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Linh vuc ky thuat dwoc dé cap
Sang ché dé cap dén cac hop chét va mudi duoc dung cia ching, va dugc phém
chira chung, hiru ich dé diéu tri nhiéu bénh, r6i loan hodc tinh trang bénh lién quan

dén keénh kali.

Tinh trang k§ thuit ciia sang ché

Trong s cac kénh ion, cac kénh kali 1a phd bién va da dang nhét, duoc tim thay
trong nhiéu loai té bao cia dong vat nhu than kinh, co, tuyén, mién dich, sinh san, va
md biéu bi. Céc kénh nay cho phép dong kali di vao va/hoac di ra khoi té bao trong
mot s6 diéu kién nhit dinh. Cac kénh nay duoc didu hoa, vi du, bang tinh nhay canxi,
cbng dién ap, cac chét truyén tin thtr cdp, phéi tir ngoai bao, va tinh nhay ATP.

Su 1di loan chirc ning cua kénh kali va su rdi loan chirc ning do céc nguyén
nhén khac 1am &nh hudng dén cac kénh kali nay da duoc biét 14 tao ra sw mat kiém
soat té bao, chirc nang sinh 1y bi thay dbi, va tinh trang bénh. Do c¢6 kha ning diéu
bién chirc nang kénh ion va/hodc khéi phuc hoat tinh kénh ion, cac chat diéu bién
kénh kali dugc st dung qué trinh diéu tri dugc ly cua nhiéu loai bénh hoc va c6 kha
ning d4p tmg nhiéu chi dinh diéu tri bénh rong hon nita.

Keénh kali dugc hoat héa bang canxi dan truyén muc do nho (kénh SK) 1a ho
phu cta kénh K* dugc hoat hoa bf?lng ion Ca?" va ho kénh SK nay ¢6 4 thanh vién la
SK1, SK2, SK3, va SK4 (thuong duoc goi 13 chat dan truyén trung gian). Dic biét, vai
tro sinh 1y cda cac kénh SK da dugc nghién ctru trong hé than kinh ma & d6 chiing 13,

vi du, chét diéu hoa quan trong cua su kich thich than kinh va su giai phong chat din
truyén than kinh, va trong co tron ma & d6 ching 1a yéu td quyét dinh trong su diéu
bién treong lyc mach, hé co phé-khi quan, niéu dao, tr cung hoac da day-rudt.

Do d6, cac chat didu bién phan tr nhé cua kénh ion kali ¢6 thé c6 kha nang diéu
tri rat nhiéu bénh dic trung boi su 161 loan churc nang cua kénh ion kali va su rbi loan

chirc ndng do cac nguyén nhan khac lam anh hudng dén kénh kali nay.
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Ban chit k§ thuit ciia sing ché

Sang ché dé cap dén cac hop chét va cac mudi dugc dung cia ching, va duge
phém chira chung, hiru ich trong viéc diéu tri cac bénh lién quan dén su 16i loan chitc
nang cua cac kénh ion kali va su r6i loan chirc nang do cic nguyén nhan khac anh
huéng dén cac kénh kali nay (vi du, xem Bang 1).

Céc hop chét duoc mo ta & ddy dugc phat hién 1a 6 mot hoic nhiéu dac tinh c6
loi sau day: do tan cao, ty 1€ & dang tu do trong ndo & mirc cao, irc ché hERG khong
dang ké hoic khong trc ché hERG, thoi gian ban hiy in vivo duge kéo dai, do sinh kha
dung tdt, d6 6n dinh & vi thé gan cao, tinh thdm nhu tinh thim qua mang nhan tao
song song (parallel artificial membrane permeability: PAMPA) dugc tang 1én, va/hodc

mitc d6 e ché Cyp thap. Vi du, xem s6 liéu so sanh trong Bang 2 va Bang 3.

Mo ta vin tit cac hinh vé

Fig.1 1a biéu d6 thé hién hiéu qua cia hop chét co cong thic 1 sau khi str dung
lidu qua dwong miéng (PO) ddi véi chimg run do harmalin gdy ra.

Fig.2 thé hién hiéu qua va mirc do dap tng lidu cia hop chét co cong thirc 1
theo ty 1€ % kha nang van dong

Fig.3 thé hién hiéu quéa ctia hop chét c6 cong thire 1 ddi véi tinh khong déu vé
su phat ra dong dién cta té bao Purkinje trong céc 14t cét ex vivo tir chudt chuyén gen
SCA2 58Q.

Fig.4 thé hién hiéu qua cia hop chét c6 cong thirc 1 d6i véi ching mét diéu hoa
co s& trong mo hinh chudt di khong viing do mic chimg méat diéu hoa timg dot 2
(EA2).

M6 ta chi tiét sang ché
1. Céc hop chét

Sang ché dé xuat cac hop chét c6 cong thic:



40935

P f“‘ f !
Va
hoac céac mubi dugc dung cua ching.

2. Cac dinh nghia

Khi dugc sir dung trong ban mo ta nay, cac thuat ngit “dbi twong” va “bénh
nhéan” ¢6 thé duge st dung thay thé 13n nhau va dé chi dong vt c6 vii can diéu tri, vi
du, cac dong vat nudi (vi dy, cho, meéo, va dong vét tuong tu), cac dong vat trang trai
(vi du, bo cai, lgn, ngua, clru, dé va dong vat twong ty) va dong vat dung cho phong
thi nghiém (vi du, chudt nhat, chudt thuong, chudt lang va chudt twong tu). Thong
thuong, d6i twong 12 nguoi can diéu tri.

Khi héa hoc l4p thé ctia hop chét theo sang ché duoc goi tén hodc thé hién bang
cAu tric, chit ddng phan 1ap thé duoc goi tén hogc thé hién nay c6 do tinh khiét it nhat
14 60%, 70%, 80%, 90%, 99% hodc 99,9% trong luong so véi tat ca chit dong phan
1ap thé con lai. P9 tinh khiét theo ty 1 % trong luong so véi tAt ca cac chat dong phan
1ap thé con lai 1a ty 18 trong lwgng cua mot chét déng phan 1ap thé so véi trong luong
clia cac chat dong phan lap thé con lai. Khi chit dong phan ddi anh don dugc goi tén
hoic thé hién bing cdu tric, chét ddng phan dbi anh dugc goi tén hodc thé hién bang
chu tric nay c6 do tinh khiét v& mit quang hoc it nhat 1a 60%, 70%, 80%, 90%, 99%
hoac 99,9% trong lugng. Ty 1€ % do tinh khiét quang theo trong lugng 1a ty 1€ trong
lwong cua chit dong phan dbi anh so véi trong lwong clia chat ddng phan dbi anh nay
cdng vabi trong luong chét d@)ng phan di ciu quang hoc cua no.

Khi hop chit theo sang ché dugc goi tén hoidc thé hién bang ciu triic ma khong
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thé hién hoa hoc 1ap thé, va hop chat nay c6 mét tim khéng dbi ximg, can hiéu rang
tén hodc cu tric nay bao gdm ca mot chét déng phan dbi anh cua hop chét tr do tir
chét déng phan di hinh va di cdu quang hoc twong (g, hdn hop raxemic cua hop chét
nay, va cac hdn hop dugc lam giadu v& mot chit ddng phan ddi anh so véi chat dong
phan di cAu quang hoc trong Ung ciia né.

Sang ché dé xuit cac mubi duge dung ciing nhu cdc dang trung tinh cta cac
hop chét duge mo ta & day. Dé sir dung trong y hoc, cac mudi cta cac hop chat nay dé
chi “cac mubi duoc dung” khong doc. Céc dang mudi duge dung bao gdm cic mudi
axit/anion hodc mudi bazo/cation duoc dung. Cac mudi bazo/cation dugc dung bao
gbm cac mudi natri, kali, canxi, magie, dietanolamin, n-metyl-D-glucamin, L-lysin,
L-arginin, amoni, etanolamin, piperazin va trietanolamin. Cac mudi axit/anion dugc
dung bao gém, vi du, cac mudi axetat, benzensulfonat, benzoat, bicacbonat, bitartrat,
cacbonat, xitrat, dihydroclorua, gluconat, glutamat, glycollylarsanilat, hexylresorxinat,
hydrobromua, hydroclorua, malat, maleat, malonat, mesylat, nitrat, salixylat, stearat,
sucxinat, sulfat, tartrat, va tosylat.

Thuat ngir “chit mang, chét phu tro hoic chit din thudc duoc dung” dé chi
chit mang, chét phu trg hodc chét din thubc khong doc ma khong lam mét hoat tinh
duogc ly cua hop chit ma né dugc bao ché véi. Cac chat mang, chét phu tro hodc chét
dan thudc dugc dung cé thé duoc st dung trong cac dugc phém dugc boc 10 & day bao
gém, nhung khong chi giéi han ¢, cac chit trao ddi ion, nhdm oxit, nhom stearat,
lexitin, cac protein huyét thanh nhu albumin huyét thanh cia nguoi, cac chét dém nhu
phosphat, glyxin, axit sorbic, kali sorbat, cac hon hop glyxerit tirng phan cia axit béo
thuc vat bao hoa, nudc, mudi hodc cac chit dién phan, nhu protamin sulfat, dinatri
hydrophosphat, kali hydrophosphat, natri clorua, cac mudi kém, silic oxit dang keo,
magie trisilicat, polyvinyl pyrolidon, cac chét trén co so xenluloza, polyetylen glycol,
natri carboxymetylxenluloza, polyacrylat, sap, polyme khdéi  polyetylen-
polyoxypropylen, polyetylen glycol va lanolin.

Cac thuat ngit “su diéu tri”, “diéu tri” va “viéc diéu tri” thé hién viéc lam dao
ngugc, lam giam bét, lam gidm kha nang phat trién hodc e ché sy tién trién ciia bénh
hoic rdi loan, hoic mdt hoic nhiéu triéu ching cia no6, nhu duge md ta & day. Theo

mdt s6 phuwong é4n, viée diéu tri c6 thé dugce s dung sau khi mot hodc nhiéu tri¢u
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chimg d4 phat trién, nghia 1a viéc diéu tri trj liéu. Theo cic phuong én khéc, viéc diéu
tri co thé dugc st dung khi khoéng c6 mit céc tri¢u chung. Vi duy, viéc diéu tri c6 thé
dugc sit dung cho dbi twong man cam trudce khi khéi phét cac triéu chung (vi du, theo
lich sir cia cac triéu ching va/hodc theo cac yéu t6 di truyén hodc min cam khac),
nghia 1a viéc diéu tri du phong. Viéc didu tri ciing c6 thé duoc tiép tuc sau khi cac
triéu chirng dugc cai thién, vi du, dé ngan ngura hodc lam cham sy tai phat cia chung.
Thuét ngtt “lvong c6 hiéu qua” hodc “lugng c6 hiéu qua diéu tri” bao g6m
lugng cia hop chat duogc mé ta & ddy ma sé& tao ra dép tmg sinh hoc hodc y hoc cua

d6i tuong.

