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(57) Sdng ché& dé xuat hop chét cé cong thic (D) ¢ kha nang tc ch€ hoat tinh

enzym tyrosin kinaza clia protein Abelson (ABL1), protein ho Abelson (ABL2)

va protein khim ciing ho, cu thé BCR-ABLI. Sing ché con dé xust dugc pham

chita hop chit nay.
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Linh vie ki thuat dwoc dé cap

‘Séng ché @& xuét hop chét c6 kha ning tc ché hoat tinh enzym tyrosin kinaza
cua protein Abelson (ABL1), protein ho Abelson (ABL2) va protein kham cung ho, cu
thé 1a BCR-ABL1. Sang ché con d& xudt duge phdm chira hop chét nay.

Tinh trang ky thuit ciia sang ché

Hoat tinh tyrosin kinaza ctia protein ABL1 thuong duogc diéu hoa mot cach chit
chg, c6 ving diu chép dudi tn cing N cia mién SH3 dong mot vai trd quan trong.
Mot co ché diéu hoa co lién quan dén gbc glyxin-2 dau chép tin cing N duoc
myristoyl héa va sau d6 twong tac véi vi tri gan két myristat ndm trong mién xic tac
SH1. Déu hiéu phan biét cia bénh bach ciu tiy xuong man tinh (CML-chronic
myeloid leukemia) 12 nhidm sic thé Philadelphia (Ph), dwoc tao ra béi su chuyén doan
nhiém sic thé thuan nghich (9,22) trong t& bao mim tao huyét. Nhiém sic thé nay
mang gen gy ung thu BCR-ABL1 mi héa protein BCR-ABL1 kham, gen nay thiéu

dau chop tan cung N va c¢6 mién tyrosin kinaza cau tric hoat déng.

Mic du cac duge chit trc ché hoat tinh tyosin kinaza cia BCR-ABLI1 thong qua
co ché canh tranh ATP, nhu Gleevec®/Glivec® (imatinib), Tasigna® (nilotinib) va
Sprycel® (dasatinib), 14 ¢6 hiéu qua trong diéu tri CML, mdt s§ bénh nhén tai phat do
sw xuét hién ctia cic dong khang thude, trong d6 cac dot bién trong mién SHI lam
giam sy gén két chit uc ché. Mic du Tasigna® va Sprycel® duy tri hidu lyc déi voi
nhidu dang d6t bién khang Gleevec cia BCR-ABLI, su dot bién trong d6 gbc
threonin-315 dugc thay thé boi isoleuxin (T315I) van khong nhay cam vdi tit ca ba
duogc chét ndy va co thé khién cho cac bénh nhan CML tang su khang thudc véi diéu
tri. Do d6, viéc trc ché sy dot bién BCR-ABLI1, nhu T3151, van 12 mdt nhu ciu y hoc
chua dugc dédp ung. Ngoai CML, cac protein dung hop BCR-ABL1 1a nguyén nhén
gy ra mdt ty 1& phan trim bénh bach ciu lympho cip tinh, va dugc chit chon dich 1a

hoat tinh ABL kinaza cling c6 tinh ung dung trong chi dinh nay.
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Céc tac nhan huéng dich 1a vi tri gin két myristoyl (c6 tén goi 1a chét uc ché di
1ap thé) c6 hi¢u lyc dé didu tri bénh BCR-ABL1 (J. Zhang, F. J. Adrian, W. Jahnke, S.
W. Cowan-Jacob, A. G. Li, R. E. Tacob4, T. Sim, J. Powers, C. Dierks, F. Sun, G.-R.
Guo, Q. Ding, B. Okram, Y. Choi, A. Wojciechowski, X. Deng, G. Liu, G. Fendrich,
A. Strauss, N. Vajpai, S. Grzesiek, T. Tuntland, Y. Liu, B. Bursulaya, M. Azam, P. W.
Manley, J. R. Engen, G. Q. Daley, M. Warmuth., N. S. Gray. Targeting BCR-ABL by
combining allosteric with ATP-binding-site inhibitors. Nature 2010;463:501-6). Dé
ngin can su xuét hién khang thubc khi st dung chét trc ché ATP va/hodc chit trc ché
di I8p thé, viéc diéu tri két hop sir dung ca hai kiéu chit rc ché c6 thé duoc phat trién
dé didu tri céc bénh lién quan dén BCR-ABLI. Cu thé, van tdn tai nhu cdu vé cac phan
tir nho, hodc hdn hop chira né, ma trc ché hoat tinh BCR-ABLI va su dot bién BCR-
ABLI théng qua vi tri gin két ATP, vi tri gan két myristoyl hodc két hop cé hai vi tri
nay.

Hon nita, cac chét trc ché hoat tinh ABLI kinaza c6 tiém ning dé sir dung lam

thudc di€u tri ung thu bi€u mé xam 1an di cin va cac bénh nhiém virut nhu virut dau

mua va virut Ebola.

Hop chét theo sang ché cling c6 hiéu luc dé diéu tri hodc phong cac bénh hoic
rdi loan lién quan dén hoat tinh kinaza hoat hoa bat thuong cia ABLI kiéu dai, bao
gém cac bénh hoic rdi loan khong éc tinh, nhu cac bénh CNS cu thé 12 bénh thodi héa
than kinh (vi du bénh Alzheimer, Parkinson), bénh than kinh van dong (xo cling cot
bén teo co), loan dudng co, bénh tw mién va viém nhiém (bénh dai thao duong va xo

phéi), cac bénh nhiém virut, bénh do prion.
Bin chit ky thuat cia sang ché

Muc dich ctia sang ché nhim d& xudt hop chit c6 hiéu luc dé diéu tri hoac
phong cac bénh hoic rdi loan lién quan dén hoat tinh kinaza hoat héa bit thuong cia
ABL1 kiéu dai, bao gém cac bénh hoic ri loan khong 4c tinh, nhu cac bénh CNS cu
thé 13 bénh thodi héa than kinh (vi du bénh Alzheimer, Parkinson), bénh than kinh van
dong (xo cling ct bén teo o), loan dudng co, bénh ty mién va viém nhim (bénh dai

théo duong va xo phdi), cac bénh nhidm virut, bénh do prion.

Theo mot khia canh, sang ché dé xudt hop chét co cdng thuc (I):
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R, /Yl o
Ry NN AR
Ho |
Yi Rz
€9)
trong do:

R, 1a pyrazolyl; trong d6 pyrazolyl ndy 1a khong duoc thé hogic duge thé boi tir
1 dén 2 nhém Rg;

R, 1a pyrolidinyl; trong d6 pyrolidinyl nay dwgc thé bai mot nhom R;

Rj3 dugc chon tir hydro va halo;

R4 dugc chon tir —SF5 va —Y,—CF,—Y5;

R¢ & mdi nhom 1a ddc 1ap duge chon tir hydro, hydroxy, metyl, metoxy, xyano,
triflometyl, hydroxy-metyl, halo, amino, flo-etyl, etyl va xyclopropyl;

R; dugc chon tir hydroxy, metyl, halo, metoxy, hydroxy-metyl, amino, metyl-
amino, amino-metyl, triflometyl, 2-hydroxypropan-2-yl, metyl-cacbonyl-amino,
dimetyl-amino, 2-amino-3-metylbutanoyl)oxy, carboxy, metoxy-cacbonyl,
phosphonooxy, xyano va amino-cacbonyl;

Y dugc chon tir CH va N;

Y dugce chon tir CH va N;

Y, dugc chon tir CF,, O va S(0).,; va

Y3 duge chon tir hydro, clo, flo, metyl, diflometyl va triflometyl.

Theo khia canh thit hai, sing ché dé xuit duoc phim chira hop chét hop chét co
cong thire (I) hodc dan xuat N-oxit, ddng phan riéng 1¢ va hdn hop cac ddng phan ca
nd, hoic mudi duoc dung ctia no, két hop v6i mdt hodc nhiéu ta dugec thich hop.

Sang ché dé cap dén quy trinh diéu ché hop chét c6 cong thire (I) va dan xuét
N-oxit, dan xuat tién cht, din xuit dugc bao vé, ddng phan riéng 1é va hdn hop céc

dong phan clia n6, va mudi dugc dung cia no.
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Fig.1: Gian d6 nhifu xa bot tia X (st dung ngudn dong (lambda = 1,54A) dé
do) v6i ché phdm phan tan rén vo dinh hinh trong Vi du 9 (xem Vi du 41) ¢6 lugng

nap 25% 1 hop chét Vi du 9 véi PVP VA64 (37,5%) va Pharmacoat 603 (37,5%).

Fig.2: D6 thi chimg minh hoat tinh chéng khéi u phu thudc lidu trén dong vat
v6i khéi ghép khac loai KCL-22 dudi da duge sir dung hing ngay hop chét Vi du 9.

Fig.3: D0 thi thé hi¢n hidu qua diéu tri khéi u khéng nilotinib. Céc t& bao KCL-
22 duoc phat trién & dang khi ghép duéi da va bdn con vat dugce cho dung Nilotinib
BID lidu 75mg/kg (hai 1dn mbi ngay). Khi cac khéi u xut hién sy khang véi viéc diéu
tri bang Nilotinib, liu dugc thay dbi thanh 30mg/kg hop chit Vi du 9 BID. Viéc didu
tri cac khoi u khang nilotinib bang hop chét Vi du 9 din dén su ddy lui cac khéi u. M3i

duong 1a mot con vit riéng biét.

Fig.4: Do thi thé hién hidu qua didu tri khdi u. Dong vat véi cac khdi ghép
KCL-22 duéi da dugc cho dung liéu hén hop 30mg/kg hop chit Vi du 9 BID va
75mg/kg hop chat Nilotinib BID. M3i dudng 1a mot con vét riéng biét. Quan sat thiy
viéc day Iui hoan toan khdi u & tht ca dong vét va dwoc duy tri dén khi két thuc nghién

clru.
Mo ta chi tiét sang ché
Dinh nghia

“Alkyl” 14 dé chi cac gbe hydrocacbon phan nhanh hoic khong phan nhéanh c6
tir 1 dén 7 nguyén tir cacbon (Cy7alkyl), hogc tir 1 dén 4 nguyén tir cacbon (Ci4alkyl).
Vi du dai dién cua alkyl bao gom, nhung khong gi6i han &, metyl, etyl, n-propyl, iso-
propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl,
3-metylhexyl, 2,2-dimetylpentyl, 2,3-dimetylpentyl, n-heptyl, n-octyl, n-nonyl, n-
dexyl va twong tu. Alkyl thé 1a nhém alkyl chira mot hodc nhiéu, nhu mot, hai hoéc ba
phén tir thé dwoc chon tir halogen, nhém hydroxy hodc alkoxy. Alkyl duoc thé halo va
alkoxy duogc thé halo, c6 thé hodc 1a mach théng hodc phan nhanh va bao gf“)m,
metoxy, etoxy, diflometyl, triflometyl, pentafloetyl, diflometoxy, triflometoxy, va

tuong tu.
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“Aryl” c6 nghia la nhan thom don vong ho#c hai vong ngung tu cung nhau
chira tlr sau dén mudi nguyén tt cacbon trong vong. Vi du, aryl c6 thé 1a phenyl hogic
naphtyl, tt hon 13 phenyl. “Arylen” c6 nghia 1a gbc hoéa tri hai c6 ngudn géc tir nhém

aryl.

“BCR-ABLI1” 1a @& chi protein ngung tu tao ra tir exon tin cung N cua gen
BCR (breakpoint cluster region) va phan chinh tin cing C (exon 2-11) cua gen
Abelson (ABL1). Gen sao chép dung hgp chung nhit ma héa protein 210-kDa (p210
BCR-ABL1), mic du céc doan gen sao chép hiém hon ma hoa protein 190-kDa (p190
BCR-ABL1) va protein 230-kDa (p230 BCR-ABL1). Céc trinh ty ABLI cta cac
protein nay chira mot mién ABL1 tyrosin kinaza dugc diéu hoa chat ch€ trong protein
kiéu dai, nhung dwoc hoat hoa theo cu tric trong cac protein dung hgp BCR-ABLI.
Tyrosin kinaza khong dugc diéu hoa twong tac voi nhidu con dudng truyén tin hiéu té

bao din dén su bién nap va su tdng sinh khong di€u hoa cta céac té bao.

“Gen dot bién BCR-ABL1” d& chi nhiéu dot bién vi tri don trong BCR-ABLI
bao gém: Glu255—Lysin, Glu255—Valin, Thr315—Isoleuxin, Met244—Val,
Phe317—Leu, Leu248—Val, Met343—Thr, Gly250—Ala, Met351—Thr,
Gly250—Glu, Glu355—Gly, GIn252—His, Phe358—Ala, GIn252—Arg,
Phe359—Val,  Tyr253—His, Val379—Ile,  Tyr253—Phe, Phe382—Leu,
Glu255—Lys, Leu387—Met, Glu255—Val, His396—Pro, Phe311—lIle,
His396—Arg, Phe31l1—Leu, Ser417—Tyr, Thr315—lIle, Glu459—Lys va
Phe486— Ser.

Hop chét theo sang ché 1a nhay cam véi su thé trén vong dugc thé R3/R4 & vi tri
ortho véi diém gén ctia nhém NHC(O). So sanh, vi du, cac hop chit ¢6 cong thirc (I)
sau. Gia tri ICso ctia hop chit Vi du 2 12 1nM so véi chét thé clo hozc metyl 14n luot c6

gid tri ICsp = 1,6 va 1,8uM:

R 3 Thtr nghiém
| Caliper ABL1
Ry N N 7 a
° H | (64-515)
N
W YR ICso [M]
Hop chit c6 cong thirc (1)
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“Heteroaryl” la nhu dinh nghia déi véi aryl néu trén trong d6 mdt hodc nhiéu
thanh phén trong vong la di nguyén tir. Vi du heteroaryl tir 5 dén 8 canh c6 tdi thiéu 5
thanh phén trong vong dugc chon tir cacbon, nito, oxy va luu huynh. Do d6, heteroaryl
tr 5 dén 8 canh bao gdm pyridyl, indolyl, indazolyl, quinoxalinyl, quinolinyl,
benzofuranyl, benzopyranyl, benzothiopyranyl, benzo[1,3]dioxol, imidazolyl, benzo-
imidazolyl, pyrimidinyl, furanyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl,

thienyl, v.v.

“Xycloalkyl” c¢6 nghia 13 nhan bio hoa, don vong, hai vong ngung tu hoic da
vong bic clu cung chtta mot sb nguyén tir trong vong dugc néu 18. Vi dy, Cs.
ioxycloalkyl bao gdm xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, v.v.
Xycloalkyl khong bdo hoa mét phin co nghia 1a xycloalkyl nhu dugc néu trén co it
nhét mot lién két 12 lién két doi.

“Heteroxycloalkyl” ¢6 nghia 1a xycloalkyl, nhw xac dinh trong sang ché, vai
diéu kién 1a mot hodc nhiéu cacbon trong vong d4 néu, dugc thay thé bdi gbe duoc

chon tir -O-, -N=, -NR-, -C(O)-, -S-, -S(O) - hoic -S5(0)2-, trong d6 R 1a hydro, C1-

-7-
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4alkyl hodc nhém béo vé nito (vi du, carbobenzyloxy, p-metoxybenzyl cacbonyl, t-
butyyoxycacbonyl, axetyl, benzoyl, benzyl, p-metoxy-benzyl, p-metoxy-phenyl, 3,4-
dimetoxybenzyl, va tuwong tu). Vi du, heteroxycloalkyl 3 dén 8 canh bao gdm
morpholino, pyrolidinyl, pyrolidinyl-2-on, piperazinyl, piperidinyl, piperidinylon, 1,4-
dioxa-8-aza-spiro[4.5]dec-8-yl, thiomorpholino, sulfanomorpholino,

sulfonomorpholino, v.v.

“Halogen” (hodc halo) tét hon 14 14 clo hodc flo, nhung cfing c6 thé 1a brom

hodc iod.

GLEEVEC® (imatinib mesylat) duoc chi dinh cho diéu tri cho cac bénh nhan
¢6 khdi u md dém dudng tiéu héa duong tinh véi KIT (CD117) khong thé phdu thuat
va/hodc di cin 4c tinh (GIST). N6 ciing duoc chi dinh dé diéu tri cho cac bénh nhan
truong thanh sau khi hoan thanh dai phiu thuit bénh GIST duong tinh véi KIT
(CD117). N6 ciing duoc chi dinh d€ diéu tri cho ngudi truéng thanh méi duoc chin
doan va cac bénh nhi mic bénh bach ciu tiy xuong mén tinh Philadelphia duwong tinh
v6i nhiém sic thé (Ph+ CML) & pha man tinh va cdc bénh nhan mic Ph+ CML trong
con bung phat (BC), pha tang tdc (AP), hoic trong pha mén tinh (CP) sau khi thét bai
v0i liéu phép interferon-alpha. N6 ciing duge sir dung lam thuée huéng dich dé didu tri
céc rdi loan hiém sau déy v6i lua chon diéu tri ¢6 han ché: bénh bach ciu nguyén bao
lympho cép tinh Philadelphia duong tinh véi nhidm séc thé (Ph+ ALL) téi phat hoic
dai ding; bénh loan san tly xwong/bénh tdng sinh tuy xuwong (MDS/MPD-
myelodysplastic/myeloproliferative disease) di cung véi su b tri lai gen thu thé yéu t§
tang trudng c6 ngudn gde tiéu ciu (PDGFR- platelet-derived growth factor receptor);
bénh u té bao bon hé thdng (ASM - aggressive systemic mastocytosis) khong c6 dot
bién D816V ¢-KIT hogc c6 trang théi dét bién ¢-KIT chua dugc biét ro; hoi chimg wa
eosin qua mirc/bénh bach ciu uwa eosin man tinh (HES/CEL) véi kinaza dung hop
FIP1L1-PDGFRo (phén tich ddt bién hoic ching minh FISH v& sy x6a alen CHIC2)
va cho bénh nhan mic HES va/hoic CEL c6 kinaza dung hop FIP1L1-PDGFRa 4m
tinh hogc chwa r3; va khong thé phiu thuat, tai phat, va/hodc sacom bi xollck)i (DFSP)
di cén.

TASIGNA® (nilotinib) duge chi dinh dé diéu tri cho bénh nhén truéng thanh
mic bénh bach ciu tiy xwong mén tinh duong tinh v4i nhiém sic thé Philadelphia
(Ph+ CML) méi chén doéan trong pha mén tinh. Né ¢6 thé duoc st dung dé didu tri cho

-8-
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ngudi trudng thanh d& méc bénh khong con dap tng tich cuc véi, hodc da khong con
dung nap phuong phép didu tri khac, bao gbm imatinib (GLEEVEC®), hoic da s
dung céc phuong phap diéu tri khéc, bao gém imatinib (GLEEVEC) nhung khong thé
dung nap ching.

SPRYCEL® (dasatinib) 12 mt thudc ké don st dung dé didu tri cho ngudi
truéng thanh méc mdi duge chin doan bénh bach cu tiy xuong man tinh (Ph+)
duong tinh vé6i nhi€ém séc thé Philadelphia (CML) méi dugc chin doan & pha man tinh
va dé diéu trj cho nguoi trudng thanh khong con dap tmg tinh cuc hodc khong dung

nap voi cac phuong phap didu tri khac, cling nhu v6i cac bénh nhan mic ALL.

BOSULIF® (Bosutinib) 1a thudc ké don sir dung dé didu tri cho bénh nhan méc
bénh bach cdu tily xwong man tinh (Ph+) duong tinh v6i nhidm sic thé Philadelphia
(CML) méi duoc chin doan & pha man tinh va d& didu trj cho nguoi trudng thanh
khong c6 dap umg tinh cuc hodc khong dung nap véi céc phuong phap diéu tri khac,

cling nhu bénh nhan méc ALL.

Hop chit ¢ cong thie (I) c6 thé c6 nhidu dang ddng phan khac nhau. Vi du,
nguyén tir cacbon khong ddi xing c6 thé c6 trong cAu hinh (R), (S) hodc (R,S), tét hon
12 & chu hinh (R) hogc (S). Phin tir thé & lién két doi hodc ddc biét 1a & nhan c6 thé ¢6
6 dang cis- (= Z-) hodc trans (= E-). Do d6, hop chét nay & dang hon hop cac ddng
phan hofic t5t hon 14 cac ddng phén tinh khiét, tt hon 14 cac chit ddng phén khong dbi
quang hoic ddng phan déi anh tinh khiét. Hop chét c6 cong thirc (I) sau s& tdn tai &

dang tautome:

Ra |Y\ o) HN-
_— ~
R3 H l N R6
Yi Rp
R4 |Y\ o) N-NH
|
_
NN R
Yi Ry
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Pé minh hoa cho hién tugng tautome hoa béng cac vi du cu thé sau, (R)-N-(4-
(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1 -yD-5-(1H-pyrazol-5-yl)nicotinamit
(chu tric bén phéi, sau diy) 1a tautome cua (R)-N-(4-(clodiflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-yl)-5-(1H-pyrazol-3-yl)nicotinamit (cAu truc bén trdi, sau day) va

nguoc lai:

Cl Cl

F\f/o 0 N-NH
F L/
- N X
Ho |l

HN-N
NS
~

Khi dang s6 nhiéu (vi du, cac hop chét, cic muéi) duoc st dung, né bao gém
dang s it (vi du mét hop chét riéng 18, mot mudi riéng 1€). “Mot hop chat” khong loai
trir (vi dy trong dugc phdm) viée cho nhidu hon mot hop chit co cdng thirc (I) (hodc
mudi ciia no), tir “mdt” chi don gian d& chi mot vat thé xac dinh. Do d6, “m6t” tdt hon

1a ¢6 thé dugc xem 13 “mot hodc nhiéu”, hon 13 cach khéc dugc hiéu 1a “mot”.

Thuat ngit “va/hodc N-oxit ctia nd, tautome cia né va/hodc mubi ctia nod (tét
hon 14 mubi duoc dung)” cu thé c6 nghia la hop chét c6 cong thic (I) ¢ thé & dang
hodc hdn hop voi N-oxit clia nod, l1a tautome (vi du thudc keto-enol, trong hién tugng
tautome hoa lactam-lactim, axit amit-imidic hogc enamine-imin) hodc trong hdén hop
voi tautome clia n6 (vi du phan tng dwong lugng gdy ra), hodc 1a mubi cla hop chit
c6 cong thire (I) va/hodc c6 dang bat ky ndy hodc hdn hop chua hai hozc nhiéu dang
nay.

Cong thure bat ky néu trong day dugc dy tinh 14 thé hién dang khéng dugc ddnh
diu bat ky cling nhu dang dugc danh déu ddng vi cua hop chat. Hop chét dugc danh
déu dong vi c6 chu trac duge mo t4 béi cong thirc néu trong diy ngoai trir vise mot
hogc nhidu nguyén tir duogc thay thé béi mot nguyén ti c6 khdi lwgng phan tir hoic sb
khéi da chon. Vi du vé cac ddng vi c6 thé dua vao trong hop chét theo sang ché lan
luot bao gém ddng vi cta hydro, cacbon, nito, oxy, phospho, flo, va clo, nhur ’H, *H,
''c, Be, Me, BN, 8 31p, p 35 6cy 1231 124p 125p Sang ché bao gdm cac hop chit
dugc ddnh déu ddng vi khac nhau nhu xéc dinh trong déy, vi du cac hop chit ma dong
vi hoat ddng phong xa duoc dua vao trong d6, nhu *H va He, hodc cac hop chit ma

dong vi khong hoat dong phéng xa dugc dwa vao trong d6, nhw *H va *C. Cac hop
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chit dugc danh ddu dong vi 1a hiru dung trong cac nghién ctru chuyén hoa (véi 0,
cac nghién ctiru dong hoc ctia phan tmg (véi, vi du 2H hoic *H), cac ky thuét phat hién
hodc ghi dnh, nhu chup positon cit 16p (PET) hodc chup cit 16p bing birc xa don
photon (SPECT) bao gdm céc thir nghiém phan bd dugc chét hodic co chét trong mo,
hodc trong phuong phap diéu tri phong xa cho cac bénh nhan. Cu thé, hop chét duoc
danh diu "8F c6 thé dac biét dugc mong mudn cho cac nghién ctru PET hoic SPECT.
Hop chit duoc danh déu ddng vi theo sang ché noi chung c6 thé dugc didu ché béi cac
k¥ thudt thong dung da biét r5 véi cac chuyén gia trong linh vuc nay hodc bdi cac quy
trinh twong tu nhu duge md ta trong phén Vi du st dung cac thudc thi dugce danh diu

ddng vi thich hop.

Hon nita, viéc thé boi ddng vi ning, cu thé dotori (ttre 13, *H hoiic D) c6 thé
mang lai mot sb loi ich didu tri do su én dinh trong chuyén hoa cao hon, vi du ting
thoi gian ban thai in vivo hodc giam yéu cau vé lidu hodc cai thién chi s diéu trj. Hiéu
ring dotori trong ban mo ta dugc coi [a mot phan tir thé cia hop chét theo sang ché.
Ham lugng cia déng vi ning, cu thé 1a dotori, c6 thé dugc x4c dinh béi hé sb lam giau
ddng vi. Thuat ngit "hé sd lam giau dong vi" nhu dugc st dung trong day c6 nghia la
ty sb gifta d gidu ddng vi va do giau ty nhién cia mot ddéng vi cu thé. Néu phan tir thé
trong hop chit theo duoc ky hiéu 1a dotori, hop chit ndy c6 hé sé lam gidu ddng vi véi
mbi nguyén tir dotori atom dugc thiét k& it nhét 12 3500 (52,5% dotori dua vio tai mdi
nguyén tir dotori dugc thiét ké), it nhét 4000 (60% dotori dua vao), it nhit 4500
(67,5% dotori dwa vao), it nhit 5000 (75% dotori dua vao), it nhat 5500 (82,5% dotori
dua vao), it nht 6000 (90% dotori dwa vao), it nhét 6333,3 (95% dotori dua vao), it
nhét 6466,7 (97% dotori dua vao), it nhit 6600 (99% dotori dua vao), hodc it nhét
6633,3 (99,5% dotori dua vao).

Vi du, hop chit ¢6 cong thire Ib, néu trong day trong d6 R; 1a hydro va Y 1a
CH, c6 thé dwa dotori vao trén nhan pyrolidinyl nhu trinh bay:

R4© oL N\N
oo \
N AN Re
H |
NS
D
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Dang dotori héa it c6 xu huéng bién nap chuyén héa (bén trai, ¢ trén) so véi

dang khong dotori hoa (bén phai, & trén).
M@ ti cac phwong 4n ciia sang ché

Sang ché dé xuét hop chét c6 hoat tinh trc ché tidm nang BCR-ABL1 hoic gen
dot bién cia BCR-ABL1 thong qua vi tri gin két myristoyl di l4p thé.

Theo mdt phwong én, ddi v6i hop chét theo sang ché, sang ché d& xuét hop chit

c6 cdng thure (Ib):

(Ib)

trong d6: Ry dugc chon tir hydro va halo; Ry duoge chon tir —-SF5 va —~Y,—CF,—
Y3; Ry khi lién két v6i nito ciia nhan pyrazolyl dugc chon tir hydro, metyl, hydroxy-
etyl, flo-etyl, etyl va xyclopropyl; va R¢ khi lién két véi nguyén tir cacbon cia nhan
pyrazolyl dugc chon tir hydro, hydroxy, metyl, metoxy, Xyano, triflometyl, hydroxy-
metyl, halo, amino, flo-etyl, etyl va xyclopropyl; R; dugc chon tr hydroxy, metyl,
halo, metoxy, hydroxy-metyl, amino, metyl-amino, amino-metyl, triflometyl, 2-
hydroxypropan-2-yl, metyl-cacbonyl-amino, dimetyl-amino, 2-amino-3-
metylbutanoyl)oxy, carboxy, metoxy-cacbonyl, phosphonooxy, xyano va amino-
cacbonyl; Y; dugc chon tir CH va N; Y, dugc chon tir CF,, O va S(0)p.; Ys duoc

chon tir hydro, flo, clo, metyl, diflometyl va triflometyl; hodc mudi duoc dung cta no.

Theo mét phuong an khéc, sang ché dé xuét hop chét ¢o cong thue (Ic):
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trong d6: R; dugc chon tur hydro va halo; Ry dugc chon tir —SFs va —Y,—CF»—Y3; Rg
khi lién két voi nito ctia nhén pyrazolyl dugc chon tir hydro, metyl, hydroxy-etyl, flo-
etyl, etyl va xyclopropyl; va Rq khi lién két v6i nguyén tir cacbon ctia nhan pyrazolyl
dugce chon tir hydro, hydroxy, metyl, metoxy, xyano, triflometyl, hydroxy-metyl, halo,
amino, flo-etyl, etyl va xyclopropyl; R; dugc chon tir hydroxy, metyl, halo, metoxy,
hydroxy-metyl, amino, metyl-amino, amino-metyl, triflometyl, 2-hydroxypropan-2-yl,
metyl-cacbonyl-amino, dimetyl-amino, 2-amino-3-metylbutanoyl)oxy, carboxy,
metoxy-cacbonyl, phosphonooxy, xyano va amino-cacbonyl; Y; dugc chon tu CH va
N; Y, duoc chon tor CF2, O va S(0)0-2; Y3 dugc chon tir hydro, flo, clo, metyl,

diflometyl va triflometyl; hodc mubi dugc dung cua nd.

Theo phuong an khéc, sang ché dé xut hop chét c6 cong thuc (1), hodc mudi
duoc dung cia né, trong d6 R, 1a pyrazolyl; trong d6 pyrazolyl nay khéng dugc thé

hodc dugc thé boi tir 1 dén 2 nhom R,
Theo mét phwong 4n khac, R; 14 pyrazolyl khong dugc thé.
Theo mdt phwong 4n khac, R, 12 pyrazolyl dwgc thé bdi mdt nhém R,
Theo mot phuong 4n khéc, R, 12 pyrazolyl dugc thé bai hai nhom Re.
Theo phwong 4n khéc, R, 14 pyrolidin-1-yl dugc thé bdi mot nhom R
Theo phuong &n khéc, Y duoc chon tir CH va N.
Theo mdt phuong an khac, Y 1a N.
Theo mot phuong an khéc, Y 1a CH.
Theo phuong &n khéc, Y1 dugc chon tir CH va N.
Theo mot phuong an khéc, Y, 1a N.
Theo mot phuong an khéc, Y, 1a CH.

Theo phuong 4n khéc nita, hop chét bt ky c6 cong thire (I), (Ib) hoic (Ic), hodc

mubi duge dung ciia no.
Theo phuong én khéc, R3 dugce chon tir hydro va halo.
Theo phuong &n khéc, R4 dugc chon tir —SF5 va —Y,—CF,-Y5.

Theo mt phuong an khac, R4 12 clodiflometoxy.
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Theo mdt phuong 4n khéc, Ry 12 triflometoxy.

Theo phuong an khéc, Re tai mdi vi tri doc lap duoc chon tir hydro, hydroxy,
metyl, metoxy, xyano, triflometyl, hydroxy-metyl, halo, amino, flo-etyl, etyl va

xyclopropyl.

Theo mét phuong an khac, R, khi lién két véi nito ctia nhan pyrazolyl, dugc

chon tir hydro, metyl, hydroxy-etyl, flo-etyl, etyl va xyclopropyl.

Theo mét phuong an khac, Rg, khi lién két voi nguyén tir cacbon cta nhin
pyrazolyl, duge chon tir hydro, hydroxy, metyl, metoxy, xyano, triflometyl, hydroxy-

metyl, halo, amino, flo-etyl, etyl va xyclopropyl.

Theo phwong 4n khéc, R; dugce chon tir hydroxy, metyl, halo, metoxy, hydroxy-
metyl, amino, metyl-amino, amino-metyl, triflometyl, 2-hydroxypropan-2-yl, metyl-
cacbonyl-amino, dimetyl-amino, 2-amino-3-metylbutanoyl)oxy, carboxy, metoxy-

cacbonyl, phosphonooxy, xyano va amino-cacbonyl.
Theo phuong an khéc, Y, duoc chon tir CF,, O va S(0)p.2.
Theo mot phuong an khac, Y, 1a O.
Theo mot phwong 4n khac, Y, 1a CF,.
Theo mot phwong an khéc, Y, 1a S(0)o.,.

Theo phuong an khac, Y3 dugce chon tir hydro, clo, flo, metyl, diflometyl va
triflometyl.

Theo mot phuong an khac, Y; 1a clo.
Theo mot phurong an khac, Ys 1a flo.

Theo mot phuong an khac, hop chét, hodc mubi duogc dung cta n6 dugce chon

F
SN o X i}/o 0 HN-N
F F l N F S
N N N
H H H

tu:
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Theo phuong 4n khéc, sang ché dé xuit hop chét, hoic muébi dugc dung cua no,

duoc chon tir:

E
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Iz

Theo phuong 4n khéc, séng ché dé xuét hop chat, hoic mudi duoc dung cia no,
dugc chon tur:
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Theo phuong an khac, sang ché dé xuat hop chét, hodc mudi dugc dung cia no,
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Theo phuong 4n khac, sang ché dé xuét hop chit duoc chon tir:
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Dugc ly va tinh tng dung

Duya trén céc nghién ctru rc ché dwoc mo ta trong phan “Thir nghiém” sau day,
hop chét c6 cong thirc (I) theo sang ché thé hién hidu lyc didu tri cu thé chdng lai rbi
loan bénh phu thudc vao hoat tinh BCR-ABLI. Cu thé, hop chét theo sang ché {rc ché
vi tri gén két dj 14p thé hodc myristoyl cia BCR-ABLI (bao gdm kiéu dai BCR-ABL1
va/hogc kiéu dot bién cia no).

Viée két hop chét trc ATP canh tranh ctia BCR-ABLI v6i chit trc ché dj 1ap thé
cia BCR-ABLI lam ch4m tinh khéng thu dugc & t& bao BCR-ABLI1+KCL-22, in
vitro. Ngac nhién, cdc té bdo BCR-ABLI+KCL-22 dugc diéu tri mdi lin 3-4 ngay
bing hop chit theo sang ché thé hién tinh khang thu dugc sau khoang 28 ngay trong

khi cac té bao twong tu didu tri mdi 3-4 ngdy bang nilotinib hodc dasatinib thé hién
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tinh khang thu dugc chi sau 18-21 ngay. Tham chi ngac nhién hon, khi t& bao BCR-
ABL1+KCL-22 dugc diéu tri mdi 3-4 ngay bing hén hop chira hop chit theo sang ché
va hodc 14 nilotinib hodc 1a dasatinib, khong quan sét thay tinh khang thu dugc trong it
nhit 60 ngay ddu tién. Do do, hop chét theo sang ché gin két voi vi tr gin két
myristoyl, két hop v&i chét we ché BCR-ABL1 gan két voi vi tri gin két ATP 1a dic
bi€t quan trong dé diéu tri bénh ting sinh c6 vai trd diéu hoa tdng hoat tinh ABL1
kinaza, nhu trong trudng hop protein dung hgp BCR-ABLI1 trong CML va tép hop nho
clia cac bénh mau ac tinh khac nhu ALL va AML.

Céc té bao ung thu bidu mo ing dung té bao hinh thanh miu 16i du tién dé
phan hiy chét nén ngoai bao trong khi xdm 14n khéi u va di can. Hoat tinh ABL kinaza
I can ¢6 d€ hinh thanh t bao hinh thanh méu 16i ddu tién do SRC, didu hoa cic giai
doan riéng biét ctia viéc két hop va chirc ning té bao hinh thanh miu 15i dau tién. Hop
chét theo sang ché, do d6, la chit ic ché ABLI, ¢6 kha nang st dung lam phuong

phap diéu tri bénh ung thu biéu mé x4m 14n di can.

Chat trc ché dj 1ap thé ctia ABL1 kinaza ¢6 thé duoc st dung dé didu tri bénh |
ung thu ndo: bao gdm u nguyén bao dém 1a bénh khdi u nio tu phét &c tinh thong
thudng nhdt & x4m l4n nhét, trong d6 su biéu hién ABL1 1a c¢6 thé phét hién vé mat
m6 héa hoc trong mot tap hop bénh nhan (Haberler C, Gelpi E, Marosi C, Rossler K,
Birner P, Budka H, Hainfellner JA. Immunohistochemical analysis of platelet-derived
growth factor receptor-alpha, -beta, c-KIT, ABL1, and ABL2 proteins in glioblastoma:
possible implications for patient selection for imatinib mesylate therapy. J Neurooncol.
2006 Jan;76(2):105-9). Tuy nhién, cac thir nghiém 1am sang v&i Gleevec® thét bai &
cac bénh c6 u nguyén bao dém (Reardon DA, Dresemanng, Taillibert S, Campone M,
van den Bent M, Clement P, Blomquist E, Gordower L, Schultz H, Raizer J, Hau P,
Easaw J, Gil M, Tonn J, Gijtenbeek A, Schlegel U, Bergstrom P, Green S, Weir A,
Nikolova Z. Multicentre phase II studies evaluating imatinib plus hydroxyurea in
patients with progressive glioblastoma. Br J Cancer. 2009 Dec 15;101(12):1995-2004;
Razis E, Selviaridis P, Labropoulos S, Norris JL, Zhu MJ, Song DD, Kalebic T,
Torrens M, Kalogera-Fountzila A, Karkavelasg, Karanastasi S, Fletcher JA, Fountzilas
G. Phase II study of neoadjuvant imatinib in glioblastoma: evaluation of clinical and
molecular effects of the treatment. Clin Cancer Res. 2009 Oct 1;15(19):6258-66;

Dresemann G. Imatinib and hydroxyurea in pretreated progressive glioblastoma
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multiforme: a patient series. Ann Oncol. 2005 Oct;16(10):1702-8), c6 thé do su tiép
xtc cta duge chit trong khéi u ndo kém va thiéu hang rao méu-ndo bi nhiéu (Holdhoff
et al, J Neurooncol. 2010;97(2):241-5). Su van chuyén cta Gleevec® di qua hang rao
mau ndo thuc té 1a chi ra trong cac nghién ciru tién 1am sang 1a bi han ché béi cac chit
vén chuyén dong hoat dong nhu P-glycoprotein. Day ciing 1a trudng hop ctia dasatinib
(Chen Y, Agarwal S, Shaik NM, Chen C, Yang Z, Elmquist WF. P-glycoprotein and
breast cancer resistance protein influence brain distribution of dasatinib. J Pharmacol
Exp Ther. 2009 Sep;330(3):956-63). P biét viéc chiéu xa 1a dé tang cudng sy md
hang rao méu ndo. Trong cdc m6 hinh chudt, ddp ing da dang ctia u nguyén bao dém
v6i Gleevec® s ty 18 v6i sy ting d0 tré phét trién khéi u va ty 16 song khi sir dung
Glee‘vec® két hop véi chiéu xa hing ngay (Geng L, Shinohara ET, Kim D, Tan J,
Osusky K, Shyr Y, Hallahan DE. STI571 (Gleevec) improves tumor growth delay and
survival in irradiated mouse models of glioblastoma. Int J Radiat Oncol Biol Phys.
2006 Jan 1;64(1):263-71). Do d6, chét trc ché ABL1 méi c6 muc tiép xtic no cao la

liéu phap ran cho bénh u nguyén bao dém va cac bénh ung thu ndo khac.

CNS-CML: G mot s6 bénh nhan CML dugc diéu tri bing Gleevec®, con bung
phat CNS va suy CNS da duoc bio cdo va c6 thé dugc giai thich 1a do su tiép xuc ndo
kém véi Gleevec®. (Kim HJ, Jung CW, Kim K, Ahn JS, Kim WS, Park K, Ko YH,
Kang WK, Park K. Isolated blast crisis in CNS in a patient with chronic myelogenous
leukemia maintaining major cytogenetic response after imatinib. J Clin Oncol. 2006
Aug 20;24(24):4028-9; Radhika N, Minakshi M, Rajesh M, Manas BR, Deepak
Kumar M.Central nervous system blast crisis in chronic myeloid leukemia on imatinib
mesylate therapy: report of two cases. Indian J Hematol Blood Transfus. 2011
Mar;27(1):51-4). Thuc té, & bénh nhan CML, nf‘)ng do Gleevec® trén thuc té thép hon
nhiéu (~100 1an) & trong CNS so véi trong huyét tuwong (Leis JF, Stepan DE, Curtin
PT, Ford JM, Peng B, Schubach S, Druker BJ, Maziarz RT. Central nervous system
failure in patients with chronic myelogenous leukemia lymphoid blast crisis and
Philadelphia chromosome positive acute lymphoblastic leukemia treated with imatinib
(STI-571). Leuk Lymphoma. 2004 Apr;45(4):695-8). Do d6, chét ttrc ché ABLI theo
sang ché thé hién muc tiép xtic v6i ndo cao s& la phwong phép c6 gid tri dé phat trién

diéu trj bénh CML bao gdbm CNS-CML.
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Hop chét theo sang ché c6 thé hitu dung trong didu tri cac virut. Vi du, cac bénh
nhiém virut ¢6 thé 1a do hoat tinh ABL1 kinaza, nhu trong trudng hop virut dau mua
va virut Ebola. Gleevec® va Tasigna® dugc chi ra 1 1am ngung su gidi phong cac hat
virut Ebola tir t& bao nhiém, in vitro (Kalman, Daniel; Bornmann, William Gerard,
Methods of use of non-ATP competitive tyrosin kinaza inhibitor to treat pathogenic
infection, PCT Int. Appl. 2007, WO 2007002441; Garcia Mayra; Cooper Arik; Shi
Wei; Bornmann William; Carrion Ricardo; Kalman Daniel; Nabel Gary J. Productive
Replication of Ebola Virus Is Regulated by the ABLI Tyrosin kinaza. Science
translational medicine 2012;4:123ra24). Do d6, hop chit theo sang ché trc ché ABL1

kinaza, c6 thé dugc hy vong 12 lam gidm kha nang sao chép ctia nguyén nhan bénh.

Hop chét theo sang ché ciing c¢6 thé hiru dung dé diéu tri chiing thoai hoa than
kinh. Trong khi ABL1 tyrosin kinaza tu nhién vin gitt duoc tinh trang khong hoat
dong tuong ddi trong ndo ngudi trudng thanh khée manh, n6 c¢6 thé duge hoat héa
trong ndo cia bénh nhan mic bénh CNS, bao gdm bénh thoéi héa thin kinh nhu, bénh
Alzheimer (AD), bénh Parkinson (AD), bénh 1a 14n tién dinh thai duong (FTD), bénh
Picks, bénh Niemann-Pick dang C (NPC) va cac bénh thoai hoéa, bénh viém va bénh tu

mién, bénh khac va bénh I40 hoa.

Bénh Parkinson 14 bénh tho4i héa thin kinh man tinh thong dung thir hai véi
dang bénh di truyén dang 13n ctia nhiém sic thé gia dinh thdng dung nhét thuong co
nguyén nhan do gen dot bién trong E3 ubiquitin ligaza, parkin. Céc nghién ctru gén
day thé hién ring ABL1/ABL2 hoat hoa dugc tim théy trong thé van cita bénh nhan
mic bénh Parkinson don phat. Pong thoi, parkin dugc tyrosin-phosphoryl héa, giy
mét ubiquitin ligaza clia n6 va hoat tinh bao vé t& bao duoc thé hién béi su tich liy
chét parkin (Ko HS, Lee Y, Shin JH, Karuppagounder SS, Gadad BS, Koleske AJ,
Pletnikova O, Troncoso JC, Dawson VL, Dawson TM. Phosphorylation by the c-Abl
protein tyrosine kinase inhibits parkin's ubiquitination and protective function. Proc
Natl Acad Sci U S A. 2010 Sep 21;107(38):16691-6; Imam SZ, Zhou Q, Yamamoto
A, Valente AJ, Ali SF, Bains M, Roberts JL, Kahle PJ, Clark RA, Li S. Novel
regulation of parkin function through c-Abl-mediated tyrosine phosphoryl hoaion:
implications for Parkinson's disease. J] Neurosci. 2011 Jan 53 1(1):157-63). Hai nghién
ctru nay ciling chi ra réng trong md hinh té bao hogic dong vat mic bénh Parkinson, su

te ché duge 1y ciia ABL1 kinaza hodc ABL1 gen ngin can hoan toan sy phosphoryl
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héa tyrosin cta parkin va phuc hdi hoat tinh E3 ligaza clia n6 va chirc ning bao vé té
bao ca in vitro va in vivo. Céc két qua nay chi ra ring sy phosphoryl héa tyrosin phu
thudc vao ABL1 1a su bién dbi sau dich méi co ban din dén su mét chuec nang parkin
va tién trinh bénh cta bénh PD don phat. Do d6, kha ning hop chét theo sang ché e
ché Vl tri gin két myristat cua ABLI, c6 thé dugc hy vong 13 mang dén co hoi didu tri

mai de€ e ché sy phat trién bénh cia bénh Parkinson.

Bénh Alzheimer c6 dic trung & hai ddu hiéu phén biét chinh: sy ling dong
ngoai bao ctia amyloit-B gdy ddc than kinh din dén su phat trién mang bam amyloit,
va su tich llly ni bao cuia cdc tau siéu phosphoryl héa g6p phén vao phat trién dam rdi
soi than kinh (NFT).

Murc amyloit-B bi gidm di sau khi didu tri trong vé bang Gleevec® trong nédo
cta md hinh chuét lang kiéu dai va trong md hinh té bao (Netzer WJ, Dou F, Cai D,
Veach D, Jean S, Li Y, Bornmann WG, Clarkson B, Xu H, Greengard P. Gleevec
inhibits beta-amyloit production but not Notch cleavage. Proc Natl Acad Sci U S A.
2003 Oct 14;100(21):12444-9). Nhém twong tw goi y ring Gleevec® dat dugc hiéu
qua gid mirc amyloit-B- ctia n6 thong qua co ché méi ngin can sy teong tdc GSAP vdi
co chét gamma-secretaza, APP-CTF (Heg, Luo W, Li P, Remmers C, Netzer WJ,
Hendrick J, Bettayeb K, Flajolet M, Gorelick F, Wennogle LP, Greengard P. Gamma-
secretaza activating protein is a therapeutic target for Alzheimer's disease. Nature.
2010 Sep 2;467(7311):95-8). Trong nghién cttu ndy, chi quan sat thdy hiéu qua trc ché
GSAP/APP-CTF ctia Gleevec® & cac ndng dd micromol. Mot nhém khéc chi ra ring
su phosphoryl hoa tyrosin ciia mién ndi bao ctia APP (tac 1a Tyr682) s& diéu hoa qué
trinh xtt Iy APP sinh amyloit 1am gia ting su hinh thanh amyloit-B in vivo (Barbagallo
AP, Weldon R, Tamayev R, Zhou D, Giliberto L, Foreman O, D'Adamio L. Tyr(682)
in the intracellular domain of APP regulates amyloitogenic APP processing in vivo.
PLoS One. 2010 Nov 16;5(11):e15503). C4c nghién ctru khéc chi ra réng APP bi
tyrosin-phosphoryl hoa trong té bao bidu hién dang hoat dong céu truc cua gen géy
ung thu ABL1 (Zambrano N, Bruni P, Minopolig, Mosca R, Molino D, Russo C,
Schettinig, Sudol M, Russo T. The beta-amyloit precursor protein APP is tyrosin-
phosphorylated in cells expressing a constitutively active form of the Abl oncogene. J

Biol Chem. 2001 Jun 8;276(23):19787-92). Céc dit liéu nay cung goi y vé qua trinh xir
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ly APP sinh amyloit phu thudc vao ABL1 dé tao ra peptit amyloit-f doc tinh va sau d6
la mang amyloit. Do d6, chét rc ché ABL1 duoc hy vong la lam gidm sy hinh thanh

mang amyloit & bénh nhan Alzheimmer.

