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(57) Sang ché d& cap dén cac dan xuat nucleosit dugc thé & vi tri 4’ c6 cong thic 1

R%0 H 1
va st dung chung trong viéc uc ché transcriptaza ngugc cua HIV, phong ngura lay nhlem
HIV, diéu tri 1ay nhiém HIV, va phong ngtra, diéu tri, va lam cham sy khoi phét hodc tién
trién ctia bénh AIDS va/hoic ARC. Sang ché con dé cip dén dugc pham chta nucleosit
néu trén.
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Linh vuc k§ thuat dwoc dé cap

Sang ché dé cap dén hop chéit nucleosit dugc thé & vi trf 4’ ding trong viéc
trc ché transcriptaza ngugc cua HIV, phong ngira 1ay nhidém HIV, diéu tri lay
nhiém HIV, va phong ngira, diéu tri, va 1am cham sy khéi phéat hoac tién trién cla
bénh AIDS va/hoic ARC. Sang ché con dé cip dén dugc phidm chira hop chit
nucleosit néu trén.

Tinh trang k§ thuit ciia sang ché

Mot retrovirut goi 13 virut gdy suy giam mién dich & ngudi (human
immunodeficiency virus - HIV), dic biét 1a cac chung da biét nhu HIV typ-1
(HIV-1) va typ-2 (HIV-2), 12 nguyén nhan gy ra cic bénh e ché mién dich da
biét nhu hoi ching suy giam mién dich mic phai (acquired immunodeficiency
syndrome - AIDS). Céc c4 thé c6 huyét thanh duong tinh véi HIV ban déu khong
¢6 tridu chimg bénh nhung thudng 13 phat trién giai doan phirc hop lién quan dén
AIDS (AIDS related complex - ARC) sau d6 thanh AIDS. Cac c4 thé mic bénh bi
trc ché mién dich nghiém trong, khién ho rat d& bi suy nhugc va cubi cling, mic
cac bénh nhidm trung co hdi gdy tir vong. Qua trinh sao chép ctia HIV & mot té bao
chti yéu cdu viée tich hop bd gen cua virut vao ADN ciia té bao chi. Vi HIV 1a mot
retrovirut nén chu trinh sao chép ctia HIV cin dén su phién ma bd gen ARN virut
thanh ADN thdng qua enzym d4 biét 13 transcriptaza nguge (RT).

Transcriptaza ngugc ¢6 ba chirc ndng enzym da biét: enzym dong vai trd
lam ADN polymeraza phu thudc ARN, lam ribonucleaza, va lam ADN polymeraza
phu thuéc ADN. Péi véi vai trd 1am ADN polymeraza phu thudoc ARN, RT phién
ma ban sao ADN soi don cua virut ARN. Déi vé6i vai trd 1am ribonucleaza, RT phé
hay virut ARN ban diu va giai phong ADN vira duge tao ra tir ARN ban dau. Va
dbi véi vai tro lam ADN polymeraza phu thugc ADN, RT tao thanh soi ADN bd
trg thi hai str dung sgi ADN thtr nhét 1am khudn mAu. Hai soi tao thinh ADN soi
kép, duge két hop vao bd gen clia té bao chi bing enzym integraza.

D3 biét rang cac hop chét wc ché chiic ning enzym RT ciia HIV sé& tc ché

su sao chép HIV trong cac t& bao nhiém virut nay. Cac hop chét nay 13 hitu dung
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trong viéc phong hodc diéu tri 1ay nhiém HIV & ngudi. Trong sb cac hop chét duge
chdp nhan dé st dung trong diéu trj lay nhidm HIV va bénh AIDS c6 céc chét e
ché RT nucleosit (nucleoside RT inhibitor - NRTI) nhu 3'-azido-3'-deoxythymidin
(AZT), 2',3'-dideoxyinosin (ddI), 2',3'-dideoxyxytidin (ddC), d4T, 3TC, abacavir,
emtrixitabin, va tenofovir disoproxil fumarat, ciing nhu chit tc ché RT khong
nucleosit (non-nucleoside RT inhibitors - nNRTI) nhu nevirapin, delavirdin, va
efavirenz.

Trong khi tat ca cac dugc chét néu trén déu cho hidu qua didu tri 14y nhifm
HIV va bénh AIDS, nhung van cn phat trién cac duoc chét khang virut HIV khéc
ké ca chét trc ché RT khac. Véan d& cu thé & chd chung HIV d6t bién ma khéang cac
chit tic ché da biét c6 xu hudng phat trién. Viéc str dung chét khang retrovirut dé
diéu tri AIDS thudng 1am cho virut kém nhay hon vé6i chét trc ché. Tinh khang nay
thuong 12 két qua cta sy dot bién xay ra & phan transcriptaza ngugc ctia gen pol.
Viéc sir dung lién tuc cac hop chit khang virut & ngin ngira sy 14y nhiém HIV
chic chén s& dan dén su xuét hién cac ching HIV méi khang thube. Do do, cin
lién tuc phat trién cac chat trc ché RT méi hitu hidu chéng lai cac ching HIV dot
bién.
Ban chét k§ thuét ciia sang ché

Sang ché dé cap dén cac din xuét nucleosit dwoc thé & vi tri 4° va st dung
chung trong viéc (rc ché transcriptaza nguoc ciia HIV, phong ngira 14y nhidm HIV,
diéu tri lay nhiém HIV, va phong ngira, diéu tri, va lam chim sy khoi phat hoac
tién trién clia bénh AIDS va/hoic ARC.
M5 ta chi tiét sang ché

Sang ché @& cap dén hop chit c6 cong thirc ciu tao I:

X
R'0
Y R3

2

7,
2
4

R?0 H T

/
//,,

hodc muoi dugc dung cda nd, trong do:

R1a
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R4
N A
> N
J\ RS \\H\)\ hodic
R5 ’ N\N/ R5
AT
X 1a O, S, CH2 hoac CF2;
Y 12 —C=C-R8 hoic -C=N;
R1 13 -H, -C(O)RS, -C(O)ORY, -C(O)N(R0)2,
0 0 0 o) o ©O
| I I I [
Ho—IT—E HO—T—O—IT—§ Ho—F|>—o—F|>—o—FI>—§

hodc dang cai bién tién dugc chét cia mono-, di- hodc triphosphat;
R2 3 -H, -C(O)R62, -C(O)OR62 hoic -C(O)N(R62)p;
R3 13 -H, -F, hoic -OH;

R4 13 -H, -C1-Cg alkyl, -C2-Cg alkenyl, -C2-Cg alkynyl, -C1-C¢ haloalkyl, -C3-
C7 xycloalkyl, heteroaryl mdt vong c¢6 5 hodc 6 canh, heteroaryl hai vong c6 9
hodc 10 canh, halo, -CN, -NO2, -N(R¥)2, -NH(C1-Cgalkylen)-(heteroaryl mot
vong c6 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai vong c6 9 hodc 10
canh), aryl, -NHC(O)OR6b, -N(C(O)OR6b)y, -NHC(O)N(R6b)), hoidc -
NHC(O)R6D, trong d6 mdi nhém trong sb cac nhém -C1-Cg alkyl, nhém -C2-
Cg alkenyl hodc nhom -C2-Cg alkynyl c6 thé tiry y duoc thé bang halo;

RS 13 -H, -C1-Cg alkyl, -C2-Cg alkenyl, -C2-C¢ alkynyl, -C1-C¢ haloalkyl, -C3-

C7 xycloalkyl, heteroaryl mdt vong c¢6 5 hodc 6 canh, heteroaryl hai vong ¢6 9
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hodc 10 canh, halo, -ORX, -CN, -NO2, -N(R¥)2, -NH(C1-Cealkylen)-
(heteroaryl modt vong ¢ 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai
vong ¢6 9 hoic 10 canh), aryl, -NHC(O)OR6b, -N(C(O)OROb)y, -
NHC(O)N(R6b)2, hodc -NHC(O)R6D, trong d6 mdi nhém trong sd cac nhém -
C1-C¢ alkyl, nhom -C2-Cg alkenyl hodc nhém -C2-Cg alkynyl co6 thé tiy y
duoc thé béng halo;

Mbi R6, R6a va R6b, mdi 1an xuét hién, ddc 14p dugc chon tir -H, -C1-Cg alkyl,
-C1-Cg haloalkyl, -(C1-C3 alkylen)m-(C3-C7 xycloalkyl), -(C1-C3 alkylen)m-
(aryl), -(C1-C3 alkylen)m-(heteroxycloalkyl c6 4 dén 7 canh), -(C1-C3
alkylen)m-(heteroaryl mot vong cé 5 hodc 6 canh) hodc -(C1-C3 alkylen)m-
(heteroaryl hai vong ¢6 9 hogc 10 canh), trong d6 mdi nhém trong s6 cac nhom
-C1-Cg alkyl, nhom C3-C7 xycloalkyl, nhém aryl, nhém heteroxycloalkyl c6 4
dén 7 canh, nhém -(heteroaryl mot vong c6 5 hodc 6 canh hoic nhém

heteroaryl hai vong c¢6 9 hoac 10 canh c6 thé tiy v duoc thé bang R7;
m 12 s nguyén duge chon tir 0 (khdng) hoic 1;
R7 thé hién tir mot dén ndm nhom thé, mdi nhom thé doc 1ap duge chon tir -C1-

Cgalkyl, C2-Cg alkenyl, C2-Cg alkynyl, C1-Cg haloalkyl, aryl, hodc heteroaryl
cO 5-6 canh;

R8 14 -H, -C1-Cg alkyl, -C1-Cg haloalkyl, -C3-C7 xycloalkyl, aryl, heteroaryl mot

vong ¢6 5 hodc 6 canh hodc heteroaryl hai vong ¢6 9 hodc 10 canh;
RY 13 -H, halo, -C1-Cg alkyl, -C1-Cg haloalkyl, -CN, -ORY hogc -N(RY)2;

RX, mdi 14n xuét hién, ddc 1ap dugc chon tir -H, -C1-Cg alkyl, -C1-Cg haloalkyl,

aryl, hodc heteroaryl mét vong c6 5 hodc 6 canh;

hogc mdi trong s6 R4 hogc RS hoic ca hai 1a -N(RX)2, mbi RX ¢6 thé tly ¥ dugc
lién két cing v6i nito ma chung gan vao dé tao thanh heteroaryl mot vong c6 5

hoic 6 canh hodc heteroaryl hai vong c¢6 9 hodc 10 canh; va
RY1a -H, -C1-C¢ alkyl hodc -C1-Cg haloalkyl;
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v6i didu kién 1a néu X 12 O, Y 1a—C=CH hodc -C=N, R11a-H, R2 12 -H, R4 la—
NH2, RS 13 -H, -F, hoic —OH va R9 1a -F, thi R3 khong phai 1a -F.

Theo mdt phuong an, sang ché @& cap dén & dang cong thirc Ia 1a hop chét

c6 cdng thirc I, hodc mudi duge dyng cua no, trong do R 1a

R4 R4
RQ
X R?
/k e\ )\
N 5 hodc N ~
[t y N , o
s “ann ; va tat ca céac bién so khac &

day (R1,R2, X, Y, v.v.) nhu dugc x4c dinh trong cong thire L.

Theo mot phuong 4n, sang ché dé cap dén hop chét c6 cong thie I ¢6 cong

thirc clu tao IT hodc mudi dugc dung cua no:

R20 H 1I,

trong d6 tat ca bién s6 & day (R1, R2, X, Y, v.v.) nhu dugc xé4c dinh trong cong
thure 1.

Theo phuong an khéc, sang ché d& cap dén hop chét ¢6 cong thirc I c6 cong

thtrc cdu tao III hoac mudi dugc dung cua no:

R9 R4
MN
\/N —
) \NARS
R'O
Y . . R3
RO H 111,

trong d6 tit ca bién sb6 & day (R1, R2, X, Y, v.v.) nhu dugc xac dinh trong cong
thac 1.
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Theo phuong an khéc, sang ché dé cap dén hop chat c6 cong thirc I ¢6 cong

thirc cau tao IV hodc muoi dugce dung cta no:

R'0

N ”,

N 7,

N %,
0 %

H IV,

R2

trong d6 tit ca bién sb & day (R1, R2, X, Y, v.v.) nhu dugc x4c dinh trong cong
thie .

Theo phuong 4n khac, sdng ché @& cép dén hop chét ¢6 cong thic I ¢ cong

thirc cau tao V hodac mudi dugce dung clia n6:

R4
RO /N\N =N
— =
X N R
R'O
Y “~ . RS
RO H v,

trong d6 tht ca bién sb & day (R1, R2, X, Y, v.v.) nhu dugc xac dinh trong cong
thace L.

Theo mot phuong an, sang ché dé cap dén phuong 4n A 1a céc hop chét ¢6

cong thuc I, Ia, IT, IIT, IV hodc V, hodc mubi duge dung cia no, trong do:
X 1a O, S, CH2 hoac CF2;
Y 13 —-C=C-R8 hoic -C=N;

R1 13 —H hoic

| P9
HO—P—é HO—P—O—P—§ HO—FI’—O—P—O-FI’—é
OH ’ OH OH poge ©OH OH OH
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R2 13 -H;
R3 13 -H, -F, hoic -OH;

R4 13 -H, -C1-Cg alkyl, -C2-Cg alkenyl, -C2-Cg¢ alkynyl, -C1-Cg haloalkyl, -C3-
C7 xycloalkyl, heteroaryl mot vong ¢ 5 hodc 6 canh, heteroaryl hai vong c6 9
hodc 10 canh, halo, -CN, -NO2, -N(R¥)2, -NH(C1-Cgalkylen)-(heteroaryl mot
vong c6 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai vong c6 9 hodc 10
canh), aryl, -NHC(O)OR6b, -N(C(0)OR6D), -NHC(O)N(ROb)2, hoic -
NHC(O)R6b, trong d6 mdi nhém trong sé cac nhém -C1-Cg alkyl, nhom -Co-
C¢ alkenyl hodc nhom -C2-Cg alkynyl c6 thé tity ¥ dugc thé bang halo;

RS 1a -H, -C1-Cg alkyl, -C2-Cg alkenyl, -C2-Cg alkynyl, -C1-Cg haloalkyl, -C3-
C7 xycloalkyl, heteroaryl mét vong c¢6 5 hodc 6 canh, heteroaryl hai vong ¢6 9
hoic 10 canh, halo, -OR¥X, -CN, -NO2, -N(R¥)2, -NH(Cji-Cgalkylen)-
(heteroaryl mot vong c6 5 hodc 6 canh), -NH(C1-C¢ alkylen)-(heteroaryl hai
vong ¢6 9 hodc 10 canh) hodc aryl, trong do mdi nhém trong sb cac nhom -C1-
Cg alkyl, nhom -C2-Cg alkenyl hodc nhém -C2-Cg alkynyl c6 thé tiy v duoc
thé bang halo;

R8 13 -H, -C1-Cg alkyl, -C1-Cg haloalkyl, -C3-C7 xycloalkyl, aryl, heteroaryl mot
vong ¢6 5 hodc 6 canh hodc heteroaryl hai vong c6 9 hodc 10 canh;

RY 1 -H, halo,-C1-Cg alkyl, -C1-Cg haloalkyl, -CN, -ORY, hodc -N(RY)2;

RX, mdi 14n xuét hién, doc l4p dugc chon tir -H, -C1-Cg alkyl, -C1-C6 haloalkyl,

aryl, hodc heteroaryl mt vong c6 5 hodc 6 canh;

hogc mdi trong s6 R4 hogc RS hodic ca hai 12 -N(R¥)2, mdi RX c6 thé tily y duge
lién két cing v6i nito ma ching gén vao dé tao thanh heteroaryl mot vong ¢6 5

hoic 6 canh hodc heteroaryl hai vong c¢6 9 hodc 10 canh; va

RY1a -H, -C1-Cg alkyl hodc -C1-Cg haloalkyl;
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va tit ca cac bién sd khac, vi du, R6, R6a, R6b, m, v.v., nhu duoc x4c dinh trong

cong thirc L.

Trong nhom phuong an A la cac hop chét c6 cong thire I, Ta, IL, I1I, IV hodc

V, hodc mudi duoc dung clia n6, trong do:

R1 13 —H;
I [ T
HO—b— HO—IT—O—IID—E HO_T_O_FI,,O_,T_g
hozc R1 1a OH ’ OH OH hoge OH OH OH |

[ [
HO—P—O—IT—O—Fl’—g
hosic R1 13 OH OH OH .

Theo mdt phuong &n, sang ché dé cap dén phuong 4n B 1a cac hop chét c6

cong thuc I, Ta, II, III, IV hodc V, hodc mudi duoc dung cua no, trong do:

R1 12 -H, -C(O)R6, -C(O)OR6 hoic -C(O)N(RO)2,

0 0 0 0 o O

I | I |l | |
HO—P— HO—IID—O—FI’—é HO—P—O—I‘T—O—FT—E

OH ’ OH OH hoic OH OH OH

hodc dang cai bién tién dugc chét cia mono-, di- hodc triphosphat;
R2 13 -H, -C(O)R62, -C(O)OR02 hoic -C(O)N(R62)2; va

R4 13 -H, -C1-Cg alkyl, -C2-Cg alkenyl, -C2-Cg alkynyl, -C1-Cg haloalkyl, -C3-
C7 xycloalkyl, heteroaryl mgt vong ¢6 5 hodc 6 canh, heteroaryl hai vong ¢6 9
hodc 10 canh, halo, -CN, -NO2, -N(R¥)2, -NH(C1-Cealkylen)-(heteroaryl mot
vong ¢6 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai vong ¢6 9 hogc 10
canh), aryl, -NHC(O)OR6b, -N(C(O)OR6b)y, -NHC(O)N(R6b), hodc -
NHC(O)R6D, trong d6 mdi nhém trong s6 cac nhém -C1-Cé alkyl, nhom -C2-
Cg alkenyl hodc nhom -C2-Cg alkynyl ¢ thé tuy ¥y dugc thé bang halo;
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RS 1a -H, -C1-Cg alkyl, -C2-Cg alkenyl, -C2-Cg alkynyl, -C1-Cg haloalkyl, -C3-
C7 xycloalkyl, heteroaryl mot vong c6 5 hodc 6 canh, heteroaryl hai vong ¢6 9
hoic 10 canh, halo, -ORX, -CN, -NO2, -N(R¥)2, -NH(Ci-Cgalkylen)-
(heteroaryl mot vong ¢ 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai
vong ¢6 9 hoic 10 canh), aryl, -NHC(O)OR6D, -N(C(O)OR6b)p, -
NHC(O)N(R6b)), hodc -NHC(O)R6b, trong d6 mdi nhoém trong s céc nhom -
C1-Ce alkyl, nhom -C2-Cg alkenyl hodc nhém -C2-Cg alkynyl co6 thé tiy v
duoc thé béng halo;

v6i didu kién 12 mot hodc nhiéu trong s6 R1, R2, R4 hoic RS dugc chon nhu sau:

R1 1a -C(O)R6, -C(O)ORS, -C(O)N(R6)2 hoic dang cai bién tién dugc chét cua

mono-, di- hodc triphosphat; va/hodc
R2 1a -C(O)R62, -C(O)OR62 hoic -C(O)N(R6a)p; va/hodc

R4 1a -NHC(O)OR6b, -N(C(O)OR6b)2, -NHC(O)N(R6b)2, hodc -NHC(O)ROD;

va/hoic
RS5 12 -NHC(O)OR6b, -N(C(0)OR6b)2, -NHC(O)N(R6), hodc -NHC(O)ROb;

va tit ca cac bién sd khac, vi du, X, Y, R3, R6, R6a, R6b, m, R7, R8, R9, RX, va
RY, nhu dugc xac dinh trong cong thirc 1.

Theo phuong 4n khéc, sang ché dé cap dén phuong 4n C, 1a cac hop chét ¢

cong thire I, Ia, IL, IIT, IV hodc V, hodc mubi dugc dung cua né, trong do:
X 1a O;
Y la —-C=CH hoac -C=N;

R1 [a -H, -C(O)R6, -C(O)ORS, -C(O)N(R6)2,

0 o O
I I I | I |
HO—P— HO-—F"—O—F;—é Ho—P—o—Ff—o—lT—g
OH ’ OH OH hoic OH OH OH

-10-



37013

hodc dang cai bién tién duoc chit ciia mono-, di- hoic triphosphat;
R2 12 H, -C(O)R6a, -C(0)OR62 hozc -C(O)N(R62)2, hoic dic biét 1a —H;
R3 12 —H, hoic -OH; hoic dic biét 1a R3 1a -H;

R4 13 -N(RX)p, -NHC(0)OR6b hozic -NHC(O)N(R6b)y; hodc dic bigt R4 1a
-NR¥)2;

RS 1a -H, halo, -C1-Cg alkyl, -ORX hodc -N(R¥)2; va dic biét RS 1a -H, -
Cl, -F hoac -NH2;

Mb3i R6, R6a va R6b, mdi 1an xuét hién, doc lap dugc chon tr -H,

-C1-Cg alkyl, -C1-Cg haloalkyl, aryl (tét hon 1a phenyl), hodc heteroaryl mot vong
¢6 5 hoiic 6 canh, trong d6 mdi R6, R6a, va R6b tuy y dugc thé bang R7;

R7 14 -C1-Cg alkyl, aryl (t5t hon 13 phenyl) hodc heteroaryl mdt vong c6 5-
6 canh;

R81a-H;

RY 13 —H, halo, -C1-C3 alkyl, -C1-C3 haloalkyl, -CN, -ORY, hodc -N(R¥)2,
va dac biét 1a -H, -F, -Cl, -1, -Br hodc -CH3;

RX, mdi 1an xuét hién, doc l4p duge chon tir -H, -C1-C¢ alkyl, -C1-Cg

haloalkyl, aryl, hodc heteroaryl mgt vong c¢6 5 hodc 6 canh;

hoic mdi trong s& R4 hoic RS hoic ca hai 1a -N(R¥)2, m&i RX c6 thé tuy ¥ dugc
lién két cling v6i nito ma ching gin vao dé tao thanh heteroaryl mdt vong c6 5

hodc 6 canh hodc heteroaryl hai vong ¢6 9 hodc 10 canh; va
RY1a -H, -C1-Cg alkyl hodc -C1-Cg haloalkyl.

Theo phuong an khéc, sang ché dé cap dén phwong 4n D, 14 céc hop chét c6

cong thure I, Ta, II, IT1, IV hodc V, hodc mudi duge dung ciia no, trong do:

X1a0;
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Y la -C=CH hoic -C=N;

Rl1a -H,
0 0 0 o O
| i I 1 | |
HO—FI’— HO—FI’—O—FI'—E Ho—F|>—o-F|>—o-F|>—§
OH ’ OH OH poge OH OH OH

b

hodc dang cai bién tién dugc chét cua mono-, di- ho#c triphosphat;
R2 1a-H;
R31a-H;
R4 13 -NH);
RS 1a—H, -Cl, -F hodc -NH?;
R81a-H; va
R9 14 -H, -F, -Cl, -1, -Br, hoic -CH3.

Theo phuong an khéc, sang ché d& cap dén cac hop chit c6 cong thic I, Ia,
I1, I1I, IV hodc V, hoac phuong 4n A hodc B, hodc mudi duoc dung cua no, trong
dé X1a O.

Theo phuong 4n khéc, sang ché dé cap dén cac hop chit c6 cong thirc I, Ia,
I1, I1I, IV hodc V, hodc phuong an A hodc B, hodc mubi dugc dung cia no, trong
d6 Y 12 -C=C-R8. Theo phuong an khac 1a cac hgp chét c6 cong thuce 1, Ta, II, III,
IV ho#c V, hodc phuong an A, B, C hodc D, hodc mubi dugce dung cta no, trong

do Y la -C=CH.

Theo phuong an khac, sang ché dé cap dén cac hop chét ¢ cong thic I, Ia,
I1, 111, IV hodc V, hodc phuong an A, B, C hodc D, hodc mudi duoc dung cta no,
trong d6 Y 1a -C=N.
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Theo cac phuong an khéc, sang ché d& cap dén cac hop chét c6 cong thirc I,
Ia, II, III, IV hodc V, hodc phuong an B hodc C, hodc mubi dugc dung cta no,

trong do:

R1 13 -H, -C(O)R6, -C(O)ORS, -C(O)N(R6)2, hoic dang cai bién tién duge chat

cua
0 0] o O
l I I I [
HO—P— Ho—F,’—o—Fl’—é Ho—P—o-nT—o—Ff—é
Ou , OH OH hoic OH OH OH

Theo cac phuong an khéc, sang ché dé cap dén cac hop chét ¢ cong thirc I,
Ia, II, III, IV ho#c V, hodc phuong an A, B, C hodc D, hodc mubi duge dung cia

nd, trong do:

(a) R1 1a —H; hodc

0 0 0 0 o
I [ I I [
Ho—rf—g HO—IT—O—FI’—g HO—-IT-—O—IT—O-Fl’—-é
(b)R11a OH ; OH OH  pose OH OH OH
hoac
(c)R11a ﬁ

Theo cac phuong an khéc, sang ché d& cap dén cac hop chét ¢6 cong thirc I,

Ia, II, III, IV hodc V, hodc phuong an B, C hodc D, hodc mubi dugc dung cua no,

trong do:
0 o) o ©O
I I | I Il |
HO——I?—? HO—F,>—O—F|’—§ HO—I?—O—F;—O-IT—E
(a) R1 1a—H hoiic OH - OH OH oz OH OH OH

hodc dang cai bién tién dugc chét cia mono-, di- ho#c triphosphat;
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0 0 0 0 o ©O
| Il I Il I |
HO—Fl’— HO—T—O—IT—E HO—FI’—O—FI’—O-Fl’—s
hogic (b) R1 1a OH ; OH OH hoic OH OH OH

hodc dang cai bién tién dugc chat cia mono-, di- hodc triphosphat;

b b I | ~ o e A A A 9
hodc (c)R11a OH OH OH hodc dang cai bién tién dugc chat cua

triphosphat;

hodc (d) R1 14 sy bién dbi tién dugc chat clia

0 o O
| | I Il I |
HO—IID— HO—FI’—O—IT—é Ho—Ff—o—Fl»o—P—s

OH ’ OH OH  hoic OH OH OH

Theo phuong an khéc, sang ché dé cap dén cac hop chét c6 cong thire I, Ia,
11, 111, IV hodc V, hodc phuong 4n B hodc C, hoac mubi duge dung cta no, trong
d6 R1 1a -H, -C(O)R6, -C(O)ORS, or -C(O)N(R6)2, hodc dang cai bién tién dugc
chét ctia mono-, di- hodc triphosphat. Trong nhém nay, R1 1a -C(O)R6, -C(O)OR®,
hodc -C(O)N(R6)2, hodc dang cai bién tién dugc chit cua mono-, di- hodc
triphosphat.

Theo cac phuong 4n khac, sang ché @& cap dén cac hop chit c6 cong thic I,
Ia, II, I1I, IV hodc V, hodc phuong an B hodc C, hodc mubi dugc dung cua no,

trong do:

R2 12 -H, -C(O)R62, -C(0)OR6a hoic -C(O)N(R62)
hodc R2 13 -C(O)R62, -C(0)OR6a hogc -C(O)N(R62));
hodc R2 1a —-H.

Theo phuong an khéc, sang ché d& cap dén cac hop chét c6 cong thirc I, Ia,
II, III, IV ho#c V, hodac phuong an A, B hodc C, hodc mudi duoc dung cua no,

trong d6 R3 13 —-H hodc -OH. Theo phuong 4n khic la céc hop chét co6 cong thic I,

-14-



37013

Ia, II, III, IV hodc V, hodc phuong an A, B hodc C, hodc mubi dugc dung cua no,
trong d6 R3 1a —H.

Theo phuong an khéc, sang ché dé cap dén cac hop chét c6 cong thic I, Ia,
11, III, IV hodc V, hodc phuong an A hodc B, hodc mudi duge dung cta no, trong
d6 R4 1a -N(RX)2, -NHC(O)OR6b, -N(C(0)OR6b)), -NHC(O)N(ROb), hodc -
NHC(O)R6b; va dic biét R4 1a -N(R¥)2. Dic biét hon, R4 1a -NH2.

Theo cac phuong an khéc, sang ché dé cap dén cac hop chét ¢6 cong thic I,
Ia, IT, III, IV hodc V, hodc phuong an B, hoac mubi duge dung cua no, trong do:

R5 13 —H, halo, -C1-Cg alkyl, -ORX, -N(RX)2, -NHC(O)OR6b, -N(C(O)OR6b)2,
-NHC(O)N(R6b), hozc -NHC(O)R6D;

hoic RS 1a -NHC(O)OR6b, -N(C(O)OR6b)y, -NHC(O)N(R6b)2, hoic -
NHC(O)R6D;

hoiic RS 14 —H, halo (t6t hon Ia —F hodic -CI), -C1-Cg alkyl, -ORX hogc -N(R¥)2;
hodc RS 1a —H, -Cl, -F hodc -NH).

Theo cac phuong &n khéc, sang ché d& cap dén cac hop chét cia phuong 4n

A hoac B, hodc mubi duoc dung ctia n6, trong do:
RS 1a -H, halo (tét hon 12 —F hoic -Cl), -C1-Cg alkyl, -ORX hogc -N(R¥)2;
hoic RS 1a —H, -Cl, -F hodc -NH).

Theo phuong an khéc, sang ché dé cap dén cac hop chét c6 cong thirc I, Ia,
I1, 111, IV hodc V, hodc phuong an B, hodc mubi dugc dung cda nd, trong do mdi
R6, R6a va R6b, mdi 14n xuét hién, doc lap dugc chon tir -H, -C1-Cg alkyl, -C1-
Cé6 haloalkyl, aryl (t6t hon 13 phenyl), hodc heteroaryl mot vong c6 5 hodc 6 canh.
Theo phuong an khéc, sang ché @& cap dén cac hop chét ctia phuong an A, hodc
muéi duge dung cua nd, trong d6 R6b mbi 1an xut hién dugc chon tir -H, -C1-Cé
alkyl, -C1-Cg haloalkyl, aryl (t6t hon 14 phenyl), hodc heteroaryl mot vong c6 5
hoac 6 canh.
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Theo phuong an khéac, sdng ché dé cép dén cac hop chét ¢ cong thirc I, Ia,
I1, I1I, IV hodc V, hodc phuong an A hodc B, hodc mubi duge dung cda no, trong
d6 R7 1a -C1-Cg alkyl, aryl (t6t hon 13 phenyl) hodc heteroaryl mdt vong c6 5-6
canh.

Theo phuong an khéc, sang ché dé cap dén cac hop chét c6 cong thirc I, Ia,
II, III, IV hodc V, hodac phuong 4n A hodc B, hodc mubi dugc dung cda no, trong

d6 R8 1a-H.

Theo phuong an khéc, sang ché dé cap dén cac hop chét c6 cong thire I, Ia,
II, II1, IV hodc V, hodc phuong an A hodc B, hodc mubi duge dung cda no, trong
d6 R9 1a -H, halo, -C1-C3 alkyl, -C1-C3 haloalkyl, -CN, -ORY, hoidc -N(RY)2; va
dic biét 1a -H, -F, -Cl, -1, -Br hodc -CH3.

T4t ca cong thirc cdu tao, phuong 4n va nhém phuong 4n duge mo ta & dy
bao gdbm mudi dugc dung ctia hop chét dugc x4c dinh & ddy. Pdi vé6i cac hop chét
c6 cong thuc I & ddy bao gdm céc hop chét ctia mdi trong sb cac cong thirc I, Ia, II
I1L, IV hodc V, va tit ca phwong 4n va va nhém phuong 4n. Viée tham chiéu dén
céc hop chét theo séng ché & dang cic hop chit c6 cong thirc hodc phuong an cu
thé, vi du, cong thirc I, Ta, I III, IV hodc V, hodc cac phuong 4n cia ching, hoac
cong thirc cdu tao chung hodc hop chét cu thé bét ky khac duge mo ta hodc dugce
bao ho trong sang ché nay, nhim bao gbm hop chét hodc cac hop chét cy thé nam
trong pham vi cdng thirc hodc phuong é4n, bao gbm mubi cua chung, dic biét 1a
mudi dugc dung, solvat (bao gém hydrat) ctia cac hop chit nay va dang mubi
solvat cta chung, trong d6 cac dang nay 1a co thé co, trir khi ¢6 quy dinh khac.

Sang ché bao gdm mdi trong s6 cac vi du dugc md ta & ddy, va mubi dugce
dung cda chung. Sang ché con bao gdm dugc pham chira lugng hitu hiéu cua hop
chét theo sang ché hodc mubi duge dung ctia no, va chét mang dugc dung.

Nhu dugc st dung & day, thudt ngit “alkyl” dé cap dén gbc hydrocacbon
béo no, mach thing hoic mach nhénh c6 hoa tri mot co s6 nguyén tir cacbon trong
khoang xéc dinh. Do d6, vi du, “C1-6 alkyl” (hodc “C1-Cé alkyl”) dé cap dén bat
ky trong sb cac chat dong phan hexyl alkyl va pentyl alkyl cling nhu n-, iso-, sec-
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va t-butyl, n- va iso- propyl, etyl va metyl. Theo vi du khac, “Cj-4 alkyl” dé cap

dén n-, iso-, sec- va t-butyl, n- va iso-propyl, etyl va metyl.

Thuét ngtt “alkenyl” @& cap dén gbc hydrocacbon béo mach thang hoic
mach nhanh ¢6 héa tri mot chra mat lién két ddi cacbon-cacbon va c6 sb nguyén
ttr cacbon trong khoang xac dinh. Do d6, vi du, “C2-6 alkenyl” (hodc “C2-Cé
alkenyl”) dé cap dén tht ca cac chat ddng phan hexenyl va pentenyl ciing nhu 1-
butenyl, 2-butenyl, 3-butenyl, isobutenyl, 1-propenyl, 2-propenyl, va etenyl (hodc
vinyl).

Thuat ngtt “alkynyl” dé cap dén gbc hydrocacbon béo mach thang hozc
mach nhéanh ¢6 hoa tri mot chira mot lién két ba cacbon-cacbon va ¢ sb nguyén ti
cacbon trong khoang xé4c dinh. Do do, vi duy, “C2-¢ alkynyl” (hodc “C2-Ce
alkynyl”) dé cap dén tAt ca cac chét dong phan hexynyl va pentynyl cling nhu 1-
butynyl, 2-butynyl, 3-butynyl, 1-propynyl, 2-propynyl, va etynyl.

Thuét ngtt "alkylen" dé cap dén gbc hydrocacbon béo mach thang hoic
mach nhéanh c6 héa tri hai bét ky c6 sb nguyén tir cacbon trong khoang xac dinh.
Do d06, vi du, "-C1-6 alkylen-" dé cap dén bét ky trong s6 alkylen C1 dén Cg mach
thang hodc mach nhénh, va "-C1-3 alkylen-" d& cap dén bit ky trong s6 alkylen C1
dén C3 mach thing hodc mach nhénh. Phan loai cu thd cua alkylen bao gdm
-(CH2)1-3-, -(CH2)2-3, -(CH2)1-2-, va -CH2-, -CH(CH3)-, va -C(CH3)2-.

Thuéat ngit "xycloalkyl" dé cap dén vong mot vong bét ky cta alkan c6 sb
nguyén tir cacbon trong khoéng xac dinh. Do d6, vi du, “C3.7 xycloalkyl” (hodc
“C3-C7 xycloalkyl”) dé& cap dén xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl,
va xycloheptyl. Phén loai cu th duoc quan tAm dbi véi cac hop chét c6 cong thirc

I va cac phuong 4n cua ching 1a C3-6 xycloalkyl.

Thuét ngit "halogen" (hodc “halo”) dé cap dén flo, clo, brom va iot (theo
cach khac duoc dé cap dén & dang floro, cloro, bromo, va iodo). Phén loai cu thé
duoc quan tim ddi véi hop chét c6 cong thiic I va cac phuong an cta ching 1a mbi

trong so floro va cloro.
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Thuit ngit "haloalkyl” @& cap dén nhém alkyl nhu duge xac dinh & trén,
trong d6 mot hodc nhiéu nguyén t& hydro duge thay thé bang halo (nghia 13, -F, -
Cl, -Br va/hoic -I). Do @6, vi du, “C]-6 haloalkyl” (hodc “C1-Cg haloalkyl”) deé
cap dén nhém alkyl Cq dén Cg mach théng ho#c mach nhanh nhu dugc xac dinh &
trén ¢6 mot hogc nhiu phan tir thé halo. Thuat ngit “floalkyl” c6 nghia twong tu
ngoai trr cac phén tir thé halogen bi gi6i han & flo. Cac floalkyl thich hop bao gdm
nhém cing géc (CH2)0-4CF3 (nghia 13, triflometyl, 2,2,2-trifloetyl, 3,3,3-triflo-n-
propyl, v.v.). Floalkyl ddc biét duoc quan tam la CF3.

Thuét ngtt "C(0)” @& cap dén carbonyl. Mdi trong s6 cac thuat ngit "S(0)2"
va "SOp" @& cap dén sulfonyl. Thuat ngit "S(0)” dé cap dén sulfinyl.

Thuét ngit "aryl" (hodc “Ce-C10 aryl”) @ cép dén (i) phenyl, hogc (ii) hé
vong cacbon ngung ty, hai vong c¢6 9 hodc 10 canh trong do it nhét mot vong 13
thom. Céac aryl thich hgp bao gbm, vi du, phenyl, naphtyl, tetrahydronaphtyl
(tetralinyl), hodc indenyl. Theo phéan loai cu thé cta cac hop chét cong thirc I va
cac phuong 4n cua chung, aryl 1a phenyl hodc naphtyl, va dic biét hon néu aryl 13

phenyl.

Thuét ngtt "heteroaryl” dé cap dén (i) vong thom khéc loai ¢6 5 hodc 6 canh
chua tir 1 dén 4 nguyén ti khic loai doc 14p dugc chon tir N, O va S, trong d6 mdi
N tuy y & dang oxit dé c6 thé méo rong vé mit héa hoc, (ii) hé vong ngung tu hai
vong ¢6 9 hodc 10 canh, trong d6 hé vong ngung tu nay chua tur 1 dén 6 nguyén tix
khac loai ddc 1ap duge chon tir N, O va S, trong d6 mdi vong trong hé vong ngung
tu chira khong, mdt, hodc nhiéu hon mot nguyén ti khac loai, va it nhat mot vong
1a thom, va mdi N tuy ¥ & dang oxit dé c6 thé mo rong vé mit hoa hoc, va mdi S
trong vong ma khdng thom tuy y 1a S(O) hodc S(0)2. Vong thom khac loai ¢6 5 va
6 canh thich hop bao gdm, vi du, pyridyl, pyrolyl, pyrazinyl, pyrimidinyl,
pyridazinyl, triazinyl, thienyl, furanyl, imidazolyl, pyrazolyl, triazolyl triazolyl
(nghia 13, 1,2,3-triazolyl hodc 1,2,4-triazolyl), tetrazolyl, oxazolyl, isooxazolyl,
oxadiazolyl (nghia 1a, chét déng phén 1,2,3-, 1,2,4-, 1,2,5- (furazanyl), hodc 1,3,4-
), oxatriazolyl, thiazolyl, isothiazolyl, va thiadiazolyl. H¢ vong ngung tu, hai vong

khac loai c6 9 va 10 canh thich hgp bao gém, vi du, benzofuranyl, indolyl,
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indazolyl, naphthyridinyl, isobenzofuranyl, benzopiperidinyl, benzisoxazolyl,
benzoxazolyl, chromenyl, quinolinyl, isoquinolinyl, cinnolinyl, quinazolinyl,

tetrahydroquinolinyl, tetrahydroisoquinolinyl, isoindolyl, benzodioxolyl (vi du,
C[o> o :
benzo-1,3-dioxolyl: 0), benzopiperidinyl, benzisoxazolyl, benzoxazolyl,

chromanyl, isochromanyl, benzothienyl, benzofuranyl, imidazo[1,2-aJpyridinyl,
benzotriazolyl,  dihydroindolyl,  dihydroisoindolyl, indazolyl,  indolinyl,

isoindolinyl, quinoxalinyl, quinazolinyl, 2,3-dihydrobenzofuranyl, va 2,3-
0

)
).

Puoc hiéu 14 cac vong va hé vong cu thé thich hop dé sir dung trong sang

dihydrobenzo-1,4-dioxinyl (nghia 13,

ché khong bi giéi han & cac vong va hé vong duoc liét ké & cac doan trén. Cac
vong va hé vong nay chi 1a dai dién. Trir khi c6 quy dinh rd rang trai ngugc trong
ngit canh cu thé, bat ky trong s cac vong va hé vong khac nhau dugc md ta & ddy
c¢6 thé dwoc gén véi phan con lai clia hop chét & nguyén tir vong bét ky (nghia 13,
nguyén tir cacbon bt ky hodc nguyén tir khac loai bét ky) véi diéu kién 14 c6 su

gén két vé mit hoa hoc va tao ra hop chét bén.

Trir khi ¢6 quy dinh khéc, bién s6 mb ta trong cong thirc chu tao c6 lién két
"thay d6i" gin v6i vong, nhu R9 trong cong thirc I, duoc phép 1a phan tir thé (theo
céch khac, R9 c6 thé 1a —H) trén nguyén tir cacbon hodc nito c6 thé c6 bat ky trong

vong ma bién so dugc gén trén do.

Khi gbc duoc luru y 1a “tuy y duge thé” trong cong thirc I hodc phuong an
bét ky cua nd, nghia 1a cong thuc I hodc phuong 4n clia né bao gdm c4 hop chit
dugc thé bing phan tir thé (hodc cac phan tir thé) da luu y trén gbe va cac hop chat
khong chtra phan tir thé (hodc cac phan tir thé) da luu ¥ trén gdc (nghia 13, trong d6
gbc 1a khong dugc thé). Theo mot vi du, néu R4 1a nhom -C1-Ce alkyl ma c6 thé
tily ¥ dugc thé bing halo, thi R4 c6 thé 1a -C1-Cg alkyl hogc -C1-Cg haloalkyl.

Khi bién sé bat ky (vi du, R7, R¥, RY) xuét hién nhiéu hon mot lan trong
thanh phan bit ky hodc trong cong thirc I hodc trong cong thirc khac bét ky md ta
va difn ta cac hop chét theo séng ché, thi dinh nghia vé bién sd nay mdi 1an xuét

hién khong phu thudc vao dinh nghia vé n6 & moi lan xuat hién khac. Cling vay, sy
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két hop phan tir thé va/hogc bién sb chi dugc chap nhéan néu cac két hop nay tao ra
hop chét bén.

Trir khi ¢6 quy dinh khéc, su thay thé bang phan tir thé dugc dat tén dwoc
cho phép trén nguyén tu bét ky trén vong (vi du, xycloalkyl, aryl, hodc heteroaryl)

tao ra su thay thé vong dugc phép vé mit hoa hoc va tao ra hop chét bén.

Trir khi c6 quy dinh khac, tAt ca cac khoang trich dan & day dugc bao gdm.
Vi dy, vong thom khac loai dugc md ta & dang chira tir “1 dén 4 nguyén tir khac
loai” nghia la vong c6 thé chira 1, 2, 3 hodc 4 nguyén tir khac loai. Ciing dugc hiéu
1a khoang bt ky trich din & day bao gdm trong pham vi cta n6 tat ca cac khoang
phu trong khoang dé. Do do, vi dy, vong di vong dugc md ta 0 dang chta tir “1
dén 4 nguyén t khac loai” nhim bao gdm cac dang clia né, cac vong di vong chira
2 dén 4 nguyén tit khéc loai, 3 hodc 4 nguyén tir khac loai, 1 dén 3 nguyén tir khac
loai, 2 hodc 3 nguyén tit khéac loai, 1 hodc 2 nguyén tir khic loai, 1 nguyén tir khac
loai, 2 nguyén tir khéac loai, 3 nguyén tir khac loai, hodc 4 nguyén tr khac loai.
Theo vi du khéc, aryl hodc heteroaryl dugc mo ta ¢ dang tuy y dugc thé béng R7,
trong 6 R7 1a "tir 1 dén 5 nhém thé" nhim bao gdm céc dang clia né, aryl hodc
heteroaryl dugc thé bang 1 dén 5 phén tir thé, 2 dén 5 phan tir thé, 3 dén 5 phan tir
thé, 4 dén 5 phdn tir thé, 5 phan tir thé, 1 dén 4 phin t&r thé, 2 dén 4 phén tir thé, 3
dén 4 phan tir thé, 4 phan tit thé, 1 dén 3 phén tir thé, 2 dén 3 phin tir thé, 3 phan tir
thé, 1 dén 2 phan tt thé, 2 phén tir thé, va 1 phan tir thé.

In phuong 4n B, “mot hogc nhidu trong sé R1, R2, R4 hodc RS dugc chon
nhu sau” chi bao gdbm mot trong sé R1, R2, R4 hodc RS nhu duoc xéac dinh theo
didu kién, hoic hdn hop bét ky ciia nhidu hon 1 trong sé R1, R2, R4 va/hodc RS
duoc x4c dinh theo didu kién. Vi du, td hop cac bién s sau ¢6 thé duge xéc dinh
theo didu kién cta phuong 4n B: R1 va R2; Rl va R4; Rl va R5; R2 va R4; R2 va
RS; R4 va R5; R1, R2 va R4; R1, R2 va R5; R1, R4 va R5; R2, R4 va R3; hoic
R1,R2, R4 vaR5.

Nguoi co hiéu biét trung binh trong linh vyc nay s& nhén ra rang, mot sd
hop chét theo sang ché c6 thd tdn tai & dang chéit hd bién. Tét ca cac dang hd bién

cta cac hop chét nay, du dugc tach riéng hodc ¢ dang hdn hop, déu nim trong
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pham vi cla sang ché. Vi dy, trong trudng hgp trong d6 phan tir thé —~OH dugc gin
trén vong thom khac loai va hién tuong hd bién keto-enol c6 thé xay ra, thi dugc
hiéu 12 phén ttr thé ¢6 thé c6 mit trén thuc té, trong toan b hodc mot ph?m, 6 dang

oxo (=0).

Hop chét "bén" 12 hop chét ma c6 thé duge diéu ché va duoc tach va giit lai
chu tric va dic didm hodc cha yéu c6 thé gitt khong dbi trong thoi gian du dé sir
dung hop chét cho cac muc dich dugc md ta & day (vi du, ding dé diéu tri hoac
phong bénh cho d6i twong). Hop chit theo sang ché gi6i han & cac hop chét bén c6

cong thirc I va cac phuong an cta nd.

Hop chat c6 cong thic I ¢6 thé c6 mdt hodc nhidu tAm bt dbi (khong ddi
xung). Sang ché bao gdm tét ca cac dang ddng phan 1ap thé ctia hop chit c6 cong
thitc 1. Cac tam khong dbi ximg c6 mat trong hop chét c6 cong thic I c6 thé doc
1ap v6i nhau ¢6 céu hinh (R) hoic (S). Khi lién két v6i cacbon bat di dugc & mo &
dang duong thing trong cong thic chu tao theo sang ché, hoic khi tén hop chét
dwoc md tA ma khong chi rd bat ddi (R) hoic (S) dbi v6i cacbon bét dbi, thi hidu 1a
ca cdu hinh (R) va (S) ctia mdi cacbon bét d6i, va do d6 mdi chét déng phan dbi
anh hogc cht dong phan khong d6i quang va hdn hop cua ching, dugc bao gdm
trong cong thirc hodc theo tén. Viéc tao ra chét déng phén lap thé cu thé hodc hén
hop cda ching co thé dugc nhan biét trong céc vi du trong d6 thu dugc cac chét
ddng phén 14p thé hodc cdc hdn hop nay, nhung khong lam gidi han viéc bao gdm

tht ca chat ddng phan 14p thé va hdn hop clia chung trong pham vi séng ché nay.

Sang ché bao gom tit ca chit ddng phan d6i anh va chét dong phan khong
d6i quang va hdn hop cta hai hogc nhiéu chit ddng phan 1ap thé c6 thé co, vi du
hdn hop cla chét déng phan d6i anh va/hodc chit dong phan khong d6i quang,
theo cac ty 1¢. Do do, chét ddng phan dbi anh la d6i twong ctia sang ché & dang tinh
khiét v& mat dong phan dbi anh, ca & dang quay trai va & dang quay phai, ¢ dang
raxemat va & dang hdn hop cta hai chét ddng phan ddi anh & céc ty 1é. Trong
trudng hop dong phan cis/trans, sang ché bao gbdm ca dang cis va dang trans cfing
nhu hdn hop cua cac dang nay & céc ty 1&. Viée diéu ché chét dong phan 1ap thé
riéng 1¢ co thé duoc thuc hién, néu mubn, bé‘mg cach tach hdn hop br?mg cac

phuong phép théng thuong, vi du bang sic ky hodc két tinh, bang cach st dung
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nguyén liéu ban dau dong d2u v& mat hoa hoc 1ap thé dé tdng hop hoic bang cach
téng hop chon loc 1ap thé. Qua trinh tao dan xuét c6 thé dugc thyc hién tiy ¥ trude
khi tach chit ddng phén 1ap thé. Viéc tdch hdn hop chira chét ddng phén 1ap thé c6
thé duge thuc hién & bude trung gian trong khi téng hop hop chét c¢6 cong thuc I
hodc ¢6 thé duoc thuc hién trén san phém raxemic cudi cung. Héa hoc lap thé tuyét
dbi c6 thé duoc x4c dinh bing phép khéo sat tinh thé bing tia X dbi véi san pham
tinh thé hodc chét trung gian tinh thé dugc bt nguén, néu can, tir chét phan mg
chira tam léap thé ¢6 cAu hinh d3 biét. Theo cach khéc, héa hoc lap thé tuyét dbi co
thé duoc xac dinh bang phép phan tich quang phdé VCD (Vibrational Circular
Dichroism - VCD). Sang ché bao gdm tht ca chit ddng phan, ciing nhu mudi,
solvat (bao gom hydrat) va mudbi solvat ctia raxemat, chit ddng phan ddi anh, chét

ddng phan khong ddi quang va chét h bién va hdn hop ctia ching.

