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hodc muoi cta né, trong d6 céc phén tir the 1a nhu dugc x4c dinh trong ban

mo6 ta. Séng ché con dé cap dén duoc phdm va t6 hop chita hop chat nay.
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Linh vue k¥ thuit dwge dé cap

Séng ché dé cap dén dan xuit carbamat/ure, dang ran cua chuing, quy trinh diéu

ché va duoc phdm chua hop chit nay.
Tinh trang k§ thuit ciia sang ché

Histamin 1 chit hoa hoc din truyén thin kinh da chic ning truyén thong tin
qua céac thu thé bit cip v6i protein G trén bé mit té bao cu thé (G-protein-coupled
receptors - GPCRs). Cho dén nay, bén nhém thy thé histamin da duoc xé4c dinh gdm:
H1, H2, H3 va H4. Thy thé H3 12 GPCR tién sinap duoc tim thiy chii yéu trong hé
than kinh trung wong, mic du thy thé nay cling dwgc tim thiy trong hé than kinh ngoai
bién v6i ndng d6 thap hon. Cac gen md hoa cho thu thé H3 nay da duoc tim thiy &
nhiéu sinh vét, k& ca con ngudi va su cat ndi ludn phién cua gen nay dan dén nhiéu
dang tuong déng. Thu thé H3 1a tu thu thé va di thu thé ma su hoat héa ctia n6 dan téi
su giadi phong chdt din truyén thin kinh (bao gdm histamin, axetylcholin,
norepinephrin, dopamin va glutamat) giam tir cac té bao than kinh trong ndo, va thu
thé nay c6 lién quan dén su diéu hoa cia cac qud trinh nhu 14 giic ngd va su tinh téo,
dinh dudng va tri nhé. Trong mot s6 hé thdng, thu thé H3 nay c6 thé hoat dong co
dinh.

Chét dbi khang thy thé H3 tdng gidi phong histamin va cac chét din truyén than
kinh khac ctia ndo ma tir d6 gdy ra sy tinh tdo kéo dai, su cai thién trong céc qué trinh
‘nhén thire, sy giam trong hdp thu thirc #n va su chuén hoa cac phan xa tién dinh. Chét
dbi khang thy thé H3 dugc mod ta, vi du, theo tai liéu cua Lazewska va Kiec-
Kononowicz, Expert Opin Ther Patents, 2010, 20(9), 1147-1169; Raddatz va céc ddng
tac gia, Current Topics in Medicinal Chemistry, 2010, 10, 153-169; W02007052124;
W02007016496 va W02004101546.

Do cac qua trinh histamin dung d€ chi céc roi loan trong pham vi rong, dac biét
cac roi loan v€ giac ngl va sy tinh tdo di kém véi chimg budn ngu qua mtrc vao ban
ngay, vi dy, chimg ngu rii, chat ddi khang thu thé H3 duoc coi 13 hitu ich trong viéc

diéu tri bang thudc cho céc rdi loan di néu.
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Hién c¢6 nhu cau vé cac chét dbi khéng thu thé H3 c6 thé ding lam thudc. Cu
thé, cac hop chit dugc wu tién phai c¢6 kha ning lién két v6i cc thu thé H3 trong khi
thé hién 4i luc thdp vé6i cac thu thé khéc, vi du, thﬁ thé 1am trung gian gy tac dung
phu nghiém trong, nhu 1a kénh ion hERG ma c6 thé gay ra tac dung phu vé tim mach.
Céc hop chét nay phai dugce hap thy tét trong dudng tiéu hod, dn dinh chuyén hoa du,
c6 céc tinh chat duge dong hoc tét, duge ndo hép thu hiéu qua, bit dau tac dung nhanh
va ¢6 hi¢u qua hoat dong trong thoi gian du dai. Vi du, trong diéu tri ching ngu rd,
tinh chét dugc dong hoc ctia hop chét nay phai dén t6i su tinh tio vao ban ngay, nhung
phai ddng thoi dan toi téc dong t6i thiéu t6i gide ngt vao ban dém. Céc chit c6 thé
dung 1am thuéc nay phai khong gay doc va thé hién it tac dung phu. Hon nita, cac chét
vcé thé ding 1am thuéc ly twéng s& c6 thé ton tai & dang vat ly bén, khong hut nuéce va

dugc bao ché d& dang.
Ban chit k§ thuit ciia sang ché

Muc dich cia sang ché 1a @ xuit cac hop chét 1a chit dbi khéng thu thé H3, va
do dd, c6 kha nang hitu ich trong diéu tri mot loat rdi loan, cuthé la ching ngu ril.
Theo khia canh tht nhat, sang ché d& cap dén hop chit c6 cong thic (I):

(Ry)r

! D,
hodc mubi ctia no, trong do:

R; 1a Cpealkyl, Cygalkenyl, C,alkinyl, Csexycloalkyl, Csgxycloalkenyl hodc
Cs.exycloalkyl-Cy4alkyl; trong d6 Cjgalkyl, Co.salkenyl, C,galkinyl hodc C;.
sxycloalkyl-Cy4alkyl d3 néu c6 thé duogc thé mot hodc nhiéu 1n béng halogen; va
trong do Cs.gxycloalkyl hodc Cs_¢xycloalkenyl di néu c6 thé duogc thé mdt hodc nhiéu

lan brfmg halogen, C_4alkyl ho#c Ci.shalogenalkyl;
m 1a 1 hodc 2;

nlao, 1,2, 3 hoic 4;
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mdi R, ddc 1ap 1a halogen, hydroxy, amino, Xyano, nitro, Cjgalkyl, C.
shalogenalkyl, C,¢hydroxyalkyl, C;.4alkoxy-C,.ealkyl, amino-C¢alkyl, C,.jalkyl-
amino-Cpealkyl, di(Cy4alkyl)-amino-C,ealkyl, Cjgalkoxy, C;.chalogenalkoxy, Ci.
salkylamino, di(Cy¢alkyl)amino, C, galkenyl, C,halogenalkenyl, C,.alkinyl hodc C,.
¢halogenalkinyl,

hodc Cj.xycloalkyl, trong d6 mot nguyén tir cacbon c6 thé dugc thay thé bang
mdt nguyén tir oxy, trong d6 C;.exycloalkyl nay c6 thé duge gin truc tiép voi metylen
hodc qua Cjalkylen, va trong d6 Cj.¢xycloalkyl nay c6 thé dugc thé mot hodc nhidu
1an bang halogen;

hodc hai R, trén cling mot nguyén tir cacbon cuing v6i nguyén tir cacbon nay tao

thanh C;_¢xycloalkyl;

X 1a oxy hodc —N(Ry)-;

R4 14 hydro, Cysalkyl, Cs.xycloalkyl, hoic Cs.exycloalkyl-C, ,alkyl;

plalvaqlal;

plaOvaqlal;hoic

plaOvaqlao;

rla0, 1, 2, 3 hoic 4;

mdi R; doc lap 1a halogen, hydroxy, amino, xyano, nitro, Cjealkyl, C;.
shalogenalkyl, C,.¢hydroxyalkyl, C;4alkoxy-Ci.alkyl, amino-Cjalkyl, C;jalkyl-
amino-Cygalkyl, di(C;4alkyl)-amino-C_galkyl, Ci.salkoxy, Cj.ghalogenalkoxy, C;.

salkylamino, di(C;.¢alkyl)amino, C,.salkenyl, C,.shalogenalkenyl, C,¢alkinyl hoic C,.
¢halogenalkinyl;

hodc Cs¢xycloalkyl, trong d6 mot nguyén tir cacbon c6 thé duoc thay thé bing
mdt nguyén tir oxy, trong d6 C;.exycloalkyl ndy c6 thé duge gin truc tiép voi metylen
hodc qua Cyalkylen, va trong d6 Cs¢xycloalkyl nay co thé dugc thé mdt hodc nhiéu

14n bing halogen;

hodc hai Rz trén cling nguyén tir cacbon clng véi nguyén tir cacbon nay tao

thanh C;_¢xycloalkyl,;
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trong d6 lién két danh d4u hoa thi dugc gén v6i nguyén tir nito;

Rs la hydro, Cy.alkyl, Cy¢alkenyl, C,alkinyl, Cs.¢xycloalkyl, Cs.¢xycloalkenyl
hodc Cj.exycloalkyl-Cy4alkyl; trong d6 Cjgalkyl , C,galkenyl, C,galkinyl hogic Cs.
sxycloalkyl-Csalkyl d3 néu c6 thé dugc thé mot hodc nhiéu lan béng halogen,
hydroxy hodc Cj.salkoxy; va trong d6 Cs.exycloalkyl hodc Cs.¢xycloalkenyl di néu cé

thé dugc thé mdt hodc nhiéu 1an béng halogen, C,.4alkyl hodc Cy_shalogenalkyl;
X, 1a nito hodc cacbon;
sla0, 1,2 hodc 3;

mdi R4 ddc 1ap 1a halogen, hydroxy, amino, Xyano, nitro, Cygalkyl, C;.
shalogenalkyl, Cj¢hydroxyalkyl, C,4alkoxy-Cjsalkyl, amino-C;.salkyl, Ci.4alkyl-
amino-Cyealkyl, di(Ci4alkyl)-amino-Cyalkyl, C,.alkoxy, Cighalogenalkoxy, C;.
salkylamino, di(Cy_alkyl)amino, C, galkenyl, C,¢halogenalkenyl, C, ¢alkinyl hoic C,.
chalogenalkinyl;

hodc Cj.xycloalkyl, trong d6 mdt nguyén ti cacbon c6 thé duoc thay thé bang
nguyén tir oxy, trong d6 Cs¢xycloalkyl nay c6 thé duoc gén tryc tiép v6i metylen hogic
qua Cy.alkylen, va trong d6 C;gxycloalkyl nay ¢6 thé dugc thé mdt hodic nhiéu 1an

biang halogen. /-
W /L/
M5 ta vin tit hinh vé

Fig. 1A biéu dién gian d6 XRPD cho dang A cua dang tu do cta 1-(1-metyl-6-
0xo-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat.
Truc x biéu dién gbc khuc xa 2-theta, trong d6 mot vach thang do twong tng véi 2,5 2-
theta va trong d6 vach thang do diu tién 1a 5,0 2-theta. Truc y bidu dién cuong do (sb
dém), trong d6 mot vach thang do tuong tmg v&i 2500 sb dém va trong do vach thang

do dau tién 13 2500 sb dém.
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Fig. 1B biéu dién gian dd XRPD cho dang B cta dang ty do cia 1-(1-metyl-6-
oxo-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat.
Truc x biéu dién goc khuc xa 2-theta, trong d6 vach thang do tuong ing véi 2,5 2-theta
va trong d6 vach thang do dau tién 14 5,0 2-theta. Truc y biéu dién cuong do (sb dém),
trong d6 vach thang do twong ting véi 1000 sé dém va trong d6 vach thang do ddu tién
1a 1000 s6 dém.

Fig. 2A biéu dién gian dd XRPD cho dang A ctia mubi xitrat cta 1-(1-metyl-6-
oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat.
‘Truc x bidu dién géc khuc xa 2-theta, trong d6 mot vach thang do twong Gng véi 1,0 2-
theta va trong d6 vach thang do d4u tién 1a 3,0 2-theta. Truc y biéu din Lin (s6 dém),
trong d6 mot vach thang do twong ting véi 1 s6 dém va trong d6 vach thang do diu
tién 1a 1 s6 dém.

Fig. 2B biéu dién phd proton-NMR cho dang A ctia muébi xitrat ciia 1-(1-metyl-
6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-xyclobutylpiperazin-1-carboxylat.
Truc x biéu dién d6 dich chuyén hoa hoc (ppm), trong d6 mot vach thang do tuong
tng v6i 0,05ppm va trong d6 vach thang do dau tién 12 8,45ppm. Truc y biéu dién
cuong dd chuén hoéa, trong d6 mot vach thang do tuong Ung vdi 0,005 va trong d6

vach thang do déu tién 13 -0,02.

Fig. 2C biéu din gian dd XRPD cho dang B ctia mudi xitrat ctia 1-(1-metyl-6-
0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat.
Truc x biéu dién géc nhidu xa 2-theta, trong d6 mot vach thang do twong ting véi 2,5
2-theta va trong d6 vach thang do ddu tién 1a 5,0 2-theta. Truc y biéu dién cudng do
(s6 dém), trong d6 mot vach thang do twong tng véi 250 s& dém va trong d6 vach

thang do dAu tién 13 250 s dém.

Fig. 3A biéu dién gian dd XRPD cho dang A ctia mubi hydroclorua ctia 1-(1-
metyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat. Truc x biéu dién géc khuc xa 2-theta, trong d6 mot vach thang do tuong
ing véi 1,0 2-theta va trong d6 vach thang do ddu tién 1a 3,0 2-theta. Truc y biéu dién
Lin (sb dém), trong d6 mot vach thang do twong tng véi 5 sb dém va trong dé vach

thang do diu tién 1a 5 s6 dém.
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Fig. 3B biéu dién gian d6 XRPD cho dang B ctia mudi hydroclorua cta 1-(1-
metyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat. Truc x biéu dién goc khiic xa 2-theta, trong d6 mét vach thang do tuong
ting véi 2,5 2-theta va trong d6 vach thang do dau tién 1a 5,0 2-theta. Truc y biéu dién
cudng do (sb dém), trong d6 mdt vach thang do twong tng véi 100 sb dém va trong d6

vach thang do dau tién 1 100 sb dém.

Fig. 4A biéu dién gian d6 XRPD cho dang A ctia mubi fumarat ctia 1-(1-metyl-
6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-xyclobutylpiperazin-1-carboxylat.
Truc x biéu dién géc khic xa 2-theta, trong d6 mot vach thang do twong ung véi 2,5 2-
theta va trong d6 vach thang do dAu tién 13 5,0 2-theta. Truc y biéu dién cuong do (sb
dém), trong d6 mdt vach thang do twong Gmg voi 1000 sé dém va trong d6 vach thang

do dau tién 1a 1000 sd dém.

Fig. 4B biéu dién gidn ¢6 XRPD cho dang B ctia mubi fumarat cia 1-(1-metyl-
6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-xyclobutylpiperazin-1-carboxylat.
Truc x biéu dién goc khic xa 2-theta, trong d6 mot vach thang do twong ng véi 2,5 2-
theta va trong d6 vach thang do dau tién 12 5,0 2-theta. Truc y biéu dién cuong do (sb
dém), trong d6 mét vach thang do tuong tng véi 250 s& @ém va trong d6 vach thang
do dau tién 12 250 s dém.
MG ta chi tiét sang ché

Trr phi c6 quy dinh khéc, thuat ngit “hgp chit theo sang ché” dung dé chi hop

chét c6 cong thire (I) va céc cong thire phu ctia né (vi du, hop chét c6 cong thire (I-1));

tién thudc cua no; dang rin cua dang tu do hoic mubi cua hop chét nay, vi du, dang
rin theo sang ché va/hodc tién thudc; hydrat hodc solvat ciia hop chit nay, mudi
va/hoic tién thudc; ciing nhu cic chit ddng phan 1ap thé (bao gbm chét ddng phén
khéng dbi quang va chit ddng phan d6i anh), chat hd bién va hop chit duge danh diu
dong vi (bao gdm sy thé doteri); cling nhu céc gbe vdn duoge tao ra (vi du, dang da

hinh, solvat va/hodc hydrat).

Trir phi ¢6 quy dinh khéc, céc tir ngit dugc ding trong sdng ché c6 ¥ nghia nhu

sau:

“Alkyl” diing dé chi nhém alkyl mach thing hodc mach nhanh, vi du, ¢6 thé 1a

metyl, etyl, n- hodc iso-propyl, n-, iso-, sec- hodc tert-butyl, n-pentyl, n-hexyl; t6t hon

-7-
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néu C1.¢alkyl dung dé chi Cj.4alkyl mach théng hodc mach nhanh, dic biét tt hon néu
1a metyl, etyl, n-propyl, iso-propyl va tert-butyl.

9% <6

M&i phén alkyl cia “alkoxy”, “halogenalkyl”, v.v. s& c6 nghia gidng nhu duge
md ta trong dinh nghia d4 néu vé “alkyl”, dc biét vé tinh chét tuyén tinh va kich thudc

uu tién.

A “Cy.¢xycloalkyl" ding dé chi gbc vong béo bdo hoa c6 tir 3 dén 6 nguyén tu
cacbon. Thuit ngit ndy dung dé chi cac nhém nhu 13 xyclopropyl, xyclobutyl,

xyclopentyl va xyclohexyl.

Phéan tr thé dugce thé “mdt 1an hodc nhiéu 1an”, vi du, nhu dugce xac dinh cé lién

quan dén Ry, t6t hon néu R, duoc thé béng mot dén ba phén tir thé.

Halogen thuong 1a flo, clo, brom hodc iot; tét hon néu 14 flo, clo hodc brom. T6t
hon néu d6 dai mach cta cic nhom halogenalkyl ¢6 1 dén 4 nguyén tir cacbon va 13, vi
dy, flometyl, diflometyl, triflometyl, clometyl, diclometyl, triclometyl, 2,2,2-trifloetyl,
2-floetyl, 2-cloetyl, pentafloetyl, 1,1-diflo-2,2,2-tricloetyl, 2,2,2-tricloetyl, 1,1,2,2-
tetrafloetyl,  2,2,3,3-tetraflopropyl,  2,2,3,3,3-pentaflopropyl hoic 2,2,3,4,4,4-
hexaflobutyl.

Trong trudong hop X, 1a cacbon, cacbon di néu c6 thé khong duge thé, duge thé
bing Rs hoic dwoc ding dé gin A véi nguyén tir nito cia gbc

piperidin/pyrolidin/azetidin bén canh.

Hop chét c6 cong thire I ¢6 thé tdn tai & dang quang hoat hoic & dang hdn hop
clia cac chét déng phan quang hoc, vi du, dang hdn hop raxemic hoic hdn hop chét
ddng phan khong dbi quang. Pic biét, nguyén tir cacbon khong ddi xtmg c6 thé c6 mat
trong hop chat c6 cong thirc I va mudi cia nd. Trur phi c6 quy dinh khac duoc dé cap,
tat ca cac chét ddng phan quang hoc va hdn hgp clia chiing ciing dugc bao gdm trong

sang ché ndy, bao gdm hdn hop raxemic cia ching.

Nhu duge st dung & dy, thuat ngit “chit ddng phan” dung dé chi cac hop chét
khéc nhau ¢6 cing cong thire phan tir nhung khac nhau & sy sip xép va dang cdu hinh
clia cac nguyén tr nay. Ngoai ra, nhu dugce st dung & day, thuat ngit “chit ddng phan
quang hoc” hodic “chét ddng phan lap thé” ding dé chi bat ky trong sb cac dang ciu

hinh dng phan 14p thé khac nhau c6 thé tdn tai déi véi hop chét theo sang ché va bao

-8-
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‘gdm cac chit dong phan hinh hoc. Pugc hiéu rang phan tir thé ¢ thé duge gin & tam
khong déi xtmg ctia nguyén tir cacbon. Thudt ngit "khong ddi xtmg" ding d& chi cac
phan tir c6 tinh chét khong chdng khit 1én anh qua guong cua chung, trong khi thuét
ngtt "ddi xting" dung @& chi cic phan tir ¢ thé chdng khit 1én anh qua guong cua
ching. Vi thé, sang ché bao gdm chit déng phan dbi anh, chét ddng phan khong dbi
quang hogc raxemat ctia hop chit nay. “Chit dbng phan déi anh” la cip chit dong
phan 1ap thé ma khong chdng khit 1én anh qua guong cta nhau. Hon hop 1:1 cta cip
chat ddng phan dbi anh 1a hdn hop “raxemic”. Thut ngit nay duoc ding dé chi hdn
hop raxemic khi thich hgp. “Chét ddng phan khéng dbi quang” 1 chét ddng phan lap
thé ma c6 it nhit hai nguyén tir khong dbi ximg, nhung khéng 1a anh qua guong cua
nhau. Hoéa l4p thé tuyét d6i dugc quy dinh cu thé theo hé théng Cahn- Ingold- Prelog
R-S. Néu hop chét 1a chit ddng phan ddi anh tinh khiét, hoa 1ap thé trén mdi cacbon
khong ddi xtmg c6 thé duoc quy dinh cu thé bing dang R hoic S. Hop chit dugc phan
gidi c6 dang cdu hinh tuyét dbi chwa biét c6 thé dugc biéu thi 1a (+) hodc (-) phu thude
vao hudng (quay trai hodc phai) ma n6 quay 4nh sang phan cuc phing & buéc séng
vach D ctia natri. Hop chit dugc md ta & ddy c6 thé chira mot hoic nhiéu tim khong
d6i xtmg va c6 thé lam ting cac chit ddng phan dbi anh, chit ddng phén khong dbi
quang, va céc dang chit ddng phén 1ap thé ma c6 thé dwoc x4c dinh theo quan diém
cua hoa lap thé tuyét déi, 1a dang (R) hodc (S). Trur phi ¢6 quy dinh khac duoc dé cap,
sang ché duogc hiéu 13 bao gdm céc chét ddng phan c6 thé, bao gbém hdn hop raxemic,
céc dang tinh khiét quang hoc va hén hop chét trung gian. Chét ddng phan quang hoat
dang (R) va (S) c6 thé dugc diéu ché bang cach si dung synthon khong ddi xtmg hoic
chit phan tmg khong dbi xtng, hodc dwgc phéan giai bing cach sir dung céac k¥ thuat

thong thuong.

Néu hop chit chira lién két dbi, phan tir thé c6 thé & dang cAu hinh dang E hoic

Néu hop chét nay chira xycloalkyl dugc thé hai 14n, phén tir thé xycloalkyl nay
¢6 thé ¢ cAu hinh dang cis hodc trans.

Nguyén tir khong d6i ximg bit ky (vi du, cacbon hoic nguyen tr tuong tu) cla
hop chét theo sang ché c6 thé c6 mit & cAu hinh raxemic hozc cu hinh duogc lam giau
chét dong phan déi anh, vi du, cdu hinh dang (R)-, (S)- hodc (R,S)-. Theo cac phuong

4n nhét dinh, mdi nguyén tir khong ddi xiémg c6 it nhét 1a 50% lugng du chat dong

-0-
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phan dbi anh, it nhat 1a 60% luong du chit ddng phan dbi anh, it nhit 1a 70% luong du
chit ddng phan ddi anh, it nhét 1a 80% luong du chit ddng phan déi anh, it nhét 1a
90% luong du chat ddng phan dbi anh, it nhét 1a 95% luong du chit ddng phan dbi
anh, hogc it nhit 1a 99% lwong du chit ddng phan déi anh & cdu hinh dang (R) hodc
v(S). Néu c6 thé, cac phin tir thé & cac nguyén tir ¢6 lién két chua bdo hoa, c6 thé xuét

hién & dang cis- (Z)- hoac trans- (E)-.

Do vay, nhu dugc st dung & day, hop chét theo sang ché co thé & dang mot
trong nhitng chat ddng phén c6 thé, chét ddng phan quay, cht ddng phén atropi, chit
hd bién hodc hdn hop ciia ching, vi du, cdc chét ddng phan hinh hoc hdu nhu tinh
khiét (dang cis hodc trans), chit ddng phan khong d6i quang, chit ddng phin quang

hoc (thé dbi quang), raxemat hozic hdn hop cia chung.

Hdn hop cac chit dong phan thu duoc bat ky c6 thé dugce phén tach dua trén sy
khac nhau vé tinh chit héa ly cia cac thanh phan ciia hdn hop, thanh cc chit ddng
‘phﬁn hinh hoc hodc chit dong phan quang hoc, chit ddng phan khong dbi quang,
raxemat tinh khiét hosc hdu nhu tinh khiét, vi du, bang phuong phap sic ky va/hodc

két tinh phan doan.

Hén hop raxemat clia san phdm cubi hogic san phdm trung gian thu duoc bét ky
c6 thé duge phan giai thanh thé déi quang bing cic phuwong phéap da biét, vi du, bing
céch phan tach cac mudi déng phan khong dbi quang cta chiing, thu duoc bing axit
hogc bazo quang hoat, va giai phéng ra hop chét c6 tinh axit hodc bazo quang hoat. Cu
thé 1a gbc bazo c6 thé dugc ding dé phén giai hop chét theo séng ché thanh cac thé dbi
quang ctia né, vi du, bang phwong phap két tinh phan doan mubi dwoc tao thanh véi
axit quang hoat, vi du, axit tartaric, axit dibenzoyl tartaric, axit diaxetyl tartaric, axit
di-O,0"-p-toluoyl tartaric, axit mandelic, axit malic hodc axit camphor-10-sulfonic.
Céc san phdm raxemic cfing c6 thé dugc phan giai bang sic ky khong dbi xung, vi du,

sic ky 16ng ap suit cao (HPLC) dung chit hip phu khong dbi xing.

Phu thudc vao dinh nghia ctia phén tir thé, hop chét c6 cong thirc I ¢6 thé xuit
hién & nhiéu dang chét hd bién khéc nhau. Cac dang chét hd bién coa hop chét ¢6 cong
thirc I dugc bao gém trong sang ché nay.

