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(57) Sang ché dé xuat hop chat tetrahydrofuranyl-pyrolo[1,2-f][1,2,4]triazin-4-amin duoc

thé ¢ cong thirc (I) dé diéu tri bénh nhiém virut Pneumovirinae, ké ca nhiém virut hop bao

h6 hip, ciing nhu cac phwong phap va cac chét trung gian dé tong hop cac hop chat

tetrahydrofuranyl-pyrolo [1,2-f] [1,2,4]triazin-4-amin.

Sang ché con dé xuat dugc pham chtra hgp chat néu trén dé di€u tri bénh nhiém virut
Pneumovirinae hodc virut hgp bao ho hap & nguoi.
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Linh vwe k§ thuat dwoc dé cap

Séang ché dé cap dén cac hop chit tetrahydrofuranyl-pyrolo[1,2-f][1,2,4]triazin-4-
amin duoc thé, ciing nhu cac phuong phép va céc chit trung gian hiru ich dé diéu ché cac
hop chét nay, dugc phém dé diéu tri bénh nhidm virut Pneumovirinae, dic biét bao gém

ca bénh nhidm virut hop bao hd hip chira hop chét nay.
Tinh trang k§ thuit ciia sang ché

Virut Pneumovirinae 1 virut ARN soi don d6i m3 ma chiu trach nhiém vé nhiéu
bénh ly phd bién & ngudi va dong vat. Phan ho virut Pneumovirinae 1 mot phan ciia ho
Paramyxoviridae va bao gdm virut hop bao hé hip cta ngudi (human respiratory
syncytial virus - HRSV). Hau hét tit ca tré nho s& déu bi nhidm HRSV trudc khi tron hai
tudi. HRSV 14 nguyén nhan chinh v& nhim khuén dudng hd hip dudi & tré so sinh va tré
nhd, trong d6 0,5% dén 2% trong sb tré bi nhiém cin phai nhap vién. Ngudi gia va ngudi
16n mic bénh tim, phdi man tinh hodc nhiing ngudi ma bi e ché mién dich ciing chiu
nguy co cao trong viéc phat trién bénh nghiém trong do HRSV
(http://www.cde.gov/rsv/index.html). Hién chua c6 vacxin dé phong ngira nhiém HRSV.
Hién c6 sin khang thé don dong palivizumab d& phong bénh vé mit mién dich, nhung
viéc st dung no chi gidi han ¢ tré nhé chiu nguy co cao, vi dy, tré sinh non hodc tré méc
bénh tim hoic bénh phdi bAm sinh, va chi phi dé str dung néi chung thuong 1a qué cao.
Ngoai ra, chdt twong tu nucleosit ribavirin da dugc chip nhan ding 1am tic nhan khang
virut duy nhit d& didu tri bénh nhidm HRSV nhung chi ¢6 tac dung han ché. Do d6, can

cé tac nhan di€u tri khang Pneumovirinae.

Céc vi du v& cac hop chit pyrolo[2,3-d]pyrimidin hitu ich dé didu tri bénh nhiém
virut duge bdc 16 trong cac cong bd don yéu ciu cdp sang ché My sé U.S. 2012/0009147
Al (Cho et al.), U.S. 2012/0020921 Al (Cho et al.), cic céng bd don qudc té s6 WO
2008/089105 A2 (Babu et al.), WO 2008/141079 Al (Babu et al.), WO 2009/132135 Al
(Butler et al.), WO 2010/002877 A2 (Francom), WO 2011/035231 Al (Cho et al.), WO
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2011/035250 A1l (Butler et al.), WO 2011/150288 A1 (Cho et al.), WO 2012/012465
(Cho et al.), WO 2012/012776 A1 (Mackman et al.), WO 2012/037038 (Clarke et al.),
WO 2012/087596 Al (Delaney et al.), va WO 2012/142075 Al (Girijavallabhan et al.).

Vén cén c¢6 cc tdc nhan khang virut méi ding duge dé didu tri nhidm virut
Paramyxoviridae, ké ca nhi€m virut Pneumovirinae, nhu nhim HRSV, ma 12 hitu hiéu va

c6 bién dang doc tinh chip nhan dugc.

Ban chit ky thuit ciia sang ché

Vi céc 1y do néu trén, muc dich cta sang ché 13 @& xuét cac hop chét, cling nhu céc
phuong phép va céc chit trung gian hitu ich d& didu ché cac hop chét nay, va duge phim
diing dé diu tri cac bénh do nhiém ho virut Pneumovirinae giy ra, ké ca viéc didu tri cac

bénh do nhiém virut hgp bao hd hip & ngudi gly ra.

Sang ché dé xuét hop chit c6 cong thire (I), hoic mudi duge dung cia né:

RS-0

trong do:
R' 12 H hodc F;
R?1a H hoic F;
R® 12 OH hoic F;

R* 1a CN, C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, C;-C, xycloalkyl, azido,
halogen, hoac C;-C, haloalkyl;

R®1a OH;
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R® duoc chon tir nhém gdm H va:

P
—_— ~
/ ~ 0 /
HO
HO : O Ol HO  ho :
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o ° \O,“_g_
RB—”—S—(CHZ) 1 |F|, 3 '
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/ 0
R12

trong do:

n’ dugc chontr 1, 2, 3, va 4;

R® dugc chon tir C;-Cg alkyl, -O-C;-Cs alkyl, benzyl, -O-benzyl, -CH,-C;-Cg
xycloalkyl, -O-CH,-Cs5-Cg xycloalkyl, va CFs;

R’ dugc chon tir phenyl, 1-naphtyl, 2-naphtyl,

R!® dugc chon tir H va CHj;
R!! dugc chon tir H hodc C;-Cg alkyl;

R duoc chon tir H, C,-Cs alkyl, benzyl, C;-Cs xycloalkyl, va —CH,-C;-Cq
xycloalkyl. A
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M3 ta chi tiét sang ché

Theo mdt phuong 4n, sang ché d& xuét hop chit c6 cong thire (I), hodc mubi duoc
dung ctia né, trong @6 R' 12 H, va tat ca cac bién khac, bao gdbm R?, R3, R, R®, R®, R7, R®,

R’,R'%, R", R'?, va n’ 1a nhu d3 x4c dinh & trén cho cong thirc (I).

Theo phuong 4n, sang ché d& xudt hop chét ¢6 cong thue (1), hodc mudi duoc
dung cua nd, trong d6 R?1a H, va tht ca céc bién khéac, bao gf‘)m R, R}, R, R* RS, R, RS,
R’ R, R", R', van’ 12 nhu d4 x4c dinh & trén cho cong thuc (I).

Theo phuong 4n khéc nita, sang ché d& xuat hop chét c6 cong thire (1), hodc mudi
duoc dung cta no, trong d6 ca R' va R? déu 1a H, va tit ca cac bién khac, bao gém R3, RY,

R, R% R, R%, R%, R, R", R'"?, va nn’ 14 nhu d3 xé4c dinh & trén cho cong thirc (D).

Theo phuong 4n khac nita, sdng ché d€ xuat hop chat c6 cong thirc (I), hodc mudi
dugc dung cua nd, trong d6 ca R!, R?, va R’ déu 1a H, va tit ca cac bién khéc, bao gdm

R’ RY, RS R, RE R%, R, R, R'2, van’ 1a nhu d3 x4c dinh & trén cho cong thire (I).

Theo mét phuong 4n riéng khéc, sing ché dé xut hop chit c6 cong thirc (I), hogc
mubi duge dung ciia no, trong d6 ca R! va R? déu 1a H, R® 1a OH, va tAt ca c4c bién khac,
bao gém RY R’ RS R, R®, R%, R, R!'", R'2, va n’ 14 nhu d& x4c dinh & trén cho cdng
thire (D).

Theo mdt phuong 4n riéng khac, sing ché d& xut hop chét ¢ cong thirc (1), hodc
mudi dugc dung ctia nd, trong d6 ca R! va R? déu 1a H, R® 14 F, va tt ca céc bién khac,
bao gém R*, R, R®, R, R® R’ R!° R! R van’ 1a nhu d3 x4c dinh & trén cho cong
thire ().

Theo phuong 4n khéc, sing ché d& xuit hop chét c6 cong thic (II), hodc mudi

dugc dung cta né:
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trong do:
R’ 12 OH hodc F;

R* 14 CN, C,-C,4 alkyl, C,-C4 alkenyl, C,-C, alkynyl, C;-C, xycloalkyl, azido,
halogen, hodc C;-C, haloalkyl;

R’ duoc chon tir nhém gdm H va:

0
0 o)
| 7 L
oAt o LE b A
o | Yo7 HO  no /
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R? 0o
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0
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trong do:
n’ dugc chontr 1, 2, 3, va 4;

R® duoc chon tir C;-Cs alkyl, -O-C;-Cyg alkyl, benzyl, -O-benzyl, -CH,-C;-Cs
xycloalkyl, -O-CH,-C5-Cg xycloalkyl, va CF3;
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R’ 1a phenyl;
R' duge chon tir H va CHg;
R dugce chon tir H hodc C;-Cg alkyl;

R"? duoc chon tr H, C,-Cyg alkyl, benzyl, C;-C¢ xycloalkyl, va —CH,-C;-Cq
xycloalkyl.

Theo phwong 4an khac, sang ché dé xuit hop chit c6 cdng thic (I1), hodc mudi

dugc dung cua chung, trong do:

R? 14 OH hoic F;

R* 1a CN, metyl, etyl, etenyl, etynyl, azido, F, Cl, -CH,Cl, -CH,F, -CHF,, hoic
—CF3;

va R’ va tit ca cdc nhém khac 14 nhu da duge x4c dinh dbi véi cong thire (I1).

Theo mot phuong 4n, sang ché con dé xuét hop chit c¢6 cong thic (I1) hodc muébi

dugc dung cua nd, nhu trén, trong do R}1aF.

Theo mot phuong an, sang ché con dé xuit hop chét c¢6 cong thirc (IT) hoic mubi

dugc dung cua no, nhu trén, trong do R*1a OH.

Theo mét phuong 4n, sang ché con d& xuét hop chit co cong thire (II) hodic mudi

duoc dung ctia né, nhu trén, trong d@6 R* 1a F va R* 1a CN.

Theo mdt phuong 4n, séang ché con dé xuét hop chit c6 cong thic (IT) hodc mubi

dugc dung ctia nd, nhu trén, trong dé R}*1aOH vaR*1a CN.

Theo mdt phuong 4n, séng ché con dé xudt hop chit c¢6 cong thire (II) hodc mudi
duge dung ctia nd, nhu trén, trong d6 caR' vaR* ddula H, R’ 1a F, vaR* 1a metyl, etyl,

vinyl, hodc etynyl.

Theo mdt phuong 4n, sang ché con d& xuét hop chit c6 cong thic (II) hodc mubdi

dugc dung cua no, nhu trén, trong dé R}*120H, vaR* 1a metyl, etyl, vinyl, hodc etynyl.
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Theo mot phuong 4n, sang ché con dé xudt hop chit c6 cdng thie (IT) hoic mubi

duoc dung ctia nd, nhu trén, trong d6 R* 1a F va R* 13 halometyl.

Theo mdt phuong 4n, sang ché con d& xuét hop chit c¢6 cong thirc (IT) hodc mubi

dugc dung ctia no, nhu trén, trong d6 R? 1a OH va R* 14 halometyl.

Theo mot phuong 4n, sang ché con dé xudt hop chét c6 cong thirc (IT) hodc mudi

duge dung ctia n6, nhu trén, trong d6 R°1a H.

Theo mét phuong 4n, sang ché con dé xuét hop chét c6 cong thirc (IT) hodc mudi
dugc dung cua no, nhu trén, trong d6 mdi R* 1a H, R’ 13 OH, va R* 1a metyl, etyl, vinyl,

hoac etynyl.

Theo mot phuong 4n, sang ché con dé xult hop chit c6 cong thuc (IT) hodc mubi

dugc dung ctia no, nhu trén, trong do RIAH,R*1aF, vaR*1a halometyl.

Theo mot phuong 4n, séang ché con dé xuat hop chit ¢ cong thic (II) hodc mudi

dugc dung ctia no, nhu trén, trong do R°1aH,R*140H, vaR* 1a halometyl.

Trong mdi phuong 4n trong s6 cac phuwong 4n néu trén dé xuét hop chit c6 cong
thirc (II), hozic mudi duoc dung clia ching, trong d6 R’ ¢6 thé khong 13 H, con ¢6 phuong
4n khéc nita, trong d6 tit ca cac bién khac 14 nhu bdc 16 cho phuong 4n nay va R’ duge

chon tlr nhém bao gom:

/c/> 0 ol ﬁ 77 (/)
oy g
HO : Hé ., é L :

trong do:
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R? duge chon tir C-Cg alkyl, -O-C;-Cs alkyl, benzyl, va -CH,-C3-Cs xycloalkyl;

va

R dugc chon tit C,-Cy alkyl, benzyl, C5-Ce xycloalkyl, va —CH,-C5-C¢ xyclo-
alkyl.

Trong mdi phuong én trong sé cac phuong an dugc boc 10 trén day, con co
phuong an khac dé xudt hop chét c¢6 cong thuac (II), hodc mudi duge dung cta chung,
trong do tht ca cac bién khéc 1a nhu da dugc bdc 10 trén day, chi khéc 1a tung R® va R’
duoc chon tir C;-Cs alkyl. Trong mdi phuong &n trong s6 cac phuong 4n dd duge boc 10
trong céu cubi cling trén ddy, con c6 phuong 4n khac d& xuét hop chit c6 cong thie (D),
hozic mudi duge dung cua ching, trong d6 tht ca cac bién khac 12 nhu da dugc boc 10 trén
day, chi khac la ting R® va R’ dugce chon tr C;-Cg alkyl. Trong mdi phuong 4n trong s&
c4c phuong 4n di dugc bdc 10 trong cau cudi cung trén ddy, con c6 phuong an khac @&
xut hop chit c6 cong thire (II), hodc mubi dugc dung ciia ching, trong do tAt ca cac bién
Kkhac 12 nhu da duoc boc 16 trén day, chi khac 1a timg R® va R® dugc chon tir C;-Cs alkyl.
Trong mdi phuong én trong sb cac phuong an da duge boc 10 trong cau cudi clng trén
day, con c6 phuong an khac d& xuét hop chét c6 cong thirc (II), hodc mudi dugc dyung cla
chung, trong do tAt ca cac bién khéc 13 nhu di dugc boc 16 trén day, chi khac 1a tung R®

va R? duoc chon tir C;-C, alkyl.

Trong mdi phuong 4n trong sb cac phuong an dugc boc 10 trong ban mo ta niy vé
hop chét ¢6 cong thire (I) hodc c6 cong thirc (II), con ¢6 phuong én khac nita, trong d6 tat
c& c4c bién 1 nhu da dugc xac dinh cho phuong 4n cu thé va con thoa mén rang néu R’1a

F thi R* khong la metyl.

Dinh nghia

Céc thuét ngfr halo va halogen dugc dung @ chi nguyén tir halogen duoc chon tur
F,Cl,Br,val

Thut ngit “azido” duge dung 48 chi nhém azit, tec 1a nhém -N3. Thuét ngit “n”

dugc dung trong ban mo ta nay dé chi s6 nguyén, nhu s6 nguyén dugc chon tir 1, 2, 3,4,
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5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, va 20, tirc 12 2 dén 20 hoc tir 2 dén 20.
Trong mdt sb trudng hop, “n” duge ding @& chi nhém cac s6 nguyén nhu 1 dén 3, 1 dén

4,1dén6,1dén8,2dén4,2dén6,2 dén 8, v.v..

Thuét ngit “haloalkyl” dugc dung trong ban md ta nay dé chi alkyl nhu duge xé4c
dinh trong ban md ta nay, trong d6 timg nguyén tir trong s6 mot hoic nhiéu nguyén tir
hydro duoc thé bing phin tir thé halo. Vi dy, (C,-Ce)haloalkyl 1a (Ci-Ce)alkyl, trong d6
mot hodc nhiéu nguyén tir hydro dugc thé bang phé.n tir thé halo. Khoang nay bao gbm
mot phan tir thé halo trén nhém alkyl dé hoan thanh qué trinh halogen héa nhém alkyl

nay.

Thuét ngt “(C,n)haloalkyl” dugc ding trong ban mé ta ndy, trong do n 1a sb
nguyén, riéng r€ hodc két hop véi gde khac, nhdm dé chi gdc alkyl c6 1 dén n nguyén tir
cacbon nhu di néu trén, trong d6 ting nguyén tir trong s6 mot hodc nhidu nguyén tir
hydro dugc thé bing phan tir thé halo. Cac vi du vé (C;.,)haloalkyl, trong d6 n bing 2 bao
gbdm, nhung khong chi gi6i han ¢, clometyl, cloetyl, dicloetyl, bromometyl, bromoetyl,
dibromoetyl, flometyl, diflometyl, triflometyl, floetyl va difloetyl.

Thuét ngit “(C,.,)alkyl” dugc dung trong ban md ta nay, trong d6 n 1a sb nguyén,
riéng r& hogc két hop véi gbc khac, nhim d8 chi cac gbc alkyl mach khong vong, mach
thing hodc mach nhanh chua tir 1 dén n nguyén tir cacbon. “(C;.4)alkyl” bao gbm, nhung
khong chi giéi han ¢, metyl, etyl, propyl (n-propyl), butyl (n-butyl), 1-metyletyl
(iso-propyl), 1-metylpropyl (sec-butyl), 2-metylpropyl (iso-butyl), va 1,1-dimetyletyl
(Tert-butyl hodc t-butyl). Chit viét tit Me biéu thi nhém metyl; Bt biéu thi nhém etyl, Pr
bidu thi nhém propyl, iPr biéu thi nhém 1-metyletyl, Bu biéu thi nhém butyl va tBu biéu
thi nhém 1,1-dimetyletyl.

Thuét ngit “alkyl” dugc dung trong ban moé ta nay dé chi hydrocacbon chtra cac
nguyén tir bac nhét, bac hai hodc bic ba. Vi dy, nhom alkyl ¢ thé c6 1 dén 4 nguyén ti
cacbon (tuc 1a (C,-Cy)alkyl), 1 dén 3 nguyén t cacbon (tic 1a (C;-Cs)alkyl), hodc 1 hodc
2 nguyén tlr cacbon (ttc 13 (C;-Cyp)alkyl). Céc vi du vé& nhém alkyl thich hop bao gdm,
nhung khong chi gi¢i han &, metyl (Me, -CHy), etyl (Et, -CH,CHj;), 1-propyl (n-Pr, n-
propyl, -CH,CH,CHj3), 2-propyl (i-Pr, i-propyl, -CH(CH;),), 1-butyl (n-Bu, n-butyl,
-CH,CH,CH,CHj3), 2-metyl-1-propyl (i-Bu, i-butyl, -CH,CH(CHs),), 2-butyl (s-Bu, s-
butyl, -CH(CH;)CH,CH3), va 2-metyl-2-propyl (t-Bu, t-butyl, -C(CHz)3),. Thut ngix

-10-
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“alkyl” con duge ding dé chi gbc hydrocabon no, mach nhanh hodc mach théng c6 hai tAm
gbe hoéa tri mot thu duge bing cach loai bo hai nguyén tir hydro ra khéi cing mdt nguyén tir
cacbon hogic hai nguyén tir cacbon khac nhau ctia alkan gbc. Cac gbc alkyl dién hinh bao
gdm, nhung khéng chi gi6i han &, metylen (-CHj-), 1,1-etyl (-CH(CHj)-), 1,2-etyl
(-CHyCH,-), 1,1-propyl (-CH(CH,CHj)-), 1,2-propyl (-CH,CH(CHs)-), 1,3-propyl
(-CH,CH,CH,-), 1,4-butyl (-CH,CH,CH,CH,-), va cdc nhém twong tu.

N, €6

Thuat ngit “alkenyl” c6 nghia 13 hydrocacbon mach thing hodc mach nhanh chira
nguyén tir cacbon bac mdt, bac hai hodc bic ba véi it nhat mot vi tri khdng no, tirc 1a lién
két d6i cacbon-cacbon, sp?. Vi du, nhém alkenyl ¢6 thé c6 tir 2 dén 4 nguyén tir cacbon
(tirc 1a C,-C, alkenyl), hodc 2 d&n 3 nguyén tir cacbon (tirc 13 C,-C; alkenyl). Céc vi du vé
nhém alkenyl thich hop bao gém, nhung khéng chi gi6i han &, etylen hodc vinyl

(-CH=CH,) va alyl (-CH,CH=CHy,).

Thuat ngit “(C,.,)alkenyl” dugc ding trong bin mé ti ndy, trong d6 n 13 sb
nguyén, riéng r& hoic két hop véi gbe khac, nhdm d chi gbc khong no, gbc khong vong
mach thing hodc mach nhanh chtra tir hai dén n nguyén tir cacbon, it nhét hai nguyén tur
trong s6 d6 lién két v6i nhau bing lién két dbi. Cac vi du vé gbc nay bao gdm, nhung
khong chi gidi han o, etenyl (vinyl), 1-propenyl, 2-propenyl, va 1-butenyl. Trir khi c¢é quy
dinh cu thé khac, thuét ngit “(C,.,)alkenyl” duoc hidu 12 bao gdm timg chit ddng phan lap
thé néu c6 thé, bao gbm, nhung khong chi gidi han &, cac chit ddng phan(E) va (Z), va
hdn hop ctia chiing. Néu nhém (C,.)alkenyl duoc thé, thi cdn dugc hiéu 1 dugc thé trén
nguyén tir cacbon bt ky ctia n6 ma néu khéng thi nguyén tir niy mang nguyén tir hydro,
trir khi ¢6 quy dinh cu thé khéc, sao cho viéc thay thé nay tao ra hop chdp én dinh v& mat
hoa hoc, nhu nhan ra duoc bdi ngudi ¢ hidu biét trung binh trong linh vuc k¥ thuat nay.

Thuat ngit “alkynyl” ¢6 nghia 14 hydrocacbon mach théng hodc mach nhanh chira
nguyén tr cacbon bac mot, bac hai hodc béac ba véi it nhét mot vi tri khong no, tirc 11 lién
két ba cacbon-cacbon, sp. Vi du, nhém alkynyl c6 thé c6 tir 2 &én 4 nguyén tir cacbon
(tirc 12 C,-Cy4 alkynyl) hozc 2 dén 3 nguyén tir cacbon (tirc 12 C,-C; alkyn). Céc vi du vé
nhém alkynyl thich hop bao gdm, nhung khéng chi gi6i han &, axetylen (-C=CH),
propargyl (-CH,C=CH), va cidc nhdm tuong tu.

Thuat ngtt “(C,.p)alkynyl”, dugc dung trong ban moé ta nay, trong d6 n la sb

nguyén, riéng ré& hodc két hgp vdi goc khac, nham de chi goc khong no, gdc khdng vong

-11-
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mach théng hoic mach nhanh chira tir hai &n n nguyén tir cacbon, it nhat hai trong sé d6
lién két v6i nhau bing lién két ba. Céc vi du vé gdc nay, trong d6 n bing 4 bao gdm,
nhung khong chi gi6i han &, etynyl, 1-propynyl, 2-propynyl, va I-butynyl. Néu nhém
(C,n)alkynyl dugce thé, thi can duoc hidu ring duoc thé trén nguyén tir cacbon bat ky cua
n6 ma néu khong thi né mang nguyén tir hydro, trir khi ¢6 quy dinh cu thé khéc, sao cho
viéc thé nay tao ra hop chip 6n dinh v& mit héa hoc, nhu nhén ra duge boi ngudi ¢6 hidu
biét trung binh trong linh vuc k¥ thut nay.

Thuat ngit xycloalkyl dugc ding trong ban mé ta ndy dé chi nhém vong béo. Cac
nhém xycloallkyl theo sang ché c6 thé duoc dé cap dén theo sb lugng nguyén tir cacbon
trong nhan cua ching, nhu “C;-C, xycloalkyl” c¢6 nghia la nhan xycloalkyl véi 3 hodc 4
nguyén tir cacbon trén nhan hodc “Cs-Cg xycloalkyl” bidu thi nhan xycloalkyl véi 3, 4, 5,
hodc 6 nguyén tir cacbon trén nhén, tic 14 nhan xyclopropyl, xyclobutyl, xyclopentyl,

hodc xyclohexyl.

Thuit ngit “vong cacbon” hogc “carboxyclyl” duge dung trong ban mé ta nay dé
chi vong no (tiic 13 xycloalkyl) hoic vong khéng no mét phin (vi du, xycloalkenyl,
xycloalkadienyl, v.v.) ¢6 s& lugng nguyén tir cacbon duoc chi dinh, nhu 3 dén 4 nguyén
tlr cacbon hodc 3 dén 6 nguyén tir cacbon nhu hé nhan mdt vong. Theo mdt phuong 4n,
vong cacbon 1a mdt vong chira 3 dén 6 nguyén tir cacbon clia nhén (tirc 14 vong cacbon
(C5-Cy)). Céc vi du khong gidi han pham vi cta sang ché vé cac vong cacbon mdt vong
bao gdm céc nhan xyclopropyl, xyclobutyl, xyclopentyl, 1-xyclopent-1-enyl, 1-xyclopent-
2-enyl, 1-xyclopent-3-enyl, xyclohexyl, I1-xyclohex-1-enyl, 1-xyclohex-2-enyl, 1-

xyclohex-3-enyl, va xyclohexa-1,3-dienyl.

M&3i nhém carboxyclyl ¢6 thé duge thé bang 0, 1, 2, hodc 3 phan tir thé doc lap
dugc chon tir halogen, -OH, -CN, -NO,, -NH,, -NH(C;-C¢ alkyl), -N(C;-Cs alkyl),, C;-C¢
alkyl, C;-C¢ alkoxy, va -CF;.

Duoc phim

Sang ché con dé xuit duoc pham chira lugng hitu hi€u vé mét dugc tinh cta hop
chét ¢6 cong thirc (I) hodc mudi dugc dung, solvat, va/hodc este ciia chung, va chat mang
duogc dung hodc ta dugce. Sang ché con dé xuat cac dugc pham riéng r€, moi duge pham

chira luong hitu hidu v& mat duoc tinh ciia hop chét ¢6 cong thirc (II) hodc mét trong sb
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cac hop chét cu thé theo cac vi du trong ban mo ta nay, hodc mudi duoc dung, solvat,

vi/hodc este ciia no, va chat mang duoc dung hodc ta dugc.

Céc hop chét theo sang ché duogc bao ché véi cac chit mang thong thuong \}é cac
t4 dugc, ma s& dugce chon phi hop véi thuc tién thong thuong. Cac vién nén sé chura cac
t4 dugc, cac chét gdy trugt, cac chét don, cac chét két dinh va cac chét tuong tu. Cac ché
phdm trong nudc duge bao ché & dang vo trung, va khi dugc nhdm dé phan phdi theo
dudng diung khong qua dudng miéng thuong s€ 1a dang truong. T4t ca cac ché phém s&
thy y chira cac td dugc nhu loai néu trong tai liéu: "Handbook of Pharmaceutical
Excipients" (1986). Cac ta dugc bao gdm axit ascorbic va cac chit chdng oxy hoéa khéc,
céc chit chelat hoa nhu EDTA, cic hydrat cacbon nhu dextran, hydroxyalkylxenluloza,
hydroxyalkylmetylxenluloza, axit stearic va cac chét twong tu. P9 pH clia cac ché phim

nam trong khoang tir 3 dén 11, song thudng nam trong khoang tir 7 dén 10.

Mic du céc hoat chit c6 thé dugc dung riéng 18, t5t hon néu ching & dang dugc
phém. Céc ché phém nay, ké ca dang dung trong cho thi y va ding cho nguoi, chua it
nhét mét hoat chit, nhu néu trén, ciing v6i mot hodc nhidu chit mang chép nhan dugc va
fly y céc thanh phan diéu tri khac, ddc biét 1a céc thanh phan didu tri bd sung nhu dd néu
" trong ban mo ta nay. Cac chét mang phai la “chip nhan dugc” theo nghia 1a tuong thich
v6i céc thanh phan khéc cta ché phdm va khong doc v& miit sinh 1y d8i v6i ngudi nhan

cua chung.

Céc ché phdm bao gbm loai thich hop d6i véi cac dudong dung néu trén. Cac ché
phém ¢6 thé duoc trinh bay mdt cach thudn tién & dang liéu don vi va b thé dugc bao ché
theo phuong phap bat ky trong s6 cac phuong phép di biét trong linh vgc dugc hoc. Cac
ky thuat va céc ché phim thudng dugc tim thy trong tai liéu: Remington's
Pharmaceutical Sciences (Mack Publishing Co., Easton, PA). Céc phuong phép nay bao
gdm budce két hop hoat chét v6i chat mang ma cAu thanh mot hodc nhidu thanh phén phy
tro. Noi chung, cac ché phdm dugc bao ché bang cach két hop mot cach ddng déu va k§
hoat chét véi cac chit mang 16ng hodc cac chit mang rén da duoc nghién min hodc ca hai,

va sau d6, néu can, tao hinh san pham.

Cac ché pham thich hop dé dung qua dudong migng co thé dugc trinh bay & dang

cac don vi riéng r& nhu cdc vién nang, cac vién con nhdng hodc cac vién nén, moi vién
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chira lugng da dinh trudc cua hoat chét; & dang bdt hodc hat; & dang dung dich hodc
huyén phi trong nuéc hoic chét 16ng khong nudc; hoic & dang nhil tvong 1éng dau-
trong-nudc hodc nhii tuong long nude-trong-dau. Hoat chét con c6 thé dugc ding & dang

vién thudc to, thudc t& hodc dang sét.

Vién nén duoc tao ra bé‘mg cach nén hodc duc, tuy y véi mot hodc nhiéu thanh
phin phu trg. Cac vién nén di dugc nén c6 thé duge biao ché bang cach nén trong may
thich hop hoat chét & dang chay tu do nhw bdt hodc hat, dugc tlty y tron véi chét két dinh,
chét 1am tron, chit pha lodng tro, chit bao quan, tic nhan phén tan hodc tic nhan hoat
dong bé mit. Cac vién nén duic c6 thé duoc tao ra bang cach duc trong may thich hop hén
hop gdm hoat chét dang bot d& dugc 1am 4m véi chét pha lodng 16ng tro. C4c vién nén c6
thé tiy y duoc bao hodc khia va tiy ¥ duge bao ché sao cho giy ra su gidi phéng cham

hodc giai phong c6 kieém soat hoat chat ra khoi vién do.

Déi v6i cac 1y nhidm & mét hodc cac md khac bén ngoai, vi du migng va da, tt
hon néu cac ché phim dugc bdi 1én & dang diu bdi hodc kem boi khu tri chira (c4c) hoat
chit v6i luong, vi du, nim trong khoang tir 0,075% dén 20% trong luong (ké ca (céc)
hoat chit nim trong khoang tir 0,1% dén 20% vé6i muc gia ting 13 0,1% trong lugng nhu
0,6% trong luong, 0,7% trong lugng, v.v.), t6t hon 14 nam trong khoang tir 0,2% dén 15%
trong lugng va tot nhit 14 ndm trong khoang tir 0,5% dén 10% trong Iwong. Khi duge bao
ché trong dau bdi, cac hoat chét c6 thé dugc dung véi nén dau bdi chta parafin hodc nén
diu bdi tron 1an duoc véi nudce. Theo cach khéc, cac hoat chét c6 thé dugc bao ché &

dang kem bdi c6 nén kem boi dau-trong-nudec.

Néu mudn, pha nudc cua nén kem boi c6 thé chira, vi du, it nhét 30% trong lugng
rugu polyhydric, tirc 1a rugu cé hai hodc nhiéu nhém hydroxyl nhu propylen glycol, butan
1,3-diol, manitol, sorbitol, glyxerol va polyetylen glycol (k& ca PEG 400) va hén hop cua
chung. Cac duge phidm dung khu tré ¢6 thé mong mudn chira hop chit ma 1am gia ting
mitc d6 hap thu hozic mirc d6 thdm cua hoat chét qua da hodc cic ving khac bi bénh. C4c
vi du vé chét tang cudng thAm qua da bao gdm dimetyl sulphoxit va cac chét tuong tu c6

lién quan.

Pha diu ctia nhil tuong ¢6 thé dugc ciu thanh tir cc thanh phan d4 biét theo cach
da biét. Trong khi pha nay c6 thé chi bao gdm chét nhii héa (con dugce goi 1a téc nhan nhil
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h6a), mong muén ring n6 chira hdn hop gdm it nhit mot chét nhil héa véi mé hodc diu
hodc v6i ca m& va dau. Tt hon, néu chét nhii héa wa nude duge bao gdm cing v6i chét
nhii héa wa béo ma hoat dong nhu chét 1am n dinh. Con tét hon, néu né bao gc‘“)m ca dau
va m&. Cac chét nhil héa cing hoic khong cling céc chit 1am 6n dinh tao ra ché phim
duge goi 1a sap nhii hda, va sap cling v6i ddu va m& tao ra ché pham dugc 20i 12 nén cua

dau boi nhil héa ma tao ra pha phén tan dau cia cac ché pham kem boi.

Céc tac nhan nhil héa va cac chét 1am bn dinh nhii twong thich hop dé dung trong
viéc bao ché bao gdm Tween® 60, Span® 80, rugu xetostearylic, rugu benzylic, ruou

myristylic, glyxeryl mono-stearat va natri lauryl sulfat.

Viéc lua chon dau hodc md thich hop dé bao ché dua trén co so dat dugc cac dic
tinh mong mudn khi ding 1am m§ phdm. Tét hon, néu kem boi 1a san phdm khéng nhom,
khong gdy ra vét mau va d& rira v6i d6 dic thich hop d8 tranh chay ra khoi dng hodc vat
chira khéc. Céc este cua alkyl mach théng hodc mach nhénh, monoaxit hodc diaxit nhu di-
isoadipat, isoxetyl stearat, propylen glycol dieste clia cac axit béo tir dira, isopropyl
myristat, dexyl oleat, isopropyl palmitat, butyl stearat, 2-etylhexyl palmitat hogc hén hop
bao gém céc este mach nhanh dugc goi 13 Crodamol CAP c6 thé duge st dung, ba este
cudi cling 13 céc este dugc wu tién. Ching c¢6 thé dugc st dung riéng ré hogic két hop tuy
theo céc tinh chét cin thiét. Theo cach khéc, lipit c6 nhiét d6 nng chay cao nhu parafin

mém tréng va/hodc parafin 16ng hodc dau khoang khéc dugc st dung.

Céc dugc phim theo sang ché bao gdm sy két hop mot hodc nhidu chét mang hodc
ta4 dugc duoc dung va tiy ¥ cac duge chit khac dé didu tri bénh cing v6i nhau. Dugc
phdm chira hoat chét c6 thé & dang bt ky thich hop dbi v6i phuong phép ding duge du
dinh. Khi duoc stir dung dé dung qua dudng miéng vi du, & dang vién nén, vién det, vién
ngam, huyén phu trong nude hodc trong dau, bot hodc hat c6 thé phan tan dugc, nhil
tuong, vién nang cung hodc vién nang mém, dung dich, siro hodc cdn ngot co thé dugc
bao ché. Cac dugc pham nhim d& ding qua duong miéng c6 thé duge bao ché theo
phuong phap bét ky da biét trong linh vure bao ché duge phdm va cic duoc phidm nay c6
thé chtra mot hodc nhiéu tac nhan bao gém cac chét tao ngot, cic tac nhan tao vi, cac tac
nhan tao mau va céc chit bao quan, dé tao ra ché phdm d& chép nhan. Céc vién nén chira

hoat chét trong hdn hop véi ta duge duge dung khong doc ma 14 thich hop dé san xuét
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vién nén la chép nhan dugc. Vi dy, cac ta dugc nay cé thé 13 cac chét pha lodng tro, nhu
canxi hofc natri cacbonat, lactoza, canxi hodc natri phosphat; c4c tdc nhan nghién hat va
cac chét gy rd, nhu tinh bt ngd, hodc axit alginic; cac tdc nhéan lién két nhu tinh bot,
gelatin hodc acaxia; va cac tdc nhan lam tron nhu magie stearat, axit stearic hodc talc. Céc
vién nén c6 thé khéng dugc bao hodc co thé duoc bao theo céac k¥ thuat da biét bao gém
vi boc dé tri hoén sy phan rd va hip phu trong dai da day-rudt non va bang cach do tao ra
tac dung kéo dai trong thodi gian dai. Vi du, chét liéu giai phong chim nhu glyxeryl

monostearat hodc glyxeryl distearat riéng r& hodic cliing véi sap c6 thé duoc st dung.

Céc ché pham dé ding qua dudng miéng ciing ¢ thé dugc trinh bay & dang vién
nang gelatin cimg ma trong d6 hoat chit duoc trén vé6i chét pha lodng rén tro, vi du, canxi
phosphat hoic cao lanh, ho#c & dang vién nang gelatin mém trong d6 hoat chit dugc tron

v6i moi trudong nude hode mai trudng dau, nhu dau lac, parafin 1ong hodc dau 6 liu.

Céc loai huyén phu trong nudc chita cac hoat chat trong hdn hop véi céc ta dugc
thich hop d& san xudt cic loai huyén phii nu6c. Cac ta duge niy bao gbm tac nhén tao
huyén pht, nhu natri carboxymetylxenluloza, metylxenluloza, hydroxypropyl metyl-
xenluloza, natri alginat, polyvinylpyrolidon, gdm tragacan va gbm acaxia, va cac tdc nhin
phan tan hoic cic tic nhan thdm wét nhu phosphatit c6 trong tw nhién (vi du, lexitin), san
phim ngung tu cta alkylen oxit véi axit béo (vi du, polyoxyetylen stearat), san phim
ngung tu cua etylen oxit véi rugu béo mach dai (vi dy, heptadecaetylenoxyxetanol), san
phim ngung tu ctia etylen oxit véi este mot phan thu duge tir axit béo va hexitol anhydrit
(vi du, polyoxyetylen sorbitan monooleat). Huyén phtt nuéc con cé thé chira mét hodc
nhiu chit bao quan nhu etyl hozc n-propyl p-hydroxy-benzoat, mot hodc nhiéu téc nhan
tao mau, mot hodic nhidu tac nhan tao vi va mot hodc nhiéu chét tao ngot, nhu sucroza

hoéc sacarin.

Céc loai huyén phu dau c6 thé duoc diéu ché bang cach tao huyén phd hoat chét
trong dau thuc vat, nhu dau lac, dau 6 liu, diu vung hodc dau dira, hoic trong dau khoédng
nhu parafin 1ong. Cac loai huyén phi qua dudng miéng c6 thé chira tac nhan 1am dic, nhu
sép ong, parafin cing hodc rugu xetylic. Cac chét tao ngot, nhu cac chét néu trén, va cac

tac nhan tao vi c6 thé duoc bd sung vao dé tao ra ché phidm d& ch_ép nhén qua dudng
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miéng. Cac dugc pham nay cé thé duge bao quan bang cach bd sung chéit chdng oxy hoa

nhu axit ascorbic vao.

Bot va hat d& phan tan thich hop dé didu ché huyén phu trong hude bang cach bd
sung nudc vao tao ra hoat chét trong h6n hop véi tac nhan phan tan hoic tac nhan thdm
udt, tic nhan tao huyén phu, va mot hoac nhiéu chit bao quan. T4c nhan phén tdn hoadc
tac nhan thAm w6t hoac tac nhan tao huyén phu thich hop dugc minh hoa bz“mg vi du la
cac chat dd néu trén. Céc ta dugc bd sung, vi du, chét tao ngot, chét tao vi va tac nhan tao

mau, cling cé thé co6 mit.

Céc duoc pham con c6 thé & dang nhii twong dau trong nuéc. Pha diu c6 thé 1a
dau thuc vat, nhu dau oliu hodc dau lac, dau khoéang, nhu parafin 16ng, hodc hdn hop cta
ching. C4c tac nhén nhii héa thich hop bao gém céc loai gdm c¢6 trong tu nhién, nhu gom
acaxia va gom tragacan, cac phosphatit c6 trong tu nhi€n, nhu lexitin ciia ddu nanh, cac
este hodic cac este mot phan thu duge tir cac axit béo va cdc hexitol anhydrit, nhu sorbitan
monooleat, va cac san phém ngung tu cda cac este mot phé‘ln nay vdi etylen oxit, nhu
polyoxyetylen sorbitan monooleat. Nhii trong con c6 thé chira chét tao ngot va chét tao
vi. Céc siro va cac loai con ngot co thé dugc didu ché véi cac chét tao ngot, nhu glyxerol,
sorbitol hodc sucroza. Céac ché phém nay con co thé chira chét 1am diu, chit bao quén,

chat tao vi hodc chat tao mau.

Céc dugc phdm cé thé & dang ché phim vo tring ding dé tiém hodc ding qua
duong tinh mach, nhu huyén phi trong nuéc hoic dau vo tring dé tiém. Huyén ph nay
c6 thé duogc bao ché theo cach da biét trong linh vuc k¥ thuat nay bing cach sir dung chét
phén tan hodc chét thAm w6t hodc chét tao huyén pht thich hgp ma d& duogc néu trén. Ché
phim ding dé tiém hodc ding qua dudng tinh mach v tring con c6 thé 13 dung dich
hodc huyén phii vo tring dé tiém trong chét pha long hodc dung méi khéng doc duge
chdp nhan dé dung ngoai duong tidu héa, nhu dung dich trong 1,3-butan-diol hoic dugc
bao ché ¢ dang bdt da duogc séy kh6 & nhiét do thép. Trong sb cac chit din va cac dung
mdi chap nhan dugc ma cé thé st dung duoc 13 nude, dung dich Ringer va dung dich
natri clorua déng truong. Ngoai ra, ddu khong bay hoi v tring thuong c¢6 thé duogc ding

1am dung méi hodc mdi trudong tao huyén phii. Nhim muc dich niy, dau nhe khong bay
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hoi bét ky c6 thé dugc sir dung, ké ca monoglyxerit hodc diglyxerit tong hop. Ngoai ra,

céc axit béo nhu axit oleic c6 thé dugc ding theo céach twong tur & bao ché thudc tiém.

Luong hoat chit ma c6 thé duoc két hop vé6i nguyén liéu chét mang dé tao ra dang
lidu don thay ddi tiry theo vt chu dugc didu trj bénh va cach ding cu thé. Vi du, ché
phém giai phong theo thdi gian nham dé dung qua duong miéng cho ngudi c6 thé chira
khoang tir Img dén 1000mg hoat chét trén voi lugng nguyén liéu chét mang thich hgp va
thuan tién ma c6 thé thay ddi trong khoang tir 5% dén 95% téng thanh phan (trong lugng:
trong luong). Duge pham c6 thé duge bao ché dé tao ra lugng do duge dé dang dé ding.
Vi du, dung dich nuéc duge nhim dé truyén qua dudng tinh mach c6 thé chita 3pg dén
500ug hoat chét trong mdi mililit dung dich dé thuc hién viéc truyén thé tich thich hop

v6i tde d6 khoang 30ml/gid.

Céc ché phdm thich hop dé ding khu trti cho mét con bao gém thudc nho mét,
trong d6 hoat chat dugc hoa tan hodc dugc tao huyén phtl trong chéit mang thich hop, dic
biét 1a dung mdi nude cho hoat chit. Tét hon, néu hoat chét c6 mit trong cc ché phdm
nay & ndng d6 nim trong khoang tlr 0,5% dén 20%, theo cach c6 loi ndm trong khodang tir

0,5% dén 10%, va cu thé 12 khoang 1,5% trong lugng.

Céc ché pham thich hop dé dung khu tru trong miéng bao gdom céc vién ngim
cing chira hoat chat trén nén c6 vi, thuong 1 sucroza va acaxia hoic tragacan; vién ngam
meém chita hoat chat trong nén tro nhu gelatin va glyxerin, hodc sucroza va acaxia; va

nudce sic miéng chita hoat chét trong chét mang 16ng thich hop.

Céc ché pham dé ding qua dudng truc trang c6 thé duge trinh bay & dang vién dit

trong hdu mén véi nén thich hop chura, vi du, bo cacao hodc salixylat.

Céc ché phdm thich hop dé ding trong phdi hogc ding qua duong miii ¢6 ¢& hat,
vi dy, nim trong khoang 0,1 micron dén 500 micron, nhu 0,5, 1, 30, 35 v.v., ma dugc
ding bing cach tao khi dung nhanh qua dudng mili hodc bing cch tao khi dung qua
miéng dé dén duoc cac nang ctia phé nang. C4c ché phim thich hop bao gdm dung dich
trong nudc hodc dau chira hoat chét. Cac ché pham thich hop dé dung sol khi ho#c bot
khé c6 thé dugc bao ché theo cac phuong phdp thong thudng va c6 thé duge phan phéi
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v6i cac duoc chét khac dé didu tri bénh nhu cac hop chét cho dén nay duogc dung trong

vigc di€u tri hodc phong c4c 1dy nhiém Pneumovirinae néu dudi day.

Theo cac phuong an thuc hién khac, sang ché d& xuit dugc phém ma&i, hiéu
nghiém, an toan, khong gdy kich ung va dé tao khi dung twong thich vé mit sinh ly chira
hop chét ¢6 cong thirc (I) hodc cong thire (1), hodc mubi duge dung cua chuing, thich hop
dé diéu tri cac bénh 14y nhiém Pneumovirinae va bénh viém tiéu phé Quén c6 tiém nang di
kém. Cac mudi dugce dung duoc vu tién 1a cac mudi cia axit v6 co bao gdm hydroclorua,
hydrobromua, sulfat hodc cac mubi phosphat do chung c6 thé gay kich tng phdi it hon.
Tét hon, néu ché pham d& khi dung dugc phéan phdi dén khéng gian noi phé quén trong
sol khi chira cac hat c¢6 dudng kinh khi dong hoc trung binh theo khéi luong (mass
median aerodynamic diameter MMAD) nim trong khoang tir 1um dén 5 um. Tét hon, néu
hop chit ¢6 cong thic (I) hodc cong thirc (I1) duge bao ché @& phan phéi sol khi bing
céch st dung may tao khi dung, m4y x6ng ap luc c6 do lidu (pMDI), hodc may tao khi
dung bot kho (DPI).

Céc vi du khong gi6i han pham vi cia sang ché vé cac may tao khi dung bao gdm
cac mdy tao khi dung phun mu, phun tia, siéu thanh, khi nén, tAm xép rung, hodc cac may
tao khi dung tuong ty ké ca str dung cong nghé phéan phdi sol khi thich hop (Denyer, J.
Aerosol medicine Pulmonary Drug Delivery 2010, 23 Supp 1, S1-S10). M4y tao khi dung
phun tia sir dung 4p luc khong khi dé ph4 v& dung dich 1ong thanh cac giot sol khi. May
tao khi dung siéu thanh van hanh nho tinh thé 4p dién ma chia cét chit léng thanh cac giot
sol khi nho. Hé théng khi dung sir dung khi nén budc dung dich & 4p suit théng qua cac
16 6 nho d@ tao ra céc giot sol khi. Co cdu tim x8p rung st dung chuyén dong rung

nhanh d¢ chia cit dong cht 1ong thanh céc ¢ giot thich hop.

Theo phuong 4n dugc wu tién, ché phim ding dé tao khi dung dugc phéan phdi dén
khong gian ndi phé quan & dang sol khi chura cac hat véi MMAD chu yéu 12 nim trong
khoang tir 1pm va khoang Sum bing cach sir dung may tao khi dung c6 kha néng sol khi
héa ché phidm chua hop chit co cong thirc (I) hodc cong thirc (II) thanh cac hat cé
MMAD theo yéu cu. Dé trd nén hitu hiéu t61 vu nhdm muc dich didu tri bénh va dé tranh
cac tac dung phu ddi voi dudng ho hip trén va dudng nodi hip, phan 16n c4c hat duge sol
khi hoa s& khong dugc c6 MMAD 16n hon khoang 5um. Néu sol khi chira nhidu hat cé
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MMAD 16n hon Spm, thi céc hat bi dong lai & dudng ho hép trén 1am giam lugng thuée
da dugc phan phdi dén vi tri viém va co phé quan & dudng hd hip dusi. Néu MMAD cia
sol khi 12 nhé hon khoing 1um, thi c4c hat ¢6 xu huéng vin duge tao huyén phi trong

khong khi duoc tao khi dung va cudi cling duoc toa ra khi thé ra.

Khi duoc bao ché va duoc phan phbi theo phuong phép trong ban mo ta nay, ché
phdm sol khi diing dé tao khi dung phan phdi lidu ¢6 hidu qua didu tri cua hop chit c6
cong thirc (I) hosic cong thirc (IT) dén vi tri nhifm Pneumovirinae du dé didu tri tinh trang
nhiém Pneumovirinae. Luong thuc dugc ding phai duge diéu chinh d thé hién hiéu qua
ciia viéc phan phdi liéu 6 hidu qua diéu tri ctia hop chét ¢6 cong thire (I) hodc cong thirc
(ID). Theo phuong 4n dugc uu tién, viée két hop ché phim sol khi trong nudc v4i may tao
khi dung phun mu, phun tia, khi nén, tim x&p rung, hoic siéu thanh cho phép, tuy theo
mdy tao khi dung, phan phéi khoang, it nhit 20%, dén 90%, thudng 1a khoang 70% lidu
dugc dung ctia hop chit c6 cong thire (I) hodc cong thire (IT) vao trong dudng khong khi.
Theo phuong dn dugc uu tién, it nhit khoang 30% dén 50% hoat chit duoc phan phéi.
T4t hon nita, khoang tir 70% dén 90% hoat chit dugc phan phéi.

Theo phuong 4n khéc, hop chét c6 cong thirc (I) hoidc cong thirc (IT) hodc mudi
~ duoc dung ctia n6, duge phan phdi & dang bot kho d& xdng. Cac hop chit duoc ding ndi
khi quan nhu ché phém bot kho dé phan phéi mot cdch hiéu qua cic hat min cia hgp chét
vao trong khong gian noi phé quan bang cach sir dung bt kho hodc cac may x6ng c6 do
liéu. D& phan phéi biang DPI, hop chét c6 cong thirc (I) hodic cong thirc (IT) duge x Iy
thanh céc hat cht yéu c6 MMAD nam trong khoang tir 1pm dén Sum bang cach nghién
sdy phun, xtr Iy chat 1ong t6i han, hoic két tiia khoi dung dich. Céc thiét bi va cac quy
trinh nghién trong méi trudng, nghién phun tia va siy phun c6 kha nang tao ra kich thudc
hat MMAD nim trong khoang tir 1um dén 5pm 13 da biét trong linh vuc k¥ thuat nay.
Theo mdt phuong én, céc ta duge duge bd sung vao hop chét cé cong thic (I) hodic cong
thirc (II) trude khi xir Iy thanh céc hat ¢6 ¢& theo yéu cau. Theo phuong 4n khac, c4c ta
duge duge tron véi cac hat c6 ¢& theo yéu cau dé hd trg viée phén tan c4c hat thubc, vi

du, bang cach str dung lactoza 1am t4 dugc.

Viéc xé&c dinh c¢& hat dugc thuc hién bz‘?lng cach st dung céac thiét bj da biét trong

linh vyc k§ thuét nay. Vi du, bua dép chu trinh Anderson da giai doan hodc phuong phép
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thich hgp khic nhu cic phuong phép duge vién dan cu thé trong Chuong 601 ctia Dugc
dién M nhu céc thiét bi chuyén dung danh cho céc sol khi bén trong may tao khi dung
do lidu va may tao khi dung bdt kho.

Theo phuong dn dugc wu tién khac, hgp chit c6 cong thic (I) hodc cong thire (I)
dugc phan phéi ¢ dang bot kho béng cach sir dung dung cu nhu méy tao khi dung bot kho
hodc cac thiét bi phén tan bot khé khac. Céc vi du khéng gidi han pham vi cta sang ché
vé cac may tao khi dung bot kho va céc thiét bi bao gbm cac loai da boc 16 trong cac bz‘ing
sang ché sb US5,458,135; US5,740,794; US5775320; US5,785,049; US3,906,950;
US4,013,075; US4,069,819; US4,995,385; USS,522,385; US4,668,218; US4,667,668,;
US4,805,811 va US5,388,572. Cac may tao khi dung bot khd c6 hai thiét ké chinh. Mot
thiét ké 1a thiét bi do, trong d6 ngudn chira thude dugc dit bén trong thiét bj va bénh nhan
bd sung liéu thudc vao trong budng tao khi dung. Thiét ké thir hai 12 thiét bi do tai nha
may, trong d6 mdi lidu don dugc san xuit trong vat chira riéng biét. C4 hai thiét bj nay
déu phu thudc vao viée bao ché thudc thanh céc hat nhé ¢c6 MMAD nim trong khoang tir
1um dén 5um va thuong lién quan dén viéc bao ché dong thoi véi cac hat ta dugc 16n hon
nhu, nhung khéng chi gi6i han &, lactoza. Thube bot duge dat trong buéng tao khi dung
(nh thiét bj do hodc bing cach ph4 v& lidu san xuét tai nha méay) va dong hit vao cia
bénh nhén thuc ddy bot ra khoi thiét bj va vao khoang miéng. Céc dic tinh dong khéng
phan 16p ctia dudng bt lam cho ta duge-thude két tu lai dé phan hay, va khdi luong cia
cac hat ta duge 16n gdy ra tic dong cua ching & sau c6 hong, trong khi cac hat thubc nho
hon dugc tich tu sau trong phdi. Theo cac phuong an dugc vu tién, hop chit c6 cOng thirc
(I) hodc cong thue (II), hodec mubi duge dung cua chiing, duge phan phéi & dang bt kho
béng cach str dung mot trong hai loai méy tao khi dung bot khé nhu dugc bdc 19 trong
ban md ta nay, trong d6 MMAD clia bot kho, ngoai trir cdc ta duoc bt ky, chu yéu 1a

nim trong khoang 1pm dén Spm.

Theo phuong an khac, hop chét c6 cong thirc (I) hodc cong thirc (1) dugc phan
phdi & dang bot kho bang c4ch sir dung méy xéng c6 do lidu. Cac vi du khong giGi han
pham vi ctia sang ché vé cac may x0ng ¢6 do lidu va cac thiét bi bao gbm céc loai d3 boe
10 trong cac béng sang ché sb USS5,261,538; US5,544,647; US5,622,163; US4,955,371;
US3,565,070; US3,361306 va US6,116,234. Theo cac phuong 4n dugc uu tién, hop chét

c6 cong thire (I) hodc cong thire (II), hodc mubi duoc dung cta ching, dugc phén phdi &
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dang bot kho bang cach st dung may xong c6 do lidu trong d6 MMAD cua bdt kho, ngoai

trir cac ta duoc bat ky, cha yéu 12 ndm trong khoang tir 1um dén 5pm.

Céc ché phdm thich hop d& ding qua dudng 4m dao c6 thé dugce trinh bay & dang
vién dat &m dao, tampon, kem bdi, gel, bot nhio, ché phém bot hodc ché phém Xit ma

ngoai hoat chét con chira chit mang da biét trong linh vuc k¥ thuat nay 1a thich hop.

Céc ché pham thich hop dé diing ngoai dudng tiéu héa bao gdm dung dich tiém vé
tring trong nudc va khong trong nude, ma c6 thé chira chét chéng oxy hda, dung dich
dém, chit khang khuin va chét tan ma khién cho ché phim ding truong v4i mau ciua
ngudi nhan du kién; va cac loai huyén phu vo trung trong nudc va khong trong nudc ma

¢6 thé chira tac nhan tao huyén phil va tic nhan 1am dac.

