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va mudi cong axit cé hoat tinh duoc 1y ctia n6 c6 ai lyc manh ddi véi céac thy thé lién quan
dén amin vét (cac TAAR), dac bi¢t 1a déi vé1 TAARI, dé diéu tri cac bénh CNS. Sang ché
con dé cdp dén quy trinh di€u ché hgp chat nay va dugc pham chira no.
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Linh vuce k¥ thuét dwgc dé cap

Sang qhé @& cap dén hop chét c6 cong thirc:

va mudi cdng axit c6 hoat tinh dugc ly cia nd.

Hop chét dugc dé cép trong ban md ta va c6 cong thirc I & trén ¢ thé thé hién
hién twong tautome. Dy dinh ring sang ché bao gdm dang tautome bat ky ctia hop chét
nay, hodc céc hdn hop cla dang nay, va khong bi giéi han ¢ bét ky dang tautome ndo

~“dugc mo ta trong cong thic & trén.
Tinh trang k¥ thuét cia sang ché

Bay gio da phat hién ra rang hop chét ¢ cong thire I (5-etyl-4-metyl-N-[4-[(2S)
morpholin-2-yl]phenyl]- 1H-pyrazol-3-carboxamit) c6 &i luc manh di v6i thy thé lién
quan dén amin vét (c4c TAAR), dic biét la d6i véi TAARI, va it c6 tac dung phu hon
s0 v6i céc hop chit da biét trong linh vyec.

Céc phdi tir tvong tu cia TAAR1 ¢ chut nhit va TAAR1 & chudt cong da dugc
boc 10 trong cong bd don quéc t& s& WO2011/076678, WO02015/165835,
- W02016/016292 va W02012/16826. (_

Hop chét c6 cong thirc I va cac mudi cong ¢ hoat tinh duge 1y ciia nd c6 cac dic
tinh duoc 1y ¢6 gia tri. Ddc biét 1a, da phat hién ra rang hop chit cta sang ché 13 chit
chti van mdt phén cta thu thé c6 lién quan dén amin vét & ngudi 1 (hTAARL).

Hop chét ciia sang ché c6 vu didm dang ké so véi cac hop chét da biét trong linh
ﬁrc, nhitng vu diém nay 12

- hoat tinh chi vAn hiéu nghiém ctia thu thé TAAR1 & ngudi,
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- d0 chon loc khang chét van chuyén dopamin (DAT),

- d6 chon loc khang kénh ion hERG,

- vecto ludng tinh thip va nhd d6 c6 nguy co thip gay ra chimg loan dudng
phospholipit do dugc chét gay ra (drug-induced phospholipidosis-DIPL)
(vide infra).

Do do6, hop chét c6 cong thirc I ¢6 thé dugc ding lam thudc an toan dé diéu tri

bénh trAm cam, rbi loan lo 4u, rdi loan ludng cuc, r6i loan ting dong giam chi y
(ADHD), rdi loan lién quan dén cang thing, céc rbi loan tAm thin nhu bénh tim thin
phén 1iét, c4c bénh tam thin nhu bénh Parkinson, céc rbi loan thodi héa thén kinh nhu
bénh Alzheimer, bénh ddng kinh, chimg nhirc nra dAu, chimg ting huyét &p, chimg
| nghién, nghién chét va cac r_éi loan chuyén héa nhu rbi loan #n uéng, bénh tiéu dudng,
cac bién chiing cia bénh tiéu dudng, bénh béo phi, 16i loan md mau, rdi loan tiéu thy va
déng héa néng luong, cac rdi loan va truc triic cin b?mg ndi mo cua nhiét do co thé, cac

- 16i loan giac ngt va nhip tim, va céc roi loan tim mach.

_ Céc amin c6 ngudn gdc sinh vat cb dién (serotonin, norepinephrin, epinephrin,
dopamin, histamin) dc’)ng vai trd quan trong lam chét din truyén than kinh trohg hé thin
kinh trung uorng hoac ngoai vi[1]. Viéc tbng hop va bao quan chiing, cling nhu qué trinh
phén rd va tai hap thu ching sau khi giai phong dugc kiém so4t mot cach chit ché. Su
mét can bang trong cic mitc amin c6 ngudn gdc sinh vét duge biét 1a nguyén nhén din
" @én sy thay ddi clia chtrc ning ndo trong céc tinh trang bénh 1y*). Nhém hop chat amin
- ndi sinh th{ hai, con duqé goi 1a amin vét (cac TA) 'phi‘m 16n "giéng v6i nhém amin ¢6
nguén géc sinh vat éé dién v& mit ciu trac, co ché chUyén héa va ndm & vi tri duéi mire
té bao. Cac TA bao gc“nh p-tyramin, B-phenyletylamin, tryptamin va octopanﬁn, va
chﬁhg c6 mt trong hé than kinh ctia dong vat c6 va thuong & mirc thép hon so véi cac
amin c6 ngudn géc sinh vat cb diénll. | -
Viéc rdi loan didu tiét ctia che TA néu.trén lién quan dén nhidu bénh tAm than khac
nhau nhu bénh t4m than phan liét va bénh trim cam!”! va cac tinh trang bénh ly khac
~ phu rdi loan ting dong giam chu y, ching nhitc nira d4u, bénh Parkinson, nghién chét
va rbi loan an ubng!®), |
Trong mot thoi gian dai, cic thu thé dic hiéu TA chi dmjc xac dinh dua vao céac
vi tri lién két TA c6 4i luc manh vé phuong dién giai phau ching ndm rai rdc trong CNS
© clia ngudi va cac dong vat c6 va khacll®!. Do Vay,bhoa,t tinh dugc ly cta cac TA duoc
-3-
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cho 13 duge didu chinh théng qua co ché da dugce biét rd ctia cac amin ¢6 ngudn gdc sinh
vat cb dién, bang cach khoi dong qué trinh gidi phong chung, trc ché su tai hip thu ching
hoiic bing cach “phan Gng chéo” véi céc hé théng thy thé cia ching®'>"%]. Quan diém
nay da thay déi mot cach dang ké khi x4c dinh dugc mot sé thanh phan thudc ho GPCR
" méi, ho thy thé lién quan dén amin vét (cac TAAR)1. C6 9 gen TAAR & ngudi (bao
gdm 3 gen gid) va 16 gen & chudt (bao gbm 1 gen gid). Cac gen TAAR khong chira cac
intron (v4i mot ngoai 16, TAAR2 chira 1 intron) va ndm sét nhau trén cinig mot doan
rihiém séc thé. Méi quan hé phat sinh ching loai cua cac géh thy thé nay, phi hop VGi
'két qua so sanh tinh twong ddng vé hoat tinh dugc 1y chuyén sau cia GPCR va céc sd
lieu dugc ly da cho thdy céc thu thé ndy tao ra ba ho phu khéc biét14], TAARI nim
trong phan nhom dAu tién gdm bdn gen (TAAR1-4) duge bao tdn voi muc cao gilta
ngudi va céc loai gdm nhém. C4c TA hoat héa TAAR] thong qua Gos. Viée rdi loan
didu hoa ctia cac TA duge chi ra 12 gbp phan gdy ra cdc bénh khic nhau nhw bénh trdm
cam, r6i loan lo 4u, rdi loan ludng cuc, r6i loan ting d6ng gidm chi y (ADHD), rdi loan
"lién quan dén cang théng, c4c 16i loan tAm thin nhu bénh tAm thin phén 1iét, cdc bénh
tam than nhy bénh Parkinson, cac rdi loan thoai hoa thin kinh nhu bénh Alzheimer,
bénh dong kinh, chung nhirc nira dAu, ching ting huyét 4p, chiing nghién, nghién chét
va c4c rbi loan chuyén héa nhu rbi loan an ubng, bénh tidu dudng, cac bién ching cia
bénh tiéu duong, bénh béo phi, r6i loan m& mau, rdi loan tiéu thy va df“)ng héa ning
luong, céc roi loan va truc tric cin bang ndi mod cuia nhiét do co thé, céc rdi loan giéc
ngu va nhip tim, va cac 16i loan tim mach. ‘
Do @6, viéc lam téng su hidu biét d6i véi cac thu thé lién quan dén amin vét dang
" nhén duge sy quén tAm rat 16n. o
C_éic tai liéu tham khao dugc st dung:
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Muc dich ctia sang ché 1a d& xuét hop chét c6 cong thic I:

va cac mubi ‘du'c_)'c dung ctda no, cac hgp chét nay duoc ding dé diéu tri chc bénh lién
quan dén chirc ning sinh hoc cta cac thy thé lién quan dén amin vét, quy trinh didu ché
cac hop chét nay va thudc chira hop chét theo sang ché ding dé kiém soét hogc ngin
ngtra bénh nhu bénh trAm cam, rbi loan lo au, r6i loan ludng cuc, 16i loan tang dong
: giérri cha y, réi loan lién quan dén cang théng, ri loan tAm thin nhu bénh tim thin phan
liét, c4c bénh tAm thin nhu bénh Parkinson, cac r6i loan thodi héa than kinh nhw bénh
Alzheimer, bénh dong kinh, ching nhtc nira dAu, nghién chét va cic rdi loan chuyén
héa nhu rdi loan n udng, bénh tiéu duong, bién chiing cua bénh tiéu duong, bénh béo
phi, féi loan m& mau, céc r6i loan tiéu thu va déng héa nédng luong, r6i loan va truc tric
“can b%mg ndi mo cuia nhiét do co thé, cac rbi loan giéc ngl va nhip tim, va céc 161 loan

tim mach.

Ngoi ra, sang ché con @& cap dén quy trinh didu ché hop chét nay va dugc phim
chtra no. ' | ‘ ’ |
M& ta chi tiét sing ché
~ Hop chét ¢6 cong thue I va cac mudi duge dung ciia n6 c6 thé dwoc diu ché bang
cac phuong phap da biét trong linh vue, vi dy, bing céc quy trinh duoc md ta dudi déy,

quy trinh nay bao gck)mrbu(’)fc:

a) tich loai nhom bao vé N (PG) ra khdi cac hop chit c6 cong thire:
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d8 tao ra hop chit c6 cdng thire:

trong d6 PG 1a nhém bao vé N dugc chon tir —C(0)O-tert-butyl (BOC), va,

néu muén, bién ddi hop chat thu dugc thanh cdc mudi cong axit duge dung.

QUY TRINH CHUNG
So dd 1
H-N =
W H—N H
\N/ N 0
Hinh thanh
©\'/\ )L hen két amit 0 \©\,/\N)L OJ<
o
3
—
H-N
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3 Tach loai nhom
1 — bao vé
H-N H
\N/ N
o NH
- o/

'
Céac nguyén liéu ban dau 1,1’ va 2 mua dugc ban trén thi trudng hodc cb thé duoc

diéu ché bing cac phuong phap da dugce biét 5 trong gidi phap ky thuit. Raxemic tert-
.butyl~2-(4-aminophenyl)morpholin-4-carboxy1at (CAS RN 1002726-96-6) mua dugc
trén thi truong. tert-Butyl (2R)-2-(4-aminophenyl)morpholin-4-carboxylat (CAS RN:
1260220-42-5) mua dugc trén thi truong. tert-Butyl (25)-2-(4-aminophenyl)morpholin-

4-carboxylat (CAS RN: 1260220-43-6) mua duoc trén thi trudng, hode co thé dugc didu
vché nhu dugc md ta trong tai liéu chuyén nganh, vi du nhu duge mo ta trong tai lidu:

Trussardi, R. & Iding, H, PCT Int. Appl. WO 2015/086495 Al.
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Buée A: Viéc hinh thanh lién két amit ¢6 thé duge thyuc hién bing phan (ng lién
hop gilia amin 2 va hgp chét axit carboxylic 1 véi sy c6 mit clia tdc nhéin phan Gng lién
hop nhu DCC, EDC, TBTU ho#ic HATU véi su ¢6 mit ciia bazo hiru co nhu trietylamin,
N,N-diisopropyletylamin hodc N-metylmorpholin trong cac dung moi dugc halogen héa
‘nhu diclometan hodc 1,2-dicloetan hodc cac dung mdi ete nhu dietyl ete, dioxan, THF,

DME hodc TBME.

