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Sy

A

trong do:

R! 1a hydro hoac halogen;

R? 1a C,s-alkyl hodc -(CH,),-O-CHs;

n béng 2 hoac 3;

m béng 1 hoac 2;

hoic mudi cong axit dugc dung, hdn hop raxemic, hodc chét dbng phan d6i anh tuong
g va/hodc chat dong phan quang hoc va/hodc chat dong phan 1ap thé cua no.

ba phat hién ra rang cac hop chat co cong thue chung I 1a cac chat diéu bién di lap thé
ctia thu thé glutamat hudng chuyén héa kiéu phu 5 (mGluR5) c6 cac tinh chit dugc cai
thién dé diéu tri bénh tm than phan liét, bénh vé nhan thirc, hoi ching nhiém sic thé X dé
gay hodc chung tu ky.
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Linh vue k§ thuit dwoc dé cip

Sang ché dé cap dén hop chit etynyl c6 céng thuc I:

H% NIiRz
Ne N
DA
N o

=
R)m

trong do:

R! 12 hydro hoéc halogen;

R*>  1a C,s-alkyl hoic «(CH,),-O-CHj;
n béng 2 hoac 3;

m béng 1 hoac 2;

hodic mudi cong axit dugc dung, hdn hop raxemic, hodc chat déng phéan d6i anh
turong tng cta né va/hodc chit ddng phan quang hoc va/hodc chit ddng phan 1ap thé
cua no.
Tinh trang k§ thuit ciia sing ché

B4t ngd phat hién ra ring cic hop chit ¢6 cong thirc chung I 1a cac chit diéu
bién di lap thé cua thu thé glutamat hudng chuyén hoa kiéu phu 5 (mGluR5) thé hién
cac dac tinh hoa sinh, ly hoa va dugc dong hoc cé nhiéu wu diém hon so v&i cac hop

chét ctia tinh trang k¥ thuat da biét.

Trong hé than kinh trung wong (central nervous system - CNS) qua trinh truyén
cac kich thich dién ra thong qua su tuong tac cia cac chdt dan truyén than kinh, ma

duoc phat di tir noron, bang thu thé than kinh.

Glutamat 13 chét dan truyén than kinh kich thich chinh trong ndo va déng vai
trd chuyén biét trong mét loat chirc ning ciia hé than kinh trung wong (central nervous

system - CNS). Céc thu thé kich thich phy thudc glutamat dwgc chia thanh hai nhém
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chinh. Nhém chinh thir nhat, cu thé 14 cic thy thé hudng ion, tao thanh cdc kénh ion
duoc kiém soat biang phdi tir. Cac thu thé glutamat huéng chuyén hoa (metabotropic
glutamate receptor - mGluR) thudc nhém chinh th( hai va, ngoai ra, thudc ho cac thu

thé lién hop G-protein.

Hién tai, d3 biét tdm thanh vién khac nhau cta cac mGluR nay va thdm chi mot
s6 trong s6 nay co cac kiéu phu. Theo tinh tuong ddng trinh tu ciia ching, céc co ché
tai nap tin hi€u va dd chon loc chi van, tdm thy thé nay cé thé dugc chia nho thanh ba

phan nhém:

mGIluR1 va mGIluR5 thudéc nhém I, mGluR2 va mGIluR3 thuéc nhém II va
mGluR4, mGluR6, mGluR7 va mGluR8 thudc nhém II1.

Céc phbi tir ctia cac thu thé glutamat hudng chuyén héa thudc nhém thir nhit co
thé duogc stir dung dé didu tri hodc ngan ngura cac 161 loan than kinh cép tinh va/hodc
man tinh nhu ching loan tim than, bénh dong kinh, bénh tAm than phan liét, bénh
Alzheimer, céc rdi loan nhan thic va thiéu hut tri nhd, cling nhu chiing dau cép tinh va

man tinh.

Céac chi dinh c6 thé diéu tri khac c6 lién quan 13 chiic ning n3o bi han ché do
phﬁu thuat hodc céy ghép ndi tat gy ra, viéc cép mau cho ndo bi han ché, cac tén
thuong cot sdng, céc ton thuong dau, chimg thiéu oxy huyét do c¢é thai, chimg ngimg
tim va gidm glucoza huyét. Céc chi dinh ¢6 thé diéu tri khac 13 bénh thiéu mau cuc bd,
ching mua gidt Huntington, bénh xo cing cft bén teo co (ALS), bénh xo cing cu
(tuberous sclerosis - TSC), chimg sa sut tri tué do AIDS, céc ton thuong mit, bénh
vOng mac, bénh Parkinson ty phat hoac bénh Parkinson do thube gay ra cling nhu céc
ﬁnh trang bénh 1y ma din dén cac chirc ning thiéu hut glutamat, vi dy, chiig co thét
co, ching co giat, chimg dau ntra dau, ching dai dam, ching nghién nicotin, chiing

nghién opiat, chirng lo 4u, chiing nén, ching rdi loan van ddng va bénh tram cam.

Céc 16i loan cé nguyén nhan hoan toan hoac mot phén do mGluRS5 13, vi dy, qua
trinh thodi héa hé thdn kinh cAp tinh, do chdn thwong va man tinh, nhu bénh
Alzheimer, chimg sa stt tri tué tudi gia, bénh Parkinson, chimg mua gidt Huntington,
bénh xo cing cdt bén teo co va bénh da xo cling, bénh tam than nhu bénh tdm thin
phan liét va bénh lo 4u, bénh trAm cam, ching dau va ching nghién thubc (Expert

Opin. Ther. Patents (2002), 12, (12)).
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Hué6ng nghién ctru méi dé phat trién cac chit diéu bién chon loc 14 x4c dinh cac
hop chét tac dong thong qua co ché di 1ap thé, diéu bién thu thé bang cach lién két véi
vi tri khac vi tri lién két ddng 14p thé c6 mirc bao toan muc cao. Cac chit didu bién di
1ap thé ctia mGluRS gan day thu hut su quan tin du6i dang duoc chit méi c6 kha ning
thay thé cac chét da biét. C4c chét diéu bién di lap thé da dugc mo ta, vi dy, trong céc
cong bd don W0O2008/151184, WO2006/048771, WO2006/129199, WO2005/044797
va cu thé trong WO2011/128279 ciing nhu trong tai liéu: Molecular Pharmacology,
40, 333 — 336, 1991; The Journal of Pharmacology and Experimental Therapeutics,
Vol 313, No. 1, 199-206, 2005.

D3 dugc mé ta trong tinh trang k§ thudt ndy 13 cic chét diéu bién di lap thé
duong. Chiing 13 cac hop chit ma khong 1am hoat héa truc tiép cac thu thé ban thén,
nhung dang cht y 13 ching c6 kha ning tao ra cac dap tng khi kich thich bang chét
chut vén, lam tang hoat lyc va lam cho hiéu luc dat mirc cao nhét. Lién két ctia cac hop
chét nay lam tang ai luc cua chét cht van & vi tri glutamat & vi tri gén két dAu tan cung
N ngoai bao ctia n6. Do d6, viéc didu bién di 1ap thé s& 14 co ché hip din dé ting
cuong hoat héa cac thu thé sinh 1y phtl hop. Hién nay, c6 rat it chat didu bién di 1ap thé
chon loc d6i vé6i thu thé mGIuR5. Cac chét diéu bién thu th mGluR5 thong thuong
thudng c6 db tan trong nude khéng thich hop va thé hién d6 sinh kha dung ding qua
miéng kém.

