(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

(19) Cong hoa xa hgi chi nghia Viét Nam (VN) (11)
CUC SO HU'U TRI TUE
1-0039028
(51) A61K 31/7076; CO7H 19/16 (13) B
(21) 1-2017-03828 (22) 07/03/2016

(86) PCT/US2016/021276 07/03/2016 (87) WO 2016/144918 15/09/2016
(30) 62/129,319 06/03/2015 US; 62/253,958 11/11/2015 US; 62/276,597 08/01/2016 US
(45) 25/03/2024 432 (43) 26/03/2018 360A
(73) ATEA PHARMACEUTICALS, INC. (US)
125 Summer Street, Boston, MA 02110, United States of America
(72) SOMMADOSSI, Jean-Pierre (US); MOUSSA, Adel (US).
(74) Cong ty TNHH Tam nhin va Lién danh (VISION & ASSOCIATES CO.LTD.)

(54) PURIN NUCLEOTIT PUGQC THE TAI N6 PUGC BIEN POI TAI VI TRi 2 PUGC
THE B-D-2'-DEOXY-2'a-FLO-2'-p-C BE PIEU TRI VIRUT VIEM GAN C (HCV)
VA DUQC PHAM CHUA NO

(57) Sang ché dé cap dén hop chat c6 cong thic cau tao (A):

RLN,RZ

N AN
N
A
N N/ R22

4
R*O 0
R12
F

OR®
A)
hodc muoi dugc dung hodc ché pham chira n6 dé di€u tri cho vat chu bi nhiém hoac tiép
xuc véi virut HCV hodc céc roi loan khac duge mo ta day du hon trong ban mo ta.

"

Ut ché sy sao chép clia HCV
_ 100 4
g m——Cmpd 25
e %9 P 27
g 60 s i 5-2
f_% smsssmee S S cxn b pfr
E 40
=
n% 20 g
=
0 > i = T —1
0 0,003 0,01 0,032 0,101 0,32 1
Nbng db (uM)




39028

Linh vwe k§ thuat dugc dé cap

Sang ché dé cap dén céac hop chét va ché phim nucleotit va (mg dung ching dé

diéu trj virut viém gan C (“HCV”).

Tinh trang k§ thuit ciia sang ché

Virut viém gan C (HCV) la virut ARN soi don va la thanh vién cua chi
Hepacivirus. Nguoi ta wéce tinh rang 75% trong s tAt ca cac trudong hop mic bénh gan
¢6 nguyén nhan 1a HCV. Tinh trang nhiém HCV ¢6 thé dan dén bénh xo gan va ung thu
gan, va néu dé bénh tién trién, c6 thé din dén suy gan ma c6 thé can dén viéc cdy ghép
gan. Khoang 170-200 triéu nguo1i trén toan thé gi6i bi nhiém HCV, véi ude tinh 1a 3-4
triéu ca nhiém & My.

ARN polymeraza la thanh phan chu chét trong viéc huéng dich cac virut ARN
soi don. ARN polymeraza phu thudc vao ARN protein NS5B phi cdu triic cia HCV 1a
enzym chu chét chiu trach nhiém khoi mao va xidc tac sy tbng hop ARN cua virut. Két
qua 1a, NS5B cua HCV la muc ti€u hép din dé tim ra thudc hién hanh va phat trién cac
chat khang HCV. C6 hai phan 16p chinh cta cac chat tc ché NS5B: chat twong tu
nucleosit, dugc ddng hoa thanh cac triphosphat hoat tinh cia ching — ¢6 vai trd nhu cac
co chit thay thé cho polymeraza — va céc chét e ché khong nucleosit (NNI), lién két
v6i cac ving bién ciu trén protein. Chét &rc ché nucleosit hogc nucleotit md phong co
chét polymeraza ty nhién va dong vai tro lam chit két thiic chudi. Chung trc ché su khoi
mao qua trinh phién ma ARN va kéo dai chudi ARN méi sinh.

Ngoai huéng dich ARN polymeraza, cic protein clia virut ARN cling c6 thé dugc

hudng dich trong céc li€u phap két hop. Vi du, cac protein HCV ma con la dich cua cac
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phuong phép tri liéu 1a NS3/4A (proteaza serin) va NS5A (protein phi cAu trac 12 thanh
phan co ban ctia HCV replicaza va tao ra khoang cac tac dung 1én con duong té bao).
Théang 12/2013, chit (tc ché NS5B nucleosit polymeraza dau tién sofosbuvir
(Sovaldi®, Gilead Sciences) dugc chép thuan. Sovaldi® 1a tién chat thudc uridin
phosphoramidat dugc hép thu béi cac té bao gan va dugc hoat hoa ndi bao dé tao ra san
phém chuyén héa c6 hoat tinh; 2’—deoxy-2’-a-ﬂo-B-C-metyluridin-S’-triphosphat; xXem

cac cong thuc cau tao dudi day:

antl|

HO F
Sovaldi®
0
O O O \/’E
HO-P-0-P-0-P-0— o N0
OH OH OH ‘U
HO F

2’-Deoxy-2’-a-flo-B-C-metyluridin-5’ -triphosphat

Sovaldi® 12 thudc dau tién dugc chiing minh tinh an toan va hi¢u qua dé diéu tri
céc loai nhidm HCV nhét dinh ma khong cén st dung ddng thoi ca interferon. Sovaldi®
1 thudc thi ba vai cac chi thi liéu phap diéu tri dot pha dugce FDA chép thuan.

Nam 2014, FDA cta Hoa Ky da cép phép cho Harvoni® (ledispasvir, chit Grc ché
NS5A, va sofosbuvir) d8 didu tri bénh nhiém virut viém gan C genotyp 1 man tinh.
Harvoni® 12 vién két hop dau tién dugc cAp phép d8 diéu tri bénh nhiém HCV genotyp
1 man tinh. N6 cling 1a phac dd dugc chap thuan d4u tién khong can st dung voi

interferon hodc ribavirin. Ngoai ra, FDA da chp phép cho simeprevir (Olysio™) két hop
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v6i sofosbuvir (Sovaldi®) & dang liéu ngdy dung mot 14n, tit ca qua duong miéng, didu
tri khong dung interferon va ribavirin d6i v6i ngudi 1én nhiém HCV genotyp 1.

Nzm 2014, FDA Hoa Ky ciing da cip phép cho VIEKIRA Pak™ ciia AbbVie,
goi nhidu vién chtta dasabuvir (chét tc ché polymeraza NS5B khong nucleosit),
ombitasvir (chit wc ché NS5A), paritaprevir (chdt (rc ché NS3/4A) va ritonavir.
VIEKIRA Pak™ c¢ thé dugc st dung cung v6i hodc khong clng véi ribavirin dé diéu
tri cho céc bénh nhan nhiém HCV genotyp 1 bao gdm céc bénh nhan méic X0 gan con
bir. VIEKIRA Pak™ khong can diéu tri cing v6i interferon.

Thang 7/2015, FDA Hoa Ky da cp phép cho Technivie™ va Daklinza™ dé diéu
tri 1An lwgt HCV genotyp 4 va HCV  genotyp 3. Technivie™
(Ombitasvir/paritaprevir/ritonavir) dugc chép thusn dé st dung két hop voi ribavirin
trong viéc didu tri HCV genotyp 4 & cac bénh nhan khong bi s¢o va xo gan va la phuong
4n lya chon déu tién cho bénh nhén nhiém HCV-4, nhitng ngudi khong can st dung
ddng thoi interferon. Daklinza™ dugc chip thuan dé st dung cing Sovaldi® dé didu tri
tinh trang nhiém HCV genotyp 3. Daklinza™ 13 thudc dau tién duge ching minh tinh
an toan va hiéu qua trong viéc diéu tri HCV genotyp 3 ma khong cAn st dung dong thoi
v&i ca interferon hodc ribavirin.

Théng 10/2015, FDA Hoa Ky canh bao ring céc diéu tri HCV bang Viekira Pak
va Technivie c6 thé gay tén thuong gan nghiém trong chu yéu & cac bénh nhén mac
bénh gan tién trién, va yéu cAu bd sung thdng tin vé tinh an toan trén nhan.

Céc liéu phap duoc chép thuan khic hién nay d6i véi HCV bao gdm interferon
alpha-2b hodc interferon PEG hoa alpha-2b (Pegintron®), c6 thé duoc st dung cing
ribavirin (Rebetol®), NS3/4A telaprevir (Incivek®, Vertex va Johnson & Johnson),
boceprevir (Victrelis™, Merck), simeprevir (Olysio™, Johnson & Johnson),
paritaprevir (AbbVie), Ombitasvir (AbbVie), (NNI) Dasabuvir (ABT-333) va Merck’s
Zepatier™ (hdn hgp mot vién nén cua hai thubc grazoprevir va elbasvir).

Cac chét trc ché polymeraza NS5B khéc hién nay dang dugc phat trién. Merck
dang phat trién dong tién chét thudc uridin nucleotit MK-3682 (trudc day la Idenix
IDX21437). Thudc nay hién nay dang trong thtr nghiém két hop giai doan IL.
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Cac patent M§ va don cong bb qubc t& (WO) md ta chét e ché nucleosit
polymeraza dé diéu tri Flaviviridae, bao gdbm HCV, bao gbm cic patent va don dugc
ndp bdi Idenix Pharmaceuticals (6,812,219; 6,914,054; 7,105,493; 7,138,376,
7.148,206; 7,157,441; 17,163,929; 7,169,766; 7,192,936; 7,365,057; 7,384,924;
7,456,155, 7,547,704; 7,582,618; 7,608,597; 7,608,600; 7,625,875; 7,635,689;
7.662,798; 7,824,851; 7,902,202; 7,932,240; 7,951,789; 8,193,372; 8,299,038;
8,343,937, 8,362,068; 8,507,460; 8,637,475; 8,674,085; 8,680,071; 8,691,788,
8,742,101, 8,951,985; 9,109,001; 9,243,025; US2016/0002281; US2013/0064794;
WO/2015/095305;  WO/2015/081133;  W0/2015/061683;  WO/2013/177219;
W0/2013/039920; WO/2014/137930; W0/2014/052638; W0/2012/154321); Merck
(6,777,395; 7,105,499; 7,125,855; 7,202,224; 7,323,449; 7,339,054; 7,534,767,
7.632,821; 7,879,815; 8,071,568; 8,148,349; 8,470,834; 8,481,712; 8.541,434;
8,697,694; 8,715,638, 9,061,041; 9,156,872 va WO/2013/009737); Emory University
(6,348,587; 6,911,424; 7,307,065; 7,495,006, 7,662,938; 7,772,208; 8,114,994,
8,168,583; 8,609,627; US 2014/0212382; va W02014/1244430); Gilead Sciences/
Pharmasset Inc. (7,842,672; 7,973,013; 8,008,264; 8,012,941; 8,012,942; 8,318,682;
8,324,179; 8,415,308; 8,455/451; 8,563,530; 8,841,275; 8,853,171; 8,871,785,
8.877,733; 8.,889,159; 8,906,880; 8,912,321; 8,957,045; 8,957,046, 9,045,520,
9,085,573; 9,090,642; va 9,139,604) va (6,908,924; 6,949,522; 7,094,770; 7,211,570,
7,429,572; 7,601,820; 7,638,502; 7,718,790; 7,772,208; RE42,015; 7,919,247,
7,964,580; 8,093,380; 8,114,997; 8,173,621; 8,334,270, 8,415,322; 8,481,713,
8,492,539; 8,551,973; 8,580,765; 8,618,076; 8,629,263; 8,633,309; 8,642,756;
8,716,262; 8,716,263; 8,735,345; 8,735,372; 8,735,569; 8,759,510 va 8,765,710);
Hoffman La-Roche (6,660,721), Roche (6,784,166; 7,608,599, 7,608,601 va
8,071,567); Alios BioPharma Inc. (8,895,723; 8,877,731, 8,871,737, 8,846,896,
8,772,474; 8,980,865; 9,012,427, US 2015/0105341; US 2015/0011497;, US
2010/0249068; US2012/0070411; WO 2015/054465; WO 2014/209979; WO
2014/100505; WO 2014/100498; WO 2013/142159; WO 2013/142157; WO
2013/096680; WO 2013/088155; WO 2010/108135), Enanta Pharmaceuticals (US
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8,575,119; 8,846,638; 9,085,599; WO 2013/044030; WO 2012/125900), Biota
(7,268,119; 7,285,658; 7,713,941; 8,119,607; 8,415,309; 8,501,699 va 8,802,840),
Biocryst Pharmaceuticals (7,388,002; 7,429,571, 7,514,410; 7,560,434; 7,994,139,
8,133,870; 8,163,703; 8,242,085 va 8,440,813), Alla Chem, LLC (8,889,701 va WO
2015/053662), Inhibitex (8,759,318 va WO0/2012/092484), Janssen Products
(8,399,429; 8,431,588, 8,481,510, 8,552,021, 8,933,052; 9,006,29 va 9,012,428) the
University of Georgia Foundation (6,348,587; 7,307,065; 7,662,938; 8,168,583;
8,673,926, 8,816,074; 8,921,384 va 8,946,244), RFS Pharma, LLC (8,895,531,
8,859,595; 8,815,829; 8,609,627; 7,560,550; US 2014/0066395; US 2014/0235566; UsS
2010/0279969; W0O/2010/091386 va WO 2012/158811) University College Cardiff
Consultants Limited (WO/2014/076490, WO 2010/081082; W0/2008/062206),
Achillion Pharmaceuticals, Inc. (WO/2014/169278 va WO 2014/ 169280), Cocrystal
Pharma, Inc. (US 9,173,893), Katholieke Universiteit Leuven (WO 2015/158913),
Catabasis (WO 2013/090420) va the Regents of the University of Minnesota (WO
2006/004637).

Tuy nhién, vin ¢6 mong mudn phat trién cac liéu phap khang HCV an toan, hi¢u
qua va dugc dung nap tdt. Nhu cdu nay duge nhén manh boi mong muén vé su khang
thudc. Céc thudc khang virut tac dyung truc tiép tiém ning hon c6 thé rat ngin dang ké
thoi gian didu tri va cai thién su tuan tht va ty 1& SVR cla cac bénh nhan nhi®m tit ca
cac HCV genotyp.

Do d6, muc dich cua sang ché 13 d& xuét cac hop chat, dugc pham, va phuong

phap va st dung dé diéu tri va/hodic ngin nglra bénh nhiém HCV.

Ban chét ky thuit ciia sing ché
D3 phat hién thdy rang cac hop chét c6 cong thirc I, cong thire II, cong thire III,
cong thirc IV, cong thire V, cdng thire VI, cong thie VII va bao gdm céc nucleotit N°-

(mono- hodc di-metyl) purin dugc thé p-D-2’-deoxy-2’-a-flo-2’-B-C, ¢6 hoat tinh cao
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chéng lai virut HCV khi duoc st dung ¢ luong hiéu qua cho vat chu can diéu tri. Vat

chi nay co thé 1a nguoi hodc dong vt bét ky bi nhiém virut.

Céc nucleotit dd boc 10 bao gém c4c nucleotit ¢6 hoat tinh nanomol khang lai

HCV in vitro va chi sb tri liéu 1én dén 25.000 hogc 16n hon.

Bt ngd 13, c4c nucleosit N°-(metyl) purin gdc chia cac hop chét da boc 16 chua
duogc phat trién hodc duoc boc 10 cu thé duéi dang cac thudc du phong trudce sdng ché.
Vi du, dugc bdo cdo trong ndm 2010 1a 3 ’-azido-N°-dimetyl-2,6-diaminopurin vé co ban
duoc khtr amin bang adenosin deaminaza trong khoang thoi gian dai (120 phut), va vi
ly do nay né dugc xem la hop chit khong phu hop dé tao dan xuét dudi dang thude
(xem, vi du, WO 2010/091386, trang 86 va patent My ddng dang 8,609,627).

Tuy nhién, hién nay dé phat hién ra rang cac hop chit theo sang ché duoc dong
hoa thanh 5-monophosphat cia purin dugc thé N¢ ma khong khir amin N trong yéu va
sau d6 ddng hoéa tiép & vi tri 6 dé tao ra cac hop chét guanin triphosphat c6 hoat tinh,

theo cach tao ra hoat tinh va chi sb tri lidu dic biét.

Cu thé, duoc phat hién ra rang tién chét thubc phosphat dugc lam 6n dinh dau 5’
hoic din xudt cGa nucleotit B-D-2’-deoxy-2’-a-ﬂ0-2’-B-metyl-N6-metyl-2,6-
diaminopurin, cling nhu nucleotit B-D-2’-deoxy-2’-a-ﬂo-2’-B-metyl-N6—dimety1-2,6-
diaminopurin, va cac nucleotit purin dugc thé N° cai bién ¢ vi tri 2 dugc thé p-D-2’°-D-
2’-q-flo-2’-B-C khéc nhu dugc md ta dudi déy, co hoat tinh cao khang HCV. Diéu nay
gy ngac nhién do hoat tinh ctia nucleosit B-D—2’-deoxy-2’-a-ﬂo-2’-B-metyl-N6-metyl-
2,6-diaminopurin goc trong thir nghiém replicon (ECso = 15,7 micromol) chi ra rang né
khong thich hop dé st dung lam thude cho ngudi do khong di hoat tinh (két hop véi tai
lidu tham khio WO 2010/091386, trang 86 va patent M§ s6 8,609,627 ddng dang ma
goiy rang N®-metyl-2,6-diaminopurin khong dugc khur amin in vivo) tuy nhié€n, tién chét
thuéc phosphat raxemic duogc lam 4n dinh (phosphoramidat) cho thdy ECso = 26
nanomol (nM), trong thir nghiém replicon, hoat tinh tang it nhdt 600 lan. (S)-
phosphoramidat twong tng cho thay ECso = 4nM, hoat tinh tdng it nhat 3900 14n; xem
cdng thirc cu tao dudi day va hop chéat 5-2 trong bang 7. Vi TCso 16n hon 100
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micromol, do d6 hop chét nay c6 chi s tri liéu 16n hon 25000. D¢ so sanh, Sofosbuvir

¢6 ECso = 53nM, TCso 16n hon 100 micromol va chi sb tri liéu 16n hon 1920.

HsC\H
N— NN
. T
0 wP-0 N" >N NH
TEWEL
O O

@Hd T

Hop chét 5-2 (Bang 7)

Tuong tu, hoat tinh cua nucleosit B-D-Z’-deoxy-Z’-a—ﬂo-Z’-B-metyl-N6-dimetyl-
2,6-diaminopurin gbc trong thtt nghiém replicon (ECso = 10,7 micromol, “puM”) chi ra
rang no cling khong thich hop dé st dung lam thudc cho ngudi do khong du hoat tinh,
tuy nhién, tién chét thudc phosphat raxemic dugc lam 6n dinh (phosphoramidat) cho
thdy ECso = 12nM, trong thir nghiém replicon, hoat tinh ting hon 890 lan. (S)-
phosphoramidat twong tng (hop chét 25, bang 7) cling cho thiy ECso = 4nM, hoat tinh
tang it nhéat 2600 lin; xem cong thire cdu tao dudi day. Ngoai ra, hop chét 25 ciing c6

chi s tri 1iéu 16n hon 25000.

Trong mdt vi du khac, hop chét isopropyl (((R,S)-(2R,3R4R,5R)-5-(2-amino-6-
(N—metyl-N-xyclopropyl-amino)-9H—purin-9-y1)—4-ﬂ0-3-hydroxy—4-
metyltetrahydrofuran-2-yl)metoxy)-phenoxy-phosphoryl)-L-alaninat cho thdy ECso =
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7nM va (S)-phosphoramidat twong rng cho thiy ECso = 5nM trong thir nghiém replicon;

xem hop chét 27 trong bang 7 va cong thirc cAu tao duéi day.

Nhu duogc néu trén day, qué trinh chuyén héa cta B-D-2’-deoxy-2’-a-flo-2’-p-
metyl-N°-metyl-2,6-diaminopurin nucleosit du¢i dang phosphoramidat bao gdm viéc
san sinh ra 5’-monophosphat va sau do ddng hoa N°-metyl-2,6-diaminopurin bazo daé
tao ra B-D-2’-deoxy-2’-a-flo-2’-B-metyl-guanin nucleosit duoi dang 5’-monophosphat.
Sau d6 monophosphat nay duoc ddng hoa thém véi loai c6 hoat tinh; 5°-triphosphat. -
D-2’-deoxy-2’-a-flo-2’-B-metyl-guanin triphosphat ¢6 ICso = 0,15 uM khéng HCV
genotyp 1b NS5B polymeraza.

Vi vy, theo mt phuong an, sang ché 1a:

Y

ag

/k

N N NH,
4
R*0 o

R12
OR® F

cong thirc I
trong do:

Y 1aNR'R?;
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R! 14 C;-Csalkyl (bao gbdm metyl, etyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl va pentyl), Ci-Cshaloalkyl (bao gdbm CHF, CHF,, CF3, CH2CF3,
CF,CH3 va CF,CF3), C2-Cs alkenyl, C2-Cs alkynyl, —(Co-Caalkyl)(Cs-Cexycloalkyl), —
(Co-Caalkyl)(di vong), —(Co-Caalkyl)(aryl), ~(Co-Caalkyl)(heteroaryl), —~ORZ, -C(O)R*C
(bao gdbm —C(0)CH;, —C(O)CH2CH3-C(O)CH(CHs), -C(O)OCH;, -C(0O)OCyHs, -
C(0)OC3H7,-C(0)OC4Hy, va-C(0)OCsH), -C(S)R3P, hogc -SO,R?®, mdi nhom nay co
thé thy ¥ dugc thé;

R? 1a hydro, Ci-Csalkyl (bao gbm metyl, etyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, sec-butyl, tert-butyl va pentyl), Ci1-Cshaloalkyl (bao gém CHF,, CHF,, CFs;,
CH,CF3 va CF,CF3), —(Co-Caalkyl)(Cs-Cexycloalkyl), -C(O)R*C (bao gém —C(O)CHs,
—C(0)CH2CH;-C(O)CH(CHs)a, -C(0)OCH3, -C(O)OC,Hs, -C(O)OCsHy, -C(0)OC4Hy,
va  -C(0)OCsHi1),  —(Co-Cralkyl)(aryl), —(Co-Cralkyl)(di  vong),  —(Co-
Caalkyl)(heteroaryl); va

trong d6 it nhit mot trong s6 R! va R? 1a metyl, CHoF, CHF; hodc CF3;

O
R3B—~Fl>|—§—
\

R? 14 hydro, R diphosphat, triphosphat, axit amin lién két cacbonyl
thy ¥ dugc thé, hoc -C(O)R;

R3A ¢6 thé duge chon tir O, OH, aryl tuy y dugc thé —O, heteroaryl tuy y dugc
thé-0, hodc heteroxyclyl tuy y dugc thé;

R3B ¢6 thé duge chon tir O, OH, axit amin lién két N tuy ¥ dugc thé hodc este
clia axit amin lién két N ty y dugc thé;

R3C 13 alkyl, alkenyl, alkynyl, -(Co-C2)(xycloalkyl), -(Co-C2)(heteroxyclo), -(Co-
Cy)(aryl), -(Co-Cz)(heteroaryl), -O-alkyl, -O-alkenyl, -O-alkynyl, -O-(Co-
Ca)(xycloalkyl),  -O-(Co-Cz)(heteroxyclo), -0-(Co-Co)(aryl),  hodac  -O-(Co-

C2)(heteroaryl), mdi nhom 6 thé tiy ¥ duge thé;

-10-
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R*13a monophosphat, diphosphat, triphosphat, hodc tién chét thubc phosphat dugc
lam dn dinh, bao gdm nhung khong giGi han & phosphoramidat, thiophosphoramidat,
hoac gbc bit ky khac dugce chuyén hoéa thanh monophosphat, diphosphat hodc
triphosphat in vivo trong vét chi 1a nguoi hodc dong vat; hodc

R3 va R* cung vé6i nguyén tir oxy ma ching lién két c6 thé tao thanh tién chét
thubc vong & dau 3°,5°, bao g6m nhung khong gidi han &, tién chat thubc phosphat vong
& dau 3°,57;

R!2 1a CH3, CHoF, CHF», CF3, hodc etynyl.

Y
N A
Y N
<N ft\;\ R

R12

Theo mot phuong an, sang ché 1a:

R40

OR® F
Cong thuc 11
trong do:

Y 1a NR!R?,

R! 1a Ci-Csalkyl (bao gdm metyl, etyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl va pentyl), C1-Cshaloalkyl (bao gdbm CHoF, CHF», CF3, CH2CF3,
CF,CH3; va CF,CF3), C2-Cs alkenyl, C2-Cs alkynyl, —(Co-Caalkyl)(Cs-Cexycloalkyl), —
(Co-Caalkyl)(di vong), ~(Co-Caalkyl)(aryl), -(Co-Caalkyl)(heteroaryl), —OR?, -C(O)R*C
(bao gébm —C(O)CHs, ~C(O)CH2CH3-C(O)CH(CHs)2, -C(0O)OCH3, -C(O)OCHs, -
C(0)OC3Hz, -C(0)OC4Hy, va -C(O)OCsHn), -C(S)R?P, hodc -SO2R?, mdi nhom c6 thé
tuy y duoc thé;
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R? 1a hydro, Ci-Csalkyl tuy y dugc thé (bao gdm metyl, etyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl va pentyl), C1-Cshaloalkyl (bao gdbm CHF>,
CHF,, CF3, CH,CF3 va CF,CF3), -(Co-Caalkyl)(Cs-Cexycloalkyl) tuy y duoc thé, —(Co-
Caalkyl)(di vong) tiy ¥ dugc thé, (Co-Caalkyl)(aryl) thy ¥ duoc thé,

—(Co-Caalkyl)(heteroaryl) tuy y duge thé, -C(O)R3C (bao gdbm —C(O)CHs, -
C(0)CH,CH3-C(O)CH(CHjs)2, -C(O)OCH3,-C(O)OCaHs, -C(0)0OCs3H7,-C(O)OCsHy, va

-C(0)OCsHi), -C(S)R®P, hodc -SO2R*; va

trong d6 it nhat mot trong s6 R! va R? 1a metyl, CHoF, CHF2 hogc CFs;

Ras__;?_%_

R?1a hydro, R3 | diphosphat, triphosphat, axit amin lién két cacbonyl tiry
¥ duoc thé, hodc -C(O)R3;

R3A ¢6 thé duge chon tir O, OH, aryl tuy y duoc thé —O, heteroaryl tuy y dugc
thé-0, hodc heteroxyclyl tiy y duoc thé;

R3B ¢6 thé duge chon tir O, OH, axit amin lién két N tay y duoc thé hoic este

clia axit amin lién két N tiy y dugce thé;

R3C 1a alkyl, alkenyl, alkynyl, -(Co-C2)(xycloalkyl), -(Co-C2)(heteroxyclo), -(Co-
Co)(aryl),  -(Co-Ca)(heteroaryl), -O-alkyl, -O-alkenyl, -O-alkynyl, -O-(Co-
Ca)(xycloalkyl), -O-(Co-Cz)(heteroxyclo), -0-(Co-Ca)(aryl), -O-(Co-C2)(heteroaryl), -S-
alkyl, -S-alkenyl, -S-alkynyl, -S-(Co-Ca)(xycloalkyl), -S-(Co-C2)(heteroxyclo), -S-(Co-
C»)(aryl), hodc -S-(Co-C2)(heteroaryl), mdi nhom c6 thé tiry ¥ duge thé;

* R 12 alkyl, alkenyl, alkynyl, -(Co-C2)(xycloalkyl), -(Co-C2)(heteroxyclo), -(Co-
Co)(aryl), -(Co-Ca)(heteroaryl), -O-alkyl, -O-alkenyl, -O-alkynyl, -O-(Co-
Co)(xycloalkyl),  -O-(Co-Cz)(heteroxyclo), -0-(Co-Co)(aryl),  hodc  -O-(Co-

C,)(heteroaryl), mdi nhém c6 thé tiy ¥ duge thé;

R*12 monophosphat, diphosphat, triphosphat, hoac tién chat thudc phosphat dugc

lam 6n dinh, bao gdm nhung khong gi6i han & phosphoramidat, thiophosphoramidat,
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hodc gbc bit ky khac ma duge chuyén hoa thanh monophosphat, diphosphat hodc

triphosphat in vivo trong vat chi 12 ngudi hodc dong vat; hoac

R3 va R* cling v6i nguyén tir oxy ma chung lién két c6 thé tao thanh tién chét
thudc vong & dau 3°,5°, bao gbém nhung khong gidi han o, tién chat thudc phosphat vong
& dau 3°,5;

RS 1a C1-Csalkyl (bao gdm metyl, etyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl va pentyl), C1-Cshaloalkyl (bao gdbm CHF,, CHF, CF3, CH2CF3 va
CF.CF3), C2-Cs alkenyl, C»-C¢ alkynyl, —(Co-Caralkyl)(Cs-Cexycloalkyl), —(Co-
Cralkyl)(di vong), —(Co-Caalkyl)(aryl), —(Co-Caalkyl)(heteroaryl), —OR%, -C(O)R3¢
(bao gdbm —C(0)CHs, —C(O)CH2CH3-C(O)CH(CHs)2, -C(O)OCH, -C(O)OCaHs, -
C(0)OC3Hz, -C(0)OC4Hy, va -C(0)OCsH), -C(S)R3P, hoic -SO2R?%, mdi nhom c6 thé
thy y duoc thé;

R®1a hydro, C1-Csalkyl tuy y dugc thé (bao gdbm metyl, etyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl va pentyl), C1-Cshaloalkyl (bao gdm CHF>,
CHF», CF3, CH,CF3 va CF2CF3), —(Co-Caalkyl)(Cs-Cexycloalkyl) tuy y duge thé, —(Co-
Caalkyl)(di vong) tiy ¥ duge thé, —(Co-Caalkyl)(aryl) tiry y dugc thé, —(Co-
Cralkyl)(heteroaryl) tuy y duogc thé, -C(O)R3 (bao gdm —C(O)CHs, —C(O)CH>CHs-
C(O)CH(CH3)2, -C(O)OCHs, -C(O)OCaHs, -C(0)OC3H7, -C(O)OCsHy, va
C(0)OCsHi1), -C(S)R?P, hodc -SO2R?; hogc

RS va R cing véi nguyén tir nito ma chung lién két c6 thé tao thanh vong di
vong;

R!'2 1a CH3, CHoF, CHF,, CF3, hodc etynyl;

R2 1a CI, Br, F, CN, N3, C1-Cs alkyl, C2-Cs alkenyl, C»-Cs alkynyl, —(Ci-
Caalkyl)(Cs-Cexycloalkyl), —(Co-Caalkyl)(C3-Cs di vong), -(Co-Caalkyl)(aryl), -(Co-
Caalkyl)(heteroaryl); -ONHC(=0)OR?, -NHOR?, -OR?, -SR?5, -NH(CH>)1-4N(R*),, -
NHNHR?6, -N=NR?’, -NHC(O)NHNHR?, -NHC(S)NHNHR?, -C(O)NHNHR?, -
NR2’SO,R2, -SO,NR?'R?,
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O

-

-C(O)NRZR?, -CO2R?, -SO2R?, x , -P(O)H(OR?), -P(O)(OR¥)(OR™),
-P(O)(OR®)(NR?’R*’) hogc ~-NR’R®;

vi du bao gdbm nhung khong giéi han & cac phuong én sau, clo, brom, flo,
xyano, azido, etyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl va n-
pentyl, 1,1-dimetylpropyl, 2,2-dimtheylpropyl, 3-metylbutyl, 1-metylbutyl, 1-
etylpropyl, vinyl, allyl, 1-butynyl, 2-butynyl, axetylenyl, xyclopropyl, xyclobutyl,
xyclopentyl, xyclohexyl, -(CHz)-xyclopropyl, -(CHa)-xyclobutyl, -(CHz)-xyclopentyl,
-(CHa)-xyclohexyl, aziridin, oxiran, thiiran, azetidin, oxetan, thietan, pyrolidin,
tetrahydrofuran, thiolan, pyrazolidin, piperidin, oxan, thian, -(CHy)-aziridin, -(CHb)-
oxiran, -(CHp)-thiiran, -(CHa)-azetidin, -(CHz)-oxetan, -(CHy)-thietan, -(CHa)-
pyrolidin, -(CHa)- tetrahydrofuran, -(CHz)-thiolan, -(CHa)-pyrazolidin, -(CHa)-
piperidin, -(CHa)-oxan, -(CH»)-thian, phenyl, pyridyl, -ONHC(=O)OCHs, -
ONHC(=0)OCH,CH3, -NHOH, NHOCH3, -OCHs, OCHs, -OPh, OCH2Ph, -SCH3, -
SC,Hs, -SPh, SCH2Ph, -NH(CH2)2NHa, -NH(CH2)2N(CHs)2, -NHNH>, -NHNHCHgs, -
N=NH, -N=NCH3, -N=NCH,CHj3, -NHC(O)NHNH>, -NHC(S)NHNH,, -C(O)NHNH,
“NHSO,CHs, -NHSO0,CH>CH3, -SO2NHCH3, -SO2N(CH3)z, -C(O)NH>, -C(O)NHCH3,
-C(O)N(CHj3),, -CO2CHs, -CO2CH2CH3, -CO2Ph, -CO2CH2Ph, -SO>CH3, -

0 0
%—éN—H %—%EN—CH3
SO,CH,CHs, -SO2Ph, -SO2CHaPh, : , -P(O)H(OH), -

P(O)H(OCH3), -P(O)(OH)(OH), -P(O)(OH)(OCHy), -P(O)(OCH3)(OCHa), -
P(O)(OH)(NH>), -P(O)(OH)(NHCH3), -P(O)(OH)N(CH3)2, -NHC(O)CHs, -
NHC(0)CH,CHs, -NHC(O)CH(CHs)2, -NHC(O)OCHs, -NHC(O)OCH:CHs, -
NHC(O)OCH(CHs),, -NHC(O)OCH2CH>CHs, -NHC(O)OCH2CH2CH2CH3 va -
NHC(0)OCHCH>CH2CH,CHzs;

R 1a C;-Csalkyl, —(Co-Caalkyl)(Cs-Cexycloalkyl), -(Co-Caralkyl)(di vong)-(Co-
»alkyl)(aryl) hogc -(Co-Caalkyl)(heteroaryl), mdi nhém c6 thé iy y duge thé;
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R2*13 hydro, C1-Cs alkyl, —(Ci-Caalkyl)(Cs-Cexycloalkyl),
—(C1-Caalkyl)(C3-Cedi vong) -(Co-Caalkyl)(aryl) hodc -(Co-Cralkyl)(heteroaryl) trong
d6 ngoai trir hydro, mdi nhém c6 thé thy ¥ dugc thé;

R 13 hydro, Ci-Cs alkyl, C2-Cs alkenyl, C-Cs alkynyl, —(Co-Caalkyl)(Cs-
Cexycloalkyl), —(Co-Caalkyl)(Cs-Cedi  vOng), -(Co-Caalkyl)(aryl) hodc  -(Co-
Caalkyl)(heteroaryl) trong d6 ngoai trix hydro, mdi nhom c6 thé tiy ¥ duge thé;

R26 doc 1ap duge chon tir hydro, Ci-Csalkyl, «(Co-Caalkyl)(C3-Csxycloalkyl), -
(Co-Caalkyl)(di vong), -(Co-Caalkyl)(aryl), hodc ~(Co-Caalkyl)(heteroaryl) trong do
ngoai trr hydro, mdi nhoém c6 thé tuy ¥ duge thé;

R?7 1 hydro hodc Ci-Cs alkyl tuy y dugc thé;

R28 1a Ci-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, —(Co-Czalkyl)(Cs-
Csxycloalkyl), —(Co-Caalkyl)(Cs-Cs di vong), ~(Co-Caalkyl)(aryl) hodc -(Co-
Caalkyl)(heteroaryl), mdi nhom c6 thé tiy y dugce thé;

R? 13 hydro, C1-Cs alkyl, C>-Cs alkenyl, C»-Cs alkynyl, —(Cp-Caalkyl)(Cs-
Cexycloalkyl), —(Co-Caalkyl)(C3-Cs di vong), -(Co-Caalkyl)(aryl) hodc -(Co-
Caalkyl)(heteroaryl), trong d6 ngoai trir hydro, mdi nhom c6 thé tiry ¥ duge thé; hoic

R?7 va R® clng véi nguyén tir nito ma ching lién két c6 thé tao thanh vong di
vong;

R® 1a hydro, Ci-Cs alkyl, C»-Cs alkenyl, Cx-Cs alkynyl, —(Co-
Caalkyl)(C3Cexycloalkyl), «(Co-Cralkyl)(Cs-Cs di vong), -(Co-Caalkyl)(aryl) hoac

-(Co-Caalkyl)(heteroaryl) trong d6 ngoai trur hydro, mdi nhém c6 thé thy y duge thé;
hoédc

R va R ¢6 thé duoc lién két cing nhau dé tao ra vong di vong;

x bang 1, 2 hodc 3.

Qué trinh chuyén héa cla B-D-Z’-deoxy-2’-a-ﬂo-?_’-B-metyl-NG-dimetyl-2,6-
diaminopurin nucleotit bao gdm ca viéc tao ra [3-D—2’-deoxy-2’-a—ﬂo-2’-B—metyl—N6-
dimetyl-2,6-diaminopurin nucleosit triphosphat ciing nhu tao ra guanin nucleosit

triphosphat twong tmg. Xem So d6 2 va 3.
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Nucleotit 2,6-diaminopurin dugc thé N¢ dugc thé 2’-Deoxy-2’-a-flo-2’-p-C ¢
thé con duoc thé & vi tri N2 bang cach alkyl hoa hodc axyl hoa ma co thé bién d6i do ua
md, duge ddng hoc va/hodc viée hudng dich nucleotit dén gan. D4 phét hién thiy rang
nucleotit 2,6-diaminopurin dugc thé N¢ dugc thé 2°-Deoxy-2’-a-flo-2’-B-C duoc cai
bién & vi tri 2 cta diaminopurin ¢6 thé dugc khir alkyl hodc khir axyl bang enzym gan
dé ting cuong thém do dédc hiéu cia dAn xuét nucleotit ca in vitro va in vivo, trit phi
nhém N%-amino duoc thay thé hoan toan b.%lng géc khéac, nhu duge md ta ¢ day, nhu flo.
Vi du, nucleosit phosphoramidat 2’-deoxy-2’-a—ﬂo-2’-B-metyl-Nz-metyl—NG-metyl-2,6-
diaminopurin nucleosit phosphoramidat dugc khir alkyl thanh 2’-deoxy-2’-a-flo-2°-B-
metyl-N°®-metyl-2,6-diaminopurin nucleosit phosphoramidat khi duge 1 v6i phan S9 clia
gan nguoi in vitro, 1én dén 60 phut, cac didu kién nay bat chudc cac diéu kién in vivo.
Theo mot phuong 4n, viée cai bién N2 s& lam tang do thdm théu t€ bao va viéc hudng
dich dén gan.

B4t chdp pham vi tai liéu va don séng ché vé nucleosit khang virut, dan xudt
phosphat dugc lam 4n dinh & dau 5° cla 2°-deoxy-2’-a-flo-2’-B-metyl-N°-metyl-2,6-
diaminopurin nucleosit, 2’-deoxy-2’-0-flo-2’-B-metyl-N°-dimetyl-2,6-diaminopurin
nucleosit, va cac dan xuét nucleosit purin dugc thé N6 duoc cai bién & vi tri 2 duoc thé
B-D-2’-D-2’-a-FLO-2’-B-C khéc nhu dugc mo ta & day khong dugc d& cép cu thé, cling
khéng c6 cic hoat tinh thuén lgi ctia chung dugc mo ta.

Trir khi c6 quy dinh khéc, cac hop chit dugc md ta & day dugce néu & céu hinh B-
D. Tuong tu, khi & dang phosphoramit hoéc thiophosphoramidat, phan axit amin c6 thé
¢6 chu hinh L hoic D. Theo mot phwong an khdc, cac hop chét c6 thd duge néu & céu
hinh B-L. Twong tu, nhom phéan tir thé bat ky c6 tinh khong dbi ximg ¢6 thé duge néu &
dang raxemic, ddng phén ddi anh, chét ddng phan khong d6i quang hozc hdn hop bét ky
ctia chung. Khi phosphoramidat, thiophosphoramidat hodc tién chét thubc phospho dugc
lam 6n dinh khac trong d6 phospho thé hién tinh khong ddi xtng duoc st dung dudi
dang tién chét thudc phosphat dugc lam 4n dinh R*, né co thé duoc néu 1a din Xuét

phospho khong déi ximg R hogc S hogc hon hgp cia chung, bao g6m hdn hgp raxemic.
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T4t ca cac hdn hgp cua céc cAu hinh 14p thé dugc bao gdm trong séng ché dugc mo ta &
day.
Do d6, sang ché bao gbdm hop chét co6 cong thirc I-VIL, hodc ché phdm dugc dung,

mudi, hodc tién chét thudc cta né, nhu duge md ta & day:
Y
N X
N
{ Ii
Z
N N NH,

R12
OR® F

R*O

Cong thuc I

Theo mdt phuwong an cu thé, nucleosit gdc, tirc 13, nucleosit trong d6 R* 1a hydro
va vi vay vi tri 57 ¢6 nhém hydroxyl, gin nhu khong duge khir amin bing adenosin
deaminaza trong cac diéu kién bét chudc moi trudng in vivo (vi du, nhi€t do moi truong
va do pH sinh 1y trong nudc), trong thoi gian 1a 7 phut, 10 phut, 30 phut, 60 phut hodc
120 phat. Trir khi ¢6 quy dinh khéc, khoang thoi gian 12 30 phut. Theo phuong an nay,
thuét ngfr “gan nhu khong dugc khir amin” c6 nghia 1a hop chét gbc khong duge chuyén
hoa thanh dén xuét guanin twong tng, hodc dan xuit 6-oxo, v6i lugng du dé c6 duge tac

dung tri liéu in vivo.

Céc hop chat, phuong phéap, va ché phdm dugc d& xuét dé diéu tri cho vat chu
nhidm virut HCV théng qua viéc dung luong hitu hiéu cia hop chét hodc mudi dugc
dung cta no.

