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Linh vwe ky thuit dwoc dé cap

Sang ché dé cap dén cac hop chét pyrimidin amin, cac mudi duge dung ciia cac
hop chét nay, va viéc sir dung cac hop chét va mubi da néu trong chita bénh.
Tinh trang k§y thuit cia sang ché

Amino oxidaza nhay v6i semicacbazit (semicarbazide-sensitive amino
oxidase)/protein bam dinh mach mau-1 (vascular adhesion protein-1) (SSAO)/VAP-1)
la enzym thudc ho oxidaza amin nhay v&i semicacbazit. SSAO/VAP-1 con dugce nhéc
dén 12 VAP-1 hoic SSAO. SSAO/VAP-1 13 enzym c6 cé lién két mang va isoform hoa
tan duogc; chu yéu enzym nay thu dugce tir bé mat té bao ndi mé, co tron mach mau va
c4c t& bao md. SSAO/VAP-1 tham gia vao nhiéu quy trinh thudc té bao bao gdm viéc
dung nap glucoza, cac dap ung viém va bd sung bach cau. Cac muc hoat dong cao cua
enzym nay c6 lién quan dén bénh dai thao duong, ching xo vita dong mach, bénh dot
quy, bénh than man tinh va bénh Alzheimer, trong sb cac ching r6i loan khac. Gan
day SSAO/VAP-1 ¢6 lién quan dén su phat sinh bénh ciia cic bénh vé gan nhu bénh
gan nhiém m&. Tham khao tai liéu J Neural. Transm. 2011, 118, 1055-1064. cta tac
gia Weston, C.J. va cong su. Bénh gan nhiém m& (fatty liver disease -FLD) bao gdm
mot loat cac chimg bénh trong d6 chat béo tich tu trong gan véi lugng qua mic va
kém theo viém nhiém. FLD ¢6 thé din dén bénh gan nhiém md khong do c¢dn (non-
alcoholic fatty liver disease- NAFLD), ma duogc dac trung béi sy khang insulin.
NAFLD khong dugc kiém soat tién trién thanh phan ing viém dai dang hodc viém gan
nhiém m& khong do c¢dn (non-alcoholic steatohepatitis -NASH), ching xo gan ting
dan va cubi cung tién trién thanh bénh xo gan. Hién nay, can phai cung cép céc lidu
phap diéu tri thay thé cho cac bénh vé gan nhu NAFLD va/hoic NASH.
Ban chét k§ thuit ciia sang ché

Céc tac gia sang ché cho rang chat uc ché SSAO/VAP-1 s& lam giam ching
viém gan va chimg xo héa va do d6 cung cip cach diéu tri cho cac bénh vé gan, cu thé
13 cach diéu tri cho NAFLD va/hoic NASH. Sang ché dé xuét cac hop chat ma trc ché
enzym SSAO/VAP-1 va c6 thé giai quyét mot hodc nhidu doi hoi trén.

Sang ché dé xudt hop chét c6 cong thirc 1:
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trong d6 n 1a 1 hodc 2; va R1 1a H hodc -CH3; hoac mubi duoc dung ciia cac hop chit
nay.

Su lién két véi flo, duge minh hoa 13 ™, biéu thi rﬁng nguyén tu flo va nhém
metoxypyrimidin ¢6 thé hodc 1a Z (zusammen, cing phia) hodc 14 E (entgegen, ngugc
phia) v4i nhau (xem tai liéu tham khao “Graphical Representation of Stereochemical
Configuration”, Pure and Appl. Chem, 2006, 78(10) 1897, at 1959 cua tac gia Brecher, .
J., va cong su). Cu tric duge minh hoa béi cong thic 1 bao gdm cac hop chét véi cu
trac hoéa hoc 1ap thé Z, cAu trac héa hoc 1ap thé E, hoac hdn hop céc hop chat véi cac
chu trac héa hoc 1ap thé E va Z. Cac hop chat uu tién clia séng ché c6 ciu tric héa hoc
1ap thé E.

Theo mot dang, sang ché dé xuét cac hop chét ¢6 cong thirc 1 nhu bazo tu do.
Theo dang khéc, sang ché dé xut cac hop chit c6 cong thic 1 nhu céc mudi cong axit,
nhu (cac) mudi cong mot phan tir HCI hozc hai phan t HCI hodc mudi sunfonat, t6t
hon 1 4-metylbenzensulfonat (mudi toslyat).

Theo mot dang, sang ché d& xuét cac hop chat c6 cong thirc 2:

trong d6 n 1a 1 hodc 2; va R1 1a H hodc -CHs; hoac mudi duge dung cda céc hop chét
nay.

Theo dang khac, sang ché dé xuét hop chit c¢6 cong thire 3:
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trong d6 n 1a 1 hodc 2; va R1 1a H hodc -CHs; hoac mubi duoc dung cuia cac hop chét
nay.

Theo mot phuong 4n, sang ché d& xuit hop chét theo mot trong sb cac cong
thie 1, 2 va 3 trong do n 1a 1, hodc mudi duoc dung ciia hop chat ndy. Theo phuong 4n
khac, sang ché d& xuit hop chét theo mdt trong sb cac cong thirc 1, 2, va 3 trong d6 n
1a 2, hoac mubi duoc dung cta hop chét nay.

Theo phuong an khac, sang ché d& xuét hop chit theo mot trong sb cac cong
thie 1, 2, va 3 trong d6 R1 1a H, hodc mubi duoc dung cta hop chét nay. Van theo
phuong an khéc, sang ché @ xuét hop chit theo mot trong sb cac cong thuc 1,2, va 3
trong d6 R1 1a -CH3, hoac mudi duoc dung cia hop chét nay.

Theo dang khéc, sang ché d& xudt hop chat c6 cong thirc 4:

R1 -0

4
trong d6 R1 1a H hoéc -CHj3, hodc mudi duoc dung cia hop chit nay.
Theo phuong an khéc, sang ché dé xuét hop chit c6 cong thire 5:
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hodc mudi dugc dung cia hop chit nay. Theo mot phuong én, hop chat c6 cong thirc 5
duoc dé xuét nhu mubi cOng axit. Tt hon 13 mudi cong axit la mubi cdng mot phan tir
HCI1 hodc hai phan tir HC] hodc mudi sulfonat, nhu mudi cOng axit metylsulfonic hodc
mudi cong axit 4-metylbenzensulfonic dé cung chp mudi mesylat hoic mubi 4-
metylbenzensulfonat (tosylat).

Theo dang khac, sang ché dé xuét ché phdm dugc pham chtra hop chét theo
cong thirc bt ky trong sb cac cong thirc tir 1 dén 5, hodc mubi dugc dung ciia ché
phim nay, va chit mang duoc dung, chat 1am lodng hodc t4 dugc. Theo mdt phuong
an, ché phém dugc phém' chtra hop chét theo cong thirc 5, hoic mubi duge dung cua
ché phim nay. Tt hon 13, (cac) anion dung duge trong dugc phdm cho mudi 13 mot
nguyén tir clorua hogc hai nguyén tir clorua, mesylat hodc 4-metylbenzensulfonat
(tosylat).

Theo dang khéc, sang ché d& xuét hop chét c6 cong thirc 6, 12 mudi (2E)-3-Flo-
2-({[2-(4-metoxypiperidin-1-yl)pyrimidin-5-yl]oxy} metyl)prop-2-en-1-amin 4-

metylbenzensulfonat (1:1).

F o

> O\/E/NHJ?: 0:-S-0
AT
L
!
6
Theo mot phuong an, mubi  (2E)-3-Flo-2-({[2-(4-metoxypiperidin-1-
yl)pyrimidin-5-yl]oxy} metyl)prop-Z-eﬁ-l-amin 4-metylbenzensulfonat (1:1) duoc
cung cép ¢ dang tinh thé dic trung bai mau nhiéu xa bot tia X thu duoc tir nguén
CuKo (A=1,54056A), ma c6 dinh tai: a) 18,6, 19,1, 21,0, 21,9, va 22,4 +/- 0,2° theo 2
theta, hodc b) 17,6, 11,0, 16,8, 18,6, 19,1, 21,0, 21,9, 22,4 va 26,1 +/- 0,2° theo 2 theta.
Theo dang khéc, sang ché dé xuét hop chét theo bat ky mot trong sb cac cong
thire tir 1 dén 6, hodc mudi dugc dung ctia hop chét nay, dé su dung trong cach diéu tri
bénh. Theo cac phuong an dugc uu tién, cach diéu tri bénh dung cho ching r6i loan
chirc ning gan. Tét hon 13, cach didu tri bénh dung cho ching rbi loan chirc nang gan

duoc chon tir: ching xo gan, chiing xo hoa gay ra béi con, chung nhiém m& gy ra bsi
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cdn, bénh gan nhiém md khéng do cdn va bénh viém gan nhiém m& khéng do con.
Theo mot phuong an, cach didu tri bénh dung cho viéc diéu tri ching xo gan. Theo
phuong 4n khéc, cach didu tri bénh dung cho bénh gan nhim md khéng do cdn. Van
trong phuong 4n khéc, cach didu tri bénh duing cho bénh viém gan nhiém m& khoéng do
con.

