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(57) Sdng ché dé cap dén hgp chat dé st dung trong viéc diéu tri su lay nhiém
virut gay suy giam mién dich & nguoi (HIV). Hop chat theo sdng ché c¢6 cong
thic (I) sau:

@

bao gom céc chat dong phan lap thé va mudi duoc dung cia chiing, trong dé R',
X, W, Y', Y%, Z', va Z* nhu duoc x4c dinh trong phan mo ta. Sang ché ciing dé

cap dén duoc pham chia hop chat nay.
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Linh vwe k§ thuit dwge dé cap

Séng ché d& cap dén hop chét, ché phim chita hop chét nay dé dung trong phuong
phap diéu tri sy lay nhidm virut gdy suy giam mién dich (immunodeficiency virus - HIV)
& ngudi. Cu thé, séng ché dé cap dén hop chit carbamoylpyridon da vong mdi va phuong

phap dé didu ché né dé ding 1am chat phong ngira va didu tri bénh.
Tinh trang k§ thuit cia sing ché

Su lay nhiém virut gdy suy giam mién dich & ngudi va cac bénh lién quan 1a vin
dé strc khoe cong ddng quan trong trén toan thé giéi. Virut gy suy gidm mién dich &
ngudi typ 1 (HIV-1) mi héa ba enzym can cho su sao chép virut: transcriptaza nguoc,
proteaza, va integraza. Mic du céc thudc nhdm dich transcriptaza nguoc va proteaza
duoc st dung rong rii va thé hién hiéu qua, dic biét 13 khi ding két hop, nhung tinh doc
va su phét trién cdc chung khang 1am gi61i han tinh hitu dung cta ching (Palella, et al. N.
Engl. J Med. (1998) 338:853—860; Richman, D. D. Nature (2001) 410:995-1001).

Thu thé Pregnane X (Pregnane X receptor - PXR) 14 thu thé nhin ma 1a mot trong
s6 cac chét diéu hoa chinh cua enzym cé lién quan dén su chuyén héa va loai trir cac
phén tir nhd ra khoi co thé. Su hoat héa PXR dugc biét 1a diéu hoa ting hoic kich thich -
su san xudt cdc enzym chuyén héa nhu xytocrom P450 3A4 (CYP3A4) cling nhu cac
enzym c6 lién quan dén van chuyén nhu OATP2 & gan va rudt (Endocrine Reviews
(2002) 23(5):687-702). Khi mét thube gy ra su diéu hoa ting cac enzym nay va cac
enzym khac bdi sy hoat hdéa PXR, diéu nay co thé lam giam sy hép thu va/hoac su tiép
xtc cta thude duoc ddng str dung ma nhay véi cac enzym d3 duoc didu hoa ting nay. Dé
lam giam thiéu nguy co cta loai tuong tic thude-thude nay, mong mudn lam giam thiéu
su hoat héa PXR. Ngoai ra, di biét ring PXR dugc hoat héa bai nhidu 16p phan tir khac
nhau (Endocrine Reviews (2002) 23(5):687-702). Do d6, dbi véi thudc ma s& duoc dong
stt dung vé6i cac thudc khac, diéu quan trong 1a can kiém tra va giam thiéu sy hoat hoa
PXR.

Céc chét van chuyén da dugc nhan dién la déng vai tro trong profin dugc dong

hoc, profin d§ an toan va profin cong hi€u cua thudc, va mdt so tuong tac thudc-thude
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nhit dinh dugc diéu tiét bdi cic chét van chuyén. Xem, Giacomini KM, et al.
““Membrane transporters in drug development,” Nat. Rev Drug Discov. 9: 215-236, 2010;
Zhang L, et al. “Transporter-Mediated Drug-Drug Interactions,” Clin. Pharm. Ther.
89(4):481-484 (2011). Mot chét vén chuyén, 1a chit van chuyén cation hitu co 2 (OCT2:
SLC22A2), 1a thanh vién cta siéu ho chit mang chét tan (solute carrier - SLC) ctia cac
chit van chuyén va cha yéu duogc dinh vi trén mang day bén ctia 6ng thin gn. OCT?2,
phdi hop véi chét van chuyén ddy doc t6 va da thude dugc biéu hién & dinh (multidrug
and toxin extrusion - MATE) 1 va 2-K, duoc tin 14 tao ra qué trinh tiét cation chinh &
than va duoc thiy 13 van chuyén hop chét néi sinh bao gdm creatinin va c4c xenobiotic
bao gdm metformin. Do d6, sy tc ché OCT?2 c6 thé din dén mirc creatinin trong huyét
thanh tdng va kha ning ting murc ctia cac co chdt OCT2 khac. Didu quan trong 1a cling
can kiém tra va 1am giam sy e chd OCT? ctia thudc.

Muyc dich cta tri liéu khang retrovirut 1a @& dat duoc sy tc ché virut & bénh nhan
bi 13y nhiém HIV. Huéng dan diéu tr dugc cong bd boi Bo Y Té va Dich Vu Nhan Sinh
Hoa Ky dua ra réng su tic ché virut doi hoi viée st dung céc tri lidu két hop, tirc 1a, mot
s6 thubc tir it nhAt hai hozc nhiéu 16p thudc. (Panel on Antiretroviral Guidelines for
Adults and Adolescents. Guidelines for the use of antiretroviral agents in HIV-1-infected
adults and adolescents. Department of Health and Human Services. Available at
http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf. Section accessed March
14, 2013). Ngoai ra, quyét dinh lién quan dén diéu tri bénh nhan bi 1ay nhiém HIV la
phtrc tap khi bénh nhan doi héi viée diéu trj cdc tinh trang bénh ly khac (Id. at E-12). Vi
tiéu chudn cham séc doi hoi viée st dung nhiéu thuc khac nhau @ e ché HIV, ciing
nhu dé diéu trj cAc tinh trang bénh Iy khac ma bénh nhan c6 thé tri qua, kha ning tuong
tac thudc 12 tiéu chuln dé Iwa chon ché d6 thubc. Nhu vay, ¢6 nhu cdu ddi véi cac tri liéu
khéng retrovirut ¢6 kha ning twong tac thudc gidm.

Do d6, ¢6 nhu cau dbi véi cdc chit méi ma tre ché su sao chép ctia HIV va lam

giam thiéu sy hoat hoa PXR khi dugc ddng sir dung véi cac thube khac.
Ban chit k§ thuét cia sang ché

Muc dich ctia sang ché 1a dép tmg cc nhu ciu néu trén,
Sang ché d& xuit hop chat carbamoylpyridon da vong moi, ¢é hoat tinh khéng

virut, bao gom céc chat dong phan 1ap thé va mudi duge dung clia né dé ding trong viée
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didu tri su lay nhiém HIV. Hop chét theo sang ché c6 thé duoc st dung dé e ché hoat
tinh cia HIV integraza va cé thé duoc st dung dé lam gidm sy sao chép HIV.

Theo mdt phwong 4n, sang ché dé xuét hop chét ¢ cong thirc () sau:

)

hodc chét d’éng phan lap thé hodc mudi dugc dung cua nd,

trong d6:

X 13 -O- ho#c -NZ3- hogc -CHZ3-;

W la -CHZ?-;

mdi Z, 7% va Z? doc 1ap 1a hydro va Cisalkyl, hodc trong d6 Z! va Z2 hoic Z! va
Z?, cing nhau tao ra -L- trong d6 L 1a -C(R)2-, -C(R*)2C(R?)z-, -C(R®2C(R*)2C(R?)z-,
hodc -C(R*)2C(R*2C(R?):C(R?).-, trong d6 it nhat mot trong s6 Z! va Z2 hodc Z! va 73,
cung nhau tao ra -L-;

Z* 14 lién két, -CHa-, hodc -CH2CH,-;

mdi Y! va Y2 doc lap 13 hydro, Ci3alkyl hodc Cishaloalkyl;

R! 13 phenyl duoc thé béng mot hodc ba halogen; va

mdi R? doc 14p 13 hydro, halo, hydroxyl hoc Calkyl.

Theo phuong 4n khéc, sang ché dé xuét hop chét c6 cong thic (I) sau:
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hodc chét déng phén 14p thé hodc mudi duge dung ctia né,

trong do:

X 13 -O- ho#c -NZ3- hoic -CHZ?-;

W 13 -O- ho#ic —-NZ2- hoic -CHZ?-;

mdi Z!, 72 va 73 doc 1ap 12 hydro va Cisalkyl, hodic trong d6 Z! va Z2 hodc Z! va
73, cung nhau tao ra -L- trong d6 L 12 -C(R?)2-, -C(R?)2C(R?)z-, -C(R?)2C(R?)2C(RA),-,
-C(RH2CRM2C(RH)2C(RY2-, -C(RM)OC(R2-, -C(RH)2NR*C(R?)2-, -C(R)2SC(R?),-,
-CR*2S(0)C(R¥)2-, -C(RM2SO2L(RM32-, -C(RH)20C(R*)2C(RY)2-, -C(R*)2C(R?)20C(R?),-,
-C(R*)2NR?*C(RM2C(R)2-, -C(RM)2C(RM2NRC(R?)2-, -C(R*)2SC(R*)2C(R?)2-,
-C(R*)2C(RH2SC(R¥2-, -C(RM2S(O)C(RH2C(RY2-, -C(R*)2C(R*2S(0)C(RY),-,
-C(RM2S02C(RH2C(RM2-, -C(RH)2C(R*)2S02C(R)2-, -C(RM)2SO2NR*C(R?)2- hoiic
-C(R*)2NR?SO2C(R?)2-;

Z* 13 lién két hodc -CH,-, -CH,CHy-, -CHCH>CH>-, -CH,OCH»-, -CHoNR?*CHa-,
-CH2SCHaz-, -CH2S(0)CHa- hodc -CH2SO2CHa-;

mdi Y! va Y2 doc 14p 1a hydro, Ci3alkyl hogc Cishaloalkyl, hodc Y! va Y2, cing
v6i nguyén tir cacbon ma ching gén két tao ra vong vong cacbon c¢6 3 dén 6 nguyén tir
vong hodc vong di vong c6 3 dén 6 nguyén tir vong, trong dé vong vong cacbon hoic
vong di vong nay tiy v duge thé bing mot hoic nhiéu R?;

R! 13 aryl tily y duoc thé hoic heteroaryl tiy ¥ dwoc thé; va

mdi R? doc 14p 1a hydro, halo, hydroxyl hodc Ci4alkyl, hoac trong d6 hai nhom R?,

cung vdi nguyén tir cacbon ma chung gan ket tao ra =0, va

trong d6 it nhit mot trong sb: (i) Z' va Z2 hodc Z! va 73, cing nhau tao ra -L-;
hoc (ii) Y! va Y2, cling véi nguyén tir cacbon ma chung gén két tao ra vong vong cacbon

¢6 3 dén 6 nguyén tir vong hodc vong di vong ¢6 3 dén 6 nguyén tir vong.

Theo phuong 4n khéc, sang ché d& xuit dugc phdm chita hop chit c6 cong thuc
(1), hodc chét d(‘A)ng phéan lap thé hodc mubi duge dung ciia no, va chit mang, chét pha
loéing hoic chét phu gia dwoc dung.

Sang ché cling m6 ta viéc str dung duoc phdm nhu dwoc mé ta trén day dé didu tri
su lay nhiém HIV & nguoi c6 lay nhiém hodc c6 nguy co 14y nhiém.

Theo phuong 4n khac, sang ché mé ta phwong phép st dung hop chét ¢ cong thirc

(I) trong diéu tri bénh. Cu thé, sing ché mé ta phuwong phap diéu tri sy tdng sinh cua virut
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HIV, diéu tri AIDS, hodc 1am tr& su khéi phat ctia cac tri€u ching ciia AIDS hodc ARC &
ddng vat ¢6 va (vi dy, nguoi), bao gém budc cho dong vat c6 vl nay dung hop chét c6
cong thire (I), hodc chit dong phéan 14p thé hodc mudi duoc dung ctia nd, va chit mang,
chét pha lodng hozc chét phu gia dugc dung.

Theo phuong 4n khac, sing ché mé ta viéc sir dung hop chét ¢ cong thire (I) nhu
dugc md ta & ddy, hodc mubi duge dung ctia nd, dé diéu tri su 1ay nhiém HIV & ngudi c6
1ay nhiém hoic c6 nguy co 1y nhiém.

Theo phuong 4n khéc, sang ché mé ta viée sir dung hop chét c6 cong thie (I) nhu
dugc mé ta & day, hodc mudi duoc dung ctia nd, d& san xuét thubc dé didu tri su lay
nhiém HIV & ngudi c6 1y nhiém hodc ¢é nguy co ldy nhiém.

Theo phuong 4n khéc, sang ché dé xuét vat phdm bao gdm ché phim hiru hiéu dé
diéu tri sw 1y nhiém HIV; va nguyén liéu bao go6i bao gdm nhan bidu thi rang ché phim
ndy c6 thé dugc str dung dé diéu tri sy 1ay nhidm HIV. Céc ché phdm néu lam vi du chta
hop chét c6 cong thiic (I) theo séng ché hozic mudi dugc dung ctia nd.

Theo phwong 4n khéc, sang ché mé ta phuong phéap e ché su sao chép cua HIV.
Phuong phéap nay bao gdm budc phoi virut ndy véi lwong hiru hiéu cia hop chét ¢6 cong
thirc (1), hodc mubi ctia nod, trong cac didu kién & d6 su sao chép cta HIV bi trc ché.

Theo phwong an khac, sang ché mé ta viée sir dung hop chét c6 cong thire (I) dé
trc ché hoat tinh ctia enzym HIV integraza.

Theo phuong 4n khéc, séng ché mé ta viéc sir dung hop chét c6 cong thirc D,
hodc mudi cia nd, dé tre ché su sao chép cuia HIV.

Céc phuong an, d6i tugng, dic diém va wu diém khéc s& duoc néu trong phdn mo
ta chi tiét sang ché sau ddy, va phan nao s& rd rang tir phan mo ta nay, hoic c6 thé duoc
biét thdng qua viéc thuc hanh sang ché nhu duge yéu cAu bao ho. Cac dbi tuong va wu
diém nay s€ dugc théy rd va dat dugc bdi cac quy trinh va ché phém duoc chi ra cu thé
trong phan md ta va yéu cau bao hd. Can phai hidu ring phin tém tt trén day dugc xem
13 phan tom tit chung va ngin gon ctia mdt sé phwong 4n duoc bodc 16 & dy, duge dua ra
chi nhim gitp ich va thuin tién cho ngudi doc, va khong dugc du dinh 14 lam gi6i han
theo cach bt ky pham vi, hodc khoang ctia cac twong duong ma cc diém yéu ciu bao hd

dinh kém dugc cho phép theo luat dinh.
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M0 ta chi tiét sang ché

Trong ph?ln mo ta sau day, mot s6 chi tiét cu thé nhat dinh duoc dua ra nhim muc
dich hiéu r cdc phuong 4n khéac nhau ctia sang ché. Tuy nhién, chuyén gia trong linh vuc
k§ thuat nay s& hidu ring sang ché c6 thé dugc thuc hanh ma khong can cac chi tiét nay.
CAn phai hiéu ring phin mé ta dudi day ctia mot s phwong 4n chi nhim minh hoa d6i
tuong dugc yéu cAu bao ho, va khong dugce du dinh 14 lam gidi han céc diém yéu clu bao
ho dinh kém & céc phuong én cu thé d3 duoc minh hoa. Céc tiéu dé dugc st dung trong
toan bd ban mo ta niy duge dua ra chi nhim muc dich thuén tién va khong dugc hiéu 1a
lam giéi han cac diém yéu cAu bao ho theo cich bét ky. Cac phuong 4n dugc minh hoa
duéi @& muc bat ky c6 thé dugc két hop véi cac phuong 4n duge minh hoa dudi dé muc
bét ky khéc.

Dinh nghia

Trir khi ¢6 quy dinh khéc, trong toan bd ban md ta ndy va cac diém yéu cau bao
ho, cum tir “bao gdm” va céc bién thé ngit phap cia né duge hidu theo nghia mo, bao
ham, tirc 13 “bao gdm, nhung khong chi gidi han &”.

Toan bd ban md ta nay dé cap dén “mdt phuwong an” hoic “phwong 4n” nghia 1a
dAu hiéu, ciu truc hodc dic diém cu thé duoc md ta lién quan dén phuong an nay duoc
bao g(‘”)m trong it nhét mot phuong an clia sang ché. Do d6, su xuét hién cta cum tir “theo
mét phuong an” hodc “theo phuong 4n” & cac noi khac nhau trong toan b ban mo ta nay
khéng hoan toan nhét thiét dé cap dén cung phuong 4n. Hon nita, cac ddu hiéu, cdu tric
hozic dac diém nay c6 thé dugc két hop theo cach thich hop bat ky trong mdt hodc nhiéu
phuong an.

Trir khi ¢6 quy dinh khac, d& cdp trong toan bd ban mo ta nay dén “hop chét c6
cong thirc (I)” hodc “cac hop chit c6 cong thire (I)” chi tit ca cac phurong an cia cong
thitc (I), bao gdm, vi du, cac hop chét cé cong thire (II-A), (II-B), (II-C), (ITI-A), (III-B),
(II-C), (I1-D), (I-E), (1I-F), (II-G), (III-H), IV-AA), (IV-AB), (IV-AC), (IV-AD),
(IV-AE), (IV-AF), (IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD), (IV-BE),
(IV-BF), (IV-BG), va IV-BH), cling nhu cac hgp chét cu thé dugc bdc 10 & day.

“Amino” chi gbc -NHa.

“Xyano” chi goc -CN.

“Hydroxy” hodc “hydroxyl” chi gbc -OH.
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“Imino” chi phan tir thé =NH.

“Nitro” chi gbc -NO,.

“0x0” chi phan tir thé =O.

“Thioxo” chi phan tir thé =S.

“Alkyl” chi gc mach hydrocacbon mach théng hosc mach nhanh chi gdm nguyén
tlr cacbon va hydro, no hodc chua no (tirc 1a, chirta mot hodc nhiéu lién két d6i va/hodc
lién két ba), c6 mot dén mudi hai nguyén tir cacbon (Ci-Ci2 alkyl), tbt hon 1a mot dén
tam nguyén tir cacbon (C1-Cs alkyl) hoic mot dén sau nguyén tir cacbon (C1-Cs alkyl), va
duoc gin voi phin con lai cta phan tir boi lién két don, vi du, metyl, etyl, n-propyl,
I-metyletyl (iso-propyl), n-butyl, n-pentyl, 1,1-dimetyletyl (#-butyl), 3-metylhexyl,
2-metylhexyl, etenyl, prop-1-enyl, but-1-enyl, pent-1-enyl, penta-1,4-dienyl, ethynyl,
propynyl, butynyl, pentynyl, hexynyl, va cac gbc twong tw. Trir khi ¢6 quy dinh khéc,
nhém alkyl c6 thé tiy y duoc thé.

“Alkylen” hoac “mach alkylen” chi mach hydrocacbon hda tri hai mach théng
hodc mach nhéanh lién két phan con lai clia phan tir véi nhém gdc, chi gdm cacbon va
hydro, no hodc chua no (ttc 14, chira mot hogc nhiéu lién két d6i va/hodc lién két ba), va
c6 mdt dén mudi hai nguyén tir cacbon, vi du, metylen, etylen, propylen, n-butylen,
etenylen, propenylen, n-butenylen, propynylen, n-butynylen, va cic nhom tuong tu.
Mach alkylen duoc gén v6i phan con lai ctia phan tir thong qua lién két don hoic lién két
d6i va v6i nhom gbe théng qua lién két don hodc lién két d6i. Piém gén ctia mach
alkylen v6i phin con lai ctia phén tir va v6i nhém gde c6 thé thong qua mét cacbon hoic
hai cacbon bét ky trong mach. Trir khi ¢6 quy dinh khac, mach alkylen c6 thé tiy ¥ duogc
thé.

“Alkoxy” chi gbc c6 cong thitc —ORa trong d6 Ra 14 gdc alkyl nhu dugc dinh
nghia & trén chira mét dén muoi hai nguyén tir cacbon. Trir khi ¢6 quy dinh khic, nhém
alkoxy c6 thé tiy ¥ duoc thé.

“Alkylamino” chi gdc ¢6 cong thirc -NHRa hodc ~NRaR4 trong d6 mdi Ra doc
1ap 1a gbc alkyl nhu dugc dinh nghia & trén chira mot dén muoi hai nguyén tir cacbon,

Trur khi c6 quy dinh khac, nhédm alkylamino c6 thé tiy y dwoc thé.
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Thioalkyl” chi gbc c6 cong thitc —SRa trong d6 Ra 1 gdc alkyl nhu dwoc dinh
nghia & trén chira mét &&n mudi hai nguyén tir cacbon. Trir khi ¢6 quy dinh khac, nhém
thioalkyl c6 thé tuy ¥ dugc thé.

“Aryl” chi gbc hé vong hydrocacbon don vong bao gdm hydro va 6 dén 18 nguyén
tir cacbon. Géc aryl bao gdm, nhung khong chi gidi han &, gbc aryl c6 ngudn gbe tir _
benzen. Trir khi ¢6 quy dinh khéc, thuit ngit “aryl” hozc tién t6 “ar-“ (nhu trong
“aralkyl”) nghia 14 bao gdm gdc aryl ma tiiy y duoc thé.

“Aralkyl” chi gbc ¢6 cong thirc —Rp-Rc trong d6 Rp 1a mach alkylen nhu duoc
dinh nghia & trén va Rc 1a mot hodc nhiéu géc aryl nhu dugc dinh nghia & trén, vi dy,
benzyl. Trix khi c6 quy dinh khéc, nhém aralkyl c6 thé tiy v dugc thé.

“Xycloalkyl” hodc “vong dang vong cacbon” chi gdc hydrocacbon don vong khéng
thom 6n dinh chi gdm nguyén tr cacbon va hydro, c6 ba dén muoi ldm nguyén tir
cacbon, t&t hon 13 ¢6 ba dén muoi nguyén tir cacbon, va no hoic chua no va duoc gin véi
phin con lai ctia phén tir bai lién két don. Cac gde don vong bao gdm, vi du, xyclopropyl,
xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl, va xyclooctyl. Trir khi c¢6 quy dinh
khéc, nhém xycloalkyl ¢6 thé thy y dugc thé.

“Xycloalkylalkyl” chi gbc c¢6 cong thitc —RgRp trong d6 Rp 1a mach alkylen nhu
duoc dinh nghia & trén va Rp 13 gdc xycloalkyl nhu duge dinh nghia & trén. Trir khi c¢6
quy dinh khéac, nhém xycloalkylalkyl c6 thé tiy v dugc thé.

“Halo” hodc “halogen” chi bromo, cloro, floro hodc iodo.

“Haloalkyl” chi gbc alkyl, nhu dugc dinh nghia & trén, ma dugc thé béi mét hodc
nhiéu géc halo, nhu dugc dinh nghia & trén, vi dy, triflometyl, diflometyl, triclometyl,
2,2,2-trifloetyl, 1,2-difloetyl, 3-bromo-2-flopropyl, 1,2-dibromoetyl, va cdc nhdm tuong
tu. Trir khi ¢6 quy dinh khac, nhém haloalkyl c6 thé tiy y dugc thé.

“Heteroxyclyl” hodc “vong di vong” chi gc vong khong thom c¢6 3 dén 18 canh
dn dinh gdm hai dén mudi hai nguyén tir cacbon va mot dén séu nguyén tir khac loai
duoc chon tir nhém bao gdém nito, oxy va lwu huynh. Theo phuong 4n dugc bdc 16 & déy,
gbc heteroxyclyl 13 hé vong don vong; va gbc heteroxyclyl c6 thé no mot phan hoic hoan
toan. Vi du vé cac gbc heteroxyclyl nhu vdy bao gém, nhung khong chi gi6i han &,
dioxolanyl, thienyl, [1,3]dithiany]l, imidazolinyl, imidazolidinyl, isothiazolidinyl,

isoxazolidinyl, morpholinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl,
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oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl, pyrrolidinyl, pyrazolidinyl,
thiazolidinyl,  tetrahydrofuryl, ftrithianyl, tetrahydropyranyl,  thiomorpholinyl,
thiamorpholinyl, 1-oxo-thiomorpholinyl, va 1,1-dioxo-thiomorpholinyl. Trir khi cé quy
dinh khac, nhém heteroxyclyl ¢6 thé tiy ¥ dugc thé.

“N-heteroxyclyl” chi gbc heteroxyclyl nhur dwoc dinh nghia & trén chira it nhat mot
nito va trong d6 diém gén ctia gbc heteroxyclyl véi phin con lai ctia phan tir 1 théng qua
nguyén tir nito trong gbc heteroxyclyl. Trir khi c6 quy dinh khéc, nhém N-heteroxyclyl
c6 thé tiy ¥ duoc thé.

“Heteroxyclylalkyl” chi gbc ¢6 cong thitc —RpRE trong d6 Rp 12 mach alkylen nhu
duoc dinh nghia & trén va Rg 13 gdc heteroxyclyl nhu dugc dinh nghia & trén, va néu
heteroxyclyl 14 heteroxyclyl chira nito, heteroxyclyl cé thé duoc gin véi gbe alkyl &
nguyén tr nito. Tri khi c6 quy dinh khéc, nhém heteroxyclylalkyl cé thé thy y duoc thé.

“Heteroaryl” chi gbc hé vong don vong c6 5 dén 14 canh bao gdm nguyén tir
hydro, mdt dén mudi ba nguyén tir cacbon, mot dén sdu nguyén tir khac loai dugc chon
tir nhém bao goém nito, oxy va Iuu huynh. Cac vi du bao gbm, nhung khong chi giéi han
O, azepinyl, furanyl, furanonyl, isothiazolyl, imidazolyl, isoxazolyl, oxadiazolyl,
2-oxoazepinyl, oxazolyl, oxiranyl, 1l-oxidopyridinyl, 1-oxidopyrimidinyl, 1-
oxidopyrazinyl, 1-oxidopyridazinyl, pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, thiazolyl, thiadiazolyl, triazolyl, tetrazolyl, triazinyl, thiophenyl, va thienyl.
Tri khi ¢6 quy dinh khéc, nhém heteroaryl ¢6 thé tity ¥ dugc thé.

“N-heteroaryl” chi gbc heteroaryl nhur dwgc dinh nghia & trén chira it nhit mét nito
va trong d6 diém gin cua gbc heteroaryl véi phan con lai ctia phan tr 13 théng qua
nguyén tlr nito trong gbc heteroaryl. Trir khi ¢6 quy dinh khac, nhém N-heteroaryl c6 thé
thy v duoc thé.

“Heteroarylalkyl” chi gbc c6 cong thirc —RgR trong d6 Rp 13 mach alkylen nhu
duoc dinh nghia & trén va Rr 14 gbc heteroaryl nhur dugc dinh nghia & trén. Trir khi c6
quy dinh khéc, nhom heteroarylalkyl c6 thé tuy y dugce thé. Thuat nglt “duogc thé” dugce st
dung & ddy nghia 14 bét ky trong s& cac nhém néu trén (tic 13, alkyl, alkylen, alkoxy,
alkylamino, thioalkyl, aryl, aralkyl, xycloalkyl, xycloalkylalkyl, haloalkyl, heteroxyclyl,
N-heteroxyclyl, heteroxyclylalkyl, heteroaryl, N-heteroaryl va/hodc heteroarylalkyl) trong
d6 it nhAt mot nguyén tir hydro duoc thay thé bang lién két v6i nguyén tir khong phai

-10 -



22152

hydro nhu, nhung khong chi giéi han &: nguyén tr halogen nhu F, Cl, Br, va I; nguyén tix
oxy trong cdc nhom nhu nhém hydroxyl, nhom alkoxy, va nhém este; nguyén tir luu
huynh trong cdc nhém nhu nhém thiol, nhém thioalkyl, nhém sulfon, nhém sulfonyl, va
nhém sulfoxit; nguyén tir nito trong cadc nhém nhu amin, amit, alkylamin, dialkylamin,
arylamin, alkylarylamin, diarylamin, N-oxit, imit, v enamin; nguyén tit silic trong cac
nhém nhu nhém trialkylsilyl, nhém dialkylarylsilyl, nhém alkyldiarylsilyl, va nhoém
triarylsilyl; va cdc nguyén tir khic loai khéac trong cac nhém khac nhau khic. “Dugc thé”
cling c6 nghia 12 bit ky trong s cic nhém néu trén trong d6 mdt hodc nhidu nguyén tir
hydro duoc thay thé bing lién két bac cao hon (vi du, lién két doi hoic lién két ba) véi
nguyén tir khac loai nhu oxy trong nhdém oxo, carbonyl, carboxyl, va este; va nito trong
cac nhom nhu imin, oxim, hydrazon, va nitril. Vi dy, “dugc thé” bao gém bét ky trong sb
cdc nhém néu trén trong d6 mot hodc nhidu nguyén tir hydro duoc thay thé bang —
NRGRu, -NRGC(=O)Ru, -NRGC(=O)NRGRH, -NRGC(=0)ORH, -NRGC(=NRg)NRGR4,
-NRGSO2Rpy, -OC(=O)NRgRH, -ORg, -SRg, -SORg, -SO2Rg, -OSO2Rg, -SO20Rg,
=NSO2Rg, va -SO2NRgRu. “Dugc thé” ciing c¢6 nghia 13 bit ky trong sb cac nhém néu
trén trong d6 mot hodc nhiéu nguyén tir hydro duoc thay thé bing -C(=O)Rg,
-C(=0)ORg, -C(=0)NRGRy, -CH2SO2Rg, -CH2SO,NRGRy. Trong phin néu trén, Rg va
Ry la giéng hodc khéc nhau va ddc 14p la hydro, alkyl, alkoxy, alkylamino, thioalkyl,
aryl, aralkyl, xycloalkyl, xycloalkylalkyl, haloalkyl, heteroxyclyl, N-heteroxyclyl,
heteroxyclylalkyl, heteroaryl, N-heteroaryl va/hodc heteroarylalkyl. “Pugc thé” con ¢6
nghia 13 bit ky trong s& cac nhém néu trén trong d6 mot hodic nhidu nguyén tr hydro
dugc thay thé béng lién két v6i nhém amino, xyano, hydroxyl, imino, nitro, oxo, thioxo,
halo, alkyl, alkoxy, alkylamino, thioalkyl, aryl, aralkyl, xycloalkyl, xycloalkylalkyl,
haloalkyl, heteroxyclyl, N-heteroxyclyl, heteroxyclylalkyl, heteroaryl, N-heteroaryl
va/hodc heteroarylalkyl. Ngoai ra, mdi trong s6 cic phn tir thé néu trén ciing c6 thé tuy y
duoc thé b'fmg mot hodc nhiéu phﬁn tir thé néu trén.

Thuét ngit “nhém bao vé&,” nhu duge st dung & déy, chi gbc hoéa hoc khéng bén
ma duoc biét trong linh vuc k§ thuat ndy dé bao vé cac nhém d& phan {mg bao gdm,
nhung khong chi gi¢i han &, nhém hydroxyl va amino, chdng lai cic phan tmg khong
mong mudn trong cac quy trinh tdng hop. Nhém hydroxyl va amino dugc bao vé bing

nhom bado vé duogc d€ cdp dén ¢ day la “nhém hydroxyl duge bao v€” va “nhém amino
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dugc bao v€”, mdt cach tuong ing. Nhém bao vé thuong duge sir dung mdt cach chon
loc va/hodc mét cach truc giao dé bao vé cac vi tri trong cac phan tng & cic vi tri d& phan
g khac va sau do c6 thé dugc loai bo dé dé lai nhom chua dugce bao vé nhir vay hodc ¢6
thé dung duoc cho cac phan tmg khac. Cac nhém bao vé di duoc bibt trong linh vyc k¥
thudt nay nhin chung dugc mo ta trong Greene and Wuts, Protective Groups in Organic
Synthesis, 3rd edition, John Wiley & Sons, New York (1999). Nhin chung, cdc nhém
dugc bao \}é hodic c6 mit dudi dang tién chit ma s& tro véi phan tmg cai bién cac ving
khéc ctia phén tir gbc dé chuyén héa thanh nhém cubi cling ctia ching & thoi diém thich
hop. Cac nhém tién chat hodc bao vé dai dién khac duge ban luan trong Agrawal, et al.,
Protocols for Oligonucleotide Conjugates, Eds, Humana Press; New Jersey, 1994; Vol.
26 pp. 1-72. Vi du vé “nhém bao vé hydroxyl” bao gdm, nhung khong chi gii han &, t-
butyl, t-butoxymetyi, metoxymetyl, tetrahydropyranyl, 1-etoxyetyl, 1-(2-cloetoxy)etyl, 2-
trimetylsilyletyl, p-clophenyl, 2,4-dinitrophenyl, benzyl, 2,6-diclobenzyl, diphenylmetyl,
p-nitrobenzyl, triphenylmetyl, trimetylsilyl, trietylsilyl, t-butyldimetylsilyl, t-butyl-
diphenylsilyl (TBDPS), triphenylsilyl, benzoylformat, axetat, cloaxetat, tricloaxetat, tri-
floaxetat, pivaloat, benzoat, p-phenylbenzoat, 9-fluorenylmetyl cacbonat, mesylat va
tosylat. Vi du vé “nhém béo vé amino” bao gdm, nhung khéng chi gi¢i han &, nhém bao
vé carbamat, nhu 2-trimetylsilyletoxycarbonyl (Teoc), 1-metyl-1-(4-biphenylyl)etoxy-
carbonyl  (Bpoc), t-butoxycarbonyl (BOC), alyloxycarbonyl (Alloc), 9-
fluorenylmetyloxycarbonyl (Fmoc), va benzyloxycarbonyl (Cbz); nhdm bdo v€ amit, nhu
formyl, axetyl, trihaloaxetyl, benzoyl, va nitrophenylaxetyl; nhém bao vé sulfonamit, nhu
2-nitrobenzensulfonyl; va nhom bao v€ imin va imit vong, nhu phtalimido va
dithiasucxinoyl.

Sang ché duoc boc 16 & déy ciing c6 nghia 14 bao gdm tat ca céc hop chét c6 cong
thirc (I) dugc dung duge danh diu b??lng déng Vi bi‘mg cach c6 mdt hodc nhiéu nguyén tr
duogc thay thé boi nguyén tir ¢6 khdi luong nguyén tir hodc s6 khdi lugng khac nhau. Vi
du vé chét dff)ng vi ma c6 thé duoc két hgp vao cac hop chit d3 duogc boc 16 bao gém chét
ddng vi ctia hydro, cacbon, nito, oxy, phospho, flo, clo, va iot, nhu 2H, 3H, !'C, 13C, *C,
13N, 15N, 150, 170, 180, 3'p, 32p, 35S, 18F, 36Cl, 1231, va !25I, mot cach twong tmg. Céc hop
chét duoc danh diu bang ddng vi nay c6 thé hiru ich dé gitp xac dinh hodc do tinh hiéu

qua cua cac hop chat, bang cach xac dinh dic diém, vi dy, vi trf hodc cich thirc tic dung,
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hodc ai luc lién két véi vi tri tae dung quan trong vé mat duoc ly hoc. M6t sb hop chét c6
cong thirc (I) duge danh du bing ddng vi nhit dinh, vi dy, cdc hop chit két hop chéit
ddng vi phéng xa, 13 hitu ich trong cic nghién ctru phan phdi thuc hodc co chit trong
md. Chét ddng vi phéng xa triti, tirc 13 >H, va cacbon-14, tirc 1a 1C, 13 dic biét hiru ich
cho muc dich nay do su két hop d& dang ctia ching va céch thirc phét hién d& dang,

Viée thay thé bang céc chit ddng vi nang hon nhu doteri, tirc 1a 2H, c6 thé thu
duoc mot sd wu diém tri liéu nhat dinh do d¢ 6n dinh chuyén héa 16n hon. Vi dy, chu ky
béan huy in vivo ¢ thé gia ting hodc yéu cau liéu lugng c¢é thé dugc 1am giam. Do do, cac
chét ddng vi ning hon ¢6 thé duoc uu tién trong mot s6 truong hop.

Viéc thay thé bang chét ddng vi phét positron, nhu ''C, 8F, 150 va BN, c6 thé hitu
ich trong nghién ctu K§ thuat cit 16p nhd phat xa positron (Positron Emission
Topography - PET) dé kiém tra d6 chiém chd thu thé co chit. Cac hop chit c6 cong thuc
(1) dwoc danh ddu bang ddng vi nhin chung c6 thé dugc didu ché bing cach k¥ thuat
thong thudong da biét véi chuyén gia trong linh vue k§ thuat ndy hoic bdi cac quy trinh
tuong tw voi cac quy trinh duge mo ta trong phan Vi du thuc hién sang ché nhu dugc néu
duéi day stir dung cht phan tmg dugc danh ddu bang ddng vi thich hop thay cho chit
phan tmg khong dugc d4nh d4u trude day.

Sang ché duoc boc 16 & day ciing c6 nghia 13 bao gdm san phdm chuyén héa in
vivo cua cac hop chit d& duoc boc 16. Cac san phém nay co thé thu duogc tir, vi dy, qua
trinh oxy hoa, khtr, thity phan, amit hoa, este hda, va cic qué trinh tuong tu ctia hop chét
d3 duoc str dung, chi yéu 13 do céc qué trinh enzym. Do d6, sing ché bao gdm céc hop
chét duoc san xudt bdi quy trinh bao gdm bude cho dong vét c6 vi ding hop chét theo
sang ché trong khoang thoi gian du dé tao ra san pham chuyén héa ciia né. Cac san phdm
nay thuong dugc nhan dién bang cach sir dung hop chit duge danh diu phong xa theo
sang ché véi lidu phat hién dugc cho dong vat, nhu chudt rattus, chudt nhét, chuot lang,
khi, hodc cho ngudi, cho phép khoang thdi gian dii dé sy chuyén héa xay ra, va tach san
phém chuyén héa ctia nd ra khoi nude tiéu, mau hodc céc mau sinh hoc khac.

“Hop chét 6n dinh” va “céu trac dn dinh” c6 nghia 13 biéu thi hop chit ¢ manh dé
vAn con tdn tai sau khi tich dén muc d6 tinh khiét hitu dung ra khoi hén hop phan tmg,

va tao cheé pham thanh chat tri liéu c¢6 hiéu qua.
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“DPdng vat c6 vi” bao gém nguodi va ca dong vat nudi trong nha nhu dong vat nudi
trong phong thi nghiém va thu cung nudi trong nha (vi dy, meo, chd, lgn, gia stc, ciru,
dé, ngua, tho), va dong vat khong nudi trong nha nhu ddng vat hoang da va cac dong vat
tuong tu.

“Tly ¥ hodc “mét cach tly ¥ nghia 13 su kién cta céc tinh hudng dugc mé ta sau
c6 thé hodc khong thé xay ra, va nghia 1a phdn mé ta bao gdm cac truong hop trong d6 sy
kién hozc tinh hudng d néu xay ra va cac truong hop trong d6 su kién hodc tinh hudng
d3 néu khong xay ra. Vi du, “aryl duoc thé tily ¥ nghia 1 gbc aryl ¢6 thé dugc thé hoic
khong dugc thé va phin mé ta bao gém ca cac gdc aryl dugc thé va cac gde aryl khong
duoc thé.

“Chat mang, chit pha lodng hogc chét phu gia duoc dung” bao gdm, nhung khong
chi gi6i han & ta dugc, chit mang, chét phu gia, chit gdy truot, chit lam ngot, chét pha
lodng, chét bao quén, thudc nhudém/chit mau, chét tang cudng huong vi, chét hoat dong
bé mat, chat thim uét, chit lam phén tan, chét tao hdn dich, chat lam 6n dinh, chat déng
truong, dung moi, hodc chét nhii hoa bt ky ma da dugc phé chuan boi Co quan Thube va
Thuc phém Hoa Ky 1a chép nhén dugce dé su dung cho nguoi hodc dong vat nudi trong
nha.

“Mudi duge dung” chi mudi cua hop chit ma duge dung va c6 (hoic c6 thé duoc
chuyén hoa thanh dang ma c6) hoat tinh duoc 1y mong mudn cta hop chit gbe. Vi du vé
“mudi duoc dung” ctia cic hop chit dwoc boc 16 ¢ day bao gdm mudi c6 ngudn gbe tir
bazo thich hop, nhu kim loai kiém (vi du, natri), kim loai kiém thd (vi du, magie), amoni
va NX4* (trong d6 X 13 C1—Cs alkyl). Mudi duoc dung ciia nito nguyén tr hosic nhém
amino bao gdm vi du mudi cla axit carboxylic hitu co nhu axetic, benzoic,
camphorsulfonic, xitric, glucoheptonic, gluconic, lactic, fumaric, tartric, maleic, malonic,
malic, mandelic, isethionic, lactobionic, sucxinic, 2-naphtalensulfonic, oleic, palmitic,
propionic, stearic, va axit trimetylaxetic; axit sulfonic hftu co, nhu metansulfonic,
etansulfonic, benzensulfonic va axit p-toluensulfonic; va axit vé co, nhu axit clohydric,
axit bromhydric, axit sulfuric, axit nitric, axit phosphoric va axit sulfamic. Mubi duoc
dung cta hop chét chita nhém hydroxy bao gdm anion ctia hop chit nay két hop véi
cation thich hgp nhu Na* va NX4" (trong d6 X déc 1dp duge chon tir H hodc nhém C1—Cy

alkyl). Mudi duoc dung cling bao gdm mudi dugc tao ra khi proton c6 tinh axit c6 mit
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trong hop chit gbc duoc thay thé bang ion kim loai, vi du, ion kim loai kiém, ion kiém
thd, hodc ion nhém; hodc phéi tri v&i bazo hitu co nhu dietanolamin, trietanolamin, N-
metylglucamin va cac bazo tuong tu. Ciing duoc bao gém trong dinh nghia nay 1a mubi
amoni va mudi amoni dugce thé hodc mudi amoni duge thé bdn 1an. Danh sach dai dién
khéng gidi han v& mudi duge dung c6 thé dugc tim thdy trong S.M. Berge et al., J.
Pharma Sci., 66(1), 1-19 (1977), va Remington: The Science and Practice of Pharmacy,
R. Hendrickson, ed., 21st edition, Lippincott, Williams & Wilkins, Philadelphia, PA,
(2005), at p. 732, Table 38-5, ca hai tai li€u nay déu duge dua vao ban md ta nay b%mg
cach vién dan.

Pé st dung trong diéu tri bénh, mubi ctia céc thanh phan hoat tinh ctia céc hop
chét dugc boc 16 & ddy thuong s& 1a duoc dung, tirc 14 ching s& 13 mudi c6 ngudn gbe tir
axit hoac bazo chép nhén duoc vé mit sinh ly. Tuy nhién, mubi cta axit hodc bazo khong
duoc dung ciing ¢6 thé duoc st dung, vi du, trong didu ché hoic tinh ché hop chét c6
cong thic (I) hodc hop chét khac theo sang ché. T4t ca cac mubi, cho di c6 ngudn gde tir
axit hodc bazo chip nhan duoc vé mat sinh Iy hay khong, déu ndm trong pham vi cta
sang ché.

Mubi kim loai thudng dugc didu ché bang cach cho phan tng hydroxit cia kim
loai v&i hop chét theo sang ché. Vi du v& mudi kim loai duge diéu ché theo cach nay la
mudi chira Lit, Nat, va Kt. Mubi kim loai it hoa tan hon c6 thé dugc két tua tir dung
dich chtra mudi hoa tan hon béng cach bd sung hop chit kim loai thich hop.

Ngoai ra, mubi ¢6 thé dugc tao ra tir viée cong axit clia cac axit hitu co va vo co
nhat dinh, v/ dy, HCI, HBr, HpSO4, H3PO4 hodc axit sulfonic hitu co, vao cac tim bazo,
thuong 14 amin. Cudi cling, can phai hiéu rang ché phim & ddy bao gém hop chit duoc
boc 16 & ddy & dang chua dugc ion héa clia né, ciing nhu dang ion Iudng tinh, va hdn hop
v0Oi cac lugng ty lugng ctia nude nhu trong céc hydrat.

Céc qué trinh két tinh thong thudng tao ra solvat ctia hop chat theo sang ché. Nhu
dugc st dung ¢ day, thudt ngit “solvat” chi khéi két tu bao gém mot hodc nhiéu phan tur
ctia hop chit theo sang ché v&i mot hoic nhidu phén tir ctia dung mdi. Dung méi c6 thé 1a
nudc, trong trudng hop nay solvat c¢é thé 13 hydrat. Theo cich khac, dung moi c6 thé 14
dung mdi hitu co. Do d6, hop chét theo sang ché c6 thé ton tai dudi dang hydrat, bao gdm

monohydrat, dihydrat, hemihydrat, sesquihydrat, trihydrat, tetrahydrat va céc hydrat
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tuong ty, cling nhu dang duoc solvat héa tuong tmg. Hop chat theo sang ché c6 thé 1a
solvat thuc, mic du trong cic trudng hop khac, hop chat theo sang ché c6 thé chi gitt
duge nude tu sinh hozc 13 hdn hop cia nude cong véi mot sb dung moi tu sinh.

“Dugc pham” chi ché phdm ctia hop chit theo sang ché va méi trudng nhin chung
duoc chép nhén trong linh vuc dé phan phéi hop chét c6 hoat tinh sinh hoc cho dong vat
¢ vu, vi dy, ngudi. M6i trudng nhu vy bao gdm tit ca cac chit mang, chét pha lodng
hozc chét phu gia duge dung.

“Luong hitu hiéu” hodc “luong hitu hi¢u cé tdc dung tri li€u” chi lugng hop chét
theo sang ché, ma khi duoc st dung cho bénh nhan can diéu tri, da d8 thuc hién didu tri
cac trang thai bénh, tinh trang bénh ly, hodc rdi loan ma hop chét nay co loi ich. Luong
nhu vay s€ du dé goi ra dap Ung sinh hoc hodc y hoc cuia hé mo, hoac bénh nhin ma dugc
tim kiém boi nha nghién ctru hodc thdy thudc 14m sang. Luong clia hop chét theo sdng
ché ma tao nén luong hitu hi€u co6 tac dung tri liéu s€ thay ddi tuy thudc vao cac yéu tb
nhu hop chét va hoat tinh sinh hoc cta nd, ché phém duogc str dung, thoi gian st dung,
duong st dung, toc d6 bai tiét cua hop chat, khoang thoi gian diéu tri, loai tinh trang bénh
hodic rdi loan duge didu tri va muc do nghiém trong ctia né, thube duoc st dung két hop
v6i hodc ddng thoi véi hop chit theo sang ché, va do tudi, thé trong, tinh hinh sitc khoe
chung, giéi tinh va ché d6 an ubng ctia bénh nhan. Luong hitu hiéu c6 tac dyung tri lidu
nhu vay c6 thé duge xac dinh mot cach théng thudng bdi chuyén gia trong linh vuc ky
thuat nay dua vao kién thirc cta ho, tinh trang k¥ thuat, va ph?ln bdc 10 nay.

Thut ngft "didu tri" nhw dwoc sir dung & dy nghia 13 viéc str dung hop chit hogc
ché phém theo sing ché dé lam thuyén giam hoic loai bd cac triéu chimg cua sy lay
nhiém HIV va/hoic dé 1am giam tai lugng virut & bénh nhan. Thuat ngit "diéu tri" cling
bao gdm viée st dung hop chét hoic ché phim theo sang ché sau khi c4 thé phoi nhiém
v6i virut nhung trude khi xuét hién céc tridu chirg ctia bénh, va/hoac trude khi phat hién
virut trong mau, dé phong nglra sy xuét hién céc triéu ching cua bénh va/hodc dé phong
ngua virut dat dén murc phat hién duoc trong mau, va viéc str dung hop chit hodc ché
phim theo sang ché d& phong ngira sy truyén HIV tir me sang con trong chu ky sinh,
bang cach sir dung cho me trudc khi sinh con va cho con trong cc ngay dau tién sau

sinh.
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Thuat ngit "chét khang virut" nhu duoc sir dung & day nghia 13 chat (hop chét hoic
chét sinh hoc) hitu hiéu dé (rc ché su tao ra va/hodc su sao chép cta virut & ngudi, bao
gém, nhung khong chi gidi han & chit can thi€p vao co ché cua vat chi hodc virut can
thiét cho sy tao ra va/hodc su sao chép clia virut & ngudi.

Thudt ngi "chét rc ché su sao chép HIV" nhu dugc st dung ¢ day duogc du dinh
c6 nghia 1a chét c6 kha ning lam giam hozc loai bo kha ning sao chép ctia HIV & t bao
chu, cho du 13 in vitro, ex vivo hoac in vivo.

Hop chét theo sang ché, hoic mudi duoc dung ctia né ¢o thé chira mot hodc nhidu
tam khong ddi ximg va do d6 c6 thé 1am xuét hién cac chit ddng phan dbi anh, chit dong
phan khong d6i quang, va cac dang chét ddng phan 1ap thé khac ma c¢é thé duogc xéc dinh,
v& mat héa hoc 1ap thé tuyét d6i, dudi dang (R) hodc (S) hoic, dudi dang (D) hodc (L) dbi
v6i céc axit amin. Sang ché dugc du dinh bao gdm tit ca cac chit ddng phan c6 thé co
nhu vay, cling nhu dang raxemic va tinh khiét v& mat quang hoc cta nd. Céc chét déng
phén quang hoat (+) va (-), (R) va (S), hodc (D) va (L) c6 thé dugc diéu ché bang cach sir
dung synthon khéng di ximg hodc chat phan ting khong dbi xting, hogc duoc phan giai
bing cach sir dung céc k§ thuat thong thuong, vi dy, sic ky va két tinh phan doan. Cac k¥
thuét thong thudng dé didu ché/tach céc chit ddng phan dbi anh riéng ré bao gdém qua
trinh tong hop khong ddi ximg tir tién cht tinh khiét v& mat quang hoc thich hop hodc
qua trinh phan giai raxemat (hodc raxemat cua mudi hodc dan xuét) st dung, vi duy, séc
ky long cao ap (High pressure liquid chromatography - HPLC) khong d6i xing. Khi hop
chit dugc mé ta & day chira lién két d6i dang olefin hodc cac tim khéng d6i ximg hinh
hoc khéc, va trir khi ¢6 quy dinh khéc, du dinh réng hop chét nay bao gém ca chét déng
phén hinh hoc E va Z. Tuong tu, tAt ca cac dang tautome ciing dugce du dinh bao gém.

“Chat ddng phan 14p th8” chi hop chét dwoc tao nén tir cdc nguyén tir giéng nhau
duoc lién két boi cac lién két gidng nhau nhung cé cAu tric khong gian ba chidu khac
nhau, cac ciu tric nay khong thé thay thé 13n nhau. Sang ché bao gdm cac chét ddng
phan 14p thé khac nhau va hdn hop clia né va bao gdm “chit déng phan dbi anh”, tirc 1a
hai chit dong phan 14p thé ma phan tir ctia nd 14 céc anh d6i xtmg guong khong thé xép
chdng ctia nhau.

“Tautome” chi sy chuyén dich proton tir mdt nguyén tir ctia phan tir dén nguyén tir

khéc cta cung phén tir. Sdng ché bao gdm tautome ciia hgp chit bat ky da néu.
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“Tién dugc chat” chi hop chit ma dugc thiét k& v& mit hoa hoc dé giai phong mot
céch c6 hiéu qua thude gbe sau khi vuot qua hang rao sinh hoc dé phén phéi qua dudng
miéng. Theo cc phuong an nhét dinh, sang ché bao gdm tién duoc chit cta cac hop chét

c6 cong thue (I).
Hop chét

Nhu duoc luu ¥ trén ddy, theo mot phuong 4n, séng ché dé xuat hop chét c6 hoat

tinh khang virut, hop chét nay c6 cong thic (I) sau:

)

hodic chit ddng phan 14p thé hoic mudi dugc dung ctia né,

trong do:

X 1a -O- ho#c -NZ3- hoic -CHZ?-;

W 1a -CHZ2-;

mdi Z!, Z? va Z3 doc lap 1a hydro va Cisalkyl, hodc trong d6 Z! va Z2 hoic
Z' va 73, cing nhau tao ra -L- trong d& L 1a -C(R®:-, -CRC(R)e-,
~C(RH)C(RC(RM,-, hodic -CRMCRHC(RD),C(R)y-, trong do it nhat mot trong sé Z!
va Z? hodc Z! va Z3, cing nhau tao ra -L-;

Z* 13 lién két, -CHa-, hogic -CH2CHa+;

mdi Y! va Y2 doc lap 13 hydro, Cisalkyl hodc Ci.shaloalkyl;

R! 1a phenyl dugc thé bing mét hoic ba halogen; va

mdi R? ddc 14p 14 hydro, halo, hydroxyl hodc Cisalkyl.

Theo phuong an khéc, sang ché dé xuét hop chit c6 cong thirc (II-A) sau:
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(I1-A)

Theo phuong 4n khac, sang ché d& xuét hop chét ¢6 cong thic (II-B) sau:

(II-B)

Theo phuong an khéc, sang ché dé xudt hop chét c6 cong thirc (II-C) sau:

O
L H
N
\ o
0] OH

(II-C)

Theo phuong an khac, L 1a -C(R?*),-. Theo phuong an khéc, L 1a -C(R?)2C(R?),-.
Theo phwong 4n khac nita, L 13 -C(R*)2C(R?)2C(R?)-. Theo phwong 4n khic nita, mdi R?
13 hydro. Theo phwong 4n khac nita, mot R? 13 metyl va mdi R?® con lai 13 hydro. Theo
phuong 4n khéc nita, mot R? 1a halogen va mdi R? con lai 14 hydro. Theo phuong 4n khac
nita, hai R? 13 halogen va mdi R? con lai 1a hydro. Theo phuong 4n khac nita, mot R? 1a

halogen va mdi R? c¢on lai 14 hydro.
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Theo phuong 4n khéc, X 1a -O-. Theo phuwong an khéac, X 1a -NZ3-. Theo phuong
an khéc, X 1a -NH-. Theo phuong 4n khac, X 1a -CHZ3- va Z! va Z3, cing nhau tao ra -L-.
Theo phuong 4n khéc, Z2 1a hydro. Theo phuong 4n khéc, X 13 -CHoa-.

Theo phuong 4n khéc, Z* 13 lién két hodc -CHa-. Theo phuong 4n khac, Z* 1a -
CH»-. Theo phuong 4n khéc, Z* 13 lién két.

Theo phuong 4n khac, mdi Y! va Y2 ddc 14p 14 hydro, metyl hoic triflometyl.

Theo phuong 4n khac, R! dugc thé bang mot halogen. Theo phuong 4n khac, R! 14
4-flophenyl hodc 2-flophenyl.

Theo phuong an khac, R! duoc thé bang hai halogen. Theo phuong an khac, R! 1a
2,4-diflophenyl, 2,3-diflophenyl, 2,6-diflophenyl, 3-flo-4-clophenyl, 3,4-diflophenyl, 2-
flo-4-clophenyl, hodc 3,5-diflophenyl. Theo phuwong 4n khac nita, R! 14 2,4-diflophenyl.

Theo phwong 4n khéc, R! dugc thé bang ba halogen. Theo phuong 4n khac, R! 14
2,4,6-triflophenyl hodc 2,3,4-triflophenyl. Theo phuong 4n khic nita, R! 1a 2,4,6-
triflophenyl.

Theo mot phuwong 4n, sang ché dé xuat dugc pham chira hop chét c6 cong thirc bat
ky trong sd cac Coéng thie (1), (II-A), (II-B), hodc (II-C), nhu dugc lvu ¥ trén day, hoic
chét ddng phéan 1ap thé hodc mudi duge dung ctia nd, va chit mang, chét pha losng hoic
chét phu gia dugc dung.

Theo phuong an khac, sang ché mé ta phuong phép didu tri sy lay nhiém HIV &
ngudi c6 1y nhiém hodc c6 nguy co ldy nhiém bang cach cho dbi twong ding lwong hitu
hidu ¢6 tac dung tri liéu cta hop chit c6 cong thirc bit ky trong sd cac Cong thirc (1),
(II-A), (II-B), hodc (II-C), nhu dwoc lwu y trén day, hodc dugc phdm chira né. Theo
phuong 4n khéc, sang ché md ta phuong phap diéu tri hoic phong ngira sy 14y nhiém
HIV & ngudi ¢ 14y nhifm hodc ¢6 nguy co 1iy nhidm bang cach cho dbi twong ding
lwong hiru hidu ¢6 tac dung tri liéu ctia hop chat c6 cong thirc bat ky trong sd cac Cong
thic (1), (II-A), (II-B), hodc (II-C), nhu dugce luu y trén day, hodc duoc phém chira no.

Theo phuong 4n khéc, sing ché m6 ta viéc st dung hop chét c6 cong thirc bat ky
trong sb cac Céng thirc (I), (I-A), (II-B), hoic (II-C), nhu duoc luu ¥ trén day, hoic duoc
phdm chira n6, & diéu tri sy lay nhiém HIV & ngudi cé lay nhiém hodc ¢6 nguy co lay
nhi®m. Theo phuong an khéc, sang ché mo ta viéc sir dung hop chit c6 cong thirc bat ky

trong s6 cac Céng thirc (I), (II-A), (II-B), hoic (II-C), nhu dugc luu y trén ddy, hodc dugc
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phdm chtta n6, @& diéu tri hodc phong ngira su 1y nhidm HIV & ngudi c6 14y nhidm hodc

¢ nguy co lay nhiém.

Theo phuong an khéc, sang ché mé ta viéc sir dung trong tri liéu y té coa hop chét
c6 cong thirc bat ky trong sb cac Cong thirc (I), (II-A), (II-B), hodc (II-C), nhu duoc luu y

trén day, hoac dugc pham chira no.

Theo phwong 4n khéc, sang ché mé ta viéc st dung hop chét c6 cong thic bat ky
trong sb cac Cong thire (I), (II-A), (II-B), hozc (II-C), nhu duoc lwu y trén day, hoac dugc
phém chtra n6, dé st dung trong viéc didu tri su 1ay nhiém HIV. Theo phuong an khac,
sang ché mé ta viée st dung hop chét c6 cong thirc bat ky trong s6 cac Cong thic (1),
(II-A), (II-B), hodc (II-C), nhu dugc luu y trén day, hodc dugce phém chtra né, dé st dung

trong diéu tri phong ngtra hoac diéu tri chita tri sy lay nhiém HIV.

Nhu duoc luu ¥ thém trén ddy, theo phuong an khéc, sang ché d& xuit hop chét c6

hoat tinh khéng virut, hop chit nay c¢é cong thirc (I) sau:

)

hodc chét déng phén 1ap thé hodic mudi dugc dung cua nd,

trong do:

X 13 -O- hoic -NZ3- hodc -CHZ3-;

W 1a -O- hodc —-NZ2- hoac -CHZ?-;

mdi Z!, Z? va Z? doc 1ap 1a hydro, Cisalkyl hodic Cishaloalkyl, hodc trong
d6 Z!' va 72 ho#ic Z! va Z3, cling nhau tao ra -L- trong d6 L 13 -C(R?),-, -C(R»)2C(R®),-,
CRMCRHCRy-, -CRDCRYCRHCRY,-, -CRHOCRY,-, -C(RHNRAC(R%)p-,
CR™MSCRY-,  -CRMS(O)CRY-,  -CRDSO2CRY-,  -CRDOC(RDC(R,-,
C(RM2C(R?;0C(R,-, C(RMNRC(RD)C(RM,-, -C(R%)2C(R?NR*C(R%),-,
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-C(R*)2SC(RMC(RM2-, -C(R)C(R*2SC(RM2-, -CRMS(O)CRH2CRY2-,
-C(RH)2CRMS(0)C(RY).-, -C(R*2SO2C(R*)2C(R),-, -CRMC(R2S02C(RY2-,
-C(R?),2SO2NR*C(R?)2- hodc -C(R*)2NR*SO2C(R¥)2-;

Z* 1a lién két hodc -CHp-, -CH,CHz-, -CH>CH,CH,-, -CH,OCH,-,
-CH>NR?CH:-, -CH2SCHz-,-CH2S(O)CHaz- hodc -CH2SO2CHa-;

mdi Y! va Y2 doc 1ap 1a hydro va Cisalkyl, hoic Y! va Y2, cliing véi nguyén
tlr cacbon ma ching gin két tao ra vong vong cacbon c¢6 3 dén 6 nguyén tir vong hodc
vong di vong c6 3 dén 6 nguyén tir vong, trong d6 vong vong cacbon hodc vong di vong
nay tiy ¥ duoc thé bing mot hodc nhidu R

R! 13 aryl tiy y duogc thé hodc heteroaryl thy y duoc thé; va

mdi R? doc 14p 1a hydro, halo, hydroxyl hodc Cisalkyl, hodc trong d6 hai
nhom R?, cling v&i nguyén tir cacbon ma ching gan két tao ra =0, va

trong d6 it nhit mét trong sb: (i) Z' va Z* hodc Z' va Z*, clng nhau tao ra -L-;
hoic (ii) Y! va Y2 clng v6i nguyén tir cacbon ma ching gén két tao ra vong vong cacbon
¢4 3 dén 6 nguyén tir vong hodc vong di vong c6 3 dén 6 nguyén tir vong.