Cac hop chét va ché phém cling co thé duoc st dung dé diéu tri cac tinh trang
bénh ly lién quan nhu tinh trang bénh ly dwong tinh v6i khang thé va duong tinh voi
khang nguyén khang HCV, viém gan man tinh do virut, ung thu gan do viém gan C tién

trién, xo gan, viém gan C man tinh hodc cép tinh, viém gan C bao phat, viém gan C dai
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déng man tinh va mét moi do khang HCV. Hop chit hodc ché pham chtra hop chét nay
cling co thé dugc st dung phong ngtra dé ngan ngira hodc han ché sy tién trién ciia bénh
1am sang & cac ca thé duong tinh v6i khang thé hoac khang nguyén khang HCV hodc

da bdc 10 viém gan C.

Theo phuong an khéc, hop chét c6 cong thirc Ia dugce boc 10:
Y
N X
N
{ f
N /I\
N NH,

CHj,

R*O

"OR® F
Cong thuc Ia
trong do:
Y, R? va R* 1a nhu dugc xé4c dinh trén day.
Theo mdt phuong 4n cta cong thuc Ia, R? 1 hydro.

Theo mot phuong &n cua cong thirc Ia, khi Y 1a NR!R2, R! 14 metyl va R? 1a
hydro.

Theo mot phuong 4n ciia cong thirc Ta, khi Y 1a NR'R? caR' va R? déu 13 metyl.

Theo mét phuong én ciia cong thire Ta, khi Y 12 NR'R?, R 1a metyl va R? Ia
xyclopropyl.
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Theo phuong 4n khac, céc hop chét ¢6 cdng thirc Ib duge boc 10:
Y
N X
{ Ii
Z
N N NH,

OR® F

R*O

H
Cong thuc Ib
trong do:
Y, R? va R* 1a nhu dugce x4c dinh trén day.
Theo mot phuong an cua cong thue Ib, R? 1a hydro.

Theo mdt phuong an cua cong thire Ib, khi Y 1a NR'R?, R! 1a metyl va R? 1a
hydro.

Theo mdt phuong én ciia cong thire Ib, khi Y 1aNR'R?, ca R va R? déu 1a metyl.

Theo mdt phuwong 4n, hop chét c6 cong thire 1T dugc boc 10:
Y
N X
{ ﬁ
N N/ R22

R12

R40

OR® F
Cong thuc 11

trong do:
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Y, R3, R*, R'2 va R?? 1a nhu dugc xéc dinh trén day.

Theo phuong an khac, hop chét c6 cong thirc [la dugc bdc 10:
Y
N X
{ ]@
N N/ R22

CH
OR® F °

R*O

Cong thuc Ila
trong do:
Y, R3, R* va R?? 1a nhu dugc xac dinh trén day.

Theo phuong an khéc, hop chét c6 cong thirc IIb duge boc 10:
Y
N X
{ ﬁ
N N/ R22

OR® F

4
R*O o

H

Cong thuc IIb

trong do:

Y, R3, R%, va R?? Ia nhu duoc xac dinh trén day.
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Theo mdt phuong an, hop chét c6 cong thirc ITI duge boc 19:

Y

O R22

;r N
CO,R"0 0R7

Céng thirc III

R® </
\

trong d6 cac bién s6 Y, R?, R7, R%, R%, R, R", R!2 va R% duge mo ta & day.

Theo mot phuong an, hgp chét c6 cong thire IV dugc bdc 10:

Cong thuc IV

trong d6 cac bién s6 Y, R%, R7, R, R%, R™, R10 va R?? duge mo ta & day.
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Theo mot phuwong 4n, hop chét c6 cong thitc V dugc boc 10:

Cong thuc V
trong d6 cac bién s6 Y, R%, R7, R8, R% R R’ va R%2 duogc mo ta & day.

Theo mot phuong an, hop chét c6 cong thirc VI duge bdc 19:
Y
N X
{ ]fi
F
N N NH,

R12
ORS R41

R*O

Cong thuc VI
trong do:
R*! 13 halogen (cu thé 14 F hodc Cl), OR?, N3, NH; hodc CN; va

cac bién sd Y, R3, R4, va R!2 duge mo ta ¢ day.
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Theo mot phuong én, hop chét c6 cong thirc VII dugce boc 19:

Y

N AN
N N/ R22
R*0O

R12
OR3 R41

Cong thuc VII
trong do6 c4c bién s6 Y, R3, RY, R? va R*! duge mo ta & day.

Phospho trong cong thirc bét ky trong s6 cac cong thirc néu trén ¢o thé 1a khong
d6i xtmg va vi vay co thé duoc néu dudi dang chét dong phan d6i anh R hoic S hodc

hdn hop ctia ching, bao gobm hon hop raxemic.

Hop chét 5 duoc tach thanh cac hop chét ddng phan dbi anh 5-1 va 5-2. Hop chét
5-2 cling dugc didu ché bang cach tong hop khong dbi xang va duge chi dinh 1a hop
chét 24.

Theo mdt phuong an, cac hop chét, phuong phép, va ché pham dugc d& xuét dé
didu tri vat cha bi nhiém hodc phoi nhiém véi viém gan C dugc md ta ¢ day. Céac hop
chét theo sang ché c6 thé dugc dung véi lugng hiru hi¢u mot minh hodc két hop véi
thudc khang HCV khac, 8 didu tri vat chu bi 1ay nhiém. Theo mdt s6 phuong 4n nhét
dinh, hitu ich khi ding hén hgp cac thubc ma didu bién cac con dudng giéng nhau hodc
khac nhau hoic tc ché dich khac nhau trong virut. Do nucleotit purin duogc thé N duge
cai bién & vi trf 2 dugc thé p-D-2°-D-2’-0-flo-2’-B-C da néu la chét e ché NS5B
polymeraza, n6 co thé hiru ich khi cho vat chi dung hop chét nay két hop véi chét e
ché proteaza, nhu chét e ché NS3/4A proteaza (vi du, telaprevir (Incivek®) boceprevir
(Victrelis™) simeprevir (Olysio™), hogc paritaprevir, hodc chét e ché NS5A (vi du,

Ombitasvir). Cac hgp chét theo sang ché ciing c6 thé dugc dung két hop véi chét e ché
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NS5B polymeraza khac nhau v& cAu tric nhu mot hop chit khac dwge md ta & day hodc
dudi day, bao gom Gilead’s Sovaldi®. Cac hop chit theo sang ché cling c6 thé duoc
dung két hop voi interferon alfa-2a, ma co thé duoc PEG hoa hodc dugce cai bién,

va/hodc ribavirin.

Nucleotit purin dugc thé N6 duoc cai bién & vi tri 2 duge thé p-D-2’-D-2’-a-flo-
2’-B-C theo sang ché thuong duoc ding qua dudng miéng, vi du, ¢ dang vién tron hodc
vién nén, nhung c6 thé dugc dung thong qua duong khac ma bac si theo ddi cho 1a thich
hop, bao gbm dudng dung qua dudng trong tinh mach, ép da, dudi da, khu trd, ngoai

duong tiéu hoa, hodc dudng dung thich hgp khac.

M5 ta van tat cac hinh vé

Fig. 1 13 bidu dd séc ky mAu van hanh ban diéu ché minh hoa qua trinh tach cta
céc chit ddng phan 1ap thé cia Hop chét 5 bang cach st dung cft Phenominex Luna nhu

dugc boc 10 trong Vi du 9. Truc y dugc thé hién theo mAU va truc x dugc do béng phut.

Fig. 2 1a biéu d6 duong cong (rc ché sy sao chép HCV @i véi Hop chét 5-2 (bang
7) va Sofosbuvir. Hop chét 5-2 ¢c6 ECso = 4nM, TCso 16n hon 100 micromol va chi sd
tri liéu 16n hon 25000. Sofosbuvir ¢6 ECso = 53nM, TCso 16n hon 100 micromol va chi
sb tri liéu 16m hon 1920. Tryc y la phén trim kidm soat virut va truc x 1a ndng d cua

thudc tinh theo uM.

Fig. 3 1a biéu dd dudng cong trc ché sy sao chép HCV d6i v6i Hop chét 25 (bang
7) va Sofosbuvir. Nhu duge mo ta trong Vi du 27, Hop chét 25 ¢6 ECso = 4nM, TCso
16n hon 100puM, va chi s tri liéu 16n hon 25000. Sofosbuvir ¢6 ECso = 53nM, TCso 16n
hon 100 micromol va chi sb tri liéu 16n hon 1920. Truc y la phan trim kiém soét virut

vatruc x la ndng do clia thubc tinh theo pM.

Fig. 4 1a so sanh thir nghiém ndi b v& hoat tinh khang HCV dbi v6i cac hop chat
5-2,25,27 (bang 7) va Sofosbuvir. Truc y 1a phén trim kiém soat virut va truc x la ndng

do cua thudc tinh theo pM. Xem, Vi du 27.
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Fig. 5 12 bidu dd thé hién do dn dinh clia cc hop chét 5-2; N*-axetat clia hop chét
5-2, N2-butyrat ctia hop chit 5-2; din xudt N>-metyl clia hop chit 5-2; va N2-n-
pentylcarbamat ciia hop chét 5-2 trong mau ngudi. Truc x 1a thoi gian u duge do bang

phtt va truc y 1a s6 do phan trim hop chét gdc con lai.

Fig. 6 1 biéu dd thé hién chu trinh thoi gian khi alkyl in vitro cua 2°-deoxy-2’-
a-flo-2’-B-metyl-N2-metyl-N°-metyl-2,6-diaminopurin nucleosit phosphoramidat thanh
2’-deoxy-2’-a-flo-2’-B-metyl-N°-metyl-2,6-diaminopurin nucleosit phosphoramidat khi
¢6 mat phan S9 cta gan ngudi. Truc x duge do bang phiit va truc y 1a s6 do ndng do cia

hop chét con lai tinh theo nM.

Fig.71a biéu dd thé hién do dn dinh cta cac hgp chit 5-2; N2-axetat ctia hgp chét
5.2, N%-butyrat ciia hop chit 5-2; dan xuét N2-metyl cia hop chit 5-2; va N-n-
pentylcarbamat cta hop chét 5-2 khi c6 mat phan S9 cua gan ngudi. Truc x duge do

bang phut va truc y 1a s6 do phan tram hop chét con lai.

Fig. 8 thé hién chét chuyén héa hop chit ndi bat 25 duoc tao ra trong té bao gan
ngudi. Truc x 14 thoi gian G tinh theo gio. Truc'y 12 ndng d6 ndi bao tinh theo pmol/ 106

t& bao. Xem Vi du 33.

Fig. 9 thé hién chét chuyén hoéa hop chit ndi bat 27 duoc tao ra trong té bao gan
ngudi. Truc x 12 thoi gian 1 tinh theo gio. Truc y 1a ndng do ndi bao tinh theo pmol/ 10°

té bao. Xem Vi du 33.

Fig. 10 thé hién chét chuyén hoéa hgp chit ndi bat 5-2 dugc tao ra trong té bao
gan ngudi. Truc x 1a thoi gian U tinh theo gio. Truc y la néng dd ndi bao tinh theo
pmol/10° té bao. Xem Vi du 33.

Fig. 11 12 biéu dd thé hién con dudng hoat hoa dbi voi cac hop chét 25, 27 va 5-
2. Nhu ¢6 thé dugc thdy, cic hop chét 25, 27 va 5-2 dugce chuyén héa thanh chét tuong
tu monophosphat twong ing clia chiing ma sau d6 dugc chuyén héa thanh chét tuong tu

MP chung; B-D-2’-deoxy-2’-a-flo-2’-B-metyl-guanin monophosphat. Sau  do
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monophosphat dugc phosphoryl hoa timg budc thanh triphosphat ¢6 hoat tinh: B-D-2’-
deoxy-2’-0-flo-2’-B-metyl-guanin triphosphat. Xem Vi du 33.

Mb ta chi tiét sang ché

Sang ché dé xuét hop chét, phwong phép, va ché pham dé diéu tri cac bénh lay
nhiém & hodc tiép xtc v6i ngudi va cac dong vét chu khéc c6 virut HCV bao gdm viéc
dung lwong hitu hi¢u cia hop chét ¢6 cong thirc I-VII nhu duge mo ta & day hodc mudi
dugc dung hodc tién chét thube cia né, tiy y trong chit mang dugc dung. Céac hop chét
theo sang ché c6 hoat tinh khang virut, hodc duoc chuyén hoa thanh hop chat c6 hoat

tinh do.

Céc hop chét va ché phim ciing c6 thé duge st dung dé diéu tri c4c tinh trang
bénh ly lién quan dén hozc xuét hién do tiép xtic véi virut HCV. Vi du, hop chét c6 hoat
tinh c6 thé duoc st dung dé diéu tri cac tinh trang bénh ly duong tinh vo6i khang thé
HCV va duong tinh v6&i khang nguyén HCV, viém gan man tinh do virut, ung thu gan
do viém gan C tién trién, xo gan, viém gan C cép tinh, viém gan C bao phat, viém gan
C dai ding man tinh, va mét moi do khang HCV. Theo mot phuong an, cac hop chat
hogic ché pham chtra cac hop chét nay ciing c6 thé dugc st dung phong ngira dé ngan
ngtra hodc lam chém su tién trién ctia bénh 1am sang & céc cd thé duong tinh v6i khang

thé HCV hoic khang nguyén HCV hodc phoi nhiém véi viém gan C.

Cu thé, da phat hién thiy ring tién chét thudc phosphat duge 1am bn dinh & dau
5> hodc din xut cla B-D-Z’-deoxy-2’-(x-ﬂo-2’-B-metyl-N6-metyl-2,6-diamino purin
nucleotit, cling nhu B-D-2’-deoxy-2’-a—ﬂo-2’-B-metyl-N6-dimetyl-2,6-diamin0 purin
nucleotit, va cac nucleotit purin dugc thé N dugc cai bién & vi tri 2 dugc thé B-D-2’-D-
2’-q-flo-2’-p-C khéc nhu dugc md ta dudi déy, co hoat tinh cao khang HCV. Diéu nay
12 ngac nhién do hoat tinh ctia nucleosit B-D-Z’-deoxy-2’-(x-ﬂo-2’-B-metyl-N6-metyl-
2,6-diamino purin gbc trong thtt nghiém replicon (ECso = 15,7 micromol) chi ra ring né

khong thich hop dé str dung lam thubc cho ngudi do khdng du hoat tinh, tuy nhién, tién
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chat thubc phosphat dugc 1am 6n dinh (phosphoramidat) cho thiy ECso = 26 nanomol,
trong thir nghiém replicon, hoat tinh ting it nhit 870 1an. Tuong tuw, hoat tinh cua
nucleosit B-D-2’-deoxy-2’-a-ﬂo-2’-B—metyl-NG-dimetyl-Z,6-diaminopurin gbc trong
thr nghiém replicon (ECso = 10,7 micromol, “pM”) chira rang né ciing khong thich hop
dé s dung lam thudc cho ngudi do khong di hoat tinh, tuy nhién, tién chét thude
phosphat dugc lam 4n dinh (phosphoramidat) cho thiy ECso = 12 nanomol, (“nM”),

trong thir nghiém replicon, hoat tinh tang nhiéu hon 1300 lan.

Bit ké pham vi cta tai liéu va don sang ché v& nucleosit khang virut, din Xudt
phosphat dugc lam 4n dinh & dau 5° cla 2’-deoxy-2’-0-flo-2’-B-metyl-N°-metyl-2,6-
diamino purin nucleotit, 2°-deoxy-2’-0-flo-2’-B-metyl-N°-dimetyl-2,6-diamino purin
nucleotit, va cac nucleotit purin dugc thé N° duoc cai bién & vi tri 2 dugce thé p-D-2°-D-

2’-a-flo-2°-B-C khéc khong dugc dé cap cu thé.

Trtr khi ¢6 quy dinh khéac, cac hop chit dugc md ta & day dugce néu & céu hinh B-
D. Theo mdt phuong an khéc, céc hop chét c6 thé dugc néu & cdu hinh B-L. Tuong tu,
nhém phan tir thé bat ky co tinh khong dbi xtmg c6 thé dugc dé xuét & dang raxemic,
dong phan dbi anh, chit ddng phan khong d6i quang hogc hdn hop bét ky cia chung.
Khi phosphoramidat, thiophosphoramidat hodc tién chit thudc phospho dugc lam 6n
dinh khdc trong d6 phospho c6 tinh khong d6i xng dugc st dung ¢ dang tidn chét thubc
phosphat dugc lam én dinh R4, n6 c6 thé duoc dé xuét & dang dan xuét phospho khong
d6i xting R hodc S hodc hdn hop cia ching, bao gdm hon hgp raxemic. Axit amin clia
phosphoramidat hogc thiophosphoramidat co thé c6 dang cu hinh D hodc L, hodc hdn
hgp ctia ching, bao gdm hdn hop raxemic. TAt ca cac hdn hgp cua cc cAu hinh 14p thé

ndy nam trong pham vi ciia séng che duge md ta & day.
Sang ché bao gom cac dic diém sau:

(a) hop chét c6 cong thire I-VII nhu duoc mo ta & day, va cac mudi duoc dung

va céc tién chat thudc cua no;
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(b) cong thirc I-VII nhu duge mo ta & day, va cac mubi duge dung va cac tién
chat thubc ciia n6 dé st dung dé didu tri hodc phong ngira bénh nhiém virut viém gan C;
(c) st dung cong thtrc I-VII, va cac mudi duge dung va cac tién chét thubc cua

nd trong viéc san xuét thube dé didu tri bénh nhiém virut viém gan C;

(d) phuong phép san xuét thudc duge du dinh dé str dung trong tri liéu dé diéu tri
bénh nhiém virut viém gan C, déc trung & chd cong thirc I-VII nhu dugec mo ta & day
dugc stir dung trong viéc san Xuét;

(e) dugc phdm chira lugng hitu hiéu dé diéu tri cho vat chu cua cong thire I-VII
hogc mudi duge dung hodc tién chat thudc cta néd cung voi chit mang hoic chét pha
lodng dugc dung;

() cong thirc I-VII nhu duge mo ta & day vé co ban 1a khong c6 chat dong phan
13p thé cta hop chit duge mo ta, hodc vé co ban dugc tach tir cac hoa chét khac; va,

(g) quy trinh didu ché céc san pham tri liéu chtra lwong hiru higu cua cong thirc
[-VII, nhu dugc mo ta & day.

I. Nucleotit purin dugc thé N® duoc cai bién & vi tri 2 dugce thé 2°-Deoxy-2’-a-flo-2-B-
C theo sang ché
Céc hop chét 6 hoat tinh theo sang ché 1a céc hop chat duge thé hién, vi du,

trong cong thuc I, co thé dugc cung cip trong ché pham, mudi hoic tién chit thude dugc

y |
N AN
Y N
, <NmNH2

o

dung cta no:

R*0
R12

OR?

Cong thirc I
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trong do:

Y 1a NR'R?%

R! 1a C;-Csalkyl (bao gbm metyl, etyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl va pentyl), C1-Cshaloalkyl (bao gébm CHoF, CHoF, CF3, CH2CF3,
CF,CHj3 va CF,CF3), C2-Cs alkenyl, Ca-Ce alkynyl, —(Co-Caralkyl)(Cs-Cexycloalkyl), —
(Co-Caalkyl)(di vong), —(Co-Caalkyl)(aryl), «(Co-Caalkyl)(heteroaryl), —OR%, -C(O)R3¢
(bao gdbm —C(O)CHs, —C(O)CH>CH3-C(O)CH(CHs), -C(O)OCH3, -C(O)OC.Hs, -
C(0)0OC3H7, -C(0)OC4Hy, va .C(O)OCsHn), -C(S)R®, hodc -SO,R?, mdi nhom ¢6 thé
thy ¥ dugc thé;

R? 1a hydro, C1-Csalkyl tuy y duoc thé (bao gdm metyl, etyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl va pentyl), C;-Cshaloalkyl (bao gbm CHF>,
CH,E, CF3, CH,CF3 va CF2CF3), —(Co-Caalkyl)(Cs-Cexycloalkyl) tiry ¥ duoc thé, —(Co-
Caalkyl)(di vong) tiy y duge thé, ~(Co-Caalkyl)(aryl) tuy y duge thé,
—(Co-Caalkyl)(heteroaryl) tuy y duogc thé, -C(O)R3C (bao gdbm -C(O)CHs, -
C(O)CH,CH3-C(O)CH(CHs)a, -C(O)OCH3, -C(0)OCHs, -C(0)OC3Hz7,-C(0)OC4Hy, va
-C(0)OCsHi1), -C(S)R?P, hodc -SOR%; va
trong d6 it nhat mot trong s6 R! va R? 1a metyl, CHzF, CHF> hoac CF3;

Q
R3B“"P—‘§_’

\

R*1a hydro, R% | diphosphat, triphosphat, axit amin lién két cacbonyl tuy
¥ duoc thé, hodc -C(O)R;

R3A ¢ thé duge chon tir O7, OH, aryl tily ¥ dugc thé —O, heteroaryl tiry y dugc
thé-0, hodc heteroxyclyl tuy y dugc thé;

R3B ¢6 thé dugc chon tr O, OH, axit amin lién két N tuy ¥ dugc thé hodc este

clia axit amin lién két N tiy y dugce thé;
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R3C 13 alkyl, alkenyl, alkynyl, -(Co-Ca)(xycloalkyl), -(Co-C2)(heteroxyclo), -(Co-
Co)(aryl), -(Co-C2)(heteroaryl), -O-alkyl, -O-alkenyl, -O-alkynyl, -O-(Co-
Co)(xycloalkyl),  -O-(Co-Ca)(heteroxyclo), -0-(Co-Co)(aryl),  hodc  -O-(Co-
C2)(heteroaryl), mdi nhém c6 thé tuy ¥ duoc thé;

R*1a monophosphat, diphosphat, triphosphat, hodc tién chit thudc phosphat dugc
]am 6n dinh, bao gdm nhung khong gi6i han & phosphoramidat, thiophosphoramidat,
hodc gbe bat ky khac dugc chuyén héa thanh monophosphat, diphosphat hodc
triphosphat in vivo trong vét chii la nguoi hodc dong vat; hodc

R3 va R4 cing v6i nguyén tir oxy ma chung li€n két c6 thé tao thanh tién chit
thube vong & dau 3°,5”, bao gdm nhung khong gidi han &, tidn chét thudc phosphat vong
& dau 3°,57;

R!2 13 CH3, CHoF, CHF», CF3, hodc etynyl.

Tién cht thubc phosphat dugc 1am bn dinh 1a gbc batky c6 thé phan phdi mono,
di, hodc triphosphat.

Theo phuong an khéc, cac hop chét c6 cong thirc Ta duge boc 19:
Y
N X
¢ ﬁ
N N/ NH,

CH,

R*0

OR3
Cong thtrc Ia
trong do:

Y, R3 va R* 1a nhu duge xéc dinh trén day.

-30-



39028

Theo phuong an khéc, cac hop chét c6 cong thirc Ib dugc boc 10:
Y
N X
{ fx
N N NH,

OR® F

R*0

H
Cong thuc Ib

trong do:

Y, R3 va R* 1a nhu dugc xac dinh trén day.

Theo phuong an khac, hop chét 1a theo cong thire Ic:

Y

N A

TR s e
=

R rL N N NH,

~

Rea%/ 0 o

R7 12

OR® F R

CO,R'™
Cong thuc Ic

O—TV—0

trong do:

R’ 1a hydro, Ci-salkyl; Cs.7xycloalkyl; heteroaryl, di vong, hoic aryl, bao gom,
nhung khong chi gi6i han &, phenyl hodc naphtyl, trong d6 phenyl hodc naphtyl tuy y
duoc thé bﬁng Ci-salkyl, Ca-salkenyl, C2.¢ alkynyl, Ci-salkoxy, F, Cl, Br, I, nitro, xyano,
Cighaloalkyl, -N(R”)2, Ci.saxylamino, NHSO:Cisalkyl, -SO_N(R™),, COR”', va -
SO2Crealkyl; (R” doc 1ap 1a hydro hogc Cisalkyl; R™ 1a —OR!! ho#c-N(R"));
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R® 13 hydro, Ci.salkyl, hoic R* hogc R% va R® ciing 12 (CH2)n d8 tao ra vong tuan

hoan bao gdm nguyén tt N va C lién ké; trong d6 n 1a tr 2 dén 4,

R% va R%® (i) doc lap dugc chon t¥ hydro, Ciealkyl, xycloalkyl,
-(CH2)((NR?),, C16hydroxyalkyl, --CH2SH, -(CH2)2S(O)(Me, -(CH2)sNHC(=NH)NHa,
(IH-indol-3-yl)metyl, (IH-imidazol-4-yl)metyl, -(CH2).COR?", aryl va aryl(Ci-3alkyl)-,
nhém aryl c6 thé tiy y duge thé bang nhom duge chon tir hydroxyl, Ciealkyl, Ci-
salkoxy, halogen, nitro va xyano; (i) R* va R déu 1a Ciealkyl; (iii) R% va R*® cung
nhau 1a (CHa): dé tao ra vong xoén; (iv) R% 1a hydro va R” va R® cling 1a (CHa)n dé tao
ra vong tuan hoan bao gdm nguyén tit N va C lién k& (v) R® 14 hydro va R%vaR® cung
1a (CHa) dé tao ra vong tudn hoan bao gdm nguyén tt N va C lién k&, trong d6 ¢ 1a tr 1
dén 6, nlatir2 dén 4, r1a tir 2 dén 5 va trong d6 R” doc 1ap 1a hydro hogc Ci6 alkyl va
RY" 13 —OR! hodc -N(R!")); (vi) R% 1a hydro va R*® 1a hydro, CHs, CH.CHs, CH(CHs)z,
CH,CH(CHs),, CH(CH3)CH,CHs, CH2Ph, CHz-indol-3-yl, -CH2CH>SCH, CH>CO:H,
CH,C(O)NH,, CH2CH,COOH, CH2CH2C(O)NHo, CH,CH>CH2CH>NHo>,
CH,CH,CH,NHC(NH)NH,, CHz-imidazol-4-yl, CH2OH, CH(OH)CHs, CHz((4'-OH)-
Ph), CH,SH, hodc xycloalkyl bac thip; hodc (vii) R* 1a CHs, CH2CHs, CH(CHs3),
CH,CH(CHj3),, CH(CH3)CH2CHs, CH2Ph, CHa-indol-3-yl, -CH2CH2SCHs, CH.CO-H,
CH,C(O)NH,, CH,CH>COOH, CH>CH2C(O)NHo>, CH,CH,CH.CHNH2, -
CH,CH,CH,NHC(NH)NH,, CHa-imidazol-4-yl, CH,OH, CH(OH)CHj, CHa((4'-OH)-
Ph), CH,SH, hoic xycloalkyl bac thap va R* 1a hydro;

R!°1a hydro, Ci-salkyl tuy y dugc thé biang alkoxy, di(alkyl bac thip)-amino, hodc
halogen, Ci-ghaloalkyl, Cs.7xycloalkyl, heteroxycloalkyl, aminoaxyl, aryl, nhu phenyl,
heteroaryl, nhu, pyridinyl, aryl dugc thé, hodc heteroaryl dugc thé;

R!! 13 Cr.ealkyl tuy ¥ dugc thé, xycloalkyl tuy ¥ dugce thé; Ca.salkynyl tuy y dugc
thé, Ca.salkenyl tiy ¥ duoc thé, hodc axyl tuy y duge thé, bao gdm nhung khong chi gidi
han & C(O)(C1-¢ alkyl); va

Y, R? va R 1a nhu dugc xéac dinh & day.
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Theo mdt phuong an, cac hop chét c6 cong thire IT duge bdc 16:
Y
N X
¢ lﬁ
N N/ R22

R12
F

R*O

OR?®
Cong thuc II
trong do:

Y 1A NR'R?%;

R! 1a Ci-Csalkyl (bao gbdm metyl, etyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl va pentyl), Ci-Cshaloalkyl (bao gdbm CH,F, CHF», CF3;, CHCFs3,
CF>CH3 va CF,CF3), C»-Cs alkenyl, C2-Cs alkynyl, —(Co-Caalkyl)(Cs-Cexycloalkyl), —
(Co-Caalkyl)(di vong), «(Co-Caalkyl)(aryl), «(Co-Caalkyl)(heteroaryl), —ORZ, -C(O)R3¢
(bao gdm —C(O)CHs, —C(O)CH2CH;-C(O)CH(CHs), -C(0O)OCH3, -C(O)OCoHs, -
C(0)0OC3Hz, -C(0)OC4Hy, va -C(0O)OCsHn), -C(S)R?P, hodc -SO2R%, mdi nhém c6 thé
tuy y dugce thé;

R? 13 hydro, Ci-Csalkyl tuy y dugc thé (bao gdm metyl, etyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl va pentyl), Ci-Cshaloalkyl (bao gdm CHF»,
CHF,, CF3, CH,CF3 va CF2CF3), —(Co-Caalkyl)(C3-Cexycloalkyl) tuy y dugc thé, —(Co-
Coalkyl)(di vong) tay ¥ duge thé, —(Co-Caalkyl)(aryl) tuy y duoge thé, —(Co-
Cralkyl)(heteroaryl) tuy y dugc thé, -C(O)R3C (bao gébm —C(O)CH3, —C(O)CH2CHs-
C(O)CH(CHj3),, -C(O)OCH3,-C(0)OC2Hs, -C(0)OC3Hy, -C(0)OC4Ho, va
-C(0)OCsH), -C(S)R’P, hodc -SO,R?%8; va

trong do it nhit mot trong s6 R! va R? 1a metyl, CH2F, CHF2 hodc CF3;
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9
Rsa_‘T_%_

R?1a hydro, R3 | diphosphat, triphosphat, axit amin lién két cacbonyl tury
y duogc thé, hogc -C(O)R3C;

R3A ¢6 thé duge chon tir O7, OH, aryl tuy y dugc thé —O, heteroaryl tuy y dugc
thé-0, hoic heteroxyclyl tuy y duoc thé;

R3B ¢6 thé duoc chon tir O, OH, axit amin lién két N tuy y dugc thé hodc este

ca axit amin lién két N tuy ¥ dugc thé;

R3C 13 alkyl, alkenyl, alkynyl, -(Co-C2)(xycloalkyl), -(Co-Ca)(heteroxyclo), -(Co-
Cy)(aryl), -(Co-Ca)(heteroaryl), -O-alkyl, -O-alkenyl, -O-alkynyl, -O-(Co-
Cy)(xycloalkyl), -O-(Co-C2)(heteroxyclo), -0-(Co-C2)(aryl), -O-(Co-Ca)(heteroaryl), -S-
alkyl, -S-alkenyl, -S-alkynyl, -S-(Co-C2)(xycloalkyl), -S-(Co-C2)(heteroxyclo), -S-(Co-
C2)(aryl), hodc -S-(Co-C2)(heteroaryl), mdi nhém c6 thé tuy ¥ duge thé;

R 3 alkyl, alkenyl, alkynyl, -(Co-C2)(xycloalkyl), -(Co-C»)(heteroxyclo), -(Co-
Co)(aryl), -(Co-Ca)(heteroaryl), -O-alkyl, -O-alkenyl, -O-alkynyl, -O-(Co-
Ca)(xycloalkyl),  -O-(Co-C2)(heteroxyclo), -0-(Co-Co)(aryl),  hodac  -O-(Co-

C)(heteroaryl), mdi nhom c6 thé tuy y duoc thé;

R*1a monophosphat, diphosphat, triphosphat, hodc tién chit thudc phosphat dugc
]am 6n dinh, bao gdm nhung khong gi6i han ¢ phosphoramidat, thiophosphoramidat,
hodc gbc b4t ky khac dugc chuyén héa thanh monophosphat, diphosphat hodc

triphosphat in vivo trong vét chu la ngudi hodc dong vat; hoac

R3 va R* cliing v6i nguyén tr oxy ma ching lién két ¢6 thé tao thanh tién chét
thudc vong & dau 3°,5°, bao gdm nhung khong gi6i han &, tién chét thudc phosphat vong
& dau 3°,5;

R5 la Ci1-Csalkyl (bao gbm metyl, etyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl va pentyl), Ci-Cshaloalkyl (bao gdbm CHF», CHF2, CF3, CH2CF3 va
CF,CF3), C2-Cs alkenyl, C»-Ce alkynyl, —(Co-Cralkyl)(Cs-Coxycloalkyl), —(Co-
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Cralkyl)(di vong), —(Co-Caalkyl)(aryl), «(Co-Caalkyl)(heteroaryl), —~OR?, -C(O)R3¢
(bao gébm —C(O)CHs, —C(O)CH2CH3-C(O)CH(CHa), -C(O)OCH3, -C(0O)OCxHs, -
C(0)OC3H7,-C(0)OCsHy, va -C(O)OCsHn), -C(S)R®P, hodc -SO2R?, mdi nhém c6 thé
tuy y duge thé;

R®1a hydro, C1-Csalkyl tuy y dugc thé (bao gdbm metyl, etyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl va pentyl), Ci1-Cshaloalkyl (bao gdbm CHF>,
CHyF, CF3, CH2CF3 va CF2CF3), —(Co-Caalkyl)(C3-Cesxycloalkyl) tuy y dugc thé, —(Co-
Cralkyl)(di vong) tuy y dugc thé, —(Co-Caalkyl)(aryl) tuy y duge thé, —(Co-
Caalkyl)(heteroaryl) thy y dugc thé, -C(O)R3C (bao gdm —C(O)CHs, —C(O)CH2CHs-
C(O)CH(CH3),, -C(O)OCHs, -C(0)OC2Hs, -C(O)OCsHy, -C(O)OC4Hy, va
C(0)OCsHiy), -C(S)R?P, hodc -SO2R?*; hodc

RS va RS cung v6i nguyén tir nito ma chung lién két co thé tao thanh vong di

vong;
R!2 13 CH3, CHoF, CHF», CF3, hodc etynyl;

R2 13 CI, Br, F, CN, N3, C1-Cs alkyl, C2-Cs alkenyl, C»-Cs alkynyl, —(Ci-
Caalkyl)(Cs-Cexycloalkyl), —(Co-Caalkyl)(C3-Csdi  vOng), -(Co-Caalkyl)(aryl), -(Co-
Caalkyl)(heteroaryl); -ONHC(=O)OR?, _NHOR2, -OR?5, -SR?| -NH(CH2)1-4N(R*),, -
NHNHR?6, -N=NR?’, -NHC(O)NHNHRY, “NHC(S)NHNHR?, -C(O)NHNHR?, -
NR2’SO,R2, -SO,NR?>'R%,

O

D

-C(O)NR?R?, -CO2R?, -SO2R%, X , -P(O)H(OR??), -P(O)(OR*)(OR*?),
-P(O)(OR?)(NRZ’R*) hodc -NR°RS;

vi du bao gdm nhung khong gidi han & cac phuong an sau, clo, brom, flo, Xyano,
azido, etyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl va n-pentyl, 1,1-
dimetylpropyl, 2,2-dimtheylpropyl, 3-metylbutyl, 1-metylbutyl, 1-etylpropyl, vinyl,
allyl, 1-butynyl, 2-butynyl, axetylenyl, xyclopropyl, xyclobutyl, xyclopentyl,
xyclohexyl, -(CHz)-xyclopropyl, -(CHa)-xyclobutyl, -(CHz)-xyclopentyl, -(CHa)-
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xyclohexyl, aziridin, oxiran, thiiran, azetidin, oxetan, thietan, pyrolidin, tetrahydrofuran,
thiolan, pyrazolidin, piperidin, oxan, thian, -(CH»)-aziridin, -(CHy)-oxiran, -(CHa)-
thiiran, -(CHa)-azetidin, -(CHa)-oxetan, -(CHa)-thietan, -(CHy)-pyrolidin, -(CHa)-
tetrahydrofuran, -(CHa)-thiolan, -(CHz)-pyrazolidin, -(CHy)-piperidin, -(CHz)-oxan, -
(CHy)-thian, phenyl, pyridyl, -ONHC(=0)OCH, -ONHC(=0)OCH2CHs, -NHOH,
NHOCH3;, -OCHs, OC,Hs, -OPh, OCH.Ph, -SCHs, -SC:Hs, -SPh, SCH:Ph, -
NH(CH2):NH>, -NH(CH2)2N(CHs)2, -NHNH,, -NHNHCH3, -N=NH, -N=NCH3s, -
N=NCH,CHs, -NHC(O)NHNH,, -NHC(S)NHNH,, -C(O)NHNH, -NHSO.CHs, -
NHSO0,CH,CH3, -SO;NHCH3, -SO2N(CHs)a, -C(O)NH>, -C(O)NHCH, -C(O)N(CHas),
-C0O,CH3, -CO2CH2CH3, -CO2Ph, -CO2CH,Ph, -SO2CH3, -SO2CH2CHs, -SO2Ph, -

O O
SO,CH,Ph, %_%N"H, %_%N_CHi _P(O)H(OH), -P(O)H(OCHs), -P(O)(OH)(OH),
-P(O)(OH)(OCH3), -P(0)(OCH3)(OCH3), -P(O)(OH)(NH>), -P(O)(OH)(NHCH3), -
P(O)(OH)N(CHs);, -NHC(O)CH;, -NHC(O)CH.CH, -NHC(O)CH(CH3)2, -
NHC(0)OCH3, -NHC(O)OCH2CH3, -NHC(O)OCH(CHa), -NHC(O)OCH,CH>CHs, -
NHC(0)OCH,CH>CH>CHj3 va -NHC(0)OCH2CH2CH2CH2CH3; |

R23 1a Ci-Csalkyl, —(Co-Caalkyl)(Cs-Cexycloalkyl), -(Co-Cralkyl)(di vong)-(Co-
»alkyl)(aryl) hogc -(Co-Caalkyl)(heteroaryl), mdi nhém c6 thé tiy ¥ duge thé;

R2*14 hydro, C1-Cs alkyl, <(C1-Caalkyl)(Cs-Cexycloalkyl), ~(Ci-CaalkyD)(Cs-Cedi
vong) -(Co-Coalkyl)(aryl) hodc -(Co-Caalkyl)(heteroaryl) trong d6 ngoai trir hydro, moi
nhém c6 thé tiy y duge thé;

R 14 hydro, Ci-Cs alkyl, C2-Cs alkenyl, C»-Ce alkynyl, —(Co-Caalkyl)(Cs-
Csxycloalkyl), —(Co-Caalkyl)(Cs-Cedi  vOng), -(Co-Caalkyl)(aryl) hoac -(Co-
Caalkyl)(heteroaryl) trong d6 ngoai trr hydro, mdi nhom c6 thé tiry ¥ duge thé;

R26 doc lap duoc chon tir hydro, Ci-Cealkyl, ~(Co-Caalkyl)(C3-Cexycloalkyl), -
(Co-Caalkyl)(di vong), -(Co-Caalkyl)(aryl), hodc -(Co-Caralkyl)(heteroaryl) trong do
ngoai trr hydro, mdi nhém c6 thé tiry ¥ duge thé;

R? hydro hodc Ci-Cs alkyl tuy y dugc thé;
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R2 1a C1-Cs alkyl, C»-Cs alkenyl, C»-C¢ alkynyl, —(Co-Caalkyl)(Cs-
Cexycloalkyl), —(Co-Caalkyl)(Cs-Cedi  vong), -(Co-Caalkyl)(aryl) hodc  -(Co-
Caalkyl)(heteroaryl), mdi nhém co thé tuy y dugc thé;

R? 1a hydro, Ci-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, —(Co-Caalkyl)(Cs-
Cexycloalkyl), —(Co-Caalkyl)(C3-Cedi  vOng), -(Co-Cralkyl)(aryl) hodc  -(Co-
Caalkyl)(heteroaryl) trong d6 ngoai trir hydro, mdi nhom c6 thé tiy ¥ duge thé; hodc

R va R? clng v&i nguyén tir nito ma ching lién két c6 thé tao thanh vong di
vong;

R® 1a hydro, Ci-Cs alkyl, C»-Cs alkenyl, C»-Cs alkynyl, —(Co-

Caalkyl)(C3Cexycloalkyl), «(Co-Coalkyl)(C3-Cedi vong), -(Co-Caalkyl)(aryl) hodc

-(Co-Caalkyl)(heteroaryl) trong d6 ngoai trir hydro, mdi nhém co thé tuy y duge thé;

hodc
R2 va R ¢6 thé dwoc lién két cing nhau dé tao ra vong di vong;
x béng 1, 2 hoic 3.

Theo phuong an khac, cac hop chét c6 cdng thirc Ila duge bdc 10:
Y
N A
¢ ]Q
N N/ R22

CHs

R4O

OR® F
Cong thuc Ila
trong do:
Y, R3, R* va R? 1a nhu dugc xéc dinh trén day.

Theo phuong an khac, cac hgp chét ¢ cong thire IIb duge boc 10:
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Y
N X
Y N
<N Ii;k R

OR® F

R*O

H
Cong thtrc IIb
trong do:
Y, R3, R* va R?? 1a nhu dugc xac dinh trén day.

Theo mdt phuwong an dién hinh, hop chit la chét déng phan B-D ddi chiéu véi
nucleosit tuong Gng (trc 1a, trong cAu hinh c6 trong ty nhién). Trong mot chu hinh thay
thé, hop chét dugc d& xuit dudi dang chat dong phan B-L. Hop chit nay thuong it nhét
90% khong c6 chét ddng phan déi anh dbi dién, va c6 thé it nht 1a 98%, 99% hodc thim
chi 12 100% khéng ¢6 chét ddng phan déi anh ddi dién. Trir khi dwge mo ta khac di, hop
cht it nhét 12 90% khong c6 chét ddng phan déi anh dbi dién.

