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(57) Sang ché dé& cap dén quy trinh diéu ché hop chat 2’-flo-6’-metylen-carboxyclic
adenosin (FMCA) va 2’-flo-6’-metylen-carboxyclic guanosin (FMCG) tir nguyén liéu ban
dau co6 thé mua duogc dé _dang theo tam budc. Sang ché ciing dé xuat phuong phap hiéu qua
va c6 tinh thyc t& dé diéu ché theo cach 1ap thé dic thu hop chét trung gian quan trong 1a
hop chit vong cacbon da nang, (1S,3R,4R)-3-tert-butoxy-4-(tert-butoxymetyl)-2-flo-5-
metylenxyclopentanol (hop chat co cong thirc 8 cua so dd 1A hodc a) chi trong sau (6)
bude. Sang ché con dé cap dén phuong phap san xuét tién duoc chét ctia cac hop chét nay.
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Linh vec ky thuat dwoe dé cap

Sang ché d& cap dén quy trinh didu ché hop chét 2°-flo-6’-metylen-carboxyclic
adenosin (FMCA) dung lam hop chét trung gian quan trong 13 hop chét vong cacbon
da nang, (IS,3R,4R)-3-tert-butoxy-4-(tert-butoxymetyl)-2-flo-5-metylenxyclopentanol
(hop chit c6 cong thirc 8 ctia so dd 1A va so dd 1).

Tinh trang ky thuit cia sang ché

Virut viém gan B (Hepatitis B virus: HBV) 1a mdt trong sb cac nguyén nhan
hang dau cta ty 1& méc bénh va ty 1 t vong clia con nguoi trén khip thé gi6i. Theo td
chire y té thé giéi WHO, c6 2 ty ngudi da nhidm virut HBV, trong sd d6 c6 khoang 3,5
tridu ngudi méc bénh nhidm virut HBV man tinh." Do mirc d6 nhiém virut nay & mue
cao, mdi ndm trén thé gidi co tir 0,5 dén 1,2 triéu ca tir vong dugc thong bdo. Bénh
nhiém virut HBV khéng duge diéu tri ¢6 thé phat trién thanh bénh suy gan, xo gan va
cudi ciing 1 caxinom té bao gan dan dén nhu cAu cép bach 1a ciy ghép gan. Mic du co
nhiéu loai dugc chit va vacxin da dugc dua vao dé diéu tri bénh nhiém virut HBV,
nhung khong loai nao trong s6 chung 14 tng vién thanh cong dé diét trir hoan toan
virut ne‘ly.2 Mot nhom cac chét nucleos(t)it cu thé co thé tiép can d& didu tri bénh nhiém
virut HBV.2 Céc chit nucleos(t)it ndy wc ché enzym transcriptaza ngugc (reverse
transcriptase: RT)/ADN polymeraza cta virut 1a enzym thiét yéu cho su tdng hop
ADN trong virut. Dya vao co ché twong tu, 1An dAu tién Lamivudine d4 dugc dua vao
dé diéu tri bénh nhiém virut HBV. Sau mdt khoang thoi gian, quan sat duge virut HBV
khang liéu phdp lamivudine (LVDr) & sb lugng ding ké bénh nhan?* Hién nay,
Entecavir va Tenofovir 1a cac dugc chit dugc ké don nhiéu nhét dé diéu tri bénh
nhiém virut HBV.2 Liéu phap st dung céc dugc chét nay trong thoi gian dai kich thich
sur dot bién bo doi va bo ba & virut va tré thanh virut HBV khang thude. * Gén day, ¢6
thong béo vé su dot bién bd ba & virut (L180M + M204V + $202G) lam han ché viéc
st dung entecavir/lamivudine.l Céac dot bién bo ddi va bd ba nay & virut trd thanh
thach thirc chu yéu cho viéc diéu tri bénh nhiém virut HBV S Khong c6 dugce chét bét

ky c6 thé e ché sy khang thudc cia virut, va cic rao can nay ngédn can viée dicu tri
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bénh nhidm virut HBV khang thude. Vi thé, cdc nha nghién ctu can nhanh chéng tim
ra phan tir méi c6 thé chong lai cac dot bién nay va tao ra sy diéu tri thanh cong hoan

toan dbi v6i bénh nhiém virut HBV.

NH, NH,
¢ @ n? ¢ ]l\/LN
HO N N/) >‘O/LK:/N—I|=—: N N/)
&H,Q oP
OH OH
FMCA FMCAP

CAu trtc cta hop chit FMCA va tién duogc chat phosphoramidat ctia n6 14 FMCAP.

Trong qua trinh nghién ctu cac gbc méi clia chit khang virut trong hai thap ky
qua, cac tac gid sang ché da tim ra nucleosit chtra flo. D& khic phuc vén dé khang
thudc cua virut HBV, céc tac gid sang ché d tim ra hop chit 2'-flo-6'-metylen-
carboxyclic adenosin (FMCA) va tién duoc chit monophosphat ctia né (FMCAP, hinh
v& trén day). FMCA da dugc ching minh 14 c6 hoat tinh dang ké ddi véi kiéu dai ciing
nhu lamivudine, adefovir, va cac thé  dot bin bO ddi khéang thube
lamivudine/entecavir.? Ngoai ra, chit nay dd duoc thir nghiém dbi véi dong khang
lamivudine/entecavir (L180M + M204V + S202G) va tré thanh thach thire chinh cho
viéc st dung céc dugc chit hién nay @& didu tri bénh nhiém virut HBV. May mén 13
FMCA d3 duogc chimg minh 1a c6 hoat tinh khang virut tidm ning ddi voi kiéu dai
cling nhu thé khang lamivudine/entecavir. Trong nhiéu trudng hop, cling quan sat
dugc va di co thong bao trong tai liéu chuyén nganh rang sy mono-phosphoryl hoa la
budc lam han ché ty 1€ dbi véi hoat tinh cta nucleosit géc.m’u Vi thé, tién dugc chét
monophosphat cia FMCA dugc tdng hop va bét ngd 1a tién dugc chit (FMCAP) da
duoc chimg minh 14 ¢6 hoat tinh khang virut HBV glp 12 1an so v6i nhéan cla thé dot
bién bd ba (L180M + M204V + S202G) clia thé khang entecavir/lamivudine-.22 Cac
danh gia cia nghién ciru vé ty thé va ddc tinh té bao ctia FMCA ciing dugc thuc hién,
va quan sat dugc khong c6 doc tinh dang ké v6i nong do téi 100uM. Dya vao két qua
thu dugc, chit nay tré thanh mdi quan tAm 16n dé danh gia hoat tinh mé rdng in-vivo
ctia FMCA dbi véi virut HBV khang thudc. Do d6, dé sang loc sinh hoc thém, can
luong 16n FMCA. Vi vdy, viéc phat trién quy trinh tong hop FMCA hitu hiéu vé chi
phi va ¢6 tinh thyc tién nhét 1a nhu cau cap béch.

Tuy nhién, trong phan trén day, cdc tac gia sang ché d3 thong bdo qua trinh diéu
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ché FMCA qua Vince lactam theo 14 buge.2 Nhung do mot s& budc c6 hidu suit thip
lam han ché st dung quy trinh nay dé tbng hop trén quy md 16n. Hon nita, viéc khong
¢6 sin vé mit thwong mai ctia dudng carboxyclic c6 cong thirc 1 cling 1a thach thuc
chinh d& tdng hop cac loai nay cua nucleos(t)it trén co s& vong cacbon. Céc tic gia
sang ché di tap trung vao viéc tdng hop nucleosit vong cacbon tir hop chét D- riboza
va phuong phap thuan tién da dugc thong bao. Nhiéu nha cung cép thuong mai da
chon quy trinh tbng hop nay va hién nay viéc cung cip keton vong cacbon c6 cong
thirc 1 c6 thé mua duge dé dang theo yéu cu. Do d6, cac tac gia sang ché thong bao &
day quy trinh tbng hop FMCA c¢6 tinh thuc tidn cao theo 7 budc bang cach sir dung
duong cacboxyclic c6 cong thic 1. Viée kiém soat cac phan tmg don gidn cung vdi
phuong phap c6 it buéc hon va sir dung cac chét phan g ré tién lam cho phwong
phap tdng hop nay thuén tién hon dé didu ché FMCA véi quy md co thé m& rong. Qua
trinh didu ché nay c6 thé dugc st dung d& dang dé tong hop FMCA va tidn duoc chét
FMCAP cia né trén quy md 16n. Trong khi chudn hoéa qua trinh didu ché nay, thu
duoc dudng 2'-deoxy-carboxylic quan tdm c6 cong thirc 5 va 6. Dang chu y 1a qua
trinh didu ché cac duong 2-deoxy carboxylic la rt quan trong. Viéc tao ra cac dudng
2-deoxy carboxylic can qué trinh didu ché dit tién, ton kém dé tao cAu tric cla loai
dudng nay. Qua trinh nay cé thé duge str dung dé tbng hop cac duong 2-deoxy. Ngoai
ra, hop chét c¢6 cong thuc 6 1a duong carboxylic hép dan, hop chét trung gian ¢6 thé
duogc st dung trong qué trinh didu ché entecavir c6 thé m& r@ngﬁ’m, cling nhu trong
qué trinh diéu ché cac hop chit 2'-deoxy-carboxylic nucleos(t)it khac. Hop chét co
cong thuc 5 cling co thé dung lam duong carboxylic nhan dé tao céu tric cia cac loai
nucleos(t)it dugc da dang hoa khic nhau, cac loai nady cé thé dugc thir nghiém dbi voi

nhiéu loai virut c6 hai, 1a mdi de doa chinh doi vGi cudce song cla con nguoi.

Ban chit k§ thuit ctia sing ché
Sang ché dé xuét phuong phép c6 tinh thuc t€ va hiéu qua cao dé didu ché hop
chit FMCA khang virut HBV quan trong ciing c6 hoat tinh khéang virut. Phuong phap

nay lién quan dén hop chét trung gian quan trong, hop chét c6 cong thirc 8:
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Sang ché d& xuét quy trinh didu ché hop chit co cong thic 8 tir din xuét

Ty
¥

1

pentanon dugc thé c6 cong thirc 1:

bao gdm budc dwa nhém metylen & vi tri a vao nhom keto ctia hop chét c6 cong thie 1
bing cach cho hop chét c6 cong thirc 1 phan Gng véi bazo manh trong dung moi &
nhiét do thép (vi du, -78°C), sau d6 cho thém mudi Eschenmoser va tiép dd cho thém
iodometan dé tao ra hop chét c6 cong thirc 2A dudi ddy, hop chét nay co thé duoc

tach, nhung t6t hon 1a dugc khir tai chd bing cich st dung natri bohydrua dé tao ra

Zaa

0
Y
2 .

S

hop chét c6 cong thirc 2;

Hodc theo cach khéc va t6t hon 1 hop chét c6 cong thirc 1

T Yo
&

1
duge xt ly bing paraformaldehyt (HCHO), v6i sy ¢6 mét cua mudi diisopropyl amoni
trifloaxetat va diisopropylamin trong dung méi (vi du, THF) ¢ nhiét do cao (t6t hon 14
dun hdi luu) dé dua lién két doi (nhém olefin) ¢ vi tri 5 clia vong xyclopentan vao hop

chit c6 cong thirc 1 dé tao ra hop chét ¢6 cong thitc 2A
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2A i hiéu suét cao (it nhit 60% tir hop chét c6 cong thire 1, phd bién
hon 14 it nht 70% tir hop chét c6 cong thire 1), tuy ¥, hop chit nay duogc tinh ché bing
cach séc ky (vi du, cot silicagel 5% EtOAc/hexan) nhung t6t hon 1a dugc khir tai chd
ma khong can tinh ché thém bang céach sir dung chét khtr (vi du, natri bohydrua) va
axit Lewis (vi du, CeCl;.7H,0) trong dung moi (vi du, metanol) tdt hon néu nhém
keto cia hop chit c6 cong thirc 2A duge khir theo céach lap thé chon loc béng cach st
dung natri bohydrua v&i s c6 mit cua CeCl; trong dung méi (vi duy, DCM) & nhiét do

giéirn @8 tao ra hop chét c6 cong thuc 2

e
\\\OH
e

2W< hop chét nay tuy ¥ va tbt hon 13 duge tach (vi duy, sdc ky cot trén
silicagel) v4i hi€u suét cao trong mot binh theo hai budc (it nhit khoang 50%, tot hon
13 cao hon hodc béing 52%);

Sau d6, hop chét c6 cong thirc 2 duge cho phan Gmg vdi trialkyl nhom (tSt hon
néu 12 AlMes) trong dung moi (vi du, THF, DCM/hexan) ¢ nhiét do trong phong (ban
dAu & nhiét do thip dé cho thém trialkyl nhom vao hop chét c6 cong thire 2 va hdn hop
phan Ung dugc dé 4m) trong khoang thoi gian tlr 24 gid dén vai ngay/72 git dé tao ra
hop chit c¢6 cong thuc 3, hop chét nay tuy y duoc tach véi hiéu suét cao hon 70% (dé
khong tao ra nhom 2-hydroxyl da duge bao vé va metyl hoa ete dugc tao ra bang cach
thity phan nhém isopropyliden, do d6 tao ra nhom t-butyl ete nhu dugc thé hién trong
hop chét c6 cong thite 3, dudi day),

o
\\\OH
>4o° OH

3 .
Hop chit c6 cong thie 3 dugc cho phén tmg vdi tién chét ciia nhom bao vé silyl duoc
an ngit khong gian (t6t hon néu 14 tert-butyldiphenylsilyl clorua) trong dung moi (vi

du, DCM) dé tao ra hop chét c6 cong thirc 4, hop chét nay tly y dugc tinh ché va tach
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O4OH

(v6i hiéu suat cao hon 70%)

Hop chit c6 cong thirc 4 duge cho phan tmg véi chét flo héa (vi du, dietylamino luu
huynh triflorua, DAST) trong dung mdi khan (vi dy, metylen clorua) dé flo hoéa theo
cach 1ap thé chon loc vi trf 2’ @2 tao ra hop chét c6 cong thuc 7, dudi ddy (phan Gng
tao ra hop chét c6 cong thic 7 ciing tao ra hop chit c6 cong thirc 6 va hop chét c6
cong thire 5 dudi dang san phim phuy, vi dy, xem Fig.1, So d6 1A va Fig2, So a6 1)

o
OTBDPS
;yid? 7

sau do, hop chit nay duogc cho phan tng dé loai bé nhém bao vé silyl bang cach st

9

dung tetrabutylamoni florua (TBAF) trong dung moi (vi du, THF) dé tao ra hop chat

o
\\\OH
il

trong d6 mdt hodc nhiéu budc ctia qua trinh di€u ché hodc toan bd qua trinh diéu ché

¢6 cong thirc 8:

nay co thé duogc tién hanh trong mot binh hodc theo cic bude, cb budce tach va/hodc
tinh ché mdi hop chét dé tao ra mot hodc nhiéu hop chét bét ky trong sd cac hop chit
c6 cong thirc 2A, 2, 3, 4, 7 va 8 (hop chét c6 cong thirc 5 va 6, cac san pham phu, ciing
¢6 thé duge tach/tinh ché). Cén luu y rang cac nhém béo vé khac, khac v6i nhém bao

vé t-butyl ete, co thé duge st dung dé tao ra dudng synthon (hop chét c6 cong thirc 8).

