(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

A
19773

(19) Cong hoa xa héi chi nghia Viét nam (VN) (11)

CUC SG HOU TRI TUE
(51)7 CO7D 487/04, A61K 31/4985, A61P (13) B
25/28
(21) 1-2013-02714 (22) 29.02.2012

(86) PCT/EP2012/053455 29.02.2012  (87) WO2012/117027  07.09.2012

(30) 11156463.9 01.03.2011 EP

(45) 25.09.2018 366 (43) 25.03.2014 312

(73) JANSSEN PHARMACEUTICA NV (BE)
Turnhoutseweg 30, B-2340 Beerse, Belgium

(72) TRABANCO-SUAREZ, Andrés, Avelino (ES), GIJSEN, Henricus, Jacobus, Maria
(NL), VAN GOOL, Michiel, Luc, Maria (BE), VEGA RAMIRO, Juan, Antonio
(ES), DELGADO-JIMENEZ, Francisca (ES)

(74)  Cong ty TNHH Tam nhin va Lién danh (VISION & ASSOCIATES CO.LTD.)

(54) HOP CHAT 6,7-DIHYDRO-PYRAZOLO[1,5-A]PYRAZIN-4-YLAMIN DUNG
LAM CHAT UC CHE BETA-SECRETAZA (BACE) DUQC PHAM CHUA HOP
CHAT NAY VA QUY TRINH BAO CHE DUGC PHAM NAY

(57) Sang ché& @€ cap dén hop chat 6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-yl-amin
ding 1am chét Gc ch€ beta-secretaza, con dugc goi 1a enzym phan cat phan tir
dang amyloit & vi tri beta, BACE, BACEI1, Asp2, hoic memapsin2. Sang ché
cling dé cap dén dugc phdm chita hgp chét ndy, quy trinh diéu ché hgp chét va
bao ché€ dugc phdm néu trén ding dé ngin nglra va diéu tri cic roi loan c6 lién
quan dén beta-secretaza, nhu bénh Alzheimer (AD), bénh suy giam nhan thitc
nhe, tinh trang ldo suy, bénh sa sit tri tué, bénh sa st tri tué thé Lewy, hoi
ching Down, bénh sa siit tri tu¢ di kém véi dot quy, bénh sa sut tri tu¢ di kem

v6i bénh Parkinson hoac bénh sa siit tri tué c6 lién quan dé€n dang beta-amyloit.
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Linh vue k§ thuit dwgc dé cap

Séng ché & cap dén hop chét 6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-yl-amin dung
lam cac chat tic ché beta-secretaza, con dugc biét dén 13 enzym phan cit phan tir dang
amyloit & vi tri beta, BACE, BACE1, Asp2, hoic memapsin2. Sang ché con dé cip dén
céc dugc pham chira hop chét nay, quy trinh diéu ché cac hop chit va duoc phim dé ngin
nglra va diéu tri cac r6i loan trong d6 lién quan dén beta-secretaza, nhu bénh Alzheimer
(AD), bénh suy giam nhén thirc nhe, bénh ldo suy, bénh sa sut tri tué, bénh sa sut tri tué
thé Lewy, hoi ching Down, bénh sa sut tri tu€ di kém véi dot quy, bénh sa sut tri tué di

kém véi bénh Parkinson hodc bénh sa sut tri tu€¢ di kém vdi dang beta-amyloit.
Tinh trang ky thuit ctia sang ché

Bénh Alzheimer (AD) 14 bénh tho4i héa than kinh ¢6 lién quan dén d6 tudi. Nhing
bénh nhin méc bénh Alzheimer bi thiéu hut nh4n thirc va mat tri nhd cling nhu cac van
dé vé& hanh vi nhu lo 4u. Trén 90% bénh nhén bi méic bénh Alzheimer c6 dang rdi loan
khong thudng xuyén nay trong khi dudi 10% trudong hop 13 bénh c6 tinh chit gia dinh
hoc do di truyén. G My, cit 10 ngudi & tudi 65 thi c6 mot ngudi méc bénh AD trong khi
& tudi 85, ctr hai ngudi thi c6 mot ngudi méc bénh AD. Thoi gian séng thém trung binh
ké tir khi chin doan baﬁ dau 12 7-10 nam, va nhitng bénh nhan mic bénh Alzheimer cin
chim séc dic biét hodc b.:?lng thiét bi hd tro séng rat dat do hodc can su tro giup cua céc
thanh vién trong gia dinh. Vi viée ting s6 ngudi cao tudi trong cong ddng dan cu, bénh
AD 14 vin d y t€ dang bao dong. Nhitng phuong phap tri liéu hién c6 dbi voi bénh AD
chi 1a diéu tri cac tridu ching bénh va bao gém céc chit tc ché axetylcholinsteraza dé cai
thién chirc ning nhan thirc cling nhu thude chéng lo au va thube chéng loan tAm thin dé
kiém soét cac van dé vé hanh vi di kém v6i bénh nay.

D4u hiéu bénh 1y dic trung trong ndo cta nhitng bénh nhan méc bénh Alzheimer
1a cac mé rdi soi thin-kinh ma dwoc tao ra boi qué trinh siéu phosphoryl hoa cta protein
tau va cac mang bam dang amyloit ma tao ra do su két tu peptit dang beta-amyloit 1-42
(Abeta 1-42). Abeta 1-42 tao thanh céc oligome va sau d6 13 cac soi, va cudi cung la cac

mang bam dang amyloit. Cac oligome va cac s¢i ndy dugc cho la dac biét gdy doc than



19773

kinh va c6 thé gay ra hiu hét tdn thwong thin kinh di kém véi AD. Cac téc nhan ma ngin
ngira sy hinh thanh clia Abeta 1-42 c6 kha ning 13 cac tic nhan cai bién bénh ding dé
diéu tri bénh AD.

Abeta 1-42 dugc tao ra tir protein tién chit dang amyloit (APP), gdm 770 axit
amin. Dau tin cling N ctia Abeta 1-42 dugc phan cét boi beta-secretaza (BACE), va sau
d6 gama-secretaza phan cit ddu t4n C. Ngoai Abeta 1-42, gama-secretaza cling giai
phéng Abeta 1-40 14 san pham phan cit chiém vu thé cling nhu Abeta 1-38 va Abeta 1-
43. Céac dang Abeta nay cling c6 thé két tu dé tao thanh cac oligome va cac sgi. Nhu vay,
céc chit e ché BACE s& duoc mong doi 1a ngin ngira sy hinh thanh ctia Abeta 1-42
cling nhu Abeta 1-40, Abeta 1-38 va Abeta 1-43 va s& 1 tic nhan diéu tri c6 hoat luc dé
didu tri bénh AD.

Ban chét k§ thuit ciia sing ché

Muc dich ciia sang ché 14 tim ra hop chét c6 tac dung didu tri mot cach hidu qua

bénh AD. Pé dat duoc muc dich ndy, sing ché dé xuit hop chét c¢6 cong thie (1):

R2
=
RI— N
R3
A 4
HN™ “N™ |X\ l~ar
3 ,
Xlxz//x

hoic tautome hozc dang ddng phan 14p thé ctia no, trong do:

R' va R? ddc lap dugc chon tir nhém bao gém hydro, halo, xyano, C;salkyl, mono- va
polyhalo-Ci.;alkyl hodc C;_¢xycloalkyl;

R? dugc chon tir nhém bao g6m hydro, C.3alkyl, C;¢xycloalkyl, mono- va polyhalo-C;.
salkyl, homoaryl va heteroaryl;

X!, X%, X2, X* doc 1ap 1a C(R*) hodc N, véi didu kién 14 khong qué hai nhém trong s do
1a N; mdi R* duoc chon tir nhém bao gém hydro, halo, C;_3alkyl, mono- va polyhalo-C;.
salkyl, xyano, Cj.salkyloxy, mono- va polyhalo-C,_jalkyloxy;

L 12 mdt lién két hodc —N(Rs)CO-, trong do R’1a hydro hodc Cysalkyl;

Ar 1a homoaryl hoéc heteroaryl;
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trong d6 homoaryl 1a phenyl hodc phenyl dugc thé biang mét, hai hodc ba phan tir thé
duoc chon tir nhém bao gdém halo, xyano, C;.salkyl, C;salkyloxy, mono- va polyhalo-C,.
salkyl, mono- va polyhalo-C,_salkyloxy;

heteroaryl dugc chon tir nhém bao gdm pyﬁdyl, pyrimidyl, pyrazyl, pyridazyl, furanyl,
thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, thiadiazolyl, oxazolyl, va
oxadiazolyl, mdi nhém tiy y dugc thé béng mot, hai hodc ba phz‘?m tir thé duge chon tix
nhom bao gém halo, xyano, C;salkyl, C;.salkyloxy, mono- va polyhalo-C_jalkyl, mono-
va polyhalo-C,_jalkyloxy; |

hodc mudi cong hodc solvat clia no.

Sang ché @& xudt dugc phdm chira chét mang dugc dung va hop chat bét ky trong
sb cac hop chit néu trén. Dugc phém theo sang ché duoc bao ché béﬁg cach tron hop
chat bat ky trong s cic hop chét néu trén va chit mang duoc dung. Séang ché @& xuét quy
trinh bao ché dugc phdm bao gdm viée tron hop chit bat ky trong sb cac hop chét néu

trén va chét mang dugc dung.

Téc gia sang ché cling md ta cac phwong phap diéu tri rbi loan do enzym beta-
secretaza, gay ra bao gém viée cho d6i tuong cén diéu tri ding mdt lugng co tac dung

diéu tri cua hop chét bt ky trong sb cac hop chét hodc dugc phém néu trén.

Tac gia sang ché cling mo ta cac phuong phép uc cheé enzym beta-secretaza, bao
gom vi€c cho doi tugng can e che enzym nay dung mot lugng cé tac dung di€u tri cta

hop chét bét ky trong s cac hop chét hodc duge phdm néu trén.

Mot vi du cta sang ché 1a phuong phép didu tri rdi loan dugc chon tir nhém bao
gém bénh Alzheimer, bénh suy gidm nhan thirc nhe, bénh l&0 suy, bénh sa sit tri tué,
bénh sa st tri tué thé Lewy, héi chiing Down, bénh sa stt trf tué di kém véi dét quy,
bénh sa sut tri tué di kém véi bénh Parkinson va bénh sa sut tri tu¢ di kém vdi dang beta-
amyloit, t5t hon 13 bénh Alzheimer, bao g(‘A)m viée cho dbi tuong can diéu tri lugng dung
co tac dung diéu tri ctia hop chét hodc duoc phém bét ky néu trén.

Vi du khac nita ctia sang ché 12 hop chét bat ky trong sb cac hop chét néu trén dé
st dung trong viéc diéu tri: (a) bénh Alzhéimer, (b) bénh suy gidm nhéan thirc nhe, (¢)
bénh 130 suy, (d) bénh sa sut tri tué, (e) bénh sa sut tri tué thé Lewy, (f) hdi chitng Down,
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(g) bénh sa sut tri tué di kém vdi dot quy, (h) bénh sa sat tri tué di kém véi bénh
Parkinson va (i) bénh sa sut tri tué di kém véi dang beta-amyloit, & d6i tuong can diéu tri.
MO ta chi tiét sang ché

Sang ché d cap dén cac hop chit c6 cong thirc (I) nhu dugc xac dinh trén day, va
cac mubi duoc dung va céc solvat clia nd. Céc hop chét c6 cong thirc (I) le‘llcéc chét trc
ché enzym beta-secretaza (con duoc biét dén la enzym phén cat & vi tri beta, BACE,
BACEI, Asp2 hodc memapsin 2), va cd tac dung diéu tri bénh Alzheimer, bénh suy gidm
nhén thitc nhe, bénh ldo suy, bénh sa sut tri tug, bénh sa sat tri tué di kém véi dot quy,
bénh sa sut tri tué thé Lewy, hoi ching Down, bénh sa sut tri tué di kém véi bénh
Parkinson va bénh sa sut tri tu¢ di kém véi dang beta-amyloit, t5t hon 14 bénh Alzheimer,

bénh suy giam nhén thitc nhe hodic bénh sa sut tri tué, t5t hon nita 12 bénh Alzheimer.

Theo mot phuong an cuia sang ché, R! va R? doc 1ap dugce chon tr hydro va C;.

salkyl;

X! x2, x3, x* doc lap la C(R4) trong d6 mdi R* dugc chon tir hydro va halo;
L 12 m6t lién két hodic -N(R*)CO-, trong d6 R’ 1a hydro;

Ar 1a homoaryl hodc heteroaryl;

trong d6 homoaryl 13 phenyl hodc phenyl dugc thé bang mot hodc hai phan tir thé duge
chon tir nhém bao gém halo, xyano, Cy_salkyl, C.;alkyloxy, va polyhalo-C,_jalkyloxy;

heteroaryl dugc chon tir nhém bao gdm pyridyl, pyrimidyl, va pyrazyl, mdi nhom tuy y
duoc thé béng mot hodc hai phén ttr thé duoc chon tir nhém bao gbm halo, xyano, Cj.

salkyl, C,salkyloxy, va polyhalo-C;_jalkyloxy;
hodc mubi cOng hodc solvat ctia no.
Theo mét phuong 4n khac ctia sang ché, R! va R? 14 hydro;
X', X%, X%, X*1a CH;
L 12 mét lién két hodc -N(RS)CO-, trong do R’ 1a hydro;
Ar 1a homoaryl hodc heteroaryl,

trong d6 homoaryl 13 phenyl dugc thé bang clo;
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heteroaryl dugc chon tir nhém bao gém pyridyl va pyrimidyl, mdi nhém tiy y duoc thé
bing mot hoic hai phén tir thé dwoc chon tir nhém bao gdm clo, flo, Xyano, metyl, va

metoxy;
hodc mudi cong hodc solvat clia no.

Theo modt phuong 4n khéc nita, nguyén tir cacbon dugc thé bang R? ¢6 cdu hinh R.
DINH NGHIA

“Halo” dung dé chi flo, clo va brom; “Ci.zalkyl” dung dé chi nhom alkyl mach
thing hodc mach nhéanh ¢6 1, 2 hodc 3 nguyén tr cacbon, vi du metyl, etyl, 1-propyl va 2-
propyl; “Ci.zalkyloxy” dung dé chi géc ete, trong d6 Cy_salkyl 1a nhu duoc xac dinh trén
ddy ; “mono- va polyhaloCsalkyl” ding dé chi C;salkyl nhu dwoc x4c dinh trén day,
duoc thé bang 1, 2, 3 hodc noi ¢6 thé duge thé bang nhidu nguyén tir halo nhu dugc x4c
dinh trén ddy; “mono- va polyhaloC.jalkyloxy” ding d chi gbc ete trong d6 mono- va
polyhaloC;jalkyl 1a nhu dwgc x4c dinh trén diy; “Csexycloalkyl” dung & chi
xyclopropyl, xyclobutyl, xyclopentyl va xyclohexyl; “Cj¢xycloalkandiyl” ding dé chi
gbc hoa tri hai nhu xyclopropandiyl, xyclobutandiyl, xyclopentandiyl va xyclohexan-diyl.

Thuat ngit “ddi tugng” nhu duge sir dung & ddy, dung dé chi dong vat, t5t hon 14
dong vat c6 vu, t6t nhat 1a nguoi, 14 dbi twong hodc da 1a dbi tuong diéu tri, nghién ctru

hodc thlr nghi€m.

Thuat nglt "luong co tac dung didu tri" nhu duoc st dung & ddy, c6 nghia la lugng
hoat chét hodc duoc chit tao ra ddp ing sinh hoc hodc y hoc trong hé md, dong vat hoidc
con nguoi ma dugce cdc nha nghién clru, béc si thi y, bac si y khoa hoic thy thubc 1am
sang khac mong mudn, ma bao gdm viée lam thuyén gidm cac tri¢u chiing ctia bénh hoic
rdi loan dang dugc diéu tri. |

Nhu dugc st dung & day, thuat ngit "ché phém" duogc du dinh bao gém san phém
chira cac thanh phﬁn cu thé véi luong cu thé, cling nhu san phém bét ky ma tao ra, truc
tiép hodc gian tiép, tir viéc két hop céc thanh phin cu thé véi luong cu thé.

Trén day hodc sau day, thuit ngit “hop chit c6 cong thuc (1)” ¢6 nghia 14 bao gdm
cac mudi cong, cac solvat va cac dang ddng phén lap thé cua chung.

Thuit ngit “ddng phan l4p thé” hodc “dang ddng phan hoa hoc 1ap thé” & trén hodic
duéi day duogc sir dung thay thé nhau.
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Séng ché bao gdm tit ca chit ddng phan 1ap thé ctia hop chét ¢ cong thirc (I) dudi
dang chit ddng phan 14p thé tinh khiét hoic dudi dang hdn hop gdm hai hodc nhidu chat
ddng phan l4p thé.

Céc chit ddng phan dbi anh 13 cic chit ddng phan 1ap thé ma 13 hinh anh qua
guong khéng thé xép chdng 1én nhau. Hén hop gdm mét cdp chit ddng phan ddi anh theo

ty 18 1:1 12 raxemat ho#c hdn hop raxemic.

Céc chit ddng phan khong d6i quang (hodc chit ddng phan khong d6i quang) 1a
chét ddng phan lap thé ma khong phai 1a chit ddng phan ddi anh, tic 13 ching khong ¢
mdi quan hé v6i nhau dudi dang anh qua guwong. Néu hop chét chira lién két doi, cac
phén tir thé ¢ thé c6 cdu hinh E hoic Z. Néu hop chét chita nhém xycloalkyl duoc thé
hai 14n, thi cdc phan tir thé ¢6 thé ¢6 cu hinh cis hodc trans. Do d6, sang ché bao gdm
chit ddng phan dbi anh, cic chit ddng phan khong dbi quang, cic raxemat, chit ddng
phan E, chét ddng phan Z, chit ddng phan cis, chit ddng phan trans va cac hdn hop cua

chung.

CAu hinh tuyét d6i duoc x4c dinh theo hé théng Cahn-Ingold-Prelog. CAu hinh &
nguyén tir khong ddi xting duoc xac dinh bang R hoic S. Cac hop chit da dugc phan giai
ma cau hinh tuyét ddi ctia n6 chua biét ¢ thé duoc ky hiéu béng (+) hodc (-) tuy thudc

vao huéng trong d6 ching mit phing 4anh sang phan cuc phéng.

Khi cht ddng phéan 1ap thé cu thé duoc x4c dinh, didu nay c6 nghia 14 chét dong
phan 14p thé dd néu gin nhu khéng chira, tirc 14 chira it hon 50%, t6t hon 1a it hon 20%,
tot hon nita 1a it hon 10%, tham chi tét hon nita 1a it hon 5%, cu thé it hon 2% va t6t nhét
1a it hon 1%, cac chit ddng phan khac. Nhu vay, khi hop chét c¢6 cong thire (I) vi du dugce
chi 13 1a (R), thi diéu nay c6 nghia 1a hop éhét nay gan nhu khong chita chit ddng phan
(S); khi hop chét cé cong thirc (I) vi du dugc chi rd 14 E, thi diéu nay ¢ nghia 13 hop chét
nay gan nhu khong chira chit ddng phan Z; khi hop chét c6 cong thirc (I) vi du duoc quy
dinh 1a cis, didu nay c6 nghia 12 hop chit nay gin nhu khong c6 chit dong ph@n trans.

Céc hop chét c6 cong thire (I) cing tdn tai vdi cac chat tautome c6 cong thuc (I-1)

& trang thai can bang dong:



19773

R2 - R?
RI—N N R'— N
R3 R?
4 x4 L
HoN \N%J/XYL\AF N ﬂjﬁl/ Y “
1 3 1 3
\XZ.‘X X\xz\x

0] -1

Hon nita, mét s& dang két tinh trong sb cac dang két tinh cta cac hop chét cua
sang ché c6 thé tdn tai dudi dang chit da hinh va cac dang nay dugc du dinh bao gbém
trong sang ché. Ngoai ra, mot s6 hop chét trong s& cac hop chit cua sang ché c6 thé tao
thanh cac solvat v&i nuédc (tire la cac hydrat) hodc cac dung mdi hitu co thong dung, va

céc solvat nay cling dugc du dinh bao gdm trong pham vi cia sang ché.

Dé st dung trong y té, cac mudi cia céc hop chit theo sang ché chi “cac mubi
duoc dung” khong doc. Tuy nhién, cac mudi khac c6 thé hitu ich trong viéc didu ché cac
hop chét theo sang ché hodc cac mubi duoc dung cua éhﬁng. Cac mudi duge dung thich
hop ciia cc hop chat nay bao gdm cac mudi cong axit ma c6 thé 13 vi dy, duoc tao thanh
bang cach tron dung dich cta hop chét nay véi dung dich axit dugc dung nhu axit
clohydric, axit sulfuric, axit fumaric, axit maleic, axit suxinic, axit axetic, axit benzoic,
axit xitric, axit tartric, axit cacbonic hoéc axit phosphoric. Hon nita, khi cac hop chét theo
sang ché mang gbc axit, thi cac mudi duoc dung thich hop ctia né ¢6 thé bao gdm céc
mubi kim loai kiém, vi du, cdc mudi natri hoic kali; cac mudi kim loai kiém thd, chéng
han, cac mudi canxi hodic magie; va cac mudi dugc tao thanh véi cac phéi tr hitu co thich

hop, chang han, cdic mudi amoni bac bon.

Céc axit dién hinh ma c6 thé dugc str dung trong viéc didu ché cac mubi duoc
dung bao gdm, nhung khéng chi han.ché &, céc axit sau: axit axetic, axit 2,2-dicloaxetic,
axit amin dwogc axyl hda, axit adipic, axit alginic, axit ascorbic, axit L-aspartic, axit
benzensulfonic, axit benzoic, axit 4-axetamidobenzoic, axit (+)-camphoric, axit
camphorsulfonic, axit capric, axit caproic, axit caprylic, axit xinnamic, axit xitric, axit
xyclamic, axit etan-1,2-disulfonic, axit etansulfonic, axit 2-hydroxy-etansulfonic, axit
formic, axit fumaric, axit galactaric, axit gentisic, axit gluco-heptonic, axit D-gluconic,
axit D-glucoronic, axit L-glutamic, axit beta-oxo-glutaric, axit glycolic, axit hippuric, axit
hydrobromic, axit clohydric, axit (+)-L-lactic, axit (+)-DL-lactic, axit lactobionic, axit

maleic, axit (-)-L-malic, axit malonic, axit (+)-DL-mandelic, axit metansulfonic, axit



19773

naphtalen-2-sulfonic, axit naphtalen-1,5-disulfonic, axit 1-hydroxy-2-naphthoic, axit
nicotinic, axit nitric, axit oleic, hodc axit otic, axit oxalic, axit palmitic, axit pamoic, axit
phosphoric, axit L-pyroglutamic, axit salixylic, axit 4-amino-salixylic, axit sebacic, axit
stearic, axit suxinic, axit sulfuric, axit tannic, axit (+)-L-tartric, axit thioxyanic, axit p-
toluensulfonic, axit triflometylsulfonic, va axit undexylenic. Céc bazo dai dién ma c6 thé
dugc sir dung trong viéc didu ché cac mudi dugc dung bao gém, nhung khong chi han
ché &, cac bazo sau: amoniac, L-arginin, benetamin, benzathin, canxi hydroxit, cholin,
dimetyletanolamin, dietanolamin, dietylamin, 2-(dietylamino)-etanol, etanolamin, etylen-
diamin, N-metyl-glucamin, hydrabamin, 1H-imidazol, L-lysin, magie hydroxit, 4-(2-
hydroxyetyl)-morpholin, piperazin, kali hydroxit, 1-(2-hydroxyetyl)-pyrolidin, amin béc

hai, natri hydroxit, trietanolamin, trometamin va k&m hydroxit.

Tén hoa hoc clia cac hop chét theo sang ché 1a duoc goi theo quy tic tao danh
phap dugc Chemical Abstracts Service chép thuin. M6t s6 hop chét trong s6 cac hop chét
c6 cong thire (I) ciing c6 thé tdn tai dudi dang tautome ctia ching. Céc dang nay mic du
khéng dugc néu mdt cach rd rang trong cong thirc néu trén nhung ching cling dugc du

dinh bao gdm trong pham vi bao hd ciia sang ché.
A. Piéu ché hop chét cudi cling
Quy trinh thr nghi€ém 1

Céc hop chét cubi ciing c6 cong thirc (I), c6 thé dugc didu ché bang céch cho hop
chét trung gian c6 cong thirc (II) phan (mg v&i ngudn amoniac thich hop vi du, amoni
clorua hozc nuéc amoniac, theo so dd phan tmg (1), phan tmg duoc thuc hién trong dung
moi khong phan Ung thich hop, vi dy, nude hodc metanol, trong diéu kién gia nhiét vi duy,
gia nhiét hdn hop phan tmg & nhiét d6 nim trong khoéng tir 60°C dén 90°C, vi du trong
khoang thdi gian tir 4 dén 100 gid. Trong so db phan tg (1), tAt ca cac bién s duoc xéac

dinh nhu trong cong thic (I).

R2 R?
=N =N
1 . 1
RTNN 3 “ngudn amoniac” RTNAN 3
R R
xt oL x4 L
S N I Y SAr HoN | \\l/ SAr
m

X
N

X< xzxa X< szs

(I

So db phan img 1
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Quy trinh thr nghiém 2

Céc hop chét cudi cling c6 cong thirc (I-a), trong d6 L 1a -N(R*)CO-, c6 thé dugc
didu ché bang cach cho hop chét trung gian c6 cong thirc (II[-a) phan tng véi hop chat
trung gian c6 cdng thic (IV) theo so dd phan ung (2), phan tmg dugc thuc hién trong
dung mo6i khong phan tng thich hop, vi du, N,N-dimetylformamit, véi sy c6 mit cua
bazo thich hop, vi du, K5;PO,, chét xuc tac déng vi duy, Cul va diamin nhu '(IR,2R)-(-)-
1,2-diaminoxyclohexan, trong diéu kién gia nhiét vi du, gia nhiét hdn hop phan ting &
nhiét d¢ 180°C, vi du trong 135 phut trong diéu kién chiéu vi song. Trong so dod phan ting
(2), tht ca cac bién s6 duoc xac dinh nhu trong hop cha"lt.c() cong thie (I) va W 1a halo.

H

R5’N
v) o jﬁ/ 35
N

X1\ <, )(:3 \ \‘)(/3
(In-a) X2 (I-a) X2

So d6 phan ting 2
Quy trinh thr nghiém 3

Ngoai ra, cac hop chit cudi cling c¢6 cong thic (I-a), c6 thé dugc diéu ché bing
cach cho hop chét trung gian c6 cong thirc (I1I-b) phan tmg v&i hop chit trﬁng gian co
cong thirc (V) theo so db phan tig (3), phan tng dugc thuc hién trong dung mdi khong
phéan tng thich hop, vi du, diclometan hodc metanol, tuy y véi sy c6 mét ctia bazo thich
hop, vi du, N,N-diisopropyletylamin, v&i sy ¢ mit cia tdic nhan ngung tu nhu O-(7-
azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat hodc 4-(4,6-dimetoxy-
1,3,5-triazin-2-yl)-4-metylmorpholini clorua trong diéu kién gia nhiét vi dy, gia nhiét hdn
hop phéan tng & nhiét d6 25°C, vi du trong 2 gid. Trong so dd phan tmg (3), tit ca cac
bién sb dugc x4c dinh nhu trong hop chét c6 cong thic ().
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R2
N HO._A =N
YA VO % .
V) o < LR R
NHR5 HoNT NN\ XE NG A

| b
\ X1\ '.X3 O

by X (I-a) X2

So dd phan tng 3
Quy trinh thr nghiém 4

Ngoai ra, cac hop chit cubi cling c6 cong thirc (I-a), c6 thé dugc didu ché bang
céch cho hop chét trung gian c6 cong thirc (III-b) phan tng véi hop chét trung gian ¢6
cong thirc (VI) theo so @b phan tng (4), phan tmg dugc thuc hién trong dung méi khéng
phan g thich hop, vi du, diclometan, vdi su cd mat clia bazo thich hop, vi du, pyridin,
trong diéu kién gia nhiét vi dy, gia nhiét hdn hop phan tmg & nhiét d6 25°C, vi du trong 2
gidr. Trong so db phan tng (4), tit ca cac bién sb dugc x4c dinh nhu trong hop chét c6

cong thue (I) va Y 1a halo.

R2
N\ =N
N \n/ R\ _N ;
:k% NHR® v N :k;ib E A
r
HoN N I \\( \ﬂ/
\ X1\ ‘,)(3 O
(l1-b) (1-a) NG

So d6 phan tmg 4
Quy trinh thir nghi€ém 5

Céc hop chat cudi cliing ¢6 cong thire (I-b) trong d6 L 1a mét lién két, c6 thé duoc
didu ché bang cach cho hop chét trung gian c6 cong thirc (II-a) phan mg v&i hop chét
trung gian c6 cbng thirc (VII) theo so dd phan tmg (5), phan g duoc thuc hién trong
dung méi khéng phéan tng thich hop, vi du, hdn hop gdm cac dung moi khéng phan tmg
nhu, 1,4-dioxan/etanol, v&i sw ¢6 mat ciia bazo thich hop, vi du, K,CO;, chét xuc tac
phirc Pd nhu, tetrakis (triphenylphosphin)paladi (0) trong cac didu kién gia nhiét vi du,
gia nhiét hdn hop phan tmg & nhiét d6 80°C, vi du trong 20 gidr hodc vi du, gia nhiét hon
hop phén tmg & nhiét d6 150°C, trong khoang thoi gian tir 10 phiit dén 30 phut trong diéu
kién chiu vi séng. Trong so dd phan tng (5), tit ca cac bién sé 1a duoc x4c dinh nhu

trong hop chét ¢6 cong thire (I) va W 14 halo. R® va R’ ¢6 thé 14 hydro hodc alkyl, hodic co
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thé cung nhau tao ra, vi duy, géc héa tri hai c¢6 cdng thiec -CH,CH,-, -CH,CH,CH,-, hodc
-C(CH3),C(CH;),-.