Céc diéu kién duoc vu tién 1a TBTU véi N-metylmorpholin trong THF & nhiét
@6 nim trong khoang tir 50 dén 60°C trong khodng thoi gian tir 12 dén 48 gio.

Theo céch khac, viéc hinh thanh lién két amit ¢6 thé duge thyc hién bing phan
(g lién hop gitta amin 2 va hgp chét axyl clorua 1’ trong cdc dung mdi dugc halogen
~ hoéa nhu diclometan hogc 1,2-dicloetan hoic cac dung méi ete nhu dietyl ete, dioxan,
THF, DME hodc TBME, v6i sy c6 mit clia bazo hitu co nhu trietylamin hoac N,N-
diisopropjletﬂamiri._ Céc didu kién duoc uu tién 1a trietylafnin tfong THF & nhiét do
trong phong trong 18 gi(‘i Néu'mu(‘)n hop chét axyl clbrua 1’ ¢o thé(:hr()‘c didu ché tai
cho tir axit carboxyhc tu:ong ung c6 cong thirc 1 bang céch xit ly véi oxalyl clorua trong
cdc dung mdi dugc halogen héa nhu diclometan hodc 1,2- dicloetan hoic céc dung moi
ete nhu dletylA ete, dioxan, THF, DME hodc TBME véi su co mat ctia chét xtic téc nhu
 DMF. |

Céc diéu kién duqc; uu tién 1a dicloetan & nhiéf do trong phong trong 1 gio.

Theo cich khac, hop chét axyl clorua 1’ c6 thé dugc didu ché tai chd tu axit
carboxylic twong Ung c6 cong thtc 1 bing cach xu ly véi 1-cld-N,N23
- trimetylprbpenyiamin [CAS 26189-59-3] trong diclometan, tiép theo 13 loai bod dung
moi trong chan khéng, theo phuong phap cua Ghosez va céc d’éng tac gia (J. Chem. Soc.,
Chem. Commun 1979, 1180; Org. Synth. 1980, 9, 26-34). -

Budc B Viéc loai béd nhém bao vé N BOC co thé dugc thuc hlen v6i axit vo co
nhu HC1, H2804 hodic H3PO4 hodc céc axit hitu co nhu CF3COOH, CHCL,COOH, HOA¢
hodc axit p-toluensulfonic trong cac dung mo6i nhu CH2Cl,, CHCls, THF, MeOH, EtOH
hogc H>O & nhiét do ndm trong khoang tir 0 dén 80°C.

Cac diéu kién dugce vu tién 13 CF3COOH trong axetonitril chira nuéc ¢ 80°C

-trong 3 gid hogc HCI 4N trong dioxan & nhiét d¢ trong phong trong 16 gio.
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Khi st dung nguyén li¢u ban dAu raxemic c6 cong thirc 2, hdn hop raxemic tao
" ra cla cac hop chit morpholin I’ ¢6 thé duge tach ra thanh céc chét dbng phan dbi anh
chu tao cta nd bing cach st dung HPLC khong d6i xtmg. Theo c4ch khac, hop chét I
¢6 thé thu dugc & dang tinh khiét ddng phan d6i anh bing cach bat dau tir hop chét tinh
khiét ddng phan d6i anh c6 cong thirc 2.

Phan tach va tinh ché cac hop chét

Viéc phan tach va tinh ché cac hop chét va céc san phéun'trung gian duge mo ta
‘trong ban md té c6 thé dugc thyc hién, néu mudn, b%lng quy trinh tach va tinh ché thich
hop bét ky nhu, vi du,A‘ loc, chiét, két tinh, sic ky cot, séc ky 16p mdng,' séc ky lop'déy,
sic ky long didu ché cao 4p va thp 4p hoic sy két hop clia cdc quy trinh nay. C6 thé
tim thdy céc vi du cu thé minh hoa quy trinh tich va phén tich thich hop bang céch tham
‘khao dn céc quy trinh diéu ché va cac vi du thuc hién trong phan mé ta dudi day. Tuy
| ‘nhién, c4c quy trlnh tach va phan tach tuong duong khéc ¢6 the tAt nhién, cung co the
dugc st dung. Hon hop raxemic clia céc hop chét khong a6i xung 6 cong thirc Ic6 thé
“duoc tach ra bang céch sir dung HPLC khéng d6i xtimg. Hdn hop raxemic cia céc san
phim trung gian tong hop khong d6i xtng ciing c6 thé duoc tach ra bing. cach st dung
HPLC khéng ddi xtmg.
Cac mubi cia hop chét ¢6 cong thirc I
Hop chét c6 cong thirc I 1a bazo va cd thé duoc bién d6i thanh rnuéi cdng axit
tuong tng. Viéc bién ddi dugc thuc hién bing cach xtt Iy béng it nht mot luong theo t}”f
luong hoa hoc cua axit thich hgp, nhu axit clohydrlc axit bromhydnc axit sulfuric, axit
nitric, axit phosphorlc va cac axit tuong ty, va céc axit huu co nhu axit axetic, axit
proplomc axit 01ycohc ax1t pyruvic, axit oxalic, ax1t malic, axit malonic, axit suxinic,
axit maleic, axit fumaric, axit tartric, axit xitric, axit benzoic, ax1t xmamlc axit
mandelic, axit metansulfonlc axit etansulfonic, axit p-toluensulfonlc ax1t sahxth va
chc axit tuong tu Thong thudng, bazo tuy do dugc hoa tan trong dung mdi hitu co fro
'nhu dletyl ete, etyl axetat clorofom etanol hodc metanol va cac dung méi tuong tu, va
ax1t dugc bd sung trong dung moi twong ty. Nhiét d¢ dugc duy tri ndm trong khoang tu
0°C va 50°C. Muéi thu duge s& két tia dong thoi hodc c6 thé tao thanh dung dich bang
dung moi phén cuc it hon.

Vi du thye hién sang ché
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Vidul

5-Etyl-4-metyl-N-[4-[(2S)-morpholin-2-yl]phenyl]- IH-pyrazol-3-carboxamit

— H
0 [o

H

a) tert-Butyl (2S)-2-[4-[(5-ety1-4-metyl-lH-pyrazolf3-carbonyl)amino]phenyl]

morpholin-4-carboxylat

_ B6 sung TBTU (807 mg, 2,51 mmol, 2,00 duwong luwong) va N-metylmorpholin

(509 mg, 553 pl, 5,03 mmol, 4,00 dwong luong) vao dung dich ¢6 khudy ctia tert-butyl
(28)-2-(4-aminophenyl)morpholin-4-carboxylat (CAS RN: 1260220-43-6, 350 mg, 1,26
mmol, 1,00 duong lugng) va axit 5-etyl-4-metyl-1H-pyrazol-3-carboxylic (CAS RN:
957129-38-3, 245 mg, 1,51 mmol, 1,20 duong lugng) trong THF (8 rnl). Hdn hop phan
uing nay dugc khudy & 50°C trong 15 git. TLC 6t =15 giod thé hién phan ting nay hoan
thanh. H8n hop phan tng niy dugc cb trong chan khong. Nguyén li¢u tho dugc tinh ché
bing cach sic ky nhanh (silica gel, chét rira giai: EtOAc 0% dén 100% trong heptan) dé
tao ra tert-butyl (2S)-2-[4-[(5-etyl-4-metyl-1H-pyrazol-3-carbonyl)amino]phenyl]
morpholin-4-carboxylat dud¢i dang chét rin mau tring nhat (501 mg, 96%). MS (ISP):
413,7 ([M-H]'). - " |

Ab) S-Etyl -4- metyl-N-[4 -[(2S)-morpholin-2-yl]phenyl]- lH-pyrazol -3- carboxamlt

Bd sung huyen phu cia tert-butyl (25)-2- [4 [(5 etyl -4- metyl 1H-pyrazol -3-
‘ carbonyl)amlno]phenyl]morphohn -4- carboxylat (497 mg, 12 mlnol 1 00 duorng lugng)
trong axetonitril (4 ml) vao dung dich co6 khudy ctia ax1t tr1ﬂoaxet11‘ (1,37 g,918 p.l 12 0
mmol, 10 duong luong) trong nuGe (8 ml). Hon hop phan Gng ndy duogc khuay ¢ 80°C
| trong 3 gw MS & t =3 gid thé hién phan (mg nay hoan thanh. Hon hop phan u’ng nay
dugc rot vao dung dich nwéc NaOH 1M va dugc chiét hai 1an bang EtOAc. Cac 16p hitu
co dugc lam kho bang NazSO4 va ¢ trong chén khong Nguyen liéu tho6 dugc t1nh ché
_ bang cach sac ky cot nhanh (hop amin SiliaSep™, chét ria giai: EtOAc 0% den 100%
trong heptan sau d6 1a MeOH 0% dén 10% trong EtOAc) aé tao ra 5 etyl -4- metyl-N-

-10-
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[4-[(2S)-morpholin-2-yl]phenyl]-1 H-pyrazol-3-carboxamit (327 mg, 87%) dudi dang
chét rén mau tring nhat. MS (ISP): 315,7 ((M+H]").

Vi du 2 (vi du so sanh)

5-Etyl-4-metyl-N-[4-[(2R)-morpholin-2-yl]phenyl]-1H-pyrazol-3 -carbo_xamit

LAt
0 \©\[O:| .
| N

Hop chit & dé muc nay thu dugc theo phuwong phép tuong ty néu trong vi du 1
bang cach st dung (2R)-2-(4-aminophenyl)morpholin-4-carboxylat (CAS RN:
1260220-42-5) thay vi (25)-2-(4-aminophenyl)morpholin-4-carboxylat trong budc (a).
Chét rin mau tring. MS (ISP): 315,6 ((M+H]*).

Vi du 3 (vi du so sanh)

N- [4-[(2S)-niorpholin-Z-yl]phenyl]-6-(2,2,2-triﬂoetoxy)pyridin-3-Carboxarhit

F3C\/O /N
| H
™ N
0 \©"u,[oj
N

H

Hop chét & d& muc nay thu dugc theo phuong phap tuwong ty néu trong vi du 1

"bing cach st dung axit 6-(2,2,2-trifloetoxy)nicotinic (CAS RN: 159783-29-6) thay vi

axit 5-etyl-4-metyl-1H-pyrazol-3-carboxylic trong budc (a). Chétrrén mau tring. MS
(ISP): 382,1 (IM+H]").

Vi du 4 (vi du so sénh)

6-Clo-N-[4-[(2S)-morpholin-2-yl]phenyl]pyridin-3-carboxamit
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Cl__N
(]
' H

Hop chét & ¢ muc nay thu dugc theo phuong phap tuwong ty néu trong vi du 1
bing cich st dung axit 6-clo-nicotinic (CAS RN: 5326-23-8) thay vi axit 5-etyl-4-
.metyl-1H-pyrazol-3-carboxylic trong budc (a). Chét rdn mau tring. MS (ISP): 320,1
([{FCIIMHH]Y), 318,2 ([{35CIIM+HTY).