Theo phuong 4n khac, W 1a -CHZ?-.

Theo phwong 4n khéc, Z! va Z2 hodc Z! va Z3, cing nhau tao ra -L-.

Theo phuong 4n khéc, séng ché d& xudt hop chét c6 mot trong s cac cong thirc

(I1-A), (II-B), hoac (II-C) sau:

96

(II-A)

-922.-



; hoac

(II-C)

trong d6 L 13 -C(R®)-, -C(R?)>C(R?;p-, -C(R®C(R*):C(R?)z-,
-CRMCRHCRCR -, -C(R?)0C(R?),-, -C(R¥);NRAC(R¥),-, -C(R?)2SC(R -,
-C(R%,8(0)C(R?)z-, -C(R#2S02C(R?)z-, -C(R#)20C(R2C(R)z-, ~C(RD2C(R0C(R)-,
-C(R®)NRAC(R®2C(R?)-, -C(R*):C(R¥)NR?C(R?)-, -C(R*)2SC(R?)2C(R),-,
“C(RD2C(RSC(R¥s-, ~-C(R®)S(0)C(RP2C(R)-, -C(R?),C(R¥),S(0)C(R),-,
-C(R®2802C(R?)2C(R)a-, ~-CR?C(R2S02C(R%)2-, -C(R?)2SO2NRAC(R%)- hoic
-C(R®,NR?S0,C(R?),-.

Theo phuong 4n khac, Y! va Y?, cling véi nguyén tir cacbon ma chung gin két tao
ra vong vong cacbon c6 3 dén 6 nguyén tir vong hozc vong di vong c6 3 dén 6 nguyén tir
vong.

Theo phuwong 4n khéc, sang ché d& xudt hop chit c6 mot trong sb céc cong thirc
(ITI-A), (III-B), (IIT-C) hoac (III-D) sau:
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(III-D)

trong d6 mdi Z! va Z3 ddc 14p 13 hydro va Cisalkyl.
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Theo phuong 4n khac, sang ché d& xuét hop chit c6 mot trong sb cac cong thuc
(III-E), (III-F), (III-G) hodc (III-H) sau:

; hoac

(II-H)

trong d6 mdi Z' va Z? doc lap 14 hydro va Cisalkyl.
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Theo phuong 4n khac, ca (i) Z! va Z? hodc Z! va Z3, cing nhau tao ra -L-, va (ii)
Y! va Y2, cling v&i nguyén tlr cacbon ma chung gén két tao ra vong vong cacbon ¢ 3 dén
6 nguyén tir vong hoic vong di vong ¢6 3 dén 6 nguyén tir vong.

Theo phuong 4n khéc, séng ché dé xult hop chit c6 mét trong s cac cong thtc

(IV-AA), (IV-AB), (IV-AC), (IV-AD), (IV-AE), (IV-AF), (IV-AG) hoic (IV-AH) sau:

(IV-AC)
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(IV-AG)
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(IV-AH)

trong do L 1a -C(R?)2-, -C(R*)2C(R?)2-, -C(R)2C(RM2C(R)e-,
-CRMC(RLRM2LCRM2-, -C(RMN20C(R¥)2-, -C(RM2NRC(R?):2-, -C(R*)2SC(R*);-,
-C(R*2S(0)C(R)2-, -C(R*2S02C(R¥32-, -C(R*)20C(RM2C(R?)2-, -C(R*)2C(R*)20C(R?),2-,
-C(R*)2NR*C(RM)2C(R¥)2-, -C(RMN2C(R*2NR*C(R?)2-, -C(R*)2SC(R*)2C(R?),-,
-C(R*2C(R¥)2SC(RM2-, -C(R*)2S(O)C(RMC(RH2-, -C(R*)2C(RH2S(0)C(R?)2-,
-C(RH2802C(RH2C(R¥);2-, -C(R)2C(R¥)2S02C(R¥)2-, -C(RH)2SO2NR2*C(R?)2- hodc
-C(R*),NR*SO,C(R,-.

Theo phuong 4n khic, sang ché d& xudt hop chit c6 mot trong sb céac cong thuce
(IV-BA), 1V-BB), IV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BG) hoéc (IV-BH) sau:

0
F\T/A\N X N~ “R!
Lo H

N N
0 OH

0]
(IV-BA)

O 5;25
N R?
H

0]

/Nw/\N \
L \ \
@) OH

(IV-BB)
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(0]
N
X
9%
N X
@]
(@] OH
(IV-BC)

0
[:i:j//\\N X
L
N
A 0
0 OH

(IV-BD)
(0]
Gee
N o )
(0] OH
(IV-BE)
O
bee
N X )
0] OH
(IV-BF)
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N
AN 0
o) OH  hoic
(IV-BG)
T;;;J
0
[:i:j//\\N X N R!
/ H
N
A o)
0 OH
(IV-BH)

trong d6 L 13 -C(R®)-, -C(R®2C(R? -, -C(R?)>C(R?):C(R¥)s-,
-CR¥CRCR2CR -, -C(ROC(R)s-, -C(RNR*C(R?)-, -C(R?),SC(R?),-,
-C(R"2S(0)C(R™z-, -CR™2S02CRs-, -C(R?)20C[RY:C(R,-, -CR)2C(R?)0C(R%,-,
-CR®NR*CR?2CR -, -C(R*)2C(R?)NRAC(R)s-, -C(R*2SC(R?),C(R?)z-,
-CR2CR:SCRs-, -CR)2S(0)C(R?)2C(R?)2-, -C(R¥)2C(R?.S(0)C(R?)z-,
-C(R?2S02C(R?):C(R¥)s-, -C(R?)2C(R*)2S02C(R¥),-, -C(R*):SO,NRC(R?),- hodic
-C(R?);NR*SO,C(R?),-.

Theo phuong an khac, L 13 -C(R%)s-, -C(R*)2C(R?)2-, -C(R*)2C(R*)2C(R?)2-, ho#c
-CRH2CRH2C(RM2C(RY2-. Theo phuong an khac, L 1a -C(R¥),-. Theo phuong 4n khac
ntta, L 1a -C(R*)2C(R%)2-. Theo phuong an khéc nita, L 1a -C(R*)2C(R*)2C(R?)2-. Theo
phuong 4n khéc nita, mdi R? 13 hydro. Theo phuong 4n khéc nita, mot R? 1 metyl va mbi
R? con lai 14 hydro. Theo phuong 4n khac nita, mot R? 13 halogen va mdi R? con lai 1a
hydro. Theo phuong 4n khac nita, hai R? 1 halogen va mdi R? com lai 13 hydro. Theo

phuong 4n khac nita, mdt R? 1a halogen va mdi R? con lai 13 hydro.
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Theo phuong 4an khéc, L 1a -C(R*)20C(R?)-, -C(R*2NR*C(R?)2-, -C(R*)2SC(R?);-,
-C(R*)2S(0)C(R*)2-, hodc -C(R*2SO02C(R%2-. Theo phuong an khic, L 1a
-C(R*)20C(R?*,-. Theo phuong 4n khac nita, mdi R? 12 hydro. Theo phuong 4n khac nita,
mdt R? 14 metyl va mdi R? con lai 13 hydro. Theo phwong 4n khac nita, mét R? 13 halogen
va mbi R? con lai 1a hydro. Theo phuong 4n khéc nita, hai R? 14 halogen va mdi R? con lai
12 hydro. Theo phuong 4n khé4c nita, mdt R? 1a halogen va mdi R? con lai 14 hydro.

Theo phuong an khac, X 13 -O-. Theo phuong an nita, Z? 13 hydro. Theo phwong
an khéc, X 1a -NZ3-. Theo phuong 4n khac, X 1a -NH-. Theo phuong an khéac, X 14 -
CHZ3-. Theo phuong 4n khic, X 1a -CHa-.

Theo phwong an khac, Z* 13 lién két hosc -CHp-. Theo phuong 4n khéac, Z* 1a -
CH»-. Theo phuong 4n khac, Z* 13 lién két.

Theo phuong 4n khac, mdi Y' va Y2 doc lap 1a hydro, metyl hosc triflometyl.

Theo phuong 4n khéc, R! duoc thé bing mét halogen. Theo phuong 4n nita, R! 13
4-flophenyl hodc 2-flophenyl.

Theo phuong 4n khac, R! 1a phenyl. Theo phwong an khac, R! 1a pyridinyl.

Theo phuong 4n khac, R! dwoc thé bang it nhdt mot halogen.

Theo phuong 4n khéc, R! duoc thé bing mét halogen. Theo phuong 4n nita, R! 13
4-flopheny! hoac 2-flophenyl.

Theo phwong 4n khac, R! duogc thé biang hai halogen. Theo phwong 4n nita, R! 13
2,4-diflophenyl, 2,3-diflophenyl, 2,6-diflophenyl, 3-flo-4-clophenyl, 3,4-diflophenyl, 2-
flo-4-clophenyl, hodc 3,5-diflophenyl. Theo phuong 4n khac nita, R! 1a 2,4-diflophenyl.

Theo phwong 4n khéc, R! duoc thé bang ba halogen. Theo phwong 4n nita, R! 13
2,4,6-triflophenyl hodc 2,3,4-triflophenyl. Theo phuwong 4n khic nita, R! 1a 2,4,6-
triflophenyl.

Theo phuwong 4n khac, R! 1a 3-triflometyl-4-flophenyl hogc 2-xyclopropoxy-4-
flophenyl.

Theo mdt phuong 4n, duge phim duge dé xuat chira hop chét theo cong thirc bat
ky trong s6 cac cong thuc (I), (II-A), (II-B), (II-C), (III-A), (III-B), (III-C), (III-D),
(II1-E), (III-F), (II-G), (III-H), (IV-AA), (IV-AB), (IV-AC), (IV-AD), (IV-AE), (IV-AF),
(IV-AQG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BG),
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va (IV-BH), nhu dugc lwu ¥ & trén, hodc chit ddng phan l4p thé hoic mudi dwoc dung
clia no, va chit mang, chit pha loding hodc chét phu gia dugc dung.

Phuong 4n khac mé ta phuong phap diu tri sy 1y nhiém HIV & nguoi ¢6 lay
nhidm hodc c6 nguy co 14y nhiém bing cach cho ngudi bénh dung luong ¢ hiéu qua didu
tri ctia hop chét theo cong thirc bét ky trong sé cac cong thie (I), (II-A), (II-B), (II-C),
(III-A), (II-B), (II-C), (III-D), (III-E), (III-F), (II-G), (III-H), (IV-AA), (IV-AB), (IV-
AC), (IV-AD), (IV-AE), (IV-AF), (IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-
BD), (IV-BE), (IV-BF), (IV-BG), va (IV-BH), nhu dugc luu y & trén, hoic dugc phdm
ctia n6. Phuong 4n khiac mé ta phuong phép diéu tri hoic ngin ngira sy 1y nhidm HIV &
ngudi c¢6 14y nhidm hodc cé nguy co lay nhidm bang cach cho ngudi bénh ding lugng c6
hidu qua diéu tri cta hop chit theo cong thirc bt ky trong sd cac cong thirc (1), (II-A),
dI-B), (II-C), (III-A), (I1I-B), (III-C), (III-D), (III-E), (III-F), (II-G), (III-H), (IV-AA),
(IV-AB), IV-AC), IV-AD), (IV-AE), (IV-AF), (IV-AG), (IV-AH), (IV-BA), (IV-BB),
(IV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BG), va (IV-BH), nhu dugc luu y & trén, hodc
dugc phdm clia né.

Theo phuong an khéc, viéc sir dung chét theo cong thirc bit ky trong s cac cdng
thac (1), (II-A), (II-B), (I-C), (III-A), (III-B), (II-C), (III-D), (III-E), (III-F), (III-G),
(III-H), (IV-AA), (IV-AB), (IV-AC), (IV-AD), (IV-AE), (IV-AF), (IV-AG), (IV-AH),
(IV-BA), (IV-BB), (IV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BG), va (IV-BH), nhu
duoc luu v & trén, hodic duoc phdm ciia n6 dé didu tri sy lay nhiém HIV & ngudi c¢6 lay
nhi®m hodc c6 nguy co lay nhiém. Theo phwong 4n khéc, viée st dung chit theo cong
thirc bat ky trong sb cac cong thic (I), (II-A), (II-B), (II-C), (III-A), (III-B), (III-C),
(II-D), (II1-E), (III-F), (III-G), (III-H), (IV-AA), (IV-AB), (IV-AC), (IV-AD), (IV-AE),
(IV-AF), IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD), (IV-BE), (IV-BF),
(IV-BG), va (IV-BH), nhu duoc lwu ¥ & trén, hosic dugc phadm cia nd dé didu tri hoic
ngin ngira su lay nhiém HIV & ngudi ¢6 1ay nhiém hodc ¢6 nguy co 1y nhiém.,

Theo phuong an khéc, viéc str dung trong liéu phap y té hop chét theo cong thirc
bét ky trong s cac cong thie (I), (II-A), (II-B), (II-C), (III-A), (III-B), (III-C), (I1I-D),
(II-E), (III-F), (III-G), (II-H), (IV-AA), (IV-AB), (IV-AC), (IV-AD), (IV-AE), (IV-AF),
(IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BQ),

va (IV-BH), nhu dugc luu y ¢ trén, hodc dugc phém ctia n6, duge dé xuét.
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Theo phuong 4n khéc, viéc sir dung hop chét theo cong thirc bit ky trong sd cac
cong thuc (I), (I-A), (II-B), (II-C), (III-A), (1II-B), (III-C), (III-D), (III-E), (III-F),
(II1-G), d1I-H), IV-AA), (IV-AB), (IV-AC), (IV-AD), (IV-AE), (IV-AF), (IV-AG),
(IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BG), va
(IV-BH), nhu duge lwu y & trén, hodc duoc phim cua né, dé st dung trong viéc diéu tri
su lay nhiém HIV dugc dé xuit. Theo phuong an khéc, viéc str dung hop chét theo cong
thirc bat ky trong sé céc cong thuc (I), (II-A), (II-B), (II-C), (II-A), (III-B), (III-C),
(III-D), (III-E), (III-F), (III-G), (II-H), (IV-AA), IV-AB), (IV-AC), (IV-AD), (IV-AE),
(IV-AF), (IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD), (IV-BE), (IV-BF),
(IV-BG), va (IV-BH), nhu duoc luu y & trén, hodc dugc phdm cia no, dé sir dung trong

viéc phong hodc diéu tri sy 18y nhiém HIV duoc dé xuit.

Duoc hiéu 1a phuong 4n bt ky ctia cac hop chit c6 cong thie (1), (II-A), (1I-B),
(II-C), (I11-A), (II-B), (III-C), (III-D), (III-E), (III-F), (III-G), (III-H), (IV-AA), (IV-AB),
(IV-AC), (IV-AD), (IV-AE), (IV-AF), (IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC),
(IV-BD), (IV-BE), (IV-BF), (IV-BG), va (IV-BH), nhu duoc néu & day, va phéan tir thé cu
thé bit ky néu & day dbi véi nhém R, R, X, W, Y1, Y2 L, Z!, 72, 73, hodc Z* trong c4c
hop chét c6 cong thie (I), (II-A), (II-B), (II-C), (III-A), (III-B), (III-C), (I1I-D), (III-E),
({II-F), dI-G), (II-H), (IV-AA), (IV-AB), (IV-AC), (IV-AD), (IV-AE), (IV-AF),
(IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BG),
va (IV-BH), nhu dugc néu & day, c6 thé doc lap duoc két hop véi cac phuong an khéc
va/hodic cac phan tir khac clia cac hop chit c6 cong thirc (1), (II-A), (II-B), (II-C), (II1-A),
(III-B), (III-C), (III-D), (III-E), (II-F), (II-G), (III-H), IV-AA), (IV-AB), (IV-AC), (IV-
AD), (IV-AE), (IV-AF), (IV-AG), (IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD),
(IV-BE), IV-BF), (IV-BG), va (IV-BH), tao ra cac phuong 4n theo sang ché khong dugc
néu cu thé & trén. Ngoai ra, trong trudng hop danh séch cac phan tir thé duoc liét k& dbi
v6i R, Re, X, W, Y1, Y2 L, Z!, 72 73, hodc Z* cu thé bét ky trong phuong 4n va/hodc
yéu cdu bao h cu thé, dugc hidu 1d m3i phin tir thé riéng 18 c6 thé bi x6a khoi phuong 4n
va/hodc yéu cau bao hd cu thé va danh sach céc ph?m tir thé con lai s& duogc xem 13 nim
trong pham vi sang ché.

Chuyén gia trong linh vuc ndy danh gia ring cic hop chit c6 cong thic (),
(II-A), (II-B), (I-C), (IV-AA), (IV-AB), (IV-AC), (IV-AD), (IV-AE), (IV-AF), (IV-AG),
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(IV-AH), (IV-BA), (IV-BB), (IV-BC), (IV-BD), (IV-BE), (IV-BF), (IV-BG), va
(IV-BH), trong d6 Z' va Z? hodc Z' va 73, cling nhau tao thanh -L- c¢6 thé duoc thé hién
theo mot sd cach khac nhau. Vi dy, hop chét 3 cta vi du 3 c6 thé duoc thé hién ¢ dang:

0 F 0 F
e} H 0 I;l
SR QI
\\\" N 0O F X (0] F
O OH , O OH

3 3

H o H 0 F
b S N AN N
75;1;;%:§5H/w[tLF
H

O OH

hoac

3
Duoc phdm

Déi v6i cac muc dich st dung, theo cac phuong an nhét dinh, cac hop chét duogc
md ta & diy dugc ding lam héa chét th hodc dugc bao ché & dang duge phim. Duge
pham dugc bdc 16 & ddy bao gdm hop chét cé cong thire (I) va mot hodc nhidu trong s6:
chét mang, chét pha loing hodc chit phu gia dugc dung. Hop chét c6 cong thuc D co
mit trong ché phém 0 lugng c6 hi€u qua dé diéu tri bénh hoic tinh trang cu thé mong
mudn. Hoat tinh ctia cic hop chét c6 cong thie (I) c6 thé duge x4c dinh boi chuyén gia
trong linh vuc nay, vi dy, nhu dugc mé ta trong ph'?m Vi du duodi day. Cac néng do va
liéu lugng thich hop c6 thé dugc xéc dinh d& dang boi chuyén gia trong linh vyc nay.
Theo céc phwong 4n nhét dinh, hop chét ¢ cong thic (I) cd mit trong dugc phim &
lwong khoang tir 25 mg dén khoang 500 mg. Theo céc phuwong 4n nhét dinh, hop chit ¢6
cong thirc (I) ¢6 mit trong duge phdm & lugng khoang 100 mg dén khoang 300 mg. Theo
cac phuong an nhét dinh, hop chit c6 cong thuc (I) c6 mit trong dwoc phim & luong
khodng 25 mg, 50 mg, 100 mg, 200 mg, 300 mg, 400 mg hodc khoang 500 mg.

Viéc dung céc hop chét theo séng ché, hodc cac mudi duoc dung cua chung, &
dang tinh khiét hodic trong duoc phém thich hop, dugc thuc hién theo cach bt ky trong
s6 céc cach dung cac chit dugc chip nhan dé dap \mg tinh hiru dung gidng nhau. Dugc

phim theo sang ché dugc bao ché bing cach két hop hop chét theo sang ché véi chit
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mang, chit pha losing hodc chét phu gia dugc dung thich hop, va theo cac phuong én cu
thé duoc bao ché thanh ché phém ¢ dang rén, ban ran, long hoac khi, nhu vién nén, vién
nang, bdt, hat, thudc ma, dung dich, thudc dan, thudc tiém, thude x0ng, gel, vi cau, va sol
khi. Céc cach ding 1am vi du vé dwoc phim bao gdm, khong gi6i han, dung qua dudng
miéng, dung tai chd, dung 4p da, ding x6ng, diing ngoai dudng tiéu hoéa, ding dat dudi
ludi, dung dat trong miéng, dung qua tryc trang, dung dat &m dao, va dung trong miii.
Duoc phdm theo sang ché dugc bao ché sao cho cho phép céc thanh phén hoat tinh chira
trong d6 14 kha dung sinh hoc khi dung ché phém cho ngudi bénh. Ché phém s€ duogc
dung cho dbi tugng hodc ngudi bénh & dang mot hoac nhiéu don vi lidu luong, trong do
vi duy, vién nén c6 thé 1a don vi lidu don, va vat chta hop chét theo sang ché & dang sol
khi c¢6 thé gitt phan 16n cac don vi lidu. Cac phwong phéap bao ché thuc t& cac dang liéu
nay 1a da biét, hoic s& 13 rd rang, ddi v6i chuyén gia trong linh vuc nay; vi dy, xem
Remington: The Science and Practice of Pharmacy, 20th Edition (Philadelphia College
of Pharmacy and Science, 2000). Ché phdm dugc ding sg, trong trudng hop bét ky, chira
lwong c6 hiéu qua diéu tri ctia hop chét theo sang ché, hodc mubi dugc dung cta né, dé
diéu tri bénh hojc tinh trang mong mudn theo sy truyén dat kién thuc duge md ta & day.

Dugc phdm dugc bdc 16 & day duge bao ché bang céc phuong phép luan d3 biét
trong linh vuc dugc. Vi dy, theo cac phuong an nhét dinh, duogc phém dy dinh dugc dung
bang céch tiém dugc bao ché bing cach két hop hop chét theo sang ché véi nude duge
chung cAt, v6 tring sao cho tao ra dung dich. Theo mdt s§ phuong 4n, chét hoat dong bé
mit dugc thém vao dé tao thuan loi cho sy hinh thanh huyén phi hoic dung dich ddng
nhét. Céc chit hoat dong bé mat 13 cac hop chit ma tuong tdc khong cong hoa tri véi hop
chét theo séng ché dé tao thuén loi cho sy hoa tan hodc huyén pht ddng nhit chira hop
chét trong hé phan phdi trong nuéc.

Céc hop chét theo sang ché, hodc cac mubi duge dung cua chung, dugc ding &
luong c6 hi€u qua diéu tri, s& thay dbi phu thudc vao nhiéu yéu td bao gdm hoat tinh ciia
hop chit cu thé dug dung; d6 4n dinh chuyén héa va su tac ddng sau cia hop chét; tudi
tac, thé trong, sttc khoe chung, gidi tinh, va ché do an uéng cua nguoi bénh; cach dung va
thoi gian dung; tdc do bai tiét; hon hop dugc chét; su nghiém trong cua r6i loan hodc tinh

trang bénh cu thé; v liéu phap ma ddi tuong phai trai qua.
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Liéu phéap két hop

Theo mdt phuong 4n, sang ché mé ta phuong phép diéu tri hoic ngan ngua sy ldy
nhiém HIV & ngudi cé 1dy nhiém hogic ¢é nguy co 1ay nhiém, phuwong phap nay bao gdm
cho ngudi bénh dung lugng 6 hiéu qua diéu tri bénh ctia hop chét dugc boc 16 & day,
hodc mubi duge dung ctia no, két hop véi lugng c6 hiéu qua didu tri bénh cla mot hoac

nhiéu chat di€u tri bo sung.

Theo mét phwong 4n, séng ché dé xuat dwoc phim chita hop chét duoc boc 10 &
day, hodc mudi dugc dung cta no, két hop véi mét hodc nhiéu chat di€u tri bo sung, va

chit mang, chat pha lodng hodc chat phu gia dugc dung,

Theo mét phuong &n, sang ché dé xuét cac duogc chét két hop chira hop chit duoc
boc 16 & day, hoic mudi duoc dung ctia nd, két hop v6éi mot hodic nhidu cht didu tri bd

sung.

Theo cic phuong 4n néu trén, chit diéu tri bd sung c6 thé 1a chit khang HIV. Vi
du, theo mdt sb phuong én, chét diéu tri bd sung dugc chon tir nhém bao gém céc chit G
ché HIV proteaza, chét ¢c ché HIV khong nucleosit cia transcriptaza ngugc, chét wrc ché
HIV nucleosit ctia transcriptaza ngugc, chat e ché HIV nucleotit cta transcriptaza
nguoc, chét tc ché HIV integraza, chit (¢ ché HIV integraza (hodc allosteric) vi tri
khéng xtc tic, chat trc ché dau vao (vi du, chit trc ché CCR5, chit e ché gp41 (nghia 13,
chét trc ché dung hop) va chit tc ché gin CD4), chit tc ché CXCR4, chit tc ché gp120,
chit trc ché G6PD va NADH-oxidaza, cac hop chét tao dich HIV v protein (“chit (e ché
vé protein”; vi duy, chét e ché vo protein polyme hoéa hodc cac hop chét pha v& vo
protein nhu dugc boc 1oc trong WO 2013/006738 (Gilead Sciences), US 2013/0165489
(University of Pennsylvania), va WO 2013/006792 (Pharma Resources), chit ting cudng
dugc dong hoc, va cac thude khac dé didu tri HIV, va hdn hop ctia chung. Theo céc

phuong 4n khéc, chat diéu tri bo sung dugc chon tir mdt hozc nhiéu trong sb:

(1) chét Gc ché HIV proteaza dugc chon tir nhém bao gdm amprenavir,
atazanavir, fosamprenavir, indinavir, lopinavir, ritonavir, nelfinavir, saquinavir,
tipranavir, brecanavir, darunavir, TMC-126, TMC-114, mozenavir (DMP-450), JE-2147
(AG1776), L-756423, RO0334649, KNI-272, DPC-681, DPC-684, GW640385X, DG17,
PPL-100, DG35, va AG 1859;
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(2) chat tic ché HIV khong nucleosit hosic chit trc ché khoéng nucleotit ctia
transcriptaza nguoc dugce chon tir nhém bao gém capravirin, emivirin, delaviridin,
efavirenz, nevirapin, (+) calanolide A, etravirin, GW5634, DPC-083, DPC-961, DPC-
963, MIV-150, TMC-120, rilpiviren, BILR 355 BS, VRX 840773, lersivirin (UK-
453061), RDEA806, KM023 va MK-1439;

(3) chét e ché HIV nucleosit ctia transcriptaza nguoc dwoc chon tir nhém bao
gém zidovudin, emtricitabin, didanosin, stavudin, zalcitabin, lamivudin, abacavir,
amdoxovir, elvucitabin, alovudin, MIV-210, £-FTC, D-d4FC, emtricitabin, phosphazit,
fozivudin tidoxil, apricitibin (AVX754), KP-1461, GS-9131 (Gilead Sciences) va
fosalvudin tidoxil (truéc day 1la HDP 99.0003);

(4) chit e ché HIV nucleotit cta transcriptaza ngugc duoc chon tir nhém bao
gdm tenofovir, tenofovir disoproxil fumarat, tenofovir alafenamit fumarat (Gilead
Sciences), GS-7340 (Gilead Sciences), GS-9148 (Gilead Sciences), adefovir, adefovir
dipivoxil, CMX-001 (Chimerix) hoic CMX-157 (Chimerix);

(5) chit e ché HIV integraza duoc chon tir nhém bao gdm curcumin, céc din
xuét clia curcumin, axit chicoric, cac din xuét cta axit chicoric, axit 3,5-dicaffeoylquinic,
céc din xut cia axit 3,5-dicaffeoylquinic, axit aurintricarboxylic, céc din xuét cia axit
aurintricarboxylic, phenetyl este cta axit caffeic, cac din xuét cia phenetyl este cia axit
caffeic, tyrphostin, cic din xut ctia tyrphostin, quercetin, cic din xuit cla quercetin, S-
1360, AR-177, L-870812, va L-870810, raltegravir, BMS-538158, GSK364735C, BMS-
707035, MK-2048, BA 011, elvitegravir, dolutegravir va GSK-744;

(6) céc chat e ché HIV integraza, hoc allosteric, khéng xtic tac vi tri (NCINI)
bao gdm, nhung khéng bi gii han &, BI-224436, CX0516, CX05045, CX14442, c4c hop
chit dugc boc 1§ trong WO 2009/062285 (Boehringer Ingelheim), WO 2010/130034
(Boehringer Ingelheim), WO 2013/159064 (Gilead Sciences), WO 2012/145728 (Gilead
Sciences), WO 2012/003497 (Gilead Sciences), WO 2012/003498 (Gilead Sciences) mdi

trong s6 cac tai lidu nay dugc két hop & ddy dé tham khao dén toan bd tai liéu nay;

(7 chat trc ché gp41 dugc chon tir nhom bao gém enfuvirtide, sifuvirtide,
albuvirtide, FBO06M, va TRI-1144;

(8) chét rc ché CXCR4 AMD-070;

-37 -



22752
(9) chét trc ché ddu vao SPO1A;
(10) chét trc ché gp120 BMS-488043;
(11) chét trc ché G6PD va NADH-oxidaza immunitin;

(12) chit @c ché CCR5 duoc chon tir nhém bao gdm aplaviroc, vicriviroc,

maraviroc, cenicriviroc, PRO-140, INCB15050, PF-232798 (Pfizer), va CCR5mAb004;

(13) chét tc ché gin CD4 dugc chon tir nhém bao gdm ibalizumab (TMB-355)
va BMS-068 (BMS-663068);

(14) chét tang cudong dugc ddng hoc duge chon tir nhém bao gém cobicistat va
SPI-452; va

(15) cac thube khac dé diéu tri HIV duge chon tir nhém bao gdm BAS-100, SPI-
452, REP 9, SP-01A, TNX-355, DES6, ODN-93, ODN-112, VGV-1, PA-457
(bevirimat), HRG214, VGX-410, KD-247, AMZ 0026, CYT 99007A-221 HIV, DEBIO-
025, BAY 50-4798, MDX010 (ipilimumab), PBS 119, ALG 889, va PA-1050040 (PA-
040),

va céc hon hop cta chung.

Theo cac phuong 4n nhit dinh, hop chét dugc boc 16 & d4y, hoic mubi duogc
dung cua né, dugc Kkét hop véi hai, ba, bdn hodc nhiu chat didu tri bd sung. Theo cac
phuong 4n nhét dinh, hop chét dwoc boc 16 & ddy, hodc mubi duge dung cta nd, duge két
hop véi hai chit diéu tri bd sung. Theo cac phuong 4n khéc, hop chit dugc boc 16 & day,
hodc mudi dugc dung clia no, dugc két hop v6i ba chét didu tri bd sung. Theo cac
phuong an khac, hop chét duge boc 16 & day, hoac mudi duge dung ctia né, duge két hop
v6i bdn chét didu tri bd sung. Hai, ba, bdn hodc nhiéu chét didu tri bd sung c6 thé 1a cac
chét diéu tri khac nhau duge chon tir cac chét didu tri cung loai, hodc ching c6 thé dugc
chon tir cdc loai chét diéu tri khac nhau. Theo phuong 4n cu thé, hop chét duoc boc 16 &
day, hoac mudi duge dung cta no, dugc két hop véi chit te ché HIV nucleotit cta
transcriptaza nguoc va chat (e ché HIV khéng phai nucleosit cta transcriptaza nguoc.
Theo phuong an cu thé khéc, hop chat duoc boc 16 & day, hodc mudi duge dung ctia no,
duoc két hop vai chit e ché HIV nucleotit ctia transcriptaza nguoc, va hop chit te ché

HIV proteaza. Theo phuong an nita, hop chét duoc boc 16 & day, hodc mudi duge dung
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ctia n6, duoc két hop voi chat e ché HIV nucleotit ca transcriptaza nguoc, chét e ché
HIV khéng nucleosit clia transcriptaza ngugc, va hop chét Gc ché HIV proteaza. Theo
phuong 4n bd sung, hop chét dugc boc 16 & day, hoac mubi duoc dung ctia né, duogc két
hop vé6i chit (rc ché HIV nucleotit cua transcriptaza nguoc, chit tc ché HIV khong

nucleosit cua transcriptaza ngugc, va chat ting cuong duoc dong hoc.

Theo cac phuong an nhét dinh, khi hop chit duge boc 16 & day duoc két hop vai
mdt hodc nhidu chét didu tri bd sung nhu duge mé ta & day, cac thanh phan ca ché phim
duge ding & ché d6 tri lidu dong thoi hodc 1an luot. Khi ding 14n luot, hdn hop nay c6

thé dwoc ding theo hai hodc nhidu cich dung.

Theo cic phuong an nhat dinh, hop chit dugc boc 16 & day duoc két hop véi mot
hodc nhiéu chét didu tri bd sung & dang lidu don vi dé ding ddng thdi cho ngudi bénh, vi

du & dang liéu rin ¢ ding qua dudng miéng.

Theo cac phuong an nhét dinh, hop chét duoc boc 16 & day dugc dung véi mot
hodic nhiéu chét didu tri bd sung. Viéc dung déng thoi hop chét duge boc 16 & day véi
mot hodc nhiéu chit didu tri bd sung thudng dé cap dén viée ding ddng thoi hodc 14n luot
hop chét duoc boc 16 & day va mot hoac nhiéu chit didu tri bd sung, sao cho lugng cé
hidu qua diéu tri bénh ctia hop chét duoc boc 16 & day va mdt hodc nhidu chét didu tri bd

sung déu cé mit trong co thé ngudi bénh.

Viéc ding ddng thoi bao gém viée dung lidu don vi cta cac hop chit duoc boc 16
¢ day trudce hodc sau khi dung 1iéu don vi ctia mdt hodic nhidu chit didu tri bd sung, vi dy,
dung hop chit dugc bdc 16 & dy theo gidy, phut, hodic gid ding mot hoic nhidu chit didu
tri bd sung. Vi du, theo mot ) phuong 4n, liéu don vi cta hop chét duge boc 16 & day
duoc ding diu tién, sau vai gidy hodc phit ding lifu don vi ciia mdt hodc nhidu chit didu
tri bd sung. Theo cach khéc, theo cic phuong an khéc, lidu don vi cta mot hodc nhidu
chit diéu tri bd sung dugc ding dau tién, sau d6 ding lidu don vi cia hop chit duoc boc
16 & day trong vai gidy hodc phit. Theo mot sb phuong 4n, liéu don vi cta hop chit dugc
boc 16 & ddy dugc ding dau tién, sau d6, sau khoang thoi gian tinh theo gio (vi dy, 1-12
gi®y), dung lidu don vi ctia mot hodc nhidu chét diéu tri bd sung. Theo cac phuong an

khac, lieu don vi ciia mdt hodc nhic¢u chat dieu tri bo sung dugc dung dau tién, sau do,
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sau khoang thoi gian tinh theo gir (vi du, 1-12 gid), ding liéu don vi cia hop chit duge
bdc 16 ¢ day.
Phén Vi du sau minh hoa céc phuong phép khic nhau tao ra cac hop chit theo
sang ché, nghia la, hop chét c6 cong thuc (I):

@
Trong d6 R, X, W, Y1, Y2, Z!, 72, hodc Z* nhu dugc x4c dinh & trén. Puoc hidu

1a chuyén gia trong linh vuc nay c6 thé tao ra cac hop chét nay bang céc phuong phap
tuong tu hodc bang cach két hop cac phwong phép khac da biét déi véi chuyén gia trong
linh vuc nay. Cling duoc hiéu 13 chuyén gia trong linh vuc nay c6 thé tao ra, theo cach
tuong tu nhu duge mé ta dudi ddy, cac hop chét co cong thirc (I) khac khéng duge minh
hoa cu thé duéi day bing cach st dung céc thanh phin ban dau thich hop va lam bién dbi
céc thong s6 tong hop khi cin. N6i chung, cdc thanh phén ban diu c6 thé thu duoc tir cac
ngudn nhu Sigma Aldrich, Lancaster Synthesis, Inc., Maybridge, Matrix Scientific, TCI,
va Flochem USA, v.v.. hoac dugc téng hop theo cic ngudn di biét ddi véi chuyén gia
trong linh virc nay (xem, vi dy, Advanced Organic Chemistry: Reactions, Mechanisms,
and Structure, 5th edition (Wiley, December 2000)) hoic dugc diéu ché nhu duge mé ta
o day.
Phin Vi du sau dugc d& xudt nhdm muc dich minh hoa sang ché ma khong 1am
gi6i han sang ché.
Vi du thwe hién sang ché
Céc so d6 tong hop chung

Céc so d6 1-3 dugc dé xuit & dang cac phuong 4n khéc ctia sdng ché va minh hoa

cac phuong phap chung dugc st dung dé didu ché cc hop chét co cdng thie (I) va c6 thé

duoc str dung dé diéu ché hop chét bd sung c6 cong thie (I).
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A1 c6 thé duoc chuyén hoa thanh amit A2 bing amin thich hop va chét phan tng
ghép d6i nhu HATU hodc EDCI. A2 c6 thé dugc chuyén hoéa thanh A3 bing axit manh
nhu axit metansulfonic. A3 ¢ thé dugc chuyén héa thanh A5 hoic A4 bing cach gia
nhiét bang diamin vong hodc rwou amino vong thich hop tiép d6 khir bao vé metyl bang
chét phan (mg nhu magie bromua.

Theo cach khéc, A1 ¢6 thé duoc chuyén hoa thanh A6 bing cach xur ly bang axit
manh nhu axit metansulfonic. A6 c6 thé dugc ngung tu bing diamin vong hodc rugu
amino vong thich hop tiép d6 khir bao vé metyl bang chit phan tng nhu magie bromua
tao thanh A7 hodc A8 tuong tmg. A7 hoic A8 c6 thé dugc chuyén héa thanh amit A5 va
A4 bang cach xir ly bang amin thich hop va chét phan tng ghép doi nhu HATU hoic
EDCI tiép d6 khir bao vé metyl bang chit phan tmg nhu magie bromua.

So db 2
(e} OY;<Y2
o L s W - O
O OBn
B1 B2 B3
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B1 (nhu duoc mé ta trong WO2012/018065) dugc ngung tu bing diamin trong
diéu kién hdi luu tao ra B2. B2 duoc thily phan va ghép doi v6i amin biang phwong phép

tao ra amit tao ra san phém B3 khi loai bd nhoém bao vé benzyl.

Céc hop chit dic trung
Vidul

Diéu ché hop chit 1

N-(2,4-diflobenzyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-octahydro-2,5-
metanopyrido[1',2":14,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit

0O F
H
CIICOrCL
\\\“ N N O F
O OH

1(+/-)
/OTO\ 0 000 o . HO_OH .
N T CHSOH [
N OH HATU N N it NN
/o X 0 /O X OH F /o N OH e
1-A 1-B 1-C
(0] F
H
O 'NH, Q/Y“\/N;\AKL /\@\ MgBr2 Oj/\N N N/\©\
H
N Yo F
O OH

Bude 1

Lam bay hoi axit 1-(2,2-dimetoxyetyl)-5-metoxy-6-(metoxycarbonyl)-4-oxo-1,4-
dihydropyridin-3-carboxylic (1-A, 0,300 g, 0,95 mmol), duoc didu ché nhu dwoc md ta
trong W0O2011/119566 A1, mot 14n ra khoi toluen khan, tao huyén phil trong axetonitril
(4 mL) va duge xtr ly bang N,N-diisopropyletylamin (DIPEA) (0,329 mL, 1,90 mmol),
2,4-diflobenzylamin (0,125 mL, 1,05 mmol) va HATU (0,433 g, 1,14 mmol). Khudy hén
hop phan tng trong 10 phiit va c6 dic. Tinh ché phan con lai bang sic ky cot nhanh trén
silica gel (10 dén 60% etyl axetat:diclometan) tao ra hop chét metyl 5-(2,4-
diflobenzylcarbamoyl)-1-(2,2-dimetoxyetyl)-3-metoxy-4-oxo-1,4-dihydropyridin-2-
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carboxylat, 1-B. '"H-NMR (400 MHz, DMSO-d6) & 10,28 (t, J = 6,0 Hz, 1H), 8,46 (s,
1H), 7,42 (dd, J = 15,4, 8,6 Hz, 1H), 7,24 (m, 1H), 7,06 (m, 1H), 4,52 (m, 3H), 4,22 (d, J
= 4,4 Hz, 2H), 3,92 (s, 3H), 3,80 (s, 3H),3,29 (d, 6H). LCMS-ESI* (m/z): [M+H]" tinh
todn dbi véi C20H23FaN2O7: 441,15; tim thdy: 441,2.

Budce 2

Xt ly metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dimetoxyetyl)-3-metoxy-4-
oxo-1,4-dihydropyridin-2-carboxylat (1-B, 0,106 g, 0,24 mmol) trong axetonitril (0,9
mL) va axit axetic (0,1 mL) bing axit metansulfonic (0,005 mL, 0,072 mmol), dugc day
kin bang nip mau vang, va gia nhiét dén 70°C. Sau 16 gi0, 1am lanh hén hop tao ra dung
dich thdé chta metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-metoxy-4-
oxo-1,4-dihydropyridin-2-carboxylat, 1-C. LCMS-ESI* (m/z): [M+H]* tinh toan d6i véi
Ci1sHioF2N2O7: 413,12; tim thiy: 413,1.

Céac buéc 3 va 4

Xt ly metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-metoxy-4-oxo-
1,4-dihydropyridin-2-carboxylat (1-C, 0,65 mL hén hop thd tir budce trude, 0,17 mmol)
bfmg axetonitril (0,65 mL) va cis-3-aminocyclpentanol (0,06 mL). Lam kin hdn hop phan
Umg va gia nhiét &én 90°C. Sau 30 phut, lam mat hdn hop phan Ung va thém magie
bromua (0,063 g, 0,34 mmol) vao. Lam kin lai hdn hop va gia nhiét dén 50°C. Sau 10
phut, taich hdn hop phan tmg gifta diclometan va axit clohydric (0,2M trong nudce). Loai
b6 16p hitu co va chiét lai 16p trong nudc bang diclormetan. Lam khé cac 16p hitu co két
hop qua natri sulfat, loc va ¢6 dic. Tinh ché HPLC diéu ché (30-70% axetonitril:nuéc,
0,1% TFA) tao ra hop chit 1 1am hén hop raxemic. 'H-NMR (400 MHz, DMSO-d6) &
12,45 (br s, 1H), 10,35 (t, J = 5,8 Hz, 1H), 8,45 (s, 1H), 7,37 (dd, J = 15,4, 8,6 Hz, 1H),
7,23 (dt, J = 2,5, 9,9 Hz, 1H), 7,05 (dt, J = 2,2, 8,7 Hz, 1H), 5,43 (dd, J = 9,6, 4,0 Hz,
1H), 5,09 (br s, 1H), 4,68 (dd, J = 13,2, 4,0 Hz, 1H), 4,59 (br s, 1H), 4,53 (m, 2H), 4,02
(dd, J= 12,6, 9,4 Hz), 1,93 (br s, 4H), 1,83 (d, J = 12,0 Hz), 1,57 (dt, J = 12,2, 3,2 Hz).
LCMS-ESI* (m/2): [M+H]* tinh toan d6i v6i Ca1HaoF2N30s: 432.14; tim thdy: 432,2.

Cacvidu2va3

Diéu ché cac hop chit2 va 3
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(2R,58,13aR)-N-(2,4-diflobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit (2) va
(2S,5R,13a8)-N-(2,4-diflobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit (3)

Q F 0 F
ol ol
X . Y X
N o F Ao ¥ So F
O OH O OH

2 3

T4ch hop chit 1 (16 mg) bang HPLC bét ddi sir dung Chiralpak AS-H véi 100%
etanol 1am chét rira giai tao ra cac hop chit2va3 ¢ dang dugc lam giau dbi anh. Dbi véi
hop chét 2: LCMS-ESI* (m/z): [M+H]* tinh toan d6i v6i Ca1HaoF2N3Os: 432,14, tim
thdy: 432,2, HPLC bt d6i thoi gian luu = 4,50 phut (Chiralpak AS-H, 150 x 4,6 mm, 1
mL/phtt EtOH). D4i v6i hop chat 3: LCMS-ESIY (m/z): [M+H]" tinh toan di voi
C21H20F2N30s: 432,14; tim thdy: 432,2, HPLC bat dbi thoi gian lwu = 6,84 phut
(Chiralpak AS-H, 150 x 4,6 mm, 1 mL/phtt EtOH). "H-NMR (400 MHz, DMSO-d6) &
12,45 (br s, 1H), 10,35 (t, J = 5,8 Hz, 1H), 8,44 (s, 1H), 7,37 (dd, J = 15,2, 8,4 Hz, 1H),
7,23 (m, 1H), 7,05 (dt, J = 1,8 Hz, 8,7 Hz, 1H), 5,44 (dd, J = 9,6, 4,0 Hz), 5,09 (br s, 1H),
4,68 (dd, J= 12,8, 4,0 Hz, 1H), 4,59 (br s, 1H), 4,53 (m, 2H), 4,02 (dd, J = 12,6, 9,4 Hz,
1H), 1,93 (br s, 4H), 1,83 (d, J= 12,4 Hz, 1H), 1,57 (m, 1H).

Theo cach khéc, didu ché hop chit 3 nhu sau:
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Xt ly metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-metoxy-4-
0x0-1,4-dihydropyridin-2-carboxylat (1-C, 1,2 mmol trong 5 mL cla axetonitril:axit
axetic ty 1& 9:1 chira 0,026 mL axit metansulfonic) bang axetonitril (5,0 mL) va cis-3-
aminocyclpentanol (0,24 g, 2,4 mmol). Lam kin hdn hop phan tng va gia nhiét dén 90°C.
Sau 30 phut, 1dm mat hdn hop phan tmg, xir ly bing kali carbonat(0,332 g, 2,4 mmol),
lam kin va gia nhiét lai dén 90°C. Sau 15 phut, 1am lanh hdn hop va phén tach gilta
diclometan va axit clohydric (0,2M trong nuéc). Loai bo 16p hitu co va chiét lai dung
dich chira nudc bang diclometan. Lam khé céc 16p hitu co két hop qua natri sulfat (khan),
loc va ¢d dic. Tinh ché phan con lai bang sic ky cot nhanh (0-8% etanol (chtra 11%
amoni hydroxit trong nuwéc bdio hoa) trong diclometan) tao ra chit trung gian 1-D.
LCMS-ESI* (m/z): [M+H]" tinh toan d6i véi C2oHxFaN3O0s: 446,15; tim thiy: 446,2
Téch chit trung gian 1-D (270 mg) bang SFC bét ddi trén c6t 50 mm Chiralpak
AD-H str dung 50% (1:1 metanol:axetonitril) trong cacbon dioxit siéu t&i han lam chét
rira gidi tao ra cac chét trung gian 3-A (dinh ria giai thi nhét) va 3-B (dinh rta giai thu
hai) & dang dugc 1am gidu ddi anh. Pbi véi 3-A: LCMS-ESI* (m/z): [M+H]* tinh toén
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di v&i C2aHaoFaN30s: 446,15; tim thiy: 446,2. D6i véi 3-B: LCMS-ESI* (m/z): [M+H]*
tinh toan d6i véi CaoHaoFaN3Os: 446,15; tim thdy: 446,2.

Xt Iy timg phan chit trung gian 3-A (0,110 g, 0,247 mmol) trong axetonitril (5
mL) bang magie bromua (0,091 g, 0,494 mmol), lam kin va gia nhiét dén 50°C. Sau 10
phut 1am lanh hdn hop va phan tich giita diclometan va axit clohydric (0,2M trong nudc).
Tach 16p hitu co va chiét lai phan trong nude biang diclometan. Lam khé cac 16p hitu co
két hop qua natri sulfat, loc va c6 dic. Tinh ché HPLC didu ché (30-70%
axetonitril:nuée, 0,1% TFA) tao ra hop chit 3 & dang dugc lam giau d6i anh. HPLC bét
doi thoi gian lvu = 6,51 phut (Chiralpak AS-H, 150 x 4,6 mm, 1 mL/phut EtOH).
LCMS-ESI* (m/z): [M+H]" tinh todn d6i v&i Ca1HaoF2N30s: 432,14; tim thiy: 432,2. 'H-
NMR (400 MHz, DMSO-d6) 6 12,45 (br s, 1H), 10,35 (t, J = 5,8 Hz, 1H), 8,44 (s, 1H),
7,37 (dd, J= 15,2, 8,4 Hz, 1H), 7,23 (m, 1H), 7,05 (dt, J= 1,8 Hz, 8,7 Hz, 1H), 5,44 (dd,
J=9,6, 4,0 Hz), 5,09 (br s, 1H), 4,68 (dd, J= 12,8, 4,0 Hz, 1H), 4,59 (br s, 1H), 4,53 (m,
2H), 4,02 (dd, J = 12,6, 9,4 Hz, 1H), 1,93 (br s, 4H), 1,83 (d, /= 12,4 Hz, 1H), 1,57 (m,
1H).

Vidu 4
Diéu ché hop chit 4

(1S,4R)-N-(2,4-diflobenzyl)-7-hydroxy-6,8-dioxo-3,4,6,8,12,12a-hexahydro-2H-1,4-

metanopyrido[1',2":4,5]pyrazino[1,2-a]pyrimidin-9-carboxamit

(0] F
NS SN0 F
(0] OH
4

X ly metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-metoxy-4-oxo-
1,4-dihydropyridin-2-carboxylat (1-C, 0,12 mmol trong 0,53 mL cla axetonitril:axit
axetic ty 18 9:1 chitra 0,002 mL axit metansulfonic) bing axetonitril sau d6 1a (R)-
pyrolidin-3-amin (0,032 mL, 0,36 mmol). Pay nip hdn hop phan ting va gia nhiét dén
90°C trong 5,5 gid. Sau khi lam lanh, phin tich hdn hop gitta diclometan va natri
bicarbonat (1M trong nuéc). Tach 16p hitu co va chiét lai phin trong nuéc bing etyl

axetat. Lam kho céc 16p hitu co két hop qua natri sulfat (khan), loc va ¢d dic. Hoa tan

- 46 -



22152

phan con lai trong axetonitril (1 mL), x® Iy bing magie bromua (0,022 g, 0,12 mmol),
day nip va gia nhiét d&n 50°C trong 10 phat. Sau khi 1am lanh phén tach hdn hop gitta
diclometan va amoni clorua (bdo hoa). Tach 16p hitu co va chiét lai phin trong nuéc bing
diclometan. Pidu chinh 16p trong nudc dén 46 pH = 1 bang HCI (trong nudc) va chiét lai
bang diclometan. Diéu chinh dung dich trong nuéc dén d6 pH = 3 bing NaOH (trong
nuéce) va chiét lai bang diclometan. Lam kho céc 16p hitu co két hop qua natri sulfat, loc,
va ¢d dic. Tinh ché HPLC diéu ché (10-55% axetonitril:nude, 0,1% TFA) tao ra hop chét
4. "TH-NMR (400 MHz, CD30D-d4) & 8,42 (s, 1H), 7,42, (q, J = 7,7 Hz, 1H), 6,99 — 6,90
(m, 2H), 5,07 (br s, 1H), 4,73 (br d, J = 10,8 Hz, 1H), 4,62 (s, 2H), 4,51 (br d, J = 12,8
Hz, 1H), 4,07 (t, /= 11,8 Hz, 1H), 3,4- 3,0 (m, 3H), 2,76 (br d, J = 8,8 Hz, 1H), 2,15-2,0
(m, 1H), 1,9-1,8 (m, 1H). LCMS-ESI* (m/z): [M+H]" tinh toan d6i véi CaoH19FaN4Oy:
417,14; tim thay: 417,2.

Vidu$5
Diéu ché hop chit 5

(4R,12aS)-N-(1-(2,4-diflophenyl)xyclopropyl)-7-hydroxy-4-metyl-6,8-dioxo-
3,4,6,8,12,12a-hexahydro-2H-[1,3]oxazino[3,2-d]pyrido[ 1,2-a]pyrazin-9-carboxamit

OH O :

oGS
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Budce 1

Didu ché axit (4R,12aS)-7-metoxy-4-metyl-6,8-dioxo-3,4,6,8,12,12a-hexahydro-
2H-[1,3]oxazino[3,2-d]pyrido[1,2-a]pyrazin-9-carboxylic (chit trung gian 5-A) theo cach
tuong tu voi axit (38,11aR)-6-metoxy-3-metyl-5,7-dioxo0-2,3,5,7,11,11a-
hexahydrooxazolo[3,2-d]pyrido[1,2-a]pyrazin-8-carboxylic nhu dugc md ta trong
WO02011/119566, thay thé (R)-3-aminobutan-1-0l cho (S)-2-aminopropan-1-ol.
WO02011/119566 dugc két hop & ddy dé tham khao dén toan bo tai lidu nay. Khudy
huyén pht coa chit trung gian 5-A (24,8 mg, 0,080 mmol), 1-(2,4-
diflophenyl)xyclopropanamin mudi HCI (5-B, 21,9 mg, 0,107 mmol), va HATU (48 mg,
0,126 mmol) trong CH2Cl2 (2 mL) & nhi€t d0 méi truong khi thém N,N-
diisopropyletylamin (DIPEA) (0,1 mL, 0,574 mmol) vao. Sau 30 phiit, pha loing hdn hop
phan mg bang etyl axetat truéc khi rira bang 10% dung dich axit xitric trong nudce (x1)
va dung dich NaHCO; chira nu6c bdo hoa (x1). Sau khi chiét cac phan doan trong nuée
' bing etyl axetat (x1), gom cac phin doan hitu co, 1am khd (MgSOs), va ¢b dic. Tinh ché
phan con lai bang CombiFlash (cot 12 g) st dung hexan, etyl axetat, va 20% metanol
trong etyl axetat thu dugc (4R,12aS)-N-(1-(2,4-diflophenyl)xyclopropyl)-7-metoxy-4-
metyl-6,8-dioxo-3,4,6,8,12,12a-hexahydro-2H-[1,3]oxazino[3,2-d]pyrido[ 1,2-a]pyrazin-
9-carboxamit, chit trung gian 5-C. LCMS-ESI* (m/z): [M+H]* tinh toin d6i véi
C23H24F2N30s: 460,17; tim thdy 460,2.

Budce 2

Khudy huyén phl chira chit trung gian 5-C (39 mg, 0,080 mmol) vi magie
bromua (42 mg, 0,2282 mmol) trong axetonitril (2 mL) & 50°C. Sau 1 gid, khudy hén hop
phan tng & bé 0°C khi thém HCI IN (2 mL) véo. Sau khi pha loing hdn hop thu dugc
biang nudc (~20 mL), chiét san phdm bing diclometan (x3) va 1am khd cac phan chiét két
hop (MgSO4) va cb dic. Tinh ché phan con lai bang HPLC didu ché thu duge (4R,12aS)-
N-(1-(2,4-diflophenyl)xyclopropyl)-7-hydroxy-4-metyl-6,8-dioxo-3,4,6,8,12,12a-
hexahydro-2H-[1,3]oxazino[3,2-d]pyrido[1,2-a]pyrazin-9-carboxamit, hop chét 5, & dang
mudi TFA. "TH-NMR (400 MHz, CDCl3) § 10,72 (br s, 1H), 8,37 (s, 1H), 7,57 (d, T = 7,9
Hz, 1H), 6,71-6,81 (m, 2H), 5,23 (dd, J = 5,6 va 4,4 Hz, 1H), 4,98 (br quint, ] = ~6,5 Hz,
1H), 4,26 (dd, J = 13,6 va 4,4 Hz, 1H), 4,12 (dd, J = 13,6 va 5,6 Hz, 1H), 4,00-4,06 (m,
2H), 2,16-2,25 (m, 1H), 1,55 (br dd, J = 13,8 va 1,8 Hz, 1H), 1,40 (d, J = 6,8 Hz, 3H),
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1,22-1,31 (m, 4H). ’F NMR (376.1 MHz, CDCl3) § -76,38 (s, 3F), -111,69 ~ -111,645
(m, 2F). LCMS-ESI* (m/z): [M+H]" tinh todn dbi v&i CHuFaN3Os: 446,15; tim thiy:
446,2.

Vidu 6
Diéu ché hop chit 6

(1R,4S5)-N-(2,4-diflobenzyl)-7-hydroxy-6,8-dioxo-3,4,6,8,12,12a-hexahydro-2H-1,4-
metanopyrido[1',2":4,5]pyrazino[1,2-a]pyrimidin-9-carboxamit

0 F
yj/\N‘\ N
E?N NN F
O OH
6

Tao huyén phi metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-
metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat (1-C, 0,100 g, 0,243 mmol), (S)-
pyrolidin-3-amin (0,043 mL, 0,485 mmol) va kali carbonat (0,067 g, 0,485 mmol) trong
axetonitril (1,9 mL) va axit axetic (0,1 mL) va gia nhiét dén 90°C trong 1,5 gid. Sau khi
lam lanh, xtr Iy hdn hop bing magie bromua (0,090 g) va gia nhiét dén 50°C trong 30
phut. Sau khi 1am lanh, phan tach hdn hop gifta diclometan va HC1 0,2M. Téch 16p hitu
co va chiét lai phin trong nu6c bang diclometan. Lam khé céc 16p hitu co két hop qua
natri sulfat (khan), loc va c6 dic. Tinh ché HPLC diéu ché (25-50% axetonitril:nudc,
0,1% TFA) tao ra hop chit 6. "H-NMR (400 MHz, DMSO-ds) § 10,33 (t, J = 6,0 Hz,
1H), 8,44 (s, 1H), 7,48 — 7,32 (m, 1H), 7,31 — 7,15 (m, 1H), 7,14 — 6,97 (m, 1H), 4,86 (d,
J=2,9 Hz, 1H), 4,62 — 4,54 (m, 1H), 4,52 (d, J= 5,9 Hz, 1H), 4,01 (d, J= 13,0 Hz, 1H),
2,99 — 2,76 (m, 3H), 1,96 — 1,81 (m, 1H), 1,71 — 1,53 (m, 1H). LCMS-ESI" (m/z):
[M-+H]* tinh toan d6i v6i CaoH19F2N4O4: 417,14; tim thay: 417,2.

Vidu7
Diéu ché hop chét 7

(2S,6R)-N-(2,4-diflobenzyl)-9-hydroxy-8,10-diox0-3,4,5,6,8,10,14,14a-octahydro-2H-
2,6-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]Joxazocin-11-carboxamit
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Tao huyén phi metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-
metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat (1-C, 0.050 g, 0.121 mmol), (1S,3R)-3-
aminoxyclohexanol (0,028 g, 0,243 mmol) va kali carbonat (0,034 g, 0,243 mmol) trong
axetonitril (0,95 mL) va gia nhiét &n 90°C trong 0,5 gio. Sau khi 1am lanh, thém axit
axetic (0,050 mL) vao va gia nhiét lai hdn hop dén 90°C trong 2 gid. Sau khi lam lanh xir
1y hdn hop bing magie bromua (0,044 g) va gia nhiét dén 50°C trong 1 gid. Sau khi lam
lanh, thém phin magie bromua thir hai (0,044 g) vao va gia nhiét lai hdn hop dén 50°C
trong 15 phut. Sau khi lam lanh, phén tdch hdn hop giita diclometan va HCl 0,2M. T4ch
16p hitu co va chiét lai phan trong nu6c bing diclometan. Lam khd céc 16p hitu co két
hop qua natri sulfat (khan), loc va c6 dic. Tinh ché HPLC didu ché (40-80%
axetonitril:nudc, 0,1% TFA) tao ra hop chét 7. '"H-NMR (400 MHz, DMSO-ds) 8 12,40
(s, 1H), 10,36 (t, J = 6,1 Hz, 1H), 8,45 (s, 1H), 7,48 — 7,29 (m, 1H), 7,31 — 7,13 (m, 1H),
7,13 - 6,97 (m, 1H), 5,56 (dd, /= 10,0, 4,1 Hz, 1H), 4,70 (dd, J = 12,7, 4,1 Hz, 1H), 4,52
(d, J= 5,5 Hz, 2H), 4,40 — 4,29 (m, 2H), 4,06 (dd, /= 12,5, 10,2 Hz, 1H), 2,46 — 2,36 (m,
1H), 1,98 — 1,63 (m, 4H), 1,57 — 1,30 (m, 3H). LCMS-ESI* (m/z): [M+H]" tinh toan di
v&i CoHaoF2N30s: 446,15; tim thiy: 446,2.

Vidu8
Diéu ché hop chit 8

(2R,65)-N-(2,4-diflobenzyl)-9-hydroxy-8,10-dioxo0-3,4,5,6,8,10,14,14a-octahydro-2H-
2,6-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazocin-11-carboxamit
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Diéu ché hop chét 8 theo cach twong tu nhu hop chit 7 st dung (1R,3S)-3-
aminoxyclohexanol thay cho (1S,3R)-3-aminoxyclohexanol. 'H-NMR (400 MHz,
DMSO-de) 8 12,40 (s, 1H), 10,36 (t, J = 6,1 Hz, 1H), 8,45 (s, 1H), 7,48 — 7,30 (m, 1H),
7,23 (td, J= 10,6, 2,7 Hz, 1H), 7,05 (td, J = 8,3, 2,3 Hz, 1H), 5,56 (dd, J = 10,1, 4,1 Hz,
1H), 4,70 (dd, J = 12,8, 3,9 Hz, 1H), 4,52 (d, J = 5,6 Hz, 2H), 4,39 — 4,27 (m, 2H), 4,06
(dd, J = 12,6, 10,0 Hz, 1H), 2,47 — 2,35 (m, 1H), 2,00 — 1,64 (m, 4H), 1,58 — 1,30 (m,
3H). LCMS-ESI* (m/z): [M+H]" tinh todn dbi véi CaHaoFaN3Os: 446,15; tim thay:
446,2.

