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(57) Sang ché dé cap dén hop chat c6 cong thirc:
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R'1a OR!!, hodc NR°R?;

R?1a H hoac F;

R’ 1a H, C;-Cgalkyl, OH, C(=0)R®, O(C=0)RS hodac O(C=0)OR¢;

R% 1a H hoac C;-Cgalkyl;

Rg 1a C;-Cgalkyl hodac Cs-Csxycloalkyl;

R 1a H, phenyl, pyridyl, benzyl, indolyl hodc naphtyl trong do phenyl, pyridyl, benzyl,
indolyl va naphtyl nay tuy ¥ dugc thé bang 1, 2 hoic 3 R?;

va cac bién sb khac 1a nhu duoc xac dinh trong cac diém yéu cau bao ho,

ma hitu ich dé diéu trj bénh ung thu, va cac khia canh lién quan.
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Linh vue ki thuat dwge dé cip

Séang ché d& cap dén tién duoc chit chira phospho cua troxacitabin va cac
din xuét cta né hitu ich trong viée didu tri cac bénh ung thu, cu thé 13 ung thu
gan nhu canxinom té bao gan (HCC) va cac bénh ung thu gan tht phat. Séng ché
con dé cap dén ché phdm va hdn hop chira cac hop chat ndy, va dugce pham chua

ching dé diéu tri bénh ung thu, cu thé 1a bénh ung thu gan nhu HCC.
Tinh trang k§ thuit ciia sing ché

Bénh ung thu gan nguyén phét 1 bénh ung thu c6 tin suét méc phai nhidu
nhét, ding thir 6 trén toan cau va 1a nguyén nhan dimg thit hai gay tir vong do
ung thu. Ung thu gan tin sut méc phai nhiéu nhét, chiém khoang 85% trong tat
c4 cac bénh ung thu gan 4c tinh nguyén phat va cé ty 1& mac phai ting 1én, 1a
canxinom té bao gan (HCC), dugc hinh thanh bédi cac té bao gan ma tré thanh té
bao 4c tinh. M6t loai bénh ung thu khac nita dugc hinh thanh béi cac té bao gan
14 u nguyén bao gan, khdi u 4c tinh hiém gip, ban ddu phét trién & tré nho, va
chiém khoang 1% trong sb tat ca cic bénh ung thu & tré nhod va 79% trong s tht
c4 cac bénh ung thu gan nguyén phat & do tubi dusi 15. Bénh ung thu gan tht
phat, hodc di cin sang gan, 12 mot bénh ung thu ma bit dau & bat ky mot co quan
nao do6 trong co thé va sau d6 lan dén gan. Céc vi du vé bénh ung thu gan tht
phéat bao gém cac loai bénh ung thu thong thuong, nhu bénh ung thu rudt két,
truc trang, phdi, va ung thu vi. Bénh ung thu gan ciing c6 thé tao thanh tir cac
cAu trac khac trong gan nhu 6ng mat chy, cic mach méu va cac té bao mién dich.
Bénh ung thu ng mat (caxinom 6ng mét va caxinom tuyén nang té bao 6ng mat)

chiém khoang 6% trong s6 cac bénh ung thu gan nguyén phat.

Mic d viée cit bo bang phiu thuit va cdy ghép gan 1a liéu phap chita tri
hiéu nghiém dbi véi HCC giai doan sém, nhung trén 20% bénh nhan cudi ciing
van bi tai phat hodc gip phai cac vAn dé khéac, va phan 16n chan doan HCC dién
ra & giai doan tién trién qui mtc dé c6 thé st dung céc liéu phép chita tri néu

trén. Céc tri liéu theo khu vuc, nhu cét b bing séng c6 tan sb radio thudng cho
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tbc do dap tmg trén 60%, nhung ching chi thich hop cho mét ty 1¢ bénh nhan
nhét dinh va khong phai lic nio ciing chita khéi. O mot mie do nao do, liéu phap
héa hoc duge sit dung cho hiéu qué rét it d6i voi HCC va dén bay gio ty 1é dap
{mg van khong vuot quéa 25%. Hién tai, sorafenib 1a thubc hiéu qua duy nhét trén
thi truong dé diéu tri HCC tién trién hoic chua c&t bo, do do, rat can phai cé cac
bién phéap diéu tri khac d6i véi HCC d 1am giam ty 1€ t4i phét va lam ting ty 18
sdng s6t tong thé.

Nhiéu chit twong tu nucleosit da dugc phét hién thdy 14 c6 hoat tinh chéng
ung thu va cic chét nay tao thanh nhom céc tac nhan hoéa tri liu chinh dugc s
dung rong rai dé diéu tri cho cac bénh nhan méic bénh ung thu. Nhém céc tac
nhén nay, dugc biét 1a cac chét chéng chuyén hoéa, bao gém mdt loat cac dan Xuét

pyrimidin va purin nucleosit c¢é hoat tinh giy doc té bao.

Céc nucleotit kinaza t€ bao c6 chirc ning phosphoryl héa céc nucleosit
thanh cic 5’-monophosphat twong ing ma sau d6 dugc chuyén héa tiép thanh
dang diphosphat ctia chung va sau d6 thanh triphosphat cé hoat tinh duoc ly. Da
biét ring mot sb nucleosit c6 hoat tinh yéu boi vi ching khoéng thé duoc
phosphoryl mét cach hi€u qua bang cac kinaza hodc khong phéi céc co chét dbi
v6i kinaza. Trong thir ty phosphoryl hoa, bude phosphoryl héa thir nhit ciia cic
chit twong tu nucleosit 14 d& 1am han ché toc d¢ trong khi budc phosphoryl héa
thir hai va thi ba it nhay hon d6i véi cac bién ddi d6i véi nucleosit. Ban than céc
nucleosit monophosphat (cac nucleotit) nhin chung khong 6n dinh trong méu va
thé hién sy thAm mang kém va do vay khong thich hop dé dung lam thude. Do
tinh én dinh khong cao va c6 kha nang thdm qua mang té bao kém cua dang
triphosphat ciia nucleosit va cac chit twong tu nucleosit nén chung khong dwoc

déanh gia 1a dugc chat can nghién ctru.

Troxacitabin, (beta-L-dioxolan xytidin) 1a chit twong tu deoxycytidin gdy
doc té bao c6 cau hinh L khong c6 trong tu nhién da chimg to phé hoat ddng rong
trén ca khdi u 4c tinh rin va cac khéi u 4c tinh tao huyét in vitro va in vivo. Cu
thé 13, da quan sat thiy n6 c6 hoat tinh manh trén cac dong t& bao ung thu &
nguoi va cdc manh ghép cé ngudn gbc tir té bao gan, tuyén tién liét, va than
(Cancer Res., 55, 3008-3011, 1995). Troxacitabin duoc chi ra 1a lam ting kha

ning dot bién cia kinaza deoxyxytidin kinaza (dCK) ma thuong chiu trach nhi¢m
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cho budc phosphoryl héa thir nhit cua nucleosit, din dén viéc troxacitabin
monophosphat khong con hodc con & muc do rat thip, thong qua d6 dan t6i tinh

khang.

Troxacitabin duoc thir nghiém 14m sang giai doan III vao ndm 2008 d6i
v&i chi dinh bénh bach ciu sinh tity cip tinh, nhung khéng tién hanh ding ky.
Cé4c thir nghiém giai doan II khong lién tuc cho troxacitabin bao gbm ung thur v,
ung thu truc trang rudt két, ung thu tuy, u mélanin, NSCLC, céc khdi u than,
tuyén tién liét va budng trimg. Troxacitabin thuong duogc ding dudi dang dung
dich truyén trong tinh mach, nho d6 thude s& tiép xuc voi nhidu mé, bat ké vi tri

ung thu.

Troxacitabin dugc chi ra rang, bat chdp ddc tinh wa nudc ctia nd, ching
duoc van chuyén vao trong cac t€ bao bang cach khuéch tan thu dong, nhung chi
tich tu rat chdm trong cac t€ bao ung thu so véi cac nucleosit khac duoc van

chuyén bang chit mang.

Céng b don qudc t& sb W02008/030373 boc 16 cac din xult cla
troxacitabin mang nhom tién dugc chat trén gbc bazo xytosin va danh gia mbi
quan hé gitra tinh wa m& ca cac tién duge chét voi hoat tinh chéng khéi u. Cong
bd don nay chi ra ring viéc cai bién bazo duge mong mudn dé tranh duge céc

van dé veé esteraza c6 su bién doi ¢ 5’-OH.

Céc tién duogc chat phosphoramidat & nhém chirc 5° hydroxyl cua cac D-
nucleosit dd dugc st dung thanh cdng trong cac thude chéng virut, nhu
sofosbuvir dugc dung dé didu tri bénh nhiém HCV.

Viéc khong che di tién dugc chat sofosbuvir lam 16 ra monophosphat bén
trong t& bao 1a mot, quy trinh phirc tap nhiéu bude lién quan dén mot s6 enzym

hydrolaza theo thir tw cu thé.

Viéc str dung céc tién duoc chit phosphoramidat & c4c nucleosit dung dé
diéu tri ung thu c6 it thanh cong. Nucana dang phat trién Acelerin (Nuc-1031),
mdt tién duogc chét phosphoramidat ctia D-nucleosit gemxitabin dé diéu tri bénh
ung thu tuy (cdu trac: xem trang 71 cla cong b6 don qubc té sb
W02005012327). Tuy nhién, thdm chi phosphoramidat dugc cho 1a lam téng

cudng tinh wa md va kha ning thAm vao t& bao cuia hgp chét, nhung tién dugc
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chét Acelarin van phai stt dung dudi dang dung dich truyén trong tinh mach, theo
d6 nhidu mé khoe sé& tiép xuc voi chit chuyén hoa gay doc té bao.

Hién nay, c6 rit it kién thic thuc té vé cac tién duge chit monophosphat
cta L-nucleosit nhu troxacitabin. WO2008048128 moé ta s lugng nhé cac tién
duge chit troxacitabin monosphosphat bao gdm hop chét & Vi du 14:

N NH2

Ay Lo oty
H OH V. O NP
€

Khéng phat hién théy tac dung didu tri bénh ung thu hoic hoat tinh sinh
hoc nao khac déi v6i hop chét bat ky néu trén ndy, trong cong b6 don qudc té sb
W02008048128 hoic bét ctr chd nio trong tai liéu khoa hoc. Khong ¢ bao cdo
bat ky vé viée tién dugc chit vao thir nghiém 1am sang. Tuy nhién, cic tac gia
séng ché ctia cong bd don qudc té s6 W02008048128 di cho cong bd rong réi
céc tién dugc chit twong tu v6i D-nucleosit gemxitabin (Baraniak et al Biorg
Med Chem 2014 2133-2040), trong d6 tién dwoc chit nay duong nhu hoat dong
& mot s6 md nhit dinh, va D-nucleosit azidothymidin (Kulic et al Antivir Chem
Chemother 2011 21(3) 143-150) trong d6 céc tién dugc chit c6 hoat luc nhd hon
2-20 14n so véi nucleosit gbc twong tmg. Kulic d& nghién cau thdy ring cac tién
duge chit azidothymidin c6 XL’l huéng bi khir phosphoryl hoa trudce tién thanh
nucleosit va sau d6 chiing chi bi phosphoryl hoa thanh céc loai triphosphat hoat
tinh. Trong nghién cGu nay, phuong phép tién dugc chit hoat dong trén
gemxitabin (ma gidng véi ARN nhd nhém chue 2” duogc thé ctia n6), va khong
hoat dong trén azidothymidin (la 2’-deoxy nho do6 gibng véi ADN), gia thiét ring
c4c tién duoc chét cua troxacitabin néu trong cong bb qudc té s6 W02008048128
(12 chét twong ty ADN, bét chip L-ADN), dudng nhu la khong hoat dong, nhu

céc tién dugc chét azidothymidin.

Balzarini et al Biochem Biophys Res Comm 225, 363-369 (1996) mé ta
hoat tinh khang HIV va HBV cua CF 1109, mét tién duogc chit phosphoramidat

ctia L-nucleosit lamivudin/3TC, c6 céu tric:
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NH,
N/
Al
(0] N
(o]
NH _\ko
HiC

0N CHs  CF 1109

Balzarini chi ra ring tién dugc chit phosphoramidat nay c6 hoat tinh
khang lai HIV nhd hon ~250 14n so véi nucleosit 3TC gdc ciia né, nhung tién
dugc chit ndy c6 “hiéu qua khang lai HBV gin nhu tuong dwong trong t& bao
Hep G2.2.15”. No6i céach khac, viéc b6 sung nhém tién dugc chit este
phosphoramidat metyl 16n nay khong lam cai thi¢n hoat lyc khang virut & dong té
bao gan. Balzarini khong thir nghi€ém xem tién duoc chét nay c6 duge chuyén
héa thanh 3TC trudc khi dugc phosphoryl héa thanh triphosphat hoat tinh hay
khong.

Ban chét ky thut ciia sing ché

Sang ché dé xuét tién dugc chét chira phospho ctia troxacitabin, cu thé 1a
cac tién duoc chit nhim dich 13 gan nhu phosphoramidat, thich hop dé ding qua
duomg miéng. Cac tidn dugc chit ndy ¢6 wu diém vé kha ning thdm vao té bao
ting do tinh wa m& téng so voi chinh troxacitabin, va so v6i dang hiéu qua hon,
dang triphosphat hoat tinh, do bd qua budc phosphoryl hoa dAu tién 1am han ché
téc do. Ngoai ra, cac hop chét theo séng ché chi yéu duoc chuyén hoéa thanh
triphosphat hoat tinh trong gan, nh¢ d6 tao ra hop chit c6 hoat tinh v&i nong d6
cao trong co quan dich va ddng thoi giit cdc tac dung phu do ddc tinh tai cac co

quan khac & mtc thap nhét.
Theo mot khia canh, sang ché dé xuét cac hop chét c6 cong thire (Ia):

815 R2
o. -~ Q R?
R "N-P-0 2
(@] H (Ij \/:.,(OJ.‘\N N
R 0 I (Ia)
trong do:
R! 14 OR'}, hodc NR’R’’;

R?1aH;
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R’ 13 H, C,-Cealkyl, OH, C(=0)R®, O(C=0)R® hoic O(C=0)OR?;

R’ 1a H hoic C;-Cealkyl;

R® 1a C;-Cpalkyl hodc C3-Coxycloalkyl;

R'! 1a H hoic C;-Cealkyl;

R" 1a H, phenyl, pyridyl, benzyl, indolyl hodc naphtyl trong d6 phenyl, pyridyl,
benzyl, indolyl va naphtyl ndy tuy y duoc thé bang 1, 2 hqeflc 3 R*;

R® 1a H, C-Cgalkyl, Cs-Cixycloalkyl, C;-C;xycloalkylC;-Csalkyl, phenyl,
benzyl hodc indolyl;

R'® 1a H, C;-Cjealkyl, C,-Cjealkenyl, C;-Cixycloalkyl, C;-CsxycloalkylCi-
Csalkyl, benzyl, hogic phenyl, nhém bét ky trong sd cdc nhém nay tuy y dugce thé
bang 1, 2 hodc 3 nhom, mdi nhém doe 14p duge chon tir halo, OR®va N(ng)z;
mdi R'® doc 1ap 1a H, C;-Cealkyl, C,-Cehaloalkyl hoic Cs-Crxycloalkyl;
mdi R* doc 1ap dwoc chon tir halo, C;-Cealkyl, C,-Cqalkenyl, C,-Cghaloalkyl,
C,;-Cgalkoxy, C;-Cghaloalkoxy, phenyl, hydroxyC,-Cgalkyl, C5-Cexycloalkyl, C;-
Cgalkylcacbonyl, C;-Cgxycloalkylcacbonyl, carboxyC;-Cealkyl, hydroxy, amino
CN, va NO,, hogc hai nhom R* bit ky dugc gin vao nguyén tir cacbon vong lién
k& c6 thé két hop dé tao ra -O-(CR®R*),4-O-;
R? va R* doc 1ap 1a H hodc C;-Csalkyl;
hodic mudi duoc dung va/hodc solvat cia né.

Theo mdt phuong 4n, sang ché dé xudt cac hop chét c6 cong thirc I:

) R15 R2

o) R _9_ H\rw
" \([)(\H Z O\I((‘))\N;]JN
R® 0 0 (1a)
trong do:

R' 1a OR", hoic NR°R’’;
R* 1A H;

R® 1a H, C;-Cgalkyl, OH, C(=0)R®, OC(=0)R® hozic OC(=O)OR®;
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R* 1a H hoic C;-Cgalkyl;

R® 12 C;-Cpalkyl hodc C;-Coxycloalkyl;

R 12 H hoic C;-Cealkyl;

R'® 1a H, phenyl, pyridyl, benzyl, indolyl hodc naphtyl trong d6 phenyl, pyridyl,
benzyl, indolyl va naphtyl nay tuy y dugc thé bang 1, 2 hodc 3 R*%;

RY® 1a H, C;-Cgalkyl, Cs-Cixycloalkyl, C;-CsxycloalkylC;-Csalkyl, phenyl,
benzyl hodc indolyl;

R'® 1a H, C;-Cjoalkyl, C,-Cjpalkenyl, C;-C;xycloalkyl, Cs;-C;xycloalkylC,-
Csalkyl, benzyl, hodc phenyl, nhom bét ky trong s cdc nhém nay tiy y dugce thé
bing 1, 2 hodc 3 nhém, mdi nhém doc 1ap duge chon tir halo, OR'® va N(R'®);
mdi R'® doc lap 1a H, C;-Cealkyl, C,-Cghaloalkyl hodc C3-Csxycloalkyl;

mdi R* doc lap dwoc chon tir halo, C;-Cgalkyl, C,-Csalkenyl, C;-Cghaloalkyl,
C;-Cealkoxy, C;-Cghaloalkoxy, phenyl, hydroxyC;-Cealkyl, C;-Cexycloalkyl, C;-
Cealkylcacbonyl, C3-Cgxycloalkylcacbonyl, carboxyC;-Cgalkyl, hydroxy, amino
CN, NO, va trimetylsilyl, hodc hai nhém R* bit ky duoc gén vao nguyén tir
cacbon vong 1ién ké c6 thé két hop dé tao ra -O-(CR23R23 )1.6-0-;

R® vaR* doc 1ap 1a H hodc C;-Csalkyl;

hodc mudi dugc dung va/hoic solvat cua né.

Céc hop chit c6 cong thic (Ta) c6 thé thy ¥ duoc pha ché & dang mudi
va/hoic solvat dugc dung. Theo mdt phuong 4n, hop chét theo sang ché dugc
pha ché dusi dang mudi duge dung. Theo phuong én thir hai, hop chét theo sang
ché duoc diéu ché dudi dang solvat duge dung. Theo phuong an thir ba, hop chét

theo sang ché dugc diéu ché dudi dang tu do ciia né.
MO té chi tiét sang ché

Theo phwong 4n dién hinh cta sing ché, R' 1a NR’R*’, nhu NH, hozc
NHC(=0)C,;-Cgalkyl.

Theo phuong an uu tién, R' 1a NH,.

Théng thuong trong cac hop chit c6 cong thirc (Ia), gbec -NHC(R")-

C(=O)OR16 tao thanh gdc este cia axit amin, bao gdm céc gbc axit amin tu nhién



26949

va khong tu nhién. Pac bi€t quan tdm la cac gbc axit amin trong d6 R" 13 metyl,
isopropyl, isobutyl hodc benzyl. Trong cAu hinh thong thuong, R" 1a C;-Csalkyl,
nhu metyl, etyl, propyl, isopropyl.

Trong cac hop chét, trong d6 RS khong phai 13 hydro, cdu hinh & nguyén
tir cacbon khong dbi xtmg 1a cu hinh clia L-axit amin, nhu vy tao ra cac hop
chit c6 hoa hoc 1ap thé duoc thé hién bing cong thirc (Ta):

R15 R2
160 S %\rw
" %]/\H—Z—(-)\l ! 0 ‘N lN
R13 g) \[C])/

Trong céu hinh duge wu tién clia cac hop chit c6 cong thic Ia, R” 1a

(Ia)

metyl.
Trong cAu hinh khéc ciia cac hop chét c6 cong thic Ia, R" 14 benzyl.
Trong cAu hinh dai dién ctia cac hop chét c6 cong thic Ia,
R' 1a NHy;
R*laH;
R" 1a phenyl naphtyl hodc indolyl, nhém bét ky trong s6 cdc nhém nay tuy ¥
duogc thé béng halo, vi du, bromo hodc C3-Cyxycloalkyl, vi du, xyclopropyl;
R" 14 C-Cialkyl
R 1a C;-Cgalkyl.
Trong cAu hinh dai dién khac ctia cdc hop chét c6 cong thirc Ia,
R' 1a NH;
R*1aH;
R" 14 naphtyl;
R" 1a C;-Calkyl;
R!® 1a C;-Cgalkyl hodc benzyl.
Trong céu hinh dai dién khac ctia cac hgp chét co cong thirc Ia,

R! 1a NH,;
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R’ la H;
R" 1a phenyl ma dugc thé tity y & vi tri thir 4 bang halo, vi du, bromo hodc bing
C;3-Cyxycloalkyl, vi du xyclopropyl;
R" 12 metyl;
R'® 14 C5-Cgalkyl.
Trong c4u hinh dai dién khac cta cac hop chét c6 cong thic Ia,
R' 1a NH;
R A H;
R" 1a phenyl;
R" 14 metyl;
R!® 1a C;-Csalkyl
R thuomg 13 C;-Cpalkyl hoic C3-Crxycloalkyl.

Cac gia tri dai dién cho R’ bao gébm C;-Csalkyl, nhu metyl, etyl, propyl,
isopropyl. Gia tri duge u tién cho R'® 1a metyl, gia tri wu tién khac ddi véi R'® 1a

isopropyl.
Theo mdt phuong 4n, R'®1a C5-Cjpalkyl.

Cac gia tri dai dién cho R'S theo phuong 4n niy bao gdm Cs-Cgalkyl mach
nhinh. Theo mdt phuong an, diém tao nhanh cua R'® 12 & C;. Theo mdt phuong
4n thay thé, diém tao nhéanh cta R' 1a & C,. Theo cac phuong 4n nay, hoda hoc
lap thé & nguyén tir cacbon ma R" dugc gin vao 1a hoéa hoc 1ap thé cta L-axit

amin, nhu vay tao ra cac hop chét ¢ cong thirc chung:

R15 R2 R163 R15 R2
R8T O - | H\/Fy 0 | H\rw
TR e LF Y e
O W\ O o\
J°Y e b)Y

(Ila) (2"

trong d6 R va R'® I C,-Cyalkyl giéng nhau hogc khac nhau, va R'® va R'** Ia
C,-Csalkyl gidng nhau hodc khac nhau.

-10-
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Thong thuong trong cac hop chét c6 cong thirc (12°), R'® 1a 2-pentyl, nghia
1a R' 1a propyl va R'® 1a metyl.

Trong c4u hinh théng thuong khac cua cac hop chét ¢6 cong thirc (Ia”),

R'® 1a 2-butyl, nghia 12 R'*' 1a etyl va R'® 1a metyl.

Thong thuong trong cac hop chét c6 cong thirc (1a”), R'® 1a 2-propylpentyl
hoiic 2-etylbutyl, nghia 1a ca R'% va R'* 1an luot 14 propyl hodc etyl.

Cac gia tri dai dién khac cho R bao gém C;-Csxycloalkyl, nhu
xyclohexyl.

Céc gié tri dai dién khac cho R'® 14 xyclopentyl.
Cac gia tri dai dién khéc cho R 1a benzyl.

R" thuong 1a phenyl, naphtyl hodc indolyl, nhém bét ky trong sd céc
nhém nay tiy ¥ duoc thé bang 1 hodc 2 R*.

Theo mot phuong 4n cua sang ché, R" 1a phenyl hogc naphtyl, nhom bat
k¥ trong s6 cac nhom nay dugc thé tuy y.