. Do d6, van cin c6 cac hop chit méi khic phuc dugc céc han ché néu trén va
can cung cép hiéu qua cac chit diéu bién di lap thé chon loc d6i vé6i thu th8 mGIuRS.
Sang ché da giai quyét vin dé nay nhu duéi day:

So sanh hop chit theo sang ché v6i cac hop chat tuong ty da biét trong tinh
trang k¥ thuat:

Céc hop chét tuong tu vé chu truc d3 biét trong tinh trang k¥ thuat dugc bdc 16
trong WO2011128279 (= Tai liéu tham khao 1, Hoffmann-La Roche) va cac hop chét
¢6 chu tric gibng nhit so v6i hop chit theo sang ché (vi du 106, 170 va 174) dugc néu
ra dé so sanh. Vi du 106 cia tai liéu tham khao 1 bdc 16 céc hop chét dusi dang hdn
hop raxemic. Viée phan tich khong dbi ximg hdn hop nay duoc thuc hién dé thu dugc
hai chit dong phén dbi anh (sir dung quy trinh tach tuong tw véi quy trinh duoc mé ta
trong vi du 1, buéc 5). Chét ddng phan d6i anh (-) c6 hoat déng manh nhat dugc chon
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lam vi du so sanh. Céc thao tac ¢ trén cling dugc ap dung cho hgp chét & vi du 170 cta
tai liéu tham khao 1 va chét dong phan ddi anh tinh khiét quang hoc (-) s& duoc sir
dung dé so sanh. D& hoan chinh, hop chét & vi du 174 dugc thé hién & dang raxemic va

twong ting chinh x4c v6i hop chit & vi du 174 cua tai liéu tham khao 1.
So sanh hop chét theo sang ché v6i hop chit tham chiéu cua vi du 106:

T4t ca hop chit theo sdng ché déu thé hién do tan cao hon 200 lin so véi hop
chat tham chiéu, mic du trong thuc t& nhin pyrimidin c6 tinh bazo yéu hon so véi
nhan pyridin ctia hop chét tham chiéu & vi du 106 va nhém R ua chit béo hon so véi
nhém metyl ctia hop chit tham chiéu. Pay 1a két qua khong ngd va thé hién wu diém
r5 rang ctia hop chét theo sang ché vé& d tan, didu nay dem lai loi ich v& tinh chét hap
thu, phin tw do khong gin két va cac tinh chit duge hoc lién quan khéc cta thubc cao

hon so v&i hgp chit c6 cAu tric trong ty trong tinh trang k§ thuét.
So sanh hop chit theo sang ché véi hop chét tham chiéu & vi du 170 va 174:

Khi so v6i vi du 170 va 174 cua tai liéu tham khao 1, gia tri d6 tan cling dugc
cai thién, mic di céc hop chit tham chiéu ciing ¢6 nhén diazin. Tuy nhién, wu diém
chinh 14 hop chét theo sang ché khong thé hién viéc tham gia vao phan tmg cong hop
glutation tuy phat, ma thé hién tinh d& tham gia phan tng cong kiéu Michael (th
nghiém GSH). Phan ting ctia thubc d& tham gia phan tmg héa hoc véi cac protein (lién
két protein cong hoa tri — CVB) 1a mot tinh chit khong mong muén xét trén khia canh
an toan cta thube. Céc protein ¢6 thé tao thanh san phdm cong héa tri véi cac phan tir
thudc c6 tinh chit nhan kiéu Michael théng qua chudi bén axit amin 4i nhin cia chung
(vi dy, xystein, serin, lysin, v.v.). Viéc tao thanh san phém cong protein—thuéc c6 thé
din dén phan tng khéng mong mudn cta hé mién dich, khi d6 hé mién dich s& nhén
dién cac protein lién két cong héa tri nay nhu 13 yéu t& ngoai lai. Cac dap tmg mién
dich nay cé thé dan dén cac phan tng di ng c6 cudng d6 khac nhau, dugc goi la tinh

doc mién dich.

Thir nghiém CVB (lién két cong hoa tri) “tiéu chuan vang”, ma phat hién ra su
tao thanh san pham cong héa tri bang cach 0 hop chat thir nghiém véi vi thé gan can
duoc tién hanh v6i nguyén liéu duge danh ddu “C. Didu nay khong phu hop véi muc
dich sang loc thong thudong. Thir nghiém cong hgp glutathion tu phat thich hop cho

muc dich sang loc thdng thudng va cac hop chét thé hién dic tinh nhan kiéu Michael
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cao trong thir nghiém cdng hop glutathion tu phat nhiéu kha nang thé hién hoat tinh
trong thr nghiém CVB. Trong trudng hop niy vi cic hop chit d& phan tmg 14 céc
thubc gbc va khong phai 14 san phim chuyén héa d& phan tng thu duge tir qué trinh
chuyén hoa, nén diéu nay c6 tdm quan trong hon rat nhidu. Dit liéu néu trén cho thy
céc hop chit theo sang ché c6 xu huéng tao thanh san phim cong thubc-glutathion
cong hoéa tri tu phat thip hon rat nhidu (NO FLAG) trong khi cac hop chét tham chiéu
tuong tmg tao thanh mdt lugng déng ké san phdm cong thubc - glutation cong héa tri
do céc dic tinh nhan kiéu Michael (FLAG) cua ching. N6i chung, theo d6 hop chét
theo sang ché ¢6 vu diém 3 rang vé d6 an toan ctia thude do ching c6 dic tinh nhan

kidu Michael thip hon nhiu so v&i hop chét c6 cAu truc tuong tu trong tinh trang ky

thuat.
Danh sach vi du:
ECso (nM) ) Thit nghiém
Vidu Chu tric mGlus b tan GSH
| PAM [mg/ml]
H
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Thtr nghiém do tan déng khod (lyophilisation solubility assay - LYSA):

Quy trinh thtr nghiém nang suét cao tu dong nay co thé duoc chia thanh hai
buéc. Trude tién, dung dich gbc DMSO cua hop chét thir nghiém dwoc pha lodng dé
tao ra bdn dudng cong hiéu chinh diém. Dién tich dinh & budc séng tdi wu cho mdi
hop chét thur nghiém duogc xac dinh ty dong b%lng séc ky long siéu nhanh. Viéc xac
dinh dién tich dinh va thoi gian luu tir dit liéu thé duoc thuc hién ty dong. St dung
bbn ndng d6 va cac dién tich dinh lién quan, d6 déc va doan chin cua dudng hidu
chinh dugc tinh toan. Hé s6 tuong quan ctia dudng hdi quy thu duge nén 16n hon 0,99.
O budc thit hai, dung dich miu dugc tao ra v&i hai ban sao tir dung dich géc DMSO.
DMSO dugc loai bod st dung thiét bi bay hoi. Sau khi 1am bay hoi DMSO, thudc rén
dugc hoa tan trong dung dich dém phosphat 0,05M (pH 6,5), khudy trong mét gid va
sau d6 lac trong hai gid. Sau khi d yén qua dém (khoang 20 gi®), loc dung dich st
dung dia loc vi chudn dd. Dich loc va dich pha loang 1/10 cta né sau d6 dugc phan
tich tu dong bang cach st dung sic ky 1ong hiéu ning cao (High Performance Liquid
Chromatography - HPLC). Dién tich dinh va thoi gian luu ctia miu duoc x4c dinh &

cung budc séng duoce s dung dé hiéu chinh.
D6 tan duoc tinh toan bang cach sir dung phuong trinh sau:
S=(A-b)/a(x 10 cho miu d3 pha lodng 1/10)

trong d6 S 1a d6 tan tinh bang pg/mL; A 13 dién tich dinh ctia mau; a 13 d6 déc
va b 13 doan chin ctia dudng cong hiéu chinh. Do phuong phép nay khong t8i vu ddi
v6i gia tri thdp hon nhiéu 1pg/ml, nén gia tri (<1) duwoc dua ra cho cac hop chit ma &
d6 khong phat hién ra hop chit & d6 pha lodng 16n nhit, diéu niy c6 nghia 1a d6 tan
thuc té thdp hon nhiéu 1pg/mL.

Trong truong hop ctia hop chét tham chiéu 106, hop chit nay dugc lam cén
bing trong 24 gid trong dung dich dém phosphat 0,05M (pH 6,5) st dung quy trinh
giéng hét v61 quy trinh dugc thuc hién véi thir nghiém LYSA. Lugng chét tan c6 mat
sau do duoc xac dinh truc tiép st dung phéan tich HPLC thong thuong dugc thuc hién
bang tay.

Thir nghiém cdng hop glutathion tu phat (GSH):
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10uM hop chét thir nghiém dugc hoa tan trong dung dich dém phosphat pH 7,4
dugc u vé1 SmM GSH (glutathion) trong 24 gid & nhi€t do phong. Sau d6 phan tich
cac miu st dung may do khéi phd dé xac dinh liéu san phidm cdng giita glutathion va
thudc da dugc tao thanh hay chua. Mau c6 khéi lvong cia san phim cong hoa tri dugc
phat hién mot cach rd rang (M+307) duge danh dau 1a FLAG (dwong). Hop chit ma
khong phat hién ra san phim cong duge danh ddu 13 NO FLAG (am).

Hop chét c6 cong thirc I khic biét bdi tac dung diéu tri bénh cua noé. Chung c6
thé duoc str dung trong diéu tri hodic ngin ngira rdi loan, lién quan dén cac chit didu
bién di 1ap thé cho thu thé mGIuRS5.