Theo phuong an khac, hop chét 1a theo cong thtre I1I:

Cong thuc I1I

trong do:
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R’ 14 hydro, Ci-salkyl; Cs7xycloalkyl; heteroaryl, di vong, hodc aryl, bao gém,
nhung khong chi gi6i han &, phenyl hodc naphtyl, trong d6 phenyl hoéc naphtyl tuy y
duoc thé béng Cr.salkyl, Ca-calkenyl, Ca.¢ alkynyl, Cialkoxy, F, Cl, Br, I, nitro, xyano,
Ci.shaloalkyl, -N(R"),, Cisaxylamino, NHSO2C1.alkyl, -SO,N(R™),, COR”, va -
SOC1.alkyl; (R7 doc 14p 1a hydro hogc Cisalkyl; R7" 1a —OR'! hogc-N(R")2);

R® 13 hydro, Ci-salkyl, hoic R* hodc R* va R® cting 12 (CH2)n dé tao ra vong tuan

hoan bao gdm nguyén tt N va C lién k&; trong d6 n 1a tir 2 dén 4;

R% va R® (i) doc lap dwgc chon tir hydro, Cisalkyl, xycloalkyl,
L(CHy){(NR%)2, Ci.shydroxyalkyl, --CH>SH, ~(CH2)2S(0)(Me, ~(CH2)sNHC(=NH)NH,
(IH-indol-3-yl)metyl, (IH-imidazol-4-yl)metyl, -(CH2).COR”, aryl va aryl(Cialkyl)-,
nhoém aryl ¢o thé thy y dugc thé bang nhém dugc chon tir hydroxyl, Cisalkyl, Ci-
salkoxy, halogen, nitro va xyano; (ii) R% va R” déu 1a Ciealkyl; (iii) R va R cung
nhau 1 (CHa): d& tao ra vong xodn; (iv) R* 1a hydro va R% va R? cung nhau 1a (CH2)n
& tao ra vong tudn hoan bao gdm nguyén tir N va C lidn ké (v) R% 1a hydro va R%va
R® cung nhau 1a (CH2)n dé tao ra vong tudn hoan bao gbém nguyén to N va C lién ké,
trong d6 clatr 1 dén 6, nlatr2 dén 4, rlati2 dén 5 va trong d6 R doc 1ap 1a hydro
hodic Ci.alkyl va R? 1a —OR!! hogc -N(R!")); (vi) R* 12 hydro va R? 14 hydro, CHs,
CH,CHs, CH(CHs),, CHCH(CHs),, CH(CH3)CH:CHs, CHaPh, CHy-indol-3-yl, -
CH,CH,SCHs, CHCOxH, CHC(O)NH, CHCH;COOH,  CH:CH>C(O)NH,
CH,CH,CH,CHoNH,, -CH2CH,CHNHC(NH)NH:, CHaz-imidazol-4-yl, CH2OH,
CH(OH)CH:, CHy((4-OH)-Ph), CH,SH, hodic xycloalkyl bac thép; hoge (vii) R* 1a
CHs, CH,CH3, CH(CH3)2, CH2.CH(CHz3)2, CH(CH3)CH2CH3s, CHaPh, CHz-indol-3-yl, -
CH,CH,SCH3;, CH,CO,H, CH>C(O)NH,, CH>CH,COOH, CH>CH2C(O)NHo2,
CH,CH,CH,CH,NH,, -CH2CH>CH2NHC(NH)NH>, CHz-imidazol-4-yl, CH>OH,
CH(OH)CH3, CHx((4'-OH)-Ph), CH2SH, hodc xycloalkyl bac thap va R% 1a hydro;

R 3 hydro, Ci.salkyl tily ¥ dugc thé bang alkoxy, di(alkyl bac thdp)-amino, hogc
halogen, Cishaloalkyl, Cs.7xycloalkyl, heteroxycloalkyl, aminoaxyl, aryl, nhu phenyl,
heteroaryl, nhu, pyridinyl, aryl duoc thé, hodc heteroaryl dugc thé;
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R!! 1a Cr.ealkyl tiy y dugc thé, xycloalkyl tuy ¥ dugc thé; Casalkynyl ty ¥ dugc
thé, Ca.salkenyl tiry y dugc thé, hodc axyl tuy y dugc thé, bao gdm nhung khong chi gisi
han & C(O)(Cisalkyl); va

Y, R3 R!2 va R?? 1a nhu dugc x4c dinh trén day.

Theo mot phuong én, cac hop chét c6 cong thire IV duge boc 10:

Cong thtc IV
trong d6 c4c bién s6 Y, R, R7, R%, R™, R% R0 va R?? dugc mo ta & day.

Theo mot phuong an, cac hop chét c6 cong thitc V duge boc 10:

Cong thirc V
trong d6 céc bién s6 Y, R%, R7, R%, R R®, R'* va R* dugc md ta 6 day.

Theo mdt phuong an khéc, cac hop chét, phuong phép, va ché pham duoc & xuat

dé diéu tri cho vat chu nhiém hoic phoi nhiém véi viém gan C.
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Theo mdt phuong an, cc hop chét c6 cong thire VI dugce boc 19:
Y
N X
¢ fx
N NT NH,

R12
ORS R41

R4O

Cong thirc VI
trong do:
R*! 13 halogen (cu thé 12 F hoic CI), OR’ (bao gdm OH), N3, NH; hodc CN; va
cac bién s6 Y, R?, R4, va R'? duge mo ta & day.
Theo mot phuwong én, cac hop chét c6 cong thic VII dugce boc 10:

Y

N X
N N/ R22
R*0

R12
OR3 R*1

Cong thuc VII
trong d6 céc bién s§ Y, R®, RY, R? va R*" duge mo ta ¢ day.

Chuyén héa 2,6-diaminopurin nucleotit dugc thé N duoc thé p-D-2°-deoxy-2"-a-flo-2’-
B-C

Qué trinh chuyén hoda B-D-2’-deoxy-2’-a-ﬂo-2’-B-metyl-N6-metyl-2,6-

diaminopurin nucleosit phosphoramidat bao gdm viéc san sinh ra 5’-monophosphat va
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sau d6 dong hoa N°-metyl-2,6-diaminopurin bazo dé tao ra p-D-2’-deoxy-2’-a-flo-2’-B-
metyl-guanin nucleosit duéi dang 5’-monophosphat. Sau d6 monophosphat dugc dong
hoa thém thanh loai c6 hoat tinh; 5’-triphosphat. -D-2’-deoxy-2’-a-flo-2’-B-metyl-
guanin triphosphat c6 ICso = 0,15uM khang HCV genotyp 1b NS5B polymeraza. Con
duong chuyén hoa a6i  véi B-D-Z’-deoxy-2’-a-ﬂo-Z’-B—metyl-N6-metyl-2,6-

diaminopurin nucleosit phosphoramidat dugc minh hoa trong So d6 1 duéi day.

“NH “NH

RS .
)\OW/\ wP-0 o) <N L Ho—('P)'—o AL

N” >NH, —»

O l | O N N NH2
OPh 1—1 , o /LL .

HO F HO F
o) o)
N N NH
— X </ I e I I < l /)\
HO-P-0—~_O_N"“N"nH, HO-R-O-P O O N7 N7 "NH,
OH OH OH
HO T HO F
o)

N NH
o o 9 Iy
HO-P-0-P-0-P-0—~_ O NN’

| | N NH2
OH OH OH

So dd 1

Qua trinh chuyén hoa B-D-Z’-deoxy-2’-a-ﬂo—2’-B-metyl-N6-dimetyl-2,6-
diaminopurin nucleotit bao gbm ca viéc tao ra B-D-2’-deoxy-2’-a-ﬂo-2’-B-metyl-N6-
dimetyl-2,6-diaminopurin nucleosit triphosphat ciing nhu tao ra guanin nucleosit
triphosphat twong tmg. Cac con duong chuyén hoa duge minh hoa trong So dd2va3

duéi day.
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N “NH
- N S = N X
)\ O 2 N )\ : O y fN
@) < | (@) ; I |
\”ﬂu... P-0 O_ N N/)\NHZ \ﬂ/\ﬁ“”P“O \zO: :N N/)\NH
© OPh \/l — O OPh /
HO F HO F
“NH 0

N NH
. ¢ ¢ 9 @fi
— > HO-P-0-P-0-P-0-~_O _N" N7
| OH OH OH m
HO F
So dd 2
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-0
OPh

\N/
= N S N \
/l\ 20 /jI%\N 0 N
0 l /
\H/\N““;i) o) <N N//kNHz HO—]I:II)—O 0] <N l /)\
; ; - S

~ .
~ [ ~ i

HO F HO F

—_

\N/
N N N
0 80 LT
HO—P_O—?_O 0] N N NH2

|
OH OH
HO F
\N/
N
280 lT N
HO-P-0-P-0-P-0 O_,N">N” >NH,
OH OH OH

~ -
N e

HO F
So dd 3

Tién chit thudc phosphat dugc lam 6n dinh

Tién chét thudc phosphat duge 1am bn dinh 1a cac gbc co thé phan phdi mono, di,
hoic triphosphat in vivo. Vi du, McGuigan d& md ta phosphoramidat trong patent My
sb: 8,933,053; 8,759,318; 8,658,616; 8,263,575; 8,119,779; 7,951,787 va 7,115,590.
Alios di mé ta thiophosphoramidat trong US 8,895,723 va 8,871,737 duoc dua vao day
bing cach vién dan. Alios cling mo ta nucleotit vong trong patent My sb 8,772,474 dugc
dua vao day bang cach vién dan. Idenix dd md ta phosphoramidat vong va dan xuit
phosphoramidat/SATE trong WO 2013/177219 dugc dua vao day béng cach vién dan.
Idenix ciling d& md ta hop chét cacbonyloxymetylphosphoramidat duoc thé trong WO
2013/039920 dugc dua vao day bang cach vién dan. Hostetler da mo ta cac tién chét
thubc lipit phosphat, xem, vi du, US 7,517,858. Hostetler cling dd mo ta thé lién hop
lipit cua cac tién chat thubc phosphonat, xem, Vi du, US 8,889,658; 8,846,643;
8,710,030; 8,309,565; 8,008,308, va 7,790,703. Emory University da mo ta nucleotit
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sphingoit va cac dan xuét lipit trong WO 2014/124430. RFS Pharma d& md ta céc tién
chét thubc purin nucleosit monophosphat trong WO 2010/091386. Cocrystal Pharma
Inc. cling d3 md ta cac tién chit thudc purin nucleosit monophosphat trong patent My
s6: 9,173,893 dugc dua vao day béng cach vién dan. Cong nghé HepDirect™ dugc mo
ta trong bai bao "Design, Synthesis, and Characterization of a Series of Cytochrome
P(450) 3A-Activated Prodrugs (HepDirect Prodrugs) Useful for Targeting
Phosph(on)ate-Based Drugs to the Liver," (J. Am. Chem. Soc. 126, 5154-5163 (2004).
Céc tién chét thudc phosphat bd sung bao gdbm, nhung khong chi gi6i han ¢ phosphat
este, 3°,5’-phosphat vong bao gbém CycloSAL, dAn xuit SATE (S-axyl-2thioeste) va cac
tién chét thubc DTE (dithiodietyl). Dé ¢6 cac nhan xét vé tai liéu mo ta cac vi du khong
lam gidi han pham vi ciia sang ché, xem: A. Ray and K. Hostetler, “Application of kinase
bypass strategies to nucleoside antivirals,” Antiviral Research (2011) 277-291; M.
Sofia, “Nucleotide prodrugs for HCV therapy,” Antiviral Chemistry and Chemotherapy
2011; 22-23-49; va S. Peyrottes et al., “SATE Pronucleotide Approaches: An
Overview,” Mini Reviews in Medicinal Chemistry 2004, 4, 395. Theo mot phuong an,
tién chit thudc 5> dugc mo ta trong don sang ché hodc tai liéu sang ché bét ky trong s6
cac don sang ché hoic tai liéu sang ché nay co thé duoc st dung & vi tri R* ctia cac hop

chat duoc néu.

Theo mdt phuong én khac, tién chat thude phosphat dugc lam 6n dinh, bao g@)m,
nhung khong chi giéi han 6 céac tién chét thudc dugc mo ta trong patent My $69,173,893
va patent My s6 8,609,627, duoc dua vao day bing cach vién dan, bao gdm céc quy
trinh didu ché. Vi du, céc tién chét thube 5° ¢6 cong thire I-V ¢6 thé dugc thé hién boi
nhom:

y4
R31_B__§_

R32
Theo mdt phuong an khac, cac tién chét thude 3°, 5’ ¢6 cong thire I-V ¢6 thé dugc

thé hién boi nhom:
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Q¥
P
R33 \yﬁ

trong do:
khi tinh khong d6i xtmg ton tai & tim phospho thi né c6 thé 1a R, hodc Sp hoan toan hodc

mdt phan hozc hdn hop bét ky ctia chiing.

Z 1a O hodc S;
H
0-¢ N-3-
RSSO/“\/ S_y{) l X | X
R33 dugc chon tir OR, R® SN hoae >z N Va ruou béo

duge dan xuét (vi du nhung khong gi6i han &:

IinoIeyI-O—g— , oIeyI-O—é_)

trong d6 R, R¥, va R3¢ 1a nhu dugc x4c dinh dudi day;

R3! va R®, khi dugc dung in vivo, c6 kha ndng tao ra nucleosit monophosphat hodc
thiomonophosphat, co thé hodc khong thé khdng mot phan hogc hoan toan viéc khir amin
6-NH; trong hé théng sinh hoc. R*! vaR* tiéu biéu ddc 1ap dugc chon tur:

() OR**trong d6 R3* dugc chon tir H, Li, Na, K, phenyl va pyridinyl; phenyl va pyridinyl
duoc thé bang mot dén ba phin tir thé doc 18p duoc chon tir nhém bao gdm (CHz)o-
sCO2R3 va (CH2)0-6CON(R)2;

R37 doc 1ap 1a H, Ci-20 alkyl, mach cacbon ¢ ngudn géc tir rugu béo (nhu ruou oleylic,
octacosanol, triacontanol, rugu linoleylic, va v.v) hodc Ci20 alkyl dugc thé bang alkyl
bac thip, alkoxy, di(alkyl bac thip)-amino, flo, Cs.10 xycloalkyl, xycloalkyl alkyl,
xycloheteroalkyl, aryl, nhu phenyl, heteroaryl, nhu, pyridinyl, aryl dugc thé, hoic
heteroaryl dugc thé; trong d6 cac phan ti thé 1a C1.s alkyl, hodc Cisalkyl dugc thé bang
alkyl bac thap, alkoxy, di(alkyl béc thap)-amino, flo, Cs.10 xycloalkyl, hodc xycloalkyl;
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oy My
é é
) ~N hoge ~2N

(c) este ctia axit amin D hodc axit amin L

0]

N
R35O)K( 7

R36

trong d6 R bi gi¢i han & cdc mach bén xuét hién trong axit amin L ty nhién, va

R 1a H, Ci2o alkyl, mach cacbon ¢6 ngudn gbc tir rugu béo (nhu rugu oleylic,
octacosanol, triacontanol, rurou linoleylic, va v.v..) hodc Ci-20 alkyl duoc thé b%mg alkyl
bac thip, alkoxy, di(alkyl bac thip)-amino, flo, Cs.10 xycloalkyl, xycloalkyl alkyl,
xycloheteroalkyl, aryl, nhu phenyl, heteroaryl, nhu, pyridinyl, aryl dugc thé, hoac
heteroaryl duoc thé; trong do cac phén t thé 1a Cy.s alkyl, hodc Cis alkyl duge thé béng
alkyl bac thép, alkoxy, di(alkyl bac thép)-amino, flo, Cs-10 xycloalkyl, hodc xycloalkyl;
(d) R¥ vaR32 ¢6 thé cing nhau tao ra vong

OR38
O

NH
0
10

o

trong d6 R31a H, C1z0alkyl, C1-20 alkenyl, mach cacbon ¢6 ngudn gde tir rugu béo (nhu
rugu oleylic, octacosanol, triacontanol, rugu linoleylic, v.v) hodc Ci-o alkyl dugc thé
bang alkyl bac thap, alkoxy, di(alkyl bac thip)-amino, flo, Cs-10 xycloalkyl, xycloalkyl
alkyl, xycloheteroalkyl, aryl, nhu phenyl, heteroaryl, nhu, pyridinyl, aryl dugc thé, hodc
heteroaryl dugc thé; trong d6 cac phan tit thé 1a Cr.s alkyl, hodc Ci-s alkyl dugc thé bang
alkyl bic thap, alkoxy, di(alkyl bic thép)-amino, flo, Cs.10 xycloalkyl, hogc xycloalkyl;
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(e) R3' vaR32 ¢6 thé cung nhau tao ra vong dugc chon tir

'2 R hoac S
0 R39 R39_ hoidc
R40 . NS
\« —~ & | P R39—f- , 0 R/S
O 0o-% 40U\ O. va
N— 0O R4O R O
hig

0—%$-
(jCng_?s_
\ R~

trong d6 R*1a O hogc NH va
R* dugc chon tir H, Ci0 alkyl, Ci-20 alkenyl, mach cacbon c6 ngu?)n géc tir axit béo
(nhu axit oleic, axit linoleic, va axit tuong tw), va Ci-20 alkyl duogc thé bang alkyl bac
thdp, alkoxy, di(alkyl bac thdp)-amino, flo, Cs.i0 xycloalkyl, xycloalkyl alkyl,
xycloheteroalkyl, aryl, nhu phenyl, heteroaryl, nhu pyridinyl, aryl duoc thé, hoic
heteroaryl dugc thé; trong d6 cac phan tir thé 1a C1-s alkyl, hodc Cr.s alkyl dugc thé bang
alkyl bac thép, alkoxy, di(alkyl béc thdp)-amino, flo, C3.10 xycloalkyl, hodc xycloalkyl.
Cac hop chét ¢c6 thé duge diéu ché, vi du, béng cach diéu ché chit tuong tu 5'-
OH, sau d6 chuyén héa ching thanh chét twrong tw monophosphat.

Céc phuong an
Theo cac phuong an cu thé:
(i)  trong cong thic Ta, Y 1a NR'R?, R! la metyl, R* 1 hydro, R3 14 hydro, R*
13 tidn chét thudc phosphat dugc 1am 6n dinh;

(i)  trong cong thic Ia, Y 1a NR'R?, R' 12 metyl, R2? 13 hydro, R® 1a hydro, va

R* 14 tién chét thube thiophosphat dugc 1am 6n dinh;

(iii) trong cong thic Ia, Y 1a NR'R?, R' 12 metyl, R? 1 hydro, R® 1a hydro, va
R* 1a phosphoramidat;
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™)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

(xii)

(xiii)

(xiv)

(xv)

(xvi)

39028

trong cong thirc Ta, Y 12 NR'R?, R 1a metyl, R? Ia hydro, R* 1a hydro, va
R* 1 thiophosphoramidat:

trong cong thie Ia, Y 12 NR'R?, R 1a metyl, R? 1 hydro, R® 1a hydro, va
R* 1a monophosphat;

trong cong thirc Ta, Y 1a NR'R?, R! 14 metyl, R* 1a hydro, R3 14 hydro, va
R*1a diphosphat;

trong cong thirc Ta, Y 12 NR'R2, R 1a metyl, R? Ia hydro, R® 1a hydro, va
R* 14 triphosphat;

trong cong thirc Ta, Y 12 NR'R2, R 1a metyl, R? 1a metyl, R® 1a hydro, R*
1a tién chét thudc phosphat duge lam n dinh;

trong cong thirc [a, Y 1a NR'R?, R! 1a metyl, R* 1a metyl, R3 1a hydro, va
R* 1a tidn chit thudc thiophosphat dwgc lam én dinh;

trong cong thirc Ta, Y 1a NR'R?, R' 14 metyl, R? 1a metyl, R® 1a hydro, va
R* 12 phosphoramidat;

trong cong thirc Ta, Y 1a NR'R?, R! 1a metyl, R? 12 metyl, R® 1 hydro, va
R* 14 thiophosphoramidat:

trong cong thirc Ta, Y 1a NR'R?, R! 1a metyl, R? 12 metyl, R® 14 hydro, va
R* 1a monophosphat;

trong cong thirc Ta, Y 1a NR'R?, R! 1a metyl, R? 12 metyl, R® 1a hydro, va
R* 14 diphosphat;

trong cong thuc Ta, Y 1a NR'R%, R! 1a metyl, R? 12 metyl, R® 14 hydro, va
R* 1a triphosphat;

trong cong thic Ta, Y 12 NR'R?, R! 1 metyl, R* 1a xyclopropyl, R3 1a
hydro, R* 14 tidn chét thubc phosphat dwoc 1am 6n dinh;

trong cong thie Ta, Y 1a NR'R?, R' 1a metyl, R? 1a xyclopropyl, R® 1a
hydro, va R* 1a tién chét thudc thiophosphat dugc 1am n dinh;
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(xvii) trong cong thirc Ta, Y 12 NR'R?, R! la metyl, R* 1a xyclopropyl, R3 1a
hydro, va R* 12 phosphoramidat;

(xviii) trong cong thirc Ta, Y 1a NR'R?, R' 1a metyl, R? 1a xyclopropyl, R® 1a
hydro, va R* 1a thiophosphoramidat:

(xix) trong cong thirc Ta, Y 1a NR'R?, R! la metyl, R? la xyclopropyl, R? 1a
hydro, va R* 12 monophosphat;

(xx) trong c@hg thirc Ta, Y 1A NR'R2 R! 1a metyl, R? 1a xyclopropyl, R® 1a metyl,

Y y ty

va R* 1a diphosphat;

(xxi) trong cong thirc Ta, Y 1a NR'R?, R! 1a metyl, R* 1a xyclopropyl, R3 1a
hydro, va R* 1a triphosphat;

(xxii) trong cong thic Ia, Y 1a NR'R?, R [a metyl, R? 1a propyl, R? 1a hydro, R?

Y

13 tidn chét thube phosphat dugc lam 4n dinh;

(xxiii) trong cong thic Ta, Y 1a NR'R?, R' 1a metyl, R? 14 propyl, R® 1a hydro, va
R*1a tidn chit thudc thiophosphat dugc lam 6n dinh;

(xxiv) trong cong thire Ia, Y 1a NR'R?, R! 1a metyl, R? 1a propyl, R3 1a hydro, va
R* 1a phosphoramidat;

(xxv) trong cong thire Ia, Y 1a NR'R?, R' 1a metyl, R? 14 propyl, R® 1a hydro, va
R* 14 thiophosphoramidat: |

(xxvi) trong cong thire a, Y 1a NR'R?, R 1a metyl, R 1a propyl, R3 13 hydro, va
R* 1a monophosphat;

(xxvii)trong cong thire Ta, Y 1a NR'R?, R' 1a metyl, R? 14 propyl, R® 12 hydro, va
R*1a diphosphat;

(xxviii) trong cong thirc Ia, Y 1a NR'R?, Y 1a NR'R? R' 1a metyl, R? 1a
propyl, R? 14 hydro, va R* 14 triphosphat;

(xxix) trong cong thire Ia, Y 1a NR'R?, R! 12 metyl, R? 14 etyl, R® 1a hydro, R* 1a

tién chat thudc phosphat dugc lam 4n dinh;
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(xxx) trong cong thirc Ia, Y 1a NR'R2, R! 1a metyl, R? 1a etyl, R’ 1a hydro, va R*
12 tién chét thudc thiophosphat dugc lam 6n dinh;

(xxxi) trong cong thirc Ta, Y 1a NR'R?, R! 1a metyl, R* 1a etyl, R3 14 hydro, va R*
1a phosphoramidat;

(xxxii)trong cong thire Ta, Y 1a NR'R?, R! 1a metyl, R* 1a etyl, R’ la hydro, va R*
14 thiophosphoramidat:

(xxxiii) trong cong thirc Ia, Y 13 NR'R2, R! 1a metyl, R* 1 etyl, R 1a hydro,
va R* 1a monophosphat;

(XXXiv) trong cong thire Ia, Y 1a NR'R?, R 1a metyl, R? 1a etyl, R* 1a hydro,
va R* 1a diphosphat;

(xxxv)trong cong thirc Ta, Y 1a NR'R?, R! 1a metyl, R? 1a etyl, R? 1a hydro, va R?
la triphosphat;

(xxxvi) trong cong thuc Ib, Y 1a NR'R2, R! 1a metyl, R? 1a metyl, R’ 1a
hydro, R* 12 tién chit thudc phosphat dugc lam 6n dinh;

(xxxvii) trong cong thire Ib, Y 12 NR'R?, R! 1 metyl, R2 13 metyl, R® 1a
hydro, va R* 14 tién chit thudc thiophosphat dugc 1am 4n dinh;

(xxxviii) trong cong thirc Ib, Y 1a NR'R?, R! 1a metyl, R? 13 metyl, R® 1a
hydro, va R* 1a phosphoramidat;

(xXXiX) trong cong thirc Ib, Y 12 NR'R?, R! 12 metyl, R? 1a metyl, R3 1a
hydro, va R* 1a thiophosphoramidat:

(x) trong cong thic Ib, Y 1a NR'R?, R! 1a metyl, R? 14 metyl, R® 14 hydro, va
R* 12 monophosphat;

(xli) trong cong thic Ib, Y 1a NR'R?, R' 1a metyl, R? 14 metyl, R® 14 hydro, va
R* 1a diphosphat;

(xlii) trong cong thirc Tb, Y 1a NR'R?, R! 1a metyl, R* 1a metyl, R3 12 hydro, va
R4 1a triphosphat;
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(xliii) trong cong thirc Ib, Y 12 NR'R2, R! 1a metyl, R* 12 hydro, R3 13 hydro, R*

1a tién chét thudc phosphat dugc lam 6n dinh;

(xliv) trong cong thuc Ib, Y 12 NR'R?, R! 1a metyl, R? 1a hydro, R? 13 hydro, va

(x1v)

(xIvi)

R* 1a tidn chét thudc thiophosphat dugc lam 6n dinh;
trong cong thire Ib, Y 1a NR'R?, R! 1a metyl, R? Ia hydro, R* 1a hydro, va
R* 1a phosphoramidat;

trong cong thire Ib, Y 1a NR'R?, R! 1a metyl, R? & hydro, R* 1a hydro, va
R* 14 thiophosphoramidat:

(xlvii) trong cong thtre Ib, Y 1a NR'R?, R! 1a metyl, R* 13 hydro, R3 1a hydro, va

R* 12 monophosphat;

(xlviii) trong cong thue Ib, Y 1a NR'R?, R 1a metyl, R* 1a hydro, R3 la

(xlix)

0y

(1)

(lii)

(liii)

(Iiv)

(Iv)

hydro, va R* 1a diphosphat;

trong cong thirc Ib, Y 1a NR'R2, R! 1a metyl, R? 1 hydro, R’ 1a hydro, va
R* 14 triphosphat; '

trong cong thirc Ib, Y 1a NR'R?, R! 1a metyl, R* la xyclopropyl, R3 1a
hydro, R* 12 tién chat thudc phosphat dugc lam 4n dinh;

trong cong thic Ib, Y 1a NR'R?, R! 1a metyl, R* 1a xyclopropyl, R3 1a
hydro, va R* 1 tién chét thudc thiophosphat duge lam n dinh;

trong cong thic Ib, Y 1a NR'R?, R! 1a metyl, R 1a xyclopropyl, R3 14
hydro, va R* 1a phosphoramidat;

trong cong thie Ib, Y 1a NR'R?, R! 1a metyl, R* 1a xyclopropyl, R3 1a
hydro, va R* 1a thiophosphoramidat:

trong cong thirc Ib, Y 1a NR'R2, R! 1a metyl, R? 1a xyclopropyl, R3 14
hydro, va R* 1a monophosphat;

trong cong thirc Ib, Y 1a NR'R?, R! 1a metyl, R la xyclopropyl, R3 la
metyl, va R* 1a diphosphat; |
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(Ivi) trong cong thirc Ta, Y 1a NRIR?, R! 1a metyl, R? 1a xyclopropyl, R’ 1a
hydro, va R* 1a triphosphat.

Theo cac phuong an thay thé trong phuong an bét ky trong sb cac phuwong 4n
néu trén, hop chét néu trén c6 phin tir thé R?2. Theo mot sé phwong 4n trong cc
phuong 4n cu thé nay, R 1aF, amit hodc carbamat. Theo céc khia canh cu thé khac
clia cac phuong dn néu trén, R*? 14 clo, brom, Xyano, azido, etyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl va n-pentyl, 1,1-dimetylpropyl, 2,2-
dimtheylpropyl, 3-metylbutyl, 1-metylbutyl, 1-etylpropyl, vinyl, allyl, 1-butynyl, 2-
butynyl, axetylenyl, xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, -(CHa)-
xyclopropyl, -(CHz)-xyclobutyl, -(CHz)-xyclopentyl, -(CH»)-xyclohexyl, aziridin,
oxiran, thiiran, azetidin, oxetan, thietan, pyrolidin, tetrahydrofuran, thiolan,
pyrazolidin, piperidin, oxan, thian, -(CHy)-aziridin, -(CHy)-oxiran, -(CHy)-thiiran, -
(CH>)-azetidin, -(CHz)-oxetan, -(CHa)-thietan, -(CHy)-pyrolidin, -(CHa)-
tetrahydrofuran, -(CHa)-thiolan, -(CHz)-pyrazolidin, -(CHy)-piperidin, -(CHz)-oxan, -
(CHy)-thian, phenyl, pyridyl, -ONHC(=0)OCHs3, -ONHC(=0)OCH>CHj, -NHOH,
NHOCHS3, -OCH3, OC,Hs, -OPh, OCH,Ph, -SCH3, -SC2Hs, -SPh, SCHPh, -
NH(CH2)2NHa, -NH(CHa)2N(CHs)2, -NHNH,, -NHNHCH3, -N=NH, -N=NCHj3, -
N=NCH,CHj3, -NHC(O)NHNH,, -NHC(S)NHNH,, -C(O)NHNH>, -NHSO2CHj, -
NHSO2CH>CHj, -SONHCH3, -SO2N(CHs)a, -C(O)NH,, -C(O)NHCH3, -
C(O)N(CHs),, -CO2CHs3, -CO2CH2CH3, -CO2Ph, CO2CH:Ph, -SO2CHs, -SO,CH>CHj,

@] (0]
_SO,Ph, -SO,CH,Ph, %N_H, %N_CH{ _P(O)H(OH), -P(O)H(OCH), -
P(O)(OH)(O), -P(O)(OH)(OCHs), -P(0)(OCH3)(OCHs), -P(O)(OH)(NHy), -
P(O)(OH)(NHCH), -P(O)(OH)N(CH)z, -NHC(O)CHs, -NHC(O)CH2CH, -
NHC(O)CH(CHs),, -NHC(0)OCHs, -NHC(O)OCH;CHs, -NHC(O)OCH(CH)z, -
NHC(0)OCH,CH;CHs, -NHC(O)OCH;CH,CH,CHs va-
NHC(0)OCH,CHCH>CH>CHs;
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Theo cac phuong an thay thé vé cac hop chét (i) dén (lvi), L-nucleosit dugc sir
dung trong cong thire I-VIL

Theo mdt phuong 4n khéc, cong thirc I, bién R'? 1a CHoF.
Theo mdt phuong 4n khéc, cong thirc I, bién R'? 1a CHF>.
Theo mot phuong én khéc, cong thire I, bién R!? 14 CFs.

Theo mdt phuong an, sang ché @& xuit hop chét c6 cong thire Ta. Cac vi du khong

gi6i han vé cac hop chét ¢6 cong thirc Ia bao gbm:

"NH
: f a
HO- P o A R op .

HHOPOPO o N N//k

Hs OoH o mCHs

HO F , HO F :
HN-CHs
N \
= R </N | /i
o o0 /K \[]/\Ng o
HO—P-O—P—O—P—O NH o Ho Rk
OH OH OH —U He 2 @ HO  F
HO F , ;
HN-CHs Hn-CHs
N~
0 ¢« T X .9 ¢ T
Y 0 H O CHs \( H 6 CHs
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O HN-CHs
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HN’CH3 HN,CH3
N N
0 ¢ 1 1 .9 ¢ 1 Y
\/OWKLN/?O\(OJN N” NH, \/o\“%N'Ff'O\@ N NH,
6 HO \_LaCHs H 5 \_LCH,
@ HO  F © HO F
HN,CH3 HN’CH3
N N N N
0 </N | //’t = 0 </N ‘ /I\i
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o N T TN,
H o \LaCHjs O H O \__LaCHj
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O HO \LaCHjs H o \LaCHjs
@ HO F HO F
HN-CHs I
N N\ N N
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HN T HN-CHs
N N
0 ¢ 1) = 9 ¢ 1
N//k ; /*N

O - R 5
) »

9

Theo mot phuong an, sang ché d& xuét thiophosphoramidat c6 cong thic Ia. Cac
vi du khong gidi han vé thiophosphoramidat ¢6 cong thirc Ia bao gbm, nhung khong chi

gidi han &:
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HN-CHs HN-CH3
N
S SN $ 1N
= 5-0 N //k P-0 o N N//k
oA % 0 N NH, 0 A5 NH,
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N
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Theo mdt phuong 4n, sang ché @& xuét tién chét thubc phosphat dugc 1am 6n dinh
c6 cong thire Ia. Cac vi du khong gi¢i han vé tién chét thudc phosphat duge lam 6n dinh

c6 cdng thire Ia dugc minh hoa dudi day:

HN*CHg N CH3

NﬁN L iR ]\/L/k
\\@ NHZY@AH/\\.. oo

o F ,
-CH -CH
HIN== HsC(HoC)14 O O/U\(CHZ)14CH3 HN=>TTS
N N hig NN
O.n N , //k
OH Lch,
, HO  F ,
HN-CHs
N
¢ TN
CH P
N
o S \acHs s
X S
s s va
_CH
H3C(H2C 14\/ CHZ 4CH3 HN- 3
N A
N 2\
o) N" NH,
OH \LcH,
HO F

Theo phuong 4n khac, sang ché @& xuét hop chit c6 cong thirc Ia. Cac vi du khong

gidi han v& céc hop chét c6 cong thuc Ia bao gbm:
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H3C\N,CH3
N X
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N
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Theo mot phuong 4n, sang ché d& xuét thiophosphoramidat c6 cong thirc Ia. Céc

vi du khong gi6i han vé thiophosphoramidat c6 cong thirc Ia bao gdm, nhung khong chi

gidi han ¢:

H3C\NfCH3

N

= 3 </N:\“/k’/l\d
b,

0 H o R '/CH3
i HO F

H3C\N,CH3

N

.8 ¢ T
N™ "NH,
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HSC\N,CH3 H3C\N,CH3
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7( o "o Rk /L o Ho G
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H3C, CHs H3C. .CH,

2 /L
© “ o
.

Theo mot phuong an, sang ché @& xuét tién chit thudc phosphat duge 1am 6n dinh
c6 cong thirc Ta. Cac vi du khong gidi han vé tién chét thudc phosphat dugc lam 6n dinh

c6 cdng thirc Ia dugc minh hoa dudi day:
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o i % ¢ (1
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YU RN
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( HO F
0
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Y ,va

HsC
SN \-CHs
= N
N—P—O N7 N7
\]/ \ﬂ/\H : \CZ N NH,
O O CH,
O \‘ ’/
HO F

Theo mot phuong an, sang ché d& xuét hop chit c6 cong thire II. Cac vi du khong
gidi han v& cac hop chét co cong thuc IT bao gom:
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H HaC
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3\N‘H S\N'H N
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N N ¢ N

¢T ) ¢T N wro NP

RO~ o N NP N A o N™ "NH
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RO~_O N N in. oL R“O\Og N NH
—UCHs Y CsH1s R s CH3 CHs;
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RO F , RO F ,
H3C\ H:)C\N/4
N
P (I X
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Theo mdt phuong 4n, sang ché d& xuét hop chét c6 cong thue I. Cac vi du khong

gi6i han vé cac hop chét ¢6 cong thire I bao gbm:

H3C\N/A SN
N \N N \N
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.0 ¢TI .9 ¢ 1 1
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TUWE Lo T TN Clow
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Theo mot phuong 4n, sang ché d& xuit hop chat c6 cong thic I1. Cac vi du khong
gidi han v& cac hop chét ¢ cong thuc II bao gom:

HsCh
.l .l
A PN oo,
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SNH SNH

N N AN

- O ¢ :\I//\N _ o ¢ N
= 2, 9 | A - Q 'N,/k p

N SN
N N
- " </ , \/I\i ey 9 </ fi
-0~_ O NN -0 NTINTN

i HO F
va

Theo mot phuong 4n, va R* 13 @ :

Theo mot phuong an, sang ché @& xuét hop chat c6 cong thire I1. Cac vi du khong

gidi han vé céc hop chét co cong thie II bao gom:

il
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Theo mdt sb phuong an, R 1aH vaR*1a
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Theo mot s6 phuong an, R 1a H vaR* 1a

o
=0

il
"U‘

=%
\(OI/:\ NH

Theo mdt phuong 4n, sang ché dé xuét hop chét co6 cong thue I1. Cac vi du khong

Theo mot s6 phuong 4n, R® la HvaR* 14

gidi han vé céc hop chét co cong thire IT bao gom:
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II. Cac dinh nghia

Céc thuat ngit sau dugc st dung d& mo ta sang ché. Trong céc trudng hop trong
d6 thuat ngit khong duoc dinh nghia cu thé & day, thuat ngit d6 dugc néu & nghia dugc
nhén biét trong linh vuc do boi nguoi co hiéu biét trung binh ap dung thuat ngit d6 trong

ngit canh dé st dung n6 dé mo ta sang che.

Thuat ngtr "alkyl" trong ngit canh ctia n6 ¢6 nghia 14, gbe hydrocacbon no hoan
toan mach thing, hosc mach nhanh hodc nhém alkyl ma c6 thé tuy y duoc thé (vi du,
béng halogen, bao gém F). Vi dy, nhom alkyl ¢6 thé ¢c6 1, 2, 3, 4, 5, 6, 7 hodc 8 nguyén
tt cacbon (turc 13, Ci-Cg alkyl), 1,2, 3,4, 5 hodc 6 nguyén ti cacbon (ttrc 1a, C1-Cs alkyl)
hodc 1 dén 4 nguyén tir cacbon (tirc 13, C1-Cs alkyl). Cac vi du v& nhom alkyl thich hop
bao gdm, nhung khong chi gi6i han 0, metyl, etyl, n-propyl, iso-propyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, tert-pentyl, neopentyl, hexyl, 2-
metylpentyl, 3-metylpentyl, 2,2-dimetylbutyl va 2,3-dimetylbutyl.

Thuét ngtt "alkenyl" dung dé chi nhém hydrocacbon khong thom chura it nhét
mdt lién két doi gilta cac nguyén tir cacbon lidn k& va cong thic cdu tao tuong tu véi
nhom alkyl trir khi duge mo ta khac. Vi dy, nhom alkenyl co thé c6 tir 2 dén 8 nguyén
tr cacbon (tc 13, C2-Cg alkenyl), hodc tir 2 dén 4 nguyén tir cacbon (tc la, C2-Cq
alkenyl). Céac vi du vé nhém alkenyl thich hop bao gdm, nhung khong chi giéi han ¢,
etenyl ho#c vinyl (-CH=CH>), alyl (-CH,CH=CH>), 1-butenyl (-C=CH-CH,CHj3) va 2-
butenyl (-CH,CH=CHCH>). Nhom alkenyl ¢6 thé ty v duoc thé nhu dugec mo ta ¢ day.

Thuét ngit "alkynyl" dung dé chi nhém hydrocacbon khong thom chura it nhét
mdt lién két ba gitta cac nguyén tir cacbon lién k& va cong thirc cau tao twong tw véi
nhém alkyl trir khi duge mo ta khac. Vi dy, nhom alkynyl c6 thé ¢6 tir 2 dén 8 nguyén
tr cacbon (tirc 13, C2-Cs alkyn,), hodc tir 2 dén 4 nguyén tir cacbon (tic 13, Co-C4
alkynyl). Cac vi du vé& nhom alkynyl bao gdm, nhung khong chi gi¢i han 6, axetylenic

hoic etynyl va propargyl. Nhém alkynyl c6 thé ty y duge thé nhu duge mo ta & day.
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Thuét ngir "axyl" dung dé chi géc —C(O)R trong do gbc cacbonyl dugc lién két
v6iR, vi dy, -C(O)alkyl. R c6 thé duge chon tir alkoxy, alkyl, xycloalkyl, alkyl bac thp
(tc 13, Ci1-C4); alkoxyalkyl, bao gdbm metoxymetyl; aralkyl- bao gdbm benzyl,
aryloxyalkyl- nhu phenoxymetyl; aryl bao gdm phenyl tuy y duoc thé bang halogen, C1
dén C4 alkyl hodc Ci dén C4 alkoxy. Theo mot phuong én, thudt ngtr "axyl" dung dé chi

mono, di hodc triphosphat.

Thuét ngtt "axyl bac thap" dung dé chi nhom axyl trong do gbc cacbonyl 1a alkyl
bac thap (tic 13, C1-Ca).

Thuit ngit "alkoxy" dung dé chi nhém —OR’ trong d6 —OR’ 1a -O-alkyl, -O-
alkenyl, -O-alkynyl, -0-(Co-C2)(xycloalkyl), -0-(Co-C2)(heteroxyclo), -O-(Co-
C2)(aryl), hodc -O-(Co-Caz)(heteroaryl), mdi nhém c6 thé tiy y duge thé.

Thuét ngit "amino" dung dé chi nhém —NHo.

Thuit nglt "axit amin" hodc "géc axit amin" dung dé chi axit amin D hoac L tu
nhién hoic khong c6 trong ty nhién. Cac axit amin tiéu biéu bao gdm, nhung khong chi
giéi han &, alanin, p-alanin, arginin, asparagin, axit aspartic, xystein, Xystin, axit
glutamic, glutamin, glyxin, phenylalanin, histidin, isoleuxin, lysin, leuxin, methionin,

prolin, serin, threonin, valin, tryptophan, hodc tyrosin, trong céc axit amin khac.
Thuét ngit "azido" dung dé chi nhom —Ns.

Thuét ngft "aryl" hodc "thom", trong ngir canh, dung dé chi gdc thom hoa tri mot
dugc thé (trir khi duge md ta khac) hodc khong dugc thé c6 vong don (vi du, phenyl
hodc benzyl) hodc vong ngung tu (vi du, naphtyl, anthraxenyl, phenanthrenyl, V.V..) va
¢6 thé dugc lién két voi hop chét theo sang ché & vi tri 4n dinh san co6 bét ky trén (céc)
vong ho#c nhu dugc néu khac di trong cong thirc chu tao hda hoc dugc thé hién. Nhom

aryl co thé tuy y duoc thé nhu duge mo ta & day.