Theo mét phuong 4n cta sang ché, R" 14 naphtyl.
Theo mot phuong 4n dugce wu tién cla sang ché, R" 1a phenyl.
Céc vi du dai dién v& R" bao gém phenyl ma tuy y duogc thé bang mot, hai

hoac ba R*, nhu vay tao ra cdc hop chét c6 cong thirc (II-aa):

R‘1 5

R
Rmom/\N"
H

2
1
o A
o Lm‘(ij]mNYN
(Rgg,‘o.:g@ o 0O (1l-aa)

trong d6 mdi R¥, khi c6 mit, doc 14p duoc chon tir halo, Ci-Cealkyl, Cy-

0—;0'—'0

Cealkenyl va C;-Cgalkoxy. Thong thudng, vong phenyl khong duoc thé hosc
dugc thé bing R*.

Trong mét cdu hinh cua cac hop chit c¢6 cong thic (1l-aa), vong phenyl

khong dugc thé.
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Trong cu hinh khéc cta cac hop chét c6 cong thirc (II-aa), vong phenyl
dugc thé bing mot R**. Thong thuong trong cAu hinh nay, phan tit thé R* nam &
vi tri thit 4 ctia vong phenyl.

Theo mdt phuong &n cta cic hop chét theo sang ché, R" 1a phenyl dugc
thé & vi tri tht 4 béng halo, vi du bromo hodc bang C;-Cyxycloalkyl, vi du
xyclopropyl.

Trong mot cdu hinh ctia cac hop chét c6 cong thirc (II-aa), vong phenyl
duge thé bang carboxyC;-Cealkyl. Vi du minh hoa cua cu hinh nay dugc minh

hoa trong cong thirc timg phan:

Trong cu hinh khéc ctia cac hop chét c6 cong thirc (II-aa), vong phenyl
duge thé bing hai R nim trén cic nguyén tir cacbon lién k& va hai R** két hop
tao thanh -O-CH,-O-, nhu vay tao thanh cAu trac ting phén :

0
-0
Céc gia tri dai dién khac cho R" bao gém pyridyl dugce thé tuy y. Thong
thuong, gbc pyridyl khong duoc thé hodc duoc thé bang mdt hodc hai phén tir
thé, mi phén tir thé doc 1ap duge chon tir halo, C-Cghaloalkyl, Ci-Cealkyl, Co-
Cgalkenyl, C,-Cgalkoxy, hydroxy, amino.

Theo mdt phuong an thong thuong ctia cac hgp chét co6 cong thirc (D),
R! 13 NH, hoic NHC(=0)C;-Cgalkyl;

R'® 1 phenyl, naphtyl hodc indolyl, nhém bét ky trong s6 cac nhom nay tuy y
duoc thé bing halo, C,-Csalkyl, C;-Csalkoxy, Cs;-Cexycloalkyl hodc C;-
Cshaloalkyl;
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RY 1a C;-Cialkyl hodc benzyl;
R 1a C;-Cjpalkyl hodc C3-Cyxycloalkyl.
Theo mdt phuong an thdng thudng cuia cac hop chét c6 cong thirc (I) hodc
(Ia),
R! 12 NH, hoic NHC(=0)C,-Cgalkyl;

R" 13 phenyl hogc naphtyl, nhém bat ky trong s6 cac nhém nay tuy y dugce thé
bang halo, C;-Csalkyl, C;-Csalkoxy, C;-Cgxycloalkyl hoic C;-Cshaloalkyl;

R" 1a C,;-Csalkyl hodc benzyl;
R 1a C,-Cjpalkyl hodc C3-Cyxycloalkyl.
Theo mdt phuwong an thong thuong khéc ctia cac hop chét c6 cong thic
D,
R' 1a NHy;
R*1a H;
R" 14 phenyl;
R" 1a C;-Calkyl;
R'® 1a C;-Csalkyl hoic xyclohexyl.

Theo mdt phuong 4n thong thudng khic cua cac hop chét c6 cong thirc (1)
hodc (Ia),

R' 1a NHy;

R AT

R" 12 phenyl;

R" 1a C,-Csalkyl hodc benzyl;

R!® 1a C5-Cgalkyl, xyclopentyl hodc xyclohexyl.

Céc hop chét theo sang ché thé hién hoat tinh chong ung thu ddc biét la
ung thu gan nhu HCC, va co thé dugc dung lam thudc dé diéu tri cho dong vat
mau noéng, cu thé 1a nguoi, bi bénh ung thu. Péc biét, cac hop chét nay co thé

duogc dung lam thubc dé didu tri bénh & nguoi méc bénh ung thu gan nhu HCC.
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Dé tranh cac tac dung phu khéng mong mubn, dic biét 1a gay doc cho cac
co quan khéc, viéc van chuyén thubc dén vi tri cta khdi u trong khi 1am giam su
tiép xtic voi cac md binh thuong la mang tinh quyét dinh. C4c hop chét theo séng
ché phai n dinh trong dich da day nhung duge chuyén héa ngay bang enzym &
gan, do d6 ching co thé duoc hip phu trong da day va dugc van chuyén dudi
dang tac nhan gay doc té bao duoc che gidu dén gan & noi hép phuy, dién ra su
chuyén héa va hinh thanh triphosphat gay doc té bao hoat tinh. Do vay, sang ché
dé xuét cac hop chét duoc hép phu va dugc xtr ly ban déu trong gan, nhu vy lam
giam thidu sy tiép xtic v6i cac co quan khac trong co thé va cac tic dung phu gy

doc.

Khong bi rang budc béi ly thuyét, hoat tinh chéng bénh ung thu cta céc
hop chit theo sang ché c6 thé dugc 4p dung truc tiép chdng lai cac qua trinh xtr
Iy t& bao clia cac t& bao sinh khdi u tdc dung nhanh ctia bénh ung thu, ma ngoai
ra hodc theo cach khac co6 thé thé hién hiéu qua cta ching thong qua sy didu bién
cua vi mdi trudng cua khédi u, nhu su e ché tao mach, nhd d6 1am cho khdi u

khong 14y duoc chat dinh dudng 1am trc ché sy phét trién khéi u.

Céc hop chit theo séng ché ciing hitu ich trong viéc diéu trj bénh ung thu
gan thit phat, di cin sang gan, nghia la bénh ung thu bét ngudn tlr cdc co quan &

bét ky chd nao trong co thé, nhu rudt két, phdi va vii va di chuyén vao gan.

Sang ché con md ta phuong phép didu tri dong vat mau néng, cu thé la
ngudi, bi bénh ung thu, cu thé 13 bénh ung thu gan nhu HCC, phuong phép da
néu bao g6m viée st dung mdt lugng hitu hiéu hop chét c6 cong thirc (Ia) hodc
nhém phu bat ky ctia no.

Sang ché con mo ta phuong phap diéu tri dong vat mau néng, cu thé 1a
ngudi, bi bénh ung thu gan thir phat, phuong phap da néu bao gbm viéc st dung
mot lwgng hitu hiéu hop chét c6 cong thirc (Ta) hodc nhém phu bét ky ctia no.

Viéc st dung néu trén lam thubc hodc phwong phéap diéu tri bao gém viée
ding hé théng mot lugng hiru hiéu ctia hop chét c6 cong thirc (Ia) cho ddi tuong

bi bénh ung thu.
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Theo mdt khia canh, sdng ché d& xuit dugc phdm chtra hop chét c6 cong
thirc (Ia) cing voi chit phu tro, chét pha lodng, t4 dugc hodc chit mang dugc

dung.

Theo mot khia canh khéc, sang ché @& xuét duoc phém dé sir dung dé diéu
tri bénh ung thu chtra hop chét c¢6 cong thire (Ia) cung vai chit phu trg, chit pha

lodng, ta duoc hodc chit mang dugc dung.

Theo mot khia canh khéc, sang ché @& xuét duoc phém dé sir dung dé diéu
tri bénh ung thu gan, nhu HCC chira hop chét c6 cong thirc (Ta) cung véi chat

phu tro, chét pha lodng, t4 dugc hodc chit mang dugc dung.

Theo mot khia canh khac, sang ché d& xuét duoc phém dé sir dung dé didu
tri bénh ung thu gan th phat chira hop chét c6 cong thire (Ia) cing voi chét phu

tro, chét pha logng, ta dugc hodc chit mang dugc dung.

Theo mot khia canh khéc, sang ché @& cap dén quy trinh bao ché duoc
phim nhu dugec md ta & déy, quy trinh nay bao gdm budc tron k§ chét phu tro,
chét pha lodng, t& dugc va/hodc chit mang dugc dung vai mét luong hitu higu c6

tac dung diéu trj bénh ctia hop chat c6 cong thic (Ta).

Theo mot khia canh khéc, sang ché dé xuét duge phim ding dé diéu tri
hoic e ché cac bénh néu trén, duge phém nay con chira mot hodc nhiéu tac nhan
tri liéu khéc.

Dugc phém néu trén thuong s& chira modt lugng hiru hidu (vi dy, cho
nguoi) hop chét c6 cong thire (I), tuy mdc du lugng diéu tri phu cua hop chét co
cong thite (Ta) c6 thé c6 gié tri khi dugc ding két hop v6i cc tic nhan khac hodc

trong nhiéu licu.

Trong ban md ta nay, lugng hitu higu c6 tac dung diéu tri bénh 1a lugng
hitu hiéu du dé tao ra Kkét qua mong muén. Luong hitu hiéu c6 tac dung diéu tri
bénh s& thay dbi tiy theo timg yéu ciu trong timg trudong hop cu thé. Cac dau
hiéu anh hudng dén liéu luong vi du 1a mirc d nghiém trong cta bénh can dugc
diéu tri, do tudi, can ning, tinh trang sirc khoe chung v.v. cta dbi twong duoc
didu tri. Lién quan dén tic dung chbéng ung thu, tdc dung nay c6 thé e ché su

phat trién thém cta khoi u, giam kha néng xay ra hodc giam thi€u sy di cdn hodc
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tao ra sy chét té bao trong khéi u, ddn d&n viéc thu nho khdi u hoic ngin ngira sy
tai phét trién ciia khdi u sau khi khéi u ciia bgnh nhan giam kich c3.
Theo mot khia canh khéic, sang ché d& xuét hop chét c6 cong thirc (Ta) dé

dung lam thuée.

Theo mot khia canh khéac, sang ché d& xuét hop chét c6 cong thirc (Ta) aé
sir dung dé diéu tri bénh ung thu.

Theo mot khia canh khac, sang ché dé xuit hop chat c6 cong thirc (la) aé
st dung dé diéu tri bénh ung thu gan nhu HCC.

Theo mot khia canh khéac, sang ché dé xuét hop chit c6 cong thirc (la) aé
stt dung d& diéu tri bénh ung thu gan thir phat.

Theo mot khia canh khac, séng ché d& xult hop chit c6 cong thic (la) dé
sir dung d& didu tri bénh nhu dugc mb ta & trén két hop v6i diéu tri mot hode
nhidu bénh ung thu khac nhu céc thudc chéng ung thu khac, phau thut, liéu
phap tri ligu mién dich va/hoic tri liéu theo ving nhu cit bo bang séng c6 tAn sd
radio.

Theo mot phuong an khac, viéc didu tri chéng ung thu khac 1a tri ligu
bing séng c6 tan s radio.

Theo mdt phuong an, viéc didu tri chéng ung thu khac 1a mot hodc nhiéu
chét twong tu nucleosit khac thé hién hoat tinh khang khdi u hiéu nghiém.

Theo mét khia canh, séng ché d& xudt dugc pham chura lwong cho téc
dung diéu tri bénh cua hop chét c6 cong thirc (Ta) va mot hodc nhiéu tac nhan
didu tri bénh khéc duoc chon tir nhém bao gdm tac nhén hoa tri ligu, tic nhan
lam dao ngugc su khang nhiéu thudc va chét bién ddi dap tmg sinh hoc.

Theo mdt phuong 4n cua khia canh nay, tic nhén tri liéu khac 1a tdc nhéan
hoa tri liu.

Theo mdt khia canh khac, sang ché d& xuét hop chét c6 cong thuc (Ia) aé
str dung dé bao ché thubc.

Theo mot khia canh khac, sang ché dé xuét hop chét c6 cong thuc (Ia) dé

sit dung dé bao ché thudc dé diéu tri bénh ung thur.
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Theo mot khia canh khac, sang ché d& xuét hop chit c6 cong thirc (Ia) dé
stt dung dé bao ché thudc @ diéu tri bénh ung thu gan nhu HCC.

Theo mdt khia canh khéc, sang ché dé xuét hop chét c6 cong thic (la) dé
str dung dé& bao ché thubc dé diéu tri bénh ung thu gan thi phat.

Theo mdt khia canh khac, sang ché mé ti phuong phap diéu tri bénh ung
thu bao gdm bude cho d6i twong, vi du 1a ngudi can diéu tri dung lugng hitu hiéu

¢6 tac dung diéu tri bénh ctia hop chét c6 cong thic (Ta).

Theo mdt khia canh khac, sang ché mé ti phuong phép diéu tri bénh ung
thw gan nhu HCC, bao gdm buéc cho dbi twong, vi du 14 ngudi can diéu trj ding

lugng hitu hiu c6 tac dung diéu tri bénh cia hop chét c6 cong thirc (Ta).

Theo mot khia canh khac, sang ché m6 ta phuong phap diéu tri bénh ung
thu gan thir phat, bao gdm budc cho dbi tuong, vi du 1a ngudi can didu tri ding

lugng hitu hiu c6 tac dung diéu tri bénh ctia hop chét c6 cong thic (Ta).

Theo mdt khia canh khac, sang ché mo ta phuong phap diéu tri nhu duge
mod ta & trén két hop véi (céc) diéu tri bénh ung thu khac nhu cac thubc chong
ung thu khéc, phau thuét, liéu phép tri liéu mién dich va/hoic tri liéu theo ving

nhu cit bé bang séng co tan so radio.

Theo mdt khia canh, sang ché mo ta phuwong phép diéu tri bénh ung thu
gan nguyén phat va thir phat bao gbm budc st dung duge pham chira lugng cho
tac dung diéu tri bénh ctia hop chét c6 cong thire Ia, con chira mdt hodc nhiéu tac
nhan diéu tri bénh khéc duoc chon tir nhém bao gém téc nhan hoa tri liéu, tic

nhan lam dao nguoc su khang nhiéu thudc va chét bién d6i dap tmg sinh hoc.

Theo m6t phurong 4n cua khia canh ndy, tic nhén tri li¢u khdc la tac nhan

hoéa tri li€u.
Theo mot khia canh, sing ché d& xuét hop chét c6 cong thirc (Ia) hop chét

nay dugc chon tir cac hop chét dugc mo ta dudi day:
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hodc mudi dugc dung cua no.

Ngoai ra, sang ché dé cap dén phuong phap diéu ché hop chét c6 cong
thitc (Ia), dén cac chat trung gian méi dé sir dung @& diéu ché cac hop chit co

cong thirc (Ta) nay va dé diéu ché cac chit trung gian nay.

Bét ctr khi ndo thuat ngit ‘cac hop chét c6 cong thie (Ia), 'hop chét theo
sang ché”, “cac hop chét theo sang ché” hoidc cac thuat ngit tuong tu duoc sir
dung & trén va dudi ddy, c6 nghia 1a bao gdm cic hop chét c6 cong thic (Ia) va
phén nhom bét ky cla cac hop chét c6 cong thirc (Ia) nay, k& ca cac dang dong
phéan hoéa hoc lap thd c6 thd c6, cac mudi duge dung cla ching, cac solvat, cac

amin béc bon va cac phure kim loai.

Céc hop chit theo sang ché c6 thé dugc phéi tron thanh cac dang dugc
phém khéc nhau tuy muc dich sir dung. DPé lam dugc phém thich hop, co thé bao
ché tht ca cac loai duoc phdm thudng dugc sit dung dé ding thubc qua dudng
miéng. DPé bao ché duoc phém theo sang ché nay, mot lugng hitu hiéu ctia hop
chét cu thé, thy y & dang mudi cong hodc solvat, dudi dang thanh phén hoat tinh
duoc két hop trong hdn hop tron k¥ vai chit mang dugc dung, chit mang ndy c6
thé tao thanh cac dang khac nhau phu thudc vao dang duge phﬁm mong muén
ding. Dugc phim ndy mong mudn & dang don vi lidu lugng thich hop dé dung
qua dudong miéng. Vi dy, trong viéc bao ché dugc phidm & dang liéu ding qua
duong miéng, co thé str dung moi trudong thubc thong thuong bét ky nhu, vi dy,
nudc, glycol, dau, ruou va céc moi trudng tuong tu trong truong hop duge pham
long dung qua dudng miéng nhu huyén pht, si 16, cdn ngot, nhil twong va dung

dich; hodc cac chit mang r&n nhu tinh bot, dudng, cao lanh, cac chét boi tron, cac
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chét lién két, cac tac nhan lam phan rd va cac chét tuong tu trong truong hop
thudc bot, vién tron nhd, vién nang, va vién nen. Vi dé dung, cac vién nén va
vién nang 1a dang don vi lidu lugng ding qua dudng miéng uu viét nhét, trong
truong hop do cac chit mang thuéc dang rin hién nhién 13 dugc st dung. Sang
ché con d& cap dén cac dugc phim dang ran dugc dw dinh dé chuyén hoa, ngay

tru6e khi st dung, thanh dugc phdm dang long.

Dic biét ¢6 lgi khi bao ché dugc pham néu trén & dang don vi lidu luong
dé d& st dung va c6 liéu lugng ddng déu. Dang don vi lidu luong duge st dung &
day d& cap dén cac don vi riéng biét vé mit vat ly thich hop dung 1am don vi liéu
lwong, mdi don vi chira lugng dinh trude cua thanh phén hoat tinh dugc tinh dé
rtao ra tac dung tri liéu mong mudn két hop voi chit mang thudc can thiét. Céc vi
du vé cac dang don vi lidu luong nay la cac vién nén (k& ca cac vién nén duge
khia hodc duge bao), cac vién nang, vién tron nho, goi thudc bot, vién nhén va

cac dang tuong tu, va cac dang dugc tach riéng voi s6 luong gap boi cia nd.

Thong thuong, cho rdng lwong hing ngay hiru hiéu chéng ung thu s& nam
trong khoéang tir khoang 0,01 dén khoang 700 mg/kg, hodc tir khoang 0,5 dén
khoang 400 mg/kg, hodc tir khoang 1 dén khoang 250 mg/kg, hodc tir khoang 2
dén khoang 200 mg/kg, hodc tlir khoang 10 dén khoang 150 mg/kg trong lugng
co thé. C6 thé dung lidu cn thiét 1 hai, ba, bén hogc nhiéu liéu phy & cac
khoang cach thoi gian thich hop trong ngay. Cac phén liéu c6 th8 dugc phéi tron
dudi dang don vi liéu lugng, vi du, chira tir khoang 1 dén khoang 5000 mg, hodc
tir khoang 50 dén khoang 3000 mg, hodc tir khoang 100 dén khoang 1000 mg,
hoiic tir khoang 200 dén khoang 600 mg, hogc tir khoang 100 dén khoang 400 mg

ctia thanh phan hoat tinh trong m&i dang don vi liéu luong.

Céc hop chit theo sang ché c6 thé thé hién tac dung chéng ung thu mot
minh va/hodc 1am ting cudng kha ning cta tac nhan chdng ung thu khac nita aé
thé hién tac dung chéng ung thur.

Céc hop chit theo sang ché dugc dai dién 1 chit ddng phén 1ap thé da xac
dinh. CAu hinh tuyét dbi ctia cac hop chét ndy c6 the dugc xac dinh béng cach sir
dung phuong phép da biét trong linh vuc nhu, vi dy, nhiu xa tia X hoic NMR

va/hodc suy ra tir nguyén ligu ban diu c6 hoa hoc 1ap thé da biét. Dugc phém

-20-



26949

theo sang ché t6t hon 14 s& bao gdm céc ché phim cua cac chit ddng phén lap thé

d4 néu gan nhu tinh khiét v& mat dong phan lap thé.

Céc dang ddng phan lap thé tinh khiét ctia cac hop chét va céc chét trung
gian dugc dé cap & ddy duoc x4c dinh la cac chat ddng phan gin nhu khong c6
c4c dang ddng phan déi anh hodc ddng phan khong d6i quang khac c6 chu trac
phén t co ban gidng nhau ctia cac hop chét hodc céc chat trung gian dd néu. Cu
thé, thut ngfr “tinh khiét vé mat ddng phan lap thé” lién quan dén cac hop chit
hodc céc chét trung gian c6 lugng du ddng phan lap thé it nhét 12 80% (nghia 12 it
nhét 90% 1 clia mot chat ddng phéan va tdi da 10% 1a cua cac chét déng phan c6
thé ¢6 khac) cho dén luong du chét ddng phén 1ap thé 1a 100% (nghia 1a 100% la
ctia mot chit déng phan va khong c6 chét ddng phan nao khéc), cu thé hon, cac
hop chét hodc cac chét trung gian c6 lugng du ddng phan lap thé nim trong
khoang tir 90% dén 100%, tham chi cu thé hon 1a ¢6 lwong du dong phéan 1ap thé
ndm trong khoang tir 94% dén 100% va dic biét nhat la c6 luong du dong phan
lap thé ndm trong khoang tir 97% cho dén 100%. Céc thuat ngft “tinh khiét vé
mit ddng phan déi anh” va “tinh khiét v& mat ddng phan khong dbi quang” can
duoc hiéu theo cich twong tu, nhung sau d6 14n luot c6 lién quan dén luong du
chét ddng phan dbi anh, va lugng du chit ddng phan khong déi quang, cla hén
hop dang nghién clru.

Céc dang ddng phan 1ap thé tinh khiét ctia cic hop chét va céc chét trung
gian theo sang ché nay c6 thé thu duge bing cach 4p dung cac quy trinh da biét
trong linh vuc. Vi dy, cac chét ddng phan d6i anh c6 thé duoc tach ra khoi nhau
bing cach két tinh chon loc cac muéi ddng phan khéng déi quang cta ching voi
cac axit hodc cac bazo cé hoat tinh quang hoc. Céac vi du cta nd la axit tartric,
axit dibenzoyltartric, axit ditoluoyltartric va axit camphorsulfonic. Theo cach
khéc, cac chit ddng phan ddi anh co thé duoc tach ra bang ky thuat sic ky st
dung cac pha tinh khong dbi xtng. Cac dang chét d6ng phan hoéa hoc lap thé tinh
khiét d4 néu ciing c6 thé dugc dan xudt tir cac dang dong phan hoa hoc 14p thé
tinh khiét twong tng ctia cac nguyén li¢u ban dAu thich hop, véi diéu kién 13 phan
g xay ra dudi dang déc hiu lap thé. T5t hon 13, néu muén co chéit ddng phan

1ap thé cu thé, hop chét d4 néu duge tdng hop bing phuong phap didu ché 1ap thé
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dic hidu. Cac phuong phép nay c6 ich khi sir dung céc nguyén liéu ban dAu tinh
khiét v& mat ddng phan dbi anh.

Céc raxemat ddng phan khong dbi quang cta cac hop chit theo sang ché
c6 thé thu duoc riéng r& bang céc phuong phap thong thuong. Cac phwong phap
tach vat ly thich hop ma c6 thé dugc st dung c6 loi 13, vi du, két tinh chon loc va

sac ky, vi dy, sédc ky cot.

Khi c6 mit nguyén tir phospho trong hop chét theo sang ché, nguyén tt
cacbon ¢6 thé c6 mit & tim khong ddi ximg. Tinh khong ddi xtmg & tAm nay
dugc ky hiéu 1a “R” hodc “S” theo quy tic uvu tién Cahn-Ingold-Prelog. Khi
khong chi ra d6i xtmg, du tinh rdng ca hai chit ddng phan R va S ¢6 nghia la déu
duoc bao gdm, cling nhu hdn hop ciia ca hai cht nay, nghia 1a hon hop chét

ddng phéan khong dbi quang.

Theo phuong 4n uu ti€n cua sang ché, cac chat ddng phén 1ap thé c6 ciu
hinh S & nguyén tir phospho dugc bao gdm. Céc chét ddng phan lap thé nay dugc
ky higu 1a Sp.

Theo cac phuong an khic cia sang ché, cac chét ddng phan lap thé c6 cdu
hinh R & nguyén tir phospho dugc bao gdm. Céc chét ddng phan 18p thé nay dugc
ky hi¢u 1a Rp.