Vidu 5 (vi du so sénh)

2-Clo-N-[4-[(2S)-morpholin-2-yl]phenyl]pyridin-4-carboxamit

Ci
@YH |
™ N
! 7@,,,,_[0]
N

H

Hc_ﬁo chét & d& muc nay thu dugc theo phuong phap tuong tu néu trong vi du 1
béang cach sir di,mé axit 2-clo-isonicotinic (CAS RN:F6.313-54-8) fhay vi axit 5-etyl-4-
metyl-1H-pyrazol-3-carboxylic tfong bude (a). Chét rin mau tring. MS (ISP): 320,1
([{"CIYM-HT"), 318,1 ([{5CIIM+HT"). -

Vi du 6 (vi du so sanh)

N-[4-[(28)-morpholin-2-yl]phenyl]-2-phenyl-1,3 _thiazol-5-carboxamit

Hop chit & 38 muc nay thu dwgc theo phuong phap tuong ty néu trong vi dy 1 bing céch
stt dung axit 2-phenylthiazol-5-carboxylic (CAS RN: 10058-38-5) thay vi axit 5-etyl-4-
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_ | metyl-1H-pyrazol-3-carboxylic trong budc (a). Chét rdn mau tring. MS (ISP): 366,1
o (IMHH]).
| Vi du 7 (vi du so sanh)

2,6-Diclo-N-[4-[(2S)-morpholin-2-yl]phenyl]pyridin-4-carboxamit

Cl
N= | H
N
O '/,'.[o

H

Hop chét & d& muc nay thu dugc theo phuong phép twong tw néu trong vi dy 1
bang cach str dung axit 2,6-diclo- 1somcot1n1c (CAS RN: 5398 44-7) thay vi axit 5-etyl-
_4-mety1 1H-pyrazol- 3- carboxyhc trong budc (a). Chét rin mau tréng. MS (ISP) 356,1
([{*"CIIM+H]"), 354,1 ([{F"CI3CIIM+H]Y), 352,1 ([{**CI}M+H]").
Vi du 8 (vi du so sanh)

4-Metyl-N- [4-[(2S)-morpholin-2-yl]phenyl]-5 -phenyl-1H-pyrazdl-3-éarboxamit

Hop chét & ¢& muc nay thu dugc theo phuong phép tuong tw néu trong vi du 1
bang céach st dung axit 4-metyl-5-phenyl-1H-pyrazol-3-carboxylic (CAS RN: 879770-
' 33-9) thay vi axit 5-etyl-4-metyl-1H-pyrazol-3-carboxylic trong buéc (a). Chét rin mau
“tring. MS (ISP): 363,2 ((IM+H]").

Vidu 9 (vi du so sanh)

5,6-Diclo-N-[4-[(2S)-morpholin-2-yl]phenyl]pyridin-3-carboxamit

-13-
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Cl_ N
QS
X N
(J
H

Hop chit & ¢ muc ndy thu dugc theo phuwong phép twong ty néu trong vi du 1
bing céach sir dung axit 5,6-diclo-nicotinic (CAS RN: 41667-95-2) thay vi axit 5-etyl-4-
»metyl-1H-pyrazol-3-carboxy1ic trong budc (a). Chét rin mau tring. MS (ISP): 356,1
([{"CICIIM+H]"), 354,1 ([{F"CI3M+H]Y), 352,1 ([{**CI}M+H]").

Vi du 10 (vi dy so sanh)

6-xyano-N-[4-[(2S)-morpholin-2-yl]phenyl]pyridin-3-carboxamit
NC_ N
™ N
®

H

Hop chit & & muc nay thu dugc theo phuong phép twong ty néu trong vi duy 1 béng _
céch st dung axit 6-xyano-nicotinic (CAS RN: 70165-3 1-0) thay vi axit 5-etyl-4-
metyl-1H-pyrazol-3-carboxylic trong budc (a). Chét rin mau tréng. MS (ISP):309,1
(IM+HT").

Viduy 11 (vi du so sanh)

N- [4,—[(2S)emorpholin-_z-yl]phenyl]-6-(triﬂometyl)pyridin—3-.carboxamit

F3C N
L
™ N
! O,,,,[oj
N~

H

Hop c_hét & d& myc nay thu duge theo phwong phép twong tu néu trong vi du 1 b%lng cach
sir dung axit 6-(triflometyl)nicotinic (CAS RN: 158063-66-2) thay vi axit 5-etyl-4-
metyl-1H-pyrazol-3-carboxylic trong budc (a). Chét rin mau tréng. MS (ISP): 352,2
(IM+H]"), |
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Vi du 12 (vi duy so sénh)

5-Clo-N-[4-[(2S)-morpholin-2-yl]phenyl]pyridin-2-carboxamit

" @Y"NO"'KZJ

H

Hop chét & dé muc nay thu dugc theo phwong phap twong tw néu trong vi du 1 bang céach
str dung axit 5-clo-picolinic (CAS RN: 86873-60-1) thay vi axit S-etyl-4-metyl-1H-
pyrazol-3-carboxylic trong budc (a). Chét rin mau tring. MS (ISP): 320,1
([{"CIIM+H]Y), 318,2 ([{¥*CI}M+H]").

Vidy 13 (vi du so sanh)

5-Clo-N-,[4-[(2S)—morpholin-2-yl]phgnyl]pyridin-3-cayboxamit
| N
cIrY N
()

H

Hop chét & d& muc nay thu dugc theo phuong phép twong ty néu trong vidu 1 bang cach
str dung axit 5-clo-nicotinic (CAS RN: 22620-27-5) thay vi axit 5-etyl-4-metyl-1H-
pyrazol-3-carboxyli¢ trong budc (a). Chét rin mau tréng. MS (ISP): 320,1
([{¥"CI3M+H]), 318,1 ([{>CI}M+HT").

Vi du 14 (vi dy so sanh)
2-Clo-6-metyl-N-[4-[(2S)-morpholin-2-ylJphenyl]pyridin-4-carboxamit

Cl
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Hop chét & d& muc nay thu dugc theo phurong phép tuong tw néu trong vidy 1 bang céach
st dung axit 2-clo-6-metylpyridin-4-carboxylic (CAS RN: 25462-85-5) thay vi axit 5-
etyl-4-metyl-1H-pyrazol-3-carboxylic trong budc (a). Chét rin mau tring. MS (ISP):
334,1 ([{7CIYM+H]), 332,1 ([{3*CI}M+H]").

Vi du 15 (vi du so sénh)

N-[4-[(2S)-morpholin-2-yl]phenyl]-2-phenyl-1,3-oxazol-4-carboxamit

“Hop chét & d& muc nay thu dugc theo phuong phép trong tw néu trong viduy 1 bing céch
st dung axit 2-phenyloxazol-4-carboxylic (CAS RN: 23012-16-0) thay vi axit 5-etyl-4-
metyl-1H-pyrazol-3-carboxylic trong budc (a). Chét rén mau tring. MS (ISP): 350,2

(IM+H]").

Vi du 16 (vi du so sénh)

N-[4-[(2S)-morpholin-2-yl]phenyl]-2-phenyl-1,3-thiazol-4-carboxamit

Hop chét & d& muc nay thu dugc theo phuong phap twong tw néu trong vi du 1 bang céach
su dung axit 2-pheny1thiazol-4-carboxylic (CAS RN: 7113-10-2) thay vi axit 5-etyl-4-
‘metyl-1H-pyrazol-3-carboxylic trong budc (a). Chét rdn mau tring. MS (ISP): 366,1
(IM+H]"). |

Vi du 17 (vi du so sénh)
2-Metyl-N-[4-[(2S)-morpholin-2-yl]phenyl]pyridin-4-carboxamit
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ol \© [o]

N
H

Hop chét & d& muc nay thu duge theo phuong phép twong ty néu trbng vi du 1 bing cach
str dung axit 2-metyl-isonicotinic (CAS RN: 4021-11-8) thay vi axit 5-etyl-4-metyl-1H-
pyrazol-3-carboxylic trong budc (a). Chit ran mau trang. MS (ISP): 298,2 ([IM+H]").

Vi du 18 (vi du so sénh)

2,6-Dimetyl-N-[4-[(2S)-morpholin-2-yl]phenyl]pyridin-4-carboxamit

° O’"'EOJ

N
H

Hop chét & d& myc nay thu dugc theo phuong phap twong ty néu trong vi dy 1 béng cach
st dyung axit 2,6-dimetyl-isonicotinic (CAS RN: 54221-93-1) thay vi axit 5-etyl-4- -
metyl-1H-pyrazol-3-carboxylic trong budc (a). Chéit rin mau tring. MS (ISP): 312,2
(IM+H]"). ' R -

Vi du 19 (vi du so sénh)

N-[4-[(2S)-morpholin-2-yl]phenyl]-2-metyl-1,3-thiazol-4-carboxamit

TO. .
(J

Hop chét & ¢ muc nay thu duge theo phuong phap twong tu néu trong vi du 1 bing cach
sir dung axit 2-metylthiazol-4-carboxylic (CAS RN: 35272-15-2) thay vi axit 5-etyl-4-
‘metyl-1H-pyrazol-3-carboxylic trong budc (a). Chét rén mau tring. MS (ISP): 304,1
(IM+H]").
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Vi du 20 (vi du so sanh)

N-[4-[(2S)-morpholin-2-yl]phenyl]-1-phenylpyrazol-3-carboxamit

WA
o) \[::jmT:::]

H

Hop chét & d& muc nay thu dugc theo phuong phéap twong ty néu trong vi du 1 bang céach
st dung axit 1-phenyl-1H-pyrazol-3-carboxylic (CAS RN: 4747-46-0) thay vi axit 3-
etyl-4-metyl-1H-pyrazol-3-carboxylic trong budc (a). Chét rén mau tring. MS (ISP):
349,2 (IM+H]").

Nhu néu trén, hop chét cia sang ché ¢6 wu diém hon nhiéu so véi céc hop chét
~ da biét trong linh vyc, nhitng wu diém do 12 hoat tinh chi vén hi¢u nghiém & thy thé
" TAAR1 & nguoi, 46 chon loc khang chit van chuyén dopamin (DAT), 6 chon loc khang
kénh ion hERG, va vecto ludng tinh thdp va nhd d6 c6 nguy co thip gy ra chimg loan

dudng phospholipit do dugc chét giy ra (DIPL) (vide infra).

Céc s0 liéu so sanh va céc binh luidn dudi day c6 thé dugc duara thé hién nhitng

wu diém vuot trdi cia hop chét c6-cong thirc I so véi cac hop chét da biét trong linh vue.