Nhu duoc st dung & ddy, thuét ngtt “mubi” hodc “cac mubdi” ding dé chi mubi

cdng axit hodc mubi cong bazo cia hgp chét twong Ung, vi dy, hop chét theo séng ché
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hodc hop chét ¢6 cong thtrc II-1. “Céc mubi” bao gém dic biét 1a “mudi duoc dung”.
Thu4t ngt “mubdi duge dung” ding dé chi cac mubi ma gitr duge hiéu qua sinh hoc va
cac tinh chét ctia hop chit theo sang ché va thuong 1 khong c6 tac dung khong mong
mudn v& sinh hoc hodc tac dung khéng mong mudn khéac. Hop chét theo sang ché ¢co
kha nang tao thanh mudi axit va/hodc mudi bazo nhd su ¢6 mat cda nhom amino

va/hodc carboxyl hodc cac nhém giong nhu ching.

Mubi cdng axit dugc dung cd thé dugc tao ra béng axit v co va axit hitu co, vi
du, mudi axetat, aspartat, benzoat, Dbesylat, bromua/hydro bromua,
bicacbonat/cacbonat,  bisulfat/sulfat, =~ camphorsulfonat, clorua/hydro  clorua,
clotheophylonat, xitrat, etandisulfonat, fumarat, gluxeptat, gluconat, glucuronat,
hipurat, hydro iodua/iodua, isethionat, lactat, lactobionat, laurylsulfat, malat, maleat,
malonat, mandelat, mesylat, metylsulphat, naphtoat, napsylat, nicotinat, nitrat,
octadecanoat, oleat, oxalat, palmitat, pamoat, phosphat/hydro phosphat/dihydro
phosphat, polygalacturonat, propionat, stearat, suxinat, sulfosalixylat, tartrat, tosylat va

triflo axetat.

Axit vO co ma tlr d6 cdc muodi cdng axit ¢ thé dugce tao ra bao gom, vi duy, axit

clohydric, axit hydrobromic, axit sulfuric, axit nitric, axit phosphoric, va tuong tu.

Axit hitu co ma tir d6 cac mudi cdng axit co thé dugc tao ra bao gém, vi du, axit
axetic, axit propionic, axit glycolic, axit oxalic, axit maleic, axit malonic, axit suxinic,
axit fumaric, axit tatric, axit xitric, axit benzoic, axit mandelic, axit metansulfonic, axit
etansulfonic, axit toluensulfonic, axit sulfosalixylic, va tuong tu. Mubi cong bazo

duoc dung c6 thé dugc tao ra bang bazo vo co va bazo hitu co.

Bazo vd co ma tir d6 cdc mubi cdng bazo cb thé dugc tao ra bao gf“)m, vi du,
mudi amoni va mubi cia cac kim loai cia cot I dén XII cia bang tuan hoan. Theo cac
phuong an nhét dinh, cic mudi dugc tao ra nay la mudi cta natri, kali, amoni, canxi,
magie, st, bac, kém, va déng; cac mudi thich hop dic biét 1a bao gém mubi amoni,

kali, natri, canxi va magie.

Bazo hitu co ma tir d6 cdc mudi cong bazo c6 thé dugce tao ra bao gom, vi du,
amin bac mot, hai, va ba, amin dugc thé bao gdm amin dugc theé cé trong tu nhién,

amin vong, nhya trao doi ion bazo, va twong tu. Mot s0 amin hitu co bao gdm
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isopropylamin, benzathin, cholinat, dietanolamin, dietylamin, lysin, meglumin,

piperazin va tromethamin.

Mudi duge dung theo sang ché c6 thé duge tdng hop tir gbc bazo hodc axit,
bang cac phuong phap thong thuong. Thong thudng, cac mubi nay co thé duge diéu
ché bang cach cho cac dang axit tw do clia cac hop chét ndy phan ung véi lugng can
.béng héa hoc cta bazo thich hgp (nhu 1a Na, Ca, Mg, hodc K hydroxit, cacbonat,
bicacbonat hodc twong tw), hodc bang cach cho cac dang bazo tu do cuia cac hop chit
nay phan Gmg véi lugng cin bing héa hoc cta axit thich hop. Céc phan tng nay
thuong duge thuc hién trong nuéc hodc trong dung méi hitu co, hodc hdn hop cla
chung. Thong thuong, viéc dung cadc modi truong khong chira nude nhu ete, etyl axetat,
etanol, isopropanol, hodc axetonitril 1a dugc mong mudn, néu kha dung. Danh sach
cia mudi thich hop c6 thé dugc tim thdy, vi du, trong cuén “Remington's
Pharmaceutical Sciences”, 200 ed., Mack Publishing Company, Easton, Pa., (1985); va
trong “Handbook of Pharmaceutical Salts: Properties, Selection, and Use” cua tac gia

Stahl va Wermuth (Wiley-VCH, Weinheim, Germany, 2002).

Khi ca nhém bazo va nhém axit c6 mit trong ciing mdt phan ti, hop chét theo

sang ché cling c6 the tao ra mudi ndi, vi dy, phén ti ion ludng tinh.

Cong thirc bat ky duoc dé cap ¢ day déu dwgc du dinh ding dé chi ca dang
khong duge danh déu ciing nhu dang dugc danh diu ddng vi phéng xa ctia hop chét
theo sang ché. Hop chat dwoc danh diu ddng vi phéng xa ¢6 céu trisc dwoc md ta bing
cong thirc duge d& cdp & ddy ngoai trir mdt hodic nhidu nguyén tir duge thé bang
nguyén tir ¢6 khéi lwgng nguyén tir hodc sé khdi duge chon. Cac vi du vé ddng vi co
thé dugc két hop voi hop chét theo sang ché bao gbm cac ddng vi cta hydro, cacbon,
nito, oxy, phospho, flo, va clo, vi du twong tng la 2H, ’H, 'c, 13C, 14C, 15N, 18F, 3lp,
32p, 333, 38, 1. Sang ché bao g0m nhiéu hop chit dugc danh déu ddng vi khac nhau
nhu dugc x4c dinh trén day, vi du, cac hop chit dugc két hop déng vi phong xa, nhu 1a
H va "C, cac hop chit dugc két hop ddng vi khong phéng xa, nhu 1a 2H va *C. Cac
hop chét duge danh ddu ddng vi nay 1a hiru ich trong cac nghién ctru vé chuyén hoa
(bang e) nghién ctru vé déng hoc phan tmg (bing, vi du, *H hodc H), ki thuét phat
hién hogc ki thuat hinh anh, nhu 14 chup cét 16p phat xa positron (positron emission
tomography-PET) ho#c chup cit 16p vi tinh phat xa don photon (single-photon

emission computed tomography-SPECT) bao gdm céc thir nghiém vé phan bd duoc
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chat hodc co chit trong mé, hodc trong viéc diéu tri bing chét phong xa cho céc bénh
nhan. Cu thé 13, hop chét BF hogc hop chit duge danh diu c6 thé duoc dic biét mong
mubn cho nghién ctru PET hoic SPECT. Hop chét dugc d4nh ddu ddng vi c6 cong
thirc (I) nhin chung c6 thé duoc didu ché bang cac k§ thuét thong thuong duge biét 16
b&i ngudi c6 hiéu biét trung binh trong linh vuc cia sang ché hodc bang céc quy trinh
tuong tu véi cic quy trinh duge mé ta trong phan Vi du thuc hién sang ché va Didu
ché kém theo ding chit phan img dwoc danh diu ddng vi thich hop thay thé cho chit

phan ung khong duoc danh ddu ddng vi duge dung trude do.

Hon nita, sy thé béng cac déng vi ndng hon, cu thé 1a doteri (tac 1a, ’H hay D)
.cc’) thé tao ra mot sd loi ich trong diéu tri do c¢6 dd 6n dinh chuyén héa 16n hon, vi duy,
tang thoi gian ban 14 in vivo hodc giam yéu ciu vé lidu ding hodc su cai thién trong
chi s6 didu tri. Cin dwoc hiéu ring doteri trong ban md ta nay dugc coi nhu 14 phn tir
thé ctia hop chit co cong thire (I). Ndng d cua ddng vi ning hon nay, dic biét la
doteri, c6 thé dugc xac dinh béng cac chi sd do giau dﬁ”)ng vi. Thuét ngtt "chi sb do
gidu ddng vi" trong ban mo ta nay cb nghia 12 ti sb gitta 40 giau ddng vi va do giau tu
nhién ciia mot ddng vi cu thé. Néu phin tir thé trong hop chit theo sang ché nay duoc
ding dé chi doteri, hop chit nay c6 chi sé do gidu ddng vi cho mdi nguyén tur doteri
duogc thiét ké it nhét 1a 3500 (52,5% doteri két hop trén mdi nguyén tir doteri dugc
thiét k&), it nhat 12 4000 (60% doteri két hop), it nhét 12 4500 (67,5% doteri két hop), it
nhét 12 5000 (75% doteri két hop), it nhit 1a 5500 (82,5% doteri két hop), it nhét 1a
6000 (90% doteri két hop), it nhat 1 6333,3 (95% doteri két hop), it nhét 1a 6466,7
(97% doteri két hop), it nhit 1a 6600 (99% doteri két hop), hodc it nhét 1a 66333
(99,5% doteri két hop).

Solvat duge dung theo sang ché bao gdm solvat trong d6 dung moi cua qua

trinh két tinh c6 thé duoc thé béng déng vi, vi du, D,0, dg-axeton, dg-DMSO.

Hop chét theo sang ché ma chira cac nhom c6 kha ning hoat dong nhu chit cho
va/hodc chit nhéan lién két hydro c6 thé tao ra ddng tinh thé véi cac chit tao ddng tinh
thé thich hop. Cac dong tinh thé nay c6 th dugc didu ché tur hop chét c6 cong thuc (1)
bang cac quy trinh tao ddng tinh thé da biét. Cac quy trinh ndy bao gdm nghién, lam
néng, ddng thing hoa, ddng néng chay, hodc cho tiép xuc trong dung dich hop chét c6
cong thire T vé6i chit tao ddng tinh thé trong diéu kién két tinh va phén tach ddng tinh

thé thu dugc tir cac quy trinh nay. Chét tao dong tinh thé thich hop bao gdm chit tao
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dong tinh thé duge mo ta trong cong bd don sang ché qudc té s6 WO 2004/078163. Do

do, sang ché con dé xuit dang ddng tinh thé chira hop chit c6 cong thue (I).

Sang ché cling @& xudt tién thudc cta hop chit theo sang ché ma chuyén hoéa in
.vivo thanh hop chét theo sang ché. Tién thudc 14 hop chit dang hoat dong hodc khong
hoat dong ma dugc bién ddi hoa hoc qua tac dong sinh 1y in vivo, nhu 14 sy thay phan,
chuyén hoa va tuong ty, thanh hop chét theo sang ché sau khi dung tién thudc nay cho
ddi twong. Su thich hop va cac k¥ thuét lién quan dén viée tao ra va sit dung tién thude
da duge biét rd boi ngudi c6 hidu biét trung binh trong linh vuc nay. Tham khéo trong
The Practice of Medicinal Chemistry, Ch. 31-32 (Ed. Wermuth, Academic Press, San
Diego, Calif., 2001).

Hon nita, hop chit theo sang ché, bao gdm mubi caa chung, ciing ¢6 thé thu
duoc & dang hydrat ctia n6, hodc bao gdm cic dung méi khac ding cho qué trinh két
‘tinh chiing. Hop chit theo sang ché c6 thé vén c¢6 hoidc bing thiét ké tao ra dang solvat
bing cac dung mdi duge dung (bao gdm nudce); do do, ca dang solvat va dang khong
phai solvat déu dugc chii ¥ 14 ndm trong sang ché. Thuat ngit "solvat" dung dé chi
phttc phén tir ctia hop chét theo sang ché (bao gdm mudi dugc dung cda ching) véi
mdt hodc nhiéu phan tir dung mdi. Cac phén tir dung mdi nay la cac phan tr dung moi
dugc dung thong thudng trong linh vuc duge phdm ma dugce biét 1a khong géy doc cho
ngudi nhan, vi dy, nudc, etanol, va twong tw. Thuat ngit "hydrat" ding dé chi phuc
trong d6 phan tir dung moi la nude. Hop chit theo sang ché, bao gdbm mudi, hydrat va

solvat cua no, ¢ the von c¢6 hodc bang thiét ké tao ra dang da hinh.

Phén ti thé dugce uvu tién c6 khoang tri sb dugc wu tién hodc khoang dugc uu
tién clia cac gbc cb trong hop chét co cong thie I va cac hop chét trung gian twong tng
dugc x4c dinh duéi day. Dinh nghia vé cac phan tir thé 4p dung cho san pham cudi
cing nhu cac chét trung gian twong tng. Pinh nghia vé& cac phan tir thé c6 thé duoc két
hop tuy y, vi dy, cac phén tr thé dugc wu tién A va cu thé 1a cac phé‘m ttr thé duogc vu

tién R] .

Theo mdt phuong 4n, séng ché d& xuit hop chét c6 cong thuc I, trong d6 R; 1a

Ci.salkyl, Cs¢xycloalkyl, Cs¢xycloalkyl-C;.alkyl.

Theo mdt phuong 4n, séng ché d& xuit hop chét c6 cong thuc I, trong d6 R, 1a

-C;_4alkyl hodc Cs.sxycloalkyl.
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Theo mdt phuong 4n, sang ché dé xuat hop chét c6 cong thirc I, trong d6 R 13
isopropyl, xyclopropyl, xyclobutyl hodc xyclopentyl.
Theo mot phuong an, sang ché dé xudt hop chét c6 cong thirc I, trong d6 R, 1a
isopropyl.
Theo mot phuong an, sang ché dé xudt hop chét c6 cong thirc I, trong dé R, 1a

xyclobutyl.

Theo mot phuong 4n, sang ché dé xuét hop chit c¢6 cong thuc I, trong d6 m 13 1.

Theo mot phwong an, sang ché d& xuét hop chét c6 cong thirc I, trong d6 m 1a 2.

Theo mdt phuong 4an, sang ché d& xuit hop chét c6 cong thire I, trong d6 n 14 0,
1 hodc 2 va trong d6 mdi R, doc lap 1a halogen, Cj4alkyl, C;shalogenalkyl, C;.
salkoxy, C;.shalogenalkoxy hodc C;.4xycloalkyl; hodc hai R, trén cing mot nguyén tur

cacbon cung v&i nguyén tir cacbon nay tao thanh C;_4xycloalkyl.

Theo mot phwong 4n, sang ché d& xuét hop chit c6 cong thire I, trong d6 n 12 0.

Theo mot phuong 4n, sang ché dé xudt hop chét c6 cong thirc I, trong do X, la

OXYy.

Theo mdt phuong an, sang ché dé xuét hop chét c6 cong thue I, trong d6 X 1a —
N(R4)- va Ry 1a hydro, Cyealkyl, C;_¢xycloalkyl, hodc Cs_ ¢xycloalkyl-Cy_alkyl.

Theo mot phuong 4n, séng ché dé& xuit hop chit c6 cong thirc I, trong d6 X, 1a —
N(Ry)- va R4 12 hydro.

Theo mdt phuong &n, séng ché d& xuit hop chét c6 cong thire I, trong do plal

vaqlal.

Theo mdt phuong 4n, sang ché d& xuit hop cht co cong thire I, trong d6 p 1a 0

vaqlal.
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Theo mdt phwong 4n, sang ché d& xuét hop chét c6 cong thire I, trong d6 p 12 0

vaqlao.

Theo mdt phwong 4n, sang ché d& xuét hop chit c6 cong thirc I, trong d6 r 12 0,
1 hodc 2 va trong d6 mdi R; ddc lap 1a halogen, Ci.salkyl, C;4halogenalkyl, C;.
salkoxy, C;.shalogenalkoxy hodc C;_4xycloalkyl; hodc hai Rz trén cling mot nguyén ti

cacbon cung vgi nguyén tir cacbon nay tao thanh Cs_4xycloalkyl.

Theo mdt phurong 4n, sang ché d& xuét hop chit c6 cong thie I, trong d6 r 14 0.

Theo mot phuong 4n, sang ché dé xudt hop chét ¢6 cong thic I, trong d6 A la

Al:
Rs
I
(N\/o
|~
P Ro)
(Al);
trong d6, lién két danh dau hoa thi dugc gén véi nguyén t nito.
Theo mdt phwong 4n, sang ché dé xuét hop chit c¢6 cong thire I, trong d6 A 1a
Al;

Rs 1a hydro, C;_salkyl, C;_shalogenalkyl hodc C;_4xycloalkyl,;
sla0, 1 hodc2; va

mdi Ry doc lap 1a halogen, C;.alkyl, C;.4halogenalkyl, Ci4alkoxy, C;.
shalogenalkoxy hodc C;_4xycloalkyl.

Theo mot phuong an, sang ché dé xuét hop chét co cong thuce I, trong do A 1a

Al, Rs 14 hydro hodc metyl, vasla 0.
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Theo mdt phuong 4an, sang ché d& xuét hop chit c6 cong thic I, trong d6 A 1a

A2:
Rs
I
N (0]
Nl/ \/
SN
. / \/ (RG)S
(A2);
trong d6, lién két danh diu hoa thi dugc gin v6i nguyén tir nito;
vaslao, 1 hoac 2.
Theo mot phuong 4an, sang ché dé xudt hop chét c¢6 cong thuc I, trong d6 A 1a
A2;

Rs 1a hydro, Cy.4alkyl, C;_4halogenalkyl hodc C;_4xycloalkyl;
sla0, 1 hodc2;va

mdi Ry doc lap la halogen, Cjjalkyl, C;jshalogenalkyl, Cjalkoxy, C;.
shalogenalkoxy hodc Cs.4xycloalkyl.

Theo mdt phwong 4n, sang ché dé xuét hop chit ¢6 cong thuc I, trong d6 A la

A2, Rs 1a hydro hodc metyl, va s 1a 0.

Theo mdt phwong 4n, sang ché dé xuét hop chit ¢6 cong thuc I, trong d6 A la
A3:

(A3):

trong d6, lién két danh dau hoa thi dugc gén v6i nguyén tir nito.
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Theo mot phuong 4n, sang ché dé xuét hop chét c6 cong thirc I, trong do A 1a
A3;
Rs 1a hydro, C;_4alkyl, C;.shalogenalkyl hodc C;_4xycloalkyl;
sla0, 1 hodc2; va

mdi Rg ddc lap 1a halogen, Cjjalkyl, Ci4halogenalkyl, C;jalkoxy, Ci.

shalogenalkoxy hodc C;_4xycloalkyl.

Theo mdt phwong 4n, sang ché dé xudt hop chit c6 cong thuc I, trong d6 A 1a

A3, Rs 1a hydro hodc metyl, vas 1a 0.

Theo mot phwong 4n, sang ché dé xudt hop chét c6 cong thic I, trong do A 1a

A4:
Rs
I
N 0]
X
)\/ (Re)s
*
(Ad);
trong d6, lién két danh diu hoa thi dugc gén v6i nguyén tir nito;
vaslao, 1 hoac 2.
Theo mdt phuong 4n, sang ché dé xuit hop chét co cong thuce I, trong d6 A 1a
A4,

Rs1a hydro, Cy_4alkyl, C;_shalogenalkyl hodc C3_4xycloalkyl;
sla 0, 1 hoac2; va

mdi Ry dodc lap 1a halogen, Cjalkyl, Cjshalogenalkyl, C,4alkoxy, C;.
shalogenalkoxy hodc C;_4xycloalkyl.

Theo mdt phuong 4n, sang ché d& xudt hop chét co cong thuc I, trong d6 A 1a

A4, Rs 1a hydro hodc metyl, vas 1a 0.
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Theo m6t phuong 4n, sang ché d& xult hop chét c6 cong thire I, trong do:

R, 1a isopropyl hodc xyclobutyl; m 1a 1; n 13 0, 1 ho#c 2; mdi R, doc 1ap 1a
halogen, Cjjalkyl, Cjshalogenalkyl, Cijalkoxy, C;shalogenalkoxy hodc C;.
sxycloalkyl; hodc hai R, trén cung mdt nguyén t& cacbon cung véi nguyén tir cacbon

nay tao thanh C;_4xycloalkyl;
X 1a oxy;

plalvaqlal;rla0, 1 hodc 2; trong do mdi R3 doc lap 1a halogen, C;_salkyl,
Ci.shalogenalkyl, C;_jalkoxy, Ci.shalogenalkoxy hodc Cj.4xycloalkyl; hodc hai R trén
cung mot nguyén tr cacbon cung voi nguyén tir cacbon nay tao thanh Cs4xycloalkyl;

A la duoc chon tir A3 va A4:

I Ts

N (0]
b

IR I \\/

G (Re)s

*
(A3); (A4);

trong d6, lién két danh dau hoa thi dugc gén v6i nguyén tir nito;
Rs 12 hydro hodc metyl;
sla 0, 1 hodc2;va

mdi R¢ doc lap 1a halogen, Cjgalkyl, C;4halogenalkyl, C;jalkoxy, Ci.

shalogenalkoxy hodc C;_4xycloalkyl.

Theo mot phuong 4n, sang ché dé xuét hop chét c¢6 cong thie I, trong do:
R; 1a isopropyl hodc xyclobutyl; m1a 1 van la 0;
X la oxy;

plalvaqlal;rla0;vaA duge chon tir A3 va A4:
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| Rs
b
| I Ros I \\/
G (Re)s
*
(A3); (A4);
trong d6, lién két danh ddu hoa thi dugc gén v6i nguyén ti nito;

va Rs 1a hydro hodc metyl; vasl1a 0.

Theo mot phuong 4n, sang ché d& xuét hop chét c6 cong thirc I, trong do:
R, 1a Cyalkyl hodc C;¢xycloalkyl;

mlalvanlaoO;

X 1a oxy;

plalvaqlal;rla0; va

Ala

Rs

X5~ Y
U, _ ro

e

0]

trong do, lién két danh d4u hoa thi duoc g'fm V@i nguyén t nito;
X, la nito hodc cacbon;

Rs 12 hydro hodc Cy.¢alkyl; va s 1a 0.

Theo mot phuong 4n, sang ché d& xudt hop chét ¢6 cong thie I, trong do:
R; 1a Cyealkyl hodc C;_gxycloalkyl;
mlalvanlao;

Xi 1a oxy;
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plalvaqlal;rlao;va

A duogc chon tir A3 va A4:

Rs
I Rs
N (o] |
N (0]
R NG
~Z (Re)s )|\/\(R6)s
(A3); (A4);

trong do, lién két danh ddu hoa thi duoc gin v6i nguyén tir nito;

Rs 1a hydro hodc Cy.¢alkyl; vas1a 0.

Theo mot phuong 4an, sang ché dé xuit hop chét co cong thuec I, trong d6:
R, 1a isopropyl, xyclopropyl hodc xyclobutyl;

mlalvanlaoO;

X la oxy;

plalvaqlal;rla0;va

A la:

Rs
l
N (0]

x5 ¢

L o,

trong do, lién két d4nh déu hoa thi duoc gin v6i nguyén tir nito;
X, 1a nito hodc cacbon;

Rs 1a hydro, metyl hodc etyl; va s 13 0.

Theo mdt phuong 4n, sang ché dé xuit hop chét c6 cong thire I, trong do:

R, 1a isopropyl, xyclopropyl hodc xyclobutyl;
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mlalvanlao;
X 1a oxy;

plalvaqlal;rla0; va A dugc chon tir A3 va A4:

Rs
A o e
N (o]
e v
Se T
(A3); (Ad);

trong d6, lién két danh d4u hoa thi dugc gin véi nguyén tir nito;

Rs 1a hydro, metyl hodc etyl; va s 1a 0.

Theo phuong an dugc wu tién, sang ché dé cap dén mét hodc nhiéu hop chét co
cong thire I duge mo ta trong phan Vi du thuc hién sang ché dudi diy hodc mubi cia

chung.

Céac vi du khac vé cac hop chét thich hop theo séng ché 1a cac hop chét dugc

chon tir nhém P duéi day:
Nhom P: céc hop chét thich hop theo séng ché:

1-(6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-y1 4-xyclobutylpiperazin-1-

carboxylat;

1-(1-metyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-

isopropylpiperazin- 1-carboxylat;

1-(6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-isopropylpiperazin-1-

carboxylat;

1-(6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-xyclopropylpiperazin-1-

carboxylat;

1-(1-metyl-6-o0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-

xyclobutylpiperazin-1-carboxylat;
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1-(1-etyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-isopropylpiperazin-
1-carboxylat;

1-(1-metyl-2-o0xo0-1,2-dihydropyridin-4-yl)piperidin-4-yl 4-isopropylpiperazin-

1-carboxylat;

1-(2-0xo0-1,2-dihydropyridin-4-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat;
1-(2-o0xo0-1,2-dihydropyridin-4-yl)piperidin-4-yl 4-isopropylpiperazin-1-

carboxylat; hodc

1-(6-0x0-1,6-dihydropyridin-3-yl)piperidin-4-yl 4-isopropylpiperazin-1-

carboxylat;
hodc muoi cuia céc hgp chat nay.

Theo khia canh khéc, sdng ché ciing d& xuét quy trinh san xuit hop chét ¢
cong thirc I-1. Hop chét ¢ cong thirc I-1 ¢6 thé thu dugc theo quy trinh sau day nhu

dugce mo ta trong so dd 1:

So do 1:

-1 1

Hop chét ¢co cong thue I-1, trong d6 A, Ry, Ry, R3, m, n, p, q va r 1a nhu duoc
xac dinh theo cong thirc I, ¢6 thé thu duge bing cach cho hop chét ¢6 cong thuc II-1,
trong d6 A, Rs, p, q va r 1a nhu dugc xac dinh theo cdng thic I va R, 1a nhom roi
chuyén, vi du, halogen, nhu 14 clo, hodc 4-nitrophenyloxy (tét hon néu R, 13 4-
nitrophenyloxy) phan tng véi hop chit c6 cong thire III, trong d6 Ry, Ry, m va n la
nhu dugc x4c dinh theo cong thic I, khi c6 mit bazo thich hop, vi du,

diisopropyletylamin, khi c6 mat dung mdi thich hop, vi du, pyridin.