"Xycloalkyl", "vong cacbon", hodc "carboxyclyl" dung dé chi vong no (tic
13, xycloalkyl) hodc khong no mot phan (vi du, xycloakenyl, xycloalkadienyl,

v.v..) cotu 3 dén 7 nguyén tir cacbon dudi dang mot vong. Vong cacbon mot vong
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c6 tir 3 dén 7 nguyén t vong, dién hinh hon nita 12 5 hodc 6 nguyén tir vong. Cac vi
du khong gidi han vé nhém xycloalkyl bao gdm xyclopropyl, xyclobutyl, xyclopentyl,
l-xyclopent-1-enyl,  1-xyclopent-2-enyl, l-xyclopent-3-enyl, xyclohexyl, I-

xyclohex-1-enyl, 1-xyclohex-2-enyl, va l-xyclo-hex-3-enyl.
Thuét ngt "xyano" dung dé chi nhém —CN.
Thuét ngit "halogen" hodc "halo" dung dé chi clo, brom, flo hodc iot.

Hé vong heteroaryl 1a vong no hogc khong no c6 mot hogc nhiéu nguyén tir nito,
oxy, hoic luu huynh trong vong (mdt vong) bao gdm nhung khong gi6i han ¢ imidazol,
furyl, pyrol, furanyl, thien, thiazol, pyridin, pyrimidin, purin, pyrazin, triazol, oxazol,
hodc hé vong dung hgp nhu indol, quinolin, v.v., trong sb cac hé vong khac, ma co thé
tuy y dugc thé nhu dugc mé ta trén day. Nhom heteroaryl bao gdm nhém heteroaryl
chira nito nhu pyrol, pyridin, pyridon, pyridazin, pyrimidin, pyrazin, pyrazol, imidazol,
triazol, triazin, tetrazol, indol, isoindol, indolizin, purin, indazol, quinolin, isoquinolin,
quinolizin, phtalazin, naphtyridin, quinoxalin, quinazolin, xinnolin, pteridin,
imidazopyridin, imidazotriazin, pyrazinopyridazin, acridin, phenanthridin, carbazol,
carbazolin, perimidin, phenanthrolin,  phenaxen, oxadiazol, benzimidazol,
pyrolopyridin, pyrolopyrimidin va pyridopyrimidin; di vong thom chtra luu huynh nhu
thiophen va benzothiophen; di vong thom chira oxy nhu furan, pyran, xyclopentapyran,
benzofuran va isobenzofuran; va di vong thom chira hai hodc nhiéu nguyén tir khac loai
dugc chon tu trong s6 nito, luu huynh va oxy, nhu thiazol, thiadizol, isothiazol,
benzoxazol, benzothiazol, benzothiadiazol, phenothiazin, isoxazol, furazan,
phenoxazin, pyrazoloxazol, imidazothiazol, thienofuran, furopyrol, pyridoxazin,
furopyridin, furopyrimidin, thienopyrimidin va oxazol, trong sd cdc nhém khéc, tat ca
céc nhom nay co thé tiy ¥ duoc thé.

Thuat ngit "di vong" hodc "heteroxyclo" dung dé chi nhém vong chira it nhéat mot
nguyén tir khic loai, tic 1a, O, N, hoac S, va co thé 1a thom (heteroaryl) hodc khong
thom. Cac nhom di vong khong thom 14y 1am vi du dé st dung theo sang ché bao gom,

vi du, pyrolidinyl, piperidinyl, piperazinyl, N-metylpiperazinyl, imidazolinyl,
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pyrazolidinyl, imidazolidinyl, morpholinyl, tetrahydropyranyl, azetidinyl, oxetanyl,
oxathiolanyl, pyridon, 2-pyrolidon, etyleneure, 1,3-dioxolan, 1,3-dioxan, 1,4-dioxan,
phtalimit, va sucxinimit, trong s6 cac nhom khac, tit ca cac nhom déu c6 thé tuy y duogc

thé.
Thuét nglt "hydroxyl" dung dé chi nhom —OH.
Thuét ngit "nitro" dung dé chi nhém —NO..

Thuat ngit "mubi duoc dung" hodc “tién chat thudc" dugce sir dung trong toan b
ban md ta d& moé ta dang dugc dung b4t ky (nhu este, phosphoramidat,
thiophosphoramidat, phosphat este, mudi cua este, hodc nhom lién quan) cla nucleotit
purin dugc thé N6 dugc cai bién & vi tri 2 duge thé B-D-2’-D-2’-a-flo-2’-B-C ma, khi
dung cho bénh nhén, tao ra hop chét ¢ hoat tinh mong mudn. Cac vi du vé céc mudi
dugc dung la mubi cOng axit hitu co dugc tao ra voi axit, tao ra anion sinh ly dung, vi
du, tosylat, metansulfonat, axetat, xitrat, malonat, tartrat, sucxinat, benzoat, ascorbat, o-
ketoglutarat, va a-glyxerophosphat. Cac mubi vo co thich hgp cling ¢6 thé dugc tao ra,
bao g@)m mudi sulfat, nitrat, bicacbonat, va cacbonat. Cac mudi dugce dung cod thé thu
dugc bang cach st dung cac quy trinh tiéu chuin da biét rd trong linh vuc k¥ thudt nay,
vi du, bang cach cho hop chit di bazo nhu amin phan Gng v6i axit thich hop dé thu
duoc anion sinh 1y dung. Mubi kim loai kiém (vi du, natri, kali, hoac lithi) hodc kim loai

kidm thd (vi dy, canxi) ctia axit carboxylic cling ¢6 thé duogc tao ra.

"Tién chat thuc duge dung" dung dé chi hop chét dugc chuyén héa, vi du, dugc
thity phan hodc dugc oxy hoa, trong vat chu dé tao ra hop chét theo sang ché. Céc vi du
dién hinh v& céc tién chét thudc bao gdm céc hop chét c6 nhém bao vé khong bén vé
mit sinh hoc trén gbc chire cua hop chét ¢6 hoat tinh. Céc tién chit thudc bao gom cac
hop chét c6 thé duoc oxy hoa, duge khir, dugc amin hoa, dugc khir amin, dugce hydroxyl
héa, dugc khir hydroxyl, dugce thiy phén, duoc khir thuy phén, duge alkyl hoa, duoc
khtr alkyl, dugce axyl hoa, khir axyl, dugc phosphoryl hoa, duoc khir phosphoryl, dugc
thiophoshoramidat hoéa, dugc khtr thiophoshoramidat, dugc phoshoramidat hoa hodc

khtr phosphoramidat & tao ra hop chét c6 hoat tinh. Cac hop chit theo sang ché c¢6 hoat
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tinh khang virut khang HCV, hodc dugc chuyén hoéa thanh hop chét biéu hién hoat tinh
nay. Nucleosit purin dugc thé N° dugc cai bién & vi tri 2 dugc thé B-D-2’-D-2’-a-flo-2’-
B-C cling ¢6 thé dugc dung duéi dang 5’-phosphoete lipit, bisphosphoramidat, 3°,5’-
phosphoramidat vong, 3°,5°-thiophosphoramidat vong, thé tiép hop DTE, hén hop dan
xuét phosphoramidat-SATE hodc dan xuét “SATE”.

Thuét ngit "axit phosphonic" dung dé chi nhom —P(O)(OH)s.

Theo mdt phuwong 4n, thudt ngit purin hodc pyrimidin bazo bao gbdm, nhung
khong chi giéi han &, adenin, Né-alkylpurin, N®-axylpurin (trong d6 axyl la -C(O)alkyl,
-C(O)(aryl)Co-Csalkyl, hodc -C(0)(Co-Caalkyl)aryl), NS-benzylpurin, N®-halopurin, N°-
vinylpurin, Nb-axetylenic purin, Né-axyl purin, N-hydroxyalkyl purin, Né-thioalkyl
purin, NZ-alkylpurin, NZ-alkyl-6-thiopurin, thymin, xytosin, 5-floxytosin, 5-
metylxytosin, 6-azapyrimidin, bao gdm 6-azaxytosin, 2- va/hogdc 4-mercaptopyrmidin,
uraxil, 5-halouraxil, bao gdm 5-flouraxil, C*-alkylpyrimidin, C3-benzylpyrimidin, C°-
halopyrimidin, C3-vinylpyrimidin, C’-axetylenic pyrimidin, CS-axyl pyrimidin, C°-
hydroxyalkyl purin, C>-amidopyrimidin, CS-xyanopyrimidin, C3-nitropyrimidin, C-
aminopyrimidin, N?-alkylpurin, NZ2-alkyl-6-thiopurin, 5-azaxytidinyl, 5-azauraxilyl,
triazolopyridinyl, imidazolopyridinyl, pyrolopyrimidinyl, va pyrazolo-pyrimidinyl.
Purin bazo bao gém, nhung khong chi giéi han 0, guanin, adenin, hypoxanthin, 2,6-
diaminopurin, va 6-clopurin. Nhém chirc oxy va nito trén bazo c6 thé dugc bao vé néu
¢An hodc néu muén. Céc nhém bio vé thich hop da biét rd dbi v6i nguoi co hiéu biét
trung binh vé linh vuc k¥ thuat lién quan, va bao gém nhém benzyl, trimetylsilyl,
dimetylhexylsilyl, t-butyldimetylsilyl, t-butyldiphenylsilyl, trityl, alkyl, va nhom axyl
nhu axetyl va propionyl; metansulfonyl, va p-toluensulfonyl. Theo mdt cach khac, purin
hoic pyrimidin bazo ¢6 thé tuy y duoc thé sao cho né tao ra tién chét thudc kha thi, ma

6 thé duoc phan tach in vivo. Céc vi du vé cac phan tir thé thich hop bao gdm gbc axyl.

Thuét ngit "dugce thé" hogc "tuy y duoc thé" chi ra ring gbc c6 thé c6 it nhat mot
phan tir thé bd sung bao gbm, nhung khong gidi han &, halogen (F, Cl, Br, I), OH,
phenyl, benzyl, N3, CN, axyl, alkyl, bao gom metyl; alkenyl, alkynyl, alkoxy, haloalkyl;
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bao gém CHF,, CH,F va CFs; v.v. Theo mdt phuong é4n, thuat ngtr "duoc thé" hoidc "ty
y duoc thé&" chi ra ring gdc c6 thé c6 it nhit mot phan ti thé bd sung bao gbm, nhung
khong gi6i han &, azido, xyano, halogen (flo, clo, brom, hodc iot), alkyl, alkenyl,
alkynyl, xycloalkyl, di vong, aryl, heteroaryl, haloalkyl, hydroxyl, alkoxy, amino, -
NH(C1-Cs alkyl khong duoc thé), -NH(C1-Cs alkyl dugc thé), -NH-(Co-Caalkyl)(Cs-
Csxycloalkyl), -NH-(Co-Caalkyl)(Cs-Csdi vong),-NH-(Co-Caalkyl)(aryl), -N(Ci-Cs
alkyl khong duoc thé)z, -N(C1-Cs alkyl khong dugc thé)(C1-Cs alkyl duge thé), -N(C1-
Ce alkyl duoc thé),,-NH-(Co-Caalkyl)(C3-Csxycloalkyl), -NH-(Co-Caalkyl)(C3-Csdi
vong),-NH-(Co-Caalkyl)(aryl), axyl, nitro, axit sulfonic, sulfat, axit phosphonic,
phosphat, phosphonat, hogc thiol.

Thuét ngit "sulfonat este", c6 cong thuc, R14S(0),0R", bao gém R trong do
R 13 alkyl, haloalkyl, aralkyl hogc aryl. R*1a alkyl, aryl hodc aralkyl.

Thuét ngft "axit sulfonic" dung dé chi nhom —SO20H.
Thuét ngit "thiol" dung dé chi nhém —SH.

Thuét ngit "nhém bao vé nito" nhu duge st dung ¢ day dung dé chi gbe duge
gén cong hoa tri vao nito va ¢o thé dugc loai bd, va thuong duoc thay thé béng hydro,
khi thich hgp. Vi dy, nhém bao v¢ nito co thé 12 nhom dugc loai b in vivo sau khi dung
cho vat chu, in vitro bdi té bao, hoic nd co thé duoc loai bd trong quy trinh san XUAt.
Céc nhom bao vé nito thich hop hitu ich theo sang ché dugc mo ta boi Greene va Wuts
trong Protective Groups in Organic Synthesis (1991) New York, John Wiley and Sons,

Inc.

Thuét ngir "nhém bao vé oxy" nhu duge sir dung ¢ day dung dé chi gbe duoc gin
cong hoa tri vao oxy va co thé duogc loai bo, va thuong duge thay thé bang hydro, khi
thich hop. Vi du, nhém béo v€ oxy ¢ thé 12 nhom dugc loai bo in vivo sau khi dung cho
vat chu, in vitro boi té bao, hodc né co thé dugce loai bo trong quy trinh san xuét. Cac
nhém béao vé oxy thich hop hitu ich theo sang ché duoc md ta boi Greene va Wuts trong

Protective Groups in Organic Synthesis (1991) New York, John Wiley and Sons, Inc.
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"Phosphat" dung dé chi nhom —OP(O)(OH):.
"Phosphat este" dung dé chi mono, di, va tri phosphat trir khi c6 quy dinh khac.

Thuét ngit "phosphoamidat", "phosphoramidat”, hodc "phosphoroamidat" 1a gbe
c6 phospho lién két v&i ba nhom oxy va amin (c6 thé tuy v dugc thé). Cac
phosphoramidat thich hop hitu ich theo sang ché dugc mod ta bsi Madela, Karolina va
McGuigan vao nim 2012, “Progress in the development of anti-hepatitis C virus
nucleoside and nucleotide produgs”, Future Medicinal Chemisiry 4(5), trang 625-650
10:1021/jm300074y and Dominique, McGuigan and Balzarini vao ndam 2004, “Aryloxy
Phosphoramidate Triesters as Pro-Tides”, Mini Reviews in Medicinal Chemistry 4(4),
trang 371-381. Cac phosphoramidat bd sung hitu ich theo sang ché dugc mo ta trong cac
patent My sb 5,233,031, 7,115,590, 7,547,704, 7,879,815, 7,888,330, 7,902,202,
7,951,789, 7,964,580, 8,071,568; 8,148,349, 8,263,575, 8,324,179, 8,334,270,
8,552,021, 8,563,530, 8,580,765, 8,735,372, 8,759,318; EP 2120565; EP 1143995;
6,455,513; va 8,334,270. Cac phosphoramidat khac dugc md ta trong sang ché vé

nucleosit dugc md ta trong tinh trang k¥ thuét cia sang ché.

Nhom phosphoramidat dé st dung theo séng ché bao gdm céc hop chét c6 cong

thic cau tao:
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CH3 O CH3
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Céc phosphoramidat khac dé st dung theo sang ché bao gdm céac hop chét ¢6
cong thirc chu tao:
ﬁ
_T_%
0

\RP1

trong do:

RP! 13 nhém alkyl tuy y duoc thé mach thang, phan nhanh, hodc mach vong, hodc
nhém aryl, heteroaryl hodc nhom di vong tuy y duoc thé hoac td hop lién két ctia chung;
va

R®2 13 nhém -NRNRN? hodc nhom B’;
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trong do:

mdi RN va RN? doc 1ap 1a H, Ci-salkyl, (C3-Crxycloalkyl)Co-Caalkyl-, (aryl)Co-
Caalkyl-, (C3-Csheteroxyclo)Co-Caalkyl-, hodc (heteroaryl)Co-Caalky-; ¢O thé tuy v
duoc thé; hoic

RN vi RN ciing v6i nguyén tir nito ma chiing gén vao, ndi dé tao ra vong di vong

c6 3 dén 7 canh;

B’ 1a nhém :
trong do:

R!6 13 hydro, (C1-Cs)alkyl, (C2-Cs)alkenyl, (C2-Cs)alkynyl, (C3-Csxycloalkyl)Co-
Casalkyl-, (aryl)Co-Casalkyl-, (C3-Ceheteroxyclo)Co-Caalkyl-, (heteroaryl)Co-Caalky-,
hodc mach bén cua axit amin, vi du mach bén cua axit amin (trir khi duge md ta khac)
thudng duge chon tir nhém bao gdm alanin, B-alanin, arginin, asparagin, axit aspartic,
xystein, xystin, axit glutamic, glutamin, glyxin, phenylalanin, histidin, isoleuxin, lysin,
leuxin, methionin, prolin, serin, threonin, valin, tryptophan, hoéc tyrosin (R'® thudong 12

hydro, metyl, isopropyl, hodc isobutyl);

R!7 13 hydro, (C1-Cs)alkyl, (C2-Cs)alkenyl, (C2-Cs)alkynyl, (C3-Csxycloalkyl)Co-
Caalkyl-, (aryl)Co-Caalkyl-, (C3-Ceheteroxyclo)Co-Caalkyl-, (heteroaryl)Co-Caalky-,
hozic mach bén cua axit amin, vi du mach bén cia axit amin (trir khi dugce mo ta khac)
thudng dugce chon tir nhom bao gdm alanin, B-alanin, arginin, asparagin, axit aspartic,
xystein, xystin, axit glutamic, glutamin, glyxin, phenylalanin, histidin, isoleuxin, lysin,
leuxin, methionin, prolin, serin, threonin, valin, tryptophan, hodc tyrosin (R!7 thuong 12

hydro, metyl, isopropyl, hodc isobutyl);

R!8 13 hydro hodc Ci-Csalkyl; hodc
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RI6vaR!7 ¢c6 thé tao ra (C3-C7)xycloalkyl hodc nhém (Cs-C7)di vong; hodc
R!8 va R hodc R!7 ¢6 thé tao ra nhém (Cs-Ce)di vong; va

R 13 hydro, (C1-Cs)alkyl, (C3-Ce)alkenyl, (C3-Ce)alkynyl, (C3-Csxycloalkyl)Co-
Csalkyl-, (aryl)Co-Caalkyl-, (C3-Cgheteroxyclo)Co-Caalkyl-, (heteroaryl)Co-Caalky-;

hodc
RZO R21
(@] I -
r1e” N7 %
B’ 12 nhom 0 R®
trong do:

R?Y 1 hydro, (C1-Cs)alkyl, (C3-Csxycloalkyl)Co-Caalkyl-, (aryl)Co-Caalkyl-, (Cs-
Csheteroxyclo)Co-Caalkyl-, hodc (heteroaryl)Co-Caalky-;

R?! 1a hydro, (C1-Cs)alkyl, (C3-Csxycloalkyl)Co-Caalkyl-, (aryl)Co-Caalkyl-, (Cs-
Csheteroxyclo)Co-Caalkyl-, hodc (heteroaryl)Co-Caalky-; va

R!8 va R!® 1a nhu duoc x4c dinh trén day.

Nhém RP! duge wu tién bao gdm nhoém phenyl, naphtyl, va nhém heteroaryl mot
vong tuy y dugc thé, dac biét 1a cac nhom (ddc biét 1a nhom wa md) lam tang cuong do
sinh kha dung ctia cac hop chét trong céc té bao ctia bénh nhan va cho thdy doc tinh
giam, chi s tri lidu dugc tang cudng va duge dong hoc dugc tang cuong (cac hop chét

duge chuyén hoa va bai tiét cham hon).

Thuét ngit phosphoramidat dugc sir dung trong c4 ban mo ta dé mo ta nhom dugce
tim thdy & vi tri 5° hodc 3 cua vong furanoza clia hop chét nucleosit va tao ra dang tién
chét thudc cua hop chét nucleosit nay. Theo mdt phuong 4n, phosphoramidat c6 thé
duoc tim théy & ca vi tri 5> va 3’ cua vong furanoza cua hop chét nucleosit va tao ra

dang tién chét thudc ctia hop cht nucleosit ndy. Theo phuong 4n khac, phosphoramidat
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duge tim thdy & vi tri 5° cua vong furanoza cia nucleosit c6 thé tao ra hop chat
phosphoramidat vong bang cach tao ra lién két v6i phan tir thé 3’-hydroxyl ¢ vi tri 3’
cta vong furanoza cta hop chit nucleosit va tao ra dang tién chét thubc cua hop chit

nucleosit nay.

Thuat ngit "thiophosphoamidat", "thiophosphoramidat", hodc
"thiophosphoroamidat" 1a gbc c6 phospho lién két voi luu huynh, hai nhom oxy va amin
(c6 thé thy ¥ duge thé). Céc thiophosphoramidat hitu ich theo sang ché duoc mo ta trong

patent M§ s6 8,772,474 va WO 2012/040124.

Nhoém thiophosphoramidat dé str dung theo sang ché bao gdm céc hop chét co

cOng thuc clu tao:

Ol N—P~ 3 i L
’P\j‘? (?/\H gss >/\N‘\\i’—g— o H B SS
HN \r o o HO Y 0
Oﬁ)V \|/
CHj
CH CH
—P-< 1] L N
H 2 >/LN \\P\SS' O H - ssv

b b >
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N (2 CchHz o) 4

o) \\ \n/\H_I—é \P

Céc thiophosphoramidat khac bao gbém hop chét c6 cong thuc cAu tao:

S
RPZ—IPI—é—

|

RN

trong do:

RP! [a nhém alkyl mach théng, phan nhénh, hogc mach vong tiy y dugc thé, hoic
nhém aryl, heteroaryl hodic nhém di vong tiry y duge thé hodc t6 hop lién két cua chung;
va

R?2 13 nhom -NRN'RN? hodc nhém B’;

trong do:

m3i RN va RM doc 1ap 1a H, C1-Cs alkyl, (C3-Crxycloalkyl)Co-Caalkyl-, (aryl)Co-
Caalkyl-, (C3-Csheteroxyclo)Co-Caalkyl-, hoic (heteroaryl)Co-Caalky-; hodc

RN va RN cling v6i nguyén tir nito ma ching gén vao, nbi dé tao ra vong di vong

c6 3 dén 7 canh;
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B’ 1a nhom ;
trong do:

R!€ 13 hydro, (C1-Cs)alkyl, (C2-Cs)alkenyl, (C2-Cs)alkynyl, (Cs-Csxycloalkyl)Co-
Casalkyl-, (aryl)Co-Casalkyl-, (C3-Cgheteroxyclo)Co-Caalkyl-, (heteroaryl)Co-Caalky-,
hodc mach bén cua axit amin, vi du mach bén cia axit amin (trir khi dugec mo ta khac)
thudng dugce chon tir nhom bao gdm alanin, B-alanin, arginin, asparagin, axit aspartic,
xystein, Xystin, axit glutamic, glutamin, glyxin, phenylalanin, histidin, isoleuxin, lysin,
leuxin, methionin, prolin, serin, threonin, valin, tryptophan, hodc tyrosin (R!® thuong 12
hydro, metyl, isopropyl, hodc isobutyl);

R!7 12 hydro, (C1-Cs)alkyl, (C2-Cs)alkenyl, (C2-Cs)alkynyl, (Cs-Csxycloalkyl)Co-
Casalkyl-, (aryl)Co-Caalkyl-, (C3-Ceheteroxyclo)Co-Caalkyl-, (heteroaryl)Co-Caalky-,
hodc mach bén cta axit amin, vi du mach bén cua axit amin (trir khi duge md ta khac)
thudng dugce chon tir nhom bao gdm alanin, B-alanin, arginin, asparagin, axit aspartic,
xystein, xystin, axit glutamic, glutamin, glyxin, phenylalanin, histidin, isoleuxin, lysin,
leuxin, methionin, prolin, serin, threonin, valin, tryptophan, hodc tyrosin (R!7 thuong 1a
hydro, metyl, isopropyl, hodc isobutyl);

R!® 13 hydro hodc C1-Csalkyl; hodc

RI6vaR!7 ¢6 thé ta ra (C3-C7)xycloalkyl hodc nhom (C3-C7)di vong; hodc

R!8 va R'®hoic R'7 ¢6 thé tao ra nhom (C3-Ce)di vong; va

R 14 hydro, (C1-Ce)alkyl, (C3-Ce)alkenyl, (C3-Ce)alkynyl, (C3-Csxycloalkyl)Co-
Caalkyl-, (aryl)Co-Caalkyl-, (C3-Ceheteroxyclo)Co-Caalkyl-, (heteroaryl)Co-Caalky-;

hoéc
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R20 R21
(0] . -
r19” T/ %
B’ 1a nhom o R . va

R18 R, R20 va R?!1a nhu duoc xac dinh trén day.

Nhom RP! duge wu tién bao gdm nhém phenyl, naphtyl, va heteroaryl mot vong
tuy v duge thé, dac biét 1a cdc nhom (dac biét 1a nhém wa md) lam tang cuong do sinh
kha dung cda céc hop chét vao céc té bao clia bénh nhan va cho thdy doc tinh giam, chi
sb tri liéu duoc tang cuong va duge dong hoc duoc tang cuong (c4c hop chét dugce

chuyén héa va bai tiét cham hon).

Thiophosphoramidat cé thé & vi tri 5° hodc 3’ cua vong furanoza cua hop chét
nucleosit dé tao ra dang tién chét thudc cua hop chét nucleosit. Theo mdt phuong an,
thiophosphoramidat cé thé dugc tim thdy & ca vi tri 5° va 3” ctia vong furanoza cta hop
chét nucleosit va tao ra dang tién chit thudc cua hop chit nucleosit. Theo phwong an
khéc, thiophosphoramidat dugc tim thdy & vi tri 5> ctia vong furanoza clia nucleosit ¢o
thé tao ra hop chét thiophosphoramidat vong bang cach tao ra lién két v6i phan tir thé
3’-hydroxyl & vi tri 3’ ctia vong furanoza cua hop chét nucleosit va tao ra dang tién chit

thube ctia hop chit nucleosit.

Thuét ngit "cdu hinh D" nhu duoc st dung trong ngit canh ctia sang ché diing dé
chi cdu hinh co ban bét chudc cu hinh ty nhién cia cac gbc duong trai ngugc véi
nucleosit khong c6 trong tw nhién hodc cAu hinh "L". Thuat ngft "B" hodc "B anome"
duoc st dung c6 tham khao chét tuong tu nucleosit trong d6 nucleosit bazo dugc tao

c4u hinh (sip xép) trén mat phéng gdc furanoza trong chét twong tu nucleosit.

Thuét ngit "cing st dung" va "viéc cung su dung" hodc li€u phap két hop dugc
stt dung dé md ta viéc dung it nhét mot trong sd cac hop chit 2’-deoxy-2’-a-flo-2’-B-C-

nucleosit theo sang ché két hop vé1 it nhit mot hoat chét khac, vi du, néu thich hop, it
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nhit mot chit khang HCV bbd sung, bao gdm cac chit 2’-deoxy-2’-0-flo-2’-B-C-
nucleosit khac duge boc 1§ & day. Thoi diém cing st dung duoc x4c dinh t6t nhét béi
chuyén gia y té diéu tri cho bénh nhan. Dbi khi wu tién ring cc chit duoc ding dong
thoi. Theo mdt cach khac, cac thube duge chon cho lidu phap két hop c6 thé duoc dung
& céc thoi diém khac nhau cho bénh nhan. Puong nhién, khi nhiéu hon mét bénh nhidm
virut hodc bénh nhiém khac hoic tinh trang bénh Iy khac c6 mit, cac hop chit theo sang
ché co thé duoc két hop véi cac chit khac dé didu tri bénh nhiém hodc tinh trang bénh

ly khic nay theo yéu cau.

Thuat ngit "vat chi", nhu dugc stir dung & dy, dung dé chi sinh vat don bao hodc
da bao trong d6 virut HCV ¢6 thé sao chép, bao gom céc dong té bao va dong vat, va
dién hinh 1 nguoi. Thuat ngit vat chi cu thé dung dé chi cac té bao bi lay nhidm, cac té
bao dugc chuyén nhiém tt ca hodc mot phén bd gen HCV, va cac dong vat, dac biét 13,
dong vét linh truéng (bao gom tinh tinh) va ngudi. Trong hau hét cac Gmg dung & dong
vat theo sang ché, vat chu 1a nguoi bénh. Tuy nhién, cdc ung dung trong thu y, trong
mét s6 chi dinh nhit dinh, dugc biét truée mot cach rd rang béi sang ché (nhu tinh tinh).

Vit cha c6 thé 13 vi du, bo, ngua, chim, chd, méo, v.v.
Thay thé dong vi

Sang ché bao gbm cac hop chét va viéc str dung cac hop chit v6i céc thay thé
ddng vi mong mubn cia céc nguyeén tu, & cac lugng cao hon do giau tu nhién cia céac
chat ddng vi, tirc 1, duge lam gidu. Cac chat dong vi 1a cac nguyén tir ¢6 cung s luong
nguyén tir nhung khac sé khdi, tic 13, cing sd lugng proton nhung khac s6 luong
neutron. Bing cach vi du tong quat va khong giéi han, cac chat ddng vi cia hydro, vi
du, doteri (?H) va triti CH) c6 thé duoc sir dung & bét ky dau trong cac cong thirc ciu
tao dugc mo td. Theo mdt cach khac hodc ngoai ra, cac chét dff)ng Vi cua cacbon, vi du,
13C va 1C, ¢6 thé duge st dung. Thay thé ddng vi duoc wu tién 1a doteri cho hydro &
mét hodc nhiéu vi tri trén phén tir dé cai thién dic tinh cua thude. Doteri c6 thé dugc
lién két & vi tri pha vy lién két trong khi chuyén hoa (tic dung chit ddng vi dong hoc a-

doteri) hodc ké tiép hoac gan vi tri pha v lién két (tac dung chét ddng vi dong hoc B-
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doteri). Achillion Pharmaceuticals, Inc. (W0/2014/169278 va W0O/2014/ 169280) mo ta
viéc doteri hoa nucleotit dé cai thién duoc dong hoc hodc duge luc hoc ciia chung, bao
gdm & vi tri 5 cia phan tir.

Thay thé biang cac chét ddng vi nhu doteri c6 thé thu duge mot sb tac dung tri
liéu nhat dinh do do dn dinh chuyén héa 16n hon, nhu, vi dy, 1am ting thoi gian ban thai
in vivo hogc 1am giam nhu cau vé lidu lugng. Thay thé doteri cho hydro & vi tri phé vo
chuyén héa ¢6 thé lam gidm téc do hodic loai bo qué trinh chuyén héa & lién két nay. O
vi tri bat ky ctia hop chit ma nguyén tir hydro c6 thé c6 mat, nguyén tir hydro nay co thé
1a chét ddng vi bt ky cta hydro, bao gdm proti (‘H), doteri (*H) va triti CH). Vi véy,
ban mo t& vién din dén hop chat bao gbm tit ca cic dang ddng vi c6 thé c6 trir khi ngt

canh chi ra rd rang theo cach khac.

Thuét ngit chét tuong tu "dugc dénh ddu dong vi" dung dé chi chit tvong tu 1a
"chit trong tu duge doteri hoa", "chit twong tu dugc danh d4u 13C," hodc "chat tuong
tu dugce doteri hoa/dugc danh dAu 13C." Thuét ngit "chit twong tu duge doteri hoa" co
nghia 1a hop chit dugc md ta & day, nho do chét dong vi H, tic 1a, hydro/proti ("H),
duoc thé bing chét ddng vi H, tirc 14, doteri (*H). Viéc thay thé doteri ¢6 thé 1a mot phan
hodc hoan toan. Viéc thay thé doteri mot phan c6 nghia 1a it nhat mot hydro duoc thé
béng it nhat mot doteri. Theo mot sb phuong 4n nhét dinh, chit dong vi duoc lam giau
90, 95 hoiic 99% hozic nhiéu hon trong chét dong vi & vi tri bét ky dang quan tdm. Theo
mdt sb phuong 4n, n6 1a doteri duge lam giau 90, 95 hodc 99% ¢ vi tri mong mudn. Trir
khi duoc chi ra ngugc lai, viéc doteri hoa it nhét 12 80% & vi tri dugc chon. Viéc doteri
hoéa ca nucleosit ¢6 thé xay ra & hydro thay thé duoc bt ky ma tao ra két qua mong

mubn.
I11. Phuong phap diéu tri hodc phong ngira

Viéc diéu tri, nhu duge st dung & déy, ding dé chi viéc dung hop chét c6 hoat

tinh cho vat chii bi nhiém virut HCV.
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Thuit ngit “phong ngira” hodc ngén ngira, khi dugc sir dung, dung dé chi viéc
dung hop chét c6 hoat tinh dé ngan nglra hodc 1am giam kha ning xut hién réi loan
virut. Sang ché bao gdm ca ligu phap diéu tri va phong ngtra hodc ngan ngira. Theo mot
phuong an, hop chét c6 hoat tinh dugc dung cho vat chu da tiép xic va vi vay c6 nguy

co nhiém bénh do 1iy nhiém virut viém gan C.

Sang ché @& cap dén phuong phap diéu tri ho3c phong ngira virut viém gan C,
bao gdm cac dang khang thudc va khang nhiéu thube ctia HCV va cic tinh trang bénh
lién quan, céc tinh trang bénh ly, hodc bién chirng cta bénh nhiém HCV, bao g&“)m X0
gan va cac doc hai gan lién quan, cling nhu cac tinh trang bénh 1y khac la bénh thtr phat
dbi voi bénh nhiém HCV, nhu dm yéu, n mat ngon, sut can, nd nguc (dic bi€t 1a ¢ nam
gi6i), phat ban (dac biét 12 trén gan ban tay), kho dong mau, mach mau nhu mang nhén
trén da, 13n, hon mé (bénh ndo), gia tang dich thé trong khoang bung (cb truéng), gidn
mach thuc quan, tang huyét ap kich phat, suy thén, lach to, gidm té bao mau, thidu mau,
giam lugng tiéu cdu, vang da, va ung thu té bao gan, trong sb cac tinh trang khéc. Phuong
phép nay bao gbm budc cho vat chu can diéu tri dung luvong hiru hiéu cua it nhét mot
nucleotit purin dugc thé N6 duoc cai bién & vi tri 2 dugc thé p-D-2°-D-2’-0-flo-2’-B-C
nhu dugc md ta & day, tuy v két hop voi it nhét mot chét ¢6 hoat tinh sinh hoc bd sung,
vi dy, chét khang HCV bb sung, két hop thém véi chét phu gia chit mang va/hoic ta
duoc duoc dung.

Theo mot khia canh khac nita, sang ché d& xuét phuong phép ngan ngira hodc
phong nglra bénh nhiém HCV hoic tinh trang bénh hogc tinh trang bénh lién quan hodc
tiép d6, tinh trang bénh 1y hodc bién ching ctia bénh nhiém HCV, bao gbm X0 gan va
cac doc tinh gan lién quan, dm yéu, in mat ngon, stt can, nd ngyuc (dic bigt la & nam
gi6i), phat ban (ddc biét 1a trén gan ban tay), kh6 dong mau, mach méu nhu mang nhén
trén da, 1an, hon mé (bénh ndo), gia tang dich thé trong khoang bung (cb truéng), gidn
mach thuc quéan, tdng huyét ap kich phat, suy thén, lach to, giam té bao mau, thiéu mau,
giam luong tiéu cdu, vang da, va ung thu té bao gan (gan), trong sb céc tinh trang bénh

khéac, phuong phép nay bao gdm budc cho bénh nhan c6 nguy co méc bénh ding mot
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lurong hitu hiéu cua it nhat mot hop chit theo sang ché nhu duoc mo ta trén day két hop
v6i chat mang, chét phu gia, hodc ta dugc duge dung, tuy ¥ két hop v6i mot chét khang
HCV khéc. Theo phuong én khéc, cac hop chét c6 hoat tinh theo sang ché c6 thé duoc
dung cho bénh nhan sau khi ciy ghép gan lién quan dén bénh viém gan dé bao vé co

quan mdi.

Nucleotit purin dugc thé N6 dugc cai bién & vi trf 2 duge thé p-D-2°-D-2-a-flo-
2-8-C duge lam én dinh & 5 ¢6 thé duoc ding néu mudn dudi dang mudi hodc tién
chit thubc bat ky khi dung cho d6i tugng nhan c6 kha nang truc tiép hodc gian tiép tao
ra hop chét gbc, hodc ban than c6 hoat tinh d6. Céac vi du khong gi61 han 1a cac mudi
dugc dung va hop chét, da duoc cai bién & nhém chire, nhu nhém chirc hydroxyl hodc
amin, dé cai bién hoat tinh sinh hoc, dugc dong hoc, thoi gian béan thai, su phén phéi co
kidm so4t, do wa m&, dong hoc hap thu, dé phosphoryl hoa thanh 5°-triphosphat c6 hoat
tinh hoac hi€u qua phén phéi bang cach st dung duong ding mong muén cia hop chat.
Phuong phap bién ddi cAc tinh chét ctia hop chét ¢6 hoat tinh dé dat duoc céc tinh chit
dich 1a da bibt dbi v6i ngudi c6 hiéu biét trung binh vé linh vyc k§ thuét lién quan hoge
c6 thé d& dang dugc danh gid boi cac phuong phép ti€u chuén, vi du, axyl hoa,
phosphoryl héa, thiophosphoramidat héa, phosphoramidat hoéa, phosphonat hoa, alkyl
hoa, hoic PEG hoa.

IV. Dugc phdm

Theo mot khia canh cua sang ché, dugc phém theo sang ché chtra lugng hitu hidu
virut khang HCV cua it nhét mot trong cac hop chét nucleotit purin duoc thé N° duoc
cai bidn & vi tri 2 duoc thé p-D-2°-D-2’-0-flo-2-B-C duge lam 6n dinh ¢ vi tri 5” duge
md ta & day, tuy y két hop v6i chat mang, chét phu gia, hoic t4 duge dugc dung, tly ¥
con két hop hoic thay thé bang it nhét mét hop chét c6 hoat tinh khac.

Theo mot khia canh cia sang ché, duogc phém theo sang ché chira lwong hitu hiéu
khang HCV cua it nhét mét trong céc hop chét nucleotit purin duoc thé N duoc cai bién

& i tri 2 duge thé B-D-2°-D-2’-0-flo-2’-B-C ¢6 hoat tinh duge mo ta ¢ ddy, tuy ¥ két

-116-



39028

hop véi chit mang, chit phu gia, hodc ta dugc dugc dung, con tuy y két hop voi it nhét
mot khang virut khac, nhu chét khang HCV.

Sang ché bao gdm dugc phim chira lugng hiru hidu dé diéu tri bgnh nhiém virut
viém gan C, cila mot trong sb cac hop chét nucleotit purin duoc thé N° duoc cai bién ¢
vi trf 2 dugc thé f-D-2’-D-2’-a-flo-2’-B-C theo sang ché hoic mudi hoic tién chét thude
cua no, trong chit mang hoic t4 dugc dugc dung. Theo mot phuong an khac, sang ché
bao gém duogc pham chira lugng hitu hiéu d8 ngan ngira bénh nhiém virut viém gan C,
cua mot trong sb cac hop chét nucleotit purin dugc thé N° duoc cai bién & vi tri 2 dugc
thé p-D-2°-D-2’-a-flo-2’-B-C theo sang ché hodc mubi hodc tién chat thudc ctia né, trong
chat mang hoic ta dugc dugc dung.

Ngudi c6 hiéu biét trung binh vé linh vyc k¥ thuat lién quan s& nhan thdy rang,
lugng hitu hiéu cho tac dung diéu tri bénh s& thay dbi tuy theo bénh nhiém hodc tinh
trang bénh ly cin diéu tri, mc dd nghiém trong cua no, ché do diéu tri duoc sir dung,
dugc dong hoc cua chit duoc st dung, ciing nhu bénh nhan hodc dbi tuong (dong vat
hodc ngudi) cin diéu tri, va lugng tri liéu nay co6 thé dugc xac dinh boi bac si theo ddi

hodc chuyén gia.

Cac hop chit nucleotit purin dugc thé N6 dugc cai bién & vi tri 2 duoc thé B-D-
2°-D-2’-0-flo-2’-B-C dugc lam on dinh & vi tri 5° theo sang ché co thé duoc phéi tron
trong hon hop véi chat mang dugc dung. Nhin chung, t6t hon 1a dung dugc phdm & dang
dung qua duong miéng, nhung mot s6 duoc phim c6 thé dugc dung thong qua dudng
ngoai duong tiéu hoa, trong tinh mach, trong co, khu tra, 4p da, ma, dudi da, thudc dan,
hodc duong khéc, bao gdm xit trong miii. Duoc pham dung trong tinh mach va trong co
thuong dugc dung trong nude mubi vo tring. Ngudi c6 hidu biét trung binh vé linh vyuc
k¥ thuat lién quan co thé bién dbi cac dugc pham dé khién chiing dé tan hon trong nudc
hoic chat dan thude khéc, vi dy, didu nay co6 thé dugc hoan thanh mot cach d& dang bang
céc bién dbi nhé (phéi tron mudi, este hoa, v.v..) da biét rd dbi v6i k¥ nang trung binh

trong Iinh vue ky thut nay. Cling da biét rd dbi voi ngudi c6 hiéu biét trung binh dé
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bién ddi duong dung va ché do liéu lwong cua hop chét cu thé dé quan 1y duge dong hoc
ctia hop cht theo séng ché dé c6 tac dung c6 1oi ti da & bénh nhén.

Trong mot sb dang lidu luong dugc, dang tién chét thudc cua cac hop chét, dic
biét 1a bao gdbm dan xuét dugc axyl hoa (dugc axetyl hoa hodc dang khac), va ete (alkyl
va dang lién quan), phosphat este, thiophosphoramidat, phosphoramidat, va cac dang
mudi khéc nhau cia cac hop chat theo séng ché, duoc wu tién. Ngudi c6 hiéu biét trung
binh v& linh vuc k¥ thuét lién quan s& nhan ra cach thic d d& dang bién ddi cac hop
chét theo sang ché thanh dang tién chét thudc dé hd tro cho viéc phan phdi cac hop chét
¢6 hoat tinh dén vi tri duge huéng dich trong sinh vét chi hodc bénh nhan. Nguoi co
hiéu biét trung binh ciing tan dung cac thong sb dugc dong hoc uu tién cia cac dang tién
chét thudc, ma ap dung dugc, trong phan phéi cac hop chét theo sang ché vao vi tri dugc
huéng dich trong sinh vat cht hodc bénh nhéan dé tbi da hoa cac tac dung dugc du dinh

ctia hop chit.