Theo cac phuong an khic cua sang ché, cac hdn hop chat dong phan
khong d6i quang dugc bao gdm, nghia 1a céc hdn hop cua cac hop chit c6 cau

hinh R hodc S & nguyén tir phospho.

Sang ché con bao gdém céac hop chit duge gén nhan ddng vi c6 cong thirc
(Ta), trong d6 mot hodc nhiéu nguyén tir dugc thay thé béng chét déng Vi clia
nguyén tir d6, nghia 1a nguyén tr ¢4 cung s& nguyén tir, nhung khdi lugng
nguyén tir khac nhau, (cic) hop chét nay thuong duge tim thdy trong ty nhién.
Céc vi du vé& cac chét ddng vi ma c6 thé duogc dua vao cac hop chét c6 cong thirc
(Ia), bao gdbm nhung khong gi6i han & cac chét ddng vi ctia hydro, nhu ’H va*H
(con duge ky hiéu 14n luot 1a D d6i véi doteri va T dbi vai triti), cacbon, nhu e,
B¢ va C, nito, nhu BN va PN, oxy, nhu 150, "0 va 180, phospho, nhu 3P va
2pJyu huynh, nhu %S, flo, nhu '*F, clo, nhu **CL brom nhu "*Br, "Br, "'Br va

2B va jot, nhu 2L 2L, "I va 'L Viéc lya chon chat dong vi ¢6 trong hop

-2



26949

chit dugc gén nhin dong vi s& phu thudc vao tmg dung cu thé ctia hop chit do.
Vi dy, d6i véi duoc chét hoic céc thir nghiém phén bd mb co chit, cac hop chét
trong do chit ddng vi hoat tinh phong xa nhu 3H hoic *C dugc dua vao nhin
chung s& 14 hitu ich nhét. Dbi v6i nhitng tmg dung tao hinh anh bing song c6 tAn
sé radio, vi, chup positron cit 16p (PET) chét ddng vi phét xa positron nhu e,
18 13N hodc %0 s& 1a hitu ich. Viéc hop nhét chat déng vi ning hon, nhu doteri,
nghia la ?H, ¢6 thé tao ra d6 6n dinh chuyén héa 16n hon so v&i hop chét co6 cong
thirc (Ia) ma co6 thé, vi du, lam ting chu ky ban hity in vivo ctia hop chét hoic yéu
cdu lidu dung gidm.

Céc hop chét dugce gin nhin ddng vi theo sang ché c6 thé dugc pha ché
bing cic quy trinh twong ty voi cic quy trinh dugec md ta trong cac So dd
va/hodc cac Vi du néu dudi ddy trong ban mo ta bang cach st dung thudc thir
duoc gén nhin chét ddng vi thich hgp hodc nguyén liéu ban dAu thay cho thudc
thir dwoc gin nhin khong phai chét ddng vi twong tng hodc nguyén liéu ban dAu,
hodc bing cac k¥ thuat thong thuong di dugc ngudi c6 trinh do trung binh trong
linh vuc biét.

Cac mudi cong dugce dung bao gém cac dang mudi ¢6 hoat tinh tri liéu va
mudi cong bazo cua cac hgp chét c6 cong thirc (Ta). Quan tam 1a cac dang ty do,
tizc 12 khong phai dang mubi clia cac hop chét c¢6 cong thirc (Ta) hodc nhém phu
bét ky ctia no.

Céc mudi cong axit duge dung théng thuong c6 thé thu dugc bang cach
xtt ly dang bazo bing axit thich hop nay. Cac axit thich hop bao gbm, vi dy, céc
axit vo co nhu cac axit hydrohalogenic, vi du axit clohydric hodc axit
bromhydric, axit sulfuric, axit nitric, axit phosphoric va cac axit twong tu; hodc
céc axit hitu co nhu, vi du, axit axetic, axit propionic, axit hydroxyaxetic, axit
lactic, axit pyruvic, axit oxalic (nghia 14 axit etandioic), axit malonic, axit suxinic
(nghia 1a axit butanedioic), axit maleic, axit fumaric, axit malic (nghia la axit
hydroxylbutanedioic), —axit tartric, axit xitric, axit metansulfonic, axit
etansulfonic, axit benzensulfonic, axit p-toluensulfonic, axit xyclamic, axit
salixylic, axit p-aminosalixylic, axit pamoic va cac axit twong tu. Ngugc lai, cac
dang mubi da néu c6 thé duoc chuyén hoa bang cach xir ly béng bazo thich hop

thanh dang bazo tu do.
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Céc hop chét c6 cong thirc (Ia) chira proton axit ciing ¢ thé duoc chuyén
hoa thanh kim loai khong doc ctia ching hodc dang mudi cong amin bang cach
xtt ly bang cac bazo hitu co va vo co thich hop. Cac dang mudi bazo thich hgp
bao gém, vi du, cac mubi amoni, cdc mudi kim loai kiém va kiém thd, vi du cic
mudi lithi, natri, kali, magie, canxi va cac mudi tuong tu, cac mudi véi cac bazo
hitu co, vi du benzathin, N-metyl-D-glucamin, cac mudi hydrabamin, va céc

mudi v6i cac axit amin nhu, vi du, arginin, lysin va cadc mudi tuong tu.

Mot sb hop chét c¢6 cong thirc (la) ciing c¢6 thé tdn tai duéi dang tautome
ctia chiing. Vi dy, cc dang tautome ctia nhom amit (-C(=0)-NH-) 1a ruqu imino
(-C(OH)=N-), ma co thé tré nén dugc 6n dinh trong cac vong voi ddc tinh thom.
Céac dang nay, mic du khong dugc chi ra trong cac cong thirc chu trac dai dién &

day, nam trong pham Vi clia sdng ché.

Cac thuat ngit va cac cum tir dugc sit dung & day trong toan bd ban tom
tht, ban mo tA va cac diém yéu cAu bao h¢ s& dugc hiéu 1a nhu dugc xéc dinh
dudi day trir khi c6 quy dinh khac. Nghia cua mdi thuat ngit 1a doc 1ap & mdi lan
xuét hién. Céc dinh nghia nay 4p dung bét k& 1a thuat ngit nay duoc stt dung mot
minh hodic két hop véi cac thuat ngit khac, trir khi c6 quy dinh khéc. Thuét ngft
hodc cum tir duge sir dung & day ma khong duoc xdc dinh cu thé, s& duoc hidu 1a
¢6 nghia thong dung ctia né dugc sir dung trong linh vye. Tén hoa hoc, tén thong
dung, va céu tric héa hoc c6 thd duge st dung thay thé 1in nhau dé& mo ta cau
trac giéng nhau. Néu hop chit héa hoc dugc dé cap dén st dung ca céu triic hoa
hoc va tén héa hoc va ¢ sy nhip nhﬁng gitta cAu tric va tén héa hoc nay, thi chu

tric chiém wu thé.

"Cp-Cralkyl" chinh né hodc trong cum tir phic tap nhu C,-Cphaloalkyl,
Cp-Cralkylcacbonyl, Cp,-Cralkylamin, v.v. la gbc hydrocacbon béo mach thing
hodc mach nhanh c6 s6 nguyén tir cacbon dugc ky hiéu, vi duy, C,-Caalkyl c6
nghta 1a gdc alkyl ¢6 1 dén 4 nguyén tir cacbon. C;-Cgalkyl c6 nghia twong tmg,
bao gdm tit ci cac chét ddng phén mach thing hogc mach nhanh cta pentyl va
hexyl. Céc gbc alkyl dugc wu tién dé st dung theo sang ché 1a C-Cealkyl, bao
gdm metyl, etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-
pentyl va n-hexyl, dc biét 1a C;-Csalkyl nhu metyl, etyl, n-propyl, isopropyl, t-
butyl, n-butyl va isobutyl. Metyl va isopropyl thuong duoc wu tién. Nhom alkyl
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¢6 thé khong dugc thé hodc duoc thé bing mot hodc nhidu phin tir thé c6 thé
giéng nhau hodc khac nhau, mdi phén tir thé doc 1ap duge chon tir nhém bao gbm
halo, alkenyl, alkynyl, aryl, xycloalkyl, xyano, hydroxy, -O-alkyl, -O-aryl, -
alkylen-O-alkyl, alkylthio, -NH,, -NH(alkyl), -N(alkyl),, -NH(xycloalkyl), -O-
C(=0)-alkyl, -O-C(=0)-aryl, -O- C(=0)-xycloalkyl, -C(=0)OH va -C(=0)O-
alkyl. Thong thudng duge wu tién 12 nhém alkyl khong duge thé, trir khi c6 quy
dinh khac.

"C,-Cpalkenyl" 1a géc hydrocacbon béo mach thdng hoic mach nhéanh
chira it nhat mot lién két ddi cacbon-cacbon va c6 s6 nguyén tir cacbon dugc ky
hiéu, vi du C,-Cgalkenyl c6 nghia 1a gbc alkenyl ¢6 2 dén 4 nguyén tir cacbon;
C,-Cgalkenyl c6 nghia la gbc alkenyl c6 2 dén 6 nguyén tir cacbon. Nhom
alkenyl khéng gidi han bao gbm etenyl, propenyl, n-butenyl, 3-metylbut-2-enyl,
n-pentenyl va hexenyl. Nhém alkenyl c6 thé khong duoc thé hodc duge thé bang
mot hodc nhidu phan tir thé ma cé thé gidng nhau hodc khac nhau, mdi phén tr
thé doc 1ap duge chon tir nhém bao g6m halo, alkenyl, alkynyl, aryl, xycloalkyl,
xyano, hydroxy, -O-alkyl, -O-aryl, -alkylen-O-alkyl, alkylthio, -NHp, -NH(alkyl),
N(alkyl),, -NH(xycloalkyl), -O-C(=O)-alkyl, -O-C(=O)-aryl, -O-C(=0)-
xycloalkyl, -C(=O)OH va -C(=0)O-alkyl. Thong thuong dugc uu tién 1a nhom
alkenyl khong dugc thé, trir khi c6 quy dinh khéc.

"C,-Chalkynyl" 12 gbc hydrocacbon béo mach thang hoic mach nhénh
chira it nhit mot lién két ba cacbon-cacbon va c6 s6 nguyén tir cacbon dugc ky
hiéu, vi du C,-Csalkynyl nghia la gbc alkynyl c6 2 dén 4 nguyén tir cacbon; C,-
Cealkynyl nghia 1a géc alkynyl c6 2 dén 6 nguyén tir cacbon. Nhém alkenyl
khong gidi han bao gbm etynyl, propynyl, 2-butynyl va 3-metylbutynyl pentynyl
va hexynyl. Nhém alkynyl c6 thé khong dugc thé hodc duge thé bang mot hoic
nhidu phin tir thé ma c6 thé gidng nhau hoic khac nhau, mdi phan tir thé doc 1ap
dugc chon tir nhém bao gém halo, alkenyl, alkynyl, aryl, xycloalkyl, xyano,
hydroxy, -O-alkyl, -O-aryl, -alkylen-O-alkyl, alkylthio, -NH,, -NH(alkyl), -
N(alkyl),, -NH(xycloalkyl), -O-C(=O)-alkyl, -O-C(=O)-aryl, -0-C(=0)-
xycloalkyl, -C(O)OH va -C(O)O-alkyl. Thong thuong duoc uu tién la nhém
alkynyl khong dugc thé, trir khi c6 quy dinh khéc.
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Thuét ngit “Cy-Cphaloalkyl” dugc sir dung trong ban mo6 ta 1a C,-Cralkyl
trong d6 it nhit mot nguyén t& C dugc thé bing halogen (vi du nhém Cp-
C,haloalkyl c6 thé chira tir mot dén ba nguyén tit halogen), t6t hon 1a clo hodc
flo. Nhém haloalkyl théng thuomg 1a C,.Cohaloalkyl, trong d6 halo thich hop la
flo. Nhom haloalkyl lam vi du bao gdm flometyl, diflurometyl va triflometyl.

Thuit ngit “Cp-Chhydroxyalkyl” dugc st dung trong ban mé ta 13 Cy-
Cyalkyl trong d6 it nhat mot nguyén tir C duogc thé bang mot nhém hydroxy.
Thong thudong, nhém Cp,-Cyhydroxyalkyl 1a Cpp-Cralkyl trong do mot nguyén tu
C dugc thé bing mot nhém hydroxy. Nhom hydroxyalkyl lam vi du bao gbm
hydroxymetyl va hydroxyetyl.

Thuat ngit “Cp-Chaminoalkyl” dugc st dung trong ban mé ta 1a Cpy-
C,alkyl trong d6 it nhit mot nguyén tir C dugc thé bing mot nhém amino. Thong
thuong, nhém C-Cyaminoalkyl 12 Cp-Cralkyl trong d6 mot nguyén t C duoc
thé bing mot nhém amino. Nhém aminoalkyl vi du bao gébm aminometyl va

aminoetyl.

Thuat ngit “Cp-Cralkylen” duge sir dung trong ban md ta la gbc alkyl héa
tri hai mach thing hodc mach nhanh c6 sd nguyén tir cacbon di dinh. Cac géc
Cn-Cralkylen duogc uu tién dé str dung theo sang ché 1a C;-Csalkylen. Céc vi du
khoéng gidi han vé& nhom alkylen bao gém -CH,-, -CH,CH,-, -CH,CH,CH,-, -
CH(CH3)CH,CH,-, -CH(CHs)- va -CH(CH(CHs) 2)-.

Thuét ngit "Me" c6 nghia 12 metyl, va "MeO" c6 nghia la metoxy.

Thuét ngit “C,-Cpalkylcacbonyl” 1a gbc ¢6 cong thire Cp,-Cpalkyl-C(=0)-
trong do gbc Cp-Cpalkyl 1a nhu dwge xdc dinh & trén. Thong thuong, “Co-
Cpalkylcacbonyl” 1a C;-Cealkyl-C(=0O)-.

"Cp-Cralkoxy" 1a géc Cp-Cralkyl-O- trong d6 Cp,-Cralkyl 1a nhu dugce xac
dinh & trén. Dic biét quan tam la gbc C;-Cqalkoxy nay bao gdm metoxy, etoxy,
n-propoxy, isopropoxy, t-butoxy, n-butoxy va isobutoxy. Metoxy va isopropoxy
1a thudng duoc wu tién. C-Cealkoxy c6 nghia twong tmg, con bao gbm thém tat

ca cac chét ddng phan mach thing hogc mach nhanh clia pentoxy va hexoxy.
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Thuit ngit “Cy-Chalkoxycacbonyl” 1a gbc ¢6 cong thuc C-Chalkoxy-
C(=0)- trong d6 gbe Cp-Cpalkoxy 1a nhu duge xac dinh & trén. Thong thuong,
“Cp-Cpalkoxycacbonyl” 12 C;-Cealkoxy-C(=O)-.

~, e

Thuat nglt “amino” 1a gbc -NH,.

Thuat ngit “halo” 12 gdc halogen nhu flo, clo, bromo hodc iodo. Thong

thudng, nhom halo 1a flo hodc clo.
Thuét ngit “aryl” c¢6 nghia 12 nhém phenyl, biphenyl hodc naphtyl.

Thuit ngit “heteroxycloalkyl” 13 vong no mdt vong c6 3 dn 7 canh 6n
dinh chia tu 1 dén 3 di nguyén tir doc 14p duoc chon tlir O, S va N. Theo mot
phuong an. vong mdt vong no c6 3 dén 7 canh 6n dinh chita 1 nguyén tir khac
loai duoc chon tir O, S va N. Theo phuong 4n thit hai, vong mot vong no co 3
dén 7 canh n dinh chira 2 nguyén tir khéc loai doc 1ap dugc chon tir O, S va N.
Theo phuong 4n thir ba, vong mdt vong no c6 3 dén 7 canh 6n dinh chua 3
nguyén tit khac loai doc 1ap duge chon tir O, S va N. Vong mt vong no ¢o6 3 dén
7 canh 6n dinh chira tir 1 &én 3 di nguyén tr doc 1ap dugc chon tir O, S va N
thong thuong co thé 1a vong c6 5 dén 7 canh, nhu vong c6 5 hodc 6 canh. Nhém
heteroxycloalkyl cé thé khong dugc thé hoic duogc thé bﬁng mot hodc nhiéu phﬁn
tit thé ma co6 thé giéng nhau hodc khac nhau, mdi phén ttr thé doc 1ap duogc chon
tir nhom bao gdm halo, alkenyl, alkynyl, aryl, xycloalkyl, xyano, hydroxy, -O-
alkyl, -O-aryl, -alkylen-O-alkyl, alkylthio, -NH,, -NH(alkyl), -N(alkyl),, -
NH(xycloalkyl), -O-C(=0)-alkyl, -O-C(=O)-aryl, -0-C(=0)-xycloalkyl, -
C(=0)OH va -C(=0)O-alkyl. Thong thuong dugc uu tién la nhom
heteroxycloalkyl khong dugc thé, trir khi ¢6 quy dinh khéc.

Thuét ngft “heteroaryl” 1 hé vong thom mot vong hodc hai vong 4n dinh
chia tir 1 &n 4 nguyén tr khéc loai doc lap duge chon tr O, S va N, mdi vong
¢ 5 hodc 6 nguyén tir vong. Theo mét phuong én cua sang ché, hé vong thom
mot vong hodc hai vong dn dinh chira mot nguyén ti khac loai dugc chon tr O, S
va N, mdi vong c6 5 hodc 6 nguyén tir vong. Theo phuong an thir hai cia sang
ché, hé vong thom mot vong hodc hai vong dn dinh chira hai nguyén tir khac loai
doc 1ap duoc chon tir O, S va N, mdi vong ¢ 5 hodc 6 nguyén tir vong. Theo

phuong 4n thtt ba, hé vong thom mot vong hodc hai vong 6n dinh chua ba
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nguyén tir khac loai doc 1ap duoc chon tir O, S va N, mdi vong c6 5 hodc 6
nguyén tir vong. Theo phuong an thir tu, h¢ vong thom mét vong hodc hai vong
4n dinh chta bbn nguyén tir khac loai doc lap dugc chon tir O, S va N, mdi vong:

¢6 5 hodc 6 nguyén tir vong.
Mot phuong an cia heteroaryl bao gbm flavon.

Thuit ngit “Cs-Cpxycloalkyl” 1a géc alkyl mét vong hoéa tri mot c6 s6
nguyén tir cacbon da dinh, vi du C3-C;xycloalkyl c6 nghia la gbc alkyl mot vong
héa tri mot ¢6 3 dén 7 nguyén tir cacbon. Cac gbc xycloalkyl dugc uu tién dé sir
dung theo sang ché 1a C;-Csalkyl nghia la xyclopropyl va xyclobutyl. Nhom
xycloalkyl c6 thé khong dugc thé hoic duge thé bing mot hoic nhicu phén tir thé
ma c6 thé giéng nhau hogc khac nhau, mdi phﬁn tr thé doc lap duogc chon tir
nhém bao gdm halo, alkenyl, alkynyl, aryl, xycloalkyl, xyano, hydroxy, -O-alkyl,
-O-aryl, -alkylen-O-alkyl, alkylthio, -NH,, -NH(alkyl), -N(alkyl),, -
NH(xycloalkyl), -O-C(=0)-alkyl, -O-C(=0)-aryl, -O-C(=O)-xycloalkyl, -
C(=0)OH va -C(=0)O-alkyl. Thong thuong duge uu tién la nhom xycloalkyl
khong duoc thé, trir khi ¢6 quy dinh khéc.

Thuat nglt “aminoC,,-Cyalkyl” la géc Cp-Cralkyl nhu duoc xac dinh &
trén duoc thé bing nhém amino, nghia 1a mét nguyén tir hydro cua gbe alkyl
dugc thay thé bing nhém NH,-. Thong thuong, “aminoCp,-Chalkyl” 1a aminoCi-
Cealkyl.

Thuét ngit “aminoC,-Cyalkylcacbonyl” la gbc Cp-Cpalkylcacbonyl nhu
duoc xac dinh & trén, trong d6 mot nguyén tir hydro cua gbc alkyl dugc thay thé
bing nhém NH,-. Thong thuong, “aminoCp-Cpalkylcacbonyl” la aminoCi-
Cealkylcacbonyl. Céac vi du vé& aminoC,,-Cpalkylcacbonyl bao gbém nhung khong
giéi han & glyxyl: C(=O)CH,NH,, alanyl: C(=0O)CH(NH,)CHj3, valinyl:
C=0CH(NH,)CH(CH3),, leuxinyl: C(=O)CH(NH,)(CH,);CHs, isoleuxinyl:
C(=0)CH(NH,)CH(CH;)(CH,CH3) va norleuxinyl: C(=0O)CH(NH,)(CH,);CHjs
va cac géc twong tu. Dinh nghia la khong bi gi¢i han ¢ cac axit amin c6 trong tu

nhién.
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Nhu duge st dung & day, thudt ngit "(=O)" tao thanh gbc cacbonyl khi
dugc gén vao nguyén tir cacbon. Cén luu y ring mot nguyén tir chi c6 thé mang
mot nhém oxo khi héa tri ciia nguyén tir d6 cho phép nhu vay.

Thuat ngit "este monophosphat, diphosphat va triphosphat" dé cap dén
nhoém:

0] ) 0] | 0] o) 0]

1 1] 1l 1} 1] 1
HO—P-i- HO—P—0—P—- va HO-P—0-P—0—P-i-
OH OH OH OH OH OH

Nhu dugce st dung & day, vi tri géc trén géc phén tir bét ky duoc st dung
trong cac dinh nghia nay c6 thé & bat ky chd nao trén gbc niy chimg nio né 6n
dinh v& mit héa hoc. Khi sy c6 mat bién thé bt ky xudt hién nhidu hon mot lan

trén gbc bét ky, mbi dinh nghia 1a doc 14p.

Thuat ngit "solvat" bao gdm céc solvat dugc dung bét ky ma cac hop chét
c6 cong thirc (Ta) cling nhu cac mudi cia nd, cb thé tao thanh. C4c solvat nay vi
du 13 cac hydrat, cac alcoholat, vi du céc etanolat, cac propanolat, va cac solvat

tuong tu, dic biét 1a cac hydrat.

Thuét ngft "tién dugc chét" nhu duge st dung ¢ day dimg dé chi hop cht
ma 13 tién duoc chit khi duoc 4p dung cho ddi tuong c6 thé chuyén hoéa ngay in
vivo bing cach quy trinh chuyén héa va/hodc hoa hoc tao ra hop chét co6 hoat
tinh.

Cum tir "tién dugc chét dich 13 gan" nhu dugc sir dung ¢ day dung dé chi
tién duge chat duoc chuyén héa thanh cac loai chét hoat tinh ctia n6 chu yéu

trong gan.

Cum tir "ung thu gan" nhu duge sit dung & ddy c6 nghia la bao gbm ca
ung thu gan nguyén phat va thir phat, nghia 1a ung thu c6 ngudn gbc trong gan,
va su chuyén héa gan tir ung thu & cic co quan khdc twong tng.

Céc thuat ngit lién quan co6 thé duoc hiéu theo cdc dinh nghia néu trén va
stt dung thong dung trong linh vuc k¥ thuat.

Nhin chung, cac tén cua cac hop chit dugce dung trong don nay dugc tao

ra béng cach st dung ChemDraw Ultra 12.0, Ngoai ra, néu hoa hoc 1ap thé co
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cAu tric hodc mot phan cla cdu triic khong dugc chi ra bang vi du cac dudng in
dam hodc duong gach ngang, cAu trac hodc mot phén ctia ciu trac d6 duge hiéu
1a bao gdm tat ca cac chit ddng phan 1ap thé cta no.
Phuong phép tong hop chung

Céc hop chét theo sang ché 6 thé duoc pha ché bang nhiéu phuong phap
vi du nhu dugc mo ta trong cac so dd tbng hop minh hoa duoc thé hién va duoc
mé ta dudi day. Cac nguyén liéu ban ddu va cac thude thir duoc st dung o sin
tir cac nha cung cép trén thi trudng hodc b thé dugc pha ché theo céc quy trinh
trong tai liéu chuyén nganh dugc néu trong céc tai lién tham chiéu bang cach st

dung cac phuong phap da biét bai ngudi ¢é trinh d trung binh trong linh vuec.

