/g, 40mL) va b sung dung
dich nugc natri bicacbonat bdo hoa (5mL/g, 20mL). Sau d6 tach pha, 16p duéi (nude) duge
b6 di va 16p hitu co dugce rira bang dung dich nuéc natri bicacbonat bdo hoa (3,5mL/g;
14mL). Lép nuéc lai dugce bé di, va 16p hitu co duge ¢d trong diéu kién ap sudt thép xudng
xép xi ImL/g (4mL). Metyl fert-butyl ete (9mL/g; 36mL) dugc nap va dung dich thu duoc
dugc 1am 4m dén 50°C, nhanh chéng thu duoc huyén phi dic. Huyén phu ddc nay dwoc
gitt & 50°C trong it nhét 30 phut, trong khi d6 né dugc 1am lanh dén 25°C trong 1 gio va
duoc gift 6 25°C trong it nhét 8 gid. Huyén phu dic sau d6 duoc loc, duge rua bang hon
hop chira etyl axetat va metyl erz-butyl ete [1:3 (thé tich/thé tich); 2mL/g], va sau d6 dwgc
rira bang metyl rert-butyl ete (2mL/g; 8mL). Chét ran di duoc thu gom dugc lam kho trén
thiét bi loc trong it nhét 30 phut, dugc chuyén va0 10 chan khong ¢ khoang 50°C, va duoc
1am kho trong it nhat 8 gid, thu dugc (1R,28,5S)-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-
3-yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3 -azabixyclo[3.1.0]hexan-2-
carboxamit, metyl zert-butyl ete solvat (13, metyl zert-butyl ete solvat) 6 dang chét rin
nho mau tréng. Hiéu suat: 2,9 g, 4,9mmol, 64%.
Vi du didu ché @i v6i hop chét ctia Vi du 13
(1R,28,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-[3-metyl-
N—(triﬂoaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit hodc hydrat hodc solvat
cua ching hodc mubi dugc dung hop chét, hydrat ho#c solvat dugc bao ché dé tao ra vién
nén mang giai phong tic thi thong thuong duge bao dé dung qua duong miéng, voi cac
lidu ndm trong khoang tir 100 dén 250 mg. Vi du, ché pham giai phong tire thi duoc mo ta
trong Bang ché phdm va bao gdm céc t4 duge khong hoat tinh thong thudng xenluloza
dang vi tinh thé va lactoza monohydrat (cac chét pha lodng), crospovidon (chét 1am phéan
r3), silic dioxit keo (t4 dugc chay), va natri stearyl fumarat (chét 1am tron). Vién nén giai
phong tie thi dugc bao mang su dung ché pham bao mang dang c6 trén thi trudng bao
gbém Opadry tring va Opadry hdng. T4t ca cac ta dugc dugc sir dung trong vién nén duoc
bao mang c6 thé chap nhan dugc toan cAu va c6 mit & cac mic quyét dinh. Ché pham tao
ra trong Vi du vé ché phim vién nén giai phong tic thi, va nhu véy, ngudi co hiéu biét

trung binh trong linh vurc nay c6 thé st dung céc k¥ thuat thong thuong ¢6 san dé dang su
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dung céac ta duoc diéu ché khac dé tao ra cac vién nén thich hop va thu duge cac thude tinh
v& chit lugng vién nén mong mudn.

Vi du diu ché: Ché phdm vién nén dugc bao dai dién (1R,25,55)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit

Vién nén giai phong tic thi (1R,28,55)-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3 -azabixyclo[3.1.0]hexan-2-
carboxamit (dudi day dugc goi 12 APT) dugc san xuét sir dung quy trinh theo mé tiéu chuén,
thong thuong ddi v6i vién nén giai phong tirc thi dang ran, dung qua dudong miéng. Vi du
vé quy trinh theo mé tiéu chuén ma c6 thé duge st dung dé san xudt vién nén giai phong
tirc thi (1R,2S,5S)-N—{(lS)-1-Xyan0-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimety1-3-[3-
metyl-N—(triﬂoaxetyl)-L-Valyl]-3-azabixyclo[3.I.O]hexan-Z-carboxamit bao gdm nén truc
tiép, tao hat kho va tao hat 4m. Theo cach khac, quy trinh san xudt van hanh lién tuc ¢6 thé
duge st dung. Sau khi nén vién, 161 vién nén dugc bao mang. Mang bao vién nén c6 thé
duoc thuc hién bang cach van hanh bao lién tuc hodc sir dung thong thuong quy trinh mang
bao theo mé.

Bang ché phAm: Ché phim vién nén (1R,2S,55)-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-
3-yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-
carboxamit 100 mg, 150 mg va 250 mg

Thanh phan | Vaitro | 100 100 150 150 mg 250 250

mg mg mg Vién nén mg mg
Vién | Vién | Vién (mg/ Vién Vién

nén (% | nén | nén (% | viennén) | nén (% | nén

khdi | (mg/ | khdi khéi | (mg/
lugng/ | vién | luong/ luong/ | vién
khéi | nén) | khoi khdi | nén)
lugng) lugng) lugng)
API Hoat | 20,00 | 100,0 | 20,00 | 150,00 | 25,00 | 250,00
tinh 0

Xenlulozavi | Chat | 49,33 | 246,6 | 49,33 | 370,00 | 46,00 | 460,00
tinh thé pha 7

lodng
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Lactoza Chat | 24,67 | 123,3 | 24,67 | 18500 | 23,00 | 230,00
Monohydrat pha 3
lodng
Crospovidon | Chat | 3,00 | 15,00 | 3,00 22,50 3,00 | 30,00
Jam
phan rd
Silic dioxit Ta 1,00 | 5,00 | 1,00 7,50 1,00 | 10,00
keo dugc
chay
Natri stearyl | Chat | 1,00 | 5,00 | 1,00 7,50 1,00 | 10,00
fumarat (hat lam
bén trong) tron
Natri stearyl | Chat | 1,00 | 5,00 | 1,00 7,50 1,00 | 10,00
fumarat (hat lam
bén ngoat) tron
Tong 16 100,00 | 500,0 | 100,00 | 750,00 | 100,00 | 1000,0
0 0
Opadry trang | Lép | 3,50 | 17,50 | -- - - -- --
(YS-1-7027- | bao
SP)
Opadry hong | Lép - -- 3,00 22,50 - - --
(058140011) | bao
Vidu 14

N-[(25)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-5,5,5-triflo-1-

oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit (14)
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Bugc 1. Téng hop 9H-floren-9-ylmetyl [(2S)-1-amino-5,5,5-triflo-1-oxopentan-2-
yl]carbamat (C34).

Natri bicacbonat (4,8 g, 57mmol) dugc bd sung vao dung dich chira 5,5,5-triflo-L-
norvalinamit, mudi hydroclorua (quy trinh nay dugc tong hop st dung phwong phap duoc
md ta dbi v6i chdt ddng phan ddi anh cia nd, trong J. E. Starrett, PCT Int. Appl.,
2010107997, September 23,2010; 4,0 g, 19mmol) va 9H-floren-9-ylmetyl carbonocloridat
(Fmoc clorua; 10,2 g, 39,4mmol) trong nude (80mL). Huyén phu déac thu duoc duoc khuéy
& 15°C dén 25°C trong 24 gid, trong khi d6 n6 duge phan bd gifta nude va diclometan.
Lép hitu co dugce rua lién tiép bang nudc va dung dich nude natri clorua bdo hoa, duge
lam khé trén natri sulfat, dugc loc, va dugc co trong chan khong, tao ra C34 & dang chét
rén. Hiéu suét: 6,2 g, 16mmol, 83%. LCMS m/z 393,1 [M+H]". '"H NMR (400 MHz,
DMSO-ds) 8 7.9 (d, 2H), 7,7 (m, 2H), 7,5 (d, 1H), 7.4 (m, 5H), 7,1 (br s, 1H), 4,3 (m, 3H),
4,0 (m, 1H), 2,2 (m, 2H), 1,9 (m, 1H), 1,7 (m, 1H).

Budc 2. Téng hop N-[(9H-floren-9-ylmetoxy)carbonyl]-5,5,5-triflo-L-norvalin (C35).

Dung dich chita C34 (6,2 g, 16mmol) trong 1,4-dioxan (60mL) dugc bd sung axit
clohydric (3 M; 10mL, 30mmol), va hdn hop phan tmg dugc khudy & 80°C trong 16 gid.
Sau do, né dugc phan bd gitta nuGe va diclometan, va 16p hitu co dugce rira bang nudc va
bang dung dich nudc natri clorua bdo hoa, dugc lam kho trén natri sulfat, dugc loc, va
duge co trong chan khong. Phan lang cin dugc nghién bang diu moé ete dé cho C35 & dang
chit rn. Hiéu suét: 5,5 g, 14mmol, 88%. LCMS m/z 392,1 [M-H]". '"H NMR (400 MHz,
DMSO-ds) & 12,83 (br s, 1H), 7,89 (d, J = 7.4 Hz, 2H), 7,77 - 7,67 (m, 3H), 7,46 — 7,38
(m, 2H), 7,36 — 7,28 (m, 2H), 4,38 — 4,28 (m, 2H), 4,26 — 4,19 (m, 1H), 4,06 (ddd, /=9,
9,49 Hz, 1H), 2,43 — 2,15 (m, 2H), 2,01 — 1,89 (m, 1H), 1,89 — 1,75 (m, 1H).

Buéc 3. Tong hop benzyl N-[(9H-floren-9-ylmetoxy)carbonyl]-5,5,5-triflo-L-norvalinat
(C36).
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Hon hop chtra C35 (435 mg, 1,11mmol), benzyl bromua (0,263mL, 2,21mmol), va
natri bicacbonat (464 mg, 5,52mmol) trong N,N-dimetylformamit (20mL) dugc Khudy
trong 15 gid & 25°C. Sau khi hon hgp phén tmg dugc pha loang bang nuéc (30mL) va
duoc chiét bang etyl axetat (3 x 30mL), 16p hiru co gom lai dugc rua 14n luot bang dung
dich nudc natri clorua bdo hoa va 5% dung dich nudc lithi clorua, dugc lam kho trén natri
sulfat, duoc loc, va duge ¢d trong chan khong. Sic ky silicagel (Gradien: 0% dén 100%
etyl axetat trong ete ddu mo) tao ra C36 & dang chit rén mau tring. Hiéu sut: 510 mg,
1,05mmol, 95%. LCMS m/z 506,1 [M+Na"].

Budc 4. Téng hop benzyl 5,5,5-triflo-L-norvalinat (C37).

Dietylamin (10mL) dugc bd sung vao hdn hop 0°C chira C36 (510 mg, 1,05mmol)
trong axetonitril (25mL). Sau khi hdn hgp phan Gng duge khudy & 20°C trong 2 gi¥, nd
duge ¢b trong didu kién ap suét thap; sic ky trén silicagel (Gradien: 0% dén 10% metanol
trong diclometan) sau dé tao ra C37 & dang dau khong mau. Hiéu suat: 250 mg,
0,957mmol, 91%. LCMS m/z 302,9 [M + CH3CN + H]". '"H NMR (400 MHz, cloroform-
d) 8 7,42 — 7,32 (m, 5H), 5,17 (s, 2H), 3,50 (dd, J = 8,4, 5,0 Hz, 1H), 2,32 — 2,13 (m, 2H),
2,01 (dddd, J= 13,7, 10,8, 5,2, 5,2 Hz, 1H), 1,76 (dddd, J= 13,6, 10,8, 8,4, 5,3 Hz, 1H).
Bude 5. Téng hop benzyl 5,5,5-triflo-N-[(4-metoxy-1H-indol-2-yl)carbonyl]-L-norvalinat
(C38).

Dung dich 0°C gém C37 (250 mg, 0,957mmol) va axit 4-metoxy-1H-indol-2-
carboxylic (220 mg, 1,15mmol) trong N,N-dimetylformamit (10mL) duoc b6 sung O-(7-
azabenzotriazol-1-y1)-N,N,N’ N -tetrametyluroni hexaflophosphat (HATU; 437 mg,
1,15mmol), tiép d6 1a timg giot b6 sung 4-metylmorpholin (194 mg, 1,92mmol). Khuay
lién tuc & 0°C dén 10°C trong 1 gid, trong khi d6 hdn hop phéan ting dugc pha lodng bang
nude (20mL) va dung dich nu6e axit xitric (20mL) va dugc chiét bang etyl axetat (3 x
20mL). Lop hitu co gom lai dugc rira lan luot bang dung dich nuge natri bicacbonat bao
hoa (30mL), dung dich nuéc natri clorua béo hoa, va dung dich nudc lithi clorua (5%,
20mL), sau d6 duoc lam khd trén natri sulfat, duoc loc, va dugce co trong chan khong. Phén
lang can duge tinh ché st dung sic ky silicagel (Gradien: 0% dén 100% etyl axetat trong
ete dau mo) dé tao ra C38 & dang chét rin mau tréng. Hiéu suét: 350 mg, 0,806mmol, 84%.
LCMS m/z 435,1 [M+H]". "H NMR (400 MHz, cloroform-d) & 9,09 (br s, 1H), 7,42 - 7,33
(m, 5H), 7,23 (dd, J = 8, 8 Hz, 1H), 7,09 (d, J = 2,3 Hz, 1H), 7,03 (d, /= 8,3 Hz, 1H), 6,76
(br d, J = 7,6 Hz, 1H), 6,53 (d, /= 7,8 Hz, 1H), 5,25 (Vach bén AB, Jag= 12,1 Hz, Avas
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= 11,4 Hz, 2H), 4,94 — 4,87 (m, 1H), 3,96 (s, 3H), 2,35 — 2,14 (m, 2H), 2,14 — 1,96 (m,
2H).
Budc 6. Tong hop 5,5,5-triflo-N-[(4-metoxy- 1 H-indol-2-yl)carbonyl]-L-norvalin (C39).
Hon hop chira C38 (350 mg, 0,806mmol) va paladi trén cacbon (10%, 85,7 mg,
80,5 pmol) trong metanol (10mL) dugc hydro hoéa trong 16 gio & 20°C va 15 psi. Hoén hop
phan ung sau d6 dugc loc, va banh loc dugce rira bang metanol (10mL); cac phén dich loc
gom lai dugc cd trong chan khong va duoc tién hanh sic ky silicagel (dung méi rira giai:
etyl axetat) dé cho C39 & dang chét rin mau tring. Hiéu suét: 270 mg, 0,784mmol, 97%.
LCMS m/z 345,0 [M+H]". 'TH NMR (400 MHz, DMSO-ds) 6 11,62 (br s, 1H), 8,61 (d, J=
7,9 Hz, 1H), 7,32 (d, J = 2,2 Hz, 1H), 7,11 (dd, J = 8, 8 Hz, 1H), 7,01 (d, mdt nira vach
bén AB, J = 8,2 Hz, 1H), 6,51 (d, J = 7,6 Hz, 1H), 4,47 (ddd, J = 8,5, 8,5, 4,8 Hz, 1H),
3,89 (s, 3H), 2,5 — 2,27 (m, 2H, dugc gia dinh; bi che mot phén boi dinh dung moi), 2,12
—1,92 (m, 2H).

Buéc 7. Téng hop 5,5,5-triflo-N-[(4-metoxy-1H-indol-2-yl)carbonyl]-L-norvalyl-3-[(3S)-
2-oxopyrolidin-3-yl]-L-alaninamit (C40).

Hon hop 0°C chita C16 (58,2 mg, 0,218mmol) va C39 (75,0 mg, 0,218mmol) trong
N,N-dimetylformamit (4mL) dugc xit Iy bang O-(7-azabenzotriazol-1-yl)-N,N,N’,N -
tetrametyluroni hexaflophosphat (HATU; 99,4 mg, 0,261mmol) va 4-metylmorpholin
(44,1 mg, 0,436mmol). Sau khi hdn hop phan tng duge khudy & 0°C trong 1 giod, né duge
pha lodng bang nuéc (20mL) va dung dich nude axit xitric (1 M; 20mL), va dugc chiét
bang etyl axetat (3 x 30mL). L6p hitu co gom lai duoc rira bang dung dich nuéc natri
bicacbonat bdo hoa (20mL) va bang dung dich nude natri clorua bdo hoa (3 x 20mL), dugc
1am kho trén natri sulfat, duoc loc, va dugc co trong chan khong. Sic ky trén silicagel
(dung moi rira giai: 10:1 etyl axetat / metanol) tao ra C40 ¢ dang chét rdn mau trang. Hiéu
suit: 72 mg, 0,145mmol, 66%. LCMS m/z 498,2 [M+H]". 'HNMR (400 MHz, DMSO-ds)
511,60 (brs, 1H), 8,52 (d, J=7,7 Hz, 1H), 8,20 (d, J = 8,3 Hz, 1H), 7,61 (s, 1H), 7,42 —
7,33 (m, 2H), 7,14 — 7,05 (m, 2H), 7,00 (d, mot nira vach bén AB, J = 8,2 Hz, 1H), 6,51
(d, J=7,7Hz, 1H), 4,58 — 4,46 (m, 1H), 4,32 — 4,22 (m, 1H), 3,89 (s, 3H), 3,18 — 3,02 (m,
2H), 2,45 — 2,21 (m, 3H), 2,18 — 2,07 (m, 1H), 2,06 — 1,88 (m, 3H), 1,73 — 1,59 (m, 1H),
1,59 — 1,48 (m, 1H).
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Bugc 8. Téng hop N-[(25)-1-({(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-
5,5,5-triflo-1-oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit (14).

Hon hop chita C40 (52 mg, 0,10mmol) trong diclometan (13mL) dugc b6 sung
metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan ung Burgess; 37 mg,
0,16mmol). Hon hop phan tng dugc khudy & nhiét do trong phong trong 1,5 gio, trong khi
d6 metyl N-(trietylamoniosulfonyl)carbamat, mudi nodi (chat phan ing Burgess; 37 mg,
0,16mmol) duge bd sung lai, va khudy lién tuc trong 16 gio. B6 sung 1an cubi metyl N-
(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan img Burgess; 24,9 mg, 0,105mmol)
was tiép d6 1a khudy trong 2 gid, trong khi d6 hdn hop phan ng dugc pha loang bang
nuée (20mL) va duge chiét bang diclometan (3 x 10mL). L6p hiru co gom lai duoc rira
béng dung dich nuée natri clorua bdo hoa (2 x 20mL), duoc lam kho trén natri sulfat, dugc
loc, va dugc cd trong chan khong; sic ky ban mong didu ché (dung moi rira giai: 20:1 etyl
axetat / metanol) tao ra  N-[(2S)-1-({(1S)-1-xyano-2-[(3S5)-2-oxopyrolidin-3-
yl]etyl}amino)-5,5,5-triflo-1-oxopentan-2-yl]-4-metoxy- 1 HH-indol-2-carboxamit  (14) ¢
dang chét rin mau trang. Hiéu suat: 17,4 mg, 36,3 pmol, 36%. Nguyén liéu nay dugc két
hop v6i san phdm dugc tinh ché tir hai quy trinh tong hop khéc cia 14 (3 mg va 4 mg) va
tién hanh séc ky 1ong siéu dén han [Cot: Chiral Technologies ChiralCel OD-H, 30 x 250
mm, 5 pm; Pha dong: 7:3 cacbon dioxit / (etanol chira 0,1% amoni hydroxit); Téc do chay:
60mL/phut] dé tao ra N-[(25)-1-({(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yljetyl }amino)-
5,5,5-triflo-1-oxopentan-2-yl]-4-metoxy-1H-indol-2-carboxamit (14) & dang chit rin.
Hiéu suét: 11,3 mg, 23,6 pmol, 46% ddi véi sic ky long siéu dén han. LCMS m/z 480,2
[M+H]*. '"H NMR (400 MHz, DMSO-ds) 6 11,61 (br s, 1H), 8,96 (d, J= 8,0 Hz, 1H), 8,61
(d,J=7,7Hz, 1H), 7,71 (s, 1H), 7,37 (d, J = 2,2 Hz, 1H), 7,11 (dd, J = 8, 8 Hz, 1H), 7,01
(d, mot nira vach bon AB, J = 8,2 Hz, 1H), 6,51 (d, J= 7,7 Hz, 1H), 5,03 — 4,94 (m, 1H),
4,51 — 4,43 (m, 1H), 3,89 (s, 3H), 3,19 — 3,07 (m, 2H), 2,43 — 2,28 (m, 3H), 2,20 — 2,08
(m, 2H), 2,06 — 1,92 (m, 2H), 1,86 — 1,76 (m, 1H), 1,76 — 1,64 (m, 1H).

Vidu 15,16,17, 18, va 19

N-[(25)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-7-flo-4-metoxy-1H-indol-2-carboxamit (15), N-[(25)-1-({(15)-1-xyano-
2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-oxopentan-2-yl]|-5-flo-4-metoxy-1H-
indol-2-carboxamit (16), N-[(289)-1-({(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}amino)-4-metyl-1-oxopentan-2-yl]-3-flo-4-metoxy- 1/-indol-2-carboxamit ~ (17),

172



51148 173/334

N-[(28)-1-({(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl } amino)-4-metyl-1-
oxopentan-2-yl]-5,7-diflo-4-metoxy- 1 H-indol-2-carboxamit (18), va N-[(25)-1 -({(1.9)-1-
xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-oxopentan-2-yl]-3,5 -diflo-4-
metoxy-1H-indol-2-carboxamit (19)
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Hon hop chira 4 (10,0 mg, 22,8 pmol), tetra-n-butylamoni decatungstat (TBADT;
3,78 mg, 1,14 pmol), va N-flo-N-(phenylsulfonyl)benzensulfonamit (8,61 mg, 27,3 pmol)
dugc xir ly bé‘mg axetonitril (0,75mL), nuéc (0,5mL), va axit trifloaxetic (1,74 uL, 22,6
umol) trong moi trudng khi agon. Lo phan tmg sau d6 duoc déy kin, dugc dit trong hop
EvoluChem™ PhotoRedOx dugc trang bi quat, va dugc chiéu sang bang 4nh sang den

(PAR20-18W LG 365 nm, 100-240 VAC) & 25°C trong 16 gio. Hon hop phan (g duoc
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bd sung dung dich nuée kali phosphat (1 M, do pH 7,45; 1mL), tiép d6 1a cac phan uée
khac gdm nuéc va axetonitril dé duy tri dung dich trong & thé tich cudi 1a 18mL. Cac phan
wde (3mL) ctia hdn hop nay duoc 4p dung ddi véi cac hop chiét pha rén Biotage Isolute
C18 ma da dugc chun bi diéu kién s&n v6i metanol (3mL) tiép d6 1a nude (3mL). Cac hop
duoc rira bang nudc (3mL) va voi 20% axetonitril trong 20 mM dung dich nuéc amoni
axetat (3mL), sau d6 dugc rtra giai bang axetonitril (3mL). Sau d6 dich rira gidi dugc lam
bay hoi trong may ly tdm chéan khong, phan ldng can dugc hoan nguyén trong hdn hop
chira 1% nuéc axit formic va axetonitril, va két hop thanh tong 12 6mL. Dung dich nay
duoc chia d6i, va mdi nira duoc tién hanh HPLC pha dao (Cot: Phenomenex Luna C18,10
x 250 mm, 10 um; Pha dong A: nudc chia 0,1% axit formic; Pha dong B: axetonitril;
gradien: 15% B trong 5 phut, sau d6 15% dén 70% B trong 70 phut, sau d6 70% dén 95%
B trong 15 phut; Toc do chay: 2mL/phut). Cac phén doan dugc thu gom cach nhau 20 gidy,
va cac phin doan tuong tu quan tdm tir hai phan tach dugc gop lai va dugc co. Cac phan
doan nay con duoc tinh ché bang HPLC pha déo (Cot: Agilent Polaris C18, 4,6 x 250 mm,
5 pm; Pha dong A: nude chira 10 mM amoni axetat; Pha dong B: axetonitril; gradien: 10%
B trong 5 phut, sau d6 10% dén 35% B trong hon 35 phut, sau d6 35% dén 60% B trong
15 phut, sau d6 60% dén 95% B trong 9 phut; Tbc do chay: 0,8mL/phut). Cac phan doan
dwoc thu gom cach nhau 20 gidy, thu dugc N-[(25)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-oxopentan-2-yl]-7-flo-4-metoxy- 1 H-indol-2-
carboxamit (15), N-[(25)-1-({(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4-
metyl-1-oxopentan-2-yl]-5-flo-4-metoxy-1H-indol-2-carboxamit (16), N-[(25)-1-({(15)-
1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-oxopentan-2-yl]-3-flo-4-
metoxy-1H-indol-2-carboxamit (17), N-[(2S)-1-({(LS)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl} amino)-4-metyl-1-oxopentan-2-yl]-5,7-diflo-4-metoxy- 1/ -indol-2-carboxamit
(18), va N-[(28)-1-({(1.5)-1-xyano-2-[(3)-2-oxopyrolidin-3-yl]etyl }amino)-4-metyl-1-
oxopentan-2-yl]-3,5-diflo-4-metoxy-1H-indol-2-carboxamit (19).

Thoi gian luu, |Thoi gian luu, tinh
S6 vidu | tinh ché HPLC |ché HPLC thir hai
thr nhét (phit) (phut)
15 57,1 45,1
16 57.7 459
17 58,6 46,7
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18 59,9 47,9
19 61,7 49,5

15 — Tach 14n thi nhat, s phan doan 172—174; Tach 14n tht hai, s6 phan doan 136-137.
Hiéu suét: 58 pg, 0,13 pmol, 0,6%. MS rira gidi cao m/z 458,2201 [M+H]"; dugc tinh toan
dbi véi CpsHaoFN504, 458,2204. TH NMR (600 MHz, DMSO-ds) 6 12,05 (br s, 1H), 8,93
(d, J=17,9 Hz, 1H), 8,51 (d, J= 7,6 Hz, 1H), 7,70 (s, 1H), 7,37 (d, J = 2,3 Hz, 1H), 6,92
(dd, J= 10,8, 8,6 Hz, 1H), 6,42 (dd, J= 8.4, 2,5 Hz, 1H), 5,01 — 4,94 (m, 1H), 4,50 — 4,43
(m, 1H), 3,87 (s, 3H), 3,18 — 3,07 (m, 2H), 2,40 — 2,31 (m, 1H), 2,19 - 2,08 (m, 2H), 1,85
— 1,76 (m, 1H), 1,76 — 1,64 (m, 3H), 1,58 — 1,49 (m, 1H), 0,94 (d, J = 6,3 Hz, 3H), 0,89
(d, J= 6,3 Hz, 3H). Thoi gian luu: 7,90 phut (Cac didu kién phan tich. Cot: Phenomenex
Kinetex XB-C18, 2,1 x 100 mm, 2,6 pm; Pha dong A: nudc chira 0,1% axit formic; Pha
dong B: axetonitril; gradien: 5% B trong 0,5 phut, sau d6 5% dén 70% B trong 10,5 phut,
sau d6 70% dén 95% B trong 2 phut; Toc do chdy: 0,4mL/phut).

16 — Tach 14n thir nhat, s6 phan doan 172—-174; Tach 1in th{ hai, s6 phan doan 138-139.
Hiéu suét: 153 pg, 0,33 umol, 1,4%. MS rira gidi cao m/z 458,2201 [M+H]"; dugc tinh
toan dbi v6i Ca3HaoFN50s, 458,2204. '"H NMR (600 MHz, DMSO-de) 6 11,73 (br s, 1H),
8,95 (d, J = 8,0 Hz, 1H), 8,61 (d, J = 7,7 Hz, 1H), 7,70 (s, 1H), 7,49 (s, 1H), 7,09 — 7,03
(m, 2H), 5,01 — 4,94 (m, 1H), 4,51 — 4,43 (m, 1H), 4,06 (s, 3H), 3,18 - 3,07 (m, 2H), 2,40
~2,31 (m, 1H), 2,19 — 2,08 (m, 2H), 1,80 (ddd, J= 13,6, 9,2, 7,2 Hz, 1H), 1,76 — 1,65 (m,
3H), 1,58 — 1,50 (m, 1H), 0,94 (d, J = 6,3 Hz, 3H), 0,89 (d, J= 6,3 Hz, 3H). Thoi gian luu:
7,94 phut (Céc didu kién phén tich giéng diéu kién duoc st dung trong 15).

17 — Tach 14n thir nhat, s§ phan doan 176-177; Tach 1an thit hai, s6 phan doan 141-142.
Hiéu suét: 22 pg, 0,048 pmol, 0,21%. MS rira giai cao m/z 458,2199 [M+H]"; dugc tinh
toan dbi v6i C23H2oFNsO4, 458,2204. 'TH NMR (600 MHz, DMSO-ds) 6 11,45 (s, 1H), 8,94
(d, J =178 Hz, 1H), 7,71 (s, 1H), 7,62 (br d, J = 7,5 Hz, 1H), 7,16 (dd, J = 8, 8 Hz, 1H),
6,95 (br d, J= 8,3 Hz, 1H), 6,54 (d, J= 7,8 Hz, 1H), 5,02 — 4,94 (m, 1H), 4,54 — 4,46 (m,
1H), 3,88 (s, 3H), 3,19 — 3,07 (m, 2H), 2,41 — 2,31 (m, 1H), 2,20 — 2,08 (m, 2H), 1,85 -
1,77 (m, 1H), 1,76 — 1,63 (m, 3H), 1,61 — 1,53 (m, 1H), 0,94 (d, J = 6,3 Hz, 3H), 0,91 (d,
J = 6,3 Hz, 3H). Thoi gian lwu: 8,06 phiit (Céc didu kién phan tich giéng dicu kién dugc
sir dung trong 15).
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18 — Tach 1An th® nhét, s& phan doan 180-181; Tach 1an thit hai, s6 phan doan 145. Hiéu
suét: 17 pg, 0,036 pmol, 0,16%. MS rira giai cao m/z 476,2100 [M+H]"; dugc tinh toan
dbi véi CosHagFaNs0s, 476,2109. 'H NMR (600 MHz, DMSO-ds) 6 12,23 (s, 1H), 8,96 (d,
J=8,0 Hz, 1H), 8,62 (d, J= 7,6 Hz, 1H), 7,70 (s, 1H), 7,52 — 7,48 (m, 1H), 7,13 (dd, J =
11, 11 Hz, 1H), 5,02 — 4,94 (m, 1H), 4,53 — 4,44 (m, 1H), 4,01 (s, 3H), 3,18 — 3,07 (m,
2H), 2,38 — 2,30 (m, 1H), 2,19 — 2,08 (m, 2H), 1,81 (ddd, /= 13,6, 9,1, 7,0 Hz, 1H), 1,76
~1,65 (m, 3H), 1,59 — 1,51 (m, 1H), 0,95 (d, J = 6,2 Hz, 3H), 0,90 (d, J = 6,3 Hz, 3H).
Thoi gian luu: 8,20 phut (Cac didu kién phan tich giéng diéu kién dugc st dung trong 15).
19 — Téch 14n th@ nhAt, s6 phan doan 185-187; Tach lan th{t hai, s6 phan doan 150-151.
Hiéu suét: 35 pg, 0,074 pmol, 0,32%. MS ria giai cao m/z 476,2107 [M+H]*; dugc tinh
toan d6i v6i CasHagFaNsOu, 476,2109. 'H NMR (600 MHz, DMSO-ds) 6 11,64 (s, 1H),
8,94 (d, J=17,9 Hz, 1H), 7,80 (br d, J =7 Hz, 1H), 7,71 (s, 1H), 7,16 (dd, hop phan ctia hé
ABX, J=11,9,9,1 Hz, 1H), 7,08 (br d, mét nira vach bén AB, J=8,5 Hz, 1H), 5,02 — 4,94
(m, 1H), 4,55 — 4,47 (m, 1H), 3,99 (s, 3H), 3,19 — 3,08 (m, 2H), 2,41 - 2,32 (m, 1H), 2,19
~2,10 (m, 2H), 1,81 (ddd, J = 13,7, 9,0, 7,2 Hz, 1H), 1,77 — 1,63 (m, 3H), 1,57 (ddd, J =
12,9, 8.4, 4,8 Hz, 1H), 0,94 (d, J = 6,4 Hz, 3H), 0,91 (d, J = 6,4 Hz, 3H). Thoi gian luu:
8,44 phut (Cac didu kién phan tich gidng diéu kién duoc s dung trong 15).

Vi du 20, 21, 22, va 23

N-[(28)-1-({(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-
oxopentan-2-yl]-7-flo-4-metoxy-1H-indol-2-carboxamit (20), N-[(25)-1-({(15)-1-xyano-
2-[(3S)-2-oxopyrolidin-3-yl]etyl }amino)-4,4-dimetyl-1-oxopentan-2-yl]-5-flo-4-metoxy-
1H-indol-2-carboxamit (21), N-[(28)-1-({(18)-1-xyano-2-[(35)-2-oxopyrolidin-3-
ylletyl}amino)-4,4-dimetyl-1-oxopentan-2-yl]-3-flo-4-metoxy- 1 7 -indol-2-carboxamit
(22), va N-[(28)-1-({(18)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-
1-oxopentan-2-yl]-5,7-diflo-4-metoxy-1H-indol-2-carboxamit (23)
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Hon hop chira 10 (10,0 mg, 22,0 pmol), tetra-n-butylamoni decatungstat (TBADT;
3,66 mg, 1,10 pmol), va N-flo-N-(phenylsulfonyl)benzensulfonamit (8,34 mg, 26,4 pmol)
dugc xur ly bé‘mg axetonitril (0,75mL), nuéc (0,5mL), va axit trifloaxetic (1,69 uL, 21,9
umol) trong moi truong khi agon. Lo phan ting sau d6 dugc déy kin, dugc dat trong hop
EvoluChem™ PhotoRedOx dugc trang bi quat, va dugc chiéu sang bang 4nh sang den
(PAR20-18W LG 365 nm, 100-240 VAC) ¢ 25°C trong 16 gio. Hon hop phan tng duge
bd sung dung dich nuée kali phosphat (1 M, do pH 7,45; 1mL), tiép d6 1a cic phan ude
khac cia nuéc va axetonitril dé duy tri dung dich trong & thé tich cudi 12 18mL. C4c phan
wde (3mL) cta hdn hop nay duge ap dung @i v6i cac hop chiét pha ran Biotage Isolute
C18 da duoc chudn bi didu kién s&n véi metanol (3mL) tiép d6 1a dung dich nuéc amoni
axetat (10 mM; 3mL). Cac hop dugc rira bang dung dich nudc amoni axetat (10 mM; 3mL)
va v6i 20% axetonitril trong 20 mM amoni axetat (3mL), sau d6 dugc rua giai bang
axetonitril (3mL). Sau d6 dich rira giai dugc 1am bay hoi trong may ly tdm chéan khong,
phan ling cian dugc hoan nguyén trong hdn hop chita 1% nuée axit formic va axetonitril,
va két hop dén tong 1a 6mL. Dung dich nay dugc chia doi, va mdi nira duoc tién hanh
HPLC pha dao (Cot: Phenomenex Luna C18,10 x 250 mm, 10 pm; Pha dong A: nude chira
0,1% axit formic; Pha dong B: axetonitril; gradien: 15% B trong 5 phut, sau d6 15% dén
70% B trong 70 phut, sau d6 70% dén 95% B trong 15 phit; Tc d chay: 2mL/phut). Cac
phan doan dugc thu gom cach nhau 20 gidy, va cac phan doan twong tw quan tam tr hai
phan tach duogc gdp lai va dugc c6. Céc phan doan nay con dugc tinh ché bang HPLC pha
dao (Cot: Agilent Polaris C18,4,6 x 250 mm, 5 pm; Pha dong A: nude chira 10 mM amoni
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axetat; Pha dong B: axetonitril; gradien: 10% B trong 5 phut, sau do6 tang turc thi dén 20%
B, sau d6 20% dén 40% B trong hon 35 phut, sau d6 40% dén 60% B trong 15 phut, sau
d6 60% dén 95% B trong 9 phut; Toc do chay: 0,8mL/phut). Cac phan doan dugc thu gom
cach nhau 20 gidy, thu dugc N-[(25)-1-({(1S)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl}amino)-4,4-dimetyl-1-oxopentan-2-yl]-7-flo-4-metoxy-1; -indol-2-carboxamit
(20), N-[(29)-1-({(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-
oxopentan-2-yl]-5-flo-4-metoxy-1H-indol-2-carboxamit (21), N-[(25)-1-({(15)-1-xyano-
2-[(3S5)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-oxopentan-2-yl]-3-flo-4-metoxy-
1H-indol-2-carboxamit (22), va N-[(25)-1-({(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl}amino)-4,4-dimetyl-1-oxopentan-2-yl]-5,7-diflo-4-metoxy- 1 H-indol-2-

carboxamit (23).

Thoi gian Ivu, | Thoi gian luu, tinh
Sé vi du| tinh ché HPLC | ché HPLC tht hai
thir nhat (pht) (phut)
20 61,2 49,8
21 61,2 50,2
22 62,3 50,8
23 63,5 51,9

20 — Téch 14n tht nhét, s§ phan doan 183-185; Téch lan th hai, s6 phan doan 150-151.
Hiéu suét: 24 pg, 0,051 pmol, 0,23%. MS rira giai cao m/z 472,2342 [M+H]"; dugc tinh
toan ddi v&i CasH31FN504, 472,2360. 'H NMR (600 MHz, DMSO-ds) & 12,05 (br s, 1H),
8,91 (d, J = 8,0 Hz, 1H), 8,52 (d, J = 8,0 Hz, 1H), 7,69 (s, 1H), 7,37 — 7,32 (m, 1H), 6,92
(dd, J = 10,9, 8,4 Hz, 1H), 6,41 (dd, J = 8,5, 2,7 Hz, 1H), 5,00 — 4,93 (m, 1H), 4,52 (ddd,
J=8.5, 8,2, 3,7 Hz, 1H), 3,87 (s, 3H), 3,17 — 3,05 (m, 2H), 2,38 — 2,30 (m, 1H), 2,18 —
2,06 (m, 2H), 1,85 — 1,64 (m, 4H), 0,94 (s, 9H). Thoi gian luu: 8,32 phut (Cac diéu kién
phan tich. Cot: Phenomenex Kinetex XB-C18, 2,1 x 100 mm, 2,6 um; Pha dong A: nudc
chtra 0,1% axit formic; Pha dong B: axetonitril; gradien: 5% B trong 0,5 phut, sau d6 5%
dén 70% B trong 10,5 phut, sau dé 70% dén 95% B trong 2 phut; Téc do chay:
0,4mL/phut).

21 — Téch 14n thir nhét, sé phan doan 183-185; Tach 14n thir hai, s6 phan doan 152-153.
Hiéu suit: 68 pg, 0,14 umol, 0,64%. MS rira gidi cao m/z 472,2344 [M+H]"; dugc tinh
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toan ddi v6i CasH31FNsO4, 472,2360. 'H NMR (600 MHz, DMSO-de) 8 11,72 (br s, 1H),
8,91 (d, J = 8,1 Hz, 1H), 8,59 (d, J = 8,0 Hz, 1H), 7,69 (s, 1H), 7,47 (d, J = 2,2 Hz, 1H),
7,09 — 7,04 (m, 2H), 5,00 — 4,93 (m, 1H), 4,52 (ddd, J= 8.5, 8.5, 3,8 Hz, 1H), 4,06 (br s,
3H), 3,17 — 3,05 (m, 2H), 2,39 — 2,31 (m, 1H), 2,18 — 2,06 (m, 2H), 1,84 — 1,77 (m, 1H),
1,78 (dd, J= 13,9, 9,0 Hz, 1H), 1,74 — 1,64 (m, 2H), 0,94 (s, 9H). Thoi gian luu: 8,34 phit
(Céc diéu kién phan tich giéng diéu kién dugc st dung trong 20).

22 — Téch I4n thi nhét, s6 phan doan 187-188; Tach lan thtt hai, s6 phan doan 154. Hiéu
sult: 5 pg, 0,011 pmol, 0,05%. MS rtra giai cao m/z 472,2354 [M-+H]"; dugc tinh toan dbi
v6i CaaH31FNsOq, 472,2360. 'TH NMR (600 MHz, DMSO-ds) & 11,45 (s, 1H), 8,91 (d, J =
7,9 Hz, 1H), 7,70 (s, 1H), 7,57 (dd, J = 8,2, 3,6 Hz, 1H), 7,15 (dd, J = 8, 8 Hz, 1H), 6,95
(br d, J =83 Hz, 1H), 6,54 (d, J = 7,8 Hz, 1H), 5,00 — 4,94 (m, 1H), 4,56 — 4,49 (m, 1H),
3,88 (s, 3H), 3,18 — 3,07 (m, 2H), 2,40 — 2,32 (m, 1H), 2,17 — 2,09 (m, 2H), 1,84 — 1,77
(m, 1H), 1,76 — 1,65 (m, 3H), 0,95 (s, 9H). Thoi gian lwu: 8,51 phit (Cac diéu kién phan
tich giéng diéu kién dugc st dung trong 20).

23 — T4ch 1An thit nhét, s6 phan doan 190-192; Téach 14n tht hai, s6 phan doan 156-157.
Hiéu suét: 21 pg, 0,043 umol, 0,19%. MS rua giai cao m/z 490,2258 [M+H]"; dugc tinh
toan d6i v6i CasHzoF2NsOa, 490,2266. 'H NMR (600 MHz, DMSO-ds) & 12,24 (s, 1H),
8,95 (d, J = 8,0 Hz, 1H), 8,64 (d, J = 8,0 Hz, 1H), 7,69 (s, 1H), 7,49 — 7,47 (m, 1H), 7,13
(dd, J= 11,1, 11,1 Hz, 1H), 5,00 — 4,93 (m, 1H), 4,54 (ddd, J = 8, 8, 4,1 Hz, 1H), 4,00 (s,
3H), 3,17 — 3,06 (m, 2H), 2,38 — 2,30 (m, 1H), 2,18 — 2,07 (m, 2H), 1,85 — 1,65 (m, 4H),
0,95 (s, 9H). Thoi gian luu: 8,65 phut (Cac diéu kién phén tich giong diéu kién dugc sit
dung trong 20).