Luong hop chit dugc chira trong dugc phém c0 hoat tinh tri li€u theo sang ché 1a
lugng hitu hiéu dé didu tri bénh nhidm HCV, lam gidm kha néng nhiém HCV hodc tc
ché, 1am giam, va/hodc loai bd HCV hodc cac tac dong thir phat cta no, bao gom céc
tinh trang bénh, tinh trang bénh ly, va/hoac bién chirng xut hién thit phat d6i véi HCV.
Nhin chung, lugng hitu hi¢u cho tdc dung diéu tri bénh cua hop chét theo séng ché ¢
dang lidu luong dugc thuong ndm trong khoang tr 0,001mg/kg dén khoang 100mg/kg
mdi ngay hodc nhiéu hon, thuong xuyén hon, it hon mot chit so véi khoang 0,1mg/kg
dén nhidu hon khoang 25mg/kg mdi ngay & bénh nhén hodc dang luu y hon nita, phu
thube vao hop chit dugc st dung, tinh trang bénh Iy hogc bénh nhiém dugc diéu tri va
duong dung. Hop chét nucleosit ¢6 hoat tinh theo sang ché thudng dugc dung véi luong
nam trong khoang tir khoang 0,1mg/kg dén khoang 15mg/kg mdi ngay ¢ bénh nhéan, phu
thudc vao dugc dong hoc cua chit & bénh nhan. Khoang lidu lugng nay thuong tao ra
ndéng do trong mau hiéu qué cta hop chét ¢6 hoat tinh ma c6 thé nim trong khoéng tir
khoéang 0,001 dén khoang 100, khoang 0,05 dén khoang 100 microgam/cc mau & bénh

nhén.
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Thong thudng, dé didu tri, ngan nglra hodc tri hodn sy khéi phat clia cac bénh
nhidm nay va/hodic lam giam kha ndng nhiém virut HCV, hodc tinh trang bénh, tinh
trang bénh ly hodc bién chimg thtr phat cia HCV, duoc phim dugc dung & dang lidu
luong dung qua duong miéng véi luong nam trong khoang tir khoang 250 microgam lén
dén khoang 500mg hoac nhidu hon it nhat mot 1an mot ngay, vi du, it nhét 25, 50, 100,
150, 250 hodc 500 miligam, 1én dén bdn 1an mot ngay. Céac hop chét theo sang ché
thuong dugc dung qua dudng miéng, nhung ciing ¢ thé dugc dung ngoai dudng tiéu
hoa, khu tri, hoac & dang thubc dan, cling nhu dung trong mili, du6i dang xit miii hodc

trir khi dugc md ta khéc.

Trong truong hgp st dung ddng thoi cac hop chét theo sang ché két hop véi mot
hop chit khang HCV khac trir khi duoc mo ta khédc, lugng hop chét theo sang ché duogc
ding nam trong khoang tr 0,01mg/kg & bénh nhan dén khoang 500mg/kg hodc nhiéu
hon & bénh nhéin hodc dang ké hon nita, phu thudc vao chét thr hai duoc cing st dung
va hoat Iyc khang virut ctia né, tinh trang bénh 1y ctia bénh nhén va d nghiém trong cua
bénh hoiic bénh nhiém cin didu trj va duong dung. Chét khang HCV con lai ¢6 thé vi
du, dugc dung véi luong ndm trong khoang tir khoang 0,01mg/kg dén khoang
500mg/kg. Theo mot s6 phuong 4n duge wu tién, cac hop chit nay c6 thé thudong dugc
dung v6i lugng nam trong khoang tir khoang 0,5mg/kg dén khoang 50mg/kg hodc nhiéu
hon (thuong 1én dén khoang 100mg/kg), thudong phu thude vao dugc dong hoc cua hai
chit & bénh nhan. Céc khoang lidu lwong nay thuong tao ra ndng do trong méu hiéu qua

ctia hop chét c6 hoat tinh & bénh nhén.

Nhim muc dich ctia sang ché, lugng hitu hiéu phong ngira hodc ngén ngira cua
duoc phdm theo séng ché ndm trong khoang ndng do gidng nhu néu trén d6i voi lugng
hitu hiéu cho tac dung diéu tri bénh va thudng gidng nhu lugng hitu hiéu cho tac dung

diéu tri bénh.

Viéc dung hop chét c6 hoat tinh ¢6 thé ndm trong khoang tir dung lién tuc (nhd
giot trong tinh mach) dén mot vai 14n ding qua dudng miéng hodc trong mii mdi ngay

(vi dy, Q.I.D.) hodc dung 4p da va cd thé bao gdm diing qua duong miéng, khu trd, ngoai
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dudng tiéu hoéa, trong co, trong tinh mach, dudi da, &p da (co thé bao gdm chét tang
cudng thim thau), ma, va thudc dan, trong sb cac dudng dung khac. Vién nén bao dung
qua duong miéng tan trong rudt cling ¢ thé duoc st dung dé 1am ting cuong do sinh
kha dung ctia cac hop chit cho dudng dung qua dudng migng. Dang liéu lwong hidu qua
nhit phu thudc vao d sinh kha dung/duge dong hoc cua chét cu thé duoc chon ciing
nhu 6 nghiém trong cua bénh ¢ bénh nhan. Cac dang lidu lwong dung qua dudng miéng

dic biét dugce vu tién, do dé& dung va viéc tudn thu thuén loi vé sau cia bénh nhan.

DPé bao ché duoc phém theo sang ché, lugng hitu hiéu cho tac dung diéu tri bénh
ctia mdt hodc nhiéu hop chét theo sang ché thuong duoc trdn k§ véi chat mang dugc
dung theo k¥ thuat két hop duge pham théng thudng d8 tao ra liéu. Chit mang c6 thé c¢6
nhiéu dang khac nhau phu thudc vao dang duoc phim dugc mong mudn dé ding, vi du,
qua dudng miéng hodc ngoai dudng tiéu héa. Trong bao ché dugce phim & dang lidu
lugng ding qua dudng miéng, mdi truong dugc thong thuong bat ky c6 thé duge st
dung. Vi vay, d6i voi duge pham 1éng dung qua dudng miéng nhu hdn dich, con ngot,
va dung dich, chit mang va chét phu gia thich hgp bao gbém nuéc, glycol, dau, ruou,
chét tao huong vi, chét bao quén, chét tao mau, va chét tuong tu ¢6 thé duge st dung.
Déi v6i duoc pham rin ding qua dudng miéng nhu bot, vién nén, vién nang, va i véi
dwoc phim ran nhu thudc dan, chit mang va chit phu gia thich hop bao gbm tinh bot,
chit mang dudng, nhu dextroza, manifold, lactoza, va céc chit mang lién quan, chét pha
loadng, chét tao hat, chét boi tron, chét gén két, chét phénrd, va chét tuong tu co thé duoc
st dung. Néu mubn, vién nén hodc vién nang c6 thé dugc bao tan trong rudt hodc giai
phong duy tri bang céc k¥ thuat tiéu chuén. Viéc sir dung cac dang lidu lugng nay c6 thé
ting cuong dang ké dd sinh kha dung cta cac hgp chit & bénh nhan.

Déi v6i duge phdm ding ngoai dudng tiéu hoa, chéit mang thuong bao gbdm nudce
vo tring hodc dung dich natri clorua trong nuéc, mac du céc thanh phan khac, bao gbm
c4c thanh phan hd trg phan tan, ciing c¢6 thé dugc bao gdbm. Tét nhién, trong d6 nudc vo

trung dugc st dung va dugc duy tri dudi dang v trung, dugc pham va chét mang cling
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phéi dugc vo trung. Hoén dich tiém cling c6 thé dugc bao ché, trong truong hop do cac

chit mang 16ng thich hop, chét tao hdn dich, va chat twong tu c6 thé dugc sir dung.

Hon dich liposom (bao gbm liposom dugc hudéng dich dén khang nguyén virut)
cling c6 thé dugc bao ché bang cac phuong phép thong thuong dé tao ra chat mang dugc
dung. Hdn dich nay c6 thé thich hop dé phan phdi cac nucleosit tu do, axyl/alkyl

nucleosit hodc dang tién chit thudc phosphat este ctia hop chit nucleosit theo sang ché.

Theo cac phuong an dién hinh theo sang ché, cac hop chét va duoc pham duge
st dung dé diéu tri, ngan ngira hogc tri hodn bénh nhiém HCV hoic tinh trang bénh thir

phat, tinh trang bénh 1y hodc bién ching cia HCV.
V. Liéu phép két hop va thay thé

Cling da nhén ra rd rang la cac bién thé khang thudc cla virut co thé xuét hién
sau qué trinh didu tri kéo dai bing chét khang virut. Sy khang thudc xay ra dién hinh
nhét 13 do ddt bién gen ma hoéa enzym dugc sir dung trong sao chép virut. Hi¢u qua cua
thudc khang bénh nhiém HCV, c6 thé dugc kéo dai, gia ting, hodc khoi phuc béng cach
ding hop chét két hop hoic thay thé v6i mot hop chat khang virut khéc, va thdm chi c6
thé 13 hai hodic ba hop chit khang virut khac ma cam tng dot bién khac hodc tic dong
qua con duong khac véi dot bién hodc con dudong khac cta thudc co sa. Theo cach khac,
dugc dong hoc, phin b6 sinh hoc, thoi gian ban thai, hodc thong s6 khac cua thude c6
thé duge bién dbi bang liéu phap két hop nay (c6 thé bao gdm liéu phap thay thé néu
dugc can nhic phéi hop). Do nucleotit purin dugc thé N¢ duoc cai bién & vi tri 2 dugce
thé p-D-2’-D-2’-a-flo-2°-B-C dd boc 10 la chét e ché NS5B polymeraza, né ¢o thé hitu
ich dé dung hop chét cho vat cht két hop véi, vi du:

(D) chét &rc ché proteaza, nhu chét (rc ché NS3/4A proteaza;

(2)  chit trc ché NS5A;
(3)  Chéttc ché NS5B polymeraza khéc;

(4)  Chét tic ché khong phai co chat NS5B;
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(5) Interferon alfa-2a, co thé duoc PEG hoéa hodc duoc cai bién theo cach
khéc, va/hodc ribavirin;

(6)  Chét tic ché nén khong phai co chit;

(7)  Chét wrc ché helicaza;

(8)  Oligodeoxynucleotit d6i nghia (S-ODN);

(9) Aptame;

(10) Ribozym khéng nucleaza;

(11) ARN théong tin (iRNA), bao gdm microRNA va SiRNA;

(12) Khang thé, khéng thé mot phin hodc khang thé mién dbi voi virut, hode

(13) Khang nguyén virut hodc khang nguyén mot phan kich thich dap ung
khang thé chu.

Céc vi du khong giGi han pham vi cta sang ché v& chit khang HCV ma c6 thé

duoc dung két hop v6i nucleotit purin dugc thé N6 duoc cai bién & vi tri 2 dugc thé p-

D-2’-D-2’-a-flo-2’-B-C theo sang ché 1a:

(i) chét tc ché proteaza nhu telaprevir (Incivek®), boceprevir (Victrelis

TM)
b

simeprevir (Olysio™), paritaprevir (ABT-450), ACH-2684; AZD-7295;
BMS-791325; danoprevir; Filibuvir; GS-9256; GS-9451; MK-5172;
Setrobuvir; Sovaprevir; Tegobuvir; VX-135; VX-222 va ALS-220;

(ii) Chét rc ché NSSA nhu ACH-2928, ACH-3102, IDX-719, daclatasvir,
ledispasvir va Ombitasvir (ABT-267);

(iii)

Chét ttc ché NS5B nhu ACH-3422; AZD-7295; Clemizole; ITX-5061;

PPI-461; PPI-688, Sovaldi®, MK-3682, va mericitabine;

(iv)

Chét e ché NS5B nhu ABT-333, MBX-700; va,

(v) Khang thé nhu GS-6624.
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Néu nucleotit purin dugc thé N® duoc cai bién & vi tri 2 dugc thé f-D-2°-D-2’-a-
flo-2’-B-C dugc dung dé diéu tri virut viém gan C tién trién dan dén ung thu gan hodc
x0 gan, theo mdt phuong an, hop chét nay c6 thé duge dung két hop hodc thay thé bang
mot thube khac thuong dugce st dung dé diéu tri canxinom té bao gan (HCC), vi dy, nhu
dwoc mo ta bdi Andrew Zhu trong “New Agents on the Horizon in Hepatocellular
Carcinoma” Therapeutic Advances in Medical Oncology, V 5(1), January 2013, 41-50.
Céc vi du v& hop chét thich hgp cho liéu phap két hop trong d6 vat chi c6 hodc c6 nguy
co mic HCC bao g@)m chét chéng tao mach, sunitinib, brivanib, linifanib, ramucirumab,
bevacizumab, cediranib, pazopanib, TSU-68, lenvatinib, khang thé khang EGFR, chét
trc ché mTor, chit tc ché MEK, va chét tc ché histon dexetylaxe.

Thubdc hién dugc cdp phép cho bénh cim 12 Amantadine, Rimantadine va
Oseltamivir. Thudc bt ky trong cac thudc nay c6 thé dugc sir dung két hop hoic thay
thé béng hop chét ¢6 hoat tinh duogc dé xuét & day dé diéu tri bénh nhiém virut man cam
v6i hop chét nay. Ribavirin dugc st dung dé diéu tri bénh soi, cim A, cam B, 4 ciim,
viém tiéu phé quan RSV nghiém trong va SARS cling nhu cac bénh nhiém virut khac,
va do dé dic biét hitu ich khi két hop vdi hop chét theo sang ché dé dicu tri vét chu
nhiém virut ARN soi don. Palivizumab duoc chép thuén dé st dung & tré so sinh co
nguy co nhiém RSV cao.

Hién nay, khong cé thudc duge cap phép cho virut West Nile. Cac béac si dugc
khuyén nghi 1a cung cAp lidu phap hd trg chuyén sau, c6 thé bao gdbm nhap vién, truyén
dich trong tinh mach, st dung may ho hép nhan tao dé hd trg tho, thudc dé kiém soat tai
bién ngap mau, phu ndo, budn ndn va ndn, va st dung cc chét khang sinh dé ngan ngira
nhi®m vi khuén khién cho bénh thdm chi con nang hon. Diéu nay nhAn manh tim quan
trong cda cac hop chét theo sang ché cho liéu phap diéu tri virut.

VI. Quy trinh diéu ché nucleotit purin dugc thé N° duogc cai bién & vi tri 2 dugc thé p-

D-2°-D-2’-0-flo-2’-B-C theo sang ché

Céac phuong phép tdng quat dé tao ra céc hop chit theo sang ché da biét trong
linh vuc k§ thuat ndy hodc dwge mo ta & day. Quy trinh tdng hop 2’-clo nucleotit dugc
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md ta trong US 20150366888, WO 2014058801; WO 2015/066370 va WO
2015200219.

Céc ky hiéu viét tit sau duoc st dung trong so dd tong hop.
CBry: Cacbon tetrabromua

DBU: 1,8-Diazabixyclo[5.4.0]Jundec-7-en

DCM: Diclometan

THE: Tetrahydrofuran (THF), khan

EtOAc: Etyl axetat

EtOH: Etanol

Li(OtBu)sAlIH: Lithi tri-tert-butoxyaluminum hydrua
Na,SOa4: Natri sulphat (khan)

MeCN: Axetonitril

MeNH»: Metylamin

MeOH: Metanol

NazS04: Natri sulfat

NaHCOs: Natri bicacbonat

NH4Cl: Amoni clorua

NHsOH: Amoni hydroxit

PE: Ete diu mo

PhsP: Triphenylphosphin

Silica gel (tir 230 dén 400 mat ludi, Sorbent)
t-BuMgCl: -Butyl magie clorua

t-BuOK: Natri tert-butoxit
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t-BuOH: Tert-butanol

Vi du thuc hién sang ché
Phuong phép tdng quat

Phd NMR 'H, '9F va 3'P duoc ghi trén may do phd 300 MHz Fourier transform
Briicker. Phé thu dugc tir cdc mau dugce chudn bi trong dng c6 duong kinh Smm trong
CDCls, CD30D hodc DMSO-ds. Pa boi xoay dugc néu bang ky hiéu s (mrc don), d
(muc d6i), t (mirc ba), m (da boi) va, br (dd rong). Hing s6 két hop (J) duge bdo cdo
theo Hz. Phé MS thu dugc bing cach st dung k' thuét ion hoa tia dién (EST) trén thiét
bi MS bdn cuc Agilent Technologies 6120. Cac phan Gng thuong duoc tién hanh trong
mdi trudng nito khd bang cach st dung dung moi khan Sigma-Aldrich. Tht ca cac hoa

chét thong thudng duge mua tir cac ngudn thuong mai.

/4N cl
O o0 i O .wBr i © N\e/\(
BZOA@ e Bzom — B0 \ \<N
BzO  F BzO  F BzO  F

NH,
1 2 3

. /4"‘ NHMe = NHMe
RO e oAGEEC I a G
#\"0 N ~<~—— HO N
0\‘(\{1 oph  —% N= S N=
HO F HO' F

NH,

i) Li(OtBu)sAIH, THF, -30 °C-->-15 °C; ii) PPhg, CBry, DCM, -20°C-->0 °C; iii) 2-amino-6-

clopurin , tBUOK, tBUOH/MeCN 9:1, 65 °C; iv) MeNH, (33%), MeOH, 85 °C; v) Isopropyl

((R,S)-(pentaflophenoxy )-phenoxy-phosphoryl)-L-alaninat , tBuMgCl, THF, 0 °C --> nhiét d6
trong phong
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Vi du 1. Diéu ché isopropyl ((((R,S)-(2R,3R 4R,5R)-5-(2-amino-6-(metylamino)-9H-
purin-9-yl)-4-ﬂo-3-hydroxy-4-metyltetrahydrofuran-2-yl)met0xy)-phenoxy-
phosphoryl)-L-alaninat

Buéce 1. Didu ché ((2R,3R,4R,5R)-3-(benzoyloxy)-5-brom-4-flo-4-
metyltetrahydrofuran-2-yl)metyl benzoat (2).

B sung nhd giot lithi tri-fers-butoxyaluminum hydrua (1,0M trong THF,

22.6mL, 22,6mmol) vao dung dich chtra (2R)-3,5-di-O-benzoyl-2-flo-2-C-metyl-D-
ribono-y-lacton (24,8g, 66,6mmol) trong THF kho (333mL), trong moi trudng nito va
duoc 1am lanh xudng nhiét d§ -30°C. Sau khi két thic qua trinh bd sung, 1am 4m tir tir
hdn hop phan tng 1én dén -15°C trong 90 phit sau do bd sung EtOAc (300mL) vao va
lam ngudi hdn hop bang dung dich NH4Cl bdo hoa trong nudce (200mL). Loc dung dich
thu dugc trén Celite® va chiét dich loc hai lan bang EtOAc. Lam kho céc chét hiru co
da két hop (Na2S0s), loc va ¢b. Pua phan con lai vao trong DCM khd (225mL) trong
moi tredng nito, lam lanh Xuéng nhiét dd -20°C, sau do6 bd sung PPhs (19,1g, 72,8mmol)
vi0. Sau 10 phit khudy & nhiét do -20°C, b6 sung CBr4 (26,0g, 78,4mmol) vao va lam
Am tir tir hn hop phan Gng 1én dén nhiét dd 0°C trong 2 gid. Rot hdn hop thu duge 1én
trén cot silica gel va rira giai bang PE/EtOAc (gradien tir 100:0 dén 80:20). Gom céc
phén chira a-bromofuranosit va cd dé thu dugc san pham 2 (18,1g, 41,3mmol, 62% trong
hai budc) dudi dang dau dic khong mau.
'H NMR (300 MHz, CDCl3) 6 8,15-8,11 (m, 2H), 8,04-8,01 (m, 2H), 7,64-7,55 (m, 2H),
7,51-7,41 (m, 4H), 6,34 (d, J = 1,6 Hz, 1H), 5,29 (dd, J=5.5, 3,1 Hz, 1H), 4,89-4,85
(m, 1H), 4,78 (dd, J= 12,5, 3,2 Hz, 1H), 4,63 (dd, J = 12,5, 4,5 Hz, 1H), 1,72 (d, J =
21,6 Hz, 3H). '°F NMR (282 MHz, CDCls) ¢ -150,0.

Budc 2. Piéu ché (2R,3R,4R,5R)-5-(2-amino-6-clo-9H—purin-9-yl)-2-
(benzoyloxymetyl)-4-ﬂo-4-metyltetrahydrofuran—3-yl benzoat (3).
2-Amino-6-clopurin (2,63g, 15,5mmol) dugc tao hon dich trong z-BuOH (54mL)

trong moi truong nito. Hon hop phan tng duge gia nhiét dén nhiét do 30°C, sau do b
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sung kali fert-butoxit (1,69g, 15,Immol) vao. Sau 45 phut, bd sung dung dich chra
bromofuranosit 2 (2,24g, 5,12mmol) dugc hoa tan trong MeCN khan (6mL) vao, hdn
hop phan tng dugc gia nhiét dén nhiét d6 65°C trong 16 gid sau d6 lam ngudi xubng
nhiét do trong phong. BS sung dung dich NH4Cl bdo hoa trong nude (70mL) vao va
chiét dung dich thu dugc bang EtOAc (3 x 60mL). Lam kho céc chét hiru co da két hop
(Na2S0s), loc va ¢d. Tinh sach phan con lai hai 14n bang séc ky cot (gradien PE/EtOAc
tr 80:20 dén 0:100 sau do 1a tir 60:40 dén 20:80) dé thu dugc san pham 3 (1,56g,
2,96mmol, 57%) dudi dang chit rin mau tring.

IH NMR (300 MHz, CDCl3) 6 8,05-8,02 (m, 2H), 7,95-7,92 (m, 2H), 7,88 (s, 1H), 7,63-
7,57 (m, 1H), 7,53-7,41 (m, 3H), 7,35-7,30 (m, 2H), 6,43 (dd, J = 22,6, 9.1 Hz, 1H),
6,12 (d, J=18,3 Hz, 1H), 5,34 (br s, 2H), 5,00 (dd, /= 11,9, 4,5 Hz, 1H), 4,79-4,73 (m,
1H), 4,60 (dd, J = 11,9, 5,3 Hz, 1H), 1,34 (d, J = 22,6 Hz, 3H). F NMR (282 MHz,
CDCls) 6 -157,0. MS (ESI) m/z dugc tinh toan cho C2sH22FNsOs [M+H]" 526,9; duoc
phat hién 1a 527,0.

Bu6c 3. Piéu ché (2R,3R,4R,5R)-5-(2-amino-6-(metylamino)-9 H-purin-9-yl)-4-flo-2-
(hydroxymetyl)-4-metyltetrahydrofuran-3-ol (4).

Metylamin (33% trong EtOH tuyét dbi, 1,7mL, 1,81mmol) duoc bd sung vao

dung dich chira hop chét 3 (575mg, 1,09mmol) trong MeOH (9mL). Hon hop phan tmg
dixgc gia nhiét dén nhiét d¢ 85°C trong 6ng bit kin trong 16 gid, 1am ngudi xubng nhiét
do trong phong va cd. Tinh sach phén con lai béng sic ky cot (gradien DCM/MeOH tur
100:0 dén 85:15) sau d6 12 sic ky cot pha dao (gradien H,O/MeOH tir 100:0 dén 0:100)
dé thu dugc san pham 4 (286mg, 0,91mmol, 84%) dudi dang chét rén mau tring.
IH NMR (300 MHz, CD30D) 6 8,06 (s, 1H), 6,11 (d, J = 18,1 Hz, 1H), 4,41 (dd, J =
24.4, 9,1 Hz, 1H), 4,07-4,01 (m, 2H), 3,86 (dd, J = 12,9, 3,3 Hz, 1H), 3,04 (br s, 3H),
1,16 (d, J = 22,3 Hz, 3H). '°F NMR (282 MHz, CD;0D) 6 -163,7. MS (ESI) m/z dugc
tinh toan cho C12H19FNgO3 [M+H]* 313,1; dugc phét hién 1a 313,2.
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Buéc 4. Diéu ché isopropyl (((R.S)-(2R,3R,4R,5R)-5-(2-amino-6-(metylamino)-9H-
purin—9-y1)-4-ﬂo-3-hydroxy—4-mety1tetrahydr0furan-2-y1)metoxy)—phen0xy-
phosphoryl)-L-alaninat (5).

B4 sung nho giot #-butyl magie clorua (1,0M trong THF, 0,66mL, 660pmol) vao
dung dich chtra hop chéit 4 (114mg, 365umol) trong THF kho (4mL), trong mdi truong
nito va 1am lanh xuéng nhiét do 0°C trong 10 phut. Khudy hén hop phéan img trong 15
phut & nhiét do 0°C sau d6 15 phit nita ¢ nhiét do trong phong. Lam lanh hdn hop phan
tmg xubng nhiét do 0°C sau d6 bd sung nho giot dung dich chura isopropyl ((R,S)-
(pentaflophenoxy)-phenoxy-phosphoryl)-L-alaninat, Ross, B.S., Reddy, P.G., Zhang,
H.R., Rachakonda, S., and Sofia, M.J., J. Org, Chem., (2011), (253mg, 558umol) duoc
hoa tan trong THF kho (1mL) vao trong 10 phut. Khudy hdn hop phan tng & nhiét do
0°C trong 30 phit sau d6 1a 18 gio & nhiét do trong phong sau d6 dimg bang dung dich
NH4Cl bio hoa trong nuée (4mL) va chiét bing BtOAc (3 x SmL). Lam kho céc chét
hitu co da két hop, loc (Na2SO4) va ¢d. Tinh sach phan con lai bang séc ky cot (gradien
DCM/MeOH tir 100:0 dén 90:10) sau d6 1a sac ky cot pha dao (gradien H2O/MeOH tir
100:0 dén 0:100) dé thu duoc san phim 5 (hdn hop ctia céc chét ddng phan khong doi
quang, 101mg, 174pmol, 48%) dudi dang chét rén mau tring.

'H NMR (300 MHz, CD;0D) 6 7,83 (s, 0,55H), 7,82 (s, 0,45H), 7,38-7,16 (m, 5H), 6,15
(d, J=18,5 Hz, 0,45 H), (d, J= 18,8 Hz, 0,55 H), 4,99-4,88 (dugc xen phu v6i H>0, m,
1H), 4,65-4,36 (m, 3H), 4,25-4,17 (m, 1H), 3,97-3,85 (m, 1H), 3,05 (br s, 3H), 1,32-
1,28 (m, 3H), 1,25-1,15 (m, 9H). '°F NMR (282 MHz, CD30D) 6 -162.8 (s), -163,3 (s).
3Ip NMR (121 MHz, CD3;0D) § 4,10 (s), 3,99 (s). MS (ESI) m/z dugc tinh toan cho
C24H34FN707P [M+H]* 582,2; dugc phat hién 1a 582,2.
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i) Me,NH-HCI, DBU, MeOH, 85 °C,; v) Isopropyl ((R,S)-pentaflophenoxy )-phenoxy-
phosphoryl)-L-alaninat., tBuMgCl, THF, 0 °C.

Vi du 2. Biéu ché isopropyl ((((R,S)-(2R,3R 4R,5R)-5-(2-Amino-6-(dimetylamino)-9H-
purin-9-yl)-4-ﬂ0-3-hydroxy-4-metyltetrahydrofuran—2-y1)metoxy)-phenoxy-
phosphoryl)-L-alaninat (7). V

Budce 1. bidu ché (2R,3R,4R,SR)—5-(2-amino—6-(dimetylamino)—9H-purin-9-yl)-4-ﬂo-
2-(hydroxymetyl)-4-metyltetrahydrofuran-3-ol (6).

B6 sung dimetylamin hydroclorua (783mg, 9,6mmol) va 1,8-

diazabixyclo[5.4.0Jundec-7-en (1,43mL, 9,6mmol) vao dung dich chira hop chit 3, tir
Vi du 1, (500mg, 0,95mmol) trong MeOH (6mL). Gia nhiét hdn hop phan ng & nhiét
d6 85°C trong 6ng bit kin trong 6 gid, 1am ngudi xudng nhiét do trong phong va co. Tinh
sach phan con lai bing sic ky cot (gradien DCM/MeOH tir 100:0 dén 85:15) sau do
béng sic ky cot pha déo (gradien HxO/MeOH tir 100:0 dén 0:100) dé thu dugc san pham
6 (200mg, 0,6 1mmol, 64%) dudi dang chét rén mau tring.
'H NMR (300 MHz, CD;0D) § 8,07 (s, 1H), 6,14 (d, /= 18,1 Hz, 1H), 4,41 (dd, J =
244, 9,2 Hz, 1H), 4,08-4,02 (m, 2H), 3,87 (dd, J = 12,8, 2,9 Hz, 1H), 3,42 (br s, 6H),
1,16 (d, J= 22,0 Hz, 3H). F NMR (282 MHz, CD3;0D) 6 -163,8. MS (ESI) m/z dugc
tinh toan cho C13H20FNsO3; [M+H]" 327,2; dugc phat hién 1a 327,2.
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Buéc 2. Diéu ché isopropyl ((((R,S)-(2R,3R,4R,5R)-5-(2-amino-6-(dimetylamino)-9H-
purin-9-yl)-4-flo-3-hydroxy-4-metyltetrahydrofuran-2-yl)metoxy)-phenoxy-
phosphoryl)-L-alaninat (7).

Bé sung ting giot tert-butyl magie clorua (1,0M trong THF, 0,64mL, 640pmol)
vao dung dich chtra hop chéit 6 (80mg, 245umol) trong THF khd (4mL), trong mdi
truong nito va lam lanh xubng nhiét d6 0°C trong 10 phit. Khudy hdn hop phan Gng
trong 15 phut & nhiét 6 0°C sau d6 15 phiit nita & nhiét do trong phong. Lam lanh hdn
hop phan tng xubng nhiét d§ 0°C sau d6 bd sung timg giot dung dich chira isopropyl
((R,S)-(pentaflophenoxy)-phenoxy-phosphoryl)-L-alaninat (167mg, 367 umol) dugc
hoa tan trong THF khé (4mL) vao trong 10 pht. Khudy hdn hop phan tng & nhiét do
0°C trong 30 phut va 18 gidr & nhiét do trong phong. Dung phan ing bang dung dich bio
hoa NH4Cl trong nude (4mL) va chiét bang EtOAc (3 x SmL). Lam kho cac chét hiru
co da két hop, loc (Na2SO4) va cd. Tinh sach phin con lai bang sic ky cot (gradien
DCM/MeOH tir 100:0 dén 90:10) va sau d6 bang sic ky cot pha dao (gradien
H,0/MeOH tir 100:0 dén 0:100) d& thu dugc san phdm 7 (hdn hop clia céc chat dong
phan khong dbi quang, 35mg, 58pumol, 24%) dudi dang chit rin mau tring.
IH NMR (300 MHz, CD;0D) 6 7,83 (s, 0,5H), 7,82 (s, 0,5H), 7,34-7,16 (m, 5H), 6,15
(d, J=18,7 Hz, 0,5 H), 6,13 (d, J= 18,8 Hz, 0,5 H), 4,99-4,85 (dugc xen phu véi H20,
m, 1H), 4,65-4,26 (m, 3H), 4,27-4,12(m, 1H), 3,99-3,81 (m, 1H), 3,42, 3,41 (2brs, 6H),
1,36-1,25 (m, 3H), 1,24-1,11 (m, 9H). °F NMR (282 MHz, CD30D) § -162,7 (s), -163,2
(s). 3'P NMR (121 MHz, CD3;0D) 6 4,08 (s), 4,00 (s). MS (ESI) m/z dugc tinh toén cho
C2sH36FN7O7P [M+H]" 596,5; dugc phét hién 1a 596,2.
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i) a) N-metylxyclopropylamin hydroclorua, EtsN, MeOH, 100°C; b) NH;sOH, MeOH, 100°C; ii)
isopropyl ((R,S-(pentaflophenoxy)-phenoxy-phosphoryl)-L-alaninat, tBuMgCl, THF, 0°C
Vi du 3. Diéu ché Isopropyl ((((R,S)-(2R,3R 4R,5R)-5-(2-amino-6-(N-metyl-
xyclopropylamino)-9H-purin-9—yl)-4-ﬂ0-3-hydroxy-4-metyltetrahydrofuran-2—
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat (9).

Budc 1. Diéu ché (2R,3R,4R,SR)-5-(2-Amin0-6-(N-metyl-xyclopropylamino)-9H-
purin-9-yl)-4-flo-2-(hydroxymetyl)-4-metyltetrahydrofuran-3-ol (8).

B sung N-metylxyclopropylamin hydroclorua (366mg, 3,40mmol) va
trietylamin (470uL, 3,40mmol) vao dung dich chira hop chit 3 (600mg, 1,14mmol)
trong MeOH (10mL). Gia nhiét hdn hop phan tng & nhiét do 100°C trong 6ng bit kin
trong 15 gio va lam ngudi xubng nhiét d trong phong. Bd sung dung dich trong nudc
chira NHsOH 30% (4mL) vao va gia nhiét hdn hop phan tmg ¢ nhiét d6 100°C trong
dng bit kin trong 2 gid, 1am ngudi va co. Tinh sach phén con lai bang sic ky cot (gradien
DCM/MeOH tir 100:0 dén 90:10) @& thu dugc san pham 8 (351mg, 0,99mmol, 87%)

duédi dang chat ran mau trang.

I{ NMR (300 MHz, CDs0D) 6 8,13 (s, 1H), 6,15 (d, J = 18,0 Hz, 1H), 4,40 (dd, J =
243, 9,0 Hz, 1H), 4,06-4,02 (m, 2H), 3,89-3,83 (m, 1H), 3,32 (m, 3H), 3,18-3,11 (m,
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1H), 1,16 (d, J = 22,2 Hz, 3H), 0,96-0,89 (m, 2H), 0,74-0,69 (m,2H). ’F NMR (282
MHz, CD;0D) 6 -163,8. MS (ESI) m/z dugc tinh toan cho C1sHnFNsOs [M+H]" 353,2;
dugc phat hién 1a 353,2.

Bude 2. Didu ché isopropyl (R,S)-(2R,3R,4R,5R)-5-(2-amino-6-(N-metyl-
xyclopropylamino)-9H—purin-9-y1)-4-ﬂo-3-hydroxy—4-metyltetrahydrofuran—2-
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat (9).

B& sung nho giot tert-butyl magie clorua (1,0M trong THF, 680uL, 0,68mmol)
vao dung dich chtra hop chét 8 (200mg, 0,57mmol) trong THF kho (15mL) & nhi€t do
0°C trong 10 phut. Khudy hdn hop phan tmg trong 15 phiit ¢ nhiét do 0°C sau do 15
phut nita & nhiét d¢ trong phong. Lam lanh hdn hop phan tng xubng 0°C va bd sung
nho giot dung dich chtra isopropyl ((R,S)-(pentaflophenoxy)-phenoxy-phosphoryl)-L-
alaninat (283mg, 0,62mmol) dugc hoa tan trong THF kh6 (4mL) vao trong 10 phut.
Khudy hdn hop phén tng & nhiét do 0°C trong 30 phut va 18 gio ¢ nhiét do trong phong.
Dung phan tng bang dung dich bao hoa NH4Cl trong nudéce (4mL) va chiét bang EtOAc
(3 x 5mL). Lam kho céac chét hitu co da két hop trén NaxSO4 va ¢b. Tinh sach phén con
lai bing sfc ky cot (gradien DCM/MeOH tir 100:0 dén 90:10) va sau d6 bang sic ky cot
pha déo (gradien HxO/MeOH ttr 100:0 dén 0:100) dé thu duoc san pham 9 (hdn hop cta
2 chét ddng phén khong ddi quang, 160mg, 0,26mmol, 45%) dudi dang chit ran mau

tre‘ing.

'H NMR (300 MHz, CD3;0D) 6 7,85 (m, 1H), 7,38-7,16 (m, SH), 6,18 (d, J= 18,6 Hz)
va 6,16 (d, J = 18,9 Hz, 1H), 4,95-4,90 (dugc xen phu véi HoO, m, 1H), 4,58-4,47 (m,
3H), 4,22-4,19 (m, 1H), 3,95-3,87 (m, 1H), 3,36-3,34 (dugc xen phu v6i MeOH, m, 3H),
3,19-3,12 (m, 1H), 1,32-1,22 (m, 12H), 0,96-0,89 (m, 2H), 0,74-0,69 (m,2H). 3P NMR
(121 MHz, CD3;0D) 6 4,11 (s), 4,02 (s). MS (ESI) m/z dugc tinh toan cho Cy7H3sFN707P
[M+H]* 622,2; dugc phét hién 1a 622,2.
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i) 2,6-diclopurin, /BuOK, BuOH/MeCN, 65°C; ii) MeNH;, MeOH, 130°C; iii) isopropyl ((R,S-
(pentaflophenoxy)-phenoxy-phosphoryl)-L-alaninat, tBuMgCl, THF, 0°C dén nhiét d trong phong

Vi du 4. Didu ché isopropyl ((((R,S)-(2R,3R,4R,5R)-5-(2,6-bis-metylamino-9H-purin-
9-yl)-4-ﬂo-3-hydroxy-4-metyltetrahydrofuran-2-y1)metoxy)-phenoxy-phosphoryl)-L—
alaninat (12).

Bude 1. Piéu ché (2R,3R,4R,5R)-5-(2,6-diclo-9H-purin-9-yl)-2-(benzoyloxymetyl)-4-
flo-4-metyltetrahydrofuran-3-yl benzoat (10).

Tao huyén phit hop chét 2,6-diclopurin (1,30g, 6,86mmol) trong t-BuOH (25mL)

trong moi trudong nito. B sung timg phan kali erz-butoxit (778mg, 6,92mmol) vao sau
d6 khudy hdn hgp phan Gng ¢ nhiét do trong phong. Sau 1 gid, bd sung dung dich chira
bromofuranosit 2 (1,0g, 2,29mmol) dugc hoa tan trong MeCN khan (20mL) vao va gia
nhiét hdn hop phan tmg & nhiét do 65°C qua dém va sau d6 lam ngudi xubng nhiét do
trong phong. Bd sung dung dich bdo hoa NH4Cl trong nuée vao va chiét dung dich thu
duge bing EtOAc (3 14n). Lam kho céc chét hitu co da két hop trén Na;SO4 va ¢d. Tinh
sach phin con lai bang sdc ky cot (gradien PE/EtOAc tir 100:0 dén 0:100) dé thu dugc
san phdm 10 (148mg, 0,27mmol, 12%) dudi dang chét rén dinh.
'H NMR (300 MHz, CDCl3) 6 8,31 (s, 1H), 8,12-8,09 (m, 2H), 8,02-7,99 (m, 2H), 7,64-
7,39 (m, 6H), 6,38 (d, J= 17,2 Hz, 1H), 6,02 (dd, J = 21,2, 8,9 Hz, 1H), 4,90-4,68 (m,
3H), 1,33 (d, J = 22,4 Hz, 3H). °F NMR (282 MHz, CDCl) 6 -158,0. MS (ESI) m/z
duoc tinh toan cho CasHa0CLFN4Os [M+H]" 546,4; dugc phat hién l1a 546,3.
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Buéc 2. Diu ché (2R,3R,4R,5R)-5-(2,6-bis-metylamino-9H-purin-9-yl)-4-flo-2-
(hydroxymetyl)-4-metyltetrahydrofuran-3-ol (11).

Gia nhiét dung dich chira hop chit 10 (148mg, 0,27mmol) trong metylamin (33%
trong EtOH, 30mL) ¢ nhiét o 130°C trong dng bit kin trong 4 ngay, 1am ngudi xubng
nhiét dd trong phong va cd. Tinh sach phan con lai bing sic ky cot (gradien
DCM/MeOH tir 100:0 dén 50:50) sau d6 bang sic ky cot pha dao (gradien HxO/MeOH
tir 100:0 dén 0:100) dé thu dugc san phdm 11 (33mg, 0,10mmol, 37%) dudi dang chat
rén mau tring. "H NMR (300 MHz, CD;0D) ¢ 8,00 (s, 1H), 6,12 (d, /= 18,5 Hz, 1H),
4,51 (dd, J= 24,4, 9,5 Hz, 1H), 4,06-3,85 (m, 3H), 3,04 (s, 3H), 2,93 (s, 3H), 1,20 (d,J
=22.4 Hz, 3H). '°F NMR (282 MHz, CD30D) 6 -163,2. MS (ESI) m/z dugc tinh toan
cho C13H20FN6O3 [M+H]" 327,2; duoc phét hién 1a 327,2.

Buéc 3. Didu ché isopropyl (R,S)-(2R,3R,4R,5R)-5-(2,6-bis-metylamino-9H-purin-9-
yl)-4-ﬂo-3-hydroxy-4-metyltetrahydrofuran-2-yl)metoxy)-phenoxy-phosphoryl)-L-
alaninat (12).