- 1. Céc hoat tinh dugc Iy va hiéu lyc trj liéu cia céac chat chti van mot phan cta thy

thé c6 lién quan dén amin vét & nguodi 1 (WTAAR1)

- C6 bang chimg vé su khac biét dang ké gitra cc loai trong su twong téc phéi tir-
thy thé gitta TAAR1 & loai gdm nhdm va & ngudil'l. Do do, khi Iya chon céc hop chét
d8 dung 1am chét tri li€u & nguc‘fi.dé diéuv tri cac bénh li€n quan dén TAARI thi quan
trong 1a gianh quyén wu tién cho cic hop chit ing cir dwa vao hiéu lyc cta hoat tinh
chtrc ndng cta ching & dang ngudi cua thy thé TAAR1 (hTAARI). hTAARI 1a thu ’phé
Xuyén mang bt cdp voi protein G (GPCR), nho d6 céc phéi tir ¢6 thé ¢ chirc ndng nhu

1a cac chét d6i khang, cac chét chi vén, cac chit chi van fn@t phén hodic céc chit chu

_Van nguoc cua thy thé. Hop chét c6 cong thic I va céc hop chét néu trong vi du so sdnh

da dugc thi nghiém in vitro d6i véi hoat tinh chire nang & hTAARI, nho d6 hop chat ¢6

cong thire I dugce phat hién 1a chét chii van mot phdn cia hTAAR1. Céc gia tri ECso clia
_ 18 ,
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hTAARI1 duoc xac dinh theo thir nghiém déi v6i hop chét c6 cong thirc I va sy lva chon
ctia cac hop chit néu trong vi du so sanh dugc thé hién trong Bang 1 (vide infra). Hop
chét theo vi du 1 nhe d6 da duge phat hién, cy thé, 14 chit chit von mot phan c6 higu Iyc

cua hTAARI1 in vitro.

Céc thir nghim dién sinh 1y ex vivo trong ving chém no va nhan gitta cubng
- ndo (dorsal raphe nuclei) chi ra rang cic chit chii van mot phin TAARI 1am ting cudng
the do dbt chay noron DA va 5-HT & chudt kidu dail®?, trong khi chét chi van day du
nhu p-tyramin lai 1am giam tdc do dét chay™®*. Tuy nhién, ca chit chu vén ddy di va
mot phﬁn déu thé hién 1a can dugc bao vé aé chéng lai céc tac dung thém vao va te'ing
cudng clia cocain kich thich thin kinh!!, Trong khi chit chi van ddy du nhu amphetamin
gy ra phan hdi xAu 1am mét tic dung cla chinh ching trén cac hé DA va 5-HT®), thi
cac chit chi vAn mot phin c6 thé 1am ting tac dung cua chung d6i voi su truyén tin hidu
than kinh do 1am tang tbc do &6t chay thong qua TAAR1. Do nhiing phét hién ndy, va
nhitng bo céo ring cac chit chi vn mot phéan TAARI c6 tinh chét duge Iy in vi’vo o
céc loai gim nhim gidu tt hon so véi cac chét chii van ddy dul>¥, s 'llr'c_)‘ng 16n b%nig
chimg tién 1am se‘ing xuét hién goi ¥ ring céc chit chi van mot phin TAAR1 cho thiy
6 nhiéu trién vong dé dung lam chét tri liéu & ngudi dé diéu tri cac bénh CNS bao gém,
- nhung khong gidi han ¢, bénh tdm thin phén liét, rdi loan ludng cuc, bénh trAm cam,

- bénh Parkinson, cling nhu dung dé didu tri nghién ruou va nghién ma tay.

Vi du, cac chét chi van mot phén TAARI1 dugc d& xuét 1a t6t hon so véi cac thube
chéng loan tAm than kh6ng dién hinh hién c6 do viéc thé hién tac dung chéng loan tAm
thén c6 tac dung cai thién nhén thirc va tAm trang ciing nhu 1am giéni tac dung phu

(ching han nhu khéng kich thich hoi chung bién dbi ma dugc biét dbi véi thudc chéng
loan tam thin hién ¢6)i8]. Cac tai liéu chuyén nganh khac g¢i y cée chi dinh c6 thé c6
bao gdm réi loan ludng cuc,®) nghién ma tay>%), va bénh tiéu dudmg!'®,

Céc tai liéu vién din: v
[1] Simmler, L. D.; Buchy, D.;. Chaboz, S.; Hoener, M.C.; Liechti, M. E.; “In vitro
~ characterization of psychoactive substances at rat, mouse and human trace amine-

associated receptor 1”. J. Pharmacol. Exp. Ther. 2016, Fast Forward article DOI:
10.1124/jpet.115.229765;
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[6]
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Bradaia, A. et al.; “The selective antagonist EPPTB reveals TAARI-mediated
regulatory mechanisms in dopaminergic neurons of the mesolimbic system”. Proc.

Nat. Acad. Sci. USA 2009, 106, 20081-20086;

Revel, F. G. et al.; “Trace amine-associated receptor 1 partial agonism reveals
novel paradigm for neuropsychiatric therapeutics”. Biol. Psychiatry 2012, 72, 934-
942;

Revel, F. G. et al; “TAAR1 activation modulates monoaminergic
neurotransmission, | preventing hyperdopaminergic and hypoglutamatergic
activity”. Proc. Nat. Acad. Sci. USA 2011, 108, 8485-8490;

Pei, Y.; Mortas, P.; Hoener, M. C.; Canales, J. J.; “Selective activation of the trace
amine-associated receptor 1 decreases cocaine’s reinforcing efficacy and prevents
cocaine-induced changes in brain reward thresholds”. Prog. Neuro-

Psychopharmacol. & Biol. Psychiatry 2015, 63, 70-735;

Lindemann, L. et al.; “Trace amine-associated receptor 1 modulates dopaminergic

activity ”. J. Pharmacol. Exp. Ther. 2008, 324, 948-956;

Di Cara, B. et al.; “Genetic deletion of trace amine 1 receptors reveals their role in
auto-inhibiting the actions of ecstasy (MDMA)”. J. Neuroscience 2011, 31, 16928-
16940;

Revel, F. G. et al.; “A new perspective for schizophrenia: TAAR1 agonists reveal
antipsychotic- and antidepressant-like activity, improve cognition and control body
weight”. Mol. Psychiatry 2013, 18, 543-556;

Pei, Y.; Lee, 1.; Leo, D.; Gainetdinov, R. R.; Hoener, M. C.; Canales, J. J.;
“Activation of the trace amine-associated receptor 1 prevents relapse to cocaine

seeking”. Neuropsychopharmacology 2014, 39, 2299-2308,;

[10] Raab, S. et al.; “Incretin-like effects of small molecule trace ‘amine-associated

receptor 1 agonists”. Mol. Metabolism 2016, 5, 47-56.

2. Chét van chuyén dopamin (DAT) va tic dong di kém d6i v6i nghién ma tay

va/hodc kha ning gdy nghién ma tuy

_Tihh chit dugc ly cta chit van chuyén dopamin (DAT) da dugc nhic dén trong

s6 nhitng van dé khac vé céc tac dung kich thich than kinh tam than va vé kha ning
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- nghién va co ché nghién ctia mot s0 chat ma tiy kich thich thin kinh tdm thin nhu cocain
va MDPV.I31 Do d6, d6i véi tri liéu méi duge dy dinh ding cho ngudi, mong mudn
~ tranh dugc sy (e ché cua, hic sy tuong tac voi, chét van chuyén dopamin DAT dé 1am

giam thiéu nguy co vé kha ning gy nghién hodc kha ning nghién.

Vi dy, bing ching goi y ring cac tac dung ting cudng cla cocain tiy thudc vao
kha nang cua no dbi véi viéc phong bé nhanh chéng chét van chuyén dopamin (DAT).
- Trong nhitng nghién ctru & dong vat, cac chét @c ché tai hip thu dopamin cht khong

phai cocain ciing dugc ty 4p dung, véi hi€u luc tuong d6i ma thudng c6 lién quan tich
cuc véi hiéu lyc cua chung trong viéc e ché DAT, ﬁhung khong phai 1a cac chét van
chuyén serotonin hodc norepinephrin (SERT, NET)*41, Cac dong vat dugce huén luyén
d ty diing cocain cfing sé& tryc tiép ty ding cc chét chi van dopamin®!!. Ngoai ra, sy
phé hity ciia cac dAu cing thin kinh dopamin c6 thé lam mAt hanh vi ty ding cocainl'213],
VA chc thc dung nay di dugc quan sat thdy tham chi ngay ca khi viéc dap tng dugc duy
t1i boi c4c thc nhan gia cudong khac dugce gitt nguyént'»!5l. G ngudi, cocain duge kich
thich & muc “cao” lién quan dén sw chiém gitt DAT trong néol'®]. ”
Pé kidm tra thém gia thiét ring DAT 13 cin thiét cho cAc tac dung tang cudng
" cua cocain, DAT chtrc ning nhung “khc‘)ng nhay véi cocain” dugc tao ra va dugc biéu
hién & chuotl!'7181. DAT dot bién nay da chimg minh 4i Iyc thdp hon 89 14n dbi véi cocain
so v6i DAT kiéu dai, va cocain khong lam ting dopamin ngoai bao trong ving nhén néo
(nucleus accumbens), hodc kich thich ting hoat tinh vén dong, cac loai lap thé, hodc vu
tién noi c6 didu hoa, trong céc con chuft duge thay thé mot-mdt trong th6ng tin chudi
" ADN hodc chén thong tin chudi khong tim thy trong locus (knock-in) (DATKI) bidu
hién DAT dot bién nay!®2%, Ngoai ra, cocain khong ding 1am chét gia cudng tich cuc
- & cac con chudt DATKI ndy, trong khi thirc an, d-amphetamin, va chét cha van dopamin
truc tiép dwgc duy tri chic chén hanh vi hun luyén & nhitng con chudt ndy, & mac do
¢6 thé so sanh dwgc v6i cac con chudt kiu dail?V. Viéc dua lai DAT kiéu dai nhay véi
‘cocain vao cac thhg ndo khéng’ké nhitng thir khac bao gdm viing chém ndo (VTA) 1am
phuc hdi hanh vi thuéng cocain & cc con chudt DATKil?2), Tém lai, kha nang lam phong
bé DAT ciia cocain 13 dt dé 1am mét tac dung gia ¢ cia né & nhiing con chudt tao ra
bing chimg thuyét phuc rang viéc phong bé DAT c6 tinh quyét dinh d6i véi cac téc dung

ting cudng cua cocain.
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Do d6, cing v6i nhitng phét hién ndy goi ¥ rdng d6i véi tri liéu moi dugc dy dinh
dung cho ngu'(‘ri; rat mong muon tranh dugc sy (e ché cia, hodc sy trong téc voi, chét
van chuyén dopamin DAT d¢€ 1am giam thi€u nguy co v& kha ning giy nghién hodc kha

nang nghién.