Tau d3 thé hién 1a duoc phosphoryl héa béi ABL1 kinaza & c4c tyrosin 18, 197,
310, va 394 trong m6 hinh té bao, va tau pY394 da dugc chi ra 1a xudt hién trong céac

t6n thuong‘ NFT trong ndo cta bénh nhan AD.

ABL1 duoc hoat hoa trong néo ciia bénh nhan méc bénh Alzheimer nhu dugc
chi ra bdi sy phosphoryl héa ctia n6 hodic 1a & Y412, mdt chit chi thi cho su hoat hoa,
no déng thoi chi thi cho su thoai hda khong bao hat, hoiac & T735 déng thoi chi thi cho
cac ton thuong ddc trung, mang bam amyloit, d4m rdi sgi than kinh (NFT) ngoai
GVD. Amyloit-B va ap luc oxi héa s& hoat héa ABL1 kinaza trong moi trudng noron
va viéc tiém trong ndo peptit amyloit dang soi din dén viéc biéu hién tang 1én cua
ABLI va p73 hi€u Gng xudi dong. Chuét bién dbi gen (mo hinh chudt APP/Swe cua
AD), thé hién mic ABL1 cao hon trong ndo cla ching va, khi chudt duge didu tri
bing chét (rc ché ABLI Gleevec®, su phosphoryl héa tau giam di trong ndo cda
chung. Mo hinh chugt bién dbi gen biéu hién ABL1 hoat déng chit yéu trong cécnoron
nfo trudc thé hién sy mét noron, su viém than kinh nang, va su phosphoryl hoa tyrosin
cla tau trong ndo (dé xem x¢€t, xem Schlatterer SD, Acker CM, Davies P. c-Abl in

neurodegenerative disease. J Mol Neurosci. 2011 Nov;45(3):445-52).

Dua trén cic két qué trén, dd c6 cac bing chimg v& vai trd ciia ABL1 kinaza
trong nguyén nhin bénh Alzheimer dé gia ting ca tén thuong, mang bam amyloit va

dém roi soi than kinh.

Hon nita, ABL1 da hoat héa ciing c¢6 mit trong cac bénh suy thoai than kinh
khéc do protein tau, bén canh bénh Alzheimer don phat ma c6 dot bién N279K va
P301L trong ndo bénh nhan méc bénh 10 14n tién dinh thai duong, bénh Pick, va bénh
sa sut tri tu¢ Guam Parkinson (Schlatterer SD, Acker CM, Davies P. c-Abl in
neurodegenerative disease. J Mol Neurosci. 2011 Nov;45(3):445-52),

Do d6, hop chét theo sang ché, trc ché ABLI1 trong CNS, 1a mdt phwong phap
c6 gid tri dé phét trién diu tri chéng lai bénh Alzheimer, ciing nhw cc B-amyloitoza
khéc, nhu bénh sa sut tri tué mach va bénh suy thoai thdn kinh khac do protein tau,

nhu bénh 14 14n tién dinh thai duong va bénh Pick (bénh sa sut tri tué tran-thai duong).
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Bénh Niemann-Pick kiéu C (NPC) la mot bénh nhidm séc thé thuong dang lan
nguy hiém c6 dic trung bai sy tich lily cholesteol va glycosphingolipit tu do trong hé
ndi thé-thé tieu thé, va boi su chét noron tdng dan cu thé 1a cuia noron tidu ndo
Purkinje. O mé hinh chudt méc NPC, ABL1 truéc con dudng gay chét té bao theo
chuong trinh, dich xu6i dong cfing nhu gen dich p73 dugce biéu hién trong tiéu ndo. Su
trc ché ABL1 béng Gleevec® s& ngin can sy mét noron Purkinje, cai thién cac triéu
chitng than kinh, va ting ty 1& séng sét. Hicu qua chéng lai sy chét theo chuong trinh
ciia Gleevec® co twong quan véi mirc mRNA giam cia gen dich tién chit chét té bao
theo chwong trinh p73 (Alvarez AR, Klein A, Castro J , Cancino GI, Amigo J,
Mosqueira M, Vargas LM, Yévenes LF, Bronfman FC, Zanlungo S. Imatinib therapy
blocks cerebellar apoptosis and improves neurological symptoms in a mouse model of
Niemann-Pick type C disease. FASEB J. 2008 Oct;22(10):3617-27). Do d6, hop chét
theo sang ché, bing cach e ché ABLI kinaza, 1a mot phuong phép c6 gia tri dé phat
trién viée didu tri chéng lai cac bénh do con duong ABL1/p73 trude con duong giy

chét t& bao theo chuong trinh, nhu NPC.

Trong céc mo hinh bénh do prion, Gleevec® thé hién céc hiéu qua c6 loi: N6
1am chdm sy x4m 14n thin kinh cia prion do trc ché sy nhan Ién cia prion tr ngoai vi
dén CNS (Yun SW, Ertmer A, Flechsig E, Gilch S, Riederer P, Gerlach M, Schitzl
HM, Klein MA. The tyrosine kinase inhibitor imatinib mesylate delays prion
neuroinvasion by inhibiting prion propagation in the periphery. J Neurovirol. 2007
Aug;13(4):328-37). Su thiéu hut Gleevec® va ABL1 gdy thanh thai trong té bao PrPSc
& cac té bao nhiém prion (Ertmer A, Gilch S, Yun SW, Flechsig E, Klebl B, Stein-
Gerlach M, Klein MA, Schitzl HM. The tyrosine kinase inhibitor STI571 induces
cellular clearance of PrPSc in prion-infected cells. J Biol Chem. 2004 Oct
1,279(40):41918-27). Do dé, cac chat e ché ABL1 méi cia séng ché ciing 1a mét
phuong phép ¢6 gié tri dé diéu trj bénh do prion nhu bénh Creutzfeldt-Jacob.

Bénh loan dudng co tinh Ian lién quan dén nhiém sic thé X Emery-Dreifuss 1a
do cac ddt bién emerin, mét protein mang-nhan cé vai trd trong xay dung nhén, diéu
hoa gen va dan truyén tin hiéu. Mot nghién ciru gén ddy da chi ra ring emerin dugc
tyrosin-phosphoryl héa truc tiép bdi ABLI trong mod hinh t& bao, va trang thai
phosphoryl hoa cta emerin thay déi su gin két ctia emerin véi céc protein khac nhu

BAF. Diéu nay, lan luot, c6 thé gidi thich do sy dit sai chd cia emerin dot bién tir
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nhan dén céc ngin bao tuong va do d6 thay dbi hidu ung xudi dong va hop nhét céac
con dudng truyén tin hiéu & phan vo nhén (Tifft KE, Bradbury KA, Wilson KL.
Tyrosine phosphorylation of nuclear-membrane protein emerin by SRC, ABL1 and
other kinases. J Cell Sci. 2009 Oct 15;122(Pt 20):3780-90). Su thay dbi tuong tac
emerin-lamin trong ca ky nguyén phan va pha gian ky phu hgp 14 nguyén nhan bénh
cta bénh loan dudng co. Ngoai ra, cac két qua tir nghién ctru khac chimg minh ring
Gleevec® lam giam chimg loan dudng co xwong & chudt mdx (Huang P, Zhao XS,
Fields M, Ransohoff RM, Zhou L. Imatinib attenuates skeletal muscle dystrophy in
mdx mice. FASEB J. 2009 Aug;23(8):2539-48).

Do d6, cac chit tc ché ABL1 méi theo sang ché ciing 1a phuong phép diéu tri

dé diéu tri ching loan dutng co xuong,

Hon nita, ABL1 kinaza déng mdt vai trd trong bénh nhidm va ap luc oxy hoa,
1a hai co ché c6 lién quan dn mét loat cac bénh & ngudi ndm trong khoang tir bénh
CNS cép tinh, nhu dét quy, va chin thuong ndo hoic chén thwong tiy séng, céc bénh
CNS man tinh, nhu bénh Alzheimer, Parkinson, Huntington va bénh thdn kinh vén
dong, dén cac bénh viém khong phai CNS va bénh tuy mién, nhu bénh dai thao duodng,

x0 phdi.

Vi du, Gleevec® ngan can chimg xo hoéa trong cic md hinh tién 1am sang khac
nhau ctia bénh xo ctng toan than va ddy lui chimg xo héa ¢4 mic (Akhmetshina A,
Venalis P, Dees C, Busch N, Zwerina J, Schett G, Distler O, Distler JH. Treatment
with imatinib prevents fibrosis in different preclinical models of systemic sclerosis and
induces regression of established fibrosis. Arthritis Rheum. 2009 Jan;60(1):219-24) va
n6 thé hién hiéu qua chéng xo hoa trong chimg xo phdi do bleomyxin & chudt (Aono
Y, Nishioka Y, Inayama M, Ugai M, Kishi J, Uehara H, Izumi K, Sone S. Imatinib as
a novel antifibrotic agent in bleomyxin-induced pulmonary fibrosis in mice. Am J
Respir Crit Care Med. 2005 Jun 1;171(11):1279-85). Nghién ciru khac chi ra ring ca
imatinib va nilotinib déu 1am giam céc tn thwong phdi cép tinh do bleomyxin va bénh
X0 phéi ¢ chudt (Rhee CK, Lee SH, Yoon HK, Kim SC, Lee SY, Kwon SS, Kim YK,
Kim KH, Kim TJ, Kim JW. Effect of nilotinib on bleomycin-induced acute lung injury
and pulmonary fibrosis in mice. Respiration. 2011;82(3):273-87). Mic du trong céac
nghi€n clru ndy, cac tic gia tip trung vao su lién quan ctia co ché lién quan dén
PDGFR, duwoc nghién citu, trong nghién cru béi Rhee et al. (Respiration.
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2011;82(3):273-87), nilotinib 13 chit e ché c-ABL ¢ hiéu lyc hon imatinib thé hién
hiéu qua didu tri chéng X0 hda vuot trdi, do d6 1am ting tinh Ung dung diéu tri cia
chit wrc ché c-ABL dé didu tri bénh cho ngudi mic bénh viém phéi. Trong mdt nghién
ctru khéc, viée tiép Xuc cia chudt véi tinh trang ting oxy 1am tdng su hoat h6a ABL1
1a doi hoi cin co dé dynamin 2 phosphoryl hda va tao ra loai oxi hoat dong va chirng
rod phéi (Singleton PA, Pendyala S, Gorshkova IA, Mambetsariev N, Moitra J, Garcia
JG, Natarajan V. Dynamin 2 and c-Abl are novel regulators of hyperoxia-mediated
NADPH oxidase activation and reactive oxygen species production in caveolin-
enriched microdomains of the endothelium. J Biol Chem. 2009 Dec 1 1;284(50):34964-
75).

Do d6, dir liéu nay chi ra rang céac chat @rc ché c-ABL méi theo sang ché c6 kha

nang Ung dung dicu tri b¢nh cho ngudi méc bénh viém phdi.

Su hoat héa ABL1 béi insulin, thong qua viée diéu hoa dap tng FAK, c6 thé
dong vai tro quan trong trong viéc didu huéng sy truyén tin hiéu thy thé chuyén hoa
insulin nguyén phan so véi chuyén hoa (Genua M, Pandinig, Cassarino MF, Messina
RL, Frasca F. c-Abl and insulin receptor signalling. Vitam Horm. 2009;80:77-105).
Céc cht Grc ché c-Abl nhu Gleevec® da duge thé hién 1a ddo ngugc bénh dai thdo
duodng typ 1 & chudt déi thdo dudng khong béo phi (Louvet C, Szot GL, Lang J, Lee
MR, Martinier N, Bollag G, Zhu S, Weiss A, Bluestone JA. Tyrosine kinase inhibitors
reverse type 1 diabetes in nonobese diabetic mice. Proc Natl Acad Sci U S A. 2008
Dec 2;105(48):18895-900). Su cai thién bénh d4i thao duong boi Gleevec® 1a giéng
v6i su bat hoat ABL1 mRNA thong qua siRNA (Hégerkvist R, Sandler S, Mokhtari D,
Welsh N. Amelioration of diabetes by imatinib mesylate (Gleevec): role of beta-cell
NF-kappaB activation and anti-apoptotic preconditioning. FASEB J. 2007
Feb;21(2):618-28).

Do d6, céc chét trc ché ABL1 méi theo sang ché c6 kha ning ung dung diéu tri
cho bénh di thao dudng & nguoi.

Chét \rc ché ABL1 theo sang ché c6 thé dugc sir dung két hop véi mot hodc
nhiéu liéu phap didu tri dang c6 cho cac bénh trén: vi du chét tc ché ABL1 theo sdng
ché c6 thé duoc st dung két hop véi Levodopa hodc thube chira L-DOPA khac hodc

chét chu vin dopamin dé diéu tri bénh Parkinson hoidc két hop véi chit e ché
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cholinsteaza nhu vién nang Exelon hodc thudc cao dédn qua da dé didu tri bénh

Alzheimer.

Trong cac bénh bach cau tuy xuong méan tinh (CML), su chuyén doan nhiém
sdc thé can bing thuan nghich trong té bio mam tao huyét (HSC) sinh ra gen lai BCR-
ABLI. Gen lai BCR-ABL1 s& ma hoa protein dung hop BCR-ABLI1 sinh khéi u.
Trong khi ABL1 m# hoa protein tyrosin kinaza dugc didu hoa chat ché, 1a mo6t thanh
phan déng vai trd co ban trong diéu hoa su tang sinh t& bao, két dinh va su chét té bao
theo chuong trinh, thi gen dung hgp BCR-ABL1 ma hoa nhu 12 kinaza duoc hoat hoa
cdu trac. Kinaza dd hoat héa nay bién ddi cac HSC dé tao ra phenotyp biéu hién sy
tang sinh dong vo tinh khong dugc didu hoa, 1am giam kha ning két dinh v6i chit dém
tiy xwong va lam gidm dép (g chét t& bao theo chuong trinh d6i véi kich thich dot
bién gen, din din gdy ra cac bién nap 4c tinh hon. Céc bach cu hat thu duogc khong
thé phat trién thanh lympho bao truong thanh va duge gidi phong vao trong hé tuén
hoan, din dén su suy giam té bao truong thanh va lam ting d6 nhay cam véi viém
nhiém. Cac chit rc ché ATP canh tranh cia BCR-ABL1 d dugc chirng minh 1a ngin
can kinaza khong hoat hoa gy nguyén phan va cic con dudng chéng su chét té bao
theo chuong trinh (vi duy, PI-3 kinaza va STATS5), din dén su chét té bao phenotyp
BCR-ABLI va do d6 mang lai mot liéu phap higu qua chdng lai CML. Dong t& bao
KCL-22 (dwgc mua tir DSMZ, Leibniz Institute, Germany) dd xac dinh tir dich tran
mang phdi cia phu nit 32 tudi mic CML duong tinh véi nhiém sic thé Philadelphia
trong con bung phat nim 1981, va da dwgc md ta 1a chira t(9;22) din dén gen dung
hop BCR-ABLI va thé dét bién p53. Dong té bio KCL-22 c6 thé duoc sit dung trong
cac md hinh Xenograft dé thé hién hiéu qua in vivo cua hop chét theo sang ché (xem
muc Thtt nghiém, phin duéi). Hop chit theo séng ché, 1a chit trc ché BCR-ABLI, bao
gdm gen dt bién ctia no, do d6 1a dic biét thich hop dé diéu tri cac bénh lién quan dén
su biéu hién qué mirc ctia nd, nhu bénh bach ciu ALL hoac CML.

Hop chit theo sang ché da dugc chirmg minh 13 ¢6 hoat tinh chéng khéi u, in
vitro: Hoat tinh chéng khéi u in vitro duge kiém tra, vi du st dung dong té bao bach
cdu nhu Ba/F3-BCR-ABL1, KCL-22, K-562, MEG-01, KYO-1, LAMA-84, KU812,
EM-2, CML-T1, BV-173, hoac ALL-SIL.

-27-



20433

Hop chit theo sang ché hodc dugc pham c6 thé dugc su dung trong phuong
phap diéu tri bénh ung thu, bao gdm viéc st dung cho ddi twong can didu tri lugng co

hiéu qua ctia hop chét theo sang ché hoidc dugc pham.
MOt tic nhan diéu tri hd trg c6 thé duoc sir dung.

Téc nhan diéu trj hd trg ¢6 thé 1a 1a chit we chd BCR-ABLI khéc duoc chon tir

imatinib, nilotinib, dasatinib, dosutinib, radotinib, ponatinib va bafetinib.

Phuong phap diéu tri tinh trang bénh do BCR-ABL1, ¢6 thé bao gbm viée st
dung cho ddi trong can dugc didu tri lugng ¢ hiéu qua cta hop chit theo sang ché

hodc dugc pham.

BCR-ABLI ¢6 thé chita mot hoic nhidu gen dot bién. Céc gen dot bién nay bao
gdm V299L, T315I, F3 171, F317L, Y253F, Y253H, E255K, E255V, F359C va F359V
(UJane F. Apperley. Part 1: Mechanism of resistance to imatinib in chronic myeloid

leukaemia. Lancet Oncology 2007;8:1018).

Tinh trang bénh do BCR-ABLI, trong d6 BCR-ABL1 chta mdt hoic nhidu gen

dot bién duge chon tir V299L, T3151, F3171, F317L, Y253F, Y253H, E255K, E255V,
F359C va F359V, c6 thé dugc diéu tri.

Hop chét nay c6 thé duoc str dung ngoai dudng tiéu hoa.

Hop chit ndy c6 théduge sir dung trong co, trong tinh mach, duéi da, qua

duong miéng, tai phéi, trong vo, tai chd hodc trong miii.
Hop chét nay c6 thé duoc st dung toan than.
Bénh nhan c6 thé 1a dong vat c6 vu.
Bénh nhén c6 thé 1a dong vat linh trudng,
Bénh nhan c6 thé 1a ngudi.

Phwong phép diéu trj bénh do ABLI/BCR-ABLI, ¢6 thé bao gdm budc: sir
dung cho bénh nhén can duoc diéu tri lugng c6 hiéu qua didu tri cla tidc nhan hoa tri

liéu két hop v6i lugng c6 higu qua diéu tri ctia hop chét c6 cong thirc ().

Theo khia canh khéc, hop chét c6 cdng thirc I, hodc phuong 4n cu thé khac bat

ky ctia n6 dugc mo ta trén, dé si dung trong diéu tri bénh ung thu.
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Theo khia canh khac, bénh ung thu 1a bénh bach ciu duoc chon tir bénh bach
ciu tiy xuong mén tinh (CML) va bénh bach ciu nguyén bao lympho cép tinh (ALL).

Theo mot khia canh khac, sang ché dé& xuit hop chit co6 cdng thuac I hoac
phuong 4n cu thé bét ky ctia né dé sir dung trong diéu tri bénh ung thu két hop véi hop
chét hd tro diéu tri dugc chon tir imatinib, nilotinib, dasatinib, bosutinib, ponatinib va
bafetinib.

- Theo khia canh mé& rong, hop chit c6 cong thac I 1a (R)-N-(4-
(clodiflometoxy)phenyl)-6-(3 -hydroxypyrolidin-1-y1)-5-(1 H-pyrazol-5-yl)nicotinamit.

Theo khia canh mé rong, hop chit co cong thie T 1a mudi dugce dung cia (R)-
N-(4-(clodiflometoxy)phenyl)-6-(3 -hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-
yDnicotinamit.

Theo khia canh mé rong, hop chét hd trg diéu trj duogc st dung tiép theo sau.

Theo khia canh mé rong, hop chit hd tro diéu tri duoc st dung déng thoi.

Theo khia canh mé rong, hop chét hd trg diéu trj 1 nilotinib.

Theo khia canh mé rong, hop chét hd trg didu trj 14 imatinib.

Theo khia canh m& rdng, hop chét h tro didu tri 13 dasatinib.

Theo khia canh mé rong, hop chat hd tro didu tri 1a bosutinib.

Theo khia canh m¢& rong, hop chéat hd trg diéu trj 1a ponatinib,

Theo khia canh mé rong, hop chét hd tro didu tri 1a bafetinib.

Dugc phim

Theo mot khia canh khac, sang ché d& xuit duogc phém chtra lugng c6 hiéu qua
diu trj chia mdt hoc nhidu hop chét duge mo ta trén, dugc bao ché cling v6i mot hoiic
nhiéu chét mang duoc dung (t4 duoc) va‘hoic chét pha lodng. Nhu dugc mé ta chi tiét
sau dy, dugc phdm theo sang ché c6 thé duoc tao cong thirc cu thé dé sir dung & dang
rin hoic dang 1éng, bao gém cic duge phdm thich hop cho: (1) dudong dung qua
dudng miéng, vi dy, thudc tha y (dung dich ho#c huyén phu trong nudc hodc khong
phéi trong nudc), vién nén, vi du, dang thubc c6 dich 13 trong ma, dudi ludi, va hép
thu toan than, vién hoan, thudc bot, thude hat, bot nhao dé st dung cho ludi; (2) duong

ding ngoai duong ti€u hoéa, vi duy, tiém dudi da, trong co, trong tinh mach hoic gy té
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ngoai mang cung, vi du, nhu dung dich v6 khudn hodc huyén phi, hoic ché phdm giai
phéng kéo dai; (3) st dung tai chd, vi du, nhu thudc kem, thubc md, hodc miéng dan
giai phong kiém soat hodc thube phun sir dung cho da; (4) trong 4m dao hoic tai truc
trang, vi du, nhu vién dat am dao, kem hodc dang bot; (5) dudi ludi; (6) tai mét; (7)

qua da; (8) tai miii; (9) tai phdi; hodc (10) trong vo.

Thuét ngit "lwong c6 hidu qua didu tri" dwoc st dung trong ddy c6 nghia la
lugng ciia hop chit, nguyén lidu, hodc ché phdm chira hop chit theo sang ché c6 hidu
quéa dé tao ra mot s6 hidu qua didu tri mong mudn trong it nhit mot phan nhém té bao

& dong vat vai ty 1€ lgi ich/rdi ro hop Ly cé thé ap dung cho viéc diéu tri y hoc bét ky.

Thuét ngir "duge dung" duge st dung trong ddy dé chi cac hop chit, nguyén
lidu, ché phém, va/hodc dang liéu ma, trong pham vi chi dinh y khoa, thich hgp dé st
dung tiép xuc véi cac md cta ngudi va dong vat ma khong gy ra doc tinh, su kich
thich, dap ung di rng qué mirc, hodc céc van @ hoic bién chig khac, twong ing véi

ty 18 i ich/rtii ro hop 1.

Thuét ngit "chit mang dwoc dung" nhu dwoc st dung trong ddy c¢6 nghia 1a
nguyén liéu, ché pham hoc t4 dugc duge dung, nhw chét don 16ng hodc rin, chét pha
lodng, t&4 duoc, hd tro san Xuét (vi dy, t& dugc tron, talc magie, canxi hodc kém stearat,
hojc axit steric), hodc dung mdi nguyén li€u tao nang, c6 vai tro trng viéc mang hodc
vén chuyén hop chét déi trong tir mot co quan, hoic mdt phin cia co thé, dn mot co
quan, hodc phan khac ctia co thé. M&i chit mang phai 14 "chdp nhan dugc" vé kha
nang twong thich véi cac thanh phan khéc ctia duge phdm va khong gy hai cho bénh
nhan. Mot sé vi du vé nguyén lidu c6 thé sir dung 1am chit mang dugce dung bao gdm:
(1) duong, nhu lactoza, glucoza va sucroza; (2) tinh bdt, nhu tinh bdt ngd va tinh bot
khoai tdy; (3) xenluloza, va dan xuit ctia n6, nhu natri carboxymetyl xenluloza, etyl
xenluloza va xenluloza axetat; (4) tragacanth bot; (5) mach nha; (6) gelatin; (7) talc;
(8) ta dugc, nhu bo cacao va sap nén; 9) déu, nhu dau lac, diu hat cai, dau rum,‘déu
vimg, dau oliu, dau ngd va diu ddu nanh; (10) glycol, nhu propylen glycol; (11)
polyhydric, nhu glyxerin, sorbitol, manitol va polyetylen glycol; (12) este, nhu etyl
oleat va etyl laurat; (13) aga; (14) chit dém, nhu magie hydroxit va nhém hydroxit;
(15) axit alginic; (16) nuéc khong co chi nhiét t6; (17) nuéc mudi déng truong; (18)

dung dich Ringer; (19) rugu etylic; (20) dung dich dém pH; (21) polyeste,
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polycacbonat va/hodc polyanhydrit; va (22) cac chit twong thich khong gay doc khac

stt dung trong dugc pham.

Nhu da néu rd & trén, cédc phuong 4n nhét dinh cia hop chét theo sang ché c6
thé chira nhém chirc bazo, nhu amino hodc alkylamino, va do d6, c6 kha ning tao ra
mubi dugc dung voéi axit duge dung. Thuédt ngit "mudi dugc dung" trong khia canh
ndy, 1a @ chi mudi cong axit hitu co va vo co, twong dbi khong doc cia hop chét theo
sang ché. Cac mudi nay c¢6 thé duoc didu ché in situ trong t4 dugc l6ng st dung hodc
quy trinh san xuét dang lidu, hodc bang cach phan mg riéng biét hop chat tinh khiét
theo sang ché & dang bazo tu do clia n6 véi axit hitu co hodc vo co thich hop, va tich
mudi thu duogc theo céch d6 qua buéc tinh ché sau d6. Cac mubi dai dién bao gém
mudi hydrobromua, hydroclorua, sulfat, bisulfat, phosphat, nitrat, axetat, valerat, oleat,
palmitat, stearat, laurat, benzoat, lactat, phosphat, tosylat, xitrat, maleat, fumarat,
sucxinat, tartrat, napthylat, mesylat, glucoheptonat, lactobionat, va laurylsulphonat va

turong tu. (Xem, vi du, Berge et al. (1977) "Pharmaceutical Salts", J. Pharm. Sci. 66:1-
19).

Mubi dugc dung clia hgp chit theo sang ché bao gdm cac mubi khong doc
thong thuong hoac mudi amoni bac bdn cua hop chét, vi du, tir axit hitu co hodc vo co
khong doc. Vi dy, cdc mudi khong doc thong thudng nay bao gdm cac mudi ¢6 ngudn
géc tlr axit v6 co nhu hydroclorua, hydrobromic, sulfuric, sulfamic, phosphoric, nitric,
va tuong tu; va cac mudi dugc didu ché tir axit hitu co nhu axetic, propionic, sucxinic,
glycolic, stearic, lactic, malic, tartric, xitric, ascorbic, palmitic, maleic, hydroxymaleic,
phenylaxetic, glutamic, benzoic, salixyclic, sulfanilic, 2-axetoxybenzoic, fumaric,

toluensulfonic, metansulfonic, etan disulfonic, oxalic, isothionic, va axit twong tu.

Trong céc trudng hop khéc, hop chét theo sang ché c6 thé chira mdt hodc nhiéu
nhom chire axit va, do d6, c6 kha ning tao ra mudi dugc dung véi bazo dugce dung.
Thuét ngit "mubi duoc dung" trong céc trudng hop nay 1 dé chi mudi cdng bazo vo co
va hitu co twong dbi khong doc cia hop chét theo sang ché. Tuong tu, cac mubi ndy co
thé duoc diéu ché in situ trong ta dugc 16ng sir dung hodc quy trinh san xuit dang lidu,
hodc bing phan tmg riéng biét hop chit tinh khiét & dang axit ty do cla né véi bazo
thich hop, nhu hydroxit, cacbonat hodc bicacbonat cua cation kim loai dugc dung, véi
amoniac, hodc v6i amin hitu co bac mdt, bac hai hodc bac ba duge dung. Cac mubi
kiém hodc kiém thd dédc trung bao g@)m mudbi liti, natri, kali, canxi, magie, va nhdm va
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tuong ty. Cac amin hiru co dai dién hitu dung dé tao ra mudi cong bazo bao gdm
etylamin, dietylamin, etylendiamin, etanolamin, dietanolamin, piperazin va tuong tu.

(Xem, vi du, Berge et al., & trén)

Chét tao 4m, chét nhii héa va ta dugc tron, nhu natri lauryl sulfat va magie
stearat, cling nhur chit tao mau, tac nhan giai phong, tdc nhan bao, chit 1am ngot, tac
nhan diéu hwong va diéu vi, chit bdo quan va chit chdng oxy héa cling ¢6 thé c6 mit

trong ché phim nay.

Vi du vé chét chéng oxy hoéa duge dung bao gdm: (1) chit chéng oxy hoa tan
dugc trong nuéc, nhu axit ascorbic, cystein hydroclorua, natri bisulfat, natri
metabisulfit, natri sulfit va tuong tw; (2) chit chéng oxy hoa tan dwgc trong diu, nhu
ascorbyl palmitat, hydroxyanisol butyl héa (BHA), hydroxytoluen butyl héa (BHT),
lexitin, propyl gallat, alpha-tocopherol, va twong tu; va (3) tac nhén chelat héa kim
loai, nhu axit xitric, axit etylendiamin tetraaxetic (EDTA), sorbitol, axit tartric, axit

phosphoric, va tuong tu.

Céc ché phdm theo sang ché bao gdm céc ché phim thich hop dé st dung qua
duong miéng, tai mili, tai chd (bao gdbm trong ma va duéi lud1i), truc trang, duong 4m
dao va/hodc dudng ding ngoai dudng tiéu héa. Cac ché phdm nay thuan tién c6 thé &
dang liéu don vi va c6 thé duoc didu ché boi phwong phép bét ky da biét trong linh vuc
dugc phim. Luong thanh phén hoat dong c6 thé duge két hop véi nguyén liéu mang
détaora dang lidu don s& thay dbi phu thudc vao thé chu duoc didu tri, dudng dung cu
thé. Luong thanh phén hoat dong co thé duge két hop vé6i nguyén liéu mang dé tao ra
dang lidu don thudong sé 1a lwong hop chét tao ra hiéu quéa diéu tri. Thong thuong,
trong khodng mot trim phan tram, lvgng ndy s& nam trong khoang tir 0,1 phén traim
dén khoang 99 phén tram 14 thanh phin hoat dong, tot hon 1a tir khoang 5 phén trim
dén 70 phan tram, t&t nhét 14 tir khoang 10 dén 30 phin tram.

Theo mét s6 phuong phap, ché phdm theo sang ché bao gdm ta dugc dugc chon
tir nhom bao gém xyclodextrin, xenluloza, liposom, tic nhan tao vi hat, vi du, axit mat,
va chit mang polyme, vi du, polyeste va polyanhydrit; va hop chit theo sang ché.
Theo mot s6 phuong phap, ché phdm néu trén s& tra lai hop chét sinh kha dung khi sir

dung qua dudng miéng.
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Phuong phép diéu ché ché phim hoic hop chit theo sang ché bao gdm budc két
hop hop chit theo sang ché véi chdt mang va, tiy chon, mot hoic nhiéu thanh phén
phu. Néi chung, céc ché pham duoc didu ché bang cach két hop ddng nhét va ky hop
chét theo sang ché v6i chit mang 16ng, hodc chit mang ran dugc phan chia min, hoic

ca hai, va sau d6, n€u can, tao hinh san pham.

Céc ché phim theo sang ché thich hop véi duong dung qua dudng miéng c6 thé
& dang vién nang, vién nhdng, vién tron, vién nén, vién ngm (st dung chit nén diéu
vi, thuong 1a sucroza va acaxia hodc tragacanth), thudc bot, hat, hodc dung dich, huyén
phi hodic hé phén tan réin trong chét 16ng 14 nudc hodc khong phai 1a nude, hogc 1a nhil
tuong 16ng dau trong nudc hodc nudc trong dau, hodc 1a con ngot hodc sird, hodc 1a
vién keo (st dung chdt nén tro, nhu gelatin va glyxerin, hodc sucroza va acaxia)
va/hodc nudc sic miéng va tuong tu, mdi dang chira mét lwgng da xac dinh cua hgp
chét theo sang ché 1a thanh phin hoat dong. Hop chit theo séng ché ciing ¢6 thé dugc

st dung dang vién hoan, thude t& hoic bot nhio.

Ché phém phén tan ran theo sang ché bao gém, vi du, hé phéan tan vd dinh hinh
ctia hop chét theo sang ché, ta duge (copolyme, nhu polyvinyl pyrolidinon (PVP)
VA64 (Kollidon® VA64 hodc Copovidone), va tuong tu). Hé phan tén rin con c6 thé
duoc tang cudng béi hydroxyl propyl metyl xenluloza c6 d6 nhét thip (HPMC) (nhu
Pharmacoat 603, Methocel E3, hoac tuong tu). Xem Vi du 41, sau day, dé biét chi tiét

hon vé viéc di€éu ché ché pham phan tan ran theo sdng ché.

Theo mot phuong 4n theo sang ché, duge pham chira hé phan tén vo dinh hinh
cia (R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-
yDnicotinamit (Vi du 9) va tir 1 dén 2 ta duogc; trong d6 ta duge duge chon tir HPMC
AS, Pharmacoat 603, Eudragit L100, PVP K30, PVP VA64 va Eudragit EPO.

Theo mot phuong an khac, ta duge 18 PVP VA64 va Pharmacoat 603.

Theo mot phuong 4n khac, phan trim ctia Pharmacoat 603 14 nim trong khoang
tir 30% dén 45%, phin trim cia PVP VA64 nim trong khoang tir 30% dén 45% va
phin tram cia (R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-
pyrazol-5-yl)nicotinamit (Vi du 9) 1a ndm trong khoang tir 20% dén 30%.
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Theo mdt phwong 4n khac, phén trdm cua Pharmacoat 603 13 37,5%, phén tram
cua PVP VA64 14 37,5% va phin trim cua (R)-N-(4-(clodiﬂometoxy)phenyl)-6-(3-
hydroxypyrolidin—l-yl)—S-(lH-pyrazol-S -yDnicotinamit (Vi du 9) 1a 25%.

Trong dang liéu rin theo sang ché cho duong dung qua dudng miéng (vién
nang, vién nén, vién tron, keo ngam, bot, hat, vién ngém trong ma va tuong tu), thanh
phan hoat dong duogc phédi hop voi mdt hodc nhiéu chit mang dugc dung, nhu natri
xitrat hodc dicanxi phosphat, va/hoic chat bt ky sau: (1) chét don hodc chét lam dic,
nhu tinh bot, lactoza, sucroza, glucoza, manitol, va/hoic axit silicic; (2) chét gén Két,
nhu, vi du, carboxymetylxenluloza, alginat, gelatin, polyvinyl pyrolidon, sucroza
‘VE‘l/hO(ElC acaxia; (3) chét gitt 4m, nhu glyxerol; (4) ta duoc rd, nhu aga-aga, canxi
caciaonat, tinh bot khoai tdy hoic bdt sin hot, axit alginic, mot sd sili'cat, va natri
cacbonat; (5) chét lam chdm hoa tan, nhu parafin; (6) chét gia ting hap thy, nhu amoni
bac bdn hop chét va chét hoat dong bé mdt, nhu poloxame va natri lauryl sulfat; (7)
chét tao am, nhu, vi dy, ruou xetylic, glyxerol monostearat, va chat hoat dong bé mat
khong ion hoa; (8) chit hap phu, nhu kaolin va d4t s€t; (9) ta duoc tron, nhu talc, canxi
stearat, magie stearat, polyetylen glycol rén, natri lauryl sulfat, kém stearat, natri
stearat, axit stearic, va hon hop chira chung hdn hop chtra chung; (10) chét tao mau; va
(11) chét giai phéng kiém soat nhur crospovidon hodc etyl xenluloza. Trong trudng hop
vién nang, vién nén va vién tron, dugc phim nay cling c6 thé bao gdm chit dém. Ché
phdm rén chira kidu tuong ty cling c6 thé duge st dung 1am chét d6n & dang déo va
vién nang gelatin vé cing st dung ta dugc nhu lactoza hoic duodng sita, cling nhu

polyetylen glycol trong lwong phén tit cao va tuong tu.

Vién nén c6 thé duoc tao ra bang cach dép vién hodc d6 khuén, tuy chon véi
mdt hodc nhiéu thanh phdn phy. Vién nén dap vién c6 thé dugc bao ché bing céach st
dung t4 dugc don (vi du, gelatin hodc hydroxypropylmetyl xenluloza), t4 dugc tron,
chit pha lodng tro, chit bao quan, ta dugc rd (vi dy, natri tinh bot glycolat ho#c natri
carboxymetyl xenluloza lién két chéo), tdc nhan hoat dong bé mat hodc phan tan. Vién
nén db khuén c6 thé duoc tao ra bing cach dé khuon trong mt mdy thich hop hdn hop

chira bot hop chét duge tao 4m bang chit pha lodng 16ng tro.

Vién nén, va cac dang lidu rén khac cua duoc phém theo sang ché, nhu keo
ngam, vién nang, vién tron va hat, tiy chon c6 thé dugc phan loai hodc bao ché véi
mang bao va vo, nhu mang bao tan trong rudt va cac mang bao khac d3 bidt trong linh
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vie bao ché duge pham. Chung c6 thé dugc bao ché sao cho gidi phong chdm hoic
gidi phéng kiém soat thanh phin hoat dong trong d6 st dung, vi du,
hydroxypropylmetyl xenluloza véi céc ty 1& khiac nhau @ tao ra profin gidi phong
mong mudn, cic chit nén polyme khac, liposom va/hodc cac vi cau. Chting c6 thé
dugc tao cdng thirc dé giai phong nhanh, vi dy, lam dong khd. Chung c6 thé duoc tiét
khudn bing cach, vi du, loc qua phéu loc giit vi khudn, hodc bing cach dua cic tac
nhén tiét khudn & dang ché phim rén v6 khuin c6 thd dugc hoa tan trong nuéc vo
khuén, hodc mot s& moi truong vo khuén tiém dugc khac ngay 1ap tirc trude khi st
dung. Cac ché phim ndy ciing c6 thé tiy chon chira chét chin sang va co6 thé 1a ché
phim ma chi gidi phong (cac) thanh phin hoat dong, hodc wu tién, & mot phan nhét
dinh trong duong tiéu héa, tity chon, theo cach gidi phong chdm. Vi du vé cac ché
pham ééy c6 thé sir dung bao gdm cac co chit polyme va sap. Thanh phén hoat dong
cling cé thé & dang vi nang, néu thich hop, v6i mot hodc nhiéu ta duoc dugc mo ta

trén.

Dang liéu 16ng cho dudng dung qua dudong miéng chtra hop chét theo sang ché
bao gdm cac nhil tuong, vi nhil twong, dung dich, huyén phu, sird va cdn ngot dugc
dung. Ngoai thanh phin hoat dong, dang lidu 16ng c¢6 thé chwra chit pha lodng tro
thuong dwoc str dung trong linh vuc, nhu, vi dy, nuéc hodc cic dung mdi khac, tac
nhén hoa tan va chét nhii hoa, nhu ruou etylic, rugu isopropyl, etyl cacbonat, etyl
axetat, ruou benzylic, benzyl benzoat, propylen glycol, 1,3-butylen glycol, dau (cu thé,
dau hat bong, déu lac, dau bong, dau mam, diu oliu, ddu hai ly va dau vung), glyxerol,
ruou tetrahydrofuryl, polyetylen glycol va este sorbitan ctia axit béo, va hdn hop chira

chiing.

Bén canh chit pha lodng tro, cac ché phdm dung qua dudng miéng ciing co thé
bao gbdm céc ta duoc nhur chét tao 4m, chét nhii héa hoic tao huyén pht, chit lam ngot,
chit diéu vi, chat tao mau, chit didu huong va chit bao quén.

Huyén phu, ngoai hop chét hoat dong, c6 thé chtra chét tao huyén phi nhu, vi
du, ruou isostearyl etoxyl héa, polyoxyetylen sorbitol va este sorbitan, xenluloza vi
tinh thé, nhom metahydroxit, bentonit, aga-aga va tragacanth, va hén hop chira chung.

Céc cong thire ctia dwgc phdm theo sang ché dé sir dung tai truc trang hoic

duong 4m dao c6 thé 1a & dang thudc dan, c6 thé duoc bao ché bang cach phdi hop
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mdt hoic nhiéu hop chét theo sang ché véi mot hodc nhilu ta duoc hoic chét mang
khong kich ung thich hop bao gbm, vi dy, bo cacao, polyetylen glycol, sap thudc dan
hogc salixylat, va & dang ran & nhiét dd phong, nhung 1a dang 16ng & nhiét do co thé
va, do d0, s€ chdy ra trong truc tring hodc khoang 4m dao va gidi phéng thanh phén

hoat dong.

Céc ché phim theo séng ché thich hop dé sir dung tai duong 4m dao ciing bao
gdm céc thube dat &m dao, bang vé sinh, kem, gel, bot nhio, bot hozc ché phim phun

chita chdt mang nhu d4 biét trong linh vuc nay 1a thich hop.

Dang liu cho duong dung tai chd hodc qua da chira hop chét theo sang ché bao
gém thube bot, thube xit, thube md, bdt nhio, kem, thudc nude boi, gel, dung dich,
thudc cao va thuée hit. Thanh phan hoat dong c6 thé dugc phdi hop trong diéu kién vo
khuén véi chat mang dugc dung, va véi chit bao quan bét ky, hé¢ dém, hodc khi tro ¢

thé can co.

Thubc md, bot nhéo, kem va gel c¢6 thé chua, ngoai hop chét hoat dong theo
séng ché, ta duoc, nhu m& dong vat va thuc vat, dau, sap, parafin, tinh bot, tragacanth,
din xuét xenluloza, polyetylen glycol, silicon, bentonit, axit silicic, talc va kém oxit,

hodc hén hop chira chung,

Thude bot va thube phun c6 thé chia, ngoai hop chit theo sang ché, t4 dugc
nhu lactoza, talc, axit silicic, nhom hydroxit, canxi silicat va bot polyamit, hoic hdn
hop chira cdc chit nay. Thuébc phun c6 thé con chta khi tro théng thuong, nhu

cloflohydrocacbon va hydrocacbon khong thé dé bay hoi, nhu butan va propan.

Miéng dén téc dung qua da c6 mot thudn loi khac nhita 14 phan phéi kiém soét
hop chét theo sang ché dén co thé. Dang lidu nay c6 thé duoc tao ra bing cach hoa tan
hodc phén tén hop chét trong mdi truong thich hop. Chit 1am tang cuong hép thy cling
c6 thé dugc st dung lam ting dong thudc di qua da. Téc dd cua dong nay c6 thé dugc
kiém so4t hodc bing céch tao ra mang kiém soat tdc do nay hodc phén tén hop chit

trong chit nén polyme hodc gel.

Ché phim dung tai mét, thubéc md tra mit, thudc bot, dung dich va tuong tu,

cling duoc du tinh ndm trong pham vi ctia séng ché.
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Dugc phim theo sang ché thich hop voi dudng ding ngoai dudng tiéu héa chua
mot hodc nhiu hop chét theo sang ché Kkét hop véi mot hodc nhiéu dung dich, hé phan
tan, huyén phu hodc nhii twong nuée hodc khong phai 1a nuée duge dung ding truong
vd khudn, hodc bot vo khudn c6 thé duge hoan nguyén thanh dung dich hodc hé phan
tan vo khuén tiém duogc ngay trude khi sit dung, ching c6 thé chira duong, ruou, chit
chéng oxy hoa, dém, chit kim khuén, chit tan khién cho ché phdm déng truong véi

mau ctia nguoi nhén hodc chat tao huyén phu hodc lam dic.

Vi du vé chit mang 14 nudc hodc khong phai 1 nude thich hop c6 thé duge sir
dung trong dugc phdm theo sang ché bao gdm nudc, etanol, rugu polyhydric (nhu
glyxerol, propylen glycol, polyetylen glycol, va tuwong tu), va hdn hop thich hop cla
chung, dau thuc vat, nhu dau oliu, va este hitu co tiém dugc, nhu etyl oleat. B¢ 1dng
thich hop c6 thé duge duy tri, vi du, bang cach st dung nguyén liéu bao, nhu lexitin,
bang cach duy tri ¢& hat yéu cau trong truong hop hé phan tan, va bing cach st dung

chit hoat dong bé mit.

Céc ché phdm nay ciing c6 thé chira cac t4 duge nhu chét bio quan, chét tao
4m, chit nhii hoa va chét phan tan. C6 thé dam bao ngin can tac dong cta vi sinh vat
1én hop chét theo sang ché bang cach dua cac tac nhin chdng nim va khang vi khudn
khéc nhau, vi du, paraben, clobutanol, axit phenol sorbic, va tuwong ty. Ciing c6 thé
mong mudn dua tac nhan gy déng trwong, nhu dudng, natri clorua, va chét tuong tu
vao ché phém nay. Ngoai ra, su hép thu kéo dai cia dang duoc phém tiém dugc c6 thé
mang lai béng cach dua vao cac tdc nhan lam chdm su hép thu nhu nhdm monostearat

va gelatin.

Trong mdt sd truong hop, dé kéo dai tac dung cta thude, mong mudn lam cham
su hép thu cia thudc khi tiém dudi da hoic trong co. Diéu nay cb thé thuc hién dugc
bing cach st dung huyén phii 1éng chita nguyén lidu tinh thé hodc v6 dinh hinh c6 do
tan trong nudc thap. Tdc d hap thu cia thude do d6 phu thude vao tde do hoa tan cia
no, tbe do nay co thé phu thude vao c& tinh thé va dang tinh thé. Cach khac, su thip
thu chdm cua dang thudc ding ngoai dudng tiéu hoa cé thé cé duge biang cach hoa tan

hodc tao huyén phu dugc chét trong ta dugc dau.

Dang cdy dudi da duge tao ra bing cich tao cac chat nén vi nang chira hop chét

theo sang ché trong cac polyme thoai bién sinh hoc nhu polylactit-polyglycolit. Phu
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thudc vao ty 1€ ctia duge chét véi polyme, va ban chét cia polyme cu thé st dung, tdc
dd gidi phong duge chit co thé dugc kiém soét. Vi du v& cac polyme thoai bién sinh
hoc bao gbm poly(orthoeste) va poly(anhydrit). Cac ché pham tich lity thubc tiém
dugc ciing dugc bao ché bing cach dua duge chét vao trong liposom hodc vi nhii

tuong tuwong thich véi mé co thé.

Khi hop chit theo sang ché duoc sir dung lam dugc phdm, cho nguoi va dong
vét, chiing c6 thé duoc sir dung truc tiép hoic & dang dugc phim chua, vi dy, tir 0,1

dén 99% (t8t hon 1a, tir 10 dén 30%) thanh phin hoat dong két hop véi chét mang
dugc dung.

Céc ché phim theo sang ché co thé dugc str dung qua dudng miéng, ngoai
dudng tiéu héa, tai chd, hoic tryc trang. Tt nhién chung & dang thich hop cho méi
dudng dung. Vi dy, ching duge sir dung & dang vién nén hoic vién nang, bang cach
duong tiém, duong hit, nuéc nho mit, thubc md, thudc dan, v.v. dudng tiém, truyén
hodc hit; tai chd béng thude nude hoic thubc md; va true trang bang thudc dan. Puong

ding qua duong miéng dugc wu tién.

Thuft ngit "duong dung ngoai duong tiéu hoa" va "sir dung ngoai dudng tiéu
hoa" dugc st dung trong déy c6 nghia la cich st dung khéng phai trong dudng rudt va
tai chd, thuong 1a bing céch tiém, va bao gdm, khong han ché, trong tinh mach, trong
¢o, trong dong mach, trong vo, trong vé, trong hdc mét, trong tim, trong da, trong
mang bung, trong khi quan, dudi da, dudi bidu bi, trong khép, duédi bao, dudi mang

nhén, tiém va truyén trong mang nhén va trong xwong trc.