Sang ché dé xudt phuong phap chuyén héa hop chét c6 cong thicc 8 thanh
FMCA (hop chit c6 cong thie 10) theo it nhét 13 hai budc didu ché tir hop chét co
cong thire 8. Xem Fig.1, So dd 1A hodc Fig.3, So db 2.

FMCA (hop chit ¢6 cong thire 10) duge diéu ché tir hop chit 6 cong thirc 8
nhu duoc thé hién trén Fig.1, So dd 1A hodc Fig.3, So dd 2, bang cach ngung tu hop

chét adenin dugc bao vé amin (tot hon néu nhém bao vé amin 12 nhom BOC, nhung c6
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thé 14 cac nhom bao vé amin khac nhu dwge md ta theo cach khac & ddy -tot hon néu
nhém amin chira hai nhém bao vé Boc dé 1am gidm dén mirc t6i thiéu co hoi 1a nhom
amin duoc bao vé mot 1an s& tham gia vao phan tng ngung tu va lam giam dang ké

hiéu suét ngung tu)

BOC BOC
NP Sy
N BN N AN
N fN
y 4
<NfN/) | (L)
H , tot hon 1a c6 cong thire  H

trén hop chit c6 cong thac 8 véi sy c6 mit cla triphenylphosphin va diisopropyl
azodicarboxylat (DIAD) trong dung méi (vi dy, THF, DCM) dé tao ra hop chat c6
cong thirc 8P hodc hop chét c6 cong thirc 9 trong d6 P 14 it nhit m6t nhém bao vé
amin (néu chi mdt nhom bao vé c6 mit thi nhom con lai 14 H) hodc (tét hon néu P 13
hai nhém bao v&, tot hon nita néu 13 hai nhém BOC nhu dugc thé hién bsi hop chét c6

cong thite 9 trén Fig.1, So db 1A hoic Fig.3, So dd 2 va nhu dugc thé hién dudi day)

Boc Boc
NP \N//

N A N S

% N % fN
va O%ﬁme) %O%& L7

>Ld' 7Lo
8P 9

Sau do, mét trong hai hop chat nay dugc khir bao vé (trong truong hop cac nhoém bao

vé BOC dugc uu tién, t5t hon néu st dung axit trifloaxetic/nudc trong dung mdi dé

loai bd ca nhom BOC va cac nhom ete) dé tao ra hop chét c6 cong thirc 10 (FMCA),

NH,
N S
N
ay
e
\ 10
HO FMCA

trong d6 qué trinh diéu ché nay co thé duoc tién hanh trong mot binh hodc theo cic
bude, co6 budce tach va/hodc tinh ché dé tao ra hop chét c6 cong thirc 8P, hop chét c6
cong thire 9 va/hodc hop chit c6 cong thirc 10 (thuong bing cach st dung phuong
phép sic ky cot/silica gel). Tét hon néu it nhét 12 hop chit c6 cong thire 10 dugc tinh
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ché duéi dang san phim cubdi (vi du, bing cach st dung phuong phap sdc ky cot trén
silicagel EtOAc/hexan).

Sang ché con dé cap dén t6 hop bt ky cia cac budce didu ché riéng biét va/hodc
céc hop chét riéng biét (hop chét trung gian) doc theo so dd didu ché. Theo d6, sdng
ché ciing dé cap dén sb luong bit ky clia cac bude didu ché dugc md ta & day dbi véi
hop chét bat ky trong s& cac hop chét c6 cong thic 2, 3, 4,5, 6, 7, 8, 8P, 9, 9P, 9G, 10
va hop chét ¢6 cong thirc 12 va 12G riéng biét hofc trong hdn hop bét ky. Ngoai ra,
mdt hodc nhidu bude tdng hop duge st dung dé tao ra cac hop chét, cac hop chét nay
duoc tdng hop bang cach st dung cédc phuong phép theo sang ché c6 thé dugc tién
hanh trong mot binh hodc tirng budc, bang cach tinh ché va/hodc tach hop chét sau
mdt hodc nhidu budc tdng hop.

FMCA (hop chit c6 cong thie 10) co thé dugc chuyén hoa thanh dang tién
dugc chit phosphoramidat bang cach cho hop chat FMCA phan (rng v6i chét phan tng
clophenylphosphoryl-L-alaninat thich hop (vi dy, bang cach sir dung hop chit c6 cong
thire 11A nhu duoc thé hién trén Fig.3, So dd 2 ddi v6i FMCA hofc chit phan (g
trong d6 nhom phenyl tuy y duge thé)

0

Ot
N

H

Oﬁ) "ICHy
9

trong d6 R 12 nhoém C;-Cyg alkyl, t&t hon néu 12 nhém metyl hodc isopropyl (va nhém
phenyl tuy y duoc thé) v6i sw c6 mit ciia metylimidazol hodc bazo yéu khac trong
dung moi (vi dy, THF) @8 tao ra cac dang tién duge chét 5°-0-phosphoramidat ctia hop
chit FMCA:

NH2

Q

’CH3
OR

trong d6 R 1a C;-Cy alkyl, tdt hon néu 12 metyl hoic isopropyl.
FMCA hodc dang tién dugc chét cta nd 1a ddc biét hitu ich lam chit khang
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virut, dac biét 1a chét khang virut HBV.
Céc khia canh nay va khia canh khéc cta sang ché duge mo ta thém trong phan

mo ta chi ti€t sdng che.

MO ta vén tit cac hinh vé

Fig.1, So dd 1A thé hién so db héa hoc tdng hop dé diéu ché hop chét 2'-flo-6'-
metylen-carboxyclic adenosin (FMCA) va 2'-flo-6'-metylen-carboxyclic guanosin
(FMCG) tu hop chét c¢6 cong thirc 1 bing cach st dung mubi Eschenmoser, bazo
manh (LDA), va metyliodua trong dung mdi.

Fig.2, So db 1 thé hién so db héa hoc téng hop dé dieu ché hop chit c6 cong
thirc 8 tir hop chéit c6 cong thue 1. Bude thir nhét st dung paraformaldehyt, mubi
diisopropylamoni trifloaxetat va diisopropylamin trong THF d dua nhém olefin & vi
tri 6 (vi tri cacbon khong dugc thé) cta vong xycloheptyl. T4t ca cac budc con lai 1a
twong ty v6i chinh cac budce hoa hoc trén Fig.1, So dd 1A. Céc chit phan ing va didu
kién: (b) Al(Me); (2,0M trong hexan), THF; (c) TBDPSCI, imidazol, DCM; (d)
DAST, DCM,; va (e) TBAF, THF.

Fig.3, So db 2 thé hién so db didu ché FMCA (hop chét c6 cong thirc 10) va
FMCAP (hop chét c6 cong thuc 11) tir hop chét trung gian c6 cdng thirc 8 dé tao ra
hop chét c6 cong thire 9 trong budce th nhéit, hop chét nay ngung tu adenin (Boc)
dugce bao vé hai 14n trén hop chét c6 cong thirc 8, sau do, khir bdo vé nhom amin va
nhom hydroxyl dé tao ra FMCA, hop chét nay c6 thé dugc cho phan (g véi hop chat
trung gian c6 cong thirc 11A d8 tao ra tién dugc chit FMCAP (hop chét ¢6 cong thirc
12). Cac phan ung va diéu kién: (a) diBoc-adenin, DIAD, TPP, THF; (b) TFA, DCM;
(c) hop chét co cong thic 11A, NMI, THF.

Fig.4, So dd 3 thé hién co ché dugc dé xudt dé diéu ché hop chét ¢6 cong thirc 5

va hop chit c¢6 cong thuc 6 bét dau tir hop chét ¢6 cong thirc 4.

M0 ta chi tiét sang ché

Khi mot khoang gia tri duoc dua ra, can hidu ring mdi gia tri & gitra, dén mot
phan mudi don vi ciia gi6i han dudi, trir khi ngit canh chi rd theo cach khac (nhu trong
truong hop mot nhom chira nhidu nguyén tir cacbon trong dé mdi s& nguyén tir cacbon

nim trong khoang dugc dé xuat), giita giéi han trén va gi6i han dudi cua khoang nay
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va gia tri da néu khac bét ky hodc gia tri nim gitta trong khoang da néu van duge bao
gdm trong pham vi cla sang ché. Gi6i han trén va giéi han dudi cia cac khoang nho
hon ndy c6 thé doc 1ap dugc dua vao trong khoang nhd hon cling dugc bao gbm trong
pham vi cta sang ché, tuy thudc vao gidi han dugc loai trlr cu thé bat ky trong khoang
da néu. Khi khoang da néu bao gdm mot hogc ca hai gidi han nay, cac khoang loai trir
c& hai giéi han da dua vao nay ciing thuoc pham vi clia sang ché.

Néu khong dugc dinh nghia theo cach khac, tit ca cac thuat ngit khoa hoc va k¥
thuat dugc sir dung ¢ day c6 nghia gidng nhu thudong dugc hiéu bdi ngudi co hiéu biét
trung binh trong linh vuc ma sang ché nay thudc vé. Tuy nhién, cac phuong phép va
chét twong tw hodc twong duong b4t ky véi phuong phap va chit dugc md ta & déy
cling co thé dugc st dung trong thuc té hodc thir nghiém cla sang ché, cac phuong
phép va chit dugc wu tién s& dugc md ta dudi day.

Cén luu y rang khi dugc sir dung & day va trong phan yéu cau bao ho kém theo,
cac dang sb it bao gdm ca dang s6 nhidu, néu ngit canh khong chi 18 theo cach khac.
Thuét ngit “khoang” khi dugc st dung, thé hién luong nim trong khoang +5% cua
lurgng hodc sb da duoc néu cu thé.

Khi dugc st dung ¢ déy, thuat ngit “hop chat”, trir khi duoc luu y theo cach
khéc, d& chi hop chit héa hoc hodc hop chét trung gian cu thé bét ky duge boc 10 &
day, va thuong dung dé chi chit tvong tu nucleosit -D hodc chét trung gian dé tao ra
cac hop chét nucleosit nay bang cich st dung cac budc tdng hop dugc md ta & day,
nhung co thé bao gém, trong nglt canh, tautome, chét déng phén di hinh, anome, va
néu c6 thé, chit ddng phan di céu quang hoc (chét ddng phan d6i anh) hozc chit dong
phan khong d6i quang (c6 hai tdm khong d6i xtng) cla ching cta cac hop chit nay,
cling nhu céc mudi duoc dung ctia chiing, solvat va/hodc dang da hinh cia ching. Khi
st dung trong ngit canh ctia no, thudt nglt hop chét thuong dung dé chi hop chét don,
nhung cling ¢ thé bao gém cic hop chit khac nhu cac chat dong phan 18p thé va/hoic
chit dong phan di chu quang hoc (bao gdm ca cic hdn hgp raxemic va/hodc chét dong
phan khong d6i quang nhu duge md ta ¢ diy) cling nhu cac chét déng phan d6i anh
cu thé, cac chit ddng phan khong d6i quang riéng biét hodc duoc lam giau vé mit chét
ddng phan d6i anh hodc hon hop cia cc hop chit duge boc 16. Can luu y rang trong
truong hop khodng nguyén tir cacbon duge chi 13 d6i v6i mot hop chét, khoang nay

thé hién ring mdi ho@ic moi nguyén tir cacbon riéng biét 1a phan dugc xem xét cua
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khoang ndy. Vi du, nhém C;-Cp md t& nhém c6 mot nguyén tir cacbon, hai nguyén ti
cacbon, ba nguyén tir cacbon, bdn nguyén tir cacbon, v.v. cho dén hai muoi nguyén tix
cacbon.

Thuat ngi "mubi duge dung" hodc “mubi” dugce st dung trong toan bd ban md
ta nay dé mo ta, khi thich hop, dang mudi cia mot hoic nhiéu hop chit dugc mod ta &
day ma khi c6 mt lam tang do tan cua hop chét, theo mot s6 phuong 4an trong d6 viéc
st dung duoc thuc hién, & dich da day cta duong da day rudt cia bénh nhén dé kich
thich sy hoa tan va do sinh kha dung cia cac hop chit. Cac mubi dugc dung bao gém
cac mudi c6 ngudn gbe tir bazo va axit hitu co hogdc v6 co duogc dung, khi thich hop.
Céc mudi thich hop bao gdm céc mudi c6 ngudn gbc tir cac kim loai kiém nhu kali va
natri, cac kim loai kiém thd nhu cac mudi canxi, magie va amoni, ngoai nhiéu loai axit
khéc da biét rd trong linh vuc dugc phém. Céc mudi natri va kali 13 dic biét dugc uu
tién 1am cac mudi trung hoa ctia phosphat theo sang ché.

Thuat ngit "dan xuht duge dung" dugc sir dung trong toan bd ban md ta nay dé
md ta dang tién duoc chét dugce dung bat ky (nhu este, ete hodc amit, phosphoramidat
hodc nhom tién dugce chit khac) ma khi st dung cho bénh nhan, cung chp truc tiép
hodc gian tiép hop chit nay hodc chét chuyén hoéa c6 hoat tinh ctia hop chit nay.

Thuét ngit “alkyl” s& c6 nghia trong ngft canh cla noé la géc hydrocacbon C;-
Coo, t6t hon néu 1a géc hydrocacbon C;-Cyg, no hoan toan, mach théng, mach nhanh
hodc mach vong, gbc nay c6 thé tuy y duge thé. Cén luu y ring trong trudng hop
khoang cacbon dugc chi dinh, khoang nay thé hién mdi va moi nguyén tir cacbon dugc
cho 1a mdt phﬁn ctia khoang nay. Vi dy, nhém C;-Cy md ta nhom c6 mot nguyén tir
cacbon, hai nguyén tir cacbon, ba nguyén tr cacbon, bdn nguyén tir cacbon, v.v.. Thuat
ngit “ete” s& c6 nghia la nhom C; - Cy ete tuy y duogc thé, dugc tao ra tir oxy va nhém
alkyl, hodc theo cach khac, cling co thé chtra it nhit mot oxy trong mach alkyl hodc
alkylen.

Thuét ngit “thom” hodc “aryl” s& c¢6 nghia trong ngilt canh cta n6 14 gbc vong
cacbon thom héa tri mdt, dugce thé hodc khong duoc thé, co mot vong (vi du, phenyl)
hodc nhiéu vong ngung tu (vi du, naphtyl, antraxen, phenantren). Cac vi du khac bao
gdm cic nhém vong thom di vong tuy y duoc thé (“di vong” hodc “heteroaryl”) c6
mot hodc nhiéu nguyén t nito, oxy, hodc luu huynh trong vong, va tbt hon 12 bao gdm

cac nhom heteroaryl c6 nam hodc sdu canh, nhu imidazol, furyl, pyrol, furanyl, thien,
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thiazol, pyridin, pyrazin, triazol, oxazol, ngoai cac nhom khac, nhung cling ¢6 thé bao
gdm cac nhém heteroaryl vong ngung tu nhu nhom indol, ngoai cac nhom khiac. Nhom
aryl dugc uu tién trong cc hop chét theo sang ché 12 nhom phenyl hodc nhém phenyl
duoc thé.

