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Linh vue k§ thuit dugce dé cap

Séng ché dé cap dén hop chit pyrolo[3,2-d]pyrimidin, quy trinh didu ché, dugc

phdm dé didu trj va /hodc tri lidu cac bénh.
Tinh trang k§y thuit ciia sang ché

Séng ché mé ta viée sir dung hop chét pyrolo[3,2-d]pyrimidin, cu thé hon 13
viéc str dung hop chat pyrolo[3,2-d]pyrimidin trong didu tri cic bénh nhidm virut, rbi
loan mién dich hodc giy viém, nhd d6 bao gdm ca sy diéu bién, hoic tuong tac, cua
céc thy thé gibng Toll (toll-like-receptors - TLRs). Thu thé gidng Toll 1a protein xuyén
mang bac mot duge dac trung boi mién gidu leuxin ngoai bao va mién mé rong bao
chét chira viing bao toan. H¢ min dich bim sinh c6 thé nhan biét c4c mAu phan tit c6
lién quan dén mam bénh thong qua cac TLR ndy duoc biéu hién trén bé mit t& bao cta
mét s loai t& bao mién dich nhit dinh. Viéc nhén biét c4c mim bénh ngoai lai lam
hoat héa sy san xudt céc xytokin va didu hoa ting céc phan tir ddng kich thich trén cac

thuc bao. Diéu nay din dén su didu bién dic tinh t& bao T.

Hau hét cac loai dong vat ¢ vi c6 tir mudi dén mudi 1im loai thu thé giéng
Toll. Mudi ba TLR (dugc dit tén tir TLR1 dén TLR13) déu d4 dugc nhan dién & ngudi
va chudt, va cac dang twvong duwong ctia nhidu TLR di duoc tim thdy & céac loai dong
vét c6 vi khac. Tuy nhién, cdc dang tuong dwong ctia mdt sé TLR nhét dinh tim thdy &
nguoi lai khong c6 mit & tAt ca cac dong vat c¢6 vi. Viduy, gen ghi mé cho protein cung
chirc ning véi TLR10 & ngudi c6 mit & chudt nhat, nhung dwdng nhw da bi retrovirut
1am ton thuong & mot sb thoi diém trong qué khir. Mat khac, chudt biéu hién TLR 11,
12, va 13, nhung khéng c6 TLR ndo trong sd niay dwoc bidu hién & ngudi. Cac dong
vat ¢6 vl khac c6 thé biéu hién cac TLR khong dugc tim thdy & ngudi. Cac loai khong
phai dong vat c6 via khac c6 thé c6 cac TLR khac voi dong vét c6 vi, nhu TLR14, mot
TLR dugc tim thdy trong c4 xem sao Takifugu. Piéu ndy c6 thé lam phtrc tap hdéa quy

trinh sir dung dong vat thir nghiém 1dm mau cta mién dich bdm sinh & nguoi.
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Xem tdng quan vé thu thé gibng Toll trong céc bai bao sau. Hoffmann, J.A.,
Nature, 426, p33-38, 2003; Akira, S., Takeda, K., and Kaisho, T., Annual Rev.
Immunology, 21, p335-376, 2003; Ulevitch, R. J., Nature Reviews: Immunology, 4,
p512-520, 2004.

Hop chét c6 hoat tinh trén thu thé giéng Toll d dugc mé ta trudc d6 nhu cac
dAn xut di vong & W02000/006577, din xuit adenin & WO98/01448 va W099/28321
va pyrimidin & W0O2009/067081.

Trong qué trinh didu tri cdc bénh nhidm virut nhit dinh, viéc tiém déu din
interferon (IFN-alfa) c¢6 thé dung, nhu trudng hop véi virut viém gan C (hepatitis C
virus - HCV). T4c nhan giy cam tng IFN dang phén tir nho c6 thé dung qua duodng
miéng dua ra wu diém tiém ning clia tinh sinh mién dich giam va thoi gian thich hop
stt dung. Do d6, tdc nhan gdy cim tng IFN méi 14 16p thubc mdi hiéu qua tidm ning
dé diéu tri cac bénh nhim virut. Vi du trong céc tai liéu v& tc nhan gdy cam tng IFN
dang phén t&r nhé c6 hi€u qua khang virut xem De Clercq, E.; Descamps, J.; De
Somer, P. Science 1978, 200, 563-565.

Interferon a ciing dugc dung cho bénh nhéan két hop véi cac thube khac trong
qua trinh didu tri cta cac loai ung thu nhét dinh. Chét cha van TLR 7/8 cling quan tdm
1am chét diéu chinh véc xin vi kha nang cam Ung dap ung Thl rd rang cla ching.

Ban chit k§ thuit clia sdng ché

Tuy nhién, hién c6 nhu ciu manh v&i chét diéu bién thu thé giéng Toll méi c6

tinh chon loc duoc wu tién, va profin an toan dugc cai thién so sanh véi hop chét d3 ¢6

trong linh vuc.

Muc dich ctia sang ché 14 d& xuét hop chét c6 cong thire (I):

@
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va mudi dugce dung cua ching, solvat hodic dang da hinh cta ching trong do:
R 1a H, flo hodc metyl;
R 12 H, halogen hoac Ci.3 alkyl;

R; 14 Cis alkyl tlly ¥ duoc thé bang mét hodc nhidu phin tir thay thé doc lap
dugc chon tlr aryloxy, di vong, halogen, aryl, alkylamino, dialkylamino, Ci.¢ alkyl, axit

carboxylic, carboxylic este, amit ctia axit carboxylic, nitril hodc Ci.¢ alkoxy;
hoéc trong do:

R; 13 alkylaryl tly ¥ dwoc thé bang mot hosic nhidu phdn tir thay thé doc 1ap
dugc chon tir halogen, aryloxy, aryl, alkylamino, dialkylamino, Ci.s alkyl, axit
carboxylic, carboxylic este, amit cua axit carboxylic, sulfonamit, nitril hoic Ci

alkoxy;

R4 12 Ci alkyl tlly y dugc thé bing mot hoc nhidu phn tir thay thé doc 1ap
dugc chon tr hydroxyl, Ci alkyl, Cs.7 xycloalkyl, Ca.¢ alkenyl hodc aryl con tuy y
duoc thé bang Ci.galkyl va Cs.7 xycloalkyl con tiy ¥ dugc thé bang Crsalkyl;

hodc trong do:

Rs 13 alkylaryl tiy ¥ duoc thé bang mot hodc nhidu phan tir thay thé doc 1ap
dugc chon tir halogen, aryloxy, aryl, alkylamino, dialkylamino, Ci.s alkyl, axit
carboxylic, carboxylic este, amit cua axit carboxylic, sulfonamit, nitril hodc Ci.

alkoxy.