Chi dinh dwoc wu tién nhit cho hop chét ma 1a cac chit didu bién di lap thé 1a
bénh tdm than phan liét va nhan thirc.

Ban chét k§ thuit clia sang ché

Muc dich ctia sang ché 1a dé xudt cac hop chit c6 cong thirc I va mudi duge
dung clia chiing, cac hop chét 13 chét cho tac dung diéu tri bénh, quy trinh didu ché
ching ciing nhu mo ta viéc st dung chiing trong diéu tri hodc ngin ngira cac rbi loan,
lién quan dén cac chat diéu bién di 1ap thé cho thu thé mGIuR5, nhu bénh tim thin
phan liét va nhan thirc va duoc pham chita hgp chét ¢6 cong thire I nay.

M5 ta chi tiét sang ché

Céc dinh nghia sau cho céc thuat nglt chung ma dugc st dung trong ban mo ta
nay s€ dugc ap dung bt ké viéc cac thuat ngilt do xuit hién mot minh hay Kkét hop.

Thuat nglt “halogen” chi clo, brom, iot hoéc flo.

Thuét ngit "mudi duoc dung" hoic “mudi cong axit dugc dung” bao gdm mudi
véi axit vo co va hitu co, nhu axit clohydric, axit nitric, axit sulfuric, axit phosphoric,
axit xitric, axit formic, axit fumaric, axit maleic, axit axetic, axit suxinic, axit tartric,

axit metan-sulfonic, axit p-toluensulfonic va céc axit twong tu.

Mot phuong 4n ctia sang ché dé xut cac hop chét c6 cong thie:
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R)

m

trong dé

R! 1a hydro hoéc flo;

R*>  laetyl, «(CH,),-OCH; hodc —(CH,);-OCHs;

m b.'?lng 1 hoac 2;

hodc mudi cdng axit duoc dung, hdn hop raxemic, hoic chét d@)ng phan ddi anh
tuong Gmg cta né va/hoic chit ddng phin quang hoc va/hodc chit ddng phan 1ap thé
cua nod.

Vi du v& hop chét ¢6 cong thirc I nhu sau:

(-)-(3aR,6aS)-1-etyl-3-(5-phenyletynyl-pyrimidin-2-yl)-hexahydro-
xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-etyl-3-(5-(3-flo-phenyletynyl-pyrimidin-2-yl)-hexahydro-
xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-etyl-3-(5-(4-flo-phenyletynyl-pyrimidin-2-yl)-hexahydro-
xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-etyl-3-(5-(2,5-diflo-phenyletynyl-pyrimidin-2-yl)-hexahydro-
xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-phenyletynyl-pyrimidin-2-yl)-hexahydro-
xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(3-flo-phenyletynyl-pyrimidin-2-yl)-
hexahydro-xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(4-flo-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on;

-10-
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(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(2,5-diflo-phenyletynyl-pyrimidin-2-y1)-

hexahydro-xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on; hodc

(-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-(4-flo-phenyletynyl-pyrimidin-2-y1)-

hexahydro-xyclopentaimidazol-2-on.

Viée didu ché hop chét c6 cong thtrc I theo sang ché ¢6 thé duoc thuc hién theo
cach téng hop theo thi ty hoc ddng thoi. Viée tdng hop hop chét theo sang ché duoc
thé hién trong so dd 1 va 2 duéi ddy. Cac k§ ning can thiét dé thuc hién phan tng va
viéc tinh ché san phim thu duoc 13 d4 biét dbi véi nguoi c6 hiéu biét trong linh vuc k§
thuat. Cac phan tir thé va chi sb dugc sir dung trong phdn md ta sau cta quy trinh c6

nghia nhu dugc néu ¢ trén.

Hop chit c¢6 cong thirc I c6 thé duoc didu ché bang phuong phéap néu dudi day,
bang céc phuong phap néu trong vi du hoic bang céc phuong phép twong tu. Didu kién
phan ting thich hop cho timg budc phan Ung riéng 1¢ 14 di biét ddi véi ngudi c6 hibu
biét trong linh vuc k¥ thuat. Thir tu phan ting khéng bi gidi han ¢ thir tu dugce thé hién
trong so dd, tuy nhién, tiy thudc vao nguyén liéu ban dau va tinh phan tmg tuong mg
ctia ching, thir t cac budc phan tng c6 thé ti do thay dbi. Nguyén liéu ban du c6
ban trén thi truong hodc c6 thé duoc diéu ché bang phuong phép tuong tir nhu phuong
phap néu dudi day, bang cic phuong phap duoc md ta trong phan vi du tham chiéu
dugc néu trong ban mé ta hodc trong cac vi du, hodc bang phuong phap da biét trong

linh vuc k¥ thuat.

Hop chét c6 cong thirc I va mubdi duoc dung ctia ching cé thé duoc didu ché
bang céc phuong phap da biét trong linh vuc k§ thuét, vi du bang quy trinh cai bién

dugc mod ta dudi ddy, quy trinh nay bao gdm cac budc sau:

cho hop chit c6 cong thirc I
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trong d6 X la nguyén tir halogen duoc chon tir brom hodc iot phan tng véi aryl-

axetylen thich hop c6 cong thic IIT

Z CH
(R’)F©/
111
dé tao thanh hop chét c6 cong thic [

H
N\(N—RZ
o}

N
X

H
N

|
Z
R")

m

trong d6 céc phan tir thé duge mo ta & trén, hodic
néu muén, chuyén héa hop chét thu duoc thanh mudi cOng axit dugc dung.

Viée diéu ché hop chét ¢6 cong thire T duge mo ta chi tiét thém trong so dd 1 va

2vatrongcédcvidul —11.
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So db 1
0 0
€ H
OH N N
Curtius C[ C[ >=O
)N\H R tai sép xép j‘\H R N
0”0 0% 0" AR
0”0 3
1
R=tBut, Bn 2
X=gr,1| bazo
2
2 R“X
R
N

C[>:O JI/\N/\Y R®
u, ¥ _Y=F.ClBr1 C[N>=o khUbaove C[>:O
X

Cs,CO,, xantphos H
Pd,(dba),,toluen 5 ,R 4
(Y=Cl, Br, I) O
X=8r | hodcNaH, THF
(Y=F, Cl)

Hop chét halo-pyrimidin ¢6 cong thiic IT ¢6 thé thu duoc bing phan tng duoc
xtic tac bang paladi ctia pyrimidin dugc halogen héa hai 1an thich hop nhu 2-brom-5-
iot-pyrimidin va ure hai vong thich hop c6 céng thirc 5 (so d6 1). Phan ung cua 2-clo-
hodc 2-flo-pyrimidin ¢ brom hodc iot & vi tri 5 v6i ure hai vong ¢6 cong thirc 5 ciing
c6 thé tao thanh hop chét c¢6 cong thic II bang phan tGng thé 4i nhan thom st dung
diéu kién bazo nhu vi du NaH/THF ho#c xesi carbonat/DMF. Hop chét c6 cong thic 5
c6 thé thu duoc bt dau tir axit cis-2-amino-xycloalkyl-1-carboxylic ¢é cong thirc 1
duoc bao vé thich hop duge chuyén héa théng qua chét trung gian axylazit thanh
isoxyanat 2 tuong Ung (tai sip xép Curtius) sau do déng vong dé tao thanh hop chét
ure hai vong 3. Nhém NH tu do ctia hop chét ¢6 cong thic 3 c¢6 thé duoc alkyl hoa
theo quy trinh chuén d tao thanh hop chét 4, sau do6 hop chét ndy dugc khir bao vé dé
thu dugc ure hai vong c6 cong thirc 5. Ciing c6 thé thu dugc chét trung gian tinh khiét
quang hoc bat dau tir axit co cong thirc 1 tinh khiét quang hoc dugc bao vé hoic béng
céch tach hdn hop raxemic & giai doan bat ky ctia qua trinh téng hop str dung quy trinh
da biét d6i véi nguoi c6 hiéu biét trong linh vuc k§ thuat.

-13-



29965

So dd2

X=8Br | H

Hop chét c6 cong thuc II (X = Br, I) c6 thé phan tng vé6i aryl-axetylen c6 cong
thire IIT thich hop dé tao thanh hop chét c6 cong thirc I, trong dé céc phin tir thé duoc

mo ta ¢ trén va m bang 1 hoic 2.