Thuét ngit “di vong” s& c6 nghia la gbc tly y dugc thé, gbc nay 1a gbc vong va
chira it nhit mot nguyén tir khac véi nguyén tir cacbon, nhu nito, luu huynh, oxy hodc
nguyén tr khac, vong nay co thé no va/hoic khong no.

Thuét ngit “khong dugc thé” s& c6 nghia 1a chi dugc thé bing cic nguyén tir
hydro. Thudt ngit “dugc thé” s& c6 nghia trong ngilt canh héa hoc cua hop chéit dugc
dinh nghfa, 1a nhém thé (mdi nhom thé c6 thé chinh la nhém duoc thé) dugc chon tur
hydrocarby! (chinh nhém nay c6 thé duoc thé, t6t hon 1a bing nhém alkyl hodc flo tiy
y dugc thé, ngoai cac nhom khéc), t5t hon néu 12 alkyl (thudng 1a c¢6 khong nhiéu hon
khoang 3 don vi cacbon trong chidu dai mach), bao gébm ca CFj, aryl tuy y dugc thé,
halogen (F, Cl, Br, I), thiol, hydroxyl, carboxyl, C;-C; alkoxy, alkoxycacbonyl, CN,
nitro hodc amin tuy y dugc thé (vi du, alkylenamin hodc Ci-Cs monoalkyl hodc dialkyl
amin). Céc gbc tiry ¥ dugc thé khac nhau c6 thé dugc thé bang 3 hodc nhidu nhém thé,
6t hon 12 c6 khong nhidu hon 3 nhém thé va tét hon 1a dwoc thé bang 1 hogc 2 nhém
thé.

Thuét ngit “axyl” duge sir dung trong toan bd ban mo t4 nay dé mo t nhom &
vi tri 5' hodc 3’ cua chit twong tw nucleosit (nghia 1a & vi tri hydroxyl tu do trong gbe
vong cacbon) hodc trén amin ngoai vong cua bazo nucleosit chira mach C; - Cy alkyl
mach thing, mach nhanh hogc mach vong. Nhom axyl két hop v6i nhém hydroxyl tao
thanh este va nhém axyl két hop v6i nhom amin ngoai vong tao thanh amit, ma sau khi
st dung, c¢6 thé dugc phan giai dé tao ra dang nucleosit ty do clia sdng ché. Cac nhém
axyl theo sang ché duoc thé hién bdi cdu tric:

O
trong do R* 12 nhém C; - Cy alkyl mach thang, mach nhanh hodc mach vong, tuy y
dugc thé, tét hon 1a bing, vi dy, 1-3 nhém hydroxyl, 1-3 nhém halo (F, Cl, Br, I) hodc
nhém amin (chinh nhém nay co thé tuy y duoc thé bﬁng mot hodc hai nhém Cy-Cg
alkyl tuy y mang tu 1 dén 3 nhém hydroxyl), alkoxyalkyl (bao gdm ca mach etylen

oxit, mach nay co thé & cudi trong nhém hydroxyl tur do hodc nhom C;-Cyp alkyl va cé
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trong luwong phén tir nam trong khoang tr 50 dén 40000 hodic nim trong khoang tir 200
dén 5000), nhu cdc nhom phenoxymetyl, aryl, alkoxy, alkoxycacbonyloxy (vi du,
[(isopropoxycacbonyl)oxy]-metoxy), aryloxyalkyl, ngoai cac nhoém khac, tht ca cac
nhém nay c6 thé ty y dugc thé, nhu da mo ta trén ddy. Cac nhom axyl dugc vu tién la
cac nhom trong do R* 12 nhom C; - Cy; alkyl. Céc nhém axyl theo sang ché con bao
gdm, vi du, cdc nhom axyl co ngudn gbc tir axit benzoic va cac axit lién quan, axit 3-
clobenzoic, cac nhém sucxinic, capric va caproic, lauric, myristic, palmitic, stearic va
oleic, ngoai nhidu nhém khac va c6 thé bao gém cac nhom lién quan nhu nhém sulfon,
vi du cac nhom mesylat. T4t ca cac nhém c6 thé duge thé thich hop theo ngit canh nhu
dugc md ta theo cach khac & ddy. Nguoi ¢ hiéu biét trung binh trong linh vuc nay s&
hidu ring cdc nhém axyl s& co tinh hiru ich trong sang ché nay, hoic dé tdng hop cac
hop chit ¢6 hoat tinh duogc dich hodc lam tién dugc chét ctia nucleosit theo sang ché.

Thudt ngtt “axit amin” hodc “gdc axit amin” s& c6 nghia trong ngi canh 13 gbc
axit amin D- hodc L- duogc lién két cong hoa tri voi chét twong tw nucleosit & vi tri
amin ngoai vong 4’ cla bazo xytosin hodc vi tri nhém 5°- hodc 3°-OH ctia dudng
synthon (R?, R! hoiic R'®) qua gdc axit carboxylic cia axit amin, do d6 tao ra gdc amit
hoic este lién két nucleosit voi axit amin tuong ung. Céac axit amin cling co thé dugc
str dung dé tao ra cac nhom phosphoamidat trong hop chét nucleosit theo sang ché nhu
dwoc mo ta theo cach khac & day. Céc axit amin lam dai dién bao gbdm ca axit amin ty
nhién va khéng tu nhién, tdt hon 1a bao gém, vi du, 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, ngodi cac axit amin khac.

Thuét ngit “phosphat este” hodc “phosphodieste” (thuat ngit nay bao gbm c
céc nhom phosphotrieste va nhém phosphoamidat trong ngit canh) duoc st dung trong
toan bd ban md ta nay dé md ta cdc nhém mono-phosphat & vi tri 5' cua dudng synthon
carboxyclic, cdc nhém ndy dugc mono- hodc dieste hoa (hodc dugc amit hoa va tuy y
duge este hoa trong truong hop phosphoamidat) sao cho nhém phosphat c6 dién tich
am hoic duge 1am cho trung tinh, nghia 1a c6 dién tich trung hoa. Céc nhom phosphat
este, phosphodieste va/hodc phosphoamidat dé st dung trong sang ché bao gdm cic

nhém dugc thé hién bang cau truc:
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Il
Nucleosit:-Q-P-O-R3 Nucleosit:-O- P-O-R¢

l l

OR3 B’
O
Nucleosit: \
\O/ RS

trong do mdi nhém R® va R® doc 1ap dugc chon tir H, nhém C; - Cyo alkyl mach théng,
mach nhanh ho#ic mach vong, alkoxyalkyl, aryloxyalkyl, nhu phenoxymetyl, aryl tuy y
duge thé (dic biét 1a nhom phenyl tuy y duoc thé) va alkoxy, ngoai cac nhém khéc,
bao gdm céc nhom alkoxycacbonyloxy (vi du, (isopropoxycacbonyl)oxy]-metoxy),
mbi nhém trong sb cdc nhém nay cé thé tuy y duoc thé (vi du, nhém phenyl hodc
nhém khac c6 thé tiy y duge thé nhu duge mo ta theo cach khac ¢ ddy hodc t6t hon 14
duoc thé bing tir mot dén ba nhém C,-Cs alkyl, halogen, tot hon néu 1a F, CI hotc Br,
nitro, xyano, hodc nhom C,-Cs carboxyeste) véi diéu kién 1a it nhit m6t nhém R’
khong phéi H, hodc hai nhom R’ cung nhau tao thanh nhém di vong c6 nam hodc sau
canh;
R7

/

H,C
2 R"

~$-N—(CHy)
B’ 1a nhom c6 cong thire 0 hodc nhém thu duge tir axit amin (axit
amin tu nhién hodc khong tw nhién, vi du nhu 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, ngoai cdc axit amin khac) d8 t6t hon 14 tao ra nhém ¢6 cAu trac

H T R

|

—é—N—‘C
R® O
trong d6 i bang 0, 1, 2 hodc 3 (t6t hon 1a bing 0)
R’ 1a nhom C; - Cyy alkyl hodc axyl mach thing, mach nhanh hodc mach vong,
alkoxyalkyl, aryloxyalkyl, nhu phenoxymetyl, nhém aryl ty y dugce thé (nhw dugc mod
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ta trén ddy) va alkoxy, ngoai cac nhom khac, mdi nhém trong sd cac nhém ndy c6 thé
thy v duoc thé;

R® 14 mach bén ctia axit amin, tdt hon néu 13 mach bén ca axit amin dugce 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 hodc tyrosin (t6t hon néu nhém R®
co nguén géc tr alanin, leuxin, isoleuxin hodc threonin, t&t hon nita néu alanin- R® 1a
metyl), va

R” 1a nhéom C; - Cy alkyl mach thdng, mach nhanh hodc mach vong hodc nhém
phenyl hodc heteroaryl, mdi nhoém trong s cac nhém nay tiy y duge thé.

Cac monophosphat este dugc uu tién dé st dung trong cac dang tidn dugc chat
theo sang ché 1a cac hop chét trong d6 R’ 14 nhém C; - Cy alkyl mach thing ho#ic
mach nhénh, t5t hon nita néu 12 nhém C, - C; alkyl, tit cA cac nhom nay co thé ty ¥
duoc thé. Cac hop chit khac dugc vu tién 13 nhu dugc md ta theo cach khac & day, déac
biét la trong do R! 12 nhém phosphoamidat nhu duge md ta theo cach khac & day.

Nhom phosphoamidat dugc uu tién 1a nhém c6 cong thuce

O yQ
N—gé—

RP

Rp1O" 7

Olll

trong d6 R,y 1a nhém Ci-Cyy alkyl (OH, halo) tuy ¥ dugc thé, tot hon néu 1a nhém C-
C, alkyl, déc biét t6t hon nita néu 1a nhom metyl, etyl, isopropyl hodc nhém isobutyl;
va

R” 1a H, nitro, xyano, metoxy, hogc nhom C,-C; alkyl tuy y duoc thé bang tir 1
dén 3 nhom thé halogen (t6t hon néula F).

Céc nhom phosphoamidat dugc uu tién d6i voi R! bao gébm cac nhém theo chu

trac hoa hoc:

trong 46 R’ 12 H hodc nhém C;-Cs alkyl (t6t hon néu 1a H) va R, 12 nhom metyl, etyl,
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isopropyl hodc isobutyl, t&t hon nita néu 13 nhém metyl hodc isopropyl.
g
MeO (') g

(@Il

Hj

Theo cac phuong an khéc, R' 1a nhém c6 cong thirc

Thuat ngft “lugng hitu higu” s& c6 nghia 1a lwong hodc ndng do cua hop chét c6
hiéu qué trong ngtt canh st dung hodc viéc sir dung cua no, @8 c6 thé e ché, phong
bénh va/hodic didu tri. Trong ngit canh tht ca céc hop chit c6 hoat tinh dugc sir dung
trong sang ché, cac hop chat ndy dugc st dung véi lugng hiru hiéu. Séang ché con deé
cap dén hdn hop cta céc hop chét chira lugng hitu hiéu cta mdi hop chit dugc str
dung, bt ké viéc hdn hop nay co6 hiéu qua cong tinh hogc hiu qua hiép ddng hay
khong, véi diéu kién 1a hidu qua chung clia hén hop cdc hop chét 12 d& trc ché su phat
trién, lam giam kha ning hogc diéu tri bénh nhiém virut & bénh nhan nhu duge md ta
theo cach khac & day.

Thuét ngit “cau hinh D” khi duoc sir dung trong ngi canh cta sang ché dé chi
cAu hinh cua cac hop chit nucleosit theo séang ché bét chudce ciu hinh ty nhién cua cic
gbc dudng trai nguge voi cdc nucleosit khong co trong tu nhién hodc cdu hinh “L”.
Thuét ngit “p” hodc “anome B” dugc sir dung d& mo ta cac chit twong tu nucleosit theo
sang ché trong d6 bazo nucleosit dugc tao ciu hinh (dugc b tri) trén mit phéng clia
gdc vong cacbon trong hop chét nay.

Thuét ngit “duoc lam giau vé mit chit déng phan dbi anh” dugc st dung trong
toan bd ban mod ta nay d8 mo ta nucleosit bao gdm it nhét khoang 95%, tbt hon 1a it
nhéit khoéng 96%, tt hon nita I it nhit khoang 97%, dic biét tot hon nira Ia it nhét
khoang 98%, va dic biét tot hon nita 1a it nhat khoang 100% hodc nhiéu hon chét dong
phén ddi anh don cua nucleosit nay. Céc hop chét nucleosit vong cacbon theo sang ché
thuong 12 hop chét B-D-nucleosit. Khi cdc hop chét theo sang ché duoc dé cap trong
ban md ta nay, hop chét nay duoc cho [a céc nucleosit co c4u hinh D-nucleosit va dugc
lam gidu vé mat chit dong phan ddi anh (t6t hon 1a khoang 100% D-nucleosit), trir khi
duoc chi 16 theo cach khac. Thudt ngit “tinh khiét vé mét chit dong phan khong a6i
quang” dugc st dung dé mo ta cht dong phan khong d6i quang don cua hop chét theo
sang ché chira it nhit 95%, 96%, 97%, 98%, 99%, 99,5% hodc 100% trong lugng clia
chét dong phan khong d6i quang don d8 bao gdm ca céc chdt ddng phan khong adi
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quang c6 thé c6 khac.

Thuét nglt “lap thé chon loc” dugc st dung dé mod ta mot bude hodc loat céc
bude tdng hop trong d6 mot chét phan ng tao ra mot chit ddng phan cu thé (cua it
nhit hai chit ddng phan c6 thé ¢6) vé6i lugng 16n hon mot hodc nhidu chit déng phan
¢6 thé c6 tir chit phan tng nay. Trong mot sb truong hop, tinh 14p thé chon loc cia
phan tng c6 thé gan bing 100%.

Thuét nglt “nhém bao vé€” hodc “nhom ngan chin” dugc st dung dé mod ta
nhém hodc géc héa hoc dugc dua vao phan tir béng cach cai bién héa hoc nhéom chire
dé thu duoc tinh chon loc héa hoc trong phén tng hoa hoc sau d6. N6 dong vai trd
quan trong trong viéc cung cép tién chét cho c4c thanh phan héa hoc dé tao ra cic hop
chit theo sang ché. Cac nhom ngin chin cd thé dugc st dung dé bao vé cac nhom
hydroxyl trén co s& dudng synthon hodc purin dé tao ra cac hop chit theo sang ché.
C4c nhom ngin chin thong thudong duge st dung ddi véi nhém rugu va nhém amin
theo sang ché.