H,N™ N
\\|/ 2
X\ 2',X3 X1\ 5
(-a) X (I-b) X

R? .
=N O-R° =N
RN Ar—B 7 RN
R3 Vi) ‘o-R R3
HNT SN X W N x4 __Ar
| |
;

So db phan tmg 5
Quy trinh thir nghiém 6

Céc hop chét cudi ciing ¢ cdng thirc (I-c), trong d6 R' 12 hydro, c6 thé dugc diéu
ché tir cac hop chéit cudi cing twong tmg c¢6 cong thire (I-d), trong d6 R duge chon tir
nhém bao gdm clo, brom va iot, theo céc quy trinh khir d4 biét trong linh VucAnéy theo so
dd phan tmg (6). Vi duy, phan @ng khir c¢6 thé dugc thuc hién bing cich khudy cac cht
phan tmg trong khi quyén hydro va véi su ¢6 mit ctia chit xtc tac thich hop vi du, paladi
trén than, platin trén than, Raney-niken va céc chit xtic tic twong tw. Dung mdi thich hop
1a, vi du, nudce, cac alkanol, vi du metanol, etanol va dung moéi tuong tu, cac este, vi du
etyl axetat va dung méi trong tu. D& 1am ting tbc d6 ctia phan tmg khir d4 néu t6t hon 1a
Jam tang nhiét d6 va/hodc 4p sudt ctia hdn hop phan tng. Viéc hydro héa tiép tuc khéng
mong mudn ctia mot sb nhém chirc trong cac chat phan tng va céc san phim phan tng c6
thé dugc ngin nglra bang cach bd sung chat gy doc chét xtc tac vi du, thiophen va dung
mdi twong tw, vao hdn hop phéan tmg. Trong so dd phan tmg (6), tat ca cac bién sb duoc

xé4c dinh nhu trong hop chét ¢ cong thirc (I).

SAr

R? R?
=N =N
RN N
jgfa “phan ng kht” R
NS 4 NS 4
H,NT °N Xk~ H,N” °N Xt
Ar S
\xz)( ~y2X
(I-d) ‘ (I-c)
So dd phan tng 6

Mot s6 hop chét trung gian va céc nguyén lidu ban dau trong cac quy trinh diéu

ché néu trén la cac hop chat di biet, cac hgp chat nay cé thé dugc diéu ché theo céc
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phuong phap da biét trong linh vic didu ché cac hop chit da néu hodc cac hop chét tuong
tur va mot s& hop chét trung gian 13 méi. Mot sé phuong phap diéu ché nay s& dugc md ta

chi tiét hon sau day.
B. Diéu ché c4c hop chét trung gian
Quy trinh thr nghiém 7

Céc hop chét trung gian c6 cong thire (IT) c¢6 thé duoce didu ché bang cach cho hop
chét trung gian ¢ cong thirc (VIII) phan tng v6i chit phan tng cho luu huynh thich hop
dé tbng hop cac thioamit vi du, phospho pentasulfua hodc 2,4-bis-(4-metoxyphenyl)-1,3-
dithia-2,4-diphosphetan 2,4-disulfua [chit phan tmg Lawesson] theo so dd phén ung (7),
phan ng duoc thuc hién trong dung méi khong phan tng, ching han, tetrahydrofuran
hodc toluen, véi su c6 mat cua bazo thich hop vi du, pyridin, trong cac diéu kién gia nhiét
vi dy, gia nhiét hén hop phan ng & nhiét d§ 100°C, vi du trong 5 gio. Trong so dd phan
mg (7), tht ca cac bién sb dugc xac dinh nhu trong hop chét c6 cong thire (I).

R? R?
=N =N
RN Iuu huynh héa RN
R® R®
X4 Lo x4 L
LS A TR YA
X

r r

X\ X ' X\ .
iy e a X2

So d6 phan ting 7
Quy trinh thr nghiém 8

Céc hop chét trung gian ¢6 cong thirc (VIII-a) trong d6 L 13 mot lién két, c6 thé
dugc diéu ché bing cach cho hop chét trung gian c6 cong thirc (IX-a) phan tng véi hop
chét trung gian c6 cdng thire (VII) theo so dd phan ung (8), phéan Ung duoc thuc hién
trong hdn hop dung méi khong phan ting thich hop vi du, 1,4-dioxan/nuée, v6i su c6 mit
cia bazo thich .horp, vi du, nudc Na,CO;, chit xtc tic phtc Pd vi duy,
tetrakis(triphenylphosphin)paladi (0) trong cac diéu kién gia nhiét, vi du, gia nhiét hdn
hop phén ng & nhiét d6 80°C, vi du trong 20 gid hodc vi dy, gia nhiét hdn hop phan tmg
& nhiét d6 150°C, vi du trong khoang thoi gian tir 15 dén 30 phut trong diéu kién chiéu vi
song. Trong so d6 phan tmg (8), tit ca céc bién sb dugc x4c dinh nhu trong hop chét c6

cong thirc (I) va W 1a halo. R® va R7 ¢6 thé 14 hydro hodc alkyl, hodc ¢6 thé cing nhau
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tao ra, vi du géc héa tri hai c6 coébng thac —CH,CH,-, -CH,CH,CH,-, hodc -
C(CHj3),C(CHs),-.

R? R?
=N O-R® =N
RN Ar—B_ 7 RN
R3 o-R R3
o? >N\ XS Vi o0“ >N xX: _Ar
H T, H WS,
X\ X3 L X
(IX-a) = X2 (Vllla) X2
So db phan tng 8
Quy trinh thtr nghiém 9

Céc hop chit trung gian c6 cong thirc (II1-b) cb thé dugc diéu ché tir cac hop chét
trung gian tuong ung cé cdng thirc (IlI-a) theo cac quy trinh phan Ung lién hop kiéu
Buchwald-Hartwig d3 biét trong linh vuc nay theo so d6 phan tng (9). Phan tng lién hop
nay c6 thé duoc thuc hién bang cach xir 1y cac hop chét trung gian ¢ cong thirc (III-a)
v6i hop chit trung gian c6 cbng thirc (X) trong dung mdi khdng phan tng thich hop, vi
dy, etanol hoic cac hdén hop gém cac dung moi khong phan Ung nhu, 1,2-
dimetoxyetan/nudc/etanol, v6i sy ¢ médt cua bazo thich hop, vi dy, nuéc K3PO, hodc
Cs,CO3, chét xuc tac phirc Pd vi du, [1,1’-bis(diphenylphosphino)feroxen]-diclopaladi(IT)
hoidc trans-bis(dixyclohexylamin) paladi diaxetat [DAPCy] trong cac diéu kién gia nhiét
vi dy, gia nhiét hdn hop phan ting & nhiét 46 80°C, vi du trong 20 gi¢ hodc vi dy, gia
nhiét hdn hop phan tmg & nhiét d§ 130°C, vi du trong 10 phiit trong diéu kién chiéu vi
song. Trong so dd phan tmg (9), tit ca cac bién sb duge xac dinh nhu trong hop chét co
cong thie (I) va W 14 halo. R® 1a hydro hoiic Cysalkyl. Theo cach khac, khi R’ 13 hydro,
céc hop chét trung gian c6 cong thirc (III-b) cling c6 thé thu dugc theo quy trinh téng hop
hai budc. Thir nhét, tién hanh phan tmg lién hop kiéu Buchwald-Hartwig, trong céc didu
kién da duoc cac ngudi c6 hiéu biét trung binh trong linh vuc nay biét rd, gitta hop chit
trung gian (III-a) va amin 4n dinh nhu benzophenon imin. Trong budc thir hai, hop chét
trung gian (III-b) c6 thé thu duoc dudi dang amin bac mét bang cach xi Iy san phdm da
lién hop, dugc hoa tan trong dung mdi thich hgp, nhu isopropanol, bang axit, ching han
axit clohydric, trong cac diéu kién gia nhiét vi du gia nhiét hdn hop phan tmg & nhiét d6

25°C, vi du trong 2 gio.
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R2
=N H,NR® \
RN RN
3 X) 3
N R 4 N R 4 5
H,N™ N X\ W H,N~ °N X _NHR
I T, | |
X \ 2’.X

X\ 4
(n-a) X by X2

So dd phan tmg 9
Quy trinh thir nghi€ém 10

Ngoai ra, cac hop chét trung gian c6 cong thire (III-b), trong d6 R’ 12 hydro c6 thé
duoc diéu ché tir cic hop chat trung gian twong tng c¢6 cong thirc (III-c) theo quy trinh
khir nitro thanh amino d4 biét trong linh vuc theo so d6 phan tng (10). Vi du, phan tng
khtr 43 néu thuong cé thé duoc thuc hién véi sy c6 mit clia tic nhan khir thich hop nhu
thiéc clorua, kém hodc sit, trong dung mdi khong phan tng thich hop nhu etanol hoic
céc hdn hop etanol/axit axetic hodc metanol/dung dich nuwéc amoni clorua, trong cac diéu
kién phén ting thich hop, nhu & nhiét d6 thuan loi, thudng nim trong khoang tir 70°C dén
110°C, trong khoang thoi gian dam bao hoan thanh phan tmg. Ngudi cé hidu biét trung
binh trong linh vuc ndy s& danh gia dugc ring trong trudng hop néu R! va/hoidc R? trong
hop chét trung gian (III-c) 1a halogen dugc chon tir nhém clo, brom va iot, va cac nhém
nay khong mong mudn c6 mat trong hop chit cudi cling, trong céc diéu kién néu trén con
¢6 thé xay ra phan {mg proton héa-cong oxi héa, dé tao ra hop chét trung gian (III-b),
trong d6 R' va/hoac R* 13 hydro. Theo céch khéc, phan-tmg khir d4 néu c6 thé dugc thuc
hién bang cach khudy cac chit phan timg trong khi quyén hydro va véi su ¢6 mit clia cht
xuc tac thich hop vi duy, paladi trén than, platin trén than, Raney-niken va céc cht xuc tac
tuong tu. Dung moi thich hop 14, vi du, nude, céc alkanol, vi du metanol, etanol va rugu
tuong tu, céc este, vi du etyl axetat va céc este tuong tu. Dé lam tang tbc do cua phéan Ung
khir d& néu, t6t hon 14 lam ting nhiét d6 va/hodc 4p sudt ciia hdn hop phan tng. Sy hydro
héa tiép tuc khéng mong mudn ciia mot sé nhém chire trong cac chit phan Umg va céc san
phim phan @ng c¢6 thé duoc tranh bing cach bd sung chit gdy doc chét xuc tic vi du,
thiophen va céc chit tvong tw, vao hdn hop phan tmg. Trong so dd phan tng (10), tit ca

céc bién s6 duoc x4c dinh nhur trong hop chét c6 cong thire (I).
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R? .
1 N 1 N
R\ o RS =H R i
N X0 i S x4 __NHR®

H,N" N I \\( 2 “khi nitro thinh amin” HN™ N I Y

X . x3 X3
(IESI'S ey O
So d6 phan tng 10

Quy trinh thir nghiém 11

Céc hop chit ¢6 cong thie (III-a) va (III-c) thudng cé thé duoc diéu ché theo cac

budc phan ing dugc thé hién trong cac so d6 phan tmg (11) va (12) dudi day.
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N
H N
X
Xl-a) X2
R2 ]B
=N

=N
\
RN

R3
RO,C W
PGHN™ \ "’

3
X1\ 2‘,X
(XIl-a) R = Alkyl

R2
=N
RN
RS
HN” N Ix“ NO,
X\ _5X
(-c) X

=N
RN

0,C j¢3
R Y] 4

X4 _NO,
PaHN \ XSy

X1\ 2’. X

(Xlll-c) R=H

2
R E
=N
RN
)@3
x4 _NO
PGHN ] 2
i \(3

X1\ 2'. X

(XIV-c)

So db phan tmg 11

A: Chuyén héa thioamit thianh amidin

B: Chuyén h6a amit thanh thioamit (su luu huynh héa)

C: Déng vong
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D: Loai bo cdc nhém bao vé N bat ky
E: Thé nguyén tir hydro bing kim loai

Céc dan xudt amidin trong so dd phan tng (11) & trén thuong c6 thé dugc diéu ché
tir cac din xudt thioamit twong tmg theo cc quy trinh chuyén héa thioamit thanh amidin
da biét trong linh vuc (budc phan tng A). Su chuyén hoa nay thuong c6 thé duge thuc
hién bf‘?mg cach xtr ly cac thioamit d& néu bﬁng nguén amoniac vi du, amoni clorua hoac
nudc amoniac, trong dung modi khdng phan tng thich hop vi dy, nudc hodc metanol va
dung moéi tuong tu, trong céc diéu kién gia nhiét vi dy, gia nhiét hdn hop phan tng &

nhiét d6 nam trong khoang tir 60 dén 90°C, vi du trong khoang thdi gian tir 6 dén 100 gio.

Céc din xuit thioamit trong so dd phan tng (11) & trén c6 thé dugc didu ché t
céc dan xuét amit theo céc quy trinh luu huynh héa da biét trong linh vuc (budc phan ing
B). Quy trinh chuyén héa nay thuong dwoc thuc hién .bﬁng cach xir ly cac amit da néu
bang tac nhan lwu huynh héa vi du, phospho pentasulfua hoic 2,4-bis-(4-metoxy-phenyl)-
1,3-dithia-2,4-diphosphetan 2,4-disulfua [ch4t phan tmg Lawesson], trong céc diéu kién
khoéng c6 dung moi hodc trong dung moi khong phan tmg vi dy, tetrahydrofuran hoac
1,4-dioxan va dung mdi tuong tu, tiy y vdi sy c6 mét clia bazo thich hgp nhu pyridin
trong cac diéu kién gia nhiét vi du, gia nhiét hdn hop phan Ung & nhiét d6 tir 50 dén
100°C, vi du trong 24 gid.

Céc dan xuét amin ¢ cong thirc (IX-a) va (IX-c) trong so' d6 phan tng (11) & trén
c¢6 thé dugc didu ché tir cac hop chit trung gian tuong ung c6 cong thuc (XII-a) va (XII-
¢) theo cac quy trinh déng vong da biét trong linh vuc (budc phan img C). Phan ung dong
vong nay thuong cé thé duge thuce hién bang cach xi 1y cac hop chét trung gian co cong
thie (XII-a) va (XII-c) bang bazo thich hop, nhu kali axetat, trong dung mdi phan ng
thich hop, ching han nhu etanol va cac dung méi twong tw, & nhiét d6 ndm trong khoang
tir 70°C dén 100°C, trong khoang thdi gian ddm bao hoan thanh phéan tmg.

Céc hop chét trung gian ¢ cong thic (IX-a), trong d6 R* 1a hydro, ¢6 thé dugc
diéu ché tir hop chét trung gian c6 cong thire (IX-a-1), trong do R? 14 nitro, bang cach khr
nhém nitro thanh amino, tiép theo 14 phan tng diazo héa-loai nhém amin hoa.

Céc hop chét trung gian c6 cong thire (IX-a), trong d6 R 1a diflometyl, c6 thé
dugc diéu ché tir hop chét trung gian c6 coéng thuc (IX-a-2), trong d6 R* 1a
alkoxycarbonyl, bing cich chuyén héa nhém este thanh aldehyt theo mot trong sd cac
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phwong phép da biét trong linh vuc k¥ thudt nay, tiép theo 1 phan tmg ctia nhém aldehyt
vdi DAST.

Céc hop chét trung gian cé cong thirc (XII-a) va (XII-c) trong so d6 phéan tmg (11)
& trén ¢ thé duoc didu ché tir cac hop chit trung gian c¢6 cong thire (XIII-a) va (XIII-c)
tuong (mg bang cach tién hanh loai bé nhém bio vé theo cic quy trinh da dugc ngudi 6

hiéu biét trung binh trong linh vuc nay biét rd (budc phan ing D).

Céc hop chét trung gian c6 cong thirc (XIII-c) trong so d6 phan tmg (11) & trén c6
thé dugc didu ché tir cac hop chét trung gian twong tmg c6 cong thirc (XIV-c) theo quy
trinh thé nguyén tir hydro bang kim loai d& duoc ngudi cé hidu biét trung binh trong linh
vuc nay biét 16 (budc phan tng E). Viéc thé nguyén tir hydro bang kim loai dd néu
thuong c6 thd duge thuc hién bang cach xir ly cac hop chét trung gian c6 cong thirc
(XIV-c) bang bazo thich hop, nhu lithi diisopropylamit, va chit ai nhan thich hgp nhu d4
khdo hoac etyl clorofomat, trong dung méi phan tUng thich hop, ching han
tetrahydrofuran, & nhiét 6 nim trong khoang tir -80°C dén 0°C, trong khoang thoi gian
dam bao hoan thanh phan ung.
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So db phan tmg 12
F: Alkyl héa
G: Oxy hoa oxathiazolidin

H: Tao thanh oxathiazolidin

Céc hop chét trung gian c6 cong thie (XIII-a) va (XIV-c) trong so d phan ting
(12) & trén c6 thé duoc diéu ché tir cac hop chit trung gian c6 cbng thirc (XVI-a) va

(XVI-c) tuong ung, trong do Z' 1a nhém bao vé& cic amin vi dy, nhém tert-
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butoxycarbonyl, theo c.éc quy trinh alkyl héa da biét trong linh vuc (budc phan tng F).
Alkyl héa di néu thuong c6 thé dwoc thuc hién bing cach xur ly
céc hop chét c6 cong thirc (XV-a) va (XV-¢) 1an lugt bing cac hop chit trung gian twong
ung cé cong thuc (XVI-a) va (XVI-c) véi bazo thich htyp vi du, natri carbonat hodc xesi
carbonat, trong dung moi khong phan tng thich hop vi dy, N, N-dimetyl formamit hodc
dimetoxysulfoxit, & nhi€t do thép vi dy, 0°C trong 30 phut va sau d6 & nhiét d cao vua
phai vi du, 100°C trong 24 gio dén 100 gio hodc vi du, gia nhiét hdn hop phin tng &
nhiét d6 130°C, vi du trong 30 pht dén 45 phut trong didu kién chiéu vi song.

Céc hop chét trung gian ¢ cong thfrc (XVI-a) va (XVI-c) trong so dd phan tng
(12) trén c6 thé dwoc didu ché bang phan tng giita céc hop chét trung gian ¢ cong thic
(XVIH-a) va (XVII-c) theo quy trinh oxy héa da dwoc biét dén trong linh vuc k¥ thust nay
(buéc phan tng G). Phan tmg oxy héa niy thudng cé thé duge thuc hién b:‘?lng cach xu ly
cac hop chét trung gian twong mg c6 cong thirc (XVII-a) va (XVII-c) béang tac nhan oxy
héa vi duy, natri periodat trong dung moi khong phdn Ung thich hop vi dy,
axetonitril/nudc, voi su ¢6 mit cta ruteni (III) clorua & nhiét @6 cao vira phai vi du, 25°C,

vi du trong 2 gio.

Céc hop chét trung gian c6 cong thirc (XVII-a) va (XVII-c) trong so d6 phan tmg
(12) & trén c6 thé duge diu ché bing phan tng giita cac hop chat trung gian c6 cong
thire (XVIII-a) va (XVIII-c) theo cac quy trinh tao ra sulfamidat da biét trong linh vuc
(budc phan tng H). Phan tmg chuyén héa da néu thuong c6 thé duge thuc hién bing cach
xtt 1y cac hop chat trung gian c6 céng thirc (XVIII-a) va (XVIII-c) tuong tng bing
thionyl clorua, véi sy ¢ mit cua bazo vi du, pyridin, trong dung mdéi khong phéan Ung
thich hop, vi du, axetonitril, & nhiét do thép vi du, -40°C, vi du trong 30 phut va sau d6 &
nhiét d6 cao vira phai vi dy, 25°C, vi du trong 24 dén 72 gio.

Céc hop chit trung gian cé cong thirc (XVIII-a) va (XVIII-c), trong d6 Z' 13 nhém
bao vé amin vi du, nhém fert-butoxycarbonyl, thuomg cé thé dugc didu ché theo cac quy
trinh Strecker da biét trong linh vuc dugc mo ta trong tai liéu chuyén nganh.

Dugc ly

Céc hop chét cua sang ché va cac ché phém dugc dung cta nd uc ché BACE va do
d6 co thé hiru ich trong viéc diéu tri hodc ngén nglra bénh Alzheimer (AD), bénh suy
giam nhén thirc nhe (MCI), tinh trang 180 suy, sa sut tri tu¢, sa sut tri tu€ di kém véi thé
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Lewy, bénh mach méu nfo dang amyloit, sa stt tri tué do nhdi mau nhiéu 14n, hdi ching
Down, sa sut tri tué di kém va&i bénh Parkinson va sa sut tri tué¢ di kém vdi dang beta-

amyloit.

Sang ché dé cap dén hop chét c¢6 cong thirc chung (I), dang ddng phan 14p thé cua

nd hodc mubi cdng axit hodc bazo duge dung hoac solvat cia nd, d¢ dung lam thudec.

Sang ché con dé cdp dén hop chét c6 cong thirc chung (I), dang ddng phan 1ap thé
ctia né hodc mudi cdng axit hodc bazo dugc dung hodc solvat cta nd, dé sir dung trong
viéc diéu tri hodc ngan ngura bénh hodc tinh trang bénh dugc chon tir nhdm bao gém AD,
MCI, tinh trang 180 suy, bénh sa sut tri tug, bénh sa sut tri tué di kem véi thé Lewy, bénh
mach mau ndo dang amyloit, sa sut tri tu€ do nhdi mau nhiéu 14n, hdi chirng Down, sa sut

tri tué di kém véi bénh Parkinson va sa st tri tué di kém véi dang beta-amyloit.

Sang ché ciing mé ta viéc sir dung hop chéit c6 cong thirc chung (I), dang dong
phan lap thé cta n6 hodc mudi cdng axit hodc bazo dugc dung hodc solvat clia né, dé bao
ché thudc d& didu tri hodc ngin ngira cac tinh trang bénh bit ky trong sb céc tinh trang

bénh néu trén.

Xét v& tinh hitu ich cta hop chit ¢6 cong thirc (I), séng ché mo ta phuong phap
didu tri dong v4t mau néng, bao gdm ngudi, mic bénh hodc md ta phuong phap ngin

nglra ddng vat mau ndng, bao gdm ngudi, mac bat ky mét trong s cac bénh néu trén.

Céc phuong phép d néu bao gdm viéc cho dung, tirc 1 st dung toan thin hoic
khu trd, t5t hon 12 st dung qua dudng miéng, mdt luong c6 tac dung didu tri ctia hop chét
¢6 cong thie (1), dang ddng phan 1ap thé cua nd, mubi cong duoc dung hoic solvat clia

nd, cho ddng vat méu ndng, ké ca nguoi.

Phuong phép diéu tri ndy ciing ¢6 thé bao gdm viéc cho ding thanh phan hoat tinh
theo ché do tir mot dén bdn 14n modt ngdy. Trong cac phuong phéap ndy, cac hop chét theo
sang ché t&t hon 1a dwoc phéi ché trude khi sir dung. Nhu duge mé ta trong ban mé ta
dudi déy, cac ché pham thubc thich hop duge bao ché theo cac quy trinh d& biét bang
cach st dung céc thanh phén sin c6 va da biét.

Céc hop chét cta sang ché, ma c6 thé thich hop dé diéu tri hosc phong ngira bénh
Alzheimer hodc céc triéu chiing ctia nd, cé thé duogc st dung mo{t minh hodc két hop voi

mot hodc nhiu chit tri lidu bd sung khac. Viéc diéu tri két hop bao gém viéc cho dung
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mot dugc phdm duy nhit ma chua hop chét ¢6 cong thirc (I) va mot hodic nhidu chét tri
liéu bd sung khac, cling nhu viéc cho dung hop chét ¢6 cong thic (I) va tung chét tri liéu
bb sung khéc trong ting dugc phim chira timg chit nay. Vi du, hop chét c¢6 cong thire (1)
vé chét trj liéu c6 thé duoc st dung cho bénh nhan cung nhau trong mot ché phém o dang
lidu dung qua dudng miéng nhu vién nén hodc vién nang, hodc ting chét tri lidu c6 thé

dugc dung dudi dang cac ché phdm ding qua dudng miéng riéng 1€.
DUQC PHAM

Sang ché con dé xuét ché phém dé ngdn nglra hodc diéu tri bénh trong d6 viéc rc
ché beta-secretaza dem lai loi ich, nhu bénh Alzheimer (AD), bénh suy giam nhén thirc
nhe, bénh 10 suy, bénh sa sut tri tu¢, bénh sa sut tri tué .thé Lewy, hoi chiing Down, bénh
sa sut tri tu€ di kém véi dot quy, bénh sa sut tri tué di kém véi bénh Parkinson va bénh sa
sut tri tué di kém véi dang beta-amyloit. Ché phdm nay bao gdm luong c6 tac dung didu

tri ctia hop chét c6 cong thire (I) va chit mang hoic chit pha lodng dugc dung.

Céc hoat chét, t&t hon 1a c¢6 thé duoc ding mdt minh nhung trinh bay n6 dudi dang
duoc phim. Do vy, sang ché con dé xudt duge phdm bao gdm hop chét cta sang ché,
cling v6i chit mang hodc chét pha lodng dugc dung. Chit mang hodc chit pha lodng can
phai “chip nhin dugc” theo nghia c6 thé twong thich véi céc thanh phin khac cua duoc

phim v khéng gdy hai cho ngudi nhan né.

Dugc phdm ctia sang ché c¢6 thé duoc bao ché theo phuong phép bt ky da duoc
biét 1o trong linh vuc dugce phérn. Luogng c6 tac dung diéu tri cta hop chit cu thé, dusi
dang bazo hodc dang mubi cong, lam thanh phén hoat tinh duoc két hop vé6i hdn hop trén
k¥ voi chit mang dugc dung, ¢6 thé c6 nhiéu dang khac nhau tly thudc vao dang bao ché
mong mudn dé dung. Cac dugc phim nay duge mong mudn & dang liéu don vi phi hop,
t6t hon 13, dé dung toan than nhu ding qua dudng miéng, dudi da hodc ngoai dudng ti€u
héa; hoic ding khu tri nhu bang cach x6ng hit, it vao miii, nhd mét hodc dudi hinh thic
kem béi, gel, dau g0i d4u hodc cac dang tuong tu. Vi dy, dé bao ché duoc phém ¢ dang
liéu ding qua dudong miéng, méi trudng duoc dung bét ky trong s6 céc mdi trudng duogc
dung thong thudng c¢6 thé duogc st dung, vi du, nude, glycol, ddu, rugu va cac moi trudng
tuong tur trong truong hop ché phim 1éng ding qua dudng miéng nhu huyén phu, si rd,
con ngot va dung dich: hoac chét mang rén nhu dang amyloit, dudng, cao lanh, chét boi

tron, chit két dinh, chit gay ri va cac chit twong tu trong trudng hop thudc bot, vién tron,
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vién nang va vién nén. Do tinh d& sir dung, vién nén va vién nang la dang lidu don vi
dung qua dudng miéng thuén ti€n nhét, trong truong hop d6 chit mang réin duoc dung
hién nhién 1a dugc sir dung. Pbi véi duge phidm ding ngoai dudng tidu hoa, chét mang
thuong s& bao gdm nude vo trung, it nhit véi lwong 16n, ngoai cac thanh phin khac, vi
du, d& bd trg viée hoa tan, co thé duogc bao gém. Dung dich ti€ém, vi dy, c6 thé duoc bao
ché trong d6 chit mang bao gém dung dich nuéc mudi, dung dich glucoza hozc hdn hop
dung dich nudce mudi va glucoza. Huyén phu ding dé tiém ciing c6 thé duoc bao ché
trong trudng hop nay chit mang long thich hop, tdc nhan tao huyén phit va céc chat
tuong tu c6 thé duoc sir dung. Trong cic duge phdm thich hop dé dung duéi da, chét
mang tiy v bao gdm chét lam ting cuong do thdm qua va/hoic tic nhan c6 thé 1am 4m
thich hop, tily ¥ duge két hop voi chit phu gia thich hop c6 ban chét bat ky véi ty 1& nhd,
ma céc chét phu gia nay khong gay ra tac dung c6 hai bét ky déng k& nao cho da. Cac
chit phu gia nay c6 thé hd tro viéc st dung cho da va/hodc c6 thé gitp ich cho viée bao
ché cac duge phdm mong mubn. Céc duoc phdm niy c6 thé duoc st dung theo cac cach
khac nhau, vi du, dudi dang miéng dép qua da, dudi dang thu6c chdm hodc dudi dang
thudc m8. |

Pac biét thuan ti€n néu bao ché duoc phém néu trén dudi dang 1iéu don vi dé dé&
sir dung va tao ra cac lidu dbng déu. Dang liéu don vi dugc sir dung trong phin mé ta nay
va céc diém yéu cdu bao ho & day ding & chi don vi roi rac v& mit ly thich hop lam liéu
don vi, mdi don vi chira lwong dinh trudc cta hoat chit dugc tinh toan dé tao ra hiéu qua
tri liéu mong mudn két hop véi chét mang duoc dung can thiét. Cac vi du vé cac dang
liu don vi nay 1a vién nén (bao gé_m vién nén cé khia hodc duogc bao), vién nang, vién
tron, goi thube bdt, mang cdy, dung dich tiém hoic huyén pht, thia ca phé, thia stip va

céc loai tuong ty, va cac dang da liéu riéng r&€ ctia ching.