Hop chét c6 cong thitc I nhu duge mé ta & day ciing nhu mubdi duge dung cua
né duoc su dung trong didu tri hodc ngan ngura chiig loan tdm than, bénh dong kinh,
bénh tAm than phan liét, bénh Alzheimer, cac rdi loan nhan thirc va thiéu hut tri nhé,
ching dau man tinh va cp tinh, chic ning nio bi han ché gy ra boi cac phau thuat
béc ciu hoic ciy ghép, cung cdp mau kém dén nio, tdn thuong tiy séng, tdn thuong
déu, chiing giam oxi khdng khi thé vao do mang bau, chimg ngung tim va ching giam
glucoza huyét, ching thiéu mau cuc bd, chiing mua giat Huntington, chimg xo cing
cOt bén teo co (ALS), bénh sa sut tri tué do AIDS, tdn thuong mét, bénh vong mac, hoi
chimg Parkinson ho#c hdi chimg Parkinson do thubc gdy ra, co cing co, chimg co
giat, chimg nhtic nira dau, dai dAm, rdi loan trao nguoc da day-thuc quan, tdn thuong
hogc suy gan gdy ra boi bénh hodc thude, héi chiing nhidm séc thé X d& gay, bénh xo
cimg do bénh lao, hoi chimmg Down, ching tu ky, nghién nicotin, nghién opiat, bénh lo
au, ndn, loan van dong, rdi loan #n uéng, cu thé chung an vd dd hodc chan an tim
than, va trAm cam, cu thé ddi véi viée didu tri va ngin nglra cac rdi loan thin kinh cép
tinh va/hodc man tinh, bénh lo au, diéu tri ching dau man tinh va cép tinh, dai dAm va
béo phi.

Chi dinh dugc wu tién 1 bénh tAm than phan liét va c4c réi loan nhén thiec.
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Sang ché cling dé cdp dén viéc st dung hgp chat cé cdng thirc I nhu duge mo ta
¢ day, cling nhu mudi dugc dung cta nd, d€ san xuat thudc, tot hon 1a dé diéu tri va

ngan ngua cac roi loan néu trén.
Thir nghiém sinh hoc va cac so liéu
, [N A 24+ A1
Thtr nghi€ém huy dong Ca” ndi bao

Dong té bao HEK-293 don dong duoc chuyén nhiém 6n dinh bing cADN ma
héa cho thu thé mGlusa & nguoi duoc tao ra; dé thu nghiém v&i cac chit didu bién
bién cdu duong mGluS (PAM), dong té bao c6 mirc biéu hién thu thé thip va hoat tinh
cta thu thé clu truc thép duoc chon dé phén bi€t hoat tinh chi vin so v4i hoat tinh
PAM. Céc té bao duge nudi ciy theo cic phuong phap tiéu chuin (Freshney, 2000)
trong mdi trudng Eagle dd dugc bién ddi ciia Dulbecco (Dulbecco’s Modified Eagle
Medium) cé ham lugng glucoza cao, dugc bd sung glutamin ImM, 10% (thé tich/thé
tich) huyét thanh bao thai bé dd bi bt hoat bing nhiét, Penixilin/Streptomyxin,
hygromyxin 50pg/ml va blastixidin 15pg/ml (tat ca cac chit thir nudi ciy té bao va cac

chét khang sinh mua tir Invitrogen, Basel, Thuy si).

Khoang 24 gid trudc thir nghiém, 5x10* t& bao/15 duogc gieo mam trong céc dia
96 16 pht1 poly-D-lysin, day mau den/trong subt. Cac t bao nay duogc nap 2,5uM Fluo-
4AM trong dém tai nap (1xHBSS, 20mM HEPES) trong 1 gi® & nhiét d6 37°C va rira
nim lan bang dém tai nap. Cac té bao da duogc chuyén vao hé thdng sang loc thubc
theo chitc ndng - Functional Drug Screening System 7000 (Hamamatsu, Paris, Phap),
va 11 dung dich pha lodng theo bac 1/2 log chira hop chét thur nghiém & nhiét 36 37°C
dugc bd sung vao va cac té bao duge i trong thoi gian tir 10 dén 30 phut kém theo ghi
murc d6 phat huynh quang. Sau buéc 0 truée ndy, bo sung chit chii vin L-glutamat vao
céc té bao & nong dd twong tng véi ECyy (thong thudong khoang 80uM) kém theo ghi
muc do phat huynh quang; dé x4c dinh cac thay ddi trong d4p ting ctia t& bao theo ting
ngay, ECyy ciia glutamat dugc x4c dinh ngay truéc mdi thir nghiém bang cach ghi
duodng cong phan tmg liéu hoan chinh ctia glutamat.

Céc dap ung duoc tinh bang cach 14y muc phat huynh quang ting cao nhét trir
di gia tri co s¢ (mirc phat huynh quang khi khong bd sung L-glutamat), gia tri co s&
nay duoc chudn héa theo tac dung kich thich t8i da thu dugc & cac ndng d6 bio hoa L-

glutamat. Céc dd thi dugc xdy dung theo % kich thich t6i da st dung XLfit, mot
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chuong trinh lam phd hop duong cong ma v& db thi lap di lap lai tir cac dit lieu thir
nghiém st dung thuit toan Levenburg Marquardt. St dung phuong trinh phén tich
canh tranh mot diém: y = A + ((B-A)/(1+((x/C)D))), trong d6 y la % tic dung kich
thich t6i da, A 1a y cuc tiéu, B 1a y cuc dai, C 1a ECsp, x 12 log10 ctia ndng d6 hop chét
canh tranh va D 1a d6 déc cta duong cong (hé s Hill). Tur cac duong cong nay, ECs
(ndng d6 ma & d6 thu duge tac dung kich thich bing nita muc i da), tinh duoc hé sé
Hill cfing nhu mirc dap Umg cuc dai theo % tac dung kich thich t6i da thu dugc bing

céc ndng do bio hoa cia L-glutamat.

Céc tin hi€u tich cuc thu duoc khi 0 trudc véi cac hop chét thi nghi€ém PAM
(nghfa 14 trude khi st dung L-glutamat & ndng d6 ECy) 1a ddu hiéu thé hién hop chét
thtr nghiém cé hoat tinh cha vén, su Véng mat cta cdc tin hiéu nay chimg to cac hop
chét thir nghiém khéng 6 hoat tinh chii van. Néu sau khi bd sung L-glutamat & ndng
d6 EC;o ma tin hiéu quan sat dugc giam di, thi cho thdy hop chét thir nghiém c6 hoat
tinh tc ché.

Trong danh sich cac vi du duédi day thé hién cac két qua tuwong Umg vé tit ca cac

hop chat, ma tht ca chung 6 tri s§ ECsy < 30 nM.

Vidu ECso (nM) mGlu5 PAM
9,1
10,6
11,5
10,0
12,5
24,5
26,8
15,7
30,9
31,6
35,0

Hop chat ¢6 cong thirc I va cac mudi duoc dung cta chiing cé thé duge st dung

O[R[N [N B |W|IN|—

ot | et
[l K]

lam thubc, vi du, & dang ché phém duge. Cac ché phém duoc c6 thé dugce sir dung qua
duong miéng, vi du, & dang cac vién nén, cac vién bao, cac vién bao duong, cac vién
nang boc gelatin cing va mém, dung dich, nhii twong hoac céc huyén phu. Tuy nhién,
viéc str dung ciing c¢6 thé dugc thuc hién qua dudng tryc trang, vi du, & dang cac thube

dan, hodc ngoai duong tiéu hoa, vi du, & dang céc dung dich tiém.
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Céc hop chét c6 cong thirc (I) va cic mudi duge dung ciia né c6 thd duoc bao ché
cling v6i cac chit mang v6 co hodc hitu co, khong ¢6 hoat tinh duoc 1y dé bao ché cac
ché phém duoc. Lactoza, tinh bot ngd hodc cac din xuét ciia nd, bot tale, axit stearic
hodc cac mudi ctia nd va cac chit tuong tu cé thé duoc st dung, vi dy, nhu céc chét
mang dung cho cac vién nén, cdc vién nén dugc bao, cac vién thudc bao dudng va cac
vién nang gelatin cimg. Cac chit mang thich hop cho cic vién nang gelatin mém 14, vi
du, cac dau thuc vat, cic sap, cac chit béo, cac rugu polyhydric ban rin va 16ng va céc
chét mang tuong tu; tuy nhién, tiy thudc vao ban chét cta hoat chét, viée khong can
chét mang thudng duoc yéu ciu trong trudng hop cac vién nang gelatin mém. Cac chit
mang thich hop dé san xudt cac dung dich va céc si-r6 la, vi du, nudc, ciac ruou
polyhydric, sucroza, dudng nghich dao, glucoza va cac chit mang tuong tu. Cac chat
phu gia, nhu c4c ruou, cic ruou polyhydric, glyxerol, cac dau thuc vat va cac chét phu
gia twong tu, c6 thé dugc sir dung cho dung dich nuéc tiém chira cac mudi tan trong
nuée chia cac hop chit ¢6 cong thie (I), nhung vé& nguyén tic cac chét mang la khong
cAn thiét. Céc chat mang thich hop lam céc thuéc dan, vi du, diu ty nhién hodc héa ran,

sap, chét béo, rwou polyhydric ban 1éng hodic 16ng va cac chét mang tuong tu.