Céc nhém bao vé rugu/hydroxyl 1am vi du bao gbm axetyl (dugc loai bo bing
axit hoic bazo), benzoyl (dugc loai bo bing axit hoic bazo), benzyl (dugc loai bo
bing phuong php hydro phan, B-metoxyetoxymetyl ete (MEM, dugc loai bd bing
axit), dimetoxytrityl [bis-(4-metoxyphenyl)phenylmetyl] (DMT, dugc loai bd bing
axit yéu), metoxymetyl ete (MOM, dugc loai bo bang axit), metoxytrityl [(4-
metoxyphenyl)diphenylmetyl], (MMT, dugc loai b6 bing axit va phuong phép hydro
phan), p-metoxylbenzyl ete (PMB, duoc loai b6 bing axit, phuong phap hydro phan,
hodc oxy hoéa), isopropyliden (dugc loai bo bang axit), metylthiometyl ete (dugc loai
b6 bang axit), pivaloyl (Piv, dugc loai bo bang axit, bazo hodc chét khir. On dinh hon
cac nhom bao vé axyl khac, tetrahydropyranyl (THP, dugc loai bé bing axit),
tetrahydrofuran (THF, dugc loai bo bang axit), trityl (triphenyl metyl, (Tr, dugc loai
bo bang axit), silyl ete (vi du, trimetylsilyl, TMS, tert-butyldimetylsilyl hodc TBDMS,
tri-iso-propylsilyloxymetyl hogc TOM, triisopropylsilyl hogc TIPS, va t-
buyldiphenylsilyl, tAt ca cac chit dugc loai bd bang axit hodc ion florua nhu NaF,
TBAF (tetra-n-butylamoni florua, HF-Py, hogc HF-NEt3); cac ete alkyl, bao gdm
metyl hodc t-butyl ete (dugc loai bo bing axit manh, TMSI trong DCM, MeCN hodc
clorofom hoic bing BBr; trong DCM) hodc etoxyetyl ete (dugc loai bo bing axit

manh). Theo céc khia canh dugc uu tién cia sang ché, viéc stir dung t-butyl ete thuong
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duoc vu tién. Theo céac khia canh dugc uu tién, nhom bao vé hydroxyl dugc st dung
trong dudong synthon & cdc nhom bao vé t-butyl ete, isopropyliden va t-
butyldiphenylsilyl dugc bdc 19 theo cach khac 6 day.

Céc nhom bao vé amin lam vi du bao gbm carbobenzyloxy (nhém Cbz, dugc
loai bo bang phuong phap hydro phén), p-metoxylbenzyl cacbon (nhém Moz hodc
MeOZ, duoc loai bd bing phwong phép hydro phan), tert-butyloxycacbonyl (nhém
BOC, duoc loai bo béng axit manh dam déc hodc béng cach gia nhiét & nhiét do cao),
9-florenylmetyloxycacbonyl (nhém FMOC, dugc loai bd bing bazo yéu, nhu piperidin
hodc pyridin), nhém axyl (axetyl, benzoyl, pivaloyl, bang cach xur ly bing bazo),
benzyl (cdc nhém Bn, dugc loai bo bang cach hydro phan), carbamat, duoc loai bd
bing axit va gia nhiét nhe, p-metoxybenzyl (PMB, dugc loai b6 bang phuong phap
hydro phan), 3,4-dimetoxybenzyl (DMPM, dwoc loai bd bing phuong phap hydro
phan), p-metoxyphenyl (nhém PMP, dugc loai bo bing amoni xeri IV nitrat hodc
CAN); tosyl (nhém Ts duoc loai bo bing axit ddm dic va chit khir, cac hop chét
sulfonamit khac, cac nhom mesyl, Nosyl & Nps, dugc loai bo bing samari iodua,
tributyl thiéc hydrua. Theo céc khia canh dugc uu tién clia sang ché, hai nhom BOC
dugc st dung dé bao vé purin ngoai vong (adenin hodc guanin) amin dugc ngung tu
véi duong synthon dé tao ra FMCA va FMCG theo sang ché. Theo céc khia canh dugc
wu tién, nhém bao vé hydroxyl duoc sir dung trong duong synthon 1a cac nhom béo vé

t-butyl ete, isopropyliden va t-butyldiphenylsilyl dugc boc 19 theo cach khac & day.

Téng hop héa hoc
Sang ché d& xuét quy trinh diu ché hop chét c6 cong thirc 8:

Theo mét phuong 4n, sang ché @ cap dén quy trinh diéu ché hop chit c6 cong

o
WwOH
2

8

thire 8:

tir din xuét pentanon dugc thé ¢ cong thire 1:
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Ty
¥

1
bao gdm budc dua nhém metylen & vi tri a vao nhém keto ctia hop chét ¢ cong thirc 1
bang cach cho hop chét c6 cong thire 1 phan Ung véi bazo manh (Vi du, LDA hodc
bazo manh khéc) trong dung moi & nhiét do thép (vi du, -78°C) sau d6, cho thém mubi
Eschenmoser d& tao ra hdn hop, hdn hop nay duoc khudy trong vai gio' (khodng tir 2
dén 4 gid, tt hon 1a 3 gio) & nhiét do thip, sau do khudy trong thoi gian dai (vi du, tir
4 dén 10 gid hogc 1au hon) & nhiét do trong phong, trong thoi gian d6 iodometan dugc
cho thém vao va khudy & nhiét d0 moi truong (tt hon 12 & nhiét d0 trong phong) trong
khodng thoi gian tir 4 dén 6 giv, tot hon 12 khoang 4 git va dung dich nay dugc t61
' bang bazo yéu (vi dy, dung dich natri bicacbonat 10% trong nudc, dugc chiét (dung
mdi hitu co, tot hon néu 12 metylen clorua) va dugc rira va tuy y dugc tinh ché (vi du,

sic ky cot trén silicagel, sdc ky silic oxit nhanh) dé tao ra hop chét co cong thic 2A

oyl

@)
%
2A

Hop chét c6 cong thire 2 dugc didu ché tir hop chét c6 cong thirc 2A bing cach kht

dusi day:

>

nhom keto bing cach hoa tan hop chit c6 cong thirc 2A trong dung mdi (vi du,
metanol khan) ¢ nhiét do thdp (-78°C), cho thém CeCl; hodc axit Lewis khac, khudy
trong thoi gian ngin, sau do, cho thém natri bohydrua, khudy trong mot khoang thoi
gian nita (vi dy, khodng tr 30 phut dén mot giov), va dé cho dung dich nay ting nhi¢t
@5 dén khoang 0°C, khi d6 amoni clorua dugc thém vao va khudy trong mot gior nita
trude khi dung moi duge loai bo (t6t hon 1a dudi ap sudt giam) va phan cin thu dugce
dugc chiét bing dung moi (vi du, metylen clorua), cac chit chiét hitu co két hop dugc
két hop, rira (vi dy, bang nuée mudi), duge 1am kho va cb trong chén khong trude khi
duoc tinh ché thém (vi du, sdc ky trén cot silicagel hodc sic ky cot silic oxit nhanh) aé

tao ra hop chét c6 cong thirc 2 dudi day
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eyl

\\\OH
!
S

b

Theo cach khéc va t6t hon 1a tao ra hop chét c6 cong thirc 2 theo hai bude (t6t hon 12

khong ¢6 bude tinh ché), hop chét ¢6 cong thire 1

Ty
!

1
dwoc xir ly bang paraformaldehyt (HCHO)4 v6i su cd mat cua mubi diisopropyl amoni
trifloaxetat va diisopropylamin trong dung mdi (vi du, THF) & nhiét d cao (t6t hon 1a
dun hdi luu) @8 dua lién két d6i (nhom olefin) & vi trf 6 vao hop chit c6 cong thirc 1 dé

tao ra hop chit c6 cong thire 2A

eyl

hon 12 it nhét 70% tir hgp chét c6 cong thirc 1), tiry ¥, hop chét nay duoc tinh ché bang

v&i hidu sudt cao (it nhat 60% tir hop chét c6 cong thuc 1, phd bién

céch sic ky (vi du, trén cdt silicagel EtOAc 5%/hexan) va sau do duoc khur tai chd (tét
hon 12 khong can tinh ché thém) bing cich st dung chit khtr (vi du, natri bohydrua) va
axit Lewis (vi du, CeCl;.7H,0) trong dung mdi (vi du, metanol). Tét hon néu nhém
keto ctia hop chét c6 cong thirc 2A duge khir theo cach lap thé chon loc bfing cach st
dung natri bohydrua vé6i sy ¢6 mét cua CeCl; trong dung méi (vi du, DCM) & nhiét do

giam dé tao ra hop chét c6 cong thire 2

o
\\\OH
o0

2W< hop chét nay tily ¥ va tdt hon 1a duge tach (vi du, sdc ky cdt trén
silicagel) v6i hiéu suét cao trong mdt binh theo hai budc (it nhét khoang 50%, t5t hon
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1a cao hon hogic bing 52%);

Sau d6, hop chat ¢ cong thirc 2 dugc cho phan ung voi AlMe3 trong dung moi
(vi du, THF hodc dung moéi khac) ¢ nhiét do moi truong, sau d6 toi bang dung dich
reou (metanol)/amoni clorua & nhi¢t do thip (vi duy, ndm trong khoang tir
220°C dén -50°C, tt hon 12 & nhiét dd -30°C) va duge tinh ché (vi du, sic ky cot,
phuong phép khéc) dé tao ra hop chat c6 cong thic 3 dudi day

e
WwOH
>4c>“ OH

3 .
Sau do, hop chét c6 cong thue 3 dugc cho phan Gng v6i chit phan tmg 1a nhém bao vé
silyl (t6t hon néu chit phan tng nhém silyl dwgc an ngit khong gian nhu tert-
butyldiphenylsilyl clorua) trong dung moéi (vi du, metylen clorua khan) chira bazo aé
tiy tap axit HCI (vi dy, imidazol) & nhiét do thdp (vi dy, 0°C) trong mot khoang thoi
gian dé bao vé chon loc nhém hydroxyl it bi an ngit ctia hop chét c6 cong thuc 3, sau
d6, hop chit nay dugc tach (vi du, bang cach pha lodng hdn hop phan ung bang nudc
va tach 16p hitu co ra kém theo 1am kho) va sau do tinh ché 16p hitu co (vi dy, sic ky

cot, cac ky thuét tach khac) @8 tao ra hop chit c6 cong thirc 4, dudi day

; A% \OTBDPS
O 4 OH

Sau do, hop chdt c6 cong thic 4 duge cho phan ung v6i chit flo héa (vi duy,
dietylamino luu huynh triflorua, DAST) trong dung mdi khan (vi du, metylen clorua)
dé flo hoa theo cach 14p thé chon loc vi tri 2°, dugc toi (bing nuéc da & nhiét do -
20°C), 16p hitu co dugc tach ra, duge chiét (vi du, metylen clorua) va tinh ché dé tao ra
hop chét c6 cong thire 7 dudi day (hop chét c6 cong thirc 5 va 6 cua Fig.2, So a6 1

cling duoc tao ra trong phan (g nay)

o
«OTBDPS
>4O¢ 7

Sau do, hop chét co cong thic 8 duge cho phan ing dé loai bé nhém béo vé silyl (t6t

.
b

hon 1a st dung tetrabutylamoni florua) trong (dung méi) THF, duoc tach, thu gom va
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tinh ché dé tao ra hop chét c6 cong thuc 8 dudi day:
o
WwOH
o

Sang ché dé xuét phuong phap didu ché hop chit FMCA tir hop chit c6 cong

thirc 8 theo hai budc vé6i hiéu suit cao
o
\\\OH
Yo

bing cach cho hop chat c6 cong thirc 8 phan g voi din xuat adenin dugc bao vé va
duoc wu tién theo cau truc hoa hoc:

Boc\ B

</f)

trong d6 triphenylphosphin va diisopropyl azodicarboxylat (DIAD) dugc tron 1an
trong dung moi (t6t hon néu 1a THF) & nhiét do giam (vi dy, khoang -10°C) trong
khoéang thoi gian tir 20 dén 45 phit va dan xuét adenin dugc bao vé duge thém vao va
tron 14n & nhiét dd gidm (vi dy, 0°C) trong mot khoang thoi gian nita (vi dy, tir 20 dén
45 phut, tdt hon 12 khoang 30 phut), sau d6, hop chét c6 cong thirc 8 duge thém vao va
khudy trong thoi gian dii (vi dy, khoang 1,5 gio) dé lién két hop chét adenin dugc bao
vé v6i duong synthon (hop chét c6 cong thirc 8) @& tao ra hop chét c6 cong thic 9,
dusi day sau khi tinh ché (sdc ky cot)

Boc\ .Boc
%%ff)

Hop chét c6 cong thirc 9 dugc khir bao vé (tdt hon 1a bang céch st dung axit
trifloaxetic trong nudc, & nhiét do khoang 60°C trong khoang thoi gian du dé loai bo

nhom béo vé- khoang 2 gio hodc 1au hon) va duoc tinh ché dé tao ra hop chit c6 cong
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thae 10 (FMCA):

NH,
e
) 10

HO FMCA

Pidu ché hop chit FMCG tur hop chét c6 cong thire 8 (khong la mot phén cia sdng
ché)

Hop chit FMCG dugc diéu ché theo hai budc véi hiéu suét cao tir hop chét co

Yo
\\\OH
Il

bang cach cho hgp chét c6 cong thirc 8 phan tng voi d&n xuét 6-clo purin dugc bao vé

cong thic 8

2-amino theo cau tric hoa hoc dugce vu tién:

Ci
H N/)\l\ll,BOC
Boc

trong d6 triphenylphosphin va diisopropyl azodicarboxylat (DIAD) dugc tron 1an
trong dung mdi (t6t hon néu 12 THF) & nhiét do gidm (vi du, khoang -10°C) trong
khoang thoi gian tir khoang 20 dén 45 phit, hdn hgp nay dugc tron 1An va din xuét
adenin dugc bao vé dugce thém vao va tron 13n & nhiét @6 giam (vi dy, & nhiét do 0°C)
trong mot khoang thoi gian nita (vi dy, tir 20 dén 45 phut, tdt hon 13 khoang 30 phut)
sau d6 hop chét c6 cong thire 7 duge thém vao va khudy trong thoi gian du (vi du,
khoang 1,5 gio) d8 lien két hop chét 6-clopurin dugc bao vé v6i dudng synthon (hop
chét ¢6 cong thire 7) @8 tao ra hop chit c6 cong thre 9G dudi day sau khi tinh ché (sic
ky cot)
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Hop chat c6 cong thirc 9G dugce khit bao vé va vi tri 6-clo duogc chuyén hoa thanh
nhém keto bang cach st dung axit trifloaxetic trong nuée (t6t hon 1a & nhiét 49 khoang
60°C trong thoi gian du @8 loai bé cac nhém bao vé - khoang 2 gid hogc 1au hon) va

duoc tinh ché dé tao ra hop chét c6 cong thire 11 (FMCG):

0
N:EU\NH
7|

<N Néi\NHz

FMCG _

Phin thir nghiém thé hién chi tiét quy trinh diéu ché hop chat hoa hoc FMCA (hop
chét c6 cong thic 10) va FMCG (hop chét c6 cong thuc 11) duoc thé hién chi tiét dudi
day.