-23-



21606

Theo khia canh khac, sang ché ciing dé xuét quy trinh san xut hop chét co
cong thirc 1-2. Hop chét c6 cong thirc I-2 ¢6 thé thu dugce theo quy trinh du6i day nhu

dugc md ta trong so do 2:

So dd 2:
(Ry)n
(Ryr N m A
’ _A Ry ®Rpn 9 (1 7o
((fTa /°N m 2 )J\

-2 1-2

Hop chét c6 cong thie I-2, trong d6 A, Ry, Ry, R3, m, n, p, q va r 1a nhu duoc
xéc dinh theo cong thirc I, ¢6 thé thu duoc bing cach cho hop chét ¢6 cong thirc 11-2,
trong d6 A, Rs, p, q va r 1a nhu dugc xéc dinh theo cong thtrc I phan tmg véi hop chét
6 cong thire 111, trong dé Ry, R,, m va n 13 nhu dugce x4c dinh theo cong thuc I, khi c6
vmaflt carbonyldiimidazol, bazo thich hop, vi du, diisopropyletylamin, va dung moéi thich

hop, vi dy, dimetylformamit.

Hop chit c6 cong thirc I khac hodc tién chit ciia né c6 thé thu duge tir hop chét
¢ cong thirc I-1 hodc I-2, duge didu ché nhu duoc mo ta theo so dd 1 hodc 2, hodc
tién chét cia no (vi du, hop chit co6 cong thtre II-1, II-2 va/hodc III) béng qué trinh
khir, qua trinh oxi hoa va/hodc cac qua trinh chirc héa khic ciia hop chit thu duge
va/hoic bang su phan cit nhom bao vé bat ky tity ¥ ¢6 mat, va su thu hdi cta cac hop
chat c¢6 cong thirc I thu dugc. Hop chét ¢6 cong thire [ cling c6 thé duoc didu ché bang
cic quy trinh théng thuong khéc, vi dy, nhu dugc md ta trong phin Vi du thuc hién

sang ch€, cac quy trinh nay 1a cac khia canh khac cua sang ché.

Séng ché cling dy lidu ring hop chat ¢6 cong thire (I) ¢6 thé duge tao ra bing

chuyén dang sinh hoc in vivo tir cdc tién thudc.

Céc phan ng ndy c6 thé dugc thyc hién bing cac phuong phap thong thuong,

vi dy, nhu dugc md ta trong phan Vi du thuc hién sang ché.

Viéc didu ché hdn hop phan ttng va tinh ché hop chét thu duge nay c6 thé duoc

thuc hién theo céc quy trinh da biét.
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Mudi cong axit ¢ thé dugc didu ché tir céc bazo tu do theo cac phuong thirc da

bi€t, va nguoc lai.

Nguyén liéu ban dau, vi du, hop chét co cong thtre II-1, II-2 va III ¢6 thé duoc
biét hodc dwgc didu ché theo cac quy trinh théng thudong bit ddu tir cac hop chét da

biét, vi du, nhu dugc mo ta trong phé‘m Vi du thuc hién sang ché.

Theo khia canh khéc, sang ché ciling d& xuét quy trinh sén xuét hop chét co
cong thirc II-1. Hop chét ¢6 cong thuc II-1 ¢6 thé thu duge theo quy trinh duéi day

nhu duge mo ta trong so dd 3:

So db 3:
(Ryr
(74 (R, )r R.-C{O)-R, (Ryr
{7a /"NH 1/7<N /,n v n
Byt p—— .
HO P bwée 3.1 /I\H!:J buwdc 1.2 /U\ /LHH
HU Rl 0
VII-1 it |
V-1 -1

Buéc 3.1: Hop chit ¢6 cbng thirc V-1, trong d6 A, Rs, p, q va r 1a nhu duge xac
dinh theo cdng thirc I, ¢6 thé thu duge bang cach cho hop chat c¢6 cong thuc VII-1,
trong d6 Rs, p, q va r 1a nhu duge xac dinh theo cong thire I phén ng véi hop chét c6
cdng thire VI, trong d6 A 1a nhu dugc xac dinh theo c¢dng thic I va Ry 1a halogen, vi
dy, clo, khi c6 mdt bazo thich hop, vi du, diisopropyletylamin, va tiy y khi c¢6 mit

dung moi thich hop.

Budce 3.2: Hop chét ¢6 cong thic II-1, trong d6 A, Ry, Ry, R3, m, n, p, qvar la
nhu dugc xéc dinh theo cong thic I, ¢6 thé thu duoc béng cach cho hop chét ¢6 cong
thirc V-1 phén tmg v6i hop chét ¢ cong thirc IV, trong do6 R, 1a halogen, vi du, clo, va
R, 12 nhém rdi chuyén, vi du, halogen hodc 4-nitrophenyloxy (6t hon néu R, 1a 4-
nitrophenyloxy), véi su ¢6 mit ciia bazo thich hop, vi dy, diisopropyletylamin, va véi

su ¢6 mdt ctia dung moi thich hgp, vi du, pyridin.

Theo khia canh khac, sang ché ciing d& xuit hop chét méi co cong thic II-1:
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(Ry)r

A
N

hodc mudi cua né; trong do p, g, r, R3 va A 13 nhu dugc xac dinh theo cong thire

(II-1);

I; R, 1a nhom roi chuyén, vi dy, halogen, nhu 14 clo, hodc nhém duoc chon tur:
0
N
R'_ ; / * . /\ ~
A N—o ¥ 5 NT N,
0" \—/
(0]

trong d6, lién két duoc danh déu hoa thi duoc gin véi nhém carbonyl;

.
>

trong d6, R’ 1a hydro hoic nitro; t6t hon néu R, 1a 4-nitrophenyloxy.

Theo mét phuong 4n ctlia khia canh khac da néu, sang ché dé xuat hop chét c6

cong thuc II-1, trong d6:

plalvaqlal;

plaOvaqlal;hodc

plaOvaqlao;

r 1a 0, 1 hodc 2 va trong d6 mdi R, doc 1ap 1a halogen, C;jalkyl, C.
shalogenalkyl, Ci4alkoxy, C;4halogenalkoxy hodc Cs4xycloalkyl; hodc hai R, trén

cung mot nguyén tir cacbon cling véi nguyén tir cacbon ndy tao thanh Cs4xycloalkyl;

va
A '1a A4 hodc AS.

Theo mot phuong an ctia khia canh khac da néu, séng ché dé xudt hop chét co
cong thic II-1, trong d6 R, la isopropyl; m 1a 1; X; laoxy; plalvaqlal;nla0;pla
Ivaqlal; AlaA4 hodc AS; va Rs 14 hydro hodc metyl,
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Theo mot phuong 4n ciia khia canh khac dd néu, sang ché dé xuét hop chit c6
cong thuc II-1, trong d6 R; 1a xyclobutyl; m1a 1; X; laoxy;plalvaqlal;nla0;pla
lvaqlal; Ala A4 hodc AS; va Rs 1a hydro hoac metyl,

Theo mot khia canh khéc, sang ché dé xuét dugc phdm chira hop chit theo sang
ché va chét mang dugc dung. Dugc phém nay co thé dugc bao ché cho cac con duong
dung cu thé nhu 1a dung qua duong miéng, ding qua dudng ngoai rudt, va dung qua
dudng truc trang, v.v. Ngoai ra, dugc phdm theo sang ché co thé dugc tao ra & dang
rdn bao gém vién nang, vién nén dang dai, vién nén dang tron, dang hat nho, dang bot
hodc dugc pham dan, hodc & dang 16ng bao gdm dung dich, dang huyén phi hodc nhil
trong. Cac dugc phdm nay co6 thé duogc trai qua cac buéc xttr 1y duoc phim thong
thuong nhu 1a khtt tring va/hodc ¢ thé chira chit pha lodng tro thong thudng, chét
lam tron, hodc chét dém, cling nhu céc t4 dugc, nhu 1a chét bao quan, chéit 1am én

dinh, chét gay thdm, chét tao nhil tuong va chit dém, v.v.
Thong thuong, cac duge phim nay 14 vién nén dang dai va vién nang gelatin
chira hoat chat theo sang ché cung véi:
a) chét pha lodng, vi dy, lactoza, dextroza, sucroza, manitol, sorbitol,
xenluloza va/hodc glyxin;
b) chit lam tron, vi du, silic dioxit, hoat thach, axit stearic, mudi magie
hodc canxi ctia n6 va/hodc polyetylenglycol; ciing dung cho vién nén dang dai
c) chét két dinh, vi dy, magie nhom silicat, hd tinh bot, gelatin, tragacan,
metylxenluloza, natri carboxymetylxenluloza va/hoic polyvinylpyrolidon; néu
dugc yéu cu
d) chit gay ra, vi dy, tinh bot, thach aga, axit alginic hoic mudi natri cta
n6, hodc hdn hop 1am sui bot; va/hodc
e) chét hép thu, chit tao mau, chit tao mui va chét tao ngot.
Vién nén dang dai ¢ thé duoc bao mang hodc dugc bao tan trong rudt theo cac
‘phuong phép da biét trong linh vuc nay.
Ché pham thich hop dé dung qua dudng miéng chira lugng cé hidu qua cta hop
chit theo sang ché dudi dang vién nén dang dai, dang vién ngam, huyén phu dang

nudc hodc huyén phu dang dau, dang bot phén tan hodc dang hat nho, nhii tvong, vién
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nang cting hodc vién nang mém, hoic dang sird hoic dang con ngot. Cac ché phim
duoc du dinh dé ding qua dudong miéng duoc bao ché theo phuong phap bat ky da biét
trong linh vuc nay dé san xuit dugc phdm va cac ché phdm nay c6 thé chira mot hoic
nhiéu chét dugc chon tir nhom bao gé)m chét tao ngot, chét tao mui, chét tao mau va
chat bao quan dé cung cép cac duge phim dep mét va d& ubng. Vién nén dang dai
chtra hoat chét theo sang ché tron 13n véi céc ta dugc duge dung khong giy doc thich
hop cho viée san xuét vién nén dang dai. Céc t4 dugc nay 13, vi du, chét pha lodng tro,
nhu la canxi cacbonat, natri cacbonat, lactoza, canxi phosphat hodc natri phosphat;
chét tao hat nho va chét gly ré, vi duy, tinh bdt ngd hodc axit aclginic; chét két dinh, vi
dy, tinh bot, gelatin hodc gém acaxia; va chit lam tron, vi du, magie stearat, axit
stearic hodc bot talc. Vién nén dang dai nay cé thé & dang khong dugc bao hodc dugce
bao bing céac k¥ thut da biét dé tri hodn qué trinh phén rd va hip thy trong éng tiéu
hoéa do do tao ra tac dong giai phong chadm trong mot khoang thoi gian dai. Vi du, vat
liéu tri hoan thoi gian c6 thé dugc sir dung nhu 13 glyxeryl monostearat hoic glyxeryl
distearat. Ché phdm dé dung qua dudng miéng c6 thé c6 mit & dang vién nang gelatin
cling trong d6 hoat chéit theo sang ché dwgc tron véi chét rin pha loédng tro, vi du,
canxi cacbonat, canxi phosphat hodc akaolin, hodc & dang vién nang gelatin mém
‘trong d6 hoat chat theo sang ché dugc tron v6i moi trudng nudce hodic moi truong dau,

vi du, diu d4au phong, parafin dang 16ng hodc dau oliu.

Céc ché phdm dé ding qua dudng tiém 1a cac dung dich hodc huyén phu déng
truong va dugc phdm dan duoc bao ché mot cach dé dang tr nhil twong hoic huyén
phtt béo. Cac ché phim da néu c6 thé duge khi trung va/hodc chira céc ta dugce nhu la
chét béo quan, chit 1am 6n dinh, chét gay thdm hodc chét tao nhil tuong, chét hoat hoa
dung dich, mudi dé didu hoa 4p sudt thAm thau va/hoic chit dém. Ngoai ra, cac ché
phdm nay con c6 thé chira céc chét c6 tac dung didu tri khac. Cac ché phim da néu
dugc bao ché theo phuong phap thong thudng twong tng 1a phwong phép tron, phuong
phap tao hat nh6 hodc phuong phap bao pht, va chira khoang 0,1 dén 75% hoat chét,
hodc chtra khoang 1 d&n 50% hoat chét.

Ché phém thich hop dé dung qua da chira lugng c6 hidu qua ctia hop chét theo
sang ché va chit mang. Céc chét mang bao gdm dung méi dugc dung hap thy dugc dé
hd trg ché phim nay di qua da cta vét chu. Vi du, dung cu dé ding qua da & duéi dang

miéng bang c6 16p 16t dung cu chira chira hop chét nay véi chit mang tuy y, tiy y cé
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phan chan di€u khién toc d9 d€ truyén hop chat nay dén da cua vat chu vai toe do duoce
didu khién va duoc dinh sén trong khoang thoi gian dai va nhim gdn chit dung cu nay

v&i da cda vat chu.

Ché pham thich hop dé dung tai chd, vi du, trén da va mét, bao gdm céc dung
dich chira nudc, huyén phu, ché phim dang md, dang kem, dang gel hoac dang phun,
vi du, dé van chuyén bang sol khi hoic twong tu. Hé théng van chuyén dé dung tai chd
‘nay déc bi¢t thich hop dé dung trén da, vi duy, dé diéu tri bénh ung thu da, vi du, dé
phong bénh dung dang kem chéng ning, kem lotion, dang xit va twong tu. Cac ché
phdm nay dic biét thich hop dé dung tai chd, bao gébm m¥ phdm, ché phim dugc biét
1 trong linh vuc nay. Cac ché phim nay c6 thé chira chit hoa tan, chat lam dn dinh,

chit tang cuong lyc trrong, chit dém va chit bao quan.

Trong ban md ta nay, ché phim dung tai chd ciing lién quan dén ché phim dang
hit hogc dang dung trong miii. Cac ché phim nay dwoc véin chuyén thuan tién & dang
bot kho (céd thé 1a dang don 1¢, dang hon hop, vi du, hdn hop bdt kho tron véi lactoza,
hoac dugc tron véi cac hat thanh phén, vi du, véi phospholipit) tir dung cu hit bdt kho
hodc méy phun khi dung tir binh c6 diéu 4p, bom, binh phun, may phun hodc may

x6ng dung hogc khong dung chit diy thich hop.

Sang ché ciing d& xuét cac duge phim dang khan va dang phén lidu chira hop
chat theo sang ché 1am hoat chét, do nuéc c6 thé gdy ra su phan hiy cia mét sé hop

chit.

Dugc pham dang khan va dang phén lidu theo sang ché c6 thé dugc bao ché khi
dung cac thanh phan khan hoic c¢6 luong 4m it va trong diéu kién hoi im it hodc do 4m
it. Dugc phdm dang khan c6 thé dugc bao ché va bao quan sao cho tinh khan ban dau
ctia n6 duge gitt nguyén. Do vy, t6t hon néu ché phdm dang khan duoc déng gbi bang
céc vat liéu da biét 1a c6 thé ngan ngira su tiép xtc voi nude sao cho ché phim nay
duge chira trong céc kit ché phém thich hop. Vi du vé su bao g6i thich hop bao gdm,
nhung khong bi gi6i han béi, 14 kim loai han kin, tti nhua, dung cu chira lidu don vi

(vi du, dang 6ng), déng goi dang vi rdng, va dong g6i dang day.

Sang cheé cling d¢ xuat dugc pham va dang li€u gdom mot hodc nhiéu chat dé

giam tdc dd phén hiy cta hoat chit 1a hop chit theo sang ché. Céc chit dugc dé cap &
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day 1a "chit 1am 6n dinh” bao gbém, nhung khong chi giéi han & chit chdng oxi hoa

nhu 13 axit ascorbic, chit dém duy tri pH, hodc chit dém duy tri do mubi, v.v.

Nhu dugc sit dung & ddy, thuat ngit "chit mang dwgc dung" bao gdm bt ky
trong sb va tit ca cac dung mdi, moi truong phan tan, chét phi, chit hoat dong bé mat,
chét chéng oxi hoa, chit bao quén (vi dy, chét khéang khuén, chit khéng ném), chét
-déng truong, chét tri hoan su hép thu, muéi, chét bao quan, dugc phém, chit 1am én
dinh duoc phém, chét két dinh, t4 duoc, chét phén tan, chét 1am tron, chét tao ngot,
chit tao mui, thubc nhudm, céc nguyén liéu tuong tu va td hop cua ching duoc biét
dén boi ngudi ¢6 hidu biét trung binh trong linh vuc nay (tham khao, vi du, tai liéu
Remington's Pharmaceutical Sciences, 18th Ed. Mack Printing Company, 1990, pp.
1289- 1329). Ngoai trir truong hop cia chit mang thong thudng bét ky 13 khong twong
thich v&i hoat chét theo séng ché, viéc dung né trong diéu tri hodc duogc phém nam

trong du dinh ctia sang ché nay.

Hop chit ¢ cong thire I hodc mubi dugce dung ctia nd tao ra cac tac dung dugc
1y ¢6 gia tri, do d6 hitu ich d& ding lam dugc phim.

Hon nita, hop chét ¢6 cong thie I ¢ thé hitu ich dé nghién ctru thu thé H3, vi
du, lam hop chét cdng cu.

Dic biét, hop chét c6 cong thire I tao ra tac dong dbi khang thu thé H3 & thy thé
H3 cua nguoi.

Nhu duge st dung & ddy, thudt ngir “chét ddi khang thu thé H3” bao gbm chét
chit van nghich dao thu thé H3 va chit déi khang trung hoa thu thé H3.

T4c dong d6i khéng thu thé H3 c6 thé duoc x4c dinh in vitro, vi dy, thy thé H3
tai t6 hop c6 ngudn gbe cia ngudi bang cach st dung cac quy trinh khac nhau nhu 1a,
vi dy, do su tc ché vi€c tdng néng d6 cAMP noi bao do chét chu van néu trén gay ra,
vi du, nhu dugec md ta trong ban mo ta nay.

Do d6, hop chét theo sang ché c¢6 thé hitu ich trong viéc ngin nglra, didu tri
hoic tri hodn sy tién trién cua céc rdi loan trung gian bai thu thé H3.

Céc rdi loan trung gian béi thu thé H3 c6 thé 13, vi du,

i) cac rbi loan vé gidc ngl va mat ngtl véi sur budn ngii qué mirc vao ban ngay;

nhu 1a chirng ngu rd, vi du, ching ngt i ¢6 hodc khong c6 su té liét nhat thoi; hoi
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chiing ng rii thir cip; hoi chimng ngung thé khi nga trung tdm; hodc hoi ching ngung

thd khi ngit do téc nghén;

ii) cac rdi loan hodc tinh trang lién quan dén su gia tdng mét madi hodc chung
ngu lim; nhu 1a mét moi lién quan dén bénh ty mién, vi dy, bénh da xo ciing hodc bénh
‘viém khép dang thip; chirg mét méi lién quan dén cac rdi loan thoai héa than kinh, vi
du, bénh Parkinson, bénh teo da hé théng, hdi chiing Shy-Drager hodc bénh liét trén
nhan tién trién; chiing mét moi lién quan dén céac tinh trang strc khoe khac hodc viéc
diéu tri cac tinh trang nay, nhu 1a bénh trAm cam, hoi chung kiét strc, hodc r6i loan
thich Gmg; cac rdi loan cang thing din dén mét moi, vi du, rdi loan cing thing cip
hoic réi loan cing thing sau chin thuong; chirng mét moi lién quan dén bénh ung thu;
chirng mét moi lién quan dén hoa tri; chimg mét méi do lam viée ngoai gio; bay duong
dai; hoi ching mét méi man tinh; bénh dau co; chitng mét moéi suy nhuge sau nhiém

khudn; chimg mét moéi sau phiu thuat hodc chtng hoa mit;

iii) cac rdi loan hodc tinh trang vé&i sy suy giam nhin théc; nhu 1a bénh
Alzheimer; bénh suy giam nhan thirc nhe; bénh sa sut tri tué thé Lewy lan téa; bénh sa
sut tri tué mach; bénh Huntington; bénh Wilson; bénh sa sut tri tué tran thai duong;
cdc dang khac clia bénh sa sut tri tué do nguyén nhan thuc thé hodc bénh suy gidm
nhén thtrc do nguyén nhan thuc thé; bénh da xo cing; bénh tam than phan liét; r6i loan

tam thén dé xtc cdm; rdi loan cdm xic ludng cuc;

iv) cac 16i loan do lam dung dugc phém kich thich ho#c chét gy nghién; nhu 1a
rugu, cocain, opioit, canabinoit, nicotin hodc lam dung céac chét kich thich hodc cac
chat c6 tiém ning gy nghién khéc;

v) cdc tinh trang khong do lam dung dugc phém kich thich; nhu 1a nghién co
bac;

vi) cac rdi loan lién quan dén rdi loan hanh vi #n ubng va/hodc hoi chung
chuyén hoa; nhu 1a do dugc phém chéng r6i loan tAm than kém theo tdng can; hoi
ching Prader-Willi; hoi chimg Moon-Bardet-Biedl; chimg béo phi; bénh trAm cam
khong dién hinh; bénh in-6i; hodc rdi loan dn qua nhiéu;

vii) céc rbi loan do su gia tang lo lang; nhu 14 réi loan lo au tbng quat; réi loan

lo 4u x& hdi; hodc roi loan hoang so;
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viii) cac r6i loan lién quan dén bénh thin kinh-tAm than hoic bénh thin kinh
khac; nhu 13 hoi ching Tourette; r6i loan tic so cap; réi loan tic thir cép; rdi loan ting
dong giam chu y; ri loan 4m anh cudng ché; réi loan dau dau, vi dy, ching dau nira
d4u kinh nién, chimng dau nira ddu man tinh, chimg dau déu tirng con, hodc ching dau
cing dau; cac réi loan cip lién quan dén mét noron than kinh, vi dy, dot quy; rdi loan

hanh vi gidc ngd REM; héi ching chan khong yén; hodic bénh dong kinh;

ix) céc tinh trang hodc r6i loan vé strc khoe khac; nhu 13 rbi loan véi thinh giac
‘suy giam; chong mat; bénh Menieres; bénh ghé ngra; bénh ngtra; bénh dau do viém;
dau do b¢nh ly than kinh; bénh tiéu duong; bénh ung thu; bénh xo vita ddng mach;

bénh di rng; hodc bénh viém mili di Uing;

Pic biét quan trong 1a viée diéu tri ching ngu rii; ching mét méi lién quan dén
bénh da xo cing; chimg mét méi li€n quan dén bénh Parkinson; su suy gidm nhan thic
lién quan dén ching tdm than phan liét; sy suy giam nhan thtc lién quan dén bénh
Alzheimer; bénh suy gidm nhén thitc nhe; hdi chiing Tourette; hodc rdi loan tang dong
giam chu y.

V6i cac dau hiéu d3 néu trén (céc tinh trang va rdi loan), lidu thich hop s€& khac
nhau phu thudc vao, vi du, hop chit dugc dung, vt cha, phuong thire st dung va tinh
chét va mic d6 nghiém trong clia tinh trang dugc diéu tri. Tuy nhién, nhin chung, két
qué kha quan thu dugc trén cdc dong vat véi lidu ding hang ngay duoc chi dinh tir
khoang 0,001 dén khoang 500mg/kg trong luong co thé, tdt hon néu tir khoang 0,1 dén
khoang 10mg/kg trong lwong co thé, vi du, 1mg/kg. Vi cac dong vat ¢6 via 16n hon, vi
du, con ngudi, lidu ding hang ngay dugc chi dinh 1a trong khoang tir khoang 0,1 d&én
khoang 1000mg, t6t hon néu tir khoang 0,1 dén khoang 400mg, t6t nhat néu tir khoang
0,1 dén khoang 100mg ctia hop chit theo sang ché ding cach thuan tién, vi du, phan
liéu Ién t6i bon 1an trén ngay.

Dé dung theo nhu séng ché, hop cht theo sang ché c6 thé dugc dung dudi dang
hoat chat don hodc két hop véi cac hoat chét khac, theo cach thirc thong thuong bét ky,
vi du, qua duong miéng, vi du, dudi dang vién nén dang dai hodc vién nang, hoic qua
dudng tiém, vi dy, duéi dang dung dich tiém hodc huyén phu. TS hop chira hop chit
theo sang ché va mot hodc nhiéu hoat chit diéu tri bénh khéc s& dugc goi 1a “td hop

theo sang ché”.
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Trong trudng hop clia chimg ngi rii, hop chét theo sang ché c6 thé duoc két
hop vai it nhét mot hoat chit dugc chon tir nhém bao gém:

chit we ché su tai he‘ip thu noradrenalin-dopamin, nhu 14 modafinil hodc

armodafinil;
chat chong tram cdm c6 ba vong hodc bon vong, nhur 1a clomipramin;

chat rc ché sy tai hdp thu serotonin-noradrenalin, nhu la venlafaxin hodc

duloxetin;
chét tc ché su tai hép thu chon loc serotonin, nhu 14 paroxetin;
chét @re ché sy tai hép thu noradrenalin, nhu 13 reboxetin hoidc atomoxetin;
chat trc ché MAO-B nhu 2 selegilin;
gama-hydroxy-butyrat; va
dugc phdm kich thich tdm thin, nhu 13 metylphenidat.
T4 hop theo sang ché da néu 1a hitu ich dé didu tri ching ngt rii.