Ngoai ra, cac ché phdm dugc c6 thé chita cac chét bao quén, cac chat hoa tan, cac
chat én dinh, c4c chat tao Am, cac cht nhil tuong, céc chét tao ngot, cac chét mau, cac
chét tao mui, cac mudi dé 1am thay dbi ap suat thim thdu, cac dém, céc chit che mui
hodc cac chit chéng oxy héa. Cac ché phdm nay ciing c6 thé con chira céc chit c6 gia

tri tri li€u khac.

Nhu néu trén, cac thude chira hop chét ¢6 cong thie (I) hodc cac mudi duoc dung
cla nd va ta duge khong cé tac dung tri bénh cling 1a muc dich cta sang ché, nhu 1a
quy trinh d bao ché cac thubc ndy, quy trinh nay bao gdm viéc bao ché mot hodc
nhiéu hop chét c6 cong thire I hodc mubi dugce dung ctia n6 va, néu mudn, mot hodc
nhidu chit c6 gia tri diéu tri bénh vao dang liu y 1y ciing v6i mét hodc nhidu chét

mang khong c6 tac dung tri bénh.

Nhu duoc dé cap & trén, viéc s dung hop chét c6 cong thuc (1) dé bao ché thubc
c6 tac dung ngin ngira va/hoic diéu tri cdc bénh néu trén ciing 14 mot ddi tugng cua

sang ché.
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Liéu Iugng c6 thé thay ddi trong gidi han rong va tAt nhién, s& phi hop véi timg
yéu cau trong ting trudng hop cu thé. Nhin chung, liéu cho hiéu qua dé diung qua
dudng miéng hodc ngoai dudng tiéu hoa nim trong khoang tir 0,01 d&én 20mg/kg/ngay,
v6i lidu nam trong khoang tir 0,1 dén 10mg/kg/ngay 1 dugc wu tién cho tit ca chi dinh
bénh d4 néu. Liéu ding hiang ngay cho nguoi 16n ¢ cén ning 70 kg twong ng nim
trong khoang tir 0,7 dén 1400mg trong mot ngay, tot hon 13 nim trong khoang tir 7 dén
700mg mot ngay.

Bio ché dugc phdm chira hop chét theo sang ché:
Vién nén c¢6 céc thanh phan duéi day duge bao ché bang phuong phap thong thuong:

mg/vién nén

Thanh phan hoat tinh 100
Bot lactoza 95
Tinh bot ngd mau tring 35
Polyvinylpyrolidon 8
Na carboxymetyl tinh b6t 10
Magie stearat 2
Trong lugng vién 250

Vi du thye hién sang ché
Vidu 1

(-)-(3aR,6a8S)-1-etyl-3-(5-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on
H
HS NJ

N
1™

FZ

Bugc 1: tert-butyl este ctia axit (rac)-(3aSR, 6aRS)-2-oxo-hexahydro-

xyclopentaimidazol-1-carboxylic:

Q(H

OHN NH
TS
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Dung dich clia axit (rac)-cis-2-(tert-butoxycarbonylamino)
xyclopentancarboxylic (CAS: 136315-70-3) (2,28g, 9,98mmol) va N-metylmorpholin
(1,1g, 1,21ml, 11,0mmol, 1,1 duong lugng) trong 28ml dicloetan dugc khqu O nhiét
d6 phong trong 10 phut. Sau d6 bd sung timg giot azit cla axit diphenylphosphoric
(3,02g, 2,37ml, 11,0mmol, 1,1 duong lugng) & nhiét 46 phong va dung dich khéng
mau thu dugc duge khudy trong 45 phit & nhiét d phong khi d6 dung dich chuyén
sang mau vang sing. Sau d6 lam 4m dung dich dén 75°C va khudy qua dém va dé
ngudi. Sau khi xir Iy bang diclometan/nuée, lam bay hoi cac pha hitu co sau khi két
hop dén khé. Nghién chit rin mau da cam béng etyl axetat va loc dé thu 1,27g chét rin
mau tréng. Cb dic dich cai va loc lai nguyén lidu da két tinh dé thu duoc thém 0,55g
san phim. Lan mét thu dugc tong lwong 1,82g (81%) hop chit néu & d& muc dudi

dang tinh thé rin mau tring, MS: m/e = 227,3 (M+H").

Budc 2: tert-butyl este cua axit (rac)-(3aSR, 6aRS)-3-etyl-2-oxo-hexahydro-

xyclopentaimidazol-1-carboxylic:

H

T W/
XO\P;N\E
B sung huyén phi natri hydrua 60% trong dau khoang (207mg, 8,62mmol, 1,3
duong luong) vao dung dich cia tert-butyl este cla axit (3aSR, 6aRS)-2-oxo-
hexahydro-xyclopentaimidazol-1-carboxylic (vi du I, bude 1) (1,50g, 6,63mmol) trong
25ml DMF. Huyén phu nay duge khudy trong 45 phit & nhiét do phong (giai phong
khi), sau do bd sung iotetan (1,34g, 0,696ml, 8,62mmol, 1,3 duong lugng) va hdn hop
nay duoc khudy & nhiét do phong qua dém. Sau khi ¢6 dac trong chin khéng va xir ly
bang etyl axetat/nuéc, 1,60g diu mau vang thu dugc chita cac giot dau kho4ng ma

duoc str dung truc tiép & bude tiép theo ma khong can xir Iy thém.

Budc 3: (rac)-(3aRS,6aSR)-1-etyl-hexahydro-xyclopentaimidazol-2-on:

H
Hl N—
B

B6 sung axit trifloaxetic (5,74g, 3,9ml, 50,3mmol, 8 duong lugng) vao dung
dich cua tert-butyl este cta axit (3aSR, 6aRS)-3-metyl-2-oxo-hexahydro-
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xyclopentaimidazol-1-carboxylic (vi du I, budc 2) (1,60g, 6,29mmol) trong 15ml
diclometan va dung dich mau vang nay dugc khudy trong 15 gié & nhiét do phong.
Hon hop phan tmg duge ding lai bang cich bd sung dung dich natri bicacbonat bio
hoa va d6 pH cua pha nuéc duge didu chinh dén 9. Sau khi xir Iy bing
diclometan/nudc, lam khd pha hitu co, loc va ¢6 trong chan khéng dé thu duoc 0,801g
diu mau vang, chit nay duge st dung truc tiép & bude tiép theo ma khong can xir Iy

thém.

Buéc 4. (rac)-(3aSR,6aRS)-1-(5-brom-pyrimidin-2-yl)-3-etyl-hexahydro-

xyclopentaimidazol-2-on

H
H N
N._N
/@‘é
N
Br

Trong mdi trudng khi argon, bd sung tris(dibenzylidenaxeton)dipaladi(0)
(Pdy(dba)s) (22mg, 0,024 mmol, 0,02 duong luong) vao huyén phi ciia 2-brom-5-
iotpyrimidin (340mg, 1,19mmol), (3aR,6aS)-1-metylhexahydroxyclopenta[d]imidazol-
2(1H)-on (vi du I, budc 3) (184mg, 1,19mmol, 1,0 duong luong), 622mg xesi
cacbonat (1,9mmol, 2 duwong Iluong), va 4,5-bis(diphenylphosphino)-9,9-
dimetylxanthen (xantphos) 28mg, 0,048mmol, 0,04 duong lugng) trong 8ml toluen.
Hén hop dugc nay khudy qua dém & 50°C. H3n hop nay dugc nap truc tiép trén cot
20g silicagel va rira giai bang gradien tir 20% dén 80% etylaxetat trong heptan dé thu
dugc hop chit néu & dé muc nay (229mg, 62%) dudi dang chit rin niu nhat, MS: m/e
=311,1, 313,0 (M+H").