Céc ché phim duoc trinh bay trong vit chtra liéu don hodic da lidu, vi duy, bng
thudc tiém va lo nho bit kin, va c6 thé duoc bao quén trong tinh trang d4 duoc sdy kho &
nhiét d6 thap (d& dugc lam dong kho) chi cin bd sung chit mang léng vo trung, vi du,
nuée dé tiém, ngay trudce khi dung. Dung dich va huyén phu tiém tirc thi dugce bao ché tir
cac loai bot, hat va vién nén v trung thudc loai d& duge bdc 1 trude ddy. Cac ché phém
& dang lidu don vi dugc wu tién 1a cac ché phim chira hoat chét véi lidu hing ngay hoic
phan lidu hing ngay theo don vi, nhu duge néu trén trong ban md ta nay, hoic phin doan

thich hop cta chung.

Can phai hiéu ring ngoai cdc thanh phan cu thé néu trén, cac ché phim c6 thé
chira cic tdc nhéan thong thuong khéc trong linh vuc k¥ thuat nay ma lién quan dén loai
ché phim lién quan, vi du, c4c ché phim thich hop dé ding qua dudng miéng c6 thé chira

céc tac nhan tao vi.

Sang ché con dé xut cac ché phim dé dung trong tht y chira it nhit mot hoat chét

nhu néu trén cling v6i chit mang dé ding trong thu y cung voi no.

Céc chit mang dé ding trong thi y 13 cic nguyén liéu hitu ich nhim muc dich
dung dugc phdm nay va c6 thé 14 nguyén liéu rén, 16ng hodc khi ma néi cach khéc 13 tro
hogc dugc chap nhan trong linh vuce thi y va 1a tuong thich v6i hoat cht. Cac duge phém
thi y ndy c6 thé dugc ding qua dudng miéng, ngoai duodng ti€u hoa hodc theo dudng

mong mudn bét ky khac.
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Céac hop chét theo sang ché duoc ding dé giai phéng ¢6 kiém soat dugc phim
chira mot hodc nhiéu hop chit 1am hoat chét ("cac ché phim giai phéng c6 kiém soat"),
trong d6 mtrc do giai phong hoat chét duge kiém so4t va didu chinh dé cho phép cip lidu
& tin sudt it hon hoidc dé cai thién bién dang dugc dong hoc hodc doc tinh ctia hoat chét
da dinh.

Liéu hiéu qua cta hoat chét phu thudc it nhit vao ban chit cua tinh trang bénh ly
duogc diéu tri, doc tinh, hop chét nay dugc st dung nhim muc dich phong bénh (liéu thép
hon) ho#c chéng nhidm virut hoat tinh, phuong phép phan phdi, va dugc phim, va s&
dugc x4c dinh bdi bac si 1am sang bing cach 4p dung cic nghién ctu ting liéu thong
thuong. C6 thé mong doi lidu luong ndm trong khoang tir 0,0001mg/kg dén 100mg/kg thé
trong hing ngay; thuong nam trong khoang tir 0,01mg/kg dén 10mg/kg thé trong héng
ngdy; thong thudng hon nim trong khoang tir 0,0lmg/kg dén 5Smg/kg thé trong hing
ngay; thong thuong nhit nim trong khoang tir 0,05mg/kg dén 0,5mg/kg thé trong héng
ngdy. Vi du, liéu hang ngay du dinh dbi véi ngudi 16n ¢6 thé trong khoang 70kg s& nim
trong khoang tir Img dén 1000mg, t&t hon 14 nim trong khoang tir Smg dén 500mg, va c6

thé & dang mot hodc nhidu lidu.
Dudng dung

Mbt hodc nhiéu hop chét (trong ban mo ta nay dugc goi 1a hoat chét) dugc dung
theo dudng ding bat ky thich hop véi tinh trang bénh 1y cdn dugc didu trj. Céc duong
dung thich hop bao gdm céc dudng miéng, truc trang, mili, phdi, khu tri (k& ca trong ma
va dudi ludi), &m dao va ngoai dudng tidu hoa (ké ca dudi da, tiem b’ép, tinh mach, trong
da, ndi tuy mac va ngoai mang cting), va cdc dudng ding twong tu. C6 thé thiy ring
dudng dung dugc uu tién c6 thé thay dbi theo tinh trang clia ngudi nhan chéng han. Uu
diém ciia cac hop chét theo sang ché 12 & chd chiing 12 sinh kha dung qua dudng miéng va

c6 thé duoc dinh lidu qua dudng miéng.
Phép diéu tri két hop

Cac duoc pham con duoc st dung két hop véi cac hoat chat khac. P& didu tri cac
bénh nhiém virut Pneumovirinae, t8t hon néu hoat chat khac d€ di€u tri c6 hoat tinh

chong lai cac bénh nhiém virut Pneumovirinae, dic biét 1a cadc nhiém virut hgp bao hd
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hap. Cac vi du khéng gi6i han pham vi cia sang ché v& cac hoat chét didu tri bénh khac
nay la ribavirin, palivizumab, motavizumab, RSV-IGIV (RespiGam®), MEDI-557, A-
60444 (con duoc goi la RSV604), MDT-637, BMS-433771, ALN-RSV0, ALX-0171 va
hdn hop ctia ching.

Nhiéu bénh nhidm virut Pneumovirinae 13 cac bénh nhiém duong ho hép. Do do,
cac hoat chit diéu tri bd sung dugc dung dé diéu tri céac triéu ching ho hép va céc di
chimg ctia bénh nhiém c6 thé dugc sir dung két hop véi cac hop chéit 6 cong thirc (I)
hogc cong thic (I). Tét hon, néu céc tac nhan bd sung duge ding qua dudng miéng hoic
bé‘mg cach tao khi dung truc tiép. Vi du, c4c tic nhan diéu tri bénh bd sung duogc uu tién
khac két hop vdi cac hop chét c6 cong thirc (I) hodc cong thie (II) ding dé diéu tri cac
bénh nhiém virut & dudng hd hép bao gdm, nhung khong chi gi6i han &, cac thube gian

phé quan va céc corticosteroit.

Céc glucocorticoit, ma 1dn dau tién duge dua vao 1am tic nhan didu tri bénh hen
ndm 1950 (Carryer, Journal of Allergy, 21, 282-287, 1950), vin 1a cach diéu tri hiéu
nghiém nhét va hiéu qua én dinh d&i v6i bénh nay, mic di co ché hoat dong ndy con
chua duoc hiéu rd hoan toan (Morris, J. Allergy Clin. Immunol., 75 (1 Pt) 1-13, 1985).
Tuy nhién, cac phép diéu tri bang glucocorticoit qua dudng miéng lién quan dén cac tac
dung phu rat khong mong muén nhu bénh béo phi & than, chimg cao huyét 4p, bénh tang
nhén 4p, ching bat dung nap glucoza, gia ting hinh thanh duc thity tinh thé, mat khoéng
chit & xwong, va cic tac dung tAm 1y, tAt ca céc tac dung phu ndy han ché viéc sir dung
chiing 1am téc nhan diéu trj bénh l4u dai (Goodman and Gilman, 10th edition, 2001). Giai
phap ddi véi cac tac dung phu dudng ndi hép 1a phan phdi céc thude steroit mot cach truc
tiép dén vi tri viém. Cac corticosteroid x6ng duge hit vao (ICS) di dugc phat trién dé
giam tac dung phu nghiém trong ctia céc steroit qua dudng miéng. Cac vi du khéng gidi
han pham vi clia sang ché vé céc corticosteroit ma c6 thé duoc dung két hop v6i cac hop
chét ¢6 cong thirc (I) hodc cong thirc (II) 1a dexamethason, dexamethason natri phosphat,
flometholon, flometholon axetat, loteprednol, loteprednol etabonat, hydrocortison,
prednisolon, fludrocortison, triamxinolon, triamxinolon axetonit, betamethason,
beclomethason diproprionat, metylprednisolon, floxinolon, floxinolon axetonit, flunisolit,
fluocortin-21-butylat, flumethason, flumetason pivalat, budesonit, halobetasol propionat,

mometason furoat, fluticason propionat, ciclesonit; hodc mudi dugc dung clia ching.
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Céc tac nhan chdng viém khac hoat dong thong qua cic co ché chu trinh chéng
viém con c6 thé ding 1am céc tac nhan diéu tri bénh bd sung két hop v6i céc hop chét co
cong thire (T) hodc cong thic (IT) dé diéu trj cac bénh nhidm virut & duong hd hip. Visc
tmg dung “céc chéit diéu bién tai nap tin hiéu chéng viém” (trong ban mo ta nay duogc goi
12 AISTM), nhu céc chat trc ché phosphodiesteraza (vi du, PDE-4, PDE-5, hoic PDE-7 cu
thé), céc chét uc ché yéu t phién ma (vi dy, phong bé NF«B thong qua trc ché IKK),
hosc chit trc ché kinaza (vi du, phong bé P38 MAP, JNK, PI3K, EGFR hogc Syk) 1a
phuong phép hop Iy dé cét bénh viém khi céc phan tir nay nho huéng dich dén mét sb
lugng ¢6 han chu trinh ndi bao - c4c chu trinh truyén tin hiéu ma 13 c4c diém then chét dbi
v6i viée can thiép dé didu tri bénh khéng viém (xem tdng quan cta P.J. Barnes, 2006).
C4c tic nhan diéu tri bénh bd sung khong mang tinh giéi han ndy bao gdm: (2-
dimetylamino-etyl)-amit cua  axit 5-(2,4-diflo-phenoxy)-1-isobutyl-1H-indazol-6-
carboxylic (chat trc ché kinaza ban dd P3 8, ARRY-797); 3-xyclopropylmetoxy-N-(3,5-
diclo-pyridin-4-yl)-4-diflormetoxy-benzamit (chét ¢c ché PDE-4, Roflumilast); 4-[2-(3-
xyclopentyloxy-4-metoxyphenyl)-2-phenyl-etyl]-pyridin (chét Gc ché PDE-4, CDP-840);
N-(3,5-diclo-4-pyridinyl)-4-(diﬂometoxy)-S-[(metylsulfonyl)amino]-l-dibenzofurancar-
boxamit (chit ¢ ché PDE-4, Oglemilast); N-(3,5-diclo-pyridin-4-y1)-2-[1-(4-flobenzyl)-
5-hydroxy-1H-indol-3-yl]-2-oxo-axetamit (chit tc ché PDE-4, AWD 12-281); (3,5-diclo-
1-oxy-pyridin-4-yl)-amit cta axit 8-metoxy-2-triflometyl-quinolin-5- carboxylic (chit tc
ché PDE-4, Sch 351591); 4-[5-(4-flophenyl)-2-(4-metansulfinyl-phenyl)-1H-imidazol-4-
yl]-pyridin (chit @c ché P38, SB-203850); 4-[4-(4-flo-phenyl)-1-(3-phenyl-propyl)-5-
pyridin-4-yl-1H-imidazol-2-yl]-but-3-yn-1-ol (chét tc ché P38, RWI-67657); 2-dietyl-
amino-etyl este cua axit 4-xyano-4-(3-xyclopentyloxy-4-metoxy-phenyl)-xyclohexan-
carboxylic (tién duoc chét 2-dietyl-etyl este ciia Cilomilast, chét tc ché PDE-4); (3-clo-4-
flophenyl)-[7-metoxy-6-(3-morpholin-4-yl-propoxy)-quinazolin-4-yl]-amin (Gefitinib,
chit e ché EGFR); va 4-(4-metyl-piperazin-1-ylmetyl)-N-[4-metyl-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-phenyl]-benzamit (Imatinib, chat ttc ché EGFR).

Cac t6 hop gdm thudc gian phé quéan chu vén thu thé B2-adreno dugc hit vao nhu
formoterol, albuterol hodc salmeterol véi cac hop chét c6 cong thire (I) hodc cong thirc
(IT) ciing 14 cac t6 hop thich hop, song khong gidi han &, hitu ich dé diéu tri cic bénh

nhiém virut & dudng ho hép.
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Céc két hop ctia chit cac thube gidn phé quan chi van thy thé B2-adreno dugec hit
vao nhu formoterol hodc salmeterol vé6i cac ICS con dugce ding dé didu tri ca bénh co phé
quan va bénh viém (lan lugt Symbicort® va Advair®). Céc két hop chira ICS va cac kit
hop chét chii van thu thé B2-adreno cung véi céc hop chit c6 cong thic (I) hodc cong
thirc (IT) cling 1a thich hop, song khong gidi han &, cac két hop hitu dung dung dé diéu tri

c4c nhiém virut ho hép.

Pé didu tri hoic phong bénh co thit phé quan & phdi, cic chét chéng tiét
axetylcholin c6 tng dung tiém nang va, do dd, 1a hitu ich 1am céc t4c nhan didu tri bénh
bd sung két hop véi cac hop chét c6 cong thire (T) hodc cong thire (IT) dé didu tri cac bénh
nhiém virut & dudng ho hap. Céc chit chéng tiét axetylcholin nay baé gdm, nhung khoéng
chi gi6i han &, cac chat dbi khéng thu thé muscarin (dic biét 1a M3 kiéu phu) ma da thé
hién higu qua didu trj & ngudi dé kidm soét axetylcholin trong COPD (Witek, 1999); axit
1-{4-hydroxy-1-[3,3,3-tris-(4-flo-phenyl)-propionyl] -pyrolidin-2-cacbonyl}-pyrolidin-2-
carboxylic (1-metyl-piperidin-4-ylmetyl)-amit; 3-[3-(2-dietylamino-axetoxy)-2-phenyl-
propionyloxy]-8-isopropyl-8-metyl-8-azonia-bixyclo[3.2.1]octan (ipratropium-N,N-di
etylglyxinat); este 1-aza-bixyclo[2.2.2]oct-3-yl cua axit 1-xyclohexyl-3,4-dihydro-1H-
isoquinolin-2-carboxylic (Solifenacin); 1-aza-bixyclo[2.2.2]oct-3-yl este cua axit 2-
hydroxymetyl-4-metansulfinyl-2-phenyl-butyric (Revatropate); 2-{1-[2-(2,3-dihydro-ben-
zofuran-5-yl)-etyl]-pyrolidin-3-yl}-2,2-diphenyl-axetamit (Darifenacin); 4-azepan-1-yl-
2,2-diphenyl-butyramit (Buzepide); 7-[3-(2-dietylamino-axetoxy)-2-pheny1-propionyl-
oxy]-9-etyl-9-metyl-3-oxa-9-azonia-trixyclo[3,3,1,02,4]Jnonan (oxitropium-N,N-dietyl-
glyxinat); 7-'[2-(2-dietylamino-axetoxy)-2,2-di-thiophen—2-yl-axetoxy]-9,9-dimety1—3-
oxa-9-azonia-trixyclo[3,3,1,02,4]nonan (tiotropium-N,N-dietylglyxinat); 2-(3-diisoprop-
ylamino-1-phenyl-propyl)-4-metyl-phenyl este cta axit dimetylamino-axetic (tolterodin-
N,N-dimetylglyxinat); = 3-[4,4-bis-(4-flo-phenyl)-2-oxo-imidazolidin-1-yl]-1 -metyl-1-(2-
0x0-2-pyridin-2-yl-etyl)-pyrolidinium; 1-[1-(3-flo-benzyl)-piperidin-4-yl] -4,4-bis-(4-flo-
phenyl)-imidazolidin-2-on;  1-xyclooctyl-3-(3-metoxy-1-aza-bixyclo[2.2.2]oct-3 -yD)-1-
phenyl-prop-2-yn-1-ol;3- [2-(2-dietylamino-axetoxy)-2,2-di-thiophen-2-yl-axetoxy]-1-(3-
phenoxy-propyl)-1-azonia-bixyclo[2.2.2]octan (aclidinium-N,N-dietylglyxinat); hoic 1-
metyl-1-(2-phenoxy-etyl)-piperidin-4-yl este cta axit (2-dietYlamino-axetoxy)-di-
thiophen-2-yl-axetic.
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Céc hop chét ¢ cong thirc (I) hodc cdng thire (IT) con c6 thé duge két hop véi cac
tdc nhan tiéu nhdy dé diéu tri ca bénh nhiém va cac trigu chimg nhidm & dudng hé hép. Vi
dy khéng mang tinh gi6i han vé tac nhan tiéu nhay 14 ambroxol. Tuong tu, cic hop chit
c6 cong thiic (I) hodc cong thie (IT) c6 thé duge két hop véi cac loai thube long dom dé
diéu tri ca bénh nhidm va céc triéu ching nhidm & dudng hé hip. Vi du khéng mang tinh

gi6i han vé thuéc long dom 1 guaifenesin.

Nuée mudi vu truvong khi dung duge ding @ cai thién thanh thai ngay lap tic va
thanh thai kéo dai ¢ cic duong khi nh6 & cac bénh nhan méc céc bénh phéi (Kuzik, J.
Pediatrics 2007, 266). Céc hop chat ¢ cong thirc (T) hodc cong thire (IT) con c6 thé duge
két hop véi nude mubdi uu trwong khi dung cu thé 13 khi nhi®m virut Pneumovirinae bi
bién ching v6i bénh viém tidu phé quan. Két hop cac hop chét ¢6 cong thirc (I) hodc cong
thire (IT) v6i nude mudi wu trwong con ¢6 thé chira tic nhan bét ky trong s cé4c tic nhan
b6 sung néu trén. Theo mot phuong 4n, khi dung khoang 3% nudc muéi wu truong dugc

sir dung.

Hop chit bat ky c6 kha ning két hop véi mot hodc nhidu hoat chét bd sung didu tri
bénh ¢ dang liéu don nhit dé ding ddng thoi hoic dimg lién tuc cho bénh nhan. Phép diéu
tri két hop ¢6 thé dugc ding theo phac dd d(A)ng thoi hodc lién tuc. Khi dugce dung lién tuc,
viéc két hop c6 thé duoc dung thanh hai hoic nhiéu 1an ding.

Vige dung dong thdi hop chét theo sang ché v6i mot hogc nhidu hoat chit didu tri
bénh khac thuong 14 c4ch dung dong thoi hodc dung lién tuc hop chit va mot hodc nhiéu
hoat chit diéu tri bénh khéc, sao cho ca hop chét ndy va mot hosc nhidu hoat chit didu tri

bénh khac déu c6 mit trong co thé ctia bénh nhéan véi lugng hitu hiéu dé didu tri bénh.

Viéc dung dong thoi bao gdm viée dung lidu Iurgng don vi cac hop chét trude hogic
sau khi dung liéu lugng don vi mét hogic nhidu hoat chét diéu tri bénh khac, vi du, ding
céc hop chét trong khoang mot vai gidy, mot vai phut, hodc mot vai gir sau khi dung mot
hodc nhiéu hoat chat diéu tri bénh khéc. Vi du, liéu don vi cta hop chét c6 thé duoc ding
dAu tién, tiép theo trong khoang mét vai gidy hodc mét vai phut thi ding liéu don vi cta
mdt hogc nhiéu hoat chét diéu tri bénh khac. Theo céch khéc, liéu don vi ciia mét hoiic
nhiéu dwoc chit khac dé didu tri bénh c6 thé duge ding dAu tién, tidp theo ding lidu don

vi clia hop chét trong khoang mot vai gidy hodc mot vai phit. Trong mot s§ trudong hop,
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ban du c6 thé mong mudn ding lidu don vi ctia hop chét, tiép theo sau khoang mdt vai
gidr (vi dy, 1 gior dén 12 gid), dung liéu don vi ctia mot hogic nhiéu hoat chat didu tri bénh
khac. Trong cic trudng hop khac, ban dau ¢ thé mong mudn ding lidu don vi cia mét
hozc nhiéu hoat chit diéu tri bénh khac, tiép theo sau khoang mot vai gio (vi dy, 1 gid

dén 12 gid), ding lidu don vi cta hop chét theo sang ché.

Phép diéu tri két hop c6 thé tao ra “su hiép ddng” va “tic dung hiép ddng”, tic 14
tac dung dat dugc khi cac hoat chit dugc st dung cung nhau la manh hon téng cac tac
dung dat dugc khi st dung riéng r& cac hop chit. Tac dung hiép déng c6 thé dat duge khi
céc hoat chét duoc: (1) cung bao ché va dugc dung hodc dugc phan phéi déng thoi trong
ché phim két hop; (2) dugc phan phéi luan phién hodc song song & dang cac ché phdm
riéng ré&; hodc (3) theo mdt sd phac dd khac. Khi duge phén phéi theo cach diéu tri luan
phién, tdc dung hiép déng c6 thé dat duoc khi céc hop chit dugc dung hodc dugc phin
phéi lién tuc, vi du & dang cdc vién nén, cic vién tron hodc cac vién nang riéng ré, hodc
bang cac 1an tiém khéc nhau trong bom tiém khac nhau. N6i chung, trong qua trinh diéu
tri luan phién, liéu lugng hitu hiéu cia timg hoat chét duoc dung lién tuc, tirc 1 theo timg
dot, trong khi theo cach két hop diéu trj thi liu lvong hitu hidu cua hai hodc nhidu hoat
chat dugc ding cling vdi nhau. Tac dung khéng virut hiép ddng 14 tac dung khang virut
manh hon tac dung cong hop thuén tiy theo dy tinh cia cac hop chét riéng ré& trong hdn
hop nay.

Theo phuong 4n khac nita, don yéu ciu cép bang doc quyén sang ché nay dé xuat
phuong phap didu tri bénh nhidm virut Pneumovirinae & ngudi, phuong phap bao gbm
viée ding cho ngudi luong hitu higu dé diéu tri bénh ctia hop chét ¢6 cong thirc (1), hodc
mudi duge dung, solvat, va/hodc este ciia nd. Sang ché con dé xuét cac phuong phap
riéng biét diu tri bénh nhiém virut Pneumovirinae & ngudi, moi phuong phép bao gém
viéc dung cho nguoi luong hitu hiéu vé mit dugc tinh dé didu tri bénh cta hop chit ¢
cong thic (IT) hodc mot trong s6 cac hop chét cu thé theo cac vi du néu trong ban md ta
nay, hodc mudi duoc dung, solvat, va/hoic este ciia nd, va chét mang dugc dung hodc ta

duoc.

Theo phuong 4n khac, sang ché mé ta phwong phap diéu tri nhiém Pneumovirinae

& ngudi bang cach ding cho ngudi lugng hiru hidu dé didu tri bénh cua chét triét quang,
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chét déng phan déi anh, chét ddng phan khong déi quang, chit h3 bién, chét da hinh, chét
gia da hinh, dang vo dinh hinh, hydrat hoc solvat ctia hop chét cua hop chét ¢6 cong thic

(I), hodc mudi dugc dung hoic este cia né.

Sang ché con mo ta cac phuong phép riéng biét diéu tri nhidm Pneumovirinae &
ngudi ¢6 nhu cau didu tri, mdi phuong phap bao gdm viéc dung cho nguoi luong hiru
hidu dé didu tri bénh ciia chét triat quang, chit ddng phan ddi anh, chét ddng phan khong
doi quang, chat hd bién, chit da hinh, chit gia da hinh, dang vo dinh hinh, hydrat hofic
solvat ctia hop chét c6 cong thie (II) hodc mot trong sd cac hop chit cu thé theo cac vi du

trong ban mo ta nay, hodc mudi dugc dung, solvat, va/hoic este cia né.

Theo phuong 4n khic nita, don yéu ciu clp bang doc quyén sang ché nay con mo
t& phuong phap diéu tri bénh nhiém virut hop bao hd hép & ngudi, phuong phap nay bao
gom viéc ding cho ngudi lugng hiru higu dé didu tri bénh cia hop chét ¢6 cong thirc (I),

hodc mudi dugc dung, solvat, va/hoic este ciia no.

Theo phuong 4n khéc nita, don yéu ciu cip bing doc quyén séng ché nay mo ta
phuong phap diéu tri bénh nhiém virut hop bao hd hdp & ngudi, phuong phép nay bao
gbm viéc ding cho ngudi luong hitu higu dé diéu tri bénh ctia hop chét c6 cong thic (),
hodc mudi dugc dung, solvat, va/hodc este cia nd, va it nhat mdt dugc chit didu tri bénh

bd sung.

Séng ché con md ta cac phuong phap riéng biét diéu tri bénh nhidm virut hop bao
hd hép & ngudi c6 nhu ciu diéu tri, mdi phuong phép bao gdm viée ding cho ngudi hop
chét c6 cong thtre (II) hodc mdt trong sb cac hop chét cu thé theo céc vi du trong ban mo
t4 nay, hodc mudi dugc dung, solvat, va/hodc este cua nd, véi luong hitu hidu dé didu tri

bénh.

Séng ché con mo ta cac phuong phép riéng biét didu tri bénh nhidm virut hop bao
hé hdp & ngudi ¢6 nhu ciu didu tri, mbi phuong phép bao gdm viéc dung cho nguoi hop
chat c6 cong thirc (II) hodc mot trong s& cc hop chét cu thé theo cac vi du trong ban md
t4 nay, hodc mudi dugc dung, solvat, va/hodc este ctia né, véi luong hitu hidu dé didu tri

bénh, va it nhat mot duge chét didu tri bénh b sung.
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Séng ché con md ta cac phuong phép riéng biét didu tri bénh nhiém virut hop bao
h6 hép & ngudi ¢ nhu ciu didu tri, trong d6 ngudi nay con dang méc bénh viém tidu phé
quan, mdi phuong phép bao gdm viéc ding cho ngudi hop chit ¢6 cong thirc (@), cong
thire (I1), hodc mot trong s cac hop chit cy thé theo cac vi du trong badn mo ta nay, hoic

mudi dugce dung, solvat, va/hodc este clia no, voi luong hitu hiéu dé diéu tri bénh cua.

Séang ché con md ta cac phuong phép riéng biét didu tri bénh nhim virut hop bao
hé hdp & ngudi ¢6 nhu ciu didu tri, trong d6 ngudi nay con dang méc bénh viém phéi,
mdi phuong phap bao gdm viée ding cho ngudi hop chét ¢6 cong thirc (1), cong thic (1),
hozic mot trong sé céac hop chét cu thé theo cac vi du trong ban md ta nay, hodc mubi

dugc dung, solvat, va/hodc este cua nd, v4i lugng hitu hiéu @€ diéu tri bénh.

Sang ché con mé ta cac phuong phap riéng biét nhdm cai thién céc tridu chung ho
hip & ngudi dang nhiém virut hop bao hd hip, mdi phuong phép bao gdm viée ding cho
ngudi hop chét ¢é cong thire (), cong thire (IT), hosic mot trong s cac hop chét cu thé
theo c4c vi du trong ban mo ta nay, hodc mudi dugc dung, solvat, va/hodc este cia nd, vdi

luong hitu hiéu dé diéu tri bénh.

Céc tridu chting hd hdp & ngudi dang nhiém virut hgp bao ho hap c6 thé bao gdm
ngat miii hodc s6 mili, ho, thd kho khe, hit hoi, tho gép hodc kho thd, ngung thd, bénh

viém ti€u phe quan, va bénh viém phoi.

Theo mot phuong 4n, sang ché con mé ta viée sir dung hop chit c6 cong thure (1),
hozic mudi duoc dung, solvat, va/hodic este ciia nd, dé bao ché thudc dung d& diéu tri bénh

nhiém virut Pneumovirinae ho#c bénh nhiém virut hgp bao hé hép.

Theo mot phuong 4n, sang ché con mo ta viée st dung hop chét c6 cong thuc (II)
hodc mot trong sd cac hop chét cu thé theo cac vi du trong ban mé ta nay, hodc mudi
duoc dung, solvat, va/hodc este cua no, dé bao ché thube dung dé diéu tri bénh nhiém

virut Pneumovirinae hozc nhiém virut hgp bao hd hép.

Sang ché con dé xuat dugc phim chira luong hitu hidu v& mit duge tinh cia hop
chét c6 cong thuc (I), hodc mudi duoc dung, solvat, va/hodc este cuia nd, va chat mang
dugc dung hoic ta duoc. Sang ché con dé xuét dugce phim chira lugng hitu hiéu vé mat

duoc tinh ctia hop chét ¢ cong thire (IT) hodic mdt trong sb cac hop chit cu thé theo cac vi
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du trong ban mo ta nay, hodc mudi dugc dung, solvat, vi/hodc este cla né, va chét mang

dugc dung hodc ta duoc.

Sang ché con dé xuét duoc phdm chira lugng hitu hiéu vé& miit dugc tinh cia hop
chét ¢6 cong thire (I), hodc mudi dugc dung, solvat, va/hodc este ctia nd, va chat mang
hodc t4 dugc duge dung va lugng hitu hidu vé mit duoc tinh cia it nhét mdt duge chét
diéu tri bénh bd sung. Sang ché con dé xuit dugc phim chtra lugng hitu hidu v& mit dugc
tinh ctia hop chét c6 cong thire (II) hodc mot trong sé cac hop chét cu thé theo céc vi du
trong ban mo ta nay, hoic mubi duge dung, solvat, va/hodc este clia nd, va chat mang
duge dung hodc ta dugce va lugng hitu hidu vé mat dugc tinh cta it nhit mot dugc chét

diéu tri bénh bd sung.

Séng ché con d& xuét cac phuong 4n riéng biét chita hop chét ¢6 cong thirc D,
cong thirc (IT), hodc mot trong sb cac hop chét cu thé theo cac vi du trong ban mo ta nay,
hoiic mudi duoc dung, solvat, va/hodic este cla no, dung dé diéu tri bénh nhiém virut

Pneumovirinae hodc nhiém virut hgp bao ho hap & nguoi.

Séng ché con dé xudt cac phuong 4n riéng biét chira hop chat ¢6 cong thirc D,
cdng thire (IT) hodc mot trong sb cac hop chét cu thé theo cac vi du trong ban mé ta nay,

hodc mudi dugc dung, solvat, va/hoic este ciia chung, dé dung lam thuodc.

Séng ché con d& xuét cac phuong 4n riéng biét 12 phuong phép dé bao ché thube
nhim dé& didu tri bénh nhidm virut Pneumovirinae hodc nhiém virut hop bao hd hép o
ngudi, khdc bigt & chd hop chat cé cong thie (I), cong thire (IT), hodc mdt trong sb céc
hop chét cu thé theo cac vi du trong ban mé ta nay, hodc mudi dugc dung, solvat, va/hodic

este cua no, dugc st dung.

Sang ché con de xuat hop chét ¢ cong thic (I), hoic mudi dugc dung, solvat,
va/hodc este ciia ching, dung d€ diéu tri bénh nhiém virut Pneumovirinae hodc nhiém

virut hgp bao hd hdp & ngudi.

Sang ché con dé xudt cac phuong én riéng biét chira hop chat ¢ cong thirc (II)
ho#ic mot trong sé cac hop chét cu thé theo cac vi du trong ban mé ta nay, hoic mubi
dugc dung, solvat, va/hodc este cua né, diung dé diéu tri bénh nhidm virut Pneumovirinae

hodc nhiém virut hgp bao hd hip & nguvi.
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Séang ché con d& xuét hop chit nhu di dugc bdc 16 trong ban mé ta nay. Sang ché
con @& xuit dugce phém nhu da dugce bde 16 trong ban md ta ndy. Sang ché con d& xuét
phuong phap str dung hop chét ¢é cong thic (I), nhur d4 dugc boc 16 trong ban mé ta nay.
Sang ché con @& xuit phuong phap tao ra hop chét c6 cong thic (I), nhu da duoc boc 10

trong ban mo ta nay.
Céc chét chuyén hoa ca cac hop chit

Céc san phim chuyén hoéa in vivo ciia cdc hop chét theo sang ché ciing ndm trong
pham vi clia ban md ta ndy, & muc do cic san phidm niy 13 méi va khong hién nhién so
v6i tinh trang k§ thuat ctia sang ché. Vi du, céc san phim ndy c6 thé thu dugc tir viée oxy
héa, khir, thay phan, amit héa, este héa va twong tw d6i véi hop chit duoc dung, chi yéu
1a nhd céc quy trinh enzym. Do d6, sang ché bao ham céc hop chit méi va khong hién
nhién dugc tao ra theo quy trinh bao gdm budc cho hop chit nay tiép xtic véi dong vat co
v trong mdt thoi gian du dé sinh ra san phdm chuyén héa ciia né. Cac san phdm nay
thudng duoc xac dinh bang cach diéu ché hop chét da duoc danh déu bang ddng vi phéng
xa (vi du, 14C hozc 3H), dung nd ngoai dudng ti€u hda theo lidu do duoc (vi dy, hon
0,5mg/kg) dbi voi dong vat nhu chudt to, chudt nhit, chudt lang, khi, hodic ddi véi ngudi,
cho phép du thoi gian chuyén héa dé xut hién (thong thuong khoang 30 gidy dén 30 gid)
va phéan 18p céc san phém chuyén d6i ctia né tir nude tidu, mau hodc cac mau sinh hoc
khéc. Céc san phim nay dugc phan l14p mét cach d& dang do chiing dugc gin nhin (céc
san phim khéc dugc phan 14p bing cach sir dung cac khéng thé c6 kha ning lién két voi
céc bidu vi tdn tai trong san phdm chuyén héa). Céc ciu trac chuyén héa duge xac dinh
theo céch thong thudng, vi du theo phan tich MS hodc NMR. Noéi chung, viéc phan tich
céc chat chuyén hoa duoc thuc hién theo cling cach nhu céc nghién ciru chuyén héa thudc
thong thudng ma ngudi c6 hiéu biét trung binh trong linh vuc ky thuat nay da biét r5. Cac
san phim chuyén ddi, chirng nao chung khéng dugc tim thdy theo cach khac in vivo, ¢6
thé duoc dung trong cac thir nghiém chin doan dé cp lidu diéu tri cac hop chét tham chi

néu chung khong c6 hoat tinh khang virut HSV ctia chinh né.

Céch thirc va phuong phép xac dinh mic d6 én dinh cia cic hop chét trong céc
dich tiét da day-rudt thay thé 1a da biét. Cac hop chét duoc xé4c dinh theo 14 6n dinh trong

dai da day-rudt non khi it hon 50 phﬁn trdm mol cuia cac nhém da duoc bao vé duge khir
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bao vé trong dich rudt thay thé hoic dich nuéc hoa qua sau khi i trong thoi gian 1 gio &
37°C. Pon gian céc hop chit 1a 6n dinh d6i véi dai da day-rudt non khong cé nghia 1a
chiing khong bi thity phén in vivo. Céc tién dugc chit thuong 14 n dinh trong hé tiéu héa
nhung c6 thé bi thity phan déng ké thanh thudc géc trong khoang tiéu héa, gan, phdi hoic
co quan ti€u hda khéc, hodc trong cac té bao néi chung. Thuat ngi tién duoc chét duge
dung trong ban mo ta nay dugc hiéu 1a hop chét dugc thiét ké vé mit hoa hoc dé giai
phéng mot cach hi€u qua thudc géc sau khi vuot qua cac hang rio sinh hoc di véi viée

phan phdi qua dudng miéng.
Céc chit viét tat

Mot sb chir viét tit va chir rut gon nhét dinh dugc dung dé& mo ta cac chi tiét cua
céc thir nghiém. Mic du phan 16n céc chit niay déu dugc hidu bdi ngudi c6 hiéu bibt
trung binh trong linh vuc k§ thuét ndy, Bang 1 chira danh muc gdm nhiéu trong sb cac

chir viét tit va cac chit rit gon.

Bang 1. Danh muc céc chit viét tat va cac chir rat gon.

Chir viét tit | Nghia

Ac axetat

ACN axetonitril

AIBN azobisisobutyronitril

Bn benzyl

Bu butyl

Bz benzoyl

BzCl benzoyl clorua

CDI 1,1'-cacbonyldiimidazol
DAST dietylaminosulfua triflorua
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DCE 1,2-dicloetan

DCM diclometan

DMAP 4-dimetylamiopyridin
DMDO dimethydioxiran

DMSO dimetylsulfoxit

DMF dimetylformamit
DMTrCl 4,4’-dimetoxytritylclorua
DMTr 4,4'-dimetoxytrityl

EDCI N-(3-dimetylaminopropyl)-N'-etylcarbodiimit hydroclorua
Et etyl

Imid imidazol

KOtBu kali Tert-butoxit

LC sac ky 1ong

MCPBA axit meta-cloperbenzoic
Me metyl

m/z ty 18 khoi luong so véi dién tich
MS hoidc ms | pho khéi

NIS N-iodosucxinimit

NMP N-metyl-2-pyrolidon

Ph phenyl

Ph;P triphenylphosphin
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PMB para-metoxybenzyl

PMBCI para-metoxybenzyl clorua

PhOC(S)Cl | phenylclothionoformat

(PhO);PMel | metyltriphenoxyphosphoni iodua

Pyr pyridin

RT nhiét do trong phong

TBAF tetrabutylamoni florua

TBS tert-butyldimetylsilyl

TBSCI tert-butyldimetylsilyl clorua

TMSN; trimetylsilyl azit

TEA trietylamin

TES triethysilan

TFA axit trifloaxetic

THF tetrahydrofuran

T™S trimetylsilyl

TMSCI trimetylsilyl clorua

Ts 4-toluensulfonyl

TsOH axit tosylic

d phan tridu tham chiéu dén pic dung méi khong duoc doteri héa con lai
So d6 chung
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NH, NH;

~ \N NIS \\ \)N
\ N\N) l N\N/
S1a S1b

So do 1.

So dd 1 thé hién quy trinh tbng hgp chung cac chét trung gian bit dau bing phan

ung iot hoa (vi dy, NIS) dé tao ra bazo ciia nucleotit c6 cong thirc S1b.

NH2 NHZ
HBF4 NIS

~ >N

>~ >N
\
N\N/KNHZ NaNO, \ N‘N)\F

S2a S2b S2c

So dd 2.

So dd 2 thé hién quy trinh tng hgp chung cac chit trung gian bét dau bing phan
tmg flo héa (vi du, HBF, NaNO,) theo cach tuong tu cach d3 dugc boc 1§ trong
W02012037038A1 d8 tao ra chét trung gian c6 cong thic S2b. Sau do, chit trung gian c6

cbng thire S2b ¢6 thé dugc iot hda (vi du, NIS) dé tao ra nucleobazo c6 cdng thirc S2c.

NH,
NH, 1) n-Buli N 1) BzCl, Pyr;
BnO—\ 0, L [-CH,SiMesCllp CT Y NHoH
~ N oo 0 N< /k .
Q 1 - BnO o N” R?
HEE N\N/ R1 2) Et3SIH 2) HCOQH.
BnO OBn BF3eEt,0 Pd/C
BnO OBn
S3a S3b S3c

NHBz
SN 1) (PhO)sPMel
1) DMTrCI, Pyr 3sPMe 1) DMDO
_)____y. HO o N N\N)\ f — R! )
2) TBSCI, Imid 2) KOtBu 2) InBra
3) TsOH TMSCN
TBSO OTBS TBSO OTBS 3) CsF
S3e S3f
NH,Me
So do 3.

-36-



27385

So d6 3 thé hién quy trinh tdng hgp chung cic hop chét bit dau bang phan ung
trao dbi lithi-halogen (vi dy, n-BuLi, [-CH,SiMe,Cl],) v6i nucleobazo thich hop ¢6 cong
thirc S3b, tiép theo bd sung vao lacton c6 cdng thic S3a. Viéc khtr nhdm hydroxyl 1’
nhénh trong cac diéu kién axit Lewis (vi du, BF3'Et,0, Et;SiH) tao ra chét trung gian c6
cong thue S3c. Trude hét, chat trung gian c6 cong thirc S3c¢ ¢6 thd duoc bao vé (vi du,
BzCl, Pyr; NH,OH) & chtc nito, va sau d6 cic nhém benzyl c6 thé duge loai ra & cac
didu kién khir (vi du, HCO,H, Pd/C, BCls, BBr;) d tao ra chét trung gian cd cong thirc
S3d. Trinh tuy bao gdm viéc bdo vé hydroxyl 5° chon loc (vi du, DMTrCl), sau d6 bao vé
hydroxyl 2° va 3° (vi du, TBSCI), tiép theo loai bd chon loc nhém béo vé hydroxyl 5’
trong cac didu kién axit (vi dy, TsOH) tao ra chét trung gian c6 cong thirc S3e. Sau do,
nh6ém hydroxyl 5° ¢6 thé duge chuyén héa thanh iodua twong tmg (vi dy, (PhO);PMel),
ma tiép d6 duoc cho tiép xtc véi cac didu kién kidm (tirc 12 KOtBu) dé thye hién phan
Ung loai trir tao ra chét trung gian c6 cong thie S3f. Viée oxy hoa olefin ¢6 cong thie S3f
(vi du, DMDO), tiép theo la xt Iy bang 4i nhan thich hop (vi du, TMSCN) trong céc didu
kién axit Lewis (vi dy, InBr;) va viéc loai bo cac nhom bao vé hydroxyl (vi du, CsF) tao
ra chét trung gian c6 cong thire S3g. Viée loai bdé nhém bao vé nito (vi du, NH,Me) tao ra

céc hop chét cudi cung thude loai c6 cdng thie S3h.

NHBz NHBz NH,
~r" >N ~""N ~r"N
1) DMDO NH,Me
o) N R1 ———— Ho o) N HO~ o) N‘N)\R1
2) InBr N e
TMSN, ° s
T8SO OTBS 3) CsF HO OH HO OH

S3f S4a S4b

So db 4.

So d6 4 thé hién quy trinh téng hop chung cac hop chét bt diu bing viée oxy hoa
olefin c6 cong thire S3f (vi dy, DMDO), tiép theo 13 xir Iy bing 4i nhan thich hop (vi du,
TMSN;) trong céc didu kién axit Lewis (vi dy, InBr3) theo cach tuong tuy ma d dugc boc
10 trong tai liéu: J. Med. Chem, 2007, 50, 5463-5470. Khi do, viéc loai bd cidc nhém béo
vé hydroxyl (vi dy, CsF) tao ra chét trung gian c6 cong thirc S4a. Viéc loai bd nhém béo

vé nito (vi du, NH,Me) tao ra cac hop chét cudi cung thudc loai cé cong thirc S4b.
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S3f

So dd 5.

So d 5 thé hién quy trinh tdng hop chung céc hop chét bit dau bang viéc oxy héa
olefin c6 cong thirc S3f (vi dy, DMDO) véi sy ¢6 mit ciia rugu thich hop HOR?, tiép theo
1 loai bd cac nhém bao vé hydroxyl (vi dy, CsF) dé tao ra chét trung gian c¢6 cong thirc
S5a. Viéc loai bd nhdm bdo vé nito (vi dy, NH,Me) tao ra cac hop chét cudi cung thudc

loai cé cong thie S5b.

NHBz NHBz
S \N X
\ N A, NDMDO R
O N" R 2) (HC=C)zAl R
3) CsF
TBSO OTBS

/{hl’r Lindlar

So db 6.

So dd 6 thé hién quy trinh tng hop chung cac hop chét bit diu bang viéc oxy hoéa
olefin c6 cong thirc S3f (vi du, DMDO), tiép theo 14 xir ly bing 4i nhén thich hop (vi du,
(HC=C);Al) theo céach tuong tu ma d8 dugc bdc 10 trong tai liéu: Nucleosides,
Nucleotides, and Nucleic Acids 2005, 24, 343-347. Viéc loai bd cac nhom bdo vé
hydroxyl (vi du, CsF) khi d6 tao ra chét trung gian c6 c6ng thirc S6a. Viéc loai bé nhém
bao vé nito (vi du, NH,Me) tao ra cac hop chét cudi cung thudc loai c¢6 cong thirc S6b.
Viée xtr Iy hop chét cudi cling thong qua cac diéu kién hydro hoéa (vi du, H,, Pd/C hodc
cac didu kién Lindlar) c6 thé 14n luot tao ra mot cach chon loc céc hop chét cudi cung

thudc loai c6 cong thirc S6c va S6d. Viée xir 1y hop chat cudi cling c6 cong thic S6d
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thong qua céc diéu kién xyclopropan héa (vi du, CH,N,) ¢6 thé tao ra cac hop chit cudi

cung thudc loai cé cong thic Sée.

NH, 1) TMSCI, Pyr: NHBz NHBz
~r N BzCl, Pyr; ~" N ~ \N
NH4OH 1) TBSCI, Imi -
HO 0 N N\NAR“ —-4 DMTrO o) N N\N)\R1 —___.) mid HO o) N N\NAR‘l
2) DMTrCl Pyr 2) TsOH
HO F HO F TBSO F
S7a S7b S7e
NHBz
1) EDCIeHCI ~ SN '
Pyr, TFA,DMSO NN A, 1) DMTCI, EteN EDCIeHCI
—_— o NR! —m—m———
2) CH,0, NaOH Ho:\““‘\( 2) TBSCI, Imid. Pyr, TFA
3) NaBH, 3) TsOH DMSO
TBSO F

S7f

N +
. ; [Ph3sPCH,Br] Br

KOtBu

Sodd 7.

So dd 7 thé hién quy trinh tdng hop chung cic hop chat bit dAu bing trinh tu téng
hop dé bao vé nito (vi du, TMSCI, Pyr; BzCl, Pyr; NH,OH) cia chét trung gian cd cong
thirc S7a, téng hop dugc theo cach tuong tu dd duge bdc 19 trong cong bd don quéc té s6
WO02012037038A1. Viéc bdo vé mét cach chon loc nhém hydroxyl 5°(vi duy, DMTrCl),
sau d6 tao ra chét trung gian cé cong thirc S7b. Viéc bao vé nhém hydroxyl 2° (vi duy,
TBSCI), tiép theo 1a loai bé nhém hydroxyl 5’ trong cac didu kién axit (vi dy, TsOH) tao
ra chat trung gian c6 cong thic S7e. Viée chuyén héa nhém hydroxyl 5’ thanh aldehyt
trong cac diéu kién oxy hoéa (vi duy, EDCI'-HCI, Pyr, TFA, DMSO), tié_p theo 1a ngung tu
enolat twong mg voi formaldehyt va khtt (vi du, NaBH,) tao ra chit trung gian c6 cong
thirc S7f. Viéc bao vé chon loc mét céch lién tuc cac gbe hydroxyl b;‘i‘ng cac nhom bao vé
tryc giao (vi dy, DMTrCl va TBSC), tiép theo 12 loai b nhém bao vé& kém bén hon trong
cac diéu kién axit (vi du, TsOH), sau d6 tao ra chit trung gian c6 cong thirc S7g. Viée
chuyén ddi nhém hydroxyl thanh aldehyt trong cac didu kién oxy hoéa (vi dy, EDCI-HCI,
Pyr, TFA, DMSO) tao ra chit trung gian c6 cong thirc S7h. Viéc xtr ly aldehyt c6 cong

thitc S7h thanh chét trung gian halo-olefin ¢6 cong thie S7i ¢6 thé duogc thuc hién & cac
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didu kién olefin héa Wittig (vi du, [PhsPCH,Br] Br’, KOtBu). Phan ting loai trir trong cac
didu kién kiém (vi du, KOtBu) tao ra alkyn, va viéc loai bd cic nhém bao vé hydroxyl (vi
du, TBAF) va nhém bao vé nito (vi du, NH,OH) tao ra cic hop chét cudi cing thudc loai

c6 cong thuce S7;.

1) NH,OHeHCI

2) CDI
3) NH4OH
4) HFePyr

So dd 8.

So d6 8 thé hién quy trinh tdng hop chung cic hop chit bit diu bing viéc tao ra
oxim (vi du, NH,OH-HCI), tiép theo chuyén héa oxim thanh nhém nitril (vi du, CDI).
Viéc loai bd nhém bao v¢ nito (vi duy, NH,OH), va cdc nhém bao v¢ hydroxyl (vi du,

HF-Pyr), sau d6 tao ra cac hop chit cudi ciing thudc loai c6 cong thirc S8a.

1) [PhaPCHa]*Br
KOtBu

2) TBAF
3) NH4OH

So dd 9.

So dd 9 thé hién quy trinh tdng hop chung cic hop chét bit du bang viée xir Iy
aldehyt c6 cong thc S7h thanh olefin nhd cic diéu kién olefin héa Wittig (vi du,
[Ph;PCH;]"Br’, KOtBu). Viéc loai bé cic nhém bao vé hydroxyl (vi du, TBAF), va nhém
bao vé nito (vi du, NH,OH) tao ra cac hop chét cudi cung thudc loai cé cong thirc S9a.
Cac didu kién khir (vi du, Hy Pd/C) khi d6 c6 thé sinh ra cac hop chit cudi ciing thudc
loai ¢6 cong thirc S9b, va cac diéu kién xyclopropan héa (vi du, CH,N,) c6 thé sinh ra céc

hop chét cudi ciing thudc loai c6 cong thirc S9c.
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2) TBAF
3) NH,0OH

So dd 10.

So db 10 thé hién quy trinh téng hop chung céc hop chit bit diu bing phan ng
Appel (vi dy, PhsP, CCly) chuyén héa nhém hydroxyl thanh clorua. Viéc loai bd cac
nhém bao vé hydroxyl (vi du, TBAF), va nhém béao vé nito (vi du, NH,OH) tao ra cac

hop chét cudi cting thudc loai c6 cong thirc S10a.

1) PMBCI, K,CO;3 S L mpasT
\N 1

2) TBAF 2) BBr,

3) BnBr, NaH 3) NH,0H

4) AcOH

Sodd 11.

So dd 11 thé hién quy trinh téng hop chung cac hop chit bt diu bing viéc bao vé
nhém hydroxyl tu do cta chit trung gian c6 cong thirc S7g bang nhém bao vé khong bén
(vi du, PMBCI, K,COs3). Loai bo chon loc cac nhom bao vé silyloxy 2° va 5° (vi du,
TBAF), tiép theo tai bao v¢ bing cac nhém bao vé manh (vi du, BnBr, NaH), va viéc loai
bd nhom bao vé hydroxyl khong bén trong cac diéu kién axit (vi dy, AcOH) tao ra chét
trung gian c6 cong thirc S11a. Viée chuyén ddi nhém hydroxyl thanh flo (vi du, DAST),
tiép theo 1a loai b6 cac nhém bdo vé hydroxyl (vi dy, BBr3), va nhém bao vé nito (vi du,

NH,OH) tao ra céc hop chat cudi ciing thudc loai c6 cong thuc S11b.

NHBz NHBz
N ~r N 1) DMDO
HO— o N N\NfLR1 1) (PhO)sPMel o N N~N)\R1 2) SnCls, TMSN3
3) CsF
2) KOtBu 4) NH,OH
T™8SO F T™8SO F
S7e S12a

So dd 12.
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So dd 12 thé hién quy trinh tdng hop chung céc hop chit bit d4u bing viée chuyén
héa nhém hydroxyl 5’ thanh iodua tuong tmg (vi du, (PhO);PMel), ma sau d6 dugc xtr Iy
nhos cc diéu kién kiém (tie 12 KOtBu) dé thuc hién phan tng loai trir sinh ra chét trung
gian c6 cong thirc S12a. Viéc oxy héa olefin c6 cong thirc S12a (vi du, DMDO), tiép theo
13 xr 1y bing i nhan thich hop (vi du, TMSN;) trong cac diéu kién axit Lewis (vi duy,
SnCly) theo cach tuong tw maf da duoc boc 19 trongl. Med. Chem, 2007, 50, 5463-5470,
va viéc loai bd cac nhém bdo vé hydroxyl (vi dy, CsF) va nhém bao vé nito (vi du,

NH,OH) tao ra cac hop chét cubi cung thudc loai cé cong thirc S12b.

NHBz NH,
N 1) DMDO, HOR® N
o) N‘N)\R1 ——») ' HO—\ o) N‘N/J\R1
\/ 2) CsF RO\
TBSO F 3) NH,OH WO B
S12a S13a

So d6 13.

So d6 13 thé hién quy trinh tdng hop chung cic hop chét bit dau bing viéc OXy
héa olefin ¢6 cong thirc S12a (vi du, DMDO) v6i sy ¢6 mét ctia rugu thich hop HOR® va
loai bd céc nhom bdo vé hydroxyl (vi dy, CsF). Viéc loai bd nhém bao vé nito (vi du,

NH,Me) tao ra cac hop chét cudi cung thudc loai c6 cong thirc S13a.

NHBz NH,
"N 1) PhOC(S)CI ~r"SN
TBSO— o) N\NAR1 DMAP 1) TBAF Ho—~ o YNy Aw
HO—" 2) (TMS)3SiH, 2) NH40H
AIBN
TBSO F HO F
S7¢ S14b
So do 14.

So d6 14 thé hién quy trinh téng hop chung céc hop chét bit diu bing viéc tao ra
xantat (vi du, PhOC(S)Cl, DMAP), tiép theo 14 phan tmg khtr oxy héa Barton-McCombie
(vi dy, (TMS);SiH, AIBN) dé tao ra chét trung gian c6 cong thic S14a. Viéc loai bd cac
nhém bao vé hydroxyl (vi dy, TBAF), va nhom bao vé nito (vi du, NH,OH) tao ra céc

hop chét cudi cling thudc loai ¢6 cong thic S14b.
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NHz 4y hBuLi

o) o) -
BnO/?Q \\\\\\ OAc 1) KoCO3, MeOH Bno/wo <~ [-CH,SiMe,Cll, o

BnO OAc 2) NIS, BugNI BnO OBn N\Nyl\R1 2) Et3SiH
3) BnBr, Ag,0 | BF3¢Et,0

S15a S15b s3b 3) Hy, Pd black

So do 15.

So dd 15 thé hién quy trinh téng hop chung cac hop chit bit dau bang chét trung
gian c6 cong thic S15a didu ché dugc theo cach tuong tu cach d& duogc boc 16 trong tai
liéu: Biosci. Biotech. Biochem. 1993, 57, 1433-1438. Viéc loai bd cdc nhém bao vé
axetat béng cac diéu kién thuy phan (vi du, K,CO;, MeOH), tiép theo cac diéu kién oxXy
héa chon loc v& mit hoa hoc (vi dy, NIS, BuyNI), va viéc bao v&€ nhom hydroxyl 2° (vi
du, BnBr, Ag,0) tao ra chét trung gian c6 cong thirc S15b. Viéc trao dbi lithi-halogen (vi
dy, n-BuLi, [-CH,SiMe,Cl],) véi nucleobazo thich hop cé cong thirc S3b va b sung vao
lacton ¢6 cong thirc S15b, tiép theo khir nhém hydroxyl 1° trong céc diéu kién axit Lewis
(vi du, BF3Et,0, Et3SiH), va khir bao vé (vi du, H,, Pd den) tao ra céc hop chét cudi cing
thudc loai c6 cdng thirc S15c.

NHBz

"N 1) EDCleHCI

HO—~ o \ _N. ,)\R1 Pyr, TFA, DMSO 1) DMTtCI, EtsN

N
2) CH,0, NaOH 2) TBSCI, Imid.
Y 3) NaBH, = 3) TsOH
TBSO OTBS TBSO OTBS
S3e S16a
NHBz
1 1 PhsP, CCly
\_J 2) TBAF
T8SO OTBS 3) NH,OH
S16b

So db 16.

So dd 16 thé hién quy trinh téng hop chung cac hop chét bit dau bing viéc chuyén
héa nhém hydroxyl 5° thanh aldehyt trong cac didu kién oxy héa (vi dy, EDCI-HCI, Pyr,
TFA, DMSO), tiép theo 14 ngung tu enolat twong ung véi formaldehyt va khir (vi du,
NaBH,) dé tao ra chét trung gian c6 cong thuc S16a. Viéc bao vé chon loc mdt cach lién

tuc cac gdc hydroxyl bang cic nhém bao vé truc giao (vi dy, DMTrCI va TBSCI), tiép
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theo 12 loai bd nhém bao vé khong bén hon trong cac didu kién axit (vi du, TsOH) khi d6
tao ra chét trung gian c6 cdng thirc S16b. Sau d6, phan tng Appel (vi du, PhsP, CCly) c6
thé chuyén hoa nhém hydroxyl thanh clorua, va viéc loai bé cac nhom bao vé hydroxyl
(vi du, TBAF), va nhom bao vé nito (vi dy, NH,OH) tao ra cac hop chét cubi cung thudc

loai c6 cong thure S16c.

1) PMBCI, K,CO3 5 - 1) DAST
2) TBAF 2) BBr3
3) BnBr, NaH 3) NH4OH
TBSO OTBS 4) AcOH

S16b
So dd 17.