Thuét nglt "stt dung toan than" va "sir dung ngoai bién" dugc sir dung trong day
c¢d nghia la str dung hop chét, thude hodc nguyén liéu khic khong phai 12 truc tiép vao
hé than kinh trung wong, sao cho né di vao hé théng co thé cua bénh nhéan va, bing

cach d6 dugc dwa vao chuyén hoa va cac quy trinh twong tu khéc, vi du, duong dung

dudi da.

Cac hop chét ndy c6 thé duogc sir dung cho nguoi va dong vat khac bing cach
diéu trj theo dudng dung thich hop bét ky, bao gdm qua dudng miéng, tai mii, nhu
bang, vi du, thudc phun, tryc trang, trong &m dao, ngoai dudng tiéu hoa, trong bé va tai

chd, nhu bang thudc bot, thudec md hodc thude nhd, bao gdom trong m4 va duéi ludi.
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Bét ké duong ding nao duoc chon, hop chét theo sang ché, c6 thé duge sur dung
0 dang hydrat héa thich hop, va/hoic dugc phdm theo sang ché, duoc bao ché thanh
dang lidu duoc dung béi phwong phép thong dung di biét voi cac chuyén gia trong

linh vyc nay.

M lidu thuc té ctia thanh phan hoat dong trong dugc phim theo sang ché co
thé thay ddi sao cho thu duoc lugng thanh phan hoat dong c6 hiéu qua dé dat duge déap
ting diéu tri mong mudn cho bénh nhan cu thé, ché pham, va dudng dung, ma khong

gy ddc cho bénh nhan nay.

Mtc lidu duge chon s& phu thudc vao nhiéu yéu t bao gdm hoat tinh cia hop
chat cu thé theo sang ché sir dung, hodc este, mudi hodc amit cia no, dudng dung, thoi
gian st dung, tdc do bai tiét hodc chuyén hoa cua hop chit cu thé dugc st dung nay,
téc do va muc do hép thu, qué trinh diéu tri, cac dugc chét khac, hop chét va/hoic
nguyén liu st dung két hop véi hop chit cu thé duoc sir dung, tudi, gi6i tinh, trong
lwong, tinh trang bénh, strc khoe téng quét va tién st bénh cua bénh nhan dugc didu

tri, va céc yéu td tuong tu da biét trong linh vuc y khoa.

Bac sy hodc bac sy thu y ¢6 chuyén mén c6 thé xac dinh 5 rang va chi dinh
luong ¢6 higu qua cia dugc phdm cin c6. Vi du, bic sy hodc bac s§ thi1 y c6 thé bit
dau cac lidu hop chét theo sang ché sir dung trong duge phdm & cac muc thdp hon yéu
ciu dé dat duoc hiéu qua diéu tri mong mudn va tang dan lidu cho dén khi dat duoc

hl@u qua mong muon.

Thong thudng, liéu hing ngay thich hop cta hop chét theo sang ché sé 1a lugng
hop chit & mue lidu thép nhét co hiéu qua dé tao hiéu qua diéu tri. Liéu c6 hiéu qua
nay thuong phu thudc vao cac yéu té dwoc moé ta trén. Théng thudng, lidu qua duodng
mi¢ng, trong tinh mach, trong ndo that va lidu dudi da cia hop chét theo sang ché cho
bénh nhan, khi dugce sir dung cho hi€u qua gdy mé chi dinh, s& nim trong khodng tir
0,0001 dén khoang 100mg trén mdi kilogam trong lugng co thé mbi ngay.

Néu muédn, lidu héng ngay c6 hiéu qua cua hop chét hoat dong c6 thé duogc st
dung thanh hai, ba, bén, nam, sdu hoic nhidu lidu nhd st dung riéng biét voi cac
khoang gidn lidu thich hop trong ca ngay, tiy chon, & dang lidu don Vi.

Céc thong s6 PK in vivo c6 thé dugce st dung dé woc tinh cac thong s6 PK cia
ngudi. Ap dung cic phuong phap khac nhau da biét trong linh vuc dy doan PK nguoi,
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c6 thé danh gid do thanh thai ¢ ngudi du doan. Vi du, (R)-N-(4-
(clodiflometoxy)phenyl)-6-(3 -hydroxypyrolidin-1-yl)-5-(1 H-pyrazol-5-yl)nicotinamit

(Vi du 9) dugc uéce tinh 1a 3mL/phut/kg va thé tich phan bd dwoc uéce tinh 13 1L/kg.
Liéu hing ngay du doan c6 hiéu qua véi ngudi clia hop chét Vi du 9, do do, dugc danh

gia 12 nAm trong khoéng tir 90 dén 130 mg/ngay.

Trong khi hop chét theo sang ché co thé sir dung riéng biét, t5t hon 1a n6 dugc

sir dung ¢ dang duogc phdm (ché pham).

Hop chiét theo sang ché c6 thé dugc bao ché dé s dung theo cach thuan tién bt

ky dé sir dung cho ngudi hoic linh vue thu ¥, tuong tu nhu cdc duge pham khac.

Theo mét khia canh khéc, sang ché d& xuit duge phdm chira luong c6 hiéu qua
diéu tri cua mot hodc nhiéu hop chét dbi tuong, nhu mo ta trén, dugc bao ché cung vai
mot hodc nhiéu chét mang dugc dung (t4 duogc) va/hodc chét pha lodng. Nhu md ta chi
tiét sau déy, dugc phim theo sang ché c6 thé dugc bao ché riéng biét dé su dung &
dang ran hodc 16ng, bao gdém céc dang thich hop sau day: (1) duong ding qua dudng
miéng, vi du, thudc tha y (dung dich hogc huyén phu trong nudc hodc khong phai
trong nudce), vién nén, vién hoan, thude bot, thude hat, bot nhio dé sur dung cho ludi;
(2) dudng dung ngoai dudng tiéu hoa, vi du, dudng tiém dudi da, trong co hoic trong
tinh mach, vi du, dung dich hoac huyén phu v6 khuén; (3) sir dung tai chd, vi dy, thube
kem, thuéc m& hoic thube phun 4p dung cho da, phéi, hodc mang niém mac; hoic 4)
trong 4m dao hodc tai truc trang, vi dy, vién dat 4am dao, kem hoic thube bot; (5) dudi

ludi hodc trong ma4; (6) tai mit; (7) qua da; hodc (8) tai miii.

Thuat ngit "didu tri" dugc du tinh 13 bao gém viéc phong bénh, diéu tri va chira

tri.

Bénh nhéan nhén sy diéu tri nay 1a dong vat bt ky can diéu tri, bao gém dong
vat linh trudng, cu thé 1a nguoi, va cac déng vat c6 va khac nhu ngua, gia suc, lon va
clru; va gia cdm va vat nudi noi chung,

K¥ thuét vi nhii twong c6 thé cai thién sinh kha dung ctia mot sb duoc chit than
m& (khong tan trong nudc). Vi du bao gbm Trimetrine (Dordunoo, S. K., et al., Drug
Development va Industrial Pharmacy, 17(12), 1685-1713, 1991 va REV 5901 (Sheen,
P. C, et al.,, ] Pharm Sci 80(7), 712-714, 1991). Trong s6 d6, vi nhii tuong mang lai

sinh kha dung ting cao biang céach huéng su hdp thu wu tién dén hé bach huyét thay vi
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12 hé tuan hoan, bang cach d6 tranh di qua gan, va ngin chin su ph4 hiy cau tric cia

hop chét trong hé tudn hoan gan-6ng gan.

Trong khi tit ca cac chét mang ludng tinh thich hop duge dy tinh, chit mang
duoc wu tién theo sang ché thuong 13 chit mang c6 trang thai GRAS (Generally-
Recognized-as-Safe — dugc xac nhan 14 an toan), va c6 thé hoa tan theo sang ché va vi
nhii héa né & giai doan mudn khi dung dich nay tiép xic v6i pha nu6e phirc hgp (nhu
tim thdy trong dudng da day — rudt cia nguoi). Thong thudng, cac thanh phan ludng
tinh thoa méan cac yéu cu c¢6 gia tri HLB (can bing than nudc va than md) nim trong
khodng tir 2-20, va cac ciu triic cia ching chira cac gdc béo mach thing nim trong
khoang tir C-6 dén C-20. Vi du la cac glyxerit béo dugc polyetylen-glycol hoa va
polsfetylen glycol.

Cac chét ludng tinh c6é sin trén thi trudng duoc du tinh cu thé, bao gém
Gelucire-series, Labrafil, Labrasol, hoic Lauroglycol (tit ca dugc san xuét va phén
phéi bai Gattefosse Corporation, Saint Priest, France), PEG-mono-oleat, PEG-di-oleat,
PEG-mono-laurat va di-laurat, Lexitin, Polysorbate 80, v.v. (san xuit va phéan phéi bai

mot sO cong ty & My va toan cau).

Céc polyme than nuéc thich hop dé st dung theo sang ché 1a cac chit d& tan
trong nude, c6 thé gin ddng hoa tri véi lipit tao nang, va dung nap iz vivo ma khong
c6 hiéu qua gay doc (ttc 13, twong thich v& mit sinh hoc). Cac polyme thich hgp bao
gdm polyetylen glycol (PEG), polylactic (cting goi 1a polylactit), axit polyglycolic
(cling goi la polyglycolit), copolyme ciia axit polylactic-polyglycolic, va rugu
polyvinyl. C4c polyme dugc uu tién 1 cac polyme c6 trong luong phan tir nim trong
khoang tir 100 hozc 120 dalton 1én dén khoang 5.000 hozc 10.000 dalton, va tdt hon 1a
tir khoang 300 dalton dén khoang 5.000 dalton. Theo phuong an duge wu tién cu thé,
polyme 1a polyetylenglycol c¢6 trong lugng phan tir ndm trong khoang tir 100 dén
khoang 5.000 dalton, va tét hon 1a c6 trong luong phan tir ndm trong khoang tir 300
dén khoang 5.000 dalton. Theo phuong 4n dugc wu tién cu thé, polyme la
polyetylenglycol nang 750 dalton (PEG(750)). Polyme ciing c6 thé dugc xéac dinh béi
s6 lwong monome trong d6; phwong an dugc uu tién theo sang ché sir dung polyme it

nhét khoang ba monome, PEG polyme nay bao gdm ba monome (x4p xi 150 dalton).
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Céc polyme than nuéc khac c6 thé thich hop dé sir dung theo séng ché bao gdbm
polyvinylpyrolidon,  polymetoxazolin, polyetyloxazolin,  polyhydroxypropyl
metacrylamit, polymetacrylamit, polydimetylacrylamit, va din xuit xenluloza nhu

hydroxymetylxenluloza hogc hydroxyetylxenluloza.

Theo mdt sd phuong phép, ché phdm theo sang ché bao gdm polyme twong
thich v& mit sinh hoc duge chon tr nhém bao gbm polyamit, polycacbonat,
polyalkylen, polyme cta este acrylic va metacrylic, polyvinyl polyme, polyglycolit,
polysiloxan, polyuretan va co-polyme ciia no, xenluloza, polypropylen, polyetylen,
polystyren, polyme ciia axit lactic va axit glycolic, polyanhydrit, poly(ortho)este,
poly(axit butic), poly(axit valeric), poly(lactide-co-caprolacton), polysaccarit, protein,

axit polyhyaluronic, polyxyanoacrylat, va hdn hop hodc copolyme ctia no.

Xyclodextrin 12 oligosaccarit vong, gdm c6 6, 7 hoic 8 don vi glucoza, 1an lugt
dugc ky hiéu theo chir La Ma alpha, beta hodc gamma. Xyclodextrin ¢6 it hon sau don
vi glucoza dugc biét 1a khong tdn tai. Cac dbi véi glucoza duoc lién két béi licn két
alpha-1,4-glucosidic. Két qua cua cdu hinh ghé ctia cac don vi dudng 13, trong khi tat
ca cac nhom hydroxyl béc hai (¢ C-2, C-3) & mét phia cua vong, trong khi tit ca cac
nhom hydroxyl bac mot & C-6 dugc dit & phia khac. Két qua 1a, mat ngoai 1a than
nuéce, khién cho xyclodextrin tan dugc trong nudc. Nguoc lai, céac khoang cuia
xyclodextrin la ky nuéc, do ching duge ndi béi hydro cua nguyén tr C-3 va C-5, va
bdi oxy tuong tu nhu ete. Cac chéit nén nay cho phép tao phirc voi mét loat cac hop
chit ky nudc, bao gbm, vi du, hop chét steroit nhu 17-beta-estradiol (xem, vi du, van
Uden et al. Plant Cell Tiss. Org. Cult. 38:1-3-113 (1994)). Viéc tao phirc xay ra do
tuong tac Van der Waals va do sy hinh thanh lién két hydro. D& xem xét hoa hoc cuia

xyclodextrin, xem, Wenz, Agnew. Chem. Int. Ed. Engl., 33:803-822 (1994).

Dic diém hoéa Iy hoa sinh ctia cac din xudt xyclodextrin phu thudc nhidu vao
kiéu va murc do thé. Vi dy, do tan trong nudc ciia chiing nim trong khoang tir khong
tan (vi du, triaxetyl-beta-xyclodextrin) dén tan 147% (trong lwong/thé tich) (G-2-beta-
xyclodextrin). Ngoai ra, chung tan dugc trong nhidu dung mdi hitu co. Céc dic diém
clia xyclodextrin khién cho c6 thé kiém soat d tan ctia nhiéu thanh phin ché phim

bing cach ting hogc giam do tan cda chung.
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Mot s6 xyclodextrin va phuong phap diéu ché chung da dugc mo ta. Vi du,
Parmeter (I), et al. (Patent My s 3,453,259) va Gramera, et al. (Patent My sb
3,459,731) mo ta vé xyclodextrin trung hoa dién tich. Cac din xuit khac bao gém
xyclodextrin véi dic diém cation [Parmeter (II), Patent My sb 3,453,257], xyclodextrin
lién két chéo tan dugc (Solms, Patent My sb 3,420,788), va xyclodextrin vé&i dic diém
anion [Parmeter (III), Patent My sb 3,426,01 1]. Trong sd cac din xuét xyclodextrin véi
dic diém anion, axit carboxylic, axit phospho, axit phosphinous, axit phosphonic, axit
phosphoric, axit thiophosphonic, axit thiosulphinic, va axit sulfonic da dugc cho vao
ho xyclodextrin [xem, Parmeter (III), & trén]. Hon nita, cic din xuit sulfoalkyl ete

xyclodextrin dd dwoc mo ta boi Stella, et al. (Patent M s6 5,134,127).

Liposom bao gdm it nh4t mot mang lipit hai I6p bao quanh mot thanh phan bén
trong khong phai 12 nude. Liposom c6 thé dic trung & kiéu mang va kich thude. Cac
nang mang don nhé (SUV) c¢6 mang don va dic trung c¢6 dudng kinh nim trong
khoang tir 0,02 va 0,05um; céc bong bong mang don 16n (LUVS) dic trung 14 16n hon
cac nang 0,05pum. Nang 16n Oligolamellar va cac bong bong da mang cé nhidu 16p
mang, thuong 13 ddng tam, va dic trung 16n hon 0,1pum. Liposom v&i nhiéu 16p mang
khong déng tam, ttc 13, nhiéu nang nho hon nim trong mot nang 16n, dugc goi 1a cac

nang da nang.

Mot khia canh theo séng ché dé cap dén ché pham chira liposom chtra hop chit
theo sang ché, trong d6 mang liposom dugc tao ra dé cung cép liposom c6 kha ning
mang tang 1&n. Cich khac hodc ngoai ra, hop chét theo séng ché co thé chua trong,
hodc dwgc hép thu 1én trén, 16p liposom kép cua liposom. Hop chit theo sang ché c6
thé két tu voi chét hoat dong bé mit 1ong va duge mang bén trong khoang bén trong
cia liposom; trong cic truong hop nay, mang liposom dugc xay dung dé giir duoc
hiéu qua ngin can su két tu cta tic nhéan hoat dong va chét hoat dong bé mat.

Theo mét phuong an ca séng ché, mang lipit kép ctia liposom chtta céc lipit
dugc tao din xudt voi polyetylen glycol (PEG), sao cho cic chudi PEG trai dai tir bé
mat bén trong clia mang lipit kép vao khoang bén trong duoc két nang bdi liposom, va
trai dai tir bén ngoai cia mang lipit kép vao dén moi truong xung quanh.

Thanh phan hoat dong trong liposom theo séng ché 1a & dang hoa tan. Hat két tu

ctia chit hoat dong bé mit va tac nhan hoat dong (nhu nhii twong hoic vi hat chira tac
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nhén hoat dong dang nghién ciru) c6 thé duogc dua vao khoang bén trong cia liposom
theo sang ché. Chét hoat dong bé mit c6 tac dung phan tan va hoa tan tac nhan hoat
dong, va c6 thé duoc chon tir chit hoat dong bé mat thom hodc vong béo, béo thich
‘hop bat ky, bao gdm nhung khoéng han ché & lysophosphatidylcholin tuwong thich vé
mat sinh hoc (LPC) c6 chiéu dai soi thay ddi (vi dy, tir khoang C,, dén Cap). Céc lipit
dugc tao din xuét véi polyme nhu PEG-lipit cling ¢6 thé duoc str dung d tao vi hat vi
ching s& tac dong dé trc ché su dung hop vi hat/mang, va vi viéc bd sung polyme vao
phén tir hoat dong bé mat lam giam gi4 tri CMC ctia chét hoat dong bé mat va hd trg
trong viéc tao vi hat. Uu tién chat hoat dong bé mat ¢o gia tri CMC trong khoang
micromol; chét hoat dong bé mat c6 gia tri CMC cao hon ¢6 thé duoc str dung dé bao
ché vi hat duoc dua vao trong liposom theo sang ché, tuy nhién, monome hoat dong bé
mit cla vi hat ¢6 thé anh huéng dén su 8n dinh cta liposom mang kép va s& la mot

yéu tb trong thiét ké liposom ¢6 tinh 6n dinh mong mudn.

Liposom theo sang ché c6 thé duge bao ché theo nhidu ky thuat bit ky da biét
trong linh vyc k¥ thuét nay. Xem, vi du, Patent My s6 4,235,871; don PCT da cdng bd
WO 96/14057; New RRC, Liposom: A practical approach, IRL Press, Oxford (1990),
pages 33-104; Lasic DD, Liposom from physics to applications, Elsevier Science
Publishers BV, Amsterdam, 1993.

Vi dy, liposom theo sdng ché c6 thé dugc bao ché bing c4ch khuéch tan lipit
tao dan xuét voi polyme than nuéc vao trong liposom da tao ra trude d6, nhu bang
cach cho liposom da tao ra trude d6 tiép xuc vé6i vi hat cdu tao tur polyme ghép véi
lipit, & cac ndng dd lipit trong tng véi phan traim mol cudi cung cua lipit din xuét
dugc mong mudn trong liposom. Liposom chira polyme than nuéc cling c6 thé dugc
tao ra bang cach dong nhét, hydrat héa ving lipit, hogc k§ thuat dun, nhw d3 biét trong

linh vyc nay.

Theo mét khia canh ctia sang ché, liposom dugc bao ché c6 kich thude dong
déu v& co ban trong khodng kich thuéc duge chon. Mot phuong phap xé4c dinh kich
thuée hiu qua bao gém viéc dun huyén phi nuéc chira liposom di qua mét loat cac
mang polycacbonat c¢6 kich thudce 18 ddu da chon; kich thuéce 16 cia mang s& tuong
g v6i céc kich thudce 16n nhét cia liposom tao ra bang céch dun qua mang. Xem vi

du, Patent My s6 4,737,323 (ngay 12, théng 4, nam 1988).
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Dic diém giai phong cia ché phdm theo sang ché phu thudc vao nguyén liéu
tao nang, n6ng dd ctia dugc chét dugc tao nang, va su c6 mit ctia chit didu chinh gidi
phong. Vi du, viée giai phéng c6 thé duge thuc hién phy thuoc vao do pH, vi duy, st
dung mang bao nhay véi d6 pH s& chi gidi phong & do pH thép, nhu trong da day, hodc
do pH cao hon, nhu trong rudt non. Mang bao tan trong rudt c6 thé duoc st dung dé
ngan can sy giai phong khong xay ra cho dén sau khi di qua da day. Nhiéu mang bao
hodc hdn hop Xyanamit dugc tao nang trong cac nguyen liéu khac nhau c6 thé dugc sir
dung & thu duogc su giai phong ban dau trong da day, sau d6 gidi phéng mudn hon
trong rudt non. Viéc giai phong ciing c6 thé dugc thuc hién bang cach vii mubi hodc
cac tdc nhén tao 16 hdng, cac thanh phan nay c6 thé 1am ting su hdp thu nuée hodc giai
phoéng duogc chit bang cach khuéch tan tir vién nang. T4 dwgc diéu chinh do tan cua
dugc chat cling c6 thé duge sir dung dé kiém so4t téc dd giai phong. Céc tac nhan lam
tdng sy phan huy ctia chit nén hoidc giai phéng tir chit nén cling ¢6 thé duge dua vao.
Chung c6 thé duoc bd sung vao dugc chét, bd sung ¢ pha riéng biét (ttc 13, 1a hat),
hodc ¢6 thé dwgc hoa tan dong thoi trong pha polyme phu thudc vao hop chit. Trong
tat ca cac truong hop, lugng nay s& ndm trong khoéng tir 0,1 dén 30 phan trim (trong
luong/trong luong polyme). Kidu cia chét 1am tdng phén hiy bao gdbm mudi vo co nhu
amoni sulfat va amoni clorua, axit hitu co nhu axit Xitric, axit benzoic, va axit
ascorbic, bazo v co nhu natri cacbonat, kali cacbonat, canxi cacbonat, k&m cacbonat,
va kém hydroxit, va bazo hitu co nhu protamin sulfat, spermin, cholin, etanolamin,
dietanolamin, va trietanolamin va chét hoat dong bé mit nhu Tween® va Pluronic®.
Céc tac nhan tao 16 hdng sé& b sung vi cu tric vao chit nén (tic 13, hop chét tan duoc
trong nude nhu mudi vo co va duong) duoc bd sung vao ¢ dang hat. Khoang nay s&

nim trong khoang tir 1 dén 30 phin trim (trong lwong/trong lugng polyme).

Sw hép thu ¢6 thé dugc thuc hién bang cach thay ddi thoi gian luu cua cic hat
trong rudt. Piéu nay c6 thé dat dugc, vi du, béng cach bao hat nay véi, hoic lua chon
lam nguyén li¢u tao nang, polyme két dinh niém mac. Vi du bao gém hau hét polyme
¢6 nhom carboxyl tu do, nhu chitosan, xenluloza, va dac biét la polyacrylat (khi duoc
st dung trong ddy, polyacrylat 13 @& chi polyme bao gdm nhém acrylat va nhom

acrylat bién ddi nhu Xyanoacrylat va methacrylat).

Dugc phdm hén hop
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Sang ché dgc biét d& cap dén viéc st dung hop chit 6 cong thirc (I) (hoic duoc
phim bao gdm hop chit co cong thire (1) trong diéu tri mot hodc nhiéu bénh duoc néu
trong ddy; trong d6 dap tmg voi didu trj 1a c6 loi d& duoc ching minh, vi dy, bsi su
loai bé mot ph?ln hodc hoan toan mot hoic nhidu triéu ching cta bénh cho dén khi

hoan toan chita hogc thuyén giam bénh.

ALL duong tinh véi nhiém séc thé Philadelphia (Ph+) chiém 15-30 % 13 ALL &
nguoi trudng thanh va 1én dn 5% la ALL bénh nhi (Faderl S, Garcia-MAnero G,
Thomas D, et al. Philadelphia Chromosome Positive Acute Lymphoblastic Leukemia-
Current Concepts and Future Perspectives. Rev Clin Exp Hematol 2002: ;6:142-160).
Ph+ ALL bénh nhi ¢6 dic diém 1a tudi 16n hon (trung binh 13 9-10 tudi so véi khoang
4 tudi & tit ca bénh nhan ALL) va sb lugng WBC cao hon khi chin dodn. O ca nguoi
truéng thanh va tré nho, Ph+ ALL ¢ dic diém la su chuyen doan thuédn nghich giita
céc nhiém sic thé 9 va 22 (1(9;22)(q34;q11)) gay ra su dung hop cua gen BCR trén
nhiém sic thé 22 véi trinh tr gen ABL hoan vi tir nhiém séc thé 9, gay ra su biéu hién
protein BCR-ABL1. C6 hai bién thé chinh cia BCR-ABLI, p190BCR-ABLI, c6 thé
phét hién trong khoang 85% bénh nhan Ph+ ALL, va p210 BCR-ABLI, dic trung cla
CML, x4c dinh trong khoang 15% bénh nhan Ph+ ALL (Dombret H, Galbert J, Boiron
J, et al. Outcome of Treatment in Adults with Philadelphia chromosome-posititve
acute lymphoblastic leukemia- Results of the prospective multicenter LALA-94 trial.
Blood 2002;100:2357-2366; Faderl S, Garcia-MAnero G, Thomas D, et al.
Philadelphia Chromosome Positive Acute Lymphoblastic Leukemia- Current Concepts

and Future Perspectives. Rev Clin Exp Hematol 2002;6:142-160).

Viéc diéu tri ALL 1a dya trén phan nhom nguy co clia mdi bénh nhén, véi viée
didu trj mirc do ngay cang ting 1én cla cic bénh nhan co nguy co tai phat cao hon;
chién lugc nay tdi da hoa tée do thuyén gidm bénh trong khi vén han ché doc tinh
khong mong muén. Qua trinh nay dang phét trién dan, tir viéc dua liéu phép hoa trj két
hop va diéu tri cho bénh bach ciu hé than kinh trung wong tién triéu chirng dén cac ché
do diéu trj chuyén sdu, méi hon cho bénh nhan cé nguy co tai phat cao (C. H. Pui and
W. E. Evans. Acute Lymphoblastic Leukemia New Engl J Med 1998;339:605-615;).
Trude khi phét trién imatinib, bénh nhan Ph+ALL duoc didu tri bing hoa trj lidu
chuyén sdu sau d6 cdy ghép té bao mim tao huyét (HSCT), 1y twdng 1a véi ngudi cho

cling huyét thong phit hop, do didu nay thé hién 12 ci thién EFS so v6i hoic HSCT véi
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nguoi cho khac hodc chi liéu phap hoéa tri liéu riéng biét. Mot cach téng thé, va trai
nguoc voi phﬁn 16n bénh nhi mic ALL, bénh nhan mic Ph+ALL c6 tién luong x4u véi
ty 1& sdng khong bénh (EFS) thdp (Arico M, Valsecchimg, Camitta B, Schrappe M,
Chessells J, Baruchel A, Gaynon P, Silverman L, Janka-Schaubg, Kamps W, et al.
New Engl ] Med 2000;342:998-1006).

Céc litu phap dang c6 (nhu GLEEVEC®, TASIGNA®, SPRYCEL®,
BOSULIF®, ICLUSIGTM va tuong tw) gin két véi vi tri gin két ATP ctia mién
kinaza. Nguoc lai, hop chét theo sang ché 1a chét wc ché BCR-ABL1, ABLI va ABL2

¢6 tiém ndng gan két véi vi tri trén mién kinaza xa véi vi tri gan két ATP.

Do d6, hop chét theo sang ché véi co ché tac dung di 1ap thé méi cia no, c6 thé
dugc st dung 1am liéu phap riéng biét hoic c6 thé duge st dung tiép theo sau hogc két
hop véi li€u phdp dd c6 dugc chon tr GLEEVEC®, TASIGNA®, SPRYCEL®,
BOSULIF® va ICLUSIGTM.

Ddi véi liéu phap riéng biét, hop chat theo sang ché c6 thé duoc sir dung dé
diéu trj bénh va réi loan bénh lién quan dén BCR-ABL1, ABL1 va ABL2. BCR-ABLI
c6 thé 1a kiéu dai hodc BCR-ABLI d6t bién dugc chon tir V299L, T315I, F317I/L,
Y253F/H, E255K/V, va F359C/V. Hop chét theo sang ché c¢6 thé duoc sit dung dé
diéu tri cho bénh nhan khong dép g véi céac liéu phap dang c6 khi két qua cua céac
dot bién xuat hién & vi tri gn két ATP. V6i liéu phap két hop, hop chét theo sang ché
1a mdt co hoi duy nhét dé diéu tri bénh nhan méc bénh bach ciu Ph+ bing cach sir
dung hén hop chira hai chét ire ché BCR-ABL tidém niing khac biét vé& co ché. Phuong
phap két hop trong 14m sang c6 thé khién cho bénh nhan giam séu va lién tuc hon
trong lwong khdi u véi nguy co tai phat giam.

Theo phuong 4n khéc, sang ché mo ta phuong phép diéu trj cho dong vat mau
néng méc bénh bach ciu duoc chon tir bénh bach ciu tuy xuong méan tinh (CML) va
bénh bach ciu nguyén bao lympho cép tinh (ALL), phuong phép nay bao gdm sir dung
cho ddng vat nay luong c6 hiéu qua diéu tri cla hop chét theo sang ché hodc mubi

dugc dung cia né.

Theo mot phwong dn khac, dong vat méu nong 14 ngudi (bénh nhan).
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Theo mét phuong 4n khdc, hop chét theo sang ché la (R)-N-(4-
(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1 H-pyrazol-5-yl)nicotinamit

(hop chét Vi du 9) hoic mudi dugc dung ctia no.

Theo phwong 4n khac, sang ché dé cap dén viéc didu tri cho dong vat mau nong
mic bénh bach ciu duoc chon tir bénh bach ciu tiy xwong mén tinh (CML) va bénh
bach cdu nguyén bao lympho c4p tinh (ALL) bao gbm cho dong vit nay st dung lién
tuc lugng 6 hiéu qua diéu trj cta hop chit theo sang ché hoic mudi dugc dung ciia n6
va lugng c6 hiéu qua diéu tri cua hop chét duoc chon tir imatinib, nilotinib, dasatinib,

bosutinib, ponatinib va bafetinib.
Theo mét phuong 4n khéc, dong vat méu néng 1a nguoi (bénh nhan).

Theo mot phwong é4n khdc, hop chit theo sang ché 1a (R)-N-(4-
(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yI)-5-(1 H-pyrazol-5-yl)nicotinamit

(hop chét Vi du 9) hoic mubi dugce dung cia no.

Theo mot phuong 4n khéc, lidu cua (R)-N-(4-(clodiflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-yl)nicotinamit (hop chit Vi du 9) 13 nim
trong khoang tlr 90 dén 130mg.

Theo mdt phwong an khéc, lidu cia nilotinib 13 nim trong khoang tir 10 dén
50mg/kg, Imatinib 12 nam trong khoang tir 50 dén 200mg/kg, dasatinib 1a nim trong
khoang tir 5 dén 20mg/kg hodc ponatinib 14 nim trong khoang tir 2 dén 10mg/kg.

Theo mét phwong 4n khéc, lidu ctia bosutinib 1 500mg.

Theo phuong 4n khac, dong vat mau néng mic bénh bach ciu dugc chon tur
bénh bach cau tiy xuong man tinh (CML) va bénh bach ciu nguyén bao lympho cép
tinh (ALL) c6 thé dugc didu tri bao gdm viée st dung cho dong vit nay ddng thoi
lrgng c6 hidu qua diéu tri ctia hop chét theo séng ché hoic mubi duge dung cia nd va
lugng c6 hiéu qua didu trj cua hop chét duogc chon tir imatinib, nilotinib, dasatinib,

bosutinib, ponatinib va bafetinib.
Theo mét phuong 4n khéc, dong vat mau néng 1a ngudi (bénh nhén).

Theo mét phuong 4n khic, hgp chit theo sing ché la (R)-N-(4-
(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-y1)-5-(1 H-pyrazol-5-yl)nicotinamit

(hop chét Vi du 9) hodic mudi duge dung cua nd.
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Theo mot phuong an khac, lidu cua (R)-N-(4-(clodiflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-yl)nicotinamit (hop chdt Vi du 9) 1a nim
trong khoang tir 90 dén 130mg.

Theo mdt phuong an khéc, liéu cia nilotinib 13 ndm trong khoang tir 10 dén
50mg/kg, Imatinib 1& nim trong khoang tir 50 dén 200mg/kg, dasatinib 14 ndm trong
khodng tir 5 dén 20 mg/kg hodc ponatinib 1a ndm trong khoang tlr 2 dén 10mg/kg.

Theo mdt phuong 4n khéc, lidu cia bosutinib 1a 500mg.

Theo phuong 4n khac, sang ché mo ta phuong phép diéu tri cho dong vat mau
néng mic bénh bach ciu dugc chon tir bénh bach cau tiy xuong man tinh (CML) va
bénh bach cau nguyén bao lympho cép tinh (ALL), phuong phap nay bao gém séng
ché cho dong vat nay dong thoi lugng c6 hiéu qua diéu tri coa (R)-N-(4-
(clodiﬂometoxy)phenyl)-6-(3-hydroxypyrolidin—1-y1)-5-(1H-pyrazol-5-yl)nicotinamit

(Vi du 9) hodc mudi dugc dung ctia n6 va luong c6 hiéu qua di€u tri cha Nilotinib.

Theo phuong 4n khac, dong vat méau néng méc bénh bach ciu dugc chon tir
bénh bach cau tay xuong mén tinh (CML) va bénh bach ciu nguyén bao lympho cép
tinh (ALL) c6 thé dwogc didu tri,gdm st dung cho dong vat nay ddng thoi lugng c6 hiéu
qua didu tri cia (R)-N-(4-(clodiﬂometoxy)phenyl)-6-(3-hydroxypyrolidin—1-y1)-5 -(1H-
pyrazol-5-yl)nicotinamit (hop chit Vi du 9) hoic mubi dugc dung cia nd va lugng co
hiéu qua diéu tri Nilotinib.

Hop chét ¢ cong thirc (I) cling c6 thé dugc sir dung két hop véi hop chét
chéng ung thu khac. C4c hop chét nhu véy bao gbm, nhung khong gi6i han & chit tc
ché ribonucleotit reductaza, chit ac ché topoisomerazal; chit tc ché JAK, nhu
ruxolitinib; chit trc ché gidn co, nhu LDE225; interferon; chét tc ché topoisomerazall;
hop chit tac dung Ién vi ng; hop chét alkyl hoa; chét trc ché histon deaxetylaza; chét
trc ché mTOR, nhu RADO001; chét khang chuyén hoa chéng ung thu; hdp chét platin;
hop chit huéng dich/lam giam hoat tinh protein hodc lipit kinaza, chat ttc ché metionin
aminopeptidaza; chit diéu hoa dap tmg sinh hoc; chit rc ché chét ddng phén gy ung
thu Ras; chit Grc ché telomeraza; chit trc ché proteasom; hop chét sir dung trong diéu
tri c4c bénh mau éc tinh, nhur fludarabin; hop chét huéng dich, 1am gidm hodc e ché
hoat tinh ciia PKC, nhu midostaurin; chat tc ché HSP90 nhu 17-AAG (17-alylamino-
geldanamyxin, NSC330507), 17-DMAG (17-dimetylaminoetylamino-17-demetoxy-
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geldanamyxin, NSC707545), IPI-504, CNF 1010, CNF2024, CNF1010 from Conforma
Therapeutics, HSP990 va AUY922; temozolomit (TEMODAL®); chét wc ché protein
ving séng lung kinesin, nhu SB715992 hodc SB743921 tir GlaxoSmithKline, hoic
pentamidin/chlorpromazin tir CombinatoRx; chit ¢ ché PI3K, nhu BEZ235,
BKM120 hoge BYL719; cht e ché MEK nhu ARRY 142886 tir Array PioPharma,
AZD6244 tir AstraZeneca, PD181461 tur Pfizer, leucovorin, chét gén két EDG, hgp
chét khang bénh bach ciu, chét trc ché S-adenosylmetionin decarboxylaza, khang thé
chéng tang sinh hodc hop chit hoa trj lidu khac. Hon nita, cach khac hoic két hop,
chung c6 thé duogc st dung két hop véi phuong phép xa trj ion hoa. Hon nita, vao hogc

ngoai, chiing ¢6 thé duoc sir dung két hop véi chit trc ché JAK, nhu ruxolitinib.

Hon nita, cach khac hoic két hgp ching ¢6 thé dugc st dung két hop véi chét
trc ché gian co, nhu LDE225.

Hon nita, cich khac hodc két hop chung c6 thé duoc sir dung két hop voi

interferon.

Thuat ngit “chét e ché ribonucleotit reductaza” 14 dé chi cac chét tuong tu
pyrimidin hogc purin nucleosit bao gdm, nhung khong han ché &, fludarabin va/hoic
cytosin arabinosit (ara-C), 6-thioguanin, 5-floraxil, cladribin, 6-mercaptopurin (dic
biét 1a két hop v6i ara-C khéng ALL), clofarabin, nelarabin (tién chit coa 9-p-
arabinofuranosylguanin, ara-G), pentostatin, hydroxyurea ho#ic din xuit 2-hydroxy-

1H-isoindol-1,3-dion (Nandy et al., Acta Oncologica 1994;33:953-961.

Thuat ngit “chit &rc ché topoisomeraza I” dugc sir dung trong ddy bao g6m,
nhung khong han ché & topotecan, gimatecan, irinotecan, camptothecian va chét tuong
tu cia nd, 9-nitrocamptothexin va thé lién hop camptothecin dai phan tir PNU-166148
(hop chét Al trong WO99/ 17804). Irinotecan c6 thé dugc st dung, vi du & dang duoc
béan trén thi truong, vi du duéi tén thuong mai CAMPTOSAR. Topotecan c6 thé dugc
su dung, vi du, & dang dugc ban trén thi truong, vi du duédi tén thuong mai
HYCAMTIN.

Thuat ngit “chit e ché topoisomeraza II” dugc st dung trong ddy bao gom,
nhung khong han ché & anthraxyclin nhu doxorubicin (bao gém ché phim liposom, vi
du CAELYX), daunorubixin, epirubixin, idarubixin va nemorubixin, anthraquinon

mitoxantron va losoxantron, va podophillotoxin etoposit va teniposit. Etoposit c6 thé
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dugc st dung, vi du & dang nhu dugc bén trén thi truong, vi du vdi tén thuong mai
ETOPOPHOS. Teniposit c6 thé dugc st dung, vi du & dang nhu duoc ban trén thi
truong, vi du véi tén thuong mai VM 26-BRISTOL. Doxorubixin c6 thé dugc st
dung, vi du & dang nhu dugc ban trén thi truong, vi du véi tén thuvong mai
ADRIBLASTIN hoic ADRIAMYCIN. Epirubixin cé thé dugc sur dung, & dang nhu
dugc bén trén thi truong. véi tén thuong mai FARMORUBICIN. Idarubixin ¢6 thd
duoc st dung, vi du & dang nhu duogc ban trén thi trwong, vi du véi tén thuong mai
ZAVEDOS. Mitoxantron c¢6 thé dugc sir dung, vi du & dang nhu dugc ban trén thi
truong, vi du véi tén thwong mai NOVANTRON.

Thudt ngit “hop chit tac dung 1én vi 6ng” @& cap dén hop chét 6n dinh vi bng,
phan giéi vi dng va chit e ché sw polyme héa vi éng bao gbm, nhung khong han ché
& taxan, vi du paclitaxel va docetaxel, alkaloit dira can, vi duy, vinblastin, dic biét 1a
vinblastin sulfat, vincristin dic bi€t 1a vincristin sulfat, va vinorelbin, discodermolit,
cochixin va epothilon va dan xuét ctia n6, vi du epothilon B hoiic D hodc din xuit cia
né. Paclitaxel c6 thé duogc st dung vi du & dang nhu duoc ban trén thi truong, vi du
TAXOL. Docetaxel c6 thé duoc st dung, vi du, & dang nhu dugc ban trén thi trudng,
vi du véi tén thuong mai TAXOTERE. Vinblastin sulfat c6 thé duoc st dung, vi du, &
dang nhu dugc bén trén thi truong, vi du véi tén thuong mai VINBLASTIN R.P..
Vincristin sulfat ¢6 thé duoc sir dung, vi du, & dang nhu duoc ban trén thi trudng, vi
du véi tén thuong mai FARMISTIN. Discodermolit c6 thé co duoc, vi dy, nhu boc 16
trong US 5,010,099. Ciing bao gdm cac din xuét Epothilone duoc boc 1§ trong
WO 98/10121, US 6,194,181, WO 98/25929, WO 98/08849, WO 99/43653, WO
98/22461 va WO 00/31247. Pac biét vu tién 14 Epothilone A va/hoac B.

Thuét ngir “hgp chét alkyl héa” dugc sur dung trong ddy bao gdm, nhung khong
han ché 0, xyclophosphamit, ifosfamit, melphalan ho#c nitrosourea (BCNU hoic
Gliadel). Xyclophosphamit c6 thé dugc sir dung, vi du, & dang nhu dugc ban trén thi
truong, vi du véi tén thuong mai XYCLOSTIN. Ifosfamit c6 thé dugc sit dung, vi du,
¢ dang nhu dugc bén trén thi truong, vi du véi tén thvong mai HOLOXAN.

Thuét ngit “chit tc ché histon deaxetylaza” hoic “chat wrc ché HDAC” d& cap
dén hop chét trc ché histon deaxetylaza va c6 hoat tinh chéng tang sinh. N6 bao gdm
hop chét nhu LDH589 dugc boc 16 trong WO 02/22577, dic bi€t 1a N-hydroxy-3-[4-
[[(2-hydroxyetyl)[2-(1H-indol-3-yl)etyl]-amino]metyl]phenyl]-2E-2-propenamit, N-
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hydroxy-3-[4-[[[2-(2-metyl-1H-indol-3-yl)-etyl]-amino |metyl|phenyl]-2E-2-
propenamit va mubi duge dung cta cia né. N6 dic biét con bao gdm axit

suberoylanilide hydroxamic (SAHA).

Thuét ngi “chit khang chuyén héa chéng ung thu” bao gdm, nhung khong han
ché &, 5-flouraxil hodc 5-FU, capecitabin, gemcitabin, hop chét demetyl hoa ADN,
nhu 5-azacytidin va decitabin, methotrexat va edatrexat, va chét d6i khang axit folic
nhu pemetrexed. Capecitabin c6 thé duoc st dung, vi du, & dang nhu dugc ban trén thi
truong, vi du vai tén thuong mai XELODA. Gemcitabin co thé dugc sir dung, vi duy, &

dang nhu dugc ban trén thi truong, vi du voi tén thuong mai GEMZAR.

~ Thuat ngtr “hop chét platin” dugc sir dung trong ddy bao gdm, nhung khong
han'ché &, carboplatin, cis-platin, cisplatinum va oxaliplatin. Carboplaﬁn c6 thé duoc
sir dung, vi dy, & dang nhu dugc ban trén thi truong, vi du voi tén thwong mai
CARBOPLAT. Oxaliplatin c6 thé duoc st dung, vi du, & dang nhu dugc ban trén thi
truong, vi du voi tén thuong mai ELOXATIN.

Thuat ngir “hop chat huéng dich/lam giam hoat tinh protein hogc lipit kinaza”;
hodc “hoat tinh protein hodc lipit phosphataza” dugc st dung trong ddy bao g6m,
nhung khong han ché &, chét e ché protein tyrosin kinaza vd/hodc serin va/hodc

threonin kinaza hodc chat rc ché lipit kinaza, vi du:

a) hop chét huong dich, lam giam hodc trc ché hoat tinh clia cdc chit trong ho
ABL1. cac san phim dung hop gen cua ching (vi du BCR-ABLI1 kinaza) va gen dot
bién, nhu hop chit huéng dich lam giam hodc tre ché hoat tinh cta cac chat trong ho
ABL1 va cac san phém dung hop gen, vi du imatinib, nilotinib, dasatinib, bosutinib,

ponatinib, bafetinib, PD180970, AG957, NSC 680410 va PD173955;

b) hop chét hudng dich, lam gidm hodc tc ché hoat tinh cha cac chét trong ho
protein kinaza C (PKC- protein kinase C) va Raf cta serin/threonin kinaza, cac chét
cua ho MEK, SRC, JAK, FAK PDK1, PKB/Akt, va Ras/MAPK, va/hodc cac thanh
phi‘m cua ho kinaza phu thudc xyclin (CDK —cyclin dependent kinase) va dac biét 1a
cdc dan xuét staurosporin boc 10 trong US 5,093,330, vi du midostaurin; vi du vé hop
chét khac bao gém vi du UCN-01, safingol, BAY 43-9006, Bryostatin 1, Perifosine;
IImofosine; RO 318220 va RO 320432; GO 6976; Isis 3521; LY333531/L.Y379196;
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hop chét isochinolin nhu boc 16 trong WO 00/09495; FTIs; BEZ235 (ch4t tc ché
P13K) hodc AT7519 (chit tc ché CDK);

Thuat ngi “chit ¢ ché mTOR” d& cdp dén hop chdt Gc ché dich cua
rapamyxin cua dong vat c6 vi (mTOR) va con bao gém tac dung chdng tdng sinh

(Rapamune®), everolimus (Certican™), CCI-779 va ABT578.

Thuat ngit “chét didu hoa dép ung sinh hoc” dugc st dung trong day 1a dé chi

lymphokin hoéc interferon, vi du interferon y.

Thuat ngit “chét rc ché dong phan Ras gay ung thu”, vi du H-Ras, K-Ras, hoic
N-Rs, nhu dugc sir dung trong day 1a dé chi hop chit hudng dich, 1am giam hodc wc
ché hoat tinh gdy ung thu ctia Ras vi du “chit (rc ché farnesyl transferaza” vi du L-

744832, DK8GS557 hoac R 15777 (Zarnestra).

Thuat ngt “chat e ché telomeraza” duoc sir dung trong day la dé chi hop chat
nhim dich, 1am giam hodc ¢ ché hoat tinh cta telomeraza. Hop chit hudng dich, lam
gidm hodc uc ché hoat tinh cua telomeraza dic biét la hop chat Gc ché thu thé

telomeraza, vi du telomestatin.,

Thuat ngtr “chat rc ché metionin aminopeptidaza™ dugc st dung trong day la
dé chi hop chat huéng dich, lam giam hodic wc ché hoat tinh cia metionin
aminopeptidaza. Hop chat hudéng dich, lam giam hoédc Grc che hoat tinh cua metionin

aminopeptidaza vi du la bengamit hodc dan xuat ctia nd.

Thuat ngt “chét e ché proteasom” duge sir dung trong day 1a dé chi hop chét
huéng dich, lam giam hodc trc ché hoat tinh cta protcasom. Hop chit huéng dich, lam
giam hodc Uc ché hoat tinh coa proteasom bao gf“)m vi du Bortezomid (Velcade™)and

MIN 341.

Thuat ngit “chit tic ché HSP90” duoc sir dung trong diy bao gdm, nhung
khong han ché ¢, hop chét huong dich, lam giam hodc urc ché hoat tinh ATPaza ndi tai
ctia HSP90; phan hay, nhim dich, lam giam hodc e ché cac protein HSP90 ngoai lai
thong qua con duong ubiquitin proteosom. Hop chat huéng dich, lam giam hodc tc
ché hoat tinh ATPaza néi tai ctia HSP90 dic biét la hop chét, protein hodc khang thé

e ché hoat tinh ATPaza cua HSP90 vi du, 17-alylamino,17-demetoxygeldanamyxin
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(17AAG), din xuét geldanamyxin; cac hop chét cung ho geldanamyxin khac; radicicol

va chit trc ché HDAC. Chét te ché IISP90 vi du 1a HSP990 va AUY922.