Bang 1. Phuong phép téng hop, cu tric, va dit liéu héa 1y d6i véi cac vi du 24 - 74.
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Phuong
phap tong
hop; "H NMR (600 MHz, DMSO-
Nguyén ds) 8; Ph khdi, ion dugc quan
Vidu | liéu ban . sat m/z [M+H]" hodc thdi gian
# dau Ca e luu HPLC; Phé khoi m/z
khong [M+H]* (trir khi ¢6 chi dan
phai loai khéc)
thuong
mai
'"H NMR (400 MHz, metanol-
ds) 6 8,58 (s, 1H), 5,04 (dd, J
f e O\_NH | =99,6,1 Hz, 1H), 4,64 (dd, J
Vi du 10: S \/N H 0 =8,7,4,1 Hz, II.{»), .3,34 —.3,23
24 Cc18 1 : H SN (m, 2H§ dugc gia dinh; bi che
_CH; mot phan badi dinh dung méi),
e 2,61 —2.50 (m, 1H), 2,35 —
2,24 (m, 2H), 1,96 — 1,76 (m,
4H), 1,01 (s, 9H); 460,4
° NH
H ©
O\”N Y
~_CH3
Vidu8 N
25 va 912 or  O\_NH 2,29 phut?; 391,4
C28 )\:)
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OSNH
0
H
TN W
o & H
CHs
H
Vidu 8 C'%s

26 | vaolz or Oj;N)H
C28 H © =

2,69 phat*; 3914

Vida7: | 3¢ % H\)L

27 Krf TN

C28 o : H N
A _CH,

2,18 phut*; 381,4

28

Vidu7; N
0]

C28

2,61 phut*; 421,5

Vi du 7; N
28 cH;o ¢ BT
3

2,31 phut*; 419,4
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30

Vidu7';
C28

1,59 phut?; 442,5°

182/334

31

C29¢

2,06 phut*; 416,5

32

C29¢

2,67 phit?; 435,6
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33

Vi dy 47

OH ON—NH
o)

| H

N N\:/U\N <

H § i H N
N CHs
CHs

11,40 (s, 1H), 9,60 (br s, 1H),
8,90 (d, J=8,1 Hz, 1H), 8,44
(d, J=7,9 Hz, 1H), 7,70 (s,
1H), 7,31 (s, 1H), 6,95 (dd, J
=8,8 Hz, 1H), 6,85 (d, J=
8,2 Hz, 1H), 6,36 (d, J= 17,5
Hz, 1H), 5,02 — 4,93 (m, 1H),
4,50 — 4,41 (m, 1H), 3,17 -
3,07 (m, 2H), 2,41 — 2,31 (m,
1H), 2,19 — 2,08 (m, 2H), 1,80
(ddd, J=13,6,9.4, 6,8 Hz,
1H), 1,76 — 1,65 (m, 3H), 1,57
—1,48 (m, 1H), 0,94 (d, J =
6,3 Hz, 3H), 0,89 (d, /= 6,3
Hz, 3H); MS rira giai cao m/z
426,2139 [M+H]"; dugc tinh
toan d6i véi C2aHasNsOs,

426,2141
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34

Vi dy 47

HO

11,34 (s, 1H), 8,91 (d, J=8,1
Hz, 1H), 8,46 (d, J=7,9 Hz,
1H), 7,69 (s, 1H), 7,29 (s,
1H), 6,95 (d, J = 8,6 Hz, 1H),
6,78 (d, J = 8,6 Hz, 1H), 5,02
— 4,93 (m, 1H), 4,50 — 4,41
(m, 1H), 3,91 (s, 3H), 3,18 —
3,06 (m, 2H, duoc gia dinh; bi
che mét phan béi dinh dung
mdi), 2,39 — 2,31 (m, 1H),
2,20 — 2,07 (m, 2H), 1,84 —
1,65 (m, 4H), 1,58 — 1,49 (m,
1H), 0,94 (d, J = 6,2 Hz, 3H),
0,89 (d, J = 6,2 Hz, 3H); MS
rira giai cao m/z 456,2238
[M-+H]*; duoc tinh toan dbi
v6i Ca3H3oN50s, 456,2247

35

Vi du
113; C18

2,39 phut?; 437,4 (mau dong

phan clo dugc quan sat)
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36

Vidull;
C18

Q0
HaCy Ny

CH; O

Og-NH
o)
H
N
TN Y
i H N

CH;

'H NMR (600 MHz, metanol-
ds) 8 7,45 — 7,40 (m, 2H), 7,34
~7,.27 (m, 3H), 4,98 (dd, J =
10,5, 5,6 Hz, 1H), 4,27 (dd, J
= 8,4, 4,3 Hz, 1H), 3,70 (s,
1H), 3,28 — 3,23 (m, 1H), 3,20
(ddd, J=9,5,9.,3, 7,1 Hz, 1H),
2,57 — 2,49 (m, 1H), 2,27
(ddd, J = 13,8, 10,5, 5,2 Hz,
1H), 2,21 — 2,13 (m, 1H), 2,17
(s, 6H), 1,85 (ddd, J=13.8,
9,7,5,7 Hz, 1H), 1,79 - 1,70
(m, 1H), 1,67 (dd, hop phén
cuahé ABX, J= 14,4, 4,3 Hz,
1H), 1,59 (dd, hop phan cta
hé ABX, J= 14,4, 8,4 Hz,
1H), 0,84 (s, 9H); 442,5
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37

Vidu5
va 6°; Vi

du 10

12,13 (s, 1H), 8,96 (br d, J =
7,6 Hz, 2H), 7,69 (s, 1H), 7,21
(dd, J=8, 8 Hz, 1H), 7,08 (d,

J=38,2 Hz, 1H), 6,68 (d, J =

7,8 Hz, 1H), 5,00 — 4,92 (m,
1H), 4,52 — 4,45 (m, 1H), 3,86

(s, 3H), 3,20 — 3,15 (m, 1H),

3,14 — 3,08 (m, 1H), 2,43 —

2,34 (m, 1H), 2,23 — 2,13 (m,
2H), 1,85 — 1,78 (m, 1H), 1,78

~ 1,68 (m, 2H), 1,59 (dd, J =

14,1, 6,6 Hz, 1H), 0,95 (s,
9H); MS rira giai cao m/z

522,2321 [M+H]*; dugc tinh

toan ddi v6i CasHz1F3N5Oa4,

522,2328; thoi gian lru 7,18

phut!
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11,41 (s, 1H), 8,96 (d, J="7.7

Hz, 1H), 8,79 (d, J = 8,0 Hz,
1H), 7,65 (s, 1H), 7,55 (d, J =
8,2 Hz, 1H), 7,34 (s, 1H), 6,72
(d, J= 8,3 Hz, 1H), 5,01 —
4,94 (m, 1H), 4,62 — 4,55 (m,
1H), 3,97 (s, 3H), 3,17 - 3,11
Vidy5s . (m, 1H), 3,11 — 3,04 (m, 1H),
vae; Vi | rQ N NNy 2,38 - 2,30 (m, 1H), 2,18 —
du 10 2,07 (m, 2H), 1,86 — 1,78 (m,
e 1H), 1,77 — 1,64 (m, 3H), 0,95
(s, 9H); MS rira giai cao m/z
522,2316 [M+H]"; duoc tinh
toan ddi v6i dugce tinh toan
d6i v6i CasHz1F3NsOs,
522,2328; thoi gian luu 7,45
phut!®
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39

Vidus
va 6%; Vi
du 10

9,08 (br s, 1H), 9,03 (d, J=
8,0 Hz, 1H), 7,65 (s, 1H), 7,60
(d, J=8,3 Hz, 1H), 6,84 (d, J
= 8,2 Hz, 1H), 4,98 — 4,91 (m,
1H), 4,53 — 4,47 (m, 1H), 3,95
(s, 3H), 3,20 — 3,14 (m, 1H),

NH | 3,13 3,06 (m, 1H), 2,44 —

2,36 (m, 1H), 2,23 — 2,12 (m,
2H), 1,85 (dd, J=13,9,7.,8
Hz, 1H), 1,80 (ddd, J = 13,6,
9,6, 6,5Hz, 1H), 1,76 — 1,68
(m, 1H), 1,54 (dd, J= 13,9,
5,1 Hz, 1H), 0,95 (s, 9H); MS
rira giai cao m/z 590,2177
[M+H]*; dwoc tinh toan dbi
vGi Co6H30F6N504, 590,2202;
thoi gian luu 7,70 phut'?
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40

Vidub
va 6%; Vi
dul10

0-CHj 0
CF
[ b9
N N\;/U\N
o : H
CH,
CH,
CH,

12,76 (br s, 1H), 9,19 - 9,10
(m, 1H), 9,06 — 9,00 (m, 1H),
7,69 (s, 1H), 7,49 (Vach bdn
AB, Jap = 8,6 Hz, Avas= 48,9
Hz, 2H), 5,01 — 4,93 (m, 1H),
4,54 — 4,47 (m, 1H), 3,85 (s,
3H), 3,21 — 3,15 (m, 1H), 3,15
~3,07 (m, 1H), 2,43 — 2,35
(m, 1H), 2,22 — 2,13 (m, 2H),
1,86 — 1,78 (m, 1H), 1,78 —
1,70 (m, 2H), 1,59 (dd, hop
phan ciia hé ABX, J = 14,1,
6,5 Hz, 1H), 0,96 (s, 9H); MS
rira giai cao m/z 590,2181
[M+H]*; dwoc tinh toan doi
v6i CasHzoF6NsOu, 590,2202;
thoi gian luu 7,79 phat'®
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41

Vidu5
va 6% 1;

Vidy 10

F3C

12,62 (s, 1H), 9,14 (d, J= 7,5
Hz, 1H), 9,03 (d, J=7,8 Hz,
1H), 7,70 (s, 1H), 7,42 (s,
1H), 6,92 (s, 1H), 5,00 — 4,93
(m, 1H), 4,54 — 4,47 (m, 1H),
3,96 (s, 3H), 3,21 — 3,15 (m,
1H), 3,15 — 3,08 (m, 1H), 2,43
—2,35 (m, 1H), 2,22 — 2,13
(m, 2H), 1,86 — 1,79 (m, 1H),
1,78 — 1,69 (m, 2H), 1,59 (dd,
hop phan cia hé ABX, J =
14,0, 6,4 Hz, 1H), 0,96 (s,
9H); MS rtra giai cao m/z
590,2175 [M+H]*; dugc tinh
toan dbi véi CasH30FsNsOa,
590,2202; thoi gian luu 7,84
phut!®
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8,92 (d, J = 8,0 Hz, 1H), 8,45
(d, J=17,9 Hz, 1H), 7,71 (s,
2H), 7,67 (d, J = 7,6 Hz, 1H),
7,64 — 7,60 (m, 1H), 7,58 —
7,52 (m, 1H), 4,99 — 4,87 (m,
1H), 4,24 — 4,17 (m, 1H), 3,92

(@)
F3C\© NH | (s, 1H), 3,20 — 3,10 (m, 1H),
Vidu3 T oH 9 3,09 — 3,00 (m, 1H), 2,36
: 9 — m, 9 Ly -
12 [vaevi | HCNANA NN
eHyo ioH N 2,27 (m, 1H), 2,19 - 2,00 (m,
du 36 CHs
Len, 2H), 2,08 (s, 6H), 1,81 — 1,64
3
(m, 2H), 1,49 (d, J = 6,5 Hz,
2H), 0,74 (s, 9H); MS rira giai
cao m/z 510,2679 [M+H]";
dugc tinh toan ddi véi
Cy5H35F3N503, 510,2692; thoi
gian Iru 5,83 phut!”
8,93 (d, J= 8,1 Hz, 1H), 8,42
(d, J=8,1 Hz, 1H), 7,71 (s,
1H), 7,63 (Vach bén AB, Jag
=76 Hz, Avap = 48,8 Hz,
4H), 4,97 — 4,88 (m, 1H), 4,26
CF, — 4,19 (m, 1H), 3,91 (s, 1H),
ONv-NH | 3,19-3,11 (m, 1H), 3,07 —
Vidus 0 3,00 (m, 1H), 2,35 — 2,26 (
H H > m, 5~ ) m,
43 | va6 Vi | HC AN AL
YNy | 1H), 2,18 - 1,99 (m, 2H), 2,08
du 36 CH;O 2 7,
oH (s, 6H), 1,80 — 1,64 (m, 2H),
Ha

1,56 — 1,44 (m, 2H), 0,77 (s,
9H); MS rtra giai cao m/z
510,2676 [M+H]"; dugc tinh
toan doi voi CasHasFaNsOs,
510,2692; thoi gian luu 5,92
phut!®
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Téng hop Og-NH
44 tﬁ:i,clh e ! ! . HJOLH%\\N) 2,85 phit*; 478,6
du 6; C26 \Cr:sHa
Téng hop ON-NH
, F5C
45 ﬂliz:i? QHL‘ OHJD\HJi\N) 2,95 phit*; 492,6
du 6; C18 Céﬂz
12,48 (s, 1H), 9,13 (d, /= 7,4
Hz, 1H), 8,97 (d, /= 7,7 Hz,
1H), 7,70 (s, 1H), 7,62 (d, J =
8,3 Hz, 1H), 6,86 (d, J=8,3
Hz, 1H), 5,04 — 4,95 (m, 1H),
4,53 — 444 (m, 1H), 3,96 (s,
0-CH, ON-NH | 3H), 3,22 — 3,14 (m, 1H), 3,14
Vidu 5 \ iy o J{Q —3,06 (m, 1H), 2,44 — 2,34
46 | NS
va6'-; 4 3 H § ¢ H N (m, 1H), 2,24 — 2,10 (m, 2H),
\Cﬁi " 1,87 — 1,77 (m, 1H), 1,77

1,61 (m, 2H), 1,61 — 1,50 (m,
2H), 0,98 — 0,89 (m, 6H); MS
rira giai cao m/z 576,2055
[M+H]*; duge tinh ton déi
v6i CasHosFsNsOa, 576,2045;

thoi gian luu 6,70 phat*
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47

Vidys

va6ll; 4

12,61 (s, 1H), 9,23 (d, J=7.6
Hz, 1H), 9,01 (d, J=7,9 Hz,
1H), 7,71 (s, 1H), 7,20 (s,
1H), 5,04 — 4,95 (m, 1H), 4,54
— 4,45 (m, 1H), 4,07 (s, 3H),
3,22 3,14 (m, 1H), 3,14 —
3,06 (m, 1H), 2,43 — 2,34 (m,
1H), 2,23 — 2,11 (m, 2H), 1,82
(ddd, /= 13,5, 9,0, 7,0 Hz,
1H), 1,78 — 1,61 (m, 2H), 1,61
- 1,49 (m, 2H), 0,99 — 0,89
(m, 6H); MS rira giai cao m/z
644,1914 [M+H]"; dugc tinh
todn dbi v6i C26Ha7FoNsOs,
644,1919; thoi gian luu 7,43
phut!*

193/334

48

Vidu5

va6l3; 4

13,21 (s, 1H), 9,28 (d, J=17.5
Hz, 1H), 9,05 (d, J= 7,8 Hz,
1H), 7,86 (s, 1H), 7,72 (s,
1H), 5,04 — 4,96 (m, 1H), 4,54
—4,47 (m, 1H), 3,93 (s, 3H),
3,22 - 3,15 (m, 1H), 3,15 -
3,07 (m, 1H), 2,43 — 2,35 (m,
1H), 2,23 — 2,11 (m, 2H), 1,82

(ddd, J=13,7, 9,0, 6,9 Hz,
1H), 1,78 — 1,63 (m, 2H), 1,61
—1,51 (m, 2H), 0,98 — 0,91
(m, 6H); MS rura gidi cao m/z
644,1901 [M+H]"; dugc tinh
toén d6i v6i CasHarFoNsOa,
644,1919; thoi gian luu 7,51
phut!4
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Téng hop 0-CF3 Oy-NH
theo cach
49 WA N A 2,95 phutt; 4944
khac Vi H § ¢ H N
3_CH,
du 6; C26 CH,
, - 0]
Tong hop ik EN)H
theo cach |
50 NN NN 3,04 phut?; 508,4
khac Vi H g ¢ H °N
1 _CHj,
du6; C18 CH,4
Hs
. 0]
Tong hop FaC J}N)H
theo cach \ Q
51 NSNS N 3,00 phut'; 492,4
khac Vi H : H N
CHs
du6; C18 CH,4
Hj
s 0]
Tong hop NH
theo cach Q ] it 2,84 phit*; 458,4 (mAu don
52 c’ N N\:)LN N b y
khéc Vi H 6 @ (H:H N phan clo dugc quan sét)
3
du6; C18 CHj
Hs
s - (@)
Tong hop O~CHs NH
. O
theo cach |
53 H c; ,EN]WN_JLN < 2,80 phit’; 468,5
khacvi | H i H N P
A _CH,
du 6; C18 CHj,
Hj
Tong hop /O%N)H
, Cl (@] r o4 X Py
theo cach \ 2,89 phut”*; 458,4 (mau don
54 a N p ( g
khac Vi H i H N phan clo duoc quan sat)
CH
du 6; C18 Hs
3
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, @)
Tong hop c! A
- theo cach \ H\)OL 2,90 phut*; 458,4 (mAu dong
N - N \
khéc Vi H 6 i (l-:iH SN phan clo dugc quan sat)
3
du 6; C18 CH;
3
s 0]
Tong hop ¢ NH
i | theocch \ H\)OL 2,89 phutt; 4584 (mAu dong
N - N N
khac Vi H 6 & gH N phan clo dugc quan sat)
3
du6; C18 |—?H3
3
s 0]
Tong hop /%N)H
theo cach | H 9
57 F c; EN]\WN\.)LN S 2,95 phut?; 492,4
3 : A p
khac Vi H o ¢ EH N
3
du 6; C18 HCHa
3
Téng hop © Oy ,
cl 3,16 phut*; 492,3 (dang chat
theo cach 1 59 X
58 N N\:)J\N N dong phéan diclo dugc quan
khéc Vi "o iR N 0
3 s&
du6; C18 |_?3H3
s O
Tong hop CFs3 EN)H
theo cach 1 H g
59 éN]YN:JLN < 2,99 phiit'; 492,4
khac Vi H § @ (H: ! N
3
du6; C18 *_?H3
3
A F.C (0]
Tong hop 3 NH
theo cach H @
60 QN]\‘ rN\_)LN < 2,91 phit*; 478.4
khac Vi H ¢ & H °N
~_CH
du 6; C26 Dok
uo; CH,
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. O
Tong hop NH
theo cach el \ H\/lOLN . 2,74 phut*; 444,4 (mAu déng
khac Vi H 8§ i H °N phéan clo duoc quan sat)
_ \rCH3
du 6; C26 S,
Tdng hop 0-CHs ON-NH
theo cach H Q
’ C; /ZN]\(\ N A A 2,70 phit*; 454,4
khac Vi 3 H § & H N
3 _CH,
du 6; C26 \{H3
Tong hop OS-NH
theo cach | © H O 2,80 phut*; 4444 (mau don
N | N Ay N o ( y
khac Vi H § ¢ H N phén clo dugc quan sat)
~_CHj3
du 6; C26 CH,
, @)
Téng hop cl NH
theo cach QJYH\)OLN . 2,81 phut?; 444,4 (mau dong
khac Vi H & i H °N phén clo dugc quan sat)
2 _CH,
du 6; C26 EH,
. 0]
Tong hop cl Y-NH
theo cach s 0 2,80 phut?; 444,4 (mAu dong
khac Vi HOTT R N phén clo duoc quan sét)
X _CH,
du 6; C26 H,
Téng hop Oy-NH
theo c4ch H O :
- C; ZN]\(\ NN AN 2,86 phut*; 478 4
khaovi | B¢ W T T R SN
~_CHj
du 6; C26 19
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Téng hop Cl ONy-NH ]
o 3,08 phut*; 478,3 (dang chat
theo cach 119 5
67 N N\,)J\N S dong phéan diclo dugc quan
khac Vi H 0 & H N ,
. '\[,CH3 sat)
du 6; C26 CH,
) O
Tong hop CFs NH
theo cach \ H 0
68 NE LRGN 2,91 phat*; 478.4
khéc Vi H § i " °N
du 6; C26 Sy o
Y CH,
9,00 (d, J=7,9 Hz, 1H), 8,83
(d, J=7,9 Hz, 1H), 8,01 (s,
1H), 7,72 (s, 1H), 5,01 — 4,93
(m, 1H), 4,44 (ddd, /=8, 8,
4,4 Hz, 1H), 3,20 — 3,14 (m,
Oy | 1H), 3,14 -3,08 (m, 1H), 2,66
N
\ (s, 3H), 2,42 — 2,34 (m, 1H),
Vidu5 /EN%S !
69 FsC Y N 2,20 — 2,08 (m, 2H), 1,81
va 63,7 H o : H N
ggs (ddd, J=13,5,9.4, 6,7 Hz,
3
CHy 1H), 1,77 — 1,64 (m, 3H), 0,95
(s, 9H); MS rua giai cao m/z
513,1873 [M+H]"; dugc tinh
toan d6i v6i C22HasF3N60sS,
513,1896; thoi gian luu 6,88
phut!°
. O
Tonghop | Fyc N
. =N O
theo cach g H
70 AN AN 2,87 phit*; 474,5
khac Vi H o : H N
CH,
du 6; C18 CHs
Hj
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. O
Tong hop FSC>\ NH
theo cach N’ S Q
71 o %\TN%N Sy 2,70 phut*; 474,5
khac Vi H,C O & gH
3
du 6; C18 HCHs
3
, o)
Tonghop | G o NH
- theo cach N H Vﬁi 2,41 phit*; 481,5 (mAu dong
N ;
khac Vi o ¢ lNl SN vi brom dugc quan sat)
HsC _CH,
du 6; C26 1,
3
. O
Téng h(_)’p H5C cl NH
= theo cach N H\/l?\ 2,30 phut?; 423,5 (mAu dong
N ;
khac Vi HC O (H:H SN phén clo dugc quan sat)
dy 6; C26 o
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12,20 (s, 1H), 8,99 (d, J="17.9
Hz, 1H), 8,97 (d, J= 7,4 Hz,
1H), 7,70 (s, 1H), 7,24 (dd, J
=8, 8 Hz, 1H), 7,12 (d, mdt
nira vach bon AB, J = 8,2 Hz,
1H), 6,69 (d, J = 7,8 Hz, 1H),
5,01 —4,93 (m, 1H), 4,47 —
4,41 (m, 1H), 3,89 (s, 3H),

"% o Ou NH | 3.18—3,08 (m, 2H), 2,57 (s,
CH,
o 3H), 2,40 — 2,32 (m, 1H), 2,19
74 416 Q:Q(H\)LNE) ) (m )
N TNTSN | 22,09 (m, 2H), 1,81 (ddd, J =
0 M
L. 13,5,9.3, 6,8 Hz, 1H), 1,75 —

1,63 (m, 2H), 1,59 (dd, J =
7,5, 6,8 Hz, 2H), 0,95 (d, J =
6,5 Hz, 3H), 0,91 (d, J=6,5
Hz, 3H); MS rira gidi cao m/z
482,2391 [M+H]"; dugc tinh

toan d6i véi CosHaaNsOs,
482,2403; thoi gian luu 8,38

phut!?

1. Trong trudong hop nay, C28 dugce khir bao vé st dung axit metanesulfonic, chir khong
phai 14 hydro clorua.

2. Epime trong Vi du 25 va Vi du 26 dugc tich bang sic ky l1ong siéu dén han (Cot: Chiral
Technologies Chiralpak IB, 21 x 250 mm, 5 pm; Pha dong: 9:1 cacbon dioxit / metanol,
Ap suét nguoc: 120 bar, Téc do chay: 75mL/phut). Chit dong phan khong d6i quang ria
giai 1an thu nhat duge chi ra nhu & Vi du 25, va chit dong phan khong d6i quang rira giai
thtr hai nhu ¢ Vi du 26.

3. Céc diéu kién ddi v6i HPLC phan tich. Cot: Chiral Technologies Chiralpak IB, 4,6 x
100 mm, 5 pm; Pha dong: 85:15 cacbon dioxit / metanol; Ap suét ngugc: 120 bar; Téc do
chay: 1,5mL/phut.
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4. Céc diéu kién dbi véi HPLC phan tich. Cot: Waters Atlantis dC18, 4,6 x 50 mm, 5 pm;
Pha dong A: nu6c chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha dong B: axetonitril
chtta 0,05% axit trifloaxetic (thé tich/thé tich); gradien: 5,0% dén 95% B, tuyén tinh trong
4,0 phut, sau d6 95% B trong 1,0 phut; Tbc do chay: 2mL/phut.

5. TH NMR ctia Vi du 30 trude khi tinh ché 1an cubi: 'H NMR (400 MHz, metanol-ds) &
7,48 — 7,42 (m, 2H), 7,36 — 7,26 (m, 3H), 4,90 (dd, J = 10,5, 5,7 Hz, 1H), 4,37 (dd, J =
7,7, 4,9 Hz, 1H), 3,69 (s, 1H), 3,25 (ddd, /=9.9, 8,9, 2,5 Hz, 1H), 3,18 (ddd, J=9,6, 9,0,
7,1 Hz, 1H), 2,40 — 2,29 (m, 1H), 2,20 (s, 6H), 2,2 — 2,10 (m, 1H), 2,09 — 1,99 (m, 1H),
1,80 — 1,61 (m, 2H), 1,73 (dd, J = 14,5, 5,0 Hz, 1H), 1,61 (dd, J = 14,4, 7,8 Hz, 1H), 0,95
(s, 9H).

6. Amit lién hgp véi axit carboxylic thich hop dugc thuc hién st dung 2,4,6-tripropyl-
1,3,5,2,4,6-trioxatriphosphinan 2.4,6-trioxit trioxit.

7. Vi du 4 (25 uM) duge G v6i sc t6 té bao P450 3A5 ciia nguoi (4 nmol) trong dung dich
dém kali phosphat (100 mM, d6 pH = 7,4; 40mL) chita magie clorua (3,3 mM), va NADPH
(1,3 mM). Qua trinh G dugc thyc hién trong 0,75 gio trong bé nudc lac dugc duy tri &
37°C. Qua4 trinh U dugc két thuc bang cach bd sung thé tich bing nhau cla axetonitril,
trong khi d6 hdn hop dwoc quay trong may ly tdm ¢ 1700 x g trong 5 phut, va dich ndi trén
bé mat dugc ly tAm chan khong trong x4p xi 1,5 gio. Hon hop nay duoc bd sung axit formic
(0,5mL), axetonitril (0,5mL), va nudc téi thé tich cudi 1a 50mL, va hdn hop thu dugce duge
quay trong may ly tdm ¢ 40000 x g trong 30 phut. Dich nbi trén bé mit dugc tién hanh
HPLC pha dao (Cot: Polaris C18, 4,6 x 250 mm; 5 pm; Pha dong A: nuéc chira 0,1% axit
formic; Pha dong B: metanol; gradien: 15% B trong 5 phut, sau d6 15% dén 35% B trong
75 phut, sau d6 35% dén 95% B trong 10 phut; Téc do chay: 0,8mL/phut). Cac phan doan
dugc thu gom cach nhau 20 gidy. Nguyén liéu rira giai thit nhat, hop chat khong tinh khiét
cua Vi du 33, duoc rira gidi & 54,7 phut, va Vi du 34 duoc rua gidi ¢ 55,3 phut. Hop chat
khong tinh khiét ctia Vi du 33 duogc tinh ché st dung HPLC pha ddo (Cot: Phenomenex
Kinetex XB-C18, 2,1 x 100 mm, 2,6 um; Pha dong A: nudc chua 0,5% axit axetic; Pha
dong B: 9:1 axefonitril / metanol; gradien: 10% B trong 0,5 phut, sau d6 10% dén 35%
trong 26,5 phut, sau d6 35% dén 60% B trong hon 3 phut; Téc d6 chay 0,5mL/phit); céc
phén doan dugc thu gom cach nhau 15 gidy. Trong hé théng nay, hop chat Vi du 33 c6
thoi gian luu 13 12,7 phut; hop chét bd sung ctia Vi du 34 duge rira giai ¢ 13,5 phit.
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8. Axit 4-clo-1,3-dimetyl-1H-pyrazol-5-carboxylic cin thiét c6 thé dugc diéu ché bang
cach thity phan etyl este dang c6 trén thi truong.

9. Hon hop phan tmg dugc pha lodng bang axetonitril va 1% nudc axit formic, t6i thé tich
x4p xi 2mL; ché pham dung mai cubi 1a ché pham sao cho hén hop xuat hién trong subt,
v6i ham luong axetonitril xAp xi 20% dén 30%. Céc hop phan ctia hdn hgp nay dugc tich
biang HPLC pha d3o (Cot: Phenomenex Luna C18, 10 x 250 mm, 10 pm; Pha dong A:
nudc chira 0,1% axit formic; Pha dong B: axetonitril; gradien: 15% B trong 5 phut, sau dé
15% dén 70% B trong 70 phit, sau d6 70% dén 95% B trong 15 phut; Toc do chay:
2mL/phut); cac phan doan dugc thu gom cach nhau 20 gidy. Hop chét cta Vi du 37, 38,

39, 40, va 41 dugc rura giai ¢ cac thoi gian luu dugce dua ra dudi day.

Thoi gian luu
Vidu
(phut)
37 64,9
38 68,4
39 72,1
40 73,5
41 74,2

10. Céc diéu kién ddi voi HPLC phén tich. Cot: Phenomenex Kinetex XB-C18, 2,1 x 100
mm, 2,6 um; Pha dong A: nudc chia 0,1% axit formic; Pha dong B: axetonitril; gradien:
5% B trong 0,5 phut, sau d6 5% dén 70% B trong 10,5 phit, sau d6 70% dén 95% B trong
2 phut; Téc do chay: 0,4mL/pht.

11. Hoéa 1ap thé ctia hop chat Vi du 41 khong duge x4c dinh nghiém ngét; cac chu tric c6
thé co khac dbi voi vi du nay 1a N-[(29)-1-({(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl}amino)-4,4-dimetyl-1-oxopentan-2-yl]-4-metoxy-5,6-bis(triflometyl)-1/-indol-2-
carboxamit va N-[(QS)-l-({(15)-1-xyano-2-[(3S)-2-ox0pyrolidin-3-yl]etyl}amino)-4,4-
dimetyl-1-oxopentan-2-yl]-4-metoxy-6,7-bis(triflometyl)-1/-indol-2-carboxamit.

12. Hdn hop phan tmg dugce tinh ché sir dung céc diéu kién duge md té trong ghi chu cudi
trang 9. Hop chét ctia Vi du 42 dugce rira giai & 58,1 phut va hgp chét ctia Vi du 43 duoc
rua giai ¢ 59,2 phut.

13. Hdn hop phan tng dugc pha lodng bang hdn hop chta axetonitril (0,3mL) va 1% nudce
axit formic (0,7mL). Hon hgp thu duoc duge ly tdm, va dich ndi trén bé mat dugc tién
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hanh HPLC pha dao (Cét: Phenomenex Luna C18, 10 x 250 mm, 10 pm; Pha dong A:
nude chira 0,1% axit formic; Pha dong B: axetonitril; gradien: 2% dén 10% B trong 5,0
phit, sau d6 10% dén 95% B trong 95 phiit; Téc do chay: 2mL/phit); cac phan doan dugc
thu gom cach nhau 20 gidy. Hop chét ctia Vi du 46, 47, va 48 dugc rira giai ¢ cac thoi gian
luu dugce dua ra dudi day. Hop chét cua Vi du 5 cling duoc tach ra tir phan Umg ndy, trong

cac phan doan 189-190.

Vidu S6 phan doan
46 207
47 225-226
48 231-232

14. Cac diéu kién d6i voi HPLC phan tich. Cot: Phenomenex Kinetex C18, 2,1 x 50 mm,
1,7 pm; Pha dong A: nuGe chira 0,1% axit formic; Pha dong B: axetonitril chira 0,1% axit
formic; gradien: 5% B trong 0,5 phut, sau d6 5% dén 50% B trong 6,0 phut, sau d6 50%
dén 80% B trong 1,5 phut, sau d6 80% dén 95% B trong 1,0 phut; Toc dd chay:
0,4mL/phut.

15. Chi ¢6 san pham da duoc chi dinh duge quan sét tir phan tmg nay.

16. Dung dich gdc ctia hop chat Vi du 4 (5,56 mg, 12,7 umol) va axit trifloaxetic (4 pL,
50 pL) trong dimetyl sulfoxit (420 pL) duogc diéu ché. Mot phan sau dung dich nay duge
xur ly bang natri 1,1-difloetansulfinat 1,3 mg, 8,5 pmol), tiép d6 1a zert-butyl hydroperoxit
(70% trong nudce; 1,4 pul, 10 pmol), va dugc gia nhiét & 50°C qua dém. Hon hop phan g
duoc pha lodng bang axetonitril va 1% nudc axit formic, dén thé tich Xap xi 2-3mL; ché
phdm dung méi cudi 1a ché phdm sao cho hdn hop xuét hién trong sudt, v&i xap xi 20%
dén 30% ham luong axetonitril. Cac hop phan ctia hdn hop nay dugce tich bang HPLC pha
dao (Cot: Phenomenex Luna C18, 10 x 250 mm, 10 um; Pha dong A: nuéc chira 0,1% axit
formic; Pha dong B: axetonitril; gradien: 15% B trong 5 phut, sau d6 15% dén40% B trong
70 phut, sau d6 40% dén 95% B trong 15 phit; Téc @ chiy: 2mL/phut); cac phan doan
duoc thu gom cach nhau 20 gidy. Hop chét ctia Vi du 74 duge rira giai ¢ 68,6 pht.
Vidu75va76

(2S,4R)-4-tert-Butyl-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl } -1- { N-
[(triflometyl)sulfonyl]-L-valyl} piperidin-2-carboxamit va (2R,4S)-4-tert-Butyl-N-{(15)-
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1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-1-{ N-[(triflometyl)sulfonyl]-L-
valyl}piperidin-2-carboxamit [75 (DIAST-1) va 76 (DIAST-2)

O o 9 o o
NH S\\ //S\ R CF3 CF
5 CH3 0 0 CF3 HNS, CF3COOH 3
?;H CHS “ O CH3 %r
30 CH, NEt, CH3 CH3 &
* HCI
ca4 c45
Q‘ /CF3
HN"
H3C W OH
o) o)
H H H
N_ L N_ J_cH CH3 O
““~OH Yolo o c45
—_— o =
(+/-) e HCI MeOH (+/-) HCI HATU
3C7 [ CHy HsC T CH, N-CHa
3
0
C46 \)
O“s CF, Q...CF,
HN" Po) HN’b
H3C N o) H3C W O
100 109
CH L CH LiOH
ENJ oCHs + 3 N oCHs  ——>
H,C T CH, HaC [ CH,
CH, c47 CH3
ON-NH
0 0 O, _cH
Y /CFS A\ ,CF3 ® ,\S’ 3
HN" D HN’ o) HN NH, HO \b
HC SO HaC SO 2
3 W 3 W O
WCH <”)\ ?ZH 0 c16
3 K 3
NoSon  * N oH >
HATU
: .CHs
HsC TCH;, HsC” | CH; N
CH,4 cas CH, o/
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C49
% ,CF3 O\‘S,CF3
HN" NH HN"Sy ON-NH
HiCo, 0 HyC w0
s e
3 \
N H N
H3C T CH,4 H,C”|CH,4
CH,4 CHj3

75 (DIAST-1) va 76 (DIAST-2)
Budc 1. Téng hop tert-butyl N-[(triflometyl)sulfonyl]-L-valinat (C44).

Dung dich chira triflometansulfonic anhydrit (8,88mL, 52,8mmol) trong diclometan
(10mL) duge bd sung vao dung dich —78°C chira fert-butyl L-valinat, mudi hydroclorua
(10,0 g, 47,7mmol) va trietylamin (18,7mL, 134mmol) trong diclometan (90mL). Hon hop
phan tmg duge khudy & —78°C trong 2 gid, trong khi d6 né duge rét vao nude va duge axit
hoéa téi do pH xAp xi 4 bang cach bd sung axit clohydric 1M. Hon hop thu dugc dugc chiét
bang diclometan, va 16p hiru co duoc rira bing dung dich nuéc natri bicacbonat va bang
dung dich nudc natri clorua bdo hoa, dugc 1am kho trén natri sulfat, dugc loc, va dugc co
trong chan khong. Phan ling can duogc két hop véi cac san pham cua hai phan tng twong
tu dugc thuc hién st dung tert-butyl L-valinat, mubi hydroclorua (1,00 g, 4,77mmol; 1,00
g, 4,77mmol) va dugc tinh ché bang sic ky trén silicagel (Gradien: 0% dén 20% etyl axetat
trong ete dau mo), thu dugc C44 & dang chat rin mau tring. Hiéu suét gop: 14,0 g,
45,9mmol, 80%. 'H NMR (400 MHz, DMSO-ds) 6 9,92 (d, J = 8,8 Hz, 1H), 3,68 (dd, J =
8,8, 6,2 Hz, 1H), 2,16 — 2,02 (m, 1H), 1,43 (s, 9H), 0,92 (d, J = 6,9 Hz, 3H), 0,90 (d, J =
6,9 Hz, 3H).

Budc 2. Téng hop N-[(triflometyl)sulfonyl]-L-valin (C45).
Dung dich chtta C44 (14,0 g, 45,9mmol) trong diclometan (85mL) dugc bd sung

axit trifloaxetic (85mL). HOn hop phéan tng duoc khudy & nhiét d trong phong trong 3
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gi0, trong khi dé né dugc c6 trong chan khong; phén ling can duoc rira bang dau mo ete
dé tao ra C45 & dang chit ran mau tring. Hiéu suat: 10,9 g, 43,7mmol, 95%. MS m/z 248,0
[M—H]". 'H NMR (400 MHz, DMSO-ds) & 9,86 (br d, J = 8,3 Hz, 1H), 3,79 — 3,71 (m,
1H), 2,19 — 2,05 (m, 1H), 0,93 (d, J = 6,8 Hz, 3H), 0,90 (d, /= 6,8 Hz, 3H).

Budc 3. Téng hop metyl cis-4-tert-butylpiperidin-2-carboxylat, mudi hydroclorua (C46).

Dung dich 0°C gdm axit cis-4-tert-butylpiperidin-2-carboxylic, mudi hydroclorua
(Xem R. T. Shuman et al., J. Org. Chem. 1990, 55, 738-741; 4,00 g, 18,0mmol) trong
metanol (40mL) duoc bd sung thionyl clorua (6,44 g, 54,1mmol). Sau khi hon hgp phan
g duoc khudy & 25°C trong 16 gid, n6 dugc ¢o trong chan khong dé cho C46 & dang
chat ran nhd mau trang (4,50 g). Mot phan nguyén liéu ndy dugc st dung trong budc tiép
theo. LCMS m/z 200,0 [M+H]*. '"H NMR (400 MHz, DMSO-ds) & 9,46 (br s, 1H), 9,09
(brs, 1H), 4,11 — 3,96 (m, 1H), 3,76 (s, 3H), 3,4 — 3,21 (m, 1H, dugc gia dinh; bi che phan
16n béi dinh nude), 2,93 — 2,77 (m, 1H), 2,07 (br d, J = 10,8 Hz, 1H), 1,75 (br d, /= 10,6
Hz, 1H), 1,51 — 1,32 (m, 3H), 0,84 (s, 9H).

Buéc 4. Tdéng hop metyl (25,4R)-4-tert-butyl-1-{N-[(triflometyl)sulfonyl]-L-
valyl} piperidin-2-carboxylat va metyl (2R,4S)-4-tert-butyl-1-{N-[(triflometyl) sulfonyl]-
L-valyl} piperidin-2-carboxylat (C47).

Hon hop 25°C chita C45 (300 mg, 1,20mmol) va C46 (tir bude trén day; 341 mg,
<1,36mmol) trong N,N-dimetylformamit (3mL) dugc bd sung 4-metylmorpholin (365 mg,
3,61lmmol). Hdn hop thu dugc dugc 1am lanh dén 0°C va dugc xir ly bang O-(7-
azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU; 549 mg,
1,44mmol). Sau d6 hon hop phan g duge phun véi nito trong 1 phut, n6 duge khudy &
25°C trong 12 gid. Phan tich LCMS ¢ diém nay chi ra suw ¢6 mit cia C47: LCMS m/z
431,1 [M+H]". Hdn hop phéan Gng dugc phan bd giira etyl axetat (20mL) va nudce (20mL),
va 16p nude duoce chiét bing etyl axetat (20mL). Lép hitu co gom lai dugc rira bang dung
dich nudc natri clorua bdo hoa (4 x 20mL), dugc lam kho trén natri sulfat, duogc loc, va
duoc cb trong chan khong. Sic ky silicagel (Gradien: 0% dén 20% etyl axetat trong ete
dau mo) tao ra C47 & dang gdm mau vang. Phan tich 'TH NMR d3 khang dinh rang n6 bao
gdm hén hop chtra cac chit dong phan khéng dbi quang. Hiéu suat: 320 mg, 0,743mmol,
62%. "H NMR (400 MHz, cloroform-d) 6 6,12 — 5,94 (m, 1H), [4,51 (dd, J= 11,7, 6,3 Hz)
va 4,32 — 4,18 (m), téng 2H], [3,73 (s) va 3,71 (s), tong 3H], [3,63 — 3,49 (m) va 3,48 —
3,39 (m), téng 2H], 2,18 — 1,93 (m, 2H), 1,91 — 1,77 (m, 1H), 1,63 — 1,37 (m, 2H), 1,37 -
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1,22 (m, 1H), 1,13 ~ 1,04 (m, 3H), [0,94 (d, J = 6,8 Hz) va 0,91 (d, J = 6,8 Hz), tong 3H],
0,87 (s, 9H).

Bu6c 5. Toéng hop axit (2S,4R)-4-tert-butyl-1-{N-[(triflometyl)sulfonyl]-L-
valyl} piperidin-2-carboxylic va axit (2R,4S)-4-tert-butyl-1-{N-[(triflometyl)sulfonyl]-L-
valyl}piperidin-2-carboxylic (C48).

Dung dich chita C47 (314 mg, 0,729mmol) trong hdn hop chita metanol (2mL) va
tetrahydrofuran (2mL) duoc xtr 1y bang dung dich chira lithi hydroxit monohydrat (91,8
mg, 2,19mmol) trong nuée (1,4mL), va hdn hop phan ting dugc khudy ¢ 25°C trong 3 gid.
Sau d6 loai dung moi trong chan khong, phan can ling dugc pha loing bang nuée (10mL)
va duge axit hoa t6i do pH x4p xi 1 bing cach bd sung axit clohydric 1M. Hén hop thu
dugc duge chiét bang etyl axetat (2 x 20mL), va 16p hitu co gom lai dugc rira bang dung
dich nudc natri clorua bdo hoa (15mL), dugc lam kho trén natri sulfat, duoc loc, va duoc
¢d trong chan khong, thu duoc C48 & dang thiy tinh mau vang. Phén tich '"H NMR da
khing dinh ring n6 bao gdm hdn hgp chira cac chit dong phan khong déi quang. Hiéu
suit: 304 mg, dinh lugng. "H NMR (400 MHz, DMSO-ds) & [9,82 (d, J = 8,7 Hz) va 9,69
(br d, J = 8,8 Hz), tong 1H], [4,28 (dd, J= 11,5, 6,4 Hz), 4,24 — 4,14 (m), va 4,05 — 3,96
(m), tdng 2H], [3,80 — 3,69 (m) va 3,6 — 3,2 (m, dugc gia dinh; vé co ban 12 bi che béi dinh
nuéc), tong 2H], 2,06 — 1,90 (m, 2H), 1,80 — 1,65 (m, 1H), 1,41 — 1,17 (m, 3H), [0,96 (d,
J=6,8Hz) va 0,93 (d,J= 6,5 Hz), tdng 3H], [0,89 (d, /= 6,9 Hz) va 0,86 — 0,80 (m), tong
12H].