So d6 17 thé hién quy trinh tdng hop chung céc hop chét bit ddu bang viéc bao vé
nhém hydroxyl tu do bao gdm chit trung gian S16b véi nhém bao vé kém bén (vi dy,
PMBC], K,CO;). Viéc loai bd chon loc cdc nhém bao vé silyloxy 2°, 3°, va 5° (vi duy,
TBAF), tiép theo 1a tai bao vé bang cac nhém bao vé manh (vi du, BnBr, NaH), va loai bo
nhém béo vé hydroxyl khong bén trong cac diéu kién axit (vi du, AcOH) tao ra chit trung
gian ¢6 cong thirc S17a. Vige chuyén d8i nhém hydroxyl thanh flo (vi du, DAST), tiép
theo 14 viéc loai b cac nhom bao v€ hydroxyl (vi du, BBr;), va nhém bdo v¢€ nito (vi duy,

NH,OH) tao ra cac hop chét cubi ciing thudc loai c6 cong thirc S17b.

~N
NCS HO Y N‘N*R‘ Selectfluor HoO
R*" R*
HO R
S18b S18a s18d
NH,
N
\ N )\R1

So d6 18.

So dd 18 thé hién quy trinh tdng hop chung cac hop chat théng qua céc phan tmg

halogen héa c6 i luc vdi dién tir thich hop ctia chat trung gian c6 cong thirc S18a dé tao
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ra cac hop chit cudi cling thudc loai c6 cong thiic S18b (vi du, NCS), S18¢ (vi dy, NIS),
va S18d (vi du, Selectfluor).

~r">N
Ho \ N\N)\R1 Zn, Zn(CN); 1o
R*\_ Pd(PtBuz),  R*™"\
HO R3
S18c
So dd 19.

So @6 19 thé hién quy trinh tdng hop chung cic hop chét bit dau bang phéan tmg
ngau hop chéo (vi du, Zn(CN),, Pd(PtBu);) dé tao ra cac hop chét cudi cung thudc loai c6
cong thirc S19a. Sau d6, hop chit c6 cong thic S19a c6 thé duogc xir ly thong qua phan
ung thuy phén nitril (vi dy, H,O,, NH4OH, H,0) dé tao ra cac hop chét thudc loai c6 cong
thic S19b.

=
Phan ung
N N‘N"’L\R1 Sonogashira

S18c S20a
R =H, TMS, Me, xyclopropyl, Ph

So db 20.

So db 20 thé hién quy trinh tdng hop chung cac hop chat bit diu theo phan tmg
Sonogashira (vi dy, Cul, PdCl,(PPhs),) dé tao ra céc hop chét cubi cung thudc loai ¢

cong thirc S20a.
Phin {mg
Suzuki
S18¢c
So dd 21.
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So @b 21 thé hién quy trinh tdng hop chung cic hop chét bit diu bing phan Ung
ngiu hop chéo (vi du, Pd(dppf)Cl,, Cs,CO;) dé tao ra cac hop chit cudi cing thude loai

c6 cong thirc S21a.

P(O)Cls;

[nBuzNH],P207H,

So dd 22.

So dd 22 thé hién quy trinh tbng hop chung cac hop chat lién quan dén viéc tbng
hop céc chit twong tu dugc phosphoryl hda thude loai c6 cong thirc S22b.

R2 NH;
Q 0 N
REOP-LG  BUMGCl  RSO-P-0—~ o YN iR
6 EE—— ls g
R DMF, THF R® R™\
HO R®

So db 23.

So d6 23 thé hién quy trinh téng hop chung c4c hop chét lién quan dén viée tbng
hop céac chét tuong tu dd dugce phosphoryl hoa thudce loai cé cong thirc S23b.

R7
\IID—LG 1) Bazo
LG 2) Oxy hoa
S24a

So d6 24.

So dd 24 thé hién quy trinh tbng hop chung céc hop chét lién quan dén viée tng
hop céac chét tuong tu da duoc phosphoryl hoa thugc loai cé cong thirc S24b.

Thi nghiém
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NH, NH»
@AN NIS ~ SN
NN DMF VNG

!
1a 1b

Chét trung gian 1b.

N-iodosucxinimit (84mg, 373mmol) & dang ran & nhiét do trong phong dugc nap
vio dung dich chira chét trung gian c6 céng thirc 1a (50mg, 373mmol) trong DMF (1ml).
Sau 1,5 gid, hdn hop phan Gng nay duge pha lodng dung dich NaOH 1M (10ml), va
huyén phti dic tao thanh dugc khudy & nhiét do trong phong. Sau thoi gian 1 gid, céc chét
rin duge gom bang cach loc chan khong va lam kho trong didu kién 4p suét gidam dé tao

ra chét trung gian c6 cong thic 1b.

'H NMR (400MHz, DMSO-dg) 3 7,89 (s, 1H), 7,78 (br-s, 1H), 6,98 (d, J = 4,4 Hz, 1H),
6,82 (d, J =4,4 Hz, 1H), 3,30 (br-s, 1H).

LC/MS: t, = 1,21 phut, MS m/z = 261,02 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC |

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 100A, 50 x 4,6mm

Cac dung moi: axetonitril véi 0,1% axit axetic, nudc v6i 0,1% axit axetic; Gradien: 0
phut dén 2,0 phut 2% dén 100% ACN, 2,0 phit dén 3,05 phat 100% ACN, 3,05 phat dén
3,2 phut 100% dén 2% ACN, 3,2 phut dén 3,5 phiit 2% ACN & 2ul/phut.

HPLC: t, = 1,536 phit; hé thng sic ky 1ong cao ap: loai Agilent 1100; Cot: Gemini 5p
CI18 110A, 50 x 4,6mm; cdc dung mdi: axetonitril véi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phuit 2% dén 98% ACN, 5,0 phat dén 6,0 phut 98% ACN &
2ml/phut.
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CI
BnO

~" N CI/

BnO OBn BuLI THF

1c 1b

Chéit trung gian 1d - (25,3R,4R,5R)-2-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-y1)-3,4-
bis(benzyloxy)-5-(benzyloxymetyl)tetrahydrofuran-2-ol.

n-butyllithi (2,5M trong hexan, 34,4ml, 86,0mmol) dugc bd sung nhanh vao huyén
phu chira 7-iodopyrolo[1,2-f][1,2,4]triazin-4-amin c6 cong thic 1b (6,84g, 26,3mmol) va
1,2-bis(clodimetylsilyl)etan (5,66g, 26,3mmol) trong THF (200ml) & -78°C trong khi
quyén argon. Trong thoi gian bd sung, nhiét do bén trong ctia hdn hgp phan tmg ting dén
-40,5°C, va hon hgp phan ting trd thanh dung dich mau nau trong. Sau 15 phut, dung dich
chira (3R,4R,5R)-3,4-bis(benzyloxy)-5-(benzyloxymetyl)dihydrofuran-2(3H)-on (¢ cong
thire 1¢, mua dugc tir Carbosynth, 10g, 23,9mmol) trong tetrahydrofuran (40ml) da dugc
1am lanh trude dén -78°C, duoc bd sung nhanh vao qua 6ng thong. Sau thoi gian 1 gio,
hdn hop phan tmg dugc t6i bang axit axetic (15ml), va hdn hop thu dwge duoc nang nhiét
0 1én dén nhiét do trong phong. Hén hop thu dugc pha lodng bing etyl axetat (800ml) va
rira bing dung dich nudc natri bicacbonat béo hoa (500ml) va nuée mudi (500ml). Lép
hitu co duoc 1am kho trén natri sulfat khan, va c6 trong diéu kién 4p suét giam. Cin tho
dugc tinh ché qua cot sic ky SiO, (220g SiO, cdt Combiflash HP Gold, 0% dén 100%

etyl axetat/hexan) dé tao ra chit trung gian c¢6 cong thirc 1d.

LC/MS: tg = 1,50 phut, MS m/z = 553,34 [M+1]; hé thdng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 100A, 50 x 4,6mm

Céc dung moi: axetonitril véi 0,1% axit axetic, nuGe véi 0,1% axit axetic; Gradien: 0
phit dén 1,5 phut 2% dén 100% ACN, 1,5 phut dén 2,2 phat 100% ACN, 2,2 phit dén
2,4 phtit 100% dén 2% ACN, 2,4 phut dén 2,5 phut 2% ACN.

HPLC: t, = 3,442 phut; hé théng séc ky long cao 4p: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; cac dung moi: axetonitril véi 0,1% TFA, nude véi 0,1% TFA;
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Gradien: 0 phit dén 5,0 phit 2% dén 98% ACN, 5,0 phut dén 6,0 phit 98% ACN &
2ml/phut.

TLC: chét rira giai: Etyl axetat, Rg= 0,5 (UV)

NH,
~r" N
Et;SiH
BnO OBn
1d 1e

Chét trung gian le - 7-((28,35,4R,5R)-3,4-bis(benzyloxy)-5-(benzyloxymetyl)tetrahyd-
rofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-amin.

Bo triflorua dietyl eterat (1,59ml, 12,9mmol) duoc bd sung tir tir qua xi lanh ¢ 0°C
trong khi quyén argon vao dung dich chira chét trung gian c6 cong thic 1d (4,74g,
8,58mmol) va trietylsilan (3,56ml, 22,3mmol), trong DCM (43ml). .Sau 2 gid, hdn hop
phén tng dugc pha lodng tir tir bang dung dich nudc natri bicacbonat bdo hoa (100ml), va
hdn hop thu duge duge chiét bing etyl axetat (2 x 150ml), 1am kho trén natri sulfat khan,
va c6 trong diéu kién 4p suét gidm. Cin thd dugc tinh ché qua cot sic ky SiO, (24g SiO,
cdt Combiflash HP Gold, 0% dén 100% etyl axetat/hexan) dé tao ra chét trung gian cé

cong thuc le.

'"H NMR (400MHz, CDCls) & 7,88 (s, 1H), 7,37 — 7,22 (m, 15H), 6,73 (d, J = 4,6 Hz,
1H), 6,71 (d, J = 4,6 Hz, 1H), 5,66 (d, ] = 4,2 Hz, 1H), 4,71 (s, 2H), 4,60 (d, J = 12,0 Hz,
1H), 4,54 (s, 2H), 4,45 (d, T= 11,9 Hz, 1H), 4,39 (dt, J = 7,1, 3,6 Hz, 1H), 4,25 (t, J = 4,6
Hz, 1H), 4,14 — 4,10 (m, 1H), 3,78 (dd, T = 10,7, 3,4 Hz, 1H), 3,65 (dd, J = 10,7, 4,0 Hz,
1H).

LC/MS: tg = 2,01 phut, MS m/z = 537,41 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x 4,6mm; cac
dung moi: axetonitril véi 0,1% axit axetic, nuéc véi 0,1% axit axetic; Gradien: 0 phut dén
1,5 phit 2% dén 100% ACN, 1,5 phut dén 2,2 phit 100% ACN, 2,2 phut dén 2,4 phut
100% dén 2% ACN, 2,4 phit dén 2,5 phit 2% ACN & 2ul/phut.
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HPLC: tz = 3,596 phut; hé théng sic ky 16ng cao ap: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; cic dung mdi: axetonitril v6i 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phut 2% dén 98% ACN, 5,0 phit dén 6,0 phiit 98% ACN &
2ml/phtt.

TLC: chat rira giai: Etyl axetat, Re= 0,3 (UV)

NHBz
X
N Bzl ¢ j“
——— BnO—, o )y
Pyr;
NH4OH
BnO OBn BnO OBn
1e 1f

Chét trung gian 1f - N-(7-((25,38,4R,5R)-3,4-bis(benzyloxy)-5-(benzyloxymetyl)-
tetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-y])benzamit.

Benzoyl clorua (1,69ml, 14,68mmol) dugc bd sung tr tr vao vao dung dich
chira chit trung gian c¢6 cong thirc le (3,94g, 7,34mmol) trong pyridin (36,7ml) & nhiét do
trong phong trong khi quyén argon. Sau thdi gian 1 gi0, thém benzoyl clorua (1,69ml,
14,68mmol) dugc bd sung tir tir vao vio. Sau 19 gid, nude (20ml) duoc bd sung tir tir vao
va hdn hop phan tng hoi dyc. Sau d6, amoni hydroxit (~10ml) duoc bd sung vao tir tir
cho dén khi hdn hop phan tmg thanh bazo & do pH=10. Sau thoi gian 1 gid, nudc (150ml)
duoc bd sung nhé giot vao qua phdu cip liéu va chat rin mau tréng tir tir két tia ra khoi
hén hop phan (g trong thdi gian bd sung. Hon hop thu duoc duge khudy trong thdi gian
24 gidy va céc chit rdn mau tring dugc gom bing cich loc chan khong va sdy kho ddng

s6i ra khoi toluen dé tao ra chit trung gian c6 cong thuc 1f.

'"H NMR (400MHz, CDCl3) & 8,23 (br s, 1H), 7,62 (t, J = 7,8 Hz, 1H), 7,53 (t, J = 7.6 Hz,
2H), 7,38 — 7,21 (m, 18H), 7,17 (d, J = 7,6 Hz, 1H), 5,69 (d, ] = 4,1 Hz, 1H), 4,71 (s, 2H),
4,63 — 4,44 (m, 4H), 4,43 — 4,39 (m, 1H), 4,22 (t, T = 4,5 Hz, 1H), 4,15 — 4,10 (m, 1H),
3,79 (dd, T = 10,8, 3,2 Hz, 1H), 3,65 (dd, ] = 10,7, 3,7 Hz, 1H).

LC/MS: tz = 1,91 phut, MS m/z = 641,18 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC
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Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 100A, 50 x 4,6mm; cac
dung mdi: axetonitril véi 0,1% axit axetic, nudc v6i 0,1% axit axetic; Gradien: 0 phut dén
1,5 phut 2% dén 100% ACN, 1,5 phat dén 2,2 phit 100% ACN, 2,2 phit dén 2,4 phit
100% dén 2% ACN, 2,4 phut dén 2,5 phiit 2% ACN & 2ul/phut.

TLC: chit rira giai: 50% etyl axetat trong hexan, R¢= 0,6 (UV)

N
R 10% Pd/C

Axit formic
EtOH

Bn(ﬁs %)Bn
1f

Chédt trung gian lg - N-(7-((2S,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymetyl)tetrahyd-
rofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.

Etanol (68,5ml) va axit formic (51,7ml, 1,37mol) dugc bd sung lién tuc vao hdn
hop gdm chét trung gian ¢ cong thic 1f (4,39g, 6,85mmol) va paladi trén cacbon (10%
trong luogng, 2,2g) & nhiét d6 trong phong trong khi quyén argon. Sau 3 ngay, hén hop
phan Uing nay dugc loc qua dém xelit, va dich loc duge cd trong didu kién ap suét giam.
Cin thd duoc cho ddng sdi véi toluen (3 x 20ml) dé tao ra chit trung gian c6 cong thirc

1g, ma duoc sir dung truc tiép & budc tiép theo khong can tinh ché thém.

'H NMR (400MHz, CD;0D) & 8,15 (s, 1H), 7,67 — 7,40 (m, SH), 7,23 (d, J = 4,7 Hz,
1H), 7,00 (d, J = 4,7 Hz, 1H), 5,40 (d, T = 6,0 Hz, 1H), 4,44 (t, ] = 5,7 Hz, 1H), 4,17 (t, ]
= 5,1 Hz, 1H), 4,03 (q, ] = 4,3 Hz, 1H), 3,81 (dd, T = 12,1, 3,5 Hz, 1H), 3,71 (dd, T = 12,0,
4,5 Hz, 1H).

LC/MS: tg = 1,04 phit, MS m/z = 371,15 [M+1]; hé thdng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 1004, 50 x 4,6mm

Céc dung mdi: axetonitril véi 0,1% axit axetic, nudc voi 0,1% axit axetic; Gradien: 0
phut dén 1,5 phut 2% dén 100% ACN, 1,5 phtt dén 2,2 phiit 100% ACN, 2,2 phut dén
2,4 phiit 100% dén 2% ACN, 2,4 phut dén 2,5 phit 2% ACN & 2ul/phut. ;
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HPLC: tg = 2,055 phut; hé théng sic ky léng cao ap: loai Agilent 1100; Cot: Gemini 5p
C18 110A, 50 x 4,6mm; cac dung moi: axetonitril vai 0,1% TFA, nude véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phit 2% dén 98% ACN, 5,0 phut dn 6,0 phat 98% ACN &
2ml/phutt.

Chét trung gian 1h - N-(7-((28,3R,48,5R)-5-((bis(4-metoxyphenyl)(phenyl)metoxy)m-
etyl)-3,4-dihydroxytetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.

4,4'-dimetoxytrityl clorua (2,23g, 6,59mmol) dugc bd sung & dang rin mot 14n vao
dung dich chira chét trung gian ¢ cong thirc 1g (2,44g, 6,59mmol) trong pyridin (32,5ml)
& nhiét do trong phong. Sau 5,5 gid, hdn hop phin tmg nay dugc pha lofing bing etyl
axetat (300ml) va hdn hop thu dugc duge rira bing nude mudi (3 x 200ml). Lép hitu co
dugc co trong didu kién 4p sudt gidm, va cin thd dugce tinh ché qua cot sic ky SiO, (80g
Si0, ¢t Combiflash HP Gold, 0% dén 100% etyl axetat/hexan) dé tao ra chét trung gian

c6 cong thac 1h.

LC/MS: tg = 1,68 phut, MS m/z = 673,22 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng_MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 100A, 50 x 4,6 m;

Céc dung moi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic; Gradien: 0
phiit dén 1,5 phit 2% dén 100% ACN, 1,5 phut dén 2,2 phit 100% ACN, 2,2 phut dén
2,4 phat 100% dén 2% ACN, 2,4 phut dén 2,5 phut 2% ACN & 2pl/phut.

HPLC: tg = 4,270 phit; hé thdng sic ky 1ong cao 4p: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; cac dung moi: axetonitril véi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phit 2% dén 98% ACN, 5,0 phut dén 6,0 phut 98% ACN &
2ml/phut.
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TLC: chét rira giai: 50% etyl axetat trong hexan, Rg= 0,15 (UV)

TBSCI
Imid, DMF

TBSG OTBS
1h 1i

Chét trung gian 1i - N-(7-((28,3S,4R,5R)-S-((bis(4-metoxypheﬁyl)(phenyl)metoxy)—
metyl)-3,4-bis(Tert-butyldimetylsilyloxy)tetrahydrofuran-2-yl)pyrolo[1,2-f][ 1,2,4]triazin-
4-yl)benzamit.

Tert-butyldimetylsilyl clorua (2,47g, 16,4mmol) duoc bd sung vao dung dich chira
chét trung gian c6 c¢ong thic 1h (1,84g, 2,74mmol) va imidazol (2,23g, 32,8mmol) trong
N,N-dimetylformamit (28,2ml) & nhiét do trong phong. Sau 17 gid, dung dich nudc natri
bicacbonat bio hoa (500ml) duge bd sung tir tir vao hdn hgp phan ing. Hn hop thu dugc
duoc chiét bang etyl axetat (500ml), va 16p hitu co dugc rira bing nude mudi (2 x 400ml),
1am khd trén natri sulfat khan, va c6 trong diéu kién 4p suét giam. Cin tho dugc tinh ché
qua cdt sic ky SiO, (80g SiO, cot Combiflash HP Gold, 0% dén 100% etyl axetat/hexan)

dé tao ra chét trung gian c6 cong thic 1i.

LC/MS: tg = 3,43 phut, MS m/z = 901,37 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 p XB-C18 100A, 50 x 4,6mm

Céac dung moi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic; Gradien: 0
phut dén 2,0 pht 2% dén 100% ACN, 2,0 pht dén 3,55 phut 100% ACN, 3,55 phit dén
4,2 phitit 100% dén 2% ACN & 2ul/phut

HPLC: tg = 5,724 phut; hé théng sic ky léng cao 4p: loai Agilent 1100; Cot: Gemini 5p
C18 110A, 50 x 4,6mm; cac dung mdi: axetonitril véi 0,1% TFA, nude voi 0,1% TFA;
Gradien: 0 phut dén 5,0 phit 2% dén 98% ACN, 5,0 phit dén 6,0 phit 98% ACN &
2ml/phut.

TLC: chit rira giai: 50% etyl axetat trong hexan, R¢= 0,75 (UV)
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NHBz

~r" N

TOHHO oy o YN
MeOH
DCM

TBSO OTBS

TBSO  OTBS

1i 1j

Chét trung gian 1j - N-(7-((285,3S,4R,5R)-3,4-bis(tert-butyldimetylsilyloxy)-5-(hydroxy-
metyl)tetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.

Dung dich chira monohydrat cta axit p-toluensulfonic (509mg, 2,67mmol) trong
metanol (3,7ml) dugc b sung tir tir vio vao dung dich chita chit trung gian cé cong thic
1i (2,41g, 2,67mmol) trong diclometan (22,3ml) & 0°C. Sau 1,5 gid, hdn hop phan tmg
ndy duoc pha lodng bing dung dich bicacbonat trong nudc bo hoa (100ml), va hdn hop
thu dugc duge chiét bing diclometan (2 x 100ml). Cac chiét phdm hitu co két hop duge
1am kho trén natri sulfat khan, va ¢ trong diéu kién ap suét giam. Cin tho duoc tinh ché
qua cdt sic ky SiO, (120g SiO, ¢t Combiflash HP Gold, 0% dén 100% etyl axetat/hexan)

dé tao ra chit trung gian c¢6 cong thic 1 j-

"H NMR (400MHz, CDCly) § 8,72 (br-s, 1H), 8,16 (br-t, J = 7,1 Hz, 2H), 8,07 (br-t, J =
7,7 Hz, 3H), 7,49 — 7,43 (m, 1H), 5,75 (d, J = 8,2 Hz, 1H), 5,28 (dd, T = 8,1, 4,7 Hz, 1H),
4,81 (d, J = 5,0 Hz, 1H), 4,70 — 4,63 (m, 1H), 4,44 (d, T = 12,3 Hz, 1H), 4,24 (d, J = 12,4
Hz, 1H), 1,48 (s, 9H), 1,30 (s, 9H), 0,65 (s, 3H), 0,64 (s, 3H), 0,41 (s, 3H), 0,00 (s, 3H).

LC/MS: tg = 2,66 phut, MS m/z = 599,19 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x 4,6mm

Céac dung mdi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic; Gradien: 0
phit dén 2,0 phut 2% dén 100% ACN, 2,0 phit dén 3,05 phiit 100% ACN, 3,05 phtt dén
3,2 phut 100% dén 2% ACN, 3,2 phut dén 3,5 phut 2% ACN & 2pl/phit.

HPLC: tz = 5,622 phit; hé thdng sic ky 16ng cao 4p: loai Agilent 1100; Cot: Gemini 5p
C18 110A, 50 x 4,6mm; c4dc dung mdi: axetonitril voi 0,1% TFA, nudce véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phtt 2% dén 98% ACN, 5,0 phut dén 6,0 phat 98% ACN &
2ml/phut.
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TLC: cht rira giai: 50% etyl axetat trong hexan, R¢= 0,55 (UV)

(PhO)sPMel
o . DMF 8
TBSO OTBS TBSO OTBS

1j 1k

Chét trung gian 1k - N-(7-((28,35,4R,58)-3,4-bis(Tert-butyldimetylsilyloxy)-5-(iodom-
etyl)tetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.

Chét trung gian c6 cong thirc 1] (1,19g, 1,99mmol) dugc bd sung vao dung dich
chira metyltriphenoxyphosphoni iodua (0,99g, 2,19mmol) trong DMF (9,9ml) & nhiét do
trong phong. Sau 3 gid, thém phan metyltriphenoxyphosphoni iodua (0,99g, 2,19mmol)
duoc bd sung vao. Sau thoi gian 1 gid, hdn hop phan tng ndy dugc pha lodng bing etyl
axetat (200ml) va rira bing nuéc mudi (3 x 100ml). L6p hitu co duge 1am khé trén natri
sulfat khan, va c6 trong diéu kién &p suét giam. Cin thd dugc tinh ché qua cot sic ky SiO,
(80g SiO, cot Combiflash HP Gold, 0% dén 100% etyl axetat/hexan) dé tao ra chét trung

gian c6 cong thuce 1k.

'"H NMR (400MHz, CDCl;) & 8,21 (br s, 1H), 7,61 (br t, J = 7,2 Hz, 1H), 7,53 (br t, J =
7,5 Hz, 3H), 7,05 (br's, 1H), 5,44 (d, T = 4,5 Hz, 1H), 4,52 (t, J = 4,3 Hz, 1H), 4,08 — 3,99
(m, 2H), 3,55 (dd, J = 10,7, 5,2 Hz, 1H), 3,38 (dd, 7 = 10,7, 5,0 Hz, 1H), 0,93 (s, 9H),
0,85 (s, 9H), 0,16 (s, 3H), 0,11 (s, 3H), -0,01 (s, 3H), -0,11 (s, 1H).

LC/MS: tg = 3,06 phat, MS m/z = 709,16 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 100A, 50 x 4,6mm

Céc dung moi: axetonitril véi 0,1% axit axetic, nudc vai 0,1% axit axetic; Gradien: 0
phit dén 2,0 phtit 2% dén 100% ACN, 2,0 phut dén 3,05 phut 100% ACN, 3,05 phut dén
3,2 phut 100% dén 2% ACN, 3,2 phut dén 3,5 phuit 2% ACN & 2ul/phut.

HPLC: tg = 5,837 phut; hé¢ thdng séc ky 1ong cao ap: loai Agilent 1100; Cot: Gemini S5u
C18 110A, 50 x 4,6mm; cac dung moi: axetonitril véi 0,1% TFA, nuéc véi 0,1% TFA;
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Gradien: 0 phit dén 5,0 phit 2% dén 98% ACN, 5,0 phut dén 6,0 phut 98% ACN &
2ml/phit.

TLC: chét rira giai: 20% etyl axetat trong hexan, R¢= 0,45 (UV)

TBSO OTBS TBS6  OTBS

1k 1

Chét trung gian 11 - N-(7-((28,38,45)-3,4-bis(tert-butyldimetylsilyloxy)-5-metylen-
tetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.

Kali t-butoxit (700mg, 6,24mmol) dugc bd sung vao dung dich chira chit trung
gian ¢6 cdng thue 1k (1,77g, 2,5mmol) trong pyridin (25ml) & nhiét d6 trong phong. Sau
2 gid, hdn hop phan tng niy dugc pha lodng bing dung dich nudc natri bicacbonat bio
hoa (25ml) va nuéc mudi (200ml). H3n hop thu duge dugc chiét bing etyl axetat
(300ml). Sau d6, 16p hiru co dugc rira bang nude mudi (200ml), 1am kho trén natri sulfat
khan, va c6 trong diéu kién 4p suit giam. Can tho dugc tinh ché qua cot sic ky SiO, (40g
Si0, cot Combiflash HP Gold, 0% dén 100% etyl axetat/hexan) dé tao ra chét trung gian

c6 cong thuc 11.

LC/MS: tg = 2,87 phut, MS m/z = 581,37 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 100A, 50 x 4,6mm
Cac dung mdi: axetonitril v&i 0,1% axit axetic, nude véi 0,1% axit axetic

Gradien: 0 phit dén 2,0 phut 2% dén 100% ACN, 2,0 phat dén 3,05 phut 100% ACN,
3,05 pht dén 3,2 phit 100% dén 2% ACN, 3,2 phit dén 3,5 phut 2% ACN & 2pl/phit.

HPLC: tz = 5,750 phut; hé thdng séc ky léng cao ap: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; c4c dung mdi: axetonitril vdi 0,1% TFA, nudc v6i 0,1% TFA,;
Gradien: 0 phit dén 5,0 phit 2% dén 98% ACN, 5,0 phut dén 6,0 phit 98% ACN &
2ml/pht.
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TLC: cht rira giai: 50% etyl axetat trong hexan, R¢= 0,20 (UV)

NHBz

T8SO  OTBS TBSO OTBS

11 1m

Chét trung gian 1m - N-(7-((28,38,45)-3,4-bis(tert-butyldimetylsilyloxy)-5-hydroxy-5-
(hydroxymetyl)tetrahydrofuran-2-yl)pyrolo[ 1,2-f][1,2,4]triazin-4-yl)benzamit.

DMDO (dung dich 0,07M trong axeton, 13,8ml, 0,964mmol) dugc bd sung vao
dung dich chira chit trung gian c6 cong thirc 11 (560mg, 0,964mmol) trong axeton
(4,82ml) & 0°C. Sau thoi gian 10 phit, hdn hop phan tng nay duogc ¢b trong didu kién ap
suét giam dugc 1am kho ddng sbi véi toluen (2 x 1ml) dé tao ra c6 cong thirc 1m ma duogc

st dung ngay lép tirc & budc tiép theo khong cén tinh ché thém.

LC/MS: tg = 2,57 phat, MS m/z = 615,14 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 100A, 50 x 4,6mm
Céac dung moi: axetonitril vai 0,1% axit axetic, nudc véi 0,1% axit axetic

Gradien: 0 phut dén 2,0 phat 2% dén 100% ACN, 2,0 phut dén 3,05 phit 100% ACN,
3,05 phut dén 3,2 phut 100% dén 2% ACN, 3,2 phit dén 3,5 phit 2% ACN & 2pl/phit.

NHBz
"N TMSCN
HO™ \ CH,Cl, \
TBS(§ %)TBS TBS@:: %DTBS
1m 1n

Chét trung gian In - N-(7-((28,38,4S)-3,4-bis(tert-butyldimetylsilyloxy)-5-xyano-5-
((trimetylsilyloxy)metyl)tetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.
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Indium (IIT) bromua (681mg, 1,92mmol) & 0°C trong khi quyén argon dugc bd
sung vao dung dich chira chit trung gian tho c6 cong thirc 1m (~592mg, ~0,964mmol) va
trimetylsilyl xyanua (640ul, 4,80mmol) trong diclometan (19,2ml). Sau 4,5 gi%, hdn hop
phan tmg duoc t6i bang dung dich nudc natri bicacbonat bio hoa (6ml) va dé 4m dén
nhiét do trong phong. Hn hop thu duge phén bd gifta diclometan (20ml) va dung dich
nude natri bicacbonat bdo hoa (20ml). Cac pha duge tach va 16p nudc duge chibt bing
diclometan (20ml). Cé4c 16p hitu co két hop duge dugc 1am kho tréﬁ natri sulfat khan va
cd trong diéu kién 4p suét giam dé tao ra chét trung gian c¢6 cong thirc 1n (hdn hop chit
ddng phan khéng dbi quang theo ty 1& 1:1) (710mg) ma dugc st dung truc tiép & budc
tiép theo khong can tinh ché thém.

LC/MS: chat dong phan rira giai thit nhat t, = 2,91 phit, MS m/z = 696,28 [M+1], chét
dong phan rira giai tht hai t; = 3,02 phit, MS m/z = 696,19 [M+1],; h¢ théng LC:
Thermo Accela 1250 UHPLC

Heé thdng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x 4,6mm

Céc dung mdi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic; Gradien: 0
phut dén 2,0 phit 2% dén 100% ACN, 2,0 phit dén 3,05 phut 100% ACN, 3,05 phut dén
3,2 phut 100% dén 2% ACN, 3,2 phut dén 3,5 phiit 2% ACN & 2pl/phut.

NHBz NHBz
~ \N = \N
CsF
TMSO—. 0O ) N\Nfl N N N\N)
NCT\ NG\
TBSO OTBS HO OH
1n 10

Chit trung gian lo - N-(7-((28,3R,45)-5-xyano-3,4-dihydroxy-5-(hydroxymetyl)-
tetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.

Xezi florua (729mg, 4,8mmol) & nhiét d trong phong dugc bd sung vao dung
dich chira chét trung gian thd c6 cong thirc 1n (668,23mg, 0,96mmol) trong DMF (9,6ml).
Sau thoi gian 5 gid, hdn hop phan tmg nay duoc pha lodng bing nude mudi (100ml), va
hén hop thu dugce duge chiét bang diclometan (3 x 100ml). Céc 16p hitu co két hop dugc

dugc 1am kho trén natri sulfat khan va cb trong diéu kién 4p sudt giam dé tao ra chét trung
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gian c6 cdng thirc 1o (theo ty 1& 1:1 hdn hop chit déng phan khong ddi quang) ma dugc

str dung truc tiép & bude tiép theo khéng cén tinh ché thém.

LC/MS: chat ddng phan rira giai thtr nhit ty = 1,31 phit, MS m/z = 396,19 [M+1], chét
dong phan rira giai thtr hai tz = 1,32 phat, MS m/z = 396,19 [M+1],; hé théng LC:
Thermo Accela 1250 UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 1004, 50 x 4,6mm

Céc dung moi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic; Gradien: 0
phut dén 2,0 phit 2% dén 100% ACN, 2,0 phit dén 3,05 phat 100% ACN, 3,05 phat dén
3,2 phtt 100% dén 2% ACN, 3,2 phut dén 3,5 phat 2% ACN & 2pl/phit.

Vi du thwe hién sing ché

Vi du 1 - (2R,3S,4R,5S)-5-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-y1)-3,4-dihydroxy-2-
(hydroxymetyl)tetrahydrofuran-2-cacbonitril.

Metylamin (40% trong nuéc, 0,3ml) dugc bd sung vao dung dich chira chét trung
gian thd c6 cong thirc 1o trong metanol (1ml) & nhiét do trong phong. Sau 2,5 gid, hdn
hop phan Umg nay dugc c6 trong diu kién ap suét giam, va duoc tinh ché mot cach truc
tiép theo phuong phép séc ky 1ong cao 4p didu ché (Phenominex Luna 5u C18 1004 100
x 30mm cdt, 5% dén 15% axetonitril/nudc gradien, 25 phut). Cac phan doan chira san
phim mong mubn va 4’ anome duoc két hop va cb trong didu kién 4p sudt giam. Sau do,
cac 4’ anome dugc tich theo phuong phap sic ky long cao 4p diéu ché (Phenominex
Luna 5u C18 100A 100 x 30mm c6t, 5% dén 15% axetonitril/nuéc gradien, 25 phut). Céac
phan doan chtra san phdm mong mudn duoc két hop va sdy kho & nhiét do thip dé tao ra

hop chit theo Vi du 1.
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'"H NMR (400MHz, CD;0D) & 7,79 (s, 1H), 6,85 (d, ] = 4,5 Hz, 1H), 6,76 (d, ] = 4,5 Hz,
1H), 5,45 (d,J = 5,9 Hz, 1H), 4,59 (1, ] = 5,7 Hz, 1H), 4,40 (d, ] = 5,6 Hz, 1H), 3,88 (d, J
= 12,0 Hz, 1H), 3,80 (d, J = 12,0 Hz, 1H).

LC/MS: tg = 0,29 phat, MS m/z = 292,16 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 100A, 50 x 4,6mm

Céc dung mdi: axetonitril v&i 0,1% axit axetic, nuGe véi 0,1% axit axetic; Gradien: 0
phit dén 1,5 phtt 2% dén 100% ACN, 1,5 phtt dén 2,2 phiit 100% ACN, 2,2 phtt dén
2,4 phut 100% dén 2% ACN, 2,4 phut dén 2,5 phut 2% ACN & 2ul/phat.

HPLC: tg = 0,377 phut; hé théng séc ky long cao 4p: loai Agilent 1100; Cot: Gemini 5p
C18 110A, 50 x 4,6mm; cic dung mdi: axetonitril véi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phtt 2% dén 98% ACN, 5,0 phit dén 6,0 phut 98% ACN &
2ml/phiit; séc ky 1ong cao 4p: tg = 6,643 phit; hé thdng sic ky 1dng cao 4p: loai Agilent
1100; Cot: Luna 5Sp C18(2) 110A, 250 x 4,6mm; cic dung mdi: axetonitril, Nudc;
Gradien: 5% dén 15% ACN trong thoi gian 10 phit & 2ml/phut

Chét trung gian 2b - N-(7-((2S,3R,4R,5R)-3-flo-4-hydroxy-5-(hydroxymetyl)tetrahyd-
rofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.

Chét trung gian ¢ cong thic 2a, (2R,3R,4R,5 S)-5-(4-aminopyrolo[1,2-f][1,2,4]-
triazin-7-yl)-4-flo-2-(hydroxymetyl)tetrahydrofuran-3-ol ~ (diéu ché dugc  theo
W02012037038A1, 1,20g, 4,0lmmol) (dugc lam khd bing cach ddng bay hoi véi
pyridin 3 1dn) ma sau d6 dugc hoa tan trong pyridin (18ml) duogc bd sung vao binh dugc
suc N,. Clotrimetylsilan (1,54ml, 13,13mmol) dugc bd sung mot 14né 0°C va hdn hop thu
duoc dugc khudy trong khi quyén N, trong thdi gian 1 gi0. Benzoyl clorua (675ul,
5,82mmol) dugc bd sung nhé giot va hdn hop phéan tmg nay dugc khudy trong thoi gian 1
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gid. Thém phan benzoyl clorua (100pul) dugc bd sung dé tiéu thu nguyén liéu ban diu con
lai. Hon hop gdm cac san phdm duoc bao vé mono- va bis-Bz duoc quan sét thiy. Han
hop phan Ung nay dugc tdi bang H,0 (5ml), va hdn hop thu duge duge khudy trong thoi
gian 5 phut. Sau d6, dung dich NH4;OH s dédc (8ml) dugc bd sung vao mot 1an va dé
khudy trong thdi gian 15 phut, tai thoi didm d6 san phdm bis-Bz duoc chuyén héa thanh
san phim mong mubn. Cac dung méi duoc loai bo trong didu kién 4p sut giam, va sau
d6 cin duoc ddng bay hoi véi CH;OH. Chét trung gian c6 cong thirc 2b dugce phan tach
sau khi tinh ché theo phuong phép séc ky trén silicagel, bing cach sir dung dung moi rira

giai ramp 50% dén 100% EtOAc trong hexan.

"H NMR (400MHz, DMSO-dg) & 8,26 — 7,91 (m, 2H), 7,88 — 7,79 (m, 1H), 7,61 (t, J =
7,5 Hz, 1H), 7,56 — 7,36 (m, 2H), 7,37 — 7,24 (m, 1H), 7,10 (d, T = 4,6 Hz, 1H), 7,01 (s,
1H), 5,53 (d, J = 23,4 Hz, 1H), 5,45 (d, ] = 6,5 Hz, 1H), 5,16 — 4,91 (m, 1H), 4,86 (t, ] =
5,6 Hz, 1H), 4,21 — 4,04 (m, 1H), 3,82 (dd, T = 8,0, 3,9 Hz, 1H), 3,71 (ddd, J = 12,3, 5.6,
2,6 Hz, 1H), 3,52 (ddd, T = 12,2, 5,7, 4,5 Hz, 1H).

1%F NMR (376 MHz, DMSO-dg) § -196,33 (dt, J = 55,1, 22,5 Hz).

LC/MS: tx = 0,77 phut, MS m/z = 373,14 [M+1]; hé¢ thdng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 p C18 100A, 50 x 3,00mm
Céc dung moéi: axetonitril vdi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phut dén 1,4 phiit 2% dén 100% ACN, 1,4 phat dén 1,80 phut 100% ACN, 1,8
phiit dén 1,85 phut 100% dén 2% ACN, 1,85 phit dén 2 phut 2% ACN.

Chét trung gian 2c - N-(7-((25,3R,4R,5R)-5-((bis(4-metoxyphenyl)(phenyl)metoxy)metyl)-
3-flo-4-hydroxytetrahydrofuran-2-yl)pyrolo[1,2-f][ 1,2,4]triazin-4-yl)benzamit.
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Chét trung gian c6 cong thire 2b (1,3g, 3,49mmol) dugc 1am khd bing cach dong
bay hoi v6i pyridin. Sau d6, nguyén liéu da sy kho dugc hoa tan trong pyridin (15ml)
trong khi quyén N,. 4,4’-dimetoxytrityl clorua (1,71g, 5,0mmol) dugc bd sung mot 1and
nhiét do trong phong va dé khudy trong thoi gian 2 gid. Etanol (2ml) duge bd sung vao va
dung dich thu dugc duge khudy trong thoi gian 5 phut. Cac dung méi duogc loai bd trong
diéu kién 4p suét giam. Cin dugc tinh ché theo phuong phap sic ky trén silicagel, bing
cach sir dung dung mdi rira gidi chira tir 0% dén 100% EtOAc trong hexan, dé tao ra chét

trung gian c6 cong thic 2c.

'"HNMR (400MHz, DMSO-dy) § 8,28 — 8,02 (m, 2H), 7,61 (t, ] = 7,5 Hz, 1H), 7,51 (¢, J =
7,6 Hz, 2H), 7,36 (ddt, T = 6,0, 4,7, 2,0 Hz, 2H), 7,31 — 7,04 (m, 7H), 6,90 — 6,73 (m, 4H),
5,62 (d, T = 24,4 Hz, 1H), 5,49 (d, J = 7,0 Hz, 1H), 5,27 — 5,01 (m, 1H), 4,32 — 4,13 (m,
1H), 4,06 — 3,95 (m, 1H), 3,69 (s, 4H), 3,28 (s, 3H), 3,12 (dd, ] = 10,4, 5,2 Hz, 1H).

F NMR (376 MHz, DMSO-dg) & -195,58 (dt, T = 52,1, 24,7 Hz).

LC/MS: tg = 1,37 phit, MS m/z = 675,29 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u C18 100A, 50 x 3,00mm
Céc dung moi: axetonitril voi 0,1% axit formic, nudce véi 0,1% axit formic

Gradien: 0 phut dén 1,4 phut 2% dén 100% ACN, 1,4 phit dén 1,80 phut 100% ACN, 1,8
phut dén 1,85 phit 100% dén 2% ACN, 1,85 phut dén 2 phit 2% ACN.

NHBz ~ NHBz
Ny 1.TBSCI, Imid, DMF \\ N
DMTrO—~_ 0./ Ny~ Ho—~_o0./ M\
N 2. TsOH, MeOH, CHCl, N
HO F TBSO F
2c 2d

Chét trung gian 2d - N-(7-((2S,3 S,4R,5R)-4-(tert-butyldimetylsilyloxy)-3-flo-5-(hydroxy-
metyl)tetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.

Imidazol (251mg, 3,70mmol), tiép theo Tert-butylclodimetylsilan (492mg,
3,27mmol) dugc bd sung vao dung dich chira chét trung gian 2c¢ (1,47g, 2,18mmol) trong
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DMF (8ml), dugc didu ché trong khi quyén N,. Dung dich ndy duoc dé khudy & nhiét do
trong phong trong thoi gian 16 gi¢. Dung dich nay dugc pha logng bang H,0 (5ml) va sau
d6 cac dung moi dugce loai bo trong diéu kién ap suét giam. Ci#n dugc phan bd gitra
EtOAc va H,O. Sau do, cac 16p dugc tach va 16p hitu co dugce rira bing nude mudi. Cac
chét hitu co duge 1am kho trén Na,SO4, ma duge loai bo béng cach loc, va dich loc dugce

cd trong diéu kién 4p suét giam. Nguyén liéu thd duoc dung nhu vay & budc tiép theo.

Nguyén liéu thé dugc hoa tan trong CHCI; (15ml) va 1am lanh dén 0°C. Axit p-
toluensulfonic hydrat (414mg, 2,18mmol) dugc hoa tan trong CH;0H (6ml) dugc bd
sung nhd giot vao hdn hop nay va dé khudy trong thoi gian 15 phtt. Hon hop phéan ung
nay duoc t6i bing dung dich NaHCO; bio hdapuse. Cac chét hitu co duge rira bing nudce
mudi va 1am kho trén Na,SOy, loc va dung mdi duge loai bo trong diéu kién ap sut giam.
Cén dugce tinh ché theo phwong phap séc ky trén silicagel, bing cach sir dung dung moi
rira gidi chira tir 0% dén 50% EtOAc trong hexan, dé tao ra chit trung gian c6 cong thirc
2d.

'"H NMR (400MHz, DMSO-dg) & 8,21 — 7,98 (m, 2H), 7,51 (dt, T = 39,9, 7,5 Hz, 3H),
7,12 - 6,86 (m, 2H), 5,48 (d, J = 21,9 Hz, 1H), 5,07 (dt, T = 54,6, 3,8 Hz, 1H), 4,86 (t, J =
5,5 Hz, 1H), 4,28 (ddd, J = 17,8, 7,1, 4,4 Hz, 1H), 3,83 — 3,72 (m, 1H), 3,63 (ddd, J =
12,1, 5,2, 3,0 Hz, 1H), 3,43 (ddd, J = 12,1, 6,0, 4,2 Hz, 1H), 0,80 (s, 9H), 0,01 (s, 3H),
0,00 (s, 3H).

F NMR (376 MHz, DMSO-dg) & -198,05 (dt, J = 54,2, 19,8 Hz).

LC/MS: tg = 1,35 phat, MS m/z = 487,24 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u C18 100A, 50 x 3,00mm
Céc dung moi: axetonitril v4i 0,1% axit formic, nude vai 0,1% axit formic

Gradien: 0 phut dén 1,4 phit 2% dén 100% ACN, 1,4 phut dén 1,80 phat 100% ACN, 1,8
phtt dén 1,85 phut 100% dén 2% ACN, 1,85 phut dén 2 phut 2% ACN.
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NHBZ 4 bmso, Tol, EDCI,
\\ Y Pyr, TFA
N,
HO o NJ 2. Formadehit, NaOH, dioxan,
H,0
T8SO E 3. NaBH,, EtOH
2d 2e

Chéit trung gian 2e - N—(7-((2S,3S,4R)-4-(Tert-butyldimetylsilyloxy)-3-ﬂ0-5,5-bis(hydr-
oxymetyl)tetrahydrofuran-2-yl)pyrolo[1,2-f][1 ,2,4]triazin-4-yl)benzamit.

1-etyl-3-(3-dimetylaminopropyl)-carbodiimit  hydroclorua (EDCI) (504mg,
2,63mmol) dugc bd sung vao dung dich chira chét trung gian c6 cong thirc 2d (856mg,
1,75mmol) trong toluen (4ml), va DMSO (6ml) dugc didu ché trong khi quyén N,.
Pyridin (150ul), va TFA (70ul) duge b sung vao hdn hop nay va hén hop niy duge
khudy & nhiét do trong phong trong thoi gian 15 phut. Thém EDCI (100mg) va pyridin
(100pl) duge bd sung vao va hdn hop nay dugc khudy trong thém 45 phut. Hn hop phan
tng nay dugc t6i bang H,0 (10ml) va CH,Cl, (10ml). C4c chét hitu co duge ria bang
nude mudi va 1am kho trén Na,S0Oy, loc, va dung moi dugce loai bd trong diéu kién ap sut

gidm dé tao ra aldehyt tho, ma dugc dung trong bude tiép theo.

Aldehyt thd dugc hoa tan trong dibxan (5ml) va 37% formaldehytgyse (925ul)
dugc bd sung, tiép theo 1a dung dich NaOH e 2N (925p1). Sau khi khudy & nhiét do
trong phong trong thoi gian 3 gid, hdn hop phan tmg duoc t6i bang AcOH, pha lodng
bang EtOAc, va rira béng H,0. Céc chét hitu co dugc lam kho trén Na,SO,, loc, va dung
mdi dugce loai bo trong diéu kién 4p suit giam dé tao ra san phan aldol tho, ma dugc dua

nguyén nhu vy sang bude tiép theo.

San phim aldol thd dugc hoa tan trong EtOH (9ml) trong khi quyén N, va lam
lanh dén 0°C. NaBH, (80mg, 2,1mmol) dugc bd sung mét 1an va hdn hop phéan tng nay -
dugc khudy trong thoi gian 10 phut. Hon hop phan tng ndy dugc t6i bing AcOH, pha
lodng béng CH,CI, va rira béng dung dich 1:1 chtra nu6e va dung dich NaHCO; ) b0
hoa. L6p hitu co duge 1am khd trén Na,SO,, loc, va dung méi dugc loai bd trong didu
kién 4p suit giam. Can duoc tinh ché theo phuong phép séc ky trén silicagel, bang cach
sir dung ramp dung mdi rira gidi tir 0% dén 100% EtOAc trong hexan, dé tao ra chit trung

gian c6 cong thirc 2e.
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'HNMR (400MHz, DMSO-dg) & 8,20 — 7,99 (m, 2H), 7,51 (dt, J = 39,5, 7,5 Hz, 3H),
7,15-6,93 (m, 2H), 5,50 (d, J = 14,1 Hz, 1H), 5,24 (dt, J = 54,2, 5,4 Hz, 1H), 4,78 (t, ] =
5.6 Hz, 1H), 4,48 (dd, ] = 10,7, 4,8 Hz, 1H), 4,34 (dd, T = 6,7, 4,9 Hz, 1H), 3,62 (dd, J =
11,9, 4,9 Hz, 1H), 3,55 — 3,35 (m, 3H), 0,82 (s, 9H), 0,07 (s, 3H), -0,09 (s, 3H).

°F NMR (376 MHz, DMSO-dg) & -200,37 (d, ] = 51,1 Hz).

LC/MS: tx = 1,25 phit, MS m/z = 517,21 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p C18 100A, 50 x 3,00mm
Cac dung mdi: axetonitril véi 0,1% axit formic, nudc vai 0,1% axit formic

Gradien: 0 phut dén 1,4 phiit 2% dén 100% ACN, 1,4 phuit dén 1,80 phit 100% ACN, 1,8
phut dén 1,85 phit 100% dén 2% ACN, 1,85 phut dén 2 phit 2% ACN.

NHBz
1. DMTrCI, TEA, DCM

2. TBSCI, Imid, DMF

Chit trung gian 2f - N-(7-((2S,3S,4R,5R)-5-((bis(4-met0xyphenyl)(phenyl)metoxy)-
metyl)-4-(tert-butyldimetylsilyloxy)-5-((tert-butyldimetylsilyloxy)metyl)—3—ﬂotetra—
hydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-y])benzamit.

Chét trung gian ¢ cong thirc 2e (370mg, 0,717mmol) duge hoa tan trong CH,Cl,
(10ml) va TEA (200pl) trong khi quyén N,, va sau d6 dugc 1am lanh dén 0°C. 4.4°-
dimetoxytrityl clorua 4,4’-dimetoxytrityl clorua (0,364g, 1,07mmol) duge bd sung mot
14n va hdn hop phan tmg nay duoc dé khudy trong thoi gian 30 phat. CH;OH (2ml) duge
bd sung vao va dung dich dugc pha lodng bing CH,Cl, va dung dich NaHCO; ) bdio
hoa. Lép hitu co duoc rua b?mg nudc mudi, 1am khé trén Na,SOy, loc, va cac dung moi
dugc loai bo trong didu kién 4p suét giam. Cin duogc tinh ché theo phuong phap sic ky

trén silicagel, bang cach s dung dung méi rira gidi chira tir 5% dén 100% EtOAc trong
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hexan, dé tao ra san pham thd & dang hén hop gdm bis-DMTTr va céc san phim 4°B. Hon

hop nay dugc chuyén thing khong cn tinh ché thém.

Imidazol (143mg, 2,10mmol), tiép theo la tert-butylclodimetylsilan (158mg,
1,05mmol) dugc bd sung vao san phim thd (574mg, dang hdn hop) trong DMF (3ml),
trong khi quyén N,. Dung dich nay dugc dé khudy & nhiét do trong phong trong thoi gian
2 gio. Dung dich nay duogc pha logng bing CH;0H (1ml) va EtOAc. Céac chét hitu co
duoc rira béng H,O va sau do béng nude mudi. Lép hitu co duge 1am kho trén Na,SO,,
loc, va dung mdi dugc loai bé trong diéu kién a4p suét giam. C#n dugc tinh ché theo
phuong phép sic ky trén silicagel, bang cach st dung dung moi rira giai chira tir 0% dén
50% EtOAc trong hexan, dé tao ra chét trung gian c6 cong thirc 2f ma chira mdt phan

nguyén liéu bis-DMTr.

LC/MS: tg = 2,25 phut, MS m/z = 933,52 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 C18 1004, 50 x 3,00mm
Cac dung moi: axetonitril vdi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phut dén 1,5 phut 2% dén 100% ACN, 1,5 phit dén 2,8 phit 100% ACN, 2,8
phut dén 2,85 phtit 100% dén 2% ACN, 2,85 phut dén 3 phtt 2% ACN.

NHBz

N
N TsOH, CHCl3;, MeOH

>

VN
N

Chét trung gian 2g - N-(7-((28,38,4R,5R)-4-(tert-butyldimetylsilyloxy)-5-((tert-butyld-
imetylsilyloxy)metyl)-3-flo-5-(hydroxymetyl)tetrahydrofuran-2-yl)pyrolo[ 1 ,2-f]-
[1,2,4]triazin-4-yl)benzamit.

Chét trung gian c6 cong thirc 2f dugc hoa tan trong CHCl; (5ml) va lam lanh dén
0°C. Axit p-toluensulfonic hydrat (90mg, 0,474mmol), hoa tan trong CH;0H (4ml) dugc
bb sung nho giot vao hdn hop nay va hén hop phan tmg ndy duoc dé khudy trong thoi
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gian 5 phit. Hon hop phan ung duoc toi bé‘mg dung dich NaHCOs ) bdo hoa. Céc chét
hitu co duge rira bang nude mudi, 1am kho trén Na,SOy, loc, va dung méi dugce loai bod
trong diéu kién &p sudt giam. Cin dugc tinh ché theo phuong phap sic ky trén silicagel,
bang céach st dung dung moi rira giai chira tir 0% dén 40% EtOAc trong hexan, dé tao ra

chat trung gian c6 cong thirc 2g.

'H NMR (400MHz, CDCls) 5 8,09 — 7,88 (m, 2H), 7,48 (dt, ] = 35,4, 7,4 Hz, 3H), 7,30
(d, ] = 4,6 Hz, 1H), 6,88 (s, 1H), 5,69 (dd, J = 18,8, 4,2 Hz, 1H), 5,05 (dt, J = 54.6, 4,7
Hz, 1H), 4,62 (dd, ] = 14,9, 5,1 Hz, 1H), 3,91 — 3,64 (m, 3H), 0,92 — 0,70 (m, 18H), 0,13
—0,04 (m, 6H), 0,01 (m, 6H).

1%F NMR (376 MHz, CDCls) 5 -196 (m)

LC/MS: tg = 2,61 phut, MS m/z = 631,43 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u C18 100A, 50 x 3,00mm
Céac dung moi: axetonitril v6i 0,1% axit formic, nuéce véi 0,1% axit formic

Gradien: 0 phit dén 1,5 phut 2% dén 100% ACN, 1,5 phut dén 2,8 phtt 100% ACN, 2,8
phit dén 2,85 phat 100% dén 2% ACN, 2,85 phut dén 3 phut 2% ACN.

1. DMSO, Tol, EDCI,
Pyr, TFA

2. bromometyl triphenyl
phosphoni bromua, KotBu, THF

Chét trung gian 2h - N-(7-((28,38,4R,5R)-5-((E)-2-bromvinyl)-4-(tert-butyldimetyl-
silyloxy)-5-((tert-butyldimetylsilyloxy)metyl)-3-flotetrahydrofuran-2-yl)pyrolo[1,2-f][-
1,2,4]triazin-4-yl)benzamit.

1-etyl-3-(3-dimetylaminopropyl)carbodiimit ~ hydroclorua (EDCI) (208mg,
1,08mmol) trong khi quyén N, dugc bd sung vao dung dich chira chét trung gian c6 cong
thirc 2g (228mg, 0,361mmol) trong toluen (0,75ml), va DMSO (0,15ml). Pyridin (30p1),
va TFA (15pl) duge bd sung vao hén hop nay va hdn hop nay duogc khudy & nhiét do
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trong phong trong thoi gian 30 phut. Hon hop phan tng ny dugc pha lodng bing EtOAc
va rira bang H,0 tiép theo 13 nudc mudi. Cac chit hiru co duoc lam kho trén Na,SO,, loc,
va dung mdi dugc loai bo trong didu kién 4p suét giam dé tao ra aldehyt tho. Nguyén liéu

ndy duoc dung cho buée tiép theo.