Dé didu tri bénh bach ciu tay xuong (AMI.) ac tinh, hop chéit co cong thac (1)
6 thé duoc st dung két hop v6i liéu phap chita bénh bach ciu chudn, cu thé la két hop
voi licu phép st dung dé diéu tri AML. Cu thé, hop chét co cong thuce (1) co thé duoc
st dung két hop v6i, vi du, chét uc ché farncsyl transferaza va/hoic cac duoc chét
khac hftu dung dé diéu tri AML, nhu Daunorubicin, Adriamycin, Ara-C, VP-16,

Teniposide, Mitoxantrone, Idarubicin, Carboplatinum va PKC412.

Hop chat huéng dich, 1am giam hodc e ché hoat tinh cta chét tc ché histon
deaxetylaza (HDAC) nhu natri butyrat va axit suberoylanilit hydroxamic (SAHA) (¢
ché hoat tinh cta cac enzym da biét 1a histon deaxetylaza. Chit trc ché HDAC cu thé
- bao gém MS275, SAHA, FK228 (trude day la FR901228), Trichostatin A va hop chét
duge boc 16 trong US 6,552,065, cu thé, N-hydroxy-3-[4-[[[2-(2-metyl-1H-indol-3-yI)-
etyl]-amino]mety!]phenyl]-2E-2-propenamit, hodc mudi duoc dung cta no va N-
hydroxy-3-[4-[(2-hydroxyetyl){2-(1H-indol-3-yl)etyl|]-amino]metyl]phenyl]-2E-2-

propenamit, hodc mudi duge dung cua no, dac bi¢t la muoi lactat.

Céc phuong phap pha hity té bao khéi u la dé chi cdc phwong phap nhu chiéu
xa ion hoa. Thudt ngr “chiéu xa ion h6a” néu trén va sau day co6 nghia la phuong phép
chiéu xa ion hoa & dang tia dién tor (nhu tia X va tia gamma) hodc cac hat (nhu hat
alpha va beta). Chiéu xa ion hoa dugc dé xuit 1a, nhung khong han ché ¢, licu phap
chiéu xa va da biét trong linh vuc nay. Xem Hellman, Principles of Radiation Therapy,
Cancer, in Principles and Practice of Oncology, Devita et al., Eds., 4th Edition, Vol. 1,
trang 248-275 (1993).

Thudt ngt “chat itc ché S-adenosylmetionin decarboxylaza” nhu dugc sir dung

trong day bao gém, nhung khong han ché & hop chit duge boc 16 trong US 5,461,076.

“Hop chit héa tri khac” khac bao gdém, nhung khong giéi han &, alkaloit thuc
vat, hop chét hocmon va chit ddi khéang; chét diéu hoa dap Ung sinh hoc, tot hon 1a
lymphokin hodc interferon; oligonucleotit d6i nghia hodc din xuét oligonucleotit;
shRNA hodc siRNA; hoac hop chit da dang khac hodc hop chit ¢6 co ché tac dung

khac hodc chua biét rd.
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Clu trac cta hop chat hoat dong duge xac dinh bdi S6 ma, tén thong thuong
hodc tén thuong mai c6 thé dugc xem tir sdch cia ban trich yéu chuan “The Merck
Index” hodc tir dir liéu, vi du cac Patent quoc t€ (vi du, IMS World Publications).

Khong c6 tai liu vién din nao trong ban md ta duoc hiéu 14 cac tai lidu vién
dan va tham khdo 1a tinh trang k¥ thuét ciia sang ché ma anh hudng bat loi dén kha

nang bao ho cia sang ché.
Quy trinh diéu ché hop chit theo sang ché

Sang ché ciing bao gdm céc quy trinh didu ché hop chit theo sang ché. Trong
cac phan ung dugc mo ta, co thé can thiét bao v€ cac nhom chire, vi du nhom hydroxy,
amino, imino, thio hodc carboxy, trong d6 mong mudn trong san phdm cudi cung, dé
tranh su tham gia ngoai mong mubn ctia chtng vio cac phan tng. Cac nhém bao vé
théng thuong c6 thé dwoc st dung phu hop voi thuc hanh chuin, vi du, xem T.W.
Greene va P. G. M. Wuts in “Protective Groups in Organic Chemistry”, John Wiley va

Sons, 1991.

Khi nhiét d6 dugc dua ra, thudt ngir “khoang” da duoc dua vao, vdi cac do 1éch
nho véi tri sd dua ra, vi du cdc khoang bién thién =10 %, la o thé chﬁp nhan duoc. Tat
ca cac phan tng ¢ thé xay ra trong sy ¢6 mat cia mot hodc nhiéu cht pha loang
va/hodc dung moi. Nguyén lidu bat ddu co thé duoc st dung véi cac luong ding mol;
cach khac, hop chat c6 thé duge sir dung du, vi du dé lam dung méi hodc dé chuyén
dich can bang hodc dé lam ting tbc do phan tGng. Cac chit hd tro phan Ung, nhu axit,
bazo hodc chat xuc tac co thé duoc bd sung vao voi cac luong thich hop, nhu da biét
trong linh vurc nay, doi hoi béi phan Gng va lan lwot véi cac quy trinh thong thuong da
biét.

Hop chét c6 cong thirc (I) c¢6 thé duoc didu ché boi quy trinh nhu trong So do

phéan g I sau:

So db phan tng :
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. *Q
l = budc b

O' Q / \\ buoc d

bude ¢ \ /

R4

budc e

Y & R4

N X
Ho |l

Y/ X
1 2
(6)

trong do Y, Y1, Ry, R;, R;3 va Ry nhu dugce xdc dinh trong cong thuce (I) trong
phén M5 ta chi tiét sang chéva X, va X, la nguyén ti halogen, X, co thé duoc chon tur

clo, brom, hoac iod va X, ¢6 thé duoc chon tir clo hodc flo.

Budc a: Hop chat c6 cong thire (4) ¢6 thé duge didu ché bang cach cho phan
ng axit clorua tir hgp chét co cong thue (2) v6i hop chét co cong thirc (3) trong su ¢o
mat ciia dung moi thich hgp (vi du tetrahydrofuran, hodc tuwong tw), va bazo hiru co (vi
du diisopropyletylamin, hodc tuong tu). Phan tng xdy ra tir khoang 0°C dén khoang
nhiét do phong va ¢6 thé can dén khoang 2 gio dé hoan thanh.

Axit clorua ctia hop chat co cong thie (2) ¢6 thé duge didu ché bing tac nhén
clo hoa (vi du thionyl clorua, hodc oxalyl clorua, hodc twong tu) trong su c¢d mat cia
chit xuc tac (vi du dimetylformamit, hodc twong tw) va dung mdi thich hop (vi du
toluen, hodc tuong tu). Phan img xdy ra & khoang nhiét do phong hodc bang cach gia

nhiét dén khoang 85°C va c6 thé xay ra trong khoang 2 dén khi hoan thanh.

Buéc b: Hop chét co cong thuc (5) co thé duoc diéu ché b%mg céach cho hgp
chit c¢6 cong thirc (4) phan tmg voi Ry-H trong dé R, 1a nhu xac dinh trong phan Ban
chit ky thuét cta sang ché, trong su ¢6 mit ctia dung mdi thich hop (vi du 2-propanol,
hodac dimetyl sulfoxit, hodc tuwong tu), va bazo hiu co thich hop (vi du

diisopropyletylamin, hodc trictylamin, hodc tuong ty). Phan rng xay ra & khoang 90°C
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dén khoang 140°C va c6 thé xdy ra trong khoang 30 phut dén khoang 72 gitr dén khi
hoan thanh.

Budc c: Hop chét co cong thire (6) ¢ thé duoc diéu ché bang cach cho hop
chéit ¢6 cong thuc (4), X 18t hon 1a brom hodc iod, phan Ung vdi R-Z,, trong d6 R, la
nhu x4c dinh trong day, Z, t&t hon 14 axit hodc este boronic (Phéan Gng Suzuki), trong
su c¢6 mat cua dung mdi thich hop (vi du dimetoxyetan, hoic hdn hop chia
dimetoxyetan va nudc, hodc tuong tu), bazo v6 co thich hgp (vi du natri cacbonat,
hodc tuong tw), va chit xiic tac paladi (vi du bis(triphenylphosphin)paladi(Il) diclorua,
hoac phuc 1,1'-bis(diphenylphosphino)ferroxen-paladi(Il)diclorua diclometan, hodc
tetrakis(triphenylphosphin)paladi(0), hodc twong tu) va tuy chon ddng dung mai (vi
du, étanol, hodc twong tw. Phan mg xay ra tir khoang 80°C dén khoang 130°C va ¢6

thé mét tir khoang 20 phut dén khoang 18 gior d& hoan thanh.

Cach khac, bude ¢ co thé xay ra bang cach cho hgp chit ¢6 cong thire (4), X1
tdt hon 1a brom hoic iod, phén Ung v6i Ry-Z,, trong d6 R nhu xac dinh trong day, Z,
t6t hon 1a thube thir trialkylstannyl (phan tng Stille), trong sy ¢6 mét cia dung moi
thich hop (vi du dimetyl sulfoxit, hodc twong tu), va chit xuc tac paladi (vi du
tetrakis(triphenylphosphin)paladi(0). Phan tng xay ra & khoang 140°C va c6 thé can
dén khoang 18 gitr dé hoan thanh.

Buéce d: Hop chét co cong thtc (I) co thé duoc diéu ché béng cach cho hop chét
c6 cong thuc (5), X; tdt hon 1a brom hodc iod, phan tng véi R-Z,, trong d6 R; la nhu
xac dinh trong day, Z, t&t hon 14 axit hodc este boronic (Phan tng Suzuki), trong su ¢o
mat cta dung moi thich hgp (vi du dimetoxyetan, hodc hdn hop chira dimetoxyetan va
nude, hodce twong ty), bazo vo co (vi du natri cacbonat, hodc tuong tu), va chit xtc tac
paladi (vi du bis(triphenylphosphin)paladi(ll) diclorua, hodc phac 1,1'-
bis(diphenylphosphino)ferroxen-paladi(Il)diclorua diclometan, hodc
tetrakis(triphenylphosphin)paladi(0), hodc tuong tu) va tily chon ddng dung méi (vi
du, etanol, hodc tuong tu). Phan ng xdy ra & khoang 80-130°C va c6 thé cin dén

khoang 20 phut dén 2 gior dé hoan thanh.

Budc e: Hop chét c6 cong thuc (I) ¢6 thé duge didu ché bang cach cho hqp chat
o cong thire (6) phan mg voi Ry-H trong d6 R, 1a nhu xac dinh trong déy, trong su ¢6

mat ctua dung mdi thich hop (vi du 2-propanol, hodc dimetyl sulfoxit, hodc tuong tu),
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bazo hitu co (vi du diisopropyletylamin, hodc trictylamin, hodc tuong tu). Phan ung
xay ra & khoang 90-140°C va c6 thé can dén tir khoang 30 phat dén 72 gid dé hoan
thanh.

Hop chét c6 cong thire (I) c6 thé dugce diu ché bing cach xir ly theo So dd

phan Ung II sau:

So d6 phan ung II:

O O O
Alk\o I X X4 Alk\o ' N X4 A|K\O [ X R4
(") Y7 "Xy busef () "Y{ Ry budcg Y{ "Ry buéch
Rj
R4 AN R3
0 | R4
Ry T )9
HO N 2 R
| ) (3) Y H)h 1
(100 Y1 Ro Lo () =
budc i Yi Ry

trong do Y, Y1, Ry, Ry, R3 va Ry nhu duge xéc dinh trong cong thic (I) trong
phin M6 ta chi tiét sang ché va X, va X, la nguyén tir halogen, X, cu thé clo. brom,

hodc iod, X, cu thé clo hodc flo va Alk 1a mach alkyl ngén cu thé 1a metyl.

Budc f: Hop chét c6 cong thic (8) co thé duoc didu ché bang cach cho hop chét
c6 cong thire (7) phan tng voi Ry-H trong d6 R, 1a nhu xac dinh trong day, tuong tu

nhu Budc b

Budc g: Hop chét c6 cong thic (9) ¢6 thé duge diéu ché bing cach cho hop
chit c6 cong thic (8), X, tét hon 14 brom hodc iod, phan wng v&i Ri-Z,, trong do R, 1a
nhu xac dinh trong day, Z; tot hon 13 axit hodc este boronic (phan wng Suzuki), twong

tu nhu Budce d.

Budc h: Hop chat c6 cong thire (10) ¢ thé duge didu ché bang cach thuy phén
este cua hop chét ¢6 cong thie (9) trong su ¢ mdt cia dung moi thich hop (vi du
nudc, hodc tuong tu), bazo vo co (vi du natri hydroxit, hodc tuong tu). Phan ing xay
ra & nhiét do phong va c6 thé can dén khoang 2 gid dé hoan thanh.

Budc i: Hop chét co cong thie (I) ¢6 thé dugc didu ché bang cach cho hop chét

¢6 cong thirc (10) phan tmg v6i hop chit c6 cong thirc (3) trong su ¢6 mit cua thude
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tht két hop (nhu I-etyl-3-(3-dimetylaminopropyl)carbodiimit hydroclorua va
hydroxybenzotriazol, hodc tuong tu), bazo thich hgp (nhu N-metylmorpholin,
diisopropyletylamin, hodc tuwong tu) va dung moi thich hgp (nhu diclometan,
dimetylformamit, hodc twong tu). Phan ting xay ra & nhiét do phong va c6 thé can dén

khoang 12 gio dé hoan thanh.

Hop chat co cong thue (I) ¢6 thé duoc didu ché bang cach xu ly theo So dd

phan ung III sau:

So d6 phan ung III:

Rs
Hol
®) YT R,
budc b //// \\\Euécn
Prot
*(I *QR‘ *C[
(13) Y buoco

Y4 Rz
budc | \\ /
budc m . |
R4 X -
| Pro Pot= o oS
Y // N \ R1
H | THP SEM
(12) _
Yi X

trong do Y, Yy, R, R, R; va Ry nhu duoc xac dinh trong cong thuce (I) trong
phin Mo ta chi tiét sang ché va X, va X, 1a nguyén tu halogen, X, cu thé clo, brom,
hodc iod, X, cu thé clo hoac flo, Prot 1a nhém bao vé, cu thé 1a tetrahydro-2H-pyran-2-
yl (THP) hodc 2-(trimetylsilyl)etoxy]metyl (SEM) trong d6 R, la pyrazol voi NH tu
do.

Budce 1: Hop chét co cong thie (12) ¢6 thé duge didu ché bang cach cho hop
chit ¢6 cong thirc (4) phan Gmg voi Prot-R,-Z, trong do R, la nhu xac dinh trong day,
7.1 tot hon 1a axit hoac este boronic (Phan tng Suzuki), Prot cu thé 1a THP hodc SEM,

tvong tu nhu Budc c.
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Budc m: Hop chét ¢6 cong thuce (13) ¢ thé dugc didu ché bang cach cho hop
chit ¢6 cbng thirc (12) phan tng v6i Ry-H trong d6 R, la nhu xdc dinh trong day,

tuong tu nhu Budc e.

Budce n: Hop chét c6 cong thie (13) ¢6 thé duge diéu ché bing cach cho phén
ing hop chét c6 cong thirc (5) v6i Prot-R;-Z; trong dé R, 1a nhu x4c dinh trong day,
7, t&t hon 14 axit hodc este boronic (Phan ung Suzuki), Prot cu thé 12 THP hodc SEM,

tvong tu nhu Budc d.

Budc o: Hop chit ¢6 cong thire (I) ¢6 thé duge didu ché bang cach cho hop chét
c6 cong thire (13) phan Gng véi tdc nhan loai nhom béo vé (vi du tetra-n-butylamoni
{lorua, hoac axit trifloaxetic, hodc axit clohydric, hodc tuong tu) trong su c6 mit cia
dung moi thich hgp (vi du tetrahydrofuran, hodc diclometan, hodc twong tu). Phan tng
xay ra & nhiét do phong hodc dén khoang 80°C va c6 thé cin dén khoang tir 2 dén 24

£10 d¢ hoan thanh.

Hop chit ¢ cong thire (I), trong d6 R, 13 pyrazol duge thé bdi nhém R, c6 thé
dugc diéu ché bang cach xur 1y theo So dd phan tng sau IV:

So d6 phan ang IV:
Ry
ﬁ LA, TS
—R
Ro bUOCp (14) Y1 Ra bude q () Y7 Ry

trong do Y, Y|, Ry, R3, Ry va R¢ nhu dugce xac dinh trong cong thic (1) trong phén Mo
ta chi tiét sang ché va X, 1a nguyén tir halogen, cu thé brom, hoic iod, va R la alkyl

thip, cu thé metyl.

Budc p: Hop chét c¢6 cong thire (14) ¢6 thé duoc didu ché bing cach cho hop
chit ¢6 cong thuc (5) phan ung voi alkylvinylketon (vi du metylvinylketon, hodc
tuong tyu) trong sy ¢6 mat cua dung mdi thich hgp (vi du dimetylformamit, hodc tuong
tw), bazo hitu co (vi du trietylamin, hodc tuong tw), va chét xtc tac paladi (vi du tri-o-
tolylphosphin-paladi diaxetat, hodc tuwong tu). Phan tng xay ra & khoang 130°C va c6

thé cén dén 16 gio & hoan thanh.

Bude q: Hop chét ¢6 cong thire (Id) ¢6 thé duge diéu ché bing cach cho hop

chat co cong thirc (14) bang cach cho phan tng phan tng vai hydrazua dugc bao vé
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(vi du hydrazua cua axit toluen-4-sulfonic, hodc twong ty) trong sy ¢6 mit cia dung
moi thich hop (vi du etanol, hodc tuong tu), Phan tng xay ra & khoang 80°C va c6 thé
can dén 2 gio dé hoan thanh. Sau d6, nhém bao vé duoc loai in situ voi mudi cia ruou
(vi du natri metoxyde, hodc tuong tu). Viéc loai nhém bao vé xay ra & khoang 80°C va
c6 thé can dén 48 gid dé hoan thanh.

Hop chat ¢o cong thie (I) ¢o thé duoc dicu ché bang cach xir 1y theo So dd
phan tng sau V:

So d6 phan ung V:

Prot = @
0 o) 0 Prot THP
Alk 0 N X4 Alk\O SN X4 Alk 0 S R4
| > ' > | —

r 7 — r
7 Y7 X, buoc f  (8) Y1/ R, budcr (15) Y7 "R, budcs
1

R Rs Rs Rs
N R R
0 Prot | Ny o Prot NN o
o SR ZNH, Yoy R Yoy R
| & H _ . Ho
(16) iR budc t (17) TR pugeu (1) R

trong dO Y, Y1, Ry, Ry, R3 va Ry nhu dugc xac dinh trong cong thire (I) trong phé“m Mo
14 chi tiét sang ché, X, va X, 1a nguyén tir halogen, X, cu thé 1a clo, brom, hodc iod, X,
cu thé 1a clo hodc flo va Alk 1a mach alkyl ngén cu thé 1a metyl, Prot la nhom bao v¢,

cu thé 1a tetrahydro-2H-pyran-2-yl (THP) khi R, la pyrazol véi NH tu do.

Budc r: Hop chit ¢6 cong thie (15) c6 thé duge diéu ché bang cach cho hop
chét ¢ cong thuce (8), X1 t6t hon 1a brom hodc iod, phan Uung véi Prot-R;-Z;, trong do6
R, 1a nhu x4c dinh trong déy, Prot cu thé la tetrahydro-2H-pyran-2-yl (THP) trong do
R, 1a pyrazol voi NH tu do, Z, tbt hon 1a axit hodc este boronic (Phan tng Suzuki),
tuong tu nhu Budc d.

Budc s: Hop chét ¢6 cong thirc (16) c6 thé duge didu ché bang cach thiry phén
este hop chit c6 cong thire (15) trong su ¢6 mit cia dung moi thich hop (vi du nudc va
metanol, hodc tuong tu), bazo v co (vi du natri hydroxit, hodc tuong tu). Phan ung

xay ra & nhiét do phong va ¢ thé can dén khoang 14 gitr dé hoan thanh.
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Budc t: Hop chét ¢6 cong thire (17) c6 thé duoc diéu ché bing cach cho hop
chéit (16) phan ung voi hop chét c6 cong thic (3) trong sy c6 mit cia thudc thu két
hop (nhu 1-etyl-3-(3-dimetylaminopropyl)carbodiimit hydroclorua = va
hydroxybenzotriazol, hodc tuong tu), bazo thich hgp (nhu N-metylmorpholin, hodc
tuong tu) va dung moi thich hgp (nhu tetrahydrofuran, hodc tuong tu). Phan Urng xay

ra & khoang 25°C-65°C va c6 thé can dén khoang 2 ngay dé hoan thanh.

Budc u: Hop chit c6 cong thie (I) c6 thé duoc didu ché bang cach cho hop chét
¢6 cong thuc (17) phan Gng véi tdc nhan loai nhém bao vé (vi du axit clohydric, hodc
tuong ty) trong sy ¢d mat cia dung moi thich hop (vi du tetrahydrofuran va metanol,

hoiic tuong tyr). Phan tng xay ra & nhiét do phong khoang 2 git dé hoan thanh.

Vi du chi tiét v& quy trinh tdng hop hop chit c6 cong thire (I) c6 thé tim thiy

trong phan Vi du thuc hién sang ché, duéi day.
Quy trinh khéc dé tao ra hop chét theo sang ché

Hop chét theo sang ché ¢6 thé duoc diéu ché ¢ dang dugc dung mudi cOng axit
bang cach cho phan tmg dang bazo tu do cta hop chét nay véi axit duge dung vo co
hoc hitu co. Cach khac, mubi cong bazo duge dung ciia hop chit theo sang ché c6 thé
duoc diéu ché bang cach cho phan tng dang axit tu do ctia hgp chit nay véi bazo dugce

dung vo co hodc hitu co.

Hop chét c¢6 cong thire (1) ciing c6 thé dugc bién dbi bang cach gin cac nhom
chuac thich hop dé lam tang déc tinh chon loc sinh hoc. Su bién ddi kiéu nay da dugc
biét 16 trong linh vuc va bao gém céc bién dbi lam tdng tinh thdm vao hé sinh hoc (vi
du mau, h¢ bach huyét, hé than kinh trung vong, tinh hoan), lam tdng sinh kha dung,
lam tidng do tan dé di vao duong ding ngoai duong tidu hoa (vi du tiém, truyén), thay
d6i su chuyén hoa va/hodc thay ddi tée do bai tiét. Vi du vé kiéu bién dbi nay bao gdm
nhung khong gidi han & este hoa, vi du véi polyetylen glycol, tao dan xudt v6i phén tir
thé pivaloyloxy hodc axit béo, chuyén hoa thanh carbamat, hydroxyl héa nhan thom va
thé di nguyén tir trong vong thom. Khi hop chét co cong thic (I), va/hodc N-oxit,
tautome va/hodc mudi cia nd (tét hon la duoc dung) dugc dé cap, no s€ bao gi‘)m cong
thirc bién d6i nay, trong khi t6t hon 1a hop chét c¢6 cong thac (I), N-oxit cia no,

tautome cua né va’hodc mudi cua nd.
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Céch khac, cic dang mudi ctia hop chit theo sang ché co thé dugc didu ché
bang cach s dung mubi cta nguyén liéu bt diu hodc cdc chét trung gian. Xét theo
mdi quan hé gan gitta hop chit mai ¢ cong thire (1) & dang tu do va cong thuc ¢ dang
mudi cia chung, bao gdm cac mudi c6 thé duge st dung lam chét trung gian, vi du khi
tinh ché hoac x4c dinh hop chit maoi, bat ky su dé cap dén cac hop chat hoac hop chét
c6 cong thie (1) trén ddy va sau day sé& duoc hiéu [a d& cap dén hop chét & dang tu do
va/hodc cling dé cap dén mot hodc nhidu mudi cta no, 1 thich hop va co loi, cling nhu
dén mét hodc nhiéu solvat, vi du hydrat.

Mubi duoge tao thanh, vi du, 1a mudi cOng axit, t8t hon 13 voi axit hitu co hodc
vO co, tir hop chit ¢ cong thie (I) v6i nguyén tir nito bazo, dic biét 1a mudi dugc
dung. Axit vd co thich hop 1a, vi dy, axit halogenic, nhu axit clohydric, axit sulfuric,
hodc axit phosphoric. Céc axit vo co thich hop la, vi du, axit carboxylic, axit
phosphonic, axit sulfonic hodc axit sulfamic, vi du axit axetic, axit propionic, axit
octanoic, axit decanoic, axit dodecanoic, axit glycolic, axit lactic, axit fumaric, axit
sucxinic, axit malonic, axit adipic, axit pimelic, axit suberic, axit azelaic, axit malic,
axit tartric, axit xitric, axit amin, nhu axit glutamic hodc axit aspartic, axit maleic, axit
hydroxymaleic, axit metylmaleic, axit xyclohexancarboxylic, axit
adamantancarboxylic, axit benzoic, axit salicylic, axit 4-aminosalicylic, axit phtalic,
axit phenylaxetic, axit mandelic, axit xinnamic, axit metan- hoac etan-sulfonic, axit 2-
hydroxyetansulfonic, axit etan-1,2-disulfonic, axit benzensulfonic, axit 4-
toluensulfonic, axit 2-naphtalensulfonic, axit 1,5-naphtalen-disulfonic, axit 2- hoac 3-
metylbenzensulfonic, axit metylsulfuric, axit etylsulfuric, axit dodexylsulfuric, axit N-
xyclohexylsulfamic, axit N-metyl-, N-etyl- hodc N-propyl-sulfamic, hodc cac axit
proton hitu co khdc, nhu axit ascorbic. Mudi thong thuong ¢6 thé duge chuyén hoa
thanh hop chét tu do, vi du béng cach xd ly véi hop chit bazo thich hop, vi du voi
cacbonat cta kim loai kiém, hydrocacbonat cua kim loai kiém, hodc hydroxit cua kim

loai kiém, dédc trung kali cacbonat hodc natri hydroxit.

Véi muc dich tach hodc tinh ché, cling co thé su dung cac mubi khoéng duoc
dung, vi du picrat hogc perclorat. Dé st dung diéu tri, chi st dung mubi duoc dung
hodc hop chét tu do (khi ¢6 thé & dang dugc pham), va do do chung duoc uu tién.

Dang axit ty do hodc bazo tu do cua hop chét theo sang ché co thé duoc diéu

ché 1an lugt tir cong bazo hodc mubi cong axit twong ing mudi. Vi du hop chit theo
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sang ché ¢ dang mudi cong axit c6 thé duoc chuyén hoa thanh bazo tu do tuong Ung
bang cach xir Iy véi bazo thich hop (vi duy, dung dich amoni hydroxit, natri hydroxit,
va tuong tw). Hop chét theo sang ché & dang mubi cong bazo ¢ thé duoc chuyén hoa
thanh axit tu do twong tng bing cach xtr ly véi axit thich hop (vi du, axit clohydric,
etc.).

Hop chat theo sang ché & dang khong oxit hoa c¢6 thé duoc didu ché tir N-oxit
ctia hop chét theo sang ché bing cach xir Iy vé6i tac nhan khir (vi dy, luu huynh, luu
huynh dioxit, triphenyl phosphin, liti borohydrua, natri borohydrua, phosphorus
triclorua, tribromit, hodc tuong tu) trong dung mdi hitu co tro thich hop (vi du
axctonitril, etanol, dung dich dioxan, hodc tuong tu) & nhiét do nam trong khoang tur 0
dén 80°C.

Dan xudt tién chdt ciia hop chét theo sang ché co thé duoc didu ché bing cac
phuong phap da biét v6i cac chuyén gia trong linh vuc nay (vi du, chi tiét hon xem
Saulniermg, Langley DR, Kadow JF, Senter PD, Knipe JO, Tun MM, Vyas DM va
Doyle TW (1994) Synthesis of etoposide phosphat, BMY-4048 1: a watersoluble
clinically active prodrug of etoposide. Bioorg Med Chem Lett 4:2567-2572; va Rautio
J, Kumpulainen H, Heimbach T, Oliyai R, Oh D, Jarvinen T va Savolainen J (2008);
Prodrugs: design va clinical applications. Nat Rev Drug Discov. 7:255-70). Vi dy, hop
chét theo sang ché co thé tao ra phosphat este cua nhém hydroxyl. Cu thé hon, hop

chat theo sang ché c6 the tao ra tién chat nhu néu sau:

Hon nita, hop chét theo sang ché c6 thé 1a tién chit cua hop chit khéc theo sang
ché. P& minh hoa, hop chét vi du 36 la tién chit cua hop chét vi du 37 va hop chét vi

du 37 1a chét chuyén hoa tiém ning cia hop chét vi du 36.
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Dan xuét dugc bao vé cua hop chét theo sang ché ¢o thé duoc tao ra boi cac
phuong phap da biét v6i cac chuyén gia trong linh vuc nay. Néu mét hodc nhidu nhém
chtrc khac, vi du carboxy, hydroxy, amino, sulthydryl hodc twong tu hodc la can duoc
bao v¢& trong nguyén liéu bit diu nhu duge mé ta trong day hodc tién chét khac, do
ching khong nén tham gia vao phan Gng hodc gay can tré phan ang, thi do la cac
nhom thuong duoc st dung trong tdng hop hop chit peptit, va ciing thudc
cephalosporin va penixilin, ciing nhu cac din xut axit nucleic va dudong. Nhom béo vé
la cac nhém nhom nhu vdy s& khong con ¢6 mit trong hop chét cudi cing khi ching
dugc loai bo, trong khi cdc nhom van la phan tir thé khong phai la nhom béao vé khi sir
dung trong day la cdc nhom dugc bd sung & giai doan nguyén li¢u bat dau hoidc chét
trung gian va duogc loai bé dé thu duoc hop chét cudi cing. Ciing trong trudng h(jp
chuyén hoa hop chét c6 cong thuc (I) thanh hop chat khac ¢o cong thue (I), cac nhom
bao vé ¢ thé duoc dua vao va loai di, néu hitu dung hodc cn thiét. Cac nhom bao vé
da ¢6 mat trong tién chat va s& bao vé cac nhom chire ¢6 lién quan chéng lai cac phan
ung tha cép khong mong mudn, nhu axyl hoa, ete hda, este hoa, oxy hoa, phdn Ung
phan hiy béi dung mdi, va cac phan tmg tuong tu. Mot dic diém ctia nhom bao vé 1a
chung ¢6 thé thich hop d& dang dé roi ra, tic 1a khong ¢6 phan tng thir cip khong
mong mudn. dic trung bang cich phén hiy axeto, phan hily proton, dung mdi phan
hay, khir, phan huy bang anh sang hodc ciing ¢6 thé bang hoat tinh enzym, vi du trong
cac diéu kién tuong tu nhu diéu kién sinh ly, va ching s& khdong c6 mait trong san
phdm cudi cung. Cac chuyén gia biét 15, hodc c6 thé sip xép, cac nhém bao vé thich
hop v&i cac phan trng néu trén va sau day.

Viéc bao v€ cua cac nhém chuc nhu vdy bdi nhom bao ve, ban thadn cac nhom
bao v¢, va phan Ung loai ching dugc md td vi du trong cdc cong trinh tham khao
chuén, nhu J. F. W. McOmie, "Protective Groups in Organic Chemistry", Plenum
Press, London va New York 1973, in T. W. Greene, "Protective Groups in Organic
Synthesis", Third edition, Wiley, New York 1999, in "The Peptides"; Volume 3
(editors: E. Gross va J. Meienhofer), Academic Press, London va New York 1981,
trong "Methoden der organischen Chemie" (Methods of organic chemistry), Houben
Weyl, 4th edition, Volume 15/I, Georg Thieme Verlag, Stuttgart 1974, in H.-D.
Jakubke va H. Jescheit, "Aminosduren, Peptide, Proteine” (Amino acids, peptits,

proteins), Verlag Chemie, Weinheim, Deerfield Beach, va Basel 1982, va trong Jochen
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Lehmann, "Chemie der Kohlenhydrat: Monosaccharide und Derivate" (Chemistry of

carbohydrat: monosaccarit and derivatives), Georg Thieme Verlag, Stuttgart 1974,

Hop chét theo sang ché ¢6 thé duoc diéu ché thuén tién, hodc dugc tao ra trong
quy trinh theo sang ché, nhu solvat (vi du, hydrat). Hydrat cia hop chét theo sang ché
c¢6 thé dugc diéu ché thuan tién bﬁng cach két tinh lai tir hdn hgp dung moi nude/hitu

co. st dung dung moi hitu co nhu dioxin, tetrahydrofuran hodc metanol.

Hop chit theo sdng ché c6 thé duge didu ché dang ddng phan 1ap thé riéng biét
ctia ching bang cach cho hdn hop raxemic ctia hop chit nay phan tGng véi tic nhan
phan giai quang hoat dé tao ra cip hop chit déng phan khong dbi quang, tach cac chét
dong phan khong déi quang va thu hdi ddng phén tinh khiét vé mat quang hoc ddng
phan d6i anh. Khi viéc phén giai ddng phan déi anh c6 thé thuc hién bing cac dan xudt
chat dong phan khong ddi quang déng hoa tri ctia hop chét theo sang ché, vu tién cac
phtrc phan ly duoc (vi du, mudi tinh thé chit déng phan khong d6i quang). Chét dong
phén khong dbi quang c6 déc diém vat ly khac biét (vi duy, diém nong chay, diém soi,
do hoa tan, tinh phan tng v.v.) va co thé dugc tich d& dang bang cach sir dung loi
diém vé cac khac biét nay. Cac hdn hop ddng phan khong ddi quang vi du c6 thé dugc
tach thanh cac chat ddng phan khong déi quang riéng 1¢ bang cach két tinh phan doan,
sdc ky, phan b dung moi, va cac quy trinh twong tw. Viée tach nay c6 thé dién ra hodc
& mirc hop chit bat dau hoic trong chinh hop chét c6 cong thie (I). Pong phan déi anh
¢6 thé dugce tach thong qua viée tao mudi chit ddng phan khong dbi quang, vi du bing
cach tao mudi véi axit bat déi khong co ddng phan déi anh, hodc bing phuong phéap
sic ky, vi du bang HPLC, st dung co chit sic ky voi phéi tor kham. chat dong phan
déi anh tinh khiét quang hoc sau do duoc thu hdi, cung vdi tdc nhan phan giai, bang
phuong phap thuc hanh bit ky ma khong gdy ra su raxemic hoa. Mo ta chi tiét hon vé
cac ky thuat co thé ap dung dé phan giai cac dong phén lap thé cua hop chat tir hdn
hop raxemic ctia chiing c6 thé tim thdy trong Jean Jacques, Andre Collet, Samuel H.

Wilen, “Enantiomers, Racemates and Resolutions”, John Wiley And Sons, Inc., 1981.
Tom lai, hop chit co cong thire (I) ¢6 thé duoc didu ché boi quy trinh, bao gbm:
(a) quy trinh ¢6 so dd phan tmg [-V: va

(b) tay chon chuyén héa hop chét theo sang ché than mudi dugc dung;
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(c) tuy chon chuyén hoéa dang mubi cua hop chat theo sang ché thanh dang

khong phai mudi,

(d) tiiy chon chuyén hoa dang khong oxit hoa cia hop chét theo sang ché thanh

N-oxit dugc dung;

(e) tuy chon chuyén hoa dang N-oxit cla hop chit theo sang ché thanh dang

khong oxit hoa cua no;

(f) thy chon phén gidi ddng phén riéng biét cta hop chét theo sang ché tir hdn

hop cac ddng phén;

(g) tiy chon chuyén hoa hop chét khong tao dan xudt theo sang ché thanh dan

xuat tién chat duoc dung; va

(h) tiy chon chuyén hoa din xudt tién chét cia hop chét theo sang ché thanh

dang khong tao dan xuit ctia né.

Insofar [a mot san phdm cta nguyén lidu bat ddu nguyén liéu khong dugc mo ta
cu thé, hop chét nay duogc biét 1a hodc ¢o6 thé duge diéu ché twong tu nhu phuong phap
da biét trong linh vuc nay hodc nhu duge md ta trong phan Vi du thuc hién sang ché
sau day.

Cé4c chuyén gia trong linh vuc nay s& hiéu ro rang cac dang bién ddi néu trén
chi 1a phuong phéap didu ché dai dién cho hop chét theo sang ché, va mat khac cac
phuong phap da biét ¢ thé duoc st dung twong ty.

Vi du thwe hién sang ché

Céc Vi du sau minh hoa séng ché ma khong lam gi¢i han pham vi ctia sang ché.
Trong cac Vi du dugc néu, nhi¢t do dugc dua ra & do Celsius. Trir khi dugc néu rd
khac, cac phan Umg xdy ra & nhiét do phong. Hon nita, néu khéng néu khac, cac diéu
kién HPLC phan tich la nhu sau:

Diéu kién 1: UPLC-MS, ¢ot Acquity BEH C18, 1,7um, 2,1 x 50mm, 10 siy &
40°C, dung moi rua giai: A = nude + 0,1% axit formic va B = MeCN + 0,1% axit
formic, gradient tr 20% dén 100% B trong 4,3 phut, dong 0,7mL/phut, phat hién
UV/VIS (DAD), ESI (+/-),
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Diéu kién 2: LC-MS, cot Ascentis® Express C18 2,7uM 2,1 x 30 mm, 50°C,
dung moi rira giai: A = nudc -+ axit formic 0,05% + amoni axetat 3,75mM va B =
MeCN + axit formic 0,04%, gradient tr 5% dén 95% B trong 3,7 phit, dong tu
1,2mL/phit dén 1,4mL/phut trong 3,7 phut, phat hién UV/VIS (DAD), ESI (+/-).

Piéu kién 3: UPLC-MS, c6t Acquity HSS T3, 1,8 um, 2,1 x 50 mm, 10 & 50°C,
dung moi rira gidi: A = nudc + axit formic 0,05% + amoni axetat 3,75mM va B =
MeCN + axit formic 0,04%, gradient nim trong khoang tir 2% dén 98% B trong 1,40
phut. sau d6 98% B trong 0,75 phat, dong 1,2mL/phut, phat hién UV/VIS (DAD), ESI
(H-),

Piéu kién 4: HPLC, cot Chromolith® Performance, RP-18e, 100 x 4,6 mm +
cot nhdi sdn 5 x 4,6mm & RT, dung dich rira gidi: A = nudce + axit formic 0.1% va B =
MeCN + axit formic 0,1%, gradient nim trong khoang tir 2% dém 100% B trong 8
phut, thi 100 % B trong 2 phut, dong 2,0mL/phut, phat hién UV/VIS (DAD).

biéu kién 5: HPLC, c¢dt CC125/4 Nucleosil® 100-3 CI8HD, 4.0 x 125 mm,
dung moi rtra gidi: A = nudc + TFA 0,1% va B = MeCN + TFA 0,1%, gradient tir 2%
dén 100% B trong 7 phut, sau d6 100% B trong 2 phit va cudi cung 100% dén 2% B
trong 1 phat, dong 1,0mL/phtt, phat hién UV 215 nm.

Diéu kién 6: tuong tu diéu kién nhu Piéu kién 3, 10 séy 0 60°C thay vi 50°C.

Diéu kién 7: HPLC, c6t Eclipse XDB C18, 5um, 4,6 x 150 mm, 16 sy & 25°C,
dung mdi ria giai: A = nudc + H3PO4 0,1% va B = MeCN, gradient tir 10% dén 95%
B trong 17 phut, dong 1,0mL/phut, phét hién UV/VIS (DAD) 210 nm.

Piéu kién 8: LC-MS, ¢4t Poroshell® 120 SB-C18, 3,0 x 50 mm, 2,7um, dung
moi rira gidi: A = nudc + TFA 0,1% va B = MeCN + TFA 0,1%, gradient tir 5% B dén
0,5 phut, 5% dén 95% B trong 6,5 phut, 95% B trong 3 phut, tir 95% dén 5% B trong
0.1 phuat, 5% B trong 2 phut, dong 0,8mL/phuat, UV/VIS (DAD), ESI (+).

Hon nita, néu khong néu rd, diéu kién HPLC diéu ché nhu sau:

Piéu kién 9: HPLC diéu ché, Cot: XBridge C18 30 x 100mm, 5uM; tde do
dong 30mL/phut; pha dong: A = nudc + axit formic 0,1%; B = MeCN; gradient bién
thién, tir khi bat ddu % B dén % B két thuc, va thoi gian chay nhu dugc néu rd trong

cac Vi du.
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Di¢u kién 10: hé HPLC didu ché Gilson, ¢t SunFire™ prep C18 OBD, S5pm 30
x 100mm, dung moi rira gidi: A = nudc + TFA 0,1 % va B = MeCN, gradient 5% B
trong 2 phat, sau d6 tir 5% dén 100% B trong 20 phut va 100% B cubi cung trong 3
phut, dong 30mL/phut, phét hién UV/VIS.

SFC d6i xtng diéu ché duoc tién hanh st dung hé sau: Waters SFC THAR,00;
téc do dong 100mL/phat; pha dong: A = siéu t6i han CO2; B = McOH; gradient bién
thién, thoi gian chay tir % B bét dau dén % B cudi cing va ¢t nhu néu trong Vi du.
Chi tiét vé cot:

COt DEAP: ¢ot Dietyl amino (250 x 30mm, Sum, 60 A), Princeton

Cot Diol: ¢ot Diol (250 x 30 mm, Sum, 60 A), Princeton

Hoéng ngoai 1H-NMR duoc ghi lai trén 300 MHz, hodc 400 MHz NMR quang
phé) ké nhu dd néu. Céc dinh c6 y nghia dugc lap bang theo trat tu: nhiéu vach (s, vach
don; d, vach kép; t, vach ba; ¢, vach bdn; m, nhiéu vach; br. s, vach don, rong) va sb

lugng proton.

Trong cac Vi du sau, cac cach viét tat duge sir dung nhu sau: aq. (nuéc); DAD
(cam bién ma trén diot); DCM (diclometan); DIPEA (diisopropyl-etylamin); DMF
(N,N-dimetylformamit); DME (dimetoxyetan); DMSO (dimetyl sulfoxit); dppf (1,1'-
bis(diphenylphosphino)ferroxen); eq. (duwong luong); ESI (ion hoa tia electron);
LEtOAc (etyl axetat); EtOH (etanol); Et20 (ete dietylic); h (gid); HPLC (sic ky long
higu ning cao); HV (diéu kién chin khong cao); iPrOH (isopropanol); iPr20 (ete
diisopropyl); LC (sic ky 1ong); M (mol); MeCN (axetonitril); MeOH (metanol);
MeTHF (2-metyltetrahydrofuran); min (phat); mL (mililit); MP (d9 rong 16n); MPLC
(sac ky 16ng 4p luc trung binh); MS (quang phdi khéi lugng); MW (vi song); n-Buli
(n-butylliti); NMM (N-metylmorpholin); NMP (N-metylpyrolidinon); NMR (cdng
huong tr hat nhan); PL (polystyren); PPh3 (triphenylphosphin); PTFE
(polytetrafluoretylen); RM (hdn hop phan tng); RT (nhiét do phong); sat. (bdo hoa);
sec (gidy); SFC (sic ky long siéu t6i han); Si-Thiol (silica gel bién dbi 3-
mercaptopropyl); SPE (chiét pha rin); TBAF (tetra-n-butylamoni florua); TBME (ete
metyl tert-butyl); TI'A (axit trifloaxetic); THF (tetrahydrofuran); tr (thoi gian luu);
UPLC (séc ky l6ng si€u hiéu nang) va UV (buc xa tlr ngoai).
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Vidul

(R)-4-(3-hydroxypyrolidin-1-yl)-3-(1H-pyrazol-5-yl)-N-(4-
(triflometoxy)phenyl)benzamit

(R)-4-(3-hydroxypyrolidin-1-yl)-N-(4-(triflometoxy)phenyl)-3-(1-((2-
(trimetylsilyl)etoxy)metyl)-1H-pyrazol-5-yl)benzamit (Budc 1.1, 149mg, 0,2mmol)
dugc bd sung vao éng MW, vat nay duge ddy kin va suc rira bing gargon. Dung dich
TBAF IM trong THF (2,98 mL, 2,98mmol) sau d6 duoc bd sung va RM duoc khudy ¢
80°C trong 3 ngay. RM duoc pha lodng v6i EtOAc (40mL), rira bang NaHCO; bao
hoa va nudc mudi, sdy kho trén Na,SO, va dung méi duoc bdc hoi trong diéu kién ap
suat giam. San pham thd duoc tinh ché bang SFC diéu ché (Cot DEAP, tir 25% dén
30% trong 6 phuat) dé tao ra hop chét theo tiéu dé 1a chat rdn mau tring. UPLC-MS
(Didu kién 3) tg = 0,98 phut, m/z = 433,3 [M+H]+, m/z = 431,3 [M-H]-; 1H-NMR
(400 MHz, DMSO-d6) & ppm 1,75 (br, s, 1H) 1,86 (br, s, 1H) 2,70 - 2,79 (m, 1H) 3,03
- 3,19 (m, 2H) 3,19 - 3,28 (m, 1H) 4,20 (br, s, 1H) 4,73 - 4,92 (m, 1H) 6,34 (d, J =
11,00 Hz, 1H) 6,73 - 6,94 (m, 1H) 7,32 (d, J = 8,80 Hz, 2H) 7,65 (d, J = 104,42 Hz,
1H) 7,81 - 7,96 (m, 4H) 10,10 (s, 1H) 12,88 (d, J = 81,67 Hz, 1H).

Bude 1.1: (R)-4-(3-hydroxypyrolidin-1-yl)-N-(4-(triflometoxy)phenyl)-3-(1-
((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol-5-yl)benzamit

Huyén phu chira (R)-3-brom-4-(3-hydroxypyrolidin- 1-y1)-N-(4-
(triflometoxy)phenyl)benzamit (Budc 1.2, 100mg, 0,225mmol), 5-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol (146mg,
0,45mmol), Pd(PPh3)2CI2 (17,34mg, 0,025mmol) va Na,CO; (119mg, 1,123mmol)
trong hdn hop chira nuée (272pL), DME (953ul) va EtOH (136pL) duoc dua vao
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chiéu xa MW ¢ 125°C trong 20 phut. RM duoc pha loang v&i THF (3mL), xt ly véi
Si-Thiol (Silicycle, 1,44mmol/g, 94mg, 0.135mmol), loc va dich loc dugc bdc hoi
trong diéu kién ap sudt giam dé thu duoc cin duoc tinh ché bing sic ky nhanh (cot
RediSep® Silica gel, 4g, xyclohexan/EtOAc tir 40% dén 100% EtOAc) dé tao ra hop
chit theo tiéu dé la chit diu mau vang. UPLC-MS (Diéu kién 1) tg = 3,28 phit, m/z =
563.2 [M+H]+, m/z = 561,2 [M-H]-.