Gia tri Ki cia DAT in vitro x4c dinh duogc 61 véi mot loat hop chit TAARI dugc
thé hién trong Bang 1 (vide znfra) Bt ngd da phat hién ra rang hop chét néu trong vi du
-1 ¢6 phéi tir yéu hon dang ké & DAT so véi cac hop chét khac, trong khi ddng thoi 13

chét chu van mot phz‘?ln cO hiéu luc cia hTAARI, va do 6 ty 1€ chc_)n‘ loc gifta
'hTAARI/DAT dbi v6i hop chét néu trong vi du 1 la cao hon déng ké so véi cac hop
chit khac. | | |

Céc tai liéu vién dan:
[1] Meil, W. M. and Boja, J. W.; “The dopamine transporter and addiction.” Chapter
1, pp. 1-21 in Neurochemistry of Abused Drugs (Karch, S. B., Ed.), CRC Press
(2008);

[2] Simmler, L. D. et al.; “Pharmacological characterization of designer cathinones in
vitro”. Brit. J. Pharmacol. 2013, 168, 458-470;

[3] Baumann, M. H.; Partilla, J. S.; Lehner, K. R.; “Psychoactive ‘bath salts’: not so
soothing”. Eur. J. Pharmacol. 2013, 698, 1-5;

[4] R1tz M. C.; Lamb, R. J.; Goldberg, S. R.; Kuhar, M. J.; “Cocaine receptors on
a dopamine transporters are related to self-administration of cocaine”. Science 1987,
237,1219-1223;

[S] Bergmann., J.; Madras, B. K.; Johnson, S. E.; Spealman, R. D.; “Effects of cocaine
and relared drugs in nonhuman primates. III. Self-administration by squirrel
monkeys”. J. Pharmacol. Exp. Ther. 1989, 251, 150-155; ' ‘

[6] Howell., L. L. & Byrd, L. D.; “Serotonergic modulation of the behavioural effects
of cocaine in the squirrel monkey”. J. Pharmacol. Exp. Ther. 1995, 275, 1551~
1559;

[71 Roberts, D. C. S. et al; “Self-administration " of cocaine analogs by rats”.
Psychopharmacology 1999, 144, 389-397;
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'[8] Wee, S. et al.; “Relationship between serotonergic activity and reinforcing effects
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3. Phong bé hERG va tac dong di kém clia né déi véi viéc kéo dai khoang QT tim
Viéc giam thiéu kha ning gdy ra cac tac dung phu cho tim ctia thubc 13 dic biét
chn dbi v6i mot chét tri liéu duge du dinh ding an toan cho ngudi, dic biét 1 dbi voi
cac thube duge dy dinh dl‘lrig cho ché do didu tri 1au dai. Trong vai ndm gﬁr_l_ day, céac co
Quan quan ly d4 tri hodn viéc chép thuén hodc d3 dp dung viéc han ché str dung, va thdm
chi 1a tir chdi chdp thuan hodc loai bo ra khéi thi trudng, céc chét tri lidu c6 tac dong kéo
dai khodng QT tim. Khoang QT la khodng thdi gian tinh ti thoi diém bt diu phitc hop
| QRS dén khi két thuc song T trong dién tim ) (electrdéardiografn - ECG) va la gia tri
do khbéﬁg thoi gian giéil phéan cyc va tai phan cuc tim thit. Cac thube kéo dai khoang
QT thudng tao ra chimg tim ddp nhanh tim that da hinh, con dugc goi 1a Torsades de
Pointes (TdP). Ching loan nhip tim ndy ¢6 thé gay ra cac bin éhl’mg tim mach nghiém
“trong va co thé thiic dy viéc tao xo khong thuan nghich trong tAm thét va gy tit vong.
Tai liéu huéng din ctia co quan quan 1y ICH S7BI! da khuyén céo viéc st dung phuong
phép tiép can khong dya trén 1am sang d8 danh gia kha ning xuét hién céc nguy co tim
mach do c4c thuc thé phan tt méi (new molecular entity - NME) gy ra, phuwong phép
tiép can ndy bao. gdm thir nghiém IK; in vitro [thir nghiém dong kali dugc dan bdi gen
lién quan ether-a-go-go & ngudi, viét tit 1a hERG). Viéc e ché hERG duqc xac dinh 1a
co ché chinh kéo dai QT.2! Do d6, phwong phap tiép can loai bé nguy co kéo dai khoang
QT khong dya trén 1am sang giam thiéu theo khuyén cdo & trén 12 thit cac hop chét dai
dién dugc chon tir mot loat hop chit hoa hoc nhit dinh trong thir nghiém hERG in

* vitro.¥) Muc dich cia viéc ndy 1a d& chon ra céc hop chét gay tre ché hERG & mirc khong

" 16n hon 20% & cac ndng do thAp hon it nhét 1a 30 1an so v6i ndng 9 cho hiéu qua in
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vitro (hogic in vivo néu ndng d9 ndy c6 sin) dbi véi hoat tinh diéu trj. Trong truérhg hop
clia céc chat chii vin TAARI, gid tri ECso trén hTAARI c6 thé duoc coi 1a ndng d6 lién
| ‘quan in vitro mé du bao dugc hoat tinh diéu tri (vide supra). Do d6, mong mudn chon
| ra cac chat chi van TAARI cin dugc tién hanh khi ty 16 ICao tren hERG /ECsp trén
. hTAARl bang it nhat 12 30 l4n.

Céc gié tri ICa0 va ICso in vitro trén hERG do dugc cho mot loat hop chat TAARl
_duoc néu trong Bang 1 (vzde infra).

Cu thé, cac hop chét cé tinh bazo dugc blet 1a dic bist dé& giy tc che kénh
hERG.™ T4t ca céc hop chit TAAR1 ddu mang ciing nhém diu 1a morpholino, do d6
tht ca cac hdp chét nay déu duoc ky vong 1a vé co ban sé tuong ty nhau. Su c6 mit cua

~ nhém bazo cén cho hoat tinh chit van 8 hTAAR1. D3 ngac nhién phét hién ra rang hop
~ chét néu trong vi dy 1 1a chit (rc ché kénh hERG yéu hon nhiéu so véi cc hop chit so
sénh, va do do, ty 1& ICao trén hERG /ECso trén hTAAR1 ctia hop chét néu trong Vi du
1 cao hon déng ké gié tri khuyén cdo i thiéu 12 30 1an.
Céc tai liéu vién dan:
[lj ICH Guideline. “The nonclinical evaluation of the potential for delayed ventricular
repolarization (QT interval prolongation) by human pharmaceuticals (S7B)” issued
as  CPMP/ICH/423/02, adopted by CHMP in May’ 2005;
http://www.ich. org/products/ guidelines/safety/safety-single/article/the-non-

clinical-evaluation-of-the- potentlal for—delayed-ventrlcular-repolarlzatlon-qt-

1nterva1-pro html

| '[2]. Redfern, W. S.; Car1§son, L.; Dévis, A. S.; Lynch, W G.; MacKenzie, 1.;

~ Palethorpe, S.; Siegl, P.K.; Strang, I Sullivan, A.l T.; Wallis, R.; Camm, A.J.;
‘Hammond, T. G.; “Relationships between preclinical cardiac electrophysiology,
clinical QT interval prolongation and torsade de pointes for ébroad range of drugs:
évidence for é provisional safety margin in drug development”. Cardiovasc. Res.
2003, 58, 32-45;

[3] Helliwéll R. M. ;‘Potassium Channels”. Methods in Molécular Biology (Totowa,
NJ, Umted States) 2008, 491 279-295; | |

4] Z olotoy, A. B.; Plouvier, B. P.; Beatch, G. B.; Hayes, E. S.; ‘Wall, R. A.; Walker,
' M. J. A, “Phys;c_:ocher_nmal determinants for drug-induced blockade of hERG
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potassium channels: Effect of charge and charge shielding”. Curr. Med. Chem. —
Cardiovascular & Hematological Agents 2003, 1, 225-241.

4. Tinh ludng tinh va tic dong di kém clia n6 d6i v6i ching loan dudng phospholipit
dd dugc chit gay ra (drug-induced phospholipidosis - DIPL)

Chung loan dudng phospholipit (PLD) 1a mdt rbi loan lién quan dén viéc du trit
tiéu thé dic trung béi viéc tich lity lwgng qué 16n phospholipit trong cdc mo I Nhiéu
thudc ludng tinh dang cation, bao gdm thude chéng trdm cam, chét chéng viém hong,
thudc chdng sbt rét, va thudc 1am giam muc cholesterol, d@ dugc thong béo 1a gdy ra
chirng loan dudng phospholipit do dugc chét gy ra (DIPL) & dong vat va & nguoi. Co
ché gay DIPL lién quan dén viéc giit lai va tai hép thu ¢6 chon loc cuia cac thudc DIPL
bén trong tiéu thé va cdc bong axit cta cdc té bao bi anh huong. Sau qué trinh gitt lai
cac thudc nay 12 qua trinh tich liiy din dan c4c phic chit thudc — phospholipit bén trong
céc mang tiéu thé bén trong. Viéc ting cac vt liéu khong tiéu hoa dan dén sy tich liy
bét thudng clia cac thé da 16p (céc thé dang tiy) trong cac md. Mic du ching loan dudng
~ phospholipit ndy chu yéu dugce coi 1a rdi loan du trit, nhung véi mot s6 hop chét, thi rbi
loan dy trlt nay duoc biét 13 thuong di kém vdi tinh trang viém va hoai ti, din dén 1am
suy gidm chirc ning cia cidc mod b1 anh huong. Do d6, rat can cac chét tri lidu khong co
nguy co giy DIPL. Diéu ndy déc biét ding d6i véi cac thube dugc du dinh dung lau dai,
vi dy, céc thubc dugc du dinh dung dé didu tri cac ri loan tAm thAn mén nhu tim thin
phén liét, r6i loan ludng cuc hodc trAm cam, cac thubc dugc du dinh ding dé didu tri
cac rdi loan chuyén héa man tinh nhu d4i thdo dudng.

'DIPL 12 mdt tic dong bat lgi dugc biét 1a dic biét gén véi cae thude ludng tinh
dang cation (cationic amphiphilic drug - CAD).['Dé tranh DIPL, pK. bazo (pKa bazo <
~ 6,3) hoiic d) ludng tinh (AAGam > - 6 kJ mol™) clia hop chét can duge giam (nghia 13,

AAGan cin ting 1én).1! Hop chét duge phan loai 1a khong ¢6 nguy co tao ra DIPL (DIPL
am tinh) néu gid tri pKa bazo nho hon 6,3 hodc do ludng tinh 16n hon AAGam = -6 kJ
mol™. Do ludng tinh ciia mot hop chét nhit dinh c6 thé dugc tinh toén in silico tryc tiép
tir cong thirc cAu tao phan ti ctia hop chit 6,16 va theo do, cling c6 thé du béo in silico
dugc nguy co giy DIPL cho hop chat nay,™! nho do thuat toan dy béo st dung chi s&
- phéan loai nguy co gdy DIPL dugc xdc dinh theo tiéu chuén sau déy, tiéu chuén nay dya
trén céc thong sé thu dugce tir bd két qua thir trén may tinh bao gdm céc két qua vé chimg

loai phospholipit thu dugc tir thuc nghiém cho mét tép hop 16n c4c hop chét:
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VECTO LUGNG TINH > -5,0 kJ/mol va BPKA1 <= 5,60 s& cho két qua du
doan DIPL am tinh;

-7,0 kJ/mol < VECTO LUGNG TINH < -5,0 kJ/mol va/hodc 7,0 > BPKA1 >
5,60 s& cho két qua DIPL tiém cén; |

VECTO LUGNG TINH < -7,0 k/mol va BPKA1 >= 7,00 s& cho két qua DIPL
duong tinh. ' |

Do ludng tinh tinh dugc (AAGam tinh bang kJ mol'!) ciing nhu két qua du doan
nguy co gy in silico DIPL (4m tinh/tiém can/duong tinh) cho mét loat hop chit TAAR1
duoc néu trong Bang 1 (vide infra).