Buéc 6. Téng hop (25,4R)-N-{(2S)-1-amino-1-0x0-3-[(3S)-2-oxopyrolidin-3-yl]propan-2-
yl}-4-tert-butyl-1-{ N-[(triflometyl)sulfonyl]-L-valyl} piperidin-2-carboxamit va (2R,45)-
N-{(2S)-1-amino-1-0x0-3-[(35)-2-oxopyrolidin-3-yl|propan-2-yl} -4-tert-butyl-1-{ N-
[(triflometyl)sulfonyl]-L-valyl} piperidin-2-carboxamit (C49).

Hon hop 25°C chira C16 (120 mg, 0,449mmol) va C48 (144 mg, 0,346mmol) trong
N,N-dimetylformamit (3mL) dugc bd sung 4-metylmorpholin (100 mg, 0,989mmol), trong
khi d6 hdn hop dugc 1am lanh dén 0°C va duge xir Iy bing O-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetrametyluroni hexaflophosphat (HATU; 151 mg, 0,397mmol). Hon hgp phan
g dugce phun véi nito trong 1 phit va sau d6 khudy & 25°C trong 12 gid. Phan tich LCMS
chi ra su ¢6 mat cia C49: LCMS m/z 570,3 [M+H]". Hon hop phan tmg sau d6 dugc phan
bb gitta etyl axetat (20mL) va nuée (20mL), va 16p nude duge bio hoa véi natri clorua ran

va duoc chiét bang etyl axetat (5 x 20mL). Lép hitu co gom lai duge lam khd trén natri
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sulfat, dugc loc, dugce cb trong chan khong, va dugc tién hanh sic ky silicagel (Gradien:
0% dén 15% metanol trong diclometan), tao ra C49 & dang chét rén mau tring. Nguyén
liéu nay chira hdn hop chira cac chit dong phan khong d6i quang, bang cach phan tich 'H
NMR. Hiéu suét: 190 mg, 0,334mmol, 96%. "H NMR (400 MHz, DMSO-d), cac dinh déc
trung, cac tip hop nay chira khoang: & [9,88 (d, J= 8,6 Hz) va 9,82 — 9,68 (m), tong 1H],
(8,12 (d, J = 8,8 Hz) va 8,09 — 7,98 (m), tbng 1H], [7,63 (s) va 7,57 (s), tong 1H], [7,30 (br
s) va 7,18 (br s), tdng 1H], [7,06 (br s) va 7,03 (br s), tong 1H], [4,36 (dd, J= 12,0, 6,1 Hz)
va 4,32 — 4,08 (m), tong 2H], 2,26 — 2,05 (m, 2H), 1,81 — 1,54 (m, 2H), 1,53 — 1,30 (m,
2H), 0,98 — 0,87 (m, 6H), 0,86 — 0,76 (m, 9H).

Bugc 7. Tong hop (2S,4R)-4-tert-butyl-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-1- {N-[(triflometyl)sulfonyl]-L-valyl} piperidin-2-carboxamit va (2R,45)-4-tert-
butyl-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl } - 1- {N-[(triflometyl)sulfonyl]-L-
valyl} piperidin-2-carboxamit [75 (DIAST-1) va 76 (DIAST-2)].

Hén hop <chia C49 (190,0 mg, 0,334mmol) va metyl N-
(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan g Burgess; 238 mg, 1,00mmol)
trong diclometan (10mL) dugc khudy & 25°C trong 2 ngdy, trong khi d6 hdn hop phan ing
duge pha lodng bang nuée (20mL) va duge chiét bang diclometan (2 x 20mL). L6p hitu
co gom lai dugc rira bang dung dich nuéc natri clorua bdo hoa (10mL), duge lam kho trén
natri sulfat, duge loc, va duge cd trong chan khong. Séc ky trén silicagel (Gradien: 0% dén
8% metanol trong diclometan) tao ra chét rin mau tring, ma bang cach phéan tich LCMS
chira hdn hop tho 3:1 chira cac san pham: LCMS m/z 552,2 [M+H]" va LCMS m/z 552,2
[M+H]*. Cac chit ddng phan khong dbi quang nay dugc tach bing séc ky long siéu dén
han [C6t: Chiral Technologies Chiralpak IG, 30 x 250 mm, 10 um; Pha dong: 3:1 cacbon
dioxit / (etanol chita 0,1% amoni hydroxit); Téc do chay: 70mL/phut]. Chat dong phan
khong dbi quang rira giai 1an thit nhat, duge phan 14p & dang chét rdn mau trang, dugc chi
ra 12 75, va chit ddong phan khong d6i quang ria gidi tht hai, cling ¢ dang chét rin mau
tring, duoc chi ra 12 76 [(2S,4R)-4-tert-butyl-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-
ylletyl}-1-{ N-[(triflometyl)sulfonyl]-L-valyl} piperidin-2-carboxamit va (2R,4S)-4-tert-
butyl-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} - 1- { N-[(triflometyl)sulfonyl]-L-
valyl}piperidin-2-carboxamit].

75 — Hiéu suit: 26,2 mg, 47,5 pmol, 14%. 'H NMR (400 MHz, DMSO-ds) 6 9,87
(d, J= 8,8 Hz, 1H), 8,87 (d, J = 8,4 Hz, 1H), 7,70 (s, 1H), 4,99 — 4,91 (m, 1H), 4,24 (dd, J
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=12,3, 6,0 Hz, 1H), 4,18 (dd, J = 8,3, 8,3 Hz, 1H), 3,88 — 3,78 (m, 1H), 3,19 - 3,00 (m,
2H), 2,46 — 2,35 (m, 1H), 2,17 - 2,02 (m, 2H), 1,99 — 1,85 (m, 2H), 1,79 — 1,62 (m, 3H),
1,50 — 1,36 (m, 2H), 1,26 — 1,12 (m, 2H), 0,97 — 0,87 (m, 6H), 0,84 (s, 9H). Thoi gian luu:
1,30 phut (Céc didu kién phan tich. Cot: Chiral Technologies Chiralpak IG-3, 4,6 x 50 mm,

3 pm; Pha dong A: cacbon dioxit; Pha dong B: etanol chira 0,05% dietylamin; gradien: 5%

dén 40% B trong 2 phut, sau d6 40% B trong 1,2 phut; Tbc d6 chay: 4mL/phut; Ap suét

nguoc: 1500 psi).

76 — Hiéu suit: 8,8 mg, 16 pmol, 5%. LCMS m/z 552,3 [M+H]". Bing c4ch phén
tich 'TH NMR, miu 76 nay chira cac tap chat. 'H NMR (400 MHz, DMSO-ds), cac dinh

dic trung, cac tap hop nay chira khoang: 8 9,76 (d, J = 8,8 Hz, 1H), 8,59 (d, /= 8,1 Hz,
1H), 7,72 (s, 1H), 5,02 — 4,90 (m, 1H), 0,94 — 0,86 (m, 6H), 0,82 (s, 9H). Thoi gian luu:

1,61 phut (Céc diéu kién phan tich gidng diéu kién duoc sir dung trong 75).

Vidu77

3-metyl-N-(trifloaxetyl)-L-valyl-(4R)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]

etyl}-4-(triflometyl)-L-prolinamit (77)
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Bugc 1. Toéng hop (4R)-1-(tert-butoxycarbonyl)-4-(triflometyl)-L-prolyl-3-[(35)-2-
oxopyrolidin-3-yl]-L-alaninamit (C50).

Hén hgp —30°C chita (4R)-1-(fert-butoxycarbonyl)-4-(triflometyl)-L-prolin (429
mg, 1,5Immol) va C16, mudi HCI (346 mg, 1,67mmol) trong N,N-dimetylformamit
(7,8mL) dugc bbd sung N,N-diisopropyletylamin (0,791mL, 4,54mmol), tiép d6 1a O-(7-
azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU; 633 mg,
1,66mmol). Hdn hop phan tmg duge 1am dm 1én dén 0°C trong 1 gid, trong khi d6 né dugc
pha lodng bang dung dich nuéc natri bicacbonat (30mL) va dugc chiét bang hon hop chira
2-butanol va diclometan (9:1, 3 x 7mL). Céc 16p hitu co gom lai dugc co trong chan khong
va duogc tinh ché bing sic ky silicagel (Gradien: 0% dén 100% metanol trong diclometan),
thu duoc C50 & dang bot mau tring nho. Bing cach phan tich 'H NMR, nguyén liéu nay
tdn tai & dang hdn hop chira cac chit ddng phan quay, va chira cac tap chét c6 ngudn gdc
tir cac chat phan ung dugc st dung; mot phan cia méu nay duoc tién hanh & budc tiép
theo. Hiéu suét: 613 mg, 1,40mmol, 93%. LCMS m/z 459,3 [M+Na"]. "HNMR (400 MHz,
DMSO-db), chi c6 cac dinh cua san pham dic trung: § 8,33 — 8,18 (m, 1H), [7,65 (br s) va
7,59 (br s), tong 1H], [7,39 (br s) va 7,27 br (s), téng 1H], 7,05 (br s, 1H), 4,38 — 4,28 (m,
1H), 4,28 — 4,17 (m, 1H), 3,46 — 3,36 (m, 1H), 2,02 — 1,89 (m, 1H), 1,80 — 1,45 (m, 2H),
[1,39 (s) va 1,32 (s), tong 9H].

Bugec 2. Téng hop N-(tert-butoxycarbonyl)-3-metyl-L-valyl-(4R)-4-(triflometyl)-L-
prolyl-3-[(3S)-2-oxopyrolidin-3-yl]-L-alaninamit (C51).

Hon hop chita C50 (242 mg, 0,554mmol) va dung dich chira hydro clorua trong
1,4-dioxan (4 M; 2mL, 8mmol) duoc khudy & nhiéf do trong phong trong 5 phut, trong khi

d6 hdon hop phan tmg dugce cd trong chan khong dé loai bé dung moi va cén hydro clorua.
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Nguyén liéu da dugc khir bao vé thu duoc dugce két hop véi N-(tert-butoxycarbonyl)-3-
metyl-L-valin (128 mg, 0,553mmol) va O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-
tetrametyluroni  hexaflophosphat (HATU: 232 mg, 0,610mmol) trong N,N-
dimetylformamit (2mL), va sau d6 dugc lam ngudi dén —30°C. N,N-Diisopropyletylamin
(0,290mL, 1,66mmol) dugc b sung, va hdn hop phan tmg dugc lam 4m dén 0°C trong 1
gid. Sau d6 bd sung dung dich nudc natri bicacbonat, hdn hop thu duge duoc chiét ba lan
bang etyl axetat; cac 16p hitu co gom lai duge cd trong chan khong va dugc tinh ché bang
sic ky silicagel (Gradien: 0% dén 30% metanol trong diclometan), thu dugc C51 & dang
chét ran. Hiéu suét: 230 mg, 0,418mmol, 75%. LCMS m/z 550,3 [M+H]".

Budc 3. Téng hop 3-metyl-N-(trifloaxetyl)-L-valyl-(4R)-N-{(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} -4-(triflometyl)-L-prolinamit (77).

Hon hop chira C51 (230 mg, 0,418mmol) va dung dich chira hydro clorua trong
1,4-dioxan (4 M; 2mL, 8mmol) dugc khudy & nhiét do trong phong trong 5 phut, trong khi
d6 hdn hop phan tmg dwoc ¢ trong chan khong dé loai bé dung méi va cin hydro clorua.
Nguyén liéu dd dugc khir bao vé thu dugc duoc két hop véi etyl trifloaxetat (595 mg,
4,19mmol) va N, N-diisopropyletylamin (0,219mL, 1,26mmol) trong metanol (1,0mL). Sau
khi hdn hop phéan tmg duge khudy & nhiét do trong phong trong 30 phut, etyl trifloaxetat
(60 mg, 0,422mmol) dugc bd sung lai, va khudy lién tuc trong 30 phut. Dung dich nuéc
natri bicacbonat sau d6 dugc bd sung, va hdn hop thu dugc duge chiét ba lan bang etyl
axetat. Céc 16p hitu co gom lai dugce 1am kho trén magie sulfat, duoc loc, dugc cd trong
chan khoéng, va dugc hoa tan trong diclometan (3mL). B6 sung etyl N-
(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan tmg Burgess; 299 mg, 1,25mmol)
vao hdn hop nay, va hdn hop phan ting duge khudy ¢ nhiét do trong phong trong 2 gio,
trong khi d6 né duge xu 1y bang bd sung metyl N-(trietylamoniosulfonyl)carbamat, mubi
ndi (chit phan ung Burgess; 100 mg, 0,420mmol) va dé khudy trong 30 phtt nita. Dung
dich nu6c natri cacbonat lodng sau d6 dugc bd sung, va hén hop duge chiét hai 14n bang
etyl axetat; cac 16p hitu co gom lai dugc lam khé trén magie sulfat, dugc loc, va duge cd
trong chan khong. Tinh ché bang sic ky 1éng siéu dén han (Cot: Princeton Dinitrophenyl,
10 x 250 mm, 5 um; Pha dong: 9:1 cacbon dioxit / metanol; Ap suét ngugce: 120 bar; Téc
do chay: 80mL/phtt) tao ra nguyén liéu ma sau do dugc tao huyén phu dic trong heptan
(2,0mL) & 50°C trong 2 gi¢, dugc lam ngudi dén nhiét do trong phong, va dugc thu gom
bang céach loc, tao ra 3-metyl-N-(trifloaxetyl)-L-valyl-(4R)-N-{(15)-1-xyano-2-[(35)-2-
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oxopyrolidin-3-yl]etyl}-4-(triflometyl)-L-prolinamit (77) & dang chét rin. Hiéu suat: 64
mg, 0,121mmol, 29%. LCMS m/z 528,2 [M+H]*. '"H NMR (400 MHz, DMSO-ds) & 9,46
(d, J= 8,4 Hz, 1H), 9,05 (d, J= 8,6 Hz, 1H), 7,67 (s, 1H), 4,96 (ddd, /= 11,0, 8,5, 5,0 Hz,
1H), 4,56 (d, J = 8,5 Hz, 1H), 4,37 (dd, J = 7,5, 7,5 Hz, 1H), 3,98 (dd, hop phan cua hé
ABX, J=11,2, 7,5 Hz, 1H), 3,92 (dd, hop phan ctia hé ABX, J=11,3, 4,8 Hz, 1H), 3,46
—3,35 (m, 1H), 3,19 - 3,10 (m, 1H), 3,09 — 3,00 (m, 1H), 2,5 - 2,38 (m, 1H, dugc gia dinh;
bi che mét phan béi dinh dung méi), 2,38 — 2,28 (m, 1H), 2,21 — 2,04 (m, 3H), 1,78 — 1,65
(m, 2H), 0,99 (s, 9H).

Vidu 78
(1R,2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[3-metyl-
N-(metylcarbamoyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (78)
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Budce 1. Téng hop metyl (1R,25,5S)-6,6-dimetyl-3-(3-metyl-L-valyl)-3-
azabixyclo[3.1.0]hexan-2-carboxylat, mudi hydroclorua (C52).

Dung dich 0°C gém C31 (1,00 g, 2,61mmol) trong diclometan (20mL) dugc bd
sung, ting giot, dung dich chira hydro clorua trong etyl axetat (4 M; 20mL, 80mmol). Sau
khi hdn hgp phan tmg dugc khudy & 25°C qua dém, né dugc cd trong chan khong dé cho
C52 & dang gom mau tring. Hidu sut: 700 mg, 2,20mmol, 84%. LCMS m/z 283,1
[M+H]*. 'TH NMR (400 MHz, DMSO-ds) & 8,22 (br s, 3H), 4,25 (s, 1H), 3,87 — 3,77 (m,
2H), 3,72 (d, mot nira vach bon AB, J= 10,8 Hz, 1H), 3,67 (s, 3H), 1,59 (dd, hop phén cua
hé ABX, J=17,7, 5,3 Hz, 1H), 1,49 (d, mot nira vach bén AB, J = 7,7 Hz, 1H), 1,03 (s,
9H), 1,02 (s, 3H), 0,96 (s, 3H).

Bugc 2. Téng hop metyl (1R,2S,55)-6,6-dimetyl-3-[3-metyl-N-(metylcarbamoyl)-L-
valyl]-3-azabixyclo[3.1.0]hexan-2-carboxylat (C53).

Dung dich 0°C gdm C52 (320 mg, 1,00mmol) trong diclometan (6mL) dugc bo
sung tir tr trietylamin (0,769mL, 5,52mmol) va metylcarbamyl clorua (188 mg,
2,01mmol). Hdn hop phan ¢mg duoc 1am 4m lén dén 20°C va khudy trong 18 gio, trong
khi d6 n6 dugc xir 1y timg giot v6i dung dich nudc natri cacbonat bdo hoa (SmL) va duoc
chiét bang diclometan (2 x SmL). Lép hitu co gom lai dugc rira bang dung dich nudc natri
clorua bdo hoa (2 x 20mL), dugc 1am kho trén natri sulfat, dugc loc, va dugc co trong chan
khong. Sic ky silicagel (Gradien: 0% dén 10% metanol trong diclometan) tao ra C53 &
dang goém mau vang sang. Hi¢u suat: 190 mg, 0,560mmol, 56%. LCMS m/z 339,9 [M+H]".
I NMR (400 MHz, DMSO-ds) § 6,03 (d, J= 9,4 Hz, 1H), 5,89 (br g, /=5 Hz, 1H), 4,20
— 4,14 (m, 2H), 3,91 (d, mdt nira vach bén AB, J = 10,3 Hz, 1H), 3,79 (dd, hop phén cia
hé ABX, J= 10,3, 5,3 Hz, 1H), 3,65 (s, 3H), 3,17 (d, J = 5,3 Hz, 3H), 1,55 - 1,49 (m, 1H),
1,40 (d, mét nira vach bén AB, J = 7,4 Hz, 1H), 1,00 (s, 3H), 0,92 (s, 9H), 0,83 (s, 3H).
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Buéc 3. Tong hop axit (1R,2S,5S)-6,6-dimetyl-3-[3-metyl-N-(metylcarbamoyl)-L-valyl]-
3-azabixyclo[3.1.0]hexan-2-carboxylic (C54).

Dung dich 0°C gém C53 (190 mg, 0,560mmol) trong hdn hop chira tetrahydrofuran
(2mL), nu6c (4mL), va metanol (1mL) dugc b sung lithi hydroxit monohydrat (82,0 mg,
1,95mmol). Sau khi hdn hgp phan tng dugc khudy ¢ 20°C trong 2 gi®, né dugc pha loing
bang etyl axetat (10mL); 16p nudce sau d6 dugc lam ngudi dén 0°C dén 5°C va dugc axit
héa dén do pH = 2 dén 3 bing cach bd sung axit clohydric 1M. Hn hgp nudc duge chiét
béang etyl axetat (3 x 15mL), va c4c 16p etyl axetat gom lai nay duoc lam kho trén natri
sulfat, duoc loc, va dugc cd trong chan khong dé tao ra C54 & dang chét rin mau tring.
Hiéu suat: 120 mg, 0,369mmol, 66%. LCMS m/z 348,3 [M+Na']. 'H NMR (400 MHz,
DMSO-ds), cac dinh dic trung: 8 6,04 (d, J=9,6 Hz, 1H), 5,89 (d, /= 4,7 Hz, 1H), 4,17
(d, J=9,6 Hz, 1H), 4,09 (s, 1H), 3,87 (d, mdt nira vach bén AB, J = 10,4 Hz, 1H), 3,77
(dd, hop phan cua hé ABX, J = 10,3, 5,4 Hz, 1H), 1,49 (dd, hop phan ctia hé ABX, J =
7,6, 5,1 Hz, 1H), 1,38 (d, mot nira vach bdén AB, J = 7,5 Hz, 1H), 1,00 (s, 3H), 0,92 (s,
9H), 0,82 (s, 3H).

Bu6c 4. Téng hop (1R,2S,55)-N-{(2S)-1-amino-1-0x0-3-[(3S)-2-0xopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-[3-metyl-N-(metylcarbamoyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit (C55).

Dung dich 0°C dén 5°C chtra C54 (120 mg, 0,369mmol) va C16, mudi HCI (75%,
107 mg, 0,387mmol) trong N,N-dimetylformamit (3,0mL) dugc bd sung vao O-(7-
azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU; 154 mg,
0,405mmol) va 4-metylmorpholin (0,144mL, 1,31mmol). Sau d6 hdn hop phéan tng dugc
lam Am dén nhiét do tr 0°C dén 20°C trong 1,5 gid, né dugc khudy & nhiét do 20°C trong
18 gio, trong khi d6 n6 duge pha lodng bing nuée va duge xu ly bang natri sulfat rin dén
bao hoa. Hn hop thu duge duge chiét bang hdn hgp chita 2-propanol va cloroform (1:4,
3 x 20mL), va 1ép hitu co gom lai duge 1am khd trén natri sulfat, duoc loc, va dugc ¢o
trong chan khong. Séc ky silicagel (Gradien: 0% dén 20% metanol trong diclometan) tao
ra C55 (240 mg) & dang thuy tinh khong mau. Mot phan nguyén liéu nay dugc st dung
trong bude tiép theo. LCMS m/z 479,2 [M+H]". Bing cach phan tich 'H NMR, nguyén
liéu nay bi 13n san pham phu c6 ngudn gde tir chat phan img HATU. 'H NMR (400 MHz,
DMSO-ds), chi c6 cac dinh cla san phém dic trung: & 8,21 (d, J=8,7 Hz, 1H), 7,53 (br s,
1H), 7,29 (br s, 1H), 7,03 (br s, 1H), 6,02 (d, J = 9,6 Hz, 1H), 5,86 (q, J = 4,6 Hz, 1H),
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4,31 — 4,23 (m, 1H), 4,21 (s, 1H), 4,15 (d, J = 9,6 Hz, 1H), 2,18 — 2,08 (m, 1H), 1,98 —
1,88 (m, 1H), 1,68 — 1,55 (m, 1H), 1,54 — 1,42 (m, 2H), 1,34 (d, mdt mira vach bén AB, J
=7,6 Hz, 1H), 1,01 (s, 3H), 0,90 (s, 9H), 0,84 (s, 3H).

Bu6c 5. Tong hop (1R,2S,5S)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-metyl-N-(metylcarbamoyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-
carboxamit (78).

Dung dich chira C55 (tir bude trén day; 190 mg, <0,292mmol) trong axetonitril
(12mL) duoc bd sung metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi (chét phan tng
Burgess; 303 mg, 1,26mmol). Hon hop phéan tng dugc khudy & 20°C trong 22 gio, trong
khi d6 né dugc két hop véi phan tmg twong tu dugc thyc hién st dung C55 (tlr bude trén
day; 50 mg, <77 pmol). Dung dich thu dugc dugc cd trong chan khong, dugc pha lodng
bing nude (10mL), va duoc chiét bing etyl axetat (3 x 10mL). Lép hitu co gom lai duogc
1am kho trén natri sulfat, duoc loc, va duge ¢ trong chan khong; tinh ché bang HPLC pha
dao (Cot: Boston Prime C18, 30 x 150 mm, 5 pm; Pha dong A: 0,225% axit formic trong
nudc; Pha dong B: axetonitril; gradien: 23% dén 46% B; Toc do chay: 25mL/phit) tao ra
(1R,28,55)-N-{(1S5)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[3-metyl-
N-(metylcarbamoyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (78) ¢ dang chét
rin mau tring. Hiéu sudt gop: 25 mg, 54 pmol, 15% qua 2 bude. LCMS m/z 461,2 [M+H]".
'TH NMR (400 MHz, DMSO-ds), cac dinh dac trung: 6 8,96 (d, J = 8,6 Hz, 1H), 7,65 (s,
1H), 6,02 (d, J=9,5 Hz, 1H), 5,85 (q, J = 4,5 Hz, 1H), 4,95 (ddd, J = 10,8, 8,4, 5,1 Hz,
1H), 4,13 (d, J= 9,6 Hz, 1H), 4,11 (s, 1H), 3,88 — 3,79 (m, 2H), 3,18 — 3,09 (m, 1H), 3,07
—2,98 (m, 1H), 2,48 — 2,37 (m, 1H), 2,20 — 2,02 (m, 2H), 1,77 — 1,62 (m, 2H), 1,56 — 1,50
(m, 1H), 1,27 (d, mdt nira vach bén AB, J = 7,6 Hz, 1H), 1,02 (s, 3H), 0,89 (s, 9H), 0,85
(s, 3H). 'TH NMR (400 MHz, cloroform-d), cac dinh dac trung: 6 8,12 (d, /= 7,6 Hz, 1H),
5,78 (br s, 1H), 5,04 (br d, J= 9,4 Hz, 1H), 4,99 — 4,90 (m, 1H), 4,57 — 4,49 (m, 1H), 4,39
(d, J=9,7 Hz, 1H), 4,25 (s, 1H), 4,01 (d, mdt nira vach bén AB, J = 10,2 Hz, 1H), 3,93
(br dd, hop phan ctia hé ABX, J= 10,6, 4,9 Hz, 1H), 3,43 — 3,25 (m, 2H), 2,71 (d, /= 4,8
Hz, 3H), 2,61 — 2,50 (m, 1H), 2,45 — 2,30 (m, 2H), 2,03 — 1,93 (m, 1H), 1,91 - 1,78 (m,
1H), 1,05 (s, 3H), 0,98 (s, 9H), 0,91 (s, 3H).

Vidu 79
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Metyl {(25)-1-[(1R,25,59)-2-({(1S)-1-xyano-2-[(35)-2-oxopyrolidin-3-
ylJetyl}carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-3-yl]-3,3-dimetyl-1-oxobutan-
2-yl} carbamat (79)
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Bu6c 1. Téng hop metyl (1R,2S,5S)-3-[N-(metoxycarbonyl)-3-metyl-L-valyl]-6,6-
dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat (C56).

Dung dich 0°C gdbm C52 (370 mg, 1,16mmol) trong diclometan (6mL) dugc bd

sung tir tir trietylamin (0,647mL, 4,64mmol) va metyl cloroformat (335 mg, 3,55mmol).

Sau khi hdn hop phan tmg dugc khudy & 20°C trong 16 gid, né duge pha lodng timng giot

bang dung dich nuéc natri cacbonat bdo hoa (SmL) va dugc chiét bang diclometan (2 x
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20mL). Lop hitu co gom lai dugc rira bang dung dich nrée natri clorua bdo hoa (2 x 20mL),
dugc 1am khé trén natri sulfat, duoc loc, va dugce ¢ trong chan khong; sdc ky trén silicagel
(Gradien: 0% dén 100% etyl axetat trong ete dau mo) tao ra C56 & dang gdm mau tring.
Hiéu suét: 115 mg, 0,338mmol, 29%. LCMS m/z 341,1 [M+H]". 'H NMR (400 MHz,
cloroform-d) & 5,29 (br d, J = 9,6 Hz, 1H), 4,46 (s, 1H), 4,23 (d, J = 9,9 Hz, 1H), 3,94 -
3,86 (m, 2H), 3,74 (s, 3H), 3,63 (br s, 3H), 1,49 — 1,41 (m, 2H), 1,04 (s, 3H), 1,03 (s, 9H),
0,91 (s, 3H).

Buéc 2. Tong hop axit (1R,2S,55)-3-[N-(metoxycarbonyl)-3-metyl-L-valyl]-6,6-dimetyl-
3-azabixyclo[3.1.0]hexan-2-carboxylic (C57).

Dung dich chira C56 (115 mg, 0,338mmol) trong hdn hop chita metanol (2,0mL),
tetrahydrofuran (2,0mL), va nudc (2mL) dugc bd sung lithi hydroxit monohydrat (28,4
mg, 0,677mmol). Hon hgp phén tmg dugc khudy & nhiét do trong phong (22°C dén 25°C)
trong 16 gid, sau d6 duogc c6 trong chan khong. Cén trong nuéc duoc phan b gitta née
(5mL) va etyl axetat (20mL), trong khi d6 16p hitu co duge bé di va 16p nuée duge diéu
chinh dén d6 pH = 1 dén 2 bing cach bd sung axit clohydric ddm dic. Hon hop thu dugc
duoc chiét ba 1an bé’mg etyl axetat; 16p hitu co gom lai dwgc 1am kho trén natri sulfat, dugc
loc, va duoc ¢b trong chan khong dé tao ra C57 & dang gém khong mau. Hiéu sut: 100
mg, 0,306mmol, 91%. LCMS m/z 327,2 [M+H]*. 'HNMR (400 MHz, cloroform-d) & 5,42
(d, J=9,9 Hz, 1H), 4,46 (s, 1H), 4,26 (d, /= 10,0 Hz, 1H), 3,96 (d, mdt nra vach bon AB,
J=10,5Hz, 1H), 3,87 (dd, hop phan ctia hé¢ ABX, J=10,3, 5,4 Hz, 1H), 3,64 (s, 3H), 1,68
(d, mdt nira vach bén AB, J = 7,7 Hz, 1H), 1,50 (dd, hop phén ciia hé¢ ABX, J=17.6, 5,3
Hz, 1H), 1,06 (s, 3H), 1,01 (s, 9H), 0,91 (s, 3H).

Bu6c 3. Toéng hop metyl {(25)-1-[(1R,2S5,55)-2-({(2S)-1-amino-1-o0x0-3-[(35)-2-
oxopyrolidin-3-yl]propan-2-yl} carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-3-yl]-
3,3-dimetyl-1-oxobutan-2-yl} carbamat (CS8).

Dung dich 0°C gdm C57 (100 mg, 0,306mmol) va C16, mudi HCI (75%, 84,8 mg,
0,306mmol) trong N,N-dimetylformamit (3mL) dugc bd sung O-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetrametyluroni hexaflophosphat (HATU; 140 mg, 0,368mmol), tiép d6 1a timg
giot bd sung dung dich chtta 4-metylmorpholin (93 mg, 0,919mmol) trong N,N-
dimetylformamit (1mL). Hdn hgp phan tmg sau d6 dugc 1am 4m dén nhiét do trong phong
(25°C) va dugc khudy trong 16 gid, trong khi d6 nude (10mL) dugc bd sung. Sau d6 natri

sulfat rén dugc bd sung dén bdo hoa, hdn hop thu duge duge chiét bang hdn hop chura
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cloroform va 2-propanol (4:1, 3 x 10mL). Lép hitu co gom lai dugce 1lam kho trén natri
sulfat, duogc loc, duoc ¢d trong chan khong, va dugc tinh ché su dung séc ky silicagel
(Gradien: 0% dén 30% metanol trong diclometan), thu dugc C58 & dang chit rin mau
tréng. Hiéu sudt: 93 mg, 0,19mmol, 62%. LCMS m/z 480,0 [M+H]*. "H NMR (400 MHz,
cloroform-d) & 8,30 (br s, 1H), 7,18 (br s, 1H), 5,98 (br s, 1H), 5,64 (br s, 1H), 5,58 — 5,42
(m, 1H), 4,49 — 4,37 (m, 1H), 4,29 (d, J = 10,0 Hz, 1H), 4,23 (s, 1H), 4,11 (dd, hop phan
ctia hé ABX, J = 10,3, 5,5 Hz, 1H), 3,93 (d, mdt ntra vach bén AB, J= 10,3 Hz, 1H), 3,64
(s, 3H), 3,43 — 3,29 (m, 2H), 2,55 - 2,33 (m, 2H), 2,15 — 1,81 (m, 3H), 1,54 — 1,47 (m,
1H), 1,45 (d, mét ntra vach bon AB, J = 7,7 Hz, 1H), 1,03 (s, 3H), 1,01 (s, 9H), 0,88 (s,
3H).

Budc 4. Tong hop metyl {(25)-1-[(1R,2S,55)-2-({(1S)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl} carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]Thexan-3-yl]-3,3-dimetyl-1-oxobutan-
2-yl}carbamat (79).

Huyén phu chira C58 (93 mg, 0,19mmol) trong diclometan (5mL) duoc bd sung
metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi (chit phan tmg Burgess; 139 mg,
0,583mmol), va hdn hop phan tmg duoc khudy & 25°C trong 2 gid. Sau d6, n6 dwgc pha
lodng bang nude (10mL) va duoc chiét bang diclometan (3 x 10mL); 16p hitu co gom lai
duoc rira bang dung dich nuéc natri clorua béo hoa (2 x 10mL), dugc 1am kho trén natri
sulfat, dugc loc, va dugc ¢ trong chan khong. Sic ky silicagel (Gradien: 0% dén 100%
etyl axetat trong ete dau mé, tiép d6 13 gradien 0% dén 20% metanol trong diclometan) tao
ra metyl {(29)-1-[(1R,2S5,55)-2-({(18)-1-xyano-2-[(3.5)-2-oxopyrolidin-3-
yl]etyl} carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-3-yl]-3,3-dimetyl-1-oxobutan-
2-yl}carbamat (79) ¢ dang chét rin mau tring. Hiéu suét: 7,0 mg, 15 umol, 8%. LCMS
m/z 462,2 [M+H]". "H NMR (400 MHz, cloroform-d) & 8,13 (br d, J = 7,0 Hz, 1H), 5,68
(br s, 1H), 5,34 (br d, J=9,9 Hz, 1H), 4,95 — 4,85 (m, 1H), 4,26 (s, 1H), 4,23 (d, /= 10,0
Hz, 1H), 3,94 (dd, hop phan cia hé ABX, J = 10,1, 4,5 Hz, 1H), 3,88 (d, mt nitta vach bon
AB, J=10,3 Hz, 1H), 3,63 (s, 3H), 3,45 — 3,29 (m, 2H), 2,62 — 2,50 (m, 1H), 2,46 — 2,28
(m, 2H), 2,02 — 1,93 (m, 1H), 1,92 — 1,79 (m, 1H), 1,6 — 1,49 (m, 2H, duoc gia dinh; bi
che mét phan bai dinh nuéc), 1,06 (s, 3H), 0,98 (s, 9H), 0,90 (s, 3H).

Vidu 80
N-(Trifloaxetyl)-L-valyl-(4R)-N-{(1S5)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-
(triflometyl)-L-prolinamit (80)
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Budce 1. Toéng hop 2-benzyl 1-tert-butyl (25,4R)-4-(triflometyl)pyrolidin-1,2-dicarboxylat
(C59).

Hon hop chita (4R)-1-(tert-butoxycarbonyl)-4-(triflometyl)-L-prolin (400 mg,
1,41mmol), benzyl bromua (0,335mL, 2,82mmol), va natri bicacbonat (593 mg,
7,06mmol) trong N,N-dimetylformamit (8mL) dugc khudy trong 15 gio & 25°C. Sau khi
hén hop phan tmg dugc pha lodng bang nudce (30mL) va dugce chiét bang etyl axetat (3 x
30mL), 16p hitu co gom lai duge rira bang dung dich nuéc natri clorua bo hoa va véi 5%
dung dich nude lithi clorua, dugc lam khé trén natri sulfat, duoc loc, va duge ¢d trong chéan
khoéng. Sac ky silicagel (Gradien: 0% dén 30% etyl axetat trong ete dau mo) tao ra C59 &
dang dau khong mau. Bang cach phan tich 'H NMR, nguyén liéu nay ton tai & dang hon
hop chira céc chit ddng phan quay. Hiéu sudt: 355 mg, 0,951mmol, 67%. 'H NMR (400
MHz, cloroform-d) & 7,44 — 7,28 (m, 5H), 5,29 — 5,07 (m, 2H), [4,54 (br d, J = 8,6 Hz) va
4,40 (br dd, J = 8,5, 2 Hz), tong 1H], 3,87 — 3,70 (m, 1H), [3,58 (dd, J=11,2, 7.4 Hz) va
3,49 (dd, J= 11,0, 7,9 Hz), tong 1H], 3,13 —2,95 (m, 1H), 2,47 — 2,27 (m, 1H), 2,25 - 2,11
(m, 1H), [1,46 (s) va 1,33 (s), tng 9H].

Budce 2. Toéng hop benzyl (4R)-4-(triflometyl)-L-prolinat, mudi hydroclorua (C60).

Dung dich 0°C gdm C59 (200 mg, 0,536mmol) trong etyl axetat (3mL) dugc bd
sung dung dich chira hydro clorua trong etyl axetat (4 M; 6mL, 24mmol). Sau khi hén hop
phan tng dwoc khudy & nhiét do trong phong (28°C) trong 3 gid, n6 dwoc ¢d trong chan
khong dé cho C60 ¢ dang chét rén mau tréng; nguyén liéu nay dugc dung truc tiép cho
bude tiép theo. LCMS m/z 274,0 [M+H]".

Budc 3. Tong hop benzyl N-(tert-butoxycarbonyl)-L-valyl-(4R)-4-(triflometyl)-L-prolinat
(C61).

O-(7-Azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU;
277 mg, 0,728mmol) va 4-metylmorpholin (184 mg, 1,82mmol) duoc bd sung vao hdn
hop 0°C chita C60 (tir bude trén day; <0,536mmol) va N-(tert-butoxycarbonyl)-L-valin
(158 mg, 0,727mmol) trong N,N-dimetylformamit (3mL). Hbn hop phéan Gng dugc khudy
& 0°C trong 1 gio, trong khi d6 né duge rét vao nudce da (15mL) va duge chiét bang etyl
axetat (2 x 15mL). Lép hitu co gom lai dugce rira lan gt bang axit clohydric 1M, dung
dich nuéc natri bicacbonat bdo hoa, va dung dich nudce natri clorua bdo hoa, dugce 1am kho
trén natri sulfat, duoc loc, va duoc ¢b trong chan khong. Tinh ché bang sic ky silicagel

(Gradien: 0% dén 40% etyl axetat trong ete ddu mo) tao ra C61 & dang gdm khong mau.
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Hiéu suat: 230 mg, 0,487mmol, 91% qua 2 budc. LCMS m/z 495,0 [M+Na']. '"H NMR
(400 MHz, cloroform-d), cac dinh dic trung: 8 7,40 — 7,30 (m, 5H), 5,17 (Vach bén AB,
Jas= 12,3 Hz, Avas= 12,6 Hz, 2H), 4,21 (dd, J= 9,3, 6,8 Hz, 1H), 4,00 — 3,86 (m, 2H),
3,18 — 3,04 (m, 1H), 2,36 (ddd, thanh phan cia hé¢ ABXY, J = 13,5, 9, 9 Hz, 1H), 2,20
(ddd, thanh phan cua hé ABXY, J = 13,4, 7,4, 3,5 Hz, 1H), 2,05 — 1,94 (m, 1H), 1,42 (s,
9H), 0,98 (d, /= 6,7 Hz, 3H), 0,91 (d, J = 6,8 Hz, 3H).

Budc 4. Tong hop benzyl L-valyl-(4R)-4-(triflometyl)-L-prolinat, mudi hydroclorua
(C62).

Dung dich 0°C gém C61 (230 mg, 0,487mmol) trong etyl axetat (2mL) dugc bd
sung dung dich chita hydro clorua trong etyl axetat (4 M; 4mL, 16mmol). Hén hop phan
mg dugc khudy & nhiét do trong phong (28°C) trong 1 gid, trong khi d6 phén tich LCMS
chi ra réng c6 su chuyén ho4 thanh C62: LCMS m/z 373,1 [M+H]*. Nong d¢ ctia hdn hop
phan ng trong chéan khong tao ra C62 & dang chét rin mau tring, ma duge ding truc tiép
cho buée tiép theo.

Budc 5. Tong hop benzyl N-(trifloaxetyl)-L-valyl-(4R)-4-(triflometyl)-L-prolinat (C63).

Dung dich chua trifloaxetic anhydrit (154 mg, 0,733mmol) trong diclometan
(0,5mL) duge bd sung vao huyén phit 0°C chira C62 (tir bude trén day; <0,487mmol) trong
diclometan (3mL). Sau d6 3 phut, dung dich chira trietylamin (148 mg, 1,46mmol) trong
diclometan (0,5mL) duoc bd sung timg giot, va khudy lién tuc & 25°C trong 3 gio. Sau khi
pha lodng bang diclometan (5mL), hon hop phan Gng dugc rira bang dung dich nuéc natri
cacbonat bdo hoa (10mL) va bang dung dich nuéc natri clorua bdo hoa (15mL), dugc lam
kho, duoc loc, va duge cd trong chan khong; sic ky silicagel (Gradien: 0% dén 30% etyl
axetat trong ete du mo) tao ra C63 & dang dau khong mau. Hiéu suat: 129 mg, 0,275mmol,
56% qua 2 bude. LCMS m/z 491,2 [M+Na'].

Budc 6. Téng hop N-(trifloaxetyl)-L-valyl-(4R)-4-(triflometyl)-L-prolin (C64).

Dung dich 28°C chira C63 (129 mg, 0,275mmol) trong metanol (3mL) dugc bd
sung paladi trén cacbon (1(5%, 29,3 mg, 27,5 umol), trong khi dé hdn hop dugc hydro hoa
& 15 psi trong 16 gio. Tién hanh loc tao ra banh loc, ma dugc rira béng metanol (10mL);
céc phan dich loc gom lai duge c6 trong chan khong dé cho C64 & dang chét rdn mau vang
sang. Hi¢u suét: 80 mg, 0,21mmol, 76%. LCMS m/z 401,0 [M+Na'].

Budc 7. Téng hop N-(trifloaxetyl)-L-valyl-(4R)-4-(triflometyl)-L-prolyl-3-[(3S)-2-
oxopyrolidin-3-yl]-L-alaninamit (C65).
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O-(7-Azabenzotriazol-1-y1)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU;
88,5 mg, 0,233mmol) va 4-metylmorpholin (64,2 mg, 0,635mmol) duoc bd sung vao dung
dich 0°C gém C64 (80 mg, 0,21mmol) va C16 (76,8 mg, 0,287mmol) trong N,N-
dimetylformamit (3mL). Sau khi hdn hgp phan ing dugc khudy & 0°C trong 2 gid, n6 dugc
xr Iy bang nude (10mL) va dung dich nuée axit xitric (1 M; 10mL, 10mmol), sau d6 duoc
chiét bing etyl axetat (3 x 10mL). L6p hitu co gom lai dugce rtra 1an lugt bang dung dich
nudc natri bicacbonat bdo hoa (15mL) va dung dich nudc natri clorua bao hoa (15mL),
duoc 1am kho trén natri sulfat, duoc loc, va dugce c6 trong chan khong. Tinh ché béng sic
ky silicagel (Gradien: 0% dén 10% metanol trong diclometan) tao ra C65 & dang chét rin
mau tréng. Hiéu suét: 72 mg, 0,14mmol, 67%. LCMS m/z 532,2 [M+H]".

Buéc 8. Tong hop N-(trifloaxetyl)-L-valyl-(4R)-N-{(1S5)-1-xyano-2-[(3S)-2-oxopyrolidin-
3-yl]etyl}-4-(triflometyl)-L-prolinamit (80).