Cac nguyén tir trong hop chit c6 cong thirc I ¢6 thé boc 16 do giau ddng vi
tu nhién cia ching, hodc mot hodc nhiéu nguyén tu co thé dugc 1am giau nhén tao
trong chét déng vi cu thé c6 cing s6 nguyén tir, nhung khéi lwong nguyén ti hodic
sé khéi khac v6i khdi luong nguyén tir hodc sb khdi chu yéu duoc tim thdy trong
tw nhién. Sang ché bao gdm tit ca céc bién di ddng vi thich hop cua hop chét ¢6
cong thirc chung I. Vi dy, cac dang ddng vi khac nhau cua hydro (H) bao gbm proti
(1H) va doteri (2H). Proti 1a chit ddng vi hydro ndi trdi duge tim thdy trong ty
nhién. Viéc 1am giau déi v6i doteri ¢6 thé thu duge mot s6 thuan loi diéu tri nhét
dinh, nhu ting chu ky ban hity in vivo hodc giam nhu ciu liéu, hoic ¢6 thé tao ra
hop chét hitu dung lam dic diém chuén dbi v6i mau sinh hoc. Hop chét 1am gidu
ddng vi c6 cong thirc chung I ¢6 thé duoc diéu ché ma khong phai thtt nghiém qua
mirc bang cac k¥ thuat thong thudng da biét rd dbi voi ngudi ¢ hidu biét trung
binh trong linh vyc nady hodc bang céac quy trinh twong tw v6i quy trinh dugc mo ta
trong cic so dd va vi du trong sdng ché nay st dung chét phan Gng va/hodc chit

trung gian dugc lam giau d6ng vi thich hop.

Hop chat c6 thé dugc dung ¢ dang muoi dugc dung. Thuét ngit "mudi dugc
dung” d& cap dén muoi 1a khong mong mudn vé mat sinh hoc hodc vé méat khac (vi

dy, khong doc cling khong c6 hai cho nguoi nhén).
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Khi hop chét c6 cong thirc I chira mot hodc nhiéu nhém axit hodc bazo thi
sang ché ciing bao gbm cac mubi dugc dung twong tng. Do d6, hop chit c6 cong
thirc I chira nhom axit (vi du, -COOH hodc nhom phenolic) c6 thé dugc st dung
theo sang ché duéi dang, vi du nhung khong bi giéi han 6, mubi kim loai kiém,
mudi kim loai kiém thd hodc dudi dang mudi amoni. Vi du v& céc mudi nay bao
gdm nhung khong bi gi6i han & mubi natri, mudi kali, mudi canxi, mudi magie
hodc mudi c6 amoniac hodc amin hiru co nhu, vi du, etylamin, etanolamin,
trietanolamin hodc axit amin. Hop chét c6 cong thirc I chira mot hodc nhiéu nhém
bazo, nghia 13 cac nhom c6 thé dugc proton héa, c6 thé dugc s dung theo sang
ché & dang mudi cong axit ctia chiing v6i axit vo co hodc hitu co nhu, vi du nhung
khong bi gidi han o, mubi ¢ hydro clorua, hydro bromua, axit phosphoric, axit
sulfuric, axit nitric, axit benzensulfonic, axit metansulfonic, axit p-toluensulfonic,
axit naphtalendisulfonic, axit oxalic, axit axetic, axit trifloaxetic, axit tartaric, axit
lactic, axit salixylic, axit benzoic, axit formic, axit propionic, axit pivalic, axit
dietylaxetic, axit malonic, axit sucxinic, axit pimelic, axit fumaric, axit maleic, axit
malic, axit sulfaminic, axit phenylpropionic, axit gluconic, axit ascorbic, axit
isonicotinic, axit xitric, axit adipic, v.v.. Néu hop chét c6 cong thirc I ddng thoi
chtta cdc nhom axit va bazo trong phan tir thi sang ché ciing bao gdbm mubi ndi
hoic betain (ion ludng tinh) ngoai cdc dang mudi d3 néu. Mudi ¢6 thé thu dugc tir
hop chét c6 cong thirc 1 bing cac phuong phéap thong thuong da biét d6i v6i nguoi
¢6 hiéu biét trung binh trong linh vuc nay, vi du bing cach két hop véi axit hoic
bazo hitu co hodc vb co trong dung mdi hodc chét phan tén, hogc bing cach trao
b anion hodc trao ddi cation tir cac mudi khic. Sang ché con bao gdm tit ca cac
mubi cua hop chit co cong thirc I, do khé nang tuong thich sinh ly thip, khong
thich hop dé st dung truc tiép trong dugc pham nhung c6 thé dugc sir dung, vi du,
lam chét trung gian d6i véi cac phan tmg héa hoc hodc dé didu ché cac mubi dugc

dung.

Theo phuong 4n khac cia sang ché 12 hop chat c6 cong thirc I, trong d6 hop
chit hodc mubi cua né & dang gan nhu tinh khiét. Nhu dugc st dung & ddy, "gan
nhu tinh khiét" nghia 14 thich hop it nhét khoang 60% khéi lugng, thudng 12 it nhat
khoang 70% khéi luong, tét hon 12 it nhét khoang 80% khéi lugng, tot hon nira 1a
it nht khoang 90% khéi lugng (vi du, tir khoang 90% khéi lugng dén khoang 99%
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khéi luong), con tdt hon nita 14 it nhét khoang 95% khdi lugng (vi du, tir khoang
95% khéi lugng dén khoang 99% khéi lwong, hodc tir khoang 98% khéi lvong dén
100% khdi lugng), va tét nhat 1a it nht khoang 99% khdi lugng (vi du, 100% khdi
lwong) san phdm chia hop chét c6 cong thirc I hodc mubi ctia né (vi dy, san phim
duge tach tir hdn hop phan tng tao ra hop chit hodc mudi) bao gdbm hop chét hoic
mudi. Mt do tinh khiét cia hop cht va mubi co thé duoc xac dinh béng cach st
dung phuong phéap phan tich chudn nhu sic ky 16p méng, dién di trén gel, sac ky
léng hiéu nang cao, va/hodc do khéi phd. Néu ding nhiéu hon mot phuong phép
phan tich va cac phuong phap nay dua ra sy chénh léch dang ké bang thuc nghiém
& cac muac do tinh khiét x4c dinh, thi phuwong phép nay tao ra mic do tinh khiét
nhét. Hop chit hodic mubi c6 do tinh khiét 100% 1a hop chit hodc mudi khong phat
hién thiy tap chit bang phwong phép phan tich chuén. D&i v6i hop chit ctia sang
ché ma c6 mot hodc nhidu tAm khong dbi ximg va c6 thé dién ra & dang hdn hop
ctia cc chét ddng phan 1ap thé, hop chit gin nhu tinh khiét c6 thé 12 h6n hop gan
nhu tinh khiét ctia cac chdt dong phan 1ap thé hoic chit ddng phan khong dbi
quang hodc chit ddng phan dbi anh riéng 1¢ gan nhu tinh khiét.

Hon nita, cac hop chét theo sang ché c6 thé ton tai & dang v dinh hinh
va/hodc mot hodc nhiéu dang tinh thé, va tit ca cac dang vo dinh hinh va tinh thé
nay cua hop chét c6 cong thirc I va hdn hop cua chung dugce bao gdm trong pham
vi sang ché. Ngoai ra, mot sd hop chit cua sang ché nay c6 thé tao thanh solvat véi
nude (nghia 13, hydrat (cOng nuéce)) hodc dung modi hitu co thong thuong. Cac
solvat va hydrat nay, dic biét 1a cac solvat va hydrat dugc dung, cta céc hgp chét
nay ciing bao gdm trong pham vi séng ché nay, cling véi cac dang khdng solvat va

khan.

Pugc hiéu 12 hop chét c¢6 cong thirc I (hodc phuong én bét ky cta chung va
mudi duge dung cua chung) trong d6, vi du, Rl la -H, -C(O)RS, -C(O)ORO,
-C(O)N(R6)2, hodc dang cai bién tién duogc chat cia mono-, di- hodc triphosphat,
¢6 thé duge chuyén héa noi bao/in vivo bang mot hoic nhiéu co ché (vi du, phan
mg héa hoc ¢6 xtc tic enzym) thanh nucleosit 5° triphosphat twong ng (nghia la,
trong d6 R1 1a -P(O)(OH)-O-P(0)(OH)-O-P(O)(OH)2). Trong khi khong mudn bi

rang budc boi ly thuyét cu thé bat ky, nucleosit 5’triphosphat thudng duge hiéu 1a
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nguyén nhan gay tc ché enzym RT ctia HIV va giy ra hoat tinh khang virut thu
dugc sau khi dung hgp chét c6 cong thic I cho ddi tuong.

Do do, tién dugc chét cua hop chét theo sang ché dugc dy tinh trong sdng
ché. Tién dugc chit duoc thao luan trong tai liéu T. Higuchi and V. Stella, Pro-
drugs as Novel Delivery Systems (1987) 14 of the A.C.S. Symposium Series, va
trong tai liéu Bioreversible Carriers in Drug Design, (1987) Edward B. Roche, ed.,
American Pharmaceutical Association and Pergamon Press. Thuét ngit “tién duoc
chat” & day nghia 1a hop chét (vi du, tién chét cta dugc chét), ma c6 thé & dang
mubi duge dung, duoc bién ddi ndi bao/in vivo tao ra dan xuét nucleosit dugc thé &
vi tri 4> 14 chét e ché transcriptaza nguoc cia HIV. Nucleosit 5’triphosphat 1a mot
vi du coa din xuét nucleosit dugc thé & vi tri 4°. Sy bién dbi in vivo ¢6 thé dién ra
theo cdc co ché khac nhau, vi du, phan ng hoa hoc ¢ xlc tdc enzym, phan g
chuyén héa héa hoc, va/hodc phan tmg hoéa hoc tw phat (vi du, sy phén ly trong
dung mdi), nhu, vi dy, nho thiy phén trong mau. Sang ché nay bao gém tién duoc
chit bat k¥ ma chuyén hoa, do sy chuyén hoa ndi bao/in vivo, thanh dan xuét
nucleosit duge thé & vi tri 4> cua hop chit c6 cong thic I 1a chit wc ché
transcriptaza ngugc cua HIV. Vi dy, din xuét nucleosit duoc thé & vi tri 4’ ¢ cong

thirc I bao gbm, nhung khong bi giéi han &, hop chét c6 cong thic I trong d6:
a) R1 1a -P(0)(OH)-O-P(0)(OH)-O-P(0)(OH)2;
b). R1 1a -P(0)(OH)-0-P(0)(OH)-O-P(0O)(OH)2, va R2 1a —H; va/hodc

¢) R1 1a -P(0)(OH)-O-P(O)(OH)-O-P(O)(OH)2, R21a-H,R41a-NHp vaR5 la -
H hodc -NH2.

Tién dugc chat cua hop chét c6 cong thic I co thé boc 16 @6 hoa tan, do hép
thy, va/hodc tinh wa m& tdng cuong so voi ban than cac hop chét, nhd d6 thu dugc
dd kha dung sinh hoc va hiéu qua tang. Khi hop chit chua, vi du, nhém hydroxy,
tién duge chét c6 thé 1 din xuét cia nhém hydroxy nhu este (<OC(O)R), carbonat
este (-OC(O)OR), phosphat este (-O-P(=0)(OH)?2), ete (-OR), hodc tién dugc chat
mono-phosphat nhu phosphoramidat (c6 thé dugc chuyén hoa in vivo thanh

nucleosit monophosphat twong tng).
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Vi du, néu hop chét ¢6 cong thirc I chira nhém chire rugu, thi tién dugc chét
¢6 thé dugc tao thanh nho su thay thé mot hoic nhiéu nguyén tir hydro ciia nhém
ruou bing nhém nhu, vi dy, (Ci-Ce)alkanoyloxymetyl, 1-((C1-Cs)alkanoyloxy)etyl,
1-metyl-1-((Ci-Ce)alkanoyloxy)etyl,  (Ci-Ce)alkoxycarbonyloxymetyl, =~ N-(Ci-
Cs)alkoxycarbonylaminometyl, sucxinoyl, (Ci-Ce)alkanoyl, a-amino(Ci-Cs)alkyl,
o-amino(Ci-Cs)alkylen-aryl, arylaxyl va o-aminoaxyl, hodc a-aminoaxyl-o-
aminoaxyl, trong do mdi nhém a-aminoaxyl doc 1ap dugc chon tir axit amin L ¢6
trong ty nhién, hodc glycosyl (gbc thu duge tir qué trinh loai bd nhém hydroxyl

cua dang hemiaxetal cuia carbohydrat).

Thuat ngtt “bién dbi tién dugc chét cia mono-, di- hogc triphosphat” nhu
duoc st dung & diy bao gdm, nhung khong bi gi6i han ¢, tién dugc chit c6 ngudn
gbe tir rugu 5’nhu -P(0)(-O-Ci-Cealkyl)z; -P(O)(-NH-(nhém a-aminoaxyl))(-O-
aryl), da biét dén 1a tién dugc chét kiéu “McGuigan”; -P(O)(-O-(C1-Cs alkylen)-S—
axyl)(-NH-arylalkyl); tién dugc chét S-axyl-2-thioetyl (SATE); phosphat este vong

tao cau noi gitra hai nhom riboza hydroxyl, nhu:

(@] Base
)
Y

P
/ 0
HyC—O

o

b

trong d6 phosphat este vong tao cAu ndi gitta nhém 3'-OH va nhém 5'-OH; va céc
chét ndy dugc boc 10 trong Patent US 7,879,815; W02005/003047,
W02008/082602, W02010/0081628, WO02010/075517 va WO02010/075549;
Mehellou, Chem. Med. Chem., 5:1841-1842 (2005); Bobeck et al., Antiviral
Therapy 15:935-950 (2010); Furman et al., Future Medicinal Chemistry, 1:1429-
1452 (2009); va Erion, Microsomes and Drug Oxidations, Proceedings of the
International Symposium, 17th, Saratoga Springs, NY, United States, July 6-10,
2008, 7-12 (2008).

Néu din xuét duoc thé & vi tri 4> két hop nhém chirc amin, thi tién dugc
chét c6 thé dugc tao thanh bang cach thay thé nguyén tr hydro trong nhém amin
béng nhém nhu, vi du, R-carbonyl-, RO-carbonyl-, NRR’-carbonyl- trong do6 mdi
R va R’ doc 1ap 1a (Ci-Cro)alkyl, (C3-C7) xycloalkyl, benzyl, o-aminoaxyl ty nhién,
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-C(OH)C(0)OY! trong @6 Y1 1a H, (Ci-Ce)alkyl hodc benzyl, -C(0Y2)Y3 trong
d6 Y2 1a (C1-C4) alkyl va Y3 1a (C1-Ce)alkyl; carboxy (Ci-Cs)alkyl; amino(Ci-
Ca4)alkyl hodc mono-N- hodc di-N,N-(C1-Ce)alkylaminoalkyl; -C(Y4)YS trong d6
Y4 14 H hoic metyl va Y5 [a mono-N- hodc di-N,N-(Ci-Ce)alkylamino
morpholino; piperidin-1-yl hodc pyrolidin-1-yl, va twong tu.

Céc este dugc dung cta céc hop chét ndy bao gdbm céc nhom sau: (1) este
ctia axit carboxylic thu dwgc bing cach este héa nhom hydroxy cua hop chét
hydroxyl, trong doé gbc khong chira carbonyl cia phan axit carboxylic cia nhém
este duoc chon tir alkyl mach théng hodc mach nhéanh (vi du, metyl, etyl, n-propyl,
isopropyl, t-butyl, sec-butyl hodc n-butyl), alkoxyalkyl (vi du, metoxymetyl), aryl
(vi du, benzyl), aryloxyalkyl (vi du, phenoxymetyl), aryl (vi du, phenyl tay y dugc
thé bang, vi du, halogen, Cialkyl, -O-(Cisalkyl) hodc amino); (2) sulfonat este,
nhu alkyl- hodc aralkylsulfonyl (vi du, metansulfonyl); (3) este cua axit amin (vi
du, L-valyl ho#c L-isoleucyl); (4) phosphonat este va (5) mono-, di- hodc
triphosphat este. Phosphat este ¢ thé duogc este hoa tiép bﬁng, vi du, ruou Ci-20

hodc din xuét phan tmg ciia chiing, hoic bang 2,3-di (Ce24)axyl glyxerol.

Néu din xuét deoxyriboza duoc thé & vi tri 4° chita nhém chic axit
carboxylic, thi tién dugc chét c6 thé bao gdm este dugc tao thanh bang céach thay
thé nguyén tr hydro clia nhom axit bing nhém nhu, vi dy, (Ci—Cs)alkyl, (Co-
Ciz)alkanoyloxymetyl, 1-(alkanoyloxy)etyl co tur 4 dén 9 nguyén tir cacbon, 1-
metyl-1-(alkanoyloxy)-etyl ¢6 tor 5 dn 10 nguyén t& cacbon,
alkoxycarbonyloxymetyl c6 tor 3 d@&n 6 nguyén t& cacbon, 1-
(alkoxycarbonyloxy)etyl co6 tu 4 dén 7 nguyén t& cacbon, 1-metyl-1-
(alkoxycarbonyloxy)etyl ¢6 tx 5 dén 8 nguyén t cacbon, N-
(alkoxycarbonyl)aminometyl c¢6 tur 3 dén 9 nguyén t& cacbon, 1-(N-
(alkoxycarbonyl)amino)etyl cé tur 4 dén 10 nguyén t& cacbon, 3-phthalidyl, 4-
crotonolactonyl, gama-butyrolacton-4-yl, di-N,N-(C1-Cz)alkylamino(C»-Cs)alkyl
(nhu B-dimetylaminoetyl), carbamoyl-(C1-Cz)alkyl, N,N-di (C1-
Cz)alkylcarbamoyl-(Ci-Cz)alkyl va piperidino-, pyrolidino- hodc morpholino(Ca-
Cs)alkyl, va tuong tu.
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Céc vi du khéc bao gdm nhu sau: khi hop chét c6 cong thic I, chita nhém
axit carboxylic, thi tién dugc cht co thé 13 este hodc amit, va khi hop chét c6 cong
thirc I chirza nhém amino bac mot hodc nito thich hgp khac ma cé thé dugc tao din
xuét, thi tién dugc chét ¢6 thé 13 amit, carbamat, ure, imin, hodc bazo Mannich.
Cac quy trinh thong thuong dé chon loc va didu ché din xuit tién dugc chét thich
hop duoc md ta, vi dy, trong Design of Prodrugs, duoc hi€u chinh boi H.
Bundgaard, Elsevier, 1985; J. J. Hale et al., J. Med. Chem. 2000, vol. 43, trang
1234-1241; C. S. Larsen and J. Ostergaard, "Design and application of prodrugs"
trong: Textbook of Drug Design and Discovery, tdi ban 14n tht 3, duoc hidu chinh
boi C. S. Larsen, 2002, trang 410-458; va Beaumont et al., Current Drug
Metabolism 2003, vol. 4, trang 461-458; céc tai liéu nay duogc boc 10 & day dé tham
khao.

Do d6, cac hop chat trong cong thirc cAu tao chung, trong cic phuong 4n va
cac hop chit cu thé duge mo ta va yéu cAu bao hd & day bao gdm mudi, tat ca chét
ddng phan 1ap thé va chét hd bién c6 thé c6, cac dang tw nhién (vi dy, dang vo dinh
hinh va dang tinh thé), dang solvat va hydrat cia chung va su két hop bit ky cia
cac dang nay, cling nhu mudi ciia ching, dang tién dwgc chit cia ching ma bao
gdm sy két hop bét ky cua chit ddng phan l4p thé, chét hd bién, solvat, hydrat,
mubi va/hoic cac dang tu nhién clia tién dugc chét nay, trong d6 cac dang nay la

c6 thé c6 trir khi ¢6 quy dinh khéc.

Sang ché con bao gdm phuong phép dé didu tri hodic phong ngira 14y nhiém
HIV, d uc ché transcriptaza nguge cua HIV, dé diéu tri, phong nglra, hodc 1am
chidm su khoi phéat bénh AIDS & d6i tuong can diéu tri, bao gém cho dbi tuong

dung lugng hitu hiéu cta hop chét theo sang ché hoic mudi dugc dung cua no.

Sang ché con bao gdm hop chit theo sang ché, hodc mubi duge dung cla
n6, dé sir dung trong viéc bao ché thubc dé didu tri hodc phong nglra lay nhiém
HIV, dé ac ché transcriptaza ngugc cua HIV, hodc dé diéu tri, phong ngtra, hodc

]am cham su khéi phat bénh AIDS & dbi tuong can diéu tri.

Sang ché con bao gom dugc phim chtta lugng hitu hiéu ciia hop chat theo
sang ché, hoic mubi duge dung cta nd, va chat mang dugc dung va con bao gdm

lugng hiru hiéu chét khang HIV bd sung dugc chon tir nhém bao gém chét khang
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virat HIV, chat diéu bién mién dich, va chit chéng 14y nhiém. Trong phuong 4n
ndy, chit khang HIV 1a chét khang virut dugc chon tir nhém bao gbm chét tc ché
proteaza ciia HIV, chét Grc ché transcriptaza ngugc ctia HIV, chit e ché integraza
ctia HIV, chét e ché dung hop cua HIV, chit tc ché sy xam nhdp cua HIV, va
chét e ché truong thanh ctia HIV.

Mbi hop chét co6 cong thuc Ia, II, IIL, IV hodc V, tao thanh tip con céac hop
chét c6 trong cong thirc 1. Phin md ta bt ky & trén hodc dudi day dé cap dén hop
chét c6 cong thic I ciing 4p dung cho hop chét cia mdi trong sb cac cong thirc Ia,

IL, III, IV hodc V, va mdi phuong 4n ctia chung.
Céc phuong 4n khéc clia sang ché bao gdm nhu sau:

(@  Duoc phim chtta lugng hitu hiéu cia hop chét c6 cong thirc I nhu
duoc xéc dinh & trén, hodc tién dugc chét hoac mudi dugc dung cua chiing, va chét

mang dugc dung.

(b)  Duoc phdm bao gbm san phim dugc diéu ché bang cach két hop (vi
dy, tron) lugng hitu hi¢u cta hop chét ¢ céng thic I nhu duge xac dinh & trén,

hodc tién dugc chat hodc mudi duge dung cta chung, va chat mang dugc dung.

(¢)  Duoc pham theo muc (a) hoic (b), con chira lugng hitu hiéu ciia mot
hodc nhiéu chét khang HIV duoc chon tir nhém bao gém chét khang virut HIV,

chat diéu bién mién dich, va chat chong lay nhiém.

(d) Dugc phim theo muc (c), trong d6 chéit khang HIV duoc chon tur
mot hoac nhiéu chit khang virut dugc chon tr nhdm bao gém chét e ché proteaza
cia HIV, chét uc ché transcriptaza ngugc nucleosit cia HIV, chit uc ché
transcriptaza nguoc khong nucleosit cua HIV, chit e ché integraza ctia HIV, chat
ttc ché dung hop ciia HIV, chét tc ché sy xAm nhdp cua HIV va chit e ché truong
thanh cua HIV.

(¢) T hop cta (i) hop chét c6 cong thirc I nhu duge xac dinh & trén,
hodc tién dugc chét hoic mubi dugc dung cua chung, va (ii) chét khang HIV dugc
chon tir nhom bao gém chét khang virut HIV, chét didu bién mién dich, va chét

chéng 14y nhiém; trong d6 mdi hop chét va chét khang HIV dugc dung & luong ¢
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hiéu quéa két hop dé e ché transcriptaza nguoc ctia HIV, dé diéu tri hodc phong
ngira nhiém HIV, hodc dé diéu tri, phong ngira, hodc lam cham sy khéi phét hodc

tién trién ctia bénh AIDS.

(f) T4 hop theo muc (e), trong d6 chét khang HIV 13 chét khéng virut
dugc chon tr nhém bao gdm chét tic ché proteaza cua HIV, chit e ché
transcriptaza nguoc nucleosit cua HIV, chét e ché transcriptaza ngugc khong
nucleosit ctia HIV, chat tc ché integraza ciia HIV, chét trc ché dung hop cia HIV,

chét trc ché sy xAm nhap ctia HIV va chét tc ché truéng thanh ctia HIV.

(g)  Phuong phéap trc ché transcriptaza nguoc cua HIV & d6i tugng can
didu tri bao gdm cho ddi twong diing lugng hitu hiéu cta hop chét c6 cong thirc I

hodc tién duoc chat hodc mudi duge dung cua no.

(h) Phuong phép phong nglra hodc didu tri lay nhiém HIV (vi du,
HIV-1) & d6i tuong can diéu tri bao gém cho ddi tuong dung luong hitu hiéu cua

hop chét c6 cong thirc I hodc tién dugc chét hoic mudi duoc dung cta nd.

(1) Phuong phéap theo muc (h), trong d6 hgp chét c6 cong thac I dugc
dung két hop voi lwong hitu hiéu cua it nhat mot chét khang virut HIV khac dugc
chon tir nhém bao gdm chét e ché proteaza cia HIV, chét e ché integraza cia
HIV, chét Gc ché transcriptaza nguge khong nucleosit cia HIV, chdt &c ché
transcriptaza ngugc nucleosit cua HIV, chét @c ché dung hop ctia HIV, chét trc ché

su xam nhdp cta HIV va chét uc ché truong thanh cua HIV.

G) Phuong phap phong ngura, diu tri hodc 1am cham su khéi phat hodc
tién trién cta bénh AIDS & dbi tugng can didu tri bao gdm cho ddi twong ding
luong hitu hi¢u cta hop chét c6 cong thic I hodc tién duoc chét hodc mubdi duoc

dung cta né.

(k)  Phuong phap theo muc (j), trong d6 hop chat dugc ding két hop véi
lugng hitu hiu cua it nhét mét chat khang virut HIV khac duge chon tir nhém bao
gbm chét trc ché proteaza cua HIV, chét tc ché integraza ctia HIV, chit &rc ché
transcriptaza ngugc khong nucleosit cua HIV, chét wc ché transcriptaza nguoc
nucleosit ctia HIV, chit trc ché dung hop cta HIV, chit ¢rc ché sy xAm nhap cia

HIV va chét Gc ché truéng thanh ctia HIV.
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D Phuong phap e ché transcriptaza ngugc cia HIV & d6i tuong cén
diéu tri bao gdm cho dbi tuong dung dugc pham theo muc (a), (b), (c) hodc (d)

hodc tb hgp theo muc (e) hodc (f).

(m) Phuong phép phong nglra hodc didu tri 1dy nhiém HIV (vi dy,
HIV-1) & d6i twong can diéu tri bao gdm cho dbi twgng dung duoc pham theo muc
(a), (b), (c) hodc (d) hodc t6 hop theo muc (e) hoic ().

(n)  Phuong phap phong ngura, diéu tri, hodc lam cham su khéi phat hodc
tién trién ctia bénh AIDS & d6i tugng can diéu tri bao gém cho dbi tuong dung

dugc phdm theo muc (a), (b), (c) hodc (d) hodc t6 hop theo muc (e) hoic (f).

Sang ché con bao gdbm hop chit c6 cong thirc I hozic mudi duge dung cua
no, (i) dé st dung trong, (ii) dé st dung lam thubc dé, hodc (iii) dé sir dung trong
viéc bao ché thubc d@é: (a) chita bénh (vi dy, thudc co thé nguoi), (b) thude, (c) e
ché transcriptaza nguoc ctia HIV, (d) diéu tri hodc phong ngira nhiém HIV, hoic
(e) diéu tri, phong ngira, hodic 1am chim sy khoi phat hodc tién trién cta bénh
AIDS. Déi véi cac muc dich sit dung nay, hop chét theo séng ché co6 thé tuy y
dugc ding két hop v6i mot hodc nhidu chét khang HIV duge chon tir chat khang

virut HIV, chat chong nhidm khuin, va chit diéu bién mién dich.

Céac phuong 4n bd sung clia séng ché bao gdm duoc phim, t6 hop va
phuong phap di néu trong cac muc (a)-(n) ¢ trén va viéc su dung (i)(a)-(e) dén
(iii)(a)-(e) da néu & cac doan trén, trong d6 hop chét theo sang ché dugc ding &
day 1a hop chét theo mdt trong s6 céc phuong 4n, khia canh, nhém, phin nhom,
hodc dic didm da mo ta & trén. Trong tit ca cac phuong 4n, v.v. ndy, hop chét co
thé tuy y dugc st dung & dang tién dugc chét hoic mubi dugc dung hodc mubi

dugc dung cta tien dugc chat.

Céc phuong an bd sung cua sang ché bao gém mdi trong s& duge phim, to
hop, phuong phap va viéc st dung d néu trong cac doan & trén, trong d6 hop chat
theo sang ché hodc mudi ciia né dung & day 1a gén nhu tinh khiét. Dbi v6i duge
phdm chira hop cht c6 cong thirc I hodc tién duge chit cta n6 hodc mudi va chét

mang dugc dung va tuy y mot hodc nhiéu ta dugc, thi duoc hiéu 1a thuat ngit "gﬁn
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nhu tinh khiét" 12 d& cap dén hop chét c6 cong thirc I hodc tidn dugc chit clia nd

va/hodac mudi ctia nd.

Céc phuong 4n bd sung khac nita cua sang ché bao gdm dugc pham, t6 hop
va phuong phép da néu trong cac muc (a)-(n) ¢ trén va viéc st dung (i)(a)-(e) dén
(iii)(a)-(e) néu trén, trong d6 HIV dugc quan tam la HIV-1. Do d6, vi dy, trong
dugc phim (d), hop chét c6 cong thic I duoc ding & lugng c6 hiéu qua khang
HIV-1 va chét khang HIV 13 chét khang virut HIV-1 dugc chon tir nhom bao g6m
chét tc ché proteaza cua HIV-1, chét wc ché transcriptaza ngugce cia HIV-1, chét
trc ché integraza ctia HIV-1, chét Gc ché dung hop cia HIV-1 va chét tc ché sy
x4m nhap cta HIV-1. Hop cht c6 cong thirc I cling c6 thé 13 chat hitu dung khéng
HIV-2.

Thuat nglt "viéc dung" va céac bién thé cua né (vi dy, "ding" hop chat) dé
cap dén hop chét c6 cong thirc I nghia 12 dua hop chit vao c4 thé cin diéu trj hoic
phong ngtra va bao gbm ca trr ding va ngudi khdc dung cho bénh nhén. Khi hop
chét hodc tién dugc chét ctia né dugce tao ra Kkét hop véi mdt hodc nhiéu chit hoat
tinh khac (vi du, chét khang virut hitu dung dé didu tri hodc phong nglra nhiém
HIV hodc bénh AIDS), "viéc dung" va cac bién thé cua n6 dugc hiéu 1a bao gdm
viéc cung cép hop chét hoc tién dugc chit va cac chét khac & cing thoi diém hoic
& cac thoi diém khac nhau. Khi cac chét cia td hop duge dung & cung thoi diém,
ching co thé dugc dung cung nhau trong mot ché phém hodc chung c6 thé dugc

dung riéng ré.

Nhu duge st dung & day, thuat ngit "ché pham" bao gbm san phim chta
céc thanh phan cu thé, cling nhu san pham bét ky thu dugc tr sy két hop cac thanh
phan cy thé. C4c thanh phan thich hgp bao gdm trong dugc pham la cic thanh
phan dugc dung, nghia 1a cac thanh phén phai twong thich v6i nhau va khong c6
hai cho nguoi nhan chung. “Dugc dung” nghia la cic thanh phén cta dugc pham

phai twong thich v6i nhau va khong c¢6 hai cho ngudi nhén chung.

Thuét ngt "déi tugng" nhu dugc st dung & ddy dé cap dén dong vat, tot hon
1a dong vat c6 v, tot nhét 1a ngudi, 12 d6i twong cta viée diéu tri bénh, theo doi

hodc thir nghiém.
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Thuét ngft "luong hitu hiéu" nhu dugce st dung & ddy nghia 1a Iugng du dé
trc ché transcriptaza nguoc ctia HIV, (e ché sao chép HIV, c6 tac dung phong bénh
hiéu qua, va/hodc tac dung diéu tri hiéu qua sau khi dung. Theo mdt phuong 4an,
“lugng hitu hiéu” 13 "lugng hitu hiéu didu trj bénh" 13 lwgng hop chét ¢6 tac dung
{tc ché transcriptaza nguoc cia HIV, tc ché sao chép HIV (céc téc dung néu trén
cling c6 thé dugc dé cap dén & day dudi dang "lugng hitu higu dé Ge ché"), diéu tri
lay nhiém HIV, diéu tri bénh AIDS, lam cham sy khéi phat bénh AIDS, va/hodc

1am cham tién trién cta bénh AIDS & bénh nhan.

Theo phuong 4n khéc, “lwgng hiru hi¢u” 13 "luong hitu hiéu phong bénh" l1a
lwong hop chét c6 hidu qua dé phong ngira nhiém HIV hodc phong bénh AIDS &
bénh nhan. Pdng thoi ¢6 thé hidu luong hitu hiéu 1a lugng hitu hiéu diéu trj bénh,
vi du, dé didu tri 14y nhidm HIV, va luong hitu hiéu phong bénh, vi du, d€ ngin
nglra hodc gidm nguy co phat trién bénh AIDS. Khi hop chét c6 cong thirc I dugc
dung & dang mudi, thi lugng hop chét 12 & dang hop chét ty do (nghia 13, dang

khong chira muoi).

Trong phuong phép theo sang ché (nghta 13, e ché transcriptaza nguge cla
HIV, diéu tri hodc phong ngira nhiém HIV, Gc ché sao chép HIV, diéu tri hodc
phong bénh AIDS, lam chim sy khéi phéat cia bénh AIDS, hodc lam cham hoac tri
hodn tién trién ctia bénh AIDS), hop chét theo sdng ché, tuy y & dang mubi, c6 thé
dugc ding bang cach dua hoat chét vao vi trf hoat dong ctia chat nay. Ching c6 thé
duoc ding bang cach thong thudng c6 sén dé str dung két hop véi dugc phém, &
dang chét didu tri riéng & hodc két hop céc chét diéu tri. Ching c6 thé dugc ding
riéng, nhung thuong dugc dung véi chit mang dugc dung dugc chon trén co s
duong dung da chon va thyc tidn dugc phim tidu chuén. Hop cht theo séng ché co
thé, vi du, dugc ding qua dudng miéng, ngoai duong tiéu héa (bao gbm tiém duéi
da, k§ thuat truyén ho#c tiém trong tinh mach, trong co, trong xuong Gc), béng
cach phun x6ng, hodc dit hdu mon, ¢ dang duge phém liéu don vi chra luong hitu
hi€u cta hgp chét va chit mang, chét phu tro va chat dan duoc dung khong doc
thong thuong, phuong phip dung bét ky trong sd cac phuwong phép dung c6 thé
duoc dé Xuét & dang lidu don, mot 1an mot ngay, hodc tAn suét it hon nhu mot 1an

mot tudn hoic mot 1an mot thang trong, vi du nhung khong bi gi6i han 6, khodng
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lidu va luong dugc mo ta dudi day. Ché pham 16ng thich hop dé dung qua duong
miéng (vi du, hdn dich, sird, cdn ngot va tuong tu) co thé dugc diéu ché theo céc
cac k¥ thuét da biét trong linh vuce va c6 thd ding moi trudng bét ky trong sb cac
mdi truong thong thudng nhu nude, glycol, dau, rugu va tuong tu. Ché pham rin
thich hop dé dung qua dudng miéng (vi dy, bdt, vién tron, vién nang va vién nén)
¢6 thé duoc didu ché theo cac k¥ thuat da biét trong linh vuc va co thé dung céc ta
duoc rén nhu tinh bot, dudng, cao lanh, chét 1am tron, chét gén két, chit gay rd va
chit twong ty. Céc ché pham diing ngoai dudng tiéu hoa c6 thé dugc diéu ché theo
cac k¥ thut da biét trong linh vyc va dién hinh 13 ding nudc vo tring 1am chét
mang va tlly ¥ céc thanh phan khéc, nhu chét trg hoa tan. Dung dich dé tiém c6 thé
duge didu ché theo cac phuong phéap da biét trong linh vuc nay, trong d6 chét
mang chira dung dich mudi, dung dich glucoza hoic dung dich chtra hdn hop mudi
va glucoza. Phin mo ta tiép cac phuong phap thich hop dé str dung trong viéc bao
ché dugc phdm dé st dung trong séng ché va md t& c4c thanh phan thich hop dé sir
dung trong cc ché pham niy dugc néu trong tai liéu Remington's Pharmaceutical
Sciences, tai ban 1an thir 18, duoc hiéu chinh béi A. R. Gennaro, Mack Publishing
Co., 1990 va trong tai liéu Remington - The Science and Practice of Pharmacy, tai
ban 14n thtr 22, dugc céng bd boi Pharmaceutical Press and Philadelphia College
of Pharmacy & University of the Sciences, 2012, ISBN 978 0 85711-062-6 va cac

lan xuat ban trude.

Dang bao ché ctia hop chit dugc mod ta bdi cong thirc I tao ra sy qua bdo
hoa duge chit va/hodc hoa tan nhanh c6 thé duoc dung dé tao thuan loi cho viéc
hép thu dugc chét qua dudng miéng. Dang bao ché nay gan nhu giy ra su qua béo
hoa dugc chit va/hodc hoa tan nhanh bao gém, nhung khong bi giéi han &, hé hat
nano, hé vo dinh hinh, dung dich rn, chit phan tan ran, va hé 16ng. Phuong phéap
tiép can va k¥ thuat ctia dang bao ché nay dé diéu ché ching 1a da biét r5 trong linh
vuc nay. Vi du, chét phén tan rén c6 thé duge didu ché béng cach st dung ta dugc
va quy trinh duge md ta trong cac bai bdo (vi du, A.T.M. Serajuddin, J Pharm Sci,
88:10, trang 1058-1066 (1999)). H¢ hat nano dya vao sy mai mon va tong hop truc
tiép cling dugc md ta trong cac bai bao nhu Wu et al (F. Kesisoglou, S. Panmai, Y.

Wu, Advanced Drug Delivery Reviews, 59:7 trang 631-644 (2007)).
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Hop chét co cong thuc I, va mubi duge dung cta chung, 1a chét rc ché
transcriptaza ngugc cia HIV. Cac hop chét 1a hitu dung dé wc ché transcriptaza
nguoc cua HIV va dé rc ché sao chép HIV in vitro va in vivo. Dédc bi€t hon, hop
chit c6 cong thic I e ché chiic ning polymeraza clia transcriptaza ngugc cia
HIV-1. Viéc kiém tra cdc hop chat cla cac vi du theo sang ché trong thir nghiém
da néu trong thir nghiém Polymeraza RT dudi ddy, minh hoa kha ndng cua hop
chét theo sang ché dé wrc ché hoat tinh ADN polymeraza phu thudc ARN cua
transcriptaza ngugc cua HIV-1. Hop chét c6 cong thuc I cling c6 thé 14 chét hiru

dung khang HIV-2.

Hop chét c6 cong thire I c6 thé duge dung & khoang lidu tir 0,001 dén 1000
mg/kg thé trong dong vat c6 vi (vi du, ngudi) mdi ngdy, hodc ¢ cac khoang thoi
gian khac khi thich hop, ¢ liéu don hoic lidu phéan chia. Mot vi du vé khoang lidu
1a tir 0,01 dén 500 mg/kg thé trong mdi ngdy, hodc & cc khoang thoi gian khac khi
thich hgp, dung qua dudong miéng hodc qua duong dung khac ¢ dang lidu don hoic
lidu phéan chia. Vi du khac vé& khoang lidu 1a tir 0,1 dén 100 mg/kg thé trong mdi
ngay, hodc & cac khoang thoi gian khac khi thich hop, dung qua duong miéng hodc
qua duong dung khac & dang lidu don hodc lidu phn chia. Pé ding qua dudng
miéng (vi du, vién nén hodc vién nang) hodc cac dudong dung khac, ché phim c6
thé chtra tir 1,0 dén 500 miligam hoat chit, dic biét 1a 1, 5, 10, 15, 20, 25, 50, 75,
100, 150, 200, 250, 300, 400, va 500 miligam hoat chét dé didu chinh triéu ching
ctia liéu cho bénh nhan cén diéu tri. Mac do lidu cu thé va tin suit liéu dbi véi
bénh nhan cu thé bt ky c6 thé thay ddi va s& phu thudc vao céc yéu t6 khac nhau
bao gdm hoat tinh ctia hop chit cy thé dugc dung, d6 on dinh chuyén héa va sy
hoat dong lau dai cta hop chét do, tudi, thé trong, stc khoe téng quat, gioi tinh,
ché do an, cach thirc va thoi gian dung thude, tc do bai tiét, td hop duoc chét,
muc do nghiém trong cua tinh trang bénh cu thé, va chu thé dang trong thoi gian
diéu tri. Trong mot sb treong hop, phy thude vao hig¢u luc cua hop chit hodc phan
ung ca nhén, co thé can diéu chinh ting hodc giam liéu da cho. Hop chét theo sang
ché c6 thé duoc ding & dang liéu don, mot 1an mot ngdy, hodc tan suét it hon nhu
mot 1an mot tudn hodc mét thang mot lan trong, vi du nhung khong bi gi6i han 6,

khoang liéu va lugng néu trén. Hon nita, hop chat c6 the dugc diéu ché dé giai

-35-



37013

phong ngay hodc giai phong bién dbi nhu giai phong kéo dai hodc giai phong co

kiém soat.

Nhu da luvu y ¢ trén, sang ché con dé cap dén viéc str dung hop chét c6 cong
thire 1 v6i mot hogic nhidu chét khang HIV. "Chét khang HIV" 1a chit bét ky truc
tiép hodc gian tiép c6 hidu qua tc ché HIV, diéu tri hoic phong ngira lay nhiém
HIV, va/hodc didu tri, phong ngira hodc 1am chdm sy khéi phét hodc tién trién coa
bénh AIDS. Dugc hiéu 1a chit khang HIV c6 hiéu qué didu tri, ngan ngira, hodc
lam chidm su khoi phat hodc tién trién cta sy lay nhiém HIV hodc bénh AIDS
va/hodc bénh hoic tinh trang bénh phat sinh tir d6 hodc két hop véi lay nhiém HIV
hogc bénh AIDS. Vi du, hop chit theo sang ché c6 thé dugc dung hiéu qua, du &
giai doan truéc khi phoi nhi€m va/hodc sau khi phoi nhiém, két hop vé6i lwong hitu
hiéu ciia mot hodc nhiéu chét khang HIV dugc chon tr chét khéng virut HIV, chét
diéu bién mién dich, chéng lay nhiém, hodc vacxin hitu dung dé diéu tri 14y nhiém
HIV hoic bénh AIDS. Chat khang virut HIV thich hop dé sir dung két hop v6i hop

chét theo séng ché bao g@)m, vi du, cac hop chét dugc liét ké & Bang 1 nhu sau:

Bang 1 Chét khang virut dé diéu tri 14y nhiém HIV hoic bénh AIDS

Tén Loai
abacavir, ABC, Ziagen® nRTI
abacavir +lamivudin, Epzicom® nRTI
abacavir + lamivudin + zidovudin, Trizivir® nRTI
amprenavir, Agenerase® PI
atazanavir, Reyataz® PI
AZT, zidovudin, azidothymidin, Retrovir® nRTI
capravirin nnRTI
darunavir, Prezista® PI
ddC, zalcitabin, dideoxycytidin, Hivid® nRTI
ddl, didanosin, dideoxyinosin, Videx® nRTI
ddI (dang bao tan trong rudt), Videx EC® nRTI
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delavirdin, DLV, Rescriptor® nnRTI
dolutegravir, Tivicay® Inl
doravirin, MK-1439 nnRTI
efavirenz, EFV, Sustiva®, Stocrin® nnRTI
efavirenz + emtrixitabin + tenofovir DF, Atripla® nnRTI +nRTI
EFdA (4'-etynyl-2-flo-2'-deoxyadenosin) nRTI
Elvitegravir Inl
emtricitabin, FTC, Emtriva® nRTI
emtrixitabin + tenofovir DF, Truvada® nRTI
emvirin, Coactinon® nnRTI
enfuvirtide, Fuzeon® FI
didanosin bao tan trong rudt, Videx EC® nRTI
etravirin, TMC-125 nnRTI
fosamprenavir canxi, Lexiva® PI
indinavir, Crixivan® PI
lamivudin, 3TC, Epivir® nRTI
lamivudin + zidovudin, Combivir® nRTI
lopinavir PI
lopinavir + ritonavir, Kaletra® PI
maraviroc, Selzentry® EI
nelfinavir, Viracept® PI
nevirapin, NVP, Viramune® nnRTI
PPL-100 (con dugc biét dén 12 PL-462) (Ambrilia) | PI
raltegravir, MK-0518, Isentress™ Inl
Rilpivirin nnRTI
ritonavir, Norvir® PI
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saquinavir, Invirase®, Fortovase® PI
stavudin, d4T,didehydrodeoxythymidin, Zerit® nRTI
tenofovir DF (DF = disoproxil fumarat), TDF, nRTI
Viread®

Tenofovir, hexadecyloxypropyl (CMX-157) nRTI
Tenofovir alafenamit fumarat (GS-7340) nRTI
tipranavir, Aptivus® PI
vicriviroc EI

EI = chét tc ché sy xAm nhép; F1 = chét rc ché dung hop; Inl
= chét e ché integraza; P1 = chét wc ché proteaza; nRTI =
chét rc ché nucleosit transcriptaza nguoc; nnRTI = chét trc
ché khong phai nucleosit transcriptaza nguoc. Mot s6 duoc
chét liét ké trong bang dugc st dung ¢ dang mudi; vi du,
abacavir sulfat, delavirdin mesylat, indinavir sulfat,

atazanavir sulfat, nelfinavir mesylat, saquinavir mesylat.

DPuoc hiéu 13 pham vi cta su két hop cac hop chét theo sang ché véi chét
khang HIV khong bi gid1 han ¢ chét khang virut HIV liét ké trong bang A, ma bao
gdm v& co ban sy két hop bt ky voi duge phim bat ky hitu dung dé diéu trj hodc
phong bénh AIDS. Chat khang virut HIV va céc chét khac thuong dugc dung trong
cac két hop nay & khoang lidu va ché do liéu thong thudng nhu duge bdo céo trong
linh vuc nay, bao gdm, vi du, lifu dugc mo ta trong tai liéu Physicians' Desk
Reference, Thomson PDR, Thomson PDR, xuét ban lan thtr 57 (2003), xuét ban
lAn tht 58 (2004), hodc xudt ban lan thtr 59 (2005) va tai liéu The current
Physicians' Desk Reference (xuét ban lan tht 68). (2014), Montvale, NJ: PDR
Network. Cac khoang liéu ddi véi hop chit theo sang ché trong cac két hop nay c6

thé 1a gidng nhu cac khoang liéu da néu trén.

Hop chét theo séng ché ciing c6 thé hiru dung trong viéc diéu ché va thuc
hién cac thtr nghiém sang loc d6i véi hop chat khang virut. Vi du, hop chét theo
sang ché 1a hitu dung dé tach dot bién enzym, 1a cong cu sang loc vugt trdi d6i voi

cac hop chit khang virut manh hon. Hon nita, hop chét theo sang ché c6 thé hitu

-38-



37013

dung trong viéc thiét 1ap hodc x4c dinh vi tri gén két cua cac chét khang virut khac

v6oi HIV transcriptaza nguoc, vi du, bé‘mg cach wc ché canh tranh.

Chit viét tit dugc ding & ddy bao gdbm nhu sau:

ACN = axetonitril

aq = nudc

AcOH = axit axetic

AIBN = azobisisobutyronitril

CHAPS =3- ((3-
Cholamidopropyl)dimetylammonio)-1-
Propansulfonic

m-CPBA = axit 3-cloperbenzoic

Me = metyl

CSH = B0 ghép bé mat tich dién

MeOH = metanol

DAST = (dietylamino)sulfur triflorua

Me-THF = 2-metyltetrahydrofuran

DCE = 1,2-dicloetan

min = phut

DCM = diclometan

MHz = megahec

DEAD = dietyl azodicarboxylat

mL hodc ml = mililit

DIBAL-H = diisobutyl nhém hydrua

mol = mol

DIPEA = diisopropyletylamin

mmol = milimol

DMF = N,N-dimetylformamit

NaH = natri hydrua

Dess-Martin periodinane = 1,1,1-
Triaxetoxy-1,1-dihydro-1,2-benziodoxol-
3(1H)-on

NBS = N-bromosucxinimit

NIS — N-iodosucxinimit

DMAP = 4-dimetylaminopyridin

NHS = huyét thanh ngudi binh thuong

DMSO = dimetyl sulfoxit

NMP = N-metyl-2-pyrolidinon

EDTA = axit etylendiamintetraaxetic

NMR = cong huong tir hat nhén

EtOAc = etyl axetat

NTP = nucleosit triphosphat

EA = etyl axetat

dNTP = 2’-deoxy nucleosit
triphosphat

EGTA = axit etylen glycol tetraaxetic

PBS = dung dich mudi dém phosphat

EtOH = etanol

PE, pet. ete = ete dau mo

FBS = huyét thanh thai bd

Ppm = phan tri€u

HIV = virut gdy suy giam mién dich &
nguoi

PPTS = axit 4-toluensulfonic
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HPLC = séc ky léng hiéu ning cao r.t. = nhiét d trong phong

hr = gi¢ RT = transcriptaza ngugc

h = gid TBAF = tetrabutylamoni florua
Hz =héc t-BuOH = tert-butanol

IBX = axit 2-iodoxybenzoic TEA = trietylamin

LCAP = phén trim dién tich sicky long | THF = tetrahydrofuran

TFA = axit trifloaxetic

LCMS hogc LC-MS = phép do séc ky TLC = séc ky 16p mong
16ng-khdi pho

L =lit TBS-CI = t-butyldimetylsilyl clorua

LDA = lithi diisopropylamit TBDMS-CI = t-butyldimetylsilyl
clorua

LiHMDS = lithi hexametyldisilazit TMSCI = trimetylsilyl clorua

Hop chét theo sang ché c6 thé dugc diéu ché bang phwong phép da biét 13
trong linh vuc hoa hitu co. Xem, vi du, J. March, ‘Addvanced Organic Chemistry’
xuét ban 1an th 6, John Wiley and Sons. Trong trinh tu tbng hop, c6 thé 1a can
thiét va/hodc mong mudn bao vé cac nhém nhay hodc nhém hoat tinh trén phan ti
bét ky dugc quan tAm. Qué trinh nay dat dugc nho cdc nhom bao vé thong thuong,
nhu d3 mo ta trong T.W. Greene and P.G.M. Wutts ‘Protective Groups in Organic
Synthesis® xuét ban 1an tht 4, John Wiley and Sons. Nhém bao vé thuong dugc
loai b6 tuy y & giai doan thich hgp tiép theo sir dung phuong phép da biét trong

linh vuc nay.