Vi du thuc hién sing ché

Phan thtr nhat ciia cc vi du (lidn quan dén Fig.1, So dd 1A)

(3 aR,6R,6aR)-6—(tert—butoxymety1)—2,2-dimetyl-S-metylendihydro-3aH-

xyclopenta[d][1,3]dioxol-4(5H)-on (hop chét c6 cong thic 2A): dung dich khudy chira
hop chét c6 cong thire 1 (15g, 61,9mmol) trong THF & nhiét do -78°C dugc cho thém
dung dich LDA trong THF (53,6ml, 80mmol) bang cach st dung phéu nhé giot. Dung
dich nay duoc khudy trong 3 gi¢ ¢ nhiét do -78°C va mudi Eshenmoser (45,8g,
248mmol) dugc thém vao theo mot phan. Hon hop nay duoc khudy trong 3 gid nira &
cung nhiét do va khudy trong 8 gio & nhiét do trong phong. Sau do, iodometan (13 1ml)
dugc thém vao va khudy trong 4 gio nira ¢ nhiét do trong phong. Hon hop nay dugc
t6i bang dung dich NaHCO; 10% trong nude (100ml) va dugce khudy trong 1 gioy va
chiét biang metylen clorua (2 X 300ml). Céc chit chiét hitu co két hop duoc rira bang
dung dich NaHCO; 10% trong nudc (200ml), sau do rira bang nudc mudi (80ml) va

]am kho (bang Na,SO,) va cd trong chan khong. Phan cin duge tinh ché nhanh trén
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silic oxit (EtOAc 5%/hexan) 8 thu duge hop chét co cong thire 2 dudi dang diu mau
vang. Hidu suit (11,4g, 72,4%); 'H NMR [500MHz, CDCL;]: & 6,22 (d, J = 2Hz, 1H),
5,52 (d, J = 1,5Hz, 1H), 4,59 (d, J = 5Hz, 1H), 4,48 (d, J = 4,5Hz, 1H), 3,64 (dd, J =
3,5, 8,5Hz, 1H), 3,46 (dd, J= 3,5, 8,5Hz, 1H), 3,09 (m, 1H), 1,37 (s, 3H), 1,35 (s, 3H),
1,08 (s, 9H);

MS (ESI) m/z: 255 [M+H]"

(3aS,4S,6R,6aR)-6-(tert—butoxymetyl)-2,2-dimety1-5-metylentetrahydro-3aH-
xyclopenta[d][1,3]dioxol-4-ol (hop chéit c6 cong thtrc 2): dung dich chira hop chét c6
cong thie 2 (11,4g, 44,8mmol) trong metanol khan (150ml) dugc cho thém
CeCl;.7H,0 (18,37g, 49,3mmol) & nhiét do -78°C va duogc khudy trong 10 phut. Sau
d6, NaBH, (1,86g, 49,3mmol) dugc cho thém vao hdn hop nay theo mot phan. Sau 30
phiit, hdn hgp phan tmg dugc dé tang 1én nhiét do 0°C va NH,Cl béo hoa (20ml) dugc
thém vao. Hon hop nay dugc khuéy trong mot gio nita va s‘au d6 dung modi dugce loai
bd du6i ap sudt giam. Phan cin dugc chiét bing metylen clorua (2 x 200ml). Cac chat
chiét hiru co két hop dugc rua bﬁng nude mudi, 1am khd (béng Na,SOy va dugc cd
trong chan khong. Phan cin thu dugc dugc tinh ché nhanh trén silic oxit (EtOAc
5%/hexan) dé thu duge hop chét c6 cong thire 3 dudi dang chit rén mau tring. Hidu
sudt (9,1g, 79%); 'H NMR [500MHz, CDCL]: 8 5,25 (s, 1H), 5,11 (s, 1H), 4,50-4,53
(m, 3H), 3,46 (dd, J = 3.5, 8,5Hz, 1H), 3,27 (dd, J = 3,5, 8,5Hz, 1H), 2,63 (t, J =
3,5Hz, 1H), 2,25 (d, J = 11Hz, 1H), 1,40 (s, 3H), 1,34 (s, 3H), 1,12 (s, 9H);

MS (ESI) m/z: 257 [M+H]"

(1S,2S,3R,4R)-3 _tert-butoxy-4-(tert-butoxymetyl)-5-metylenxyclopentan- 1,2-diol (hop
chét ¢6 cong thuc 3): hop chét c6 cong thirc 3 (2,2g, 8,58mmol) duge hoa tan trong
20ml THF va duoc lam lanh dén nhiét do 0°C trén bé nude da, sau d6 cho thém dung
dich trimetyl nhom (172mmol, 86ml). Hon hop phén tmg nay dugc khudy & nhiét d
mdi trudng trong 72 gio. Tiép d6, hdn hop phan tng dugc 1am lanh dén nhiét do -30°C
va duge t6i bing 2ml metanol va dung dich amoni clorua bdo hoa. Sic ky cot bang
cach st dung etyl axetat va hexan lam dung mdi rira giai dé thu dugc hop chét c6 cong
thire 3 dudi dang chét rin mau tréing nga. Hiéu suét (1,8g, 77%). 'H-NMR [S00MHz,
CDCl3] & 5,32 (s, 1H), 5,11 (s, 1H), 4,24 (s, 1H), 4,07-4,05 (m, 1H), 3,94-3,92 (m,
1H), 3,44 (dd, J = 4,5 & 8,5Hz, 1H), 3,35 (dd, J = 5,0 & 8,5Hz, 1H), 2,80 (bs, 1H),
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2.64-2,62 (m, 1H), 2,51 (bs, 1H), 1,25 (s, 9H), 1,15 (s, 9H)
MS (ESI) m/z: 258 [M+H]"

(IR, 2R, 3R, 55)-2-tert-butoxy-3-(tert-butoxymetyl)-5 -(tert-butyldiphenylsilyloxy)-4-
metylenxyclopentanol (hop chit co cong thuc 4): dung dich chtra hgp chit ¢6 cong
thire 4 (1,7g, 6,24mmol) trong metylen clorua khan (25ml) & nhiét d6 0°C dugc cho
thém imidazol (0,85g, 12,48mmol) va khudy trong 5 phut. Dung dich ndy dugc cho
thém tert-butyldiphenylsilyl clorua (2,06g, 7,49mmol) va hdn hop duoc khudy trong 2
gid. Hon hop phan Ung dugc pha lodng bing nuée (20ml) va 16p hitu co duge tach,
rira bing nude (2 x 20ml) va 1am kho trén natri sulfat. Lop hitu co dugc lam kho trong
chan khong dé thu dugc san pham tho, sén pham nay dugc tinh ché bang cach sic ky
cot (etyl axetat: hexan theo ty 1€ 1:9) 8 thu duoc hop chét c6 cong thire 5 dudi dang
dau. Hidu sudt: (2,52g, 79%); '"H-NMR [S00MHz, CDCls] § 7,80-7,78 (m, 2H), 7,74-
7,71 (m, 3H), 7,43-7,35 (m, 5H), 5,19 (s, 1H), 5,00 (s, 1H), 4,36 (s, 1H), 3,82-3,79 (m,
1H), 3,56 (s, 1H), 3,36-3,33 (m, 2H), 2,70 (d, J = 2,0Hz, 1H), 2,57 (s, 1H), 1,13 (s,
9H), 1,10 (s, 9H), 1,05 (s, 9H); MS (ESD) m/z: 512 [M+H]"

((1S,3R,4R)-3 -tert-butoxy—4-(tert-butoxymetyl)-Z-ﬂo-5-metylenxyclopentyloxy) (tert-
butyl)diphenylsilan (hop chét c6 cong thirc 7): dung dich chira hgp chét c¢6 cong thuc 5
(2,5g, 4,89mmol) trong diclometan khan (DCM) dugc cho thém tir tir dietylamino luu
huynh triflorua (DAST; 3,23ml, 24.47mmol) ¢ nhiét do0 —20°C, va hén hop nay duge
Jam Am dén nhiét do trong phong kém theo khudy trong 30 phut. Hon hop phan tng
duoc t6i bang nude da & nhiét do -20°C, 16p hitu co duge thu gom, va pha nuéc dugc
chiét biing DCM (20ml x 2). Cac 16p hitu co két hop duge 1am kho bing Na,SOy, va
dung mdi dugc loai bd dudi ap sudt giam. Phan cgn tho dugce tinh ché biang cich sic
ky c6t nhanh trén silicagel (EtOAc 1%/hexan 99%) dé thu duge hop chat c6 cong thire
7 duéi dang dau mau hoi vang. Hiéu suit: (900mg, 36%); 'TH-NMR [500MHz, CDCl;]
§ 7,75-7,73 (m, 4H), 7,45-7,37 (m, 6H), 5,11 (s, 1H), 4,94 (s, 1H), 4,74-4,71 (m, 0,5
H), 4,64-4,60 (m, 1,5 H), 4,03-3,97 (m, 1H), 3,42 (dd, J=4,0 & 8,0Hz, 1H), 3,32 (dd,
J=4,0 & 8,5Hz, 1H), 2,50 (s, 1H), 1,14 (s, 9H), 1,12 (s, 9H), 1,08 (s, 9H); ""F-NMR
[500MHz, CDCl;]: & -188,98 (s, 1F); MS (ESI) m/z: 514 [M+H]"

(1S,3R,4R)-3 -tert—butoxy-4-(tert-butoxymetyl)-Z-ﬂo-5-metylenxyclopentanol (hop
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chét c6 cong thuc 8): dung dich chira hgp chét c6 cong thire 7 (0,9g, 1,80mmol) trong
THF dugc cho thém tetrabutylamoni florua (TBAF, dung dich 1M trong THF)
(3,61ml, 3,61mmol), va hdn hop nay duogc khudy & nhiét do trong phong trong 3 gio.
Dung moi dugc loai bé dudi ap suit giam; phan cin dugc hoa tan trong etylaxetat
(50ml) va rira bng nuée (2 x 20ml). Lop hitu co duge thu gom, 1am kho (bing
Na,SO0y,), loc, va cd dudi ap sut giam. Phin cin dugce tinh ché bang cich sdc ky cot
trén silicagel bing cach sir dung etyl axetat trong hexan lam dung moi rira giai dé thu
duoc hop chit c6 cong thirc 8 dudi dang bot. Hiéu suét (0,35g, 75%); "H-NMR
[500MHz, CDCl3] & 5,33 (s, 1H), 5,16 (d, J = 2,5Hz, 1H), 4,64-4,62 (m, 0,5 H), 4,54-
4,47 (m, 1,5 H), 4,21-4,16 (m, 1H), 3,50-3,48 (m, 1H), 3,43-3,40 (m, 1H), 2,64 (d, J =
2.5Hz, 1H), 2,28 (d, J = 8,0Hz, 1H) 1,26 (s, 9H), 1,19 (s, 9H); PF-NMR [500MHz,
CDCL]: & -189,2 (s, 1F); MS (ESI) m/z: 275 [M-+H]";

9-((/1R,3R,4R)-3 -tert-butoxy-4-(tert-butoxymetyl)-2-flo-5 -metylenxyclopentyl)-N,N-
diboc-9H-purin-6-amin  (hgp chdt c6 cong thic 9): dung dich khudy chira
triphenylphosphin (115mg, 0,44mmol), trong THF (15ml) & nhiét do —10°C, dugc cho
thém nho giot DIAD (88mg, 0,44mmol), hdn hop phan tng dugc khudy & nhiét do
trong phong trong 30 phut, va sau d6 dung dich chira adenin dugc bao vé N,N-diBoc
(110mg, 0,33mmol) trong THF (2ml) duoc cho thém vao; hdn hop nay duoc khudy
trong 30 phut & nhiét d6 0°C. Sau do, hop chéit c6 cong thie 7 (60mg, 0,22mmol)
trong THF (1ml) duoc thém vao, va hdn hop phan Gng dugc khudy trong 1,5 gio &
nhiét do trong phong. Dung mdi dugc loai bo dudi ap sudt giam, va phan cin dugc
tinh ché bing cach séc ky cot trén silicagel (EtOAc/hexan voi ty 1§ tir 1/20 dén 1/10)
d8 thu duoc hop chét c6 cong thire 9 dudi dang bot xb6p mau tring. Hiéu suit (95mg,
60%); 'H-NMR [500MHz, CDCl3] & 8,92 (s, 1H), 8,25 (s, 1H), 5,98 (d, J = 28,5Hz,
1H), 5,32 (s, 1H), 4,92 (s, 0,5 H), 4,81-4,72 (m, 1,5 H), 4,34 (d, J = 14Hz, 1H), 3,64-
3,61 (m, 1H), 3,56-3,52 (m, 1H), 2,87 (m, 1H), 1,48 (s, 18H), 1,29 (s, 9H), 1,28 (s,
9H); "F-NMR [500MHz, CDCL]: 8 -188,14 (s, 1F); MS (ESI) m/z: 421 [M+H]";

(IR, 3R, 5R)-3-(6-amino-9H-purin-9-yl)-2-flo-3 -(hydroxymetyl)-4-
metylenxyclopentanol (FMCA, hop chét c6 cong thirc 10): hop chét c6 cong thic 9
(80mg, 0,116mmol) dugc hoa tan trong hdn hop cua axit trifloaxetic va nudce (5ml,

3:2), va hdn hop nay duoc khudy & nhiét do 60°C trong 2 gio. Dung moi dugc loai bd
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duéi ap sudt giam va phan cin duoc tinh ché bang cach sic ky cot trén silicagel
(metanol/DCM véi ty 18 tir 0,2/10 dén 0,6/10) dé thu dwoc hop chét c6 cong thirc 9
(26mg, 80%) dudi dang chit rin mau tring: mp 215-218 °C; [o] 25D = +152,10° (c
0,5, MeOH); "H-NMR [500MHz, CD;0D]: 3 8,26 (s, 1H), 8,10 (d, J = 2,5Hz, 1H),
5,90 (d, J = 25,0Hz, 1H), 5,46 (s, 1H), 4,96 (dt, J = 2,5, 52,5Hz, 1H), 4,95 (s, 1H),
4,44 (dt, J = 3,0, 14,0Hz, 1H), 3,81-3,91 (m, 2H), 2,81 (s, 1H); 19F NMR (500MHz,
DMSO-d6) & —192,93 (ddd, J = 14,0, 28,0, and 56,0Hz, 1F); 13C{1 H} NMR
[125MHz, CD;0D]: & 51,0, 57,5 (d, J= 17,4 Hz), 61,7, 72,9 (d, J = 23,6 Hz), 95,9 (d,
J=184,0 Hz), 111,7, 117,9, 141,1, (d, J= 5,3 Hz), 146,0, 149,9, 152,5, 156,0.