Theo dang khéc, sang ché dé xuét hop chit theo bat ky mot trong s6 cac cong
thic tir 1 dén 6, hodc mubi dugc dung ctia hop chét nay, dé su dung trong viéc diéu tri
chimg r6i loan chirc ning gan. Theo mdt phwong éan, chimg r6i loan chtrc nang gan
duoc chon tir: chirng xo gan, chiing xo hda gay ra béi con, chimg nhiém mé& gy ra boi
cdn, bénh gan nhiém md khéng do cdn, va bénh viém gan nhiém m& khong do con.
Theo phwong 4n khéc, chiing rbi loan chiic ning gan 1 bénh gan nhiém mé& khéng do
cdn hodc bénh viém gan nhiém md& khéng do cdn. Theo phuong 4n dugc uu tién cu
thé, chimg réi loan chirc ning gan 13 bénh viém gan nhidm m& khéng do con (NASH).

Van theo phuong 4n khac, sang ché @ xuit hop chit theo cong thiic bat ky
trong sb cac cong thirc tir 1 dén 6 dé san xuit duoc phdm diéu tri ching réi loan chirc
nang gan. Theo cac phuong an duoc uu tién, ching 16i loan chirc ning gan dugc chon
tir: chirg xo gan, chiing xo hoa gy ra béi con, ching nhiém m& gay ra boi cdn, bénh
gan nhiém m& khong do cdn, va bénh viém gan nhiém m& khong do con.

MO t4 chi tiét sang ché

Thuat nglr “mudi duoc dung” nhu dugc str dung & day dé cap dén mudi cua hop
chét theo sang ché dugc xem 1a chép nhén dugc dé sir dung 1am sang va/hodc trong thu
y. Céc vi du vé mudi dugc dung va phuong phép luan chung dé didu ché cac mudi
duoc dung nay cé thé tim thdy trong tai liéu tham khao “Handbook of Pharmaceutical
Salts: Properties, Selection and Use” cua tac gia P. Stahl, va cong su, ban dugc chinh
stra 1an 2, Wiley-VCH, 2011 va S.M. Berge, va cong sy, trong tai liéu tham khao
"Pharmaceutical Salts", trén Tap chi Khoa hoc Dugc phém, 1977, 66(1), 1-19.

Céc ché pham duoc pham cho sang ché ¢6 thé dugc diéu ché bang cach sir dung
cic phu gia dugc dung. Thut ngit “(cac) phu gia duge dung” dugc st dung & day cho
céc ché pham duoc pham, dé cap dén mot hoic nhiéu chit mang, chit pha lodng, va ta
dugc tuong thich véi cac phu gia khéc cua cac ché phim hoic cong thirc diéu ché va

khong doc v6i ngudi bénh. Céc vi du vé cac ché pham dugce pham va cic quy trinh dé
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didu ché cac ché phdm nay c6 thé tim thdy trong tai liéu tham khao “Remington: The
Science and Practice of Pharmacy”, cua tac gia Loyd, V., va cong su. Eds., 22M E(.
Mack Publishing Co., 2012. Cac vi du khong giéi han cua céac chit mang duoc dung,
céc chat 1am loding va cac t4 dugc bao gdm céc chét sau: dung dich mudi, nuéc, tinh
bot, duong, manitol va cac din xuét cua silic dioxit; cac tac nhén lién két nhu
cacboxymetyl xenluloza va cic dan xudt cua xenluloza, axit alginic, gelatin va
polyvinyl-pyrrolidon; caolin va bentonit; cic polyetyl glycol.

Nhu dugce st dung ¢ day, thuat ngit “luong hiéu qua” dé cap dén lugng chinh la
lidu dung ma c6 hiéu qua trong viéc diéu tri chimg rdi loan chirc ning; nhu bénh veé
gan bao gém: viém gan, chimg xo hoa, va bénh viém gan nhim m&. Thay thudc chira
bénh, 1 ngudi c6 hiéu biét trong linh vire k§ thuat tuong tmg, c6 thé xac dinh d& dang
lwong hiéu qua bang cach sir dung cic k¥ thuat thong thuong va bang cac két qua quan
sat thu dugce dudi cac tinh hubng twong tu. Trong viéc x4c dinh lugng lugng hiéu qua
hodc lidu dung hiéu qua cta hop chat, sé cac yéu tb dugc xem xét, bao gém nhung
khong bi gioi han & hop chét hodc mudi cta hop chét d6, s& dugc ap dung, viéc cung
ap dung céc tdc nhan khic, néu dugc st dung: loai dong vat c6 vu: kich thude, tudi va
thé trang chung cta loai dong vét ndy; mic do phuc tap va nghiém trong ctia ching 1di
loan, su dap ung cua riéng dbi tugng bi bénh, phuong thiuc ding thudc, cac dic tinh
sinh kha dung cta viéc diéu ché duogc su dung; ché do liéu dung dugc chon; viéc su
dung duoc pham di kém khac; va tinh hubng c6 lién quan khéc.

Nhu dugce st dung trong ban mo ta, thuat ngir “cach diéu tri”, “diéu tri”, hodc
“viéc diéu tri”, bao gém lam cham, lam giam hodc ddo nguoc su tién trién hodc su
tram trong cuda tri€u chung hién tai, chiing r6i loan chirc nang, tinh trang, hodc bénh
tat, ma c6 thé bao gﬁ”)m viéc diéu tri bénh vé gan, nhu viém gan, chung xo gan va bénh
viém gan nhiém mé.

Nhu dugc sir dung trong ban mo ta, thuat ng “d6i tuong bi bénh” dé cap dén
dong vat cé vu, gia cam hoic ca. Tbt hon 1a, dbi tuong bi bénh 1a con ngudi hodc dong
vat c6 vu gén glii, nhu cho6 hodc meo hodc dong vat c6 vi duoc thuan héa khac, nhu
bo, lon, ngua, ctru, thd va dé.

Thuét ngtr thay thude diédu tri, thay thubc tha y, hodc ngudi lam nghé y khac s&

c6 thé xé4c dinh luong hiéu qua ctia hop chit dé diéu tri déi twong bi bénh khi can. Cac
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ché phém duoc phém wu tién ¢6 thé dugc tao thanh nhu thudc vién hoic vién nang dé
ubng qua duong miéng, dung dich dé ubng qua dudong miéng, hodc dung dich tiém
duge. Thude vién, vién nang hodc dung dich ¢6 thé chira hop chit thudc sang ché véi
lugng hiéu quéa dé diéu tri dbi tuong bi bénh khi can diéu tri.

Nhimng chit viét tit duge st dung trong ban mé t& duoc xac dinh theo tac gia
Daub G.H., va cOng su trong tai liéu tham khao “The Use of Acronyms in Organic
Chemistry” Aldrichimica Acta, 1984, 17(1), 6-23. Nhiing chit viét tat khac dugc xac
dinh nhu sau: “ACN” d@ cap dén axetonitri; “AUC” @& cap dén dién tich du6i dudng
cong; “Boc” biéu dién rert-butoxycacbonyl; “DCM” dé cap dén diclometan; “DIPEA”
dé cap dén N N-diisopropyletylamin; “DMF” dé cap dén dimetylformamit; “DMSO”
dé cap dén dimetylsulfoxit; “EDTA” dé cap dén axit etylenediamintetraaxetic;
“EGTA” d& cap dén axit etylen glycol tetraaxetic; “ES/MS” dé cap dén quang phd
khéi; “EtOAc” dé cap dén etyl axetat; “HEPES” dé cap dén axit 4-(2-hydroxyetyl)-1-
piperazinetansulfonic; “HPLC” dé cap dén sic ky 16ng hiéu ning cao; “hr hodc hrs” deé
cap dén gio; “HRP” dé cap dén peroxidaza cai ngua; “ICso” dé cap dén ndng dd cla
tac nhan ma ma tao ra 50% dap ung wc ché ti da c6 thé c6 cho tac nhan d6 (ICso
tuong déi), hoac néng do cua tdc nhan ma tao ra 50% sy kim ham cuda hoat tinh muc
tiéu so v6i viéc kiém soat gia duge (ICso tuong dbi); “MAOa va MAOb” lan lugt dé
cap dén monoamin oxidaza a va isoform b; “MeOH” d& cap dén ruou metyl hodc
metanol; “min” dé cap dén phit; “MS” dé cap dén khéi phd; “PE” dé cap dén ete dau
mo; “R¢” dé cap dén thoi gian luu; “SSAO” dé cap dén amino oxidaza nhay véi
semicacbazit; va “hSSAO” dé cap dén SSAO ctia ngui.