Budce 5: (rac)-(3aRS,6aSR)-1-etyl-3-(5-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on

Hoa tan 80mg (0,26mmol) (rac)-1-(5-brompyrimidin-2-yl)-3-
etylhexahydroxyclopenta[d]imidazol-2(1H)-on (vi du I, budc 4) trong 3ml DMF trong
lo dung duoc trong 10 vi séng. Suc khi argon vao dung dich. B sung etynylbenzen
(57ul, 53mg, 0,52mmol, 2 dwong lugng), bis(triphenylphosphin)paladi(Il) clorua
(9mg, 0,013mmol, 0,05 dwong luong), dé)ng (@) iodua (1,5mg, 7,7umol, 0,03 duong
luong), triphenylphosphin (2,0mg, 7,7umol, 0,03 duong lugng) va 107ul trietylamin
(78mg, 0,77 mmol, 3 duong lugng). Khudy dung dich mau nau ddm nay & 75°C qua
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dém, hap phu trén silic oxit va tinh ché bing sic ky nhanh (silicagel, 20g, gradien tir
0% dén 80% BtOAc trong heptan) dé thu duoc 72,7mg (85%) hop chit néu & d& muc
ndy dudi dang chat rin mau nau, MS: m/e = 333,3 (M+H").

Bude 6:  (-)-(3aR,6aS)-1-etyl-3-(5-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on

Tach hdon hop raxemic chta (-)-(3aR,6aS)- va (+)-(3aS,6aR)-1-etyl-3-(5-
phenyletynyl-pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on ~ (70mg)  bing
HPLC khéng dbi xung: (Reprosil Chiral NR - 5 cm x 50 cm, 20uM; 40%
etanol/heptan, 35ml/phut, 18 bar). Thuc hién viéc phat hién dinh st dung bo phét hién
UV ciing nhu bd phét hién d6 quay quang hoc (optical rotation detector - ORD) trong
dé mét dinh c6 tin hi€u dm (dng phan dbi anh (-)) va dinh khac c6 tin hiéu duong
(ddng phén ddi anh (+)). chat ddng phan déi anh (-) (30,5mg) thu duge dudi dang chit
ran mau tring nhat, MS: m/e = 333,3 (M+H").

Dong phan dbi 4nh (+) (26,7mg) thu dugc dudi dang chét rin mau trang nhat,
MS: m/e = 333,3 (M+H").

Vidu2

(-)-(3aR,6a8)-1-etyl-3-(5-(3-flo-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on
H
Hf N—/

N._N

/\Ir\%

N
. z

Hop cht néu & dé muc nay duogc diéu ché theo phuong phap chung & vi du 1,
buéc 5 bat ddu tur (rac)-1-(5-brompyrimidin-2-yl)-3-etylhexahydroxyclopenta
[d]imidazol-2(1H)-on (vi du I, budc 4) va 1-etynyl-3-flobenzen dé thu duoc 72,4mg
(80%) nguyén ligu raxemic ((+/-)-(3aRS,6aSR)-1-etyl-3-(5-(3-flo-phenyletynyl-
pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on;) duéi dang chit rin mau nau
nhat; MS: m/e = 351,3 (M+H") sau d6 chat nay dugc tich bing HPLC khong dbi xtmg
stt dung diéu kién tach tuong tu duoc mé ta trong vi du 1, budc 6 dé thu duoc chét
dong phan dbi anh & dang tinh khiét ddng phan déi anh (-)-(3aR,6aS)-1-etyl-3-(5-(3-
flo-phenyletynyl-pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang chét
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ban rin mau vang nhat; MS: m/e = 351,3 (M+H") va chét dong phan dbi anh cta né

(+)-(3aS, 6aR)-1-etyl-3-(5-(3-flo-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on duéi dang chit rdn mau vang nhat; MS: m/e = 351,3 (M+HD).
Vidu3

(-)-(3aR,6aS)-1-etyl-3-(5-(4-flo-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on
H
NG

"
~N ©
Z
F

Hop chat néu & dé muc nay duoc diéu ché theo phuong phap chung & vi du 1,
busc 5 bat dau tir (rac)-1-(5-brompyrimidin-2-yl)-3-etylhexahydroxyclopenta[d]
imidazol-2(1H)-on (vi du I, buéc 4) va 1-etynyl-4-flobenzen dé thu dwoc nguyén lidu
raxemic ((+/-)-(3aRS,6aSR)-1-etyl-3-(5-(4-flo-phenyletynyl-pyrimidin-2-yl)-
hexahydro-xyclopentaimidazol-2-on;) dudi dang chit rin mau tring nhat; MS: m/e =
351,3 (M+H"). Viéc tach sir dung HPLC khong d6i xing va diéu kién tach tuong tu
duoc mo ta trong vi du 1 va 2 thu dugce chét déng phéan dbi anh & dang tinh khiét déng
phan  d6i  anh  (-)-(3aR,6aS)-1-etyl-3-(5 -(4-flo-phenyletynyl-pyrimidin-2-y1)-
hexahydro-xyclopentaimidazol-2-on duéi dang chit rdn mau tring nhat; MS: m/e =
351,3 (M+H") va (+)-(3aS,6aR)-1-etyl-3-(5-(4-flo-phenyletynyl-pyrimidin-2-yl)-
hexahydro-xyclopentaimidazol-2-on dudi dang chit rdn mau tring nhat; MS: m/e =

351,3 (M+H").
Vidu4

(-)-(3aR,6aS)-1-etyl-3-(5-(2,5-diflo-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on

Sk

N._N
QS
N
F 7
F

-22-



29965

Hop chét néu & dé muc nay duge diéu ché theo phuong phap chung ¢ vi du 1,
buéc 5 bit diu tir (rac)-1-(5-brompyrimidin-2-yl)-3-etylhexahydroxyclopenta[d]
imidazol-2(1H)-on (vi du 1, budc 4) va 1-etynyl-2,5-diflobenzen dé thu duoc nguyén
iéu raxemic ((+/-)-(3aRS,6aSR)-1-etyl-3-(5-(2,5-diflo-phenyletynyl-pyrimidin-2-yl)-
hexahydro-xyclopentaimidazol-2-on;) dudi dang chit rin mau ndu nhat; MS: m/e =
369,2 (M+H"). Viéc tach sir dung HPLC khong dbi xting va didu kién tach tuong tu
nhu dugc md ta trong vi du 1 thu duge chat dong phan déi anh & dang tinh khiét dong
phan dbi anh (-)-(3aR,6a8S)-1-etyl-3-(5-(2,5-diflo-phenyletynyl-pyrimidin-2-yl)-
hexahydro-xyclopentaimidazol-2-on duéi dang diu mau vang; MS: m/e = 369,2
M+HH va (+)-(3aS,6aR)-1-etyl-3-(5-(2,5-diflo-phenyletynyl-pyrimidin-2-yl)-
hexahydro-xyclopentaimidazol-2-on duéi dang diu mau vang; MS: m/e = 369,2
(M+H").

Vidu5

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-phenyletynyl-pyrimidin-2-y1)-hexahydro-
xyclopentaimidazol-2-on
S
Tt

N

-

NS
4

Bugce 1: tert-butyl este cua axit (rac)-(3aSR, 6aRS)-3-(2-metoxy-etyl)-2-oxo-

hexahydro-xyclopentaimidazol-1-carboxylic:

0} " N N

Tyt

0 (0]

Hop chét néu & dé muc nay duogc didu ché theo phuong phap chung & vi du 1,

buéc 2 bit dau tir tert-butyl este cua axit (rac)-(3aSR, 6aRS)-2-oxo-hexahydro-

xyclopentaimidazol-1-carboxylic (vi du 1, bude 1) va sit dung 1-brom-2-metoxyetan

thay vi iotetan dé thu duoc san phiam mong mudn duéi dang dau mau vang nhat, chat
nay dugc st dung truc tiép & bude tiép theo ma khong cin xtr Iy thém.

Budge 2: (rac)-(3aRS,6aSR)-1-(2-metoxy-etyl)-hexahydro-xyclopentaimidazol-

2-on:
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A

HN\<

Hop chit néu & d&& muc nay duoc didu ché theo phuong phap chung & vi du 1,
bude 3 bat dau tir tert-butyl este clia axit (rac)-(3aSR, 6aRS)-3-(2-metoxy-etyl)-2-oxo-
hexahydro-xyclopentaimidazol-1-carboxylic (vi du 10, budc 1) dé thu dwoc san phdm
mong mudn dudi dang ddu mau vang nhat, chat nay duogc st dung truc tiép & bude tiép

theo ma khong can xtr Iy thém.