KOtBu (1,0M trong THF, 1,08ml, 1,08mmol) dugc bd sung vao huyén phui chtra
bromometyltriphenylphosphoni bromua (314mg, 0,72mmol) trong THF (4ml) & -40°C va
hdn hop phéan tmg nay dugc khudy trong thoi gian 2 gid trong khi quyén N,. Aldehyt tho
dugc hoa tan trong THF (4ml) va dugce bd sung nho giot vao. Hén hop phén tng nay
duoc 14y ra khoi bé 1am lanh va dé 4m dén 10°C trong thoi gian 1 gid. Hon hop phan tmg
dugc lam ngudi lai dén -40°C va hén hop phan tng nay dugc t6i bing NH,Clse bio
hoa. Céc 16p duge tach va cac chat hitu co dugc lam khd trén Na,SO,, loc, va dung méi
dugc loai bd trong diéu kién 4p sudt giam. Cin duogce tinh ché theo phuong phép sic ky
trén silicagel, bang cach s dung dung mdi rira giai chira 0% dén 50% EtOAc trong

hexan, dé tao ra chét trung gian ¢ cong thirc 2h.

"H NMR (400MHz, CDCL) & 8,08 — 7,85 (m, 2H), 7,62 — 7,36 (m, 2H), 7,34 — 7,01 (m,
3H), 6,92 (s, 1H), 6,60 — 6,45 (m, 1H), 6,35 (d, ] = 8,2 Hz, 1H), 5,61 (d, ] = 25,1 Hz, 1H),
4,82 (dd, J = 56,3, 4,9 Hz, 1H), 4,69 — 4,46 (m, 1H), 3,97 (d, ] = 11,4 Hz, 1H), 3,53 (d, J
= 11,4 Hz, 1H), 0,84 (d, T = 3,9 Hz, 18H), 0,13 —-0,10 (m, 12H).

'F NMR (376 MHz, CDCl;) & -190,60 (m).

LC/MS: tg = 2,10 phut, MS m/z = 705,54/707,29 [M+1]; hé théng LC: Thermo Accela
1250 UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p C18 100A, 50 x
3,00mm

Céc dung mdi: axetonitril vdi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phut dén 1,5 phit 2% dén 100% ACN, 1,5 phut dén 2,8 phit 100% ACN, 2,8
phiit dén 2,85 phut 100% dén 2% ACN, 2,85 phit dén 3 phut 2% ACN.
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KOtBu, THF

Chét trung gian 2i - N-(7-((2S,3S,4R,SR)-4-(tert-butyldimetylsilyloxy)-5-((tert-butyl d-
imetylsilyloxy)metyl)-5-etynyl-3 -flotetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-

yl)benzamit.

Chét trung gian ¢6 cdng thirc 2h (204mg, 0,289mmol) duge hoa tan trong THF
(8ml) trong khi quyén N, va lam lanh dén -40°C. KOtBu (1,OM trong THF, 1,08ml,
1,08mmol) duge bd sung tir tir vao vao. Hén hgp phéan ting nay du'c_rc' dé khudy trong thoi
gian 20 phit khi duge t6i bang dung dich NH,Cl sy bdo hoa. Dung dich nay duoc pha
lodng bing EtOAc va rira bang nude mudi. Céc chét hitu co duogc lam khé trén Na,SO,,
loc, va dung mdi dugc loai bo trong diéu kién 4p sudt giam. Cin dugc tinh ché theo
phuong phap sic ky trén silicagel, bang cach sir dung dung moi rira gidi chira tir 0% dén

50% EtOAc trong hexan, dé tao ra chit trung gian c6 coéng thic 2i.

'H NMR (400MHz, CDCL;) § 8,12 — 7,88 (m, 2H), 7,51 (dt, I = 36,5, 7,5 Hz, 2H), 7,32
(d,J=4,6 Hz, 1H), 6,88 (s, 1H), 5,79 (d, J = 22,1 Hz, 1H), 5,02 (ddd, J = 55,3, 5,1, 3.2
Hz, 1H), 4,56 (dd, J = 18,1, 5,1 Hz, 1H), 3,91 (d, J = 11,3 Hz, 1H), 3,83 — 3,62 (m, 1H),
2,55 (m, 1H), 0,90 (dd, J = 25,3, 1,6 Hz, 18H), 0,20 —-0,08 (m, 12H).

"F NMR (376 MHz, CDCls) § -193,10 (dai - s).

LC/MS: tg = 1,88 phit, MS m/z = 625,24 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cét: Kinetex 2,6 C18 100A, 50 x 3,00mm
Céc dung moi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phit dén 1,5 phut 2% dén 100% ACN, 1,5 phit dén 2,8 phit 100% ACN, 2,8
phiit dén 2,85 phut 100% dén 2% ACN, 2,85 pht dén 3 phit 2% ACN.

-69-



27385

Chit trung gian 2j - N—(7-((2S,3R,4R,SR)-S-etyny1-3-ﬂo-4-hydr0xy-5-(hydroxymetyl)-
tetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit. |

TBAF (1,0M trong THF, 700p1, 0,700mmol) & nhiét do trong phong duogc bd sung
vao dung dich chtta chit trung gian ¢ cong thie 2i (152mg, 0,243mmol) trong THF
(3,5ml) trong khi quyén N, va hdn hop nay duge dé khudy trong thoi gian 30 phut. Céac
dung mdi dugc loai bo trong didu kién 4p suét giam. Can dugc tinh ché theo phuong phap
sic ky trén silicagel, bang céch sir dung dung mdi rira giai chira tir 40% dén 100% EtOAc

trong hexan, dé tao ra chét trung gian c6 cong thic 2j.

LC/MS: t = 0,88 phut, MS m/z = 397,16 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u C18 1004, 50 x 3,00mm
Céc dung moi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phut dén 1,5 phuit 2% dén 100% ACN, 1,5 phiit dén 2,8 phit 100% ACN, 2,8
phit dén 2,85 phit 100% dén 2% ACN, 2,85 phiit dén 3 phit 2% ACN.

NHBz

Vi du 2 - (2R,3R4R,58)-5-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-yl)-2-etynyl-4-flo-2-
(hydroxymetyl)tetrahydrofuran-3-ol.

NH,OH ;,56¢) (0,7ml) d4m dic duoc bd sung vao dung dich chira chét trung gian c6
cong thire 2j (71mg, 0,179mmol) trong CH;0H (2ml) va dung dich thu duoc duge khudy

¢ nhi€t do trong phong trong thoi gian 16 gid. Cac dung mdi dugc loai bo trong diéu kién
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ap suét giam. Can dugc tinh ché theo phuong phap sic ky trén silicagel, béng cach sir
dung dung mdi rira giai chira tir 0% dén 20% CH;OH trong CH,Cl,, iép theo séc ky 1ong
cao 4p pha déo, bang cach st dung dung méi rira giai chira tir 0% dén 20% ACN trong
H,0, dé tao ra hop chét theo Vi du 2.

'H NMR (400MHz, CD;0D) § 7,77 (s, 1H), 6,90 — 6,70 (m, 2H), 5,62 (dd, J = 25,5, 2,6
Hz, 1H), 5,18 (ddd, J = 56,0, 5,4, 2,7 Hz, 1H), 4,57 (dd, T = 20,5, 5,4 Hz, 1H), 3,93 — 3,59
(m, 2H), 3,02 (d, T = 0,7 Hz, 1H).

“F NMR (376 MHz, CD;0D) § -193,76 (ddd, J = 56,0, 25,5, 20,4 Hz).

LC/MS: tg = 0,45 phit, MS m/z = 293,13 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,61 C18 100A, 50 x 3,00mm
Céc dung moi: axetonitril véi 0,1% axit formic, nudc véi 0,1% axit formic

Gradien: 0 phut dén 1,4 phit 2% dén 100% ACN, 1,4 phiit dén 1,80 phut 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phut dén 2 phit 2% ACN.

HPLC: tz = 3,112 phut; hé théng séc ky long cao ap: loai Agilent 1100
Cot: Phenomenex Kinetex C18 2,6um 100A, 4,6 x 100mm

Céac dung moi: axetonitril vdi 0,1% TFA, nude véi 0,1% TFA
Gradien: 0 phut dén 8,0 phut 2% dén 98% ACN & 1,5ml/phut.

NHBz

TBSO N EDCI-HCI, Pyr, TFA
HO~w DMSO, Tol
TBSO F
2g

Chat trung gian 3a - N-(7-((28,385,4R,5R)-4-(tert-butyldimetylsilyloxy)-5-((tert-butyld-
imetylsilyloxy)metyl)-3-flo-5-formyltetrahydrofuran-2-yl)pyrolo[1,2-f][ 1,2,4]triazin-4-

yl)benzamit.
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EDCIHCI (1,02g, 5,36mmol) va pyridin (149ul, 1,92mmol) dugc bd sung vao
dung dich chtta chit trung gian ¢6 cong thire 2¢g (1,13g, 1,79mmol) trong DMSO (1ml) va
toluen (10ml), duoc didu ché trong khi quyén N,. TFA (74pl, 0,97mmol) duogc bd sung
nho giot vao. Sau 1 gid, phan img dugc kiém tra theo phuong phap LC/MS. Pic don quan
sat thiy, voi thoi gian luu tuong ty thoi gian ciia nguyén liéu ban dAu song c6 pic M+1
bing pic mong doi dbi véi san phdm. 50p1 pyridin nita dugc bd sung vao va hén hop
phan tng nay dugc khudy trong thoi gian 15 phiit nita. Khong ¢6 thay d6i theo phuong
phép LC/MS. Hon hop phéan (g nay dugc pha loang bing BtOAc va duoc t6i bing hdn
hop dung dich NaHCOs 4y b8o hoa va H,O theo ty 1& 1:1. Hén hop ndy duge phan bd
gitta EtOAc va thém H,0. L&p hitu co dugce tach va rira béng H,0, nudc mudi, va sau d6
dugc 1am kho trén Na,SO,. Tac nhén 1am khé duge loai bé bing cach loc chan khong va
dich loc duge cd. Can duge dua vao CH,Cl,, cd, va chét lidu thu duoc dugc dat trong
chan khoéng cao trong thoi gian 1 gid. San phdm, chét trung gian c6 cong thic 3a dugc

dung trong phan ting tiép theo.

LC/MS: tg = 1,90 phat, MS m/z = 629,46 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6y C18 100A, 50 x 3,00mm
Céc dung méi: axetonitril voi 0,1% axit formic, nudce véi 0,1% axit formic

Gradien: 0 phut dén 1,5 phit 2% dén 100% ACN, 1,5 phit dén 2,8 phit 100% ACN, 2,8
phut dén 2,85 phiit 100% dén 2% ACN, 2,85 phut dén 3 phut 2% ACN.

NHBz
TBSO N HONH,eHCI,
Oy Pyridin
TBSO F
3a

Chét trung gian 3b - N-(7-((285,38,4R,5R)-4-(tert-butyldimetylsilyloxy)-5-((tert-butyld-
imetylsilyloxy)metyl)-3-flo-5-((E)-(hydroxyimino)metyl)tetrahydrofuran-2-yl)pyrolo[1,2-
f][1,2,4]triazin-4-yl)benzamit.

HONH,HCI b6 sung mét 1dn & nhiét d6 trong phong vao dung dich chira chét

trung gian c¢6 cdng thirc 3a (nguyén liéu thé tlr budce trude, gia st 1,79mmol) trong
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pyridin (11ml), diéu ché dugc trong khi quyén N,. 5 phit sau, phan tmg duoc kiém tra
theo phwong phap LC/MS; nguyén liéu ban ddu da duoc dung hét. 25 phut sau, phan mg
dugc kiém tra lai. Khong ¢6 thay ddi so vé6i thoi diém thir nhat. H8n hop phan mg nay
duoc ¢ va cin dugce phan bd gilta EtOAc va H,O. Lép hitu co duge tach, rira béng nudc
mudi, 1am kho trén Na,SO, va loc. Dich loc dugc co, thu léy trong CH,Cl,, c6 lai, va cin
dugc dua vao chan khong cao. San phidm chét trung gian ¢6 cdng thic 3b dugc dung

trong phan tmg tiép theo.

LC/MS: tg = 1,83 phat, MS m/z = 644,55 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p C18 100A, 50 x 3,00mm
Céc dung moi: axetonitril v&i 0,1% axit formic, nudc véi 0,1% axit formic

Gradien: 0 phit dén 1,5 phit 2% dén 100% ACN, 1,5 phit dén 2,8 phut 100% ACN, 2,8
phut dén 2,85 phut 100% dén 2% ACN, 2,85 phut dén 3 phut 2% ACN.

NHBz NHBz
TBSO \ oDl TBSO S N
o'\ =N N=
TBSO F 8S0 F
3b 3c

Chét trung gian 3c - N-(7-((28,38,4R,5R)-4-(tert-butyldimetylsilyloxy)-5-((tert-butyld-
imetylsilyloxy)metyl)-5-xyano-3 -flotetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-

yl)benzamit.

CDI (436mg, 2,69mmol) trong mét 1an duge bd sung vao dung dich chira chét
trung gian c6 cong thirc 3b (nguyén lidu tho tir bude trude, gia st 1,79mmol) trong ACN
(16ml). Phan g duoc thyc hién trong khi quyén N,. Sau 20 phut, phan tng dugc kiém
tra theo phuong phap LC/MS. Céc pic c6 khdi lugng cia nguyén liéu ban dau va san
phdm dugc phan giai chi theo thoi gian. Sau 1,5 gid, phan tmg dugc kiém tra. Pic UV
twong Ung voi nguyén liu ban d4u gin nhu hét va mat d6 cua khéi luong pic bi giam.
Hén hop phn (ing nay duge pha loang bing CH,Cl, va dugc t6i bing hdn hop gdm dung
dich NaHCO; 6y bdo hoa va H,O theo ty 18 1:1. Céc 16p phén tach, phén trong nudc
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duge chiét nguoc bang CH,CL, va cac 16p hitu co két hop duge chiét bang hén hop theo
ty 1¢ 1:1 nuée mudi va H0, 1am kho trén Na,SO, va loc. Dich loc duge ¢b va chit trung
gian c6 cong thirc 3¢ duge phén tach bing cot séc ky trén silicagel bang cach sit dung
dung mdi dudi diy nim trong khoang tir: 0% EtOAc trong hexan ting 1én dén 20%
EtOAc trong hexan, dimg & 20% EtOAc trong hexan va sau d6 ting 1én dén 40% EtOAc

trong hexan.

'HNMR (400MHz, DMSO-dg) & 8,31 (s, 1H), 8,07 (s, 1H), 7,65 (t, T = 8 Hz, 1H), 7,54 (t,
J=8Hz, 1H), 7,15 (d, 4 Hz, 1H), 7,02 (s, 1H), 5,82 (d, ] = 24 Hz, 1H), 5,51 (ddd, J = 52,
4,8,2,8 Hz, 1H), 4,70 (dd, T = 18,4, 4,4 Hz, 1H), 3,94 (dd, T = 53,2, 11,2 Hz, 2H), 0,93 (s,
9H, ), 0,84 (s, 9H), 0,17 (s, 3H), 0,16 (s, 3H), 0,05 (s, 3H), 0,01 (s, 3H).

F NMR (376 MHz, DMSO-dy) & -194,658 (dt, J = 53, 21,4 Hz).

LC/MS: tg = 1,84 phut, MS m/z = 626,60 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

H¢ théng MS: Thermo LCQ Fleet; Cét: Kinetex 2,6 C18 100A, 50 x 3,00mm
Cac dung moi: axetonitril vdi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phit dén 1,5 phtt 2% dén 100% ACN, 1,5 phut dén 2,8 phit 100% ACN, 2,8
pht dén 2,85 phiit 100% dén 2% ACN, 2,85 phut dén 3 pht 2% ACN.

NHBz

3c 3d

Chét trung gian 3d - (2R,3R,48,58)-5-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-y1)-3-(tert-
butyldimetylsilyloxy)-2-((tert-butyldimetylsilyloxy)metyl)-4-flotetrahydrofuran-2-

cacbonitril.

Dung dich NH4OH pyec) (3,74ml) ddm dic duge bd sung vao dung dich chira chét
trung gian ¢6 cong thie 3¢ (770mg, 1,23mmol) trong MeOH (11,2ml), da dugc 1am ngudi
trong bé nude da. Bé 1am lanh duoc loai bd va dung dich khong déng nhét thu duoc duogc

khudy qua dém. Ngay tiép theo, phan ung chua hoan thanh nhu duge x4c dinh theo
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LC/MS. Thém NH,OH ¢y d4m ddc (4ml) va 2-MeTHF (12ml) duogc bd sung vao. Phan
mg tré nén ddng nhit nhung sau 20 phut phan tmg khéng c6 tién trién thém nita. Hn
hop phan Ung nay dugc c6 va cidn dugc hoa tan trong THF (15ml). Dung dich
NH,;OH y5¢) d4m ddc (5ml) va MeOH vira du (1,9ml) duge bd sung vao hdn hop nay dé
chuyén dung dich thanh d6ng nhét va mot pha. Hon hop phan Umg ndy dugc khudy &
nhiét do trong phong trong thdi gian 22 gid. Phan tmg gin nhu hoan thanh (con lai
khoang 5% nguyén liéu ban dau). Hon hop phan tng nay dugc pha lodng bé‘lng CH,Cl, va
H,0. Céc 16p duogc tach, va 16p nudc duge pha lodng bing dung dich NaHCOs s b0
hoa va chiét bing CH,CL,. Lép nuée duge trung hoa bang dung dich HCI 2N va sau d6
duge chiét bing CH,Cl,. Céc 16p hitu co két hop duge duge 1am khd trén Na,SO,, ma
duoc loai bd bang cach loc. Dich loc dugc cd va chét trung gian co cong thue 3d dugce
phén 1dp dugc tur can béng cot sic ky trén silicagel bang cach st dung dung moi duéi day
nim trong khoang tir: 0% EtOAc trong hexan ting 1én dén 50% EtOAc trong hexan, dimg
& 50% EtOAc trong hexan va sau d6 tang 1én dén 100% EtOAc trong hexan.

LC/MS: tg = 1,59 phat, MS m/z = 522,47 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 C18 100A, 50 x.3,00mm
Céc dung mbi: axetonitril vdi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phtit d&n 1,4 phut 2% dén 100% ACN, 1,4 phut dén 1,8 phat 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phut dén 2 phut 2% ACN.

Vidu 3 - (2R,3R,4R,55)-5-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-yl)-4-flo-3-hydroxy-2-
(hydroxymetyl)tetrahydrofuran-2-cacbonitril.

70% HF Pyridin trong pyridin (60pl, 0,478mmol) & 0°C, trong khi quyén N, duoc
b6 sung vao dung dich chira chit trung gian c6 cong thirc 3d (100mg, 0,191mmol) trong
THF (2ml), trong 6ng polypropylen. Phan mg duogc kiém tra sau 20 phut; khong c¢6 phan
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tmg, nén thém 70% HF Pyridin trong pyridin (150u1) duoc bd sung vao va bé 1am lanh
dugc loai bo. Sau 1 gid va 50 phut, thém 70% HF Pyridin trong pyridin (150pl) dugc bd
sung vao. Sau 2 gio nita, thém 70% HF Pyridin trong pyridin (300ul) dugc bd sung vao.
Sau 2 gi¢ va 15 phit nita, thém 70% HF Pyridin trong pyridin (1ml) dugc bd sung vao.
Phén Ung tré nén‘trong va ddng nhit khi 14n bd sung 70% HF Pyridin trong pyridin cudi
cing nay. Hon hop phan ting nay dugc khudy qua dém. Phan ung hoan thanh vao ngay
tiép theo. Hon hop phan tmg nay dugc 1am ngudi trong bé nude da va duge toi béng H,0
va luong nho dung dich NaHCO; ) bdo hoa. Hdn hop nay dugc ¢ va cdn dugc dua
vao DMSO. Nguyén li¢u khong hoa tan con lai dugce loai bé bing cach loc va dich loc
dugc béan tinh ché theo phuong phép sic ky léng cao 4p (HPLC). Nguyén liéu cach ly
dugc hoa tan trong DMF va tinh ché theo phuong phép séc ky 1éng cao ap (HPLC). Hop
chét theo Vi du 3 duoc phén tach, véi 0,5% & dang mubi TFA. |

"H NMR (400MHz, DMF-d;) & 7,92 (s, 1H), 6,99 (d, ] = 4,4 Hz, 1H), 6,89 (d, J = 4,9 Hz,
1H), 6,64 (d, ] = 6 Hz, 1H), 5,92 (t, J = 6,4 Hz, 1H), 5,83 (dd, ] = 25,2, 2 Hz, 1H), 5,40
(ddd, J = 54,8, 4,8, 2,4 Hz, 1H), 4,75 (dt, J = 22, 5,2 Hz, 1H), 4,02 (dd, J = 12, 6,4Hz,
1H), 3,87 (dd, T = 12, 6,4 Hz, 1H).

'F NMR (376 MHz, DMF-d;) § -74,92 (s), 193,726 (dt, J = 54,5, 23,3 Hz).

LC/MS: tg = 0,56 phut, MS m/z = 294,10 [M+1]; hé thdng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p C18 100A, 50 x 3,00mm
Céc dung moi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phut dén 1,4 phtt 2% dén 100% ACN, 1,4 phut dén 1,8 phtt 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phut dén 2 phut 2% ACN.

HPLC: t = 3,220 phut; hé thdng sic ky 1ong cao 4p: loai Agilent 1100; Cot: Phenomenex
Kinetex C18 2,6 um 100A, 4,6 x 100mm; cic dung moi: axetonitril véi 0,1% TFA, nude
v6i 0,1% TFA

Gradien: 0 phut dén 8,0 phut 2% dén 98% ACN & 1,5ml/phtt.
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Chét trung gian 4b - (3aR,5R,6aS)-5-((R)-2,2-dimetyl-1,3-dioxolan-4-y1)-2,2-dimetyld-
ihydrofuro[3,2-d][1,3]dioxol-6(3aH)-on.

Dung dich chira chét trung gian c6 cong thirc 4a, (3aR,58,68,6aR)-5-((R)-2,2-
dimetyl-1,3-dioxolan-4-yl)-2,2-dimetyltetrahydrofuro[3,2-d][1,3]dioxol-6-ol (500g,
1,90mol) trong diclometan/nudce (2,7 L / 2,3 lit) & nhiét do trong phdng ditvao trong binh
day tron 4 ¢ loai dung tich 101. Natri cacbonat (290g, 3,42mol) dugc bd sung vao binh
ndy. Kali cacbonat (451g, 3,24mol) dugc bd sung tiép vao. Tiép theo 13 bd sung 2,2,6,6-
tetrametylpiperidinooxy (TEMPO, 15,2g, 96,31mmol). Tetrabutylamoni bromua (31g,
95,20mmol) dugc bd sung vao hdn hop nay. N-bromosucxinimit (514g, 2,86mol), thanh
nhiéu phén & 35°C duge bd sung vao hén hop néu trén. Dung dich thu dugc dugc dé phéan
ung, va khuéy, trong thoi gian 2 gi¢ & nhiét d trong phong. Dung dich thu duge duge
chiét bing 2 x 11 diclometan va cac 16p hitu co két hop. Hn hop thu duoc duge rira bing
1 x 1,51 nuéc. Hon hop niy duoc 1am kho trén natri sulfat khan va cb trong chan khong.

Budc nay tao ra chét trung gian c6 cong thirc 4b (tho).
oﬁ\ﬁ o 0
..... 0 NaBH
0 _ e | o) Q
% OX MeOH VQ """*o><

Chét trung gian 4c - (3aR,55,6R,6aR)-5-((R)-2,2-dimetyl-1,3-dioxolan-4-yl)-2,2-di-
metyltetrahydrofuro[3,2-d][1,3]dioxol-6-0l.

Dung dich chta chit trung gian c6 cong thuc 4b (370g, 1,29mol) trong metanol
(1300ml) duoc dit trong binh déy tron 4 cd loai dung tich 21. Natri bohydrua (26,4g,
706,38mmol) dugc b sung thanh nhidu phin & nhiét do trong phong vao binh trén. Dung
dich thu dugc duge dé phan tng, va khudy, trong thoi gian 2 gi0 ¢ nhi¢t d9 trong phong.
Hbn hop thu duoc duge ¢b trong chan khong. Sau d6, hdn hop phéan umg duogc toi bing
cach bd sung 1000m! dung dich nuéc amoni clorua 5% vao. Dung dich thu dugc dugc

chiét bé‘mg 3 x 500ml diclometan va céc 16p hitu co két hgp. Dung dich thu dugce dugc rira
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bang 2 x 300ml nude. Hn hop nay duge 1am kho trén natri sulfat khan va cb trong chan
khong. San pham tho dugc tinh ché bing cach két tinh lai ra khéi ete ddu mo. Budc nay

tao ra chit trung gian c6 cdng thic 4c.

S DCM
HO © 50% NaOH NAPO

4c 4d
Chét trung gian 4d.

Dung dich chtta chat trung gian c6 cong thirc 4¢ (350g, 1,34mol) trong diclometan
(700ml) dugc dua vao binh dy tron 4 ¢b loai dung tich 5000ml. Tetrabutylamoni bromua
(476,8g, 1,48mol) dugc bd sung vao binh néu trén. 50% natri hydroxit/nuée (700g) duoc
bb sung vao hdn hop nay. 2-(bromometyl) naphtalen (340g, 1,54mol) dugc bd sung thanh
vai mé vao hdn hop néu trén. Dung dich thu dugc duoc dé phan tmg, va khudy, trong thoi
gian 4 gi¢ ¢ nhiét do trong phong. Sau d6, hdn hop phan tng duoc t6i bang c4ch bd sung
1800ml diclometan/nude (theo ty 18 1:1) vao. Dung dich thu dugc dugc chiét bing 2 x 11
diclometan va cac 16p hitu co két hop. Hon hgp thu dugc dugce rl’ia bing 1 x 1000ml
nude. Can duge hoa tan trong 1000/1000ml ete ddu mo/nuée. San phim thé dugc tinh
ché bang cach két tinh lai ra khoi ete diu mo. Budc ndy tao ra chét trung gian c6 cong
thic 4d.

o~

NAPO

1o T~
_ACOH/HO |
o< NAPO o<
4d de
Chit trung gian 4e - (R)-1-((3aR,5R,6R,6aR)-2,2-dimetyl-6-(naphtalen-2-ylmetoxy)-
tetrahydrofuro[3,2-d][1,3]dioxol-5-yl)etan-1,2-diol.

Chét trung gian c6 cong thirc 4d (500g, 1,25mol) dugc dua vao binh déy tron 4 cb
loai dung tich 51. Axit axetic (1,8 lit) dugc bd sung vao binh nay. Nudc (600ml) duge bd
sung vao hdn hop nay. Dung dich thu dugc dugc dé phén tmg, va khudy, qua dém & nhiét
do trong phong. Céc chét rén dugc loc bé. Dung dich thu duge dugc chit bing 3 x 11 ete
diu moé va céc 16p nude duge két hop. Dung dich thu dugc pha losing bing 21 etyl axetat.

Hdn hop thu dugc duoc ria béng 2 x 21 natri cloruagyge). Tri s6 do pH cua dung dich dugc
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diéu chinh dén 8 bing natri cacbonat (50%). Dung dich thu duoc duoc chiét bang 2 x 11
etyl axetat va cac 16p hitu co két hop va cd trong chan khong. Budc nay tao ra chét trung

gian c6 cong thic 4e.
HO&@ /Lej
A...”O -uuo
HO H
O$ O)< NalOg4 OX

)

Chét trung gian 4f - (3aR,5S,6R,6aR)-2,2-dimety1—6-(naphtalen—2-ylmetoxy)tetrahyd—
rofuro[3,2-d][1,3]dioxol-5-carbaldehyt.

Dung dich chtta chét trung gian c6 cong thirc 4e (300g, 833,33mmol) trong 1,4-
dioxan (2100ml) duoc dat vao trong & nhiét do trong phong vao trong binh d4y tron 4 ¢
loai dung tich 101. Tiép theo 13 bd sung dung dich chira natri periodat (250g) trong nuéc
(4000ml) ¢ nhiét d6 trong phong trong thoi gian 0,5 gid. Dung dich thu duogc duge dé
phén tng, va khudy, trong thoi gian 0,5 gi¢ ¢ nhiét 46 trong phong. Cac chét rin duoc loc
bd. Dung dich thu dugc dugc chiét bing 3 x 1000ml etyl axetat va cac 16p hitu co két
hop. Hon hop thu duoc dugce rira béng 2 x 1000ml natri cloruagygc). Hén hop thu duge

duoc 6 trong chan khong. Bugc ndy tao ra chit trung gian c6 cong thire 4f.

Chat trung gian 4g - ((3aR,6S,6aR)—2,2-dimetyl-6-(naphtalen-2-ylmetoxy)tetrahyd—
rofuro[3,2-d][1,3]dioxol-5,5-diyl)dimetanol.

Dung dich chita chét trung gian c6 cong thue 4f (250g, 761,36mmol) trong
nudc/tetrahydrofuran (1250/1250ml) duogc dit vao trong binh day tron 4 ¢ loai dung tich
101 & nhiét d9 trong phong. Dung dich natri hydroxit s 2N (1500ml) dugce bd sung nho
" giot vao hdn hop néu trén va khudy & 0 dén 15°C. Formaldehyt (620ml) dugc bd sung
vao hén hop nay. Dung dich thu dugc dugc dé phan tng, va khudy, qua dém & nhiét do
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trong phong. Dung dich thu dugc duge chiét bang 2 x 2000ml etyl axetat. H3n hop thu
duoc duoc rira béng 2 x 2000ml natri cloruagyee). Céc 16p hitu co két hop va lam kho trén
natri sulfat khan. Can dugc dua vao cot silicagel véi ete dau mo:etyl axetat (2/1). San
pham tho duoc két tinh lai ra khoi etyl axetat:etanol theo ty 1¢ 1g/(1ml:1ml). Budc ndy tao

ra chit trung gian c6 cong thirc 4g.

TBDPSCI HO—

O\\\S
DCM, TEA
au

Chét trung gian 4h - ((3aR,5R,68,6aR)-5-((tert-butyldiphenylsilyloxy)metyl)-2,2-dimetyl-
6-(naphtalen-2-ylmetoxy)tetrahydrofuro[3,2-d][1,3]dioxol-5-yl)metanol.

Dung dich chtta chat trung gian c6 cong thic 4g (125g, 346,84mmol) trong
diclometan (2500ml) & nhiét d6 trong phong dugc dua vao binh day tron 4 cb loai dung
tich 51 dugc suc va bao quan bing khi quyén tro 12 nito. Trietylamin (157,5ml) dugc bd
sung vao hdn hgp niy & nhiét d§ trong phong. Tert-butyldiphenylsilyl clorua (157,5ml)
duoc bd sung nhé giot vao hdn hop néu trén va khudy & 0°C dén 10°C. Dung dich thu
dugc duge dé phan tng, va khudy, qua dém & nhiét do trong phong. Sau d6, hén hop
phan tng duoc toi béng cach bd sung 37,5ml metanol vao. Hon hop thu duge duge rira
b'fmg 2 x 500ml hydrocloruag,s, 5% va 2 x 500ml natri bicacbonat ). Hén hop thu
dugc duoc ria bﬁng 2 x 500ml natri hydroXit(use 1N. Hoén hop nay dugc lam kho trén
natri sulfat khan va co trong chan khong. San pham thd dugc tinh ché bing cach két tinh

lai ra khoi diclometan/hexan. Budc ndy tao ra chét trung gian c6 cong thirc 4h.

Chit trung gian 4i - Tert-butyl(((3aR,5R,6S,6aR)-5-(iodometyl)-2,2-dimetyl-6-(napht-
alen-2-ylmetoxy)tetrahydrofuro[3,2-d][ 1,3]dioxol-5-yl)metoxy)diphenylsilan.
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Dung dich chtra chit trung gian c6 cong thirc 4h (20g, 31,73mmol) trong toluen
(320ml), triphenylphosphin (35g, 132,11mmol), imidazol (8,96g, 132,26mmol) duogc dua
vao trong binh ddy tron 3 ¢ loai dung tich 1000ml duoc suc va bao quin bang khi quyén
tro 13 nito. Tiép theo 1a bd sung iot (16,95g, 66,8mmol) trong vai mé & 60°C. Dung dich
thu duge duge khudy qua dém & 80°C trong bé dau. Han hop phan ing nay dugce giam
nhiét 4o dén nhiét do trong phong véi bé nudce/da. Dung dich thu dugc duge pha loang
bang 1000ml etyl axetat. Hon hop thu duge duoc rira béng 2 x 300ml natri thiosulfat .
Hén hop thu dugc duoc rira bang 1 x 300ml natri cloruayge. Hon hop niy dugc 1am kho
trén natri sulfat khan va c6 trong chén khéng. Cin dugc dua vao cot silicagel véi etyl
axetat/ete ddu mo (theo ty 1€ 1:10). Budc nay tao ra chét trung gian cé cong thic 4i.

TBDPSO
Pd/C,TEA

s C))< e
o EtOH, EtOAc o
- ! i K

Chét trung gian 4j - Tert-butyldiphenyl(((3aR,5R,68,6aR)-2,2,5-trimetyl-6-(naphtalen-2-

ylmetoxy)tetrahydrofuro[3,2-d][1,3]dioxol-5-yl)metoxy)silan.

Dung dich chtta chédt trung gian ¢ cong thic 4i (66g, 88,47mmol) trong
etanol/etyl axetat (600/600ml), trietylamin (20,7g, 202,52mmol), paladi trén cacbon (10%
trong luong, 24,8g, 23,30mmol) dugc dua vao trong binh ddy tron 2000ml duoc suc va
bao quan bang khi quyén tro 13 nito. Dung dich thu dugc dugc khudy trong thoi gian 3
gior & 40°C. Cac chét rin duoc loc bo. Han hop thu duoc dugce cb trong chan khong. Dung
dich thu dugc pha lodng bing 1500ml etyl axetat. Hon hop thu duge dugc rira bing 1 x
500ml natri cloruagyse. Hon hop nay duoc 1am kho trén natri sulfat khan va ¢ trong chén

khong. Budc ndy tao ra chét trung gian ¢6 cong thuc 4j.
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Chit trung gian 4k - (3aR,5R,68,6aR)-5-((tert-butyldiphenylsilyloxy)metyl)-2,2,5-
trimetyltetrahydrofuro[3,2-d][1,3]dioxol-6-ol.

Dung dich chira chit trung gian c6 cong thirc 4j (1,0g, 1,63mmol) trong
diclometan (15ml), nuéc (1,25ml), va 2,3-diclo-5,6-dixyano-1,4-benzoquinon (DDQ,
780mg, 3,40mmol) dugc dua vao binh ddy tron loai dung tich 500ml. Dung dich thu dugce
duoc khudy trong thoi gian 1 gi0 ¢ nhiét d6 trong phong. Dung dich thu dugc pha loding
bing 50ml diclometan. Hn hop thu duge duge rira bang 1 x 30ml nude va 2 x 30ml natri
bicacbonat pygc). Hdn hop thu duge duoc rira béng 1 x 30ml natri cloruapyse. Hdn hop nay
duoc lam kho trén natri sulfat khan va co trong chén khong. Can dugc dua vao cdt
silicagel vdi etyl axetat/ete ddu mo (theo ty 18 1:20~1:10). BuGc nay tao ra chét trung gian

co cong thire 4k.

4]

Chit trung gian 41 - (3aR,SR,6S,6aR)-5-(hydroxymetyl)-2,2,5-trimetyltetrahydrofuro[3,2-
d][1,3]dioxol-6-ol.

Dung dich chtta chét trung gian c6 cong thuc 4k (520mg, 1,12mmol) trong
tetrahydrofuran (9ml), tetrabutylamoni florua (369mg, 1,40mmol) dugc dua vao binh day
tron loai dung tich 50ml. Dung dich thu duge dugc khudy trong thoi gian 2 gié & nhiét 6
trong phong. Hon hop thu duoc duge co trong chin khoéng. Cén dugc dua vao cot

silicagel v6i diclometan/metanol (100:1). Budc nay tao ra chét trung gian c6 cong thuc 41.

'H NMR (300MHz, DMSO-dy): § 5,64 (d, J = 3,9Hz, 1H), 4,96 (d, J = 6,6Hz, 1H), 4,67
(m, 1H), 4,55 (m, 1H), 4,05 (m, 1H), 3,24 — 3,30 (m, 1H), 3,11 — 3,18 (m, 1H), 1,50 (s,
3H), 1,27 (s, 3H), 1,16 (s, 1H).

BnBr,NaH B”Ommm%

THF BnO (0)

4 4m
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Chét trung gian 4m - (3aR,5R,68,6aR)-6-(benzyloxy)-5-(benzyloxymetyl)-2,2,5-tri-
metyltetrahydrofuro[3,2-d][1,3]dioxol.

Dung dich chira chét trung gian c¢6 coéng thirc 41 (180mg, 0,84mmol) trong
tetrahydrofuran (4ml) dugc dua vao binh day tron 3 ¢b loai dung tich 50ml duogc suc va
bao quan bang khi quyén tro 12 nito. Tiép theo, natri hydrua (60% trong lugng, 140mg,
3,50mmol) dugc bo sung vao thanh nhiéu phan & 0°C. Dung dich thu dugc duge khudy
trong thoi gian 30 phut & 0°C. Dung dich thu dugc dugc dé phan tGng, va khudy, thém 30
phut ¢ nhi€t d0 trong phong. Benzyl bromua (452mg, 2,62mmol) dugc bd sung nhd giot
vao binh nay va khuéy & 0°C. Dung dich thu dugc duoc dé phéan Ung, va khua?'ly, thém 3
gio nita & nhiét d trong phong. Sau d6, hdn hop phan tng duoc toi bing cach bd sung
30ml amoni clorua,yse. Dung dich thu duoc dugc chiét béng 50ml diclometan va cac 16p
hiru co dugc két hop va 1am khd trén natri sulfat khan va c6 trong chin khong. Cin duge
dua vao cot silicagel véi etyl axetat/ete ddu mo (theo ty 18 1:30 dén 1:20). Budc nay tao ra

chat trung gian c6 cong thirc 4m.

BnO

H,50, Bnom,ﬂmOAc

ACOH, Ac,0 Bnd  OAc

4m 4n

Chét trung gian 4n - (2R,3R,4S5,5R)-4-(benzyloxy)-5-(benzyloxymetyl)-5-metyltetrah-
ydrofuran-2,3-diyl diaxetat.

Chit trung gian c6 cong thitc 4m (con diéu ché duoc theo Biosci. Biotech.
Biochem. 1993, 57, 1433-1438, 45g, 111,19mmol), axit axetic (270ml), axetic anhydrit
(90ml), axit sulfuric (45d) dugc dua vao binh déy tron loai dung tich 1000ml. Dung dich
thu duoc duge khudy trong thoi gian 30 phtt & nhiét do trong phong. Sau d6, hdn hop
phan ng dugc t6i bang cach bd sung 1000ml nudc/da. Dung dich thu dugc pha loang
bing 3000ml etyl axetat. Hon hop thu duge duge rira bang 2 x 1000ml nuéc va 4 x
1000ml natri bicacbonatpyse. Hon hop thu dugc duge ria bé‘mg 2 x 1000ml natri
cloruagyec). Hdn hop nay duge 1am kho trén natri sulfat khan va co trong chan khong. Can
duge dua vao cot silicagel véi etyl axetat/ete diu mo (theo ty 18 1:30 dén 1:20). Budc nay

tao ra chét trung gian c6 cOng thirc 4n.
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'H NMR (300MHz, CDCL): § 7,28 — 7,38 (m, 10H), 6,13 (s, 1H), 5,37 (d, J = 4,8Hz,
1H), 4,44 — 4,68 (m, 4H), 4,33 (d, J = 5,1Hz, 1H), 3,33 — 3,45 (m, 2H), 2,15 (s, 3H), 1,88
(s, 3H), 1,35 (s, 3H).

MS m/z = 451[M+Na]

0
BnO” (" y"OAC 1) KyCOs, MeOH Bno/§<374o

Bnd BAc  2)NIS, BusNI, DCM BnG OH
4n 40

Ollm..

Chét trung gian 4o - (3R,48,5R)-4-(benzyloxy)-5-(benzyloxymetyl)-3-hydroxy-5-metyl-
dihydrofuran-2(3H)-on.

Chét trung gian c6 cong thirc 4n (1,3g, 3mmol) dugce hoa tan trong khan MeOH
(15ml). Bot kali cacbonat (456mg, 3,3mmol) dugc bd sung vao, va hdn hop phéan ung nay
duoc khudy trong thoi gian 1 gid. Sau d6, hdn hop phan ing nay duge dugc cb trong didu
kién 4p sudt gidm. Axetonitril dugc bd sung vao va khudy trong thoi gian 5 phit. Hon hop
duoc loc bd khong hoa tan va rira bang axetonitril. Dich loc diic trong didu kién 4p suét
gidm. Hoa tan nguyén li¢u thu dugc trong DCM khan (20ml). Tetrabutylamoni iot (1,66g,
4,5mmol) va N-iodo-sucxinimit (NIS, 1,69g, 2,5mmol) dugc bd sung. Hon hop phan ng
dugc khudy trong bong tdi trong thdi gian 16 gid. Thém NIS (0,85g, 1,25mmol) dugc bd
sung va khudy trong thoi gian 4 gid. Thém NIS (0,85g, 1,25mmol) dugc bd sung va
khudy trong thoi gian 2 ngay trong béng t6i. Hon hop phan Umg dugc pha lodng bing
EtOAc va rira bing dung dich nuéc natri thiosulfat hai 1an va sau d6 bang dung dich nudc
natri clorua bo hoa dung dich. Hon hop duoc siy kho phan hitu co trén natri sulfat khan
va cd trong diéu kién ap suét giam. Hon hop dudc tinh ché bing cot silicagel (0% dén

30% EtOAc trong hexan) dé tao ra chét trung gian c6 cong thic 4o.

'"H NMR (400MHz, CDCLy): § 7,35 — 7,22 (m, 10H), 4,82 (bs, 1H), 4,75 — 4,66 (m, 2H),
4,55 — 4,44 (m, 2H), 4,13 (d, J = 8Hz, 1H), 3,70 - 3,45 (m, 2H), 1,38 (s, 3H).

LC/MS: tg = 2,58 phit, MS m/z = 342,9 [M+1], 360,0 [M+H,0]; LC/Hé théng MS:
Thermo LCQ Advantage; Phenomenex Gemini, Cys, 5u, 110A, 30 x 4,6mm; dung dich

dém A: 0,1% axit axetic trong nudc; dung dich dém B: 0,1% axit axetic trong axetonitril
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5% dén 100% dung dich dém B trong 2,5 phut then 100% trong 0,9 phut & 2ml/phut.

HPLC: tz = 3,78 phut; hé théng sic ky 16ng cao ap: Agilent 1100; Phenomenex Gemini,
Cis, Su, 110A, 50 x 4,6mm; dung dich dém A: 0,05% dung dich nudc TFA; dung dich
* dém B: 0,05% TFA trong axetonitril; 2% dén 98% dung dich dm B trong thoi gian 5
phut & 2ml/phut.

BnO/@O Ag,0, BnBr Bno/}&o

BnO OH EtOAc BnO OBn
40 4p

Chat trung gian 4p - (3R,48,5R)-3,4-bis(benzyloxy)-5-(benzyloxymetyl)-5-metyldi-
hydrofuran-2(3H)-on.

Chét trung gian c6 cong thic 40 (955mg, 2,79mmol) hoa tan trong EtOAc (10ml).
Benzyl bromua (400pl, 3,35mmol) va bac oxit (I) (712mg, 3,07mmol) dugc bd sung vao.
Hon hop dugce khudy & 60°C & diéu kién N, (khi) trong béng i trong thdi gian 3 gid.
Thém benzyl bromua (400ul, 3,35mmol) dugc bd sung vao va khudy & 60°C & didu kién
N, (khi) trong bong tdi trong thoi gian 16 gid. Thém bac oxit (I (350mg, 1,5mmol) duoc
bd sung vao va khudy ¢ 60°C dudi diéu kién N, (khi) trong béng tbi trong thoi gian 8 gio.
Hdn hop nay dugc 1am mat dén nhiét do trong phong. Céc chét rdn dugc loc bé va rira
bing EtOAc. Dich loc dic trong diéu kién 4p suit giam d& tao ra diu. Hexan duoc bd
sung vao va khudy trong thoi gian 2 gid dé tao ra chét rén. Chit rin dugc gom va rira
béng hexan. Chit rin dugc sdy kho trong chan khong cao dé tao ra chit trung gian cé

cong thic 4p.

'H NMR (400MHz, CDCly): 8 7,35 — 7,16 (m, 15H), 5,03 (d, J = 12Hz, 1H), 4,79 — 4,71
(m, 2H), 4,52 — 4,40 (m, 4H), 4,06 (d, J = 6Hz, 1H), 3,49 — 3,39 (m, 2H), 1,38 (s, 3H).

LC/MS: tg = 2,91 phut, MS m/z = 433,1 [M+1], 450,1 [M+H,0]; LC/H¢ théng MS:
Thermo LCQ Advantage; Phenomenex Gemini, Cys, 5u, 110A, 30 x 4,6mm; dung dich
dém A: 0,1% axit axetic trong nudc; dung dich dém B: 0,1% axit axetic trong axetonitril;

5% dén 100% dung dich dém B trong 2,5 phut sau d6 100% trong 0,9 phat & 2ml/phut.
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HPLC: tg = 4,54 phut; hé thdng sic ky long cao ap: Agilent 1100; Phenomenex Gemini,
Cis, Su, 110A, 50 x 4,6mm; dung dich dém A: 0,05% dung dich nudc TFA; dung dich
dém B: 0,05% TFA trong axetonitril

2% dén 98% dung dich dém B trong thoi gian 5 phut & 2ml/phut.

I
NH, | ~_SiCl

o cl-si >
BnO (O L~ |
NN nBuLi, THF
BnG OBn /N
4p 1b

Chit trung gian 4q - (3R,4S,5R)-2~(4-aminopyrolo[1,2-f][1,2,4]triazin-7-yl)-3,4-bis-
(benzyloxy)-5-(benzyloxymetyl)-5-metyltetrahydrofuran-2-ol.

Chét trung gian ¢ cong thic 1b (148mg, 0,570mmol) va 1,2-bis(clodimetylsilyl)-
etan (123mg, 0,570mmol) dugc hoa tan trong THF khan (20ml) va khudy trong khi quyén
Ar(g) & -70°C. n-butylliti (dung dich 2,5M trong hexan, 684pul, 1,71mmol) dugc bd sung
nho giot vao hdn hop phan tmg trong khi duy tri nhiét d6 bén trong thip hon -65°C. Hén
hop phan tmg dugc 1am 4m dén -40°C va giit trong thoi gian 15 phut. Dung dich chira
chét trung gian c6 cong thirc 4p (224mg, 0,518mmol) trong THF (10ml) d3 dugc 1am lanh
trudc dén -70°C, sau d6 dugce bd sung vao hdn hop phén ung trong khi quyén Ar (khi).
Dung dich thu dugce duge khudy trong thdi gian 2 gidr & -40°C. Sau dé, hén hop phén ung
ndy dugc rét vao hdn hop khudy gom EtOAc va axit Xitricuse. Hon hgp phan tmg dugc
khudy trong thoi gian 5 phut. Lép hitu co duge gom va ria bing dung dich NaClysc) bdo
hoa. L6p hitu co duoc lam kho trén Na,SO, khan va c6 trong diéu kién 4p suit giam. Hn
hop duge tinh ché theo phuong phép séc ky 10ng cao ép diéu ché d8 tao ra chét trung gian

c6 cong thuc 4q.

LC/MS: tg = 2,60 phut, MS m/z = 567,3 [M+1], 565,1 [M-1]; LC/Hé théng MS: Thermo
LCQ Advantage; Phenomenex Gemini, Cyg, Su, 110A, 30 x 4,6mm; dung dich dém A:
0,1% axit axetic trong nudc; dung dich dém B: 0,1% axit axetic trong axetonitril; 5% dén

100% dung dich dém B trong 2,5 phut sau d6 100% trong 0,9 phuat & 2ml/phut.
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HPLC: tz = 3,22 phut; hé thdng sic ky 1ong cao 4p: Agilent 1100; Phenomenex Gemini,
Cis, Su, 110A, 50 x 4,6mm; dung dich dém A: 0,05% dung dich nuéc TFA; dung dich
dém B: 0,05% TFA trong axetonitril; 2% dén 98% dung dich dém B trong thoi gian 5
phut & 2ml/phut.

TES, DCM

Chét trung gian 4r - 7-((28,38,48,5R)-3,4-bis(benzyloxy)-5-(benzyloxymetyl)-5-
metyltetrahydrofuran-2-yl)pyrolo[ 1,2-f][1,2,4]triazin-4-amin.

Chét trung gian c6 cong thirc 4q (81mg, 0,143mmol) dugc hoa tan trong khan
DCM (15ml) va khudy trong didu kién N, (khi) trong bé nu6c da. Trietylsilan (114pl,
0,715mmol) dugc bd sung vao mot 1an. Bo triflorua dietyl eterat (27ul, 0,215mmol) duoc
bd sung nhé giot. Hon hop dugc khudy trong thoi gian 15 phut va sau d6 loai bo bé lam
lanh bing nuée da. Hon hop duoc khudy trong thoi gian 60 phat. Hon hop duoc bd sung
trietylamin (100ul, 0,715mmol) va c6 trong diéu kién &p suit giam. Hon hop duoc hoa
tan trong EtOAc va ria béng dung dich NaHCO; bédo hoagyse (2x) va sau d6 duoc bio
hoa béng NaClpys0)- Chét hitu co dugc lam kho trén Na,SO, khan va c6 trong didu kién ap
sudt giam. Hon hop duoc tinh ché bang cot silicagel (tir 0% dén 80% EtOAc trong

hexan) dé tao ra chét trung gian c6 cOng thurc 4r.

"H NMR (400MHz, CDCL):3 7,71 (s, 1H), 7,35 — 7,10 (m, 16H), 6,82-6,78 (m, 1H), 5,57
(d, J=4,4Hz, 1H), 4,70 - 4,45 (m, 6H), 4,25 — 4,15 (m, 2H), 3,55 — 3,40 (m, 2H), 1,42 (s,
3H).

LC/MS: tg = 2,75 phit, MS m/z = 551,4 [M+1]; LC/Hé théng MS: Thermo LCQ
Advantage

Phenomenex Gemini, C;s, 5u, 110A, 30 x 4,6mm; dung dich dém A: 0,1% axit axetic
trong nude; dung dich dém B: 0,1% axit axetic trong axetonitril; 5% dén 100% dung dich

dém B trong 2,5 phut sau d6 100% trong 0,9 phut & 2ml/phut.
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HPLC: tg = 3,57 phut; hé thdng séc ky léng cao ap: Agilent 1100; Phenomenex Gemini,
Cis, Su, 110A, 50 x 4,6mm; dung dich dém A: 0,05% dung dich nuéc TFA; dung dich
dém B: 0,05% TFA trong axetonitril; 2% dén 98% dung dich dém B trong thoi gian 5

phut & 2ml/phut.
NH,
~ \N
Pd den o \ N\N)
HCO,H HaC\
MeOH HO  OH
4

Vidu 4 - (2R,3S,4R,55)-5-(4-aminopyrolo[ 1,2-f][1,2,4]triazin-7-y1)-2-(hydroxymetyl)-2-
metyltetrahydrofuran-3,4-diol

Chét trung gian c¢6 cong thic 4r (23mg, 0,042mmol) dugc hoa tan vao axit
formic/MeOH dung dich (theo ty 18 1:9, 10ml). Paladi den dugc bd sung vao va khudy &
60°C trong thoi gian 90 phut. Lam ngudi dén nhiét d6 trong phong va loc qua xelit. Dich
loc dic trong didu kién &p suét giam. Hdn hop dugc tinh ché theo phuong phap sic ky
16ng cao 4p diéu ché. Hon hop duoc ¢b trong didu kién 4p sut giam. Hn hop dugc hoa
tan trong NaHCO3 ) va tinh ché theo phuong phép sic ky 1éng cao 4p trong didu kién
trung tinh dé tao ra hop chét theo Vi du 4.

He¢ thdng sic ky long cao 4p didu ché: Gilson 215 Liquid Handler; Phenomenex Gemini,

Cig 4u, 100 x 30,0mm

Chét dém A: 0,1% dung dich nuéc TFA ; dung dich dém B: 0,1% TFA trong axetonitril;
5% dén 100% dung dich dém B trong 13 phut & 20ml/phut.

'H NMR (400MHz, CDCL;):5 8,01 (s, 1H), 7,41 (d, J = 4,8 Hz, 1H), 7,02 (d, J = 4,8 Hz,
1H), 5,33 (d, J = 8 Hz, 1H), 4,53-4,49 (m, 1H), 4,15 (d, T = 5,6 Hz, 1H), 3,50 (m, 2H),
1,27 (s, 3H).

LC/MS: tg = 0,30min, MS m/z = 281,3 [M+1], 279,0 [M-1]; LC/Hé théng MS: Thermo
LCQ Advantage; Phenomenex Gemini, Cyg, 5u, 110A, 30 x 4,6mm; dung dich dém A:
0,1% axit axetic trong nudc; dung dich d&m B: 0,1% axit axetic trong axetonitril; 5% dén

100% dung dich dém B trong 2,5 phut sau d6 100% trong 0,9 phut & 2ml/phut.
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HPLC: tz = 0,42 phut; hé thdng séc ky 1dng cao ap: Agilent 1100; Phenomenex Gemini,
Cis, Su, 110A, 50 x 4,6mm; dung dich d&m A: 0,05% dung dich nuéc TFA; dung dich
dém B: 0,05% TFA trong axetonitril; 2% dén 98% dung dich dém B trong thoi gian 5
phtt & 2ml/phut.

T8SO  OTBS TBSO OTBS

1m 5a

Chét trung gian 5a - N-(7-((28,38,48,5R)-5-azido-3,4-bis(tert-butyldimetylsilyloxy)-5-
((trimetylsilyloxy)metyl)tetrahydrofuran-2-yl)pyrolo[1,2-f][ 1 ,2,4]triazin-4-yl)benzamit.

Indi (III) bromua (130mg, 0,369mmol) & nhiét do trong phong trong khi quyén
argon dugc bd sung vao dung dich chtra chit trung gian thé cé cong thic 1m, N-(7-
((28,38,48)-3,4-bis(Tert-butyldimetylsilyloxy)-5 -hydroxy-5-(hydroxymetyl)tetrahydro-
furan-2-yl)pyrolo[1,2-1][1,2,4]triazin-4-yl)benzamit, (~110mg, ~0,18mmol) va azidotri-
metysilan (242ul, 1,84mmol) trong diclomefan (1,5ml). Sau thoi gian 1 gid, hdn hgp phan
ing dugc toi bing dung dich nudc natri bicacbonat bdo hoa (1ml). Hén hop thu duge
phan bb gitra diclometan (20ml) va dung dich nudc natri bicacbonat bdo hoa (20ml). Céc
pha dugc tich va 16p nude duge chiét bang diclometan (20ml). Céc 16p hitu co két hop
duge dugc lam kho trén natri sulfat khan va cb trong diéu kién &p suét giam dé tao ra chét
trung gian ¢6 cong thirc 5a ma duoc st dung truc tiép & bude tiép theo khong cén finh ché

thém.