3. Muc dich, bao ché va sit dung

Theo mot sé phuong 4n, cc hop chét va duge phdm duoc boc 16 & day hitu ich
trong viéc diéu tri cac bénh va/hoic r6i loan lién quan dén hoat tinh cua kénh kali. Cac
bénh va/hodc rdi loan ndy bao gdm, vi du, cac bénh thin kinh va thoai héa than kinh
(vi du, bénh Parkinson, cac chung run, bénh Alzheimer, bénh sa sut tri tu€, bénh xo
cing cdt bén teo co (amyotrophic lateral sclerosis: ALS), chimg mat diéu hoa, r6i loan
lo au, rdi loan trAm cam, rdi loan tAm trang, tinh trang suy gidm tri nhg va thiéu tap
trung, r6i loan ludng cuc, chung loan tdm than, bénh tim than phén liét, bénh ton
thuong ndo do chin thwong, va con ngu kich phat), bénh tim va céc tinh trang bénh
lién quan (vi dy, bénh tim thiéu mau cuc bd, bénh tim mach vanh, dau that nguc, va
chimg co that mach vanh), bénh chuyén hoa va cac bénh vé bang quang (vi dy, chimg
co thiit bang quang, chig tiéu tién khong tw chu, su tic dong ra tlr bang quang, su rdi
loan chirc ning da day-rudt, hoi ching rudt kich thich, va bénh déi thao duong), cac
triéu chimng cai thudc lién quan dén viéc 1am ngimg chimg nghién, va cac tinh trang
bénh khéc lién quan dén su diéu bién kénh kali, vi du nhu cac bénh vé dudng ho hép,
bénh déng kinh, chiing co giat, con dong kinh, con Véng y thtrc, chtirng co that mach,
céc r6i loan & than (vi du, bénh than da nang), su rbi loan chirc ning cuong dwong,
bénh ti€u chay xudt tiét, ching thiéu mau cuc b, ching thiéu mau cuc bd ndo, chimg
dau kinh, bénh Reynaud, chimg tip ténh cach hdi, hoi ching Sjorgren, chimg loan
nhip, chung cao huyét ap, ching loan dudng tang truong luc co, tinh trang co cimg,
chirng kh6 miéng, su tang insulin-huyét, dé non, chiing hdi, bénh ung thu, sy ngan

chin mién dich, chiing dau ntra dau va chung dau.

-6-
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Sang ché con md ta phuong phép didu bién hoat tinh ciia kénh kali & d6i twong
bao gdm buéc str dung hop chit dugc mo ta & day. Theo phuong 4n khéc, sang ché dé
xuét phuong phap diéu bién tich cuc kénh SK2 trong té bao bao gdm budc cho té bao
nay tiép xtc véi hop chét dugc mo ta & day.

Theo mot khia canh, sdng ché dé xuét cac hop chit va dugc phém dung dé diéu
tri cac chimg run. Cac chiing run bao gbm, nhung khong chi gi¢i han &, ching run khi
nghi ngoi, ching run khi hoat dong, chirng run tu thé, ching run van dong, chirng run
van dong tu y, chimg run khi thuc hién mot hoat dong cu thé, va ching run tu phat.
Theo mot khia canh, sang ché dé xut cac hop chéit va duge phém dugc dung dé diéu
tri ching run tu thé va chting run khi hoat dong. Vi du vé ching run tu thé va/hoac
ching run khi hoat dong bao gbdm chimng run vo cin, hoi chimg Parkinson do duoc
chét, chung run do bénh than kinh, va cac chung run do doc tb (vi dy, cai rugu hodc
do tiép xtic véi véi cac kim loai ning). Theo mot khia canh, sang ché dé xuat cac hop
chit va dugc phim duge st dung dé diéu tri ching run v cin.

Sang ché con mod ta phuong phép diéu tri ching run vo cin & d6i tugng bao
gbm budc sir dung hop chét hoic mubi dugc dung hodc duge pham duge mo ta & day.

Chung run vo can la mot trong sb céc 16i loan than kinh phd bién nhét, anh
huong dén ~0,9% dan sé chung. Ching run vo can dugc dac trung boi chimg run khi
hoat dong cua cac chi trén va it phd bién & dau, giong néi va co thé. Tién st gia dinh
mic chimg run vo cin c6 thé dugce xac dinh & khoang mot nixa sb bénh nhan, diéu nay
go1y thanh phan di truyén. Viéc udng rurou thuong lam giam tam thoi chimg run.

Theo mdt sd phuong 4n, séang ché mé ta phwong phép didu tri bénh hodc tinh
trang bénh dugc chon tir bénh thoai hoa than kinh, bénh sa sut tri tug, bénh tim, céc
triéu chtng cai thudc lién quan dén viéc 1am ngimg chimg nghién, bénh chuyén hoa,
va bénh v& bang quang. Theo cac phuong an khéc, sang ché mé ta phuong phéap diéu
tri bénh hodc tinh trang bénh dugc chon tir chimg mét diéu hoa, chiing loan truong luc
co, bénh Parkinson, bénh thiéu mau cuc bd, bénh ton thuong nado do chin thuong,
bénh x0 cing cdt bén teo co, chimg cao huyét ap, bénh vita xo dong mach, bénh dai
thdo dudng, chimg loan nhip, chimg bang quang hoat dong qua mirc, va céc tri¢u
chiing cai thube do viéc nging lam dung rugu va lam dung cac dugc chét khac. Theo

mot sb phuong 4n, sang ché mo ta phuong phap didu tri chimg mat diéu hoa. Theo
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mdt s& phuong 4n, séng ché md ta phuong phap didu tri chimg mét diéu hoa tiy séng-
tiéu nfo.

Sang ché @& xuét dugc pham chira hop chit dugc mo ta & day; va chat mang
dugc dung. Cac dugce phém nay co thé duoc st dung dé diéu tri mot hoic nhiéu bénh
hodc tinh trang bénh da mo ta trén day.

Cac duge phdm dugce boc 16 & day c6 thé duoc sir dung qua dudng miéng,
ngoai duong ti€u hoa, bang cach phun khi dung, qua duong khu tra, dudng truc trang,
duong mai, duong trong ma, duong dm dao hodc bang ngudn cdy. Khi dugc st dung
trong ban mo ta nay, thuat nglt "ngoai duong ti€u hoa" bao gbm tiém duéi da, trong
tinh mach, trong co, trong khdp, trong bao hoat dich, trong xuong trc, trong vo, trong
gan, trong tén thuong va trong so hodc cic k¥ thuat tiém truyén khac. Cac lidu dung
dang 1éng, dugc phim dung dé tiém, dang phan tan 1a chét rén, va cac dang liéu ding
dé str dung khu trti hodc qua chan bi ctia hop chét dugc bao goém trong sing ché.

Luong cua hop chat theo sang ché c6 thé duoc két hop véi cac chit mang dé
tao ra dugc phdm & dang lidu ding don sé& thay dbi tiry theo bénh nhan can duoc diéu
tri va ché a6 sir dung cu thé. Theo mot sb phuong an, dugc phém theo sang ché co thé
dugc bao ché sao cho litu ding nam trong khoang tir 0,01 dén 100 mg/kg thé
trong/ngay cua hop chat theo séng ché, vi du nhu ndm trong khoang tir 0,1 dén 100
mg/kg thé trong/ngay, c6 thé dugce sit dung cho bénh nhan diéu tri bang céc duoc
pham nay.

Ciing cAn hiéu ring ché do diéu trj va lidu dung cu thé d6i v6i bénh nhan cu thé
bét ky s& phu thudc vao nhidu yéu t6, bao gébm dd tudi, trong luong co thé, tinh trang
strc khée chung, gidi tinh, ché do an, thoi gian st dung, ty 1€ bai tiét, su két hop dugc
chét, sy danh gia ctia bac si diéu tri, va mic d6 ning cua bénh cu thé dugc diéu tri.
Luong ciia hop chat theo séng ché trong dugc pham ciing s& phu thudc vao hop chat

cu thé trong duge pham nay.

Vi du thwe hién sang ché
Céc vi du lam dai dién sau day dugc dy dinh dé minh hoa sang ché, va khong
du dinh dé ciing nhu khéng dugc hiéu 14 1dm gi6i han pham vi ctia séng ché.

Hop chat N-(4,4-difloxyclohexyl)-2-(3-metyl-1H-pyrazol-1-yl)-6-



40935

morpholinopyrimidin-4-amin

Budc 1:
Cl Cl
\N _ oM _ ° [ \N
B - EéN THF-10°C-25°C, 16 gid | by
Z | 2 -N
) H —

50%
(1 dwong lwong)

Binh day tron dugc trang bi thanh khudy da phu teflon dugc nap hop chét 4,6-
diclo-2-(metylsulfonyl)pyrimidin (20,0g, &8,080mmol, 1,0 duong luong) trong
tetrahydrofuran & nhiét do -10°C va 3-metyl-1H-pyrazol (7,23g, 88,080mmol, 1,0
duong lwong) dugc cho thém nhd giot trong khoang 5 phut bang 6ng tiém. Hon hop
phan Umg dugc khudy trong 16 gi® & nhiét do 25°C va su két thic coa phan tng dugc
xé4c dinh bing phuong phap TLC. Hon hop phan tmg dugc phén b gitra nude (500ml)
va etyl axetat (500ml). Lép hitu co duoc tach ra va 16p nude dugce chiét bang etyl
axetat (2 *100ml). L&p hitu co két hop duoc 1am khod bang natri sulfat, dugc loc, va cd
dudi ap suat giam dé thu duoc san pham thd, san phim nay dugc tinh ché bang cach
sdc ky cot (etyl axetat/hexan 1am hé dung moi) dé thu duoc hop chét 4,6-diclo-2-(3-
metyl-1H-pyrazol-1-yl)pyrimidin (10,0g, 43,859mmol, hi¢u suét 50%) dudi dang tinh
khiét 12 chét rdn mau trang. MS (MH+): m/z=229,1.

Budc 2:
F
Cl F
N . R Cs2CO0s (2,5 dwong lwgng)  HN
cl | N//kN,N + b\ CH4CN, 80 °C, 5 gio fN
N NH
\Qf Hel 2 Bwéc 2 cl N//kN’N\

(1,2 dwong lwong) /1%

Binh day tron dugc trang bi thanh khudy da phu teflon duoc nap hop chét 2,4-
diclo-6-metylpyrimidin (11,0g, 48,24mmol, 1,0 duong lugng), 4,4-difloxyclohexan-1-
amin hydroclorua (9,89g, 57,89mmol, 1,2 duong lugng), va CsyCOs (39,19g,
120,61mmol, 2,5 duong lugng) trong axetonitril (200ml). Hon hop phén tmg dugc
khudy trong 5 gio & nhiét do 80°C va su két thuc ctia phan tmg dugce xac dinh bing
phwong phap TLC. Hon hop phéan tng dwgc lam ngudi dén nhiét do trong phong va

duoc phan bd gitta nude (100ml) va etyl axetat (200ml). Lép hitu co duge tach ra va

-0
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16p nuéc duge chiét bing etyl axetat (2x100ml). Lép hitu co két hop dugce 1am kho
bang natri sulfat, dugc loc, va cd dudi ap suit giam dé thu dugc san phim tho, san
phim nay duoc tinh ché bang cach sic ky cot (etyl axetat/hexan lam hé dung moi) dé
thu dwoc hop chit  6-clo-N-(4,4-difloxyclohexyl)-2-(3-metyl-1H-pyrazol-1-
yl)pyrimidin-4-amin (11,0g, 33,62mmol, 71%) dudi dang chat rén mau tring nga. MS
(MH+): m/z=328,1.