Trong trudng hop ciia chitng mét moi lién quan dén bénh da xo clng, hop cht
theo sang ché co thé duoc két hop véi it nhit mot hoat chét duogc chon tir nhém bao

gom:
chit tuong tu sphingosin-1-phosphat, nhu 13 fingolimod; va

chét trc ché mién dich khéc, nhu 1a prednisolon hodc methotrexat.

Trong trudong hop cla chimg mét méi lién quan dén bénh Parkinson, hop chét
theo séng ché c6 thé duoc két hop véi it nhit mdt hoat chét duoc chon tir nhom bao

gom:

L-Dopa c6 hodc khéng c6 chat we ché decarboxylaza, nhu 1a Benzerazid hoic
Carbidopa, va/hodc cé hodc khong c6 chét trc ché catechol-O-metyltransferaza, nhu 1a

entacapon hodc tolcapon;
chét chu van thu thé dopamin, nhu 1a ropinirol hodc pergolit; va

chit e ché MAO-B, nhu 14 selegilin.
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Trong trudng hop cla sy suy giam nhén thic lién quan dén chimg tdm than
phan liét, hop chat theo sang ché c¢6 thé dwoc két hop vai it nhit mot chit chdng loan

than, nhu 14 haloperidol, olanzapin; risperidon; quetiapin; amisulpirit; hogic aripirazol.

Trong truong hop cia su suy giam nhan thac lién quan dén bénh Alzheimer,
hop chét theo séng ché co thé dugc két hop véi it nhit mot hoat chét duoc chon tir

nhom bao gom:

chat cholinergic, nhu 1a chit wc ché axetylcholinsteraza,vi du, donepezil,

rivastigmin hodc galantamin; va

chét khang glutamatergic, nhu 1a memantin, selfotel hodc midafotel.

Trong trudng hop ciia su suy gidm nhén thic lién quan dén bénh Alzheimer,
hop chét theo séng ché c6 thé duoc két hop véi it nhét mot hoat chét duoc chon tir

nhom bao gom:

chét cholinergic, nhu 1a chit Gc ché axetylcholinsteraza, vi du, donepezil,

rivastigmin hodc galantamin; va

chat khang glutamatergic, nhu 13 memantin.

Trong truong hop ctia hoi chimg Tourette, hop chét theo sang ché c6 thé duge

két hop véi it nhat mot hoat chét duge chon tir nhém bao gbm:
chét chi van thu thé anpha, nhu 1a clonidin;

chét chéng loan thin, nhu 1a fluphenazin, haloperidol, pimozit, aripirazol,

‘risperidon; va

chét 1am suy giam dopamin, nhu 13 tetrabenazin.

Trong trudng hop cua rdi loan ting dong gidm chu ¥, hop chét theo sang ché c6

thé duoc két hop véi it nhit mdt hoat chit dugc chon tir nhém bao gbm:

chit e ché sy tai hip thu noradrenalin-dopamin, nhu la modafinil hodc

armodafinil;
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chit chéng trAm cam ba vong hodc bdn vong, nhu 1a clomipramin;
chét kich thich tdm than, nhu 14 metylphenidat;

chat &c ché sy tai hap thu noradrenalin-serotonin, nhu 1a venlafaxin hodc

duloxetin;
chat rc ché sy tai hap thu chon lgc serotonin, nhu 1a paroxetin; va

chat rc che su tai hap thu noradrenalin, nhu 14 reboxetin hodc atomoxetin.

Hop chit theo sang ché c6 thé hitu ich trong viéc ngédn ngura céc tinh trang va

roi loan da néu trén.

Hop chat theo sang ché cé the hitu ich trong viéc di€u tri cac tinh trang va roi

loan d& néu trén.

Hop chat theo sang ché cé the hitu ich trong viéc tri hodn sy tién tri€n cia cac

tinh trang va roi loan da néu trén.

Sy hitu ich ctia hgp chat theo séng ché trong di€u tri cac r6i loan da néu trén c6
theé dugc xdc dinh bang mot loat cac thir nghiém ti€u chuin bao gobm céac thir nghiém

sau day:

Hoat tinh in vivo ctia hop chit theo sang ché c6 thé dugc danh gid bang cach do
céc tac dong lén sy giai phong histamin trong ndo (dinh lugng tele-metylhistamin chét
chuyén héa histamin) va/hodc bang cach thir nghiém céc tac dong 1én sy mit nga &

chuot béng cac dién cuc EEG.

Hop chit theo séng ché co thé dic biét hitu ich trong didu tri diu hiéu duoc
chon tir: ching ngu ri; chirng mét méi lién quan dén bénh da xo cimg; chirng mét méi
lién quan dén bénh Parkinson; sy suy giam nhan thirc lién quan dén chtng tdm thin
phan liét; sy suy gidm nhén thtic lién quan dén bénh Alzheimer; bénh suy gidm nhéan
thirc nhe; hoi chimg Tourette; va ri loan ting dong giam chu y; ddc biét 1a ching ngu

~

ru.

Do d9, theo phuong 4n khéc, sang ché d& xuit hop chét c6 cong thuc (I) hoic

dugc dung mudi cia n6 de st dung lam dugce pham.
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Theo phuong 4n khac, sang ché dé xuit hop chét c6 cong thic (I) hodc mudi

dugc dung ctia né dé sir dung trong diéu trj bénh.

Theo phuong an khéc, sy didu tri bénh dugc chon tir bénh ma dugc lam thuyén
giam bing céach trc ché hoat dong cua thu thé H3. Theo phuong 4n khéac, bénh nay
dugc chon tir danh séch da néu trudce d6, vi dy, dugce chon tir ching ngu rii; chirng mét
mai lién quan dén bénh da xo cing; chimg mét méi lién quan dén bénh Parkinson; su
suy giam nhan thirc lién quan dén ching tim than phan liét; sy suy gidm nhan thirc
lién quan dén bénh Alzheimer; bénh suy gidm nhén thirc nhe; hdi chiing Tourette; va

rdi loan ting dong giam chu y; ddc biét 1a chung ngu rii.

Theo phuong 4n khéc, sang ché dé& xuét phuong phap didu tri bénh duoc lam
thuyén giam bang su trc ché thu thé H3 bao gdm viée dung luong c6 hiéu qua diéu tri
ctia hop chét c¢6 cong thirc (I) hodc mubi duge dung cia nd. Theo phuong &n khéc,
bénh nay duoc chon tir danh sach da néu trude do, vi du, duge chon tir chitng ngu ri;
ching mét méi lién quan dén bénh da xo cimg; chimg mét méi lién quan dén bénh
Parkinson; sy suy giam nhén thirc lién quan dén chung tdm than phan liét; sy suy gidm
nhan thtrc li€én quan dén bénh Alzheimer; bénh suy gidm nhéan thic nhe; hdi chirng

Tourette; va rdi loan ting dong gidm cha y; dic biét 1a chiing ngu rdi.

Thuat ngt "lugng c6 hidu qua didu tri bénh" ctia hop chit theo sang ché dung
dé chi luong hop chét theo sang ché ma tao ra dap tng vé mit sinh hoc hogc strc khoe
cta ddi tugng, vi dy, su giam hodc trc ché hoat dong ctia enzym hoac protein, hoic cai
thién cac hoi chung, 1am dju céc tinh trang, 1am chdm hodc tri hodn su tién trién cta
bénh, hodc ngin ngura bénh, v.v. Theo mdt phuong an khong gidi han, thuit ngir
“lugng c6 hidu qua diéu tri bénh” dung dé chi lwong hop chét theo sang ché ma khi
dung cho ddi tuong, 12 c¢6 hiéu qua véi (1) it nhit phan nao lam thuyén giam, trc ché,
ngdn ngura va/hodc cai thién tinh trang, hoic rbi loan hodc bénh (i) trung gian boi thu
thé H3, hodc (ii) lién quan dén hoat dong cda thu thé H3, hodc (iii) dugc dic trung boi
hoat dong bét thuong cua thy thé H3; hodc (2) 1am giam hoic Gc ché hoat dong ctia thu
thé H3; hoic (3) lam giam hoac ¢ ché su bidu hién cua thu thé H3. Theo mot phuong
an khac khong gi6i han, thuét ngit “lwong ¢ hiéu qua diéu tri bénh” ding dé chi luong
hop chét theo séng ché ma khi dung cho té bao, hodc mo, hodc vét li¢u sinh hoc khong

thudc t€ bao, hodc moi truong, 1a co hiéu qua dé it nhat phan nao lam gidm hoic tc
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ché hoat déng cua thu thé H3; hodic it nhat phé”m nao lam giam hodc tc ché su biéu

hién cta thu thé H3.

Nhu dugc st dung & day, thuat ngir “ddi twong” ding dé chi dong vat. Tt hon
néu, dong vat nay 1a dong vat c6 va. Pbi tugng ciing ding dé chi, vi du, linh truéng (vi
du, con nguoi), bo, clru, d€, ngua, ch6, meo, tho, chudt céng, chudt bach, ca, chim va

twong tu. Theo phuong 4n duoc uu tién, ddi trong nay 13 con ngudi.

Nhu dugc sir dung & day, thudt ngit "su trc ché" hodc “Uc ché” dung d€ chi su
lam giam hodc sy ngdn chéan tinh trang, hdi chirng, hodc roi loan, hodc bénh da biét,

hodc sy giam dang ké trong hoat dong co ban cia hoat dong hodc qua trinh sinh hoc.

Nhu duge sir dung & day, thuét ngit “didu tri" hodc "vige diéu tri" bénh hoic rbi
loan bt ki theo mot phuong én, dé cap dén cai thién bénh hodc rbi loan (nghia 1a, lam
cham hodc ngin can hodc lam giam sy phat trién cta bénh hoic it nhit mot triéu chiing
lam sang cuia no6). Theo phuong an khac, “diu tri" hodc "viéc diéu tri" dung dé chi
viéc 1am thuyén giam hodc cai thién it nhit mot tham sb vat ly bao gff)m cac tham sb
khong dugc bénh nhan nhan thy r3. Theo mot phuwong an khac nita, “diéu tri” hodc
“yiéc diéu tri” dung dé chi su diéu bién bénh hoic rdi loan da néu, c6 thé vé mat vét ly,
(vi dy, 1am 6n dinh tridu chimg khong nhéan thdy r3), vé& mit sinh 1y, (vi dy, lam én
dinh tham s vat ly), hodc cd hai. Theo phuong an khac nita, “didu tri” hoic “viéc diéu
tri” dung dé chi viéc ngin ngira hodc tri hodn sy khéi phat hozc phét trién hodc tién

trién cua bénh hodc roi loan nay.

Dugc phdm hodc t& hop theo sang ché c6 thé & dang liéu don vi khoang 1-
1000mg thanh phﬁn hoat tinh cho dbi tugng co trong luong khoang 50-70kg, hodc
khodng 1-500mg ho#c khoang 1-250mg hodc khoang 1-150mg hodc khoang 0,5-
100mg, hodc khoang 1-50mg thanh phén hoat tinh. Liéu ¢6 hiéu qua diéu tri bénh cla
hop chit theo sang ché, duoc phdm, hoic t6 hop cia no phu thudc vao loai cta déi
twong, trong lugng co thé, tudi va tinh trang ¢4 nhan, loai rdi loan hodc bénh hodc mitc
d6 nghiém trong ctia bénh hoic réi loan cin dugc chita tri. Bac si vat ly, bac si lam
sang hodc béc sT thl y véi ki ndng thong thudng c6 thé xac dinh d& dang lugng c6 hiéu
qua ctia mdi hoat chit theo sang ché can thiét dé ngin ngira, diéu tri hoic wc ché sy

‘tién trién cda roi loan hodc bénh da néu.
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Céc dac tinh cta liéu da néu trén c6 thé chimg minh bing céc thir nghiém in
vitro va in vivo dung cac ddng vat c6 vi uu thé, vi du, chudt, chudt to, chd, khi hoic
md, co quan cb 1ap va cac ché phdm ctia chung. Hop chét theo sang ché c¢6 thé duge ap
dung in vitro duéi dang dung dich, vi du, t6t hon néu 1a dung dich nuéc, va in vivo co
thé 12 dung qua dudong rudt, ding qua dudng tiém, cu thé 1a tiém tinh mach, vi du,
dung dich huyén phi hozc dung dich nudc. Khoang liéu in vitro c6 thé tir 10 ndng do
mol dén 10? ndng dd mol. Khoang lugng c¢6 hiéu qué diéu tri in vivo c6 thé phu thude
vao con dudng st dung, trong khoang, vi du, khoang 0,001-500mg/kg, hodc trong
khoang vi dy, khodng 0,1-100mg/kg.

Hoat tinh ctia hop chat theo sang ché c6 thé dwoc danh gia bing cac phuong
phap in vitro va in vivo dugc mo ta & day.

Hop chit theo sang ché ¢6 thé dwoc ding ddng thoi véi, hodc trude hodc sau it
nhit mot chét diéu tri khac. Hop chét theo sang ché c6 thé duoc dung tach roi, dung
gibng hoic khac con duong st dung, hodc ciing trong mot duge phim.

Céc vi du thuc hién sang ché sau ddy nhdm l1am sang to sang ché, nhung khong
lam gi6i han sang ché.

Danh muc tir viét tét:

BINAP (+/-)-2,2'-Bis(diphenylphosphino)-1,1'-binaphtyl
Boc di(tert-butyl) cacbonat

BTC triphosgen

DCM diclometan

DIPEA N-etyl-N-isopropylpropan-2-amin ( Diisopropyletylamin)
DMAP 4-dimetylaminpyridin

EA etyl axetat

h gio

HPLC sdc ky 16ng ap suét cao

LCMS sdc ky 1ong két hop véi khdi phd

MeOH metanol
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min phut
NMR phuong phap do phd céng hudng tir hat nhan
prep-HPLC  sdc ky 10ng 4p suét cao diéu ché

Pdy(dba); tris(dibenzylidenaxeton)dipaladi (0)

Rt thoi gian duy tri

rt nhiét do trong phong
t-BuOK kali tert-butanolat
TEA trietylamin

TFA axit trifloaxetic

THF tetrahydrofuran

Piéu kién cia LCMS (%=phén tram theo thé tich): Heé théng Agilent 1200
HPLC / 6110 SQ; Pha dong: A: nudc (10mM NH4HCO;3) B: Axetonitril; Gradien:
5%B trong thoi gian 0,2min, ting 1én dén 95%B trong thoi gian 1,2min; 95%B trong
thoi gian 1,5min, gidm vé 5%B trong thoi gian 0,01min; Luu lugng: 1,8mL/min; Cot:

XBridge C18, 4,61.s50mM, 3,5um; Nhi¢t d6 cot ra nhiét: 50°C.

Thiét bi do "H NMR: may phd ké Bruker AVANCE III (500MHz), may phd ké
Bruker AVANCE III (400MHz)

Vi du thye hién sang ché
Vi dul.1: 1-(6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutyl

piperazin-1-carboxylat (Phuong phép A)
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2 HCI

I\ (1191-95-3] 5 N/ '\N 2.0 MHCFMeOH HN/ \N_<>
BocmN, NH —————— Boc— <O .
N NaBH(OAC)s, —/ 82%
ClCHchch rt
[143238-38-4] 100%

NO,
o~ KT
— — c1” o
o=(_>— o [5382-16-1] O=(_>—N<:>—OH [7693-46-1]

HN=N DIPEA, 130°C HN-N Py, DCM, tt
[19064-67-6] 100% 46%

O:L/j\ NO HN/:/\N c O}_ 7\ _<>
. 2 HN=N, NN
N r\O\oj\o /©/ — 2l ow—ND—o

TEA, DCM, rt
93%

a) tert-butyl 4-xyclobutylpiperazin-1-carboxylat

Boc-NCN—<>

Thém xyclobutanon (21g, 300mmol) va NaBH(OAc); (84,82, 400mmol) vao
dung dich ctia hop chét tert-butyl piperazin-1-carboxylat (37,2g, 200mmol) trong
CICH,CH,CI (500mL). Khudy hdn hop phan Gng nay & rt trong thoi gian 16h, lam
ding béng dung dich Na,CO; bdo hoa (500mL) va chiét bing DCM (3x500mL). Rira
16p hitu co gom dugc nay bang nude mubdi (50mL), 1am kho, loc va cb dic trong didu
kién 4p suét giam dé thu duoc hop chit mong mudn tert-butyl 4-xyclobutylpiperazin-
1-carboxylat (48g, 100%) [LCMS: Rt= 1,67min, m/z 241,2 (M+H)"].

b) 1-xyclobutylpiperazin hydroclorua
2 HCI

3=

Thém tir tir HCI 2,0M trong MeOH (400mL) & nhiét d§ 0°C vao hdn hop cia
tert-butyl 4-xyclobutylpiperazin-1-carboxylat (48g, 200mMol) trong MeOH (100mL).
Khudy hén hop nay & rt trong thoi gian Sh, ¢b dic trong diéu kién 4p suit giam dé thu

duoc hop chit mong muén 1-xyclobutylpiperazin hydroclorua (35g, 82%) [LCMS:
Rt= 0,94min, m/z 141,3 (M+H)'].

¢) 6-(4-hydroxypiperidin-1-yl)pyridazin-3(2H)-on
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oA Yon
HN=N

Thém piperidin-4-ol (2,4g, 20mmol) vao dung dich cia 6-clopyridazin-3(2H)-
on (2,6g, 20mmol) trong DIPEA (30mL) va khudy hén hop nay & nhiét d6 120°C trong
thoi gian 8h. C6 dic hdn hop phan ung ndy trong didu kién ap sudt giam dé thu dugc
san pham thé va tinh ché san phim thd nay bing sic ky trén silicagel
(DCM/MeOH=20/1) dé thu duoc hop chit néu & d& muc nay (3,9g, 100%) duéi dang
chit rin mau vang. [LCMS: Rt = 0,77min, m/z 196,2 (M+H)"].

d) 4-nitrophenyl 1-(6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-yl cacbonat

(@] (@]

Thém DIPEA (3,87g, 30,0mmol) va 4-nitrophenyl carbonocloridat (6,03g,
30mmol) vao dung dich cta 6-(4-hydroxypiperidin-1-yl)pyridazin-3(2H)-on (3,9g,
20mmol) trong pyridin (10mL) va khudy hdn hop thu dugc nay & nhiét do 30°C trong
thoi gian 2h. C6 ddc hdn hop nay trong diéu kién 4p sudt giam va tinh ché phan cin
bing sic ky trén gel silica (DCM so véi DCM/ MeOH= 20/ 1) dé thu dugc hop chit
néu & dé muc nay (3,3g, 46%) du6i dang chit rin mau trdng. [LCMS: Rt=1,47min, m/z
361,1 (M+H)'].

e) 1-(6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-xyclobutylpiperazin-  1-

carboxylat

QM
LY -3 IO

Thém TEA (616mg, 6,1mmol) va 1-xyclobutylpiperazin (388mg, 1,83mmol)
vao dung dich cua 4-nitrophenyl 1-(6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-yl
cacbonat (440mg, 1,22mmol) trong DCM (20mL). Khudy hén hop thu dugc nay &
nhiét do 30°C trong thoi gian 2h truée khi ¢d dic hdn hop nay dén kho. Séc ky trén
silicagel dé thu dugc hop chit néu & d& muc nay (DCM/MeOH=50/1 dén 5/1) (410mg,
93%). ['"H NMR (400MHz, CDCL;) ¢ 11,20 (s, 1H), 7,20 (d, /=10 Hz, 1H), 6,87 (d,
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J=10 Hz, 1H), 4,87~4,92 (m, 1H), 3,45~3,50 (m, 6H), 3,16~3,23 (m, 2H), 2,68~2,76
(m, 1H), 2,29 (br, 4H), 1,72~2,07 (m, 10H); LCMS: Rt= 1,36min, m/z 362,3 (M+H)"].

Vidu 1.2: 1-(1-metyl-6-ox0-1,6-dihydropyridazin-3-yl)piperidin-4-yl-4-

isopropylpiperazin-1-carboxylat
O'O-NO
0 o HO NH \ cl -(o :
CHjl, Cs,CO - 5382-16-1 N=N 7693-46-1
1 EH Ithehthbe N _ [ss2A6] o =§—>_N OH [ !
CH4CN N DIPAE, 120°C =

DIPEA, DCM, rt
cl 75% cl 83% 46%
[19064-67-6]
~
N, N=C

\ A \ (o) r—
N=N [4318-42-7] N=N »-N N

Do O 22 24O

- Y TEA, DCM —

o 41%

Thém Cs,CO3 (3,92, 12mmol) va CH;I (ImL, 12mmol) vao dung dich cia 6-
clopyridazin-3(2H)-on (780mg, 6mmol) trong CH;CN (40mL) va khudy hdn hop phan
g ndy qua dém & nhiét do 70°C. Loc dé loai bé phan ran va cd dic phan ciin sau khi
loc trong diéu kién ap sudt giam. Tinh ché phin cin nay bing sic ky trén silicagel
(hexan/EA = 3/1) dé thu duoc hop chit néu & d& muc nay dudi dang diu mau cam
(6,5g, 75%). [LCMS: Rt =1,43min, m/z 145,1 (M+H)"].

b) 6-(4-hydroxypiperidin-1-yl)-2-metylpyridazin-3(2H)-on

N=N
=Ko
Thém piperidin-4-ol (0,84g, 8,33mmol) vao huyén phu dac cia 6-clo-2-
metylpyridazin-3(2H)-on (1g, 6,94mmol) trong DIPEA (20mL) va khudy hdn hop
phan ng ndy qua dém & nhiét do 120°C. Pha loang hdn hop thu duge nay bing nudc

(30mL) va chiét bing DCM (3x30mL) dé loai bd céc tap chét. Co dic pha nudc nay
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dén do khan d€ thu dugc hgp chat néu & d€ muc nay dudi dang chat ran mau vang

(1,2g, 83%). [LCMS: Rt =1,07min, m/z 210,1 (M+H)"].

¢) 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-yl-4-nitrophenyl cacbonat

Thém 4-nitrophenyl carbonocloridat (2,11g, 10,5mmol) va DIPEA (1,81g,
14mmol) vao dung dich cia 6-(4-hydroxypiperidin-1-yl)-2-metylpyridazin-3(2H)-on
(1,46g, 7Tmmol) trong DCM (20mL) va khudy hdn hop ndy qua dém & rt. Pha lodng
hén hop nay bing DCM (20mL), rira hdn hop nay bing (3x15mL) va cb dic 16p hitu
co ctia hdn hop nay dé thu dugc hop chét néu ¢ dé muc nay dudi dang chit rin mau

vang (1,2g, 46%). [LCMS: Rt =1,54min, m/z = 375,1 (M+H)"].

d) 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl-4-isopropylpiperazin-1-

carboxylat

(o}
SeSeSaACa

Thém 1-isopropylpiperazin (0,6g, 4,8mmol) va TEA (5mL) vao dung dich cia

1-(1-metyl-6-oxo0-1, 6-dihydropyridazin-3-yl)piperidin-4-yl 4-nitrophenyl cacbonat
(1,2g, 3,2mmol) trong DCM (20mL) va khudy hdn hop phan tmg nay qua dém & nhiét
do rt. Rtra hdn hop nay bang Na,CO; (3x30mL) bdo hoa, 1am kho va ¢ dic hdn hop
ndy dé thu dugc san phim tho, tinh ché san phdm tho nay bing sic ky trén gel silica
(PE/EA =1/1) d thu dugc hop chat néu & d& muc ndy dudi dang chét rin mau tring
(0,482, 41%). ['H NMR (CDCl;, 400MHz): §7,13~7,10 (d, J=10, 1H), 6,86~6,84 (d,
J=10, 1H), 4,92~4,88(m, 1H), 3,66 (s, 3H), 3,51~3,46 (br, 6H); 3,22~3,16 (m, 2H);
2,74~2,70 (m, 1H), 2,49 (br, 4H), 1,99 (m, 2H), 1,75 (m, 2H), 1,04 (d, 6H); LCMS
Rt=1,40min, m/z 364,2 (M+H)"].