Budce 1.2: (R)-3-brom-4-(3-hydroxypyrolidin-1-yl)-N-(4-

(triflometoxy)phenyl)benzamit

Ol
H D

Hon hop chira -brom-4-flo-N-(4-(triflometoxy)phenyl)benzamit (Budc 1.3,
100mg, 0,264mmol), (R)-pyrolidin-3-ol (46,1mg, 0,529mmol) va TEA (147uL,
1,058mmol) trong DMSO (199uL) dugc khudy & 90°C trong 16 gid. RM duogc pha
lodng voi TBME/EtOAc (1:1) (30mL), rira bang HC1 0,5M (3 x Sml.) va nudc mudi

~OH

(SmL) va dung méi dugc bde hoi trong didu kién ap suét giam dé thu duoc san phdm
thd dugc tinh ché biang sic ky nhanh (Cot RediSep® Silica gel, 4g,
xyclohexan/EtOAc-EtOH + NH40H 0,1% (8:2), tir 30% dén 80% EtOAc-LtOH -+
NH40H 0,1% (8:2)) dé tao ra hop chét theo tiéu dé 1a chat rin mau tréng duc. UPLC-
MS (Piéu kién 1) tg = 2,83 phit, m/z = 444,9/446,9 [M+H]+, m/z = 443,0/445,0 [M-
I]-; 1H-NMR (400 MHz, DMSO-d6) 6 ppm 1,80 - 1,92 (m, 1H) 1,92 - 2,04 (m, 1H)
3,24 - 3,30 (m, 1H), 3,36 - 3,46 (m, 1H) 3,60 - 3,72 (m, 1H) 3,81 (dd, J = 10,51, 4,65
Hz, 1H) 4,36 (d, ] = 2,69 Hz, 1H) 4,97 (d, ] = 3,42 Hz, 1H) 6,93 (d, J = 8,80 Hz, 1H)
7,34 (d,J = 8,56 Hz, 2H) 7,80 - 7,90 (m, 3H) 8,14 (d, ] = 1,96 Hz, 1H) 10,19 (s, 1H).

Budce 1.3: 3-brom-4-flo-N-(4-(triflometoxy)phenyl)benzamit

F 0O
NJ\QF
H
F

SOCl; (2,92 mL, 40,0mmol) va DMF (0,5mL) dugc nho ting giot vao huyén
phu chtra axit 3-brom-4-flobenzoic (1,752g, 8mmol) trong toluen (20mL) va RM duoc
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khudy & 80°C trong 1 gio, dung mdi duoc bbe hoi trong didu kién ap sudt giam va
phan cin duoc pha lodng v&i THE (15mL). DIPEA (2,79mL, 16,00mmol) dugc bd
sung va hdn hop duogc lam lanh dén 0°C, xu ly v6i dung dich 4-triflometoxyanilin
(1,181mL, 8,80mmol) trong THE (5mL) va khudy trong 1 gid. RM duoc xir Iy véi
dung dich HCI IM (50mL), va chiét bang TBME. Dich chiét gop lai dwoc rira bing
dung dich HCI 1M, dung dich NaOH 1M va nuéc mudi, sdy kho trén MgSO4 va dung
modi duoc bbe hoi trong diéu kién 4p sudt giam dé thu dugce cin dugc két tinh tir n-
heptan/DCM dé thu duge dé thu dwoc hop chit theo tiéu dé 1a chét rin mau tring.
UPLC-MS (Pidu kién 1) tx = 3,18 phat, m/z = 377,9/379,9 [M+H]+, m/z =
375,9/377,9 [M-H]-; IH-NMR (400 MHz, DMSO-d6) 6 ppm 7,38 (d. J = 8.6 Iz, 2H)
7,56 (t, J = 8,7 Hz, 1H) 7,87 (d, J = 9,0 Hz, 2H) 8,00 - 8,06 (m, 1H) 8,32 (dd, J = 6,6,
2,2 Hz, 1H) 10,50 (s, 1H).

Vi du 2

(R)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-3-yl)-N-(4-

(triflometoxy)phenyl)nicotinamit

F__O
N
T \@\ o) HN-N
F NN
H |
NS
N 'D-uou

Hdn hop chita DME (570uL), nude (163uL) va EtOH (81ul) duoc bd sung
vao hon hop chtra (R)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-
(triflometoxy)phenyl)nicotinamit (Budc 2.2, 60mg, 0,134mmol), axit (1H-pyrazol-3-
yl)boronic (45,1mg, 0,403mmol) Pd(PPh3)2CI12 (9,44mg, 0,013mmol), Na,CO;
(42,8mg, 0,403mmol) trong éng MW. Ong nay dugc ddy kin, thdo ra/suc rira 3 lin
bing argon va RM dugc dua vao chiéu xa MW & 120°C trong 10 phut. B sung thém
axit (1H-pyrazol-3-yl)boronic (45,1mg, 0,403mmol) duoc bd sung va RM duoc dua
vao chiéu xa MW & 120°C trong 30 phat, pha lodng véi THF (1mL) va xir 1y voi Si-
Thiol (Silicycle 1,27mmol/g, 52,9mg, 0,067mmol), loc va dich loc dugce bdc hoi trong
didu kién ap suat giam dé thu duge cin dugc tinh ché bang HPLC diéu ché (Piéu kién
9, 15% trong 0,2 phut sau do 15% dén 45% trong 14 phut) dé tao ra hop chit theo tiéu

de la chat ran mau trang.

-72-



20433

Céch khéc, hop chit Vi du 2 dugc didu ché bing cach xi 1y huyén phu chira 6-
((R)-3-hydroxypyrolidin-1-yl)-5-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-y1)-N-
(4-(triflometoxy)phenyl)nicotinamit (Budc 2.1, 68,3g, 132mmol) trong DCM (1L) véi
TFA (305 mL, 3959mmol) & RT trong 5,5 gid. Dung moi dugc bde hoi trong didu kién
4p suat giam va phéan can duoc hoa tan trong EtOAc (2 L), rira bing dung dich bdo hoa
NalICO; (3 x 500mL) va nuée mudi (2 x 500mL), va sy kho trén Na,SO,. Dung mdi
duoc bde hoi trong didu kién 4p sudt giam va phin cin duge tao huyén phu trong
DCM (300mL) va khudy & RT trong 15 phut. Nguyén liéu tinh thé dugc loc, rira bing
DCM (200mL), siy khd trong didu kién ap sudt giam, hoa tan trong MeOH (500mL)
va xtt ly véi Si-Thiol (Biotage, 10,0g, 13mmol) trong 15 gio & 30°C. Hdn hop duoc
loc va dung méi dugc bbe hoi trong diéu kién 4p sudt giam dé thu duoc san pham tho
duogc tinh ché bing sac ky nhanh (Silica gel, 2 kg, DCM/MeOH 95:5) va két tinh tur
MecCN dé thu duoc hop chit theo tiéu dé la chat ran tinh thé u'éng.

S5 liéu phén tich cta hop chit Vi du 2: HPLC (Pidu kién 5) tg = 5.37 phut,
HPLC bat d6i(CHIRALPAK® AD-H, 250 x 4.6 mm, dung mdi rira giai: EtOH/MeCN
(98:2), 0,5SmL/phit, UV 210 nm) g = 9,62 phut, UPLC-MS (diéu kién 1) tg = 1,9 phut,
m/z = 434,1/435,1 [M+H]+, m/z = 432,1/433,1 [M-H]-; 1H-NMR (400 MHz, DMSO-
d6) & ppm 1,65 - 1,76 (m, 1H) 1,76 - 1,87 (m, 1H) 2,97 (d, J=11,37 Hz, 1H) 3,19 -
3,29 (m, 2H) 3,34 - 3,48 (m, 1H) 4,10 - 4,23 (m, 1H) 4,89 (br, s, 1H) 6,40 (s, 1H) 7,33
(d, J=8,70 Hz, 2H) 7,58/7,82 (br, s, 1H) 7,89 (d, J=8,70 Hz, 2H) 8,06 (s, 1H) 8,77 (s,
1H) 10,21 (s, 1H) 12,88/13,07 (br, s, 1H).

Budc 2.1: 6-((R)-3-hydroxypyrolidin-1-yl)-5-(1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-yl)-N-(4-(triflometoxy)phenyl)nicotinamit

P \@ . 5

Este pinacol cua axit [-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-boronic
(59.,9g, 214,4mmol), K;PO4 (105,7g, 498,1mmol) va Pd(PPh;), (9,6g, 8,30mmol) duoc
bd sung vao huyén phu chia (R)-5-brom-6-(3-hydroxypyrolidin-1-y1)-N-(4-

(triflometoxy)phenyl)nicotinamit (Budc 2,2, 74g, 165,8mmol) trong toluen (740ml)
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va khudy ¢ 110°C trong 2,5 gid trong didu kién argon. Hon hop sau do duogc pha lodng
véi EtOAc (2 L), rira béng nuéc (2 x 1L)va séy kho trén Na,SO,4. Dung moi dugce bde
hoi trong diéu kién ap suét giam va cén thd duge tinh ché bing séc ky nhanh (Silica
gel, 2kg, DCM/MeOH 95:5). Nguyén liéu thu duge duge hoa tan trong hén hop chia
MeOH (500mL) va THF (800mL) va dugc xi ly véi Si-Thiol (Biotage, 15g,
19.5mmol) ¢ RT trong 17 git. Hon hop duoc loc va dung méi duge bde hoi trong didu
kién ap sudt gidm dé thu duoc cén duoc két tinh tr MeOH dé thu dugce hop chat theo
tiéu dé 1a chit rén tinh thé tring. HPLC (Diéu kién 5) tg = 5,99 phut, UPLC-MS (Piéu
kién 6) m/z = 518,2 [M+H]+; 1H-NMR (400 MHz, DMSO-d6) & ppm 1,42 (br, s, 3H)
1,63 - 1,98 (m, 4H) 2,20 - 2,37 (m, 1H) 2,71 - 2,94 (m, 1H) 3,21 (d, J=6,65 Hz, 3H)
3,32 -3,51 (m, 1H) 3,69 - 3,92 (m, 1H) 4,08 - 4,24 (m, 1H) 4,75 - 4,88 (m, 1H) 4,89 -
5,17 (m, 1H) 6,29 - 6,49 (m, 1H) 7,32 (d, J=8,99 Hz, 2H) 7,59 (s, 1H) 7,78 - 8,10 (m,
3H) 8,80 (t, J=2,54 Hz, 1H) 10,05 - 10,28 (m, 1H).

Budce 2.2: (R)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-

(triflometoxy)phenyl)nicotinamit

F (0]
FT \©\Nj\(ﬁ:8r
H IN/ D

(R)-pyrolidin-3-ol (17,1 ml, 211,2mmol) va DIPEA (67,6 ml, 387,6mmol) duoc

OH

b6 sung vao huyén phd chia 5-brom-6-clo-N-(4-(triflometoxy)phenyl)nicotinamit
(Budce 2.3, 69,6g, 175,9mmol) trong iPrOH (120mL) va khudy & 140°C trong 1 gid.
Hon hop duge pha loang véi EtOAc (1L), rira bang HCI IN (2 x 200mL), dung dich
bdo hoa cia NaHCO; (200mL) va nude mudi (2 x 200mL) va sdy khd trén Na,SO,.
Dung méi duge bdc hoi trong diéu kién ap sudt gidm va san pham duoc két tinh tur
EtOAc/iPr20 dé thu dugc hop chét theo tidu dé 1a chat rén tinh thé trang. HPLC (Diéu
kién 5) tg = 6,58 phat, UPLC-MS (Diéu kién 6) m/z = 446,0/448,0 [M+H]+; 1H-NMR
(400 MHz, DMSO-d6) 6 ppm 1,78 - 2,01 (m, 2H) 3,55 (d, J=11,34 Hz, 1H) 3,64 - 3,76
(m, 1H) 3,79 - 3,91 (m, 2H) 4,33 (br, s, 1H) 4,97 (d, J=3,13 Hz, 1H) 7,33 (d, J=9,38
Hz, 2H) 7,83 (d, J=8,99 Hz, 2H) 8,30 - 8,36 (m, 1H) 8,66 (d, J=2,35 Hz, 1H) 10,20 (s,
1H).

Budc 2.3: 5-brom-6-clo-N-(4-(triflometoxy)phenyl)nicotinamit
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Dung dich da khudy chira axit 5-brom-6-clo-nicotinic(375g, 1,586 mol) va
DMF (37mL) trong toluen (3,1 L) dugc xi ly ting giot v&i SOCI, (347 mL, 4,758 mol)
& RT va sau dé khudy & 85°C trong 2,5 gio. Dung méi dugc bde hoi trong diéu kién ap
sudt giam va phin cén dugc hoa tan trong THF (3,1L), lam lanh dén -25°C, ddu tién
duge xtt 1y dau tién bang DIPEA (543 mL, 3,172 mol) va sau d6 bd sung timg giot
dung dich chtra 4-(triflometoxy)anilin (295g, 1,665 mol) trong THF (3,1L), Sau 30
phit & 10°C, dung moi dugce bdc hoi trong diéu kién ap sut giam va phan cén duoc
hoa tan trong TBME (4 L), rua bﬁng HCI 1IN (2 x 1), dung dich bdo hoa chira NaHCO;
(1 L) va nudec mudi (2 x 200mL) va sdy kho trén Na,SO,. Dung méi dugc bde hoi
trong diéu kién ap suit giam va san phim duoc két tinh tir EtOAc/n-heptan dé thu
duoc hop chat theo tiéu dé 1a chit ran két tinh mau be. UPLC-MS (Diéu kién 3) tg =
1,25 phut, m/z = 393/395/397 [M-H]-; 1H-NMR (400 MHz, DMSO-d6) & ppm 7,40
(d, J=8,60 Hz, 2H) 7,86 (d, J=8,60 Hz, 2H) 8,73 (d, J=2,20 Hz, 1H) 8,92 (d, J=2,20
Hz, 1H) 10,69 (s, 1H).

Vidu3

(R)-6-(3-hydroxypyrolidin-1-yl)-5-(3-metyl-1H-pyrazol-5-yl)-N-(4-

(triflometoxy)phenyl)nicotinamit

Fo_O
N
F>_( \©\ 0 HN N
F N SNGFEQS
Ho
~
N D-.\OH

(R,E)-6-(3-hydroxypyrolidin-1-yl)-5-(3-oxobut-1-en-1-yl)-N-(4-
(triflometoxy)phenyl)nicotinamit (Budc 3.1, 50mg, 0,091mmol) va hydrazua cta axit
toluen-4-sulfonic (34,5mg. 0,18 Immol) va EtOH (302uL) dugc bd sung vao éng MW,
duoc day kin va khuéy & 80°C trong 1,5 gio. Hon hop duoc lam lanh dén RT, NaOMe
(17.15mg, 0,318mmol) duoc bd sung va RM duogc khudy & 80°C trong 48 gid Aq. RM
duoc axit hoa bang dung dich axit formic, loc qua phéu loc mang 0,2uM PTFE va tinh
ché bang HPLC didu ché (Diéu kién 9, tir 20% dén 50% trong 18 phut) dé tao ra hop
chét theo tiéu d& 1a chét rin mau tring. UPLC-MS (Diéu kién 1) ty = 2,08 phut, m/z =
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448,0 [M+H]+, m/z = 446,0 [M-H]-; IH-NMR (400 MHz, DMSO-d6) & ppm 1,68 -
1,79 (m, 1H) 1,78 - 1,90 (m, 1H) 2,29 (br, s, 31) 2,98 (d, J=11,74 Hz, 1H) 3,25 - 3,37
(m, 2H) 3,40 - 3,53 (m, 1H) 4,21 (br, s, 1) 4,83 (br, s, 1H) 6,13 (s, 1H) 7,33 (d,
1=8,31 Hz, 2H) 7.86 (d, 2H) 8,01 (br, s, 11) 8,71 (br, s, 1H) 10,15 (s, 1H) 12,57 (br, s,
1H).

Budc 3.1: (R,E)-6-(3-hydroxypyrolidin-1-yl)-5-(3-oxobut-1-en- -yl)-N-(4-

(triflometoxy)phenyl)nicotinamit

(R)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-(triflometoxy)phenyl)nicotinamit
(Budc 2,2, 250mg, 0,560mmol), Pd(OAc)2 (3,77mg, 0,017mmol), tri-o-tolylphosphin
(20,46mg, 0,067mmol), but-3-en-2-on (55,1uL, 0,672mmol) va TEA (102uL,
0,728mmol) duoc bd sung vao éng nghiém MW, duoc ddy kin va xit rira bang argon,
DMF (1,87mL) duoc bd sung va RM duoc khudy & 130°C trong 6 gio, sau d6 bd sung
thém but-3-en-2-on (22,96pL, 0,280mmol) sau dé dugc bd sung va hon hop duoc
khudy & 130°C trong 16 gid. RM duogc rot vao trong nude (25mL) va chiét bing DCM
(3 x 20mL). Dich chiét gop lai duoc siy kho trén MgSO, va dung méi duoc bde hoi
trong diéu kién ap suét giam dé thu duoc san phdm thd duoc tinh ché bang sic ky
nhanh (Cot RediSep® Silica gel, 12g, xyclohexan/EtOAc-E{OH + NH,OH 0,1% (9:1)
tir 40% dén 75% EtOAc-EtOH + NH4OH 0,1% (9:1)). Cac phan chira san phdm tinh
khiét duge gop lai va dung mdi dugc bde hoi trong didu kién ap suét giam dé thu duoc
cin cét dong sbi v6i xylen va duoc nghién trong xyclohexan dé tao ra hop chit theo
tidu dé 1a chit rdn mau vang. UPLC-MS (Piéu kién 1) tg = 2,39 phut, m/z = 436,0
[M-+H]+, m/z = 434,0 [M-H]-; 1H-NMR (400 MHz, DMSO-d6) & ppm 1,82 - 1,91 (m,
1H) 1,91 - 2,00 (m, 1H) 2,35 (s, 3H) 3,43 (d, J = 11,25 Hz, 1H) 3,59 - 3,67 (m, 1H)
3,78 - 3,88 (m, 2H) 4,34 (br, s, 1H) 4,99 (d, ] = 3,18 Hz, 1H) 6,61 (d, ] = 15,89 Hz,
1H) 7,36 (d, J = 8,31 Hz, 2H) 7,81 - 7,93 (m, J = 16,14, 9,29 Hz, 3H) 8,29 (d, ] = 2,20
Iz, 1H) 8,71 (d, J = 2,45 Hz, 1H) 10,21 (s, 1H).
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Vidu4

(R)-6-(3-hydroxypyrolidin-1-yl)-5-(4-metyl-1H-pyrazol-5-yl)-N-(4-

(triflometoxy)phenyl)nicotinamit

F. o}
O
T L O
N X N
Ho |l H
—

DIPEA (43,9ul., 0,252mmol) duogc bb sung vao dung dich chta 6-clo-5-(4-
metyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)-N-(4-
(triflometoxy)phenyl)nicotinamit (Buéc 4.1, 55mg, 0114mmol) va (R)-pyrolidin-3-ol
(1 l,96mg, 0,137mmol) trong iPrOH (114uL) trong dng nghiém, duge day kin va gia
nhiét & 140°C trong 18 gio. Sau khi lam mat dén RT, RM dugc hoa tan trong EtOAc,
ria béng nude mudi, séy kho trén Na,SO, va dung moi duoc bbc hoi trong diéu kién
ap suét giam va san pham tho duge tinh ché bang sic ky nhanh (Cot RediSep® Silica
gel, EtOAc/MeOH 98:2) dé thu duge 6-((R)-3-hydroxypyrolidin-1-yl)-5-(4-metyl-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)-N-(4-(triflometoxy)phenyl)nicotinamit la
bot mau tring duc. Chét trung gian nay (39mg, 0,073mmol) dugc hoa tan trong DCM
(0,8mL), xtr Iy voi TFA (0,262 mL, 3,4mmol) va khuéy & RT trong 3 gid. RM duoc
rét vao trong 25mL NayCO5 10% va chiét bang EtOAc. Dich chiét gop lai dugc sdy
kho trén Na,SO, va dung méi dugce bdc hoi trong diéu kién ap sudt giam va san phim
tho dugc tinh ché bang sic ky nhanh (Cot RediSep® Silica gel, DCM/MeOH tir 2%
dén 10% MeOH) dé thu dwoc hop chit theo tiéu dé 1a bot mau tring duc. HPLC (Didu
kién 4) tg = 4,46 phut, UPLC-MS (Diéu kién 3) tg = 0,92 phut, m/z = 448,4 [M+H]+;
1H-NMR (400 MHz, DMSO-d6) 6 ppm 1,64 - 1,81 (m, 2H) 1,86 (s, 3H) 2,78 - 2,97
(m, 1H) 3,07 - 3,41 (m, 3H) 4,18 (br, s, 1H) 4,81 (br, s, 1H) 7,32 (d, J = 8,60 Hz, 2H)
7,58 (br, s, 1H) 7,85 (d, J = 9,38 Hz, 2H) 7,93 (br, s, 1H) 8,73 (br, s, 1H) 10,14 (s, 1H)
12,63 (br, s, 1H).

Budc 4.1: 6-clo-5-(4-metyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)-N-

(4-(triflometoxy)phenyl)nicotinamit
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K3PO, (127mg, 0,6mmol) dugc bd sung vao dung dich chira 6-clo-5-i0d-N-(4-
(triflometoxy)phenyl)nicotinamit (Buéc 4.2, 89mg, 0,2mmol) va 4-metyl-1-
(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)-1H-pyrazol
(58,4mg, 0,2mmol) trong dioxan (ImL)trong dng nghiém dugc suc rira v6i argon, gia
nhiét dén 110°C va sau d6 PACI2(dppf) (7,32mg, 0,01mmol) duge bd sung. Ong nay
dwoc day kin va RM dugce khudy trong didu kién argon & 110°C trong 18 gid. RM
dugc 1am lanh dén RT, hoa tan trong EtOAc va rira béng nuéc mudi. Pha hitu co duoc
sdy kho trén Na,SO, va dung mdi duge béc hoi trong diu kién &p sudt giam, va phén
can duoc tinh ché bing sic ky nhanh (Cot RediSep® Silica gel, n-heptan/EtOAc tur
50% dén 100% EtOAc) dé thu dugce hop chit theo tiéu d& 1a chét bo mau tréng. HPLC
(Diéu kién 4) tg = 6,24 phit, UPLC-MS (Didu kién 3) tx = 1,22 phut, m/z = 481,2
[M+H]+.

Bugc 4.2: 6-clo-5-iod-N-(4-(triflometoxy)phenyl)nicotinamit

F__O
FX\@\O

F N o
H o

~

NT >l

DMF (0,13mL) va SOCI, (0,734 mL, 10,05mmol) dugc bd sung vao hdn hop
chira axit 6-clo-5-iodnicotinic (1,00g, 3,35mmol) va 4-(triflometoxy)anilin (0,623mg,
3,52mmol) trong toluen (7mL) va RM dugc khudy & 80°C trong 1 gi¢. Dung moi dugc
bdc hoi trong diéu kién &p sut giam va trong didu kién argon phan cin dugc hoa tan
trong THF (7,00mL) va DIPEA (1,17 mL, 6,7mmol), lam lanh dén -15°C xt ly tirng
giot vdi dung dich 4-(triflometoxy)anilin (0,476 mL, 3,52mmol) trong THF (7,00mL)
va khudy & RT trong 1 gi¢. Dung mdi dugc bde hoi trong diéu kién &p suit giam va
phén cén xir 1y véi dung dich HCI IN (30mL) va chiét bing TBME (100mL). Dich
chiét gop lai dwoc rira bing dung dich bio hda Na,CO; (30mL) va nuée muéi (30mL),
sdy kho trén Na,SO,4 va dung méi duge bdc hoi trong diéu kién ap sudt gidm cho dén

khi bt dau két tinh. San phdm duoc nghién véi n-heptan, loc va sy kho dé thu duoc
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hop chét theo tiéu d& 1a chét rén mau tréng duc. HPLC (Diéu kién 4) tg = 6,36 phut,
UPLC-MS (Piéu kién 3) tg= 1,23 phut, m/z = 441,1 [M-H]-.

Vidu5s

(R)-5-(4-flo-1H-pyrazol-5-yl)-6-(3-hydroxypyrolidin-1-y1)-N-(4-

(triflometoxy)phenyl)nicotinamit

F__O F.

T O A D
N X N’
H | H

—

DIPEA (71,9uL, 0,412mmol) duge bd sung vao dung dich chtra 6-clo-5-(4-flo-
1H-pyrazol-5-yl)-N-(4-(triflometoxy)phenyl)nicotinamit (Buéce 5.1, 75mg,
0,187mmol) va (R)-pyrolidin-3-ol (19,97mg, 0,225mmol) trong iPrOH (187pL) trong
6ng nghiém duoc day kin va gia nhiét & 140°C trong 1 gio. Sau khi 1am lanh & RT,
RM dugce hoa tan trong EtOAc va rira bang nuéc mubi, sdy kho trén Na,SO, va dung
mbi duge bde hoi trong didu kién ap suit giam @& thu duoc san pham thé dugc tinh
ché bing sic ky nhanh (Cot RediSep® Silica gel, DCM/MeOH tir 2% dén 10%
MeOH) d¢ thu dugc hop chét theo tidu d& 1a bot mau tring. HPLC (Diéu kién 4) tg =
4,73 phut, UPLC-MS (Diéu kién 3) tz = 0,93 phut, m/z = 452,4 [M+H]+; 1H-NMR
(400 MHz, DMSO-d6) & ppm 1,64 - 1,95 (m, 2H) 3,00 (d, J = 11,34 Hz, 1H) 3,18 -
3,51 (m, 3H) 4,22 (br, s, 1H) 4,86 (br, s, 1H) 7,32 (d, J = 8,60 Hz, 2H) 7,77 - 8,11 (m,
4H) 8,76 (br, s, 1H) 10,17 (s, 1H) 12,90 (br, s, 1H).

Buée 5.1 6-clo-5-(4-flo-1H-pyrazol-5-yl)-N-(4-(triflometoxy)phenyl)

nicotinamit

F._O F.
O D
N X ’

Ho |l

o

N">cl

Pd(Ph3P)4 (17,33mg, 0,015mmol) dugc bd sung véio dung dich chira 6-clo-5-

=

iod-N-(4-(triflometoxy)phenyl)nicotinamit (Buéc 4,2, 133mg, 0,3mmol) va 4-flo-5-
(tributylstannyl)-1H-pyrazol (101mg, 0,270mmol) trong DMSO (ImL) trong 6ng
nghiém trong diéu kién argon. Ong nay duogc déy kin va dung dich RM dugc gia nhiét

& 100°C trong 18 gio. Sau khi lam méat dén RT, RM dugc hoa tan trong EtOAc, rira
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bang nuwdc mudi, sdy kho trén Na,SO, va dung méi dugc bde hoi trong diéu kién ap
suat giam thu dugc san phim tho dugc tinh ché bing sic ky nhanh (Cot RediSep®
Silica gel, n-heptan/EtOAc tir 10% dén 50% EtOAc) dé thu dugc hop chét theo tidu dé
1a bdt mau tring duc. HPLC (Diéu kién 4) tg = 5,5 phut, UPLC-MS (Diéu kién 3) tg =
1,05 phat, m/z = 399,2 [M-H]-.

Vidub6

(R)-6-(3-hydroxypyrolidin-1-yl)-5-(1-metyl-1H-pyrazol-4-y1)-N-(4-

(triflometoxy)phenyl)nicotinamit

F__O
N
NN
H |
N

Hdn hop chura (R)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-
(triflometoxy)phenyl)nicotinamit (Budc 2.2, 60mg, 0,134mmol), 1-metyl-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (42mg, 0,202mmol), Pd(PPh3)2CI2
(9,44mg, 0,013mmol), Na,CO; (42,8mg, 0,403mmol), DME (570uL), nuéc (163pL)
va EtOH (81puL) trong dng MW duge déy kin, dé ra/xit rira bang argon va dwa vao
chiéu xa MW & 120°C trong 10 phat. RM dugc pha lodng véi THF (1mL), xir ly véi
Si-Thiol (Silicycle, 1,44mmol/g, 46,7mg, 0,067mmol), loc va dich loc dugc bde hoi
trong diéu kién &p suét giam dé thu duoc cin duge tinh ché bang HPLC diéu ché (Diéu
kién 9, 25% trong 0,2 phut sau d6 tir 15% dén 45% trong 14 phit) dé tao ra hop chét
theo tiéu d& 1a chit rin mau tring. LC-MS (Pidu kién 2) tz = 1,61 phat, m/z =
448,2/449,2 [M+H]+, m/z = 446,1 [M-H]-; IH-NMR (400 MHz, DMSO-d6) § ppm
1,71 - 1,80 (m, 1H) 1,81 - 1,91 (m, 1H) 2,98 (d, J = 11,25 Hz, 1H) 3,25 - 3,39 (m,,2 H)
3,44 - 3,53 (m, 1H) 3,89 (s, 3H) 4,22 (s, 1H) 4,84 (s, 1H) 7,34 (d, J = 8,56 Hz, 2H)
7,53 (s, 1H) 7,84 (d, J = 5,38 Hz, 2H) 7,86 - 7,88 (m, 1H) 7,94 (d, J = 2,45 Hz, 1H)
8,67 (d,J=2,45Hz, 1H) 10,14 (s, 1H).

Vidu7

(5)-6-(3-(hydroxymetyl)pyrolidin-1-yl)-5-(1H-pyrazol-5-yl)-N-(4-

(triflometoxy)phenyl)nicotinamit
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Hop chét theo tiéu dé duoc diéu ché theo cach tuong tur v4i cach cia Vidu 2 st
dung (S)-5-brom-6-(3-(hydroxymetyl)pyrolidin-1 -y1)-N-(4-(triflometoxy)phenyl)
nicotinamit (Budc 7.1) va axit (1H-pyrazol-3-yl)boronicto thu dugc chit rén mau
tring. UPLC-MS (Diéu kién 1) tg = 1,89 phut, m/z = 448,0 [M+H]+, m/z = 446,1 [M-
H]-; IH-NMR (400 MHz, DMSO-d6) & ppm 1,48 - 1,64 (m, 1H) 1,77 - 1,90 (m, 1H)
2,15 - 2,28 (m, 1H) 3,03 (dd, J = 11,25, 6,85 Hz, 1H) 3,22 (br, s, 2H) 3,25 - 3,31 (m,
2H) 3,34 - 3,39 (m, 1H) 4,62 (br, s, 1H) 6,39 (br, s, 1H) 7,34 (d, J = 8,56 Hz, 2H) 7,51
- 7,84 (m, 1H) 7,83 - 7,90 (m, 2H) 8,03 (s, 1H) 8,68 - 8,79 (m, 1H) 10,19 (s, 1H) 12,87
- 13,12 (m, 1H).

Buéce 7.1 (5)-5-brom-6-(3-(hydroxymetyl)pyrolidin-1 -yl)-N-(4-

(triflometoxy)phenyl)nicotinamit

F_O
F}/\©\o
F N \Br
Ho |
~
O
OH

Hon hop chua 5-brom-6-clo-N-(4-(triflometoxy)phenyl)nicotinamit (Budce 2.3,
500mg, 1,264mmol), (S)-beta-prolinol hydroclorua (226mg, 1,643mmol), DIPEA
(662nuL, 3,79mmol) va iPrOH (1,945mL) trong 6ng nghiém kin duoc dwa vao chiéu Xa
MW & 140°C trong 60 phit. Dung méi duge bée hoi trong didu kién 4p suit giam va
phan cén dwoc xir Iy véi dung dich HCI 0,5M (20mL) vé chiét bing EtOAc. Dich chiét
g0p lai duoc rira bang HCI 0,5M (10mL) va nuéc, sy kho trén MgSO4 va dung méi
duoc bbe hoi trong diéu kién ap sut gidm dé thu dwoc san phim dugc nghién voi
xyclohexan, loc va siy kho dé thu dugc hop chét theo tidu dé 1a chit rin mau tring.
UPLC-MS (Piéu kién 1) tx = 2,76 phut, m/z = 460,0/462,0 [M+H]+, m/z =
458,0/460,0 [M-H]-; 1H-NMR (400 MHz, DMSO0-d6) 8 ppm 1,59 - 1,76 (m, 1H) 1,92
- 2,04 (m, 1H) 2,26 - 2,44 (m, 1H) 3,37 - 3,50 (m, 2H) 3,56 (dd, J = 11,00, 7,34 Hz,
1H) 3,67 - 3,85 (m, 3H) 4,71 (br, s, 1H) 7,35 (d, ] = 8,56 Hz, 2H) 7,85 (d, 1H) 8,34 (d,
J=1,96 Hz, 1H) 8,68 (d, J = 1,96 Hz, 1H) 10,21 (s, 1H).
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Vidu 8

(S)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-

5-yl)nicotinamit

cuxo o \
FF [N
N X N
H | H

-

K;3POy4 (41,3mg, 0,195mmol) dugce bd sung vao dung dich chira (S)-5-brom-N-
(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)nicotinamit (Buéc 8.1, 30mg,
0,067mmol) va 1-(tetrahydro-2H-pyran-2-yl1)-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol (36,2mg, 0,13mmol) trong toluen (0,32mL) trong ng
nghiém dugc suc rira v6i argon. Pd(PPh;), (3,75mg, 0,032mmol) dwgc bd sung. Ong
nay dugc dy kin va gia nhiét & 110°C trong 18 gio. Sau khi 1am lanh & RT, RM dugc
hoa tan trong EtOAc, rira bang nude mudi, sdy kho trén Na,SO, va dung méi dugc bbc
hoi trong diéu kién 4p suét giam dé thu duoc san pham thd duoc tinh ché bang séic ky
nhanh (C6t RediSep® Silica gel, DCM/MeOH tir 2% dén 5% MeOH) d thu dugc N-
(4-(clodiflometoxy)phenyl)-6-((S)-3-hydroxypyrolidin-1-y1)-5-(1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-yl)nicotinamit, mot phan trong d6 ( 21mg, 0,039mmol)
duge hoa tan trong DCM (0,5mL), xir ly véi TFA (0,141mL, 1,82mmol) va khudy &
RT trong 3 gio. RM dugc rét vao trong dung dich Na,CO3 10% (10mL) va chiét bang
EtOAc. Dich chiét gop lai duoc sdy kho trén Na,SO, va dung méi dugc bdc hoi trong
diéu kién 4p suét giam dé thu dwoc san phim thd dugc tinh ché bing séc ky nhanh
(Cot RediSep® Silica gel, DCM/MeOH tir 2% dén 5% MeOH) dé thu dwoc hop chét
theo tiéu d&. HPLC (Didu kién 4) tg = 4,49 phut, HPLC bét di (CHIRALCEL® OD-
H, 250 x 4,6 mm, dung moi rira giai: n-heptan/EtOH/MeOH (85:10:5), ImL/phut, UV
DAD, tr = 13,32 phut, UPLC-MS (Piéu kién 3) tg = 0,92 phut, m/z = 450,3 [M+H]+;
1H-NMR (400 MHz, DMSO-d6) & ppm 1,65 — 1,76 (m, 1H) 1,77 — 1,92 (m, 1H) 2,86
-2.97 (m, 1H) 3,18 — 3,35 (m, 2H) 3,34 - 3,47 (m, 1H) 4,10 - 4,24 (m, 1H) 4,66 - 4,93
(m, 1H) 6,28 - 6,42 (m, 1H) 7,31 (d, J = 8,99 Hz, 2H) 7,85 (d, J = 8,99 Hz, 3H) 7,96 -
8,05 (m, 1H) 8,64 - 8,81 (m, 1H) 10,17 (s, 1H) 12,80 - 13,14 (m, 1H).

Buge 8.1: (S)-5-brom-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-

yDnicotinamit
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DIPEA (190uL, 1,1mmol) dugc bd sung vao dung dich chira 5-brom-6-clo-N-
(4-(clodiflometoxy)phenyl)nicotinamit (Budc 9.3, 206mg, 0.5mmol) va (S)-pyrolidin-
3-ol (52,3mg, 0,6mmol) trong iPrOH (500uL) trong dng nghiém, dugc day kin va gia
nhiét & 140°C trong 1 gio. Sau khi lam lanh & RT, RM dugc hoa tan trong EtOAc, rira
bang dung dich HCI 0,5M va nuéc mubi, siy kho trén Na,SO, va dung mbi dugc bbe
hoi trong diéu kién dp suét giam dé thu dugc san phim thd dugc tinh ché bing séc ky
nhanh (C6t RediSep® Silica gel, n-heptan/EtOAc tir 20 dén 100% EtOAc) dé thu dugc
hop cht theo tiéu dé 1a bot tinh thé mau tring. HPLC (Didu kién 4) tg = 5,59 phut,
UPLC-MS (Diéu kién 3) tg= 1,17 phut, m/z = 462,0/464,1 [M+H]+.

Vidu9

(R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-

5-yDnicotinamit

HN—N

W

Hoén hop chira (R)-5-brom-N-(4-(clodiflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-ylnicotinamit (Budc 9.2, 100mg, 0,216mmol) va 5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol
(215mg, 0,663mmol), Pd(PPh3)2CI2 (17mg, 0.024mmol), Na,CO; (115mg,
1,081mmol), DME (917uL), nuéc (262pL) va EtOH (131uL) trong éng MW duoc day
kin, hut chan khong/xit rita 3 14n vé6i argon va dua vao chiéu xa MW & 125°C trong 20
phit. RM dugce pha lodng véi 2mL DME, khudy vé6i Si-Thiol (Silicycle 1,44mmol/g,
90mg, 0,130mmol) trong 3 gid. Hon hop nay dugc ly tim va phan ndi bé mit dugc loc
qua phéu loc PTFE 0,45um va dung méi duoc bde hoi trong diéu kién ap suét giam.
San phim tho dugc tinh ché bing sic ky nhanh (Cot RediSep® Silica gel, 12g,
xyclohexan/EtOAc tir 40% dén 100% EtOAc) dé thu duoc chit trung gian dugc bao vé
I chit dau khong mau. Etylen diamin (96pL, 1,428mmol) va TBAF IM trong THF

-83-



20433

(1,428mL, 1,428mmol) sau d6 duogc bd sung vao va RM duoc khuéy ¢ 80-85°C trong
5 ngay. Dung mdi dugc bbc hoi trong diéu kién ap sut giam va phan cén dugc hoa tan
trong EtOAc (40mL), rtra 3 14n bang dung dich NaHCO; bdo hoa va nudc mudi, sdy
kho trén Na,SO, va dung moi dugc bde hoi trong didu kién 4p sudt giam dé thu dugc
cén, cin ndy dugc tinh ché bang SFC diéu ché (Cot DEAP, tir 25% dén 30% trong 6

phiit) & tao ra hop chét theo tiéu d& 14 chét rdn mau tring.

Cach khac, hop chit Vi du 9 duoc didu ché bing cach bd sung TFA (168 mL,
2182mmol) vao dung dich chita N-(4-(clodiflometoxy)phenyl)-6-((R)-3-
hydroxypyrolidin-1-yl)-5-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)nicotinamit
(Buée 9.1, 31,3g, 54,6mmol) trong DCM (600mL). Hon hop duge khudy & RT trong
2,5 gio. Dung méi duge béc hoi trong didu kién 4p suit giam va phin cin duoc hoa
tan trong EtOAc (1,5L), rira bang dung dich bdo hoa NaHCO; (3 x 500mL) va nudc
mudi (500mL), siy khd trén Na,SO, va dung mdi dugc bde hoi trong didu kién 4p sut
giam d thu dugc cin duge tao huyén phii trong DCM (300mL), khudy & RT trong 15
phtt, loc, rira bing DCM (200mL), sy kho va tinh ché bing sic ky (Silica gel, 1 kg,
DCM/MeOH 95:5). Phin cin dugc hoa tan trong MeOH (500mL) va xir Iy véi Si-
Thiol (Biotage, 5,0g, 6,5mmol) trong 16 gio ¢ 25°C. Nhua dugc loc ra, dung moi duge
bdc hoi trong didu kién ap sudt giam va phén cin duge két tinh tir MeCN dé thu dwoc

hop chit theo tiéu @& 14 chét rén tinh thé tring.

Cach khéc, hop chit Vi du 9 dwgc didu ché bing cach bd sung timg giot dung
dich HCI (7,7mL 6M) vao dung dich chita N-(4-(clodiflometoxy)phenyl)-6-((R)-3-
hydroxypyrolidin-1-yl)-5-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)nicotinamit
(Budc 9.1, 3,8g, 7,12mmol) trong MeOH (20mL) va THF (10mL) va 1am mat (duéi
35°C). Hon hop dugc khudy & 22°C trong 2 gid va sau d6 dugc bd sung vao (10°C)
NaOH 1,2M lanh (22mL). Trong khi bd sung, nhiét d¢ duoc gitt dudi 30°C va d6 pH
dugc gitr trong khoang 9-10. RM sau d6 duge khudy trong 30 phit & 30°C. Dung moi
duge bdc hoi trong diéu kién 4p suét giam, cho dén khi hop chét mong mudn két tua.
Chét két tia duge loc va sdy kho dé thu duoc hop chét theo tiéu d& 14 chét rin mau

vang.

S6 liéu phan tich ctia hop chét vi du 9: HPLC (Diéu kién 5) tg = 5,54 phut,
HPLC bit d6i (CHIRALCEL® OD-H, 250 x 4.6 mm, dung mdi rra giai: n-
heptan/EtOH/MeOH (85:10:5), 1mL/phut, UV 210 nm) tg = 10,17 phat, UPLC-MS
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(didu kién 3) tg = 0,93 phit, m/z = 450,3 [M+H]+, m/z = 494,1 [M+axit formic-H]-;
1H-NMR (400 MHz, DMSO-d6) & ppm 1,65 - 1,76 (m, 1H) 1,76 - 1,87 (m, 1H) 2,93
(d, J=11,73 Hz, 1H) 3,19 - 3,29 (m, 2H) 3,35 - 3,51 (m, 1H) 4,10 - 4,25 (m, 1H) 4,89
(br, s, 1H) 6,41 (br, s, 1H) 7,33 (d, J=8,50 Hz, 2H) 7,57/7,83 (br, s, 1H) 7,90 (d,
J=8,50 Hz, 2H) 8,07 (br, s, 1H) 8,77 (br, s, 1H) 10,23 (s, 1H) 12,97/13,15 (br, s, 1H).

Budce 9.1: N-(4-(clodiflometoxy)phenyl)-6-((R)-3-hydroxypyrolidin-1-yl)-5-(1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)nicotinamit

KOS QN“\
FF

N AN
*(I“

1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-
1H-pyrazol (29,6g, 102mmol), K;PO, (51,6g, 236mmol) va Pd(PPh;), (4,55g,
3,93mmol) dugc  bd sung  vao huyén phd chira (R)-5-brom-N-(4-
(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)nicotinamit (Bugc 9.2, 36,4g,
79mmol) trong toluen (360mL) trong diéu kién argon va hdn hop dugc khudy & 110°C
trong 4 gid. RM dugc rét vao trong nuée mudi (500mL) va chiét bang EtOAc (2 x
IL). Dich chiét gop lai duge rira bing nuée mudi (500mL), siy khé trén Na,SO,, va
dung moi dugc bdc hoi trong didu kién &p suét giam dé thu duoc cén dugc tinh ché
bang séc ky (cot silica gel, 1,5 kg, DCM/MeOH 95:5) dé thu duogc bot mau vang dam,
dugc hoa tan trong MeOH/DCM (1L ty 1& 3:1) va xir ly véi Si-Thiol (Biotage, 35¢,
45,5mmol) trong 17 gio & 30°C. Nhya dugce loc ra, va dung mdi dugc bdc hoi trong
diéu kién ap sudt gidm, cho dén khi hop chit mong mudn két tinh. San phdm duoc loc

rira bang MeOH va sy kho dé thu duoc hop chét theo tiéu dé.

Cach khac, hop chdt & Budc 9.1 dugc didu ché bing cch bd sung 4-
(clodiflometoxy)anilin ~ (16,6g, 84,9mmol), NMM (21,7g, 212,1mmol),
hydroxybenzotriazol hydrat (HOBtH20, 11,9g, 77,77mmol) va 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit hydroclorua (EDCLHCI, 20,9g, 109,0mmol) vao
dung dich chira axit 6-((R)-3-hydroxypyrolidin-1-yl)-5-(1-(tetrahydro-2H-pyran-2-yl)-
1H-pyrazol-5-yl)nicotinic (Buéc 9,4, 29,83¢, 70,7mmol) trong THF (27 ImL). Hén
hop duoce khudy trong 1,5 gi¢ ¢ 25°C va sau d6 ¢ 65°C trong 16 gid. Sau khi 1am mat
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RM dén 35°C, bd sung thém EDCLHCI (13,3g, 69,4mmol) va RM dugc khudy trong
1,5 gior & 35°C sau d0 lai & 65°C trong 16 gid. Sau khi lam mat RM dén 35°C, nuée
(150mL) duogc bd sung, THF dugc loai bd trong diéu kién ap suét giam, EtOAc
(180mL) dugc bd sung va hdn hgp dugc khudy & 35°C trong 1 gid. Hai 16p dugc tach
va pha nuéc sau d6 dugc chiét bang EtOAc (60mL). Cac 16p hitu co két hop dugce rira
bang nuéc (90mL), nudc mubi (90mL). Dung mdi dugc bbc hoi trong didu kién ap
sut giam dé thu duoc chit rén mau nau dugc tinh ché béng sic ky cot (Silica gel,
DCM/MeOH ty 1& 40:1 dn 20:1) dé thu duoc hop chit theo tiéu d& 1 chit rén mau

vang.

S6 liéu phan tich ctia hop chit & Buéce 9.1: HPLC (Piu kién 5) tg = 6,12 phut,
UPLC-MS (Diéu kién 3) tz = 1,06 phut, m/z = 533,2 [M+H]+; 1H-NMR (400 MHz,
DMSO0-d6) & ppm 1,36 - 2,02 (m, 7 H) 2,23 - 2,38 (m, 1H) 3,08 - 3,29 (m, 2H) 3,32 -
3,52 (m, 2H) 3,73 - 3,93 (m, 1H) 4,13 - 4,25 (m, 1H) 4,80 - 4,90 (m, 1H) 4,95 - 5,17
(m, 1H) 6,33 - 6,50 (m, 1H) 7,33 (d, J=8,99 Hz, 2H) 7,61 (d, J=1,56 Hz, 1H) 7,86 (d,
J=8,99 Hz, 2H) 7,97 - 8,11 (m, 1H) 8,82 (s, 1H) 10,13 - 10,25 (m, 1H).

Bugce 9.2: (R)-5-brom-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-

yDnicotinamit
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(R)-pyrolidin-3-ol (9,55g, 109,6mmol) va DIPEA (35,1 ml, 201,3mmol) duoc
bb sung vao huyén phu chira 5-brom-6-clo-N-(4-(clodiflometoxy)phenyl)nicotinamit
(Bude 9.3, 37,7g, 91,5mmol) trong iPrOH (65mL) va khudy & 140°C trong 1 gio.
EtOAc (700mL) dugc bd sung va dung dich nay dugc rira bang HCI IN (2 x 200mL),
NaHCO; bao hoa (200mL) va nude mudi (2 x 200mL), sdy kho trén Na,SOy, va dung
dich nay dugc co trong didu kién 4p suit giam cho dén khi bat ddu két tinh. n-heptan
(1L) duge bd sung va hdn hop dugc khudy & RT trong 30 phut, loc v rira bang iPr20
(500mL) dé thu dugc hop chét theo tiéu dé Ia chit rn tinh thé tring. HPLC (Pidu kién
5) tg = 6,68 phut, UPLC-MS (Diéu kién 3) tg = 1,10 phut, m/z = 462,2/464,2 [M+H]+;
IH-NMR (400 MHz, DMSO-d6) & ppm 1,78 - 2,01 (m, 2H) 3,55 (d, J=11,34 Hz, 1H)
3,66 - 3,75 (m, 1H) 3,79 - 3,93 (m, 2H) 4,34 (br, s, 1H) 4,98 (d, =3,13 Hz, 1H) 7,32 (d,
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J=8,99 Hz, 2H) 7,84 (d, J=8,99 Hz, 2H) 8,33 (d, J=1,96 Hz, 1H) 8,66 (d, J=1,96 Hz,
1H) 10,21 (s, 1H).