Hop chit dwoc wu tién 13 hop chét ¢ cong thire (I) trong d6 Rs 1a nhém CHa-
aryl (duoc thé hodc khong thé) va Ri1, Rz, va R4 dugc md ta nhu trén.

Theo phuong 4n thir hai sang ché dé cap dén hop chét c6 cong thic (I) trong d6
R3 va R4 cling 13 nhém CHa-aryl con thy v duge thé nhu dugc mé ta & trén va Ry va Ry
nhu duge moé ta & trén.

Céc phuong an duoc wu tién khéc 13 cac hop chét c6 cong thic (I) trong d6 Ry

la flo, Rz 14 hydro va R3 va R4 dugc md ta nhu trén.
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Hop chét dugc wu tién nhat 13 hop chit ¢6 cong thire (II) ¢6 cu trac héa hoc

dusi day:

/
N I o

N N/ Rq

~ )\NHZ

N 0" N

o
=
o)

Hop chét ¢6 cong thire (I) va (II) va mudi, solvat hodic dang da hinh duoc dung
ctia chiing ¢6 hoat tinh nhu céc dugc chat, cu thé nhu hoat tinh chét didu bién cua thu
thé gibng Toll (dac biét 1a TLR7).

Theo khia canh khéc, sing ché d& xuit dugc phim chita hop chit co cong thirc
(D hoac (IT) hoac mudi, solvat hodc dang da hinh dugc dung ctia chiing cung véi mot

hodc nhiéu t4 dugce dugc dung, chét pha lodng hoac chét mang.

Ngoai ra hop chit c6 cong thirc (I) hoc (II) hodc mudi, solvat hodc dang da
hinh dugc dung cia ching theo séng ché, hoic dugc phdm chira hop chit c6 cong thirc
(D hodc (IT) hodc mudi, solvat hodc dang da hinh dugc dung ctia ching c6 thé duoge st
dung 1am thude.

Theo khia canh khéc, sang ché dé xuét hop chit c6 cong thic (I) hodic (IT) hoac
mudi, solvat hoic dang da hinh duoc dung cta chiing, hodc duoc phém chta hop chét
c6 cong thue (I) hode (IT) hodc mudi, solvat hodc dang da hinh dugc dung cta ching
c6 thé duogc str dung theo d6 trong diéu tri rbi loan bat ky c6 lién quan dén sy didu bién
TLR7.

M5 ta chi tiét sang ché

Thuét ngit “alkyl” chi hydrocacbon béo bio hoa mach thing hoic mach nhanh

chita s6 nguyén tir cacbon chi dinh.

Thuét ngit “halogen” chi flo, clo, brom hodc iot.
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Thuét ngit “alkylaryl” chi hydrocacbon béo bdo hoa mach thing hogc mach
nhanh chira s nguyén tir cacbon chi dinh dwoc thé bang aryl, trong d6 “aryl” dugc
dinh nghia nhu dudi day.

Thuat ngit “alkenyl” chi alkyl nhu duge dinh nghia & trén gdm it nhét hai

nguyén tir cacbon va it nht mot lién két d6i cacbon-cacbon.
Thuét ngit “xycloalkyl” chi vong cacbon chira s& nguyén tir cacbon chi dinh.

Thuit ngit “alkoxy” chi nhém alkyl (mach cacbon va hydro) lién két don véi

oxy vi du nhu nhém metoxy hodc nhém etoxy.

Thuét ngit “aryl” c6 nghia 13 cAu triic nhan thom chira tily ¥ mét hodc hai
nguyén tir khac loai duge chon tt N, O va S, cu thé 13 tr N va O. CAu trac nhan thom
niy c6 thé ¢ 5, 6 hodc 7 nguyén tir trén nhéan. Cu thé, cdu tric nhan thom nay cé thé

c6 5 hodc 6 nguyén tur trén nhan.

Thuét ngit “aryloxy” chi cAu tric nhan thom. Nhém thom nay dugc lién két don
V&1 oxy.

Thuat ngit “di vong” chi phan tir bio hoa hoic bdo hoa mdt phin va gdém
tetrahydrofuran, dioxan hodc cac ete vong khac. Di vong chira nguyén tir nito bao
gdm, vi du azetidin, morpholin, piperidin, piperazin, pyrolidin va cic vong tuong tu.

Céc di vong khac gdm, vi dy, thiomorpholin, dioxolinyl va sulfon vong,.

Mudi duge dung ctia hop chét cé cong thire (I) va (II) gdm cic mubdi cong axit
va bazo cua chung. Céc mubi cdng axit thich hop duoc tao ra tir céc axit tao thanh cac
mubi khong dde. Cac mudi bazo thich hop duge tao ra tir cac bazo tao thanh cac mubi
khong ddc.

Hop chét theo sang ché ciing c6 thé ton tai & dang khong solvat va solvat. Thuét
ngit “solvat” dugc st dung trong ban md ta niy dé mo ta phirc hé phan tir chua hop
chét theo sang ché va mot hodc nhiéu phéan tr dung mdi duge dung, vi duy, etanol.