Bé sung nho giot terz-butyl magie clorua (1M trong THF, 304pL, 0,3 Ommol) vao
dung dich chtra hop chét 11 (55mg, 0,17mmol) trong THF kho (2mL) & nhiét do 0°C
trong 10 phut. Khuéy hén hop phan tmg trong 15 phut ¢ nhiét 6 0°C va sau d6 15 phut
& nhiét do trong phong. Lam lanh dung dich xubng nhiét do 0°C va bb sung nhé giot
dung dich chua isopropyl ((R,S)-(pentaflophenoxy)-phenoxy-phosphoryl)-L-alaninat
(115mg, 0,25mmol) dugc hoa tan trong THF kho6 (1mL) vao trong 10 phut. Lam 4m tir
tir hdn hop dén nhiét do trong phong va khudy trong 4 ngay. Ding phan tmg bang dung
dich bao hoa NH4Cl trong nudc va chiét bang EtOAc (3 14n). Lam kho céc chét hitu co
da két hop trén NaSO4 va c¢b. Tinh sach phan con lai bang sic ky cot (gradien
DCM/MeOH tir 100:0 dén 50:50) dé thu dugc san pham 12 (hdn hop cua cac chét déng
phéan khong dbi quang, 13mg, 0,02mmol, 13%) dudi dang chét rén mau tring. '"H NMR
(300 MHz, CD3OD) 6 7,78 (s, 1H), 7,35-7,12 (m, 5H), 6,13 (d, J = 19,1 Hz, 0,53H),
6,10 (d, J = 19,2 Hz, 0,47H), 4,99-4,78 (dugc xen pht v6i H20, m, 1H), 4,72-4,46 (m,
3H), 4,24-4,15 (m, 1H), 3,79-3,92 (m, 1H), 3,02 (br s, 3H), 2,92 (sts, 3H), 1,29-1,11
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(m, 12H). '9F NMR (282 MHz, CD3OD) 6 -162,0 (s), -162,3 (s). *'P NMR (121 MHz,
CD;0D) 6 3,97 (s), 3,89 (s). MS (ESI) m/z dugc tinh toan cho CasHisFN7O7P [M+H]
596,6; dugc phat hién 1a 596,2.
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i) TIPDSCl,, imidazol, DMF; ii) isobutyryl clorua, pyridin; iii) TBAF, THF; iv) isopropyl ((R,S-
(pentaflophenoxy)-phenoxy-phosphoryl)-L-alaninat, tBuMgCl, THF, 0°C

Vi du 5. Diéu ché isopropy!l (R,S)-(2R,3R.4R,5R)-5-(2-isobutyramido-6-
metylamino-9H—purin—9-y1)—4-ﬂ0-3-hydroxy-4-metyltetrahydrofuran-2-yl)metoxy)—
phenoxy-phosphoryl)-L-alaninat (16).

Buéc 1. Didu ché hop chét 13.

B6 sung 1,3-diclo-1,1,3,3-tetraisopropyldisiloxan (300pL, 0,94mmol) vao dung
dich chira hop chét 4 (286mg, 0,92mmol) va imidazol (370mg, 5,43mmol) trong DMF
kho (6mL) & nhiét do 0°C. Khudy hdn hgp phan Gng trong 2 git' & nhiét do trong phong,
pha loang v4i EtOAc (50mL) va rtra huyén phu bang dung dich NH4Cl bdo hoa trong
nude va nude mudi (40mL mdi dung dich). Lam kho céc chét hitu co trén NaxSO4 va

¢6. Tinh sach phén con lai bang sic ky cot (gradien PE/EtOAc 7:3 dén 3:7) dé thu dugc
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san pham 13 (283mg, 0,51mmol, 56%) duéi dang chét rén mau trang. MS (ESI) m/z
dugc tinh todn cho C24H44FNeO4Siz [M+H]" 555,8; dugc phét hién 1a 555,2.
Buéc 2. Didu ché hop chit 14.

B6 sung isobutyryl clorua (38pL, 0,36mmol) vao dung dich chta hop chit 13
(200mg, 0,36mmol) trong pyridin khd (3mL) & nhiét d6 0°C. Khudy hdn hop phan tng
trong 2 gid & nhiét do trong phong. Dung phan Gng bing cach bd sung nudc (500uL).
C6 hén hop va lam bay hoi dbng thoi véi toluen (3 x 10mL). Tinh sach phan con lai
bing sic ky cot (gradien PE/EtOAc 1:0 dén 1:1) dé thu duoc san phim 14 (99mg,
0,16mmol, 44%) dudi dang chét rén mau tring. MS (ESI) m/z dugc tinh toan cho
CasHs0EN6OsSix [M+H]" 625,9; dugc phat hién 1a 625,3.

Budc 3. Didu ché (2R,3R.4R,5R)-5-(2-isobutyramido-6-metylamino-9H-purin-9-yl)-4-
flo-2-(hydroxymetyl)-4-metyltetrahydrofuran-3-ol (15).

B& sung tetrabutylamoni florua (1M trong THF, 38uL, 0,3 gmmol) vao dung dich
chira hop chét 14 (90mg, 0,14mmol) trong THF kho (2mL). Khudy hén hop trong 2 gid
& nhiét do trong phong va cd. Tinh sach phan con lai bing sic ky cot (gradien
DCM/MeOH tir 10:0 dén 9:1) sau d6 bing sic ky cot pha dao (gradien H2O/MeOH tir
100:0 dén 0:100) dé thu dugc san pham 15 (42mg, 0,11mmol, 77%) dudi dang chét ran
mau tréng. IH NMR (300 MHz, CD30D) ¢ 8,31 (s, 1H), 6,29 (d,J=17,9 Hz, 1H), 4,70-
4,60 (m, 1H), 4,07-3,98 (m, 2H), 3,89 (dd, J= 12,5, 3,4 Hz, 1H), 3,10 (br s, 3H), 2,87
(br s, 1H), 1,23-1,16 (m, 9H). F NMR (282 MHz, CDs;OD) ¢ -163.8. MS (ESI) m/z
duge tinh toan cho C16H24FNsO4 [M+H]" 383,4; dugc phat hién 1a 383,2.

Buéc 4. Didu ché isopropyl ((((R,S)-(2R,3R,4R,SR)-5-(2-isobutyramido-6-mety1amin0-
9H—purin—9-yl)-4-ﬂo-3-hydroxy-4-metyltetrahydrofuran-2-y1)metoxy)-phenoxy-
phosphoryl)-L-alaninat (16).

B6 sung nhé giot t-butyl magie clorua (1,0M trong THF, 130uL, 0,13mmol) vao
dung dich chtra hop chét 15 (27mg, 0,07mmol) trong THF khé (1mL) & nhiét 4 0°C
trong 10 phut. Khudy hdn hop phan tmg trong 15 phit ¢ nhiét do 0°C sau d6 15 phut

nita & nhiét do trong phong. Lam lanh hdn hop phan émg xudng nhiét d6 0°C va bd sung
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nho giot dung dich chwra isopropyl ((R,S)-(pentaflophenoxy)-phenoxy-phosphoryl)-L-
alaninat (50mg, 0,11mmol) dugc hoa tan trong THF kho (ImL) vao trong 10 phut.
Khudy hdn hop phan ang & nhiét do 0°C trong 30 phit sau do 18 gio ¢ nhiét do trong
phong sau d6 1am ngudi bang dung dich bao hoa NH4Cl trong nude (2mL) va chiét bang
EtOAc (3 x SmL). Lam kho céc chét hitu co da két hop trén Na;SO4 va cd. Tinh sach
phan con lai béng sic ky cot (gradien DCM/MeOH tir 100:0 dén 95:5) sau d6 bang sic
ky cot pha dao (gradien HyO/MeOH tir 100:0 dén 0:100) dé thu duoc san pham 16 (hdn
hop cua 2 chét ddng phan khong d6i quang, 25mg, 0,04mmol, 54%) dudi dang chét ran
mau tring. "H NMR (300 MHz, CD;0D) 6 8,05 (s, 1H), 7,33-7,13 (m, 5H), 6,27 (d, J=
18,6 Hz) va 6,21 (d, J= 19,1 Hz, 1H), 5,10-4,95 (m, 1H), 4,93-4,78 (dugc xen phu v6i
H,0, m, 1H), 4,60-4,42 (m, 2H), 4,26-4,18 (m, 1H), 3,90-3,80 (m, 1H), 3,09 (br s, 3H),
2,84-2,80 (m, 1H), 1,33-1,15 (m, 18H). *'P NMR (121 MHz, CD;0D) 6 3,69 (s). 3'P
NMR (121 MHz, CD3;0D) 6 4,11 (s), 3,99 (s). MS (ESI) m/z dugc tinh toan cho
CosH40FN70sP [M+H]* 652,6; dugc phat hién la 652,3.
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i) N-Metyletylamin, MeOH, 100°C; ii) isopropyl ((R,S-(pentaflophenoxy)-phenoxy-phosphoryl)-L-
alaninat, tBuMgCl, THF, 0°C

Vi du 6. Diéu ché isopropyl ((((R,S)-(ZR,3R,4R,5R)-5-(2-amino—6-(N—metyl-etylamino)-
9H-purin-9-yl)-4-ﬂo-3-hydroxy-4-metyltetrahydrofuran—2-yl)metoxy)—phenoxy-
phosphoryl)-L-alaninat (18).
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Buéc 1. Didu ché (2R,3R,4R,5R)-5-(2-amino-6-(N-metyl-etylamino)-9H-purin-9-yl)-4-
flo-2-(hydroxymetyl)-4-metyltetrahydrofuran-3-ol (17).

Bd sung N-metyletylamin (245uL, 2,90mmol) vao dung dich chira hop chét 3

(150mg, 0,29mmol) trong MeOH (4mL). Gia nhi¢t hdn hop phéan tng ¢ nhigt 46 100°C
trong dng bit kin trong 15 gid, lam ngudi xubng nhiét do trong phong va cd. Tinh sach
phén con lai bang sic ky cot (gradien DCM/MeOH tir 100:0 dén 90:10) dé thu dugc san
phim 31 (89mg, 0,26mmol, 89%) dudi dang chit ran mau trang.
'H NMR (300 MHz, CD;0D) 6 8,06 (s, 1H), 6,13 (d, J= 18,0 Hz, 1H), 4,40 (dd, J =
24,9, 8,7 Hz, 1H), 4,11-4,01 (m, 4H), 3,98-3,83 (m, 1H), 3,34 (br. s, 3H), 1,24-1,11 (m,
6H). F NMR (282 MHz, CD3OD) § -163,7. MS (ESI) m/z duoc tinh toan cho
C14H2FNgO3 [M+H]" 341,2; dugc phét hién 1a 341,2.

Bude 2. Diéu ché isopropyl (((R,S)-(2R,3R,4R,5R)-5-(2-amino-6-(N-metyl-etylamino)-
9H-purin—9-y1)-4-ﬂ0-3-hydroxy-4-metyltetrahydrofuran-2—yl)metoxy)—phenoxy-
phosphoryl)-L-alaninat (18).

B6 sung nhé giot terz-butyl magie clorua (1,0M trong THF, 110uL, 0,11mmol)
vao dung dich chura hop chét 17 (30mg, 0,09mmol) trong THF khd (2mL) & nhiét do
0°C trong 10 phit. Khudy hdn hop phan ung trong 15 phut ¢ nhiét do 0°C sau do 15
pht nita & nhiét d trong phong. Lam lanh hdn hop phan tng xubng nhiét do 0°C va b
sung nho giot dung dich chaa isopropyl ((R,S)-(pentaflophenoxy)-phenoxy-
phosphoryl)-L-alaninat (48mg, 0,1 1mmol) dugc hoa tan trong THF kho (1mL) vao trong
10 phaut. Khudy hén hop phéan tmg & nhiét do 0°C trong 30 phut va 18 gio & nhiét do
trong phong. Dung phan (mg bang dung dich bdo hoa NH4Cl trong nuée (4mL) va chiét
bang EtOAc (3 x 5mL). Lam kho céc chét hitu co da két hop trén NaSO4 va ¢b. Tinh
sach phéan con lai béng sic ky cot (gradien DCM/MeOH tr 100:0 dén 90:10) dé thu duoc
san pham 18 (hdn hop cua 2 chét ddng phan khong d6i quang, 22mg, 0,04mmol, 40%)
dudi dang chét ran mau tring.

'H NMR (300 MHz, CD;0D) 6 7,69 (m, 1H), 7,26-7,04 (m, 5H), 6,05 (d, J= 18,6 Hz)
va 6,03 (d, J = 18,9 Hz, 1H), 4,86-4,79 (duoc xen phu v6i H20, m, 1H), 4,50-4,32 (m,
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3H), 4,12-4,06 (m, 1H), 3,96-3,79 (m, 3H), 3,25 (br. s, 3H), 1,24-1,02 (m, 15H). *'P
NMR (121 MHz, CDsOD) 6 4,07 (s), 4,00 (s). MS (ESI) m/z dugc tinh todn cho
CasH3sFN70-P [M+H]" 609,3; dugc phét hién 12 609,2.

N\j

/4"’ cl = NMe
BzO N s HO N
- N << —L N t(
3 k HO' F

BzO F NH, NH,
3 19
o /¢N NMe
.. ~ © N\e/\(
- O\(\H oPh 7% N§<
20

i) N-Metylpropylamin, MeOH, 100°C; ii) isopropyl ((R,S-(pentaflophenoxy)-phenoxy-phosphoryl)-L-
alaninat, tBuMgCl, THF, 0°C

Vi du 7. Didu ché isopropyl ((((R,S)-(2R,3R.4R,5R)-5-(2-amino-6-(N-metyl-
propylamino)-9H—purin-9-y1)-4-ﬂo-3—hydroxy-4-metyltetrahydrofuran-2-y1)metoxy)-
phenoxy-phosphoryl)-L-alaninat (20).

Buéc 1. Didu ché (2R,3R,4R,SR)-5-(2-amino-6-(N—metyl-propylamino)-9H—purin-9-
y1)-4-flo-2-(hydroxymetyl)-4-metyltetrahydrofuran-3-ol (19).

B& sung N-metylpropylamin (295puL, 2,90mmol) vao dung dich chira hop chit 3
(150mg, 0,29mmol) trong MeOH (4mL). Gia nhiét hdn hop phan tmg & nhiét do 100°C
trong dng bit kin trong 15 git, 1am ngudi xubng nhiét do trong phong va co. Tinh sach
phén con lai bang sic ky cot (gradien DCM/MeOH tir 100:0 dén 90:10) sau d6 bang sic
ky cot pha dao (gradien HO/MeOH tir 100:0 dén 0:100) dé thu duge san pham 19
(80mg, 0,23mmol, 78%) dudi dang chit rin mau tring.

IH NMR (300 MHz, CD;0D) 6 8,04 (s, 1H), 6,13 (d, /= 18,3, 1H), 4,40 (dd, J=24.2,
9.2 Hz, 1H), m, 4,06-3,84 (m, SH), 1,68 (sept, J = 7,5 Hz, 2H), 1,15 (d, J=22,2 Hz,
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3H), 0,93 (t, J = 7,5 Hz, 3H). I9F NMR (282 MHz, CD3OD) ¢ -163,8. MS (ESI) mlz
duoc tinh toan cho Ci1sH24FNsO3 [M+H]" 355,2; dugc phat hién la 355,2.

Buéc 2. Diéu ché isopropyl (R,S)-(2R,3R.4R,5R)-5-(2-amino-6-(N-metyl-
propylamino)-9H-purin-9-yl)—4-ﬂ0-3-hydroxy-4-metyltetrahydrofuran-2-yl)metoxy)-
phenoxy-phosphoryl)-L-alaninat (20).

B6 sung nhé giot terz-butyl magie clorua (1,0M trong THF, 110uL, 0,11mmol)

vao dung dich chura hop chét 19 (30mg, 0,09mmol) trong THF kho (2mL) ¢ nhiét do
0°C trong 10 phut. Khudy hdn hgp phéan ung trong 15 phut & nhiét d6 0°C sau do 15
phut nita & nhiét do trong phong. Lam lanh hdn hop phén ing xudng nhiét do 0°C va bd
sung nhé giot dung dich chira isopropyl ((R,S)-(pentaflophenoxy)-phenoxy-
phosphoryl)-L-alaninat (46mg, 0,11mmol) dugc hoa tan trong THF khé (1mL) vao trong
10 phut. Khuéy hdn hop phan Gng & nhiét do 0°C trong 30 phut va 18 gi0 & nhiét do
trong phong. Dung phan ing bang dung dich bdo hoa NH4Cl trong nude (4mL) va chiét
bing BtOAc (3 x SmL). Lam kho cc chét hitu co da két hop trén Na;SO4 va 0. Tinh
sach phan con lai bang sic ky cot (gradien DCM/MeOH tir 100:0 dén 90:10) dé thu duoc
san pham 20 (hdn hop ctia 2 chét déng phan khong doi quang, 22mg, 0,03mmol, 33%)
du6i dang chét rin mau tréng.
IH NMR (300 MHz, CD3OD) § 7,78, 7,77 (s+s, 1H), 7,37-7,13 (m, 5H), 6,15 (d, J =
18,6 Hz) va 6,13 (d, J= 18,9 Hz, 1H), 4,97-4,89 (duoc xen phi voi H>0, m, 1H), 4,63-
4,30 (m, 3H), 4,22-4,14 (m, 1H), 4,02-3,84 (m, 2H), 1,74-1,63 (3H, m), 1,32-1,27 (m,
3H), 1,23-1,13 (m, 9H), 0,94 (t, J= 7,4 Hz) va 0,93 (t, J= 7,4 Hz, 3H). 3'P NMR (121
MHz, CD3;0D) 6 4,05 (s), 4,00 (s). MS (ESI) m/z dugc tinh toan cho C27H40FN7,0O7P
[M+H]" 623,3; dugc phat hién la 623,2.
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i) a) N-Metylxyclobutylamin hydroclorua, Et;N, MeOH, 100°C; b) NH,OH, MeOH, 100°C; ii) isopropyl
((R,S-(pentaflophenoxy)-phenoxy-phosphoryl)-L-alaninat, tBuMgCl, THF, 0°C C

Vi du 8. Piéu ché Isopropyl ((((R,S)-(2R,3R,4R,5R)-5-(2-amino-6-(N-metyl-
xyclobutylamino)-9H—purin-9—yl)-4-ﬂ0-3-hydroxy-4-metyltetrahydrofuran-Z-
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat (22).

Buée 1. Didu ché (2R,3R,4R,SR)-5-(2-amin0-6-(N-metyl-xyclobutylamino)-9H-purin—
9-yl)-4-ﬂo-2-(hydroxymetyl)-4-metyltetrahydr0furan—3-01 (21).

B sung N-metylxyclobutylamin hydroclorua (105mg, 0,90mmol) va trietylamin
(190uL, 1,00mmol) vao dung dich chtra hop chit 3 (150mg, 0,29mmol) trong MeOH
(4mL). Gia nhiét hdn hop phan tmg & nhi¢t 46 100°C trong 6ng bit kin trong 15 gio va
1am ngudi xudng nhiét do trong phong. B6 sung dung dich trong nude chira NH4OH
30% (1mL) vao va gia nhiét hdn hop phan tng ¢ nhiét do 100°C trong dng bit kin trong
2 gi®y, 1am ngudi va c6. Tinh sach phan con lai bang sac ky cot (gradien DCM/MeOH tur
100:0 dén 90:10) dé thu dugc san pham 21 (90mg, 0,25mmol, 86%) dudi dang chét ran

mau vang nhat.

'H NMR (300 MHz, CDsOD) J 8,09 (s, 1H), 6,14 (d, J = 18,0 Hz, 1H), 5,80-5,70 (m,
1H), 4,44-4,33 (m, 1H), 4,06-4,02 (m, 2H), 3,88-3,84 (m, 1H), 3,34 (s, 3M), 2,38-2,19
(m, 4H), 1,79-1,71 (m, 2H), 1,17 (d, J = 22,2 Hz, 3H). ’F NMR (282 MHz, CD;0D) §
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-163,8. MS (ESI) m/z dugc tinh toan cho C16H24FNsO3 [M+H]" 367,2; duoc phat hién
1a367,2.

Budce 2. Bidu ché isopropyl ((((R,S)-(2R,3R 4R,5R)-5-(2-amino-6-(N-metyl-
xyclobutylamino)-9H—purin—9-yl)—4-ﬂo-3-hydroxy-4-metyltetrahydrofuran-2-
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat (22).

B4 sung nho giot tert-butyl magie clorua (1,0M trong THF, 210uL, 0,21mmol)
vao dung dich chtra hgp chét 21 (50mg, 0,14mmol) trong THF khé (2mL) ¢ nhi€t d6
0°C trong 10 phit. Khudy hdn hop phan tng trong 15 phut ¢ nhiét do 0°C sau do 15
phut nita & nhiét do trong phong. Lam lanh hdn hop phén trng xubng nhiét do 0°C va bd
sung nhdé giot dung dich chira isopropyl ((R,S)-(pentaflophenoxy)-phenoxy-
phosphoryl)-L-alaninat (74mg, 0,16mmol) dugc hoa tan trong THF kho (2mL) vao trong
10 phut. Khudy hdn hop phéan tmg & nhiét do 0°C trong 30 phit va 18 gi0 & nhiét do
trong phong. Dung phéan ung bang dung dich bdo hoa NH4Cl trong nuée (4mL) va chiét
bing EtOAc (3 x 5mL). Lam kho céc chét hitu co da két hop trén Na2SO4 va cd. Tinh
sach phan con lai bang séc ky cot (gradien DCM/MeOH tir 100:0 dén 90:10) va sau d6
béng sic ky cdt pha dao (gradien HoO/MeOH tur 100:0 dén 0:100) dé thu duge san pham
22 (hén hgp cua 2 chét ddng phan khong d6i quang, 24mg, 0,04mmol, 28%) dudi dang

chat rdn mau trang.

'H NMR (300 MHz, CD;0D) 6 7,79 (s, 0,2H), 7,77 (s, 0,8H), 7,38-7,12 (m, 5H), 6,18
(d, J = 17,6 Hz) va 6,16 (d, J = 17,5 Hz, 1H), 4,95-4,81 (m, 2H), 4,62-4,43 (m, 3H),
4,25-4,18 (m, 1H), 3,96-3,83 (m, 1H), 3,38 (s) va 3,36 (s, 3H), 2,38-2,21 (m, 4H), 1,75-
1,63 (m, 2H), 1,32-1,16 (m, 12H). 3'P NMR (121 MHz, CD3;0D) ¢ 4,04 (s), 3,97 (s).
MS (ESI) m/z dugce tinh todn cho C2sH4FN707P [M+H]* 636,3; dugc phat hi¢n 12 636,2.

Cai bién gbc 2-amino trong céc hop chét c6 hoat tinh

Nguoi co hidu biét trung binh vé linh vyuc k¥ thuét lién quan c6 thé bd sung phan
tir thé vao gde 2-amino purin bang céc phuong phap da biét rd ddi v6i nguoi co hiéu

biét trung binh vé linh vuc k¥ thuat lién quan. Mot quy trinh khong lam gidi han pham
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vi ctia sang ché dugc dé xuit & day, va cac quy trinh khac c6 thé d& dang dugc bién doi
thich  hop. ((2R,3R,4R,5R)-3-(benzoyloxy)—5—brom-4-ﬂo-4-metyltetrahydrofuran—2-
yl)metyl benzoat, dugc xur ly bang 2,6-diclopurin c¢6 béan trén thi truong, bazo va hdn
hop cuia cac dung mdi hitu co & nhigt do gia tang dé tao ra (2R,3R,4R,5R)-5-(2,6-diclo-
9H—purin-9-y1)-2-(benzoyloxymetyl)—4-ﬂ0-4-metyltetrahydrofuran—3-yl benzoat. Theo
mdt phwong 4n, bazo 1a kali tert-butoxit. Theo mét phuong an, hdn hop ctia cac dung
moi hitu co bao gém tert-butanol va axetonitril. Hop chét, (2R,3R,4R,5R)-5-(2,6-diclo-
9H—purin-9-yl)-2-(benzoyloxymetyl)—4-ﬂ0-4-mety1tetrahydrofuran-3-yl benzoat duoc
Xt ly bang amin, bazo va dung méi hitu co ¢ nhiét do moéi truong dé tao ra purin dugc
thé 2-clo-N°¢. Theo mdt phwong 4n, amin 1& metylamin. Theo mdt phuong an, bazo la
trietylamin. Theo mdt phuong an, dung moi hitu co la etanol. Nguoi ¢6 hiéu biét trung
binh v& linh vuc k§ thuét lién quan cling nhén ra rang khi xir ly bang amin va bazo,
nhém benzoat trén nucleosit dwgc loai bo dong thoi dé tao ra gbc furanoza duge khir
bao vé. Purin dugc thé 2-clo-N° sau do ¢6 thé duge xir Iy bing amin, va dung méi hitu
co trong 6ng bit kin & nhiét do gia ting bang khoang 100°C dé tao ra nucleosit purin
duoc thé d6i N2,N° theo sang ché. Theo mot phuong 4n, amin 1a metylamin. Theo mot
phuong 4n, dung mdi hiru co 1a etanol. Nucleosit purin dugc thé doi N2, N° theo sang
ché c¢6 thé dugc xit 1y bing bazo, isopropyl ((R.S)-(pentaflophenoxy)-phenoxy-
phosphoryl)-L-alaninat va dung méi hitu co ¢ nhiét d6 giam dé tao ra cac hop chét co
cong thirc I-V. Theo mot phwong 4n, bazo la tert-butyl magie clorua. Theo mot phuong

4n, dung moi hitu co la tetrahydrofuran.

Didu ché chit déng phan d6i anh phospho c¢b dinh trong khong gian

Mot sb hop chit c6 hoat tinh dwgc md ta & day co gbc phospho khong dbi xtng.
Hop chat bét ky trong s6 cac hop chét co hoat tinh duge md ta & day co thé duoc tao ra
dudi dang déng phéan dbi anh phospho dugc phan tach, vi du, it nhéat 80, 90, 95 hoic
98% chét ddng phan ddi anh R hogc S, bing cach st dung cdc phuong phap da biét ddi
véinguoi co hidu biét trung binh vé linh vyc k¥ thuat lién quan. Vi duy, ¢6 mdt sd cong

bb don sang ché md ta cach thirc 8 thu duoc cac hop chat nhu véy, bao gdm nhung
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khong gigi han & phuong phéap sic ky cdt, vi du nhu duge md ta trong Vidy 17 dudi

day va cac patent My sb 8,859,756; 8,642,756 va 8,333,309 clia Ross, et al.

Vi du 9. Tach cac chat ddng phan 1ap thé caa hop chat 5.

Céc chét ddng phan 1ap thé ctia hop chét 5 dugc tach trén cot Phenominex Luna

béng cach stir dung céc diéu kién sau:
Cot: Phenominex Luna 5 micron C18 (2) 250 x 10 mm phan# 00G-4252-BO
Ndng d6 mau: Khoang 50mg/ml trong axetonitril
Thé tich bom: 50ul
Pha déng A: HPLC béc nudc
Pha dong B: HPLC béc axetonitril.

Téc d6 chay: Sml/phut

UV: 283nm
Gradien:
Thoi gian|  %B
0 2
40 50
41 50
41,1 2
45 2

Thoi gian van hanh: 45 phat
Nhiét do cot: 40°C

Biéu db séc ky mau khi van hanh ban diéu che duge minh hoa trén Fig.1.
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Céc phéan da két hop duoc danh gia bang cach st dung cdt phén tich c6 céac didu

kién sau:
Cot: Phenominex Luna 5 micron C18 (2) 250 x 2mm phan# 00G-4252-BO
Thé tich bom: 10ul
Pha dong A: HPLC béc nudc
Pha dong B: HPLC béc axetonitril.

Tbc do chay: 0,2ml/phit

UV: 283nm
Gradien:
Thoi gian| %B
0 2
30 50
40 50
40,1 2
45 2

Thoi gian van hanh: 45 phat

Nhiét do cot: 40°C

Céc phan da két hop cho ting chét ddng phan lap thé dwoc lam bay hoi dén kho
béng cach sir dung méy cd quay chén khong c6 nhiét d6 bé 1a 30°C. Céc chét rin thu
duogc dugc hoa tan trong 1ml axetonitril, dugc chuyén vao 1,7ml éng vi ly tAm va dung

modi dugc 1am bay hoi trén ly tdm chan khong & nhiét do 1a 30°C.
Dit liéu trén cac miu cudi cing 1 nhu sau:
1. Dinh vuot mirc thr nhit: Hop chat 5 #1 (5-1) (21,7 mgs — 97,8% ee).

2. Pinh vugt mic tht hai: Hop chit 5 #2 (5-2) (13,2 mgs — 95,9% ee).
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Céc trong lwong cudi ciing ctia dinh thir nhét va dinh thi hai twong ng ding v6i

phan tram cta chung v6i hdn hop ban dau. (1an luot 12 62,2% va 37,8%).

Téng hop c¢d dinh trong khdng gian cac hop chét c6 cong thire I-VII

Cl Cl
.y .l
<L ¢ 0

~
o, NTONTONH, o N N/)\NHZ
BZOﬁCHg Homcm

S “,

BzO F HO\\ F
23

Vi du 10. Diéu ché (2R,3R.4R,5R)-5-(2-amino-6-clo-9H-purin-9-yl)-2-
(hydroxymetyl)-4-flo-4-metyltetrahydrofuran-3-ol (23).

Bué6c 1. Didu ché (2R,3R,4R,5R)-5-(2-amino-6-clo-9H-purin-9-yl)-2-(hydroxymetyl)-
4-flo-4-metyltetrahydrofuran-3-ol (23).

B6 sung hop chit  (2R,3R,4R,5R)-5-(2-amino-6-clo-9H-purin-9-yl)-2-
(benzoyloxymetyl)-4-flo-4-metyltetrahydrofuran-3-yl benzoat, 3, (80g, 140mmol) vao
dung dich chira trimetylamin trong metanol (7M, 800mL) va khudy & nhiét do trong
phong qua dém. Co hdn hop va sau do tinh sach bang sic ky cdt (DCM:MeOH = 100:1)
dé thu duoc (2R,3R,4R,SR)-5—(2-amino-6—clo-9H—purin-9-yl)-2-(hydroxymetyl)-4-ﬂo—
4-metyl-tetrahydrofuran-3-ol (23) (40g, 90%).
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Vi du 11. Diéu ché ((((S)-(2R,3R,4R,5R)-5-(2-amino-6-(metylamino)-9 H-purin-9-yl)-4-
ﬂ0-3-hydroxy-4-1netyltetrahydrofuran—2-yl)metoxy)-phenoxy-phosphoryl)-L-alaninat.

(f)\ </f)\

NH,
Ho ALZ

HO F
23 4

Bu6c 1. Pidu ché (2R,3R,4R,5R)-5-(2-amino-6-(metylamino)-9H-purin-9-yl)-4-flo-3-
hydroxy-4-metyltetrahydrofuran-3-ol (4).

Bb sung dung dich trong nuéc MeNH: (5,0 duong lugng) vao dung dich chia
(2R,3R,4R,5R)-5-(2-amino-6-clo-9H—purin—9-yl)—2-(hydroxymetyl)-4-ﬂ0-4-mety1—
tetrahydrofuran-3-ol (2,0g, 1,0 dwong lugng) trong dioxan (15mL). Sau khi khudy qua
dém & nhiét d6 trong phong, TLC cho thdy ring vét liéu ban dau dugc tiéu thy. C6 hon
hop va tinh sach bang sic ky cdt (DCM:MeOH =40:1-30:1) dé thu dugc (2R,3R,4R,5R)-
5-(2-amino—6-(metylamino)-9H—purin-9-y1)-4—ﬂ0-3-hydroxy-4-metyltetrahydrofuran-
3-0l duéi dang bot mau trang (1,6, 81,6%).

[M+H]* =313,5
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Bué6c 2. Diéu ché ((((S)-(2R,3R,4R,5R)-5-(2-amino-6-(metylamino)-9H-purin-9-yl)-4-
ﬂo-3-hydroxy-4-metyltetrahydrofuran-2-y1)metoxy)-phenoxy-phosphoryl)-L-alaninat.

Hoa tan hop chat (2R,3R,4R,5R)-5-(2-amino-6-(metylamino)-9H-purin—9—yl)-4-
flo-3-hydroxy-4-metyltetrahydrofuran-3-ol (1,47g, 1,0 duong lugng) va PPAL-S
(2,35g, 1,1 duong lugng) trong THF khan (29mL). Sau khi lam lanh hdn hop xubng
nhiét do -10°C, bd sung tir tr -BuMgCl (5,8mL, 1,7M, 2,1 duong luong) vao dudi 16p
pht Na. Sau khi khudy & nhiét d6 trong phong trong 45 phut, lam ngudi hdn hop bang
NH4Cl trong nudce béo hoa, va chiét bang EtOAc (20 mL x 3). Rira céc 16p hitu co lién
két bang nudce, nudc mudi (30mL), 1am kho trén NazSO4 khan va ¢d. Tinh ché san pham
thé bing sic ky cot (DCM:MeOH = 50:1-20:1) dé thu dugc ((((S)-(2R.3RAR,5R)-5-(2-
amin0-6-(metylamino)-9H—purin-9-yl)—4-ﬂo-3-hydroxy-4-metyl-tetrahydrofuran-Z-
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat dudi dang bot mau trang (1,1g, 40,3%).

'H NMR (400 MHz, CD;0D) 8 7,81 (s, 1H), 7,33-7,16 (m, 5H), 6,10 (d, J= 18,4 Hz,
1H), 4,90-4,84(m, 5H), 4,55-4,46 (m, 3H), 4,20-4,16 (m, 1H), 3,91-3,87 (m, 1H), 3,30
(m, 1H), 3,03 (s, 3H), 1,30-1,20(m, 12H). [M+H]* = 582.8.
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Vi du 12. Didu ché isopropyl ((((S)-(2R,3R,4R,5R)-5-(2-amino-6-(dimetylamino)-9H-
purin—9-y1)—4-ﬂ0-3-hydroxy-4-metyltetrahydrofuran—2-yl)metoxy)-phenoxy-
phosphoryl)-L-alaninat (25).
HaC.,-CHa
N B
N
o N” NH, o N” NH,
HOA(_XC% HOA{_ZCH3

HO F HO F
23 6

Bude 1. Biéu ché (2R,3R,4R,5R)-5-(2-amino-6-(dimetylamino)-9H—purin-9—y1)-4-ﬂ0-3-
hydroxy-4-metyltetrahydrofuran-3-ol.

B4 sung dung dich dimetylamin trong nudc (SmL) vao dung dich chtra
(2R,3R,4R,SR)-5-(2-amino-6—clo-9H—purin—9-yl)-2-(hydroxymetyl)-4-ﬂo-4—mety1—
tetrahydrofuran-3-ol (2,8g, 8mmol) trong dioxan (20mL). Sau khi khudy & nhiét do
trong phong trong 3 gid, TLC cho thdy rang vat liéu ban du dugc tiéu thu. C6 hdn hop
va tinh sach bing séc ky cot (DCM:MeOH = 60:1) dé thu duoc (2R,3R,4R,5R)-5-(2-
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amino—6-(dimetylamino)-9H—purin-9-yl)-4-ﬂ0-3-hydroxy-4-rnety1tetrahydrofuran-3-01
(2,2 g).

'H NMR (400 MHz, CD;0D) & 8,08 (s, 1H), 6,13 (d, /= 18,0 Hz, 1H), 443 (dd, J=
9.2, 9,2 Hz, 1H), 4,06 (d, /= 10,8 Hz, 2H), 3,90 (m, 1H), 3,37 (s, 3H), 3,06 (s, 3H),
1,18(d, J =22 Hz, 3H).

HaC., .CHs
HsC.,,.CH
’ N ’ (o] R F N \N
N N CHs §i </ |
N HaC._O P 0 A
4 3 - F CH =
S My P Pt
L P i O S M
HO CHs CH. O H O Rt
R 3 HO F
HO F
6 PPAL-S 25

Buée 2. Didu ché isopropyl ((((S)-(2R,3R,4R,5R)-5-(2-amino-6-(dimetylamino)-9H-
purin-9-y1)—4-ﬂo-3-hydroxy-4-metyltetrahydrofuran-2-yl)metoxy)-phenoxy-
phosphoryl)-L-alaninat (25).

Hoa tan hop chét (2R,3R,4R,SR)-5—(2-amino—6-(dimetylamino)-9H—purin-9-yl)—
4-flo-3-hydroxy-4-metyltetrahydrofuran-3-ol (8g, 1,0 duong lugng) va PPAL-S (11,1g,
1 dwong luong) trong THF khan (100mL). Lam lanh hdn hop xubng nhiét do tir -5 dén
0°C va bd sung tur tir --BuMgCl (30,5mL, 1,7M, 2,1 duong lugng) vao trong moi truong
N». Sau khi khudy & nhiét do trong phong trong 2 gio, lam ngudi hdn hop bang dung
dich NH4CI trong nuée bdo hoa va chiét bang EtOAc (70 mL x 3). Rira céc 16p hitu co
lién két bing nudc, nuée mudi (30mL), 1am kho trén Na;SO4 khan va ¢6. Tinh ché san
phim thod bing sic ky cot (DCM:MeOH = 50:1) dé thu duoc isopropyl ((((S)-
(2R,3R,4R,SR)-5-(2-amino-6-(dimetylamino)-9H-purin-9-y1)-4-ﬂ0-3-hydroxy-4—
metyltetrahydrofuran—2-yl)metoxy)-phenoxy-phosphoryl)-L-alaninat duéi dang bOt
mau tring (9,5g, 65%).

I{{ NMR (400 MHz, CD;OD) & 7,81(s, 1H), 7,35-7,19 (m, 5H), 6,15 (d, /= 18,8 Hz,
1H), 4,90 (m, 1H), 4,54-4,49 (m, 3H), 4,22-4,19 (m, 1H), 3,90 (m, 1H), 3,43 (s, 3H),
132(d, J= 7,2 Hz, 3H), 1,24-1,17(m, 9H). *'P NMR (160 MHz, CD;0D) 3 3,89.
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Vi du 13. Didu ché isopropyl ((R)-(2R.3R.4R,5R)-5-(2-amino-6-(dimetylamino)-9H-
purin—9-yl)-4-ﬂo-3-hydroxy-4-metyltetrahydrofuran-2-y1)metoxy)-phenoxy-
phosphoryl)-L-alaninat (26).

Hoa tan hop chéit (2R,3R,4R,SR)-5-(2-amino-6—(dimetylamino)-9H—purin—9-yl)-
4-flo-3-hydroxy-4-metyltetrahydrofuran-3-ol (3g, 1,0 duong luvgng) va PPAL-R (4,17g,
1 duong luong) trong THF khan (60mL). Lam lanh hdn hop xudng nhiét do tir -5 dén
0°C va bd sung tir tir --BuMgCl (11,4mL, 1,7M, 2,1 duong lugng) vao trong moi truong
N>. Sau khi khudy & nhiét do trong phong trong 16 gio, lam ngudi hdn hop bang dung
dich NH4Cl1 bdo hoa trong nude va chiét bang EtOAc (50 mL x 3). Rira céc 16p hitu co
lién két bing nude, neée mudi (30mL), 1am kho trén Na;SO4 khan va cb. Tinh ché san
phim tho bing sic ky cot (DCM:MeOH = 50:1) dé thu duoc isopropyl ((((R)-
(2R,3R,4R,5R)—5-(2-amino-6-(dimetylamino)—9H—purin-9-yl)—4-ﬂo-3 -hydroxy-4-
metyltetrahydroﬁ1ran-2-yl)metoxy)-phenoxy-phosphoryl)-L-alaninat dudi dang bot
mau tring (2,2g, 41%).

' NMR (400 MHz, CD;OD) 8 7,8(s, 1H), 7,35-7,29 (m, 5H), 6,18 (d, J= 18,8 Hz, 1H),
4,92 (m,1H), 4,60 (m, 1H), 4,51-4,23 (m, 3H), 3,90 (m, 1H), 3,44 (s, 6H1), 1,29 (d,J=6
Hz3H), 1,22-1,16(m, 10H). 3'P NMR (160 MHz, CD30D) § 3,98.
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Vi du 14. Didu ché isopropyl ((((S)-(2R,3R,4R,5R)-5-(2-amino-6-
(metylxyclopropanamino)-9H—purin-9-yl)—4-ﬂo-3-hydroxy-4-metyltetrahydrofuran—2-
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat.
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Buéc 1: Didu ché (2R,3R,4R,SR)-5-(2-amino-6-(metylxyclopropanamino)-9H—purin-9-
yl)-4-ﬂo-3-hydroxy-4-metyltetrahydrofuran-3-ol (8).

B sung K>COs (53g, 500mmol) vao N-metylxyclopropanamin hydroclorua
trong dung dich trong nuéc (100mL). Sau khi khudy & nhiét do trong phong trong 10
phut, bd sung dung dich chira (2R,3R,4R,SR)-5-(2-amino-6-clo-9H—purin-9-y1)-2-
(hydroxymetyl)—4-ﬂo-4-mety1-tetrahydrofuran-3-ol (35g, 109mmol) trong dioxan
(300mL) vao. Khuiy hdn hop & nhiét do trong phong trong 16 gio va HPLC chira rang
phan ung hoan thanh. C6 hdn hop va tinh sach bang sic ky cot (DCM:MeOH = 60:1)
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dé thu duogc (2R,3R,4R,5R)-5-(2-amino-6-(metylxyclopropanamino)-9H—purin-9-y1)-4—
flo-3-hydroxy-4-metyltetrahydrofuran-3-ol (30g, 82%).

I NMR (400 MHz, CDs0D) 3 8,16 (s, 1H), 6,17 (d, J = 18,0 Hz, 1H), 4,41 (dd, J =
9.2, 9.2 Hz, 1H), 4,06 (m, 2H), 3,90 (m, 1H), 3,37 (s, 3H), 3,16 (m, 1H),1,18 (d, J =
22.4 Hz, 3H), 0,94 (m, 2H), 0,74 (m, 2H). [M+H]" = 353,2.

8 PPAL-S 27

Budc 2: Diéu ché isopropyl ((((S)-(2R,3R,4R,5R)-5-(2-amino-6-
(metylxyclopropanamino)-9H—purin—9-yl)—4-ﬂo-3—hydroxy-4-metyltetrahydrofuran-2-
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat.

Hoa tan hop chét (2R,3R,4R,5R)-5-(2-amino-6-(metylxyclopropanamino)-9H-
purin-9-yl)-4-ﬂo-3-hydroxy-4-metyltetrahydrofuran-3-ol (8g, 1,0 duong lugng) va
PPAL-S (10,3g, 1 dwong lugng) trong THF khan (100mL). Sau khi 1am lanh hdn hop
xubng nhiét do tir -5 dén 0°C, bd sung tir tir --BuMgCl (28mL, 1,7M, 2,1 duong luong)
vao trong mai trudong No. Khudy hdn hop & nhiét do trong phong trong 1 gio, lam ngudi
bing dung dich NH4Cl bdo hoa trong nudc, va chiét bang EtOAc (70 mL x 3). Rira cac
16p hitu co lién két bang nuée, nude mudi (30mL), 1am kho trén Na;SO4 khan va co.
Tinh ché san phim th bang séc ky cot (DCM:MeOH = tir 100:1 dén 50:1) dé thu duoc
isopropyl ((((S)—(2R,3R,4R,SR)-5-(2-amin0-6-(metylxyclopropanamino)—9[—l—purin-9-
yl)-4-ﬂo-3-hydroxy-4-metyltetrahydroﬁ1ran—2-yl)metoxy)-phenoxy-phosphoryl)—L-
alaninat dugi dang bt mau trang (9,5g, 65%).