Buaoc 3:
F
F F
oy o)
HN
HN H EtaN (4,0 dwong lvong)
N\ CH.CN, 80°C, 16 gio SN
o ¥ [ = LN
. N/)\N,N 0 Buoc 3 NN N\’\\7,.
A\ o (o) —
= 4 dwong lwong) 79% 1

Binh day tron dugc trang bi thanh khudy da phu teflon dugc nap hop chét 6-
clo-N-(4,4-difloxyclohexyl)-2-(3-metyl-1H-pyrazol-1-yl)pyrimidin-4-amin (14,0g,
42,79mmol, 1,0 duwong lwong), morpholin (14,91ml, 171,19mmol, 4,0 duong Iuong),
va trietylamin (23,89ml, 171,19mmol, 4,0 duwong luong) trong axetonitril (200ml).
Hon hop phan tng dugc khudy trong 16 gi& & nhiét do 80°C va sy két thiic cia phan
ung duoc xac dinh bang phuong phap TLC. Hon hgp phan Gng dugc lam ngudi dén
nhiét do trong phong va dugc phan bd gitta nude (100ml) va etyl axetat (300ml). Lop
hitu co dugc tach ra va 16p nudc dugc chiét bang etyl axetat (2x100ml). L6p hitu co
két hop dugc lam kho béng natri sulfat, dugc loc, va co duéi ap suét giam dé thu duoc
san pham thd, san pham nay dugc tinh ché bang cach sic ky cot (etyl axetat/hexan lam
hé dung méi) dé thu dugc hop chét N-(4,4-difloxyclohexyl)-2-(3-metyl-1H-pyrazol-1-
yl)-6-morpholinopyrimidin-4-amin (cé coéng thic 1) (12,8g, 33,84mmol, hi¢u suét
79%) dudi dang chat ran mau tring nga.

S liéu phan tich:

MS (MH"): m/z=379,2; 'H NMR (400 MHz, DMSO-D6): 6 8,41 (d, J= 2 Hz,
1H), 7,07 (d, J= 8,3 Hz, 1H), 6,25 (d, J=2,4 Hz, 1H), 5,53 (s, 1H), 3,9 (bs, 1H), 3,67
(t, J= 4,4 Hz, 4H), 3,49 (S, 4H), 2,23 (s, 3 H), 2,23-1,97 (m, 3H), 1,92-1,90 (m, 3H),
1,55-1,53 (m, 2H). '"H NMR, bang c4ch tich phan, cho thiy c6 3 sy cong hudng proton

trong vung thom va 1 sy cong hudng rong twong ing véi proton co thé trao dbi & vi tri
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N-18. Quan sat dugc cac proton thom dudi dang hai vach doi va mot vach don, diéu
nay thé hién hai proton lién ké, va mot proton thom tach ra. Trong ving béo, quan sat
dugc su cong huong twong Gmg véi 20 proton, cho thiy 1 vach don khdc biét. Sy tich
phén cac cong hudng nay twong tmg voi hai sy cong huong vach doi-vach doi trong
ving truong cao, mot sy cong hudng véi proton vach boi chdng 1én nhau mot phan, va
bdn vach boi trong viing truong thip, hai trong s6 chiing chéng 1én nhau mot phén.
Cac vach boi béo trong vung trudong cao cé lién quan dén gbc morpholin cia cdu tric.
Céc vach bodi trong vung truong thip duoc chia nhé thém bing ving l4n c4n cta CF,
vé6i cac proton nay. Trong phép phén tich sic ky 16ng-phd khdi LC/MS vé6i dd phan
giai cao (high resolution: HR), quan sat dugc ion gia phan tr (M+H") ¢ dién ap tao
phan manh thip (70V) trong ché do ion duong ESI v6i m/z bang 379,20580. Quan sat
duoc ion ndi bat khac & m/z bang 779,38575 dugc cho 1 san phim cong dime trong
ngudn 2M + Na*.

S6 liéu phd *C NMR cho thdy c6 14 su cong hudng cacbon riéng biét va dugc
tao ra tir phd cacbon 13C khir ghép ndi thu dugc & nhiét d 25°C trong CDCls. 14 su
cdng hudng 1a phu hop véi cAu tric c6 cong thire 1 trong d6 bén cap cta 18 nguyén tir
cacbon trong duong vé mit quang phd. Quan sat dugc mot sy cong hudng cacbon (C-
12 & 77,05 ppm) bi che mot phén béi sy cong huéng CHCls trong pho nay. Su c6 mit
cua cacbon & sy cong hudng nay dugc khing dinh bang cach thu thap phd 3C trong
CeDs; quan sat dugc sy cong huong & 79,7 ppm ma khong bi nhiéu tir dinh dung moi,
ngoai tat ca cac su cong huéng con lai quan sat dugc. Quan sat duge vach ba (2] =
244 Hz) v6i sy cong hudng C-22 bang 122,29, quan sat duge hai vach ba bd sung &
31,53 ppm (C-21 va C-23, 3] = 24,93 Hz), va & 31,53 ppm (C-20 va C-24, 4] = 5,37
Hz). Mdi vach ba quan sat dugc 1a phu hop véi sy thay thé F2 & vi tri C-22, va su
giam hing s6 két hop d6i véi flo do s6 luong lién két can thiép tang lén.

Tinh lién két cacbon-proton, va tinh lién két cacbon-cacbon (qua cic mbi trong
quan 2 va 3 lién két C-C-H) ciia khung phéan tir dugc khang dinh bang cach thu thap
phé NMR 2D. Tinh lién két C-H truc tiép dugc khing dinh bang pho HSQC, va tinh
lién két cta 2 va 3 lién két duoc chimg minh bang phd HMBC. Mbi twong quan chéo
trong khoang ngén va dai (so véi 2 hodc 3 lién két) 1a phi hop véi su lién két duoc du

doan tir cau tric dugc dé xuat. Cudi cung, s6 liéu vé su dich chuyén hoa hoc quan sat
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duge duoc phan dinh nhu duge thé hién trén day 13 phu hop véi su dich chuyén hoa

hoc cta '"Hva *C duge du doan bang may tinh doi véi cau truc da de xuat.

Hop chit N-(4,4-difloxyclohexyl)-2-(3,5-dimetyl-1H-pyrazol-1-yl)-6-
metoxypyrimidin-4-amin
Budc 1:

HN’N\ 1 dwong lwong)

\

Cl
Cl' NaH (1 dwong lvong), DCM

SN 0°C d@én -78°C, 2 givv
(Y~ B
// )\)'CH:g
’/ “Me

Binh day tron dugc lam kho bang ngon lira, c6 bdn ¢, dung tich 5000ml, dugc
trang bi canh khudy da phu teflon (5cm) c6 gin diia thuy tinh (cd 1), nut chan (cd 2),
va phéu bo sung c6 nut chin (cb 3) vabd diéu chinh luong khi nito dang 6ng hinh chit
U & diu vao-dau ra dugc nap diy dau (c6 4), duogc nap huyén phi ctia natri hydrua
(35,2g, 880mmol, 1 duong lugng) trong diclometan (1000ml) dugc cho thém 3,5-
dimetylpyrazol (84,6g, 880mmol, 1 duong lugng) & nhiét do 0°C va hdn hop phan
ung nay duogc khudy & nhiét do trong phong. Sau 30 phut, 4,6-diclo-2-
(metylsulfonyl)pyrimidin (200g, 880mmol, 1 dwong luong) (dugc hoa tan trong
diclometan (1000ml)) dugc cho thém nhé giot qua phéu nhé giot vao hdn hgp phan
{mg & nhiét do -78°C. Hon hop phan tmg nay dugc khudy & cing nhiét do va sw két
thic cua pﬁén ung dugc xéac dinh bang phuong phap TLC va UPLC. Sau 2 gio, hdn
hop phan Ung dugc to1 bang nudc & nhiét do -78°C va dugc pha lodng bing
diclometan. Sau 5 phut, diclometan dugc ling gan va rira bang dung dich nuéc mudi.
Lop hitu co duge lam khd bang natri sulfat, dugc loc, va co dudi ap suit giam dé thu
duoc san phdm thd, san pham nay dugc tinh ché bing cach sic ky cot sir dung etyl
axetat va ete ddu mo 1am dung mdi dé thu dugc hop chét 4,6-diclo-2-(3,5-dimetyl-1H-
pyrazol-1-yl) pyrimidin (138g, 567,71mmol, 65%) dudi dang chét rin mau tring nga.
MS (MH+): m/z = 244,2.

Buéce 2:
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F 1,1 dwong lvong) F
F>©\ /OLF
NH,

cl HN
N DIPEA (2 dwong lwong), ACN N
N 80°C, 16 gio |
cl N/)\N’N
)\7’CH3 )Q\)’C"h
H,C

Binh day tron dugc 1am kho bing ngon lira, ¢6 ba ¢d, dung tich 2000ml, dugc
trang bi thanh khudy da phu teflon (5cm), mot vach ngin (¢6 1), nut chan (cd 3) va
thiét bi ngung tu hdi luu dwgc trang bi bd diéu chinh luong khi nito dang dng hinh chir
U & dau vao-dau ra dugc nap day dau (cb 2), duoc nap dung dich chtra hop chat 4,6-
diclo-2-(3,5-dimetyl-1H-pyrazol-1-yl) pyrimidin (136g, 559,4mmol, 1 dwong luong)
trong axetonitril (1500ml), sau d6 nap 4,4-difloxyclohexylamin hydroclorua (105,6g,
615,4mmol, 1,1 duong luong) va N,N-diisopropyl etylamin (194,88ml, 1118,8mmol,
2 dwong lugng). Hon hop phan tng dugc gia nhiét ¢ nhiét do 80°C trong 16 gid. Su
két thuc cia phan tmg dugc xac dinh bang phuong phap TLC va UPLC. Hén hop
phan tmg dugc ¢ va phan cin dugc nghidn thanh bt véi nuée (500ml). Chat rén tao
thanh dugc loc, rira bang ete ddu mo, durgc lam kho trong chén khong dé thu duoc hop
chat 6-clo-N-(4,4-difloxyclohexyl)-2-(3,5-dimetyl-1H-pyrazol-1-yl)pyrimidin-4-amin
(191g, 556mmol, >95%) dudi dang chét rin mau tring nga. MS (MH+): m/z = 342.0.

Budce 3:
F
F
NaOMe (1,7 dwong lwong),
HN MeOH, 60°C, 6g|0 /(j\
N
N
O A

Cl N )N\\7—'CH3 CH3
= H3C

2

Binh déy tron duoc lam kho bang ngon lira, c6 ba c¢d, dung tich 250ml, dugc
trang bi thanh khudy da phu teflon (2cm), mot vach ngén (¢d 1), nut chan (cd 3) va
thiét bi ngung tu hdi Iuvu dugc trang bi bd didu chinh luong khi nito dang éng hinh chir
U & dau vao-dau ra dugc nap dy dau (c6 2), duge nap dung dich chtra hop chat 6-clo-
N-(4,4-difloxyclohexyl)-2-(3,5-dimetyl-1H-pyrazol-1-yl)pyrimidin-4-amin (20g,
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58,51mmol, 1 duong luong) trong metanol, sau d6 nap natri metoxit (21% trong
metanol, 5,37g, 99,47mmol, 1,7 duong luong). Hon hop phan ung dugc gia nhiét dén
60°C, va su két thic cua phan tmg dugc xéc dinh bang phuong phap TLC va UPLC.
Sau 5 gid, hon hop phan tng duge cd dudi ap suit giam va phan can dugc pha loing
bang etyl axetat, dugc ria bing nude, va rira bang dung dich nudce mudi. Lép hitu co
duoc lam khé bing natri sulfat, duoc loc, va cd dudi ap suit giam dé thu dugc san
pham tho, sén phim nay duoc tinh ché bang cach sic ky cot sir dung etyl axetat trong
ete dAu mo lam hé dung moi dé thu dugc hop chét N-(4,4-difloxyclohexyl)-2-(3,5-
dimetyl-1H-pyrazol-1-yl)-6-metoxypyrimidin-4-amin (c6 cong thirc 2) [16g (11g (do
tinh khiét 99%)+ Sg (dd tinh khiét 92%), 47,41mmol, ~80%) dudi dang chét rin mau
tring. MS (MH+): m/z =338,1. S liéu phan tich: 'H-NMR (400 MHz, DMSO-dg):
87,45 (bs, 1H), 6,06 (s, 1H), 5,72 (s, 1H), 4,01 (bs, 1H), 3,85 (s, 3H), 2,55 (s,
3H), 2,17 (s, 3H), 2,11- 1,82 (m, 6H), 1,60-1,55 (m, 2H).