Thuat ngit “dang da hinh” chi kha ning hop chét theo sang ché ton tai & nhiéu

hon mét dang hoic ciu tric tinh thé.
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Hop chét theo sang ché c6 thé dugc dung 13 san phdm tinh thé hoic v6 dinh
hinh. Chung c6 thé thu duoc vi du nhu dém rin, bdt, hoic mang béng cac phuong
phap nhu két tda, két tinh, siy kho nhiét d6 thip, siy kho kiéu phun, hodc sdy kho kiéu
bbc hoi. Chiing c6 thé dugce dung riéng hodc két hop v6i mot hodc nhidu hop chit khac
theo sang ché hodc két hop v6i mot hoic nhidu thudc khac. Néi chung, ching s& dugc
ding nhu ché phim két hop véi mét hodc nhidu ti duge duoc dung. Thudt ngit “ta
duoc” duoc str dung trong ban md ta ndy dé mé ta thanh phin bat ky khac véi (cac)
hop chét theo sang ché. Su lya chon t4 dugc phu thude 16n vao cac yéu t nhu cach st

dung cu thé, hi€u qua cta ta dugc véi do tan va do on dinh, va dic tinh ctia dang licu.

Hop chét theo séng ché hoic phan nhém bt ky cta ching ¢ thé duoc tao
thanh céc dang duoc phim khac nhau tiy muc dich st dung. Tt ca ché phdm thudng
duoc str dung cho thudc sir dung toan than c6 thé dugc néu 1am ché phdm thich hop.
Dé didu ché duoc phidm theo sang ché, lwong hidu qua ctia hop chit cu thé, tiy v &
dang mudi cong, khi hoat chit két hop trong hdn hop tron k§ véi chit mang duogc
dung, chit mang nay c6 thé c6 nhidu dang phu thude vao dang ché phdm mong muén
st dung. Cac duoc phidm nay dugec mong mubn & mét don vi dang liéu thich hop, vi
du, dé sir dung qua dudng miéng, truc trang hodc qua da. Vi duy, dé diéu ché ché phém
& dang liéu ding qua dudng miéng, bt ky méi trudng dugc phim thong thudmg c6 thé
dugc st dung nhu, vi du, nudc, glycol, dau, rugu va cac chit tuong tu trong trudng
hop 13 cac ché pham 1ong ding qua duong miéng nhu dich huyén ph, siro, cn ngot,
nhil twong va cac dung dich; hodc chét mang rén nhu tinh bot, dudng, cao laﬁh, chét
pha loéing, chit bdi tron, chat lién két, chit phan hiy va céc chit twong tu trong trudng
hop 1 bot, vién tron, vién nang, va thude phién. Vi sw d& dang khi str dung ctia ching,
thudc phién va vién nang dai dién cho dang don vi lidu ding qua dudng miéng c6 loi
nhét, trong truong hop chit mang dugc phdm dang rén rd rang duoc sir dung. Ciing
duoc bao gbm 13 cac ché phdm dang rin c6 thé chuyén hoa thanh dang léng khong 1au
truge khi sit dung. G ché phdm thich hop dé sir dung qua da, chit mang chira chit ting
cudng d6 thAm va/hodc chat thAm wét thich hop tiy ¥, két hop tiy ¥ v6i chét phu gia
thich hop c6 dic tinh bét ky theo ty 18 nho, chit phu gia ndy khéng gy ra tac dong c6

hai déng ké 18n da. Chét phu gia néu trén co thé tao thuan loi cho viée st dung trén da
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va/hodic c6 thé c6 ich dé didu ché ché phim mong mudn. Céc ché pham nay c6 thé
dung theo cac cach khac nhau, vi duy, la miéng dan qua da, 13 giot, 1a thubc boi déo.
Hop chét theo sang ché ciing c6 thé dugc ding qua x6ng hodc bom theo phuong phap
va ché phim dugc st dung trong linh vuc dé st dung bing cach nay. Vi vdy, néi
chung hop chét theo sang ché c6 thé dugc duing cho phéi & dang dung dich, huyén phi
hodc bdt kho.

Bao ché dugc pham néu trén & dang liéu don vi dic biét c6 loi dé d& sir dung va
liu ddng nhét. Dang liéu don vi nhu duoge dung trong ban mo ta ndy chi cac don vi
riéng biét v& mat vat ly thich hop lam céac liéu mot don vi, mdi don vi chira sb luong
hoat chit x4c dinh tinh toan d& tao ra hiéu qua didu tri bénh mong mudn khi két hop
v6i chit mang dugc phdm can thiét. Cac vi du vé cac dang lidu don vi nay 1a thudc
phién (bao gém thubc phién cé khia hodic phi), vién nang, vién tron, g06i bot, vién
nhén, thudc dan, dung dich tiém hosc dich huyén phil va twong tu va td hop d& phan ly

cta ching.

Ngudi c6 hiéu biét trung binh trong linh vyuc k§ thut diéu tri bénh nhidm tring
s& ¢6 thé xac dinh luong hitu hiéu tir két qua thir nghiém dugc dua ra sau day trong
ban md td nay. Thong thuong lidu hang ngay hiéu qua duoc du tinh s& ndm trong
khoang tir 0,01 mg/kg dén 50 mg/kg thé trong, t&t hon nita 14 ndm trong khoang tir 0,1
mg/kg dén 10 mg/kg thé trong. C6 thé thich hop néu st dung lidu yéu clu duéi dang
hai, ba, bdn liéu phy hodc nhiéu hon & cac khoang thdi gian thich hop trong ngay. Cac
lifu phy nay c6 thé dugc phbi tron dudi dang liéu don vi, vi du, chira 1 dén 1000 mg,

va cu thé 12 5 dén 200 mg thanh phan hoat tinh cho mi dang liéu don vi.

Liéu lugng va tan sb sir dung chinh xé4c s& tily thudc vao hop chit c6 cong thirc
(I cu thé duge st dung, tinh trang bénh cu thé dugc diéu tri, mic do trAm trong cla
tinh trang bénh duoc didu tri, do tudi, can ndng va tinh trang sinh ly chung ctia bénh
nhan cy thé cling nhu cac thudc khac ma ca thé c6 thé dang ding, nhu d biét 3 véi
ngudi c¢6 hiéu biét trung binh trong linh vyc k¥ thuat nay. Ngoai ra, rd rang 1a luong
hitu hiéu c6 thé duoc giam hodc ting tuy thudc vao dap ng cta dbi tuong didu tri

va/hoic tity thudc vio dnh gia ciia bac si ké don hop chét theo séng ché. Do ds, luong
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hitu hiéu ndm trong khoang di néu trén day chi la huéng din va khong dy dinh 1am

gidi han pham vi hodc str dung sang ché & muc do bat ky.