So dd 1 minh hoa cach thitc chung d6i v6i hop chét c6 cong thirc (1a).

R? 9 R?

.0 0
R R '}'ﬂmeLg i} Rr!
OH 3 I(\Rs' OR™ ,P

N S
gj N\%{N L O’(R"'on {J N\ﬂ,

o Bazo R'é
1a 1¢
. Lg 12 nhém roi chuyén, vi
Sodo 1 du, halo hoic pentaflophenol

Ngung tu dan Xuét troxacitabin (1a) ¢6 béan trén thi truong ma dugc pha
ché nhu dugc md ta trén ddy, voi chit phan ung phosphoramidat (1b) mong
mudn, trong d6 Lg 12 nhom roi chuyén thich hop nhu halogen nhu clorua hodc
phenol hoat héa nhu pentaclophenol, p-nitrophenol, pentaflophenol hodc cac chit
twong tu, trong dung mdi tro nhu ete, vi du dietyl ete hodc THF, hodc
hydrocacbon duoc halogen hoa, vi du, diclometan, khi c6 mit bazo nhu N-
metylimidazol (NMI) hodc chét phan tng Grignard nhu tert.butylmagie clorua
hoiic cac chit twong tu, din xuit phosphoramidat (1c).

Chét phan tmg phosphoramidat (1b) cin st dung trong so do trén, trong
d6 Lg 1a Clo, nghia 1a phosphoramidocloridat, ¢ thé dugc pha ché trong phan
(g hai budc bit dAu tir phospho oxyclorua (POCls) nhur duge minh hoa trong So
d 2.
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Ngung tu POCl; v6i rugu mong mudn R0OH trong dung mdi tro nhu
Et,0 tao ra alkoxy hoic aryloxy phosphorodicloridat (2a). Phan tmg sau d6 véi

dAn xuAt axit amin (2b) tao ra phosphoramidocloridat trong do R* 1a H (2¢).

Néu mudn, phosphoramidocloridat (2¢) thu dugc c6 th8 duge chuyén hoa
thanh chét phosphoryl héa twong ting c6 phenol hoat héa lam nhém rdi chuyén,
vi du, pentaflurorophenol hodc p-NO,-phenol nhu thuong duoc minh hoa trong
So db 3.

R0
W(\H“ —Cl %4
s OR‘}3 \
R
2¢c =
RO A ﬁ
) O

So db 3 o OR"

Qué trinh chuyén héa nay thuong duoc tién hanh béng cach cho dan xudt
clo (2¢) phan ung v6i phenol hoat héa mong mudn khi c¢6 mit bazo nhu

trietylamin hodc chét twong tu, tr d6 tao ra chét phosphoryl hoa (3a) va (3b).

Viéc sir dung cac nhom bao vé (PG) khéac nhau dugc st dung trong cac So
dd trén day la da biét dbi voi nguoi ¢ trinh do trung binh, va vigc st dung ching
va cac thay thé khac duoc mé ta rong rii trong tai liéu, xem vi du Greene T.W.,
Wauts P.G.M. Protective group in organic synthesis, 2nd ed. New York: Wiley;
1995.

.Thu@t ngit “nhém bao vé N” hodc “dugc bao vé N” nhu dugc st dung &
day dung dé chi cac nhém duoc du dinh 8 bao vé dau tan cung N cua axit amin
hoic peptit hodc béo vé nhom amino khoi cac phan tmg khong mong mudn trong

cac quy trinh téng hop. Nhom bao vé N thuong dugc sir dung dugc bdc 10 trong
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Greene. Nhém bao vé N bao gdm nhém axyl nhu formyl, axetyl, propionyl,
pivaloyl, t-butylaxetyl, 2-cloaxetyl, 2-bromoaxetyl, trifloaxetyl, tricloaxetyl,
phtalyl, o-nitrophenoxyaxetyl, a-clobutyryl, benzoyl, 4-clobenzoyl, 4-
bromobenzoyl, 4-nitrobenzoyl, va cac chit twong tw; nhom sulfonyl nhu
benzensulfonyl, p-toluensulfonyl, va céc chét trong tu; nhom tao carbamat nhu
benzyloxycacbonyl, p-clobenzyloxy-cacbonyl, p-metoxybenzyloxycacbonyl,
p-nitrobenzyloxycacbonyl, 2-nitrobenzyloxycacbonyl, p-bromobenzyl-
oxycacbonyl, 3,4-dimetoxybenzyloxycacbonyl, 4-metoxybenzyloxycacbonyl,
2-nitro-4,5-dimetoxybenzyloxycacbonyl, 3,4,5-trimetoxybenzyloxycacbonyl,

1-(p-biphenyl)-1-metyletoxycacbonyl, o, o-dimetyl-3,5-dimetoxybenzyl-
oxycacbonyl, benzhydryloxycacbonyl, t-butoxycacbonyl,
diisopropylmetoxycacbonyl, isopropyloxycacbonyl, etoxycacbonyl,

metoxycacbonyl, alyloxycacbonyl, 2,2.2-tricloetoxycacbonyl, phenoxycacbonyl,
4-nitrophenoxycacbonyl, fluorenyl-9-metoxycacbonyl, xyclopentyloxycacbonyl,
adamantyloxycacbonyl, xyclohexyloxycacbonyl, phenylthiocacbonyl, va cac chit
twong ty; nhém alkyl nhu benzyl, triphenylmetyl, benzyloxymetyl va cac chit
twong tw; va nhom silyl nhu trimetylsilyl va cac chét trong tw. Nhom bao vé N
dwoc uwu tién bao gdm formyl, axetyl, benzoyl, pivaloyl, t-butylaxetyl,
phenylsulfonyl, benzyl (Bz), t-butoxycacbonyl (BOC) va benzyloxycacbonyl
(Cbz).

Nhém bao vé hydroxy va/hodc carboxy cling dugce danh gid rong réi trong
Greene ibid va bao gdm cac ete nhu metyl, metyl ete dugce thé nhu metoxymetyl,
metylthiometyl, benzyloxymetyl, t-butoxymetyl, 2-metoxyetoxymetyl va céac
chét tuwong tu, silyl ete nhu trimetylsilyl (TMS), t-butyldimetylsilyl (TBDMS)
tribenzylsilyl, triphenylsilyl, t-butyldiphenylsilyl, triisopropyl silyl va céc chét
tuong tu, etyl ete duoc thé nhu 1-etoxymetyl, 1-metyl-1-metoxyetyl, t-butyl, alyl,
benzyl, p-metoxybenzyl, diphenylmetyl, triphenylmetyl va cac chéit tuong tu,
nhém aralkyl nhu trityl, va dan xudt pixyl (9-hydroxy-9-phenylxanten, ddc biét la
clorua). Nhom bao vé este hydroxy bao gdm este nhu format, benzylformat,
cloaxetat, metoxyaxetat, phenoxyaxetat, pivaloat, adamantoat, mesitoat, benzoat
va céac chat trong tu. Nhom bao vé cacbonat hydroxy bao gbém metyl vinyl, alyl,

xinnamyl, benzyl va cac chét tuong tu.

-32-



26949

Vi du thue hién sang ché

Do dd, cac phuong an khac nhau cua sang ché va cac chit trung gian dugc
minh hoa b?mg cac vi du sau. Céc vi du chi dugc du dinh dé minh hoa thém cho
sang ché va khong c6 nghia 1a lam gi6i han pham vi cua sang ché. Tén clia cac
hop chét dugc tao ra bing phin mém ChemDraw Ultra, Cambridgesoft, phi€n
ban 12.0.2.

Ngoai cdc dinh nghia trén day, cac chit viét tit sau dugc st dung trong cac
so d6 tong hop trén day va cac vi du dudi day. Néu chit viét tit duge st dung

trong ban mo ta khong dugc xac dinh thi n6 ¢6 nghia duoc chép nhin thong dung

cua no.

Bn Benzyl

BOP-CI Bis(2-ox0-3-oxazolidinyl)phosphinic clorua
DCC Dixyclohexylcarbodiimit
DCM Diclometan

DIEA Diisopropyletylamin
DMAP 4-Dimetylaminopyridin
DMF N, N-Dimetylformamit
EtOA Etyl axetat

Et;N Trietylamin

EtOH Etanol

Et,O Dietyl ete

LC Séc ky long

HOACc Axit axetic

HPLC Séc ky 1ong cao ap
MeCN Axetonitril

MeO Metanol

NT 3-Nitro-1,2,4-triazol

on Qua dém

Pg Nhom bao vé

Ph Phenyl

rt Nhiét d¢ trong phong
TEST bis(trietoxysilyl)propyl-tetrasulfua
THF Tetrahydrofuran

TFA Axit trifloaxetic

TFAA Anhydrit trifloaxetic
TIPS Triisopropylsilyl

Piéu ché troxacitabin
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Buéc 9
Bude 1) ((2,2-dimetoxyetoxy)metyl)benzen (Tr-1)

B& sung benzyl bromua (56,03mL, 0,47 1mol) va NaOH (20,7g, 0,518mol)
vao dung dich da khudy chta 2,2-dimetoxyetanol (50g, 0,471mol) trong DMF
(200mL) ¢ nhigt do 0°C va khudy hdn hop phan tng ¢ nhiét d6 trong phong
trong 16 gidr. Sau khi két thic phan tmg (TLC), bd sung dung dich natri clorua
bdo hoa (500mL) vao va chiét hdn hop phan tmg bang DCM (1L), lam kho pha
hitu co (Na,SO4) va cd va tinh ché san pham tho thu dugc bang sic ky cot
silicagel trén 60-120 silic oxit dudi dang 4-6% EtOAc trong hexan dé thu dugc
hop chét néu & dé muc (60g, 60%) dudi dang chét 1ong.

Budce 2) (5S)-5-((4S)-2-((benzyloxy)metyl)-1,3-dioxolan-4-yl)-3,4-
dihydroxyfuran-2(5H)-on (Tr-2)

B sung axit L-ascorbic (44,9g, 0,255mol) vao dung dich chira hop chét
Tr-1 (60g, 0,306mol) trong axetonitril khd (898mL) sau do6 bd sung pTSA
monohydrat (15,5g, 0,076mol) vao va gia nhiét hdn hop phéan tmg & nhiét do
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90°C trong 1 gio. Sau khi két thuc phan ung (TLC), chung cAt hoan toan mot nira
thé tich ctia axetonitril va 13p lai quy trinh nay hai lan. Loai bo hoan toan dung
mbi va thu duoc hop chit néu & d& muc du6i dang hon hop clia cac chit ddng
phén lap thé (91g). San phdm dugc dung truc tiép cho budc tiép theo ma khong
tinh ché thém.

Buéc 3) Axit (2R)-2-((4S)-2-((benzyloxy)metyl)-1,3-dioxolan-4-y1)-2-
hydroxyaxetic (Tr-3)

B4 sung hop chit Tr-2 (91,7g, 0,297mol) vao dung dich da khudy chira
K,CO;(86,3g, 0,625mol) trong H,O (509mL) & nhiét d6 trong phong. B6 sung tir
tir H,O, (80mL, 0,71mol, 30% thé tich/th& tich) vao va lam lanh dung dich dén
0°C va sau d6 khudy trong 24 gid. Loai bd dung mdi trong didu kién 4p sudt
gidm, bd sung EtOH (100mL) vio va gia nhiét hdn hop & nhiét d hoi luu trong
30 phut, sau d6 loc. B6 sung EtOH (100mL) vao phén can dang ran thu duoc va
gia nhiét hdn hgp & nhiét do hdi Ivu trong 30 phut (hai 14n). C6 cac dich loc da
gom dugc trong diéu kién chan khong d thu duge hop chét néu & d& muc (90g)

dudi dang chét rén.

Budc 4) Axit (28,48)-2-((benzyloxy)metyl)-1,3-dioxolan-4-carboxylic (Tr-4a) &
axit (2R,4S)-2-((benzyloxy)metyl)-1,3-dioxolan-4-carboxylic (Tr-4b)

Bb sung timg giot natri hypochlorit (650mL, 0,881mol, 9-10% trong
nudc) trong thoi gian 30 phut vao dung dich duoc khudy manh chira hop chat Tr-
3 (90g, 0,294mol) va RuCl; xH,0 (1,22¢g, 0,0058mol) trong nude (ml pH=8 nhiét
do trong phong). Duy tri 46 pH bing 8 bang cach bd sung dung dich NaOH 1M.
Khudy hdn hop phan tng trong 3 gid ¢ nhiét d6 trong phong sau d6 gia nhiét ¢
nhiét d6 35°C trong 12 gid.. Sau khi két thuc phan tng (TLC), b6 sung HCI 1,5N
vao hdn hop phan tmg & nhiét &6 0°C cho dén khi dat dugc d6 pH = 6, sau d6 bb
sung EtOAc (1L) vao. Rira pha hitu co bing nuéc mudi (2x100mL), lam khd
(Na,S0,), loc va c6. Tinh ché san phim tho thu dugc béng sic ky cot silicagel
trén 230-400 silic oxit du6i dang 20% EtOAc trong P.ete dé thu dugc hop chét
4a+4b dudi dang hdn hop ciia céc chit ddng phan. Sau dé tach cac chét dbng

phan bing séc ky cot trén silic oxit 230-400 bang cach sir dung MeOH 0,9%
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trong DCM va AcOH 0,1% lam cht rira giai, thu duoc chét dong phan 2R (20g,
28%)

Budc 5) (28)-2-((benzyloxy)metyl)-1,3-dioxolan-4-yl axetat (Tr-5)

B& sung pyridin (13,2mL) va chi axetat (79,8g, 0,180mol) vao dung dich
chtra hop chét Tr-4a (33g, 0138mol) trong axetonitril (660mL) va khudy hdn hop
& nhiét d6 trong phong trong 16 gio. Sau khi két thiic phan ung (TLC), loc hén
hop phan tmg, ¢b dich loc va dua phin con lai vao EtOAc (500mL), rira bang
nuéc (100mL) va dung dich natri clorua bdo hoa (100mL) va lam kho trén
Na,SO,. Sau khi loai bé dung mdi, tinh ché san phém tho bing sdc ky cot trén
60-120 silic oxit dudi dang gradien 12-15% EtOAc/Pet.ete @& thu duoc hop chit
néu & d& muc (16g, 47%) dudi dang chét long.

Budc 6) (28)-2-(hydroxymetyl)-1,3-dioxolan-4-yl axetat (Tr-6)

B sung Pd/C (3,2g, 20% trong lugng/trong lugng) vao dung dich da
khudy chira hop chét Tr-5 (16g,) trong metanol kho (160mL), hydro hoa hdn hop
phan tng trong 3 gio. Sau khi két thac phan ung (TLC), loc hdn hop phan tng
théng qua xelit. Co dich loc trong diéu kién 4p sudt giam va hop chét thé néu &

d& muc thu duge (10g, 97%) dugc dua truc tiép vao budc tiép theo.
Budc 7) ((2S)-4-axetoxy-1,3-dioxolan-2-yl)metyl axetat (Tr-7)

B6 sung anhydrit cia axit axetic (8,22mL, 0,080mol) vao dung dich da
khudy chtra hop chét Tr-6 (5,74g, 0,0354mol) trong pyridin (107mL) & nhiét do
0°C va khudy hdn hop phan tmg & nhiét do trong phong trong 16 gid. Sau khi két
thic phan ung (TLC), lam ngudi hdn hgp phan tng bang HCI lodng (10mL) va
chiét vao EtOAc (100mL). Tach pha hitu co, lam kho (Na,SOy), loc va c6. Tinh
ché san phém tho thu dugc bing séc ky cot trén 230-400 silic oxit dugc rira giai
bing gradien cua 10-15% EtOAc/Pet.cte @& thu duoc hop chét néu & d& muc
(4,97g, 68%) dudi dang chat 16ng.

Budc 8) ((2S,4S)-4-(4-(benzylamino)-2-oxopyrimidin-1 (2H)-y1)-1,3-dioxolan-2-
yl)metyl axetat (Tr-8a)

Hbi luu hdn hop ciia N-benzoylxytosin (12,1g, 56,3mmol), amoni sulfat
(lwong xuc tac) va hexametyldisilazan (HMDS) (67,4mL, 418mmol) trong 1 gio.
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Loai bd HMDS trong diu kién ép suét gizm & nhiét d 40°C va dua phén con lai
vao 1,2-dicloetan kho (57mL) va bd sung dung dich chira hop chit Tr-7 (5,7g,
27,9mmol) trong 1,2-dicloetan kh6 (57mL) sau d6 bd sung timg giot TMSOTS
(10,2mL, 45,7mmol) vao. Khu4y hdn hop phan tmg ¢ nhiét d6 trong phong trong
1 gid, sau d6 bd sung dung dich NaHCOs trong nudce vao va khudy hdn hop trong
30 phut. Loc chit rin thu duoc thong qua xelit va dua dich loc vao EtOAc
(200mL), rira bing nudc (50mL) va lam khoé (Na,SO;,). Sau khi loai bo dung moi
trong didu kién 4p suAt giam, tinh ché san pham thd bing sic ky cot trén 230-400
silic oxit str dung gradien ctia 10-15% EtOAc/Pet.ete dé thu dugc hon hop cua
cac anome ma sau d6 duge tach bing cach tinh ché SFC d thu duoc hop chét

néu & dé muc (3g, 30%) dudi dang chét rin mau tring.

Budc 9) 4-amino-1-((2S,4S)-2-(hydroxymetyl)-1,3-dioxolan-4-yl)pyrimidin-
2(1H)-on (Tr-9)

Khudy hdn hop cia hgp chét Tr-8a (3g), dung dich metanolic amoniac béo
hoa (180mL) & nhiét d§ trong phong trong bng bit kin trong 16 giv. Sau khi két
thic phan tng (TLC), loai bo dung mdi trong didu kién 4p suét giam va tinh ché
san phAm thé bing sic ky cot trén 230-400 silic oxit duge rira giai bang gradien
ctia 10-13% MeOH trong DCM, d& thu dugc hop chit néu & dé muyc (1,5g, 85%)

dudi dang chat ran.

'H NMR 400 MHz DMSO-ds &: 3,63-3,65 (2H), 4,04-4,07 (2H), 4,92
4,94 (1H), 5,18-5,21 (1H), 5,72-5,74 (1H), 6,16-6,18 (1), 7,14 (1H), 7,26 (1H),
7,80-7,82 (1H).

Pidu ché 5-F-troxacitabin
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NHBz
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5-F-Troxacitabin
(5-F-Tr)

Budc 1) ((2S,4R)-4-(4-benzamido-5-flo-2-oxopyrimidin-1 (2H)-y1)-1,3-dioxolan-
2-yD)metyl benzoat (5-F-Tr-1a) &((28S,4S)-4-(4-benzamido-5-flo-2-
oxopyrimidin-1(2H)-yl)-1,3-dioxolan-2-yl)metyl benzoat (5-F-Tr-1b)

Hbi Iuu hdn hop ciia 5-flo benzoyl xytosin (9,1g, 39,5mmol), amoni sulfat
(lwong xuc tac) va hexametyldisilazan (140mL) trong 14 gio. Loai bé6 HMDS
frong didu kién dp sut gidm & nhiét do 40°C va dua phén con lai vao 1,2-
dicloetan khd (50mL) va bd sung dung dich chira hop chét ((2S)-4-axetoxy-1,3-
dioxolan-2-yl)metyl benzoat (7g, 26,30mmol) trong 1,2-dicloetan kho (50mL)
vao, sau d6 b sung timg giot TMS-OTT (11,6¢g, 52,6mmol) vao. Khudy hén hop
phan @mg & nhiét d6 trong phong trong 2 gio, sau do bb sung dung dich NaHCOs
trong nudc vao hén hop phan ng va khudy hén hop trong 30 phit nita. Loc chit
rn thu duoc thong qua xelit va dua dich loc vao EtOAc (500mL), rua bang nudc
(50mL) va lam kho (Na,SOy). Loai bo dung méi trong diéu kién ap suit giam va
tinh ché san phim thd bing sc ky cot trén 230-400 silic oxit dudi dang gradien
50-60% EtOAc/Pet.ete dé thu dugc hop chét tinh khiét néu & ¢ muc (1,7g, 18%)

duéi dang chét ran.

Buéce 2) 4-amino-5-flo-1-((28,4S)-2-(hydroxymetyl)-1,3-dioxolan-4-
yDpyrimidin-2(1H)-on (5-F-Tr)

Khudy hdn hop cta hop chit 5-F-Tr-1b (1,7g), dung dich metanolic
amoniac bdo hoa (34mL) & nhiét d¢ trong phong trong bng bit kin trong 16 gio,
sau dé loai bo dung mdi trong didu kién 4p sut giam va tinh ché san pham thd
bing sic ky cot trén 230-400 silic oxit duéi dang gradien 5% MeOH trong DCM
d& thu duge hop chit néu & d& muc (0,8g, 68%) dudi dang chét ran.
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Céc phenol sau dugc pha ché va duoc stt dung trong qué trinh didu ché

cac chat trung gian cho céc hop chét theo sang ché:

Phenol 1
(0]
RO Buécb MDBTSIO Buécc RO
—_ _—
Budc a ( R=H Ph1-b Buée d ( Ph1-c, R = TBDMSi
Ph1-a, R = TBDMSi Phenol1, R=H

Budc a) 1-(3-((Tert-butyldimetylsilyl)oxy)phenyl)etanon (Phl-a)

BS6 sung imidazol (4,46g, 65,5mmol) vao dung dich chuoa 3-
hydroxyaxetophenon (4,46g, 32,8mmol) trong DMF (6mL). Sau 5 phut, bd sung
dung dich chira TBDMS-CI (4,69g, 31,1mmol) trong DMF (4mL) vao. Khuiy
hén hop phan tmg & nhiét d trong phong trong 90 phut, sau do rét vao hexan
chita 5% EtOAc (200mL) va rua bang HCl 1M (60mL), nudc (60mL), natri
bicarbonat bdo hoa (2x60mL), nudc (60mL) va nude mudi (60mL). Lam kho 16p
hitu co trén Na,SOy, loc va ¢d va tinh ché phﬁn can thu duoc bing séc ky nhanh
trén silicagel dugc rira giai bang hexan/EtOAc, d thu duge hop chét néu & dé
muc (5,7g, 69%).

Budc b) Tert-butyldimetyl(3-(prop-1-en-2-yl)phenoxy)silan (Ph1-b)

Tao huyén phi metyl(triphenylphosphoni)bromua (10,2g, 28,4mmol)
trong THF khd (30mL) trong diéu kién nito va lam lanh huyén pht nay xubng
0°C. Bb sung timg giot n-Butyllithi (17,8mL, 28,4mmol) vao hdn hop va khudy
dung dich thu dugc & nhiét do trong phong trong 30 phut. Bé sung Phl-a (5,7,
22.8mmol) vao hdn hop va tiép tuc tién hanh phan g & nhiét do trong phong
trong 60 phut. Dung phan tng bang natri bicarbonat trong nudc va chiét bang
dietyl ete (50mL). Rira 16p hitu co bing dung dich natri bicarbonat, lam kho
(Na,SO,), loc va c6. Tinh ché phﬁn cin thu dugc thong qua nut silicagel sir dung

duogc rira giai bing hexan, dé thu dugc hop chit néu & dé muc (3,9g, 69%).
Bude ¢) tert-butyldimetyl(3-(1-metylxyclopropyl)phenoxy)silan (Phl-c)

B6 sung timg giot Dietylkém trong hexan (439,2mmol) trong didu kién
nito trong 10 phut vao dung dich lanh (0°C) chtra olefin Phl-b (3,9g, 15,7mmol)
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trong 1,2-dicloetan (60mL). B6 sung timg giot dilodometan (6,32mL, 78,5mmol)
vao va khudy hdn hop thu dugc & nhiét do 0°C trong 30 phut va sau do6 cho phép
dat nhiét do trong phong qua dém. Rot hdn hop vao dung dich da lanh chira
amoni clorua va chiét bang dietyl ete. Rira 16p hitu co bang natri bicarbonat bo
hoa, lam khé (Na,SOy), loc va cd. Dua san phém thd vao hexan va loai bd
diiodometan con lai. Co 16p hexan thanh san phdm thoé ma dugc dwa vao bude

tiép theo ma khong tinh ché thém.
Bude d) 3-(1-Metylxyclopropyl)phenol (Phenol 1)

Pua Phl-c (3,45g, 13,1mmol) vao dung dich 1M chira tetrabutylamoni
florua trong THF (20mL, 20mmol) va khudy dung dich thu duoc ¢ nhigt do trong
phong qua dém. Dung phan ung bang HCI 1M (50mL) va chiét bang etyl axetat
(100mL). Rira 16p hitu co bing nuée mudi (2x50mL), lam kho (NazSOy), loc va
¢6. Tinh ché phén con lai béng sic ky nhanh trén silicagel dugc rira giai bang hon
hop ctia 2-propanol, EtOAc va hexan, @ thu dugc hop chét néu & d& muc (0,56g,
29%). MS 147,1 [M-HJ".