Céac hop .chét thudc sang ché, hodc cac mubi ctia cac hop chét nay, c6 thé duoc
didu ché biang nhiéu phuong thirc, mot sd phuong thite dugc minh hoa trong myc budce
diéu ché, va muc cac vi du thuc hién sang ché bén dudi. (Cac) san phém cua tung budc
trong phuong thirc duéi day co thé dwoc thu hdi bang cac phwong phap thong thuong
bao gdm chiét xuat, 1am bay hoi, két tua, sic ky, loc, nghién, tinh thé hoa. Trir khi
dugc luu y theo cach khac, cac chat phan mg va cac vat lidu 12 da sin cé.

Trong céac chat diéu ché dugc md ta & dy, cac chirc ndng cta nhém hydroxyl
va amin c6 thé duoc bao vé dé tao diéu kién thuén loi cho viéc téng hop céc hop chét

duge mod ta & day. Cac vi du vé cac chitc nang bao vé co thé dugc tim thay trong tai
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liéu tham khao “Greene’s Protective Groups in Organic Synthesis,” cta tac gia Wuts,
P.G.M., va cong su, Eds. 5th Ed., John Wiley and Sons, 2014. Cac nhém chirc khac
ma c6 thé d& dang chuyén d6i thanh nhém hydroxyl hodc nhom amin c6 thé dugc tim
thdy trong tai liéu tham khao “Comprehensive Organic Transformations: A Guide to
Functional Group Preparations” bai tac gia Larock. R.C., Wiley VCH, 1999 va trong
tai liéu tham khao “March’s Advanced Organic Chemistry: Reactions, Mechanisms
and Structure,” Smith, M.B., Ed., 7th Ed., Wiley-Interscience, 2013.
Vi du thwe hién sang ché

Céc bude diéu ché va cac vi du sau ddy con minh hoa sang ché va biéu dién su
tbng hop dic trung cla céc hop chat thudc sang ché.

Budc diéu ché 1: tert-Butyl (3S)-3-metoxypyrrolidin-1-cacboxylat

B6 sung iodometan véi lugng bang (0,398g, 2,80mmol) vao hon hop gdm tert-
butyl (3S)-3-hydroxypyrrolidin-1-cacboxylat voi lugng bang (0,500g, 2,67mmol) va
natri hydrua (bing 60% khéi luong trong dau khoang) véi lugng bang (0,160g,
4,01mmol) trong DMF (5mL). Khudy tron hdn hop thu duge trong 2 gid ¢ nhiét do
phong. Ngung phan Ung bang dung dich NH4Cl bdo hoa (30mL) va chiét xuét bang
EtOAc (3x30mL). Loai b6 16p dung dich nuéc. Héa hop cac dich chiét hitu co va ra
bing nuée mudi, lam kho bing Na»SOs, loc, va 1am bay hoi phan loc dén kho dé thu
duoc hop chét mong mubdn véi luong béng (475mg, 0.475g, 88,4%). Vat liéu thd co
thé dugc st dung trong bude tiép theo ma khong cAn 1am sach thém. Quang phd khéi
ES/MS (m/z): 224,2 (M+Na).

Bude diéu ché 2: (3S)-3-Metoxypyrrolidin

Khudy tron dung dich gdm tert-butyl (3S)-3-metoxypyrrolidin-1-cacboxylat véi
luong bang (475mg, 2,36mmol) va axit trifloaxetic v6i luong bang (1mL, 13,23mmol)
trong DCM (3mL) trong 1 gio' & nhiét do phong. C6 dac hdn hop phan tng dudi didu
kién chan khong dé thu dugc hop chét mong mubn véi lugng béng (240mg, 2,35mmol,
99.5%), ¢6 thé duoc sit dung trong budc tiép theo ma khong can 1am sach thém.

Buéc diéu ché thtr 3: 1-(5-Benzyloxypyrimidin-2-yl)piperidin-4-ol
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Khudy tron hdn hop gdm 5-benzyloxy-2-clo-pyrimidin v6i luong bang (2,30g,
9,90mmol), piperidin-4-ol v6i lugng bang (1,23g, 11,9mmol) va DIPEA v6i luong
bing (3,88mL, 29,7mmol) trong DMF (30mL, 388mmol) & nhiét do 100°C dudi diéu
kién khi quyén chtra N> trong 17 gid. Hoa tan hén hop véi nuée (200mL) va chiét xuét
bing EtOAc (3x50mL). Héa hop céc dich chiét hitu co; rira bang nuwéc mudi
(3x50mL), lam kho bing Na>SOs, loc, va ¢6 dic dich loc. Pua phan chét con rira giai
qua sic ky cot nhanh gel silic dioxit v6i hdn hop gdm EtOAc chiém 60% va PE chiém
40% @é thu duoc hop chit mong muén véi lugng bang (2,00g, 6,31mmol, 63,7%) 1a
chit rin mau tring. 'H NMR (400MHz, CDCls) § 1,40-1,60 (m, 2H), 1,90-1,99 (m,
2H), 3,17-3,29 (m, 2H), 3,85-3,95 (m, 1H), 4,25-4,39 (m, 2H), 5,09 (s, 2H), 7,38-7,52
(m, 5H), 8,14 (s, 2H).

Buéc diéu ché 4: 2-(4-Hydroxy-1-piperidyl)pyrimidin-5-ol

OH
N7 X
/“\/j
ISh
HO

B6 sung paladi véi lugng bing (10% khdi lugng theo cacbon, 600mg,
0,564mmol) vao 1-(5-benzyloxypyrimidin-2-yl)piperidin-4-ol véi luong bang (2,00g,
6,31mmol) trong MeOH (40mL, 989mmol). Khudy tron hdn hop thu duoc trong 2 gidy
& nhiét do 15°C dudi didu kién khi quyén chira hydro (ap suit bang 103kPa). Loc hon
hop thu dugc qua d4t diatomit. C6 dic dich loc dé thu dugc hop chéit mong mubdn véi
luong bang (0,70g, 3,59mmol, 56,8%) l1a chat rin mau vang. 'H NMR (400MHz,
CDCls) & 1,23-1,38 (m, 2H), 1,60-1,77 (m, 2H), 2,65-2,90 (m, 2H), 3,00-3,25 (m, 2H),
3,50-3,70 (m, 2H), 4,05-4,16 (m, 1H), 7,90 (s, 2H).

Bude diéu ché 5: tert-Butyl N-[(E)-2-[(2-clopyrimidin-5-yl)oxymetyl]-3-flo-

alyl]cacamat
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Bb sung KoCO; véi lugng bang (5,71g, 41,3mmol) vao dung dich gbm 2-
clopyrimidin-5-ol véi lugng béng (5,01g, 38,3mmol) va fert-butyl N-[(E)-2-
(bromometyl)-3-flo-alyl]Jcacbamat véi luong bang (3,67g, 13,7mmol) trong DMF
(25mL). Khudy tron dung dich thu dugc trong 12 gio & nhiét do phong. Nging phan
mg bang cach bd sung nude (80mL) va EtOAc (100mL). Phén tach pha dung dich
nude va pha hitu co. Chiét xuat pha dung dich nuéc bang EtOAc (3x100mL). Héa hop
tAt ca cac dich chiét hitu co. Lam kho dich chiét hiru co duge héa hgp bang NaxSOs,
loc, va c6 déc dich loc trong diéu kién chan khéng dé thu duoc phén chét con lai. Pua
phan cht con lai rira giai qua séc ky nhanh gel silic dioxit v6i hdn hop gom EtOAc
chiém 30% trong hexan dé thu dugc hop chit mong mudn 13 chit rin mau tring voéi
lugng bing (4,15g, 13,1mmol, hiéu suit 96%). Quang phd khdi ES/MS (m/z): 340
(M+Na).