Hop chét N-(4,4-difloxyclohexyl)-6-metoxy-2-(4-metylthiazol-2-yl) pyrimidin-4-amin

Budc 1:
i. n-BuLi 0
_N Et,0, -78°C, 1,5 giov
) e
S/ ii. DMF, nhiét 46 trong J—
phéng, 16 gi&r S

Binh day tron c6 ba ¢ dugc trang bi thanh khudy da phii teflon dugc nap ete
dietyl (250ml) va n-BuLi (241,98ml, 604,96mmol, 2,5M trong hexan) dugc chuyén &
nhiét do -78°C. Dung dich chura hop chét 4-metylthiazol (50,0g, 504,13mmol) trong
ete dietyl (200ml) dugc cho thém trong khoang thoi gian 30 phat. Hon hop phan tmg
ndy chuyén thanh huyén phti mau vang nhat. Sau 1,5 gio, DMF (58,54ml,
756,20mmol) duoc cho thém vio va hdn hop duge khudy & nhiét do trong phong
trong 16 gio. Qua trinh phan tmg duogc theo doi bang phuong phap TLC. Sau khi phan
g két thic, hon hop duge rét vao dung dich HCI lanh (400ml, 4N) trong khi khudy
va dugc tach thanh hai 16p. Lép hitu co duge rira bang dung dich HCI lanh (2 x 80ml,
4N)). Céc 16p nuée két hop duge bazo héa tir tir bang KoCOs (d6 pH = 7) va duge
chiét bang ete dietyl (3 x 150ml). Cac 16p hitu co két hop dugc lam khd bing natri
sulfat va duoc lam bay hoi dén khi kho & nhiét do trong phong trong chan khong dé
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thu dugc hop chat 4-metylthiazol-2-carbaldehyt (60,0g, dang tho) dusi dang chat léng

mau vang nhat. Chat tho niy dugc st dung trong budc tiép theo ma khong can tinh

ché thém.
Budc 2:
O HOwN
NH,OH.HCI |
" /\N)-‘ i H/SéN
Y/, Pyridin, nhiét o
S trong phong, 16 gi& S\/)i

59% (2 buéc)

Binh day tron c6 hai ¢d dugc trang bi thanh khudy da phu teflon duoc nap hop
chit 4-metylthiazol-2-carbaldehyt (60,0g, chat thd) trong pyridin (38,04ml,
472,40mmol). Hydroxylamin hydroclorua (32,82g, 472,40mmol) dugc cho thém tirmg
phan trong khoang thoi gian 15 phit. Hon hop phan tng nay duge khudy & nhiét do
trong phong trong 16 gid trong mdi trudng nito. Qua trinh phan mg duogc theo doi
bing phwong phap TLC. Sau khi phan tng két thuc, hdn hop nay dugc rét vao nude
da lam lanh b?mg nudc da va khuéy trong 20 phut, chét ran thu dugc duoc loc va lam
kho trong chan khong dé thu dugc hop chit 4-metylthiazol-2-carbaldehyt oxim
(40,0g, 281,69mmol, 59% qua hai budc) dudi dang chét rin mau tring nga. MS
(MH+): m/z=143,0.

Budc 3:

TFAA
NC.__N

HO"N
| Pyridin _
H™ \=N t/)—
\/)__ 1,4-dioxan S
S 0°C-nhiét dé trong
phong, 16 gio

Binh day tron c6 hai ¢ duge trang bi thanh khudy da phu teflon duoc nap dung
dich chira hop chit 4-metylthiazol-2-carbaldehyt oxim (35,0g, 246,44mmol) va
pyridin (87,33ml, 1084,35mmol) trong 1.,4-dioxan (140ml). Anhydrit trifloaxetic
(51,38ml, 369,66mmol) dugc cho thém tir tir & nhiét do -10°C va duge khudy & nhiét
do trong phong trong 16 gid. Qua trinh phan Umg dugc theo ddi bang phuong phap
TLC. Sau khi phan tng két thiic, hdn hop dugc pha lodng bang nudc (250ml) va chiét
bang ete dietyl (3 x 350ml). Céc 16p hitu co két hop dugc rira bang nude (2 x 250ml),

nuée mudi (100ml), duge 1am kho bang natri sulphat va c6 duéi ap sudt giam dé thu
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dugc hop chat 4-metylthiazol-2-carbonitril (35,0g, chét thd) dudi dang chit 1ong mau
nau nhat. Chit thd nay dugc st dung trong budc tiép theo ma khong can tinh ché
thém. S6 liéu phan tich: '"H-NMR (400 MHz, DMSO-ds): & 7,90 (s, 1 H), 2,51 (s, 3
H).

Budc 4:
NH4ClI HCI NH
NC _N NaOMe
A Y

S\/)_ MeOH J]\S//\I\;)—

nhiét d trong
phong, 16 gi®
Binh day tron c6 hai c¢b dugc trang bi thanh khudy da pht teflon duge nap hop
chit 4-metylthiazol-2-cacbonitril (35,0g, chit thd) trong metanol (280ml) va natri
metoxit (16,77g, 310,45mmol) dugc thém vao. Sau khi khudy & nhiét do trong phong
trong 3 gio, amoni clorua (30,19g, 564,66mmol) dugc thém vao va hdn hop duge
khudy trong 16 gi® nita. Qua trinh phan tmg dugc theo ddi bang phuong phap TLC.
Sau khi phan vmg két thic, hdn hop dugc loc va rira bing metanol. Phan nuée loc
duoc cd dudi ap suét giam va phan can dugc nghién thanh bot véi ete dietyl (150ml).
Chét ran tao thanh dugc loc va lam kho trong chin khong dé thu dugc hop chat 4-
metylthiazol-2-carboximidamit hydroclorua (35,0g, chit thd) dudi dang chat rin mau
tréng nga. Chat thé nay dugc st dung trong bude tiép theo ma khong can tinh ché
thém. MS (MH+): m/z=142,0.
Budgc 5:

o O

/\OJ\/”\O/\ o
Hel NH o
Jkr“ NaOEt (21%/EtOH) S
HN™ N -
z I")—  EoHs0C 240 éLW/N

Binh day tron ¢6 hai ¢d dugc trang bi thanh khudy da phu teflon dugc nap hop
chit 4-metylthiazol-2-carboximidamit hydroclorua (35,0g, chit thd) trong etanol
(350ml) va dietyl malonat (150,81ml, 988,64mmol). Natri etoxit (320ml,
988,64mmol, 21% trong EtOH) dugc cho thém nho giot & nhiét do trong phong va
duoc gia nhiét dén nhiét do 85°C. Sau 3 gid, hén hop phan tng duge c6 dusi ap suat
giam. Nudce (20ml) dugce thém vao va hdn hop nay duoc axit hoa bang HCI 1,5N (do
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pH = 2-3). Chét ran thu dugce duoc loc va lam kho trong chan khong dé thu duoc hop
chit 2-(4-metylthiazol-2-yl) pyrimidin-4,6-diol (29,0g, chat thd) duéi dang chat rdn
mau vang nhat. Chat tho nay duge st dung trong budc tiép theo ma khong can tinh
ché thém. MS (MH+): m/z=210,0.

Budc 6:

OH Cl

POCls
fN N,N-dietylanilin r
HO N/)\r/N 100°C, 2 gioy cl N/)\r/N
s \/7" 32% (4 budr) s \/)/

Binh day tron c6 hai ¢6 dugc trang bi thanh khudy da phu teflon dugc nap

huyén phi cia hop chét 2-(4-metylthiazol-2-yl) pyrimidin-4,6-diol (29,0g, chat tho)
va POCl5 (290ml). N,N-dietylanilin (37,84ml, 235,85mmol) dugc thém vao & nhiét do
trong phong va dugc gia nhiét hoi lvu & nhiét d6 100°C trong 2 gio. Qué trinh phan
mg dugc theo ddi bang phwong phap TLC. Lugng POCl3 du dugce loai bo bang céach
chung cét. Phan cin duoc pha loing bang 500ml nuéc lanh, dugc lam trung hoa bang
dung dich natri'bicacbonat bdo hoa, dugc chiét bing ete dietyl (2 x 500ml). Cac 16p
hiru co két hop duoc rira bang nuée (3 x 200ml), nuée mudi (100ml), duge lam kho
bang natri sulfat va co dudi ap suit giam. Phan cin dugc nghién thanh bdt véi n-
pentan (100ml). Chét ran thu dugc dugc loc va lam kho trong chan khong dé thu duoc
hop chat 2-(4,6-diclopyrimidin-2-yl)-4-metylthiazol c6 cong thic 7 (19,5g,
79,59mmol, 32% qua bbén budc) dudsi dang chit rin mau vang nhat. MS (MH+):
m/z=245,9.
Budc 7:

F

F HN
rN .\ HC'/OLF C32CO3
Cl N/)\(/N H,N CH:CN fN
S j’ ? 80°C, 16 giv NN
84% Cl N /\/>/

S
Binh day tron c6 hai ¢d dugc trang bi thanh khudy da phu teflon dwgc nap
huyén phi ciia hop chét 2-(4,6-diclopyrimidin-2-yl)-4-metylthiazol (19,0g, 77,56
mmol) va 4,4-difloxyclohexan-1-amin hydroclorua (13,30g, 77,56mmol) trong
axetonitril (190ml). Xesi cacbonat (37,89g, 116,34mmol) dugc thém vao va hén hop
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phéan {mg dugc gia nhiét ¢ nhiét do 80°C trong 16 gio. Qua trinh phan tmg dugc theo
doi bang phuong phap TLC. Hén hop phan tng duge lam ngudi dén nhiét do trong
phong, dwoc loc, va chét rén dugc rira bang etyl axetat (500ml). Phan nudéc loc duoc
rira bang nude (2 x 100ml), nwée mudi (100ml), duge 1am kho bang natri sulfat, va co
dudi ap suét giam. Phin cin dugc tinh ché bang cach sic ky cot (silicagel c¢& 60-120),
duogc rira giai bang EtOAc 15% trong hexan. Céac phan doan lién quan chira hop chét
can thiét dugc két hop va lam bay hoi dén khi kho dué6i ap sut giam dé thu duoc hop
chit 6-clo-N-(4,4-difloxyclohexyl)-2-(4-metylthiazol-2-yl)pyrimidin-4-amin (22,5g,
65,25mmol, 84%) dudi dang chét rén c6 bot mau tring nga. MS (MH+): m/z=344.,9.

oM
HN
MeOH

~N
o I N/)\\/N 80°C, 16 gio MeO N/J\\/N
- 87% € -
L)~ J

Budc 8:

NaOMe

\
-
z

Binh d4y tron c¢6 hai cd dwoc trang bi thanh khudy d3 phi teflon dwgc nap hop
chit 6-clo-N-(4, 4-difloxyclohexyl)-2-(4-metylthiazol-2-yl) pyrimidin-4-amin (27,0g,
78,47mmol) trong metanol (450ml). Natri metoxit (21,19g, 392,36mmol) dugc thém
vao va hon hop ndy duoc gia nhiét dén nhiét 46 80°C trong 16 gio. Qua trinh phén (g
duge theo ddi bang phuong phap TLC. Lugng metanol du duge loai bo dudi ap suét
giam va phan can duge pha lodng bang dung dich amoni clorua trong nuéc 10%
(100ml) va duoc chiét bang etyl axetat (3 x 150ml). Cac 16p hitu co két hop dugc rira
bang nudce (2 x 100ml), nudce mubi (100ml), dugc lam kho bang natri sulphat va co
dudi ap suét giam. Phan cin duoc tinh ché bang cach sic ky cot (silicagel c¢& 60-120)
rira giai bang EtOAc 35-40% trong hexan. Céac phén doan lién quan chira hop chat
dich dugc két hop va lam bay hoi dén khi kho dudi 4p suat giam dé thu duge hop chét
N-(4,4-difloxyclohexyl)-6-metoxy-2-(4-metylthiazol-2-yl) pyrimidin-4-amin (c6 cong
thirc 3) (23,4g, 68,82mmol, 87%) du6i dang chit rin mau tring nga. MS (MH+):
m/z=341,0. S liéu phan tich: 'H-NMR (400 MHz, DMSO-ds): & 7.41 (s, 1 H), 7,40
(s, 1 H), 5,81 (s, 1 H), 3,87 (s, 3 H), 2,43 (s, 3 H), 2,08-1,89 (m, 6 H), 1,61-1,52 (m, 2
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H).