Liéu ding chinh x4c va sd 1in dung tiy thudc vao hop chét cong thic (I) cu thé
dugc dung, tinh trang bénh cu thé duoc didu tri, mic dd nghiém trong clia tinh trang bénh
dang dugc diéu tri, d6 tudi, can nang, gidi tinh, mirc 4o trAm trong clua rdi loan va tinh
trang suc khoe chung cua bénh nhén cu thé cling nhu thudc khac ma bénh nhin dang
dung, nhu dugc biét rd d6i véi ngudi c6 hiéu biét trung binh trong linh vyc nay. Hon nita,
rd rang la luong hitu hi¢u dung hang ngay néu trén co thé giam xubng hoic ting 1én tiy
thudc vao dap ing ctua dbi tuong dugc diéu tri va/hodc tuy thudc vao su danh gia cua bac

sT chi dinh dung céc hop chét clia sang ché.
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Tay thude vao dudng ding, duoc phdm s& bao gdm tir 0,05 dén 99% khdi luogng,
t6t hon 1a tir 0,1 dén 70% khéi lugng, tdt hon nia 1a tir 0,1 dén 50% khdi lugng hoat chét,
va, tir 1 dén 99,95% khdi lugng, tbt hon 14 tir 30 dén 99,9% khéi lugng, t6t hon nita 13 tir
50 dén 99,9% khéi luong chét mang dugc dung, tat ca ty 1€ phﬁn tram tinh theo téng khdi

luong cta dugc phém.

Céc hop chét cta sang ché co thé duoc ding theo dudng toan thin nhu dung qua
duong miéng, dudi da hodc ngoai dudng ti€u hoéa; hodc ding khu trii nhu bang cach xong
hit, xit vao miii, nhd méit hoic thoa kem, gel, dau g0i d4u hoic céc duong dung khac. Cac
hop chét nay t6t hon 1a dugc ding qua dudng miéng. Lidu luong chinh xac va s lan
dung tuy thude vao hop chét cu thé co6 cong thie (I) duge st dung, tinh trang bénh cu thé
duoc diéu tri, muc do nghiém trong cua tinh trang bénh dang duoc didu tri, do tudi, can
nang, gidi tinh, mrc do trAm trong cua rdi loan va tinh trang strc khoe chung ctia bénh
nhéan cu thé ciing nhu thuéc khdc ma bénh nhan dang dung, nhu dugc biét 15 di véi
ngudi ¢6 hidu biét trung binh trong linh vuc. Hon nita, rd rang la lugng dung hang ngay
hitu hiéu da néu c6 thé giam xudng hodc ting 1én tiy thude vao dap tmg cla d6i tuong
duogc didu tri va/hodc tiy thudc vao su danh gid ctia bac si chi dinh dung cac hop chét cia

sang che.

Luong hop chét c6 cong thic (I) c6 thé dugc két hop véi chit mang tao ra dang
liéu don s& thay ddi tuy thudc vao bénh duoc didu tri, cac loai dong vit cé vi, va dudng
ding cu thé. Tuy nhién, theo huéng din chung, céc lidu don vi thich hop cho cac hop
chit cua sang ché c6 thé, vi du, tSt hon 13 chira tir 0,1mg dén 1000mg hoat chét. Liéu don
vi duge wu tién nam trong khoang tir 1mg dén 500mg. Liéu don vi dugc uu tién hon la
nim trong khoang tir Img dén 300mg. Mot lidu don vi duge wu tién hon nita 14 nim trong
khoang tir 1mg dén 100mg. Cac lidu don vi nay c6 thé duoc ding nhiéu hon mot 1an
trong ngay, vi du, 2, 3, 4, 5 hodc 6 lan trong ngay, nhung t6t hon 1a 1 hodc 2 14n trong
ngdy, sao cho téng lidu cho ngudi 16n ¢6 can niang 70 kg nam trong khoang tir 0,001 dén
15mg tinh theo kg can ning cta d6i tuong st dung. Liéu lugng duoc uu tién nim trong
khoang tir 0,01 dén 1,5mg cho mdi kg cin ning ctia d6i twong str dung, va thoi gian didu
tri nay c6 thé kéo dai vai tudn hodc vai thang, va trong mdt s& trudmg hop, vai nam. Tuy
nhién, can hiéu ré'lng, mure lidu luong cu thé cho bénh nhan cu thé bit ky s€ tuy thudc vao
hoat tinh ctia hop chét cu thé duoc st dung; d6 tudi, can nang, stc khoe téng quat, gioi

tinh va ché d6 &n cta timg bénh nhan dugc didu tri; thoi gian va dudng ding; tbc d6 bai
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tiét; cac thudc khac d3 duoc dung trude do; va mic do nghiém trong ctia bénh cu thé

dang diéu tri, nhu duoc hiéu rd boi nguoi co hiéu biét trung binh trong linh vue.

Trong mot sb trudmg hop, ¢6 thé cin phai sir dung liéu lwong nim ngoai khoang
nay nhu da duoc ngudi c6 hiéu biét trung binh trong linh vuc niy biét dén. Ngoai ra, luu
y ring béc si 14m sang hoic béac si didu tri s& biét cach thirc hodc thoi diém bét dau,

ngung, _diéu chinh hodc két thic viée diéu tri dwa vao dap ung Ung cla trng bénh nhan.
Vi du thuc hién sing ché

Céc vi du sau day dugc du dinh dé minh hoa chir khéng lam gii han pham vi bao

ho cta sang ché.
Phén thir nghiém

Sau day, thuat nglt “AcOH” cé nghia 1a axit axetic, “HCI” c6 nghia la axit
clohydric, “AcOEt” ¢ nghia la etylaxetat, “DCM” c6 nghia la diclometan, “DIPE” c6
nghia la diisopropylete, “DMF” cé nghia la N, N-dimetylformamit, “CO,” c6 nghia la
cacbon dioxit, “DMSO” c¢é nghia la dimetylsulfoxit, “Et,0” cé nghia la dietylete, “Et;N”
cd nghia la trietylamin, “EtOH” cé nghia la etanol, “iPrOH” c6 nghia 14 isopropanol,
“iPrNH,“ ¢6 nghia la isopropylamin, “MeCN” c6 nghia la axetonitril, “MeOH” c¢6 nghia
1a metanol, “NaOH” c6 nghia la natri hydroxit, “NH4CI” cé nghia 1a amoni clorua, “NHj;”
¢ nghia la amoniac, “NaHCO;” c6 nghia la natri bicarbonat, “NaHSO,4” c¢6 nghia la natri
hydrosulfat, “Na,CO;” cd nghia la natri carbonat, “Na,SO4” c6 nghia la natri sulphat,
“H,S0O4” ¢6 nghia la axit sulphuric, “MgS0O,” c¢6 nghia 1a magie sulphat, “Cul” cé nghia
1a ddng iodua, “TFA” c¢6 nghia la axit triflometansulfonic, “RuO,” c¢6 nghia 12 ruteni oxit,
“DAST” c¢é nghia la dietylamino Iwu huynh triflorua, “DBU” cé nghia 1a 1,8-
diazabixyclo[5.4.0]undec-7-en, “N,” cé nghia la nito, “CO,” c6 nghia la cacbon dioxit,
“aq.” c6 nghia la chira nude, “min” c6 nghia la phut, “m.p.” c6 nghia la diém nong chay,
“rac” c¢O nghia 1a raxemic, “R;” c6 nghia 1a thoi gian luu, “THF” c6 nghia la

tetrahydrofuran, “SFC” c¢6 nghia 14 chay sic ky 1ong siéu téi han.

Phén tmg duoc tro gitip bang vi séng dugc thuc hién trong binh phan tng mot ché
d6: Binh phan tUng vi séng EmrysTM Optimizer (Personal Chemistry A.B., hién la
Biotage).
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Céc phan tmg hydro héa dugc thuc hién trong thiét bi hydro héa dong lién tuc
H-CUBE® tir nha san xuit ThalesNano Nanotechnology Inc.

Séc ky 16p mong (TLC) duge thuce hién trén céc dia silicagel 60 F254 (Merck) c6
sit dung dung mdi loai ding 1am chit phan tng. Thuc hién sic ky trén c6t hé nhdi
silicagel, c& hat 60 A, cd sang = 230-400 (Merck) trong cac k§ thuat chun. Sic ky cot
nhanh dugc thuc hién béng cach str dung cdt da duogc ndi s&n tir nha san xuit Merck, trén
silicagel khong ddng déu, ¢& hat 15-40um (cot sic ky nhanh ding mét 14n 16p thong
thuong) trén hé théng SPOT hoic LAFLASH tir Armen Instrument.

D6 quay quang duoc xé4c dinh trén phan cuc ké Perkin-Elmer 341 v&i dén natri va

duoc thé hién nhu sau: [a]®° (A, ¢ g/100ml, dung moi, T°C).

Céc phan tmg dong duoc thuce hién trong thiét bi modun Vapourtec R2+R4 ¢6 ban

trén thi truong.

Dbi vai cac hop chét trung gian quan trong, cling nhu mét s6 hop chat cubi cing,
c4u hinh tuyét ddi coa céac tAm khong dbi xung (dugc chi ra dudi dang R va/hoic S) dugce
thiét 1ap thong qua viéc so sanh v&i cac mau c6 cau hinh da biét, hodc st dung céc k¥
thuat phén tich thich hop dé xic dinh céu hinh tuyét ddi, nhu VCD (miy quang phd
ludng sic tron dao dong-vibrational cicularAdichroism) hodc phép x4c dinh tinh thé bang
tia X. Khi cAu hinh tuyét d6i & tim khong dbi xtmg chua dugc biét dén, n6 dugc ky hidu
mot cach tuy y 1a R*.

A. Piéu ché cac hop chét trung gian

Vidu Al

Diéu ché hop chit trung gian Al: rac-2-amino-2-(3-bromo-phenyl)-propionitril

NH,
Br

B& sung trimetylsilylxyanua (20 g, 200 mmol) vao dung dich di khudy chua 3-
bromo-axetophenon (20 g, 100 mmol) va NH4CI (11 g, 200 mmol) trong NH3;/MeOH
(400 mL). Khudy hdn hop nay & nhiét do trong phong trong 4 ngay. Dung m6i dugc lam
bay hoi trong chan khong va phﬁn cin duoc hip thu trong AcOEt (100 mL). Chéit rin
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duoc loc ra va phén dich loc dugc lam bay hoi trong chan khong, thu dugc hop chét trung
gian A1 (20 g, hiéu suit 86%), chit nay duoc sir dung trong bude tiép theo ma khéng cin
tinh ché thém.

Vidu A2

Diéu ché hop chét trung gian A2: Metyl este ctia axit rac-2-amino-2-(3-bromo-
phenyl)-propionic
0

HzN /
Br : ©

Hop chit trung gian Al (20 g, 88,9 mmol) dugc hoa tan trong HC/MeOH (500
mL). Hon hop nay duoc dun hdi lwu trong 4 ngay. Sau khi dé ngudi xudng nhiét d6 trong
phong, bb sung AcOEt (100 mL) va H,O (100 mL) va chiét hdn hop nay bing AcOEt (2
x 100 mL). Lép nude gom lai duge bazo hoa br:ing dung dich NH;3 dén do6 pH = 8 va dugc
chiét bang AcOEt (5 x 100 mL). Cac 16p éhét hiru co gom lai duge lam kho (Na,SO,),
loc va 1am bay hoi dung méi trong chan khong, thu duge hop chét trung gian A2 (10,6 g,
hiéu suit 46%) dudi dang dau. LCMS: 258 [M+H]"; Ry: 3,77 phut (phuong phap 7).

Hop chét trung gian duéi ddy duge diéu ché theo cac quy trinh téng hop dugc md
ta trong cac vidu Al - A2:
Vidu A3

Diéu ché hop chét trung gian A3: Metyl este cuia axit rac-2-amino-2-(3-nitro-

phenyl)-propionic

Tir rac-2-amino-2-(3-nitro-phenyl)-propionitril. Sic ky c6t nhanh (silica gel;
AcOEt/ete ddu mo) thu duge hop chét trung gian 3 (63%). LCMS: 225 [M+H]"; Ry 0,98
phut (phuong phap 9).
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Vidu A4
Diéu ché hop chét trung gian A4: rac-2-amino-2-(3-bromo-phenyl)-propan-1-ol

HO
HaN
Br

B& sung timg giot lithi nhém hydrua (1 M trong THF; 22 mL, 22 mmol) vao dung
dich dang khudy chtta hop chit trung gian A2 (7,5 g, 29,1 mmol) trong THF (200 mL) &
nhiét d6 -15°C. Hdn hop nay dwoc dé 4m din dén nhiét d6 0°C trong 1 gid. B sung thém
THF (150 mL) va b sung timg giot dung dich Na,SO, bdo hoa cho dén khi khoéng con
hydro tao thanh. B sung Na,SO, khan va khudy qua dém & nhiét d6 trong phong. Loc
hdn hop trén dit diatomit, rira bang THF va dung mdi duogc 1am bay hoi trong chan
khoéng. Tinh ché san pham thé bang sic ky cot nhanh (silica gel; dung dich NH; 7M trong
MeOH/DCM). Thu gom cac phan doan moﬁg mudn va dung méi duoc lam bay hoi trong
chan khéng thu duoc hop chét trung gian A4 (5,70 g, hidu suit 85%) duéi dang dau.
LCMS: 230 [M+H]"; R;: 0,69 phut (phwong phép 1).

Vidu A5

Diéu ché hop chét trung gian A5: rac-2-amino-2-(3-nitro-phenyl)-propan-1-ol

B& sung timg phin natri bohydrua (16,3 g, 429,4 mmol) vao dung dich dang
khudy chira hop chét trung gian A3 (48,3 g, 214,7 mmol) trong MeOH (500 mL). Khuly
hdn hop nay & nhiét 46 trong phong trong 10 gid. Dung méi dugc lam bay hoi trong chan
khéng. Bazo hoa phan cin bang dung dich nuée NaHCOj; bdo hoa dén d6 pH = 9 va duoc
chiét bing AcOEt (3 x 200 mL). Lam khé 16p chit hitu co (Na,S04), loc va 1am bay hoi
dung méi trong chan khong, thu duoc hop chét trung gian A5 (30,26 g, hiéu sudt 72%).
LCMS: 197 [M+H]"; Ry 3,16 phut (phuong phap 8); diém noéong chay 238,7-241,6°C
(WRS-2A). |

Vidu A6
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Diéu ché hop chét trung gian A6: (R)-2-amino-2-(3-bromo-phenyl)-propan-1-ol

HO

HoN
Br

Mot mAu ctia hop chit trung gian A4 (15,4 g) dugc tich thanh cac chit ddng phan
dbi anh tuong tng bang SFC diéu ché (Chiralpak® Daicel AD x 250 mm). Pha dong
(CO,, MeOH v6i iPrNH, 0,2%) thu dugc hop chét trung gian A6 (7,21 g, hidu suat 40%).
LCMS: 230 [M+H]"; R¢: 0,71 phut (phuong phéap 1); ap: -14,9° (589 nm, ¢ 0,2946% khdi
luong/thé tich, MeOH, 20°C).

Vidu A7

Diéu ché hop chit trung gian A7: tert butyl este clia axit (R)-[1-(3-bromo-phenyl)-
2-hydroxy-1-metyl-etyl]-carbamic

B @;ﬁ%

B6 sung timg phén di-fert-butyldicarbonat (19,8 g, 90,7 rhmol) vao dung dich
dang khudy chira hop chit trung gian A6 (11,6 g, 50,4 mmol) trong hdn hop gdm dung
dich NaHCO; bdo hoa (100 mL) va THF (100 mL) & nhiét 6 0°C. Khudy hén hop nay &
nhiét d6 0°C trong 10 phit va & nhiét dd trong phong trong 15 gio. Hon hop ndy duoc
lam lanh trong bé nude da/H,0 va duogc axit héa két hop khudy dén d6 pH = 1-2 bing
NaHSO,. Lop chit hiru co duge tach ra va 16p nude duge chiét thém b?mg AcOEt. Cac
16p chét hitu co duoc gom lai dugc tach ra, lam kho (MgSOy), loc va lam bay hoi dung
moéi trong chan khéng. Tinh ché san phim thd bang sic ky cdt ngin (silica gel;
AcOEYDCM). Thu gom cac phan doan mong mudén va cb trong chan khong, thu dugc
hop chét trung gian A7 (16,47 g, hiéu sudt 99%) duéi dang dau khéng mau, dau nay duoc
héa ran khi dé yén. LCMS: 330 [M+H]"; Ry: 2,58 phit (phuong phép 1).

Vidu A8

Diéu ché hop cjhét trung gian AS8: (R)-[3-(tert-butyloxycarbonyl)-4-(3-bromo-
phenyl)-4-metyl-[1,1,3]oxathiazolidin-2-oxit
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B6 sung timg giot dung dich chira hop chét trung gian A7 (14,3 g, 43,3 mmol)
trong MeCN khan (80 mL) vao dung dich dang khudy chira thionyl clorua (7,9 mL, 108,3
mmol) trong MeCN khan (226 mL) dd dugc lam lanh xubng -40°C va trong moi truong
N,. Khudy hdn hop phan tng trong 30 phut & -40°C trudce khi bd sung pyridin (17,4 mL,
216,5 mmol). Hon hop phan {mg duoc dé 4m dén nhiét d6 trong phong va duoc khudy
trong 64 gid. Dung méi dugce lam bay hoi trong chén khong. Phén c3n duge xir Iy bang
Esz. Céac chit rin duoc loc va phén dich loc dugc cd trong chan khoéng, thu duge hop
chét trung gian A8 (15,5 g, hiéu suit 95%) dudi dang diu mau do6. San phdm nay duoc sir
dung trong phén tng tiép theo ma khéng cén tinh ché thém. LCMS: 393 [M+NH,]"; R¢:
3,4 phut (phuong phap 1). '

Vidu A9

Diéu ché hop chit trung gian A9: (R)-[3-(tert-butyloxycarbonyl)-4-(3-bromo-
phenyl)-4-metyl-[1,1,3]oxathiazolidin-2,2-dioxit
0 P
°S

N

A
XO

B6 sung ruteni (IIT) clorua (85 mg, 0,41 mmol) vao dung dich chtta hgp chét trung
gian A8 (15,3 g, 40,8 mmol) trong hén hop gébm MeCN va H,0 (1:1) (438 mL) & nhiét
d6 0°C, tiép theo 1a bd sung natri periodat (13,1 g, 61,2 mmol) vao. Hon hop phén ting
duoc dé 4m dén nhiét d6 trong phong va dugc khudy trong 2 gio. Loc hdn hop nay qua
dAt diatomit va rira bing AcOEt (125 mL). BS sung H,0 (125 mL) va AcOEt (250 mL)
vao phan dich loc. Lép chét hitu co dugc tach ra, 1am khd (MgSOy), loc va 1am bay hoi
dung méi trong chan khong. Tinh ché san phim bing sic ky cot nhanh (silica gel; DCM).
Thu gom céc phan doan mong mudn va dung mdi dugc 1am bay hoi trong chan khéng,

thu duoc hop chét trung gian A9 (14,4 g, higu sult 90%) dudi dang chat rin mau tréng.

-31-



19773

LCMS: 409 [M+NH,]"; R¢: 3,3 phit (phuong phap 1); diém néng chay 133,1°C (FP90);
op: -35,6° (589 nm, dic. 0,55% khdi lugng/thé tich, DMF, 20°C).

Hop chit trung gian dué6i ddy dugc diéu ché theo cic quy trinh tbng hop duoc md ta

trong cac vidu A7 - A9:
Vidu Al0

Diéu ché hop chét trung gian A10: rac-[3-(tert-butyloxycarbonyl)-4-(3-nitro-phenyl)-4-
metyl-[1,1,3]oxathiazolidin-2,2-dioxit

Pugc didu ché tir rac-[3-(tert-butyloxycarbonyl)-4-(3-nitro-phenyl)-4-metyl-
[1,1,3]oxathiazolidin-2-oxit. Séc ky cot nhanh (silica gel; DCM) thu dugc hop chét trung
gian A10 dudi dang chét rdn mau vang (95%). LCMS: 376 [M+NH,]"; R 1,35 phut
(phuong phap 2). ‘

Vidu All

Piéu ché hop chét trung gian A11: Etyl este clia axit 2-[2-(3-bromo-phenyl)-2R-
tert-butoxycarbonyl-amino-propyl]-2 H-pyrazol-3-carboxylic

Br
- \
N\ Ng ;;NH
o © o><:

B& sung xesi carbonat (824 mg, 2,53 mmol) vao hdn hgp gdm hop chét trung gian

0
)

A9 (0,661 g, 1,69 mmol) va etyl este cha axit 2H-pyrazol-3-carboxylic (260 mg,
1,86 mmol) trong DMSO (8 mL) & nhiét d6 trong phong. Khudy hdn hop nay & nhiét d6
trong phong trong 30 phit va & nhiét d6 110°C trong 3 gid. Hn hop duoce xit ly bing
dung dich axit xitric bdo hoa va DCM (20 mL) va duoc khudy trong 2 gid. Pha hitu co
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dugc tach ra va duge x ly béng H,O (10 mL) va duoc chiét béng DCM
(2 x 10 mL). L6p chét hitu co duoc tach ra, 1am khd (MgSOy), loc va 1am bay hoi dung
mdi trong chan khong. Tinh ché sin phdm thé bang sic ky c6t nhanh (silica gel; DCM).
Thu gom céc phan doan mong mudn va dung médi dugc 1am bay hoi trong chin khéng,
thu dugc hop chét trung gian A11 (186 mg, hidu sudt 24%) duéi dang diu khong mau.
LCMS: 452 [M+H]"; Ry 4,23 phut (phwong phap 3).

Vidu Al2

Piéu ché hop chét trung gian Al2: tert-butyl este cla axit rac-[2-(4-bromo-
pyrazol-1-yl)-1-metyl-1-(3-nitro-phenyl)-etyl]-carbamic

X ¢

B sung natri carbonat (59 mg, 0,56 mmol) vao h8n hop gém hop chit trung gian
A10 (100 mg, 0,28 mmol) va 4-bromo-1H-pyrazol (53 mg, 0,36 mmol) trong DMF (3
mL). Khudy hén hop nay & nhiét 6 130°C trong 2 gid. Dung mdi dugc lam béy hoi trong
chan khéng. Phin cin dwoc xir Iy bing H,0 (2 mL) va duoc chiét bing DCM (2 x 10
mL). L6p chét hitu co dugc tach ra, lam kho (MgSO,), loc va lam bay hoi dung méi
trong chan khong. Tinh ché san phdm thé bing sic ky cot nhanh (silica gel; DCM). Thu
gom cé4c phin doan mong muén va dung méi duge lam bay hoi trong chan khéng, thu
dugc hop chit trung gian A12 (100 mg, hiéu sult 84%) dudi dang chit rdn mau tring sau
khi xir ly bang Et,0 lanh. LCMS: 425 [M+H]"; Ry 3,57 phut (phuong phép 3); diém
néng chay 159,3°C (FP 90). '

Vidu Al13

Piéu ché hop chit trung gian A13: Etyl este ciia axit (R)-2-[2-amino-2-(3-bromo-
phenyl)-propyl]-2 H-pyrazol-3-carboxylic

N NH;
iN
o~ 2 >-/Br
o 7o TFA
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B6 sung axit trifloaxetic (1 mL) vao dung dich dang khudy chira hop chit trung
gian A11 (186 mg, 0,41 mmol) trong DCM (5 mL) & nhiét d6 0°C. Khudy hén hop nay &
nhiét d6 trong phong trong 2 gid. Dung mdi dugc lam bay hoi trong chan khong, thu
dugc hgﬁ chit trung gian A13 (180 mg, hiéu sudt 94%) duéi dang dau khong mau, chét
ndy duoc st dung trong budc tiép theo ma khéng can tinh ché thém. LCMS: 352
[M+H]"; R: 2,69 phut (phuwong phap 3).

Vidu Al4

Piéu ché hop <chit trung gian Ald:  Axit rac-4-bromo-2-[2-tert-
butoxycarbonylamino-2-(3-nitro-phenyl)-propyl]-2 H-pyrazol-3-carboxylic

B6 sung dung dich lithi diisopropylamit 2M trong THF va heptan (0,25 mL, 0,49
mmol) vao dung dich chtta hop chét trung gian A12 (100 mg, 0,24 mmol) trong THF (3
mL) & nhiét d6 -78°C. Khudy hén hop phan ng ndy & nhiét d6 -78°C trong 1 gio. Sau d6
bd sung da khé va dé 4m hdn hop nay dén nhiét do trong phong trong hon 2 gid. Hon hop
dwoc xir ly bang dung dich NH4CI béo hoa va dugc chiét bing DCM (3 x 10 mL). Lép
chét hitu co dugc tach ra, lam khd, loc va lam bay hoi dung mdi trong chén khéng. Tinh
ché san phim thd bang sic ky cot nhanh (silica gel; MeOH/DCM). Thu gom céc phén
doan mong mudn va dung méi dugc 1am bay hoi trong chén khéng, thu duoc hop chét
trung gian A14 (60 mg, hiéu sudt 54%) duéi dang ddu khéng mau. LCMS: 469 [M+H];
R¢: 1,74 phut (phuong phéap 3). |

Vidu A15

Diéu ché hop chét trung gian A15: (R)-6-(3-bromo-phenyl)-6-metyl-6,7-dihydro-
5H-pyrazolo[1,5-a]pyrazin-4-on
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=N
%\N
N
Br

B4 sung kali axetat (83 mg, 0,85 mmol) vao dung dich chita hop chit trung gian
A13 (180 mg, 0,39 mmol) trong EtOH (5 mL) & nhiét d6 trong phong. Khuéy hdn hop
nay & nhiét d6 90°C trong 5 gio. Dung méi duge lam bay hoi trong chin khong. Phén cin
duoe xtr Iy bing dung dich nuée HCL 0,5 M va duoc chiét bing DCM. Lép chét hiru co
duoc tach ra, lam kho (MgSQ,), loc va lam bay hoi dung moi trong chan khong. Tinh ché
san phim thd bing sic ky c6t nhanh (silica gel; MeOH/DCM). Thu gom cac phén doan
mong mudn va dung mdi dugc lam bay hoi trong chan khéng, thu duge hop chét trung
gian A15 (100 mg, hidu suit 84%) du6i dang diu khong mau. LCMS: 306 [M+H]"; Ry:
2,01 phut (phuong phép 4).

Vidu Al6

Diéu ché hop chét trung gian A16: rac-3-bromo-6-mety1-6-(3 -nitro-phenyl)-6,7-
dihydro-5H-pyrazolo[1,5-a]pyrazin-4-on

=N
Br/g/\N
N
o o-
H N\-{-
(@]

B6 sung axit trifloaxetic (3 mL) vao dung dich chita hop chét trung gian A14 (200

Phuong phap A

mg, 0,4 mmol) trong DCM (20 mL). Khudy hdn hop niy & nhiét d trong phong trong 2
gid. Sau d6 bd sung kali axetat (59 mg, 0,06 mmol) trong EtOH (3 mL). Khudy hdn hop
nay & nhiét d 90°C trong 3 gio. Dung moéi dugce lam bay hoi trong chén khong. Phén tho
duoc xir ly bang dung dich nuéc HCI IM (10 mL) va san phidm nay dugc chiét bang
AcOEt (4 x 20 mL). Lép chét hitu co duoc tach ra, lam khé (MgSO,), loc va 1am bay hoi
dung méi trong chan khong. Tinh ché san phidm thd bang sic ky c6t nhanh (silica gel;
MeOH/DCM). Thu gom c4c phan doan mong mudn va dung méi dugc lam bay hoi trong

chan khong, thu duoc hop chét trung gian A16 (120 mg, hiéu sudt 19%) dudi dang chit
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rin mau tring. LCMS: 351 [M+H]"; Ry 2,45 phit (phuong phép 5); diém noéng chay
285,3°C (FP 90).

Phuong phap B

B6 sung axit trifloaxetic (100 mL) vao dung dich dang khudy chita hop chit trung
gian A23 (6,5 g, 13,07 mmol) trong DCM (200 mL) & nhiét d¢ trong phong. Khudy hdn
hop nay & nhiét d6 trong phong trong 3 gi¢. Dung moi duoc lam bay hoi trong chin
khong, sau do bd sung kali axetat (1,924 g, 19,60 mmoL) va EtOH (100 mL), va hén hop
phan Umg nay duoc khudy & nhiét d6 hdi luu trong 4 gio. Hon hop tho duge lam bay hoi
trong chin khéng va phin cin dugc xi ly bang dung dich nuée HCI 1M dén d6 pH = 3.
San phim thd nay duoc chiét bang AcOEt (3 x 50 ml), pha hitu co dugc 1am bay hoi dén
kho va san phém thd dugce xu ly b%mg EtOH lanh va Et,0 dé thu duoc hop chét trung
gian A16 duéi dang chit rin mau vang nhat. Dung moi dwoc thu gom duge lam bay hoi
trong chan khong va dugc tinh ché bing sic ky cot (silica gel; MeOH/DCM). Thu gom
cac phan doan mong mudn va dung mdi dugc lam bay hoi trong chan khong dé thu duoc
mé khéc ctia hop chét trung gian A16 dudi dang chit rin mau tring (luong dugc thu gom
4 g, 87%). LCMS: 351 [M+H]"; R;: 1,65 phtit (phuong phap 3).

Vidu Al7

Diéu ché hop chét trung gian A17: (R)-6-[3-(5-clo-pyridin-3-yl)-phenyl]-6-metyl-
6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-on

Cl
N. 4
~ N I
— N
NH
0]

B6 sung tetrakis(triphenylphosphin)paladi(0) (34 mg, 0,029 mmol) vio huyén phi
dang khudy gém hop chit trung gian A15 (90 mg, 0,29 mmol) va axit 5-clopyridin-3-
boronic (55 mg, 0,35 mmol) trong hdn hop gdm 1,4-dioxan (5 mL) va dung dich Na,CO;
bdo hoa (3 mL) & nhiét d trong phong trong méi trudng N,. Khudy hdn hop nay & nhiét
d6 150°C trong 15 phut trong diéu kién chiéu vi song. Sau khi dé ngudi xuéng nhiét do
trong phong, hon hgp nay dugc pha loing Bﬁng H,0 va dugce chiét bang DCM. Lop chét

hitu co dugc tich ra, lam khd (MgSQ,), loc va lam bay hoi dung mdi trong chan khong.
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Tinh ché san phim thé bang sic ky cot nhanh (silica gel; MeOH/DCM). Thu gom cic
phan doan mong mudn va dung moi duoc lam bay hoi trong chén khong va rira bang
EtOH lanh va Et,0, thu duoc hop chét trung gian A17 (81 mg, hiéu suat 81%) dudi dang
chét rin mau tring. LCMS: 339 [M+H]"; R: 0,89 phut (phuong phép 2).