Budce diéu ché 6: tert-Butyl N-[(Z)-3-flo-2-[[2-(4-hydroxy-1-
piperidyl)pyrimidin-5-yl]oxymetyl]alyl]Jcacbamat

O

Khuéy tron hdn hop gdm 2-(4-hydroxy-1-piperidyl)pyrimidin-5-ol v&i lugng

F

o

bang (400mg, 2,05mmol), tert-butyl N-[(Z)-2-(bromomethyl)-3-flo-alyl]cacbamat véi
lugng bang (1,10g, 4,02mmol) va KoCOs vé6i lugng bang (0,858g, 6,15mmol) trong
DMF (10mL) trong 3 gio' ¢ nhiét do 60°C. Hoa tan hdn hop thu duogc bfmg EtOAc
(50mL). Rira lién tuc hdn hop véi nuée (100mL) sau do rira bing nudc mudi
(2x50mL). Lam kho6 pha hitu co béng NazSOs4, loc va ¢6 dac dich loc dé thu duoc phﬁn
chét con lai. Pua phan chit con lai rira gidi qua sic ky cot nhanh gel silic dioxit voi
gradien cua EtOAc trong PE thay d6i tir 65 dén 75% dé thu dugc hop chit mong muén
v6i luong bing (558mg, 1,46mmol, 71,2%) 1a chit gom mau vang. 'H NMR
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(400MHz, CDCls) & 1,25 (s, 9H), 1,40-1,65 (m, 4H), 1,89-1,98 (m, 2H), 3,23-3,30 (m,
2H), 3,91 (s, 1H), 3,89-3,97 (m, 1H), 4,36-4,40 (m, 2H), 4,64 (s, 2H), 4,76 (br, 1H),
6,62 (d, J=84.0 Hz, 1H) 8,10 (s, 2H).

Budce diéu ché 7: tert-Butyl N-[(E)-3-F-2-[[2-(4-hydroxy-1-
piperidyl)pyrimidin-5-ylJoxymetyl]alyl]cacbamat

»e

Hoa hop tert-butyl N-[(E)-2-[(2-clopyrimidin-5-yl)oxymetyl]-3-flo-

F

\/E/NHBOC

alyl]cacbamat véi lugng bang (21,3g, 67,0mmol), piperidin-4-ol (25,0g, 235mmol), va
DIPEA véi luvong bang (41mL, 235mmol) trong 1,4-dioxan (200mL). Gia nhiét hdn
hop thu duge dén nhiét d6 105°C duéi khi quyén chtra N trong 7 gio. C6 dic hdn hop
va phan chia gitta nuéc (100mL) va EtOAc (150mL), sau d6 phan tach cac pha. Chiét
xuét pha dung dich c6 nuéc véi EtOAc (100mL). Hoa hop tat ca cac pha hitu co. Rira
v&i nuée mudi (100mL), 1am khd bang NaxSOu, loc va cd dic dich loc dé thu dugce
phin chét con lai. Hoa tan phan chit con lai bang EtOAc (21mL), va sau d6 bd sung
nhé giot heptan (126mL). Khudy trén hdn hop thu duge trong 20 gior & nhiét d6 phong.
Loc hdn hop dé thu gom chét rén, rira chét rén bang FtOAc/heptan (ti 1& 5:1, 21mL).
lam kho chét rén trong didu kién chan khong dé thu duge hop chit mong muén véi
luong bang (23,5g, 61,5mmol, 91,7%). Quang phd khdi ES/MS (m/z): 383 (M+H).
Buéc diéu ché 8: tert-Butyl N-[(E)-3-flo-2-[[2-(4-methoxy-1-

piperidyl)pyrimidin-5-ylJoxymetyl]alyl]cacbamat

F

O\/E/NHBOC
N~
s,

N

O
~o

Chia tert-butyl N-[(E)-2-[(2-clopyrimidin-5-yl)oxymetyl]-3-flo-alyl]cacbamat
v6i luong bang (4,10g, 12,9mmol) thanh 2 phan bang nhau (2,05g + 2,05g) va dit ting

phan vao trong 1o chiu dugc séng ngan riéng ré (20mL). Trong tung lo, bd sung 4-
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metoxypiperidin véi lugng bing (431g, 37,3mmol), 1,4-dioxan (30mL, 15mL) va
DIPEA (6mL, 34,4mmol, 3mL). Bom khi N2 vao cac lo, ddy kin, va gia nhiét dén nhiét
d6 120°C trong 12 gid' béi séng ngan. Hoéa hop hai hdn hop phan tng va cb ddc dudi
diéu kién chan khong dé thu duogc ph?m chit con lai. Pua phﬁn chit con lai rira giai
qua sic ky nhanh gel silic dioxit véi hdn hop gdm EtOAc chiém 30% trong hexan dé
thu dugc hop chit mong mubn 13 diu mau vang v6i luong bang (4,24g, 10,2mmol,
79%). Quang phd khéi ES/MS (m/z): 397 (M+H).
Budc didu ché 9: rert-Butyl N-[(E)-3-flo-2-[[2-[(3S)-3-metoxypyrrolidin-1-

yl]pyrimidin-5-ylJoxymetyl]alyl]Jcacbamat

Bd sung tert-butyl N-[(E)-2-[(2-clopyrimidin-5-yl)oxymetyl]-3-flo-
alyl]cacbamat v6i luong bing (400mg, 1,26mmol) vao hdn hop gom (35)-3-
metoxypyrrolidin v6i luong bang (240mg, 2,37mmol) va K>COs véi lugng bang
(0,696g, 5,04mmol) trong 1,4-dioxan (5SmL). Khuéy tron hon hop thu duoc & nhiét do
120°C trong diéu kién c6 séng ngén trong 12 gio. Co ddc hén hop dudi diéu kién chan
khong dé thu dugc hén hop mong mudn 1am vat lidu thd, ma co thé duoc su dung
trong budc tiép theo ma khong can 1am sach thém v&i luong bang (481mg, 1,26mmol,
99,9%). Quang phd khéi ES/MS (m/z): 383,2 (M+H).

Buéc diéu ché 10: tert-Butyl N-[(E)-3-flo-2-[[2-[(3S)-3-hydroxypyrrolidin-1-
yl]pyrimidin-5-ylJoxymetyl]alyl]Jcacbamat

HO
Hoa tan tert-butyl N-[(E)-2-[(2-clopyrimidin-5-yl)oxymetyl]-3-flo-
alyl]cacbamat (594,3mg, 1,87mmol) va (3S)-pyrrolidin-3-ol (488,9mg, 5,61mmol)
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trong 1,4-dioxan (15mL) va DIPEA (3mL, 17,2mmol). Bom khi N> vao dung dich, lam
kin binh chira va gia nhiét hdn hop dén 120°C trong 12 gid bang séng ngan. C6 dic
hdn hop thu duge duéi didu kién chan khong dé thu dugc phan chét con lai. Dua phan
chét con lai rira giai qua sic ky nhanh gel silic dioxit v6i gradien cta EtOAc trong
hexan thay ddi tir 80 dén 90% dé thu duge hop chit mong mudn 13 bot mau vang véi
luong bang (608,8mg, 1,57mmol, 84%). Quang phd khéi ES/MS (m/z): 369 (M+H).
Vi du 1: 1-[5-[(Z)-2-(Aminometyl)-3-flo-alyloxy]pyrimidin-2-yl]piperidin-4-ol

hydroclorit

F

|
N O\J\/NH2
P
N N
7w
HO

B6 sung tert-butyl N-[(Z)-3-flo-2-[[2-(4-hydroxy-1-piperidyl)pyrimidin-5-
yl]oxymetyl]alyl]cacbamat véi lugng bang (558mg, 1,46mmol) vao HCI (4mol/L) va
MeOH (10mL). Khudy tron hdn hop thu duge trong 1,5 gid & nhiét d6 10°C. Co6 dic
hdn hop dudi ap suét dugc lam giam dé thu duge phin chit con lai. Dua phan chat con
lai rtra giai qua cot HPLC diéu ché: (Phenomenex Synergi C18 150 30mm, 4pum) v6i
gradien cta dung dich HCI 0,05% trong ACN thay dbi tir 10 dén 15%; tdc do dong:
25mL/pht, Re: 5,95 phit dé thu duge hop chit mong muén véi ti 1€ Z:E 16n hon 20:1
v6i luong bing (456mg, 1,43 mmol, 98,0%) 1a chdt rdn mau vang. Quang phd khéi
ES/MS (m/z): 283,1 (M+H), 'H NMR (400MHz, ds-MeOD) & 1,56-1,78 (m, 2H),
1,92-2,13 (m, 2H), 3,61-3,72 (m, 2H), 3,75 (s, 2H), 3,95-4,06 (m, 1H), 4,11-4,25 (m,
2H), 4,89-4,93 (m, 2H), 7,19 (d, J = 80,4 Hz, 1H), 8,47 (s, 2H).