Hop chat (S)-1-(6-((4,4-difloxyclohexyl)amino)-2-(4-metylthiazol-2-yl)pyrimidin-4-
yl)etan-1-o0l

Budc 1:

A i
/OLF EtO” “SnBuj, (1,1 dwong lvong) E
HN
N

Pd(PPh;),Cl (0,02 dwong lvong) H
DMF, éng dwoc bit kin

AN
B S
_ N 80°C, 16 gi | N
CI” N /\7, > EtO /)\(N
W Buérc 1 N i
75% S

Ong dugc bit kin ¢6 dung tich 250ml, dugc trang bi thanh khudy da phi teflon
(2cm), dugc nap dung dich chira hop chit 6-clo-N-(4,4-difloxyclohexyl)-2-(4-
metylthiazol-2-yl)pyrimidin-4-amin  (4,9g, 14,24mmol, 1,0 duong lugng) va
tributyl(1-etoxyvinyl)stanan (5,65g, 15,66mmol, 1,1 duwong Iugng) trong N,N-
dimetylformamit (60ml). Hon hop phan tng dugc loai khi bang cach st dung khi
argon trong thoi gian tr 5 dén 10 phut, sau d6 cho thém bis(triphenylphosphin)
paladi(Il) diclorua (0,2g, 0,28mmol, 0,02 duong luong). Hon hop phéan tng ndy duge
bit kin va gia nhiét ¢ nhiét do 80°C trong 16 gio (su két thic coa phan Umg duoc xac
dinh bang phuong phap LCMS) va dugc 1am ngudi dén nhiét d6 trong phong. Hon
hop phan ung dugc pha lodng bing nuéc (300ml) va chiét bing etyl axetat (2 x
150ml). Cac chat hiru co két hop duoc lam kho bang natri sulfat, duogc loc, va 1am bay
hoi dé thu duoc san phim tho dudi dang chat rin dinh mau nau nhat. Chat thd nay
duoc tinh ché bang cach sic ky cot (etyl axetat/hexan 1am hé dung mdi) dé thu duoc
hop chit N-(4,4-difloxyclohexyl)-6-(1-etoxyvinyl)-2-(4-metylthiazol-2-yl)pyrimidin-
4-amin (4,1g, 10,78mmol, 75%) dudi dang chit rdn mau trdng nga. MS (MH+):
m/z=381,0.

Budc 2:
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F F
of ok
HN HCI 2N HN
l SN Axeton, 27-30°C, 3 gi&r SN
EtO N/)\(/N - N/)\r/N
$ J"’ Budc 2 f
73% o S

Binh day tron dugc trang bi thanh khudy da phu teflon duoc nap hop chét N-
(4,4-difloxyclohexyl)-6-(1-etoxyvinyl)-2-(4-metylthiazol-2-yl)pyrimidin-4-amin
(9,0g, 23,67mmol, 1,0 duong lugng) trong axeton (120ml), sau d6 cho thém dung dich
nuée axit clohydric 2N (20ml). Hon hop phan ung nay dugc khudy o nhiét do trong
phong trong 3 gio va su két thuc cta phan tmg dugc xac dinh bang phuong phap
L.CMS. Hdn hop phan tng dwoc cd dé loai bé axeton, pha lodng bang nudc di lam
lanh bang nude da (100ml), dugc bazo hoa bang dung dich natri cacbonat bdo hoa, va
chiét bing etyl axetat (2 x 100ml). Céc chét hitu co két hop duge 1am kho bang natri
sulfat, dugc loc va 1am bay hoi dudi ap suat giam dé thu dugc san pham tho dudi dang
chit rén dinh mau ndu nhat. Chit thé nay dugc tinh ché bing cach sic ky cot (etyl
axetat/hexan 1am hé dung moi) dé thu dugc hop chat  1-(6-((4,4-
difloxyclohexyl)amino)-2-(4-metylthiazol-2-yl)pyrimidin-4-yl)etan-1-on (6,1g,
17,32mmol, 73%) du6i dang chét rin mau tring nga. MS (MH+): m/z=353,0.

Budc 3:
F F
(O ION
HN
NaBH4 (0,5 dwong lwong) HN
| ~N MeOH, -10°C, 1 gi&» | XN
N/)\r/\N/)’ .~ N/)\(/N
5 S Buéc 3 \/}"
97% OH . S

(Hop chét raxemic)

Binh day tron dugc trang bi thanh khudy da phi teflon duoc nap hop chat 1-(6-
((4,4-difloxyclohexyl)amino)-2-(4-metylthiazol-2-yl)pyrimidin-4-yl)etan-1-on  (5,6g,
15,90mmol, 1,0 duong lugng) trong metanol (80ml) & nhiét d -10°C, sau d6 nap natri
bohydrua (0,302g, 7,95mmol, 0,5 duong lugng). Hon hop phan tng duge khudy &

cung nhiét do trong 1 gio va su két thic cia phan tmg dugce xac dinh bang phuong
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phap LCMS. Hon hop phan tng dugc t6i bang nuéc va cd duéi ap suit giam dé loai
b6 metanol. Phan cin duge pha lodng bang nuée da lam lanh bing nuée da (100ml)
va chiét bing etyl axetat (2 x 100ml). Céc chét hiru co két hop duge lam kho bang
natri sulfat, duoc loc va lam bay hoi duéi ap sudt giam dé thu dugc hop chat 1-(6-
((4,4-difloxyclohexyl)amino)-2-(4-metylthiazol-2-yl)pyrimidin-4-yl)etan-1-ol c6 cong
thac 4 (5,5g, 15,53mmol, 97%) duéi dang chét rin mau tring ngd ciia hdn hop
raxemic. MS (MH+): m/z=355,0.
Budc 4:

O L

AN N ‘. \
| HPLC khong d6i xtrng
Pz N -
N)\r/ , )\(
OH , Ve Buoc4 Ve

(Hop chét raxemic)

Hop chét raxemic 1-(6-((4,4-difloxyclohexyl)amino)-2-(4-metylthiazol-2-
yl)pyrimidin-4-yl)etan-1-ol c¢6 cong thirc 4 (5,5g) dugc tinh ché bing phuong phép
HPLC khong d6i xung (cot: Chiralpak-IC (250*20%5,0p); Pha dong A:N-Hexan
(DEA 0,1%), Pha dong B: IPA:DCM (90:10) hdn hop dang dong: 50:50 (A:B); tdc do
dong: 15,0ml/phut; 120/14n bom; thoi gian thuc hién: 15 phut) dé thu dugc hop chét
(S)-1-(6-((4,4-difloxyclohexyl)amino)-2-(4-metylthiazol-2-yl)pyrimidin-4-yl)etan-1-
ol ¢6 cong thiac 5 (2,1g, 5,93mmol, 38%) dudi dang chét rdn mau tring nga tir cic
phan doan rtra giai thr nhét (dinh-1, RT= 4,24 phat). MS (MH+): m/z=355,0,1H
NMR (400 MHz, DMSO-de): 8 7,59-7,57 (d, J = 6,0 Hz, 1H), 7,37(s, 1H), 6,64 (s,
1H), 5,37-5,36 (d, J = 4,4 Hz, 1H), 4,52-4,50 (t, J = 11,2 Hz, 5,6 Hz, 1H), 4,05 (bs,
1H), 2,43 (s, 3H), 2,10-1,96 (m, 6H), 1,62-1,59 (m, 2H), 1,35-1,33 (d, /= 6,4 Hz, 3H).
ChAt ddng phan dbi 4anh khac: (R)-1-(6-((4,4-difloxyclohexyl)amino)-2-(4-
metylthiazol-2-yl)pyrimidin-4-yl)etan-1-ol c¢6 cong thitc 6 (2,05g, 5,78mmol, 37%)
dudi dang chét rdn mau tring nga tir cdc phan doan rta gii tha hai (dinh-2, RT= 6,45
phat). MS (MH+): m/z=355,0. 'TH NMR (400 MHz, DMSO-de): & 7,60-7,59 (d, J =
5,6 Hz, 1H), 7,37(s, 1H), 6,64 (s, 1H), 5,38 (bs, 1H ), 4,52-4,51 (d, J = 6,8 Hz, 1H),
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4,10 (bs, 1H), 2,43 (s, 3H), 2,10-1,91 (m, 6H), 1,65-1,57 (m, 2H), 1,35-1,34 (d, /= 6,8
Hz, 3H).

Hop chat 2-(3-xyclopropyl-1H-pyrazol-1-y1)-N-(4,4-difloxyclohexyl)-6-
morpholinopyrimidin-4-amin

Budc 1:

F
(r
HCI H,N Q
Cl Cs2C0s, ACN HN

75°C, 16 giov

SMe SMe

Binh day tron dugce lam kho bing ngon Itra, c6 ba ¢b, dung tich 1000ml, duoc
trang bi thanh khudy di phu teflon (3cm), mot vach ngan (c6 1), nut chan (cd 3) va
thiét bi ngung tu hdi luu dugc trang bi bd didu chinh Iwgng khi nito dang 6ng hinh chit
U & dau vao-dau ra dugc nap day dau (cb 2), duge nap dung dich chua hop chét 4,6-
diclo-2-(metylthio)pyrimidin (150g, 768,94mmol, 1,0 dwong luong) trong axetonitril
(1500ml), sau d6 nap 4,4-difloxyclohexylamin hydroclorua (158,35g, 922,733mmol)
va xesi cacbonat (526g, 1614mmol, 2,1 duong lugng). Hon hgp phan tmg dugc gia
nhiét & nhiét do 75°C trong 16 gio. Hon hop phan tng nay duoc loc dé loai bo lugng
xesi cacbonat du, sau d6 phan nuéc loc duge co dudi ap suit giam dé thu dugc 210g
(hiu sudt 93%) hop chat 6-clo-N-(4,4-difloxyclohexyl)-2-(metylthio)pyrimidin-4-
amin dudi dang chét rin mau vang nhat. MS (MH+): m/z = 294,0.

Budc 2:

P ACN, 85°C, 16 gi(;,
S
Dung dich chura hop chat 6-clo-N-(4,4-difloxyclohexyl)-2-

(metylthio)pyrimidin-4-amin (60g, 204,24mmol, 1,0 dwong luong) va morpholin
(35,6ml, 408,48mmol, 2,0 duong luong) trong axetonitril (600ml) dugc gia nhiét o
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nhiét do 85°C trong 6ng duge bit kin trong 16 gid. Sau khi phan Gng két thiic, hdn hop
phan tng dugc co, va phén can tao thanh duoc toi béng nudc da lam lanh béng nudc
d4. Chét rén thu duoc duge loc va rira bang nuée (500ml), hexan (250ml), duge 1am
kho trong moi truong c6 do chan khong cao dé thu dugc hop chét N-(4.,4-
difloxyclohexyl)-2-(metylthio)-6-morpholinopyrimidin-4-amin duéi dang chét rén
mau tring nga (62g, hiéu suit 88%). MS (MH+): m/z =345,2.