Cacvidu9valo
Diéu ché cac hop chét 9 va 10

(28,5R,13aS)-N-((R)-1-(4-flophenyl)etyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit 9 va
(2R,58,13aR)-N-((R)-1-(4-flophenyl)etyl)-8-hydroxy-7,9-dioxo0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit 10

(0] = 0O =
Olj : Oki :
3 X A
LN N YN ON
‘\ N N N N
o o) F o) F
O OH O OH

9 10
o cl) |
- r r
\[ 0 Buéce 1 /o\[o o = Budce 2 HO\[OH o :
. N\\ OH PN ﬁ . N H/\@\
- 0 Ao F O NN F
0 O
0 o o o
1-A S eA ~ 9B
0 H Q
Bude 3 C NN o\{/\N A N/\©\
N
; . C©
o\ : A F
: O OH
O +/- cis 9 10
NH,

Bude 1

Tao huyén phu axit 1-(2,2-dimetoxyetyl)-5-metoxy-6-(metoxycarbonyl)-4-oxo-
1,4-dihydropyridin-3-carboxylic (1-A, 0,500 g, 1,59 mmol), trong axetonitril (6 mL) va
duogc xtr ly bing N,N-diisopropyletylamin (DIPEA) (0,550 mL, 3,17 mmol), (R)-1-(4-
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flophenyl)etanamin (0,242 mg, 1,74 mmol) va HATU (0,661 g, 1,74 mmol). Khudy hdn
hop phan Gng trong 2 gi¢ va phén tach gilra etyl axetat va nudc. Téach 16p hitu co va rira
bang HCI (10% trong nudc), natri bicarbonat (1M trong nuée), 1am khé bang natri sulfat,
loc va cb déc tao ra (R)-metyl 1-(2,2-dimetoxyetyl)-5-(1-(4-flophenyl)etylcarbamoyl)-3-
metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat thé duge str dung cho bude tiép theo ma
khéng can tinh ché: LCMS-ESI* (m/z): [M+H]" tinh toan ddi v6i CaiHasFN207: 437,17,
tim thay: 437,1.

Budc 2

Tao huyén phi (R)-metyl 1-(2,2-dimetoxyetyl)-5-(1-(4-flophenyl)etylcarbamoyl)-
3-metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat trong axetonitril (5,7 mL) va axit axetic
(0,6 mL) va dugc xir Iy bang axit metan sulfonic (0,031 mL, 0,477 mmol). D4y nip hdn
hop va gia nhiét dén 75°C. Sau 7 gid, 1am lanh hdn hop va st dung cho budc tiép theo
ma khéng cin tinh ché: LCMS-ESI* (m/z): [M+H]" tinh toan ddi véi C1oH2FN,O7:
409,14; tim thay: 409,0.

Budce 3

Pha lofng (R)-metyl 1-(2,2-dihydroxyetyl)-5-(1-(4-flophenyl)etylcarbamoyl)-3-
metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat (3,6 mL hén hop tho tir Bude 2, 0,8
mmol) bing axetonitril (3,6 mL) va duoc xir Iy bang cis-3-aminocyclpentanol, mudi HCI
(0,219 g, 1,6 mmol) va kali carbonat (0,276 g, 2,0 mmol). D3y nép hdn hop va gia nhiét
dén 90°C. Sau 20 phut, lam mat hdn hop phan tmg va phén tach gitta diclometan va HCI
(0,2M trong nudc). Tach cac 16p va chiét lai 16p trong nudc bang diclometan. Xir Iy cac
16p hitu co két hop béng lugng nhé axetonitril, lam kho béng natri sulfat, loc va co dac.

Tao huyén phil phan con lai trong axetonitril (4 mL) va dwoc xir Iy bing magie
bromua (0,177 g). D4y nép hén hop va gia nhiét &n 50°C. Sau 10 phut, 1am méat hén hop
phan tmg va phén tich gitta diclometan va HCI (0,2M trong nuéc). Tach céc 16p va chiét
lai 16p trong nudc bang diclometan. Lam khd cac 16p hitu co két hop qua natri sulfat, loc
va ¢d dic. Tinh ché phin con lai bang sic ky cOt nhanh trén silica gel (0-8%
etanol: DCM) tao ra hdn hop ddng phan khong ddi quang chira 9 va 10 mong mudn.

Tach h8n hop bang HPLC bt dbi st dung Chiralpak AD-H véi 100% etanol lam

chét rira giai tao ra céc hop chdt 9 va 10 & dang dugc lam giau d61 anh:
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D6i v6i hop chit 9: LCMS-ESI* (m/z): [M+H]" tinh toan d8i véi CaHasFN3Os:
428,16; tim thdy: 428,1. HPLC bAt ddi thoi gian lvu = 10,177 phut (Chiralpak AD-H,
150 x 4,6 mm, 1 mL/phat EtOH). "H-NMR (400 MHz, DMSO-ds) § 12,45 (s, 1H), 10,45
(d, J= 1,7 Hz, 1H), 8,40 (s, 1H), 7,37 (dd, J = 8,6, 5,6 Hz, 2H), 7,15 (t, J = 8,9 Hz, 2H),
5,44 (dd, J= 9,5, 4,2 Hz, 1H), 5,17 — 5,04 (m, 2H), 4,73 — 4,62 (m, 1H), 4,59 (s, 1H),
4,00 (dd, J= 12,7, 9,5 Hz, 1H), 1,93 (s, 4H), 1,83 (d, J= 11,8 Hz, 1H), 1,56 (dt, /= 12,1,
3,4 Hz, 1H), 1,44 (d, J= 6,9 Hz, 3H).

Dé&i v6i hop chit 10: LCMS-ESI* (m/z): [M+H]* tinh toén dbi v6i CaaHasFN3Os:
428,16; tim thdy: 428,1. HPLC bat d6i thoi gian luu = 14,061 phit (Chiralpak AD-H,
150 x 4,6 mm, 1 mL/phut EtOH). 'H-NMR (400 MHz, DMSO-ds) 5 12,44 (s, 1H), 10,46
(d, J= 17,8 Hz, 1H), 8,41 (s, 1H), 7,37 (dd, J = 8,6, 5,6 Hz, 2H), 7,15 (t, J = 8,9 Hz, 2H),
5,42 (dd, J= 9,6, 4,1 Hz, 1H), 5,18 — 5,02 (m, 2H), 4,67 (dd, J = 12,8, 4,2 Hz, 1H), 4,59
(s, 1H), 4,02 (dd, J = 12,7, 9,6 Hz, 1H), 1,93 (s, 4H), 1,83 (d, J = 12,0 Hz, 1H), 1,57 (dt,
J=13,0, 3,5 Hz, 1H), 1,44 (d, J= 6,9 Hz, 3H).

Vidu 11
Diéu ché hop chét 11

(25,5R,13aS)-N-((R)-1-(2,4-diflophenyl)etyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Budce 1

Tao huyén phu axit 1-(2,2-dimetoxyetyl)-5-metoxy-6-(metoxycarbonyl)-4-oxo-
1,4-dihydropyridin-3-carboxylic (1-A, 0,315 g, 1,00 mmol), trong axetonitril (4 mL) va
dugc xtr Iy bang N,N-diisopropyletylamin (DIPEA) (0,348 mL, 2,00 mmol), (R)-1-(2,4-
diflophenyl)etanamin mudi HCI (0,213 mg, 1,10 mmol) va HATU (0,418 g, 1,10 mmol).
Khudy hén hcjp phan Umg trong 1 gio va phédn tach gitta diclometan va HC1 (10% trong
nuéc). Tach 16p hitu co va rira natri bicarbonat (IM trong nuéc), 1am khé bing natri
sulfat, loc va cd dic tao ra (R)-metyl 5-(1-(2,4-diflophenyl)etylcarbamoyl)-1-(2,2-
dimetoxyetyl)-3-metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat thé dugc st dung cho
bude tiép theo ma khong can tinh ché. LCMS-ESI* (m/z): [M+H]* tinh todn dbi véi
C21HasFaN207: 455.16; tim thiy: 455.1.

Budc 2

Tao huyén phi (R)-metyl 5-(1-(2,4-diflophenyl)etylcarbamoyl)-1-(2,2-
dimetoxyetyl)-3-metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat trong axetonitril (3,6
mL) va axit axetic (0.4 mL) va duoc xi Iy bang axit metan sulfonic (0,020 mL). Day nép
hén hop va gia nhiét &én 75°C. Sau 16 gid, lam lanh hdn hop thd va st dung cho budce
tiép theo ma khéng cin tinh ché. LCMS-ESI* (m/z): [M+H]' tinh toan déi véi
C1oH21F2N207: 427,13; tim thdy: 427,1.

Buée 3

Pha lodng (R)-metyl 5-(1-(2,4-diflophenyl)etylcarbamoyl)-1-(2,2-dihydroxyetyl)-
3-metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat (mdt nira hdn hop thé tir Budc 2,
khoang 0,5 mmol) bing axetonitril (2,5 mL) va duoc xi Iy bang (1S,3R)-3-
aminoxyclopentanol (0,110 g, 1,09 mmol) va kali carbonat (0,069 g, 0,50 mmol). D4y
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nap hdn hop va gia nhiét &&n 90°C. Sau 15 phit, 1am mét hdn hop phan tng va thém
magie bromua (0,184 g) vdo. Gia nhiét hdn hop phan tmg dén 50°C. Sau 10 phut, [am
lanh hdn hop va dugc xtr Iy bang mot phan magie bromua b sung (0,184 g). Gia nhiét lai
hdn hgp phan tmg dén 50°C va khudy trong 10 phut. Sau khi Iam lanh, phan tach hén hop
gifta diclometan va HCI (0,2M trong nuéc). Tach céc 16p va chiét lai 16p trong nude bang
diclometan. Lam kho cac 16p hitu co két hop qua natri sulfat, loc va ¢6 dic. Tinh ché
HPLC diéu ché (30-60% axetonitril:nude, 0,1% TFA) thu dugc hop chat 11 mong mudn.,
LCMS-ESI* (m/z): [M+H]* tinh toan dbi v&i C22HnFaN30s: 446,15; tim thiy: 446,1. 1H-
NMR (400 MHz, DMSO-ds) 6 12,46 (s, 1H), 10,53 (d, J=7,5 Hz, 1H), 8,38 (s, 1H),
7,39 (q, J= 8,5 Hz, 1H), 7,29 - 7,12 (m, 1H), 7,13 — 6,93 (m, 1H), 5,44 (dd, J=9,8, 4,2
Hz, 1H), 5,28 (p, J/=17,3, 6,8 Hz, 1H), 5,09 (s, 1H), 4,66 (dd, J= 13,2, 4,3 Hz, 1H), 4,59
(s, 1H), 3,99 (dd, /= 13,1, 9,6 Hz, 1H), 1,93 (s, 4H), 1,83 (d, J= 12,4 Hz, 1H), 1,56 (dt,
J=12,5,2,9 Hz, 1H), 1,45 (d, /= 6,9 Hz, 3H).

Viduy 12
Diéu ché hop chit 12

(2R,58,13aR)-N-((R)-1-(2,4-diflophenyl)etyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Diéu ché hop chat 12 theo cach tuong tu nhu hop chét 11 st dung (1R,3S)-3-
aminoxyclopentanol thay cho (1S,3R)-3-aminoxyclopentanol. 'H-NMR (400 MHz,
DMSO-ds) 6 12,43 (s, 1H), 10,52 (d, J = 8,2 Hz, 1H), 8,38 (s, 1H), 7,39 (q, J = 8,4 Hz,
1H), 7,28 — 7,12 (m, 1H), 7,11 — 6,97 (m, 1H), 5,41 (dd, J = 10,0, 4,0 Hz, 1H), 5,35 —
5,20 (m, 1H), 5,08 (s, 1H), 4,65 (dd, J = 13,1, 3,8 Hz, 1H), 4,58 (s, 1H), 4,01 (dd, J =
12,8, 9,5 Hz, 1H), 1,92 (s, 4H), 1,83 (d, /= 11,5 Hz, 1H), 1,61 — 1,51 (m, 1H), 1,44 (d, J
= 6,9 Hz, 3H). LCMS-ESI* (m/z): [M+H]" tinh toan d6i v&i Co2HxFaN3Os: 446,15; tim
thiy: 446,1.
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Vidu 13
Diéu ché hop chit 13

(2S,5R,13a8)-N-((S)-1-(2,4-diflophenyl)etyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit

13

Diéu ché hop chit 13 theo cach twong tu nhw hop chét 11 st dung (S)-1-(2,4-
diflophenyl)etanamin thay cho (R)-1-(2,4-diflophenyl)etanamin, va chi str dung mot phin
magie bromua don 1¢ (0,184 g). 'TH-NMR (400 MHz, DMSO-ds) § 12,44 (s, 1H), 10,53
(d, J=17,8 Hz, 1H), 8,39 (s, 1H), 7,39 (q, J= 8,5 Hz, 1H), 7,32 — 7,14 (m, 1H), 7,05 (t, J
=9,1 Hz, 1H), 5,42 (dd, J = 9,5, 4,2 Hz, 1H), 5,29 (p, J = 6,9 Hz, 1H), 5,09 (s, 1H), 4,65
(dd, J= 12,9, 4,3 Hz, 1H), 4,59 (s, 1H), 4,02 (dd, J= 12,6, 9,8 Hz, 1H), 1,92 (s, 4H), 1,83
(d, J=12,1 Hz, 1H), 1,61 — 1,52 (m, 1H), 1,44 (d, J = 6,9 Hz, 3H). LCMS-ESI* (m/z2):
[M+H]* tinh todn d6i véi CoxHaoFaN3Os: 446,15; tim thy: 446,2.

Vi du 14
Piéu ché hop chit 14

(2R,58,13aR)-N-((S)-1-(2,4-diflophenyl)etyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3 ]oxazepin-10-carboxamit

@w &,
14
Diéu ché hop chit 14 theo cich twong tu nhu hop chit 11 sir dung (S)-1-(2,4-
diflophenyl)etanamin thay cho (R)-1-(2,4-diflophenyl)etanamin va st dung (I1R,3S)-3-
aminoxyclopentanol thay cho (1S,3R)-3-aminoxyclopentanol. 'H-NMR (400 MHz,
DMSO-ds) 6 12,46 (s, 1H), 10,53 (d, J = 7,6 Hz, 1H), 8,38 (s, 1H), 7,39 (q, J = 8,6 Hz,
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1H), 7,28 — 7,14 (m, 1H), 7,05 (t, J= 8,5 Hz, 1H), 5,44 (dd, J = 9,8, 3,8 Hz, 1H), 5,28 (p,
J=28,0 Hz, 1H), 5,09 (s, 1H), 4,66 (dd, J = 12,9, 4,0 Hz, 1H), 4,59 (s, 1H), 3,99 (dd, J =
12,5, 9,6 Hz, 1H), 1,93 (s, 4H), 1,83 (d, /= 12,6 Hz, 1H), 1,56 (dt, J = 13,0, 3,3 Hz, 1H),
1,45 (d, J = 6,9 Hz, 3H). LCMS-ESI* (m/z): [M+H]" tinh toan d6i v&i CaaH2FaN3Os:
446,15; tim thiy: 446,1.
Vidu 15
Diéu ché hop chat 15
(2S,5R,13aS)-N-(4-flobenzyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-octahydro-2,5-
metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Budce 1

Xt ly axit 1-(2,2-dimetoxyetyl)-5-metoxy-6-(metoxycarbonyl)-4-oxo-1,4-
dihydropyridin-3-carboxylic (1-A, 3,15 g, 10,0 mmol), dugc tao huyén phi trong
axetonitril (36 mL) va axit axetic (4 mL) bang axit metan sulfonic (0,195 mL). Gia nhiét
hén hop dén 75°C. Sau 7 gid, 1am lanh hdn hop thé va bao quan & -10°C trong ba ngdy.
Gia nhiét lai hdn hop thd dén 75°C trong 2 gid, 1am lanh st dung cho budc tiép theo ma
khong cin tinh ché. LCMS-ESI* (m/z): [M+H]" tinh toan dbi v&i C1oHaiFaN207: 288,07;
tim thay: 288,1.
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Bude 2

Két hop axit 1-(2,2-dihydroxyetyl)-5-metoxy-6-(metoxycarbonyl)-4-oxo-1,4-
dihydropyridin-3-carboxylic (16,8 mL hdn hgp thd tir Bude 1, khoang 4 mmol) véi
(1S,3R)-3-aminoxyclopentanol (0,809 g, 8 mmol), pha loing bing axetonitril (16,8 mL),
va dugc xir Iy bang kali carbonat (0,553 g, 4 mmol). Gia nhiét hdn hop phan tng dén
85°C, duogc khuéy trong 15 phut, lam lanh dén nhiét d6 moi truong va khuéy trong 16 gid
nita. Thém HCI (50 mL, 0,2M trong nuéc) vao va chiét dung dich mau vang trong sudt
ba lan bang diclometan. Lam khé c4c phin hitu co két hop bang natri sulfat, loc va c6 dic
thanh chat rdn mau vang. Tao két tia nguyén liéu thd nay tr diclometan/hexan tao ra chét
trung gian mong mudn 15-B & dang bot mau be nhat. 'H-NMR (400 MHz, DMSO-ds) 6
8,72 (s, 1H), 5,42 (dd, J = 9,06, 4,1 Hz, 1H), 5,09 (s, 1H), 4,72 (dd, J= 13,0, 3,7 Hz, 1H),
4,57 (s, 1H), 4,09 (dd, J = 12,5, 9,6 Hz, 1H), 3,83 (s, 3H), 1,92 (s, 3H), 1,78 (m, 2H),
1,62 — 1,47 (m, 1H). LCMS-ESI* (m/z): [M+H]" tinh toan dbi véi C1sH17N2Os: 321,11;
tim thiy: 321,2.

Budce 3

Tao huyén phi chit trung gian 15-B (0,040 g, 0,125 mmol) va (4-
flophenyl)metanamin (0,017 g, 0,137 mmol) trong axetonitril (1 mL) va dugc xtr Iy bing
N,N-diisopropyletylamin (DIPEA) (0,033 mL, 0,187 mmol) va HATU (0,052 g, 0,137
mmol). Sau khi khudy trong 30 phut, xtr Iy hdn hop phan tmg bing magie bromua (0,046
g, 0,25 mmol) va gia nhiét dén 50°C. Sau 10 phit, 1am mét hdn hop phan Ung va duogc xtr
Iy bang HCI (2 mL, 10% trong nuéc). Sau vai phut, loc két tha va rira bang HCI (10%
trong nudc) va nude. Tinh ché két tha bing HPLC didu ché (20-65% axetonitril:nuéc,
0,1% TFA) tao ra hop chit 15 mong mudn. 'H-NMR (400 MHz, DMSO-ds) & 12,44 (s,
1H), 10,36 (t, J = 6,0 Hz, 1H), 8,46 (s, 1H), 7,37 — 7,28 (m, 2H), 7,19 — 7,09 (m, 2H),
5,43 (dd, J = 9,6, 4,0 Hz, 1H), 5,08 (s, 1H), 4,68 (dd, J= 12,8, 4,1 Hz, 1H), 4,59 (s, 1H),
4,58 — 4,42 (m, 3H), 4,02 (dd, J = 12,7, 9,6 Hz, 1H), 1,92 (s, 5H), 1,83 (d, J= 12,2 Hz,
1H), 1,56 (dt, J = 12,0, 3,4 Hz, 1H). LCMS-ESI* (m/z): [M+H]" tinh todn d6i véi
C21H21FN30s: 414,15; tim thiy: 414,2.

Vi dy 16

Didu ché hop chat 16
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(25,5R,13a8)-N-(2,3-diflobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit

H O F
Cw/\N N N/\CrF
ARV

(0] OH

16

Diéu ché hop chdt 16 theo cich twong ty nhu hop chit 15 su dung (2,3-
diflophenyl)metanamin thay cho (4-flophenyl)metanamin. 'H-NMR (400 MHz, DMSO-
ds) 6 12,46 (s, 1H), 10,41 (t, J = 6,1 Hz, 1H), 8,45 (s, 1H), 7,43 — 7,25 (m, 1H), 7,25 —
7,05 (m, 2H), 5,44 (dd, J= 9,5, 3,9 Hz, 1H), 5,09 (s, 1H), 4,68 (dd, J= 12,8, 4,0 Hz, 1H),
4,65 — 4,53 (m, 3H), 4,02 (dd, J= 12,7, 9,8 Hz, 1H), 3,56 (s, 1H), 1,93 (s, 4H), 1,83 (d, J
= 11,9 Hz, 1H), 1,57 (dt, J = 11,5, 3,0 Hz, 1H). LCMS-ESI* (m/z): [M+H]" tinh toan di
v6i CatHaoF2N3Os: 432,14; tim thay: 432,2.

Vidu 17
Diéu ché hop chit 17

(25,5R,13aS)-N-(4-clo-2-flobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][ 1,3 ]Joxazepin-10-carboxamit

’ 0 F
AN o ¢
O OH

17

Diéu ché hop chét 17 theo cach tuong tw nhu hop chit 15 sir dung (4-clo-2-
flophenyl)metanamin thay cho (4-flophenyl)metanamin. 'H-NMR (400 MHz, DMSO-ds)
8 12,46 (s, 1H), 10,45 — 10,29 (m, 1H), 8,44 (s, 1H), 7,42 (dd, J= 10,0, 2,0 Hz, 1H), 7,33
(t, J=8,1 Hz, 1H), 7,26 (dd, J= 8,4, 1,8 Hz, 1H), 5,50 — 5,38 (m, 1H), 5,09 (s, 1H), 4,68
(dd, J = 13,0, 4,0 Hz, 1H), 4,59 (s, 1H), 4,54 (m, 2H), 4,02 (dd, J = 12,8, 9,7 Hz, 1H),
1,93 (s, 4H), 1,83 (d, J = 12,0 Hz, 1H), 1,57 (dt, J = 11,9, 3,4 Hz, 1H). LCMS-EST"
(m/z): [M+H]" tinh toan d6i v&i Co1H20CIFN3Os: 448,11; tim thiy: 4482,
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Vidu 18
Diéu ché hop chét 18

(2S,5R,13aS)-N-(3,4-diflobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit

H (0]
AN SN F
(0] OH

18

Pidu ché hop chit 18 theo cich twong tw nhu hop chét 15 sit dung (3,4-
diflophenyl)metanamin thay cho (4-flophenyl)metanamin. 'H-NMR (400 MHz, DMSO-
ds) 6 12,46 (s, 1H), 10,51 — 10,27 (m, 1H), 8,46 (s, 1H), 7,50 — 7,23 (m, 2H), 7,23 — 7,03
(m, 1H), 5,44 (dd, J= 9,5, 3,6 Hz, 1H), 5,09 (s, 1H), 4,75 — 4,63 (m, 1H), 4,60 (s, 1H),
4,57 — 4,44 (m, 2H), 4,02 (dd, J = 12,6, 9,8 Hz, 1H), 1,93 (s, 4H), 1,83 (d, J = 12,0 Hz,
1H), 1,57 (dt, J = 12,0, 3,4 Hz, 1H). LCMS-ESI* (m/z): [M+H]' tinh to4n d6i véi
Ca21H20F2N30s: 432,14; tim thiy: 432,2.

Vidu 19
Diéu ché hop chit 19

(1R,5S)-N-(2,4-diflobenzyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-octahydro-1,5-
metanopyrido[1',2":4,5]pyrazino[1,2-a][1,3]diazepin-10-carboxamit
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Cacbudc 1 va2

X Iy metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-metoxy-4-oxo-
1,4-dihydropyridin-2-carboxylat (1-C, 97,5 mg, 0,236 mmol) bang axetonitril (1,9 mL),
- axit axetic (0,1 mL), kali carbonat (145 mg, 1,05 mmol), va (S)-piperidin-3-amin
dihydroclorua (82 mg, 0,472 mmol). Lam kin hdn hgp phan tmg va gia nhiét dén 90°C.
Sau 60 phut, 1am mat hdn hop phan tmg, phan tach gitta nuéc mubi va diclometan. Chiét
pha trong nuéc ba 1an trong diclometan va gom cac pha hitu co két hop, 1am khé bing
MgS04, loc, c6 dic. Hoa tan san phdm thd trong axetonitril (2 mL) va thém magie
bromua (89,1 mg, 0,48 mmol) vao. Lam kin lai hdn hop va gia nhiét dén 50°C. Sau 90
phut, dimg hdn hgp phan Gmg bing ~5 mL HCI 0,2M (trong nudc), didu chinh d6 pH dén
~10, pha lodng bing nwéc mudi, va chiét ba 1in trong DCM. Tinh ché HPLC
(Axetonitril:nude, 0,1% TFA) tao ra hop chit 19. TH-NMR (400 MHz, Cloform-d) &
10,43 (t,J = 5,9 Hz, 1H), 8,43 (s, 1H), 7,39 — 7,30 (m, 1H), 6,81 (q, J = 8,1 Hz, 2H), 4,89
(dd, J = 11,6, 3,8 Hz, 1H), 4,69 (s, 1H), 4,64 (d, J = 5,8 Hz, 2H), 4,26 (dd, ] = 12,6, 3,8
Hz, 1H), 3,91 (t,J = 12,1 Hz, 1H), 3,20 — 3,10 (m, 2H), 3,06 (s, 2H), 2,14 — 2,02 (m, 1H),
1,96 — 1,81 (m, 2H), 1,81 — 1,70 (m, 1H). LCMS-ESI* (m/z): [M+H]" tinh toan d6i véi
Ca1Ha0F2N4O4: 431,15; tim thdy: 431,2.

Vidu 20
Diéu ché hop chét 20

(1S,5R)-N-(2,4-diflobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-1,5-
metanopyrido[1',2":4,5]pyrazino[1,2-a][1,3]diazepin-10-carboxamit
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Cacbudc1va2

Xt ly metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-metoxy-4-oxo-
1,4-dihydropyridin-2-carboxylat (1-C, 103,3 mg, 0,25 mmol) bing axetonitril (1,9 mL),
axit axetic (0,1 mL), kali carbonat (159,8 mg, 1,16 mmol), va (R)-piperidin-3-amin
dihydroclorua (90 mg, 0,52 mmol). Lam kin hén hop phan tng va gia nhiét dén 90°C.
Sau 40 phut, 1am mét hdn hop phan tng, phan tich gifta nuée mudi va diclometan. Chiét
pha trong nu6c ba lan trong diclometan va gom céc pha hitu co két hop, lam kho béng
MgSOs, loc, c¢6 dic. Hoa tan san phdm thd trong axetonitril (2 mL) va thém magie
bromua (96,5 mg, 0,52 mmol) vao. Lam kin lai hdn hop va gia nhiét dén 50°C. Sau 80
phut, dimg hdn hop phan tmg bang ~5 mL HCI 0,2M (trong nudc), diéu chinh d6 pH dén
~10, pha lodng bang nudc mudi, va chiét ba lan trong DCM. Tinh ché HPLC
(Axetonitril:nudc, 0,1% TFA) tao ra hop chat 20. "TH-NMR (400 MHz, DMSO-d¢) 6
10,35 (t, J = 6,0 Hz, 1H), 8,48 (s, 1H), 7,45 — 7,33 (m, 1H), 7,29 — 7,18 (m, 1H), 7,05 (td,
J=8,5,2,4 Hz, 1H), 5,06 (dd, J = 11,4, 3,5 Hz, 1H), 4,56 — 4,47 (m, 3H), 4,44 (s, 1H),
4,05 (t, J = 11,8 Hz, 1H), 3,07 — 2,89 (m, 4H), 1,85 — 1,73 (m, 3H), 1,54 — 1,46 (m, 1H).
LCMS-ESI* (m/z): [M+H]" tinh toan d6i v6i C21Hz0F2N4Oa: 431,15; tim thdy: 431,2.

Vidu 21
Didu ché hop chét 21

(2S,5R,13aS)-N-((S)-1-(4-flophenyl)etyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Cac budc 1 va2

Xa ly (S)-metyl 1-(2,2-dihydroxyetyl)-5-(1-(4-flophenyl)etylcarbamoyl)-3-
metoxy-4-0x0-1,4-dihydropyridin-2-carboxylat (21-A, 1 mL, dung dich 0,23M trong
19:1 axetonitril:axit axetic, dwoc diéu ché & dang mdi (R)-metyl 1-(2,2-dihydroxyetyl)-5-
(1-(4-flophenyl)etylcarbamoyl)-3-metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat 9-A tir
Vi du 9 st dung (S)-1-(4-flophenyl)etanamin thay cho (R)-1-(4-flophenyl)etanamin)
béang (18,3R)-3-aminoxyclopentanol (62 mg, 0,61 mmol) va kali carbonat (34 mg, 0,25
mmol). Lam kin hdn hgp phan tmg va gia nhiét &&n 90°C. Sau 60 phat, lam mat hdn hop
phan tmg phan tich giita nudc mudi va diclometan. Chiét pha trong nuéc ba lan trong
diclometan va gom céc pha hitu co két hop, lam kho bang MgSOs, loc, va ¢d dic. Hoa
tan san phdm thd trong axetonitril (2 mL) va thém magie bromua (74 mg, 0,4 mmol) vao.
Lam kin lai hdn hop va gia nhiét dén 50°C. Sau 100 phut, dimg hdn hop phan tng bing
HCI 02M (trong nuéc), pha lodng bang nude mudi, va chiét ba 1an trong DCM. Tinh ché
HPLC (axetonitril:nurée, 0,1% TFA) tao ra hop chét 21. 'H-NMR (400 MHz, DMSO-ds)
612,42 (br s, 1H), 10,45 (d, ] = 7,9 Hz, 1H), 8,40 (s, 1H), 7,36 (dd, J = 8,6, 5,5 Hz, 2H),
7,14 (t,J = 8,9 Hz, 2H), 5,42 (dd, J = 9,6, 4,2 Hz, 1H), 5,15 — 5,04 (m, 2H), 4,72 — 4,55
(m, 2H), 4,02 (dd, ] = 12,7, 9,7 Hz, 1H), 1,97 — 1,89 (m, 4H), 1,82 (d, J = 12,2 Hz, 1H),
1,56 (dt,J =11,9, 3,3 Hz, 1H), 1,43 (d, ] = 6,9 Hz, 3H). LCMS-ESI* (m/z): [M+H]" tinh
todn ddi v6i C2oH2oFN30s: 428,16; tim thay: 428, 1.

Vi du 22
Diéu ché hop chit 22

(2R,58,13aR)-N-((S)-1-(4-flophenyl)etyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]Joxazepin-10-carboxamit
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Cacbusc 1va2

Xt ly (S)-metyl 1-(2,2-dihydroxyetyl)-5-(1-(4-flophenyl)etylcarbamoyl)-3-
metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat (21-A, 1 mL, dung dich 0,23M trong
19:1 axetonitril:axit axetic) bang (1R,3S)-3-aminoxyclopentanol (52 mg, 0,51 mmol) va
kali carbonat (31 mg, 0,22 mmol). Lam kin hdn hop phan ting va gia nhiét dén 90°C. Sau
60 phut, 1am mat hdn hgp phan tng phan tich gifta nuéc mudi va diclometan. Chiét pha
trong nuéc ba lan trong diclometan va gom cac pha hitu co két hop, 1am khd bang
MgSOs, loc, va cd dic. Hoa tan san phdm thd trong axetonitril (2 mL) va thém magie
bromua (91 mg, 0,49 mmol) vao. Lam kin lai hn hop va gia nhiét dén 50°C. Sau 100
phitt, dirng hén hop phan g bing HCI 0,2M (trong nréc), pha lofing bang nrée mudi,
va chiét ba lan trong DCM. Tinh ché HPLC (axetonitril:nuéc, 0,1% TFA) tao ra hop chit
22. '"H-NMR (400 MHz, DMSO-de) § 12,44 (br s, 1H), 10,45 (d, J = 7,7 Hz, 1H), 8,39 (s,
1H), 7,36 (dd, J = 8,5, 5,6 Hz, 2H), 7,14 (t, ] = 8,9 Hz, 2H), 5,43 (dd, J = 9,6, 4,0 Hz,
1H), 5,15 — 5,06 (m, 2H), 4,66 (dd, J = 12,8, 3,9 Hz, 1H), 4,58 (s, 1H), 3,99 (dd, ] = 12,6,
9,5 Hz, 1H), 1,93 (s, 4H), 1,82 (d, ] = 12,0 Hz, 1H), 1,56 (dt, J = 12,0, 3,0 Hz, 1H), 1,44
(d, J = 6,9 Hz, 3H). LCMS-ESI* (m/z): [M+H]" tinh toan d6i v&i CaaH2oFN3Os: 428,16,
tim thay: 428,1.

Vidy 23
Diéu ché hop chit 23

(2S,5R,13aS)-N-(2-flobenzyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-octahydro-2,5-
metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Cacbudc 1 va?2

Xt ly 15-B (41 mg, 0,13 mmol) bing axetonitril (1 mL), (2-flophenyl)metanamin
(17 mg, 0,14 mmol), HATU (67 mg, 0,18 mmol), va N,N-diisopropyletylamin (DIPEA)
(24 mg, 0,19 mmol). Khudy hdn hop phan Gng & nhiét do trong phong trong mdt gio va
thém magie bromua (47 mg, 0,26 mmol) vao. D4y kin hdn hop va gia nhiét dén 50°C.
Sau 60 phut, dimg hdn hop phan tng bing HC1 0,2M (trong nudc), pha lodng bang nudc
mudi, va chiét ba 1in trong DCM. Tinh ché HPLC (Axetonitril:nude, 0,1% TFA) tao ra
hop chét 23. 'TH-NMR (400 MHz, Cloform-d) & 10,42 (s, 1H), 8,34 (s, 1H), 7,36 (t, J =
7,9 Hz, 1H), 7,24 — 7,17 (m, 1H), 7,12 — 6,97 (m, 2H), 5,40 — 5,32 (m, 1H), 5,29 (t, ] =
3,5 Hz, 1H), 4,67 (s, 3H), 4,28 — 4,20 (m, 1H), 4,06 — 3,95 (m, 1H), 2,20 — 1,96 (m, 4H),
1,95 - 1,84 (m, 1H), 1,59 (dt, ] = 12,4, 3,3 Hz, 1H). LCMS-ESI* (m/z): [M+H]" tinh to4an
d6i v6i Co1H20FN30s: 414,15; tim thiy: 414,2.

Vi du 24
Piéu ché hop chét 24

(28,5R,13a8)-N-(3,5-diflobenzyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Cacbudc 1va?2

Xt ly 15-B (44 mg, 0,14 mmol) bing axetonitril (I mL), (3,5-
diflophenyl)metanamin (32 mg, 0,23 mmol), HATU (54 mg, 0,14 mmol), va N,N-
diisopropyletylamin (37 mg, 0,29 mmol). Khudy hdn hop phan tGng & nhiét do trong
phong trong mot gid va thém magie bromua (57 mg, 0,31 mmol) vao. P4y kin hén hop
va gia nhiét &én 50°C. Sau 60 phut, dimg hdn hop phan Gng bing HCI 0,2M (trong
nuéc), pha lodng bing nudc mudi, va chiét ba 1an trong DCM. Tinh ché HPLC
(Axetonitril:nude, 0,1% TFA) tao ra hop chét 24. TH-NMR (400 MHz, Cloform-d) &
10,39 (s, 1H), 8,42 (s, 1H), 6,82 (d, J = 7,9 Hz, 2H), 6,65 (t, J = 8,8 Hz, 1H), 5,38 (d,J =
7,7Hz, 1H), 5,28 (s, 1H), 4,78 — 4,41 (m, 3H), 4,32 (d, J = 12,1 Hz, 1H), 4,02 (t,J =10,9
Hz, 1H), 2,30 — 1,97 (m, 4H), 1,97 - 1,81 (m, 1H), 1,59 (d, J = 12,3 Hz, 1H). LCMS-
ESI* (m/z): [M+H]" tinh toan d6i v&i C21H19F2N30s: 432,14; tim thiy: 432,2.

Vi du 25
Diéu ché hop chit 25

(25,5R,13aS)-N-(4-flo-3-(triflometyl)benzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Cacbubc 1va?2

Xt ly 15-B (43 mg, 0,13 mmol) bing axetonitril (1 mL), (4-flo-3-
(triflometyl)phenyl)metanamin (29 mg, 0,15 mmol), HATU (62 mg, 0,16 mmol), va
N,N-diisopropyletylamin (26 mg, 0,20 mmol). Khudy hdn hop phan tng & nhiét do trong
phong trong mét gi¢ va thém magie bromua (62 mg, 0,34 mmol) vao. D4y kin hdn hop
va gia nhiét dén 50°C. Sau 60 phut, dimg hén hop phan tng biang HCl 0,2M (trong
nuéc), pha lodng bing nuéc mudi, va chiét ba lin trong DCM. Tinh ché HPLC
(Axetonitril:nudce, 0,1% TFA) tao ra hop chét 25. '"H-NMR (400 MHz, Cloform-d) 6
10,44 (s, 1H), 8,29 (s, 1H), 7,56 — 7,38 (m, 2H), 7,06 (t, J = 9,2 Hz, 1H), 5,30 (dd, ] =
9,3, 3,5 Hz, 1H), 5,21 (s, 1H), 4,65 — 4,45 (m, 3H), 4,21 (dd, J = 12,8, 3,4 Hz, 1H), 3,95
(dd, J = 12,4, 9,7 Hz, 1H), 2,11 — 1,89 (m, 4H), 1,89 — 1,74 (m, 1H), 1,53 (dt, ] = 12,4,
3,2 Hz, 1H). LCMS-ESI* (m/z): [M+H]* tinh toan ddi v&i CaoHioF4N3Os: 482,14; tim
thay: 482,2.
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Vi du 26
Piéu ché hop chit 26

(2S,5R,13a8)-N-(4-clo-3-flobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Cacbudc 1 va?2

Xt ly 15-B (41 mg, 0,13 mmol) bang axetonitril (1 mL), (4-clo-3-
flophenyl)metanamin (40 mg, 0,25 mmol), HATU (60 mg, 0,16 mmol), va N,N-
diisopropyletylamin (28 mg, 0,22 mmol). Khudy hdn hop phan tmg & nhiét do trong
phong trong mot gid va thém magie bromua (48 mg, 0,26 mmol) vao. D4y kin hdn hop
va gia nhiét dén 50°C. Sau 60 phit, dimg hdn hop phan tmg bing HCIl 0,2M (trong
nuéc), pha loing bang nuéc mudi, va chiét ba lan trong DCM. Tinh ché HPLC
(Axetonitril:nuée, 0,1% TFA) tao ra hop chit 26. "H-NMR (400 MHz, Cloform-d) 6
10,41 (s, 1H), 8,30 (s, 1H), 7,24 (t, J = 6,1 Hz, 1H), 7,13 — 6,90 (m, 2H), 5,30 (dd, J =
9,1, 3,2 Hz, 1H), 5,22 (s, 1H), 4,61 (s, 1H), 4,51 (s, 2H), 4,20 (d, J = 9,4 Hz, 1H), 3,95 (d,
J =12,0 Hz, 1H), 2,11 — 1,90 (m, 4H), 1,90 — 1,76 (m, 1H), 1,53 (d, J = 12,2 Hz, 1H).
LCMS-ESI* (m/z): [M+H]" tinh toan dbi v&i C21HioCIFN3Os: 448,11; tim thiy: 448,2.
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Vi du 27
Diéu ché hop chit 27

(28,5R)-N-(1-(2,4-diflophenyl)xyclopropyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Budce 1

Khudy huyén phti chita hop chét 1-A (1,004 g, 3,19 mmol), amin 27-A (688 mg,
3,35 mmol), va HATU (1,453 g 3,82 mmol) trong CH>Cl, (20 mL) trong bé 0°C khi thém
N,N-diisopropyletylamin (DIPEA) ( 2 mL, 11,48 mmol) vao. Sau 1 gi¢ at 0°C, c¢6 dic
hdn hop phan ting thanh sird, pha lodng bang etyl axetat, va rira bang nudc (x 2). Sau khi
chiét cac phan doan trong nudc bing etyl axetat (x 1), gom cac phan doan hitu co, lam
kho (Na;SOs), va cb dic. Tinh ché phin con lai bing CombiFlash (cot 120 g) st dung

hexan-etyl axetat lam chét rira gidi. Dinh chinh dugc gom lai va cd dic tao ra 1,082 g
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(73%) san phém 27-B. Sau khi gom dinh nho va c¢6 dic, hoa tan phe‘in con lai ¢6 dac trong
CHCl, v loc mét s& nguyén liéu khéng tan. Co dac phan loc tao ra 361 mg (24%) san
phédm 27-B b6 sung. LCMS-ESI* (m/z): [M+H]* tinh todn ddi v6i CaaHasFaN207: 467,16;
tim thdy: 467,1.

Budc2va3

Hoa tan hop chit 27-B (81 mg, 0,174 mmol) trong hdn hop (1 mL) axetonitril (22
mL), AcOH (2 mL), va axit metansulfonic (0,14 mL, 2,16 mmol) & nhiét d6 trong phong
va khudy dung dich thu dugc & 65°C trong 20 gid.

Sau khi lam lanh dung dich thu dugc dén nhiét do trong phong, thém rugu amino
27-D (50 mg, raxemic, 0,363 mmol), K2CO3 (50 mg, 0,362 mmol), va axetonitril (2 mL)
vao dung dich. Khudy hdn hop thu dugc trong bé 65°C trong 1 gid. Sau khi lam mat hdn
hop phan mg dén nhiét d trong phong, axit héa hdn hop phan tmg bing HCI IN (~2
mL), pha lodng bing nuéc (~8 mL), va chiét bing CH>Cl> (x 3). Lam khé c4c phan chiét
két hop (Na2S04), b dic, va tinh ché bing CombiFlash thu dugc 67 mg (82%) hop chét
27-E. TH-NMR (400 MHz, CDCl3) § 10,53 (s, 1H), 8,25 (s, 1H), 7,60 (td, J= 8,5, 6,5 Hz,
1H), 6,85 — 6,57 (m, 2H), 5,33 (br, 1H), 5,26 (dd, J = 9,6, 3,9 Hz, 1H), 4,60 (t, J = 3,0
Hz, 1H), 4,18 — 4,06 (m, 1H), 4,01 (s, 3H), 3,92 (dd, J = 12,7, 9,6 Hz, 1H) , 2,11 — 1,91
(m, 4H), 1,88 — 1,71 (m, 1H), 1,60 — 1,49 (m, 1H), 1,31 — 1,10 (m, 4H). F-NMR (376.1
MHz, CDCl3) 6 -111,80 (q, J = 8,8 Hz, 1F), -112,05 (p, J = 7,9 Hz, 1F). LCMS-ESI*
(m/z): [M+H]" tinh toén d6i véi Co4Ho4F2N30s: 472,17; tim thy: 472,1.

Budc 4

Khuy hdn hop 27-E (67 mg, 0,142 mmol) va MgBr2 (66 mg, 0,358 mmol) trong
MeCN (3 mL) & 50°C trong 30 phtt va lam lanh dén 0°C trudce khi xir Iy bing HCI 1N (3
mlL). Sau khi pha lodng hdn hop bang nuéc (~30 mL), chiét san phdm bing CH>Cl (x 3),
va 1am kho c4c phan chiét két hop (NaxSO4) va ¢b dic. Tinh ché san pham bing HPLC
didu ché va sdy dong lanh thu dugc san phdm 27 & dang hén hop ty 1€ 1:1 véi axit
trifloaxetic. 'H-NMR (400 MHz, CDCl3) § 10,70 (s, 1H), 8,35 (s, 1H), 7,57 (q, J = 8,2
Hz, 1H), 6,91 — 6,56 (m, 2H), 5,31 (dt, J = 14,3, 4,0 Hz, 2H), 4,68 (s, 1H), 4,22 (dd, J =
13,2, 3,9 Hz, 1H), 3,99 (dd, J = 12,8, 9,3 Hz, 1H), 2,28 — 1,96 (m, 5H), 1,88 (ddt, J =
12,1, 8,6, 3,7 Hz, 1H), 1,71 — 1,49 (m, 1H), 1,38 — 1,11 (m, 4H), YF-NMR (376,1 MHz,
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CDCl3) § -76,37 (s, 3F), -111,6 ~ -111,75 (m, 2F). LCMS-ESI* (m/z): [M+H]" tinh todn
d6i v&i CosHpoFaN3Os: 458,15; tim thiy: 458, 1.
Vi du 28
Diéu ché hop chét 28

(28,6R)-N-(1-(2,4-diflophenyl)xyclopropyl)-9-hydroxy-8,10-dioxo-3,4,5,6,8,10,14,14a-
octahydro-2H-2,6-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazocin-11-carboxamit
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Budc1va2

Hoa tan hop chét 27-B (87 mg, 0,187 mmol) trong hdn hop (2 mL) axetonitril (22
mL), AcOH (2 mL), va axit metansulfonic (0,14 mL, 2,16 mmol) & nhiét d6 trong phong
va khudy dung dich thu duoc & 65°C trong 20 gid.

Sau khi lam lanh dung dich thu duoc dén nhiét do trong phong, thém rugu amino
28-A (44 mg, raxemic, 0,382 mmol) va axetonitril (2 mL) vao dung dich. Sau khudy hdn
hop thu dugc trong bé 65°C trong 30 phut, thém K»CO; (41 mg, 0,297 mmol) vao va
khudy hdn hop & 65°C trong 21 gid. Lam mat hén hop phan tmg dén nhiét d6 trong
phong, axit héa hdn hgp bing HCI IN (~2 mL), pha lodng bang nuéc (~8 mL), va chiét
bing CH2CL: (x 3). Lam kho céc phin chiét két hop (Na2S04), ¢b dic, va tinh ché bing
HPLC diu ché va sy dong lanh phin doan chira san phidm. Sau khi hoa tan phan con lai
trong etyl axetat, rira dung dich bang NaHCOj3 bdo hoa (x 1), lam khé (Na2SO4), va cb
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dic thu duge 18 mg (20%) hop chit 28-B & dang hdn hop ty 16 1:1 véi axit trifloaxetic.
TH-NMR (400 MHz, CDCI3) § 10,54 (s, 1H), 8,26 (s, 1H), 7,63 (td, J = 8,6, 6,6 Hz, 1H),
6,76 (dddd, J= 21,9, 11,2, 8,7, 2,3 Hz, 2H), 5,39 (dd, J = 9,6, 3,7 Hz, 1H), 4,53 — 4,36
(m, 2H), 4,09 (dd, J = 12,8, 3,7 Hz, 1H), 4,03 (s, 3H), 3,99 (dd, J = 12,7, 9,7 Hz, 1H),
2,41 —2,20 (m, 2H), 1,84 (dtd, /= 19,7, 9,3, 8,8, 4,4 Hz, 2H), 1,74 (dd, J= 14,6, 2,5 Hz,
1H), 1,62 — 1,35 (m, 2H), 1,34 — 1,14 (m, 5H). YF-NMR (376,1 MHz, CDCl3) § -111,75
(q, J = 8,9 Hz, 1F), -112,01 (p, J = 7,9 Hz, 1F). LCMS-ESI* (m/z): [M+H]" tinh toan dbi
v6i CasHagFaN3Os: 486,18; tim thiy: 486,2.

Budce 3

Xt 1y hop chét 28-B (18 mg, 0,037 mmol) bing MgBr, nhu dugc md ta trong
budc 4 trong su téng hop hop chit 27-E thu duoc hop chit 28. 'H-NMR (400 MHz,
CDCls) & 10,66 (s, 1H), 8,29 (s, 1H), 7,59 (td, J = 8,5, 6,6 Hz, 1H), 6,89 — 6,60 (m, 2H),
5,51 (dd, J=9,9, 4,0 Hz, 1H), 4,55 (s, 1H), 4,48 (t, J = 4,2 Hz, 1H), 4,21 (dd, J = 12,9,
4,1 Hz, 1H), 3,99 (dd, J = 12,8, 9,8 Hz, 1H), 2,56 — 2,35 (m, 1H), 2,14 (dd, J= 16,1, 5,9
Hz, 1H), 1,96 — 1,74 (m, 3H), 1,66 — 1,37 (m, 3H), 1,28 (d, J = 4,4 Hz, 2H), 1,26 — 1,19
(m, 2H). ¥YF-NMR (376,1 MHz, CDCl3) § -76,41 (s, 3F, -111,79 (m, 2F). LCMS-ESI*
(m/z): [M+H]" tinh toén d6i v&i CosaHasFaN3Os: 472,17; tim thay: 472,1.

Vi du 29
Diéu ché hop chit 29

(2R,6S)-N-(1-(2,4-diflophenyl)xyclopropyl)-9-hydroxy-8,10-dioxo-3,4,5,6,8,10,14,14a-
octahydro-2H-2,6-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]Joxazocin-11-carboxamit
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Bugc 1 va2

Diéu ché hop chit 29-B (13 mg, 14%) tir hop chit 27-B (87 mg, 0,187 mmol) vi
rugu amino 29-A (45 mg, 0,391 mmol) theo cach twong tu véi cach duoe mé ta & bude 1
ctia qué trinh téng hop hop chit 28-B. 'TH-NMR (400 MHz, CDCls) § 10,54 (s, 1H), 8,26
(s, 1H), 7,63 (td, J = 8,6, 6,6 Hz, 1H), 6,76 (dddd, J = 21,9, 11,2, 8,7, 2,3 Hz, 2H), 5,39
(dd, J = 9,6, 3,7 Hz, 1H), 4,53 — 4,36 (m, 2H), 4,09 (dd, J = 12,8, 3,7 Hz, 1H), 4,03 (s,
3H), 3,99 (dd, J = 12,7, 9,7 Hz, 1H), 2,41 — 2,20 (m, 2H), 1,84 (dtd, /= 19,7, 9,3, 8,8, 4,4
Hz, 2H), 1,74 (dd, J = 14,6, 2,5 Hz, 1H), 1,62 — 1,35 (m, 2H), 1,34 — 1,14 (m, 5H). F-
NMR (376.1 MHz, CDCls) § -111,75 (q, J = 8,9 Hz, 1F), -112,01 (p, J = 7,9 Hz, 1F).
LCMS-ESI* (m/z): [M+H]" tinh toan dbi v&i CasHasF2N30s: 486,18; tim thiy: 486,2.

Buée 3

Diéu ché hop chit 29 tir hop chit 29-B theo cach tuong tu voi cach duge mo ta &
budc 2 ctia qué trinh téng hop hop chit 16. 'TH-NMR (400 MHz, CDCls) 6 10,66 (s, 1H),
8,29 (s, 1H), 7,59 (td, J = 8,5, 6,6 Hz, 1H), 6,89 — 6,60 (m, 2H), 5,51 (dd, /= 9,9, 4,0 Hz,
1H), 4,55 (s, 1H), 4,48 (t, J = 4,2 Hz, 1H), 4,21 (dd, J = 12,9, 4,1 Hz, 1H), 3,99 (dd, J =
12,8, 9,8 Hz, 1H), 2,56 — 2,35 (m, 1H), 2,14 (dd, J = 16,1, 5,9 Hz, 1H), 1,96 — 1,74 (m,
3H), 1,66 — 1,37 (m, 3H), 1,28 (d, J = 4,4 Hz, 2H), 1,26 — 1,19 (m, 2H). PF-NMR (376,1
MHz, CDCl3) § -76,41 (s, 3F, -111,79 (m, 2F). LCMS-ESI* (m/z): [M+H]" tinh toan dbi
voi Ca4H23F2N30s: 472,17, tim théy: 472,1.

Vi du 30

Didu ché hop chit 30
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(25,5R,13aS)-N-(1-(2,4-diflophenyl)xyclopropyl)-8-hydroxy-7,9-dioxo-
2,3,4,5,7,9,13,13a-octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][ 1,3 Joxazepin-

10-carboxamit
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Budc1va?2

Hoa tan hop chét 27-B (150 mg, 0,322 mmol) trong axetonitril (2 mL), AcOH (0,2
mL), va axit metansulfonic (0,007 mL, 0,108 mmol) & nhiét d6 trong phong va khudy
dung dich thu dugc & 65°C trong 20 gid. Sau khi 1am lanh dung dich thu duoc dén nhiét
do trong phong, rugu amino 30-A (72,1 mg, bt di, 0,713 mmol), thém K2CO3 (89,4
mg, 0,647 mmol), va axetonitril (2 mL) vao dung dich. Khudy hdn hop thu dwoc trong bé
65°C trong 0,5 git. Sau khi 1am mét hdn hop phan ting dén nhiét d6 trong phong, axit
héa hdn hop bing HCl IN (~3 mL), pha loing bing nudc (~12 mL), va chiét bang
CH2ClL (x 3). Lam kho céc phan chiét két hgp (NaxSOs), c6 dic, va tinh ché bing
CombiFlash thu dugc 128 mg (84%) hop chét 30-B. 'H-NMR (400 MHz, CDCL) &
10,52 (s, 1H), 8,24 (s, 1H), 7,61 (td, J = 8,6, 6,6 Hz, 1H), 6,85 - 6,65 (m, 2H), 5,33 (t,J =
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4,1 Hz, 1H), 5,25 (dd, J = 9,5, 3,9 Hz, 1H), 4,61 (d, ] = 3,4 Hz, 1H), 4,18 - 4,08 (m, 1H),
4,02 (s, 3H), 3,99 - 3,87 (m, 1H), 2,12 - 1,91 (m, 4H), 1,85 - 1,69 (m, 1H), 1,55 (ddd, J =
12,3, 4,1, 2,8 Hz, 1H), 1,31 - 1,14 (m, 4H). YF-NMR (376.1 MHz, CDCl3) & -111,79 (q,
J=8,8 Hz, 1F), -112,05 (p, J = 7,9 Hz, 1F). LCMS-ESI* (m/z): [M+H]" tinh toan d6i véi
C24H24F2N30s: 472,17; tim thiy: 472,2.

Budce 3

Khudy hén hop chita hop chat 30-B (128 mg, 0,272 mmol) va MgBr> (130 mg,
0,706 mmol) trong MeCN (5 mL) & 50°C trong 30 phut va lam lanh dén 0°C truéc khi xtr
Iy bing HCI IN (4 mL). Sau khi pha lodng hdn hop bang nude, chiét san phim béng
CH2Clz (x 3), va 1am khd cac phan chiét két hop (Na2SO4) va b dic. Tinh ché san phim
bang CombiFlash thu dugc san phidm 30. 'H-NMR (400 MHz, CDClL3) & 12,27 (s, 1H),
10,52 (s, 1H), 8,16 (s, 1H), 7,61 (td, J = 8,6, 6,6 Hz, 1H), 6,96 — 6,54 (m, 2H), 5,36 —
5,23 (m, 2H), 4,66 (t, J = 3,1 Hz, 1H), 4,18 — 4,06 (m, 1H), 3,94 (dd, J = 12,8, 9,4 Hz,
1H), 2,20 — 1,95 (m, 4H), 1,89 (td, J= 11,4, 9,8, 6,7 Hz, 1H), 1,70 — 1,54 (m, 1H), 1,32 —
1,15 (m, 4H). PF-NMR (376,1 MHz, CDCl3) § -111,87 (q, J = 8,9 Hz, 1F), -112,21 (p, J
= 7,9 Hz, 1F). LCMS-ESI* (m/z): [M+H]" tinh toan dbi véi Ca3sH2FaN3Os: 458,15; tim
thiy: 458,2.

Vi du 31
Diéu ché hop chét 31

(2R,5S)-N-(1-(2,4-diflophenyl)xyclopropyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][ 1,3 ]Joxazepin-10-carboxamit

0 F
0
X
) Aol
NS0 F
O OH

31

- 75 -



22152

MeCN AcOH K2003

RN 27-C

27-B
o) F F
o) (o)
A NTX N
N XN o) F N (@) F
O oL O OH
31-B 31

Budc 1 va2

Diéu ché hop chit 31-B (123 mg, 81%) tir hop chét 27-B (150 mg, 0,322 mmol)
va rugu amino 31-A (70,3 mg, 0,695 mmol) theo cach tuong tu véi cach duge md ta &
bude 1 va 2 clia qua trinh tdng hop hop chit 30-B. 'TH-NMR (400 MHz, CDCls) § 10,52
(s, 1H), 8,24 (s, 1H), 7,62 (td, J = 8,6, 6,6 Hz, 1H), 6,91 - 6,63 (m, 2H), 5,33 (t, J = 4,1
Hz, 1H), 5,25 (dd, J = 9,5, 3,9 Hz, 1H), 4,61 (d, J = 3,4 Hz, 1H), 4,14 - 4,07 (m, 1H),
4,03 (s, 3H), 3,93 (dd, J = 12,7, 9,5 Hz, 1H), 2,12 - 1,91 (m, 4H), 1,85 - 1,69 (m, 1H),
1,55 (ddd, J= 12,3, 4,1, 2,8 Hz, 1H), 1,31 - 1,14 (m, 4H). F-NMR (376,1 MHz, CDCls)
§ -111,79 (q, J= 9,2, 8,7 Hz, 1F), -112,03 (h, J = 8,1, 7,5 Hz, 1F). LCMS-ESI* (m/z):
[M+H]" tinh toan d6i v&i CosHaaFoN3Os: 472,17; tim thdy: 472,1.

Budc 3

Diéu ché hop chat 31 tir hop chét 31-B theo cach tuong ty véi cach duge mod ta &
bude 3 cta qua trinh tong hop hop chit 30. 'TH-NMR (400 MHz, CDCls) § 12,26 (s, 1H),
10,49 (s, 1H), 8,13 (s, 1H), 7,58 (td, J = 8,6, 6,5 Hz, 1H), 6,90 - 6,56 (m, 2H), 5,32 (dd, J
=94, 4,1 Hz, 1H), 5,27 - 5,22 (m, 1H), 4,64 (t, J = 3,1 Hz, 1H), 4,11 (dd, J = 12,8, 4,0
Hz, 1H), 4,01 - 3,79 (m, 1H), 2,28 - 1,95 (m, 4H), 1,95 - 1,80 (m, 1H), 1,71 (m, 1H), 1,56
(m, 1H), 1,42 - 1,08 (m, 4H). YF-NMR (376,1 MHz, CDCl3) & -111,95 (q, J = 8,9 Hz,
1F), -112,22 (p, J = 7,9 Hz, 1F). LCMS-ESI* (m/z): [M+H]" tinh toan ddi v&i
C23H2F2N30s: 458,15; tim thiy: 458,1.

Vi du 32
Diéu ché hop chét 32

(28,5R)-N-(1-(2,4-diflophenyl)xyclobutyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3 Joxazepin-10-carboxamit

- 76 -



22152

o Q@
\..@
32
N Oj/\N +
\\n" N \ H2
O 0
uA
0 F
_1) HATU, DIEA N
2) MgBry \ E

32

Khudy dung dich chira hop chit 32-A (22,2 mg, 0,069 mmol), hop chit 32-B (18,7
mg, 0,102 mmol), va HATU (43 mg, 0,113 mmol) trong CH>Cl> (2 mL) & nhiét d6 trong
phong khi thém N,N-diisopropyletylamin (DIPEA) (0,075 mL, 0,431 mmol) vao. Sau 30
phut, pha lodng hdn hop phan tmg bang etyl axetat va rira bang nudc (x 2). Sau khi chiét
cac phan doan trong nudc béng EA (x 1), gom céac phan doan hitu co, 1am khd, ¢d dic, va
lam kho trong chan khong.

Khudy hdn hop chira san phdm thé néi trén va MgBr2 (35 mg, 0,190 mmol) trong
MeCN (2 mL) vao trong bé 50°C trong 1 gio va lam lanh dén 0°C truéc khi xt 1y bang
HCI IN (~ 1 mL). Pha losng dung dich thu dugc bang nuéc, va chiét bing CH2CL (x 3).
Lam khd céc phan chiét két hop (Na2SO4), va c6 dic. Tinh ché san phdm bing HPLC
diéu ché va sdy dong lanh thu dugc hop chét 32. 'TH-NMR (400 MHz, CDCl3) & 10,87 (s,
1H), ~9,3 (br, 1H), 8,35 (s, 1H), 7,50 (td, J = 8,7, 6,3 Hz, 1H), 6,89 - 6,78 (m, 1H), 6,72
(ddd, J= 11,2, 8,9, 2,6 Hz, 1H), 5,48 - 5,12 (m, 2H), 4,72 - 4,60 (m, 1H), 4,22 (dd, J =
13,0, 4,1 Hz, 1H), 3,98 (dd, J= 12,9, 9,4 Hz, 1H), 2,68 (m, 4H), 2,33 - 1,98 (m, 6H), 1,90
(m, 2H), 1,60 (ddd, J = 12,4, 4,1, 2,7 Hz, 1H). YF-NMR (376,1 MHz, CD3CN) & -76,39
(s, 3F), -110,50 (q, J = 9,2 Hz, 1F), -112,65 (p, J = 7,8 Hz, 1F). LCMS-ESI* (m/z2):
[M+H]" tinh toan d6i v6i Ca4Ha24F2N30s: 472,17; tim thay: 472,0.
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Vi du 33
Diéu ché hop chét 33

(28,5R)-N-(1-(2,4-diflophenyl)xyclopentyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]Joxazepin-10-carboxamit

0 F
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O OH
33
0 0 F
(0] F o
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A\ 0 ) MgBr, I NN .
et
0 0 F O OH
32-A 33-A

33

Thu dugce hop chét 33 tix hop chit 32-A va hop chét 33-A nhu duoc mé ta trong
qué trinh tong hop hop chit 32. 'TH-NMR (400 MHz, CDCls) & 10,70 (s, 1H), ~9,5 (br,
1H), 8,41 (s, 1H), 7,43 (td, J = 8,9, 6,4 Hz, 1H), 6,85 - 6,76 (m, 1H), 6,72 (ddd, J = 11,5,
8,8, 2,6 Hz, 1H), 5,48 - 5,18 (m, 2H), 4,68 (t, J = 3,2 Hz, 1H), 4,26 (dd, J = 13,0, 4,1 Hz,
1H), 4,00 (dd, J = 13,0, 9,4 Hz, 1H), 2,72 - 2,45 (m, 2H), 2,22 - 1,96 (m, 6H), 1,96 - 1,75
(m, 5H), 1,60 (ddd, J = 12,5, 4,1, 2,7 Hz, 1H). ®F-NMR (376,1 MHz, CD;CN) § -76,41
(s, 3F), -107,86 (q, J = 9,4 Hz, 1F), -113,13 (p, J = 8,0 Hz, 1F). LCMS-ESI* (m/z):
[M+H]* tinh toan ddi v&i CasHagFaN3Os: 486,18; tim thiy: 485,9.