Vi du thwe hién sang ché

So dd 1. So db phéan tng

N__o_  HOTR

Cl DIAD, THF, RT, 1 GIO
A
T i "0,
J NaH 60%, NMP, 0-5°C, 30’
R Cl

sau d6 RT 2 giv

NHUA TRIPHENYLPHOSPHIN,

H
N N O\ 1N NaOH
N e
N ~N 0 1,4-dioxan, 60°C,
J cl 5 gio
B
N NH,
74 | Y
R (ON
R4
D

Hop chit dang A & so dd 1 c6 thé chirc héa véi ruou st dung didu kién

Mitsunobu trong dung méi khdng proton phan cuc, vi du THF. Sy phén cit metyl

carbamat dugc thuc hién & mdi truong kiém trong 1,4-dioxan dé tao thanh san phém

trung gian C. Sy dich chuyén cua clo trong C dugc thuc hién véi rugu va bazo (vi du

NaH) trong dung mdi khdng proton phan cuc (vi du NMP) dé tao thanh hop chit c6

dang D.

Diéu ché san phdm trung gian A
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s—
H O |
N —( :<N—( + >F-OH + Na”p —

\ / 0/\ / MeOH, RT, 16 gi¢v
NH,
HN POCI3 HN
» 8 By »8
HO N)\N/U\ O/ DIPEA, CH3CN, 70°C Cl N/ N o/
H H
’ A

3-Amino-2-etoxycacbonylpyrol hydroclorua (25,8g, 135,3mmol) dugc phan bb
gifta diclometan va mudi NaHCO;. Lép hitu co duge 1am khé bing MgSOs, chét rin
duogc loai bd nho loc, va dung méi cta nudc loc lam bay hoi dén khd. Phan con lai
dugc hoa tan trong metanol (500ml) cung véi 1,3-bis(metoxycacbonyl)-2-metyl-2-
thiopseudoure (32,1g, 156mmol) va axit axetic (39ml, 677mmol) va khudy trong 1 gi®s
& nhiét d6 phong. Chat két tiia xuét hién va khudy lién tuc qua dém. Natri metoxit
(73,1g, 1353mmol) dugc thém vio. Phan ting phat nhiét quan sat duoc va hdn hop
phan tmg dugc khudy qua dém. H3n hop duoc dua 1én d6 pH 5 bang axit axetic va
chét két tha dugc phén 1ap béng cach loc, duoc nghién thanh bot trén thiét bi loc béng
nude (2 x 350ml), axetonitril (350ml) va diisopropyl ete (350ml). Metyl N-(4-
hydroxy-5H-pyrolo[3,2-d]pyrimidin-2-yl)carbamat thu duoc dugc sdy trong 10.

Metyl N-(4-hydroxy-5H-pyrolo[3,2-d]pyrimidin-2-yl)carbamat (25g, 120mmol)
duoc pha ché trong 350ml axetonitril trong binh da ¢b 500ml dwoc lip may khudy trén
cao (300 vong/phut) & nhiét d6 phong. POCls (22,1ml, 238,2mmol) dugc thém vao va
sau d6 hdn hop phin ung dugc gia nhiét dn 70°C trong khi khudy.
Diisopropyletylamin (41,4ml, 240,2mmol) dugc thém vio timg giot bang bom tiém
v6i tde d6 0,2ml/phit.

Hon hop phan tmg dugc 1am lanh v& nhiét d6 phong va rét vao dung dich khqu
c6 natri axetat (78,8g, 961mmol) trong nudc (500ml) & 45°C. Chét hitu co duge 1lam
bay hoi va chét long con lai dugce khqu va dugc lam lanh trén bé d4. Chét rin tao ra

duogc phan lap béng cach loc, rira b?mg axetonitril va duogc nghién thanh b6t vaéi

-10-
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diisopropyl ete d& cho san phim trung gian A, dugc sdy trong chan khong. LC-MS
m/z =227 (M+H)

Diéu ché san pham trung gian B

Phuong phap 1.

TPP Q/
HN. DIAD =
N9 HO/\© - SN o
A M+ L

Cl N ll:li (0] THF, RT, 30 phat Cl N H o)

Huyén phu chita A (500mg, 2,2mmol), ruou benzylic (0,28ml, 2,6mmol) va
triphenylphosphin (0,69g, 2,6mmol) trong THF khan (15ml) dugc thém DIAD
(0,64ml, 3,3mmol) vao & nhiét d6 phong. Hn hop phan tmg dugc khudy & nhiét do
phong trong 30 phtt. Hon hop ndy dwgc cb trong didu kién 4p suét giam. San phim
duoc tinh ché bang phép sic ky cot silicagel sir dung heptan véi gradien etyl axetat;
100-0 dén 90-10. Phan chiét san pham duoc tAp hop lai va dugc c6 dudi 4p suét giam.
San phdm dugc nghién thanh bot trong diisopropyl ete, duoc phén lap bang cach loc
va duoc sdy trong chin khong dé cho B 13 chét rin mau vang nhat. LC-MS m/z = 317
(M+H)

Phuong phép 2 v6i nhua lién két triphenylphosphin.

Huyén phu chira A (700mg, 3,1mmol), rugu benzylic (0,39ml, 3,7mmol) va
nhya triphenylphosphin (2,6g, 7,7mmol) trong THF khan (21ml) dugc thém DIAD
(0,90ml, 4,6mmol) vao & nhiét d6 phong. Hon hop phan tmg dwoc khudy & nhiét do
phong trong 1 gid. Hdn hop duge loc qua decalit déng gbi va rira bang metanol. Nudc
loc duoc cd trong chan khong. San phidm dugc nghién thanh bét trong diisopropy! ete,
duoc phén 1ap bing cach loc va dugc sdy theo chan khong dé cho chit rin mau vang

nhat, B. LC-MS m/z = 317 (M+H)

Diéu ché san pham trung gian C
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Q/ = NaOH 1N Q N
N > |\

N
| J\ )J\ _ 1,4-dioxan, 60°C, 5 gi¢ Cl N)\NHZ

C

B (738 mg, 2,3 mmol) dugc hoa tan trong 1,4-dioxan (11 ml) trong 6ng thuy
tinh 50 ml va NaOH (5,6 ml, IN a.q.) dugc thém vao. H3n hop dwoc gia nhiét dén
60°C trong 5 gid. Hon hop nay dugc 1am lanh va dugc cd trong chan khong. San phim
du dugc xir Iy bang nuéc va chit két tia dugc phan 1ap bang cach loc va duoc sy
trong chan khong dé cho C 1a chit rin. San phdm dugc sir dung nhu & bude tiép theo.
LC-MS m/z =259 (M+H)

Piéuché1va2

Phuong phép 1.