ViduAlS

Piéu ché hop chét trung gian A18: (R)-6-[3-(5-clo-pyridin-3-yl)-phenyl]-6-metyl-
6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-thion

C
N 7
~ N |
__ N
NH
S

B4 sung phosphopentasulfua (71 mg, 0,32 mmol) vao dung dich chira hop chét
trung gian A17 (90 mg, 0,27 mmol) trong pyridin (4 mL) va gia nhiét hdn hop nay &
nhiét 46 100°C trong 5 gi®. Dung mdi duoc lam bay hoi trong chan khong va tinh ché san
phim thd bing sic ky cot ngén (silica gel; MeOH/DCM). Thu gom céc phan doan mong
mudn va dung moi dugc lam bay hoi trong chan khéng, thu duge hop chét trung gian
A18 (60 mg, hidu suét 63%) dudi dang ddu mau vang. LCMS: 355 [M+H]'; Ry 2,4 phut
(phuong phéap 3). '

Céc hop chit trung gian dudi déy duge diéu ché theo quy trinh téng hop duwgc md
ta trong vi du A18:

Vidu A19

Piéu ché hop chét trung gian A19: rac-3-bromo-6-metyl-6-(3-nitro-phenyl)-6,7-
dihydro-5H-pyrazolo[1,5-a]pyrazin-4-thion

=N
N
Br/%\ _
s N o-
N+
A\
0
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Pugc diéu ché tir hop chit trung gian A16. Sic ky cot nhanh (silica gel;
MeOH/DCM) thu duoc hop chét trung gian A19 duéi dang chét rin mau vang (87%).
LCMS: 366 [M+H]"; R: 2,37 phtit (phuong phép 3).

Vidu A20

Didu ché hop chét trung gian A20: rac-6-(3-amino-phenyl)-3-bromo-6-metyl-6,7-
dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin

=N
N
Br/%
HN" N
NH,

B4 sung dung dich nuéc NH; 32% (3 mL) vao hdn hop dang khudy gém hop chét
trung gian A19 (600 mg, 1,63 mmol) trong dung dich NH3 7M trong MeOH (5 mL) trong
binh kin. Khudy hdn hop niy & nhiét d6 60°C trong 4 gid. Sau khi dé ngudi xubng nhiét
d6 trong phong, dung mdi duge lam bay hoi trong chin khong. Hoa tan san phim tho
trong EtOH (20 mL) va b sung thiéc (II) clorua (372 mg, 1,96 mmol). Khudy hén hop
nay & nhiét d6 90°C trong 24 gidr. Sau khi d& ngudi xudng nhiét d6 trong phong, hdn hop
nay duoc loc qua xelit va dung méi duge 1am bay hoi trong chan khong. Phin cin duge
xtr ly bing dung dich nuéc NaOH ndng d6 8% (10 mL) va dugc chiét bang DCM (30
mL). Khudy hdn hop nay & nhiét d6 trong phong trong 1 gid. Lép chét hitu co dugc tach
ra, lam kho (Na,S0O,), loc va lam bay hoi dung mdi trong chén khéng. Tinh ché san phém
thd bang sic ky c6t nhanh (silica gel; dung dich NH; 7M trong MeOH/DCM). Thu gom
céc phan doan mong mudn va dung mdi dugc l1am bay hoi trong chan khéng, thu duge
hop chét trung gian A20 (200 mg, higu suit 38%) dudi dang diu mau vang. LCMS: 320
[M+H]"; R¢: 1,5 phiit (phuong phap 6).

Vidu A21

Diéu ché hop chit trung gian A20: rac-6-(3-amino-phenyl)-3-bromo-6-metyl-6,7-
dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin va hop chit trung gian A21: rac-3-bromo-6-
metyl-6-(3-nitro-phenyl)-6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin
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B4 sung dung dich nuéc NH;z 32% (4 mL) vao hdn hop dang khudy chira hop chét
trung gian A19 (3,8 g, 10,35 mmol) trong dung dich NH; 7M trong MeOH (6 mL) trong
binh kin. Khudy hén hop nay & nhiét &6 100°C trong 6 gid. Sau khi d& nguoi xudng nhiét
dd trong phong, dung mdi duge 1am bay hoi trong chan khong. Tinh ché san phim thd
béng séc ky cot nhanh (silica gel; MeOH/DCM). Thu gom céc phan doan mong mubn va
dung mdi dugc lam bay hoi trong chan khong va tinh ché san phdm thé bing sic ky cot
nhanh (silica gel; dung dich NH; 7M trong MeOH/DCM). Thu gom cac phidn doan mong
mudn va dung méi dugc 1am bay hoi trong chén khong, thu dugc hop chét trung gian 20
(100 mg, hiéu suét 3%), hop chét trung gian 21 (200 mg, hi€u suét 6%) va phan doan
chira hdn hop gém hop chét trung gian 20 va 21 (2,5 g). LCMS: A20: 322 [M+H]", Re:
0,87 phut (phuong phép 3); A21: 350 [M+H]"; R¢: 0,95 phut (phuong phap 2)

Vidu A22

Diéu ché hop chit trung gian A22: rac-6-(3-amino-phenyl)-6-metyl-6,7-dihydro-
pyrazolo[1,5-a]pyrazin-4-ylamin

=N
é%tT
H,NT N
NH,

Phuong phép A

Dung dich chita hop chét trung gian A20 (200 mg, 0,62 mmol) trong MeOH (30
mL) va Et;N (5 mL) duge hydro hda trong binh phan tng H-Cube (1,2 mL/phut, c6t 30
mm paladi trén than 10%, ché d6 hydro hoan toan, 50°C, 3 chu trinh). Dung méi dugc c6
trong chan khong. Tinh ché san phim tho bing séc ky cot nhanh (silica gel; dung dich
NH; 7M trong MeOH/DCM). Thu gom céc phan doan mong mudn va dung méi duge
lam bay hoi trong chan khong, thu duoc hop chét trung gian 22 (100 mg, hidu suét 66%)
dudi dang chat rén mau tring. LCMS: 415 [M+H]"; R¢: 1,58 phut (phuong phap 3).
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Phuong phép B

B6 sung kém (1,33 g, 20,40 mmol) vao phan doan chira hdn hop gdm cac hop chit
trung gian 20 va 21 dugc md ta trong vi du A21 (2,5 g, 7,46 mmol) trong EtOH
(100 mL) va AcOH (20 mL). Khudy hdn hop nay & nhiét d6 héi lwu trong 24 gio. Sau khi
dé ngudi xudng nhiét d6 trong phong, hén hop nay duge loc qua xelit va dung mdi dugc
lam bay hoi trong chan khong. Tinh ché san phim thé bang sic ky c6t nhanh (silica gel;
dung dich NH3; 7M tr‘ong MeOH/DCM). Thu gom céc phan doan mong mudn va dung
mdi dugc lam bay hoi trong chan khong, thu duoc hop chét trung gian 22 (0,93 g, hiéu
sudt 52%) dudi dang ddu mau vang, chit nay két tha khi dé yén.

Céc hop chét trung gian dudi ddy duge didu ché theo quy trinh téng hop dwoc md
ta trong vi du A14, st dung etyl cloroformat thay cho da kho:
Vidu A23

Piéu ché hop chit trung gian A23: Etyl este clia axit rac-4-bromo-2-[2-tert-

butoxycarbonylamino-2-(3-nitrophenyl)-propyl]-2H-pyrazol-3-carboxylic

O-
O:N+

Pugc diéu ché tir hop chit trung gian A12. Sic ky cot nhanh (silica gel;
AcOEt/heptan) thu dugc hop chét trung gian A23 (65%). LCMS: 499 [M+H]"; R: 4,09
phut (phuong phap 3).

Vidy A24

Diéu ché hop chét trung gian A24: tert-butyl este clia axit rac-[1-metyl-1-(3-nitro-

phenyl)-2-(3-triflo-metylpyrazol-1-yl)-etyl]-carbamic
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B& sung hop chét trung gian A10 (2,5 g, 6,976 mmol) vao dung dich dang khudy
chita 3-(triflo-metyl)pyrazol (1,234 g, 9,069 mmol) va kali carbonat (1,928 g,
13,952 mmol) trong DMF (175 mL) & nhiét d6 trong phong. Sau d6 gia nhiét hdn hop
ndy ¢ nhiét dd 110°C trong 2 gi¢. Dung moéi dugce lam bay hoi va phén cin duoc xir 1y
bing dung dich axit xitric bdo hoa (80 mL) va AcOEt (160 mL). Hon hop nay dugc
khudy trong 1 gid & nhiét d6 trong phong. Lép chét hitu co duogc tach ra, lam kho va lam
bay hoi trong chén khong. San phim thé dugc tinh ché 'belmg sdc ky cot nhanh (silica gel;
DCM). Thu gom céc phan doan mong mudn va 1am bay hoi trong chan khéng, thu duoc
dau trong subt, ma diu nay sau khi xtr ly bang Et,0 lanh va dé yén, dugc két tha dudi

dang chét rin mau tring (2 g, 69%).
Vidu A25

Piéu ché hop chit trung gian A25: Etyl este cua axit rac-2-[2-tert-
butoxycarbonylamino-2-(3-nitro-phenyl)-propyl]-5-triflometyl-2H-pyrazol-3-carboxylic

0-
O:N<
F3C
=N
\
NH

EtO,C
? O)\o><

DPugc diéu ché tr hop chdt trung gian A24. Sic ky cdt nhanh (silica gel;
AcOEt/heptan) thu dugc hop chét trung gian A25 (51%). LCMS: 487 [M+H]'; Re: 4,22
phut (phuong phap 3).

Hop chét trung gian dudi diy duoc didu ché theo quy trinh tdng hop dugc mé ta
trong vi du A16 — Phuong phép B:

Vidu A26
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Diéu ché hop chit trung gian A26: rac-6-metyl-6-(3-nitro-phenyl)-2-triflometyl-
6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-on

F3C
=N
=~ N
o N -
N
6]

Pugc didu ché tir hop chit trung gian A25. Sic ky ct nhanh (silica gel;
MeOH/DCM), thu dugc hop chét trung gian A26 dudi dang chit rin mau tréng (93%)).
LCMS: 339 [M-HJ; R¢: 2,21 phut (phuong phéap 3). Hop chét trung gian dudi day duoc
diu ché theo quy trinh tong hop duge md ta trong vi du A18 - A21:

Vidu A27

Diéu ché hop chét trung gian A27: rac-6-metyl-6-(3-nitro-phenyl)-2-triflometyl-

6,7-dihydro-SH-pyrazolo[1,5-a]pyrazin-4-thion

FsC
=N
N
N+
\
(0]

Pugc diéu ché tir hop chit trung gian A26. Séc ky c6t nhanh (silica gel;
MeOH/DCM) thu dwoc hop chét trung gian A27 duéi dang chét rin mau vang (95%).
LCMS: 355 [M-HJ; R 1,29 phut (phuong phap 2).

Vidu A28

Diéu ché hop chit trung gian A28: rac-6-(3-amino-phenyl)-6-metyl-2-triflometyl-
6,7-dihydr0-pyrazolo[1,5-a]pyrazin—4-ylamih va hop chét trung gian A29: 6-metyl-6-(3-
nitro-phenyl)-2-triflometyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin
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Puoc didu ché tir hop chit trung gian A27. Sic ky cot nhanh (silica gel;
MeOH/DCM) thu dugc hop chét trung gian A28 (16%) va hop chét trung gian A29
(59%). LCMS: A28: 308 [M-HJ; Ry: 0,77 phut (phuong phap 2); A29: 338 [M-HJ; R¢:
2,28 phut (phuong phép 3),

Vidu A29

Diéu ché hop chét trung gian A28: rac-6-(3-amino-phenyl)-6-metyl-2-triflometyl-
6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin

NH,

B6 sung sét (272 mg, 4,87 mmol) vao hdn hop gdm hop chit trung gian 29 (340
mg, 1 mmol) va NH,CI (100 mg) trong MeOH (20,4 mL) va H,O (6,8 mL). Hdn hop
phan tmg dugc khqu & nhiét d¢ 80°C trong 5 gid. San phém thé duoc lam lanh va duoc
loc trén xelit va dung mdi dugc lam bay hoi trong chan khong. Phén cin dugce tinh ché
bing sic ky cot nhanh (silica gel; dung dich NH; 7M trong MeOH/DCM). Thu gom céc
phén doan mong mudn va dung méi dugc lam bay hoi trong chan khong dé thu dugc hop
chét trung gian 28 dudi dang diu trong subt (260 mg, hiéu sudt 84%). LCMS: 310
[M+H]"; R¢: 2,50 phat (phwong phép 5).

Hop chét trung gian A30 dudi ddy dugc didu ché theo céc quy trinh tong hop duoc

mo ta trong cac vidu Al - A4:

Vidu A30
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Diéu ché hop chét trung gian A30: rac-2-amino-2-(5-bromo-2-flo-phenyl)-propan-
1-0l, hop chit trung gian A31: (R)-2-amino-2-(5-bromo-2-flo-phenyl)-propan-1-ol va
hop chét trung gian A32 (S) (S)-2-amino-2-(5-bromo-2-flo-phenyl)-propan-1-ol:
OH R~oH S/~0H

NH, NH, : NH;
Br F Br F Br F

Puoc didu ché tir 1-(5-bromo-2-flo-phenyl)-etanon

Nguyén liéu raxemic nay sau d6 dugc tinh ché thém bing SFC didu ché trén
Chiralpak Diacel AD 20 pm (2000 g), pha dong (70% heptan, 30% EtOH voéi 0,1%
Et;N). Cac phan doan mong mudn ctia mdi chit déng phan d6i anh dugc thu gom va cb
trong chén khéng, thu dugc hop chét trung gian A31 (44%) va hop chét trung gian A32
(44%).

Hop chét trung gian duéi day duoc diu ché theo quy trinh téng hop dugc mé ta
trong vi du A7 - A12:

Vidu A3l

Diéu ché hop chit trung gian A33: tert-butyl este cua axit (R)-[1-(5-bromo-2-flo-
phenyl)-2-(4-flo-pyrazol-1-yl)-1-metyl-etyl]-carbamic

Y g
=N\ NH
SN N\;>§I::j/sr
R
F
Pugc didu ché tir hop chit trung gian A31. Séc ky c6t nhanh (silica gel;

AcOEt/heptan) thu dugc hop chit trung gian A33 dudi dang dau trong subt (55%).
LCMS: 418 [M+H]"; Ry: 1,57 phuit (phuong phép 2).

Hop chit trung gian dudi diy duoc didu ché theo quy trinh tng hop duoc md ta
trong vi du A25:
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Vi du A32

Diéu ché hop chét trung gian A34: Etyl este clia axit (R)-2-[2-(5-bromo-2-flo-
phenyl)-2-tertbutoxycarbonylamino-propyl]-4-flo-2H-pyrazol-3-carboxylic

Puoc didu ché tr hop chit trung gian A33. Sic ky cot nhanh (silica gel;
AcOEt/heptan) thu dugc hop chit trung gian A34 dudi dang dau trong sudt (67%).
LCMS: 490 [M+H]"; Ri: 1,71 phiit (phuong phép 2).

Hop chit trung gian duéi ddy duoc didu ché theo quy trinh téng hop dugc md ta
trong vi du A16 - Phuong phéap B:

Viduy A33

Diéu ché hop chit trung gian A35: (R)-6-(5-bromo-2-ﬂo-pheny1)—3-ﬂ0-6-metyl-
6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-on

=N
F/%\l
R
N
o H Br
F

DPuoc diéu ché tir hop chét trung gian A34. Sic ky cot nhanh (silica gel;
MeOH/DCM) thu dugc hop chét trung gian A35 duéi dang dau (90%). LCMS: 343
[M+H]"; R;: 0,96 phut (phuong phép 2).

Hop chit trung gian dudi day duoc diéu ché theo quy trinh tong hop duge mé ta
trong vi du A18:

Viduy A34

Didu ché hop chit trung gian A36: (R)-6-(5-bromo-2-flo-phenyl)-3-flo-6-metyl-
6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-thion
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DPuoc didu ché tr hop chit trung gian A35. Séc ky coOt nhanh (silica gel;
MeOH/DCM) thu dugce hop chét trung gian A36 dudi dang chét rén mau vang (85%).
LCMS: 360 [M+H]"; R: 1,19 phut (phuong phép 2).

Vidu A35

Didu ché hop chit trung gian A37: (R)-6-(5-bromo-2-flo-phenyl)-3-flo-6-metyl-
6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin

N
F§N
- R
N
HzN Br
F

Bd sung dung dich nuéc NH; 32% (1,5 mL) va dung dich NH; 7M trong MeOH
(3 mL) vao hop chét trung gian A36 (330 mg, 0,921 mmol) & nhiét do trong phong.
Khudy hon hop nay & nhiét d6 100°C trong binh kin trong 6 gid, sau d6, sau khi lam
ngudi, dung mdi dugce loai bd trong chan khong. Nguyén li€u thd duge tinh ché bang sic
ky cot (silica gel; MeOH/DCM). Thu gom céc phan doan mong mubn dé thu dugc hop
chit trung gian A37 duéi dang dau trong sudt (260 mg, 83%). LCMS: 343 [M+H]"; R;:
1,03 phut (phuong phép 2).

Vidu A36

Didu ché hop chit trung gian A38: (R)-6-[5-(benzhydryliden-amino)-2-flo-
phenyl]-3-flo-6-metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin
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B& sung toluen (58 mL) vao hdn hop gdm hop chét trung gian A37 (3 g, 8,178
mmol), tris(dibenzylidenaxeton)dipaladi (749 mg, 0,818 mmol), 2,2’-
bis(diphenylphosphino)-1,1°-binaphtyl (1,528 g, 2,453 mmol) va natri tert-butoxit (1,415
g, 14,72 mmol) trong binh kin trong méi trudng N, & nhiét d6 trong phong. Hon hop nay
duogc suc bang N, trong vai phiit va sau dé bd sung benzophenonimin (2,745 mL, 16,356
mmol) va khudy hdn hop niy & nhiét do 90°C trong 18 git. Hon hop dugc cd trong chin
khong va sau d6 hdn hop nay dugc pha lodng bang H,0 va duoc chiét bang DCM. Lép
chét hitu co duoc tach ra, lam kho (MgSOy), loc va dung mdi dugce ¢b trong chan khong.
Tinh ché san phdm thd bang sic ky cot nhanh (silica gel; MeOH/DCM). Thu gom cic
phan doan mong muén va cb trong chan khong, thu duge hop chét trung gian A38 dudi
dang chét rin mau vang nhat (3 g, 83%). LCMS: 442 [M+H]"; R¢ 1,39 phut (phuong
phap 2).

Vidu A37

Diéu ché hop chit trung gian A39: (R)-6-(5-amino-2-flo-phenyl)-3-flo-6-metyl-
6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin

=N
F/%\j
- R
N
HoN NH,
F

B& sung HCI 37% (1,05 mL) vao dung dich chira hop chét trung gian A38 (3 g,
6,795 mmol) trong iPrOH (78 mL). Khudy hdn hop niy & nhiét dd trong phong trong 2
gio. Hon hop duoc ¢, va sau d6 dugc nghién béng Et,0. Chét rin duogc loc ra va dugc
d6 vao iPrOH. B& sung NaHCO; (5,709 g) vao hdn hop va hdn hop nay duoc khudy
trong 1 gid, sau d6 loc va phan dich loc dugc cb trong chan khéng. Tinh ché san phim

bang sic ky cot nhanh (silica gel; MeOH/DCM). Thu gom céc phan doan mong mudn va
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¢b trong chan khéng, thu duge diu mau vang nhat. Nguyén lidu nay duge xt 1y bang hdn
hop gdm DIPE/Et,0 3:1 d& thu dwoc hop chét trung gian A39 duéi dang chét rin mau
vang (1,1 g, 58%). LCMS: 278 [M+H]"; Ry: 0,56 phut (phwong phap 2).

Vidu A38

Diéu ché hop chét trung gian A40: Benzyl este cla axit (3-acetyl-4-flo-phenyl)-

carbamic

F g;_dr—<<::>

0]

B4 sung benzyl cloroformat (3 mL, 21,5 mmol) vao hén hop gbém 1-(5-amino-2-
flophenyl)etanon (3 g, 19,6 mmol) va tetrabutylamoni bromua & nhiét d6 trong phong.
Khuiy hdn hop phan ting nay & nhiét d trong phong trong 24 gio, phan thé duoc xir ly
bang AcOEt (50 mL) va H,O (50 mL), pha hitu co dugc tach ra va lam bay hoi trong
chan khong. San phim thd dugc tinh ché bang sic ky cot (silica gel; MeOH/DCM). Thu
gom cac phan doan mong mudn va dung mdi duoc 1am bay hoi trong chén khong dé thu
duge hop chét trung gian A40 duéi dang chit rén dang kem (4,7 g, 84%). LCMS: 286
[M-HJ; R¢: 2,81 phut (phuong phép 3).

Hop chét trung gian dudi day duoc didu ché theo quy trinh tdng hop dugc mo ta
dé tdng hop chit trung gian A11:

Vidu A39

Diéu ché hop chét trung gian A41: Etyl este cua axit rac-{3-[2-(4-bromo-pyrazol-
1-yl)-1-tert-butoxycarbonylamino-1-metyl-etyl]-4-flo-phenyl} -carbamic

X ¢

BF’CN \>§T©/
N NHn/O\/
F (0]
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Pugc diéu ché tir hop chit trung gian A40. Sic ky cdt nhanh (silica gel;
AcOEt/heptan) tiép theo 1a rira bing DIPE thu dugc hop chét trung gian A41 duéi dang
chét rén mau tring (72%). LCMS: 487 [M+H]"; R: 3,56 phut (phuong phép 3).

Vidu A40

Diéu ché hop chit trung gian A42: rac-etyl 2-[2-[5-[bis(etoxycarbonyl)amino]-2-
flo-phenyl]-2-(tert-butoxycarbonylamino)propyl]-4-bromo-pyrazol-3-carboxylat

Bé sung lithi diisopropylamit (2 M trong xyclohexan/etylbenzen/THF, 7,36 mL,
14,721 mmol) vao dung dich dang khudy chira hop chét trung gian A41 (2,1 g, 4,327
mmol) trong THF kh6 (66 mL) & nhiét d6 -70°C trong mdi trudng Na. Khudy hdn hop
nay & nhiét 6 -70°C trong 1 gio, sau do bd sung etyl cloroformat (0,91 mL, 9,519 mmol)
& nhiét d6 -70°C va 1am 4m hdn hop phan tng ndy & nhiét d6 -30°C trong 2 gid. San
phém thé duogc lam lanh béng dung dich NH,Cl bdo hoa (30 mL) & nhiét d§ -50°C va
dugc 1am Am dén nhiét 46 trong phong, san phém thé duoc chiét b?ing AcOEt (3 x 20
mL), pha hitu co dugc lam bay hoi trong chén khong, lam kh6, san phim thd tao ra duoc
tinh ché bang séc ky cot nhanh (silica gel; AcOEt/heptan). Thu gom c4c phan doan mong
mudn va lam bay hoi trong chan khéng, thu dugc hop chét trung gian A42 (1,6 g, 59%).
LCMS: 631 [M+H]"; R¢: 4,22 phut (phuong phép 3).

Hop chit trung gian du6i ddy duoc didu ché theo quy trinh téng hop duge md ta
trong vi du A16 — Phuong phép B:
Vidu A4l
Diéu ché hop chit trung gian A43: rac-etyl N-[3-(3-bromo-6-metyl-4-0x0-5,7-
dihydropyrazolo[1,5-a]pyrazin-6-y1)-4-flo-phenyl]-N-etoxycarbonyl-carbamat

va hop chdt trung gian A44: rac-etyl N-[3-(3-bromo-6-metyl-4-ox0-5,7-
dihydropyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]carbamat
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Pugc diu ché tir hop chét trung gian A42, Séc ky cot nhanh (silica gel;
AcOEt/heptan) thu dugc hop chét trung gian A43 dudi dang chét rin mau tring (52%) va
hop chét trung gian A44 dudi dang chat ran dang kem (20%). LCMS: A43: 485 [M+H];
Ry: 2,15 phut (phuong phép 3); A44: 413 [M+H]"; R;: 0,98 phut (phuong phap 2)

Hop chét trung gian du6i ddy duoc diéu ché theo quy trinh tong hop duge mé ta

trong cac vi du A18:

Vi du A42

Diéu ché hop chit trung gian A45: rac-etyl N-[3-(3-bromo-6-metyl-4-thioxo-5,7-
dihydropyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]-N-etoxycarbonyl-carbamat va hop
chdt trung gian  A46: rac-etyl  N-[3-(3-bromo-6-metyl-4-thioxo-5,7-
dihydropyrazolo[1,5-a] pyrazin—6-y1)-4-ﬂ0-phenyl]carbamat

__N N ’
Q
@)
N 0
5 H r\?f\" S >
4 \N—

Pugc didu ché tir hop chét trung gian A43 va Ad4, Séc ky cot nhanh (silica gel;
MeOH/DCM) thu duoc hop chét trung gian A45 duéi dang chét rin mau vang (65%) va
hop chit trung gian A46 dudi dang chét rin mau vang (28%). LCMS: A45: 501 [M+H]";
R¢: 2,70 phut (phwong phép 3); A46: 429 [M+H]"; R 2,53 phut (phwong phép 3). Hop
chét trung gian dudi déy duoc didu ché theo quy trinh téng hop dugc mo ta trong vi du
A35:

Vidu A43

Diéu ché hop chit trung gian A47: Etyl este clia axit rac-[3-(4-amino-3-bromo-6-

metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]-carbamic
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Puoc diéu ché tir cac hop chét trung gian A45 va A46. Séc ky cot nhanh (silica
gel; MeOH/DCM) thu dugce hop chét trung gian A47 dudi dang chét ran dang kem, chit
nay dugc st dung nhu vy trong budc tiép theo. Hop chét trung gian dudi diy duoc didu

ché theo quy trinh tong hop dugc md ta trong vi du A22 — Phuong phap B:
Vidu A44

Diéu ché hop chit trung gian A48: Etyl este clia axit rac-[3-(4-amino-6-metyl-6,7-
dihydro-pyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]-carbamic

=N
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F O)’ N

Pugc diéu ché tir hop chét trung gian A47. Séc ky cot nhanh (silica gel; dung dich
NH; 7M trong MeOH/DCM) thu dugc hop chét trung gian A48 duéi dang dau (71%).
LCMS: 322 [M+H]"; R: 0,63 phut (phuong phép 2).

Vidu A45

Diéu ché hop chét trung gian A49: 6-(5-amino-2-flo-phenyl)-6-metyl-6,7-dihydro-
pyrazolo[1,5-a]pyrazin-4-ylamin

=N
>~ _N
=N
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F

B6 sung hop chét trung gian A48 (300 mg, 0,905 mmol) vio dung dich HCI (6 M
trong H,0, 17,1 mL) & nhiét d6 trong phong. Khudy hén hop niy & nhiét 4o 110°C trong

35 gio, sau d6 dung moi dugce loai bd trong chan khéng va dugce xir ly bang dung dich
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NaHCO; bo hoa va dugc chiét bé'lng AcOEt (3x 10 mL). Lép chét hitu co duoc tich ra
va lam bay hoi trong chin khong. Nguyén liéu thd dugc tinh ché bing sic ky cot (silica
gel; MeOH/DCM). Cac phan doan mong mudn duoc thu gom dé thu duge hop chét trung
gian A49 dudi dang dau trong subt (160 mg, 68%). LCMS: 260 [M+H]"; R¢: 0,51 phut
(phuong phap 3).

Hop chét trung gian dudi day duge diéu ché theo quy trinh tdng hop duge md ta trong vi
du A8:

Vidu A46

Didu ché hop chét trung gian AS50: tert-butyl este cuia axit rac-4-(5-bromo-2-flo-
phenyl)-4-diflometyl-2-oxo0-2lambda*4*-[1,2,3]oxathiazolidin-3-carboxylic

0 CHF,
2
X

0" o

>k F

Br

Puoc diéu ché tr axit carbamic, N-[1-(5-bromo-2-flophenyl)-2,2-diflo-1-
(hydroxymetyl)etyl]-, 1,1-dimetyletyl este. Hop chét trung gian A50 thu duoc dudi dang
diu mau vang (nguyén liéu thd, hdn hop gdm cac chit dong phan khong d6i quang,

100%).

Hop chét trung gian duéi ddy duoc didu ché theo quy trinh téng hop dugc mo ta
trong vi du A9:

Vidu A47

Diéu ché hop chét trung gian AS51: tert-butyl este cta axit rac-4-(5-bromo-2-flo-
phenyl)-4-diflometyl-2,2-dioxo-2lambda* 6*-[1,2,3Joxathiazolidin-3-carboxylic
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1
o o

>|\ F

Os
Z

o/

Br

-52-



19773

Hop chét nay dugc didu ché tir hop chét trung gian A50. Nghién min trong heptan,
tiép theo 1a chay sic ky cot (silica gel; DCM) thu dugc hop chét trung gian A51 dudi
dang chét rin mau trang (78%). LCMS: 465 [M+NH,]"; R: 1,46 phiit (phurong phép 2).
Vidu A48

Diéu ché hop chit trung gian A52: rac-1-(5-bromo-2-flo-phenyl)-2,2-diflo-1-
(5-metyl-3-nitro-pyrazol-1-ylmetyl)-etylamin

-+

ol
{0
ji%NI:F Br
N
EtO,C \_jl4§:j;
H,N

F

Bb sung DBU (5,1 mL, 34,103 mmol) vio hop chit trung gian AS1 (6,8 g, 15,238
mmol) va etyl 5-nitro-1H-pyrazol-3-carboxylat (3,4 g, 18,365 mmol) trong MeCN (150
mL) & nhiét d6 trong phong. Hon hop thu dugc duge khqu ¢ nhiét do 60°C trong 18 gio.
Dung mdi sau d6 dugc lam bay hoi trong chan khong va b6 sung HCI (4 M trong dioxan,
40 mL) vao phén can ¢ nhiét do trong phong. Dung dich thu dugc duoc khqu o nhiét do
trong phong trong 2 gid, sau d6 dung mdéi dugce lam bay hoi trong chin khong, bb sung
H,0 va dung dich Na,CO; béo hoa vao phén cin, va hdn hop dugc chiét bing DCM. Lép
chit hitu co duoc lam khé (Na,SO,), loc va lam bay hoi dung mdi trong chan khong.
Tinh ché san phim thé bang sic ky c6t nhanh (silica gel; DCM trong heptan 50/50). Thu
gom c4c phan doan mong mudn va lam bay hoi trong chén khéng, thu duge hop chét
trung gian 52 dudi dang bot dinh (4,6 g, 67%). LCMS: 453 [M+H]"; R;: 1,46 phut
(phuong phép 2).