Metyl N-(trietylamoniosulfonyl)carbamat, mudi noi (chat phan tmg Burgess; 96,9
mg, 0,407mmol) dwoc bd sung vao hdn hgp chira C65 (72 mg, 0,14mmol) trong
diclometan (5mL), va hon hgp phan tng duoc khuay & nhiét do trong phong qua dém. Sau
d6 pha lodng bang nuée (15mL), hdn hop dugce chiét bang diclometan (3 x 15mL), va 1ép
hitu co gom lai dugc rira béng dung dich nudc natri clorua bdo hoa (2 x 20mL), dugc lam
kho trén natri sulfat, duoc loc, va dugc co trong chan khong. Sac ky silicagel (Gradien:
0% dén 10% metanol trong diclometan) tao ra N-(trifloaxetyl)-L-valyl-(4R)-N-{(15)-1-
xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -4-(triflometyl)-L-prolinamit (80) & dang chét ran
mau tréng. Hiéu sudt: 30,9 mg, 60,2 umol, 43%. LCMS m/z 536,1 [M+Na*]. 'H NMR (400
MHz, DMSO-ds), cac dinh dic trung: 8 9,89 (d, J = 7,8 Hz, 1H), 9,06 (d, J = 8,4 Hz, 1H),
7,69 (s, 1H), 4,96 (ddd, J= 10,6, 8,4, 5,5 Hz, 1H), 4,38 (dd, J=17.9, 6,3 Hz, 1H), 4,28 (dd,
J=9.8,7,8Hz, 1H), 4,07 — 3,94 (m, 2H), 3,20 — 3,00 (m, 2H), 2,5 — 2,41 (m, 1H, dugc gia
dinh; bi che mot phan boi dinh dung moi), 2,38 — 2,28 (m, 1H), 2,19 — 2,02 (m, 4H), 1,78
- 1,61 (m, 2H), 0,92 (d, J =7 Hz, 3H), 0,90 (d, J = 6,8 Hz, 3H).

Vidu 81-84
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Vi du 81: (1R,2S,58)-N-{(15)-1-xyano-2-[(3R)-5-hydroxy-2-oxopyrolidin-3-yl]etyl }-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit
Vidu 82: (1R,25,55,6R)-N-{(1S5)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-6-
(hydroxymetyl)-6-metyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-
2-carboxamit

Vi du 83: (1R,25,58,65)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6-
(hydroxymetyl)-6-metyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-
2-carboxamit

Vidu 84: (1R,2S,55)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-3-[3-
(hydroxymetyl)-N-(trifloaxetyl)-L-valyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxamit

Céc hop chit cia Vi du 81-84 thu duoc bang con dudng chuyén héa sinh hoc, ca in vitro
va in vivo, tir (1R,25,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-dimetyl-
3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit ~ (hop chét
ctia Vi du 13) 1a nhu sau. Trong cac nghién cttu in vitro, (1R,2S,55)-N-{(15)-1-xyano-2-
[(3S)-2-0oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit duoc i v6i céc vi thé gan chudt nhét, chudt, chudt
dong, tho, khi hoac ngudi (xem Bang M1 dudi day) hoac véi té bao gan chudt, khi hoic
nguoi (xem Bang M2 dudi day). Theo cach khéc, trong cac nghién ciru in vivo (1R,2S,55)-
N-{(1S)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl} -6,6-dimetyl-3-[3-metyl-N-
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(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit dugc dung cho chuft va

khi. MAu huyét twong chudt, nude tiéu va mat va huyét tuong khi thu duogc. Céc chat

chuyén hoa thu duoc sau d6 dwgc phan tich st dung HPLC/MS va cac hop chat chuyén

héa oxy héa thu dugce cta Vi du 81-84 duge phat hién va thu duoc. Ngoai cac hop chét
cia Vi du 81-84 chét chuyén hoa bd sung, axit (1R,2S,55)-6,6-dimetyl-3-[3-metyl-N-

(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxylic, thu dugc tir viéc phéan cat

thuy phéan, dugc quan sat trong cac thir nghiém in vivo.

Bang M1: Céc hop chét thu dwgc tir cac vi thé gan

Vidu Chuot Chuot Chuot Tho Khi Nguoi
' nhét dong
81 +++ +++ -+ +++ +++ +++
82 + + + ++ t +
83 + + + + t +
84 + t - t t +

Béang M2: Céc hop chit ciia Vi du 81-84 thu dugc tir cac té bao gan

Vi dy Chudtnhit | Chuét | Chuot dong
81 +++ +++ +++
82 + t t
83 t t t
84 + t -

Bang M3: Céac hop chét cua Vi du 81-84 thu dugce in vivo & chudt hoac khi

Vidu Huyét twong Nude tiéu Mat Huyét twong
chudt chudt chudt khi
81 + t t ++
82 t t t t
83 t - - t
84 + - - +

Trong céac bang M1, M2 va M3 cac chir viét tt dudi day dugc st dung: - = khong duge

phat hién; + = dugc phat hién bang phd khéi va dinh UV nhé; ++ = duoc phat hién bang
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phd khéi va dinh UV trung binh; +++ = duogc phat hién bang ph6 khéi va dinh UV chinh;
t = vét, duoc phat hién chi bang phd khdi

Vidu 82, 83, 84, va 81

(1R,2S,58,6R)-N-{(1S5)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6-(hydroxymetyl)-6-
metyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit  (82),
(1R,2S,58,65)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6-(hydroxymetyl)-6-
metyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit  (83),
(1R,28,5S)-N-{(1S5)-1-xyano-2- [(3S)—2-0X0pyrolidin-3-yl] etyl}-3-[3-(hydroxymetyl)-N-
(trifloaxetyl)-L-valyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxamit ~ (84), va
(1R,2S,58)-N-{(15)-1-xyano-2-[(3R)-5-hydroxy-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-
[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (81)

0] O
HN»‘CFs ON-NH »\CF3 ON-NH
0 e
HaC e \\<
+ A J
0 HaCbr Nl S Ay N
»\CF 0] Nl H R H H
HN™ ~73 NH H Y. H Y.
O Vi thé gan nguoi H.C ~—~OH ‘CH4
H3C7\~“\\< o) 3 N HO
H,C CH, N u\ > 82 83
N" ™Sy  NADPH o) o)

(o)

H
MgCl >‘~CF3 OGNH  p=CFs NH
H,C CHs KsPO, o) OH
3 HOA, e MR
13 \”\ HoC b, NS N

CH W
3: 2 H N : i H \N

HsC CHs HaC CHs
84 81

Hop chét cua Vi du 13 (25 pM) duge két hop véi céc vi thé gan ngudi (2 mg/mL)
trong dung dich dém kali phosphat (100 mM, do pH 7,4; 40mL) chira magie clorua (3,3
mM) va NADPH (1,3 mM). Qué4 trinh 0 dugc thuc hién trong 55 phit trong bé nuée lic
duoc duy tri & 37°C. Phan tng duoc két thic bing cach bd sung thé tich bang nhau cua
axetonitril, trong khi d6 hdn hop dugce quay trong may ly tdm ¢ 1800 x g trong 5 phut, va
dich ndi trén bé mat dugc ly tAm chan khong trong xap xi 1,5 gio. Phan cin duge bd sung
vao axit formic (0,5mL), axetonitril (0,5mL), va nudc t6i thé tich cudi 12 50mL, va hon
hop thu duge duge quay trong may ly tdm ¢ 40000 x g trong 30 phut. Dich noi trén bé mat
duoc dua vao cot HPLC (Polaris C18, 4,6 x 250 mm; 5 pm) ¢ 1mL/phut sit dung Bom

HPLC Jasco. Sau khi dua, c6t duoc di chuyén dén hé thong Waters Acquity HPLC-UV
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duoc lién hop v6i quang phd khdi ké hermo LTQ va bd gom phéan doan CTC Analytics va
tién hanh tach HPLC pha dao (Pha dong A: nude chira 0,1% axit formic (thé tich/thé tich);
Pha dong B: axetonitril; gradien: 2% trong 5 phit, sau d6 1én dén 15% B tiép d6 1a 15%
dén 60% B trong 80 phut, sau d6 60% dén 95% B trong 5 phut; Tc do chay: 0,8mL/phit).
Céc phan doan dugc thu gom cach nhau 20 gidy, thu duogc (1R,25,55,6R)-N-{(15)-1-xyano-
2-[(3S5)-2-oxopyrolidin-3-yl]etyl } -6-(hydroxymetyl)-6-metyl-3-[ 3-metyl-N-(trifloaxetyl)-
L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (82), (1R,2S,5S5,65)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl } -6-(hydroxymetyl)-6-metyl-3-[3-metyl-N-(trifloaxetyl)-L-
valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (83), (1R,2S,55)-N-{(1S)-1-xyano-2-[(35)-
2-oxopyrolidin-3-yl]etyl}-3-[3-(hydroxymetyl)-N-(trifloaxetyl)-L-valyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxamit (84), va (1R,2S,5S5)-N-{(1S)-1-xyano-2-[(3R)-5-
hydroxy-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit (81).

S6 vidu Thoi gian luu, HPLC tinh ché (phit)

82 37,2
83 39,3
84 46,6
81 50,5

82 — Hiéu suat: 60 pg, 0,12 umol, 12%. MS rira giai cao m/z 516,2424 [M+H]";
duoc tinh toan ddi voi Ca3sHssF3NsOs, 516,2434. "TH NMR (600 MHz, DMSO-db), céc dinh
dic trung: § 9,42 (br d, J= 7,9 Hz, 1H), 9,03 (d, J= 8,5 Hz, 1H), 7,66 (s, 1H), 5,01 —4,93
(m, 1H), 4,69 — 4,63 (m, 1H), 4,43 (d, J = 8,3 Hz, 1H), 4,15 (s, 1H), 3,94 (dd, hop phan
cia hé ABX, J=10,2, 5,4 Hz, 1H), 3,68 (d, mot mira vach bén AB, J = 10,4 Hz, 1H), 3,21
—3,17 (m, 2H), 3,17 — 3,11 (m, 1H), 3,07 — 3,00 (m, 1H), 1,69 — 1,65 (m, 1H), 1,44 (d, J
=17,8 Hz, 1H), 0,98 (s, 9H), 0,84 (s, 3H).

83 — Hiéu suat: 30 pg, 0,058 pumol, 6%. MS rua giai cao m/z 516,2425 [M+H]";
duoc tinh toan d6i voi Ca3Hs3F3NsOs, 516,2434. 'TH NMR (600 MHz, DMSO-ds), cac dinh
dic trung: 6 9,37 (d, J= 7,0 Hz, 1H), 9,04 (d, J = 8,5 Hz, 1H), 7,65 (s, 1H), 5,00 — 4,94
(m, 1H), 4,54 — 4,49 (m, 1H), 4,40 (d, J = 8,1 Hz, 1H), 4,28 (s, 1H), 3,93 (dd, hop phan
“ctia hé ABX, J=10,2, 5,8 Hz, 1H), 3,74 (d, mot nira vach bon AB, J = 10,6 Hz, 1H), 3,3
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— 3,20 (m, 1H, dugc gia dinh; bi che mot phén boi dinh nude), 3,17 — 3,11 (m, 1H), 3,07 —
3,00 (m, 1H), 1,75 — 1,63 (m, 2H), 1,38 (d, mdt nra vach bdén AB, J=7,3 Hz, 1H), 1,06
(s, 3H), 0,98 (s, 9H).

84 — Hiéu suét: 40 pg, 0,078 pmol, 8%. MS rira giai cao m/z 516,2423 [M+H]";
duge tinh toan dbi v6i CasH33F3Ns0s, 516,2434. 'TH NMR (600 MHz, DMSO-ds), cac dinh
dac trung: § 9,61 — 9,51 (m, 1H), 9,00 (d, J = 8,3 Hz, 1H), 7,68 (s, 1H), 5,02 — 4,92 (m,
1H), 4,51 — 4,43 (m, 1H), 4,16 (s, 1H), 3,92 (br dd, /= 10,0, 5,6 Hz, 1H), 3,78 (d, /= 10,6
Hz, 1H), 3,51 (d, J= 10,1 Hz, 1H), 3,18 — 3,10 (m, 1H), 3,10 — 3,03 (m, 1H), 1,73 — 1,67
(m, 2H), 1,60 — 1,54 (m, 1H), 1,31 (d, J = 7,6 Hz, 1H), 1,03 (s, 3H), 1,01 (s, 3H), 0,88 (br
s, 6H).

81 — Hiéu suat: 130 pg, 0,252 pmol, 25%. Nguyén liéu nay dugc xac dinh dé ton
tai & dang hdn hop hoan chuyén chira cac chat dong phan 14p thé quanh gbc carbinolamin
ctia pyrolidon (xem Vi du 81 va 82). MS rira giai cao m/z 516,2428 [M+H]"; dugc tinh
toan ddi véi Ca3HssF3NsOs, 516,2434. 'TH NMR (600 MHz, DMSO-ds) 8 [9,40 (d, J = 8,4
Hz) va 9,38 (d, J = 8,2 Hz), tdng 1H], [8,99 (d, J = 8,5 Hz) v4 8,92 (d, J = 7,6 Hz), tong
1H], [8,37 (s) va 8,25 (s), tong 1H], [5,83 (br s) va 5,70 (br s), tong 1H], 5,04 — 4,92 (m,
2H), 4,44 — 4,38 (m, 1H), [4,19 (s) va 4,15 (s), tong 1H], 3,91 (dd, J = 10,2, 5,5 Hz, 1H),
[3,69 (d, J =10 Hz) va 3,68 (d, J = 10,2 Hz), tong 1H], [2,65 — 2,57 (m), 2,43 — 2,30 (m),
va 2,21 —2,13 (m), tong 2H], [2,08 (ddd, J= 13,7, 8,4, 6,2 Hz), 2,00 — 1,90 (m), va 1,87 —
1,79 (m), tng 2H], [1,78 — 1,70 (m) va 1,51 — 1,44 (m), téng 1H], 1,60 — 1,53 (m, 1H),
[1,32 (d, J =7,6 Hz) va 1,29 (d, J = 7,6 Hz), tong 1H], 1,03 (s, 3H), [0,99 (s) va 0,98 (s),
téng 9H], [0,85 (s) va 0,84 (s), tong 3H].

Vidu 81 va 85

(1R,2S,55)-N-{(1S5)-1-xyano-2-[(3R)-5-hydroxy-2-oxopyrolidin-3-yl]etyl }-6,6-dimetyl-3-
[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit  (81) va
(1R,2S,55)-N-{(1S)-1-xyano-2-[(3R)-2,5-dioxopyrolidin-3-yl]etyl }-6,6-dimetyl-3-[3-
metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (85)
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Hon hop chira Vi du 13 (1,0 mg, 2,0 pmol) va tetra-n-butylamoni decatungstat
(TBADT; 0,33 mg, 0,10 pmol) dugce xtr ly béng axetonitril (0,15mL) va axit clohydric (1,0
M; 0,05mL, 50 pmol). Kim tiém xi lanh (18 gauge) dugc ludn qua nip Teflon cta lo, va
hén hop phan Gng dé& bi anh huéng boi khong khi duge dat trong hop EvoluChem™
PhotoRedOx dugc trang bi quat va dugc chiéu sang bang anh sang den (PAR20-18W LG
365 nm, 100-240 VAC) & 25°C trong 16 gio. Hon hop phan tmg dugc bb sung dung dich
nude kali phosphat (1 M, d6 pH = 7,5; 0,5mL), sau d6 nudc (t61 thé tich cua xap xi 6mL),
tiép d6 1a bd sung nude axit formic (1%, 2mL) va di axetonitril dé duy tri dung dich. Dung
dich thu dugc duogc chia doi va duoc ding cho hai hop chiét pha ran Biotage Isolute C18
loai 5 g. Céc hop duoc rira bang dung dich nudc amoni axetat (10 mM; 3mL) va véi 20%
axetonitril trong 10 mM dung dich nudc amoni axetat (3mL), sau d6 dugc rira giai bang
axetonitril (3mL). Cac dung méi dugc loai ra su dung thiét bi lam bay hoi Genevac, va hai
phan cin duge hoan nguyén trong hdn hop chtra axetonitril va 1% nudc axit formic va
gom dén tong 12 2mL dung dich. Nguyén liéu nay dugc tién hanh HPLC pha dao (Cot:
Phenomenex Luna C18,10 x 250 mm, 10 pm; Pha dong A: nudc chtra 0,1% axit formic
(thé tich/thé tich); Pha dong B: axetonitril; gradien: 2% dén 15% B trong 5 phut, sau dé
15% dén 60% B trong 80 phut, sau d6 60% dén 95% B trong 5 phit; Toéc do chay:
2mL/phut). Céc phan doan duoc thu gom cach nhau 20 gidy; hop chét rira giai thi nhat 13
(1R,2S,55)-N-{(15)-1-xyano-2-[(3R)-5-hydroxy-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-
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[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (81), va hop
chat rra giai tha hai 1a (1R,2S,55)-N-{(1S)-1-xyano-2-[(3R)-2,5-dioxopyrolidin-3-
ylJetyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-
carboxamit (85).

Hiéu suit cta 81: 0,122 mg, 0,237 pmol, 12%. Nguyén liéu nay duoc xac dinh dé
c6 mat & dang hon hop hoan chuyén chira cac chit ddng phan lap thé quanh gbc
carbinolamin cua pyrolidon, va dugc rira giai ¢ dang dinh doi trén HPLC. MS rua giai cao
m/z 516,2413 [M+H]*; dugc tinh toan ddi v6i CasHasFsNsOs, 516,2434. 'H NMR (600
MHz, DMSO-ds) & 9,44 — 9,34 (m, 1H), [8,99 (d, J= 8,5 Hz) va 8,92 (d, /= 7,6 Hz), tong
1H], [8,37 (s) va 8,25 (s), tbng 1H], [5,83 (br s) va 5,70 (br s), tbng 1H], 5,05 — 4,91 (m,
2H), 4,44 — 4,37 (m, 1H), [4,19 (s) va 4,15 (s), tong 1H], 3,91 (dd, J=10,3, 5,5 Hz, 1H),
[3,69 (d, J=10,1 Hz) va 3,68 (d, /= 10,3 Hz), tong 1H], [2,65 — 2,57 (m), 2,43 —2,30 (m),
va 2,17 (ddd, J = 14,9, 10,7, 4,7 Hz), tong 2H], [2,08 (ddd, J = 14,1, 8,5, 6,2 Hz), 2,01 —
1,90 (m), va 1,83 (ddd, J = 13,7, 10,1, 5,7 Hz), tong 2H], [1,78 — 1,70 (m) va 1,51 — 1,44
(m), tdng 1H], 1,60 — 1,53 (m, 1H), [1,32 (d, J = 7,6 Hz) va 1,29 (d, J = 7,6 Hz), tong 1H],
1,03 (s, 3H), [0,99 (s) va 0,98 (s), tong 9H], [0,85 (s) va 0,84 (s), tong 3H]. Thoi gian luu:
7,7 phut (Céc diéu kién phan tich. Cot: Phenomenex Kinetex XB-C18, 2,1 x 100 mm, 2,6
pm; Pha dong A: nudc chira 0,1% axit formic (thé tich/thé tich); Pha dong B: axetonitril;
gradien: 5% B trong 0,5 phut, sau d6 5% dén 70% B trong 10,5 phut, sau d6 70% dén 95%
B trong 2 phut; Tc do chay: 0,4mL/phut).

Hiéu sudt cua 85: 0,104 mg, 0,203 pmol, 10%. MS rta giai cao m/z 514,2259
[M+H]"; duoc tinh toan d6i vi C23H31F3NsOs, 514,2277. 'H NMR (600 MHz, DMSO-de)
511,17 (br s, 1H), 9,40 (br s, 1H), 9,08 (d, J = 8,9 Hz, 1H), 5,06 — 4,98 (m, 1H), 4,42
4,36 (m, 1H), 4,13 (s, 1H), 3,91 (dd, J= 10,3, 5,6 Hz, 1H), 3,70 (d, mot nira vach bbn AB,
J=10,4 Hz, 1H), 3,00 — 2,93 (m, 1H), 2,60 (dd, hop phin cia hé ABX, J=18.0, 5,9 Hz,
1H), 2,46 (dd, hop phan cua hé ABX, J = 18,1, 9,1 Hz, 1H), 2,25 — 2,18 (m, 1H), 2,04 -
1,97 (m, 1H), 1,60 — 1,55 (m, 1H), 1,35 (d, mot nura vach bén AB, J = 7,6 Hz, 1H), 1,03
(s, 3H), 0,95 (s, 9H), 0,86 (s, 3H). Thoi gian luu: 8,3 phut (Cac diéu kién phan tich giéng

diéu kién duogc str dung ddi véi 81).

Vi du 86
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(1R,2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[5,5,5-
triflo-2-(2,2,2-trifloaxetamido)pentanoyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (86)
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Budc 1. Téng hop tert-butyl (1R,2S,5S)-2-({(2S)-1-amino-1-0x0-3-[(3S)-2-oxopyrolidin-
3-yl]propan-2-yl} carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-3-carboxylat (C66).
Huyén phu dac 0°C chira axit (1R,2S,5S)-3-(tert-butoxycarbonyl)-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxylic (5,25 g, 20,6mmol), C16, mudi HCI (4,70 g,
22.6mmol), va 2-hydroxypyridin 1-oxit (571 mg, 5,14mmol) trong butan-2-on (108mL)
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dugc bd sung N, N-diisopropyletylamin (7,97 g, 61,7mmol) tiép d6 la 1-[3-
(dimetylamin)propyl]-3-etylcarbodiimit hydroclorua (4,73 g, 24,7mmol). Sau khi hdn hop
phan tmg dugc khudy & 0°C trong 20 phiit, né dwoc lam 4m tir tir dén nhiét o trong phong,
va sau d6 khudy & nhiét do trong phong qua dém, trong khi d6 phan tich LCMS chi ra su
c6 mat ciia C66: LCMS m/z 407,1 [M—H]". Hon hop phan ung dugc pha lodng bang etyl
axetat (100mL), va duoc rira lién tiép nhu sau: hdn hgp chita nuée (50mL) va dung dich
nuéce natri clorua bdo hoa (20mL), dung dich nudce natri clorua bdo hoa (70mL), hai 1an
bang hdn hop chira axit clohydric (1 M; 50mL) va dung dich nudc natri clorua bdo hoa
(20mL), va cudi cing bang dung dich nudc natri clorua bdo hoa (70mL). Mbi 16p nude
duoc chiét bang etyl axetat (100mL), va 16p hitu co gom lai duge 1am kho trén natri sulfat
va duogc loc. Natri sulfat thu gom dugce rua bang etyl axetat (2 x 50mL), va cac phan dich
loc gom lai dugc ¢6 trong chan khong, dugc pha loang bang heptan (50mL), va dugc cd
trong didu kién 4p suét thip dé cho C66 & dang thuy tinh khong mau (6,69 g). Bing cach
phan tich '"H NMR, mot s§ dung mdi ¢6 mat; do tinh khiét dugc udce tinh & xap xi 85%
khi lugng. Phan tich "H NMR cfing d4 chi ra ring nguyén liéu ndy t6n tai & dang hdn hop
chira cAc chit dong phan quay. Hiéu suat, dugc diéu chinh v& sy ¢6 mit cia cdc dung moi:
5,7 g, 14mmol, 68%. 'H NMR (400 MHz, DMSO-ds), cac dinh dac trung: 6 8,23 — 8,13
(m, 1H), [7,63 (br s) va 7,59 (br s), tdng 1H], [7,36 (br s) va 7,23 (br s), tong 1H], 7,08 —
7,00 (m, 1H), 4,31 — 4,19 (m, 1H), [4,03 (s) va 3,99 (s), tong 1H], [3,58 (dd, J=10,8, 4,6
Hz) va 3,49 (dd, J = 10,8, 3.9 Hz), tong 1H], [3,27 (d, J = 10,9 Hz) va 3,26 (d, J = 10,7
Hz), tong 1H], 3,22 — 3,00 (m, 2H), 2,38 — 2,09 (m, 2H), 1,79 — 1,43 (m, 2H), [1,36 (s) va
1,29 (s), tong 9H], 1,00 (s, 3H), 0,89 (s, 3H).
Bugc 2. Tdéng hop (1R,2S5,55)-N-{(25)-1-amino-1-0x0-3-[(3S)-2-0xopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxamit, mubi metansulfonat
(C67).

Axit metanesulfonic (0,920mL, 14,2mmol) dugc bd sung vao dung dich chira C66
(xdp xi 85% khdi luong, tir budc trén dady; 6,68 g, 14mmol) trong 1,1,1,3,3,3-
hexaflopropan-2-ol (30mL). Hon hop phéan tng dugc khudy & nhiét do trong phong trong
3 gio, trong khi d6 né dugc co trong chan khong. Phan lang cin lan luot duoc hép thu
trong cac hé dung moi sau, tiép d6 1a o lai: axetonitril / etyl axetat (1:1, 2 x 10mL) va etyl
axetat / heptan (1:1, 2 x 10mL), dé tao ra C67 & dang thuy tinh (7,18 g). M6t phan nguyén
liéu nay dugc dung cho budce tiép theo. LCMS m/z 309,3 [M+H]". 'TH NMR (400 MHz,
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metanol-ds) § 4,51 (dd, J = 10,8, 4,7 Hz, 1H), 4,21 (br s, 1H), 3,73 (dd, J = 12,4, 6,3 Hz,
1H), 3,41 —3,22 (m, 3H), 2,70 (s, 3H), 2,58 — 2,47 (m, 1H), 2,42 — 2,32 (m, 1H), 2,16 (ddd,
J=14,0, 10,8, 4,8 Hz, 1H), 1,97 (br d, J= 7,9 Hz, 1H), 1,95 — 1,84 (m, 1H), 1,84 — 1,75
(m, 2H), 1,15 (s, 6H).

Budc 3. Téng hop (1R,2S,5S)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[5,5,5-triflo-2-(2,2,2-trifloaxetamido)pentanoyl]-3-azabixyclo[3.1.0]hexan-2-
carboxamit (86).

Dung dich chua axit 2-[(tert-butoxycarbonyl)amino]-5,5,5-triflopentanoic (59,0
mg, 0,218mmol) trong hdn hop chira axetonitril (0,60mL) va N,N-dimetylformamit
(0,40mL) dugc bd sung O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni
hexaflophosphat (HATU; 82,7 mg, 0,218mmol) tiép d6 1a 4-metylmorpholin (54,4 pL,
0,495mmol). Sau khi hdn hop phan ting dugc khudy trong 20 phut, C67 (tix budc trén day;
100 mg, <0,19mmol) duoc bo sung & dang chét ran. Hon hop phan ting dugc khudy trong
1,5 gio, trong khi d6 né duoc phan bb giita etyl axetat va dung dich nude natri bicacbonat
bdo hoa. Lép nude dugce chiét bang etyl axetat, va cac 16p hitu co gom lai dugc lam kho
trén magie sulfat, dugc loc, va dugce co su dung dong nito. Phan lang can duoc hoa tan
trong diclometan (0,70mL), dugc xt ly bang axit trifloaxetic (0,175mL), va dugc khudy &
nhiét do trong phong. Sau d6 2 gid, axit trifloaxetic (0,10mL) dugc bd sung tiép; Khuay
lién tuc trong 3 gid nita, trong khi d6 hdn hop phéan tng dugc c¢6 dudi dong nito, va sau dé
trong chan khong. Nguyén liéu nay duogc hoa tan trong diclometan (0,75mL), dugc lam
lanh trong bdn da, va duoc xir 1y bang trietylamin (54,8 pL, 0,393mmol); trifloaxetic
anhydrit (41,2 uL, 0,292mmol) dugc bd sung timg giot, va hdn hgp phan tng duge khudy
& nhiét do 0°C trong 3 gid. Céc chat d& bay hoi dugc loai ra str dung thiét bi 1am bay hoi
Genevac, va phén léng cidn duoc hoa tan trong diclometan (0,90mL), dugc xu ly béng
metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan ung Burgess; 132 mg,
0,554mmol), va dugc khudy & nhiét do trong phong trong 2,5 gid. Hon hop phan ting sau
do6 dugc cd dudi dong nito, duge pha lodng bé‘mg etyl axetat, va dugc rua béng dung dich
nuéc natri bicacbonat bdo hoa. Lép nude duoc chiét bang etyl axetat, va cac 16p hitu co
gom lai dugc lam kho trén magie sulfat, dugc loc, va duoc c6 dudi dong nito. Tinh ché
bang HPLC pha dao (Cot: Waters Sunfire C18, 19 x 100 mm, 5 pm; Pha dong A: 0,05%
axit trifloaxetic trong nudc; Pha dong B: 0,05% axit trifloaxetic trong axetonitril; gradien:

5% dén 95% B trong 8,54 phit, tiép d6 12 95% B trong 1,46 phut; Toc do chay: 25mL/phut)
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tao ra (1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-

[5,5,5-triflo-2-(2,2,2-trifloaxetamido)pentanoyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit
(86). Hiéu suat: 14 mg, 26 pmol, 14% qua 2 budec. LCMS m/z 540,6 [M+H]": Thoi gian
luu: 2,60 phut (Céc diéu kién phan tich. Cot: Waters Atlantis dC18, 4,6 x 50 mm, 5 pm;

Pha dong A: nu6e chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha dong B: axetonitril

chtra 0,05% axit trifloaxetic (thé tich/thé tich); gradien: 5,0% dén 95% B, tuyén tinh trong

4,0 phut, sau d6 95% B trong 1,0 phut; Téc do chay: 2mL/pht).

Vidu 87

(1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -3-[(25)-2-xyclohexyl-2-
{[(triflometyl)sulfonyl]amino} axetyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-

carboxamit (87)
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BuGc 1. Téng hop metyl (1R,25,55)-3-{(25)-2-[(tert-butoxycarbonyl)amino]-2-
xyclohexylaxetyl}-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat (C68).

Dung dich 0°C gdm metyl (1R,2S,5S5)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxylat, mudi hydroclorua (300 mg, 146mmol) va axit (25)-[(tert-
butoxycarbonyl)amino](xyclohexyl)axetic (394 mg, 1,53mmol) trong  N,N-
dimetylformamit (5mL) dugc bd sung O-(7-azabenzotriazol-1-yl)-N,N,N’N -
tetrametyluroni hexaflophosphat (HATU; 610 mg, 1,60mmol), tiép d6 1a timg giot bd sung
4-metylmorpholin (443 mg, 4,38mmol). Hon hop phan tmg duoc khudy & 0°C trong 10
phit, sau d6 & nhiét d trong phong (20°C) trong 2 gio, trong khi d6 né dugc rét vao nude
{4 (30mL) va dugc chiét bing etyl axetat (3 x 40mL). Lop hitu co gom lai dwoc rira lan
lwot bang nude (40mL), axit clohydric (1 M; 40mL), dung dich nuéc natri bicacbonat béo
hoa (40mL), va dung dich nudc natri clorua bdo hoa, sau d6 dugc 1am kho trén natri sulfat,
duoc loc, va dugc cd trong chan khong dé tao ra C68 & dang bot trang. Hiéu suat: 580 mg,
1,42mmol, 97%. LCMS m/z 409,3 [M+H]*. "H NMR (400 MHz, DMSO-ds) 8 7,03 (d, J
=8.5 Hz, 1H), 4,17 (s, 1H), 4,00 (d, J= 10,4 Hz, 1H), 3,88 (dd, /=9, 9 Hz, 1H), 3,75 (dd,
J=10.3, 5,3 Hz, 1H), 3,64 (s, 3H), 1,83 — 1,47 (m, 8H), 1,46 — 1,28 (m, 2H), 1,33 (s, 9H),
1,18 — 1,06 (m, 3H), 1,00 (s, 3H), 0,86 (s, 3H).

Budc 2. Tong hop metyl (1R,25,58)-3-[(25)-2-amino-2-xyclohexylaxetyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxylat, mudi hydroclorua (C69).

Dung dich chtra hydro clorua trong 1,4-dioxan (4 M; 15mL) dugc b6 sung timg giot
vao dung dich 5°C chira C68 (580 mg, 1,42mmol) trong 1,4-dioxan (3mL). Sau khi hdn
hop phan tng dugc khudy & nhiét do trong phong (20°C) trong 1,5 gid, n6 duge ¢b trong
chan khéng. Phin lang can duoc 1am bay hoi dong thoi véi diclometan dé cho C69 & dang
bot mau vang sang (490 mg), khdi nay dugc st dung trong thir nghiém dudi day. 'H NMR
(400 MHz, DMSO-ds) & 8,22 (br s, 3H), 4,26 (s, 1H), 3,99 — 3,90 (m, 1H), 3,76 (dd, hop
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phan cia hé ABX, J=10,7, 5,1 Hz, 1H), 3,71 (d, mdt nira vach bon AB, J = 10,6 Hz, 1H),
3,66 (s, 3H), 1,83 — 1,60 (m, 6H), 1,59 (dd, J = 7.6, 5,1 Hz, 1H), 1,49 (d, mdt nira vach
bén AB, J=17,6 Hz, 1H), 1,27 — 1,02 (m, 5H), 1,03 (s, 3H), 0,94 (s, 3H).

Budc 3. Téng hop metyl (1R,2S,58)-3-[(25)-2-xyclohexyl-2-
{[(triflometyl)sulfonyl]amino} axetyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxylat (C70).

Dung dich —10°C gém C69 (tt budc trén day; 480 mg, <1,39mmol) trong
diclometan (10mL) duoc bd sung N,N-diisopropyletylamin (630 mg, 4,87mmol), tiép do
1a timg giot bd sung triflometansulfonic anhydrit (0,328mL, 1,95mmol). Hon hop phan
tmg dugc khuay & —10°C trong 1 gio, sau d6 ¢ nhiét do trong phong (20°C) trong 1 gio,
trong khi d6 né duogc pha loang bang dung dich nudc natri clorua bdo hoa (50mL) va dugc
chiét bang diclometan (3 x 30mL). Lp hitu co gom lai duge 1am kho trén natri sulfat,
duoc loc, duoc ¢d trong chan khong, va duoc tinh ché bang séc ky silicagel (dung moi rira
giai: 1:4 etyl axetat / ddu mo ete), tao ra C70 & dang diu mau vang sang. Hiéu suat: 124
mg, 0,282mmol, 20% qua 2 budc. LCMS m/z 441,1 [M-+H]".

Budce 4. Tong hop axit (1R,25,55)-3-[(2S5)-2-xyclohexyl-2-
{[(triflometyl)sulfonyl]amino} axetyl]-6,6-dimetyl-3-azabixyclo[3.1.0 |hexan-2-
carboxylic (C71). |

Dung dich chira C70 (120 mg, 0,272mmol) trong hén hgp chira nuée (2mL),
metanol (2mL), va tetrahydrofuran (2mL) dugc bd sung lithi hydroxit monohydrat (28,6
mg, 0,682mmol). Sau khi hdn hgp phan Gmg duoc khudy & nhiét d trong phong (20°C)
trong 18 gi® & nhiét do trong phong, LCMS chira rang phan tng dugc hoan thanh: LCMS
m/z 427,2 [M+H]". Hon hgp phéan ung dugc cb trong chan khong dé loai bé dung méi hitu
co. Phan cin ldng dugc pha loAng bang nudce (SmL) va sau d6 duge axit hoa t6i do pH 2
dén 3 bang cach bd sung axit clohydric 1M; hén hop thu duge duoc chiét bang etyl axetat
(2 x 30mL). Lép hitu co gom lai duge lam kho trén natri sulfat, dugc loc, va dugc co trong
chan khong, tao ra C71 ¢ dang chit rin mau vang sang. Hiéu suat: 92,0 mg, 0,216mmol,
79%.

Budc 5. Toéng hop (1R,2S,55)-N-{(2S)-1-amino-1-ox0-3-[(3S)-2-0xopyrolidin-3-
yl]propan-2-yl}-3-[(2S)-2-xyclohexyl-2-{[ (triflometyl)sulfonyl]Jamino } axetyl]-6,6-
dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxamit (C72).
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Dung dich 0°C gdm C71 (92,0 mg, 0,216mmol) va C16, mudi HCI (72%, 68,8 mg,
0,238mmol) trong N,N-dimetylformamit (3mL) dugc bd sung O-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetrametyluroni hexaflophosphat (HATU; 98,4 mg, 0,259mmol), tiép d6 1a 4-
metylmorpholin (76,4 mg, 0,755mmol). Hon hop phan tmg sau dé dugc khudy & 20°C
trong 2 giv, trong khi d6 n6 duoc rét vao nude da (10mL) va duoc chiét bang hon hop
chtra cloroform va 2-propanol (4:1, 4 x 20mL). Lép hitu co gom lai duge lam kho trén
natri sulfat, duoc loc, dugc cb trong chan khong, va dugce tinh ché bang sic ky trén silicagel
(Gradien: 0% dén 10% metanol trong diclometan), thu dugc C72 ¢ dang thiy tinh khong
mau. Hiéu suat: 100 mg, 0,173mmol, 80%. LCMS m/z 580,2 [M+H]".

Buéc 6. Tong hop (1R,2S,55)-N-{(1S5)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-3-
[(28)-2-xyclohexyl-2-{[(triflometyl)sulfonyl]amino} axetyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxamit (87).

Dung dich chira trifloaxetic anhydrit (47,1 mg, 0,224mmol) trong diclometan (1mL)
dugc bd sung timg giot vao dung dich 0°C gdbm C72 (100 mg, 0,173mmol) va pyridin
(41,7 uL, 0,516mmol) trong diclometan (3mL). Sau d6 hdn hop duge khudy trong 20 gid
¢ nhiét do trong phong (10°C dén 20°C), n6 duoc cd trong chin khong va duge hoa tan lai
trong diclometan (3mL). Metyl N-(trietylamoniosulfonyl)carbamat, mudi noi (chat phan
ung Burgess; 103 mg, 0,432mmol) dugc bd sung, va hon hop phan tng dugc khuéy O nhiét
do trong phong (20°C) trong 20 gio. Sau d6, né duoc pha loang bang dung dich nudc natri
clorua bdo hoa (10mL) va duge chiét bang diclometan (3 x 20mL); 16p hitu co gom lai
duogc 1am kho trén natri sulfat, dugc loc, dugc co trong chan khong, va tién hanh sic ky
long siéu dén han [Cot: Chiral Technologies Chiralcel OD, 30 x 250 mm, 10 um; Pha
dong: 4:1 cacbon dioxit / (etanol chira 0,1% amoni hydroxit); Tdc dd chay: 60mL/phut].
Céc phan doan chira 87 dugc co trong chan khong below 40°C dé loai bé dong dung moi
rugu. Phén cin ling duoc pha lodng bang etyl axetat (50mL) va diclometan (5mL) va duoc
rira lién tiép bang axit clohydric (1 M; 20mL), dung dich nuéc natri bicacbonat bao hoa
(20mL), va dung dich nuéc natri clorua bdo hoa. Lép hitu co thu duge duge 1am kho trén
natri sulfat, dugc loc, va duoc co trong chan khong trude khi duge tron véi nude (20mL)
va axetonitril (SmL); hon hgp nay duge dong khé nhanh dé cho (1R,28,55)-N-{(15)-1-
xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-3-[(25)-2-xyclohexyl-2-
{[(triflometyl)sulfonyl]amino} axetyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxamit (87) & dang chét rin mau tréng. Hiéu suat: 27,6 mg, 49,1 pmol, 28%. LCMS
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m/z 562,2 [M+H]*. "H NMR (400 MHz, DMSO-ds), c4c dinh dic trung: 8 9,93 (d, J=8.3
Hz, 1H), 9,10 (d, J = 8,7 Hz, 1H), 7,70 (s, 1H), 5,03 — 4,94 (m, 1H), 4,15 (s, 1H), 3,88 —
3,78 (m, 2H), 3,55 (d, J = 10,2 Hz, 1H), 3,20 — 3,11 (m, 1H), 3,10 — 3,00 (m, 1H), 2,19 -
2,08 (m, 1H), 2,06 — 1,95 (m, 1H), 1,85 — 1,53 (m, 9H), 1,33 (d, mot nira vach bén AB, J
=17,7 Hz, 1H), 1,03 (s, 3H), 0,89 (s, 3H).

Vidu 88 va 89
(1R,2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -3-[3-xyclobutyl-N-
(trifloaxetyl)-L-alanyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxamit va

(1R,2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -3-[3-xyclobutyl-N-
(trifloaxetyl)-D-alanyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxamit (88 va 89)
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88 (DIAST-1) va 89 (DIAST-2)

Bu6c 1. Tong hop tert-butyl {1-[(1R,2S,55)-2-({(2S)-1-amino-1-0x0-3-[(35)-2-
oxopyrolidin-3-yl]propan-2-yl} carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-3-yl]-
3-xyclobutyl-1-oxopropan-2-yl}carbamat (C73).

Dung dich 0°C gém €67 (150 mg, 0,371mmol) va N-(fert-butoxycarbonyl)-3-
xyclobutylalanin (99,2 mg, 0,408mmol) trong N,N-dimetylformamit (3mL) duoc xu ly
bang O-(7-azabenzotriazol-1-yl)-N,N,N’, N -tetrametyluroni hexaflophosphat (HATU; 169
mg, 0,444mmol). 4-metylmorpholin (131 mg, 1,30mmol) sau d6 dugc bd sung timg giot,
trong khi d6 hén hop phan Gng dugc Iam 4m 1én dén 25°C va khudy qua dém. Nudc da
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(10mL) dugc bd sung, va hdn hop thu duge duge chiét bang hén hop chira cloroform va
2-propanol (4:1, 4 x 20mL); 16p hitu co gom lai duoc lam kho trén natri sulfat, dugc loc,
va dugc ¢b trong chan khong. Sac ky trén silicagel (Gradien: 0% dén 10% metanol trong
diclometan) dugc thuc hién hai lan, tao ra C73 & dang chét rén mau trang, bao gbdm hén
hop chita hai chit ddng phan khong ddi quang. Higu suat: 106 mg, 0,199mmol, 54%.
LCMS m/z 534,2 [M+H]*. '"H NMR (400 MHz, cloroform-d) & [8,59 (d, J = 5,5 Hz) va
7,85 (d, J = 7,7 Hz), téng 1H], 7,20 — 7,06 (m, 1H), [5,78 (br s) va 5,67 (br s), tong 1H],
[5,51 (brs) va 5,40 br (s), tong 1H], 5,22 — 5,12 (m, 1H), [4,49 — 4,39 (m) va 4,38 — 4,23
(m), tbng 3H], 4,17 — 4,06 (m, 1H), [3,83 (d, J = 10,4 Hz) va 3,50 (d, J = 10,5 Hz), tong
1H], 3,42 — 3,28 (m, 2H), 2,50 — 2,30 (m, 3H), 2,23 — 2,00 (m, 4H), 2,00 — 1,77 (m, 4H),
1,73 — 1,44 (m, SH), [1,40 (s) va 1,39 (s), tong 9H], [1,07 (s) va 1,03 (s), tong 3H], [0,98
(s) va 0,92 (s), tong 3H].