Vi du 1.5: 1-(1-metyl-6-o0xo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-

xyclobutylpiperazin-1-carboxylat
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| HNHN—< > DIEA

\ O /N .
<, o NO, M S W -—=<>
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07 "0 =

a) 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-yl)-piperidin-4-yl-4-xyclobutyl-

piperazin-1-carboxylat

\ QM
<8O0

Thém DIEA (105mg, 0,81mmol) va 1-xyclobutylpiperazin (56mg, 0,4mmol)
vao dung dich cta 1-(1-metyl-6-0x0-1, 6-dihydropyridazin-3-yl) piperidin-4-yl 4-
nitrophenyl cacbonat (101mg, 0,27mmol) trong 8mL DCM. Khudy hdn hop nay qua
dém & nhiét d9 rt trude khi pha lodng hdn hop nay véi 30mL nuée, chiét baing DCM
(3*25mL). Lam kho pha hitu co két hop nay bang cach cho di qua Na,SO, khan, loc va
cd dic trong diéu kién ap suét giam. Tinh ché phin cin sau co dic qua Flash (Biotage,
cot pha ddo C-18, MeOH/H,0 = 5%-95%, 0,5% NH,OH) dé thu dugc 20mg hop chét
mong mudn dudi dang chit rin mau tring. ['"H NMR (CDCl;, 400MHz): 87,12 (d,
J=10, 1H), 6,85 (d, /=10, 1H), 4,94-4,88 (m, 1H), 3,67 (s, 3H), 3,52-3,46 (m, 6H),
3,23-3,17 (m, 2H), 2,75-2,69 (m, 1H), 2,30 (b, 4H), 2,08-1,97 (m, 4H), 1,93-1,86 (m,
2H), 1,82-1,68 (m, 4H); LCMS Rt = 1,44min, m/z 376,3(M+H)'].

Vi du 2: Téng hop 1-(1-metyl-6-0xo0-1,6-dihydropyrimidin- 4-yl)piperidin-4-yl-4-
isopropylpiperazin-1-carboxylat (Phuong phap B)
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HN N_<
\/
BOC_N’\:>=O NaBH, Boc—N<:>—OH [4318-42-7]  goo— /\:>_o}_ —
CH3OH, rt BTC, DVAP, NN
[79099-07-3] 7% TEA, DCM, rt g

99%

TFA, DCM, rt Q— /_\ _< [36953 37-4] b— <:>— _<
E— )-N

100% TEA, 100°C
100%

0,
CHal, NaH, THF, rt —Nb—NQ—O)_ N\ _<
— N N
o —/

30%

a) tert-butyl 4-hydroxypiperidin-1-carboxylat

Boc-N/\:>—OH

Thém tir tir timg phan NaBH, (5,7g, 150mmol) vao dung dich cia tert-butyl 4-
oxopiperidin-1-carboxylat (10g, 50mmol) trong CH;OH (100mL) va khudy hdn hop
ndy & nhiét do rt trong thoi gian 3h. Lam ngudi phan tng nay bing cach dd tir tir vao
nude da (100mL) va loai bé dung moi hitu co trong didu kién 4p suét giam. Trung hoa
pha nudc con lai dén dd pH =7 bang HCI 1N va chiét bing DCM/MeOH (5x60mL, v/v
= 10/1). Rtra 16p hitu co gom dugc béng nude mubi (30mL), lam kho trén Na,SO4
khan, lgc va cd dic trong diéu kién ap suét giam dé thu duoc san phém tho (9,8g, 97%)

duéi dang chét rin mau tring. [LCMS: Rt=1,36min, m/z 146,1 (M-Bu+H)].

a) 1-(tert-butoxycarbonyl)piperidin-4-yl 4-isopropylpiperazin-1-carboxylat
Boc— N/\:>—O /\
NN —<
o —/

Thém tir tr ting phin DMAP (5,3g, 43,8mmol) va triphosgen (3,2g,
10,95mmol) vao dung dich cta tert-butyl 4-hydroxypiperidin-1-carboxylat (4,4g,
21,9mmol) trong DCM (100mL). Sau khi khudy hdn hop ndy & rt trong thoi gian 2h,
bd sung thém 1-isopropylpiperazin (3,3 g, 26mmol) va khudy hdn hop phan ng nay &
nhiét d9 rt trong thoi gian Sh. Lam ngudi phan ng nay bang dung dich NH,ClI bdo hoa
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(100mL) va chiét hdn hop nay bing DCM (3x100mL). Rira 16p hitu co két hop nay lan
luot biang NH,CI bdo hoa (2x100mL) va nuéec mudi (50mL), 1am khé trén Na,SO,
khan, loc va cd déc trong didu kién ap suét giam dé thu dugc hop chit néu ¢ d& muc
nay duéi dang chét rin mau tring (7,7g, 99%). [LCMS: Rt=1,67min, m/z 356,3 (M +
H)'.

b) piperidin-4-yl 4-isopropylpiperazin-1-carboxylat
Oy
)N N—<
o v

Thém TFA (10mL) vao dung dich cta 1-(tert-butoxycarbonyl)piperidin-4-yl 4-
isopropyl piperazin-1-carboxylat (7,7g, 21,7mmol) trong DCM (30mL) va khudy hdn
hop phén Umg nay & nhiét do rt trong thoi gian Sh. Loai bé dung méi nay trong diéu
kién 4p sudt giam va tai hoa tan phan cin trong DCM/MeOH (100mL, v/v = 10/ 1). Sau
do, bd sung thém Na,CO; dang bot va khqu hén hop nay & nhiét dg rt trong thoi gian
2h. Loai bd NayCO; du bing bd loc va rira banh loc bdng DCM (2x100mL). Cb dic
phén sau loc gom dugc trong didu kién 4p suét giam dé thu duoc hop chét mong mubn

duéi dang dau mau vang (5,5g, 100%). [LCMS: Rt =1,12min, m/z 256,2 (M+H)"].

¢) 1-(2-oxo0-1,2-dihydropyridin-4-yl)piperidin-4-yl-4-isopropylpiperazin-1-carboxylat

HN?;\>—N<:>—Z>_NCN _<

Thém piperidin-4-yl-4-isopropylpiperazin-1-carboxylat (255mg, 1,0mmol) vao
dung dich cua 4-brompyridin-2(1H)-on (173mg, 1,0mmol) trong TEA (10mL) va
‘khudy hdn hop nay & nhiét do 100°C trong thoi gian 16h. Sau khi 1am mat dén rt, cd
dic hdn hop nay trong didu kién chan khong. Hoa tan phan cin nay trong DCM
(50mL) va rira hdn hop nay bang dung dich NaHCO; bdo hoa (2x30mL). Lam kho 16p
hitu co nay va c6 dic dé thu duoc san phdm tho (348mg, 100%) dugc dung truc tiép
cho budc tiép theo ma khéng cn tinh ché thém. [LCMS: Rt = 1,27min, m/z 349,2
(M+H)"].

d) 1-(1-metyl-6-oxo0-1,6-dihydropyrimidin-4-yl)piperidin-4-yl-4-isopropylpiperazin-1-

carboxylat
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_Nt\}NQZ}_CN by

Thém timg phan NaH (60% trong ddu khoang) (200mg, 5,0mmol) vao dung
dich cua 1-(2-oxo-1,2-dihydropyridin-4-yl)piperidin-4-yl ~4-isopropylpiperazin-1-
carboxylat (348mg, 1,0mmol) trong THF (10mL). Sau khi khudy hdn hop nay & rt
trong thoi gian 1h, bd sung thém CH;I (213mg, 1,5mmol) va khudy hdn hop phan tng
ndy & nhiét do rt trong thoi gian Sh. Lam ngudi phan ng bang nudc (30mL), chiét
bing DCM (3x30mL), lam khé va ¢b dic dé thu duoc san pham tho, san phdm tho nay
duge tinh ché tiép bing phuong phap HPLC didu ché dé thu dwoc hop chit néu & dé
muc nay duéi dang chit rin mau tring (110mg, 30%). ['H NMR (500MHz, CDCly) o
7,07 (d, J=8,0 Hz, 1H), 5,90 (dd, J=8,0, 2,5 Hz, 1H), 5,77 (d, J/=2,5 Hz, 1H),
4,89~4,94 (m, 1H), 3,47~3,52 (m, 6H), 3,44 (s, 3H), 3,20~3,25 (m, 2H), 2,68~2,73 (m,
1H), 2,47 (br, 4H), 1,92~1,98 (m, 2H), 1,69~1,76 (m, 2H), 1,04 (d, J=6,5 Hz, 6H);
LCMS: Rt= 1,31min, m/z 363,3 (M+H)"].

Vidu 3: 1-(6-oxo0-1,6-dihydropyridin-3-yl)piperidin-4-yl-4- isopropylpiperazin-1-
carboxylat (Phuong phéap C)

HNO\DELN/\]
T, e s Y

tuluen 100’:: Br Pdx(dba)y, BINAP
+Bu0K, Toluen

Visdng 120%C, 20 min
20%

¥

[13488-38-1]  [100-380]

Y

N Hy, PA/C Wy 0
N 0 A
C"JJ\'N/“W ke OH, 10min u H/\\|

25% (\,N\r
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Thém ting giot (brommetyl)benzen (1,25g, 7,36mmol) vao dung dich cta 5-
brompyridin-2(1H)-on (1,28g, 7,36mmol) va Ag,CO; (3g, 11,04mmol) trong toluen
(50mL) va khudy hén hop phan tmg nay qua dém & nhiét dd 100°C. Loc hdn hop phan
ing nay qua 16p mang silica gel ngén va rira bing DCM. C6 dic san phim sau loc dé

thu duge hop chit néu & d& muc nay du6i dang diu mau vang nhat (1,8g, 95%).

b) 1-(6-(benzyloxy)pyridin-3-yl)piperidin-4-yl 4-isopropylpiperazin-1-carboxy

Qs

lat

Do
K’N\I/

Thém Pdy(dba); (1,57g, 2,2mmol), BINAP (2,79g, 4,4mmol) va t-BuOK
(3,78g, 33,8mmol) vao dung dich cta 2-(benzyloxy)-5-brompyridin (1,5g, 5,6mmol),
piperidin-4-yl 4-isopropylpiperazin-1-carboxylat (2,15g, 8,4mmol) trong toluen
(30mL). Khudy phan tng nay trong didu kién chiéu vi séng & nhiét do 120°C trong
thoi gian 20min. Pha lodng hdn hop nay bing EA (100mL) va rira bang nudc
(3x50mL). Phan tach pha hiru co, lam kho va c¢o dic dén khd. Pha lodng phén cin
trong dung dich HCI (pH=1, 100mL) v chiét hdn hop nay bing DCM (3x100mL) dé
loai bé tap chét. Tao d6 bazo cho pha nuéc thu duge (pH=9-10) bing Na,COs rén va
chiét bang DCM (3x100mL). Lam kho 16p hitu co gom duge ndy, co dic va tinh ché
bang sic ky trén gel silica (EA/MeOH=50/ 1) @ thu duoc hop chét néu & dé muc nay
duéi dang chét rin mau tring (500mg, 20%). [LCMS: Rt=2,09min, m/z 4393
(M+H)"].

¢) 1-(6-oxo-1,6-dihydropyridin-3-yl)piperidin-4-yl-4-isopropylpiperazin- 1-carboxylat
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Thém 10% Pd/C (200mg) vao huyén phd cua 1-(6-(benzyloxy)pyridin-3-yl)-
piperidin-4- yl-4-isopropylpiperazin-1-carboxylat (200mg, 0,46mmol) trong MeOH
(10mL) va hydro héa hdn hop nay (béng khi hydro) & rt trong thoi gian 10min. Loc
loai bo chét xuc tic ctia phan tng bing cach cho di qua Celite® va ¢b dic san phim
loc trong diéu kién chan khéng. Tinh ché bing phuong phap HPLC diéu ché dé thu
“dugc san phim mong mudn (40mg, 25%) dudi dang chét rin mau tréng. ['H NMR
(400MHz, MeOD-d) & 7,50 (dd, J/=10Hz, J,=3,2Hz, 1 H), 6,81 (d, J/=3,2Hz,1 H), 6,41
(d, /=10Hz, 1 H), 4,68 (m, 1 H), 3,45 (br, 4 H), 3,00 (m, 2 H), 2,75 (m, 3 H), 2,59 (m,
4 H), 1,90 (m, 2 H), 1,70 (m, 2 H), 1,02 (d, J/=6,4Hz, 6H); LCMS: Rt =1,37min, m/z
349,2 (M+H)"].

Bang 1 biéu dién céc hop chét c6 cong thire (I). Cac hop chat trong vi du 1.1
dén 1.6 dugc tong hop theo phuong phap A; cac hop chit trong vi du 2.1 dén 2.3 duoc
tdng hop theo phwong phép B; hop chit trong vi du 3.1 dugc tdng hop theo phuong

phap C.
Béang 1:
LCMS
Vi , Rt [min], .\
Cau truc Tén [M+H]
du phuong
phép
1-(6-0x0-1,6-
" O»_ — dihydropyridazin-3-
L1 o=<\]=l\{)_N:>‘o NN-O yDpiperidin-4-yl 4- 1,65(A) | 3622
xyclobutylpiperazin-1-
carboxylat
1-(1-metyl-6-0x0-1,6-
ﬂ_ dihydropyridazin-3-
12 (O °>_N’_\N_< yl)piperidin-4-yl 4- L4(A) | 3642
/ 0 /
isopropylpiperazin-1-
carboxylat
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Vi
du

Cau trac

LCMS
Rt [min],
phuong
phap

[M+H]"

1.3

O=(=>—N:>—O M/
A JNN

1-(6-0x0-1,6-
dihydropyridazin-3-
yl)piperidin-4-yl 4-
isopropylpiperazin-1-

carboxylat

1,33(A)

350,2

1.4

1-(6-0x0-1,6-
dihydropyridazin-3-
yl)piperidin-4-yl 4-
xyclopropylpiperazin-1-

carboxylat

1,05(A)

348,2

1.5

1-(1-metyl-6-0x0-1,6-
dihydropyridazin-3-
yl)piperidin-4-yl 4-
xyclobutylpiperazin-1-

carboxylat

1,44(A)

376,3

1.6

1-(1-etyl-6-ox0-1,6-
dihydropyridazin-3-
yl)piperidin-4-yl 4-
isopropylpiperazin-1-

carboxylat

0,87(A)

378,2

2.1

1-(1-metyl-2-oxo0-1,2-
dihydropyridin-4-
yl)piperidin-4-yl 4-
isopropylpiperazin-1-

carboxylat

1,31(B)

363,3
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LCMS
Vi , Rt [min], .
Cau truc Tén [M+H]
du phuong
phap
1-(2-ox0-1,2-
R dihydropyridin-4-
HNt\>-N o
2.2 = >,—N\_JN-<> yl)piperidin-4-yl 4- 1,31(B) | 361,2
xyclobutylpiperazin-1-
carboxylat
1-(2-0x0-1,2-
O
dihydropyridin-4-
HN?:\>*N:>-O M/ o
2.3 >_N\_JN_< yl)piperidin-4-y1 4- 1,26(B) | 349,2
isopropylpiperazin-1-
carboxylat
1-(6-0x0-1,6-
0] . Ay
_ — N dihydropyridin-3-
) \—
3.1 @NO" © yl)piperidin-d-yl 4- 137(C) | 3492
isopropylpiperazin-1-
carboxylat
Tht nghiém sinh hoc

1.1 Thir nghiém in-vitro

A) Panh gi4 tiém nang

C6 thé danh gia duogc tiém ning ciia hop chét theo sang ché nhu 1a chat ddi

khéng thu thé H3 bang viéc do d6 kim ham su tao thanh ctia cAMP do trung gian (R)-
alpha-metylhistamin bang cach ding kit LANCE Ultra cAMP (PE #TRF0263) trong té
bao CHO biéu hién thu thé H3 ctia ngudi (GeneBank: BC096840; Strausberg RL et al,
Proc. Natl. Acad. Sci. U.S.A. 99(26), 16899-16903; 2002).

Phuong thirc:
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1. Chuén bi chit dém kich thich (30mL): 29,4mL HBSS (GIBCO #14025),
150p] HEPES 1 M (GIBCO #15630), 30l IBMX 500mM (CALBIOCHEM #410957)
va 400p1 BSA 7,5% (GIBCO #10438-026).

2. Chuén bj dia thir nghiém: Cac ndng d6 khac nhau ctia hop chét theo sang ché
(0,01 — 1000 nM), d6i chirng duong H3 va cac tiéu chuén hiéu chudn cAMP; Forskolin
3mM (CALBIOCHEM #344270); (R)-alpha-metylhistamin (chét chu vén thy thé H3)
5uM; DMSO 1% (SIGMA #D2650); tdng thé tich: 95nl.

3. Chuin bi dung dich té bao: Thu té bao béng chit dém kich thich, mat do
cudi: 100.000 t& bao/ml.

4. Phan tmg: (a) chuyén 10ul dung dich té bao sang dia thir nghiém, (b) ly tim
& téc @6 600 vong/phit trong thdi gian 3min va U trong thdi gian 50min & nhiét do
trong phong, (c) thém 5pL dung dich chit danh ddu 4X Eu-cAMP (60pl dung dich gbc
ctia chit ddnh ddu Eu-cAMP + 2,94mL chit dém phat hién cAMP) va SuL dung dich
4X ULight™-anti-cAMP (20ul dung dich gbc cta chit danh diu Eu-cAMP + 2,98mL
chét dém phat hién cAMP) vao dia thir nghiém.

5. Poc dia thir nghiém bang may EnVision: ning lugng tia doc: 100%; kinh loc
kich thich: 111 UV2 320; kinh lgoc phat xa: 203 (Eu 615) va 205 (APC 665); sb tia
laze: 20; cira s6: 100us; md-dun guong laze: 445 hoidc 446; chu ky laze: 16,600ps.

6. Phan tich dit liéu béng GraphPad Prism: d6 thi dang log (nf"mg do cua hop
chét) voi do dap tng; do dbc bién thién.

B) Danh gié i luc

Dénh gi 4i luc ctia hop chét theo sang ché vai thu thé H3 bing cach do sy dich
chuyén su gin két ctia phdi tir phong xa [3H]-N-a-Metylhistamin (PerkinElmer, #
NET1027250UC) lén mang chira thy thé H3 ciia ngudi (PerkinElmer, # ES-392-
M400UA; GeneBank: NM 007232.2; Hill SJ et al, International Union of

Pharmacology XIII. Phéan loai cta thu thé histamin, Pharmacol Rev, 49(3), 253-278,
1997).

Phuong thire:
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| 1. Chuén bi chit dém cho thir nghiém lién két (500mL): 25mL Tris-HCI 1M ¢6
do pH 1a 7,5 (Invitrogen, # 15567-027), 2,5mL MgCl, 1M (Sigma, # M1028-100ML),
472,5mL ddH20.

2. Pha lodng ndi tiép hop chét thir nghiém: Thue hién pha loang bing hé théng
BioTek Precision trén dia pha lodng hop chét thir nghiém. Nong d6 ban dau cta hop

chat 12 5 hodic 10pM, chuin d6 liéu 10 diém bing pha loang nbi tiép 3 hodc 5 1an.

3. Chudn bi 2x dung dich mang (25mL): 1,25mL dung dich gbc thu thé

hismtamin H3 clda nguoi, 23,75mL chét dém thir nghiém.

4. Chuan bj 2x dung dich ciia [3H]-N-a-metylhistamin (25mL): 4,27ul dung
dich géc [3H]-N-a-metylhistamin, 25mL chit dém thu nghiém.

5. Tap hop phan tmg lién két: (a) chuyén 1pl dung dich cta hop chét thu
nghiém, 1pl DMSO 100% va 1pl (R)(—)-a-metylhistamin 1M (Sigma, # H128) vao dia
phan tng & nhiét do trong phong, (b) chuyén 50ul 2x dung dich protein vio dia phan
ting, (¢) chuyén 49ul 2x dung dich phéi tir phéng xa vao dia phan tng (dia Corning®
96 giéng EIA/RIA; Sigma, # CLS3797).

6. D4y dia phan ung bing miéng phim TopSeal™-A (Perkin Elmer, #6005185)
va U & nhiét 4o 28°C trong thdi gian 120min. Can bing dia quay loai mudi Zeba

(Thermo Scientific, # 89808) dén nhiét do trong phong trong thdi gian 120min.

7. Loai bo vt liéu han kin khdéi ddy cta dia loc. Dat dia loc nay 1én trén dia rira.
Ly tdm & 1000g trong thoi gian 2min & nhiét do trong phong dé loai bo chét dém luu
gifr.

8. Chuyén 70ul phan tng gén két tir dia phan tmg vao dia loc. it dia loc Ién
phia trén cing cua dia thu. Ly tdm dia nay & 1000g trong thoi gian 2min dé thu protein
gin v6i phdi tir phong xa duge lién két. Thém 200pl dung dich Microscint-40
(PerkinElmer, # 6013641-1L) vao mdi giéng cua dia thu. Dy cac dia nay bang miéng
phim TopSeal™-A.

9. Poc dia nay b;ﬁng hé théng Wallac Microbeta Trilux 2450, Cai dat thiét bi:
ché 46 dém: CPM, thoi gian dém: 2min.

-53-



21606

10. Phan tich dit liéu: GraphPad Prism: dd thi dang log(ndng d6 hop chit) véi
do dap tng; do dbc bién thién. Gia tri Ki dwogc tinh theo Chang va Prusoff: Ki =
IC50/{1+([phbi tir phong xa]/Kd)}

Bang 2 biéu dién gia trj Ki tlir cdc mo ta trén ddy vé danh gia tiém ning/ai luc

ctia hop chét theo sang ché khang lai thu thé H3 cua nguoi.

Béang 2:
Vi du Ki tiém nang Ki ai luc Vidu Ki tiém nang Ki ai luc
(nM) (nM) (nM) (nM)
1.1 1,3 26 1.6 2,9 44
1.2 24 31 2.1 3,1 20
1.3 1,2 10 2.2 0,5 25
1.4 23 25 2.3 0,9 12
1.5 1,1 25 3.1 1,6 1,2

1.2 Thir nghiém in-vivo
A) Anh huéng 1én ndng do tele-metylhistamin cia ndo

Hoa tan hop chét theo sang ché trong dung dich 2-hydroxy-beta-xyclodextran
(HBC) 20%, sau d6 nghién nhanh hdn hop nay bang siéu 4m cho dén khi trong dung
‘dich chi ¢6 it hoic khong c6 huyén phil. Cho dong vat thi nghiém (chudt Sprague-
Dawley duc 8 tuan tudi) ding qua dudng miéng hop chét thir nghiém 1 gio hodc thoi

gian dai hon truéc khi 1am chiing chét bang CO,.

Lay miu mau: Dam mot 15 & tim dé 14y mau tir khoang tim. Léap tuc trdn mau
thu duge ndy véi EDTA-K2 20ul/ml dé tranh dong mau. Tiép do, ly tAim miu mau
trong cac dng (15min, 6000 vong/phtit) va chuyén phin huyét trong trong mau mau
sang cac 6ng méi, sau d6, gitt céc 6ng nay tam thoi trén d4 kho cho dén khi cét gitt &

td ¢6 nhiét 46 am sau -70°C.
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Thu dich ndo tdy CSF(cerebrospinal fluid): Thu mau CSF tir 16 chdm cua dong

vat (ding kim truyén tinh mach # 0,5), va gitt mau CSF nay trén da kho.

Thu mo6 cda nio: Léy ndo chudt ra khéi hdp so va rira béng nude mudi duge
lam lanh béng da truéce. bat phén v0 ndo trudce tran dugce tdch ra khoi ndo 1én trén dia
petri c6 d4 bén dudi. Can phan vé ndo trude tran nay va lap tic ghi lai trong luong uét
ctia no. Gift mau phan v& ndo trude tran nay trong d4 khd cho t6i khi chuyén n6 vao ti

c6 nhiét do am sau -70°C.
Phuong phap phan tich sinh hoc cho tele-metyl histamin va hop chét:
«  Thiét bi: hé théng Agilent 6410, may khéi phd ddu do ba tt cuc

«  Chét nén: huyét tvong ciia chudt, dung dich ddng nhit vé ndo trudce tran va

dich néo tiy (CSF)

«  Chét phén tich: hop chét H3.

Chét ndi chuén: dexamethason

Piéu kién HPLC: Pha dong A: H,0- 0,1%NH;*H,0:
Pha dong B: MeOH- 0,1%NH;°H,0
Cot: Ultimate XB-C18 (2,1x50mM, 5 pm)
Thong lugng: 0,45mL/min, nhiét do: 40°C

Diéu kién cua MS:
ESI: ion duong
ché do phat hién MRM
dexamethason: [M+H] + m/z 393,3—373,2; CE:4; Dién thé phén manh:110

Chuén bj mau:

V6 ndo trude tran: ddng nhit mau ndo thu duogc trong thoi gian 2min bang 3 1in
thé tich (thé tich/khéi lugng) dung dich ddng nhét (EtOH:PBS = 85:15), sau d6, ly tim
& tdc do6 12.000 vong/min trong thoi gian Smin. Thém 30ul chdt ndi chuin
(dexamethason, 300ng/mL) vac 30ul dich ndi miu ndo déng nhét, sau d6, bd sung

thém 150ul ACN dé két tua protein. Tron déu hdn hop nay trong thoi gian 2min va ly
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tam véi tbe do 12.000 vong/min trong thoi gian Smin. Bom 5pl dich ndi nay vao LC-
MS/MS dé phan tich.

Huyét trong va CSF: thém 30ul chit ndi chudn (dexamethason 300 ng/mL) vio
30ul phin méiu phan udc, sau d6, bd sung thém 150pu] ACN @ két tia protein. Tron
déu hdn hop nay trong thoi gian 2min va ly tim véi tbe do 12.000 vong/min trong thoi
gian Smin. Bom 5pl dich ndi nay vao LC-MS/MS dé phan tich.

Bang 3 trinh bay sd liéu ciia cac phép do mirc do tele-metylhistamin trong ndo.