9-((1R,2R,3R,4R)-3-tert-butoxy-4-(tert-butoxymetyl)-2- flo-5-metylenxyclopentyl)-6-
clo-NN diboc-9H-purin-2-amin (hop chét c6 cong thic 9G): dung dich khudy chira
triphenylphosphin (86mg, 0,33mmol), trong THF (15ml) & nhiét 4o —10°C, dugc cho
thém nhd giot DIAD (67mg, 0,33mmol), hdn hop phéan Gng dugc khudy & nhiét d6 nay
trong 30 phut, va sau d6 dung dich chtra hop chét 6-Cl-purin dugc bao vé 2-N,N-diBoc
(121mg, 0,33mmol) trong THF (2ml) dugc thém vao; hdn hgp nay dugc khudy trong
30 phat ¢ nhiét do 0°C. Tiép d6, hop chit ¢6 cong thic 7 (60mg, 0,22mmol) trong
THF (1ml) dugc thém vao, va hdn hop phan tng dugc khudy trong 1,5 gid & nhiét do
trong phong. Dung mdi dugc loai bé dudi ap sudt giam, va phan cn dugc tinh ché
bing cach sdc ky cot trén silicagel (EtOAc/hexan véi ty 1€ tir 1/20 dén 1/10) dé thu
duoc hop chit c6 cong thire 9G dudi dang bot x6p mau tring. Hiéu suét (95mg, 60%);
'H-NMR [500MHz, CDCls] & 8,35 (s, 1H), 5,87 (d, J = 25Hz, 1H), 5,37 (s, 1H), 4,92
(s, 0,5 H), 4,88 (s, 1,5 H), 4,78 (s, 0,5 H) 4,34 (d, J = 13,5Hz, 1H), 3,64-3,62 (m, 1H),
3,57-3,54 (m, 1H), 2,84 (m, 1H), 1,48 (s, 18H), 1,28 (s, 18H); PEF-NMR [500MHz,
CDCls]: 8 -187,12 (s, 1F); MS (ESI) m/z: 627 [M+H]";

2-amino-9-((1R,2R,3R,4R)-2-flo-3-hydroxy-4-(hydroxymetyl)-5-

metylenxyclopentyl)- 1H-purin-6(9H)-on (FMCG, hop chét c6 cong thire 11): hop chét
c¢6 cong thirc 9G (70mg, 0,116mmol) dugc hoa tan trong hdn hop ctia axit trifloaxetic
va nuge (5ml, 3:2), va hdn hop nay duoc khudy & nhiét 6 60°C trong 2 gi¢. Dung mdi
duoc loai bd dudi ap suit giam va phﬁn can duogc tinh ché béng cach sic ky cOt trén
silicagel (metanol/DCM vdi ty 18 tir 0,2/10 dén 0,6/10) dé thu duge hop chit c6 cong
thire 11 (23mg, 70%) dudi dang chét rén mau tring nga; [o] 25D = +140 (c 0,5,
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MeOH); 'H-NMR [500MHz, CD;0D]: 8 7,67 (s, 1H), 5,73 (d, J = 25,0Hz, 1H), 5,41
(s, 1H), 51,6 (s, 0,5 H), 4,83 (s, 1H), 4,39 (d, J = 12,5Hz, 1H), 3,84-2,83 (m, 1H),
3.77-3,73 (m, 1H), 2,78 (s, 1H); 19F NMR (500MHz, DMSO-d6) 3 ~190,21 (ddd, J =
14,0, 28,0, and 56,0Hz, 1F); MS (ESI) m/z: 296,2 [M+H]";
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Cic vi du tiép theo

Nhoém vi du thr hai (lién quan dén Fig.2 va Fig.3, So dd1va2)
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Nhom tai liéu tham khdao thir hai dugc sir dung

Céc tac gia sang ché da cong b quy trinh diéu ché hop chit FMCA hiéu qua va
theo cach lap thé chon loc béng hop chét Vince Lactam.22 Mic du, hiéu suét cua bude
diazo héa-tach nhém amino, bao gdm ca viéc ddo ngugc cAu hinh ctia nhém hydroxy
trong qua trinh didu ché da giai thich trude d6 boi Vince lactam 1a thap, 1am cho con
duong tong hop nay khong c6 kha néng thuc hién dbi v6i qua trinh tbng hop FMCA
trén quy md 16n. Trong khi tim kiém cac phwong phap méi va cé tinh thyce té dé tong
hop FMCA, nhém nghién ciru cla tac gia sang ché da xem xét lai tit ca cac kha ning
tong hop co thé duoc st dung dé tong hop déng ké nucleosit nay. Trong loat vi du nay,
cac tac gia sang ché thong bao qué trinh didu ché kha thi va c6 tinh thuc tién cao db6i
v6i hop chdt FMCA qua hgp chét trung gian c6 cong thirc 8 1a hop chét c6 thé duge st
dung trong qué trinh tdng hop trén quy mod cong nghi¢p. Con duong hién dugc md ta
nay c6 hiéu suét tot hon va c6 it budc hon vé su tao ra hop chét trung gian va tranh
dugc viéc tinh ché sic ky cot d4t tién co hidu qua trong mot sé bude. Cac cai tién nay
tao ra con duong tdng hop thich hgp hon d6i voi qué trinh didu ché FMCA trén quy
md 16n. Nhu da dugc gidi thich trong phin md ta trude d6X, trude khi ngung tu véi
adenin dugc bao vé Bo, sy dao nguoc ciu hinh nhom hydroxyl cta hop chét quan
trong duoc 1am trung gian (dudng flo) 1a cAn thiét, nhung trong qué trinh diu ché theo
sang ché, budc nay dugce loai bo. Hop chét trung gian ¢6 cong thic 8 di cung cap duge
lién két truc tiép vi di-Boc adenin trong diéu kién lién két Mitsunobu tao ra nucleosit
huéng dich véi hiéu suat tot. Bing cach loai bo céc véin d& cta con dudng tong hop
truge day, qua trinh didu ché theo sang ché c6 tinh thuc ti&n va kha thi hon nita ddi vé6i
qué trinh didu ché FMCA trén quy m6 16n theo 7 budc.

Hop chét co cong thie 1 ¢6 ban trén thi truong. Qua trinh didu ché hop chit c6
cong thiic 2 dugc tién hanh bing cich dua nhom metylen ngoai vong vao keton cd
cong thirc 1 & vi tri 6 cua hop chét nay (vi tri 5 cla gbc xyclopentan). Theo mot
phuong phép, viéc két hop lién két doi ngoai vong dugc thuc hién bang cach xu ly
keton c6 cdng thuc 1 b%mg mudi Eschenmoser véi su c6 mit ctia LDA, sau d6, loai bo
Hoffman bing metyl iodua. Budc nay rat kho khin va té nhat; va viéc st dung luong
du metyl iodua trong qué trinh didu ché trén quy mo 16n s& khong ¢6 chi phi hiru hidu.
Trong qua trinh didu ché méi, dé tranh cac chit phan ung d4t tién va co hai nay, viéc

cheén lién két doi ngoai vong dugce thuc hién bing céch st dung paraformaldehyt véi
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sy ¢6 mit cia diisopropylamin cting véi TFA lam mudii? Theo phuong phép nay,
keton c6 cong thirc 1 duoc xu ly bing paraformaldehyt véi sy c6 mdt cua mudi
diisopropyl amoni trifloaxetat c6 xtc tac trong THF @8 dua lién két d6i & vi tri 6 cua
keton va tao ra enon ¢ cdng thirc 2A v6i hiéu sudt 73%. Viéc khtr chon loc tai chd
enon duoc tién hanh bing cich bang cach st dung phirc chit natri bohydrua/xeri
clorua hydrat (NaBH,/CeCl;.7H,0) bang phuong phéap khir Luche'® dé chi tao ra hop
chit a-hydroxyl c¢6 cong thic 2 véi hiéu sudt 90%. Viéc md chon loc ving cia
isopropyliden ctia hop chét c6 cong thirc 2 duge thuc hién bang phuong phap da thong
bao ciia Ogasawara va cac dong tac gie’t.E Viéc xtr ly hop chit c6 cong thirc 2 bing
trimetyl nhom (dung dich 2M trong hexan) tao ra hop chit diol c6 cong thirc 3 ma van
duy tri ciu hinh a cua cdc nhom hydroxyl véi hiéu suit 76-77%. Viéc bao vé chon loc
rugu alylic c6 coéng thuc 3 dugc tién hanh vé&i hop chét tetra-butyl-diphenyl silyl
(TBDPS). Hop chét diol c6 cong thuc 3 dugc xit ly bang TBDPSCI v6i sy c6 mit cia
imidazol trong DCM & nhiét do tir 0°C dén nhiét do trong phong d& tao ra hop chit c6
cong thic 4 dugc bao vé véi hidu suét 1én dén 92%. Do kha nang phan Gng cao hon
ctia ruou alylic va cac nhém TBDPS bao vé lon hon, su bdo v& nhém 3-hydoxy cta
hop chét c6 cong thirc 3 1a khong cAn thiét va chi tao ra hop chét c6 cong thirc 4 duge
bao vé alyl hydroxy.

Bude tiép 1a dua flo ¢ vi tri 2 clia hop chét trung gian c6 cong thirc 4 vao. Su
chuyén hoéa hop chit 2-a-hydroxy thanh hop chét trung gian 2-3-flo c6 cong thue 7
dugc thuc hién bang cach xt 1y hop chét c6 cong thic 4 bang dietylamino luu huynh
triflorua (DAST) & nhiét do tir -20°C dén nhiét do trong phong trong 40 phit, tao ra
hop chét c6 cong thirc 7 véi hi¢u suat 36%. Mic du trong qua trinh phan tng flo hoa
nay, thu dugc sy quan sat tha vi va la két qua dang chl y dé thong bao. Su flo hoa hop
chét ¢6 cong thic 4 duge tién hanh bang hop chat DAST trong DCM, dé str dung hoan
toan chat ban du, phan tmg duoc kéo dai va duge theo d3i sao cho xuét hién ddng
thoi hai vét phan cuc trén TLC v6i higu sudt tot cling v6i hop chét c6 cong thirc 7
mong mudn. Cac két qua nay thuc ddy céc tdc gia sang ché trong viéc tach va nhén
biét cac vét phan cuc da dugc tao ra trong qua trinh flo héa. Ca hai vét phéan cuc dugc
tinh ché va viéc xac dinh rd cAu tric cta ching dugc tién hanh béng nhidu k¥ thuit
phén tich khic nhau. TAt ca céc sb lidu phan tich déu khing dinh sy tao ra hop chit c6

cdng thic 5 va 6. Xem Fig.2, So dd 1. Th vi 12 hop chat trung gian c6 cong thirc 6 1a
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duong carboxyclic rit c6 gid tri v& y hoc va héa hoc. Trong hai thép ky qua, cling da
thiy rd trong céc tai liéu chuyén nganh rang viéc didu ché cac dudong 2-deoxy
carboxyclic 14 rit kho khan. Hop chét ¢ cong thic 6 1a dudng 2-deoxy carboxyclic, co
thé dugc st dung dé tong hop céc din xut khac nhau ctia nucleos(t)it 6 tim quan
trong trong y hoc. Vi duy, sau khi khir chon loc hop chét c6 cong thirc 6 s€ tao ra duong
2-deoxy-carboxylic quan trong, dudng nay co thé dwoc st dung dé tong hop dugce chét
Entecavir khang bénh viém gan da biét r5. 1216

Viéc x4c nhén céu tric cta hop chét c6 cong thirc 6 dugc thyc hién bing
phuong phap "H NMR, 'H-"H COSY, cacbon DEPT va pho HSQC. Phd '"H NMR ctia
hop chit c6 cong thuc 6 cho thdy hai dinh d6i cua hai proton H-2 & & bang 2,72 va
dinh bdn cua proton H-3 & & bang 4,17 ppm v6i su ving mit hoan toan cia proton H-
1. Phd '"H-"H COSY ciia hgp chat c6 cong thirc 6 cho thdy su twong quan cta hai dinh
ddi ciia proton H-2 v6i dinh bdn cta cac proton H-3. E_NMR ctia hop chét c6 cong
thirc 6 cho thiy su bién mét hoan toan cta nguyén tir flo khéng dinh sy loai bo flo va
hai dinh dbi cta cac proton H-2 chiing minh sy tao ra dudng 2-deoxy c6 cong thirc 6.
Dé khing dinh thém, thtr nghiém cacbon DEPT duoc thuc hién cho thiy ba dinh
cacbon CH, & 118,4, 61,1, 47,5 va hai dinh cta cacbon CH ¢ 68,1 va 50,4. Phé HSQC
cling cho thdy rang hai dinh doi cua hai proton H-2 ¢ 8 bing 2,72 cho thdy su twong
quan v6i cacbon CH, ¢ 47,5 khing dinh cAu trac cta keton c6 cong thire 6.

Hop chét c6 cong thuc 5 ciling dugc khing dinh bang k¥ thuét phan tich twong
tu. Phd "H NMR ctia hop chét c6 cong thirc 5 cho thdy hai dinh doi ca cac proton H-2
vaH-369 béng 7,70 va § 6,44 bdc 10 su tao ra cac proton olefin. Su véng mit hoan
toan cua cic proton 3-O- fert-butyl dugc thé hién bai phé "H-NMR. Su loai bé modi
truong axit ciia nhom 3-O- fert-butyl co thd xay ra dé tao ra dong lyc tich cuc cho sy
tao ra hop chat olefin dugc lién hop c6 cong thire 5. Trong phd 'H-'"H COSY, cac
proton H-2 va H-3 cta olefin nay c6 sy twong quan rd rang cling khing dinh céc
proton & vi tri 1ién k& v&i nhau. Ngoai ra, dé khang dinh chu trac cta hop chat c6 cong
thire 5, thir nghiém cacbon DEPT va HSQC dugc thyc hién. Trong do, trong thir
nghiém DEPT, hai nhém CH, dugc cho tiép xic & & bang 117,7, 64,0 va thu dugc ba
nhom CH & & b%lng 160.9, 135,7 va 45,8 cung v6i mot nhom CHj voi né)ng do 27,5
ppm. Trong phd HSQC, cacbon & vi tri 1160,9 cho thdy su trong quan véi dinh doi

cua proton H-3 & vi tri 6 bang 7,70 va cacbon & vi tri 135,7 ¢6 tuong quan V@i proton
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dinh d6i cua H-2 & vi tri & 6,44 chirng minh sy loai bé nhom 3-O-tert-butyl véi su tao
ra alken duoc lién hop cua keton c6 cong thire 5. Co ché dang tin cdy cua sy tao ra hop
chéit ¢6 cong thire 5 va 6 dugc thé hién trén So dd 3. Hop chét c6 cong thire 5 ciing ¢6
thé duoc st dung 1am duong synthon dé tdng hop nucleo(t)sit duge dan xuét hoa.

Su khtr bao vé TBDPS cua hop chét c6 cong thitc 7 duge thuc hién bang tetra-
butyl amoni florua (TBAF). Hop chit ¢ cong thic 7 duge xir ly bang dung dich 2M
ctia TBAF trong THF & nhiét do trong phong dé tao ra hop chét c6 cong thitc 8 voi
hidu suét 87%. Dbi v6i qué trinh diéu ché nay, hop chét c6 cong thirc 8 duge ding lam
hop chét trung gian quan trong. Hop chit nay duoc ngung tu véi adenin dugce bao vé
N,N-diBoc trong diéu kién lién két Mitsunobu bdng cach st dung diisopropyl
azodicarboxylat (DIAD) va triphenylphosphin (TPP) trong THF tao ra hop chét ¢6
cong thirc 9 v6i hiéu suit 74% (So dd-2). Cac nhom bao vé tert-butyl va Boc cua hop
chét c6 cong thic 9 dugc loai bo bing cach st dung 2 mol axit trifloaxetic (TFA)
trong DCM & nhiét do trong phong, tao ra hop chét dich c6 cong thiac 10 (FMCA) véi
hidu suét 80%. Tién dugc chit phosphoramidat (FMCAP) dugc tdng hop bang cich
ngung tu FMCA véi hop chét c6 cong thire 11A. Hop chét c6 cong thic 11A dugce tao
ra bang cach cho hgp chét phenyl phosphoryl clorua phan ung véi este L-alanin
isopropyl trong DCM o nhiét do
-78°C dé tao ra chét phéan tng 11. Dé thu dugc dang tién duoc chit, FMCA dugc xt ly
biang hop chét c6 cong thirc 11 v6i sy c6 mit clia N-metyl imidazol (NMI) trong THF

& nhiét do trong phong dé tao ra hop chit dich c6 cong thirc 12 véi hiéu suit 61%.