LC/MS: tg = 3,52 phut, MS m/z = 712,16 [M+1]; hé thdng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 1004, 50 x 4,6mm

Céc dung mdi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic; Gradien: 0
phut dén 2,0 phut 2% dén 100% ACN, 2,0 phut dén 3,55 phut 100% ACN, 3,55 phut dén
4,2 phit 100% dén 2% ACN & 2pl/phut.
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T8SG  OTBS

5a 5b

Chét trung gian 5b - N-(7-((2S,3R,4S,5R)-5—azido-3,4-dihydroxy-5-(hydroxymetyl)-
tetrahydrofuran-2-yl)pyrolo[1,2-f][1,2,4]triazin-4-yl)benzamit.

Xezi florua (256mg, 1,68mmol) & nhiét do trong phong duge bd sung vao dung
dich chtra chat trung gian thd ¢ cong thire Sa (~120mg, ~0,168mmol) trong DMF (5ml).
Sau 25 gio, hon hop phan g ndy duge pha lodng bing nuéc mudi (100ml), va hdn hop
thu dugc dugc chiét bang etyl axetat (3 x 100ml). Céc 16p hitu co két hop duge dugc lam
kho trén natri sulfat khan va co trong diéu kién 4p sut gidm dé tao ra chét trung gian co

cong thirc 5b ma duoc sir dung truc tiép & budc tiép theo khong cn tinh ché thém.

LC/MS: tg = 1,40 phit, MS m/z = 412,17 [M+1]; Hé théng LC: Thermo Accela 1250
UHPLC

H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x 4,6mm; cac
dung mdi: axetonitril v6i 0,1% axit axetic, nudc v6i 0,1% axit axetic; Gradien: 0 phut d¢én
2,0 phuit 2% dén 100% ACN, 2,0 phiit dén 3,05 phut 100% ACN, 3,05 phtit dén 3,2 phut
100% dén 2% ACN, 3,2 pht dén 3,5 phiit 2% ACN & 2ul/phuit.

HPLC: tg = 2,46 phut, hé théng sdc ky long cao ap: loai Agilent 1100; Cot: Gemini S5u
CI8 110A, 50 x 4,6mm; cac dung mdi: axetonitril v6i 0,1% TFA, riu:éc v6i 0,1% TFA;
Gradien: 0 phat dén 5,0 phit 2% dén 98% ACN, 5,0 phut dén 6,0 phit 98% ACN &
2ml/phut.
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Vidus5 - (2R,3S,4R,5S)-5-(4-aminopyrolo[1,2-ﬂ[1,2,4]triazin-7-yl)-2-azido-2-(hydrox-
ymetyl)tetrahydrofuran-3,4-diol.

Amoni hydroxit (1ml) ddm dic dugc bd sung vao dung dich chita chét trung gian
th6 c6 cong thirc 5b trong metanol (1ml) & nhiét do trong phong. Sau 2 ngay, hdn hop
phan tmg nay dugc ¢d trong diéu kién 4p suét gidm, va dugc tinh ché mot cach truc tiép
theo phuong phép sic ky léng cao 4p diéu ché (Phenominex Synergi 4u Hydro-RR 80A
150 x 30mm cot, 5% dén 100% axetonitril/nudc gradien). C4c phan doan chtra chét mong
mudn dugc két hop va ¢o trong diéu kién &p suét giam. Phin cin dugc tinh ché lai thong
qua cdt séc ky SiO, (4g SiO, c¢6t Combiflash HP Gold, 0% dén 20% metanol/diclometan)
dé tao ra hop chét theo Vi du 5.

'H NMR (400MHz, CD;0D) & 7,79 (s, 1H), 6,86 (d, T = 4,5 Hz, 1H), 6,77 (d, J = 4,5 Hz,
1H), 5,51 (d, T = 6,0 Hz, 1H), 4,63 (t, ] = 5,8 Hz, 1H), 4,37 (d, ] = 5,7 Hz, 1H), 3,69 (d, J
= 12,0 Hz, 1H), 3,59 (d, ] = 12,0 Hz, 1H).

LC/MS: tg = 0,76 phut, MS m/z = 308,08 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x 4,6mm; céc
dung moi: axetonitril véi 0,1% axit axetic, nu6e v6i 0,1% axit axetic; Gradien: 0 phut dén
1,5 phit 2% dén 100% ACN, 1,5 phut dén 2,2 phat 100% ACN, 2.2 phiit dén 2,4 phut
100% dén 2% ACN, 2,4 phiit dn 2,5 phut 2% ACN & 2ul/phit.

HPLC: tz = 1,287 phut; hé thdng sic ky 1éng cao ap: loai Agilent 1100; C¢t: Gemini 5p
C18 110A, 50 x 4,6mm; cac dung méi: axetonitril véi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phut 2% dén 98% ACN, 5,0 phut dén 6,0 phit 98% ACN &
2ml/phut;

TLC: chét rira giai: 20% metanol trong diclometan, R¢= 0,4 (UV)
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P(O)Cls;

[nBu3NH]2P207H2

Vidy 6 (con dugc goi 1a TP-1) - ((2R,3R,4R,5S)-5-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-
y1)-2-xyano-4-flo-3-hydroxytetrahydrofuran-2-yl)mety! tetrahydrogen triphosphat.

Hop chét theo Vi du 3 (15,0mg, 0,05mmol) dugc 1am khé trong binh trong chén
khong qua dém. Trimetylphosphat (0,5ml) va 1,8-bis(dimetylamino)naphtalen (25mg,
0,12mmol) dugc bd sung vao binh ndy va dung dich dugc dé khudy trong khi quyén N,
dugc lam mét bang bé nude da/nude. Phospho oxyclorua (10ul, 0,11mmol) pha lodng
duge bd sung vao va hdn hop phan ting nay dugc dé khudy trong thoi gian 4 gier va 1am
mat. Tributylamin (0,1ml, 0,42mmol) va tributylamoni pyrophospat (0,8 ml dung dich
0,5M trong DMF, 0,4mmol) dugc bd sung vio va hdn hop phan g nay dugc dé khudy
thém 45 phut va lam mat. Hén hop phan tmg niy dugc t6i bing trietylamoni bicacbonat
(0,5M, 5ml). Cac dung mdi dugc loai bé theo phuong phap 1am bay hoi kiéu quay va hén
hop thé con lai duoc hoa tan trong 2ml nuée. San phadm duge tinh ché bing cach sir dung
cot Sephadex DEAE A-25 véi gradien tuyén tinh OM dén 1M trietylamoni bicacbonat.
San phém chtra c4c phan doan duoc gom va cd dé tao ra hop chét theo vi du 6 (TP1), ma

sau d6 duogc hoa tan trong 1ml nudc dé tao ra dung dich 10mM.
MS m/z = 532,0 [M-1]

Thoi gian lwu sdc ky 1éng cao 4p trao ddi ion: 12,015 phut; Cot: DNAPac PA-100 4 x
250mm SN

Dung mdi A: milliQ nudc; Dung mo6i B: 0,5M tetraetylamoni bromua; chwong trinh
gradien dung mdi: cin bing bing cach sir dung 100% A trong thoi gian 10 phat, sau d6

tang tir 0% dén 80% B trong thoi gian 14 phut; luu tée: 1ml/phit.
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HO-p°

HO' b\Rf/O Vidu7
e
P(O)Cls; O op/
HO 0

[nBU3NH]2P207H2

Vidu 7 (con duge goi la TP2) - ((2R,3R,4R,58)-5-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-
yD)-2-etynyl-4-flo-3-hydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

Hop chét theo Vi du 2 (16,0mg, 0,055mmol) dugc 1am khd trong binh trong chan
khong qua dém. Trimetylphosphat (0,5ml) va 1,8-bis(dimetylamino)naphtalen (28mg,
0,13mmol) duge bd sung vao binh ndy va dung dich dugc dé khudy trong khi quyén N,
dugc 1am mat bang bé nude da/nude. Phospho oxyclorua (11ul, 0,12mmol) pha lodng
duoc bd sung vao va hdn hop phan Ung ndy duoc ¢ khudy trong thoi gian 4 gid va lam
mét. Tributylamin (0,11ml, 0,42mmol) va tributylamoni pyrophosphat (0,9 ml dung dich
0,5M trong DMF, 0,45mmol) duge b sung vao va hdn hop phén Gng nay dugc dé khudy
thém 45 phut va 1am mat. Hn hop phan ting nay duoc ti bing trietylamoni bicacbonat
(0,5M, 5ml). Cac dung méi dugc loai bo theo phuong phap 1am bay hoi kiéu quay va hdn
hop tho con lai dugc hoa tan trong 2ml nuée. San phim dugc tinh ché bang cach st dung
¢t Sephadex DEAE A-25 véi gradien tuyén tinh OM dén 1M trietylamoni bicacbonat.
San pham chita cac phan doan dugc gom va cb dé tao ra hop chét theo vi du 7 (TP2), ma

sau d6 duge hoa tan trong 1,4ml nuée dé tao ra dung dich 10mM.
MS m/z=531,0 [M-1]

Thoi gian luu sdc ky 1éng cao ép trao dbi jon: 19,829 phut; Cot: DNAPac PA-100 4 x
250mm SN

Dung méi A: milliQ nuéc; Dung méi B: 0,5M tetraetylamoni bromua; chwong trinh
gradien dung méi : can bang bing cach st dung 100% A trong thdi gian 10 phut, sau d6
ting tir 0% dén 80% B trong 14 phut; luu tdc: Iml/phut
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HO\p”O i
HO' \O\p”o Vidu8
A\ O
P(O)Cls; HO O NH,
HO
[nBU3NH]2P207H2
N

1 TP3

Vidu 8 (TP3) - ((2R,38,4R,58)-5-(4-aminopyrolo[1,2-f][ 1,2,4]triazin-7-yl)-2-xyano-3,4-
dihydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

POCI; (45mg, 0,29mmol) duge bd sung vio dung dich chira hop chit theo Vi du 1
(5,0mg, 0,017mmol) trong PO(OMe); (0,6ml) & 0°C. Hdn hop phan ting nay dugc khudy
& 0°C trong thoi gian 10 gid, tai thoi diém d6 sic ky 1ong cao 4p trao ddi ion thé hién muc
d6 chuyén hoéa khoang 50%. Dung dich chita cic mudi pyrophosphat tributylamin
(250mg) trong ACN (0,6ml) dugc bd sung vao, tiép theo tributylamin (110mg,
0,59mmol). Hon hop phén tmg nay dugc khudy & 0°C trong thoi gian 0,5 gio, va sic ky
16ng cao 4p trao ddi ion cho thiy phan tmg d4 hoan thanh. Hén hop phén tng ndy dugc
t61 bang dung dich dém trietylamoni bicacbonat (1M, 5ml). Hdn hop phan ung nay dugc
khudy & nhiét do trong phong trong thoi gian 0,5 gid, sau d6 dugce ¢o va 1am bay hoi déng
thoi voi nude hai lan. Can duge hoa tan trong H,O (5ml) va nap vao cot trao dbi ion, rira
giai béng.HzO, sau d6 5% dén 35% dung dich dém trietylamoni bicacbonat (IM)-H,0.
San phim c4c phan doan dugc két hop, ¢d va 1am bay hoi ddng thdi véi H,0. Can lai
dugc tinh ché bang cot trao dbi ion dé tao ra nguyén lidu thd. *'P NMR th8 hién nguyén
liéu nay chira cac tap chét, nén nguyén liéu dugc tinh ché lai béng cot C-18, rira giai bﬁng
0% dén 15% ACN-H,0 chira 0,05% TEA, va cic phin doan chira san phim duogc két hop
va cd dé tao ra 3,6mg nguyén lidu, ma chira chi chira 1,5 dwong lugng TEA nhu biéu thi
theo phan tich '"H NMR. Nguyén liéu ndy dugc hoa tan trong H,O (1ml) va dung dich
dém trietylamoni bicacbonat (1M, 0,1ml) dugc bd sung vao. Hon hop thu duge duge co
trong diéu kién dp suét giam va lam bay hoi ddng thoi v6i H,O hai 14n trong diéu kién 4p

sudt giam dé tao ra hop chét theo Vi du 8 (TP3), nhu mubi tetra-TEA.

'H NMR (400MHz, D,0): § 7,78 (s, 1H), 6,85 (d, J = 2,4 Hz, 1H), 6,82 (d, J = 2,4 Hz,
1H), 5,51 (d, J = 3,0 Hz, 1H), 4,65 — 4,55 (m, 2H), 4,20 — 4,08 (m, 2H), 3,15 — 3,00 (m,
24H), 1,18 — 1,08 (m, 36H).
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*'P NMR (162 MHz, D,0): § -6,25 (d,J=52Hz),-12,21 (d, T =52 Hz), -22,32 (t, T =52
Hz).

MS m/z = 530,2 [M-1], 532,1 [M+1]

P(O)Cl;;

[nBu3N H]2P207H2

Vi du 9 (TP4) - ((2R,3S,4R,SS)-5-(4—aminopyrolo[2,1-f_|[1,2,4]triazin-7-yl)-2-azido-3,4-
dihydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

POCI; (45mg, 0,29mmol)duge bd sung vao dung dich chita hop chét theo vi dus
(6,0mg, 0,019mmol) trong PO(OMe); (0,6ml) & 0°C. Hdn hop phdn ting nay dugce khudy
& 0°C trong thoi gian 10 gid, tai thoi diém d6 sic ky long cao 4p trao ddi ion thé hién
chuyén hoéa khoang 50%. Dung dich chtta cac mudi pyrophosphat tributylamin (250mg)
trong ACN (0,6ml) dugc bd sung vio, tiép theo tributylamin (110mg, 0,59mmol). H3n
hop phan Ung nay duoc khuéy ¢ 0°C trong thoi gian 6 gid. Hon hop phan tmg nay duoc
t6i bang dung dich dém trietylamoni bicacbonat (1M, 5Sml). Hon hop phan tmg nay dugc
khudy & nhiét d6 trong phong trong thoi gian 0,5 giv, sau d6 dugc ¢6 va 1am bay hoi ddng
thoi véi nudce hai 1an. Can duoc hoa tan trong H,0O (5ml) va nap vao cdt trao ddi ion, rira
giai béng H,0, sau d6 5% dén 35% dung dich dém trietylamoni biéacbonat (1IM)-H,O0.
San phim céc phan doan dugc két hop, ¢6 va lam bay hoi ddng thoi véi H,0. Cin duogc
tinh ché lai bang cot trao ddi ion dé tao ra nguyén liéu tho. *'P NMR thé hién nguyén liéu
ndy chita cac tap chét, nén nguyén liéu duoc tinh ché lai van béng cot trao ddi ion 8 tao
ra nguyén li€u tho. Nguyén liéu nay dugc xir ly b@fmg NaHCO; (10mg) va hén hop nay
duoc cd trohg diéu kién ap suét giam. Cin rén dugc hoa tan trong 0,5ml H,0O va 40ul
chira NaOH (1N) duoc bd sung vao. Hén hop thu duge dugce tinh ché bing cot C-18, rira
giai biang H,0, va cac phan doan chita san phdm dugc két hop va c6 trong didu kién ap

suat giam dé tao ra hop chét theo Vi dy 9 (TP4) nhu mudi tetra-natri.
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'H NMR (400MHz, D,0): § 7,76 (s, 1H), 6,88 (d, J = 4,3 Hz, 1H), 6,81 (d, J = 4,6 Hz,
1H), 5,59 (d, J = 5,5 Hz, 1H), 4,60 (t, ] = 5,6 Hz, 1H), 4,55 (d, J = 5,8 Hz, 1H), 3,99 (qd, J
=11,2, 5,5 Hz, 3H).

*'P NMR (162 MHz, D,0): § -8,13 (d, J = 19,8 Hz), -14,04 (d, J = 18,9 Hz), -24,00 (t, ] =
19,3 Hz).

MS m/z = 546,1 [M-1], 547,9 [M+1]

0]
TEA, CH,CI, (0]
\{)\CI HS\/\OH \’)J\S/\/OH

PD1a

Chét trung gian PD1a - S-2-hydroxyetyl 2,2-dimetylpropanthioat.

Pivalyl clorua (6,15ml, 50,0mmol) nho giot trong thoi gian 30 phit duge bd sung
vao dung dich chira 2-thioetanol (3,50ml, 50,0mmol) va trietylamin (7,02ml, 50,0mmol)
trong CH,Cl,, ma d4 dugc 1am lanh dén -78°C. Hdn hop phan tmg d& 4m 1én tir tir dén
nhiét d trong phong va tién trién dugc theo ddi theo phuong phép séc ky 16p méng
(TLC). Sau 30 phit, phan tng dugc x4c dinh 13 hoan thanh va dugc t6i bang nude. Cac
16p dugce tach va phan trong nuée duoc rira bing CH,Cl,. Céc chét hitu co dugce két hop
va 1am kho trén natri sulfat. Céc chit rén duoc loc va dung mdi dugc loai bo trong didu
kién ap suat giam. Chat thd dugc tinh ché theo phuong phép séc ky trén silicagel 0% dén
50% EtOAc/hexan dé tao ra chét trung gian c6 cong thirc PD1a.

'"H NMR (400MHz, DMSO-dg) 5 4,89 (t, T = 5,5 Hz, 1H), 3,49 — 3,36 (m, 2H), 2,86 (1, J =
6,7 Hz, 2H), 1,14 (s, 9H).

OH ON QL
0]
POCI3, TEA, CH,CI S
%S/\/OH i; 8 272 Q 9 0

-78°C 0-P-0 O
|
NO, O ~g
PD1a PD1b

Hip thu phospho oxyclorua (281pl, 3,08mmol) trong CH,Cl, (5ml) va lam ngudi
dung dich dén -78°C. Hip thu thioeste c6 cong thitc PDla (1,00g, 6,17mmol) trong
CH,Cl, (5ml) va b sung tlr tir vao dung dich POCL;. Tiép theo bd sung TEA (891pul,
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6,16mmol) nho giot va dé khudy lanh trong thoi gian 30 phut. Tiép d6, 1am 4m dén nhiét
do trong phong va dé khudy trong thoi gian 2 gid. BS sung p-nitrophenol (428mg,
3,08mmol) mot 14n, tiép theo 14 bd sung tir tir TEA (449ul, 3,08mmol). Khudy & nhiét do
trong phong trong thoi gian 30 phuit. TLC (70:30 Hexan/EtOAc) chi thé hién mot diém,
song LC/MS c6 hai pic (san phdm va bis-p-nitrophenolat). Dung dich nay duoc pha lodng
béng ete va cac chit rin dugc loai bo béng cach loc va dugc gan. Nuc’xc cai dugc c6 va
tinh ché theo phuong phap séc ky trén silicagel dé tao ra hdn hop gdm san phaim va bis-p-
nitrophenolat. Sau d6, hdn hop nay dugc tinh ché lai theo phuong phap séc ky 1éng cao
ap (HPLC) dé tao ra chét trung gian c6 cong thirc PD1b, S,S'-2,2'-((4-nitrophenoxy)phos-
phoryl)bis(oxy)bis(etan-2,1-diyl) bis(2,2-dimetylpropanthioat).

'"H NMR (400MHz, CDCl) & 8,29 — 8,21 (m, 2H), 7,46 — 7,36 (m, 2H), 4,23 (br q, J =
7,7 Hz, 4H), 3,16 (br t, ] = 6,7 Hz, 4H), 1,23 (s, 18H).

3'P NMR (162 MHz, CDCL3) § -7,72 (s).

0
. NO, NH;
O S ~r" SN
tBuMgCl ~"0
o s+, N TR
» 1l
s O d THF o
S NMP , NZ
1 PD1b PD1

Vi du 10 (con dugc goi 1a PDI1) - S,S'-2,2'-((((2R,3S,4R,5S)-5-(4-aminopyrolo[1,2-f]-
[1,2,4]triazin-7-yl)-2-xyano-3,4-dihydroxytetrahydrofuran-2-yl)metoxy)phosphoryl)bis
(oxy)bis(etan-2,1-diyl) bis(2,2-dimetylpropanthioat).

Hop chét theo Vi du 1 (6,0mg, 0,02mmol) dugc hoa tan trong NMP (0,1ml), va
THF (0,2ml) duoc bd sung vao. Tert-butyl magie clorua (dung dich 1,0M trong THF,
0,031ml, 0,03 1mmol) sau d6 duogc bd sung vao ¢ nhiét d) trong phong trong khi quyén
argon. Sau thoi gian 10 phﬁt, dung dich chira cht trung gian c6 cong thitc PD1b (15,7mg,
0,031mmol) trong THF (0,1ml) dugc bd sung vao va hén hop thu dugc duge nang nhiét
d6 1én dén 50°C. Sau thoi gian 5 gid, cin thu dugc tinh ché theo phuong phép séc ky 1ong
cao 4p diéu ché (cot Phenominex Synergi 4u Hydro-RR 80A 150 x 30mm, 40% dén
100% axetonitril/nudc gradien). Cac phan doan chira san phim mong mudn duoc két hop

va sdy kho ¢ nhiét do thap dé tao ra hop chit theo Vi du 10 (PD1).
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'"H NMR (400MHz, CDCls) § 7,82 (s, 1H), 6,69 (d, T = 4,5 Hz, 1H), 6,64 (d, J = 4,5 Hz,
1H), 5,56 (d, T = 3,4 Hz, 1H), 4,61 (br s, 2H), 4,45 — 4,32 (m, 2H), 4,22 — 4,06 (m, 4H),
3,13 (dt, J = 11,7, 6,7 Hz, 4H), 1,23 (s, 9H), 1,21 (s, 9H).

P NMR (162 MHz, CDCly) § -2,34 (s).

LC/MS: tz = 1,70 phit, MS m/z = 660,02 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 100A, 50 x 4,6mm

Cac dung mdi: axetonitril véi 0,1% axit axetic, nuéc véi 0,1% axit axetic; Gradien: 0
phut dén 2,0 phut 2% dén 100% ACN, 2,0 phut dén 3,05 phtit 100% ACN, 3,05 phit dén
3,2 phut 100% dén 2% ACN, 3,2 phut dén 3,5 phit 2% ACN & 2ul/phat.

HPLC: tg = 3,204 phut; hé thdng séc ky léng cao ap: loai Agilent 1100; Cot: Gemini 5p
CI8 110A, 50 x 4,6mm; cac dung mdi: axetonitril v6i 0,1% TFA, nudc véi 0,1% TFA

Gradien: 0 phut dén 5,0 phit 2% dén 98% ACN, 5,0 phut dén 6,0 phit 98% ACN &
2ml/phut.

o Vidull NH,
o NO, |
S {BuMgCl Q S\/O\Q | J"
D el Y
HO F
PD1b . PD2

Vidu 11 (PD2) - S,8'-2,2'-(((2R,3R 4R, 55)-5-(4-aminopyrolo[1,2-f][ 1,2,4]triazin-7-y1)-2-
Xyano-4-flo-3-hydroxytetrahydrofuran-2-yl)metoxy)phosphoryl)bis(oxy)bis(etan-2, 1-diyl)
bis(2,2-dimetylpropanthioat).

Hop chat theo Vi du 3 (10,5mg, 0,036mmol) dugc hoa tan trong NMP (0,1ml), va
THF (0,1ml) duoc bd sung vao. Sau do, tert-butyl magie clorua (dung dich 1,0M trong
THF, 0,054ml, 0,054mmol) dugc bd sung vao ¢ nhiét do trong phong trong khi quyén
argon. Sau thoi gian 10 phut, dung dich chira chat trung gian ¢6 cong thirc PD1b (27,3mg,
0,054mmol) trong THF (0,1ml) dugc bd sung vio va hdn hop thu dugce duge nang nhiét
do 1én dén 50°C. Sau thoi gian 24 gid, cin thu duge tinh ché theo phuong phap séc ky
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16ng cao ap diéu ché (cot Phenominex Synergi 4u Hydro-RR 80A 150 x 30mm, 40% dén
100% axetonitril/nudc gradien). Cac phan doan chita san phdm mong mudn dugc két hop

va sy kho & nhiét do thép dé tao ra hop chét theo Vi du 11 (PD2).

'H NMR (400MHz, CDCly) § 7,94 (s, 1H), 6,75 (d, J = 4,5 Hz, 1H), 6,67 (d, J = 4,5 Hz,
1H), 5,77 (dd, T = 27,8, 1,4 Hz, 1H), 5,43 (ddd, J = 55,2, 4,9, 1,3 Hz, 1H), 4,93 (dd, ] =
21,2, 4,9 Hz, 1H), 4,49 (dd, ] = 11,3, 7,8 Hz, 1H), 4,40 (dd, J = 11,3, 7,8 Hz, 1H), 4,10
(ddt, 1=15,9, 8,0, 6,7 Hz, 4H), 3,16 — 3,04 (m, 4H), 1,23 (s, 9H), 1,21 (s, 9H),

*'P NMR (162 MHz, CDCl3) § -2,10 (s).
"F NMR (376 MHz, CDCL3) & -191,64 (ddd, ] = 55,0, 27,8, 21,3 Hz).

LC/MS: tz = 1,85 phit, MS m/z = 662,03 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 1004, 50 x 4,6mm; cac
dung moéi: axetonitril véi 0,1% axit axetic, nudec véi 0,1% axit axetic; Gradien: 0 phut dén
2,0 phut 2% dén 100% ACN, 2,0 phat dén 3,05 phut 100% ACN, 3,05 phit dén 3,2 pht
100% dén 2% ACN, 3,2 phiit dén 3,5 phut 2% ACN & 2ul/pht.

HPLC: t = 3,385 phut; hé thdng séc ky long cao é&p: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; cac dung mdi: axetonitril v6i 0,1% TFA, nuéc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phat 2% dén 98% ACN, 5,0 phit dén 6,0 phit 98% ACN &
2ml/phut.

Q HCI 4y bem, TEA Q Q

O- P cl /jﬁ 2) p-NO,PhOH, TEA /)/\OJYNH Q
PD3a PD3b PD3c NO,

Chét trung gian PD3c - (25)-2-etylbutyl 2-((4-nitrophenoxy)(phenoxy) phosphoryl-

amino)propanoat.

Hoa tan phenyl diclophosphat c6 cong thitc PD3a (1,5ml, 10mmol) trong 30ml
khan DCM va khudy trong diéu kién N, (khi) trong bé nuéc da. Bd sung amino este mudi

clorua (HCI) ¢6 cong thic PD3b, (S)-2-etylbutyl 2-aminopropanoat hydroclorua, (didu
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ché duoc theo tai lidu: Eur. J. Med. Chem, 2009, 44, 3765-3770, 2,1g, 10mmol) vao mdt
1an. Bb sung TEA (3ml, 22mmol) nho giot. Hon hop duoc khudy trong thoi gian 1 gio &
0°C. B6 sung p-nitrophenol (1,4g, 10mmol) vao mét 1dn va TEA (1,5ml, 11mmol). Sau
d6, hdn hop phan tng nay dugc khudy & nhiét do trong phong trong thoi gian 16 gid.
Dugc pha loang bing DCM va rira bing dung dich NaHCOs s, bdo hoa. Siy kho chét
hiru co trén Na,SO, khan va cb trong diéu kién 4p suét giam. Hon hop duogc tinh ché bing
cot silicagel (0% dén 15% EtOAc trong hexan) dé tao ra chit trung gian cé cong thirc
PD3c.

"H NMR (400MHz, CDCl;) 3 8,23 (d, J = 8,8 Hz, 2H), 7,41 — 7,30 (m, 4H), 7,25 — 7,19
(m, 3H), 4,10 — 4,00 (m, 3H), 3,90 - 3,83 (m, 1H), 1,55 — 1,45 (m, 1H), 1,42 — 1,31 (m,
7H), 0,87 (t, ] = 7,2Hz, 6H).

3'P NMR (162 MHz, CDCly) & -3,04 (s), -3,10 (s).

LC/MS: tg = 2,87min, MS m/z = 451,1 [M+1], 449,0 [M-1]; LC/Hé théng MS: Thermo
LCQ Advantage; Phenomenex Gemini, Cyg, 5u, 110A, 30 x 4,6mm; dung dich dém A:
0,1% axit axetic trong nudc; dung dich dém B: 0,1% axit axetic trong axetonitril; 5% dén

100% dung dich dém B trong 2,5 phut sau d6 100% trong 0,9 phtt & 2ml/phiit.

HPLC: tg = 4,40 phut; h¢ thdng séc ky 1ong cao 4p: Agilent 1100; Phenomenex Gemini,
Cis, Su, 110A, 50 x 4,6mm; dung dich dém A: 0,05% dung dich nuéec TFA; dung dich
dém B: 0,05% TFA trong axetonitril; 2% dén 98% dung dich dém B trong thoi gian 5

phut & 2ml/phut.
Vidu 12 NH,
N
_1BuMgC! _ Qoo—g—o SO
n?
NO, DMF, THF ,f:rAOJ\rNHNHé b
PD3

Vi du 12 (PD3) - (25)-2-etylbutyl 2-((((2R,3R,4R,5S)-5-(4-aminopyrolo[1,2-f][1,2,4]-
triazin-7-yl)-2-xyano-4-flo-3-hydroxytetrahydrofuran-2-yl)metoxy)(phenoxy)phos-

phorylamino)propanoat.

Hoa tan hop chét theo Vi du 3 (15mg, 0,051mmol) trong DMF khan (1ml) va
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khudy trong diéu kién N, (khi). Hoa tan p-nitrophenylphosphoamidat c6 cong thitc PD3c
(35mg, 0,077mmol) trong DMF khan (0,5ml) va bd sung vao hén hop phan tGng thanh
mot 1an. tBuMgCl trong THF (IM trong THF, 77ul, 0,077mmol) dugc bd sung nho giot
vao. Hon hop duge khudy trong thoi gian 2 gi¢. B sung thém p-nitrophenylphosphoami-
dat (35mg trong 0,5ml khan DMF) va thém tBuMgCl (1M trong THF, 50ul, 0,050mmol).
Hdn hgp duge khudy trong thoi gian 2 gio. B sung thém p-nitrophenylphosphoamidat
(35mg trong 0,5ml khan DMF) va thém dung dich tBuMgCl (1M trong THF, 50ul,
0,050mmol). Hon hop dugc khudy trong thoi gian 16 gid. Pha lodng bang EtOAc va rta
béng dung dich NaHCOj; ) b0 hoa (3x). Rita béng NaClyse) b3o hoa va 1am kho chét
hitu co trén Na,SO,4 khan. C6 trong diéu kién 4p suét giam. Hon hop dugc tinh ché bing
cdt silicagel (0% dén 5% MeOH trong DCM). Két hop cac phan doan va c6 trong didu
kién 4p suét giam. Hon hgp dugc tinh ché theo phuong phép sic ky 16ng cao 4p diéu ché
bing TFA nhu tac nhén cai bién dé tao ra hop chit theo Vi du 12(PD3).

He¢ théng séc ky 1ong cao &p diéu ché: Gilson 215 Liquid Handler; Phenomenex Gemini,
Cig 4u, 100 x 30,0mm

Chéit dém A: 0,1% dung dich nudc TFA ; dung dich dém B: 0,1% TFA trong axetonitril;
5% dén 100% dung dich dém B trong 13 phut & 20ml/phut.

'H NMR (400MHz, CDCl;) § 7,89 (s, 1H), 7,31 — 7,13 (m, 6H), 6,80 - 6,75 (m, 1H), 5,80
— 5,70 (m, 1H), 5,35 — 5,20 (m, 1H), 4,80 — 4,62 (m, 1H), 4,60 — 4,45 (m, 2H), 4,35 —
4,10 (m, 1H), 4,06 — 3,96 (m, 3H), 1,49 — 1,28 (m, 8H), 0,90 — 0,82 (m, 6H).

*IP NMR (162 MHz, CDCl3) § 2,36 (s), 2,22 (5).

HPLC: tg = 3,00 phut; h¢ théng sic ky 16ng cao ap: Agilent 1100; Phenomenex Gemini,
Cis, 5u, 110A, 50 x 4,6mm; dung dich dém A: 0,05% dung dich nudc TFA; dung dich
dém B: 0,05% TFA trong axetonitril; 2% dén 98% dung dich dém B trong thoi gian 5
phut & 2ml/phit.

LC/MS: tg = 2,39 phut, MS m/z = 605,1 [M+1], 603,0 [M-1]; LC/Hé théng MS: Thermo
LCQ Advantage; Phenomenex Gemini, Cg, 5u, 110A, 30 x 4,6mm; dung dich dém A:
0,1% axit axetic trong nuéc; dung dich dém B: 0,1% axit axetic trong axetonitril; 5% dén

100% dung dich dém B trong 2,5 phut sau d6 100% trong 0,9 phut & 2ml/phuit.
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1) EDC-HCI, DMSO
TFA-Pyr

2) Ph3PCH3Br, nBuLi

Chit trung gian 6a - N—(7—((2S,3S,4R,5R)-4-(tert-butyldimetylsilyloxy)-S-((tert-butyld-
imetylsilyloxy)metyl)-3-flo-5 -vinyltetrahydrofuran-2-yl)pyrolo[1,2-f][1 ,2,4]triazin-4-

yl)benzamit

Chét trung gian c6 cong thuc 2g, N-(7-((28,35,4R,5R)-4-(tert-butyldimetylsilyl-
0xy)-5-((tert-butyldimetylsilyloxy)metyl)-3 -flo-5-(hydroxymetyl)tetrahydrofuran-2-yl)-
pyrolo[1,2-][1,2,4]triazin-4-yl)benzamit, (220mg, 0,35mmol) dugc hoa tan trong 5ml
DMSO khan va khudy trong diéu kién N, (khi). B sung EDCI (100mg, 0,52mmol) va sau
d6 TFA-Pyridin (34mg, 0,18mmol) vao. Hon hop dugc khudy trong thoi gian 1 gio. B
sung thém EDCI (100mg, 0,52mmol) va khudy trong thoi gian 1 gid. Viéc theo ddi theo
phuong phap LC/MS cho thdy van con ruou nguyén liéu ban dau. B4 sung thém EDCI
(100mg, 0,52mmol) vao va khudy trong thoi gian 1 gi¢. Viéc theo ddi theo phuong phap
LC/MS cho thdy ring phén Umg da dat duoc mitc d6 chuyén héa hoan toan. Pha lodng
béng etyl axetat va rira béng dung dich NaHCO;yc) b0 hoa (2x) va sau d6 NaClnyee)
bdo hoa. Say kho 16p hitu co trén Na,SO, khan va c6 trong diéu kién &p suét giam. Hén
hop dugc tinh ché bang cot silicagel (0% dén 20% EtOAc trong hexan). Két hop cac phan
doan va ¢6 trong diéu kién 4p suét gidm dé tao ra aldehyt & dang rén. Tao huyén phi
mety] triphenylphosphoni bromua (500mg, 1,40mmol) trong 10ml THF khan va khudy &
-78°C trong khi quyén Argqy- B6 sung nho giot dung dich n-butyllithi 2,5M trong hexan
(560p1, 1,40mmol) vao. Khudy hén hop phén tng trong bé nuéc d4 trong thoi gian 1 gity
dé tao ra hdn hop mau vang. Hoa tan aldehyt diéu ché duoc nhu trén trong Sml THF khan
va bd sung nho giot vao han hop phan tng. Loai bd bé nudc da va cho phép phan tng
duoc ning nhiét do 1én dén nhiét do trong phong. Hén hop dugc khudy trong thoi gian 3
gio ¢ nhiét ¢ trong phong. B6 sung dung dich nuéc NH,CI bio hoa vao va chiét bing
etyl axetat. Rira phan chiét hitu co b%mg dung dich NaHCO; 4 bdo hoa va sau d6

NaClinuse) bdo hoa vao. Lam khé chit hitu co trén Na,SO, khan va c6 trong didu kién ap
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suat giam. Hon hop dugc tinh ché bang cgt silicagel (0% dén 20% EtOAc trong hexan) dé

tao ra chét trung gian c6 cong thirc 6a.

'H NMR (400MHz, DMSO-d6) § 8,22 (br s, 1H), 8,03 (br s, 2H), 7,58 (dt, J = 40,4, 7.4
Hz, 3H), 7,12 (d, J = 4,7 Hz, 1H), 6,97 (s, 1H), 6,01 (dd, T = 17,5, 10,9 Hz, 1H), 5,58 (d, J
= 22,8 Hz, 1H), 5,46 (dd, J = 17,5, 2,1 Hz, 1H), 5,25 (dd, ] = 11,0, 2,0 Hz, 1H), 5,14
(ddd, J = 55,4, 4,9, 2,7 Hz, 1H), 4,61 (dd, J = 20,8, 4,8 Hz, 1H), 3,63 — 3,40 (m, 2H), 0,89
(s, 9H), 0,84 (s, 9H), 0,09 (d, J = 8,4 Hz, 6H), 0,00 (d, J = 14,1 Hz, 6H).

F NMR (376 MHz, DMSO-d6) & -191,86 (d, ] = 56,8 Hz).

MS m/z = 627,3 [M+1].

1) TBAF, THF

2) NH3, MeOH

Vi du 13 - (2R,3R,4R,5S)-5-(4-aminopyrolo[l,Z-ﬂ[1,2,4]triazin—7-y1)-4-ﬂo-2-(hydroxy-
metyl)-2-vinyltetrahydrofuran-3-ol

Chét trung gian c6 cong thirc 6a (146mg, 0,23mmol) duoc hoa tan vao THF
(10ml) va dung dich thu dugc duogc khudy trong bé nuée da. Bd sung dung dich TBAF
IM trong THF (700ul, 0,70mmol) vao va khudy trong thoi gian 2 gid. Pha lodng béng
EtOAc va rira bang NaClys) bd0 hoa (5x). Lam kho 16p hitu co trén Na,SO, khan va co
trong diéu kién &p suit giam. Hoa tan trong 7M amoniac trong MeOH (7ml) va khudy
trong thoi gian 18 gid. C6 hdn hop phan tng trong diéu kién 4p suét giam. Hén hop dugc
tinh ché theo phuong phap séc ky léng cao dp diéu ché Cyg v&i TFA 1am tAc nhan cii
bién. Két hop cic phin doan va cb trong diéu kién 4p suét giam. Hoa tan trong
NaHCO3y6¢) va tinh ché lai theo phuong phap sic ky 1ong cao 4p didu ché trong diéu
kién trung tinh. Két hop c4c phan doan va duge sy kho & nhiét do thép d& tao ra hop chét
theo Vi du 13.
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'H NMR (400MHz, D,0) § 7,54 (s, 1H), 6,62 — 6,49 (m, 2H), 5,98 — 5,79 (m, 1H), 5,55 -
5,36 (m, 2H), 5,31 (d, J = 11,1 Hz, 1H), 5,11 (ddd, J = 54,8, 5,2, 2,9 Hz, 1H), 4,42 (dd, J
= 20,6, 4,8 Hz, 1H), 3,62 — 3,43 (m, 2H). '

F NMR (376 MHz, D,0) § -193,23 (dd, J = 54,7, 44,2 Hz).

MS m/z =295,2 [M+1]

NH, NH
~"SN N
HO \ N\N) Pd/C,H, HO N,
="\ MeOH  —*"\
HO F HO F
13 14

Vi du 14 - (2R,3R,4R,5S)-5-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-yl)-2-etyl-4-flo-2-
(hydroxymetyl)tetrahydrofuran-3-ol

Hop chét theo Vi du 13 (5mg, 0,017mmol) dugc hoa tan vao trong metanol (2ml).
Sau d6, chit xtic tac 10% Pd/C Degussa (2mg) duoc bd sung vao va hdn hop thu dugc
duoc khudy trong khi quyén cta khi hydro. Sau 40 phut, hdn hop thu duoc loc @ loai bo
Pd/C va dich loc duoc co trong diu kién &p sudt giam. Cin dugc hoa tan trong nudc va

duoc say khd ¢ nhiét do thap dé tao ra hop chét theo Vi du 14.

'"H NMR (400MHz, D,0) § 7,67 (s, 1H), 6,79 — 6,55 (m, 2H), 5,54 — 5,12 (m, 2H), 4,46
(dd, J=15,1, 5,5 Hz, 1H), 3,65 — 3,44 (m, 2H), 1,89 — 1,44 (m, 2H), 0,84 (t, J = 7,6 Hz,
3H).

F NMR (376 MHz, D,0) § -197,62 (ddd, J = 54,5, 20,6, 15,0 Hz).

MS m/z = 297,3 [M+1].

O Vidu 15
o NO, L ’ N\Hz
—
{BuMgCl ~"0 4 J"
0O S\/\o - - o S/\/O\ﬁ_o o N\N/
%S/\/O\IID—O THF 45—
! NMP \/
(0] §
HO F
PD1b PD4
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Vidu 15 (PD4) - S,8'-2,2'-((((2R,3R,4R,58)-5-(4-aminopyrolo[ 1,2-f][1,2,4]triazin-7-y1)-4-
flo-3-hydroxy-2-vinyltetrahydrofuran-2-yl)metoxy)phosphoryl)bis(oxy)bis(etan-2, 1 -diyl)
bis(2,2-dimetylpropanthioat)

Hop chét theo Vi du 13 (Smg, 0,017mmol) dugc hoa tan vao DMF khan (0,5ml).
B6 sung p-nitro-phenonat (13mg, 0,026mmol) vao mét 1an. BS sung nhod giot 1M t-
butylmagie clorua trong THF (25ul, 0,026mmol) vao. Hén hop duoc khudy trong thoi
gian 1 gid. Lam 4m dén 50°C va khudy trong thoi gian 2 gid. B sung thém p-nitro-
phenonat (13mg, 0,026mmol) vao va khudy trong thoi gian 2 gid. B sung thém 1M t-
butylmagie clorua trong THF (25ul, 0,026mmol) vao va khudy trong thdi gian 16 gio o
50°C. Lam ngudi dén nhiét do trong phong. Hon hop thu dugc duge tinh ché mot cach
truc tiép theo phuong phap sic ky 16ng cao 4p didu ché cot va rira gidi bang Gradien

tuyén tinh 0% dén 100% ACN trong nudc dé tao ra hop chét theo Vi du 15 (PD4).

'"HNMR (400MHz, CD;0D) § 7,84 (s, 1H), 6,92 (d, ] = 4,5 Hz, 1H), 6,80 (d, J = 4,5 Hz,
1H), 6,10 (dd, T = 17,4, 10,9 Hz, 1H), 5,67 (dd, J = 5,8, 1,9 Hz, 1H), 5,61 (s, 1H), 5,45 —
5,35 (m, 1H), 5,15 (ddd, J = 55,6, 5,0, 2,2 Hz, 1H), 4,65 (dd, J = 22,5, 5,1 Hz, 1H), 4,13
(dd, J = 11,1, 5,2 Hz, 1H), 4,08 - 3,95 (m, 5H), 3,06 (dd, T = 7,0, 6,1 Hz, 4H), 1,21 (s,
9H), 1,18 (s, 9H).

'F NMR (376 MHz, CD;0D) § 192,99 (td, J = 55,7, 23,6 Hz).

MS m/z = 663,0 [M+1].

Vidul6 NH,
2 q
0O--0
5 PD3c PD5

Vi du 16 (PD5) - (25)-2-etylbutyl 2-(((((2R,38,4R,5S)-5-(4-aminopyrolo[2,1-f][1,2,4]-
triazin-7-yl)-2-azido-3,4-dihydroxytetrahydrofuran-2-yl)metoxy)(phenoxy)phosphor-

yl)amino)propanoat.

Hop chat theo Vi du 5 (Smg, 0,016mmol) dugc hoa tan trong khan N-metyl-2-
pyrolidon (0,2ml) va THF (0,1ml) duge bd sung trong khi quyén argon. Sau do, tert-butyl
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magie clorua (1M trong THF, 24ul, 0,024mmol) duoc bd sung vao & nhiét do trong
phong, va chit ran mau tring két tia. Sau 5 phut, dung dich chira p-nitrophenylphospho-
amidat c6 cong thirc PD3¢ (15mg, 0,032mmol) trong THF (0,1ml) dugc bd sung vao hén
hop phan tmg thanh mdt 1an, va hdn hop thu dugc duoc nang nhiét d6 18n dén 50°C. Sau
3,5 giv, hdn hop phan Gng dugc giam nhiét do dén nhiét do trong phong va khudy trong
thoi gian 18 gid. Sau d6, p-nitrophenylphosphoamidat c6 cong thirc PD3c (50mg,
0,111mmol) va tert-butyl magie clorua (1M trong THF, 24ul, 0,024mmol) dugc bd sung
vao va hdn hop phan tmng nay duogc khudy trong thoi gian 5 ngay nita. Sau @6, cin thu
duge dugc tinh ché mot cach truc tiép theo phuong phép sic ky long cao 4p didu ché
(Phenominex Synergi 4u Hydro-RR 80A cot 150 x 30mm, 40% dén 100%
axetonitril/nudc gradien). Cac phan doan chita sin phdm mong mudn duge két hop va sy
kho & nhiét do thdp dé tao ra hop chit theo vi du 16 (PD5) (hdn hop chit déng phan
khong d6i quang theo ty 18 2:1).

"H NMR (400MHz, CDCL;) § 7,88 (br s, 1H), 7,33 — 7,22 (br m, 2H), 7,22 — 7,10 (br m,
3H), 6,69 (br d, ] = 4,4 Hz, 1H), 6,61 (br d, J = 4,5 Hz, 1H), 5,64 — 5,56 (m, 1H), 4,54 (4,
J=6,3 Hz, 1H), 4,50 — 4,20 (m, 3H), 4,11 — 3,94 (m, 3H), 3,90 — 3,76 (m, 1H), 1,49 (s, J
= 6,2 Hz, 1H), 1,40 — 1,24 (m, 7H), 0,86 (t, ] = 7,4 Hz, 6H).

'P NMR (162 MHz, CDCl3) § 2,68 (s), 2,56 (s).

LC/MS: tg = 1,70 phut, MS m/z = 619,09 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC.

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x 4,6mm; céc
dung mo6i: axetonitril véi 0,1% axit axetic, nude voi 0,1% axit axetic; Gradien: 0 phut dén
2,0 phut 2% dén 100% ACN, 2,0 phat dén 3,05 phit 100% ACN, 3,05 phut dén 3,2 phit
100% dén 2% ACN, 3,2 phiit dén 3,5 phit 2% ACN & 2ul/phut.

HPLC: tz = 3,010 phut; hé théng sic ky léng cao 4p: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; cac dung mdi: axetonitril véi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phit 2% dén 98% ACN, 5,0 phit dén 6,0 phut 98% ACN &
2ml/phut.
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P(O)Cl;;,

[nBu3NH]2P207H2

Vi du 17 (TPS) - ((2R,3R,4R,5S)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-4-flo-3-
hydroxy-2-vinyltetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

POCI; (50mg, 0,32mmol) dugc bd sung vao dung dich chtra hop chét theo vi du
13 (6,0mg, 0,020mmol) trong PO(OMe); (0,6ml) & 0°C. Hon hop .phén ng nay duoc
khudy & 0°C trong thoi gian 6 gio, tai thoi diém do sic ky 16ng cao 4p trao ddi ion thé
hién chuyén héa khoang 90%. Dung dich chtra cac mudi pyrophosphat tributylamin
(250mg) trong ACN (0,6ml) dugc bd sung vao, tiép theo 13 tributylamin (110mg,
0,59mmol). Hon hop phan ting nay dugc khudy & 0°C trong thdi gian 1 gio. Hon hop
phéan mg nay dugc t6i bang dung dich dém trietylamoni bicacbonat (1M, 5ml). Hn hop
phan tmg ndy duogc khudy & nhiét d6 trong phong trong thdi gian 0,5 gidy, sau d6 duge cb
va 1am bay hoi ddng thoi véi nude hai 1an. Can duogce hoa tan trong H,O (5ml) va nap vao
cOt trao ddi ion, rira giai bang H,0, tiép theo 1a dung dich dém trietylamoni bicacbonat
(IM)-H,0 5% dén 35%. San phdm céc phan doan duoc két hop, c6 va 1am bay hoi ddng
thoi v6i H,0. Cén rin duoc hoa tan trong 3ml H,O va 100 pl NaOH (IN) dugc bd sung
vao. Hon hop thu duge dugc tinh ché bing cot C-18, rira giai bang H,0, va cic phan doan
chira san phdm duoc két hop va co trong diéu kién ap suét giam dé tao ra hop chét theo Vi

du 17 (TP5) nhu mudi tetra-natri.

'"H NMR (400MHz, D,0):5 7,74 (s, 1H), 6,89 (d, J = 4,4 Hz, 1H), 6,81 (d, J = 4,6 Hz,
1H), 6,00 (dd, T = 17,4, 11,1 Hz, 1H), 5,72 (d, T = 23,3 Hz, 1H), 5,49 (d, ] = 16,9 Hz, 1H),
5,32 (d, J=11,1 Hz, 1H), 5,14 (dd, J = 54,0, 4,6 Hz, 1H), 4,72 (dd, J = 23,7, 4,5 Hz, 1H),
4,09 (dd, T =113, 5,8 Hz, 1H), 3,79 (dd, T = 11,6, 3,8 Hz, 1H).

'P NMR (162 MHz, D,0): § -8,38 (d, T = 20,5 Hz), -13,67 (d, T = 19,3 Hz), -24,20 (t, J =
19,9 Hz).

F NMR (376 MHz, CDCl;) § -194,58 (dt, J = 55,0, 23,8 Hz).
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MS m/z = 533,0[M-1], 535,0 [M+1].

O
HO-p” ;
HO' b\P//O Vidu18
P(O)C; HO"b g0 NH;
A
HO'
[HBU3NH]2P207H2 N
HO F
14 TP6

Vidu 18 (TP6) - ((2R,3R,4R,5S)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-etyl-4-flo-
3-hydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

POCl; (45mg, 0,30mmol) dugc bd sung vao dung dich chua hop chét theo vi du
14 (5,0mg, 0,017mmol) trong PO(OMe); (0,6ml) & 0°C. Hon hop phan tmg nay duoc
khudy & 0°C trong thoi gian 6 gio, tai thoi diém d6 séc ky éng cao 4p trao déi ion thé
hién chuyén hoa khoang 90%. Dung dich chtra cac mudi pyrophosphat tributylamin
(250mg) trong ACN (0,6ml) dugc bd sung vio, tiép theo 13 tributylamin (110mg,
0,59mmol). Hon hop phan tng ndy dugc khudy & 0°C trong thoi gian 1 gio. Hon hop
phan tmg nay dugc t6i bang dung dich dém trietylamoni bicacbonat (1M, 5ml). Hon hop
phan ing nay dugc khuéy'c’w nhiét do trong phong trong thoi gian 0,5 gio, sau d6 dugc cd
va 1am bay hoi dong thoi v6i nudce hai 1an. Can duge hoa tan trong H,0 (5ml) va nap vao
cot trao dbi ion, rira gidi béng H,0, sau d6 1a dung dich dém trietylamoni bicacbonat
(IM)-H,0 5% dén 35%. Céc phén doan san phdm dugc két hop, ¢6 va 1am bay hoi ddng
thdi véi H,0. Cén rén dugc hoa tan trong 3ml H,O va 100ul dung dich NaOH (1N) duoc
bd sung vao. Hén hop thu duogce duge tinh ché bing cot C-18, rira giai bing H,0, va céc
phan doan chita san phim dugc két hop va cd trong diéu kién 4p suit giam dé tao ra 18

(TP6) nhu mubi tetra-natri.

'H NMR (400MHz, D,0): & 7,73 (s, 1H), 6,86 (d, ] = 4,6 Hz, 1H), 6,80 (d, J = 4,6 Hz,
1H), 5,60 (dd, J = 21,9, 3,5 Hz, 1H), 5,23 (dt, ] = 55,2, 4,2 Hz, 1H), 4,65 (dd, J = 20,6,
5,3 Hz, 1H), 4,08 — 3,84 (m, 3H), 1,83 (dq, J = 14,4, 7,4, 6,9 Hz, 1H), 1,62 (dq, J = 15,0,
7,5 Hz, 1H), 0,87 (t, J = 7,5 Hz, 3H).

3P NMR (162 MHz, D,0): -5,72 (d, J = 20,2 Hz), -10,81 (d, T = 19,3 Hz), -21,60 (t, J =
19,8 Hz).
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F NMR (376 MHz, CDCls) & -194,77 (dt, J = 55,2, 21,2 Hz).

MS m/z = 535,1[M-1], 536,9,0 [M+1].

NHBz I@
NN ®
\ N Pho-R-OPh
HO N~N/J OPh
DMF
HO F
2b

Chét trung gian 8a - N-(7-((28,3R,4R,5S)-3-flo-4-hydroxy-5-(iodometyl)tetrahydrofuran-
2-yl)pyrolo[2,1-f][1,2,4]triazin-4-y]l)benzamit.

Hop chit c¢6 cong thirc 2b (68mg, 0,183mmol) trong DMF (2ml), tiép theo 1a met-
yltriphenoxyphosphoni iodua (124mg, 0,274mmol) dugc bd sung vio binh duge suc khi
argon. Hon hop phan tng nay dwoc dé khudy & nhiét do trong phong trong thoi gian 5
phit khi viéc chuyén héa hoan toan thanh san phdm dugc quan st thiy theo LCMS. Hén
hop phan Ung nay dugc t6i bing metanol va cic dung mdi duge loai bd trong diéu kién ap
sudt giam. Nguyén liéu thd duge phan b gitta EtOAc va H,0. Céc chit hitu co duoc tach
va ria béng nuéc mudi. Chat ligu thu duge duge 1am kho trén Na,SOy, loc va dung mdi
dugc loai bo trong diéu kién 4p suit giam. Nguyén liéu thd dugc tinh ché theo phuong
phép sic ky trén silicagel (20% dén 100% EtOAc/hexan) dé tao ra chit trung gian c6

cong thuc 8a.

'"H NMR (400MHz, DMSO-dg) & 8,17 (m, 3H), 7,63 (1, J = 7,4 Hz, 1H), 7,53 (t, J = 7,6
Hz, 2H), 7,17 - 6,96 (m, 2H), 5,74 (s, 1H), 5,60 (d, T = 24,9 Hz, 1H), 5,19 (ddd, J = 54,6,
4,5,2,1 Hz, 1H), 4,09 — 3,92 (m, 1H), 3,72 (t, ] = 6,4 Hz, 1H), 3,63 (dd, T = 11,0, 3,4 Hz,
1H), 3,44 (dd, T = 11,0, 5,9 Hz, 1H).

F NMR (376 MHz, DMSO-dg) & -194,23 (m).

LC/MS: tg = 1,13 phit, MS m/z = 483,23 [M+1]

Hé théng L.C: Thermo Accela 1250 UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 C18 100A, 50 x 3,00mm

Céc dung mdi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic
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Gradien: 0 phut dén 1,4 phtt 2% dén 100% ACN, 1,4 phut dén 1,80 phat 100% ACN, 1,8
phut dén 1,85 phtt 100% dén 2% ACN, 1,85 phit &n 2 phut 2% ACN.

NHBz

Chét trung gian 8b - (3R,4R,585)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-y1)-4-flo-2-m-
etylentetrahydrofuran-3-ol.

Chét trung gian c6 cdng thirc 8a (80mg, 0,166mmol) dugc hoa tan vao THF. DBU
(0,074ml, 0,498mmol) dugc bd sung vao mot lan. Sau do, phan uing dugc 1am nong dén
60°C trong bé dau trong thdi gian 16 gid. Hon hop phan tmg nay dugc giam nhiét do dén
nhiét d¢ trong phong va dung méi dugc loai bo trong didu kién 4p sudt giam. Nguyén liéu
thd dugc tinh ché bang sic ky silicagel (0% dén 70% EtOAc/Hex) dé tao ra chit trung

gian c6 cong thuc 8b.

'H NMR (400MHz, DMSO-dg) & 8,34-8,05 (m, 3H), 7,63 (t, ] = 7,4 Hz, 1H), 7,53 (¢, ] =
7,6 Hz, 2H), 7,13 (d, ] = 4,7 Hz, 1H), 6,85 (d, ] = 4,4 Hz, 1H), 5,97 — 5,82 (m, 2H), 5,39
—5,13 (m, 1H), 4,89 — 4,69 (m, 1H), 4,38 (d, T = 2,1 Hz, 1H), 4,16 (t, T = 1,8 Hz, 1H).