Vi du 2: 1-[5-[(E)-2-(Aminometyl)-3-flo-alyloxy]pyrimidin-2-yl]piperidin-4-ol
dihydroclorit

F

|

VBN O\/L/NH2
/l Z

N N
ond

HO HCI

-14-



35914

Héa hop tert-butyl N-[(E)-3-flo-2-[[2-(4-hydroxy-1-piperidyl)pyrimidin-5-
ylJoxymetyl]alyl]lcacbamat vé&i luong bang (31g, 81,07mmol), MeOH (20mL,
494mmol), va HCI trong MeOH (120mL, 4mol/L, 486,4mmol). Khudy tron hdn hop
thu duogc trong 30 gio dui diéu kién khi quyén chra N> & nhiét do phong. B6 sung
EtOAc (250mL) kiéu nhoé giot va khudy tron hon hop trong 30 phut. Loc hén hop dé
gom chét rén, rira chét rin bang EtOAc (20mL), va lam kho chit rin duéi diéu kién
chan khong dé thu dugc hop chit mong muén véi ti 1& E:Z 16n hon 20:1 véi lugng
bang (26,4g, 72,8mmol, 89,8%). Quang phd khbi ES/MS (m/z): 283 (M+H), '"H NMR
(500MHz, ds-DMSO) & 1,28-1,36 (m, 2H), 1,73-1,76 (m, 2H), 3,18-3,25 (m, 2H),
3,55-3,60 (m, 2H), 3,68-3,75 (m, 1H), 4,18 (dt, J = 13,5, 4,5 Hz, 2H), 4,65 (d, J = 3,0
Hz, 2H), 6,55-7.10 (br, 2H), 7,27 (d, J = 82,0 Hz, 1H), 8,27 (s, 2H), 8,32-8,45 (br, 3H),
9F NMR (500 MHz, ds-DMSO) & 122,2 (s).

Vi du 3: (E)-3-Flo-2-[[2-(4-metoxy- 1-piperidyl)pyrimidin-5-ylJoxymetyl |prop-
2-en-1-amin, dihydroclorit

F

I
N /\/|(O \/K/N H,
N HCI
HCI

@
~0

Hoa tan tert-butyl N-[(E)-3-flo-2-[[2-(4-metoxy-1-piperidyl)pyrimidin-5-
ylJoxymetyl]alyl]cacbamat véi luong bang (4,2374g, 10,69mmol) trong HCl bang
MeOH (100mL, 50mmol, 0,5mol/L). Gia nhiét dung dich sach thu duoc dén nhiét do
60°C trong 4 gid. C6 dac hdn hop dudi didu kién chan khong dé thu duoc phan chét
con lai voi luong bang (3,95g). Tao thé van phén chét con lai trong MeOH (7mL) va
hdi luu hdn hop dé thu duoc dung dich sach. Lam ngudi dung dich dén nhiét do phong
dé thu duoc cac tinh thé hinh kim, va sau d6 1am lanh hdn hop xuéng nhiét do -20°C.
Loc hén hop dé gom chét rén, rra chit ran véi MeOH lanh dé thu duoc hop chat mong
muén 13 cac tinh thé mau vang nhat v6i lugng bang (2,73g, 7,01lmmol, 66%). Cac tinh
thé mau vang thu duogc c6 thé duge lam sach thém thong qua viéc két tinh lai v6i cung
quy trinh nhu dugc md ta & trén dé thu duge hop chat mong mudn 1a vat liéu dang tinh
thé, nhat mau v&i ti 1& E:Z 16n hon 20:1, quang phd khéi ES/MS (m/z): 297 (M+H), 'H
NMR (500MHz, d¢-DMSO) & 1,33-1,40 (m, 2H), 1,84-1,89 (m, 2H), 3.26 (dt, J = 13,5,
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9,5 Hz, 2H), 3,27 (s, 3H), 3,40-3,45 (m, 1H), 3,56-3,62 (m, 2H), 4,11 (dt, J = 13,5, 5,0

Hz, 2H), 4,62 (d, J = 3,0 Hz, 2H), 5,26-5,94 (br, 1H), 7,27 (d, ] = 82,0 Hz, 1H), 8,26

(s, 2H), 8,21-8,31 (br, 3H), ’F NMR (500MHz, ds-DMSO) & 122,1 (s). |
Vi du 4: (E)-3-flo-2-[[2-(4-metoxy-1 -piperidyl)pyrimidin—S-yl]oxymetyl]prop-

O\)I/\/NHZ

N =
IS

2-en-1-amin

@
~0

Hoa tan N-[(E)-3-Flo-2-[[2-(4-metoxy- 1 -piperidyl)pyrimidin-5-
ylJoxymetyl]alyl] cacbamat véi lugng bang (167,0mg, 0,42mmol) trong dung dich
HCI c6 ndng do 0,95M bing 18mL EtOAc/MeOH (ti 1é theo thé tich bang 10:1).
Khudy tron hdn hop qua dém. C6 diic huyén phu thu duge duéi diéu kién chan khong
va hoa tan phan chat con lai trong nuéc. Dua phén chat con lai qua hé théng sic ky
didu ché; cot sic ky: XBridge® C18 30 x 15mm Sum; rira giai voi gradien cua dung
dich nuéc chita NH4HCO v6i ndng d6 10mM trong ACN thay dbi tir 14 dén 24%
trong khoang thoi gian tur 0 dén 11 phuat; nhiét do cot bang nhiét d6 phong; tbc do
dong: 35mL/phut, R¢ = 7,8 phut dimg sau 17 phut, theo doi béi bd phat hién UV. Gom
va b ddc cac phan thich hop dé thu dugc phin chat con lai 1a ddu. Phan chat con lai
dugc hoa tan trong nude va dugc lam khoé lanh dé thu duoc hop chit mong mudn 13
chét rdn mau tréng vé6i ti 16 E:Z 16n hon 20:1 v6i lugng bang (97mg, 0,31mmol, 74%,
do tinh khiét 95%). Quang phd khéi ES/MS (m/z): 297 (M+H), 'H NMR (500MHz,
ds-DMSO) & 1,33-1,41 (m, 2H), 1,52-1,69 (br, 1H), 1,83-1,89 (m, 2H), 3,23-3,29 (m,
4H), 3,27 (s, 3H), 3,30-3,35 (br, 1H), 3,38-3,44 (m, 1H), 4,11 (dt, ] = 13,5, 4,5 Hz,
2H), 4,55 (d, I = 4,5 Hz, 2H), 6,93 (d, J = 85,0 Hz, 1H), 8,22 (s, 2H), ’F NMR (500
MHz, ds-DMSO) 6 131,8 (s).

Vi du 4a: (2E)-3-Flo-2-({[2-(4-metoxypiperidin-1-yl)pyrimidin-5-
yl]oxy} metyl)prop-2-en-1-amin 4-metylbenzensulfonat (1:1)
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Hoa tan (E)-3-flo-2-[[2-(4-metoxy-1-piperidyl)pyrimidin-5-ylJoxymetyl]prop-
2-en-1-amin vé6i luong bang (2,316g, 7,81mmol) bing metyl axetat (3mL) va khiy
tron voi toe d6 1000 vong trén phut & nhiét do phong dé thu duoc dung dich mau vang
nhat. B4 sung axit 4-toluenesulfonic ngdm mot nuéc véi luong bang (1,62g,
8,43mmol) trong dung dich gdbm metyl axetate (4mL). Hon hop trd thanh van duc va
huyén phu dic mau vang nhanh chéng tao thanh. Loc chét rin bang phuong phép loc
chan khong qua gidy loc. Rira ba loc bang metyl axetat (4mL) dé thu dugc ba loc mau
tring. Lam khé chét ran dudi dong khi trong mdi truong chin khong trong 10 phut va
sau d6 1am kho trong 10 chin khéng qua dém & nhiét 4o phong qua dé thu duoc hop
chit mong mubn vé6i luong bang (3,00g, 81,8%).