Buée 2. Téng hop (1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-3-[3-
xyclobutyl-N-(trifloaxetyl)-L-alanyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxamit va  (LR,2S,55)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-3-[3-
xyclobutyl-N-(trifloaxetyl)-D-alanyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxamit [88 (DIAST-1) va 89 (DIAST-2)].

Dung dich chtta hydro clorua trong 1,4-dioxan (4 M; SmL, 20mmol) dugc bd sung
tung giot vao dung dich 0°C gém C73 (106 mg, 0,199mmol) trong diclometan (SmL). Hoén
hop phéan ung dugc khudy & 0°C trong 15 phut va sau d6 & 25°C trong 2 gio, trong khi d6
n6 duogc ¢d trong chan khong dé tao ra nguyén liéu duge khir bao vé & dang chat rdn mau
trang: LCMS m/z 434,2 [M+H]". Nguyén liéu nay hoa tan trong diclometan (3mL), dugc
]am lanh trong bdn d4, va dwoc xir Iy bang pyridin (79,9 mg, 1,01mmol) va dung dich chtra
trifloaxetic anhydrit (170 mg, 0,809mmol) trong diclometan (1,5mL). Hén hop phan ung
duge khudy & 20°C trong 20 gid; pyridin (40,0 mg, 0,506mmol) sau d6 dwgc bd sung, va
khudy lién tuc trong 12 gid nita & 25°C. Sau d6 pha loang bang diclometan (15mL), hén
hop phan tmg dugc rira lién tiép bang axit clohydric (1 M; 10mL), dung dich nu6c natri
bicacbonat bdo hoa (3 x 10mL), va dung dich nuéc natri clorua bdo hoa (10mL), dugc lam
kho, duogce loc, va duoc cd trong chan khong. Sic ky silicagel (Gradien: 0% dén 20%
metanol trong diclometan) tiép d6 tién hanh sdc ky léng siéu dén han [CoOt: Chiral
Technologies Chiralpak IC, 30 x 250 mm, 10 pm; Pha dong: 3:1 cacbon dioxit / (metanol
chira 0,1% amoni hydroxit); Téc do chay: 70mL/phit], thu duge céc chit ddng phan khong
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ddi quang da dugc tach (1R,2S,55)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-3-
[3-xyclobutyl-N-(trifloaxetyl)-L-alanyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxamit  va  (1R,25,55)-N-{(19)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-3-[3-
xyclobutyl-N-(trifloaxetyl)-D-alanyl]-6,6-dimetyl-3-azabixyclo[3.1.0 Jhexan-2-
carboxamit. Nguyén li¢u chira cAu hinh D-alanyl va chira cau hinh L-alanyl khong dugc
xé4c dinh; chat ddng phan khong déi quang rira giai 1an thi nhat dugc chi ra 1a 88, va chét
ddng phan khong déi quang rira giai thir hai dugc chi ra 12 89. Ca hai chat nay thu duogc ¢
dang chét rdn mau trang.

88 — Hiéu suét: 9,3 mg, 18,2 umol, 9% qua 2 budc. LCMS m/z 512,1 [M+H]". 'H
NMR (400 MHz, DMSO-dg) 6 9,75 (br d, J = 7,0 Hz, 1H), 8,96 (d, /= 8,1 Hz, 1H), 7,71
(s, 1H), 5,00 — 4,90 (m, 1H), 4,32 — 4,23 (m, 1H), 4,13 (s, 1H), 3,82 (dd, hop phan ctia hé
ABX, J = 10,2, 5,4 Hz, 1H), 3,69 (d, mdt nita vach bon AB, J = 10,2 Hz, 1H), 3,20 — 3,02
(m, 2H), 2,44 — 2,28 (m, 2H), 2,16 — 2,04 (m, 2H), 2,04 — 1,91 (m, 2H), 1,87 — 1,54 (m,
9H), 1,32 (d, mot nra vach bén AB, J= 17,6 Hz, 1H), 1,03 (s, 3H), 0,88 (s, 3H). Thoi gian
luu: 2,78 phut (Céc diéu kién phan tich. Cot: Chiral Technologies Chiralpak IC-3, 4,6 x
150 mm, 3 pm; Pha dong A: cacbon dioxit; Pha dong B: metanol chira 0,05% dietylamin
(thé tich/thé tich); gradien: 5% dén 40% B trong 5 phut, sau d6 40% B trong 2,5 phut; Ap
sudt nguoc: 1500 psi; Toe do chay: 2,5mL/phut).

89 — Hiéu sut: 23 mg, 45,0mmol, 23% qua 2 budc. 'H NMR Phén tich di chi ra
rang nguyén lidu nay ton tai & dang hdn hop chtra cac chéat ddng phan quay. LCMS m/z
512,1 [M+H]". '"H NMR (400 MHz, DMSO-ds) & [9,92 br (s) va 9,65 (br s), tong 1H],
[9,22 (d, J=7,7 Hz) va 8,85 (d, J = 8,4 Hz), tong 1H], [7,76 (s) va 7,67 (s), tong 1H], [5,11
~ 5,00 (m) va 4,98 — 4,87 (m), tong 1H], [4,51 (s) va 4,07 (s), tong 1H], [4,47 — 4,36 (m)
va 4,09 — 4,00 (m), tong 1H], [3,90 (dd, J = 10,2, 5,3 Hz) va 3,60 — 3,45 (m), tong 2H],
3,21 —3,00 (m, 2H), 2,44 — 2,33 (m, 1H), 2,28 — 1,98 (m, 3H), 1,98 — 1,52 (m, 10H), [1,49
~ 1,38 (m) va 1,32 (d, mot nira vach bén AB, J = 7,6 Hz), tong 2H], [1,04 (s) va 1,02 (s),
téng 3H], [0,93 (s) va 0,82 (s), tong 3H]. Thoi gian luu: 4,14 phut (Cac diéu kién phan tich
gidng diéu kién duge st dung cho 88).
Vidu 90
(1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[3-
(pyridin-2-y1)-N-(trifloaxetyl)-L-alanyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (90)
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Buéc 1. Téng hop tert-butyl [(25)-1-[(1R,2S,55)-2-({(2S)-1-amino-1-0x0-3-[(35)-2-
oxopyrolidin-3-yl]propan-2-yl} carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-3-yl]-
1-0x0-3-(pyridin-2-yl)propan-2-yl]carbamat (C74).

Dung dich 0°C gébm C67 (250 mg, 0,618mmol) va N-(tert-butoxycarbonyl)-3-
pyridin-2-yl-L-alanin (198 mg, 0,744mmol) trong N,N-dimetylformamit (2mL) dugc bd
sung O-(7-azabenzotriazol-1-yl)-N,N,N’, N -tetrametyluroni hexaflophosphat (HATU; 282
mg, 0,742mmol), tiép d6 la timg giot bo sung dung dich chira 4-metylmorpholin (188 mg,
1,86mmol) trong N,N-dimetylformamit (1mL). Hon hgp phan Gmg sau d6 dwoc lam am
dén 20°C va duoc khudy trong 2 gio, trong khi d6 né duoc pha lodng bang nuée (10mL)
va duge chiét bang etyl axetat (10mL). Natri sulfat rin dugc bd sung vao 16p nude cho t6i
khi bdo hoa, trong khi d6 16p nude duge chiét bang hdn hop chira diclometan va metanol
(10:1, 3 x 20mL). Céc 16p hitu co gom lai dugc ¢b trong chan khong va duoc tinh ché bang
sdc ky silicagel (Gradien: 0% dén 10% metanol trong diclometan), thu dugc C74 ¢ dang
gom mau vang. Hiéu suét: 250 mg, 0,449mmol, 73%. LCMS m/z 557,0 [M+H]". TH NMR
(400 MHz, metanol-ds), cac dinh dac trung: & 8,49 (d, J= 5,2 Hz, 1H), 7,78 — 7,71 (m,
1H), 7,35 (d, J= 7,8 Hz, 1H), 7,30 — 7,25 (m, 1H), 4,73 (dd, J= 8,5, 5,2 Hz, 1H), 4,40 (dd,
J=11,8, 4,2 Hz, 1H), 4,30 (s, 1H), 4,01 — 3,90 (m, 1H), 3,26 (dd, J = 14,2, 5,6 Hz, 1H),
2,94 (dd, J= 14,1, 8,9 Hz, 1H), 2,65 — 2,53 (m, 1H), 2,37 — 2,25 (m, 1H), 2,14 — 2,04 (m,
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1H), 1,91 — 1,78 (m, 2H), 1,61 — 1,55 (m, 1H), 1,53 (d, mot nira vach bén AB, J=7,7 Hz,
1H), 1,34 (s, 9H), 1,08 (s, 3H), 1,00 (s, 3H).

BuGc 2. Téng hop (1R,2S,55)-N-{(2S)-1-amino-1-0x0-3-[(35)-2-oxopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-[3-(pyridin-2-yl)-L-alanyl]-3-azabixyclo[3.1.0]hexan-2-
carboxamit, mudi hydroclorua (C75).

Dung dich chtta hydro clorua trong 1,4-dioxan (4 M; 6mL) dugc bd sung vao dung
dich 0°C gdm C74 (250 mg, 0,449mmol) trong diclometan (2mL), va hén hop phan tng
duoc khudy trong thdi gian 5 gior & 20°C. Phan tich LCMS chi ra ring ¢6 su chuyén hoa
thanh C75: LCMS m/z 457,1 [M+H]". Loai c4c dung mdi trong chan khong tao ra C75 &
dang chit ran mau vang (250 mg); mot phan nguyén liéu nay dugc st dung truc tiép &
bude tiép theo. '"H NMR (400 MHz, DMSO-ds), cac dinh dédc trung: 6 8,81 (br d, J = 5,4
Hz, 1H), 8,43 (d, J = 8,3 Hz, 1H), 8,39 — 8,31 (m, 1H), 7,90 (d, J = 8,0 Hz, 1H), 7,87 —
7,81 (m, 1H), 7,65 (s, 1H), 7,43 (br s, 1H), 7,06 (br s, 1H), 4,77 — 4,67 (m, 1H), 4,35 (s,
1H), 4,32 — 4,23 (m, 1H), 3,94 — 3,86 (m, 1H), 3,80 (d, mot nira vach bén AB, J=10,6
Hz, 1H), 3,36 — 3,25 (m, 1H), 3,20 — 3,08 (m, 2H), 2,35 — 2,23 (m, 1H), 2,17 - 2,06 (m,
1H), 2,01 — 1,90 (m, 1H), 1,55 — 1,48 (m, 1H), 1,43 (d, mdt nira vach bén AB, J= 17,6 Hz,
1H), 1,04 (s, 3H), 0,96 (s, 3H).

Budc 3. Toéng hop (1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-(pyridin-2-yl)-N-(trifloaxetyl)-L-alanyl]-3-azabixyclo[3.1.0]hexan-2-
carboxamit (90).

Dung dich 0°C gém C75 (tit budc trén day; 175 mg, <0,314mmol) trong diclometan
(6mL) duoc bd sung pyridin (197 mg, 2,49mmol), tiép d6 1a dung dich chira trifloaxetic
anhydrit (186 mg, 0,886mmol) trong diclometan (2mL). Sau khi hdn hop phan tmg duoc
khudy & 20°C trong 2 gid, n6 dugce pha lodng bing nuée va duge chiét bang hon hop chira
diclometan va metanol (10:1, 3 x 15mL). Cac 16p hitu co gom lai dugc c6 trong chan khong
va duoc tién hanh séc ky silicagel (Gradien: 0% dén 10% metanol trong diclometan), tiép
d6 1a sc ky long siéu dén han [Cot: Chiral Technologies Chiralpak AS, 30 x 250 mm, 10
um; Pha dong: 3:1 cacbon dioxit / (etanol chira 0,1% amoni hydroxit); Tbc do chay:
70mL/phit], d& cho (1R,2S,55)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-(pyridin-2-yl)-N-(trifloaxetyl)-L-alanyl]-3-azabixyclo[3.1.0]hexan-2-
carboxamit (90) & dang chét rin mau trdng. Hiéu suét: 25 mg, 46,8 pmol, 15% qua 2 bude.

LCMS m/z 535,1 [M+H]*. '"H NMR (400 MHz, DMSO-ds) 6 9,92 (d, /= 7,5 Hz, 1H), 8,91
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(d, J = 8,0 Hz, 1H), 8,51 (br d, J =5 Hz, 1H), 7,75 — 7,68 (m, 2H), 7,28 (d, /= 7,8 Hz,
1H), 7,25 (dd, J= 7,3, 5,1 Hz, 1H), 5,00 — 4,88 (m, 2H), 4,15 (s, 1H), 3,86 (dd, hop phan
ctia hé ABX, J = 10,3, 5,4 Hz, 1H), 3,70 (d, mét nira vach bén AB, J= 10,3 Hz, 1H), 3,21
—3,04 (m, 4H), 2,42 — 2,31 (m, 1H), 2,18 — 2,04 (m, 2H), 1,76 (ddd, J = 13,5, 9,6, 6,6 Hz,
1H), 1,74 — 1,62 (m, 1H), 1,62 — 1,53 (m, 1H), 1,33 (d, mot ntra vach boén AB, J=7,6 Hz,
1H), 1,03 (s, 3H), 0,89 (s, 3H).

Vidu 9l

(1R,28,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -3- { N-[(4-
flophenoxy)axetyl]-3-metyl-L-valyl}-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-

carboxamit (91)
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Buge 1. Téng hop fert-butyl {(25)-1-[(1R,2S,5S)-2-({(25)-1-amino-1-0x0-3-[(3.5)-2-
oxopyrolidin-3-yl]propan-2-yl} carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-3-yl]-
3,3-dimetyl-1-oxobutan-2-yl} carbamat (C76).

Dung dich chta C32 (15,4 g, 41,8mmol) va C16, mudi HCI (75%, 11,6 g,
41,9mmol) trong N,N-dimetylformamit (380mL) dugc 1am lanh tir —5°C dén 0°C. B6 sung
O-(7-azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU; 18,3 g,
48,1mmol) va 4-metylmorpholin (12,7 g, 126mmol) vao dung dich nay & —5°C dén 0°C.
Sau khi hdn hop phan tng duge khudy & 0°C trong 1,5 gid, n6 duge rét vao nude da
(400mL), va hdn hgp thu duge dugce chiét bang etyl axetat (3 x 200mL). Céc 16p hitu co
gom lai 14n Iugt duge rira bang dung dich nudc axit xitric (1 M; 120mL), dung dich nude
natri bicacbonat bdo hoa (120mL), va dung dich nudc natri clorua bao hoa (3 x 60mL),
duogc 1am khd trén natri sulfat, dugc loc, dugc co trong chan khong, va két hop voi san
phém thé tir phan Gmg twong tu duge thyuc hién st dung C32 (1,08 g, 2,93mmol). Sic ky
silicagel (Gradien: 0% dén 10% metanol trong diclometan) tao ra C76 ¢ dang chét rin mau
trdng (9,80 g). C4c 16p nude gom lai duoc chiét bang hdn hop chua cloroform va 2-
propanol (4:1, 3 x 100mL); néng do ctia cac phan chiét gom lai ny tiép d6 tién hanh sic
ky silicagel (Gradien: 0% dén 10% metanol trong diclometan) dé cho b6 sung C76 & dang
chit rén mau tring (2,3 g). Hiéu suat gop: 12,1 gm, 23,2mmol, 52%. LCMS m/z 522,5
[M+H]". 'H NMR (400 MHz, cloroform-d) & 8,28 (br d, J= 5,9 Hz, 1H), 7,20 (br s, 1H),
5,71 (br s, 1H), 5,38 (br s, 1H), 5,10 (br d, J = 10,3 Hz, 1H), 4,47 — 4,38 (m, 1H), 4,28 —
4,20 (m, 2H), 4,12 (dd, hop phan ctia hé ABX, J = 10,2, 4,0 Hz, 1H), 3,99 (d, m¢t nira
vach boén AB, J= 10,2 Hz, 1H), 3,40 — 3,33 (m, 2H), 2,53 — 2,35 (m, 2H), 2,17 - 2,07 (m,
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1H), 2,00 — 1,81 (m, 2H), 1,52 — 1,4 (m, 2H, dugc gia dinh; bi che phén 16n boi dinh nudce
va tert-butyl signal), 1,39 (s, 9H), 1,02 (s, 3H), 1,01 (s, 9H), 0,88 (s, 3H).

Buéc 2. Toéng hop (1R,2S,55)-N-{(2S)-1-amino-1-o0x0-3-[(35)-2-oxopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-(3-metyl-L-valyl)-3-azabixyclo[3.1.0]hexan-2-
carboxamit, mudi hydroclorua (C77).

Dung dich 0°C gém C76 (12,1 g, 23,2mmol) trong diclometan (50mL) dugc b
sung dung dich chira hydro clorua trong 1,4-dioxan (4 M; 250mL). Sau khi hdn hop phan
tmg duoc khudy & 20°C trong 2 gid, n6 dugc loc. Banh loc dugc khudy bang metyl tert-
butyl ete (250mL) trong 18 gid; tién hanh loc tao ra C77 ¢ dang chét rdn mau vang
sang/trang (10,89 g). LCMS m/z 422,2 [M+H]". 'TH NMR (400 MHz, DMSO-de) 6 8,38 (d,
J=9,0 Hz, 1H), 8,19 (br s, 3H), 7,57 (br s, 1H), 7,41 (br s, 1H), 7,04 (br s, 1H), 4,35 —
4,27 (m, 1H), 4,34 (s, 1H), 3,85 — 3,72 (m, 2H), 3,65 (d, mot nra vach bén AB, J= 10,8
Hz, 1H), 3,16 — 3,09 (m, 1H), 3,05 — 2,95 (m, 1H), 2,43 — 2,31 (m, 1H), 2,17 — 2,04 (m,
1H), 2,00 — 1,89 (m, 1H), 1,71 — 1,42 (m, 3H), 1,38 (d, mot nra vach bén AB, J=7,7 Hz,
1H), 1,02 (s, 3H), 1,02 (s, 9H), 0,97 (s, 3H).

Buéc 3. Téng hop (LR,2S,55)-N-{(25)-1-amino-1-o0x0-3-[(3S)-2-oxopyrolidin-3-
yl]propan-2-yl}-3-[ N-(cloaxetyl)-3-metyl-L-valyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxamit (C78).

Trietylamin (2,21 g, 21,8mmol) dugc bd sung vao dung dich 0°C gom C77 (tir bude
trén day; 2,50 g, <5,33mmol) trong diclometan (100mL). Dung dich chura cloaxetyl clorua
(1,23 g, 10,9mmol) trong diclometan (9mL) dugc bb sung vao hdn hop phan ing timg giot,
va khudy lién tuc & 0°C trong 1 gio. Nude (50mL) sau d6 dugc bd sung, va hdn hop thu
duoc duge chiét béng hdn hop chira cloroform va 2-propanol (4:1, 3 x 50mL); 16p hitu co
gom lai dugce rira bing dung dich nuéc natri clorua bdo hoa (50mL), duge lam kho trén
natri sulfat, duoc loc, va dugc c¢b trong chan khong. Tinh ché bang sic ky silicagel
(Gradien: 0% dén 10% metanol trong diclometan) tao ra C78 ¢ dang chét rén mau tring.
Hiéu suét: 1,21 g, 2,43mmol, 46% qua 2 budc. LCMS m/z 498,1 (méu dong phén clo dugc
quan sat) [M-+H]". "TH NMR (400 MHz, DMSO-de) 3 8,30 — 8,22 (m, 2H), 7,54 (br s, 1H),
7,30 (br s, 1H), 7,03 (br s, 1H), 4,35 (d, J = 8,9 Hz, 1H), 4,29 (ddd, J=12,1, 8,7, 3,4 Hz,
1H), 4,24 (s, 1H), 4,11 (Vach bén AB, Jas = 12,4 Hz, Avap = 14,3 Hz, 2H), 3,86 (dd, hop
phan ctia hé ABX, J= 10,2, 5,4 Hz, 1H), 3,72 (d, mdt nira vach bén AB, J = 10,3 Hz, 1H),
3,18 — 3,08 (m, 1H), 3,07 — 2,97 (m, 1H), 2,48 — 2,36 (m, 1H), 2,19 — 2,08 (m, 1H), 1,99
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—1,88 (m, 1H), 1,69 — 1,43 (m, 3H), 1,37 (d, mot nira vach bén AB, J=17,7 Hz, 1H), 1,01
(s, 3H), 0,94 (s, 9H), 0,84 (s, 3H).

Bu6c 4. Toéong hop (1R,2S,55)-N-{(2S)-1-amino-1-o0x0-3-[(3S)-2-oxopyrolidin-3-
yl]propan-2-yl}-3-{ N-[(4-flophenoxy)axetyl]-3-metyl-L-valyl}-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxamit (C79).

4-Flophenol (49,5 mg, 0,442mmol) dugc bd sung vao hdn hgp chia xesi florua
(67,1 mg, 0,442mmol) trong N,N-dimetylformamit (3mL), va hdn hop duge khudy & 65°C
trong 1 gio, trong khi d6 C78 (110,0 mg, 0,221mmol) dugc bd sung, va hon hop phan tng
duge khudy & 65°C trong 8 gio. Sau d6, né duge két hop v6i phan tmg twong tu duge thuc
hién str dung C78 (30 mg, 60 umol), dugc rét vao nude (10mL), va duge chiét béng etyl
axetat (3 x 10mL). Lép hitu co gom lai dugc rira lan lugt béng nudce (20mL), axit clohydric
(1 M; 10mL), dung dich nu6c natri cacbonat bdo hoa (10mL), va dung dich nudc natri
clorua bdo hoa, dugc 1am kho trén natri sulfat, dugc loc, va dugc cd trong chan khong. Sac
ky silicagel (Gradien: 0% dén 10% metanol trong diclometan) tao ra C79 ¢ dang thuy tinh
mau tréng. Hiéu suat gop: 100 mg, 0,174mmol, 62%. LCMS m/z 574,2 [M+H]*. 'H NMR
(400 MHz, cloroform-d) & 8,23 (br d, J= 6 Hz, 1H), 7,19 (br s, 1H), 7,04 (br d, J = 10,2
Hz, 1H), 6,99 (dd, J = 9,2, 8,0 Hz, 2H), 6,85 (dd, hop phan ctia hé ABX, J=9,1,4,2 Hz,
2H), 5,78 (br s, 1H), 5,46 (br s, 1H), 4,65 (d, J= 9.8 Hz, 1H), 4,52 — 4,38 (m, 3H), 4,22 (s,
1H), 4,14 (dd, hop phan cua hé ABX, J = 10,3, 5,3 Hz, 1H), 3,93 (d, mdt nira vach bén
AB, J=10,3 Hz, 1H), 3,41 — 3,32 (m, 2H), 2,55 — 2,34 (m, 2H), 2,14 — 2,05 (m, 1H), 2,03
— 1,80 (m, 3H), 1,03 (s, 3H), 1,00 (s, 9H), 0,86 (s, 3H).

Budge 5. Tong hop (1R,2S,55)-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl }-3-{ N-
[(4-flophenoxy)axetyl]-3-metyl-L-valyl}-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxamit (91).

Dung dich chira metyl N-(trietylamoniosulfonyl)carbamat, mudi nodi (chat phan ting
Burgess; 125 mg, 0,524mmol) trong diclometan (2mL) dugc bd sung ting giot vao dung
dich 10°C (nhiét do trong phong) chira C79 (100 mg, 0,174mmol) trong diclometan (4mL).
Sau khi hdn hop phan tng duge khudy & 10°C trong 16 gid, né dugc pha loang bang nudc
(10mL) va dugc chiét bang diclometan (3 x 10mL). L6p hiru co gom lai dugc rira bang
dung dich nuéc natri clorua bdo hoa (2 x 10mL) va dugce cd trong chén khong; sic ky
silicagel (Gradien: 0% dén 10% metanol trong diclometan), tiép d6 1a sac ky long siéu dén

han [Cot: Chiral Technologies Chiralcel OD, 30 x 250 mm, 10 pm; Pha dong: 4:1 cacbon
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dioxit / (etanol chira 0,1% amoni hydroxit); Tbc dd chay: 60mL/phut], tao ra (1R,2S,55)-
N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-3- {N-[ (4-flophenoxy)axetyl]-3-
metyl-L-valyl}-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxamit (91) ¢ dang chét ran
mau tring. Hiéu suit: 55 mg, 99,0 pmol, 57%. LCMS m/z 556,3 [M+H]". 'TH NMR (400
MHz, DMSO-ds) & 9,01 (d, J= 8,5 Hz, 1H), 7,96 (d, J= 9,1 Hz, 1H), 7,68 (s, 1H), 7,13 —
7,04 (m, 2H), 6,90 — 6,84 (m, 2H), 4,97 (ddd, J = 10,9, 8,5, 5,1 Hz, 1H), 4,61 — 4,50 (m,
2H), 4,39 (d, J = 8,9 Hz, 1H), 4,12 (s, 1H), 3,87 (dd, hop phan ctia hé ABX, J=10.,4, 5,5
Hz, 1H), 3,73 (d, mdt nira vach bén AB, J= 10,4 Hz, 1H), 3,19 — 3,09 (m, 1H), 3,09 — 2,99
(m, 1H), 2,47 — 2,36 (m, 1H, dugc gia dinh; bi che mot phén bdi dinh dung méi), 2,21 —
2,02 (m, 2H), 1,79 — 1,65 (m, 2H), 1,53 (dd, J = 7.6, 5,4 Hz, 1H), 1,29 (d, mdt nira vach
bén AB, J = 7,6 Hz, 1H), 1,00 (s, 3H), 0,93 (s, 9H), 0,75 (s, 3H).

Vidu 92
3-metyl-N-[(4-metylphenyl)axetyl]-L-valyl-(4R)-N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-(triflometyl)-L-prolinamit (92)
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Hon hop chtra C51 (68,0 mg, 0,12mmol) va dung dich chtra hydro clorua trong 1,4-
dioxan (4 M; 1mL, 4mmol) duoc khudy & nhiét do trong phong trong 5 phiit, trong khi d6
hdn hop phan tmg duoc cd trong chén khong d2 loai bé dung mdi, sau d6 dugc théo tiép
sir dung chan khong muc cao dé loai bo cin hydro clorua. Axit (4-metylphenyl)axetic (18,6
mg, 0,124mmol) duge bd sung vao phan lang cin; hdn hop thu dugc duge hoa tan in V,N-
dimetylformamit (1,0mL) va dwoc lam ngudi dén —30°C. Sau d6 bO sung N,N-
diisopropyletylamin (64,7 pL, 0,371mmol), tiép d6 1a O-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetrametyluroni hexaflophosphat (HATU; 61,2 mg, 0,161mmol), hdn hop phan
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tmg duoc 1am 4m dén nhiét d6 trong phong trong 1 gid va sau d6 duge xir ly bang dung
dich nuéc natri bicacbonat. Hon hop dugc chiét 5 1an bang etyl axetat, va cac 16p hitu co
gom lai dugc co trong didu kién 4p suét thip. Phan lang cin sau d6 dugc hoa tan trong
diclometan (ImL), dugc xu 1y bang metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi
(chét phan g Burgess; 88,5 mg, 0,371mmol), va dugc khudy & nhiét do trong phong
trong 1 gio, trong khi d6 hon hop phan ing dugce xir Iy bang dung dich nuéc natri cacbonat
lodng va duoc chiét hai 1An bang etyl axetat. Cac 16p hitu co gom lai dugce 1am kho trén
magie sulfat, dugc loc, duge cb trong chan khong, va dugc tinh ché bang HPLC pha dao
(Cot: Waters XBridge C18, 19 x 100 mm, 5 pm; Pha dong A: nudc; Pha dong B:
axetonitril; gradien: 20% dén 60% B trong 8,5 phut, sau d6 60% dén 95% B trong 0,5 phut,
sau d6 95% B trong 1,0 phat; Téc dd chay: 25mL/phit) dé cho 3-metyl-N-[(4-
metylphenyl)axetyl]-L-valyl-(4R)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-4-
(triflometyl)-L-prolinamit (92). Hiéu suét: 20,7 mg, 36,7 pmol, 31%. LCMS m/z 564,8
[M+H]". Thoi gian Iuu: 2,71 phut (Cac didu kién phan tich. Cot: Waters Atlantis dC18, 4,6
x 50 mm, 5 pm; Pha dong A: nudc chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha
dong B: axetonitril chira 0,05% axit trifloaxetic (thé tich/thé tich); gradien: 5,0% dén 95%
B, tuyén tinh trong 4,0 phit, sau d6 95% B trong 1,0 phut; Téc do chay: 2mL/phut).
Vidu 93
(1R,2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-(1 -
pyrazol-1-yl)-N-(trifloaxetyl)-L-alanyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (93)
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Buéc 1. Tbéng hop (1R,2S,55)-N-{(25)-1-amino-1-0x0-3-[(35)-2-0xopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxamit, mudi hydroclorua
(C67, mudi HCI).

Dung dich chita C66 (9,97 g, 24,4mmol) trong diclometan (50mL) dugc bd sung
dung dich chtra hydro clorua trong 1,4-dioxan (4 M; 90mL). Hon hop phan tng dugc khuay
& nhiét do trong phong (25°C) trong 2 gid, trong khi d6 phan tich LCMS chi ra rang c6 su
chuyén hoa thanh C67: LCMS m/z 309,0 [M+H]". Cb trong chéan khong tao ra C67, mudi
HCI & dang chit rin mau trang. Hiéu sut: 8,10 g, 23,5mmol, 96%. '"H NMR (400 MHz,
DMSO-ds) & 10,20 — 10,08 (m, 1H), 8,93 (d, J = 8,0 Hz, 1H), 8,86 — 8,71 (m, 1H), 7,68
(br s, 1H), 7,63 (br s, 1H), 7,12 (br s, 1H), 4,30 (ddd, J = 10,9, 8,1, 4,1 Hz, 1H), 4,09 -
4,02 (m, 1H), 3,63 — 3,53 (m, 1H, dugc gia dinh; bi che mot phén bo1 dinh nudce), 3,22 —
2,99 (m, 3H), 2,34 — 2,22 (m, 1H), 2,21 — 2,11 (m, 1H), 2,01 (ddd, /= 13,6, 11,1, 3,6 Hz,
1H), 1,80 — 1,66 (m, 3H), 1,55 (ddd, J= 13,6, 11,4, 4,1 Hz, 1H), 1,08 (s, 3H), 1,05 (s, 3H).
Budec 2. Tong hop tert-butyl [(25)-1-[(1R,2S,55)-2-({(25)-1-amino-1-0x0-3-[(35)-2-
oxopyrolidin-3-yl]propan-2-yl} carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-3-yl]-
1-o0x0-3-(1H-pyrazol-1-yl)propan-2-yl]carbamat (C80).

Dung dich 0°C gém C67, mudi HCl (300 mg, 0,870mmol) va N-(fert-
butoxycarbonyl)-3-(1H-pyrazol-1-yl)-L-alanin (222 mg, 0,870mmol) trong N.,N-
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dimetylformamit (10mL) dugc xu ly bing O-(7-azabenzotriazol-1-yl)-N,N,N’,N -
tetrametyluroni hexaflophosphat (HATU; 430 mg, 1,13mmol) va 4-metylmorpholin (264
mg, 2,61mmol). Sau khi hdn hgp phan tng duoc khudy & 0°C trong 2 gid, né dugce pha
loang bang nude (50mL) va duge chiét bang etyl axetat (20mL). Sau do, 16p nude duge
bdo hoa bang cach bd sung natri sulfat rin va dugc chiét bang hdn hgp chira diclometan
va metanol (10:1, 4 x 30mL). C4c 16p hitu co gom lai dugc co trong chén khong va duge
tién hanh sic ky silicagel hai 14n (Gradien #1: 0% dén 10% metanol trong diclometan;
gradien #2: 0% dén 25% metanol trong diclometan), thu dugc C80 & dang chat rin mau
vang nhat. Hiéu suét: 340 mg, 0,623mmol, 72%. LCMS m/z 546,1 [M+H]". "H NMR (400
MHz, DMSO-ds) & 8,29 (br d, J= 8,6 Hz, 1H), 7,70 — 7,66 (m, 1H), 7,64 (s, 1H), 7,51 (br
s, 1H), 7,38 (br d, J = 8,2 Hz, 1H), 7,15 — 7,06 (m, 2H), 6,23 — 6,19 (m, 1H), 4,53 — 4,43
(m, 1H), 4,34 — 4,18 (m, 3H), 4,17 (s, 1H), 3,76 (d, mot nira vach bén AB, J=10,5 Hz,
1H), 3,65 (dd, hop phan cta hé ABX, J = 10,4, 5,4 Hz, 1H), 3,20 — 3,06 (m, 2H), 2,36 —
2,24 (m, 1H), 2,19 — 2,08 (m, 1H), 2,02 — 1,90 (m, 1H), 1,71 — 1,55 (m, 2H), 1,53 — 1,46
(m, 1H), 1,39 (d, mét mira vach bén AB, J = 7,6 Hz, 1H), 1,30 (s, 9H), 1,01 (s, 3H), 0,89
(s, 3H).

Buéc 3. Toéng hop (1R,25,55)-N-{(2S)-1-amino-1-0x0-3-[(35)-2-oxopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-[3-(1H-pyrazol-1-yl)-L-alanyl]-3-azabixyclo[3.1.0]hexan-
2-carboxamit, mubi hydroclorua (C81).

Dung dich chita hydro clorua trong 1,4-dioxan (4 M; 15mL) dugc b6 sung vao dung
dich 0°C gdm C80 (340 mg, 0,623mmol) trong diclometan (4mL). Sau khi hdn hop phan
ung dugc khqu & 20°C trong 1 gid, né dugc loc, va banh loc duoc rira béng diclometan
(3 x 10mL). Céc phan dich loc gom lai duoc ¢b trong chan khong dé tao ra C81 ¢ dang
chit rén mau tring. Hiéu sudt: 244 mg, 0,506mmol, 81%. LCMS m/z 446,0 [M+H]". 'H
NMR (400 MHz, DMSO-ds), cac dinh dc trung: & 8,57 — 8,48 (m, 3H), 8,42 (br d, /=8.6
Hz, 1H), 7,81 (d, J= 2,3 Hz, 1H), 7,65 (br s, 1H), 7,58 (d, /= 1,9 Hz, 1H), 7,35 (br s, 1H),
7,09 (br s, 1H), 6,27 (dd, J =2, 2 Hz, 1H), 4,59 (dd, hop phan cia hé ABX, J=14,4,4,7
Hz, 1H), 4,54 — 4,41 (m, 2H), 4,36 — 4,25 (m, 1H), 4,30 (s, 1H), 3,66 — 3,60 (m, 1H), 3,42
—3,33 (m, 1H), 3,21 — 3,03 (m, 2H), 2,31 — 2,20 (m, 1H), 2,18 — 2,06 (m, 1H), 1,97 (ddd,
J=13,5,11,5,3,7 Hz, 1H), 1,46 (dd, hop phan ciia h¢ ABX, J= 17,7, 5,3 Hz, 1H), 1,41 (d,
mot ntra vach bén AB, J = 7,7 Hz, 1H), 1,01 (s, 3H), 0,92 (s, 3H).
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Bugc 4. Toéng hop (1R,2S,58)-N-{(1S5)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-(1H-pyrazol-1-yl)-N-(trifloaxetyl)-L-alanyl]-3-azabixyclo[3.1.0]hexan-2-
carboxamit (93).

Dung dich 0°C gom C81 (120 mg, 0,249mmol) trong diclometan (6,0mL) dugc xur
Iy bing pyridin (170 mg, 2,15mmol), tiép d6 1a bd sung dung dich chira trifloaxetic
anhydrit (158 mg, 0,752mmol) trong diclometan (2,0mL). Hon hop phan tmg sau d6 duoc
Jam 4m dén 20°C va dé khudy trong 3 gi0, trong khi d6 n6 duge pha loang bing nudc
(20mL) va duoc chiét bing diclometan (3 x 20mL). Lép hitu co gom lai duoc rira bang
axit clohydric (1 M; 20mL) va bang dung dich nudc natri clorua bdo hoa (2 x 20mL), dugc
Jam kho, duoc loc, va duoc cb trong chan khong. Séc ky silicagel (Gradien: 0% dén 10%
metanol trong diclometan), tiép d6 1a sic ky 1ong siéu dén han [Cot: Chiral Technologies
Chiralpak AD, 30 x 250 mm, 10 pm; Pha dong: 4:1 cacbon dioxit / (etanol chta 0,1%
amoni hydroxit); Toc do chay: 60mL/phut], tao ra (1R,2S,5S5)-N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-(1H-pyrazol-1-yl)-N-(trifloaxetyl)-L-alanyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit (93) & dang chét rdn mau tring. Hiéu sudt: 15,0 mg,
28,6 pmol, 11%. LCMS m/z 524,0 [M+H]". "H NMR (500 MHz, DMSO-ds) 8 10,03 (br s,
1H), 8,92 (d, J = 8,0 Hz, 1H), 7,74 (br s, 1H), 7,69 (d, J=2,3 Hz, 1H), 7,51 (d, /= 1,9 Hz,
1H), 6,23 (dd, J=2, 2 Hz, 1H), 5,01 —4,93 (m, 1H), 4,91 — 4,83 (m, 1H), 4,49 — 4,39 (m,
2H), 4,13 (s, 1H), 3,73 (dd, hop phan ctia hé ABX, J=10.4, 5,4 Hz, 1H), 3,60 (d, mdt ntra
vach bén AB, J= 10,4 Hz, 1H), 3,21 — 3,09 (m, 2H), 2,40 — 2,31 (m, 1H), 2,20 - 2,10 (m,
2H), 1,79 (ddd, J = 13,7, 9.5, 6,8 Hz, 1H), 1,76 — 1,66 (m, 1H), 1,56 (dd, J=7.5, 5,4 Hz,
1H), 1,36 (d, mdt nira vach boén AB, J = 7,6 Hz, 1H), 1,02 (s, 3H), 0,85 (s, 3H).
Vidu %4
(1R,2S,55)-N-{(18)-1-xyano-2-[(3S)-2-oxopyrolidin-3-ylJetyl } -3-[(25)-4,4-diflo-2-
(2,2,2-trifloaxetamido)butanoyl]-6,6-dimetyl-3-azabixyclo[3.1.0]Thexan-2-carboxamit
(94)
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Buge 1. Tong hop 9H-floren-9-ylmetyl {(25)-1-[(1R,2S,5S)-2-({(2S)-1-amino-1-0x0-3-
[(3S5)-2-oxopyrolidin-3-yl]propan-2-yl} carbamoyl)-6,6-dimetyl-3-
azabixyclo[3.1.0]Thexan-3-yl]-4,4-diflo-1-oxobutan-2-yl} carbamat (C82).

Dung dich 0°C gdm C67 (230 mg, 0,569mmol) va axit (25)-2-{[(9H-floren-9-
ylmetoxy)carbonyl]amino}-4,4-diflobutanoic (247 mg, 0,684mmol) trong N,N-
dimetylformamit (SmL) dugc bd sung mot phan O-(7-azabenzotriazol-1-yl)-N,N,N’,N -
tetrametyluroni hexaflophosphat (HATU; 281 mg, 0,739mmol); 4-metylmorpholin (173
mg, 1,71mmol) sau dé dugc bd sung timg giot. Sau khi hdn hop phan tmg dugc khudy &
0°C trong 10 phit, né dugc 1am Am dén nhiét do trong phong (20°C) va khudy lién tuc
trong 2 gid, trong khi d6 hdn hop phan ung dugc rét vao nude da (15mL) va duge chiét
bang etyl axetat (2 x 15mL). C4c 16p hitu co gom lai 1an luot duoc rira bang axit clohydric
1M, dung dich nudc natri bicacbonat bdo hoa, va dung dich nudc natri clorua béo hoa,
duoc 1am khd trén natri sulfat, dugc loc, duge cb trong chan khong, va duge tinh ché béng
sic ky silicagel (Gradien: 0% dén 10% metanol trong diclometan) d& cho C82 & dang chit
rén mau tring. Hiéu sut: 245 mg, 0,376mmol, 66%. LCMS m/z 652,5 [M+H]*. 'TH NMR
(400 MHz, cloroform-d) & 8,86 (br s, 1H), 7,74 (d, /= 7,6 Hz, 2H), 7,58 — 7,51 (m, 2H),
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7,38 (dd, J= 7,4, 7,4 Hz, 2H), 7,33 — 7,25 (m, 2H, dugc gia dinh; bi che mdt phan boi dinh
dung mdi), 7,08 (br s, 1H), 6,49 — 6,32 (m, 1H), 6,17 — 5,79 (m, 3H), 4,78 — 4,67 (m, 1H),
4,41 — 4,24 (m, 4H), 4,22 — 4,07 (m, 2H), 3,83 (d, /= 10,5 Hz, 1H), 3,45 - 3,32 (m, 2H),
2,62 — 2,36 (m, 3H), 2,26 — 2,10 (m, 2H), 1,99 — 1,83 (m, 2H), 1,53 (d, mdt nira vach bbn
AB, J= 17,6 Hz, 1H), 1,51 — 1,44 (m, 1H), 1,03 (s, 3H), 0,89 (s, 3H).

Bugc 2. Tong hop (1R,25,55)-3-[(25)-2-amino-4,4-diflobutanoyl]-N-{(25)-1-amino-1-
0x0-3-[(3S)-2-oxopyrolidin-3-yl]propan-2-yl}-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-
carboxamit (C83).

Huyén phti 0°C chira C82 (195 mg, 0,299mmol) trong diclometan (3mL) dugc bd
sung dung dich chtra dietylamin (32,8 mg, 0,448mmol) trong diclometan (0,5mL). Hoén
hop phan tmg duge khudy & 30°C trong 16 gid, trong khi d6 né dugc két hop v6i phan tng
tuong tu dugc thuc hién sit dung C82 (50 mg, 77 pmol) va dugc cd trong chan khong.
Tinh ché bing sic ky silicagel [Gradien: 0% dén 10% (10:1 hon hop chira metanol va
amoni hydroxit) trong diclometan] tao ra C83 & dang gom khong mau. Hi¢u suat gop: 149
mg, 0,347mmol, 92%. LCMS m/z 452,3 [M+Na']. 'H NMR (400 MHz, cloroform-d) &
8,73 (br d, J= 5,3 Hz, 1H), 7,11 (br s, 1H), 6,03 (tdd, J = 56,8, 6,2, 3,0 Hz, 1H), 5,64 (br
s, 1H), 5,28 (br s, 1H), 4,35 — 4,27 (m, 1H), 4,27 (s, 1H), 4,11 (dd, J = 10,3, 5,5 Hz, 1H),
3,72 (dd, J= 9,3, 4,1 Hz, 1H), 3,61 (d, J=10,3 Hz, 1H), 3,41 — 3,35 (m, 2H), 2,53 — 2,36
(m, 3H), 2,20 — 2,11 (m, 1H), 2,00 — 1,84 (m, 3H), 1,6 — 1,45 (m, 2H, duoc gia dinh; bi
che mot phan boi dinh nuéce), 1,06 (s, 3H), 0,94 (s, 3H).