'F NMR (376 MHz, DMSO-dg) & -198,14 (ddd, J = 53,9, 24,7, 20,9 Hz).
LC/MS: tg = 1,05 phut, MS m/z = 355,15 [M+1]

Hé théng LC: Thermo Accela 1250 UHPLC

Hé théng MS: Thermo LCQ Fleet; Cét: Kinetex 2,6p C18 100A, 50 x 3,00mm
Céc dung mdi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phut dén 1,4 phat 2% dén 100% ACN, 1,4 phat dén 1,80 phut 100% ACN, 1,8
phut dén 1,85 phit 100% dén 2% ACN, 1,85 phut dén 2 phut 2% ACN.
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BnNMe,Cl,
NaN3, |2

Y

NMM

Chét trung gian 8c - (2S,3R,4R,585)-5-(4-aminopyrolo[2,1-f][ 1,2,4]triazin-7-yl)-2-azido-
4-flo-2-(iodometyl)tetrahydrofuran-3-ol.

Benzyltrimetylamoni clorua (55mg, 0,296mmol) va natri azit (19,3mg,
0,296mmol) dugc hoa tan vao ACN (1ml). Hon hop thu duge duge khudy & nhiét do
trong phong qua dém va sau d6 duoc loc va duge bd sung qua xi lanh vao dung dich chira
chét trung gian c6 cong thire 8b (50mg, 0,141mmol) trong THF (1ml). Sau d6, N-metyl-
morpholin (0,078ml, 0,706mmol) dugc bd sung vao, tiép theo 13 bd sung nho giot dung
dich chtra iot (65mg, 0,25mmol) trong THF (1ml). Sau 15 phut, N-axetyl Xystein dugc bd
sung vao cho dén khi khéng con quan sét thy su thoét khi. Tiép do, dung dich nudgc natri
thiosulfat bdo hoa dugce bd sung vao cho dén khi dung dich ¢6 mau vang nhat. Hén hop
thd ndy dugc phan bd gitta EtOAc va H,0. Céc pha duge tach va 16p hitu co dugc lam
kho trén natri sulfat, loc, va c6 trong didu kién 4p sudt giam. Nguyén liéu thdé dugc tinh
ché theo phurong phap séc ky trén silicagel (0% dén 60% EtOAc/Hex) dé tao ra chét trung

gian c6 cong thic 8c.

"H NMR (400MHz, DMSO-dq) & 8,31-8,05 (m, 3H), 7,63 (t, ] = 7,5 Hz, 1H), 7,53 (¢, ] =
7,6 Hz, 2H), 7,14 (d, J = 4,6 Hz, 1H), 7,04 (s, 1H), 6,34 (d, ] = 6,9 Hz, 1H), 5,80 (d, J =
23,7 Hz, 1H), 5,55 - 5,31 (m, 1H), 4,62 (dt, T =21,9, 5,9 Hz, 1H), 3,78 — 3,56 (m, 2H).

"F NMR (376 MHz, DMSO-dy) & -194,44 (dt, ] = 54,7, 22,8 Hz).

LC/MS: tg = 1,19 phit, MS m/z = 524,09 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p C18 100A, 50 x 3,00mm
Céc dung moi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phut dén 1,4 phut 2% dén 100% ACN, 1,4 phut dén 1,80 phtt 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phut dén 2 phut 2% ACN.
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Chét trung gian 8d - (2S,3R,4S,5S)-S-(4-aminopyrolo[2,l-f][1,2,4]triazin-7-yl)—2-azido-4-
flo-2-(iodometyl)tetrahydrofuran-3-yl axetat.

Axetic anhydrit (0,009ml, 0,092mmol), tiép theo 124 DMAP (10mg, 0,082mmol) &
nhiét d6 trong phong dugc bd sung vao dung dich chtra chét trung gian c¢6 cong thirc 8c
(40mg, 0,076mmol) trong THF (1ml). Sau 15 phut, hdn hop phan tmg dugc t6i bing
metanol, va hdn hop thu dugc duoc cod trong diéu kién &p suét giam. Chét tho duogc tinh
ché theo phuong phép sic ky trén silicagel (0% dén 50% EtOAc/Hex) d tao ra chét trung

gian c6 cong thic 8d.

'HNMR (400MHz, CDCl3) § 8,15-8,02 (m, 3H), 7,62 (t, ] = 7,3 Hz, 1H), 7,53 (t, T = 7.6
Hz, 2H), 7,44 (d, ] = 4,6 Hz, 1H), 7,00 (d, J = 4,6 Hz, 1H), 5,95 — 5,80 (m, 1H), 5,70 —
5,43 (m, 2H), 3,71 (d, 7= 11,3 Hz, 1H), 3,60 (d, ] = 11,3 Hz, 1H), 2,25 (s, 3H).

“F NMR (376 MHz, CDCL;) § -192,78 (ddd, T = 55,7, 24,6, 18,5 Hz).

LC/MS: tg = 1,35 phut, MS m/z = 566,14 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

H¢é théng MS: Thermo LCQ Fleet; Cét: Kinetex 2,6p C18 1004, 50 x 3,00mm
Céc dung moi: axetonitril v6i 0,1% axit formic, nudc véi 0,1% axit formic

Gradien: 0 phit dén 1,4 phit 2% dén 100% ACN, 1,4 phut dén 1,80 phut 100% ACN, 1,8
phit dén 1,85 phuit 100% dén 2% ACN, 1,85 phit dén 2 phuit 2% ACN.

BzONa
15-Crown-5

Y

DMF

Chét trung gian 8¢ - ((2R,3R,4S,5S)-3—axetoxy-2-azido-5-(4-benzamidopyrolo[2,l-t]-
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[1,2,4]triazin-7-yl)-4-flotetrahydrofuran-2-yl)metyl benzoat.

15-Crown-5 (0,105ml, 0,531mmol) va natri benzoat (77mg, 0,531mmol) & nhiét
do trong phong duge bd sung vao dung dich chira chét trung gian c6 cong thirc 8d (30mg,
0,053mmol) trong DMF (2ml). Sau d6, phan tng duoc lam néng dén 105°C. Sau 30 gio,
hdn hop phan tmg duoc dé dén nhiét d trong phong va dugc phén bd gitra 5% LiCl e
va EtOAc. Cac pha dugc tich va pha nuée duge rira bing EtOAc (2 x). C4c chiét phim
hitu co két hop duoc 1am khé trén natri sulfat khan, va c6 trong didu kién 4p sut giam.
Cin thd dugc tinh ché theo phuong phép sic ky trén silicagel (0% dén 60% EtOAc/Hex)
dé tao ra chét trung gian c¢6 cong thic 8e.
'H NMR (400MHz, CDCL;) § 8,25 — 7,97 (m, 4H), 7,69 — 7,40 (m, 6H), 7,36 (d, J = 4,7
Hz, 1H), 6,95 - 6,80 (m, 1H), 5,90 (d, J = 25,0 Hz, 1H), 5,65 (d, J = 1,9 Hz, 1H), 5,62 —
5,48 (m, 1H), 4,69 (dd, J = 79,3, 12,0 Hz, 2H), 2,20 (s, 3H).

°F NMR (376 MHz, CDCLy) § -192,57 (ddd, T = 53,9, 25,1, 22,0 Hz).
LC/MS: tg = 1,45 phit, MS m/z = 560,14 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cét: Kinetex 2,6u C18 100A, 50 x 3,00mm
Céc dung moi: axetonitril vdi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phut dén 1,4 phtit 2% dén 100% ACN, 1,4 pht dén 1,80 phtit 100% ACN, 1,8
phit dén 1,85 phut 100% dén 2% ACN, 1,85 phtt dén 2 phtt 2% ACN.

NH3, CH;OH

Y

Vi du 19 - (2R,3R4R,55)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-azido-4-flo-2-
(hydroxymetyl)tetrahydrofuran-3-ol.

Dung dich NH; 7N trong CH;O0H (2ml) & nhiét @6 trong phong duogc bd sung vao
chit trung gian c6 cong thirc 8e (24mg, 0,043mmol). Sau 16 gid, hén hop thu duge duge
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¢d trong didu kién &p sut giam. Cin thd duogc tinh ché theo phuong phap sic ky 16ng cao

&p pha d4o ma khong c6 tac nhan cai bién axit dé tao ra hop chét theo Vi du 19.

'H NMR (400MHz, Metanol-d,) 8 7,81 (s, 1H), 6,85 (d, J = 4,5 Hz, 1H), 6,80 (d, J = 4,5
Hz, 1H), 5,80 (dd, J = 24,7, 1,9 Hz, 1H), 5,22 (ddd, J = 55,6, 5,1, 1,9 Hz, 1H), 4,63 (dd, J
=229, 5,1 Hz, 1H), 3,81 (d, T = 12,1 Hz, 1H), 3,70 (d, ] = 12,2 Hz, 1H).

F NMR (376 MHz, Metanol-d,) & -195,30 (ddd, J = 55,5, 24,6, 22,9 Hz).

LC/MS: tg = 0,61 phut, MS m/z = 310,02 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 C18 100A, 50 x 3,00mm
Cac dung moi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic

Gradien: 0 phut dén 1,4 phut 2% dén 100% ACN, 1,4 phit dn 1,80 phut 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phiit dén 2 phit 2% ACN.

HO 0) NaH BnO (0)
—\ —_ . —\
g "fo)< THF : "/o)<
BnO BnO
9a 9b

Chét trung gian 9b - ((3aR,5R,68,6aR)-6-(benzyloxy)-5-((benzyloxy)metyl)-2,2-dimet-
yltetrahydrofuro[2,3-d][1,3]dioxol-5-yl)metanol

((3aR,68,6aR)-6-(benzyloxy)-2,2-dimetyltetrahydrofuro[2,3-d][1,3]dioxol-5,5-
diyl)dimetanol (c6 cong thuc 9a, mua dugc tir Carbosynth, 10,0g, 32,2mmol) dugc b
sung vao dung dich chta natri hydrua (60% trong lugng, 1,55g, 38,7mmol) trong THF
(100ml) & 0°C trong khi quyén argon. Sau thdi gian 10 phut, benzyl bromua (4,54ml,
38,6mmol) duoc b sung vao va hdn hop phén ting nay dugc nang nhiét do 1én dén nhiét
d6 trong phong. Sau 2 gid, hdn hop phan tmg dugc toi bing dung dich nudc amoni clorua
bdo hoa (500ml). Hon hop thu duge duge chiét bing etyl axetat (500ml). Sau do, 16p hitu
co dugc rira bing nude mudi (400ml), 1am kho trén natri sulfat khan, va cd trong diéu

kién ap sudt giam dé tao ra du khéng mau. Cin thd duoc tinh ché qua cot sic ky SiO,
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(220g SiO, cot Combiflash HP Gold, 0% dén 100% etyl axetat/hexan) dé tao ra chat trung
gian c6 cong thic 9a (9,49g, 73%) & dang dau khong mau.

'H NMR (400MHz, DMSO-dg) & 7,38 — 7,19 (m, 10H), 5,68 (app t, J = 3,6 Hz, 1H), 4,73
(q, J=4,4 Hz, 1H), 4,63 (d, T = 12,1 Hz, 1H), 4,49 — 4,36 (m, 3H), 4,24 (br s, 1H), 4,20 —
4,13 (m, 1H), 3,81 (d, T = 11,9 Hz, 1H), 3,56 (d, J = 11,9 Hz, 1H), 3,46 (q, ] = 10,3 Hz,
2H), 1,47 (s, 3H), 1,25 (s, 3H).

LC/MS: tg = 1,88 phut, MS m/z = 423,31 [M+Na]; hé théng LC: Thermo Accela 1250
UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
4,6mm; cac dung moi: axetonitril véi 0,1% axit axetic, nudc vdi 0,1% axit axetic;
Gradien: 0 phut dén 2,0 phat 2% dén 100% ACN, 2,0 phit d¢n 3,05 phut 100% ACN,
3,05 phut dén 3,2 phut 100% dén 2% ACN, 3,2 phut dén 3,5 phit 2% ACN & 2pl/phut.

HPLC: tg = 3,79 phut; hé théng sic ky léng cao ap: loai Agilent 1100; Cot: Gemini 5p
C18 110A, 50 x 4,6mm; cac dung modi: axetonitril v4i 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phit dén 5,0 phit 2% dén 98% ACN, 5,0 phat dén 6,0 phut 98% ACN &
2ml/phut.

TLC: chit rira giai: 40% etyl axetat trong hexan, Ry= 0,4 (UV)

Periodinan
BnO—\G' .o  Dess-Martin Bno\@ o
HO—" —  O=\" h
N "/())< CHzclz s "/OK
BnO BnO
9b 9¢c

Chét trung gian 9c - (3aR,5R,68,6aR)-6-(benzyloxy)-5-((benzyloxy)metyl)-2,2-dimety-
Itetrahydrofuro[2,3-d][1,3]dioxol-5-carbaldehyt

Periodinan Dess-Martin (3,1g, 7,3mmol) dugc bd sung vao dung dich chira chét
trung gian c6 cong thic 9b (1,95g, 4,87mmol) trong diclometan (24,5ml) & nhiét do trong
phong. Sau 1,5 gid, hdn hop phan tmg ndy duge tinh ché qua cot sic ky SiO, (80g SiO,
cot Combiflash HP Gold, 0% dén 100% etyl axetat/hexan) dé tao ra chét trung gian c6
cong thie 9¢ (1,94g, 100%) ¢ dang ddu khong mau.
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'"H NMR (400MHz, CDCly) 8 9,91 (s, 1H), 7,36 — 7,11 (m, 10H), 5,84 (d, J = 3,4 Hz,
1H), 4,71 (d, J = 12,1 Hz, 1H), 4,59 (d, ] = 12,2 Hz, 1H), 4,59 — 4,58 (m, 1H), 4,52 (d, J =
12,0 Hz, 1H), 4,46 (d, J = 12,0 Hz, 1H), 4,37 (d, T = 4,4 Hz, 1H), 3,68 (d, J = 11,0 Hz,
1H), 3,61 (d, T = 11,0 Hz, 1H), 1,60 (s, 3H), 1,35 (s, 3H). |

LC/MS: tx = 1,99 phit, MS m/z = 421,25 [M+Na]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 100A, 50 x
4,6mm; cac dung moi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic;
Gradien: 0 phut dén 2,0 phut 2% dén 100% ACN, 2,0 phut dén 3,05 phut 100% ACN,
3,05 phut dén 3,2 phit 100% dén 2% ACN, 3,2 phtit dén 3,5 phit 2% ACN & 2pl/phaut.

HPLC: tz = 4,09 phut; hé thdng sic ky léng cao 4p: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; cic dung moi: axetonitril véi 0,1% TFA, nuédc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phit 2% dén 98% ACN, 5,0 phit dén 6,0 phit 98% ACN &
2ml/phut.

TLC: chit rira giai: 40% etyl axetat trong hexan, R¢= 0,6 (UV)

B”O\é o PhaPCHgBr B“O—\é o

O=\" " —_— — e o

s "'OK nBulLi T, )<
BnO BnG  ©

THF

9¢c 9d

Chét trung gian 9d - (3aR,5R,6S,6aR)-6-(benzyloxy)-5-((benzyloxy)metyl)-2,2-dimetyl-
5-vinyltetrahydrofuro[2,3-d][1,3]dioxol

2,5M n-butyllithi (6,02ml) duge bd sung vao dung dich chira metyltriphenylphos-
phoni bromua (5,38g, 15,Immol) trong tetrahydrofuran (20ml) & -78°C. Hén hop phan
Ung dé 4m 1én dén 0°C, va dung dich chira chét trung gian ¢ cong thirc 9¢ (2,00g,
5,02mmol) trong tetrahydrofuran (Sml) dugc bd sung tir tir vao qua xi lanh. Hn hop phan
Ging nay dugc nang nhiét do 1én dén nhiét d6 trong phong, va khudy trong thoi gian 4 gio.
Sau d6, hdn hop phan tmg nay duoc t6i bing dung dich nudc amoni clorua bdo hoa
(10ml) va phéan bd giita nuéc (200ml) va etyl axetat (200ml). Cac 16p dugc tach va 16p
hitu co duoc rira bang nude mubi (200ml), 1am khd trén natri sulfat khan, va cb trong didu

kién &p sudt gidm. Cin thd dugc tinh ché qua cot séc ky SiO, (120g SiO, cdt Combiflash
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HP Gold, 0% dén 50% etyl axetat/hexan) dé tao ra chit trung gian c6 cong thirc 9d
(1,01g, 51%) & dang dau khéng mau.

'H NMR (400MHz, CDCls) & 7,42 — 7,17 (m, 10H), 6,19 (dd, J = 17,6, 11,0 Hz, 1H), 5,76
(d, J=3,9 Hz, 1H), 5,52 (dd, J = 17,5, 1,9 Hz, 1H), 5,25 (dd, J = 11,1, 1,8 Hz, 1H), 4,76
(d, T = 12,3 Hz, 1H), 4,62 — 4,55 (m, 2H), 4,52 (d, T = 12,1 Hz, 1H), 4,41 (d, ] = 12,1 Hz,
1H), 4,25 (d, J = 4,9 Hz, 1H), 3,32 (d, T = 1,5 Hz, 2H), 1,52 (s, 3H), 1,29 (s, 3H)

LC/MS: tg = 2,13 phat, MS m/z = 419,24 [M+Na]; hé théng LC: Thermo Accela 1250
UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
4,6mm; cac dung moi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic;
Gradien: 0 phut dén 2,0 phut 2% dén 100% ACN, 2,0 phit d&én 3,05 phut 100% ACN,
3,05 phiit dén 3,2 phit 100% dén 2% ACN, 3,2 phit dén 3,5 phiit 2% ACN & 2pl/phut.

HPLC: tz = 4,37 phut; hé théng sic ky léng cao ap: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; cac dung moi: axetonitril vdi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phut 2% dén 98% ACN, 5,0 phut dén 6,0 phit 98% ACN &
2ml/phtt.

TLC: chat rira giai: 50% etyl axetat trong hexan, Ry= 0,55 (UV)

—\" 10 —— =\ O\
2z '/,O MCOH <
BnO dioxan BnO OH
9d 9e

Chit trung gian 9e - (3R,4S,5R)-4-(benzyloxy)-5-((benzyloxy)metyl)-2-metoxy-5-
vinyltetrahydrofuran-3-ol

Dung dich HCI 4M trong dioxan (320p1) dugc bd sung vao dung dich chira chit
trung gian cé cong thuc 9d (1,01g, 2,55mmol) trong metanol (12,5ml) & nhigt d trong
phong. Sau 1,25 gid, hon hop phin Gmg ndy dugc phan b gifta etyl axetat (100ml) va
dung dich nudc natri bicacbonat bdo hoa (100ml). Céc pha dugc tach va 16p hitu co duge

rira bing nude mudi (100ml), 1am kho trén natri sulfat khan, va cd trong diéu kién 4p suét
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giam dé tao ra chat trung gian thd c6 cong thirc 9e (1,05g, hdn hop gdm cac anome 1' theo

ty 18 ~2,5:1) & dang dau khéng mau.

LC/MS: tg cua anome chinh = 2,00 phut, MS m/z = 393,22 [M+Na], tz clla anome phu =
1,98 phut, MS m/z = 393,22 [M+Na]; hé théng LC: Thermo Accela 1250 UHPLC; Hé
théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 1004, 50 x 4,6mm; cac dung
moi: axetonitril voi 0,1% axit axetic, nude véi 0,1% axit axetic; Gradien: 0 phut dén 2,0
phit 2% dén 100% ACN, 2,0 phut dén 3,05 phit 100% ACN, 3,05 phut dén 3,2 phat
100% dén 2% ACN, 3,2 phut dén 3,5 phut 2% ACN & 2ul/phut.

HPLC: tg cua anome chinh = 4,01 phtt, tg ctia anome phu = 3,955 phut; hé thdng sic ky
long cao ép: loai Agilent 1100; Cot: Gemini 5p C18 110A, 50 x 4,6mm; c4c dung moi:
axetonitril véi 0,1% TFA, nudc v6i 0,1% TFA; Gradien: 0 phut dén 5,0 phut 2% dén 98%
ACN, 5,0 phtit dén 6,0 phiit 98% ACN & 2ml/phut.

TLC: chat rira giai: 25% etyl axetat trong hexan, R¢ctia anome chinh = 0,30 (UV), R¢clia
anome phu = 0,25 (UV)

NaH

B0\ o o Bner B0 o
W N — —\" AN
: N THF R
BnO OH BnO OBn
9e of

Chit trung gian 9f - (2R,38,4R)-3,4-bis(benzyloxy)-2-((benzyloxy)metyl)-5-metoxy-2-
vinyltetrahydrofuran

NaH (60% trong lugng, 130mg, 3,2mmol) dugc bd sung & dang rin vao dung dich
chira chdt trung gian c6 cong thic 9e (1,0g, 2,7mmol) trong THF (13,5ml) & nhiét do
trong phong trong khi quyén argon. Sau 15 phut, benzyl bromua (0,38ml, 3,2mmol) dugc
bd sung vao va hén hgp phéan tng ndy dugce khudy trong thoi gian 4 gid. Hon hop phan
ing dugc t6i biang dung dich nuéc amoni clorua bdo hoa (5ml) va phan bd gifta etyl
axetat (100ml) va nudc mudi (100ml). Céc pha dugc tach va 16p hitu co duge lam kho
trén natri sulfat khan, va co trong didu kién 4p suét giam d& tao ra chét trung gian tho cé

cong thuc 9f (1,57¢, h6n hop gdm céc anome 1’theo ty 16 ~2:1) & dang diu khong mau.
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LC/MS: tg ctia anome chinh = 1,88 phut, MS m/z = 483,36 [M+Na], tg cia anome phu =
1,83 phut, MS m/z = 483,36 [M+Na]; hé¢ théng LC: Thermo Accela 1250 UHPLC; Hé
théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 1004, 50 x 4,6mm; c4c dung
moi: axetonitril véi 0,1% axit axetic, nude véi 0,1% axit axetic; Gradien: 0 phut dén 1,5
phut 2% dén 100% ACN, 1,5 phut dén 2,2 phit 100% ACN, 2,2 phit dén 2,4 phut 100%
dén 2% ACN, 2,4 phut d¢én 2,5 phit 2% ACN & 2ul/phut.

HPLC: tg ctia anome chinh = 4,83 phiit, t; ctia anome phu = 4,62 phiit; hé thdng sic ky
long cao ap: loai Agilent 1100; Cot: Gemini Sp C18 110A, 50 x 4,6mm; cac dung méi:
axetonitril v&i 0,1% TFA, nude véi 0,1% TFA; Gradien: 0 phut dén 5,0 phut 2% dén 98%
ACN, 5,0 phut dén 6,0 phit 98% ACN & 2ml/phtit.

BnO BnO
o) TFA n o
. o, ", W OH .
N H,0 :
BnO OBn BnO OBn
of gg

Chét trung gian 9g - (3R,4S,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)-5-vinyltetra-
hydrofuran-2-ol

Dung dich chtra TFA (16ml) va nu6e (1,6ml) duoc bd sung vao chit trung gian c6
cong thire 9f (1,5g, 3,2 mmol) & 0°C, va hdn hop phan ting ndy dugc nang nhiét do 1én
dén nhiét d6 trong phong. Sau 9 gid, nuée (1ml) duge bd sung vao va hdn hop phan tng
nay dugc dé khudy thém 10 gid. Sau d6, hdn hop phin tmg niy dugc duge cd trong didu
kién 4p sudt giam. Can thd dugc hoa tan vao etyl axetat (200ml) Vé.rfra bing dung dich
nude natri bicacbonat bdo hoa (2 x 150ml) va nude mudi (150ml). Lép hitu co duge 1am
kho trén natri sulfat khan va c6 trong diéu kién 4p suét giam. Cin dugc tinh ché qua cot
sic ky SiO, (24g SiO, c6t Combiflash HP Gold, 0% dén 100% etyl axetat/hexan). Cac
phan doan chira san phdm mong mudn dugc két hop dé tao ra chét trung gian c6 cong
thirc 9g (580mg) & dang diu khong mau ma 14 hdn hop véi cic tap chat khac. Hn hop

nay dugc sir dung truc tiép & budc tiép theo.

LC/MS: tg = 3,13 phit, MS m/z = 463,88 [M+OH]; hé théng LC: Thermo Accela 1250
UHPLC; Hé thdéng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
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4,6mm; cac dung modi: axetonitril vdi 0,1% axit axetic, nudc vdi 0,1% axit axetic;
Gradien: 0 phut dén 2,0 phut 2% dén 100% ACN, 2,0 phut dén 3,05 phat 100% ACN,
3,05 phut dén 3,2 phut 100% dén 2% ACN, 3,2 phit dén 3,5 phut 2% ACN & 2pl/phit.

HPLC: t; = 4,34 phut; hé thdng séc ky long cao 4p: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; céc dung moi: axetonitril vdi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phat dén 5,0 phat 2% dén 98% ACN, 5,0 phit dén 6,0 phiit 98% ACN &
2ml/phut.

TPAP
BnO
W —_— W
= - CH20|2 = -
BnO OBn BnO OBn
99 9h

Chit trung gian 9h - (3R,4S,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)-5-vinyldi-
hydrofuran-2(3H)-on

Tetrapropylamoni peruthenat (45,7mg, 130umol) va 4-metylmorpholin N-oxit
(457mg, 3,89mmol) dugc bd sung vao dung dich chira chit trung gian c6 cong thirc 9g
(580mg, 1,30mmol) va MS 4A (100mg) trong DCM (6,45ml) & nhiét d6 trong phong. Sau
thoi gian 1 gio, silicagel (~500mg) duoc bd sung vao hdn hop phan L'rrig va huyén phis dic
tao thanh duogc loc qua nit silicagel (~1g). Dich loc dwoc c6 trong didu kién 4p sudt giam.
Can tho duoc tinh ché qua cot sic ky Si0, (12g SiO, c6t Combiflash HP Gold, 0% dén
100% etyl axetat/hexan) dé tao ra chit trung gian c6 cong thirc 9h (254mg, 18% sau hai

budc) & dang diu khong mau.

'"H NMR (400MHz, CDCL) § 7,38 — 7,23 (m, 13H), 7,20 — 7,13 (m, 2H), 5,91 (dd, J =
17,5, 11,2 Hz, 1H), 5,49 (dd, J = 17,5, 0,9 Hz, 1H), 5,33 (dd, J = 11,2, 0,9 Hz, 1H), 4,96
(d, T = 12,0 Hz, 1H). 4,74 — 4,68 (m, 2H), 4,55 — 4,47 (m, 3H), 4,39 (d, T = 11,9 Hz, 1H),
4,20 (4,7 = 6,0 Hz, 1H), 3,55 (d, ] = 10,8 Hz, 1H), 3,46 (d, J = 10,8 Hz, 1H)

LC/MS: tg = 2,19 phut, MS m/z = 444,78 [M+H]; hé¢ théng LC: Thermo Accela 1250
UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x

mm; cac dung modi: axetonitril véi 0,1% axi ic, . 51 0,1% axi ic;
4,6mm,; d tonitril véi 0,1% axit axetic, nudc voi 0,1% axit axetic
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Gradien: 0 phat dén 2,0 phut 2% dén 100% ACN, 2,0 phut dén 3,05 phit 100% ACN,
3,05 phut dén 3,2 phit 100% dén 2% ACN, 3,2 phit dén 3,5 phut 2% ACN & 2pl/phut.

HPLC: tg = 4,53 phut; hé thdng sic ky long cao 4p: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; cic dung modi: axetonitril vai 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phit 2% dén 98% ACN, 5,0 phit dén 6,0 phit 98% ACN &
2ml/phut.

TLC: chét rira giai: 25% etyl axetat trong hexan, R¢= 0,45 (UV)

Lo
A AN
BrO— o NH, Cl,s||
— \_N_ BuLi, THF
BnO  OBn I
oh 1b 9i

Chét trung gian 9i - (3R,4S,5R)-2-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-bis-
(benzyloxy)-5-((benzyloxy)metyl)-5-vinyltetrahydrofuran-2-ol |

n-butyllithi (2,5M trong hexan, 1,0ml, 2,5mmol) dugc bd sung nhanh vao huyén
phi chira chat trung gian c6 cong thirc 1b (0,21g, 0,81mmol) va 1,2-bis(clodimetylsilyl)-
etan (0,17g, 0,81mmol) trong THF (4ml) & -78°C trong khi quyén argon. Sau d6, hdn hop
thu duoc duoc chuyén qua 6ng théng vao dung dich chira hop chit c¢6 cong thirc 9h
(0,18g, 0,41mmol) trong THF (1ml) & -78°C trong khi quyén argon. Sau 20 phut, hdn hop
phan tng nay dugc nang nhiét do 1én dén 0°C va khudy trong thoi gian 15 phut. Hon hop
phan Ung dugc t61 bing dung dich nudc amoni clorua bdo hoa (1ml). Hdn hop thu dugc
pha loéing bang etyl axetat (100ml) va rira bang dung dich nudc natri bicacbonat bdo hoa
(100ml) va nuéc mudi (100ml). Lép hitu co duge 1am kho trén natri sulfat khan, va co
trong diéu kién ap suat giam. Can thd dugc tinh ché qua cot séc ky SiO, (12g SiO, cot
Combiflash HP Gold, 0% dén 100% etyl axetat/hexan) dé tao ra chét trung gian c6 cong
thae 9i (11,1mg, 5%, hon hop gbm cac chét ddng phan) & dang dau khong mau.

LC/MS: tg = 1,97 phut, MS m/z = 579,27 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 1004, 50 x

-121-



27385

4,6mm; cac dung moi: axetonitril véi 0,1% axit axetic, nude vGi 0,1% axit axetic;
Gradien: 0 phit dén 2,0 phut 2% dén 100% ACN, 2,0 phat dén 3,05 phat 100% ACN,
3,05 phut dén 3,2 phut 100% dén 2% ACN, 3,2 phut dén 3,5 phiit 2% ACN & 2pl/phut.

HPLC: tg = 3,37 phut; hé théng sic ky 1ong cao 4p: loai Agilent 1100; Cot: Gemini 5 p
C18 110A, 50 x 4,6mm; cac dung mdi: axetonitril vdi 0,1% TFA, nudc vé6i 0,1% TFA,;
Gradien: 0 phtt dén 5,0 phit 2% dén 98% ACN, 5,0 phit dén 6,0 phut 98% ACN &
2ml/phut.

TLC: chét rira gii: Etyl axetat, Rg= 0,3 (UV)

9i 9
Chét trung gian 9j - 7-((28,38,48,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)metyl)-5-
vinyltetrahydrofuran-2-yl)pyrolo[2,1-f][1,2,4]triazin-4-amin

Bo triflorua dietyl eterat (0,1ml) dugc bd sung tir tir & 0°C trong khi quyén argon
vio dung dich chira cht trung gian c¢6 c6ng thirc 9i (11,0mg, 19,0pmol) va trietylsilan
(0,5ml) trong DCM (1ml). Sau thoi gian 1 gid, hdn hop phan tmg dugc pha lodng tir tir
b%mg dung dich nudc natri bicacbonat bdo hoa (10ml), va hdn hop thu dugc dugc chiét
bang etyl axetat (2 x 10ml), 1am kho trén natri sulfat khan, va c6 trong didu kién &p suét
gidam. Can thé duogc tinh ché qua cot sic ky SiO, (4g SiO, c6t Combiflash HP Gold, 0%
dén 100% etyl axetat/hexan) dé tao ra chat trung gian c6 cong thuc 9j (7,7mg, 72%) &

dang mang khéng mau.

'H NMR (400MHz, CDCl;) § 7,87 (s, 1H), 7,37 — 7,17 (m, 15H), 6,73 (d, J = 4,5 Hz,
1H), 6,51 (d, ] = 4,5 Hz, 1H), 6,23 (dd, T = 17,5, 10,9 Hz, 1H), 5,70 (d, J = 3,9 Hz, 1H),
5,59 (dd, = 17,5, 1,8 Hz, 1H), 5,32 (dd, T = 10,9, 1,7 Hz, 1H), 4,72 — 4,56 (m, 4H), 4,49
(d,T=11,9 Hz, 2H), 4,43 (d, T = 5,6 Hz, 1H), 4,25 (dd, ] = 5,6, 4,0 Hz, 1H), 3,56 (s, 2H).
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LC/MS: tg = 2,32 phut, MS m/z = 563,33 [M+H]; hé¢ théng LC: Thermo Accela 1250
UHPLC,; Hé¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
4,6mm; cac dung moi: axetonitril véi 0,1% axit axetic, nudc voi 0,1% axit axetic;
Gradien: 0 phut dén 2,0 phit 2% dén 100% ACN, 2,0 phut dén 3,05 phat 100% ACN,
3,05 phut dén 3,2 phut 100% dén 2% ACN, 3,2 phit dén 3,5 phut 2% ACN & 2ul/phit.

HPLC: tz = 3,51 phut; hé thong séc ky 16ng cao 4p: loai Agilent 1100; Cot: Gemini Sp
C18 110A, 50 x 4,6mm; cac dung moi: axetonitril véi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phut 2% dén 98% ACN, 5,0 phit dén 6,0 phit 98% ACN &
2ml/phiit.

TLC: chét rira giai: Etyl axetat, Rg= 0,40 (UV)

9 20

Vi du 20 - (2R,3S,4R,5S)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-(hydroxymetyl)-2-
vinyltetrahydrofuran-3,4-diol

Boron tribromua (1M, 0,06ml, 60pmol) dugc bd sung nhéd giot vao dung dich
chira chét trung gian c6 cong thic 9j (7,7mg, 13,7umol) trong diclometan (1ml) & -78°C
trong khi quyén argon. Sau thdi gian 1 gid, hdn hop phan timg ndy dugc nang nhiét d6 1én
dén 0°C, va khudy thém 1,5 gio. HOn hop phan tng nay dugc 1am lanh dén -78°C va
duoc toi bang dung dich metanol/pyridin theo ty 1& 2:1 (1,5ml). Hdn hop thu duoc dugce
nang nhiét do 1én dén nhiét do trong phong, va cd trong diéu kién 4p suét giam. Cin thd
duoc tinh ché theo phuong phép sic ky 1ong cao &p diéu ché (Phehominex Synergi 4u
Hydro-RR 80A c¢dt 150 x 30mm, 0% dén 100% axetonitril/nudc gradien) dé tao ra hop -
chét theo Vi du 20 (0,5mg, 13%) & dang rin mau tring.

'H NMR (400MHz, CD;0D) & 7,78 (s, 1H), 6,88 (d, J = 4,5 Hz, 1H), 6,76 (d, J = 4,5 Hz,
1H), 6,02 (dd, J = 17,4, 11,0 Hz, 1H), 5,47 (dd, ] = 17,4, 2,0 Hz, 1H), 5,23 (dd, J = 10,9,

-123-



27385

2,1 Hz, 1H), 5,15 (d, J = 8,3 Hz, 1H), 4,72 (dd, T = 8,2, 5,7 Hz, 1H), 4,34 (d, J = 5,7 Hz,
1H), 3,60 (d, J = 11,8 Hz, 1H), 3,49 (d, J = 11,8 Hz, 1H)

LC/MS: tg = 0,84 phut, MS m/z = 293,19 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 100A, 50 x
4,6mm; cac dung moi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic;
Gradien: 0 phut dén 1,5 phut 2% dén 100% ACN, 1,5 phit dén 2,2 phit 100% ACN, 2,2
phut dén 2,4 phit 100% dén 2% ACN, 2,4 phut dén 2,5 phit 2% ACN & 2ul/phut

HPLC: tg = 2,181 phut; hé théng sic ky long cao 4p: loai Agilent 1100; Cot: Gemini 5 v
C18 110A, 50 x 4,6mm; cac dung mdi: axetonitril véi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phit dén 5,0 phit 2% dén 98% ACN, 5,0 phit dén 6,0 phut 98% ACN &
2ml/phiit. |

selectfluor
_—

MeCN

19 21

Vidu 21 - (2R,3R,4R,58)-5-(4-amino-5-flopyrolo[2,1-f][1,2,4]triazin-7-y1)-2-azido-4-flo-
2-(hydroxymetyl)tetrahydrofuran-3-ol

Hop chit theo Vi du 19 (237mg, 0,766mmol) va selectfluor (407mg, 1,15mmol)
duoc tao huyén phi trong axetonitril (5ml), va AcOH (0,2ml) dugc bd sung vao. Hon hop
thu dugc dugce khudy & nhiét do trong phong trong thoi gian 30 phut, va sau d6 duge
trung hoa bing dung dich natri bicacbonat va loc dé loai bé cac chét rin. Khi ¢d trong
chén khéng, cin dugc tinh ché theo phuong phép sic ky léng cao ap (HPLC) didu ché
(axetonitril 0% dén 30% trong nudc) dé tao ra hop chét theo Vi du 21 (27mg, 11%) &

dang ran mau trang duc.

"H NMR (400MHz, CD;0D) & 7,73 (s, 1H), 6,63 (s, 1H), 5,80 (dd, J = 23,9, 1,7 Hz, 1H),
5,16 (ddd, J=55,3, 5,0, 1,7 Hz, 1H), 4,56 (dd, T = 23,5, 5,0 Hz, 1H), 3,94 — 3,60 (m, 2H)

F NMR (376 MHz, CD;0D) § -161,76 (s), -195,42 (d, J = 55,4 Hz)
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MS m/z = 328 [M+H]. Hé théng MS: Thermo LCQ Fleet

NH; NH
SN tBUNO, SN
\ N. =~
\NJ\NHZ HF/Pyr \ N\N/)\F
11a 11b

Chét trung gian 11b -2-flopyrolo[2,1-f][1,2,4]triazin-4-amin.

Chét trung gian ¢6 cong thirc 11a (2,0g, 13,4mmol) dugce nap vao binh polyTube.
Sau d6, binh phan tmg dugc dit trong bé nude da va ca 70% HF/Pyr (18ml) va pyridin
(9ml) duge bd sung lién tuc. Ngay 14p tirc sau khi b6 sung pyridin, tBuNO, (2,07ml,
17,43mmol) dugc bd sung tir tr vao vao trong thoi gian 20 phut. Dung dich chuyén tir
mau ndu sang mau den cé tda nhiét va thoat khi. Sau d6, hdn hop phan tng nay duoc
khudy trong thoi gian 20 phut nita, va tiép d6 hdn hop phan ting dugc pha lodng bing
nudc, va cd trong didu kién 4p sudt gidm. Can tho dugc phan bd gitta etyl axetat va nudc.
Céc chit hitu co duoc tach va phén trong nude duge rira bing etyl axetat ba 14n. C4c chit
hitu co duge két hop va ria béng nude mudi. thd dugc 1am kho trén Na,SO,, loc, va dung
mdi dugc loai bo trong diéu kién 4p suét giam. Cin thd dugce tinh ché theo phuong phap
sdc ky trén silicagel (50% dén 100% EtOAc/ Hex) d tao ra chét trung gian ¢6 cong thic
11b (1,682, 82%) & dang rin mau nau vang nhat.

'H NMR (400MHz, DMSO-dg) 8 8,49 — 8,09 (m, 2H), 7,58 (t, J = 2,0 Hz, 1H), 6,95 (d, J
=4.,5, 1H), 6,59 (d, ] = 4,5, 1H).

"F NMR (376 MHz, DMSO-dg) § -73,42 (3).

LC/MS: tg = 1,03 phit, MS m/z = 153,08 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cdc dung moi: axetonitril véi 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phut dén 1,4 phut 2% dén 100% ACN, 1,4 phit dén 1,80 phtt 100% ACN, 1,8
phiit dén 1,85 phut 100% dén 2% ACN, 1,85 pht dén 2 phit 2% ACN & 1,8ml/phit.
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NH,
~ XN dibromohydantoin _
\ N\N¢kF DMF
11b 11c

Chét trung gian 11c - 7-bromo-2-flopyrolo[2,1-f][1,2,4]triazin-4-amin.

Dung dich chtra hop chét ¢6 cong thue 11b (3,36g, 22,1mmol) trong DMF (50ml)
duoc 1am lanh dén 0°C trong bé nudc da. Dung dich chira 1,3-dibromo-5,5-dimetylhydan-
toin (3,16g, 11,0mmol) trong DMF (50ml) dugc bd sung nho giot vao bang phéu cép liu
trong thoi gian 40 phit. Sau thoi gian 1 gid, hdn hop phan ung dugc téi bing
N2,8,03mus0) b0 hoa va phan thd dugce phan bé gitta EtOAc va 5% LiCliuyge). Céc chét
hitu co duge chiét bé'mg 5% LiCl(nyse) (4 x), tiép theo 13 nudc mudi. C.éc chét hitu co duoc
1am kho trén Na,SO,, cac chit rén dugc loai bé bang céach loc, va dich loc dugc c6 trong
diéu kién 4p sudt giam. Cin tho duge xr Iy bang sidu 4m v6i CH,Cl,, va cac chét rin
dugc gom bing cach loc, va sdy kho trong chan khong cao d tao ra chét trung gian c6

cong thire 11c (3,93g, 77%) & dang rin mau vang.

'H NMR (400MHz, DMSO-dq) 5 8,49-8,44 (m, 2H), 7,08 (d, J = 4,6 Hz, 1H), 6,76 (d, T =
4,6 Hz, 1H).

F NMR (376 MHz, DMSO-dg) § -71,45 (s).

LC/MS: tg = 1,22 phit, MS m/z = 232,98 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,64 XB-C18 1004, 50 x
3,00mm; céc dung mdi: axetonitril véi 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phut dén 1,4 phit 2% dén 100% ACN, 1,4 phut dén 1,80 phut 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phut dén 2 phiit 2% ACN & 1,8ml/phuit.

NH,

BnO .
<N WO STABASE, nBuLi
NN \
N — a0
B N~ °F Bnd E THF, -78 °C
11c 11d
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Chét trung gian 1le - (3R,4R,5R)-2-(4-amino-2-flopyrolo[2,1-f][1,2,4]triazin-7-y1)-4-
(benzyloxy)-5-((benzyloxy)metyl)-3-flotetrahydrofuran-2-ol.

1,2-bis(clodimetylsilyl)etan (STABASE, 1,96g, 9,08mmol) dugc bd sung mét 1in
vao dung dich chtra hop chét c6 cong thic 11c (2,09g, 9,08mmol) trong THF (30ml), va
hén hop thu dugc duoc dé khudy & nhiét do moi truong trong thoi gian 1 gid. Sau do,
phén tmg dugc 1am lanh dén -78°C bing cach sir dung bé nuéc da khd véi metanol.
nBuLi (2,5M trong hexan, 10,9ml, 27,2mmol) dugc bd sung theo cach nhim duy tri nhiét
do bén trong & -65°C. Tiép d6, dung dich chira cht trung gian c6 céng thite 11d (didu ché
dugc theo WO2012012776, 2,5g, 7,5mmol) trong THF (25ml) dugc bd sung vao hén hop
phén tmg trong thoi gian 1 phut. Sau 5 phit, hdn hop phan tmg dugc toi bing axit axetic
va dugce dé dén nhiét do moi truong. Cac dung mdi duge loai bé trong didu kién ap suét
giam va cin dugc dua vao etyl axetat. C4c chét hitu co duge rira bang nude tiép theo 13
nuée mudi. Cac 16p duge tach va cac chat hitu co duge 1am kho trén Na,SO,, loc, va cd
trong diéu kién 4p suat giam dé tao ra chét thd c6 cong thirc 11e & dang hdn hop gbm cac

chit déng phan, ma duoc dung cho bude tiép theo.

LC/MS: tg = 1,32 va 1,40 phut, MS m/z = 483,15 [M+H]; hé théng LC: Thermo Accela
1250 UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cac dung moi: axetonitril véi 0,1% axit formic, nu6e véi 0,1% axit formic;
Gradien: 0 phut dén 1,4 phit 2% dén 100% ACN, 1,4 phut dén 1,80 phit 100% ACN, 1,8
phit dén 1,85 phut 100% dén 2% ACN, 1,85 phit dén 2 phit 2% ACN & 1,8ml/phi.

HoN
=~ N
BnO o \ N\N)\F TES, BF3zeEt,0
Bn@s F

11e

Chit trung gian 11f - 7-((285,3S5,4R,5R)-4-(benzyloxy)-5-((benzyloxy)metyl)-3-flo-
tetrahydrofuran-2-yl)-2-flopyrolo[2,1-f][1,2,4]triazin-4-amin.

Chat trung gian ¢ cong thic 1le (1,99g, 3,72mmol) dugc hoa tan vao CH,Cl,
(80ml) va TES (4,75ml, 29,7mmol) dugc bd sung vao hdn hop nay. Hon hop phén tng

nay duoc l1am lanh dén 0°C va BF;-Et,O (1,07ml, 4,09mmol) duoc bd sung tu tir vao vao.
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Sau 15 phit, hén hop phan ung duogc toi béng dung dich NaHCOj ) bo hoa va céc 16p
dugc tach. Lép nude dugce rira béng CH,Cl,. Céc 1ép hitu co duogc két hop va ria béng
dung dich NaHCOj;4¢) bdo hoa. Céc chét hitu co duoc lam kho trén Na,SO,, loc, va cb
trong diéu kién 4p sudt giam. Chét thd dugc tinh ché theo phuong phép sic ky trén
silicagel (0% dén 60% EtOAc/Hex) dé tao ra chit trung gian c6 cong thie 11f (1,12,
64%, hdn hop gdm cac anome 1° theo ty 18 2:1).

LC/MS: tg = 1,55 phat, MS m/z = 467,47 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 100A, 50 x
3,00mm; céc dung mdi: axetonitril v6i 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phit dén 1,4 phut 2% dén 100% ACN, 1,4 phut dén 1,80 phit 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phut dén 2 phit 2% ACN & 1,8ml/phut.

10% Pd/C, AcOH

HO F
11g

Chét trung gian 11g - (2R,3R,4R,58)-5-(4-amino-2-flopyrolo[2,1-f][1,2,4]triazin-7-yl)-4-
flo-2-(hydroxymetyl)tetrahydrofuran-3-ol

Chét trung gian c6 cong thirc 11f (0,82g, 1,76mmol) dugc hoa tan trong axit axetic
(25ml). Binh phén tng nay dugc suc argon va 10% Pd/C (468mg, 0,439mmol) dugc bd
sung vao. Binh nay dugc thdo réng va nap dﬁy lai béng Hogaiy (3 X). Sau thoi gian 1 gio,
binh phan tng dugc suc nito. Hon hop thu dugce duge loc qua dém xelit va banh loc duoc
rira bing CH;OH. Dich loc duoc cd trong diéu kién ap suét giam va sau dé_déng bay hoi
v6i etyl axetat tiép theo 14 c4c hexan dé tao ra chét trung gian c6 cong thirc 11g (503mg,

98%, hdn hop gdm céc anome 1 theo ty 18 2:1).

LC/MS: tg = 0,81 phut, MS m/z = 286,97 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x

3,00mm; cac dung mdi: axetonitril vdi 0,1% axit formic, nude véi 0,1% axit formic;
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Gradien: 0 phit dén 1,4 phut 2% dén 100% ACN, 1,4 phut dén 1,80 phit 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phut dén 2 phit 2% ACN & 1,8ml/phut.

CH3(OPh)sPI, DMF

HO F HO F
11g 11h
Chét trung gian 11h - (2S,3R,4R,5S)-5-(4-amino-2-flopyrolo[2,1-f][1,2,4]triazin-7-y1)-4-
flo-2-(iodometyl)tetrahydrofuran-3-ol.

Dung dich chira hop chét ¢6 cong thic 11g (283mg, 0,989mmol) trong DMF
(10ml), tiép theo 1a dung dich chta metyl triphenoxyphosphoni iodua (0,536g,
1,19mmol) trong 4ml DMF dugc bd sung vao binh duge suc khi argon. Hon hop phan
g nay dugc dé khudy & 0°C trong thoi gian 10 phiit va sau d6 dugc nang nhiét d6 1én
dén nhigt ¢ mdi trudng. Sau 30 phit, hdn hop phan ting dugc t6i bing Na,S,03 e bio
hoa. Nguyén li¢u tho dugc phan bd gifta EtOAc va 5% LiClpyec). Céc chét hitu co duoc
tach va rira béng nude mudi. Cac chét hitu co duge 1am kho trén Na,SO,, loc, va cd trong
didu kién 4p suét giam. Can tho duoc dua vao ACN va tinh ché theo phuong phép séc ky
16ng cao ap (HPLC) ma khong c6 tac nhan cai bién axit dé tao ra chét trung gian cé cong

thirc 11h (201mg, 52%, hén hop gém cac anome 1° theo ty 16 2:1) & dang rén mau tréng.

LC/MS: tg = 1,08 phut, MS m/z = 397,12 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cac dung moi: axetonitril vdi 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phut dén 1,4 phit 2% dén 100% ACN, 1,4 phut dén 1,80 phut 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phut dén 2 phut 2% ACN & 1,8ml/phuit.

DBU, THF, 60 °C
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Chét trung gian 11i - (3R,4R,58)-5-(4-amino-2-flopyrolo[2,1-f][1,2,4]triazin-7-yl)-4-flo-
2-metylentetrahydrofuran-3-ol.

DBU (0,403ml, 2,70mmol) dugc bd sung vao dung dich chira hop chét ¢ cong
thie 11h (356mg, 0,899mmol) trong THF (8ml) va hdn hop thu duge dugce nang nhiét do
1én dén 60°C. Sau 3 gid, hon hop phan tmg nay dugc co trong didu kién ap suét gidm. Can
tho dugc tinh ché theo phuong phép séc ky trén silicagel (40% dén 100% EtOAc/Hex) dé
tao ra chét trung gian cé cong thire 11i (201mg, 83%, hdn hop gdm cac anome 1° theo ty

18 2:1) & dang ran mau tring.

LC/MS: tx = 1,04 phut, MS m/z = 269,14 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 1004, 50 x
3,00mm; cdc dung moi: axetonitril v6i 0,1% axit formic, nuéc véi 0,1% axit formic;
Gradien: 0 phut dén 1,4 phtt 2% dén 100% ACN, 1,4 phit dén 1,80 phit 100% ACN, 1,8
phut dén 1,85 phut 100% dén 2% ACN, 1,85 phitt dén 2 phut 2% ACN & 1,8ml/pht.

Bn(CH3;)3;NCI, NaN3
I, NMM, ACN, THF

Chét trung gian 11j - (25,3R,4R,55)-5-(4-amino-2-flopyrolo[2,1-f][ 1,2,4]triazin-7-yl)-2-
azido-4-flo-2-(iodometyl)tetrahydrofuran-3-ol

Benzyltrimetylamoni clorua (292mg, 1,57mmol) va natri azit (102mg, 1,57mmol)
dugc hoa tan trong ACN (4ml), va hdn hop thu duoc duge khudy & nhiét dd moi trudng
trong thoi gian 4 gid. Hon hop nay dugc loc va dich loc duge bd sung vao dung dich chira
hop chét ¢6 cong thac 11i (0,201g, 0,749mmol) trong THF (4ml). NMM (0,412ml,
3,75mmol) dugc bd sung vio, tiép theo 1a bd sung nho giot dung dich chira iot (0,342¢,
1,35mmol) trong THF (4ml). Sau 15 phut, N-axetyl xystein dugc bd sung timg phin vao
cho dén khi khong quan sat théy su thoat khi. Dung dich Na;S;03(us) b0 hoa duge bd
sung cho dén khi dung dich c6 mau vang nhat. Hdn hop thu duoc phan bb gilta nude va

etyl axetat. C4c 16p dugc tach va 16p hitu co duge lam kho trén Na,SO,, loc, va ¢d trong
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diéu kién 4p sudt giam. Cian thd duoc tinh ché theo phuong phép sic ky trén silicagel
(20% dén 100% EtOAc/Hex) dé tao ra chit trung gian c6 cong thuc 11j (183mg, 56%) &
dang chit ddng phan don nhét. |

'H NMR (400MHz, DMSO-d¢) & 8,44 (d, J = 28,6 Hz, 2H), 6,98 (d, J = 4,6 Hz, 1H), 6,79
(d, J = 4,6 Hz, 1H), 6,32 (d, J = 6,9 Hz, 1H), 5,60 (dd, J = 23,8, 2,5 Hz, 1H), 5,36 (ddd, J
=54,9,5,0, 2,6 Hz, 1H), 4,60 (ddd, J = 21,5, 6,9, 5,0 Hz, 1H), 3,63 (ABq, A8 = 0,09ppm,
J =8Hz, 2H).

F NMR (376 MHz, DMSO-dg) § -71,74 (s), -194,57 (ddd, T = 54,9, 24,0, 21,7 Hz)

LC/MS: tg = 1,71 phat, MS m/z = 437,93 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC; Hé thdng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 100A, 50 x
3,00mm; cac dung mdi: axetonitril v&i 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phut dén 2,4 phut 2% dén 100% ACN, 2,4 phit dén 2,80 phut 100% ACN, 2,8
phut dén 2,85 phut 100% dén 2% ACN, 2,85 phut dén 3,0 phut 2% ACN & 1,8ml/phut.

Anhydrit isobutyric
Et3N, DMAP, THF

Chét trung gian 11k - (25,3R,48,58)-5-(4-amino-2-flopyrolo[2,1-f][1,2,4]triazin-7-y1)-2-
azido-4-flo-2-(iodometyl)tetrahydrofuran-3-yl isobutyrat.

Anhydrit isobutyric (0,083ml, 0,502mmol), TEA (0,118ml, 0,837mmol), va
DMAP (10mg, 0,084mmol) dugc bd sung vao dung dich chta hop chét ¢6 cong thirc 11 j
(0,183g, 0,419mmol) trong THF (10ml). Hdn hgp phan tmg nay dugc dé khudy & nhiét do
mdi truong trong thoi gian 15 phit, va phan tng duoc toi bing CH;OH. Hdn hop phan
g ndy dugc cd trong didu kién ap suét giam va cin thd dugc tinh ché theo phuong phép
sdc ky trén silicagel (0% dén 50% EtOAc/Hex) dé tao ra chét trung gian c6 cong thuc 11k
(0,198g, 93%) & dang rin mau tréng.
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'H NMR (400MHz, DMSO-d) 8 8,48 (d, J = 30,7 Hz, 2H), 6,99 (d, J = 4,6 Hz, 1H), 6,84
(d, J =4,6 Hz, 1H), 5,77 - 5,47 (m, 3H), 3,69 (ABq, AS = 0,05ppm, J = 12 Hz, 2H), 2,70
(p, J=17,0 Hz, 1H), 1,24 — 1,05 (d, T = 7,0 Hz, 6H).

'F NMR (376 MHz, DMSO-dg)  -71,58 (s), -194,89 (ddd, J = 55,0, 24,3, 16,8 Hz).

LC/MS: tg = 1,56 phut, MS m/z = 508,13 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC; Hg théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; céc dung mdi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic;
Gradien: 0 phut dén 2,4 phit 2% dén 100% ACN, 2,4 phut dén 2,80 phut 100% ACN, 2,8
phut dén 2,85 phut 100% dén 2% ACN, 2,85 phut dén 3,0 phut 2% ACN & 1,8ml/phut.

(NBu,)HSO,

Na,HPO,

axit 3-clobenzoic

axit 3-cloperoxybenzoic

CHCly, H,0

Chét trung gian 111 - ((2R,3R,48,58)-5-(4-amino-2-flopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-
azido-4-flo-3-(isobutyryloxy)tetrahydrofuran-2-yl)metyl 3-clobenzoat.