OH OH

Phenol2

Phenol 2

Hop chét néu & d& muc dugc pha ché tir 4-hydroxyaxetophenon (6,0g,
44,1mmol) bang cach st dung phuong phap dugec md ta dé diéu ché Phenol 1.
Hiéu suét 53%.

Phenol 3

H
Br OBn ° OBn ’ OBn OH
\©/ Budc a Bugc b O Budc ¢
— — —_—

Ph3-a Ph3-b Phenol 3

Buéc a) 1-(3-(benzyloxy)phenyl)xyclopentanol (Ph3-a)

B sung Iot, dugc lam Am bing magie, vao huyén phu chua day didu

chinh 1am bang magie (1,29g, 52,8mmol) trong THF kho (50mL). Hbi Iru hdn
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hop va bd sung khoang 5% dung dich chira 3-bromophenol (13,9g, 52,8mmol)
vao. Khi bat diu phan tng, bd sung tirng giot dung dich chita bromua vao va sau
d6 hdi luu hdn hop trong mot gid nita. Lam lanh hdn hop xudng khoang 5°C va
bd sung timg giot dung dich chita xyclopentanon (4,44g, 52,8mmol) trong THF
(50mL) vao. Khuiy hdn hop ¢ nhiét d¢ trong phong trong 72 gio, sau do diung
phan @mg bing dung dich amoni clorua bdo hoa lanh va chiét bang dietyl ete (x3).
Rita pha hitu co bing nuéc mudi, lam kho (Na,SOy), loc va ¢b. Tinh ché san
phim bing sic ky silicagel (isohexan/EtOAc), @ thu duoc hop chét néu & aé
muc (8,5g, 54%).

Bude b) 1-(benzyloxy)-3-(xyclopent-1-en-1-yl)benzen (Ph3 -b)

BS sung axit p-Toluensulfonic vao dung dich chta Ph3-a (8.4g,
28.2mmol) trong benzen (100mL). Hdi luu hdn hop trong ba givr bing by DMF,
sau d6 1am mat dén nhiét do trong phong, pha loang véi dietyl ete va rira bing
dung dich bio hoa chira natri hydro carbonat va nudc mubi. Lam kho pha hitu co
(N2,SO,), loc va co. Tinh ché san phdm bing séc ky silicagel (isohexan/EtOAc),
8 thu duge hop chit néu & dé muc (6,45g, 91%). MS 249,4 [M-HJ .

Budc ¢) 3-Xyclopentylphenol (Phenol 3)

Hydro héa dung dich chita Ph3-b (6,4g, 26mmol) trong EtOAc (75mL) va
EtOH (75mL) & nhiét 4o 22°C va 40PSI khi c6 mét Pd 10% trén cacbon (1,5g)
trong Parr qua dém. Loc sach chét xtc tac va rira bang EtOAc va EtOH. Lam bay
hoi dung moi trong diéu kién 4p sudt giam va phan 1ap san phim bing sic ky
silicagel (isohexan/EtOAc), dé thu duoc hop chat néu & dé muc (3,6g, 82%). MS
161,2 [M-H].

Phenol 4

Br OTBDS: OH OTBDSi OH
\©/ + DB
OH

Ph4-a Phenol 4
Budc a) Tert-butyl(3-xyclopropylphenoxy)dimetylsilan (Ph4-a)

Khudy huyén phu chira (3-bromophenoxy)(tert-butyl)dimetylsilan (5,46g,
19mmol), axit xyclopropylboric (2,12g, 24, 7mmol), kali phosphat, tribazo
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(14,1g, 66,5mmol), trixyclohexylphosphin (0,53g, 1,9mmol) va Pd(OAc),
(0,21g, 0,95mmol) trong toluen (80mL) va nude (4mL) & nhiét d6 110°C qua
dém. Pha loang huyén phu ddc ndy voi dietyl ete va ria bang nudc va nudc mudbi.
Lam khé pha hitu co (MgSO,), loc va c6. Tinh ché sin phim thd bing sic ky cot
nhanh (EtOAc/hexan) d& thu dugc hop chit néu & d& muc (1,94g, 41%).

Bude b) 3-Xyclopropylphenol (Phenol 4)

B sung tetrabutylamoni florua 1M (10,1mL, 10,Immol) vao dung dich
chira Ph4-a (1,94g, 7,81mmol) trong THF (25mL). Khudy dung dich trong 2 gio,
sau d6 lam bay hoi dung mdi va hoa tan phan con lai trong EtOAc va rira hai lan
bﬁng NH,Cl dam dic (trong nudc) va rua mot 14n nita bﬁng nuée mudi. Lam kho
pha hitu co (MgSO04), loc va c6. Tinh ché san phdm thd bang sic ky cot nhanh
(hexan/etyl axetat 9:1 voi 1% isopropanol) @8 thu duge hop chét néu & d& muc
khéng tinh khiét & mirc d6 nhe (1,24g, 119%).

Phenol 5
OH [i:
Br 0__0 OH
@ h g RP=" 0 —
Br
Br Ph5-a Ph5-b Phenol 5

Budc a) 2-(4-Bromophenoxy)tetrahydro-2H-pyran(Ph5-a)

Hoda tan 4-Bromphenol (3,75g, 21,7mmol) trong 3,4-dihydro-2H-pyran
(16mL, 175mmol), bd sung lugng xuc tac cia axit p-Toluensulfonic (15mg,
0,09mmol) vao va khudy hén hop & nhiét do 22°C trong 45 phut. Pha loang hén
hop vai dietyl ete va ria bing NaOH 1M (trong nudc) x2, nude, lam kho
(Na,SO,) va ¢b dé thu dugc hop chét néu & d& muc (5,57g, 99%).

Buéc b) 2-(4-Xyclopropylphenoxy)tetrahydro-2H-pyran (Ph5-b)

Bb sung dung dich chira xyclopropyl magie bromua 0,5M trong THF
(6,5mL, 3,25mmol) trong 15 phut vao dung dich chira Ph5-a (552,5mg,
2,15mmol), ZnBr (144mg, 0,64mmol), tri-tert-butylphosphin tetrafloborat
(35,6mg, 0,12mmol) va Pd(OAc), (29,5mg, 0,13mmol) trong THF (4mL). Khuiy
hdn hop & nhiét d6 22°C trong 90 phut sau d6 lam lanh trén bé d4 va bd sung
nuée da (10mL) vao. Chiét hdn hop bing EtOAc x3 va rira cdc chit chiét bing
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nude mudi va sau d6 lam kho (Na,SOy), loc va c6. Tinh ché phin con lai bang
sic ky cot trén silic oxit (ete diu moé/EtOAc) @ thu duge hop chét néu & d&& muc

(292mg, 62%).
Budc ¢) 4-Xyclopropylphenol (Phenol 5)

B4 sung monohydrat ctia axit p-Toluensulfonic (18,9mg, 0,1mmol) vao
dung dich chita Ph5-b (2,28g, 10,45mmol) trong MeOH (15mL). Gia nhiét hdn
hop & nhiét d@§ 120°C trong 5 phit trong binh phan tmg vi séng, sau d6 cd va tinh
ché bing séc ky cot trén silic oxit (ete diu mo/EtOAc). Két tinh cac chét rén thu

duogc tir ete dAu mo dé thu dwoc hop chit néu & d& muc (1,08g, 77%).

Phenol 6
o MgBr
Buéca  HO Budc b,
+ — o~ — OR
~
(@)
Phé-a Buécc, ( Ph6-b, R = Me
’ Phenol 6, R=H

Budc a) 1-(3-Metoxyphenyl)xyclobutanol (Ph6-a)

Bb sung timg giot dung dich 1M chita 3-metoxyphenyl magie bromua
trong THF (2,11g, 99,8mmol) & nhiét do ndm trong khoang tir 0 dén 10°C vao
dung dich da khudy chira xyclobutanon (6,66g, 95mmol) trong dietyl ete (65mL).
Khudy hdn hop trong ba gidr & nhiét d6 ndm trong khoang tir 0 dén 10°C, sau d6
bd sung hén hgp vao dung dich da dugc lam lanh bing d4 chita NH,Cl bdo hoa
(300mL) va nuéc (300mL). Khudy hdn hop trong 10 phut sau d6 chiét ba lan
bing dietyl ete. Lam kho pha hitu co, (Na;SOy), loc va c6. Tinh ché san phim tho
thu duge bing sic ky silicagel (isohexan/EtOAc), dé thu duoc hop chit néu & dé
muc (16,9g, 86%).

Budc b) 1-xyclobutyl-3-metoxybenzen (Ph6-b)

Bd sung Pd 10% trén cacbon (2,5g) vao dung dich chira Ph6-a (15.4g,
86,1mmol) trong etanol (200mL) va hydro hoa hdn hop trong Parr & 60psi. Sau
18 gid, bd sung thém Pd 10% trén cacbon (1,5g) vao va hydro héa hdn hop trong
18 git nira & 60 psi. Loc sach chét xuc tac va rira bing EtOH va EtOAc. Co dung

dich trong diéu kién 4p suét giam va phén 14p san phédm thd béng séc ky silicagel
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(isohexan/EtOAc), dé thu dugc hop chit néu & dé muc (14,0g, 77%).
Bude c) 3-xyclobutylphenol (Phenol 6)

B4 sung timg giot dung dich chira boron tribromua 1M (18,1g, 72,2mmol)
trong DCM & nhiét d6 0°C vao dung dich chtra Ph6-b (10,6g, 65,6mmol) trong
DCM khd (65mL). Khudy hdn hop trong 2,5 giv ¢ nhiét do -5°C, sau d6 dung
phan tmg bing dung dich lanh bdo hoa chita NH,Cl va chiét ba 14n bang DCM.
Lam khé pha hitu co (Na;SOy), loc va ¢6. Tinh ché san phém thé thu dugc bing
sic ky silicagel (isohexan/EtOAc), dé thu duoc hop chit néu & dé‘ muc (9,73g,
88%).

Phenol 7
o
Mg OH H,, Pd/C
+ Br—@—OBn — <>L©—osn — - Q—QOH
Budc b

Budc a
Ph7-a Phenol 7

Budc a) 1-(4-(benzyloxy)phenyl)xyclobutanol (Ph7-a)

Bb sung timg giot dung dich chira 1-(benzyloxy)-4-bromobenzen (2,63g,
100mmol) trong dietyl ete:THF 1:1 (100mL) & nhiét do hdi luu trong =1 gid vao
huyén phi chita day didu chinh lam bing magie (2,43g) va mét luong nho iot
trong dietyl ete (50mL). Khi hoan thanh viéc b sung, hoi luu hén hop trong bdn
gio, sau d6 lam lanh dén ~0°C. Bb sung THF kho (50mL) vao sau d6 bd sung tir
tir dung dich chira xyclobutanon (7,01g, 100mmol) trong dietyl ete (50mL) va aé
hén hop dat dén nhiét do trong phong. Sau khi khudy trong hai giv, bd sung dung
dich lanh bdo hoa chira NH,CI (500mL) vao va khudy hon hop trong 15 phut, sau
d6 chiét hai 14n bang EtOAc. Ria pha hitu co bing nudc mubi, lam kho béng
natri sulfat va lam bay hoi trong didu kién 4p sudt giam. Tinh ché san phdm bang
shc ky cot trén silicagel, d& thu duge hop chat néu & dé muc (12,5g, 42%).

Budc b) 4-xyclobutylphenol (Phenol 7)

B4 sung Pd 10% trén cacbon (2,55g, 21,5mmol) trong diéu kién khi argon
vao dung dich chita Ph7-a (12,4g, 41,4mmol) trong EtOH nguyén chét (110mL)
va hydro héa hdn hop & 45psi & nhiét do trong phong trong 18 gio. Loc sach chat

xtc tac, rira bang etanol va cd dung dich. Tinh ché san phdm bing sic ky
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silicagel (isohexan — EtOAc). Tép hop cac phan thich hop va 6 va két tinh phén
con lai tir ete nhién lidu dé thu duoc hop chit néu & d& muc (3,15g, 51%).

PhOH OH
ACI,

Phenol 8

Phenol 8

4-(1-Metylxyclopentyl)phenol (Phenol 8)

B6 sung timg giot dung dich chua 1-metylxyclopentanol (2,00g,
20,0mmol) va phenol (2,07g, 22,0mmol) trong pentan (50mL) trong 30 phut vao
huyén phu chita AIC; sach (1,33g, 10mmol) trong pentan (100mL). Khudy hén
hop thu dugc trong diéu kién N, & nhiét d§ trong phong trong 72 gid, sau d6 rot
hén hop phan tmg vao nuéc/da va HCI (12M, 20mmol, 1,66mL). Rira pha hitu co
bang nude (S0mL) va nude mudi (50mL), 1am kh6 (Na,SOy) loc va cd. Tinh ché
san phim thd bing séc ky cot trén silic oxit (MeOH — DCM), dé thu duge hop
cht néu ¢ @& muc (426mg, 12%).

Br
Oy b ) —
Budc b Budc ¢
Buorc a

Ph9-a Ph9-b

Phenol 9

OH

Phenol 9

Budc a) 2-(4-Bromo-3-metylphenoxy)tetrahydro-2H-pyran (Ph9-a)

B sung pTs (16mg, 0,086mmol) vao dung dich chira 4-bromo-3-
metylphenol (4,0g, 21,4mmol) trong 3,4-dihydro-2-H-pyran (16mL, 175mmol).
Khuéy hdn hop phan tmg & nhiét do trong phong trong 1 gio, sau do pha lodng
véi dietyl ete va rua bing NaOH 1M (trong nudc) va nude. Lam kho pha hitu co
(N2,S0,) loc va c6. Tinh ché san phdm thd bing sic ky cdt trén silic oxit
(EtOAc/heptan) dé thu duogc hop chit néu & dé muc (3,32g, 57%).

Buéc b) 2-(4-Xyclopropyl-3-metylphenoxy)tetrahydro-2H-pyran (Ph9-b)

Cho Ph9-a (3,12g, 11,5mmol), ZnBr, (2,59g, 11,5mmol), tri-tert-
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butylphosphin tetrafloborat (0,2g, 0,69mmol) va Pd(OAc), (258mg, 1,15mmol)
vao trong binh va 1am ddy tran binh nay v6i N hai lan. B6 sung THF (10mL)
vao trong khi khudy, sau d6 bd sung timg giot xyclopropylmagie bromua 0,5M
trong THF (35mL, 17,4mmol) trong 5 phut. Khuédy hdn hop & nhiét do trong
phong qua dém, sau d6 loc trén nut xelit, rira giai bang MeOH. C6 dung dich va
tinh ché san pham thd bang sic ky cot trén silic oxit (EtOAc/heptan) dé thu duoc
hop chét néu & d& muyc (1,69g, 57%).

Budc ¢) 4-Xyclopropyl-3-metylphenol (Phenol 9)

Hoa tan Ph9-b (1,70g, 7,30mmol) trong MeOH (20mL) va bd sung
pTsxH,0 (318mg, 1,67mmol) vao. Khudy hén hop & nhiét d 22°C trong 30
phut, sau d6 c6. Tinh ché san phim tho bing séc ky cot (EtOAc/heptan), dé thu
dugc hop chét néu & dé muc (704mg, 65%).

Phenol 10
O\ ’Br O\ OH
S5 e LI e
Br Budc ax Budc b

Ph10-a Phenol 10
Budc a) 4-xyclopropyl-1-metoxy-2-metylbenzen (Ph10-a)

Cho 4-Bromo-1-metoxy-2-metylbenzen (4,39g, 21,9mmol) phan tmg voi
xyclopropylmagie bromua theo quy trinh duoc mé ta trong Ph9 budc b, dé thu
duoc hop chét néu & d& muyc (1,54g, 43%).

Bude b) 4-xyclopropyl-2-metylphenol (Phenol 10)

B6 sung BBr; (SmL, 5Smmol) trong diéu kién N, ¢ nhiét d6 0°C vao dung
dich chtta Ph10-a (1,54g, 9,49mmol) trong DCM (7,5mL). Khudy hdn hop phan
g trong 2 gid, sau d6 lam ngudi bang MeOH (3mL) va c6. Hoa tan san phim
tho trong EtOAc va rira bing nude mudi. Lam kho pha hitu co (Na;SO;), loc va
¢6. Tinh ché san phim thd bang sdc ky cot trén silic oxit, @ thu dugc hop chit
néu & d& muc (826mg, 59%). MS 147,11 [M-H]J.

Phenol 11
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Phenol 11
4-xyclopropyl-3-metoxyphenol (Phenol 11)

Hop chit néu & @ muc dugc pha ché tir 4-bromo-3-metoxyphenol (1,11g,
5,49mmol) theo quy trinh dugc mo ta d8 didu ché Phenol 9. Hiéu suit 40%.

Phenol 12
OH OH OH
Buéc a | Buée b,
(0] o (@]
Ph12-a Phenol12

Budc a) 3-(dimetylamino)-1-(3-hydroxyphenyl)propan-1-on (Ph12-a)

B sung mot vai giot HCI vao dung dich chira 3-hydroxy axetophenon
(4,08g, 30mmol), paraformaldehyt (4,05g, 45mmol) va dimetylamin hydroclorua
(2,69¢, 33mmol) trong EtOH nguyén chit (100mL) va hdi luu hon hop phan tng
trong 18 gio. B sung thém dimetylamin hydroclorua (0,55 duong luong, 1,22g),
paraformaldehyt (0,5 duong luong, 1,35g) va HCI (0,5mL) vao va hdi Iwu hén
hop phan (mg trong 4 gio nita, sau d6 lam mat dén nhiét d6 trong phong. Gom
chét rén mau tring da két tha va rira bang EtOH lanh (50mL) va axeton lanh
(10mL) va sau d6 lam dong kho, dé thu dugc hop chit néu & dé muc (2,59¢,

38%) ma dugc stir dung trong budc tiép theo ma khong tinh ché thém.
Budc b) xyclopropyl(3-hydroxyphenyl)metanon (Phenol 12)

Bb sung theo phdn NaH (60% chit phin tan dau khoang) (1.13g,
28.2mmol) & nhiét do trong phong vao huyén phu da khudy chuta
trimetylsulfoxoni iodua (6,20g, 28,2mmol) trong DMSO (100mL). Sau 1 gid, bd
sung theo phan Ph12-a rén (2,59g, 11,3mmol) trong diéu kién c6 khudy va lam
mat. Khudy hdn hop phan tng ¢ nhiét d6 trong phong trong 40 gio, sau d6 rot
vio nude lanh (200mL) va chiét bing DCM (3x100mL). Rira pha hitu co bing
dung dich bdo hoa trong nudc chira NH,Cl (2 x 100mL), lam khd (Na,SOy), loc

va co. Tinh ché san phdm thé thu dugc bing sic ky cOt trén silic oxit
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(MeOH/DCM) d thu dwgc hop chét néu & & muc (883mg, 48%).

(0] 0]
Phenol13

Phenol 13

OH

Budc a) xyclopropyl(4-hydroxyphenyl)metanon (Ph13)

BS sung theo phin p-Hydroxy-y-clobutyrophenon (4,95g) trong
khoang 30 phut vao dung dich chita NaOH (8mL, trong nudc, 50% trong
luong/trong luong), sau doé bd sung NaOH (35mL, trong nuéc, 25% trong
luong/trong lugng) sau d6 1a p-hydroxy y-clobutyrophenon (4,95g) theo mdt
phin. Giam nhiét d6 xubng 140°C va b sung NaOH (8g) vao. Sau 90 phit, b
sung H,O (10mL) vao, va sau d6 thém 60 phut nita, lam mat hdn hop phéan tmg,
pha lodng véi H,O va trung hoa bing HOAc (= 27-30ml) dén d6 pH =7. Loc chit
két tia duge tao ra, rira bang H,O va lam kho trong chéan khong. Nghién nhé cac
chét rén thanh bot trong CHCl; (200mL) & nhiét d6 40°C trong 10 phut, sau d6 ¢
nhiét d6 trong phong qua dém. Gia nhiét huyén phi ddc dén 40°C trong 30 phi,
sau d6 loc. Lam kho dich loc (MgSOy), loc va ¢6 dén =70ml. B6 sung hexan va
tao ra diu ma cudi cling tr& thanh tinh thé. Loc huyén phu dic, rita cac chét rén

bang CHCly/hexan va lam kho, dé thu duoc hop chit néu & d& muc (4,15g, 51%).

Phenol 14

o) )<V|g_0| OH 0]
H OH OH pcc OH
_— —_—
Budc ay Budc b

Ph14-a Phenol 14

Budc a) 3-(1-hydroxy-2,2-dimetylpropyl)phenol (Ph14-a)

Bd sung timg giot t.Bu-MgBr (1,5 duong luong) trong 30 phit vao hdn
hop lanh (-10°C) ctia 3-hydroxybenzaldehyt (2,00g, 16,4mmol) trong dietyl ete
(20mL). Trong qué trinh bd sung nay, bd sung THF (20mL) vao. Cho phép hdn
hop dat 23°C va khudy trong 6 gio. B6 sung thém t.Bu-MgBr (0,7 duong lugng)
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vao va khudy hén hop qua dém, sau d6 lam mat va ding phan ng biang NH,Cl
trong nudc bdo hoa @ thu duge EtOAc dugc bd sung vao hdn hop sau do bb
sung HCI 1M trong nudc cho dn khi thu duoc hdn hop ddng nhit. Tach céc pha
va rira pha hitu co béng nude mudi, 1am khé (Na,SO,), loc va ¢b. Tinh ché san
phdm thé thu dugc bing séc ky cdt, dé thu dugc hop chét néu o dé muc (1,1g,
37%).
Budc b) 1-(3-hydroxyphenyl)-2,2-dimetylpropan-1-on (Ph14)

B6 sung 3A MS va pyridini clocromat (PCC) (1,97g, 9,15mmol) sau d6 la
DCM khé (SmL) vao binh déy tron dugc siy trong 16. Khudy hdn hop & nhiét dd
20°C trong 5 phut sau do6 bd sung tir tir hdn hop ciia AA8019 (1,10g, 6,10mmol)
trong DCM (5mL) vao. Sau khi két thiic bude oxy hoa, loc hon hgp théng qua
tAm xelit, rira tAm nay bang dietyl ete. C6 dich loc. Tinh ché san phim thd béang
shc ky cot d& thu dugc hop chét néu & d& muc (402mg, 37%). MS 179,25
[M+H]+.

Phenol 15

(o)
%‘QOH

Phenol 15
1-(4-Hydroxyphenyl)-2,2-dimetylpropan-1-on (Ph15)

4-hydroxybenzaldehyt (3g, 24,6mmol) duge cho phan tng theo quy trinh
dwoc mb ta dé didu ché Phenol 14, dé thu dugc hop chit néu & d¢ muc (538mg,
17%).