Béang 3:

%thay dbi muc do tele-
Vi du metylhistamin trong ndo véi

10mg/kg @ 1h

1.1 72
1.2 138
1.3 115

B) Anh huéng téi sy mét nga

Dong vit thi nghiém: Nudi co 1dp chudt Sprague-Dawly duc (280-320 g) véi
‘nhiét @6 moi trudng 14 22 + 0,5°C v6i d6 4m twong dbi 1a 60 + 2% va theo chu ky thoi
gian diéu khién tu dong 12h sang/12h tdi (sang bt du tir 07:00, cudng do chiéu sang

~ 100 lux). Céac dong vt thi nghiém nay khong bi han ché vé thirc dn va nudce ubng.

Thiét 14p thi nghiém ghi EEG, ghi da ky d thi va phén tich trang thai mit ngi:
Gay mé bing pentobarbital (50mg/ kg, i.p.), cy man tinh cac dién cuc EEG va co dién
dd (electromyogram -EMG) véo chudt thi nghiém nay dé ghi lai da ky d thi gidc ngu
(polysomnographic) (theo Huang et al, J Neurosci, 23, 5975-5983, 2003). Phau thuét
cdy ghép hai dién cuc EEG 1a &c vit bing thép khéng gi (dudng kinh 13 ImM) (bc vit
thir nhit: trudc sau (anteroposterior -AP), +2mM; trai-phai (left-right -LR), -2mM; va
dc vit thir hai: AP, -2mM; LR, -2mM, AP tir thop tran trude, LR tir thop sau) va dién
cuc tham chiéu (bén ddi dién voi bc vit EEG, AP, +3mM; LR, 3mM) va neo 3 bc vit

bang thép khong gi dé ¢b dinh trén hop so cuia ching. Dét song song hai ddy kim loai
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lam bing thép khong gi duoc cach dién, dugc boc Teflon vao hai bén ctia co hinh
thang va ding chiing nhu 13 cdc dién cuc EMG cho chudt thi nghiém. T4t ca cac dién
cuc dugc gin vé6i day nbi kich thude micro va cb dinh trén hop so bing xi-ming nha

khoa.

Tién hanh ghi lai EEG va EMG bang cac vong xich duoc thiét ké dé khong han
ché sy di chuyén hanh vi ciia chudt thi nghiém. Sau khoang thoi gian 8 ngay hdi phuc,
nudi cd 1ap nhitng con chudt ndy trong céc 16ng trong sudt va tap cho chung quen véi

cép ghi trong thoi gian 3 dén 4 ngay trude khi thuc hién ghi da dd thi vé gidc ngu.

Dé nghién ctru cac chu ki ngi-thirc tw phat, ghi dit lidu ctia mdi con vat nay
trong thoi gian 24h bat dau tir 19:00 P.M., bu dp khoang thoi gian séng. Sau do,
chuyén cic dong vét nghién ctru nay sang pha dugc 1y, trong d6 ghi lai cac tham sb vé
su ngu-thic trong thoi gian 72h. Dung cac dit liéu thu duoc trong thoi gian 24h dau

tién lam dir liéu so sanh gbc cho ngay thi nghiém thir hai.

Khuéch dai tin hiéu EEG va EMG cua vo ndo, loc tin hi¢u (EEG, 0,5-30Hz;
EMG, 20-200 Hz), s6 héa véi tan sé 14y miu 1a 128Hz, va ghi lai ding SLEEPSIGN
(Kissei Comtec, Nagano, Nhat Ban). Khi hoan thanh, vach ngoai tuyén tu dong 1é€n
ban ghi da d thi thanh céc giai doan 4-gidy gdm thirc, ngi REM va ngi NREM bing
phan mém SleepSign theo diéu kién tiéu chuin (Huang et al, Nat Neurosci, 8, 858-859,
2005). Budc cudi ciing, kiém tra truc quan céc giai doan ngi-thirc dugc xac dinh va
hiéu chinh néu can thiét. V& duong cong dd thi mat do ngudn EEG cho mdi giai doan
trong thoi gian 4h sau khi ding thudc. Tinh trung binh ngudn ctia mdi bin 0,25Hz theo
giai doan ngii hogc thirc va chuan héa nhu 13 mot nhém bang cach tinh phén trim cia

mdi bin tir ngudn tdng sb (0,25-25 Hz).

Piéu tri duoc ly: Cac hop chit thi nghiém, cafein (hogp chat tham chiéu duong)
hoic hop chit theo sang ché duoc chuén bi trong 2-hydroxy-beta-xyclodextran (HBC)
20%. Vio ngay diéu tri bing chét dan thudc, cho cac dong vat thi nghiém dung chit
dan thude lac 9:00 A.M. Vio ngay didu tri bang thude, cho cac dong vat nay dung hop
chét thir nghiém, cafein, hodc chit dan thubc ltc 9:00 A.M. Sau do, tiép tuc gilt ban
ghi dén ngay thu 3. Thé tich cho viée dung qua duong miéng hodc tiém mang bung la

2mL/kg. Mbi lidu duoc st dung cho céc nhém chudt khac nhau (n=8 con chudt/nhom).

-57-



21606

Phan tich céc thay di trong sy tién trién thoi gian vé luong thoi gian ngi-thire,
s6 1an chuyén giai doan ngi/thire, cling nhu sb lwot va thoi gian ngd/thire cia mdi luot
trong cic pha sang/tdi bing kiém dinh t cho cac bién sb theo cip, trong d6 coi mdi

dong vat thi nghiém 1a ddi ching cta chinh né.

Bang 4 biéu dién dir liéu ctia phép do ting phin trim mét ngu & chudt. Ngay

dugc tinh cho 4 gir dau tién sau khi ding hop chét qua dudng miéng.

Béang 4:
Vidu % ting mit ngi & 10mg
1.1 42,1
1.2 48,8
1.3 19,1

’ p<0,5, **p < 0,01 (so sanh v&i nhém chét dan thuéc)

Theo mdt phuong 4an, sang ché md ta phuong phap trc ché thy thé H3 & déi
tugng, trong d6 phuong phép nay bao gdm viée cho déi twgng ding lwong ¢ hiéu qua

‘diéu trj bénh hop chét c6 cong thirc I hodc duge dung mudi cta né.

Theo phuong 4n khac, sang ché mé ta phuong phép didu trj rdi loan hodc bénh
cho dbi tugng trung gian béi thu thé H3, trong d6 phuwong phap nay bao gdm viéc cho
ddi twong dung lwong ¢ hidu qua didu tri bénh hop chét ¢6 cong thirc I hodc mubi
dugc dung cta no. Tét hon néu rbi loan hodc bénh dd néu dugce chon tir chitng ng ri;
chitng mét méi lién quan dén bénh da xo cling; chimg mét maéi lién quan dén bénh
Parkinson; sy suy giam nhan thirc lién quan dén chimg tdm than phén liét; sy suy giam
nhén thire lién quan dén Bénh Alzheimer; bénh suy gidm nhén thirc nhe; hdi ching

Tourette; va rdi loan ting dong giam tap trung; déc bi€t 1a chirng ngu ril.

Theo phuong 4n khéc nita, séng ché dé xuat hop chét c6 cong thire I hodc mudi
dugc dung mubi cta né st dung dé diéu tri r6i loan hoidc bénh cho ddi tuong trung
gian béi thy thé H3.

Theo phuong 4n khéc nita, séng ché d& xuét hop chét co cong thire T hodc mudi

dugc dung cta n6 str dung de di€u trj roi loan hodc bénh cho dbi tugng duge dic trung
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béng hoat dong bAt thuong cua thu thé H3. Tt hon néu rdi loan hoic bénh da néu
dugc chon tir chirng ngi rii; chirmng mét méi lién quan dén bénh da xo cing; chimg mét
'moi lién quan dén bénh Parkinson; sy suy giam nhan thirc lién quan dén chung tdm
thdn phan liét; sy suy giam nhén thirc lién quan dén bénh Alzheimer; bénh suy giam
nhan thirc nhe; hoi chiing Tourette; va rdi loan taing dong gidm tdp trung; dac biét la

chirng ngu rii.

Theo phuong 4n khac nita, sing ché d& xudt hop chat c6 cong thire I hojic mudi
dugc dung cua n6 st dung dé didu tri rdi loan hoic bénh cho dbi tuong lién quan dén
sw mat diéu hoa trong truyén tin hiéu do thu thé H3 didu bién. Tt hon néu rdi loan
hodc bénh dd néu dugc chon tir chiing ngu ril; ching mét moi lién quan dén bénh da
X0 cung; chiing mét moi lién quan dén bénh Parkinson; su suy giam nhén thac lién
‘quan dén chimg tidm than phén liét; sy suy giam nhan thuc lién quan dén bénh
Alzheimer; bénh suy gidm nhéan thirc nhe; hdi ching Tourette; va r6i loan tdng dong

gidm tap trung; dac biét 1a ching ngu rd.
II. DANG RAN CUA CAC DAN XUAT CARBAMAT

Sang ché ciing dé cap dén dang rin cta 1-(1-metyl-6-ox0-1,6-dihydropyridazin-
3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat va dugc phdm chtra ching, va
viéc dung ching lam dugc phim.

Hop  chit 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-
xyclobutylpiperazin-1-carboxylat cé cong thirc (IA):

o~} NC>'0 /\
/o o>—N\—/N—<> (IA):

duoc mo ta & trén.

Tiéu chi chon lgoc dang rin nay phu thudc vao cac chi dinh diéu tri du tinh va
con dudng dung. Véi chi dinh diéu tri-CNS, nhu 13 ching nga rii, con dudng dung qua
dudong miéng dugc du tinh 13 quan trong dé, vi du, dat dugc su hép thu/tinh sinh kha
dung cao. Dang rin dic biét thich hop 14 dang tinh thé it hat 4m, hoa tan tdt trong

nudc, ¢6 nhi¢t dd ndéng chay cao va khong tdn tai & dang & nhiéu dang (vi dy, dang da
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hinh, solvat va/hodc hydrat). Cac tham s& c6 lién quan khéc 13 cic khia canh vé an
toan (vi du, doc tinh thép), tinh 6n dinh vé 3o xép, do tuong thich vaéi ta duge, d6 pH

ctia dung dich chira nuéc, hinh théi tot va dé van chuyén.

Sang ché dé xuét dang tu do cua 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang ran. Sang ché con dé xuét
‘mudi cua 1-(1-metyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-
xyclobutylpiperazin-1-carboxylat & dang rén, trong d6 mudi dd néu 13 mudi xitrat,
hydroclorua, fumarat, adipat, maleat hodc sebacat cua 1-(1-metyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat. Trir khi c6
quy dinh khéc, “dang ran theo sang ché” khi dwoc ding trong ban mé ta nay dé chi ca

dang tu do hoic mubi da néu.
Nhu dugce st dung & ddy, “dang rén” c6 thé bao gdm hydrat va solvat.

Nhu duge st dung & ddy, “dang tinh thé” dung thé chi dang rén cta phan tu,
nguyén tir va/hodc ion, trong d6 cdc nguyén tir, phan tir va/hogic ion thanh phan nay

“duge sép xép theo kiéu lap lai ¢6 thir tw mé rong theo ca ba chidu cia khong gian.

Nhu dugce st dung & day, “dang da hinh” ding dé chi dang tinh thé c6 cu tao
héa hoc giéng nhau nhung khac nhau vé su sép xép trong khong gian cia cac phan tu,

nguyén tir va/hodc ion tao nén tinh thé nay.

Nhu duge sir dung & ddy, “dang vo dinh hinh” dung dé chi dang rin cta phan
tir, nguyén tir va/hodc ion ma khong & dang tinh thé. Chét rin vo dinh hinh khong c6

kiéu nhi€u xa tia-X xac dinh.

Nhu dugce sir dung ¢ day, “solvat” dung dé chi dang, vi du, dang tinh thé cua
phan t&r, nguyén t&r va/hodc ion ma con chira phan tr cia mot hodc nhidu dung moi
khac két hop vao cdu trac rén nay, vi du, cdu trac mang tinh thé. Phan tir dung méi
trong solvat niy c6 thé c6 mit véi sy sip xép theo quy tic va/hodc sap xép khong theo
trit tw. Solvat nay c6 thé chira luong theo hé sb ty lugng hodc khong theo hé sb ty
lugng cua phan tir dung moi nay. Vi du, solvat c6 lwgng khong theo hé sé ty lugng cta
phan tir dung moi ¢6 thé thu duoc tir viée méit mot phén dung méi tao thanh solvat nay.
Solvat c¢6 thé xuét hién dudi dang dime hoic oligome chira nhiéu hon mot phan ti ctia
1-(1-metyl-6-0xo-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-xyclobutylpiperazin-1-

carboxylat bén trong cdu triic mang tinh thé.
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Nhu duge st dung & ddy, “hdu nhu tinh khiét”, khi dwoc dung dé tham chiéu
dén dang rén, c6 nghia 12 hop chit, vi du, mudi (nhu 12 mudi xitrat ctia 1-(1-metyl-6-
oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat), co
d6 tinh khiét 16n hon 90% trong luong, bao gém 16n hon 90, 91, 92, 93, 94, 95, 96, 97,
98, va 99% trong luong, va ciing bao gdm twong dwong khoang 100% trong luong cia
hop chat nay, vi du, xitrat cia 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-
4-yl 4-xyclobutylpiperazin-1-carboxylat, dua trén trong luong cia dang rin nay. Vit
liéu con lai clia dang ran nady c6 thé bao gdm, vi du, céc tap chit ctia phan tng va/hodic
céc tap chat tao ra tlr quy trinh diéu ché va/hoic — néu ap dung, cic dang khac cua hop
“chét nay. Vi du, dang tinh thé cuta xitrat ctial-(1-metyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat c6 thé duoc cho 14 hiu nhu tinh
khiét khi n6 c6 do tinh khiét 16n hon 90% trong lwong, nhu dwoc do bing phuong
phap & thoi diém ma duoc biét rd va nhin chung dugce chip nhan trong linh vuc nay,
trong d6 phan con lai nhé hon 10% trong lugng vét lidu chira cac tap chit cua phan

ting va/hodic cac tap chét clia quy trinh.

Nhu duge st dung & day, “mono-" lién quan dén axit dung d& chi ty 18 giita

bazo va axit 1a khoang 1:1.

Nhu dugc st dung & ddy, “sesqui-” lién quan dén axit ding dé chi ty 18 giita

‘bazo va axit 1a khoang 1:1,5.

Nhu duge st dung & day, “di-” lién quan dén axit dung dé chi ty 18 giita bazo va

axit 1a khoang 1:2.

Thuét ngir “hu nhu giéng nhau” khi tham chiéu dén cac vi tri dinh nhiéu xa tia
X c6 nghia 1 xem xét dén vi tri dinh thong thudng va bién thién cuong do. Vi du, mot
ngudi cé hidu biét trung binh trong linh vuc ndy s& nhan ra ring céc vi tri dinh (20)
cho thdy mot s6 bién thién gitta cac may khac nhau, do bién thién thong thuong la
0,2°. Hon nita, ngudi c6 hiéu biét trung binh trong linh vuc nay s& nhan ra rang cuong
dd dinh cho thdy d9 bién thién gifta cac mdy cling nhu d0 bién thién do muc do két
tinh, sy dinh huéng wu tién, bé mit miu dugc chuin bi va va céc yéu tb khac da biét
boi ngudi ¢ hidu biét trung binh trong linh vuc ndy va chi nén duge coi nhu 1a phép
do dinh tinh.

1. Dang tu do
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Theo mdt phuong &n, dang rin theo sang ché 1a dang tu do cua 1-(1-metyl-6-
0xo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat, vi
du, & dang tinh thé.

1.1. Phuong 4n thir nhat ctia dang tu do:

Dang tu do cta 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-
xyclobutylpiperazin-1-carboxylat & dang tinh thé (Dang A cta dang tu do) c6 thé duoc
tao ra tir viée két tinh 1am maét dung dich siéu bdo hoa clia hop chit nay trong etyl
axetat & ndng do 1a khoang 100mg/ml. Diém trong (nhiét d ma tai d6 hop chit nay
hoa tan) 1a khoang 35°C. Piém dyc (nhiét d6 ma tai d6 hop chét nay két tinh) Ia
khoang 4°C. Gian db phé XRPD cta miu dugc diéu ché theo phuong phép (tham
chiéu trong Vi du I1.1.1) duoc biéu dién trong Fig. 1A. Phép do dugc thuc hién & nhiét
d6 khoang 22°C va budc song cua tia X, A, 1a 1,5418A (CuKa 2=1,5418A).

Tom tit gian d6 phd XRPD:

STT 2 theta | Cuong do STT 2 theta | Cudng do
(deg®) (cts) (deg®) (cts)
1 4,9 5305 13 21,3 2578
2 9,7 2288 14 214 2373
3 14,5 726 15 22,9 535
4 14,6 564 16 24,4 7248
5 15,4 9230 17 24,8 918
6 16,0 3079 18 26,0 400
7 16,9 3327 19 26,8 799
8 17,3 1215 20 28,8 460
9 18,1 1995 21 294 1197
10 19,5 2862 22 31,0 699
11 20,5 13826 23 35,5 355
12 20,8 8027 24 39,5 352
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Theo mot phuong 4n, dang A cia dang ty do cua 1-(1-metyl-6-0x0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé dugc dic trung béng gian dd phé XRPD c6 it nhat 1a bén, tdt hon nita néu 1a nam,
tdt nhat néu tit cac dinh duéi day c6 goc nhiéu xa 2 theta (20) tuong Ung 1a 4,9, 15,4,
16,9, 20,5, 20,8 va 24,4, +0,2.

Theo mot phuong 4n, dang A cua dang tw do cia 1-(1-metyl-6-0xo0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé dwoc dic trung bing gian dd phé XRPD hau nhu gibng véi gian d6 phé XRPD
duoc biéu dién trong Fig. 1A.

Dang A cta dang tu do cho thiy do tan tét trong moi truong dung dich co
khoéng d¢ pH tir khoang 1-8. Nhiét do néng chdy cia dang A niy duge xac dinh bing
‘viéc dun néng & nhiét do 10°C/phut dén khoang 123°C.

1.2. Phuong 4n th hai ctia dang tu do:

Dang ty do cda 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-
xyclobutylpiperazin-1-carboxylat & dang tinh thé (Dang B ctia dang tw do) dugc tim
thdy nhu dwgc mo ta trong phin Vi du thuc hién sang ché (tham chiéu Vi du I1.1.2).
Gian db phd XRPD két hop dwgc thé hién trong Fig. 1B.

Tom tit gian dd phd XRPD:

STT 2 theta | Cuong STT 2 theta | Cuodng

(deg®) | do (cts) (deg®) | dd (cts)
1 9,4 386 18 27,8 5756
2 11,3 2380 19 28,1 712
3 13,6 348 20 28,7 1879
4 15,0 2422 21 29,5 674
5 16,0 481 22 29,9 1086
6 16,7 2577 23 31,6 637
7 17,4 1391 24 32,5 1248
8 18,3 738 25 32,7 910
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STT 2 theta | Cuodng STT 2 theta | Cudng

(deg®) | dd (cts) (deg®) | do (cts)
9 18,6 802 26 33,5 724
10 19,4 7589 27 33,6 954
11 20,8 1401 28 34,3 623
12 21,7 454 29 35,1 359
13 22,7 2907 30 35,6 358
14 23,2 7040 31 36,1 992
15 24,0 306 32 37,0 457
16 24,6 1591 33 37,7 333
17 27,7 10625 34 39,2 330

Theo mo{t phuong én, dang B ctia dang tu do cta 1-(1-metyl-6-0x0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé duogc dic trung bing gian d6 phd XRPD c6 it nhit 13 bdn, t&t hon nita néu 13 nam,
t6t nhat néu tit ca cac dinh dudi ddy c6 goc nhidu xa 2 theta (20) twong tng 1a 9,4,
11,3, 13,6, 15,0, 16,0, 16,7, 17,4, 18,3, 18,6, 19,4, 20,8, 21,7, 22,7, 23,2, 24,0, 24,6,
27,7, 27,8, 28,1, 28,7, 29,5, 29,9, 31,6, 32,5, 32,7, 33,5, 33,6, 34,3, 35,1, 35,6, 36,1,
37,0, 37,7, va 39,2, £0,2.

Theo mdt phuong an, dang B cua dang ty do cia 1-(1-metyl-6-oxo-1,6-
~dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé duoc dic trung bang gian dd phd XRPD c6 it nhit 1a bdn, t&t hon nita néu 1a nam,
t6t nhat néu tat ca cac dinh dudi ddy co goc nhifu xa 2 theta (20) tuong Gmg 1a 9.4,
19,4, 22,7,23,2,27,7 va 27,8, +£0,2.

Theo mot phuong é&n, dang B cia dang ty do cta 1-(1-metyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé dugc dic trung bang gian dé phd XRPD héu nhu gibng véi gian d6 phd XRPD
dugc biéu dién trong Fig.1B.

-64-



21606

Dang B ciia dang tu do nay cho thdy d6 tan tét trong mdi truong chira nudc.
Nhiét d6 néng chay ctia né6 dugc xac dinh bing cach dun néng & 10°C/phit dén

khoang 124°C (diém khéi phat).

Mubi
2. Mudi xitrat:

Theo mot phwong 4n, dang rin theo sang ché 1a mudi xitrat cia 1-(1-metyl-6-
0xo-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat, vi
du, & dang tinh thé.

2.1. Phuong 4n thi nhit cia mudi xitrat:

Mudi xitrat ctia 1-(1-metyl-6-o0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-

xyclobutylpiperazin-1-carboxylat & dang tinh thé (dang A ctia mubi xitrat) c6 thé duoc
‘tao ra tir axeton/dietylete khi dung hai duong lugng axit xitric.

N6 cho thdy d6 tan t6t trong mdi trudng chira nuée. Nhiét do néng chay ctua nd
duoc x4c dinh bang cach dun néng & 10°C/phit dén khoang 141,2°C.

Gian dd phé nhiéu xa bot tia-X (XRPD) ctia miu duoc diéu ché theo phuong
phdp nay (tham chiéu dén Vi du I1.2,1) duoc biéu dién trong Fig. 2A. Céc phép do
dugc thyc hién & nhiét d§ khoang 22°C va bude séng cua tia x, A 1a 1,5418A (CuKa

2=1,5418A).

Tom tét gian dd phd XRPD:

2 theta | Cuong 2 theta | Cuong
STT STT
(deg®) dod (deg®) do
1 19,4 130 10 16,1 103
2 24,0 130 11 22,5 103
3 14,0 128 12 18,2 99
4 16,6 128 13 20,1 97
5 17,5 128 14 10,2 93
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2 theta | Cudng 2 theta | Cuong
STT STT
(deg®) do (deg®) do
6 17,3 122 15 31,3 82
7 12,0 118 16 8,4 60
8 20,8 110 17 5,5 57
9 25,6 108

Theo mot phwong 4n, dang A cia mudi xitrat cua 1-(1-metyl-6-o0x0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé dugce dic trung bing gian dd phd XRPD ¢6 it nhét 1a bén, tét hon nita néu la nam,
t6t nhét néu tt ca cac dinh sau c6 géc nhidu xa 2 theta (28) twong g 1a 14,0, 16,6,
17,3, 17,5, 19,4 va 24,0 +£0,2.

Theo mdt phuwong 4n, dang A clia mudi xitrat cia 1-(1-metyl-6-ox0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé duoc dic trung bing gian dd phd XRPD hiu nhu gidng v6i gian dd phé XRPD
duoc bidu dién trong Fig. 2A.

Phaén tich phd proton-NMR cho muéi cta vi du I1.2.1 (xem Fig. 2B) cho thiy ty
1€ bazo/ axit 1a khoang 1:1,5.

Theo mot phwong 4n, dang rén theo sang ché 1a dang mudi sesqui-xitrat cia 1-
(1-metyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat.

Theo mot phwong 4n, dang rén theo sang ché 1a dang mubi sesqui-xitrat cta 1-
(I-metyl-6-ox0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat & dang tinh thé.

2.2. Phuong 4n thir hai ctia mudi xitrat:

Mudi xitrat cua 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-

xyclobutylpiperazin-1-carboxylat & dang tinh thé (dang B cta mudi xitrat) ¢6 thé duoc

tao ra tr axeton khi str dung mét duong lwong axit xitric.
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Dang B ctia mubi xitrat ndy cho thiy do tan tét trong méi trudng chira nude.
Nhiét d6 néng chay cia né dugc xac dinh bing cach dun néng & nhiét do 10°C/phut
dén khoang 172°C.

Gian dd phd nhidu xa bot tia X (XRPD) ctia miu duoc diéu ché theo phuong
phap nay (tham chiéu Vi du I1.2.2) dugc biéu dién trong Fig. 2C. MAu nay chua
khoang 1,5% axeton du. Cac phép do dugc thuc hién & nhiét do khoang 22°C va budc
séng cua tia X, A 1a 1,5418A (CuKo A=1,5418A).

Tém tit gian d6 phd XRPD:

STT 2 theta | Cuong do STT 2 theta | Cudng do
(deg®) (cts) (deg®) (cts)
1 3,2 406 14 19,3 425
2 5,8 54 15 20,7 469
3 9,3 1460 16 22,0 97
4 10,8 321 17 23,3 271
5 12,0 1561 18 23,9 308
6 12,7 134 19 25,9 138
7 14,1 110 20 26,7 98
8 15,1 204 21 27,9 38
9 16,3 811 22 31,0 27
10 16,4 772 23 31,7 35
11 17,3 1164 24 32,5 50
12 18,3 437 25 34,9 60
13 18,6 406 26 37,2 65

Theo mdt phuong 4n, dang B ciia mudi xitrat cta 1-(1-metyl-6-0x0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh

thé duoc dic trung bing gian dd phd XRPD c6 it nhét 1a bbn, t6t hon nita néu 1a nam,
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t6t nhit néu cac dinh dudi ddy c6 goc nhifu xa 2 theta (26) tuong tng 1a 3,2, 9,3, 10,8,
12,0, 15,1, 16,3, 16,4, 17,3, 18,3, 18,6, 19,3, 20,7, 23,3, va 23,9, +0,2.