TAt ca cac hop chit TAAR1 déu mang cing nhém morpholino & du, do do, pKa
bazo ciia tAt ca céc hop chét nay rat gin nhau va thiy 16 12 16n hon 6,3. Su ¢6 mit cua
nhém bazo cén cho hoat tinh chi van & hTAARI. Do do, cach duy nhit dé tranh mic
DIPL 14 Iam giam tinh wa lipit ctia bd khung xuong tao nén cc phan tlr nay. Ngac nhién
- phat hién ra rang dbi v6i hop chét néu trong vi du 1, tinh wa lipit d4 gidm déng ké so voi
ky vong, dua trén cic két qua thu duge tir cdc hop chét trong tu, va do d6, 4o ludng tinh
ctia hop chit néu trong Vi du 1 gidm rd rét va, két qua 13, hop chit nay khong dugc dy
béo 14 gdy ra DIPL. '

| Céc tai liéu vién dan:
| [1] Anderson, N.; Borlak, J.; “Drug-induced phospholipidosis”. FEBS Lett. 2006, 580,
5533-540; |

[2] Reasor, M. J.; Hastings, K. L.; Ulrich, R. G.; “Drug-induced phospholipidosis:
issues and future directions”. Expert Opin. Drug Safety 2006, J, 567-83;

' [3] Nonoyama, T.; Fukuda, R.; “Drug induced phospholipidosis pathological aspects

- and its prediction”. J. Toxicol. Pathol. 2008, 21, 9-24;

[4] Lullmann, H; Lullmann-Rauch, R.; Wassermann, O.; “Lipidosis' induced by
amphiphilic cationic drugs.” Biochem. Pharmacol. 197'8, 27,1103-8;

[5] Fischer, H.; Atzp‘odieri, E. A.; Csato, M; Doéssegger, L.; Lenz, B.; Schmitt, G.;
Singer, T.; “In silico assay for assessing phospholipidosis potential of small drug

like molecules: training, validation and refinement using several datasets.” J. Med.
Chem. 2012, 55, 126—139;
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[6] Fischer, H.; Kansy, M.; Bur, D.; “CAFCA: a novel tool for the calculation of
amphiphilic properties of charged drug molecules”. Chimia 2000, 54, 640-645.

Céc hop chét di dugc danh gia bang thir nghiém néu sau day.
Nguyén liéu va phuong phap
TAAR1 & nguoi

Pé xay dung chu trac cac plasmit biéu hién, trinh ty ma héa TAAR1 & ngui,
duoc khuéch dai tir ADN hé gen, chu yéu nhu duoc md ta bai Lindemann va céc ddng
-. | éc}ng su. [14]. Hé théng Expand High Fidelity PCR System (Roche Diagnostics) dugc
st dung véi 1,5 mM Mg?* va céc san phdm PCR sau khi tinh ché dugc tach dong vao
vecto tich dong pCR2.1-TOPO (Invitrogen) theo hudng din ciia nha san xuét. Céc san
phim PCR dugc tach dong phy vao vecto pIRESneo2 (BD Clontech, Palo Alto,
- California), va cac vecto biéu hién dugc x4c nhan trinh ty trude khi dua vao cic dong
€ bao.

Céc té bao HEK293 (ATCC # CRL-1573) dugc nudi cdy chi yéu nhu dugc md

ta bdi Lindemann va cac cong su. (2005). DPétaora dong té bao dugc chuyén nhiém n

dinh, céc té bao HEK293 dugc chuyén nhiém bﬁng céc plasmit bidu hién pIRESneo2

mang trinh tw ma hoa TAAR (duge mo ta & trén) voi Lipofectamin 2000 (Invitrogen)

theo cac hudng din clia nha san xudt, va 24 gidr sau khi chuyén nhiém, moi truong nuoi
chy duoc bd sung 1 mg/ml G418 (Sigma, Buchs, Thuy S7). Sau khi nudi cdy khoang 10

'ngay, cac dong vo tinh dugc phan 1ap, duge nhan 1én va duge thir nghiém tinh dép ung
v6i amin vét (tit ca cac hop chit duge mua tir Sigma) bang hé théng thir nghiém mién

dich cAMP Biotrak Enzyme (EIA) (Amersham), tiép theo 12 quy trinh EIA khong axyl
héa dugc nha san xuét cung cép. Cac dong té bao don dong thé hién ECso én dinh sau

15 14n cAy chuyén dugc sit dung cho tAt ca cac nghién ciru tiép theo.

Céc phép do cAMP dugc thyc hién nhu duge mo ta trude day (Revel et al., Proc.
Natl. Acad. Sci. USA 2011, 108, 8485-8490). Tom lai, céc té bio ma biéu hién TAAR1
4] ngu’(‘yi duoc dan moéng trén cac dia 96 16 (BIOCOAT 6640; Becton Dickinson,
Allschwil, Thuy Sf) va dugct trong 20 gid & nhiét d6 37°C. Trudce khi kich thich cac té
bao bing khoang ndng d rong cla cac chét cht van trong 30 phut & 37°C, céc té bao
nay dugc rira baing PBS va dugc i trude bang PBS chita 1 mM 3-isobutyl-1-metylxantin
trong 10 phut & 37°C va CO2 5%. Sy kich thich bing DMSO 0,2% dugc dit 1a muic co
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s&, va tac dung ctia 30 M B-PEA dugc ddt 1a dap Gng t6i da. Sau d6, céc té bao dugc
phan giéi, va cac thir nghiém cAMP dugc thuc hién theo hudng din cta nha san xuét
'(cAMP kit; Upstate/Millipore, Schafthausen, Thuy Si). Cubi cing, cac dia dugc doc
bing quang ké (may dém 1420 Multilabel; PerkinElmer, Schwerzenbach, Thuy Si), va
lugng cAMP dugc tinh. Céc két qua thu dwgc tir it nhét ba thir nghiém doc 1dp. Cac thir
nghiém dugc chay theo hai phién ban hodc ba phién ban. Gid tri ECso-dugc thé hién
‘béing gi4 trj trung binh & d9 léch chuén (tinh theo pM). Gid tri Emax dbi v6i s6 liéu hoat
tinh chirc ning & TAAR1 md ti mirc d0 hoat tinh chic nang so véi 100% d6i v6i phdi
tit ndi sinh va chét chi van ddy di B-PEA. |

DAT & nguoi

: ~ Viéc gén két v6i chit van chuyén dopamin (DAT) i vitro. Céc té bao than phdi
thai ngudi (HEK) 293 (Inv1tr0gen Zug, Thuy Si) duoc chuyén nhiém én dinh DAT ¢
ngudi dd duge nudi cdy. Céc té bao dugc gom lai va duoc rira ba lan bang mudi dém
phosphat (PBS). Céc vién nhé dugc 1am dong lanh & nhiét dd ~80°C. C4c vién nho sau
doé dugc tai huyen phu trong 400 ml HEPES-NaOH 20 mM, pH 74, chtra 10 mM EDTA

& 4°C. Sau khi lam dong nhat véi Polytron (Kinematica, Lucerne, Thuy S7) & toc do
10000 vong quay trong mot phut (rpm) trong 15 gidy, cac chét ddng nhét duqc ly tam o
toc do 480000 m/s? trong 30 phut & 4°C. Cac phin phin uéc cia dung dich gbc mang
dugc 1am dong lanh & —80°C. Tét ca céc thir nghi¢m duqc tién hanh it nhét ba 1an. Céc

~ hop chét thir nghiém dugc pha loang trong 20 ml dém lién ké't‘(N aCl 252 mM, KC1 5,4
mM, NazHPO4 20 mM, KH,POq4 3,52 mM, pH=7,4) va dudng cong pha lodng 10 diém
-duqc tao ra va dugc chuyén nhiém vao cc dia thit nghiém polystyren mau tréng c6 96
18 (Sigma-Aldrich, Buchs, Thuy S7). [’H]-WIN35,428 (~86 Ci /mmol; Perkin-Elmer) 1a

phéi tir phéng xa cho thir nghiém DAT v c6 Ka bing 12 nM. Bb sung 50 pl [PH]-
WIN35,428 (ndng dd ~40 nM) vao mdi 15 ctia c4c dia thir nghiém hDAT, nhim dich
ndng d6 [*H]-WIN35428 cubi ciing bang 10 nM. 20ul mot minh dém lién két trong dia

thir nghiém da x4c dinh tdng lién két, trong khi lién két v6i sw 6 mat ciia indatralin 10
uM xéc dinh dugc lién két khong dic hicu. Gbc mang DAT d3 dong lanh dugc rd dong
va dugce tai huyén phi dén ndng d6 khoang 0,04 mg protein/ml dém lién két (dugc pha
loang 1:1 trong H20) bang céch sir dung thiét bi ddng nhit mé polytron. Céc chét dong
nhét mang (40 pg/ml) sau d6 dugc trdn nhe trong 5-30 phiit véi polyvinyl toluen (PCT)
cdc hat xét nghiém gin nhdp nhdy dugc phu agglutinin mim lia mi (WGASPA;
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Amersham Biosciences) ¢ mirc 7,7 mg hat /m] chit ddng nhat. 130 pl hdn hgp mang/hat
duge bd sung vao mdi 15 cua dia thir nghiém chira phéi tir phéng xa va cac hop chét thir
nghiém (thé tich cudi cing trong mdi 13, 200 pl) dé& bit dau thir nghiém, duge & trong
khoang 2 gio & nhiét d§ trong phong cing véi khudy. Céc dia thir nghiém sau d6 duoc
dém theo kiéu d&m PVT SPA cta Packard Topcount. 50 pl dung dich gbc [*H]-
WIN35428 da duge dém trong 5 ml cdc-tai nhip nhay ReadySafe (Beckman Industries)
trén thiét bi dém nhip nhay 16ng Packard 1900CA dé x4c dinh tdng cong cic lan dém
dugc bd sung vao thir nghiém tuong tng. Phép hdi khong quy tuyén tinh dwoc sir dung
dé phi hqp véi cac b lidu véi cac dudng cong xich-ma va xac dinh céc gia tri ICso dé
gén két va hip thu. Cac gia tri K; d8 gfn két va hép thu duoc tinh bing cach sir dung
phuong trinh Cheng-Prusoff sau day: Ki = ICso/(1+ [S]/Km). |

ERG (hERG) & ngudi

Ky thuat kep rap nbi toan bd té bao duoc sir dung dé nghlen ctru hiéu qua clia céc

muc thr nghiém trén c4c kénh kali hERG (gen lién quan den ete a-go g0 & nguorl) trong

_ cac té bao CHO dugce chuyen nhiém &n dmh o gan nhiét do sinh 1y (36 1°C). Cac hiéu
.qué clia céc hop chit déi v6i céc thong sb dong dién K*l hERG duge tinh & 4 ndng do
(0 3-3-30-300 pM) trong it nhét 3 t& bao CHO bleu hlen 6n dmh kenh hERG. Pé x4c

dlnh dlen sinh ly, cac té bao duoc gieo mam 1én tren cac di ia nu01 chy mdi trudng vo

tring kich ¢& 35mm chita 2ml mdi trudng nudi cdy ma khong c6 Hygromyxin B. Céc té

bao duoc nudi cdy & mat dé ma c6 thé x4c dinh duqé céc té bao don (kh(“)ng ¢6 mbi lién
quan nao co thé biét duoc dbi véi cac té bao 1ién ké). Céc té béo dugc 0 & nhiét do 37°C

trong moi truong 4m c6 CO2 5% (46 4m tuong dbi khoéng 95%). Céc té bao nay duoc
duy tri lién tuc trong Vé cho qua cac binh nuoi cly vo tring chtra hdn hop dinh dudng