Budc 3:

F F

BON JIPeN

(Boc)20, DMAP

bN 'TEA, THF, 80°C, 16 givv fN
PN L L

Binh day tron dugc lam kho bang ngon Ittra, c6 ba cb, dung tich 100ml, dugc
trang bi thanh khudy da phu teflon (3cm), mot vach ngan (c6 1), nut chan (cb 3) va
thiét bi ngung tu hdi luu dugc trang bi bd didu chinh lugng khi nito dang 6ng hinh chit
U & dau vao-dau ra duoc nap diy dau (¢ 2), duge nap dung dich chtra hop chit N-
(4,4-difloxyclohexyl)-2-(metylthio)-6-morpholino pyrimidin-4-amin (1g, 2,90 mmol)
trong tetrahydrofuran (15ml), sau d6 duoc nap hop chit 4-N,N-dimetylaminopyridin
(0,1g, 0,87mmol, 0,3 duong luwgng), trietylamin (1,2ml, 8,7lmmol, 3,0 duong
luong) va Boc anhydrit (3,16g, 14,51mmol, 5,0 duwong luong), sau do hdn hop phéan
tmg dugc gia nhiét ¢ nhiét do 80°C trong 16 gio. Sau khi phan tng két thuc, hén hop
phan ng nay duogc to1 bang nudc va chiét bang etyl axetat (2x75ml). Lép hitu co két
hop dugc lam kho bing natri sulfat khan va dugc cd dé thu duoc hop chét tert-butyl
(4,4-difloxyclohexyl)(2-(metylthio)-6-morpholino pyrimidin-4-yl)carbamat dudi dang
gbm mau vang (1,1g, 85%). MS (MH+): m/z =445,2.

Buéce 4:
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F

/%iN/OLFmCPBADMC /Q)L /OL

0°C-nhiét d6 trong
/(&N phong, 2 gi&
| ” |
(\N N/)\Sl\/le @ N/)\SOZMe

o/ 0

Binh day tron ¢6 mdt cb, dung tich 100ml, dugc ndi véi thiét bi ngung tu hoi
luu dugce trang bi bd diéu chinh lwong khi nito dang éng hinh chit U & d4u vao-dau ra
duoc nap day dau, thanh khudy da phu teflon (1cm), dugc nap dung dich chira hop
chat tert-butyl (4,4-diﬂoxyclohexyl)(2-(metylthio)-6—m0rph0ﬁn0pyrimidin-4-
yl)carbamat (50g, 112,47mmol) trong diclometan (600ml), sau d6 nap axit 3-
cloperbenzoic (axit m-cloperbenzoic) (58,2g, 337,42mmol, 3,0 duong luong) & nhiét
dd6 0°C. Hon hop phan tmg dugc 1am 4m tir tir dén nhiét do trong phong va khudy
trong 30 phut. Sau khi phan Ung két thac, hon hop phan ung duoc toi bang dung dich
bicacbonat bdo hoa va chiét bang diclometan (2x250ml). Lop hiru co két hop dugc
lam kho bing natri sulfat khan va dugc cd dé thu dugc hop chét tert-butyl (4,4-
difloxyclohexyl)(2-(metylsulfonyl)-6-morpholinopyrimidin-4-yl)carbamat du6i dang
¢dm mau tring nga (52g, hidu suat 97%). MS (MH+): m/z =477,3.

Budc 5:
Py LR T
Cs2C0s3, ACN
| NN 80°C, 16 gi&
N N)\SOZMe N lN/)\N/N\
0 ! M

Binh day tron c6 mot cd, dung tich 100ml, dugc ndi vai thiét bi ngung tu hoi
Iwu duoc trang bi bd diéu chinh lugng khi nito dang 6ng hinh chit U & d4u vao-dau ra
dugc nap day dAu, thanh khudy da phu teflon (2cm), duoc nap dung dich chira hop
chit tert-butyl (4,4-difloxyclohexyl)(2-(metylsulfonyl)-6-morpholinopyrimidin-4-
yl)carbamat (0,9g, 1,88mmol) trong axetonitril (10ml), sau d6 nap 3-xyclopropyl-1H-
pyrazol (0,3g, 2,83mmol, 1,5 duong luong) va xesi cacbonat (1,23g, 3,77mmol, 2,0
duong luong). Hon hop phan Gng dugc gia nhiét ¢ nhiét do 80°C trong 16 gio, va su
két thic ctia phan tng dugc xac dinh bing phuong phap TLC va LCMS. Hén hop
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phan ng dugc loc va phan nude loc dugce cd. Sén pham tho dugce tinh ché bang cach
sdc ky cot sir dung silicagel ¢& 60-120 v6i etyl axetat-ete dau mo 1am hé dung moi.
Chét tach dugc duge lam kho trong chén khong dé thu dugc hop chét tert-butyl (2-(3-
xyclopropyl-1H-pyrazol-1-yl)-6-morpholinopyrimidin-4-y1)(4,4-difloxyclohexyl)
carbamat dudi dang chét rin mau tring nga (0,8g, 84%). MS (MH+): m/z =505.

Budc 6:

F
IS eON r
O)J\N TFA, DCM HN

0°C-nhiét dé trong
hong, 6 gié
SN phong, 6 gi& . XN

f/x N AL

7

Binh day tron dugc lam kho bang ngon lira, ¢6 ba cd, dung tich 100ml, dugc
trang bi thanh khudy da phu teflon (2cm), mdt vach ngan (cb 1), nat chan (cb3) vabod
diéu chinh lwong khi nito dang ng hinh chit U ¢ dau vao-dau ra dugc nap diy dau (co
2), dugc nap dung dich tert-butyl (2-(3-xyclopropyl-1H-pyrazol-1-yl)-6-
morpholinopyrimidin-4-y1)(4,4-difloxyclohexyl)carbamat (1,2g, 1,98mmol, 1 duong
luong) trong diclometan (40ml), sau d6 nap axit trifloaxetic (2,5ml, 32,5 5mmol, 16,4
duong lwong) & nhiét dd 0°C. Hon hop phan tng duge lam 4m tir tir dén nhiét do
trong phong va dugc khudy & cung nhiét do ndy trong 6 gid. Su két thiic ctia phan Gmg
duoc xac dinh bang phuong phap TLC va UPLC. Hon hop phan tmg duoc cb va phan
can tao thanh duogc toi bé'tng dung dich natri bicacbonat bdo hoa 10%, duoc chiét béng
etyl axetat (2x100ml), va cd duéi ap sudt giam dé thu dugc san pham tho. San pham
tho nay dugc tinh ché biang cach sdc ky cot sir dung silica gel c& 60-120, etyl axetat-
ete ddu mo lam hé dung mai. Chét rén tao thanh dugc lam kho trong chan khong dé
thu dugc hop chit 2-(3-xyclopropyl-1H-pyrazol-1-yl)-N-(4,4-difloxyclohexyl)-6-
morpholinopyrimidin-4-amin c6 cong thirc 7 (0,73g, 90%). MS (MH+): m/z=405. S6
lidu phan tich: 'TH-NMR (400 MHz, DMSO-d): 6 8,39 (d, J = 2,4 Hz, 1H), 7,08 (d, J
=8,0 Hz, 1H), 6,14 (d, J= 2,80 Hz, 1H), 5,53 (s, 1H), 3,88 (s, 1H), 3,69-3,67 (m, 4H),
3,50 (m, 4H), 1,99-1,90 (m, 7H), 1,56-1,54 (m, 2H), 0,93-0,89 (m, 2H), 0,72-0,71 (m,
2H).
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Thir nghiém sinh hoc

Hoat tinh sinh hoc duge x4c dinh nhu sau. Dong ion qua cac kénh K* duoc hoat
hoéa bang ion Ca®" dan truyén mic do nhé (kénh SK, kiéu phu 2) duoc x4c dinh bang
cach st dung céu hinh té bao toan phan cua k¥ thuat kep rap nbi (patch-clamp) trong
thiét bi kep rap néi bing cach st dung céc t& bao nudi cdy mé HEK293 biéu hién kénh
SK2 nhu dugc md ta trong tai liéu: Hougaard et al., British Journal of Pharmacology
151, 655 — 665, May 8, 2007, toan bd ndi dung cia tai liéu nay duoc dua vao day dé
tham khéao. Theo mot khia canh, mot hop chit duoc xac dinh 1a chét diéu bién bién
cdu duong (Positive Allosteric Modulator: PAM) néu hop chit d6 1am tang dong trong
thtr nghiém nay, vi du, néu gia tri SCio0 clia hop chét nay 1a nho hon hodc bing 10uM
nhw dugc x4c dinh bing thir nghiém nay. Gia tri SCioo dugc xac dinh 12 ndng do cua
hop chét 1am tang dong co s 1én 100%.

Gia tri SCioo dugc thé hién trong Bang 1.

Chuot duc Sprague Dawley dugc cho st dung chét dan thudc, hodc hop chét c6
cong thic 1 voi lidu 10 hodc 30 mg/kg qua dudng miéng trude khi tiém harmalin 30
phut dé danh gia hiéu qua diéu tri cta hop chét ¢6 cong thic 1 dbi voi chiung run do
harmalin gy ra. Ngay sau khi tiém harmalin, cac con chudt dugc cho vao thiét bi dinh
luong mirc do run va s6 1an run dugc dém trong 60 phat. Tin hiéu ctuia su run duoc tao
ra khi dai chét dan truyén 1 kim loai & mtc nho duge 1am khép véi chan trude bén
phai cia chudt di chuyén trong trudng dién tir duoc tao ra béi anten vong trong thiét
bi thir nghiém. Tin hiéu ra tir bo khuéch dai dugc s6 héa véi ty 1& 1dy mAu ¢ 1000Hz
va tin hiéu nay dugc xu ly va phén tich bang cach st dung chuong trinh phin mém
LabView (National Instruments). Pé lam giam dén mirc t6i thiéu tin hiéu tir hanh
doéng van dong béng chan mut va liém 16ng, tin hiéu nay duoc loc béng b0 loc su van
dong khong trong lugng trung binh trong 128-mili gidy, va cac l4n run véi bién do >
0,5V va kéo dai > 300 mili gidy theo thoi gian dugc dém 1am mot 14n run. Céc sb liéu
dugc phan tich trong céc bin 12 mot phut trong khoang thoi gian thir nghiém va duge
thé hién dudi dang tong sb lan run trong téng thoi gian thir nghiém 1a 60 phut. Nhu
duogc thé hién trén Fig.1, quan sat dugc su (e ché dang ké s6 1an run véi lidu 30 mg/kg

ctia hop chat c6 cong thirc 1.
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Tac dung lam giam ching run cua hop chét c6 cong thire 1 cling da duge ching
minh boi két quéa xéac dinh tan xuét run cua toan bd co thé bang gia toc ké kiéu tim
luc.

Chung run cua toan bd co thé dugc xac dinh béng thiét bi theo doi ching run
San Diego Instruments (San Diego, California, M§). Cac con chudt dugc diéu tri so
bo bang hop chat c6 cong thirc 1 véi lidu 3, 10, hodc 30 mg/kg qua dudng miéng 30
phut trude khi st dung harmalin véi lidu qua duodng trong mang bung. Ching run
dugc x4c dinh trong 30 phit sau khi st dung harmalin, va cac s6 liéu duogc phan tich
bang phwong phap chuyén dang Fourier nhanh va két qua duoc thé hién duéi dang
phd cong suét theo tan s6. Harmalin 1am ting déng ké phd cong suét trong dai tan sb
nim trong khoang tr 10 dén 14Hz. Trong khoang nay, ca ba lidu 3, 10, va 30 mg/kg
déu lam giam déang ké ching run. Céc s6 liéu duoc phan tich thém bang céch tinh ty 18
% kha ning van dong (percent Motion Power: %MP), dugc xac dinh theo cong suét
trong dai tan sd nim trong khoang tir 9 dén 13Hz chia cho tdng cbng suét trong toan
b5 phd (0 — 30Hz) nhén vé6i 100. Bing phép phan tich nay, liéu 3, 10, va 30 mg/kg
lam gidm dang ké chimg run do harmalin gy ra (harmalin + chét dan thude (n=13);
harmalin + hop chat ¢é cong thirc 1 v6i lidu 3 mg/kg (n=8), P<0,01; hop chét c6 cong
thire 1 v6i lidu 10 mg/kg (n=16) va hop chét c6 cong thire 1 véi liéu 30 mg/kg (n=13),
tuwong tng, P<0,05) (Fig.2).