Theo mdt phwong 4n, dang B ctia mubi xitrat ctia 1-(1-metyl-6-oxo0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé dugc dic trung bang gian dd phd XRPD hiu nhu gidng véi gian db phd XRPD
dwoc biéu dién trong Fig. 2C.

3. Mubi hydroclorua:

Theo mdt phuong an, dang rin theo sang ché 12 mudi hydroclorua cta 1-(1-
metyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-

carboxylat, vi du, & dang tinh thé.

4.1. Phuong 4n thr nhit cia mubi hydroclorua:

Mudi hydroclorua cta 1-(1-metyl-6-o0xo0-1,6-dihydropyridazin-3-yl)piperidin-4-
yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé (Dang A cta mudi hydroclorua)
c6 thé duge tao ra tir axeton khi str dung mot duong lugng axit clohydric.

Dang A ctia mudi hydroclorua nay cho thiy do tan tbt trong moi trudng chira
nude. Nhiét do néng chay cua noé duge xac dinh bﬁng cach dun néong & nhiét do
10°C/phut dén 249,8°C (diém khéi phat) v6i sy phan hiy sau do.

Gian d6 phd XRPD cta miu duge didu ché theo phuong phap nay (tham chiéu
Vi du I1.3.1) dugc biu dién trong Fig. 3A. Cac phép do dugce thyc hién & nhiét do
khoang 22°C va budc song cia tia X, A 14 1,5418A (CuKa A=1,5418A).

Tém tit gian d6 phd XRPD:

STT 2 theta | Cuong STT 2 theta | Cudng
(deg®) do (deg®) do
1 16,4 287 10 23,9 81
2 24,8 215 11 10,9 77
3 27,5 153 12 36,4 68
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STT 2 theta | Cuong STT 2 theta | Cudng

(deg®) do (deg®) do

4 20,2 119 13 39,0 66

5 29,7 103 14 14,0 59

6 17,2 96 15 31,2 56

7 27,0 94 16 43,6 38

8 22,0 91 17 40,5 37

9 19,0 82

Theo mot phuong 4n, dang A ctia mudi hydroclorua ctia 1-(1-metyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat ¢ dang tinh
thé duoc didc trung bing gian do phd XRPD c6 it nhat 12 bdn, tét hon nita néu 13 nam,
t6t nhit néu cac dinh dudi diy c6 goc nhidu xa 2 theta (20) tuong tmg 1a 16,4, 17,2,
20,2,24,2,27,5 va 29,7 £0,2.

Theo mot phwong 4n, dang A ctia mudi hydroclorua cta 1-(1-metyl-6-0x0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé dugc dic trung bing gian dd phd XRPD hiu nhu gidng véi gian dd phd XRPD
dugc biéu dién trong Fig. 3A.

4.2. Phuong 4n thtt hai ctia mubi hydroclorua:

Mudi hydroclorua khan cia 1-(1-metyl-6-o0xo0-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé (Dang B cua
mudi hydroclorua) c6 thé duge tao ra tir axeton khi sir dung hai duong lugng axit

clohydric.

Dang B ctia mubi hydroclorua ndy cho thiy do tan tbt trong moi trudng chira
nudce. Nhiét dd nong chay cia nd, dbi v6i miu dugc bdo quan & nhiét d6 40°C va do
4m tuong di 1a 75% trong thoi gian 7 ngdy, dugc xac dinh biang cich dun néng &
nhiét d 10°C/phut dén khoang 250°C (diém khoi phat).
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Gian d6 phd nhidu xa bot tia X (XRPD) ctia mau dugc didu ché theo phuong
phap nay (tham chiéu Vi du I1.3.2) dugc bidu dién trong Fig. 3B. Cac phép do dugc
thyc hién & nhiét d6 khoang 22°C va budc séng cua tia X, A 1a 1,5418A (CuKa
A=1,5418A).

Tém tét gian dd phd XRPD:
STT 2 theta | Cuong STT 2 theta | Cuong
(deg®) | d9 (cts) (deg®) | dd (cts)
1 5,7 98 17 20,7 82
2 9,1 76 18 22,9 36
3 10,0 603 19 23,6 323
4 10,7 521 20 24,2 136
5 11,9 463 21 25,0 595
6 13,3 418 22 25,4 137
7 13,7 163 23 26,9 1100
8 15,4 191 24 27,0 966
9 15,9 970 25 27,7 296
10 16,5 225 26 29,4 198
11 16,8 127 27 30,1 67
12 17,1 135 28 31,9 51
13 18,3 494 29 32,7 63
14 18,7 443 30 34,2 20
15 19,5 439 31 35,9 30
16 20,0 80 32 38,1 22

Theo mot phuong 4n, dang B ctia mudi hydroclorua cia 1-(1-metyl-6-0x0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh

thé dugc dic trung bing gian dd phd XRPD c6 it nhét 1a bén, tét hon nita néu 1a ndm,
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t6t nhit néu tit ca cac dinh dudi day c6 goc nhiéu xa 2 theta (20) twong Ung 1a 5,7, 9,1,
10,0, 10,7, 11,9, 13,3, 13,7, 15,4, 15,9, 16,5, 16,8, 17,1, 18,3, 18,7, 19,5, 20,0, 20,7,
23,6, 24,2, 25,0, 25,4, 26,9, 27,0, 27,7, 29,4, 30,1, 31,9, va 32,7, +0,2.

Theo mét phuong 4n, dang B ctia mubi hydroclorua ctia 1-(1-metyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat ¢ dang tinh
thé duoc dic trung bing gian dd phd XRPD hiu nhu gidng véi gian dd phd XRPD
duoc bidu dién trong Fig. 3B.

4. Mubi fumarat:

Theo mdt phuong 4n, dang rén theo sang ché 1a mudi fumarat cta 1-(1-metyl-6-
oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat, vi
du, & dang tinh thé.

3.1. Phuong 4n thr nhit cia mudi fumarat:

Mudi fumarat khan cta 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-
4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé (Dang A ctia mubi fumarat) c6
thé dugc tao ra tir metanol/axeton dugc md ta trong vi du 4.1 khi st dung mot duong

lugng axit fumaric.

Dang A ctia mudi fumarat ndy cho thdy d¢ tan tdt trong moi truong chira nude.
Nhiét d¢ nong chady cua n6 duge xac dinh béng cach dun néng & nhiét do 10°C/phut
dén khoang 156°C.

Gian d6 phd nhiéu xa bot tia X (XRPD) ctia miu dugc didu ché theo phuong
phap nay (tham chiéu Vi du IL4.1) duoc biéu dién trong Fig. 4A. Céc phép do duoc
thuc hién & nhiét d0 khoang 22°C va budc song cua tia X, A 1a 1,5418A (CuKo
2=1,5418A).

Tom tat gian d6 phd XRPD:
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Cuong
STT 2 theta do STT 2 theta | Cudng
(deg®) (deg®) do
(cts) '

1 6,5 662 17 22,1 1795
2 10,1 1209 18 23,1 237
3 10,7 813 19 23,4 100
4 12,4 156 20 25,0 1464
5 13,0 3669 21 25,1 1002
6 13,9 661 22 25,4 603
7 16,0 90 23 26,4 114
8 16,7 1428 24 27,5 297
9 16,8 1725 25 28,0 790
10 17,2 2712 26 28,8 293
11 17,7 290 27 29,9 255
12 18,8 209 28 32,8 149
13 20,2 1475 29 33,2 174
14 20,5 631 30 33,7 80
15 21,6 1518 31 38,3 73
16 21,9 1748

Theo mot phuong 4n, dang A cia mudi fumarat ciia 1-(1-metyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé dugc dic trung bing gian dd phd XRPD c6 it nhét 12 bdn, tét hon nita néu 1a nim,
t6t nhit néu tit ca cac dinh dudi ddy c6 goc nhidu xa 2 theta (20) twong ung 13 6,5,

10,1, 10,7, 12,4, 13,0, 13,9, 16,7, 16,8, 17,2, 17,7, 18,8, 20,2, 20,5, 21,6, 21,9, 22,1,

23,1,23.4, 25,0, 25,1, 25,4, 26,4, 27,5, 28,0, 28,8, 29,9, 32,8, va 33,2, £0,2.
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Theo mdt phuong 4n, dang A cia mubi fumarat ctia 1-(1-metyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat ¢ dang tinh
thé dugce ddc trung bing gian dd phd XRPD hdu nhu giéng véi gian dd phé XRPD
duogc biéu dién trong Fig. 4A.

3.2. Phuong 4n thir hai ctia mubi fumarat:

Mudi fumarat khan cta 1-(1-metyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-
4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé (Dang B ctia mubi fumarat) c6
thé dugc tao ra tir metanol/axeton dugc md ta trong vi du 4.2 khi str dung hai duong

luong axit fumaric.

Dang B ctia mubi fumarat nay cho thiy do tan tt trong méi trudng chira nude.
Nhiét do néng chdy ciia n6 duge xac dinh bing cach dun néng & nhiét dd 10°C/phut
dén khoang 155°C.

Gian d6 phd nhidu xa bt tia X (XRPD) ciia miu dugc didu ché theo phuong
phép nay (xem trong Vi du I1.4.2) dwgc biéu dién trong Fig. 4B. Cac phép do dugc
thye hién & nhiét d6 of khoang 22°C va budc song cua tia X, A 1a 1,5418A (CuKoa
A=1,5418A).

Tém tit gian dd phd XRPD:

STT 2 theta | Cuong STT 2 theta | Cudng

(deg®) | do (cts) (deg®) | dO (cts)
1 6,4 549 25 21,4 840
2 7,8 112 26 21,9 2681
3 8,7 462 27 22,8 669
4 10,6 232 28 23,8 364
5 11,3 215 29 24,0 1027
6 11,8 742 30 244 317
7 12,9 523 31 24,7 524
8 13,1 178 32 25,2 935
9 13,8 1953 33 25,6 448
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STT 2 theta | Cuong STT 2 theta | Cuong
(deg®) | dd (cts) (deg®) | d9 (cts)
10 14,0 1727 34 26,0 566
11 15,2 176 35 26,1 699
12 15,7 1780 36 27,8 528
13 16,2 736 37 283 123
14 16,6 1901 38 29,1 220
15 16,9 335 39 29,5 353
16 18,3 110 40 30,6 201
17 18,7 954 41 314 256
18 18,8 689 42 31,7 142
19 19,1 2404 43 32,1 318
20 19,3 562 44 32,7 308
21 19,7 318 45 34,7 98
22 20,1 146 46 35,3 194
23 20,5 323 47 37,4 154
24 21,0 1741 48 38,2 168_

_ Theo mdt phuong 4n, dang B ctia mudi fumarat cia 1-(1-metyl-6-0x0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
thé duoc dic trung bing gian dd phd XRPD c6 it nhit 1a bén, tdt hon nita néu 13 nim,
tot nhat néu tét ca cac dinh duéi dy c6 goc nhidu xa 2 theta (20) twong tmg 1 6,4, 8,7,
10,6, 11,3, 11,8, 12,9, 13,8, 14,0, 15,7, 16,2, 16,6, 16,9, 18,7, 18,8, 19,1, 19,3, 19,7,
20,5, 21,0, 21,4, 21,9, 22,8, 23,8, 24,0, 24,4, 24,7, 25,2, 25,6, 26,0, 26,1, 27,8, 29,1,
29,5, 30,6, 31,4, 32,1, 32,7, va 35,3, £0,2.

Theo mot phuong an, dang B cua mubi fumarat cia 1-(1-metyl-6-0x0-1,6-

dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh
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thé dugc dic trung bang gian dd phd XRPD hiu nhu gidng véi gian db phd XRPD
duogc biéu dién trong Fig. 4B.

Phuong phap diéu ché dang tinh thé

Dang tinh thé c6 thé dwoc diéu ché bang cic phuong phéap khac nhau, bao gdm,
vi du, phuong phap két tinh hodc tai két tinh tir dung méi thich hop, thang hoa, tao tinh
thé tir thé néng chay, chuyén sang trang thai rin tir mot pha khac, két tinh tir dich long
'siéu t6i han, va phun phan luc. Cac ki thuat két tinh hoic tai két tinh céc dang tinh thé
tir hdn hop dung mbi bao gém, vi dy, 1am bay hoi dung méi nay, lam gidm nhiét do
ctia hdn hop dung moi ndy, tao mam tinh thé hdn hop dung méi sidu bio hoa cia phan
tir vi/hodc mudi nay, dong khd hdn hop dung méi nay va bd sung thém céc chét khang
dung moi (chat chdng tao dung méi) vao hdn hop dung méi nay. K§ thuat két tinh

thong lugng cao c6 thé duoc dung dé didu ché dang tinh thé bao gdbm dang da hinh.

Tinh thé cta thubc, bao gdm dang da hinh, phuong phéap bao ché, va x4c dinh
dic tinh cta tinh thé thubc dugc thao luan trong tai liéu Solid-State Chemistry of
Drugs, caa S.R. Byrn, R.R. Pfeiffer, va J.G. Stowell, nd Edition, SSCI, West
Lafayette, Indiana (1999).

Véi céc k¥ thuat két tinh st dung dung mdi, viéc lya chon dung moi hodc céac
dung moi thudng phu thudc vao mét hodc nhidu yéu t§, nhu 12 d6 hoa tan cua hop
chit, ky thuat két tinh, va ap suét hoa hoi ctia dung méi nay. Cac td hop dung méi co6
thé dugc dung, vi du, hop chit nay c6 thé duge hoa tan vao dung moi thtr nhat dé thu
dugc dung dich, sau d6 bd sung thém chit khang dung moi dé gidm do tan cta hop
chit nay trong dung dich va dé tao thanh tinh thé. Chét khang dung méi la dung moi,

trong d6 hop chat nay it tan trong dung moi do.

Theo mot phuong phap diéu ché tinh thé, hop chit duoc huyén phu héa va/hodc
duoc khudy trong dung mai thich hop dé thu dugc huyén pht dang dic, huyén phu
dang dic ndy c6 thé duge lam néng dé thuc ddy su hoa tan. Thuat ngit “huyén phi
dang dic”, nhu dugc sir dung & ddy, ding dé chi dung dich bdo hoa cta hop chat nay,
con ¢6 thé chira lwong bd sung ciia hop chét nay dé thu dugc hdn hop khong ddng nhét

cta hop chat nay va dung méi & nhiét do xac dinh.
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Tinh thé mim c6 thé duoc thém vao hdn hop két tinh bit ky dé thic ddy su két
tinh (xem trong tai li€u “Programmed Cooling of Batch Crystallizers” cia J.W. Mullin
va J. Nyvlt, Chemical Engineering Science, 1971,26, 369-377). Thong thuong, tinh thé
mam c6 kich thuéc nhod dugce s dung. Tinh thé mam kich thuéc nho c6 thé duoce tao
ra béng viéc ray hat, nghién, hoac micron héa (tan thanh bt min) céc tinh thé 16n,
hoic bang cach vi két tinh cdc dung dich. Nén chu y rang, viéc nghién hodc micron
hoa cac tinh thé khong duoc 1am thay dbi dang két tinh cta dang tinh thé mong mubn

-(vi du, chuyén thanh dang v6 dinh hinh hodc cac dang da hinh khéac).

Hbn hop két tinh duge 1am mat ¢6 thé duoc loc trong chan khong, va phan rin
tach ra sau loc c6 thé duoc rira bang dung moéi thich hop, nhu 13 dung méi tai két tinh
lanh, va 1am khé trong nito sach dé thu dwoc dang tinh thé mong mudn. Phan rén phan
tach duoc nay cé thé duoc phan tich bang k§ thudt quang phd hoic phan tich thich
hop, nhu 1a céng hudng tir hat nhan trang thai ran, nhiét quét vi sai, nhidu xa bot tia X,
hodc tuong tu, dé dam béo sy tao thanh cta dang tinh thé dugc uu tién cia san phém
nay. Dang tinh thé thu duoc thuong duge diéu ché véi lwong 16n hon khoing 70%
trong luong hiéu suit phan tach, t&t hon néu 16n hon 90% trong luong hiéu suét phan
‘tach, dua trén trong luong ban diu duwgc ding ctia hop chit nay trong quy trinh két

tinh. S&n pham nay néu can thiét, c6 thé dugc khir von bang viéc rady hoac ray ép.

Dang tinh thé c6 thé duoc didu ché truc tiép tir mdi trudng phan ung clia budc
cudi trong quy trinh didu ché 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-
yl 4-xyclobutylpiperazin-1-carboxylat hoic dang rin theo sang ché. C6 thé thyuc hién
viéc didu ché nay, vi duy, béng viéc dung mdt dung mdi hodc hdn hop céc dung moi
trong budc cubi trong quy trinh diéu ché dé két tinh dang rin theo sang ché. Theo cach
khéc, dang tinh thé c6 thé thu duge bang k§ thuat chung cét hoc bd sung thém dung
mdi. Dung mai thich hop cho muc dich nay bao gdm, vi du, dung méi khong phén cuc
va dung mdi phan cuc, bao gdm dung méi phan cuc proton nhu 1a ruou, va dung méi

phéan cuc khong proton nhu la keton.

Su c6 mit cua nhiéu hon mot dang da hinh trong miu c6 thé dugc xac dinh
bang cac ky thuat nhu 1 nhidu xa bot tia X (PXRD) hoic quang phd cong hudng tir
hat nhan trang théi rin. Vi du, sy ¢6 mit cua cac dinh phu khi so sanh gitta mau PXRD
do thuc té v6i miu PXRD md phong c¢6 thé chi ra nhidu hon mét dang da hinh trong

mau d6. Mau PXRD mé phong ¢6 thé dwoc tinh toan tir dit liéu cta tia X don tinh thé;
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tham chiéu Smith, D.K., “4 FORTRAN Program for Calculating X-Ray Powder
‘Diffraction Patterns,” Lawrence Radiation Laboratory, Livermore, California, UCRL-

7196 (April 1963).

Mot phuong 4n theo sang ché 14 phwong phap diéu ché mubi xitrat ctia 1-(1-
metyl-6-ox0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-

carboxylat & dang tinh thé gdm céc budc:

(a) diéu ché dung dich 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-
yl 4-xyclobutylpiperazin-1-carboxylat va axit xitric trong axeton, trong do ty 1¢& cua 1-
(1-metyl-6-ox0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-

carboxylat:axit xitric 1a khodng 1:2;

(b) thém dbi dung moi ete vao dung dich ciia budc (a), vi du, dietyl ete, cho dén
khi ty I¢ theo thé tich cua axeton : dbi dung méi 1a tr 1:1 dén 1:5, vi dy, dat duogc

khoang 1:3; va

(e) tach phan rin bing cach loc dé thu duge mudi xitrat ciia 1-(1-metyl-6-0xo-
1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang
tinh thé.

Mbt phuong 4n theo sang ché 14 phuong phép diéu ché mudi hydroclorua cua 1-
(1-metyl-6-ox0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat & dang tinh thé gdm céc budc:

(a) diéu ché dung dich 1-(1-metyl-6-0xo-1,6-dihydropyridazin-3-yl)piperidin-4-
yl 4-xyclobutylpiperazin-1-carboxylat trong axeton;

(b) thém axit clohydric vao dung dich cua budc (a) cho tdi khi ty 1€ cia 1-(1-
metyl-6-ox0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat : axit clohydric dat dugc khoang 1:1; va

(e) tach phin rin bing cach loc dé thu dwoc mudi hydroclorua cta 1-(1-metyl-
6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat &
dang tinh thé.
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Phan tich dang rin

Dang rin cta dang rin theo sang ché c¢6 thé duge xac dinh dic diém bang nhiéu
ky thuat, thao tac ctia cac k¥ thuat nay da dugc biét rd béi ngudi c6 hiéu biét trung

binh trong linh vuc nay.

Cac dang ndy c6 thé dugc xac dinh dic diém va phéan biét bang nhiéu xa tia X
tinh thé don dua trén cac phép do 6 don vi cua tinh thé don cua dang niy & nhiét do
phan tich ¢ dinh. Mo ta chi tiét ctia cac 6 don vi duge dé xuit trong Stout & Jensen,
X-Ray Structure Determination: A Practical Guide, Macmillan Co., New York (1968),
Chapter 3. Theo cach khéc, su sip xép dic biét ciia cic nguyén tir trong khong gian
trong mang tinh thé c6 thé dugc dic trung theo cac toa do nguyén tir phan doan duogc
quan sat. Phuong phép khéac dé xac dinh ddc diém ciu trac tinh thé 12 phén tich nhidu
xa bot tia X, trong d6 dic tinh nhidu xa dugc so sanh vé6i dic tinh md phéng cia vat
liéu bot tinh khiét, ca hai tht nghiém thuc hién & cung nhiét d phan tich va phép do
cho dang dbi twong nay dic trung & dang chudi gia tri 20 (thudng 1a bdn hodc nhiéu

hon).

C6 thé dung phwong phap khac dé xac dinh dic diém dang nay, nhu 1a cong
huéng tir hat nhén trang théi rén (nuclear magnetic resonance -NMR), nhiét quét vi sai,
nhiét ky va kiém tra tong thé tinh thé nay hozc hinh thai v6 dinh hinh. C4c tham sb nay

cling c6 thé dugc st dung két hop dé xac dinh dic diém dang ctia dang dbi tuong.

Cac khia canh khac

Séang ché ciing d& c4p dén dang rin theo sang ché (vi du, dang A cia dang tu do
cua 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-

1-carboxylat & dang tinh thé) dé ding 1am duoc pham.

Theo phuong 4n khac, séng ché dé cap dén dang rén theo sang ché (vi du, dang
A cua dang ty do cua 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-
xyclobutylpiperazin-1-carboxylat & dang tinh thé) cho viéc diéu tri rdi loan hodc bénh
& ddi tuong gy ra bai thu thé H3. T4t hon néu rbi loan hodc bénh da néu duoc chon tir
chimg ngu ri; chimg mét méi lién quan dén bénh da xo cing; ching mét méi lién

quan dén bénh Parkinson; sy suy gidm nhén thirc lién quan dén chting tAm than phan
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liét; su suy giam nhén thie lién quan dén bénh Alzheimer; sy suy gidm nhén thirc nhe;

hoi chung Tourette; va rdi loan ting dong giam tap trung; ddc biét 1a chirng ngu ril.

Theo phuong 4n khéc, sang ché cling md ta viéc dung dang ran theo sdng ché
(vi du, dang A cua dang ty do cuia 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé) dé san xuat duge
phdm phong ngira, diéu tri va /hoic tri hodn sy tién trién cta rdi loan hodc bénh ¢ ddi
tuong gdy ra bdi thu thé H3. Tt hon néu rdi loan hodc bénh di néu duge chon tir
chimg ngu rd; ching mét mai lién quan dén bénh da xo ctng; ching mét moi lién
‘quan dén bénh Parkinson; sy suy giam nhan thirc lién quan dén ching tdm than phan
liét; sy suy giam nhan thtrc lién quan dén bénh Alzheimer; su suy giam nhén thirc nhe;

hoi chung Tourette; va rdi loan ting dong giam tap trung; dic biét la chimg ngt ril.

Theo phuong 4n khéc, sang ché ciing mé ta viéc ding dang ran theo sang ché
(vi du, dang A cta dang tu do ciua 1-(l-metyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé) cho viéc phong
ngua, diéu trj va /hodc tri hodn sy tién trién cta rbi loan hoic bénh & dbi tuong gdy ra
boi thu thé H3. Tét hon néu réi loan hoic bénh d3 néu 1a duge chon tir ching ngu rii;
chimg mét moi lién quan dén bénh da xo cing; chitng mét méi lién quan dén bénh
‘Parkinson; su suy giam nhén thirc lién quan dén ching tim than phan liét; sy suy giam
nhén thuc li€n quan dén bénh Alzheimer; su suy giadm nhédn thic nhe; hdi ching

Tourette; va rdi loan ting dong giam tap trung; dic biét 1a chig ng ri.

Theo phuong 4n khac, sang ché con md ta phuong phép phong ngira, diéu trj va
/hodc tri hodn su tién trién cia rdi loan hodc bénh & dbi tuong gay ra béi thu thé H3, &
d6i twong can sy diéu trj nay, bao gdm viéc ding cho déi tugng nay lwong c6 hidu qua
didu tri cta dang rén theo sdng ché (vi du, dang A cta dang tu do ctua 1-(1-metyl-6-
ox0-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-xyclobutylpiperazin-1-carboxylat &
dang tinh thé). Tét hon néu rdi loan hodc bénh d néu 1a dugc chon tir chimg ngu ri;
chimg mét moi lién quan dén bénh da xo cing; chimg mét méi lién quan dén bénh
Parkinson; su suy giam nhén thirc lién quan dén chung tdm than phan liét; su suy giam
nhan thtc lién quan dén bénh Alzheimer; sy suy gidm nhan thtrc nhe; hdi ching

Tourette; va rdi loan ting dong giam tép trung; diic biét 1a chimg ngi ril.