Nhiéu xa bot tia X cua vi du 4a,

MaAu nhiéu xa bot tia X (X-ray powder diffraction -XRD) ctia (2E)-3-flo-2-({[2-
(4-metoxypiperidin-1-yl)pyrimidin-5-yl]oxy } metyl)prop-2-en-1-amin 4-
metylbenzensulfonat két tinh thu duoc trén may nhiéu xa bot tia X hiéu Bruker D4
Endeavor, dugc trang bi nguén CuKa (A = 1,54060A) va b phat hién Vantec, vén
hanh & 35kV va 50mA. Mau dugc quyét gitta 4 va 40° theo 26, véi kich thude budce
bing 0,009° theo 26 va tdc do quyét bing 0,5 gidy/bude, va voi do léch bang 0,6mm,
su chéng tan xa cb dinh bang 5,28 va c4c khe ciia bo phat hién bang 9,5mm. Bt kho
dugc dat trén vat dung mau béng thach anh va bé mit nhin thu duogc b.;ing cach su
dung lam kinh thudy tinh. Cac mau nhiéu xa dang tinh thé duoc gom & nhiét do mai
trurong xung quanh va do 4m tuong d6i. D3 duoc biét dén trong tinh trang k¥ thuat vé
tinh thé hoc rang, dbi v4i bat ky dang tinh thé d3 dinh nao, cac cudong d6 twong doi clia
c4c dinh nhidu xa c6 thé thay ddi do sy dinh huéng uvu tién do cdc nhan t6 nhu hinh
thai hoc tinh thé va cach tao thanh dang tinh thé. Trong do, cac tac dong cua su dinh
hudng wu tién 1a co ton tai, cac cuong d6 dinh dugc hiéu chinh, nhung céc vi tri dinh

dac trung cua chit da hinh 13 khong thay ddi. Xem, vi du, tai liéu tham khao Dugc
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dién Mg #23, Danh muc qubc gia #18, cac trang 1843-1844, 1995. Hon nita, d dugc
biét dén trong tinh trang k§ thuat vé tinh thé hoc ring déi voi bat ky dang tinh thé da
dinh nao, cac vi tri dinh thudc géc c6 thé thay doi mot chit. Vi du, cac vi tri dinh c6
thé di chuyén do su bién thién ciia nhiét do hodc d6 Am ma tai diéu kién d6 mau dugc
phan tich, su thay thé mau, hodc viéc c6 hodc khong c6 tiéu chuin dung trong thudc.
Trong trudng hop nay, do bién thién ciia vi tri dinh 12 + 0,2 theo 20 s& tinh dén nhitng
bién ddi tiém tang ndy ma khong giy tré ngai cho viéc nhin biét r5 rang dang tinh thé
3 biéu thi. Viéc x4c nhan dang tinh thé c6 thé dugc thuc hién dwa trén bat ky sw két
hop ddc déo nao cia cac dinh phan biét (tinh theo don vi © 20), dién hinh 13 cac dinh
ndi bat hon. Gom c4c mAu nhiéu xa dang tinh thé & nhiét @ moi truong xung quanh va
d6 4m tuong déi va diu chinh dua trén cac dinh tiéu chudn NIST 675 tai 8,853 va
26,774 theo do 2-theta.

Mau duge didu ché gdm (2E)-3-flo-2-({[2-(4-metoxypiperidin-1-yl)pyrimidin-
5-yl]Joxy}metyl)prop-2-en-1-amin 4-metylbenzensulfonat dugc dac trung bdi mau
- XRD sur dyng su phat xa CuKa vi c6 cac dinh nhiéu xa (céc tri s6 theo 2-theta) nhu
dugc mo ta trong bang 1 dudi day, va cu thé, c6 cac dinh tai 18,6 Kkét hop véi mot hoac
nhiéu dinh dugc chon tir 22,4, 19,1 va 21,0; véi dung sai cho cac goc nhiéu xa béng
+/- 0,2° theo 2 theta, mdt cach thay thé, mudi c6 thé dugc dic trung bdi mau XRD c¢o
mot hodc nhiéu dinh tai 18,6, 19,1, 21,0, 21,9 va 22,4 +/- 0.2° theo 2 theta, hodc 17,6,
11,0, 16,8, 18,6, 19,1, 21,0, 21,9, 22,4 va 26,1 +/- 0.2° theo 2 theta.

Bang 1

Céac dinh nhiéu xa bot tia X cua (2E)-3-flo-2-({[2-(4-metoxypiperidin-1-

yl)pyrimidin-5-yl]oxy} metyl)prop-2-en-1-amin 4-metylbenzensulfonat

Dinh | Goc (theo °2-Theta) +/- 0,2° | Cuong d0 tuong d6i (% cua dinh cuc dai)
1 7,4 17,6%
2 11,0 23,4%
3 12,7 5,.2%
4 16,8 10,1%
5 18,6 100,0%
6 19,1 42.2%
7 21,0 41,9%
8 21,9 31,6%
9 22,4 77,5%
10 26,2 18,6%
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Vi du 5: (E)-3-Flo-2-[[2-[(3S)-3-metoxypyrrolidin-1-yl]pyrimidin-5-
yl]Joxymetyl]prop-2-en-1-amin

Khudy tron dung dich gdm  tert-butyl  N-[(E)-3-flo-2-[[2-[(3 S)-3¥
metoxypyrrolidin-1-yl]pyrimidin-5-ylJoxymetyl]alyl]Jcacbamat =~ v6i  lugng bang
(481mg, 1,26mmol) va axit trifloaxetic v6i lugng bang (ImL, 13,23mmol) trong DCM
v6i luong bing (3mL) & nhiét do phong trong 1 gid. C6 dac hdn hop dudi didu kién
chan khong. Cho phin chét con lai vao hé théng HPLC diéu ché: cot LC: XBridge®
C18 30 x 150mm 5pm; rira giai bang dung dich nuéc chira NH4sHCO; véi ndng do
10mM chiém 5% trong ACN trong khoang thoi gian tir 0 dén 2 phut, sau d6 gradien
dung dich nuéc chira NHsHCO3 v6i ndng d6 biang 10mM trong ACN thay ddi tir 6 dén
11% trong khoang thoi gian tir 2 dén 12 phut; dimg tai 18 phut; nhiét d6 cot bang nhiét
d6 phong; tbc do dong bang 35mL/phut, R, = 10,6 phut; gidm sat bang bd phat hién
UV dé thu dugc hop chat mong mudn v6i luong bang (226mg, 61,7%) 14 chét rin mau
tring v6i ti 16 E:Z 16n hon 20:1. Quang phd khbi ES/MS (m/z): 283,1 (M+H), 'H
NMR (500 MHz, CDCl3) & 1,12-1,78 (br, 2H), 2,07-2,16 (m, 2H), 3,37 (s, 3H), 3,53-
3,68 (m, 6H), 4,07 (m, 1H), 4,44 (s, 2H), 6,57 (d, J = 83,0 Hz, 1H), 8,12 (s, 2H).

Vi du 6: (3S)-1-[5-[(E)-2-(Aminometyl)-3-flo-alyloxy]pyrimidin-2-
yl]pyrrolidin-3-ol; dihydroclorit

.

|
oL
I ~
N/]\N
HCI
HO
Hoa tan tert-butyl N—[(E)-3-ﬂo-2-[[2-[(3S)-3-hydroxypyrrolidin—1-

yl]pyrimidin-5-ylJoxymetyl] alyl] cacbamat v61 lugng bang (605,9mg, 1,65mmol) vao
trong hdn hop gom HCI trong MeOH véi lugng bang (30mL, 15mmol, 0,5mol/L) va
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HCI trong nude voi lugng bang (SmL, 60mmol, 12mol/L). Khudy tron hdén hop sach
thu dugc qua dém. C6 dgc hdn hop phan tmg duéi didu kién chan khong dé thu dugce
phin chét con lai. Pua phin chit con lai vao hé théng HPLC diéu ché véi cot LC:
XBridge® C18 30 x 150mm 5Sum; NH4sHCO; vé6i ndéng d6 10nM trong H>O, & nhiét
d6 phong; rtra giai bang ACN 2% trong khoang thdi gian tir 0 dén 2 phut, sau d6
gradien ACN thay dbi tir 2 dén 10% trong khoang thoi gian tir 2 dén 10 phut, véi tde
d6 dong bang 35mL/phut, R; = 8,0 phut (dugc giam sat thong qua viéc phét hién UV);
dung tai 16 phuat. Gom cac phan thich hop va co dic dé thu duoc chat gbe tu do cua
hop chit mong mudn. Hoa tan hop chét gbc tu do bang HCI véi ndng do 0,5M trong
MeOH (15mL). C6 dac dung dich, bd sung nudc, va sau d6 1am dong kho dé thu duoc
san phidm mong mudn 13 chét rén mau vang nhat véi ti 1& E:Z 16n hon 20:1 (352,7mg,
0,982mmol, 59%). Quang phd khbi ES/MS (m/z): 269 (M+H), 'H NMR (500MHz, ds-
DMSO) § 1,87-1,94 (m, 1H), 1,98-2,05 (m, 1H), 3,44 (d, J = 11,5 Hz 1H), 3,51-3,61
(m, 5H), 4,39-4,42 (m, 1H), 4,66 (d, J = 3,0 Hz, 2H), 5,33-5,90 (br, 2H), 7,28 (d, ] =
82,0 Hz, 1H), 8,35 (s, 2H), 8,35-8,44 (br, 3H), ’F NMR (500 MHz, ds-DMSO) 3
121,9 (s).