Vidu A49

Diéu ché hop chét trung gian A53: rac-6-(5-bromo-2-flo-phenyl)-6-diflometyl-2-
nitro-6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-on
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B sung DBU (4,126 mL, 27,6 mmol) vao hdn hop dang khudy gbm hop chét
trung gian A52 (4,15 g, 9,198 mmol) trong MeCN (45 mL) trong binh kin. Khudy hén
hop nay ¢ nhiét d¢ 150°C trong 30 phut trong didu kién chiéu vi séng. Hon hop dugc pha
loding bing dung dich NH,C1 10% va dugc chiét bing DCM. Lép chét hitu co dugce lam
kh6 (Na,SO,), loc va dung mdi duge lam bay hoi trong chin khong. Phan cdn dugc tinh
ché biang sic ky cot nhanh (silica gel; AcOEt). Thu gom cac phén doan mong mubn va
lam bay hoi trong chan khong, thu duoc hop chét trung gian A54 (2,48 g, 67%). LCMS:
405 [M-HJ; R¢: 1,10 phut (phuong phap 2).

Vidu A50

Diéu ché hop chit trung gian A54: rac-2-amino-6-(5-bromo-2-flo-phenyl)-6-
diflometyl-6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-on

N/N\
_N CHF,
NH Br

O F

Ha

Hop chét trung gian A53 (2,4 g, 5,924 mmol) dugc hoa tan trong MeOH (150
mL). Dung dich ndy dugc hydro héa bang cot RuO, (50°C, ché d6 hydro hoan toan, 1
ml/phut). Dung moéi duge lam bay hoi trong chian khong va phén can dugc tinh ché bing
séc ky cOt nhanh (silica gel; MeOH/DCM). Thu gom cac phin doan mong mubn va cb
trong chan khong, thu dugc hop chét trung gian A54 duéi dang chét rén mau tring nhat
(2,1 g, 94%). LCMS: 377 [M+H]"; Ry: 0,74 phut (phuong phap 2).

Vidu A5l

Diéu ché hop chét trung gian AS55: rac-6-(5-bromo-2-flo-phenyl)-6-diflometyl-6,7-
dihydro-5H-pyrazolo[1,5-a]pyrazin-4-on
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Hdn hop gdm hop chit trung gian A54 (1,8 g, 4,798 mmol), EtOH (36 mL) va
H,S04 (0,767 mL) duoc gia nhiét dén 90°C. Sau d6 bd sung timg phin natri nitrit (828
mg, 11,995 mmol) va khudy hdn hop ndy & nhiét d6 90°C trong 20 phit. Sau d6, hon hop
nay duoc dé ngudi xuéng nhiét d6 trong phong, rét vao dung dich Na,CO; bdo hoa va
H,O va duge chiét bang DCM. Lép chét hitu co dugc tach ra, 1lam khd (Na,SOy), loc va
lam bay hoi dung mdi trong chén khong. Tinh ché san phim tho bang sic ky cot nhanh
(silica gel; MeOH/DCM). Thu gom céc phan doan mong mudn va cb trong chan khong,
thu duoc hop chét trung gian A55 duéi dang chét rin mau tring (1,25 g, 72%). LCMS:
403 [M+MeCN+H]"; R: 0,92 phut (phuong phép 2).

Hop chét trung gian dudi diy duoc didu ché theo quy trinh téng hop duoc mo ta
trong vi du A18:

Vidu A52

Diéu ché hop chét trung gian A56: rac-6-(5-bromo-2-flo-phenyl)-6-diflometyl-6,7-
dihydro-5H-pyrazolo[1,5-a]pyrazin-4-thion

N
e AY
_N CHF,
NH Br

S F

Puoc didu ché tir hop chét trung gian A55. Séc ky cot nhanh (silica gel; DCM) thu
duoc hop chét trung gian 56 duéi dang chit rin mau vang (1,14 g, 88%). LCMS: 419
[M+MeCN+H]"; R: 1,19 phut (phuong phép 2).

Vidu AS53

Diéu ché hop chét trung gian A57: rac-6-(5-bromo-2-flo-phenyl)-6-diflometyl-6,7-
dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin
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Dung dich chita hop chét trung gian 56 (1,12 g, 2,977 mmol) trong dung dich NH;
7M trong MeOH (30 mL) duoc khuy trong diéu kién chiéu vi séng trong 30 phut & nhiét
d6 120°C. Dung mo6i dugce lam bay hoi trong chin khong va phén cin duogc xir Iy bang
DCM va rira bang dung dich Na,COj; lodng. Lép chét hiru co duoc tach ra, lam khd
(Na,S0Qy), loc va lam bay hoi dung moi trong chan khong. Tinh ché san phdm thd bing
séc ky c6t nhanh (silica gel; dung dich NH; 7M trong MeOH/DCM). Thu gom céc phén
doan mong mubn va ¢b trong chan khéng, thu dwgc hop chét trung gian 57 dudi dang

chét rén mau vang (1,03 g, 96%). LCMS: 361 [M+H]"; Ry: 0,99 phut (phwong phap 2).

Hop chét trung gian dudi ddy dugc didu ché theo cac quy trinh tong hop dugc mo
ta trong céc vi du A36 - A37:

Vidu A54

Diéu ché hop chét trung gian AS58: rac-6-(5-amino-2-flo-phenyl)-6-diflometyl-6,7-
dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin

N CHF,
=N NH,

Duoc didu ché tir hop chét trung gian A54. Sic ky cot nhanh (silica gel; NH; 7M
trong MeOH/DCM) thu dugc hop chét trung gian 58 dudi dang bot mau trdng nho (86%).
LCMS: 296 [M+H]"; Ri: 0,61 phut (phuong phép 2).

Vidu AS5
Diéu ché hop chit trung gian A59: Diamit ctia axit 1H-pyrazol-3,5-dicarboxylic
CONH,
\ \I\IINH
H,NOC
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Dietylpyrazol-3,5-dicarboxylat (5,2 g, 24,5 mmol) dugc hoa tan trong NH; M
trong MeOH va gia nhiét hdn hop nay & nhiét 46 70°C trong binh kin trong 48 gid. Dung
mdi sau d6 duge 1lam bay hoi @& thu duoc hop chit trung gian A59 (3,74 g, 99%) duéi

dang rén.
Vidu A56

Diéu ché hop chét trung gian A60: 1H-pyrazol-3,5-dicarbonitril

CN

N
\ N

NH
NC

B4 sung phospho oxyclorua (11,249 mL, 120,679 mmol) vao hén hop gbm hop
chét trung gian 59 (3,72 g, 24,136 mmol) trong MeCN (90 mL) & nhiét do 0°C. Hon hop
duoc khudy trong binh kin & 120°C trong 5 gid (cho dén khi chét rin bién mét). Hon hop
phan g dugc rét vao hdn hop gém d4/ H,0 va duge chiét bang DCM. L&p chét hitu co
dugc tach ra, lam khd (NaySO,), loc va lam bay hoi dung méi trong chian khong dé thu
dugc hop chét trung gian A60 dudi dang rén, chit rdn nay duogc st dung trong budc tiép
theo ma khong cin tinh ché thém. LCMS: 117 [M-HJ’; R: 0,61 phtt (phuong phép 2).

Hop chét trung gian dudi ddy duge didu ché theo céc quy trinh téng hop duge mo

ta trong cac vidu A7 - Al12:
Vidu A57

Diéu ché hop chét trung gian A61: tert-butyl este cta axit (R)-[1-(5-bromo-2-flo-
phenyl)-2-(3,5-dixyano-pyrazol-1-yl)-1-metyl-etyl]-carbamic

<X
=N\ NH
N\ N\>§©/Br
R
CN
F
Pugc diéu ché tir hop chit trung gian A31. Sic ky cot nhanh (silica gel;

AcOEt/DCM) thu duoc hop chit trung gian A61 dudi dang bot (60%). LCMS: 467
[M+NH,4]"; R;: 1,57 phtt (phuong phép 2).
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Vidu AS8

Diéu ché hop chét trung gian A62: (R)—4-amino-é—(S-brom0-2-ﬂophenyl)-6-metyl-
6,7-dihydro-pyrazolo[1,5-a]pyrazin-2-carbonitril

Br

Bé sung axit trifloaxetic (4 mL) vao hon hgp dang khuy gdm hop chit trung gian
A61 (4,483 g, 8,4 mmol) trong DCM (40 mL) & nhiét d6 trong phong. Hdn hop nay duoc
khudy trong 20 gio & nhiét do trong phong, sau d6 duoc bazo hda bang dung dich
Na,CO3; bdo hoa va dugc chiét b.':?mg DCM. Lép chét hitu co duogc tach ra, lam khd
(MgSQOy), loc va cd trong chin khong. Phin cin duoc tinh ché bang sic ky c6t nhanh
(silica gel; NH;3 7N trong MeOH/DCM). Thu gom céc phin doan mong mudn va cb trong
chan khéng dé thu duoc hop chét trung gian A62 (2,9 g, 99%). LCMS: 349 [M+H]"; R¢:
1,13 phut (phuong phép 2).

Vidu A59

Diéu ché hop chét trung gian A63: (R)-4-amino-6-(5-amino-2-flophenyl)-6-metyl-
6,7-dihydro-pyrazolo[1,5-a]pyrazin-2-carbonitril

NH,

Phéan tng nay duoc tién hanh hai mé béng nhau. Tdng khéi lugng clia nguyén liéu
duoc st dung duoc ghi lai. B6 sung Cul (342 mg, 1,795 mmol) vao huyén phui ctia hop
chét trung gian A62 (500 mg, 1,436 mmol), natri azit (284 mg, 4,308 mmol), N,N’-
dimetyletylendiamin (255 pL, 2,369 mmol) va Na,COs (457 mg, 4,308 mmol) trong
MeCN (10 mL) va hdn hop phan ting niy duoc khir khi. Gia nhiét hdn hop nay ¢ nhiét do
110°C trong 4 gio, sau do6, ¢ nhiét d6 120°C trong 2 gio nita. Hon hop nay sau d6 duogc
ngimg bang dung dich 1M HCl va bazo héa 16p nude bing NH,OH va chiét biang AcOEt
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(3x). Céc 16p chét hitu co dugc gom lai duoce 1am khd (MgSOy), loc va cd. Tinh ché san
phim thoé bang sic ky cot nhanh (silica gel; dung dich NH; néng d6 7N trong
MeOH/DCM). Thu gom céc phan doan mong mudn va cb trong chan khong, thu duoc
hop chit trung gian A63 (300 mg, 65%). LCMS: 285 [M+H]"; R¢ 0,74 phut (phuong
phap 2).

Hop chét trung gian duéi day duge didu ché theo cac quy trinh tdng hop duge md
ta trong cac vidu A7 - A9, All, Al13 va AlS:
Vidu A60

Piéu ché hop chit trung gian A64: Etyl este cla axit (R)-6-(5-bromo-2-flo-
phenyl)-6-metyl-4-0x0-4,5,6,7-tetrahydro-pyrazolo[1,5-a]pyrazin-2-carboxylic

EtO,C,

=N
=~ N
(o]

R

N

H Br
F

Duoc didu ché tir dietylpyrazol-3,5-dicarboxylat. Hop chét trung gian A64 dugc

dung dudi dang chit rin thd mau tring trong phan tng sau do.
Vi du A61

Diéu ché hop chét trung gian A65: (R)-6-(5-bromo-2-flo-phenyl)-2-hydroxymetyl-
6-metyl-6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-on

OH
=N
~_N
R
N
O H Br
F

B6 sung natri bohydrua (3,094 g, 81,774 mmol) vao dung dich dang khudy chira
hop chét trung gian 64 (3,6 g, 9,086 mmol) trong THF (10 mL) va MeOH (5 mL) & nhiét
d6 0°C. Khuéy hdn hop nay & nhiét d6 trong phong trong 18 gid. Hon hop nay dugc lam
lanh xudng 0°C, dugc xir ly bing H,0 va dugc chiét bang DCM. Lép chét hitu co nay
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duoc lam khé (Na,SOy), loc va dung mdi duge 1am bay hoi trong chan khong, thu dugc

hop chét trung gian A65 (3,2 g, 99%) dudi dang chét rin mau tring,
Vidy A62

Diéu ché hop chét trung gian A66: (R)-6-(5-bromo-2—ﬂo-pheny1)-6-metyl—4-oxo-
4,5,6,7-tetrahydro-pyrazolo[1,5-a]pyrazin-2-carbaldehyt

)
!
—N

\
NS

N
R
N
O H Br
F
B6 sung mangan dioxit (7 g, 80,5 mmol) vao dung dich chira hop chét trung gian
A65 (3,2 g, 9,035 mmol) trong cloroform (48 mL). Khudy hdn hop phan ting nay & nhiét
d6 62°C trong 4 gio. Hon hop nay duoc loc qua xelit va rira bing DCM. Lép chét hitu co
nay duoc cd, thu duge hop chit trung gian A66 duéi dang chét rén nbi tuyét mau cam

nhat (2,3 g, 72%).
Vidu A63

Diéu ché hop chit trung gian A67: (R)-6-(5-bromo-2-flo-phenyl)-2-diflometyl-6-
metyl-6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-on

F
F
=N
~_N
R
N
O H Br
F

Dung dich chita hop chét trung gian A66 (2,3 g, 6,531 mmol) trong DCM (50ml)
va DAST (2,193 mL, 16,328 mmol) trong DCM (50ml) dugc bom qua thiét bi didu bién
héa hoc dong chay Vapourtec R2+R4, cudn 10 mL & nhiét do 80°C, Rt = 15 phut. Dung
dich chay ra dugc thu gom trén CaCOs. Dimg dich nay dugc loc qua xelit va rira br?lng

DCM, Lop chit hitu co duge rira béng dung dich NaHCO; béo hoa va duoc chiét béng
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DCM. Lép chat hitu co dugc 1am khé trén NaySO,, loc va ¢b trong chan khong, thu dugc
hop chét trung gian A67 (2,2 g, 90%) dudi dang dau mau niu.

Vidu A64

Diéu ché hop chit trung gian A68: (R)-6-(5-bromo-2-flo-phenyl)-2-diflometyl-6-
metyl-6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-thion

F
F

=N

~_N
R
N

S H Br
F

B6 sung phospho pentasulfua (1,871 g, 8,419 mmol) vao dung dich chtra hop chit
trung gian A67 (2,1 g, 5,613 mmol) trong dioxan (1 mL) va gia nhiét hdn hop niy & nhiét
d6 100°C trong 18 git. Hon hop duge ¢d trong chian khong va duoc tinh ché bang sic ky
cOt nhanh (silica gel; DCM). Thu gom cac phidn doan mong mudn va cd trong chin
khong, thu dugc hop chét trung gian A68 (2g, 91%) dudi dang diu mau vang. LCMS:
392 [M+H]"; Ry: 1,29 phut (phuong phap 2).

Vidu A65

Diéu ché hop chit trung gian A69: (R)-6-(5-bromo-2-flo-phenyl)-2-diflometyl-6-
metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin

Br

Phén tmg nay duoc thuc hién hai mé bang nhau. Téng khéi luong ctia nguyén lidu
str dung dugc ghi lai. B4 sung NH; (2M trong EtOH, 30mL, 60mmol) vao h(,fp chét trung
gian A69 (2 g, 5,125 mmol) va NH,CI (2,173 g, 41 mmol). Hén hop nay duge gia nhiét
trong didu kién chiéu vi séng & nhiét do 170°C trong 45 phtt. Hén hop duoc ¢d, va bd
sung thém 30 mL. NHj (2 M trong EtOH). Hén hop dugc gia nhiét trong diéu kién chiéu
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vi séng & nhiét d6 170°C trong 45 phut. Quy trinh dwoc 1ap lai 4 1an trong téhg thoi gian
1a 180 phut. Hn hop duoc loc va phan dich loc nay duge b trong chan khong. San phim
thd dugc tinh ché bang sic ky cot nhanh (silica gel; MeOH/DCM). Thu gom céc phén
doan mong mudn va ¢b trong chan khéng, thu dugce hop chét trung gian A69 (1g, 52%)
du6i dang dau. LCMS: 375 [M+H]"; R;: 1,11 phut (phuong phép 2).

Céc hop chét trung gian dudi day duoc didu ché theo cac quy trinh tong hop tuwong
tu voi quy trinh duge mo ta trong vi du A59:

Vidu A66

Piéu ché hop chit trung gian A70: (R)-6-(5-amino-2-flo-phenyl)-2-diflometyl-6-
metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin

NH,

Pugc diéu ché tir hop chit trung gian A69. Sic ky cot nhanh (silica gel;
MeOH/DCM) thu duge hop chét trung gian A70 dudi dang dau (51%). LCMS: 310
[M+H]"; Ry: 0,69 phut (phuong phéap 2).

Céc hop chit trung gian duéi ddy duoc diu ché theo céc quy trinh tong hop tuong
tu v6i quy trinh duge mo ta trong cac vidu A7 - A11, A48, A15 va Al8:

Vidu A67

Diéu ché hop chit trung gian A71: (R)-6-(5-bromo-2-flo-phenyl)-3-flo-2,6-
dimetyl-6,7-dihydro-5H-pyrazolo[1,5-a]pyrazin-4-thion

Br
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Duoc didu ché tir etyl este ciia axit 4-flo-5-metyl-1H-pyrazol-3-carboxylic. Sic ky
cdt nhanh (silica gel; AcOEt/DCM) thu dugc hop chit trung gian A71 duéi dang chét rin
mau vang (92%). LCMS: 374 [M+H]"; R;: 1,27 phut (phuong phap 2).

Vidu A68

Piéu ché hop chit trung gian A72: (R)-6-(5-bromo-2-flo-phenyl)-3-flo-2,6-

dimetyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin

Br

B6 sung NH; (2 M trong EtOH, 10 duong lugng) vao dung dich chia hop chét
trung gian 71 (2,4 g, 6,448 mmol) va NH,CI (4 duong lugng) va gia nhiét hdn hop nay &
nhiét d6 85°C trong binh kin trong 24 gid. Dung moi dﬁqc lam bay hoi trong chén khong
va phin cin duoc tao huyén phil trong DCM va rira bing H,0. Lép chét hitu co duge
tach ra, lam kho (MgSO,), loc va lam bay hoi dung méi trong chan khong. B6 sung thém
NH,CI (4 dwong luong) tiép theo 13 NH; (2 M trong EtOH, 10 duong lugng) vao phan
can va gia nhiét hdn hop nay & nhiét do 85°C trong binh kin trong 24 git. Lap lai quy
trinh nay 4 l4n nita voi téng lugng NH; (2 M trong EtOH) 1a 276 mL, va 8,277 g NH,Cl.
San phidm sau d6 duoc tinh ché bang sic ky cot nhanh (silica gel; MeOH/DCM). Thu
gom cac phan doan mong mubn va ¢6 trong chin khéng, thu dugc hop chét trung gian
A72 (960 mg, 42%) du6i dang chét rdn mau vang nhat. LCMS: 357 [M+H]"; R 1,11
phut (phuong phép 2). |

Céc hop chét trung gian duéi ddy duge didu ché theo cac quy trinh tong hop tuong
tu vi quy trinh duge mo ta trong cac vi du A36 - A37:

Vidu A69

Didu ché hop chit trung gian A73: (R)-6-(5-amino-2-flo-phenyl)-3-flo-2,6-
dimetyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin
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NH,

Puoc diéu ché tir hop chét trung gian A72. Séc ky cot nhanh (silica gel; NH; 7N
trong MeOH/DCM) thu duoc hop chét trung gian A73 dudi dang chit rdn mau vang nhat
(42%).

Céc hop chat trung gian dudi day duoc diu ché theo cac quy trinh téng hop tuong
tu véi quy trinh duge md ta trong cac vi du A7 — A9, A48, A23, A16B. Al8, A21, A36,
A37: '

Vidu A70

Diéu ché hop chit trung gian A74: (R)-6-(5-amino-2-flo-phenyl)-3-clo-6-metyl-
6,7-dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin

=N
Cl/%N
- R
N
H,N Nt
F

Duoc didu ché tr hop chit trung gian A31. Sic ky cot nhanh (silica gel;
MeOH/DCM) tiép theo 13 nghién min trong DIPE/Et,0 thu dugc hop chét trung gian A74
duéi dang chit rin mau vang (94%). LCMS: 294 [M+H]"; R¢: 1,13 phut (phuong phép 3).

Didu ché cac hop chét cudi ciing
Vidu Bl

Didu ché hop chit 1: mudi (R)-6-[3-(5-clo-pyridin-3-yl)-phenyl]-6-metyl-6,7-
dihydro-pyrazolo[1,5-a]pyrazin-4-ylamin trifloaxetat

Cl
N =z
ZN| |
— N
=N
HoN
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B sung dung dich nuéc NH; 32% (0,5 mL) vao hdn hgp dang khudy gém hop
chét trung gian A18 (60 mg, 0,17 mmol) trong dung dich NH; 7M trong MeOH (1,5 mL)
trong binh kin. Khudy hdn hop nay & nhiét d6 100°C trong 5 gid. Sau khi dé ngudi xubng
nhiét d6 trong phong, dung mdi dugc lam bay hoi trong chan khéng. Tinh ché san phim
thé bang séic ky cot ngan (silica gel; MeOH/DCM). Thu gom c4c phan doan mong mubn
va ¢d trong chén khong dé tao ra phan doan, ma dugc tinh ché thém biang HPLC pha do
(Gradien tir 80% dung dich TFA 0,1% trong H,O, CH3CN 20% dén 0% dung dich TFA
0,1% trong H,0, CH;CN 100%) v nghién véi DIPE, thu duge hop chét 1 (36 mg, hiéu
suit 46%) dudi dang chét rdn mau tring. 'H NMR (506 MHz, DMSO-dg) & ppm 1,79 (s,
3 H), 4,69 (d, J=13,6 Hz, 1 H), 5,25 (d, J=13,9 Hz, 1 H), 7,23 (d, J=2,3 Hz, 1 H), 7,45
(br. d, J=8,7 Hz, 1 H), 7,52 (t, J=7,8 Hz, 1 H), 7,69 (d, /2,0 Hz, 1 H), 7,75 (br. d, J=7,8
Hz, 1 H), 7,94 - 7,96 (m, 1 H), 8,28 (t, /=2,2 Hz, 1 H), 8,66 (d, /=2,3 Hz, 1 H), 8,88 (d,
J=2,0 Hz, 1 H), 9,28 (br. s, 1 H), 9,87 (br. s, 1 H), 11,06 (br. s, 1 H).

Vidu B2

Diéu ché hop chét 2: [3-(4-amino-6-metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-

yl)-phenyl]-amit cua axit rac-5-clo-pyridin-2-carboxylic

N _~_Cl
%H S
—N N
o]
H,N

Bb sung axit 5-clo-pyridin-2-carboxylic (71,8 mg, 0,68 mmol) vao dung dich chira
4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (137 mg,
0,5 mmol) trong MeOH (4 mL). Khu4y hdn hop nay & nhiét d6 trong phong trong 5 phiit.
Sau d6 hdn hop nay duoc 1am lanh xubng 0°C va bd sung dung dich chtta hop chét trung
gian A22 (100 mg, 0,41 mmol) trong MeOH (3 mL). Hbn hop nay duoc lam 4m dén
nhiét do trong phong va dugc khudy trong 3 gio. Hon hgp nay duge xtt ly bang dung dich
Na,CO; bio hoa va H,O va duge chiét bing DCM. Lép chéit hiru co duge tach ra, lam
khd (Na,SOy,), loc va lam bay hoi dung méi trong chan khong. San phim thé duoc nghién
véi EtyO va sau d6 duge tinh ché bang sic ky cot nhanh (silica gel; MeOH/DCM). Thu
gom céc phin doan mong muén va dung mdi dugc 1am bay hoi trong chan khong va phan

doan thu duge duge tinh ché thém bang séc ky ¢t nhanh (silica gel; MeOH/DCM). Thu
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gom cac phan doan mong mudn va dung mdi duge lam bay hoi trong chan khong, thu
duoc hop chit 2 (21 mg, hi¢u suit 13%) dudi dang chit rén mau tréng. 'H NMR (500
MHz, CDCl;) 8 ppm 1,67 (s, 3 H), 4,38 (d, J=13,3 Hz, 1 H), 4,53 (d, J=13,3 Hz, 1 H),
4,79 (br. s, 2H), 6,72 (br. s, 1 H), 7,24 (br. d, J=7,8 Hz, 1 H), 7,34 (t, J/=7,9 Hz, 1 H), 7,51
(d, J/=2,0 Hz, 1 H), 7,73 (dd, J=8,1, 1,2 Hz, 1 H), 7,85 - 7,90 (m, 2 H), 8,23 (d, /=8,4 Hz,
1 H), 8,55 (d, /=2,0 Hz, 1 H), 9,86 (br. s, 1 H). |

Vidu B3

Diéu ché hop chét 3: [3-(4-amino-6-metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-
yl)-phenyl]-amit cua axit rac-3,5-diclo-pyridin-2-carboxylic

Cl Cl
N, 7
- “N
— A
A 0
HaN

B6 sung axit 3,5-diclo-pyridin-2-carboxylic (112 mg, 0,58 mmol) vao dung dich
chira 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (176,2 mg, 0,64
mmol) trong MeOH (5 mL). Khudy hdn hop niy & nhiét d6 trong phong trong 5 phut.
Sau d6 hdn hop nay duge lam lanh xuéng 0°C va bd sung dung dich chira hgp chét trung
gian A22 (128 mg, 0,53 mmol) trong MeOH (5 mL). Hdn hop duge 1am 4m dén nhiét d6
trong phong va dugc khudy trong 3 gio. Hon hop nay duge xit ly bang dung dich Na,CO;
bdo hoa va H,0 va dugc chiét bing DCM. Lép chét hitu co duge tach ra, lam khd
(MgS0y,), loc va lam bay hoi dung méi trong chén khong. Tinh ché san phim thd bing
séc ky cot nhanh (silica gel; MeOH/DCM). Thu gom cac phén doan mong mudn va dung
moi duoc lam bay hoi trong chan khong. San phim tho duoc nghién véi Et,O va sau d6
duoc tinh ché bing séc ky ¢t nhanh (silica gel; MeOH/DCM). Thu gom céc phén doan
mong mudn va dung moéi dugc lam bay hoi trong chan khéng, thu dugc hop chét 3 (180
mg, hiéu suit 82%) duéi dang chét rin mau tring. "H NMR (500 MHz, DMSO-ds) 8 ppm
1,41 (s, 3 H), 4,12 - 4,45 (m, 2 H), 6,54 (br. s., 2 H), 6,64 (d, /=2,0 Hz, 1 H), 7,25 - 7,32
(m, 2 H), 7,45 (d, J=2,0 Hz, 1 H), 7,63 (m, J=6,3, 2,5, 2,5 Hz, 1 H), 7,82 (br. s, 1 H), 8,43
(d, J/=2,0 Hz, 1 H), 8,72 (d, /=2,0 Hz, 1 H), 10,64 (br. s., 1 H).

Vidu B4
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Diéu ché hop chét 4: [3-(4-amino-6-metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin -6-
yl)-phenyl]-amit cta axit (R*)-3,5-diclo-pyridin-2-carboxylic va hop chét 5: [3-(4-amino-
6-metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-yl)-phenyl]-amit cia axit (S*)-3,5-diclo-
pyridin-2-carboxylic

N ChonC N Ch~Cl
0 o)

HoN HoN

Mot miu hop chét 3 (0,58 g) duoc rira bing DCM lanh va sau d6 bang Et,0. hop
chét raxemic nay sau d6 dugc tich ra thanh céc chit ddng phan d6i 4nh trong tng bing
SFC didu ché trén Chiralpak AD-H 5um (250 x 20 mm), pha dong (0,3% iPrNH,, 60%
CO,, 40% EtOH). Cac phén doan mong mudn ctia mdi chit ddng phan dbi anh duge thu
gom va cd trong chan khéng, thu duoc hop chit 4 (152 mg, hiéu suit 26%). 'H NMR
(500 MHz, DMSO-dg) & ppm 1,41 (s, 3 H), 4,28 (br. s, 2 H), 6,41 (br. s., 2 H), 6,64 (d,
J=1,4 Hz, 1 H), 7,30 (s, 2 H), 7,45 (d, /=2,0 Hz, 1 H), 7,60 - 7,67 (m, 1 H), 7,83 (s, 1 H),
8,44 (d, J=2,0 Hz, 1 H), 8,73 (d, J=2,3 Hz, 1 H), 10,65 (br. s., 1 H) va hop chét 5 (155
mg, hiéu suét 27%) 'H NMR (500 MHz, DMSO-dg) 6 ppm 1,41 (s, 3 H), 4,28 (s, 2 H),
6,41 (br. s., 2 H), 6,64 (d, /=0,9 Hz, 1 H), 7,26 - 7,33 (m, 2 H), 7,45 (d, J=1,4 Hz, 1 H),
7,59 - 7,69 (m, 1 H), 7,84 (s, 1 H), 8,44 (d, /=2,0 Hz, 1 H), 8,73 (d, J/=2,0 Hz, 1 H), 10,65
(br. s., 1 H) ca hai chit ddng phan dbi anh nay déu & dang chit rin mau tring.