Buéc 3: (rac)-(3aSR,6aRS)-1-(5-brom-pyrimidin-2-yl)-3-(2-metoxy-etyl)-

hexahydro-xyclopentaimidazol-2-on

/
L*”

Hop chit néu & @& ml_ic nay dugc diéu ché theo phwong phép chung & vi du 1,

budc 4 bing phan tng cla tert-butyl este cta axit (rac)-(3aSR, 6aRS)-3-(2-metoxy-

etyl)-2-oxo-hexahydro-xyclopentaimidazol-1-carboxylic (vi du 10, buéde 2) va 2-brom-

5-iotpyrimidin dé thu duoc san phém mong mudn dudi dang chét rin nAu nhat, MS:
m/e = 341,0, 343,1 (M+H").

Budc 4: (rac)-(3aRS,6aSR)-1-(2-metoxy-etyl)-3-(5-phenyletynyl-pyrimidin-2-
yl)-hexahydro-xyclopentaimidazol-2-on

Hop chit néu & d& muc nay dugc didu ché theo phuong phap chung & vi du 1,
buéc 5 bat dau tir (rac)-(3aSR, 6aRS)-1-(5-brom-pyrimidin-2-yl)-3-(2-metoxy-etyl)-
hexahydro-xyclopentaimidazol-2-on (vi du 10, buéc 3) va etynylbenzen dé thu duogc
raxemic (rac)-(3aRS,6aSR)-1-(2-metoxy-etyl)-3-(5-phenyletynyl-pyrimidin-2-yl)-
hexahydro-xyclopentaimidazol-2-on duéi dang dau mau vang nhat; MS: m/e = 363,3
(M-+H.

Buéc 5: (-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-phenyletynyl-pyrimidin-2-yl)-
hexahydro-xyclopentaimidazol-2-on

Viéc tach st dung HPLC khong d6i xtmg va diéu kién tach tuwong tw nhu duoc
md ta trong vi du 1 thu duoc chit ddng phan dbi anh & dang tinh khiét ddng phan dbi
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anh  (-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-phenyletynyl-pyrimidin-2-yl)-hexahydro-
xyclopentaimidazol-2-on duéi dang chéat rin khong dinh hinh mau vang; MS: m/e =
363,3 (M+H") va (+)-(3aS, 6aR)-1-(2-metoxy-etyl)-3-(5-phenyletynyl-pyrimidin-2-
yl)-hexahydro-xyclopentaimidazol-2-on duéi dang chét rin khong dinh hinh mau
vang; MS: m/e = 363,3 (M+H").

Vidu6

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(3-flo-phenyletynyl-pyrimidin-2-y1)-

hexahydro-xyclopentaimidazol-2-on

Hop chét néu ¢ dé muc nay duoc diéu ché theo phuong phap chung & vi du 1,
buéc 5 bat dau tir (rac)-(3aSR, 6aRS)-1-(5-brom-pyrimidin-2-yl)-3-(2-metoxy-etyl)-
hexahydro-xyclopentaimidazol-2-on (vi du 5, budc 3) va 1-etynyl-3-flobenzen dé thu
duoc nguyén ligu raxemic ((+/-)-(3aRS,6aSR)-1-(2-metoxy-etyl)-3-(5-(3-flo-
phenyletynyl-pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang diu mau
niu nhat; MS: m/e = 381,3 (M+H") sau d6 duoc tach bing HPLC khong déi ximg six
dung diéu kién tach tuong tu dugec md ta trong vi du 1 dé thu duoc chét d@)ng phéan déi
anh & dang tinh khiét dong phan déi anh (-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(3-flo-
phenyletynyl-pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang chit rén
khéng dinh hinh mau vang; MS: m/e = 381,3 (M+H+) va (+)-(3aS, 6aR1-(2-metoxy-
etyl)-3-(5-(3-flo-phenyletynyl-pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on
duéi dang chit rin v dinh hinh mau vang; MS: m/e = 381,3 (M+H").

Vidu7

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(4-flo-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on

H /

H N
O/d*”
N 0
Z
F
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Hop chét néu & dé muc nay duoc didu ché theo phuong phap chung & vi du 1,
bubc 5 bit diu tur (rac)-1-(5-brompyrimidin-2-yl)-3-(2-metoxy-etyl)-hexahydro-
xyclopenta[d]imidazol-2(1H)-on (vf du 5, buéc 3) va 1-etynyl-4-flobenzen dé thu duoc
nguyén li¢u raxemic ((+/-)-(3aRS,6aSR)-1-(2-metoxy-etyl)-3-(5-(4-flo-phenyletynyl-
pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang chdt rin mau tring
nhat; MS: m/e = 381,3 (M+H"). Viéc tach st dung HPLC khong dbi xtmg va diéu kién
tach twong tu duge md ta trong vi du 1 thu dwoc chit ddng phan d6i anh & dang tinh
khiét dong phan d6i anh (-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(4-flo-phenyletynyl-
pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on dud¢i dang chdt rin mau tréing
nhat; MS: m/e = 381,3 (M+H") va (+)-(3aS,6aR)-1-(2-metoxy-etyl)-3-(5-(4-flo-
phenyletynyl-pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on dudi dang chét rén
mau tring nhat; MS: m/e = 381,3 (M+H").

Vidu 8

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(2,5-diflo-phenyletynyl-pyrimidin-2-y1)-

hexahydro-xyclopentaimidazol-2-on

Hop chit néu & d& muc nay dugc diéu ché theo phuong phép chung & Vidu 1,
buéc 5 bat diu tir (rac)-1-(5-brompyrimidin-2-yl)-3-(2-metoxy-etyl)-hexahydro-
xyclopenta[d]imidazol-2(1H)-on (vi du 5, budc 3) va 1-etynyl-2,5-diflobenzen dé thu
duoc nguyén li€u raxemic ((+/-)-(3aRS,6aSR)-1-(2-metoxy-etyl)-3-(5-(2,5-diflo-
phenyl-etynyl-pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on dudi dang chét rin
mau niu nhat; MS: m/e = 399,2 (M+H"). Viéc tach sir dung HPLC khong dbi xung va
diéu kién tach tuong tw dugc md ta trong vi du 1 thu duoc chét ddng phan dbi anh &
dang tinh khiét ddng phan dbi anh (-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(2,5-diflo-
phenyletynyl-pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang chit rin
mau tring nhat; MS: m/e = 399,2 (M+H") va (+)-(3aS,6aR)-1-(2-metoxy-etyl)-3-(5-
(2,5-diflo-phenyletynyl-pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on dudi
dang diu mau vang nhat héa rén khi dé yén; MS: m/e = 399,2 (M+H).
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Vidu9

(-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on

H
NN Nf
/\lr\<o
N
FZ

Budc 1: tert-butyl este cua axit (rac)-(3aSR, 6aRS)-3-(3-metoxy-propyl)-2-oxo-

hexahydro-xyclopentaimidazol-1-carboxylic:

O_
H
H

o N
>0

Hop chat néu ¢ dé muc nay duoc didu ché theo phuong phap chung & vi du 1,
budc 2 biat diu tr tert-butyl este cia axit (rac)-(3aSR, 6aRS)-2-oxo-hexahydro-
xyclopentaimidazol-1-carboxylic (vi du I, budc 1) va su dung 1-brom-3-
metoxypropan thay vi iotetan d& thu duoc san phdm mong mudn duéi dang ddu mau

vang nhat, chit nay st dung truc tiép & bude tiép theo ma khéng can xir Iy thém.,

Budce 2: (rac)-(3aRS,6aSR)-1-(3-metoxy-propyl)-hexahydro-

xyclopentaimidazol-2-on:

S

HNW<
0o

Hop chét néu & dé muc nay duoc diéu ché theo phuong phép chung & vi du 1,
budc 3 bit diu tir tert-butyl este ciia axit (rac)-(3aSR, 6aRS)-3-(3-metoxy-propyl)-2-
oxo-hexahydro-xyclopentaimidazol-1-carboxylic (vi du 9, budc 2) d& thu dugc san
pham mong muén duéi dang diu mau niu nhat, chit nay sir dung truc tiép & budc tiép

theo ma khéng can xir Iy thém.