Hop chét theo sang ché c6 thé d& dang dugc diéu ché theo céc so d6 phan
trng va vi du sau, hodc sy bién dbi cua ching, str dung dé dang cac nguyén liéu ban
dAu sin c6, chat phan tmg va quy trinh tbng hop thong thudong. Trong cac phan
{ng nay, cling c6 thé sir dung cac bién thé da dugc ngudi c6 hiéu biét trung binh
trong linh vuc nay biét dén, nhung khong dugc néu chi tiét hon. Hon nita, cic
phuong phap khac dé diéu ché hop chét theo séng ché 1a d& thay dbi véi ngudi co
hiéu biét trung binh trong linh vuc nay dua vao céc so dd phan tmg va vi du sau.

Trir khi ¢ quy dinh khéc, tAt ca bién sb nhu dugc x4c dinh & trén.
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So dd 1
0. OMe PO 0. OMe
oY .
PO\\ 1-3
Cl cl R
R9 Re/~"SN R/ ~"SN
< L
PO— o & N /L PO— o N N/)\R5 HO— O N7 N7 RS
TS o .
PO 44 o5 1-6 HO 1-7
R4 R4 R4
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X X
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Ho— o N ONTTRE oy o N ONTUR HO— O N" R
X — — HOJU —
PO’ 1-8 PO
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Lactol 1-1 ¢6 thé dugce chuyén héa thanh 1-2 st dung HCI metanolic. Tiép
d6, nhém hydroxy cta chét trung gian 1-2 ¢6 thé dugc bao vé sau d6 chuyén hoa
1’-OMe thanh 1’-Cl st dung khi HCI tao ra 1-4. Chét trung gian 1-4 c6 thé dugc
phan tng v6i cac di vong dugc thé khac nhau (1-5) v&i su c6 mat cua bazo thich
hop tao ra chét trung gian 1-6. 6-clo cua chét trung gian 1-6 ¢6 thé duoc chuyén
héa thanh R4 st dung phan tng hoa hoc thich hgp sau d6 khir bao v€ nhoém
hydroxyl tao ra chit trung gian 1-7. Chét trung gian 1-7 ¢6 thé dugc bao vé khac
biét dé tao ra 1-8. Oxy héa 1-8 tao ra aldehyt 1-9 ma tiép d6 c6 thé trai qua phan
tmg aldol véi formaldehyt sau d6 khur dé tao ra 1-10. Oxy héa chon loc nhém
hydroxy bé mit alpha sau d6 chuyén héa aldehyt thanh alkyn tao ra 1-11. Khir bao

vé 1an cudi rugu 3’ tao ra hop chét dich 1-13.
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So do 2

R4

RQ’Q\/N‘N/)\R5

0. .0
POAQ// X =NhoicCH PO

Lacton 2-1 c6 thé duoc xtr 1y béng anion cua cac di vong khéc nhau dé tao
ra chit trung gian thudc loai 2-2. Chét trung gian 2-2 ¢6 thé dugc chuyén héa
thanh 2-3 bang cach xir Iy bang axit v6i sy c6 mit cua silan. Khir bao vé 2-3 sau
d6 12 bao vé khac biét hydroxyl 3> va 5’ tao ra 2-5. Khir oxy héa 2-5 tao ra 2-6 ma
tiép d6 co thé dugce khir bao vé sau d6 1a bao vé khac biét dé tao ra 2-8. Oxy hoa
rugu cudi cing thanh 2-9 sau d6 1a phan tng cla aldol v6i formaldehyt va phan
g khir tao ra 2-10. Oxy hoa chon loc rugu bé mit alpha tao ra aldehyt 2-11 tiép
d6 c6 thé duoc chuyén hoéa thanh axetylen 2-12. Kht bao v¢ toan bd tao ra 2-13.
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So d6 3
R4 R R R
Rg/ ~N Rg/ SN Rg/ SN Rg\/ ~N
RS X A
G A 5 A A 5 ¢ A 5 QN | PN 5
Ho— o ) N R Ho ¢ N N"TR® HO—, o N N7 R® Ho-| 4 N” "R
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o= oY — XY — 2
R HG R R
PO 3.1 PO 3.2 PO 33 HO 3-4

Chét trung gian thudc loai 3-1 (téng hop bang cach st dung phuong phép
trén so dd 1) duoc chuyén héa thanh oxim thudc loai 3-2. Khir nudc cia oxim dan

dén hop chét 3-3 ma c¢6 thé khir bao vé 1an cudi dé tao ra hop chét dich 3-4.

So db 4
X =CH hoac N
4 R4
9 X$N XQH%N
9
R \ N. /)\RS R \ N. //L 5
HO— o N HO— o N7 R
—_—
0= N=— ”
PO 4-1 HO PO 4-2

Chét trung gian thudc loai 4-1 (téng hop bang cach st durig phuong phép
trén so dd 2) duogc chuyén hoa thanh oxim thudc loai 4-2. Khit nudc ciia oxim dan

dén hop chit 4-3 c6 thé khir bao vé 14n cubi dé tao ra hop chét dich 4-4.

So dd 5
R* R*
RO/ ~N Ri~"SN
<\N | //k 5 HO _ OH. OH </N | /)\ 5
N "R \ . N” "R
HO o HOfﬁ/O\ﬁ/O\ﬁ/oj&
Y - O O O Y\
HO 54 HO ¢,

Chét trung gian thudc loai 5-1 (téng hop bang cach st dung phuong phép

theo cac so dd néu trén) c6 thé dwoc chuyén hoa thanh triphosphat 5-2 st dung

phuong phéap da biét trong tai lidu.



So dd 6
R4 R4
- xﬁAN . ﬁ/KN
HO \/o\l/o\l/o
O (@]
_ Ho-f 0Tm
Y 0] Y
HO 61 HO' 6-2

Chét trung gian thudc loai 6-1 (tdng hop bang cach sit dung phuong phap
theo cac so dd néu trén) co thé duge chuyén héa thanh triphosphat 6-2 st dung

phuong phap da biét trong tai ligu.

Quy trinh héa hoc chung: T4t ca chit phan ting duoc mua ngoai thi truong

hodc dugc tdng hop theo céc quy trinh trong tai lidu bét ddu tir chét phan ung
thwong mai. Chat phan ting thwong mai dugc sit dung khong can tinh ché thém.
Trir khi ¢6 quy dinh khac, phn trim 13 phdn trim theo khdi lugng thanh phan cho
truée va tdng khéi lwong ché pham, nhiét do 1a °C hogc 1a nhiét d6 moi truong va
ap suét 13 4p sudt khi quyén hodc gan 4p sudt khi quyén. Phé 1H NMR do duoc
trén hé thdng may Varian VNMR System 400 (400 MHz) va duoc ghi lai duéi
dang phan triéu (ppm-parts per million) ving tir trudng co cuong d6 thip
(downfield) tor Me4Si c6 sd proton, sd bdi, va hing sb lién két Hec chi ra trong
ngodc don. Trong do thé hién sb liéu LC/MS, tién hanh phan tich s6 lidu st dung
Agilent 6110A MSD hodgc khéi phd ké Applied Biosystems API-100. Ion gbe duge
tao ra. HPLC didu ché duoc tién hanh trén hé HPLC diéu ché Waters lép khép véi
cdt Waters Xselect.C18, thudng st dung rira giai gradient véi nudc/axetonitril
chira 0,075% axit triflo axetic. Séc ky cot nhanh dugc thuc hién st dung silic oxit
pha thudng dugc nhdi trude cia hing Biotage, Inc. hodc silic oxit khéi ciia hang
Fisher Scientific. Trir khi ¢c6 quy dinh khac, séc ky cot dugc thuc hién béng cach
sir dung rura gidi gradient ete dau mé/etyl axetat, tir ete diu mo 100% dén 100%
etyl axetat. Thudt ngit "nhiét do trong phong" trong phan vi du dé cap dén nhiét do

mdi trudng ma thuong nim trong khoang 20°C dén khoang 26°C.

Chéit trung gian A
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(2R,3S,5R)-5-clo-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-
metylbenzoat (chét trung gian A)

O] O

0. OH 0. OMe /QAO@OMG /O/ZLO-KOJ;C'
HO/\QF . HO/\g _» ~
HO HO C fO C o
0 0
Chét trung gian A

Bude 1: Téng hop (2R,3S)-2-(hydroxymetyl)-5-metoxytetrahydrofuran-3-ol

Thém nhoé giot axetyl clorua (0,614 g, 7,83 mmol) kem khudy & nhiét do
0°C trong 5 phit vao dung dich khudy chta  (4S,5R)-5-
(hydroxymetyl)tetrahydrofuran-2,4-diol (7,0 g, 52,2 mmol) trong metanol khan
(105 mL) trong khi quyén agon, va khudy hén hop thu dugc & nhiét do 0°C trong 3
gio. Sau d6 thém natri bicarbonat rin vao dé trung hoa hdn hop phan ung. Gom
pha hitu co bang cich loc va sau d6 ¢d dic trong ap suét giam d& tao ra phéan cin &
dang sird. Tinh ché phin cin bing sic ky silica gel (100-200 mesh) véi
diclometan/metanol (20/1) dé tao ra hop chét néu & d& muc. 1H-NMR: (300MHz,
CDCls, ppm): & 4,98-5,04 (m, 1H), 4,21-4,23 (m, 0,4H), 4,07-4,09 (m, 0,6H), 3,83-
3,89 (m, 1H), 3,50-3,66 (m, 2H), 3,27-3,32 (m, 3H), 2,23-2,29 (m, 0,6H), 2,08-
2,12 (m, 0,4H), 1,98-2,03 (m, 0,4H), 1,77-1,83 (m, 0,6H).

Buée 2: Téng hop (2R,3S)-5-metoxy-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Thém nho giot 4-metylbenzoyl clorua (20,35 g, 132 mmol) & nhiét 46 0°C
trong khoang 15 phut vao dung dich khudy chta (2R,3S)-2-(hydroxymetyl)-5-
metoxytetrahydrofuran-3-ol (6,5 g, 43,9 mmol) trong pyridin khd (45 mL) trong
khi quyén agon. Hon hop thu dugc dugce lam Am tir tir dén 30°C va sau d6 dugc
khqu trong 16 gio. Dung dich thu dugc dugc ¢d ddc trong ap sudt giam. Phén cin
thu dugc dugce pha lodng bang etyl axetat (400 mL), va sau do lan luot rira bang
hydro clorua trong nuée (1 mol/L, 2x100 mL), natri bicarbonat bdo hoa trong nuée

(2 x100 mL) va nudc mudi (100 mL). Pha hitu co dugc gom lai, 1am kho bing
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natri sulfat khan, loc va ¢b dic trong 4p suit giam. Tinh ché phin cin bang séc ky
silica gel (100-200 mesh) voi ete dau mo/etyl axetat (20:1) d8 tao ra hop chét néu &
dé muc. IH-NMR: (300MHz, CDCl3, ppm): & 7,90-7,99 (m, 4H), 7,20-7,26 (m,
4H), 5,58-5,61 (m, 0,47H), 5,39-5,42 (m, 0,55H), 5,18-5,24 (m, 1H), 4,46-4,65 (m,
3H), 3,43 (s, 1,61H), 3,36 (s, 1,33H), 2,52-2,60 (m, 1H), 2,17-2,43 (m, 7H).

Budre 3: (2R,3S,5R)-5-clo-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl
4-metylbenzoat (chét trung gian A)

Dua HCl (g) vao dung dich khudy chta (2R,3S)-5-metoxy-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (4,0 g, 10,41 mmol)
trong dietyl ete khan (20 mL) trong binh ddy tron ba ¢ dung tich 100 mL. San
bphém duoc két ta tir tir trong khoang 40 phut & nhiét do 0°C. Chét rén dugc loc va
rira bang dietyl ete kho (3 x 20 mL), 1am kho trong chan khong cao trong 2 gio dé
tao ra chit trung gian A 1a chét rdn. IH-NMR: (300MHz, CDCls, ppm): 8 7,96 (d,
J=9,0Hz, 2H), 7,90 (d, J=8,1Hz, 2H), 7,19-7,27 (m, 4H), 6,47 (d, J=5,1Hz, 1H),
5,54-5,58 (m, 1H), 4,85 (dd, J=3,3Hz, J=7,2Hz, 1H), 4,68 (dd, J=3,3Hz,
J=12,0Hz, 1H), 4,59 (dd, J=4,2Hz, J=12,0Hz, 1H), 2,83-2,92 (m, 1H), 2,74 (d,
J=15,0Hz, 1H), 2,42 (d, J/=3,6Hz, 6H).

Vi du 1: Téng hop (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d|pyrimidin-7-yl)-2-
etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (1)
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Buée 1: Tong hop (2R,3S,5R)-5-(4-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Thém 4-clo-7H-pyrolo[2,3-d]pyrimidin (0,948 g, 6,17 mmol) vao huyén
phu chira natri hydrua (60% phén tan trong dau khoéng, 0,272 g, 6,79 mmol) trong
axetonitril khan (50 ml) trong khi quyén agon trong binh day tron ba c¢b dung tich
250 ml va hdn hop dugc khudy & nhiét do moi trudong trong 30 phut. (2R,3S,5R)-5-
clo-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (2,4 g,
6,17 mmol) dugc thém vao tung phan kém khudy. Hon hop phén ung dugc gia
nhiét dén 50°C va khudy trong 2 gio. Qua trinh phan Gng dugc quan sat bang TLC
& LCMS. Lam bay hoi hon hgp phan tng tao ra can dang diu, ma dugc tinh ché
bang séc ky silica-gel v6i etyl axetat/ete diu mé (ty 18 1:6, thé tich/thé tich) dé tao
ra hop chét néu & d& muc. 1H-NMR: (300MHz, CDCls, ppm): 3 8,64 (s, 1H), 7,98
(d, J=8,1Hz, 2H), 7,92 (d, J=8,1Hz, 2H), 7,43 (d, J=3,6Hz, 1H), 7,20-7,30 (m,
4H), 6,82 (dd, J=5,7Hz, J=8,1Hz, 1H), 6,60 (d, J=3,9Hz, 1H), 4,60-4,76 (m, 3H),
2,86-2,96 (m, 1H), 2,74-2,82 (m, 1H), 2,43 (d, /=5,4Hz, 6H). LC-MS: (ES, m/z):
506,43 [M+H]".
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Buée 2: Tong hop (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol

Thém (2R,3S,5R)-5-(4-clo-7H-pyrolo[2,3-d]pyrimidin-7-y1)-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (2,18 g, 4,31 mmol)
vao binh cao 4p bing thép dung tich 80 ml va dugc lam lanh xubng -40°C. Thém
isopropanolic amoniac (bdo hoa ¢ nhiét do -40°C, 60 ml) vao hdn hop phan tng.
Sau khi hdn hop dwoc khudy & 90°C va trong 15 gio, 1am ngudi dén nhiét @6 trong
phong va cd dic trong chan khong. Tinh ché phéan cin bang sdc ky cot silica gel
véi diclometan/metanol (4/1) dé tao ra hop chit néu & d& muc. 'H-NMR:
(400MHz, ds-DMSO, ppm): 8 8,04 (s, 1H), 7,34 (d, J=3,6Hz, 1H), 7,04 (br, 2H),
6,58 (d, J=3,6Hz, 1H), 6,48 (dd, J=6,0Hz, J=8,0Hz, 1H), 5,24 (d, J/=3,6Hz, 1H),
5,16 (t, J=4,2Hz, 1H), 4,34 (d, J=2,0Hz, 1H), 3,82 (dd, /=4,0Hz, J=6,4Hz, 1H),
3,48-3,58 (m, 2H), 2,48-2,54 (m, 1H), 2,13-2,17 (m, 1H).

Bwée 3: Toéng hop 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-

d]pyrimidin-4-amin.

Thém (2R,38S,5R)-5-(4-amino-7 H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol (950 mg, 3,796 mmol) va imidazol (775,4 mg,
11,388 mmol) vao binh day tron dung tich 25 mL trong khi quyén agon. Pua DMF
khan (8 mL) vao binh, sau do bd sung t-butyldimetylsilyl clorua (1716,4 mg,
11,388 mmol). Sau khi hdn hop dugc khudy & 25°C trong 3 gid, hdn hop dugc pha
lodng bang etyl axetat (40 mL), 1an luot rira bang nude (20 mL x 2), NaHCO3
trong nudc (bdo hoa, 20 mL x 2) va nudc mudi (20 mL x 2). Lép hitu co duge thu
gom va dugc lam khd bang Na,SO4 khan, loc va cd dic trong ap suét giam dé tao
ra san phdm tho. Tiép d6 san pham thd dugc tinh ché bang sic ky silica gel véi etyl
axetat/ete ddu mo (35% dén 42% etyl axetat trong ete dau mo) dé tao ra hop chét
néu & dé muc. 1H-NMR: (300MHz, CDCls, ppm): & 8,32 (s, 1H), 7,32 (d,
J=3,9Hz, 1H), 6,69 (t, J/=6,6Hz, 1H), 6,39 (d, J/=3,6Hz, 1H), 5,29 (br, 2H), 4,56-
4,61 (m, 1H), 3,96 (dd, J=3,5Hz, /=7,0Hz, 1H), 3,74-3,84 (m, 2H), 2,42-2,51 (m,
1H), 2,30-2,38 (m, 1H), 0,92 (d, /=4,2Hz, 18H), 0,08-0,1 (m, 12H). LC-MS: (ES,
m/z): 497,71 [M+H]".
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Bude 4: Téng hop ((2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol

Thém nho giot dung dich d& dugc 1am lanh truéce chira axit trifloaxetic/nude
(1/2, thd tich/thé tich, 9 mL) & nhiét do 0°C trong khoang 10 phut vao dung dich
khudy chira 7-((2R,48,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-d]pyrimidin-4-
amin (1,2 g, 2,506 mmol) trong THF (24 mL). Khuéy hén hop thu duge & 0°C
trong 4 gid va tiép d6 1am bay hoi ddng thoi véi toluen & nhiét do dudi 25°C trong
ba 1dn tao ra siro. San pham thd dugc tinh ché bing sic ky cot silica gel véi etyl
axetat/diclometan (1/1) d& tao ra hop chét néu & dé muc. 'H-NMR: (300MHz, ds-
DMSO, ppm): & 8,03 (s, 1H), 7,34 (d, J=3,9Hz, 1H), 7,03 (brs, 2H), 6,58 (d,
J=3,6Hz, 1H), 6,46 (dd, J=5,7Hz, 1H), 5,19 (t, J=5,7Hz, 1H), 4,51-4,53 (m, 1H),
3,79-3,83 (m, 1H), 3,47-3,57 (m, 2H), 2,55-2,64 (m, 1H), 2,10-2,17 (m, 1H), 0,9
(s, 9H), 0,11 (s, 6H).

Buwde 5: Tong hop (25,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt

Thém axit 2-iodoxybenzoic (230 mg, 0,823 mmol) vao dung dich khudy
chta ((2R,38,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-y1)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol (100 mg, 0,274 mmol) trong
axetonitril khan (10 mL) trong khi quyén agon trong binh ddy tron dung tich 25
mL. Hén hop thu dugc duge hdi luu trong 0,5 gid va sau d6 lam ngudi dén nhiét
do trong phong. Loc chét rdn va phan loc dwgc cd dic trong ap suét giam dé tao ra
hop chit néu & d& muc, duogc st dung cho bugc phan tng tiép theo ma khong can
tinh ché thém. LC-MS: (ES, m/z): 363,20 [M+H]* 381,20 [M+H+H,O]".

Budéc 6: Téng hop ((3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol

Thém dung dich formaldehyt (0,3 mL, 4,00 mmol), sau d6 bd sung nhé giot
dung dich natri hydroxit (0,3 mL, 0,600 mmol, 2M) trong 1 phut vao dung dich
khudy chia  (28,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt (100 mg, 0,276 mmol, tho)
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trong 1,4-dioxan (1 mL). Khudy hén hop thu dugc & 25°C trong 3 gid. Sau khi
hoan thanh phan tmg, hdn hgp phan Ung dugc trung hoa bang cach bd sung axit
axetic, pha lodng bang etyl axetat va lan lugt rira bang nudc, NaHCO3 bdo hoa
trong nudc va nudc mubi, 1am kh6 bing Na,SOs va 1am bay hoi trong ap suét
gidm. Phan ciin dugc hoa tan lai trong etanol khan (2 mL) va thém timg phan natri
borohydrua (20,87 mg, 0,552 mmol) & nhiét d6 0°C. Sau khi khudy trong 1 gi &
nhiét do 25°C, hdn hop phan ting dugc trung hoa bing cach bd sung axit axetic,
pha long bing cloroform (20 mL), rra bing nudc va nudc mudi. Lép hitu co
duge lam kho bang NaxSOu, va dugc 1am bay hoi trong ap sudt giam. Phan cin
duoc tinh ché bang TLC diéu ché véi diclometan/metanol (20/1) & tao ra hop chit
néu & d& muc. 'H-NMR: (300MHz, ds-DMSO, ppm): & 8,03 (s, 1H), 7,37 (d,
J=3,6Hz, 1H), 7,02 (brs, 2H), 6,57 (d, J=3,6Hz, 1H), 6,50 (dd, J=5,7Hz, J/=8,1Hz,
1H), 5,12 (dd, J=5,1Hz, J=6,3Hz, 1H), 4,59-4,60 (m, 1H), 4,38 (dd, J=5,1Hz,
J=6,3Hz, 1H), 3,46-3,61 (m, 4H), 2,70-2,75 (m, 1H), 2,13-2,20 (m, 1H), 0,90 (s,
9H), 0,09 (s, 6H). LC-MS: (ES, m/z): 395,20 [M+H]",

Buée 7: Tong hop (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt

Thém axit 2-iodoxybenzoic (284 mg, 1,014 mmol) vao dung dich khudy
chta ((3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (100 mg, 0,253 mmol)
trong axetonitril khan (20 mL) trong khi quyén agon. Khudy hén hop thu dugc &
nhiét d6 30°C trong 36 gio. LCMS chi ra ring con lai mot phan nhé diol-nucleosit
ban ddu, va hop chét dich 1a san phim chinh. Hon hop dugc loc, ria bang
diclometan. Phan loc duoc thu gom va cd dic trong ap sut giam dé tao ra hop chét
néu & dé muc, dugc st dung truc tiép cho budc phan tmg tiép theo ma khong can

tinh ché thém. LC-MS: (ES, m/z): 393,28 [M+H]".
Budc 8: Tong hop ((2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-

((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol

Thém kali carbonat (68,04 mg, 0,492 mmol) vao dung dich khudy chia
(2R,38,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (100 mg,
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0,248 mmol, thd) trong metanol khan (10 mL) trong khi quyén agon. Hon hop
duoc lam lanh xudng 0°C, sau d6 dimetyl (1-diazo-2-oxopropyl)phosphonat (94,56
mg, 0,492 mmol) dugc thém vao nhd giot trong 2 phut. Sau khi khudy hdn hop thu
duoc & nhiét dd 25°C qua dém, cd dic hdn hop trong ap sudt giam. Phan cin duoc
tinh ché bing TLC diéu ché (metanol/diclometan = 1/15) dé tao ra hop chat néu &
dé muc. 'H-NMR: (300MHz, CDCls, ppm): § 8,24 (s, 1H), 7,04 (d, J/=3,6Hz, 1H),
6,35 (d, J=3,6Hz, 1H), 6,31 (dd, J=5,7Hz, J/=9,3Hz, 1H), 5,48 (br, 2H), 4,73 (d,
J=42Hz, 1H), 4,03 (d, /=12,6Hz, 1H), 3,80 (d, /~12,3Hz, 1H), 3,13-3,23 (m, 1H),
2,58 (s, 1H), 2,22-2,28 (m, 1H), 0,95 (s, 9H), 0,15 (d, J/=7,2Hz, 6H).

Buéc 9: Tong hop (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol

Thém nho giot dung dich tetrabutylamoni florua THF 1M (0,309 mL, 0,309
mmol) trong 1 phut & nhiét d6 moi truong vao dung dich khudy chira ((2R,3S,5R)-
5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl1)-3-((tert-butyldimetylsilyl)oxy)-2-
etynyltetrahydrofuran-2-yl)metanol (60 mg, 0,154 mmol) trong THF khan (2 mL)
trong khi quyén agon. Khudy dung dich thu dugc & nhiét d§ nay trong 2 gio. Qué
trinh phan ng dugc quan sat bang TLC. Khi lugng nucleosit ban dau da tiéu thu
hét, hdn hop dugc cd ddc trong ap sudt giam. Phén cin duoc tinh ché béng TLC
diéu ché (metanol/diclometan = 1/9) dé tao ra hop chét thd néu & d& muc ma dugc
tinh ché tiép bang HPLC didu ché véi cac didu kién sau: (1#-Pre-HPLC-
011(Waters)): Cot, X-select CSH Column, 19*150mm, Sum; pha dong, nude c6 10
mmol amoni bicarbonat va axetonitril (5% axetonitril 1én dén 20% trong 7,5 phut,
1én dén 95% trong 2 phit); May do, UV 254 & 220 nm dé& tao ra hop chat 1 1a chat
ran. 'H-NMR: (300MHz, ds-DMSO, ppm): 8 8,05 (s, 1H), 7,31 (d, J=3,6Hz, 1H),
7,03 (brs, 2H), 6,58 (d, J=3,6Hz, 1H), 6,50 (t, J=6,3Hz, 1H), 5,40-5,49 (m, 2H),
4,49 (dd, J=6,0Hz, J=11,4Hz, 1H), 3,51-3,66 (m, 2H), 3,46 (s, 1H), 2,55-2,59 (m,
1H), 2,28-2,39 (m, 1H). LC-MS: (ES, m/z): 275,20 [M+H]",

Vi du 2: Téng hop (2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (2)
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Buéc 1: Tong hop 4-clo-5-flo-7H-pyrolo[2,3-d]pyrimidin

4-clo-7H-pyrolo[2,3-d]pyrimidin (5 g, 32,6 mmol) va SELECTFLUOR®
(1-clometyl-4-flo-1,4-diazoniabixyclo[2.2.2]octan bis(tetrafloborat)) (17,30 g, 48,8
mmol) duoc dit vao binh day tron dung tich 500 mL trong khi quyén agon. Thém
axetonitril kho (150 mL) va axit axetic kho (50 mL) vao. Gia nhiét hén hop dén
70°C va khudy trong 16 gio. Sau khi 1am ngudi dén nhiét do trong phong, dung
mdi duge loai bo trong ap sudt giam va phén cin dugc bay hoi dong thoi véi
toluen. Chét rén thd dugc hoa tan trong hdn hop diclometan/etyl axetat (1:1) va loc
qua miéng silica gel. Pha hitu co két hop duoc 1am bay hoi trong &p suat giam.
Tiép d6 san pham tho duoc tinh ché bang sic ky silica gel v6i diclometan/etyl
axetat (5:1) d& tao ra hop chét néu & d& myc. 'H-NMR: (400MHz, ds-DMSO,
ppm): & 12,48 (brs, 1H), 8,62 (s, 1H), 7,71 (t, /=2,6Hz, 1H), F-NMR: (376MHz,
ds-DMSO, ppm): § -170,76 (s, 1F). LC-MS: (ES, m/z): 172,00 [M+H]".
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Buwdée 2: Tong hop (2R,3S,5R)-5-(4-clo-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-
2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Thém ting phan 4-clo-5-flo-7H-pyrolo[2,3-d]pyrimidin (0,688 g, 4,01
mmol) vao huyén ph chtta natri hydrua 60% phén tan trong dau khoéng (0,177 g,
4,41 mmol) trong axetonitril khan (40 mL) trong khi quyén agon, va hdn hgp duge
khudy & nhiét d6 méi truong trong 30 phut. Sau d6 chét trung gian A (1,56 g, 4,01
mmol) dugc thém vao tung phén. Sau khi hdn hgp phan Ung dugc gia nhiét dén
50°C va khudy trong 2 gio, phan d& bay hoi dugc loai bo trong ap sudt giam, sau
d6 phan can duoc tinh ché bing séc ky silica gel voi etyl axetat/ete dau mé (1/1) dé
tao ra hop chit néu & dé& muc. 'H-NMR: (300MHz, CDCls, ppm): 8 8,62-8,68 (m,
1H), 7,91-7,99 (m, 4H), 7,26-7,29 (m, 4H), 7,16-7,18 (m, 2H), 6,84-6,88 (m, 1H),
5,74-5,76 (m, 1H), 4,60-4,74 (m, 3H), 2,74-2,79 (m, 2H), 2,43-2,46 (m, 6H). LC-
MS: (ES, m/z): 524,30 [M+H]".

Buwée 3: Tong hop (2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol

Thém  (2R,3S,5R)-5-(4-clo-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (2,0 g, 3,82 mmol)
vi0 binh cao 4p bing thép dung tich 80 mL. Mbi trudng duge lam lanh dén -40°C.
Thém i-PrOH bdo hoa trong amoniac (60 mL) vao. Sau khi hdn hop duge gia nhiét
dén 80°C va khudy trong 18 gid, hdn hop thu duge duoc c¢d dic trong ap suét
giam. Tinh ché phin cn bing sdc ky silica gel véi diclometan/metanol (5/1) dé tao
ra hop chat néu & dé muc. 'H-NMR: (400MHz, ds-DMSO, ppm): & 8,06 (s, 1H),
7,33 (d, J=2,0Hz, 1H), 6,99 (brs, 2H), 6,54 (t, J=6,0Hz, 1H), 5,24 (d, J=4,4Hz,
1H), 4,99 (t, J=5,6Hz, 1H), 4,30-4,33 (m, 1H), 3,78-3,81 (m, 1H), 3,47-3,56 (m,
2H), 2,37-2,44 (m, 1H), 2,12-2,17 (m, 1H). F-NMR: (376MHz, ds-DMSO, ppm):
-167,49 (s, 1F).

Bwéc 4: Téng hop 7-(2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-5-flo-7H-pyrolo[2,3-

d]pyrimidin-4-amin

-53-



37013

(2R,38,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol (538 mg, 2,006 mmol) va imidazol (819 mg,
12,03 mmol) dugc thém vao binh day tron dung tich 25 mL trong khi quyén agon.
Thém DMF khan (5 mL) vao, sau d6 bd sung ting phén tert-butylclodimetylsilan
(1209 mg, 8,02 mmol). Khudy hén hop thu dugc ¢ 25°C trong 3 gid. Qua trinh
phan tng duoc quan sat bang TLC va LCMS. Sau khi hoan thanh phéan tng, hdn
hop dugc pha lodng bang etyl axetat (40 mL), lan luot rira bang nude (20 mL x 2),
NaHCOs3 bdo hoa trong nudce (20 mL x 2) va nude mudi (20 mL x 2). Lép hitu co
duoc gom lai, [am kho bang NaySOs khan va cd dic trong ap sudt giam. Tiép d6
san phdm thd dugc tinh ché bang séc ky silica gel véi etyl axetat/ete diu mo (28%
dén 41% etyl axetat trong ete dAu mo) dé tao ra hop chét néu & dé muyc. '"H-NMR:
(300MHz, ds-DMSO, ppm): 8 8,07 (s, 1H), 7,27 (s, 1H), 6,99 (brs, 2H), 6,54 (t,
J=6,0Hz, 1H), 4,49 (s, 1H), 3,60-3,78 (m, 3H), 2,51-2,53 (m, 1H), 2,16-2,20 (m,
1H), 0,88 (d, J/=4,2Hz, 18H), 0,11 (s, 6H), 0,04 (s, 6H). LC-MS: (ES, m/z): 497,71
[M+H]*.

Bwéc 5: Téng hop ((2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol

Thém nhé giot dung dich axit trifloaxetic trong nuéc (axit trifloaxetic/nude
= 1/1, thé tich/thé tich, 6 mL) kém khudy & nhiét o 0°C trong 10 phit vao dung
dich  khuly chta  7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-5-flo-7H-pyrolo[2,3-
d]pyrimidin-4-amin (900 mg, 1,812 mmol) trong THF (12 mL). Khudy hdn hop
thu dugc & nhiét dd 0°C. Qua trinh phan Gng dugc quan sat bang TLC. Sau khi
hoan thanh phan @ng, hdn hop thu dugc duge bay hoi ddng thoi véi toluen (50 mL
x 3) trong chan khong trong khi duy tri nhiét do dudi 25°C dé loai bo chét dé bay
hoi. Tinh ché phan cin bang sic ky silica gel véi etyl axetat/ete dau mé (52% dén
58% etyl axetat trong ete diu mo) dé tao ra hop chit néu & dé muyc. '"H-NMR:
(300MHz, ds-DMSO, ppm): 5 8,07 (s, 1H), 7,34 (s, 1H), 6,99 (brs, 2H), 6,53 (t,
J=6,9Hz, 1H), 5,04 (t, J=5,6Hz, 1H), 4,47-4,51 (m, 1H), 3,76-3,79 (m, 1H), 3,44~
3,57 (m, 2H), 2,45-2,51 (m, 1H), 2,11-2,16 (m, 1H), 0,90 (s, 9H), 0,11 (s, 6H). LC-
MS: (ES, m/z): 383,26 [M+H]".
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Buéc 6: Tong hop (28,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt

Thém axit 2-iodoxybenzoic (791 mg, 2,82 mmol) vao dung dich khudy chira
((2R,38,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol (360 mg, 0,941 mmol) trong
axetonitril khan (12 mL) trong agon. Hon hgp thu duge dugc hoi Iuu trong 35
phut. Phan tng duoc lam ngudi xudng nhiét do trong phong, va chét ran dugce loc.
Phan loc dugc thu gom va sau d6 cd dic trong chin khong dé tao ra hop chét néu &

dé muc, dugc st dung cho budc phan ing tiép theo ma khong cin tinh ché thém.

Buwée 7: Téng hop ((3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-
3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol

Thém dung dich formaldehyt (1,2 mL, 16,01 mmol), sau dé bd sung nhoé
giot dung dich natri hydroxit (1,2 mL, 2M, 2,400 mmol) trong 5 phut vao dung
dich khudy chua (28,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-dJpyrimidin-7-yI)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt (400 mg, 1,051 mmol,
th6) trong 1,4-dioxan (4 mL). Khudy hdn hop thu dugc & 25°C trong 3 gio, va sau
d6 hdn hop phan tng dugc trung hoa bing cach bd sung axit axetic. Hén hop thu
dugc duoc pha lodng bing etyl axetat, 14n luot rira bang nudc, NaHCO3 bdo hoa
trong nuéc va nuée mudi. Pha hitu co dugc 1am kho bang NaxSO4 va dugc lam bay
hoi trong ap sudt giam. Phan cin dugc hoa tan trong etanol (10 mL) va natri
borohydrua (80 mg, 2,103 mmol) dugc thém vao tung phén & nhiét do 0°C. Sau
khi khudy trong 1 gid & nhiét do 25°C, hdn hop phéan ung duge trung hoa bang
cach b sung axit axetic va sau d6 pha loang bang cloroform va 1an lugt ria bing
nude va nude mudi. Lép hitu co duge 1am khd bang Na S04 va dugc lam bay hoi
trong ap sut giam. Tinh ché phan cin bing sic ky silica gel véi
diclometan/metanol (30/1) dé tao ra hop chét néu & d& muc. 'H-NMR: (300MHz,
ds-DMSO, ppm): & 8,06 (s, 1H), 7,36 (s, 1H), 6,99 (brs, 2H), 6,57 (t, J=3,6Hz, 1H),
4,99 (t, J~4,8Hz, 1H), 4,55-4,59 (m, 1H), 4,39 (t, J=5,1Hz, 1H), 3,45-3,55 (m,
4H), 2,57-2,65 (m, 1H), 2,17-2,20 (m, 1H), 0,90 (s, 9H), 0,09 (s, 6H).
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Buéc 8: Téng hop (2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-
carbaldehyt

Thém axit 2-iodoxybenzoic (326 mg, 1,164 mmol) vao dung dich khudy
chira ((3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-y1)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (120 mg, 0,291 mmol)
trong axetonitril khan (8 mL) trong khi quyén agon. Khudy hén hop thu dugc &
30°C trong 24 gio va sau do loc va rira bang diclometan. Phan loc dugc thu gom va
co dic trong 4p suét giam dé tao ra hop chit néu & d& muc, dugc sir dung truc tiép
cho budc phan Ung tiép theo ma khong can tinh ché thém. LC-MS: (ES, m/z):
411,43 [M+H]",

Budc 9: Tong hop ((2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol

Thém kali carbonat (111 mg, 0,804 mmol) vao dung dich khudy chira
(2R,38,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (110 mg,
0,268 mmol, thd) trong metanol khan (& mL) trong agon. Hon hop dugc 1am lanh
xubng nhiét dd 0°C, sau d6 dimetyl (1-diazo-2-oxopropyl)phosphonat (154 mg,
0,804 mmol) dugc thém nho giot vao trong 1 phuat. Sau do hdn hop duogc khudy &
25°C qua dém, hdn hop thu dugc duge c¢d dac trong chan khong, va sau d6 dugc
tinh ché bing TLC diéu ché (metanol/diclometan = 1/15) @8 tao ra hop chét néu &
dé myc. 'H-NMR: (300MHz, ds-DMSO, ppm): & 8,07 (s, 1H), 7,34 (s, 1H), 7,03
(br, 2H), 6,56 (t, J=6,3Hz, 1H), 5,43 (t, J=6,0Hz, 1H), 4,61 (t, /=5,4Hz, 1H), 3,58-
3,67 (m, 1H), 3,49-3,53 (m, 1H), 3,47 (s, 1H), 2,52-2,61 (m, 1H), 2,23-2,31 (m,
1H), 0,91 (s, 9H), 0,11 (d, J=2,4Hz, 6H). LC-MS: (ES, m/z): 407,30 [M+H]".

Buée 10: Tong hop (2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol

Thém nhd giot dung dich TBAF/THF (0,118 mL, 0,118 mmol) kem khudy
trong 1 phut & nhiét do trong phong vao dung dich khudy chtra ((2R,3S,5R)-5-(4-
amino-3-flo-7H-pyrolo[2,3-d]pyrimidin-7-y1)-3-((tert-butyldimetylsilyl)oxy)-2-
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etynyltetrahydrofuran-2-yl)metanol (40 mg, 0,098 mmol) trong THF khan (2 mL)
trong khi quyén agon, va khudy dung dich thu dugc & nhiét do nay trong 2 giv. Sau
khi hoan thanh phan tmg, c6 dic hdn hop thu duge trong chan khéng, va phén cin
duoc tinh ché bing TLC diéu ché (metanol/diclometan = 1/10) d tao ra san pham
tho (28 mg). San phim tho duge tinh ché tiép bing HPLC diéu ché véi cac diu
kién sau: (1#-Pre-HPLC-011(Waters)): Cot, X-select CSH Column, 19*150mm,
5um; pha dong, nuéc ¢6 10 mmol amoni bicarbonat va axetonitril (5% axetonitril
1én dén 35% trong 7,5 phut, 1én dén 95% trong 2 phut); May do, UV 254 & 220
nm. Phan doan chita san phidm dugc thu gom va 1am kho lanh d8 tao ra hop chét 2
14 chét rén. 'H-NMR: (400MHz, ds-DMSO, ppm): 8,07 (s, 1H), 7,30 (d, J/~1,6Hz,
1H), 7,02 (br, 2H), 6,55 (t, J=5,8Hz, 1H), 6,05 (br, 1H), 5,31-5,45 (m, 1H), 4,46 (t,
J=6,6Hz, 1H), 3,58 (dd, J=11,8Hz, J=29,4Hz, 2H), 3,47 (s, 1H), 2,44-2,51 (m,
1H), 2,29-2,36 (m, 1H). F-NMR: (376MHz, ds-DMSO, ppm): & -167,23 (s, 1F).
LC-MS: (ES, m/z): 293,10 [M+H]*, 315,10 [M+Na]".

Vi du 3: Téng hop (2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d] pyrimidin-
7-yD)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (3)
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Buwéc 1: 5-bromo-4-clo-7H-pyrolo[2,3-d]pyrimidin

4-clo-7H-pyrolo[2,3-d]pyrimidin (1 g, 6,51 mmol) dugc tao huyén phu
trong DCM kho (20 mL) sau do b6 sung NBS (N-bromosucxinimit) (1,275 g, 7,16
mmol) & nhiét dd mdi truong trong khi quyén agon. Hon hop dugc gia nhiét dén
hdi luu va khudy trong 16 gio. Khi deaza-pyrimidin ban dAu da tiéu thy hét, hdn
hop dugc lam ngudi dén nhiét dd moi truong va duy tri trong 30 phat. Thu gom két
ta bang cach loc, ria bang DCM (2 x 20 mL), lam khd trong chan khong dé tao ra
hop chéit néu & dé muc. LC-MS: (ES, m/z): 233,90 [M+H]*. 'H-NMR: (300MHz,
ds-DMSO, ppm): 8 12,98 (brs, 1H), 8,64 (s, 1H), 7,96 (s, 1H).

Budrc 2: Tong hop 4-clo-5-metyl-7H-pyrolo[2,3-d]pyrimidin

5-bromo-4-clo-7H-pyrolo[2,3-d]pyrimidin (232 mg, 0,998 mmol) dugc hoa
tan trong THF kho (10 mL) va duoc lam lanh dén -78°C trong khi quyén agon.
Thém nhd giot dung dich n-butyllithi hexan (2,5M, 0,88 mL, 2,196 mmol) kém
khudy trong 5 phut vao hdn hop. Hon hop dugc khudy trong khoang 40 pht sau
d6 bd sung iodometan (212 mg, 1,497 mmol). Sau d6 dung dich dugc lam Am tir tir
dén nhiét d6 trong phong trong 2 gid. Nudc (2 mL) dugc thém vao dé dimng phan
tmg. Chat d& bay hoi duoc loai bd trong chén khong & nhiét d6 dudi 40°C dé thu
duoc chét sén sét. Chét sén sét dugc hoa tan lai trong EtOAc (50 mL) va rira béng
nudc (2 x 15 mL) va nude mubi (20 mL). Lép hitu co duge gom lai, lam kho bang
Na,SO4 khan, loc va phén loc duoc ¢c6 ddc trong chan khong dé thu duoc bt ma

duge tai két tinh tr MeOH dé tao ra hop chit néu & dé muc. LC-MS: (ES, m/z):
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168,00 [M+H]". 'TH-NMR: (300MHz, ds-DMSO, ppm): 8 12,22 (brs, 1H), 8,51 (s,
1H), 7,43 (s, 1H), 2,41 (d, J= 0,90 Hz, 1H).

Buéc 3: Tong hop (2R,3S,5R)-5-(4-clo-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-
yD)-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Thém timg phan 4-clo-5-metyl-7H-pyrolo[2,3-d]pyrimidin (1,724 g, 10,29
mmol) trong khi quyén agon vao huyén phi duoc khudy chita natri hydrua (60%
phén tan trong dau, 0,453 g, 11,32 mmol) trong ACN khan (50 mL) va hdn hop
dugc khudy & nhiét do 25°C trong 30 phtt. Thém timg phan chét trung gian A
(4,0 g, 10,29 mmol) & nhiét 25°C vao dung dich trong thu dugc. Gia nhiét hon hop
thu duge dén 50°C va khudy trong 3 gid. Qud trinh phan Gmg dugc quan sat bang
TLC. Hdn hop dugc cd dic trong chan khong tao ra chét rén, dugc tinh ché béng
sdc ky cot silica-gel sit dung etyl axetat/ete diu mé (1:6, thé tich/thé tich) dé tao ra
hop chét néu & dé muc. LC-MS: (ES, m/z): 520,25 [M+H]". 'H-NMR: (300MHz,
CDCls, ppm): & 8,55 (s, 1H), 7,90-7,99 (m, 4H), 7,20-7,30 (m, 4H), 7,11 (s, 1H),
6,81 (dd, J = 6,0Hz, J = 8,4Hz, 1H), 5,76 (dd, J= 1,5Hz, J= 3,6Hz, 1H), 4,73-4,79
(m, 1H), 4,54-4,64 (m, 2H), 2,79-2,88 (m, 1H), 2,68-2,75 (m, 1H), 2,43(d, J =
3,0Hz, 6H), 2,33 (d, J= 0,9Hz, 3H).

Buwdrc 4: Tong hop (2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol

DPiat  (2R,3S,5R)-5-(4-clo-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (4,5 g, 7,79 mmol)
vao binh cao 4p bang thép dung tich 150 mL. Lam lanh mdi truong dén -40°C.
Thém 2-propanolic amoniac (i-PrOH/NH3 long = 1/1, thé tich/thé tich, 120 mL)
vao hdn hop. Binh cao 4p dugc bit kin va hdn hop duogc gia nhiét dén 90°C va
khudy trong 40 gio. Khi hoan thanh phan tng, hdn hop dugce lam lanh dén 0°C va
cO dic trong chan khong. Tinh ché phin cin biang sic ky cot silica gel s dung
DCM/MeOH (4/1) @& tao ra hop chét néu & d& muc. LC-MS: (ES, m/z): 265,10
[M+H]". '"H-NMR: (300MHz, ds-DMSO, ppm): 8 8,00 (s, 1H), 7,08 (s, 1H), 6,58
(brs, 2H), 6,45 (dd, J = 6,0Hz, J = 8,1Hz, 1H), 5,21 (d, J= 3,3Hz, 1H), 5,05 (t, /=
5,1Hz, 1H), 4,32-4,36 (m, 1H), 3,78 (d, J = 2,1Hz, 1H), 3,44-3,57 (m, 2H), 2,39-
2,51 (m, 1H), 2,33 (s, 3H), 2,06-2,13 (m, 3H).
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Bwée 5: Toéng hop 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-5-metyl-7H-pyrolo[2,3-

d]pyrimidin-4-amin

Thém tert-butylclodimetylsilan (2,91 g, 19,30 mmol) kém khudy & nhiét do
25°C trong khi quyén agon vao dung dich khudy chaa (2R,3S,5R)-5-(4-amino-5-
metyl-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol (1,7
g, 6,43 mmol) va 1H-imidazol (1,752 g, 25,7 mmol) trong DMF kh6 (10 mL).
Khudy hdn hop thu duge & 25°C trong 3 gid va sau d6 pha lodng bang etyl axetat
(100 mL), 14n luot rira bang nudc (2 x 30 mL), NaHCO; trong nuée (bdo hoa, 2 x
30 mL) va nede mudi (30 mL). Lép hitu co duge thu gom va dugc lam khd bang
Na2S0;4 khan, loc va ¢b dic trong chan khong dé tao ra san phdm tho. Tiép d6 san
phim tho dugc tinh ché bang sic ky cot silica gel sit dung etyl axetat/ete dau mé
(28% dén 41% EA trong PE) d tao ra hop chét néu & d& muc. LC-MS: (ES, m/z):
493,30 [M+H]*. 'H-NMR: (300MHz, CDCl3, ppm): & 8,24 (s, 1H), 7,02 (s, 1H),
6,67 (dd, J= 6,3Hz, J=7,2Hz, 1H), 5,37 (br, 2H), 4,54-4,57 (m, 1H), 3,94 (dd, J =
3,3Hz, J = 6,3Hz, 1H), 3,72-3,82 (m, 2H), 2,37-2,46 (m, 4H), 2,25-2,32 (m, 1H),
0,91 (2s, 18H), 0,10 (s, 12H).

Bwoec 6: Toéng hop ((2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-3-(tert-butyldimetylsilyl)tetrahydrofuran-2-yl)metanol

Thém nhd giot dung dich da 1am lanh trudc chira axit trifloaxetic/nude (1/1,
thé tich/thd tich, 15 mL) kém khudy & nhiét @6 0°C trong 10 phut vao dung dich
khudy chira 7-((2R,48S,5R)-4-(tert-butyldimetylsilyl)-5-((tert-
butyldimetylsilyl)metyl)tetrahydrofuran-2-yl)-5-metyl-7H-pyrolo[2,3-d]pyrimidin-
4-amin (2,5 g, 5,07 mmol) trong THF (30 mL). Khudy hdn hop thu dugc & nhiét
dd 0°C trong 3 gi¢. Qua trinh phan tng dugc quan sat bang TLC. Dung dich thu
duoc dugc bay hoi ddng thoi véi toluen (3 x 100 mL) trong khi duy tri nhiét do
bén trong thap hon 25°C. Sau d6 tinh ché san pham thd thu dugc bang séc ky cot
silica gel st dung etyl axetat/ete diu mo (50% dén 58% EA trong PE) dé tao ra
hop chat néu & d& muc. LC-MS: (ES, m/z): 493,30 [M+H]". '"H-NMR: (300MHz,
CD;OD, ppm): § 8,18 (s, 1H), 7,41 (s, 1H), 6,59 (dd, J = 6,0Hz, J = 7,8Hz, 1H),
4,56-4,60 (m, 1H), 3,93 (dd, J = 3,9Hz, J = 6,6Hz, 1H), 3,65-3,70 (m, 2H), 2,45-
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2,54 (m, 1H), 2,42 (d, J = 0,9Hz, 3H), 2,23-2,31 (m, 1H), 0,91 (s, 9H), 0,11 (s,
6H).

Budc 7: Téng hop (2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-3-(tert-butyldimetylsilyl)tetrahydrofuran-2-carbaldehyt

Thém IBX (888 mg, 3,17 mmol) trong khi quyén agon vao huyén phu duoc
khudy chira ((2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
(tert-butyldimetylsilyl)tetrahydrofuran-2-yl)metanol (600 mg, 1,585 mmol) trong
ACN khan (12 mL). Hon hop dugc gia nhiét dén hdi luu va khudy trong 55 phit.
Qua trinh phan Gng dugc quan sat bang LCMS. Hdn hop dugce lam ngudi xubng
nhiét d6 trong phong, va chét rin duoc loc. Phén loc duge thu gom va sau d6 cd
ddc trong chan khong dé tao ra hop cht néu & @& muc, duge st dung truc tiép cho
bude phan tng tiép theo ma khong can tinh ché thém. LC-MS: (ES, m/z): 377,15
[M+H]*, 409,15 [M+H+MeOH]".