ViduB5

Diéu ché hop chét 6: [3-(4-amino-6-metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-
yl)-phenyl]-amit cta axit rac-5-xyano-pyridin-2-carboxylic va hop chét 7: [3-(4-amino-6-
metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-yl)-phenyl]-amit cua axit (R*)-5-xyano-
pyridin-2-carboxylic va hgp chit 8: [3-(4-amino-6-mety1—6,7-dihydro-pyrazolo[1,5- |
a]pyrazin-6-yl)-phenyl]-amit ctia axit (S*)-5-xyano-pyridin-2-carboxylic

_N N _N
N, A~ R ~" N, -~
7N Nl ¢ A oA N N
_ A AN

N T N =N I N —N I N
HoN HoN HoN

B6 sung axit 5-xyano-pyridin-2-carboxylic (187,8 mg, 1,27 mmol) vao dung dich
chta  4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini  clorua (412,9 mg,
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1,49 mmol) trong MeOH (20 mL). Khudy hdn hop niy 0 nhiét do trong phong trong 5
phut. Sau d6, hdn hop nay duge lam lanh xudng 0°C va bd sung dung dich chira hop chat
trung gian A22 (300 mg, 1,24 mmol) trong MeOH (10 mL). Hdn hop ndy dugc lam 4m
dén nhiét d6 trong phong va duge khudy trong 4 gid. Hdn hop dugce xir ly bang dung dich
Na,CO; bdo hoa va H,O va duogc chiét bﬁng DCM. Lép chét hitu co duge tach ra, lam
kho (MgS0O,), loc va lam bay hoi dung mdi trong chan khong. Tinh ché san phdm tho
bang séc ky cot nhanh (silica gel; MeOH/DCM). Thu gom c4c phan doan mong mubn va
dung méi dugce lam bay hoi trong chan khong. San phim thé dugc nghién véi Et,O va
sau d6 duoc tinh ché bing sic ky c6t nhanh (silica gel; dung dich NH; 7M trong
MeOH/DCM). Thu gom céac phan doan mong mudn va dung mdi duoc lam béy hoi trong
chan khong. San phim nay dugc rira bing EtOH va Et,0 va sau d6 dugc tinh ché bang
séc ky cot nhanh (silica gel; MeOH/DCM). Thu gom céc phan doan mong muén va dung
moi duoc lam bay hoi trong chan khong, thu dugc hop chit 6 (122 mg, hi€u suét 26%)
dudi dang chét rin mau kem. "H NMR (500 MHz, DMSO-ds) 8 ppm 1,42 (s, 3 H), 4,31
(m, J=3,5 Hz, 2 H), 6,66 (br. s, 2 H), 6,66 (d, /~1,7 Hz, 1 H), 7,26 - 7,33 (m, 2 H), 7,45
(d, J=2,0 Hz, 1 H), 7,78 (dt, J=6,9, 1,9 Hz, 1 H), 8,01 - 8,06 (m, 1 H), 8,29 (dd, J=8,1,
0,6 Hz, 1 H), 8,59 (dd, J=8,1, 2,0 Hz, 1 H), 9,18 - 9,22 (m, 1 H), 10,68 (s, 1 H). Hop chét
raxemic nay sau dé dugc tinh ché thém baing SFC diéu ché trén Chiralpak AD-H Sum
(250 x 20 mm), pha dong (0,3% iPrNH,, 60% CO,, 40% EtOH). Cac phin doan mong
mudn cta mdi chit ddng phan ddi anh dugc thu gom va ¢ trong chan khong, thu duoc
hop chét 7 (45,8 mg, hiéu suét 10%) 'H NMR (500 MHz, DMSO-dy) 6 ppm 1,41 (s, 3 H),
421 - 4,35 (m, 2 H), 6,39 (br. s., 2 H), 6,64 (br. s, 1 H), 7,26 - 7,35 (m, 2 H), 7,45 (d,
J=1,2 Hz, 1 H), 7,78 (br. d, J/=7,2 Hz, 1 H), 8,05 (br. s, 1 H), 8,30 (d, J=8,1 Hz, 1 H),
8,60 (dd, J=8,1, 2,0 Hz, 1 H), 9,20 - 9,22 (m, 1 H), 10,68 (s, 1 H) va hop chit 8 (46,5 mg,
hiéu sudt 10%) 'H NMR (500 MHz, DMSO-dg) & ppm 1,41 (s, 3 H), 4,29 (br. s., 2 H),
6,41 (br. s., 2 H), 6,64 (d, /~=1,7 Hz, 1 H), 7,27 - 7,34 (m, 2 H), 7,45 (d, J=1,7 Hz, 1 H),
7,77 - 7,80 (m, 1 H), 8,05 (br. s, 1 H), 8,30 (dd, /=8,2, 0,7 Hz, 1 H), 8,60 (dd, J=8,1, 2,0
Hz, 1 H), 9,19 - 9,24 (m, 1 H), 10,68 (s, 1 H), ¢4 hai hgp chét niy déu & dang chét rin

mau tring.
ViduB6

Didu ché hop chét 9: mudi triﬂoxetét [3-(4-amino-3-bromo-6-metyl-6,7-dihydro-

pyrazolo[1,5-a]pyrazin-6-yl)-phenyl]-amit ctia axit rac-5-xyano-pyridin-2-carboxylic
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B6 sung axit 5-xyano-pyridin-2-carboxylic (23,6 mg, 0,16 mmol) vao dung dich
chita  4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini ~ clorua (51,9 mg,
0,19 mmol) trong MeOH (5 mL). Khudy hdn hop ndy & nhiét d6 trong phong trong 5
phut. Sau d6, hdn hgp nay duoc lam lanh xubng 0°C va bd sung dung dich chira hop chét
trung gian A20 (50 mg, 0,16 mmol) trong MeOH (5 mL). Hdn hop dugc lam 4m dén
nhiét d6 trong phong va dugc khudy trong 4 gid. Hon hop duge xir ly bang dung dich
Na,CO5; bdo hoa va H,O va duoc chiét béng DCM. Lép chit hiru co dugc tach ra, lam
kho (MgSO,), loc va 1am bay hoi dung méi trong chan khong. Tinh ché san phém tho
bang séc ky cot nhanh (silica gel; MeOH/DCM). Thu gom c4c phan doan mong mubn va
dung moéi dugc lam bay hoi trong chan khong. San phim thé dugc nghién véi Et,O va
sau d6 duoc tinh ché bang sic ky c6t nhanh (silica gel; MeOH/DCM). Thu gom céc phan
doan mong mubn va co trong chén khong va phin cin dugc tinh ché bing HPLC diéu ché
(RP C18 XSelect 19 x 100 5 um), pha dong (gradien tir 80% dung dich TFA 0,1% trong
H,0, 20% CH;CN dén 0% dung dich TFA 0,1% trong H,O, CH;CN 100%) thu dugc hop
chit 9 (9,8 mg, hiéu sut 11%) duéi dang chét rin mau tring. 'H NMR (500 MHz,
DMSO-d) 8 ppm 1,75 (s, 3 H), 4,74 (d, /=13,9 Hz, 1 H), 5,09 (d, J=13,6 Hz, 1 H), 7,19 -
7,24 (m, 1 H), 7,40 (t, /=8,1 Hz, 1 H), 7,87 (dd, J=8,1, 1,2 Hz, 1 H), 7,88 (s, 1 H), 8,00
(br. s, 1 H), 8,29 (dd, J=8,1, 0,6 Hz, 1 H), 8,60 (dd, /=8,4,2,0 Hz, 1 H), 8,78 (br. s., 1 H),
9,21 (dd, J=2,0, 0,9 Hz, 1 H), 9,70 (br. s., 1 H), 10,89 (s, 1 H), 11,23 (br. s., 1 H).

Vidu B7

DPiéu ché hop chit 10: [3-(4-amino-6-metyl-2-triflometyl-6,7-dihydro-
pyrazolo[1,5-a]pyrazin-6-yl)-phenyl]-amit ctia axit rac-3,5-diclo-pyridin-2-carboxylic va
hop chét 11: [3-(4-amino-6-metyl-2-triflometyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-
yl)-phenyl]-amit ctia axit (R*)-3,5-diclo-pyridin-2-carboxylic va hop chat 12: [3-(4-
amino-6-metyl-2-triflometyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-yl)-phenyl]-amit cua
axit (S*)-3,5-diclo-pyridin-2-carboxylic
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Bé sung axit 3,5-diclo-2-pyridincarboxylic (70 mg, 0,366 mmol) vao dung dich
chita 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (119 mg, 0,431
mmol) trong MeOH (5 mL). Khudy hdn hop ndy & nhiét d6 trong phong trong 5 phut.
Sau dé, hdn hop duge lam lanh xuéng 0°C va bd sung dung dich chtra hop chét trung
gian A28 (111 mg, 0,359 mmol) trong MeOH (5 mL). Hon hgp ndy dugc lam 4m dén
nhiét d6 trong phong va duge khudy trong 4 gio. Hon hop nay dugce xir ly bang dung dich
Na,COj3 bdo hoa va H,O va dugc chiét b?mg DCM. Lép chét hitu co duge tach ra, 1am
khdo (MgS0Qy,), loc va lam bay hoi dung méi trong chan khong. Tinh ché san phim thé
bang sic ky cot nhanh (silica gel; MeOH/DCM). Thu gom céc phén doan mong mudn va
dung mo6i dugce lam bay hoi trong chan khong. San phim thé dwogc nghién véi Et,0, dugc
siéu am, loc va lam kho trong chin khong & nhiét do 50°C tao ra hop chéat 10 (95 mg,
hiéu suét 55%) dudi dang chit rin mau tring. Hop chit raxemic nay sau d6 dugc tinh ché
thém bing SFC diéu ché trén Chiralpak AD-H 5pm (250 x 20 mm), pha dong (0,3%
iPrNH,, 70% CO,, 30% iPrOH). Cac phan doan mong mudn cta mdi chit ddng phan dbi
anh duoc thu gom va ¢ trong chan khong, thu dugc hop chét 11 (40 mg, hidu sult 23%).
"H NMR (400 MHz, DMSO-d) & ppm 1,42 (s, 3 H), 4,35 - 4,47 (m, 2 H), 6,61 (br. s., 2
H), 7,09 (br. s, 1 H), 7,26 - 7,35 (m, 2 H), 7,59 - 7,67 (m, 1 H), 7,83 (br. s, 1 H), 8,43 (d,
J=2,1 Hz, 1 H), 8,72 (d, J=2,1 Hz, 1 H), 10,67 (s, 1 H) va hop cht 12 (38 mg, hi¢u suit
22%), "H NMR ctia hop chét 12 gibng véi 'H NMR ctia hop chit 11.

Vidu B8

DPidu ché hop chit 13: [3-(4-amino-3-flo-6-metyl-6,7-dihydro-pyrazolo[1,5-
a]pyrazin-6-yl)-4-flo-phenyl]-amit cta axit (R)-5-metoxy-pyrazin-2-carboxylic

=N
N
\NR 0 N=
HoN H}O
F N SRR

B6 sung axit 5-metoxypyrazin-2-carboxylic (120 mg, 0,78 mmol) vao dung dich

chita 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (233 mg, 0,841
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mmol) trong MeOH (5 mL). Khudy hdn hop nay & nhiét d trong phong trong 5 phut.
Sau d6, hdn hop nay dugc lam lanh xubng 0°C va bd sung dung dich chtta hop chét trung
gian A39 (212 mg, 0,764 mmol) trong MeOH (5 mL). Hén hop nay duge lam 4m dén
nhiét d6 trong phong va duogc khudy trong 4 gio. Hon hop duge xit ly bing dung dich
Na,COj3 bdo hoa va H,O va dugc chiét b%mg DCM. Lép chét hitu co duge tach ra, lam
khé (MgSO,), loc va lam bay hoi dung méi trong chan khéng. Tinh ché san phim tho
béng séc ky ¢t nhanh (silica gel; MeOH/DCM). Thu gom cac phin doan mong mubn va
dung méi duge lam bay hoi trong chan khong. San phim thd duoc nghién véi Et,O va
sau d6 dugce tinh ché bing séc ky c6t nhanh (silica gel; MeOH/DCM). Thu gom cac phin
doan mong mudn va cb trong chan khong @8 thu dwoc chét rin mau trdng. Chét rin nay
duoc xtt Iy bang DIPE d thu dugc hop chét 13 (155 mg, 49%) duéi dang chét rin mau
tring. "H NMR (500 MHz, CDCl3) § ppm 1,59 (s, 3 H), 4,06 (s, 3 H), 4,28 (br. d, /~13,0
Hz, 1 H), 4,51 (br. d, J=13,0 Hz, 1 H), 5,04 (br. s., 2 H), 7,09 (dd, J/=11,6, 9,0 Hz, 1 H),
7,36 (d, J=4,0 Hz, 1 H), 7,84 - 7,97 (m, 2 H), 8,12 (d, J/=1,2 Hz, 1 H), 8,99 (d, /~1,2 Hz,
1 H), 9,51 (br. s, 1 H).

Vi duy B9

Diéu ché hop chét 14: [3-(4-amino-6-metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-
yl)-4-flo-phenyl]-amit cta axit rac-3,5-diclo-pyridin-2-carboxylic va hop chét 15: (R*)-
[3-(4-amino-6-metyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]-amit ~ cta
axit 3,5-diclo-pyridin-2-carboxylic va hop chit 16: [3-(4-amino-6-metyl-6,7-dihydro-
pyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]-amit ~ctia axit (S*)-3,5-diclo-pyridin-2-

carboxylic
N Cha~Cl N Cho Ol N Cha~CI
7N H | 7N H | 7N H |
HoN - F ° HoN  F ° HoN  F °
B& sung axit 3,5-diclo-2-pyridincarboxylic (75,5 mg, 0,393 mmol) vao dung dich
chita  4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini ~ clorua (128  mg,
0,463 mmol) trong MeOH (5 mL). Khudy hdn hgp nay & nhiét do trong phong trong 5
phuat. Sau do, hdn hop dugc lam lanh xuéng 0°C va bbd sung dung dich chira hop chét

trung gian A49 (100 mg, 0,386 mmol) trong MeOH (5 mL). Hbn hop nay dugc lam 4m
dén nhiét do trong phong va dugc khudy trong 4 gio. Hon hop duge xtt 1y bing dung dich
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Na,CO; bdo hoa va H,O va duoc chiét bing DCM. Lép chit hitu co dugce tach ra, lam
kho (MgSQ,), loc va lam bay hoi dung moi trong chén khong. Tinh ché san phim thé
bang séc ky cot nhanh (silica gel; MeOH/DCM). Thu gom céc phan doan mong mudn va
dung méi dugc lam bay hoi trong chan khong. San phim thé dugc nghién véi Et,0, duge
siéu 4m, loc va lam khd trong chin khong & nhiét 46 50°C. Hop chét tao ra duoc tinh ché
mét 1an nita bang séc ky ¢t nhanh (silica gel; MeOH/DCM) dé thu duoc, sau khi xir ly 4
bing AcOEt va DIPE, hop chét 14 (95 mg, hiéu suit 57%) dudi dang chit rin mau tring.
Hop chit raxemic nay sau d6 dugc tinh ché thém bang SFC diéu ché trén Chiralcel OJ-H
5 um (250 x 20 mm), pha dong (0,3% iPrNH,, 85% CO,, 15% EtOH). Céac phin doan
mong mudn ciia mbi chét ddng phan dbi anh duoc thu gom va cb trong chan khong, thu
dugc hop chét 15 (38 mg, hiéu suit 23%). "H NMR (400 MHz, CDCl;) & ppm 1,58 (s, 3
H), 2,52 (br. s., 2 H), 4,41 (br. d, J/=13,2 Hz, 1 H), 4,62 (dd, J=13,2, 0,9 Hz, 1 H), 6,43 (d,
J=2,1Hz, 1 H), 7,08 (dd, /~11,7, 8,9 Hz, 1 H), 7,52 (d, J/=2,1 Hz, 1 H), 7,81 (dd, J=6,9,
2,8 Hz, 1 H), 7,89 (d, J=2,1 Hz, 1 H), 7,94 (ddd, J=8,8, 4,1, 3,0 Hz, 1 H), 8,42 (d, J=2,1
Hz, 1 H), 9,71 (br. s., 1 H) va hop chét 16 (40 mg, hiéu suét 24%), '"H NMR ctia hop chit
16 1a gidng nhu "H NMR cuia hop chét 15.
ViduB10

DPidu ché hop chét 17: [3-(4-amino-6-diflometyl-6,7-dihydro-pyrazolo[1,5-
a]pyrazin-6-yl)-4-flo-phenyl]-amit ctia axit rac-5-metoxy-pyrazin-2-carboxylic va hop
chit  18: [3-(4-amino-6-diflometyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-yl)-4-flo-
phenyl]-amit cta axit (R*)-5-metoxy-pyrazin-2-carboxylic va hop chat 19: [3-(4-amino-
6-diflometyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]-amit cta axit (S*)-

5-metoxy-pyrazin-2-carboxylic

N._-OMe N N._-OMe
My~ CH, 4 [ ]/ N CHF» H ~ ]/ AN CHF2 o[ ]/
— N \N —( R* \N —/ s* N \N
N o —N 0 ~N o
HN - F HN F HN F

B sung axit 5-metoxypyrazin-2-carboxylic (187,9 mg, 1,219 mmol) vao hdn hop

OMe

gbm 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (337 mg, 1,219 mmol)
trong MeOH (6 mL). Khudy hdn hop nay & nhiét d6 trong phong trong 5 phut. Sau dé,
hdn hop ndy duge lam lanh xudng 0°C va bd sung dung dich chira hop chét trung gian
A58 (300 mg, 1,016 mmol) trong MeOH (4 mL). H3n hop nay duoc 1am 4m dén nhiét do
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trong phong va duoc khudy trong 1 gid, sau dé duoc xir Iy bang dung dich Na,CO; bio
* hoa va H,0 va duge chiét bing DCM. Lép chit hitu co duoc tich ra, 1am khé (MgSO,),
loc va 1am bay hoi dung méi trong chén khong. Mot phin ciia san phdm nay dugc két tha
bang DCM va nguyén lidu thé con lai duge tinh ché bang sic ky cot nhanh (silica gel;
NH; 7M trong MeOH/DCM). Thu gom chc phan doan mong mudn va dung mdi duoc
lam bay hoi trong chin khong. San phim thu dugc duge gdp chung véi sin pham thu
duoc b?mg cach két tha va duge nghién véi heptan, duge si€u am va duogc loc, dé thu
duoc hop chdt 17 (278 mg, hiéu sudt 62%) dudi dang chét rin mau tring. Hop chét
raxemic ndy sau d6 duoc tinh ché thém biang SFC didu ché trén Chiralcel OD-H 5 pm
(250 x 20 mm), pha dong (0,3% iPrNH,, 70% CO,, 30% EtOH). C4c phan doan mong
mudn ctia mdi chit ddng phan d6i anh duoc thu gom va cd trong chan khong, thu duoc
hop chit 18 (103 mg, hiéu suit 23%). 'H NMR (500 MHz, DMSO-dg) § ppm 4,03 (s, 3
H) 4,58 (br. d, /=13,6 Hz, 1 H) 4,75 (br. d, J=13,6 Hz, 1 H) 6,27 (t, J=55,5 Hz, 1 H) 6,68
(d, /=2,0 Hz, 1 H) 6,93 (br. s, 2 H) 7,20 (dd, /~=11,8, 9,0 Hz, 1 H) 7,48 (d, J/=2,0 Hz, 1 H)
7,78 (dt, /=8.,4, 3,6 Hz, 1 H) 8,17 (dd, J=7,1, 2,7 Hz, 1 H) 8,42 (d, J=1,2 Hz, 1 H) 8,88
(d, J=1,2 Hz, 1 H) 10,51 (s, 1 H) va hop chét 19 (102 mg, hiéu suit 23%), '"H NMR ctia
hop chét 19 14 gibng véi 'H NMR ctia hop chit 18.

ViduBl11

Pidu ché hop chit 20: [3-(4-amino-6-diflometyl-6,7-dihydro-pyrazolo[1,5-
a|pyrazin-6-yl)-4-flo-phenyl]-amit ctia axit rac-5-flo-pyridin-2-carboxylic va hop chét
21: [3-(4-amino-6-diflometyl-6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-y1)-4-flo-phenyl]-
amit cla axit (S*)-5-flo-pyridin-2-carboxylic va hgp chét 22: [3-(4-amino-6-diflometyl-
6,7-dihydro-pyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]-amit cta axit (R*)-5-flo-pyridin-

2-carboxylic
F F F
Ny CHF, Hﬂ N CHF, H\n/(j/ Ny CHF, HY(\/I(
— N NS —/ s* N S — R¥ N N\
HoN F H,N F HoN F

B6 sung axit 5-flo-2-pyridincarboxylic (74,5 mg, 0,528 mmol) vao hén hop gbm
4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (146 mg, 0,528 mmol)
trong MeOH (3 mL). Khudy hdn hop nay & nhiét d6 trong phong trong 5 phut. Sau do,
hdn hop nady duoc lam lanh xudng 0°C va bd sung dung dich chita hop chit trung gian
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A58 (130 mg, 0,44 mmol) trong MeOH (2 mL). Hon hop nay duoc 1am 4m dén nhiét do
trong phong va duoc khudy trong 1 gio, sau d6 dugc xir Iy bing dung dich Na,COs bio
hoa va H,0 va dugc chiét bing DCM. Lép chét hitu co dugc tach ra, lam kho (MgSOy),
loc va lam bay hoi dung moi trong chan khong. Tinh ché san phim tho bang sic ky cot
nhanh (silica gel; 7 M NHj trong MeOH/DCM). Thu gom céc phin doan mong mubn va
dung moi dugc lam bay hoi trong chan khong. San phim thu duge dugc nghién véi
heptan, duoc siéu am va dugce loc, dé thu dugc hop chit 17 (112 mg, higu suit 60%) dudi
dang chét rin mau tring. Hop chat raxemic nay sau d6 dugc tinh ché thém bang SFC diéu
ché trén cot Chiralpak AD-H (5 um, 250 x 20 mm), pha ddng [70% CO,, 30% EtOH (+
0,3% iPrNH,)]. C4c phin doan mong mudn ctia mdi chét ddng phén d6i anh duogc thu
gom va cd trong chan khong thu dugc hop chét 21 (41 mg, hiéu sut 22%)), 'H NMR cua
hop chit 21 giéng v6i '"H NMR ctia hop chét 22, va hop chit 22 (43 mg, hidu suét 23%).
'H NMR (400 MHz, DMSO-dg) & ppm 4,53 - 4,61 (m, 1 H), 4,74 (br. d, J=13,4 Hz, 1 H),
6,26 (t, J=55,9 Hz, 1 H), 6,67 (d, J=1,8 Hz, 1 H), 6,93 (br. s, 2 H), 7,20 (dd, J=12,0, 9,0
Hz, 1 H), 7,47 (d, /=1,8 Hz, 1 H), 7,79 (ddd, J=8.8, 3,9, 2,8 Hz, 1 H), 7,98 (td, J=8,7, 2,9
Hz, 1 H), 8,16 (dd, J=7,1, 2,7 Hz, 1 H), 8,21 (dd, J=8,8, 4,6 Hz, 1 H), 8,73 (d, J/=2,8 Hz,
1 H), 10,62 (br. s, 1 H).

ViduBI12

Diéu ché hop chit 23: [3-(4-amino-2-xyano-6-metyl-6,7-dihydro-pyrazolo[1,5-
a]pyrazin-6-yl1)-4-flo-phenyl]-amit ciia axit (R)-5-metoxy-pyrazin-2-carboxylic

N._ O
" ’iTN NWTJi Er )
R
F

HoN

Bd sung axit 5-metoxypyrazin-2-carboxylic (95,4 mg, 0,619 mmol) vao hdn hop
g@)m 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (171,3 mg, 0,619
mmol) trong MeOH (3 mL). Khudy hdn hop nay & nhiét do trong phong trong 30 phit,
sau d6, hdn hop nay duge lam lanh xubng 0°C va bd sung dung dich chira hop chét trung
gian A63 (160 mg, 0,563 mmol) trong MeOH (3 mL). Hn hgp niy dugc 1am 4m dén
nhiét do trong phong va dugc khudy trong 20 gid, sau d6 duge xtr Iy bang dung dich
Na,COj; bdo hoa va duge khudy trong vai phat. Hén hop niy sau d6 duoc chiét bang
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DCM. L&p chét hitu co duge tach ra, lam khd (MgSO,), loc va lam bay hoi dung mdi
trong chan khong. Tinh ché san phim thé biang sic ky cOt nhanh (silica gel;
MeOH/DCM). Thu gom céc phan doan mong mubn va dung mdi dugc lam béy hoi trong
chén khong, sau khi lam khd, thu dugc hop chat 23 (115 mg, hi¢u suét 49%) dudi dang
chét rén. "H NMR (500 MHz, CDCL3) & ppm 1,58 (s, 3 H), 1,66 (br. s., 2 H), 4,07 (s, 3
H), 4,47 (br. d, J=13,6 Hz, 1 H), 4,66 (br. d, /~13,3 Hz, 1 H), 6,81 (br. s, 1 H), 7,09 (dd,
J=11,6, 9,0 Hz, 1 H), 7,75 - 7,81 (m, 1 H), 7,97 (dd, J=7,1, 2,7 Hz, 1 H), 8,14 (s, 1 H),
9,00 (s, 1 H), 9,49 (br. s., 1 H).

Vi du B13

Diéu ché hop chit 24: [3-(4-amino-2-xyano-6-metyl-6,7-dihydro-pyrazolo [1,5-
a]pyrazin-6-yl)-4-flo-phenyl]-amit cua axit (R)-5-flo-pyridin-2-carboxylic

F
N, =
- R,
—N N

o)
H,N F

B sung axit 5-flo-2-pyridincarboxylic (87,4 mg, 0,619 mmol) vao hén hop gdm
4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (171,3 mg, 0,619 mmol)
trong MeOH (3 mL). Khudy hén hop niy & nhiét d6 trong phong trong 30 phut, sau do,
hdn hop nay duge 1am lanh xubng 0°C va bd sung dung dich chita hop chit trung gian
A63 (160 mg, 0,563 mmol) trong MeOH (3 mL). H3n hop nay duoc 1am 4m dén nhiét do
trong phong va duoc khudy trong 20 gi, sau d6 duge xt Iy bang dung dich Na,CO; bdo
hoa va duge khudy trong vai phiit. Hon hop ndy sau d6 duoc chiét bing DCM. Lép chét
hitu co duoc tach ra, 1am kho (MgSO,), loc va 1am bay hoi dung moéi trong chin khong.
Tinh ché san phdm tho bing sic ky cot nhanh (silica gel; MeOH/DCM). Thu gom céc
phan doan mong muén va dung méi dugc 1am bay hoi trong chan khong, dé thu duoc
dau, ddu nay dugc nghién véi DIPE. Chét rén thu dugce duge loc va duge 1am kho dé thu
duoc hop chdt 24 (95 mg, hiéu sudt 41%) dudi dang chét rin. 'H NMR (400 MHz,
CDCl3) 8 ppm 1,58 (br. s, 3 H) 4,46 (br. d, /=13,4 Hz, 1 H) 4,66 (d, J=13,4 Hz, 1 H) 4,90
(br.s., 2 H) 6,81 (s, 1 H) 7,10 (dd, J=11,8, 8,8 Hz, 1 H) 7,60 (td, J=8,3, 2,8 Hz, 1 H) 7,78
- 7,86 (m, 1 H) 7,96 (dd, /=7,1, 2,7 Hz, 1 H) 8,32 (dd, J=8,7, 4,5 Hz, 1 H) 8,45 (d, J=2,8
Hz, 1 H) 9,80 (br. s, 1 H).
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Vi duB14

Diéu ché hop chét 25: [3-(4-amino-2-xyano-6-metyl-6,7-dihydro-pyrazolo [1,5-
a]pyrazin-6-yl)-4-flo-phenyl]-amit cua axit (R)-1-diflometyl-1H-pyrazol-4-carboxylic

NC~ N =N F
N
—( R Nﬂrl;yN\<
N I F
HN F

Bé sung axit 1-diflometyl-1H-pyrazol-3-carboxylic (82,7 mg, 0,51 mmol) vao hdn
hop gdm 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (155 mg, 0,561
mmol) trong MeOH (3 mL). Khudy hén hop niy & nhiét d trong phong trong 30 phut,
sau d6, hdn hop nay duge lam lanh xuéng 0°C va bd sung dung dich chira hgp chét trung
gian A63 (145 mg, 0,51 mmol) trong MeOH (3 mL). Hdn hop ndy duoc lam 4m dén
nhiét do trong phong va duoc khudy trong 3 gio, sau d6 dugc xit ly bang dung dich
Na,CO; bio hoa va dugc khudy trong vai phat. Hon hop nay sau d6 dugc chiét bing
DCM. Lép chit hiru co duogc tach ra, 1am kho (MgSO,), loc va lam bay hoi dung mdi
trong chan khéng. Tinh ché san phdm thé bang sic ky cOt nhanh (silica gel;
MeOH/DCM). Thu gom céc phan doan mong mudn va dung mdi duge lam bay hoi trong
chin khong, thu duoc dau, dau nay dugc nghién v4i heptan. Chét rén tao ra duoc loc va
duoc 1am khd dé thu duoc hop chét 25 (100 mg, hiéu suét 46%) dudi dang chét rén. 'H
NMR (500 MHz, CDCl3) & ppm 1,58 (s, 3 H) 4,47 (br. d, J/=13,3 Hz, 1 H) 4,65 (d, J=13,3
Hz, 1 H) 4,94 (br. s., 2 H) 6,81 (s, 1 H) 7,05 (d, J/=2,6 Hz, 1 H) 7,09 (dd, J=11,6, 9,0 Hz,
1 H) 7,20 (t, /=60,4 Hz, 1 H) 7,69 - 7,75 (m, 1 H) 7,88 (d, J/=2,6 Hz, 1 H) 7,91 (dd,
J=6,8,2,2 Hz, 1 H) 8,62 (br. s, 1 H).