Axit amin 1

HO\HANHBOC + /\(OH DMAP__ /\(O\H/\NHR
o) o)

EQCXHCI
Budcar  poéeh, ( AA1a,R = Boc
AA-1b,R=H
Budc a) (S)-(S)-sec-butyl 2-((tert-butoxycacbonyl)amino)propanoat (AA1-a)

Hba tan L-Boc-Alanin (2,18g, 11,5mmol) trong DCM kho (40mL) va b
sung ruou (R)-butan-2-ol (938mg, 12,6mmol) vao. Lam lanh hdn hop dén
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khoang 5°C va bd sung EDC (3,31g, 17,2mmol) trong mét phén sau d6 bd sung
ting phan DMAP (140mg, 1,15mmol) vao. Cho pheép hdn hop dat nhiét do trong
phong va khudy qua dém, sau d6 pha lodng vdi etyl axetat (~300mL) va rta pha
hitu co ba 1an bing dung dich bdo hoa chira natri hydro carbonat va mot 1an bing
nude mudi. Lam kho pha hitu co trén natri sulfat va c¢d trong diéu kién 4p suét
giam. Phan lap san phim bing sic ky silicagel duoc rira giai bing isohexan va
etyl axetat 10%, dé thu dugc hop chét néu & d& muc (2,78g, 98%).

Budce b) (S)-(S)-Sec-butyl 2-aminopropanoat (AA1-b)

Khudy hdn hop ctia AAl-a (2,77g, 11,3mmol) va axit p-toluen sulfonic
mono hydrat (2,15g, 11,3mmol) trong EtOAc (45mL) trong 16 gio & nhiét do
65°C, sau d6 co6 trong diéu kién 4p sudt giam. Két tinh phﬁn can thu duoc tu
dietyl ete, dé thu dugc hop chit néu & dé muc (3,20g, 89%).

Axit amin 2

DMAP o
HO ~~oH DA L SN NH
\([)(\NHBW + i EDCxHCI : \gA 2

AA2
(S)-(R)-Pentan-2-yl 2-aminopropanoat (AA2)

Tuén theo quy trinh dwge md ta dé diéu ché AA1 nhung st dung (R)-
pentan-2-ol thay vi (R)-butan-2-ol, 3 thu duoc hop chit néu & dé muc (4,6).

Axit amin 3

HO\H/\NHBOC + \/\(OH DMAP__ \/\‘/O\HANH2
le) EDCxHCI e}

AA3
(S)-(S)-Pentan-2-yl 2-aminopropanoat (AA3)

Tuén theo quy trinh dwge md ta dé didu ché AA1 nhung st dung (S)-
pentan-2-ol thay vi (R)-butan-2-ol, dé thu dugc hop chét néu & dé muc (8,3g).

Céc chét trung gian sau dugc pha ché va c6 thé duoc st dung trong qua

trinh diéu ché cac hop chit theo sang ché:

Chét trung gian 1
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: p-F-PhCH,OH \EjV : PhOPOCI, 0
BocHN/\H/OH —_— o\[(\NHBoc —_— o\ﬂ/\”—'ﬁ;—m
(o} o) 0 OPh
I-1a, R = Boc 11
Hei € b, R=H

Budc a) (R)-4-flobenzyl 2-((tert-butoxycacbonyl)amino)propanoat (I-1a)

Hoa tan Boc-L-AlaOH (19,92mmol), DMAP (1,99mmol) va (4-
flophenyl)metanol (23,9mmol) trong CH,Cl, (100mL). Bb sung trietylamin
(23,9mmol) sau d6 1a EDCI (23,9mmol) vao dung dich nay va khudy hdn hop
phén tmg thu duge qua dém & nhi¢t d6 trong phong trong didu kién N,. Pha loéng
hdn hgp phan ung vi CH,Cl, (100mL), rira bang dung dich bdo hoa trong nudc
chirza NaHCO; (2x50mL), dung dich bdo hoa trong nu6c chira NaCl (2x50mL),
lam kho (Na,SO,) va c6. Tinh ché phin can thu dwoc bang sic ky cft trén
silicagel duge rira gidi bing n-hexan-EtOAc (95:5 dén 60:40) dé thu duoc hop
chit néu & d& muc (4,44g) dudi dang chit rin sap mau tréng. MS: 296 [M-HJ".
Budc b) (R)-4-flobenzyl 2-aminopropanoat (I-1b)

Hoa tan hop chét I-1a (14,93mmol) trong 4M HCl/dioxan (40mL) va
khudy & nhiét d§ trong phong trong 30 phut va lam bay hoi dén khé dé thu dugc
mudi hydroclorua cua hop chit néu & d&& muc (3,4g) dudi dang bt mau tréng.
MS: 198 [M+H]".

Budc ¢) (2R)-4-flobenzyl 2-((clo(phenoxy)phosphoryl)amino)propanoat (I-1)

B& sung timg giot PhOPOCI, (4,28mmol) & nhiét d6 -78°C vao dung dich
chita hop chit I-5b (4,28mmol) trong CH,Cl,. sau d6 bo sung timg giot
trietylamin (8,56mmol) vao. Khuay hdn hop phén tng thu duge ¢ nhigt 4o -78°C
trong diéu kién Ar va cho phép dat nhi¢t do trong phong qua dém. Lam bay hoti
h&n hop phan tmg trén silicagel va tinh ché bang sic ky (n-hexan/EtOAc (88:12)-
(0:100)) d& thu dugc hop chit néu & dé myc (769mg). *'P-NMR (CDCly) 3: 7,85
(s) va 7,54 (s) (chdt ddng phan khong dbi quang Rp va Sp).

Chét trung gian 2
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: o. i
HO\W/\NHBOC + O Dwap AUNTONHR
o z EDCxHCI = 0
Buca  pygeb, ( I-2a, R =Boc
1-2b, R=H
1) Phenyl phosphorodicloridat, _
. . . . J j O
EtsN : I
3 . /\Z/O\D/\N_P'_O_Q_Noz
2) 4-NO,-phenol, : o5 H&
Et;N Ph

Bude ¢ 1-2

Budc a) (S)-(R)-sec-butyl 2-((tert-butoxycacbonyl)amino)propanoat (I-2a)

Hba tan L-Boc-Alanin (2,18g, 11,5mmol) trong DCM kho (40mL) va bd
sung ruou (R)-butan-2-ol (938mg, 12,6mmol) vao. Lam lanh hdn hop dén
khoang 5°C va bb sung EDC (3,31g, 17,2mmol) vao trong mot phan sau d6 bd
sung tung phdn DMAP (140mg, 1,15mmol) vao. Cho phép hdn hop dat nhiét do
trong phong va khuéy- qua dém, sau d6 pha lodng vdi etyl axetat (~300mL) va
rira pha hitu co ba 14n bing dung dich bdo hoa chira natri hydro carbonat va mot
14n bing nudce mudi. Lam khd pha hitu co trén natri sulfat va c6 trong didu kién
4p sudt giam. Phan 1ap san phdm bing sic ky silicagel duge rira giai bang

isohexan va etyl axetat 10%, dé thu dugc hop chét néu & dé muc (2,78g, 98%).
Budc b) (S)-(R)-Sec-butyl 2-aminopropanoat (I-2b)

Khuiy hdn hgp cua I-10a (2,77g, 11,3mmol) va axit p-toluen sulfonic
mono hydrat (2,15g, 11,3mmol) trong EtOAc (45mL) trong 16 gio & nhigt do
65°C, sau d6 cb trong diéu kién ap sudt giam. Két tinh phan cin thu dugc tir

dietyl ete, 2 thu duoc hop chat néu & dé muc (3,20g, 89%).

Budc ¢) (28)-(R)-Sec-butyl 2-(((4 nitrophenoxy)(phenoxy)phosphoryl) amino)
propanoat (I-2)

B sung Phenyl diclophosphat (1 duong luong) trong diéu kién nito &
nhiét d6 -30°C vao dung dich chta hop chit I-10b (3,15g, 9,92mmol) trong
DCM (75mL), sau d6 b sung ting giot trietylamin (2 duong luong). Cho phép
hdn hop dat nhiét ¢ trong phong va khudy qua dém, sau d6 1am lanh dén khoang
5°C va bd sung 4-nitrophenol (1 duong lugng, 15mmol) dudi dang chét rén, sau
d6 bd sung timg giot trietylamin (1 duong lugng g, 15mmol) vao va khudy hén

hop trong 4 git & nhiét d6 trong phong, sau d6 ¢o trong diéu kién ap sudt giam,
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pha lodng vdi etyl axetat (40mL) va ete (40mL) va d& & nhiét do trong phong qua
dém. Loc sach trietylamin—muéi HCIl va ¢6 dich loc trong diéu kién ap sut gidm.
Tinh ché phén cin thu dugc bing séc ky cot trén silicagel duoc rira gidi bang iso-

hexan-etyl axetat, dé thu dugc hop chit néu & dé muc (4,19g, 79%).

Céc hop chét sau dwoc pha ché theo quy trinh dugc md ta dé didu ché 1-2
bang cach st dung rugu thich hop:

I-# C'Qiu trac Ruou
k i
I-3 —P- ‘@ xyclopropylmetanol
O O
@ i
I-4 ',’ O—@ xyclopentylmetanol
O.
Q
I-5 /j/ ﬁ g 0@‘ pentan-3-ol
PO .
I-6 ||3 o@ 2-propylpentan-1-ol
O.

Chét trung gian 6, chét ddng phan khong d6i quang-1 & -2

Tach hai chét ddng phan khong d6i quang ctia hop chat I-6 bing SFC, dé
thu duoc I-6-dia-1 va [-6-dia-2.

Chét trung gian 7

O 1) Phenyl
phosphorodicloridat, -

O
Buorc a j]/\NHz EtsN e o\[(\”—l%—O—Q—Nm
2) 4-NOy-phenol 0 O<pn

HO. :
NH
Wéﬁ ’ I-7a EtsN 17

Budc b

Budc a) (S)-xyclooctyl 2-aminopropanoat (I-7a)

Bd sung axit p-toluensulfonic monohydrat (3,6g, 19,1mmol) vao huyén

phi dic chira L-alanin (1,7g, 19,lmmol) va xyclooctanol (25mL, 191mmol)

-53-



26949

trong toluen (100mL). Gia nhiét hdn hgp phan tmg & nhiét do hdi Ivu trong 25
gity va loai bd nu6ce khoi phan tng bang céch sir dung by Dean-Stark. Co hén
hop trong didu kién &p suAt giam va gitt phan con lai trong diéu kién chan khong
qua dém. B6 sung dietyl ete (100mL) vao phan con lai nay (27g). Gom chit két
tiia mau tring bang céach loc, rira béng dietyl ete (3x50mL) va lam kho trong didu

kién chan khong dé thu duoc hop chit néu & dé muyc (4,84g, 68%).

Budc b) (2S)-xyclooctyl 2-(((4-nitrophenoxy)(phenoxy)phosphoryl)amino)
propanoat (I-7)

Cho hop chét I-7a phan tmg theo phuong phap duge mé ta dé diéu ché I-2
bude ¢, dé thu dugc hop chit néu & dé muc (4,7g, 76%)

Chét trung gian 8

O

OH 0 ; i
O == OO
1-8

Ph

(2S)-xycloheptyl 2-(((4-nitrophenoxy)(phenoxy)phosphoryl)amino)propanoat (I-
22)

Tuén theo quy trinh dugc md ta @2 didu ché hop chat I-7 nhung sir dung
xycloheptanol (27mL, 224mmol) thay vi xyclooctanol, @2 thu dugc hop chit néu
& @ muc (5,72g, 55%).

Chét trung gian 9

1) Phenyl phosphorodicloridat, B

: o)
NP Et;N SN N
O 5 - oy O
O 2) 4-NO,-phenol, 0

Et;N -9

(2S)-Xyclohexyl 2-(((4-nitrophenoxy)(phenoxy)phosphoryl)amino)propanoat (I-
23)
Tuén theo quy trinh dugc mo ta dé diéu ché I-2 budc ¢ nhung sur dung (S)-
xyclohexyl 2-aminopropanoat thay vi (S)-3,3-dimetylbutyl 2-aminopropanoat, dé
thu duoc hop chét néu & @& muc (10,6g, 82%).

Chét trung gian 10
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Q
Ph-O,Np—~O—P~Cl

o 0
Ph-O,Np~ \j\/o - i
\[]/\”—I?—O—pNoz-Ph
H 2"
om/\NH2 110
o)

(S)-2-Etylbutyl 2-((bis(4-nitrophenoxy)phosphoryl)amino)propanoat (-
10)

B sung (S)-2-Etylbutyl 2-aminopropanoat (5g, 14,49mmol) vao dung
dich chira bis(4-nitrophenyl) phosphorocloridat (6,14g, 17,1mmol) trong DCM
(50mL), 1am lanh hdn hop trong bé da va bd sung timg giot EN (4,77mL,
34,2mmol) vio. Loai bd chét tai lanh sau 15 phit va khudy hon hop phan ng &
nhiét d6 23°C cho dén khi két thic phan tmg theo TLC. Sau d6 bo sung dietyl ete
vao, loc hdn hop va co dich loc va tinh ché bing sic ky cot trén silic oxit dé thu

duge hop chit néu & ¢ muc (2,05g, 82%).

Chét trung gian 11

Bude a) (S)-isopropyl 2-aminopropanoat (I-11a)

Bb sung timg giot SOC, (29mL, 400mmol) & nhiét d 0°C vao huyén phu
chita mudi HCI cta L-alanin (17,8g, 200mmol) trong isopropanol (700mL).
Khudy huyén phu & nhiét d6 trong phong qua dém, sau d6 ¢6, dé thu duoc hop
chét néu & d& muc (29,2g, 87%).

Budéc b) (2S)-Isopropyl 2-(((((S)-1-isopropoxy-1-oxopropan-2-yl)amino)(4-
nitrophenoxy)phosphoryl)-amino)propanoat (I1-11)

B6 sung ting giot dung dich chua 4-nitrophenyl diclophosphat (1,8g
7mmol) trong DCM & nhiét do -60°C vao dung dich chira amin I-11a (2,35g,
14mmol) va trietylamin (7,7mL, 56émmol) trong DCM. Cho phép hdn hgp phan
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tmg dat nhiét d§ trong phong, khudy qua dém, c6 va sau d6 pha lodng vo&i etyl
axetat va ete va d& & nhiét d6 trong phong qua dém. Loc sach trietylamin-mudi
HCI, ¢b dich loc trong didu kién ap suét gidm va tinh ché phan cn thu duoc bing
séc ky trén silicagel dugc rira giai bang iso-hexan-etyl axetat, dé thu dugc hop

chét néu & d& muc (1,6g, 50%).

Chét trung gian 12

Q o i 9 5
OH EDC : ON o-f-Cl SON-PN
DMAP O~ Cl HALH
) > . \ﬂ/\NHR _ 0 0 0
HO H Bué6c a. 0 Buéc ¢
j(\NHBoc
o}

Buéc b (I-123, R =Boc
1-12b, R=H

Budc a) (S)-Neopentyl 2-((tert-butoxycacbonyl)amino)propanoat (I-12a)

Bb sung theo phdn EDAC va DMAP & nhiét d6 -5°C vao dung dich chira
Boc-alanin (18,9g, 100mmol) va neopentyl rugu (13,0mL, 120mmol) trong DCM
(200mL). Cho phép hdn hop phan tmg dat nhiét do trong phong va khudy trong
72 gid. Bb sung EtOAc (700mL) vao va rira pha hitu co ba lan bang dung dich
bdo hoa chira NaHCO; va mot 14n bing nude mudi, sau d6 c6. Tinh ché phén can
thu dugc bing sic ky cot duoc rura giai b'?lng hexan-EtOAc 90/10 dén 80/20, dé
thu dwoc hop chit néu & dé muc (21g, 81%).

Budce b) (S)-Neopentyl 2-aminopropanoat (I-12b)

Bé sung axit p-Toluen sulfonic (15,6g, 82,0mmol) ¢ nhiét d6 -65°C vao
dung dich chtra amin dugc bao vé Boc I-12a (21,1g, 82,0mmol) trong EtOAc
(330mL). Khudy hdn hop phan tmg & nhiét do -65°C trong 8 gidy, sau d6 dé dat
nhiét d6 trong phong qua dém. Sau do6 loc hén hop va cb dé thu dugc hop chit
néu & dé muc (21g, 78%).

(2S)-Neopentyl 2-(((((S)-1-(neopentyloxy)-1 -oxopropan-2-yl)amino)(4-
nitrophenoxy)-phosphoryl)amino)propanoat (I-1 2)

Bd sung timg giot 4-Nitrophenol diclophosphat trong 1 gio ¢ nhiét 4o -
50°C vao dung dich chira amin I-12b (3,90g, 24 5mmol) trong DCM (100mL).
Cho phép hdn hop phan tng dat nhiét do trong phong, khudy qua dém, cb va sau
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d6 pha lodng vdi dietyl ete va dé & nhiét do trong phong qua dém. Loc hdn hop,
¢6 dich loc trong didu kién dp sudt gidm va tinh ché phan cén thu duoc bang shc
ky trén silicagel duoc rira giai bing iso-hexan-etyl axetat, d thu dugc hop chit

néu & d& muc (4,8g, 77%).

Chét trung gian 32

Q . R F

|I E O

Cl7 \OPh Perflophenol  ~~O~"“N_p_

/\/o\ﬂ/\NHz - .-f~~--»—-I£).>.._“.‘. E 7‘1/\” ||: o F

EtsN EtsN = O 0
? 3 FF

Ph
1-32

(2S)-(R)-sec-butyl 2-(((perflophenoxy)(phenoxy)phosphoryl)amino)propanoat (I-
32)

B6 sung timg giot Et;N (10,9mL, 78,1mmol) & nhiét 6 -70°C trong didu
kién nito trong 15 phut vao dung dich da khudy chira mudi pTs ctia (S)-(R)-sec-
butyl 2-aminopropanoat (12,0g, 37,7mmol) trong DCM (50mL). B4 sung dung
dich chira phenyl diclophosphat (5,61mL, 37,7mmol) trong DCM (50mL) vao
han hop nay trong 1 gio. Khudy hdn hop phan tmg & nhi¢t do -70°C trong 30
phut nita, sau d6 cho phép lam 4m dén 0°C trong 2 gi® va khudy trong 1 gio. B
sung dung dich chta pentaflophenol (6,94g, 37,7mmol) va Et;N (5,73mL,
41,1mmol) trong DCM (30mL) vao hdn hop trong 20 phiit. Khudy hon hop thd &
nhiét dd 0°C trong 18 gio, va sau d6 cd. Dua phén con lai vao THF (100mL), loc
sach céac chat khong hoa tan va rira mot vai 14n bang THF. Lam bay hoi dung moi
va tan nho phan cin thanh bot bing tert.butyl metyl ete. Loc sach céac chét khong
hoa tan va rira bang tert.buty metyl ete. C6 dich loc dé két hop va nghién chét rdn
tho bang séng am véi n-hexan/EtOAc (80:20; 100mL). Loc chét rén, rira bing n-
hexan/EtOAc (80:20) dé thu dugc chét ddng phén 1ap thé phospho tinh khiét ciia
hop chit néu & d& muc dudi dang chat rén mau tréng (2,3g, 13%).

Chét trung gian 33

u \/OT(?\ A AQ‘
P, N—-P-O F
' ]
\/O\H/\NHZ Cl OPh ' Perﬂophenol o H d

- F F
Et3N EtsN
1-33
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(2S)-etyl 2-(((perflophenoxy)(phenoxy)phosphoryl)amino)propanoat {d-
33)

Didu ché chét ddng phan 1ap thé phospho tinh khiét ciia hop chat néu & dé
muc theo phuong phap dugc mé ta cho 132, nhung bét dau tir mudi HCl cta (S)-
etyl 2-aminopropanoat (11,0g, 71,1mmol). Hiéu suét 8,56, 27%.

Chét trung gian 34
_ R F
\j\/ : g \j\/O R
H 1]
O : AN —pP—
\[(\NHZ Cl (l)l OPh Perflophenol \([)]/\H (Fl)’ o) F
o Et;N Et;N b F F
1-34

(2S)-2-etylbutyl 2-(((perflophenoxy)(phenoxy)phosphoryl)amino)propanoat (-
34)

Didu ché chét ddng phan lap thé phospho tinh khiét ciia hop chét néu & dé
muc theo phuong phap dugc mé ta cho 1-32, nhung bét dau tir mudi pTs ctia (S)-

2-etylbutyl 2-aminopropanoat (18,8g, 54,4Ammol). Hi€u suét 27,0g, 99%.

LC-MS 496,44 [M+H]".

Chét trung gian 35
0 | . FF
: P o i 9
NG o P SN —p-
N Y\NHZ CIg, OPh erflophenol \([)(\H g 0 F
5 - .
1-35

(2S)-butyl 2-(((perflophenoxy)(phenoxy)phosphoryl)amino)propanoat (-
35)

Bd sung Phenyl diclophosphat (12,4mL, 83,1mmol) vao huyén phu dic
lanh (-20°C) cha (S)-butyl 2-aminopropanoat (26,4g, 83,1lmmol) trong
diclometan (200mL). Khudy hdn hop trong 10 phut sau d6 bo sung timg giot
Et;N (25,5mL, 183mmol) vao trong 15 phut. Khudy hdn hop & nhiét d6 -20°C
trong 1 gir sau d6 & nhiét do 0°C trong 30 phut. Pé lanh hdn hop trong bé dé va
bd sung perflophenol (15,3g, 0,08mol) sau d6 bd sung timg giot Et;N (11,6mL,
0,08mol) vao. Khudy hdn hop qua dém va tir tir dat dén nhiét o 20°C. B4 sung
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dietyl ete vao va loc hdn hop thong qua xelit, ¢ va tinh ché bang sic ky cdt trén
silicagel duoc rira giai bing ete dau mo/EtOAc (9:1 -> 8:2). Tép hop cac phan
thich hop, 6 va két tinh tir ete diu md EtOAc (9:1) dé thu duoc chét déng phan
lap thé phospho tinh khiét cua hop chét néu & @ muc duéi dang chit rin mau

tréng (2,23, 5,8%).

Chét trung gian 36

R F

0} -

E g Y * Hel cvﬁ’l\oph \0( .

HO B + OH c-"al O\H/\NHZ cl CGFSOH‘ \H/\H-Fj—o F
\ﬂ/\NHZ )\ . o Q

0 o) Et3N Et3N Fl’h F F

Budc a
I-36a Budc b 1-36

Budc a) L-Alanin isopropyleste hydroclorua (I-362)

Bb sung thionylclorua (80,2g, 0,674mol,1,5 duong luong) ddng thoi 1am
lanh vio 2-propanol (400mL) & nhiét o nim trong khoang tir -7 dén 0°C trong
thoi gian 30 phut, sau do b sung L-alanin (40,0g, 0,449mol) vao & nhiét 6 0°C.
Gén b chi bao luu lugng va bd phan lam sach v6i hdn hop cla natri hydroxit
27.65% (228g) va nudc (225g) vao dau ra. Khudy hon hop phan tmg & nhiét do
67°C trong hai gid, sau d6 & nhiét 46 70°C trong mot gio va & nhiét d6 ndm trong
khoang tir 20 dén 25°C qua dém. Chung cAt hdn hgp phan tng ¢ nhiét do nim
trong khoang tir 47 dén 50°C trong diéu kién 4p sut giam (250 - 50 mBar) tir bé
60°C. Khi budc chung cit trd nén rAt cham, bd sung toluen (100mL) vao dau
thira, va tiép tuc chung cAt & nhiét d6 nim trong khoang tir 48 dén 51°C trong
didu kién ap suét giam (150 - 50 mBar) tir b 60°C cho dén khi bude nay trd nén
rht cham. B sung t-butylmetylete (tBME) (400mL) vao dAu thira, va ric hé hai
pha trong diéu kién khudy hiéu qua & nhiét do ndm trong khoang tir 34 dén 35°C.
Khi quan sat thiy su k&t tinh, lam mat hdn hop dén 23°C trong thoi gian mét gio,
va phan 14p chét két tia bing cach loc. Rura banh loc bang tBME (100mL) va lam
kho dén trong lugng ¢b dinh trong didu kién 4p suit giam ma khong gia nhiét, dé

thu duoc hop chit néu & d& muc (67,7g, 90%) dudi dang chit rin mau trang.