Bude 3: (rac)-(3aRS,6aSR)-1-(3-metoxy-propyl)-3-(5-phenyletynyl-pyrimidin-
2-yl)-hexahydro-xyclopentaimidazol-2-on
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Hoa tan 2-brom-5-(phenyletynyl)pyrimidin (CAS: 1338493-52-9) (80mg,
309umol, duong luong: 1,00) va (rac)-(3aRS,6aSR)-1-(3-metoxy-propyl)-hexahydro-
xyclopentaimidazol-2-on (68,0mg, 309umol, 1,0 duong luong) trong 2ml toluen vao
trong 6ng thiy tinh chiu nhiét 10ml. BS sung xesi cacbonat (201mg, 618umol, 2,0
duong lugng), xanthphos (7,15mg, 12,4pmol, 0,04 duong luong) va Pd,(dba),
(5,65mg, 6,18pumol, 0,02 duong lugng) va hdn hop phan mg mau nau dé duogc Kkhudy
& 90°C trong 3 gid. Loc hdn hop phan tig, hip phu trén silic oxit va tinh ché bang sic
ky nhanh (silicagel, 20g véi 1g silic oxit-NH2, gradien tir 30% dén 100% EtOAc trong
heptan & 301nm). Thu dugc 65,6mg hop chit néu & & muc dudi dang diu mau vang;
MS: m/e = 377,6 (M+H").

Bude 5: (-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-phenyletynyl-pyrimidin-2-y1)-
hexahydro-xyclopentaimidazol-2-on

Viéc tach sir dung HPLC khong ddi xung va diéu kién tach tuong tu nhu duoc
md ta trong vi du 1 thu dugc chat déng phan d6i anh & dang tinh khiét ddng phan ddi
anh (-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-phenyletynyl-pyrimidin-2-yl)-hexahydro-
xyclopentaimidazol-Z-ori dudi dang chét rin khong dinh hinh mau vang; MS: m/e =
377,6 M+H") va (+)-(3aS, 6aR)-1-(3-metoxy-propyl)-3-(5-phenyletynyl-pyrimidin-2-
yl)-hexahydro-xyclopentaimidazol-2-on dudi dang chit rin khéng dinh hinh mau
vang; MS: m/e = 377,6 (M+H").

Vidu 10

(-)-(3aR,6a8)-1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-pyrimidin-2-y1)-

hexahydro-xyclopentaimidazol-2-on

Buée 1: (rac)-(3aSR,6aRS)-1-(5-brom-pyrimidin-2-yl)-3-(3-metoxy-propyl)-

hexahydro-xyclopentaimidazol-2-on

@H o—

NHNN
g
N 0
Br
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Hop chit néu & dé muyc nay duoc diéu ché theo phuong phap chung & vi du 1,
bude 4 béng phan ung cua tert-butyl este clia axit (rac)-(3aSR, 6aRS)-3-(3-metoxy-
propyl)-2-oxo-hexahydro-xyclopentaimidazol-1-carboxylic (vi du 9, budc 2) va 2-
brom-5-iotpyrimidin, sau khi xir Iy va tinh ché bang sic ky nhanh (silica gel, gradien
tlr 35% dén 90% EtOAc trong heptan) thu dugc san phdm mong mudn duéi dang dau

mau vang, chét nay dugc st dung truc tiép & bude tiép theo ma khong cin xir Iy thém.

Budc 2: (-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-
pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on

Hop chét néu & dé muc nay duogc didu ché theo phuong phép chung & vi du 1,
budc 5 bat dau tir (rac)-(3aSR,6aRS)-1-(5-brom-pyrimidin-2-yl)-3-(3-metoxy-propyl)-
hexahydro-xyclopentaimidazol-2-on; va 1-etynyl-3-flobenzen dé thu dugc nguyén liéu
raxemic ((+/-)-(3aRS,6aSR)-1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-pyrimidin-
2-yl)-hexahydro-xyclopentaimidazol-2-on du6i dang dau mau ndu; MS: m/e = 395,6
(M+H") sau d6 duoc tach bang HPLC khéng dbi xtig sir dung diéu kién tach tuong tu
nhu duge mo ta trong vi du 1 dé thu duoc chit ddng phan dbi anh & dang tinh khiét
déng phan d6i anh (-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-
pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang diu mau cam; MS:
m/e = 395,6 (M+H+) va (+)-(3aS, 6aR1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-
pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang diu mau cam; MS:
m/e = 395,6 (M+H").

Vidull

(-)-(3aR,6a8)-1-(3-metoxy-propyl)-3-(5-(4-flo-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on
O_
H
Sk

)“\l(N\(O
4 N
F

Hop chit néu & d& muc nay duoc diéu ché theo phuong phap chung ¢ vidu 1,
budc 5 bat du tir (rac)-(3aSR,6aRS)-1-(5-brom-pyrimidin-2-yl)-3-(3-metoxy-propyl)-
hexahydro-xyclopentaimidazol-2-on; va 1-etynyl-4-flobenzen dé thu duoc nguyén liéu

raxemic ((+/-)-(3aRS,6aSR)-1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-pyrimidin-
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2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang ddu mau ndu; MS: m/e = 395,6
(M+H") sau d6 dugc tach bang HPLC khong d6i xting sir dung diéu kién tach tuong tu
nhu duge md ta trong vi du 1 dé thu duoc chit dong phan ddi anh & dang tinh khiét
déng phan dbi anh (-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-
pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang ddu mau cam; MS:
m/e = 395,6 (M+H+) va (+)-(3aS, 6aR1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-
pyrimidin-2-yl)-hexahydro-xyclopentaimidazol-2-on duéi dang ddu mau cam; MS:
m/e = 395,6 (M+H").
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YEU CAU BAO HO

Hg <H 2
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N

1. Hop chét etynyl c6 cong thuc I:

Z

R)m

trong do:

R’ 1a hydro hodc halogen;

R’  1a C,s-alkyl hodc ~(CH,),-O-CHi;
n béng 2 hoac 3;

m béng 1 hoac 2;

hodc mubi cong axit duoc dung, hdn hop raxemic, hodc cht ddng phan dbi anh
twong mg ctia né va/hodc chat ddng phin quang hoc va/hoidc cht dong phan 1ap thé
cua no.

2. Hop chét etynyl c6 cong thirc I theo diém 1:

R

trong do:

R! 1a hydro hoéc flo;

R’>  laetyl, (CH,),-OCH; hoic «(CH,);-OCHL;
m b%lng 1 hoac 2;

hodc mudi cdng axit duge dung, hon hop raxemic, hodc chat dong phan ddi anh twong

g clia né va/hoic chit ddng phan quang hoc va/hodc chit dong phan lap thé cua no.
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3. Hop chét etynyl c6 cong thic I theo didm 1 hodc 2, trong d6 hop chét nay la:

(-)-(3aR,6a8S)-1-etyl-3-(5-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-etyl-3-(5-(3-flo-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-etyl-3-(5-(4-flo-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-etyl-3-(5-(2,5-diflo-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-phenyletynyl-pyrimidin-2-yl)-hexahydro-

xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(3-flo-phenyletynyl-pyrimidin-2-y1)-

hexahydro-xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(4-flo-phenyletynyl-pyrimidin-2-y1)-

hexahydro-xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(2-metoxy-etyl)-3-(5-(2,5-ditlo-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on;

(-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-(3-flo-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on; hoac

(-)-(3aR,6aS)-1-(3-metoxy-propyl)-3-(5-(4-flo-phenyletynyl-pyrimidin-2-yl)-

hexahydro-xyclopentaimidazol-2-on.

4. Quy trinh diéu ché hop chit c6 cong thic I theo diém bt ky trong s6 cac diém tir 1

dén 3, trong d6 quy trinh nay bao gdm budc:

cho hop chét ¢6 cong thirc II:
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trong d6 X 1a nguyén tir halogen dugc chon tir brom hodc iot

II,

phan ing vo6i aryl-axetylen c6 cong thuc I thich hop:

£ CH
R1)m—©/
dé tao thanh hop chét c6 cong thic I:

\N\(
N O

=

trong do6 cac phan tir thé duge mo ta & trén, hoac
néu mudn, chuyén hoa cac hop chat thu dugc thanh mudi cdng axit dugc dung.

5. Dugc phdm chira it nhat mot hop chét theo diém bat ky trong sb cac diém tir 1 dén 3
ciing nhu mudi duoc dung cia né.

6. Hop chit theo diém bét ky trong sb cac diém tir 1 dén 3, trong d6 hop chét nay &
dang hdn hop cta chit ddng phan dbi anh, chit ddng phéan khong dbi quang, hodc &

dang tinh khiét ddng phan dbi anh, ciing nhu mudi dugc dung ctia n6 dé lam thudc.
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