= HCI 4N trong Dioxan Q/ —
:7\/N HO "~ 5 NOA
L

+ N
P
MW 120°C, 10 phut “
CI” N7 > NH, phe 0~ "N” °NH
c ))
1

San phdm trung gian C (240 mg, 0,93 mmol), ruou n-butylic (3,2 ml, 35 mmol),
va HCI 4N trong dioxan (0,46 ml, 1,9 mmol) dugc ddt vao lo dung trong 10 vi séng 7
ml. Lo nay duoc bit kin va hdn hop duge gia nhiét trong 10 vi séng & 120°C trong 10
phut. Hdn hop duoc 1am lanh va duge ¢b trong chan khong. San phém du dugc trung
hoa bang dung dich mudi NaHCO; va duoc chiét bang diclometan. Lép hitu co duoc
tach ra, dugc lam kho (MgSOs), chét rin dugc loai bo b%mg céach loc va nudce loc duogce

cb trong diu kién 4p suit giam. San phim duogc tinh ché qua phép sic ky cét silicagel
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st dung diclometan-metanol; gradien 100-0 dén 95-5. Phén chiét t6t nhat duoc tap hop
lai va dugc ¢ trong didu kién 4p sudt giam. San phim dugc nghién thanh bot trong
diisopropyl ete va chit rin dugc phén 13p bing cach loc va dugc siy trong chan khéng

de cho 1 1a chat ran mau trang.

Phuong phép 2.
o N \ NaH 60% SN
T — LA
ca” N 0 NMP, 0-5°C, 30’ sau d6 RT 2 gio 0" 'N” "NH,
o’N\
C2

San phim trung gian C2 (250 mg, 1,1 mmol), va 3-hydroxymetyl-5-
metylisoxazol (0,16 ml, 1,65 mmol) dugc hoa tan trong NMP (3 ml) trong lo 7 ml.
Hon hop duge 1am lanh trén bé d4 va NaH (66 mg, 1,65 mmol, pha lodng 60% trong
diu khoéng) duoc thém vao trong didu kién N2 va khudy hdn hop & 0-5°C trong 30
phtt va sau d6 cho phép lam 4m dén nhiét d6 phong va lién tuc khudy trong 2 gid. Sau
d6 hdn hop phan tng chua xitr Iy dugc tinh ché so bo bang HPLC (pha dimg: RP
Vydac Denali C18 10 pm, 200 g, 5 cm), pha dong: dung dich NH4OAc 0,25% trong
nudc, CH3CN), ph?m chiét mong mubn dugc tap hop lai va duge cb trong chan khéng.
San phdm dugc két tinh tir CH3CN, dugc phan 14p bing cach loc va dugc sy trong

chan khong dé cho chat ran mau trang, 2.

Bang 1. Hop chit ¢6 cong thirc (I) va sb liéu phan tich twong ting. Hop chét nay

duoc didu ché theo phuong phép dwoc mé ta & phan vi du thuc hién séng ché.
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Cau trac

'H NMR

phép LC,
Rt (phut)

Phuong

Khéi lugng LC-
MS da duoc tim

thiy (M+H)

'H NMR (400 MHz,
DMSO-ds) & ppm 0,85 (t,
J=7,37Hz, 3 H) 1,26 (dq,
J=15,02, 7,39 Hz, 2 H) 1,56
—1,63 (m, 2 H) 4,30 (¢,
J=6,38 Hz, 2 H) 5,39 (s, 2
H) 5,72 (s, 2 H) 6,08 (d,
J=3,08 Hz, 1 H) 7,03 — 7,08
(m, 2 H) 7,19 - 7,25 (m, 1
H) 7,26 — 7,32 (m, 2 H) 7,48
(d, J=3,08 Hz, 1 H)

B, 1,98

297

' NMR (400 MHz,
DMSO- ds) 6 ppm 2,41 (d,
J=0,66 Hz, 3 H) 3,17 (s, 3
H) 3,57 (¢, J=5,50 Hz, 2 H)
4,29 (t, J=5,50 Hz, 2 H) 5,50
(s, 2 H) 5,82 (s, 2 H) 6,03
(d, 7=2,86 Hz, 1 H) 6,37 (d,
J=0,88 Hz, 1 H) 7,35 (d,
J=2,86 Hz, 1 H)

A, 0,69

304

'H NMR (400 MHz,
DMSO- ds) 5 ppm 2,33 —
2,38 (m, 3 H) 3,79 (s, 3 H)
5,34 (s, 2 H) 5,38 (s, 2 H)
5,75 (s, 1 H) 5,86 (s, 2 H)

6,12 (d, 1=3,08 Hz, 1 H)

6,40 — 6,47 (m, 1 H) 6,78
(td, J=7,48, 0,66 Hz, 1 H)

7,00 (d, J=7,92 Hz, 1 H)
7,24 (td, J=7,80, 1,80 Hz, 1
H) 7,43 (d, 1=2,86 Hz, 1 H)

B, 1,62

366

'H NMR (400 MHz,
DMSO-ds) 8 ppm 0,77 (t,
=74 Hz, 3H), 1,12 (dq,

J=15,0, 7,4 Hz, 2 H), 1,40 —
1,50 (m, 2 H), 4,21 (t, J=6,4
Hz, 2 H), 5,49 (s, 2 H), 5,73

A, 0,81

6 (s, 2 H), 6,11 (d, J=2,9 Hz,

298
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Cau tric

'H NMR

Phuong
phap LC,
Rt (phut)

Khéi lugng LC-

MS da dugc tim

thdy (M+H)