Bude 8: Tong hop ((3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-(tert-butyldimetylsilyl)tetrahydrofuran-2,2-diyl)dimetanol

Thém formaldehyt trong nudc (37% khéi lwgng/khdi Iwong, 6 mL) sau d6
bd sung nho giot dung dich natri hydroxit (2N, 6 mL, 0,12 mmol) trong 2 phut vao
dung dich khudy chta  (2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-3-(tert-butyldimetylsilyl)tetrahydrofuran-2-carbaldehyt (420 mg,
th6) trong 1,4-dioxan (12 mL) va nuéc (3 mL) trong binh ddy tron dung tich 50
mL. Khudy hdn hop thu dugc & 25°C trong 3 gio. Khi nucleosit-aldehyt ban dau da
tiéu thy hét, hdn hop phéan tng dugc trung hoa bang cach bd sung AcOH (khoang
0,8 mL). Hon hop thu duge duge pha loang bang AcOEt (50 mL) va lan luot rira
bang nuée (30 mL), NaHCO; bao hoa trong nude (20 mL) va nude mudi (20 mL).
L&p hitu co duge lam kho bang Na,SO4 khan, loc va cd dic trong chén khong.
Phén cin dugc hoa tan lai trong EtOH khan (8 mL) va thém ting phén natri
borohydrua (84,4 mg, 2,23 mmol) & nhiét d¢ 0°C. Sau khi khudy trong 1 gid &
nhiét do 25°C, hdn hop phan tng duge trung hoa bing cach bd sung AcOH. Hon
hop duogc cd dic trong chan khong, phan tach gitta CHCI3 (50 mL) va nudce (30
mL). Lép chira nuéce dugc chiét lai baing CHCl3 (2 x 20 mL). Lép hitu co két hop

duoc lan lugt rira bang nudc va nude mudi, lam khod bang NaxSO4 khan, loc va ¢6
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dic trong chén khong. Phan cin duoc tinh ché bing séc ky cot silica gel sit dung
diclometan/metanol (5,5% MeOH trong DCM) d8 tao ra hop chit néu & dé muc.
LC-MS: (ES, m/z): 409,35 [M+H]", 431,35 [M+Na]*, '"H-NMR: (300MHz, ds-
DMSO, ppm): & 8,00 (s, 1H), 7,11 (s, 1H), 6,56 (br, 2H), 6,48 (dd, J = 6,0Hz, J =
8,4Hz, 1H), 6,45-6,47(m, 1H), 5,02 (t, J = 5,5Hz, 1H), 4,58 (t, J = 2,7Hz, 1H),
4,35 (dd, J = 4,5Hz, J = 6,3Hz, 1H), 3,42-3,60 (m, 4H), 2,58-2,63 (m, 1H), 2,34 (s,
3H), 2,09-2,16 (m, 1H), 0,90 (s, 9H), 0,09 (s, 6H).

Budc 9: Tong hop (2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-
7-y1)-3-((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-
carbaldehyt

((38,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy) tetrahydrofuran-2,2-diyl)dimetanol (140 mg, 0,343 mmol)
duoc tao huyén phil trong ACN kho (15 mL) trong khi quyén agon sau d6 bd sung
axit 2-iodylbenzoic (240 mg, 0,857 mmol). Hoén hop duge khqu & nhiét do 30°C
trong 20 gid. Chét rin duge loc, rira bang CHCl3 (2 x 20 mL). Phan loc gom lai
dugc cb dic trong chan khong dé tao ra hop chit néu & dé muc, dugc st dung truc
tiép cho budc phan ing tiép theo ma khong can tinh ché thém. LC-MS: (ES, m/z):
407,25 [M+H]".

Buwée 10: Téng hop ((2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-

yDmetanol

Thém K»COs (82 mg, 0,590 mmol) ¢ nhiét do 0°C trong khi quyén agon
vao dung dich khudy chta (2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-3-((tert-butyldimetylsilyl)oxy)-2-
(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (120 mg, ~0,236 mmol, th6) trong
MeOH khd (15 mL), sau d6 bd sung nhd giot dung dich chira dimetyl (1-diazo-2-
oxopropyl)phosphonat (91 mg, 0,472 mmol) trong MeOH (2 mL) kém khudy &
nhiét d6 0°C trong 2 phut. H8n hop thu dwgc duge lam 4m tir tir dén 250C va
khudy trong 16 gid. Hon hop dugc cd dic trong chan khong. Phéan cin dugc tinh
ché biang sic ky cot nhanh silica gel st dung etyl axetat/ete dau mo (30%-50% EA
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trong PE) dé tao ra hop chit néu & d& muc. LC-MS: (ES, m/z): 403,25 [M+H]". 'H-
NMR: (300MHz, ds-DMSO, ppm): 8 8,01 (s, 1H), 7,07 (s, 1H), 6,60(br, 2H), 6,49
(dd, J = 6,0Hz, J = 7,2Hz, 1H), 5,48 (t, J = 5,7Hz, 1H), 4,62 (t, J = 5,7Hz, 1H),
3,57-3.68 (m, 1H), 3,48-3,52 (m, 1H), 3,45 (s, 1H), 2,49-2,62 (m, 1H), 2,33 (s,
3H), 2,21-2,31 (m, 1H), 0,91 (s, 9H), 0,12 (d, J = 6,0Hz, 6H).

Budée 11: Tong hop (2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (3)

Thém nhé giot dung dich tetra-butylamoni florua THF (1,0M, 0,067 mL,
0,067 mmol) kém khuéy & nhiét do 0°C vao dung dich khqu chira ((2R,3S,5R)-5-
(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol (27 mg, 0,067 mmol)
trong THF kho (1 mL). Khudy hén hop thu dugc & nhiét 4o 25°C trong 30 phut.
Qua trinh phan tng dugc quan sat bang TLC. C6 dic dung dich thu dugc trong
chan khong. San pham tho duoc tinh ché bang HPLC diéu ché véi cac diéu kién
sau (1#-Pre-HPLC-011(Waters)): Cot, XBridge™ C18 Column, 19*150mm, Sum;
pha dong, nudc c6 10 mmol amoni bicarbonat va axetonitril (30% axetonitril 1én
dén 70% trong 10 phit, 1én dén 95% trong 2 phut, giam xubng 5% trong 1,5 phut);
Luu lwong: 20 mL/phat; May do, UV 254&220nm. Phén doan chua san phém
dugc thu gom va lam kho lanh dé tao ra hop chit néu & dé muc. LC-MS: (ES, m/2):
289,05 [M+H]". '"H-NMR: (300MHz, ds-DMSO, ppm): & 8,00 (s, 1H), 7,06 (s,
1H), 6,58 (br, 2H), 6,48 (t, J = 6,60Hz, 1H), 5,45 (d, J = 5,1Hz, 1H), 5,38 (t, J =
6,0Hz, 1H), 4,46 (q, J = 5,4Hz, 1H), 3,50-3,64 (m, 2H), 3,44 (s, 1H), 2,44-2,54 (m,
1H), 2,33 (s, 3H), 2,24-2,32 (m, 1H).
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Vi du 4: Tong hop (2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol “4)
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Buwdée 1: Tong hop (2R,3S,5R)-5-(2,4-diclo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Thém tirng phan 2,4-diclo-7H-pyrolo[2,3-d]pyrimidin (2,176 g, 11,57
mmol) trong khi quyén agon vao huyén phu duge khudy chua natri hydrua (60%
phén tan trong dau khoéng, 0,509 g, 12,73 mmol) trong axetonitril khan (125 mL)
va hdn hop dwoc khudy & nhiét d méi truong trong 30 phit. Thém timg mé chét
trung gian A (4,5 g, 11,57 mmol) kem khudy vao dung dich trong néu trén. Hon
hop phén tng dugc khudy & nhiét do moi truong trong 2 gid. Qua trinh phan tmg
duoc quan sat bang TLC. Lam bay hoi hdn hop phén tng tao ra cin dang dau, ma
duoc tinh ché bang sic ky ct silica-gel st dung etyl axetat/ete diu mo (1/6, thé
tich/thé tich) dé tao ra hop chat néu & dé muc. LC-MS: (ES, m/z): 540,20 [M+H]".
'H-NMR: (400MHz, CDCl3, ppm): 8,01 (d, J = 8,0Hz, 2H), 7,93 (d, J= 8,0Hz,
2H), 7,43 (d, J = 3,6 Hz, 1H), 7,22-7,37 (m, 4H), 6,80 (dd, J = 6,0Hz, J = 8,0Hz,
1H), 6,61 (d, J = 4,0Hz, 1H), 5,76 (t, J = 2,8Hz, 1H), 4,76 (dd, J = 3,6Hz, J =
12,0Hz, 1H), 4,63-4,69 (m, 2H), 2,76-2,86 (m, 2H), 2,47, 2,45 (2s, 6H).
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Bude 2: Tong hop (2R,3S,5R)-5-(4-amino-2-¢clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol

Thém (2R,3S,5R)-5-(2,4-diclo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (5 g, 9,25 mmol)
vao binh cao ap bing thép dung tich 250 mL. Lam lanh mdi truong dén -40°C.
Thém isopropanolic amoniac (isopropanol/amoniac léng = 1/3, thé tich/thé tich,
150 mL) vao. Lam kin mdi truong, gia nhiét dén 90°C va khudy trong 16 gio. Lam
ngudi hdn hop thu duge dén nhiét do trong phong va cd dic trong chan khong.
Phén cin dugc hoa tan lai trong MeOH (100 mL), sau d6 bd sung nho giot dung
dich natri methoxit MeOH (1,0M, 16,89 mL, 16,89 mmol) & nhiét 4o 0°C. Lam Am
hdn hop thu dugc dén 25°C va khudy trong 2 gio. Sau khi hoan thanh phén tng,
hén hop dugc trung hoa bing cach bd sung axit axetic (0,01 mL) va cd ddc trong
chan khong. Phin cin duoc tao huyén phu trong DCM/MeOH (v/v, 100/1, 150
mL). Sau khi khudy trong 20 phut, chit rén da két tha. Chét rén dugc thu gom bing
cach loc, rira bang DCM va 1am kho trong chan khong d8 tao ra hop chéit néu & dé
muc. LC-MS: (ES, m/z): 285,20 [M+H]". 'H-NMR: (400MHz, CD30D, ppm): 8
7,31 (d, J = 2,8 Hz, 1H), 6,58 (d, J = 2,8 Hz, 1H), 6,45 (t, J = 6,8Hz, 1H), 4,52-
4,53 (m, 1H), 3,98-4,01 (m, 1H), 3,81 (dd, J = 2,4Hz, J = 12,0Hz, 1H), 3,73 (dd, J
=3,2Hz, J=12,0Hz, 1H), 2,63-2,70 (m, 1H), 2,29-2,34 (m, 1H).

Buwéc 3: Toéng hop 7-((2R,4S,5R)-4-((fert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-2-clo-7H-pyrolo[2,3-

d]pyrimidin-4-amin

Thém TBS-CI (3,05 g, 20,23 mmol) & nhiét d0 mdi truong vao dung dich
khudy chta  (2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(hydroxymetyl) tetrahydrofuran-3-ol (3,2 g, 6,74 mmol) va imidazol (1,836 g, 27,0
mmol) trong DMF kh6 (10 mL) trong khi quyén agon. Khudy hdn hop thu dugc
qua dém. Hon hgp phéan Gng duge pha lodng bang etyl axetat (100 mL), 1an luot
rira bang nudc (2 x 20 mL), NaHCO3 trong nude (bdo hoa, 2 x 20 mL) va nude
mudi (2 x 20 mL). Lép hitu co dugc lam kho béng NazSO4 khan, loc va cd dic
trong chan khong. Tinh ché phan can bang sic ky cot silica gel st dung etyl
axetat/ete ddu mo (35% dén 42% EA trong PE) dé tao ra hop chat néu & dé muyc.

-65-



37013

LC-MS: (ES, m/z): 513,20 [M+H]*. 'H-NMR: (400MHz, CDCls, ppm): 87,32 (s,
1H), 6,61 (t, J = 6,8Hz, 1H), 6,38 (s, 1H), 5,44 (br, 2H), 4,59-4,61 (m, 1H), 3,91-
3,99 (m, 1H), 3,77-3,88 (m, 2H), 2,44-2,51 (m, 1H), 2,34-2,37 (m, 1H), 0,93-0,95
(m, 18H), 0,11-0,12 (m, 12H), 'H-NMR: (400MHz, CD3;0D, ppm): 6 7,31 (d, J =
2,8 Hz, 1H), 6,58 (d, J = 2,8 Hz, 1H), 6,45 (t, J = 6,8Hz, 1H), 4,52-4,53 (m, 1H),
3,98-4,01 (m, 1H), 3,81 (dd, J = 2,4Hz, J = 12,0Hz, 1H), 3,73 (dd, J=3,2Hz, J =
12,0Hz, 1H), 2,63-2,70 (m, 1H), 2,29-2,34 (m, 1H).

Budrc 4: Téng hop ((2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((fert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol

Thém nhé giot dung dich da lam lanh trudce chira axit trifloaxetic/nuge (thé
tich/thé tich, 1/1, 20 mL) kém khudy & nhiét d6 0°C trong 10 phut vao dung dich
khudy chira 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-2-clo-7H-pyrolo[2,3-
d]pyrimidin-4-amin (2,3 g, 4,48 mmol) trong THF (40 mL). Khudy hén hop thu
duogc trong 2 gio & nhiét do 0°C. Qua trinh phan ing dugc quan sat bang TLC.
Dung dich thu dugc dugce bay hoi dong thoi véi toluen (3 x 60 mL) trong khi duy
tri nhiét do bén trong thap hon 25°C tao ra sird mau hdng. Tinh ché phén cin bang
sdc ky cot silica gel st dung etyl axetat/diclometan (1/1) dé tao ra hop chit néu &
dé muc. LC-MS: (ES, m/z): 399,20 [M+H]*. 'H-NMR: (400MHz, ds-DMSO,
ppm): & 7,53 (br, 2H), 7,35 (d, J= 3,2 Hz, 1H), 6,60 (d, J = 3,2 Hz, 1H), 6,35 (t, J
= 6,8Hz, 1H), 4,95 (t, J = 5,4Hz, 1H), 4,51-4,54 (m, 1H), 3,73-3,79 (m, 1H), 3,46-
3,55 (m, 2H), 2,54-2,59 (m, 1H), 2,16-2,20 (m, 1H), 0,90 (s, 9H), 0,11 (s, 6H), H-
NMR: (400MHz, ds-DMSO, ppm): & 7,53 (br, 2H), 7,35 (d, J = 3,2 Hz, 1H), 6,60
(d, J= 3,2 Hz, 1H), 6,35 (t, J = 6,8Hz, 1H), 4,95 (t, J = 5,4Hz, 1H), 4,51-4,54 (m,
1H), 3,73-3,79 (m, 1H), 3,46-3,55 (m, 2H), 2,54-2,59 (m, 1H), 2,16-2,20 (m, 1H),
0,90 (s, 9H), 0,11 (s, 6H).

Buwée 5: Tong hop (2S,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt

Thém IBX (632 mg, 2,256 mmol) vao dung dich khudy chitra ((2R,3S,5R)-5-
(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-butyldimetylsilyl)oxy)
tetrahydrofuran-2-yl)metanol (600 mg, 1,504 mmol) trong DMSO khan (3 mL) va
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axetonitril (15 mL) trong khi quyén agon. Hén hop dugc khudy & nhiét do moi
truong trong 2,5 gid. Hon hop phén tng dugc pha lodng bang etyl axetat (20 mL),
rira bing nuée mudi (2 x 10 mL), 1am kho bang natri sulfat khan va loc. Phan loc
dugc ¢6 dic trong chan khong dé tao ra hop chét néu & dé muc, duge st dung truc
tiép cho budc tiép theo ma khong can tinh ché thém. LC-MS: (ES, m/z): 415,40
[M+H20]".

Buéc 6: Tong hop ((3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-
3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol

Thém dung dich formaldehyt (7 mL, 93 mmol), sau dé bd sung nho giot
dung dich natri hydroxit chitra nuéc (7 mL, 2N, 14,00 mmol) trong 5 phtt vao dung
dich khudy chtra (28,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt (700 mg, thd) trong 1,4-
dioxan (28 mL) va nuéc (7 mL). Khudy hdn hop thu dugc & 25°C trong 3 gid. Khi
nucleosit-aldehyt ban diu da tiéu thu hét, hdn hop phan Gng dugc trung hoa bang
cach bd sung axit axetic (0,5 mL). Hon hop dugc pha lodng bang etyl axetat (100
mL) va 1an luogt rira bang nude (2 x 20 mL), NaHCO3 bao hoa trong nude (20 mL)
va nuéc mudi (20 mL). Lép hitu co duge lam kho bing Na;SOs, loc va ¢d dac
trong chan khong. Phan cin dugc hoa tan lai trong EtOH khan (4 mL) va thém
tirng phén natri borohydrua (133 mg, 3,53 mmol) trong khi quyén agon & nhiét do
0°C. Sau khi khudy trong 1 gi® & nhiét d@6 25°C, hdn hop dugc trung hoa bang
cach bd sung axit axetic (1,0 mL). Hon hgp duoc cd dic trong chén khong. Phan
can dugc pha lodng bang CHCl; (100 mL) va 14n luot rira bang nuéce (2 x 20 mL)
va nude mudi (1 x 20 mL). Lép hitu co duge 1am kho béng NazS0q4, loc va co dic
trong chan khong. Tinh ché phan cin bang sic ky cot silica gel st dung
DCM/MeOH (30/1) dé tao ra hop chét néu & d& muc. LC-MS: (ES, m/z): 429,30
[M+H]". '"H-NMR: (300MHz, ds-DMSO, ppm): & 7,51 (br, 2H), 7,38 (d, J =
3,9Hz, 1H), 6,60 (d, J = 3,6Hz, 1H), 6,40 (t, J = 6,9Hz, 1H), 4,88 (t, J = 5,5Hz,
1H), 4,62 (dd, J = 3,3Hz, J = 5,5Hz, 1H), 4,39 (t, J = 5,7Hz, 1H), 3,43-3,63 (m,
4H), 2,61-2,70 (m, 1H), 2,21-2,29 (m, 1H), 0,90 (s, 9H), 0,10 (s, 6H).
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Buéc 7: Toéng hop (2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-
carbaldehyt

Thém IBX (294 mg, 1,049 mmol) trong khi quyén agon vao dung dich
khudy chaa ((3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (150 mg, 0,350 mmol)
trong axetonitril kho (15 mL). Khudy hén hop thu duge & 30°C trong 2 gid. Hon
hop dugc loc, rira bang CHCI3 (3 x 15 mL). Phén loc duoc thu gom va sau d6 cd
dic trong chan khong dé tao ra hop chét néu & dé muc, dugc str dung truc tiép cho

bude tiép theo ma khong can tinh ché thém. LC-MS: (ES, m/z): 427,30 [M+H]".

Buéc 8: Téng hop ((2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yD)-3-((fert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol

(2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (200 mg,
0,468 mmol) dugc hoa tan trong MeOH khan (9 mL) sau do6 bd sung kali carbonat
(162 mg, 1,171 mmol) & nhiét 4o 0°C trong khi quyén agon. Thém nhé giot dung
dich chtra dimetyl (1-diazo-2-oxopropyl)phosphonat (180 mg, 0,937 mmol) trong
MeOH (1 mL) kém khudy trong 1 phut vao huyén phii nay. Lam 4m hdn hop thu
duoc dén 30°C va khudy trong 16 gid. Co dic hdn hgp phan tng trong chén
khong. Phéan tach phén cin giita etyl axetat (30 mL) va nuéc (10 mL). Thu gom
16p hitu co, rua bing nudc mudi (2 x 10 mL), lam khd bang Na2SO04 khan, loc va
c6 dic trong chian khong. Sau d6 tinh ché phan cin bang TLC diéu ché
(MeOH/DCM = 1/15) d& tao ra hop chét néu & d& myc. LC-MS: (ES, m/z): 423,60
[M+H]". 'H-NMR: (400MHz, ds-DMSO, ppm): & 7,55 (br, 2H), 7,34 (d, J = 3,6
Hz, 1H), 6,61 (d, J= 3,6 Hz, 1H), 6,38 (t, J = 6,4Hz, 1H), 5,32 (t, /= 6,0Hz, 1H),
4,67 (t, J = 6,0Hz, 1H), 3,58-3,61 (m, 1H), 3,48-3,52 (m, 1H), 3,47 (s, 1H), 2,60-
2,63 (m, 1H), 2,31-2,35 (m, 1H), 0,91 (s, 9H), 0,11 (d, J= 3,6Hz, 6H).

Bwéc 9: Téng hop (2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yD)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol
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Thém nho giot dung dich TBAF THF (1M, 0,28 mL, 0,284 mmol) kém
khudy & nhiét o moi trudng vao dung dich khudy cha ((2R,3S,5R)-5-(4-amino-2-
clo-7H-pyrolo[2,3-d]pyrimidin-7-y1)-3-((tert-butyldimetylsilyl)oxy)-2-
etynyltetrahydrofuran-2-yl)metanol (60 mg, 0,142 mmol) trong THF (1 mL).
Khudy dung dich thu dugc & nhiét d moi truong trong 2 gio. Hén hop dugc ¢o
dic trong chan khong. Sau do tinh ché phén can bang HPLC diéu ché véi cac diéu
kién sau (1#-Pre-HPLC-011(Waters)): Cot, SunFire Prep C18 OBD Column, 5 um,
19*%150 mm; pha dong, nude (c6 10 mmol amoni bicarbonat) va axetonitril (8%
axetonitril 1én dén 40% trong 6 phut, 1én dén 95% trong 1,5 phut, giam xudng 5%
trong 1 phut); May do, uv 254&220 nm. Phén doan chira san phim dugc thu gom
va lam kho lanh d tao ra hop chit 4 13 chét ran. LC-MS: (ES, m/z): 309,00
[M+H]", 'TH-NMR: (400MHz, ds-DMSO, ppm): 8 7,54 (br, 2H), 7,33 (d, J = 4,0
Hz, 1H), 6,60 (d, J = 3,6 Hz, 1H), 6,41 (t, J = 6,4Hz, 1H), 5,52-5,53 (m, 1H), 5,26
(t, J= 6,0Hz, 1H), 4,47-4,48 (m, 1H), 3,61 (dd, J = 5,2Hz, J = 11,6Hz, 1H), 3,53
(dd, J = 6,2Hz, J = 11,8Hz, 1H), 3,48 (s, 1H), 2,41-2,50 (m, 1H), 2,32-2,38 (m,
1H)

Vi du S: Tf‘)ng hop (2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (S)

Cl
Br NH, Br, NH,

cl S
/OA ‘D /O/M w HO_‘EJ/ ) TBSO—\/oj/N | N/)N
‘©_< 4©_< HO' TBSO'
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Bude 1: Téng hop (2R,3S,5S)-5-(5-bromo-4-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat
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Thém natri hydrua (0,479 g, 11,98 mmol) vao dung dich khudy chua 5-
bromo-4-clo-7H-pyrolo[2,3-d]pyrimidin (2,32 g, 9,98 mmol, qué trinh tbng hop
duoc mo ta trong Vi du 3, bude 1) trong axetonitril (30 mL). Khudy hén hop thu
duoc trong 30 phat & nhiét d6 0°C, va sau d6 thém (2R,3S,5R)-5-clo-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (4,27 g, 10,98
mmol). Sau khi khuéy hdn hop thu dugc & nhiét do trong phong trong 1 gid, hén
hop dugc pha lodng bing 200 mL etyl axetat, rira bang natri bicarbonat bio hoa
trong nude (60 mL) va natri clorua bdo hoa trong nuéc (60 mL), lam kho bang
natri sulfat khan, va c¢d dac trong chan khong. Tinh ché phan cin bang sic ky cot
silica gel véi ete diu mo\etyl axetat (1 : 2) dé tao ra hop chét néu & d& muc: 'H-
NMR (300 MHz, DMSO) ¢ 8,65 (s, 1H), 8,22 (s, 1H), 7,96 (d, J = 8,4 Hz, 2H),
7,84 (d, J = 8,1 Hz, 2H), 7,24-7,39 (m, 4H), 6,76-6,79 (m, 1H), 5,74-5,76 (m, 1H),
4,51-4,68 (m, 3H), 3,05-3,15 (m, 1H), 2,74-2,79 (m, 1H), 2,37 (d, J= 1,8 Hz, 6H).

Bwoe 2: Téng hep (2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol

Thém  (2R,3S,5R)-5-(5-bromo-4-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (4,50 g, 7,69
mmol) vao i-PrOH b&o hoa trong NH; (15 mL) & nhiét o -60°C. Khuéy hdn hop
thu dugc & 80°C trong 12 gio, va sau do6 lam ngudi dén nhiét d6 trong phong va
lam bay hoi trong chan khong tao ra (2R,3S,5R)-5-(4-amino-5-bromo-7H-
pyrolo[2,3-d]pyrimidin-7-yl)-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl
4-metylbenzoat (4,2 g, 7,43 mmol) la chit rdn. Hoa tan hop chét thd nay trong 30
mL MeOH, va sau d6 thém natri metanolat (14,86 mL, 14,86 mmol). Sau khi
khudy dung dich thu durgc & nhiét do trong phong trong 2 gio, dimg phéan g bang
axit axetic (0,1 mL) va c6 ddc trong chan khong. San phdm thd dugc tinh ché bang
sc ky cot silica gel bang ete diu mo/etyl axetat (1:2) dé tao ra hop chét néu & dé
muc: 'H-NMR (300 MHz, DMSO) 6 8,12 (s, 1H), 7,78 (s, 1H), 6,78 (s, 2H), 6,48-
6,51 (m, 1H), 5,25 (s, 1H), 5,01 (s, 1H), 4,32 (s, 1H), 3,81 (s, 1H), 3,17(s, 1H),
2,35-2,50 (m, 1H), 2,12-2,19 (m, 1H).
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Buéc 3: Téng hop 5-bromo-7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-
(((tert-butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-

d]pyrimidin-4-amin

Thém tert-butylclodimetylsilan (1,786 g, 11,85 mmol) vao dung dich khudy
chira (2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol (1,3 g, 3,95 mmol), 1H-imidazol (1,076 g,
15,80 mmol) trong DMF (8 mL). Khudy hdn hop thu duge & nhiét d§ trong phong
trong 4 gio, va sau d6 pha lodng bang 400 mL etyl axetat, ria bang natri
bicarbonat bdo hoa trong nudc (80 mL) va natri clorua bdo hoa trong nude (80
mL), 1am kho bang natri sulfat khan va c6 dic trong chan khong. Tinh ché phan
cin bang sic ky cot silica gel v6i etyl axetat/ete diu mo (1:4) dé tao ra hop chét
néu & d& muc: 'H-NMR (300 MHz, DMSO) § 8,10 (s, 1H), 7,55 (s, 1H), 6,79 (s,
2H), 6,48-6,53 (m, 1H), 4,50 (s, 1H), 3,62-3,76 (m, 3H), 2,43-2,50 (m, 1H), 2,17-
2,16 (m, 1H), 0,88 (d, J=2,7 Hz, 18H), 0,10 (s, 6H), 0,05 (s, 6H).

Buéc 4: Téng hop ((2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)

5-bromo-7-((2R,4S,5R)-4-((tertbutyldimetylsilyl)oxy)-5-

(((tertbutyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-
d]pyrimidin-4-amin (1,55 g, 2,78 mmol) duoc hoa tan trong THF (4 mL) va sau d6
xtr ly bang dung dich dd dugc lam lanh true chtra axit trifloaxetic/nuéce (thé
tich/thé tich = 1/1, 4 mL) nho giot kém khudy & nhiét d§ 0°C trong 10 phut. Sau
khi khudy hdn hop thu dugc & nhiét do 0°C trong 2 gio, hdn hop dugc bay hoi
déng tho1i vai toluen ¢ nhiét do thép hon 25°C tao ra sird mau héng. Phén cin dugc
cho 1én cot silica gel, rira giai bang etyl axetat/diclometan (1/1) @& tao ra hop chat
néu & dé muc: 'H-NMR (300 MHz, DMSO) 6 8,19 (s, 1H), 7,74 (s, 1H), 7,28 (s,
2H), 6,50 (q, J = 6,0 Hz, 2H), 4,51 (q, J = 2,7 Hz, 1H), 3,81 (s, 1H), 3,47-3,57 (m,
2H), 2,49-2,58 (m, 1H), 2,17-2,22 (m, 1H), 0,85 (s, 9H), 0,09 (s, 6H).

Buwéc 5: Tong hop (2R,3S)-2-(((tert-butyldiphenylsilyl)oxy)metyl)-5-metoxy-2-
phenyltetrahydrofuran-3-yl 4-metylbenzoat
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Thém axit 2-iodoxybenzoic (839 mg, 3,00 mmol) vao dung dich chwra
((2R,38S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-d[pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol (443 mg, 0,999 mmol) trong
axetonitril (45 mL). Khudy dung dich thu dugc & 80°C trong 2 gid, sau d6 lam
lanh xudng 00C, loc va cb dic trong ap sudt giam. Thu dugc hop chit néu & dé
muc, dugc st dung truc tiép cho budc tiép theo ma khong can tinh ché thém:

MS(ES,m/z): 441,08[M+H]".

Buéc 6: Téng hop ((2S,4R)-4-(4-amino-5-bromo-7H-pyrolo[2,3-d]pyrimidin-
7-yD)-2-((tert-butyldimetylsilyl)oxy)xyclopentan-1,1-diyl)dimetanol

Thém natri hydroxit (4,03 mL, 8,07 mmol) vao dung dich khudy chura
(2S,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-d]pyrimidin-7-y1)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt (445 mg, 1,008 mmol) va
formaldehyt (1009 mg, 10,08 mmol) trong dioxan (6 mL). Khuiy hdn hop thu
dugc & nhiét do trong phong trong 3 gid, va sau do6 pha lodng bang 150 mL etyl
axetat, rira bang natri bicarbonat bdo hoa trong nudc (30 mL) va natri clorua bao
hoa trong nudc (30 mL), 1am kho bang natri sulfat khan va c6 dic trong chan
khong tao ra chét réin. Thém natri borohydrua (109 mg, 2,88 mmol) vao dung dich
chtra chét rin d3 néu trong etanol (15 mL) & nhiét dd 0°C. Khudy dung dich thu
dugc & nhiét do trong phong trong 2 gid, sau d6 dung phan ing bang axit axetic
(0,1 mL) va co ddc trong ap suit giam. San phdm thd dugc dua vao sdc ky cot
silica gel bang ete dau mo\etyl axetat (1:2) dé tao ra hop chit néu & d& muc.

MS(ES,m/z): 473,43[M+H]".

Bwéec 7: Téng hop (2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-3-((tert-butyldimetylsilyl)oxy)-2-
(hydroxymetyl)tetrahydrofuran-2-carbaldehyt

Thém axit 2-iodoxybenzoic (302 mg, 1,077 mmol) vao dung dich
chta((3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (170 mg, 0,359 mmol)
trong axetonitril (40 mL). Sau khi khudy dung dich thu dugc & nhiét do 0°C trong

12 gio, lam lanh dung dich xudng 0°C va sau d6 co dic trong ap sudt giam dé tao
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ra hop chat néu ¢ dé myc, dugc st dung truc tiép cho budc tiep theo ma khdng can

tinh ché thém. MS(ES,m/z): 471,43[M+H]".

Buwéc 8: Téng hop ((2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-

yDmetanol

Thém dimetyl (1-diazo-2-oxopropyl)phosphonat (139 mg, 0,721 mmol) vao
dung dich chita (2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt
(170 mg, 0,361 mmol), kali carbonat (125 mg, 0,902 mmol) trong metanol (8 mL)
& nhiét do 0°C. Khudy dung dich thu duogc & nhiét do trong phong trong 12 gio,
sau d6 loc va cd dic trong 4p sudt giam. Hop chét thd dugc tinh ché bang TLC
diéu ché bang ete ddu mo\etyl axetat (1:2) d8 tao ra hop chat néu ¢ dé muc. 'H-
NMR (300 MHz, CD3;OD, ppm) 6 8,00 (s, 1H), 7,39 (s, 1H), 6,44-6,47 (m, 1H),
4,62-4,66 (m, 1H), 3,61-3,71 (m, 2H), 2,90 (s, 1H), 2,25-2,55 (m, 2H), 0,88 (s,
9H), 0,57 (d, J=3 Hz, 6H).

Buéc 9: Téng hop (2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol

((2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol (40 mg, 0,086 mmol)
va TBAF (0,086 mL, 0,086 mmol) dugc hoa tan trong THF (1 mL). Khudy dung
dich thu duogc trong 2 gi¢ & 30°C, sau d6 lam bay hoi va tinh ché theo diéu kién
sau: Cot: X Bridge C18, 19%150 mm, 5 um; Pha dong A:Nuéc/0,05% TFA, Pha
dong B: ACN; Luu lugng: 20 mL/phut; Gradient: 30%B dén 70% B trong 10 pht;
254nm. Thu dugc hop chét 5 12 chit rin: 'TH-NMR (300 MHz, DMSO, ppm) 6 8,11
(s, 1H), 7,59 (s, 1H), 6,52 (t, J = 6,6 Hz, 1H), 4,48 (t, J = 6,6 Hz, 1H), 3,53-3,64
(m, 2H), 3,44 (s, 1H), 2,33-2,52 (m, 2H); MS (ES,m/z): 353,17 [M+H]".

Vi du 6: Téng hop (2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yD)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (6)
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Budéc 1: Tong hop 4,5-diclo-7H-pyrolo[2,3-d]pyrimidin

Thém NCS (N-closucxinimit) (4,35 g, 32,6 mmol) & nhiét 46 25°C vao hén
hop chira 4-clo-7H-pyrolo[2,3-d]pyrimidin (2,5 g, 16,28 mmol) trong DCM kh6
(100 mL). Khudy hdn hop thu duge trong 16 gir & nhiét 4o 40°C trong khi quyén
agon. Khi 4-clo-7H-pyrolo[2,3-d]pyrimidin phan Gng hét, hdn hop dugc loc tryc
tiép ma khong 1am mat. Thu gom chét rén, rira bang DCM (20 mL), 1am khd trong
chan khong tao ra 4,5-diclo-7H-pyrolo[2,3-d]pyrimidin 13 chat rén. LC-MS: (ES,
m/7): 188,01 [M+H]", 'H-NMR: (300MHz, ds-DMSO, ppm): 6 12,90 (br, 1H), 8,65
(s, 1H), 7,93 (d, J=2,7Hz, 1H).

Buwde 2: Tong hop (2R,3S,5R)-5-(4,5-diclo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Thém ting phin 4,5-diclo-7H-pyrolo[2,3-d]pyrimidin (2,3 g, 12,23 mmol)
vao huyén phu chira NaH (60% phan tan trong dau khoang, 0,538 g, 13,46 mmol)
trong ACN khan (100 mL) trong khi quyén agon trong binh ddy tron ba c¢b dung
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tich 250 mL, va hdn hop dugc khudy & nhiét do moi truong trong 30 phat. Hon
hop duc trd nén trong va sau d6 thém tung phan (2R,3S)-5-clo-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl-4-metylbenzoat (chét trung gian A,
4,76 g, 12,23 mmol) vao kém khudy trong 5 phut. Gia nhiét hdn hgp thu dugce dén
50°C va khudy trong 2 gid. Qu4 trinh phén tng dugc quan sat bang TLC. Loai bd
chét d& bay hoi trong chan khong. San phim thd duge tinh ché bang sic ky cot
silica gel st dung 10%-40% etyl axetat trong ete diu moé dé tao ra hop chit néu &
dé muc. LC-MS: (ES, m/z): 540,39 [M+H]". 'H-NMR: (300MHz, CDCls, ppm): &
8,64 (s, 1H), 7,91-7,99 (m, 4H), 7,39 (s, 1H), 7,25-7,30 (m, 4H), 6,80 (t, /= 6,9Hz,
1H), 5,75 (dd, J = 3,6Hz, J = 6,0Hz, 1H), 4,60-4,78 (m, 3H), 2,76-2,80 (m, 2H),
2,44 (d, J=4,8Hz, 6H).

Buwée 3: Tong hop (2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol

bat (2R,3S,5R)-5-(4,5-diclo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (3,6 g, 6,66 mmol)
vao binh cao 4p bang thép dung tich 150 mL. Lam lanh mdi truong dén -40°C.
Thém isopropanolic amoniac (isopropanol/amoniac 1éng = 1/3, thé tich/thé tich,
120 mL). Lam kin mdi truong, gia nhiét dén 90°C va khudy trong 16 gié. TLC chi
ra rang nucleosit ban dAu da tiéu thy hét va san phim dich quan sét dugc la san
pham chinh. C6 dic hdn hop thu dugc trong chan khong. San pham thé dugc tinh
ché bang sic ky cot silica gel st dung 2%-10% metanol trong diclometan dé tao ra
hop chét néu & d& muc. LC-MS: (ES, m/z): 284,70 [M+H]". 'H-NMR: (300MHz,
ds-DMSO, ppm): § 8,09 (s, 1H), 7,58 (s, 1H), 6,87 (br, 2H), 6,51 (dd, J=6,3Hz, J
= 7,8Hz, 1H), 5,25 (d, J= 4,2Hz, 1H), 5,03 (t, J = 5,6Hz, 1H), 4,30-4,34 (m, 1H),
3,81 (dd, J = 4,3Hz, J = 6,8Hz, 1H), 3,46-3,60 (m, 2H), 2,40-2,48 (m, 1H), 2,13-
2,20 (m, 1H).

Buéc 4. Téng hop 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-5-clo-7H-pyrolo[2,3-

d]pyrimidin-4-amin
Thém 14n lugt 1H-imidazol (1,423 g, 20,90 mmol) va TBDMS-CI (2,70 g,
17,91 mmol) & nhiét d§ 0°C trong khi quyén agon vao dung dich khudy chira
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(2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol (1,7 g, 5,97 mmol) trong DMF (10 mL). Lam
4m hon hop thu duge dén nhiét d 25°C va khudy trong 2 gié. Dung dich thu dugc
dugc pha lodng bang etyl axetat (100 mL), rira bang nuéc (100 mL). Lép chia
nuée duge chiét lai bing etyl axetat (2x100 mL). Lép hitu co dugc thu gom, l4n
Iuot rira bing NaHCO3 bdo hoa trong nude (2x100 mL) va nuée mudi (2x100
mL), 1am kho bang Na,SO4 khan, loc va cd dic trong chan khong. Tinh ché phan
cin bang séc ky cot silica gel st dung 2%-10% etyl axetat trong ete dau mo dé tao
ra hop chdt néu ¢ d& muc. LC-MS: (ES, m/z): 513,22 [M+H]". 'H-NMR:
(300MHz, ds-DMSO, ppm): & 8,10 (s, 1H), 7,50 (s, 1H), 6,85 (br, 2H), 6,51 (t, J =
6,8Hz, 1H), 4,48-4,52 (m, 1H), 3,62-3,80 (m, 3H), 2,55-2,60 (m, 1H), 2,17-2,24
(m, 1H), 0,89 (s, 18H), 0,08 (d, J= 13,6Hz, 12H).

Buwdec 5. Téng hop ((2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol

Thém nhé giot dung dich da lam lanh trude chra axit trifloaxetic/nuée (1/1,
thé tich/thé tich, 24 mL) kém khudy & nhiét do 0°C trong 10 phit vao dung dich
khudy chtra 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-5-clo-7H-pyrolo[2,3-
d]pyrimidin-4-amin (2,42 g, 4,72 mmol) trong THF (48 mL). Khudy hén hop thu
duoc & nhiét @6 0°C trong 4 gid. Qua trinh phan Ung dugc quan sat bang TLC.
Dung dich thu dugc dugc bay hoi ddng thoi v6i toluen (3x100 mL) trong khi duy
tri nhiét do bén trong thap hon 25°C. Tinh ché nguyén liéu thd thu duge bang séc
ky cot silica gel st dung 2%-10% metanol trong diclometan dé tao ra hop chét néu
& d& muc. LC-MS: (ES, m/z): 398,96 [M+H]*. 'TH-NMR: (300MHz, ds-DMSO,
ppm): & 8,28 (s, 1H), 7,86 (br, 2H), 7,78 (s, 1H), 6,52 (t, J = 6,8Hz, 1H), 4,53 (t, J
= 2,6Hz, 1H), 3,83 (dd, J = 4,5Hz, J = 6,9Hz, 1H), 3,48-3,60 (m, 2H), 2,50-2,58
(m, 1H), 2,18-2,25 (m, 1H), 0,90 (s, 9H), 0,11 (s, 6H).

Buéc 6. Tong hop (25,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt

Thém axit 2-iodoxybenzoic (632 mg, 2,256 mmol) trong Khi quyén agon
vao dung dich khudy chta ((2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-
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d]pyrimidin-7-y1)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol (300
mg, 0,752 mmol) trong ACN khan (30 mL). Hon hop dugc gia nhiét dén 85°C va
khudy trong 20 phit. Loc chat rdn. C6 dic phan loc trong chan khong dé tao ra hop
chit néu & d& muc, duge st dung truc tiép cho budc phan Gng tiép theo ma khong

cAn tinh ché thém. LC-MS: (ES, m/z): 396,94 [M+H]".

Buwdée 7. Téng hop ((3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-
3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol

Thém dung dich formaldehyt (5 mL), sau d6 bd sung nhé giot dung dich
natri hydroxit (2N, 5 mL, 10,00 mmol) ¢ nhiét d¢ 0°C trong 5 phit vao dung dich
khudy chaa (2S,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-y1)-3-
((tert-butyldimetylsilyl)oxy) tetrahydrofuran-2-carbaldehyt (434 mg, 0,820 mmol)
trong 1,4-dioxan (25 mL) trong binh d4y tron dung tich 100 mL. Lam 4m hdn hop
thu dugc dén 25°C va khudy trong 3 gio. Khi nucleosit-aldehyt ban dau da tidu
thu hét, hdn hop phan tng duge trung hoa bang cach bd sung AcOH. Hon hop
duoc pha lodng bang etyl axetat (60 mL) va 14n luot rira bang nuée (2x20 mL),
NaHCO3; bdo hoa trong nudc (2x20 mL) va nude mudi (2x20 mL). Lép hitu co
duge 1am kho bing NaiSO4 va duge 1am bay hoi trong ap sudt giam. Phan cin
dugc hoa tan lai trong EtOH khan (30 mL) va thém tung phan natri
tetrahydroborat (62,0 mg, 1,640 mmol) vao & nhiét do 0°C trong khi quyén agon.
Sau khi khudy trong 16 gi®' & 25°C, hdn hop phén tmg dugc trung hoa bang cach
bd sung AcOH. C6 dic hdn hop trong chan khong. Tao huyén phi phan cin trong
CHCl; (40 mL) va lan luot rira bang nudc (2x15 mL) va nudce mubi (2x15 mL).
Lép hitu co duge lam kho b%mg NazS0s4, loc va ¢d dic trong chan khong. Tinh
ché phén cin bang sdc ky cot silica gel v6i diclometan/metanol (30/1) dé tao ra
hop chét néu & dé muyc. LC-MS: (ES, m/z): 428,99 [M+H]*. 'H-NMR: (300MHz,
ds-DMSO, ppm): § 8,10 (s, 1H), 7,60 (s, 1H), 6,86 (br, 2H), 6,54 (t, J = 6,9Hz,
1H), 5,01 (t, J = 5,3Hz, 1H), 4,59 (dd, J = 3,0Hz, J = 5,4Hz, 1H), 4,40 (t, J =
5,6Hz, 1H), 3,42-3,61 (m, 4H), 2,60-2,69 (m, 1H), 2,18-2,25 (m, 1H), 0,89 (s,
9H), 0,09 (s, 6H).
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Buéc 8. Tong hop (2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yD-3-((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-
carbaldehyt

((38,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (166 mg, 0,387 mmol)
duoc hoa tan trong ACN khan (20 mL) trong khi quyén agon va sau d6 thém IBX
(325 mg, 1,161 mmol) vao. Lam 4m hén hop thu dugc dén 30°C va khudy trong 20
gidr. Loc chét ran. Co dic phan loc trong chan khong dé tao ra hop chét néu & dé
muc, dugc st dung truc tiép cho budc phan tng tiép theo ma khong cin tinh ché

thém. LC-MS: (ES, m/z): 426,97 [M+H]".

Buwdc 9: Tong hop ((2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yI)-3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol

Thém K2COs (129 mg, 0,937 mmol) sau d6 bd sung nhé giot dimetyl (1-
diazo-2-oxopropyl)phosphonat (144 mg, 0,749 mmol) & nhiét do 0°C kém khudy
trong khi quyén agon vao dung dich khudy chta (2R,3S,5R)-5-(4-amino-5-clo-
7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-butyldimetylsilyl)oxy)-2-
(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (160 mg, 0,375 mmol) trong
MeOH khd (8 mL). Hdn hop thu dugc dugc 1am &m tir tir dén 25°C va khudy
trong 16 gid. Co dic hdn hop thu dugce trong chén khong. Tinh ché phan cin bing
sdc ky cot silica gel str dung 30%-50% etyl axetat trong ete dau mo dé tao ra hop
chét néu & d& muc. LC-MS: (ES, m/z): 422,98 [M+H]". 'H-NMR: (300MHz, djs-
DMSO, ppm): § 8,10 (s, 1H), 7,58 (s, 1H), 6,90 (br, 2H), 6,52 (t, J = 6,6Hz, 1H),
5,42-5,46 (m, 1H), 4,64 (t, J = 5,7Hz, 1H), 3,59-3,67 (m, 1H), 3,50-3,54 (m, 1H),
3,48 (s, 1H), 2,59-2,64 (m, 1H), 2,27-2,31 (m, 1H), 0,91 (s, 9H), 0,12 (s, 6H).

Bwéce 10: Téng hop (2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (6)

Thém nhé giot dung dich TBAF (1,0M, 151 pl, 0,151 mmol) kém khudy
trong khi quyén agon vao dung dich khudy chua ((2R,3S,5R)-5-(4-amino-5-clo-
7H-pyrolo[2,3-d]pyrimidin-7-y1)-3-((tert-butyldimetylsilyl)oxy)-2-
etynyltetrahydrofuran-2-yl)metanol (64 mg, 0,151 mmol) trong THF (3 mL).
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Khudy dung dich thu dwgc trong 1 gio & 25°C. Co dac hdn hop thu dugc trong
chan khong. Phan c3n dugc cho 1én cot silica gel va rira giai bﬁng DCM/MeOH
(20/1 dén 5/1) dé tao ra san pham tho. Tinh ché tiép san phdm tho bang HPLC diéu
ché voi cac didu kién sau (1#-Pre-HPLC-011(Waters)): Cot, SunFire Prep C18
OBD (Optimum Bed Density) Column, 5 um, 19*150 mm; pha dong, nu6e (c6 10
mmol amoni bicarbonat) va axetonitril (10% axetonitril 1én dén 45% trong 5 phut,
1én dén 95% trong 1,5 phut, giam xubng 5% trong 1 phut); Méy do, uv 254&220
nm. Phan doan chira san phém dugc thu gom va lam kho lanh dé tao ra hop chét 6
1a chit rén. LC-MS: (ES, m/z): 308,72 [M+H]". 'H-NMR: (400MHz, ds-DMSO,
ppm): & 8,10 (s, 1H), 7,54 (s, 1H), 6,88 (br, 2H), 6,52 (t, J= 6,4Hz, 1H), 5,39-5,52
(m, 2H), 4,48 (t, J = 6,6Hz, 1H), 3,59 (dd, J = 12,0 Hz, J = 28,8Hz, 2H), 3,48 (s,
1H), 2,47-2,54 (m, 1H), 2,31-2,37 (m, 1H).

Chit trung gian B

Téng hop ((2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol (chat

trung gian B)
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Chét trung gian B
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Bude 1: Téng hop 4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin

Thém NIS (N-iodosucxinimit) (7,33 g, 32,6 mmol) & nhiét do 0°C vao hdn
hop chira 4-clo-7H-pyrolo[2,3-d]pyrimidin (5 g, 32,6 mmol) trong DMF (60 mL)
trong agon. Khudy hdn hop thu duoc trong 15 gio & 25°C trong khi quyén agon
trong bong tdi. Hén hop phan tng dugc rét vao nuée lanh va hdn hop duoc loc,
chit rin dugc rira bang nude lanh (3 x 50 mL) va 1am khd & nhiét ¢ 25°C dé tao
ra 4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin 13 chat rin. LC-MS: (ES, m/z): 279,9
[M+H]'. 'TH-NMR: (400MHz, CD3SOCD3, ppm): 12,96 (brs, 1H), 8,62 (s, 1H),
7,95 (d, J= 1,8 Hz, 1H)

Buéc 2: Toéng hop (2R,3S,5R)-5-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-
yI)-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Thém (2R,3S,5R)-5-clo-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-
yl 4-metylbenzoat (7,47g, 19,21 mmol) & 20°C vao hdn hop chira natri hydrua
(0,845 g, 21,13 mmol) va 4-010-5-i0do-7H-pyr010[2,3-d]pyrimidin (5,37 g, 19,21
mmol) trong axetonitril (150 mL) trong agon. Khudy hén hop thu dugc trong 2
gidr & 50°C trong khi quyén agon va sau d6 dung mdi dugc lam bay hoi trong ap
sudt giam. Phin can duoc tinh ché bang séc ky cot trén silica gel 100-200, rira
giai bang EA/PE (1/5) dé tao ra hop chat néu & d& myc. LC-MS: (ES, m/z): 613,9
[M+H]" 1. 'TH-NMR: (400MHz, CDCl3, ppm): 8,63 (s, 1H), 8,00 (d, ] = 8,4 Hz,
2H), 7,95 (d, J= 8,4 Hz, 2H), 7,60 (s, 1H), 7,32-7,25 (m, 4H), 6,82 (t, /=7,2 Hz,
1H), 5,77 (dd, J = 6,4 Hz, 4 Hz,1H), 4,80-4,76 (m, 1H), 4,71-4,62 (m, 2H), 2,46
(s, 6H), 1,66-1,31 (m, 2H)

Bude 3: Téng hop (2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol

Thém (2R,3S,5R)-5-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (12 g, 18.99 mmol)
vao hdn hop khuéy, da l1am lanh dén nhiét do -50°C chira amoniac (120 mL, 240
mmol) trong 2-propanol (30 mL) va hén hop duge khudy & 90°C trong 48 gid.
Dung modi dugc lam bay hoi trong ap sudt giam. Phan c3n dugc tinh ché bang sic

ky ot on silica gel 100-200, rira giai bing DCM/MeOH (10/1) dé tao ra hop chat

-80-



37013

néu & d& muc. LC-MS: (ES, m/): 377,0 [M+H]". 'H-NMR: (300MHz,
CD3SOCDs3, ppm): 8,10 (s, 1H), 7,81 (s, 1H), 6,79 (brs, 2H), 6,79-6,51 (dd, J =
8,1 Hz, 3 Hz, 1H), 5,27 (d, J = 3,9 Hz, 1H), 5,05 (t, J = 5,4 Hz, 1H), 4,33 (brs,
1H), 3,81 (brs, 1H), 3,60-3,46 (m, 2H), 2,51-2,44 (m, 1H), 2,19-2,10 (m, 1H)

Buéc 4: Téng hop 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-5-iodo-7H-pyrolo[2,3-

d]pyrimidin-4-amin

Thém TBS-CI (44,7 mL, 44,7 mmol) & nhiét dd 0°C vao hdn hop chura
(2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-y1)-2-
(hydroxymetyl)tetrahydrofuran-3-ol (6 g, 15,95 mmol) va imidazol (4,34 g, 63,8
mmol) trong DMF (30 mL) trong agon. Khudy hén hop thu dugc trong 2 gid &
nhiét d6 23°C trong khi quyén agon. Qué trinh phan Gng dugc quan st béng
LCMS. Han hop phan tmg dugc dimg bing nudc (150 mL) va chiét bang etyl
axetat (3 x 200 mL). Rira 16p hitu co két hop bang nudc mudi (5 x 200 mL), lam
kho bing natri sulfat khan va loc. Phén loc dugc ¢d dic trong 4p sudt giam, phan
cin dugc tinh ché bang cot silica gel, rira giai bing EA/PE (3:7) dé tao ra hop
chit néu & d& muc. LC-MS: (ES, m/z): 605,3 [M+H]*!. 'TH-NMR: (400MHz,
CDsSOCDs, ppm): 8,10 (s, 1H), 7,58 (s, 1H), 6,67 (brs.2H), 6,49 (t, J = 6,8
Hz,1H), 4,50 (t, J = 2,4 Hz, 1H), 3,88-3,81 (m, 1H), 3,74 (dd, J = 10,8 Hz, 5,6 Hz,
1H), 3,65 (dd, J = 10,8 Hz, 4 Hz, 1H), 2,50-2,49 (m, 1H), 2,25-2,14 (m, 1H), 0,89
(s, 18H), 0,10-0,07 (m, 12H).