Budc b) (S)-Isopropyl 2-(((S)-(perflophenoxy)(phenoxy)phosphoryl)amino)
propanoat (I-36)

B6 sung Phenyl diclophosphat (62,88g, 0,298mol, 1,0 duong lugng)

trong diéu kién nito vao dung dich chira L-alanin isopropyleste hydroclorua
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(50,0g, 0,298mol) trong DCM (310mL) & nhiét d6 0°C - hoan thanh viéc bd sung
bing cach rta voi DCM (39mL). Lam lanh hdn hop va bd sung trietylamin
(63,35, 0,626mol, 2,1 dwong lugng) vao trong thoi gian 70 phit dong thoi gift
lanh nhiét do khdng cao hon -14°C, hoan thanh viéc bd sung b;"mg cach rua voi
DCM (39mL). Khudy hdn hop trong mot gior ¢ nhigt do nam trong khoang tir -15
dén -20°C, sau d6 gia nhiét dén -8°C va bd sung dung dich chta pentaflophenol
(60,38g, 0,328mol, 1,1 duong luong) va trietylamin (33,19¢, 0,328mol, 1,1
duong luong) trong DCM (78mL) vao trong thoi gian 42 phut ddng thoi gift lanh
nhiét d6 khong cao hon 0°C - hoan thanh viée bd sung bang céch rira véi DCM
(39mL). Khudy hén hop trong mot givr & nhiét do 0°C va sau d6 qua dém & nhiét
d6 +5°C. Loai bo cht két taa duogc tao ra bing cach loc, va rira banh loc béng
DCM (95mL). Rua cac dich loc da két hop & nhiét do 5°C béng nudc
(2x190mL). Chung cit pha hitu co & nhiét d nim trong khoang tir 32 dén 38°C
trong diéu kién 4p sut giam (650 - 600 mBar), va tip tuc chung cét cho dén khi
thu duoc khéi lugng két tinh mot phin thé tich con lai bing khoang 170mL. BO
sung Etyl axetat (385mL) vao, va chung cat dung dich trong thu dugc ¢ nhiét do
nim trong khoang tir 43 dén 45°C trong didu kién 4p sudt giam (300 - 250 mBar).
Tiép tuc chung cht cho dén khi thu duoc thé tich con lai bing khoang 345mL.
Lam mat dung dich trong nay dén 36°C, va kich thich sy két tinh bang cach b6
sung cac  tinh th4 dang hat cua  (S)-isopropyl  2-(((S)-
(perflophenoxy)(phenoxy)phosphoryl)amino)propanoat (20mg) dugc pha ché
nhu dwoc md ta trong J. Org. Chem., 2011, 76, 8311 - 8319. Lam mat hén hop
dén 27°C trong thoi gian mot giv, sau do bd sung n-heptan (770mL) vao trong
thoi gian 47 phut, va khudy hdn hop trong khoang thoi gian 37 phit nira. B sung
Trietylamin (6,03g, 0,2 duong luong) vao, va khudly hon hop & nhiét do nim
trong khoang tir 23 dén 25°C qua dém. Phan 14p cht két tia bing cach loc. Rira
banh loc bing etyl axetat:n-heptan (1:9, 80mL) va lam kho dén ¢ dinh trong
diéu kién 4p suit giam (thép hon 0,1mBar) ma khong gia nhiét, dé thu duge hop
chéit néu & d& muc (75,64, 56%) dudi dang vt liu tinh thé mau tring.

'{ NMR (CDCl, 300 MHz) § 7,38-7,32 (m, 2 H), 7,27-7,24 (m, 2 H),
7.23-7,19 (m, 1 H), 5,10-4,98 (m, 1 H), 4,20-4,08 (m, 1 H), 4,03-3,96 (m, 1 H),
1,46 (dd, 7,2, 0,6 Hz, 3 H), 1,26-1,23 (2xd, 6 H);
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13CNMR (CDCls, 100 MHz) & 172,7 (d, J = 8,8 Hz), 150,4 (d, J = 7,1 Hz),
143,4-143,0 (m), 141,0-140,2 (m), 140,0-139,8 (m), 137,6-137,2 (m), 136,8-
136,2 (m), 130,0 (d, J = 0,82 Hz), 125,8 (d, J = 1.4 Hz), 120,3 (d, J = 5,0 Hz),
69.8, 50,6, (d, J = 1,9 Hz), 21,8 (d, J = 1,9 Hz), 21,2 (d, J = 4,4 Hz);

Céc tinh chit két tinh va dit liéu phé NMR ciia hop chat néu ¢ d& muc
théng nhét véi dit liéu dugc cong bd (J. Org. Chem., 2011, 76, 8311-8319), do d6

x4c nhan héa hoc 1ap thé S clia nguyén tir phospho ctia hop chit néu & @ muc.

Chét trung gian 37

: : CI” 1 "OPh O N-B-
HO. - + )]\CI o\n/\NHz Cl CeFsOH \ﬂ/\” P-0 F
N NH — o "o
o Budc a O EtsN Et;N b F
I-37a Budc b

Budc a) (S)-Xyclohexyl 2-aminopropanoat (I-37a)

Bd sung timg giot axetylclorua (4,2mL, 59,3mmol) sau d6 1a bd sung L-
phenylalanin (4,0g, 24,2mmol) vao dung dich da khudy chira xyclohexanol
(50mL). Gia nhiét hdn hop phén tng dén 100°C trong 16 gid, sau dé cd trong
diéu kién 4p suit giam, tdn nho thanh bt véi dietyl ete/Hexan (1:1) va lam kho
8 thu duge hop chét néu & dé muc (6g, 88%) dudi dang chét rin mau tring ma

duoc sit dung trong bude tiép theo ma khong tinh ché thém.

Budc b) (S)-Xyclohexyl 2-(((S)-(perflophenoxy)(phenoxy)phosphoryl)amino)
propanoat (I-37)

B4 sung timg giot trietylamin (7,17mL, 51,5mmol) vao dung dich da
khudy chtra hop chét 1-37a (7,0g, 24,6mmol) trong DCM khé (42mL) & nhiét do
-70°C trong 30 phut, sau do bd sung dung dich chua phenyl diclophosphat
(5,15g, 34,5mmol) trong DCM khd (21mL) trong 1 gio. Khudy hdn hop phéan
{mg & nhiét do -70°C trong 30 phut nira va sau d6 1am 4m dén 0°C trong 2 gid va
khudy trong 1 gi. Bb sung dung dich chira pentaflophenol (4,94g, 26,8mmol) va
trietylamin (3,74mL, 26,8mmol) trong DCM khé (28mL) vao hdn hop nay trong
1 gid. Khuly hén hop & nhiét d6 0°C trong 4 gid, va sau d6 dé & nhiét do 5°C
trong 16 gio. Loc hdn hop phan ting va c6 dich loc trong diéu kién 4p suat giam.

Hoa tan chét rn tho trong EtOAc (300mL), rira bing nudc (50mL), 1am kho va
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loai bo dung mdi trong didu kién &p sudt giam. T4n nho chét rén thu duoc thanh
bot voi EtOAc 20% trong hexan, loc, ria bang hexan va lam kho dé thu duoc
hop chit néu & d& muc dudi dang chit ddng phan khong d6i quang don (3,0g,
21%) dudi dang chat rin.

Chét trung gian 38
2

' NO
: _ c-o : 0 2

o Cl O_~-P

N" -0
\r \[]/\NHZ PhOH \( \[(])/\H 2
o) Et;N

(2S)-Isopropyl 2-(((4-nitrophenoxy)(phenoxy)phosphoryl)amino)propanoat - (I-
38)

Bb sung dung dich chita phenol (1,86g, 19,8mmol) va trietylamin (3mL,
21,8mmol) trong DCM khd (50mL) vao dung dich da khudy chtaa 4-
nitrophenyldiclophosphat (5g, 19,8mmol) trong DCM kho (40mL) & nhiét do -
78°C trong thoi gian 30 phut. Khudy hén hop & nhiét d niy trong 60 phut, sau
d6 chuyén vio mot binh khéc chita dung dich chita hop chét (S)-isopropyl 2-
aminopropanoat (3,3g, 19,8mmol) trong DCM kho (40mL) & nhiét d6 -5°C trong
thoi gian 15 phut. B4 sung phan thir hai cia TEA (6mL, 43,3mmol) vao hén hop
ndy & nhiét do -5°C trong thoi gian 20 phut. Khudy hén hop ¢ nhiét d 0°C trong
3 gio, sau d6 loai bo dung moéi trong diéu kién 4p suat giam. Dua phan con lai
vao EtOAc (200mL) va rua bing nudc (50mL), 1am khd trén Na,SO,4 va loai bo
cac dung mdi trong didu kién ép suét giam dé thu dugc san phim thd dudi dang
ddu, dugc tinh ché bing sic ky cot bing cich st dung gradien 0-20%
FtOAc/Hexan va silicagel 230-400 mit ludi dé thu duge hdn hop cia chat dong
phan khong d6i quang véi ty 18 khoang 1:1. Téch hai chit ddng phan khong dbi
quang bing SFC dé thu duge hop chét néu & dé muc, chét ddng phan 1 (1,5g,
20%) va chit ddng phan 2 (1,5g, 18%) dudi dang chét ran.

Céc hop chét dugc liét ké trong Bang 1 dugc pha ché va céc chéat dong
phan khong dbi quang dugc tich theo quy trinh duge md ta dé didu ché chat

trung gian I-38, stt dung este clia axit amin va phenol thich hop.
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I-39, dia-1 & -2

[l: 9 /©/N02
O _~...Po
SRELS
Br

I-41, dia-1 & -2

O p-Ps

"0y T

O
1-42, dia-1 & -2 1-43, dia-1 & -2 144 dia-1 & -2
L R Q/ s ©\ o NO:2 N02
O\fﬁN’Z\O _0 Pl /@ N’ P\
5y I Nd": WA
145, dia-1 & 2 Br Br
> 1-46, dia-1 & -2 1-47, dia-1 & -2

1-48,
Hon hop véi ty 1€ 4:1 ctia
c4c chét déng phan khong
d6i quang P

O~ -Pe
¥ Hee

I-50, dia-1 & -2

O A p-Ps

I-51, dia-1 & -2

I-55, dia-1 & -2

e

o)

I-58, dia-1 & -2

e Y
P

N1 O

° “°©

1-59, dia-1 & -2
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1-57, dia-1 & -2

/O ug\o
TR

I-60, dia-1 & -2
Vidul
AQ %( NHBz o N_o
g j N H0ME  A]  o T HQ T
- = Iy, o = \
Budc a gj ’ (_7

Tr-8 1a NH4/MeOH 1b

Budc b
1-36 " p\
t-BuMgCl, DMPU Y \ﬂ/\N O \T\l/
Budc ¢ (J

1c

Budc a) ((28,48)—4—(2,4-diox0-3,4-dihydropyrimidin—1(2H)-y1)-1,3-diox01an—2-
yl)metyl axetat (1a)

Gia nhiét hdn hop cua hop chét Tr-8 (0,15g, 0,41mmol), 1,2-dimetoxyetan
(1,5mL) va nudc (0,96mL) trong dng bit kin & nhiét @ 125°C trong 48 gio. Sau
khi két thuc phan tmg (TLC), 1am mat hdn hop phan tmg xudng nhiét do trong
phong va loai bo cac dung mdi trong diéu kién 4p suit giam. Tinh ché phan cin
tho bing sic ky cot trén 230-400 silic oxit dudi dang gradien 3-7% MeOH/DCM
dé thu duoc hop chét 1a (0,08g, 80%) dudi dang chét ran va hop chét 1b (0,02g)
duéi dang chit ran.

Budc b) 1-((ZS,4S)—2-(hydroxymetyl)-1,3-dioxolan—4-yl)pyrimidin-2,4(1H,3H)-
dion (1b)

Khudy hop chit 1a (0,08g, 0,31mmol) trong dung dich béo hoa chira NH;
trong MeOH (1,6mL) trong 6ng bit kin & nhiét do trong phong trong 4 gid. Sau
khi két thiic phan tmg (TLC), loai bo cdc dung moi trong didu kién 4p suit giam -
va tinh ché phin con lai bing sdc ky cot trén 60-120 silic oxit sir dung 5-7%
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MeOH/DCM d& thu dugc hop chét hop chdt néu & dé muc (0,06, 90%) dudi

dang chat ran.

Budc ¢) (2S)-isopropyl 2-(((((28,49)-4-(2,4-diox0-3,4-dihydropyrimidin-1(2H)-
yl)-1 .3-dioxolan-2-yl)metoxy)(phenoxy)phosphoryl)amino)propanoat (1c)

B6 sung timg giot tert-butylmagieclorua (0,57mL, 0,98mmol, 1,7M trong
THF) vao dung dich da khudy chira hop chat 1b (60mg, 0,28mmol) trong DMPU
(0,6mL), & nhiét do -5°C. Khuiy hdn hop ¢ nhiét d6 -5°C trong 30 phit, sau d6 &
nhiét do trong phong trong 30 phut. B6 sung dung dich chta isopropyl
((perflophenoxy)(phenoxy)phosphoryl)-L-alaninat (0,25g, 0,56mmol) trong THF
khé (2,5mL) vao & nhiét do -5°C va khudy hon hop phan tng & nhiét d§ trong
phong trong 8 gid. Sau khi két thuc phan tmg (TLC), bo sung nude (15mL) vao
va chiét hdn hop bing EtOAc (30mL). Rira pha hitu co bang dung dich natri
clorua bio hoa (10mL), 1am khd (Na,;SOy), loc va cd, va tinh ché san pham tho
thu dugc bing sic ky cot trén 230-400 silic oxit dudi dang gradien 4-5%
MeOH/DCM dé thu duge hop chét néu & d& muc (55mg, 38%) dudi dang chat
rdn. MS (ES+) [484,0]".

'1{ NMR (DMSO-dg, 400 MHz) § 1,15-1,20 (10H), 3,73-3,75 (1 H), 4,11-
427 (4H), 4,84-4,90 (1H), 5,14 (1H), 5,51-5,53 (1H), 6,06-6,12 (1H), 6,26-6,27
(1H), 7,17- 7,23 (3H), 7,36-7,40 (2H), 7,57-7,60 (1H), 11,37 (1H).

Vidu2

1-36 \H/\N‘ P\O
(j \NJ EDE/IUF':/LIJQCI \r (J \N\J/

Tr-9

(2S)-Isopropyl 2-(((((2S,4S)-4-(4-amino-2-oxopyrimidin—1(2H)-yl)-1,3-di0xolan—
2-yl)metoxy)(phenoxy)phosphoryl)amino)propanoat 2)

Cho troxacitabin (TR-9) (50mg, 0,23mmol) phan ung v6i chét phosphoryl
hoa 1-36 (0,26g, 0,58mmol) theo quy trinh dugc mo ta trong Vi du 1 budce c, dé
thu duoc hop chét néu & d&€ muc (30mg, 26%) dudi dang chét rin. MS (ES+)
483,34 [M+H]".
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'1{ NMR (DMSO-dg, 400 MHz) & 1,14-1,24 (9H), 3,32-3,38 (1H), 4,05-
421 (4H), 4,84-4,26 (1H), 5,14 (1H), 5,68-5,70 (1H), 6,07-6,13 (1H), 6,23-6,25
(1H), 7,16-7,24 (5H), 7,34-7,39 (2H), 7,59-7,61 (1H).

Viduy3

: I
I-38 N~ P~
t-BuMgCl \( \H/\H : J
(J ‘NJ DMPU 5 FeH (J "
Tr-9

(2S)-Isopropyl 2-(((((2S,4S)—4-(4-amino-2-oxopyrimidin—1(2H)-y1)-1,3-dioxolan—
2-yl)metoxy)(phenoxy)phosphoryl)amino)propanoat 3)

Cho troxacitabin (50mg, 0,23mmol) phan tmg voi chét phosphoryl hoa I-
38 (0,24g, 0,58mmol) theo quy trinh dugc md ta trong Vi du 1 budce c, dé thu
duoc hop chit néu & d& muc (40mg, 35%) dudi dang chét ran. MS (APCI) 481,0
[M-HJ".

'H NMR (DMSO-dg, 400 MHz) § 1,14-1,20 (9H), 3,76-3,77 (1H), 4,10-
4,18 (2H), 4,22-4,25 (2H), 4,84-4,87 (1H), 5,17-5,186 (1H), 5,69-5,70 (1H),
6,03-6,08 (1H), 6,24-6,26 (1H), 7,17-7,25 (5H), 7,36-7,40 (2H), 7,62-7,64 (1H).

Vidu4

=9
(j \NJ B%;F;ﬁgc' @ E(\é) (j \NJ
Tr-9

(2S)-Isopropyl 2-(((((2 S,48)-4-(4-amino-2-oxopyrimidin-1(2H)-yl)-1,3-dioxolan-
2-yl)metoxy)(phenoxy)phosphoryl)amino)propanoat “)

Cho troxacitabin (50mg, 0,23mmol) phan g v&i chét phosphoryl hoa I-
37 (0,33g, 0,58mmol) theo quy trinh dugc md ta trong Vi du 1 budce c, dé thu
duoc hop cht néu & d& muc (30mg, 22%) dudi dang chét ran. MS (APCI)
599,47 [M+H]".
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Céc hop chit dugc liét ké trong Bang 2 dugc pha ché duéi dang chat dong

phéan khéng d6i quang tinh khiét theo quy trinh dugc mé ta trong Vi du 1 budce ¢

st dung chét trung gian thich hop, I-# dia-1 hodc I-# dia-2.

Bang 2
815
I-# 160~ ,P\
NJ t-BuMgCl \g/\” o o\ NJ
( J ; DMPU__ " _7 ;
Tr-9 Vi du # dia-1 hodc 2

chét ddng phéan chit dong

Vi Chét khong d6i phéan khong
d& trung R" R'® Ar quang 1 doi quang 2

| elan Higyl MS | Hitu MS
suat| [M+H]"| sudt| [M+H]"
5| I-40 | metyl| 2-propyl l1-naphtyl | 25%| 533,40| 33%| 533,36
6| 1-39 | metyl| xyclohexyl| 1-naphtyl | 19%| 573,35 22% 573,2

I-41 | benzyl xyclohexyl| 4-Br-phenyl| 18% na 18% na

2-propyl- 0 0
8| I-6 | metyl pentyl phenyl 37%| 553,2 | 35%| 553,2
9| I-44 | metyl| benzyl 1-naphtyl | 25%| 581,2 | 30%| 581,2
2-
10 1-42 | metyl| 2-propyl | xyclopropyl-| 34%| 523,2 | 27%| 523,2
phenyl
4-(trimetyl- 0 o

11 I-43 | metyl] 2-butyl silyl)-phenyl 37%| 569,2 | 37%| 569,2

Tuong tu, cac hop chit dugc liét ké trong Bang 3 duoc pha ché dudi dang

chét ddng phan khong d6i quang tinh khiét theo quy trinh duge mo6 ta trong Vi du

1 budc ¢ st dung cac chét trung gian thich hop.

Béang 3

SN

5@”“’*\% o

12 dia-1
12 dia-2

13
4:1diamix

-67-




B o)
: 0 O y-P Os N _NH; i
o i B O _N__NH, (\rm/\N—,\o N o N-P~
Hi/\n/\N*?o \j 0 HO\,,,,(O N 3 No S Y
=
0
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Y 16 dia-1 _7
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: o Moy, 0 NJ 0 0\, O .N_~ 0 L \N
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@ 19 dia-1 @ 20 dia-1

18 dia-2 19 dia-2 20 dia-2

: 0 : 0 N
0 . —II:I’\ o N\ NH; 0 s ,}%L [0) N\ NH, o : ’u\
k(f”é’\, go Tj O/ \cf)l/\ﬁ 5 O\(OJTJ (C\g/\N A Q (j \NJ

0
21 dia-1 22 dia-1 Q 23 dia-1

21 dia-2 22 dia-2 Br 23 dia-2
/\/O\n/_\N,g\o OYN\ NH, O\ﬂ/—\N’('é’[)‘O OYN\ NH /O\[(:;\N’g‘o Oy N NH:
1
0\, O NJ Ho, o \NJ o Ho N, ¢ ‘NJ

27 dia-1
Br 27 dia-2

(\_/o : o /\(O%N’%\O O N M | O Abag <
i o Ho \, ‘NJ o "o\, o \NJ i g Ho 0 ‘N\J\
o &J 67

30 dia-2 @ 31 dia-2 32 dia-2

H o]
0 Oy P H i
/\/O\[(\N’B‘o OYN\ NH, d \ﬂﬂu CI)C< \j/ zN\)J\N,p\ O Ny NH2
H H 6 \ o O n ( \N = OH\ O WN —
(0] (_7\N Z (
0 i o]
gg gli::; 34 dia-2 Vi du so sdanh

Dit liéu NMR va MS dugc ghi lai d6i véi tht ca céc hop chét dugc lay 1am

vi du x4c nhén ciu trac cia ching.

Vidu 35

\O(\ﬂ/?\N*g\o N N2 0)0% \OI/\HA?NE et
ey AT H°"'<J‘“J

4

_

@ 2va3 @ 35 dia-1 va dia-2

(2S)-isopropyl 2-(((((2S,4S)-4-(2-oxo-4-pa1mitamidopyrimidin—1(2H)-y1)—1,3-
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dioxolan-2-yl)metoxy)(phenoxy)phosphoryl)amino)propanoat (35 dial & 35 dia-
2)

M3i hop chét 2 va 3 dugc axyl hoa bang palmitic anhydrit theo phuong
phap dugc mo ta trong WO2008/030373, d& thu duge hop chit néu ¢ dé muc.

Vidu 36

| : O | : 0

O B O~ _N_ _NH o)j\ﬁ/ O AL B
\fl/\”/g\o\ 0 Y ~ 2 14 T(\ﬁzl? \ 14 CH3
o) (JN _ o) g o) o (J \N

o
E 27 dia-2 ; 36

Br Br

(2S)-metyl 2-(((((2S,49)-4-(2-0x0-4-palmitamidopyrimidin-1 (2H)-yl)-1,3-
dioxolan-2-yl)metoxy)(phenoxy)phosphoryl)amino)propanoat (36)

Hop chét 27 dia-2 dugc axyl héa bing palmitic anhydrit theo phurong phap
dwoc mé ta trong WO2008/030373, dé thu duge hop chat néu & dé muc.

Vi du so sanh
H p-MeO-Ph S O E p-MeO-Ph
HaN A~ P-cl —> s /‘\ Tr-9
N~T~Ph + [ / ~P” -
\g/\H/;i:Meo Ph Budce a </c'> r p- MeO Ph  Budch

H 9 o O o
meo-ph NI B N I B
p-MeO-Ph>Fg1 IO HOH\ 0 NJ i H oM\ NJ
1 ( W 1 (j W

Buoc c
Vi du so sanh

Budc a) (2S)-2-((bis(4-metoxypheny1)(phenyl)metyl)amino)-N-(2-oxido-1,3,2-
oxathiaphospholan-2-yl)propanamit

B6 sung timg giot dung dich chita 2-clo-1,3,2-oxathiaphospholan (0,542g,
3,80mmol) vao dung dich da lanh chira (S)-2-((bis(4 metoxyphenyl)(phenyl)
metyl)amino)propanamit (1,40g, 3,58mmol) va trietylamin (0,60mL, 4,30mol)
trong diclometan (8mL) trong didu kién nito. Cho phép phéan ung dat nhiét do
trong phong va khudy trong hai ngay. Lam lanh dung dich dén 0°C va bd sung tur
tr dung dich chua (tert-butylperoxy)trimetylsilan (1,16g, 7,17mmol) trong
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heptan. Khudy h8n hop phan tmg trong 90 phiit, sau d6 ¢6 trong chan khong. Tao
huyén phii phn con lai trong etyl axetat (10mL), loai bé cac mubdi hydroclorua
bang cach loc va loai bd dung méi trong chan khong. Hoa tan phan con lai trong
axetonitril khd (10mL) va dung dich thu dwgc duge st dung trong bude tiép theo
ma khong tinh ché thém. Gia str hidu suit dinh lugng va do tinh khiét 80% dura
trén *'P-NMR.