Két luan

Lién quan dén viée sang loc sinh hoc in vivo dé xac nhan thém vé hop chét
FMCA va FMCAP hodc theo cich khic, FMCG va FMCGP dbi véi thé dot bién
khéng thudc HBV, phuong phép phén tich FMCA ¢6 hi¢u qua va cd thé mo rong 1a
cin thiét va dugc mo ta & day qua hop chit keton c6 cong thitc 1 c6 béan trén thi
truong. Viéc mé chon loc nhom bao vé cia hop chét c6 cong thuc 2, sau do, bdo vé
nhém alyl ctia hop chét c6 cong thire 3 tao ra hop chét c6 cong thirc 4 v6i hiu suét tot.
Su flo hoa hop chét c6 cong thirc 4 bao gém ca viée khtr bao vé TBDPS tao ra hop
chét trung gian quan trong c6 cong thirc 8. Hop chét trung gian nay, bang cach st dung
lien két Mitsunobu véi adenin duoc bao vé Boc, sau do, viéc khu bdo vé nay tao ra

hop chét dich c6 cong thirc 10 (FMCA) theo 7 bude vdi tdng hiéu suét khoang 6,7%.
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Ngoai ra, su lién két ctia hop chat phosphorocloridat c6 cong thurc 11A véi FMCA tao
ra tién duoc chit phosphoramidat c6 cong thirc 12 (FMCAP) vé6i hiéu suit cao. Su
giam s& lugng bude va st dung chét phan tng ré tién trong qua trinh diéu ché ching
minh ring quy trinh ndy thuén tién hon nhidu @ didu ché FMCA trén quy md 16n so
v6i cac phuong phap da biét khac. Trong nd luc dang ké cho qua trinh tbng hop nay,
duodng 2'-deoxy c6 codng thirc 6 quan trong dugc tach ra. Hop chét c6 cong thic 6 co
thé dugc st dung trong qud trinh didu ché nhidu hop chat 2'-deoxy nucleos(t)it bao
gdm c4 qud trinh didu ché dugc chit entecavir khang virut HBV duge st dung hién

nay.

Phan thir nghiém
Céac phuong phép phén tich chung

Céc chét phan Gng va dung moi khan duge mua va sir dung ma khong can tinh
ché thém. Cac phan g dugc theo doi bang cac dia séc ky 16p mong (TLC silicagel
GF 250 micron) dugc theo doi bing mit thuong bing cach st dung dén UV (254nm)
va duoc lam hién mau bang dung dich axit sulfuric 15% trong metanol. Cac diém néng
chay dugc ghi lai trén thiét bi phan tich diém noéng chay k¥ thuat s6 va khong dugc
hiéu chinh. Phé cong hudng tir hat nhan duge ghi lai ¢ tan sé 500 MHz déi voi phd 'H
NMR, F NMR va 125 MHz dbi voi phd 3C NMR véi tetrametylsilan 1am chét chun
noi. CFCl; (triclo-flo metan dugc st dung 1am chét chuén noi (tham chiéu) dbi véi phé
YR NMR. D6 dich chuyén hoa hoc (8) duge thé hién dudi dang s (dinh don), bs (dinh
rong), d (dinh doi), t (dinh ba), q (dinh bén), m (da dinh), dd (dinh doi kép) va dt (dinh
ba kép). Cac lan quay quang dugc xic dinh trén phén cuc ké k¥ thuat sd. Phd khéi
luong phan giai cao ESI duogc ghi lai trén phd khéi lugng Q-TOF. Phuong phép sic ky
16p mong duge thuc hién trén dia thuy tinh dugc phu silicagel. Cac budce tbng hop sau
day duoc thé hién trén Fig.2, So dd 1 va Fig.3, So d6 2 kém theo

(3aS,4S,6R,6aR)-6-(tert—butoxymetyl)-Z,2-dimety1—S-metylentetrahydro-3aH-

xyclopenta[d][1,3]dioxol-4-ol (hgp chét c6 cong thirc 2). Dung dich huyén phu dugc
khudy chtra hop chét ¢ cong thire 1 (50,0g, 206,6mmol) va paraformaldehyt (12,4g,
413,2mmol) trong THF khan dugc thém mudi diisopropyl amoni trifloaxetat (44,0g,
206,6mmol) va diisopropylamin (29,0ml, 206,6mmol). Dung dich huyén phu duc nay

dwoc dun hoi luu trong 2 gio, hdn hop trd nén trong subt. Sau d6, hdn hgp phéan Gng
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dwoc 1am ngudi dén nhiét do trong phong va cho thém ting phan paraformaldehyt
(12,4g, 413,2mmol). Hon hop phén Gng dugc dun hoi luu lai trong 12 gio. Hdn hop
nay dugc cd dudi ap suit giam va phan cin dugc pha lodng bang 1 lit etyl axetat. Lop
hitu co dugc ria béng nude (400ml X 3) va lam kho trén NaySOy4 va cd trong chéin
khong. Chét tho thu duge dugc st dung ngay trong budc tiép theo ma khong can tinh
ché thém. Chét thd (52,0g, 200,7mmol) dugc hoa tan trong metanol khan (500ml) va
cho thém CeCl;.7H,0 (98,7g, 265,0mmol) ¢ nhiét do -78°C va dugc khuéy trong 20
phut. Sau do6, NaBH, (9,7g, 256,9mmol) dugc cho thém vao hdn hop nay theo mot
phin & nhiét do -78°C. Sau khi khudy trong 20 phut & cing nhiét dj, hdn hop phan (g
dugc dé Am dén nhiét do 0°C va duge khudy trong 30 phut. Dung dich NH,Cl bao hoa
(200ml) dugc thém vao va khudy trong 1 gi¢ nita. Dung mdi hitu co du duoc loai bo
dudi 4p suat giam va cho thém dung dich axit axetic 10% trong nude (100ml). Lop
nude két hop duoc chiét bang etyl axetat (200ml X 2). Chét chiét hiru co két hop dugc
rira bang nudce mudi (200ml X 2), 1am khd bang Na,SO, va cb dudi ap sudt giam. Phan
cdn dugc tinh ché bang cach sic ky cot trén silicagel (EtOAc 5%/hexan) dé thu duoc
hop chét c6 cong thie 2 dudi dang chit rén mau tring. Hiéu sut (27g, tbng hiéu suét
52% theo 2 budc); 'H NMR (500MHz, CDCl3) 8 5,25 (s, 1H), 5,11 (s, 1H), 4,50-4,53
(m, 3H), 3,46 (dd, J = 3,5 & 8,5Hz, 1H), 3,27 (dd, J=3,5 & 8,5Hz, 1H), 2,63 (t,J =
3,5Hz, 1H), 2,25 (d, J = 11,0Hz, 1H), 1,40 (s, 3H), 1,34 (s, 3H), 1,12 (s, 9H); Beg'ay
NMR (125MHz, CDCl3) § 153,9, 110,2, 109,3, 81,6, 79,3, 73,8, 72,7, 64,3, 49,9, 27,3,
26,5, 24.7; HRMS (EI) theo 1y thuyét d6i v6i hop chét (Cy4HO4+Na) © 279,1572,
theo thuc nghiém 279,1577.

(1S,2S,3R,4R)-3 _tert-butoxy-4-(tert-butoxymetyl)-5-metylenxyclopentan-1 ,2-diol (hop
chét c6 cong thirc 3). Hop chét c6 cong thic 2 (40,0g, 156,2mmol) duge hoa tan trong
500ml DCM va duoc lam lanh dén nhidt do -78°C trén bé nude d4, sau do cho thém
dung dich trimetyl nhém (dung dich 2M trong hexan, 986,0ml, 1562,5mmol). Hon hop
phan tng dugc lam 4m dén nhiét do trong phong va duoc khudy trong 72 gio. Hon hop
phan Gmg nay dugc lam lanh lai dén nhiét do -78°C va dugc ti bing 200ml dung dich
amoni clorua bio hoa. Sau d6, hdn hgp phan ung duge cho di qua tAm xelit va tAm nay
duoc rua k¥ bang diclometan (250ml X 2). Phan nude loc duge 1am kho béng Na,SOy,
¢ dudi ap sudt giadm. Phén cin duoc tinh ché bing cach sic ky cot trén silicagel

(EtOAc 10%/hexan) dé thu duoc hop chit co cong thire 3 dudi dang chit rdn mau
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tring nga. Hidu suét (32,4g, 76%). [o]**p = -70,24 (c 1,0, CHCL;); 'H-NMR (500MHz,
CDCly) 8 5,34 (s, 1H), 5,12 (s, 1H), 4,26 (d, J = 10,0Hz, 1H), 4,07-4,05 (m, 1H), 3,95-
3,92 (m, 1H), 3,46 (dd, J = 4,0 & 8,5Hz, 1H), 3,37 (dd, J= 5,0 & 8,0Hz, 1H), 2,88 (d,
J = 2,0Hz, 1H), 2,65 (bs, 1H), 2,50 (d, J = 11,0Hz, 1H), 1,27 (s, 9H), 1,17 (s, 9H);
BC{'H} NMR (125MHz, CDCl;) § 152,4, 150,0, 109.,9, 75,8, 74,9, 72,4, 62,2, 48,8,
28.5, 27,5; HRMS (EI) theo ly thuyét déi voi hop chét (CisHpsO4tNa) © 295,1885,
theo thuc nghiém 295,1882.

(IR, 2R, 3R, 55)-2-tert-butoxy-3-(tert-butoxymetyl)-5 ~(tert-butyldiphenylsilyloxy)-4-
metylenxyclopentanol (hop chét c6 cong thirc 4). Dung dich chtra hop chét c6 cong
thirc 3 (20,0g, 73,5mmol) trong metylen clorua khan (250ml) & nhiét d6 0°C dugc cho
thém imidazol (20,0g, 294,1mmol) va khudy trong 15 phut. Dung dich nay dugc cho
thém tert-butyldiphenylsilyl clorua (28,7ml, 110,2mmol) va hdn hgp nay dugc khudy
trong 2 gi®d & nhiét do trong phong. Hon hop phéan Gng dugc pha lodng bang nudc
(300ml) va 16p hitu co tach ra dugc rua bang nude (200ml X 2) va lam kho bing
Na,SOy, ¢d dudi ap suét giam. Chét thé dugc tinh ché bﬁng cach séc ky cot trén
silicagel (EtOAc 3%/Hexan) @8 thu duge hop chét ¢ cong thirc 4 dudi dang dau. Hidu
sult: (34,62, 92%). [a]*'p = -16,42 (¢ 1,0, CHCly); 'H-NMR (500MHz, CDCl) 3 7,80-
7,78 (m, 2H), 7,74-7,71 (m, 3H), 7,43-7,35 (m, 5H), 5,19 (s, 1H), 5,00 (s, 1H), 4,36 (s,
1H), 3,82-3,79 (m, 1H), 3,56 (s, 1H), 3,36-3,33 (m, 2H), 2,70 (d, J = 2,0Hz, 1H), 2,57
(s, TH), 1,13 (s, 9H), 1,10 (s, 9H), 1,05 (s, 9H); “C{'H} NMR (125MHz, CDCl3) 8
151,6, 135,9, 135.,8, 135,3, 134,8, 134,1, 133,6, 129,6, 127,7, 127.5, 74,1, 72,0, 61,8,
28.4, 27,4, 26,9, 26,6, 19,4, 19,0, 14,1; HRMS (EI) theo ly thuyét dbi v6i hop cht
(C31H4604 Si+Na)" 533,3063, theo thuc nghiém 533,3059.

((1S,3R,4R)-3 -tert-butoxy-4-(tert-butoxymetyl)-2-flo-5-metylenxyclopentyloxy) (tert-
butyl)diphenylsilan (hop chét c¢6 cong thie 7). Dung dich chira hop chét c6 cong thirc
4 (20,0g, 39,2mmol) trong diclometan khan (DCM) dugc cho thém tir tot DAST
(36,4ml, 274,4mmol) & nhiét do ~30°C, va hdn hop nay duge 1am 4m dén nhigt do
trong phong kém theo khudy trong 30 phiit. Hon hgp phéan Gng dugc toi bang nudc da
& nhiét do —30°C, 1ép hitu co duge thu gom, va pha nude duge chiét béng DCM
(200ml X 2). Lép hitu co két hop duge lam khd bang NaySO4, va dung moi duge loai

b6 dudi 4p sudt gidm. Phan cin tho duge tinh ché bang cach sdc ky coOt nhanh trén
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silicagel (1% EtOAc/hexan) @& thu dugc hop chit c6 cong thirc 7 dudi dang dau mau
hoi vang. Hiéu suét (7,2g, 36%). Hai hop chit phan cuc ndi bat c6 cong thirc 5 va 6
cling dugc tao ra trong phan Ung nay. Cac diém phan cuc cua hop chét ¢ cong thirc 5
va 6 tao ra duoc tich bing cich sdc ky cot. Trong khi tinh ché hop chét c6 cong thirc 7
vé tinh phén cuc tdng 1én cta dung moi rira gidi tir 10 dén 20%, EtOAc/hexan thu
duoc hop chét co cong thirc 5 da tinh ché v6i higu sudt 25% va hop chét ¢6 cong thire
6 voi hicu sudt 30% dusi dang dau. [o]*p = -30,17 (¢ 1,0, CHCly); 'H-NMR
(500MHz, CDCl3) & 7,75-7,73 (m, 4H), 7,46-7,38 (m, 6H), 5,12 (s, 1H), 4,94 (s, 1H),
4,68 (dt, J= 50,0 & 75,0Hz, 1H), 4,64-4,60 (m, 1H), 4,02-3,99 (m, 1H), 3,42 (dd, J =
4,0 & 8,0Hz, 1H), 3,32 (dd, J = 4,0 & 8,5Hz, 1H), 2,50 (bs, 1H), 1,22 (s, 9H), L,15 (s,
9H), 1,06 (s, 9H); "F-NMR (500MHz, CDCl3) d -188,8 (dt, J = 17,5 & 56,5Hz, 1F);
BC{'H} NMR (125MHz, CDCls) 8 148,1, 136,0, 135,9, 134,1, 133,6, 129,5, 127.4,
109,1, 103,3 (d, J=191,0 Hz), 73,9, 72,2, 61,9, 48,3, 31,6, 28,8, 27,3, 27,0, 22,6, 19,5;
HRMS (EI) theo Iy thuyét di véi hop chit (C3HysFO3Si+Na) * 535,3020, theo thuc
nghiém 535,3017.