F-12 (DMEM/F-'IZ v6i L-Glutamin) d dugc bd sung huyét thanh bao thai bé 10% va

dung dich f)enixilin/ streptomyxin 10%. Hang ngay it nhét ba té bao dugc xir Iy bing tac

nhan phong bé IK; chon loc (E-4031, chit tham chiéu) ¢ ddm bao mot cach chinh xdc

phuong phép nay. Cac dia nudi chy kich c¢& 35mm trén céc dia d6 cac té bao dugc gieo
& mat do cho phép céc té bao don cin dugc ghi lai duge dit trén thiét bi gitt dia clia kinh

hién vi va dugc truyén lién tuc (& tdc do khoang 1 ml/phat) bang dung dich bé (natri

clorua 150 mM, kali clorua 4 mM, canxi clorua 1,2 mM, magie clorua 1 mM,; HEPES
10 mM, pH (NaOH) 7,4) & gin nhiét d¢ sinh Iy (36 + 1°C). Sau khi tao xi gin Gigaohm

gitta cac dién cuc kep va cac t¢ bao CHO dugc chuyén nhi&m 6n dinh hERG riéng (mién
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dién tr¢ pipet: 2,0 MQ - 7,0 MQ; mién dién trd xi gin: > 1 GQ) mang té bao qua diu
pipet bi pha v& d& dam bao su tiép can ctia dién di vao bén trong té bao (cdu hinh kep
toén bo t& bao). Trong trudng hop chit lugng clia xi gén 12 kém, thi qué trinh hinh thanh
xi gén duoc 1ap lai bing té bao khac nhau va pipet méi. Ngay khi xi gin dn dinh xong,
~cac dong dién du cubi véphia hERG duoc x4c dinh khi khit ciec mang té bao dén dién
| ap -40 mV trong 50 ms tiép theo 12 500 ms & +20 mV (sy hoat hoa céc kénh) tir dién thé
gilt 1a -80 mV va khi tai phan cyc sau d6 thanh -40 mV trong 500 ms. Protocol dién ap
ndy dugc chay it nhét 10 14n & c4c khoang cich 14 10 gidy. Néu cuong d6 dong dién
“dugc danh gi4 12 qué thip cho viée do, thi t& bao khac dugc ghi. Ngay khi cac 1an ghi
kiém chirng d3 duogc thuce hién, céc té bao dugc truyén lién tuc bﬁng dung dich bé chira
cac muc thir nghiém. Trong qué trinh rita cdc muc thir nghi€ém, protocol dién ap duoc
chi & trén dugc chay lién tuc mdt 14n nira & céc khoang 10 gidy cho dén khi dat dén mtrc
phong bé & trang thai 6n dinh. Bén muc ndng do thir nghiém ctia hop chit dwoc ap dung
14n luot vao 3 té bao theo cach ddn lai. Vi dong dién ddu cudi hERG dugc tc ché bing
‘muc tht nghiém, dudng cong ndng d6-dap ung duogc tao ra va tinh dugc gia tri ICso.
Dua vio gié tri ICso tinh dugc IC20. Mdi ndng dd cia muc thir nghiém dugc phan tich

trong ba thir nghi€m (n=3).
Tinh vecto ludng tinh (AA Gam) va du béo nguy co gdy ra DIPL in silico

Vecto ludng tinh (AA Gam) va du bao nguy co gdy ra DIPL in silico dugc xéac
dinh bing may tinh tir cong thirc céu trc phan tr d6i voi hop chét c6 cong thirc I va cac
hop chét so sénh theo thuét toan dd dugc cong bd (Fischer, H.; Kansy, M.; Bur, D.;
“CAFCA: a novel tool for the calculation of amphiphilic properties of charged drug
molecules”. Chimia 2000, 54,. 640-645; Fischef, H.; Atzpodicn, E. A.; Csato, M;
.DQessegger, L.; Lenz, B.; Schmitt, G.; Singer, T.; “In silico assay for assessing
phospholipidosis potential of small drug like inoleculeS' training, validation and

refinement usmg several datasets ? J. Med. Chem. 2012 55, 126 139).

‘Hop chét ¢6 cong thirc I ¢6 hoat tinh chu van mét phan o hTAARl (ECso tinh
theo pM), 4i lyc gin két ¢ hDAT (K; tinh theo pM), va hoat tinh phong bé kénh & hERG
(ICz0 va ICsg tinh theo pM) nhu dﬁqc thé hién trong Bang 1. Bang 1 con thé hién vecto
ludng tinh tinh dugc (AA Gam tinh theo kJ fnol'i) va u6c tinh ching loén dudng

phospholipit in silico (dw bao 4m tinh/duong tinh/tiém cin d6i v6i DIPL in vitro va
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DIPL in vivo) di v6i hop chét c6 cong thirc I va cc hop chét so sanh, nhu dugc tinh

bang céach st dung quy trinh duge mo ta & trén.
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B4t ngd da phat hién ra ring hop chit ¢ cong thirc I (vi du 1) thé hién su két hop
toan bd cac dic tinh tdt hon xét vé hoat tinh chi van hiéu luc & hTAARI, do chon loc
cao so vdi hDAT, do chon loc cao so véi hERG, vecto ludng tinh thip va do vay c6
nguy co gy ra ching loan dudng phospholipit thip so véi cac hop chit TAARI khéc
da biét trong linh vire. Xem Béang 1 cho thdy rang hop chét néu trong vi du 1 ¢6 hoat
tinh chi van mat phén hiéﬁ luc & hTAARI (ECso = 0,059 pM), c6 d(f)_‘ chon loc cao so
voi hDAT (K = 27,5 pM; ty 1€ chon loc = 471 14n so v&i ECso trén hTAARL1), ¢6 dd
chon loc éao so v0i hERG (ICy = 36,2 uM; ty 1€ chon loc = 619 14n so v6i ECso trén
- hTAART1) va ¢6 vecto ludng tinh thdp (AAGanm = - 3,47 kI mol'") bén dudi ngudng nhiéu

lién quan dén chimg loan dudng phospholipit (dw béo nguy co in silico DIPL = am tinh).

Xem Béang 1 xét vé mét hoic nhiéu khia canh cho thiy ring céc chét twong t rat
- gibng v&i hop chit néu trong vi du 1 ¢6 céc dic tinh kém hon so v6i hop chit néu trong

vidu 1.

Vi du, hop chét néu troﬁg vi du so sanh 2, hgp chét nay la chét déng phén dbi anh

R cua hop chét néu trong vi du 1, ¢6 it hiéu luc & hTAARli (ECs0 = 10,2632 uM), chi ra

réng chu hinh S ctia héa lap thé tuyét dbi, 1a nhu hop chét trong vi du '1, duogc vu tién dé
 thu dugc hiéu h_ré cao hon c’rhTAARl. -

- Hop chét néu trong vi du so sanh 3 6 hi¢u lyc nhiéu hon déng ké & hERG (IC20

'=1 1,97 pM; ty 1€ chon loc = 52 14n so véi ECso trén hTAARI) va ¢on ¢6 vecto ludng

tinh cao hon nhiéq (AAGam = - 6,3 kJ mol™") va nhu vdy du bdo nguy co giy ra DIPL

duong tinh.

Hop chét néu trong vi du so sénh 4 ¢6 hiéu lyc nhiéu hon déng ké' & DAT (Ki =

2,5 uM; ty 1€ c_hc_)n loc =40 lan s0 v6i ECso trén hTAAR1) va con c6 vecto ludng tinh
cao hon (AAGam = - 5,3 kJ mol!) va nhu vy du bao duong tiém can DIPL.

Hop chit néu trong vi du so sanh 5 ¢6 hiéu lyc nhiéu hon dang ké & DAT (Kj=

1,5 uM; ty 1€ chon loc = 23 14n so v6i ECso trén hTAAR1) va con ¢6 vecto ludng tinh
cao hon (AAGam=- 5,9 kJ mol™) va nhu vy du bao dudng tiém cén DIPL.

Hop chét néu trong vi du so sanh 6 c6 hiéu lyc nhidu hon déng ké & hERG (IC2
= 0,38uM; ty 16 chon loc = 5 14n so v6i ECso trén hTAART1), c6 hiéu luc nhiéu hon &
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DAT (K; = 5,9uM; ty 1€ chon loc = 74 1an so v6i ECso trén hTAAR1) va con c6 vecto
ludng tinh cao hon déng k& (AAGam = - 8,46 kJ mol!) va nhu vay dy bao nguy co gay
ra DIPL duong tinh.

Hop chét néu trong vi du so sénh 7 ¢6 hiéu lyc nhiéu hon déng k& & hERG (IC20
=3,57 uM; ty 1 chon loc = 43 14n so v6i ECso trén hTAARL1), c6 hiéu lyc nhiéu hon
dang ké § DAT (K; = 0,79 pM; ty 1€ chon loc =9 1an so véi ECso trén hTAARI) va con
cb vecto ludng tinh cao hon déng ké (AAGam = - 7,41 kJ mol'") va nhu vay dy bdo nguy

co giy ra DIPL duong tinh.

Hop cht néu trong vi du so sanh 8 ¢6 hiéu lyc nhidu hon déang k& & hERG (ICxo
= 3,01 uM; ty 1€ chon loc =28 lan so v6i ECso trén hTAAR1).

Hop chét néu trong vi du so sanh 9 ¢6 it hiéu lyc 6 hTAAR1 (ECso = 0,144 uM),
¢6 hiéu lyc nhidu hon déng ké & hERG (IC20 = 1,14 uM; ty 1¢ chon loc = 8 lan so véi
ECso trén hTAARI), ¢6 hiéu lyc nhiéu hon déng ké & DAT (Ki = 0,48 pM; ty 1¢ chon
loc = 3 1an so v6i ECso trén hTAARI) va con c6 vecto ludng tinh cao hon déng ké

(AAGam = - 8,83 kJ mol™) va nhu vy du bao nguy co gdy ra DIPL dvong tinh.

Hop chit néu trong vi du so sanh 10 ¢ it hi¢u lyc  hTAAR1 (ECso = 0,184 uM)

12 hi¢u Iy nhidu hon & hERG (IC2 = 5,78 pM; ty 1¢ chon loc = 31 lan so v6i ECso trén

" 'hTAARL).

Hop chit néu trong vi du so sanh 11 ¢6 it hiéu luc 8 hTAAR1 (ECso = 0,203 pM),
c6 hiéu luc nhleu hon déng ké & hERG (IC2 = 2,59 uM; ty 1€ chon loc = 13 14n so v&i
- ECso trén hTAAR1), c6 hi€u lyc nhiu hon dang k& & DAT (Ki = 2,33 uM; ty 1& chon
loc = 12 14an so véi EC50 trén hTAARI) va c<‘)n c6 vecto luc“mg tinh cao hon dang ké

(AAGam =-6,18kJ mol 1) va nhu Vay du béo nguy co gay ra DIPL duong tinh.

Hop chat néu trong vi du so sénh 12 co it hiéu lyc & hTAARl (ECs0=0, 212 uM)
¢0 hi¢u lyc nhleu hon dang ké& & hERG (IC2 =3 ,21 uM; ty 1€ chon loc =15 Ian sovvorl
ECso trén hTAAR1), ¢ hiéu Iyc nhiéu hon déng ké & DAT (Ki = 1,78uM; ty 1¢ chon loc
=8 13n so véi ECso trén hTAAR1) vi cdn c6 vecto ludng tinh cao hon dang ké (AAGan

=-6,59kJ mol™!) va nhu vdy du béo nguy co gy ra DIPL duong tinh.

Hop chét néu trong vi du so sanh 13 ¢6 hiéu luc it hon déng k&  hTAARI (ECso
= 0,405 uM), c6 hidu luc nhidu hon & hERG (IC20 = 9,14 pM; ty 18 chon loc =23 1an so
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vdi ECso trén hTAARL1), ¢6 hi¢u luc nhiéu hon déng ké & DAT (Ki = 1,31 pM; ty 1&
chon loc =3 14n so v&i ECso trén hTAART) va con ¢6 vecto ludng tinh cao hon déng ké

(AAGam = - 6,23 kJ mol'!) va nhu vay dy bdo nguy co gy ra DIPL duong tinh.