ViduBI15

Piéu ché hop chét 26: [3-(4-amino-2-xyano-6-metyl-6,7-dihydro-pyrazolo[1,5-
a|pyrazin-6-yl)-4-flo-phenyl]-amit ctia axit (R)- 5-xyano-pyridin-2-carboxylic

N, _~_CN
R Nwrl:i]/
=( R
=N N

0
HN  F
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B& sung axit 5-xyano-2-pyridincarboxylic (79,7 mg, 0,538 mmol) vao hén hop
gdm  4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini  clorua  (163,8 mg,
0,592 mmol) trong MeOH (3 mL). Khu4y hdn hop nay & nhiét d6 trong phong trong 30
phut, sau d6, hdn hop nay dugc 1am lanh xubng 0°C va bd sung dung dich chira hop chit
trung gian A63 (153 mg, 0,538 mmol) trong MeOH (3 mL). Hdn hop nay dugc lam 4m
dén nhiét do trong phong va dugc khudy tréng 3 gid, sau d6 duogc xir ly bang dung dich
Na,COs bdo hoa va duoc khudy trong vai phat. Hon hop ndy sau d6 duoc chiét bing
DCM. Lép chit hitu co dugc tach ra, lam kho (MgSO,), loc va lam bay hoi dung mdi
trong chan khong. Tinh ché san phidm thé biang sic ky cot nhanh (silica gel;

MeOH/DCM). Thu gom céc phan doan mong mubn va dung méi dugc 1am bay hoi trong
| chan khong, thu dugc dau, dau nay duoc nghién v6i heptan. Chét rén tao ra duoc loc va
duoc 1am khé dé thu duoc hop chét 26 (63 mg, hiéu suit 28%) dudi dang chét rén. 'H
NMR (500 MHz, DMSO-dg) & ppm 1,47 (br. s, 3 H) 4,43 - 4,55 (m, 2 H) 6,76 (br. s., 2
H) 7,20 (dd, J=11,8, 9,0 Hz, 1 H) 7,27 (br. s, 1 H) 7,71 - 7,79 (m, 1 H) 8,10 (br. d, J=5,2
Hz, 1 H) 8,26 (d, /=8,1 Hz, 1 H) 8,57 (dd, J=8,2, 1,6 Hz, 1 H) 9,18 (br. s, 1 H) 10,81 (br.
s, 1 H).

ViduB16

Pidu ché hop chit 27: [3-(4-amino—2-diﬂometyl-6—metyl-6,7-dihydro-
pyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]-amit ctia axit (R)-5-flo-pyridin-2-carboxylic

B& sung axit 5-flo-2-pyridincarboxylic (68 mg, 0,485 mmol) vao hén hop gbm
4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (148 mg, 0,533 mmol)
trong MeOH (3 mL). Khudy hdn hop nay & nhiét d6 trong phong trong 5 phut, sau dé,
hdn hop nay dwoc lam lanh xudng 0°C va bb sung dung dich chira hop chét trung gian
A70 (150 mg, 0,485 mmol) trong MeOH (2 mL). H8n hop nay dugc 1am 4m dén nhiét do
trong phong va dugc khudy trong 4 gid, sau d6 dugc cd trong chan khong trong bé lanh.
Tinh ché san phidm tho bing sic ky cOt nhanh (nap nguyén liéu kho, silica gel;
MeOH/DCM). Thu gom céc phan doan mong mudn va dung mdi duge 1am bay hoi trong
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chan khéng, thu dugc chit rin mau tring nho, chit nay dwoc tinh ché thém bing RP
HPLC trén C18 Sunfire (30 x 100 5um). Pha dong: gradien tir 80% dung dich TFA 0,1%
trong H,0, 20% CH;3;CN dén 0% dung dich TFA 0,1% trong H,O, 100% CH;CN, thu
duge hop chdt 27 (57 mg, 33%) dudi dang chét rdn mau tring. 'H NMR (500 MHz,
DMSO-dg) & ppm 1,84 (br. s, 3 H), 4,79 (br. d, J/=13,9 Hz, 1 H), 5,02 (br. d, J=13,3 Hz, 1
H), 7,10 (t, J/=54,3 Hz, 1 H), 7,30 (dd, /=12,0, 8,8 Hz, 1 H), 7,46 (br. s., 1 H), 7,86 - 7,91
(m, 1 H), 7,93 (dd, J=7,5, 2,3 Hz, 1 H), 7,98 (td, J=8,7, 2,9 Hz, 1 H), 8,20 (dd, J=8,7, 4,6
Hz, 1 H), 8,73 (d, /=2,9 Hz, 1 H), 9,33 (br. s., 1 H), 10,07 (br. s., 1 H), 10,80 (br. s, 1 H),
11,09 (br. s., 1 H).

ViduB17

Diéu ché hop chit 28: [3-(4-amino-2-diflometyl-6-metyl-6,7-dihydro-
pyrazolo[1,5-a]pyrazin-6-yl)-4-flo-phenyl]-amit ctia axit (R)-5-metoxy-pyrazin-2-

AN
=N
. o!

B sung axit 5-metoxypyrazin-2-carboxylic (75 mg, 0,485 mmol) vao hdn hop

carboxylic

HoN

gdm 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (148 mg, 0,533 mmol)
trong MeOH (3 mL). Khudy hdn hop nay & nhiét d6 trong phong trong 5 phut, sau do,
hén hop nay duoc lam lanh xudng 0°C va bd sung dung dich chita hop chét trung gian
A70 (150 mg, 0,485 mmol) trong MeOH (2 mL). H8n hop nay dugc lam 4m dén nhiét d¢
trong phong va duoc khudy trong 4 gio, sau d6 dugce ¢ trong chan khong trong bé lanh.
Tinh ché san phdm tho bang sic ky cot nhanh (nap kho, silica gel; MeOH/DCM). Thu
gom céc phan doan mong mudén va dung mdi duge lam bay hoi trong chén khéng, thu
dugc chét rén mau tring nho, chat rin nay duoc tinh ché thém biang RP HPLC trén C18
Sunfire (30 x 100 Sum). Pha dong: gradien tir 80% dung dich TFA 0,1% trong H,0, 20%
CH,;CN dén 0% dung dich TFA 0,1% trong H,0, 100% CH;CN, thu dugc hop chét 27
(32 mg, 12%) dudi dang chit rin mau tring. 'H NMR (500 MHz, DMSO-dg) & ppm 1,85
(br. s., 3 H) 4,03 (s, 3 H) 4,80 (br. d, J/~13,9 Hz, 1 H) 5,03 (br. d, J=12,7 Hz, 1 H) 7,12 (4,
J=543 Hz, 1 H) 7,31 (dd, /~11,8, 9,0 Hz, 1 H) 7,47 (br. s., 1 H) 7,84 - 7,90 (m, 1 H) 7,96
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(dd, J=7,4, 2,2 Hz, 1 H) 8,42 (d, /=1,4 Hz, 1 H) 8,88 (d, J=1,4 Hz, 1 H) 9,32 (br. 5., 1 H)
10,09 (br. s., 1 H) 10,70 (s, 1 H) 11,08 (br. 5., 1 H).

ViduB18

Diéu ché hop chit 29: [3-(4-amin0-3-ﬂo-2,6-dimety1—6,7-dihydro-p$7razolo[l,5-
a|pyrazin-6-yl)-4-flo-phenyl]-amit ctia axit (R)-5-metoxy-pyrazin-2-carboxylic

N
/N\N " z ]/O\
—_— N\
_R N
F N
(0]
HN  F

Bd sung axit 5-metoxypyrazin-2-carboxylic (97 mg, 0,631 mmol) vao hén hop
gbm 4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua (175 mg, 0,631 mmol)
trong MeOH (2 mL). Khudy hén hop nay & nhiét d§ trong phong trong 5 pht, sau do,
hdn hop nay dugc lam lanh xudng 0°C va bd sung dung dich chira hop chét trung gian
A73 (175 mg, 0,601 mmol) trong MeOH (2 mL). Hn hop nay dugc lam 4m dén nhiét do
trong phong va dugc khudy trong 24 gid, Dung mdi dugc loai bé trong chan khong va
phén cdn duoc tao huyén phu trong DCM va duge xtr ly bﬁng Na,COj3 bdo hoa. Ldp chét
hitu co duoc tach ra, lam khé (MgSQ,), loc va cb trong chan khong. Tinh ché san pham
tho bang séc ky cdt nhanh (silica gel; NH; 7M trong MeOH/DCM). Thu gom cac phan
doan mong mudn va dung mdi dwoc lam bay hoi trong chan khéong. Phan cin duoc tao
huyén phu trong Et,0. Chét két tia duoc loc ra va diroc lam kho trong chan khéng &
nhiét d6 50°C thu duoc hop chit 29 (195 mg, 76%) du6i dang chét rin mau tring. 'H
NMR (500 MHz, DMSO-dg) 8 ppm 1,45 (br. s, 3 H), 2,12 (s, 3 H), 4,02 (s, 3 H), 4,18 (br.
d, J=13,0 Hz, 1 H), 4,24 (br. d, J/=12,4 Hz, 1 H), 6,26 (br. s., 2 H), 7,17 (dd, J=12,0, 8,8
Hz, 1 H), 7,68 - 7,77 (m, 1 H), 8,04 (br. d, J/=5,2 Hz, 1 H), 8,40 (d, /=1,2 Hz, 1 H), 8,87
(d, J/=1,2 Hz, 1 H), 10,46 (br. s, 1 H).
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Q’p Vidu | 5 3 . 3 : Hoéa hoc 1ap the
chdt| | R' | R* | R | X' | X —L-Ar ,
.| sO tai C4/mudi
sO
(0]
9 | B6 | Br | H | cHy | cH | cH | "N (') |RS/CFCOOH
Z S
SN
(0]
10 B7 | H |CF; | CH; | CH | CH | “ny™ RS
o~ el
o]
11| B7| H |CF | CH; | CH | CH| "Wy R*
o~ al
(o)
12| B7 | H |CFy| CHy | CH | CH | "N Y S*
o’
0]
13|B8 | F | H|CH | CH | CH NIN\]\ R
N” “oMe
(0]
14| B9 | H | H |[CH | CF [CH| "yy> RS
o >
(o)
15|BY | H | H |CH | CF |[CH| "yy> R*
o~
(0]
16| BY| H | H |CH | CF |[CH| "NY° S*
o~ ¢l
o]
17 |BI0O| H | H |[CHF,| CF | CH *u*[”\l RS
N7 OMe
0]
18 |BI0| H | H |CHF,| CF | CH *u*[“\l R*
N” “OMe
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Hop :
. | Vidu ) ) 3 ) 3 Hoéa hoc 1ap the
chat| | R' | R”* | R | X' | X —-L-Ar ,
.| so tai C4 /muoi
SO
} 0
19 |BI0O| H | H |CHF,| CF | CH \‘NJ\[N\]\ S*
N” OMe
(0]
20 |BI1| H | H [CHF,| CF | CH | "N YO RS
=
F
(o)
21 |BIl1| H | H |CHF,| CF |CH | "V Y© R*
F
F
0]
22 |BIl| H | H |[CHF,| CF |CH | "N Y S*
T
F
o]
23 |Bl2| H |CN | CHy | CF | CH ‘\NJ\[N\]\ R
N” oMe
o]
24 |[BI3| H | CN | CH; | CF | CH | ¥y R
=
F
o)
25 |Bl4| H | CN | CH; | CF | CH | "N N R
= F
0]
26 [B1S| H | CN | CH; | CF | CH | "W y® R
Z>CN
0]
27 |B16 | H |CHF,| CH; | CF | CH | "Ny R / CF;COOH
=
F
(0]
28 |B17 | H |CHF,| CH; | CF | CH *”J\[N\l R / CF;COOH
N” OMe
o]
29 |BI8| F |CHs| CH; | CF | CH \\”)K[N\l R
N” >OMe
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H ,
(,Jr’p Vidu . 5 3 . 3 Hoéa hoc 1ap the
chat| , | R' | R”* | R X' | X —L-Ar . .
, sO tai C4 /muodi
sO
o)
30 |BI11 | H |CF; | CH; | CH | CH *g”\[”\l RS
N” OMe
(o}
31 |BIl | H |CF; | CH; | CH | CH ‘\NJ\[”\]\ S*
NZ OoMe
—
32 |BIl | H |CF; | CH; | CH | CH ‘*HJ\[N\]\ R*
N” “OMe
o]
33/ B2| F | H |CH;s | CF [CH| WY R
=
F
o
34(B2 | F | H | CH | CF [CH| “whph— R
(0]
(0]
35/ B2 | F | H | CH; | CF | CH uﬁt‘)}« R
F3C
0]
36| B2 | F | H | CH; | CF | CH “Hﬁ“‘\}, R
0]
0]
37| B2 | Cl | H | CHy | CF | CH ‘\g*[“\l R
N" oMe
0]
33| B2 | Cl | H [CHy | CF |CH| "y R
=
F
’ (0]
39 |B16 | H |CHF,| CH; | CF | CH | "y oy R
Z ¢l
o)
40 |B16 | H |CHF,| CH; | CF | CH | v~ R
= F
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Hop .
. | Vidu . 5 3 ) 3 Hoa hoc 1ap the
chdt| | R' | R* | R | X' | X —-L-Ar ,
.| so tai C4/muoi
SO
0o
41 | B2 | F |CHs| CH; | CF | CH | "y 'S RS
=
F
o
42| B2 | F |CHy| CH; | CF | CH | “w¢%{ R
= F
o]
43| B6 | H |CN | CHy | CF | CH *H*@, R
(¢}

C. Phén phan tich
Cong huodng tir hat nhan (NMR)

Phd '"H NMR dugc ghi trén phd ké Bruker DPX-400 hoic trén Bruker AV-500
béng cac chudi tur xung chuén, hoat dong lan lugt & 400 MHz va 500 MHz. D6 dich
chuyén héa hoc (8) dugc ghi lai theo phan triéu (ppm) theo trudng sau tetrametylsilan

(TMS), dugc sir dung 1am chét chudn ndi.
Phuong phap LCMS

P8 xac dinh dic diém thong qua (LC)MS clia céc hop chét theo sang ché, céc

phuong phép sau duoc st dung.
Quy trinh chung A st dung dung cu Acquity-SQD

Phép do UPLC (séc ky long siéu tinh ning) dwoc thuc hién béang céch sir dung hé
théng Acquity UPLC (Waters) bao gdm bd ‘phafm sip xép mau, bom nhi phan c6 bd phan
loai khi, 10 séy kiéu bdn cot, bd do ddy iot (DAD) va cdt nhu duge néu cu thé trong cac
phuong phéap tuong tng. B6 do MS duogc ché tao c6 ngudn ion héa phun dién tir. Phd
khéi duoc thu trén thiét bi do SGD bdn cuc don bing cach quét tir 100 dén 1000 trong
0,1 gidy st dung db tré lién kénh 12 0,08 gidy. Dién 4p clia kim mao dan la 3',0 kV. Dién
ap phan noén 1a 25 V di voi ché d6 ion héa dwong va 30 V déi véi ché d¢ ion hoa am.
Nito dugce sir dung lam khi phun swong. Nhiét do nguén duoc duy tri & 140°C. Tién hanh
thu thap sb liéu bang phin mém MassLynx-Openlynx

-84-



19773
Phuong phéap 1:

Ngoai quy trinh chung A: UPLC pha dao dugc thuc hién trén c6t BEH-C18 (1,7
um, 2,1 x 50 mm) tir Waters, véi tbc do dong bang 1,0mL/phit, & nhiét do 50°C khéng
chia tach di vao bd do MS. Céc diéu kién gradien dugc st dung la: 95% A
(0,5 g/l dung dich amoni axetat + 5% axetonitril), 5% B (axetonitril), dén 40% A, 60% B
trong 3,8 phit, dén 5% A, 95% B trong 4,6 phut, duoc gift dén 5,0 phut. Thé tich tiém 2,0
pl.

Phuong phap 2:

Ngoai quy trinh chung A: UPLC phaldéo dugc thuc hién trén RRHD Eclipse Plus-
C18 (1,8 um, 2,1 x 50 mm) tir Agilent, véi tbc 6 dong 1a 1,0 ml/phat, & nhiét do 50°C
khong chia tach vao by phén phéat hién MS. Cac diéu kién gradien duoc st dung 1a: 95%
A (0,5 g/l dung dich amoni axetat + 5% axetonitril), 5% B (axetonitril), dén 40% A, 60%
B trong 1,2 phut, dén 5% A, 95% B trong 1,8 phut, dugc gitt dén 2,0 phut. Thé tich tiém
2,0 pl.

Phuong phap 3:

Gradien gidng nhu phuong phap 1, cot duge str dung: RRHD Eclipse Plus-C18
(1,8 um, 2,1 x 50 mm) tir Agilent.

Quy trinh chung B st dung dung cu HP 1100-MS (TOF, SQD hodc MSD)

Phép do HPLC duoc thyc hién bing cach st dung h¢ théng HP 1100 (Agilent
Technologies) bao gdm bom (bom tir phan hodc bom nhi phin) dugc lip bd phan khir
khi, thiét bi 14y mau tu dong, 16 sdy kiéu cot, b phén phét hién ddy di-6t (DAD) va cot
nhu duge md ta chi tiét trong cac phuong phap tuong tng. B phén phét hién MS (SQD,
TOF hodc MSD) dugc ché tao ¢6 nguén ion hoa phun dién tir hodc nguén ion hoa kép
ESCI (phun dién tir két hop véi ion hoa hoa hoc & khi quyén). Nito duge ding lam khi
phun suong. Nhiét do nguén dugc duy tri ¢ nhiét 6 140°C hodc 100°C. Viéc thu nhan s6
liéu dugc thuc hién b%lng phﬁn mém MassLynx-Openlynx hoac phén mén Chemsation-

Agilent Data Browser.

B1: Phé khéi duoc thu nhén trén bd phan phat hién MSD bén cuc don & ché do
APCI bang cach quét tir 100 dén 1000 trong 0,99 gidy, c& budc bang 0,30 va d6 rong

-85-



19773

dinh bang 0,10 phut. Dién 4p ctia kim mao din 13 3,0 Kv, dién 4p bd phan phan manh 1a

70V d6i v6i ché d6 ion héa duong va 4m va cudng do Corona 1a 4 pA.

B2: Phd khéi duge thu nhan trén thiét bi do SGD bdn cuc don béng cach quét tur
100 dén 1000 trong 0,1 gidy str dung d tré lién kénh 1a 0,08 gidy. Dién 4p ctia kim mao
dan 1a 3,0 kV. Dién ap phin nén 1a 20 V d6i véi ché d6 ion hoa duong va 30 V dbi voi
ché do ion hoa am.

B3: Phd khdi duoc thu nhén trén thiét bi do Time of Flight (TOF) bang cach quét
tir 100 dén 750 trong 0,5 gidy sir dung thoi gian dimg bang 0,3 gidy. Dién ap cta kim
mao dan 1a 2,5 kV d6i v6i ché d6 ion hoa duong va 2,9 kV dbi v6i ché d6 ion hoa am.
Dién 4p phan nén 1a 20 V dbi véi ca kiéu ion hoa duong va am. Loxin-Enkephalin 12 chit
chuén duoc sir dung dé hiéu chudn khdi luong an khép.

Phuong phép 4:

Ngoai quy trinh chung B1: HPLC pha ddo dugc thuc hién trén cot Eclipse Plus-
C18 (3,5 pm, 2,1 x 30 mm) tir Agilent, vdi tbc d6 dong la 1,0 ml/phut, & nhiét 46 60°C.
Céc diéu kién gradien dugc st dung 1a: 95% A (6,5 mM NH4AcO trong H,O/ACN 95/5),
5% B (ACN), duoc gift 0,2 phut, dén 100% B trong 3,0 phit, duoc gitt dén 3,15 phut va

dugc lam cin bang dén céc didu kién ban ddu tir 3,3 phut dén 5,0 phut. Thé tich tiém 2 pl.
Phuong phép 5:

Ngoai quy trinh chung B2: HPLC pha ddo dugc thuc hién trén cot Eclipse Plus-
C18 (3,5 um, 2,1 x 30 mm) tr Agilent, v&i tbc do dong la 1,0 ml/phut, & nhiét do 60°C.
Céc diéu kién gradien dugc str dung 1a: 95% A (6,5 mM NHyAcO trong H,O/ACN 95/5),
5% B (ACN/ MeOH 1/1), dén 100% B trong 5,0 phut, dugc giit ¢én 5,15 phiit va duoc

lam c4n bang dén cac diéu kién ban d4u tir 5,30 phut dén 7,0 phut. Thé tich tiém 1a 2 pl.
Phuong phap 6:

Ngoai quy trinh chung B3: HPLC pha dao dugc thuc hién trén cot Eclipse Plus-
C18 (3,5 pm, 2,1 x 30 mm) tir Agilent, véi tbe do dong 1a 1,0 ml/phat, & nhiét d¢ 60°C.
Céac diu kién gradien dugc st dung 1a: 95% A (6,5 mM NH4AcO trong H,O/ACN 95/5),
5% B (ACN), duoc giit 0,2 phut, dén 100% B trong 3,0 phut, dugc giit &én 3,15 phut va
duoc lam cn bing dén céc diéu kién ban ddu tir 3,3 phut cho dén 5,0 phut. Thé tich tiém

la2 pl
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Quy trinh chung C:

Phép do HPLC duoc thuc hién bing cich sitr dung médun Agilent 1100 bao gém
bom, bd phén phat hién day di-6t (DAD) (budc séng duge st dung 220 nm), bo phén lam
néng cdt va cdt nhu dugce chi r6 trong cac phuong phap tuong tng dudi ddy. Dong di ra
tr ¢t duoc chia tach tdi Agilent MSD Series G1946C va G1956A. B phan phat hién
MS duge ché tao ¢ API-ES (ion héa phun dién tir & 4p sudt khi quyén). Phd khéi dugc
thu nhén bang cach quét tir 100 dén 1000. Pién 4p clia kim mao din 1a 2500 V dbi véi
ché do ion héa duong va 3000 V dbi véi ché d6 ion hoa am. Pién ap bd phan phan manh

1a 50 V. Nhiét d6 khi lam kho dugce duy tri & 350°C véi luu luong 1a 10 1/phut.
Phuong phép 7:

Ngoai quy trinh chung C: HPLC pha ddo dugc thuc hién trén c6t YMC-Pack
ODS-AQ, 50x2,0 mm 5pum véi téc d6 dong 13 0,8 ml/phat. Hai pha dong (pha dong A:
H,0 v6i 0,1% TFA; pha dong B: CAN véi 0,05% TFA) dugc str dung. Trudce tién, 100%
A duoc gift trong 1 phut. Sau d6, ap dung gradien 40% A va 60% B trong 4 phut va duogc
gift trong 2,5 phit. Thé tich tiém thuong bang 2 pl duge sir dung. Nhiét 46 16 1a 50°C.
(P6 phén cuc MS: duong).

Phuong phép 8:

Ngoai quy trinh chung C: HPLC pha ddo dugc thuc hién trén cft Ultimate XB-
C18, 50x2,1 mm Sum véi tbe do dong 1a 0,8 ml/phit. Hai pha dong (pha ldéng C: 10
mmol/L NH4HCO3; pha déng D:ACN) dugc st dung. Trudce tién, 100% C dugc gitt trong
1 phat. Sau dd, ap dung gradien 40% C va 60% D trong 4 phut va dugc giit trong 2,5
phut. Thé tich tiém thuong bﬁng 2 ul duge str dung. Nhiét d¢ 10 14 50°C. (P96 phén cuc
MS: duong).
Quy trinh chung D

Phép do UHPLC duogc thuc hién bing cich st dung hé théng Shimadzu 2010
LCMS bao gdm bom, bd do tia diot quang (PDA) (budc séng duge st dung 220 nm), 16
sdy kiéu cot va cot nhu duoe néu rd trong cac phwong phip tuong ing duéi day. Dong di
ra tir c6t duge phan chia téi thiét bi do Shimadzu 2010 MSD. B6 phan phét hién MS
duoc ché tao c6 API-ES (ion héa phun dién tir & 4p sudt khi quyén). Phd khdi dugc thu
nhan bang cach quét tir 100 dén 1000. Pién 4p giita hai mat 14 4500 V dbi véi ché @6 ion
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hoa duong. Tc d6 dong khi phun swong 13'1,5 /phit. Nhiét 6 CDL (Pudng khir solvat
héa cong v&i dng mao din duge gia nhiét) 1a 250°C va dién 4p CDL 1a 30 V. Nhiét do
kh&i nhiét 1a 200°C. Dién 4p ciia thiét bi do 1a 1500 V.

Phuong phéap 9

Ngoai quy trinh chung D: UHPLC pha dao dugc thuc hién trén cot Xtimate C18
(30x 2,1mm 3,0um) voi tbc d6 dong 1a 1,2 mL/phut. Hai pha dong (A: H,O véi TFA
0,15%; B: ACN vai TFA 0,75%) dugc sit dung. Trude tién, 100% A duoc giit trong 1
phut. Sau d6, dp dung gradien 40% A va 60% B trong 0,9 phut, dugc giit 1,5 phut va
duoc 1am c4n bing dén cac didu kién ban du tir 1,51 phat dén 2,0 phut. Thé tich tiém

thuong b%mg 1,0 pL dugce st dung. Nhiét d6 10 1a 50°C. (D6 phan cuc MS: duong).
Quy trinh chung E

Phép do LC dugc thuc hién béng cach st dung hé théng séc ky 1éng si€u hi¢u
nang UPLC (Ultra Performance Liquid Chromatography) Acquity (Waters) bao gém
bom nhi phan ¢6 bd phan khir khi, thiét bi 14y mau tw dong, bd phan phét hién day di-ot
(DAD) va cdt nhu duge néu rd trong cac phuong phap tuong tng dudi ddy, cot duge gitt
& nhiét do bing 40°C. Dong chay tir cdt duge dua dén bd phan phat hién MS. B phan
phat hién MS dugc ché tao c6 nguén ion héa phun dién tur. Phd khdi duge tﬁu nhan trén
thiét bi do phd khbi ba tr cue Quattro (Waters) bang cach quét tir 100 dén 1000 trong 0,2
gidy sir dung d6 tré quét giita bang 0,1 gidy. Dién ap clia kim mao dan la 3 kV va nhiét
d6 ngudn dugc duy tri & 130°C. Dién thé hinh non 14 20V dbi véi ché do ion hoa dwong
va am. Nito dugc dung lam khi phun suong. Viéc thu nhidn sb lidu duoc thuc hién béng

phin mém MassLynx-Openlynx (Waters).
Phuong phép 10:

Ngoai quy trinh chung E: UPLC pha dao dugc thuc hién trén cdt Waters Acquity
BEH (hdn hop etylsiloxan ¢6 ciu/silic oxit) Phenyl-Hexyl (1,7 pm, 2,1 x 100 mm) véi
tdc d6 dong 13 0,343 ml/phut. Hai pha dong (pha dong A: 95% 7 mM7 mM NHyAcO /
5% ACN; pha dong B: 100%ACN) dugc str dung dé tién hanh diéu kién gradien 84,2% A
va 15,8% B (dugc giit trong 0,49 phut) dén 10,5% A va 89,5% B trong 2,18 phiit, dugc
gilt trong 1,94 phut va tré vé cac diéu kién ban diu trong 0,73 phit, duge giit trong 0,73

phut. Sir dung thé tich tiém bang 2 ml.
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Piém néng chay

Céc gid tri la gia tri dinh hodc khoang néng chay, va thu dugc véi do khong chéc
chén cta thir nghiém ma thudng c6 lién quan dén phuong phép phén tich nay.
Thiét bi Mettler FP 8 1HT/FP90 — FP62 (dwoc biéu thi bang FP90 va FP62 trong bang 2)

Déi véi mot sb hop chét, diém noéng chay dugce xac dinh trong céc 6ng mao dan ho
trén thiét bi Mettler FP62 hodc Mettler FP§IHT/FP90. Diém néng chay duoc xdc dinh
v6i gradien nhiét do bang 1, 3, 5 hodic 10°C/phut. Nhiét d6 t6i da 1a 300°C. Diém néng
chay dugc doc tr man hinh sb.
Bang 2: S8 liéu phén tich — R, c¢6 nghia 13 thoi gian luu (tinh bang phit), [M+H]" ¢6

nghia 13 khdi lwong dugc proton héa ciia hop chét, phuong phap chi phwong phép duoc
st dung cho (LC)MS.

Hop chét s6 | R, | [M+H]" | Phuong phap | Piém néng chay

1 1,55 338 3 n.d.

2 1,6 381 3 n.d.

3 1,58 415 3 94,4°C (FP62)
4 2,25 415 10 212,2°C (FP62)
5 2,25 415 10 186,3°C (FP62)
6 1,18 372 3 221,6°C (FP62)
7 1,98 372 10 281,8°C (FP62)
8 1,99 372 10 248,8°C (FP62)
9 1,98 450 3 147,4°C (FP62)
10 3,60 483 5 >300°C (FP90)
11 2,90 483 10 147,8°C (FP62)
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Hop chatsdé | Ry | [M+H]" | Phuong phap | Piém néng chay
12 2,90 483 10 221,8°C (FP62)
13 0,97 414 2 99,4°C (FP90)
14 1,74 433 3 n.d.

15 2,37 433 10 >300°C (FP90)
16 2,37 433 | 10 >300°C (FP90)
17 1,90 432 3 263,4°C (FP90)
18 2,45 432 10 248°C (FP90)
19 2,45 432 10 279,9°C (FP90)
20 1,94 419 3 236,9°C (FP90)
21 2,48 419 10 n.d.