1 H), 6,65 (d, J=7,9 Hz, 1
H), 7,21 — 7,28 (m, 1 H),
7,47 (d, J=3,1 Hz, 1 H), 7,69
(td, 1=7,7, 1,8 Hz, 1 H), 8,47
~ 8,53 (m, 1 H)

=

N\

o X NN

Vs

Ha

" IH NMR (400 MHz,
DMSO0-ds) 8 ppm 2,35 (s, 3
H) 5,37 (s, 2 H) 5,47 (s, 2 H)
5,84 — 5,90 (m, 3 H) 6,14 (d,
1=2,86 Hz, 1 H) 6,72 (d,
7=7,92 Hz, 1 H) 7,24 (dd,
J=6,93, 4,95 Hz, 1 H) 7,52
(d, J=3,08 Hz, 1 H) 7,65 (id,
1=7,70, 1,76 Hz, 1 H) 8,47
(d, J=4,18 Hz, 1 H)

B, 1,29

337

I'H NMR (400 MHz,
DMSO0-de) 8 ppm 2,57 (s, 3
H) 5,45 (s, 2 H) 5,51 (s, 2 H)
5,85 (s, 2 H) 6,13 (d, J=2,86
Hz, 1 H) 6,85 (d, ]=7,70 Hz,

1 H) 7,22 (dd, J=7,04, 5,06
Hz, 1 H) 7,52 (d, ]=3,08 Hz,
1 H) 7,64 (td, J=7,65, 1,65
Hz, 1 H) 8,43 (d, ]=4,18 Hz,
1 H)

B, 1,14

338

' NMR (400 MHz,
DMSO-de) 8 ppm 2,36 (s, 3
H) 3,74 (s, 3 H) 3,71 (s, 3 H)

5,29 (s, 2 H) 5,40 (s, 2 H)
5,85 (s, 2 H) 5,93 (s, 1 H)
6,12 (d, J=3,08 Hz, 1 H)
6,29 (d, J=7,92 Hz, 1 H)
7,11 (d, J=7,92 Hz, 1 H)

B, 1,45

397

7,50 (d, J=3,08 Hz, 1 H)
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Cau trac

'H NMR

Phuong
phép LC,
Rt (phut)

Khéi luong LC-
MS da dugc tim

thiy (M+H)

'H NMR (400 MHz,
DMSO- ds) 6 ppm 2,36 (s, 3
H) 3,80 (s, 3 H) 5,31 (s, 2 H)
5,48 (s, 2 H) 5,75 — 5,81 (m,
3 H) 6,07 (d, J=2,86 Hz, 1
H) 7,25 (dd, J=8,25, 4,73
Hz, 1 H) 7,36 - 7,41 (m, 2
H) 7,90 (dd, J=4,73, 0,99
Hz, 1 H)

A, 0,72

367

fr

"H NMR (400 MHz,
DMSO-ds) 6 ppm 2,23 (d,
J=1,10 Hz, 3 H) 3,77 (s, 3
M) 5,32 (s, 2 H) 5,45 (s, 2 H)
5,77 (s, 2 H) 6,07 (d, J=2,86
Hz, 1 H) 6,79 (d, I=1,10 Hz,
1 H) 7,21 (dd, J=8,25, 4,73
Hz, 1 H) 7,33 (dd, J=8,36,

1,32 Hz, 1 H) 7,37 (d,
J=2,86 Hz, 1 H) 7,88 (dd,

1=4,73, 1,21 Hz, 1 H)

B, 1,26

367

10

'"H NMR (400 MHz,
DMSO-ds) 6 ppm 2,34 —
2,41 (m, 3 H) 5,49 (s, 2 H)
5,58 (s, 2 H) 5,88 (s, 2 H)
6,15 (d, J=2,86 Hz, 1 H)
6,72 (d, J=7,92 Hz, 1 H)
7,20 — 7,25 (m, 1 H) 7,43 (d,
J=1,10Hz, 1 H) 7,52 (d,
J=2,86 Hz, 1 H) 7,63 (td,
J=7,70, 1,76 Hz, 1 H) 8,46
(dd, J=4,73, 0,77 Hz, 1 H)

B, 1,28

353

11

\ N =

NN
55/\0 | N¢LNH2
0

'H NMR (400 MHz,
DMSO-ds) 6 ppm 2,24 (s, 3
H) 5,39 (s, 2 H) 5,43 (s, 2 H)
5,85 (s, 2 H) 6,13 (d, 1=2,86
Hz, 1 H) 6,76 (d, 1=7,70 Hz,
1H) 6,81 (s, 1 H) 7,21 (dd,

B, 1,18

J=6,93, 5,17 Hz, 1 H) 7,52

337
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) Phuong | Khéi lugng LC-
# Cau tric '"HNMR phap LC, | MS da duoc tim
Rt (phit) | thy (M+H)

(d, J=2,86 Hz, 1 H) 7,62 (td,
J=7,65, 1,43 Hz, 1 H) 8,40 —
8,45 (m, 1 H)

Phuong phép phén tich.
Quy trinh téng LCMS

Séc ky long hiéu ning cao (High Performance Liquid Chromatography -
HPLC) dugc thyc hién str dung bom LC, mang diot (DAD) hodc may do UV va cft
nhu dugc md ta trong phuong phap twong Ung. Néu can thiét, bd sung cac may do

(xem bang cac phuong phap bén dudi).

Dong tr cdt duge dua vao khbi phd ké (Mass Spectrometer - MS) ma dugc chu
hinh v6i ngudn ion 4p suit khong khi. S& 14 trong hiu biét clia ngudi c6 hiéu biét
trung binh trong linh vuc dé thiét 14p cic thong s& phtt hop (vi du khoang quét, thoi
gian dimg...) d& thu dugc céc ion cho phép sy phét hién khdi luong phan tir
(molecular weight - MW) don dong vi danh nghia cta hop chét. Viéc thu nhén dit lidu

duoc thuc hién bing phin mém thich hop.