Vi du 34
Piéu ché hop chit 34

(2S,5R)-N-(1-(2,4-diflophenyl)xyclohexyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit

o) F
0 X
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32.A O OH
34

Thu dwogc hop chat 34 tir hop chét 32-A va hop chét 34-A nhu dugc md ta trong
qué trinh téng hop hop chit 32. TH-NMR (400 MHz, CDC13) 6 10,83 (s, 1H), ~9,6 (br,
1H), 8,44 (s, 1H), 7,37 (td, J= 9,0, 6,4 Hz, 1H), 6,97 - 6,76 (m, 1H), 6,69 (ddd, J= 11,9,
8,8,2,7Hz, 1H), 5,48 - 5,18 (m, 2H), 4,68 (t, J = 3,0 Hz, 1H), 4,28 (dd, J= 13,1, 4,1 Hz,
1H), 4,03 (dd, J = 13,0, 9,4 Hz, 1H), 2,60 (d, J = 13,1 Hz, 2H), 2,29 - 1,96 (m, 4H), 1,95
- 1,77 (m, 4H), 1,77 - 1,65 (m, 4H), 1,61 (ddd, J = 12,5, 4,1, 2,7 Hz, 1H), 1,30 (br, 1H).
YF-NMR (376,1 MHz, CD3CN) § -76,41 (s, 3F), -107,86 (q, J = 9,4 Hz, 1F), -113,13 (p,
J= 8,0 Hz, 1F). LCMS-ESI* (m/z): [M+H]" tinh todn dbi v&i C26HasF2N30s: 500,20; tim
thiy: 500,0.

Vidu 35
Diéu ché hop chét 35

(2S,5R)-N-(4-(2,4-diflophenyl)tetrahydro-2H-pyran-4-yl)-8-hydroxy-7,9-dioxo-
2,3,4,5,7,9,13,13a-octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-

10-carboxamit
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Thu duge hop chét 35 tir hop chit 32-A va hop chit 35-A nhu duoc md ta trong
qué trinh tbng hop hop chét 32. 'TH-NMR (400 MHz, CDCl3) & 10,95 (s, 1H), 8,33 (s,
1H), ~7,6 (br, 1H), 7,38 (td, J = 9,0, 6,3 Hz, 1H), 6,85 (td, J = 8,4, 2,6 Hz, 1H), 6,73
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(ddd, J = 11,7, 8,6, 2,6 Hz, 1H), 5,32 (dt, J = 14,4, 4,0 Hz, 2H), 4,68 (t, J = 3,1 Hz, 1H),
4,24 (dd, J= 13,0, 3,9 Hz, 1H), 4,11 - 3,81 (m, 5H), 2,60 (d, J = 13,7 Hz, 2H), 2,33 - 2,17
(m, 2H), 2,18 - 1,97 (m, 4H), 1,87 (m, 1H), 1,61 (dt, J = 12,5, 3,3 Hz, 1H). ®F-NMR
(376,1 MHz, CD3CN) § -76,40 (s, 3F), -108,78 (q, J = 10,3, 9,8 Hz, 1F), -112,63 (p, J =
8,0 Hz, 1F). LCMS-ESI* (m/z): [M+H]" tinh toan dbi véi CasHasFaN3Os: 502,18; tim
thay: 502,0.

Vi du 36
Diéu ché hop chat 36

(2S,5R)-N-((S)-1-(2,4-diflophenyl)-2,2,2-trifloetyl)-8-hydroxy-7,9-dioxo-
2,3,4,5,7,9,13,13a-octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-

10-carboxamit

0 C:3F3 F
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Thu duge hop chat 36 tir hop chit 32-A va hop chit 36-A nhu dugc mo ta trong
qué trinh tong hop hop chit 32. TH-NMR (400 MHz, CDCL3) § 11,31 (d, J = 9,4 Hz, 1H),
8,41 (s, 1H), 7,65 - 7,44 (m, 1H), 6,95 (ddd, J = 9,6, 5,6, 2,0 Hz, 1H), 6,92 - 6,79 (m,
1H), 6,15 (h, J= 7,4 Hz, 1H), ~6 (br, 1H), 5,41 (dd, J=9,5, 4,0 Hz, 1H), 5,31 (t, J = 4,0
Hz, 1H), 4,70 (s, 1H), 4,34 (dd, J = 12,8, 3,9 Hz, 1H), 4,05 (dd, J = 12,9, 9,4 Hz, 1H),
2,26 - 1,99 (m, 4H), 1,99 - 1,87 (m, 1H), 1,62 (dt, J = 12,6, 3,4 Hz, 1H). YF-NMR (376,1
MHz, CDCl3) § -75,23 (t, J = 6,9 Hz, 3F), -76,33 (s, 3F), -108,31 (m, 1F), -112,30 (p, J =
8,0 Hz, 1F). LCMS-ESI* (m/z): [M+H]" tinh todn d6i v6&i CaHisFsN3Os: 500,12; tim
thdy: 500,1.
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Vi du 37
Diéu ché hop chét 37

(3S,11aR)-N-(1-(2,4-diflophenyl)xyclopropyl)-6-hydroxy-3-metyl-5,7-dioxo-
2,3,5,7,11,11a-hexahydrooxazolo[3,2-a]pyrido[1,2-d]pyrazin-8-carboxamit

’ 0 F
oort
NSNS0 F
O OH
37
OH
AOLO05 o F HO._OH fji
\[ CH3SOgH T: Q F NH,
NS ﬁ —_— NN S .
/O NS 0 F /O & OH F
0 O o o
27-B 21-c
H 0 F H 0 F
O\'/\N A N MgBr, O\¥/\N A N
N A H N H
0 F 0 F
0 O O OH
37-A 37

Bude 1

Xt ly metyl 5-(1-(2,4-diflophenyl)xyclopropylcarbamoyl)-1-(2,2-dimetoxyetyl)-3-
metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat (27-B, 0,150 g, 0,32 mmol) trong
axetonitril (1,5 mL) v axit axetic (0,2 mL) bing axit metansulfonic (0,05 mL), duoc day
kin bang nip mau vang, va gia nhiét dén 70°C. Sau 16 gid, 1am lanh hdn hop tao ra dung
dich th6 chira metyl 5-(1-(2,4-diflophenyl)xyclopropylcarbamoyl)-1-(2,2-dihydroxyetyl)-
3-metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat 27-C. LCMS-ESI* (m/z): [M+H]" tinh
toan dbi voi CisHioFaN207: 439; tim thdy: 439.

Cac Bu6éc2va3

Hoa tan metyl 5-(1-(2,4-diflophenyl)xyclopropylcarbamoyl)-1-(2,2-
dihydroxyetyl)-3-metoxy-4-oxo-1,4-dihydropyridin-2-carboxylat (27-C, 0,32 mmol, hén
hop th6 tir bude trude) trong axetonitril (1,5 mL) va axit axetic (0,2 mL). Thém (S)-2-
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aminopropan-1-ol (0,048 g, 0,64 mmol) va K2COs (0,088 g, 0,64 mmol) vao hdn hop
phan ting. Lam kin hdn hop phan Gng va gia nhiét &én 70°C. Sau 3 gid, 1am mét hdn hop
phéan (g va thém magie bromua (0,081 g, 0,44 mmol) vao. Lam kin lai hdn hop va gia
nhiét dén 50°C. Sau 10 phut, lam mat hdn hop phan mg dén 0°C va thém axit clohydric
IN (0,5 mL) vao. Sau d6 pha loing hdn hop phan ting bing MeOH (2 mL). Sau khi loc,
tinh ché phan tho bang HPLC didu ché (30-70% axetonitril:nudc, 0,1% TFA) tao ra hop
chit 37 & dang mubi TFA. "H-NMR (400 MHz, Metanol-ds) & 8,31 (s, 1H), 7,62 (td, J =
9,2, 8,7, 6,5 Hz, 1H), 7,02 — 6,78 (m, 2H), 5,53 — 5,20 (m, 1H), 4,68 (dd, J = 12,3, 4,2
Hz, 1H), 4,40 (dq, J = 19,1, 6,7 Hz, 2H), 3,98 (dd, J= 12,2, 10,0 Hz, 1H), 3,71 (dd, J =
8,3, 6,3 Hz, 1H), 1,41 (d, J = 6,1 Hz, 3H), 1,22 (s, 4H). YF-NMR (376 MHz, Metanol-
ds) 8 -113,66 —-113,95 (m, 1F), -113,94 — -114,29 (m, 1F). LCMS-ESI* (m/z): [M+H]*
tinh toan dbi v&i Ca1HaoFaN3Os: 432.; tim théy: 432.

Vi du 38
Piéu ché hop chat 38

(1S,4R,12aR)-N-(2,4-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

0 F
s H
by N\ H
¥ N N o F
O OH
38

Budce 1

Khudy dung dich chira hop chét 38-A (1562 mg, 5,799 mmol) (xem Vi du 41b
trong WO 97/05139) trong THF (10 mL) & -78°C khi thém LiBH4 2,0M trong THF (3,2
mL) vao va khudy hdn hop phan tmg & nhiét d trong phong. Sau 3 gidy, thém LiBHq
2,0M bd sung trong THF (3,2 mL) vao va khudy dung dich & nhiét d6 trong phong trong
17,5 gid. Sau khi pha loding hdn hop phan tng bang etyl axetat va thém cham nudc, tich
hai pha, va chiét phan doan trong nuéc dugc phan tach bing etyl axetat (x 1). Rira hai

phén doan hitu co béng nudce (x 1), gom lai, lam khé (Na2SOs4), va c6 dac. Tinh ché phén
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con lai bang CombiFlash (cot 40 g) st dung hexan - etyl axetat 1am chét rira giai tao ra
hop chit 38-B. 'H-NMR (400 MHz, Cloform-d) 6 4,11 (s, 1H), 3,65 - 3,52 (m, 2H), 3,45
(m, 1H), 2,32 (d, J = 4,1 Hz, 1H), 2,20 (s, 1H), 1,75 - 1,64 (m, 2H), 1,61 (m, 2H), 1,49 —
1,41 (m, 1H), 1,47 (s, 9H), 1,28 - 1,23 (d, J = 10 Hz, 1H). LCMS-ESI* (m/z): [M+H]"
tinh todn ddi véi C12H»NO3: 228,16; tim thdy: 227,7.

Budc 2

Khudy dung dich chira hop chét 38-B (589 mg, 2,591 mmol) va NEt;3 (0,47 mL,
3,369 mmol) trong CH2Clz (6 mL) & 0°C khi thém MsCl (0,22 mL, 2,842 mmol) vao. Sau
1 gi® & nhiét d6 trong phong, pha lodng hdn hop bang etyl axetat va rira bang nude (x 2).
Chiét cac phan doan trong nudc bang etyl axetat (x 1), va gom cac phan doan hitu co, lam
khd (Na2S04), va cb dic. Tinh ché phan con lai bing Combi Flash (ct 40 g) st dung
hexan - etyl axetat lam chit rira giai tao ra hop chét 38-C. 'H-NMR (400 MHz, Cloform-
d) 6 4,39 — 4,28 (m, 1H), 4,16 (s, 0,4H), 4,06 (s, 0,6H), 3,98 (dd, J= 10,0, 8,7 Hz, 0,6H),
3,86 (t, J = 9,6 Hz, 0,4H), 3,51 (dd, J = 9,3, 3,7 Hz, 0,6H), 3,43 (dd, J = 9,3, 3,6 Hz,
0,4H), 3,02 (s, 3H), 2,59 (m, 1H), 1,82 — 1,58 (m, 4H), 1,51 — 1,44 (m, 9H), 1,41 (d, J =
14,8 Hz, 1H), 1,31 (s, 0,6H), 1,29 (s, 0,4H).

Buoc 3

Thém natri azit (819 mg, 12,6 mmol) vao dung dich chita hop chit 38-C (769 mg,
2,518 mmol,) trong DMF (5 mL). Khudy hén hop phan tmg & 50°C trong 15 gid, & 80°C
trong 5 gid, va & 100°C trong 19 gid. Pha lodng hdn hop phan tmg bang dung dich LiCl
5% va chiét san phim bing etyl axetat (x 2). Sau khi rtta c4c phan doan hitu co bang
nude (x 1), gom hai phin doan hitu co, lam kho (Na2SO4), va cb dic. Tinh ché phin con
lai bang CombiFlash (c6t 40 g) st dung hexan - etyl axetat 1am chét rira giai tao ra hop
chit 38-D. '"H-NMR (400 MHz, Cloform-d) & 4,16 (s, 0,4H), 4,06 (s, 0,6H), 3,61 (dd, J=
12,2, 3,6 Hz, 0,6H), 3,51 (dd, J= 12,1, 3,2 Hz, 0,4H), 3,38 (dd, J = 9,4, 3,4 Hz, 0,6H),
3,26 (dd, /= 9,8, 3,3 Hz, 0,4H), 3,06 (dd, J = 12,2, 9,4 Hz, 0,6H), 3,01 — 2,92 (m, 0,4H),
2,48 (d,J=5,2 Hz, 1H), 1,82 - 1,57 (m, 4H), 1,46 (d, J=3,0 Hz, 9H), 1,42 (m, 1H), 1,28
(m, 0,6H), 1,27 — 1,23 (m, 0,4H).
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Budce 4

Thém 10% Pd/C (52 mg) vao dung dich chita hop chéit 38-D (507 mg, 2,009
mmol,) trong etyl axetat (10 mL) va EtOH (10 mL). Khudy hdn hop phan ung trong khi
quyén H> trong 1,5 gidr. Loc hdn hop qua xelit va c6 dic phan loc tao ra hop chét tho 38-
E. LCMS-ESI* (m/z): [M+H]" tinh toén d6i v&i C12H23sN20,: 227,18; tim thiy: 226,8.

Budc 5

Khudy hdn hop chira hop chét thé 38-E (206 mg, 0,910 mmol), hop chit 38-F
(330 mg, 0,953 mmol), va NaHCO; (154 mg, 1,833 mmol) trong nuéc (3 mL) va EtOH
(3 mL) ¢ nhiét d6 trong phong trong 20 gid. Sau khi pha lodng hdn hgp phéan ting bing
nuée va chiét bing etyl axetat (x 2), rira cc phan chiét bang nudc (x 1), gom lai, lam kho
(Na2S04), va co dic tao ra san phim pyridin tho.

Hoa tan phin con lai thd (388 mg) trong CH2Cl, (4 mL) va HCl 4N trong dioxan
(4 mL). Sau 1,5 gid, thém HCI 4N bd sung trong dioxan (4 mL) thém va duoc khudy
trong 1 gi¢ & nhiét d§ trong phong. C6 ddc hdn hop dén khd, 1am bay hoi ddng thoi véi
toluene (x1) va lam khd trong chan khéng trong 30 phut.

Khudy phin con lai tho va 1,8-diazabixycloundec-7-en (DBU) (1,06 mL, 7,088
mmol) trong toluen (10 mL) & bé 110°C. Sau 30 phut, cd ddc hdn hop va tinh ché phan
con lai bing CombiFlash (cot 40 g) st dung etyl axetat - 20% MeOH/etyl axetat 1am chét
rira gidi thu dugc hop chit 38-G. 'H-NMR (400 MHz, Cloform-d) 6 8,03 (s, 1H), 7,68 -
7,58 (m, 2H), 7,36 - 7,27 (m, 3H), 5,53 (d, ] = 9,9 Hz, 1H), 5,11 (d, J = 9,9 Hz, 1H), 4,93
(s, 1H), 4,43 - 4,30 (m, 2H), 3,89 (dd, ] = 12,2, 3,3 Hz, 1H), 3,73 (t, J = 12,0 Hz, 1H),
3,59 (dd, J = 11,9, 3,3 Hz, 1H), 2,53 (d, ] = 2,8 Hz, 1H), 1,87 - 1,67 (m, 4H), 1,55 (d, ] =
10,0 Hz, 1H), 1,51 - 1,45 (m, 1H), 1,38 (t, ] = 7,1 Hz, 3H). LCMS-ESI" (m/z): [M+H]"
tinh toan d6i véi CasHasN2Os: 409,18; tim thiy: 409,2.

Budc 6

Khuéy hdn hop chira hop chit 38-G (232 mg, 0,568 mmol) trong THF (3 mL) va
MeOH (3 mL) & nhi€t d6 trong phong khi thém KOH IN (3 mL) vao. Sau 1 gio, trung
hoa hdn hop phan tmg bang HCI IN (~3,1 mL), c6 dic, va cb dic phin con lai bing
toluen (x 3). Sau khi lam khé phan con lai trong chan khéng trong 30 phut, khudy huyén
phu chira phﬁn con lai thd, 2,4-diflobenzylamin (86 mg, 0,601 mmol), va HATU (266
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mg, 0,700 mmol) trong CH2Cl, (4 mL) va DMF (4 mL) & 0°C khi thém N,N-
diisopropyletylamin (DIPEA) (0,7 mL, 4,019 mmol) vao. Sau 45 phut, thém 2,4-
diflobenzylamin (86 mg, 0,559 mmol), HATU (266 mg, 0,700 mmol), va N,N-
diisopropyletylamin (DIPEA) (0,7 mL, 4,019 mmol) vao & nhiét 6 trong phong. Sau
1.25 gid, c6 dic hdn hop dé loai bd hiu hét CH2Cl, pha lodng béng etyl axetat, va rira
bang 5% LiCl (x 2). Sau khi chiét cic phan doan trong nudc bang etyl axetat (x 1), gom
cac phin doan hitu co, lam khd (Na2S04), va ¢6 dic. Tinh ché phﬁn con lai béng
CombiFlash (cot 40 g) sir dung etyl axetat -20%MeOH/etyl axetat lam chat rira giai tao ra
hop chit 38-H. '"H-NMR (400 MHz, Cloform-d) & 10,48 (t, J= 6,0 Hz, 1H), 8,33 (s, 1H),
7,62 - 7,51 (m, 2H), 7,40 - 7,27 (m, 4H), 6,87 - 6,75 (m, 2H), 5,39 (d, J = 10,0 Hz, 1H),
5,15 (d, J = 10,0 Hz, 1H), 4,92 (s, 1H), 4,68 - 4,53 (m, 2H), 3,97 (dd, ] = 12,5, 3,4 Hz,
1H), 3,77 (t, J = 12,2 Hz, 1H), 3,55 (dd, ] = 12,1, 3,3 Hz, 1H), 2,53 (d, J = 3,1 Hz, 1H),
1,88 - 1,62 (m, 4H), 1,59 - 1,42 (m, 2H), F-NMR (376 MHz, Cloform-d) § -112,17 (q, J
= 7,6 Hz, 1F), -114,79 (q, ] = 8,6 Hz, 1F). LCMS-ESI" (m/z): [M+H]" tinh toan ddi véi
C28H26F2N304: 506,19; tim thay: 506,2.

Budce 7

Hoa tan hop chat 38-H (240 mg, 0,475 mmol) trong TFA (3 mL) & nhiét d0 trong
~ phong trong 30 phut, va ¢d dic dung dich. Tinh ché phan con lai bing CombiFlash (cot
40 g) st dung CH2C-20% MeOH trong CH>Cl> 1am chét rira giai. Sau khi c6 dic cac
phan doan san phim thu duoc, nghién phdn con lai trong MeCN (~2 mL) ¢ 0°C trong 15
phut, va loc cac chét rin va rira bﬁng MeCN. Lam khé cac chit rin thu duoc trong chan
khong tao ra hop chat 38.

C6 dic phan loc, va hoa tan phan con lai trong MeCN (~1 mL) va nude (~1 mL)
béng cach gia nhiét. Lam lanh chdm dung dich dén nhiét do trong phong va sau do trong
bé d4 trong 15 phut. Loc chat rin va rira bing MeCN, va lam kh trong chan khong tao ra
hop chit bd sung 38. '"H-NMR (400 MHz, Cloform-d) & 11,68 (s, 1H), 10,42 (s, 1H),
8,27 (s, 1H), 7,41 - 7,31 (m, 1H), 6,86 - 6,73 (m, 2H), 4,90 (d, J = 2,5 Hz, 1H), 4,71 -
4,53 (m, 2H), 4,07 (d, J = 10,6 Hz, 1H), 3,90 - 3,67 (m, 2H), 2,68 (s, 1H), 2,01 (s, 1H),
1,97 - 1,80 (m, 3H), 1,80 - 1,62 (m, 2H), YF-NMR (376 MHz, Cloform-d) § -112,28 (m,
1F), -114,74 (m, 1F). LCMS-ESI* (m/z): [M+H]" tinh toan d6i v&i CaiHigFaN3Og:
416,14; tim thiy: 416,3.
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Cacvidu39va40
Diéu ché cac hop chét 39 va 40
(2R,38,5R,13a8S)-N-(2,4-diflobenzyl)-8-hydroxy-3-metyl-7,9-dioxo0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][ 1,3 ]Joxazepin-10-carboxamit 39 va
(25,3R,58,13aR)-N-(2,4-diflobenzyl)-8-hydroxy-3-metyl-7,9-diox0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit 40
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Budce 1

Tao huyén phti déng xyanua (290 mg, 3,27 mmol) trong 3,3 mL THF va lam lanh
dén -78°C. Thém nho giot dung dich 1,6M chira MeLi (4,1 mL, 6,56 mmol) trong dietyl
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ete, cho phép 1am 4m dung dich phan ting dén nhiét do trong phong trong 2 gid, va lam
lanh lai dén -78°C. Thém nhé giot tert-butyl (1R,3R,5S)-6-oxabixyclo[3.1.0]hexan-3-
ylcarbamat (330 mg, 1,66 mmol) trong 3,3 mL THF, tiép d6 14 boron triflorua dietyl
eterat (0,25 mL, 1,99 mmol), cho phép lam 4m dén -30°C trong 30 phut, va khudy gifta -
35°C va -25°C trong mdt gid. SAu do, lam 4m dung dich phan Umg dn nhiét do trong
phong va dimg phan tng bang hdn hop NH; bio hoa (trong nude)/NHa(trong nuéce), chiét
béng EtOAc, rira béng nude mudi, lam kho béng MgS04, loc, c6 dic, va tinh ché b'?mg
SGC (0-10% EtOH/DCM) tao ra raxemic tert-butyl (18,3S,4S)-3-hydroxy-4-
metylxyclopentylcarbamat. "H-NMR (400 MHz, Cloform-d) & 5,16 (s, 1H), 3,98 (s, 1H),
3,74 (q, J = 4,3 Hz, 1H), 3,65 (q, /= 7,0 Hz, 1H), 2,23 (dt, J = 14,0, 7,0 Hz, 1H), 1,98
(dt, J= 13,3, 7,0 Hz, 1H), 1,89 — 1,79 (m, 1H), 1,58 — 1,44 (m, 1H), 1,38 (s, 9H), 1,18 (t,
J=1,0Hz, 1H), 0,91 (d, J=7,0 Hz, 3H).

Budc 2

Thém 3 mL HCl/dioxan (4M, 12 mmol) vao dung dich chira raxemic tert-butyl
(18,38,45)-3-hydroxy-4-metylxyclopentylcarbamat (182 mg, 0,85 mmol) trong 3 mL
dioxan. Khudy hdn hop phan Gng & nhiét do trong phong trong 2 giod, ¢6 dic va dudi khi

hai 14n bang toluen tao ra raxemic (1 S,28,48)-4-amino-2-metylxyclopentanol.
Budce 3

Dua metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-metoxy-4-oxo-
1,4-dihydropyridin-2-carboxylat (1-C, 310 mg, 0,75 mmol), raxemic (18S,2S,4S)-4-
amino-2-metylxyclopentanol (115 mg, 0,76 mmol), va kali carbonat (232 mg, 1,68
mmol) vao 3,8 mL axetonitril/0,2 mL axit axetic va khudy & 90°C trong 2 gid, sau khi
tach hon hop phan tng gitta DCM va nudc mudi, chiét pha trong nuée bang DCM, lam
kho céc pha hitu co két hop bang MgSOq, loc, c¢b dic, va tinh ché bdng SGC (0-10%
EtOH/DCM) tao ra chét trung gian 39-A.

Budce 4

Téach chat trung gian 39-A (190 mg) bing Prep-HPLC bat d6i trén cdt Lux
Xenluloza-2 st dung 9:1 ACN:MeOH 1am chét rira giai tao ra cac chat trung gian 39-B
(dinh rtra giai thit nhat) va 40-A (dinh rira giai thir hai) & dang dugc lam giau dbi anh.
D61 v6i chét trung gian 39-B: (héa hoc 1ap thé tuyét dbi duoc xé4c dinh boi tinh thé hoc
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tia X), HPLC bat ddi thoi gian luru = 3,98 phit (Lux Xenluloza-2 IC, 150 x 4,6 mm, 2
mL/phit 9:1 ACN:MeOH). DPéi véi chat trung gian 40-A: (hda hoc 1ap thé tuyét dbi duoc
xac dinh boéi tinh thé hoc tia X), HPLC bat ddi thoi gian Iuvu = 6,35 phat (Lux
Xenluloza-2 IC, 150 x 4,6 mm, 2 mL/phit 9:1 ACN:MeOH).

Budc 5a

Thém magie bromua (68 mg, 0,37 mmol) vao dung dich chira chat trung gian 39-B
(83 mg, 0,18 mmol) trong 2 mL axetonitril. Khudy hén hop phan tmg & 50°C trong 1 gio,
axit héa bang 10% HCI trong nudc, phan tach giita phan trong nude va diclometan, va
chiét pha trong nuéc thanh diclometan. Lam khé cac pha hitu co két hop bing MgSO04,
loc, ¢6 dic, va tinh ché béng séc ky silica gel (0-10% EtOH/DCM) tao ra hop chét 39.
TH-NMR (400 MHz, Cloform-d) § 12,32 (s, 1H), 10,36 (s, 1H), 8,29 (s, 1H), 7,44 — 7,33
(m, 1H), 6,88 — 6,76 (m, 2H), 5,37 (dd, ] =9,5, 4,1 Hz, 1H), 5,28 (t, ] = 5,3 Hz, 1H), 4,63
(d, J=5,9 Hz, 2H), 4,23 (d, J = 23,0 Hz, 2H), 3,99 (dd, J = 12,7, 9,5 Hz, 1H), 3,72 (q, ] =
7,0 Hz, 1H), 2,51 (dq, J = 13,7, 6,8, 6,1 Hz, 1H), 2,15 (ddd, J = 14,7, 8,3, 2,3 Hz, 1H),
1,94 (d,J = 12,7 Hz, 1H), 1,77 (ddd, J = 12,7, 4,0, 2,9 Hz, 1H), 1,61 (dt, ] = 14,6, 5,2 Hz,
2H), 1,24 (t, J = 7,0 Hz, 1H), 1,09 (d, J = 7,2 Hz, 3H). LCMS-ESI* (m/z): [M+H]" tinh
toan d6i voi CoHpoFaN3Os: 446,15; tim thiy: 446,2.

Budce 5b

Thém magie bromua (59 mg, 0,32 mmol) vao dung dich chira chit trung gian 40-
A (70 mg, 0,15 mmol) trong 2 mL axetonitril. Khudy hdn hop phan ung & 50°C trong 1
gid, axit hoa bang 10% HCI trong nuéc, phan tach gitta phin trong nude va diclometan,
va chiét pha trong nuéc vé6i diclometan. Lam kho céc pha hitu co két hop bang MgSOsq,
loc, ¢b dic, va tinh ché bang séc ky silica gel (0-10% EtOH/DCM) tao ra hop chit 40.
"H-NMR (400 MHz, Cloform-d) § 12,32 (s, 1H), 10,36 (s, 1H), 8,29 (s, 1H), 7,44 — 7,33
(m, 1H), 6,88 — 6,76 (m, 2H), 5,37 (dd, J = 9,5, 4,1 Hz, 1H), 5,28 (t, J = 5,3 Hz, 1H),
4,63 (d, J=5,9 Hz, 2H), 4,23 (d, J= 23,0 Hz, 2H), 3,99 (dd, J = 12,7, 9,5 Hz, 1H), 3,72
(q, J=17,0 Hz, 1H), 2,51 (dq, J= 13,7, 6,8, 6,1 Hz, 1H), 2,15 (ddd, J = 14,7, 8,3, 2,3 Hz,
1H), 1,94 (d, J = 12,7 Hz, 1H), 1,77 (ddd, J = 12,7, 4,0, 2,9 Hz, 1H), 1,61 (dt, J = 14,6,
5,2 Hz, 2H), 1,24 (t, J = 7,0 Hz, 1H), 1,09 (d, J = 7,2 Hz, 3H). LCMS-ESI* (m/2):
[M+H]" tinh todn d6i véi CoxHxoFaN30s: 446,15; tim thiy: 446,2.
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Vi duy 41
Diéu ché hop chét 41

(IR,48,12aR)-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12, 12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Budc 1

Khudy dung dich chita 41-A (2020 mg, 7,463 mmol) (dugc diéu ché bing ciing
phuong phap nhu 38-A) trong THF (14 mL) & 0°C khi thém LiBH4 2,0M trong THF (7,5
mL, 15 mmol) vdo. Sau khudy hdn hop thu dwoc & rt trong 21 gid, lam lanh hdn hop &
0°C va pha loing bing EA tru6c khi thém chim nudc vao dé dimg phan ung. Sau khi

tach hai pha, chiét phin doan trong nudc bing EA (x 1) va rira hai phén doan hitu co
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bang nudc (x 1), gom lai, lam khé (Na2804), va c6 dic. Tinh ché phan con lai bang
CombiFlash (c6t 120 g) stt dung hexan - EA 1am chat rira giai tao ra 41-B. LCMS-ESI*
(m/z): [M-C4Hg+H]" tinh toan ddi véi CsH1sNOs: 172,10; tim thiy: 171,95.

Buéc 2

Nap chét phan ung 41-B (1,6 g, 7,05 mmol) va trietylamin (0,94 g, 9,3 mmol)
trong DCM (20 mL) vao binh day tron thé tich 100 ml. Thém metansulfony! clorua (0,91
g, 8,0 mmol) vao hdn hgp phan tmg. Sau d6 khudy hdn hop phan ung ¢ nhiét d6 trong
phong trong 3 gid. Pha lodng hdn hop bang EA (100 mL) va rira bing nuéc (2x). Chiét
cac phan doan trong nudc bing EA (1x), va gom cac phan doan hitu co, lam kho
(Na2S04), va cb ddc. Tinh ché phan con lai bang Combi Flash (cot 120 g, str dung hop)
st dung hexan - EA lam chit rira giai tao ra 41-C. LCMS-ESI* (m/z): [M+H]" tinh toan
d6i véi CisH19FaN207: 306; tim thdy: 306.

Buée 3

Nap chét phan ung 41-C (2,1 g, 6,9 mmol) va natri azit (2,3 g, 34,5 mmol) trong
DMF (10 mL) vao binh d4y tron thé tich 100 ml. Sau do, khudy hdn hop phan \mg &
100°C qua dém. Pha loding hdn hop bang EA (100 mL) va rira bang nude (2x). Chiét cac
phan doan trong nuéc bing EA (1x), va gom céc phén doan hitu co, lam khd (NaxSOs),
va ¢d ddc. Tinh ché phan con lai bing Combi Flash (cot 120 g, st dung hop) st dung
hexan - EA 1am chét rira giai tao ra 41-D. LCMS-EST* (m/z): [M+H]" tinh toan d6i véi
C1sH19F2N>07: 253; tim thiy: 253.

Buéc 4
Thém Pd/C (130 mg) vao dung dich (dwgc 1am sach bang N») chira chét phan ing
41-D (1,3 g) trong EA (20 mL) va EtOH (20 mL). Khudy hdn hop trong H, trong 3 gio.

Loc hdn hop qua xelit va cb dic phén loc tao ra hop chit 41-E. LCMS-EST* (m/z):
[M+H]" tinh todn d6i v&i C1sHioFaN207: 227; tim thiy: 227.

Bude 5

Nap chét phan tng 41-E (1,05 g, 4,62 mmol) va chét phan tmg 38-F (1,6 g, 4,62
mmol) trong etanol (20 mL) vao binh d4y tron thé tich 100 ml. Thém natri bicarbonat
(0,77 g, 9,2 mmol) trong nudc (20 mL) vao hén hgp phan ting. Sau d6 khudy hdn hop
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phan (mg & nhiét d trong phong qua dém. Pha lodng hén hop bang EA (100 mL) va rira
bang nudc (2x). Chiét cac phan doan trong nuéce bang EA (1x), vi gom céc phan doan
hitu co, 1am kh6 (Na2SO4), va c6 dic. Str dung san phim thd (2,4 g) cho bude tiép theo
ma khong cén tinh ché thém. LCMS-ESI' (m/%z): [M+H]" tinh toan dbi véi
C18H10F2N207: 556; tim thiy: 556.

Nap san pham thd tir phan tmg trudc trong HCI 4N/dioxan (24,7 mL) vao binh day
tron thé tich 100 ml. Sau do, khudy hdn hop phan ung ¢ nhiét 6 trong phong trong 1 gio.
Sau khi ¢6 dic, gia nhiét chét trung gian (2,1 g) va DBU (3,27 g, 21,5 mmol) trong toluen
(30 mL) dén 110°C kém khudy trong 1 gi¢. Sau khi c6 dic, tinh ché phan con lai bang
CombiFlash (cot 120 g) st dung hexan - etyl axetat lam chét rira gii tao ra 41-F. LCMS-
ESI* (m/z): [M+H]" tinh toan d6i véi C1sHioF2N207: 409; tim thdy: 409.

Budce 6

Nap chét phan ung 41-F (0,5 g, 1,22 mmol) trong THF (5 mL) va MeOH (5 mL)
vao binh day tron thé tich 100 ml. Thém KOH 1IN (3,7 mL) vao hdn hop phan tmg. Sau
d6, khudy hdn hop phén ng & nhiét do trong phong trong 1 gi¢. Axit héa hdn hop phan
ting bang céch thém HCI IN (3,7 mL), c¢6 dac dé loai bé hau hét dung méi hitu co, va
chiét bang EtOAc (2 X). Gom céc 16p hitu co, 1am khd (NaxSO4), va ¢b dic tao ra hop
chét 41-G.

Buéc 7

Nap chit phan img 41-G (0,14 g, 0,37 mmol), (2,4,6-triflophenyl)metanamin (0,12
g, 0,73 mmol), N,N-diisopropyletylamin (DIPEA) (0,24 g, 1,84 mmol) va HATU (0,28 g,
0,74 mmol) duoc hoa tan trong DCM (5 mL) vio binh d4y tron thé tich 100 ml. Khudy
hdn hop phén tng & nhiét d6 trong phong trong 2 gidr. Pha losing hén hop bang EA (100
mL) va rira bang NaHCOj3 (2x) bio hoa, NH4CI (2x) bdo hoa va lam khd bing NaySOs.
Sau khi ¢6 dic, tinh ché phan tho bang sic ky cot trén silica gel véi hexan-EtOAc tao ra
hop chit 41-H. LCMS-ESI* (m/z): [M+H]" tinh toan ddi v6i C1sH1oFaN,07: 524.5; tim
thy: 524,5.

Budce 8

Nap chét phan tung 41-H (0,13 g, 0,25 mmol) trong TFA (2 mL) vao binh ddy tron
thé tich 50-mL. Khudy hdn hop phan tng & nhiét do trong phong trong 30 phut. Sau khi
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cd dic, tinh ché phﬁn tho béng séc ky cot trén silica gel véi EtOAc-MeOH tao ra hop chét
41. TH-NMR (400 MHz, Cloform-d) § 11,61 (s, 1H), 10,70 - 10,01 (m, 1H), 8,26 (s, 1H),
6,65 (t, J = 8,1 Hz, 2H), 4,88 (s, 1H), 4,65 (dd, J = 6,1, 2,4 Hz, 2H), 4,07 (d, ] = 10,9 Hz,
1H), 3,93 - 3,58 (m, 2H), 2,67 (d, J = 3,1 Hz, 1H), 2,08 - 1,41 (m, 7H). ’F-NMR (376
MHz, Cloform-d) 8 -109,22 (d, J = 11,6 Hz, 1F), -111,04 - -112,79 (m, 2F). LCMS-ESI*
(m/z): [M+H]" tinh toan d6i véi Co1Ha0F2N30s: 434.; tim thy: 434.

Vi du 42
Diéu ché hop chét 42

(2R,58,13aR)-8-hydroxy-7,9-dioxo-N-(2,4,6-triflobenzyl)-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][ 1,3 ]Joxazepin-10-carboxamit
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Bude 1

Xt ly axit 1-(2,2-dimetoxyetyl)-5-metoxy-6-(metoxycarbonyl)-4-oxo-1,4-
dihydropyridin-3-carboxylic (3,15 g, 10 mmol) trong axetonitril (36 mL) va axit axetic (4
mL) bing axit metansulfonic (0,195 mL, 3 mmol) va dit trong bé 75°C. Khudy hdn hop
phan Ung trong 7 giv, lam lanh va bao quan & -10°C trong 3 ngay va gia nhiét lai dén
75°C trong 2 gid nita. Lam lanh nguyén liéu nay va tiép tuc san phim thd cho buédc tiép

theo.

Buéec 2

Chuyén hdn hgp phan tmg tho tir Buéc 1 (20 mL, 4,9 mmol) vao binh chira
(1R,38)-3-aminoxyclopentanol (0,809 g, 8 mmol). Pha loing hén hop béng axetonitril
(16,8 mL), xtr Iy bang kali carbonat(0,553 g, 4 mmol) va gia nhiét dén 85°C. Sau 2 gio,
1am mé4t hdn hop phan Gmg dén nhiét 46 méi truong va khudy qua dém. Thém HCI 0,2M
(50 mL) vao, va chiét dung dich mau vang trong sudt bang diclometan (2x150 mL). Lam
khé cac 16p hitu co két hop qua natri sulfat, loc va c6 dédc thanh 1,49 g chét rin mau cam
nhat. T4i két tinh tir diclometan:hexan tao ra chét trung gian mong mubn 42A: LCMS-
ESI* (m/z): [M+H]" tinh toan d6i v&i CisH17N206: 321,11; tim thiy: 321,3.

Buéce 3

Tao huyén phti chit trung gian 42-A (0,225 g, 0,702 mmol) va (2,4,6-
triflophenyl)metanamin (0,125 g, 0,773 mmol) trong axetonitril (4 mL) va duoc xir ly
bang N,N-diisopropyletylamin (DIPEA) (0,183 mmol, 1,05 mmol). Thém
(dimetylamino)-N,N-dimetyl(3H-[1,2,3]triazolo[4,5-b]pyridin-3-yloxy)metanimin
hexaflophosphat (HATU, 0,294 g, 0,774 mmol) vao huyén phii ndy. Sau 1,5 gid, dung
hdn hop phan tmg thd cho budc tiép theo. LCMS-ESI* (m/z): [M+H]" tinh toan dbi véi
CH21F3N30s: 464,14; tim thiy: 464,2.
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Budc 4

Thém MgBr2 (0,258 g, 1,40 mmol) vao hdn hop phan tng thé cta budc trude.
Khudy hdn hop phan tmg & 50°C trong 10 phut, axit héa bang 10% HCI trong nudc, va
chiét hai 14n bang diclometan. Lam khd cac pha hitu co két hop bang MgSO0s, loc, ¢b dic,
va tinh ché bang sic ky silica gel (EtOH/diclometan) tiép dé bing HPLC (ACN/H,0 véi
0,1% chét bién d6i TFA) tao ra hop chit 42: 'TH-NMR (400 MHz, DMSO-ds) § 12,43 (s,
1H), 10,34 (t, J= 5,7 Hz, 1H), 8,42 (s, 1H), 7,19 (t, J= 8,7 Hz, 2H), 5,43 (dd, J= 9,5, 4,1
Hz, 1H), 5,08 (s, 1H), 4,66 (dd, J= 12,9, 4,0 Hz, 1H), 4,59 (s, 1H), 4,56 — 4,45 (m, 2H),
4,01 (dd, J= 12,7, 9,7 Hz, 1H), 1,93 (s, 4H), 1,83 (d, J= 12,0 Hz, 1H), 1,56 (dt, J = 12,0,
3,4 Hz, 1H). LCMS-ESI* (m/z): [M+H]" tinh todn d8i v&i CaiHioF3N3Os: 450,13; tim
thiy: 450,2.

Vi du 43
Diéu ché hop chit 43

(12aR)-N-((R)-1-(2,4-diflophenyl)etyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Budce 1

Nap chét phan tng 41-G (0,14 g, 0,37 mmol), (R)-1-(2,4-diflophenyl)etanamin
(0,12 g, 0,74 mmol), N,N-diisopropyletylamin (0,24 g, 1,84 mmol) va HATU (0,28 g,
0,74 mmol) vao binh day tron thé tich 100 ml va hoa tan trong DCM (5 mL). Khudy hdn
hop phan g & nhiét d6 trong phong trong 2 gio. Pha losing hdn hop bing EA (100 mL)
va rira bang NaHCOj3 (2x) bdo hoa, NH4Cl (2x) bdo hoa va lam khé bing NaxSO4. Sau
khi ¢6 dic, tinh ché phén thé bang sic ky cot trén silica gel véi hexan-EtOAc tao ra hop
chit 43-A. LCMS-ESI* (m/z): [M+H]" tinh toan d6i véi CisHioFaN2O7: 520; tim thay:
520.
Céc bude 2

Nap chit phan tmg 43-A (0,14 g, 0,27 mmol) trong TFA (2 mL) vao binh day tron
thé tich 50-mL. Khudy hdn hop phan Umg & nhiét d§ trong phong trong 30 phut. Sau khi
cd dic, tinh ché phin thd bang sic ky cot trén silica gel véi EtOAc-MeOH tao ra hop chit
43. "H-NMR (400 MHz, Cloform-d) & 11,65 (s, 1H), 10,57 (s, 1H), 8,22 (s, 1H), 7,31 (m,
1H), 6,99 - 6,62 (m, 2H), 5,64 - 5,32 (m, 1H), 4,90 (d, J =2,7 Hz, 1H), 4,04 (d,J=11,5
Hz, 1H), 3,93 - 3,63 (m, 2H), 2,67 (s, 1H), 2,08 - 1,40 (m, 9H). YF-NMR (376 MHz,
Cloform-d) 6 -113,09 (m, 1F), -115,01 (m, 1F). LCMS-ESI* (m/z): [M+H]" tinh toan d6i
v6i CatHa0F2N30s: 430.; tim thay: 430.

Vi du 44
Diéu ché hop chét 44
(13aS)-8-hydroxy-7,9-dioxo-N-(2,3,4-triflobenzyl)-2,3,4,5,7,9,13,13a-octahydro-2,5-
metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Buée 1

Dua hop chét 15-B (40 mg, 0,12 mmol) vao 1 mL axetonitril va dugc xtr Iy bang
2,3,4-triflobenzylamin (29 mg, 0,18 mmol), HATU (53 mg, 0,14 mmol), N,N-
diisopropyletylamin (DIPEA) (20 mg, 0,16 mmol), va khudy & nhiét do trong phong
trong 2 gid, sau khi phép phan tich LCMS bdc 10 su tiéu thy hoan toan hop chit 15-B va
hinh thanh cht trung gian 44-A. H3n hgp phén tng dugc dung cho buée tiép theo.

Budce 2

Thém MgBr (63 mg, 0,34 mmol) vao dung dich phén tmg thd ctia budc trude.
Khudy hdn hop phén tng & 50°C trong mot gid, axit héa bang 10% HCI trong nudc, tach
gifta pha trong nuéc va diclometan, va chiét pha trong nu6c thanh diclometan. Lam kho
cac pha hitu co két hop bang MgSOa, loc, ¢ dic, va tinh ché bang HPLC (ACN/H20 véi
0,1% chat bién d6i TFA) thanh hop chét 44. "TH-NMR (400 MHz, DMSO-de) § 12,45 (s,
1H), 10,38 (t, J= 6,0 Hz, 1H), 8,43 (s, 1H), 7,27 (q, J= 9,2 Hz, 1H), 7,16 (q, J = 8,5 Hz,
1H), 5,42 (dd, J=9,5, 4,0 Hz, 1H), 5,08 (s, 1H), 4,76 — 4,47 (m, 4H), 4,01 (dd, J = 12,8,
9,7 Hz, 1H), 1,92 (s, 4H), 1,82 (d, J = 12,1 Hz, 1H), 1,55 (dt, J = 12,2, 2,9 Hz, 1H).
LCMS-ESI* (m/z): [M+H]" tinh toan dbi véi CaiHioF3N3Os: 450,13; tim thay: 450,2.

Vi du 45
Diéu ché hop chét 45

(13a8S)-8-hydroxy-7,9-dioxo-N-(2,4,6-triflobenzyl)-2,3,4,5,7,9,13,13a-octahydro-2, 5-
metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Budce 1

Pua hop chit 15-B (38 mg, 0,12 mmol) vao 1 mL axetonitril va dugc xir Iy bang
2,4,6-triflobenzylamin (34 mg, 0,21 mmol), HATU (50 mg, 0.13 mmol), N,N-
diisopropyletylamin (DIPEA) (23 mg, 0,18 mmol), va khudy & nhiét do trong phong
trong 2 gi0, sau khi phép phan tich LCMS bdc 16 su tiéu thu hoan toan hop chit 15-B va
su hinh thanh chit trung gian 45-A. Hdn hop phan tmg duge ding cho bude tiép theo.

Budce 2

Thém MgBr2 (55 mg, 0,30 mmol) vao dung dich phan tmg thd cta budc trude.
Khu4y hdn hop phan g & 50°C trong mot gio, axit héa bang 10% HCI trong nudc, phan
tach giita phan trong nudc va diclometan, va chiét pha trong nuéc bang diclometan. Lam
kho céc pha hitu co két hop bang MgSOs, loc, ¢b dic, va tinh ché bing HPLC (ACN/H,0
v6i 0,1% chat bién ddi TFA) tao ra hop chit 45. "H-NMR (400 MHz, DMSO-de) & 12,37
(s, 1H), 10,37 - 10,25 (m, 1H), 8,37 (s, 1H), 7,14 (t, J = 8,7 Hz, 2H), 5,37 (dd, J = 9,5,
4,0 Hz, 1H), 5,02 (s, 1H), 4,66 — 4,40 (m, 4H), 3,95 (dd, J = 12,8, 9,6 Hz, 1H), 1,87 (s,
4H), 1,77 (d, J = 11,9 Hz, 1H), 1,50 (dt, J = 11,8, 3,2 Hz, 1H). LCMS-ESI* (m/2):
[M+H]" tinh todn d6i v&i C21H19F3N30s: 450,13; tim thiy: 450,2.
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Vi du 46
Diéu ché hop chét 46

(13aS)-N-(2,6-diflobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,1 3a-octahydro-2,5-
metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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- - N AN N
L
H

O OH
46
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Budce 1

Dua hop chat 15-B (38 mg, 0,12 mmol) vao 1 mL axetonitril va dugc xir Iy bing
2,6-diflobenzylamin (19 mg, 0,14 mmol), HATU (56 mg, 0,15 mmol), N,N-
diisopropyletylamin (DIPEA) (20 mg, 0,15 mmol), va khudy & nhiét do trong phong
trong 90 phit, sau khi phép phan tich LCMS bdc 16 su ti€u thu hoan toan hop chét A va
su hinh thanh chét trung gian 46-A. Hon hop phan tng dugc dung cho buéc tiép theo.

Budce 2

Thém MgBr; (50 mg, 0,27 mmol) vao dung dich phan ting thd cia budc trude.
Khuy hén hop phan mg & 50°C trong mdt gid, axit héa bang 10% HCI trong nude, phan
tach giita phan trong nu6c va diclometan, va chiét pha trong nuéc bang diclometan. Lam
khé céc pha hitu co két hop bang MgSO0s, loc, ¢d dic, va tinh ché bing HPLC (ACN/H,0
v6i 0,1% chét bién ddi TFA) tao ra hop chit 46. "H-NMR (400 MHz, DMSO-de) 5 12,37
(s, 1H), 10,33 - 10,26 (m, 1H), 8,37 (s, 1H), 7,39 — 7,29 (m, 1H), 7,05 (t, J= 7,9 Hz, 2H),
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5,37 (dd, J=9,5, 4,1 Hz, 1H), 5,02 (s, 1H), 4,66 — 4,45 (m, 4H), 3,95 (dd, J = 12,7, 9.6
Hz, 1H), 1,87 (s, 4H), 1,77 (d, J = 12,0 Hz, 1H), 1,50 (dt, J = 12,2, 3,5 Hz, 1H). LCMS-
EST* (m/z): [M+H]" tinh todn dbi véi C21Ha0F2N30s: 432,14; tim thy: 432,2.

Vi du 47
Diéu ché hop chit 47

(1R,48,12aR)-N-(2,4-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

HH 0O F
Y Yo F
O OH

47

H HATU, DIEA N AN /\©\
O 24- dlﬂobenzylamm
O OBn o] OBn
-G 47-A

4 H @) F
TEA , : N“~ "N
N N H
H @] F
O OH

47
Budce 1

Hoa tan axit thd 41-G (0,45 g, 1,18 mmol), 2,4-difluobenzylamin (0,35 g, 2,44
mmol), N,N-diisopropyletylamin (DIPEA) (0,79 g, 6,11 mmol) va HATU (0,93 g, 2,44
mmol) trong DCM (10 mL). Khudy hén hop phan tng & nhidt do trong phong trong 2
gio. Pha lodng hdn hop bang EA (100 mL) va rira bang NaHCO; bdo hoa (2x), NH4Cl
bdo hoa (2x) va lam khd bang Na;SO4. Sau khi ¢6 dic, tinh ché phin tho bing séc ky cot
trén silica gel with hexan-EtOAc tao ra hop chit 47-A. LCMS-ESI* (m/z): [M+H]* tinh
toan d6i v6i C1sHioF2N207: 506; tim théy: 506.
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Budce 2

Nap chit phan tmg 47-A (0,5 g, 0,99 mmol) trong TFA (6 mL) vao binh day tron
thé tich 50-mL. Khudy hdn hop phan ung & nhi€t do trong phong trong 30 phut. Sau khi
cd dic, tinh ché phén tho bé“mg séc ky cot trén silica gel voi EtOAc-MeOH tao ra hop chit
47. "TH NMR (400 MHz, Cloform-d) 8 11,70 (s, 1H), 10,44 (s, 1H), 8,29 (s, 1H), 7,60 -
7,29 (m, 1H), 6,95 - 6,58 (m, 2H), 4,10 (s, 1H), 4,02 - 3,54 (m, 3H), 2,68 (d, ] = 3,1 Hz,
1H), 2,00 - 1,40 (m, 8H). F NMR (376 MHz, Cloform-d) § -112,31 (d, J = 8,0 Hz, 1F),
-114,77 (d, J = 8,4 Hz, 1F). LCMS-ESI* (m/z): [M+H]" tinh toan dbi v&i Ca1HaoF2N30s:
416.; tim thy: 416.

Vi du 48
Diéu ché hop chat 48
(15,4R,12aS)-N-(2,4-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

N N \ N
H N Yo F
O OH

48

H CO,Et HOH z
s N N7 H
Ly~ —— L on ———= NSNS F
H fPh H  Boc O OH

48-A 48-B 48

Diéu ché 48-B twong ty nhu 55-H trong Vi du 55, thay thé 48-A cho 55-A. Diéu
ché hop chét 48 nhu duoc mé ta dbi véi hop chét 38 trong Vi du 38, thay thé 48-B cho
38-B tao ra hop chét 48. 'H-NMR (400 MHz, Cloform-d) 6 11,79 (s, 1H), 10,44 (m, 1H),
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8,33 (s, 1H), 7,42 — 7,31 (m, 1H), 6,86 — 6,74 (m, 2H), 4,74 (s, 1H), 4,63 (d, ] = 5,8 Hz,
2H), 4,19 (m, 1H), 4,07 — 4,03 (m, 2H), 2,83 (s, 1H), 1,92 — 1,68 (m, 6H), 19F NMR (376
MHz, Cloform-d) § -112,3 (m, 1F), -114,8 (m, 1F). LCMS-ESI* (m/z): [M+H]" tinh to4n
ddi véi Ca1HaoFaN304: 416,14.; tim thdy: 416,07.

Vi du 49
Diéu ché hop chét 49

(25,5R,13a8S)-8-hydroxy-7,9-dioxo-N-((3-(triflometyl)pyridin-2-yl)metyl)-
2,3,4,5,7,9,13,13a-octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][ 1,3 ]oxazepin-

10-carboxamit

i CF,
N N 0 N~
Ho oH
49
H _H 9 CF H . H 0 N
5 O 5 N AN OH 3 5 O z AN AN
N HN \\ HATU NN N
N N0 v 2 N| _ N NS0 H N
Ho oo Ho o
15-B 49-A
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|
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Budce 1

Dua hop chit 15-B (44 mg, 0,14 mmol) vao 1 mL axetonitril va duoc xtr 1y bing
(3-(triflometyl)pyridin-2-yl)metanamin (38 mg, 0,18 mmol, mubi HCI), HATU (69 mg,
0,18 mmol), N,N-diisopropyletylamin (DIPEA) (0,07 mL, 0,40 mmol), va khudy & nhiét
do trong phong trong 1 gid, sau khi phép phan tich LCMS bdc 10 su tiéu thu hoan toan
hop chét 15-B va su hinh thanh chét trung gian 49-A. H3n hop phan ung dugc dung cho

bude tiép theo.
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Budc 2

Thém MgBr; (51 mg, 0,28 mmol) vao dung dich phan Ung thé cta budc trude.
Khu4y hdn hop phan tmg & 50°C trong 90 phut, axit héa bang 10% HCI trong nudc, phan
tach gifta phan trong nudc va diclometan, va chiét pha trong nudc biang diclometan. Lam
khé cac pha hitu co két hop bing MgSOs, loc, ¢b dic, va nghién bing metanol tiép d6
béng dietyl ete tao ra hop chat 49. TH-NMR (400 MHz, DMSO-ds) & 12,42 (s, 1H), 10,80
—10,70 (m, 1H), 8,83 (d, J=5,0 Hz, 1H), 8,44 (s, 1H), 8,19 (d, J = 8,6 Hz, 1H), 7,56 (dd,
J=1,,5,2 Hz, 1H), 5,43 (dd, J = 9,5, 4,0 Hz, 1H), 5,08 (s, 1H), 4,86 — 4,80 (m, 2H),
4,67 (dd, J= 12,9, 4,0 Hz, 1H), 4,59 (s, 1H), 4,02 (dd, J = 12,6, 9,8 Hz, 1H), 1,93 (s, 4H),

1,82 (d, J= 12,1 Hz, 1H), 1,60 — 1,52 (m, 1H). LCMS-ESI* (m/z): [M+H]* tinh toan dbi
' y6i CarHaoFsN4Os: 465,14; tim thiy: 465 2.

Cac vidu 50 va 51
Diéu ché cac hop chit 50 va 51
N-(2,4-diflobenzyl)-9-hydroxy-8,10-dioxo-2,3,5,6,8,10,14,14a-octahydro-2,6-
metanopyrido[1',2":4,5]pyrazino[2,1-b][1,6,3]dioxazocin-11-carboxamit 50 va 51

" 0 F n 0 F

: 5 N N )\: o0y N N
&WH %(WHA@

0 F ) F

O" H O OH H O OH

50 51
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Bude 1

Pua metyl 5-(2,4-diflobenzylcarbamoyl)-1-(2,2-dihydroxyetyl)-3-metoxy-4-oxo-
1,4-dihydropyridin-2-carboxylat (1-C, 392 mg, 0,95 mmol) (Vi du 87), raxemic cis-5-
aminotetrahydro-2H-pyran-3-0ol (WO 2012/145569 Bennett, B. L. et al, nép ngay
20/04/2012 ) (112 mg, 0,95 mmol), va kali carbonat (134 mg, 0,97 mmol) vao 3,8 mL
axetonitril/0,2 mL axit axetic va khudy & 90°C trong 90 phut, sau khi tdch hdn hop phan
ting gitta DCM va nudc mudi, chiét pha trong nuéc bang DCM, 1am kh cac pha hitu co
két hop bang MgS0s, loc, c6 dic, va tinh ché bing SGC (0-10% EtOH/DCM) tao ra chét
trung gian 50-A.

Budc 2

Tach chét trung gian 50-A (40 mg) bang SFC bit d6i trén cot Chiralpak IC sir
dung 10% DMF trong cacbon dioxit siéu téi han lam chét rira giai tao ra céc chat trung
gian 50-B (dinh rira giai thi nhit) va 51-A (dinh rira giai thr hai) & dang dugc lam giau
ddi anh. D& véi chit trung gian 50-B: (hoa hoc 14p thé tuyét dbi khong biét), HPLC bat
~ d6i thoi gian luu = 11,48 phut (Chiralpak IC, 150 x 4,6 mm, 1 mL/phut MeOH). Déi véi
chit trung gian 51-A: (héa hoc 14p thé tuyét dbi khong biét), HPLC bat déi thoi gian luu
= 14,35 phut (Chiralpak IC, 150 x 4,6 mm, 1 mL/phut MeOH).
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Budc 3a

Thém magie bromua (12 mg, 0,06 mmol) vao dung dich chira chit trung gian 50-B
(10,5 mg, 0,02 mmol, héa hoc 14p thé tuyét d6i khong biét) trong 1 mL axetonitril. Khuéy
hdn hop phan ting & 50°C trong 1 gid, axit hoa bang 10% HCl trong nudc, phén tach gitta
phan trong nuée va diclometan, va chiét pha trong nudc bang diclometan. Lam kho cac
pha hitu co két hgp bang MgSOq, loc, ¢b dic, va tinh ché bing HPLC (ACN/H:0 véi
0,1% chét bién dbi TFA) tao ra hop chat 50. '"H-NMR (400 MHz, Cloform-d) § 10,47 (t,
J=5,8 Hz, 1H), 8,42 (s, 1H), 7,35 (q, J = 8,6, 8,2 Hz, 1H), 6,81 (q, /= 8,7, 8,0 Hz, 2H),
6,41 (dd, /= 10,0, 3,6 Hz, 1H), 4,79 (s, 1H), 4,65 (s, 2H), 4,36 — 4,26 (m, 2H), 4,20 —
4,08 (m, 2H), 3,98 (dd, J = 12,4, 10,2 Hz, 1H), 3,88 (t, J = 11,8 Hz, 2H), 2,27 (dt, J =
13,3, 3,1 Hz, 1H), 2,15 — 2,06 (m, 1H). LCMS-ESI* (m/z): [M+H]" tinh toan ddi véi
C21H20F2N306: 448,40; tim thdy: 448,2.

Bude 3b

Thém magie bromua (13 mg, 0,07 mmol) vao dung dich chtra chit trung gian 51-
A (13,2 mg, 0,03 mmol, héa hoc 14p thé tuyét dbi khong biét) trong 1 mL axetonitril.
Khudy hdn hop phan tmg & 50°C trong 1 gio, axit héa bing 10% HCl trong nudc, phan
tach gitta phan trong nudc va diclometan, va chiét pha trong nuéc bang diclometan. Lam
kho céc pha hitu co két hgp bing MgSOs, loc, ¢b dic, va tinh ché bing HPLC (ACN/H,0
v6i 0,1% chét bién dbi TFA) tao ra hop chét 51. 'TH-NMR (400 MHz, Cloform-d) § 10,47
(t, J= 5,8 Hz, 1H), 8,42 (s, 1H), 7,35 (q, J = 8,6, 8,2 Hz, 1H), 6,81 (q, J = 8,7, 8,0 Hz,
2H), 6,41 (dd, /= 10,0, 3,6 Hz, 1H), 4,79 (s, 1H), 4,65 (s, 2H), 4,36 — 4,26 (m, 2H), 4,20
— 4,08 (m, 2H), 3,98 (dd, J = 12,4, 10,2 Hz, 1H), 3,88 (t, J = 11,8 Hz, 2H), 2,27 (dt, J =
13,3, 3,1 Hz, 1H), 2,15 — 2,06 (m, 1H). LCMS-ESI* (m/z): [M+H]" tinh toan ddi véi
C21H20F2N306: 448,40; tim thiy: 448,2.