Tém lai, cac sb lidu nay cho thiy rang hop chét c6 cong thic 1 1am gidm déang
ké ching run do harmalin gy ra dugc xac dinh bang hai mé hinh thir nghiém khéc
nhau.

Mirc do ma céc hop chit didu bién kénh SK2 in vivo duge thé hién theo ty 1¢
%SK2 SCioo, 1a ty 1€ cua néng dd duoc chét dang tu do trong ndo vo6i hiéu luc xac
dinh dugc cua hop chit dbi véi kénh SK2. Ty 1& nay duoc tinh nhu sau: Crp = Cus X
BFF, trong d6 Cums 12 ndng d6 cta hop chit duoc x4c dinh bang phuong phép sic ky
16ng-phd khdi tir ndo dugc thu hoach ngay sau khi ghi duogc hién tugng run (Bang 1,
“Néng do trong ndo xac dinh duoc”). Crs la luong hop chét tw do khong dugc tao
phtic véi protein va do d6 khong tiép xic v6i kénh SK2 (Bang 1, “Ndng d6 trong nio
& dang tu do theo ly thuyét”). BFF 1a ty 1¢ dang ty do trung binh cta hop chét khi

dugc xac dinh bang phuong phap thAm tach cén bang trong cac thir nghiém riéng biét
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(ndng dd hop chét thir nghiém 1 uM dugce u trong dich ddng thé md nio chuodt 10%
trong 5 gi® & nhiét do 37°C) (Bang 1, “ty 1¢ dang tu do trong nd0”). Dugc chét dang
tu do trong ndo c6 thé twong tic véi kénh SK2 (Crp) thu dugc bang cach nhan tong
ndng do trong nio x4c dinh duge (Cme) véi ty 1& dang tu do trung binh (BFF).

Sau do6, luong hop chét tu do dugc thé hién theo hiéu luc ctiia hop chét nay dbi
v6i kénh SK2 nhu sau: %SK2 SCio0 = Crg /SK2 SCigo x 100, trong d6 SK2 SCio
(Bang 1, “SK2 SCi00”) la gia tri hiéu luc x4c dinh dugce cia hop chét d6i v6i kénh
SK2 va %SK2 SCigo (Bang 1, “%SK2 SCig0”) 1a ndng d6 dang tu do trong ndo (Crs)

duge chudn hoa véi SK2 SCroo. Céc gia tri dugc thé hién trong Bang 1.

Bang 1
Hop | Li€ucdod Nong do Ty 1€ Nong do SK?2 Ty 1€ %
chat | hiéu qua | trong ndo xac | dang tu dang tr do | SCigo x4c | SK2 SCioo
& muc tdi | dinh duoc do trong trong ndo dinh theo ly
thiéu (M) ndo xac | theo Iy thuyét |  dugc thuyét
(mg/kg) dinh (LM) (LM)
duoc
1 30 1,3 0,065 0,08 0,5 16

Hiéu qué ddi vai tinh khong déu vé su phét ra dong dién cla té bao Purkinje trong cac
14t c&t Ex Vivo tix chudt chuyén gen SCA2 58Q

Trong cac lat cat tiéu ndo tir chudt SCA2 58Q, cac té bao than kinh Purkinje c6
su phat ra dong dién khong dn dinh, c6 thé x4c dinh theo su ting hé s6 bién thién cta
khoang thoi gian dinh (ISI CV), két qua veé tinh déu cua khoang thoi gian phat ra dong
dién giita cdc dién thé tac dong. Sy khac biét vé ISI CV gita chudt kiéu dai (N=8) va
SCA?2 58Q (N=11) duge thé hién trén Fig.3 (P<0,005). Viéc thuc hién mé tiép theo
ciing duoc thé hién v6i hop chit ¢ cong thire 1 véi lidu 1 (N=11) hodc 3 uM (N=10)
lam d4o ngugc mot phan su tang gia tri ISI CV quan sét dugc trong cac lat cit tiéu ndo
tir chudt SCA2 58Q mudi mot thang tudi (P<0,05). Céc s6 liéu nay cho thay rang hop
chét c6 cong thic 1 ¢6 tac dung didu hoa su phat ra dong dién cua té bao Purkinje
bang cach khdi phuc mot phan khoang thoi gian dinh trong md hinh chudt nay méac

chtirng mat dic€u hoa tiy song-ti€u nfo.
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Déanh gia hiéu qua cua hop chét trong m6 hinh chuot di khong vimng méc chimg mat
diéu hoa timg dot 2 (Episodic Ataxia 2: EA2)

Hop chit c¢6 cong thie 1 da duge chimg minh 1a ¢6 hiéu qua trong mo6 hinh
dong vat thich hop méic ching mét diéu hoa di truyén (EA2) va ET (chiing run do
harmalin gy ra). D& thir nghiém xem hop chét c6 cong thirc 1 co thé 1am giam ching
mét didu hoa trong mo hinh bénh hay khong, hop chét nay dugc dénh gid trong md
hinh chudt “di khong vilmg” EA2. Cac con chudt nay méc chimg mat diéu hoa co ban
do tinh khong déu vé su phat ra dong dién trong may tao nhip tim cta té bao Purkinje
do dot bién mét chirc ning trong kénh P/Q Ca®* (chinh protein nay dugc dot bién
trong SCA6), gy ra ching mat diéu hoa timg dot 2 (EA2). Céc con chudt dugc danh
gia trong thiét bi co nén dang thanh song song dé dém tu dong sb 1an chan dong vat
truot qua cac thanh kim loai cach déu nhau va tong khoang cich chuot di chuyén. Sau
d6, chitng mét diéu hoa co s duge thé hién dusi dang ty 16 mat didu hoa, ty 1& nay 1a
tdng s6 1an trugt chan chia cho tbng khoang cach di chuyén cuia chuot tinh theo cm.
Sy tang ty 16 mét didu hoa gitra chudt kiéu dai va chudt EA2 duoc thé hién trén Fig.4.

Trong nghién ctru nay, chudt EA2 (8-10 thang tubi; n=18) dwoc tiém hop chét
c6 cong thirc 1 hodc chét din thubc qua dudng trong mang bung 30 phut trude khi
duoc dua vao thiét bi c6 nén dang thanh song song. Cac con chudt dugc danh gid
trong mo hinh nghién ctru chéo vé1 mdi con chudt duge cho st dung ca chét din thubce
va hop chét ¢ cong thire 1 voi lidu 10 mg/kg. Khoang thoi gian ngimg st dung céac
lidu cua hop chat 1a ba ngay. Véi lidu duge st dung trong nghién clru nay, quan sat
dwoc hop chat c6 cong thire 1 1am ddo nguge hoan toan su tang ty 18 mét diéu hoa &
chudt EA2 so voi chudt kiéu dai. Cac s6 liéu nay cho thay rang hop chét c6 cong thirc
1 khoi phuc dac tinh binh thuong trong phép do nay vé chirc nang van dong binh

thuong trong md hinh ching mat diu hoa di truyén tiéu ndo.

Cac lgi thé so sanh
Cac nghién ctru sau ddy chiimg minh céc lgi thé k¥ thuat khac ctia cac hop chat
theo sang ché.

Céc thr nghiém vé d6 tan trong nude (d) tan dong hoc) cua cac hop chét dugc
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thuc hién trong nuéc mudi dém phosphat (46 pH = 7,4) dugc xéac dinh bing phuong
phép binh lac. Trong thir nghiém nay, dung dich gbc DMSO ciia hop chét thir nghiém
dugc cho vao dung dich dém, sau do6 lam cén béng (1510), loc va xac dinh Iuvong hoa tan
bang phwong phdp HPLC-UV. Cac diéu kién duoc sit dung trong th nghiém nay
duge tom tht dudi day. Céc két qua duoc thé hién trong Bang 2 va Bang 3.

- Nong d6 hop chéat: 200uM vé6i DMSO 1% (n=2)

- Dung dich dém: hé chit dém phosphat 0,05M, do pH = 7.4

- Khoang thoi gian lam cén bang: 16 gi' & nhiét do trong phong (~23°C) kem
theo khudy

- Chuén bi mau: loc

- Phép phan tich: HPLC-UV

- Cac hop chit tham chiéu: Cafein (dd tan cao) va dietylstilbestrol (d¢ tan thap)

Viéc lap profin tinh én dinh chuyén hoéa cia céac hop chét dugc thuc hién trong
vi thé gan. Trong thir nghiém nay, hop chét thir nghiém dugc U véi vi thé gan voi su
c6 mat ciia NADPH trong 2 thoi diém & nhiét do 37°C. Khi két thiic qué trinh G, hon
hop phan Ung dugc t01 bing axetonitril chira chét chuén noi va lugng con lai cta hop
chit géc dugc x4c dinh bing phwong phap LC-MS/MS. Cac diéu kién duoc sir dung
trong thtr nghiém nay duoc tom tat dui day. Cac két qua dugc thé hién trong Bang 2.

- Thoi gian G: 0 va 30 phat ¢ 4o pH = 7.4, nhiét do 37°C

- Nong d6 thir nghiém: 1uM trong DMSO 0,02% ¢ d6 pH = 7,4 (n=2)

- Nbng d6 NADPH trong thir nghiém: 1mM

- Nong dd protein trong vi thé gan trong thir nghiém: 0,5mg/ml

- Phép phén tich: LC-MS/MS

- S§ lidu duge thong bao: ty 18 % hop chat gde con lai (%PCR)

- C4c hop chét tham chiéu vé d9 thanh thai cao va thip dugc sit dung

- Cac loai dugc thr nghiém: chuot nhit, chuot thuong, cho, khi, va nguoi

Céc hop chit duoc md ta & day duge thir nghiém v& muc d6 we ché CYP so véi
5 thé ddng dang (3A4, 2D6, 2C9, 2C19 va 1A2). Trong thir nghiém nay, céc co chét
dic hiéu véi thé ddng dang CYP dugc U véi vi thé gan cia ngudi (human liver
microsome: HLM) véi sy ¢6 méat cua cac hop chit tht nghiém, va su tao ra chét

chuyén héa duge xac dinh. Ty 1& % trc ché su tao ra chat chuyéen héa v6i nong d6 khac
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nhau cta cic hop chét thir nghiém dugce tinh toan va ndng do ICso duoc xé4c dinh. Cac
diéu kién dugc st dung trong thtr nghiém dugc tom t4t dudi day. Cac két qua dugc thé
hién trong Bang 2.