Hop chét dugc m6 ta bang thdi gian luu (retention times - Rt) thit nghiém cta
ching va céc ion. Néu khong chi dinh khac trong bang dit liéu, ion phén tir dugc ghi
nhin tuong tng véi [M+H]+ (phén tir d& thém mdt proton) va/hodc [M-H]- (phan tir
da b6t mot proton). Trong trudng hop hop chét nay khong c6 kha ning ion héa truc
tiép dang san phim cong duoc chi dinh (nghia 1a [M+NHa]+, [M+HCOO]-, v.v...).
Véi phan tir ¢6 nhidu mAu ddng vi (Br, CL.), gié tri dugc ghi nhan 1a gi4 tri thu dugc
v6i khéi luong chit ddng vi thép nhét. T4t ca két qua thu duge bai tinh khong 6n dinh

clia thir nghiém ma thudng két hop véi phuong phép da st dung.

Sau diy, “SQD” c6 nghia 1a may do tr cuc don (Single Quadrupole Detector),
“MSD” la may do khéi phé (Mass Selective Detector), “RT” 1a nhiét d6 trong phong,

-17-




22947

“BEH” 1a hdn hop lai etylsiloxan/silic oxit r& mach (bridged ethylsiloxane/silica
hybrid), “DAD” 14 may do mang diot (Diode Array Detector), "HSS” 1a silic oxit d6
cing cao (High Strength silica), “Q-Tof” 1a khdi phd ké thoi gian bay t cuc
(Quadrupole Time-of-flight), “CLND” 1a mdy do nito quang héa (ChemilL.uminescent
Nitrogen Detector), “ELSD” 1a may do quét xa bay hoi,

Céc ma phuong phap LC-MS (dong duoc biéu hién bang ml/phit; nhiét d6 cot (Col T)
bang °C; thoi gian chay béng phut).

Ma , o8 | 15 gia
phuong | Thiét bi do Cot Pha dong Gradien | =------ gtan
phap Col T chay
A:

Nuc Nus CH3COO
UocC: vocC: N A
Acquity® | BEHCIS | (n, |Tu95%Aden| o
A 10mM 5% A trong ’
UPLC® - (L,7pm, | soooo 050s | g re 2 | e 2
/M, trong 95% | 1.3 phit. oi
DADvd | 2,1*50mm o | O PRUL BT g
D ’ H20 + 5% | trong 0,7 phut.
SQ ) CH;CN
B: CH;CN
A: Tir 100% A
Nigde: CH3COO |  dén 5% A
Ac 1fic'® Nudc: HSS NH4 trong 2,10 0.8
s | Opipe. |T3(L8um, | 10mM | phitdéno%e | OO |,
DADva | 21¥100m trong 95% | A trong 0,90 55 ’
SQD m) H20 + 5% | phut, dén 5%
CH5CN A trong 0,5
B: CHsCN phut

Hoat tinh sinh hoc ctia hop chét c6 cong thire (I) va (IT)

M0 ta cac thir nghiém sinh hoc

Danh gid hoat tinh cuia TLR7 va TLR8
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Kha ning hop chit hoat héa TLR7 va/hoic TLR8 & ngudi dugc dénh gia trong
thir nghiém chi thi t& bao s dung t€ bao HEK293 chuyén nap tam thoi véi vecto biéu

hién TLR7 hodc TLRS va céu tao chi thi NF«B-luc.

Mot cach vén tit, t& bao HEK293 phat trién trong méi trudng cidy (DMEM
duoc bd sung bang FCS 10% va glutamin 2mM). Pé t& bao chuyén nap trong cac dia
15cm, té bao dugc tach roi bing Trypsin-EDTA, chuyén nap bing hdn hop plasmid
CMV-TLR7 hodc TLR8 (1700ng), plasmid NF«B-luc (850ng) va chét chuyén nap va
U trong 48 gio & 37°C trong moéi trudng CO2 5% duge lam 4m. Té bao chuyén nap sau
d6 duoc rira trong PBS, duogc tach rdi bang Trypsin-EDTA va tai huyén phi trong méi
trudng dén ti trong 13 1,25 x 10° t& bao/ml. Bén muwoi microlit t& bao sau d6 dugc pha
ché vao timg giéng trong cic dia 384 giéng, ma di c6 200nl hop chét trong 100%
DMSO. Tiép theo 1 6 gid & 37°C, CO2 5%, hoat tinh luciferaza dugc xac dinh bang
cach bd sung 15pl co chit Steady Lite Plus (Perkin Elmer) vao mdi giéng va sy hién
thi thuc hién trén bd tao anh khay vi thé ViewLux ultraHTS (Perkin Elmer). Puong
cong dép ung lidu duogc tao thanh tir cac phép do thuc hién bdn 1an. C4c gié tri ndng d6
¢6 hiu qua thip nhét (lowest effective concentrations - LEC), dugc dinh nghia 13 nng
d6 ma dat hidu qua it nh4t gp hai 1an sai 1éch chuin cta thir nghiém, dugc xac dinh

cho m3i hop chét.

Tinh ddc cta hop chit dugc x4c dinh & phién méng st dung 16p pha loéing
gibng nhau ctia hop chét v6i 40ul tinh theo giéng t& bao chuyén nap véi cdu tric
CMV-TLR7 riéng (1,25 x 10° t& bao/ml), trong cac dia 384 giéng. Kha ning sdng clia
té bao duge do sau 6 gid i & 37°C, CO, 5% bing cach bd sung ATP lite 15ul (Perkin
Elmer) tinh theo giéng va doc trén bd tao anh khay vi thé ViewLux ultraHTS (Perkin
Elmer). S4 lidu dugc ghi nhan 13 CCso.

O phién mong, 16p pha lodng giéng nhau cta hop chét duge sir dung (200 nl
hop chét trong DMSO 100%) vé&i 40pl mdi giéng 13 t& bao chuyén nap véi ciu tric chi
thi NFxB-luc riéng (1,25 x 10° t& bao/ml). Sau gid sau khi &t & 37°C, CO, 5%, hoat tinh
luciferaza dugc xac dinh bing cich bd sung 15ul co chét Steady Lite Plus (Perkin

Elmer) vao tung giéng va su hién thi duoc thuc hién trén bd tao anh khay vi thé
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ViewLux ultraHTS (Perkin Elmer). Sé liéu dém sang loc duoc ghi nhin duéi dang
LEC.