Budc didu ché thay thé cta vi du 6

Hoa tan tert-butyl N-[(E)-3-flo-2-[[2-[(3S)-3-hydroxypyrrolidin-1-
yl]pyrimidin-5-yl]Joxymetyl] alyl] cacbamat véi lugng bang (1,1601g, 3,15mmol)
trong dung dich gdm HCI trong EtOAc véi luong bang (50mL, 50mmol, 1,0mol/L)
(duoc tron trude voi HCl ¢6 ndng do bang 0,5mol/L trong 5ml MeOH). Khudy tron
dung dich thu dugc qua dém. Co dac thé vAn mau tring du6i didu kién chan khong dé
thu dugc bot mau tring. Hoa tan bot mau tring trong nude va lam dong khd dung dich
dé thu duoc cac hop chdt mong muén 1a chét rin mau vang nhat véi luong bing
(860,7mg, 2,42mmol, 77%).

Nguyén liéu dugc diéu ché nhu trong vi du 6 duoc hoa tan trong nude (SmL)
va duoc hoa hop véi nguyén liu thudc vi du thay thé 6 trong nudc (SmL). Lam dong
kho hdn hop dé thu duoc hop chit mong mudn véi ti 1¢ B:Z 16n hon 20:1 véi lugng
bang (1,151g, 3,27mmol). Quang phd khdi ES/MS m/z: 269 (M+H), 'H NMR
(500MHz, ds-DMSO) 6 1,87-1,94 (m, 1H), 1,98-2,05 (m, 1H), 3,44 (d, J = 11,5 Hz
1H), 3,51-3,61 (m, 5H), 4,39-4,42 (m, 1H), 4,66 (d, J = 3,0 Hz, 2H), 5,33-5,90 (br,
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2H), 7,28 (d, J = 82,0 Hz, 1H), 8,35 (s, 2H), 8,35-8,44 (br, 3H), ’F NMR (500 MHz,
ds-DMSO0) 6 121,9 (s).

Céc xét nghiém sinh vat hoc

Hoat tinh In vitro v6i SSAO/VAP-1

Hoat tinh oxidaza amin cua cac isoform SSAO, MAOa, va MAOD tai tb hop
dugc do bang cach sit dung bd xét nghiém MAO-Glo™ cua Promega (V1402). Céc
hop chét kiém tra (v6i DMSO 1 chét pha v6i lugng bang 0,5% tinh theo thé tich ddi
voi SSAO) va enzym dugc U trong 10 phut ¢ nhiét d phong trude khi bd sung chat
nén phat quang. Nong do chét nén 1a 10uM dbi véi SSAO tai to hop cua ngudi. Céc
xét nghiém duoc tién hanh trong dém c6 pH bang 7,4 (50mM HEPES, 120mM NaCl,
5mM KCl, 2mM CaCly, 1,4mM MgCl,, 0,001% Tween-20) trong tAm giéng ciy. Viéc
oxy héa chét nén dugc tién hanh trong 2 gid trude khi bd sung thudc thir phat hién
theo quy trinh cta nha san xuét. Tri s6 ICso ctia cac hop chét duge kiém tra duge tinh
toan bang cach vé theo duong cong dap tmg lidu lvong st dung churong trinh hdi quy
khong tuyén tinh 4 tham sd. Céc tri s6 ICso cho cac hop chét thudc cac vidu 3, 5va 6
dugc liét ké trong bang 2.

Béang 2
) ICso twong dbi kim him hSSAO
Vidu
' (nM)
3 12+1,n=5
5 32+7,n=4
6 52+ 5, n=7

Dit lidu duoc biéu dién 12 gi tri trung binh + SEM (SEM=sai s6 tiéu chuin cta gia tri
trung binh) cho sb lwong céc thi nghiém (n).

Cac hop chét thudc cac vi du di thé hién tri s ICso dbi v6i hSSAO 1a nhé hon
60nM. Céc hop chat thudc cac vi du d thé hién tri s6 ICso d6i véi hMAOa va hMAOb
1an luot 16n hon 50pM va 200uM, biéu thi rang cac hop chit thude cc vi du 1a c6
chon loc véi hSSAO hon 1a véi hoac hMAOa hodc hMAOb.

Uéc dinh muc tiéu cho SSAO

Hoat tinh cia SSAO trong huyét twong va cdc mo gan cta chudt duge do bing
cach sir dung bo thi nghiém MAO-Glo™ ctia Promega (V1402). Hoat tinh con lai cua
SSAOQ trong céc con chudt sau khi diéu tri bang hop chat duge ude tinh bang viéc do
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téng hoat tinh ctia oxidaza amin trong huyét twong hozc dich thity phén cua gan ma
khong nhay v6i sy ¢ mat cua chat uc ché MAO Clogyline va Pargyline. Cac con
chudt dugc cung cép cac hop chat thudc vi du 2 véi lidu luong 15, 3, 0,6, 0,12, 0,025,
0,005mg/kg. Nhém kiém sodt dugc cung chp voi cing thé tich (2ml/kg) cua chét pha
lidu lugng (hydroxyetyl xenluloza 1% khdi luong/thé tich, 0,25% Tween 80). Huyét
twong va gan tai 2 hodc 24 gio sau khi didu tri bang hop chat duge thu va bao quéan &
nhiét d6 -78 °C cho dén khi phan tich. Cac dich thuy phan ctia mo dugc chuén bi bang
sy ddng nhit hoa trong dém ly gidi (20mM HEPES, pH 7,4, 150mM NaCl, 1mM
EDTA, ImM EGTA, 1% Triton X-100 va 1 vién thudc e ché proteaza ctia Roche
Complete). Cac hat m6 dugc loai bo bing viéc ly tdm véi toe do 12,000 vong/phit tai
nhiét d6 4°C trong thoi gian 30 phut. 40pul huyét twong hoic dich thiy phan cua gan
dugc 0 v6i Clogyline (10uM) va Pargyline (10uM) trong 20 phut & nhi€t do phong
truée khi bd sung chit nén phat quang (50uM) trong 60 phut. San pham duoc tao ra
duoc lugng tir hda theo cach thirc ciia nha san xuit. Phan hoat tinh ma nhay véi su ¢co
mat cia cac chit tc ché MAO duge st dung nhu chét thay thé cho hoat tinh con lai
ctia SSAO. Hop chét thudc vi du 2 d4 duge dénh gia trong quy trinh vé co ban nhu

dugc md ta & trén dugce cung cap véi cac liéu lugng khac nhau. Két qua dugc liét ké

trong bang 3.
Bang 3
Uéc dinh muc tiéu SSAO cho vi du 2
Hoat tinh ctia SSAO (%)
Liéu luong £
i Huyét turon Gan
(mg/kg) verons
, 2 gio 24 gid 24 gi¢
Chat pha 100+7 100+£9 100+11
0,005 31+3 70+7 75+18
0,025 21+1 5549 68+14
0,12 7+1 35+4 45+8
0,6 4,3+0,8 16,3+2.6 16,2429
3 3,6+1,0 8,8+1,3 7,1+£1,7
15 -0,6+0,3 6,6+1.8 9,6+2.,6

Dt liéu duge biéu dién 1a gia tri trung binh + SEM, n=6
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Céc két qué bidu thi ring hop chét thudc vi du 2 e ché hoat tinh ctia SSAO phu
thudc vao lidu lugng trong ca huyét twong va gan ctia chudt.

M5 hinh chudt cia NASH va ching xo hoa gy ra boi ché do an 3H

Chuot duc C57BL/6N duoc cp ché do an D09100301 (cac ché do an theo
nghién ctru, chit béo 40%, cholesterol 2%, fructoza 24% (“ché d¢ &n 3H” chat béo
cao, cholesterol cao va fructoza cao) trong 150 ngay. Tung con chudt sau d6 dugc nhét
riéng sau 5 ngay cho thoi ky thich nghi mdi truong. Aminotransferaza alanin (alanine
aminotransferase -ALT) cta huyét tuong va cytokeratin 18 (CK18) dugc do. Sau mot
tuan hoi phuc, cac con chudt duoc chon ngﬁu nhién thanh 5 nhém duya trén cac tri sb
ALT, céc tri s6 CK18, va khoi lugng co thé cua chung. Cac con véat thudc tirng nhom
dugc cung cdp hodc chit pha (0,5% metylxenluloza (MC) + 0,25% Tween 80 trong
nuée cht) hodc hop chit thude vi du 6 (v6i lidu lugng 0,06, 2, 6 va 20mg/kg) mot 1an
trong ngay theo thé tich bang 5ml/kg trong 11 tuan.