Bugc 9.3: 5-brom-6-clo-N-(4-(clodiflometoxy)phenyl)nicotinamit

Lael
FF N BT
Ho |l
o
N Cl

DMF (2,55 mL, 33,0mmol) va SOCl, (24,08 ml, 330mmol) duge bd sung vao
huyén phii chira axit 5-brom-6-clo-nicotinic (26g, 110mmol) trong toluen (220mL) va
RM dugc khudy & 80°C trong 1 gio. Dung moi duge bde hoi trong didu kién ap suit
gidm va phan cin dugc hoa tan trong THF (220mL) va lam lanh dén -16°C. DIPEA
(38,4mL, 220mmol) dugc bd sung, sau d6 bd sung tung giot dung dich 4-
(clodiflometoxy)anilin (22,35g, 115mmol) trong THF (220mL) trong 15 phiit. Huyén
phu dugc khudy trong 1 gio & RT. Dung moi duge bde hoi trong diéu kién &p sudt
giam va phin cén duoc hoa tan trong TBME (700mL), rira bing HCI 1N (2 x 200mL),
NaHCOj; bao hoa (200mL) va nuée mudi (2 x 200mL), sdy kho trén Na,SO,, va dung
mdi dugce bdc hoi trong diéu kién 4p suét giam dé thu dwoc san phdm dugc két tinh tir
EtOAc - n-heptan dé thu dugc hop chit theo tiéu dé 1a chat rén tinh thé tréng. HPLC
(Piéu kién 5) tz = 7,77 phut, UPLC-MS (Didu kién 3) tg = 124 phat, m/z =
409,1/411,1/413,1 [M+H]+; 1H-NMR (400 MHz, DMSO-d6) & ppm 7,38 (d, =8,99
Hz, 2H) 7,85 (d, =8,99 Hz, 2H) 8,72 (br, s, 1H) 8,92 (br, s, 1H) 10,68 (s, 1H).

Budc 9.4: Axit 6-((R)-3-hydroxypyrolidin-1-yl)-5-(1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-5-yl)nicotinic

Dung dich NaOH (180mL, 2,6M) duoc bd sung vao dung dich chira metyl 6-
((R)-3-hydroxypyrolidin-1-yl)-5-(1-(tetrahydro-2H-pyran-2-yl)- 1H-pyrazol-5-
yDnicotinat (Buéc 9.5, 111g, 299mmol) trong MeOH (270mL) va RM duoc khudy &

RT trong 14 gi¢. MeOH dugc béc hoi trong didu kién 4p suét giam va phin cén nudc
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duge xtr ly v6i nude mudi (90mL), chiét bing MeTHF hai 14n (540 mL + 360mL) va
céc 16p hitu co két hop duge rira bang nude (90mL). MeTHF duge bd sung vao cac
16p nuée gdp lai, hdn hop hai pha dugce 1am lanh dén 0°C va axit hoa (d6 pH = 4-4,5)
v6i dung dich HCI1 (18%) va chiét bang MeTHF. Phan chiét hitu co g0p lai dugce rira
bang nudc mudi va dung méi dugc bdc hoi trong diéu kién &p suét giam dé thu dugc
can duge két tinh lai tir EtOAc/TBME (1:1) d& thu dugc hop chit theo tidu d& 14 cht
ran mau tring. HPLC (Piéu kién 7) tg = 4,74 phut, LC-MS (Diéu kién 8) tg = 3,37
phut, m/z = 359,0 [M+H[+; 1H-NMR (400 MHz, DMSO-d6) § ppm 1,44 (br, s, 2H),
1,51 (d, J=11,54 Hz, 2H), 1,64 - 1,86 (m, 4H), 1,90 (br, s, 1H), 2,31 (d, J=9,29 Hz,
1H), 2,77 (br, s, 1H), 3,10 (br, s, 1H), 3,21 (d, J=8,78 Hz, 2H), 3,27 - 3,51 (m, 4H),
3,87 (d, J=11,54 Hz, 1H), 4,16 (br, s, 1H), 4,75 - 4,93 (m, 1H), 5,04 (br, s, 1H), 6,35
(d, J=17,32 Hz, 1H), 7,51 - 7,64 (m, 1H), 7,64 - 7,82 (m, 1H), 8,67 (d, J=2,26 Hz, 1H),
12,58 (br, s, 1H).

Bugce 9.5: Metyl 6-((R)-3-hydroxypyrolidin-1-y1)-5-(1-(tetrahydro-2H-pyran-2-
y)-1H-pyrazol-5-yl)nicotinat

Hén hop chira (R)-metyl 5-brom-6-(3-hydroxypyrolidin-1-yl)nicotinat (Buéc
9.6, 90g, 299mmol), este pinacol clia axit 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
boronic (103,9g, 373,6mmol), K3PO, (126,9g, 597, Tmmol), Pd(PPh;),Cl, (6,29g,
8,97mmol) trong toluen (900mL) duge khudy & 92°C va trong 16 gid. Sau khi lam mat
hdn hop dén RT, dung dich dugc rira bang nudc (450mL), dung dich NaHCO; 5%
(430mL) va dung mbi duoc bdc hoi trong didu kién &p suit giam dé thu duoc cén, cin
ndy dugc sir dung ma ko cén tinh ché thém & budc tiép theo. HPLC (Diéu kién 7) tg =
6,929 phiit, LC-MS (Piéu kién 8) tg = 4,30 phut, m/z = 373,0 [M+H]+; IH-NMR (400
MHz, DMSO-d6) & ppm 1,19 - 1,28 (m, 1H), 1,35 - 1,63 (m, 4H), 1,63 - 1,86 (m, 3H),
1,89 (br, s, 1H), 2,12 - 2,39 (m, 1H), 3,11 (br, s, 1H), 3,18 - 3,48 (m, 4H), 3,78 (s, 4H),
3,88 (d, J=11,54 Hz, 1H), 4,08 - 4,24 (m, 1H), 4,86 (dd, J=18,20, 2,89 Hz, 1H), 5,02
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(d, J=8,28 Hz, 1H), 6,39 (br, s, 1H), 7,58 (d, J=1,25 Hz, 1H), 7,78 (br, s, 1H), 8,69 (t,
J=2,01 Hz, 1H).

Budc 9.6: (R)-metyl 5-brom-6-(3-hydroxypyrolidin-1-yl)nicotinat

o]

\O)J\(\/EBI-

X
—

DIPEA (105,3g, 142,2mL, 814,4mmol) dugc bd sung vao dung dich chta
metyl-5-brom-6-chroronicotinat (85g, 339,5mmol) va (R)-pyrolidin-3-0l (54,2g,
441,2mmol) trong isopropyl axetat va RM dugc khudy & 70°C trong 14 gid. Dung moi
duogc bde hoi trong didu kién ap sudt giam dé thu dugc phén cin dugc hoa tan trong
toluen (850mL), rira bang nuée (127mL) va nude mudi (127mL) va duge ¢ trong
didu kién ap sudt giam cho dén khi bét dau két taa. n-heptan (340mL) dugc bd sung tir
tr vao hdn hop duoc khudy & 22°C, sau d6 duoc lam mat dén 0°C va san phim dugc
loc, rira bang hén hop toluen/n-heptan (1:1,5) va sdy kho dé thu duoc hop chét theo
tiéu dé 1a chét rin mau vang. HPLC (Diéu kién 7) ty = 8,54 phut, LC-MS (Diéu kién 8)
tr = 4,62 phut, m/z = 300,9/302,9 [M+H]+; IH-NMR (400 MHz, DMSO-d6) § ppm
1,77 - 1,99 (m, 2H), 3,57 (d, J=11,54 Hz, 1H), 3,72 (ddd, J=11,11, 7,97, 3,26 Hz, 1H),
3,78 (s, 3H), 3,81 -3,90 (m, 2H), 4,26 - 4,39 (m, 1H), 4,99 (br, s, 1H), 8,11 (d, J=2,01
Hz, 1H), 8,56 (d, J=1,76 Hz, 1H).

Vi du 10

(S)-N-(4-(clodiflometoxy)phenyl)-6-(3-(hydroxymetyl)pyrolidin-1-yl)-5-(1H-

pyrazol-5-yl)nicotinamit

CIXO o \
FF [N
N7 NP N
H | H
NS
O
OH

Hdn hop chtra (S)-5-brom-N-(4-(clodiflometoxy)phenyl)-6-(3-
(hydroxymetyl)pyrolidin-1-yl)nicotinamit (Budc 10.1, 119mg, 0,25mmol), 1-
(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl- 1,3,2-dioxaborolan-2-yl)-1H-pyrazol
(139mg, 0,5mmol), Pd(PPh;),Cl, (0,018g, 0,025mmol),Na,CO; (0,106g, 1,000mmol),
DME (1,061mL), nuée (0,303mL) va EtOH (0,152mL) dugc bd sung vao dng nghiém
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MW dugc day kin, hat chan khong/xit rira 3 lan bﬁng argon sau d6 dua vao chiéu xa
MW & 125°C trong 20 phit. RM dugc pha lodng véi DME (2mL) va khudy qua dém
v6i Si-Thiol (Silicycle 1,43mmol/g, 0,105g, 0,150mmol). Hdn hop nay duoc ly tAm va
phéan ndi bé mat dugc loc qua phéu loc PTFE 0,45um va dung méi duge bde hoi trong
diéu kién 4p sudt giam. San pham tho duogc tinh ché bing sic ky nhanh (Cot RediSep®
Silica gel, 12g, xyclohexan/EtOAc tir 20% dén 90% EtOAc) dé thu dugc chét trung
gian dugc bdo vé duge xtr Iy véi hdn hop chira DCM (2,5mL) va TFA (0,963mL,
12,50mmol) va khudy & RT trong 2 gid. Dung mdi dwgc bbc hoi trong diéu kién ap
sudt giam va phin cin xu Iy v6i dung dich NH3 7N trong MeOH (2mL, 14mmol).
Dung méi duge bdc hoi trong didu kién 4p sudt giam va phan cin duge tinh ché bing
SFC diéu ché (Cot DEAP, déng thanh phin pha dong 28% trong 9 phut) dé thu duge
hop chét theo tiéu dé 14 chit ddu mau vang. UPLC-MS (Piéu kién 1) tg =1,87 phut,
m/z = 464,1 [M+H]+, m/z = 462,1 [M-H]-; 1H-NMR (400 MHz, DMSO-d6) & ppm
1,49 - 1,65 (m, 1H) 1,75 - 1,97 (m, 1H) 2,14 - 2,30 (m, 1H) 3,04 (dd, J = 11,37, 6,97
Hz, 1H) 3,14 - 3,26 (m, 2H) 3,26 - 3,29 (m, 1H) 3,35 - 3,46 (m, 2H) 4,60 (t, ] = 5,14
Hz, 1H) 6,39 (d, J = 1,96 Hz, 1H) 7,33 (d, ] = 9,05 Hz, 2H) 7,76 (br, s, 1H) 7,84 - 7,94
(m, 2H) 8,04 (d, ] =2,45 Hz, 1H) 8,74 (s, 1H) 10,18 (s, 1H) 12,87 (br, s, 1H).

Budc 10.1: (S)-5-brom-N-(4-(clodiflometoxy)phenyl)-6-(3-
(hydroxymetyl)pyrolidin-1-yl)nicotinamit

Eaew
FF N7 S Br
H |
NS
O~
OH

Hop chét theo tiéu d& dugc didu ché theo cach tuong tu véi cach mo ta trong
Bude 9.2 sit dung 5-brom-6-clo-N-(4-(clodiflometoxy)phenyl)nicotinamit (Bude 9.3)
va (S)-1-pyrolidin-3-yl-metanol d& thu dwoc chét rin két tinh mau trang duc. HPLC
(Diéu kién 4) tx = 5,82 phut, UPLC-MS (Piéu kién 3) tx = 1,14 phut, m/z =
476,2/478,3 [M+H]+.
Vidull

(R)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-y1)-N-(4-
((triflometyl)thio)phenyl)nicotinamit
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Hop chét theo tiéu d& dugc didu ché theo cach tuong tu voi cdch mo ta trong Vi
du 9 st dung (R)-5-brom-6-(3-hydroxypyrolidin-1-y1)-N-(4-
((triflometyl)thio)phenyl)nicotinamit (Buéc 11.1) va 5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol dé thu duoc chét rén
mau trang. UPLC-MS (Diéu kién 3) tg = 0,97 phit, m/z = 450,2 [M+H]+, m/z = 448,1
[M-H]-; 1H-NMR (400 MHz, DMSO-d6) 8 ppm 1,67 - 1,78 (m, 1H) 1,78 - 1,88 (m,
1H) 2,94 (d, J = 11,92 Hz, 1H) 3,19 - 3,34 (m, 2H) 3,38 - 3,50 (m, 1H) 4,20 (br, s, 1H)
4,81 - 4,93 (m, 1H) 6,33 - 6,45 (m, 1H) 7,83 (m, J = 113,40, 8,20 Hz, 3H) 7,93 (d, ] =
8,66 Hz, 2H) 7,99 - 8,08 (m, 1H) 8,70 - 8,81 (m, 1H) 10,30 (s, 1H) 12,90 - 13,16 (m,
1H).

Budc 11.1: (R)-5-brom-6-(3-hydroxypyrolidin-1-y1)-N-(4-
((triflometyl)thio)phenyl)nicotinamit

F_S
0L 8
F N N Br
Ho |l
/
N N\D<IIOH

DIPEA (73pL, 0,42mmol) dwgc bd sung vao dung dich chira 5-brom-6-clo-N-
(4-((triflometyl)thio)phenyl)nicotinamit (Budc 11.2, 123mg, 0,3mmol) va (R)-
pyrolidin-3-ol (31.4mg, 0,36mmol) trong iPrOH (300pL) trong dng nghiém, duge day
kin va gia nhi¢t & 140°C trong 1 gio. Sau khi 1am lanh & RT, RM dugc pha lodng vai
EtOAc, rtra béng nude mudi, séy kho trén Na2804 va dung mdi duogc bbe hoi trong
diéu kién dp sudt giam d¢ thu duoc cin duge nghién véi iPr20, loc va sy kho dé thu
duogc hop chét theo tiéu dé 1a bot tinh thé mau tring. HPLC (Diu kién 4) tg = 5,9 phut,
UPLC-MS (Diéu kién 3) ty = 1,21 phat, m/z = 464,1 [M+H]+.

Bugc 11.2: 5-brom-6-clo-N-(4-((triflometyl)thio)phenyl)nicotinamit

F. S
O
F N \Br
Ho |
o
N™ ~Cl
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DMF (0,12mL) duoc bd sung, sau d6 bd sung tir tir SOCL, (0,73 mL, 10mmol)
vao hdn hop chita axit 5-brom-6-clo-nicotinic(473mg, 2mmol) trong toluen (5mL), va
RM sau d6 duoc khuéy & 80°C trong 1 gid. Sau khi lam lanh & RT, toluen duoc bbe
hoi trong diéu kién ap suét giam va phén cin dwgc hoa tan trong THF (0,4mL). DIPEA
(0,7mL, 4mmol) dugc bd sung va dung dich duoc lam lanh dén 0°C trong diéu kién
nito. 4-triflometylsulfanyl-anilin (438mg, 2,2mmol) trong THF (1mL) sau d6 dugc bd
sung timg giot va RM dugc khudy & 0°C trong 2 gio. RM dugc pha lodng vé6i TBME
(50mL), xtt ly véi HCl 1M va chiét bang TBME. Dich chiét gop lai dwoc ria bing
dung dich NaOH 1M va nuéc mudi, sdy kho trén Na,SO, va dung médi duoc bde hoi
trong diéu kién ap suét giam va san phdm dugc két tinh tr TBME/n-hexan dé thu duoc
hop chét theo tiéu d& 1a bt tinh thé mau tring duc. HPLC (Didu kién 4) ty = 6,63 phut,
UPLC-MS (Diéu kién 3) tg = 1,33 phit, m/z=411,1 [M+H]+.

Vidu 12

(S)-6-(3-(hydroxymetyl)pyrolidin-1-yl)-5-(1H-pyrazol-5-yl)-N-(4-
((triflometyl)thio)phenyl)nicotinamit

F_S
FTOO Y
N = N’
H | H
D
O
OH

Hop chét theo tiéu dé duge diéu ché theo cach tuong ty véi cdch mo ta trong Vi
du 10 st dung (S)-5-brom-6-(3-(hydroxymetyl)pyrolidin-1-y1)-N-(4-((triflometyl)thio)
phenylnicotinamit (Buéc 12.1) va 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol dé thu dugc bot mau vang xam. UPLC-MS (Didu
kién 3) tg = 0,99 phut, m/z = 464,2 [M+H]+, m/z = 462,2 [M-H]-; 1H-NMR (400
MHz, DMSO-dé6) d ppm 1,48 - 1,64 (m, 1H) 1,76 - 1,93 (m, 1H) 2,15 - 2,27 (m, 1H)
3,04 (dd, J = 11,49, 7,09 Hz, 1H) 3,18 - 3,26 (m, 2H) 3,27 - 3,29 (m, 1H) 3,32 - 3,41
(m, 2H) 4,60 (br, s, 1H) 6,39 (d, ] = 1,71 Hz, 1H) 7,67 (d, ] = 8,56 Hz, 2H) 7,80 (br, s,
1H) 7,87 - 7,99 (m, 2H) 8,04 (d, J = 2,45 Hz, 1H) 8,74 (br, s, 1H) 10,28 (s, 1H) 12,76 -
13,20 (m, 1H).

Budce 12.1: (S)-5-brom-6-(3-(hydroxymetyl)pyrolidin-1-yl)-N-(4-
((triflometyl)thio)phenyl)nicotinamit
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DIPEA (4,89 mL, 28,0mmol) dugc bd sung vao dung dich chira 5-brom-6-clo-
N-(4-((triflometyl)thio)phenyl)nicotinamit (Budc 11.2, 2,88g, 7,0mmol) va (S)-1-
pyrolidin-3-yl-metanol (1,156, 8,40mmol) trong iPrOH (7,0mL)trong éng nghiém,
dugc day kin va sau d6 gia nhiét & 140°C trong 1 gid. Sau khi lam lanh & RT, RM
dugc hoa tan trong EtOAc, rira béng dung dich HCI 0,5M va nuéc mudi, séy kho trén
Na,S0, va dung mdi duoc bbc hoi trong diéu kién ap suét giam dé thu dwge cén duge
nghién véi iPr,0, loc va sdy kho dé thu dugc hop chit theo tiéu d& 1a bot tinh thé mau
be. HPLC (Diéu kién 4) tg = 6,17 phut, UPLC-MS (Piéu kién 3) tg = 1,20 phat, m/z =
476,2/478,2 [M+H]+.

Vidu 13

(R)-N-(3-flo-4-(triflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-y1)-5-(1H-

pyrazol-5-yl)nicotinamit

Hdn hop chira (R)-N-(3-flo-4-(triflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-
y)-5-(1-((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol-5-yl)nicotinamit ~ (Buéc  13.1,
64mg, 0,11mmol), etylen diamin (37,2pL, 0,55mmol) va TBAF 1M trong THF (1,651
mL, 1,651mmol) trong dng MW duogc déy kin va khudy & 80-85°C trong 20 gid. Dung
mdi dugc bdc hoi trong didu kién ap suét giam va phan cin dugc hoa tan trong EtOAc
(40mL), rira 3 14n bang dung dich NaHCO; bdo hoa va nudc mubi, sdy kho trén
Na,S04 va dung méi dugce bdc hoi trong diéu kién 4p sudt giam dé thu dugc san phdm
tho dugc tinh ché bang SFC diéu ché (Cot Diol, ding thanh phin pha dong 27%) dé
tao ra hgp chét theo tiéu dé 13 chét rén mau tréng. UPLC-MS (Piéu kién 3) tg = 0,95
phat, m/z = 452,3 [M+H]+, m/z = 450,3 [M-H]-; IH-NMR (400 MHz, DMSO-d6) §
ppm 1,64 - 1,78 (m, 1H) 1,78 - 1,89 (m, 1H) 2,95 (d, J = 11,74 Hz, 1H) 3,29 (br, s,
2H) 3,37 - 3,49 (m, 1H) 4,20 (br, s, 1H) 4,83 (br, s, 1H) 6,35 - 6,42 (m, 1H) 7,52 (t, ] =
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9,05 Hz, 1H) 7,62 (d, ] = 9,29 Hz, 1H) 7,74 (br, s, 1H) 7,98 (dd, J = 13,20, 2,20 Hz,
1H) 8,02 (d, J = 2,20 Hz, 1H) 8,74 (d, ] = 1,71 Hz, 1H) 10,31 (br, s, 1H) 12,95 (br, s,
1H).

Bude 13.1: (R)-N-(3-flo-4-(triflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-
5-(1-((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol-5-yl)nicotinamit

/SI
FY ”‘{
KEL %)
Q 1OH

~ Hbn hop chura (R)-5-brom-N-(3-flo-4-(triflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-yDnicotinamit (Budc 13.2, 100mg, 0,215mmol), 5-(4.4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol
(104mg, 0,321mmol), Pd(PPh3)2C12 (15,2mg, 0,022mmol), Na,CO; (91mg,
0,862mmol), DME (914pL), nuéc (261pL) va EtOH (131pL) trong éng MW duogc day
kin, hut chan khong/xit rira 3 1an v6i argon va dua vao chiéu xa MW & 125°C trong 20
phut. RM duoc pha lodng véi DME (3mL), sau d6 khudy qua dém vé6i Si-Thiol
(Silicycle 1,44mmol/g, 90mg, 0,129mmol). Hdn hop nay dugc ly tdm va phan ndi bé
mat dugc loc qua phéu loc PTFE 0,45um va dung mdi dugc béc hoi trong diéu kién 4p
suat giam dé thu dugc cn which duogc tinh ché bing SFC didu ché (Cot DEAP, tir
15% dén 20% trong 6 phut) dé tao ra hop chét theo tiéu d& 1a chit diu trong subt mau
vang. UPLC-MS (Diéu kién 3) tg = 1,28 phit, m/z = 581,2 [M+H]+, m/z = 580,4 [M-
H]-.

Buéce 13.2: (R)-5-brom-N-(3-flo-4-(triflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-yl)nicotinamit

FXQJ\(I
QOH

Hop chit theo tiéu d& duoc didu ché theo cach tuong tu voi cach mo ta trong

Budce 9.2 st dung 5-brom-6-clo-N-(3-flo-4-(triflometoxy)phenyl)nicotinamit (Buéc
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13.3) va (R)-pyrolidin-3-ol dé thu dwgc chét rin két tinh mau trang duc. HPLC (Piéu
kién 4) tg = 5,82 phtt, UPLC-MS (Piéu kién 3) tg = 1,17 phut, m/z = 464,1 [M+H]+.

Budc 13.3: 5-brom-6-clo-N-(3-flo-4-(triflometoxy)phenyl)nicotinamit

F_O

F{]@\" B
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Hop chit theo tiéu d& dugc didu ché theo cach trong ty v4i cach mo ta trong
Buée 11.2 st dung axit 5-brom-6-clo-nicotinicva 3-flo-4-triflometoxy-anilin dé thu
dugc chét ran két tinh mau tring duc. HPLC (Pidu kién 4) t = 6,43 phut, UPLC-MS
(Diéu kién 3) tg = 1,29 phit, m/z = 413 [M-H]-.

Viduy 14

(8)-N-(3-flo-4-(triflometoxy)phenyl)-6-(3-(hydroxymetyl)pyrolidin-1-yl)-5-
(1H-pyrazol-5-yl)nicotinamit

F__O
(B OB PYH:
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Hop chét theo tiéu d& dugc diéu ché theo cach tuwong tur voi cdch mo ta trong Vi
du 10 su dung (S)-5-brom-N-(3-flo-4-(triflometoxy)phenyl)-6-(3-
(hydroxymetyl)pyrolidin-1-yl)nicotinamit (Budc 14.1) va 1-(tetrahydro-2H-pyran-2-
y1)-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol d& thu dwoc bot mau
vang xam. UPLC-MS (Diéu kién 3) ty = 0,96 phut, m/z = 466,2 [M+H]+, m/z = 464,2
[M-H]-, IH-NMR (400 MHz, DMSO-d6) d ppm 2,77 (s, 3H) 3,38 - 3,61 (m, 4H) 4,61
(br, s, 1H) 6,47 (s, 1H) 7,68 (d, J = 8,56 Hz, 2H) 7,83 (br, s, 1H) 7,93 (d, J = 8,80 Hz,
2H) 8,15 (br, s, 1H) 8,71 (br, s, 1H) 10,36 (s, 1H) 12,83 - 13,15 (m, 1H).

Budc 14.1: (S)-5-brom-N-(3-flo-4-(triflometoxy)phenyl)-6-(3-
(hydroxymetyl)pyrolidin-1-yl)nicotinamit

F_O
T
F NN
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N
S
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Hop chiét theo tidu d& dugc didu ché theo cach tuong tu voi cdch mo ta trong
Bude 9.2 st dung 5-brom-6-clo-N-(3-flo-4-(triflometoxy)phenyl)nicotinamit (Budc
13.3) va (S)-1-pyrolidin-3-yl-metanol dé thu dugc chit rin két tinh mau tring duc,
HPLC (Diéu kién 4) tg = 5,99 phat, UPLC-MS (Piéu kién 3) tg = 1,18 phut, m/z =
478,1/480,1 [M+H]+.

Vidu 15

(R)-N-(3-flo-4-((triflometyl)thio)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-

pyrazol-5-yl)nicotinamit

Hop chét theo tiéu d& dugc diéu ché theo cach tuong tu véi cdch mo ta trong Vi
du 13 sir dung (R)-N-(3-flo-4-((triflometyl)thio)phenyl)-6-(3-hydroxypyrolidin-1-yl)-
5-(1-((2-(trimetylsilyl)etoxy)metyl)- IH-pyrazol-5-yl)nicotinamit (Buéc 15.1) dé thu
dugc chét rdn mau tring duc. UPLC-MS (Pidu kién 3) tg = 1,00 phut, m/z = 4683
[M+H]+, m/z = 466,1 [M-H]-; IH-NMR (400 MHz, DMSO-d6) & ppm 1,68 - 1,78 (m,
1H) 1,79 - 1,89 (m, 1H) 2,96 (d, J] = 11,74 Hz, 1H) 3,24 - 3,30 (m, 2H) 3,40 - 3,49 (m,
1H) 4,20 (d, J = 2,20 Hz, 1H) 4,84 (br, s, 1H) 6,38 (d, J = 1,96 Hz, 1H) 7,66 - 7,78 (m,
3H) 7,98 (dd, J = 11,98, 1,96 Hz, 1H) 8,03 (d, J = 2,45 Hz, 1H) 8,75 (d, ] = 2,45 Hz,
1H) 10,24 - 10,72 (m, 1H) 12,59 - 13,22 (m, 1H).

Buge 15.1: (R)-N-(3-flo-4-((triflometyl)thio)phenyl)-6-(3-hydroxypyrolidin-1-
y1)-5-(1-((2-(trimetylsilyl)etoxy)metyl)- 1 H-pyrazol-5-yl)nicotinamit
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Hop chét theo tidu d& dugc diéu ché theo cach tuong tu véi cach mo ta trong

Bugc 13.1 st  dung  (R)-5-brom-N-(3-flo-4-((triflometyl)thio)phenyl)-6-(3-

hydroxypyrolidin-1-yl)nicotinamit  (Buéc 15.2) va 5-(4,4,5,5-tetrametyl-1,3,2-

dioxaborolan-2-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol dé thu dwgc nhua
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mau vang. UPLC-MS (Diéu kién 3) tg = 1,33 phit, m/z = 598,4 [M+H]+, m/z = 596,5
[M-H]-.

Buéce 15.2: (R)-5-brom-N-(3-flo-4-((triflometyl)thio)phenyl)-6-(3-
hydroxypyrolidin-1-yl)nicotinamit

F_S
T
F N X
H o
-

Hop chét theo tiéu d& duge didu ché theo cach tuong tu v6i cach mo ta trong
Buéc 9.2 st dung 5-brom-6-clo-N-(3-flo-4-((triflometyl)thio)phenyl)nicotinamit
(Bude 15.3) va (R)-pyrolidin-3-ol dé thu dugc chit rin két tinh mau tring duc. HPLC
(Piéu kién 4) tg = 6,11 phut, UPLC-MS (Piéu kién 3) tg = 1,23 phut, m/z = 480,1
[M+H]+.

Budc 15.3: 5-brom-6-clo-N-(3-flo-4-((triflometyl)thio)phenyl)nicotinamit

Fo_S

TS s

F NN
H |

o

N7 el

Hop chét theo tidu d& duoc didu ché theo cach tuong tu v6i cach mo ta trong
Bugc 11.2 st dung axit 5-brom-6-clo-nicotinicva 3-flo-4-triflometylsulfanyl-anilin dé
thu duoc chat rén tinh thé mau trdng. HPLC (Diéu kién 4) tg = 6,71 phat, UPLC-MS
(Piéu kién 3) tg = 1,34 phut, m/z = 429 [M-H]-.
Vidu 16

(R)-6-(3-hydroxypyrolidin-1-yl)-N-(4-(perfloetyl)phenyl)-5-(1H-pyrazol-5-

yDnicotinamit

Hbn hop chua (R)-6-(3-hydroxypyrolidin-1-yl)-N-(4-(perfloetyl)phenyl)-5-(1-
((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol-5-yl)nicotinamit ~ (Buéc 16.1, 68mg,
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0,114mmol) va etylen damien (38,4uL, 0,569mmol) trong éng MW va day kin trong
diéu kién argon TBAF 1M trong THF (1,707 mL, 1,707mmol) duoc bd sung va RM
dugc khudy & 80°C trong 20 gid. Dung méi duge bde hoi trong diéu kién &p suét giam
va phan cin duoc hoa tan trong EtOAc (40mL), rita 3 14n bang dung dich NaHCO;,
bao hoa va nuéc mudi, siy kho trén Na,SO, va dung mdi dugc bdc hoi trong diéu kién
&p suit giam dé thu duoc cin dugc tinh ché bang SFC diéu ché (Cdt Diol, déng thanh
phan pha dong 27% trong 9 phut) dé thu duoc hop chét theo tidu d& 1a chét rin mau
tring duc. UPLC-MS (Piéu kién 3) tg = 0,98 phat, m/z = 4682 [M+H]+, m/z = 466,2
[M-H]-; 1H-NMR (400 MHz, DMSO-d6) & ppm 1,68 - 1,78 (m, 1H) 1,83 (dd, J =
8,80, 4,40 Hz, 1H) 2,96 (d, J = 11,74 Hz, 1H) 3,19 - 3,29 (m, 2H) 3,40 - 3,50 (m, 1H)
4,20 (br, s, 1H) 4,83 (br, s, 1H) 6,39 (d, J = 1,96 Hz, 1H) 7,65 (d, J = 8,80 Hz, 2H)
7,71 (br, s, 1H) 8,02 (d, J = 9,05 Hz, 2H) 8,05 (d, J = 2,45 Hz, 1H) 8,76 (d, J=2,20
Hz, 1H) 10,33 (s, 1H) 12,91 (br, s, 1H).

Budce 16.1: (R)-6-(3-hydroxypyrolidin- 1-y1)-N-(4-(perfloetyl)phenyl)-5-(1-((2-
(trimetylsilyl)etoxy)metyl)-1H-pyrazol-5-yl)nicotinamit

Hdn hop chira (R)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-
(perfloetyl)phenyl)nicotinamit (Bude 16.2, 100mg, 0,208mmol), 5-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1 -((2-(trimetylsilyl)etoxy)metyl)-1H-pyrazol (135mg,
0,416mmol), Pd(PPh;),Cl, (14,62mg, 0,021mmol), Na,CO; (88mg, 0,833mmol),
DME (883uL), nuéc (252pL) va EtOH (126uL) trong ng MW, dugc day kin, hat
chén khong/xit rira 3 1an v6i argon va dua vao chiéu xa MW & 125°C trong 20 phit.
RM duogc pha lodng véi 3mL DME, sau d6 khudy qua dém véi Si-Thiol (Silicycle
1,44mmol/g, 87mg, 0,125mmol). Hdn hop nay duoc ly tAm va phﬁn ndi bé mét duoc
loc qua phéu loc PTFE 0,45 um va dung mdi duoc bdc hoi trong diéu kién &p suit giam
dé thu dugc cén dugc tinh ché bing SFC didu ché (Cot Diol, tir 15% dén 20% trong 6
phut) dé tao ra hop chét theo tiéu d 14 nhya trong sudt khéng mau. UPLC-MS (Piéu
kién 3) tg = 1,31 phut, m/z = 598,4 [M+H]+, m/z = 596,3 [M-H]-.
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Budc 16.2: (R)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-
(perfloetyl)phenyl)nicotinamit

Em i
F N N Br
H |
~

Hop chét theo tiéu d& dwoc didu ché theo cach tuong tu véi cach mo ta trong
Bude 9.2 sir dung S-brom-6-clo-N-(4-(perfloetyl)phenyl)nicotinamit (Budc 16.3) va
(R)-pyrolidin-3-ol dé thu dugc cht rin két tinh mau tring duc. HPLC (Diéu kién 4) tg
= 5,96 phut, UPLC-MS (Diéu kién 3) tg = 1,20 phut, m/z = 480,2 [M+H]+.

Budc 16.3: 5-brom-6-clo-N-(4-(perfloetyl)phenyl)nicotinamit

Hop chét theo tiéu d& dugc didu ché theo cach turong tu véi cach mo ta trong
Budge 11.2 st dung axit 5-brom-6-clo-nicotinic va 4-pentafloetyl-anilin dé thu dugc
chit rén tinh thé mau tring. HPLC (Diéu kién 4) t = 6,61 phut, UPLC-MS (Pidu kién
3) tg = 1,32 phit, m/z = 429 [M-H]-.

Vidu 17

(R)-6-(3-hydroxypyrolidin-1-y1)-N-(4-(pentaflosulfanyl)phenyl)-5-(1H-

pyrazol-5-yl)nicotinamit

Hop chét theo tiéu d& dwoc didu ché theo cach tuong ty v4i cach mo ta trong Vi
du 8 su dung (R)-5-brom-6-(3-hydroxypyrolidin-1-y1)-N-(4-
(pentaflosulfanyl)phenyl)nicotinamit (Budc 17.1) va 1-(tetrahydro-2H-pyran-2-yl)-5-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol dé thu dugc chit rin mau be.
HPLC (Piéu kién 4) t = 4,68 phut, UPLC-MS (Piu kién 3) tg = 0,92 phut, m/z =
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476,3 [M+H]+; 1H-NMR (400 MHz, DMSO-d6) § ppm 1,64 - 1,91 (m, 2H) 2,93 (d, J
=11,73 Hz, 1H) 3,19 - 3,34 (m, 2H) 3,36 - 3,49 (m, 1H) 4,12 - 4,24 (m, 1H) 4,81 (d, J
=3,13 Hz, 1H) 6,38 (s, 1H) 7,73 - 7,89 (m, 3H) 7,92 - 8,09 (m, 3H) 8,73 (d, J = 1,96
Hz, 1H) 10,37 (s, 1H) 12,82 - 13,17 (m, 1H).

Buéce 17.1: (R)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-
(pentaflosulfanyl)phenyl)nicotinamit

Fud
FSO i
F B
N '
Ho |l
~

Hop chét theo tiéu dé dugc didu ché theo cach tuong tu v4i cidch mo ta trong
Budc 9.2 st dung 5-brom-6-clo-N-(4-(pentaflosulfanyl)phenyl)nicotinamit (Buéc
17.2) va (R)-pyrolidin-3-ol @ thu dugc chit rin. UPLC-MS (Diéu kién 3) tx = 1,16
phut, m/z = 490,1 [M+H]+.

Budce 17.2: 5-brom-6-clo-N-(4-(pentaflosulfanyl)phenyl)nicotinamit

Hop chit theo tiéu d& dwoc didu ché theo céch twong tu v4i1 cdch mo ta trong
Budc 11.2 s dung axit S5-brom-6-clo-nicotinicva 4-aminophenyllvu huynh
pentaflorua dé thu duoc chat rin mau cam. HPLC (Diéu kién 4), tg = 6,43 phut, UPLC-
MS (Diéu kién 3), tg = 1,27 phut, m/z = 435,3/437,2 [M+H]+.

Vidu 18

(R)-N-(4-((clodiflometyl)thio)phenyl)-6-(3-hydroxypyrolidin-1-y1)-5-(1H-

pyrazol-5-yl)nicotinamit

me o \
FF ’N,N
N A
H | H
—
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Hop chét theo tiéu d& duge didu ché theo cach tuong tu voi cdch mo ta trong Vi
du 8 sir dung (R)-S-brom-N-(4-((clodiﬂometyl)thio)phenyl)—6-(3-hydroxypyrolidin—1-
yDnicotinamit (Budc 18.1) va 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol d& thu dwoc chét rin mau tring duc. HPLC (Piéu
ki¢n 4) tg = 4,94 phut, UPLC-MS (Diéu kién 3) ty = 0,99 phut, m/z = 466,3 [M+H]+;
1H-NMR (400 MHz, DMSO-d6) § ppm 1,65 - 1,88 (m, 2H) 2,86 - 2,99 (m, 1H) 3,19 -
3,33 (m, 2H) 3,36 - 3,51 (m, 1H) 4,13 - 4,23 (m, 1H) 4,76 - 4,90 (m, 1H) 6,31 - 6,42
(m, 1H) 7,65 (d, J = 8,21 Hz, 2H) 7,76 - 7,84 (m, 1H) 7,92 (d, J = 8,60 Hz, 2H) 7,98 -
8,08 (m, 1H) 8,66 - 8,82 (m, 1H) 10,28 (s, 1H) 12,82 - 13,14 (m, 1H).

Buéce 18.1: (R)-5-brom-N-(4-((clodiflometyl)thio)phenyl)-6-(3-
hydroxypyrolidin-1-yl)nicotinamit

Hop chét theo tidu d& dugc didu ché theo cach tuong tu voi cach mo ta trong
Bugc 9.2 sir dyng 5-brom-6-clo-N-(4-((clodiflometyl)thio)phenyl)nicotinamit (Budc
18.2) va (R)-pyrolidin-3-ol dé thu dugc chét rdn két tinh mau tréng duc. HPLC (Pidu
kién 4) tg = 5,97 phit, UPLC-MS (Piéu kién 3) tg = 1,19 phut, m/z = 478,2/480,1
[M+H]+.

Budce 18.2: 5-brom-6-clo-N-(4-((clodiflometyl)thio)phenyl)nicotinamit

Hop chét theo tiéu d& dugc didu ché theo cach tuong tu voi cach mo ta trong
Budc 11.2 st dung axit 5-brom-6-clo-nicotinicva 4-((clo-diflometyl)thio)anilin (Budc
18.3) dé thu dugc chét rin két tinh mau tréng duc. HPLC (Piéu kién 4) tg = 6,78 phut,
UPLC-MS (Diéu kién 3) tg = 1,32 pht, m/z = 425 [M-H]-.

Budc 18.3: 4-((clodiflometyl)thio)anilin
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Vao dung dich chira 4-nitrophenylclodiflometyl sulfide (diéu ché nhu mé ta
trong DE2845997, 627, 67,5g, 0,28 mol) trong etanol (270mL) va nudc (68mL) khudy
& 72°C duge bd sung HCI diac (3,4 mL, 41,5mmol) va bot sét (203g, 3,63 mol) thanh 3
phén trong 10 phiit. RM duge khudy & 82°C trong 30 phut, loc qua Celite® (EtOH),

2

dung mdi duge bde hoi trong diéu kién ap suét giam dé thu duoc chit ddu mau vang,
déu nay dugc hoa tan trong DCM va rira bing NaHCO; bdo hoa va nuéc mudi. Pha
hitu co duoc sdy kho trén MgS04, loc va dich loc duge bdc hoi trong diéu kién 4p suit
giam dé thu duoc san phdm tho 14 chit diu mau vang, dau nay dugc chung cit (b.p.
88-92°C, 0,9mmHg) va loc qua Celite® dé thu duoc hop chét theo tiéu dé 1a dau mau
vang xam. IH-NMR (300 MHz, CDCI3) § ppm 3,98 (br, s, 2H) 6,67 (dd, 2H) 7,43 (dd,
2H).

Vidu 19

(R)-6-(3-hydroxypyrolidin-1-yl)-N-(4-(perfloetoxy)phenyl)-5-(1 H-pyrazol-5-

yDnicotinamit

Hop chit theo tidu d duge didu ché theo cach tuong tu voi cach mo ta trong Vi
du 8 st dung (R)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-
(perfloetoxy)phenyl)nicotinamit (Bude 19.1) va 1-(tetrahydro-2H-pyran-2-yl)-5-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol d& thu dugc chit rin mau
tring duc. HPLC (Diéu kién 4) t, = 4,86 phut, UPLC-MS (Diéu kién 3) tg = 0,97 phut,
m/z = 484,4 [M+H]+; 1H-NMR (400 MHz, DMSO-d6) & ppm 1,62 - 1,92 (m, 2H)
2,94 (d, 7 =1,00 Hz, 1H) 3,18 - 3,34 (m, 2H) 3,37 - 3,51 (m, 1H) 4,13 - 4,22 (m, 1H)
4,70 - 4,91 (m, 1H) 6,37 (br, s, 1H) 7,31 (d, J = 8,99 Hz, 2H) 7,86 (m, J = 9,00 Hz,
3H) 8,01 (br, s, 1H) 8,65 - 8,83 (m, 1H) 10,17 (s, 1H) 12,84 - 13,11 (m, 1H).
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Bude 19.1: (R)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-(perfloetoxy)phenyl)

nicotinamit

rf o
"R
FF N B
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Hop chit theo tidu d& dugc diéu ché theo cach tuong tu v6i cach mo ta trong
Budc 9.2 sir dung 5-brom-6-clo-N-(4-(perfloetoxy)phenyl)nicotinamit (Bude 19.2) va
(R)-pyrolidin-3-ol dé thu dugc chit rin két tinh mau tring dyc. HPLC (Didu kién 4) tg
= 6,01 phut, UPLC-MS (Diéu kién 3) tg = 1,17 phut, m/z = 496,2 [M+H]+.

Budc 19.2: 5-brom-6-clo-N-(4-(perfloetoxy)phenyl)nicotinamit

Hop chét theo tiéu d& duge didu ché theo cach tuong tu véi cach mo ta trong
Budc 9.3 sir dung axit 5-brom-6-clo-nicotinic va 4-(perfloetoxy)anilin dé thu duge
chét ran két tinh mau tring duc. HPLC (Diéu kién 4) tg = 6,73 phit, UPLC-MS (Piéu
kién 3) tg = 1,30 phut, m/z = 443,1 [M-H]-.

Vidu 20

(R)-N-(4-(clodiflometoxy)phenyl)-4-(3-hydroxypyrolidin-1-yl)-3-( 1H-pyrazol-
5-yl)benzamit

CIXO 0 A
FF | N'N
N H

Hop chit theo tidu dé duoc didu ché theo cach tuong ty v4i cach mo ta trong Vi
du 8 st dung (R)-3-brom-N-(4-(clodiflometoxy)phenyl)-4-(3-hydroxypyrolidin-1-
yl)benzamit (Buéc 20.1) va este pinacol cia axit 1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol-5-boronic dé thu dugc chét rin mau tring duc. UPLC-MS (Didu kién 3) tg =
0,99 phat, m/z = 449,0 [M+H]+, m/z = 493,0 [M+axit formic-H]-; 1H NMR (400
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MHz, DMSO-d6) & ppm 1,67 - 1,79 (m, 1H) 1,80 - 1,92 (m, 1H) 2,72 (d, J=10,88 Hz,
1H) 3,03 - 3,18 (m, 2H) 3,19 - 3,30 (m, 1H) 4,19 (br, s, 1H) 4,77 - 4,92 (m, 1H) 6,22 -
6,42 (m, 1H) 6,76 - 6,93 (m, 1H) 7,31 (d, J=8,56 Hz, 2H) 7,45 - 7,81 (m, 1H) 7,83 -
7,95 (m, 4H) 10,12 (s, 1H) 12,71 - 13,12 (m, 1H).

Bude 20.1: (R)-3-brom-N-(4-(clodiflometoxy)phenyl)-4-(3-hydroxypyrolidin-
1-yl)benzamit

CIXO 0
FF N/U\ : Br
H
N

Hon hop chta 3-brom-N-(4-(clodiflometoxy)phenyl)-4-flobenzamit (lg,
2,53mmol), (R)-pyrolidin-3-ol (0,331g, 3,80mmol), TEA (0,706mL, 5,07mmol) va
DMSO (2,53mL) dugc khqu & 90°C trong 20 gio. RM dugce xir ly véi HCI 0,5M
(50mL) va chiét bing EtOAc. Dich chiét gop lai dugc rira bang HC1 0,5M, dung dich

OH

NaHCO; bdo hoa va nude mudi, séy kho trén Na,SO4and dung mdi duge bbc hoi trong
didu kién 4p suét giam dé thu dwoc san phdm tho dugc tinh ché bang sic ky nhanh
(Cot RediSep® Silica gel, 40g, xyclohexan/EtOAc, tir 1% dén 4,5% EtOAc). Céc phin
chira san phadm tinh khiét duoc két hop va dung méi duge bde hoi trong diéu kién ap
sudt giam dé thu duogc cin duoge nghién trong diéu kién xyclohexan dé thu duogc san
phidm theo tidu dé 14 chét rén vo dinh hinh mau tring. UPLC-MS (Diéu kién 3) tg =
1,15 phut, m/z = 462,9 [M+H]+, m/z = 460,9 [M-H]-; 1H NMR (400 MHz, DMSO-
d6) & ppm 1,81 - 1,90 (m, 1H) 1,92 - 2,03 (m, 1H) 3,27 (dd, J=10,39, 1,10 Hz, 1H)
3,36 - 3,44 (m, 1H) 3,62 - 3,71 (m, 1H) 3,81 (dd, J=10,45, 4,71 Hz, 1H) 4,32 - 4,40
(m, 1H) 4,99 (d, J=3,42 Hz, 1H) 6,93 (d, J=8,80 Hz, 1H) 7,33 (d, J=9,05 Hz, 2H) 7,82
-7,91 (m, 3H) 8,14 (d, J=2,20 Hz, 1H) 10,21 (s, 1H).

Budce 20.2: 3-brom-N-(4-(clodiflometoxy)phenyl)-4-flobenzamit

Hop chit theo tiéu d& dugc diéu ché theo cach tuong tu v6i cach mo ta trong

Budc 1.3 sir dung axit 3-brom-4-flobenzoic va 4-(clodiflometoxy)anilin ¢ thu duoc
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chét rdn mau tring duc. UPLC-MS (Piéu kién 3) tg = 1,25 phit, m/z = 394,0 [M+H]+,
m/z = 391,9 [M-H]-; 1H NMR (400 MHz, DMSO-d6) & ppm 7,37 (d, J=9,17 Hz, 2H)
7,57 (t, J=8,68 Hz, 1H) 7,84 - 7,91 (m, 2H) 8,03 (ddd, J=8,62, 4,83, 2,32 Hz, 1H) 8,32
(dd, J=6,60, 2,20 Hz, 1H) 10,52 (s, 1H).