Vi du 52
Diéu ché hop chat 52

(25,5R,13a8S)-N-(2-xyclopropoxy-4-flobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2"4,5]pyrazino[2,1-b][ 1,3 ]oxazepin-10-carboxamit
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Budce 1

Thém nhé giot dung dich xyclopropanol (1,9 g, 29 mmol) trong 20 mL dioxan vao
dung dich 0°C chira natri hydrua (60% su phan tén trong diu khoéng, 1,04 g, 26 mmol)
trong 80 mL dioxan. Cho phép lam 4m hdn hop phan tmg dén nhiét do trong phong, thém
timg phén 2,4-diflobenzonitril (3,48 g, 25 mmol), va ning nhiét d6 phan tmg dén 95°C.
Lam lanh dung dich phan tmg dén nhiét d6 trong phong sau khi khudy trong 18 gio, pha
loding bang etyl axetat, rira hai lin bang nudc va hai 1an bang nuéc mudi, lam khd bing
MgSOs4, loc, va cb6 dic trén silica gel. Tinh ché bang séc ky silica gel (0-10%
EtOAc/hexan) tao ra 2-xyclopropoxy-4-flobenzonitril. 'H-NMR (400 MHz, Cloform-d)
6 7,52 (dd, J = 8,6, 6,2 Hz, 1H), 7,05 (dd, J = 10,5, 2,3 Hz, 1H), 6,73 (td, J = 8,2, 2,3 Hz,
1H), 3,87 — 3,76 (m, 1H), 0,87 (m, 4H).

Budc 2

Thém nho giot 2-xyclopropoxy-4-flobenzonitril trong 14 mL dietyl ete vao huyén
phi 0°C chira lithi nhém hydrua trong THF (1M, 15 mL, 15 mmol). Khudy dung dich
phan tmg trong 3 gid, 1am 4m tir tir dén nhiét d6 trong phong, tai thoi diém nay 1am lanh
lai dén 0°C, thém 8 mL lithi nhém hydrua trong THF (1M, 8 mmol) vao, va dugc khudy
trong 90 phut nita. Dung phan ng bé“mg cach thém 1an luot 0,9 mL nuéde, 0,9 mL 15%
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NaOH (rong nuse), va 2,7 mL nuée. Loc phan tng qua xelit cling véi rira dietyl ete, 1am kho
bang MgSOq, va cb dic tao ra 2-xyclopropoxy-4-flobenzylamin c6 du d6 tinh khiét dé
tiép tuc & dang tho. TH-NMR (400 MHz, Cloform-d) 6 7,17 — 7,08 (m, 1H), 6,96 (dd, J =
10,9, 2,4 Hz, 1H), 6,61 (td, J = 8,3, 2,5 Hz, 1H), 3,78 — 3,66 (m, 3H), 0,89 — 0,72 (m,
4H).

Budce 3

Dua hop chét 15-B (46 mg, 0,14 mmol) vao 1 mL axetonitril va dugc xtr 1y bang
2-xyclopropoxy-4-flobenzylamin (32 mg, 0,18 mmol), HATU (62 mg, 0,16 mmol), N,N-
diisopropyletylamin (DIPEA) (0,04 mL, 0,22 mmol), va khudy & nhiét do trong phong
trong 2 gio, sau khi phép phan tich LCMS bdc 1§ su tiéu thu hoan toan hop chét 15-B va
sy hinh thanh chat trung gian 52-A. H8n hop phan g duge dung cho bude tiép theo.

Buédce 4

Thém MgBr; (56 mg, 0,30 mmol) vao dung dich phan tng tho cta bude trude.
Khudy hén hop phan tng & 50°C trong 90 phiit, axit hoa bang 10% HCl trong nudc, phan
tach gitta phan trong nudc va diclometan, va chiét pha trong nudce béng diclometan. Lam
khé céc pha hitu co két hop bang MgSOq, loc, ¢6 dic, va tinh ché bing HPLC (ACN/H,O
v6i 0,1% chat bién ddi TFA) tao ra hop chét 52. 'H-NMR (400 MHz, DMSO-ds) & 12,44
(s, 1H), 10,21 (t, J= 5,8 Hz, 1H), 8,41 (s, 1H), 7,22 — 7,15 (m, 1H), 7,12 (dd, J = 11,2,
2,5 Hz, 1H), 6,72 (td, J = 8,5, 2,5 Hz, 1H), 5,42 (dd, J = 9,6, 4,1 Hz, 1H), 5,07 (s, 1H),
4,66 (dd, J= 12,8, 4,1 Hz, 1H), 4,58 (s, 1H), 4,34 (dd, J = 5,6, 2,4 Hz, 2H), 4,04 — 3,91
(m, 2H), 1,92 (s, 4H), 1,82 (d, /= 11,9 Hz, 1H), 1,55 (dt, J= 12,4, 3,5 Hz, 1H), 0,80 (g, J
= 6,3, 5,7 Hz, 2H), 0,72 (q, J = 6,0, 4,9 Hz, 2H). LCMS-ESI* (m/z): [M+H]" tinh to4n
d61 v6i C24H2sFN30g: 470,17; tim thiy: 470,1.

Viduy 53
Diéu ché hop chét 53

(2R,58,13aR)-N-(2-xyclopropoxy-4-flobenzyl)-8-hydroxy-7,9-dioxo0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][ 1,3 ]oxazepin-10-carboxamit
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Budce 1

Dua hop chét 42-A (46 mg, 0,14 mmol) vao 1 mL axetonitril va dugc xir Iy bang
2-xyclopropoxy-4-flobenzylamin (33 mg, 0,18 mmol), HATU (61 mg, 0,16 mmol), N,N-
diisopropyletylamin (DIPEA) (0,04 mL, 0,24 mmol), va khudy & nhiét do trong phong
trong 2 gi, sau khi phép phén tich LCMS bdc 16 sy tiéu thu hoan toan hop chét 42-A va
su hinh thanh chit trung gian 53-A. Hdn hop phan tng dugc dung cho bude tiép theo.

Budc 2

Thém MgBr2 (55 mg, 0,30 mmol) vao dung dich phan mg thé ctia budc trude.
Khu4y hdn hop phan tmg & 50°C trong 90 phut, axit héa bang 10% HCI trong nudc, phan
tach gitta phén trong nuéc va diclometan, va chiét pha trong nudc bang diclometan. Lam
kho cac pha hitu co két hop bang MgS0s, loc, cb dic, va tinh ché bing HPLC (ACN/H,0
v6i 0,1% chit bién ddi TFA) tao ra hop chit 53. 'H-NMR (400 MHz, DMSO-ds) § 12,44
(s, 1H), 10,21 (t, J = 5,8 Hz, 1H), 8,41 (s, 1H), 7,22 — 7,15 (m, 1H), 7,12 (dd, J = 11,2,
2,5 Hz, 1H), 6,72 (td, J = 8,5, 2,5 Hz, 1H), 5,42 (dd, J = 9,6, 4,1 Hz, 1H), 5,07 (s, 1H),
4,66 (dd, J = 12,8, 4,1 Hz, 1H), 4,58 (s, 1H), 4,34 (dd, J = 5,6, 2,4 Hz, 2H), 4,04 — 3,91
(m, 2H), 1,92 (s, 4H), 1,82 (d, /= 11,9 Hz, 1H), 1,55 (dt, J= 12,4, 3,5 Hz, 1H), 0,80 (q, J
= 6,3, 5,7 Hz, 2H), 0,72 (q, J = 6,0, 4,9 Hz, 2H). LCMS-EST* (m/z): [M+H]" tinh to4n
d6i v6i C24HasFN306: 470,17; tim thiy: 470,1.
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Vi du 54
Diéu ché hop chét 54

(2R,58)-N-((S)-1-(2,4-diflophenyl)-2,2,2-trifloetyl)-8-hydroxy-7,9-dioxo-
2,3,4,5,7,9,13,13a-octahydro-2,5-metanopyrido[1',2':4,5]pyrazino[2,1-b][ 1,3 ]oxazepin-

10-carboxamit
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Budce 1

Nap chét phan (mg 54-A (0,02 g, 0,06 mmol), (S)-1-(2,4-diflophenyl)-2,2,2-
trifloetanamin (0,019 g, 0,09 mmol), N,N-diisopropyletylamin (DIPEA) (0,048 g, 0,38
mmol) va HATU (0,036 g, 0,09 mmol) trong DCM (2 ml) vao binh day tron thé tich 50-
mL. Khudy hdn hop phan tmg & nhiét do trong phong trong 1 gid. C6 dic hdn hop phan
g, hoa tan lai trong EtOAc (50 mL), rira bing NaHCOs bao hoa (2x), NH4Cl bdo hoa
va lam kho béng Na»SOa. Sau khi ¢d dic, tinh ché phin thé bing sic ky cot trén silica gel
voi hexan-EtOAc thu dugc 54-B. LCMS-ESI* (m/z): [M+H]' tinh toan dbi véi
Ci1sH19F2N207: 514; tim thiy: 514.

Budc 2

Nap chit phan tng 54-B (0,03 g, 0,058 mmol) va magie bromua (0,03 g,
0,15mmol) trong axetonitril (2 mL) vao binh day tron thé tich 50mL. Gia nhiét hdn hop
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phan tng dén 50°C. Sau 10 phut, 1am mat hdn hop phan tng dén 0°C va thém axit
clohydric 1N (0,5 mL) vao. Sau d6 pha lodng hdn hop phan tmg béng MeOH (2 mL). Sau
khi loc, tinh ché phan thé bang tinh ché Pre-HPLC (30-70% axetonitril:nuéc, 0,1% TFA)
tao ra hop chét 54 & dang mudi TFA. TH-NMR (400 MHz, Cloform-d) 6 11,28 (d,J = 9,4
Hz, 1H), 8,39 (s, 1H), 7,54 (q, J = 7,8 Hz, 1H), 7,12 - 6,76 (m, 2H), 6,40 - 5,98 (m, 1H),
5,57 - 5,18 (m, 2H), 4,68 (s, 1H), 4,29 (dd, J = 13,1, 4,0 Hz, 1H), 4,05 (dd, ] = 12,9, 9,3
Hz, 1H), 2,39 - 1,94 (m, 4H), 1,86 (t, J = 10,5 Hz, 1H), 1,60 (dt, J = 12,6, 3,4 Hz, 1H).
PF-NMR (376 MHz, Cloform-d) § -75,30 (t, ] = 6,8 Hz, 3 F), -108,33 (dd, J = 8.6, 6,3
Hz, 1F), -111,56 - -113,23 (m, 1 F). LCMS-ESI* (m/z): [M+H]" tinh toan d6i véi
C21H20F2N30s: 500.; tim thiy: 500.

Vi du 55
Didu ché hop chét 55

(IR,48,12a8)-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,1 2a-octahydro-

1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Buée 1

Khudy hdn hop chtra hop chat 55-A (40,60 g, 150 mmol) va PA(OH),/C (12 g)
trong EtOH (400 mL) trong khi quyén H, & nhiét do trong phong qua dém. Loc hdn hop
phan tng va dugc xir Iy bang HCVEtOH (400 ml). Khudy hdn hop & nhiét d6 trong
phong trong 2 gid. C6 ddc hdn hop phan tmg tao ra hop chét 55-B, dugc sit dung cho
budc tiép theo ma khong cn tinh ché. LCMS-ESI* (m/z): [M+H]" tinh todn dbi véi
CoH16NO: 170,1.; tim thiy: 170,2.

Budce 2

Thém benzyl bromua (76,50 g, 0,45 mol) vao dung dich chira hop chit 55-B
(92,25 g, 0,45 mol) va K2COs (186,30 g, 1,35 mol) trong CH3CN (1 L) & 0°C. Khudy hdn
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hop & nhiét d trong phong qua dém. Loc hdn hop phan tng, ¢6 dic va tinh ché phén con
lai bang séc ky trén silica gel tao ra hop chit 55-C.

Buéce 3

Thém n-BuLi (200 mL, 0,50 mol) & -78°C & khi quyén N, vao hdn hop chtra
diisopropylamin (50 g, 0,50 mol) trong THF (400 mL). Sau 0,5 gid, lam 4m hdn hop
phan tmg dén 20°C va khudy trong 0,5 gid. Lam lanh hdn hop dén -78°C va thém dung
dich chtra hop chit 55-C (64,75 g, 0,25 mol) trong THF (600 mL) trong khi quyén Na.
Khudy hén hop trong 4 gid va dung phan Gng béng dung dich NH4Cl bdo hoa. Chiét hdn
hop bang EtOAc va rira 16p hitu co bing nuéec mudi, 1am khé bing NaxSOs, loc va cb

dac. Tinh ché phan con lai bang séc ky trén silica gel tao ra hop chét 55-D.

Buéc 4

Hoi luu hdn hop chira hop chét 55-D (129,50 g 0,50 mol) trong HCI 4N (1,30 L)
trong 4 gid. C6 ddc hdn hop. Tinh ché phan con lai bang HPLC tao ra hop chit 55-E.

Budce 5

Khudy hdn hop chita hop chét 55-E (47 g, 176 mmol) va Pd(OH)./C (9 g) trong
EtOH (400 mL) trong khi quyén Ha & nhiét do trong phong qua dém. C6 dic hdn hop
phan Gng tao ra hop chét 55-F, dugc sut dung cho budc tiép theo ma khong cén tinh ché.
"H-NMR (400 MHz, CDCL) & 4,22 (s, 1H), 4,06 (s, 1H), 2,98-2,95 (d, J= 11,2 Hz, 1H),
1,96-1,93 (d, J = 11,2 Hz, 1H), 1,86-1,82 (m, 2H), 1,76-1,74 (d, J= 9,2 Hz, 2H), 1,49 (s,
1H). LCMS-ESI' (m/z): [M+H]" tinh todn dbi véi C7HaNOa: 142,1.; tim thdy: 142,1.

Budc 6

Thém Boc20 (39,60 g, 181 mmol) vao hdn hgp chira hop chit 55-F (29,20 g, 165
mmol) va dung dich NaOH 2N (330 mL, 0,66 mol) trong dioxan (120 mL) & 0°C. Khudy
hdn hop phan tng & nhiét do trong phong qua dém. Diéu chinh hdn hop bing HCI 3N
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dén do pH=5~6 va chiét bang DCM. Lam khé 16p hitu co bing NasSOq, loc va ¢6 dic tao
ra 55-G. "H-NMR (400 MHz, CDCls) & 4,40 (s, 1H), 4,26 (s, 1H), 2,89 (s, 1H), 1,76-
1,74 (s, 1H), 1,69-1,59 (m, 4H), 1,50 (s, 1H), 1,47 (s, 9H). LCMS-ESI* (m/z); [M+Na]*
tinh toan ddi véi C1aHisNNaOg: 264,1.; tim théy: 264,1.

Budce 7

Thém chédm phirc BH3-DMS THF (2N trong THF, 8,23 mmol, 4,1 mL) vao hdn
hop chita hop chit 55-G (500 mg, 2,07 mmol) trong THF (10 mL) dugc 1am lanh dén
0°C. Dién ra sy thoat khi. Quan sat nhiét d6 bén trong dé dam bao khong toa nhiét nhidu.
Cho phép lam 4m phan ung dén r.t. qua dém. Mot s6 nguyén lidu ban diu duoc gift lai
nhd LC/MS, thém 2 mL phttc BH3-DMS THF va khudy hén hop trong 3 gid nita sau d6
1am lanh phan tmg dén 0°C va dimg phan Ging tlr tir bang metanol (difn ra su thoat khi).
Quan sat nhiét do bén trong dé dam bao su tda nhiét dudi 25°C. Sau dé, ¢ dic hdn hop
bing séc ky silica gel (20-40% EtOAc/Hexan) tao ra 55-H.

Bude 8

Piéu ché hop chit 55 nhu duge md ta cho vi du 41, thay thé 55-H cho 41-B tao ra
hop chéat 55. "H-NMR (400 MHz, DMSO-d6) 8 11,81 (s, 1H), 10,40 (t, ] = 5,8 Hz, 1H),
8,39 (s, 1H), 7,19 (t, J = 8,6 Hz, 2H), 4,59 — 4,48 (m, 4H), 4,16 (t, ] = 12,2 Hz, 1H), 4,03
(d, ] = 12,2 Hz, 1H), 2,69 (s, 1H), 1,75 (d, J = 10,1 Hz, 1H), 1,69 — 1,55 (m, SH), F
NMR (376 MHz, DMSO-d6) § -109,3 (m, 1F), -112,5 (m, 1F). LCMS-ESI* (m/z):
[M+H]* tinh todn d6i v&i Co1H19F3N304: 434,13.; tim thdy: 434,32.

Vi du 56
Diéu ché hop chit 56

(1R,28,4R,12aR)-2-flo-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Budce 1

Lam lanh dung dich chira 56-A (5 g, 19,43 mmol) trong tetrahydrofuran (65 ml)
trong bé d4 khi thém nho giot 9-borabixyclo[3.3.1]nonan 0,5M (48,58 ml). Lam 4m hdn
hop phan tng dén nhiét do trong phong. Sau 18 gid, 1am lanh phan tmg dén 0°C va thém
nhé giot hdn hgp chira 2M natri hydroxit (34 ml) va hydro peroxit (9,34 ml, 97,15 mmol)
vao. Sau 2 giy & 0°C, 1am 4m phan tmg dén nhiét do trong phong va khudy trong 1 gid.
Pha loéing hdn hop bing EtOAc va rira bang nudce. Chiét cac phan doan trong nudc bang

EtOAc, va lam khé cac phén doan hitu co gom dugc (NazSOs) va c6 dic. Tinh ché phén
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con lai béng silica séc ky cot (50-70% EtOAc/hexan) tao ra 56-B (3,05 g, 57%). LCMS-
ESI* (in/z): [M+H]" tinh toan déi véi C16H21NOs: 275,34; tim thy: 276,122.

Budce 2

Thém tert-butylclodiphenylsilan (1,51 ml, 5,79 mmol) va imidazol (1,08 g, 15,8
mmol) vao dung dich chtra 56-B (1,45 g, 5,27 mmol) trong N,N-dimetylformamit (12
ml). Sau 18 gid, pha loing hdn hop bing nudc, chiét trong EtOAc (2x), gom céac phan
doan hitu co, 1am kh6 (Na2SO4), va ¢d dic. Tinh ché phan con lai béng silica séc ky cét
(10-20% EtOAc/hexan) tao ra 56-C (2,6 g, 96,1%). LCMS-ESI* (m/z): [M+H]" tinh todn
déi v6i Ca32H3oNO;3Si: 513,74; tim thy: 514,625,

Budce 3

Thém 10% PdOH/C (0,52 g, 3,7 mmol) vao dung dich chita 56-C (3,27 g, 6,36
mmol) trong EtOH (26 mL) va axit axetic (3 mL) va lic huyén phu trong dung cu Parr &
50 atm trong 20 gid. Sauk hi lgpc qua Xelit, rira banh loc béng EtOH, c6 dac phﬁn loc
trong chan khong. Hoa tan phin con lai trong etanol (26 ml) va axit axetic (3 ml, 52,4
mmol), xtr ly bang 10% PdOH/C (0,52 g, 3,7 mmol) va lic trong dung cu Parr ¢ 50 atm
trong 20 gid. Loc qua Xelit, rira banh loc bang EtOH, ¢4 dic phan loc trong chin khong
dén kho tao ra san phdm thé duge khir bao vé (2,07g, 79,4%). LCMS-ESI* (m/z):
[M+H]" tinh todn ddi véi Ca4H31NO3Si: 409,59; tim thiy: 410,485.

Thém N,N-diisopropyletylamin (DIPEA) (2,14 ml, 12,27 mmol) vao phn con lai
thé (2 g, 4,88 mmol) va di-tert-butyl dicarbonat 97% (2,14 g, 9,79 mmol) trong THF (20
ml). Sau 20 gid, pha lodng hdn hop phan tng bing nuée, chiét trong EtOAC (2x) va rira
hai phan doan hitu co bang nuée, gom lai, lam khd (Na2S04), va ¢ dic. Tinh ché phan
con lai béng silica sic ky cot (10-20% EtOAc/Hexan) tao ra 56-D (2,13 g, 86,14%).
LCMS-ESI* (m/z): [M+H]* tinh toan dbi véi C3oHaiNOsSi: 523,74; tim thy: 523,922.

Budc 4

Khudy dung dich chira 56-D (2,07 g, 4,06 mmol) trong THF (20 ml) trong bé d4
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khi thém LiBH4 2,0M trong THF (4,07 ml) vao va khudy hdn hop phan Ung & nhiét do
trong phong trong 18 gio. Sau d6, pha lodng hén hop phan ting bing etyl axetat va xir ly
cham bing nudc. Téch hai pha, va chiét lai phan doan chira nuéc bing etyl axetat. Rira
hai phan doan hitu co bang nudc, gom lai, lam kho (Na2S0a), va ¢6 dic. Tinh ché phan
con lai bang silica sic ky cot (20-40% EOAc/hexan) tao ra S6-E (1,59 g, 81,3%). LCMS-
ESI* (m/z): [M+H]" tinh toan d6i v&i CosH3oNO4Si: 481,7; tim thy: 482,337.

Budc 5

Lam lanh hdn hgp chira 56-E (1,58 g, 3,28 mmol), phthalimit (0,79 g, 5,38 mmol)
va triphenylphosphin (1,93 g, 7,37 mmol) trong THF (90 ml)trong bé d4. Thém
diisopropyl azodicarboxylat, 95% (1,46 ml, 7,42 mmol) vao. Sau do, lam 4m hdn hop dén
nhiét d¢ trong phong va dugc khudy trong 20 gio. Sau d6, cd ddc hdn hop phan tmg va
hoa tan phan con lai trong ete, lam lanh trong bé d4 va khudy trong 1,5 gid. Loc chét rin
va ¢6 dic phan loc. Tinh ché phin con lai bing silica sic ky cot (10-30% EtOAc/hexan)
tao ra hop chit amino dugc bao vé (1,86 g, 92,8%).

Khur?iy dung dich chtra hop chit amino dugc bao vé S56-F (1,85 g, 3,03 mmol)
va hydrazin hydrat (0,6 ml, 12,39 mmol) trong etanol (19 ml) & 70°C trong 2 gid. Lam
mat hon hop phan ng trong bé d4, thém ete (10 ml) vao va khudy han hop trong 30 phut.

Loc chat ran tao ra va ¢d ddc phan loc trong chdn khong dén kho.

Budce 6

Khudy hdn hop chira hop chét amino thé 56-F (991 mg, 2,06 mmol), hop chat 38-
F (Viduy 38) (714 mg, 2,06 mmol) va NaHCOs (347 mg, 4,12 mmol) trong nuéce (15 mL)
va EtOH (15 mL) trong 20 gi¢. C6 ddc hdn hgp phan g trong chan khong va phén tach
phan con lai gitta nudc va EtOAc. Chiét lai 16p trong nudce biang EtOAc va lam khé céc
16p hitu co két hop (Na2SO4) va ¢6 dic. Hoa tan phan con lai (1,5 g) trong CH>Cl, (5 mL)
va thém HCI 4N trong dioxan (18,6 mL) vao. Sau 1,5 gid c6 ddc hdn hop dén kho, lam

bay hoi ddng thdi véi toluen va lam kho trong chan khong.

Khudy phan con lai tho (1,38 g) va DBU (1,4 ml, 9,38 mmol) trong toluen (25
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ml) & 110°C. Sau 35 phiit c6 dic hdn hgp va tinh ché phin con lai bang silica sic ky cot
(5-15% MeOH/EtOAc) tao ra 56-G (450 mg, 72,3%). LCMS-ESI* (m/z): [M+H]* tinh
todn dbi v6i CaeHaN»06Si: 662,85; tim thdy: 663,766.

Budc 7

Khudy hén hop chita 56-G (890 mg, 1,34 mmol) trong MeOH (14 ml) va THF (14
ml) & nhiét d¢ trong phong khi thém KOH 1M (7,09 ml) vao. Sau 30 phit, trung hoa hdn
hop phan tng bing HCI 1N, chiét trong EtOAc (2x) va lam kho cac phén chiét hitu co
két hop (Na2S04) va ¢b dic.

Khudy huyén phi chira phan con lai tho (850 mg), 2,4,6-triflobenzylamin (248
mg, 1,54 mmol) va HATU (662 mg, 1,74 mmol) trong diclometan (5 ml) & nhiét d6 trong
phong khi thém N,N-diisopropyletylamin (DIPEA) (1,63 ml, 9,37 mmol) vao. Sau 1 gio,
thém 2,4,6-diflobenzylamin (32 mg, 0,2 mmol), HATU (153 mg, 0,4 mmol) va N,N-
diisopropyletylamin (DIPEA) (0,12 ml, 0,67 mmol) vao. Sau 30 phut pha loing hdn hop
bang nudc, chibt trong EtOAc (3x), lam kho céc pha hitu co két hop (N a2S04), ¢6 dic va
tinh ché phan con lai bing silica sic ky cdt (50-75% EtOAc/hexan) tao ra 56-H (919 mg,
88,23%). LCMS-ESI* (m/z): [M+H]" tinh toén d6i véi CasHaF3N305Si: 777,9; tim théy:
778,4009.

Budce 8

Khudy dung dich chira 56-H (915 mg, 1,18 mmol) trong THF (5 ml) trong bé d4
khi thém nhd giot 1,0M tetrabutylamoni florua trong THF (1,18 ml) vao. Khudy hdn hop
phén ng & nhiét do trong phong trong 30 phut. C6 dic hén hop phan tng trong chan
khong va pha lodng phan con lai bang EtOAc, ria bang nuée, lam khd (NazS04), co dic
va tinh ché phan con lai bing silica sic ky cot (50-75% EtOAc/hexan sau dé 5%
MeOH/EtOAc). Hoa tan nguyén li¢u thu dugc (248 mg, 0,46 mmol) trong diclometan (2
ml) dugc 1am lanh dén -78°C khi thém nho giot dietylaminosulfur triflorua (0,07 mL,
0,55 mmol) vao va lam 4m phan tng dén nhiét do trong phong va duge khudy trong 1
gid. Lam lanh phan tng trong bé d4 va dimg phan tmg bang NaHCO; bdo hoa, tich hai

pha, va chiét phan doan trong nuéc dwoc phan tich bing CH2Clo. Gom hai phén doan
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hitu co, 1am kh6 (Na2SO4), va ¢b dic. Tinh ché phan con lai bing silica sic ky cot (1%
MeOH/EtOAc) tao ra 56-J (75 mg) (LCMS-ESI* (m/z): [M+H]* tinh toan ddi véi
CasH23F4N304: 541,49; tim thdy: 542,320) va 56-I (30 mg) (LCMS-ESI* (m/z): [M+H]*
tinh toan ddi v&i CasHxnF3N304: 521,49; tim thdy: 522,05).

Bude 9

Hoa tan hop chit 56-J (75 mg, 139 mmol) trong TFA (1 mL), khudy & nhiét do
trong phong trong 10 phit, va ¢6 dic dung dich. Tinh ché phan con lai bang HPLC pha
dao (Gemini, 15 dén 43% ACN/HO + 0,1% TFA) tao ra hop chit 56. "TH-NMR (400
MHz, DMSO0-d6) § 10,67 (s, 1H), 7,80 (s, 1H), 7,17 (t, J = 8,6 Hz, 2H), 5,45 — 5,18 (m,
1H), 4,70 — 4,39 (m, 3H), 4,23 (d, J = 11,5 Hz, 1H), 4,11 — 3,85 (m, 2H), 2,85 (dd, J =
4,2, 2,0 Hz, 1H), 2,34 - 2,13 (m, 1H), 1,81 (s, 1H), 1,55 — 1,33 (m, 2H), Y’F-NMR (376
MHz, DMSO-de) 8 -74,20 (m), -106,95 — -116,45 (m), -190,65 — -194,54 (m).

Vi du 57
Diéu ché hop chét 57

(1R,4R,1 2aR)-2,2-diflo-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Bude 1

Lam lanh dung dich chta 57-A (1,45 g, 5,34 mmol) trong diclometan (30 ml)
trong bé d4 khi thém timg phin Dess Martin periodinan (4,53 g, 10,69 mmol) vao va
khudy phan tmg & nhiét do trong phong trong 18 gid. Dimg phan tig bing cich thém
nuée, loc két tha va thém dung dich NayS,03 bo hoa. Khuay hdn hop cho dén khi dung
dich hai pha bién d6i sau d6 thém NaHCO; bdo hoa vao va chibt 16p trong nuéc bang
CH2Clo. Lam khd céc phén doan hitu co két hgp (Na2SOs) va ¢b dic. Tinh ché phin con
lai béng silica sic ky cot (30-50% EtOAc/Hexan) tao ra 57-B (1,13 g, 78,2 %). LCMS-
ESI' (m/z): [M+H]" tinh todn ddi v&i C13H1oNOs: 269,29; tim thdy: 269,722.

Budc 2

Lam lanh dung dich chira 57-B (0,5 g, 1,86 mmol) trong diclometan (10 ml) dén -
78°C khi thém nhé giot dietylaminosulfur triflorua (0,52 mL, 3,91 mmol) vao va lam 4m
phan tmg dén nhiét d6 trong phong va khudy trong 18 gid. Lam lanh phan tng trong bé
da va dimg phan tmg bang NaHCO3 bdo hoa, tach hai pha, va chiét phan doan trong nudc
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duge phén tach bing CH2Cl. Gom hai phan doan hitu co, 1am kho (Na2SO04) va cb dac.
Tinh ché phan con lai bing silica sic ky cot (20-50% EtOAc/hexan) tao ra 57-C (518 mg,
95,39%). "TH-NMR (400 MHz, Cloform-d) & 4,43 (s, 1H), 4,36 — 4,27 (m, 1H), 4,22 (s,
1H), 3,75 (s, 3H), 2,95 (t, J = 8,1 Hz, 1H), 2,30 — 1,98 (m, 2H), 1,85 — 1,71 (m, 1H), 1,44
(m, 9H).

Budce 3

Khudly dung dich chita 57-C (935 mg, 3,21 mmol) trong THF (10 ml) trong bé dé
khi thém LiBH4 2,0M trong THF (3,22 ml) vao va khudy hén hop phan g & nhiét do
trong phong trong 18 gio. Sau do, pha lodng hdn hop phan ting bing etyl axetat va thém
chdm nudc vao. T4ch hai pha, va chiét phan doan trong nuéc duoc phén tach bing etyl
axetat. Rira hai phan doan hitu co béng nude, gom lai, 1am khé (NaxSOs), va ¢6 dic. Tinh
ché phin con lai bang silica sic ky cot (20-40% EtOAc/hexan) tao ra 57-D (724 mg,
85,67%). "TH-NMR (400 MHz, Cloform-d) & 4,30 — 3,48 (m, 5H), 2,75 — 2,56 (m, 1H),
2,24 -1,90 (m, 3H), 1,86 — 1,65 (m, 1H), 1,47 (s, 9H).

Buéc 4

Lam lanh hén hgp chira 57-D (720 mg, 2,74 mmol), phthalimit (402 mg, 2,73
mmol) va triphenylphosphin (1,61 g, 6,15 mmol) trong THF (45 ml) trong bé da. Thém
diisopropyl azodicarboxylat, 95% (1,22 ml, 6,19 mmol) vao. Sau d6 lam 4m hdn hop dén
nhiét d trong phong va duge khudy trong 20 gid. Sau d6, c6 dic hdn hop phan Uing va
hoa tan phan con lai trong ete, 1am lanh trong bé d4 va dugc khudy trong 1,5 gio. Sau loc
chit rén, c6 ddc phan loc. Tinh ché phin con lai bing silica séc ky cot (40-60%
EtOAc/hexan) tao ra san pham cong phthalimit (1,07 g, 99,7%). LCMS-ESI* (m/z):
[M+H]" tinh todn d6i v&i C20H2F2N204: 392,4; tim thiy: 393,204

Khudy dung dich chira san phdm cong phthalimit (1,07 g, 2,73 mmol) va hydrazin
hydrat (0,54 mL, 11,15 mmol) trong etanol (10 ml) & 70°C trong 2 gi¢. Lam mat hdn hop
phan mg trong bé d4 va thém ete (10 ml) viao. Khudy hén hop trong 30 phut. Loc chét

rn tao ra va cd dic phﬁn loc trong chan khong dén kho tao ra 57-E tho.
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Budc 5

Khudy hdn hop chita 57-E ths (709 mg, 2,7 mmol) hop chét 38-F (Vi du 38) (936
mg, 2,7 mmol) va NaHCO3 (454 mg, 5,41 mmol) trong nuée (15 mL) va EtOH (15 mL)
trong 20 gid. C6 dic hdn hop phan tng trong chan khong va phan tach phan con lai gitta
nude va BtOAc. Chiét lai 16p trong nuée bing EtOAc va 1am khd céc 16p hitu co két hop
(Na2S04) va c6 dic. Hoa tan phdn con lai (1,5 g) trong CH2Cly (7 mL) va thém HCI 4N
trong dioxan (26,9 mL) vao. Sau 1,5 gi ¢6 dic hon hop dén khd, lam bay hoi dong thoi
v6i toluen va 1am khd trong chan khéng. Khudy phin con lai thd (1,3 g) va DBU (2 ml,
13,4 mmol) trong toluen (25 ml) & 110°C. Sau 35 phit ¢d ddc hdn hop va tinh ché phin
con lai bang silica sic ky cot (5-15% MeOH/EtOAc) tao ra 57-F (426 mg, 36,17%).
LCMS-ESI* (m/z): [M+H]" tinh toan dbi véi CasHyFaN2Os: 444,43; tim thiy: 445,280.

Budéce 6

Khudy hén hop chira hop chit 57-F (426 mg, 0,96 mmol) trong MeOH (7 ml) va
THF (7 ml) & nhiét d6 trong phong khi thém KOH 1M (5,06 ml) vao. Sau 30 phut, trung
hoa hén hop phan tmg bang HCI 1N, chiét bing EtOAc (2x) va 1am kho céc phan chiét
hitu co két hop (Na2S04) va ¢ dic thanh 57-G tho.

Budée 7

Khudy huyén phil chtra phan con lai thd 57-G (189 mg), 2,4,6-triflobenzylamin
(95 mg, 0,59 mmol) va HATU (276 mg, 0,73 mmol) trong diclometan (3 ml) & nhiét d6
trong phong khi thém N,N-diisopropyletylamin (DIPEA) (0,59 ml, 3,4 mmol) vao. Sau 1
gi® pha loding hdn hop bing nude, chiét bing EtOAc (3x). Lam khé c4c pha hitu co két
hop (Na2SOs) va ¢ déc thanh 57-H. LCMS-ESI* (m/z): [M+H]" tinh toan ddi véi
Ca8H22FsN304: 559,48; tim thiy: 560,24.

Budc 8
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Hoa tan hop chit 57-H (150 mg, 0,27 mmol) trong TFA (2 mL), khudy & nhiét do
trong phong trong 10 phut, va ¢6 dic dung dich. Tinh ché phin con lai bang HPLC pha
dao (Gemini, 15 dén 60% ACN/HO + 0,1% TFA), tao ra hop chét 57 (85 mg, 67,5%).
LCMS-ESI* (m/z): [M+H]" tinh todn d6i véi C21H16FsN304: 469,36; tim thdy: 470,229.
"H-NMR (400 MHz, DMSO-ds) § 10,41 (t, J = 5,6 Hz, 1H), 8,20 (s, 1H), 7,12 (t, J= 8,7
Hz, 2H), 4,79 (s, 1H), 4,48 (m, 3H), 4,10 (m, 2H), 3,02 (d, J= 5,7 Hz, 1H), 2,33 (m, 1H),
2,22 - 1,97 (m, 2H), 1,85 (d, J = 11,0 Hz, 1H), 1,21 (s, 1H), F NMR (376 MHz,
DMSO-ds) 6 -69,88 , -71,77 , -74,09 , -88,33 (dd, J = 222,6, 23,8 Hz), -109,15 — -109,60
(m), -110,04 , -112,44 (t, J= 7,6 Hz).

Vidu 58
Diéu ché hop chét 58

(IR,4R,12aR)-N-(3-clo-2,4-diflobenzyl)-2,2-diflo-7-hydroxy-6,8-dioxo-
1,2,3,4,6,8,12,12a-octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Budc 1

Huyén phu cla phén cén thd 57-G (120 mg), 3-clo,2,4-diflobenzylamin (67 mg,
0,38 mmol) va HATU (175 mg, 0,46 mmol) trong diclometan (3 ml) dwoc khudy & nhiét
do trong phong khi thém N,N-diisopropyletylamin (DIPEA) (0,38 ml, 0,28 mmol). Sau 1
gid, pha lofing h8n hop nay bang nudc, duoe chiét vao EtOAc (3 14n) cic pha hitu co thu
gom duogc 1am kho (Na2SO4) va ¢d d tao ra hop chit 58-A. LCMS-ESI* (m/z): [M+H]*
duoc tinh theo ly thuyét d6i véi CosHCIFaN3O4: 575,94; duoc tim thiy theo thuc té:
576,394.

Budc 2

Hop chit 58-A (166 mg) duoc hoa tan trong TFA (2 mL), dugce khudy & nhiét do
trong phong trong10 phut, va c6 dung dich nay. Phan cin duoc tinh ché bang HPLC pha
dao (Gemini, 15 dén 70% ACN/H,O + 0,1% TFA), dé tao ra hop chit 57 (60 mg,
42,8%). LCMS-ESI* (m/z): [M+H]" duoc tinh theo 1y thuyét ddi véi CarHisCIFsN3O4:
485,82; dugc tim thiy theo thuc té: 486,135, TH-NMR (400 MHz, DMSO-d6) & 10,77 (,
J=6,0 Hz, 1H), 7,77 (s, 1H), 7,28 (m, 2H), 4,77 (s, 1H), 4,64 — 4,40 (m, 2H), 4,27 (d, ] =
9,1 Hz, 1H), 3,93 (m, 2H), 2,95 (d, J = 5,8 Hz, 1H), 2,51 (s, 1H), 2,42 — 2,17 (m, 1H),
2,14 — 1,89 (m, 2H), 1,77 (m, 1H). YF-NMR (376 MHz, DMSO-ds) & -87,63, -88,23, -
108,67, -109,27, -116,42 (t, J= 7,0 Hz), -118,48 (d, J= 7,8 Hz).

Vi du 59
Diéu ché hop chét 59

(1R,2R,4R,12aR)-2-flo-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Buéc 1

Dung dich chtra hop chit 57-B (1,9 g, 7,06 mmol) trong metanol (35 mL) duoc
khudy & nhiét d6 0°C khi thém timg phén natri bohydrua (667 mg, 17,64 mmol) va hon
hop tao ra duge khudy & nhiét do trong phong trong 30 phit. Hon hop phan tmg nay duoc
lam lanh trong bé d4, duoc nging béng cach bd sung nudc va cd. Phan cin dugc phéan
cach gifta nudc va EtOAc. Lép chira nuée duge chiét lai bing EtOAc va céc 16p hitu co
dugc thu gom duge lam khd (Na2SO4) va c¢b. Phin cin duoc tinh ché bing sic ky cot silic
oxit (30-60% EtOAc/hexan) dé tao ra hop chit 59-A (1,49 g). 'H-NMR (400 MHz,
clorofom-d) & 4,57 (s, 1H), 4,52 — 4,42 (m, 2H), 4,28 (s, 1H), 4,14 (s, 1H), 3,72 (d, ] =
2,1 Hz, 3H), 2,74 (s, 1H), 2,08 — 1,87 (m, 2H), 1,43 (d, J = 23,1 Hz, 10H) va 57-A (96
mg): 'H-NMR (400 MHz, clorofom-d) & 4,65 — 4,40 (m, 2H), 4,34 — 4,02 (m, 1H), 3,73
(d, J=2,3 Hz, 3H), 2,74 (t, ] = 5,3 Hz, 1H), 2,12 — 1,55 (m, 3H), 1,52 — 1,18 (m, 11H).

Budce 2

B sung tert-butylclodiphenylsilan (0,723 mL, 2,78 mmol) va imidazol (516 mg,

- 123 -



22152

7,56 mmol) vao dung dich chita hop chit 59-A (686 mg, 2,53 mmol) trong N,N-
dimetylformamit (5 ml). Sau 18 gio, pha loing hdn hop nay biang nuée, duge chiét vao
EtOAc (2 lén), va cac phﬁn chiét hitu co duoc thu gom, duoc lam khd (Na2SO4), va ¢0.
Phén cin dugc tinh ché béng séc ky cot silic oxit (10-20% EtOAc/hexan) dé tao ra hop
chét 59-C. LCMS-ESI* (m/z): [M+H]" duoc tinh theo 1y thuyét d8i véi CaoHasNOsSi:
509,71; dugc tim thiy theo thuc té: 510,793.

Budce 3

Dung dich chita hop chit 59-C (1,23 g, 2,41 mmol) trong THF (13 ml) dugc
khudy trong bé d4 khi thém 2,0 M LiBH4 trong THF (2,42mL, 4,84 mmol)) va hdn hop
tao ra dugc khudy ¢ nhiét do trong phong trong 18 gid. Sau d6, hdn hop phéan Gng dugc
pha lodng bang etyl axetat, bd sung nudc tir tix, tich hai pha ra, va phan chiét chita nuéce
dugc tich ra duge chiét bang etyl axetat. Hai phan chiét hitu co dugc rira bang nudc,
dugc thu gom, duge lam khé (NazSO4), va ¢b. Phin cin dugc tinh ché bing séc ky cot
silic oxit (20-40% EtOAc/hexan) dé tao ra hop chit 59-D. LCMS-ESI* (m/z): [M+H]"
dugc tinh theo ly thuyét ddi véi CasHzoNOsSi: 481,7; dugc tim thdy theo thuc té:
482,741.

Buéce 4

Hdn hop chira hop chét 59-D (963 mg, 2,0 mmol), phtalimit (482 mg, 3,28 mmol)
va triphenylphosphin (1,18 g, 4,49 mmol) trong THF (50 ml) duoc 1am lanh trong bé da.
B& sung diisopropyl azodicarboxylat, 95% (0,89 mL, 4,52 mmol). Sau d6, hén hop nay
dugc 1am 4m dén nhiét d6 trong phong va duge khudy trong 20 gid. Sau dé, c¢6 hdn hop
phan Umg va phén cdn dugc hoa tan trong ete, dwoc 1am lanh trong bé d4 va duoc khqu
trong 1,5 gid. Sau d6, cac chét rén nay dugc loc ra va cd ph?m dich loc. Phén cin duoc
tinh ché bing sic ky cot silic oxit (10-30% EtOAc/hexan) d& tao ra san phim cong
phtalimit. LCMS-ESI* (m/z): [M+H]" dugc tinh theo ly thuyét ddi v6i CasHaaN205Si:
610,81; duoc tim thiy theo thuc té: 611,935.

Dung dich chira hgp chét san phdm cdng phtalimit (1,2 g, 1,97 mmol) va hydrazin
hydrat (0,4 ml, 8,03 mmol) trong etanol (12 ml) dugc khuéy ¢ nhiét d¢ 70°C trong 2 gio.
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Hdn hgp phan Gng nay duge lam lanh trong bé d4 khi thém ete (10ml), khudy hdn hop
nay trong 30 phut. Chét rén tao thanh duoc loc ra va phén dich lgc dugc c6 trong chin
khong dén kho dé tao ra hop chit 59-E. LCMS-ESI* (m/z): [M+H]* duoc tinh theo 1y
thuyét dbi v&1 CasHaoN205Si: 480,71; dugce tim théy theo thuc té: 481,356.

Budce 5

Hdn hop chira hop chat thd ¢6 cong thirc 59-E (770 mg, 1,60 mmol), hop chat 38-
F (Vidu 38) (555 mg, 1,60 mmol) va NaHCOs3 (269 mg, 3,20 mmol) trong nude (12 mL)
va EtOH (12 mL) duoc khudy trong 20 gid. Hon hop phan tmg dugc ¢d trong chén khong
va phan cin dugc phén cach gitta nuée va EtOAc. Lép chira nuée duge chiét lai bang

EtOAc va céc 16p hitu co duge thu gom dugce lam khé (NaxSO4) va cb.

Phan cin (1,29 g) dugc hoa tan trong CHxCla (4 mL) khi thém 4N HCI trong
dioxan (15,6 mL). Sau 1,5 gio, hdn hop nay duoc ¢b dén khd, duoc déng bde hoi véi
toluen va dugc lam kho trong chin khong. LCMS-ESI* (m/z): [M+H]" dugc tinh theo ly
thuyét d6i v&i C41HagN207Si: 708,91; duoc tim thiy theo thuc té: 709,782.

Phan cin thé (1,09 mg) va DBU (1,17 ml, 7,8 mmol) trong toluen (20 ml) dugc
khudy & nhiét d6 110°C. Sau 35 phit, c6 hdn hop phéan tmg nay va phin cin duogc tinh
ché bing sic ky cot silic oxit (5-15% MeOH/EtOAc) d& tao ra hop chit 59-F. LCMS-
ESI* (m/z): [M+H]" duoc tinh theo 1y thuyét dbi v&i CsoHaaN206Si: 662,85; duoc tim
thiy theo thuc té: 663,677,

Buéc 6

Hon hop chira hop chét 59-F (680 mg, 1,03 mmol) trong MeOH (10 ml) va THF
(10 ml) duge khudy & nhiét d6 trong phong khi thém 1M KOH (5,42 ml). Sau 30 phut,
trung hoa hdn hop phan ting nay bang 1N HCI, duoc chiét vao EtOAc (2 14n) va lam kho
céc chét chiét hitu co duoc thu gom (NaxSO4) va cd. LCMS-ESI* (m/z): [M+H]" duoc
tinh theo 1y thuyét ddi véi Ca7HasN206Si: 634,79; duge tim thdy theo thuc té: 635,466.

Huyén phu cua ph?ln can thd (650 mg), 2,4,6-triflobenzylamin (214 mg, 1,33
mmol) va HATU (623 mg, 1,64 mmol) trong diclometan (6 ml) duoc khudy & nhiét do
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trong phong khi thém N,N-diisopropyletylamin (DIPEA) (1,34 ml, 7,68 mmol). Sau 2
gidy, pha lodng hdn hop nay bang nuée, duge chiét vao EtOAc (3 14n) va cac pha hitu co
thu gom dugc lam khé (Na2SO4), duge c¢b va phﬁn cin duge tinh ché bﬁng sic ky cot silic
oxit (50-75% EtOAc/hexan) dé tao ra hop chét 59-G. LCMS-ESI* (m/z): [M+H]" duoc
tinh theo Iy thuyét dbi v6i C4sHaF3N305Si: 777,9; duge tim thiy theo thuc t&: 778,566.

Budc 7

Dung dich chita hop chét 59-G (648 mg, 0,83 mmol ) trong THF (10 ml) dugc
khudy trong bé d4 khi thém timg giot 1,0 M tetrabutylamoni florua trong THF (0,83 ml)
va hén hop tao ra duwoc khudy & nhiét d6 trong phong trong 30 phut. BS sung thém tung
giot 1,0 M tetrabutylamoni florua trong THF (0,1 ml). Sau 30 pht, hdn hgp phan tmg
duoc b trong chan khéng va phin cin duogc pha lodng bang EtOAc, duoc rira bing nude,
duoc 1am khoé (NaSOs), duge ¢b va phan cin duge tinh ché bang sic ky cot silic oxit
(5% MeOH/EtOAc). Dung dich chtta phan cin (290 mg, 0,54 mmol) trong diclometan (3
ml) duoc lam lanh xudng nhiét d6 -78°C khi thém timg giot dietylaminosulfur triflorua
(0,09 mL, 0,65 mmol) va phan tng ndy dugc lam 4m dén nhiét d6 trong phong va duoc
khudy trong 2,5 gid. Phan Gng nay dugc 1am lanh trong bé d4, dwoc ngimg bing dung
dich NaHCO3 béo hoa, tdch hai pha ra, va ph'?m chiét chira nuée dugc tach ra duge chibt
bing CH>Clo. Hai phan chiét hitu co dugc thu gom, dwoc 1am khé (Na2S04), va ¢6. Phan
can duoc tinh ché bang séc ky cot silic oxit (1% MeOH/EtOAc) dé tao ra hop chét 59-H.
LCMS-ESI' (m/z): [M+H]* duoc tinh theo 1y thuyét dbi v6i CasHasF4N3O04: 541,49;
duoc tim thiy theo thue té: 542,320.

Budce 8

Hop chit 59-H (103 mg, 0,19 mmol) duoc hoa tan trong TFA (1,4 mL) & nhiét do
trong phong trong 15 phat, va ¢6 dung dich nay. Phan cin dwgc tao huyén phu trong
DMF, duogc loc ra, va rira san phém két tha béng nudce, dugc lam kho trong chén khong
d8 tao ra hop chdt 59. LCMS-ESI' (m/z): [M+H]" dugc tinh theo ly thuyét dbi véi
C21H17F4N304: 451,37, dugc tim thdy theo thuc té: 452,226. 'H-NMR (400 MHz,
DMSO-d6) 6 11,53 (s, 1H), 10,35 (t, J = 5,8 Hz, 1H), 8,34 (s, 1H), 7,18 (t, J = 8,6 Hz,
2H), 5,15 — 4,88 (m, 1H), 4,73 (d, J = 3,3 Hz, 1H), 4,49 (m, 3H), 4,04 (t, J = 12,4 Hz,
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1H), 3,65 (dd, J = 12,4, 3,7 Hz, 1H), 2,95 — 2,76 (m, 1H), 2,26 — 2,03 (m, 1H), 1,96 —
1,64 (m, 3H). YF-NMR (376 MHz, DMSO-ds) § -73,93, -74,74 (d, J = 28,8 Hz), -109,31

(m), -112,51 (m), -165,65 (m).
Vi du 60

Diéu ché hop chét 60

(1R,48S,12aR)-N-(2,3-diclobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Budce 1

B& sung hop chit 41-E (Vi du 41) (5 g, 22 mmol) va natri bicarbonat (3,6 g, 43
mmol) vao dung dich chtra dimetyl 3-metoxy-4-oxo-4H-pyran-2,5-dicarboxylat (5,5 g, 23
mmol) trong MeOH (100 mL). Dung dich nay duoc khudy & nhiét d6 trong phong trong
1,5 gid. Bb sung 4M HCI (trong dioxan, 55 mL, 221 mmol) va dung dich nay duoc gia
nhiét dén nhiét d6 50°C trong 2 gid. Phan Ung nay duge lam lanh xuéng nhiét d6 trong
phong va ¢b trong chan khéng. Dau tao ra dugc hoa tan trong natri bicarbonat va duoc
rira bang EtOAc. Sau d6, chiét céc 16p chira nudc bang CH,Cla (4 14n). Céc chét chiét
CH>Cl, dugce thu gom dugc 1am kho béng NaxSO4 va cb dé tao ra hop chit 60-A. LCMS-
ESI* (m/z): [M+H]" dugc tinh theo ly thuyét ddi véi CieHisN20s: 319,13; duge tim thiy
theo thyc té: 319,20.

Bude 2

B6 sung dung dich KOH chita nuwée (2M, 15,7 mL, 31,4 mmol) vao huyén phu
chtra hop chét 60-A (3,7 g, 11,6 mmol) trong MeOH (12 mL) va THF (23 mL). Dung
dich tao ra duoc khudy & nhiét do trong phong trong 10 phut. Cac chét d& bay hoi duoc
loai bd trong chan khéng, va 16p chira nuéc tao ra dwoc axit hoa bang 1N HCL. Loc chét
rdn mau tréng tao ra, dugc rira bing nudc, va dugc 1am khé trong chan khong dé tao ra
hop chat 60-B. 'H-NMR (400 MHz, clorofom-d) & 8,36 (s, 1H), 5,01 (d, J = 2,7 Hz, 1H),
4,12 (s, 4H), 3,90 (t, J = 12,2 Hz, 1H), 3,78 (dd, ] = 12,1, 3,1 Hz, 1H), 2,69 (s, 1H), 1,95 -
1,71 (m, 4H), 1,70 - 1,54 (m, 2H). LCMS-ESI* (m/z): [M+H]" duoc tinh theo 1y thuyét
d6i voi C1sH17N20s: 305,11; duoc tim thdy theo thuc té: 305,15.

Budc 3

B4 sung (2,3-diclophenyl)metanamin (0,12 g, 0,70 mmol), HATU (0,25 g, 0,66
mmol), va N,N-diisopropyletylamin (DIPEA) (0,29 mL, 1,64 mmol) vao dung dich chira
hop chit 60-B (0,10 g, 0,33 mmol) trong CH>Cl> (3,5 mL). Dung dich tao ra dugc khqu
& nhiét do trong phong cho dén khi hoan thanh d4nh gi4 bang LC/MS. Hon hop phan tng
ndy duoc pha long bing CH>Cl, va duge rira bang 1N HCL Lép chita nude duge chiét

nguoc bang CHyCl, va céc 16p hitu co duoc thu gom duge 1am kho bang Na;SOs va ¢b
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trong chan khong. Chét tho dugc hoa tan trong DMF néng va dugc dé két tha khi lam
lanh. Loc tao ra hop chit 60-C. LCMS-ESI* (m/z): [M+H]" dugc tinh theo ly thuyét dbi
v6i CoxHaoClN3O4: 462,10; duoc tim thy theo thue té: 462,14,

Buéce 4

B6 sung magie bromua (0,089 g, 0,48 mmol) vao huyén phu dic ctia hop chat c6
cbéng thirc 60-C (0,11 g, 0,24 mmol), trong axetonitril (4,5 mL),. Hon hop phan tmg nay
duoc gia nhiét dén nhiét 46 45°C trong 2,5 gi® va sau d6 lam lanh xuéng nhiét d§ trong
phong. Huyén phi dic ndy dugc pha lodng bing CH,Clz va duge ria bang IN HCI va
nude mudi. Cac 16p chira nude duge chiét nguge bang CH2Cla (2 14n) va cac 1ép hitu co
duge thu gom duge 1am khd bang NaSO4 va ¢b trong chan khong, Chét rén thé dugc
nghién v6i metanol va loc tao ra hop chit 60. TH-NMR (400 MHz, DMSO-d6) § 11,72
(s, 1H), 10,50 (t, 1H), 8,34 (s, 1H), 7,55 (dd, 1H), 7,40 — 7,24 (m, 2H), 4,67 (s, 1H), 4,61
(d, 2H), 4,45 (dd, 1H), 3,95 (t, 1H), 3,84 — 3,73 (m, 1H), 1,86 — 1,67 (m, 3H), 1,66 — 1,40
(m, 4H). LCMS-ESI* (m/z): [M+H]" dugc tinh theo ly thuyét déi véi C21Ha0CLN304:
448,08; duoc tim thdy theo thuc té: 448,18,

Vi du 61
Didu ché hop chét 61

(1R,48,12a8)-N-(3-clo-2,4-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chét 61 dugc diéu ché twong tu v6i Vi du 60, thay thé hop chit (1S,3S,4R)-
tert-butyl 3-(aminometyl)-2-azabixyclo[2.2.1]heptan-2-carboxylat (dugc didu ché trong
Vi du 55) cho hop chit 41-E, va (3-clo-2,4-diflophenyl)metanamin cho (2,3-
diclophenyl)metanamin. 'H-NMR (400 MHz, DMSO-d6) & 11,85 (s, 1H), 10,45 (t, 1H),
8,40 (s, 1H), 7,37 (td, 1H), 7,27 (td, 1H), 4,63 - 4,46 (m, 4H), 4,17 (t, 1H), 4,04 (dt, 1H),
1,76 (d, 1H), 1,73 - 1,54 (m, 5H). LCMS-ESI* (m/z): [M+H]" dugc tinh theo ly thuyét
dbi v6i Co1Hi9CIF2N304: 450,10; duge tim thiy theo thuc té: 450,15.

Vi du 62
Diéu ché hop chét 62

'(2R,5S,13aR)-N-(4-flo-2-(triflometyl)benzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,1 3a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][ 1,3 ]Joxazepin-10-carboxamit
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Hop chit 62 dugc diéu ché theo cach twong tw v&i hop chit 42 bing cach st dung
hop chdt (4-flo-2-(triflometyl)phenyl)metanamin thay cho hop chit (2,4,6-
trifophenylphenyl)metanamin. 'H-NMR (400 MHz, clorofom-d) § 10,50 (s, 1H), 8,38 (s,
1H), 7,57 (dd, 1H), 7,36 (dd, 1H), 7,19 (td, 1H), 5,40 - 5,28 (m, 2H), 4,79 (t, 2H), 4,69 (s,
1H), 4,25 (dd, 1H), 4,03 (dd, 1H), 2,17 - 1,98 (m, 4H), 1,96 - 1,84 (m, 1H), 1,61 (dt, 1H).
LCMS-ESI* (m/2): [M+H]" dugc tinh theo 1y thuyét ddi véi CaaHaoFaN30s: 482,13; duoc
tim thay theo thuec té: 482,145,

Vi du 63
Diéu ché hop chat 63

(2R,58S,13aR)-N-(2-clo-4-flobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit

H 0 Cl
(0]
@“@?ﬁ QL
NS SN0 F
(o] OH
63

Hop chét 63 dugc didu ché theo cach tuong tir véi hop chét 42 bang cach st dung
hop  chit  (2-clo-4-flophenyl)metanamin ~ thay cho  hop chdt  (2,4,6-
trifulorophenylphenyl)metanamin. 'H-NMR (400 MHz, clorofom-d) & 10,48 (s, 1H),
8,45 (s, 1H), 7,39 (dd, 1H), 7,12 (dd, 1H), 6,93 (td, 1H), 5,37 (d, 1H), 5,31 (t, 1H), 4,68
(s, 3H), 4,29 (d, 1H), 4,04 (t, 1H), 2,21 - 2,01 (m, 4H), 1,97 - 1,82 (m, 1H), 1,67 - 1,56
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(m, 1H). LCMS-ESI* (m/z): [M+H]* dugc tinh theo 1y thuyét dbi véi CaiHaoCIFN3Os:
448,10; dugc tim thdy theo thuc té: 448,143,
Vi du 64
Diéu ché hop chit 64

(2R,58S,13aR)-8-hydroxy-7,9-dioxo-N-(2,4,5-triflobenzyl)-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit

H 0] F
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Hop chit 64 dugc didu ché theo cach tuwong tw véi hop chét 42 bang cach sir dung
hop chdt  (2,4,5-triflophenyl)metanamin  thay  cho  hop chit  (2,4,6-
trifulorophenylphenyl)metanamin. TH-NMR (400 MHz, clorofom-d) & 10,42 (s, 1H),
8,42 (s, 1H), 7,19 (ddd, 1H), 6,91 (td, 1H), 5,38 (dd, 1H), 5,31 (t, 1H), 4,69 (s, 1H), 4,61
(d, 2H), 4,29 (dd, 1H), 4,05 (dd, 1H), 2,18 - 2,02 (m, 4H), 1,96 - 1,84 (m, 1H), 1,66 -
1,56 (m, 1H). LCMS-ESI' (m/): [M+H]* dugc tinh theo ly thuyét dbi voi
C21H19F3N30s: 450,12; dugc tim thdy theo thuc té: 450,119.

Vi du 65
Diu ché hop chét 65

(2R,58,13aR)-N-(5-clo-2,4-diflobenzyl)-8-hydroxy-7,9-diox0-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3 Joxazepin-10-carboxamit

y 0 F
0
AN
N0 F
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65

Hop chét 65 duoc didu ché theo cach tuong tu véi hop chét 42 bang cach sir dung
hop chdt (5-clo-2,4-diflophenyl)metanamin  thay cho  hop chit  (2,4,6-
trifulorophenylphenyl)metanamin. 'H-NMR (400 MHz, clorofom-d) & 10,47 (t, 1H),
8,41 (s, 1H), 7,40 (dd, 1H), 6,90 (t, 1H), 5,37 (dd, 1H), 5,31 (t, 1H), 4,69 (s, 1H), 4,62 (d,
2H), 4,28 (d, 1H), 4,04 (dd, 1H), 2,17 - 2,02 (m, 4H), 1,94 - 1,86 (m, 1H), 1,61 (dt, 1H).
LCMS-ESI* (m/z): [M+H]" dugc tinh theo ly thuyét d8i v6i Ca1HioCIF2N30s: 466,09;
duoc tim théy theo thuc té: 466,107.

Vi du 66
Diéu ché hop chit 66

(1R,48,12aR)-N-(3,4-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12, 12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chét 66 duoc didu ché theo cach tuong tu voi hop chat 60 bang cach sir dung
hop chét (3,4-diflophenyl)metanamin thay cho hop chét (2,3-diclophenyl)metanamin. 'H-
NMR (400 MHz, clorofom-d) & 10,59 (s, 1H), 7,24 — 7,16 (m, 2H), 7,14 — 7,04 (m, 2H),
4,91 (s, 1H), 4,58 (d, 3H), 3,94 — 3,82 (m, 1H), 3,79 (d, 1H), 1,99 — 1,81 (m, 4H), 1,76 (d,
1H), 1,70 — 1,60 (m, 3H). LCMS-ESI" (m/z): [M+H]" duoc tinh theo ly thuyét dbi voi
Ca1H20F2N304: 416,13; duoc tim thdy theo thuc té: 416,415.
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Vi du 67
Diéu ché hop chét 67

(1R,4S,12aR)-N-(4-flo-2-(triflometyl)benzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

Hop chét 67 dugc didu ché theo cach twong tu v6i hop chit 60 biang cach st dung
hop chét (4-flo-2-(triflometyl)phenyl)metanamin  thay cho hop chit (2,3-
diclophenyl)metanamin. 'H-NMR (400 MHz, clorofom-d) 8 11,72 (s, 1H), 10,55 (s, 1H),
8,29 (s, 1H), 7,61 (s, 1H), 7,36 (dd, 1H), 7,18 (td, 1H), 4,91 (s, 1H), 4,80 (d, 3H), 4,11 (s,
1H), 1,99 — 1,80 (m, 4H), 1,76 (d, 1H), 1,71 — 1,47 (m, 3H). LCMS-ESI" (m/z): [M+H]"
duoc tinh theo ly thuyét dbi voi CpHaoF4N304: 466,13; duge tim théy theo thuc té:
466,297.