Budc 3. Téhg hop (1R,28,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-3-
[(2S5)-4,4-diflo-2-(2,2,2-trifloaxetamido)butanoyl]-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-
2-carboxamit (94).

Dung dich 0°C gdm €83 (99 mg, 0,23mmol) trong diclometan (4mL) dugc b sung
vao pyridin (146 mg, 1,85mmol) va dung dich chia trifloaxetic anhydrit (194 mg,
0,924mmol) trong diclometan (2mL). Hon hop phan tng duoc khudy & nhiét do trong
phong (15°C) trong 20 gio, dugce xir ly bang bd sung pyridin (30 mg, 0,38mmol), va duge
khudy & nhiét do trong phong (15°C) trong 16 gid nita. Sau d6, n6 dugc phan bd gitta
diclometan (15mL) va axit clohydric (1 M; 15mL), va1ép hitu co dugce rira bang dung dich
nuée natri bicacbonat bdo hoa (15mL) va bang dung dich nudc natri clorua bdo hoa
(10mL), duoc lam khd, duge loc, va dugc co trong chan khong. Phan ling can duogc Kkét

hop véi sén phém tlr phan Ung tuong ty dugc thuc hién sit dung C83 (50 mg, 0,12mmol)
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va duoc tinh ché sit dung HPLC pha déo (Cot: Waters XBridge BEH C18, 25 x 150 mm,
5 um; Pha dong A: nuéc chira 0,05% amoni hydroxit (thé tich/thé tich); Pha dong B:
axetonitril; gradien: 23% dén 63% B). (1R,25,55)-N-{(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-3 -[(285)-4,4-diflo-2-(2,2,2-trifloaxetamido)butanoyl]-6,6-dimetyl-
3-azabixyclo[3.1.0]hexan-2-carboxamit (94) duoc phan 1ap & dang chét rdn mau tring.
Hiéu suat gop: 28,8 mg, 56,8 pmol, 16%. LCMS m/z 508,0 [M+H]". 'H NMR (400 MHz,
DMSO-dg) § 10,01 (br s, 1H), 8,96 (d, J= 8,0 Hz, 1H), 7,72 (s, 1H), 6,16 (tt, J = 55.9, 4,6
Hz, 1H), 4,99 — 4,90 (m, 1H), 4,65 — 4,57 (m, 1H), 4,14 (s, 1H), 3,85 (dd, hop phan ctia hé
ABX, J=10,2, 5,4 Hz, 1H), 3,67 (d, mot nira vach bdn AB, J= 10,3 Hz, 1H), 3,21 — 3,04
(m, 2H), 2,42 — 2,19 (m, 3H), 2,17 — 2,04 (m, 2H), 1,83 — 1,64 (m, 2H), 1,60 (dd, J = 7.6,
5,3 Hz, 1H), 1,35 (d, mét nira vach bon AB, J = 7,6 Hz, 1H), 1,03 (s, 3H), 0,89 (s, 3H).
Vidu 95

N-(Metoxycarbonyl)-3-metyl-L-valyl-(4R)-N-{(1S)-1-xyano-2- [(3S)-2-oxopyrolidin-3-
ylJetyl}-4-(triflometyl)-L-prolinamit (95)

H,C
5.0
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Bugc 1. Toéng hop (4R)-1-(tert-butoxycarbonyl)-4-(triflometyl)-L-prolyl-3-[(35)-2-
oxopyrolidin-3-yl]-L-alaninamit (C50).

N,N-Diisopropyletylamin (14,8mL, 85,0mmol) dugc bb sung vao hdn hgp —30°C
chita (4R)-1-(tert-butoxycarbonyl)-4-(triflometyl)-L-prolin (8,00 g, 28,2mmol), C16,
mudi HCI (6,45 g, 31,1Immol), va O-(7-azabenzotriazol-1-yl)-N,N,N’, N -tetrametyluroni
hexaflophosphat (HATU; 11,8 g, 31,0mmol) trong N,N-dimetylformamit (100mL). Hén
hop phén tmg dugc lam 4m 1én dén 0°C trong 1 gid, trong khi d6 phéan tich LCMS chi ra
su ¢6 mat ctia C50: LCMS m/z 437,3 [M+H]". Dung dich nuéc natri bicacbonat (300mL)
duoc bd sung, va hdn hop thu dwoc duge chiét bang hdn hop chira 2-propanol va
diclometan (1:4, 5 x 100mL); cac 16p hitu co gom lai duge co trong chan khong va duoc
tinh ché bang sic ky silicagel (Gradien: 0% dén 100% metanol trong diclometan), thu dugc
C50 & dang dau. '"H NMR Phén tich da chi ra rang nguyén lidu nay ton tai & dang hdn hop
chita cac chit ddng phan quay. Hiéu suét: 10,9 g, 25,0mmol, 89%. 'H NMR (400 MHz,
DMSO-ds), cac dinh dic trung: & [8,28 (d, J= 8,5 Hz) va 8,22 (d, J = 8,2 Hz), téng 1H],
[7,64 (s) va 7,59 (s), tong 1H], [7,38 (br s) va 7,27 (br s), tong 1H], 7,05 (br s, 1H), 4,38 —
4,28 (m, 1H), 4,28 — 4,17 (m, 1H), 3,45 — 3,36 (m, 1H), 3,12 - 3,00 (m, 1H), 2,42 — 2,03
(m, 4H), 2,02 — 1,89 (m, 1H), 1,80 — 1,45 (m, 2H), [1,39 (s) va 1,32 (s), tong 9H].

Bu6c 2. Téng hop N-(tert-butoxycarbonyl)-3-metyl-L-valyl-(4R)-4-(triflometyl)-L-
prolyl-3-[(35)-2-oxopyrolidin-3-yl]-L-alaninamit (C51).

Dung dich chira hydro clorua trong 1,4-dioxan (4 M; 80mL) duoc b6 sung vao dung
dich chita C50 (7,00 g, 16,0mmol) trong diclometan (15mL). Sau khi hoén hop phan tng
duge khudy & nhiét do trong phong trong 5 phit, n6 dugc cd trong chén khong dé loai bo

dung mdi, va dugc thao tiép qua chan khong mirc cao d8 loai bo can hydro clorua. Phan
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lang can duoc tron véi N-(fert-butoxycarbonyl)-3-metyl-L-valin (4,08 g, 17,6mmol) va O-
(7-azabenzotriazol-1-yl)-N,N,N’, N -tetrametyluroni hexaflophosphat (HATU; 6,71 g,
17,6mmol) trong N,N-dimetylformamit (25mL), dugc lam ngudi dén —30°C, va duge xtr
Iy bing N,N-diisopropyletylamin (8,38mL, 48,1mmol). Hon hop phan g dugc 1am 4m
1én dén 0°C trong 1 gi®, trong khi d6 phan tich LCMS chi ra su ¢6 mat cua C51: LCMS
m/z 550,4 [M+H]". Hon hop phan tng sau d6 dugc pha loang bang dung dich nuéc natri
bicacbonat va duoc chiét ba 1an bang hdn hop 4:1 chira diclometan va 2-propanol. Sau d6
cé4c 16p hitu co gom lai dugc co6 trong chin khong, phan lang cin dugc inh ché bang sic
ky silicagel (Gradien: 0% dén 30% metanol trong diclometan), thu dugc C51 ¢ dang chét
ran. Hiéu suét: 3,95 g, 7,19mmol, 45%.'H NMR (400 MHz, DMSO-ds), cac dinh dac
trung: & 8,28 (d, J= 8,8 Hz, 1H), 7,55 (s, 1H), 7,29 (br s, 1H), 7,03 (br s, 1H), 6,77 (br d,
J=9,1 Hz, 1H), 4,52 — 4,43 (m, 1H), 4,24 (ddd, J= 12,2, 8,7, 3,5 Hz, 1H), 4,12 (d, J=9,2
Hz, 1H), 4,02 — 3,84 (m, 2H), 3,16 — 3,08 (m, 1H), 3,08 — 2,98 (m, 1H), 2,50 — 2,37 (m,
1H), 2,31 —2,20 (m, 1H), 2,19 — 2,05 (m, 2H), 2,00 — 1,87 (m, 1H), 1,69 — 1,55 (m, 1H),
1,55 — 1,44 (m, 1H), 1,36 (s, 9H), 0,93 (s, 9H).

Buéc 3. Tong hop N-(metoxycarbonyl)-3-metyl-L-valyl-(4R)-N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-(triflometyl)-L-prolinamit (95).

Hon hop chia C51 (230 mg, 0,418mmol) va dung dich chira hydro clorua trong
1,4-dioxan (4 M; 2mL, 8mmol) duoc khudy & nhiét d trong phong trong 5 phut, trong khi
d6 hon hop phan tng duge cb trong chén khong dé loai bé dung moi, sau d6 dugce thao
tiép str dung chan khong mirc cao loai b can hydro clorua. Phan léng cin duge hoa tan
trong diclometan (2mL), dugc lam ngudi dén 0°C, va duoc xir ly bang N,N-
diisopropyletylamin (0,219mL, 1,26mmol) tiép d6 la metyl cloroformat (59,3 mg,
0,628mmol). Sau khi hon hop phan tng duoc khudy & 0°C trong 10 phtt, n6 duoc pha
loang bang dung dich nudc natri bicacbonat va dugc chiét ba 1an bang hdn hop 4:1 chita
diclometan va 2-propanol; cac 16p hitu co gom lai duge lam kho trén magie sulfat, duoc
loc, va dugc ¢ trong chan khong. Phan ling cin duge hoa tan trong diclometan (3mL);
sau d6 bd sung metyl N-(trietylamoniosulfonyl)carbamat, mubi n6i (chat phan ung
Burgess; 299 mg, 1,25mmol), hdn hgp phéan Gng duge khudy & nhiét do trong phong trong
1 gid. Sau d6, né duoc xir Iy bang dung dich nudc natri cacbonat loang va dugc chiét 3 1an
v6i etyl axetat. Cac 16p hitu co gom lai dugc 1am khd trén magie sulfat, dugc loc, va dugce

tinh ché bang sic ky trén silicagel (Gradien: 50% dén 100% etyl axetat trong heptan).
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Nguyén liéu thu dugc duoc tao huyén phu dic trong heptan (4mL) ¢ 50°C trong 2 gio,
dugc 1am ngudi dén nhiét do trong phong, va dugc khudy & nhiét do trong phong qua dém;
thu gom chit rén tao ra N-(metoxycarbonyl)-3-metyl-L-valyl-(4R)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl} -4-(triflometyl)-L-prolinamit (95) & dang chét rin. Hiéu
suat: 123 mg, 0,251mmol, 60%. LCMS m/z 490,4 [M+H]". '"H NMR (400 MHz, DMSO-
ds) 89,02 (d, J= 8,6 Hz, 1H), 7,65 (s, 1H), 7,27 (br d, J= 8,7 Hz, 1H), 4,94 (ddd, J= 11,1,
8.5, 5,0 Hz, 1H), 4,36 (dd, J = 7.3, 7,2 Hz, 1H), 4,14 (d, J = 8,7 Hz, 1H), 4,00 — 3,91 (m,
2H), 3,52 (s, 3H), 3,46 — 3,34 (m, 1H, dugc gia dinh; bi che mot phﬁn boi dinh nuéce), 3,18
—2,98 (m, 2H), 2,5 — 2,39 (m, 1H, dugc gid dinh; bi che mdt phén bdi dinh dung moi),
2,35 —2,23 (m, 1H), 2,22 — 2,01 (m, 3H), 1,77 — 1,63 (m, 2H), 0,94 (s, 9H).

Vidu 96

(1R,2S,58)-N-{(1R)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-dimetyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (96) va (1R,2S,55)-N-
{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-
L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (13), Dang ran 5
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Dung dich chira 13, metyl zert-butyl ete solvat (tir quy trinh tong hop khac cua Vi
du 13, metyl tert-butyl ete solvat; 15,0 g, 25,5mmol) trong axetonitril (80mL) dugc bd
sung axit metanesulfonic (6,4mL, 99mmol). Hon hop phan tng duogc khuéy O nhiét do

trong phong trong 4 gio, trong khi d6 né dugc bazo hoa bang cach bd sung hén hop chira
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dung dich nuéc natri bicacbonat bdo hoa (80mL) va dung dich nuéc natri clorua béo hoa
(10mL). Hon hop thu duge duoc chiét bang diclometan (2 x 100mL), va 16p hitu co gom
lai duoc 1am kho trén natri sulfat, duge loc, va dugc cd trong chan khong. Téach hai epime
dwoc thuc hién bang sic ky 1ong siéu dén han (Cot: Chiral Technologies Chiralcel OX-H,
30 x 250 mm, 5 pm; Pha dong: 9:1 cacbon dioxit / 2-propanol; Ap suat nguoc: 100 bar;
Tbc do chay: 80mL/phut). Nguyeén liéu rira giai thir nhat duge thu hdi (1R,2S,55)-N-{(19)-
1-xyano-2-[(3S5)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-
valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit (13). Bang cach phan tich nhiéu xa bt tia
X, nguyén liéu nay & dang v6 dinh hinh; dang nay dugc chi ra la Dang ran 5. Nguyén lidu
rira giai th hai thu dugc & dang thity tinh, ma dugc hoa tan trong diclometan, dugc xur ly
bang heptan, va dugc cb trong chin khong dé cho (1R,2S,55)-N-{(1R)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit (96) ¢ dang chat ran.
13 duoc thu hdi — Hiéu suét: 6,00 g, 12,0mmol, 47%. LCMS m/z 500,3 [M+H]". 'H NMR
(400 MHz, DMSO-ds) & 9,46 — 9,33 (m, 1H), 9,01 (d, J = 8,5 Hz, 1H), 7,66 (s, 1H), 5,03
— 4,91 (m, 1H), 4,46 — 4,37 (m, 1H), 4,16 (s, 1H), 3,97— 3,86 (m, 1H), 3,69 (d, mot nira
vach bén AB, J= 10,4 Hz, 1H), 3,19 — 3,09 (m, 1H), 3,09 — 2,98 (m, 1H), 2,46 — 2,33 (m,
1H), 2,21 — 2,03 (m, 2H), 1,79 — 1,65 (m, 2H), 1,61 — 1,53 (m, 1H), 1,32 (d, mdt nira vach
bdn AB, J= 7,7 Hz, 1H), 1,03 (s, 3H), 0,98 (s, 9H), 0,85 (s, 3H). Thoi gian luu: 3,93 phut
(Céc diéu kién phan tich. Cot: Chiral Technologies Chiralcel OX-H, 4,6 x 250 mm, 5 pm;
Pha dong A: cacbon dioxit; Pha dong B: 2-propanol; gradien: 5% B trong 1,00 phut, tiép
d6 14 5% dén 60% B trong 8,00 phut; Ap suét nguoc: 120 bar; Toc do chay: 3,0mL/phut).
Mau nhidu xa bot tia X dbi véi nguyén liéu vo dinh hinh nay dugc thé hién trén Fig. 9.
Phuong phap thu thap dit liéu nhiu xa bot tia X dwoc mo ta trong quy trinh tong hop theo
cach khac Vi du 13, metyl tert-butyl ete solvat, Bude 8.

96 — Hiéu suét: 2,58 g, 5,16mmol, 20%. LCMS m/z 500,3 [M+H]". '"H NMR (400
MHz, DMSO-ds) 8 9,42 (d, J = 8,4 Hz, 1H), 9,06 (d, J = 7,6 Hz, 1H), 7,79 (s, 1H), 4,96 —
4,86 (m, 1H), 4,41 (d, J = 8,7 Hz, 1H), 4,20 (s, 1H), 3,92 (br dd, J = 10,7, 5,4 Hz, 1H),
3,66 (d, mot nita vach bén AB, J= 10,5 Hz, 1H), 3,22 — 3,12 (m, 2H), 2,43 - 2,31 (m, 1H),
2,31 — 2,20 (m, 1H), 2,16 — 2,04 (m, 1H), 1,84 — 1,63 (m, 2H), 1,57 — 1,49 (m, 1H), 1,32
(d, mdt nra vach bén AB, J = 7,7 Hz, 1H), 1,00 (br s, 12H), 0,84 (s, 3H). Thoi gian luu:
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4,20 phut (Cc diéu kién phan tich gibng didu kién duge st dyng dbi voi 13 da duge thu
hdi néu trén).

Vidu 97
(1R,28,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[2-(2,2,2-
trifloaxetamido)-3-(triflometyl)pentanoyl]-3-azabixyclo[3.1.0]Thexan-2-carboxamit, ~ t&r
C86 (DIAST-2) (97)
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Buéc 1. Tong hop axit 2-[(tert-butoxycarbonyl)amino]-3-(triflometyl)pentanoic (C84).

Dung dich nugc natri hydroxit (1 M; 1,48mL, 1,48mmol) dugc bd sung vao huyén
pht chira axit 2-amino-3-(triflometyl)pentanoic (Wang et al., J. Amer. Chem. Soc. 2003,
125, 6900-6906; 137 mg, 0,740mmol) trong 1,4-dioxan (3mL) va hdn hop thu duoc duge
1am lanh dén 0°C. Di-ferz-butyl dicacbonat (0,204mL, 0,888mmol) dugc bd sung tir tir,
trong khi d6 hdn hop phéan ung dugc khudy & nhiét d6 trong phong qua dém. Sau d6 pha
loang bang etyl axetat, hon hop phan (mg duoc 1am lanh trong bdn d4 va sau d6 duge axit
héa dén do pH = 2 bing cach bd sung 1 M dung dich nudc chira kali hydro sulfat. Lép
nude duoc chiét hai 1an bé“mg etyl axetat, va cdc 16p hitu co gom lai dugc lam kho trén
magie sulfat, dugc loc, va dugc ¢6 trong chan khong, thu dugc C84 ¢ dang chét ran.
Nguyén liéu nay duoc coi 1a bao gdm hén hop chira 4 chat ddng phan khong dbi quang, c6
thé ciing c6 cac chat dong phan quay. Higu suat: 197 mg, 0,690mmol, 93%. LCMS m/z
284,3 [M—H]". '"H NMR (400 MHz, DMSO-ds) & 13,16 (br s, 1H), [7,29 (d, chinh, J=9.8
Hz) va 6,95 — 6,85 (m, luong nho), tong 1H], [4,55 (dd, chinh, J= 9,8, 3,3 Hz), 4,46 (br d,
lugng nho, J= 9,1 Hz), va 4,40 (dd, lugng nhé, /= 9,4, 4,5 Hz), tong 1H], 2,86 — 2,67 (m,
1H), 1,71 — 1,47 (m, 2H), 1,39 (br s, 9H), [0,98 (t, lugng nho, /= 7,4 Hz) va 0,91 (t, chinh,
J=1,5 Hz), tong 3H].
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BuGc 2. Téng hop tert-butyl {1-[(1R,2S,55)-2-({(2S)-1-amino-1-0x0-3-[(35)-2-
oxopyrolidin-3-yl]propan-2-yl} carbamoyl)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-3-yl]-
1-0x0-3-(triflometyl)pentan-2-yl} carbamat, DIAST-1 (C85) va fert-butyl {1-[(1R,2S,55)-
2-({(285)-1-amino-1-0x0-3-[(35)-2-oxopyrolidin-3-yl]propan-2-yl} carbamoyl)-6,6-
dimetyl-3-azabixyclo[3.1.0]hexan-3-yl]-1-ox0-3-(triflometyl)pentan-2-yl } carbamat,
DIAST-2 (C86).

Dung dich 0°C gém C84 (128 mg, 0,449mmol) trong hén hop chtra axetonitril
(2,7mL) va N,N-dimetylformamit (1,5mL) duoc xir Iy bang O-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetrametyluroni hexaflophosphat (HATU; 176 mg, 0,463mmol) va 4-
metylmorpholin (0,116mL, 1,06mmol). Sau khi hdn hop phéan tmg dugc khudy ¢ 0°C trong
30 phut, C67 (170 mg, 0,420mmol) dugc bd sung & dang chét ran, va khudy lién tuc trong
2 giv. Hon hop phan tng sau d6 dugce pha lodng bang etyl axetat va nudc, va dugc rira
bing dung dich nudc natri bicacbonat bdo hoa. Lép nude dugce chiét hai 14n bang etyl
axetat, va 16p hitu co gom lai dugc rira bang dung dich nude natri clorua béo hoa, 1am kho
trén magie sulfat, dugc loc, va dugce cd trong chan khong. Déau thu dugce duoc chung cht
dang phi hai 1an bang heptan va hai l4n bang metyl fert-butyl ete, sau d6 duoc sac ky
silicagel (Gradien: 0% dén 20% metanol trong diclometan). Chét ddng phan khong ddi
quang rira gii 1an thit nhét dugc chi ra 1a C85, va chit dong phan khong d6i quang rira
giai thir hai dugc chi ra la C86.

C85 (DIAST-1) — Hiéu suat: 77,3 mg, 0,134mmol, 32%. Nguyén liéu nay bao gdm
hdn hop chira cac chat dong phan hodc cac chit ddng phan quay bang cach phan tich 'H
NMR. LCMS m/z 576,2 [M+H]". "H NMR (400 MHz, DMSO-ds), cac dinh ddc trung, cac
tap hop nay chira khoang: & [8,35 (d, J=7,9 Hz) va 8,16 (d, J=8.,5 Hz), tong 1H], 7,62 —
7,54 (m, 1H), 7,41 — 7,18 (m, 2H), [7,02 (br s) va 6,98 (br s), téng 1H], 4,59 — 4,50 (m,
1H), 4,29 — 4,13 (m, 2H), 3,89 (dd, J= 10,4, 5,4 Hz, 1H), 3,44 (d, /= 10,4 Hz, 1H), 3,20
—3,04 (m, 2H), 2,70 — 2,59 (m, 1H), 2,43 — 2,31 (m, 1H), 2,21 - 2,08 (m, 1H), 1,99 - 1,88
(m, 1H), [1,38 (s) va 1,36 (s), tong 9H], 1,01 (br s, 3H), 0,94 — 0,82 (m, 6H).

C86 (DIAST-2) — Hidu suit: 87,8 mg, 0,153mmol, 36%. Nguyén liéu nay phan 16n
la cht ddng phan riéng 1¢ bing cach phan tich 'H NMR. LCMS m/z 576,2 [M+H]". 'H
NMR (400 MHz, DMSO-ds), cac dinh dac trung: & 8,27 (d, J = 8,6 Hz, 1H), 7,59 (s, 1H),
731 (d, J = 9,5 Hz, 1H), 7,22 (br s, 1H), 7,04 (br s, 1H), 4,55 (dd, J=9,5, 5.9 Hz, 1H),
430 — 4,17 (m, 1H), 4,23 (s, 1H), 3,79 (dd, hop phan ctia hé ABX, J= 10,1, 5,2 Hz, 1H),
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3,71 (d, mét nira vach bén AB, J= 10,1 Hz, 1H), 3,09 — 2,99 (m, 1H), 2,68 2,55 (m, 1H),
2,42 —2.30 (m, 1H), 2,17 — 2,04 (m, 1H), 1,97 — 1,86 (m, 1H), 1,36 (s, 9H), 1,02 (s, 3H),
0,94 — 0,83 (m, 6H).

Buéc 3. Téng hop (1R,2S,55)-N-{(2S)-1-amino-1-oxo0-3-[(3S)-2-oxopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-[2-(2,2,2-trifloaxetamido)-3-(triflometyl)pentanoyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit, tir C86 (DIAST-2) (C87).

Dung dich chita C86 (DIAST-2) (87,8 mg, 0,153mmol) trong diclometan (1mL)
dugcxu ly béng dung dich chira hydro clorua trong 1,4-dioxan (4 M; 0,381mL, 1,52mmol).
Sau khi hdn hop phan tmg duge khuiy & nhiét do trong phong trong 40 phit, metanol
(0,5mL) dugc bd sung dé cai thién do hoa tan. Sau 40 phut tiép, dung dich chita hydro
clorua trong 1,4-dioxan (4 M; 0,10mL, 0,4mmol) dugc bd sung; 30 phut sau, phan tich
LCMS d4 chi ra rang loai bé duoc hoan toan nhém bao vé: LCMS m/z 476,2 [M+H]". Hon
hop phan ting dugc cb trong chan khong va dugc chung cAt dang phi hai 14an bang heptan;
phan ling can dugc nghién hai 1an bang dietyl ete, tao huyén phu trong diclometan (1,2mL)
va duoc lam ngudi dén 0°C. Sau d6 bd sung trietylamin (42,4 pL, 0,304mmol), tiép do 1a
trifloaxetic anhydrit (47,9 pL, 0,339mmol), hdn hop phan tng dugc khuéy ¢ 0°C trong 30
phut, trong khi dé n6 dugc loai ra khoi bé da va dugc phan bo giita nude va etyl axetat.
L6p nude duoc chiét bang etyl axetat, va 16p hiru co gom lai duge rira bing dung dich
nudc natri bicacbonat bdo hoa va bang dung dich nuéc natri clorua bdo hoa, lam kho trén
magie sulfat, duoc loc, dugc c6 trong chan khong, va dugc chung c4t ddng phi hai lan bang
metyl rert-butyl ete. Bang cach phan tich '"H NMR va phén tich LCMS, nguyén liéu nay
chira hdn hop chira C87 va tuong tmg metyl este (LCMS m/z 587,4 [M+H]"). 'H NMR
(400 MHz, DMSO-ds), c4c dinh dac trung cho C87: 3 8,31 (d, J = 8,7 Hz, 1H), 7,59 (s,
1H), 7,26 (s, 1H), 7,05 (s, 1H), 3,59 (d, mdt nira vach bén AB, J= 10,0 Hz, 1H), 1,97 —
1,87 (m, 1H), 1,40 (d, mdt nira vach bén AB, J = 7,6 Hz, 1H), 1,03 (s, 3H), 0,84 (s, 3H).
Tinh ché bang sic ky trén silicagel (Gradien: 0% dén 20% metanol trong diclometan), tiép
d6 12 dAu déng phi thu dugc v6i heptan, tiép d6 12 dang phi véi hon hop chira dietyl ete va
heptan, tao ra C87 & dang chét rin mau trang. Hiéu suat: 17,9 mg, 31,3 umol, 20%. LCMS
m/z 572,0 [M+H]".

Bu6c 4. Tong hop (1R,25,55)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[2-(2,2,2-trifloaxetamido)-3-(triflometyl)pentanoyl]-3-azabixyclo[3.1.0]hexan-
2-carboxamit, tir C86 (DIAST-2) (97).
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Metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan tng Burgess; 18,8
mg, 78,9 pmol) dugc bd sung vao dung dich chita C87 (18 mg, 31 pmol) trong etyl axetat
(0,8mL). Sau khi hon hgp phéan vmg dugc khudy & nhiét do trong phong trong 1 gi®, thia
xuc chira metyl N-(trietylamoniosulfonyl)carbamat, mudi ndi (chat phan tng Burgess)
duoc bd sung lai. Khudy lién tuc trong 2 gid, trong khi d6 hdn hop phéan ung dugce loc, va
béanh loc dugc rira bang etyl axetat. Céac phan dich loc gom lai dugc ria bang dung dich
nuée natri bicacbonat bdo hoa, va 16p nude duge chiét mot 14n bang etyl axetat; 16p hitu
co gom lai dugc rira bang dung dich nudc natri clorua bio hoa, 1am kho trén magie sulfat,
duoc loc, va dugc ¢6 trong chan khong dé tao ra san phém tho. '"H NMR (600 MHz,
DMSO-ds), thanh phan chinh: § 9,90 (d, J = 8,8 Hz, 1H), 8,85 (d, /= 8,1 Hz, 1H), 7,56 (br
s, 1H), 4,97 — 4,89 (m, 2H), 4,17 (s, 1H), 3,89 (dd, /= 10,1, 5,4 Hz, 1H), 3,62 (d, /= 10,1
Hz, 1H), 3,21 — 3,14 (m, 1H), 3,12 — 3,06 (m, 1H), 2,92 — 2,82 (m, 1H), 2,43 — 2,35 (m,
1H), 2,18 — 2,10 (m, 2H), 1,78 (ddd, J = 13,6, 9.6, 6,0 Hz, 1H), 1,75 — 1,66 (m, 2H), 1,62
~ 1,55 (m, 2H), 1,35 (d, mot nira vach bén AB, J =7,7 Hz, 1H), 1,04 (s, 3H), 0,97 - 0,92
(t,J = 7,6 Hz, 3H), 0,85 (s, 3H). Nguyén liéu nay dugc tinh ché bang HPLC pha dao (Cot:
Waters Sunfire C18, 19 x 100 mm, 5 pm; Pha dong A: 0,05% axit trifloaxetic trong nudc
(thé tich/thd tich); Pha dong B: 0,05% axit trifloaxetic trong axetonitril (thé tich/thé tich);
gradien: 5% dén 95% B trong 8,54 phut, tiép d6 12 95% B trong 1,46 phut; Toc do chay:
25mL/phut) dé cho (1R,28,58)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[2-(2,2,2-trifloaxetamido)-3-(triflometyl)pentanoyl]-3-azabixyclo|3.1 .0]hexan-
2-carboxamit, tir C86 (DIAST-2) (97). Hiéu suét: 8,3 mg, 15 pmol, 48%. LCMS m/z 554.6
[M+H]". Thoi gian luu: 2,72 phut (Cac diéu kién phan tich. Cot: Waters Atlantis dC18, 4,6
x 50 mm, 5 pm; Pha ddng A: nudc chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha
dong B: axetonitril chira 0,05% axit trifloaxetic (thé tich/thé tich); gradien: 5,0% dén 95%
B, tuyén tinh trong 4,0 phut, sau d6 95% B trong 1,0 phut; Toc do chay: 2mL/phit).
Vidu 98
(1R.2S,58)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } -6,6-dimetyl-3-[2-(2,2,2-
trifloaxetamido)-3-(triflometyl)pentanoyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit, ~ tu

C85 (DIAST-1) (98)
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Bugc 1. Tbéng hop (1R,28,55)-N-{(25)-1-amino-1-0x0-3-[(3S5)-2-oxopyrolidin-3-
yl]propan-2-yl}-3-[2-amino-3-(triflometyl)pentanoyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxamit, mudi hydroclorua, tir C85 (DIAST-1) (C88).

Dung dich chtra hydro clorua trong 1,4-dioxan (4 M; 0,336mL, 1,34mmol) duoc bd
sung vao dung dich chira C85 (DIAST-1) (77,3 mg, 0,134mmol) trong diclometan (1mL).
Sau khi hén hop phan tmg dugc khudy & nhiét do trong phong trong 40 phut, metanol
(0,5mL) duoc bd sung dé cai thién do hoa tan. Khudy lién tuc trong 2 gid, trong khi d6
phan tich LCMS da chi ra rang viéc khir bdo vé dugc hoan thanh: LCMS m/z 476,2
[M-+H]*. Hon hgp phan tmg dugc cb trong chan khong; phan lang cin dugc chung cht dang
phi hai 14n bing heptan, sau d6 dugc nghién nho hai 1an bang dietyl ete dé tao ra C88 &
dang chét rin mau tring. Hiéu suat: 54,5 mg, 0,106mmol, 79%. 'H NMR (400 MHz,
DMSO-d), cac dinh chinh dic trung: & 8,53 (br s, 3H), 8,36 (d, J= 8,5 Hz, 1H), 7,61 (s,
1H), 7,28 (br s, 1H), 7,06 (br s, 1H), 4,25 (ddd, J = 10,9, 8,4, 4,5 Hz, 1H), 4,17 (s, 1H),
4,08 (dd, J=10,5, 5,6 Hz, 1H), 2,80 — 2,68 (m, 1H), 2,37 — 2,26 (m, 1H), 2,23 - 2,13 (m,
1H), 2,05 — 1,96 (m, 1H), 1,73 — 1,51 (m, 5H), 1,44 (d, mot nira vach bén AB, J = 7,7 Hz,
1H), 1,04 (s, 3H), 0,90 (s, 3H).
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Buéc 2. Toéng hop (1R,25,55)-N-{(2S)-1-amino-1-o0x0-3-[(3S5)-2-oxopyrolidin-3-
yl]propan-2-yl}-6,6-dimetyl-3-[2-(2,2,2-trifloaxetamido)-3 -(triflometyl)pentanoyl]-3-
azabixyclo[3.1.0]hexan-2-carboxamit, tir C85 (DIAST-1) (C89).

Huyén phu 0°C chtta C88 (54,5 mg, 0,106mmol) trong diclometan (ImL) dugc xir
1y bang trietylamin (26 pL, 0,19mmol), tiép d6 1a trifloaxetic anhydrit (19,5 uL, 29,1 meg,
0,138mmol). Sau khi hén hgp phan tmg dugc khudy & 0°C trong 1 gid va 10 phit,
' trifloaxetic anhydrit (1 dwong lwong) duoc bd sung; 30 phut sau, trifloaxetic anhydrit (9,4
uL, 67 pmol) dwoc bd sung lai. Khudy lién tuc trong 45 phut, trong khi d6 phén tich LCMS
d3 chi ra ring di chuyén héa hoan toan thanh C89: LCMS m/z 572,4 [M+H]". Hon hop
phan ing dugc phan b gitta nuée va etyl axetat, va 16p nudc duoc chiét bang etyl axetat.
Lép hitu co gom lai duge rira lan luot bang dung dich nudce natri bicacbonat bao hoa va
dung dich nuéc natri clorua bdo hoa, 1am khd trén magie sulfat, dugc loc, va dugc co trong
chan khéng dé tao ra C89. Hiéu suét: 41,2 mg, 72,1 pmol, 68%. 'H NMR (400 MHz,
DMSO-ds), thanh phan chinh, c4c dinh ddc trung: & 10,04 (d, J=9,3 Hz, 1H), 8,23 (d, J =
8,5 Hz, 1H), 7,58 (s, 1H), 7,31 (br s, 1H), 7,01 (br s, 1H), 4,92 — 4,83 (m, 1H), 4,23 (s,
1H), 3,95 (dd, J= 10,2, 5,5 Hz, 1H), 2,98 — 2,86 (m, 1H), 2,38 — 2,27 (m, 1H), 1,90 (ddd,
J=13.5,11,2, 4,0 Hz, 1H), 1,39 (d, mot nira vach bén AB, J =77 Hz, 1H), 1,02 (s, 3H),
0,90 (s, 3H).

Bude 3. Téng hop (1R,2S5,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[2-(2,2,2-trifloaxetamido)-3-(triflometyl)pentanoyl]-3-azabixyclo[3.1 .0]hexan-
2-carboxamit, tir C85 (DIAST-1) (98).

Metyl N-(trietylamoniosulfonyl)carbamat, mudi nodi (chit phan g Burgess; 42,7
mg, 0,179mmol) dugc bd sung vao dung dich chia C89 (41,0 mg, 71,7 umol) trong etyl
axetat (0,8mL). Sau khi hdn hop phéan tmg dugc khudy & nhiét do trong phong trong 1 gio,
thia xtc chtra metyl N-(trietylamoniosulfonyl)carbamat, mubi ndi (chit phan tmg Burgess)
duoc bd sung. Khuay lién tuc trong 2 gio, trong khi d6 hdn hop phan tng dugce loc, va
banh loc dugc rura béng etyl axetat. Cac phén dich loc gom lai dugc rura bé’mg dung dich
nuéce natri bicachbonat bio hoa, va 16p nude dugc chiét bing etyl axetat; 16p hitu co gom
lai dugc rtra béng dung dich nuéc natri clorua bdo hoa, lam kho trén magie sulfat, duogc
loc, va duoc ¢ trong chan khong dé tao ra san phém tho. '"H NMR (600 MHz, DMSO-ds),
thanh phén chinh, cac dinh dic trung: & 10,12 (d, J=9,1 Hz, 1H), 8,99 (d, J= 8,1 Hz, 1H),
7,70 (s, 1H), 4,94 (ddd, J= 9.4, 8,1, 6,5 Hz, 1H), 4,87 (dd, J= 9,0, 9,0 Hz, 1H), 4,11 (s,
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1H), 3,96 (dd, J = 10,2, 5,6 Hz, 1H), 3,52 (d, J = 10,0 Hz, 1H), 3,18 — 3,07 (m, 2H), 2,98
~ 2,88 (m, 1H), 2,40 — 2,33 (m, 1H), 1,79 - 1,52 (m, 4H), 1,61 (dd, J = 7.6, 5,5 Hz, 1H),
1,33 (d, mdt nra vach bén AB, J=17,7 Hz, 1H), 1,04 (s, 3H), 0,91 — 0,86 (m, 6H).

Tinh ché nguyén liéu nay bang HPLC pha dao (Cot: Waters Sunfire C18, 19 x 100
mm, 5 um; Pha dong A: 0,05% axit trifloaxetic trong nudc; Pha dong B: 0,05% axit
trifloaxetic trong axetonitril; gradien: 5% dén 95% B trong 8,54 phut, tiép d6 1a 95% B
trong 1,46 phut; Tbc @6 chay: 25mL/phut) tao ra (1R,2S,58)-N-{(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[2-(2,2,2-trifloaxetamido)-3-
(triflometyl)pentanoyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit, tir C85 (DIAST-1) (98).
Hiéu suét: 4,3 mg, 7,8 umol, 11%. LCMS m/z 554,6 [M+H]*. Thoi gian luu: 2,80 phut
(Cac diéu kién phan tich. Cot: Waters Atlantis dC18, 4,6 x 50 mm, 5 pm; Pha dong A:
nude chira 0,05% axit trifloaxetic (thé tich/thé tich); Pha dong B: axetonitril chira 0,05%
axit trifloaxetic (thé tich/thé tich); gradien: 5,0% dén 95% B, tuyén tinh trong 4,0 phut, sau
d6 95% B trong 1,0 phut; Tbc @6 chay: 2mL/phit).
Pidu ché 3-tert-butyl 2-metyl (1R,2S,55)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2,3-
dicarboxylat (C90)

H3 H3C
CH3

3 l \ 3 3C
H30+8H3 +
CoBr, \l?
o — N “‘( CH
Nl Zn o'
(L) ©oCHs ZnBr,
CH3 H3C CH3

Cl——|—CH3 90

Quy trinh diéu ché nay duoc thuc hién st dung quy trinh chung dugc bao cdo boi
C. Uyeda and J. Werth, Angew. Chem. Int. Ed. 2018, 57, 13902-13906. Binh ciu 3 c6 dugc
trang bi thanh khu4y tir, binh ngung hi lwu, nhiét ké, va dau vao nito duge nap coban(Il)
bromua (0,15 duong lugng; 0,146 g, 0,667mmol), (1E,1'E)-1,1"-pyridin-2,6-diylbis[ N-(2-
tert-butylphenyl)etanimin] (****"PDI; 0,15 duwong luong; 0,284 g, 0,667mmol) va
tetrahydrofuran (11mL). Huyén phu dic, mau xanh 14 dugc khudy qua dém & nhiét do
trong phong, va k&m (2,4 duong lugng; 0,70 g, 11mmol) va kém bromua (1,1 duong luong;
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1,1 g, 4,9mmol) dugc bd sung vao. Sau khi khuy trong 15 phut, hdn hop phan ing chuyén
sang mau tim va dung dich chta 1-fert-butyl 2-metyl (25)-2,5-dihydro-1H-pyrol-1,2-
dicarboxylat (1,0 duong lugng; 1,0 g, 4,4mmol) trong tetrahydrofuran (7,5mL) va 2,2-
diclopropan (2,0 duong luong; 1,0 g, 8,8mmol) dugc bd sung vao. Hon hop phan tmg duoc
khudy & nhiét do trong phong trong 5 ngay, trong khi d6 n6 duoc loc qua dém diatomit va
duoc rira bang tetrahydrofuran (10,8mL). Phan loc dugc két hop véi dung dich nue amoni
clorua bdo hoa (3,5mL) va etyl axetat (9,5mL); sau d6, cac 16p duge tach va pha nudce
duge chiét bang etyl axetat (8,4mL). Phéan chiét hitu co gom lai duoc ria bang dung dich
nuéc natri bicacbonat bdo hoa (10,5mL), lam kho trén magie sulfat, dugc loc, va c6 dén
kho, thu duoc 3-tert-butyl 2-metyl (1R,2S,55)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2,3-
dicarboxylat (C90) ¢ dang dAu mau vang. Hiéu suit: 0,90 g, 3,3mmol, 75%. Bing cach
phén tich '"H NMR, nguyén liéu nay tdn tai & dang hai dong phan quay carbamat (ty 1&
~3:2). 'TH NMR (400 MHz, cloroform-d) 8 4,20 & 4,09 (2's, 1H), 3,74 & 3,75 (2 s, 3H),
3,68 — 3,60 (m, 1H), 3,44 & 3,38(2d,J=10,9Hz, 1H), 1,43 & 1,38 (25, 9H), 1,38 — 1,34
(m, 2H), 1,03 & 0,98 & 0,96 (3 s, 6H). ESI-MS (pos.) m/z (%) = 255,1 (12,5) [M — Me +
HJ*, 214,1 (100) [M - +-Bu + HJ*, 170,2 (50) [M — Boc + H]".

Diéu ché theo cach khac déi voi C42

Axit (1R,2S,5S)-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxylic (C42)
o)
0
NH, H3C/\O/U\CF3 J
H,C \_OH HN” “CF3
e HaC i OH
HsC"Ch, 0 NaOMe oo
3~ CH; 0
Co1

265



51148 266/334

)&
HN” “CF
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* HCI H3C " OH
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Budc 1. Téng hop 3-metyl-N-(trifloaxetyl)-L-valin (C91).

Dung dich chira natri metoxit trong metanol (25% khéi lugng; 28,5mL, 124mmol)
duge bd sung vao dung dich chira 3-metyl-L-valin (99%, 15 g, 113mmol) trong metanol
(30mL). Etyl trifloaxetat (130mmol) sau d6 duge bd sung va hdn hgp phan tmg duge khudy
& 40°C cho t6i khi phan tng duoc hoan thanh (xAp xi 2,5 gid), trong khi d6 n6 dugc 1am
lanh dén 20°C. Sau d6 bd sung axit clohydric (1 M; 136mL, 136mmol), hdn hop duge pha
lodng bang etyl axetat (150mL) va céac 16p dugc tach. Lép hitu co dugc rira hai lan bang
dung dich nudc natri clorua bdo hoa, lam khé trén magie sulfat, va dugc loc. Heptan dugc
bd sung vao phan loc, trong khi d6 dung dich dugc ¢d ¢ 50°C cua thé tich ctia SmL/g. Quy
trinh nay duoc thuc hién hai 1an; sau khi chung cit 1an th hai, mam tinh thé C91 (50 mg;
xem dudi day) dugce bd sung vao. Chét ran thu dugce duge thu gom béng cach loc, duoc
rira bang heptan, va duoc 1am kho & 40°C dé tao ra C91 & dang chét rdn nho mau
trang. Hiéu suat: 22,2 g, 97,7mmol, 86%.