Vidu 21

(5)-6-(3-(Aminometyl)pyrolidin-1-yl)-N-(4-(clodiflometoxy)phenyl)-5-(1H-pyrazol-5-

yDnicotinamit

mxo o \
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Hop chét theo tiéu d& duoc diéu ché theo cach tuong tu véi cach mo ta trong Vi
du 8 s dung (S)-tert-butyl ((1-(3-brom-5-((4-(clodiflometoxy)phenyl)carbamoyl)-
pyridin-2-yl)pyrolidin-3-yl)metyl)carbamat (Budc 21.1) va 1-(tetrahydro-2H-pyran-2-
y)-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol dé thu dugc bdt mau
trdng dyc. HPLC (Diéu kién 4) tg = 4,15 phit, UPLC-MS (Piéu kién 3) tg = 0,78 phut,
m/z = 463,1 [M+H]+; 1H-NMR (400 MHz, DMSO-d6) & ppm 1,50 - 1,62 (m, 1H)
1,91 (d, J=6,26 Hz, 1H) 2,27 (s, 1H) 2,72 (d, J=7,04 Hz, 2H) 3,04 - 3,16 (m, 3H) 3,30
(br, s, 2H) 3,47 (dd, J=11,34, 7,04 Hz, 1H) 6,38 (d, J=1,96 Hz, 2H) 7,31 (d, J=8,60 Hz,
2H) 7,64 - 7,91 (m, 2H) 8,05 (d, J=2,35 Hz, 1H) 8,72 (d, J=1,95 Hz, 1H) 10,19 (s, 1H)
12,86 - 13,01 (m, 1H).

Buoe  21.1:  (S)-tert-butyl  ((1-(3-brom-5-((4-(clodiflometoxy)phenyl)-
carbamoyl)pyridin-2-yl)pyrolidin-3-yl)metyl)carbamat

C'XOO o
Rl o
N™ °N .
Q \”/U\Ok
Hop chit theo tidu @& dugc didu ché theo cach twong tu véi cach mo ta trong

Bugce 8.1 st dung 5-brom-6-clo-N-(4-(clodiflometoxy)phenyl)nicotinamit (Budc 9.3)

va (R)-1-pyrolidin-3-ylmetyl-carbamic este tert-butyl ctia axit dé thu dwoc chat rén két
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tinh. HPLC (Diéu kién 4) tg = 6,09 phat, UPLC-MS (Diéu kién 3) tz = 1,36 phit, m/z =
577,2 [M+H]+.

Vidu 22

(R)-N-(4-(clodiflometoxy)phenyl)-4-(3-hydroxypyrolidin-1-y1)-3-(3-metyl-1H-
pyrazol-5-yl)benzamit

C')(O 0 HN-N
FF NJ\©\/§}\
H

3-metyl-1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-

dioxaborolan-2-yl)-1H-pyrazol (Budc 23.1, 128mg, 0.329mmol), K;PO, (140mg,
0.658mmol) va Pd(PPh;), (15,22mg, 0,013mmol) dugc bd sung vao dung dich chira
(R)-3-brom-N-(4-(clodiflometoxy)phenyl)-4-(3-hydroxypyrolidin-1-yl)benzamit
(Bude 20.1, 80mg, 0,165mmol) trong toluen (1,5mL) trong didu kién argon. va RM
duoc gia nhiét & 110°C trong 2 gid. Dung moi dugc bde hoi trong didu kién ap suét
giam va phan cin duoc hoa tan trong DCM (4mL) va x ly véi TFA (0,507mL,
6,58mmol) va khudy & RT trong 2 gi¢. RM dugc xit ly véi dung dich Na,COj; bdo hoa
(20mL) va chiét bang EtOAc. Dich chiét gop lai dugc rira bing nude mubi (20mL),
séy kho trén Na,;SOy, va dung méi dugce bée hoi trong diéu kién ap sut giam dé thu
dugc san phdm thd dugc tinh ché bing HPLC diéu ché (Didu kién 10 — 20% dén 80%
B trong 20 phut). Céc phan doan chira san pham tinh khiét dwoc tap trung lai, x{r Iy voi
dung dich Na,CO; bdo hoa va MeCN duge bdc hoi trong diéu kién ap sudt giam. Phin
can nuée duoc chiét bing DCM va dich chiét gop lai duoc sdy khé trén Na,SO,, loc va
dich loc dugc bdc hoi trong diéu kién ap sudt giam dé thu duoc cén, cén nay dugc két
tinh tir DCM/n-hexan dé thu duoc hop chit trong tiéu dé 14 chat rén mau trang. HPLC
(Diéu kién 5) tg = 6,41 phat, UPLC-MS (Piéu kién 3) tg = 1,03 phit, m/z = 463
[M+H]+; 1TH-NMR (400 MHz, DMSO-d6) 8 ppm 1,67 - 1,78 (m, 1H) 1,84 (s, 1H)
2,16 - 2,30 (m, 3H) 2,74 (d, J=10,56 Hz, 1H) 3,04 - 3,33 (m, 3H) 4,14 - 4,23 (m, 1H)
4,76 - 4,87 (m, 1H) 6,07 (s, 1H) 6,73 - 6,86 (m, 1H) 7,29 (d, J=8,21 Hz, 2H) 7,78 -
7,90 (m, J=8,99 Hz, 4H) 10,07 (s, 1H) 12,34 - 12,56 (m, 1H).

-106-



20433
Vi du 23

(R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(3-metyl-1H-

pyrazol-5-yl)nicotinamit

3-metyl-1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-

dioxaborolan-2-yl)-1H-pyrazol (Buéc 23.1, 150mg, 0,359mmol), K3PO, (147mg,
0,692mmol) va Pd(PPh;), (15,98mg, 0,014mmol) dugc bd sung vao dung dich chira
(R)-5-brom-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)nicotinamit
(Buéce 9.2, 80mg, 0,173mmol) trong toluen (1,5mL) trong diéu kién argon va RM
duge khudy & 110°C trong 2 gid. Dung méi duge bdc hoi trong didu kién 4p sult giam
va phan cin dugc hoa tan trong DCM (1,5mL), xit Iy véi TFA (0,533 mL, 6,92mmol)
va khudy & RT trong 2 gi¢. RM dugc xir ly v6i dung dich Na,CO3 bdo hoa (20mL) va
chiét bing EtOAc. Dich chiét gop lai duoc rira bing nude mudi (20mL), sdy kho trén
Na,S0,, va dung méi duge bde hoi trong diéu kién ap sudt giam dé thu duoc san phim
thd dugc tinh ché bang sic ky nhanh (Cot silica gel, 12g, DCM/MeOH tir 99:1 dén
92:8) va két tinh tir DCM/n-hexan d& thu dugc san phdm theo tiéu d& 1a chit rén mau
tring. HPLC (Piéu kién 5) tg = 5,92 phut, UPLC-MS (Diéu kién 3) ty = 0,94 phat, m/z
= 464,1 [M+H]+; 1H-NMR (400 MHz, DMSO-d6) 6 ppm 1,67 - 1,89 (m, 2H) 2,19 -
2,31 (m, 3H) 2,98 (d, J=10,95 Hz, 1H) 3,24 - 3,35 (m, 2H) 3,39 - 3,52 (m, 1H) 4,16 -
4,25 (m, 1H) 4,80 - 4,90 (m, 1H) 6,11 - 6,17 (m, 1H) 7,32 (d, J=8,60 Hz, 2H) 7,87 (d,
J=8,99 Hz, 2H) 7,97 - 8,06 (m, 1H) 8,66 - 8,78 (m, 1H) 10,16 (s, 1H) 12,51 - 12,70
(m, 1H).

Budc 23.1: 3-metyl-1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol
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Hdn hop chita 3-metylpyrazol (3,0g, 35,4mmol), 3,4-dihydro-2H-pyran
(4,97mL, 53,2mmol) va TFA (0,02 mL, 0,260mmol) dugc khuéy & 85°C trong 6 gid
trong didu kién argon. RM duogc 1am lanh dén RT va NaH 60% trong dau khoang
(0,061g, 1,524mmol) va RM dugc khudy trong 10 phat. RM dugc tinh ché bang cach
chung cit qua nhidu bau cit dé thu duoc 3-metyl-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol (b.p. 150-170°C/12mbar). Dung dich n-BuLi trong n-hexan (3,38mL, 1,6M,
5,41mmol) dugc bd sung ting giot trong 10 phut vao dung dich chira 3-metyl-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol (1,0g, 5,41mmol) trong THF (12mL) & -70°C
trong didu kién nito va RM duoc khudy trong 10 phut va sau d6 xi Iy timg giot véi 2-
metoxy-4,4,5,5-tetrametyl-1,3,2-dioxaborolan (0,898g, 5,69mmol) va khuéy G -70°C
trong 1 gid. RM duge dé cho 4m dén RT, xi Iy vdi n-hexan va san phdm duoc loc, hoa
tan trong nuéc (10mL) va axit hoa dén d6 pH= 6 bang axit xitric (10%). Nudc duoc
bdc hoi trong diéu kién 4p sudt giam va phan cin nudc duoc chiét bing EtOAc, siy
kho trén Na,SO4 va dung moéi dugce bdc hoi trong diéu kién ap sudt giam dé thu duogc
san phim theo tiéu d& 12 nhwa mau vang. UPLC-MS (Diéu kién 3) tg = 0,56 phut, m/z
=211,2 [M+H]+.

Vidu 24

(R)-N-(4-(clodiflometoxy)phenyl)-3-(4-flo-1H-pyrazol-5-y1)-4-(3-
hydroxypyrolidin-1-yl)benzamit

F.
CIYO o N
FF [N
N
b N

HOon hop chtta N-(4-(clodiflometoxy)phenyl)-4-flo-3-(4-flo-1H-pyrazol-5-
yDbenzamit (Bugc 24.1, 62mg, 0,147mmol), R-3-hydroxypyrolidin (0,031mL,
0,206mmol) va TEA (0,062mL, 0,442mmol) trong DMSO (0.5mL) dugc khudy &
100°C trong 16 gio. RM duogc pha lodng vgi EtOAc (30mL), xr ly véi dung dich
Na,CO; bio hoa (20mL) va chiét bang EtOAc. Dich chiét gop lai duogc rira bing nudc
(20mL) va nuée mudi (20mL), sdy kho trén Na,SO, va dung mdi duoe bdc hoi trong
diéu kién 4p sudt giam d thu dugc san pham thd dugc tinh ché bang HPLC diéu ché
(Piéu kién 10). Cac phan chira san pham tinh khiét dugc gop lai, x&r Iy véi dung dich
Na,CO; bo hoa va MeCN duoc loai trong diéu kién 4p sudt giam. Phan cén nudc
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duogc chiét bing DCM va dich chiét gop lai dugc sdy khd trén Na,SO, va dung moi
duoc bdc hoi trong diéu kién ap suét giam. Phan cin duogc hoa tan trong DCM va xtt ly
v6i n-hexan dé thu dwoc san phdm theo tiéu d& 1a chit rin mau tring. HPLC (Piéu
kién 5) tg = 6,61 phit, UPLC-MS (Diéu kién 3) tg = 1,01 phat, m/z = 467,3 [M+H]+;
1H-NMR (400 MHz, DMSO-d6) & ppm 1,69 - 1,95 (m, 2H) 2,79 (d, J=10,56 Hz, 1H)
3,06 - 3,20 (m, 2H) 3,22 - 3,35 (m, 1H) 4,13 - 4,30 (m, 1H) 4,79 - 4,96 (m, 1H) 6,75 -
6,92 (m, 1H) 7,31 (d, J=8,60 Hz, 2H) 7,86 (m, J=9,38 Hz, 5 H) 10,11 (s, 1H) 12,67 -
13,12 (m, 1H).

Buéce 24.1: N-(4-(clodiflometoxy)phenyl)-4-flo-3-(4-flo-1H-pyrazol-5-

yl)benzamit

CIXO\@ o !
FF \

H

=

F

Hon hop chira 3-brom-N-(4-(clodiflometoxy)phenyl)-4-flobenzamit (Budc
20.2, 200mg, 0,497mmol), 4-flo-5-(tributylstannyl)-1H-pyrazol (211mg, 0,472mmol)
va Pd(PPh;)s (28,7mg, 0,025mmol) trong DMSO (1,5mL) trong éng nghiém kin duoc
khudy & 100°C trong 20 gid trong diéu kién argon. RM duoc pha long véi EtOAc
(30mL), xir Iy voi dung dich Na,CO; bo hoa (20mL) va chiét bang EtOAc. Dich chiét
gop lai dugce rira bé‘mg nude(20mL) va nude mudi (20mL), sdy kho trén Na,SO, va
dung mdi duge bde hoi trong diéu kién ap sut giam dé thu duoc san pham tho dugc
tinh ché bing sic ky nhanh (Cét silica gel, 12g, n-hexan/EtOAc 95:5 dén 6:4) thu dugc
san phidm theo tiéu dé 12 chét rin mau tring. HPLC (DPiéu kién 5) tgx = 7,20 phat,
UPLC-MS (Piéu kién 3) tg = 1,12 phit, m/z = 400,1 [M+H]+.

Vidu 25

(R)-N-(4-(clodiflometoxy)phenyl)-5-(4-flo-1H-pyrazol-5-yl)-6-(3-
hydroxypyrolidin-1-yl)nicotinamit

F
C|><o o \
FF [N
N S N
Ho |l H
—
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Hop chit theo tiéu dé duoc diéu ché theo cach tuong tw v6i cach mod ta trong Vi
du 5 st dung  6-clo-N-(4-(clodiflometoxy)phenyl)-5-(4-flo-1H-pyrazol-5-
yDnicotinamit (Budc 25.1) va (R)-pyrolidin-3-ol dé thu dwgc chit bt mau tring.
HPLC (Piéu kién 4) tg = 4,89 phit, HPLC bit déi (CHIRALCEL® OD-H, 250 x
4,6mm, dung moi rira gidi: n-heptan/EtOH/MeOH (85:10:5), 1mL/phut, UV 210 nm)
tg = 9,34 phut, UPLC-MS (Piéu kién 3) tg = 0,96 phut, m/z = 468,1 [M+H]+; 1H-
NMR (400 MHz, DMSO-d6) & ppm 1,67 - 1,92 (m, 2H) 3,00 (d, J=11,73 Hz, 1H) 3,19
- 3,33 (m, 2H) 3,43 (m, J=7,00 Hz, 1H) 4,22 (br, s, 1H) 4,87 (br, s, 1H) 7,31 (d, J=8,60
Hz, 2H) 7,85 (d, J=8,99 Hz, 2H) 7,90 - 8,10 (m, 2H) 8,77 (br, s, 1H) 10,18 (s, 1H)
12,83 - 13,19 (m, 1H).

Buéce 25.1: 6-clo-N-(4-(clodiflometoxy)phenyl)-5-(4-flo-1H-pyrazol-5-

yl)nicotinamit

Hop chét theo tidu d& dugc diéu ché theo cich twong tu voi cach mod ta trong
Budc 13.1 str dung 6-clo-N-(4-(clodiflometoxy)phenyl)-5-iodnicotinamit (Bugc 25.2)
va 4-flo-5-(tributylstannyl)-1H-pyrazol d thu dugc bot mau tring duc. HPLC (Pidu
kién 4) tg = 5,69 phut, UPLC-MS (DPiéu kién 3) tg = 1,09 phut, m/z = 415 [M-H]-; 1H-
NMR (400 MHz, DMSO-d6) & ppm.

Budc 25.2: 6-clo-N-(4-(clodiflometoxy)phenyl)-5-iodnicotinamit

Hop chét theo tiéu d& dugc didu ché theo cach twong tw v6i cach md ta trong
Budce 11.2 st dung axit 6-clo-5-iodnicotinic va 4-(clodiflometoxy)anilin d& thu duoc
b6t mau tring duc. HPLC (Piéu kién 4) tg = 6,47 phut, UPLC-MS (Diéu kién 3) tg =
1,26 phut, m/z = 456,8 [M-H]-.
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Vi du 26

(R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-y1)-5-(3-
(triflometyl)-1H-pyrazol-5-yl)nicotinamit
y Py

K3PO4 (135mg, 0,635mmol), axit 1-(tetrahydro-2H-pyran-2-y1)-3-(triflometyl)-
1H-pyrazol-5-ylboronic (112mg, 0,424mmol) va Pd(PPhs), (12,24mg, 10,59 pmol)
duoc bd sung vao dung dich chira (R)-5-brom-N-(4-(clodiflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-yl)nicotinamit (Bugc 9.2, 100mg, 0,212mmol) trong toluen (2mL)
va RM dugc khudy & 110°C trong 2 gio trong didu kién argon. RM dugc loc qua
Hyflo®, rira bang nuéc va dung mdi duoc bée hoi trong didu kién 4p suét giam dé thu
dugc san pham thd dugc tinh ché bang séc ky nhanh (Cot silica gel, 12g, DCM/EtOH
tir 99:1 dén 94:6). Chét trung gian thu dugc duge hoa tan trong DCM (2mL), xit ly véi
TFA (0,462 mL, 5,99mmol) va khudy trong 1 gi> & RT. RM duoc pha lodng voi
EtOAc (20mL), xir Iy v6i dung dich NayCOj; bdo hoa (20mL) va chiét bing EtOAc.
Dich chiét gop lai dwoc rira bing nude mudi (20mL), sdy kho trén Na,SO, va dung
moi duge bbce hoi trong diéu kién ap suét giam dé thu duoc san phim thé duge tinh
ché bang sic ky nhanh (Cot silica gel, 4g, DCM/EtOH tir 99:1 dén 9:1). Céc phin chira
san phdm sach duoc két hop va dung moi duge bde hoi trong didu kién ap suét giam
dé thu duogc cin duge nghién trong DCM/ n-hexan, loc va sdy kho dé thu duoc san
phim theo tiéu dé 1a chét rin mau tring. HPLC (Piéu kién 5) tg = 6,545 phut, UPLC-
MS (Diéu kién 3) tg = 1,10 phit, m/z = 518,1 [M+H]+; 1H-NMR (400 MHz, DMSO-
d6) 6 ppm 1,71 - 1,95 (m, 2H) 2,94 (d, J=11,34 Hz, 1H) 3,24 (m, 2H) 3,44 (m, 1H)
4,17 - 4,32 (m, 1H) 4,91 (br, s, 1H) 6,88 (s, 1H) 7,34 (d, J=8,21 Hz, 2H) 7,86 (d,
J=9,38 Hz, 2H) 8,12 (s, 1H) 8,81 (s, 1H) 10,17 (s, 1H) 13,94 (s, 1H).

Vi du 27

(R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1-metyl- 1H-

pyrazol-5-yl)nicotinamit
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Hop chit theo tiéu d& dugc diéu ché theo cach teong tu voi cdch mo ta trong
Bugc 2.1 sir dung (R)-5-brom-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-
yDnicotinamit (Bu6c 9.2) va 1-metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-
1H-pyrazol dé thu dugc bot mau tring. HPLC (Diéu kién 4) tx = 5,25 phat, UPLC-MS
(Diéu kién 3) tg = 0,98 phit, m/z = 464,1 [M+H]+; IH-NMR (400 MHz, DMSO-d6) &
ppm 1,65 - 1,89 (m, 2H) 2,87 - 3,00 (m, 1H) 3,09 - 3,29 (m, 3H) 3,59 (s, 3H) 4,19 (br,
s, 1H) 4,87 (d, J=3,13 Hz, 1H) 6,39 (s, 1H) 7,27 - 7,36 (m, 2H) 7,50 (dd, J=1,76, 0,98
Hz, 1H) 7,78 - 7,88 (m, 2H) 8,00 (d, J=2,35 Hz, 1H) 8,78 (dd, J=2,35, 1,17 Hz, 1H)
10,15 (s, 1H).

Vidu28

(R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1-metyl-1H-

pyrazol-3-yl)nicotinamit

EaoR s
F F T
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P

—

Hop chét theo tidu d& dugc didu ché theo cach tuong tu voi cach mo ta trong
Budc 2.1 sir dung (R)-5-brom-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-
yDnicotinamit (Bu6c 9.2) va 1-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-
1H-pyrazol dé thu duge bot mau tring. HPLC (Piéu kién 4) tg = 5,16 phit, UPLC-MS
(Piéu kién 3) tg = 0,98 phut, m/z = 464 [M+H]+; 1TH-NMR (400 MHz, DMSO-d6) &
ppm 1,64 - 1,90 (m, 2H) 2,85 - 3,00 (m, 1H) 3,06 - 3,26 (m, 3H) 3,59 (s, 3H) 4,19 (br,
s, 1H) 4,87 (d, J=2,74 Hz, 1H) 6,39 (s, 1H) 7,31 (d, J=8,60 Hz, 2H) 7,50 (dd, J=1,76,
0,98 Hz, 1H) 7,84 (d, J=8,60 Hz, 2H) 8,01 (d, J=2,74 Hz, 1H) 8,78 (dd, J=2,54, 0,98
Hz, 1H) 10,15 (s, 1H).

Vidu 29
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(R)-N-(4-(clodiflometoxy)phenyl)-5-(1-(2-hydroxyetyl)- 1 H-pyrazol-4-yl)-6-(3-
hydroxypyrolidin-1-yl)nicotinamit

cl._0
e o =N, OH
FF \@L : N\/\
N X
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~

Na,CO; 2M (0,375 mL, 0,75mmol) dugc bd sung vao dung dich chira (R)-5-
brom-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)nicotinamit  (Budc
9.2, 1l6émg, 0,25mmol) va 1-(2-(tetrahydro-2H-pyran-2-yloxy)etyl)-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (161mg, 0,5mmol) trong DME
(1,0mL).trong diéu kién argon. PdCI2(dppf) (9,15mg, 0,013mmol) sau d6 dugc bd
sung va hdn hgp RM dugc khudy & 100°C trong 2 gid. Sau khi lam lanh ¢ RT, RM
dugc hoa tan trong EtOAc va rira bdng nuéc mubi, siy kho trén Na,SO, va dung modi
duoc bde hoi trong diéu kién ap suét giam. San phdm thd dugc hoa tan trong DCM
(1,4mL) lam lanh dén 0°C, sau d6 xir ly véi TFA (0,77mL, 10mmol) va khqu 6 RT
trong 3 gio. RM duge rét vao trong dung dich Na,CO; 10% (15mL) va chiét bang
EtOAc. Dich chiét gop lai duoc sdy khd trén Na,SO, va dung méi dugc bbe hoi trong
diéu kién ap suét giam dé thu duoc san pham thd duogc tinh ché bing sic ky nhanh
(Cot RediSep® Silica gel, DCM/MeOH, tir 2% dén 10% MeOH) dé thu duoc bdt mau
trang dyc. HPLC (Diéu kién 4) tg = 4,33 phut, UPLC-MS (Piéu kién 3) tg = 0,88 phit,
m/z = 494 [M+H]+; 1H-NMR (400 MHz, DMSO-d6) § ppm 1,67 - 1,88 (m, 2H) 2,96
(d, J=11,73 Hz, 0 H) 3,24 - 3,37 (m, 2H) 3,41 - 3,53 (m, 1H) 3,75 (q, J=5,73 Hz, 2H)
4,04 - 4,25 (m, 4H) 4,81 (d, J=3,52 Hz, 1H) 4,86 - 4,94 (m, 1H) 7,31 (d, J=8,21 Hz,
2H) 7,53 - 7,59 (m, 1H) 7,79 - 7,89 (m, 3H) 7,93 (d, J=2,35 Hz, 1H) 8,65 (dd, J=2,35,
0,78 Hz, 1H) 10,15 (s, 1H).

Vidu 30

(R)-N-(4-(1,1-difloetoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-

5-yDnicotinamit

x° 0

N
H
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K3PO4  (113mg,  0.532mmol),  1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (99mg, 0,355mmol) va Pd(PPhs),
(10,24mg, 8,86umol) dugc bd sung vao dung dich chtra (R)-5-brom-N-(4-(1,1-
difloetoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)nicotinamit ~ (Buéc  30.1, 80mg,
0,177mmol) trong toluen (1.5mL) trong didu kién 4p suét argon. vi RM dugc khudy &
110°C trong 1 gid. RM duoc pha lodng v6i EtOAc (20mL) x& 1y v6i dung dich
NaHCO; bdo hoa (20mL). va chiét bing EtOAc. Dich chiét gop lai duoc rira bing
nuée mudi (20mL), siy kho bang Na,SO, va dung moi duge bbe hoi trong diéu kién
ap suét giam dé thu dugc san phim thd dugc tinh ché bing sic ky nhanh (Cbt silica
gel, 12g DCM/EtOH tir 97:3 dén 95:5) dé thu duogc N-(4-(1,1-difloetoxy)phenyl)-6-
((R)-3-hydroxypyrolidin-1-yl)-5-(1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-
yDnicotinamit (66mg, 0,129mmol) duoc hoa tan trong DCM (1,5mL) va xir ly véi
TFA (0,546mL, 7,09mmol) va khudy trong 2 gid & RT. RM dugc pha lodng véi
EtOAc (20mL), x&t ly v6i dung dich NaHCO; bdo hoa (25mL) va chiét bing EtOAc
(20mL). Dich chiét gop lai dugc rira bing nuwée mudi (20mL), sdy kho trén Na,SO, va
dung moi duge bde hoi trong didu kién &p suat giam dé thu dwoc san phim thd duoc
tinh ché bang HPLC diéu ché (Diéu kién 10). Céc phdn chira san phdm sach dugc gop
lai, xir Iy v6i 0,5g NaHCO; va MeCN dugc bdc hoi trong didu kién 4p suit giam. Phin
cén nuéc duge chiét bing DCM dé thu dugc san phdm theo tidu d& 14 chit rin mau
tring. HPLC (Diéu kién 5) tz = 5,42 phut, UPLC-MS (Piéu kién 3) tz = 0,82 phut, m/z
=430,1 [M+H]+; 1TH-NMR (400 MHz, DMSO-d6) 8 ppm 1,68 - 1,87 (m, 2H) 1,93 (t,
J=13,67 Hz, 3H) 2,94 (d, J=11,71 Hz, 1H) 3,15 - 3,33 (m, 2H) 3,38 - 3,48 (m, 1H)
4,19 (br, s, 1H) 6,37 (s, 1H) 7,15 (d, J=9,37 Hz, 2H) 7,65 - 7,83 (m, J=9,37 Hz, 3H)
8,03 (d, J=2,34 Hz, 1H) 8,73 (d, J=2,34 Hz, 1H).

Bude 30.1: (R)-5-brom-N-(4-(1,1-difloetoxy)phenyl)-6-(3-hydroxypyrolidin-1-

yl)nicotinamit

08
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Hdn hop chua 5-brom-6-clo-N-(4-(1,1-difloetoxy)phenyl)nicotinamit (Buéc
30.2, 700mg, 1,752mmol), (R)-pyrolidin-3-ol (0,170mL, 2,102mmol) va DIPEA
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(0,673 mL, 3,85mmol) va iPrOH (2mL) trong 6ng nghiém kin dwoc gia nhiét dén
120°C trong 1 gi¢. RM dugc pha lodng véi EtOAc (80mL), xtt Iy véi axit xitric 10%
(40mL; ~pH4) va chiét béng EtOAc. Dich chiét g0p lai duogc rira béng nude mudi 2x
40mL), siy kho trén Na,SO, va dung moi dwgc bdc hoi trong didu kién 4p sudt giam
dé thu duoc cin, cin nay dugc rira bang Et20 va n-hexan va tinh thé duogc siy kho dé
thu duoc san pham theo tiéu d& 1a chét rin mau be, HPLC (Piéu kién 5) tg = 6,4 pht,
UPLC-MS (Piéu kién 3) tg = 1,02 phit, m/z = 442,1/ 444,0 [M+H]+.

Budce 30.2: 5-brom-6-clo-N-(4-(1, 1-difloetoxy)phenyl)nicotinamit

YO\Q\ 0
F F N B
Ho |
~
N Cl

Oxalyl clorua (653pL, 7,46mmol) duoc bd sung vao hdn hop chira axit 5-brom-
6-clonicotinic (1,2g, 4,97mmol) vda DMF (20uL, 0,258mmol) trong DCM (40mL)
trong diéu kién 4p suit nito va RM dugc khudy trong 2 gior & RT. Dung méi dugc bdc
hoi, phén cin duge hoa tan trong DCM (10mL) va bbc hoi lai dén kho. Phan cén duoc
hoa tan trong THF (30mL), DIPEA (1,737mL, 9,95mmol) dugc bd sung va RM duoc
lam lanh dn -15°C. 4-(1,1-difloetoxy)anilin (Buéc 30.3, 0,932g, 5,22mmol) trong
THF (10mL) dugc bd sung ting giot trong khodng thoi gian 15 phat va RM duoc
khudy trong 1 gid & RT. Dung méi dugc bbe hoi trong diéu kién ap suat giam va phén
cin dugc pha lodng v6i EtOAc (100mL), xir ly véi axit xitric 10% (60mL) va chiét
bing EtOAc. Dich chiét gop lai dugc rira bing dung dich Na,CO; bdo hoa (50mL) va
nuée mudi (2 x 50mL), sdy kho trén Na,SO, va dung moi duoc bée hoi trong diéu
kién 4p suét giam dé thu duoc san phdm thd duge tao huyén ph trong n-hexan, loc va
siy kho dé thu dugc san phim theo tiéu dé 1 chét rin mau be. HPLC (Didu kién 5) tg
= 7,3 phut, UPLC-MS (DPiéu kién 3) ty = 1,16 phut, m/z = 391/393 [M+H]+.

Budc 30.3: 4-(1,1-difloetoxy)anilin

Dung dich chtta 1-(1,1-difloetoxy)-4-nitrobenzen (Budc 30.4, 2,95g,
13,94mmol) trong EtOH (100mL) dugc hydro hoa (Raney Ni 1,0g; 26,5 gid & RT).
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RM dugc loc qua Hyflo® va dung méi duge bde hoi trong diéu kién ap suét giam dé
thu dugc san phim tho theo tidu d& 14 chit ddu mau ndu. HPLC (Diéu kién 5) ty = 4,5
phut, UPLC-MS (Piéu kién 3) tg= 0,74 phut, m/z = 174,1 [M+H]+.

Budc 30.4: 1-(1,1-difloetoxy)-4-nitrobenzen

4-nitroaxetophenon (2,45g, 14,54mmol) va HF-pyridin (10,11 mL, 116mmol)
dugc bd sung vao hdn hop chira XeF, (4,92g, 29,1mmol) va DCM (50mL) trong 6ng
nghiém bang nhyua va RM duoc khudy & RT trong 20 gid. RM duoc bd sung cin than
vao hdn hop da khudy chira EtOAc (150mL) va NaHCO; bdo hoa (250mL) va chiét
bang EtOAc. Dich chiét gop lai dugc rira bing nude muéi (2 x 100mL), sdy khé trén
Na, S0, va dung moi duge bde hoi trong didu kién ap sudt giam dé thu duoc san phidm
thd dugc tinh ché bing sic ky nhanh (Cot silica gel, 40g, n-hexan/EtOAc (95:5)) dé
thu dugc sdn phdm theo tiéu dé 1a chit ddu mau vang. HPLC (Didu kién 5) tg = 6,9
phut, UPLC-MS (Piéu kién 3) tg = 1,05 phut.

Vidu 31

(R)-N-(4-(2-clo-1,1,2,2-tetrafloetyl)phenyl)-6-(3-hydroxypyrolidin-1-yl1)-5-
(1H-pyrazol-5-yl)nicotinamit

cl o \
FF [N

X N

N H

—

Hop chiét theo tidu d& duoc didu ché theo cach tuong tw voi cadch mo ta trong Vi
du 8 su dung (R)-5-brom-N-(4-(2-clo-1,1,2,2-tetrafloetyl)phenyl)-6-(3-
hydroxypyrolidin-1-yl)nicotinamit (Buéc 31.1) va 1-(tetrahydro-2H-pyran-2-yl)-5-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol dé thu dugc bdt mau tring.
HPLC (Diéu kién 4) tg = 4,89 phut, UPLC-MS (Diéu kién 3) tg = 0,98 phut, m/z =
484,1 [M+H]+; 1H-NMR (400 MHz, DMSO-d6) & ppm 1,65 - 1,89 (m, 2H) 2,83 -
2,98 (m, 1H) 3,18 - 3,33 (m, 2H) 3,36 - 3,49 (m, 1H) 4,13 - 4,24 (m, 1H) 4,77 - 4,93
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(m, 1H) 6,31 - 6,43 (m, 1H) 7,62 (d, J=8,59 Hz, 2H) 7,77 - 7,84 (m, 1H) 7,91 - 8,09
(m, 3H) 8,64 - 8,81 (m, 1H) 10,31 (s, 1H) 12,83 - 12,96 (m, 1H).

Budc 31.1: (R)-5-brom-N-(4-(2-clo-1,1,2,2-tetrafloetyl)phenyl)-6-(3-
hydroxypyrolidin-1-yl)nicotinamit

FF

FF N B
Ho
o
N D...OH

Hop chét theo tidu d& dugc didu ché theo cach turong tu v4i cach mo ta trong
Bude 8.1 st dung 5-brom-6-clo-N-(4-(2-clo-1,1,2,2-tetrafloetyl)phenyl)nicotinamit
(Budc 31.2) va (R)-pyrolidin-3-ol d€ thu dugc bot mau tring. HPLC (Diéu kién 4) tg =
6,05 phat, UPLC-MS (Diéu kién 3) tg = 1,18 phit, m/z = 498 [M+H]+.

Bugc 31.2: 5-brom-6-clo-N-(4-(2-clo-1,1,2,2-tetrafloetyl)phenyl)nicotinamit

FF

C‘m 0
F
F N B

Ho
N™ ~ClI
Hop chit theo tidu d& duoc diéu ché theo cach tuong tu vdi cach mo ta trong
Budc 9.3 sir dung axit 5-brom-6-clonicotinic va 4-(2-clo-1,1,2,2-tetrafloetyl)anilin
(Budc 31.3) dé thu duoc bdt tinh thé mau be. HPLC (Didu kién 4) tg = 6.77 phut,
UPLC-MS (Piéu kién 3) tg= 1,31 phit, m/z = 4448 [M+H]+.

Budc 31.3: 4-(2-clo-1,1,2,2-tetrafloetyl)anilin

HoN
z FF
cl

FF

Ni(PPh3)4 ( 222mg, 0.2mmol) dugc bd sung vao hdn hop chira anilin (745mg,
8mmol) va I-clo-1,1,2,2-tetraflo-2-iodetan (1049mg, 4mmol) trong DMF (10mL)
trong dng MW trong diéu kién argon. Ong nay duoc day kin va RM dugc khudy trong
hai ngay & 80°C. Sau khi lam lanh & RT, RM dugc hoa tan trong Et20, rra béng
NaHCO; 10% va nuéc mudi, sdy kho trén MgSO4 va dung méi duge bdc hoi trong
diéu kién ap suét giam @ thu duoc cén duoc tinh ché bing sic ky nhanh (Cot
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RediSep® Silica gel, n-heptan/EtOAc, tir 0 dén 25% EtOAc) va duoc tinh ché thém
bang séc ky pha dao nghich (MPLC, c6t Lichroprep® 15-25um, dung moéi rira giai:
nudce + formic 0,1%/MeCN + axit formic 0,1%, MeCN gradient tir 10 dén 50% + axit
formic 0,1%). Céc phan chira san phdm sach dugc gop lai va MeCN dugc béc hoi
trong didu kién ap sut giam d thu duoc pha nudc, pha nude nay duge trung hoa véi
NaHCO; va chiét bang Et,0. Dich chiét gop lai duoc sdy kho trén MgSO, va dung
mdi dugc boc hoi trong didu kién 4p sudt gism dé thu dugc hop chit theo tiéu dé 1a
dau mau d6. HPLC (Diéu kién 4) tg = 5,48 phit, UPLC-MS (Pidu kién 3) tg = 1,04
phuat, m/z = 269 [M+H]+.

Viduy 32

(R)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-y1)-N-(6-
((triflometyl)thio)pyridin-3-yl)nicotinamit

TR

Hop chit theo tiéu dé dugc didu ché theo cach tuong tu v4i cdch mo ta trong Vi
du 8 sir dung (R)-5-br0m-6-(3-hydroxypyrolidin-1-yl)-N-(6-((triﬂometyl)thio)pyridin-
3-yDnicotinamit (Buéc 32.1) va 1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol dé thu dugc bot mau trang duc. HPLC (Piéu kién
4) tg = 4,18 phut, UPLC-MS (Piéu kién 3) tg = 0,82 phut, m/z = 451,3 [M+H]+; 1H-
NMR (400 MHz, DMSO-d6) § ppm 1,64 - 1,89 (m, 2H) 2,94 (d, J=11,73 Hz, 1H) 3,18
- 3,33 (m, 2H) 3,36 - 3,49 (m, 1H) 4,18 (br, s, 1H) 4,81 (d, J=3,13 Hz, 1H) 6,38 (s,
1H) 7,68 - 7,85 (m, 2H) 8,02 (d, J=1,95 Hz, 1H) 8,32 (dd, J=8,60, 2,35 Hz, 1H) 8,73
(d, J=2,35 Hz, 1H) 8,98 (d, J=2,35 Hz, 1H) 10,42 (s, 1H) 12,89 - 13,12 (m, 1H).

Buéce 32.1: (R)-5-brom-6-(3-hydroxypyrolidin-1-y1)-N-(6-
((triflometyl)thio)pyridin-3-yl)nicotinamit

FXQJK(I
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Hop chét theo tiéu d& dugc diéu ché theo cach turong ty v6i cach mo ta trong
Budc 8.1 s dung 5-brom-6-clo-N-(6-((triflometyl)thio)pyridin-3-yl)nicotinamit
(Bude 32.2) va (R)-pyrolidin-3-ol ¢ thu duge bot mau tring duc. HPLC (Diéu kién 4)
tg = 5,53 phut, UPLC-MS (Piéu kién 3) tg = 1,01 phut, m/z = 463,1 [M+H]+.

Budge 32.2: 5-brom-6-clo-N-(6-((triflometyl)thio)pyridin-3-yl)nicotinamit

F__S
A
FY@\O
FN/N \Br
Ho |l
/
N~ °Ci

Hop chét theo tiéu d& duoc diu ché theo cach twong tu véi cach mo ta trong
Buge 9.3 sir dung axit 5-brom-6-clonicotinic va 6-(triflometylthio)pyridin-3-amin d&
thu dugce bot mau trang duc. HPLC (Diéu kién 4) tg = 6,43 phut, UPLC-MS (Piéu kién
3) tg= 1,15 phit, m/z = 411.9 [M-H]-.

Vidu 33

(R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-y1)-5 -(4-metyl-1H-

pyrazol-5-yl)nicotinamit

CIYO o \
FF [N
N X N
H | H
~

DIPEA (77uL, 0,44mmol) dugc bd sung vao dung dich chta 6-clo-N-(4-
(clodiflometoxy)phenyl)-5-(4-metyl-1-(tetrahydro-2H-pyran-2-yl)- 1H-pyrazol-5-
yDnicotinamit (Buéc 33.1, 99mg, 0,2mmol) va (R)-pyrolidin-3-ol, 20,9mg, 0,24mmol)
trong iPrOH (200uL) trong dng nghiém, dugc day kin va hdn hop RM duogc khudy &
140°C trong 1,5 gid. Sau khi lam lanh & RT, RM dugc hoa tan trong EtOAc, rira béng
nuée mudi, sdy kho trén Na,SO4 va dung méi duge bdc hoi trong diéu kién ap suét
giam. Phin cin duoc hoa tan trong DCM (1,1mL), 1am mat dén 0°C, xir ly véi TFA (
0,616 mL, 8mmol) va khudy & RT trong 3 gid. RM duogc rét vio trong dung dich
Na,CO3 10% (10mL) va chiét bang EtOAc. Dich chiét gop lai duge sy kho trén
Na,SO, va dung mdi duogc bde hoi trong diéu kién ap suét giam d& thu duge cén duoc
tinh ché bang sic ky nhanh (Cot RediSep® Silica gel, DCM/MeOH tir 2% dén 10%
MeOH) dé thu dugc hop chit theo tiéu d& 12 bot mau be, HPLC (Didu kién 4) tg = 4,79
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phut, UPLC-MS (Diéu kién 3) tg = 0,95 phut, m/z = 464 [M+H]+; 1H-NMR (400
MHz, DMSO-d6) § ppm 1,63 - 1,92 (m, 5 H) 2,81 - 2,96 (m, 1H) 3,05 - 3,41 (m, 3H)
4,17 (br, s, 1H) 4,81 (br, s, 1H) 7,30 (d, J=8,60 Hz, 2H) 7,58 (s, 1H) 7,79 - 8,02 (m,
3H) 8,73 (s, 1H) 10,15 (s, 1H) 12,58 - 12,85 (m, 1H).

Bude 33.1: 6-clo-N-(4-(clodiflometoxy)phenyl)-5-(4-metyl-1-(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-yl)nicotinamit
C|F><Fo\©\ o QN,N\
NT el
- K3PO4 (191mg, 0,9mmol) va Pd(PPhs), (17,33mg, 0,015mmol) dugc b sung
vao dung dich chira 6-clo-N-(4-(clodiflometoxy)phenyl)-5-iodnicotinamit (Budc 25.2,
138mg, 0,3mmol) va 4-metyl-1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol (131mg, 0,45mmol) trong toluen (1,5mL) trong
didu kién argon trong 6ng nghiém, dugc déy kin va gia nhiét & 110°C trong 18 gio.
RM dugc rét vao trong 20mL nuée va chiét béng EtOAc. Dich chiét g0p lai dugce séy
kho trén Na,SO, va dung mdi duge bde hoi trong diéu kién ap suit giam dé thu dugc
cén duoc tinh ché bang sic ky nhanh (Cot RediSep® Silica gel, n-heptan/EtOAc, tir 5
dén 50% EtOAc) va két tinh tir n-heptan dé thu dwoc hop chét theo tidu d& 13 bot mau
trang duc. HPLC (Diéu kién 4) tg = 6,8 phit, UPLC-MS (Didu kién 3) tz = 1,26 phit,
m/z = 495 [M-H]-.
Vidu 34

(8)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-y1)-N-(4-

(triflometoxy)phenyl)nicotinamit

F__O
T
N N N
H |l H
~

Hop chét theo tiéu dé duge didu ché theo cach twong ty nhu cach dugec mo ta
trong Vi dy 8 st dung (S)-5-brom-6-(3-hydroxypyrolidin-1-yl)-N-(4-
(triflometoxy)phenyl)nicotinamit (Budc 34.1) va 1-(tetrahydro-2H-pyran-2-yl)-5-
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(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol dé thu dugc bot mau tring
duc. HPLC (Piéu kién 4) tg = 4,42 phit, HPLC bit déi(CHIRALPAK® AD-H, 250 x
4,6 mm, dung mdi rira giai: EtOH/MeCN (98:2), 0,5mL/phut, UV 210 nm) tg = 28,27
phat, UPLC-MS (Biéu kién 3) tg = 0,91 phut, m/z = 434,2 [M+H]+; 1H-NMR (400
MHz, DMSO-d6) & ppm 1,63 - 1,88 (m, 2H) 2,92 (d, J=11,73 Hz, 1H) 3,19 - 3,29 (m,
2H) 3,34 - 3,47 (m, 1H) 4,18 (br, s, 1H) 4,80 (d, J=3,13 Hz, 1H) 6,37 (s, 1H) 7,31 (d,
J=8,99 Hz, 2H) 7,75 - 7,89 (m, 3H) 8,00 (d, J=2,35 Hz, 1H) 8,71 (d, J=2,35 Hz, 1H)
10,16 (s, 1H) 12,85 - 13,12 (m, 1H).

Budc 34.1: (S)-5-brom-6-(3-hydroxypyrolidin-1-y1)-N-(4-

(triflometoxy)phenyl)nicotinamit

F__ O
T
F N \Br
H |
~

Hop chét theo tiéu d& dwoc didu ché theo cach turong tw v4i cdch mo ta trong
Bude 8.1 st dung 5-brom-6-clo-N-(4-(triflometoxy)phenyl)nicotinamit (Budc 2.3) va
(S)-pyrolidin-3-ol d@é thu dugc bot tinh thé mau tring duc. HPLC (Diu kién 4) tg =
5,83 phat, UPLC-MS (Diéu kién 3) tg = 1,06 phiit, m/z = 446,1 [M+H]+.
Vidu 35

(S)-N-(4-(clodiflometoxy)phenyl)-5-(4-flo-1H-pyrazol-5-y1)-6-(3-
hydroxypyrolidin-1-yl)nicotinamit

F
CIYO o \
FF [N
N S N
Ho |l H
7

Hop chét theo tidu d& dugc didu ché theo cach tuong tw voi cdch mo ta trong Vi
du 5 st dung  6-clo-N-(4-(clodiflometoxy)phenyl)-5-(4-flo-1H-pyrazol-5-
yDnicotinamit (Budc 25.1) va (S)-3-pyrolidinol dé thu dugc chit rin mau trang. HPLC
(Diéu kién 5) tg = 5,69 phut, HPLC bét d6i (CHIRALCEL® OD-H, 250 x 4,6 mm,
dung moi rira gidi: n-heptan/EtOH/MeOH (85:10:5), 1mL/phut, UV 210 nm) tg =
12,62 phit, UPLC-MS (Piéu kién 6) tg = 0,97 phit, m/z = 468,2 [M+H]+; 1H-NMR
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(400 MHz, DMSO-d6) & ppm 1,71 - 1,81 (m, 1H) 1,81 - 1,92 (m, 1H) 3,02 (d, J=11,34
Hz, 1H) 3,24 - 3,37 (m, 2H) 3,40 - 3,49 (m, 1H) 4,23 (br, s, 1H) 4,89 (br, s, 1H) 7,32
(d, 19,4 Hz, 2H) 7,76 - 7,98 (m, J=9,00 Hz, 3H) 8,03 (d, J=2,35 Hz, 1H) 8,79 (d,
J=2,35 Hz, 1H) 10,20 (br, s, 1H) 12,99 (br, s, 1H).

Vidu 36

Metyl 1-(5-((4-(clodiflometoxy)phenyl)carbamoyl)-3-(1H-pyrazol-5-
yDpyridin-2-yl)pyrolidin-3-carboxylat

0'7(0\@ o HN-N
FF \ PN
Ho 0
O
o/

DIPEA (181uL, 1,035mmol) dugc bd sung vao hén hop chira 6-clo-N-(4-
(clodiflometoxy)phenyl)-5-(1 -(tetrahydro-2H-pyran-2-yl)- 1H-pyrazol-5-yl)nicotinamit
(Bude 36,1, 100mg, 0,207mmol), metyl-3-pyrolidin carboxylat hydroclorua (44,5mg,
0,269mmol) va iPrOH (414puL) trong éng nghiém MW, dugc suc rira véi argon, day
va khudy ¢ 130°C trong 24 gir. RM dugc pha lodng véi EtOAc, xit Iy v6i nuée mudi
va chiét bang EtOAc. Dich chiét gop lai duoc sdy kho trén Na,SOy4 va dung méi dugc
bbc hoi trong didu kién &p suit giam dé thu san phdm thé duoc tinh ché bang séc ky
nhanh (C4t silica gel, n-heptan/EtOAc tir 40% dén 100% EtOAc) sau d6 TLC didu ché
(Silica gel, dung mdi rira giai EtOAc). Su dong kho tiép tir 1,4-dioxan thu dugc hop
chét theo tiéu dé 1 chét rfin mau tréng nhe. UPLC-MS (Pidu kién 6) tx = 1,09 phit,
m/z = 492,1 [M+H]J+; 1H-NMR (400 MHz, DMSO-d6) & ppm 1,90 - 2,02 (m, 1H)
2,02 - 2,14 (m, 1H) 3,06 - 3,20 (m, 1H) 3,23 - 3,48 (m, 4H) 3,61 (s, 3H) 6,35 - 6,48
(m, 1H) 7,34 (d, J=8,78 Hz, 2H) 7,79 - 7,90 (m, 1H) 7,89 (d, J=8,80 Hz, 2H) 8,03 -
8,13 (m, 1H) 8,70 - 8,83 (m, 1H) 10,26 (s, 1H).