Buée 5: Téng hop  (2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-

y)metanol

Thém dung dich chira TFA (16 mL, 208 mmol) trong nuéc (16 mL) &
nhiét d6 0°C vao hon hgp chira 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-
(((tert-butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-5-iodo-7H-pyrolo[2,3-
d]pyrimidin-4-amin (6,6 g, 10,92 mmol) trong THF (66 mL). Khuéy hén hop thu
duoc trong 4 gid & nhiét 46 0°C. Qua trinh phan ing dugc quan sat bang LCMS.
Lam bay hoi dung mdi trong ap sudt giam. Phin cin dugc hoa tan trong

DCM/MeOH (10/1, 150 mL) va diéu chinh gi4 trj do pH cta dung dich dén 7
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bang natri hydro carbonat (5,0 g), loc va lam bay hoi dung méi trong ap suét
giam. Phin cin duoc tinh ché bang sdc ky cot trén silica gel 100-200, rira giai
bang 40 - 50% EA trong PE dé tao ra hop chét néu & d& muc. LC-MS: (ES, m/z):
491,1 [M+H]™". '"H-NMR: (400MHz, CD3;SOCDs, ppm): 8,14 (s, 1H), 7,71 (s,
1H), 6,88 (brs, 2H), 6,47 (dd, J = 8,4 Hz, 6 Hz, 1H), 4,51 (t, J = 2,4 Hz, 1H),
3,80-3,79 (m, 1H), 3,54-3,50 (m, 2H), 2,57-2,53 (m, 1H), 2,18-2,13 (m, 1H), 0,89
(s, 9H), 0,10 (s, 6H).

Buéc 6: Toéng hop (2S,3S,5R)-3-[(tert-butyldimetylsilyl)oxy]-5-{4-[(dimetyl-
Si{4}-sulfanyliden)amino]-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl}oxolan-2-
carbaldehyt

Thém pyridin (0,850 mL, 10,51 mmol) va TFA (0,515 mL, 6,68 mmol) &
nhiét @6 0°C vao hdn hop chira ((2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-
d]pyrimidin-7-y1)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol
(4,682 g, 9,55 mmol) va DCC (N,N-dixyclohexylcarbodiimit) (6,1 g, 29,6 mmol)
trong DMSO (40 mL) trong agon. Khudy hdn hop thu dugc trong 14 giv & nhiét
dd 20°C trong agon. Qué trinh phan ing dugc quan sat bang LCMS. Hon hop
phan tmg dugc dung bang nude (150 mL) va chiét bing etyl axetat (3 x 100 mL).
Rura 16p hitu co két hop bang nudc mudi (120 mL), lam kho bang natri sulfat
khan va loc. Phan loc dugc ¢b dic trong 4p sudt giam dé€ tao ra san phim thd néu

& d& muc 12 chit rin. LC-MS: (ES, m/z): 567,0 [M+H,O+H]*

Budc 7: Téng hop hoén hop chira [(3S,5R)-3-[(tert-butyldimetylsilyl)oxy]-5-
{4-[(dimetyl-Si{4}-sulfanyliden)amino]-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-
yl}-2-(hydroxymetyl)oxolan-2-ylJmetanol

Thém 2M natri hydroxit (0,5 mL, 1,000 mmol) & nhiét 46 0°C vao hdn hop
chtra (25,38,5R)-3-[(tert-butyldimetylsilyl)oxy]-5-{4-[(dimetyl-Si{4}-
sulfanyliden)amino]-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl }oxolan-2-
carbaldehyt (80 mg, 0,146 mmol) va formaldehyt (0,5 mL, 0,146 mmol) trong
1,4-dioxan (4 mL). Khudy hdn hop thu dugc trong 4 gid ¢ nhiét d6 20°C. Qua
trinh phan Gng dugc quan sat bing LCMS. Dung hdn hop phan ung bang axit
axetic (0,2 mL) va chiét bang etyl axetat (3 x 40 mL). Rira 16p hitu co két hop
bing NaHCOs (30 mL) bdo hoa sau d6 bang nudc mudi (40 mL), lam khd bang
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natri sulfat khan va loc. Phan loc dugc cd dic trong ap suét giam, phe‘in can duogc
hoa tan trong etanol (4 mL). Thém natri tetrahydroborat (20 mg, 0,529 mmol)
trong agon vao hdn hop nay. Khudy hén hop nay trong 36 gid & nhiét d§ 20°C.
Quaé trinh phan tng dugc quan sat bang LCMS. Dimg hén hop phén tmg bang
axit axetic (0,05 mL) va chiét bing CHCl; (3 x 40 mL). Rira 16p hitu co két hop
bang NaHCO3 bdo hoa (30 mL) sau d6 bing nude mudi (40 mL), 1am kho bang
natri sulfat khan va loc. Phin loc duoc cd dic trong 4p suat giam, tinh ché bing
TLC, rita giai bing DCM/MeOH (12 : 1) dé tao ra hop chit néu & d& muc. LC-
MS: (ES, m/z): 581,1 [M + H]'!. 'TH-NMR: (300MHz, CD3SOCD3, ppm): 8,09 (s,
0,6H), 7,97 (s, 0,4H), 7,69 (s, 0,6H), 7,46 (s, 0,4H), 6,66 (brs, 0,8H), 6,53-6,42
(m, 1H), 5,10 (t, J = 5,4 Hz, 0,4H), 5,02 (t, J = 5,4 Hz, 0,6H), 4,58 (brs, 1H),
4,42-4,37 (m, 1H), 3,58-3,49 (m, 4H), 2,78 (d, J = 2,7 Hz, 3H), 2,68-2,61 (m,
1H), 2,23-2,16 (m, 1H), 0,90 (s, 9H), 0,10 (s, 6H).

Bude 8: Tong hop ((3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-
yD)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol

Thém TFA (2 mL, 26,0 mmol) & nhiét do 0°C vao dung dich chira
[(3S,5R)-3-[(tert-butyldimetylsilyl)oxy]-5-{4-[(dimetyl-Si{4 }-
sulfanyliden)amino]-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl}-2-
(hydroxymetyl)oxolan-2-yl]metanol (230 mg, 0,396 mmol) trong DCM (2 mL).
Khudy hdn hop thu dugc trong 3 gid & nhiét dd 20°C trong agon. Qua trinh phan
ng dugc quan sat bing LCMS. Hén hop phan tmg dwoc cb dic trong ap suét
giam, phan cin dugc tinh ché bang cot silica gel, rira giai bang DCM/MeOH (95 :
5) dé tao ra hop chét néu ¢ dé muc. LC-MS: (ES, m/z): 521,2 [M + H]*!. 'H-
NMR: (400MHz, CD3SOCDs, ppm): 8,12 (s, 1H), 7,71 (s, 1H), 7,10 (brs, 2H),
6,43 (t, J= 6,8 Hz, 1H), 4,50 (dd, J = 6 Hz, 3,2 Hz, 1H), 3,50-3,37 (m, 4H), 2,59-
2,52 (m, 1H), 2,17-2,11 (m, 1H), 0,80 (s, 9H), 0,00 (s, 6H).

Budéc 9: Tong hop (2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-
7-yD)-3-((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-
carbaldehyt

Thém IBX (1550 mg, 5,53 mmol) & nhiét do 18°C vao dung dich chtra
((3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
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butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (960 mg, 1,845 mmol)
trong axetonitril (25 mL) trong agon. Khudy hdn hop thu duge trong 18 gid &
nhiét 4o 18°C trong agon. Qua trinh phan Gng dugc quan sat bang LCMS. Loc
hdn hop phan tng. Phan loc dugce ¢d dic trong ap suét giam, tao ra san phdm thod
1a chit rén. San pham thd nay dugc st dung truc tiép cho budc tiép theo ma

khong can tinh ché thém. LC-MS: (ES, m/z): 519,1 [M + H]*

Buéc 10: Téng hop (2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-
y)metanol (chit trung gian B)

Thém dimetyl (1-diazo-2-oxopropyl)phosphonat (141 mg, 0,733 mmol) &
nhiét d6 0°C vao hdn hgp chita (2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-
d]pyrimidin-7-y1)-3-((tert-butyldimetylsilyl)oxy)-2-
(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (190 mg, 0,366 mmol) va Ka2COs
(127 mg, 0,916 mmol) trong MeOH (10 mL) trong agon. Khudy hén hop thu duge
trong 16 gi¢ & nhiét 4o 18°C trong agon. Mau cia hén hop chuyén tir ving sang
xanh lam. Qua trinh phan Gng dugc quan sat bang LCMS/TLC. Hén hgp phan tng
duge cb dic trong 4p suat giam, phan cin dugc tinh ché bang cot silica gel, rira
giai bing DCM/MeOH (97 : 3) d tao ra hop chit néu & d& myc. LC-MS: (ES,
m/z): 515,1 [M + H]'. 'TH-NMR: (400MHz, CDCl3, ppm): 8,22 (s, 1H), 7,12 (s,
1H), 6,25 (dd, J = 8,8 Hz, 5,6 Hz, 1H), 5,84 (brs, 2H), 4,71 (dd, J = 5,6 Hz, 2
Hz,1H), 4,01 (d, J= 12,4 Hz, 1H), 3,80 (d, J = 16 Hz, 1H), 3,17-3,10 (m, 1H), 2,59
(s, 1H), 2,27-2,21 (m, 1H), 0,91 (s, 9H), 0,11 (s, 6H)

Vi du 7: Téng hop (2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (7)
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Thém TBAF (0,05 mL, 0,050 mmol) & nhiét do 18°C vao dung dich chira
((2R,38,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol (chét trung gian B,
20 mg, 0,039 mmol) trong tetrahydrofuran (3 mL) trong agon. Khudy hén hop thu
duoc trong 0,5 gid & nhiét do 18°C trong agon. Qua trinh phan ng dugc quan sat
bang TLC. Hon hop phén ng dugc cb dic trong ap sut giam, phan cin dugc tinh
ché bing cot silica gel, rira giai bang CH>Clo/MeOH (7 : 1), d tao ra san pham thd
ma duogc tinh ché béng HPLC didu ché véi cac diéu kién sau: Dung cu, Water-1
(26); cot: Xbridge RP18, 5 um, 19 x 150 mm; pha dong: nudc (0,05% Amoni
bicarbonat + Cacbon dioxit) va axetonitril (10% axetonitril 1én dén 40% trong 8
phut, gitt & 100% trong 2 phut, giam xubng 10% trong 2 phut); Méy do, UV 220
va 254nm. Gom céc phin doan thu dugc va cd dac trong ap sudt giam dé tao ra
hop chit 7 1a chét rin. LC-MS: (ES, m/z): 401,0[M+H]". 'H-NMR: (400MHz,
CD;0D): 88,10 (s, 1H), 7,63 (s, 1H), 6,68 (s, 2H), 6,49 (t, J = 6,4 Hz, 1H), 5,52 (d,
J =52 Hz, 1H), 4,48 (q, J = 6,0 Hz, 1H), 3,64-3,60 (m, 1H), 3,57-3,52 (m, 1H),
3,48 (s, 1H), 2,53-2,47 (m, 1H), 2,35-2,29 (m, 1H).

Vi du 8: Téng hop (2R,3S,5R)-5-(2,4-diamino-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (8)
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Budée 1: Téng hop (2R,3S,5R)-5-(2-amino-4-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Khudy hdn hop chita 4-clo-7H-pyrolo[2,3-d]pyrimidin-2-amin (2,0 g, 11,86
mmol) va NaH (0,524 g, 13,09 mmol) trong axetonitril (60 mL) trong agon trong
0,5 gid ¢ nhiét do trong phong trong agon. Sau do6 hdn hop duge thém chit trung
gian A (4,628 g, 11,90 mmol), khudy trong 10 phut & nhiét do trong phong sau d6
& nhiét do 50°C trong 2 gid. Quan sat qué trinh nay bang LCMS. Hdn hgp phan
tng dugce cd ddc trong ap sudt giam, phén cin dugce tinh ché bang cot silica gel,

rira giai bang CH>Clo/MeOH (92 : 8) d8 tao ra hop chét néu & d& muc.

LC-MS: (ES, m/z): 521,1[M+H] *. 'H-NMR: (300MHz, DMSO-ds): 8 7,93(dd, J =
8.1 Hz, 4H), 7,68-7,21(m, SH), 6,78(s, 2H), 6,57(q, J = 5,85 Hz, 1H), 6,39(d, J =
3,9 Hz, 1H), 5,69(d, J = 5,7 Hz, 1H), 4,63-4,43(m, 3H), 3,04-2,94(m, 1H), 2,66(dd,
J =495 Hz, 1H), 2,41(d, J= 17,8 Hz, 6H), 1,99(s, 1H).

Buée 2: Téng hop (2R,3S,5R)-5-(2,4-diamino-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol

Khudy hdn hop chaa (2R,3S,5R)-5-(2-amino-4-clo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-
metylbenzoat (1,0 g, 0,960 mmol) va amoniac (50 mL, 0,960 mmol) trong 2-
propanol (5 mL) trong 20 gi®' & nhiét o 100°C. Qua trinh phén Gmg dugc quan sat
bang TLC. Lam ngudi hdn hgp phan tmg dén nhiét d6 mdi trudng, va cd dic trong
4p suét giam, phin cin dugc tinh ché bing cot silica gel, rta giai béng
CH2Cly/MeOH (82 : 18) dé tao ra hop chét néu & d& myc. LC-MS: (ES, m/z):
266,0[M+H]*. '"H-NMR: (300MHz, DMSO-ds): 8 6,93(d, J = 3,6 Hz, 1H), 6,76(s,
2H), 6,40(d, J = 3,6 Hz, 1H), 6,32(q, J = 5,85 Hz, 1H), 5,70(s, 2H), 5,20(d, J= 3,6
Hz, 1H), 4,29(d, J= 2,4 Hz, 1H), 3,78-3,74(m, 1H), 3,55-3,41(m, 2H), 3,16(s, 1H),
2,49-2,34(m, 1H), 2,08-2,01(m, 1H).

Buwéc 3: Téng hop 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-
d]pyrimidin-2,4-diamin
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Thém imidazol (1,784 g, 26,2 mmol) vao hdn hgp chira (2R,3S,5R)-5-(2,4-
diamino-7H-pyrolo[2,3-d]pyrimidin-7-y1)-2-(hydroxymetyl)tetrahydrofuran-3-ol
(1,39 g, 5,24 mmol) va TBDMS-CI (2,369 g, 15,72 mmol) trong DMF (6 mL)
trong agon. Khudy hdn hop thu dugc trong 16 gior & nhiét do 20°C trong khi quyén
agon. Qua trinh phan Gng dugc quan sat bang LCMS/TLC. Hon hgp phan tng
dugc co déc trong ap sut giam, phén cin duge tinh ché bang cot silica gel, rira
gidi bing CH,Cly/MeOH (92 : 8) dé tao ra hgp chét néu & d& muyc la chat ran. LC-
MS: (ES, m/z): 494,4 [M+H]", 'H-NMR: (300MHz, CDCl3): 8 7,58 (s, 2H), 7,04
(d, J= 3,9 Hz, 1H), 6,54 (d, J = 3,9 Hz, 1H), 6,52 (s, 2H), 6,32 (dd, J = 6,0 Hz,
1H), 4,45 (t, J = 2,4 Hz, 1H), 3,78 (d, J = 2,1 Hz, 1H), 3,68 (t, J = 5,5 Hz, 2H),
3,17 (d, J = 3,0 Hz, 1H), 2,49-2,42 (m, 1H), 2,17-2,10 (m, 1H), 0,89 (s, 18H),
0,10-0,09 (m, 12H).

Buéc 4: Téng hop N,N'-(7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-
(((tert-butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-
d]pyrimidin-2,4-diyl)dibenzamit

Thém benzoyl clorua (158 mg, 1,124 mmol) vao hdn hop chia 7-
((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-d]pyrimidin-2,4-
diamin (138 mg, 0,279 mmol) va DMAP (5 mg, 0,041 mmol) trong pyridin (5 mL)
trong agon. Khudy hén hop thu duge trong 4 gior & nhiét do 0°C trong agon. Qua
trinh phan Gng dugc quan sat bing LCMS/TLC. Dimg hdn hgp phén tng béing
nude (50 mL) va chiét bang etyl axetat (3 x 30 mL). Rua 16p hitu co két hop bang
nude mudi (40 mL), 1am khd bang natri sulfat khan va loc. Phan loc duoc cd dic
trong 4p Suit giam, phan cin dugc tinh ché bang cot silica gel, rra giai bang
PE/EA (2 : 1) d8 tao ra hop chit néu & d& muc. LC-MS: (ES, m/z): 702,3[M+H]",
IH-NMR: (300MHz, CDCl3): 11,11 (s, 1H), 10,80 (s, 1H), 8,09 (d, J= 7,2 Hz,
2H), 7,73 (d, J= 7,2 Hz, 2H), 7,66-7,43 (m, 8H), 6,62-6,54 (m, 2H), 4,56 (s, 1H),
3,84-3,64 (m, 4H), 2,81-2,72 (m, 1H), 2,26-2,22 (m, 1H), 0,90-0,83 (m, 18H),
0,11-0,01 (m, 12H).
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Buéc 5: Téng hop N,N'-(7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-
(hydroxymetyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-d]pyrimidin-2,4-
diyl)dibenzamit

Thém dung dich chita TFA (0,5 mL, 6,49 mmol) trong nuéc (0,5 mL) &
nhiét d 0°C vao hdn hop chita N,N'-(7-((2R.,4S,5R)-4-((tert-
butyldimetylsilyl)oxy)-5-(((tert-butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-
yl)-7H-pyrolo[2,3-d]pyrimidin-2,4-diyl)dibenzamit (110 mg, 0,157 mmol) trong
THF (4 mL). Khudy hdn hop thu dugc trong 4 gid' & nhiét ¢ 0°C. Qua trinh phan
tng dugc quan sat bing LCMS. Hon hgp phan tmg dwoc c6 dic trong dp suét
giam, phan cin dugc tinh ché bang cot silica gel, rira giai bang CH,Cly/MeOH
(95 : 5) dé tao ra hop chit néu & dé muc. LC-MS: (ES, m/z): 588,6[M+H]", 'H-
NMR: (300MHz, CDCl3): § 11,11 (s, 1H),10,81 (s, 1H), 8,09 (d, /= 7,2 Hz, 2H),
7,97 (d, J= 7,2 Hz, 2H), 7,65-7,46 (m, 8H), 6,62-6,56( m,2H), 4,96 (t, /= 5,4 Hz,
1H), 4,58 (t, J= 2,7 Hz, 1H), 3,82-3,77 (m, 2H), 3,56-3,51 (m, 2H), 2,72-2,67 (m,
1H), 2,27-2,21 (m, 1H), 0,88 (s, 9H), 0,09 (s, 6H).

Buéc 6: Toéng hop N,N'-(7-((2R,4S,55)-4-((tert-butyldimetylsilyl)oxy)-5-
formyltetrahydrofuran-2-yl)-7H-pyrolo[2,3-d]pyrimidin-2,4-diyl)dibenzamit

Thém IBX (42 mg, 0,150 mmol) vao hdn hgp chira N,N'-(7-((2R.4S,5R)-4-
((tert-butyldimetylsilyl)oxy)-5-(hydroxymetyl)tetrahydrofuran-2-yl)-7H-
pyrolo[2,3-d]pyrimidin-2,4-diyl)dibenzamit (35 mg, 0,060 mmol) trong axetonitril
(5 mL) trong agon. Khudy hdn hop thu dugc trong 50 phut ¢ nhiét do 50°C trong
agon. Qua trinh phan Gng dugc quan sat bing LCMS. Lam ngudi hdn hgp phéan
ung dén nhiét d6 mdi truong va loc. Phén loc duge ¢ dic trong ap suét giam, san
pham thod duge sir dung truc tiép cho bude tiép theo ma khong can tinh ché thém.
LC-MS: (ES, m/z): 618,3[M+CH3;OH] *

Buéc 7: Téng hop N,N'-(7-((2R,4S)-4-((tert-butyldimetylsilyl)oxy)-5,5-
bis(hydroxymetyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-d]pyrimidin-2,4-
diyl)dibenzamit

Thém formaldehyt (1 mL, 0,060 mmol), NaOH (ImL, 2,000 mmol) vao
dung dich chira N,N'-(7-((2R,48,58)-4-((tert-butyldimetylsilyl)oxy)-5-
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formyltetrahydrofuran-Z-yl)-7H—pyrolo[2,3-d]pyrimidin—2,4-diyl)dibenzamit (35
mg, 0,060 mmol) trong 1,4-dioxan (5 mL), khudy hdn hop trong 4 gid' & nhiét do
20°C, 1am lanh dén 0°C, dimg phan tmg bing AcOH dén d6 pH 6, thém nudc (40
mL) va chiét bang etyl axetat (3 x 40 mL). Rira 16p hitu co két hop bang nudc
mudi (30 mL), [am khd béng natri sulfat khan va loc. Phan loc duoc cd dic trong
ap sudt giam, hoa tan phﬁn‘cefm trong etanol (5,00 mL), thém NaBH4 (5,65 mg,
0,149 mmol) trong agon. Khudy hén hop thu duge trong 16 giv & nhiét do 20°C.
Qua4 trinh phan tng dugc quan sat bing LCMS. Lam ngudi hdn hop phan tng dén
nhiét d0 moi truong, dung phan ung bang AcOH dén do pH 6, thém nudc (40 mL)
va chiét bang etyl axetat (3 x 40 mL). Cd déc 16p hitu co va tinh ché bang cot silica
gel, rira gidi bang CH,Cl/MeOH (20 : 1) @8 thu dugc san phim néu & d& muc 1a
chét rin. LC-MS: (ES, m/z): 618,2 [M+H]", TH-NMR: (400MHz, CDCl): 6 11,11
(s, 1H), 10,80 (s, 1H), 8,09 (d, J= 7,2 Hz, 2H), 7,73 (d, J = 7,2 Hz, 2H), 7,66-7,43
(m, 8H), 6,62-6,54 (m, 2H), 4,56 (s, 1H), 3,84-3,64 (m, 4H), 2,81-2,72 (m, 1H),
2,26-2,22 (m, 1H), 0,90-0,83 (m, 18H), 0,11- 0,01 (m, 12H).

Buée 8: Téng hop N,N'-(7-(2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-
formyl-S-(hydroxymetyl)tetrahydrofuran-Z-yl)—7H-pyrolo[2,3—d]pyrimidin-
2,4-diyl)dibenzamit

Thém IBX (40 mg, 0,143 mmol) & nhiét do 20°C vao dung dich chtra N,N'-
(7-((2R,4S)-4-((tert-butyldimetylsilyl)oxy)-5,5 -bis(hydroxymetyl)tetrahydrofuran-
2-yl)-7H-pyrolo[2,3-d]pyrimidin-2,4-diyl)dibenzamit (30 mg, 0,049 mmol) trong
axetonitril (10 mL) trong agon. Khudy hdn hop thu duge trong 3 gio & nhigt do
25°C trong agon. Qua trinh phan Gng dugc quan sat bang LCMS. Lam ngudi hdn
hop phén tng dén nhiét d6 moi truong va loc. Phén loc dugc co dic trong &p suét
giam dé tao ra san phim tho 12 chit rin dugc st dung truc tiép cho budc tiép theo

ma khéng cin tinh ché thém. LC-MS: (ES, m/z): 616,2 [M+H]"

Buéc 9: Téng hop N,N'-(7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-
etynyl-S-(hydroxymetyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-d]pyrimidin-
2,4-diyl)dibenzamit

Thém dung dich chira dimetyl (2-diazo-3-oxobutanoyl)phosphonat (50,0
mg, 0,227 mmol) trong MeOH (0,25 mL) & nhiét d6 0°C vao hdn hgp chira N,N'-

-890-



37013

(7-((2R,48,5R)-4-((tert-butyldimetylsilyl)oxy)-5-formyl-5-
(hydroxymetyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-d]pyrimidin-2,4-
diyl)dibenzamit (70 mg, 0,114 mmol) va K>COs (39,3 mg, 0,284 mmol) trong
MeOH (5 mL) trong agon. Khudy hdn hop thu duge trong 16 gid & nhiét do 25°C
trong agon. Qua trinh phan Ung dugc quan sat bing LCMS. Hdn hop phan ting
duoc ¢d dic trong ap suét giam, phan cin duge tinh ché bang TLC, ria giai bang
CH,Clo/MeOH (20 : 1) dé tao ra hop chit néu & @& muc. LC-MS: (ES, m/z):
612,4[M+H] *

Bwée 10: Tong hop (2R,3S,5R)-5-(2,4-diamino-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (8)

Thém dung dich chira NaOCH3 trong MeOH (0,065 mL, 0,065M) & nhiét
dd 20°C vao dung dich chira N,N'-(7-((2R,48S,5R)-4-((tert-butyldimetylsilyl)oxy)-
5-etynyl-5-(hydroxymetyl)tetrahydrofuran-2-yl)-7H-pyrolo[2,3-d]pyrimidin-2,4-
diyl)dibenzamit (40 mg, 0,065 mmol) trong MeOH (4 mL) trong agon. Khudy hén
hop thu dugc trong 48 gio & nhiét do 40°C trong agon. Qud trinh phan ng dugc
quan sat bing LCMS. Lam ngudi hdn hop phan tng dén nhiét 6 mdi trudng, va
cd dic trong 4p suét giam, phan cin dugc tinh ché bang TLC, rira giai bing
CH,Cly/MeOH (20 : 1) @8 tao ra chét trung gian tho (27 mg) la chét rin ma duoc
pha lodng trong THF (3 mL) trong agon. Thém dung dich chita TBAF (1M, 0,040
mL, 0,04 mmol) & nhiét do 20°C. Khqu hdn hop thu duge trong 0,5 gid & nhiét d6
20°C trong agon. Qua trinh phan Gmg dugc quan sat bing LCMS/TLC. Hdn hop
phan ing dugc cd dic trong ap suét giam, phan cin duge tinh ché bang TLC, rira
giai bdng CHCl/MeOH (5 : 1) d tao ra san phim tho (15mg) sau d6 dugc tinh
ché bﬁng HPLC diéu ché véi cac diéu kién sau: Dung cu, Waters-2767-Prep; Cot:
Xbridge RP18, 5 um, 19 x 150 mm; pha dong: nuéec (0,05% Amoni bicarbonat
(cacbon dioxit) va axetonitril (5% axetonitril 1én dén 40% trong 8 phut); May do,
UV 220 va 254 nm. Gom c4c phan doan thu dugc va c6 ddc trong ap suét giam dé
tao ra hop chit 8 1a chat rdn. LC-MS: (ES, m/): 618,2 [M+H]" , 'H-NMR:
(400MHz, CDCls): & 6,85 (d, J = 3,6 Hz, 1H), 6,55 (s, 2H), 6,36 (d, J = 4,0 Hz,
2H), 5,56 (s, 2H), 5,48-5,43 (m, 2H), 4,42 (q, J = 5,6 Hz, 1H), 3,61-3,49 (m, 2H),
3,44 (s, 1H), 2,47-2,40 (m, 1H), 2,26-2,21 (m, 1H).
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Vi du 9: Téng hop (2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yD)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (9)

Chét trung gian A o
NH2 NH2 NH2
N AN
J ~N 74 N 74 N
| A TBSO N | 2 N | A
HO— _o N™ °N” °F ‘\@, N™ °F HO— O N~ F
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N 7 N a
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NH, NH,
AN
N
71 N 77
. \
= R // N
TBSO HO ¢

Buwéc 1: Tong hop 4-azido-7H-pyrolo[2,3-d]pyrimidin-2-amin

Thém dung dich chita natri azit (2,025 g, 31,1 mmol) trong nuéc (3,50 mL)
vao dung dich khudy chtra 4-clo-7H-pyrolo[2,3-d]pyrimidin-2-amin (3,5 g, 20,76
mmol) trong DMSO khan (35 mL) trong khi quyén agon. Hon hop dugc gia nhiét
dén 100°C va khudy qua dém. Qua trinh phan ung dugc quan st bing TLC &
LCMS. Lam ngudi hdn hop thu duge dén nhiét d6 moi trudng. Thém 250 g da
nghidn va khudy hdn hop & nhiét do 0°C trong 30 phut. Tao thanh két tia. Thu
gom két tia bang céch loc, rira biang nudc lanh va lam khd bang P,0s trong chan
khong qua dém tao ra 4-azido-7H-pyrolo[2,3-d]pyrimidin-2-amin 12 chét rén, duogc
st dung truc tiép cho budc phéan tng tiép theo ma khong can tinh ché thém. 'H-
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NMR: (400 MHz, ds-DMSO, ppm): 8 11,91 (brs, 1H), 7,96 (brs, 2H), 7,13 (t, J =
3,0 Hz, 1H), 6,72 (dd, J = 2,0 Hz, J = 3,2 Hz, 1H). LC-MS: (ES, m/z): 176,00 [M
+H]*

Budrc 2: Téng hop 4-azido-2-flo-7H-pyrolo[2,3-d]pyrimidin

DPua hydro florua-pyridin (70% HF trong 30% Py) (12 mL, 133 mmol) vao
chai teflon trong khi quyén agon. Thém 4-azido-7H-pyrolo[2,3-d]pyrimidin-2-
amin (3,1 g, 17,70 mmol) vao. Hon hop dugc khudy & nhiét d méi truong cho dén
khi hdn hop tré thanh dung dich trong subt, sau d6 1am lanh dén nhiét d6 -60°C,
sau d6 bd sung nhé giot tert-butyl nitrit (2,5 mL, 21,02 mmol) trong 10 phiit.
Khudy hén hop thu duge trong khoang nhiét do tir -60°C dén -40°C trong 2 gio.
Qua trinh phan ing dugc quan sat bing TLC & LCMS. Rét hdn hgp vao dung dich
NaHCOs chira nuéce da dugce lam lanh (150 mL, bdo hoa). Chiét san phim tho bang
etyl axetat (100 mL x 3), rira bing nudc mudi (100 mL x 2), 1am khod bang Na,SO4
khan, loc va phén loc dugc cd dac trong chan khong dé tao ra ph?m can. Sau do6
tinh ché phin can bing sdc ky cot silica gel sit dung etyl axetat/ete dau mé (1/4) dé
tao ra 4-azido-2-flo-7H-pyrolo[2,3-d] 1a chét rin. 'H-NMR: (300 MHz, ds-DMSO,
ppm): & 12,43 (brs, 1H), 7,48 (d, J = 3,9 Hz, 1H), 6,50 (d, J = 3,6 Hz, 1H), F-
NMR: (282 MHz, ds-DMSO, ppm): & -54,57 (s, 1F). LC-MS: (ES, m/z): 179,20
[M +H]".

Buéc 3: Toéng hop (2R,3S,5R)-5-(4-azido-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yD)-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Thém ting phin 4-azido-2-flo-7H-pyrolo[2,3-d]pyrimidin (1,1 g, 6,18
mmol) ¢ nhi¢t o 0°C vao huyén phu dugc khudy chira natri hydrua 60% phén tan
trong dau khoéng (0,272 g, 6,79 mmol) trong DMF khan (20 mL) trong khi quyén
agon trong binh day tron hai ¢b dung tich 50 mL va hdn hop dugc khudy & nhiét
d6 nay trong 5 phut. Chéit trung gian A (2,4 g, 6,17 mmol) dugc thém vao kém
khudy. Lam 4m hdn hop phan tmg dén nhiét dd 25°C va khudy trong 2 gio. Qué
trinh phan Gng dugc quan sét bang TLC & LCMS. Hdn hop dugc pha lodng bang
etyl axetat (100 mL), rira bang nuée (70 mL). Lép chira nude duge chiét lai bang
etyl axetat (60 mL x 2). Rtra 16p hitu co két hop bang nudc mudi (100 mL x 3),

lam kho bang Na;SO4 khan, loc va c6 dic trong chan khong. San pham thd dugc
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tinh ché bang sic ky cot silica gel st dung etyl axetat/ete diu mé (1/10) dé tao ra
hop chét néu & d& muc. 'H-NMR: (400 MHz, CDCLs, ppm): 8 8,00 (d, J = 8,4 Hz,
2H), 7,95 (d, J= 8,0 Hz, 2H), 7,32-7,23 (m, 4H), 6,74 (dd, J= 6,4 Hz, J= 8,0 Hz,
1H), 6,49 (d, J= 4,0 Hz, 1H), 5,75-5,74 (m, 1H), 4,75-4,54 (m, 3H), 2,85-2,74 (m,
2H), 2,47-2,43 (m, 6H), F-NMR: (376 MHz, CDCls, ppm): 6 -52,26 (s, 1F, chét
ddng phan ), -52,48 (s, 1F, chit dong phan a). LC-MS: (ES, m/z): 531,42 [M +
HJ".

Buwde 4: Téng hop (2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yD)-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat

Thém propan-1,3-dithiol (0,816 g, 7,54 mmol), sau do bd sung nhd giot
trietylamin (0,763 g, 7,54 mmol) kem khudy trong 10 phit & nhiét do 25°C vao
dung dich khudy chtra (2R,3S,5R)-5-(4-azido-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-
y1)-2-(((4-metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (2,0 g,
3,77 mmol) trong hdn hop chita MeOH (10 mL) va DCM (15 mL) trong khi quyén
agon. Hdn hop duge khudy & 25°C trong 30 phit. Qua trinh phan Gng duge quan
sat bang TLC. C6 dic hdn hop thu duge trong chan khong. Sau d6 phan cin dugc
tinh ché bang sic ky cot silica gel st dung etyl axetat/ete diu mo (42% EA trong
PE) d& tao ra hop chét néu & d& muc & dang bot. 'H-NMR: (400 MHz, CDCl,
ppm): 8 8,00 (d, J= 8,0 Hz, 2H), 7,97 (d, J = 8,0 Hz, 2H), 7,33-7,26 (m, 4H), 7,12
(d, J= 4,0 Hz, 1H), 6,72 (dd, J = 6,2 Hz, J = 8,2 Hz, 1H), 6,38 (d, J= 3,6 Hz, 1H),
5,75-5,72 (m, 1H), 5,36 (brs, 2H), 4,73-4,57 (m, 3H), 2,79-2,74 (m, 2H), 2,47 (s,
3H), 2,44 (s, 3H), F-NMR: (376 MHz, CDCls, ppm): 8 -52,97 (s, 1F, chét déng
phan B), -53,10 (s, 1F, chit ddng phan o). LC-MS: (ES, m/z): 505,63 [M + HJ".

Buéc 5: Téng hop (2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol

Pua dung dich natri methoxit MeOH (1,0M, 3,47 mL, 3,47 mmol) kém
khudy & nhiét d 0°C trong 5 phit vao dung dich khudy chira (2R,3S,5R)-5-(4-
amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-(((4-
metylbenzoyl)oxy)metyl)tetrahydrofuran-3-yl 4-metylbenzoat (1,75 g, 3,47 mmol)
trong MeOH khan (10 mL) trong khi quyén agon. Khu4y hdn hop thu duge & nhiét
do6 0°C dén 10°C trong 4 gid. Qud trinh phan Gng dugc quan sét bang TLC &
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LCMS. Hon hgp thu dugc duge trung hoa bang cach bd sung AcOH, sau d6 c6 dic
trong 4p suét giam. Sau d6 phin can dugc tinh ché bang sic ky cot silica gel sir
dung diclometan/metanol (6% MeOH trong DCM) dé tao ra hop chat néu & dé
muc. 'H-NMR: (400 MHz, ds-DMSO, ppm): & 7,55 (brs, 2H), 7,31 (d, J= 3,6 Hz,
1H), 6,61 (d, J = 3,6 Hz, 1H), 6,34 (dd, J = 6,4 Hz, J = 8,0 Hz, 1H), 5,26 (d, J =
3,6 Hz, 1H), 4,92 (t, J= 5,0 Hz, 1H), 4,32 (d, J = 2,4 Hz, 1H), 3,82-3,79 (m, 1H),
3,58-3,46 (m, 2H), 2,48-2,41 (m, 1H), 2,19-2,13 (m, 1H). F-NMR: (376 MHz, ds-
DMSO, ppm): 6 -53,77 (s, 1F, chét déng phéan B), -53,98 (s, 1F, chét déng phén a).
LC-MS: (ES, m/z): 269,20 [M + H]*.

Buéc 6: Téng hop 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-2-flo-7H-pyrolo[2,3-

d]pyrimidin-4-amin

bua (2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol (850 mg, 3,17 mmol) va imidazol (863 mg,
12,68 mmol) vao binh day tron dung tich 50 mL trong khi quyén agon. Pua DMF
khan (10 mL), sau d6 bd sung timg phan TBS-CI (1433 mg, 9,51 mmol) vao binh.
Hdn hop duoc khudy & nhiét do 25°C trong 2 gid. Sau khi hoan thanh phan tmg,
hdn hop dugc pha loang bang etyl axetat (60 mL), 1an luot rira bang nude (30 mL
x 2), NaHCOj3 chtra nuéce (bdo hoa, 30 mL x 2) va nuGe mudi (30 mL x 2). Lép
hitu co dugc thu gom va duge lam khd bang Na;SO4 khan, loc va cd dic trong ap
sudt giam dé tao ra san pham thd. Sau d6 phan cin dugc tinh ché bang sic ky cot
silica gel stt dung etyl axetat/ete diu mo (20% EA trong PE) dé tao ra hop chét néu
& dé muc. 'H-NMR: (300MHz, ds-DMSO, ppm): 8 7,55 (brs, 2H), 7,26 (d, J= 3,6
Hz, 1H), 6,60 (d, J = 3,3 Hz, 1H), 6,31 (t, J = 6,6 Hz, 1H), 4,55-4,50 (m, 1H),
3,80-3,61 (m, 4H), 2,64-2,55 (m, 1H), 2,23-2,17 (m, 1H), 0,90-0,87 (m, 18H),
0,11-0,06 (m, 12H). F-NMR: (282 MHz, ds-DMSO, ppm): & -53,64 (s, 1F, chét
ddng phén B), -53,78 (s, 1F, chat dong phan o). LC-MS: (ES, m/z): 497,58 [M +
H]".

Buéce 7: ((2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol
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Thém nhd giot TFA chtra nuéc (TFA/H20 = 1/1, thé tich/thé tich, 12 mL)
kém khudy & nhiét 6 0°C trong 10 phut vao dung dich khudy chira 7-(2R,4S,5R)-
4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)-2-flo-7H-pyrolo[2,3-
d]pyrimidin-4-amin (1,4 g, 2,82 mmol) trong THF (24 mL). Khudy hén hop thu
duogc & nhiét dd 0°C. Qua trinh phan ing dugc quan sat bing TLC. Sau khi khudy
trong 5 gio, tat ca nucleosit dugc bao vé di-TBS ban dau d3 duoc tiéu thu hét, thi
hdn hop phan tng duge bay hoi ddng thoi v6i toluen (50 mL x 3). Phan cin duge
hoa tan lai trong hdn hop chira MeOH/DCM (15% MeOH trong DCM, 50 mL).
NaHCO; rén (2 g) dugc thém vao & nhiét do 0°C, sau do bd sung nude (1 mL).
Khudy hdn hop thu duge trong 30 phit. Sau khi gia tri pH dugc diéu chinh dén 7,
chét rdn dwoc loc, phan loc duge thu gom va cd dic trong ap sudt giam. Tinh ché
phin cin bang sdc ky cot silica gel st dung etyl axetat/ete diu mé (40% EA trong
PE) d& tao ra hop chét néu & d& muc. '"H-NMR: (400 MHz, ds-DMSO, ppm): 8
7,57 (brs, 2H), 7,32 (d, J = 3,6 Hz, 1H), 6,61 (d, J = 3,6 Hz, 1H), 6,32 (dd, J=6,0
Hz, J = 8,0 Hz, 1H), 4,99-4,96 (m, 1H), 4,52 (t, J= 2,8 Hz, 1H), 3,79 (q, J = 2.4
Hz, 1H), 3,54-3,49 (m, 2H), 2,57-2,53 (m, 1H), 2,19-2,13 (m, 1H), 0,91-0,88 (m,
9H), 0,13-0,11 (m, 6H). F-NMR: (376 MHz, ds-DMSO, ppm): 6 -53,71 (s, 1F, chét
ddng phan B), -53,89 (s, 1F, chit déng phén o). LC-MS: (ES, m/z): 383,36 [M +
H]".

Buwéc 8: Tong hop (28,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt

Pua TFA (0,051 mL, 0,659 mmol) vao dung dich khudy chira ((2R,38S,5R)-
5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol (360 mg, 0,941 mmol), DCC
(N,N-dixyclohexylcarbodiimit) (602 mg, 2,92 mmol) va pyridin (0,084 mL, 1,035
mmol) trong DMSO khan (2 mL) trong khi quyén agon & nhiét do trong phong
trong 2 phiit, va hdn hop duge khudy qua dém. Qu4 trinh phan Gng dugc quan sat
bing TLC & LCMS. Hdn hop dugc loc dé loai bé dixyclohexylure, va phén tach
phan loc bang etyl axetat (30 mL) va HoO (30 mL). Thu gom 16p hitu co va rua
bing nude mudi (20 mL x 2), [am kho bang Na S04 khan, loc va lam bay hoi phén
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loc trong 4p suit giam d8 tao ra hop chét néu & d& muc, dugc st dung cho budc
phéan tng tiép theo ma khong cAn tinh ché thém. LC-MS: (ES, m/z): 381,20 [M +
H]*, 413,20 [M + MeOH + H]".

Buwdc 9: Téng hop ((3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-
3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol

Thém dung dich formaldehyt (1,2 mL, 16,01 mmol), sau d6 bd sung nho
giot dung dich natri hydroxit (1,2 mL, 2,400 mmol) trong 2 phit vao dung dich
khudy chta (2S,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt (400 mg, 1,051 mmol)
trong 1,4-dioxan (8 mL) trong binh ddy tron dung tich 50 mL. Khudy hén hop thu
dugc & nhiét d6 25°C trong 7 git. Khi lugng nucleosit da tiéu thu hét, hdn hop
phan Gng dugc trung hoa bing cach bd sung AcOH. Hdn hop thu dugc duge pha
loang bing AcOEt (100 mL) v I&n lugt rira bing nuéce (2 x 40 mL), NaHCO3 bao
hoa trong nudc (2 x 40 mL) va nuée mudi (50 mL). Lép hitu co duge 1am khd
bang NaSO4 va duge 1am bay hoi trong ap sudt giam. Phan cin dugc hoa tan lai
trong EtOH (3 mL) va thém ting phan natri borohydrua (199 mg, 5,26 mmol) &
nhiét d6 0°C. Sau khi khudy trong 5 gi® & nhiét do 25°C, hdn hop phan g duogc
trung hoa bang cach bd sung AcOH. Hdn hop duge cb dic trong ap suat giam,
phén tach phan c4n gitta CHCI3 (100 mL) va nuée (50 mL). Lép hitu co 1an luot
duogc ria béng nuée va nude mudi, 1am khod béng Na,S04, va dugc lam bay hoi
trong 4p sudt giam. Tinh ché phin cin bang sic ky cot silica gel st dung
diclometan/metanol (30/1) d tao ra hop chét néu & d& muc. '"H-NMR: (400 MHz,
ds-DMSO, ppm): § 7,55 (brs, 2H), 7,34 (d, J = 3,6 Hz, 1H), 6,60 (d, J = 3,6 Hz,
1H), 6,35 (t, J = 7,0 Hz, 1H), 4,90 (t, J = 3,6 Hz, 1H), 4,60 (q, J = 2,8 Hz, 1H),
4,41 (t, J= 3,6 Hz, 1H), 3,60-3,43 (m, 4H), 2,69-2,62 (m, 1H), 2,23-2,17 (m, 1H),
0,92 (s, 9H), 0,09 (s, 6H). F-NMR: (376 MHz, ds-DMSO, ppm): & -53,80 (s, 1F,
chét ddng phan p). LC-MS: (ES, m/z): 413,32 [M + HJ", 435,34 [M + Na]".

Bwéc 10: Téng hop (2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-3-((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-
carbaldehyt
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Thém IBX (367 mg, 1,309 mmol) vao dung dich khudy chia ((3S,5R)-5-(4-
amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (180 mg, 0,436 mmol)
trong axetonitril khan (15 mL) va DMSO khé (1,5 mL) trong binh ddy tron dung
tich 50 mL trong khi quyén agon. Khudy hdn hop thu dwgc & nhiét do 20°C trong 8
gid. Hon hop phén tng dugce loc, ria bing diclometan. Phan loc dugc thu gom va
co dic trong 4p suét giam. Phén cin duge hoa tan lai trong etyl axetat (40 mL), lan
luot rira bing nuée (3 x 15 mL) va nuée mubdi (2 x 20 mL), lam khd bang Na»SO4
khan, loc va phan loc dugc co dic trong ap sudt giam dé tao ra hop chét néu & dé
muc, dugc st dung truc tiép cho budc phan tng tiép theo ma khong can tinh ché
thém. 'H-NMR: (400 MHz, CDCls, ppm): & 9,65 (s, 1H), 7,60 (d, J = 3,6 Hz, 1H),
6,43 (dd, J = 5,6 Hz, J = 9,6 Hz, 1H), 6,39 (d, J= 3,6 Hz, 1H), 5,56-5,43 (m, 3H),
4,96 (d, J= 4,8 Hz, 1H), 4,08 (d, J= 11,2 Hz, 1H), 3,81 (d, J = 12,8 Hz, 1H), 3,27-
3,19 (m, 1H), 2,25 (dd, J= 5,4 Hz, J= 13,0 Hz, 1H), 0,91 (s, 9H), 0,11 (d, J=5,2
Hz, 6H).

F-NMR: (376 MHz, CDCLs, ppm):  -53,14 (s, 1F). LC-MS: (ES, m/z): 411,21 [M
+ H]+.