Budc b) ((25,4S)-4-(4-amino-2-oxopyrimidin-1(2H)-yl)-1,3-dioxolan-2-yl)metyl
hydro ((S)-2-((bis(4
metoxyphenyl)(phenyl)metyl)amino)propanoyl)phosphoramidat

B6 sung DMAP (229mg, 1,88mmol) trong didu kién nito vao dung dich
chira hop chét Tr-9 (100mg, 0,469mmol) trong pyridin khé (SmL), sau d6 bd
sung tir tr dung dich chira (2S)-2-((bis(4-metoxyphenyl)(phenyl)metyl)amino)-
N-(2-0x0-1,3,2-oxathia phospholanyl)propanamit (361mg, 0,563mmol) trong
axetonitril kho (2mL) vao. Khudy dung dich thu dugc & nhiét d6 trong phong
trong didu kién nito trong 46 gio, sau d6 co. Tinh ché phan con lai bang HPLC
didu ché trén Gemini-NX 5m C18 (100x30mm) st dung gradien tir 20%B dén
80%B trong 17 phit va tdc dd chay bang 35mL/phut. Dung méi A: 95% nudc,
5% axetonitril (10mM trong amoni axetat); Dung mo6i B: 10% nudc, 90%
axetonitril (10mM trong amoni axetat). Két hop céc phan chira san phim va lam
dong kho dé thu dugc hop chat ndu & dé& muc (80mg, 26%). MS (ES+) 664,26
[M+H]".

Budc c) ((285,45)-4-(4-amino-2-oxopyrimidin-1(2H)-yl)-1,3-dioxolan-2-yl)metyl
hydro ((S)-2-aminopropanoyl)phosphoramidat

B sung nudc (50mL) vao dung dich chita hop chit tir budc trude
(80,5mg, 0,121mmol) trong diclometan sau d6 bd sung axit axetic (500mL) vao.
Khudy dung dich & nhiét do trong phong trong 12 phut, sau d6 bd sung TFA
(75mL) vao va khudy dung dich thu dugc & nhiét d trong phong trong 5 phit,
pha lodng véi toluen (10mL), c6 dén kho va lam khd trong diéu kién chan khong.
Dua phin con lai vao nude chira axetonitril 10% (10mL) va ria bang tert-butyl
metyl ete chira hexan 10% (2x10mL). Gom 16p nudc va lam dong khd qua dém

@& thu dugc san phdm mong mudn dudi dang mubi bis-TFA (80mg) c6 d6 tinh
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khiét bing ~75% theo LC-MS. Tinh ché thém phin can thu duoc bing HPLC
diéu ché trén Hypercarb (21,2 x 100mm, 1=271nm), st dung gradien tir 0% dén
35% axetonitril trong nudc. Gom cic phan chtra san phim va lam dong kho. MS
(ES+) 364,10 [M+H]".

Cau tric duge xac nhan bing 'H va *C NMR.

Dit liéu NMR @& chon loc cac hop chit dugc léy lam vi du:
Hop chét 8 dia-1

'H NMR (DMSO-d,, 400 MHz) § 0,81-0,84 (6H), 1,20-1,22 (11H), 1,59
(1H), 3,82-3,97 (3H), 4,08-4,16 (2H), 4,22-4,23 (2H), 5,16 (1H), 5,67-5,69 (1H),
6,05-6,10 (1H), 6,23-6,24 (1H),7,16-7,23 (m, 5H), 7,34-7,38 (m, 2H), 7,60-7,62
(m, 1H).
Hop chét 8 dia-2

'H NMR (DMSO-d,, 400 MHz) & 0,81-0,84 (6H), 1,22-1,27 (11H), 1,57
(1H), 3,81-3,89 (2H), 3,95-3,98 (1H), 4,05-4,07 (1H), 4,10-4,20 (3H), 5,128
(1H), 5,68-5,69 (1H), 6,13-6,14 (1H), 6,22-6,24 (1H), 7,16-7,21 (5H), 7,34-7,38
(2H), 7,58-7,60 (1H).
Hop chét 9 dia-1

3P NMR (DMSO-dg) & 4,354.

'H NMR (DMSO-dg, 400 MHz) § 1,24-1,26 (3H), 3,98-4,01 (1H), 4,12-
4,14 (2H), 4,27-4,29 (2H), 5,00-5,08 (2H), 5,16-5,18 (1H), 5,64-5,66 (2H), 6,25-
6,27 (1H), 6,34 (1H), 7,17-7,22 (2H), 7,31-7,33 (5H), 7,45-7,46 (2H), 7,55-7,59
(2H), 7,63-7,64 (1H), 7,74-7,77 (1H), 7,95-7,97 (1H), 8,08-8,11 (1H).
Hop chét 9 dia-2

3P NMR (DMSO-dg) § 4,159.

'H NMR (DMSO-d, 400 MHz) & 1,25-1,26 (3H), 3,97-4,01 (1H), 4,08-
4,16 (2H), 4,23-4,29 (2H), 5,04-5,16 (3H), 5,65-5,66 (1H), 6,26 (1H), 6,36-6,42
(1H), 7,17-7,24 (2H), 7,326 (SH), 7,41- 7,49 (2H),7,57-7,64 (3H), 7,74-7,76
(1H), 7,95-7,97 (1H), 8,10-8,12 (1H).

Hop chét 11-dia-1
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'H NMR (DMSO-dg, 400 MHz) § 0,23 (9H), 0,78-0,82 (3H), 1,08-1,12
(3H), 1,20-1,22 (3H), 1,44-1,49 (2H), 3,77-3,79 (1H), 4,09-4,23 (4H), 4,67-4,72
(1H), 5,16-5,16 (1H), 5,69-5,70 (1H), 6,04-6,10 (1H), 6,23-6,25 (1H), 7,15-7,24
(4H), 7,48-7,50 (2H), 7,61-7,63 (1H).

Hop chét 11 dia-2

'H NMR (DMSO-dg, 400 MHz) & 0,22-0,24 (9H), 0,78-0,82 (3H), 1,10-
1,11 (3H), 1,22-1,24 (3H), 1,46-1,50 (2H), 4,05-4,07 (1H), 4,11-4,22 (4H), 4,70-
4,71 (1H), 5,14 (1H), 5,69-5,71 (1H), 6,07-6,11 (1H), 6,23-6,25 (1H), 7,16-7,24
(4H), 7,49-7,51 (2H), 7,60-7,62 (1H).

Déi véi tién dugc chat nhim dich gan, viée xir ly chinh xéc tién dugc chét
mang tinh quyét dinh. Tién dugc chit nay nén On dinh trong dich rudt, va duoc
xir ly trong gan bang cic enzym gan trong qué trinh chuyén héa do hép thu lan
thtr nhat dé tao ra monophosphat. Monophosphat dugc tao ra sau d6 dwoc dong
héa béng kinaza té bao trong céc té bao gan thanh cac loai triphosphat hoat tinh.
Ngoai ra, thuéc chéng ung thu nén doc ddi vai céc té bao ting sinh. Cac phuong
phép thich hop d& d4nh gia hop chit v& céc tinh chét nay, vi dy, la nhu dwoc néu
dudi day.

D6 6n dinh trong phin S9 rudt ngudi (HIS9) va trong phin S9 gan nguoi
(HLS9),

Dung dich gc chira m&i hop chét thir nghiém (10mM) duoc pha ché trong
DMSO va dugc bao quan & nhiét do -20°C. Trude khi bét dau thir nghiém, cac
hop chét thir nghiém dugc pha lodng dén 500pM trong axetonitril 50% trong
nude. Hon hop phan tng dugce pha ché véi tong thé tich bang 250pL chira MgCl,
5SmM, NADPH ImM va hop chét thir nghiém 5uM trong dung dich dém kali
phosphat 50mM (pH=7,4). Bit diu phan tmg bing cach bb sung phin S9 cua gan
hodc rudt ngudi ¢6 ndng d cudi ciing bing 0,4mg protein/mL (Xeno Tech). Hon
hop phan tng dugc 1 trén thiét bi lic quy dao & nhiét dd 37°C. G cac thoi didém
mong mudn (0, 10, 30 va 60 phiit) cic phin phan wdc 50uL duoc 14y ra va phan
g dugc dimg bang cach tron véi 150pL axetonitril chita chit chudn noi. Dung
dich chuan chira mdi hop chat thir nghiém dwoc pha ché tir dung dich 500uM
bang cach pha lodng dung dich ndy dén ndng d9 cudi cling bang 5uM trong phin
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S9 cta nguoi dd dugc dun s6i (0,4mg protein/mL), MgCl, SmM va dung dich
dém kali phosphat 50nM (pH=7,4). Cac chét chudn va méu duoc gift trén da
trong 30 phut sau d6 ly tdm & 3 000g trong 20 phut ¢ nhigt d§ 10°C, sau d6 10uL
dich ndi trén bé mat duge tron voi 200 uL axetonitril 50% trong nuéc. 0,5uM mdi
hop chét thir nghiém trong axetonitril 50% trong nudc dugc phun vao LC/MS-
MS @ xac dinh ion thu dugc tir phan tir ctia céc hop chat gdc, thé du vao (DP),
ning lugng va cham (CE) va thé du ra t& bao va cham (CXP) dé phat trién
phuong phap LC/MS-MS. Cac hop chit dugc tich bing cach sir dung cot C18
v6i hé QTRAP5500. Pha dong gdm c6 dung méi A (nude 98%, axetonitril 2%,
axit axetic 0,1% hodc amoni axetat 10mM) va dung mdi B (axetonitril 80%, nuGc
20%, axit axetic 0,1% hodc amoni axetat 10mM). Viéc rira giai cac hop chat
duoc thuc hién bang cach st dung gradien cta dung m6i B tir 0% dén 100%. 5pL
diém chuan va miu dugc phun dé phén tich bing QTRAP5500.

Luogng hop chét ban du dugc xé4c dinh dua trén dién tich dinh trong mdi
thoi diém so véi tiéu chudn duoc thiét 14p dén SuM. Do thanh thai thuc chit
(CLint) va thoi gian ban hiy (t;,) duge xac dinh tir dudng cong triét ti€u cia hop

chit thir nghiém béng cach sir dung phin mém Excel.
Thir nghiém d6 doc hai té bao cta té bao

Céc té bao duge nudi cdy 24 gidr trude khi bd sung hop chét. M3i hop chét
thir nghiém (duoc pha lodng theo day tir 100uM) duoc bd sung vao Huh7 (1,5 x
10* & b20/18) hodc HepG2 (1,5 x 10 t& bao/13), va dugc cho phép U trong 5 ngiy
& nhiét d6 37°C. P6i chiing chi lam méi trudong duge sir dung dé x4c dinh it nhét
14 gi4 tri hdp thu va gid trj t& bao khong dugc didu tri. Két thic giai doan phat
trién, thudc nhudém XTT cua Polysciences Europe GmbH duoc bd sung vao mdi
16. PO hip thu & 450nm véi budc séng ddi chiéu bang 600nM duge doc bing
Sunrise (Tecan) bang cach str dung cac 16 dbi ching chi 1am méi truong lam mau
tréng. Gia tri trc ché 50% (CCsg) duoc xéc dinh biang cach so sanh d6 wc ché (so
v6i d6i chimg té bao) dugc vé bidu db dua trén ndng d6 hop chit. Cac két qua tir

loat chit pha logng dugc 1am thich hop véi duong cong dap tmg lidu xich-ma.

Céc hop chét theo sang ché dugc danh gia trong cac thir nghiém nay dé
danh gia d9 6n dinh trong phin S9 rudt ngudi (HIS9) va phin S9 gan ngudi
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(HLSY), va d doc hai té bao ciia té bao trong t& bao HUH7, HEP3B va HEPG2.

Céc két qua duoc tom tét trong Bang B1.

Bang B1
HUH7 | HEP3B | HEPG2 |CLyctaS9| CLiycuaS9
Vidu CCs CCsg CCs gan rudt
(M) (M) (M) |(uL/phut/mg)| (pL/phut/mg)

1 >100 na >100 12 6

2 1,75 na 0,248 13 6

3 3,28 na 0,371 8 6
4 12,0 na 0,936 84 123

4 dia-2 1,55 na 0,093 38 18
5 dia-1 0,465 na 0,107 32 21
5 dia-2 0,602 na 0,114 31 13
6 dia-1 0,258 na 0,092 91 36
6 dia-2 0,316 na 0,048 61 25
7 dia-1 1,02 na 0,24 148 147
7 dia-2 0,134 na 0,058 60 27
8 dia-1 0,123 na 0,007 130 86
8 dia-2 0,074 0,035 0,017 143 25
9 dia-1 0,164 na 0,023 133 171
9 dia-2 0,158 na 0,016 94 127
10 dia-1 0,392 na 0,062 26 12
10 dia-2 0,556 na 0,051 22 14
11 dia-1 0,026 0,018 0,054 51 6
11 dia-2 na 0,031 0,054 81 28
12 dia-1 4,33 na 0,481 182 300
12 dia-2 5,02 na 1,09 97 300
13 T:me 0.663 na 0,163 85 27
14 dia-1 0,216 na 0,016 88 30
14 dia-2 0,200 na 0,012 159 59
15 dia-1 0,025 na 0,037 167 87
15 dia-2 0,026 na 0,019 95 36

16 dia-1 1,20 0,106 0,151 50 8

16 dia-2 0,152 0,053 0,130 59 8
17 dia-1 50,0 na 50,0 6 6
17 dia-2 50,0 na 50,0 6 6
18 dia-1 0,461 0,228 0,248 21 6
18 dia-2 0,076 0,113 0,065 30 7
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HUH7 HEP3B HEPG2 | CLi;cuaS9 | CL;, ctaS9
Vidu CCsp CCs CCs gan rudt
(M) M) (M) | (pL/phut/mg)| (pL/phut/mg)
19 dia-1 0,091 na 0,018 19 26
19 dia-2 0,071 0,058 0,014 24 17
20 dia-1 0,216 na 0,074 45 21
20 dia-2 0,073 0,078 0,060 25 6
21 dia-1 0,574 na 0,163 61 29
21 dia-2 0,070 na 0,048 22 10
22 dia-1 0,033 na 0,012 49 52
22 dia-2 0,040 na 0,011 43 34
23 dia-1 na 0,01 0,0086 186 32
23 dia-2 na na na 300 20
24 dia-1 na na na na na
24 dia-2 na na na na na
25 dia-1 na na na na na
25 dia-2 na na na na na
26 dia-1 na 4,34 1,21 7 6
26 dia-2 4,73 4,02 1,06 10 6
L 06a6 | 0279 | 0218 na na
27 dia-1 1,44 na 0,151 38 11
27 dia-2 1,02 0,348 0,223 57 6
28 dia-2 15,6 na 2,72 20 40
29 dia-2 0,495 0,075 na 36 18
30 dia-2 na na na 120 11
31 dia-2 na na na 8 6
32 dia-2 na na na 27 8
33 dia-1 na na na 180 27
33 dia-2 na na na 230 75
34 dia-2 0,524 0,210 0,236 64 6
35 dia-2 0,011 na 0,007 34 51
36 0,009 0,019 na na

na = chua xac dinh duoc

Thir nghi€m tao ra triphosphat
M3i hop chét dugc thir nghiém ba 14n trong thir nghiém nay.

Té bao gan méi clia ngudi di duge dan trén dia (Biopredic, France) trong

dia 12 18 duoc st dung. M3i 18 duge dan méng 0,76 x 10° t& bao va dugc @ véi
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dung dich DMSO 10uM chira hop chat (DMSO 0,1%) trong 1mL méi trudng 0
trong ti 4 CO, & nhiét d6 37°C trong 8 gid. Cac t& bao Huh7 sinh truéng trong
DMEM v6i céc chét khang sinh va huyét thanh bao thai bé 10% dwoc nudi cy
trong dia 12 15, 2x10° té bao/15. Sau 24 gid, 1mL hop chit 10uM trong moi

treong dugc bo sung va cac t€ bao dugc U trong 6-8 gio nita.

Dimg qué trinh U bing cach rita mdi 15 bang 1mL dung dich cin bing
Hank d4 lanh, 46 pH = 7,2 hai l4n, sau d6 bd sung 0,5mL metanol 70% da lanh.
Ngay sau khi bd sung metanol, g& 1p té bao khoi day ciia 15 bang dung cu nao té
bao va hut 1én va xudng 5-6 1an bang 6ng pipet tw dong. Huyén phu t& bao dugc

chuyén vao 6ng thuy tinh va duoc bio quan qua dém & nhiét do -20°C.

MO5i miu gdm c6 tién duoc chit & cac néng dd khac nhau, nucleosit tu do,
va mono-, di- va triphosphat sau d6 dugc xoay va ly tdm & nhiét d6 10°C trong
10 phiit, & 14000 vong/phiit trong Eppendorf centrifuge 5417R. Céc phan dich
ndi trén bé mit duge chuyén vao ng thiy tinh 2mL c¢6 dém va dugc dua vao

phén tich sinh hoc nhu sau:

Chét chuén ndi (Indinavir) dugc bd sung vao m3i miu va cic miu (thé
tich phun 10pL) duoc phéan tich trén hé hai ¢t dugc két hop véi may do phd
khdi QTRAP 5000. Hé hai c6t gdm c6 bom hai nhanh, X va Y, hai van chuyén
d6i va thiét bi ldy mau tu dong. Hai c6t HPLC dugc st dung 12 Synergy POLAR-
RP 50%4,6 mm, hat 4uM va BioBasic AX 50*2,1 mm hat 5uM. Téc d6 dong
chay LC 1a 0,4-0,6 mL/phut mL/phtt (tc d6 dong chay cao hon duogc st dung
trong budc khdi phuc).

Pha dong HPLC d6i v&i cot POLAR-RP gdm c6 10mmol/L amoni axetat
trong axetonitril 2% (pha dong A) va 10mmol/L. amoni axetat trong axetonitril
90% (pha dong B) va d6i véi cot BioBasic AX 10mmol/L amoni axetat trong
axetonitril 2% (pha dong C) va amoni hydroxit 1% trong axetonitril 2% (pha
dong D). Gradien HPLC d6i voi bom Y bét dau & 0% pha dong B va duoc gitt
trong 2 phut.

Trong pha nap, pha dong di qua c6t POLAR-RP va BioBasic AX, va tién

duoc chit, nucleosit va chit chudn ndi dugc biy trén cot POLAR-RP; trong khi

-76-



26949

do6 cac nucleotit (mono-, di- va triphosphat) dugc rtra giai trén cdt BioBasic AX

va dugc by & do.

Trong budc tiép theo, dong chay duoc chuyén dbi tir cot POLAR-RP vao
MS va pha dong C dugc chuyén dbi tir bom X vao cot BioBasic AX. Hop chét
trén c6t POLAR-RP duoc rira giai bing gradien tir 0% B cho dén 100% B trong
khoang hai phiit va dugc phén tich theo cach thirc duong hoic 4m bang cach sir

dung céch thirc giam sat nhiéu phan img (MRM).

Trong budc cudi cing, dong chay tir cdt BioBasic AX duoc chuyén d6i
vao MS va phosphat dugc rira giai bang khoang 7 phut gradien lén dén 50% D,
va duoc phan tich theo cach thirc dwong hoic 4m bang cich st dung MRM.

Trong bude cudi cung, ca hai cft duge khdi phuc.

Ndng d6 triphosphat di voi mdi hop chét sau d6 dugc xac dinh bang cach
so sanh v&i duong cong tiéu chuin dugc tao ra bang cach phan tich cac miu tiéu
chudn véi cac ndng d6 da biét cua triphosphat. Cac miu tiéu chuin duge thuc
hién trong céc chit két dinh giéng nhau lam mAu thir nghiém. Do céc bién thé
trong mirc d6 phosphoryl hoa gitta cac dbi twong cho t& bao gan, hop chét ddi
chiéu noi bo dugc yéu cu trong mdi 14n thyc hién thir nghiém dé c6 thé xép loai
cac két qua tlr céc 14n thuc hién khac nhau véi nhau.

Trong ca ban mo6 ta va cac diém yéu ciu bao ho tuén thy, trir khi ngit canh
yéu ciu khéc di, cum tir “bao gdém’, va cac bién thé ngit phap clia cum tir ny, s&
dwoc hiéu 14 ngu y bao gdm sb nguyén, budc, nhém cac sé nguyén hoic nhém
cac bude duge néu nhung khong loai trir sé nguyén, budc, nhom cic sd nguyén
hodic nhém céc budc bt ky khac.
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YEU CAU BAO HQ
1. Hop chét dugc dai dién bing cong thirc Ia:

R15 R2
> 0
RN N-P-0 %\( R
H |\ (0)
O o 11, .\\N N
) (()J \g

trong do:

R' 1a OR", hoic NR'R’;

R*1a H;

R’ 1a H, C;-Cgalkyl, OH, C(=0)R®, OC(=O)R® hoic OC(=0)OR?;

R* 13 H hoic C;-Cealkyl;

RS1a C1-Cyalkyl hodc Cs-Csxycloalkyl;

R'' 1a H hoic C;-Cealkyl;

R 1a H, phenyl, pyridyl, benzyl, indolyl hoic naphtyl trong d6 phenyl,
pyridyl, benzyl, indolyl va naphtyl tuy y dugc thé bang 1, 2 hodc 3 R*;

R" 14 H, C;-Cgalkyl, C3-Csxycloalkyl, Cs-CsxycloalkylC;-Csalkyl, phenyl,
benzyl hodc indolyl;

R'® 1a H, Ci-Cypalkyl, C,-Cypalkenyl, C3;-Csxycloalkyl, C;-CsxycloalkylC;-
Csalkyl, benzyl, hoic phenyl, nhom bét ky trong s6 cdc nhém néu trén tiy ¥
duoc thé bing 1, 2 hodc 3 nhém, mdi nhém doc 1ap dwoc chon tir halo, OR'™®
va NR )y

mdi nhém R doc lap 1a H, C;-Cqalkyl, C;-Cghaloalkyl hodc Cs-
Cyxycloalkyl;

mdi nhom R* doc l4p dugc chon tir halo, C;-Cealkyl, C,-Cealkenyl, C;-
Cghaloalkyl, C;-Cgalkoxy, C;-Cghaloalkoxy, phenyl, hydroxyC,-Cealkyl, Cs-
Cexycloalkyl, C;-Cgalkylcarbonyl, C;-Cexycloalkylcarbonyl, carboxyC;-
Cealkyl, hydroxy, amino CN, va NO,, hodc hai nhém R* bit ky dugc gén
vao nguyén tir cacbon vong lién k& c6 thé két hop dé tao ra -O-(CR¥R?), -
O-;

R va R* doc 1ap 1a H hodc C;-Csalkyl;

hodc mudi dugc dung va/hodc solvat ciia no.

2. Hop chét theo diém 1, trong d6 R' 1a NH.

-78-



26949

3. Hop chét theo diém 1 hodc 2, trong d6 R" 1a C,-Csalkyl.
4. Hop chét theo diém 3, trong d6 R" 1a metyl.

5. Hop chét theo diém bt ky trong s cac diém tir 1 dén 4, trong d6 R'® 14 Cs-
Coalkyl, tot hon 14 2-propylpentyl hosc 2-etylbutyl.

6. Hop chit theo diém bat ky trong sb cac diém tir 1 dén 4, trong d6 R 1a 2-
pentyl.

7. Hop chét theo diém bat ky trong s6 cac diém tir 1 dén 6, trong d6 R” 1a
phenyl hodc naphtyl, nhém bét ky trong s§ cdc nhém néu trén ity y dugc thé

bang mdt hoic hai nhém R*.

8. Hop chit theo diém bét ky trong s& cic diém tir 1 d&n 7, trong d6 R 1a
phenyl.

9. Hop chét theo diém 1, trong d6 hop chét nay la:

O
ARt rees
@) o) II(J\N

I o NH,
P-0O ~
W*ﬁg)\ ot J

IZ

12.  Dugc phim chira lugng cho tac dung didu tri bénh ctia hop chat theo diém

bat ky trong sb cac diém tir 1 dén 11, con chira mdt hogic nhiéu tic nhan diéu tri
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bénh khac duoc chon tir nhém bao gém tdc nhan hoa tri li€u, tdc nhan lam dao

nguoc sy khang nhiéu thudc va chét bién dbi déap tmg sinh hoc.

13.  Dugc phim theo diém 12, trong d6 tac nhan didu tri bénh khéc 14 tic nhéan

hoa tri liéu.
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