Buge 36.1: 6-clo-N-(4-(clodiflometoxy)phenyl)-5 -(1-(tetrahydro-2H-pyran-2-
yl)-1H-pyrazol-5-yl)nicotinamit

cl OOOQN_N\
F
F \ oA
Ho |l
7
NT >l
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Este pinacol cua axit [-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-boronic
(9,45g, 34,0mmol), Na,COj; (39,2 mL, 78mmol) va PdCI2(dppf) (0,956¢g, 1,307mmol)
dugc bd sung vio 6-clo-N-(4-(clodiflometoxy)phenyl)-5-iodnicotinamit (Buéc 25.2,
12g, 26,1mmol) trong DME (160mL).Hdn hgp dugc hat chan khong/xit rira 3 1an bing
argon, va khudy & 80°C trong 22 gid. RM dugc pha lodng v6i EtOAc (350mL), rira
bing nuéc (4 x 150mL) va chiét bing EtOAc. Dich chiét gop lai dugc siy khd trén
Na,SO4 va dung méi duge bde hoi trong didu kién ap suét giam dé thu duoc san phim
tho dugc tinh ché bang sic ky nhanh (C6t silica gel, 850g, EtOAc/n-hexan (1:2)) va
két tinh tir iPr,0/EtOAc dé thu dugc san phdm theo tiéu d& 1a chit rén mau tréng.
HPLC (Diéu kién 5) tg = 7,52 phit, UPLC-MS (Piéu kién 3) tg = 1,22 phit, m/z =
483/485 [M+H]+.

Vidu 37

Axit  1-(5-((4-(clodiflometoxy)phenyl)carbamoyl)-3-(1H-pyrazol-5-yl)pyridin-
2-yD)pyrolidin-3-carboxylic

CIYO o \
FF [N
N X N

ROl " o

O

OH

Dung dich LiOH 1M (0,199 mL, 0,199mmol) duoc bd sung vao dung dich chira
metyl 1-(5-((4-(clodiflometoxy)phenyl)carbamoyl)-3-(1H-pyrazol-5-yl)pyridin-2-
yDpyrolidin-3-carboxylat (Vi du 36, 24,5mg, 0,05mmol) trong MeOH (0,5mL)/THF
(ImL) va RM duoc khudy & RT trong 1 gid 20. RM duoc xit ly v6i HCI 1M (4 eq.) va
dung méi hitu co duge bdc hoi trong didu kién ap suét giam. Pha nudc dwoc chiét hai
14n v6i EtOAc va dich chiét g0p lai duoc rira béng nude mudi, séy kho trén Na,SO, va
dung moi dugc b trong didu kién 4p suét giam dén thé tich 0,5mL. n-heptan dugc bd
sung va san phdm duoc loc, ria bang n-heptan va sdy kho dé thu duoc hop chét theo
tiéu dé 1a chét rin mau be. UPLC-MS (Pidu kién 6) tg = 0,96 phut, m/z = 4783
[M+H]+; 1TH-NMR (400 MHz, DMSO-d6) & ppm 1,86 - 2,12 (m, 2H) 2,90 - 3,09 (m,
1H) 3,17 - 3,54 (m, 4H) 6,41 (d, J=2,08 Hz, 1H) 7,34 (d, J=9,05 Hz, 2H) 7,66 - 7,83
(m, 1H) 7,88 (d, J=9,17 Hz, 2H) 8,06 (d, J=2,44 Hz, 1H) 8,70 - 8,84 (m, 1H) 10,23 (s,
1H) 12,90 (br, s, 1H).
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Vi du 38

(S)-(R)-1-(5-((4-(clodiflometoxy)phenyl)carbamoy1)-3-(1H-pyrazol-5-
yDpyridin-2-yl)pyrolidin-3-yl 2-amino-3-metylbutanoat

|
Oc© o \
FF [N
N Xy N
Ho |l H

7
N ID,”O NH,
O}#

Boc-L-Valin (726mg, 3,34mmol) va DMAP (102mg, 0,836mmol) dugc bbd
sung vao hdn hop chua (R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-
y1)-5-(1H-pyrazol-5-yl)nicotinamit (Vi du 9, 800mg, 1,672mmol) trong DCM (20mL)
va huyén phu dugc khudy & RT trong 30 phut. N,N'-diisopropyl carbodiimit (0,521mL,
3,34mmol) sau d6 duge bd sung va dung dich thu dugc duoc khudy & RT trong 19 gio.
RM dugc pha lodng véi EtOAc (150mL), rira bang dung dich NaHCO; bio hoa
(50mL) va nwéc mudi (2 x S0mL) va chiét bing EtOAc. Dich chiét gop lai dugc sy
kho trén Na,SO, va dung méi dugc bdc hoi trong diéu kién ap sudt gidm dé thu duoc
cin duoc tao huyén phu trong EtOAc (5mL), khqu ¢ RT, loc va ria b%mg 10mL
EtOAc. Dich loc duogc bdc hoi dén kho trong diéu kién 4p suét gidm va chét trung gian
thu dugc duoc hoa tan trong DCM (15mL), xit ly véi TFA (4,09 mL, 53,0mmol) va
duoc khudy & RT trong 92 gio. Dung mdi dwgc bdc hoi trong didu kién ap suit giam
va phin cin dugc hoa tan trong EtOAc (150mL), rira bing dung dich NaHCO; bdo hoa
(50mL) va bing nudce (2 x 50mL), siy kho trén Na,SO, va dung méi duoc bde hoi
trong diéu kién ap suét giam dé thu duoc cin dugc hoa tan trong MeOH (20mL), va xt
ly v6i Si-Thiol (Biotage 1.3mmol/g, 1g). Silica gel (5 g) dugce bd sung vao hdn hop,
dung mdi dugc bde hoi trong diéu kién ap suét giam, va phan cin duoc tinh ché bang
sic ky nhanh (Cot RediSep® Silica gel, 120g, DCM/MeOH 95:5) sau d6 bing SFC
diéu ché (Cot DEAP; ding thanh phdn pha dong 25% trong 15 phtt). Cac phin chira
san phdm sach dugc g0p lai va dung méi duge bde hoi trong didu kién ap suét giam dé
thu duge cén, cdn nay dugc hoa tan trong hot MeOH (4mL) va loc qua phéu loc PTFE
0,45um. Dich loc duge chiéu 4m trong 5 phut va huyén phu tring thu dugc dugc
khudy trong 2 gi & RT, loc, rira bang MeOH (ImL) va siy kho dé thu dugc san phim
theo tiéu dé 1a chit rin mau tring. HPLC (Diéu kién 5) tg = 5,41 phat, UPLC-MS
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(Diéu kién 3) tg = 0,86 phut, m/z = 549,2 [M+H]+; 1H-NMR (400 MHz, DMSO-d6) &
ppm 0,77 (d, J=6,65 Hz, 3H) 0,81 (d, J=6,65 Hz, 3H) 1,51 - 1,64 (m, 2H) 1,69 - 1,81
(m, 1H) 1,84 - 1,94 (m, 1H) 1,98 - 2,12 (m, 1H) 3,02 (d, J=5,08 Hz, 1H) 3,15 (d,
J=12,90 Hz, 1H) 3,30 - 3,43 (m, 2H) 3,46 - 3,57 (m, 1H) 5,13 - 5,25 (m, 1H) 6,39 (br,
s, 1H) 7,31 (d, ]=8,21 Hz, 2H) 7,76 - 7,91 (m, 3H) 8,05 (s, 1H) 8,73 (br, s, 1H) 10,21
(s, 1H) 12,94 (br, s, 1H).

Vidu 39

(R)-1-(5-((4-(clodiﬂometoxy)phenyl)carbamoyl)-3-(1H-pyrazol-5-yl)pyridin-2-
yDpyrolidin-3-yl dihydro phosphat

TFA (1,227mL, 15,93mmol) dugc bd sung vao dung dich chita N-(4-
(clodiflometoxy)phenyl)-6-((R)-3-((3-oxido-1,5-
dihydrobenzo[€][1,3,2]dioxaphosphepin-3-yl)oxy)pyrolidin-1-y1)-5-(1 -(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-yl)nicotinamit (Budc 39.1, 620mg, 0,797mmol) trong DCM
(10mL) va RM duogc khudy trong 20 gior & RT. TFA bd sung (500uL) duge bd sung va
RM duoc khudy thém trong 4 gio & RT. RM duoc pha loang v4i EtOAc (100mL), xtr
Iy v6i dung dich Na,COj; bdo hoa (70mL) va chiét bing EtOAc (50mL). Dich chiét
g0p lai dugc rira bang nuée mudi (50mL), sy kho trén Na,SO, va dung moéi dugce bdc
hoi trong didu kién 4p suét giam dé thu dugc cén duoc tinh ché biang sic ky nhanh
(Cot silica gel, 12g DCM/EtOH tir 9:1 dén 4:6). Chét trung gian dwgc hoa tan trong
MeOH/THF (10mL ty 1§ 1:1) va hydro héa (60 mg Pd/C 5%, 0,1 bar, 22-25°C, 6,5
gi¢). RM dugce loc qua Hyflo® va dung mdi duge bdc hoi trong didu kién ap suét
gidm. Phén cin dwoc hoa tan trong MeOH/THF va dugc xur ly v6i hop PL-Thiol MP
SPE (StratoSpheres™). Nhua dugc loc ra va dung mdi duoc bbe hoi trong diéu kién
ap suét giam dé thu dugc san phim theo tidu dé. HPLC (Didu kién 5) tg = 5,50 phit,
UPLC-MS (Diéu kién 6) tg = 0,76 phat, m/z = 530,2 [M+H]+; 1H-NMR (400 MHz,
DMSO-d6) 8 ppm 1,88 - 2,08 (m, 2H) 3,12 - 3,48 (m, 4H) 4,73 (br, s, 1H) 6,37 - 6,44
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(m, 1H) 7,33 (d, J=8,99 Hz, 2H) 7,76 (s, 1H) 7,87 (d, ]=8,99 Hz, 2H) 8,04 - 8,08 (m,
1H) 8,73 - 8,78 (m, 1H) 10,21 (s, 1H).

Budce 39.1: N-(4-(clodiflometoxy)phenyl)-6-((R)-3-((3-oxido-1,5-
dihydrobenzo[e][1,3,2]dioxaphosphepin-3-yl)oxy)pyrolidin-1-y1)-5-(1 -(tetrahydro-2H-
pyran-2-yl)-1H-pyrazol-5-yl)nicotinamit

~N
FF N N

N,N-dietyl-1,5-dihydrobenzo[e][1,3,2]dioxaphosphepin-3-amin (355mg,
1,483mmol) dugc bd sung vao hén hop chua N-(4-(clodiflometoxy)phenyl)-6-((R)-3-
hydroxypyrolidin-1-y1)-5-(1-(tetrahydro-2H-pyran-2-yl)- 1H-pyrazol-5-yl)nicotinamit -
(Budc 9.1, 200mg, 0,371mmol) va tetrazol trong MeCN (8,240mL, 3,71mmol) trong
ong nghi¢ém va RM dugc khudy & RT trong 3 gio. RM duoc 1am lanh dén 5°C, xir ly
voi TEA (0,775 mL, 5,56mmol) va dung dich H202 (0,379 mL, 3,71mmol) va dugc
khudy & 0°C trong 30 phut sau d6 3 giv & RT. RM duogc dap tit trong dung dich
Na28203 10% (20mL) va chiét bing EtOAc. Dich chiét gop lai duoc rira bing nude
(20mL) va nuéc mudi (15mL), séy kho trén Na,SO, va dung méi duge bée hoi trong
diéu kién 4p sult giam dé thu duoc san phdm thd duge tinh ché bing sic ky nhanh
(Cot silica gel, 12g DCM/MeOH tir 98:2 dén 9:1) d thu dwgc san phdm theo tiéu dé 13
bot mau tring. HPLC (Diéu kién 5) tg = 7,3 phat, UPLC-MS (Diu kién 3) tg = 1,18
phut, m/z =716,3 [M+H]+.

Vidu 40

(R)-1-(3-(1H-pyrazol-5 -y1)-5-((4-(triflometoxy)phenyl)carbamoyl)pyridin-2-
yD)pyrolidin-3-yl dihydro phosphat

TOLE D)
N

H

gt
POH
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Hop chit theo tiéu d& dugc didu ché theo cach tuong tu v cach mo ta trong Vi
du 39 s dung (R)-6-(3-hydroxypyrolidin-1-y1)-5-(1H-pyrazol-3-yl)-N-(4-
(triflometoxy)phenyl)nicotinamit (Buéce 2.1) va N,N-dietyl-1,5-
dihydrobenzo[e][1,3,2]dioxaphosphepin-3-amin dé thu dugc chét rin mau be. HPLC
(Diéu kién 5) tg = 5,3 phut, UPLC-MS (Piéu kién 6) tg = 0,75 pht - m/z = 514.4
[M+H]+; 1H-NMR (400 MHz, DMSO-d6) 8 ppm 1,88 - 2,07 (m, 2H) 3,21 - 3,49 (m,
4H) 4,66 - 4,76 (m, 1H) 6,41 (d, J=1,96 Hz, 1H) 7,02 - 7,15 (m, 1H) 7,34 (d, J=8,68
Hz, 2H) 7,77 (s, 1H) 7,87 (d, J=9,05 Hz, 2H) 8,06 (d, J=2,32 Hz, 1H) 8,75 (d, J=2,32
Hz, 1H) 10,21 (s, 1H).

Vidu 41
Ché phim hé phan tén rén

Ché phdm hé phan tén rin c¢6 thé dugc didu ché véi hop chit theo sang ché
trong d6 vigéc lam ting tinh tan cda ching 13 c¢6 lgi cho sinh kha dung va/hodc kha

ning thim.

Ché phdm hé phan tan ran dugc bao ché bang cach sir dung hé phan tan v6 dinh
hinh  cida (R)-N-(4-(clodiﬂometoxy)phenyl)-6-(3-hydroxypyrolidin-1-yl)-5-(1H-
pyrazol-5-yDnicotinamit (Vi du 9, xem Fig. 1) véi ta dugc dugce chon tir PVP VA64 va
Pharmacoat 603. Péu tién, dung dich dé phun sdy duoc diéu ché bing cach phdi hop
(R)-N-(4-(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin- 1-yl)-5-(1H-pyrazol-5-
yDnicotinamit (Vi du 9, 2,5g) v6i PVP VA 64 (3,75 gam) va Pharmacoat 603 (3,75g).
Hon hop chita metylen clorua/etanol ty 1& 50/50 dugc bd sung cho dén khi tAt ci cac
thanh phan dugc hoa tan khi nhin thdy dung dich trong khong c6 hat va van (~200mL).
Céch khac, hon hgp chira metylen clorua/etanol ty 1€ 50/50 c6 thé duoc thé bsi hdn
hop axeton/etanol/nude (5:4:1). Viéc phun sdy dugc tién hanh trén may phun siy mini
B290 v6i nhiét d9 duong vao 1a 700C, hut & 85%, dong nito & 50mm Hg, ngay tir 15%
va voi hut bui bang khong khi dé tao ra 5,5 gam (55%). Hé phan tan rin phun sdy thu
dugc chia 23,6% luong duoc chét (R)-N-(4-(clodiflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-yl)nicotinamit (Vi du 9), 37,5% PVP VA64
va 37,5% Pharmacoat 603. H¢ phén tdn nay 1a v dinh hinh véi cac gia tri nhiét do
chuyén tiép (Tg) 1a 117°C va chira khoang 1,4% nudc nhu x4c dinh béi phan tich nhiét
trong (TGA). Sy hoa tan cta hé phan tan rin nay ¢ do pH = 1 sau khi d6 pH ting 1én
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dén 6,8 sau 30 phit thé hién su hoa tan hoan toan trong diéu kién axit. Hé phén tan van

tan hoan toan sau khi d9 pH dugc nang 1én dén d6 pH trung hoa.

H¢ phan tan dugc tao huyén phil trong nude mubi dém phosphat (PBS) & ndng
d6 3 mg/mL (1a dugc chit) trong 12 gi& & nhiét do phong. Khong nhén thiy thy c6 su
két tinh, c& hat D (0,9; duong kinh cta hat trong d6 90% hat thép hon chi s6 dugc dua
ra) 1a 14,134 v6i phan bd c& hat hep va rét ddng nhét. Quan sat thdy duogc chat nay
khong két tinh ra khéi huyén phii va khong thdy sy phan hity héa hoc (nhu dénh gia
boi UPLC). Huyén phu ¢6 d¢ tinh khiét héa hoc 1a 99,4%, phit hop v6i mire tinh khiét

TO ctia huyén phi va ban than duge chit.
Dic diém ting cuong cta ché phdm hé phan tin rin cla (R)-N-(4-

(clodiflometoxy)phenyl)-6-(3-hydroxypyrolidin-1-y1)-5-(1 H-pyrazol-5-yl)nicotinamit

(Vidu 9) & ché c6 thé dugc chimg minh béi bang thong sb dugc dong hoc sau day.

Kiéu ché phim Heé phén tan rin Huyén pha
Lidu [mg/kg] 60 60

AUC [mM*h] (SD) 671,9 102,9
cMax [nM] (SD) 47127 7314
BAV* [%] (SD) 179,1 27,4
Tmax [h] (SD) 2,00 3,3

Thé tich sir dung [ml/kg] 5 5

Khoang tiép xtic/ cMax 14,2 14,1

Ché phim h¢ phan tin rin cia (R)-N-(4-(clodiflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-ylnicotinamit (Vi du 9) & lidu 60 mpk sé tiép
xtic gép 6,5 1an so voi huyén phu tinh thé (671,9uM so véi 102,9um).

Thir nghiém
Tinh (mg dung ctia hop chét theo sang ché mb ta trong ddy c6 thé dugc ching

minh bing cac thir nghiém sau. Hop chit theo sang ché dwgc danh gia kha ning tc ché
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hoat tinh ABL1 trong céc thit nghiém héa sinh va BCR-ABL1 trong cac thir nghiém té
bao dugc md ta sau day. Hop chét theo sang ché con duoc thir nghiém va thé hién 1a
¢6 hi€u qua in vivo stt dung m6 hinh ghép KCL-22.

Thtr nghi€ém hoa sinh

Su bidu hién va tinh ché protein kinaza — biéu hién va tinh ché ABL nguoi
dugc tién hanh bang cac quy trinh tinh ché biéu hién chuin. Protein ABL64-515 dugce
tao ra va st dung cho céac thir nghiém kinaza in vitro. Protein nay dugc tao ra béng
vecto déng biéu hién mang cdc manh ADN cta ABLI1 (ddng phan la, véi dudi His6
tdn cung N sau d6 1a vi tri tdch proteaza PreScission) va protein tyrosin phosphataza-
1B ngudi (cac gbe 1-283, khong gén dudi), st dung vecto biéu hién kép pCDF Duet-1
(Novagen). His-ABL duoc biéu hién trong E.coli BL21 (DE3) va céac protein ABL
dugc tach boi ai lyc Ni trén cot Ni-NTA (Qiagen). Bubi His duoc loai béng proteaza
PreScission (GE Healthcare) va ABL khéng phosphopryl héa duoc tinh ché thém trén
¢t Mono Q HR 10/10 (GE Healthcare, mono-phosphoryl héa ABL khoang 10-20%
toan by protein ABL) va cot loai trir kich thuéec HiLoad 16/60 Superdex 200 (GE
Healthcare). Cac protein khong phosphoryl hoa ABL64-515 dwoc phan tich bing phan
tich quang phd khdi lugng va lam lanh nhanh chéng timg phan va bao quan & —80°C.
SRC (axit amin 83-535 hodc Src83-535) dugc bidu hién va tinh ché nhu mé ta (S.W.
Cowan-Jacob, G. Fendrich, P.W. Manley, W. Jahnke, D. Fabbro, J. Liebetanz, T.

Meyer, c-Src crystal structure provides insights into c-Src activation. Structure 13
(2005) 861-871).

Thir nghiém birc xa ABL1 (64-515)

Pé xac dinh hoat tinh ABL kinaza, thir nghiém ga‘in két bo loc birc xa ké duogc
st dung. Thtt nghiém dugc tién hanh bing céach tron 10uL hop chét dugc pha lodng
trude voi voi 10pL ATP (20uM ATP véi 0,1pCi [y-33P]-ATP) v6i peptit nhin
phospho poly[Ala6Glu2LysHBr5Tyr1] = polyAEKY) trong Tris/HCI 20mM d6 pH=
7,5, 1 mM DTT, MgCI2 10mM, Na3VO4 0,01mM, NaCl 50mM. 10pL enzym (nim
trong khoang tir 5SnM dén 20nM) dugc bd sung vao dé khoi dong phan ung. Viéc u
truée enzym véi hop chit (khi bit ddu) duge tién hanh bang cach cho tiép xtc enzym
v6i hop chét nay trude khi bd sung hén hop co chit (ATP va/hoic co chit peptit). Sau
15 phit & nhi€t do phong, phan tmg duge ngimng lai bang cach bd sung S0ul. EDTA

-129-



20433

125mM, va 33P gin két peptit duge tich trén cac dia loc (PVDF hoic MAIP:
Millipore, Volketswil, Switzerland) d3 dugc chuin bi theo hudng din cta nha san
xuit. Céc dia loc duoc rira 3x bing H3PO4 0,5%, sau d6 bd sung 30pL hdn hop phat
sang (Microscint, Perkin Elmer) vao mdi 18 va sau d6 phén tich trong TopCount NXT
mdy dém do nhéy (Perkin Elmer). Céc két qua duoc bidu hién 1a gid tri ICso. Gid tri K,
cia ATP duoc xdc dinh bang céch thir nghiém ABL kinaza v6i ndng do ATP tang dan
va gift co chét protein nhan ngoai sinh (poly-AEKY) & ndng do khéng dbi (& mirc
khoang 2 14n gia tri Ky, clia no) va nguoc lai. Gia tri K, va Vmax dugc tinh toan theo
Eadie-Hofstee nhu dugce mo ta (D. Fabbro, G. Fendrich, V. Guez, T. Meyer, P. Furet,
J. Mestan, J.D. Griffin, P.W. Manley, S.W. Cowan-J acob, Targeted therapy with
imatinib: An exception or a rule? Handbook of Experimental Pharmacology 167,
Inhibitors of Protein Kinases and Protein Phosphates (2005) 361-389). S liéu dugc vé
do thi 12 V so véi V/S, trong d6 V 1a tée d6 phan tmg & ndng d6 co chit da néu (S), va
dugc chinh khép véi duong thing bing phan tich hdi luu tuyén tinh, trong d6 do déc

cta dudng nay twong tng véi -K,, va Y-chin 1a V..

Thur nghiém Caliper ABL1 (64-515)

Tét c4 céc thir nghiém duoc tién hanh trong dia vi chuin 384 156. Mdi dia thir
nghiém chira cdc ndng do pha lodng dan 8 14n ddi véi 40 hop chit thir nghiém, cling
nhu bdn ndng do pha lodng din 8 didm chira staurosporin 1a hop chat dbi ching, thém
16 déi chimg trén va 16 déi chimg dudi. Céc bude G va xir ly chat 16ng duge thyc hién
trén budng thao tac Thermo CatX dugc trang bi Innovadyne Nanodrop Express. Gitta

cac bude hut pipet, cac dau hit duge rira sach trong cic vong rira bang dém rira.

Céc dia thir nghiém dugc chudn bi bang cich b sung 50nL vao méi 13 dung
dich hop chit trong DMSO 90%. Phan g kinaza duoc bat du bang cach bd sung
dan dan 4,5uL vio mdi I8 dung dich peptit/ATP (HEPES 50mM, d6 pH= 7,5, DTT
ImM, BSA 0,02%, DMSO 0,6%, beta-glyxerophosphat 10mM, va natri orthovanadat
10uM, MgCl, 20mM, MnCl, 2mM, ATP 4uM, peptit 4uM (FITC-Ahx-
EATYAAPFAKKK-NH2)) va 4,5uL trong mdi 16 dung dich enzym (50mM HEPES,
do pH= 7,5, DTT 1mM, BSA 0,02%, DMSO 0,6%, 10mM beta-glyxerophosphat, va
natri orthovanadat 10uM, MgCl, 20mM, MnCl, 2mM, ABL 3,5nM (ABL(64-515),
diéu ché tai co 4 tir E. coli)). C4c phan tmg kinaza dugc 0 & 30°C trong 60 phut va
sau d6 két thuc bang cach két thic bing cich bd sung 16uL mbi 16 dung dich ngimg
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(100 mM HEPES d6 pH= 7,5, DMSO 5%, thudc thtr bao 0,1% Caliper, EDTA 10mM,
va 0,015% Brij35). Cac dia c6 phan g kinaza két thuc dugc chuyén dén cac budng
thao tac Caliper LC3000 dé doc. Cac peptit phosphoryl héa va khong phosphoryl hoa
duoc tach bang k§ thuat chuyén vi di dong vi dong Caliper. Ngin gon, cac miu tir
phan tmg kinaza d3 két thuc duoc ap dung 1én vi mach. Chét phén tich duoc di chuyén
qua vi mach bang dong dém khong d6i va sy di chuyén ctia co chét peptit dugc kiém
tra bang tin hiéu huynh quang cta chit danh d4u cua no. Peptit phosphoryl héa (san
phim) va peptit khong phosphoryl héa (co chit) duoc phén tach trong trudng dién tur
theo ty s& dién tich/khéi luong cua chung. Hoat tinh kinaza dugc tinh toan tir cac
lugng phospho-peptit tao ra. Gia trj ICs, duoc xéc dinh tur phén tram gia tri e ché &

céc ndng d6 khac nhau bang céch phan tich hdi luu khong tuyén tinh.

Diéu ché cac dung dich pha lodng ctia hop chit: Hop chét thir nghiém duoc hoa
tan trong DMSO (10mM) va chuyén vao trong cac 6ng Matrix day phang 1,4mL hogc
day hinh chit V mang chét nén 2D don nhit. Dung dich Iuu trit dugc bao quan & +2°C
néu khong st dung ngay lap tirc. V6i quy trinh thtt nghiém, céc dng nghiém dugc ra
lanh va x4c dinh bing may quét nho d6 tao ra cic tdm hoat dong s& huéng dan cac

budc thao tac tiép theo.

Viéc pha loang hop chét thuc hién trong céc dia 96 15. Dinh dang nay cho phép
thir nghiém t6i da 40 hop chét thir nghiém riéng biét & 8 ndng do (cdc didm riéng biét)
bao gdm 4 hop chit ddi ching. Quy trinh pha lodng bao gém viéc tao ra “cac dia pha

lodng trudc”, “dia miu” va “dia thir nghiém”.

Cac dia pha lodng trudc: Céac dia 96 16 polypropylen duogc sir dung lam cac dia
pha loang truéc. Tong cong 4 dia pha loang truéc dugc chudn bi chira 10 hop chit thr
nghiém, mdi hop chét trén cac vi tri trén dia A1-A10, mot hop chét chudn & A1l va
mdt dbi chirng DMSO & vi tri A12. T4t ca cac budc pha lodng dugc thuc hién trén
robot HamiltonSTAR.

Dia mau: 30uL cac dung dich pha loang hop chét riéng biét bao gdm hop chét
chudn va di chimg cua 4 “dia pha lodng truéc” duoc chuyén vao trong “dia mau
chuan” 384 bao gdm cdc ndng do sau 1’810, 362, 72.5, 54.6, 14.5, 2.9, 0.58 va
0.12uM, 1an Iugt trong 90% DMSO.
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bia thir nghiém: Cac “dia thir nghiém” giéng nhau sau d6 duoc chuén bj bang
cach nho pipet 50nL mdi ndng dd loang ctia hop chét trong “dia mau chudn” vao trong
“dia thir nghiém” 384 15 bang éng dinh luong 384 ranh HummingBird. Céc dia dugc
st dung truc tiép cho thir nghiém duoc tién hanh véi téng thé 9,05 uL. Piéu nay din
dén ndng do hop chét cudi cang 1a 10, 2,0, 0,4, 0,08, 0,016, 0,0032, 0,00064 va
0,000128uM va ndng 46 DMSO cudi cung la 0,5% trong thir nghiém nay.

Thir nghiém té bao

Dé danh gia kha nang cla hgp chét theo sang ché dé tc ché hoat tinh BCR-
ABL1 trong céc thir nghiém té bao, hop chét dugc danh gia kha ning trc ché chon loc
khé néng tang sinh ctia té bao phu thudc vao su bidu hién BCR-ABL1 tuong tmg vdi té

bao khong phu thudc vao su biéu hién BCR-ABLI.

Dong té bao c6 ngudn gdc tir tiy xwong chudt Ba/F3 dugc st dung dé tao ra md
hinh dong té bao thich hop. Té bao Ba/F3 thu dugc tr German Collection of
Microorganisms and Cell Cultures (DSMZ, Braunschweig va DSMZ No. ACC 300).
Cac té bao Ba/F3 géc phu thudc vao IL3 vé su phat trién va ton tai va dugc st dung
lam dong té bao dbi chirmg khong phu thudc vao hoat tinh BCR-ABL1 vé phat trién va
tdn tai. Cac té bao nay dugc goi la Ba/F3-WT.

Pé tao ra cac t& bao Ba/F3 phu thudc vao su biéu hién BCR-ABLI1 vé tdng
trudng va ton tai, cdc té bao Ba/F3 duoc thiét ké d& bidu hién BCR-ABL1 sir dung su
di truyén tinh trang retrovirut béi vecto retrovirut co ban 13 MSCV chira cét xét biéu
hién p210 BCR-ABLI1. Khi ting truéng ma khéng c6 IL-3, su tdng sinh cla céc té bao
nay la phu thudc vao su biéu hién cia BCR-ABLI, (Daley, G.Q. and Baltimore, D.
Transformation of an interleukin 3-dependent hematopoietic cell line by the chronic
myeloid leukemia-specific p210 BCR-ABLI protein. PNAS 1988;85:9312-9316). Cac
té bao nay dugc goi 1a Ba/F3-BCR-ABL-WT. Phuong phép tuong tu duogc st dung dé
tao ra té bao Ba/F3 phu thudc vao bién thé BCR-ABLI trong d6 threonin 315 duoc
thay thé béi isoleuxin. Cac t& bao nay dwge goi 1a Ba/F3-BCR-ABL-T3151.

Céc té bao Ba/F3-WT duoc duy tri trong moi truong RPMI1640 véi L-
glutamin, HEPES (Lonza), 10% FBS (Gibco) va Sng/ml IL-3 (Calbiochem). Té bao
Ba/F3-BCR-ABL1-WT va té bao Ba/F3-BCR-ABL1-T315I dugc duy tri trong moi
truong RPMI1640 véi L-glutamin, HEPES (Lonza) va 10% FBS (Gibco).
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Thtr nghi¢ém téng sinh

D6i v6i m&i dong té bao, mat do té bao dwge didu chinh dén 50 000 t& bao/mL

va 50uL (2500 té bao) bd sung vao mdi 15 ciia dia thir nghiém 384 13,

Hop chét thi nghiém dugc tao huyén phu trong DMSO & ndng d6 10mM.
Nbng d6 pha loang dan 3 14n cua méi hop chit véi DMSO duge thuc hién trong cac
dia 384 16 str dung 6ng phan tan léng Janus (PerkinElmer). Hop chét dugc phén phéi
dén dia thir nghiém chua 2500 té bio trong thé tich 50uL thong qua phan phdi
Acoustic tir ATS-100 (EDC). Péi véi tht nghiém té bao Ba/F3-BCR-ABL1-WT, 2nL
mdi ndng dd pha loang hop chit duge chuyén vao dia the nghiém dén ndng do thir
nghiém cudi cung la 0,4pM, 0,13uM, 0,044uM, 0,015pM, 0,005uM, 0,001uM,
0,00033pM, 0,00011puM, 0,000037uM, 0,000012uM. Déi véi thir nghiém t& bao
Ba/F3-WT va Ba/F3-BCR-ABL1-T315I, 50nL m&i ndng do pha lodng hop chét duoc
chuyén vao dia thu nghiém dén ndng do thu nghiém cudi cing 1a 10pM, 3,33uM,
L,11pM, 0,37uM, 0,12uM, 0,041pM, 0,014uM, 0,0046uM, 0,0015uM, 0,00051pM.

Céc té bao duge 1 & 37°C trong mdi truong duogc tao 4m vdi 5% cacbon dioxit
trong 48 gio. Dung dich Britelite plus (Perkin Elmer) dugc pha ché theo huéng din
cta nha san xuét va 25uL duge bd sung vao mdi 16 clia dia thir nghiém. Céc dia duoc
U trong 3-5 phut va phat hién do phét quang trén may doc dia EnVision Multimode
(Perkin Elmer). D9 phat quang twong tmg véi sb té bao trong mdi 16. Do d6, hiéu qua

ctia mdi ndng do rc che c6 thé dugc tinh va thu duge gid trj ICs,.

Hop chét theo sdng ché thé hién gia trj ICsy nim trong khoang tir 0,1nM dén
12nM vé su trc ché hoat tinh Abl kinaza trong gin két phdu loc buc xa ké (Radio). Béi
vé6i chuyén dich di dong siéu long (Caliper), gid tri ICsy c6 thé thiy nim trong khoang
tir 0,InM dén 10nM. Déi véi thir nghiém tang sinh té bao Ba/F3-BCR-ABL-WT va
T3151, gié tri Glso ¢6 thé dugc thdy 14n lugt nim trong khoang tir 0,8nM dén 110nM
va 13nM dén 4,2uM.
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23 o5 oG a8
A
s #¥3 3¥3 |z F¥F  §E3

1 <0,003 0,0022 21 0,001 0,0013
2 0,004 0,001 22 0,006 <0,00064
3 0,004 0,0007 23 0,007 0,0005
4 0,0034 0,0013 24 0,005 0,0004
5 0,007 0,0012 25 0,001 0,0007
6 0,003 0,0032 26 0,012 0,0104
7 < 0,003 0,0004 27 0,002 0,0011
8 0,0019 0,0004 28 0,0028 0,0019
9 0,0024 0,0003 29 0,009 0,0009
10 <0,00013 0,0003 30 0,0004 0,0043
11 <0,003 <0,00013 31 0,001 0,0025
12 0,006 0,0005 32 0,003 0,013
13 0,01 0,0006 33 0,0060 0,0006
14 0,01 0,0009 34 0,0020 0,0041
15 0,011 0,0003 35 0,0004
16 0,012 <0,00013 36 0,0021
17 0,003 0,0024 37 0,0005
18 0,002 0,0002 38 0,0040 0,0025
19 0,005 0,0018 39 0,0030 0,0013
20 0,0013 0,0004 40 0,0021
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Bang s6 liéu tang sinh té bao Ba/F3-BCR-ABL1-WT va T3151

S J J J
-2 0 - @ 0
5 = 2 E 5 5 o e
z  EZs &3 | # £ fig
s FE2Z B3| T 3EE  5E%
2 0.0048 0.135 I3 0.0015 0.032
3 0,0075 0.133 19 0.0135 0.236
4 00117 0327 21 0,004 0.149
5 0,0081 0.134 23 0.0017 0,042
7 0.0060 0.132 24 0,0011 0,022
8 0,0022 0.065 25 0.0011 0,023
9 0,0015 0.035 26 0,0090 0,227
10 0,0019 0.044 28 0.0075 0,150
11 0,001 0,038 30 0,0318 0,715
12 00019 0.038 31 0.0041 0,133
13 0,0096 0.150 33 0,0015 0,032
14 0,0189 0218 34 0,0150 0212
15 0,0019 0,031 35 0,0008 0,013
16 0.0041 0,092 36 0,0019 0,071
17 0,0155 0.199

Hiéu luc in vivo trong m6 hinh ghép KCL-22 — lidu phép don tri

KCL-22 cta chudt trong 7 ngay. Chudt céi thiéu hut mién dich 6-8 tuan tudi mua tur
Harlan (Indianapolis IN) dugc cdy dudi da té bao 5x106 KCL-22 trong 50% matrigel
(BD Biosciences, #354234) & ving lung nach bén phai. Piéu tri thudc duoc bt dau
khi thé tich khdi u dat mirc trung binh 238 mm3 (10 ngay sau khi cdy khéi u). Hop
chit theo sang ché trong nude mudi dém phosphat dugc pha ché hing tudn va sir dung
b.%mg éng théng qua miéng & liéu 3-30mg/kg hai 1an hang ngay (n=6 chudt v4i mbi
muc liéu). Thé tich dugc xac dinh béng cach do bing compa s6 hai 14n mdi tudn va

tinh toan bing cdng thire chidu dai x chiéu rong 2 /2.

Hop chét theo sang ché duogc sir dung qua duong miéng trong mé hinh ghép
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Hop chat theo séng ché thé hién sy gidm bénh c6 ¥ nghia théng ké. Vi dy, lidu
(R)-N—(4-(clodiﬂometoxy)phenyl)-é-(3-hydroxypyrolidin- 1-yl)-5-(1H-pyrazol-5-
yDnicotinamit 3mg/kg hai lan hing ngay (Vi du 9) khién trc ché sy tdng trudng khéi u
45% so v6i chudt diéu tri béng ta dugc, trong khi d6 sy gidm bénh quan sat duoc 1a
56%, 88% va 92% lan luot & cac lidu 7,5, 15 va 30mg/kg hai Iin hing ngay. La déi
ching dwong, nilotinib dugc ding ¢ liéu 75mg/kg hai lan hing ngay géy ra sy giam
khéi u 82% (Fig. 2).

Hi€u qué in vivo trong md hinh ghép KCL-22 - liéu phép kép

Chudt cai thiéu hut midn dich 6-8 tuan tudi mua tir Harlan (Indianapolis IN)
duge cdy dudi da 2x106 té bao KCL-22 trong matrigel 50% (BD Biosciences,
#354234) trong ving lung nach bén phai. Viéc diéu trj bing thubc dwoc bit diu khi
thé tich khdi u dat mirc trung binh 13 189mm? (9 ngdy sau khi cdy khéi u). Hop chét
theo sang ché trong dung dich nuéc mudi dém phosphat dugc pha ché hang tudn va
dung bang bng théng qua miéng & 30mg/kg hai l4n hing ngay, va dung dich Nilotinib
dugce st dung & liéu 75mg/kg hai 1an héng ngay. Dong vat hodc sir dung don liéu phap
hodc két hop ca hai ddng thoi. Thé tich khéi u duoc xac dinh bang cach do compa hai

lan mi tudn va tinh todn la chiéu dai x chidu rong 2 /2.

Pong vét duge diéu tri bang nilotinib don doc dat ty 18 giam khéi u >84% sau
khi diéu tri hing ngay 4 tuin, nhung sau d6 phin 16n céc khéi u ti phat dén >500mm°.
Dong vét ¢6 khdi u khéng nilotinib sau d6 duoc didu tri hing ngay hop chét Vi du 9,

- va tiép tuc duoc kiém tra dap Uing khéiu (Fig. 3).

Dong vat duoc didu tri ddng thoi bang nilotinib va hop chat Vi du 9 chimg
minh sw gidm khéi u hoan toan & tit ca cac dong vat dén khi két thuc nghién cuu (Fig.
4).

Hi€u rang Phéan vi du thyuc hién sang ché va cic phuong an dugc mé ta trong
ddy chi nham muc dich minh hoa va céc didu chinh hodc thay do6i khéc nhau trong
pham vi cua né duoc goi ¥ véi cac chuyén gia trong linh vyc va ndm trong pham vi

cua sang ché.
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1. Hop chét c6 cong thire (I):

YEU CAU BAO HO
R4 /YI o
Ry NN AR
H |
NS
Yi Ry
¢y

1a pyrazolyl; trong d6 pyrazolyl nay khong duoc thé hodc dugce thé boi
tir 1 dén 2 nhém Rg;

1a pyrolidinyl; trong d6 pyrolidinyl dwoc thé bdi mét nhém Ry;
duoc chon tir hydro va halo;
dugce chon tir —SF5 va —Y,—CF,—Y3;

mdi 14n xuét hién doc 14p dugc chon tur hydro, hydroxy, metyl,
metoxy, Xyano, triflometyl, hydroxy-metyl, halo, amino, flo-etyl, etyl

va xyclopropyl;

dugc chon tir hydroxy, metyl, halo, metoxy, hydroxy-metyl, amino,
metyl-amino, amino-metyl, triflometyl, 2-hydroxypropan-2-yl, metyl-
cacbonyl-amino,  dimetyl-amino, 2-amino-3-metylbutanoyl)oxy,

carboxy, metoxy-cacbonyl, phosphonooxy, xyano va amino-cacbonyl;
dugc chon tir CH va N;

dugc chon tir CH va N;

dugc chon tir CF,, O va S(0)q.,; va

duoc chon tir hydro, clo, flo, metyl, diflometyl va triflometyl; hodc

mudi duge dung cia no.
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2. Hop chat theo diém 1 c6 cong thirc (Ib):

trong do:
R;

R4

£

6

R
\
Ry o Ny
o g
Rj N NN S
H |
N\

(Ib)

duoc chon tir hydro va halo;
dugc chon tir —SFs va —~Y,—CF,—Ys;

khi lién két v6i nito cia nhan pyrazolyl duogc chon tir hydro, metyl,
hydroxy-etyl, flo-etyl, etyl va xyclopropyl; va R¢ khi lién két véi nguyén
tr cacbon cia nhan pyrazolyl dugc chon tir hydro, hydroxy, metyl,
metoxy, Xyano, triflometyl, hydroxy-metyl, halo, amino, flo-etyl, etyl va

xyclopropyl,

duge chon tir hydroxy, metyl, halo, metoxy, hydroxy-metyl, amino,
metyl-amino, amino-metyl, triflometyl, 2-hydroxypropan-2-yl, metyl-
cacbonyl-amino, dimetyl-amino, 2-amino-3-metylbutanoyl)oxy,
carboxy, metoxy-cacbonyl, phosphonooxy, xyano va amino-cacbonyl;
dugc chon tir CH va N;

duogc chon tir CF,, O va S(O).;

dugce chon tir hydro, flo, clo, metyl, diflometyl va triflometyl; hodc mubi

dugc dung cta né.

3. Hop chiét theo diém 2 ¢6 cong thire (Ic):
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trong do:

R;

R4

L

dugc chon tr hydro va halo;
dugc chon tir —=SFs va —Y,—CF,—Y5;

khi lién két véi nito cia nhan pyrazolyl dwoc chon tir hydro, metyl,
hydroxy-etyl, flo-etyl, etyl va xyclopropyl; va R khi lién két véi nguyén
tir cacbon ctia nhédn pyrazolyl dwgc chon tir hydro, hydroxy, metyl,
metoxy, Xyano, triflometyl, hydroxy-metyl, halo, amino, flo-etyl, etyl va

xyclopropyl;

dugc chon tr hydroxy, metyl, halo, metoxy, hydroxy-metyl, amino,
metyl-amino, amino-metyl, triflometyl, 2-hydroxypropan-2-yl, metyl-
cacbonyl-amino, dimetyl-amino, =~ 2-amino-3-metylbutanoyl)oxy,
carboxy, metoxy-cacbonyl, phosphonooxy, xyano va amino-cacbonyl;
duoc chon tir CH va N;

dugc chon tir CF,, O va S(0).;

duoc chon tir hydro, flo, clo, metyl, diflometyl va triflometyl; ho#ic mudi

dugc dung cua no.

4. Hop chét theo diém 3, hodc mudi duge dung cua n6, duoc chon tir:

cl_0 F FL O _
% 0 \ or o
FF [N F N
N N N
H H H
N QH D"‘OH
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6. Hop chét theo diém 3, hodc mubi dugc dung ctuia nd, duoc chon tir:
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7. Hop chét theo diém 1, hodc mudi dugc dung cta no, la:

T
Q

8. Hop chét duoc chon tu:

9. Hop chét theo diém 1, trong d6 hop chét nay 14 (R)-N-(4-(clodiflometoxy)phenyl)-

6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-yl)nicotinamit hodic mudi duoc dung cta

no.

10. Duogc phém chira hé phan tan vo dinh hinh cua (R)-N-(4-(clodiflometoxy)phenyl)-

6-(3-hydroxypyrolidin-1-yl)-5-(1H-pyrazol-5-yl)nicotinamit va tir 1 dn 2 ti duoc
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dugc chon tir polyvinyl pyrolidinon (PVP VA64) va hydroxyl propyl metyl xenluloza
c6 do nhét thdp (Pharmacoat 603).

11. Duge phadm theo diém 10, trong d6 phan trim hydroxyl propyl metyl xenluloza c6
d6 nhot thap (Pharmacoat 603) nim trong khoang tir 30% dén 45%, phdn trim cla
polyvinyl pyrolidinon (PVP VA64) 1a nim trong khodng tir 30% dén 45% va phin
tram  cua  (R)-N-(4-(clodiflometoxy)phenyl)-6-(3 -hydroxypyrolidin-1-yl)-5-(1H-

pyrazol-5-yl)nicotinamit la ndm trong khoang tir 20% dén 30%.

12. Dugc phim theo diém 11, trong d6 phin trim cia hydroxyl propyl metyl xenluloza
c6 do nhét thap (Pharmacoat 603) 1a 37,5%, phén trim cua polyvinyl pyrolidinon
(PVP VA64) 1a 37,5% va phan tram cua (R)-N-(4-(clodiflometoxy)phenyl)-6-(3-
hydroxypyrolidin-1-y1)-5-(1H-pyrazol-5-yl)nicotinamit 13 25%.
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1/4

FIG. 1
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S6 ligu XRPD cta hé phan tan rén hop chét Vi du 9 vo dinh hinh
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2/4
FIG. 2

2000+

Thé tich khéi u (mm3)
gia tri trung binh +/- SEM

Sb6 ngay sau khi cay

PBS

~%- 3mglkg bid

¥ 7.5mg/kg bid
- 15mg/kg bid

30mg/kg bid
nilotinib, 75mg/kg bid

Dong vét véi khéi ghép KCL-22 dwéi da nhan hop chét Vi du 9 didu tri héng ngay. Hoat tinh chéng khéi

u phu thudc liéu dwgc chirng minh
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3/4

FIG. 3

1000+ -0~ Hop chat Vi du 9 30mg/kg BID

-= Nilotinib 75mg/kg BID
8004

Thé tich khéi u (mm3)

20 40 60
s ngay sau khi cy ghép

Té bao KCL-22 duoc tang trdng & dang khéi ghép dudi da va bbn con vat duwgc cho dung liéu
75mg/kg Nilotinib BID (2 1an mét ngay). KHi cac khéi u thd hién sw khang véi diéu trj Nilotinib,
lieu dung duoc thay doi thanh 30mglkg hop chét vi du 9 BID. Viéc diéu tri béng s khang
nilotinib bang hep chat Vi du 9 dan dén day Iui khéi u. M&i dong thé hién mot con vét riéng biét.
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4/4
FIG. 4
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s0 ngay sau khi cdy ghép

Bong vat véi khdi ghép duéi da KCL-22 dwoc cho dung hén hop 30mg/kg hop chét vi du 9
BID va 75mg/kg Nilotinib BID. M&i dong thé hién mét con vat riéng biét. Quan sat thy sy day
i khdi u hoan toan trong tat ca cac dong vat va dwoc duy tri dén khi két thac nghién ctru.
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