Chét trung gian c6 cong thirc 11k (0,153g, 0,302mmol) duge hoa tan trong CH,Cl,
(10ml) va H,O (6ml). Kali phosphat diaxit (0,138g, 0,603mmol), tetrabutylamoni bisulfat
(0,210g, 0,618mmol), va axit 3-clobenzoic (0,097g, 0,618mmol) dugc bd sung lién tuc
vao. Hon hop thu dugc 1am lanh dén 0°C va MCPBA (0,203g, 0,905mmol) dugc bd sung
vao. Hdn hop phan tmg niy dugc ning nhiét d6 1én dén nhiét d6 méi trudng va khudy
trong thoi gian 16 gid. Sau d6, hdn hop phéan tmg nay dugc toi béng Na,8,03(nusc) b0
hoa, va c6 trong didu kién &p sudt giam. Cin thd trong nudc duge pha lodng bing ACN
va tinh ché theo phuong phép séc ky long cao ap (HPLC) diéu ché ma khong c6 tac nhan
cai bién axit dé tao ra chat trung gian c6 cong thirc 111 (20mg, 13%) & dang rin mau

tréng.

'H NMR (400MHz, DMSO-d¢) & 8,46 (d, J = 26,4 Hz, 2H), 7,96 — 7,81 (m, 2H), 7,81 —
7,66 (m, 1H), 7,62 — 7,46 (m, 1H), 6,94 (d, J = 4,5 Hz, 1H), 6,80 (d, J = 4,5 Hz, 1H), 5,73
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(s, 3H), 4,60 (ABq, AS = 0,08ppm, J = 12 Hz, 2H), 2,66 (p, J = 7,0 Hz, 1H), 1,20 — 1,01
(m, 6H).

9F NMR (376 MHz, DMSO-dg) § = -71,45 (s), -193,41 (ddd, J = 54,4, 25,4, 21,2 Hz,).

LC/MS: tz = 2,22 phit, MS m/z = 536,17 [M+1]; hé thdng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cac dung moi: axetonitril v4i 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phut dén 2,4 phuit 2% dén 100% ACN, 2,4 phut dén 2,80 phit 100% ACN, 2,8
phiit dén 2,85 phiit 100% dén 2% ACN, 2,85 phut dén 3,0 phit 2% ACN & 1,8ml/phut.

CH30H, NH4OH

Vi du 22 - (2R,3R,4R,5S)-5-(4-amino-2-flopyrolo[2,1-f][1,2,4]triazin-7-y1)-2-azido-4-flo-
2-(hydroxymetyl)tetrahydrofuran-3-ol

NH,OH (1ml) dim dic & nhiét d6 trong phong duoc bd sung vao dung dich chira
chat trung gian c6 cong thic 111 (22mg, 0,041mmol) trong CH;OH (1ml). Sau 30 phut,
hén hgp phan tng nay dugc ¢d trong didu kién 4p sudt giam. Cin thé dwoc pha loéng
bing H,0 tdi thiéu va tinh ché theo phuong phap séc ky 16ng cao ap (HPLC) didu ché ma
khong c6 tac nhan cai bién @& tao ra hop chét theo Vi du 22 (10mg, 77%) & dang rén mau

trrfmg.

'"H NMR (400MHz, DMSO-d¢) & 8,40 (d, J = 30,9 Hz, 2H), 6,95 (d, J = 4,5 Hz, 1H), 6,78
(d, T = 4,5 Hz, 1H), 5,89 (d, ] = 7,5 Hz, 1H), 5,61 (dd, J = 23,8, 2,1 Hz, 1H), 5,44 (t, J =
6,1 Hz, 1H), 5,18 (ddd, J = 55,3, 5,1, 2,2 Hz, 1H), 4,44 (ddd, J = 23,7, 7,5, 5,0 Hz, 1H),
3,59 (ddd, J = 48,5, 12,0, 6,1 Hz, 2H).

F NMR (376 MHz, DMSO-dq) § -71,18 (s), -193,48 (dt, J = 55,3, 23,8 Hz).
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LC/MS: tg = 1,13 phat, MS m/z = 327,86 [M+1]; hé théng LC: Thermo Accela 1250
UHPLC; Hé thdng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cac dung moi: axetonitril vai 0,1% axit formic, nude véi 0,1% axit formic;
Gradien: 0 phtit dén 2,4 phut 2% dén 100% ACN, 2,4 phut dén 2,80 phit 100% ACN, 2,8
phut dén 2,85 phut 100% dén 2% ACN, 2,85 phiit dén 3,0 phut 2% ACN & 1,8ml/pht.

Selectfluor Il TBSO
ACN N="
TBSO F
12a

Chét trung gian 12a - (2R,3R,48,5S5)-5-(4-amino-5-flopyrolo[2,1-f][1,2,4]triazin-7-y1)-3-
((tert-butyldimetylsilyl)oxy)-2-(((tert-butyldimetylsilyl)oxy)metyl)-4-flotetrahydrofuran-
2-cacbonitril

Selectfluor IT (52mg, 0,164mmol) bd sung mot 1an vao dung dich chira chét trung
gian c6 cong thirc 3d (57mg, 0,109mmol) trong ACN (3ml). Sau 1,5 gi®, hdn hop phan
g dugc toi bang cach bd sung dung dich NaHCOspyec) b0 hoa. Etyl axetat (4ml) duge
bd sung vao va hdn hop hai pha nay dwgc khudy k¥ trong thoi gian 5 phut. Hon hop phan
ung dugc pha lodng tiép b%lng EtOAc va dung dich NaHCOs 40 bio hoa. Cac 16p dugc
tach va 16p hitu co dugc chiét bang nude va sau d6 nude mudi. Lép hitu co duge 1am kho
trén Na,SO,. Tac nhan lam khd duogc loai bo bz‘“mg cach loc chin khong va dich loc dugce
co trong diéu kién ap suét giam. Chét trung gian ¢ cong thic 12a (11mg, 18,7 %) phan
lap dugc tir nguyén liéu thd ddm dic bang cot sic ky trén silicagel bing cach sir dung
dung moi dudi ddy nim trong khoang tir: 0% EtOAc trong hexan ting 1én dén 70%
EtOAc trong hexan, nhanh ting 1én dén 100% EtOAc sau khi nguyén liéu ban diu rira
giai hét khoi cot.

'"H NMR (400MHz, CD;0D) § 7,72 (s, 1H), 7,55 (s, 1H), 5,65 (dd, J = 24,8, 2,4 Hz, 1H),
538 (dq, J = 54,4, 2 Hz, 1H), 4,88 (dd, J = 19,2, 4,4 Hz, 1H), 3,96 (ABq, Adss=
0,141ppm, J = 11 Hz, 2H), 0,99 (s, 9H), 0,86 (s, 9H), 0,21 (s, 6H), 0,07 (s, 3H), -0,02 (s,
3H).
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"”F NMR (376 MHz, CD;0D) § -161,795 (s), -194,806 (ddd, ] = 54,5, 19,2, 18,8 Hz).

LC/MS: thoi gian Iuu = 2,06 phit, MS m/z = 540,64 [M+1]; hé théng LC: Thermo
Accela 1250 UHPLC; MS: thermo LCQ Fleet; Cot: Kinetex 2,6p C18 100A, 50 x
3,00mm; cdc dung mdi: axetonitril vai 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phit dén 2,4 phit 2% dén 100% ACN, 2,4 phtit dén 2,8 phut 100% ACN, 2,8
phut dén 2,85 phut 100% dén 2% ACN, 2,85 phut dén 3 phut 2% ACN.

Vi du 23 - (2R,3R,4R,5S)-5-(4-amino-5-flopyrolo[2,1-f][1,2,4]triazin-7-y1)-4-flo-3-
hydroxy-2-(hydroxymetyl)tetrahydrofuran-2-cacbonitril

70% HFPyridin trong pyridin (51ul, 1,97mmol) & 0°C, trong khi quyén N, duoc
bd sung vao dung dich chira chét trung gian ¢6 cong thitc 12a (29mg, 0,054mmol) trong
THF (2ml) trong 6ng polypropylen. Sau 1,5 gid, hdn hop phan g dugc 14y ra khoi bé
1am lanh bang nudc da. Thém 70% HF Pyridin trong pyridin dugc bd sung vao sau 3 gio
(150pl), 5 gio 45 phut (200pl), va 21 gid 15 phat (0,7ml). Sau d6, hdn hgp phan ng nay
dugc khuéy thém 24 gid, tai thoi diém d6 hdn hop phan tmg dwoc 1am ngudi trong bé
nudc da va sau do duoc toi bf?lng nudce va dung dich NaHCOj; 6y bdo hoa. Hobn hop nay
dugc o trong didu kién 4p suit giam va cin duge dua vao DMF. Dung dich /huyén phi
thu dugc duoc loc qua bd loc xiranh (Whatman 0,45um PTFE w/GMF). Dich loc dugc
nap vao thiét bi séc ky 1ong cao 4p va san phdm bén tinh khiét duge tinh ché tiép bang cot
séc ky trén silicagel bang cach sir dung dung moi dudi day nim tfong khoang tur: 0%
MeOH trong DCM ting 1én dén 20% MeOH trong DCM. San phim chira cac phén doan
duoc 6 va cin duge sdy kho & nhiét do thép dé tao ra hop chit theo Vi du 23 (5mg, 30%)

¢ dang bot mau tréng.
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'H NMR (400MHz, DMF-d;) § 7,74 (s, 1H), 6,61 (s, 1H), 5,75 (dd, J = 25,2, 1,6 Hz, 1H),
5,23 (ddd, J = 54,8, 4,8, 1,6 Hz, 1H), 4,64 (dd, J = 22, 4,4 Hz, lH); 3,90 (ABq, Adsp =
0,151ppm, J =12 Hz, 2H) .

“F NMR (376 MHz, DMF-d;) § -161,727 (s), -193,726 (ddd, J = 54,5, 22,9, 21,8 Hz).

LC/MS: thoi gian Iuu = 0,81 phut, MS m/z = 312,13 [M+1]; LC: Thermo Accela 1250
UHPLC; MS: thermo LCQ Fleet; Cot: Kinetex 2,6p C18 100A, 50 x 3,00mm; c4c dung
moi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic; Gradien: 0 phut dén 2,4
phtit 2% dén 100% ACN, 2,4 phut dén 2,8 phut 100% ACN, 2.8 phiit dén 2,85 phit 100%
dén 2% ACN, 2,85 phut dén 3 phut 2% ACN.

NHBz
I, PPh;, imidazol

THF

TBSO F

2g

Chét trung gian 13a - N-(7-((28,35,4R,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)-3-flo-5-(iodometyl)tetrahydrofuran-2-yl)pyrolo[2,1-f]-
[1,2,4]triazin-4-yl)benzamit.

Iot (253mg, 1,86mmol) & nhiét do trong phong dugc bd sung vao dung dich chira
triphenylphosphin (973mg, 3,71mmol) va imidazol (252mg, 3,71mm61) trong THF (5ml).
Khi hoa tan hoan toan iot, dung dich chira hgp chét c6 cong thirc 2g (650mg, 0,93mmol)
trong THF (5ml) duogc bd sung nhé giot tir tir. Hon hop thu duge duge khudy & 80°C
trong thoi gian 3 ngay va sau d6 dugc cd trong chan khong. Cin dugce tinh ché bang cot
sic ky trén silicagel (0% dén 50% EtOAc trong hexan) dé tao ra chét trung gian cé cong
thirc 13a (230mg, 33%) & dang dau.

MS m/z = 742 [M+H]. Hé théng MS: Thermo LCQ Fleet.
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10% Pd/C, béng H,

TEA, CH;0H

Chit trung gian 13b - N-(7-((2S,3S,4R,5R)-4-((tert-butyldimetylsilyl)oxy)-5-(((tert-
butyldimetylsilyl)oxy)metyl)-3-flo-5 -metyltetrahydrofuran-2-yl)pyrolo[2,1-f][1,2,4]-

triazin-4-yl)benzamit.

Chét trung gian c6 cong thic 13a (200mg, 0,243mmol) dugc hoa tan trong
metanol (10ml) va trong khi quyén nito, 10% Pd/C (100mg, 0,094mmol) va TEA
(0,035ml, 0,243mmol) duge bd sung vao. Sau d6, hdn hgp thu duge dugce khudy trong khi
quyén H, (béng) & nhiét do trong phong trong thdi gian 40 phit. Hoén hop thu duge duge
loc, va cd trong chan khdng va can dugce tinh ché béng cot séc ky trén silicagel (0% dén
40% EtOAc trong hexan) dé tao ra chit trung gian c6 cong thic 13b (145mg, 72%) &
dang rin mau tring c6 d tinh khiét 75%.

MS m/z = 616 [M+H]. Hé théng MS: Thermo LCQ Fleet

TBAF, THF;

\

NH,, MeOH

Vi du 24 - (2R,3R,4R,5S)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-4-flo-2-(hydroxy-
metyl)-2-metyltetrahydrofuran-3-ol.

Chét trung gian c6 cong thirc 13b (145mg, 75% dd tinh khiét, 0,177mmol) duoc
hoa tan trong THF (10ml) va TBAF (1M trong THF, 0,53ml, 0,531mmol) dugc b sung
vao. Hon hop thu duoc dugce khudy & nhiét do trong phong trong thoi gian 2 gidr va sau d6

metanolic amoniac (7N, 10ml) dugc bd sung vao. Hon hop thu duge dugc khudy trong
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thoi gian 24 gio va cd trong diéu kién 4p sudt giam. Cin tho dugce tinh ché theo phwong
phap séc ky 1éng cao 4p (HPLC) diéu ché (0% dén 35% axetonitril trong nudc trong thoi
gian 20 phut) dé tao ra hop chit theo Vi du 24 (30mg, 60%) & dang rin mau tring.

'H NMR (400MHz, CD;0D) & 7,78 (s, 1H), 6,84 (d, J = 4,5 Hz, 1H), 6,76 (d, J = 4,5 Hz,
1H), 5,53 (dd, J = 21,5, 4,0 Hz, 1H), 5,25 (ddd, J = 55,5, 5,3, 4,1 Hz, 1H), 4,44 (dd, J =
17,2, 5,2 Hz, 1H), 3,65 — 3,43 (m, 2H), 1,27 (s, 3H) |

19F NMR (376 MHz, CD;0D) § -197,08 (ddd, J = 55,4, 21,5, 17,1 Hz)

MS m/z = 282 [M+H]. Hé théng MS: Thermo LCQ Fleet.

10%Pd/C, AcOH

Chét trung gian 14a - (2S,3R,4S,5R)-2-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-y1)-5-
(hydroxymetyl)tetrahydrofuran-3,4-diol.

Chét trung gian ¢ cong thic le (2,64g, 4,91mmol) duge hoa tan trong axit axetic
(50ml). Binh nay dugc suc argon va 10% Pd/C (1,05g, 0,982mmol) dugc bd sung vio.
Binh nay dugc thdo rdng va nap day lai bang Hy i) ba 1an. Hon hop phan tng nay dugc
khudy trong khi quyén Hygay- Sau thoi gian 1 gid, binh ndy duge suc nito va hdn hop
phan tng nay duoc loc qua dém xelit ¢6 rira CH;0H. Dich loc duge ¢6 trong didu kién ap
sudt giam va sau d6 ddng bay hoi v6i EtOAc, tiép theo 13 céc hexan. Cén dugc dua vao
chan khong cao dé tao ra chét trung gian c6 cong thic 14a (1,31g, 99%) & dang rin mau

tréng.

'H NMR (400MHz, DMSO-dg) § 7,80 (s, 1H), 7,66 (s, 2H), 6,82 (d, ] = 4,4 Hz, 1H), 6,66
(d, J = 4,4 Hz, 1H), 5,09 (d, J = 6,5 Hz, 1H), 5,06-4,56 (m, 3H), 4,21 (t, ] = 5,9 Hz, 1H),
3,93 (t, J = 4,9 Hz, 1H), 3,77 (q, J = 4,5 Hz, 1H), 3,48 (ddd, J = 38,9, 11,8, 4,4 Hz, 2H).

LC/MS: tg = 0,47 phat, MS m/z = 267,13 [M+H]; hé théng LC: Thermo Accela 1250
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UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x 3,00mm; céc
dung mdi: axetonitril v6i 0,1% axit formic, nuée véi 0,1% axit formic; Gradien: 0 phut
dén 2,4 phiit 2% dén 100% ACN, 2,4 phit dén 2,80 phit 100% ACN, 2,8 phit dén 2,85
phiit 100% dén 2% ACN, 2,85 phut dén 3,0 phut 2% ACN & 1,8ml/phut.

Trietylorthoformat
TsOH, axeton

14a 14b

Chét trung gian 14b - ((3aR,4R,68,6aS)-6-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-y1)-2,2-
dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)metanol.

Chéat trung gian c6 cong thirc 14a (3,13g, 11,7mmol) duge hoa tan trong axeton
(80ml) va TsOH (6,00g, 31,5mmol) duoc bd sung vao. Trietylorthoformat (6,0ml,
36,1mmol) dugc bd sung tir tir vao trong thoi gian 10 phut. Hdn hop thu duge duge dé
khudy & nhiét d6 moi trudng qua dém. Dung dich nudc natri cacbonat bdo hoa duoc bd
sung vao cho dén khi hdn hop phan tmg c6 d6 pH=8. Céc chét rin dugc loai bd bing cach
loc va dich loc duge c6 trong didu kién 4p sudt giam. Cin thé dugc phan bd gitta EtOAc
va nudc mudi. Cac pha duge tach va cac chit hitu co duge 1am khd trén Na,SO,, loc, va
cd trong didu kién ap sudt giam. Chét thé duoc tinh ché theo phuong phép séc ky trén
silicagel (60% dén 100% EtOAc/Hex - 20% MeOH/EtOAc) d& tao ra chit trung gian c6
cong thire 14b (2,55g, 71%) & dang rén mau tring.

"H NMR (400MHz, DMSO-dq) § 7,83 (s, 1H), 7,71 (s, 2H), 6,83 (d, ] = 4,4 Hz, 1H), 6,73
(d,J=4,5Hz, 1H), 5,21 (d, ] = 4,9 Hz, 1H), 5,01 (dd, J = 6,6, 4,9 Hz, 1H), 4,84 (t, T = 5,7
Hz, 1H), 4,71 (dd, J = 6,7, 3,7 Hz, 1H), 3,99 — 3,85 (m, 1H), 3,46 (t, ] = 5,5 Hz, 2H), 1,48
(s, 3H), 1,29 (s, 3H).
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LC/MS: tz = 0,87 phtit, MS m/z = 307,21 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6pu XB-C18 100A, 50 x
3,00mm; cac dung moi: axetonitril véi 0,1% axit formic, nudc v6i 0,1% axit formic;
Gradien: 0 phtit dén 1,4 phut 2% dén 100% ACN, 1,4 phit dn 1,80 phat 100% ACN, 1,8
phut dén 1,85 phit 100% dén 2% ACN, 1,85 phut dén 2 phit 2% ACN & 1,8ml/phit.

TBSCI, Imid

CH,Cl,

14b 14c

Chét trung gian l4c - 7-((3aS,48,6R,6aR)-6-(((tert-butyldimetylsilyl)oxy)metyl)-2,2-
dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrolo[2,1-f][1,2,4]triazin-4-amin.

Chét trung gian c¢6 cong thic 14b (2,55g, 8,32mmol) dugc hoa tan trong DCM
(50ml) va hén hop nay dugc 1am lanh dén 0°C. Imidazol (1,70g, 24,9mmol) dugc bd
sung, tiép theo 12 TBSCI (1,88g, 12,5mmol). Sau 16 gid, hdn hop phan tmg duoc t6i bing
metanol. Hon hop thu duge duge cb trong didu kién 4p suét gidm va cin thd duoc phéan
bd gitta nudc va EtOAc. Céc chit hiru co dugce 1am kho trén Na,S0y, loc, va co trong didu
kién 4p sudt giam. Cin thd duoc tinh ché theo phuong phap séc ky trén silicagel (50%
dén 100% EtOAc/Hex) d& tao ra chét trung gian c6 cong thirc 14c¢ (2,60g, 74%) & dang

rdan mau trang.

'"H NMR (400MHz, DMSO-dg) § 7,83 (s, 1H), 7,74 (s, 2H), 6,82 (d, J = 4,4 Hz, 1H), 6,68
(d, T = 4,4 Hz, 1H), 5,26 (d, ] = 4,4 Hz, 1H), 5,00 (dd, T = 6,5, 4,5 Hz, 1H), 4,71 (dd, J =
6,5,3,7 Hz, 1H), 3,97 (td, J = 5,1, 3,6 Hz, 1H), 3,64 (d, ] = 5,2 Hz, 2H), 1,48 (s, 3H), 1,28
(s, 3H), 0,83 (s, 9H), -0,02 (s, 6H).

LC/MS: tg = 1,91 phut, MS m/z = 421,60 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC
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Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 100A, 50 x 3,00mm; cac
dung moi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit fonhic; Gradien: 0 phut
dén 2,4 phit 2% dén 100% ACN, 2,4 phit dén 2,80 phit 100% ACN, 2,8 phit dén 2,85
phut 100% dén 2% ACN, 2,85 phut dén 3,0 phut 2% ACN & 1,8ml/phut.

Boc,O, TEA
DMAP, THF

14c 14d

Chét trung gian 14d - Tert-butyl (7-((3aS,4S,6R,6aR)—6-(((tert-butyidimetylsilyl)oxy)m-
etyl)-2,2-dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrolo[2,1-f][1,2,4]triazin-4-

yl)carbamat.

Chét trung gian c6 cong thic 14c (2,59g, 6,16mmol) dugc hoa tan trong THF
(60ml) va dung dich thu dugc lam lanh dén 0°C. Sau d6, Boc,O (2,69g, 12,3mmol) va
DMAP (0,3g, 2,46mmol) dugc bd sung vao. TEA (2,56ml, 18,3mmol) dugc bd sung tir tir
vao va hdn hop phan ting ndy dwoc ning nhiét d6 1én dén nhiét do trong phong. Sau 3
gi®, hon hop phan tng nay dugc lam lanh dén 0°C va MeOH (10ml) duoc bd sung vao,
tiép theo la dung dich NH4OH 6¢) (50ml) dam déc. Hén hop thu dugce dugce nang nhiét do
1én dén nhiét do trong phong va khudy qua dém. Hdn hop phan tng nay dugc cb trong
diéu kién 4p sudt giam va can tho duge phan bd gilta EtOAc va nudc. Céc 16p dugce tach
va 16p hitu co dugc lam kho trén Na,SOy, loc, va cd trong didu kién ap suét giam. Can tho
duoc tinh ché theo phuong phép séc ky trén silicagel (0% dén 100% EtOAc/Hex) dé tao

ra chét trung gian c6 cong thic 14d (2,82, 88%) & dang rin mau tring.

'"H NMR (400MHz, DMSO-dg) & 10,46 (s, 1H), 8,20 (s, 1H), 7,19 (d, J = 4,6 Hz, 1H),
6,90 (d, J = 4,6 Hz, 1H), 5,33 (d, ] = 4,2 Hz, 1H), 5,02 (dd, T = 6,5, 4,3 Hz, 1H), 4,72 (dd,
1=6,5,3,6 Hz, 1H), 4,01 (q, ] = 5,0 Hz, 1H), 3,64 (d, J = 5,1 Hz, 2H), 1,49 (s, 9H), 1,32
(d, ] =122,7 Hz, 6H), 0,82 (s, 9H), -0,03 (s, 6H).
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LC/MS: tz = 1,89 phtt, MS m/z = 521,27 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé thdng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cac dung mdi: axetonitril véi 0,1% axit formic, nudc vé6i 0,1% axit formic;
Gradien: 0 phut dén 2,4 phit 2% dén 100% ACN, 2,4 phut dén 2,80 phut 100% ACN, 2,8
phut dén 2,85 phat 100% dén 2% ACN, 2,85 phut dén 3,0 phut 2% ACN & 1,8ml/phit.

BocHN

TBAF, THF

14e

Chét trung gian 14e - Tert-butyl (7-((3aS,4S,6R,6aR)-6-(hydroxymetyl)-2,2-dimetyl-
tetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrolo[2,1-f][1,2,4]triazin-4-yl)carbamat.

Chét trung gian c6 cbng thiuc 14d (2,8g, 5,4mmol) dugc hoa tan trong THF
(50ml), va TBAF (1,0M trong THF, 5,92ml, 5,92mmol) dugc bd sung vao. Sau 30 phut,
TBAF (1,0M trong THF, 5,92ml, 5,92mmol) dugc bd sung thém vao. Sau 30 phut nita,
hén hop phan tng dugc t6i bing nuée va hdn hop thu duge duge chiét bing EtOAc (2 x).
Céc 16p hitu co két hop dugc rira béng nude mudi, 1am kho trén Na,S0y, loc, va cb trong
diéu kién 4p suat giam. Cin thd duoc tinh ché theo phuong phap ééc ky trén silicagel
(10% dén 100% EtOAc/Hex) d tao ra chit trung gian c6 cong thic 14e (2,19g, 86%) &

dang ran mau trang.

'"H NMR (400MHz, DMSO-dg) § 10,46 (s, 1H), 8,22 (s, 1H), 7,20 (s, 1H), 6,95 (s, 1H),
5,29 (d, ] = 4,6 Hz, 1H), 5,03 (dd, ] = 6,6, 4,7 Hz, 1H), 4,85 (t, J = 5,7 Hz, 1H), 4,72 (dd,
J=6,6, 3,6 Hz, 1H), 4,05 — 3,90 (m, 1H), 3,46 (t, ] = 5,6 Hz, 2H), 1,50 (s, 12H), 1,29 (s,
3H).

LC/MS: tg = 1,52 phit, MS m/z = 407,05 [M+H]; hé théng LC: Thermo Accela 1250

UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 100A, 50 x

3,00mm; cac dung mdi: axetonitril vdi 0,1% axit formic, nudc véi 0,1% axit formic;
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Gradien: 0 phut dén 2,4 phit 2% dén 100% ACN, 2,4 phit dén 2,80 phut 100% ACN, 2,8
pht dén 2,85 phut 100% dén 2% ACN, 2,85 phut dén 3,0 phut 2% ACN & 1,8ml/phut.

BocHN v BocHN

1) EDCI, Pyr, TFA, DMSO
2) H,CO, NaOH, dioxan,
3) NaBH,, EtOH

14e 14f

Chét trung gian 14f - Tert-butyl (7-((3aS,4S,6aS)-6,6-bis(hydroxymetyl)-2,2-dimetylt-
etrahydrofuro(3,4-d][1,3]dioxol-4-yl)pyrolo[2,1-f][1,2,4]triazin-4-yl)carbamat.

Chét trung gian c6 cong thirc 14e (1,78g, 4,38mmol) dugc hoa tan trong DMSO
(20ml) va toluen (15ml). Pyridin (0,35ml, 4,38mmol) va EDCI (1,26g, 6,56mmol) dugc
bd sung vao, tiép theo 1a TFA (0,178ml, 2,39mmol). Sau 90 phut, pyridin (0,35ml,
4,38mmol) va EDCI (1,26g, 6,56mmol) dugc bd sung thém vao va hdn hop phan ng nay
dugc khudy trong thoi gian thém 30 phit nita. Hon hop phan tng nay dugc t6i bing nudce
va hdn hop thu dugce duge chiét bing CH,Cl,. Phin nudce duge chiét nguoc bing CH,Cl,.
Céc 16p hitu co duge két hop va rira bang nudc mudi, 1am kho trén Na,SO,, loc, va ¢
trong diéu kién ap sudt giam. Chét tho dugc dwa vao trong chn khong cao trong thoi gian
15 phut, sau d6 dugc dung cho budc tiép theo.

Cén thd duoc hoa tan trong dioxan (15ml) va formaldehyt (37% trong nudc,
5,0ml, 37,2mmol) va NaOH 2N (5,34ml, 10,7mmol) dugc bd sung lién tuc. Sau thoi gian
10 phut, hdn hgp phan tng duge t6i bing AcOH va hdn hop thu dugc phan bd gitta dung
dich NaHCOj; sy bd0 hoa va CH,Cl,. Lép nudc duogc chiét ngugc bé'lng CH,Cl,. Céc 16p
hitu co dugc két hop va duogc rira bﬁng nudce mudi, 1am kho trén Na,SOy, loc, va ¢ trong
diéu kién 4p suét giam. Phan thé dugc dua vao chén khong cao trong thoi gian 15 phut,
sau d6 duoc 14y truc tiép vao phan tmg tiép theo.

Can tho duge hoa tan trong EtOH (50ml), va NaBH, (0,324g, 8,76mmol) dugc bd
sung thanh céc phan nhé. Sau 20 phut, hdn hop phan tng duoc t6i bing AcOH va cb
trong diéu kién 4p sudt giam. Cin thé dugc phan bb gitta EtOAc va dung dich

NaHCO3yy4c) b30 hoa. Lép hitu co duge tach, 1am kho trén Na,SOy, loc, va ¢ trong diéu
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kién 4p sudt giam. Czn thd dugc tinh ché theo phuong phép sic ky trén silicagel (50%
dén 100% BEtOAc/Hex) dé tao ra chét trung gian c6 cong thirc 14f (1,91g, 68%) & dang

ran mau trang.

'"H NMR (400MHz, DMSO-dg) § 10,45 (s, 1H), 8,20 (s, 1H), 7,19 (d, J = 4,3 Hz, 1H),
6,95 (d,J = 4,7 Hz, 1H), 5,35 (d, J = 5,2 Hz, 1H), 5,06 (t, T = 5,7 Hz, 1H), 4,79-4,74 (m,
2H), 4,45 (t, ] = 5,8 Hz, 1H), 3,73 — 3,46 (m, 3H), 3,40 — 3,30 (m, 1H), 1,50 (s, 12H),
1,27 (s, 3H).

LC/MS: tg = 1,45 phtut, MS m/z = 437,09 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cdc dung moi: axetonitril vdi 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phit dén 2,4 phit 2% dén 100% ACN, 2,4 phit dén 2,80 phit 100% ACN, 2,8
phut dén 2,85 phit 100% dén 2% ACN, 2,85 phut dén 3,0 phit 2% ACN & 1,8ml/phut.

BocHN

DMTrCl, TEA, CH,Cl,

>

6. 0O

14f 14g

Chét trung gian 14g - Tert-butyl (7-((3aS,48,68,6aS)-6-((bis(4-metoxyphenyl)(phenyl)-
metoxy)metyl)-6-(hydroxymetyl)-2,2-dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-
pyrolo[2,1-f][1,2,4]triazin-4-yl)carbamat.

Chét trung gian c6 cong thic 14f (1,15g, 2,63mmol) duoc hoa tan trong CH,Cl,
(50ml) va TEA (0,73ml, 5,27mmol) duge bd sung vao. Dung dich thu dugc 1am lanh dén
0°C va DMTtCl (1,35g, 3,95mmol) duogc bd sung vao. Sau thoi gian 10 phut, hdn hop
phan Ung duoc toi béng CH;0H, sau d6 dugc pha lodng béng CH,Cl,. Hén hop thu dugc
duoc ria bé‘mg dung dich NaHCOj 6y bdo hoa va nuéc mudi. L6p hitu co duge 1am kho

trén Na,SOy, loc, va cd trong diéu kién ap sut giam. Cin thd duoc tinh ché theo phuong
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phép sic ky trén silicagel (0% dén 100% EtOAc/Hex) dé tao ra chat trung gian c6 cong
thirc 14g (1,95g, 79%) & dang rin mau tréng duc.

'H NMR (400MHz, DMSO-dg) $10,46 (s, 1H), 8,23 (s, 1H), 7,56 — 7,07 (m, 10H), 7,07 —
6,70 (m, SH), 5,24 (d, ] = 5,2 Hz, 1H), 5,04 (t, T = 5,9 Hz, 1H), 4,93 — 4,71 (m, 2H), 3,80
3,59 (m, 7H), 3,52 (dd, J = 10,9, 4,8 Hz, 1H), 3,25 (d, J = 9,9 Hz, 1H), 3,09 (d, ] = 9,9
Hz, 1H), 1,50 (s, 9H), 1,25 (s, 3H), 1,21 (s, 3H).

LC/MS: tg = 2,54 phut, MS m/z = 739,28 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo L.CQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x 3,00mm; cac
dung moi: axetonitril véi 0,1% axit formic, nudc voi 0,1% axit formic; Gradien: 0 phut
dén 2,4 phit 2% dén 100% ACN, 2,4 phit dén 2,80 phut 100% ACN, 2,8 phat dén 2,85
phut 100% dén 2% ACN, 2,85 phut dén 3,0 phut 2% ACN & 1,8ml/phuit.

Y

149

Chit trung gian 14h - Tert-butyl (7-((3aS,4S,6R,6aS)-6-((bis(4-metoxyphenyl)(phenyl)-
metoxy)metyl)-6-(((tert-butyldimetylsilyl)oxy)metyl)-2,2-dimetyltetrahydrofuro[3,4-d]-
[1,3]dioxol-4-yl)pyrolo[2,1-f][1,2,4]triazin-4-yl)carbamat.

Chét trung gian c6 cong thirc 14g (1,53g, 2,08mmol) dugc hoda tan trong DMF
(10ml) va imidazol (0,42g, 6,23mmol) dugc bd sung vio, tiép theo 1a TBSCI (0,47g,
3,11mmol). Sau thoi gian 1 gid, hdn hop phan tng duge t6i bing metanol va phin bd
gitta EtOAc va 5% LiClyyge). Céc pha dugce tich va 16p hitu co dugc rﬁra béng nude mubi,
1am kho trén Na,SOy, loc, va ¢b trong didu kién 4p suit giam. Cin thd duoc tinh ché theo
phuong phép sic ky trén silicagel (0% dén 50% EtOAc/Hex) dé tao ra chit trung gian c6
cong thirc 14h (1,77g, 78%) & dang rin mau tréng duc.
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'"H NMR (400MHz, DMSO-dg) & 10,47 (s, 1H), 8,23 (s, 1H), 7,56 — 6,66 (m, 15H), 5,31
(d, T=4,9 Hz, 1H), 5,14 (dd, T = 6,5, 4,9 Hz, 1H), 4,73 (d, J = 6,5 Hz, 1H), 3,87 (d, J =
9,7 Hz, 1H), 3,72 (s, 6H), 3,53 (d, T = 9,7 Hz, 1H), 3,31 (m, 1H), 3,08 (d, J = 9,8 Hz, 1H),
1,50 (s, 9H), 1,25 (s, 3H), 1,22 (s, 3H), 0,75 (s, 9H), -0,04 (s, 3H), -0,08 (s, 3H).

LC/MS: tg = 2,34 phut, MS m/z = 853,50 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cac dung moi: axetonitril véi 0,1% axit formic, nudc vdi 0,1% axit formic;
Gradien: 0 phut dén 1,0 phut 2% dén 100% ACN,1,0 phut dén 2,80 phat 100% ACN, 2,8
phit ¢én 2,85 phit 100% dén 2% ACN, 2,85 phut dén 3,0 phiit 2% ACN & 1,8ml/pht.

BocHN . BocHN

TsOH, CHCl,

MeOH

14i

Chéit trung gian 14i - Tert-butyl (7-((3aS,4S,6R,6aS)-6-(((tert-butyldimetylsilyl)oxy)m-
etyl)-6-(hydroxymetyl)-2,2-dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrolo[2,1-f]-
[1,2,4]triazin-4-yl)carbamat.

Chét trung gian c6 cong thirc 14h (1,38g, 1,62mmol) dugc hoa tan trong clorofom
(20ml) va dung dich thu dugc 1am lanh dén 0°C. Sau do, dung dich chtra TsOH (0,34g,
1,78mmol) trong CH;OH (16ml) duoc bd sung vao tir tir. Sau 30 phﬁt, hdn hop phan tmg
dugc t6i biang dung dich NaHCO3 40 bdo hda, va hdn hop thu duge phan bd gitta EtOAc
va nude mudi. Cac 16p dugc tach va 16p hitu co duge lam kho trén Na,SO,, loc, va cd
trong didu kién 4p suit giam. Can thd duoc tinh ché theo phuong phap sic ky trén
silicagel (0% dén 100% EtOAc/Hex) dé tao ra chét trung gian c6 cong thic 14i (0,84g,

94%) & dang ran mau tréng.

'H NMR (400MHz, DMSO-dq) 5 10,42 (s, 1H), 8,20 (s, 1H), 7,19 (s, 1H), 6,89 (s, 1H),
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5,37 (d, J = 4,8 Hz, 1H), 5,05 (dd, T = 6,2, 4,8 Hz, 1H), 4,71 (d, ] = 6,2 Hz, 1H), 4,51 (¢, J
= 5.5 Hz, 1H), 3,70 (d, T = 10,2 Hz, 1H), 3,59 (d, J = 5,5 Hz, 2H), 3,49 (d, J = 10,2 Hz,
1H), 1,49 (s, 12H), 1,28 (s, 3H), 0,82 (s, 9H), -0,01 (s, 3H), -0,02 (s, 3H).

LC/MS: tg = 1,88 phat, MS m/z = 551,25 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC

Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 1004, 50 x 3,00mm; cac
dung moi: axetonitril v4i 0,1% axit formic, nuée véi 0,1% axit formic; Gradien: 0 phut
dén 1,0 phut 2% dén 100% ACN,1,0 phit dén 2,80 phit 100% ACN, 2,8 phit dén 2,85
phit 100% dén 2% ACN, 2,85 phut dén 3,0 phit 2% ACN & 1,8ml/phiit.

1) EDCI, Pyr, TFA, DMSO, Tol
2) NH20H*HCI, Pyr
3) CDI, ACN TBSO

14i

Chét trung gian 14j - Tert-butyl (7-((3aS,4S,6R,6aS)-6-(((tert-butyldimetylsilyl)oxy)m-
etyl)-6-xyano-2,2-dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrolo[2,1-f][1,2,4]t-

riazin-4-yl)carbamat.

Chét trung gian c6 cong thirc 14i (0,838g, 1,52mmol) dugc hoa tan trong DMSO
(5ml) va toluen (3ml). Pyridin (0,14ml, 1,67mmol) va EDCI (0,438g, 2,28mmol) dugc bd
sung vao, tiép theo 14 TFA (0,057ml, 0,761mmol). Sau 30 phut, thém pyridin (0,14ml,
1,67mmol) va EDCI (0,438g, 2,28mmol) dugc bd sung vao. Sau thdi gian 1 gid, thém
pyridin (0,14ml, 1,67mmol) va EDCI (0,438g, 2,28mmol) duogc bd sung vao. Sau 2 gio,
hdn hop phéan tng dugc tdi bing % dung dich NaHCOjs(yse bdo hda va phan bd giita
EtOAc va % dung dich NaHCO; ) bdo hoa. Cac 16p dugce tach va 16p hitu co duge 1am
kho trén Na,SOy, loc, va cd trong didu kién ap sut giam. Cén dugc hoa tan trong CH,Cl,
dugc ¢ trong chin khong cao trong thoi gian 1 gio dé tao ra cin ma duoc st dung truc

tiép cho bude tiép theo.
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Can dugc hoa tan trong pyridin (8ml) va hydroxylamin hydroclorua (0,159g,
2,28mmol) duge bd sung vao mét 1an. Sau 15 phit, hdn hop phan ting niy duogc cb trong
didu kién 4p sudt giam va phan b giita EtOAc va nudc. Lép hitu co dugc 1am kho trén
Na,SO;, loc, va cb trong didu kién ap suét giam. Cin tho duoc dit trong chan khong cao
trong thoi gian 30 phut va st dung nhu vay cho budc thir ba.

Can tho duge hoa tan trong ACN (8ml). CDI (0,37g, 2,28mmol) dugc bd sung vao
mot 1an. Sau 45 phut, thém CDI (0,37g, 2,28mmol) dugc bd sung vao. Sau thdi gian 1
gi®, hdn hop phan tng dugce toi bang ¥ dung dich NaHCOs 4 bdo hda. Chit thd duge
phan bd gitta EtOAc va 2 dung dich NaHCO;yysc) bd0 hoa. Céc 16p duge tach va 16p hitu
co duoc 1am kho trén Na,SO,, loc, va ¢ trong diéu kién 4p suét giam. Cin thé dugc tinh
ché theo phuong phap séc ky trén silicagel (0% dén 50% EtOAc/Hex) dé tao ra chit trung
gian c6 cong thuc 14j (0,72g, 87%) & dang rin mau tring.

'H NMR (400MHz, DMSO-dg) § 10,53 (s, 1H), 8,25 (s, 1H), 7,21 (s, 1H), 7,00 (d, T=4,6
Hz, 1H), 5,62 (d, J = 3,6 Hz, 1H), 5,28 (dd, T = 6,6, 3,7 Hz, 1H), 4,93 (d, ] = 6,6 Hz, 1H),
3,83 (s, 2H), 1,62 (s, 3H), 1,50 (s, 9H), 1,33 (s, 3H), 0,83 (s, 9H), 0,00 (s, 6H).

LC/MS: tg = 2,50 phut, MS m/z = 546,15 [M+H]; hé thdng LC: Thermo Accela 1250
UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cac dung mdi: axetonitril véi 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phit dén 2,4 phut 2% dén 100% ACN, 2,4 phiit &n 2,80 phut 100% ACN, 2,8
phut dén 2,85 phut 100% dén 2% ACN, 2,85 phut dén 3,0 phiit 2% ACN & 1,8ml/phit.
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Chit trung gian 14k -(3aS,4R,68S,6aS)-6-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-4-
(((tert-butyldimetylsilyl)oxy)metyl)-2,2-dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-

cacbonitril.

Chét trung gian c6 cong thic 14j (0,688g, 1,26mmol) dugc hoa tan trong CH,Cl,
(15ml). K&m bromua (0,567g, 2,52mmol) duoc bd sung vao mot 1an va hdn hop phan tmg
nay duoc khudy & nhiét d6 moi trudng. Sau 3 gid, hdn hop phan tng niy duoc bb sung
vao khay chua silic dioxit va tinh ché theo phuong phép sdc ky trén silicagel (40% dén
100% EtOAc/Hex) dé tao ra chit trung gian c6 cong thirc 14k (0,56g, 99%) & dang rén
mau tréng.

"H NMR (400MHz, DMSO-dy) & 7,86 (s, 1H), 7,80 (s, 2H), 6,85 (d, J = 4,5 Hz, 1H), 6,79
(d, J = 4,5 Hz, 1H), 5,55 (d, J = 3,7 Hz, 1H), 5,25 (dd, J = 6,6, 3,8 Hz, 1H), 4,92 (d, J =
6,6 Hz, 1H), 3,82 (s, 2H), 1,61 (s, 3H), 1,33 (s, 3H), 0,83 (s, 9H), -0,13 (s, 6H).

LC/MS: tg = 2,27 phat, MS m/z = 446,68 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cac dung méi: axetonitril voi 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phut dén 2,4 phit 2% dén 100% ACN, 2,4 phiit ¢én 2,80 phut 100% ACN, 2,8
phut dén 2,85 phut 100% dén 2% ACN, 2,85 phiit dén 3,0 phit 2% ACN & 1,8ml/phit.

Ac,0, pyridin

14k

Chét trung gian 141 - N-(7-((3aS,4S,6R,6aS)-6-(((tert-butyldimetylsilyl)oxy)metyl)-6-
xyano-2,2-dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrolo[2,1-f][1,2,4]triazin-4-

yl)axetamit.

Chét trung gian c6 cong thirc 14k (0,20g, 0,449mmol) duge hoa tan trong pyridin
(2ml), sau d6 axetic anhydrit (0,21ml, 2,24mmol) dugc b6 sung vao va hdn hop phan tmg
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ndy duoc khudy & nhiét d6 moéi trudng. Sau 30 phut, hdn hop phéan tng dugc toi bﬁng
metanol va co trong diéu kién &p suat giam. Cin tho duoc tinh ché mot cach truc tiép theo
phuong phap sic ky trén silicagel (0% dén 100% EtOAc/Hex) dé tao ra chit trung gian co
cong thirc 141 (0,185g, 85%) & dang rin mau tring.

'"H NMR (400MHz, DMSO-dg) & 10,87 (s, 1H), 8,31 (s, 1H), 7,24 (d, J = 4,7 Hz, 1H),
7,05 (d, J = 4,7 Hz, 1H), 5,65 (d, J = 3,6 Hz, 1H), 5,29 (dd, T = 6,6, 3,6 Hz, 1H), 4,93 (d, J
= 6,6 Hz, 1H), 3,84 (s, 2H), 2,36 (s, 3H), 1,62 (s, 3H), 1,33 (s, 3H), 0,83 (s, 9H), 0,00 (s,
3H), -0,01 (s, 3H).

LC/MS: tg = 1,14 phit, MS m/z = 488,38 [M+1]; hé thdng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cdc dung mdi: axetonitril v4i 0,1% axit formic, nudc véi 0,1% axit formic;
Gradien: 0 phtit dén 1,4 phut 2% dén 100% ACN, 1,4 phut dén 1,80 phit 100% ACN, 1,8
phut dén 1,85 phit 100% dén 2% ACN, 1,85 phiit dén 2 phut 2% ACN & 1,8ml/pht.

14] 14m

Chét trung gian 14m - N-(5-bromo-7-((3a8,4S,6R,6aS)-6-(((tert-butyldimetylsilyl)oxy)
metyl)-6-xyano-2,2-dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrolo[2,1-f][1,2,4]-

triazin-4-yl)axetamit.

Chét trung gian c6 cong thic 141 (80mg, 0,164mmol) dugc hoa tan trong DMF
(2ml) va NBS (29mg, 0,164mmol) dugc bd sung vao mot 1an. Sau 45 phit, hdn hop phan
mg nay duoc pha lodng bing metanol. Dung méi duoc loai bo troﬁg diéu kién 4p suét
giam. Can thd duoc tinh ché theo phuwong phép sic ky trén silicagel (0% dén 50%
EtOAc/Hex) dé tao ra chét trung gian c6 cong thirc 14m (50mg, 54%) & dang rin mau

tring duc.
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'H NMR (400MHz, DMSO-dg) § 10,13 (s, 1H), 8,42 (s, 1H), 7,29 (s, 1H), 5,65 (d, J = 3,2
Hz, 1H), 5,29 (dd, = 6,6, 3,2 Hz, 1H), 4,91 (d, J = 6,5 Hz, 1H), 3,84 (d, J = 1,6 Hz, 2H),

2,27 (s, 3H), 1,62 (s, 3H), 1,33 (s, 3H), 0,83 (s, 9H), 0,02 (s, 3H), 0,00 (s, 3H).

LC/MS: tg = 1,79 phut, MS m/z = 566,40 [M+1]; hé thdng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6u XB-C18 100A, SOV X
3,00mm; cdc dung mdi: axetonitril v6i 0,1% axit formic, nuéc véi 0,1% axit formic;
Gradien: 0 phut dén 1,4 phit 2% dén 100% ACN, 1,4 phat dén 1,80 phit 100% ACN, 1,8
phut dén 1,85 phit 100% dén 2% ACN, 1,85 phit dén 2 phut 2% ACN & 1,8ml/phiit.

Chit trung gian 14n - N-(7-((3aS,4S,6R,6a8)-6-(((tert-butyldimetylsilyl)oxy)metyl)-6-
Xyano-2,2-dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-5-flopyrolo[2,1-f][1,2,4]triazin-
4-yl)axetamit.

Chét trung gian c6 cong thirc 14m (50mg, 0,088mmol) dugc hoa tan trong THF
(2ml) va dung dich dugc 1am lanh dn -78°C. nBuLi (2,5M trong hexan, 0,071ml,
0,18mmol) dugc bd sung vao. Sau 5 phut, N-flobenzensulfonimit (NSFI, 33,4mg,
0,106mmol) dugc bd sung vao va hdn hop phéan ting nay duoc khudy trong thoi gian 5
phit. Sau d6, hdn hop phan tmg dugc t6i bang AcOH. Cac dung méi dugce loai bd trong
diéu kién 4p suét giam. Can thd duoc tinh ché theo phuong phép sic ky 16ng cao ap pha

d4o dé tao ra chit trung gian c6 cong thirc 14n (10mg, 22%) & dang rin mau tréng.
'H NMR (400MHz, Metanol-d,) & 8,13 (s, 1H), 6,80 (s, 1H), 5,65 (d, J = 3,5 Hz, 1H),
5,23 (dd, J = 6,7, 3,6 Hz, 1H), 4,97 (d, ] = 6,7 Hz, 1H), 3,92 (d, J = 1,7 Hz, 2H), 2,37 (s,

3H), 1,70 (s, 3H), 1,38 (s, 3H), 0,90 (s, 9H), 0,08 (s, 6H).

F NMR (376 MHz, Metanol-d,) & -156,43 (s).
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LC/MS: tg = 1,65 phat, MS m/z = 506,18 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x
3,00mm; cac dung mdi: axetonitril vdi 0,1% axit formic, nuéc véi 0,1% axit formic;
Gradien: 0 phut dén 2,4 phut 2% dén 100% ACN, 2,4 phtit dén 2,80 phiit 100% ACN, 2,8
phit dén 2,85 phut 100% dén 2% ACN, 2,85 phut dén 3,0 phut 2% ACN & 1,8ml/phut.

1) TFA, H,0

2) NH,OH, CH3OH

14n 25

Vi du 25 - (2R,38,4R,5S)-5-(4-amino-5-flopyrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-di-
hydroxy-2-(hydroxymetyl)tetrahydrofuran-2-cacbonitril.

Chét trung gian c6 cong thirc 14n (11mg, 0,022mmol) dugc dua vao dung dich
chira 50% dung dich TFA trong nuéc & nhigt ¢ moi trudong. Sau 2 gid, hdn hop phan tmg
duoc t6i biang Na,COs rén dé dat duoc d6 pH = 8. Dung moéi dugc loai bé trong diéu kién
&p suét giam va cin thd duge tinh ché theo phuong phép sic ky long cao &p pha dao. Céac
phan doan chira hop chat theo Vi du 25 duoc két hop va dé riéng va cac phan doan chira
N6-axyl duoc két hop va cb trong diéu kién 4p sudt giam. Can chit trung gian N6-axyl
dugc dua vao NHyOH ) ddm ddc (1ml) va hdn hop nay duoc dé khudy & nhiét do méi
truong. Sau 30 phut, hdn hop thu duge duge co trong didu kién &p sult giam va cin tho
duoc tinh ché theo phuong phap sic ky léng cao 4p (HPLC). Céc phan doan chira Vi du
25 dugc két hop v6i cac phan doan chira hop chét theo Vi du 25 dé riéng trudc d6 dé tao
ra hop chit theo Vi du 25 (4mg, 58%) & dang rin mau tring.

'"H NMR (400MHz, Metanol-dg) § 7,71 (s, 1H), 6,56 (s, 1H), 5,44 (d, J = 5,6 Hz, 1H),

4,48 (t, T = 5,6 Hz, 1H), 4,36 (d, ] = 5,5 Hz, 1H), 3,83 ((ABq, AS = 0,05ppm, J = 12 Hz,
2H).
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F NMR (376 MHz, Metanol-d,) 5 -161,81 (s).

LC/MS: tg = 0,47 phtit, MS m/z = 310,13 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; H¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6 XB-C18 100A, 50 x
3,00mm; cdc dung mdi: axetonitril véi 0,1% axit formic, nude véi 0,1% axit formic;
Gradien: 0 phut dén 1,4 phut 2% dén 100% ACN, 1,4 phtit dén 1,80 phut 100% ACN, 1,8
phut dén 1,85 phat 100% dén 2% ACN, 1,85 phut dén 2 phit 2% ACN & 1,8ml/phit.

14i 15a

Chét trung gian 15a - Tert-butyl (7-((3aS,4S,6R,6aS)-6-(((tert-butyldimetylsilyl)oxy)m-
etyl)-6-(clometyl)-2,2-dimetyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)pyrolo[2,1-f]-
[1,2,4]triazin-4-yl)carbamat.

Chét trung gian c¢6 cong thire 14i (100mg, 0,18mmol) duge hoa tan trong khan
pyridin (5ml). Triflometansulfonyl clorua (23ul, 0,22mmol) dugc b6 sung mdt 1an vio va
hSn hop phan tng nay dugc khudy trong thoi gian 45 phit & nhiét dd trong phong. Sau
do, triflometansulfonyl clorua (100pl) dugce bd sung tiép vao. Sau 30 phut, triflometan-
sulfonyl clorua (100ul) dugc bd sung thém vao. Sau 30 phit nira, triflometansulfonyl
clorua (100pl) dugc bd sung thém nita vao va hén hop phéan tmg nay dugc khudy trong
thoi gian 30 phut, tai thdi diém d6 hdn hop phan tmg duge c6 trong diéu kién &p suét
giam. Can thd dugc hoa tan trong DMF khan (Sml) va lithi clorua (153mg, 3,6mmol) sau
d6 duogc bd sung vao thanh mot lan. Hon hop thu dugc duge khqu ¢ nhiét 4o trong
phong trong thoi gian 16 gio. Hon hop phéan (mg nay dugc pha lodng béng etyl axetat
(50ml) va rira bang dung dich nudc natri clorua béo hoa dung dich (3 x 20ml). Lép hitu
co duogc 1am kho trén natri sulfat khan va cd trong diéu kién 4p sut giam. Cin thd dugc
tinh ché theo phuong phap sic ky trén silicagel (0% dén 20% etyl axetat trong hexan) dé

tao ra chét trung gian c¢6 cong thirc 15a.
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MS m/z = 569,0 [M-+H]. Hé théng MS: Thermo LCQ Advantage

Boc.
SN

15a 26
Vi du 26 - (2R,3S,4R,5S)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-(clometyl)-2-
(hydroxymetyl)tetrahydrofuran-3,4-diol.

Chét trung gian c6 cong thirc 15a duge hoa tan trong dung dich chira TFA va nuéc
(theo ty 18 1:1, 5ml) va hdn hop thu dugc duge khudy trong thdi gian 16 gid. Sau d6, hdn
hop phan img nay dugc duoc co trong diéu kién ap suét gidm. Céan thd dugc hoa tan trong
dung dich nudc natri bicacbonat va axetonitril va tinh ché theo phwong phép séc ky léng

cao ap diéu ché dé tao ra hop chit theo Vi du 26 (19mg, 34%) & dang bdt mau tring.

'H NMR (400MHz, D,0) § 7,61 (s, 1H), 6,72 — 6,64 (m, 2H), 5,19 (d, T = 9,1 Hz, 1H),
4,73 — 4,66 (m, 1H), 4,28 (d, T = 5,2 Hz, 1H), 3,78 (s, 2H), 3,72 — 3,57 (m, 2H).

MS m/z = 315,3 [M+H]. Hé thdng MS: Thermo LCQ Advantage

HO~F</’O
HO &_ O
OjR o
HO O‘P/' NH,
P(O)Cl; HO |
> 0]
[nBu3NH]2P207H2 N3“"
HO F
19 27 (TP7)

Vi du 27 (con duoc goi 1a TP7) - ((2R,3R,4R,5S)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-
yl)-2-azido-4-flo-3-hydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

Hop chét theo Vi du 27 dugc didu ché & dang mudi tetra-natri theo cach tuong tu

nhu d3 duoc mo ta trong Vi du TP4 bét dau véi hop chét theo Vi du 19.
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'H NMR (400MHz, D,0) § 7,76 (s, 1H), 6,83 (d, J = 4,4 Hz, 1H), 6,80 (d, J = 4,8 Hz,
1H), 5,94 (d, ] = 25,2 Hz, 1H), 5,24 (dd, T = 55,2, 5,2 Hz, 1H), 4,78 (dd, J = 26,8, 5,2 Hz,
1H), 4,08 — 4,18 (m, 2H).

F NMR (376 MHz, D,0) § -193,74 —-194,02 (m).

3P NMR (162 MHz, D,0) § -4,60 (d, J = 53,2 Hz, 1P), -10,25 (d, J = 48,4 Hz, 1P), -20,28
(t,J = 48,4 Hz, 1P).

P(O)Cls;

[nBu3N H]2P207H2

21 28

Vi du 28 - ((2R,3R,4R,5S)-5-(4-amino-5-flopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-azido-4-
flo-3-hydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

Hop chi theo Vi du 28 dugc didu ché & dang mudi tetra-natri theo cach tuong tu

nhu da dugc mo ta trong Vi du TP4 bat dau véi hop chét theo Vi du 21.