Vi du 68
Diéu ché hop chét 68

(1R,48,12aR)-N-(2-clo-4-flobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chét 68 dugc didu ché theo cach twong tw v6i hop chit 60 bang cach sir dung
hop chét (2-clo-4-flophenyl)metanamin thay cho hop chét (2,3-diclophenyl)metanamin.
H-NMR (400 MHz, clorofom-d) § 11,68 (s, 1H), 10,52 (s, 1H), 8,27 (s, 1H), 7,44 — 7,37
(m, 1H), 7,11 (dd, 1H), 6,93 (td, 1H), 4,90 (s, 1H), 4,68 (d, 2H), 4,16 — 4,01 (m, 1H),
3,88 — 3,70 (m, 2H), 2,00 — 1,79 (m, 4H), 1,75 (d, 1H), 1,70 — 1,57 (m, 2H). LCMS-ESI*
(m/z): [M+H]* dugc tinh theo ly thuyét ddi véi CoiHaoCIFN3O4: 432,10; duoc tim thdy
theo thyc té: 432,214

Vi du 69
Diéu ché hop chit 69

(1R,4S,12aR)-N-(3-clo-2,4-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chét 69 dugc diéu ché theo cach tuong tu véi hop chét 60 bing cach sir dung
hop chdt  (3-clo-2,4-diflophenyl)metanamin  thay cho hop  chit (2,3-
diclophenyl)metanamin. 'H-NMR (400 MHz, clorofom-d) & 11,71 (s, 1H), 10,48 (s, 1H),
8,26 (s, 1H), 7,27 (s, 1H), 6,92 (td, 1H), 4,90 (s, 1H), 4,66 (d, 2H), 4,08 (s, 1H), 3,91 —
3,69 (m, 2H), 2,01 — 1,79 (m, 3H), 1,75 (d, 1H), 1,71 — 1,44 (m, 2H). LCMS-ESI"* (m/z):
[M+H]* dugc tinh theo Iy thuyét ddi véi CaiHioCIF2N304: 450,10; dugc tim thdy theo
thuc té: 450,27.

Vi du 70
Diéu ché hop chat 70

(1R,48,12aR)-N-(2-flo-3-metylbenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chét 70 duoc didu ché theo cach twong tyr véi hop chét 60 bang cach sir dung
hop chit  (2-flo-3-metylphenyl)metanamin  thay cho  hop chit  (2,3-
diclophenyl)metanamin. TH-NMR (400 MHz, clorofom-d) 8 11,62 (s, 1H), 10,39 (s, 1H),
8,30 (s, 1H), 7,19 (t, 1H), 7,07 (t, 1H), 6,96 (t, 1H), 4,89 (d, 1H), 4,67 (d, 2H), 4,08 (s,
1H), 3,88 - 3,67 (m, 2H), 2,26 (d, 3H), 1,97 - 1,79 (m, 3H), 1,78 - 1,39 (m, 3H). LCMS-
ESI* (m/z): [M+H]" duoc tinh theo ly thuyét d6i véi C22H2sFN304: 412,16; dugce tim thy
theo thuc té: 412,26.

Vi du 71
Diu ché hop chét 71

(1R,48,12aR)-N~(3,6-diclo-2-flobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chét 71 dugc didu ché theo cach tuong tu v6i hop chit 60 bang cach sir dung
hop chdt  (3,6-diclo-2-flophenyl)metanamin ~ thay cho  hop chit  (2,3-
diclophenyl)metanamin. 'H-NMR (400 MHz, clorofom-d) § 11,62 (s, 1H), 10,47 (t, 1H),
8,29 (s, 1H), 7,13.(dd, 1H), 4,88 (s, 1H), 4,85 - 4,73 (m, 2H), 4,09 (d, 1H), 3,88 - 3,68
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(m, 2H), 1,99 - 1,53 (m, 8H). LCMS-ESI* (m/z): [M+H]* duoc tinh theo ly thuyét dbi
v6i C21Hi9CLEN304: 466,07; duoc tim thy theo thuc té: 466,257.
Vi du 72
Diéu ché hop chit 72

(1R,4S,12aR)-N-(3-clobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-1,4-

metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chét 72 duoc didu ché theo cach tuong tu véi hop chit 60 bang cach sir dung
hop chét (3-clophenyl)metanamin thay cho hop chét (2,3-diclophenyl)metanamin. 'H-
NMR (400 MHz, DMSO-d6) 3 11,75 (s, 1H), 10,44 (t, 1H), 8,38 (s, 1H), 7,42 - 7,22 (m,
4H), 4,68 (s, 1H), 4,54 (d, 2H), 4,48 (dd, 1H), 3,97 (t, 1H), 3,81 (dd, 1H), 2,58 (s, 1H),
1,87 - 1,69 (m, 3H), 1,68 - 1,51 (m, 2H), 1,46 (d, 1H). LCMS-ESI" (m/z): [M+H]" dugc
tinh theo ly thuyét d6i véi C21H21CIN3O4: 414,11; dugce tim thy theo thyc té: 414,21,

Vi du 73
Diéu ché hop chit 73

(1R,4S,12aR)-N-(3-clo-2,6-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chit 73 duge diéu ché theo cach twong tu véi hop chét 60 bang cach sir dung
hop chit  (3-clo-2,6-diflophenyl)metanamin  thay cho hop chit (2,3-
diclophenyl)metanamin. 'H-NMR (400 MHz, DMSO-d6) § 11,71 (s, 1H), 10,46 (t, 1H),
8,34 (s, 1H), 7,60 (td, 1H), 7,19 (td, 1H), 4,67 (s, 1H), 4,62 (d, 2H), 4,44 (dd, 1H), 3,95
(t, 1H), 3,78 (dd, 1H), 2,57 (s, 1H), 1,86 - 1,68 (m, 3H), 1,67 - 1,49 (m, 2H), 1,45 (d, 1H).
LCMS-ESI* (m/z): [M+H]" duogc tinh theo ly thuyét d6i véi CaiHioClF2N304: 450,10;
dugce tim thiy theo thyc té: 450,16.

Vi du 74
Diéu ché hop chit 74

(1R,48S,12aR)-N-(2-flo-3-(triflometyl)benzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chét 74 duoc diu ché theo cach twong tu v&i hop chit 60 bang cach st dung
hop chit (2-flo-3-(triflometyl)phenyl)metanamin  thay cho hop chit (2,3-
diclophenyl)metanamin. 'H-NMR (400 MHz, DMSO-d6) & 11,76 (s, 1H), 10,48 (t, 1H),
8,36 (s, 1H), 7,68 (q, 2H), 7,38 (t, 1H), 4,68 (s, 1H), 4,65 (d, 2H), 4,47 (dd, 1H), 3,96 (t,
1H), 3,80 (dd, 1H), 2,57 (s, 1H), 1,88 - 1,69 (m, 3H), 1,67 - 1,50 (m, 2H), 1,45 (d, 1H).
LCMS-ESI* (m/z): [M+H]* dugc tinh theo 1y thuyét d6i v6i C22H20FsN304: 466,13; duoc
tim thdy theo thuc té: 466,142.
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Vi du 75
Diéu ché hop chit 75

(1R,48,12aR)-N-(3-clo-4-flobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chit 75 dugc didu ché theo cach twong tw v&i hop chit 60 bang cach st dung
hop chét (3-clo-4-flophenyl)metanamin thay cho hop chit (2,3-diclophenyl)metanamin.
'H-NMR (400 MHz, DMSO-d6) § 11,75 (s, 1H), 10,43 (t, 1H), 8,38 (s, 1H), 7,51 (dd,
1H), 7,42 - 7,28 (m, 2H), 4,68 (s, 1H), 4,51 (d, 2H), 4,47 (dd, 1H), 3,97 (t, 1H), 3,80 (dd,
1H), 2,58 (s, 1H), 1,86 - 1,68 (m, 3H), 1,68 - 1,52 (m, 2H), 1,46 (d, 1H). LCMS-ESI*
(m/z): [M+H]" dugc tinh theo ly thuyét dbi véi C21HaoCIFN;3O4: 432,10; dwoc tim thdy
theo thuc té: 432,159.

Vi du 76
Diéu ché hop chét 76

(1R,4S,12aR)-N-((3,5-diflopyridin-2-yl)metyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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N N A
2N RN
\O /F
O OH
76
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Hop chat 76 duoc diéu ché theo cach tuong tu véi hop chit 60 bang cach sir dung
hop chit  (3,5-diflopyridin-2-yl)metanamin ~ thay cho hop chdt (2,3-
diclophenyl)metanamin. 'H-NMR (400 MHz, clorofom-d) § 10,80 (s, 1H), 8,81 (s, 1H),
8,33 (d, 1H), 7,20 (td, 1H), 4,90 (s, 1H), 4,82 (s, 2H), 4,28 (d, 1H), 3,92 — 3,75 (m, 2H),
3,48 (s, 2H), 1,98 — 1,80 (m, 3H), 1,77 (d, 1H), 1,71 — 1,58 (m, 2H). LCMS-ESI" (m/z):
[M+H]* duge tinh theo ly thuyét ddi véi CaoHisFaN4O4: 417,13; duge tim thdy theo thuc
té: 417,189.

Vidu 77
Diéu ché hop chit 77

(1R,4S,12aR)-7-hydroxy-6,8-dioxo-N-((R)-1-(2,4,6-triflophenyl)etyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

H y I

g\;/\rq X H/\/©\
LN NNo F F
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HH 9 : F HH
: X AT ; N N
! N OH N HATU % - N
X0 o F F
H 3 dan F F H o oBn
77-A 77-B
Hy o) F
L > NTX N
N A H
O F F
H o0 oH
77
Budce 1

Binh d4y tron dung tich 50mL dugc nap hop chét 77-A (0,15 g, 0,39 mmol), (R)-
1-(2,4,6-triflophenyl)etanamin (0,14 g, 0,78 mmol), N,N-diisopropyletylamin (DIPEA)
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(0,25 g, 1,97 mmol) va HATU (0,29 g, 0,79 mmol) trong DCM (10 ml). H5n hop phan
mg nay duoc khudy & nhiét d6 trong phong trong 1 gid. Hdn hop phan tmg nay dugc cb
dic, duoc hoa tan lai trong EtOAc (50 mL), duoc rira bang dung dich NaHCO; bdo hoa
(2 14n), dung dich NH4ClI bdo hoa va dugc 1am kho bing NaSOs. Sau khi cb, chit tho
duoc tinh thé bang sic ky cot trén silicagel bang hexan-EtOAc thu dugc hop chit 77-B 1a
chét rin mau tring. LCMS-ESI* (m/z): [M+H]" dugc tim thiy theo thuc té: 538.

Budc 2

Binh d4y tron dung tich 50mL duoc nap hop chat 77-B (0,20 g, 0,37 mmol) trong
TFA (2 mL). Hon hop phan tng ndy duoc khudy & nhiét d6 trong phong trong 30
phut. C6 dung dich nay va phin c3n duoc tinh ché bing sic ky nhanh bing cach sir dung
hop chét EtOAc-20% MeOH trong EtOAc 1am chét rira giai dé tao ra hop chét 77. 'H-
NMR (400 MHz, clorofom-d) é 10,67 (d, J = 8,2 Hz, 1H), 8,22 (s, 1H), 6,61 (t, ] = 8,4
Hz, 2H), 5,60 (dd, J = 8,1, 6,9 Hz, 1H), 4,85 (s, 1H), 3,82 (t, J = 12,2 Hz, 1H), 3,71 (dd, J
= 12,4, 3,4 Hz, 1H), 2,75 - 2,55 (m, 3H), 1,97 - 1,57 (m, 9H). PF-NMR (376 MHz,
clorofom-d) 6 -109,65 - -111,29 (m), -111,76 - -113,09 (m). LCMS-ESI" (m/z): [M+H]*
duoc tim thdy theo thuc té: 448.

Vi du 78
Piéu ché hop chét 78

(2R,13aR)-8-hydroxy-7,9-dioxo-N-((R)-1-(2,4,6-triflophenyl)etyl)-2,3,4,5,7,9,13,13a-
octahydro-2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit
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Budce 1

Binh d4y tron dung tich 50mL dugc nap hop chét 78-A (0,30 g, 0,94 mmol), (R)-
1-(2,4,6-triflophenyl) etanamin (0,39 g, 1,87 mmol), N,N-diisopropyletylamin (DIPEA)
(0,61 g, 4,87 mmol) va HATU (0,71 g, 1,87 mmol) trong DCM (10 ml). Hon hop phan
ung nady duoc khudy & nhiét d§ trong phong trong 1 gio. Hon hop phan tng ndy duoc co
dic, dugce hoa tan lai trong EtOAc (50 mL), dugc rira bang dung dich NaHCO3 bao hoa
(2 14n), dung dich NH4Cl bdo hoa va duge 1am khd bing Na;SOu. Sau khi ¢, chét tho
duoc tinh thé bing sic ky cot trén silicagel bang hexan-EtOAc thu duoc hop chét 78-B 1a
chét rén mau tring. LCMS-ESI* (m/z): [M+H]*; dugc tim thiy theo thuc té: 478.

Budc 2

Binh ddy tron dung tich 50mL duoc nap hop chit 78-B (0,4 g, 0,84 mmol) va
magie bromua (0,4 g, 2,2 mmol) trong axetonitril (5 mL). Hon hop phan Umg nay dugc
gia nhiét dén nhiét d6 50°C. Sau 10 phut, hdn hgp phan Gng nay dugc lam lanh xuéng
0°C khi thém axit clohydric 1N (4 mL). B4 sung thém nuéc (~ 5 mL) va chét rin duoc
loc ra va dugc ria béng nude va duoc lam khé thu duge hop chit 78. 'TH-NMR (400
MHz, clorofom-d) & 12,30 (s, 1H), 10,59 (d, J = 8,3 Hz, 1H), 8,21 (s, 1H), 6,60 (t, ] = 8,4
Hz, 2H), 5,59 (t, ] = 7,4 Hz, 1H), 5,37 (dd, J = 9,4, 4,1 Hz, 1H), 5,31 - 5,09 (m, 1H), 4,64
(t, T =3,0 Hz, 1H), 4,20 (dd, J = 12,9, 4,1 Hz, 2H), 3,96 (dd, J = 12,8, 9,4 Hz, 2H), 2,21 -
1,85 (m, 4H), 1,71 - 1,43 (m, 3H). YF-NMR (376 MHz, clorofom-d) § -110,37 (tt, J =
8,7, 6,1 Hz), -112,19 (t, ] = 7,2 Hz). LCMS-ESI" (m/z): [M+H]" dugc tim the"ly theo thuc
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té: 464.
Vidu 79
Diéu ché hop chit 79

(1R,48S,12aR)-7-hydroxy-6,8-dioxo-N-(2,4,5-triflobenzyl)-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Budce 1

Binh day tron dung tich 50mL dugc nap hop chat 79-A (0,12 g, 0,32 mmol),
(2,4,5-triflophenyl)metanamin (0,10 g, 0,63 mmol), N,N-diisopropyletylamin (DIPEA)
(0,20 g, 1,58 mmol) va HATU (0,24 g, 0,63 mmol) trong DCM (10 ml). Hdn hop phan
g nay duoc khudy & nhiét d trong phong trong 1 gi¢. Hon hop phan tng nay duge cd
dic, dugc hoa tan lai trong EtOAc (50 mL), dugce rua béng dung dich NaHCO3 béo hoa
(2 14n), dung dich NH4Cl bdo hoa va dugc lam khd bang NazSOq. Sau khi cd, chit thd
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duoc tinh thé bang séc ky cot trén silicagel bang hexan-EtOAc thu duoc hop chit 79-B 1a
chét rdn mau tring. LCMS-ESI* (m/z): [M+H]*; dugc tim thy theo thuc té: 524.

Budc 2

Binh déy tron dung tich 50mL dwoc nap hop chit 79-B (0,15 g, 0,29 mmol) trong
TFA (2 mL). Hdn hop phan tng nay dwoc khudy & nhiét d6 trong phong trong 30
phut. C6 dung dich nay va phan cin dugc tinh ché bang sic ky nhanh bang cach sir dung
hop chit EtOAc-20% MeOH trong EtOAc lam chit rira giai dé tao ra hop chit 79. 'H-
NMR (400 MHz, clorofom-d) § 11,70 (s, 1H), 10,65 - 10,18 (m, 1H), 8,27 (s, 1H), 7,26
(m, 1H), 6,90 (td, J =9,7, 6,4 Hz, 1H), 4,89 (s, 1H), 4,60 (d, J = 6,0 Hz, 2H), 4,09 (dd, J
= 11,4, 2,6 Hz, 1H), 3,96 - 3,66 (m, 2H), 2,68 (s, 1H), 2,15 - 1,43 (m, 6H). YF-NMR
(376 MHz, clorofom-d) § 120,53 - -120,85 (m), -134,68 - -136,79 (m), -142,26 - -144,11
(m). LCMS-ESI* (m/z): [M+H]* dugc tim thiy theo thuc té: 434,

Vi du 80
Diéu ché hop chét 80

(1R,48S,12aR)-N-(5-clo-2,4-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Bude 1

Binh day tron dung tich 50mL dugc nap hop chit 80-A (0,12 g, 0,32 mmol), (5-
clo-2,4-diflophenyl)metanamin (0,11 g, 0,63 mmol), N,N-diisopropyletylamin (DIPEA)
(0,20 g, 1,58 mmol) va HATU (0,24 g, 0,63 mmol) trong DCM (10 ml). Hdn hop phan
ting nay duoc khudy & nhiét do trong phong trong 1 gié. Hon hop phan tng nay dugc b
dic, dugc hoa tan lai trong EtOAc (50 mL), dugce rira bﬁng dung dich NaHCOs (2 lﬁn),
dung dich NH4CI bdo hoa va duge lam kho bang Na;SO4. Sau khi ¢4, cht thé dugc tinh
thé bang séc ky cot trén silicagel bang hexan-EtOAc thu dugc hop chit 80-B 14 chét rin
mau tring. LCMS-ESI* (m/z): [M+H]*; dugc tim thiy theo thuc té: 541.

Budc 2

Binh day tron dung tich 50mL duoc nap hop chit 80-B (0,14 g, 0,26 mmol) trong
TFA (2 mL). Hon hop phan mg ndy duogc khudy & nhiét do trong phong trong 30
phut. C6 dung dich ndy va phan cin duoc tinh ché bang sic ky nhanh bing céch st dung
hop chit EtOAc-20% MeOH trong EtOAc lam chét rira giai dé tao ra hop chat 80. 'H-
NMR (400 MHz, clorofom-d) & 10,46 (s, 1H), 8,27 (s, 1H), 7,40 (t, ] = 7,8 Hz, 1H), 6,89
(t, T =9,1 Hz, 1H), 4,90 (s, 1H), 4,78 - 4,48 (m, 2H), 4,08 (dd, ] = 11,3, 2,5 Hz, 1H), 3,95
- 3,63 (m, 2H), 2,68 (s, 1H), 2,22 - 1,51 (m, 7H). YF-NMR (376 MHz, clorofom-d) & -
113,37 (q, J = 8,1 Hz), -116,37 (q, J = 8,0 Hz). LCMS-ESI" (m/z): [M+H]" duoc tim thiy
theo thuc té: 451.
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Vi du 81
Diéu ché hop chit 81

(1R,38,48S,12aS)-3-flo-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Bude 1

Binh day tron dung tich 100mL dugc nap hop chét 81-A (1,0 g, 3,7 mmol) trong
DCM (10 mL). Hon hop phan tng nay dugc lam lanh xubng 0°C. BJ sung tir tir
dietylaminosulfur triflorua (DAST) (0,58 mL, 4,1 mmol) trong binh nay. Sau do, hdn hop
‘phan Ung nay dugc khufly & nhiét d6 trong phong trong mét git. Hon hop ndy dugc lam
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lanh tr¢ lai xuéng nhiét d6 0°C. B sung tung giot dung dich NaHCO3 béo hoa (5 mL) dé
ngimg phan ng nay. Sau d6, hdn hop phan tng nay duge pha lodng bang EtOAc (100
mL), dugc rira bﬁng dung dich NaHCO3 bdo hoa, nudc mudi, va dugc 1am khd béng
Na2S04. Sau khi ¢6, phin can duge tinh ché bing séc ky nhanh bing cach st dung hop
chét hexan - EtOAc lam chit rira giai dé tao ra hop chit 81-B. LCMS-ESI* (m/2):
[M+H]* dugc tim thdy theo thuc t&: 274.

Budce 2

Binh day tron dung tich 100mL dugc nap hop chét 81-B (0,8 g, 3,0 mmol) trong
THF (10 mL). H3n hop phéan tmg nay duoc khudy & nhiét d6 -78°C. BS sung tir tir 2,0 M
LiBH4 trong THF (3,2 mL, 6,4 mmol) vao trong binh nay. Sau do, hdn hop phan g nay
duge lam 4m 1én va duoc khudy & nhiét d§ trong phong trong 3 gid. Sau do, hdn hop
phan Ung nay dugc pha lodng bang EtOAc (100 mL) va duge xi ly tir tir bang nudc
(thoat khi Hy). Sau khi tach hai pha ra, phin chiét chira nuéc duge chiét bang EtOAc va
hai phén chiét hitu co dugc thu gom, dugc rira b%mg nuée, va duge lam kho bﬁng
Na;SO4. Sau khi ¢6, phan cin duoc tinh ché bang séc ky nhanh bang cach str dung hop
chét hexan - EtOAc lam chit rtra giai dé tao ra hop chit 81-C. LCMS-ESI* (m/2):
[M+H]* duge tim thiy theo thuc té: 246.

Budce 3

Binh day tron dung tich 100mL duoc nap hop chat 81-C (0,57 g, 2,3 mmol),
triphenylphosphin (1,3 g, 5,1 mmol) va phtalimit (0,55 g, 3,7 mmol) trong THF (15 mL).
Sau d6, hdn hop phan tmg nay dugce lam lanh xudng 0°C cing v&i khudy. Bb sung tir tir
diisopropyl azodicarboxylat (DIAD) (1,0 mL, 5,1 mmol) vao hdn hop phan tmg nay. Hon
hop phan ng nay dugc khudy & nhiét d6 trong phong qua dém. Sau khi ¢, phan cin
duogc tinh ché bang séc ky nhanh bang céch sir dung hop chét hexan - EtOAc 1am chét
ria giai dé tao ra hop chit 81-D. LCMS-ESI* (m/z): [M+H]" duoc tim thdy theo thuc té:
375.
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Buéc 4

Bé sung hydrazin monohydrat (0,6 mL) vao dung dich chita hgp chét 81-D (0,8 g,
2,1 mmol) EtOH (40 mL). Hon hop phan tng nay dugc gia nhiét dén nhiét d6 70°C ciing
voi khqu trong 3 gio. Sau khi loc dé loai bo chét ran, phén dich loc duge cd dé tao ra

hop chét 81-E. LCMS-ESI* (m/z): [M+H]* dugc tim thdy theo thuc té: 245.

Bude 5

Binh day tron dung tich 100mL dugc nap hop chét 81-E (0,49 g, 2,0 mmol) va
hop chat 81-F (0,7 g, 2,0 mmol) trong etanol (7 mL). B6 sung natri bicarbonat (0,34 g,
4,0 mmol) trong nuéc (7 mL) vao hdn hop phan tmg. Sau do, hén hop phan tmg niy
duoc khudy & nhiét d6 trong phong qua dém. Hdn hop nay dugc pha lodng bang EtOAc
(50 mL) va dugc rira bang nude (2 14n). Céc phin chiét chira nuéc duge chiét bang
EtOAc (1 x), va phan chiét hitu co dugc thu gom, dugc 1am khd (Na2SO04), va cd. Hop
chit 81-G thé duoc st dung cho budc tiép theo ma khéng can tinh ché thém. LCMS-
ESI* (m/z): [M+H]" dugc tim thdy theo thue té: 573.

Budce 6

Binh day tron dung tich 100mL duoc nap hop chét 81-G (1,1 g, 1,9 mmol) trong
4N HCI /dioxan (11 mL). Sau d6, hon hgp phan tng nay dugc khudy & nhiét do trong
phong trong 1 gio. Sau khi ¢, thu duge 1,0 g chit trung gian. Chét trung gian va DBU
(1,3 g, 8,8 mmol) dugc hoa tan trong toluen (10 mL). Hon hop phan tng ndy duge gia
nhiét dén nhiét 6 110°C cing véi khudy trong 1 gid. Sau khi cé, phan cin dugc tinh ché
bang séc ky nhanh bang cach st dung hop chit hexan - EtOAc 1am chét rira giai & tao ra
hop chit 81-H. LCMS-ESI* (m/z): [M+H]* dugc tim thy theo thyc té: 413.

Buéce 7

Binh day tron dung tich 100mL duoc nap hop chat 81-H (0,56 g, 1,4 mmol) trong
THF (5 mL) va MeOH (5 mL). B4 sung KOH 1N(4 mL) vao hdn hop phén Gng. Sau do,
hdn hop phén Gng nay dugc khudy & nhiét d6 trong phong trong 1 gio. Hon hop phéan ting
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ndy duogc axit héa bang cach bd sung HCI IN(4 mL). Sau khi cd, phén cin duoc dong
bbc hoi véi toluen (3 14n). M6t nira axit thd, 2,4,6-triflobenzylamin (0,2 g, 1,3 mmol),
N,N-diisopropyletylamin (DIPEA) (0,41 g, 3,1 mmol) va HATU (0,48 g, 1,25 mmol)
duoc hoa tan trong DMF (10 mL). Hdn hop phan tng nay dugc khudy & nhiét d6 trong
phong trong 2 gid. Hon hop ndy dugc pha loding bang EtOAc (100 mL) va dugc rira bang
dung dich NaHCO3 bo hoa (2 14n), dung dich NH4Cl bio hoa (2 1an) va dugc 1am kho
bang NapSO4. Sau khi co, chét thd dugc tinh thé bing séc ky cbt trén silicagel béang
hexan-EtOAc dé tao ra hop chét 81-1. LCMS-ESI* (m/z): [M+H]" duoc tim thdy theo
thuc té: 542,

Budce 8

Binh day tron dung tich 50mL duogc nap hop chat 81-1 (0,31 g, 0,58 mmol) trong
TFA (3 mL). Hon hgp phan tng ndy dugc khudy & nhiét d§ trong phong trong 30 phut.
Sau khi ¢, chét thd dugc tinh thé bing séc ky cot trén silicagel bing EtOAc-MeOH dé
tao ra hop chit 81. "TH-NMR (400 MHz, clorofom-d) & 10,29 (s, 1H), 8,31 (s, 1H), 6,65
(dd, J = 8,7, 7,5 Hz, 2H), 5,05 - 4,75 (m, 2H), 4,65 (d, ] = 5,6 Hz, 2H), 4,11 (d, J = 12,2
Hz, 1H), 3,83 (t, J = 12,3 Hz, 1H), 3,56 (dd, ] = 12,3, 3,3 Hz, 1H), 2,77 (s, 1H), 2,25 -
1,97 (m, 2H), 1,95 (d, J = 11,0 Hz, 2H), 1,77 (d, J = 11,2 Hz, 1H). YF-NMR (376 MHz,
clorofom-d) & -108,98 (t, J = 8,2 Hz), -112,03 (t, J = 7,2 Hz), -168,00. LCMS-ESI* (m/z):
duogc tim thiy theo thuc té: 452.

Vi du 82
Diéu ché hop chit 82

(1S,3R,4R,12aR)-3-flo-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Bude 1

Binh day tron dung tich 100mL duoc nap hop chét 82-A (0,6 g, 2,1 mmol) trong
DCM (6 mL). Hon hop phan ung ndy duge lam lanh xudng 0°C. Bb sung tir tir DAST
(0,35 mL, 3,0 mmol) vao trong binh nay. Sau do, hén hop phan tmg nay dugc khudy &
nhiét d trong phong trong mot gid. Hon hop nay dugc lam lanh trd lai xubng nhiét do
0°C. B4 sung ting giot dung dich NaHCO3 bdo hoa (5 mL) dé ngimg phan tmg nay. Sau
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d6, hdn hop phan {mg nay dugc pha lodng bang EtOAc (100 mL), duoc rira bang dung
dich NaHCOj3 bao hoa, nuée mudi, va duoc 1am khé bang Na;SO4. Sau khi ¢b, phan cin
duogc tinh ché bang sic ky nhanh bing céch sir dung hop chét hexan - EtOAc 1am chit
rira giai dé tao ra hop chit 82-B. LCMS-ESI* (m/z): [M+H]" dugc tim thiy theo thuc té:
274.

Buéc 2

Binh day tron dung tich 100mL dugc nap hop chit 82-B (0,4 g, 1,5 mmol) trong
THF (10 mL). Hon hop phan mg ndy duge khudy & nhiét d6 -78°C. B sung tir tir 2,0 M
LiBH4 trong THF (1,6 mL, 3,2 mmol) vao trong binh ndy. Sau d6, hdn hop phan tng nay
duge 1am 4m 1én va duoc khudy & nhiét d6 trong phong trong 3 gid. Sau d6, hdn hop
phan Uimg nay duoc pha lodng bang EtOAc (100 mL) khi thém tir tir nuéc (thoat khi Hp).
Sau khi tach hai pha ra, phan chiét chira nuéc dugc chiét bang EtOAc va hai phan chiét
hitu co duge thu gom, duge rira bing nuéc va duge 1am khé bing NaxSOs. Sau khi
c6, phan cin duoc tinh ché bing sic ky nhanh bing cach st dung hop chét hexan -
EtOAc lam chét rira giai d& tao ra hop chét 82-C. LCMS-ESI* (m/z): [M+H]" dugc tim
thy theo thuc té: 246.

Budc 3

Binh day tron dung tich 100mL duogc nap hop chit 82-C (0,25 g, 1,0 mmol),
triphenylphosphin (0,59 g, 2,2 mmol) va phtalimit (0,24 g, 1,6 mmol) trong THF (10
mL). Sau d6, hdn hgp phan tng nay duoc lam lanh xudng 0°C cing véi khudy. Bb sung
tir tit DIAD (0,44 mL, 2,2 mmol) vio hdn hop phan tng nay. Hon hop phan mg nay
duge khudy & nhiét d6 trong phong qua dém. Sau khi ¢, phin can duge tinh ché bang
sic ky nhanh bang cich st dung hop chét hexan - EtOAc lam chét ria giai dé tao ra hop
chit 82-D. LCMS-ESI* (m/z): [M+H]* duoc tim thiy theo thuc té: 375.

Budc 4

B6 sung hydrazin monohydrat (0,3 mL) vao dung dich chira hop chat 82-D (0,35
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g, 0,9 mmol) EtOH (20 mL). H3n hop phan tmg ndy dwoc gia nhiét dén nhiét 46 70°C
cting véi khudy trong 3 gio. Sau khi loc dé loai bo chét rén, phan dich loc duge c6 dé tao

ra hop chét 82-E. LCMS-ESI* (m/z): [M+H]" dugc tim thy theo thuc t&: 245.
Budce 5

Binh d4y tron dung tich 100mL dugc nap hop chat 82-E (0,21 g, 0,87 mmol) va
hop chéit 82-F (0,3 g, 0,87 mmol) trong etanol (7 mL). Bb sung natri bicarbonat (0,15 g,
1,7 mmol) trong nuédc (7 mL) vao hdn hop phan tng. Sau dé, hdn hop phan tmg nay
dugc khudy & nhiét d6 trong phong qua dém. Hn hop nay dugc pha loéing bang EtOAc
(50 mL) va duoc rira bang nuéc (2 14n). Céc phan chiét chira nuéc dugc chiét bang
EtOAc, va céac phr?\n chiét hitu co duge thu gom, duge 1am khé (Na2S04), va cd. Hop chét
82-G tho dugc sir dung trong bude tiép theo ma khéng can tinh ché thém. LCMS-ESI*
(m/2): [M+H]" dugc tim thiy theo thuc té: 573.

Budc 6

Binh day tron dung tich 100mL dugc nap hop chit 82-G (0,49 g, 0,86 mmol)
trong 4N HCI /dioxan (5 mL). Sau d6, hdn hgp phan tng nay dugc khudy & nhiét do
trong phong trong 1 gid. Sau khi ¢d, thu duogc 0,4 g chét trung gian. Chit trung gian va
DBU (0,6 g, 4,0 mmol) duoc hoa tan trong toluen (10 mL). Hn hop phan tng nay duoc
gia nhiét dén nhiét d6 110°C cliing véi khudy trong 1 gid. Sau khi c6, phan cin dugc tinh
ché bang séc ky nhanh bing cach sir dung hop chit hexan - EtOAc 1am cht rira giai dé
tao ra hop chét 82-H. LCMS-ESI* (m/z): [M+H]* dugc tim thay theo thuc t&: 413.

Budc 7

Binh day tron dung tich 100mL duoc nap hop chat 82-H (0,2 g, 0,49 mmol) trong
THF (5 mL) va MeOH (5 mL). B6 sung KOH IN(1,5 mL) vao hdn hop phan tmg. Sau
d6, hdn hop phan tmg nay dugc khudy & nhiét do trong phong trong 1 gid. Hon hop phan
ting nay dugc axit héa bing cach bd sung HCl 1N(1,5 mL). Sau khi cd, phin cin nay
dugc dong bbc hoi voi toluen (3 14n). Axit thd, 2,4,6-triflobenzylamin (0,15 g, 0,95
mmol), N,N-diisopropyletylamin (DIPEA) (0,31 g, 2,4 mmol) va HATU (0,36 g, 0,95
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mmol) dugc hoa tan trong DCM (10 mL). Hon hop phan tng ndy dugce khudy & nhiét do
trong phong trong 2 gid. Hén hop nay dugc pha loéing bang EtOAc (100 mL) va dugce rira
bang dung dich NaHCO3 bio hoa (2 1in), dung dich NH4ClI bio hoa (2 14n) va duge lam
khé bang Na>SOs. Sau khi 6, chét thd duoc tinh thé bing sic ky cot trén silicagel bing
hexan-EtOAc dé tao ra hop chét 82-1. LCMS-ESI* (m/z): [M+H]" duoc tim thdy theo
thyc té: 542.

Budce 8

Binh déy tron dung tich 50mL dugc nap hop chit 82-I (0,22 g, 0,41 mmol) trong
TFA (3 mL). Hon hop phan tmg nay dugc khudy & nhiét d6 trong phong trong 30 phut.
Sau khi ¢6, chét thd duoc tinh thé bang sic ky cot trén silicagel biang EtOAc-MeOH dé
tao ra hop chit 82. TH-NMR (400 MHz, clorofom-d) & 10,25 (s, 1H), 8,28 (s, 1H), 6,65
(s, 2H), 5,15 - 4,77 (m, 2H), 4,65 (s, 2H), 4,32 - 3,41 (m, 2H), 2,78 (s, 1H), 1,86 (dd, ] =
144,8, 72,3 Hz, 6H). YF-NMR (376 MHz, clorofom-d) 8 -108,98 (t, J = 8,2 Hz), -112,03
(t, T =7,2 Hz), -168,00. LCMS-ESI* (m/z): duoc tim thiy theo thuc té: 452.

Vi du 83
Diéu ché hop chét 83
(18,4R,12a8S)-3,3-diflo-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Bude 1

Binh day tron dung tich 100mL dugc nap hop chét 83-A (1,0 g, 3,7 mmol) trong
DCM (20 mL). Hn hop phan tmg nay dugc lam lanh xudng 0°C. Bd sung tir tir Dess-
Martin periodinan (1,8 g, 4,2 mmol) vao trong binh nay. Sau d6, hdn hop phan tmg nay
duoc khudy & nhiét do trong phong trong 3 gio. Sau khi cd, phén can duoc tinh ché bing
sic ky nhanh bang cach sir dung hop chit hexan - EtOAc lam chat rira giai d& tao ra hop
chit 83-B. LCMS-ESI* (m/z): [M+H]" dugc tim thiy theo thuc té: 270.

- 155 -



22152

Budce 2

Binh day tron dung tich 100mL dugc nap hop chit 83-B (0,85 g, 3,2 mmol) trong
DCM (15 mL). H3n hop phéan tng nay duge lam lanh xuéng 0°C. B sung tir tir DAST
(1,5 mL, 11,3 mmol) vio trong binh ndy. Sau d6, hdn hgp phan ting nay duoc khudy &
nhiét d6 trong phong qua dém. Hon hop nay dugc lam lanh tré lai xuéng nhiét d6 0°C.
B4 sung timg giot dung dich NaHCOj3 bdo hoa (5 mL) d& ngimg phan tng nay. Sau do,
hdn hop phan tng niy duoc pha lodng bang EtOAc (100 mL), dugc rira bang dung dich
NaHCO3 bdo hoa, nudc mudi, va duoc 1am khod béng NazS0j4. Sau khi cd, phe‘in cén dugc
tinh ché bang sic ky nhanh bing cach sir dung hop chit hexan - EtOAc 1am chét rira giai
d8 tao ra hop chét 83-C. LCMS-ESI* (m/z): [M+H]* duoc tim thdy theo thuc té: 292.

Buée 3

Binh day tron dung tich 100mL dugc nap hop chét 83-C (0,44 g, 1,5 mmol) trong
THF (6 mL). Hén hop phan tmg nay dugc khudy & nhiét do -78°C. B6 sung tir tir 2,0 M
LiBH4 trong THF (1,6 mL, 3,2 mmol) vao trong binh nay. Sau d6, hdn hgp phan tng nay
duoe lam 4m 1én va dugc khudy & nhiét do trong phong trong 3 gio. Sau d6, hdn hop
phan ing nay dugc pha lodng bang EtOAc (100 mL) khi thém tir tlr nudc (thoat khi Hp).
Sau khi tach hai pha ra, phan chiét chira nuée duogc chiét bang EtOAc va hai phan chiét
hitu co dugc thu gom, dugc rira béng nude, va dugc lam kho b%mg Na2SO04. Sau khi
¢6, phdn cin duogc tinh ché bang sic ky nhanh bang cach st dung hop chét hexan -
EtOAc 1am chét rira giai d& tao ra hop chat 83-D. LCMS-EST* (m/z): [M+H]" duoc tim
thy theo thuc té: 264.

Budc 4

Binh day tron dung tich 100mL dugc nap hop chét 83-D (0,17 g, 0,65 mmol),
triphenylphosphin (0,37 g, 1,4 mmol) va phtalimit (0,15 g, 1,0 mmol) trong THF (10
mL). Sau d6, hdn hop phan tmg nay dugc lam lanh xubng 0°C cing v&i khudy. B sung
t tt DIAD (0,28 mL, 1,4 mmol) vao hdn hop phan Ung nay. HOn hop phin Ung nay
dugce khudy & nhiét d6 trong phong qua dém. Sau khi cd, phan cin duge tinh ché bang
sic ky nhanh bang cach st dung hop chit hexan - EtOAc 1am chét rira giai dé tao ra hop

- 156 -



22152

chét 83-E. LCMS-ESI* (m/z): [M+H]* dugc tim thdy theo thuc té: 393.
Budc 5

B6 sung hydrazin monohydrat (0,3 mL) vao dung dich chira hop chét 83-E (0,25
g, 0,64 mmol) EtOH (20 mL). Hn hop phan tng nay dugc gia nhiét dén nhiét d6 70°C
cung voi khudy trong 3 gid. Sau khi loc d& loai bo chét rén, phan dich loc duoc cb dé tao

ra hop chét 83-F. LCMS-ESI* (m/z): [M+H]* duoc tim thay theo thuc té: 263.

Budc 6

Binh day tron dung tich 100mL duogc nap hop chét 83-F (0,18 g, 0,69 mmol) va
83-G (0,324g, 0,69 mmol) trong etanol (7 mL). B& sung natri bicarbonat (0,12 g, 1,4
mmol) trong nude (7 mL) vao hdn hop phan tmg. Sau d6, hdn hop phan tng nay dugc
khudy & nhiét do trong phong qua dém. Hon hgp nay dugc pha lodng bang EtOAc (50
mL) va dugc rira bing nude. Cac phan chiét chira nuwée dwoc chiét bing EtOAc, va céc
phén chiét hitu co dugc thu gom, duoc lam kho (Na2SO4), va cd. Hop chét thd c6 cong
thirc 83-H duoc sir dung trong bude tiép theo ma khéng cin tinh ché thém. LCMS-ESI*
(m/z): [M+H]" dugc tim thiy theo thuc té: 591.

Bude 7

Binh day tron dung tich 100mL dwoc nap hop chat 83-H (0,4 g, 0,68 mmol) trong
4N HCI /dioxan (3,8 mL). Sau d6, hdn hop phan tng nay dugc khudy & nhiét do trong
phong trong 1 gio. Sau khi ¢, thu duge 0,35 g chit trung gian. Chit trung gian va DBU
(0,51 g, 3,3 mmol) duoc hoa tan trong toluen (10 mL). Hén hop phan tmg nay dugc gia
nhiét dén nhiét d6 110°C cing v6i khudy trong 1 gid. Sau khi ¢d, phn c3n dugc tinh ché
bing sic ky nhanh bing cach str dung hop chét hexan - EtOAc lam chét rira giai dé tao ra
hop chét 83-1. LCMS-ESI* (m/z): [M+H]* duoc tim thiy theo thyc té: 431.

Budc 8

Binh day tron dung tich 100mL dugc nap hop chét 83-1 (0,2 g, 0,47 mmol) trong
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THF (5 mL) va MeOH (5 mL). B6 sung KOH 1N(1,4 mL) vao hdn hop phan tng. Sau
d6, hdn hop phan tng nay dugc khudy & nhiét d6 trong phong trong 1 gi. Hén hop phan
ung nay dugc axit hoa bang cach bd sung HCI 1N(1,4 mL). Sau khi ¢, phan can dugc
déng bbe hoi voi toluen (3 lén). Axit thd, 2,4,6-triflobenzylamin (0,14 g, 0,91 mmol),
N,N-diisopropyletylamin (DIPEA) (0,29 g, 2,2 mmol) va HATU (0,35 g, 0,91 mmol)
duoc hoa tan trong DCM (10 mL). Hon hop phan tng nay dugc khudy & nhiét d6 trong
phong trong 2 gid. Hon hop ndy dugc pha lodng bang EtOAc (100 mL) va dugc rira bang
dung dich NaHCO3 bdo hoa (2 14n), dung dich NH4CI bio hoa (2 14n) va dugc lam kh
bing NaxSO4. Sau khi cd, chit thd dugc tinh thé bing sic ky cot trén silicagel bang
hexan-EtOAc dé tao ra hop chét 83-J. LCMS-ESI* (m/z): [M+H]" dugc tim thiy theo
thuc té: 560.

Budc 9

Binh day tron dung tich 50mL dugc nap hop chit 83-J (0,18 g, 0,32 mmol) trong
TFA (3 mL). Hon hop phan tng ndy duoc khudy & nhiét d6 trong phong trong 30 phiit.
Sau khi cd, chét thd duoc tinh thé bing sic ky cot trén silicagel bang EtOAc-MeOH dé
tao ra hop chét 83 14 chit rin mau tring. "H-NMR (400 MHz, clorofom-d) & 10,29 (d, J =
6,1 Hz, 1H), 8,34 (s, 1H), 6,65 (dd, J = 8,7, 7,5 Hz, 2H), 4,83 (s, 1H), 4,72 - 4,58 (m,
2H), 4,36 - 4,10 (m, 2H), 4,05 (t, J = 11,5 Hz, 1H), 2,97 (d, ] = 4,4 Hz, 1H), 2,49 - 2,08
(m, 3H), 2,12 - 1,94 (m, 2H). PF-NMR (376 MHz, clorofom-d) § - 92,32 (ddd, J = 225,6,
22,5, 9,1 Hz), -107,64 - -109,54 (m), -112,05 (t, J = 7,0 Hz), -114,67 (d, J = 226,7 Hz).
LCMS-ESI* (m/z): dugc tim thiy theo thuc té: 470.

Vi du 84
Pidu ché hop chit 84

(1S,2R,4S,12aR)-7-hydroxy-2-metyl-6,8-dioxo-N-(2,4,6-triflobenzy1)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Budce 1

Binh day tron dung tich 100mL dugc nap hop chét 84-A (1,6 g, 5,9 mmol) trong
DCM (20 mL). Hon hgp phan ung nay dugc lam lanh xudng 0°C. B sung tir tir Dess-
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Martin periodinan (4,9 g, 11,7 mmol) vao trong binh ndy. Sau d6, hdn hop phan tng nay
duoc khudy & nhiét d6 trong phong trong 3 gid. Sau khi ¢d, phdn cin duoc tinh ché béng
sic ky nhanh bang cach sir dung hop chat hexan - EtOAc 1am chét rira giai dé tao ra hop
chét 84-B. LCMS-ESI* (m/z): [M+H]* dugc tim thiy theo thyc té: 270.

Budc 2

Binh déy tron dung tich 100mL dugc nap hop chit 84-B (1,3 g, 4,8 mmol) trong
THF (30 mL). H6n hop phan tmg nay duogc 1am lanh xudng 0°C. B sung tir tir cht phan
mg Tebbe (0,5 M trong toluen, 19,4 mL, 9,7 mmol) vao trong binh nay. Sau d6, hén hop
phan umg nay dugc khudy & nhiét do trong phong trong 2 giv. Hon hop nay dugc lam
lanh trd lai xudng nhiét d6 0°C. Bb sung timg giot dung dich NaHCO;3 bao hoa (5 mL) dé
ngimg phan tng nay. H3n hop phan tmg nay dugc khudy & nhiét d6 trong phong trong 15
phut nita va duge loc qua xelit. Banh loc nay dugc rua béng DCM (2 lén). Phén dich loc
duoc thu gom duge ¢b trong chin khéng va phin cin duogc tinh ché bing séc ky nhanh
bang cach str dung hop chét hexan - EtOAc 13m chét rira giai dé tao ra hop chat 84-C.
LCMS-ESI* (m/z): [M+H]" dugc tim thiy theo thuec té: 268.

Budce 3

B6 sung Pd/C (0,18 g) vao dung dich (dwgc lam sach bang N2) ctia hop chét c6
cong thic 84-C (0,9 g, 3,4 mmol) trong EtOH (20 mL). Hén hop nay duoc khudy trong
moi truong Hy trong 3 gio. Hon hop nay duge loc qua xelit va phén dich loc dugc co dé

tao ra hop chét 84-D. LCMS-ESI* (m/z): [M+H]" dugc tim thiy theo thuc té: 270.

Budc 4

Binh day tron dung tich 100mL dugc nap hop chét 84-D (0,9 g, 3,3 mmol) trong
THF (6 mL). Hon hop phan tng nay duge khudly ¢ nhiét d6 -78°C. Bb sung tir tir 2,0 M
LiBH4 trong THF (13,2 mL, 26,4 mmol) vao trong binh nay. Sau do, hdn hop phan tng
nay dugc lam Am 1én va duoc khudy & nhiét d6 trong phong trong 3 gid. Sau d6, hon hop

phan g nay dugc pha lodng bang EtOAc (100 mL) khi thém tlr tir nude (thoat khi Ha).
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Sau khi tach hai pha ra, phan chiét chira nuéc dugce chiét bang EtOAc v hai phéan chiét
hitu co dugc thu gom, dugc rira béng nuée, va duge lam kho béng NaxSOg4. Sau khi
cb, phan cin dugc tinh ché bang sic ky nhanh bing cich st dung hop chét hexan -
EtOAc lam chit rira giai dé tao ra hop chit 84-E. LCMS-ESI* (m/z): [M+H]" dugc tim
thdy theo thuc té: 242.

Budc 5

Binh day tron dung tich 100mL dugc nap hop chit 84-E (0,4 g, 1,66 mmol),
triphenylphosphin (0,96 g, 3,6 mmol) va phtalimit (0,39 g, 2,7 mmol) trong THF (15
mL). Sau d6, hon hop phan (mg nay dugc lam lanh xudng 0°C cling véi khudy. B sung
ti tr DIAD (0,7 mL, 3,6 mmol) vao h&n hop phéan tng nay. Hon hop phan ng nay dugc
khudy & nhiét d¢ trong phong qua dém. Sau khi c6, phdn can duge tinh ché bang sic ky
nhanh bing cch sit dung hop chit hexan - EtOAc lam chit rira giai dé tao ra hop chat
84-F. LCMS-ESI* (m/z): [M+H]" duoc tim thiy theo thyc té: 371.

Bude 6

B& sung hydrazin monohydrat (0,3 mL) vao dung dich chira hop chét 84-F (0,55
g, 1,5 mmol) EtOH (20 mL). Hon hop phan tng ndy dugc gia nhiét dén nhiét do 70°C
cung voi khuéy trong 3 gio. Sau khi loc dé loai b chét ran, phﬁn dich loc dugc co dé tao

ra hop chét 84-G. LCMS-ESI* (m/z): [M+H]" dugc tim thiy theo thuyc té: 241.

Budc 7

Binh day tron dung tich 100mL dugc nap hop chét 84-G (0,35 g, 1,4 mmol) va 84-
H (0,5g, 1,4 mmol) trong etanol (10 mL). Bd sung natri bicarbonat (0,24 g, 2,8 mmol)
trong nude (10 mL) vao hdn hop phan tng. Sau do, hdn hop phan tmg nay duoc khudy &
nhiét do trong phong qua dém. Hon hop nay dugc pha lodng bang EtOAc (50 mL) va
duoc rira bang nude (2 lan). Cac phdn chiét chita nude duge chiét bang EtOAc, va céc
phin chiét hitu co dugc thu gom, dugc lam kho (Na2804), va 6. Hop chét tho 84-1 duoc
stt dung trong budc tiép theo ma khong cAn tinh ché thém. LCMS-ESI* (m/z): [M+H]*
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duoc tim théy theo thuc té: 583.
Buéce 8

Binh day tron dung tich 100 mL dugc nap hop chét 84-I (0,84 g, 1,4 mmol) trong
4N HCI /dioxan (8,2 mL). Sau d6, hn hop phan tmg nay dwoc khudy & nhiét do trong
phong trong 1 gid. Sau khi ¢d, thu dugc 0,74 g chat trung gian. Chét trung gian va DBU
(1,1 g, 7,2 mmol) dugc hoa tan trong toluen (10 mL). H3n hop phan tmg nay dugc gia
nhiét dén nhiét d6 110°C cing véi khudy trong 1 gid. Sau khi ¢d, phan cin duge tinh ché
bing sic ky nhanh bang cach sir dung hop chét hexan - EtOAc 1am chét rira giai d8 tao ra
hop chét 84-J. LCMS-ESI* (m/z): [M+H]" dugc tim thiy theo thuc té: 409.

Budc 9

Binh déy tron dung tich 100mL dugc nap hop chit 84-J (0,4 g, 0,98 mmol) trong
THF (5 mL) va MeOH (5 mL). B6 sung KOH 1N(3,0 mL) véo hén hop phan tng. Sau
d6, hdn hop phén tng nay dugc khudy ¢ nhiét do trong phong trong 1 giv. Hon hop phan
g nay duoc axit héa bang cach bd sung HC1 1N(3,0 mL). Sau khi ¢6, phan cin nay
dugc ddng bbe hoi véi toluen (3 1an). Axit thé, 2,4,6-triflobenzylamin (0,32 g, 1,96
mmol), N,N-diisopropyletylamin (DIPEA) (0,63 g, 4,9 mmol) va HATU (0,74 g, 1,9
mmol) dugc hoa tan trong DCM (10 mL). Hon hgp phén ting ndy duge khudy & nhiét do
trong phong trong 2 gid. Hdn hop nay dwoc pha lodng bang EtOAc (100 mL) va duoc rira
bing dung dich NaHCO;3 bio hoa (2 1in), dung dich NH4ClI bio hoa (2 14n) va duge 1am
kho bang Na»SOa. Sau khi cb, chit thd duoc tinh thé bang sic ky cot trén silicagel bang
hexan-EtOAc dé tao ra hop chét 84-K. LCMS-ESI* (m/z): [M+H]" duoc tim thiy theo
thuc té: 538.

Budc 10

Binh day tron dung tich 50mL dugc nap hop chét 84-K (0,5 g, 0,93 mmol) trong
TFA (6 mL). HOn hop phan tng nay dugc khudy & nhiét d6 trong phong trong 30 phut.
Sau khi cd, chat thd duoc tinh thé bing sic ky cot trén silicagel bang EtOAc-MeOH dé
tao ra hop chét 84. TH-NMR (400 MHz, clorofom-d) 8 10,37 (s, 1H), 8,28 (s, 1H), 6,65
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(t, J = 8,1 Hz, 2H), 4,80 (s, 1H), 4,77 - 4,52 (m, 3H), 4,08 (d, J = 13,1 Hz, 1H), 3,88 (d, J
= 12,3 Hz, 1H), 2,47 (d, J = 3,2 Hz, 1H), 2,35 (s, 1H), 2,16 (ddd, J = 14,3, 11,2, 3,6 Hz,
1H), 1,93 - 1,57 (m, 3H), 1,29 - 1,19 (m, 1H), 1,17 (d, J = 7,0 Hz, 3H). YF-NMR (376
MHz, clorofom-d) § -109,24, -111,98. LCMS-ESI* (m/z): duoc tim thdy theo thuc té:
448,

Vi du 85
Diéu ché hop chét 85

(6aS,7R,118)-1-hydroxy-2,13-dioxo-N-(2,4,6-triflobenzyl)-6,6a,7,8,9,10,11,13-
octahydro-2H-7,11-metanopyrido[1',2":4,5]pyrazino[ 1,2-a]azepin-3-carboxamit

Hi 0 F
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Budce 1

Dung dich chira hop chét 85-A (1100 mg, 3,855 mmol) trong DMSO (6 mL) va
nude (0,75 mL) duge khudy & nhiét d6 trong phong khi thém N-iodosuxinmit (885 mg,
3,934 mmol). Sau 2 gio, bd sung thém N-iodosuxinmit (88 mg, 0,391 mmol) va hdn hop
tao ra dugc khudy & nhiét d6 trong phong trong 1,5 gid. Hon hop phan tmg mau niu sim
duoc pha loding bang EtOAc, va dugc rira bang hdn hop chira dung dich Na»S203 10%
chtra nude va dung dich NaHCO3 chita nuée (hdn hop ~1:4) va sau do, bang nudc (v6i
mdt s& nude mubdi). Sau khi céc phin chiét chira nudc duoc chiét bang EtOAc, cac phan
chiét hitu co duge thu gom, duoc lam khd (Na2SO4), va cd. Phan cin dugc tinh ché b?mg
sic ky nhanh bang cach sir dung hop chit hexan - EtOAc 1am chit rira giai thu dugc hop
chét 85-B. 'H-NMR (400 MHz, CDCls) § 7,51 - 7,44 (m, 2H), 7,33 - 7,17 (m, 3H), 4,22 -
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4,05 (m, 2H), 4,02 - 3,86 (m, 2H), 3,77 (d, J = 5,3 Hz, 1H), 3,54 - 3,44 (m, 1H), 3,27 (t,J
= 4,5 Hz, 1H), 2,75 - 2,66 (m, 1H), 2,30 (dddd, J = 14,8, 13,1, 7,2, 5,8 Hz, 1H), 2,14
(dddd, J = 14,8, 13,0, 6,1, 2,1 Hz, 1H), 1,97 (d, ] = 8,9 Hz, 1H), 1,58 - 1,46 (m, 1H), 1,45
- 1,34 (m, 4H), 1,24 (t, J = 7,1 Hz, 3H). LCMS-ESI* (m/z): [M+H]" dugc tinh theo ly
thuyét ddi voi C1sHasINOs: 430,1; duoc tim théy theo thuc té: 430,0.

Budce 2

Dung dich chira hop chit 85-B (993 mg, 2,313 mmol), AIBN (305 mg, 1,857
mmol), va tributyltin hydrua (1392 mg, 4,799 mmol) trong toluen (15 mL) dugc khqu 4]
nhiét do 100°C. Sau 2 gid, hdn hop phan tmg ndy duge lam lanh xudng nhiét do trong
phong, dugc pha lodng bing EtOAc, va dugc ria bang nudc va nude mudi. Sau khi cac
phﬁn chiét chira nuéc duge chiét béng EtOAc, cac phﬁn chiét hitu co duge thu gom, dugc
lam kho6 (NaxSOs4), va co. Phdn cin duoc tinh ché bang sic ky nhanh béng cach st dung
hop chét hexan - EtOAc 1am chét rira giai thu dwoc hop chét 85-C. 'H-NMR (400 MHz,
CDCl) & 7,57 - 7,49 (m, 2H), 7,32 - 7,23 (m, 2H), 7,23 - 7,15 (m, 1H), 4,24 - 4,02 (m,
2H), 3,97 (q, J = 6,7 Hz, 1H), 3,83 (d, J = 5,1 Hz, 1H), 3,48 (t, J = 4,6 Hz, 1H), 3,19 -
3,04 (m, 1H), 2,58 (p, ] = 4,0 Hz, 1H), 2,30 (dddd, J = 14,7, 13,1, 7,0, 4,5 Hz, 1H), 1,98
(d, T=11,2 Hz, 1H), 1,64 (tdd, J = 13,3, 6,2, 2,6 Hz, 1H), 1,49 - 1,33 (m, 3H), 1,37 (d,J
= 6,7 Hz, 3H), 1,32 - 1,26 (m, 1H), 1,23 (t, ] = 7,2 Hz, 3H). LCMS-ESI* (m/z): [M+H]"
dugc tinh theo ly thuyét ddi véi C1sHasNO3: 304,2; duoc tim the“'ly theo thuc té: 304,1.

Budc 3

Hdn hop chita hop chat 85-C (725 mg, 2,39 mmol) va 20% Pd(OH)/C (351 mg)
trong EtOH (25 mL) va 4N HCI trong dioxan (0,9 mL) dugc khudy trong méi truong Ho.
Sau 2 gid, hdn hop phan Gng nay duoc loc, va phan dich loc duge ¢d. LCMS-EST* (m/2):
[M+H]* duge tinh theo 1y thuyét déi véi CioH1sNOs: 200,13; duge tim thiy theo thyc té:
200,1. Sau khi phén can duoc déng bbc hoi véi toluen (2 lén), phén can va Boc,O (720
mg, 3,299 mmol) trong THF (15 mL) duoc khudy & nhiét d6 trong phong khi bd sung
N,N-diisopropyletylamin (DIPEA) (1,2 mL, 6,889 mmol). Sau 1 gio, hdn hop phan tng
nay dugc pha lodng bang nude va duge chiét bang EtOAc (2 1an). Sau khi phén chiét hiru
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co duoc rira bang nudc, cac chit chiét duoc thu gom duge lam kho (Na2SO4) va 6. Phin
can duoc tinh ché bing cach chiéu sang bang cach sir dung hop chét hexan - EtOAc lam
chit rira giai thu duoc hop chit 85-D chit nay xuét hién 13 hdn hop chtra céc rotame. 'H-
NMR (400 MHz, CDCL) 6 4,42 - 3,97 (m, 5H), 2,62 (d, J = 5,6 Hz, 1H), 2,45 - 2,26 (m,
1H), 2,25 - 2,15 (m, 1H), 1,80 (td, J = 13,7, 6,7 Hz, 1H), 1,66 (dd, J = 12,3, 6,6 Hz, 2H),
1,55 - 1,70 (m, 2H), 1,47 (s, 2H), 1,42 (s, 7TH), 1,28 (dt, J = 9,5, 7,1 Hz, 3H). LCMS-
ESI* (m/z): [M+H]" dugc tinh theo 1y thuyét di véi CisH26NOs: 300,2; duoc tim thiy
theo thuc té: 299,7.