Buwée 11: Toéng hop ((2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol

Thém kali carbonat (160 mg, 1,157 mmol) vao dung dich khudy chtra
(2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (190 mg,
0,463 mmol) trong MeOH khan (8 mL) trong khi quyén agon. Hon hop dugc lam
lanh dén 0°C, sau d6 thém nhé giot dimetyl (1-diazo-2-oxopropyl)phosphonat (178
mg, 0,926 mmol) trong 1 phut. Lam 4m hdn hop thu dugc dén 25°C va khudy qua
dém. Hon hop phan ung dugc cd dic trong dp suit giam, va sau d6 tinh ché bang
sdc ky cot silica gel st dung metanol/diclometan (4,8% MeOH trong DCM) dé tao
ra hop chit néu & dé muc. 'H-NMR: (400 MHz, CDCl3, ppm): 8 6,99 (d, J = 3,6
Hz, 1H), 6,35 (d, J = 3,6 Hz, 1H), 6,28 (dd, J = 6,0 Hz, J = 8,8 Hz, 1H), 5,45-5,33
(m, 3H), 4,76 (q, J=2,8 Hz, 1H), 4,03 (dd, J=2,0 Hz, J= 12,4 Hz, 1H), 8,16-3,79
(m, 1H), 3,12-3,06 (m, 1H), 2,70 (s, 1H), 2,33-2,27 (m, 1H), 0,94 (s, 9H), 0,16 (d,
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J= 8,0 Hz, 6H). F-NMR: (376 MHz, CDCls, ppm): 8 -53,26 (s, 1F). LC-MS: (ES,
m/z): 407,30 [M + H]*,

Buée 12: Toéng hop (2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (9)

Thém nho giot dung dich TBAF THF (0,037 mL, 0,037 mmol) kém khudy
trong 1 phat ¢ nhiét do moi truong vao dung dich khudy chra ((2R,3S,5R)-5-(4-
amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-y1)-3-((tert-butyldimetylsilyl)oxy)-2-
etynyltetrahydrofuran-2-yl)metanol (15 mg, 0,037 mmol) trong THF khan (1 mL)
trong khi quyén agon. Mdi truong dugc khudy & nhiét d6 moi trudng trong 2 gio.
Qua trinh phan tng dugc quan sat bang TLC. Khi lugng nucleosit da tiéu thu hét,
hdn hop duge cd dic trong chan khong, sau do tinh ché phén cdn béng TLC diéu
ché (MeOH/DCM = 1/15) dé tao ra sin phim thé (10 mg). San phim thé duge tinh
ché tiép bang HPLC didu ché véi céc diéu kién sau: (1#-Pre-HPLC-011(Waters)):
Cot, X-bridge C18 Column, 19*150mm, 5um; pha dong, nu6éc c6 10 mmol amoni
bicarbonat va axetonitril (5% axetonitril 1én dén 30% trong 5 phut, 1én dén 95%
trong 2 phut); May do, uv 254&220nm. Phan doan chtra san phém dugc thu gom
va lam kho lanh dé tao ra hop chat 9 1a chat rin. '"H-NMR: (400MHz, ds-DMSO,
ppm): 8 7,57 (brs, 2H), 7,28 (d, J= 3,6 Hz, 1H), 6,61 (d, J = 3,6 Hz, 1H), 6,35 (t, J
= 6,4 Hz, 1H), 5,51 (d, J= 5,6 Hz, 1H), 5,27 (t, J= 6,0 Hz, 1H), 4,48 (dd, /= 6,4
Hz, J= 12,0 Hz, 1H), 3,61 (dd, J= 5,6 Hz, J= 11,6 Hz, 1H), 3,53 (dd, /= 6,4 Hz,
J = 12,0 Hz, 1H), 3,48 (s, 1H), 2,50-2,46 (m, 1H), 2,37-2,31 (m, 1H). F-NMR:
(376MHz, ds-DMSO, ppm): & -53,67 (s, 1F). LC-MS: (ES, m/z): 293,15 [M + HJ",
315,15 [M + Na]",

Vidu 10: Téng hop (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-
3-hydroxy-2-(hydroxymetyl)tetrahydrofuran-2-carbonitril (10)

NH, NH
/ | N N NH2 NH2 2
N SN / NN
HO N N4‘ 7 4 |
o o e
TBSO HO-N=""\ NC™ N
TBSO TBSO HO
Vidul 10
Chét trung gian C
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Buéc 1: Téng hop 5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt oxim

Thém hydroxylamin hydroclorua (26,6 mg, 0,382 mmol, 3,0 duong luong)
trong khi quyén agon vao dung dich khudy ch@a (2R,3S,5R)-5-(4-amino-7H-
pyrolo[2,3-d]pyrimidin-7-y1)-3-((tert-butyldimetylsilyl)oxy)-2-
(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (Vi du 1, chit trung gian C, 50
mg, 0,127 mmol, 1,0 duong luong) trong pyridin kho (2,5 mL). Khudy hén hop
thu dugc & 30°C trong 2 gio. Qua trinh phan Ung dugc quan sat bang LCMS. Co6
dac hon hop phan ting trong chin khong, sau do phan cin duge hoa tan trong etyl
axetat (50 mL), 1an luot rira bang nuée (2 x 30 mL) va nude mudi (35 mL), 1am
kho béng natri sulfat khan, loc va phr?m loc duoc ¢o dic trong chan khong. Phén
ciin duoc tinh ché bing TLC diéu ché (DCM/MeOH = 10/1) dé tao ra hgp chat néu
& d& muc. LC-MS: (ES, m/z): 408,20 [M+H]*.

Buéc 2: Toéng hop (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbonitrile

Thém nhd giot anhydrit 2,2,2-trifloaxetic (110 mg, 0,524 mmol) kém khudy
& 20°C trong khi quyén agon vao hdn hop khudy chira 5-(4-amino-7H-pyrolo[2,3-
d]pyrimidin-7-y1)-3-((tert-butyldimetylsilyl)oxy)-2-
(hydroxymetyl)tetrahydrofuran-2-carbaldehyt oxim (40 mg, 0,098 mmol) va
trietylamin (105 mg, 1,038 mmol) trong DCM kho (5 mL). Khudy hdn hop thu
dugc & 20°C trong 20 gid. Qua trinh phan Gng dugc quan sat bang LCMS. Hon
hop phan tmg duge pha lodng bing DCM (30 mL), 1n luot rita bing NaHCOs béo
hoa trong nude (25 mL) va nude mubi (25 mL), 1am khd bang Na,SO4 khan, lgc va
phan loc duge c6 dic trong chan khong. Phin cin dugc tinh ché bang TLC diéu
ché (DCM/MeOH = 10/1) dé tao ra hgp chét néu & d& muc. LC-MS: (ES, m/z):
390,11 [M+H]*, '"H-NMR: (300MHz, CD30D, ppm): § 8,10 (s, 1H), 7,30 (d, J =
3,6Hz, 1H), 6,68 (t, ] = 6,9Hz, 1H), 6,64 (d, J = 3,6Hz, 1H), 4,90 (t, ] = 6,3Hz,
1H), 3,85(dd, T = 12,0Hz, J = 21,6Hz, 2H), 2,85-2,94 (m, 1H), 2,42-2,49 (m, 1H),
1,02 (s, 9H), 0,26 (d, J = 9,0Hz, 6H).

Buéc 3: Téng hop (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-
hydroxy-2-(hydroxymetyl)tetrahydrofuran-2-carbonitril (10)
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Thém nho giot dung dich TBAF THF (1,0M, 0,108 mL, 0,108 mmol) kém
khudy trong khi quyén agon & nhiét do 15°C vao dung dich khudy chira
(2R,38,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-y1)-3-((tert-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbonitril (35 mg,
0,090 mmol) trong THF kho (5 mL). Khuéy hdn hop thu duge & nhiét do 15°C
trong 0,5 gio. Qua trinh phan Gng dugc quan sat bing LCMS va TLC. Cb dic hdn
hop phan Ung trong chin khong. Phin cin dugc tinh ché bing TLC diéu ché
(DCM/MeOH = 10/1) tao ra siro. Tinh ché tiép san phim tho bing HPLC diéu ché
véoi cac diéu kién sau: (1#-Pre-HPLC-011(Waters)): Cot, SunFire C18 reverse
Column, 19*150mm, 5Sum; pha dong, nudc c6 10 mmol amoni bicarbonat va
axetonitril (5% axetonitril 1én dén 20% trong 7,5 pht, 1én dén 95% trong 2 phut,
giam xubng 5% trong 1 phut); Méay do, uv 254&220nm. Phin doan chira san phim
duoc thu gom va lam khd lanh dé tao ra hop chit néu & d& muc 10 13 chét ran. LC-
MS: (ES, m/z): 276,10 [M+H]*, 'H-NMR: (400MHz, ds-DMSO, ppm): & 8,07 (s,
1H), 7,34 (d, J = 3,6 Hz, 1H), 7,33 (br, 2H), 7,08 (s, 1H), 6,64 (t, J= 7,0Hz, 1H),
6,61 (d, J = 3,6Hz, 1H), 6,27 (d, J = 4,8Hz, 1H), 5,82 (t, J = 6,0Hz, 1H), 4,61 (dd,
J = 4,8Hz, J = 10,0Hz, 1H), 3,75 (dd, J = 5,6Hz, J = 12,0Hz, 1H), 3,62 (dd, J =
6,0Hz, J=11,6Hz, 1H), 2,74-2,81 (m, 1H), 2,33-2,38 (m, 1H).

Vi du 11: Téng hop (2R,3S,5R)-5-(4-aminopyrolo[2,1-f|[1,2,4]triazin-7-yl)-2-
etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (11)
¢l SMe

7" N

—— 7" N
N, \n,

-100-



37013

SMe
xr N \ \
BnO’\(j Bro—\_0) N\/) N, /,
OH i-PrOH

BnO' "B Bn0  OBn

NH,
<X SN \
o\N o\N oO-Nv? o

TIPDS~O “OH

\

N,
0 N O

TPDS-g" % o

o) I
\n,o TIPDS—O
S

NH;

TBDMSO —_—

TBDOMSO' TBDMSO TBOMSO'
NH,
\\ SN "N =" >N
\
N, /’ oM ) HO—\ O N‘N//'
HO
< /\ R
TBDMSO TBDMSO' TBDMSO /Hd »
Chét trung gian D

Buéc 1: Tong hop 4-(metylthio)pyrolo[2,1-f][1,2,4]triazin

Qua trinh tdng hop 4-clopyrolo[2,1-f][1,2,4]triazin dwgc mo tA trong
WO02011/150356A1, 2011. Pua dung dich chta 4-clopyrolo[2,1-f][1,2,4]triazin
(17 g 110,70 mmol) va (metylsulfanyl)natri (15 g, 214,01 mmol trong
tetrahydrofuran (300 mL) vao binh ddy tron dung tich 500 mL. Khudy dung dich
thu duoc trong 1 qua dém & nhiét do trong phong. Chét rin dugc loc. Co dic hon
hop thu dugc trong chén khong. Phan cin dugc cho 1én cot silica gel véi etyl
axetat/ete ddu mo (1:10). Thu dugc hop chét néu & dé muc. LC-MS (ES, m/z): 166
[M+H]*

Buéc 2: (3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)-2-(4-(metylthio)
pyrolo[2,1-f][1,2,4]triazin-7-yl)tetrahydrofuran-2-ol

Thém lithi diisopropylamit (7,5 mL, 15,00 mmol) & nhiét d -78°C trong
khi quyén agon vao dung dich chita 4-(metylthio)pyrolo[2,1-f][1,2,4]triazin (1,650
g, 9,99 mmol) trong THF (30 mL) va khudy hén hop thu duge trong 30 phit &
nhiét d6 -78°C. Sau d6, thém  (3R,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)dihydrofuran-2(3H)-on (4,18 g, 9,99 mmol) trong THF (10 mL)
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vao & nhiét do -78°C trong khi quyén agon va khudy 120 phut & nhiét do -78 dén -
50°C. Dimg phan tng bang cach thém amoni clorua (chtra nudce, 10 mL), va sau d6
chiét bang etyl axetat (300 mL). Rira 16p hitu co bang (3 x 50 mL) nuéce mubi, lam
kho bing natri sulfat va c¢b dic trong chan khong. Pua phan cin 1én cot silica gel,
rira giai bang etyl axetat/ete dau mé (1:5) dé tao ra hop chit néu & dé muc. LC-

MS: 584,2 [M+H]*

Bwée 3: Téng hop 7-((2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)
metyl)tetrahydrofuran-2-yl)-4-(metylthio)pyrolo[2,1-f][1,2,4]triazin

Thém ftrietylsilan (2,390 g, 20,56 mmol) va trifloboran (0,697 g, 10,28
mmol) & nhiét d6 0°C trong khi quyén agon vao dung dich chita 3R,4R,5R)-3,4-
bis(benzyloxy)-5-((benzyloxy)metyl)-2-(4-(metylthio)pyrolo[2,1-f][1,2,4 ]triazin-7-
yDtetrahydrofuran-2-ol (3,00 g, 5,14 mmol) trong DCM (30 mL). Khuiy dung dich
thu dugc trong 30 phut & nhiét do 0°C va sau d6 dung phan tng bang cach thém
natri bicarbonat (chtra nudc, 20 mL), chiét bing DCM (200 mL). Rira 16p hitu co
bing 3 x 50 mL nuéc mudi, lam kho bang natri sulfat va cd dic trong chin khong.
Pua phan cin 1én cot silica gel, ria giai bing etyl axetat/ete ddu mo (1:10) dé tao
ra hop chit néu & d& muc. LC-MS: 568,4 [M+H]". 'H-NMR: (300MHz, CDCl;,
ppm): & 8,21 (s, 1H), 7,23-7,36 (m, 15H), 6,81 (d, J= 4,5 Hz, 1H), 6,70 (d, J=4.5
Hz, 1H), 5,69 (d, J = 4,2 Hz, 1H), 4,37-4,62 (m, 7TH), 4,22-4,26 (m, 1H), 4,10-4,13
(m, 1H), 3,66-3,67 (m, 1H), 3,62-3,63 (m, 1H), 2,75 (s, 3H).

Buée 4: Téng hop 7-((2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)
tetrahydrofuran-2-yl)pyrolo[2,1-f][1,2,4]triazin-4-amin

Phun amoniac (1350 mg, 79 mmol) & nhiét do -40,0°C trong 60 phut trong
bng kin vao dung dich chta 7-((2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-yl)-4-(metylthio)pyrolo[2,1-f][1,2,4]triazin
(4,6 g, 8,10 mmol) trong 2-propanol (5 mL). Sau khi khudy hén hop thu dugc
trong 16 gid & nhiét do 80°C, lam bay hoi d8 tao ra hop chit néu & d& muyc. LC-
MS: 537,3 [M+H]*. 'H-NMR: (300MHz, DMSO, ppm): & 7,80(s, 1H), 7,69(s, 2H),
7,24-7.36(m, 15H), 6,88(d, J = 4,5 Hz, 1H), 6,80(d, J = 4,2 Hz, 1H), 5,44(d, J =
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5.4 Hz, 1H), 4,49-4,62(m, 6H), 4,31(t, J = 5,1 Hz,1H), 4,15-4,18(m, 1H), 4,09-
4,12(m, 1H), 3,29-3,67(m, 2H).

Buée 5: Téng hop (2S,3R,4S,5R)-2-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-5-
(hydroxymetyl)tetrahydrofuran-3,4-diol

Thém Pd(OH)2 (10%mol)/C (100 mg, 0,130 mmol) trong hydro & nhiét do
25°C trong 4 gid vao dung dich chta 7-((2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-yl)pyrolo[2,1-f][1,2,4]triazin-4-amin (100
mg, 0,186 mmol) trong axit axetic (2 mL). Hbdn hop dugce loc qua miéng xelit, va
1am bay hoi phén loc. Pua phan cin 1én cot silica gel, rira giai bang MeOH/DCM
(1:8) dé tao ra hop chit néu & d& muc. LC-MS: 267,2 [M+H]". "H-NMR:
(300MHz, DMSO, ppm): & 7,79(s, 1H), 7,77(s, 2H), 6,84(d, J = 4,2 Hz, 1H),
6,68(d, J= 4,2 Hz, 1H), 5,10(d, J = 6,6 Hz, 1H), 4,95(d, J = 6,6 Hz, 1H), 4,84(d, J
= 4,8 Hz, 1H), 4,76(t, J = 5,4 Hz, 1H), 4,20-4,25(m, 1H), 3,94(d, J = 4,8 Hz, 1H),
3,78(d, J= 4,2 Hz, 1H), 3,41-3,64(m, 2H).

Budéc 6: Tong hop (6aR,8S,9S,9aS)-8-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-
2,2,4,4-tetraisopropyltetrahydro-6 H-furo[3,2-f][1,3,5,2,4] trioxadisiloxin-9-ol

Hoa tan  (2S,3R,4S,5R)-2-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-5-
(hydroxymetyl)tetrahydrofuran-3,4-diol (790 mg, 2,97 mmol) va 1H-imidazol (606
mg, 8,90 mmol) trong DMF (20 mL) trong agon. Thém nho giot 1,3-diclo-1,1,3,3-
tetraisopropyldisiloxan (936 mg, 2,97 mmol) vao & nhiét do 0°C. Sau khi khudy
hdn hop thu dugc trong 5 gid & nhiét do 25°C trong agon, thém nude (10 mL) va
hdn hop thu dugc duge pha lodng bang etyl axetat (400 mL). Pha hitu co dugc ria
bang (3 x 60 mL) nuéc va 60 mL nudce mudi, 1am kho biang NaxSOs va co dic
trong chan khong. Dua phan con lai 1én cot silica gel, rira giai biang MeOH/DCM
(1:20) d& tao ra hop chdt néu & d& myc. LC-MS: 509,3 [M+H]". 'H-NMR:
(400MHz, DMSO, ppm): & 7,81(s, 1H), 7,70(s, 2H), 6,82(d, J = 4,8 Hz, 1H),
6,61(d, J = 4,4 Hz, 1H), 5,20(d, J = 4,8 Hz, 1H), 5,16(d, J = 1,6 Hz, 1H), 4,31-
4,35(m, 1H), 4,12-4,15(m, 1H), 4,00-4,03(m, 1H), 3,88-3,91(m, 1H), 0,96-1,05(m,
28H)
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Buwée 7: Téng hop O-((6aR,8S,9S,9aR)-8-(4-aminopyrolo[2,1-f][1,2,4]triazin-
7-y1)-2,2,4,4-tetraisopropyltetrahydro-6 H-furo[3,2-f][1,3,5,2,4] trioxadisiloxin-
9-yl) O-phenyl carbonothioat

Hoa tan  (6aR,8S,9S,9aS)-8-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-
2,2.4,4-tetraisopropyltetrahydro-6H-furo[3,2-][1,3,5,2,4 ]trioxadisiloxin-9-o0l (210
mg, 0,413 mmol) va N,N-dimetylpyridin-4-amin (202 mg, 1,651 mmol) trong
DCM (10 mL) trong agon. Thém nho gigt O-phenyl carbonocloidothioat (143 mg,
0,826 mmol) vao & nhi¢t 4o 0°C. Sau do khudy phan tmg & 25°C trong agon trong
2 gio, hdn hop thu dugc dugc pha lodng bang DCM (100 mL), va sau d6 rira bang
3 x 30 mL nuéc va 30 mL nude mudi. Lép hitu co duge 1am khd bang Na,SO4 va
6 dic trong chan khong. Pua phéan cin 1én cot silica gel va rira giai bang etyl

axetat/ete dAu mo (3:1) dé tao ra hop chét néu & d& muc.

LC-MS: 645,2 [M+H]", 'H-NMR: (400MHz, DMSO, ppm): 3 7,83(s, 2H), 7,79(s,
1H), 7,48(t, J = 8,0 Hz, 2H), 7,33(t, J = 7,2 Hz, 1H), 7,14(d, J = 7,6 Hz, 2H),
6,80(d, J = 4,4 Hz, 1H), 6,71(d, J = 4,4 Hz, 1H), 6,16(dd, J = 2,4 Hz, J = 5,6 Hz,
1H), 5,46(d, J = 2,0 Hz, 1H), 4,90(dd, J = 5,6 Hz, J = 8,8Hz, 1H), 3,95-4,06(m,
2H), 3,85-3,87(m, 1H), 0,96-1,06(m, 28H).

Buéc 8: Téng hop 7-((6aR,8R,9aS)-2,2,4,4-tetraisopropyltetrahydro-6H-
furo[3,2-f][1,3,5,2,4]trioxadisiloxin-8-yl)pyrolo[2,1-f][1,2,4]triazin-4-amin

Hoa tan O-((6aR,8S,9S,9aR)-8-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-y1)-
2,2,4 4-tetraisopropyltetrahydro-6H-furo[3,2-f][1,3,5,2,4]trioxadisiloxin-9-yl) ~ O-
phenyl carbonothioat (1,45 g, 2,248 mmol), AIBN (0,738 g, 4,50 mmol) va
tributylstanan (3,93 g, 13,49 mmol) trong toluen (20 mL) trong agon. Sau do6
khudy phan tng & nhiét d§ 80°C trong agon trong 3 gio, cd dac dung dich thu dugc
trong chan khong. Pua phan cin 1én cot silica gel va rira giai bang etyl axetat/ete
dAu mé (2,5:1) d8 tao ra hop chét néu & d& muc. LC-MS: 493,4 [M+H]*, 'H-NMR:
(400MHz, DMSO, ppm): & 7,81 (s, 1H), 7,79 (s, 2H), 6,81 (d, J = 4,4 Hz, 1H),
6,60 (d, J= 4,4 Hz, 1H), 5,46 (t, 1H), 4,58-4,62 (m, 1H), 3,90-4,00 (m, 1H), 3,75-
3,80 (m, 2H), 2,20-2,30 (m, 1H), 2,30-2,40 (m, 1H), 0,98-1,06 (m, 28H).

-104-



37013

Buwéc 9: Tf‘)ng hop (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol

Hoa tan 7-((6aR,8R,9aS)-2,2,4,4-tetraisopropyltetrahydro-6H-furo[3,2-
f][1,3,5,2,4]trioxadisiloxin-8-yl)pyrolo[2,1-f][1,2,4]triazin-4-amin (1,0 g, 2,029
mmol) trong THF (10 mL) trong agon. Thém nho giot TBAF (0,531 g, 2,029
mmol) vao dung dich phan tng ¢ nhiét do 20°C. Sau khi khudy dung dich thu
duoc ¢ nhiét dd 20°C trong agon trong 2 gio, c¢6 ddc dung dich thu dugc trong
chan khong. Pua phan cin 1én cdt silica gel va rira giai bang DCM/MeOH (20:1)
d8 tao ra hop chit néu ¢ d& muyc. LC-MS: 251,2 [M+H]", '"H-NMR: (400MHz,
DMSO, ppm): & 7,83(s, 1H), 7,81(s, 2H), 6,84(d, J = 4,8 Hz, 1H), 6,82(d, J = 4.4
Hz, 1H), 5,47-5,51(m, 1H), 5,06(d, J = 4,0 Hz, 1H), 4,73(t, J = 6,0 Hz, 1H),
4,22(m, 1H), 3,74-3,78(m, 1H), 3,32-3,45(m, 2H), 2,16-2,20(m, 1H), 2,09-2,14(m,
1H).

Buéc 10: Téng hop 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)pyrolo[2,1-f][1,2,4]triazin-4-

amin

Hoa tan (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol (300 mg, 1,199 mmol), 1H-imidazol (490 mg,
7,19 mmol) va tert-butylclodimetylsilan (723 mg, 4,80 mmol) trong DMF (4,0 mL)
trong agon. Sau khi khudy hon hop phan Gmg & nhiét d§ 20°C trong agon trong 5
gid, pha lodng hdn hop thu duge bang etyl axetat (100 mL), ria bang (3 X 30 mL)
nuée va 30 mL nuwée mubi. Lép hitu co duge lam kho bang NaySOs va co dic
trong chan khong. Dua phan cin 1én cdt silica gel va rira giai bing etyl axetat/ete
diu mé (2:1) dé tao ra hop chit néu & dé muc. LC-MS: 479,3 [M+H]", 'H-NMR:
(300MHz, DMSO, ppm): & 7,82 (s, 1H), 7,75 (s, 2H), 6,82 (d, J = 4,5 Hz, 1H),
6,61 (d, J=4,5 Hz, 1H), 5,48-5,53 (m, 1H), 4,42 (m, 1H), 3,78 (m, 1H), 3,48-3,62
(m, 2H), 2,22-2,27 (m, 1H), 2,04-2,10 (m, 1H), 0,78-0,89 (m, 18H), 0,00-0,10 (m,
12H)

Buwée 11: Téng hop ((2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol
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Hoa tan 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)pyrolo[2,1-f][1,2,4]triazin-4-
amin (500 mg, 1,044 mmol) trong THF (8,0 mL), H>O (2,0 mL) va TFA (2,0 mL)
va khudy & nhiét d6 0°C trong 4 gid. Hon hgp phén Gng duge diéu chinh dén do
pH 7 bf?}ng natri bicarbonat va sau d6 chiét bang etyl axetat (30 mL x3), rira bang
(3 x20 mL) nu6e va 20 mL nude mudi. Lép hitu co duge 1am kho bang NaaSO4 va
¢d dic trong chan khong. Pua phan cin 1én cot silica gel va rira giai bang etyl
axetat/ete diu mo (2:1) dé tao ra hop chat néu & dé muc. LC-MS: 365,3 [M+H]",
TH-NMR: (400MHz, DMSO, ppm): & 7,82(s, 1H), 7,68(s, 2H), 6,82(d, J = 4,4 Hz,
1H), 6,65(d, J = 4,4 Hz, 1H), 5,46-5,50(m, 1H), 4,80(t, J= 5,6 Hz, 1H), 4,42(d, J=
4,2 Hz, 1H), 3,74-3,78(m, 1H), 3,32-3,44(m, 2H), 2,24-2,28(m, 1H), 2,02-2,06(m,
1H), 0,85-0,90(m, 9H), 0,00-0,10(m, 6H).

Bwée 12: Téng hop (2S,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt

Hoa tan ((2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol (270 mg, 0,741 mmol) va IBX
(270 mg, 0,963 mmol) trong axetonitril (20,0 mL) trong agon. Sau khi khudy hén
hop phan tng & 80°C trong agon trong 1 gio, loc chit rén va c6 dic phén loc trong
chan khong dé tao ra hop chét néu & d& muc duoc st dung truc tiép cho bude tiép
theo. LC-MS: 363,2 [M+H]", 'H-NMR: (400MHz, DMSO, ppm): § 9,59 (s, 1H),
7,84 (s, 1H), 7,73(s, 2H), 6,86 (d, J = 4,4 Hz, 1H), 6,64 (d, J = 4,4 Hz, 1H), 5,67-
5,71 (m, 1H), 4,71 (d, J = 4,4 Hz, 1H), 4,25 (s, 1H), 2,25-2,32 (m, 1H), 2,12-2,17
(m, 2H), 0,84-0,91 (m, 9H), 0,00-0,13 (m, 6H).

Bwéc 13: Téng hop ((3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol

Hoa tan (2S,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt (200 mg, 0,552 mmol) trong
1,4-dioxan (10 mL) & nhiét do 20°C. Sau d6, thém formaldehyt (2,0 mL, 0,552
mmol) va natri hydroxit (2,0 mL, 4,00 mmol) vao. Sau khi khudy hén hop thu
dugc & 20°C trong 4 gio, diéu chinh hdn hop dén do pH 7 b::ing axit axetic. Hon
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hop dugc pha lodng bing etyl axetat (150 mL), sau d6 rira bang 3 x 30 mL nuéc va
30 mL nuéc mudi. Lép hitu co duge 1am kho bang Na,SOs, va ¢d dic trong chan
khong. Phén cin dugc hoa tan trong etanol (10 mL) & nhiét d§ 0°C, va sau d6 thém
NaBH4 (41,7 mg, 1,103 mmol) & nhiét do 0°C. Sau khi khudy hén hop thu dugc &
20°C trong 16 gio, diéu chinh hén hop dén d6 pH=7 bing axit axetic va hdn hop
duge chibt bang etyl axetat (150 mL), sau do rira bang (3 x 30 mL) nuée va 30 mL
nuée mubi. Lép hitu co duge 1am khd bang NaxSOs va cd dic trong chan khong.
Pua phan cin 1én cot silica gel va rira giai bing DCM/MeOH (10:1) dé tao ra hop
chit néu & d& muc. LC-MS: 395,2 [M+H]*, 'H-NMR: (400MHz, DMSO, ppm):
87,82 (s, 1H), 7,70 (s, 2H), 6,82 (d, J=4.,4 Hz, 1H), 6,66 (d, J= 4,4 Hz, 1H), 5,50-
5,60 (m, 1H), 4,68 (t, 1H), 4,52 (d, J = 4,4 Hz, 1H), 4,22 (t, 1H), 3,53-3,60 (m,
2H), 2,35-2,45 (m, 1H), 2,00-2,10 (m, 1H), 0,90 (s, 9H), 0,08-0,09 (m, 6H).

Buéc 14: Toéng hop (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt

Hoa tan  ((3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (90 mg, 0,228 mmol) va
IBX (256 mg, 0,912 mmol) trong axetonitril (15.0 mL) trong agon. Sau khi khudy
hdn hop phan tmg & 30°C trong agon trong 48 giv, loc chét rén. Phan loc dugc cd
ddc trong chan khong dé tao ra hop chit néu & dé muc, duoc st dung truc tiép cho

budc tiép theo.

Buwéc 15: Téng hop (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4] triazin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol

Hoa tan (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (80 mg,
0,204 mmol) va K»CO3 (85 mg, 0,611 mmol) trong metanol (10 mL) trong agon.
Thém nhé giot dimetyl (1-diazo-2-oxopropyl)phosphonat (78 mg, 0,408 mmol)
vao hdn hop phan tng & nhiét dd 0°C. Sau khi khudy hén hop phan ting & 25°C
trong agon trong 16 gi®, loc hdn hop va cd dic trong chan khong. Dua phan cin
1én cot silica gel va rira giai bing DCM/MeOH (10:1) d tao ra hop chét néu & dé
muc. LC-MS: 389,3 [M+H]"
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Buwée 16: Toéng hop (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-
etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (11)

Hoa tan ((2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol (50 mg, 0,129 mmol)
va TBAF (33,6 mg, 0,129 mmol) trong THF (5,0 mL) trong agon. Sau khi khudy
dung dich thu dugc ¢ 25°C trong agon trong 2 gio, hdn hop phan tng dugc ¢d dic
trong chan khéng. Phan cin duge tinh ché bang HPLC diéu ché véi cic didu kién
sau (1#-Pre-HPLC-011(Waters)): Cot, Xbridge Prep C18 Column, 19*150mm;
pha dong, nude (10 mmoL/L NHsHCO3) va axetonitril (5,0% axetonitril 1€n dén
25,0% trong 8 phut, 1én dén 95,0% trong 1,5 phit, giam xubng 5,0% trong 1,5
phut); Mdy do, UV254 & 220 nm) dé tao ra hop chét 11 néu & d& muc 1a chét rén.
LC-MS: 275,1 [M+H]", 'H-NMR: (400MHz, DMSO, ppm): 87,82 (s, 1H), 7,69 (s,
2H), 6,82 (d, J = 4,4 Hz, 1H), 6,69 (d, J = 4,0 Hz, 1H), 5,60 (t, /= 7,6 Hz, 1H),
528 (d, J = 4,2 Hz,1H), 5,06 (d, J= 6,8 Hz, J = 6,0 Hz, 1H ), 4,30-4,34 (m, 1H),
3,45-3,56 (m, 2H), 3,38 (s, 1H), 2,30-2,37 (m, 1H), 2,17-2,13 (m, 1H).

Vi du 12: Téng hop (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-
hydroxy-2-(hydroxymetyl)tetrahydrofuran-2-carbonitril (12)

TBDMSO
Chét trung gian D

TBDMSO

Buoc 1: Téng hgp 5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt oxim

Thém hydroxylamin hydroclorua (37,17 mg, 0,543 mmol) & nhiét d§ 25°C
vao hon hop chira chit trung gian D (xem Vi du 11) (70 mg, 0,178 mmol) trong
pyridin (5 mL) trong agon. Sau khi khudy hdn hop thu duge trong 2 gid ¢ nhiét do
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25°C, hdn hgp phan tmg duge cd dic trong ap sudt giam. Phan cin dugc pha lodng
bang etyl axetat (100 mL), rra bang nude (3 x 20 mL) va nude mubdi (20 mL), 1am
kho bang natri sulfat khan va c¢d dic trong ap sut giam dé tao ra hop chét néu ¢ dé

muc duoc st dung ma khong can tinh ché. LC-MS: 408,2 [M+H]"

Buéce 2: Téng hop (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbonitril

Thém Et;N (69,5 mg, 0,687 mmol) va anhydrit 2,2,2-trifloaxetic (72,2 mg,
0,344 mmol) & nhiét do 25°C vao hdn hgp chua 5-(4-aminopyrolo[2,1-
f][1,2,4]triazin-7-y1)-3-((tert-butyldimetylsilyl)oxy)-2-
(hydroxymetyl)tetrahydrofuran-2-carbaldehyt oxim (70 mg, 0,172 mmol) trong
DCM (15 mL) trong agon. Khudy hén hop thu dugc trong 16 gid & nhiét do 25°C
va sau d6 hdn hop phan tng dugc pha loang bang DCM (100 mL), rira bang natri
bicarbonat bdo hoa trong nudc (3 x 20 mL) va nude mudi (20 mL), 1am khd bang
natri sulfat khan va c6 dic trong ap suit giam. Phan cin duoc tinh ché bang cot
silica gel, rira giai bang DCM/MeOH (15 : 1) @8 tao ra hop chit néu ¢ d& muc. LC-
MS: 309,2 [M+H]".

Buéc 3: Téng hop (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-
hydroxy-2-(hydroxymetyl)tetrahydrofuran-2-carbonitril (12)

Thém TBAF (33,6 mg, 0,128 mmol) & nhiét d§ 25°C vao hdn hop chita
(2R,38S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbonitril (50 mg,
0,128 mmol) trong THF (10 mL) trong agon. Khudy hdn hop thu duge trong 2 gid
& nhiét @6 25°C va sau d6 c6 dac trong ap suit giam. San phém th6 dugc tinh ché
b%mg HPLC diéu ché véi cac diéu kién sau: Dung cy, (1#-Pre-HPLC-011(waters));
Cot: Xbridge C18, 5 um, 19 x 150 mm; pha dong: nudc (0,05% NH4CO3) va ACN
(5,0% ACN lén dén 40% trong 10 phut, gitt & mirc 95% trong 2 phut, gidm xubng
5% trong 2 phut); May do, UV 220 va 254nm. Gom céc phéan doan thu dugc va cd
dac trong 4p suit giam d8 tao ra hop chét 12 néu & d& muc 12 chét ran. LC-MS:
276,0 [M+H]", 'TH-NMR: (400MHz, DMSO, ppm): 87,86 (s, 1H), 7,74-7,84 (s,
2H), 6,88 (d, J = 4,4 Hz, 1H), 6,84 (d, J = 4,4 Hz, 1H), 6,10 (d, J = 4,4 Hz, 1H),
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5,72-5,79 (m, 1H), 5,62-5,63 (m, 1H), 4,44-4,61 (s, 1H), 3,53-3,62 (m, 2H), 2,42-
2,49 (m, 1H), 2,19-2,24 (m, 1H).

Vi du 13: Amoni ((2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-
etynyl-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat (13)
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Buéec 1: 2-((4,4,6,6-tetraoxido-1,3,5,2,4,6-trioxatriphosphinan-2-
yl)oxy)benzoat (chét trung gian E)

Trong budng thao tic cach ly trong khi quyén agon, thém tributylamin kho
(0,4 mL, 1,679 mmol) vao binh chtra tributylamoni pyrophosphat (112 mg, 0,205
mmol) duoc hoa tan trong 0,4 mL dimetylformamit (DMF) tao ra dung dich trong
sudt. Sau dé, dung dich trong subt dugc dua vao binh chira 2-clo-4H-
benzo[d][1,3,2]dioxaphosphinin-4-on khoé (27,6 mg, 0,136 mmol) trong
dimetylformamit (0,4 mL) kém khudy manh. Khudy hdn hop thu dugc & nhiét do
30°C trong 30 phut dé tao ra dung dich chira chit trung gian E dugc st dung truc

tiép cho phan ting tiép theo ma khong can diéu ché thém.

Buwde 2: Téng hop amoni ((2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-2-etynyl-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat (13)

biat  (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-2-
(hydroxymetyl) tetrahydrofuran-3-ol (hgp chat 1, 8 mg, 0,029 mmol) vao binh
day tron (10 mL) va sau d6 lam kho bang P»Os trong chan khong cao qua dém.
Thém ray phan ti hoat tinh 4A (100 mg) vao binh nay. Moi truong duge nap agon

va sau d6 dung dich chtra chit trung gian E (2,0 duong lugng, vira dugc diéu ché)
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trong DMF kho (0,15 mL) dugc chuyén vao binh néi trén bing 6ng bom va hén
hop duge khudy & nhiét do 25°C trong 3 gid. Qua trinh phan Gng dugc quan sat
bang TLC (axetonitril : 0,1M amoni clorua = 7 : 3). Khi hau hét nucleosit ban dau
da tiéu thu hét, hdn hop dugc lam lanh xuéng 0°C, sau d6 dung dich iot [3% trong
0,1 mL pyridin/nuée (9:1)] dugc dua vao hdn hop phan Gng. Khi iot di tiéu thu
hét, tiép tuc thém nho giot dung dich iot cho dén khi duy tri mau nau vinh ctu cia
jot. Sau 15 phut, thém dém trietylamoni bicarbonat (1,0M, 2 mL) vao kém khudy &
nhiét do 10°C trong 15 phut nita. Loai bd chét d& bay hoi trong chan khong (nhiét
do bén trong khong qua 25°C). Phén cin dugc hoa tan lai trong nuée (2 mL) va
chiét bang cloroform (2 x 2 mL). Sau d6, 16p chira nuéc thu duge chira san phim
thé duge tinh ché bing HPLC didu ché véi céc didu kién sau (1#-Pre-HPLC-
011(Waters)): Cot, XBridge™ Prep OBD (Optimum Bed Density) T3 Column,
19*%150mm, Sum; pha dong, nuéc voi 50 mmol amoni bicarbonat va axetonitril
(2% axetonitril 1én dén 5,2% trong 5 phut, 1én dén 95% trong 2 phit, gidm xubng
5% trong 1,5 phut); May do, UV 254 & 220nm. Phan doan chta san phém duoc
thu gom va lam khd lanh dé tao ra hop chit 13 néu & dé muc 1a chét rin. LC-MS:
(ES, m/z): 512,90 [M-H-4NH3]". 'H-NMR: (400MHz, D>0O, ppm): 6 8,06 (s, 1H),
7,38 (d, J = 3,6Hz, 1H), 6,63 (t, J=7,6Hz, 1H), 6,58 (d, J = 3,6Hz, 1H), 4,06-4,14
(m, 2H), 2,67-2,72 (m, 1H), 2,54-2,59 (m, 1H), P-NMR: (161MHz, D20, ppm): & -
5,86 (s, 1P), -11,49--11,39 (d, J = 15,13Hz, 1P), -19,29 (s, 1P).

Céc hop chat 14-21 sau dugc téng hop bang cach sir dung phuong phap da mo ta
trong Vi du 13:

Vi du 14: Amoni ((2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-etynyl-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat (14). LC-MS:
(ES, m/z): 530,85 [M-H-4NH;z]. '"H-NMR: (400MHz, D0, ppm): 8 8,00 (s, 1H),
7,14 (s, 1H), 6,62 (dd, J = 4,8Hz, J= 6,0Hz, 1H), 4,13 (dd, J=5,6Hz, J = 11,2Hz,
1H), 4,06 (dd, J = 5,0Hz, J = 11,4Hz, 1H), 2,48-2,64 (m, 2H). P-NMR: (161MHz,
D20, ppm): & -5,97--5,89 (d, J = 13,85Hz, 1P), -11,52--11,43 (d, J= 14,81Hz, 1P),
-19,31 (s, 1P).

Vi du 15: Amoni (2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-etynyl-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat (15). LC-MS:
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(ES, m/z): 527,00 [M - H - 4NHs]". 'H-NMR: (400MHz, D20, ppm): 8 7,96 (s, 1H),
7,07 (s, 1H), 6,55 (t, J = 6,6Hz, 1H), 4,11 (dd, J = 6,2Hz, J = 11,4Hz, 1H), 4,05
(dd, J = 5,8Hz, J = 12,0Hz, 1H), 2,59-2,66 (m, 1H), 2,48-2,53 (m, 1H), 2,78(s,
3H). P-NMR: (161MHz, D;0, ppm): & -5,90 (s, 1P), -11,48--11,39 (d, J =
14,49Hz, 1P), -19,32 (s, 1P).

Vi du 16: Bis-trietylamoni ((2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)-2-etynyl-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat
(16). LC-MS: (ES, m/z): 546,95 [M-H-2TEA]". 'H-NMR: (400MHz, D0, ppm): &
7,31 (d, J = 4,0Hz, 1H), 6,53 (d, J=4,0Hz, 1H), 6,50 (t, J = 6,4Hz, 1H), 4,15 (dd,
J = 5,8Hz, J = 10,6Hz, 1H), 4,08 (dd, J = 4,8Hz, J = 11,2Hz, 1H), 2,62-2,67 (m,
1H), 2,53-2,58 (m, 1H). P-NMR: (161MHz, D20, ppm): & -5,86--5,77(d, J =
14,81Hz, 1P), -11,45--11,35(d, J=15,13Hz, 1P), -19,24(s, 1P).

Vi du 17: Amoni ((2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)-2-etynyl-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat (17). LC-MS:
(ES, m/z): 546,70 [M-H-4NH;]". 'H-NMR: (400MHz, D20, ppm): 3 7,97 (s, 1H),
7,34 (s, 1H), 6,54 (t, J = 6,0Hz, 1H), 4,01-4,13 (m, 2H), 2,52-2,62 (m, 2H). P-
NMR: (161MHz, D,0, ppm): § -5,81 (s, 1P), -11,42 (s, 1P), -19,25 (s, 1P).

Vi du 18: Bis-trietylamoni ((2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-
7-yl)-2-xyano-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat (18). LC-MS:
(ES, m/z): 514,35 [M-H-2TEA]". 'H-NMR: (400 MHz, D20, ppm): 6 8,04 (s, 1H),
7,29 (d, J=3,2 Hz, 1H), 6,70 (t, J = 6,8 Hz, 1H), 6,55 (d, /= 3,2 Hz, 1H), 4,87 (t,
J=6,0 Hz, 1H), 4,21-4,16 (m, 2H), 2,99 (q, J = 7,2 Hz, 15H), 2,80-2,76 (m, 1H),
2,58-2,54 (m, 1H), 1,12 (t, J = 7,2 Hz, 26H). P-NMR: (161 MHz, D;O, ppm): § -
5,85 (s, 1P), -11,84 (d, J= 15,30 Hz, 1P), -19,38 (s, 1P).

Vi du 19: Amoni ((2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-
etynyl-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat (19). LC-MS: (ES,
m/z): 512,90 [M-H-4NHs]". 'H-NMR: (400MHz, D20, ppm): 8 7,73 (s, 1H), 6,77
(dd, J = 4,4Hz, J = 7,4Hz, 2H), 5,73 (t, J = 7,4Hz, 1H), 4,52-4,56 (m, 1H), 3,98-
4,03 (m, 2H), 2,56-2,63 (m, 1H), 2,34-2,40 (m, 1H). P-NMR: (161MHz, DO,
ppm): 8 -5,79 (s, 1P), -11,24 (s, 1P), -19,21 (s, 1P).
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Vi du 20: Amoni ((2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-2-
etynyl-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat (20). LC-MS: (ES,
m/z): 513,95 [M-H-4NH;]". 'H-NMR: (400 MHz, D20, ppm): 8 8,22 (s, 1H), 7,99
(s, 1H), 5,53 (t, J = 7,6 Hz, 1H), 4,60-4,57 (m, 1H), 4,12-4,03 (m, 2H), 2,56-2,49
(m, 1H), 2,35-2,29 (m, 1H). P-NMR: (161 MHz, DO, ppm): 6 -5,82 (s, 1P), -
11,32-11,23 (d, J= 13,69 Hz, 1P), -19,24 (s, 1P).

Vi du 21: Amoni ((2R,3S,5R)-5-(4-aminoimidazo|2,1-f][1,2,4]triazin-7-yl)-2-
etynyl-3-hydroxytetrahydrofuran-2-yl)metyl triphosphat (21). LC-MS: (ES,
m/z): 513,95 [M-H-4NH3]". 'TH-NMR: (400 MHz, D;0, ppm): 6 8,23 (s, 1H), 7,98
(s, 1H), 5,66 (t, J = 7,6 Hz, 1H), 4,61-4,58 (m, 1H), 4,05 (brs, 2H), 2,68-2,61 (m,
1H), 2,46-2,42 (m, 1H). P-NMR: (161 MHz, D20, ppm): 6 -5,81 (s, 1P), -11,33-
11,24 (d, J= 13,85 Hz, 1P), -19,19 (s, 1P).

Tén céc hop chét 13-21 & dang khong chira mudi trong Gng 1an luot 1a:

13) | ((2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

14) | ((2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

15) | ((2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-
3-hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

16) | ((2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

17) | ((2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

18) | ((2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-xyano-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

19) | ((2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

20) | ((2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat; va

21) | ((2R,3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat.
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Vi du 22: Téng hop (2R,3S,5R)-5-(4-aminoimidazo[2,1-f] [1,2,4]triazin-7-yl)-2-
etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (22)
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Buwée 1: Téng hop (aminooxy)diphenylphosphin oxit

Thém nho giot dung dich chira NaOH (38,3 g, 957 mmol) trong nudc (400
mL) kém khudy & nhiét @ 0°C trong 30 phut vao dung dich khudy chua
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hydroxylamin hydroclorua (70 g, 1007 mmol) trong hdn hop chira 1,4-dioxan (100
mL) va nude (100 mL). Khudy dung dich thu duge ¢ nhiét do 0°C trong 20 phit.
Phun nhanh dung dich chita diphenylphosphinic clorua (77 mL, 403 mmol) trong
1,4-dioxan (100 mL) vao dung dich thu dugc néu trén & nhi€t 46 0°C. Khuéy manh
hdn hop thu duoc & nhiét do moi trudng trong 10 phut. Tao thanh két tua va thu
dugc két tia bing cach loc. Chat rin dugc tao huyén phu lai trong NaOH chira
nude (0,25N, 1000 mL) va khqu & nhiét do 4°C trong 1,5 gio. Hdn hgp duoc loc
va banh loc duge rira 1an luot bing nude (3 x 1000 mL) va ete (2 x 500 mL). Chat
rin  dugc lam kho trong chadn khong qua dém 4 tao ra
(aminooxy)diphenylphosphin oxit. LC-MS: (ES, m/z): 233,9 [M + H]". "H-NMR:
(400 MHz, ds-DMSO, ppm): 8 7,82-7,69 (m, 4H), 7,58-7,40 (m, 6H) P-NMR: (121
MHz, de-DMSO, ppm): & 21,53 (s, 1P).

Buwéc 2: Téng hop etyl 1-amino-1H-imidazol-2-carboxylat

Thém nhé giot dung dich LIHMDS THF (93 mL, 93 mmol, 1M) & nhié€t d6
-10°C trong 60 phut vao dung dich khudy chtra etyl 1H-imidazol-2-carboxylat (6 g,
30,9 mmol) trong DMF (250 mL) trong khi quyén agon. Khudy hén hop thu dugc
& nhiét dd -10°C trong 30 phat nita, va sau d6 thém ting phan
(aminooxy)diphenylphosphin oxit (21,63 g, 93 mmol) vao trong 30 phut trong khi
duy tri nhiét d6 nim trong khoang tir 0°C dén 10°C. Hdn hop thu duge duge lam
4m dén nhiét do trong phong va khudy manh trong 16 gid. Ding phan tng bing
nuée da (600 mL) va chiét bing EtOAc (2 x 800 mL). Lép hitu co két hop dugc
1am kho bing Na;SO4 khan, loc va phan loc duge co dic trong 4p sudt giam dé tao
ra etyl 1-amino-1H-imidazol-2-carboxylat dugc st dung truc tiép cho budc phan
tmg tiép theo ma khong cin tinh ché thém. LC-MS: (ES, m/z): 156,1 [M + H]*. 'H-
NMR: (400 MHz, ds-DMSO, ppm): 7,37 (d, J= 0,8 Hz, 1H), 6,96 (d, J= 0,8 Hz,
1H), 6,57 (br s, 2H), 4,33-4,27 (m, 2H), 1,31 (t, /= 7,2 Hz, 3H).

Buwéc 3: Téng hop imidazo [2,1-f][1,2,4]triazin-4(3H)-on

Thém formamidin axetat (17,71 g, 170 mmol) vao hdn hgp khudy chua etyl
1-amino-1H-imidazol-2-carboxylat (6 g, 30,9 mmol) trong EtOH (60 mL) trong
khi quyén agon. Gia nhiét hdn hop thu dugc dén hdi luu va khudy qua dém. Lam

nguoi hdn hop phan tng dén nhiét d6 méi trudng va loc. Lan luot rira banh loc
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bing nude (3 x 10 mL) va EtOAc (2 x 10 mL). Lam kho chit rén thu dugce trong
chan khong cao qua dém dé tao ra imidazo [2,1-f][1,2,4]triazin-4(3H)-on. LC-MS:
(ES, m/z): 136,9 [M + H]". 1H-NMR; (400 MHz, ds-DMSO, ppm): & 12,31 (br s,
1H), 8,09 (s, 1H), 7,98 (d, J=0,8 Hz, 1H), 7,50 (d, /= 0,8 Hz, 1H).

Budc 4: Téng hop 4-cloimidazo [2,1-f][1,2,4]triazin

Pua imidazo [2,1-f][1,2,4]triazin-4(3H)-on (2,4 g, 17,63 mmol) vao binh
day tron dung tich 100 mL trong khi quyén agon sau d6 phun POCl3 (20 mL) &
nhiét d6 trong phong. Hon hop dugc gia nhiét dén hdi luvu va khudy trong 16 gio.
Loai bo chat bay hoi trong 4p suét giam. Phén tach phén cin gitta EtOAc (100 mL)
va nudc (30 mL). Lép hitu co dugc rira 14n luot bang NaHCOj; chtra nuée da dugce
lam lanh (bdo hoa, 3 x 20 mL) va nudc mubi (20 mL), 1am khd bang Na,SO4 khan,
loc va phan loc duge ¢ dic trong ap sudt giam. Tinh ché phin cin bang sdc ky cot
silica gel st dung ete diu mo/BtOAc (5/1) @ tao ra 4-cloimidazo[2,1-
f][1,2,4]triazin. LC-MS: (ES, m/z): 155,0 [M + HJ". 'H-NMR: (400 MHz, ds-
DMSO, ppm): § 8,81 (s, 1H), 8,65 (d, J=1,2 Hz, 1H), 8,08 (d, J= 0,8 Hz, 1H).

Budéc 5. Téng hop 4-(metylthio)imidazo[2,1-f][1,2,4]triazin

Thém NaSMe (13,60 g, 194 mmol) & nhiét 49 trong phong vao dung dich
khudy chra 4-cloimidazo[2,1-f][1,2,4]triazin (20 g, 129 mmol) trong THF (500
mL) trong khi quyén agon. Khudy hén hop thu dugc & nhiét do trong phong trong
72 gio. Dung hdn hop phan Gng bang NH4ClI chtta nuéc (bdo hoa, 200 mL) va
chiét bing EtOAc (2 x 500 mL). Rira 16p hitu co két hop bing nuée mudi (2 x 200
mL), 1am khé bing Na,SO;4 khan, loc va phan loc dugc cd dic trong 4p sudt giam.
Tinh ché phan cin bing sdc ky cot silica gel st dung ete diu moé/EtOAc (1/1) dé
tao ra 4-(metylthio)imidazo[2,1-f][1,2,4]triazin. LC-MS: (ES, m/z): 167,2 [M +
H]*. 'TH-NMR: (400 MHz, CDCls, ppm): 8 8,47 (s, 1H), 7,90 (d, J = 0,8 Hz, 1H),
7,76 (d, J= 0,4 Hz, 1H), 2,73 (s, 3H).