'"H NMR (400MHz, D,0) § 7,64 (s, 1H), 6,60 (s, 1H), 5,90 (d, J = 24,4 Hz, 1H), 5,20 (dd,
=548, 4,8 Hz, 1H), 4,72 (dd, ] = 27,2, 4,8 Hz, 1H), 4,05 — 4,18 (m, 2H).

F NMR (376 MHz, D,0) § -161,00 (s), -196,39 — -196,69 (m).

3P NMR (162 MHz, D,0) § -8,24 (d, J = 50,4 Hz), -14,20 (d, J = 46,0 Hz), -24,08 (t, J =
48,4 Hz).

MS m/z = 567,87 [M+1]. Hé théng MS: Thermo LCQ Advantage
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P(O)Cls;

>

[nBU3NH]2P207H2

22 29

Vi du 29 - ((2R,3R,4R,58)-5-(4-amino-2-flopyrolo[2,1-f][1,2,4]triazin-7-y1)-2-azido-4-
flo-3-hydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

Hop chét theo Vi du 29 duoc diu ché nhu mudi tetra-natri theo céch twong tuy ma

da duoc mo ta trong Vi du TP4 bét ddu véi Vi du 22.

"HNMR (400MHz, D,0) § 6,81 (d, J = 4,4 Hz, 1H), 6,75 (d, ] = 4,8 Hz, 1H), 5,81 (d, J =
24,4 Hz, 1H), 5,16 (dd, J = 54,4, 4,8 Hz, 1H), 4,70 (dd, J = 26,8, 4,4 Hz, 1H), 4,02-4,12
(m, 2H).

F NMR (376 MHz, D,0) & -75,95 (s), -196,51 — 196,80 (m).

P NMR (162 MHz, D,0) 5 -8,29 (d, T = 53,2 Hz), -14,22 (d, T = 48,4 Hz), -24,09 (¢, J =
48,4 Hz).

MS m/z = 567,59 [M+1]. Hé théng MS: Thermo LCQ Advantage

P(O)Cls;

[nBu3NH]2P207H2

23 30

Vi du 30 - ((2R,3R,4R,55)-5-(4-amino-5-flopyrolo[2,1-f][1,2,4]triazin-7-yl)-2-xyano-4-
flo-3-hydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

Hop chét theo Vi du 30 dugc didu ché & dang mudi tetra-natri theo cach tuong tu

nhu d& duge mo ta trong Vi du TP4 bat dau véi hop chat theo Vi du 23.
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'H NMR (400MHz, D,0) 8 7,64 (s, 1H), 6,57 (s, 1H), 5,87 (d, J = 24,8 Hz, 1H), 5,26 (dd,
J=53.6, 4,0 Hz, 1H), 4,82 (dd, ] = 25.2, 4,4 Hz, 1H), 4,26-4,35 (m, 2H).

°F NMR (376 MHz, D,0) & -161,05 (s), -194,92 — -195,19 (m).

31p NMR (162 MHz, D,0) & -8,22 (d, ] = 50,8 Hz), -14,48 (d, J = 48,4 Hz), 24,01 (t,J =
48,4 Hz).

MS m/z = 551,91 [M+1]. Hé thng MS: Thermo LCQ Advantage

HO\F)/’O Vidu31

P(O)Cls;

Vi du 31 (con duoc goi 1a TP11) - ((2R,3R,4R,55)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-
7-yl)-4-flo-3-hydroxy-2-metyltetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

Hop chét theo Vi du 31 dugc didu ché & dang mubi tetra-natri theo c4ch tuong tu

nhu di duoc md ta trong Vi du TP4 bét diu vdi hop chét theo Vi du 24

'H NMR (400MHz, D,0) & 7,66 (s, 1H), 6,78 (d, J = 4,8 Hz, 1H), 6,72 (d, J = 4,4 Hz,
1H), 5,58 (dd, J = 23,6, 2,4 Hz, 1H), 5,16 (ddd, J = 55,2, 5,2, 2,8 Hz, 1H), 4,51 (dd, J =
232,52 Hz, 1H), 3,88 (dd, J = 11,6, 6,0 Hz, 1H), 3,78 (dd, J = 10,8, 4,0 Hz, 1H), 1,2 (s,
3H).

1F NMR (376 MHz, D,0) § -195,74 —-196,01 (m).

3Ip NMR (162 MHz, D,0) & -8,24 (d, J = 50,4 Hz), -13,54 (d, J = 45,6 Hz), -24,11 (t,] =
48,0 Hz).

P(O)Cls;

[nBu3NH]2P207H2
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Vi du 32 (con duge goi la TP12) - ((2R,38,4R,5S)-5-(4-amino-5-flopyrolo[2,1-f][1,2,4]-
triazin-7-yl)-2-xyano-3,4-dihydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

Hop chét theo Vi du 32 duoc didu ché & dang mudi tetra-natri theo cach tuong tu

nhu da dugc mo ta trong Vi du TP4 bt dau véi hop chét theo Vi du 25.

'"H NMR (400MHz, D,0) & 7,59 (s, 1H), 6,57 (s, 1H), 5,44 (d, T = 6,0 Hz, 1H), 4,56 (d, J
=52 Hz, 1H), 4,48 (dd, J = 5,6 Hz, 1H), 4,16 (dd, J = 11,6, 6,0 Hz, 1H), 4,08 (dd, J =
11,2, 5,2 Hz, 1H).

F NMR (376 MHz, D,0) & -161,25 (s).

3P NMR (162 MHz, D,0) & -8,29 (d, J = 48,4 Hz), -14,49 (d, J = 53,2 Hz), -24,15 (t, ] =
48,4 Hz).

MS m/z = 549,90 [M+1]. Hé théng MS: Thermo LCQ Advantage

HO\F{’/O
HO o\,:(fo Vidu 33
HO O\P//O NH2
N\
HO
P(O)Cls; ©
- Cl—"
[I’IBU3NH]2P207H2
26 TP13

Vi du 33 (con duoc goi 1a TP13) - ((2R,3S,4R,5S)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-
7-y1)-2-(clometyl)-3,4-dihydroxytetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat.

Hop chét theo Vi du 33 dugc diéu ché & dang mudi tetra-trietylamin theo céach

tuong ty nhu da duoc mé ta trong Vi du TP3 bt dau v6i hop chit theo Vi du 26.

'H NMR (400MHz, D,0) & 7,76 (s, 1H), 6,92 (br s, 1H), 6,85 (br s, 1H), 5,32 (d, ] = 9,6
Hz, 1H), 4,78 (dd, J =8, 6,4 Hz, 1H), 4,53 (d, T = 5.6 Hz, 1H), 4,08 (dd, J = 10,0, 4,0 Hz,
1H), 3,83 — 3,95 (m, 3H), 3,07 (q, J = 7,6 Hz, 24 H), 1,16 (t, J = 7,6 Hz, 36 H).

3P NMR (162 MHz, D,0) § -9,44 (d, J = 45,6 Hz), -11,51 (d, J = 48,8 Hz), -22,95 (t, T =
48,4 Hz).

MS m/z = 555,06 [M+1]. Hé thong MS: Thermo LCQ Advantage
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{2 o

Q0F-0 _tBuMgCl _ 9 .
NH
O)\( Q DMF, THF )\rNH
ﬁﬁ 0, /jﬁo HO OH
1 PD3c

Vi du 34 (con dugc goi la PD6) - (2S)-2-etylbutyl 2-(((((2R,3R,4R,5S)-5-(4-amino-
pyrolo[2,1-f][1,2,4]triazin-7-yl)-2-xyano-4-flo-3-hydroxytetrahydrofuran-2-yl)metoxy)
(phenoxy)phosphoryl)amino)propanoat.

Hop chét theo Vi du 1 (3,8mg, 0,013mmol) dugc hoa tan trong N-metyl-2-
pyrolidon (0,2ml) khan va THF (0,1ml) dugc bd sung vio trong khi quyén argon. Sau do,
tert-butyl magie clorua (1M trong THF, 20pl, 0,024mmol) dugc bd sung vao & nhiét do
trong phong, va chit rin mau tring két tia. Sau 5 phut, dung dich chira p-nitrophenyl-
phosphoramidat PD3c¢ (12mg, 0,026mmol) trong THF (0,1ml) dugc bd sung vao hdn hop
phan Ung thanh mot 1an, va hén hop thu duoc dugc ning nhiét d 1én dén 50°C. Sau 20
gid, hdn hop phan tng dugc gidm nhiét do dén nhiét d6 trong phong va sau d6 duoc tinh
ché mot cach truc tiép theo phuong phap sdc ky 16ng cao ap didu ché (c6t Phenominex
Synergi 4u Hydro-RR 80A 150 x 30mm, 40% dén 100% axetonitril/nuéc gradien). Cac
phéan doan chtra san phém mong mudn duoc két hop va sdy kho & nhiét do thép dé tao ra
hop chit theo Vi du 34 (2,9mg, 37%, hdn hop chit ddng phan kh(”)ng}d_éi quang theo ty 1&

3:2) & dang rin mau tring.

'H NMR (400MHz, CD;0OD) & 7,80 (s, 0,3H), 7,78 (s, 0,6H), 7,38 — 7,10 (m, 5H), 6,85
(br dd, J = 4,7, 2,2 Hz, 1H), 6,75 — 6,71 (m, 1H), 5,54 — 5,46 (m, 1H), 4,65 — 4,58 (m,
1H), 4,53 — 4,31 (m, 3H), 4,07 — 3,84 (m, 3H), 1,54 — 1,39 (m, 1H), 1,38 — 1,19 (m, 7H),
0,92 — 0,81 (m, 6H) 29H

31p NMR (162 MHz, CD;0D) & 3,25 (br s).

LC/MS: tg = 1,55 phut, MS m/z = 603,19 [M+H]; hé théng LC: Thermo Accela 1250
UHPLC; Hé¢ théng MS: Thermo LCQ Fleet; Cot: Kinetex 2,6p XB-C18 100A, 50 x

4.6mm; cac dung mdi: axetonitril véi 0,1% axit axetic, nudc véi 0,1% axit axetic;
) ; g
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Gradien: 0 phat dén 2,0 phit 2% dén 100% ACN, 2,0 phut d&n 3,05 phat 100% ACN,
3,05 phtt dén 3,2 phtt 100% dén 2% ACN, 3,2 phut dén 3,5 phut 2% ACN & 2ul/pht.

HPLC: ty = 2,98 phut; hé théng sic ky long cao ap: loai Agilent 1100; Cot: Gemini 5p
C18 110A, 50 x 4,6mm; cdc dung mdi: axetonitril véi 0,1% TFA, nudc véi 0,1% TFA;
Gradien: 0 phut dén 5,0 phit 2% dén 98% ACN, 5,0 phut dn 6,0 phut 98% ACN &
2ml/phut.

tBuMgCl - :\< Q

00P-0">
Hn?
DMF, THF /\O)\rNHNHé 5H

D

7

NO,

P

Vi du 35 (con dugce goi 1a PD7) - (2S)-etyl 2-(((((2R,3S,4R,5S)-5-(4-aminopyrolo[2,1-f-
1[1,2,4]triazin-7-yl)-2-xyano-3,4-dihydroxytetrahydrofuran-2-yl)metoxy)(phenoxy)p-

hosphoryl)amino) propanoat.

Hop chét theo Vi du 1 (19mg, 65,3pmol) dugc hoa tan trong NMP (0,2ml). THF
(0,1ml) dugc bd sung vao, tiép theo 13 tert-butyl magie clorua (dung dich 1,0M trong
tetrahydrofuran, 0,098ml) & nhiét do trong phong trong khi quyén argon. Sau 5 phut,
dung dich chtta cht trung gian PD7a (didu ché dugc theo US20120009147A1, 51,4mg,
130pumol) trong THF (0,1ml) dugc bd sung vao, va hdn hop thu duge duge ning nhiét do
1én dén 50°C. Sau thoi gian 1 gid, hdn hop phan tmg dwoc giam nhiét do dén nhiét do
trong phong va tinh ché mot cach truc tiép theo phuong phép sic ky 16ng cao ap didu ché
(Phenominex Synergi 4u Hydro-RR 80A cot 150 x 30mm, 5% dén 100% axetonitril/nudc
gradien). Céc phan doan chira san phdm duoc két hop, va dugc ¢6 va cén thu duge dugce
tinh ché lai theo phuong phép sic ky 1ong cao dp diéu ché (c6t Phenominex Luna 5u C18
100 x 30mm, 5% dén 100% axetonitril/nudc gradien) dé tao ra hop chét theo Vi du 35
(12mg, 34%, hdn hop gém céc chit ddng phan khéng ddi quang theo ty 18 3:2) & dang rén

mau trang.

' NMR (400MHz, CD;0D) § 7,80 (d, J = 2,3 Hz, 0,4H), 7,78 (d, J = 2,3 Hz, 0,6H), 7,36
~ 7,12 (m, 5H), 6,88 — 6,81 (m, 1H), 6,76 — 6,70 (m, 1H), 5,53 — 5,46 (m, 1H), 4,66 —
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4,60 (m, 1H), 4,55 — 4,30 (m, 3H), 4,15 — 3,98 (m, 2H), 3,93 — 3,79 (m, 1H), 1,30 — 1,12
(m, 6H).

3P NMR (162 MHz, CD;0D) § 3,27 (br s).

LC/MS: tg ctia chit déng phan khong d8i quang chinh = 1,28 phut, MS m/z = 547,14
[M+H], tg cta chit dong phan khéng d8i quang phu = 1,30 phat, MS m/z = 547,04
[M+H]; hé théng LC: Thermo Accela 1250 UHPLC; Hé théng MS: Thermo LCQ Fleet;
Cot: Kinetex 2,6p XB-C18 100A, 50 x 4,6mm; cac dung méi: axetonitril véi 0,1% axit
axetic, nudc voi 0,1% axit axetic; Gradien: 0 phut dén 2,0 phit 2% dén 100% ACN, 2,0
phut dén 3,05 phut 100% ACN, 3,05 phut dén 3,2 phit 100% dén 2% ACN, 3,2 phut dén
3,5 phit 2% ACN & 2ul/phut.

HPLC: t cta chit dong phéan khong déi quang chinh = 2,44 phit, t ciia chit ddng phan
khéng ddi quang phu = 2,46 phut; hé théng séc ky 1ong cao ap: loai Agilent 1100; Cot:
Gemini S5p C18 110A, 50 x 4,6mm; cac dung mdi: axetonitril vdi 0,1% TFA, nudc véi
0,1% TFA; Gradien: 0 phit dén 5,0 phut 2% dén 98% ACN, 5,0 phut dén 6,0 phut 98%
ACN ¢ 2ml/phut.

Sang ché con dé xuét cac phuong 4n riéng biét 1an Iuot 13 cic hop chit c6 cong

thire (A), cong thuce (B), cong thirc (C), cong thice (D), va cong thirc (E):

(F)

trong d6, trong mdi trudng hop, X' thé hién nhém bao vé 0Xy va X? thé hién nhém bao vé

amin.
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Céac nhom bao v€ oxy hitu ich bao gom nhém bao vé silyl ete hodc nhém bao vé

loai benzyl, ké ca cdc nhém metoxybenzyl.

Céc nhém béo vé ete silyl hitu ich bao gdm céc nhém béo vé trimetylsilyl (TMS),
trietylsilyl (TES), dimetylisopropylsilyl (IPDMS), dietylisopropylsilyl (DEIPS), dimetyl-
thexylsilyl (TDS), t-butyldimetylsilyl (TBS hodgc TBDMS), t-butyldiphenylsilyl
(TBDPS), tribenzylsilyl, tri-p-xylylxilyl, triisopropylsilyl (TIPS), diphenylmetylsilyl
(DPMS),  di-t-butylmetylsilyl (DTBMS), triphenylsilyl (TPS), metyldiphenylsilyl
(MDPS), t-butylmetoxyphenylsilyl, tris(trimetylsilyl)silyl (sisyl), (2-hydroxystyryl)dimet-
ylsilyl (HSDMS), (2-hydroxystyryl)diisopropylsilyl (HSDIS), t-butylmetoxyphenylsilyl
(TBMPS), va t-butoxydiphenylsilyl (DPTBOS).

Céc nhém bao vé kiéu benzyl hitu ich bao gbm benzyl, benzyl d& halogen hoéa, p-
metoxybenzyl, benzyloxymetyl, 2,4-dimetoxybenzyl, 3,4-dimetoxybenzyl, 2,6-dimetoxy-
benzyl, p-CF;-benzyl, p-metylbenzyl, p-metoxylbenzyl, 3,5-dimetylbenzyl, p-tert-butyl-
benzyl, o-nitrobenzyl, p-nitrobenzyl, p-halobenzyl, k& ca p-Br-benzyl, 2,6-diclobenzyl, p-
xyanobenzyl, p-phenylbenzyl, 2,6-diflobenzyl, p-axylaminobenzyl (PAB), p-azidobenzyl
(Azb), 4-azido-3-clobenzyl, 2-triflometylbenzyl, p-(metylsulfinyl)benzyl, 2-picolyl, 4-
picolyl, 3-metyl-2-picolyl N-oxido, 2-quinolinylmetyl, diphenylmetyl (DPM), p,p’-di-
nitrobenzhydryl, triphenylmetyl, alpha-naphtyldiphenylmetyl, p-metoxyphenyldiphenyl-
metyl, di(p-metoxyphenyl)phenylmetyl, tri(p-metoxyphenyl)metyl, 4,4°,4”-tris(benzoylo-
xyphenyl)metyl, va cac nhom bao vé 2-naphtylmetyl.

Céc nhém bdo vé amin hitu ich bao gdm cdc nhém bao vé p-metoxybenzyl
cacbonyl (Moz hodc MeOZ), axetyl (Ac), benzoyl (Bz), p-metoxybenzyl (PMB), 3,4-
dimetoxybenzyl (DMPM), p-metoxyphenyl (PMP), tosyl (Ts hodc Tos), trifloaxetamit, va
trityl. C4c nhém bao vé amin hitu ich con bao gém cac nhém béo vé carbamat va cac
nhém bdo vé amit. Cac vi du vé céc nhém bao vé carbamat bao gdm céc metyl va etyl
carbamat nhu 9-florenylmetyloxycacbonyl (FMOC), 9-(2-sulfo)florenylmetyl, 9-(2,7-
dibromo)florenylmetyl, 17-tetrabenzo[a,c,g,i]florenylmetyl (Tbfmoc), 2-clo-3-indenylme-
tyl (Climoc), benz[f]inden-3-ylmetyl (Bimoc), 2,7-di-t-butyl[9-(10,10-diox0-10,10,10,10-
tetrahydrothioxanyl)jmetyl (DBD-Tmoc), [2-(1,3-dithianyl)metyl (Dmoc), va 1,1-dioxo-
benzo[b]thiophen-2-ylmetyl (Bsmoc) carbamat.
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Céc vi du v& etyl carbamat dugc thé hitu ich bao gdm 1,1-dimetyl-2-xyanoetyl, 2-
phosphonioetyl (Peoc), 2-metylthioetyl, 2-(p-toluensulfonyl)etyl, 2,2,2,-tricloetyl (Troc),
2-(trimetylsilyl)etyl (Teoc), 2-phenyletyl (hZ), 1-(1-adamantyl)-1-metyletyl (Adpoc), 1,1-
dimetyl-2-brometyl, 1,1-dimetyl-2-cloetyl, 1,1-dimetyl-2,2-dibrorﬁoetyl (DB-t-BOC),
1,1-dimetyl-2,2,2-tricloetyl (TCBOC), 1-metyl-1-(4-biphenylyl)etyl (Bpoc), 1-(3,5-di-t-
butylphenyl)-1-metyletyl (t-Bumeoc), 2-(2’pyridyl)etyl, 2-(4’pyridyl)etyl, 2,2-bis(4’-nitr-
ophenyl)etyl (Bnpeoc), N-(2-pivaloylamino)-1,1,dimetyletyl, 2-[(2-nitrophenyl)dithio]-1-
phenyletyl (NpSSPeoc), 2-(N,N-dixyclohexylcarboxamido)etyl, t-butyl (Boc hodc BOC),
1-adamantyl (1-Adoc), 2-adamantyl (2-Adoc), vinyl (Voc), alyl (Aloc hodc alloc), 1-
isopropylalyl (Ipaoc), xinamyl (Coc), 4-nitroxinamyl (Noc), 3-(3’-pyridyl)prop-2-enyl
(Paloc), 8-quinolyl, va N-hydroxypiperidinyl, cdc carbamat, cling nhu céac alkyldithio
carbamat, ké cd metyldithio, etyldithio, isopropyldithio, t-butyldithio, va phenyldithio

carbamat.

Céac carbamat chira aryl va carbamat chira aryl d& duogc thé ciing 13 hitu ich nhu
cac carbamat benzyl, p-metoxybenzyl, p-nitrobenzyl, p-bromobenzyl, p-clobenzyl, 2,4-
diclobenzyl, 4-metylsulfinylbenzyl (Msz), 9-anthrylmetyl, 4-metylthiophenyl (Mtpc), 1-
metyl-1-(triphenylphosphonio)etyl (2-triphenylphosphonioisopropyl) (Ppoc), 2-dansyletyl
(Dnseoc), 2-(4-nitrophenyl)etyl (Npeoc), 4-phenylaxetoxybenzyl (PhAcOZ), 4-azido-
benzyl (ACBZ), 4-azidometoxybenzyl, m-clo-p-axyloxybenzyl, p-(dihydroxyboryl)-
benzyl, carbobenzyloxy (Cbz), 4-benzisoxazolylmetyl (Bic), 2-(triflometyl)-6-chromonyl-
metyl (Tcroc), phenyl, va diphenylmetyl. Cac carbamat bd sung bao gdm céc carbamat
butynyl, xyclopentyl, xyclohexyl, xyclopropylmetyl, 1-metylxyclobutyl, 1-metylxyclo-
hexyl, 1,1-dimetylpropynyl, va 1-metyl-1-xyclopropylmetyl.

Cac nhém bao vé amit hiru ich dbi véi cac amin bao gém cac amit N-formyl, N-
axetyl, N-cloaxetyl, N-tricloaxetyl, N-trifloaxetyl (TFA), N-phenylaxetyl, N-3-phenylpro-
pionyl, N-4-pentenoyl, N-picolinoyl, N-3-pyridylcarboxamido, N-benzoylphenylalanyl,
N-benzoyl, va N-p-phenylbenzoyl.

Hoat tinh khang virut

Theo khia canh khac, sang ché dé xuét cac phuong phap trc ché nhidm virut, bao

gbm viéc xtr Iy miu hoic diéu tri dbi twong bi nghi can tc ché nhu viy bing ché pham
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theo sang ché.

DPugc xem xét trong ban md ta ndy gdm cac mau nghi chua virut bao gdm céc
nguyén liéu tw nhién hoic nguyén liéu nhan tao nhu co thé sdng; gidng cdy md hoic
gidng cly té bao; cac miu sinh hoc nhw c4c mAu nguyén liéu sinh hoc (cAc mAu mau,
huyét thanh, nuéc tiéu, dich ndo tiy, nudc mét, nude dai, nude bot, mo, va nguyén liéu
tuong tu); cac mau phong thi nghiém; cidc mau dd #n, nude, hoic khong khi; cdc mAu san
phim sinh hoc nhu chiét xuit t& bao, ddc biét 1a cic t& bao tii td hop tdng hop
glycoprotein mong mudn; va cac nguyén liéu twong tw. Thong thudng, miu nay s& bj nghi
chtra sinh vat ma giy nhiém virut, thuong 13 sinh vt gdy bénh nhu virut cia khdi u. Cac
mAu c6 thé dugc chira trong mdi trudng bat ky bao gdm nudce va dung mdi hitu co\nude
hdn hop. Cac mAu bao gdm co thé séng nhu ngudi, va cic nguyén liéu nhan tao nhu

giong cay te bao.

Néu mudn, hoat tinh khang virut ctia hop chét sau khi ding dugc phdm nay c6 thé
duoc quan sat theo phuwong phap bat ky bao gdm phuong phép truc tiép va phuong phap
gian tiép phat hi¢n hoat tinh nay. T4t ca cac phuong phép dinh tinh, dinh luong, va ban
dinh lugng x4c dinh hoat tinh nay déu dugc du tinh. Thong thudong, mot trong s6 cac
phuong phép sang loc néu trén dugc 4p dyng, tuy nhién, phuong phép bét ky khac nhu

quan sat cac tinh chét sinh ly ciia co thé séng ciing ¢6 thé dugc 4p dung.

Hoat tinh khéng virut cia hgp chét c6 thé dugc do bing cach 4p dung quy trinh
sang loc chudn ma 14 da biét. Vi dy, hoat tinh khang virut cia hop chét ¢ thé duge do

bing cach 4p dung cic quy trinh chung dudi day.
Thtt nghiém hoat tinh khang virut dbi vé6i virut hgp bao hé hap (RSV) va thir nghiém doc
tinh ddi véi té bao
Hoat tinh khang RSV

Hoat tinh khang virut d6i véi RSV dugc xac dinh bing cach 4p dung thir nghiém
bao vé té bio khéi tic dung gdy bénh cho té bao do 14y nhiém & cac t& bao HEp-2. Trong
thir nghiém ndy, cac hop chit tic ché nhiém vd/hodc sao chép virut sinh ra tac dung béo

vé t& bao khang lai hién tuong diét té bao do virut giy rama co thé duoc dinh luong béng

céch str dung chét phan ting sirc séng cia té bao. Céc k§ thuat dugc p dung theo sang
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ché 14 cac phuong 4n thich Gtng méi cua cac phuong phéap da duge boc 19 trong tai liéu da

duoc cong bd (Chapman et al., Antimicrob Agents Chemother, 2007, 51(9):3346-53.)

Céc té bao HEp-2 nhan duge tir ATCC (Manassas, VI) va dugc duy tri trong moi
trudng MEM c6 bd sung 10% huyét thanh bao thai bd va penixilin/streptomyxin. Céc té
bao duogc ciy truyén hai 14n mot tuan va duoc gilt & giai doan cén hop luu. Dung dich géc
thwong mai chira ching RSV A2 (Advanced Biotechnologies, Columbia, MD) dugc
chudn do trudc khi thir nghiém hop chét dé xac dinh mic d6 pha lodng thich hop cta

virut gdc nay ma tao ra tdc dung bdo vé té bao mong mudn & cac t€ bao HEp-2.

Déi voi thtr nghiém khang virut, céc té bao HEp-2 dugc cho sinh trudng trong
binh nudi ciy t& bao to dén gan hop luu nhung chua hoan toan dat dén murc d6. Cac hop
chit s& duoc thir duoc pha loding so b trong DMSO trong dia pha lodng hop chét loai
384 13, thanh 8 hodc 40 mAu mdi dia dinh dang dap tng liéu lugng dd duge chuin hoa.
Dich pha lodng theo bac 3 14n ctia mdi hop chét thir nghiém dugc didu ché trong cac dia
ndy va cac mau thir nghiém dugc chuyén qua thiét bj chuyén 4m (Echo, Labcyte) & nong
d6 100nl mdi 16 vao cac dia thir nghiém nudi cly té bao loai 384 15. Mdi dich pha lodng
hop chét duoc chuyén vao mot mau hoic bbén mAu 13p lai trong dia thir nghiém kho, ma
duge bao quéan cho dén khi sin sang thir nghiém. P&i chimg duong tinh va d6i chimg am

tinh dugc dit & cac dau dbi dién nhau trén dia trong cac khéi thang dimg (1 cot).

Sau d6, hdn hop gay nhiém dugc diéu ché bing cach sir dung dich pha lodng thich
hop chita dung dich gdc chira virut duge xé4c dinh true bing cach chuln d bang céc té
bao & mét d6 50.000/ml va 20ul/1d duge bd sung vao céc dia thit nghiém c6 sin céc hop
chit nho hé théng tu dong (uFlow, Biotek). Mdi dia déu bao gdm ddi ching 4m tinh va
dbi chimg duong tinh (16 ban l3p lai mdi loai) dé 14n lugt tao ra chuin cac mc o e ché
virut 0% va 100%. Sau khi cho nhiém RSV, c4c dia thir nghiém dugc 0 trong thoi gian 4
ngay trong budng & nudi ciy té bao & 37°C. Sau khi 1, chit phan tmg sirc séng ctia té bao,
Cell TiterGlo (Promega, Madison, WI) dugc bd sung vao dia thtt nghiém, ma duge 0
nhanh, va s doc v& mirc do phat quang dugc do (Envision, Perkin Elmer) & tit ca cac dia
thtt nghiém. Tac dung gy bénh té bao do RSV gly ra, muc do tc ché theo phan trim,
duoc x4c dinh tir mtc d0 st sdng cua té bao con lai. Cac s6 do ndy duogc tinh dbi véi

mdi néng do dugc thir so véi doi chimg e ché 0% va 100%, va tri s6 ECsy doi véi mbi
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hop chét dugc x4c dinh theo hdi quy phi tuyén tinh 12 ndng do e ché tac dung gy bénh
té bao do RSV gay ra 50%. Céc hop chét cong cu khang RSV c6 tiém ning khac nhau

duge dung 1am déi chimg tich cyc vé hoat tinh khang virut.
Thtt nghiém gay doc té bao & céc té bao HEp-2

Poc tinh déi véi té bao cta cac hop chét da duge thir dugce xéc dinh & céc té bao
HEp-2 khong bi nhiém song song véi hoat tinh khang virut bing cach sir dung chét phan
g stre séng ctia té bao theo cach tuong tu nhu da dugce bdc 16 trude day d6i véi cac loai
té bao khac (xem tai liéu: Cihlar et al., Antimicrob Agents Chemother, 2008, 52(2):655-
65.). Quy trinh x4c dinh hoat tinh khang virut dugc 4p dung d& do ddc tinh déi véi té bao
ciia hop chét chi khac céc t& bao khong nhiém RSV. Thay vao d6, hdn hop té bao khong
nhiém & cuing mot mat do dugc bd sung & néng d6 20ul/16 vao cac dfa chira cac hop chét
da dugc pha loang trudc, cling ¢ ndng dd 100nl/mau. Sau do, cac dia thir nghiém duge 0
trong thoi gian 4 ngay, tiép theo 14 thir nghiém vé strc séng cua té bao bing céch bd sung
cung chat phan tmg CellTiter Glo va do sé doc vé mirc do phat quang. Céc té bao khong
duoc xtt ly va cac té bao duge xir Iy bing 2uM puromyxin (do Sigma, St. Louis, MO
cung cép) duge dung 14n luot 1am dbi chimg sttc séng clia t& bao 100% va 0%. Phéan trim
of strc sdng ctia té bao dugc tinh dbi véi timg ndng do hop chat duge thir so véi céc dbi
chimg 0% va 100% va tri s& CCs, dugc xé4c dinh theo hdi quy phi tuyén tinh khi néng d0

hop chét 1am gidm 50% st sdng cia té bio.
Tht nghiém ddc tinh déi vai té bao & cac té bao MT-4

Dong té bao MT-4 nhan duge tir chuong trinh chét phan tmg nghién cttu AIDS va
tham chiéu NIH (NIH AIDS Research and Reference Reagent Program) (Germantown,
MD) va dugc nudi cdy trong moi trudng RPMI-1640 (Irvine Scientific, Santa Ana, CA,
danh muc san pham sé # 9160) c6 bd sung 10% FBS, 100 don vi/ml penixilin, 100 don
vi/ml streptomyxin, va 2mM L-Glutamin. Céc té bao MT-4 dugc cho qua hai 1an mdi
tudn dé duy tri mat do té bao thap hon 0,6 x 10° t& bao/ml. M6i truong RPMI-1640 hoan
chinh chtra 100x ndng do hop chét da dugc pha lodng theo bac 3 lan, nim trong khoang
tir 26nM dén 530uM, duoc dén 1dp lai bdn I4n vao cac dia den loai 384 15. Sau khi bd
sung hop chét vao, 2 x 10° t& bao MT-4 dugc bd sung vao timg 16 bang cach st dung

dung cu pha ché chét 1éng MicroFlo (BioTek, Winooski, VT) va céc té bao dugc nudi cly
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trong 5 ngay & 37°C trong budng u chita 5% CO,. Sau khi 1, cac té bao dugc dé can bang
dén 25°C va strc sdng cua t& bao duge x4c dinh bing cach bd sung 25ul chit phan tmg
sttc sbng Cell-Titer Glo. Hon hop nay duge u trong thdi gian 10 phit & 25°C, va tin hiéu
phat quang duoc dinh luong trén dau doc dia Victor Luminescence. Tri s6 CCs, dugc x4c
dinh 12 ndng do cua hop chét ma lam giam 50% sitc séng ctia t& bao nhu duge xac dinh
theo tin hiéu trén Cell-Titer Glo. Dt liéu duoc phan tich bing cich 4p dung phin mém
Pipeline Pilot Plate Data Analytics Collection (phién ban 7.0, Accelrys, San Diego, CA).
Céc tri s& CCs, duge tinh tir phan tich hdi quy phi tuyén tinh bang cich 4p dung phuong
trinh  liéu luong-dép tUng hinh xichma 4 théng s6: Y = diy + (dinh-
day)/(1+10°[(LogCC50-X)*dd ddc]), trong d6 dinh va d4y duge 4n dinh lan lugt & mirc
strc séng cua té bao 100% va 0%. Tri s CCs, duge tinh & dang trung binh + dao dong

chuén 13 ctia 3 thir nghiém doc 1ap.

Vi du ECso/ pM HEp-2 CCsy / pM MT-4 CCsy / pM
1 73 >50 >53
2 9,6 >100 >106
3 2,0 >100 >106
4 30 >50 >53
5 2.1 >50 >53
10 (PD1) 1,0 39 7.3
11 (PD2) 12 42 19,7
12 (PD3) 3,0 >50 27
13 10,5 >100 >106
14 40 >100 >106
15 (PD4) 1,6 35 7,9
16 (PD5) 0,3 18 25
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19 0,40 >44 16
20 >50 >50

21 50 36 15
22 0,57 >100 32
23 23,5 72 21
24 1,0 >100 11
25 9,2 >100 >903
26 >50 4 >57
34 (PD6) 0,21 =50 >50
35 (PD7) 0,34 >50 77

Loi ich khac lién quan dén wu diém cua céc hop chit mang thay thé R* so véi cac hop

chét thiéu thay thé R* (tic 1a cac hop chét ma trong d6 R*= H) v& doc tinh di véi té bao
MT-4. Vi du, hop chét (2S,3R,4S,5R)-2-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-yl)-5-(hyd-
roxymetyl)tetrahydrofuran-3,4-diol (xem tai liéu: Patil, S. A.; Otter, R. A.; Klein, R. S.
Tetrahedron Lett, 1994, 35, 5339-5342), ¢4 c4u truc:

\\\\\
N
0)

H

thé hign CCyy ddi v6i MT-4 = 0,007uM; trong d6 cac hop chét theo cac Vi du 1, 4, 5, 20,
va 26 déu thé hién CCs, dbi véi MT-4 > 53uM. Hon thé nita, hop chét (2R,3R,4R,5S)-5-
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(4-aminopyrolo[1,2-f][1,2,4]triazin-7-yl)-4-flo-2-(hydroxymetyl)tetrahydrofuran-3-ol
(W02012037038A1), cb cau truc:

HO N A

S ",,
N
S Z
o T
F

H

thé hién CCs, dbi véi MT-4 = 30uM; trong d6 cac hop chit theo cac Vi du 2, 3, 13, va 14
déu thé hién CCs, dbi véi MT-4 > 106uM.

Loi ich lién quan dén wu diém cta cac hop chit ma R® = F mang thay thé R* so véi cac
hop chét khong mang thay thé R* (tirc 1a cac hop chét trong d6 R*= H) vé hoat tinh khang
RSV cua HEp-2. Vi du, hop chét (2R,3R,4R,5S)-5-(4-aminopyrolo[1,2-f][1,2,4]triazin-7-
yl)-4-flo-2-(hydroxymetyl)tetrahydrofuran-3-ol (W02012037038A1) c¢6 ciu tric néu trén
c6 tri 6 ECsy ciia HEp-2 =>100pM; trong d6 céc hop chét theo cac vi du 2, 3, 13, 14, 19,
21,22, 23, va 24 déu thé hién ECs, = <100uM.

Diéu ché RSV RNP

Céc phirc RSV ribonucleoprotein (RNP) duoc diéu ché theo phuong phap duge
cai bién tir Mason et al (1). Cac té bao HEp-2 dugc cdy vao dia & mat do 7,1 x 10* té
bao/cm® trong MEM + 10% huyét thanh bao thai bd (FBS) va d& bam qua dém & 37°C
(5% CO,). Sau khi bam, céc té bao dugc chuyén nhiém véi RSV A2 (MOI=5) trong 35ml
MEM + 2% FBS. Tai thoi diém 20 gio sau khi nhiém, méi trudng duoc thay bing MEM
+ 2% FBS ¢6 bd sung actinomyxin D & ndng d6 2ug/ml va dua trd lai 37°C trong thoi
gian mot gid. Sau do, cic té bao dugc rira mot 14n bang PBS va xtr Iy bing 35ml PBS +
250pg/ml lyso-lexitin trong thdi gian mét phut, sau d6 toan bo chat 1ong duge hut di. Cac
té bao duoc thu gom bang cach bo ching vao 1,2ml dung dich dém A [50mM Tris axetat
(d6 pH =8,0), 100mM kali axetat, ImM DTT va 2pg/ml actinomyxin D] va dugc phén

giai bang cach cho 1ap lai qua kim ¢& 18 (10 1an). Dich phén giai té bao dugc dua vao
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nudc dé trong thoi gian 10 phut va sau @6 dugce ly tam & toc do 2400g trong thoi gian 10
phtt & 4°C. Dich ndi (S1) dugc loai bd va vién (P1) duoc pha v& trong 600ul dung dich
dém B [10mM Tris axetat (46 pH =8,0), 10mM kali axetat va 1,5mM MgCl,] ¢6 bd sung
1% Triton X-100 bang cach cho I3p lai qua kim ¢& 18 (10 1an). Vién d& duoc tao huyén
phtt lai duge dua vao nude d4 trong thoi gian 10 phit va sau d6 dugc ly tim & 2400g
trong thoi gian 10 phit & 4°C. Dich ndi (S2) duoc loai bd va vién (P2) bi pha v& trong
600ul dung dich dém B c6 b sung 0,5% deoxycholat va 0,1% Tween 40. Vién d3 dugc
tao huyén pht lai duoc dua vao nuée da trong thoi gian 10 phit va sau d6 duoc ly tdm &
2400g trong thoi gian 10 phut & 4°C. Phan doan dich ndi (S3), chira phuc RSV RNP 33
dugc 1am giau, duoc gom va ndng do protein duge x4c dinh theo mttc d6 hép thu tia cyc

tim ¢ 280nm. C4c phén doan RSV RNP S3 dugc bao quan & -80°C.
Thtr nghi€ém RSV RNP

Céc hdn hop phan tng phién mi chua 25 pug phire RSV RNP thé trong 30ul dung
dich dém phan Umg [S0mM Tris-axetat (40 pH =8,0), 120mM kali axetat, 5% glyxerol,
4,5mM MgCl,, 3mM DTT, 2mM axit etylenglycol-bis(2-aminoetylether)-tetraaxetic
(EGTA), 50pug/ml BSA, 2,5U RNasin (Promega), ATP, GTP, UTP, CTP va 1,5uCi [o-
2P] NTP (3000Ci/mmol)]. Nucleotit dd duoc danh ddu phong xa dugc ding trong thu
nghiém phién ma duogc chon dé khép chét tuong tu nucleotit dugc danh gia vé muc do e
ché phién m3 RSV RNP. NTP canh tranh lanh dugc bd sung vao ¢ néng dd cudi cung
mot nta K, cva n6 (ATP= 20uM, GTP= 12,5uM, UTP= 6uM va CTP= 2uM). Ba

nucleotit con lai duge bd sung vao & nc‘A)ng do cubdi cung 100pM.

Dé x4c dinh xem liéu céc chat tuong tw nucleotit c6 trc ché phién ma RSV RNP
hay khong, c4c hop chit duoc bd sung vao bang cach 4p dung quy trinh pha loéng theo
bac gdm 6 budc véi mirc gia tang 5 1an. Sau 90 phut 1 & 30°C, cac phan tmg RNP dugc
dimg bang 350l dung dich dém phan giai Qiagen RLT va ARN dugc tinh ché bing céch
str dung kit Qiagen RNeasy 96. ARN tinh khiét duogc lam bién tinh trong dung dich dém
nap mau ARN (do Sigma cung cép) & 65°C trong thoi gian 10 phut va chay trén gel 1,2%
agaroza/MOPS chira 2M formaldehyt. Gel agaroza nay dugc lam khd va dugc phoi man
hinh phospho Storm va dugc hién hinh bing cach sir dung thiét bj hinh phospho Storm
(do GE Healthcare cung cép). Nong do ctia hop chit ma lam giam 50% téng san phim
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phién ma d& dugc ddnh du phéng xa (ICsg) duoc tinh theo phan tich hdi quy phi tuyén

tinh dbi véi hai 14n 1ap lai.

Tai liéu tham khdo Mason, S., Lawetz, C., Gaudette, Y., Do, F., Scouten, E., Lagace, L.,
Simoneau, B. and Liuzzi, M. (2004) Polyadenylation-dependent screening assay for
respiratory syncytial virus RNA transcriptase activity and identification. Nucleic Acids
Research, 32, 4758-4767.

Vidu ICsy/ pM
6 (TP1) 0,086
7 (TP2) 1

8 (TP3) 0,025
9 (TP4) 0,12
17 (TP5) 0,56
18 (TP6) 0,42
27 (TP7) 0,097
28 (TPS) 0,086
29 (TPY) 0,080
30 (TP10)

31 (TP11)

32 (TP12) 0,022
33 (TP13)

-171-



27385

Co s& xem xét tiép theo lién quan dén vu didm rang cac hop chit 1am vi du thé hién tiém
nang tc ché phién mé RSV RNP so véi cac hgp chét ¢6 thay thé 2’CMe. Vi du, ((2R,3R,-
4R,58)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-4-metyltetrahydro-
furan-2-yl)metyl tetrahydrogen triphosphat (WO2008089105A2, va W02010002877A2),

cd cau trac:

thé hién ICsy = 8,5um; trong khi d6 hop chét theo Vi du TP3 thé hién ICs, = 0,025pum.
Hon thé nita, hop chét ((2R,3R,4R,55)-5-(4-aminopyrolo[2,1-f][1,2,4]triazin-7-y1)-4-flo-
3-hydroxy-4-metyltetrahydrofuran-2-yl)metyl tetrahydrogen triphosphat
(WO 2011035231 A1), ¢6 cAu truc:

thé hién ICs, = >100uM; trong d6 hop chét theo Vi du TP1 thé hién ICs = 0,086uM va
hop chit theo Vi du TP2 thé hién ICsy = 1uM.
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YEU CAUBAO HQ

1. Hop chat c6 cong thirc (I), hoic mudi duoc dung ciia né:

RS-0

trong do:
R'la H hoic F;
R%1a H hoic F;
R’ 1a OH hoic F;

R* 1a CN, C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, C;-C, xycloalkyl, azido,
halogen, hodc C;-C, haloalkyl;

RS 1a OH; va

R’ duoc chon tir nhém gém H va:

9 0
9 o I 73
HO—I/°—§— HO—'/Iél\ /é/_g_ Ho:z\o/l/:’\o/lpl_g_

-173-



27385

R® 0o
re—l s . |
(CHz)n\O/p_ _ RU }
0 / va N
10
R s—cuy)—° | R
o 3
0
R1 2

trong do:
n’ dugc chontir 1, 2, 3, va 4;

R® duogc chon tir C;-Cy alkyl, -O-C;-C; alkyl, benzyl, -O-benzyl, -CH,-C5-Cq
xycloalkyl, -O-CH,-C;-C¢ xycloalkyl, va CF;;

R’ dugc chon tir phenyl, 1-naphtyl, 2-naphtyl,

N

§|\ X g/ \N

R'® duge chon tir H va CHs;
R'! duge chon tir H va C;-Cg alkyl; va

R'? duoc chon tir H, C;-Cg alkyl, benzyl, C;-Cs xycloalkyl, va —CH,-C5-Cg

xycloalkyl.

2. Hop chét theo diém 1, hosic mudi duoc dung ciia né, trong d6 R' 1a H.

3. Hop chét theo diém 1 hodc 2, hodc mudi dugc dung ciia né, trong d6 R* 1a H.

4. Hop chét theo diém bAt ky trong s6 cac diém tir 1 dén 3, hodc mudi dugc dung cua

nd, cé cdng thurc (1I):
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trong do:
R’ 12 OH hoic F;

R* 1a CN, C,-C, alkyl, C,-C4 alkenyl, C,-C, alkynyl, C;-C, xycloalkyl, azido,
halogen, hodc C;-C, haloalkyl; va

R’ duoc chon tir nhém gdm H va:

0 0
o 9 T o
HO—P—S- I / NP l
/ HO—P _p—23- HO™ | O//\O/P_ -
HO [ S0 o o Ol
s HO HO ’ 5
RQ
1 o ot
8 — , l
R S (CHz)n\O/p__i_ R |
0 / va N\
rR—ls—(cuy,—0 | R®
O >
/ 0
R12
trong do:

n’ duoc chon tir 1, 2, 3, va 4;

R® duogc chon tir C;-Cg alkyl, -O-C;-Cg alkyl, benzyl, -O-benzyl, -CH,-C;-Cs
xycloalkyl, -O-CH,-C;-C¢ xycloalkyl, va CFj;
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R’ 14 phenyl;

R'® duoc chon tir H va CHs;

R duoc chon tir H va C;-Cg alkyl; va

R'? dugc chon tir H, C;-Cg alkyl, benzyl, C;-C¢ xycloalkyl, va —CH,-C5-Cg

xycloalkyl.

5. Hop chét theo diém bét ky trong sb cac diém tir 1 dén 4, hodc mudi duoc dung cta
nd, trong d6 R* 1a CN, metyl, etyl, etenyl, etynyl, azido, F, Cl, -CH,Cl, -CH,F, -CHF,,
hodc —CF;.

6. Hop chét theo diém bét ky trong s6 cac diém tir 1 dén 5, hoac mudi duge dung cta

né, trong d6 R* 13 F.

7. Hop chét theo diém bét ky trong s6 cac diém tir 1 &én 5, hodc mudi duge dung cia
né, trong d6 R> 1a OH.

8. Hop chit theo diém 4, hodc mudi duoc dung ctia n6, trong d6 R* 1a CN.

9. Hop chét theo diém 4, hodc mudi dugc dung clia n6, trong @ R* 13 metyl, etyl,

vinyl, hoac etynyl.

10.  Hop chét theo diém 6 hoic 7, hodc mudi dugc dung cta né, trong d6 R* 1a

halometyl.

11.  Hop chat theo diém bat ky trong s cac diém tir 1 dén 10, hosic mudi dugc dung

clia nd, trong d6 R® 1a H.

12.  Hop chét theo diém bét ky trong s cac diém tir 1 dén 10, hoic mubi duoc dung

ctia né, trong d6 R® dugc chon tir nhém bao gdm:
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i 0 I 0 7
HO—;’—?— HO-/P/\ /Ig—g— HO:(I)/D\O//P\O//A_E_
HO : o Ol : HO 1o :
o
? o\loFl,_é O#T_é
RB/J\\ST;A\\/// g va SN
s/u\s/\/ O/z/
R o
R12
trong do:

R® dugc chon tir C-Cg alkyl, -O-C;-C;s alkyl, benzyl, va -CH,-C;-C¢ xycloalkyl; va

R'? dugc chon tir C;-Cg alkyl, benzyl, C;-C¢ xycloalkyl, va —CH,-C;-Cs xycloalkyl.

13.

cta no, trong dé:
(A) R®1a C,-C; alkyl; hodc
(B) R®1a C;-Cg alkyl; hoic
(C) R®1a C,-Cs alkyl; hodc
(D) R®1a C,-C, alkyl; hozc
(E) R"™1a C,-C; alkyl; hodic
(F) R71aC,-C, alkyl.

14.  Hop chét theo diém bét ky trong sé céc diém 6,
né, trong @6 khi R? 1a F thi R* khong 13 metyl.

15.

clia né, trong d6 R*> dwgc chon tir nhém gdm H va:
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I o

HO—Iél— - // /C/) _P. IL/ //
HO—'P\ _P - VA HO /\O//\O//P— —

@ Ho . 0 HO o™ | , © HO HO HO

16. Hop chét theo diém 1, hodc mubi dugc dung cua nd, trong d6 hop chét nay dugc chon

tir nhém bao gdm:

(A)

/:l/\o NH ‘
; hoac
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; hodc

; hodc

,va
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(E)

; hodc

(F)
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17. Dugc phim chira lugng hiru hidu v& mit duoc tinh cta hop chit theo diém bét ky
trong sb cac didm tir 1 dén 16, hoic mudi dugc dung ciia nd, va chét mang dugc dung

hodc ta dugc.

18. Hop chit duoc chon tir:
(i) cdng thirc (A), cong thire (B), cong thire (C), cong thie (D), va cdng thire (E):

E)

trong @6 R' 1a H hoic F; X' 13 nhém bao vé oxy ma la:

nhém bado vé silyl ete dugc chon tir trimetylsilyl (TMS), trietylsilyl (TES),
dimetylisopropylsilyl (IPDMS), dietylisopropylsilyl (DEIPS), dimetylthexylsilyl (TDS),
t-butyldimetylsilyl (TBS hodc TBDMS), t-butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri-
p-xylylxilyl, triisopropylsilyl (TIPS), diphenylmetylsilyl (DPMS), di-t-butylmetylsilyl
(DTBMS), triphenylsilyl (TPS), metyldiphenylsilyl (MDPS), t-butylmetoxyphenylsilyl,
tris(trimetylsilyl)silyl (sisyl), (2-hydroxystyryl)dimetylsilyl (HSDMS), (2-hydroxystyryl)-
diisopropylsilyl (HSDIS). t-butylmetoxyphenylsilyl (TBMPS) va t-butoxydiphenylsilyl
(DPTBOS); hodc

nhém bao vé kiéu benzyl duge chon tir benzyl, benzyl di duoc halogen héa, p-
metoxybenzyl, benzyloxymetyl, 2,4-dimetoxybenzyl, 3,4-dimetoxybenzyl, 2,6-dimetoxy-
benzyl, p-CFs-benzyl, p-metylbenzyl, p-metoxylbenzyl, 3,5-dimetylbenzyl, p-tert-butyl-
benzyl, o-nitrobenzyl, p-nitrobenzyl, p-halobenzyl, ké ca p-Br-benzyl, 2,6-diclobenzyl, p-
xyanobenzyl, p-phenylbenzyl, 2,6-diflobenzyl, p-axylaminobenzyl (PAB), p-azidobenzyl
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(Azb), 4-azido-3-clobenzyl, 2-triflometylbenzyl, p-(metylsulfinyl)benzyl, 2-picolyl, 4-
picolyl, 3-metyl-2-picolyl N-oxido, 2-quinolinylmetyl, diphenylmetyl (DPM), p,p’-
dinitrobenzhydryl, triphenylmetyl, alpha-naphthyldiphenylmetyl, p-metoxyphenyldi-
phenylmetyl, di(p-metoxyphenyl)phenylmetyl, tri(p-metoxyphenyl)metyl, 4,4’ 4”-tris-
(benzoyloxyphenyl)metyl, va 2-naphthylmetyl;

va X? 1a nhém bao vé amin ma:
dugc chon tir p-metoxybenzyl cacbonyl (Moz hoic MeOZ), axetyl (Ac), benzoyl
(Bz), p-metoxybenzyl (PMB), 3,4-dimetoxybenzyl (DMPM), p-metoxyphenyl (PMP),

tosyl (Ts hodc Tos), trifloaxetamit va trityl; hodc

12 nhém bao v¢ carbamat dugc chon tir 9-florenylmetyloxycacbonyl (FMOC), 9-
(2-sulfo)florenylmetyl, 9-(2,7-dibromo)florenylmetyl, 17-tetrabenzo[a,c,g,i]florenylmetyl
(Tbfmoc), 2-clo-3-indenylmetyl (Climoc), benz[f]inden-3-ylmetyl (Bimoc), 2,7-di-t-
butyl[9-(10,10-diox0-10,10,10,10-tetrahydrothioxanyl)jmetyl (DBD-Tmoc), [2-(1,3-di-
thianyl)metyl (Dmoc), 1,1-dioxobenzo[b]thiophen-2-ylmetyl (Bsmoc), 1,1-dimetyl-2-
xyanoetyl, 2-phosphonioetyl (Peoc), 2-metylthioetyl, 2-(p-toluensulfonyl)etyl, 2,2,2,-tri-
cloetyl (Troc), 2-(trimetylsilyl)etyl (Teoc), 2-phenyletyl (hZ), 1-(1-adamantyl)-1-metyl-
etyl (Adpoc), 1,1-dimetyl-2-bromoetyl, 1,1-dimetyl-2-cloetyl, 1,1-dimetyl-2,2-dibromo-
etyl (DB-t-BOC), 1,1-dimetyl-2,2,2-trichloroetyl (TCBOC), 1-metyl-1-(4-biphenylyl)etyl
(Bpoc), 1-(3,5-di-t-butylphenyl)-1-metyletyl (t-Bumeoc), 2-(2 pyridyl)etyl, 2-(4’pyridyl)-
etyl, 2,2-bis(4’-nitrophenyl)etyl (Bnpeoc), N-(2-pivaloylamino)-1,1,dimetyletyl, 2-[(2-
nitrophenyl)dithio]-1-phenyletyl (NpSSPeoc), 2-(N,N-dixyclohexylcarboxamido)etyl, t-
butyl (Boc or BOC), 1-adamantyl (1-Adoc), 2-adamantyl (2-Adoc), vinyl (Voc), allyl
(Aloc hodc alloc), 1-isopropylallyl (Ipaoc), xinnamyl (Coc), 4-nitroxinnamyl (Noc), 3-
(3’-pyridyl)prop-2-enyl (Paloc), 8-quinolyl, N-hydroxypiperidinyl, metyldithio, etyldi-
thio, isopropyldithio, t-butyldithio, phenyldithio,benzyl, p-metoxybenzyl, p-nitrobenzyl,
p-bromobenzyl, p-clobenzyl, 2,4-diclobenzyl, 4-metylsulfinylbenzyl (Msz), 9-anthryl-
metyl, 4-metylthiophenyl (Mtpc), 1-metyl-1-(triphenylphosphonio)etyl (2-triphenyl
phosphonioisopropyl) (Ppoc), 2-dansyletyl (Dnseoc), 2-(4-nitrophenyl)etyl (Npeoc), 4-
phenylaxetoxybenzyl (PhAcOZ), 4-azidobenzyl (ACBZ), 4-azidometoxybenzyl, m-clo-p-
axyloxybenzyl, p-(dihydroxyboryl)benzyl, carbobenzyloxy (Cbz), 4-benzisoxazolylmetyl
(Bic), 2-(triflometyl)-6-chromonylmetyl (Tcroc), phenyl, diphenylmetyl, butynyl, xyclo-
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pentyl, xyclohexyl, xyclopropylmetyl, 1-metylxyclobutyl, 1-metylxyclohexyl, 1,1-di-
metylpropynyl, va 1-metyl-1-xyclopropylmetyl carbamat;

hodc nhém bio vé amit cho cdc amin dugc chon tir N-formyl, N-axetyl, N-
cloaxetyl, N-tricloaxetyl, N-trifloaxetyl (TFA), N-phenylaxetyl, N-3-phenylpropionyl, N-
4-pentenoyl, N-picolinoyl, N-3-pyridylcarboxamido, N-benzoylphenylalanyl, N-benzoyl,
va N-p-phenylbenzoyl amit; hodc

(ii) nhém gdm céc hop chit c6 cong thirc:
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