Budce 4

B& sung phenyl clothionoformat (0,3 mL, 2,169 mmol) vao dung dich chita hop
chét 85-D (568 mg, 1,897 mmol) va pyridin (0,25 mL, 3,091 mmol) trong THF (5 mL) &
nhiét d6 0°C, tao ra chét khong tan mot cach nhanh chéng. Sau ~30 phut & nhiét do 0°C,
bd sung thém pyridin (0,3 mL, 3,709 mmol) va phenyl clothionoformat (0,3 mL, 2,169
mmol). Sau 1,5 gi& & nhiét 46 0°C va 1 gid & nhiét d6 trong phong, hdn hop nay duoc cb,
va phén cin dugc hoa tan trong EtOAc va nuée. Sau khi tach hai 16p, phan chiét hitu co
nay dugc rira b%lng ~0,1 N HCI, dung dich NaHCO3 chira nuéc bdo hoa, va nude mubi.
Sau khi céc phin chiét chita nuéc dugc chiét bing EtOAc, cac phin chiét hitu co dugc
thu gom duoc 1am khé (NaxSO4), va ¢d. Phin cin dugc tinh ché bang séc ky nhanh bing
cach st dung hop chit EtOAc/hexan lam chit rira giai dé tao ra hop chit 85-E. 'H-NMR
(400 MHz, CDCl3) 6 7,47 - 7,37 (m, 2H), 7,30 (t, J = 6,9 Hz, 1H), 7,11 (dd, J = 8,0, 4,0
Hz, 2H), 5,54 (dt, J = 9,0, 4,9 Hz, 1H), 4,50 (dt, J = 9,8, 5,3 Hz, 1H), 4,35 (dd, J = 21,4,
5,0 Hz, 1H), 4,30 - 4,14 (m, 2H), 2,71 (s, 1H), 2,54 (s, 1H), 2,14 - 2,00 (m, 1H), 1,82 (m,
3H), 1,54 (m, 1H), 1,48 (s, 4,5H), 1,45 (s, 4,5H), 1,30 (dt, J = 9,4, 7,1 Hz, 3H). LCMS-
ESI* (m/z): [M+H]" duogc tinh theo ly thuyét ddi véi C22H3oNO6S: 436,2; duge tim thiy
theo thuc té: 435,8.

Bude 5

Hon hop chita hop chit 85-E (602 mg, 1,382 mmol), AIBN (182 mg, 1,108
mmol), va tributyltin hydrua (608 mg, 2,096 mmol) trong toluen (8 mL) dugc khudy &
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nhiét d6 100°C. Sau 1 gid, hdn hop phan Ung ndy dugc cd va phﬁn cian duge hoa tan
trong EtOAc trude khi rira bang nuée va nude mudi. Sau khi cac phan chiét chira nude
duoc chiét bing EtOAc, cac phan chiét hitu co dugc thu gom duge 1am khé (NaxSO4) va
¢d. Phn ciin dugc tinh ché bang séc ky nhanh bang cach sir dung hop chit EtOAc/hexan
lam chét rira giai dé tao ra hop chét 85-F, chét nay xuét hién 14 hdn hop cuta cac rotame.
TH-NMR (400 MHz, CDCl3) & 4,37 - 4,06 (m, 4H), 2,69 - 2,53 (m, 1H), 2,11 (m, 1H),
1,97 (m,0,65H), 1,93 - 1,80 (m, 1,35H), 1,54 (s, 5H), 1,46 (s, 3,15H), 1,42 (s, 5,85H),
1,27 (m, 3H). LCMS-ESI* (m/z): [M-CsHs+H]* dugc tinh theo ly thuyét dbi voi
C11H1sNO4: 228,1; dugce tim théy theo thuc té: 227,9.

Budc 6

Hop chét 85-F (420 mg) duoc tai tinh ché va hop chit 85-F dugc tinh ché trong
THF (3 mL) dugc khqu & nhiét d6 0°C khi bd sung 2,0 M LiBH4 trong THF (1,5 mL).
Sau 5 phut, hdn hop nay dugc khudy & nhiét d6 trong phong trong 17 gid va bd sung
thém 2,0 M LiBH4 trong THF (1,5 mL) & nhiét d¢ trong phong. Sau 23 gi¢ & nhiét do
trong phong, bd sung thém 2,0 M LiBH4 trong THF (3 mL) va hdn hop tao ra duoc khudy
trong ~72 gid. Sau khi hdn hop phan ing nay dugc khudy & nhiét d6 0°C khi bd sung
nuée tir tir va duge pha lodng thém bing nuéc, san phidm nay duge chiét bing EtOAc (2
14n). Phan chiét duoc rira bé“mg nudc, duoc thu gom, duge lam kho (Na2SOs4), va co. Phén
cin duoc tinh ché bing sic ky nhanh bing cach sir dung hop chét hexan - EtOAc 1am
chét rtra giai dé tao ra hop chit 85-G. "TH-NMR (400 MHz, CDCl3) § 4,12 (t, ] = 5,3 Hz,
1H), 3,99 (dd, J = 12,0, 7,9 Hz, 1H), 3,85 (dd, J = 8,0, 4,7 Hz, 1H), 3,73 (dd, ] = 11,9, 1,4
Hz, 1H), 2,28 (d, J = 4,6 Hz, 1H), 1,90 - 1,73 (m, 2H), 1,68 - 1,45 (m, 6H), 1,47 (s, 9H),
1,43 - 1,33 (m, 1H). LCMS-ESI* (m/z): [M-CsHg+H]" duoc tinh theo Iy thuyét d6i véi
CoH16NO3: 186,1; dugc tim thiy theo thue té: 186,0.

Budce 7

Dung dich chtta hop chit 85-G (198 mg, 0,820 mmol), phtalimit (200 mg, 1,359
mmol), va PPhs (488 mg, 1,861 mmol) trong THF (10 mL) dugc khudy & bé nhiét d6 0°C
khi bd sung DIAD (0,36 mL, 1,828 mmol). Sau 30 phut, ¢ nhi€t d6 0°C, hdn hop nay
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duoc khudy & nhiét d6 trong phong trong 17 gi¢r. Hon hop phan tng nay duoc cd va phén
can duoc tinh ché bang sic ky nhanh bang céch st dung hop chit hexan-EtOAc 1am chit
rira giai dé tao ra hop chét 85-H chat nay xuit hién 12 hdn hop cua céc rotame. 'H-NMR
(400 MHz, CDCl) & 7,82 (dd, J = 5,4, 3,1 Hz, 2H), 7,69 (dd, J = 5,4, 3,1 Hz, 2H), 4,46
(s, 1H), 4,19 (m, 2H), 3,95 (s, 1H), 2,31 - 2,14 (m, 1H), 2,05 (d, ] = 16,5 Hz, 1H), 1,84
(m, 2H), 1,79 - 1,70 (m, 1H), 1,66 (m, 1H), 1,61 - 1,30 (m, 12H). LCMS-ESI* (m/z): [M
+H]" duge tinh theo 1y thuyét dbi véi CarHasN2O4: 371,2; duge tim thdy theo thuc té:
370,8.

Budce 8

B6 sung hydrazin hydrat (0,145 mL, 3,083 mmol) vao dung dich chtta hop chét
85-H (270 mg, 0,729 mmol) trong EtOH (12 mL) & nhi¢t d0 trong phong va dung dich
tao ra dugc khqu & nhiét d6 70°C. Sau 1,5 gid, hdn hop nay duoc lam lanh xuéng 0°C va
duogc pha losing bing ete (30 mL) trudc khi khudy trong 1 gidr & 0°C. HOn hop nay duoc
loc va ph?ln dich loc dugc ¢b. Phan cin duoc hoa tan trong CH2Clz va dugc loc dé loai ra
mot s6 chét khong tan. Phén dich loc tao ra dugc c¢d. Phan cin, duge két hop véi hop chét
85-1 (257 mg, 0,742 mmol), va NaHCO; (131 mg, 1,559 mmol) trong nudc (3 mL) va
EtOH (3 mL) dwoc khudy & nhiét d6 trong phong. Sau 1 gid, pha lodng hdn hop nay bang
nuée va duoc chiét bang EtOAc (2 14n). Sau khi phan chiét dugc rira bing nuée, cac chit
chiét hitu co duge thu gom, duge 1am khd (Na2SO4), va cd. Bb sung 4N HCI trong dioxan
(6 mL) vao dung dich chita phan cin trong CH>Cl, (2 mL). Sau 1,5 gio & nhiét d6 trong
phong, ¢6 dung dich nay va dugc dé)ng bdc hoi véi toluen. Hon hop chura phﬁn cdn va
DBU (0,6 mL, 4,012 mmol) trong toluen (5 mL) dugc khudy trong bé & nhiét d6 100°C.
Sau 1 gid, bd sung thém DBU (0,3 mL, 2,006 mmol) va hdn hop nay duoc khudy 1 gid
nita & nhiét dd 100°C. Sau khi ¢6 hdn hop nay, phan cin duos tinh ché bang séc ky nhanh
bang cach sir dung hop chit EtOAc - 20% MeOH/EtOAc 1am chét rira giai dé tao ra hop
chét 85-J. 'TH-NMR (400 MHz, CDCl3) § 8,08 (s, 1H), 7,71 - 7,62 (m, 2H), 7,36 - 7,29
(m, 2H), 7,29 - 7,23 (m, 1H), 5,44 (d, J = 9,8 Hz, 1H), 5,10 (d, J = 9,8 Hz, 1H), 4,44 -
4,28 (m, 3H), 4,23 (t, J = 13,0 Hz, 1H), 3,99 (ddt, J = 10,2, 6,3, 3,6 Hz, 2H), 2,44 - 2,36
(m, 1H), 2,29 (dt, J = 11,6, 5,3 Hz, 1H), 1,84 (dt, ] = 10,8, 5,3 Hz, 2H), 1,77 - 1,61 (m,
3H), 1,57 (d, T = 11,7 Hz, 1H), 1,48 (ddd, ] =20,9, 12,3, 5,5 Hz, 1H), 1,38 (t, ] = 7,1 Hz,
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3H). LCMS-ESI* (m/z): [M +H]' dugc tinh theo 1y thuyét ddi véi CaaHasN2Os: 423,2;
duoc tim thdy theo thyc té: 423,3.

Budce 9

Hdn hop chira hop chét 85-F (214 mg, 0,507 mmol) trong THF (4 mL) va MeOH
(4 mL) duoc khudy & nhiét d6 trong phong khi b sung KOH IN(1,1 mL). Sau 30 phut,
hdn hop phan tng ny duge co xubng con ~1 mL, axit hoa bang HCl IN(~1,2 mL), va
dugc pha lodng bang nuéc mubdi trude khi chiét bing CH2Cly (20 mL 2 1an). Cac chét
chiét dugc thu gom dugc lam khé (Na2S04) va ¢6. Thu duge axit thd. LCMS-ESI* (m/z):
[M +H]J" duoc tinh theo 1y thuyét d6i véi C22H2N20s: 395,2; duge tim thiy theo thuc té:
395,3.

Hén hop chira axit thé (199 mg, 0,505 mmol), 2,4,6-triflobenzyl amin (130 mg,
0,807 mmol), va HATU (304 mg, 0,800 mmol) trong CH>Cl> (6 mL) duoc khudy & nhiét
d6 trong phong khi bd sung N,N-diisopropyletylamin (DIPEA) (0,62 mL, 3,559 mmol).
Sau 30 phut, hdn hop phan (g nay dugc cd va phin cin duoc hoa tan trong EtOAc,
dugc rira bang dung dich NH4Cl chira nuée bio hoa (2 14n), dung dich NaHCOs chira
nuée béo hoa (2 1an), va nude mudi. Sau khi cac phan chiét chira nude duge chiét bang
EtOAc, hai phan chiét hitu co duoc thu gom, dugce lam khd (NazSO4) va co. Phan cin
duoc tinh ché bang cach chiéu sang bang cach sir dung hop chit EtOAc-20%MeOH/EA
lam chét rira giai thu dwoc hop chit 85-K. "TH-NMR (400 MHz, CDCl3) & 10,40 (t, J =
5,7 Hz, 1H), 8,42 (s, 1H), 7,68 - 7,54 (m, 2H), 7,33 (ddd, J = 7,7, 6,3, 1,5 Hz, 2H), 7,30 -
7,26 (m, 1H), 6,74 - 6,60 (m, 2H), 5,37 (d, J = 10,0 Hz, 1H), 5,17 (d, J = 10,0 Hz, 1H),
4,76 - 4,57 (m, 2H), 4,46 (dd, J = 6,0, 4,3 Hz, 1H), 4,34 (t,] = 12,4 Hz, 1H), 4,07 (dd, J =
12,4, 3,6 Hz, 1H), 3,91 (dt, J = 12,4, 3,9 Hz, 1H), 2,52 - 2,44 (m, 1H), 2,32 (dd, J = 11,8,
6,2 Hz, 1H), 1,92 (dt, J = 10,7, 5,4 Hz, 1H), 1,83 - 1,70 (m, 3H), 1,67 (d, J = 11,7 Hz,
1H), 1,52 (dddt, J = 25,5, 17,0, 11,8, 5,3 Hz, 2H). PF-NMR (376 MHz, CDCL) 3 -
109,15 (dq, J = 15,0, 7,5, 7,1 Hz, 1F), -111,85 (t, J = 6,8 Hz, 2F). LCMS-EST* (m/z): [M
+H]* dugce tinh theo ly thuyét dbi v6i CaoHa7F3N304: 538,2; duge tim théy theo thuc té:
538,3.
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Buée 10

Hop chit 85-K (187 mg, 0,348 mmol) dugc hoa tan trong axit trifloaxetic (3 mL)
& nhiét d6 trong phong va duge khudy & nhiét d trong phong. Sau 1 gid, ¢6 dung dich
nay va phén cin duoc hoa tan trong CH>Cla. Sau d6 dung dich ndy dugc rira bang 0,1 N
HCI, phén chiét chira nudc duge chiét bing CH2Cl (2 14n). Céc phan chiét hitu co duoc
thu gom, duge lam khé (Na2SO4), va ¢b. Phin cin dugc tinh ché bang sic ky nhanh bang
cach str dung hop chit CHCl-20% MeOH trong CH,Cl, 1am chét rira giai thu duge 150
mg (96%) hop chét 85. Hop chit 85 duoc tinh ché thém bing cach tai két tinh tir metanol
(10 mL) dé tao ra hop chét 85. '"H-NMR (400 MHz, CDCl3) § 12,09 (s, 1H), 10,39 (t, J =
5,7 Hz, 1H), 8,36 (s, 1H), 6,74 - 6,48 (m, 2H), 4,64 (d, ] = 5,7 Hz, 2H), 4,59 (dd, T = 6,1,
4,4 Hz, 1H), 4,36 - 4,18 (m, 2H), 4,12 (dt, J = 12,4, 4,1 Hz, 1H), 2,68 - 2,47 (m, 1H),
2,25 - 2,10 (m, 1H), 2,10 - 1,98 (m, 1H), 1,98 - 1,66 (m, 4H), 1,66 - 1,48 (m, 2H). °F-
NMR (376 MHz, CDCl3) § -109,23 (ddd, J = 15,1, 8,6, 6,0 Hz, 1F), -112,02 (t, J = 6,9
Hz, 2F). LCMS-ESI* (m/z): [M +H]* duoc tinh theo ly thuyét d6i véi CoHaiF3N3Oa:
448,2; duoc tim thiy theo thuc té: 448,3.

Vi du 86
Piéu ché hop chit 86

(1R,3S,4R,12a8)-7-hydroxy-3-metyl-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Bude 1

Dung dich chtra hgp chét 86-A (10,160 g, 39,48 mmol) trong DMSO (52 mL) va
nudce (6,5 mL) duoc khudy & nhiét do trong phong khi bd sung N-iodosuxinmit (8,888 g,
39,50 mmol). Sau 30 phit, hdn hop phén ing mau nau sim duoc pha logng bang EtOAc,
va duge rira bang dung dich NaHCO3 chtra nude bdo hoa, dung dich NaxS203 10%, va
nude mudi. Sau khi cac phén chiét chira nuée dugce chibt bing EtOAc, cac phan chiét hiru
co dugc thu gom, dugc 1lam khd (NaxSOa), va cb. Phén cin dugc tinh ché bang sic ky
nhanh béng cach str dung hop chét hexan - EtOAc 1am chét rira giai thu dugc hop chét
86-B 13 chit rin mau tring. "H-NMR (400 MHz, CDCl3) § 7,33 - 7,19 (m, 5H), 4,25 -
4,12 (m, 1H), 3,79 (q, T = 1,6 Hz, 1H), 3,72 (g, J = 6,5 Hz, 1H), 3,51 (s, 1H), 3,47 (s,
3H), 3,31 (dd, J = 3,9, 1,6 Hz, 1H), 2,76 - 2,69 (m, 1H), 2,13 (ddd, J = 14,3, 7.8, 1,7 Hz,
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1H), 2,08 - 1,97 (m, 1H), 1,91 (dtd, J = 14,1, 4,0, 1,5 Hz, 1H), 1,42 (d, J = 6,5 Hz, 3H).
LCMS-ESI* (m/2): [M+H]* duoc tinh theo 1y thuyét ddi v&i CisHaINOs3: 402,1; duge
tim thdy theo thuc té: 402,0.

Budce 2

Dung dich chira hop chit 86-B (12,468 g, 31,07 mmol), azobisisobutyronitril
(AIBN) (4,082 g, 24,86 mmol), va tributyltin hydrua (18,047 g, 62,22 mmol) trong toluen
(150 mL) duoc khudy & nhiét d6 100°C. Sau 30 phit, hdn hop phin ting nay dugc lam
lanh xuéng nhiét do trong phong, dwoc pha loing bang EtOAc, va dugc rira bing nudc va
nude mudi. Sau khi cac phan chiét chira nuée duge chiét bang EtOAc, cac phan chiét hitu
co dugc thu gom, dugc lam kho (Na2SOs), va co. Phén cin dugc tinh ché bang sic ky
nhanh hai 14n bang céch sir dung hop chit hexan - EtOAc lam chit rira giai thu duoc hop
chét 86-C. 'H-NMR (400 MHz, CDCl) & 7,39 - 7,31 (m, 2H), 7,31 - 7,24 (m, 2H), 7,24
- 7,17 (m, 1H), 4,11 (s, 1H), 3,72 (s, 1H), 3,49 (s, 3H), 3,33 (d, J = 3,4 Hz, 1H), 3,27 (d,J
= 6,4 Hz, 1H), 2,65 - 2,51 (m, 1H), 1,92 (ddd, J = 13,6, 6,8, 2,4 Hz, 1H), 1,69 - 1,50 (m,
2H), 1,47 (d, T = 10,1 Hz, 1H), 1,41 (d, J = 6,6 Hz, 3H), 1,21 - 1,07 (m, 1H). LCMS-
ESI* (m/z): [M+H]" duoc tinh theo 1y thuyét ddi véi CigH22NOs: 276,2; dugce tim thdy
theo thuc té: 276,1.

Budc 3

Hn hop chira hop chét 86-C (4,187 g, 15,21 mmol) va 20% Pd(OH),/C (1,022 g)
trong EtOH (100 mL) va 4N HCI trong dioxan (5,7 mL) duoc khudy trong méi trudng
H,. Sau 1,5 gid, hdn hop phan tmg nay dugce loc, va phan dich loc dugc ¢6. Sau khi phin
cin duoc dong bdc hoi véi toluen, phan cin duoc sir dung cho bude tiép theo. LCMS-
ESI* (m/z): [M+H]" dugc tinh theo ly thuyét d6i véi CsH1aNOs: 172,1; duge tim thay
theo thuc té: 172,1.

Sau khi phe“m can duogc déng bbc hoi véi toluen, phén cén va BocoO (5,712 g,
26,17 mmol) trong THF (45 mL) dugc khudy & nhiét d§ trong phong khi bd sung N,N-
diisopropyletylamin (DIPEA) (8 mL, 45,93 mmol). Sau 30 phut, hdn hop phan tng nay
duoc pha lodng bang nuéc va duge chiét bang EtOAc (2 14n). Sau khi phan chiét hitu co
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duoc rira b?mg nuée, cac chit chiét duge thu gom duoc 1am kh6 (Na2SOa4) va c¢d. Phan
can duge tinh ché bang séc ky nhanh bang cach st dung hop chét hexan - EtOAc lam
chét rira giai thu dugc hop chit 86-D. Phé '"H NMR mb ta hdn hop cta cac rotame. 'H-
NMR (400 MHz, CDCl3) & 4,20 (d, J = 7,6 Hz, 1H), 4,19 - 4,10 (m, 2H), 4,08 (d,J = 3,5
Hz, 1H), 3,72 (s, 3H), 2,74 (d, ] = 5,6 Hz, 1H), 1,97 (ddd, J = 13,6, 6,9, 2,8 Hz, 1H), 1,88
- 1,78 (m, 1H), 1,79 - 1,50 (m, 1H), 1,46 (s, 3H), 1,38 (s, 6H), 1,31 (d, J = 13,3 Hz, 1H).
LCMS-ESI* (m/z): [M+H]" dugc tinh theo 1y thuyét ddi v6i C13H2NOs: 272,2; duoc tim
thy theo thuc té: 271,6.

Buéce 4

Dung dich chita hop chét 86-D (1659 mg, 6,115 mmol) trong CH2Cl (35 mL)
dugc khudy & nhiét d6 bé 0°C khi bb sung Dess-Martin periodinan (5,183 g, 12,22 mmol)
theo ting phdn. Sau 5 phut, hdn hop nay duoc khudy & nhiét d6 trong phong. Sau 2 gio,
hdn hop phan tmg nay duoc lam lanh trong bé d4, duoc ngimg bang nude, va duge loc.
Phén dich loc duge rira bang dung dich NaHCOj3 bao hoa, duge 1am khd (Na2S04), va cd.
Phdn can duoc tinh ché bing séc ky nhanh bing cach st dung hop chit hexan - EtOAc
1am chét rira giai dé tao ra hop chit 86-E. Phd '"H NMR chi ra hai rotame. "H-NMR (400
MHz, CDCl) 6 4,43 (d, J = 3,8 Hz, 0,5H), 4,39 (s, 1H), 4,26 (s, 0,5H), 3,75 (s, 3H), 3,10
(s, 1H), 2,24 (d, ] = 4,5 Hz, 0,5H), 2,19 (d, ] = 4,4 Hz, 0,5H), 2,12 (d, ] = 4,4 Hz, 0,5H),
2,07 (d, J = 4,2 Hz, 0,5H), 2,01 (dd, J = 4,5, 2,2 Hz, 0,5H), 1,98 (dt, J = 4,3, 1,9 Hz,
0,5H), 1,80 (s, 0,5H), 1,77 (s, 0,5H), 1,46 (s, 4,5H), 1,40 (d, J = 2,8 Hz, 4,5H). LCMS-
ESI* (m/z): [M-C4Hg+H]" dugc tinh theo 1y thuyét ddi véi CoH12NOs: 214,1; dugc tim
thy theo thuc té: 213,8.

Budc 5

Dung dich chita hop chét 86-E (528 mg, 1,961mmol) trong THF (12 mL) dugc
khudy & nhiét d6 0°C khi bd sung ting giot dung dich 0,5M ctia chét phan tmg Tebbe
trong toluen (7,9 mL, 3,95 mmol). Sau khi bd sung, dung dich mau ndu dugc dé Am tir tir
dén nhiét d6 trong phong va duoc khudy & nhiét d6 trong phong trong 2,5 gid. Hon hop

phéan Ung nay duogc khqu & bé c6 nhiét do 0°C khi phan timg dugc dimg mot cach cn
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than bang cach bd sung dung dich NaHCO3 chita nuéc bo hoa. Sau khi hdn hop nay
duoc pha loéing bing CH>Cl, va dugc khudy & nhiét d6 trong phong trong 15 phut, hdn
hop tao ra dugc loc qua tam xelit va banh loc dugc rira béng CH>Cl. Sau khi hai phén
chiét trong phén dich loc duoc tich ra, phan chiét chira nudc dugc chiét bang CHaCl, va
céc phan chiét hitu co dugc thu gom, dugc lam kho (Na2S04), va cb. Phan cin dugc tinh
ché bing séc ky nhanh bang céch st dung hop chét hexan - EtOAc 1am chét rira giai dé
tao ra hop chat 86-F. Phd 'H NMR chi ra hai rotame. '"H-NMR (400 MHz, CDCl3) § 5,13
(s, 0,6H), 5,04 (s, 0,4H), 4,82 - 4,71 (m, 1H), 4,55 (s, 0,6H), 4,43 (s, 0,4H), 4,29 (d,]J =
3,7 Hz, 0,4H), 4,24 (d, J = 3,7 Hz, 0,6H), 3,71 (s, 3H), 2,84 (s, 1H), 2,14 (m, 2H), 1,75 (s,
0,6H), 1,74 - 1,70 (s, 0,4H), 1,55 (m, 1H), 1,45 (s, 3,6H), 1,37 (s, 5,4H). LCMS-EST*
(m/z): [M +H]* duoc tinh theo 1y thuyét d6i véi C14aH2NO4: 268,2; duoc tim thiy theo
thuc té: 267,6.

Budc 6

Hbn hop chita hop chit 86-F (333 mg, 1,246 mmol) va 20% Pd(OH),/C (53 mg)
trong EtOH (5 mL) dugc khudy trong méi trudng Ha. Sau 30 phut, hdn hop nay dugc loc
va phe“ln dich loc dugc cb dé tao ra hop chét 86-G. Phd 'H NMR chi ra hai rotame. 'H-
NMR (400 MHz, CDCI3) & 4,20 (m, 1H), 4,08 (m, 1H), 3,71 (two s, 3H), 2,68 (m, 1H),
2,06 (m, 1H), 1,80 - 1,63 (m, 2H), 1,63 - 1,51 (m, 1H), 1,44 (s, 4H), 1,38 (s, 5H), 1,13
(m, 3H), 0,92 (m, 1H). LCMS-ESI* (m/z): [M +H]" dugc tinh theo ly thuyét ddi véi
C14H24NOg: 270,2; duoc tim thiy theo thuc té: 269,7.

Budc 7

Dung dich chtra hgp chét 86-G (336 mg, 1,482 mmol) trong THF (5 mL) duoc
khudy & nhiét 6 0°C khi bd sung 2,0 M LiBH4 trong THF (1,5 mL). Sau 5 phut, hdn hop
nay duoc khudy & nhiét do trong phong. Sau 2 gio, b6 sung thém 2,0 M LiBH4 trong THF
(1,5 mL). Sau 21 gio, ¢ nhiét d6 trong phong, bb sung thém 2,0 M LiBH4 trong THF (3
mL). Sau 3 gi¢ ¢ nhiét d6 trong phong, dung dich nay duoc gia nhiét & nhiét 46 35°C
trong 18 gid. Hon hgp phan Umg nay dugc lam lanh xubng 0°C va dugc dimg mot cach

cAn than biang nude. Sau khi hdn hop nay dugce chiét bing EtOAc (2 1an), hai phin chiét
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hitu co duoc rira bang nude, duge thu gom, duge lam khd (NaxSO4), va cb. Phan cin
duoc tinh ché bang sic ky nhanh bang céach sir dung hop chit hexan - EtOAc dé tao ra
hop chat 86-H. 'H-NMR (400 MHz, CDCL3) & 4,95 - 4,09 (br, 1H), 4,05 (s, 1H), 3,82
(dd, J=11,5, 7,7 Hz, 1H), 3,76 - 3,69 (m, 1H), 3,66 (d, J = 11,5 Hz, 1H), 2,45 (d, J = 4,1
Hz, 1H), 2,03 (dqdd, J = 11,4, 7,0, 4,5, 2,6 Hz, 1H), 1,77 - 1,57 (m, 2H), 1,48 (dd, J =
10,1, 1,8 Hz, 1H), 1,45 (s, 9H), 1,00 (d, J = 6,9 Hz, 3H), 0,93 (ddd, J = 13,2, 4,7, 2,6 Hz,
1H). LCMS-ESI* (m/z): [M +H]* duoc tinh theo 1y thuyét ddi véi Ci3HaNOs: 242,2;
duogc tim théy theo thuc té: 241,7.

Budc 8

Dung dich chtta hop chét 86-H (218 mg, 0,903 mmol), phtalimit (218 mg, 1,482
mmol), va PPh; (535 mg, 2,040 mmol) trong THF (10 mL) dugc khudy & bé nhiét do 0°C
khi bd sung DIAD (0,40 mL, 2,032 mmol). Sau 10 phit & nhiét d6 0°C, hdn hop nay
duge khudy & nhiét d6 trong phong trong 19 gitr. Hn hop phan tmg nay duoc ¢ va phin
cin duoc tinh ché bang sic ky nhanh bang cach sir dung hop chét hexan-EtOAc lam chét
rira giai dé tao ra hop chit 86-I. 'H NMR chi ra hai rotame. 'H-NMR (400 MHz, CDCl;)
87,82 (dt, J = 7,3, 3,6 Hz, 2H), 7,70 (d, J = 5,3 Hz, 2H), 4,53 - 4,26 (m, 1H), 4,26 - 3,89
(m, 2H), 3,89 - 3,65 (m, 1H), 2,28 (m, 1H), 2,04 (m, 1H), 1,82 - 1,65 (m, 2H), 1,66 - 1,43
(m, 7H), 1,38 (s, 4H), 1,19 - 1,01 (m, 3H). LCMS-ESI* (m/z): [M +H]" dugc tinh theo ly
thuyét dbi v&i C21HaiN204: 371,2; duoce tim théy theo thuc té: 370,8.

Budce 9

B6 sung hydrazin hydrat (0,17 mL, 3,494 mmol) vao dung dich chtta hop chat 86-
I (319 mg, 0,861 mmol) trong EtOH (12 mL) & nhiét d trong phong va dung dich tao ra
duoc khudy & bé nhiét d6 70°C. Sau 1,5 gid, hdn hop ndy dugc lam lanh xudng 0°C va
dugc pha lodng béng ete (25 mL) trude khi khudy trong 1 gid & 0°C. Hon hop nay duoc
loc va phén dich loc duge cb. Phan cin dugc hoa tan trong CH>Cl, va dugc loc dé loai ra
mot sb chét khong tan. Phén dich loc tao ra duoc ¢b dé tao ra hop chit amin thé. LCMS-
ESI* (m/z): [M +H]" dugc tinh theo 1y thuyét d6i voi Ci13HasN202: 241,2; dugce tim thiy
theo thuc té: 240,9.
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Sau khi hop chit amin thé dugc dong bdc hoi véi toluen, hdn hop chita hop chét
amin tho, hop chét 85-I (300 mg, 0,866 mmol), va NaHCOj3 (150 mg, 1,845 mmol) trong
nuée (3 mL) va EtOH (3 mL) duoc khudy & nhiét d6 trong phong. Sau 2 gid, pha loing
hdn hop nay bing nuéc va dugc chiét bang EtOAc (2 1an). Sau khi phén chiét dugc rira
bing nudce, cac chit chiét hitu co duge thu gom, duge 1am khé (Na2S04), va cb. BS sung
4N HCI trong dioxan (6 mL) vao dung dich chtra phén cin trong CH>Cl, (2 mL). Sau 1,5
gid & nhiét d6 trong phong, c6 dung dich nay va dugc déng bdc hoi véi toluen. Hdn hop
chira phin can va DBU (0,65 mL, 4,347 mmol) trong toluen (6 mL) duoc khudy & nhiét
d6 100°C. Sau 1 gidy, bd sung thém DBU (0,65 mL, 4,347 mmol) va hdn hop nay duogc
khudy & nhiét ¢6 100°C. Bb sung thém DBU (0,65 mL, 4,347 mmol) sau 1 gio, va hdn
hop nay duoc khudy trong 2,5 gid nita & nhiét ¢ 100°C. Hn hgp nay dwoc pha loing
bang CH>Cl, va dugce rira bang nuwdce chira 3 mL 1 N HCL Phén chiét hitu co ndy duoc
lam khoé (Na2SO4) va ¢d. Phén cin dugc tinh ché bang sic ky nhanh bang cach st dung
hop chit EtOAc-20% MeOH/EtOAc lam chat rira giai dé tao ra hop chit 86-J. "H-NMR
(400 MHz, CDCIl3) ¢ 8,09 (s, 1H), 7,70 - 7,62 (m, 2H), 7,37 - 7,27 (m, 3H), 5,48 (d, J =
9,9 Hz, 1H), 5,16 (d, ] = 9,9 Hz, 1H), 4,53 (s, 1H), 4,38 (m, 2H), 4,11 (m, 1H), 3,97 (dd,
J=12,2,3,0Hz, 1H), 3,88 (dt, J = 12,2, 3,0 Hz, 1H), 2,63 (d, ] = 4,2 Hz, 1H), 2,28 (qd, J
=17,2,3,1 Hz, 1H), 2,00 - 1,88 (m, 1H), 1,80 - 1,56 (m, 2H), 1,39 (t,J = 7,1 Hz, 3H), 1,07
(d, T = 6,9 Hz, 3H), 1,04 (dd, J = 5,0, 2,5 Hz, 1H). LCMS-ESI* (m/z): [M +H]" dugc tinh
theo 1y thuyét dbi voi CaaHaN20s: 423,2; duge tim thdy theo thuc té: 423,2.

Budce 10

Hn hop chira hop chit 86-J (83 mg, 0,196 mmol) trong THF (2 mL) va EtOH (2
mL) dugc khudy & nhiét d6 trong phong khi bd sung KOH IN (0,4 mL). Sau 30 phiit, hdn
hop phan tmg nay dugc pha loing bing nuéc va duge rira bang CHCly. Sau khi phan
chiét chtra nudc duge axit héa bang 0,45 mL HCI IN), san phim nay dugc chiét bang
CH2Cl> (2 1an). Cac chét chiét duoc thu gom duoc 1am kho (NaxSO4) va cb. Thu duge
axit thd. LCMS-ESI* (m/z): [M +H]* dugc tinh theo ly thuyét d6i véi C22H23N20s: 395,2;
duoc tim théy theo thuc té: 395,2.
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Hon hop chtra axit thd (69 mg, 0,175 mmol), 2,4,6-triflobenzyl amin (42 mg,
0,261 mmol), va HATU (106 mg, 0,279 mmol) trong CH>Cl, (3 mL) duoc khudy & nhiét
d6 trong phong khi bd sung N,N-diisopropyletylamin (DIPEA) (0,25 mL, 1,435 mmol).
Sau 30 phut, hdn hop phan tmg nay dugc cb va phén cin duoc hoa tan trong EtOAc,
duge rira bang dung dich NH4Cl chita nudc bio hoa (2 14n), dung dich NaHCOs chira
nude bdo hoa (2 14n), va nude mubi. Sau khi cic phan chiét chira nude duoc chiét bang
EtOAc, hai phin chiét hitu co dugc thu gom, dugc lam khd (Na2SO4) va cb. Phén cin
duogc tinh ché bang sic ky nhanh bing cach sir dung hop chit EtOAc-20%MeOH/EtOAc
lam chét rira giai thu duoc hop chit 86-K. 'H-NMR (400 MHz, CDCls) § 10,40 (t, J =
5,7 Hz, 1H), 8,40 (s, 1H), 7,66 - 7,51 (m, 2H), 7,36 - 7,29 (m, 2H), 7,29 - 7,23 (m, 1H),
6,71 - 6,61 (m, 2H), 5,36 (d, J = 10,0 Hz, 1H), 5,18 (d, J = 10,0 Hz, 1H), 4,73 - 4,58 (m,
2H), 4,53 (s, 1H), 4,22 - 4,11 (m, 1H), 4,03 (dd, J = 12,4, 3,1 Hz, 1H), 3,81 (dt, J = 12,3,
3,1 Hz, 1H), 2,68 - 2,59 (m, 1H), 2,29 (dddd, ] = 11,4, 7,1, 4,7, 2,4 Hz, 1H), 1,94 (ddd, J
= 13,5, 11,2, 4,6 Hz, 1H), 1,88 - 1,67 (m, 2H), 1,06 (d, J = 7,0 Hz, 3H), 1,03-1,09 (m,
1H). PF-NMR (376 MHz, CDCl3) 6 -109,14 (ddd, J = 15,2, 8,7, 6,2 Hz, 1F), -111,86 (t,J
= 7,0 Hz, 2F). LCMS-ESI* (m/z): [M +H]* duoc tinh theo ly thuyét ddi voi
CaoHa7F3N304: 538,2; duoc tim thay theo thuc té: 538,1.

Buéce 11

Hop chét 86-K (61 mg, 0,113 mmol) dugc hoa tan trong axit trifloaxetic (2 mL) va
dugc khudy & nhiét d6 trong phong. Sau 1 gid, ¢6 dung dich nay va phan cin duoc hoa
tan trong CH2Clo. Sau d6 dung dich nay dugc rira bang HCI1 0,1N, phan chiét chira nude
duoc chiét bing CH2Cl (2 14n). Cac phéan chiét hitu co dugc thu gom, dugc lam khd
(NazS04), va cb. Phén cin dugc tinh ché bang sic ky nhanh bang cach sir dung hop chit
CH,C1-20% MeOH trong CH2Cla 1am chét rira giai thu duge hop chit 86. "TH-NMR (400
MHz, CDCl) 6 12,02 (s, 1H), 10,40 (t, J = 5,7 Hz, 1H), 8,35 (s, 1H), 6,63 (t, ] = 8,1 Hz,
2H), 4,62 (d, J = 5,7 Hz, 2H), 4,59 (s, 1H), 4,22 (dd, ] = 12,2, 3,5 Hz, 1H), 4,13 (t, ] =
11,9 Hz, 1H), 4,05 (dt, J = 12,0, 3,1 Hz, 1H), 2,77 - 2,70 (m, 1H), 2,31 m, 1H), 2,09 -
1,93 (m, 1H), 1,93 - 1,81 (m, 2H), 1,10 (ddd, J = 13,9, 5,0, 2,1 Hz, 1H), 1,02 (d, J = 6,9
Hz, 3H). YF-NMR (376 MHz, CDCl3) § -109,22 (ddd, J] = 15,1, 8,7, 6,1 Hz, 1F), -112,05
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t, J = 6,9 Hz, 2F). LCMS-ESI* (m/z): [M +H]" duoc tinh theo ly thuyét dbi voi
CaoHa1F3N304: 448,2; duoc tim thdy theo thuc té: 448,3.

Vi du 87

Diéu ché cis-5-aminotetrahydro-2H-pyran-3-ol

? OH OH
6\ CeCl, NaBH,4 6\ H,, Pd/C @
0
°© NHCbz °© NHCbz NH;
+1) (+-)

Buée 1

Dung dich chita hop chit benzyl (5-oxotetrahydro-2H-pyran-3-yl)carbamat (740
mg, 3,0 mmol) va xeri(IIT) clorua heptahydrat (1,12 g, 3,0 mmol) trong 20 mL metanol
duoc 1am lanh xubng 0°C va sau d6 bd sung timg phin natri borohydrua (120 mg, 3,2
mmol). H3n hop phan tmg nay dwoc khudy & 0°C trong 45 phut va sau d6, duoc nglmg
bing cach bd sung tir tir 1 mL dung dich axeton sau 3 git khudy & nhiét d6 trong phong.
H&n hop phan tmg nay duge phan cch gifta nuéc va diclometan va pha chita nude dugc
chiét vao diclometan tiép theo 13 2-butanol. C4c pha hitu co thu gom dugc 1am kho bang
magie sulphat, duoc loc, dugc co, va phﬁn can duoc tinh ché bé‘mg cach séc ky nhanh (0-
100% EtOAc/hexan) d& tao ra hop chét cis-benzyl ((3R,5S)-5-hydroxytetrahydro-2H-
pyran-3-yl)carbamat mong mudn. 'H-NMR (400 MHz, clorofom-d) § 7,39 — 7,26 (m,
5H), 6,06 (br s, 1H), 5,07 (s, 2H), 3,86 — 3,70 (m, 2H), 3,69 — 3,47 (m, 4H), 2,00 — 1,89
(m, 1H), 1,76 (d, J = 13,5 Hz, 1H). Chét ddng phan trans khéng mong mubn ciing duoc
phén 1ap.

Budc 2

B sung 10% khéi luong Pd/C (255 mg) vao dung dich chita hop chét cis-benzyl
((3R,5S)-5-hydroxytetrahydro-2H-pyran-3-yl)carbamat (290 mg, 1,16 mmol) trong 5 mL
1:1 DCM:EtOH. Hén hop nay duoc khudy trong binh clu &p sudt hydro trong 18 gid va
paladi duoc loai bo béng cach loc qua xelit voi rora bﬁng etanol. Khi ¢cd ph?m dich loc, cis-

5-aminotetrahydro-2H-pyran-3-ol dugc tao ra va dugce dung tiép nhur 13 chét thé.
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Vi du 88
Diéu ché hop chit 88

'(2R,58,13aR)-N-(3-clo-2-flobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit

H (0] H i i Cl
- \¥/\N SN ”
N . o
Ho oH
88

Hop chét 88 dugc didu ché theo cach twong tu v6i hop chit 15 bang cich st dung
hop chét (3-clo-2-flophenyl)metanamin thay cho hgp chét (4-flophenyl)metanamin. 'H-
NMR (400 MHz, clorofom-d) 6 10,43 (br s, 1H), 8,34 (br s, 1H), 7,32 — 7,24 (m, 2H),
7,02 (t, J= 7,9 Hz, 1H), 5,36 (d, J = 9,4 Hz, 1H), 5,30 (s, 2H), 4,70 (d, J = 6,0 Hz, 3H),
4,24 (d, J= 12,0 Hz, 1H), 4,00 (dd, J = 12,7, 9,5 Hz, 1H), 2,18 — 1,96 (m, 4H), 1,96 —
1,83 (m, 1H), 1,60 (dt, J= 12,4, 3,1 Hz, 1H). LCMS-ESI* (m/z): [M+H]" duoc tinh theo
Iy thuyét di v6i C21H19CIFN;Os: 448,11; dugce tim thiy theo thyc té: 448,2.

Vi du 89
Diéu ché hop chét 89
(2R,58,13aR)-N-(2,5-diflobenzyl)-8-hydroxy-7,9-dioxo-2,3,4,5,7,9,13,13a-octahydro-
2,5-metanopyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazepin-10-carboxamit

0
H M o
- \¥/\N\ u
N
X0
Ho OH F

89
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Hop chét 89 dugc diéu ché theo cach tuong tr véi hop chit 15 bang cach sir dung
hop chat (2,5-diflophenyl)metanamin thay cho hop chat (4-flophenyl)metanamin. H-
NMR (400 MHz, clorofom-d) $ 10,32 (t, J= 5,8 Hz, 1H), 8,31 (brs, 1H), 7,15 — 6,89 (m,
2H), 6,86 (d, J= 8,5 Hz, 1H), 5,40 (d, J= 9,3 Hz, 1H), 5,24 (s, 1H), 4,67 — 4,51 (m, 3H),
4,35 — 4,28 (m, 1H), 3,99 — 3,90 (m, 1H), 2,16 — 1,85 (m, 5H), 1,60 — 1,50 (m, 1H).
LCMS-ESI* (m/z): [M+H]* duoc tinh theo 1y thuyét d6i v6i CaiH1oFaN30s: 432,14; duoc
tim thiy theo thuc té: 432,2.

Viduy 90
Diéu ché hop chit 90

(1R,4S,12aR)-N-(3-clo-2-flobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

90

Hop chét 90 dugc didu ché theo cach twong tu v6i hop chit 41 bang cach sir dung
hop chét (3-clo-2-flophenyl)metanamin thay cho hop chit (2,4,6-triflophenyl)metanamin.
IH-NMR (400 MHz, clorofom-d) § 9,22 (s, 1H), 8,79 (s, 1H), 7,39 — 7,28 (m, 2H), 7,06
(t, J = 8,0 Hz, 1H), 4,89 (s, 1H), 4,70 — 4,56 (m, 3H), 4,06 — 3,83 (m, 2H), 3,04 — 2,88
(m, 1H), 2,77 (s, 1H), 1,97 — 1,58 (m, 6H). LCMS-ESI* (m/z): [M+H]* dugc tinh theo Iy
thuyét ddi v6i CarHioCIFN3O4: 432,11; dugce tim thiy theo thue té: 432,2.

Vidu 91
Diéu ché hop chit 91

(1R,48,12aR)-7-hydroxy-6,8-dioxo-N-(2,3,4-triflobenzyl)-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Hop chét 91 duoc diéu ché theo cach tuong tw v&i hop chét 41 bang cach sir dung
hop chét (2,3,4-triflophenyl)metanamin thay cho hop chét (2,4,6-triflophenyl)metanamin.
TH-NMR (400 MHz, clorofom-d) § 10,25 (s, 1H), 8,45 (s, 1H), 7,10 (d, J = 5,1 Hz, 1H),
6,90 (d, J= 8,7 Hz, 1H), 4,89 (s, 1H), 4,63 (s, 2H), 4,22 (d, /= 11,6 Hz, 1H), 3,93 - 3,73
(m, 2H), 2,71 (s, 1H), 1,97 — 1,57 (m, 6H). LCMS-ESI* (m/z): [M+H]" duoc tinh theo ly
thuyét ddi vai CoHisF3sN3O4: 434,13; duoc tim théy theo thuc té: 434,2.

Vi dy 92
Diéu ché hop chat 92

(1R,48,12aR)-N-(4-clo-2-flobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-
1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

92

Hop chét 92 duoc didu ché theo céach twong tw véi hop chit 41 bang cach st dung
hop chét (4-clo-2-flophenyl)metanamin thay cho hop chét (2,4,6-triflophenyl)metanamin.
'H-NMR (400 MHz, clorofom-d) § 10,28 (s, 1H), 8,41 (s, 1H), 7,29 (s, 1H), 7,11 — 6,95
(m, 2H), 4,85 (s, 1H), 4,57 (s, 2H), 4,22 (d, J = 10,2 Hz, 1H), 3,81 (q, J= 13,9, 13,1 Hz,
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2H), 2,68 (s, 1H), 1,99 — 1,50 (m, 6H). LCMS-ESI* (m/z): [M+H]" duoc tinh theo 1y
thuyét ddi v&i Co1Hi9CIFN3O4: 432,11; dwoc tim thay theo thuc té: 432,2.
Vi du 93
Diéu ché hop chat 93

(1R,48S,12aR)-N-(2-clo-4,6-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

H H i i

S OaDs!
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(0] OH
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O OBn O OBn
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0
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. ey
) N0 cl F
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Bude 1

Lo nho vi séng dung tich SmL dugc nap 2-bromo-1-clo-3,5-diflobenzen (540 mg,
2,4 mmol), ddng (I) xyanua (436 mg, 4,87 mmol), tetrakis(triphenylphosphin)paladi (63
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mg, 0,05 mmol), dugc gén kin, va dugc thoat khi/dugc nap de\iy nito. B sung 5 mL. DMF
da duoc khir khi vao lo nay. Lo d& dugc gén kin dugc gia nhiét & nhiét d¢ 110°C trong 18
gid, duoc pha lofing bing etyl axetat, va dugc rira lién tiép hai 1dn bang 9:1
NHsOH:NH4Clag), hai 14n LiClg) 5%, va nuéc mudi. Pha hitu co sau d6 duoc lam khd
béng magie sulphat, duoc loc, va cd. Phin cin thé duge tinh ché béng séc ky nhanh
(100% hexan) dé tao ra 2-clo-4,6-diflobenzonitril. 'H-NMR (400 MHz, clorofom-d) &
7,13 (dt, J= 8,0, 1,9 Hz, 1H), 6,93 (td, J= 8,5, 2,3 Hz, 1H).

Budc 2

Bé sung dung dich boran-DMS 2M trong THF (0,6 mL) vao dung dich chira hop
chét 2-clo-4,6-diflobenzonitril (210 mg, 1,2 mmol) trong 2,4 mL THF. Hon hop phan
mg nay duoc khudy & nhiét d6 hdi Iuu trong 18 gio' 1am thét thoat dung méi. Phin cin
dugce hoa tan lai trong 3 mL THF, dugc lam lanh dén nhiét d6 0°C, dung dich 6M cua
HCl(chta nusc) dugc bd sung mdt cich cén than, va hdn hop nay dugc trd lai hdi luu trong
30 phut. Hon hop phan ting niy mot 1an nita dwoc lam lanh xudng 0°C va duoc xir ly
bang 4M NaOH chia nuec). Pha chira nuée duge chiét bang DCM, céc pha hiru co thu gom
duoc lam kho bing magie sulphat, dugc loc, va c6. Phan cin thd duge tinh ché bing sic
ky nhanh (0-10% MeOH/DCM) dé tao ra (2-clo-4,6-diflophenyl)metanamin. "H-NMR
(400 MHz, clorofom-d) § 6,95 (dt, J = 8,3, 2,1 Hz, 1H), 6,76 (td, J = 9,4, 2,5 Hz, 1H),
3,94 (d, J=1,9 Hz, 2H).

Cacbudc 3 vad

Dung dich ch¥a hop chit 93-A (74 mg, 0,11 mmol), (2-clo-4,6-
diflophenyl)metanamin (48,5 mg, 0,27 mmol), HATU (100 mg, 0,26 mmol), va N,N-
diisopropyletylamin (0,1 mL, 0,57 mmol) trong 1 mL diclometan dugc khqu O nhiét do
trong phong trong mdt gio ¢ thoi diém d6 bién mét hoan toan hop chit 93-A va thiy hinh
thanh hop chét 93-B bing LCMS. BS sung TFA (0,65 M) va hén hop niy dugc khudy &
nhiét do trong phong trong mdt gidy, & thoi diém d6 bd sung 1 mL DMF. Hon hop phan
ting nay sau d6 dugc ¢b va dugc tinh ché bang HPLC diéu ché (ACN/H20 + 0,1% TFA)
dé tao ra hop chét 93. "H-NMR (400 MHz, DMSO-ds) § 10,41 (t, J = 5,7 Hz, 1H), 8,33
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(s, 1H), 7,41 — 7,26 (m, 2H), 4,72 — 4,57 (m, 3H), 4,43 (dd, J = 12,5, 3,6 Hz, 1H), 3,94 (t,
J=12,4 Hz, 2H), 3,77 (dd, J = 12,4, 3,6 Hz, 3H), 1,87 — 1,67 (m, 3H), 1,67 — 1,45 (m,
2H), 1,43 (d, J = 10,4 Hz, 1H). LCMS-ESI* (m/z): [M+H]" dugc tinh theo 1y thuyét dbi
v&i Ca1HisCIF2N304: 450,10; duoc tim thiy theo thuc té: 450,2.
Vi du 94
Didu ché hop chét 94
(1R,4S,12aR)-N-benzyl-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-1,4-

metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

H H i
sseear
N N OH
H
O OH
94

Hop chit 94 dugc diéu ché theo cach tuong tu véi hop chit 41 bang cach sir dung
hop chét phenylmetanamin thay cho hop chét (2,4,6-triflophenyl)metanamin. 'H-NMR
(400 MHz, clorofom-d) 8 10,37 (s, 1H), 8,26 (s, 1H), 7,37 — 7,19 (m, 5H), 4,55 (d, J =
4,8 Hz, 1H), 4,34 (d, J= 5,7 Hz, 1H), 4,23 (d, J= 9,8 Hz, 1H), 4,09 (d, J = 28,2 Hz, 1H),
3,78 (d, /= 10,9 Hz, 1H), 3,64 (d, J= 13,2 Hz, 1H), 3,14 — 3,01 (m, 1H), 1,91 — 1,49 (m,
4H). LCMS-EST* (m/z): [M+H]" duoc tinh theo ly thuyét d6i v6i Ca1H21N304: 380,16;
duoc tim théy theo thuc té: 380,2.

Vi du 95
Diéu ché tert-butyl 3-((1,3-dioxoisoindolin-2-yl)metyl)-2-azabixyclo[2,1,1 ]hexan-2-
carboxylat khong dbi xtmg 95-A va 95-B
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Héa hoc 14p thé tuyét dbi chua biét

Budce 1

B sung timg giot dung dich chira hop chét diisopropyl azodicarboxylat (0,35 mL,
1,8 mmol) trong 1 ml THF vao dung dich chira raxemic tert-butyl 3-(hydroxymetyl)-2-
azabixyclo[2,1,1]hexan-2-carboxylat (285 mg, 1,34 mmol), triphenylphosphin (425 mg,
1,62 mmol), va phtalimit (240 mg, 1,62 mmol) trong 9 mL THF 0°C. Hdn hop phan tng
nay duoc lam Am dén nhiét d6 trong phong, dugc khudy trong 90 phit, dwoc cb trén silic
oxit, va duge tinh ché bing céach séc ky nhanh (0-25% EtOAc/hexan) d tao ra tert-butyl
3-((1,3-dioxoisoindolin-2-yl)metyl)-2-azabixyclo[2,1,1 ]hexan-2-carboxylat dudi dang
hdn hop raxemic. LCMS-ESI* (m/z): [M+H]* dugc tinh theo ly thuyét dbi véi
C19H23N204: 343,2; dugc tim thiy theo thuc té: 342,8.

Budc 2

Raxemic tert-butyl 3-((1,3-dioxoisoindolin-2-yl)metyl)-2-azabixyclo[2,1,1]hexan-
2-carboxylat (655 mg, 1,91 mmol) dugc tach ra bang HPLC khéng ddi xtng trén cot Lux
Xenluloza-2 bang cach st dung dung mdi rira gidi axetronitril dé tao ra hop chét 95-A
khong dbi ximg (dinh rira giai dAu tién) va hop chat 95-B (dinh rira gidi thir hai) & dang
gidu chit ddng phan ddi anh. Déi v6i hop chit 95-A: 144 mg, 98% luong du chét ddng
phan dbi anh (héa hoc 1ap thé tuyét d6i chua biét). Ddi véi hop chat 95-B: 242 mg, 49%
lugng du chit ddng phan déi anh (héa hoc 14p thé tuyét dbi chua biét).
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Vi du 96
Didu ché hop chat 96

(1R,3R,11aS)-6-hydroxy-5,7-dioxo-N-(2,4,6-triflobenzyl)-2,3,5,7,11,1 1a-hexahydro-1H-
1,3-metanopyrido[1,2-a]pyrrolo[1,2-d]pyrazin-8-carboxamit
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(Héa hoc 1ap thé tuyét d6i khong biét)
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Budce 1

B& sung hydrazin hydrat (0,5 mL, 10,3 mmol) vio dung dich chira chét trung gian
95-A (141 mg, 0,41 mmol, 98% lugng du chit ddng phan ddi anh, héa hoc 1ap thé tuyét
d6i chua biét) trong 9 mL etanol va duoc khudy & nhiét d6 70°C trong 18 gid dé tao ra
hop chit 96-A c¢6 hoa hoc lap thé tuyét dbi chua biét. Cac chét rin duoc loai bo b??lng

cach loc va phén dich lgc dugc ¢b va dugc dung tiép nhu 14 chét thé.

Budce 2

Hbn hop chira hop chét th 96-A (duoc tinh toan 0,41 mmol), hop chit 96-B (430
mg, 1,25 mmol), va natri bicarbonat (69 mg, 0,82 mmol) trong 2 mL nudc va 2 mL
etanol dugc khudy & nhiét d6 trong phong trong 18 gid, sau d6 hdn hop phéan tng nay
duoc pha lofing bing nuwéc va duoc chiét hai 1in bang etyl axetat. Cac pha hitu co thu
gom dugc 1am khé bing magie sulphat, dugc loc, duoc ¢d. Phan can thd (222 mg) duoc
hoa tan trong 1,5 mL DCM va b sung 4N HCI trong dioxan (4 mL) va dugc khudy trong
90 phut & nhiét do trong phong. Hon hop ndy duoc ¢d dén khd va duge dong bbe hoi véi
toluen. Phan cin thd va DBU (0,3 mL, 2,0 mmol) trong 6 mL metanol dugc khqu o
nhiét d6 50°C trong 90 phtt. Hon hop phan tmg niy sau d6 dugc cd trén silicagel va
dugc tinh ché bang cach sic ky nhanh (0-10% MeOH/DCM) dé tao ra hop chit 96-C.
LCMS-ESI* (m/z): [M+H]* duoc tinh theo 1y thuyét d6i voi CaaHzN20s: 395,16; duge
tim thiy theo thuc té: 395,2.

Budce 3

H&n hop chira hop chét 96-C (112 mg, 0,28 mmol), kali hydroxit 1M chtta nudc
(1 mL), 4 mL metanol, va 4 mL. THF duogc khudy & nhiét d§ trong phong trong 3 gid, &
thoi diém d6, hdn hop nay dugc pha lodng bing diclometan, duoc axit hda bang cach bd
sung hydro clorua 1M chira nudc, va pha hitu co duge chiét thanh diclometan. Cac chat
hitu co duoc két hop duoc 1am kho, duoc loc, va cb tir toluen. Sau khi lam khé trong

chan khong, phin cin dugc tao huyén phu trong 1,5 mL DCM va bd sung
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triflobenzylamin (62 mg, 0,38 mmol), HATU (220 mg, 0,58 mmol), va N,N-
diisopropyletylamin (DIPEA) (0,15 mL, 0,86 mmol). Hon hop phan tmg nay dugc khudy
& nhiét d6 trong phong trong 2 gidr dé tao ra hop chét 96-D hop chét nay dwoc dua di lam
chét thd.

Buéc 4

B& sung axit trifloaxetic (1,7 mL, 22,2 mmol) vao dung dich phan tmg thé chia
hop chét 96-D tir bude trude va hdn hop phan tmg ndy duoc khudy & nhiét do trong
phong trong 90 phut. Sau d6 bd sung 1 mL DMF, hdn hop phan tmg nay dugc ¢ dic
xuéng con ~1 mL, duge loc, va duoc tinh ché bé‘lng HPLC diéu ché (ACN/muée + 0,1%
TFA) dé tao ra hop chét 96 (hoa hoc 14p thé tuyét dbi chua biét). 'H-NMR (400 MHz,
DMSO0-ds) 6 10,45 — 10,35 (m, 1H), 8,39 (s, 1H), 7,23 — 7,09 (m, 2H), 4,67 (dd, J = 12,6,
4,8 Hz, 2H), 4,53 (d, J = 5,5 Hz, 2H), 4,20 (dd, J = 11,9, 3,8 Hz, 1H), 4,05 — 3,95 (m,
1H), 2,96 — 2,88 (m, 1H), 2,16 (d, J= 7,0 Hz, 1H), 1,97 (d, J= 7,0 Hz, 1H), 1,68 — 1,60
(m, 1H), 1,53 — 1,45 (m, 1H). LCMS-ESI* (m/z): [M+H]* duoc tinh theo 1y thuyét ddi
v6i CaoHi16F3N304: 420,12; duoc tim thdy theo thuc té: 420,2.

Vi du 97
Diéu ché hop chit 97

(18,3S,11aR)-6-hydroxy-5,7-dioxo-N-(2,4,6-triflobenzyl)-2,3,5,7,11,11a-hexahydro-1H-
1,3-metanopyrido[1,2-a]pyrrolo[1,2-d]pyrazin-8-carboxamit

0
H H 1
N NN
F F
H o)
O OH
(Hoéa hoc 1ap thé tuyét dbi khong biét)

97

Hop chét 97 (49% luong du chit ddng phan dbi anh, héa hoc 1ap thé tuyét déi

chua biét) duoc didu ché theo cach twong tu véi hop chit 96 bang cach st dung chit
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trung gian 95-B (49% luong du chit ddng phan déi anh, héa hoc 14p thé tuyét dbi chua
biét) thay cho chit trung gian ddi v& miat ddng phan 1ap thé 95-A. 'H-NMR (400 MHz,
DMSO-ds) 6 10,39 (t, J= 5,7 Hz, 1H), 8,42 (s, 1H), 7,25 — 7,13 (m, 2H), 4,73 — 4,66 (m,
2H), 4,54 (d, J = 5,7 Hz, 2H), 4,20 (dd, J = 12,3, 3,9 Hz, 1H), 4,01 (t, J = 12,4 Hz, 1H),
2,93 (dd, J= 6,7, 3,4 Hz, 1H), 2,19 - 2,14 (m, 1H), 1,97 (d, J= 8,3 Hz, 1H), 1,65 (dd, J =
10,4, 7,9 Hz, 1H), 1,49 (dd, J= 10,5, 7,7 Hz, 1H). LCMS-ESI* (m/z): [M+H]" dugc tinh
theo 1y thuyét dbi voi CaoHi6F3N304: 420,12; dugc tim thiy theo thuc té: 420,2.

Vi du 98
Diéu ché hop chit 98

(1S,4R,12aR)-3,3-diflo-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Budce 1

Hop chit 98-A (0,5g, 1,87mmol) dugc hoa tan trong DCM (20 mL) va dugc lam
lanh xudng 0°C trong mdi trudng nito. B& sung tir tir Dess-Martin Periodinan (1,59 g,
3,74 mmol). Khudy hdn hop nay trong 2 gid & nhiét do trong phong, dugc nglimg bang
dung dich Na;S203/NaHCO; bdo hoa chira nude (7:1) (160 mL) va duoc khudy manh cho
dén khi hai 16p duoc tach ra. San phdm thé duogc chiét hai 1an bang DCM. Céc 16p hitu co
duoc thu gom duge 1am khé bing natri sulfat va c¢b. San phdm thd dugc tinh ché bang sic
ky nhanh trén silicagel v6i 0-20%MeOH/DCM dé tao ra hop chét 98-B. 'H-NMR (400
MHz, clorofom-d) 6 4,34 - 4,05 (m, 1H), 3,97 - 3,75 (m, 1H), 3,69 (s, 3H), 2,89 (dd, J =
4,4, 2,1 Hz, 1H), 2,30 - 1,97 (m, 3H), 1,56 (d, J = 11,3 Hz, 1H), 1,35 (s, 9H). LCMS-
ESI* (m/z): [M+H]" dugc tinh theo ly thuyét dbi véi C1sH1oNOs: 269,13; duoc tim thiy
theo thuc té: 270,78.