Sy hoat héa céc thanh phin gen khéi dau ISRE

Tiém ning hop chét tao thanh IFN-I ciing dugc danh gis bing cach x4c dinh sy
hoat héa cia céc thanh phin d4p lai kich thich interferon (interferon-stimulated
responsive elements - ISRE) bang méi trudng diéu kién tir PBMC. Thanh phan ISRE
cta trinh ty GAAACTGAAACT dap lai cao véi yéu t§ phién mad STATI-STAT2-
IRF9, hoat ddng dua trén lién két ctia IFN-I v6i thu thé IFNAR cua chung (Clontech,
PT3372-5W). Plasmid pISRE-Luc tir Clontech (s6 631913) c¢6 chita 5 ban sao thanh
phin ISRE nay, tiép theo 13 luciferaza dom dém ORF. Dong té€ bao HEK293 chuyén
nap 6n dinh cing pISRE-Luc (HEK-ISREluc) d4 c6 sén véi profin mdi trudng chy té
bao PBMC diéu kién.

Mot cach vin tit, cac PBMC dugc didu ché tir 16p gitta huyét twong va hdng
cAu cta it nhét hai thé cho sir dung giao thirc ly tim Ficoll chudn. Cac PBMC phén 1ap
dugc tai huyén phi trong méi truong RPMI dugce bd sung véi huyét thanh AB & ngudi
10% va 2 x 10° t& bao/giéng dugc pha ché vao cac dia c6 384 giéng chira hop chit
(téng thé tich 70 pl). Sau khi @ qua dém, 10 pl dich ndi dugc chuyén vao céc dia co
384 giéng chira 5 x 10° HEK-ISREluc t& bao/giéng trong 30 pl (dugc cy trén dia tir
ngay hom trudc). Sau 24 gid U, sy hoat hoa cua cac thanh phén ISRE duoc do bing
viéc thit nghiém hoat tinh luciferaza sir dung 40 ul/giéng co chét Steady Lite Plus
(Perkin Elmer) va dugc do v6i bd tao anh khay vi thé ViewLux ultraHTS (Perkin
Elmer). Hoat tinh kich thich ctia mdi hop chét trén t& bao HEK-ISREluc dugce ghi nhén
1 gia tri LEC, duoc dinh nghia 1a ndng dd hop chét dugc ap dung véi cac PBMC duge
tao ra trong hoat tinh luciferaza gip it nhat hai 14n d6 léch chuén cta thir nghiém. LEC
14n luot chi do hoat hoa ISRE 1én sur chuyén ctua luong méi trudng cdy PBMC da Xéc
dinh. Interferon tai td hop a-2a (Roferon-A) dugc dung lam hop chét diéu khién

chuén.
Bang 2. Hoat tinh ctia hop chat c6 cong thirc (1).

T4t c& hop chét d& ching minh CCso >24uM.
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, | TLR 7 & ngudi (LEC) TLR 8 & ngudi HEK-ISRE luc
uM (LEC) pM (LEC) pM

1 0,6 >25 0,4

2 2,7 >25 0,5

3 0,1 >25 0,03

4 1,4 >25 06

5 0,4 >25 0,1

6 3,9 >25 2

7 0,08 >25 0,03

8 0,03 >25 0,01

9 0,07 >25 NA

10 0,5 >25 NA

11 0,6 >25 NA

NA = khong kha dung (not available)
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Yéu ciu bao hd

1. Hop chét c6 cong thire (I):

@

va mudi dugc dung ctia ching, solvat ho#c dang da hinh cta ching trong do:

R 1a H, flo hoac metyl,;

R:1a H, halogen hoédc Ci3 alkyl;

Rs la Ci alkyl thy v dugc thé bing mot hodc nhidu phan tir thé doc 14p dugce
chon tr aryloxy, di vong, halogen, aryl, alkylamino, dialkylamino, Ci alkyl, axit
carboxylic, este cua axit carboxylic, amit ciia axit carboxylic, nitril, hodc Ci-¢ alkoxy;

hoac trong do:

R3 1a alkylaryl tuy y dugc thé bﬁng mot hodc nhidu phén ttr thé doc 14ap duoc
chon tir halogen, aryloxy, aryl, alkylamino, dialkylamino, Ci-¢ alkyl, axit carboxylic,

este cuia axit carboxylic, amit cua axit carboxylic, sulfonamit, nitril, hodc Ci.¢ alkoxy;

R4 13 Cialkyl thy ¥ duoc thé bing mét hozc nhidu phan tir thé doc 1ap dugc
chon tir hydroxyl, Ci- alkyl, C3.7 xycloalkyl, Ca.¢ alkenyl ho#c aryl con tiy y duoc thé
bang Ci.salkyl, va Cs.7 xycloalkyl con tily y dugc thé bang Cisalkyl;

hoéc trong d6:

Ry 13 alkylaryl thy v duoc thé bing mdt hodc nhiéu phén tir thé doc 1ap dugc
chon tir halogen, aryloxy, aryl, alkylamino, dialkylamino, Ci-s alkyl, axit carboxylic,
este cla axit carboxylic, amit cta axit carboxylic, sulfonamit, nitril, hodc Ci- alkoxy.
2. Hop chét theo diém 1, trong d6 R3 1a nhém CHaz-aryl (dugc thé hoic khong dugc
thé), va Ry, Rz, va Ra duge mé ta nhu & diém 1.

3. Hop chét c6 cong thirc (I) trong d6 Rs va Ry déu 14 nhém CHa-aryl con tly ¥ duoc

thé nhu duge md ta & diém 1, va trong d6 Ry, va Ro nhur duge md ta & diém 1.
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4. Hop chét theo diém 1, trong d6 R 1a flo, Rz 14 hydro, va R3 va R4 dugc mo ta nhu &
diém 1.

5. Hop chét theo diém 1, trong d6 hop chit nay c6 ciu tric héa hoc dudi day:

N N/N
2\»\NH
o
O/
() .

6. Duoc phdm chira hop chét c¢6 cong thire (I) hodc (IT) hodc mubi, solvat hodc dang da
hinh dugc dung cua ching theo didm 1 hodc 5 cung v&i mot hodc nhidu ta duge dugce

dung, chit pha loéing hoic chit mang.
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