Buéc 6: Téng hop (3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)-2-(4-
(metylthio)imidazo[2,1-f][1,2,4]triazin-7-yl)tetrahydrofuran-2-ol

Phun dung dich LDA THF (4,5 mL, 9,0 mmol, 2M) & nhiét d -78°C trong
5 phut vao dung dich khudy chtra 4-(metylthio)imidazo[2,1-f][1,2,4]triazin (1 g,
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6,02 mmol) trong THF (25 mL) trong khi quyén agon. Duy tri hdn hop thu dugc &
nhiét do -78°C trong 30 phut, va sau d6 phun dung dich chia (3R,4R,5R)-3,4-
bis(benzyloxy)-5-((benzyloxy)metyl)dihydrofuran-2(3H)-on (c6 ban ngoai thi
truong, 3,27 g, 7,82 mmol) trong THF (15 mL) va khudy hén hop thu dugc trong
khoang nhiét d9 tir -78°C dén -50°C trong 2 gio. Ditng phan tng bang NH4Cl chtra
nudce (bdo hoa, 20 mL) va chiét bang EtOAc (2 x 50 mL). Rira 16p hitu co két hop
bing nude mubi (2 x 20 mL), 1am khd bang Na;SO4 khan, loc va phan loc duge ¢o
dic trong 4p sudt giam. Tinh ché phan cin bang sic ky cot silica gel st dung ete
diu m&/EtOAc (5/1) dé tao ra (3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)
metyl)-2-(4-(metylthio)imidazo[2,1-f][1,2,4] triazin-7-yl)tetrahydrofuran-2-ol. LC-
MS: (ES, m/z): 585,1 [M + H]".

Buge 7: Téng hop 7-((2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)
tetrahydrofuran-2-yl)-4-(metylthio)imidazo[2,1-f][1,2,4] triazin

Lan luot phun boron triflorua-dietyl eterat (825,3 mg, 5,82 mmol) va
trietylsilan (1,35 g, 11,63 mmol) ¢ nhiét 40 0°C vao dung dich khuéy chira
(3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)-2-(4-
(metylthio)imidazo[2,1-f][1,2,4]triazin-7-yl)tetrahydrofuran-2-ol (1,7 g, 2,91
mmol) trong DCM (30 mL) trong khi quyén agon. Khudy hén hop thu dugc &
nhiét do 0°C trong 16 gio nita. Dung phan ung bang NaHCOj3 chira nuée (bdo hoa,
20 mL) va chiét bAng DCM (2 x 30 mL). Rira 16p hitu co két hop bang nudc mudi
(30 mL), lam kho béng Na;SO4 khan, loc va phén loc duogc cd dic trong ap suét
giam. Tinh ché phan cin bang sdc ky cdt silica gel st dung ete dau mo/EtOAc
(10/1) dé tao ra 7-((28S,3S,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-yl)-4-(metylthio)imidazo[2,1-f][1,2,4]triazin.
LC-MS: (ES, m/z): 570,0 [M + H]*. 'TH-NMR: (300 MHz, CDCls, ppm): & 8,38 (s,
1H), 7,66 (s, 1H), 7,37-7,26 (m, 15H), 5,56 (d, J= 5,4 Hz, 1H), 4,70-4,49 (m, 6H),
4,39 (q, J= 4,2 Hz, 1H), 4,34 (t, J= 5,4 Hz, 1H), 4,15 (t, /= 5,1 Hz, 1H), 3,70 (dd,
J=3,6 Hz, J= 10,5 Hz, 1H), 3,60 (dd, J= 3,9 Hz, J= 10,8 Hz, 1H), 2,70 (s, 3H).
Budre 8: Tong hop 7-((2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)
tetrahydrofuran-2-yl)imidazo[2,1-f][1,2,4]triazin-4-amin
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bit 7-((28,38S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)
tetrahydrofuran-2-yl)-4-(metylthio)imidazo[2,1-f][1,2,4]triazin (1,4 g, 2,462
mmol) vao binh cao 4p bang thép dung tich 80 mL. Lam lanh mdi truong dén -
60°C. Thém isopropanolic amoniac (isopropanol/amoniac léng = 2/3, trn & nhiét
d6 -60°C, 50 mL). Gia nhiét hdn hop thu dwogc dén 90°C va khudy trong 16 gid.
Hdn hop phén tng dugc lam ngudi dén nhiét do trong phong va sau do6 cd dic
trong 4p suat giam. Tinh ché phén cin bang sic ky cot silica gel st dung ete dau
mo/EtOAc (1/1) dé tao ra 7-((2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)
metyl)tetrahydrofuran-2-yl)imidazo[2,1-f][1,2,4]triazin-4-amin. ~LC-MS:  (ES,
m/z): 538,3 [M + H]*. '"H-NMR: (400 MHz, ds-DMSO, ppm): & 8,24 (br s, 1H),
8,15 (br s, 1H), 8,05 (s, 1H), 7,49 (s, 1H), 7,36-7,28 (m, 15H), 5,35 (d, /= 5,2 Hz,
1H), 4,63 (s, 2H), 4,56 (d, J = 4,8 Hz, 2H), 4,52 (d, J = 2,0 Hz, 2H), 4,45 (t, J=5,2
Hz, 1H), 4,22-4,16 (m, 2H), 3,65 (dd, J= 3,2 Hz, J = 10,8 Hz, 1H), 3,58 (dd, J=
4,4 Hz, J= 10,8 Hz, 1H).

Buwde 9: Téng hop (2S,3R,4S,5R)-2-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-
5-(hydroxymetyl)tetrahydrofuran-3,4-diol

Thém 20% Pd(OH),/C (1,2 g) vao dung dich khudy chua 7-((2S,3S,4R,5R)-
3,4-bis(benzyloxy)-5-((benzyloxy)metyl)tetrahydrofuran-2-yl)imidazo[2,1-
f][1,2,4]triazin-4-amin (1,2 g, 2,232 mmol) trong AcOH (10 mL). Mdi trudng
dugc nap hydro (2 atm) va khqu & nhiét d6 25°C trong 24 gid. Loc chét rén va
rira bang AcOH (2 x 15 mL). Co dic phan loc gom dugc trong ap sudt giam. Tinh
ché phin cin bing sic ky cot silica gel st dung DCM/MeOH (8/1) dé tao ra
(2S,3R,48S,5R)-2-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-5-(hydroxymetyl)
tetrahydrofuran-3,4-diol. LC-MS: (ES, m/z): 290,0 [M + Na]". TH-NMR: (400
MHz, ds-DMSO, ppm): & 8,22 (br s, 1H), 8,15 (br s, 1H), 8,07 (s, 1H), 7,64 (s,
1H), 5,13-5,09 (m, 2H), 5,03 (d, J = 6,4 Hz, 1H), 4,78 (br s, 1H), 4,32 (t, J = 6,0
Hz, 1H), 3,99 (t, J = 4,8 Hz, 1H), 3,81 (q, J = 4,4 Hz, 1H), 3,56 (dd, J=3,2 Hz, J
=11,2 Hz, 1H), 3,46 (dd, J=3,6 Hz, J= 11,2 Hz, 1H).

Buéc 10: Tong hop (6aR,8S,9S,9aS)-8-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-
y1)-2,2,4,4-tetraisopropyltetrahydro-6 H-furo[3,2-f][1,3,5,2,4] trioxadisiloxin-9-

ol
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Phun 1,3-diclo-1,1,3,3-tetraisopropyldisiloxan (3,97 g, 12,57 mmol) & nhiét
d6 0°C vao dung dich khudy cha (2S,3R,4S,5R)-2-(4-aminoimidazo[2,1-f]
[1,2,4]triazin-7-yl)-5-(hydroxymetyl)tetrahydrofuran-3,4-diol (3,2 g, 11,97 mmol)
va 1H-imidazol (3,26 g, 47,9 mmol) trong DMF (65 mL) trong khi quyén agon.
Lam 4m hdn hop thu duge dén 30°C va khudy trong 5 gi. Ding phan tng bang
nuée (70 mL) va chiét bing EtOAc (3 x 100 mL). Rira 16p hitu co két hop bang
nude mudi (3 x 100 mL), 1am kho béng NazSOs khan, loc va phﬁn loc duoc ¢6 dac
trong 4p sudt giam. Tinh ché phén cin bang séc ky cbt silica gel sit dung ete dau
mo/EtOAc  (3/1) dé¢ tao ra (6aR,8S,9S,9aS)-8-(4-aminoimidazo  [2,1-
f][1,2,4]triazin-7-yl)-2,2,4,4-tetraisopropyltetrahydro-6 H-furo[3,2-f][ 1,3,5,2,4]
trioxadisiloxin-9-ol. LC-MS: (ES, m/z): 510,4 [M + H]*. 'H-NMR: (400 MHz,
CDCls, ppm): & 8,12 (s, 1H), 7,62 (s, 1H), 7,03 (br s, 1H), 6,39 (br s, 1H), 5,31 (d,
J =32 Hz, 1H), 4,68 (dd, J = 6,0 Hz, J = 7,0 Hz, 1H), 4,47 (q, J = 2,8 Hz, 1H),
4,10-4,05 (m, 3H), 3,20 (br s, 1H), 1,15-1,05 (m, 28H).

Budc 11: Téng hgp 0-((6aR,88,9S,9aR)-8-(4-aminoimidazo[2,1-
f][1,2,4]triazin-7-yl)-2,2,4,4-tetraisopropyltetrahydro-6H-furo[3,2-
f][1,3,5,2,4]trioxadisiloxin-9-yl) O-phenyl carbonothioat

Phun O-phenyl carbonocloidothioat (2,71 g, 15,69 mmol) & nhiét do 0°C
vao dung dich khuéy chita  (6aR,8S,9S,9aS)-8-(4-aminoimidazo[2,1-1]
[1,2,4]triazin-7-y1)-2,2,4,4-tetraisopropyltetrahydro-6 H-furo[3,2-
f][1,3,5,2,4]trioxadisiloxin-9-ol (4,0 g, 7,85 mmol) va DMAP (3,83 g, 31,4 mmol)
trong DCM (160 mL) trong khi quyén agon. Khudy hdn hop thu duge & nhiét do
0°C trong 3 gio' nita. Hon hop phén ang dugc cb déc trong 4p sudt giam. Tinh ché
phin cin bang sdc ky cot silica gel st dung ete diu mo/EtOAc (1/3) dé tao ra O-
((6aR,88,9S,9aR)-8-(4-aminoimidazo([2,1-f][1,2,4]triazin-7-y1)-2,2,4,4-
tetraisopropyltetrahydro-6 H-furo[3,2-f][1,3,5,2,4]trioxadisiloxin-9-yl) ~ O-phenyl
carbonothioat. LC-MS: (ES, m/z): 646,3 [M + H]". 'H-NMR: (400 MHz, de-
DMSO, ppm): & 8,37 (br s, 1H), 8,28 (br s, 1H), 8,02 (s, 1H), 7,67 (s, 1H), 7,49 (t,
J=8,0 Hz, 2H), 7,34 (t, J= 7,4 Hz, 1H), 7,15 (d, J= 8,4 Hz, 2H), 6,22 (dd, J=2,0
Hz, J = 5,2 Hz, 1H), 5,49 (d, J = 2,0 Hz, 1H), 4,95 (dd, J = 5,2 Hz, J = 8,8 Hz,
1H), 4,07-3,96 (m, 2H), 3,91-3,88 (m, 1H), 1,07-1,04 (m, 28H).
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Bwée 12: Téng hop 7-((6aR,8R,9aS)-2,2,4,4-tetraisopropyltetrahydro-6H-
furo[3,2-f][1,3,5,2,4]trioxadisiloxin-8-yl)imidazo[2,1-f][1,2,4]triazin-4-amin

Phun tri-n-butyl thiéc hydrua (314 mg, 1,084 mmol) & nhiét d trong phong
vao dung dich khudy chira O-((6aR,8S,9S,9aR)-8-(4-aminoimidazo [2,1-
f][1,2,4]triazin-7-y1)-2,2,4 4-tetraisopropyltetrahydro-6H-furo[3,2-
f][1,3,5,2,4]trioxadisiloxin-9-yl) O-phenyl carbonothioat (350 mg, 0,542 mmol) va
AIBN (133 mg, 0,813 mmol) trong toluen dd khtr khi (10 mL) trong khi quyén
agon. Hon hop dugc gia nhiét dén 80°C va khudy trong 3 gi. Hon hop phan Gng
duoc cd dic trong ap suat giam. Tinh ché phén cin bang sdc ky cot silica gel st
dung ete ddu mo/EtOAc (1/3) dé¢ tao ra 7-((6aR,8R,9aS)-2,2,4,4-
tetraisopropyltetrahydro-6 H-furo[3,2-][1,3,5,2,4]trioxadisiloxin-8-yl)imidazo[2,1-
f][1,2,4]triazin-4-amin. LC-MS: (ES, m/z): 494,5 [M + H]". 'H-NMR: (400 MHz,
ds-DMSO, ppm): & 8,23 (br s, 1H), 8,16 (br s, 1H), 8,05 (s, 1H), 7,56 (s, 1H), 5,42
(t,J=17,0 Hz, 1H), 4,63 (dd, J= 5,8 Hz, J= 13,0 Hz, 1H), 3,95 (dd, J=3,2 Hz, J =
11,6 Hz, 1H), 3,83 (dd, J= 6,8 Hz, J = 12,0 Hz, 1H), 3,78-3,75 (m, 1H), 2,55-2,51
(m, 1H), 2,37-2,32 (m, 1H), 1,07-1,01 (m, 28H).

Buwée 13: Téng hop (2R,3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol

Phun hydro florua-pyridin (5,42 g, 54,7 mmol) & nhiét do 0°C vao dung
dich khqu chita 7-((6aR,8R,9aS)-2,2,4,4-tetraisopropyltetrahydro-6H-furo[3,2-
f][1,3,5,2,4]trioxadisiloxin-8-yl)imidazo[2,1-f][1,2,4]triazin-4-amin (2,7 g, 547
mmol) trong THF (60 mL). Hon hop dugc lam 4m dén nhiét d6 mdi trudong va
khudy trong 20 gid. Hon hop phén ung dugce lam lanh dén nhiét do 0°C, duoc
trung hoa bing NaHCOs rdn va sau d6 pha lodng bang MeOH (50 mL). Loc chét
rén va phén loc duoc cd dic trong ap sudt giam. Xt Iy phén cin baing DCM/MeOH
(20 mL, 100/1, thé tich/thé tich) va khudy trong 30 phut. Thu dugc két tia tring va
lam kho trong chéan khong qua dém dé tao ra (2R,3S,5R)-5-(4-aminoimidazo[2,1-
f][1,2,4]triazin-7-y1)-2-(hydroxymetyl)tetrahydrofuran-3-ol. TH-NMR: (400 MHz,
ds-DMSO, ppm): & 8,20 (br s, 1H), 8,13 (br s, 1H), 8,06 (s, 1H), 7,60 (s, 1H), 5,42
(dd, J = 5,8 Hz, J = 10,2 Hz, 1H), 5,12 (d, J = 4,0 Hz, 1H), 4,74 (t, J = 5,6 Hz,
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1H), 4,28-4,25 (m, 1H), 3,81-3,78 (m, 1H), 3,42 (t, J = 5,4 Hz, 2H), 2,33-2,26 (m,
1H), 2,13-2,09 (m, 1H).

Buéc 14: Téng hop 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((zert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)imidazo[2,1-f][1,2,4]triazin-

4-amin

bit (2R,3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol (200 mg, 0,796 mmol) va 1H-imidazol (217
" mg, 3,18 mmol) vao binh dung tich 10 mL trong khi quyén agon. Phun DMF khan
(2,5 mL) vao hdn hgp, sau d6 bd sung fert-butylclodimetylsilan (360 mg, 2,388
mmol) & nhiét dd 0°C. Hon hop dugce khudy & 25°C trong 3 gid. Hon hop thu dugc
dugc pha lodng bang EtOAc (50 mL), 1an lugt rira bing NaHCO3 chira nude (bdo
hoa, 2 x 15 mL) va nude mudi (20 mL). Lép hitu co duge thu gom va duge lam
kho biang Na»SO4 khan, loc va cd dic trong &p sut giam. Tinh ché phin cin bing
sic ky cot silica gel st dung ete diu mo/EtOAc (35%-52% EtOAc trong ete dau
mo) d& tao ra  7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)imidazo[2,1-f][1,2,4]triazin-4-
amin. LC-MS: (ES, m/z): 480,1 [M + H]*. 'H-NMR: (300 MHz, de-DMSO, ppm):
5 8,20 (br s, 1H), 8,13 (br s, 1H), 8,06 (s, 1H), 7,57 (s, 1H), 5,43 (dd, J=5,6 Hz, J
= 10,0 Hz, 1H), 4,46-4,44 (m, 1H), 3,81 (t, J = 4,5 Hz, 1H), 3,63-3,51 (m, 2H),
2,45-2.36 (m, 1H), 2,16-2,10 (m, 1H), 0,89 (s, 9H), 0,86 (s, 9H), 0,10 (s, 6H), 0,02
(d, J=3,6 Hz, 6H).

Buwde 15: Tong hop (2R,3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-
3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol

Dua 7-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((zert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)imidazo[2,1-f][1,2,4]triazin-4-
amin (350 mg, 0,730 mmol) vao binh day tron dung tich 25 mL, sau 46 phun THF
(4 mL). Mo6i truong dugce 1am lanh dén nhiét do 0°C. Thém nho giot dung dich axit
trifloaxetic/nude da duge 1am lanh trude (1/1, thé tich/thé tich, 2 mL) kém khudy &
nhiét d6 0°C trong 10 phut. Khudy hdn hop thu dugc & nhiét do 0°C trong 2 gio.
Qua trinh phan ng dugc quan sat bang TLC & LCMS. Dung dich thu dugc dugc
bay hoi dong thoi véi toluen (3 x 20 mL) va phan cin duge tao huyén ph lai trong
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NaHCOs chira nuéc (bdo hoa, 4 mL) va sau d6 1am bay hoi dén khd. Tinh ché
phin cin bang sic ky cot silica gel véi EtOAc¢/DCM (1/1) dé tao ra ((2R,3S,5R)-5-
(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol. LC-MS: (ES, m/z): 366,2 [M
+ H]". '"H-NMR: (300 MHz, d¢-DMSO, ppm): 6 8,09 (br s, 1H), 8,03 (br s, 1H),
7,96 (s, 1H), 7,51 (s, 1H), 5,31 (q, J = 5,4 Hz, 1H), 4,70 (t, J= 5,7 Hz, 1H), 4,34
(d, J= 5,1 Hz, 1H), 3,69 (t, J = 4,5 Hz, 1H), 3,33-3,28 (m, 2H), 2,34-2,24 (m, 1H),
2,01-1,96 (m, 1H), 0,79 (s, 9H), 0,01 (s, 6H).

Buwéc 16: Téng hop (28,3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt

Thém IBX (644 mg, 2,298 mmol) & nhiét do trong phong vao dung dich
khudy chta  ((2R,38S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol (280 mg, 0,766 mmol) trong
axetonitril khan (20 mL) trong khi quyén agon. Hon hop dugc gia nhiét dén 80°C
va khudy trong 25 phiit. LCMS chi ra rang nucleosit ban dAu d3 tiéu thy hét. Lam
ngudi hdn hop thu duge dén nhiét do trong phong. Loc chét rin va phén loc dugce
cd dic trong 4p suét giam dé tao ra (28,3S,5R)-5-(4-aminoimidazo[2,1-
f][1,2,4]triazin-7-yl)-3-((fert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt,
duoc str dung truc tiép cho budc phan ting tiép theo ma khong can tinh ché thém.
LC-MS: (ES, m/z): 363,7 [M + HJ".

Buée 17: Téng hop ((3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol

Phun 37% formaldehyt chira nuée (1,0 mL), sau d6 1a NaOH chira nude
(1,0 mL, 2,0 mmol, 2N) ¢ nhiét do 0°C vao dung dich khqu chira (2S,3S,5R)-5-
(4-aminoimidazo[2,1-f][1,2,4]triazin-7-y1)-3-((tert-butyldimetylsilyl)oxy)
tetrahydrofuran-2-carbaldehyt (300 mg, thd) trong 1,4-dioxan (4 mL) trong binh
ddy tron dung tich 25 mL. Lam 4m h&n hop thu duge dén nhiét do moi trudng va
khudy trong 16 gid. Khi lugng nucleosit ban dAu da tiéu thy hét, hdn hop phan ing
dugce trung hoa biang AcOH (~0,2 mL). Hon hop dugce pha loang bang EtOAc (100
mL) va 14n luot rira bing nude (2 x 25 mL), NaHCO; chira nu6e (bdo hoa, 25 mL)
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va nude mudi (20 mL). Lép hitu co dugc 1am kho bang NaxSOs khan, loc va phan
loc duge cd dic trong ap suit giam tao ra san phim thd. San phdm tho dugce hoa
tan lai trong EtOH (5 mL) trong khi quyén agon va thém timg phan natri
borohydrua (153 mg, 4,04 mmol) & nhi¢t do 0°C. Sau khi khudy & nhiét ¢6 moi
truong trong 16 gid, hdn hop phan Gng dugc trung hoa bang AcOH (~0,2 mL) va
lam bay hoi dén khé. Phan tich phan cin gitta CHCI3 (50 mL) va nu6e (25 mL).
Lép chira nuée dugc chibt lai bing CHCl3 (2 x 25 mL). Lép hitu co két hop duoc
rira bang nude mudi (40 mL), 1am kho bang Na2SOq khan, loc va phan loc dugc co
dac trong 4p suit giam. Tinh ché phan cin bing sdc ky cot silica gel st dung
DCM/MeOH (30/1) dé tao ra ((3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-
y1)-3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol. LC-MS:
(ES, m/z): 395,8 [M + HJ*. 'H-NMR: (400 MHz, de-DMSO, ppm): & 8,18 (br s,
1H), 8,12 (br s, 1H), 8,07 (s, 1H), 7,62 (s, 1H), 5,47 (q, J = 5,2 Hz, 1H), 4,68 (t, J
= 5,6 Hz, 1H), 4,53 (d, J = 3,6 Hz, 1H), 4,27 (t, J = 5,6 Hz, 1H), 3,60-3,55 (m,
1H), 3,53-3,51 (m, 2H), 3,34-3,31 (m, 1H), 2,56-2,53 (m, 1H), 2,11-2,07 (m, 1H),
0,90 (s, 9H), 0,09 (d, J=2,8 Hz, 6H).

Budc 18: Toéng hop (2R,3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-3-
((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt

Thém IBX (382 mg, 1,365 mmol) & nhiét do trong phong vao hén hop
khudy chira ((3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (180 mg, 0,455 mmol)
trong axetonitril (20 mL) va DMSO (2 mL) trong khi quyén agon. Lam 4m hén
hop thu dugc dén 30°C va khudy trong 2 gio. Chét rén duoc loc, rira bang CHCls
(2 x 20 mL) va co dédc phin loc gom dugc trong ap sut giam. Phan cin dugc hoa
tan lai trong EtOAc (30 mL), 1an luot rira bang NaHCO; chita nude (bdo hoa, 2 x
15 mL) va nude mudi (20 mL), 1am kho bang Na;SO4 khan, loc va phan loc duoc
cd dic trong 4&p sudt giam dé tao ra (2R,3S,5R)-5-(4-aminoimidazo[2,1-
f][1,2,4]triazin-7-yl)-3-((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)
tetrahydrofuran-2-carbaldehyt, dugc sir dung truc tiép cho budc phan tng tiép theo
ma khong cin tinh ché thém. LC-MS: (ES, m/z): 393,8 [M + HJ".
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Buéc 19: Téng hop ((2R,3S,SR)-S-(4-amino-7aH—pyrolo[3,2‘-d]pyrimidin-7-
yb)-3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol

Phun dung dich chtta dimetyl (1-diazo-2-oxopropyl)phosphonat (110 mg,
0,58 mmol) trong MeOH (1 mL) & nhiét do 0°C vao hdn hop khuéy chira
(2R,38,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-3-((ter-
butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (250 mg,
0,286 mmol, thd) va K2CO3 (120 mg, 0,86 mmol) trong MeOH (10 mL) trong khi
quyén agon. Lam 4m hdn hop thu dugc dén 30°C va khudy trong 16 gid. Hon hop
phan ung dugce co ddc trong ap sudt giam. Tinh ché phan cin bang sic ky cot silica
gel st dung DCM/MeOH (30/1) dé tao ra ((2R,3S,5R)-5-(4-amino-7aH-
pyrolo[3,2-d]pyrimidin-7-yl)-3-((fert-butyldimetylsilyl)oxy)-2-
etynyltetrahydrofuran-2-yl)metanol. LC-MS: (ES, m/z): 390,2 [M + H]". TH-NMR:
(400 MHz, ds-DMSO, ppm): & 8,23 (br s, 1H), 8,15 (br s, 1H), 8,08 (s, 1H), 7,67
(s, 1H), 5,54 (t, J = 7,8 Hz, 1H), 5,16 (t, J= 6,2 Hz, 1H), 4,53 (dd, J=4,6 Hz, J =
6,2 Hz, 1H), 3,55 (dd, J=5,2 Hz, J= 11,6 Hz, 1H), 3,45 (dd, J= 7,0 Hz, J= 11,8
Hz, 1H), 3,42 (s, 1H), 2,56-2,53 (m, 1H), 2,23-2,17 (m, 1H), 0,91 (s, 9H), 0,10 (d,
J=13,2 Hz, 6H).

Buée 20. Tong hop (2R,3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-2-
etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (22)

Phun dung dich TBAF THF (0,385 mL, 0,385 mmol, 1M) & nhiét d6 0°C
vao dung dich khudy chtra ((2R,3S,5R)-5-(4-aminoimidazo[2,1-f][1,2,4] triazin-7-
yl)-3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol (150 mg,
0,385 mmol) trong THF khan (5 mL) trong khi quyén agon. Hon hgp dugc lam 4m
dén nhiét d6 trong phong va khudy trong 16 gio. Qua trinh phan tmg dugc quan sat
bang TLC & LCMS. Hdn hop thu duge dugce cb dic trong ap sudt giam. Tinh ché
phan cin bang séc ky cot silica gel st dung DCM/MeOH (24/1) @& tao ra hop chét
22 néu & dé muc. LC-MS: (ES, m/z): 309,00 [M + HJ". 'H-NMR: (400 MHz, ds-
DMSO, ppm): & 8,21 (br s, 1H), 8,14 (br s, 1H), 8,07 (s, 1H), 7,64 (s, 1H), 5,53 (t,
J=17,6 Hz, 1H), 5,34 (d, J= 5,2 Hz, 1H), 5,07 (t, J= 6,4 Hz, 1H), 4,35 (¢, /= 6,0
Hz, 1H), 3,56 (dd, J= 5,6 Hz, J= 12,0 Hz, 1H), 3,48 (dd, J= 7,0 Hz, /= 11,8 Hz,
1H), 3,41 (s, 1H), 2,46-2,41 (m, 1H), 2,28-2,21 (m, 1H).
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Vi du 23: Téng hop (2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-
2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol (23)
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Buwge 1: Téng hop (3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)

tetrahydrofuran-2-ol:

Phun dietyl(xyanometyl)phosphonat (11,88 g, 67,1 mmol) & nhiét 4o 0°C
trong 10 phut vao huyén phu dugce khudy chira NaH 60% dugc phan tan trong dau
khoang (1,878 g, 46,9 mmol) trong DME khan (dimetylete) (150 mL) trong khi
quyén agon. Hon hop dugc lam Am dén 25°C va duy tri trong 0,5 gid va sau do6
thtm nho giot dung dich chua (3R,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-ol (14,1 g, 33,5 mmol) trong DME khd (100
mL) kém khudy & 0°C trong 30 phut. Lai lam 4m hdn hop thu dugc dén 25°C va
duy tri trong 2 gid. Hon hop thu dugc duoc pha lodng bang H>0 (300 mL) va chiét

-125-



37013

bing Et,O (3 x 500 mL). Rira 16p hitu co két hop bang nuéc mudi (500 mL), lam
kho bang NaSO4 khan, loc v phan loc duge cd dic trong ap sudt giam. Phin cin
duge tinh ché bang sic ky cot nhanh silica gel sit dung EtOAc/ete dau moé (5%-
20% EtOAc trong ete ddu mod) tao ra 2-((3S,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-yl)axetonitril. LC-MS: (ES, m/z): 444,21 [M
+ H]*. 'TH-NMR: (300 MHz, CDCls, ppm): & 7,33-7,31 (m, 15H), 4,63-4,43 (m,
6H), 4,25-4,13 (m, 2H), 3,95 (dd, J= 3,0 Hz, J=4,8 Hz, 1H), 3,77 (dd, J= 5,4 Hz,
J=6,9 Hz, 1H), 3,53-3,45 (m, 2H), 2,78-2,75 (m, 0,4 H), 2,66 (dd, J=4,8 Hz, J=
16,8 Hz, 0,8 H), 2,50 (dd, ] =4,8 Hz, J= 16,8 Hz, 0,8 H).

Buwéc 2: Toéng hop 2-((3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)
tetrahydrofuran-2-yl)-3-(dimetylamino)acrylonitril

Phun DMF khé (2,54 mL, 32,8 mmol) sau d6 1a 1-tert-butoxy-N,N,N',N'-
tetrametylmetandiamin (19,80 g, 114 mmol) & nhiét do 0°C trong 5 phit vao dung
dich khudy chira 2-((3S,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-yl)axetonitril (12,6 g, 28,4 mmol) trong
DCM (90 mL) trong khi quyén agon. Lam 4m hdn hop thu dugc dén 25°C va
khudy trong 16 gid. Hon hop thu dugc duge c6 dic trong ap sudt giam. Phéan cin
duoc tinh ché bang sic ky cot nhanh silica gel st dung EtOAc/ete dau mé (15%-
35% FEtOAc trong ete ddu mo) dé tao ra 2-((3S,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-yl)-3-(dimetylamino)acrylonitril. ~ LC-MS:
(ES, m/z): 499,25 [M + H]". 'H-NMR: (300 MHz, CDCls, ppm): & 7,33-7,30 (m,
15H), 6,47 (s, 1H), 4,65-4,53 (m, 6H), 4,32 (d, J= 7,2 Hz, 1H), 4,19-4,15 (m, 1H),
4,00-3,90 (m, 2H), 3,59-3,46 (m, 2H), 3,04 (s, 6H).

Buéc 3. Téng hop 2-((3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)
tetrahydrofuran-2-yl)-3-hydrazinylacrylonitril

Thém lan luot hydrazin hydrat (21,15 g, 647 mmol), H2O (3,0 mL, 167
mmol) va hydrazin hydroclorua (2,66 g, 38,8 mmol) & nhiét do trong phong vao
dung dich khudy chtra 2-((3S,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-yl)-3-(dimetylamino)acrylonitril (12,9 g,
25,9 mmol) trong MeOH (90 mL). Gia nhiét hdn hop thu dugce dén 65°C va khudy

trong 16 gio. Hon hop cubi ciing duge co dic trong ap sudt giam. Phan cin dugc
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pha lodng bing H>O (500 mL) va chiét bang EtOAc (3 x 500 mL). Rira 16p hitu co
két hop bang nuwéc mudi (500 mL), lam khd bang Na;SO4 khan, loc va phén loc
duoc cd dic trong 4p sudt giam dé tao ra 2-((3S,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-yl)-3-hydrazinylacrylonitril, dugc st dung
true tiép cho budce phan tng tiép theo ma khong can tinh ché thém. LC-MS: (ES,
m/z): 486,23 [M + H]*.

Buéc 4: Tong hop 4-[(2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-[(benzyloxy)metyl]
oxolan-2-yl]-1H-pyrazol-5-amin

Dit 2-((3S5,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)tetrahydrofuran
-2-yl)-3-hydrazinylacrylonitril (18 g, 37,1 mmol) vao binh ddy tron dung tich
1000-mL sau d6 phun ACN (200 mL). Hon hop dugc hdi luu trong 48 gisr. Co dic
hdn hgp thu duge trong 4p sudt giam. Phin cin dugc tinh ché bang sic ky cot
nhanh silica gel sit dung MeOH/DCM (2% dén 10% MeOH trong DCM) dé tao ra
4-[(28,3S,4R,5R)-3,4-bis(benzyloxy)-5-[ (benzyloxy)metylJoxolan-2-yl]-1H-
pyrazol-5-amin. LC-MS: (ES, m/z): 486,23 [M + H]*. 'TH-NMR: (400 MHz, CDCl3,
ppm): & 7,40-7,24 (m, 16H), 4,97 (d, J = 6,8 Hz, 1H), 4,68 (d, J = 12,0 Hz, 1H),
4,62-4,44 (m, 5H), 4,24-4,22 (m, 1H), 4,10-4,04 (m, 2H), 3,71 (dd, /=3,0 Hz, J =
10,2 Hz, 1H), 3,63-3,50 (m, 1H).

Bwoc 5. Téng hop 8-((25,3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)
metyl)tetrahydrofuran-2-yl)pyrazolo[1,5-a][1,3,5]triazin-4-amin

Thém trimetoxymetan (505 g, 4757 mmol) vao hdn hop khudy chira
xyanamit (50 g, 1189 mmol) va hdn hgp duge gia nhiét dén 105°C va khudy trong
5 phut. Phun axit formic (4,38 g, 95 mmol) vao ¢ nhiét d6 105°C trong 5 phut. Sau
khi khudy dung dich thu dugc & 105°C trong 5 gio, hdn hop phan tGng dugce lam
lanh Xuéng dén nhiét do trong phong. Loc chét rén va phﬁn loc dugc cd dac trong
ap suét giam. San pham dugc thu gom bang cach chung cit (0,1 mm Hg, 60°C dén
70°C) dé tao ra (E)-metyl N-xyanoformimidat (50 g, 0,595 mol).

Thém dung dich chtra 4-((3S,4R,5R)-3,4-bis(benzyloxy)-5-
((benzyloxy)metyl)tetrahydrofuran-2-yl)-1H-pyrazol-5-amin (21 g, 43,2 mmol)
trong toluen (30 mL) & nhiét do trong phong vao dung dich khudy chira (E)-metyl
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N-xyanoformimidat (21,82 g, 259 mmol) trong toluen (150 mL) trong khi quyén
agon. Gia nhiét hdn hop thu dugc dén 90°C va khudy trong 20 gid. Dung dich thu
dugc duoc cd dac trong ap suét giam. Phan cin dugc tinh ché béng séc ky cdt
nhanh silica gel stt dung EtOAc/ete diu mo6 (30% dén 50% EtOAc trong ete dau
mo) tao ra 8-((2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)
tetrahydrofuran-2-yl)pyrazolo[ 1,5-a][1,3,5]triazin-4-amin. LC-MS: (ES, m/z):
538,24 [M + H]*. 'TH-NMR: (300 MHz, CDCl3, ppm): & 8,05 (s, 1H), 7,99 (s, 1H),
7,31-7,23 (m, 15H), 6,67 (br s, 2H), 5,33 (d, J = 5,4 Hz, 1H), 4,67-4,50 (m, 6H),
4,35-4,29 (m, 2H), 4,15-4,11 (m, 1H), 3,72 (dd, J= 3,9 Hz, J= 10,5 Hz, 1H), 3,62
(dd, J=4,2 Hz, J=10,8 Hz, 1H).

Buéce 6: Téng hop (2S5,3R,4S,5R)-2-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-
yl)-5-(hydroxymetyl)tetrahydrofuran-3,4-diol

Thém paladi hydroxit 20% trén cacbon vao hdén hop khudy chaa 8-
((2S,3S,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)tetrahydrofuran-2-
yl)pyrazolo[1,5-a][1,3,5]triazin-4-amin (10 g, 18,60 mmol) trong AcOH (250 mL).
Hén hop duge nap hydro (1,5-2 atm) va khudy & nhiét do 25°C trong 14 gio. Chét
ran duoc loc. Phan loc duge ¢ dic trong 4p sut giam. Phan cin dugc nghién v6i
DCM (150 mL) dé tao ra két tia mau tring. Thu gom két tia bang cach loc, ria
bang DCM va lam kho trong chén khong qua dém dé tao ra (2S,3R,4S,5R)-2-(4-
aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-5-(hydroxymetyl)tetrahydrofuran-3,4-
diol. LC-MS: (ES, m/z): 268,10 [M + H]*. 'H-NMR: (300 MHz, ds-DMSO, ppm):
5 8,76 (br s, 1H), 8,41 (br s, 1H), 8,19 (s, 1H), 8,06 (s, 1H), 4,96-4,91 (m, 2H),
4,86-4,81 (m, 2H), 4,20 (q, J = 6,0 Hz, 1H), 3,98 (q, J=4,5 Hz, 1H), 3,78 (q, J =
3,9 Hz, 1H), 3,61-3,55 (m, 1H), 3,49-3,43 (m, 1H).

Budée 7: Tong hop (6aR,8S,9S,9aS)-8-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-
yl1)-2,2,4,4-tetraisopropyltetrahydro-6 H-furo[3,2-f][1,3,5,2,4] trioxadisiloxin-9-

ol

Phun 1,3-diclo-1,1,3,3-tetraisopropyldisiloxan (2,86 g, 9,06 mmol) & nhiét
dd 0°C trong 4 phat vao dung dich khudy chira (2S,3R,4S,5R)-2-(4-
aminopyrazolo[1,5-a][1,3,5]  triazin-8-yl)-5-(hydroxymetyl)tetrahydrofuran-3,4-
diol (2,2 g, 8,23 mmol) va 1H-imidazol (1,681 g, 24,70 mmol) trong DMF khd
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(100 mL) trong khi quyén agon. Lam 4m hdn hop thu duge dén 25°C va khudy
trong 3 gio. Phan cin dugc pha lodng bang H>O (50 mL) va chiét bang EtOAc (3 x
50 mL). Rira 16p hitu co két hop bing nude mudi (2 x 50 mL), lam khé béng
NazSOq4 khan, loc va ph?m loc dugc co ddc trong ap suét giam. Phén cin dugc tinh
ché bang sic ky cot nhanh silica gel st dung EtOAc/ete dau mo (30%-50% EtOAc
trong ete diu mo) dé tao ra (6aR,85,95,9aS)-8-(4-aminopyrazolo[1,5-
a][1,3,5]triazin-8-y1)-2,2,4,4-tetraisopropyltetrahydro-6 H-furo[ 3,2~
f][1,3,5,2,4]trioxadisiloxin-9-ol. LC-MS: (ES, m/z): 510,25 [M + H]*. 'H-NMR:
(300 MHz, ds-DMSO, ppm): 8 8,72 (br s, 1H), 8,42 (br s, 1H), 8,08 (s, 1H), 8,02
(s, 1H), 5,08 (d, J=4,8 Hz, 1H), 4,91 (d, /= 1,8 Hz, 1H), 4,41 (dd, J=5,4 Hz, J =
8,1 Hz, 1H), 4,30-4,28 (m, 1H), 3,99-3,86 (m, 3H), 1,04-1,00 (m, 28H).

Bwée 8: Téng hop 8-((6aR,8R,9aS)-2,2,4,4-tetraisopropyltetrahydro-6H-
furo[3,2-f][1,3,5,2,4]trioxadisiloxin-8-yl)pyrazolo[1,5-a][1,3,5]triazin-4-amin

Thém 1,1'-thiocarbonyldiimidazol (1,704 g, 9,56 mmol) & nhiét do trong
phong vao dung dich khudy chira (6aR,8S5,95,9aS)-8-(4-aminopyrazolo[1,5-
a][1,3,5]triazin-8-yl)-2,2,4,4-tetraisopropyltetrahydro-6 H-furo[3,2-
f][1,3,5,2,4]trioxadisiloxin-9-o0l (3,90 g, 7,65 mmol) trong DCE kho (120 mL)
trong khi quyén agon. Gia nhiét hdn hop thu duoc dén 85°C va khudy trong 1,5
gid. TLC thé hién nucleosit ban dAu da phan tng hét. Dung dich thu dugce dugce cd
dac trong 4p suit giam dé tao ra chét trung gian imidazolyl tho dugc hoa tan lai
ngay trong toluen d& khtr khi (120 mL) trong khi quyén agon. Thém AIBN (1,88 g,
11,48 mmol) sau d6 phun tributylstanan (4,45 g, 15,30 mmol) & nhiét do 25°C
trong 2 phtt. Gia nhiét hdn hop thu dugc dén 80°C va khudy trong 3 gid. Dung
dich thu dugc dugc co déc trong ap suit giam. Phin cin tho duge tinh ché bing
sdc ky cot nhanh silica gel st dung EtOAc/ete dau mo (30%-50% EtOAc trong ete
ddu moé) tao ra 8-((6aR,8R,9aS)-2,2,4,4-tetraisopropyltetrahydro-6H-furo[3,2-
f][1,3,5,2,4] trioxadisiloxin-8-yl)pyrazolo[1,5-a][1,3,5]triazin-4-amin. ~LC-MS:
(ES, m/z): 494,25 [M + H]". TH-NMR: (300 MHz, CDCls, ppm): § 8,18 (s, 1H),
8,06 (s, 1H), 6,61 (br s, 2H), 5,40 (t, J= 7,5 Hz, 1H), 4,70-4,65 (m, 1H), 4,10 (dd,
J=3,0 Hz, J= 10,8 Hz, 1H), 3,95-3,81 (m, 2H), 2,52-2,38 (m, 2H), 1,08-1,05 (m,
28H).
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Buéc 9: Téng hop (2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol

Phun dung dich HF-Pyridin (1,5 mL, 11,65 mmol) & nhiét d¢ 0°C trong 5
phut vao dung dich khudy chia 8-((6aR,8R,9aS)-2,2,4,4-tetraisopropyl tetrahydro-
6H-furo[3,2-f][1,3,5,2,4]trioxadisiloxin-8-yl)pyrazolo[1,5-a][1,3,5]triazin-4-amin
(1,5 g, 3,04 mmol) trong THF khan (35 mL) trong khi quyén agon. Hon hop dugc
lam 4m dén 25°C va khudy trong 4 gid. Hon hop thu duge dugce trung hoa bing
cach bd sung NaHCO; ran va sau d6 pha lodng bing MeOH (30 mL). Chét ran
khong hoa tan dugc loc. Phén loc dugc cd dic trong 4p suit giam va sau d6 nghién
v6i EtOAc (20 mL). Két tiia mau tring duoc tao thanh va dugc thu gom bang cach
loc sau d6 lam kho trong chidn khong qua dém dé tao ra (2R,3S,5R)-5-(4-
aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-2-(hydroxymetyl)tetrahydrofuran-3-ol.
LC-MS: (ES, m/z): 252,10 [M + H]". 'H-NMR: (300 MHz, ds-DMSO, ppm): 3
8,71 (br s, 1H), 8,39 (br s, 1H), 8,19 (s, 1H), 8,05 (s, 1H), 5,25 (q, J= 5,4 Hz, 1H),
5,03 (d, J=3,9 Hz, 1H), 4,87 (t, J= 6,0 Hz, 1H), 4,26-4,24 (m, 1H), 3,76-3,74 (m,
1H), 3,52-3,40 (m, 2H), 2,32-2,22 (m, 1H), 2,04-1,98 (m, 1H)

Buée 10: Téng hop 8-((2R,4S,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-yl)pyrazolo[1,5-a][1,3,5]

triazin-4-amin

Thém TBS-CI1 (972 mg, 6,45 mmol) & nhiét d§ 0°C trong 1 phut vao dung
dich khudy ch@a (2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5] triazin-8-yl)-2-
(hydroxymetyl)tetrahydrofuran-3-ol (540 mg, 2,149 mmol) va 1H-imidazol (512
mg, 7,52 mmol) trong DMF (10 mL) trong khi quyén agon. Lam 4m hoén hop thu
dugc dén 25°C va khudy trong 2 gid. Dung dich thu dugc dugc pha lodng bing
H,0 (50 mL) va chiét bing EtOAc (3 x 50 mL). Rira 16p hitu co két hop bang
nuée mudi (2 x 50 mL), 1am kho bing NapSOs khan, loc va phén loc dugc cd dac
trong 4p sudt giam. Phan cin dugc tinh ché bang sic ky cot nhanh silica gel st
dung EtOAc/ete dau mé (20% EtOAc trong ete diu mo) dé tao ra 8-((2R,4S,5R)-4-
((tert-butyldimetylsilyl)oxy)-5-(((tert-butyldimetylsilyl)oxy)metyl)tetrahydrofuran-
2-yl)pyrazolo[1,5-a][1,3,5]triazin-4-amin. LC-MS: (ES, m/z): 480,27 [M + H]".
'H-NMR: (400 MHz, CDCls, ppm): 8 8,18 (s, 1H), 8,10 (s, 1H), 6,80 (br s, 2H),
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5,49 (q, J = 5,2 Hz, 1H), 4,51 (d, J = 5,2 Hz, 1H), 3,98 (t, J = 4,0 Hz, 1H), 3,74
(dd, J=3,8 Hz, J= 10,6 Hz, 1H), 3,63 (dd, J = 6,4 Hz, J= 10,8 Hz, 1H), 2,39-2,32
(m, 1H), 2,22-2,17 (m, 1H), 0,93-0,92 (m, 18H), 0,11-0,05 (m, 12H).

Buée 11: Téng hop ((2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-
3-((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol

Phun dung dich d3 lam lanh truéc chita TFA/H20 (8 mL, thé tich/thé tich,
1/1) & nhiét @6 0°C trong 5 phuit vao dung dich khudy chira 8-((2R,4S,5R)-4-((tert-
butyldimetylsilyl)oxy)-5-(((tert-butyldimetylsilyl)oxy)metyl)tetrahydrofuran-2-
yl)pyrazolo[1,5-a][1,3,5] triazin-4-amin (800 mg, 1,667 mmol) trong THF (16
mL). Khudy hdn hop thu duge & nhiét do 0°C trong 1,5 gid. Qua trinh phan tGng
duoc quan sat bang TLC. Dung dich thu dugc duge bay hoi ddng thoi véi toluen
(3 x 50 mL) & nhiét do dudi 25°C va phé“m can dugce hoa tan lai trong MeOH/DCM
V(20 mL, thé tich/thé tich, 1/2) va hdn hop dugc trung hoa béng NaHCO; rén. Loc
chét rin va phan loc dugc cb dic trong ap sut giam. San phim thd dugc tinh ché
bang séc ky cot nhanh silica gel st dung MeOH/DCM (2% dén 10% MeOH trong
DCM) dé tao ra ((2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol. LC-MS: (ES, m/z): 366,19 [M
+ H]". 'H-NMR: (300 MHz, ds-DMSO, ppm): & 8,70 (br s, 1H), 8,38 (br s, 1H),
8,19 (s, 1H), 8,05 (s, 1H), 5,24 (q, J = 5,4 Hz, 1H), 4,92 (t, J = 6,0 Hz, 1H), 4,42
(d, J= 4,8 Hz, 1H), 3,75 (dd, J=3,6 Hz, J= 4,8 Hz, 1H), 3,46-3,43 (m, 2H), 2,39-
2,30 (m, 1H), 2,00-1,94 (m, 1H), 0,90 (s, 9H), 0,11 (s, 6H).

Buwde 12: Tong hop (25,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt

Thém IBX (804 mg, 2,87 mmol) & nhiét d§ 25°C vao huyén phu dugc
khudy chua ((2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-yl)metanol (350 mg, 0,958 mmol) trong
ACN khan (40 mL) trong khi quyén agon. Gia nhiét hdn hop thu duge dén 80°C va
khudy trong 1 gid. Loc chét rén. Phan loc duoc cd dic trong 4p suét giam dé tao ra
(25,3S,5R)-5-(4-aminopyrazolo[ 1,5-a][1,3,5]triazin-8-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt, dugc st dung tryc tiép cho
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bude phan ung tiép theo ma khong can tinh ché thém. LC-MS: (ES, m/z): 364,17
[M + HJ".

Buwée 13: Téng hop ((35,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-3-
((tert-butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol

Phun dung dich formaldehyt chita nude 37% (5 mL), sau d6 phun dung dich
NaOH chtra nuéc (5 mL, 2N) & nhiét do trong phong trong 5 phit vao dung dich
khudy chua (25,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2-carbaldehyt (349 mg, 0,960 mmol) trong
1,4-dioxan (25 mL) trong binh day tron dung tich 100 mL. Khudy hén hop thu
dugc & nhiét do trong phong trong 5 gio. Khi lugng nucleosit ban dau d3 tidu thu
hét, hdn hop phan tmg dugc trung hoa bang AcOH (~ 0,5 mL). Hon hop dugc pha
lodng bang EtOAc (50 mL) va lan lugt rira bang H,0 (2 x 20 mL), NaHCO; chira
nudce (bdo hoa, 2 x 20 mL) va nudce mudi (20 mL). Lép hitu co duge lam kho bing
NazSOq4, loc va phén loc dugc ¢6 dac trong ap suét giam. Phan cin dugc hoa tan lai
trong EtOH khan (40 mL) va thém ting phan natri tetrahydroborat (72,6 mg, 1,920
mmol) vao ¢ nhiét d¢ 0°C trong khi quyén agon. Sau khi khudy & nhiét d6 25°C
trong 16 gir, hdn hop phan g dugc trung hoa bang AcOH (~ 0,2 mL) va cd dic
trong &p suit giam. Phan tach phan can gitta CHCl3 (30 mL) va HoO (15 mL). L6p
chira nudc duge chiét lai bang CHCl; (2 x 15 mL). Rira 16p hitu co két hop bang
nude mudi (20 mL), 1am khd bang Na,SOq, loc va phan loc dugc co dic trong &p
sudt giam. Phan c3n dugc tinh ché bang sic ky cot nhanh silica gel st dung
MeOH/DCM (3,5% MeOH trong DCM) d8 tao ra ((3S,5R)-5-(4-
aminopyrazolo[1,5-a][1,3,5|triazin-8-yl)-3-((tert-butyldimetylsilyl)
oxy)tetrahydrofuran-2,2-diyl)dimetanol. LC-MS: (ES, m/z): 396,20 [M + HJ". H-
NMR: (300 MHz, ds-DMSO, ppm): & 8,70 (br s, 1H), 8,38 (br s, 1H), 8,20 (s, 1H),
8,05 (s, 1H), 5,30 (dd, J= 5,1 Hz, J = 11,1 Hz, 1H), 4,84 (t, J= 6,0 Hz, 1H), 4,50
(d, J= 4,2 Hz, 1H), 4,22 (dd, J= 5,1 Hz, J= 6,3 Hz, 1H), 3,62-3,48 (m, 3H), 3,41-
3,31 (m, 1H), 2,57-2,50 (m, 1H), 1,95 (dd, J = 5,1 Hz, J = 12,6 Hz, 1H), 0,90 (s,
9H), 0,11 (s, 6H).
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Buéc 14: Toéng hop (2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-
3-((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-
carbaldehyt

Thém IBX (404 mg, 1,441 mmol) & nhiét do 25°C vao huyén phu dugc
khudy  ch@ta  ((3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-y1)-3-((tert-
butyldimetylsilyl)oxy)tetrahydrofuran-2,2-diyl)dimetanol (190 mg, 0,480 mmol)
trong ACN/DMSO (8 mL, thé tich/thé tich, 10/1) trong khi quyén agon. Khudy
hdn hop thu dugc & 30°C trong 7 gid. Loc chét rén. Phan loc duoc ¢ dic trong ap
sudt giam dé tao ra (2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-3-
((tert-butyldimetylsilyl)oxy)-2-(hydroxymetyl)tetrahydrofuran-2-carbaldehyt duoc
stt dung truc tiép cho budc phan mg tiép theo ma khong can tinh ché thém. LC-
MS: (ES, m/z): 394,18 [M + H]".