22 2,49 419 10 220,4°C (FP90)
23 2,26 421 3 276,3°C (FP90)
24 2,29 408 3 186,4°C (FP90)
25 2,23 433 | 3 180°C (FP90)
26 2,18 446 3 n.d.

27 2,14 428 3 n.d.

28 2,18 429 3 n.d.

29 2,25 415 3 >300°C (FP90)
30 3,31 446 5 n.d.
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Hop chitsdé | R, | [M+H]" | Phuong phap Diém néng chay
31 2,72 446 10 220,9°C (FP62)
32 2,72 446 10 220°C (FP62)
33 0,99 401 2 186°C (FP90)
34 1,47 387 3 187°C (FP62)
35 3,24 455 5 87,2°C (FP62)
36 2,75 401 5 109,8°C (FP62)
37 2,24 430 3 108,8°C (FP90)
38 2,32 417 3 >300°C (FP90)
39 2,53 449 3 n.d.

40 2,04 454 3 n.d.
41 2,18 415 | 3 n.d.
42 1,94 436 3 n.d.
43 1,86 394 3 n.d.

n.d. ¢6 nghia 1a khong dugc xac dinh
Phuong phap SFCMS
Quy trinh chung A d6i voi phuong phap SFC-MS

Phép do SFC duoc thuc hién béng cach st dung hé théng SFC phén tich tir Berger
Instruments (Newark, DE, USA) bao gdm modun diéu khién bom nhi phan (FCM-1200)
d& phan phdi cacbon dioxit (CO,) va tac nhan cai bién, mdédun kiém soat nhiét dé gia
nhiét cot (TCM2100) ddng thoi kiém soét nhiét d6 trong khoang 1-150°C va van chon
lya ¢t (Valco, VICI, Houston, TX, USA) cho sdu cot khac nhau. B§ do day diot quang
(Agilent 1100, Waldbronn, Durc) duoc lap cuvet do dong chay 4p luc cao (1én dén 400
bar) va dugc ché tao ¢6 thiét bi 14y mau tu déng CTC LC Mini PAL (Leap Technologies,
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Carrboro, NC, USA). Khdi phd ké ZQ (Waters, Milford, MA, USA) ¢ giao dién phun
dién tir Z vudng gbc duge ndi véi hé théng SFC. Viée diéu khién thiét bi, thu va xir Iy s6
liéu dugc thuc hién bang nén tang tich hop gém phin mém SFC ProNTo va phdn mém

Masslynx.
Phuong phép 1

Ngoai quy trinh chung A: Su phén tach cac chit khong dbi xing trong SFC dugc
thuc hién trén ¢t CHIRALPAK AD-H (4,6 mm x 500 mm) & nhiét 6 50°C v6i tdc do
dong 1a 3,0 ml/phat. Pha dong la CO,, 20% MeOH (chira 0,2% iPrNH2) dugc gitt trong
15,00 phut, ché d6 déng dong. |

Quy trinh chung B

Viéc do SFC dugc thuc hién béng cach sir dung hé théng SFC phan tich tir nha
cung cép thiét bi Berger (Newark, DE, USA) bao gdm modun theo dbi chét 1éng bom nhi
phan FCM-1200 d& phan phdi cacbon dioxit (CO,) v tac nhan cai bién, thiét bi ldy mau
chét 1ong tu dong CTC Analytics, mddun theo ddi nhiét TCM-20000 d€ gia nhiét cot tir
nhiét do trong phong dén 80°C. B do mang diot quang Agilent 1100 UV dugc lip ngin
dong chay ap luc cao chiu &p dén 400 bar duogc sir dung. Dong ra tlr cot duge chia tich
t6i phd k& MS. Bo phan phéat hién MS duoc két cAu c6 ngudn ion héa & ap suit khi
quyén. Céc thong s ion hoa sau dbi v&i khdi phd quang ké Waters ZQ 1a: dién hoa: 9pa,
nhiét 6 ngudn: 140°C, dién &p phin nén: 30 V, nhiét do ddu do 450°C, thiét bi chiét 3 V,
khi khir solvat 400L/gid, khi dang hinh nén 70 L/gi¢. Nito duoc dung lam khi phun
suwong. Viéc thu nhan sb liéu dugc thuc hién béng hé théng 1éy sb liéu Waters-Micromass

MassLynx-Openlynx.
Phuong phép 2

Ngoai quy trinh chung B: Su phan tach cac chit khong d6i xtimg trong SFC dugc
thuc hién trén c6t CHIRALPAK AD DAICEL (10 pm, 4,6 x 250 mm) & nhiét do 35°C
v6i luu luong dong chay 1a 3,0 ml/phtt. Pha dong la CO,, 60% etanol, 40% EtOH (chira
0,3% iPrNH2) dugc gitt 7 phut.

-92-



19773

Bang 3: S6 liéu SFC phén tich — R, ¢6 nghia 1 thoi gian luu (tinh bang phit), [M+H]" ¢6
nghia 12 khéi luong dugc proton héa ctia hop chit, phwong phép dung dé chi phuong
phap duoc sir dung dé phéan tich SFC/MS ciia céc hop chat tinh khiét vé& mit.ddng phan

ddi anh.
Luong du
Thir tu rra L
., .| Diéntich | Phuong , chat dong
Hop chatsd | R [M+H] giai chat ,
' UV% phap . phén doi
dong phan*
anh (%)
Hop chét
trung gian | 5,35 230 100 1 A -
A6(S) '
Hop chét
trung gian | 6,88 230 100 1 B -
A6(R)
4 3,17 415 100 2 A -
5 4,17 415 100 2 B -
7 1,92 372 100 2 A -
8 3,05 372 100 2 B -
11 4,95 483 100 3 B -
12 4,01 483 100 3 A -
15 4,14 433 100 4 A -
16 5,17 433 100 4 B -
18 3,07 432 100 5 A -
19 4,15 432 100 5 B -
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Lugng du
Thtr tu rira .
. . | Diéntich | Phuong , chat dong
Hop chat s6 R¢ [M+H] giai chat ,
UV% phap . phan doi
dong phan*
anh (%)
21 2,81 419 100 3 A -
22 4,17 419 100 3 B -
27 4,37 433 89,33 6 A 79
28 4,97 446 70,11 7 A 40
31 3,33 446 100 3 A -
32 390 | 446 99,44 3 B -
39 5,20 449 91,51 6 A 83
40 3,40 454 93,61 7. A 88

*A c6 nghia 13 chit ddng phén rira giai thr nhit. B c6 nghia la chét ddng phan rira
giai thir hai. Luong du chit dong phan déi anh duge danh gia trong trudng hop cac hop
chét khong tinh khiét vé mat ddng phan dbi anh.

D06 quay quang:

Do quay quang dugce xac dinh trén phan cuc ké Perkin-Elmer 341 véi dén natri va
duoc thé hién nhu sau: [a];foc (c g/100 ml, dung mo6i).

Bang 4: S6 lidu phan tich — Céc gia tri vé dd quay quang d6i véi cac hop chit tinh khiét
vé& mit ddng phén dbi anh

Hop chit Buéc song Nong d6 % Dung
) ap () , , .. | Nhiét d6 (°C)
sO (nm) khdi luong/thé tich | ™!
4 +20,3 589 0,56 DMF 20
5 -31,6 589 0,5 DMF 20
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Hop chat Budc song Nong do % . Dung
. ap (°) .. | Nhiét do (°C)

s0 (nm) khdi lugng/thé tich | ™!

7 -70,7 589 0,45 DMF 20
8 +45,6 589 0,41 DMF 20
11 12,0 589 0,50 MeOH 20
12 -18,8 589 0,50 MeOH 20
13 83,7 589 0,55 DMF 20
18 136,8 589 0,51 DMF 20
19 -140,8 589 0,50 DMF 20
21 -126,7 589 0,51 DMF 20
22 1152 589 0,54 DMF 20
23 1444 589 0,50 DMF 20
24 | 111,4 589 0,51 DMF 20
25 121,1 589 0,50 DMF 20
29 111,0 589 0,51 DMF 20
31 17,9 589 0,50 MeOH 20
32 26,4 589 0,50 MeOH 20
33 56,6 589 0,65 DMF 20
35 81,5 589 0,50 DMF 20
37 29,2 589 0,52 DMF 20
38 14,8 589 0,49 DMF 20
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Hop chét Budc séng Nong do % Dung
) ap () , 7 .. | Nhiét d6 (°C)
sO (nm) khdi luong/thé tich | ™!
41 65,2 589 0,50 DMF 20
42 77,1 589 0,50 DMF 20

n.d. c6 nghia 14 khong dugce xac dinh
Vi du duogc ly

Hop chit duoc dé xuét trong sang ché 1a cac chét vc ché enzym phan cit APP vi
tri B 1 (BACEIL). Su trc ché BACEI, mét aspartic proteaza, dugc tin c6 loi ich didu tri
bénh Alzheimer (AD). Qua trinh san xuét va tich lity céc peptit dang B-amyloit (AB) ti
protein tién chit dang B-amyloit (APP) dugc tin 1a déng vai trd quan trong trong viée
khéi phat va tién trién ctia AD. AP dugc san xuét tir protein tién chit dang amyloit (APP)
bdi viéc phan cit lién tiép & céc ddu thn cing N va C ctia mién AB 14n lugt bang p-

secretaza va y-secretaza.

Hop chit ¢ cong thirc (I) duge mong doi 1a ¢6 tac dung chu yéu & BACEI nho
kha ning trc ché hoat tinh enzym ciia chiing. T4p tinh cua céc chét e ché nay duogc thir
nghiém béng cach sir dung thtr nghi€m dua trén su chuyén nang lugng cong hudng huynh
quang hda sinh (Biochemical fluorescence resonance energy transfer: FRET) va thur
nghiém alisa t& bao & cac t& bao SKNBE2 dugc mé ta duéi ddy va thich hop dé nhén
dién céc hop chét nay, va cu thé hon, cac hgp chét ¢ cong thire (1), dugce thé hién trong

bang 3.
Thir nghiém dya trén FRET hoéa sinh

Thir nghiém nay 1a thir nghiém dya trén su truyén ning luong cong huéng huynh
quang (FRET). Co chét cho thir nghiém nay 1a peptit gdm 13 axit amin c6 ngudn gbc tir
APP chtra d6t bién Lys-Met/Asn-Leu ‘Swedish’ ctia vi tri phan cit B-secretaza protein
tién chat dang amyloit (APP). Co chit nay cling chira hai chit huynh quang: axit (7-
metoxycoumarin-4-yl) axetic (Mca) la chét cho phét huynh quang véi budc séng kich
thich & 320 nm va budc séng phat xa & 405 nm va 2,4-Dinitrophenyl (Dnp) 1a chét nhan
lam tét 4nh sang huynh quang. Khoing céch giita hai nhom dugc chon sao cho trong quéa

trinh kich thich béi 4nh sing, ning lugng huynh quang cua chét cho bi hp thu déng ké
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bai chét nhan, thong qua qué trinh chuyén ning lwong cong huéng. Khi phan cit bang
BACE]1, Mca phat huynh quang dugc tach riéng khoi nhom hép phu Dnp, khdi phuc tong
hiéu suét phat huynh quang ctia chit nhan. Mtc ting phat huynh quang ty 1& thuin véi
tSc d6 phan giai protein (Koike H et al. J. Biochem. 1999, 126, 235-242).

N6i mét cach ngén gon, trong dang c6 384 15, protein BACEI tai t6 hop véi ndng
d6 cubdi cling bang 1 pg/ml duge o trong 120 phit & nhiét d6 trong phong véi 10 um co
chét trong dém 0 (dém xitrat ndng d6 40mM, d6 pH=5,0, PEG 0,04%, DMSO 4%) khi
khéng c6 mit hodc c6 mit hop chat. Tiép theo, lwong san phidm phan giai protein duoc
xéc dinh truc tiép bang phép do mirc phat huynh quang & T=0 va T=120 (budc séng kich
thich & 320 nm va budc séng phét xa & 405 nm). Cac két qua dugc biu thi bing RFU,
duéi dang mirc chénh léch gitta T120 va TO.

DPudng cong phi hop nhat dugc hiéu chinh phuong phap tong binh phuong nhd
nhat vé dd thi clia % muc thp nhét theo ndng dd hop chit. Tr dudng cong nay, c6 thé
thu duoc gié tri ICso (ndng dd trc ché gy trc ché 50% hoat tinh).

LC = Trung binh cla gia tri mtrc thp

= Miic thap: Phan ting khéng c6 enzym
HC = Trung binh cta gié tri mic cao
= Mtc cao: Phan tng cé enzym

% hiéu qua = 100-[(mau-LC) / (HC-LC) *100]

% Kiém soat = (mau /HC)*100

% Kiém soat nh6 nhat = (miu-LC) / (HC-LC) *100

Céc hop chit duoc néu 1am vi du sau day dugc thir nghiém vé co ban nhu néu trén

va thé hién hoat tinh sau day:
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Bang 5
o Thir nghiém dya trén FRET hoa sinh
Hop chat s6
PICso
1 6,28
2 7,08
3 7,33
4 4,67
5 ‘7,43
6 7,25
7 7,75
8 4,86
9 5,1
10 7,2
11 7,55
12 5,06
13 7,14
14 7,45
15 7,73
16 5,98
17 7,24
18 7,65
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o Thir nghi€ém dua trén FRET hoa sinh
Hop chat so6

pICso
19 5,01
20 7,18
21 <4,52
22 7,59
23 7,4
24 7,49
25 7,56
26 7,31
27 7,22
28 7,16
29 7,09
30 6,77
31 4,97
32 7,20
33 7,19
34 7,23
35 6,91
36 7,04
37 5,86
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o Thir nghiém dya trén FRET hoa sinh
Hop chat so
pICso
38 6,03
39 7,39
40 7,28
41 6,93
42 7,12
43 7,53

Thir nghiém aLisa té bio & céc té bio SKNBE2

Trong hai thir nghiém alisa, mirc A téng va AP42 dugce san xuét va duoc tiét vao
mdi trudng nudi ciy cic té bao SKNBE2 u nguyén bao thin kinh & ngudi duge dinh
lugng. Thir nghiém nay dua trén u nguyén bao than kinh & ngudi SKNBE2 biéu hién
protein tién chét dang amyloit kiéu dai (hAPP695). Cac hop chét dugc pha lodng va duge
bd sung vao céc t& bao nay, duge 0 trong 18 gid va sau do tién hanh do luong AB42 va
AP tdng. AP tdng va AP42 dugc xac dinh bang thir nghiém oLisa “banh kep”. aLisa la
thir nghiém “banh kep” st dung khang thé dugc biotin héa AbN/25 gén véo céc hat phu
streptavidin va khang thé Ab4G8 hodc cAb42/26 duge lién hop véi cac hat nhin dé phat
hién Abeta tdng va AP42, tuong tmg. Trong didu kién c6 mit Abeta tong hoic AB42, cac
hat tiép xtc gan. Su kich thich cua céc hat cho 1am giai phong phén tir oxy don ma khoi
dc}ng thac truyén ning luong trong cac hat nhén, tao ra sy phat xa anh sang. Mt phat xa
anh sang duoc do sau khi 0 1 gidr (budce song kich thich & 650 nm va bude song phat xa &
615 nm).

Puodng cong phit hop nhit dugc higu chinh theo phwong phap tdng binh thuong
nho nhit vé dd thi cia % muc thip nhat theo néng d6 hop chét. Tir dudng cong ndy, c6
thé thu duoc gia tri ICs (néng d trc ché gay uc ché 50% hoat tinh).

LC = Trung binh ctia gié tri mirc thp

= Mikrc thép: Céc té bao dugc 1 so bd khdng c6 hop chét, khong c6 Ab
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dugc bitotin hoa trong alisa
HC = Trung binh cua gia tri mirc cao
= Mitc cao: cac té bao duoc U so bd khong c6 hop chét
% Téc dung = 100-[(miu-LC) / (HC-LC) *100]
% Kiém soat = (mu /HC)*100
% Kiém so4t nho nhit = (miu-LC) / (HC-LC) *100

Céac hop chit dugc néu lam vi du sau ddy duge thir nghiém cht yéu nhu néu trén

va thé hién hoat tinh sau day:

Bang 6
Thtr nghiém alisa té bao & Thir nghiém alisa té bao & cac té
Hop cac té bao SKNBE2 bao SKNBE2
chét s AB42 _ AB tbng
pICso pICso
1 7,03 7
2 8,49 8,61
3 8,49 8,47
4 5,84 | 5,84
5 8,59 8,55
6 8,24 8,29
7 8,66 8,69
8 6,13 6,13
9 6,00 6,06
10 7,78 7,81
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Thir nghiém alisa té bao & | Thir nghiém alisa té bao & cac té
Hop céc t& bao SKNBE2 bao SKNBE2
chét s6 AR42 AB tong
pICso pICso
11 7,94 8,01
12 5,64 | 5,75
13 8,17 8,26
14 8,87 8,93
15 9,33 | 9,37
16 7,66 7,74
17 7,40 B 7,48
18 7,52 7,54
19 5,28 5,13
20 7,07 | 7,18
21 <5 <5
22 7,17 7,21
23 8,75 | 8,71
24 8,48 8,41
25 8,88 8,87
26 8,83 8,84
27 8,15 8,17
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Thtr nghiém alisa té bao & Thtr nghi€m alisa té bao & cac té
Hop cac té bao SKNBE2 bao SKNBE2
chét s AR42 AB tong

pICso ' pICso

28 8,28 8,20

29 7,79 7,77

30 7,43 . 7,45

31 5,58 5,61

32 7,76 7,84

33 8,09 8,14

34 7,83 7,78

35 7,33 . 7,30

36 7,56 7,53

37 6,03 6,07

38 6,16 6,22

39 8,61 | 8,59

40 8,42 8,37

41 7,69 7,67

42 8,02 7,99

43 8,72 8,70

n.t. ¢6 nghia la khéng dugc thir nghi¢mHoat luc dugc thé hién in vivo
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Chét lam giam A peptit theo sang ché ¢6 thé duoc st dung dé diéu tri bénh AD &
cac dong vat c6 vi nhu nguoi hodc theo cach khac thé hién hoat luc & cac dong vat thir
nghiém nhu, nhung khong chi han ché &, chudt nhét, chudt céng, hodc chu¢t lang. Dong
vét c6 vl c6 thé khong duoc chin doan méc bénh AD, hoic c6 thé khong ¢6 xu hudng di
truyén méc bénh AD, nhung c6 thé 14 dong vat chuyén gen, vi viy né san xuét qua muirc
va cudi cling chét ling dong AP theo cach tuong tw véi cach duoc thiy & ngudi bi méc

bénh AD.

Chét lam giam AP peptit ¢ thé dugc sir dung & dang tiéu chudn bat ky st dung
phuong phap chudn bt ky. Vi du nhung khéng chi gidi han &, chat lam giam AP peptit
¢6 thé & dang chét 16ng, vién nén hoic vién nang va duoge ding qua dudng miéng hoic
bing cach tiém. Chit lam giam AP peptit c6 thé duoc sir dung & lidu bit ky ma du dé lam
giam dang ké murc AP peptit trong méau, huyét twong cia méu, huyét thanh, dich ndo tiy
(CSF), hoac nio.

Pé xac dinh xem viéc sir dung ngay chit lam giam AP42 peptit c6 lam giam mirc
AP peptit in vivo hay khong, str dung loai gam nhim khéng chuyén gen, vi du chudt nhit
hodc chudt cdng. Céc con chudt ndy da ding chét lam giam AP peptit duoc kiém tra va
dugc so sanh véi cac dong vat khong dung hodc dung ta duge long va mirc AB42 hoa tan
va AP tng trong ndo duoc dinh luong bang céc k¥ thut chuén, vi du, sir dung ELISA.
Khoang thoi gian ding cac chit néu trén thay dbi tir vai gio (h) &én vai ngay va duge

didu chinh dua trén cac két qua lam giam AP42 ngay tai thoi diém bat dau c6 tac dung.

Quy trinh dién hinh dé xac dinh hiéu qua lam giam AP42 in vivo duogc néu chi 1a
mdt trong sd nhidu quy trinh ¢6 thé dugc sir dung dé t6i uu héa mirc AP phét hién duoc.
Vi du, hop chét lam giam AP peptit dwoc phdi ché trong 20% hydroxypropyl B
xyclodextrin. Chit 1am giam AP peptit dugc cho ding duéi dang mot liu ding qua
dudng miéng (p.o.) hodc mot lidu ding dudi da (s.c.) cho dong vat duge dé nhin d6i qua
dém. Sau mot thoi gian nhét dinh, thuong 1a 2 hodc 4 gid (nhu dugce thé hién trong bang

7), cac dong vat ¢ vi bi giét va mirc AP42 duge phan tich.

Mau duge thu gom béng cach chat diu va hit hét mau vao dng thu gom da duogc
xir Iy bang EDTA. Méu nay duoc ly tim & tdc d6 19000m/gidy” trong 10 phat (min) &
nhiét d6 4°C va huyét tuong dugc thu hdi va duge 1am dong lanh nhanh dé phén tich sau

nay. N&o duogc lay ra tir so va no sau. Tieu ndo dugc lay ra va ban cau trai va phai dugc
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tach riéng ra. Béan cAu trai dugce bdo quan & nhiét d6 -18°C dé dinh mutic hop chat thir
nghiém. Ban cdu phai dugc rira bing nuéc mudi dém phosphat (PBS) va duge lam déng
lanh ngay trén d4 kho va duoc bao quan & nhiét do -80°C cho dén khi dong héa dé ding

cho cac thr nghiém hda sinh.

Néo chudt nhét 14y tir chudt khéng chuyén gen duoge tai tao huyén phu trong 8 thé
tich clia DEA0,4% (dietylamin) / NaCl 50 mM chua chit uc ché proteaza (Roche-
11873580001 hodc 04693159001) tinh theo mdi gam md, vi du trong 0,158 g ndo, bd
sung 1,264 ml DEA 0,4%. T4t ca cac miu déu duoc déng hoa trong hé FastPrep-24 (MP
Biomedicals) st dung chit nén lam tan D (MPBio #6913-100) & 6m/gidy trong 20 gidy.
Céc dich ddng hoa duoge ly tim & 2213000 m/ gidy” trong 50 phut. Sau d6, cac dich nbi bé
mit thu dugce khi ly tim & tbc d6 cao dugc chuyén dén cac dng eppendorf méi. Chin phin
dich ndi bé mat nay dugc trung hoa béng 1 phz‘?m Tris-HCI 0,5 M, d¢ pH=6,8 va dugc st
dung dé dinh luong AB tdng va AB42.

DPé xac dinh luong AB tdng va AB42 trong phﬁh doan tan cta cac dich déng hoa
ndo, sit dung thr nghiém hép thu mién dich lién Kkét enzym. No6i mot cach ngén gon, cac
chit chun (dich pha lodng AB1-40 va AB1-42 tong hop, Bachem) duoc phdi ché trong
bng Eppendorf dung tich 1,5 ml trong Ultraculture, véi cac ndng d6 cubi cling nim trong
khoang tir 10000 dén 0,3 pg/ml. Cac miu va céac chét chudn duoc & dong thoi véi khang
thé c6 dAu tan ciing N duoc gén nhan HRPO dé phat hién AB42 va véi khang thé c6 mién
gitta duge biotin héa 4G8 dé phat hién AB téng. 50 pl hdn hop gdm thé tiép hop/méu
hodc thé tiép hop/cac chit chudn sau d6 duge bd sung vao dia phu khéng thé (khang thé
bt gift nhan dién chon loc dAu tin C ctia AB42, khang thé JRF/cAB42/26, dé phat hién
AB42 va ddu tin clng N ctia AB, khang thd JRF/rAB/2, d& phat hién AB téng). Pia nay
dliqc U qua dem & nhiét d{) 4°C @8 hinh thanh phirc khang thé-dang amyloit. Sau buéc @
nay va cac budc rira tiép theo thir nghiém ELISA dé dinh lugng AB42 dugc két thuc béng
cach bd sung co chit peroxidaza sinh huynh quang Quanta Blu theo huéng d4n clia nha
san xuit (Pierce Corp., Rockford, I1). Viéc doc duge thuc hién sau tir 10 dén 15 phut
(budc séng kich thich 320 nm /budc séng phat xa 420 nm).

Dé phat hién AB tong, thé tiép hop Streptavidin-Peroxidaza duoc bd sung, sau 60
phit tién hanh budc rira bd sung va bd sung co chit peroxidaza sinh huynh quang Quanta
Blu theo huéng din cua nha san xut (Pierce Corp., Rockford, II). Viéc doc dugc thuc
hién sau 10 dén 15 phut (budc séng kich thich 320 nm /budc séng phat xa 420 nm).
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khong dugc xtr ly s€ dem lai loi ich.

Céc hop chit vi du sau duoc thir nghi€ém v& co ban nhu néu trén va thé hién hoat

tinh sau:
Bang 7:
Ap42 AP tong Liéu | Pudng | Thoi gian sau
Hop : ‘ .
| (%Ctr])_trung | (%Ctrl)_trung ding dung khi ding
chat so
binh binh
7 88 101 30 mg/kg p.o. 4 gio
11 89 84 30 mg/kg p.o. 4 gio
23 45 39 10 mg/kg p.o 4 gio
24 16 31 30 mg/kg p.o. 4 gio
24 66 59 5 mg/kg p.o. 4 gio
27 55 61 10 mg/kg | p.o. 4 gid
28 39 50 10 mg/kg p.o. 4 gio
29 59 58 10 mg/kg p.o. 4 gio
32 53 58 30 mg/kg p.o. 2 gio
100
33 49 20 s.C. 4 gio
mg/kg

n.t. ¢6 nghia la khong dugc thir nghiém; s.c. ¢b nghia la dudi da; p.o. c6 nghia 1a

qua duong miéng
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YEU CAU BAO HQ
1. Hop chat ¢6 cong thire (I):
Rz
=N
\
RN
R3
Y
HN” N | X pr
1 3
X\Xz//x

hodc tautome hodc dang ddng phén 1ap thé ctia né, trong d6:

R! va R? doc lap dugc chon tir nhom bao gém hydro, halo, xyano, C;_jalkyl, mono- va
polyhalo-C, salkyl hodc Cs.¢xycloalkyl;

R? duoc chon tir nhém bao gém hydro, Cy.3alkyl, Cs¢xycloalkyl, mono- va polyhalo-C;.
jalkyl, homoaryl va heteroaryl;

X! X2 X3, X* doc lap 1a C(R4) hodc N, véi diéu kién 12 khdng qua hai trong s6 cac nhom
nay la N; mdi nhém R* dugc chon tir nhém bao gém hydro, halo, C,.salkyl, mono- va
polyhalo-Cysalkyl, xyano, C;.;alkyloxy, mono- va polyhalo-Ci_salkyloxy;

L 1a mot lién két hodc -N(RS)CO-, trong d6 R’1a hydro hodc C;jalkyl;

Ar 1a homoaryl hodc heteroaryl;

trong d6 homoaryl 1a phenyl hodc phenyl dugc thé bang mot, hai hodc ba phan tir thé
duoc chon tir nhom bao gém halo, xyano, C;salkyl, Cysalkyloxy, mono- va polyhalo-C;.
salkyl, mono- va polyhalo-C;salkyloxy;

heteroaryl dugc chon tr nhém bao gdm pyridyl, pyrimidyl, pyrazyl, pyridazyl, furanyl,
thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, thiadiazolyl, oxazolyl, va
oxadiazolyl, mbi nhém tiy y duge thé bing mat, hai hoic ba phén tir thé duoc chon tir
nhom bao gém halo, xyano, C;.3alkyl, C;salkyloxy, mono- va polyhalo-Cj.zalkyl, mono-

va polyhalo-C; salkyloxy; hozc mudi cong hoic solvat ctia né.
2. Hop chét theo diém 1, trong do:
R! va R* doc 1ap duogc chon tir hydro va C;salkyl;

X! X2, X3, X doc lap la C(R4) trong d6 mdi nhém R* duoc chon tir hydro va halo;
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L 12 mot lién két hodc -N(R’)CO-, trong d6 R’ 14 hydro;
Ar 12 homoaryl hoac heteroaryl,;
trong d6 homoaryl 1a phenyl hodc phenyl dugc thé bing mot hodc hai phan tir thé
duge chon tir nhém bao gbém halo, xyano, Cysalkyl, C;salkyloxy, va polyhalo-C;.
salkyloxy;
heteroaryl duoc chon tir nhém bao gdm pyridyl, pyrimidyl, va pyrazyl, mdi nhém tiy
v duoc thé biang mot hozc hai phan tir thé dugc chon tir nhém bao gbm halo, xyano,
Cisalkyl, Cjsalkyloxy, va polyhalo-C;salkyloxy; hodc mudi cong hoic solvat cia
no.
3. Hop chét theo diém 1, trong do:
R!'vaR’1a hydro;
X', X%, X%, X*1a CH;
L 12 mot lién két hodc -N(R*)CO-, trong d6 R’ 1a hydro;
Ar 1a homoaryl hodc heteroaryl;
trong d6 homoary! 1a phenyl dugc thé bang clo;

heteroaryl dugc chon tir nhém bao gém pyridyl va pyrimidyl, mbi nhém tity y duge
thé béng mot hodc hai phﬁn tir thé duoc chon tir nhém bao gém clo, flo, xyano,

metyl, va metoxy;
hoac mudi cong hodc solvat cua nd.

4. Hop chit theo diém 1, trong d6 nguyén tir cacbon duge thé bing R? ¢6 cAu hinh R.

5. Duoc phém chtra luong c6 tac dung diéu tri cua hop chit nhu duoc xé4c dinh theo
diém bAt ky trong s6 cac didm tir 1 dén 4 va chét mang dugc dung.

6. Quy trinh bao ché dugc phim nhu dugce x4c dinh trong diém 5, khac biét & chd, chat
mang dugc dung dugc tron k§ véi lugng cd tac dung diéu tri cta hop chit nhu duge xac

dinh theo diém bét ky trong s6 cac diém tir 1 dén 4.
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