I{ NMR (400 MHz, CDsOD) 8 7,86 (s, 1H), 7,35-7,19 (m, SH), 6,17 (d, J = 19,2 Hz,
1H), 4,91 (m, 1H), 4,52 (m, 3H), 4,21 (m, 1H), 3,93 (m, 1H), 3,35 (s, 3H), 3,16 (m, 1H),
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2.0 (s, 1H), 1,26-1,16 (m, 12H), 0,93 (m, 2H), 0,73 (m, 2H). 3'P NMR (160 MHz,
CD;0D) & 3,90
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Vi du 15. Diéu ché isopropyl ((R)-(2R,3R.4R,5R)-5-(2-amino-6-
(metylxyclopropanamino)—9H—purin—9-yl)-4-ﬂo—3-hydroxy-4-metyltetrahydrofuran-2-
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat.

Hoa tan hop chét (2R,3R,4R,5R)-5-(2-amino-6-(metylxyclopropanamino)-9H-

purin—9-yl)-4-ﬂo-3-hydroxy-4-metyltetrahydrofuran—3-ol (3g, 1,0 duong lugng) va
PPAL-R (2,8g, 1 duong lugng) trong THF khan (60mL). Sau khi lam lanh hdn hop
xubng nhiét do tix -5 dén 0°C, bd sung tir tir ~-BuMgCl (7,6mL, 1,7M, 2,1 duong luong)
vao trong moi truong Na. Sau do khudy hdn hop & nhiét d6 trong phong trong 1 gio va
lam ngudi bang dung dich NH4Cl bdo hoa trong nudc, va chiét bang EtOAc (50 mL x
3). Rira cac 16p hitu co lién két bing nuéc, nuée mudi (30mL), 1am kho trén NaxSO4
khan va ¢6. Tinh ché san phdm thd bing séc ky cot (DCM:MeOH = 100:1 dén 50:1) dé
thu duogc san phdm dudi dang bot mau tring (3g, 55%).
'H NMR (400 MHz, CD;0D) § 7,81 (s, 1H), 7,30-7,25 (m, 5H), 6,16 (d, J= 24,8 Hz,
1H), 4,84 (m, 1H), 4,84-4,50 (m, 3H), 4,22-4,19 (m, 1H), 3,88 (m, 1H), 3,33 (s, 3H),
3,14 (m, 1H), 2,0 (s, 1H), 1,28-1,13 (m, 12H), 0,92 (m, 2H), 0,90 (m, 2H). 3P NMR
(160 MHz, CDs;0D) 6 3,99.
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Vi du 16. Diéu ché hop chét 32.
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Buéc 1. Didu ché hop chét 29.

B4 sung TIPDSCl, (4,35g, 1,5 duong lugng) vao dung dich chira 6 (3,0g, 1,0
dwong luong) trong pyridin (30mL) & nhigt do 0°C. Sau khi khudy & nhiét do trong
phong trong 4 gio, TLC cho thdy rang vat liéu ban dAu duoc tiéu thu. Pha lodng hon hop
v6i EtOAc, rira bang 1M dung dich HCl trong nuéc, dung dich trong nude NaHCOs3 bao
hoa, nudc mudi, 1am khd trén NazSO4 khan va ¢o dé thu duoc 29 dudi dang diu mau

vang (6,3g, 100%).
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Buéc 2. Didu ché hop chit 30.
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B& sung isobutyryl clorua (209mg, 1,5 duong lugng) vao hdn hop cua hop chét
29 (800mg, 1,0 duwong lugng), DMAP (16mg, 0,1 duong lugng), pyridin (1,6mL) va
DCM (10mL) & nhiét do 0°C. Sau khi khudy & nhiét d9 trong phong trong 2 gio, TLC
cho thiy rang vt liéu ban dAu duoc tiéu thu. Lam ngudi hdn hop bang nudc, rira bang
1M dung dich HCI trong nuée, dung dich trong nuéec NaHCO3 béo hoa, nude mudi, lam
kho trén Na SOs khan va co. Tinh ché san phdm thd bang sic ky cot dé thu dugc sén
phim, 30, du6i dang ddu mau tring (563mg, 62,3%).

' NMR (400 MHz, CDCls) § 7,98 (s, 1H), 787 (s, 1H), 6,20 (d, J= 16,0 Hz, 1H), 4,32-
4,07 (m, 4H), 3,50 (s, 6H), 2,3 (m, 1H), 1,29-1,05 (m, 45H).

/Prl (IL)\ s H (IL)\ ;

iPr- SI,\O‘ ’/F o ’/F
iPr

30 31

Budc 3. Diéu ché hop chit 31.

B6 sung EtN-3HF (706mg, 5 dwong lugng) va EtsN (890mg, 10 duong lugng)
vao hdn hop cta 30 (560mg, 1,0 duong lugng) trong THF (10mL) & nhiét do trong
phong. Sau khi khudy & nhiét do trong phong trong 1,5 gio, TLC cho thdy rang vat liéu
ban dau dugc tiéu thu. C6 hdn hop va tinh sach bing sdc ky cot dé thu duogc 31 dudi
dang bot mau tring (288mg, 83%).

'H NMR (400 MHz, CDCl3) § 7,72 (s, 1H), 5,96 (d, J = 44,0 Hz, 1H), 5,22 (m, 1H),
4,13-3,99 (m, 4H), 3,42 (s, 6H), 2,83-2,63 (m, 2H), 1,29-1,17 (m, 9H).
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Buéc 4. Didu ché hop chit 32.

Hoa tan hop chat 31 (280mg, 1,0 duong lugng) va PPAL-S (320mg, 1 duong
luong) trong THF khan (10mL). Sau khi 1am lanh hén hop xudng nhiét do -5°C, bd sung
tir tir -BuMgCl (0,87mL, 1,7M, 2,1 dwong lugng) vao trong moi truong No. Khuéy hdn
hop & nhiét do trong phong trong 2 gid, lam ngudi bang dung dich NH4Cl bdo hoa trong
nudc, va chiét bing EtOAc (10 mL x 3). Rira céc 16p hiru co lién két bang nudc, nudc
mubi (20mL), 1am kho trén Na»SO4 khan va ¢6. Tinh ché san pham tho bang séc ky cot
8 thu dugc san pham duéi dang bot mau trang (260mg, 50%).

'H NMR (400 MHz, CD3;0D) & 7,98 (s, 1H), 7,25 (m, 5H), 6,23 (d, J= 18,8 Hz, 1H),
4,52 (m, 3H), 4,38 (m, 1H), 3,81 (m, 1H), 3,75 (m, 1H), 3,48 (s, 6H), 2,81(m, 1H), 1,32
(m, 18H). [M+H]" = 666,9.
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Vi du 17. Didu ché hop chét 35.
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Buéc 1. Didu ché hop chét 33.

B sung AcCl (0,414g, 1,5 duong lugng) vao hdn hop cua 29 (2,0g, 1,0 duong
luong), DMAP (0,04g, 0,1 dwong lugng), pyridin (4mL) va DCM (20mL) & nhiét do
0°C. Sau khi khudy & nhiét do trong phong trong 2 gi, TLC cho thdy rang vat liéu ban
diu duge tiéu thy. Lam ngudi hdn hop bang nudc, rira bang 1M dung dich HCI trong
nude, dung dich trong nuée NaHCO3 béo hoa sau d6 nuéc mudi, 1am kho trén NaSOs4
khan va ¢6. Tinh ché san phim tho bang séc ky cot dé thu dugc san pham, 33, duéi dang

diu mau tréng (1,73g, 80,8%).

I NMR (400 MHz, CDCLs) 8 7,99 (s, 1H), 7,74 (s, 1H), 6,20 (d, /= 20,0 Hz, 1H), 4,33
4,11 (m, 4H), 3,50 (s, 6H), 2,63 (s, 3H), 2,3 (m, 1H), 1,26-1,05 (m, 29H). [M+H]" =
611,9.
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Buéc 2. Diéu ché hop chit 34.

B4 sung EtsN-3HF (2,1g, 5 duong luong) va EtN (2,6, 10 duong lugng) vao
hdn hop cia 33 (1,58g, 1,0 duong lugng) trong THF (20mL) & nhiét do trong phong.
Sau khi khudy & nhiét d9 trong phong trong 1,5 gio, TLC cho thdy rang vat liéu ban dau
dugc ti€u thu. Co hdn hgp va tinh sach bang sic ky cot dé thu duoc 34 dudi dang bot

mau tring (782mg, 82%).

[M+H]+ = 369,6.
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Bude 3. Diéu ché hop chit 35.

Hoa tan hop chét 34 (136mg, 1,0 dwong lugng) va PPAL-S (184mg, 1,1 duong
lwgng) trong THF khan (3mL). Sau khi lam lanh hdn hop xudng nhiét do -5°C, bd sung
tir tir -BuMgCl (0,5mL, 1,7M, 2,1 dwong lugng) vao trong moi truong Na. Khudy hén
hop & nhiét do trong phong trong 30 phut, lam ngudi bang dung dich NH4Cl bdo hoa
trong nudc va chiét bang EtOAc (10 mL x 3). Rira céc 16p hitu co lién két bang nuéc,
nude mudi (20mL), 1am kho trén khan va cd. Tinh ché san pham tho bang sic ky cot
(DCM:MeOH = 50:1- 20:1) dé thu duogc phosphoramidat 35 duéi dang bot mau trang
(150mg, 63,8%).

IH NMR (400 MHz, CDsOD) § 7,81 (s, 1H), 7,35-7,16 (m, 5H), 6,10 (d, J = 18,4 Hz,
1H), 4,87 (m, 1H), 4,52-4,46 (m, 3H), 4,21 (m, 1H), 3,91-3,87 (m, 1H), 3,03 (s, 3H),
1,30-1,13 (m, 12H).

31p NMR (160 MHz, CD30D) § 3,84. F NMR (376 MHz, CD3OD) 0-162,79.

Tbng hop nucleotit 2,6-diaminopurin dugc thé |3-D-2’—deoxy-2’-0t-f10-2’—[S-G:tynyl-N6
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Vi du 18. Céch thuc tdng quat dé thu dugc nucleotit 2,6-diaminopurin dugc thé p-D-2’-
deoxy-2’-a-flo-2’-B-etynyl-N°

NN O

6-cloguanosin

Buéc 1. Didu ché hop chit 36.

B4 sung nhé giot TPDSCl, (110mL, 1,05 dwong lugng) vao dung dich chtra 6-
cloguanosin (100g, 332mmol) trong pyridin (400mL) & nhiét do tir -5~5°C trong mdi
truong Na. Sau khi khudy & nhiét do do trong 2 gio, TLC cho thiy vat liéu ban dau dugc
tiéu thu. B6 sung DCM (600mL) vao, va sau do bd sung nhd giot TMSCI (85mL, 2
duong lugng) vao & nhiét do tir 0 dén 5°C. Sau khi khudy & nhiét do do trong 2 gio, TLC
cho thay hop chét trung gian dugc tiéu thy.

B sung nho giot isobutyryl clorua & nhiét do tir 0 dén 5°C. Sau khi khudy & nhiét
dd do trong 2 gid, TLC cho thay hop chét trung gian dugce tiéu thu. B sung nuéc vao,
va chiét thanh phan nay bang DCM. Sau d6 rira pha hitu co bang 0,5N HCl dé loai bo
pyridin.
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Sau khi d pH cta thanh phan nay dugc ria dén 5~6, bd sung pTSA-H20 (9.2g,
484,5mmol) vao & nhiét do tir 0 dén 5°C. Sau khi khudy & nhiét do do trong 1 gio, TLC
cho thiy hop chét trung gian dugc tiéu thu. Sau d6 bd sung nuéc, va rira pha hitu co
bang nudc, NaHCOs3 trong nude bao hoa va nude mudi. Sau khi 1am khd trén NazSO4,
loai bé dung méi trong moi truong chan khong. Sau do tinh sach phan con lai bang sic
ky cot (PE/EA = 100-10/1) dé thu dugc san phdm dudi dang chét rdn mau vang nhat
(82g, 40%).

I NMR (400 MHz, DMSO-ds) § 10,88 (s, 1H), 8,55 (s, 1H), 5,91 (d, J = 1,6 Hz, 1H),
5,53 (d, J= 4,6 Hz, 1H), 4,72 — 4,58 (m, 2H), 4,16 (dd, J = 12,4, 4,8 Hz, 1H), 4,00 (ddd,
J=177,48,2.6Hz, 1H), 3,93 (dd, J= 12,4, 2,7 Hz, 1H), 2,78 (h, J= 6,9 Hz, 1H), 1,26
~1,12 (m, 3H), 1,10 (d, J= 6.7 Hz, 6H), 1,09 — 0,88 (m, 24H).

Cl Cl
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Budc 2. Diéu ché hop chit 37.

B6 sung Dess-Martin periodinan vao dung dich chira 36 (10,0g, 16,3mmol) trong
DCM (100mL) & nhiét do trong phong va khudy hdn hop phén ung trong 12 gio. TLC
cho thy vat liéu ban d4u dugc tiéu thu. Sau d6 pha lodng hdon hop phén tng véi DCM
(200mL) va rura bang Na»S0; trong nude bio hoa va nude mudi. Sau d6 1am kho pha
hitu co trén NaxSO4 va ¢d dé thu dugc san phim tho 37 dudi dang chét rin mau vang
nhat (12g). San phim tho 53 c6 thé duoc st dung truc tiép trong budc tiép theo ma
khong tinh ché.
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Buéc 3. Didu ché hop chét 38.

Bb sung nhé giot n-BuLi (46mL, 2,5M, 115,0mmol) vao dung dich chira
etynyltrimetylsilan (18,6mL, 142,7mmol) trong THF (240mL) & nhiét do tir -15 dén -
20°C trong mdi truong Na. Sau khi khudy trong 30 phut, 1am lanh hdn hop phéan ung
xudng -70°C, va bb sung 37 (san phim tho, 16,3mmol) trong THF (60mL) vao & nhiét
d6 do. Sau d6 lam 4m thanh phan nay dén 0°C. TLC cho thy vat li¢u ban dau dugc tidu
thu. B4 sung NH4CI bdo hoa trong nuéc, va chiét hdn hop phan Gng bang EA (100mL)
ba 14n. Két hop pha hitu co va sau do rira bang nudc mudi, sau d6 1am kho thém trén
Na,SO4. Sau khi ¢d trong mdi truong chén khong, tinh sach phén con lai bang sic ky
cot (PE/EA = 100->10/1) d& thu dugc chit rin mau vang nhat (6,0g, 52%).

. f@_} X598

O Sl’o "’\ _Si 6
S VI -

Buéc 4. Didu ché hop chét 39.

B6 sung pyridin (4,2mL, 52,9mmol) vao dung dich chira 38 (6,0g, 8,4mmol)
trong DCM (240mL) trong mdi truong N2. Lam lanh hdn hop phan tng xubng -70°C,
va bd sung DAST (12mL, 90,4mmol) vao. Sau do lam 4m thanh phan nay dén -30°C.
TLC cho thiy rang vt liéu ban diu duoc tiéu thu. R6t hdn hop phan ing vao NaHCOs
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trong nudc bdo hoa, va sau do chiét bang DCM (200mL). Rira pha hitu co bing nudce
mubdi va 1am kho trén Na,SO4. Sau khi ¢6 trong mdi trudng chan khong, tinh sach phén
con lai bang sic ky cot (PE/EA = 100->10/1) dé thu duoc chit rdn mau vang nhat (3,8g,
63%).

39 40
Bude 5. Diéu ché hop chit 40.

Bb sung AcOH (1,3g, 22mmol) va TBAF (4,2g, 15,9mmol) vao dung dich chira
39 (3,8g, 5,3mmol) trong THF (120mL) & nhiét do trong phong. Khudy hdn hop phan
ng & nhiét do trong phong trong 30 phit. TLC cho thdy vat liéu ban dau duogc tiéu thu.
Sau khi ¢o trong mdi trudng chan khong, tinh sach phan con lai béng séc ky cot (EA)

dé thu dwoc san phim dudi dang chét rin mau trang (2,0g, 95%).

Cl Risn
o ¢ f
— )\
HO
HO' ’F
40 Phan tir dich

Quy trinh tdng quat dé dich chuyén va khtt béo vé amino:

B4 sung metanol hoc dung dich nuéc chira amin twong ung (bazo tu do hoac
mudi & dang hydroclorua cong DIEA) vao dung dich chtra 40 (350mg, 0,88mmol) trong
dioxan (20mL) & nhiét do trong phong. Khudy thanh phan nay & nhiét do trong phong
trong tur 1 dén 12 gio. TLC cho théy vat li€u ban dau duoc tiéu thu. Sau khi co trong

moi trueong chan khong, phén con lai dugc st dung truc ti€p trong budc tiép theo ma
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khong tinh ché. Hoa tan phan con lai néu trén trong metanol (10mL). B6 sung NaOH

(2,5N, 10mL) trong nudc. Sau khi khudy qua dém & nhiét d¢ trong phong, TLC cho thy

réng vét liéu ban dau duoc tiéu thy. Diéu chinh dd pH cua thanh phén nay dén 7-8 béng
HCI IN. C6 dung dich va tinh sach bang séc ky cot (DCM/MeOH = 100->20/1) dé thu

duoc san phdm duéi dang chét rin mau tring duc (hiéu suét: 40-80% trong hai budc).

Bang 1 minh hoa céc cdng thirc cAu tao ctia cac hop chit 57-63 va phd khéi twong ung

va 'H NMR cho céc hop chit twong tmg.

Béang 1
Hop chat 8 g .
o ong thirc cau tao HNMR / MS
T NMR (400 MHz, Metanol-ds) 3 8,05 (s,
SN 1H), 6,27 (d, J= 16,9 Hz, 1H), 4,75 (dd, J =
" ) <,Nf\/)w\ 217,91 Hz, 1H), 4,06 (dd, J=11,0, 2,4 Hz,
ho YN NN 2k, 3,87 (dd, J= 13,1, 3,2 Hz, 1H), 342 G
WO F 6H), 3,37 (s, 2H), 3,18 (d, J = 5,4 Hz, 1H).
[M+H]* = 336,9
TH NMR (400 MHz, DMSO-ds) & 7,94 (s,
1H), 7,30 (s, 1H), 6,20 — 6,09 (m, 2H), 5,98
“NH (s, 2H), 5,33 (t, J= 5,3 Hz, 1H), 4,57 (dt, J =
i ) M \/)N\ 22.1,8.,0 Hz, 1H), 4,12 (q, J = 5,3 Hz, 1H),
o NN N 13,91(d,J=9,3 He, 1H), 3.70 (6 /= 8,6 Hz,
HO  F 1H), 3,36 (s, 1H), 3,18 (d, J= 5,2 Hz, 2H),
2.89 (d, J= 17,0 Hz, 3H).
[M+H]" =323,0
'H NMR (400 MHz, Metanol-d4) & 8,11 (s,
N | 1H),629(, /=169 Hz, 1H), 4,76 (dd, J =
N 21,7,9.0 Hz, 1H), 4,10 — 4,01 (m, 2H), 3,87
43 ST | @dU= 130,30 He, 1), 337 G, 11D, 3.24
wo (N NN 311 (m, 2H), 1,00 - 0,87 (m, 2HD), 0,74
HO F (td, J = 4,6, 2,8 Hz, 2H).
[M+H]" = 363,0
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TH NMR (400 MHz, Metanol-ds) 5 8,07 (s,
1H), 6,26 (d, J = 16,9 Hz, 1H), 4,76 (dd, J =
A 121,893 Hz, 1H), 4,11 — 4,01 (m, 2H), 3,89

HN
44 S (d, J= 3,0 Hz, 1H), 3,89 — 3,75 (m, 1H),
O N/ANHZ 3,37 (s, 2H), 3,21 (d, J= 5,4 Hz, 1H), 2,97 -
Ho‘;lf = 2,86 (m, 1H), 1,00 — 0,77 (m, 2H), 0,67 —
0,46 (m, 2H).

[M+H]" =348,8

Vi du 19. Pidu ché isopropyl ((((R.S)-(2R.,3R4R,5R)-5-(2-amino-6-dimetylamino-9 -
purin-9-y1)-4-ﬂ0-3-hydroxy-4-etynyltetrahydrofuran-Z-yl)metoxy)-phenoxy-
phosphoryl)-L-alaninat

/¢N NMe; o FN NMe,
6] N\e/\( i \( z \F\) o] N\e/\(
HO _— N Sl - P \\O - N
N O\(\H opn o N
HO F NH, 0 HO F NH;
41 45

i) isopropyl ((R,S-(pentaflophenoxy)-phenoxy-phosphoryl)-L-alaninat, tBuMgCl, THF, 0°C

Buéc 1. Pidu ché isopropyl ((((R,S)-(ZR,3R,4R,5R)-5-(2-amino-6-dimetylamino-9H—
purin-9-y1)-4-ﬂo-3-hydroxy-4-etynyltetrahydrofuran-2-yl)metoxy)-phenoxy-
phosphoryl)-L-alaninat.

B sung nhé giot zert-butyl magie clorua (1,0M trong THF, 125uL, 0,13mmol)
vao dung dich chtra hop chét 41 (30mg, 0,09mmol) trong THF kho (2mL) & nhiét do
0°C trong 10 phut. Khudy hén hop phéan ung trong 15 phut ¢ nhiét do6 0°C sau do 15
phut nita & nhiét do trong phong. Lam lanh hdn hop phén ing xuéng nhiét do 0°C va bd
sung nho giot dung dich chta isopropyl  ((R,S)-(pentaflophenoxy)-phenoxy-
phosphoryl)-L-alaninat (49mg, 0,1 1mmol) dugc hoa tan trong THF kho (2mL) vao trong
10 phut. Khudy hdn hgp phan tmg & nhiét 4 0°C trong 30 phat va 18 gio & nhiét do
trong phong. Dung phéan Gng bang dung dich bdo hoa NH4Cl trong nuéce (4mL) va chiét
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bing EtOAc (3 x SmL). Lam khé céc chét hitu co d& két hop trén Na;SO4 va cb. Tinh
sach phan con lai bang sic ky cot (gradien DCM/MeOH ttr 100:0 dén 90:10) dé thu duoc
san pham (hdn hop cta 2 chét ddng phan khong d6i quang, 12mg, 0,02mmol, 24%) dudi

dang chat ran mau trang.

I NMR (300 MHz, CDs0D) 37,79 (s, 0,45H), 7,77 (s, 0,55H), 7,36-7,14 (m, SH), 6,28
(d, J = 17,4 Hz) va 6,26 (d, J = 17,5 Hz, 1H), 5,00-4,44 (m, SH), 4,23-4,16 (m, 1H),
3,69-3,81 (m, 1H), 3,42 (bs, 3H), 3,40 (bs, 3H), 1,32-1,26 (m, 3H), 1,20-1,15 (m, 6H).
3P NMR (121 MHz, CD30D) 6 4,04 (s), 3,98 (s). MS (ESI) m/z dugc tinh todn cho
CasH3FN707P [M+H]* 606,2; dwoc phét hién 1a 606,2.

Vi du 20. Diu ché isopropyl ((((R,S)-(2R,3R,4R,SR)—5-(2-amino-6—metylamino-9H—
purin-9-yl)-4-ﬂo—3-hydroxy-4-etynyltetrahydrofuran-Z-yl)metoxy)-phenoxy-
phosphoryl)-L-alaninat.

N

HO

/¢N NHMe /4N NHMe
o N i = 9 o_ N
73 o~} /X
HO _— N —_— - /\\O _— N
N O{N = N=(
N //F

HO F
42 NH, o " NH,

i) isopropyl ((R,S—(pentaﬂophenoxy)-phenoxy-phosphoryl)—L-alaninat, tBuMgCl, THF, 0°C

Bu6c 1. Didu ché isopropyl ((((R,S)-(ZR,3R,4R,SR)—5-(2-amino-6-rnetylamino—9H—
purin—9-yl)-4-ﬂo-3-hydroxy-4-etynyltetrahydrofuran-2—yl)metoxy)-phenoxy-
phosphoryl)-L-alaninat.

B6 sung nho giot zers-butyl magie clorua (1,0M trong THF, 125uL, 0,13mmol)
vao dung dich chura hop chét 42 (30mg, 0,09mmol) trong THF kho (2mL) ¢ nhiét do
0°C trong 10 phut. Khudy hdn hop phén tng trong 15 phut ¢ nhiét do 0°C sau do 15
phut nita & nhiét do trong phong. Lam lanh hdn hop phén tng xubng nhiét do 0°C va bd
sung nho giot dung dich chua isopropyl  ((R,S)-(pentaflophenoxy)-phenoxy-
phosphoryl)-L-alaninat (49mg, 0,1 1mmol) dugc hoa tan trong THF kho (2mL) vao trong
10 phut. Khudy hdn hgp phéan tng & nhiét do 0°C trong 30 phut va 18 gio ¢ nhiét do
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trong phong. Duing phan tng béng dung dich bdo hoa NH4Cl trong nude (4mL) va chiét
bing EtOAc (3 x SmL). Lam kho céc chét hitu co d& két hop trén Na;SO4 va cb. Tinh
sach phan con lai bang sac ky cot (gradien DCM/MeOH ttr 100:0 dén 90:10) dé thu duoc
san pham (hdn hop cta 2 chét ddng phan khong d6i quang, 9mg, 0,02mmol, 18%) dudi

dang chat ran mau trang.

IH NMR (300 MHz, CD;0D) 6 7,81, 7,79 (0,9s+0,1s, 1H), 7,36-7,14 (m, 5H), 6,26 (d,
J=17,4 Hz, 0,1H) va 6,24 (d, J= 17,4 Hz, 0,9H), 4,93-4,89 (dugc xen phu véi H2O, m,
1H), 4,80-4,78 (m, 1H), 4,53-4,49 (m, 2H), 4,21-4,18 (m, 1H), 3,95-3,84 (m, 1H), 3,23-
3,20 (m, 1H), 3,04 (bs, 1H), 1,31-1,14 (m, 9H). 3P NMR (121 MHz, CD30D) 6 4,06
(s), 3,97 (s). MS (ESI) m/z dugc tinh toan cho C2sH3FN707P [M+H]" 592,2; dugc phat
hién 1a 592,2.

Vi du 21. Didu ché isopropyl ((((R.S)-(2R,3R,4R,5R)-5-(2-amino-6-(N-
metylxyclopropylamino)-9H-purin—9-yl)-4-ﬂo-3-hydroxy-4-etynyltetrahydroﬁlran-2—
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat

A .

— NMe — NMe
| 0 [~
A~ s b~ re
R = N§< O\(\ N oPh R - N\<
HO F NH, L HO F NH,
43 a7

i) isopropyl ((R,S-(pentaflophenoxy)-phenoxy-phosphoryl)-L-alaninat, tBuMgCl, THF, 0°C
Bude 1. Piéu ché isopropyl (R,S)-(2R,3R.4R,5R)-5-(2-amino-6-()V-
metylxyclopropylamino)-9H—purin—9-yl)-4-ﬂo-3-hydroxy-4-etynyltetrahydrofuran—Z-
yl)metoxy)-phenoxy-phosphoryl)-L-alaninat.

B& sung nhé giot fers-butyl magie clorua (1,0M trong THF, 160uL, 0,16mmol)
vao dung dich chira hop chit 43 (40mg, 0,11mmol) trong THF kho (2mL) & nhiét do
0°C trong 10 phut. Khudy hdn hgp phan tng trong 15 phut ¢ nhiét do 0°C sau do 15
phut nita & nhiét d trong phong. Lam lanh hdn hop phén ing xubng nhiét do 0°C va b
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sung nhé giot dung dich chira isopropyl ((R,S)-(pentaflophenoxy)-phenoxy-
phosphoryl)-L-alaninat (55mg, 0,12mmol) dugc hoa tan trong THF kho (2mL) vao trong
10 phut. Khudy hdn hop phan (mg ¢ nhiét do 0°C trong 30 phut va 18 gi¢ ¢ nhiét do
trong phong. Dung phan ing bang dung dich bdo hoa NH4Cl trong nude (4mL) va chiét
bang EtOAc (3 x SmL). Lam kho cac chét hitu co da két hop trén NaxSOq4 va ¢d. Tinh
sach phan con lai bing sc ky cot (gradien DCM/MeOH tir 100:0 dén 90:10) dé thu duoc
san pham (hdn hop cua 2 chét déng phan khong d6i quang, 18mg, 0,03mmol, 26%) dudi
dang chit rdn mau tring.

'H NMR (300 MHz, CD;OD) 6 7,84, 7,82 (s+s, 1H), 7,35-7,14 (m, 5H), 6,30 (d, J =
17,4 Hz) va 6,26 (d, J= 17,6 Hz, 1H), 4,99-4,89 (dugc xen phil véi HoO, m, 1H), 4,82-
4,69 (m, 1H), 4,59-4,46 (m, 2H), 4,21 (m, 1H), 3,96-3,82 (m, 1H), 3,24-3,22 (m, 1H),
3,17-3,11 (m, 1H) 1,31-1,26 (m, 3H), 1,20-1,15 (m, 6H), 0,93-0,89 (m, 2H), 0,75-0,68
(m, 2H). 3'P NMR (121 MHz, CD3;0D) 6 4,06 (s), 3,98 (s). MS (ESI) m/z dugc tinh toan
cho CasH3sFN;07P [M+H]" 632,2; dugc phat hién la 632,2.

Vi du 22. Diéu ché PPAL-S

. R F \|/ - R F
Y Y RGN SN
O, OE(\N—i‘_OPh \é(\H—g;: 34 Fo - \([)]/\N gpg F F

Buéc 1. Pidu chéd PPAL raxemic

B6 sung isopropyl L-alaninat (200g) trong trietylamin (120g) vao dung dich dugc
khudy chira phenyl diclophosphat (250g) trong EtOAc (800mL) & nhiét do —10°C.
Khuéy hdn hop phan ng ¢ nhiét d -10°C trong 1 gio. B sung hop chét 2,3,4,5,6-
pentaflophenol (220g) trong trietylamin (120g) va EtOAc (400mL) vao & nhiét do —5°C
va khudy & nhiét do d6 trong 0,5 gio. Lam 4m hdn hop phéan Gng dén nhiét do 25°C va
khudy & nhiét do dé trong 2 gidr. Loc dung dich va rira bang EtOAc (2 x 200mL), va lam
bay hoi cac pha hitu co da két hop trong mdi truong chén khong dé thu dugc chét ran

PPAL-RS (raxemat).

-168-



39028

Budce 2. Didu ché PPAL-RS

B4 sung 2,3,4,5,6-pentaflophenol (10,1g) trong trietylamin (6g) vao dung dich
duoc khudy chira PPAL-RS trong EtOAc (200mL) va n-heptan (1,4L), va tiép tuc khudy
trong khoang 4-8 gid. Sau khi chit déng phan R ciia chét rén it hon 0,5% thi loc chét
rin. Hoa tan chét rin trong EtOAc (4L), rira bang nudce (2 x 100mL), nudce mudi (1L),
lam kho trén NaSOs khan, va loc. Loai bd dung mdi trong moi truong chén khong aé
thu dugc PPAL-S (350g).

'H NMR (400 MHz, DMSO- d6) § = 7,42 — 7,40 (m, 2H), 7,24 — 7,22 (m, 3H), 6,87 (dd,
J=14,1,9,9 Hz, 1H), 4,90 — 4,84 (m, 1H), 3,94 — 3,88 (m, 1H), 1,27 (dd, J= 7.1, 1,1
Hz, 3H), 1,15 (dd, J= 6,2, 1,2 Hz, 6H) ppm.. *P NMR (160 MHz, DMSO- d6) 6=0,37
ppm.

Vi du 23. Didu ché PPAL-R

N, ongs Y. Rf
XE XE 0———>OY?\N§O F O)]A;Nﬁo
: _— < —P—- —_— —pP- F
1 A
NH, Y ONR-oPh o H gpn Q 5 Hdo i 2
0 o "¢ FF FF
PPAL-RS PPAL-R

B4 sung phenyl diclophosphat (189,6g, 0,90mol) va EtOAc khan (750mL) vao
binh ba cb d4y tron dugc lap khép v6i méay khudy co hoc. Lam lanh dung dich xudng
nhiét do -10°C trong mdi trudng nito. B6 sung Iso-propyl L-alaninat (118g, 0,90mmol)
va trietylamin (100g, 1,1 dwong lugng) vao dung dich néu trén. B6 sung hdn hop duge
lam lanh tir trude (dudi 10°C) cia 2,3,4,5,6-pentatlophenol (165g, 1 duong lugng) va
trietylamin (90,5g, 1 duong luong) trong EtOAc (300mL) vao hdn hop nay théng qua
phau bd sung & nhiét d6 -3°C va khudy hon hop thu dugc & nhiét do tir 20 dén 25°C
trong 1 gio. Loc sach chét két tia mau tring (TEA'HCI) va ria bang EtOAc. Cd dich
loc trong mdi trudng ap suét giam dé thu dugc PPAL-RS khoang 280g (S/R=1/1) duéi
dang chit rin mau tring. Nghién nhoé PPAL-RS (280g) trong 300mL heptan/EtOAc
(20:1) & nhiét do trong phong trong 5 phut. Loc huyén phi mau trang va rira chét ran

bang hdn hop ciia heptan/EtOAc (20:1). Lam lanh dich loc xudng nhiét do 8°C va gom
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chét rin bang cach loc. San phim thdé PPAL-R (10g) thu dugc véi df tinh khiét khong
d6i xtng 95%. Tinh ché san phdm thd theo bude néu trén. PPAL-R (5g) thu dugc véi
d5 tinh khiét khong dbi xting NLT 98%.

'H NMR (400 MHz, DMSO- de) & = 7,43 — 7,39 (m, 2H), 7,27 - 7,22 (m, 3H), 6,87 (dd,
J=14,1, 9,9 Hz, 1H), 4,89 — 4,85 (m, 1H), 3,95 — 3,90 (m, 1H), 1,27 (dd,J=17,1,1,1
Hz, 3H), 1,14 (dd, J = 6,2, 1,2 Hz, 6H). °P NMR (160 MHz, DMSO- ds) 6 =0,35.

Vi du 24: Diéu ché hop chit 52.

H3C\N/U\o/\/\/CH3

e:ﬁi </ f)\ </N fi

/< o) NH; /<
| S “ 7 S “
o 0  F >/ s F Si
{/Si/ o\\(Si’ >/o\ 9
48 49 \( ! 50
0
H3C\N/u\o/\/\/CH3 H3C\N/U\o/\/\/CH3
N SN
4 4
<N LA s 9 <N LA
o N™ "NH HsC._ O _~ P o N™ "NH
— N/ \O
Ho/\(_jcm — E/ N 1 CHa
HO ’/F 3 HO F
51 52
cl HeCo
N B N
N =N
4 y

/< o. N7 N UNH, /< o N7 > NH,
*‘ " i NI
O\ A >/o\ o F

Y)‘ RPa

Buéc 1. Didu ché hop chét 49.

B6 sung dung dich trong nuéc CH3:NH2 40% (16,2mmol) vao dung dich chira 48
(1,81g, 3,23mmol) trong dioxan (18mL). Khudy hdn hop phan ung & nhiét do 40°C
trong 2 gio. CO hdn hop, pha loang v6i EtOAc (50mL), roa bang nudc va nude mudi.
Lam kho 16p hitu co trén NaxSO4 khan, loc va cd @8 thu duoc chét rdn mau tring 49

(1,66g, 92%).
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Buéc 2. Didu ché hop chat 50.

B4 sung tir tr pentyl cloformat (547mg, 3,63mmol) vao dung dich chira 49 (1,34g,
2,42mmol) va 1-metylimidazol (794mg, 9.6 8mmol) trong DCM (14mL) & nhi€t d 0°C.
Khudy hon hgp phan Gmg ¢ nhiét do trong phong qua dém. CO6 hon hop, va tinh sach
bing sic ky cot (PE: EtOAc = 5:1 - 2:1) dé thu dugce 50 (1,01g, 62%) dudi dang chét
rAn mau tring.

'HNMR (400 MHz, DMSO) 8 7,96 (s, 1H), 6,73 (s, 1H), 6,06-6,10 (d, J= 16,0 Hz, 1H),
4,09-4,30 (m, 2H), 3,97-4,09 (m, 4H), 3,28 (s, 3H), 1,39-1,46 (m, 2H), 1,0-1,2 (m, 35H),
0,73-0,76 (t, J= 8,0 Hz, 3H).

(o}
HSC\N/U\O/\/\/CHS

0
. HiCo A g~ CHs

N
<1 IL
N /
\ .'OwCHa N N/)\NHZ
\( >__ HO F
50 51

Bude 3. Diéu ché hop chat 51.

B6 sung E6N (2,0mL, 15mmol) va EtsN.3HF (1,21g, 7,5mmol) vao dung dich chira
50 (1,00g, 1,5mmol) trong THF (11mL) 6 nhiét do 0°C. Khudy hon hgp phan tng &
nhiét do trong phong trong 1,5 gio. Co hdn hop, va tinh sach bang sac ky cot (MeOH:
CH,Cl, = 50:1) dé thu duge 75 (460mg, 72,2%) dudi dang bot mau tréng.
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Budc 4. Didu ché hop chit 52.

B4 sung tir tir ~BuMgCl (2,27mmol) vao dung dich chira 51 (460mg, 1,08mmol) va
PPAL-S (538mg, 1,19mmol) trong THF khan (9mL) & nhiét do tr 5 dén 10°C trong
mdi truong Na. Khudy hén hgp phén tmg ¢ nhiét d6 trong phong trong 40 phut. Lam
ngudi hdn hop bang dung dich NH4ClI bdo hoa trong nudc, chiét biang EtOAc, rira bang
dung dich trong nuéc KoCO3 5% va nude mudi, 1am kho trén NaSO4 khan, loc va ¢d.
Tinh ché san phim thd bing séc ky cot (CHCl: MeOH = 15:1) dé thu dugce 52 (280me,
37,3%) duéi dang chit rin mau tréng.

IH NMR (400 MHz, DMSO) 8 8,12 (s, 1H), 7,34-7,38 (m, 2H), 7,18-7,23 (m, 3H), 6,74
(s, 2H), 6,11-6,16 (d, J= 16,0 Hz, 1H), 5,99-6,05 (m, 1H), 5,84 (m, 1H), 4,77-4,81 (m,
1H), 4,30-4,41 (m, 3H), 4,03-4,11 (m, 3H), 3,78-3,80 (m, 1H), 3,3 (s, 3H), 1,44-1,51
(m, 2H), 1,00-1,21 (m, 16H), 0,76-0,80 (t, J= 8,0 Hz, 3H). [M+H]™= 696.6.

Vi du 25: DBiéu ché hop chét 56.
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Buéc 1. Diéu ché hop chit 48.

B4 sung TIPDSCL; (1,5 duong luong) vao dung dich chra 23 (600mg, 1 duong
lugng) trong pyridin (30mL) & nhiét do 0°C. Gitr yén dung dich thu dugc & nhiét do
trong phong trong 2 gio. Lam ngudi hdn hop bang nude da va chiét bang EtOAc. Rta
16p hitu co bang 1M dung dich HCI trong nudc, natri bicacbonat bao hoa trong nudc va
natri clorua bao hoa trong nuéc, lam khd trén natri sulfat khan, va co dé thu duoc phén
con lai & dang tho. Tinh sach phan con lai béang sic ky (MeOH: CH2Cl = 1:50) dé thu
duoc 48 (998mg, 94,4%) dudi dang bot rin mau trang.
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Buéc 2. Diéu ché hop chét 53.

Khudy hdn hop cua 48 (800mg, 1 duong lugng), pyridin (3,2mL), DMAP (34,9mg,
0,2 duong lugng) trong DCM (20mL) 6 nhiét do trong phong. B6 sung nho giot N-amyl
cloformat (3,2mL) vao ¢ nhiét do 0°C, va khudy hdn hop & nhiét do trong phong trong
1 ngay. Rira 16p hiru co bing 1M dung dich HCI trong nudc, natri bicacbonat trong nude
bio hoa va natri clorua trong nudc bdo hoa, lam kho trén natri sulfat khan, va lam bay
hoi trong moi trudong chan khong. Tinh sach phan con lai bang sic ky trén silica gel
(MeOH: CH2Cl = 1:50) dé thu duoc 53 (255mg, 26%) dudi dang bot rin mau trang.

cl pn- O

N N
\N 0 </ I \N (0]

L B
>/Si \_[CHe - >/Si \_ O

53 54

Buéc 3. Diu ché hop chit 54.

B4 sung nhé giot dung dich trong nuéc CH;NH> 40% (225,7mg, 5 duong luong)
vao dung dich chtta 53 (270mg, 1 duong luong) trong 1,4-dioxan (10mL). Khudy hén
hop trong 2 gid ¢ nhiét do trong phong va sau d6 co trong mdi truong chan khong. Sic
ky phan con lai trén silica gel (metanol: diclometan= 1:40) dé thu dugc 54 (220mg,

81,7%) dudi dang bot rdn mau tring.
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Buéc 4. Didu ché hop chét 55.

B sung trietylamin (1011,9mg, 10 duong lugng) va Et:N-3HF (806,05mg, 5 duong
lugng) vao dung dich duoc lam lanh bang da chira 54 (668mg, 1 duong lugng) trong
THF (10mL), khuéy hdn hop trong 2 gi¢ & nhiét d trong phong. C6 hdn hop va sic ky
trén silica gel (MeOH: CH2Cl, = 1:30) dé thu dugc 55 (492mg, 84%) dudi dang bot ran

CHy O
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H30
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Buéc 5. Diéu ché hop chét 56.