- Nong do cia duge chét thir nghiém (chét e ché): 8 ndng d6 khac nhau (tir
100uM dén 0,005uM)

- Chét nén: vi thé gan cia nguoi (Invitrogen, life technologies)

- Co chét do dic hiéu s& duoc sir dung dbi voi cac thé d@)ng dang dugc thé hién
dudi day:

- CYP3A4: Midazolam

- CYP2D6: Bufuralol

- CYP2C9: Diclofenac

- CYP2C19: Mephynitoin

- CYP1A2: Phenacetin

- Pong yéu t6: NADPH (ndng d6 cudi 1mM trong thir nghiém)

_ Phép phén tich mAu: LC-MS/MS (céc chit chuyén héa)

- Céc chét trc ché tham chiéu cu thé duoc dua vao tAt ca cac thur nghiém

(K etoconazole/Quinidine/Sulphaphenazole/Ticlopidine/Furafylline)

- Chit dém: chét dém kali phosphat (100mM), do pH = 7,4

- Ndng d6 DMSO trong thir nghiém: 0,1%

- Phan tich s6 liéu: ty 1& % trc ché so v6i déi chimg

Céc hop chat duge thit nghiém trong thir nghiém hERG kénh kali ¢ tim. hERG
gdy ra dong chinh luu duoc lam tré nhanh (I,) trong tim that cta ngudi. Su (e ché
dong Ikr 12 nguyén nhan phé bién nhét cta su kéo dai kha nang hoat dong cia tim do
cac duoc chét khong phai duoc chat diéu tri bénh tim. Vi du, xem tai liéu: Brown,
AM. and Rampe, D. (2000). Drug-induced long QT syndrome: is HERG the root of
all evil? Pharmaceutical News 7, 15-20.

Cac té bao HEK-293 dugc chuyén nhiém én dinh v6i cADN hERG. Céc thé
chuyén nhiém 6n dinh dugc chon loc bing cach dong biéu hién véi gen khéang G418
dugc két hop vao plasmit bidu hién. Ap suét chon loc dugc duy tri bang cach dua
G418 vao moi truong nudi cdy. Cac té bao dugc nudi ciy trong mdi truong Eagle

duogc cai bién cia Dulbecco/hdn hop chét dinh dudng F-12 (D-MEM/F-12) dugc bd
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sung huyét thanh bao thai bd 10%, penicillin G natri 100 U/ml, streptomycin sulfat
100 pg/ml va G418 500 pg/ml. Két qua nudi chy té bao dugc luu gift trong hd so tai
phong thi nghiém Charles River.

Céc té bao duge chuyén dén budng ghi két qua va dugc siéu dung hop véi dung
dich dbi chung 14 chit din thudc. Dung dich pﬁmtdﬁngchocécl&lghikétquécﬁaté
bao toan phﬁn la (thanh ph?m tinh theo mM): kali aspartat, 130; MgCl, 5; EGTA, 5;
ATP, 4; HEPES, 10; do pH duoc didu chinh dén 7,2 bang KOH. Dung dich pipet dugc
didu ché theo mé, tao phan phan uéc, dugc bao quan dong lanh, va phan phan uéc
méi duoc ra dong mdi ngay. Ong pipet rap ndi duoc tao ra tir dng mao dan thity tinh
bang cach st dung dung cu kéo vi pipet P-97 (Sutter Instruments, Novato, CA). B
khuéch dai kep rap nbi c6 ban trén thi truong dugce sir dung dé ghi két qua cta té bao
toan phan. Trudc khi s6 hoa, két qua dong duge loc thong thap v6i ty 16 mot phan nim
tan s6 14y mau.

Muc d6 tre ché su khai phat va trang thai 4n dinh cia dong hERG dugc xéc
dinh bang cach sir dung kiéu xung véi bién do ¢b dinh (diéu chinh xung sém: +20 mV
trong 2 gidy; xung thir nghiém: -50mV trong 2 gidy) duoc ldp lai 6 mdi thoi diém cach
nhau 10 gidy, tr dién thé duy tri bang —80mV. Dong dinh cubi duge xac dinh bang
cach sir dung budc 2 gidy v6i xung -50 mV.

St dung mdt ndng d6 ciia san pham thir nghiém véi mdi té bao (n = 3). Dong
dinh duogc xac dinh trong khi tién hanh thir nghiém. Trang thai 6n dinh dugc duy tri
trong it nhat 30 gidy truéc khi st dung san phim thtr nghiém hodc d6i ching dwong.
Dong dinh dugc xé4c dinh cho dén khi dat dugc trang thai on dinh méi. Cac két qua
duoc thé hién trong Bang 2.

Thu dugc sb lidu vé d6 sinh kha dung qua dudng miéng & chudt nhu sau. Céc
két qua duoc thé hién trong Bang 2.

- Chuing/gi6i tinh ctia chudt: Sprague Dawley/chudt duc

- Tubi/trong lwong co thé: tir 6 dén 8 tuan/250-300g

- S Iwong chudt trong mdi nhém: n=3

- Téng s6 nhom: 2 (1mpk qua duong IV va 10mpk qua duong PO)

- Puong st dung: duong miéng (PO)/trong tinh mach (IV)

- Thé tich dung lidu: trong tinh mach (2ml/kg) & duong miéng (10ml/kg)
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- Dang bao ché cua chat dan thubc: dang bao ché chuén hoic duoc dé xuit boi
nha cung cip

M lidu dung (qua duong IV va duong miéng): 1mg/kg; trong tinh mach va
10mg/kg; qua duong miéng hodc nhu dugc dé xuét

- Khi d6i/no: viéc dung lidu qua dudng miéng s& duge thuc hién v6i dong vat
bi nhin doi qua dém

Tén suét dung liéu: mot lidu

- Céc thoi diém 14y méau: (57 mAu huyét tuong dé phan tich)

- Stt dung qua duong IV — 10 thoi diém (truée khi ding lidu; 5 phut; 15 phit;
30 phut; 1 gio; 2 gio; 4 gio; 6 gio; 8 gio; 24 gid) [n=3 con chuft]

- St dung qua dudng PO — 9 thoi diém (trudce khi dung lidu; 15 phut; 30 phit; 1
gio; 2 gio; 4 gio; 6 gio; 8 giod; 24 giv) [n=3 con chudt]

- L4y mAu mau: éng théng tinh mach ¢6

- Chét chéng dong: K2 EDTA 0,2%

- Phan tich mAu bang phuong phap phan tich sinh hoc loai phat hién dwgc phat
trién dé wdc tinh lugng hop chét thir nghiém trong huyét trong bang cach sir dung hé
LC-MS/MS.

Bang 2

F Fo,
(re O
HN Q HN
SN HN [
-N N N N N7 X\—CHs
(NN S ISR
0 = HaC” N DCHa

HaC

Hop chét ¢o cong Hop chéit so sanh A Hop chét so sanh B

thic 1
Hiéu lyc dbi véi
400nM 1380nM 5800nM
SK2 (SC,,,)?
Ty 1€ dang tu do )
6,1% 1,2% khong xac dinh
trong ndo?
D0 tan dong hoc 0,074 0,017 khong xac dinh
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(mg/ml)
Chuot khong x4c dinh
. 47% 1%
nhit
A An dinh| Chudt khong xac dinh
D06 On dinh a 60% 1% g 1
trong vi |thuong
thé gan’ | Cho 54% 2% khong xéc dinh
Khi 46% 1% khong xac dinh
Nguoi 84% 50% khong xac dinh
Nong dd trc ché
dbi vi CyplA2 > 10uM 640nM khong x4c dinh
(IC,,)
Nong d6 trc ché
ddi v6i Cyp3A4 > 10uM > 10uM khong xéc dinh
(IC,,)
Nong do e ché
d6i voi Cyp2D6 > 10uM 790nM khéng xac dinh
(IC,,)
Nong d6 trc ché
d6i v6i hERG > 10uM > 10uM khong xéac dinh
(IC,,)
D0 sinh kha dung
81% 5% khong xac dinh
qua dudng miéng

SC,4o = ndng do tao ra sy gap doi ciia dong trong kénh

aSu khac biét nho vé s6 lrong khi so sanh véi bang trude do6 do su khac bi€t khong
dang ké vé gid tri trung binh thu dugc tir cac thir nghiém sau do.

Tty 16 % con lai & thoi diém 1 gio

Y10 mg/kg qua duong PO, 0,5 mg/kg qua dudong IV & chuot

Nhu duoc thé hién bang s lidu trong Bang 2 trén day, hop chét ¢ cong thic 1
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¢6 hiéu lye d6i voi SK2 cao hon 3 1an so v6i hop chét so sanh A va c6 higu luc d6i voi

SK2 cao hon 14 14n so v6i hop chét so sanh B. Hop chét c6 cong thie 1 cling c6 dd

tan tot hon, ty 1&¢ BFF cao hon, d¢ 4n dinh vi thé cao hon, va dd sinh kha dung qua

duong miéng cao hon so voi hop chit so sanh A. Su cai thién chung vé ty 1¢ BFF va

do tan so voi hop chét so sdnh A va hop chat so sanh C 1a dan xuat phenyl cling dugc

chirng minh so véi cac hop chit dugc mé ta & ddy nhu duge thé hién trong Bang 3.

Hop chat c¢6 cong thirc 1 dugc sao chép lai tir phan trén day dé dé so sanh.

-N
H;C

Hop chét c6 cong thirc 2

Béang 3
Ty 1é dang tu do trong ndo | P9 tan dong hoc (mg/ml)
o
HN
() 0,16% 0,001
‘/\N N/)\N,N\ 0
O —
Hop chét so sanh C
F
ION
HN
SN
6,1% 0,074
(\N l N/)\N/N\ ? 0 ’
! W
Hop chét ¢6 cong thic 1
F
SN
HN
f” 2,76% 0,031
b 0 9
MeO N/)\
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ION
HN

2,69%

0,0709

4,20%

0,0803

4,31%

0,0667

Hop chét c6 cong thic 7

1,55%

0,0497

Trong khi nhiéu phwong 4n cla sang ché da dugc mo ta, ro rang 1a céc vi du co
ban cua sang ché c¢6 thé dugc thay doi dé tao ra cac phuong an khac dé sir dung cac
hop chit va phuwong phép theo sang ché nay. Do d6, can hiéu rang pham vi clia sang
ché nay s& duoc xac dinh béi phin yéu ciu bao ho kém theo chu khong phai céc
phuong an cu thé da duogc thé hién bé‘mg cach vi du.

Noi dung cua tat ca cac tai liéu vién dan (bao gbm ca cac tai liéu chuyén nganh,

Bing doc quyén sang ché, don ding ky séng ché da cong bd, va don ding ky séng
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ché) dugc néu trong toan bo don sang ché nay duogc két hop rd rang vao day dé tham
khao toan bo nodi dung cua chung. Trir khi duge dinh nghia theo cach khac, tat ca cac
thuat ngit khoa hoc va kg thuat dugc st dung ¢ ddy c6 nghia nhu thuong duge hiéu

bi ngudi ¢6 hiéu biét trung binh trong linh vie nay.
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1. Hop chét c6 cong thuc:

F F
o O 1
HN HN HN
N SN
| )N\( \rN /f\//‘\ N
NT NN _ N/)\(/N (\N NN
S\/7,; (:)H Sf;va \/‘

OH
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YEU CAU BAO HO

F
F F
J-
HN
HN

\

N

| SN
MeO N/)\jr\N\>——CH3 | /)\/N
— MeO™ N =
: HaC : SJ’ :
F

hodc mudi duoc dung cua no.

2. Hop chét theo diém 1, trong d6 hop chét nay cé cong thuc:

hodc muoi dugc dung cia no.

)
MeO N/)\N’N\ CH,
HyC
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4. Hop chét theo diém 1, trong d6 hop chét nay c6 cong thirc:

hodc mudi dugc dung ctia no.

5. Hop chét theo diém 1, trong d6 hop chét nay c6 cong thuc:

hodc mudi duge dung cua no.

6. Hop chét theo diém 1, trong d6 hop chét nay c6 cong thirc:

hodc mudi duge dung cua no.

7. Hop chét theo diém 1, trong d6 hop chét nay c6 cong thic:
F

ION
HN

~N

hodc mudi duge dung cua no.
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8. Dugc phdm chira hop chit theo diém bt ky trong sb cac diém tir 1 dén 7, hodc

muoi dugc dung cliia no; va chat mang dugce dung.
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