Mau dugc thu tir nhitng con chudt duge xt ly véi hop chét thudc vi du 6 trong
76 ngay lay sau 2 gio sau lidu luong cudi cung. Cac mirc do ctia hop chit trong huyét
tuong dugc phan tich bang khéi phd. Céc két qua duoc liét ké trong bang 4 dudi day.
Nhitng con chudt duge diéu tri thé hién viéc tang 1én phu thudc vao lidu dung cuia céc
mirc hop chit trong huyét tuong. T4t ca cac nhém chudt duoc didu tri v6i vi du 6 thé
hién viéc giam dang ké vé ALT, biéu thi su thuong tén gan di giam xudng trong cac
con vat nay. Cac con vét dugc diéu tri voi lidu luong 6 va 20mg/kg bang hop chat
thude vi du 6 ciing thé hién mirc do gidm triglycerit trong mau.

Khi hoan thanh nghién ctru, céc con vat bi giét va ldy gan cua chung. Hai 14t cét
thity nflo trai va thuy ndo phai dugc dat trong formalin 10% dugc dém trung tinh. Céc
Jam kinh mang md gan dugc nhuém mau voi hematoxylin va eosin (H&E), Kit nhuém
mau Sirius red, va Masson’s Trichrome dé chuén bi cac lam kinh cho viéc phan tich
bénh ly. T4t c& cac mau vat dugc kiém tra béng kinh hién vi va dugc chdm diém nhu
diém hoat tinh theo hé thdng diém Brunt dugc bién ddi. Cac diém dua trén so @ phan
loai va cac diém cubi ciing nhu duge mo ta trong tai liéu tham khao “Histopathology
of nonalcoholic fatty liver disease,” World J. of Gastroenterol, 2010, 16(42), 5286-
5296 cua tac gia Brunt E. M, va céng su. Nhom céc gia tri trung binh sau d6 dugc tinh

toan cho ting diém cudi cung riéng r&. Cac diém cuoi cung tiep theo duoc st dung dé
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dinh 1o dac diém cua ché d6 an béo cia NASH trong cac con chudt nhu duge bién d6i
tir cac diém cudi cing cia NASH (Xem tai liéu tham khao “Histopathology of
nonalcoholic fatty liver disease,” Clin Liver Dis., 2009, 13, 533-544 cua tic gia Brunt,
E. M. va tai liéu tham khéo “Nonalcoholic steatohepatitis: A proposal for grading and
staging the histological lesions”, Am J Gastroenterology, 1999, 94(9), 2467-2474 cua
tac gid Brunt, E. M, va cOng su.

Phén tich m6 bénh hoc cua gan tir cdc con chudt duoc diéu tri véi hop chét
thude vi du 6 duoc cung cp trong bang 4. Cac két qua cho thay rang c6 sy giam dang
ké trong chimg viém gan, gan nhiém md, va xo gan trong cac con chudt ma duoc didu
tri bang hop chét thude vi du 6 véi lidu luong bang 20mg/kg.

Bang 4
Céc két qua c6 hiéu qua cho hop chét thude vi du 6

. 38 Muc d6 gﬁa
Licu lugng hop Chﬁt; 1 Huyét twong
lugng dong trong huyeét | ALT (IU/L) TG (mg/dL) !
(mg/kg) | o tuong
i ' (ng/ml)
Chat |y : 713243 694
pha
0,6 13 66.+5 530+45* 55+6
2 13 163+21 483+44%* 70+11
6 11 560+29 495+25%* 46+4*
20 11 2117+219 4663 7*** 45+5*

M5 hinh 'MIXED dugc ap dung dé so sanh nhitng thay d6i 1an do tir duong nén duoc
didu chinh boi duong nén gitra nhém diéu tri bing hop chét va nhém chét pha, (Xem
tai liéu tham khao “Generalized, Linear, and Mixed Models,” cua tac gid McCulloch,
C.E., va Searle, S.R., Eds. John Wiley and Sons, 2000 va tai liéu tham khao “Mixed-
Effects Models in S and S-PLUS”, cua tac gia Pinheiro J.C., va Bates, D. M., Eds.
Springer, 2000.) D@t liéu dugc biéu dién 13 gid tri trung binh +SEM. * p<0,05;
**p<0,01; *** p<0,001
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Bang 5
Phéan tich m6 bénh hoc gan cho hop chét thudc vi du 6

Piém (0-3)!

Liéu luong Vién gan Gan nhiém md Xo héa gan

(mg/kg) Trdi | Phai | Tréi Phai Trsi | Phai

Chét pha 2,8+0,1 | 2,740,1 | 2,8+0,1 2,8+0,1 2,5+0,2 | 2,3£0,1

2,6+0,1 | 2,5+0,1 | 2,5+0,1 2,6+0,1 2,4+0,2 | 1,9+0,2

0,6

> 25501 | 2,650 | 2,5¢0,1 | 27%0,1 | 25402 | 1,802
6 25502 | 2,602 | 2.9+0,1 | 27%0,1 | 26402 | 2,140.3
20 2 120,10 | 20N 0 4000 | 2340,1% | 19202 | 1,5:0.2%

1 Phép kiém dinh phi tham sé duoc ap dung dé so sanh céac diém gifta cac nhom diéu tri
bang hop chit va nhém chit pha. Cac diém cho cac phén trén trai va bén phai dugc so
sanh riéng ré.

Dit liéu duoc biéu dién 13 gia tri trung binh+SEM.

* p<0,05; **p<0,01; *** p<0,001
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YEU CAU BAO HO

1. Hop chét c6 cong thiic sau:

trong do n 1a 1 hodc 2; va
R1 l1a H hoac -CHzs;
hodc mudi duoc dung ctia hop chit nay.

2. Hop chit c¢6 cong thirc sau:

trong d6nla 1 hoac 2; va

R1 1a H hoac -CHzs;

hoic mudi dugc dung ctia hop chét nay.
3. Hop chat theo diém 1 hodc 2, trong d6 n 13 1, hoic mubi dugc dung cta hop chét
nay.
4.  Hop chét theo diém 1 hoic 2, trong d6 n 1a 2, hoac mubi dugc dung cta hop chét
nay.
5. Hop chét theo diém bat ky trong s6 cac diém tir 1 dén 4, trong d6 R1 13 H, hoic
mudi duge dung ctia hop chit nay.

6. Hop chit theo diém bat ky trong sb cac diém tir 1 dén 4, trong d6 R1 13 -CHs,

hoic mudi duoc dung cta hop chat nay.
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7. Hop chit theo diém 1 hoic 2, c6 cong thirc:

R1 -0

hoic mudi duoc dung ctia hop chat nay.
8. Hop chit c6 cong thirc sau:

F

o M,
b
Ne

hoic mubi duoc dung ciia hop chat nay.
9. Hop chét theo diém bét ky trong s cac diém tir 1 dén 8, trong d6 hop chat nay &
dang mubi cdng mono hodc di hydroclorua, mubi cdng axit metylsulfonic hodc mudi
cdng axit 4-metylbenzensulfonic.
10. Hop chéit theo diém 8, trong d6 hop chit nay 13 (2E)-3-flo-2-({[2-(4-
metoxypiperidin-1-yl)pyrimidin-5-yl]oxy} metyl)prop-2-en-1-amin 4-
metylbenzensulfonat.
11. Hop chét theo diém 8, trong d6 hop chét nay 13 (E)-3-flo-2-[[2-(4-metoxy-1-
piperidyl)pyrimidin-5-ylJoxymetyl|prop-2-en-1-amin dihydroclorua.
12. Hop chat (2E)-3-flo-2-({[2-(4-metoxypiperidin-1-yl)pyrimidin-5-
ylJoxy}metyl)prop-2-en-1-amin 4-metylbenzensulfonat ¢ dang tinh thé dugc dic trung
boi mau nhiéu xa bot tia X thu duge tir nguén CuKa (A=1,54056A), ma cé cac dinh
tai:

a) 18,6, 19,1, 21,0, 21,9, va 22,4 +/- 0,2° theo 2 theta, hodc

b) 17,6, 11,0, 16,8, 18,6, 19,1, 21,0, 21,9, 22,4 va 26,1 +/- 0,2° theo 2 theta.
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13. Duoc phdm chira hop chét theo diém bat ky trong s cac diém tir 1 dén 12, hoidc
mudi duoc dung cua hop chét niy, va chat mang dugc dung, chét pha loéing hoic t4

duoc.
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