(R)-4-(tert-butoxymetyl)-5-metylenxyclopent-2-en-1-on (hop chét c6 cong thirc 5). 'H-
NMR (500MHz, CDCl3) 8 7,70 (d, J = 6,0Hz, 1H), 6,44 (d, J = 5,5Hz, 1H), 6,44 (s,
1H), 5,59 (s, 1H), 3,56 (bs, 2H), 3,37 (bs, 1H), 1,22 (s, 9H); "C{'H} NMR (125MHz,
CDCly) & 196,7, 160,9, 135,7, 117,7, 72,9, 64,0, 45,8, 27,5; HRMS (EI) theo ly thuyét
d6i v6i hop chét (C;H;0,+H) © 181,1229, theo thuc nghiém 181,1224.

(3R)-4-(tert-butoxy)-3-(tert-butoxymetyl)-2-metylenxyclopentan-1-on (hop chét co
cong thire 6). 'H-NMR (500MHz, CDCL3) § 6,12 (s, 1H), 5.43 (s, 1H), 4,17 (g, /= 6,0
&12,0Hz, 1H), 3,55 (d, J = 5,0Hz, 1H), 2,89-2,86 (m, 1H), 2,72 (dd, J = 7,0 &18,5Hz,
1H), 2,36 (dd, J = 6,0 & 18,0Hz, 1H), 1,24 (s, 9H), 1,20 (s, 9H); PC{'H} NMR
(125MHz, CDCl3) 8 205,1, 1,45,4, 118,4, 74,2, 72,8, 68,3, 61,1, 50,4, 47,5, 28,6, 27,5;
HRMS (EI) theo 1y thuyét dbi voi hop chat (CisHyO5+H) * 255,1960, theo thyc
nghiém 255,1956.

(1S,3R,4R)-3-tert-butoxy-4-(tert-butoxymetyl)-2-flo-5 -metylenxyclopentanol (hop
chét c6 cong thire 8): Dung dich chia hop chét c6 cong thuc 7 (9,2g, 17,9mmol) trong
THF dugc cho thém tetrabutylamoni florua (TBAF, dung dich 1M trong THF)
(27,0ml, 26,95mmol), va hdn hop nay dugc khudy & nhiét do trong phong trong 3 gio.
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Dung mdi dugc loai bé dudi ap suét giam va chét tho thu duoc dugce hoa tan trong etyl
axetat (250ml). Lép hitu co dugce ria bing nudc (200ml X 2) va cudi cing rira bing
dung dich nuéc mudi (100ml), lam khd bing Na,SOy, duge loc, va cd dudi ap suét
giam. Phan cin duge tinh ché bang céch sic ky cot trén silicagel (4% EtOAc/hexan) dé
thu duge hop chét ¢ cong thirc 8 dudi dang bot x6p mau tring. Hiéu sudt (4,3g, 87%).
[a]*'p = -76,69 (¢ 1,0, CHCl;); 'H-NMR (500MHz, CDCl3) & 5,33 (s, 1H), 5,15 (s,
1H), 4,55 (dt, J = 5,5 & 53,5Hz, 1H), 4,53-4,51 (m, 1H), 4,19-4,16 (m, 1H), 3,49-3,47
(m, 1H), 3,42-3,40 (m, 1H), 2,64 (bs, 1H), 2,28 (d, J = 8,0Hz, 1H) 1,26 (s, 9H), 1,19
(s, 9H); "F-NMR (500MHz, CDCl;) d -190,6 (dt J = 14,0 & 56,5Hz, 1F); Bedny
NMR (125MHz, CDCls) & 150,0, 149,0, 102,2 (d, J =189,2 Hz), 74,7, 72,59, 62,0,
48,9, 28,6, 27,4; HRMS (EI) theo ly thuyét dbi voi hop chét (CisHyFOs+Na) ¥
297,1842, theo thuc nghiém 297,1839.

9-((IR,3R,4R)-3 -tert—butoxy—4-(tert-butoxymetyl)-2-ﬂo-5-metylenxyclopentyl)-N,N—

diboc-9H-purin-6-amin (hop chdt c6 cong thuc 9): Dung dich khudy chira
triphenylphosphin (4,78g, 18,24mmol), trong THF (50ml) & nhiét d —10°C, dugc cho
thém nho giot DIAD (3,68g, 18,24mmol), hdn hop phén tng dugc khudy & nhiét do
ndy trong 30 phut, va sau d6 dung dich chtra adenin dugc bao vé N,N-diBoc (3,6g,
10,9mmol) trong THF (20ml) dugc thém vao. Hon hop nay duge khudy trong 30 phut
& nhiét do 0°C. Sau d6, hdn hop phan Gng dugc lam lanh lai dén nhiét do -20°C va hgp
chit c6 cong thirc 8 (2,0g, 2,29mmol) trong THF (10ml) dugc cho thém nho giot vao.
Nhiét d6 phan ung dugc ting lén dén nhiét do trong phong va dugc khuéy trong 1,5
gio. Hon hop phén tng dugc toi bing metanol va dung moi dugc loai bé dudi ap suét
giam, phin cin tho duge tinh ché bing cach sic ky cot trén silicagel (EtOAc
5%/hexan) dé thu duoc hop chét c6 cong thuc 9 dudi dang bot xbp mau tréng. Hic¢u
sult (3,2g, 74%). [a]*'p = -51,47 (c 1,0, CHCL3); 'H-NMR (500MHz, CDCl;) & 8,91
(s, 1H), 8,24 (s, 1H), 5,97 (d, J = 30,5Hz, 1H), 5,32 (s, 1H), 4,90 (dd, J =9,0 &
52,5Hz, 1H), 4,49-4,77 (m, 1H), 4,33 (d, J = 14,0Hz, 1H), 3,62-3,60 (m, 1H), 3,54-
3,50 (m, 1H), 2,85 (bs, 1H), 1,47 (s, 18H), 1,28 (s, 9H), 1,27 (s, 9H); YE-NMR
(500MHz, CDCl3) d -191,1 (ddd, J = 17,5, 35,0 & 49,0Hz, 1F); Bc{'H} NMR
(125MHz, CDCl;) & 153,9, 152,0, 150,4, 150,2, 150,0, 146,4, 145,3, 128,1, 111,7,
109.9, 83,7, 75,7, 73,2, 62,6, 49,8, 28,2, 27,8, 27,5 ; HRMS (EI) theo ly thuyét d6i véi
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hop chét (C3oHy,FNsOs+H) *592,3510, theo thuc nghiém 592,3509.

(+)-9-[(1'R, 2'R, 3'R, 4’R)-2'-ﬂo-3'-hydroxy-4’-(hydroxymetyl)-S’-metylen-
xyclopentan-1'-ylJadenin (FMCA, hop chét c6 cong thirc 10). Hop chét c6 cong thuc 9
(3,3g, 5,58mmol) dugc hoa tan trong 30ml DCM. Axit trifloaxetic (6ml) duogc cho
thém vao dung dich nay va hdn hop dugc khudy & nhiét @ trong phong trong 16 gio.
TFA vé6i dung mdi du duge loai bé dudi ap suét giam va phén cin dugc 1am ddng bay
hoi ba 1dn véi metanol dé loai bo axit trifloaxetic du va dugc lam trung hoa bang dung
dich amoniac 28% trong nudc, cd dudi ap suit giam. Chét tho thu dugc duge tinh ché
bing cach sdc ky cot trén silicagel (metanol 6%/DCM) dé thu dugc hop chét c6 cong
thirc 10 du6i dang chét rdn mau tring. (Hiéu sudt 1,2g, 80%). Mp 215-218°C; [a]*p =
+152,10° (¢ 0,5, MeOH); 'H-NMR (500MHz, CD;0D) 8 8,26 (s, 1H), 8,10 (d, 1H),
5,90 (d, J = 26,0Hz, 1H), 5,46 (s, 1H), 4,96 (dt, J = 2,5 & 52,5Hz, 1H), 4,95 (s, 1H),
4,44 (dd, J = 13,5Hz, 1H), 3,88-3,82 (m, 2H), 2,81 (bs, 1H); F NMR (500MHz,
DMSO-dg) 8 —192,93 (ddd, J = 14,0, 28,0 & 56,0Hz, 1F); Bc{'H} NMR [125MHz,
CD,0D]: § 51,0, 57,5 (d, J= 17,4 Hz), 61,7, 72,9 (d, J = 23,6 Hz), 95,9 (d, J = 184,0
Hz), 111,7, 117,9, 141,1, (d, J = 5,3 Hz), 146,0, 149,9, 152,5, 156,0; HRMS (EI) theo
ly thuyét déi v6i hop chit (C1,H;sFNsO,+H) * 280,1210, theo thuc nghiém 280,1216.

Este isopropyl cua axit {[(1R,3R,4R)-3-(6-amino-9H-purin—9-yl)-4-ﬂo-5-hydroxy-2-
metylenxyclopentyl)metoxy](phenoxyphosphoryl amino }propionic (hop chét c6 cong
thae 12)

Phenyl diclophosphat (1,0 dwong lugng mol) va mubi hydroclorua clia este L-
alanin isopropyl (1,0 mol) dugc hoa tan trong diclometan khan va 1am lanh dén nhiét
d6 -78°C. Trietylamin (2,0 mol) dugc cho thém nho giot & nhiét do -78°C va duge
khudy trong 1 gid. Sau 1 gio, hdn hop phan ung duge lam 4m tir tir dén nhiét do trong
phong va tiép tuc khudy trong 2 gid. Dung mdi dugc loai bd dudi 4p suét giam va chét
thd duoc tai tao huyén phu trong ete khan va duge loc qua tAm xelit trong mdi trudng
nito. Phan nude loc duoc ¢d dé tao ra hop chit co cong thire 11, hop chét nay dugc st
dung ngay trong budc tiép theo. N-Metylimidazol, NMI (0,9ml, 10,7mmol) dugc thém
vao huyén phi khudy chira hop chét c6 cong thirc 10 (0,5g, 1,79mmol) trbng THF kho
trong mdi trudng argon ¢ nhiét do 0°C. Hop chét phosphorocloridat ¢6 cong thirc 11

(2,2g, 7,1mmol) dugc cho thém nho giot bang cach hoa tan trong THF. Hon hop phan
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ing dugce lam 4m dén nhiét do trong phong va tiép tuc dugce khuéy qua dém. Sau do,
céc thanh phan d& bay hoi dugc lam bay hoi dudi ap sudt giam va chét thd dugce tinh
ché bang cach sic ky cot trén silicagel (Metanol 2%/DCM) dé thu dugc hop chét ¢6
cong thirc 12 duéi dang chét rin mau tring nga. (Hiéu suat 0,55g, 61%). "H-NMR
(500MHz, CDCl3) & d 8,36 (s, 1H), 7,84 (d, J = 24,5Hz, 1H), 7,28-7,10 (m, SH), 5,88
(d, J = 30,0Hz, 1H), 5,80 (bs, 2H), 5,18 (d, J = 9,0Hz, 1H), 4,96-4,76 (m, 3H), 4,39-
4,34 (m, 2H), 4,17- 4,04 (m, 2H), 3,90-3,88 (m, 2H), 3,00 (bs, 1H), 1,31 (d, J=6,5Hz,
3H), 1,16 (dd, J = 6,0, & 14,0Hz, 6H); F NMR (500MHz, CDCl3) 8 —192,81 (ddd, J
=17.5, 31,5 & 53,0Hz, 1F); *'P NMR (CDCl, 202 MHz): 3 2,84, 2,37, Bc{'H} NMR
[125MHz, CDCls]: & 187,7, 173,3, 155,4, 153,1, 150,5, 144,5, 142,4, 140,9, 129,8,
1252, 120,3, 118,7, 112,3, 95,9, 73,7, 50,5, 49,6, 21,6, 20.8; HRMS (EI) theo ly
thuyét déi voi hop chit (CosHs FNGOGP+H) * 549,2027, theo thuc nghiém 549,2026.
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1. Quy trinh diéu ché hop chét 2°-flo-6’-metylen-carboxyclic adenosin (FMCA) tir hop

o
WwOH
Yo,

quy trinh nay bao gdm céc buédc:

chit c6 cong thirc 8:

(a) ngung tu hop chit 6-amino purin dugc béo vé amin theo cAu tric hoa hoc:

NP
N \N
Z
<N lN/)

H

trong d6 P 12 mot hodc hai nhom bao vé amin trén hop chét c6 cong thic 8
véi sw c6 mit cla triphenylphosphin va diisopropyl azodicarboxylat

(DIAD) trong dung mdi @8 tao ra hop chét c6 cong thuc 8P

NP
>L6

trong d6 P 1a mot hogc hai nhom béo v¢ amin; va

8p

(b) khir bdo vé hop chét c6 cong thirc 8P d8 tao ra hop chét c6 cong thirc 10

(FMCA)
NH,
N N N
7
Ho—kﬁny IN¢
V10
"0 Emca

trong do6 quy trinh diéu ché nay c6 thé dugc tién hanh trong mdt binh hodc
theo cac bude, cd budce tach va/hodc tinh ché d& tao ra hop chit co cong

thtrc 8P hodc hop chét ¢6 cong thirc 10 (FMCA).
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2. Quy trinh theo diém 1, trong d6 hop chat c6 cong thuc 8P 14 hop chét c6 cong thirc

9
Boc\N/Boc
N
oSt
>L<5‘
9.

3. Quy trinh theo diém 1, trong d6, nhom P trong hop chét trung gian c6 cong thirc

NP
N \N
y
<N IN/)

1a hai nhém BOC.

4. Quy trinh theo didm bat ky trong sb cac diém tir 1 dén 3, trong d6 hop chit c6 cong

thire 10 duge tinh ché va tach.

5. Quy trinh theo diém 1 hoic 2, trong d6 hop chét c6 cong thitc 8P duogc tach va tinh

ché.
6. Quy trinh theo diém 3, trong d6 hop chit c6 cong thire 9 dugc tach va tinh ché.

7. Quy trinh theo diém 1 hoic 2, trong d6 ca hgp chét c6 cong thirc 8P va hop chit c6
cong thirc 10 (FMCA) dugce tach va dugc tinh ché.

8. Quy trinh theo diém 3, trong d6 ca hop chét c6 cong thitc 9 va hop chat ¢6 cong
thire 10 (FMCA) dugc tach va duge tinh ché.

9. Quy trinh theo diém bt ky trong sd cac diém tur 1 dén 3, trong d6 bude khir bao vé
néu trén didn ra v6i sy co6 mit cla axit trifloaxetic va nu6e trong dung mdi & nhiét

dd cao.

10. Quy trinh theo diém bat ky trong sd cac diém tir 1 dén 9, trong d6 hop chét ¢ cong
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thie 10 (FMCA) dugc cho phan ing tiép v6i chét phan tng clophenylphosphoryl-
L-alaninat theo c4u triic hoa hoc:

0

H

Oﬁ)"’CHg,

@)
|

R

trong d6 R 1a nhém C;-Cyg alkyl va nhém phenyl tuy ¥ duoc thé v6i su c6 mit cua
bazo yéu trong dung mdi d8 tao ra cac dang tién dugc chit 5°-0-phosphoramidat
ctia hop chdt FMCA:

trong d6 R 1a nhom C,-Cy alkyl, hodc

mudi hodc chit ddng phan 1ap thé dugc dung ctia no.
11. Quy trinh theo diém 10, trong d6 R 1a metyl hodc isopropyl.
12. Quy trinh theo diém 10, trong d6 R 12 metyl.

13. Quy trinh theo diém 10, trong d6 R 1 isopropyl.
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