Mam tinh thé d& duoc sit dung néu trén thu dugc tir phan tng tuong tu duge thuc
hién st dung 3-metyl-L-valin; sau d6 16p hitu co chira C91 dugc 1am kho trén magie sulfat
va dugc loc, ¢6 trong chan khong tao ra chét ran. Mot phén ctia chét ran nay duoc st dung
lam nguyén liéu mam.

Dit liéu héa 1y thu duoc trén cac mau ciia C91 thu dugc tir cac phan Gng dugce thuc
hién theo cung cach. HRMS-ESI® (m/z): [M+H]" dugc tinh toan d6i v6i CsHisFsNOs,
228,0842; Buogc tim théy, 228,0842. JTon bac mot duge quan sat lam CsHiiFsNNaxOs
[M+Na*]: Pugc tinh toan, 272,0481; Pugc tim thay, 272,0482. 'H NMR (600 MHz,
DMSO-dg) 6 13,05 (s, 1H), 9,48 (d, /= 8,9 Hz, 1H), 4,21 (d, J = 8,9 Hz, 1H), 1,00 (s, 9H).
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13C NMR (150,8 MHz, DMSO-de) & 170,9, 156.,6 (q, *Jcr = 36,9 Hz), 115,8 (q, Yer =
287,7 Hz), 61,0, 33,6, 26,5. MAu nhiéu xa bot tia X ddi véi C91 duoc thé hién trén Fig.
11; c4c dinh dic trung dugce dua ra trong bang R.

Bang R. Céc dinh nhiéu xa bot tia X dugce chon dbi véi €91

Goc (°2- | Matdo | Goc (°2- Matdo | Goc (°2- | Matdo
theta) | twong ddi | theta) twong d6i theta) tuong d6i
9,7 27 28,1 4 37,7 1
11,8 6 28,7 2 38,2 2
12,6 3 28,9 5 38,7 2
13,2 20 29,7 4 39,3 3
14,7 28 29,9 4 39,6 1
15,6 69 30,3 10 40,0 1
17,2 4 30,8 3 40,5 5
17,9 2 31,0 1 40,7 3
18,3 2 31,3 1 40,9 3
19,5 100 32,6 3 41,5 1
20,0 14 33,5 2 41,8 1
20,4 2 34,0 1 42,4 3
21,5 22 34,2 2 43,1 1
23,2 8 34,7 3 442 1
233 11 36,2 2 44.8 1
23,8 6 36,4 3 45,7 1
25,2 1 36,7 2 459 3
25,4 17 37,1 1 46,4 1
25,7 2 37,2 2 47,0 1
26,6 7 37,4 1 473 2
26,7 6 37,6 3 49,5 2

Tinh thé dbi v6i tinh thé hoc tia X thu dugc bing cach tai két tinh tir etyl axetat va

hexan, sit dung mam tinh thé tir cing mot mé nhu néu trén. Biéu do ORTEP cla dit ligu

don tinh thé d6i v6i C91 dugce thé hién trén Fig. 12.
Xac dinh chu tric tia X cta don tinh thé C91
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Phén tich don tinh thé tia X

Thu thap dit liéu dugc thuc hién trén nhiéu xa ké Bruker D8 Quest & —100°C. Thu
thap dit liéu bao gbm viéc quét omega va phi.

CAu tric duoc giai quyét bing cach tao pha ndi tai sir dung phan mém SHELX thich
hop trong nhom khong gian khong dbi xtmg loai hé tir gidc P41212. Sau do, cAu tric duoc
tinh ché bing phuong phap binh phuong tdi thiéu ma trén toan bg. Toan by nguyén ti
khong phai hydro duoc tim thdy va duoc tinh ché st dung cac thong s6 chuyén vi bt dang
huoéng.

Nguyén tr hydro nam trén nito va oxy dugc tim thay tlr ban dd chénh léch Fourier
va duoc tinh ché véi cac khoang cach han ché. Hydro trén O2(H2Z) va O3(H3Z) c6 chung
dién tich va dugc tinh ché 1a mdi phan chiém chd 10,5. Nguyén tir hydro con lai duoc dat
& cac Vi tri duogc tinh toan va cho phép & trén cac nguyén tir mang. Bude tinh ché cubi gdm
céc thong s6 chuyén vi dang hudng dbi v6i tht ca nguyén tu hydro.

Phén chiém chd quén thé 1am 16n xon véi ty 1€ ~67/33 & phan doan -CF3 duoc xac
dinh va dugc md hinh hoa theo do.

Phén tich cAu tric tuyét dbi sir dung cac phuong phéap hop 1y (Hooft, 2008) dugc
thuc hién stt dung PLATON (Spek). Cac két qua chi ra rdng céu tric tuyét dbi duoc gan
chinh x4c. Phuong phap nay tinh dugc kha nang ma chu tric dugc gan chinh x4c 12 100%.
Thong s6 Hooft duoc bao cdo 140,02 véi esd (estimated standard deviation - d6 1éch chuin
duqc uGe tinh) 1a (4) va thong s Parson dugc bdo cdo 1a 0,02 véi esd 1a (4).

Chi sé R cubi 12 4,1%. Fourier chénh 1&ch cudi ching t6 khong c6 mat do dién tir
hoiic mat do dién tir khong ding chd.

Tinh thé thich hop, thu thap dit liéu, va thong tin tinh ché dugc t6m tat trong bang
S. Tién két phéi tri nguyén tir, chidu dai lién két, goc lien két, va thong sb chuyén vi duoc
dua ra trong cac bang T — V.

Danh séch céc phin mém va tai liéu vién din dugc sit dung c6 thé dugc tim thay trong

viée x4c dinh cu tric tia X ciia don tinh thé cua Vi du 13, Dang rén 1.

Bang S. Dit liéu tinh thé va tinh ché cu trac d6i voi CI1.

Cong thue thuc nghiém CsH12F3NOs
Khéi lugng cong thire 227,19
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Nhiét do

Budc song

Hé tinh thé
Nhom khong gian

Kich thudc 6 don vi

Thé tich

Z

Ty trong (dugc tinh toan)

Heé sb hap thu

F(000)

C& tinh thé

Khoang theta dé thu thap dit liéu
Khoang chi 5O

D6 phan xa dugc thu thap

D6 phan xa doc lap

Do toan ven ddi v6i theta = 67,679°
Hiéu chinh d6 hap thu

Phuong phép tinh ché

Dit liéu / han ché / thong s6
Muc d6 phu hop trén F?
Chi sb R cubi [I>20(1)]

Chi s6 R (tt ca dit liéu)
Théng sd chu tric tuyét dbi
Hé sb tht

Dinh va 15 khuéch tan 16n nhét
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1732)K

1,54178 A

Hé tr giac

P412,2

a=9,9168(6) A a=90°
b=99168(6) A B=90°
c=227212) A y=90°
2234,5(4) A3

8

1,351 Mg/m’

1,184 mm™!

944

0,200 x 0,170 x 0,080 mm?
4,866 dén 70,114°
—11<=h<=10, —12<=k<=12, 27<=[<=27
48160

2122 [Rin = 0,0392]

99,8%

Theo thuc nghiém

Binh phuong t6i thiéu ma tran toan bo trén
F2

2122/9/158

1,010

R1=0,0408, wR2 = 10,1012
R1=0,0429, wR2=10.0,1039
0,03(4)

khong xac dinh

0,280 va—0,215 e.A™

Bang T. Lién két phéi tri nguyén tir (x 10%) va cac thong sé chuyén vi dang huéng tuong

duong (A2 x 10%) d6i v6i C91. U(eq) duoc xéc dinh bing mot phan ba vét ciia tenxo duge

truc giao héa UV,
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X y z U(eq)
F(1) 9781(4) 8042(4) 5734(2) 107(1)
F(2) 10080(4) 7982(5) 6660(2) 100(2)
F(3) 9278(3) 6313(2) 6193(2) 87(1)
F(1A) 9349(11) 6675(12) 6782(5) 107(1)
F(2A) 9431(11) 6825(16) 5889(6) 100(2)
F(3A) 10149(10) 8346(8) 6346(8) 87(1)
N(1) 6809(2) 7369(2) 6335(1) 32(1)
o(1) 7784(2) 9443(2) 6392(1) 48(1)
0(2) 5226(2) 6038(2) 7066(1) 45(1)
0Q@3) 3695(2) 7680(2) 7101(1) 55(1)
C1) 9239(3) 7599(3) 6263(2) 51(1)
C(2) 7850(3) 8227(2) 6339(1) 38(1)
C(@3) 5426(2) 7871(2) 6390(1) 31(1)
C(4) 4731(2) 7135(2) 6890(1) 32(1)
C(5) 4628(3) 7777(3) 5796(1) 39(1)
C(6) 5489(3) 8387(4) 5311(1) 55(1)
C(7) 3336(3) 8612(4) 5846(1) 58(1)
C(®) 4303(4) 6312(3) 5650(1) 61(1)

Bang U. Chidu dai lién két [A] va goc [°] d6i voi CIL.

F(1)-C(1)
F(2)-C(1)
F(3)-C(1)
F(1A)-C(1)
F(2A)-C(1)
F(3A)-C(1)
N(1)-C(2)

1,389(5)
1,286(4)
1,286(4)
1,498(10)
1,162(10)
1,183(9)
1,338(3)
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N(1)-C(3)
N(1)-H(1X)
0(1)-C(2)
0(2)-C(4)
0(2)-H(22)
0(3)-C(4)
0(3)-H(32)
C(1)-C(2)
C(3)-C(4)
C(3)-C(5)
C(3)-HQR3)
C(5)-C(6)
C(5)-C(8)
C(5)-C(7)
C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)

C(2)-N(1)-C(3)
C(2)-N(1)-H(1X)
C(3)-N(1)-H(1X)
C(4)-0(2)-H(22)
C(4)-0(3)-H(3Z)
F(2A)-C(1)-F(3A)
F(3)-C(1)-FQ2)
F(3)-C(1)-F(1)

51148

1,464(3)
0,97(2)
1,214(3)
1,259(3)
0,98(3)
1,256(3)
0,97(3)
1,522(4)
1,516(3)
1,566(3)
1,0000
1,520(4)
1,525(4)
1,530(4)
0,9800
0,9800
0,9800
0,9800
0,9800
0,9800
0,9800
0,9800
0,9800

120,4(2)
121,0(17)
118,6(17)
113(4)
116(4)
114,0(9)
111,1(4)
101,2(3)
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F(2)-C(1)-F(1) 105,3(3)
F(2A)-C(1)-F(1A) 99,3(10)
F(3A)-C(1)-F(1A) 101,7(9)
F(2A)-C(1)-C(2) 120,1(5)
FA)-C(1)-C(2) 114,6(5)
F(3)-C(1)-C(2) 116,6(2)
F(2)-C(1)-C(2) 112,7(3)
F(1)-C(1)-C(2) 108,6(3)
F(1A)-C(1)-C(2) 103,1(4)
0(1)-C(2)-N(1) 126,2(2)
0(1)-C(2)-C(1) 117.8(2)
N(1)-C(2)-C(1) 116,0(2)
N(1)-C(3)-C(4) 109,07(19)
N(1)-C(3)-C(5) 112,25(19)
C(4)-C(3)-C(5) 112,80(19)
N(1)-C(3)-HB3) 1075
C(4)-C(3)-H(3) 107,5
C(5)-C(3)-HB3) 107,5
0(3)-C(4)-0(2) 124,7(2)
0(3)-C(4)-C(3) 116,8(2)
0(2)-C(4)-C(3) 118,4(2)
C(6)-C(5)-C(8) 109,9(2)
C(6)-C(5)-C(7) 108,0(2)
C(8)-C(5)-C(7) 110,8(3)
C(6)-C(5)-C(3) 108,5(2)
C(8)-C(5)-C(3) 110,6(2)
C(7)-C(5)-C(3) 109,1(2)
C(5)-C(6)-H(6A) 109,5
C(5)-C(6)-H(6B) 109,5
H(6A)-C(6)-H(6B) 109,5
C(5)-C(6)-H(6C) 109,5
H(6A)-C(6)-H(6C) 109,5
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H(6B)-C(6)-H(6C)
C(5)-C(7)-H(7A)
C(5)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(5)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
C(5)-C(8)-H(8A)
C(5)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(5)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)

109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5

51148

Chuyén hoéa déi xtmg duge st dung dé tao ra cac nguyén tu twong duong.
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Bang V. Cac thong s6 chuyén vi bat dang huéng (A2 x 10°) d6i v6i C91. S6 mil cua yéu t6
chuyén vi bat ddng hudng tao ra dang: —2n*[h? 2*?UM + .. + 2 hk a* b* U? |,

Ull U22 U33 U23 U13 U12
F(1) 84(2) 1073)  1293)  42(2) 67(2) 41(2)
FQ2) 54(2) 128(4)  1203)  -643)  -31(2) 22(2)
F(3) 36(1) 29(1) 195(4)  -15(2) 21(2) 0(1)
F(1A)  84(2) 1073)  1293)  42(2) 67(2) 41(2)
FQA)  54(2) 128(4)  1203)  -64(3)  -31(2) 22(2)
FGA)  36(1) 29(1) 1954)  -15(2) 21(2) 0(1)
N(1) 29(1) 27(1) 40(1) 2(1) 4(1) -1(1)
0(1) 43(1) 30(1) 72(1) -5(1) 14(1) 3(1)
0(2) 52(1) 39(1) 44(1) 13(1) 11(1) 3(1)
0(3) 50(1) 60(1) 54(1) 17(1) 23(1) 12(1)
c(1) 36(1) 33(1) 83(2) _14(1) 4(1) -5(1)
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C(2) 38(1) 30(1) 44(1) -5(1) 7(1) -3(1)
C(3) 32(1) 28(1) 32(1) 2(1) 6(1) 2(1)
C(4) 31(1) 33(1) 32(1) 2(1) 2(1) 2(1)
C(5) 42(1) 42(1) 33(1) 6(1) 2(1) 2(1)
C(6) 63(2) 67(2) 35(1) 10(1) 8(1) 9(2)
C(7) 43(2) 77(2) 55(2) 15(2) 2(1) 14(2)
C(8) 77(2) 54(2) 50(2) -4(1) 220)  -112)
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Bugc 2. Tong hop lithi (1R,2S,5S5)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat

(C92).

Lithi hydroxit monohydrat (29,0 g, 678mmol) dugc bd sung vao hdn hop chua

metyl (1R,2S,55)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat, mudi hydroclorua
(68,5 g, 333mmol) trong tetrahydrofuran (950mL) va nuéc (48mL). Hon hop phan tng
duoc khudy & 25°C cho dén khi qué trinh thily phan dugc hoan thanh, trong khi d6 phan
rén dugc thu lai bang céch loc, duge rira bang 5% dung dich nude trong tetrahydrofuran
(400mL), vi dugc 1am kho trong chan khong & 70°C dé cho €92 & dang chét ran mau tring
dén tréng nho. Hiéu sudt: 47,6 g, 295mmol, 89%. Dit lidu héa 1y thu dugc trén cac mau
ctia €92 thu duge tir cac phan ing duoc thuc hién theo cung céch.

HRMS-ESI* (m/2): [M+H]* Puoc tinh toan dbi véi CsHi1aNO2, 156,1019; Dugce tim
thdy, 156,1019. 'H NMR (600 MHz, D,0) & 3.23 (d, J = 1,1 Hz, 1H), 3,09 (dd, /= 11,1,
5.2 Hz, 1H), 2,63 (d, J= 11,1 Hz, 1H), 1,33 — 1,24 (m, 2H), 0,86 (s, 2H), 0,83 (s, 3H). °C
NMR (150,8 MHz, D,0) & 182,7, 62,3, 45,6, 35,5, 30,0, 25,8, 19,3, 12,7. MAu nhiéu xa
bot tia X dbi véi €92 duge thé hién trén Fig. 13; cac dinh dac trung dugc dua ra trong
bang W.

Bang W. Dinh nhidu xa bot tia X dugc chon ddi voi €92

Goéc (°2- | Mat do Go6c (°2- | Matdo Go6c (°2- | Matdo
theta) tuong doi theta) tuong doi theta) tuong doi
5,1 4 20,2 6 30,2 4
6,0 100 20,8 19 30,5 2
7,3 17 21,4 2 314 18
8,7 3 21,9 4 32,2 5
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10,2 6 22,3 16 32,6 22
12,1 20 22,8 7 33,8 3
12,7 2 23,8 3 34,3 3
13,7 2 24,5 9 35,2 3
15,3 15 24,8 3 35,9 10
15,7 6 25,5 21 36,7 4
16,7 78 26,2 5 37,4 4
17,2 8 26,5 4 37,8 4
18,0 3 28,4 10 39,0 2
18,8 95 29,0 10 39,2 1
19,5 14 29,5 4 39,8 1

Bu6e 3. Tong hop axit (1R,2S,5 S)-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-carboxylic (C42).

Hon hop chira C91 (1,29 g, 5,68mmol), 4-(dimetylamin)pyridin (0,60 g, 4,8mmol),
va N,N-diisopropyletylamin (1,70mL, 9,75mmol) trong tetrahydrofuran (10mL), dugc xu
Iy bang p-toluenulfonyl clorua (0,99 g, 5,2mmol). Sau khi hon hop phan tng duge khuay
trong 2 giy & 20°C, C92 (75,7% khéi luong, 1,00 g, 4,70mmol) dugc nap va khuay lién
tuc qua dém ¢ 20°C. Huyén phu dic thu duge duoc tron voi propan-2-yl axetat (10mL) va
duge rira lién tiép bang dung dich nude axit xitric (10%, 10mL) va bang nude (10mL).
L6p hitu co sau d6 duge co, trong khi d6 propan-2-yl axetat (5mL) dugc bd sung, tiép do
1 timg giot heptan bd sung (15mL) tir ph&u b6 sung. Cac chit rén duoc phan lap bang cach
loc va dugc lam kho trong chan khong dé cho axit (1R,28,59)-6,6-dimetyl-3-[3-metyl-N-
(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxylic (C42) ¢ dang chét ran mau
tréng. Hiéu suét: 1,2 g. Hop chét nay biéu hién hai b tin hi¢u NMR. B§ chinh va bo phu
Jan luot twong (mg véi cac chét dong phan Z va E cia amit bac ba, voi ty 1€ mol gitra 20:1.
MaAu con chira isopropyl axetat véi ty 1€ mol 37% d6i v6i C42, chi ra ring cong huong 'H
& 4,86, 1,96, va 1,17ppm, va cong hudng B3C ¢169,7, 66,9, 21,5, va 21,0ppm. Céc tin higu
I va B3C duogc dua ra st dung tin hiéu TMS, dugc thiét 1ap t6i Oppm & ca hai loai.

HRMS-ESI* (m/z): [M+H]" Dugc tinh toan dbi véi C16H24F3N204, 365,1683; Dugc
tim thy: 365,1684. 'TH NMR (600 MHz, DMSO-d) 6 chinh: 9,44 (d, J = 8,5 Hz, 1H),
4,44 (d, J=8,5 Hz, 1H), 4,15 (s, 1H), 3,85 (dd, /= 10,5, 5,4 Hz, 1H), 3,73 (d, J= 10,5 Hz,
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1H), 1,53 (dd, J = 7,6, 5,3 Hz, 1H), 1,43 (d, J = 7,6 Hz, 1H), 1,01 (s, 3H), 1,01 (s, 9H),
0,83 (s, 3H); phu: 9,11 (d, J = 9,4 Hz, 1H), 4,53 (s, 1H), 4,33 (d, J = 9.4 Hz, 1H), 3,53
(dd, J=12,5, 5,3 Hz, 1H), 3,41 (d, J = 12,5 Hz, 1H), 1,55 (d, J= 7,5 Hz, 1H), 1,41 (dd, J
=17.5,5,3Hz, 1H), 1,02 (s, 3H), 0,97 (s, 3H), 0,91 (s, 9H). BC NMR (150,8 MHz, DMSO-
ds) & chinh: 172,3,167,5, 156,8 (*Jcr= 37,0 Hz), 115,7 ("Jcr=287,7Hz), 59,1, 58,0, 47,1,
34,6, 29,6, 26,7, 26,1, 25,6, 18,7, 12,0; phu: 172,3, 168,1, 155.9 (®3Jcr= 36,8 Hz), 115,8
(\Jer = 288,1 Hz), 59,9, 57,3, 46,4, 36,2, 32,1, 26,2, 26,0, 24,4, 19,0, 12,7. M&Au nhiéu xa
bot tia X dbi voi C42 duoc thé hién trén Fig. 14; cac dinh dic trung dugc dua ra trong
bang X.

Su két tinh dbi v6i ca hai nhifu xa bot tia X va viéc x4c dinh cAu trac tia X ctia don
tinh thé duoc thuc hién nhu sau. Dung dich chira C42 (2,96 g) trong etanol (9mL) duogc
gia nhiét dén 40°C keém theo khudy (3500 vong/phut), trong khi d6 nuée (10,5mL) duogc
bd sung trong 10 phat. Nude (16,5mL) sau d6 duoc bd sung tiép trong 4 gid, va hdn hop
dugc 1am lanh dén 10°C va dé khudy qua dém. Sau d6 tién hanh loc, banh loc dugc rua
biing nuée (6mL) va duge lam kho & 50°C dé cho tinh thé C42 (2,6 g).

Bang X. Dinh nhiéu xa bot tia X duoc chon dbi vai C42

Mat do Mat do
Géc (°2- | Matdo | Goc(°2- | tuong | Goc(°2- | tuong
theta) | tuong ddi | theta) d6i theta) d6i
7.4 100 242 3 37,4 1
9,4 73 24,4 2 38,3 1
12,0 15 25,3 4 39,0 1
12,9 16 25,5 4 39,7 1
14,1 9 27,6 6 40,1 1
14,9 26 28,6 1 41,2 1
17,4 7 29,5 4 41,9 1
17,7 35 31,4 2 42,6 1
19,0 18 31,5 3 46,3 1
19,2 12 32,4 1
19,7 17 33,2 1
20,4 9 34,1 1
20,6 4 34,5 2
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224 3 35,7 1
23.0 3 36,1 0
232 2 36,6 1

Biéu dd ORTEP cua dit liéu don tinh thé di v6i C42 duoc thé hién trén Fig. 15.
X4c dinh c4u tric tia X cia don tinh thé clia C42
Phan tich don tinh thé tia X

Viéc thu thap dit liéu duge thuc hién trén nhidu xa ké Bruker D8 Venture & nhiét
do trong phong. Viéc thu thp dit liéu bao gdm viéc quét omega va phi. Chién luge thu dit
liéu cy thé & chidu rong 0,3 d6 trén cac khung dwoc ding dé tach cac mién, tir d6 loai trir
céc van dé vé TWIN va tinh d6i xing gia.

Céu tric dugc giai quyét bang cach tao pha noi tai sit dung phan mém SHELX thich
hop trong nhém hé truc giao R3. Sau d6, cdu tric dwoc tinh ché bang phuong phéap binh
phuong t6i thiéu ma tran toan bd. Toan bd nguyén tir khong phai hydro dugc tim thay va
duoc tinh ché sir dung céc thong sd chuyén vi bat ding hudng.

Nguyén tir hydro nim trén nito va oxy dugc tim thiy tir ban do chénh léch Fourier
va dugc tinh ché véi cac khoang cach han ché. Nguyén tir hydro con lai duoc dit & cac vi
tri duoc tinh toan va cho phép & trén céc nguyén tir mang. Budc tinh ché cubi gom céc
thong s6 chuyén vi dang hudng dbi véi tat ca nguyeén tir hydro.

Phan tich cau trac tuyét déi st dung cac phuong phap hop 1y (Hooft, 2008) duge
thuc hién sit dung PLATON (Spek). Céac két qua chi ra rﬁfmg cAu trac tuyét dbi duge gan
chinh x&c. Phuong phép nay tinh toan dugce kha ndng ma cAu tric duge gan chinh x4c 1a
100%. Thong sé Hooft dugc bao cdo 13 —0,08 v6i esd (do 1éch chuan dwgc ude tinh) 12 (7)
va théng s6 Parson duoc bao cao 12 —0,09 véi esd 1a (6).

Vi trf quan thé 16n x6n & phan doan C1 F1 F2 véi ty 1& 78:22 dugc xac dinh va
duogc xtr 1y theo do.

Chi sb R cudi 12 5,8%. Fourier chénh 1éch cudi ching to khong c6 mat do dién tir
hodc mat do dién tir khong ding chd.

Tinh thé thich hop, viéc thu thap dit liéu, va thong tin tinh ché dugc tom tit trong
bang Y. Lién két phéi trf nguyén tir, chidu dai lién két, goc lién két, va thong s chuyén vi
duoc dua ra trong cac bang Z — BB.

Danh sach phn mém va tai liéu vién din dugc st dung c6 thé duge tim thiy trong
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viéc xac dinh cAu tric tia X cta don tinh thé cta Vi du 13, Dang rén 1.

Bang Y. Dt liéu tinh thé va tinh ché cau tric d6i véi C42.

Cong thirc thuc nghiém
Khéi lwgng cong thire
Nhiét do

Budc song

Hé tinh thé

Nhom khong gian

Kich thudc 6 don vi

Thé tich

Z

Ty trong (dugc tinh todn)

Heé sb héap thu

F(000)

Co tinh thé

Khoang theta dé thu thap dit liéu
Khoang chi s6

—14<=]<=17

Do phan xa dugce thu thép

Do phan xa doc 1ap

Do toan ven dbi voi theta = 67,679°
Hiéu chinh d6 hap thu

Phuong phép tinh ché

Dit liéu / han chés / cac thong sb
Mirc d6 phi hop trén F?

Chi sb R cubi [I>2a(1)]

Chi 56 R (tat ca dit liéu)
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C16H23F3N204
364,36

296(2) K
1,54178 A

hé tam giac

R3

a=14,1740(6) A a=114,11°
b=14,1740(6) A B=114,11°
¢ =14,1740(6) A y=114,11°

1715,9(4) A3

3

1,058 Mg/m>

0,788 mm™!

576

0,220 x 0,100 x 0,100 mm?
6,445 dén 80,034°
—17<=h<=16,

13310

4011 [Rinr = 0,0369]
98,9%

Theo thyc nghiém

Binh phuong tdi thiéu ma trdn toan bod

trén F?

4011/6/244

1,056

R1=10,0582, wR2 =0,1675
R1=0,0611, wR2=0,1710

~14<=k<=16,
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Théng s6 céu tric tuyét dbi —0,09(6)
Heé sb tat khéng x4c dinh
Dinh va 15 khuéch tan 16n nhat 0,292 va—0,174 e A3

Bang Z. Lién két phéi tri nguyén tir (x 10%) va cac thong s6 chuyén vi déng huéng tuong
duong (A? x 10%) d6i voi C42. U(eq) dugce xac dinh bing mot phan ba vét clia tenxo dugce

truc giao hoa UY.

X y z Uleq)
Cc(1) 9738(11) 9749(11) 7504(7) 172(4)
F(1) 9100(20) 9860(20) 7899(14) 233(6)
F(3) 9757(18) 8823(16) 7411(12) 171(4)
F(1A) 9950(80) 10650(90) 8270(60) 233(6)
F(3A) 10320(70) 9400(60) 7630(50) 171(4)
F(2) 11182(13)  11032(10) 8680(7) 296(6)
N(1) 9252(4) 8810(4) 5336(3) 75(1)
N(2) 6546(2) 6624(2) 1650(2) 49(1)
O(1) 9065(6) 10407(6) 6229(5) 130(2)
0(2) 7738(3) 6229(3) 2739(3) 88(1)
0(3) 7054(3) 5611(3) -16(3) 79(1)
0(4) 5159(3) 3362(2) -1315(3) 80(1)
CQ2) 9318(6) 9683(6) 6263(5) 97(2)
C(3) 8891(4) 8676(4) 4135(3) 66(1)
C(4) 10197(4) 9437(4) 4311(4) 80(1)
C(5) 9748(5) 9404(6) 3121(6) 98(1)
C(6) 10798(6) 8766(7) 4324(7) 109(2)
C(7) 11359(5) 10996(5) 5744(6) 110(2)
C(8) 7683(3) 7092(3) 2793(3) 60(1)
C(9) 5449(3) 5104(3) 340(3) 50(1)
C(10) 5997(3) 4749(3) -338(3) 56(1)
C(11) 4191(3) 4863(3) -607(3) 53(1)
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C(12)
C(13)
C(14)
C(15)
C(16)

3540(3)
1999(4)
3859(5)
4643(3)
6198(3)
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5182(4)
4426(5)
5374(5)
6293(3)
7435(3)

-65(3)
-1228(5)
1178(5)

127(3)
1506(3)

60(1)
78(1)
80(1)
54(1)
59(1)

Bang AA. Chiéu dai lién két [A] va goc [°] dbi v6i C42.

C(1)-F(1A)
C(1)-F3A)
C(1)-F(1)
C(1)-F@3)
C(1)-F(2)
C(1)-C(2)
N(1)-C(2)
N(1)-C(3)
N(1)-H(1X)
N(2)-C(8)
N(2)-C(9)
N(2)-C(16)
O()-C(2)
0(2)-C(8)
0(3)-C(10)
0(4)-C(10)
O(4)-H(4Y)
C(3)-C(8)
C(3)-C4)
C(3)-H(3)
C4)-C(5)
C(4)-C(6)
C(4)-C(7)

1,09(5)
1,12(5)
1,271(14)
1,277(13)
1,404(14)
1,556(9)
1,321(6)
1,463(5)
0,94(2)
1,333(4)
1,464(4)
1,477(3)
1,230(6)
1,231(4)
1,199(4)
1,311(4)
0,98(2)
1,517(5)
1,556(6)
0,9800
1,512(8)
1,515(6)
1,533(6)
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C(5)-H(5A)
C(5)-H(5B)
C(5)-H(5C)
C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(9)-C(11)
C(9)-C(10)
C(9)-H(9)
C(11)-C(15)
C(11)-C(12)
C(11)-H(11)
C(12)-C(14)
C(12)-C(15)
C(12)-C(13)

C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-H(14A)
C(14)-H(14B)
C(14)-H(14C)

C(15)-C(16)
C(15)-H(15)

C(16)-H(16A)
C(16)-H(16B)

F(1A)-C(1)-F(3A)
F(1)-C(1)-F(3)
F(1A)-C(1)-C(2)

51148

0,9600
0,9600
0,9600
0,9600
0,9600
0,9600
0,9600
0,9600
0,9600
1,508(4)
1,521(4)
0,9800
1,507(4)
1,510(4)
0,9800
1,496(5)
1,512(5)
1,530(5)
0,9600
0,9600
0,9600
0,9600
0,9600
0,9600
1,510(4)
0,9800
0,9700
0,9700

133(4)
109,3(14)
105(2)
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F(3A)-C(1)-C(2)
F(1)-C(1)-C(2)
F(3)-C(1)-C(2)
F(2)-C(1)-C(2)
C(2)-N(1)-C(3)
C(2)-N(1)-H(1X)
C(3)-N(1)-H(1X)
C(8)-N(2)-C(9)
C(8)-N(2)-C(16)
C(9)-N(2)-C(16)
C(10)-0(4)-H(4Y)
0(1)-C(2)-N(1)
0(1)-C(2)-C(1)
N(1)-C(2)-C(1)
N(1)-C(3)-C(8)
N(1)-C(3)-C(4)
C(8)-C(3)-C(4)
N(1)-C(3)-H(3)
C(8)-C(3)-H(3)
C(4)-C(3)-H(3)
C(5)-C(4)-C(6)
C(5)-C(4)-C(7)
C(6)-C(4)-C(7)
C(5)-C(4)-C(3)
C(6)-C(4)-C(3)
C(7)-C(4)-C(3)
C(4)-C(5)-H(5A)
C(4)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(4)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
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109,0(19)
115,0(7)
118,2(6)
104,7(9)
119,5(3)
112(3)
128(3)
118.3(2)
128,7(2)
113,0Q2)
103(3)
127,2(5)
118,2(4)
114,5(4)
106,8(3)
113,3(3)
113.4(3)
1077
1077
107,7
111,0(5)
108,8(4)
108,5(4)
108,7(3)
112,1(4)
107.5(4)
109,5
109,5
109,5
109,5
109,5
109,5



C(4)-C(6)-H(6A)
C(4)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(4)-C(6)-H(6C)
H(6A)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
C(4)-C(7)-H(7A)
C(4)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(4)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
0(2)-C(8)-N(2)
0(2)-C(8)-C(3)
N(2)-C(8)-C(3)
N(2)-C(9)-C(11)
N(2)-C(9)-C(10)
C(11)-C(9)-C(10)
N(2)-C(9)-H(9)
C(11)-C(9)-H(9)
C(10)-C(9)-H(9)
0(3)-C(10)-0(4)
0(3)-C(10)-C(9)
0(4)-C(10)-C(9)
C(15)-C(11)-C(9)
C(15)-C(11)-C(12)
C(9)-C(11)-C(12)
C(15)-C(11)-H(11)
C(9)-C(11)-H(11)
C(12)-C(11)-H(11)
C(14)-C(12)-C(11)
C(14)-C(12)-C(15)

109,5
109,5
109,5
109,5
109,5
109,5
109.5
109,5
109,5
109.5
109,5
109,5
119.3(3)
121,03)
119,8(2)
105,0(2)
110,4(2)
112,2(2)
109,7
109,7
109,7
124,6(3)
125,1(3)
110,4(3)
107,9(2)
60,1(2)
118,0(2)
118,7
118.7
1187
121,8(3)
121,6(3)
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C(11)-C(12)-C(15)
C(14)-C(12)-C(13)
C(11)-C(12)-C(13)
C(15)-C(12)-C(13)
C(12)-C(13)-H(13A)
C(12)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
C(12)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
C(12)-C(14)-H(14A)
C(12)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(12)-C(14)-H(14C)
H(14A)-C(14)-H(14C)
H(14B)-C(14)-H(14C)
C(11)-C(15)-C(16)
C(11)-C(15)-C(12)
C(16)-C(15)-C(12)
C(11)-C(15)-H(15)
C(16)-C(15)-H(15)
C(12)-C(15)-H(15)
N(2)-C(16)-C(15)
N(2)-C(16)-H(16A)
C(15)-C(16)-H(16A)
N(2)-C(16)-H(16B)
C(15)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
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59,8(2)
113,53)
114,8(3)
115,3(3)
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
109,5
108,6(2)
60,04(19)
120,2(3)
117,9
117,9
117,9
104,0(2)
111,0
111,0
111,0
111,0
109,0

Chuyén héa dbi xtmg dugce sir dung dé tao ra cac nguyén tu tuong duong.
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Bang BB. Céc thong s6 chuyén vi bét ding huéng (A2 x 10°) doi voi C42. S6 mii cna yéu t6

284



51148 285/334

chuyén vi bat ddng hudng tao ra dang: —2n°[h* a**U'! + ... + 2 h k a* b* U2].

Ull U22 U33 U23 U13 UIZ
C(1) 249(10)  244(10)  92(4) 107(6)  116(6)  219(9)
F(1) 349(14)  444(17)  236(8)  274(10)  264(10)  348(15)
F(3) 209(12)  246(10)  152(5)  168(7)  178(7)  234(10)

F(1A)  349(14)  444(17)  236(8)  274(10)  264(10)  348(15)
FGA)  299(12)  246(10)  152(5)  168(7)  178(7)  234(10)

F(2) 204(11)  235(8)  94(3) 84(4) 57(5) 147(8)
N(1) 80(2) 83(2) 52(1) 41(1) 37(1) 65(2)
N(2) 52(1) 49(1) 44(1) 31(1) 30(1) 39(1)
o(1) 170(4)  1604)  1073)  88(3) 95(3) 145(4)
0(2) 83(2) 74(2) 73(2) 50(1) 32(1) 59(1)
0(3) 82(2) 56(1) 91(2) 43(1) 69(2) 42(1)
0(4) 71(1) 50(1) 93(2) 32(1) 61(1) 39(1)
C(2) 1093)  117(4)  73(2) 59(3) 57(2) 93(3)
C(3) 62(2) 62(2) 51(2) 33(1) 28(1) 47(2)
C(4) 62(2) 64(2) 71(2) 36(2) 35(2) 42(2)
C(5) 76(2) 85(3) 94(3) 58(2) 54(2) 44(2)
C(6) 97(3) 111(4)  1344)  83(4) 80(3) 82(3)
C(7) 69(2) 70(2) 84(3) 3002) 32(2) 34(2)
C(8) 62(2) 59(2) 56(2) 40(1) 36(1) 46(1)
C(9) 55(1) 48(1) 49(1) 33(1) 35(1) 37(1)
C(10) 56(2) 50(1) 57(2) 34(1) 39(1) 38(1)
C(11) 53(1) 54(1) 45(1) 31(1) 32(1) 38(1)
C(12) 61(2) 69(2) 63(2) 46(2) 44(1) 50(2)
C(13) 62(2) 85(2) 86(2) 57(2) 50(2) 54(2)
C(14) 91(3) 109(3) 89(2) 77(2) 72(2) 77(2)
C(15) 57(2) 57(2) 50(1) 38(1) 33(1) 43(1)
C(16) 60(2) 51(1) 57(2) 35(1) 33(1) 42(1)
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Ngoai viéc diéu ché axit (1R,28,58)-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]Thexan-2-carboxylic (C42) theo cac phuong phap d4 mo ta & trén, hop
chét ciing ¢6 thé dugce didu ché nhu dugc mé ta trong cac so do phan ung chi ra truc tiép
dudi day. O buée 1, metyl (1R,28,58)-6,6-dimetyl-3-azabixyclo[3.1 .0]hexan-2-carboxylat
hydroclorua truéce tién dugce xt 1y bing trietylamin trong hon hop chira tetrahydrofuran va
nuée dé trung hoa mudi hydroclorua tiép d6 1a thily phan metyl este sir dung natri hydroxit
trong hdn hop chira tetrahydrofuran va nude dé tao ra natri (1R,2S,5S)-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxylat.

Didu ché natri (1R,2S,5S)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat

y Hel i) TEA, THF H
N O 2 N O
HH/< nuoc '”‘/<
O_
ii) nude NaOH ONa
THEF, nudc

B sung tetrahydrofuran (30mL), nu6c (7,5mL), trietylamin (7,62mL, 54,7mmol) va metyl
(1R,2S,55)-6,6-dimetyl-3-azabixyclo[3.1.0] hexan-2-carboxylat hydroclorua (7,59 g,
36,9mmol) vao binh thich hop. Hon hop duge khudy & 25°C trong it nhat 30 phit. Qua
trinh khudy duoc tam dimg va cac 16p dugc tach. Trong binh riéng r&, 28% khéi lwong/khdi
lwgng nudce natri hydroxit (4,19mL, 38,3mmol) va tetrahydrofuran (71mL) dugc bd sung
vao kém theo khudy & 40°C. 25% 16p hitu co chira dung dich chira metyl (1R,2S,5 S)-6,6-
dimetyl-3-azabixyclo[3.1.0] hexan-2-carboxylat trong tetrahydrofuran tir viéc tach dugc
bd sung va dung dich dugc cdy mam véi mnatri (1R,28,5S5)-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxylat (0,1182 g, 0,7336mmol — trude do dugce didu ché tu
quy trinh twong tw). Hn hop duge giit & 40°C trong it nhat 15 phit va 75% 16p hitu co
con lai dugc bo sung tir tr. Hon hop dugc gitt kém theo khuéy & 40°C trong 16 gio, sau do
duoc 1am ngudi tir tr dén 20°C va giit trong it nhét 4 gio. Chét ran thu duoc 1a natri
(1R,28,55)-6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat duoc phan lap bang cach
loc, dugc rira bang dung dich bao gdm tetrahydrofuran (43mL) va nudce (2,25mL). Nguyén
lidu réin dugc lam kho & 70°C trong chan khong dé tao ra 6,13 g (93,8%) natri (1R,28,5S)-
6,6-dimetyl-3-azabixyclo[3.1.0]hexan-2-carboxylat ¢ dang tinh thé ran. PXRD dugc xac
dinh theo cac phuong phap nhu duge md ta trén day.
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Cac dinh PXRD dugc chon cia tinh thé natri (1R,2S,5S)-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-carboxylat.
Géce Mat do Géce Mat do Géc Mat do
do 2-6 tuong d6i do 2-6 tuong dbi do 2-0 tuong dbi
+0,2 °2-0 +0,2 °2-0 +0,2 °2-0
5,5 19 19,0 15 29,8 4
5,9 9 19,3 100 30,3 8
6,6 59 21,3 45 30,8 8
10,7 2 23,2 12 32,0 3
16,0 9 23,5 17 32,5 5
16,3 6 242 20 33,8 7
16,7 10 25,8 11 34,6 4
17,0 52 26,0 8 35,8 6
17,3 42 26,7 4 36,6 8
17,7 15 28,1 3 36,9 7
18,5 7 28.9 6 37,6 3

Céc dinh PXRD duoc chon cua axit (S)-3,3-dimety1-2-(2,2,2-triﬂoaxetamido)butanoic

(C91)

Gocdo2-6 | Matds | Goc do2-6 Mat do Goéc do 2-6 Mat do

+02°-0 | tuongdbi | +02°2-6 | tuongddi | +02°2-0 | tuong do6i
9,7 27 28,1 4 37,7 1
11,8 6 28,7 2 38,2 2
12,6 3 28,9 5 38,7 2
13,2 20 29,7 4 39,3 3
14,7 28 29,9 4 39,6 1
15,6 69 30,3 10 40,0 1
17,2 4 30,8 3 40,5 5
17,9 2 31,0 1 40,7 3
18,3 2 31,3 1 40,9 3
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19,5 100 32,6 3 41,5 1
20,0 14 33,5 2 41,8 1
20,4 2 34,0 1 42,4 3
21,5 22 34,2 2 43,1 1
23,2 8 34,7 3 44,2 1
23,3 11 36,2 2 44,8 1
23,8 6 36,4 3 45,7 1
25,2 1 36,7 2 45,9 3
25,4 17 37,1 1 46,4 1
25,7 2 37,2 2 47,0 1
26,6 7 37,4 1 47,3 2
26,7 6 37,6 3 49,5 2

Dit liéu tinth thé va tinh ché cu tric déi véi axit (S)-3,3-dimetyl-2-(2.2,2-trifloaxetamido)

butanoic (C91).

M3 x4ac dinh E178

Cong thtrc thuc nghiém C8HI2F3NO3

Khéi lugng cong thirc 227,19

Nhiét do 1732) K

Budc song 1,54178 A

Heé tinh thé Hé tir gidc

Nhom khong gian P412:2

Kich thudc 6 don vi a=9,9168(6) A a= 90°.
b=9,9168(6) A b=90°.
c=22,7212) A g =90°.