Budce 2

Dung dich chta hop chit 98-B (504 mg, 1,87mmol) trong DCM (15 mL) duoc
khudy & nhiét d6 0°C. B6 sung timg giot DAST (1ml) vao hdn hop phan tmg. Sau khi
khudy qua dém & nhiét d6 trong phong, hdn hgp phén ng ndy dugc lam lanh nguge trd
lai nhiét dd 0°C. B sung tir tir dung dich NaHCO3 bio hoa (10 mL). Hon hop nay dugc
chiét hai 1dn bing DCM va dugc 1am kho bang NaxSO4. Sau khi c6, phan cin duge tinh
ché bing séc ky nhanh 0-50% EtOAc/hexan dé tao ra hop chét 98-C. 'H-NMR (400
MHz, clorofom-d) 8 4,45 - 4,18 (m, 1H), 3,85 (m, 1H), 3,72 (d, J = 1,5 Hz, 3H), 2,72
(ddd, J = 5,1, 3,2, 1,6 Hz, 1H), 2,27 - 1,52 (m, 4H), 1,41 (d, J = 21,9 Hz, 9H). PF-NMR
(376 MHz, clorofom-d) § -91,72 - -93,99 (m), -113,65 - -115,98 (m). LCMS-ESI" (m/z):

- 191 -



22152

[M+H]* duoc tinh theo ly thuyét dbi voi Ci3HisF2NOs: 291,13; duge tim thay theo thuc
té: 291,55.

Budc 3

Hop chét 98-C (476 mg, 1,634mmol) trong THF (20 mL) duoc khudy & nhiét d6
0°C khi bd sung 2,0 M LiBH4 trong THF (2,4 mL, 4,8mmol). Hbn hop nay duoc 1am 4m
dén nhiét d6 trong phong va duge khudy trong 4 gid. Hon hop phén tmg ndy dugc ding
bing d4 va dugc pha lodng bang EtOAc va dung dich NH4Cl bdo hoa (thoat khi H»). Sau
khi tach hai pha ra, phén chiét hitu co nay dugc rira béng nude mudi, duge lam kho
(Na2S0q4), va cd. San phim tho ctia hop chit 98-D dugc ding nhu vdy trong budc tiép
theo. LCMS-ESI* (m/z): [M+H]" duoc tinh theo 1y thuyét d6i véi CoHioFaNOs: 263,13;
duoc tim thiy theo thuc té: 164,10.

Buéc 4

Hop chit 98-D (1,634mmol), phtalimit (0,36 g, 2,4 Smmol), va PPhs (0,855 g,
3,26mmol) trong THF (10 mL) duoc khudy & bé nhiét do 0°C khi bd sung DIAD (0,642
mL, 3,26mmol). Sau khi bd sung, hdn hop nay dugc khudy & nhiét d6 0°C trong 30 phut
va sau d6, & nhiét d6 trong phong trong 16 gio. N6 dugc pha lodng bang EtOAc, va dung
dich NH4Cl bdo hoa. Sau khi khudy trong 5 pht, chét rén duoc loc va tach hai pha ra.
Pha hitu co duoc rira bing nude mudi, duoc 1am khd (Na2SOs), va cd. San phim thd
dugc tinh ché bang séc ky nhanh bang 0-50%EA/Hex lam chét rira giai dé tao ra hop chit
98-E. 'H-NMR chi ra hdn hop chira hai rotame. 'H-NMR (400 MHz, clorofom-d) & 7,89
- 7,80 (m, 2H), 7,78 - 7,66 (m, 2H), 5,02 (ddt, J = 16,6, 12,5, 6,3 Hz, 1H), 4,24 (d, J =
71,8 Hz, 1H), 4,10 - 3,92 (m, 1H), 3,83 - 3,51 (m, 2H), 2,46 (s, 1H), 2,21 - 1,98 (m, 2H),
1,87 - 1,62 (m, 2H),1,31 (d, J = 8,5 Hz, 9H); PF-NMR (376 MHz, clorofom-d) 6 -91,22 -
93,58 (m), -113,20 - -115,45 (m). LCMS-ESI* (m/z): [M+H]" dugc tinh theo ly thuyét
61 v6i CaoHaoFaN204: 392,15; duoc tim thiy theo thyc té: 393,3.

Budce 5
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B6 sung hydrazin hydrat (ImL) vao dung dich chira hop chit 98-E (696 mg,
1,774mmol) trong EtOH (10mL) & nhiét d6 trong phong va dung dich tao ra dugc khudy
& nhiét do trong phong trong 2 gid. Hn hop nay duoc pha lodng bang etyl ete (30 mL)
va duoc khqu & 0°C trong 60 phut trude khi loc. Phan dich loc duoc ¢b va phﬁn cin
duoc hoa tan trong CH2Cly va duogc loc. Phan dich loc dugce c6 va dugc tinh ché bing
cach séc ky nhanh trén silicagel véi 0-20% MeOH (0,2% TEA) /DCM & tao ra hop chit
98-F. "H-NMR (400 MHz, clorofom-d) & 4,91 (p, J = 6,2 Hz, 1H), 4,29 - 3,97 (m, 1H),
3,36 - 2,93 (m, 2H), 2,49 (qt, J = 8,8, 5,2 Hz, 2H), 2,08 (dddd, J = 25,5, 14,0, 7,1, 4,9 Hz,
1H), 1,89 - 1,49 (m, 4H), 1,41 va 1,21 (d, J = 6,2 Hz, 9H). YF-NMR (376 MHz,
clorofom-d) & -91,63 - -93,16 (m), -113,11 - -115,08 (m). LCMS-ESI* (m/z): [M+H]"
duoc tinh theo 1y thuyét d6i véi C12HaoFaN20o: 262,15; dugce tim thay theo thue té: 262,8.

Budc 6,7va 8

Hon hop ciia hop chét 98-G (375,8 mg, 1,55 mmol), hop chit 98-E (370 mg, 1,41
mmol), va NaHCO3 (261 mg, 3,10 mmol) trong nudc (5 mL) va EtOH (5 mL) duoc
khudy & nhiét d9 trong phong trong 2 gid. Hon hgp ndy dugc pha loding bang nudc mubdi
va dugc chiét bing EtOAc (2 1an). Phan chiét dugce thu gom, duge 1am khoé (NaxSOs),
duogc ¢, va dugc lam khod trong chan khong dé tao ra hop chét thd A. LCMS-ESI* (m/z):
[M+H]* 591,59. Hop chét th A (1,38mmol) trong CH2Cla (5 mL) duoc bd sung 4N HCl
trong dioxan (5 mL). Sau 2 gi¢ & nhiét do trong phong, hén hop duge cd dén khd. N6
dugc ddng bdc hoi véi toluen médt 1an va duge 1am khd trong chan khong dé tao ra hop
chét thd B. Hop chét B (1,38mmol + 0,442mmol) va DBU (3 mL, 11mmol) trong MeOH
khan (15 mL) duoc khuéy & bé nhiét d6 50°C trong 40 phut. Hén hop nay duoc cd. Phén
cin duoc tinh ché bing séc ky nhanh (cot 80 g) bing céch st dung hop chét 0 - 20%
MeOH/DCM lam chét rira giai dé tao ra hop chit 98-H. LCMS-ESI* (m/z): [M+H]"
duoc tinh theo ly thuydt dbi voi CasHpFaN2Os: 444,15; duge tim thy theo thuc té:
445,36 (90%), 431,18 (10%).

Budc 9,10 va 11
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Cac budce con lai dugce thuc hién béng cach st dung céc quy trinh tuong tu véi Vi
du 41 d8 tao ra hop chit n 98. 'H-NMR (400 MHz, clorofom-d) § 10,29 (d, J = 6,1 Hz,
1H), 8,34 (s, 1H), 6,65 (dd, J = 8,7, 7,5 Hz, 2H), 4,83 (s, 1H), 4,72 - 4,58 (m, 2H), 4,36 -
4,10 (m, 2H), 4,05 (t, T = 11,5 Hz, 1H), 2,97 (d, ] = 4,4 Hz, 1H), 2,49 - 2,08 (m, 3H), 2,12
- 1,94 (m, 1H). YF-NMR (376 MHz, clorofom-d) & -92,08 - -93,57 (m, 1F), -108,92
(ddd, T = 15,1, 8,8, 6,3 Hz, 1F), -109,30 - -110,65 (m, 1F), -112,16 (p, ] = 7,3 Hz, 2F).
LCMS-ESI* (m/z): [M+H]* duoc tinh theo 1y thuyét dbi vi Co1H16FsN304: 469,11; duge
tim thay theo thuc té: 470,23.

Vi du 99
Diéu ché hop chat 99

(1R,3S,4R,12aR)-7-hydroxy-3-metyl-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

i T F

N N 0 F

H O OH E
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Budce 1

B sung timg giot dung dich chtta chit phan ting Tebbe (0,5M trong toluen,
14,85mL, 7,42 mmol) vao dung dich duoc khudy ctia hop chit 99-A (1 g, 3,71 mmol)
trong THF (20 mL) & 0°C. Sau khi bb sung, dung dich mau nau dugc dé 4m tir tir d&én
nhiét d6 trong phong va duoc khudy & nhiét d6 trong phong trong 2 git. Phan tng nay
duoc ngimg mot cach can than bang cach bd sung dung dich NaHCO3 bao hoa & 0°C, va
hdn hop nay dugc khudy & nhiét d6 trong phong trong 15 phit. Hon hop nay duoc loc
qua xelit, va banh loc dugc rira hai l4n béng ete va DCM (1:1). Sau khi cac 16p dugc tach
ra, cac chit hitu co duge thu gom va c¢b trong chan khong, va phin cin dugc tinh ché
bang sic ky cot trén cot silicagel v6i 0-50% EtOAc/hexan dé tao ra hop chit 99-B. 'H-
NMR (400 MHz, clorofom-d) § 5,06 (dt, J = 48,6, 2,6 Hz, 1H), 4,73 (d, ] = 7,0 Hz, 1H),
4,42 (d,J = 61,8 Hz, 1H), 3,81 (d, J = 48,2 Hz, 1H), 3,73 (d, J = 1,6 Hz, 3H), 2,74 (dd, J
=9,4, 4,4 Hz, 1H), 2,38 (ddt, J = 13,5, 4,5, 2,5 Hz, 1H), 2,18 - 2,06 (m, 1H), 1,99 (dt,J =
10,2, 2,4 Hz, 1H), 1,58 (s, 1H), 1,42 (d, J = 25,5 Hz, 9H). LCMS-ESI* (m/z): [M+H]*
dugc tinh theo 1y thuyét dbi véi C1aH21NO4: 267,15; dwoc tim thiy theo thuc té: 267,65.

Budc 2

Hdn hop chira hop chit 99-B (675 mg, 2,506 mmol) va 20% Pd(OH)./C (500 mg)
trong EtOH (50 mL) duoc khudy trong méi truong Ha. Hon hop nay duoc loc qua xelit va
ph?m dich loc dugc cd dé tao ra hop chit 99-C. 'H-NMR (400 MHz, clorofom-d) & 4,23 -
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3,99 (m, 1H), 3,77 - 3,64 (m, 4H), 2,55 (d, ] = 4,8 Hz, 1H), 2,14 - 1,86 (m, 3H), 1,42 (d,J
= 24,2 Hz, 9H), 0,96 (d, J = 6,6 Hz, 3H), 0,85 (ddd, ] = 12,5, 4,8, 2,4 Hz, 1H). LCMS-
ESI* (m/z): [M+H]" dugc tinh theo ly thuyét d6i v6i C1aHxsNO4: 269,16; dwoc tim thiy
theo thuc té: 269,69.

Buéce 3

Hop chit 99-C (670 mg, 2,488 mmol) trong THF (20 mL) duoc khudy & nhiét d6
0°C khi bd sung 2,0 M LiBH4 trong THF (3,7mL, 7,46 mmol). Hon hop nay duoc lam
4m dén nhiét d6 trong phong va duoc khudy trong 4 gid. Hn hop phan tng nay duoc
dimg bang d4 va dugc pha lodng bang EtOAc va dung dich NH4Cl bdo hoa (mét sé thoat
khi H). Sau khi tach hai pha ra, phan chiét hitu co ndy dugc ria bang nude mudi, duoc
lam kho (NapSOy), va cb. Ruou thd 99-D duge ding nhu vdy trong budce tiép theo.
LCMS-ESI* (m/z): [M+H]" duoc tinh theo 1y thuyét dbi véi Ci13HasNOs: 241,17; dugce
tim thiy theo thuc té: 241,76.

Bubc4vas

Céc bude 4 va 5 duoe thuc hién bang cich sir dung céc quy trinh twong tu voi céc
budc trong Vi du 41 d8 tao ra hop chit 99-F. LCMS-ESI* (m/z): [M+H]* dugc tinh theo
Iy thuyét d8i véi C13HaaN202: 240,18; dugc tim thiy theo thuc té: 241,2.

Budc 6,7va 8

Céac budc 6, 7 va 8 dugce thuc hién béng cach st dung céc quy trinh twong tu véi
cac bude cia Vi dy 41 dé tao ra hop chit 99-G. LCMS-ESI* (m/z): [M+H]" duogc tinh
theo 1y thuyét dbi vai C24HasN20s: 422,18; dugc tim thy theo thyc té: 423,21,

Budc 9, 10vall

Céc budce con lai duge thuc hién béng cach st dung cac quy trinh twong ty véi Vi

du 41 dé tao ra hop chit 99. "TH-NMR (400 MHz, clorofom-d) § 11,71 (s, 1H), 10,36 (t, J
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= 5,7 Hz, 1H), 8,28 (s, 1H), 6,63 (t, J = 8,1 Hz, 2H), 4,63 (t, ] = 5,4 Hz, 3H), 4,12 (dd, J =
12,3, 3,5 Hz, 1H), 3,83 (t, ] = 12,3 Hz, 1H), 3,67 (dd, J = 12,3, 3,4 Hz, 1H), 2,64 - 2,52
(m, 1H), 2,30 (ddq, J = 10,5, 7,2, 3,6 Hz, 1H), 2,13 (td, ] = 12,1, 4,4 Hz, 1H), 1,82 - 1,63
(m, 2H), 1,24 (d, ] = 3,3 Hz, 1H), 1,04 (d, ] = 6,9 Hz, 4H), 0,90 - 0,79 (m, 1H). YF-NMR
(376 MHz, clorofom-d) & -109,20 (ddd, J = 15,0, 8,8, 6,2 Hz), -112,03 (t, ] = 7,0 Hz).
LCMS-ESI* (m/z): [M+H]" dugc tinh theo 1y thuyét ddi v6i CooHaoF3N304: 447,14; duoc
tim thay theo thuc té: 448,32.

Vi du 100
Diéu ché hop chit 100

(1R,4R,12aS)-N-(2,4-diflobenzyl)-7-hydroxy-6,8-dioxo-1,2,3,4,6,8,12,12a-octahydro-
1,4-etanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

- 197 -



Q
LG%QOH Boran / OH phtalimit MN
N H THF N H PPhs, DIAD g

N H
Boc Boc  ThF, rt. Boe
100-A 100-B 100-C
(o}
Hydrazin ﬂNH; . oY o NaHCO,
ydrazin 4 o
N H N Yo EtOH/H,0
Boc O OBn
100-D 100-E
> : S 2 A N
71/ ? N o~ 1) HCl/dioxan N (o]
Bo¢ Hg NN
~~ N "o 2) DBUITol neo I L
O OBn n
100-F 100-G
MKOH
2) HATU [
(o] OBn
£ 100-H

Budce 1

Binh day tron dung tich 100 mL dugc nap hgp chét 100-A (2,0 g, 7,8 mmol) trong
THF (20 mL). H8n hop phan tmg nay duge 1am lanh xudng 0°C. Bb sung tir tir boran
dimetyl sulfua (2 N trong THF, 17,6 mL) vao trong binh nay. Sau d6, hdn hop phan tmg
nay dugc khudy & nhiét d6 trong phong qua dém. Hon hgp phan Gng nay dugc lam lanh
nguoc trd lai nhiét do 0°C. B& sung timg giot metanol (8 mL) dé nglmg phéan tng nay.
Sau khi ¢6, phin cin duoc tinh ché bing Combi Flash (c6t 40 g, hop duge st dung) béng
céch str dung hop chét hexan - EA 1am chét rira giai ¢ tao ra hop chat 100-B. LCMS-
ESI* (m/z): [M+H]* duoc tim thiy theo thuc té: 242.
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Budc 2

Binh ddy tron dung tich 100 mL dugc nap hop chit 100-B (1,8 g, 7,4 mmol),
triphenylphosphin (4,3 g, 16,2 mmol) va phtalimit (1,8 g, 12,2 mmol) trong THF (30
mL). Sau d6, hdn hop phan tmg nay duoc lam lanh xubng 0°C cing v6i khudy. BS sung
tir tir DIAD (3,2 mL, 16,2 mmol) vio hdn hgp phan tmg nay. H5n hgp phan tng niy
duoc khudy & nhiét d6 trong phong qua dém. Sau khi cb, phin cin dugc tinh ché bang
Combi Flash (cot 80 g, hop duoc st dung) béng cach str dung hop chét hexan - EA lam
chét rira giai dé tao ra hop chit 100-C. LCMS-ESI* (m/z): [M+H]* dugc tim thdy theo
thyc té: 371.

Budce 3

B6 sung hydrazin monohydrat (1,7 mL) vao dung dich chira hop chét 100-C (2,5
g, 6,8 mmol) trong EtOH (50 mL). Hon hop phan tng nay duoc gia nhiét dén nhiét d6
70°C cing v6i khudy trong 3 gid. Sau khi loc dé loai bo chét ran, phan dich loc duoc cb

dé tao ra hop chét 100-D. LCMS-ESI* (m/2): [M+H]" duoc tim thdy theo thyc té: 241.

Budc 4

Binh dé4y tron dung tich 100 mL dwoc nap hop chéit 100-D (1,6 g, 6,7 mmol) va
hop chit 100-E (2,3 g, 6,7 mmol) trong etanol (30 mL). B& sung natri bicarbonat (1,2 g,
1,4 mmol) trong nuwdc (30 mL) vao hdn hgp phan mg. Sau d6, hdn hop phan tng nay
duoc khudy & nhiét d6 trong phong qua dém. Hon hop nay duoc pha lodng bing EA (200
mL) va dugce rira bing nu6e (2 14n). Cac phan chiét chira nude duge chiét bang EA (1 x),
va cac phén chiét hitu co dugc thu gom, duoc lam khd (Na2SOs), va cd. Hop chét thd
100-F duoc st dung trong budc tiép theo ma khong can tinh ché thém. LCMS-ESI*
(m/2): [M+H]* duoc tim thdy theo thuc té: 569.

Budc 5

Binh day tron dung tich 100 mL dugc nap hop chét 100-F (3,7 g, 6,5 mmol) trong
4N HCI /dioxan (38 mL). Sau d6, hdn hop phan Ung niy duge khudy & nhiét d6 trong
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phong trong 1 gid. Sau khi ¢, thu dugc 3,2 g chit trung gian. Chéit trung gian va DBU
(5,1 g, 33,8 mmol) duoc hoa tan trong toluen (100 mL). Hdn hop phan tng nay duoc gia
nhiét dén nhiét d6 110°C cing véi khudy trong 1 gid. Sau khi c8, phin cin dugc tinh ché
bang Combi Flash (cot 80 g, hop dugc st dung) bang cach sir dung hop chit hexan - EA
lam chét rira giai d& tao ra hop chat 100-G. LCMS-ESI* (m/z): [M+H]" duoc tim thdy
theo thyc té: 423.

Budc 6

Binh day tron dung tich 100 mL dugc nap hop chét 100-G (2,0 g, 4,7 mmol) trong
THF (20 mL) va b sung MeOH (20 mL). KOH IN(18,9 mL) vao hdn hop phan tmg.
Sau d6, hdn hop phan Gmg nay duoc khudy & nhiét d6 trong phong trong 1 gid. Hon hop
phan Ung nay duoc axit hoa bang cach bd sung HCI 1IN(18,9 mL). Sau khi ¢6, phan cin
duoc ddng bbe hoi véi toluen (3 1an). Axit thd (0,28 g, 0,72 mmol), 2,4-difluobenzylamin
0,2 g, 1,44 mmol), N,N-diisopropyletylamin (DIPEA) (0,47 g, 3,6 mmol) va HATU
(0,55 g, 1,44 mmol) dugc hoa tan trong DCM (20 mL). Hn hop phan tng nay dugc
khudy & nhiét d6 trong phong trong 2 gid. Hon hop ndy dugc pha lodng bang EA (100
mL) va duoc ria bing dung dich NaHCO3 bdo hoa (2 1an), dung dich NH4Cl bao hoa (2
1dn) va duoc 1am khd bing Na»SOu. Sau khi ¢d, chét thd dugce tinh thé bing sic ky cot
trén silicagel bing hexan-EtOAc dé tao ra hop chit 100-H. LCMS-ESI* (m/z): [M+H]*
duoc tim thiy theo thuc té: 520.

Budc 7

Binh day tron dung tich 50mL dugc nap hop chat 100-H (0,36 g, 0,69 mmol)
trong TFA (5 mL). Hon hgp phén tng ndy duoc khudy & nhiét d6 trong phong trong 30
phut. Sau khi c6, cht thd dugc tinh thé bang sc ky cot trén silicagel bang EtOAc-MeOH
dé tao ra hop chit 100. 'TH-NMR (400 MHz, clorofom-d) § 12,25 (m, 1H), 10,47 (t,J =
5,9 Hz, 1H), 8,30 (s, 1H), 7,58 - 7,29 (m, 1H), 6,98 - 6,50 (m, 2H), 4,62 (dd, J = 14,8, 4,9
Hz, 3H), 4,22 (t, J = 12,2 Hz, 1H), 4,14 - 4,07 (m, 1H), 3,96 (dd, J = 12,2, 3,1 Hz, 1H),
2,26 - 1,44 (m, 9H). PYF-NMR (376 MHz, clorofom-d) & -112,38 (t, J = 7,7 Hz), -114,78
(q, T = 8,5 Hz). LCMS-ESI* (m/2): dugc tim thiy theo thuc té: 430.
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Vi du 101
Diéu ché hop chit 101

(1R,4R,12aS)-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-octahydro-
1,4-etanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit

101
1) KOH
2) HATU
H,N
F F
101-A 101-B
TFA

Bude 1

Binh day tron dung tich 100 mL dugc nap hop chit 101-A (0,3 g, 0,72 mmol)
trong THF (2 mL) va MeOH (2 mL). B6 sung KOH 1N(2,1 mL) vao hdn hop phan tng.
Sau d6, hdn hop phan Umg nay duge khudy & nhiét d6 trong phong trong 1 gid. Hon hop
phén Wng nay duoc axit héa bang cach bd sung HCl IN(2,1 mL). Sau khi ¢b, phan cin
duge ddng bdc hoi véi toluen (3 1an). Axit thd (0,72 mmol), 2, 4, 6-triflobenzylamin
(0,23 g, 1,44 mmol), N,N-diisopropyletylamin (DIPEA) (0,47 g, 3,6 mmol) va HATU
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(0,55 g, 1,44 mmol) dugc hoa tan trong DCM (20 mL). Hdn hop phan tng nay duoc
khudy & nhiét d6 trong phong trong 2 gid. Hon hop ndy duoc pha lodng bang EA (100
mL) va dugc rira bing dung dich NaHCO3 bao hoa (2 14n), dung dich NH4Cl bdo hoa (2
14n) va duge 1am khd bing NaxSOs. Sau khi ¢, chét thd duge tinh thé bang sic ky cot
trén silicagel bang hexan-EtOAc d tao ra hop chét 101-B. LCMS-ESI* (m/z): [M+H]*
dugc tim thiy theo thuc té: 538,

Budc 2

Binh day tron dung tich 50mL dwoc nap hop chét 101-B (0,36 g, 0,67 mmol) trong
TFA (5 mL). Hon hop phan ting nay duge khudy & nhiét d6 trong phong trong 30 phut.
Sau khi c6, chit thé duoc tinh thé béng séc ky cot trén silicagel bﬁng EtOAc-MeOH dé
tao ra hop chat 101. TH-NMR (400 MHz, clorofom-d) 6 12,11 (s, 1H), 10,40 (t, J = 5,8
Hz, 1H), 8,28 (s, 1H), 6,91 - 6,39 (m, 2H), 4,62 (ddd, J = 25,0, 6,5, 2,8 Hz, 3H), 4,21 (t,J
= 12,2 Hz, 1H), 4,09 (dd, J = 12,5, 3,0 Hz, 1H), 3,93 (dd, J = 12,2, 3,1 Hz, 1H), 2,35 -
1,39 (m, 9H). PF NMR (376 MHz, clorofom-d) & -112,38 (t, ] = 7,7 Hz), -114,78 (9, ] =
8,5 Hz). LCMS-ESI* (m/z): dugc tim thiy theo thyc té: 448.

Vi du 102
Diéu ché hop chét 102

(1S,48,12aR)-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-octahydro-
1,4-etanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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Buée 1

Binh d4y tron dung tich 100 mL dwogc nap hop chit 102-A (2,0 g, 7,8 mmol) trong
THF (20 mL). Hon hop phan {mg niy duoc lam lanh xubng 0°C. Bd sung tir tir boran
dimetyl sulfua (2 N trong THF, 17,6 mL) vao trong binh ndy. Sau d6, hdn hop phan tng
nay duoc khudy & nhiét d9 trong phong qua dém. Hon hop phén tng nay dugc lam lanh
nguoc trd lai nhiét 4o 0°C. B sung timg giot metanol (8 mL) dé ngimg phan g nay.
Sau khi co, ph?ln cdn dugc tinh ché béng Combi Flash (c6t 40 g, hop dugce st dung) béng
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cach str dung hop chit hexan - EA 1am chét rira giai dé tao ra hop chit 102-B. LCMS-
ESI* (m/z): [M+H]" dugc tim thiy theo thuc té: 242.

Budc 2

Binh day tron dung tich 100 mL dugc nap hop chit 102-B (1,8 g, 7,4 mmol),
triphenylphosphin (4,3 g, 16,2 mmol) va phtalimit (1,8 g, 12,2 mmol) trong THF (30
mL). Sau d6, hdn hop phan tng nay duge lam lanh xudng 0°C ciing v6i khudy. BS sung
tir tr DIAD (3,2 mL, 16,2 mmol) vao hdn hop phan {mg niy. Hén hop phan tmg niy
dugc khudy & nhiét do trong phong qua dém. Sau khi cd, phin can dugc tinh ché bang
Combi Flash (cot 80 g, hdp dugce st dung) bﬁng cach str dung hop chét hexan - EA lam
chét rira giai dé tao ra hop chét 102-C. LCMS-ESI* (m/z): [M+H]* dugc tim thiy theo
thuc té: 371.

Budc 3

B6 sung hydrazin monohydrat (1,7 mL) vao dung dich chtta hop chét 102-C (2,5
g, 6,8 mmol) trong EtOH (50 mL). Hon hop phan tng ndy dugc gia nhiét dén nhiét do
70°C ciing voi khudy trong 3 gid. Sau khi loc dé loai bo chét rén, phan dich loc duoc ¢b

d8 tao ra hop chét 102-D. LCMS-ESI* (m/z): [M+H]" dugc tim thiy theo thuc té: 241.

Budc 4

Binh day tron dung tich 100 mL dugc nap hop chit 102-D (1,6 g, 6,7 mmol) va
102-E (2,3 g, 6,7 mmol) trong etanol (30 mL). B4 sung natri bicarbonat (1,2 g, 1,4 mmol)
trong nude (30 mL) vao hdn hop phan tng. Sau do, hén hop phan tng ndy dugc khudy &
nhiét d6 trong phong qua dém. Hon hop nay duogc pha lodng bang EA (200 mL) va duogc
rira bang nuée (2 1an). Cac phan chiét chira nuée dugce chiét bang EA (1 14n), va cac phan
chiét hiru co duogc thu gom, dugce lam kho (Na2SOs), va cd. Hop chét tho 102-F duogc sir
dung trong budc tiép theo ma khéng cAn tinh ché thém. LCMS-ESI* (m/z): [M+H]" duoc
tim thdy theo thuc té: 569.
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Buoc 5

Binh d4y tron dung tich 100 mL dugc nap hop chit 102-F (3,7 g, 6,5 mmol) trong
4N HCI /dioxan (38 mL). Sau d6, hdn hop phan tng nay dwugc khudy & nhiét d6 trong
phong trong 1 gid. Sau khi ¢6, thu duoc 3,2 g chét trung gian. Chét trung gian va DBU
(5,1 g, 33,8 mmol) dugc hoa tan trong toluen (100 mL). Hon hop phan tmg nay duoc gia
nhiét &n nhiét d6 110°C cling véi khudy trong 1 gio. Sau khi ¢6, phin cin dugce tinh ché
bing Combi Flash (c6t 80 g, hop dugc st dung) bang cch sir dung hop chit hexan - EA
lam chét rira giai dé tao ra hop chit 102-G. LCMS-ESI* (m/z): [M+H]* dugc tim thdy
theo thuc té: 423.

Budce 6

Binh d4y tron dung tich 100 mL dwoc nap hop chit 102-G (0,3 g, 0,72 mmol)
trong THF (2 mL) va MeOH (2 mL). B& sung KOH 1N(2,1 mL) vao hén hop phan tng.
Sau d6, hdn hop phan g nay duoc khudy & nhiét d6 trong phong trong 1 gid. Hon hop
phan mg nay dugc axit héa bang cach bd sung HCI IN(2,1 mL). Sau khi ¢, phin cin
duoc ddng bde hoi véi toluen (3 14n). Axit tho (0,72 mmol), 2, 4, 6-triflobenzylamin
(0,23 g, 1,44 mmol), N,N-diisopropyletylamin (DIPEA) (0,47 g, 3,6 mmol) va HATU
(0,55 g, 1,44 mmol) dugc hoa tan trong DCM (20 mL). Hon hop phan tmg niy dugc
khudy & nhiét d§ trong phong trong 2 gid. Hon hop nay dugc pha loing bang EA (100
mL) va duogc ria bang dung dich NaHCO3 bio hoa (2 14n), dung dich NH4ClI b3o hoa (2
14n) va duoc 1am khd bing NaySO4. Sau khi ¢d, chat thd dugc tinh thé bang sic ky cot
trén silicagel bing hexan-EtOAc dé tao ra hop chit 102-H. LCMS-ESI* (m/z): [M+H]*
duoce tim thy theo thuc té: 538.

Budc 7

Binh day tron dung tich 50mL dugc nap hop chat 102-H (0,36 g, 0,67 mmol)
trong TFA (5 mL). Hon hgp phan tng nay dugc khudy & nhiét d trong phong trong 30
phut. Sau khi c6, chét tho duoc tinh thé bing sic ky cot trén silicagel bing EtOAc-MeOH
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dé tao ra hop chét 102. 'H-NMR (400 MHz, clorofom-d) & 12,13 (s, 1H), 10,40 (t, J =
5,8 Hz, 1H), 8,28 (s, 1H), 6,64 (t, J = 8,1 Hz, 2H), 4,89 - 4,41 (m, 3H), 4,22 (t, J = 12,2
Hz, 1H), 4,09 (dd, J = 12,3, 3,1 Hz, 1H), 3,95 (dd, J = 12,1, 4,1 Hz, 1H), 2,45 - 1,60 (m,
9H). YF-NMR (376 MHz, clorofom-d) & - 109,26 (ddd, J = 15,1, 8,8, 6,3 Hz), -111,99 (t,
J = 6,9 Hz). LCMS-ESI* (m/z): dugc tim thdy theo thuc té: 448.
Vi du 103
Diéu ché hop chit 103
(1R,4R,12aR)-2,3-diflo-7-hydroxy-6,8-dioxo-N-(2,4,6-triflobenzyl)-1,2,3,4,6,8,12,12a-
octahydro-1,4-metanodipyrido[1,2-a:1',2'-d]pyrazin-9-carboxamit
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H O/ O/ /
HO,, ~“‘\§o . :H“\\\% 1) Pd(OH)y, H, H C\>\
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HO DCM, -78 °C F 2)Boc anhydrua F z N}}/o
DIPEA, 2-MeTHF d ><
103-A 103-B
1) DIAD, PPha,

H o~ htalimit H
LiAIH, For™">0oH phtalimi F ™ "NH,
R R _THF : N
g F -

o F o ©
THF,0°C g// 2) hydrazin hydrat g// ><
EtOH
103-C 103-D
0 F
0 XY 0~ NH,
/
1) O 0O 1)HATU DIPEA F
OH Ij{/\
NaHCO3 MeOH F DC'V|
2) HCl 2) MgBrz
MeOH, 40 °C 103-E 103
Bude 1

Dung dich chita hop chit (1R,3R,4R,5R,68)-metyl 5,6-dihydroxy-2-((S)-1-
phenyletyl)-2-azabixyclo[2.2.1]heptan-3-carboxylat (2,0g, 6,9mmol) trong DCM (27mL)
duoc 1am lanh xubng -78°C trong bé d4 kho/axeton. B6 sung DAST (2,18 ml, 16,48
mmol) vao dung dich nay thong qua pipet cé dAu bit bang nhya déo. Dung dich nay duoc
khudy & nhiét do -78°C trong 30 phut, sau thoi gian d6, né duge loai bd khoi bé, dé dm tir
tir dén nhiét do trong phong, va dugc khudy & nhiét d6 trong phong trong mdt gio. Phan
ung nay dugc nging bing cach bd sung tir tir hdn hop phan mg vao dung dich natri
bicarbonat bdo hoa dang khudy (150mL) théng qua pipet c6 dAu bit bang nhya déo. Cac
16p dugce tach ra va 16p chira nudc duoc chiét nguwoc bang diclometan. Cac 16p hitu co
duoc thu gom duogc lam khé bang magie sulphat, duge loc va ¢d trong chén khong. San
phdm thé duoc tinh ché bang séc ky silicagel (7-28% etyl axetat/hexan) tao ra hop chit
103-A. '"H-NMR (400 MHz, clorofom-d) & 7,43 — 7,16 (m, 5H), 5,01 — 4,60 (m, 2H),
3,85 (q, J= 7,1, 6,6 Hz, 1H), 3,55 (s, 2H), 3,53 — 3,42 (m, 2H), 2,76 (dq, /= 5,1, 2,0 Hz,
1H), 2,19 - 2,07 (m, 1H), 2,03 — 1,88 (m, 1H), 1,39 (d, J= 6,7 Hz, 3H).
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Céac buéc 2 va 3

Bb sung 20% PdOH/C (1,14 g, 1,62 mmol) vao dung dich chira hgp chit 103-A
(0,96 g, 3,24 mmol) trong etanol (36,01 ml) va 1,25M HCl-etanol (4,09 ml), huyén phu
ndy duoc khudy trong mdi truong hydro trong 22 gid. Sau khi loc qua Xelit, ba loc nay
dugc rira bing EtOH, phan dich loc dugc cb trong chan khong dén kho d& tao ra san
pham duoc khir bao vé tho, san phim nay dugc tinh bang 3,24mmol cho budc tiép theo.
LCMS-ESI* (m/z): [M+H]" duoc tinh theo 1y thuyét dbi véi CsHiFaNO,: 192,08; duoge
tim thay theo thue té: 192,110.

B4 sung N,N-diisopropyletylamin (0,56 ml, 0 mol) vao phan cin thé (0,62 g, 3,24
mmol) va Di-tert-butyl dicarbonat (1,06 g, 4,86 mmol) trong 2-metyltetrahydrofuran
(32,43 ml). Khi hoan thanh, hdn hgp phan g niy duge pha lodng bang nudc, duoc chiét
vao EtOAC (2 14n) va cac phan chiét hitu co nay dugc rira bang nuée, duge thu gom,
duoc 1am khd (Na2SOs), va ¢b. Phan cin duoc tinh ché bang sic ky cbt silic oxit (0-55%
EtOAc/Hexan) dé tao ra hop chit 103-B. "TH-NMR (400 MHz, clorofom-d) & 5,12 - 5,01
(m, 1H), 4,92 (s, 1H), 4,49 (s, 1H), 4,14 (d, ] = 14,7 Hz, 1H), 3,75 (s, 3H), 2,91 (s, 1H),
2,24 - 1,98 (m, 2H), 1,47 (s, 5H), 1,38 (s, 5H). LCMS-ESI" (m/z): [M+H]* dugc tinh theo
Iy thuyét dbi voi C13HaoFaNO4: 292,13; duge tim thiy theo thue té: 291,75.

Budc 4

Dung dich chira hop chit 103-B (0,68 g, 2,33 mmol) trong THF (15 ml) dugc
khudy trong bé da khi bd sung 1,0 M LiBHs4 trong THF (4,65 ml) va hén hop tao ra dugc
khudy & nhiét d6 0°C trong 30 phut, & thoi diém d6 né thé hién 14 hoan thanh theo TLC.
Hon hop phan ting nay duogc xut ly mdt cach cAn than bﬁng nuée (0,3 mL), sau dé, b%lng
NaOH (~15%, 3,5M, 0,3 mL), sau d6, cudi cling biang nuéc nita (0,9 mL). Hén hop nay
duoc khudy & nhiét d6 trong phong trong 15 phit, va ppt duge tao thanh dugce loc, duge
rita bang dietyl ete va dich ndi dugc ¢ dé tao ra hop chit 103-C. 'H-NMR (400 MHz,
clorofom-d) & 4,83 (s, 1H), 4,56 (d, J = 10,5 Hz, 1H), 4,37 (s, 1H), 3,78 - 3,47 (m, 3H),
2,76 (s, 1H), 2,36 - 2,18 (m, 1H), 2,17 - 1,98 (m, 1H), 1,55 (s, 1H), 1,48 (s, 9H).

Cac budc 5va 6
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H8n hop chira hop chét 103-C (0,59 g, 2,25 mmol), phtalimit (0,53 g, 3,6 mmol)
va triphenylphosphin (1,3 g, 4,95 mmol) trong THF (11 ml) dugc lam lanh trong bé da.
B& sung diisopropyl azodicarboxylat (0,97 ml, 4,95 mmol). Sau d6, hdn hop nay duoc
lam 4m dén nhiét d6 trong phong va dugc khudy trong 14 gid va sau do, duoc cb trong
chan khong. Phén cin duoc hoa tan trong ete, dugc khudy trong 1 gid, sau do, cac chét
ran dugc loc ra va phﬁn dich loc duogc co. Phin cin duoc tinh ché béng séc ky cdt silic
oxit (10-31-91% EtOAc/hexan) dé tao ra hop chit amino duoc bao vé (gia st 2,25mmol
san phdm). LCMS-ESI* (m/z): [M+H]" duoc tinh theo 1y thuyét dbi v&i CaoHxFaN2Os:
393,15; dugc tim thiy theo thuc té: 392,77.

Dung dich chtta hop chat amino dugc bao vé (0,88 g, 2,25 mmol) va hydrazin
hydrat (0,46 ml, 9,52 mmol) trong etanol (22 ml) dugc khqu ¢ nhiét d6 60°C trong 2
gid. H3n hop phan tmg nay dwoc 1am lanh trong bé da, bd sung ete (10 ml) va khudy hdn
hop nay trong 30 phut. Chét rén tao thanh duoc loc ra va phén dich loc dugc cb trong
chan khong dén kho dé tao ra hop chat 103-D. '"H-NMR (400 MHz, clorofom-d) & 5,17 -
4,61 (m, 2H), 4,37 (s, 1H), 3,80 (s, 1H), 3,11 - 2,77 (m, 1H), 2,01 (s, 2H), 1,87 (s, 1H),
1,83 (d, J = 7,4 Hz, 1H), 1,46 (s, 9H), 1,30 (d, J = 6,4 Hz, 1H), 1,27 (d, J = 6,3 Hz, 3H).
LCMS-ESI* (m/z): [M+H]* duoc tinh theo 1y thuyét di véi C1oHaoFaN202: 263,15; dugce
tim thdy theo thuc té: 262,86.

Cacbubdc 7,8va 9

Hop chét 103 duoc didu ché theo cach tuong tu v6i hop chit 60 bing cach sir dung
hop chét 103-D thay cho hop chit 41-E vi bing cich s dung hop chét (2,4,6-
triflophenyl)metanamin thay cho hop chit (2,3-diclophenyl)metanamin. Thu duoc chét
ddng phan dbi anh don. Héa hoc lap thé cta flo chua biét. 'H-NMR (400 MHz,
clorofom-d) & 8,08 (s, 1H), 6,46 - 6,27 (m, 2H), 4,95 (d, J = 53,5 Hz, 1H), 4,65 (d, ] =
54,9 Hz, 1H), 4,45 (s, 1H), 4,33 (d, J = 5,6 Hz, 2H), 3,84 (t, J = 3,6 Hz, 2H), 2,75 (s, 1H),
2,28 (p, J = 1,9 Hz, 2H), 2,20 (s, 1H), 1,91 (dd, J = 33,3, 15,2 Hz, 1H), 0,95 (s, 1H).
LCMS-ESI' (m/z): [M+H]" dugc tinh theo ly thuyét d6i voi Co1H17FsN304: 470,11; duge
tim théy theo thuc té:,470,13.
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THU NGHIEM KHANG VIRUT

Vi du 104
Thir nghiém khang virut trong cac té bao MT4

Dbi véi thir nghiém khang virut sir dung céc té bao MT4, bd sung 0,4 pL 189X
ndng d6 thir nghiém cta hop chét pha lodng 3 14n theo diy trong DMSO vao 40 pL mdi
truong phét trién t& bao (RPMI 1640, 10% FBS, 1% penixilin/Streptomyxin, 1% L-
Glutamin, 1% HEPES) trong mdi 15 ctia cac dia thir nghiém c6 384 15 (10 ndng d6) thanh
bbn phién ban.

1 mL phin phén wéc clia 2 x 108 MT4 & bao di dugc nhiém khuén trude 14n lugt
trong 1 va 3 gid & nhiét d6 37°C vé6i 25 pL. (MT4) hodic chia mdi trudong phat trién t& bao
(bi nhidm khuén gia) hosic méi trudng pha lodng méi ty 18 1:250 ctia nguyén liéu gbe
ABI duogc ¢6 HIV-IIIb (0,004 m.o.i. d6i v6i cac t& bao MT4). Cac té bao bi nhidm khuén
va khong bi nhiém khuin duoc pha lofing trong méi trudng phat trién t& bao va 35 pL
2000 (d6i v6i MT4) té bao duoc bd sung vao timg 18 clia cac dia thir nghiém.

Céc dia thir nghi€ém sau d6 dugc U trong thiét bi 4 & nhiét d6 37°C. Sau 5 ngay U,
bd sung 25 pL 2X chit phan tmg CellTiter-Glo™ duge ¢d (catalog # G7573, Promega
Biosciences, Inc., Madison, WI) vao mdi 156 cta dia thir nghiém. Phan giai té bao duogc
thuc hién bang cach 0 & nhiét d6 trong phong trong 2—3 phut, va sau d6, doc phat quang
hoa hoc bang cach st dung thiét bi doc Envision (PerkinElmer).

Céc hop chét ctia séng ché ching minh hoat tinh khang virut trong thir nghiém nay
nhu dugc minh hoa trong Bang 1 dudi day. Do vay, cac hop chét cta sang ché c6 thé hiru
ich dé diéu tri tang sinh virut HIV, didu tri AIDS, 1am cham su bit dau cta cac triéu

ching AIDS hoic ARC.
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Béang 1
) ) nM trong MT-4
SO hop chat

ECso CCso

1 2,6 5819
2 2,2 3111
3 2,0 38446
4 14,8 45769
5 8,1 10452
6 53 53192
7 3,5 15610
8 2,5 13948
9 5,1 13451
10 6,1 3670
11 4,9 10274
12 59 3337
13 46,0 12666
14 65,5 4939
15 2,2 16268
16 1,5 13633
17 5,9 6613
18 4,1 10263
19 2,8 38690
20 3,3 27990
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) ) nM trong MT-4
SO hop chat

ECso CCso
21 38,3 13010
22 64,3 4433
23 2,3 13444
24 6,1 12074
25 26,2 5233
26 10,3 8836
27 4,4 8751
28 15,6 18687
29 13,9 9446
30 4,0 6828
31 9,0 4525
32 14,0 4684
33 43,5 3971
34 422,1 3585
35 157,0 15546
36 7,6 11424
37 10,2 19486
38 1,7 10223
39 3,6 12174
40 2,4 9560
41 2,1 15675
42 2,5 3544
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) ) nM trong MT-4
SO hop chat

ECso CCso

43 6,9 10321

44 2,3 9869

45 2,4 15765

46 2,6 19295

47 1,9 11301
48 2,7 13967

49 33,3 52219

50/51
(Hon hop 1,9 37173
raxemic)

52 15,0 12943

53 14,3 3347

54 15,6 3236

55 1,5 11100

56 3,1 17238

57 2,3 11751

58 1,5 7694

59 3,1 22200

60 2,1 3308

61 1,8 25881
62 9,2 3492

63 2,5 3164
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. ) nM trong MT-4
SO hop chat

ECso CCso
64 3,5 3332
65 2,4 2508
66 9,4 11848
67 10,7 2981
68 2,7 4175
69 1,9 4767
70 5,1 8413
71 2,6 4660
72 4,3 6255
73 1,8 9194
74 29,3 4340
75 2,8 5292
76 17,8 34581
77 5,6 10145
78 5,6 3198
79 3,4 12092
80 4,6 5045
81 1,9 12298
82 2,9 30434
83 1,9 27501
84 2,9 97217
85 2,0 10378
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) ) nM trong MT-4
SO hop chat

ECso CCso
86 2,3 22405
88 2,9 3230
89 8,4 4629
90 5,7 8086
91 5,0 7183
92 18,6 4553
93 2,2 6158
94 11,5 51173
96 2,6 26586
97 2,1 17341
98 2,4 17947
99 2,0 8475
100 2,2 11580
101 2,1 11585
102 2,3 12042
103 10,3 35127

Vi du 105

Thir nghiém sw hoat héa PXR & ngwoi

Thir nghiém gen bdo cédo Luciferaza. Dong té bao khoi u duge bién doi on dinh

(DPX2) duoc dan trén céc dia vi chuan d6 96 15. Cac té bao DPX2 chira gen PXR &

nguoi (NR112) va gen bdo céo luciferaza lién két v6i hai gen khéi ddu dugc xac dinh

trong gen CYP3A4 & ngudi, cu thé 1a XREM va PXRE. Céc t& bao duge xir ly bang sau
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néng d6 cia timg hop chét (0,15 ~ 50 uM) va duoc 1 trong 24 gid. S5 céc té bao sbng
dugc x4c dinh va dénh gid hoat tinh gen bao cdo. Dbi chimg dwong: Rifampicin & 6 ndng
d6 (0,1 ~ 20 pM). %Emax lién quan dén sé 1an kich thich t8i da 1a 10 hodc 20 pM RIF
dugc tinh theo 1y thuyét di v6i cac hop chét thir nghiém theo phuong trinh sau ddy ma
diéu chinh gbc DMSO: %Emax = (S6 1an kich thich — 1)/(S8 14n kich thich téi da theo RIF
- 1) x 100%.

Béang 2
S6 hop chat | %Emax & 15 pM
2 4,5
3 7,5
4 3
5 32
6 0
7 6
8 7
9 7
10 19
15 20
16 17
17 7
18 4
19 2
20 2
23 45
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S6 hop chét | %Emax & 15 pM
28 6
29 3
32 14
33 17
36 3
37 2
38 7
39 6
40 0
41 11,5
42 21
43 18
44 4
45 19
46 34
47 11
48 5
54 2
55 24
56 3
57 3
58 1
59 4
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S6 hop chit | %Emax 0 15 pM
60 3
61 1
63 13
64 8
66 0
67 0
68 6
69 5
70 10
71 3
72 4
73 7
75 0
77 11
79 0
80 2
81 1
82 1
83 1
84 21
85 77
86 30
88 27
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S6 hop chit | %Emax & 15 pM
89 5
90 11
91 3
92 3
93 9
96 11
97 9
98 0
99 17
100 45
102 123
103 0

Vi du 106

Thi nghiém tc ché OCT2

Su e ché phu thudc 1idu lugng cta sy hdp thu do OCT2 trung gian ctia co chét
mau “C-Tetraetylamoni (TEA) bang cac hop chét thir nghiém dwoc nghién ciru trong céc
t& bao MDCKII kiéu dai va d3 duoc chuyén nhiém OCT2 & 7 né)ng d6 nam trong khoang
tir 0,014 uM dén 10 pM.

Céc té bao MDCKII dugc duy tri trong méi truong cht yéu ti thidu (MEM) véi
1% Pen/Strep, 10% huyét thanh bao thai bé, va 0,25 mg/mL hygromyxin B trong thiét bi
U duoc dat & nhiét 6 37°C, d6 dm 90% va 5% CO,. 24 gid trude thir nghiém, bd sung
moi truong chta 5 mM natri butyrat vao cac té bao MDCKII trong cac binh, va cac t
bao dugc phat trién dén sy hop luu 80-90%. Vao ngiy thir nghiém, cac té bao duoc
trypsin hda va dugc tai huyén phu trong dung dich dém Krebs-Henseleit (KHB), do pH
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7,4 & 5 x 10° triéu té bao /mL. Cac t& bao duoc U trude trong 15 phut trong dia thi

nghiém trudc khi bd sung hop chét thir nghiém hoic co chét.

Céc hop chét thir nghiém dugc pha lodng theo day trong DMSO va sau do, duoc
pha (2 pL) véo trong 0,4 mL dung dich dém KHB chira céc té bao kiéu dai hodc cac té
bao dugc chuyén nhiém OCT?2 va dugc 1 trong 10 phut. Thir nghiém dugc bt diu bang
cach bd sung 0,1 mL 100 pM “C-TEA trong dung dich dém KHB (ndng d cudi cing 20
uM sau khi tron). Nong d6 ctia TEA 13 dua vao K. Sau 10 phit o, hdn hop thir nghiém
duoc dimg bang cach bd sung 0,5 mL 1X dung dich PBS lanh nhu d4. Sau d6, cdc miu
duoce ly tim & tde d6 1000 vong/phut trong 5 phut va cac dich ndi dugc loai bd. Cac budce
ria dugce lap lai bdn 1an b%lng PBS lanh nhu d4. Cudi cung, cac vién € bao duoge phén
giai bang 0,2N NaOH va duoc dé & nhiét d6 trong phong trong it nhat 30 phit dé dam
bao phén giai hoan toan. Cac mau sau d6 duge dém trén thiét bi dém nhép nhay chét long
va céc s6 dém dpm duoc dung dé tinh toan sau ddy. % tc ché duoc tinh nhu sau: % tc
ché = [1- { [OCT2]i - [WTlni } / {{OCT2]ni-[WT]ni}]*¥100 trong d6, [OCT2]; 12 sé dém
dpm v&i sy c6 mit ctia hop chét thir nghiém dbi véi cac t& bao OCT2, [OCT2]ui 12 s6 dém
dpm khéng c6 mit hop chét thir nghiém d6i véi cac t& bio OCT2 va [WT]ui 1a sb dém

dpm khéng c6 mit hop chat thir nghiém d6i véi cac té bao kidu dai, mdt cach trong tng.

Bang 3
S6 hop chat | ICso (nM)

2 240
3 250
5 2230
11 10000
13 610
36 10000
39 358
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S6 hop chat | ICso (nM)
40 204
41 2823
42 487
45 137
47 6200
48 4909
55 476
63 42
64 94
77 3830
82 10000
83 10000
96 1357
98 3726
99 1506
100 450

S ligu trong cac Bang 1, 2 va 3 13 trung binh theo thodi gian ctia mdi thir nghiém
cho timg hop chét. Ddi vé6i céac hop chit nhét dinh, céc thi nghiém da duogc thuc hién
trong sudt thoi gian cta du an. Nhu vay, cac sb liéu dugce bdo céo trong cac Bang 1, 2 va
3 bao gém cac sb lidu duge bio cdo trong céc tai lidu wu tién, cling nhu céc s lidu tir cac

thir nghiém chay trong khoang thoi gian & gifia.
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Vi du 107
Phan tich dwgc dong hoc sau khi ap dung cho ché sin (Beagle dog) qua dwong

miéng hodc trong tinh mach

Phén tich dugc ddng hoc dugce thuc hién trén cac hop chét thir nghiém khéac nhau

sau khi &4p dung cho ché sén qua dudng tinh mach hodc dudng miéng.

Dé phén tich dugc ddng hoc céac hop chét duoc ding trong tinh mach, cac hop chét
thr nghiém duoc phéi tron theo 5% Etanol, 55% PEG 300, va 40% nudc & mic 0,1
mg/mL dé truyén trong tinh mach. D& phan tich dugc dong hoc cac hop chét duoc dung
qua dudng miéng, cac hop chit thir nghiém dugc phéi trén duéi dang huyén phu chira

nudce trong 0,1% Tween 20, 0,5% HPMC LV100 trong Di Water & mtrc 1 mg/kg.

M&i nhém dinh lwong bao gdm 3 con ché sian (Beagle dog) thudn ching duc, chua
qua thi nghiém. Vao lic dinh lwong, céc con ché cAn ning trong khoang tir 10 dén 13 kg.
Céc con ché bi cho nhin déi qua dém trude khi cho dung lidu lwong va cho dén 4 gid sau
khi dinh lwong. P5i v6i nhing nghién ciru diing trong tinh mach, vt phdm thir nghiém
duoc 4p dung cho céc con ché bang cach truyén trong tinh mach trong hon 30 phut. Téc
d6 truyén dugc didu chinh theo thé trong cta timg con ché d& van chuyén liéu lugng 13
0,5 mg/kg. Déi v6i nhitng nghién ctru ding qua dudng miéng, vat phdm thir nghiém duoc

ap dung theo thé trong clia timg con ché dé van chuyén lidu lugng 12 1 mg/kg.

Dé phén tich duge dong hoc cic hop chét duge dung trong tinh mach, diy cdc mau
mau trong tinh mach (mdi diy khoang 1mL) duoc 14y tir timg con ché & 0, 0,250, 0,483,
0,583, 0,750, 1,00, 1,50, 2,00, 4,00, 8,00, 12,0, va 24,0 gid sau khi dinh lugng. C4c mau
mau duoc thu gom vao cac dng Vacutainer™ chita EDTA-K2 1am chat chdng dong va
duoc dat ngay trén ly tm treo d4 4m cho huyét tuong. Phuong phép LC/MS/MS dugc
ding dé xac dinh ndng d6 ctia hop chét thir nghiém trong huyét tvong. Phin phan wéc
chira 100 pL ctia mdi mAu huyét tuong dugc bd sung vao dia sach c6 96 13, va bd sung
400 pL dung dich chudn trong/axetonitril lanh (ACN)/(ISTD). Sau khi két tia protein,
ph?ln phén ude cia 110 pL dich ndi duoc chuyén vao dia sach ¢ 96 18 va duogc pha lodng
bing 300 puL nude. Phin phin wéc ctia 25 pL dung dich & trén dugc bom vio hé théng
TSQ Quantum Ultra LC/MS/MS sur dung c6t Hypersil Gold Cis HPLC (50 X 3,0 mm, 5
pwm; Thermo-Hypersil Part # 25105-053030). Bom hai thanh phan diy Agilent 1200 (P/N
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G1312A Bin Pump) dugc ding dé rira giai va tach, va thiét bi ldy mau ty dong HTS Pal
(LEAP Technologies, Carrboro, NC) dugc ding dé bom mau. Phd khdi bdn cuc ba (triple
quadrupole mass spectrometer) A TSQ Quantum Ultra dugce str dung trong phuong phap
theo ddi phén tmg chon loc (Thermo Finnigan, San Jose, CA). Sic ky long duogc thuc
hién bang cach st dung hai pha dong: pha dong A chira 1% axetonitril trong 2,5 mM
dung dich amoni format chira nuéc c6 d6 pH bang 3,0, va pha dong B chira 90%
axetonitril trong 10 mM amoni format c¢6 d6 pH bang 4,6. Phan tich dugc doéng hoc
khong ngin duoc thuc hién dua vao sb lidu né)ng do huyét tuong-thdi gian. Céc sb liéu
thu duoc dugc thé hién trong ba cot dAu tién cla Bang 4. Trong Bang 4, CL dé cép dén
sw thanh thai, ma dic trung ty 1¢ & d6 thude dugc loai bd khoi huyét twong. Su thanh thai
thudc cang thép, thi chu ky ban hiy loai bo cang dai trong co thé. Vg d& cap dén dung
lwong phan bd & trang thai 6n dinh va chi ra thubc duoc phan bd vio trong cac md t6t
nhu thé ndo. Vs cang 16n, thi chu ky ban huy loai bé cang dai trong co thé. MRT dung
d& chi thoi gian Iuu trung binh, 13 s6 do cua cac phén tlr thoi gian trung binh cé trong co
the.

Pé phan tich dwoc dong hoc cac hop chit duge ding qua dudng miéng, ddy cac
mAu méu trong tinh mach (m&i méu khoang 0,3 mL) duoc 14y tir ting con chd & cac thoi
diém 13 0, 0,25, 0,50, 1,0, 2,0, 4,0, 6,0, 8,0, 12,0 va 24,0 gid sau khi dinh luong. Cac mAu
mau dugc thu gom, dugc didu ché va duoc phén tich theo cach twong tu véi nhitng
nghién cru trong tinh mach duogc md ta ¢ trén. Phén tich dugc dong hoc khéng ngin
duoc thuc hién dua vao sb lidu néng do huyét tuong-thoi gian. Cac sb liéu tao ra duoc thé
hién trong ba c6t cudi cing cia Béang 4. Trong Bang 4, F (%) d cap dén do6 sinh kha
dung qua dudng miéng. Cmax ding dé chi néng d6 huyét tuong dinh cta hop chit sau khi
4p dung. AUC dung dé chi ving dudi duong cong va 13 sb do coa toan bd huyét tuong

tiép xtic hop chit da chi ra.
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Bang 4
Hop CL Vs | MRT | F (%) |Cmax(@M)| AUC
chit# | (L/h/kg) | (L/kg) | (h) huyén huyén (uM*h)
phu chira | phu chira huyén
nudc nuwdc phu chira
nwéc
98 0,047 0,16 3,3 n/a n/a n/a
83 0,161 0,38 2,4 n/a n/a n/a
55 0,058 0,24 4,2 n/a n/a n/a
77 0,300 0,64 2,2 n/a n/a n/a
41 0,015 0,11 7,5 10,7 2,4 16,3
42 0,020 0,15 7,1 28,0 4,5 28,6
47 0,014 0,10 7,4 12,6 2,8 20,4
8 0,498 0,87 1,8 n/a n/a n/a
7 0,510 1,20 2,3 n/a n/a n/a
3 0,047 0,23 4,9 18,7 1,2 9,2
2 0,030 0,20 6,5 40,7 7,8 66,1

T4t c& cac patent M§, cong bb don sang ché M¥, cong bd patent M¥, cac patent
nuée ngodi, cac don yéu cu cip patent nudc ngoai va cac cong bd khong phai tu liéu
patent dugc dua vao ddy bang cach vién dan.

Tir phin mé ta & trén, can hidu ring, mic du cic phuong 4n cu thé ctia séng ché da
dugc mo ta & day cho cac muc dich minh hoa, cac bién di khac nhau c6 thé duge thyuc
hién ma khong vuot ra khoi tinh than va pham vi cla sang ché. Do do, sang ché chi bi bi

gidi boi cac diém yéu cau bao ho kém theo.
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YEU CAUBAO HO

1. Hop chat c6 mét trong so céc cong thirc sau:

0 F
H H
"N So F
H
O OH
" H 0 F
SRt
TN Y o F F
O OH

ho#c muoi duge dung cua ching.

2. Hop chét theo diém 1, trong d6 hop chat nay c6 cong thirc sau:

hodc muoi dugc dung cua no.

3. Hop chét theo diém 1, trong d6 hop chat nay c6 cong thirc sau:

" H 0 F
SN Y S0 F F
O OH

hozc mudi dugc dung cta no.

4. Dugc phim chira hop chét theo diém bat ky trong s6 cac diém tir 1 dén 3, hoac mubi
dugc dung ctia ching, va chit mang, chét pha lodng hogc t4 duge duge dung.

5. Dugc phim theo diém 4, trong d6 dugc phim nay con bao gdm mot hodc nhiéu chit
khang HIV bd sung, trong d6 mdt hoic nhidu chit khang HIV b6 sung dugce chon tir

nhém bao gdm chit e ché HIV proteaza, chit Gic ché HIV khéng phai nucleosit cua
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transcriptaza nguoc, chat trc ché HIV nucleosit ca transcriptaza nguoc, chit tc ché HIV

nucleotit cia transcriptaza nguoc, va hdn hop ctia chiing.

6. Dugc phim theo diém 4, trong d6 dugc phdm nay con bao gdm:
(a) mot chét khang HIV bd sung;
(b) hai chét khang HIV bd sung;
(c) ba chét khang HIV bd sung; hoic

(d) bdn chit khang HIV bd sung;
trong d6 mdt hodc nhiéu chét khang HIV bd sung dugc chon tir nhém bao g@)m chét e
ché HIV proteaza, chit trc ché HIV khong phai nucleosit ctia transcriptaza nguoc, chét trc

ché HIV nucleosit cta transcriptaza nguoc, chit (rc ché HIV nucleotit ciia transcriptaza

ngugc, va hdn hop cia ching.
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