-79-



21606

Theo phwong 4n khéc, sang ché mé ta phuong phap phong ngira, didu tri va
/hoiic tri hodn sy tién trién cta rdi loan hodc bénh cho ddi tuong gy ra béi thu thé H3,
& db6i tugng can diéu tri, bao gdm (i) chin doan ri loan hodc bénh da néu & dbi twong
da néu va (ii) dung cho dbi twong da néu lugng c¢6 hiéu qua didu tri cua dang rén theo
sang ché (vi dy, dang A cua dang tu do cia 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat) & dang tinh thé. Tt hon néu rbi
loan hodc bénh da néu 1a dugc chon tir ching ngu rli; chiing mét moi lién quan dén
bénh da xo cimg; chimg mét méi lién quan dén bénh Parkinson; su suy giam nhan thirc
lién quan dén chirng tdm than phan liét; sy suy gidm nhén thac lién quan dén bénh
Alzheimer; sy suy gidm nhén thirc nhe; hdi ching Tourette; va rbi loan tang dong

giam tap trung; ddc bi¢t 1a chung nga rii.

Dang vo dinh hinh/dang tinh thé cta dang rén theo sang ché hitu ich lam san
phdm trung gian dé diéu ché dang tinh thé/ dang tinh thé khéac ciia dang rin theo sang

ché ma hitu ich trong viéc diéu tri bénh/tinh trang néu trén.

Dang rin theo sang ché c6 thé dugc ding mot minh hodc két hop, hodc dugc
bao ché vi mot hodc nhiéu ta dugc va/hodac thanh phén duoc phém hoat tinh khac dé
tao ra cac ché phém, nhu dugce mo ta trén day, thich hgp dé diéu tri bénh/tinh trang néu

trén.

Do d6, sang ché cling d& cap dén dugc phdm chira dang rén theo sang ché 1a

‘hoat chét va it nhdt mot chit mang dugc dung.

Danh sach tir viét tit:
DSC nhiét quét vi sai
EGA phan tich khi thoat ra
TGA phén tich nhiét trong lugng

XRPD nhiéu xa bot tia X

Vi du IL1.1: Pidu ché dang tu do cua 1-(1-metyl-6-o0x0-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé
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Hoa tan dang tu do cua 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-
4-yl 4-xyclobutylpiperazin-1-carboxylat trong etyl axetat & ndng do 100mg/ml trong
diéu kién dun néng dén diém trong 1a 35°C. Lam mat dén diém duc 1a 4°C dé tao ra

san pham tinh thé. Phan tich san phdm nay bing XRPD (xem Fig. 1A).

Vi du IL1.2: Piéu ché dang tu do cua 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé

Hoa tan mot duwong lugng clia mdi bazo dugc liét ké trong bang dudi diy trong
6ng duoc trang bi mot thanh khudy trong 3mL nuée. Thém 50mg dang A cda dang tu
do cua 1-(1-metyl-6-o0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-
xyclobutylpiperazin-1-carboxylat ciing véi 2mL metanol vao dung dich nay. Khudy
hdn hop nay & nhiét d trong phong cho dén khi thu duge dung dich trong. Sau @6,
loai bé thanh khudy va dé dung dich bay hoi & nhiét do trong phong. Sau 17-24 ngay
(xem bang dudi ddy) s& thu dugc san pham két tinh. Thoi gian bay hoi va lugng san

phim thu duge dugc liét ké trong bang dudi day:

Bazo Luong san phdm | Thoi gian bay hoi
L-Lysin 19mg 17 ngay
N-Metyl Glucamin 26mg 24 ngay
L-Arginin 23mg 18 ngay
Natri hydroxit Smg 20 ngay
Kali hydroxit Tmg 24 ngay
Magie hydroxit 8mg 18 ngay
Canxi hydroxit 10mg 24 ngay

Thu chét két tiia va phan tich bing XRPD. Phé XRPD thong thuong duge mo ta
trong Fig. 1B.
Vi du I12.1: Piéu ché mubi xitrat cua 1-(1-metyl-6-0x0-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé

Hoa tan trong khi khudy 2g dang tu do cua 1-(1-metyl-6-o0x0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat trong axeton

(Sml) ¢ nhiét d0 trong phong, va hoa tan 2,04g (2 duong lugng) axit xitric trong
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axeton (5ml) trong cing didu kién. Thém hai dung dich trén vao mdy lam két tinh
100mL dugc trang bi thanh khudy tir va binh ngung va khudy ching. Sau nira tiéng,
thém 30ml dietyl ete vao trong may lam két tinh. Loc huyén phu dang dic, va lam kh
chét rin mau vang nhat thu dugc trong chan khong & nhiét 6 40°C trong thoi gian 24
gidr (hiéu suét: 82,28%). Phan tich san phdm thu dugce bang XRPD (xem Fig. 2A) va
proton-NMR (xem Fig. 2B). Phan tich phd proton-NMR cho thiy ty 1§ bazo/axit 1a
khoang 1:1,5.

Vi du I1.2.2: Pidu ché mubi xitrat cta 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé

Hoa tan 25,58mg axit xitric trong 3mL axeton trong diéu kién khudy cho t6i khi
hoa tan hoan toan. Thém 50mg dang tu do cua 1-(1-metyl-6-oxo-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat vao dung
dich nay va khudy hdn hop & nhiét d6 trong phong trong thoi .gian 24 gid. Thu chét két
tia bang loc trong chan khéng, rira v6i dietyl ete, 1am khé trong diu kién chén khong
& nhiét do 50°C trong thoi gian 14 gid va phén tich bing XRPD (xem Fig.2B),
TGA/EGA va DSC.

Vi du I1.3.1: Piéu ché mubi hydroclorua cta 1-(1-metyl-6-oxo-1,6-dihydropyridazin-
3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé

Trong méy lam két tinh 100mL duoc trang bi thanh khudy tir va binh ngung,
hoa tan 2g dang tu do cua 1-(1-metyl-6-0xo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl
4-xyclobutylpiperazin-1-carboxylat trong axeton trong diu kién khudy. Thém nhé giot
axit clohydric 438ul (1 duong lugng) & nhiét d§ phong. Ngay lép tirc, mot lwong nho
két tia mau vang dugc tao thanh va khudy hdn hop nay & nhiét d6 trong phong trong
thoi gian 3 gid. Loc chat rin ndy, lam khd trong chan khong & nhiét d6 40°C trong thoi
gian 24 git (hidu suét: 81,5%) va phan tich bing XRPD (xem Fig.3A).

Vi du 11.3.2: Pidu ché mubi hydroclorua cta 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-
3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé

Hoa tan 50mg dang ty do cia 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat trong 3mL axeton. O nhiét do
trong phong, thém 22ul axit clohydric 37% va khudy hén hop nay & nhiét do trong

phong trong thoi gian 24 gio. Thu hdi chéit két tha trong chén khéng, rira bing dietyl
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ete, lam kho trong chén khong & nhiét dd 50°C trong thoi gian 24 gid, va phan tich
bang XRPD (xem Fig.3B), TGA/EGA va DSC.

Vi du I1.4.1: Pidu ché mudi fumarat cua 1-(1-metyl-6-0xo0-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé

Hoa tan 15,46mg axit fumaric trong ImL metanol trong khi khudy cho t6i khi
hoa tan hoan toan. Thém 50mg dang twy do cia 1-(1-metyl-6-0xo0-1,6-
‘dihydropyridazin-3-yl)piperidin-4-yl ~4-xyclobutylpiperazin-1-carboxylat vao dung
dich nay va khudy hdn hop & nhiét d6 trong phong cho dén khi hoa tan hoan toan. Lam
bay hoi dung mdi & nhiét d6 trong phong trong thoi gian 48 giv va thu duge dau mau
vang. Thém 1mL axeton va khudy hdn hop nay & nhiét d6 trong phong trong thoi gian
2 gio. Thu hoi chit két tha mau vang trong didu kién chan khong, rira bing dietyl ete,
1am khd trong chan khong & nhiét do 50°C trong thoi gian 14 gid, va phan tich bing
XRPD (xem Fig. 4A), TGA/EGA va DSC.

Vi du I1.4.2: Piéu ché mudi fumarat coa 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh thé

Hoa tan 30,91mg axit fumaric trong 2mL metanol trong khi khudy cho t¢i khi
hoa tan hoan toan. Thém 50mg dang ty do cua 1-(1-metyl-6-0xo-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat vao dung
dich nay va khudy hén hop & nhiét d6 trong phong cho dén khi hoa tan hoan toan. Lam
bay hoi dung mdi & nhiét do trong phong trong thdi gian 3 ngay va thu duge dau mau
vang. Thém 1mL axeton va khudy hén hop nay & nhiét do trong phong trong thoi gian
2 gio. Thu hdi chat két tha mau vang trong diéu kién chan khong, rira bing dietyl ete,
lam kho trong chan khong & nhiét do 50°C trong thoi gian 14 gid , va phén tich bing
XRPD (xem Fig. 4A), TGA/EGA va DSC.

Duéi day 1a cac phwong 4n khéc theo sang ché:

Phuong d4n 1: dang ty do cua 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang rén; hoic mudi cia 1-(1-
metyl-6-o0xo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-

carboxylat & dang rdn, trong d6 muoi dd néu la mudi xitrat, hydroclorua, fumarat,
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adipat, maleat hodc sebacat cta 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-
4-yl 4-xyclobutylpiperazin-1-carboxylat.

Phuong 4n 2: dang tu do cia 1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang rén.

Phuong 4n 3: dang tu do theo phuwong &n 2, trong d6 dang tu do nay la & dang
tinh thé.

Phuong 4n 4: dang tuy do theo phuong an 3, trong d6 dang ty do nay dugc dic
trung bang gian dd XRPD hau nhu gidng véi gian dd XRPD dugc biéu dién trong Fig.
1A.

Phuong 4n 5: dang tu do theo phurong 4n bat ky trong s6 cac phuong 4n 2 dén 4,
trong d6 dang tu do nay & dang hau nhu tinh khiét.

Phuong 4n 6: dang tur do theo phurong 4n bat ky trong sé cac phuong 4n 2 dén 4,

trong d6 dang tu do nay c6 do tinh khiét 16n hon 90% trong lugng.

Phuong 4n 7: Mubi ciia 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-
4-yl 4-xyclobutylpiperazin-1-carboxylat & dang ran, trong d6 mubi dd néu 1a mudi
xitrat, hydroclorua, fumarat, adipat, maleat hodc sebacat cua 1-(1-metyl-6-oxo0-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat.
| Phuong 4n 8: mubi theo phuong 4n 7, trong d6 mubi nay 1a mudi xitrat cua 1-
(1-metyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat & dang tinh thé. |

Phuong 4n 9: mudi theo phuong 4n 8, trong d6 mudi nay dwoc dic trung bang
gian d6 XRPD hau nhu gidng véi gian dd XRPD dugc biéu dién trong Fig. 2A.

Phuong 4n 10: mudi theo phuong 4n bat ky trong sb céc phuong 4n 7 dén 9,
trong d6 mudi ndy & dang hiu nhu tinh khiét,

Phuong 4n 11: mudi theo phuong 4n bat ky trong sb céc phuong an 7 dén 9,
trong d6 mudi nay c6 do tinh khiét 16n hon 90% trong luong.

Phuong 4n 12: Duogc phém chtra dang tu do nhu dugc xac dinh theo phuong an
bat ky trong s6 cac phwong 4n 2 dén 6 dong vai trd nhu 1 thanh phan hoat tinh va it

nhit mot chit mang dugc dung.
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Phuong 4n 13: Duoc phidm chita mudi nhu dwgc xac dinh theo diém bt ky
trong s& cac diém 7 dén 11 dong vai trd nhu 1a thanh phén hoat tinh, va it nhit mot

chit mang dugc dyung.

Phuong 4n 14: Phuong phap diéu ché mudi xitrat ciia 1-(1-metyl-6-0xo-1,6-
dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang tinh

thé gdm céc budc:

(a) didu ché dung dich 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-
yl 4-xyclobutylpiperazin-1-carboxylat va axit xitric trong axeton, trong d6 ty 1¢ cua 1-
(1-metyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-

carboxylat : axit xitric 1a khodng 1 : 2;

(b) thém dbi dung méi ete vao dung dich ctia bude (a), vi du, dietyl ete, cho dén

khi ty 1€ theo thé tich cta axeton : ddi dung modi ete dattir 1 : 1 dén1:5;va

(e) tach chét rin bang cach loc dé thu dugc mudi xitrat ctia 1-(1-metyl-6-0xo-
1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat ¢ dang
tinh thé.

Phuong an 15: Phuong phap didu ché mubi hydroclorua cia 1-(1-metyl-6-oxo-
1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang
tinh thé gdm céc buéc:

(a) diéu ché dung dich 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-yl)piperidin-4-
yl 4-xyclobutylpiperazin-1-carboxylat trong axeton;

(b) thém axit clohydric vao dung dich ctia budc (a) cho dén khi ty 18 cua 1-(1-

‘metyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat : axit clohydric dat khoang 1 : 1; va

(e) tach chét rin bing cach loc dé thu dwoc mudi hydroclorua cta 1-(1-metyl-6-
0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl ~ 4-xyclobutylpiperazin-1-carboxylat &
dang tinh thé.
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YEU CAU BAO HOQ

1. Hop chét ¢6 cong thuc (I):

! @,
hoac mudi cia no, trong do6:

R; 1a Cygalkyl, Cyealkenyl, C,galkinyl, Cs.¢xycloalkyl, Cs¢xycloalkenyl hodc
Csexycloalkyl-Cy_4alkyl; trong d6 C,galkyl, C,galkenyl, C,galkinyl hodc Cs.
¢xycloalkyl-C;_4alkyl d& néu c6 thé dugc thé mot hodc nhiéu lan béng halogen; va
trong d6 Cs.¢xycloalkyl hodc Cs.gxycloalkenyl dd néu c6 thé dugce thé mét hodc nhiéu
1an bang halogen, C,_4alkyl hodc C;_shalogenalkyl;

m la 1 hodc 2;

nlao, 1,2, 3 hoic 4;

mdi R, ddc 1ap 1a halogen, hydroxy, amino, xyano, nitfo, Crealkyl, Ci.
¢halogenalkyl, C;¢hydroxyalkyl, C;jalkoxy-Cigalkyl, amino-Cq.alkyl, Cisalkyl-
amino-Cj.alkyl, di(C;4alkyl)-amino-Cygalkyl, C,ealkoxy, Cjg¢halogenalkoxy, C;.
¢alkylamino, di(C,.galkyl)amino, C,¢alkenyl, C,¢halogenalkenyl, C,_salkinyl hodc C,.
shalogenalkinyl; hodc Cs.¢xycloalkyl, trong d6 mot nguyén tir cacbon c6 thé dugc thay
thé bang nguyén ti oxy, trong dé Cs-¢xycloalkyl nay c6 thé dugc gin truc tiép vao
metylen hodc qua Cjsalkylen, va trong d6 Cs-¢xycloalkyl ndy c6 thé dugc thé mot
hoic nhiéu 14n bang halogen;

hodc hai R, trén cing nguyén tir cacbon cing v4i nguyén tir cacbon nay tao ra

Cs.¢xycloalkyl;
X 1a oxy hodc —N(Ry)-;
R4 1a hydro, C;alkyl, C;.¢xycloalkyl, hodc C;_¢xycloalkyl-C.,alkyl;
plalvaqlal;

pla0Ovaqlal;hodc
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pla0Ovaqlao;
rla0, 1,2, 3 hodc 4;

mdi R; ddc lap 12 halogen, hydroxy, amino, xyano, nitro, Cigalkyl, C;.
¢halogenalkyl, C;¢hydroxyalkyl, Cjalkoxy-C,¢alkyl, amino-C,_galkyl, C.jalkyl-
amino-Cjealkyl, di(C;4alkyl)-amino-Cygalkyl, C;galkoxy, C,ghalogenalkoxy, C;.
salkylamino, di(C;.¢alkyl)amino, C,_alkenyl, C,¢halogenalkenyl, C,_alkinyl hoac C,.
shalogenalkinyl; hoic Cj.xycloalkyl, trong d¢6 mot nguyén tir cacbon c6 thé dugc thay
thé bing nguyén tir oxy, trong d6 Cs-¢xycloalkyl nay c6 thé dwoc gén truc tiép vao
metylen hodc qua Cj.alkylen, va trong d6 Cs-gxycloalkyl nay c6 thé dugc thé mot

hoic nhiéu 1an bing halogen;

hodc hai Rj trén ciing nguyén tir cacbon cung véi nguyén tir cacbon nay tao ra

Cs.exycloalkyl;
Ala:
Rs
I
N (0]
XIZ/ \\/
. \/ (RG)S

‘trong d6 lién két ¢anh dau hoa thi duoc gin v6i nguyén ti nito;

Rs 1a hydro, C;alkyl, Cy.ealkenyl, C,¢alkinyl, C;¢xycloalkyl, Cs.¢xycloalkenyl
hodc Cjexycloalkyl-Cy4alkyl; trong d6 Cjgalkyl, C,galkenyl, C,ealkinyl hoic Cs.
¢xycloalkyl-C; 4alkyl dd néu co thé duoc thé mot hodc nhiéu lan béng halogen,
hydroxy hodc Cy_salkoxy; va trong d6 Cs-gxycloalkyl hodc Cs-gxycloalkenyl da néu co

thé dugc thé mot hodc nhidu 14n béng halogen, C,.salkyl hodc C;_shalogenalkyl;
X, la nito hodc cacbon;
sla0, 1,2 hodc 3;

mdi Rg ddc lap 1a halogen, hydroxy, amino, xyano, nitro, Cjgalkyl, C,.
shalogenalkyl, Cj.ghydroxyalkyl, C.4alkoxy-Cjsalkyl, amino-Cigalkyl, C;alkyl-
amino-Cgalkyl, di(Ci4alkyl)-amino-C;.alkyl, Cjalkoxy, Cjghalogenalkoxy, C;.
salkylamino, di(C;alkyl)amino, C,.¢alkenyl, C, ¢halogenalkenyl, C, alkinyl hoic C,.
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¢halogenalkinyl; hodac C;_¢xycloalkyl, trong d6 mt nguyén tir cacbon cé thé duoc thay
thé bing nguyén tir oxy, trong d6 Cs-gxycloalkyl niy c6 thé dugc gin truc tiép vao
metylen hodc qua Cjalkylen, va trong d6 Cs-gxycloalkyl nay c6 thé duoc thé mot

hodc nhiéu 1an bang halogen.
2. Hop chét c6 cong thire (I) theo diém 1, trong d6 X; 12 oxy; hodc mubi ctia no.

3. Hop chét c6 cong thirc (I) theo diém bét ky trong s6 cac diém 1 hodc 2, trong d6 p 1a
1 va q1a 1; hoic mudi cia né.

4. Hop chét c6 cong thirc (I) theo diém bét ky trong sb cac diém tir 1 d&én 3, trong d6
R, 1a isopropyl, xyclopropyl, xyclobutyl hoic xyclopentyl va m 14 1; hoic mudi cta
no.

5. Hop chét c6 cong thirc (I) theo diém bt ky trong s cac diém tir 1 dén 4, trong d6 A
dugce chon tir (A3) va (A4):

Rs
| Rs
N o |
| \\/(R | Nl/N\\/o
/ 6/s /K/ (R6)S
(A3); (Ad);

trong d6 lién két danh déu hoa thi dugc gén véi nguyén tir nito;
hodc mubi ctia né.
6. Hop chit c6 cong thire (I) theo diém 1, trong do:

R, 1a isopropyl hodc xyclobutyl; m 1a 1; n 12 0, 1 hodc 2; mdi R, ddc lép 1a
halogen, Cj.alkyl, C,shalogenalkyl, Cjjalkoxy, Cjshalogenalkoxy hodc C;.
sxycloalkyl; hodc hai R, trén cung nguyén tir cacbon cung véi nguyén tr cacbon nay

tao ra Cs4xycloalkyl;
X, 1a oxy;

plalvaqlal;rlao, 1 hoic 2; trong d6 mdi Ry ddc 1ap 13 halogen, C,salkyl,
Ci.shalogenalkyl, Cy_4alkoxy, C;_4halogenalkoxy hodc Cs.4xycloalkyl; hodc hai Rj trén
cung nguyén t cacbon cung véi nguyén tir cacbon nay tao ra C;_4xycloalkyl; A dugc

chon tir (A3) va (A4):
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Ts 'Ts
N 0
N o)
e NG
~ (Re)s )|\/\(R6)S
(A3); (Ad);

trong d6 lién két d¢anh dAu hoa thi dugc gin véi nguyén tir nito;
Rs 1a hydro hodc metyl;
s1a 0, 1 hodc2; va

mdi Ry doc 1ap 1a halogen, Cijalkyl, Cshalogenalkyl, C,salkoxy, C;.
shalogenalkoxy hodc C;_4xycloalkyl;

hodc muodi cta no.

7. Hop chit c6 cong thirc (I) theo diém 1, trong d6 hop chit nay duoc chon tir nhém

bao gom:

1-(6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-

carboxylat;

1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-

isopropylpiperazin-1-carboxylat;

1-(6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-isopropylpiperazin-1-

carboxylat;

1-(6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-xyclopropylpiperazin-1-

carboxylat;

1-(1-metyl-6-oxo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-

xyclobutylpiperazin-1-carboxylat;

1-(1-etyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-isopropylpiperazin-

1-carboxylat;

1-(1-metyl-2-ox0-1,2-dihydropyridin-4-yl)piperidin-4-yl 4-isopropylpiperazin-

1-carboxylat;
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1-(2-ox0-1,2-dihydropyridin-4-yl)piperidin-4-yl 4-xyclobutylpiperazin-1-
carboxylat;
1-(2-0x0-1,2-dihydropyridin-4-yl)piperidin-4-yl 4-isopropylpiperazin-1-

carboxylat; va

1-(6-0x0-1,6-dihydropyridin-3-yl)piperidin-4-yl 4-isopropylpiperazin-1-

carboxylat;
hodc mudi cda cac hop chat nay.

8. Hop chét theo diém 1 c¢6 cong thirc sau:

trong d6 hop chit da néu la 1-(6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-

xyclobutylpiperazin- 1-carboxylat hoic mudi cta né.
9. Hop chét theo diém 1 ¢6 cong thirc sau:

O=(=>—N:>—O /\
N-N >N N—<
/ 0 \/

b

trong d6 hop chit da néu 1a 1-(1-metyl-6-o0xo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl

4-isopropylpiperazin-1-carboxylat hoic mudi cia né.
10. Hop chét theo diém 1 c6 cong thire sau:
o=(=>—NC>‘0 /M
N NN

trong d6 hop chdt da néu la 1-(6-0xo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-

isopropylpiperazin-1-carboxylat hoic mubi cia né.
11. Hop chét theo diém 1 ¢6 cong thirc sau:
o=(=>—NC>—o \
N-N d}ﬂ\_JN—<:>

trong d6 hop chét da néu 1a 1-(1-metyl-6-o0xo0-1,6-dihydropyridazin-3-yl)piperidin-4-yl

4-xyclobutylpiperazin-1-carboxylat hoic mudi cta no.
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'12. Hop chét theo diém 1 c6 cong thirc sau:

Oﬂ—ND—O /M
N-N 8}+\_JN—<:>

trong d6 hop chit da néu 1a dang tu do ctia 1-(1-metyl-6-oxo-1,6-dihydropyridazin-3-
yl)piperidin-4-yl 4-xyclobutylpiperazin-1-carboxylat & dang ran; hoidc
mudi cua 1-(1-metyl-6-0x0-1,6-dihydropyridazin-3-yl)piperidin-4-yl 4-
xyclobutylpiperazin-1-carboxylat & dang rén, trong d6 mubi di néu 13 mubi xitrat,
hydroclorua, fumarat, adipat, maleat hodc sebacat.
'13. Dugc phdm chira lwong c6 hiéu qua didu tri bénh ctia hop chét theo diém bt ky
trong sb cac diém 1 dén 12, hodc mudi cia n6é va mdt hoic nhidu chét mang dugc
dung.
14. Té hop chira lugng c6 hidu qua didu tri bénh cta hop chét theo diém bat ky trong
s6 cac diém 1 dén 12, hofic mubi ctia ndé va mdt hodc nhidu chit c6 hoat tinh didu tri
bénh.
15. Hop chét c¢6 cong thirc (II-1):

(Ry)r

A
i@/
R0 P @1

hodic mudi cta noé; trong d6 p, q, r, R3 va A 1a nhu dugce x4c dinh theo cong thic (I); va

R, 1a nhém roi chuyén.
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Fig. 1A: Dang A cla dang tw do ctia hop chéat 1A
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Fig. 1B: Dang B ctia dang tw do cta hop chét IA
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Fig. 2A: Dang A clia mudi xitrat clia hop chét 1A
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Fig. 2B: Dang A cla mubi xitrat ciia hop chét IA, proton-NMR
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Fig. 2C: Dang B ciia mudi xitrat ciia hop chét IA
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Fig. 3A: Dang A clia mudi hydroclorua ciia hop chét IA
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Fig. 3B: Dang B ctia mubi hydroclorua ctia hop chét IA
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Fig. 4A: Dang A cla mudi fumarat cia hop chét 1A
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Fig. 4B: Dang B cGa mubi fumarat ctia hop chét 1A
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