Thé tich 2234,5(4) A3
Z 8

Ty trong (dugc tinh toan) 1,351 Mg/m3
Heé sb hép thu 1,184 mm-1
F(000) 944
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C& tinh thé

0,200 x 0,170 x 0,080 mm3

Khoang theta dé thu thap di liéu

4,866 dén 70,114°.

Khoang chi s6 -11<=h<=10, -12<=k<=12, -27<=I<=27

D0 phan xa duoc thu thap 48160

Do phan xa doc 1ap 2122 [R(int) = 0,0392]

D6 toan ven dbi véi theta=67,679° 99,8 %

Hiéu chinh do hép thu Theo thuc nghiém

Phuong phép tinh ché Binh phuong téi thidu ma trén toan b trén F2

Dit liéu / han ché / thong s6

2122/9/158

Mitc d§ phi hop trén F2

1,010

Chi s6 R cudi [I>2sigma(I)]

R1=0,0408, wR2 = 0,1012

Chi sd R (tht ca dit lidu)

R1=0,0429, wR2 = 0,1039

Théng s6 cu tric tuyét dbi

0,03(4)

Hé so tat

khong xac dinh

Dinh va 15 khuéch tan 16n nhat

0,280 va -0,215 e.A-3

O budc 2, natri (1R,2S,5S)-6,6-dimety1-3-azabixyclo[3.1.0]hexan-2-carb0xylat thu dugc

sau do duoc lién hop vai axit (S)-3,3-dimetyl—2-(2,2,2—triﬂoaxetamido)butanoic vO1 su ¢o

mit cta tosyl clorua va dimetylamin pyridin trong tetrahydrofuran. Tetrahydrofuran dugc

loai bo va thay bang isopropyl axetat tiép d6 1a xir ly vai HCI trong nude mudi tiép do 1a

xu ly nude va heptan dé tao ra C42.
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8
HN CF;,
i) TsCl, DMAP, C\\\//O o
THF >§ \ J\
N
ii) hoan doi v6i IPAc OH
ii1) HCl-nuéc muoi
iv) nuéc
v) heptan
C42

Tinh thé C42 duoc dic trung & chd PXRD va dang bd sung thu dugc tlr viée 1am kho kéo

dai hodc nhiét o cao hon dugc xéc dinh.

Céc dinh PXRD duge chon dbi v6i C42 — Dang két tinh thu dugc tir thoi gian lam khé kéo
dai hodc nhiét do cao hon

Géc Mat do Goc Mat do Goéc Mat do
do 2-6 tuong dbi d6 2-6 tuong doi do 2-6 twrong doi

+0,2 °2-0 +0,2 °2-0 +0,2°2-0
10,2 3 25,7 11 33,7 1
10,8 100 26,1 3 34,1 1
12,6 22 26,8 2 34,6 4
13,3 21 27,1 2 35,1 3
13,8 88 27,4 7 35,5 1
16,3 59 27,8 7 36,3 4
17,1 39 28,0 3 36,9 6
18,7 5 28,2 3 38,2 6
18,9 2 29,0 2 38,8 2
19,5 20 29,5 4 39,3 1
19,9 18 29,8 2 39,6 2
20,3 2 30,1 2 39,8 2
20,6 26 30,6 7 40,2 2
20,8 63 30,9 3 42,2 3
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21,7 6 31,2 3 442 2
22,2 20 32,0 8 447 3
23,4 8 32,7 4 47,0 2
23,7 18 32,9 4 473 2
24,5 7 33,1 5
25,4 9 33,5 1

Hoat tinh khang virut tir viéc nhiém SARS-CoV-2

Kha nang ngan ngura viéc gay chét t& bao do hoic tac dung gy bénh té bao coronavirut
SARS-CoV-2 cua cac hop chat dé c6 thé dugce danh gia thong qua kha nang sdng cua té
bao, st dung dang thi nghiém dung luxiferaza dé do ATP noi bao 1am diém cudi. Tém lai,
cdc t6 bio VeroE6 ma duoc 1am gidu dé biéu hién hACE2 duge chiing ngira theo mé bang
SARS-CoV-2 (USA_WA1/2020) véi s6 bdi nhiém 12 0,002 trong thir nghiém BSL-3. Cac
té bao dd dugc ching nglra virut sau do dugc bd sung vao cac dia hop chét sn dé thu
nghiém & mét do 4.000 t& bao/18. Sau khi 1 3 ngay, thoi gian tai d6 tac dung gay benh té
bao do virut 12 95% trong diéu kién d6i chimg bi nhiém, khong duoc xir ly, kha nang song
ctia té bao duoc danh gia st dung Cell Titer-Glo (Promega), theo quy trinh cua nha san
xuét, dinh lugng ndng do ATP. Doc tinh té bao ctia cac hop chét duoc danh gia trong cac
té bao khong bi nhiém song song. Cac hop chét th nghiém duge thir nghiém riéng 1€ hodc
Vi sw ¢6 mit ciia chét ire ché P-glycoprotein (P-gp) CP-100356 & nong do clia 2 pM. Vige
bao gdm CP-100356 14 nhim danh gia xem cac hop chét thit nghiém bi thodt ra ngoai cac
té bao VeroE6, ma c6 muc biéu hién P-glycoprotein cao nhét. Phin trim hiéu luc & moi
ndng do ctia hop chét thir nghiém dugc tinh toén trén co s cac gia tri d6i v6i 16 dbi chimg
khong chtra virut va 15 ddi chimg chira virut trén moi dia thir nghiém. Nong do can c6 gia
tri dap tng 50% (ECso) dugc xéac dinh tlr cac dir liéu nay str dung md hinh logistic 4 thong
sé. Céc dudmg cong ECso phit hop v6i do déc Hill bang 3 khi >3 va lieu dinh dat hiéu luc
> 50%. Néu doc tinh té bao duge phét hién véi hiéu luc 16n hon 30%, thi dir lisu ndng do
twong tng duge loai trir tir viée xac dinh ECso.

P&i véi cée dia doc tinh t6 bao, phn tram hiéu luc & mdi ndng do cua hop chat thir nghiém

duoc tinh toan trén co s& cac gia tri doi voi 10 doi ching chi ¢ thé bao va cac 10 doi chung
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chira hyamin trén mdi dia thu nghiém. Gia tri CCso dugc tinh toan st dung md hinh logistic

4 thong sb. Sau do, TI duge tinh todn bang cach chia gia tri CCso cho gia tri ECso.
Thtr nghiém va phan tich FRET ddi vé6i 3C Proteaza cuia Coronavirut SARS-CoV-2

Hoat tinh phén giai protein cta proteaza chinh, 3CLpro, cia SARS-CoV-2 dugc kiém tra
st dung thur nghiém truyén ning lugng cong hudng huynh quang (FRET) lién tuc. Thi
nghiém SARS-CoV-2 3CLpro do hoat tinh cia 3CL proteaza chiéu dai day du cua SARS-
CoV-2 dé phan giai co chét peptit tao huynh quang tong hop theo thir tu sau: Dabcyl-
KTSAVLQ-SGFRKME-Edans dugc md hinh hoa trén peptit lién tng (V. Grum-Tokars et
al. BEvaluating the 3C-like protease activity of SARS-coronavirus: recommendations for
standardized assays for drug discovery. Virus Research 133 (2008) 63—73). Su phat huynh
quang cua peptit BEdans d& dugc phan gii (kich thich ¢ 340 nm / phét ra & 490 nm) duoc
do st dung quy trinh do mét d§ huynh quang trén may doc Flexstation (Molecular
Devices). Tin hiéu phét huynh quang dugc khir khi ¢6 mat PF-835231, chit e ché tiém
nang cua SARS-CoV-2 3CLpro. Chét dém phan tng thi nghiém chira 20 mM Tris-HCl
(pH 7,3), 100 nM NaCl, I mM EDTA va 25 pM co chét peptit. Cac phan ing enzym dugc
bét dAu v6i vise bd sung 15 nM 3CL proteaza cliia SARS-CoV-2 va tién hanh trong 60 phut
& 23°C. Phan tram e ché hodc hoat tinh dugc tinh toan trén co s cac 16 d6i chimg khong
chita hop chét (0% tre ché/100% hoat tinh) va hop chat doi chimg (100% e ché/0% hoat
tinh). Gia tri IC50 dugc tao ra sir dung mo hinh phu hop bdn thong s6 sir dung phan mém
ABASE (IDBS). Céc gia tri Ki phti hop v6i dang thitc Morrison v6i thong s6 nong do
enzym dugc ¢b dinh dén 15 nM, thong s6 Km duge ¢b dinh dén 14 uM va thong s nong
d6 co chit duge ¢b dinh dén 25 uM st dung phan mém ABASE (IDBS).

Hoat tinh phén giai protein ciia 3CL proteaza cua Coronavirut SARS-CoV-2 dugc do su
dung thir nghiém truyén ning lugng cong hudng huynh quang lién tyc. Thir nghiém FRET
d6i véi SARS-CoV-2 3CLP® do kha nang phan giai proteaza duogc xic tic cia TAMRA-
SITSAVLQSGFRKMK-(DABCYL)-OH  thanh TAMRA - SITSAVLQ va
SGFRKMK(DABCYL)-OH. Sy phat huynh quang cua peptit TAMRA duoc phan giai
(kich thich & 558 nm / phét ra ¢ 581 nm) dugc do su dung may doc dia huynh quang
TECAN SAFIRE trong khoang thoi gian 10 phut. Dung dich phén tng thong thudong chtra
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20 mM HEPES (pH 7,0), 1 mM EDTA, 4,0 uM co chat FRET, 4% DMSO va 0,005%
Tween-20. Cac thir nghiém dugc bit ddu véi viée bd sung 25 nM SARS 3CLP (trinh tu
nucleotit 9985-10902 cta ching Urbani cia trinh tw bo gen day du cua coronavirut SARS
(s6 truy cap NCBI 1a AY278741)). Phan tram trc ché dugc xéc dinh hai 14n & ndng dd chit
tc ché 0,001 mM. Dit liéu dugce phan tich bang chuong trinh phén tich thoai bién khong
tuyén tinh Kalidagraph st dung dang thirc:
FU = do léch+ (gi6i han)(1- e b))

Trong do do léch bang tin hiéu phat huynh quang cua co chét peptit khong dugc phan giai,
va gidi han bang su phat huynh quang cua co chét peptit dugc phan giai toan bg. kobs 1a
hing sb tdc do thir tu thi nhét d6i v6i phan ing nay, va khi khong c6 mat chét trc ché bat
ky thé hién viéc st dung co chét. Trong phan tng khai dAu enzym chira chét e ché khong
thuan nghich, va trong d6 gisi han dugc tinh todn nho hon 20% gidi han t61 da 1y thuyét,
kobs duoc tinh toan thé hién tdc d6 bat hoat ctia coronavirut 3C proteaza. Do dbc (kobs/ T)
ctia db thi gitru kobs va [T] 1a thude do giita &i luc cha chat Ge ché doi v6i enzym. D61 véi
c4c chét e ché khong thuan nghich rat nhanh, kobs/I duoc tinh toan tlr cac quan sat chi o

mot hodc hai [I] chtr khong phai 1a do déc.

Bang 2. Hoat tinh sinh hoc va tén goi TUPAC ctua cac hgp chéat vi du 1 — 84.

Gia tri ) )
SO Gia tri So
trung . .
dém trung dem
. binh
So vi duoc binh dugc
hinh Tén goi IUPAC
du st hinh su
hoc
K dung hoc dung
Ki ECso ECso
(LM)

M) | M) | (wM)

(1R,28,58)-N-{(15)-1-xyano-2-
[(3S)-2-0oxopyrolidin-3-yl]etyl}-6,6-
1 0,013 4 0,246 7 dimetyl-3-[N-(trifloaxetyl)-L-valyl]-
3-azabixyclo[3.1.0]hexan-2-

carboxamit
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N-{(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-metyl-N*-
1,08 3 7,52 2 b yhetyl) Y
(pyrolidin-1-ylaxetyl)-L-leuxinamit,

muoi trifloaxetat

N-{(1S5)-1-xyano-2-[(35)-2-
0,439 2 6,74 6 oxopyrolidin-3-yl] etyl}-N?-(2,6-

diclobenzoyl)-4-metyl-L-leuxinamit

N-[(28)-1-({(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} amino)-4-
0,026 3 1,36 15 by yhletyli )
metyl-1-oxopentan-2-yl]-4-metoxy-

1 H-indol-2-carboxamit

N-[(28)-1-({(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl }amino)-4-
>0,351 2 >3,33 1 metyl-1-oxopentan-2-yl]-4-metoxy-

3-(triflometyl)-1H-indol-2-

carboxamit

N-[(29)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} amino)-4-
0,023 2 0,279 4 metyl-1-oxopentan-2-yl]-4-metoxy-

7-(triflometyl)-1H-indol-2-

carboxamit

N-[(28)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} amino)-4,4-
0,798 1 43,1 2 dimetyl-1-oxopentan-2-yl]-3-

metylimidazo[2,1-b][1,3]thiazol-2-

carboxamit

N-{1-xyano-2-[(3S)-2-oxopyrolidin-
3-yl]etyl}-N?-

0,917 3 5,75 2 ylletsl}

[xyclohexyl(metoxy)axetyl]-4-

metyl-L-leuxinamit, DIAST-1
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0,254

0,970

N-{1-xyano-2-[(3S)-2-oxopyrolidin-
3-yl]etyl}-N>-
[xyclohexyl(metoxy)axetyl]-4-
metyl-L-leuxinamit, DIAST-2

10

0,056

2,09

N-[(25)-1-({(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-4-

metoxy-1H-indol-2-carboxamit

11

0,297

4,78

N2-[(4-bromo-1-etyl-3-metyl-1H-
pyrazol-5-yl)carbonyl]-N-{(15)-1-
xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-4-metyl-L-leuxinamit

12

0,539

6,33

N-{(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-N*-[(3,3-
difloxyclobutyl)axetyl]-4-metyl-L-

leuxinamit

13

0,003

0,075

18

(1R.,2S,58)-N-{(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-
L-valyl]-3-azabixyclo[3.1.0]hexan-

2-carboxamit

14

0,302

N.D.!

N-[(28)-1-({(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl }amino)-
5,5,5-triflo-1-oxopentan-2-yl]-4-

metoxy-1H-indol-2-carboxamit

15

0,002

0,360

N-[(2S)-1-({(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}amino)-4-
metyl-1-oxopentan-2-yl]-7-flo-4-

metoxy-1H-indol-2-carboxamit
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16

0,018

>2,53

N-[(28)-1-({(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} amino)-4-
metyl-1-oxopentan-2-yl}-5-flo-4-

metoxy-1H-indol-2-carboxamit

17

0,053

>0,333

N-[(28)-1-({(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} amino)-4-
metyl-1-oxopentan-2-yl]-3-flo-4-

metoxy-1H-indol-2-carboxamit

18

0,019

>0,333

N-[(25)-1-({(15)-1-xyano-2-[(3S)-2-
oxopyrolidin-3-yl]etyl }amino)-4-
metyl-1-oxopentan-2-yl]-5,7-diflo-

4-metoxy-1H-indol-2-carboxamit

19

0,208

>0,333

N-[(28)-1-({(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yljetyl} amino)-4-
metyl-1-oxopentan-2-yl]-3,5-diflo-

4-metoxy-1H-indol-2-carboxamit

20

0,005

>0,333

N-[(2S)-1-({(1S)-1-xyano-2-[(3 S)-2-
oxopyrolidin-3-yl]etyl} amino)-4,4-
dimetyl-1-oxopentan-2-yl]-7-flo-4-

metoxy-1H-indol-2-carboxamit

21

N.D.

N.D.

>3,17

N-[(28)-1-({(185)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} amino)-4,4-
dimetyl-1-oxopentan-2-yl]-5-flo-4-

metoxy-1H-indol-2-carboxamit

22

0,066

>0,333

N-[(25)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yljetyl} amino)-4,4-
dimetyl-1-oxopentan-2-yl]-3-flo-4-

metoxy-1H-indol-2-carboxamit
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23

0,021

>0,333

N-[(28)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-5,7-
diflo-4-metoxy-1H-indol-2-

carboxamit

24

1,93

6,30

N-{(1S5)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-metyl-N>-
{[2-(triflometyl)-1,3-thiazol-4-

yl]carbonyl}-L-leuxinamit

25

N.D.

37

N-{1-xyano-2-[(3S)-2-oxopyrolidin-
3-yl]etyl}-N?-(xyclohexylcarbonyl)-
4-metyl-L-leuxinamit, DIAST-1

26

N.D.

>100

N-{1-xyano-2-[(3S)-2-oxopyrolidin-
3-yl]etyl}-N?-(xyclohexylcarbonyl)-
4-metyl-L-leuxinamit, DIAST-2

27

4,50

44.9

N-{(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-metyl-N>-
[(propan-2-yloxy)axetyl]-L-

leuxinamit

28

1,79

7,26

N-{(1S5)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-N*-
[(xyclohexyloxy)axetyl]-4-metyl-L-

leuxinamit

29

2,23

28,1

N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} -4-metyl-N*-
(4,4 ,4-triflo-3-metylbutanoyl)-L-

leuxinamit

30

>10,8

9,37

N-{(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-N*-[(25)-2-
(dimetylamin)-2-phenylaxetyl]-4-

metyl-L-leuxinamit
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31

0,606

40,7

N*-[(trans-4-
xyanoxyclohexyl)carbonyl]-N-
{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-metyl-L-
leuxinamit
hoac
N*-[(trans-4-
xyanoxyclohexyl)carbonyl]-N-
{(1R)-1-xyano-2-[(3S5)-2-
oxopyrolidin-3-yl]etyl} -4-metyl-L-

leuxinamit

32

0,690

4,90

N-{(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} -N*-[2-
(xyclohexyloxy)propanoyl]-4-

metyl-L-leuxinamit
hoac

N-{(1R)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-N*-[2-
(xyclohexyloxy)propanoyl]-4-

metyl-L-leuxinamit

33

0,068

>0,333

N-[(28)-1-({(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl } amino)-4-
metyl-1-oxopentan-2-yl]-4-hydroxy-

1 H-indol-2-carboxamit

34

0,074

>0,333

N-[(25)-1-({(15)-1-xyano-2-[(3.5)-2-
oxopyrolidin-3-yl]etyl } amino)-4-
metyl-1-oxopentan-2-yl]-5-hydroxy-

4-metoxy-1H-indol-2-carboxamit

35

0,176

3,56

N2-[(4-clo-1,3-dimetyl-1H-pyrazol-
5-yl)carbonyl]-N-{(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl }-4-

metyl-L-leuxinamit
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36

0,241

1,03

N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-N*-[(2R)-2-
(dimetylamin)-2-phenylaxetyl]-4-

metyl-L-leuxinamit

37

0,168

>3.33

N-[(25)-1-({(15)-1-xyano-2-[(3.5)-2-
oxopyrolidin-3-yl]etyl} amino)-4.,4-
dimetyl-1-oxopentan-2-yl]-4-
metoxy-3-(triflometyl)-1/-indol-2-

carboxamit

38

0,023

>0,333

N-[(28)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-4-
metoxy-7-(triflometyl)-1/-indol-2-

carboxamit

39

0,111

>3,33

N-[(28)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-4-
metoxy-3,7-bis(triflometyl)-1H-

indol-2-carboxamit

40

0,131

>0,333

N-[(25)-1-({(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]jetyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-4-
metoxy-3,5-bis(triflometyl)-1H-

indol-2-carboxamit

41

0,104

>0,333

N-[(25)-1-({(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-4-
metoxy-3,6-bis(triflometyl)-1H-

indol-2-carboxamit?
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42

>0,356

>0,333

N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-N*-{(2R)-2-
(dimetylamin)-2-[3-
(triflometyl)phenyl]axetyl}-4-metyl-

L-leuxinamit

43

>0,356

>0,333

N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-N*-{(2R)-2-
(dimetylamin)-2-[4-
(triflometyl)phenyl]axetyl } -4-metyl-

L-leuxinamit

44

0,302

5,88

N-[(29)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} amino)-4-
metyl-1-oxopentan-2-yl]-6-
(triflometyl)-1H-indol-2-carboxamit

45

0,227

6,42

N-[(28)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-6-
(triflometyl)-1H-indol-2-carboxamit

46

0,283

>3,33

N-[(29)-1-({(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} amino)-4-
metyl-1-oxopentan-2-yl]-4-metoxy-
3,7-bis(triflometyl)-1H-indol-2-

carboxamit

47

>0,359

>3,33

N-[(28)-1-({(18)-1-xyano-2-[(3S5)-2-
oxopyrolidin-3-yl]etyl} amino)-4-
metyl-1-oxopentan-2-yl]-4-metoxy-
3,6,7-tris(triflometyl)-1H-indol-2-

carboxamit
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48

>0,359

>3,33

N-[(25)-1-({(18)-1-xyano-2-[(3:5)-2-
oxopyrolidin-3-yl]etyl}amino)-4-
metyl-1-oxopentan-2-yl]-4-metoxy-
3,5,7-tris(triflometyl)-1H-indol-2-

carboxamit

49

0,083

2,68

N-[(25)-1-({(18)-1-xyano-2-[(3.5)-2-
oxopyrolidin-3-yl]etyl} amino)-4-
metyl-1-oxopentan-2-yl]-4-
(triflometoxy)-1H-indol-2-

carboxamit

50

0,147

3,95

N-[(29)-1-({(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl} amino)-4,4-
dimetyl-1-oxopentan-2-yl]-4-
(triflometoxy)-1H-indol-2-

carboxamit

51

0,192

N.D.

N-[(28)-1-({(18)-1-xyano-2-[(3.5)-2-
oxopyrolidin-3-yl]etyl} amino)-4,4-
dimetyl-1-oxopentan-2-yl]-5-
(triflometyl)-1H-indol-2-carboxamit

52

0,032

N.D.

7-clo-N-[(285)-1-({(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-
ylJetyl}amino)-4,4-dimetyl-1-
oxopentan-2-yl]-1/-indol-2-

carboxamit

53

0,025

N.D.

N-[(25)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yljetyl} amino)-4,4-
dimetyl-1-oxopentan-2-yl]-4-
metoxy-7-metyl-1H-indol-2-

carboxamit
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54

0,049

N.D.

6-clo-N-[(25)-1-({(15)-1-xyano-2-

[(3S)-2-oxopyrolidin-3-
yl]etyl}amino)-4,4-dimetyl-1-
oxopentan-2-yl]-1H-indol-2-

carboxamit

55

0,104

N.D.

4-clo-N-[(29)-1-({(15)-1-xyano-2-
[(38)-2-oxopyrolidin-3-
yl]etyl}amino)-4,4-dimetyl-1-
oxopentan-2-yl]-1H-indol-2-

carboxamit

56

0,151

N.D.

5-clo-N-[(28)-1-({(15)-1-xyano-2-
[(39)-2-oxopyrolidin-3-
yl]etyl}amino)-4,4-dimetyl-1-
oxopentan-2-yl]-1H-indol-2-

carboxamit

57

0,052

N.D.

N-[(29)-1-({(15)-1-xyano-2-[(3S)-2-
oxopyrolidin-3-yl]etyl } amino)-4,4-
dimetyl-1-oxopentan-2-yl]-7-
(triflometyl)-1H-indol-2-carboxamit

58

0,091

3 N.D.

4,6-diclo-N-[(2S5)-1-({(1S)-1-xyano-
2-[(3S)-2-oxopyrolidin-3-

yl]etyl}amino)-4,4-dimetyl-1-

oxopentan-2-yl]-1/-indol-2-

carboxamit

59

0,152

3 N.D.

N-[(29)-1-({(15)-1-xyano-2-[(3.5)-2-
oxopyrolidin-3-yl]etyl} amino)-4,4-

dimetyl-1-oxopentan-2-yl]-4-
(triflometyl)-1H-indol-2-carboxamit

60

0,261

3 N.D.

N-[(29)-1-({(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yljetyl } amino)-4-
metyl-1-oxopentan-2-yl]-5-
(triflometyl)-1H-indol-2-carboxamit
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61

0,034

N.D.

7-clo-N-[(29)-1-({(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-
yl]etyl}amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-

carboxamit

62

0,029

N.D.

N-[(28)-1-({(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yljetyl } amino)-4-
metyl-1-oxopentan-2-yl]-4-metoxy-
7-metyl-1H-indol-2-carboxamit

63

0,122

N.D.

6-clo-N-[(2S)-1-({(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-
yl]etyl}amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-

carboxamit

64

0,038

N.D.

4-clo-N-[(25)-1-({(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-
yl]etyl}amino)-4-metyl-1-
oxopentan-2-yl]-1/-indol-2-

carboxamit

65

0,117

N.D.

5-clo-N-[(29)-1-({(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-
yl]etyl}amino)-4-metyl-1-
oxopentan-2-yl]-1H-indol-2-

carboxamit

66

0,073

N.D.

N-[(28)-1-({(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl } amino)-4-
metyl-1-oxopentan-2-yl]-7-
(triflometyl)-1H-indol-2-carboxamit
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67

0,041

N.D.

4,6-diclo-N-[(25)-1-({(15)-1-xyano-
2-[(35)-2-oxopyrolidin-3-
yl]etyl}amino)-4-metyl-1-
oxopentan-2-yl]-1/-indol-2-

carboxamit

68

0,092

N.D.

N-[(29)-1-({(1S)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}amino)-4-
metyl-1-oxopentan-2-yl]-4-
(triflometyl)-1H-indol-2-carboxamit

69

0,083

>2,67

N-[(289)-1-({(18)-1-xyano-2-[(3.5)-2-

oxopyrolidin-3-yl]etyl} amino)-4,4-

dimetyl-1-oxopentan-2-yl]-3-metyl-
5-(triflometyl)imidazo([2,1-
b][1,3]thiazol-2-carboxamit

70

6,95

4,09

N-{(18)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-metyl-N?-
{[5-metyl-2-(triflometyl)-1,3-
thiazol-4-yl]carbonyl}-L-leuxinamit

71

0,254

4,99

N-{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl } -4-metyl-N*-
{[4-metyl-2-(triflometyl)-1,3-

thiazol-5-yl]carbonyl}-L-leuxinamit

72

0,173

1,35

N?-[(4-bromo-1-etyl-3-metyl-1H-
pyrazol-5-yl)carbonyl]-N-{(15)-1-
xyano-2-[(3S5)-2-oxopyrolidin-3-
yl]etyl}-L-leuxinamit

73

0,226

2,03

N?-[(4-clo-1,3-dimetyl-1 H-pyrazol-
5-yl)carbonyl]-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-L-

leuxinamit

304



51148

74

>0,356

>3,33 1

3-axetyl-N-[(25)-1-({(15)-1-xyano-
2-[(395)-2-oxopyrolidin-3-
yl]etyl}amino)-4-metyl-1-
oxopentan-2-yl]-4-metoxy-1/-

indol-2-carboxamit

75

0,017

0,551 4

Chat déng phan khéng d6i quang 1:
(2S,4R)-4-tert-butyl-N-{(15)-1-
xyano-2-[(3S)-2-oxopyrolidin-3-
ylletyl}-1-{N-
[(triflometyl)sulfonyl]-L-
valyl} piperidin-2-carboxamit
hodc
(2R, A4S)-4-tert-butyl-N-{(15)-1-
xyano-2-[(3S)-2-oxopyrolidin-3-
ylletyl}-1-{N-
[(triflometyl)sulfonyl]-L-

valyl}piperidin-2-carboxamit

76

>8,16

>100 1

Chat dong phan khong ddi quang 2:
(2S.,4R)-4-tert-butyl-N-{(15)-1-
xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-1-{N-
[(triflometyl)sulfonyl]-L-
valyl} piperidin-2-carboxamit
hodc
(2R 4S)-4-tert-butyl-N-{(15)-1-
xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl}-1-{N-
[(triflometyl)sulfonyl]-L-

valyl} piperidin-2-carboxamit
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77

0,004

0,085

3-metyl-N-(trifloaxetyl)-L-valyl-

(4R)-N-{(1S5)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-
(triflometyl)-L-prolinamit

78

0,005

2,74

(1R,2S,58)-N-{(1S)-1-xyano-2-
[(3S5)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-metyl-N-
(metylcarbamoyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

79

0,001

0,080

metyl {(25)-1-[(1R,2S,55)-2-({(1S)-
1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl} carbamoyl)-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-3-yl]-3,3-

dimetyl-1-oxobutan-2-yl} carbamat

80

0,037

0,158

N-(trifloaxetyl)-L-valyl-(4R)-N-
{(15)-1-xyano-2-[(35)-2-
oxopyrolidin-3-yl]etyl}-4-
(triflometyl)-L-prolinamit

81

0,003

0,690

(1R,2S8,58)-N-{(1S)-1-xyano-2-
[(3R)-5-hydroxy-2-oxopyrolidin-3-
ylletyl}-6,6-dimetyl-3-[3-metyl-N-

(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

82

0,139

N.D.

N.D.

(1R,2S,5S,6R)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-6-
(hydroxymetyl)-6-metyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-

carboxamit
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83

0,092

N.D.

N.D.

(1R,28,58,68)-N-{(15)-1-xyano-2-
[(3S5)-2-oxopyrolidin-3-yl]etyl} -6-
(hydroxymetyl)-6-metyl-3-[3-metyl-
N-(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

84

0,003

N.D.

N.D.

(1R,28,55)-N-{(15)-1-xyano-2-
[(3S5)-2-oxopyrolidin-3-yl]etyl}-3-
[3-(hydroxymetyl)-N-(trifloaxetyl)-
L-valyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

85

0,004

0,334

(1R,2S,5S)-N-{(1S5)-1-xyano-2-
[(3R)-2,5-dioxopyrolidin-3-yl]etyl}-
6,6-dimetyl-3-[3-metyl-N-
(trifloaxetyl)-L-valyl]-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

86

0,018

0,237

(1R,28,55)-N-{(15)-1-xyano-2-
[(35)-2-oxopyrolidin-3-yl]jetyl}-6,6-
dimetyl-3-[5,5,5-triflo-2-(2,2,2-
trifloaxetamido)pentanoyl]-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

87

0,021

0,230

(1R,2S,58)-N-{(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl }-3-
[(2S5)-2-xyclohexyl-2-
{[(triflometyl)sulfonyl]amino } axety
1]-6,6-dimetyl-3-
azabixyclo[3.1.0]Thexan-2-

carboxamit
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88

0,006

0,050

ChAt ddng phéan khong doi quang
rira giai thir nhat: (1R,25S,55)-N-
{(18)-1-xyano-2-[(3S5)-2-
oxopyrolidin-3-yl]etyl}-3-[3-
xyclobutyl-N-(trifloaxetyl)-L-
alanyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-
carboxamit
hoac
(1R,2S,585)-N-{(1S)-1-xyano-2-
[(35)-2-oxopyrolidin-3-yl]etyl}-3-
[3-xyclobutyl-N-(trifloaxetyl)-D-
alanyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

89

0,007

0,040

ChAt ddng phan khong d6i quang
rira giai thi hai: (1R,2S,55)-N-{(15)-
1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-3-[3-xyclobutyl-N-
(trifloaxetyl)-L-alanyl]-6,6-dimetyl-
3-azabixyclo[3.1.0]hexan-2-
carboxamit
hoac
(1R,28,5S)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-3-
[3-xyclobutyl-N-(trifloaxetyl)-D-
alanyl]-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-

carboxamit
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90

0,015

0,571

(1R,2S,55)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl }-6,6-
dimetyl-3-[3-(pyridin-2-yl)-N-
(trifloaxetyl)-L-alanyl]-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

91

0,007

0,011

(1R,2S,5S5)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-3-
{N-[(4-flophenoxy)axetyl]-3-metyl-
L-valyl}-6,6-dimetyl-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

92

0,004

0,019

3-metyl-N-[(4-metylphenyl)axetyl]-
L-valyl-(4R)-N-{(15)-1-xyano-2-
[(3S5)-2-oxopyrolidin-3-yl]etyl }-4-
(triflometyl)-L-prolinamit

93

0,014

0,882

(1R,2S,5S)-N-{(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-(1H-pyrazol-1-yl)-N-
(trifloaxetyl)-L-alanyl]-3-
azabixyclo[3.1.0]hexan-2-

carboxamit

94

0,011

0,379

(1R,2S8,58)-N-{(1S)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-3-
[(25)-4,4-diflo-2-(2,2,2-
trifloaxetamido)butanoyl]-6,6-
dimetyl-3-azabixyclo[3.1.0]hexan-

2-carboxamit

95

0,003

0,098

N-(metoxycarbonyl)-3-metyl-L-
valyl-(4R)-N-{(15)-1-xyano-2-[(3S5)-
2-oxopyrolidin-3-yl]etyl}-4-
(triflometyl)-L-prolinamit
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96

0,844

9,190

(1R,2S,58)-N-{(1R)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[3-metyl-N-(trifloaxetyl)-
L-valyl]-3-azabixyclo[3.1.0]hexan-

2-carboxamit

97

0,011

0,082

16

(1R,2S,5S)-N-{(1S)-1-xyano-2-
[(3S)-2-0oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[2-(2,2,2-
trifloaxetamido)-3-
(triflometyl)pentanoyl]-3-
azabixyclo[3.1.0]hexan-2-
carboxamit, tir C86 (DIAST-2)

98

0,188

1,738

(1R,28,55)-N-{(15)-1-xyano-2-
[(3S)-2-oxopyrolidin-3-yl]etyl}-6,6-
dimetyl-3-[2-(2,2,2-
trifloaxetamido)-3-
(triflometyl)pentanoyl]-3-
azabixyclo[3.1.0]hexan-2-
carboxamit, tir C85 (DIAST-1)

1. Khong dugc x4ac dinh.

2. Hoa 1ap thé ciia Vi du 41 dugc xéc dinh nghiém ngdt; cac clu trac ¢6 the ¢6 khac doi

voi vi du nay la N-[(28)-1-({(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl] etyl}amino)-4,4-

dimetyl-1-oxopentan-2-yl]-4-metoxy-3,6-bis(triflometyl)-1H-indol-2-carb oxamit va N-
[(25)-1-({(1S5)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl } amino)-4,4-dimetyl-1-

oxopentan-2-yl]-4-metoxy-6,7-bis(triflometyl)-1/-indol-2-carboxamit.
Céc thong sd duoc dong hoc duge du doan cua (1R,28,55)-N-{(1S)-1-xyano-2-[(35)-2-

oxopyrolidin-3-yl]etyl}-6,6-dimetyl-3-[3 -metyl-N-(trifloaxetyl)-L-valyl]-3-

azabixyclo[3.1.0]hexan-2-carboxamit (hop chét ctia Vi du 13) & nguoi

Trén co sé mo hinh héa duge dong hoc trén co s6 sinh ly (PBPK) ctia CLint két hop dit lieu

in-vitro tir cac vi thé gan ngudi va CLyie tir c4c té bao gan nguoi trong céc diéu kién duoc

nudi ciy kiéu sandwich, CL va Vs huyét twong ngudi duge du doan cua (1R,2S5,55)-N-
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{(lS)-1-Xyan0-2-[(3S)-2-oxopyrolidin-3-yl]etyl}—656-dimetyl-3-[3-metyl-N—(triﬂoaxetyl)-
L-valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit lan luot 14 5,9mL/phut/kg va 0,97 L/kg,
thu dwoc thoi gian ban thai hitu hiéu, tin, 12 1,9 gid. Cesr dich 1a 0,16 uM (ndng do huyét
tuong khong dugce gén két) dugce xac dinh trén co s¢ dit ligu tre ché khang virut thu dugc
tr cac tht nghi€m in vitro cua (1R,28,5S)-N-{(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3 -azabixyclo[3.1.0]hexan-2-
carboxamit v6i cac t& bao VeroE6 véi su ¢6 mit ciia chét trc ché P-gp (gia tri ECo0 120,156
uM) hodc trong thir nghiém té bao biéu mé phé quan ngudi khée manh dugc biét hoa
(differentiated normal human bronchial epithelial - INHBE) (gia tri ECo 12 0,149 pM).
Liéu 380 mg (1R,2S,5S)-N—{(1S)-1-xyano-2-[(3S)-2—ox0pyr01idin-3-yl]etyl}-6,6-dimetyl-
3-[3-metyl-N—(triﬂoaxetyl)-L-Valyl]-3-azabixyclo[3.1.0]hexan-2-carboxamit dugc dung
qua duong miéng ba Jan mot ngay (TID) dugc ude doan dé bao phi néng do khong gan
két hiéu qua 140,16 pM & Cuin.

T4t ca cac bang sang ché va cac cong bd duge mo ta trén day dugc két hop toan bd
vao day bang cach vién dan. Trong khi sang ché dugc mo ta trong cac thuét ngir cia cac
phuong 4n duoc wu tién khac nhau va cac vi du cu thé, sang ché can dugc hiéu 14 khong bi
giGi han boi phan moé ta chi tiét néu trén, nhung da duge xéc dinh boi phan yéu cau bao hd

kém theo va cdc dang tuong duong cta chung.
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1. Hop cht c6 cong thirc bat ky trong s6 cac cong thire Th-1a, Th-1b, Th-1c, Ii-1a, Ii-1b, Ii-
lc, Ij-1a, Ij-1b, Ij-1c, Ik-a, Ik-b va Ik-c:

O

ZT
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0
0 H3C\H\(O 0
N “\\\\U\ N CH 3 N \\\\\|k

CHs lji-1c HiC  CHa :
H
o) N 0 N
R4 R*
H O
3CWO o) 0
HsC CH; _N ‘\\\\”\N N “\\\\“\N S
HiC  CH, lk-b va HsC CHy lk-c ’

trong d6 R* dugc chon tir nhém bao gdm (C1-Ce alkyl)amino tuy y dugc thé bang mot dén
nam flo, C1-Cs alkyl-C(O)NH- tuy ¥ duge thé bang mot dén nim flo, va Ci-Ce alkyl-
S(0):NH- tuy ¥ dwoc thé bang mot dén nam flo;

hodc solvat hodc hydrat cua ching, hoéc mubi duge dung ctia hop chat, solvat hoac hydrat
nay.

2. Hop chit theo diém 1, trong d6 R* dugc chon tir nhém bao gom CF3C(O)NH-,
CF3S(0),NH-, CH;C(O)NH-, CH;CH,C(O)NH- va CF3CH2NH-; hogc solvat hodc hydrat
cua chung, hodc mubi dugce dung ctia hop chét, solvat hodc hydrat nay.

3. Hop chét theo diém 2, trong d6 R* 14 CF3C(O)NH- hozc CF3S(0)2NH-; hodc solvat hodc
hydrat ctia chung.
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4. Hop chét theo diém 114 (1R,28,5S5)-N-{(1S)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl}-
6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit

¢O cau trac

o
HN>LCF3 ON-NH
© O
H3C7\\\c
HsC CH; N “\\“\N S
H N

HsC CHs

hodc solvat hodc hydrat ctia no.
5. Hop chat theo diém 4 12 (1R,2S,55)-N-{(1S)-1-xyano-2-[(3S5)-2-oxopyrolidin-3-yljetyl}-
6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit

cé cau truc

9]
HN»\CFS O NH
© O
H3C7\e“\\{
H3C CH3 N “\\”\N

X

SN

HsC CHs

6. Hop chét theo diém 4 14 (1R,2S,55)-N-{(15)-1-xyano-2-[(3)-2-oxopyrolidin-3-yl]etyl} -
6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit

dang tinh thé.

7. Hop chét theo diém 6 13 (1R,2S,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yl]etyl} -
6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo[3.1 .0]hexan-2-carboxamit,
Dang ran 1, dugc dic trung boi mau bot nhiéu xa tia X (ngudn birc xa Cu, trung binh K-
o) chira cac dinh ¢ °2-theta +/- 0,2°147,6, 9,8, 11,4, 11,9,12,7,15,7, 15,8, 17.3, 17,8, 18,3,
18,9, 19,7, 19,9, 20,5, 21,0, 21,7, 22,2, 22,5, 23,1, 23,6, 24,7, 25,3, 27,0, 27.2, 27,9, 28,1,
29,5, 32,6, 35,7 va 37,0.

8. Hop chét theo diém 6 13 (1R,25,55)-N-{(15)-1-xyano-2-[(3S)-2-oxopyrolidin-3-yljetyl} -
6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo(3.1 .0Jhexan-2-carboxamit,

Dang rén 4, duoc dic trung bai mau bot nhiéu xa tia X (ngudn biic xa Cu, trung binh K-
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) chtra cac dinh & °2-theta +/- 0,2° 12 7,6, 9,8, 10,8, 11,2, 11,4, 11,4, 11,7, 12,0, 12,3,
12,7, 13,7, 14,9, 15,1, 15,9, 17,5, 18,0, 18,2, 18,5, 18,8, 20,0, 20,4, 20,7, 21,1, 21,6, 21,8,
22.3,23,1,23,4,24.2, 24,9, 25,2, 26,1,27,0,27,2, 28,1, 28,9, 29,4, 29,5, 29,8, 30,0, 30,6,
30,8, 31,3, 31,8, 32,5, 32,8, 33,2, 34,4, 35,5, 35,6, 36,0, 36,4, 37,1, 38,7, 39,4, 39,5 va
39.8.

9. Hop chét theo diém 4 14 (1R,2S,55)-N- {(15)-1-xyano-2-[(35)-2-oxopyrolidin-3-yl]etyl }-
6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3-azabixyclo|3.1 .0]hexan-2-carboxamit
dang vo dinh hinh.

10. Hop chat theo diém 4 1a (1R.2S,55)-N-{(1S)-1-xyano-2-[(3S)-2-oxopyrolidin-3-
yl]etyl}-6,6-dimetyl-3-[3-metyl-N-(trifloaxetyl)-L-valyl]-3 -azabixyclo[3.1.0]hexan-2-
carboxamit, metyl zert-butyl ete solvat.

11. Hop chét theo diém 10 trong d6 hop chat nay 12 tinh thé.

12. Hop chét N—(metoxycarbonyl)-3-metyl-L—valyl-(4R)-N—{(1S)—1-xyano-2—[(3S)-2-
oxopyrolidin-3-yl]etyl}-4-(triflometyl)-L-prolinamit c6 cAu triic

&'CH?’ o
HN O NH

\\<0 o
HaCo
3 7\ \\U\
TN
H

H3C CHj3 N Sy

CFj3

hodc solvat hodc hydrat cua no.

13. Hop chét theo didm 12 13 N-(metoxycarbonyl)-3-metyl-L-valyl-(4R)-N-{(15)-1-xyano-
2-[(38)-2-oxopyrolidin-3-yl]etyl } -4-(triflometyl)-L-prolinamit.

14. Dugc pham bao gdm hop chét theo diém 4 ho#c solvat hodc hydrat ciia n6 cung voi
chit mang dugc dung.

15. Dugc pham bao gdm hop chét theo diém 12 hodc solvat hodc hydrat cia n6 cung v6i

chat mang dugc dung.
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