B6 sung nhé giot --BuMgCl 1,7M trong THF (0,327mL, 2,1 duong lugng) vao hdn
hop ctia 55 (113mg, 1 duong lugng) va PPAL-S (120mg, 1 duong luong) trong THF
(4mL) & nhiét do -10°C. Khu4y hdn hop & nhiét do trong phong trong 1 gidy, va sau do
lam nguoi bang dung dich bdo hoa NH4Cl trong nude. Chiét pha nuéce bing EtOAc va
rira pha hitu co bang nudc mubi, 1am khd va cd d8 thu duogc phan con lai & dang tho.
Pua phan con lai ndy vao sic ky nhanh dé thu dugc 56 (126mg, 68,5%) dudi dang chét
rin mau trang.

'H NMR (400 MHz, DMSO) & 8,00 (s, 1H), 7,10-7,45 (m, 5H), 6,15-6,20 (d, J= 20,0
Hz, 1H), 5,00-5,25 (s, 1H), 4,80-4,86 (m, 1H), 4,45-4,70 (m, 2H), 4,12-4,19 (m, 3H),
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3,80-3,85 (m, 1H), 3,04 (s, 3H), 1,60-1,75 (m, 2H), 1,10-1,40 (m, 16H), 0,76-0,80(t, J=
8,0 Hz, 3H).

31p NMR (160 MHz, DMSO) § 3,57. [M+H]"= 696,5.

Vi du 26: Didu ché hop chit 60.
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Buéc 1. Didu ché hop chét 57.

B4 sung tudn tu imidazol (16,6g), TIPDSCL, (28,9g, 1,5 duong lugng) vao dung
dich chua 6 (20g, 1 duong lugng) trong CH3;CN (100mL) & nhiét do 5+5°C. Gitr yén
dung dich thu dugc & nhiét do trong phong trong 4 gio. Lam ngudi hdn hop bang nude
d4 va chiét bang EtOAc. Rua 16p hitu co bang nudc, natri bicacbonat trong nudc bao
hoa va natri clorua trong nudc bdo hoa, lam kho trén natri sulfat khan, va c0 dé thu duoc

phan con lai & dang thd (32g).
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Buéc 2. Didu ché hop chét 58.

B6 sung nhé giot -BuMgCl 1,7M trong THF (50mL, 4,8 duong lugng) vao dung
dich chira 57 (9,8g, 1 dwong luong) trong THF (4mL) ¢ nhiét do 0-5°C. Khudy hdn hop
& nhiét do trong phong trong 0,5 gio, va bd sung tlr tir n-amyl cloformat (2,7g, 1,05
dwong lugng) vao. Khudy hén hop & nhiét do tir 0 dén 5°C trong 3 dén 4 gio. Lam nguoi
hdn hop bing dung dich bdo hoa NH4Cl trong nude. Chiét pha nuéc bang EtOAc
(200mL) va rira pha hitu co bang nuée mudi, lam kho va co dé thu dugc 58 (10,7g) dudi

dang dau.
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Bude 3. Diéu ché hop chat 59.

B4 sung trietylamin (10,119g) va EtsN-3HF (8,6, 5 duong luong) vao dung dich
dwoc lam lanh bing dé chua 58 (7,3g, 1 duong luong) trong THF (100mL) va khudy
hdn hop trong 1 gidr & nhiét d6 trong phong. Co hdn hop va sic ky trén silica gel (MeOH:
CHLCl, = 1:30) dé thu dugc 59 (4,3g, 91%) dudi dang chét rin mau trang.
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Buéc 4. Diéu ché hop chit 60.

B4 sung nho giot +-BuMgCl 1,7M trong THF (5,6mL, 2,1 dwong lugng) vao hdn
hop cia 59 (2g, 1 duong lugng) va PPAL-S (2,3, 1,1 duong lugng) trong THF (40mL)
& nhiét d6 -5°C. Khudy hdn hop ¢ nhiét do -20+5°C trong 1 giv, va sau do lam ngudi
bang dung dich bdo hoa NH4Cl trong nudc. Chiét pha nudc bang EtOAc va rira pha hitu
co bang nuéce mubi, 1am kho va cb dé thu duge phan con lai ¢ dang tho. Dua phén con
lai nay vao sdc ky nhanh dé thu dugc 60 (1,5g, 47%) dudi dang chét rdn mau tring.

'H NMR (400 MHz, CD;0D) 5 7,9 (s, 1H), 7,1~7,2 (m,5H), 6,2 (d, ] = 20 Hz, 1H), 5,1
(br,1H), 4,84 (m, 1H), 4,49 (m,, 2H), 4,16 (m, 1H), 4,13 (m, 2H), 3,86 (m, 1H), 3,45 (br,
6H), 1,70 (m, 2H), 1,26 (m, 4H), 1,20 (m, 6H), 1,14 (m, 6H), 0,93 (m, 3 H). [M+H]"
=710,5.

Dit liéu sinh hoc

Vi du 27. Phuong phap thir nghiém va di liéu sinh hoc b sung

Té bao Huh-7 luc/neo ET mang replicon béo cdo discistronic HCV genotyp 1b
luciferaza dugc dan trén dia & 7,5 x 10° té bao/ml trong hai dia c6 96 10 gibng hét dé xac
dinh song song hiéu qua khang virut (ECso) va tinh gy doc té bao (TCso). Cac dia duoc
nudi cdy trong 24 gio trude khi bd sung cac hop chét. Sau phin pha lodng theo day voi
hé sé pha loang 12 10" lan cta vét phém thtr nghiém (ndng do thir nghiém cao bing
100,0uM hodc ndng d6 thir nghiém cao bang 1,0uM) va interferon-alpha2b ngudi (thu
nghiém cao 10,0U/ml) dugc chuén bi trong mdi trudng nudi cy té bao va dugc bb sung

vao cac té bao dugc nudi cdy trong ba 15 giéng hét cho ting phan pha lodng. Sau 16
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trong dia thit nghiém chi nhdn mot minh moi trudng dé 1am dbi ching khong duge diéu
tri. Sau 72 gid nudi ca‘iy khi ¢6 mat hop chit, mot trong cac dia dugc st dung dé xac dinh
tinh gy doc té bao biang cach nhudm véi XTT va dia con lai duge st dung dé xac dinh
hiéu qua khéng virut bang cach xac dinh hoat tinh clia gen béao cdo luciferaza. Dit li€u
v& tinh gy doc té bao va hidéu qua duoc thu thap va nhép vao s& 1am viéc Excel thiét 1ap
theo yéu cu dé xac dinh gia tri TCso va ECso. Dt licu vé cac hop chét c6 cong thue I-
VII dugc minh hoa trong bang 7 dudi day. Ngoai ra, Fig.2 minh hoa dudng cong ¢ ché
su sao chép HCV dbi voi Hop chét 5-2 va Sofosbuvir. Nhu ¢6 thé dugc thiy trén Fig.2,
hop chét 5-2 ¢6 ECso = 4nM, trong khi Sofosbuvir ¢6 ECso = 53nM. Truc y 12 phén tram
kidm soat virut va truc x 1a ndng do cua thudc tinh theo pM. Fig.3 minh hoa dudng cong
ttc ché su sao chép HCV dbi v6i hop chat 25 va Sofosbuvir. Hop chét 25 ¢6 ECso = 4nM
va Sofosbuvir ¢6 ECso = 53nM. Trucy 1a phén trim kidm soat virut va truc x 12 ndng do
ctia thudc tinh theo uM. Fig.4 minh hoa so sanh thur nghiém ndi bd vé hoat tinh khang
HCV dbi véi cac hop chét 5-2, 25, 27 va Sofosbuvir. Truc y la phan tram kiém soat virut

va truc x 12 ndng dd cta thudc tinh theo pM.

Cac genotyp HCV thu dugc tir bénh nhéan khéc nhau chira bién thé loai dai va
bién thé két hop khang duoc sit dung dé xéc dinh do nhay sao chép tuong d6i ctia ching
véi cac hgp chét thir nghiém. Vec-to thir nghiém khang replicon (RTV) chira viung bd
gen NS5B dugc chudn bi bang cach sir dung ARN virut dugc phén lap tir huyét tuong
ctia bénh nhan HCV. Mdi ving NS5B duoc khuéch dai biang phén ing chudi polymeraza
phién ma nguoc va duge tdch dong vao HCV replicon RTV ma sau d6 dugc truyén bang
dién di vao té bao Huh-7. Sau khi 0 khi khong co va ¢6 cac hop chét thit nghiém da pha
lodng theo day trong tu 72 dén 96 gid, mirc sao chép virut dugc do bing hoat tinh

luciferaza va ndng do tc ché 50% (gia tri ICso) dugc xac dinh.

Béng 2 bao céo gi tri [Cso vaICos dbi v6i hop chét 25, 27, 5-2 va Sofosbuvir
khang cac thé phan 1ap 1am sang khac nhau chira bién thé loai dai va bién thé két hop

khang.
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T4t ca cac hop chét khang su sao chép HCV hitu hi¢u hon mot cach dang ké so
vé1 sofosbuvir va ca hgp chét 25, 27 hodc 5-2 déu khong cho thiy bang ching bt ky vé
su khang chéo véi dot bién L159F, L159F va S282T, va C316N.

Bang 2: Hoat tinh khang virut cta cac hop chét thir nghiém trong genotyp HCV thu

dugc tr bénh nhan

Tht Giatri | Giatri | Thay doi gap so | Thay doi gap so
HCV | NS5B | ohiem | ICse | ICss lan ICso 1An 1Cos
Genot D?t HOAp (nM) (nM) Tu Sofosbuvir Tu Sofosbuvir
yp bién chat
sofosbu | 6> 7 | 5077
khon F—x
la 25 4.4 313 142 16,2
& 27 42 26,4 15,0 19.3
52 105 | 60,8 6,0 8.4
sofosbu | g6 | 6422 1,0
khon s
1b 25 5,0 32.0 1,0 20,0
& 27 5,0 28.9 0,9 22.2
5-2 10,6 | 724 0,8 8.0
sofosbu |y 5 | 195,1
khon Vit
2a 25 2.7 222 8.4 8.8
& 27 2.9 16,2 7.9 12,0
52 6,2 45.4 3.6 43
sofosbu | 44 ¢ | 2953
R vir
op | KBOR s 3.0 14,9 15,2 19,9
& 27 3,1 14,7 14,4 20,1
5-2 6,3 32,5 7.1 9.1
sofosbu | 1959 | 689,8
khon —g
3a-1 25 5.1 27.8 245 24.8
& 27 4.4 25.4 28.4 27.2
5-2 118 | 593 10,7 11,6
| sofosbu |05 51 808,
382 khon vir
o 25 4,7 242 26,3 33.4
27 45 23,3 27,5 34,6
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5-2 104 | 565 11,9 14,3
sofosbu | 749 | 6814
khon Vit
4a 25 46 33,0 16.2 20,7
& 27 3.6 38,1 20,7 17.9
52 9.9 74,4 7.5 9.2
sofosbu | o3 7 | 10197
khon Vit
4d 25 5.9 442 16,0 23.1
& 27 5.6 38.4 16,7 26,6
5-2 140 | 799 6,7 12.8
sofosbu | 1147 | 1067,5
1159 s
la - 25 5.2 40,4 22.0 26,4
27 5.1 36,2 22.3 29.5
5-2 13.0 | 953 8.8 112
L159 sofo_sbu 1619.9 16950,
F VIr 9
la | va 25 172 | 1585 94.0 107,0
S282 [ 27 149 | 1416 108,4 119,7
T 52 387 | 3135 41,9 54.1
sofosbu | 39 | 4728
C316 2
|y 25 3.2 18.1 23.1 262
27 3,1 16,5 23,5 28,7
5-2 7.7 42,7 9.6 11.1

Thir nghiém chuyén nhiém tam thoi duge thye hién dé xac dinh do nhay cta thé
dot bién S282T loai dai ciia HCV v6i céc hop chét thi nghiém. Céc té bao Huh-7 dugc
dién di khi c6 mat ARN dugc phién mé tir plasmit loai dai hodc S282T HCV replicon
tir gen khéi ddu T7. Céc té bao da chuyén nhim dugc nudi cdy vao dia c6 9616 & 7,5 x
103 t& bao/18 trong moi truong Eagle da cai bién Dulbecco. Sau 24 gio 4, moi truong
dugc loai bd va thay thé bang mdi trudng mai khong chira hodc chtra cac nong dd khac
nhau cua céc hop chit thir nghiém. Sau khi u trong 96 gi¢ nita, hoat tinh khang HCV

duoc do bing diém cubi luciferaza bang b kit gen bdo cdo phat quang Britelite™ Plus

-181-



39028

(Perkin Elmer, Shelton, CT). Hai dia gidng hét dugc xir ly va duoc i dé danh gia song
song vé ddc tinh té bao bing cach nhudm voi thudc nhudm tetrazolium XTT.

Bang 3 bao co cac gid tri ICso va ICes ddi vai cac hop chét 25, 27, 5-2 va
Sofosbuvir khang replicon HCV loai dai va S282T.

T4t ca cac hop chét khang sy sao chép HCV hitu hi¢u hon mot cach dang ké so
v6i sofosbuvir va ca hop chét 25, 27, va 5-2 déu khong cho thdy bang chimg bét ky vé
su khang chéo dbi v6i bién thé S282T.

Bang 3: Hoat tinh khang virut ctia cac hop chét thir nghiém trong thir nghiém nhiém

tam thoi HCV
.. z_| Thay doi
Ho chit Potbién | Gia tri ICso | Gi tri ICos ST;"{‘ayndIOCl gig oAp sb 1an
oP NS5B (nM) (nM) 50 ICos tur
Sofosbuvir )
Sofosbuvir
50 Khong 1.4 9.98 26 222
$282T 2.8 20,6 99,3 > 485
)5 Khong <1 27 > 36,4 80,7
$282T <1 9.4 > 278 > 106,4
- Khong <1 4.1 > 36,4 532
$282T <1 11,8 > 278 > 84,7
. Khong 36.4 218
Sofosbuvir S282T 278 >1000

Do 6n dinh cua cac hop chit duoc chon loc trong mau nguoi tbng thé méi va
trong phan S9 clia gan ngudi dugc xéac dinh trong cac phén 1 chira 10pM hop chét thir
nghiém. Sau khi  trong 0, 30, 60 phut, va lén dén 120 phut, céc phan phan ude dugce
loai bd va dugce chiét ngay bang 3 th8 tich ctia metanol lanh nhu dé/axetonitril (1:1, thé
tich/thé tich). Cac chét chiét dugc ly tdm va céc phan dich ndi trén bé mit dugc phan
tich bang LC-MS/MS d6i voi cac ndng do ctia hop chét thir nghiém khong thay d6i va

cac chat chuyén hoa cé thé co.
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Fig. 5 minh hoa d9 4n dinh wu viét ctia hop chit 5-2 va tt ca céc dan xuét 2-

amino trong mau nguoi.

Th vi 13, Fig.6 minh hoa chu trinh thoi gian khir alkyl in vitro cia 2’-deoxy-2’-
a-flo-2’-B-metyl-N2-metyl-N°-metyl-2,6-diaminopurin nucleosit phosphoramidat thanh
2’-deoxy-2’-0-flo-2’-B-metyl-N°-metyl-2,6-diaminopurin nucleosit phosphoramidat
v6i phan S9 clia gan ngudi. Ngoai ra, ngoai mong doi, tbc do phan tdch mé rong nhanh
hon, va l6n hon cua gbc carbamat bang phan S9 clia gan ngudi dugc quan sét dé so sanh

v6i hop chét 5-2 va céc dAn xuét 2-amino khéc cua n6 (Fig. 7).
Vi du 28. Thir nghiém HCV (gt1b) NS5B Polymeraza

Mitc dd e ché HCV (gtlb) NS5B polymeraza dugc xac dinh ba 14n bang cach
do murc polyme hoa de novo trong hdn hop phan Gng chira céc phan pha lodng theo day
cua TA, thé bd sung ARN dugc phién mi in vitro cho vung 3°’UTR vach HCV (-),
polymeraza, ribonucleotit dugc danh dau phong xa, 250uM rNTP khong canh tranh, va
1uM NTP canh tranh. Nong do6 TA tao ra mirc trc ché 50% (ICso) dugc xac dinh tur
dudng cong trc ché thu duoc.

Vi du 29. Thi nghiém té bao nguyén ban tiy xwong nguoi

Céc té bao nguyén ban thy xwong ngudi méi (Invitrogen) dugc tao huyén phu
trong méi trudng nudi cdy dac hiéu BFU-E hoiac GM-CSF dugc b sung, & 10° té bao/1d,
vao ba phan pha loang theo day gidng hét ctia TA trong dia c6 6 16. Sau 14 ngay 1, s6
cum dugc st dung dé x4c dinh gia tri CCso. Cac cum BFU-E dugc xac nhan bé‘mg cach

st dung k¥ thuét benzidene.

Céc hop chét 25, 27 va 5-2 khong cho thdy tinh gy doc té bao khang té bao mam

tiy xuong in vitro.
Vi du 30. Thi nghiém té bao co tim iPS

Céc té bao co tim iPS (Cellular Dynamics) dugc nudi cAy trong céc dia dung tich

microlit & 1,5 x 10 t& bao/1d. Sau 48 gid 1, cac té bao dugc rira va moi truong duy tri
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chtta TA dugc pha loang theo day duoc bd sung ba 1an. Sau khi 0 trong 3 ngay nita, mirc

sbéng sot ciia té bao dugc do bing cach nhudm véi XTT va gia tri CCso dugc tinh.

Céc hop chit 25, 27 va 5-2 khong cho thy tinh gay ddc té bao khang céc té bao

co tim iPS in vitro.
Vi du 31. Thir nghiém ADN Polymeraza ngudi

Mitc d6 tc ché ADN Polymeraza a,  va y ngudi (CHIMERx) dugc xé4c dinh ba
1an trong hdn hop phéan Gmg ciia TA da dugc pha loang theo day, 0,05mM dCTP, dTTP,
va dATP, 10pCi [*2P]-a-dGTP (800 Ci/mmol), 20ug ADN tuyén trc bé da hoat hoa va
c4c chit phan tng bd sung dic hiéu dbi vai timg polymeraza. Sau 30 phat G, muc két
hop cta [a-32P]-GTP duge do va céc dudng cong U thu duge duge su dung dé tinh gia

tri ICso.

Triphosphat, B-D-2’-deoxy-2’-a-flo-2’-B-metyl- guanin triphosphat, cting nhu
chét twong tu triphosphat ctia cdc hgp chét 25,27 va 5-2 khong G ché ADN Polymeraza

a, B hodc y nguoi.
Vi du 32. Nubi cdy dong thoi té bao gan ngudi

Tinh gay doc t& bao va do khoe cua té bao gan dugce danh gia ba 14n bang cach
do ham lugng ro ALT, san sinh uré, tiét albumin va ham luong ATP té bao trong céac
modi truong nudi cdy dong thoi té bao gan ngudi dugc tao vi mau (HepatoPac®,
Hepregen Corporation) dugc tao ra bang cach nudi chy té bao gan ngudi nit duge bao
quan cryo (mot chét cho) va nguyén bao soi chuot nhét 3T3 J2 trong céc dia vi chuin
theo quy trinh dugc thiét 1ap bdi Hepregen. Moi trudong nudi cdy duoc thay thé bang
mdi trudong mdi chira TA, vat phém thir nghiém, (0, 1, 10 hodc 30uM) mdi 2 hodc 3
ngay cho dén ngay 16. Moi truong nudi cAy da st dung duoc thir nghiém vé ham luong
ALT va uré vao ngay 2, 5,7,9, 12, 16 va 21 va ham luong albumin vao ngay 2, 5, 7 va
9. Nong do ATP té bao dugc do vao ngay 9 va 21. Tin hi¢u ATP trong modi trudng nudi

cdy ddi chimg chi c6 t& bao co chét (nguyén bao soi 3T3 chudt) duge trir tir tin hiéu

-184-



39028

trong moi truong nudi cdy dong thoi HepatoPac ¢ nguoi dé thu duge cac tac dung dac

hiéu té bao gan. Xem, bang 4, 5 va 6 dudi day.

Hop chét 5-2 & céc ndng do 1én dén 30pM, cho thay khong 6 tin hiéu vé tinh
gy doc té bao nhu dugc do bang ham lugng rd ALT, tiét albumin, san sinh uré va ham
luong ATP té bao khi dugc 1 1én dén 12 ngay voi té bao gan ngudi duge ddng nudi cy
d4 tao vi mAu. C4c chi dinh nhé vé tinh gay doc té bao duge phat hién bdi tiép xuc kéo
dai (1én dén 21 ngay nudi cdy) it hon dang ké so véi céac chi dinh dugc quan sat véi
sofosbuvir. Xem, bang 4, 5 va 6 dudi day.

INX-189 gay doc té bao & mirc do cao voi té bao gan ngudi duge nudi ciy dong
thoi, thé hién sy bai tiét albumin giam s6m vao ngay 2 va tinh gay ddc té bao bang tit
c& cac sb do. Sofosbuvir cho thiy tinh gy doc té bao 16n hon so v6i AT-511 trong cung
diéu kién.

Bang 4. Tac dung cua vat pham thit nghiém d6i voi ndng do ATP trong té bao

o X
Vit phim thir nghiém Norﬁg‘;‘; ‘;C che 50 A)I\?g(;;())zl M
Cmpd 5-2 >30 12,8
Sofosbuvir 8,6 2,3
INX-189 8,1 0,1

Bang 5. Téc dung cua vt phém thtr nghiém d6i v6i sy bai tiét albumin

e 1A , A Nong do trc ché 50% (ICso) - uM
Vat pham thir nghiém =05 5 T Neay 5 [ Ngay 7 | Ngay 9
Cmpd 5-2 >30 | >30 | >30 | >30
Sofosbuvir >30 19,5 10,9 9,3
TNX-189 3.6 | 31 | 32 | 24

Bang 6. Téac dung cua vat pham thir nghiém dén su bai tiét albumin

Vat phdm thtt : : Nong 036 e Ché\SO% (Icfo) - pM ; :
nghiém Ngay | Ngay | Ngay | Ngay | Ngay Ngay | Ngay
i 2 5 7 9 12 16 21
Cmpd 5-2 >30 >30 >30 >30 >30) 24,2 14,5
Sofosbuvir >30 >30 >30 12,1 6,8 2,7 2,3
INX-189 >30 4,2 1,8 1,8 1,3 <<1 <<1
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Vi dy 33. Nghién ctru chuyén hoa

Qua trinh chuyén héa cac hop chit 25, 27 va 5-2, & ndng d6 bang 10pM, duge
nghién ctru trong moi trudong so cap méi & té bao gan ngudi, ché va chudt nhét. Cac té
bao gan di dugc dan trén dia cd ngudn gde tir ngudi (XenoTech, gidng tron, duge gom
tir 10 ddi tugng cho), ché duc Beagle (BioreclamationIVT), va chudt nhit dyc ICR/CD-
1 (BioreclamationIVT, 8 d6i tugng cho) trong dia c6 6 16 bang k¥ thuat phu chdng
matrigel dugc G trong nhom don v6i 10uM TA. Sau 2, 4, 6, 8 hoac 24 gid, ham luong
céc tidn chat thudc nucleotit ndi bao va cac chit chuyén héa co thé co ciia ching (céc
tién chét thudc, monophosphat, triphosphat va nucleosit) dugc dinh lugng bang LC-
MS/MS. Céc ndng d thap hon can duéi dinh lugng (1,5pmol/106 té bao ddi voi cac tien
chét thuc, monophosphat va nucleosit va 12pmol/ 106 t& bao dbi véi triphosphat) duoc

ngoai suy tr dudng cong chuin.

Hop chét B-D-2’-deoxy-2’-a-flo-2’-B-metyl-guanin triphosphat la chét chuyén
hoa ndi bat clia cac hop chét 25, 27 va 5-2 dugc quan sat trong té bao gan ngudi dugc
nudi cdy vala chét trc ché ¢6 hoat luc ctia HCV (gt1b) NS5B polymeraza, vi ICso bang
0,15uM.

Fig. 8 thé hién céc chat chuyén hoa ndi bat cta hop chét 25 trong té bao gan
nguoi.

Fig. 9 thé hién céc chit chuyén héa ndi bat cia hop chit 27 trong té bao gan
nguoi.

Fig. 10 thé hién cac chit chuyén hoéa ndi bat cia hop chét 5-2 trong té bao gan
nguoi.

Fig. 11 minh hoa con duong hoat hoa dbi vé6i cac hop chit 25, 27 va 5-2. Nhu ¢6
thé duoc théy, cac hgp chit 25, 27 va 5-2 dugc chuyén héa thanh céac chét tuong tu
monophosphat twong ng ctia ching ma sau do dugc chuyén héa thanh chét twong tu

MP chung; p-D-2’-deoxy-2’-a-flo-2’-B-metyl-guanin monophosphat (Hop chit 61).
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Monophosphat sau d6 dugc phosphoryl hoa ting budce thanh triphosphat c6 hoat tinh:
B-D-2’-deoxy-2’-a-flo-2’-B-metyl-guanin triphosphat (Hop chit 62).

Vi du 34. Di chiing

INX-189 (INX-08189/BMS-986094) va sofosbuvir dugc sir dung lam ddi ching

trong cac Vi du trén day.

Hai tién chit thubc nucleotit ¢O hoat luc nhét, hop chit 25 va 27, cho théy tinh
chon loc wu viét, véi gié tri CCso 16n hon 100pM 6 té bao Huh-7, té bao mam tity xuong
nguoi va té bao co tim ngudi. Khoéng quan sat thdy c6 su tc ché ADN polymeraza o, 3
hodc y nguoi, khong thdy c6 hoat tinh khang cac virut ARN hodc ADN khéac, va khong
¢6 doc tinh & tat ca cac dong té bao chu & néng do 1én dén 100pM.

Bang 7 1a bang minh hoa céac hop chéat dugc thtr nghiém trong thir nghiém
replicon HCV cung véi cac két qua ECs0/ECos (uM) va CCso (uM).

Bang 7. Két qua thtr nghiém replicon d6i vé6i cac hop chat duge thir nghiém

Tang
iy | e it
ngt Cong thtc cau tao ECso/ECos | CCso 151‘1/16?0

(M) (M) nuclgosi
goc
NH,

/
/)\

HO F
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NH,
N \N
QN L L

(@) N NH2
—“\i_;i_ 2,1/9,04 | >100 3

HO@ N™ "NH, 15,7 >100

HN’CH3
N N N
/
<N | N‘i\NH
O 2
‘\g 0,0230,12 2100 | > 600
< ’/F
HN,CH3
N |~\N
N /)\

@) N~ “NH, |0,0551/0,2
U 82 | >100 | >280




39028

N
= 9 ¢
Oj(\N/P"O o. N N7 "NH, | 0,004/0,02
52 \r Ho ‘\g g >100 | >3,900
© O \
i HO F
H3C‘N/CH3
<N I SN
/
6 Ho—\@ N//kNHZ 10,7 | >100
HO F
_CH
HaC- -CH3
N N
: 0 ¢ |
; o\[ﬁN/B—o o N N/)\NH2 0012100 | _ 100 | >890
TENYL "
o 5 \_/
@ HO F
7/
~
8 HO_\CilN N/kNH2 5,56 >100
HO F
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"l
=0
IS
>\_

O_~y—P-0— o N” "NH; |0,0091/0,0
\”AH $ U 54
O L

>100

>600

15

>100

>100

16

: 8 ¢ AL A
< 1 =
O~ _-P-0 N“>N N/LH/
WAN ﬁ H 0.576/3,69

>100

17

Ho—\<El N” NH, 11,5/65,4

>100
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N SN
o) : ('P?o </N IN/)\NH
N~ % O 2 10,048/0,21
18 Y @AH (5) _U o 90,0
@ HO F
‘\N/A\v//
<N Sy
/
~
19 HO-\C)_XN_ N)\NH2 7.47 >100
HO F
‘\N/A\V//
N SN
o (|F?’O </N lN/)\NH
N~ O 2 10,073/0,31
20 \( \[O(\H g ‘U ; >100
)\: HO ]
_CH
HaC.\-CHa
NN
= 7/
o~ ('P?o <N IN/)\NHZ
N~ O 0,004/0,01
25 \f \([)\/\H(A) ‘\g 0 >100 | >2,600
@ HO F
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___CH
HaC. -CHs
NN
= /
o i B < IN/)\NH 0,0351/0,0
26 Y \H/\H/?_ _\C}l 2 | 57 >100
O 0 \__/
@ HO F
HaCu
N \N
: O ¢
27 O\ﬂ/:\N/IFl’_O o N N//I\NHZ 00050021 >100 | >1,100
TEWLCL
0 o) |/
@ HO F
HaCu
N NN
: 0 ¢ L 0.014/0,07
: - N~ >N NH 6 >100
YN T
o "5
@ HO F
\N/
NN
<f
41 HO o. N7 N7 "NH, 0,508/25,1| 21,8
/
N . /
HO F
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42

/
~ /

43

O NH2 s / 5 2 s
_\Ql%
- - /

HO F
\N/
N \N
(@] : (lF?’O </N ‘N/)\NH
2 \H/\H/é © 2 10,16/0.876 | 0,68
O 0 =
@ HO F
HN™
N \N
= 7/
: 8 ﬂfk
46

O Nt NH
- 0 2 |0,224/0,96
T e 1
© o L=

>100
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47

0,338/1,72

1,68

61

62

s

Sofosbuvir

0,052/0,31
0

>100
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0,045/0,25

9 >100

07
N— NN
0
o N N//kNHZ
SCL
/LO»L/O\: i
|

O
PSI-352938

Nucleotit purin dugc thé N® duge cai bién & vi tri 2 duoc thé $-D-2’-D-2’-a-flo-
2--C duge md ta & day cho thdy hoat tinh déng ké khang virut HCV. Cac hop chét
theo sang ché dugc thir nghiém vé hoat tinh twrong (g theo mong mudn bing cach su
dung cac tho nghiém da duogc biét r5 va thong thudng duge tim thiy trong tai liéu.

Vi du, hoat tinh khang HCV va tinh gdy doc t€ bao clia cac hop chét c6 thé duge
do trong hé thit nghiém replicon ARN bd gen con HCV & té bao Huh7 ET. (Xem, Korba,
et al., Antiviral Research 2008, 77, 56). Cac két qua c6 thé dugc tom tat so sanh v6i doi
chimg duong, 2'-C-Me-xytosin {2'-C-Me-C}(Pierra, et al., Journal of Medicinal
Chemistry 2006, 49, 6614.

Mot thir nghiém in-vitro khac vé hoat tinh khang virut viém gan C duge mo ta
trong patent M§ 6 7,718,790 bdi Stuyver, et al., va duge quy dinh theo Pharmasset, Inc.

Ban md ta nay da dugc md ta c6 vién dan dén cac phuong an cla séng ché. Dya
vao phan huéng din trong ban mo ta nay, nguoi co hiéu biét trung binh vé linh vuc k¥
thudt lién quan co thé bién ddi sang ché nhdm muc dich mong muén va cac bién ddi nhu

vy duoc xem 12 ndm trong pham vi cia sang che.

-195-



39028

YEU CAU BAO HQ

1. Hop chét c6 cong thire Ic:

Y
[ =51
R9b I O N N/ NH

CO,R"  OR’
2 CHj
OR® F

hoac mubi duge dung cia no;

trong do:

Y 1a NRIR?;

R! 14 metyl,

R? 14 hydro;

R?1a hydro;

R’ 1a hydro, Ci-salkyl, Cs.7xycloalkyl, heteroaryl, di vong, hodc aryl;

R? 13 hydro hodc Crealkyl;

R% va R%:

() doc lap duge chon tir hydro, Cisalkyl, xycloalkyl, -(CH2)(NR"), Ci.
shydroxyalkyl, -CH2SH, -(CH2)sNHC(=NH)NH-, -(CH2).COR”, aryl va aryl(Ci-
salkyl)-; hodc

(ii) ddu 1a (CHa): dé tao ra vong xodn; hodc

(iii) R% 12 hydro va R%® va R® cing 1a (CHa)n 2 tao ra nhan vong bao gbém céc

nguyén tir N va C lién k€; hodc
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(iv) R% 1a hydro va R%va R ciing 1a (CHa)n d€ tao ra nhén vong ma bao gdm céc
nguyén tt NvaC lién ké; hodc

(v) R% 14 hydro va R% la -CH,CH2SCH3, -CH2CO2H, -CH2C(O)NHa, -
CH,CH,COOH, -CH,CH>C(O)NH, -CH,CH>CH>CH>NHo>, -
CH,CH,CH,NHC(NH)NH?>; hoac

(vi) R% 1a -CH,CH,SCH3, -CH2COqH, -CH,C(O)NH2, -CH.CH.COOH, -
CH>CH2C(O)NH,, -CH>CH>CH2CH2NHo, -CH,CH,CH,NHC(NH)NH, va R 1a
hydro;

RY doc lap duoc chon tir hydro va Cisalkyl;
R’ 1a-OR!;

R0 1a hydro, Ciealkyl, Cishaloalkyl, Cs.xycloalkyl, heteroxycloalkyl,

aminoaxyl, aryl, hodc heteroaryl;
R!! 1a Cialkyl, xycloalkyl, Ca.salkynyl, Ca.calkenyl, hodc axyl;
clatr1déné6;
rlatir2 déns; va
nlatir2 dén 4.
2. Hop chiét theo diém 1,

trong do:

R’ 1a aryl;

R?® 12 hydro;

R% 1a C;-Cealkyl;
R’ 13 hydro; va
R10 3 Cy-Cealkyl.

3. Hop chét theo diém 2,

trong do:

R’ 12 phenyl,
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R?® 14 hydro;

R°? 14 metyl;

R 13 hydro; va
R!? 14 iso-propyl.

4. Hop chét theo diém 1 hodc 2, trong d6 R” 1a phenyl.

5. Hop cht theo diém 1 hodc 2, trong d6 R” 1a naptyl.

6. Hop chét theo diém bét ky trong 36 cac diém 1 hodc tir 4 dén 5, trong d6 R® 1a hydro.
7. Hop chét theo diém bat k¥ trong 36 cac diém 1 hodc tir 4 dén 5, trong d6 R® 1a metyl.
8. Hop chét theo diém 1, trong d6 ca R% va R déu 1a Crealkyl.

9. Hop chét theo diém 8, trong d6 R** va R” 1a metyl.

10. Hop chét theo diém 1 hodc 2, trong d6 R* la metyl va R 14 hydro.

11. Hop chét theo diém bét ky trong sé cac diém 1, 2, hogc tir 4 dén 10, trong do R'? 1a
metyl, etyl, hodc isopropyl.

12. Hop cht theo diém 11, trong do R'? 1a isopropyl.

13. Hop chét theo diém bat ky trong sb cac didm tir 1 dén 12, trong do doteri dugc thé

bang hydro & mot hodc nhiéu vi tri trén phan ti.

14. Dugc phdm chira lugng hitu hi¢u cua hop chit theo diém bt ky trong s6 cac diém

tir 1 dén 13 trong chit mang dugc dung.

15. Hop chat & lugng hiru hiéu co cong thuc:
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H\N /CH3
,RB </N l NN
ROb ,L ﬁ N N/I\NHZ
Roa \P—O o
|
CO,R™  OR CHy

OH

hozc mudi duge dung cua nd, tiy ¥ trong chit mang dugc dung, dé sir dung trong diéu

tri HCV & nguoi can diéu tri:

trong do:

R7 13 hydro, Cr.salkyl, Cs.7xycloalkyl, heteroaryl, heterocyclic, hodc aryl;

R3 13 hydro hodc Cralkyl;

R% va R%:

(i) doc 14p duge chon tir hydro, Ci.salkyl, xycloalkyl, -(CH2){(NR”)2, C1.
shydroxyalkyl, -CH2SH, -(CH2)sNHC(=NH)NH>, -(CH»).COR?", aryl va aryl(Ci-
salkyl)-; hodc

(ii) c& (CHa): dé tao ra vong spiro; hodc

(iii) R% 14 hydro va R% va R® ciing 1a (CH2)a & tao ra nhan vong gdm viéc ndi
cac nguyén tir N va C; hoédc

(iv) R 14 hydro va R%va R® cling 1a (CHa)a dé tao ra nhan vong gdm viéc ndi
cac nguyén tir N va C; hodc

(v) R% 14 hydro va R 13 -CH,CH,SCH3, -CH2CO2H, -CH2C(O)NHo,
-CH,CH,COOH, -CH>CH>C(O)NH, -CH:CH2CH>CH>NHp, -
CH,CH,CH,NHC(NH)NH3; hodc

(vi) R% 13 -CH,CH>SCHs, -CH2COzH, -CHaC(O)NHy, -CH2CH2COOH,
-CH,CH,C(O)NH,, -CH2CH.CH>CH>NHo, -CH,CH,CH,NHC(NH)NH> va R% 1a
hydro;

RY doc 1ap dugc chon tir hydro va Crsalkyl;

R%"1a-OR!!;
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R0 1a hydro, Cisalkyl, Cishaloalkyl, Csscycloalkyl, heteroxycloalkyl,
aminoaxyl, aryl, hodc heteroaryl;

R!! 1a C1alkyl, cycloalkyl, Ca.calkynyl, Ca.6alkenyl, hodc axyl;

clatir 1 d&én6;

rlate2 dén 5; va

n la tir 2 dén 4.

16. Hop chét c6 cong thuc:

hodc mudi dugc dung cua no.

17. Hop chét theo diém 16 c6 cong thirc:

hodc mudi dugc dung cua no.

18. Hop chit theo diém 16 c6 cong thirc:
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~
<

hodc mudi dugce dung cua no.

19. Hop chét c6 cong thirc:

hoic mudi dugc dung cia no.

20. Hop chét theo diém 19 c6 cong thirc:

hoic muoi dugc dung cua nd.

21. Hop chit theo diém 19 c6 cong thirc:
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HN-Cs
N \N
o) ¢ |
\(O\”/LNHI?I’—O o N N/)\NHZ
O ¢

hodc mubi dugc dung cua no.
22. Dugc phdm chtra hop chét theo diém bat ky trong sb cac diém tir 16 dén 21 & lugng
hiru hiéu trong chit mang duoc dung.

23. Hop chét c6 cong thirc:

hoédc mudi dugc dung cta nd, tuy y trong chét mang dugc dung, dé st dung dé diéu tri
HCV & ngudi can diéu tri.

24. Hop chit theo diém bét ky trong sb cac didm tir 16 dén 21, trong d6 doteri dugc thé
bang hydro & mdt hoic nhiéu vi tri trén phan ti.

25. Hop chét c¢6 cong thirc:
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hoic mubi duge dung cla no, tuy y trong chit mang dugc dung, dé st dung trong didu
tri HCV & nguoi can diéu tri, trong d6 HCV 1a genotyp la, 1b, 2a, 2b, 3a, 4a hoac 4d.
26. Hop chét c6 cong thirc:

hozc mudi duge dung cua no, tliy y trong chit mang duge dung, dé stir dung trong didu
tri HCV & ngudi cin diéu tri.

27. Hop chét c6 cong thuc:

hozc mudi dugc dung cua no, tiy y trong chit mang duge dung, dé sir dung trong diéu
tri HCV & nguoi cin diéu tri, trong d6 HCV la genotyp la, 1b, 2a, 2b, 3a, 4a, hodc 4d.
28. Hop chét theo diém 17, trong d6 hop chét c6 it nhat 90% khong c6 chét ddng chét
dbi anh R phospho dbi.

29. Hop chét theo diém 17, trong d6 hop chét c6 it nhit 98% khong c6 chét ddng chét
dbi anh R phospho dbi.

30. Hop chét theo diém 17, trong d6 hop chét c6 it nhat 99% khong c6 chét ddng chét
d6i anh R phospho dbi.

31. Hop chét theo diém 18, trong d6 hop chét ¢6 it nhat 90% khong c6 chét ddng chét
dbi anh S phospho dbi.
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32. Hop chét theo diém 18, trong d6 hop chét c6 it nhat 98% khong co chét ddng chét
dbi anh S phospho dbi. '
33. Hop chit theo diém 18, trong d6 hop chét ¢6 it nht 99% khong c¢6 chit ddng chét
dbi anh S phospho dbi.

34. Hop chét c6 cong thuc:

N
CH3 O ¢ ‘/)\

O_N" °N” °NH
HsC.__O P 2
CH; O @ Ho\: -,,F

hodc mudi dugc dung cua no.

35. Hop chét c6 cong thuc:

ho#c mudi dugc dung cua nd.

36. Hop chét co cong thire:

hodc mudi dugc dung cta no.
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37. Dugce phém chira hgp chét theo diém 16 & lugng hiru hiéu trong chit mang duoc

dung.

38. Dugc pham chira hgp chét theo diém 17 & lugng hiru hiéu trong chit mang dugc

dung.

39. Dugc phdm chira hop chét theo diém 18 & luong hitu hiéu trong chit mang dugc

dung.

40. Dugce phém chta hop chét theo diém 34 & lugng hitu hidu trong chit mang duoc
dung.

41. Dugc phdm chira hop chét theo diém 35 & luong hitu hiéu trong chit mang dugc
dung.

42. Duge phdm chira hop chét theo diém 36 & lugng hiru hiéu trong chit mang duoc
dung.

43. Dugc phim theo diém bét ky trong sé cac diém 14, 22, va tir 37 dén 42, & dang lidu
dung qua duong miéng.

44. Dugc phim theo diém 43, trong d6 dang lidu ding qua dudng miéng la dang lidu
dung ran.

45. Dugc phdm theo diém 44, trong d6 dang lidu ding ran 1a vién nén hodc vién nang.
46. Dugc pham theo didm bat ky trong s6 cac diém 14, 22, va tir 37 dén 42, trong do
dang liéu dung qua duong miéng la dang lidu dung 16ng.

47. Dugc phdm theo diém 46, trong d6 dang lidu ding 16ng 12 hdn dich hodc dung dich.
48. Duoc phém theo diém bét ky trong s6 cac diém 14, 22, va tir 37 dén 42, & dang bao
ché trong tinh mach.

49. Duoc phém theo diém bét ky trong s6 cac diém 14, 22, va tir 37 dén 42, & dang bao

ché ngoai duong tiéu hoa.
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