Budéc 15: Tong hop ((2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-
3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-yl)metanol

Thém K»CO; (199 mg, 1,441 mmol) sau d6 phun dung dich chtra dimetyl
(1-diazo-2-oxopropyl)phosphonat (185 mg, 0,961 mmol) trong MeOH (1,5 mL) &
nhiét do 0°C trong 3 phut vao dung dich khudy chta (2R,3S,5R)-5-(4-
aminopyrazolo[1,5-a][1,3,5] triazin-8-yl)-3-((tert-butyldimetylsilyl)oxy)-2-
(hydroxymetyl)tetrahydrofuran-2-carbaldehyt (189 mg, 0,480 mmol) trong MeOH
khd (6 mL) trong khi quyén agon. Hdn hgp phan tng dugc lam 4m dan dan dén
25°C va sau d6 khudy & 25°C trong 16 gio. Co dic hdn hop thu duge trong ap suét
giam. Phin cin duogc tinh ché bang sic ky cot nhanh silica gel st dung
MeOH/DCM (2% dén 10% MeOH trong DCM) dé tao ra ((2R,3S,5R)-5-(4-
aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-3-((tert-butyldimetylsilyl)oxy)-2-
etynyltetrahydrofuran-2-yl)metanol. LC-MS: (ES, m/z): 390,19 [M + HJ". H-
NMR: (300 MHz, CDCls, ppm): 8 8,17 (s, 1H), 7,98 (s, 1H), 6,43 (br s, 2H), 5,54
(dd, J= 5,7 Hz, J= 10,5 Hz, 1H), 4,61 (d, J = 4,2 Hz, 1H), 3,97 (d, /= 12,3 Hz,
1H), 3,76 (d, J= 12,0 Hz, 1H), 2,70-2,61 (m, 1H), 2,54 (s, 1H), 2,20-2,14 (m, 1H),
0,95 (s, 9H), 0,12 (d, J= 6,0 Hz, 6H).

Buéce 16: (2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol (23)
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Phun dung dich TBAF THF (0,462 mL, 0,462 mmol, 1,0M) & nhiét d6 0°C
trong 2 phat vao dung dich khudy cha ((2R,3S,5R)-5-(4-aminopyrazolo[1,5-
a][1,3,5] triazin-8-yl)-3-((tert-butyldimetylsilyl)oxy)-2-etynyltetrahydrofuran-2-
yl)metanol (120 mg, 0,308 mmol) trong THF (5 mL) trong khi quyén agon. Hon
hop duoc khudy & 20°C trong 26 gio. Hon hgp thu dugc duge cd dic trong ap suit
giam. Phan cin dugc tinh ché bing sic ky coOt nhanh silica gel st dung
MeOH/DCM (5% dén 10% MeOH trong DCM) dé tao ra san phim thd. San pham
thd (90 mg) duge tinh ché tiép bang HPLC diéu ché véi cac diéu kién sau (1#-Pre-
HPLC-011(Waters)): Cot, X-bridge C18 19 x 150 mm; pha dong, nuéc voéi
NH:HCO;3 (10 mmol/L) va ACN (4% ACN lén dén 9% trong 6 phut, gitt & mirc
95% trong 2 phut, giam xudng 5% trong 2 phat); May do, UV 254 & 220 nm.
Phén doan chta san phdm dwoc thu gom va lam khd lanh qua dém dé tao ra
(2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol. LC-MS: (ES, m/z): 276,10 [M + HJ". -
NMR: (400 MHz, ds-DMSO, ppm): 8,71 (br s, 1H), 8,43 (br s, 1H), 8,20 (s, 1H),
8,05 (s, 1H), 5,36 (t, J= 7,6 Hz, 1H), 5,26-5,22 (m, 2H), 4,34 (dd, /=4,8 Hz, J =
11,2 Hz, 1H), 3,58 (dd, J=5,2 Hz, J= 11,6 Hz, 1H), 3,49 (dd, J=7,6 Hz, J=11,6
Hz, 1H), 3,37 (s, 1H), 2,44-2,37 (m, 1H), 2,16-2,12 (m, 1H).

Thi nghiém RT Polymeraza

Protein RT kiéu dai c6 chiéu dai ddy du va 2 protein RT bi dot bién duge
biéu hién trong céc té bao Escherichia coli BL21(DE3) va duoc tinh ché. Tom lai,
chét nén axit nucleic di dime dugc st dung trong cac phan ung RT polymeraza cia
HIV-1 dugc tao ra bing cach ghép doan mdi ADN dugce biotinyl héa vao khudn
miu nucleotit ARN 500. Enzym RT cta HIV-1 (ndng do cubi 50 pM) duoc két
hop véi chat tic ché hoic DMSO (10% DMSO trong hdn hop phéan Gmg cubi cing)
trong dém thit nghiém (62,5 mM Tris-HCI, do pH 7,8, 1,25 mM dithiothreitol, 7,5
mM MgClp, 100 mM KCl, 0,03% CHAPS, 0,125 mM EGTA). Hén hop nay duge
1 trudc trong 30 phit & nhiét do trong phong trong cac dia vi do chuén. Phan tng
polyme hoéa dugc khoi mao bang cach bd sung khudn mAu/chit nén mdi (ndng o
cudi: 16,6 nM) va dNTP (ndng @ cudi: 2 uM dCTP, dGTP, dATP, va 66,6 nM
Ru-dUTP). Sau 90 phut u & nhiét d¢ 37°C, dung phéan Ung bing cach bd sung

-134-



37013

EDTA (25 mM). U hdn hop thu dugc trong 5 phut nita & nhiét do trong phong sau
d6 chuyén dung dich (50 pL) vado dia avidin dd phong bé ctia Meso Scale
Discovery (MSD). U hén hop & nhiét do trong phong trong 60 phut trude khi dinh
lugng san phim phan tmg bing thiét bi chup hinh ECL 6000. S lidu thu dugc

dwoc thé hién & Bang 2.
Bang 2
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Thi nghiém Viking/CTG
Thi nghiém Viking:

Péanh gia hiéu luc khing virut trong thir nghiém lay nhiém HIV-1 da vong.

Su sao chép HIV-1 dugc theo ddi bang cach st dung hé vo tinh MT4-gag-GFP D3
(duéi day duoc goi 1a MT4-GFP), 14 cac té bao MT-4 dugc bién doi dé chira gen

thong bao GFP, sy biéu hién ctia gen nay phu thudc vao céc protein biéu hién HIV-
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1 tat va rev. Sy ldy nhiém phét sinh cta té bao MT4-GFP c6 HIV-1 din dén su
bidu hién GFP trong khoang 24 gio sau khi 1y nhiém.

Té bao MT4-GFP duoc gitt & 37°C/5% CO2/90% 6 dm tuong dbi trong
RPMI 1640 b sung 10% huyét thanh thai bo, 100 U/mL penixilin/streptomyxin,
va 400ug/mL G418 dé giir gen thong bao. Pé gay nhiém, t& bao MT4-GFP dugc
dit vao cing moi trudng thiéu G418 va dé gay nhiém qua dém véi virut HOIIIB &
khoang lidu gay nhiém 0,01 trong cung diéu kién 0. Sau d6 té bao nay duoc rira va
dugc tao huyén phi lai trong RPMI 1640 chira 10% hodc 50% huyét thanh nguoi
binh thuong & 1,6 x 10° t& bao/mL (diéu kién 10% hodc 50% NHS) hodc trong
100% huyét thanh ngudi binh thudng & 2 x 10° t& bao/mL (diéu kién 100% NHS).
Chuén bi céc dia chira hop chit bang cach phan tan hop chét tan trong DMSO vao
cac 18 cua dia 384 15 phu poly D lysin (0,2ul/13) stt dung dung cu dinh lugng bang
am thanh ECHO. M&i hop chit duoc thir nghiém trong day pha lodng lan luot 3
1An 10 diém (ndng d6 cudi cing thong thuong: 8,4 uM — 0,43 nM). Dbi chimg
khong bao gdm chét e ché (chi c6 DMSO) va su két hop ba chat khang virut
(efavirenz, indinavir, va chét Gc ché sy chuyén soi integraza & ndng d6 cudi 4uM
cho m3i hop chat). Té bao dugc thém (50uL/18) vao dia chira hop chét va té bao da
nhiém dugc duy tri & 37°C/5% C02/90% do 4m tuong dbi.

Té bao d3 nhiém duoc dinh luong & hai thoi diém, ~48 gio va ~ 72 gid sau
khi lay nhifm, bang cich dém s6 t& bao xanh luc trong mdi 16 st dung méy quét
Acumen eX3. S6 luong té bao xanh luc ting 1én trong thoi gian ~24 gid tao ra hé
s6 1y nhidm, Ro, thuong bing 5-15 va trong thuc nghiém hé sé nay duoc biét 12 &
pha logarit (s6 liéu khong dugc thé hién). Mirc d6 e ché Ry duoc tinh toén cho

mdi 13, va cac ICso xac dinh tr sy hiéu chinh dudng cong phi tuyén 4 thong s6.
Thi nghiém CTG:

Panh gid dd gly doc té bao trong thit nghiém danh gid kha ning sdng sét cua té
bao phat quang CellTiter-Glo (CTG).

Gieo mim té bao MT4-GFP trong RPMI 1640 bd sung 10% huyét thanh
thai bod, 100 U/mL penixilin/streptomyxin qua dém ¢ nhiét do 37°C/5% CO2/90%

d6 4m tuong dbi. Sau d6 té bao nay duoc rira va dugc tao huyén phu lai trong
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RPMI 1640 chira 10% huyét thanh ngudi binh thwong & mat do 0,8 x 10° té
bao/mL. Céc dia chira hop chit dugc chudn bi bing cach phan tan hop chit tan
trong DMSO vao cic 15 cua dia rin mau den c6 384 16 (Corning 3571) st dung
dung cu dinh lugng bang 4m thanh ECHO (0,2ul/18). Mbi 16 duge thtt nghiém
trong day pha lodng 1an luot 3 14n 10 diém (ndng dd cudi: 8,4 pM — 0,43 nM). Déi
chimg bao gdm DMSO. Té bao dugc thém (50uL/15) vao dia chira hop chét va
dugc duy tri & 37°C/5% CO2/90% b 4m tuong dbi. Thudc thir CTG (Promega,
G7573) duoc thém vao dia té bao sau 48 gid G theo hudng dan cta nha san xuét.
Tin hiéu phat quang dugc ghi lai trén may doc dia EnVision (PerkinElmer). LDso
duoc x4c dinh tir sy hiéu chinh dudng cong phi tuyén 4 thong sb. S6 lidu thu duoc
duoc thé hién ¢ Bang 3 v6i dbi chimg 12 chét @e ché transcriptaza ngugc ctia HIV

nucleosit AZT c6 ban ngoai thj truong (azidothymidin, zidovudin).

Bang 3

. Viking, I1Cso
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Do 6n dinh ciia hoat tinh khang virut

Su sao chép HIV-1 dugc quan sat bang cach st dung hé vo tinh MT4-gag-
GFP D3 (duéi day ky hiéu la MT4-GFP), 1 cac té bao MT-4 bién dbi dé chira gen
thong bao GFP, su biéu hién ctia n6 phu thudc vao céc protein biéu hién HIV-1 tat
vi rev. Su lay nhiém phét sinh cia té bao MT4-GFP v6i HIV-1 dén dén sy biéu
hién GFP & khoang 24 gid sau khi nhiém. Té bao MT4-GFP duoc duy tri &
37°C/5% C02/90% dd Am twong dbi trong RPMI 1640 bd sung 10% huyét thanh
thai bo, 100 U/mL penixilin/streptomyxin, va 400ug/mL G418 dé duy tri gen
théng bdo. D6i vi thit nghiém d6 bén & thoi diém 72 giv (dia 72 giv) va thi
nghiém dbi chimg & thoi diém 24 gid (dia 24 gio), cac té bao MT4-GFP duoc rira
va dugc tao huyén phu lai trong RPMI 1640 chira 10% huyét thanh ngudi binh
thudng & 1,6 x 105 hodic 2,4 x 10° té bao/mL (10% NHS). Dia chira hop chat duoc
diéu ché bang cach phan téan hop chét tan trong DMSO vao cic 13 clia dia nudi chy
t& bao 384 15 (0,205 ul/18) st dung dung cu dinh lugng bang 4m thanh ECHO. Mbi
hop chit dugc thir nghiém trong ddy pha lodng 1an lugt 3 1an 10 diém (ndng do
cubi thong thuong: 4,2 uM — 0,21 nM). Déi ching khong chira chét trc ché (chi co
DMSO) va su két hop ba chit khang virut (efavirenz, indinavir, va chét Gc ché sy
chuyén soi integraza & ndng dd cubi 4uM cho mdi hop chét). Té bao dugc thém
(50uL/13) vao dia chira hop chat va dugc G & 37°C/5% C02/90% d 4m twong doi
trong 24 gid. Té bao duoc rira bing 5 x 40 uL RPMI 1640 bd sung 10% NHS va
100 U/mL penixilin/streptomyxin. Pia 72 gi¢ dugc quay trd lai 10 G 37°C dé
thém 48 gid nita. 40 uL té bao mdi 16 cia dia 24 giv hodc dia 72 gid (sau 48 gio U
sau khi rira) dugc chuyén vao dia phu poly-D-lysin. Sau do, té bao bi nhiém virut

H9IIIB & khoang liéu gdy nhiém 0,1 trong cing diéu kién 1.
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Té bao di nhidm duoc dinh lugng & ~24 gid sau khi nhidm, bing cach dém
s6 t& bao xanh luc trong mdi 16 sir dung may quét Acumen eX3. Gia tri IC50 a6i
v6i céc hop chét trong Bang 4 duge xac dinh tir sy hiéu chinh dudng cong phi
tuyén 4 thong so.

Thir nghiém do 6n dinh ciia hoat tinh khang virut nghia 1a danh gia do 6n
dinh cua hoat tinh khang virut khi loai b nucleosit. S6 litu & Bang 4 minh hoa o
6n dinh cta hoat tinh khang virut cua hop chét theo sang ché so véi nucleosit AZT
ban ngoai thi truong. Tai liu cong bd AIDS Research and Therapy, 2009, 6:5, néu
bat gia tri do 4n dinh cta hoat tinh khang virut.
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| NH
Z |\)N
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10 170 1800 10,5
11 12,4 1950 157
12 880 25000 28
22 38 350 9,2
Ho
NN SN
23 HO o F N” 64 700 10,9
Z"\
HO

Chu ky ban hiiy adenosin deaminaza (ADA)

S6 liéu ¢ Bang 5 duogc tao ra bang cach cho hop chét nén phan ung véi
ADA typ 1 cua ngudi v6i sy ¢6 mit cia dém Tris-HCI (46 pH 7,5) & nhiét do 40°C
va quan sat muc d6 tiéu thu nguyén liéu ban d4u bang LCMS. Thoi gian can dé
chuyén héa 50% thanh san pham inosin twong Gng dugce luu y & dang Tie trén
Bang 5. Da biét rang qué trinh khir amin bang adenosin deaminaza lam giam kha

nang diéu tri cta chat trc ché nucleosit giong adenosin dac bigt Ia in vivo (xem tai
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lieu tham khao duéi day). Cac hop chit néu & Bang 5 duge thé hién ¢6 cac mirc 4o
dn dinh khac nhau d8i véi adenosin deaminaza khi so sanh v6i EDA ((2R,3S,5R)-
5-(6-amino-9H-purin-9-yl)-2-etynyl-2-(hydroxymetyl)tetrahydrofuran-3-ol) va
deoxyadenosin ty nhién. C6 kha nang cac hgp chét khang ADA t6t hon s& c6 dic

trung dugc dong hoc tdt hon.

Tai liéu tham khao: Journal of Medicinal Chemistry 1996, 39, 19, 3847; Chemical
Pharmaceutical Bulletin. 1994, 42, 8, 1688-1690; Antimicrobial Agents and
Chemotherapy (2013), 57(12), 6254-6264; Collection of Czechoslovak Chemical
Communications (2006), 71(6), 769-787 Microbiologica (1995), 18(4), 359-70; J
Antivir Antiretrovir S10.doi:10.4172/jaa.S10-002.

Chuyén héa hgp chét 2 thanh san phidm Inosin 2A

7-((2R, 4S, SR)-5-etynyl-4-hydroxy-5-(hydroxymetyl)tetrahydrofuran-2-yl)-5-
flo-3H-pyrolo[2,3-d]pyrimidin-4(7H)-on (2A)

NH,

R R
a =N MNH
@ Vi

o 2 76

Phun dém Tris-HCI (pH 7,5, 5 mL) vao binh ddy tron dung tich 25-mL. Hén
hop duoc gia nhiét dén hdi luu trong 30 phit. Sau d6, 1am ngudi hdn hop dén 30°C
va thém (2R, 3S, 5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-
2-(hydroxymetyl)tetrahydrofuran-3-ol (hop chét vi du 2, 7 mg, 0,024 mmol), sau
d6 bd sung adenosin deaminaza (3 mg, ~ 33 don vi). Khudy hén hop thu dugc &
40°C va khudy trong 4 ngay. C6 dic hdn hop phéan Ung trong chan khong va phan
can duogc tinh ché béng HPLC diu ché voi cac diéu kién sau: Cot: X-Bridge C18,
19%150 mm, 5 um; pha dong, nude véi 10 mmol amoni bicarbonat va axetonitril
(6% axetonitril 1én dén 30% trong 5 phit, gitt & muc 95% trong 2 phut, giam
xubng 40% trong 2 phiit); May do, uv 254&220nm. Phin doan chira san phim
dugc thu gom va lam khd lanh dé tao ra hop chét 2A néu & d& muc 12 chét ran. 'H-
NMR: (400 MHz, ds-DMSO, ppm): § 11,58 (brs, 1H), 7,86 (s, 1H), 7,22 (d, J= 1,6
Hz, 1H), 6,44 (t, J = 5,8 Hz, 1H), 5,47 (d, J = 4,8 Hz, 1H), 5,26-5,22 (m, 1H),
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4,39-4,35 (m, 1H), 3,55-3,45 (m, 2H), 3,42 (s, 1H), 2,41-2,24 (m, 2H), F-NMR:
(376 MHz, ds-DMSO, ppm): & -165,50 (s, 1F). LC-MS: (ES, m/z): 294,15 [M +
HJ*.

Cac quy trinh chung dugc mo ta & trén d8 sy chuyén hoa hop chét 2 thanh 2A dugc
ap dung cho mdi trong s céc hop chit nén & Bang 5, va dan dén viéc tao ra san
phim inosin ddi véi Deoxy-adenosin va EDA, cling nhu c4c san phim inosin 1A,
2A, 11A, 22A, va 23A. St dung cac quy trinh da mo ta, sy chuyén hoa 14n lugt cac
hop chét 4, 8 va 9 thanh 4A, 8A va 9A khéng dugc phat hién (NA = chit nén

khong nhay véi adenosin deaminaza).

Hop chit 1A: 7-((2R,4S,5R)-5-etynyl-4-hydroxy-5-(hydroxymetyl)
tetrahydrofuran-2-yl)-3H-pyrolo[2,3-d] pyrimidin-4(7H)-on: TH-NMR: (400
MHz, CD;0D, ppm): & 8,31 (s, 1H), 7,37 (d, J= 3,6 Hz, 1H), 6,68 (d, J= 3,6 Hz,
1H), 6,62 (t, J = 6,4 Hz, 1H), 4,69 (t, J= 7,0 Hz, 1H), 3,80 (dd, J= 12,0 Hz, J =
30,0 Hz, 2H), 3,09 (s, 1H), 2,67-2,54 (m, 2H). LC-MS: (ES, m/z): 276,00 [M +
HJ".

Hop chit 11A: 7-((2R,4S,5R)-5-etynyl-4-hydroxy-5-(hydroxymetyl)
tetrahydrofuran-2-yl)pyrolo[2,1-f][1,2,4]triazin-4(3H)-on:  'H-NMR: (400
MHz, ds-DMSO, ppm): & 10,25 (brs, 1H), 7,86 (s, 1H), 6,83 (d, J = 4,5 Hz, 1H),
6,63 (d, J=4,2 Hz, 1H), 5,53 (t, J= 7,5 Hz, 1H), 5,31-5,25 (m, 1H), 5,09-5,05 (m,
1H), 4,31-4,27 (m, 1H), 3,55-3,45 (m, 2H), 3,33 (s, 1H), 2,35-2,18 (m, 2H). LC-
MS: (ES, m/z): 298,00 [M + Na]".

Hop chét 22A: 7-((2R,4S,5R)-5-etynyl-4-hydroxy-5-(hydroxymetyl)
tetrahydrofuran-2-yl)imidazo[2,1-f][1,2,4]triazin-4(3H)-on: TH-NMR: (400
MHz, ds-DMSO, ppm): 8 8,12 (s, 1H), 7,56 (s, 1H), 5,45 (t, J= 7,4 Hz, 1H), 5,35
(d, J=4,0 Hz, 1H), 5,06 (brs, 1H), 4,33 (brs, 1H), 3,56 -3,46 (m, 2H), 3,32 (s, 1H),
2,42-2,33 (m, 1H), 2,28-2,22 (m, 1H). LC-MS: (ES, m/z): 277,10 [M + H]".

Hop chit 23A: 8-((2R,4S,5R)-5-etynyl-4-hydroxy-5-(hydroxymetyl)
tetrahydrofuran-2-yl)pyrazolo[1,5-a][1,3,5]triazin-4(3H)-on: 'H-NMR: (400
MHz, ds-DMSO, ppm): & 8,08 (s, 1H), 7,98 (s, 1H), 5,30 (t, /= 7,4 Hz, 1H), 5,25
(d, J=5,2 Hz, 1H), 5,24-5,11 (m, 1H), 4,32 (q, J= 5,2 Hz, 1H), 3,53 (dd, J1 = 11,6
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Hz, J> = 32,0 Hz, 2H), 3,36 (s, 1H), 2,36-2,29 (m, 1H), 2,16-2,10 (m, 1H). LC-MS:
(ES, m/z): 274,80 [M - HJ-.

Bang 5
Céu triic (chit nén) San phfim Inosin T1in
NH, o)
Deoxy- { f $ jfj\
HO—\ o <N N/) HO™\ ¢ <N N/) <10 phut
adenosin
HO HO
NH, o)
N—"SN N NH
oy LS o ST ,
EDA _WN N _\(OJN N <60 phut
//\\ N //\\ N
HO HO
. . P Inosin N
Vi du so Cau tric (chat nén) < Séan pham Inosin Tin
SO
NH, o)
74 | =N (/\Af“\ NH
1 HO‘\(iVN N/) 1A HO_\<17N N/) 12 ngay
//\\ N //\\ N
HO HO
F NH, E O
74 | >N Q/IU\ NH
2 HO_@N N/) 2A HO@N N/) 16 gio
//\\ N //\\ N
HO HO
NH, o)
am (/t\(U\NH
4 HO*VJN N/)\Cl 4A HO—\@N N/)\Cl NA
//\\ N //\\ N
HO HO
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0
7 | NH
8 8A How)\wz NA
//\:‘
HO
0
(/\AH\NH
9 9A HO—\@N N/)\F NA
//\\5
HO
11 11A 3 gid
NH, 0
=y oy
22 HO—\ o) N~N/) 22A HO—\ o) N~N/) 10 phat
Z Z
HO HO'
NH, 0
,N\N*N /N‘N/U\NH
23 HO o —= N/ 23A HO o = N/) 10 phut
2 A
HO HO

Trong khi ban md ta néu trén cho thy nguyén ly cla sang che, v6i phén vi

du nhim muc dich minh hoa, thi thuc t€ sang ché bao gom tat ca cac bien ddi, di€u

chinh va/hoic cai bién thong thuong nim trong pham vi yéu ciu bao ho duéi day.

Viéc md ta hop chét cu thé trong yéu ciu bao hd (nghia 13, dang) ma khong chi rd

cAu hinh 1ap thé cu thé, hodc c6 chi rd nhung khong phai tht ca cac tAm bat ddi,

nham muyc dich bao gdm raxemat, hon hgp raxemic, moi chat dong phan ddi anh

riéng 1&, hdn hop chét ddng phan khong d6i quang va mdi chit ddng phan khong
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doi quang cua hgp chit ma c6 thé c6 cac dang dong phan nay do sy c6 mat cia
mot ho#c nhiéu tdm khong d6i xing. Tat ca tai liéu cong bo, bang sang ché va don

sang ché dugc trich din & day dé tham khao.
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YEU CAU BAO HQ
1. Hop chét c¢6 cong thirc I
X R
R'O
Y R3
RZO\\\\ ’////H I

R1a

X 1a O, S, CH?2 hodc CF2p;

Y 14 —C=C-R8 hojc -C=N;

R1 13 -1, -C(O)RS, -C(O)ORS, -C(O)N(R6)2,

O 0 0 @

I TR [T
HO—IT-— HO—T_O—T—é Ho—F|>—o—FI=—o—F|>—§

OH ’ OH OH  phogc OH OH OH

hodc dang cai bién tién dugc chit cia mono-, di- hodc triphosphat;
R2 13 -H, -C(O)R62, -C(O)OR62 hoic -C(O)N(R62);

R3 la -H;

-151-



37013

R4 13 -H, -C1-Cg alkyl, -C2-Cg¢ alkenyl, -C2-C¢ alkynyl, -C1-Cg haloalkyl, -
C3-C7 xycloalkyl, heteroaryl mot vong c¢6 5 hodc 6 canh, heteroaryl hai vong c6
9 hozc 10 canh, halo, -CN, -NO2, -N(R¥)2, -NH(C1-Cealkylen)-(heteroaryl mot
vong ¢6 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai vong ¢6 9 hodc 10
canh), aryl, -NHC(O)OR6b, -N(C(O)OR6b)), -NHC(O)N(ROb)2, hozc
-NHC(O)R6b, trong do mdi nhém trong s6 cac nhom -C1-Cg alkyl, nhém -Co-
C¢ alkenyl hodc nhom -C2-Cg alkynyl c6 thé tiy y duoc thé bang halo;

RS 1a -H, -C1-C¢ alkyl, -C2-Cg alkenyl, -C2-C¢ alkynyl, -C1-C¢ haloalkyl,
-C3-C7 xycloalkyl, heteroaryl mdt vong c6 5 hodc 6 canh, heteroaryl hai vong
¢6 9 hodc 10 canh, halo, -ORX, -CN, -NO2, -N(R¥)2, -NH(C]-Cgalkylen)-
(heteroaryl mot vong c6 5 hodc 6 canh), -NH(C1-C¢ alkylen)-(heteroaryl hai
vong ¢6 9 hoic 10 canh), aryl, -NHC(O)OR6D, -N(C(O)OR6D)), -
NHC(O)N(R6b), hodc -NHC(O)R6D, trong d6 mbi nhém trong sé cac nhom -
C1-Cg alkyl, nhém -C2-Cg alkenyl hodc nhém -C2-Cg alkynyl co thé tuy v

duoc thé bang halo;

mdi R6, R6a va R6b, mdi 1an xuét hién, doc 1ap duge chon tir -H, -C1-Cg alkyl,
-C1-Cg haloalkyl, -(C1-C3 alkylen)m-(C3-C7 xycloalkyl), -(C1-C3 alkylen)m-(
aryl), -(C1-C3 alkylen)m-(heteroxycloalkyl ¢6 4 dén 7 canh),
-(C1-C3 alkylen)mp-(heteroaryl mdt vong c6 5 hodc 6 canh) hodc
-(C1-C3 alkylen)m-(heteroaryl hai vong c6 9 hodc 10 canh), trong do mdi trong
s6 cac nhom -C1-Cg alkyl, nhém C3-C7 xycloalkyl, nhém aryl, nhom
heteroxycloalkyl c6 4 dén 7 canh, nhém -(heteroaryl mot vong c6 5 hodc 6 canh
hodc nhém heteroaryl hai vong cé 9 hodc 10 canh ¢6 thé ty v duoc thé bing
R7;

m 12 s6 nguyén duoc chon tir 0 (khong) hodc 1;

R7 thé hién tir mot dén ndm nhoém thé, mdi nhom thé doc 1ap dugce chon tir
-C1-Cgalkyl, C2-Cg alkenyl, C2-C¢ alkynyl, C1-Cg haloalkyl, aryl, hodc

heteroaryl c6 5-6 canh;
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R8 13 -H, -C1-Cg alkyl, -C1-Cg haloalkyl, -C3-C7 xycloalkyl, aryl, heteroaryl

mdt vong c6 5 hodc 6 canh hodc heteroaryl hai vong ¢6 9 hodc 10 canh;
RY 13 -H, halo, -C1-Cé alkyl, -C1-Cg haloalkyl, -CN, -ORY hogc -N(RY)2;

RX, mdi 1in xuét hién, doc lap duwoc chon tir -H, -C1-Cg alkyl, -C1-Cg

haloalkyl, aryl, hodc heteroaryl mgt vong c6 5 hodc 6 canh;

hoic mdi trong s& R4 hoic RS hoic ca hai 1a -N(R¥)2, m&i RX ¢6 thé tuy ¥ dugc
lién két cing vé6i nito ma chiing gén vao dé tao thanh heteroaryl mot vong c6 5

hodc 6 canh ho#c heteroaryl hai vong c¢6 9 hodc 10 canh; va
RY1a -H, -C1-Cg alkyl hoic -C1-Cg haloalkyl.

2. Hop chét theo diém 1 hodc mudi duoc dung ctia no, trong d6 R 1a:

3. Hop chét theo didm 1 hoic mudi dugc dung cda no, trong do: Rl 13 -H,

-C(O)R6, -C(O)ORS, -C(O)N(R6)2, hodc dang cai bién tién duge chat cla

0 0 0 0 o O

I I I I T
HO—T— HO—T—O—IT—% HO—IT—O—IT—O-IT—%

OH ’ OH OH posge OH OH OH

4. Hop chét theo diém 1 hodc mudi duge dung clia no, trong d6 R1 1a:

o} 0 0

\ I I I I |
HO—Fl’— HO—-F|’—O—FI>—§ Ho—T—o—T—o-rID—é

OH ’ OH OH hoae OH OH OH

5. Hop chit theo diém 1 hodc mudi duge dung clia no, trong do:

X1a 0O, S, CH2 hoac CF2;
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Y 12 -C=C-R8 hoic -C=N;

R11a-H,
0 0 0 o O
| I I i I |
Ho—T—g HO——FI’—O—F;-% Ho—llv—o—F;—o-F;—g
OH s OH OH hodc OH OH OH
R2 1a-H;
R31a-H;

R4 13 -H, -C1-Cg alkyl, -C2-Cg¢ alkenyl, -C2-C¢ alkynyl, -C1-Cg haloalkyl, -
C3-C7 xycloalkyl, heteroaryl mot vong c6 5 hodc 6 canh, heteroaryl hai vong c6
9 ho#c 10 canh, halo, -CN, -NO2, -N(RX)2, -NH(C1-Cgalkylen)-(heteroaryl mot
vong ¢6 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai vong c6 9 hodc 10
canh), aryl, -NHC(O)OR6b, -N(C(O)OR6b)y, -NHC(O)N(R6b), hodc
-NHC(O)R6D, trong ¢6 mdi nhém trong sb cac nhém -C1-Cg alkyl, nhém -C2-
C¢ alkenyl hodc nhém -C2-Cg alkynyl co thé tiy v duoc thé bang halo;

RS 13 -H, -C1-Cg alkyl, -C2-Cg alkenyl, -C2-Cg alkynyl, -C1-Cg haloalkyl,
-C3-C7 xycloalkyl, heteroaryl mdt vong c¢6 5 hodc 6 canh, heteroaryl hai vong
¢6 9 hodc 10 canh, halo, -ORX, -CN, -NO2, -N(R¥), -NH(C1-Cgalkylen)-
(heteroaryl mdt vong ¢6 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai
vong ¢6 9 hodc 10 canh) hodc aryl,

trong d6 mdi nhém trong s6 cac nhém -C1-Cg alkyl, nhém -C2-Cg alkenyl hodc
nhém -C2-Cg alkynyl c6 thé tily y dugc thé bang halo;

R8 13 -H, -C1-Cg alkyl, -C1-Cg haloalkyl, -C3-C7 xycloalkyl, aryl, heteroaryl

mot vong c6 5 hodc 6 canh hodc heteroaryl hai vong c6 9 hodc 10 canh;

R9 14 -H, halo,-C1-Cg alkyl, -C1-Cg haloalkyl, -CN, -ORY, hodc -N(RY)2;
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RX, mdi 1in xuét hién, doc l4p dwoc chon tir -H, -C1-Cg alkyl, -C1-Cg

haloalkyl, aryl, hodc heteroaryl m¢t vong c6 5 hodc 6 canh;

hosc mbi trong s& R4 hogc RS hoic ca hai 1a -N(R¥)2, m&i RX c6 thé tiy ¥ duoc
lién két cung v6i nito ma ching gén vao dé tao thanh heteroaryl mdt vong c6 5

hodc 6 canh hodc heteroaryl hai vong c¢6 9 hodc 10 canh; va
RY1a -H, -C1-C¢ alkyl hodc -C1-Cg haloalkyl.
6. Hop chét theo diém 1 hodc mudi duge dung ctia né, trong do:

R1 1a -H, -C(O)R6, -C(O)ORO, -C(O)N(R0)2,

n i1 91
HO—FI’—g HO_IT_O_T_E Ho—T—o—T—o-T—g
OH  ~ OH OH hoge OH OH OH

hodc dang cai bién tién dugc chét cia mono-, di- hodc triphosphat;
R2 13 -H, -C(O)R64a, -C(0)OR62 hoic -C(O)N(R63)2; va

R4 13 -H, -C1-Cg alkyl, -C2-Cg alkenyl, -C2-Cg alkynyl, -C1-Cg haloalkyl, -
C3-C7 xycloalkyl, heteroaryl mot vong c6 5 hodc 6 canh, heteroaryl hai vong c¢6
9 hodc 10 canh, halo, -CN, -NO2, -N(RX)2, -NH(C1-Cealkylen)-(heteroaryl mot
vong c6 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai vong ¢6 9 hodc 10
canh), aryl, -NHC(O)OR6b, -N(C(O)OR6b)y, -NHC(O)N(ROb)y, hodc
-NHC(O)R6D, trong d6 mdi nhém trong s6 cac nhom -C1-Cg alkyl, nhém -C2-
Cg alkenyl hodc nhom -C2-Cg alkynyl co thé tuy y dugc thé bing halo;

RS 13 -H, -C1-Cg alkyl, -C2-Cg alkenyl, -C2-C¢ alkynyl, -C1-Cg haloalkyl,
-C3-C7 xycloalkyl, heteroaryl mdt vong c6 5 hodc 6 canh, heteroaryl hai vong
¢6 9 hodc 10 canh, halo, -ORX, -CN, -NO2, -N(R¥)2, -NH(C1-Cealkylen)-
(heteroaryl mdt vong ¢6 5 hodc 6 canh), -NH(C1-Cg alkylen)-(heteroaryl hai
vong ¢6 9 hodc 10 canh), aryl, -NHC(O)OR6b, -N(C(O)OR6b)y,
-NHC(O)N(R6b)2, hozc -NHC(O)R6D, trong d6 mdi nhém trong s6 cac nhom
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-C1-Cg alkyl, nhom -C2-Cg alkenyl hodc nhom -C2-Cg alkynyl c6 thé tuy y

duoc thé bang halo;

v6i diéu kién 12 mot hogc nhidu trong s6 R1, R2, R4 hoic RS dugc chon nhu

sau.

R1 13 -C(O)R6, -C(0)ORS, -C(O)N(R6)2 hodc dang cai bién tién dugc chét clia

mono-, di- hodc triphosphat; va/hodc
R2 13 -C(O)R63, -C(0O)OR62 hoic -C(O)N(R62)2; va/hodc

R4 12 -NHC(O)OR6b, -N(C(O)OR6b), -NHC(O)N(R6b)2, hodc -NHC(O)ROD;

va/hoac

R5 13 -NHC(O)OR6b, -N(C(0)OR6b)2, -NHC(O)N(R6b)2, hodc -NHC(O)ROb.
7. Hop chét theo diém 1 hodc mudi duoc dung ctia no, trong d6 X 1a O.
8. Hop chét theo diém 1 hoic mubi duge dung ctia no, trong d6 Y 1a —C=C-R8.

9. Hop chét theo diém 1 hodic mudi dugc dung ciia né, trong d6 R4 1a -N(R¥)2,
NHC(O)OR6b, -N(C(0)OR6b),, -NHC(O)N(R6b), hosic -NHC(O)R6b.

10. Hop chét theo diém 1 hodc mudi dugc dung ciia né, trong d6 R4 13 -N(R¥)2.

11. Hop chét theo diém 1 hoic mudi duge dung clia nd, trong d6 RS 1a —H, halo,
.C1-C¢ alkyl, -ORX, -N(RX)2, -NHC(O)OR6b, -N(C(O)OR6b)y,
-NHC(O)N(R6b)7, hozc -NHC(O)R6b.

12. Hop chét theo diém 1 hoac mudi dugc dung ctia né, trong d6 R8 1a-H.

13. Hop chét theo diém 1 hodc mubi duoc dung cta no, trong do R9 13 —H, halo,
-C1-C3 alkyl, -C1-C3 haloalkyl, -CN, -ORY hogc -N(RY)2.

14. Hop chét theo diém 1 hodc mubi duge dung ctia nd, trong do R11a-H,
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O 0 @

I I Il I T
HO—lT— HO-—F"—O—FI’—E HO—P—O—IT—O—IT—S

OH ) OH OH hoge OH OH OH

15. Hop chét theo diém 1 hodc mubi dugc dung ctia no, trong do:
X 1a O;
Y 14 -C=C-R&;
R3 1a -H;

R4 13 -N(R¥)p, -NHC(O)OR6b, -N(C(O)OR6b), -NHC(O)N(R6b), hodc
-NHC(O)R6b;

R5 1a -H, halo, -C1-Cg alkyl, -ORX, -N(RX)2, -NHC(O)ORO6D,
N(C(0)OR6bY, -NHC(O)N(R6b), hoic -NHC(O)R6D;

R8 13-H; va
RY 13 —H, halo, -C1-C3 alkyl, -C1-C3 haloalkyl, -CN, -ORY hodc -N(RY)2.
16. Hop chét theo diém 15 hodc mudi duge dung clia né, trong d6 R4 1a -N(R¥)2.

17. Hop chét theo diém 16 hodc mudi duge dung ctia né, trong d6 R1 1a -H.

18. Hop chét theo diém 1 ¢6 cong thire cAu tao I1, IIT, TV hoidc V,
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N A N~ )\
R \\ )N\ rR—¢ N N
N. = =
X N R X N RS
R'O R'O
Y ~ ’ R3 Y ~ R3
2 \\\ ’,,/ 2 \\\ r,//
RO H IV, hoic RO H \'

hodc mudi duge dung clia né, trong do:
X1a O;
Y 14 —C=CH hoac -C=N;

R1 13 -H, -C(O)R6, -C(O)ORS, -C(O)N(R6)2,

0 o o 0 o O

| oo 1l i I
Ho—ml?m HOMP-hO—Fl‘—é HO——I?—O—T-—O—T—é

OH ’ OH  OH  hoic OH OH OH

hodc dang cai bién tién dugc chét ctia mono-, di- hodc triphosphat;
R2 [ H, -C(0)R6a, -C(O)OR06a hogc -C(O)N(R62)2;
R3 1a -H;
R4 13 -N(R¥)3, -NHC(O)OR6b hoic -NHC(O)N(ROb)2;
RS 1a —H, halo, -C1-Cg alkyl, -OR* hoic -N(R¥)2;

RO, R6a, va R6b mdi lan xuét hién doc ldp duwgc chon tir -H,

-C1-Cg alkyl, -C1-Cg haloalkyl, hodc heteroaryl m¢t vong c¢6 5 hodc 6 canh, trong
d6 mdi R6, R6a_ va R6b tuy v dugc thé bang R7;

R7 1a -C1-Cg alkyl, aryl hodc heteroaryl mdt vong c6 5-6 canh;

RY 132 —H, halo, -C1-C3 alkyl, -C1-C3 haloalkyl, -CN, -ORY, hodc -N(RY)2;

RX mdi 1an xuit hién doc 1ap dugc chon tir -H, -C1-Cg alkyl, -C1-Cg

haloalkyl, aryl, hodc heteroaryl m¢t vong c6 5 hodc 6 canh;
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hoic mdi trong s& R4 hogc RS hodc ca hai 1a -N(R¥)2, mdi RX c6 thé tuy y duogc
lién két ciing vé6i nito ma ching gén vao tao thanh heteroaryl mot vong c6 5 hodc 6

canh hodc heteroaryl hai vong c6 9 hodc 10 canh; va

RY1a -H, -C1-Cg alkyl hodc -C1-Cg haloalkyl.

19. Hop chét theo diém 18, hodc mudi duoc dung cia né, trong do:

R11a-H,
0 O 0 0 o O
| [ o
HO—IID——é HO—T—O—P—g HO—T—O—IT—O-F{—%
OH ’ OH OH hoge OH OH OH
R2 1a H;
R4 13 -NH7;
RS 1a-H, -Cl, -F ho#c -NHp; va
R9 13 -H, -F, -Cl, -1, -Br hodc -CH3.
20. Hop chét theo diém 18 c6 cong thirc chu tao II,
R9 R4
/71 N

| N/)\R5

X
R'O
Y . . Ra

20 “
R<O H 11,
hodac muodi dugc dung cua no.

21. Hop chét theo diém 20, hoic mudi dugc dung cia no, trong do:

Rllé—H,
0 0 0 0
I I I I |
HO—P—E Ho—lT—o—F'J—é HO—-IT—O—P—O— —é
Cl)H > OH OH hoic OH OH OH
R21aH;
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R4 12 -NH;

RS 1a—H, -CL, -F hodc -NH2; va

RY 13 -H, -F, -Cl, -1, -Br hoic -CH3.

22. Hop chét theo diém 1 1a:

1) (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol;

2) (2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol;

3) (2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-
2-(hydroxymetyl)tetrahydrofuran-3-ol;

4) (2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol;

5) (2R,3S,5R)-5-(4-amino-5-bromo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-
2-(hydroxymetyl)tetrahydrofuran-3-ol;

6) (2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol;

7) (2R,3S,5R)-5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol;

8) (2R,3S,5R)-5-(2,4-diamino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol;

9) (2R,3S,5R)-5-(4-amino-2-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol;

10) | (2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-3-hydroxy-2-
(hydroxymetyl)tetrahydrofuran-2-carbonitril;

11) | (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol;

12) | (2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3-hydroxy-2-
(hydroxymetyl)tetrahydrofuran-2-carbonitril,

13) | ((2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

14) | ((2R,3S,5R)-5-(4-amino-5-flo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-3-

hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;
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15) | ((2R,3S,5R)-5-(4-amino-5-metyl-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-
3-hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

16) | ((2R,3S,5R)-5-(4-amino-2-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

17) | ((2R,3S,5R)-5-(4-amino-5-clo-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

18) | ((2R,3S,5R)-5-(4-amino-7H-pyrolo[2,3-d]pyrimidin-7-yl)-2-xyano-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

19) | ((2R,3S,5R)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

20) | ((2R,3S,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

21) | ((2R,38,5R)-5-(4-aminoimidazo[2,1-f][1,2,4]triazin-7-yl)-2-etynyl-3-
hydroxytetrahydrofuran-2-yl)metyl tetrahydro triphosphat;

22) | (2R,3S,5R)-5-(4-aminoimidazo[2,1-f] [1,2,4]triazin-7-yl)-2-etynyl-2-
(hydroxymetyl)tetrahydrofuran-3-ol;

23) | (2R,38,5R)-5-(4-aminopyrazolo[1,5-a][1,3,5]triazin-8-yl)-2-etynyl-2-

(hydroxymetyl)tetrahydrofuran-3-ol;

hodc mudi duge dung cua no.

23. Dugc phém chtra lugng hitu hi¢u ctia hgp chét theo diém 1 hodc mudi duoc

dung clia n6, va chit mang dugc dung.

24. Duogc phém chtra lugng hitu hiéu cua hop chét theo diém 1 hoidc mubi duoc

dung ctia nod, va chét mang dugc dung va con chtra lugng hitu hi€u chét khéang HIV

dugc chon tir chit khang virut khéang HIV, chat diéu bién mién dich, hodc chét

chbng 1ay nhiém.

25. Dugc phim theo diém 24, trong d6 chét khang virut khang HIV 1a chét trc ché

proteaza ciia HIV, chét e ché transcriptaza nguoc cta HIV, chit e ché integraza

ctia HIV, chit tc ché dung hop ctua HIV, chét trc ché sy xdm nhdp cua HIV, hodc

chét trc ché qua trinh trudng thanh cia HIV.

26. Hop chit la:
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NH,
a \/’l“
HO—VJN N/
7.
HO

hodc hop chat 1a mudi dugce dung cta no.

27. Hop chét theo diém 26 12 mudi duge dung cta:

NH,
77 =N

//\\ N

HO

28. Hop chét theo diém 26 1a:

NH,
7 N

//\\ N

HO

29. Dugc phdm chira lwong hitu hiéu cua hop chit theo diém 26 va chat mang
dugc dung.

30. Dugc phdm chtra lugng hitu hiéu cta hop chit theo diém 26 va chit mang
dugc dung va con chita lwong hitu hiéu cua chét khang HIV dugc chon tir chét
khang virut khang HIV, chit didu bién mién dich, hodc chét chéng 1ay nhiém.

31. Dugc phdm theo diém 30, trong d6 chét khang virut khang HIV 1a chit e ché
proteaza cua HIV, chét &rc ché transcriptaza nguge cua HIV, chét trc ché integraza
ctia HIV, chét tc ché dung hop cua HIV, chat tc ché su xdm nhap cua HIV, hodc
chét Grc ché qua trinh truong thanh ctia HIV.

32. Hop chét la:
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E NH,

am

PR
//\5
HO

hodc hop chat 1a mudi dugce dung cua nd.

33. Hop chét theo diém 32 1a mudi duge dyng cua:

E NH,
amh
HO‘YOJN N/)

//\\ <&

HO

34. Hop chét theo diém 32 1a:

. NH,
ak

//\\ N

HO

35. Dugc phim chira lugng hitu hiéu cua hop chit theo diém 32 va chit mang
dugc dung.

36. Dugc phdm chtra luong hitu hidu cta hop chét theo diém 32 va chit mang
dugc dung va con chira lugng hitu hiéu cua chét khang HIV dugc chon tir chat
khang virut khang HIV, chit diéu bién mién dich, hodc chét chng 1ay nhiém.

37. Dugc phim theo diém 36, trong d6 chét khang virut khang HIV 1a chit tc ché
proteaza cua HIV, chét &rc ché transcriptaza nguge cia HIV, chit uc ché integraza
ctia HIV, chét tc ché dung hop cua HIV, chét e ché sy xam nhdp cua HIV, hogc
chét tc ché qua trinh trudng thanh ctia HIV.

38. Hop chit la:
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HO—\®'N NZ ¢l
/\

HO
hodc hop chit 1a mudi dugc dung cta no.
39. Hop chét theo diém 38 14 mudi duge dung cta:
NH,
/J N
N | N//kCI

HO‘YOJ
/\

/ N
HO

40. Hop chét theo diém 38 1a:

HO_\@,N N el
/\

/ N
HO

41. Dugc pham chira lugng hitu higu cta hop chét theo diém 38 va chat mang

dugc dung.

42. Dugc phadm chtra lugng hitu hidu cia hop chit theo diém 38 va chit mang

dugc dung va con chua lugng hitu hiéu cua chét khang HIV dugc chon tu chét

khéng virut khang HIV, chit diéu bién mién dich, hodic chit chéng 1ay nhiém.

43. Dugc phim theo diém 42, trong d6 chét khang virut khang HIV 1a chét Grc ché

proteaza cua HIV, chét e ché transcriptaza ngugc cua HIV, chét trc ché integraza

ctia HIV, chét tc ché dung hop ctia HIV, chét trc ché sy xAm nhép cua HIV, hodc

chét trc ché qué trinh truéng thanh ctia HIV.

44. Hop cht theo diém 1 1a:
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NH,

J |\N
//5
HO

hodc hop chat 1a mudi dugce dung cua no.

45. Hop chét theo diém 44 12 mudi dugc dung cta:

NH,
7 N

//\\ N

HO

46. Hop chat 1a:

NH,
7 N

//\\ N

HO

47. Dugc phim chira lwong hitu hiéu cua hop chit theo diém 44 va chit mang

dugc dung.

48. Dugc phdm chtra lugng hitu hiéu cia hop chit theo diém 44 va chit mang

duoc dung va con chtta lugng hitu hiéu ciua chét khang HIV duogc chon tur chét

khéang virut khang HIV, chat diéu bién mién dich, hodc chat chdng 1y nhiém.

49. Dugc pham theo diém 48, trong d6 chét khang virut khang HIV 1a chét wrc ché

proteaza ctia HIV, chét (e ché transcriptaza nguge ctia HIV, chét e ché integraza

ctia HIV, chét tc ché dung hgp cta HIV, chét e ché sy xam nhép cua HIV, hodc

chét e ché qua trinh trudong thanh cia HIV.
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