Hop chét néu trong vi dy so sénh 14 ¢6 hiéu Iy it hon déng ké & KTAARI (ECso
= 0,447 tM), c6 hiéu lyc nhidu hon déng ké ¢ DAT (Ki=17, 32 uM; 1y 18 chon loc = 16
1an so v6i ECsp trén hTAARl) va con c6 vecto lu:orng tinh cao hon dang ké (AAGam
6,96 k] mol’ 1) va nhu vay dy bdo nguy co giy ra DIPL du:orng tinh.

Hop c_hét néu trong vi du so sénh 15 ¢6 hiéu lyc it hon d4ng ké 8 hTAARI (ECso
= 0,663 pM), c6 hiéu lyc nhidu hon déng ké & hERG (ICa0 = 2,40 pM; ty 1& chon loc =
4 14n so v6i ECso trén hTAARL1) va con c6 vecto ludng tinh cao hon dang ké (AAGam =
- 7,4 kJ mol™") va nhu vy du bdo nguy co gy ra DIPL duong tinh.

Hop chat néu trong vi du so sanh 16 ¢6 hi¢u lyc it hon déng ké § hTAARI (ECso
= 0,666 uM), c6 hidu luc nhidu hon dang ké & hERG (IC2 = 3,35 pM; ty 1€ chon loc
5 14n so véi ECso trén hTAART) v con ¢6 vecto ludng tinh cao hon dang ké (AAGan =

- 8,48 kJ mol'") va nhu vay dyu bdo nguy co gy ra DIPL duong tmh

Hcrp chit néu trong vi du so sénh 17 ¢6 hiéu luc it hon dang ke & hTAARl (ECso
= 0,673 uM) 14 hiéu luc nhl_eu hon ¢ DAT (Ki = 10,32 uM; ty 1€ chon lgg =15 l4n so
v6i ECso trén hTAART1).

Hop chéit néu trong vi du so sénh 18 ¢6 hi¢u lyc it hon dang ké & hTAARI (ECso
=0,827 pM) va con ¢ vecto ludng tinh cao hon (AAGam = - 5,82 kJ mol!) va nhu vy
du bdo dudng tiém can DIPL.

Hop chét néu trong vi du so sanh 19 c6 hiéu lyc it hon déng ké @ hTAARI (ECso
= 1,025 pM) 1a hiéu luc_nhiéu hon & hERG (IC2 = 8,32 uM; ty 1€ chon loc = 8 14n so
v6i ECso trén hTAARI).

Cuébi cing, hop chét néu trong vi dy so sanh 20 ¢6 hiéu luc it hon déng ké &
WTAARI (ECso = 2,48 uM), c6 hiéu lyc nhidu hon dang ké & hERG (IC0 = 2,49 uM;
ty 1€ chon loc =1 lf?m so v6i ECso trén hTAARl) va con c6 vecto ludng tinh cao hon
(AAGam =-5,37kJ mol™) va nhu vy du bdo dudng tiém cén DIPL.

Do d6, xem xét tAt ca céc sb liéu trong Bang 1, hop chét c6 cong thire I (vi du 1)

12 hop chét duoc wu tién nhét duge ding lam chét tri liéu an toan va hiéu qua dé diéu trj
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cac rbi loan lién quan dén TAAR1 & ngudi, dic biét 1a dé diéu tri cac roi loan CNS rhan
tinh, nhu bénh trdm cam, r6i loan lo 4u, r6i loan ludng cuc, r6i loan ting dong gidm cha
y (ADHD), ri loan lién quan dén cing thing, cac rdi loan tAm thin nhu bénh tim thin
phén liét, cac bénh tdm thdn nhu bénh Parkinson, cac roi lban tho4i hoa thin kinh nhu
bénh Alzheimer, bénh dong kinh, ching nhirc nira déu, chiing ting huyét ap, ching

‘nghién chét, cac rbi loan nghién ma tay va bién d@di nhu réi loan 3n udng, bénh tiéu
- dudng, cac bién chirmg cua bénh tiéu duong, bénh béo phi, rdi loan m& méu, rdi loan
tiéu thu va ddng héa ning lugng, cac rdi loan va truc tric cin bang ndi mo cia nhiét do
co thé, cac ri loan giéc ngu va nhip tim, va cac r6i loan tim mach. Céc rdi loan dugc

uu ti€n nhat 1a bénh tam thin phan liét, roi loan ludng cyc hodc tram cam.

Céc hop chét co cong thire I va cic mudi dugc dung cia cac hop chét c6 cong
thirc I ¢6 thé dwoc ding lam thubc, vi dy, & dang cic ché phdm dugc. Cac ché phim
duge c6 thé dugc ding qua duong miéng, vi dy, & dang vién nén, vién nén dugc bao,
vién bao duodng, vién nang' cng va mém, dung dich, nhil twong hogc huyén phi. Tuy
nhién, vi€c dung co thé dugc thyc hién qua truc trang, vi dy, & dang céc vién thudc dan,

hozc ngoai dudng tiéu héa, vi du, & dang dung dich dé tiém.

Céc hop chét c6 cong thirc I co thé duoc didu ché cing véi chét mang vO co hodc
hitu co kh6ng ¢6 duge tinh dé bao ché cac ché phém duge. Lactoza, tinh bot ngé hoac
cac d?m xuét clia no6, bot talc, cac axit stearic hogc cac mubi ciia né va cac loai tuong tu

¢ thé duoc str dung, V1 du, nhu cac chit mang cho vién nén, vién nén dugc bao, vién
' bao dudng va Viéh riarig gelatin ciing. Cac chét mang thich hop cho vién nang gelatin
mém 13, vi du, dau thuc V'cflt; sap, chét béo, cac rugu polyhydfic ban rén va léng va céac
chét twong ty. Tuy nhién, tiy thudc vao ban chét cta hoat chét, trong trudng hop vién
nang gelatin mém ‘_chuc‘)'n'g'khéng cin chét mang. Céc chit mang thich hop dé tao ra céc
dung dich va si-rd, vi dy, 1a nuéc, ruou polyhydric, glyxerol, dau thyc vat va céc chit
teong tu. Cac chét mang thich hop cho vién dan 13, vi dy, ddu tu nhién hoic héa rin,
sap, chit béo, cac rugu polyhydric ban rén hodc 16ng va céc chét twong ty.

Ngoai ra, cac ché phdm duogc c6 thé chira cac chdt bao quan, cAc chit 1am tan,
chét 1am &n dinh, chét tao Am, chAt nhil hoa, chét 1am ngot, cac chAt mau, chét tao huong,
' cac mubi dé lam thay dbi ap sudt thAm thiu, céc chit dém, chét che mi hodc chit chéng

oxi héa. Chung ciing c6 thé 1a cac chat ¢ tdc dung dicu tri khéc.

-41-



30739

Céac thube chira hop chét ¢6 cong thirc I hodc mudi duge dung ctia n6 va chét
mang khong c6 tac dung tri lidu cling 1a d6i twong ctia sang ché, cling nhu quy trinh dé
san xuét cac thudc ndy, quy trinh nay bao gbm bude dua hop chét c6 cong thirc c6 cong
thitc I va/hodc cac mudi cong axit duoc dung va, néu mudn, mot hodic nhidu chit c6 tac

dung diéu tri khéc cling v6i mot hodc nhiu chit mang khéng c6 tac dung tri liéu.

Céc chi dinh bénh dugc vu tién nhat theo sang ché 1a cdc chi dinh bénh ma bao
gdm rbi loan ctia hé than kinh trung wong, vi du diéu tri hodc ngdn nglra bénh trAm cam,

bénh tAm thin phén liét va rdi loan ludng cuc.

Lidu luong c6 thé thay d6i trong khoang gi6i hajn rong va, tit nhién, s& duoc diéu
chinh theo céac yén cdu riéng trong mdi trudng hop cu thé. Trong trudng hop dl‘lng qua
dudng miéng, lidu lwong cho ngudi 16n c6 thé thay d6i tir 0,01 mg dén 1000 mg cho mot
ngay dbi véi hop chét c6 cong thirc chung 1 hozic lugng tuong g ctia mudi dugc dung
cua no. Lleu lugng hang ngay co the dugc su dung dudi dang lidu d(m hoac & cac lidu
chia nhé va, ngoai ra, gi6i han tren cung c6 thé duac vugt qua khi lidu lutqng nay dugc

_' cho 13 can thiét.

Cong thuce bao ché vién nén (tao hat u6t)

Muc Thanh phén ~ mg/vién nén

1. Hop chét c6 cong thuc I 5 - 25 100 500

2. Lactoza DTG khan - 125 105 30 150

3. Sta-Rx 1500 6. 6 6 30

4. Xenlulozav1t1nhthe o 30 30 30 150

5. Magie Stearat 1 1 11
Téngcong 167 167 167 831

.Quy trinh san xuft -
1. Tron cc chét 1, 2, 3 va 4 va tao hat bing nudc tinh khiét. |
2. Lam kilé hat & nhiét ¢6 50°C.
3. Dua céc hat qua thiéf bi nghién thich hop.
4. B sung chét 5 va tron trong ba phit; ép trén may ép thich hop.

Cong thirc bao ché vién nang
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Muc Thanh phin

1. Hop chét c6 cong thirc I
2. Lactoza ngdm nudc

3. Tinh bdt ngd

4. Bottalc

5. Magie Stearat |

Téng é(f)ng

Quy trinh san xuét

30739

mg/vién nang

5 25
159 123
25 35
10 - 15
1 | 2
200 200

100
148
40
10

300

1. Tron c4c chét 1,2 va 3 trong thiét bi tron thich hop trong 30 phit.

2. B& sung cac chét 4 va 5 va tron trong 3 phut.

3. Nap vao vién nang thich hop.
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YEU CAU BAO HO
1. Hop chatcé cong thirc I:
— H
HN
.N/ N

O \©"l,, O
()
Hop

hop chdt nay 1a 5-etyl-4-metyl-N-[4-[(2S) morpholin-2-yl]phenyl]-1H-pyrazol-3-

carboxamit, hodc mudi cong axit ¢6 hoat tinh dugc ly cta no.

A Hop chét c6 cong thire I theo diém 1,

H
HN N

()
o

hop chét nay 1a S-etyl-4-metyl-N-[4-[(2S) morpholin-2-yl]phenyl]-1H-pyrazol-3-
carboxamit.

=
N

- 3. Mudi cong axit ¢6 hoat tinh dugc Iy cia hop chit c6 cong thuc I theo diém 1,

— H
HN
N N

()
o

trong d6 hop chit nay 1a 5-etyl-4-metyl-N-[4-[(2S) morpholin-2-yl]phenyl]-1H-pyrazol-
3-carboxamit.

4. Quy trinh didu ché hop chit c6 cong thirc I theo diém bét ky trong sb cac diém tir

1 dén 3, quy trinh nay bao gdm buéc:
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a) tach loai nhom bao vé N (PG) ra khoi hgp chét c6 cong thire 3:

O,
0 [o]
N

PG
3

dé tao ra hop chét c6 cong thuc I:

= H
HN
O /I," O

Hoq

trong d6 PG 1a —C(O)O-tert-butyl (BOC), va, néu mudn,

b) chuyén hoa hop chit c¢6 cong thire I thu duge cac mudi cdng axit dugc dung cia

no. |
5. Dugc phim ding qua dudng miéng chira hop chit c6 cong thic I theo diém bt
ky trong s6 céc diém tir 1 dén 3, trong @6 duge pham ding qua dudng miéng nay 13 &
dang dugc chon tir nhém bao gém vién nén, vién nén dugc bao, vién bao dudng, vién

nang gelatin cimg va mém, dung dich, nhii twong va huyén phu.
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