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(57) Sang ché& dé cap dén hgp chat etynyl ¢ cong thiic I:

trong dé:
R' 1a phenyl, ma thy ¥ dugc thé biang 1 dén 2 nguyeén tir halogen; dugc chon tir |
flo hoac clo;
hodc mu6i cong axit dugc dung & dang tinh khiét déng phan déi anh.
ba phét hién ra rang cic hop chét c¢6 cong thic chung I 13 cic chét diéu

bién dj cau cta thu thé glutamat huéng chuyén héa kiéu phu 5 (mGluRS5).
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Linh vue k§ thuit dwoe dé cip

Séng ché dé cap dén hop chét etynyl ¢6 cong thirc I:

trong d6:

R! 1a phenyl, ma tiy y dugc thé bang 1 dén 2 nguyén tir halogen, dugc chon tir flo

hoéc clo;

hodc mudi cong axit dugc dung, & dang tinh khiét dé)ng phén dbi anh c6 cAu hinh tuyét
d6i nhu dugc thé hién trong cong thirc L.

Tinh trang k§ thuit cia sing ché

Ngac nhién phét hién ra ring, cac hop chit c6 cong thirc chung I 13 cic chat
didu bién di lap th (PAM) cua thu thé glutamat hudng chuyén hoa kiéu phu 5
(mGIluRS5) ma thé hién céc tinh chét sinh hda, ly hoa va duge luc hoc tdt hon so véi
hop chit trong da biét trong linh vuc k§ thuét ndy.

Trong hé thin kinh trung wong (CNS), qua trinh din truyén c4c kich thich dién
ra thong qua su tuong tic cta chét din truyén than kinh, ma duoc truyén di bsi noron,

v&i thu thé than kinh.

Glutamat 13 chit din truyén thin kinh kich thich chinh trong nfo va déng vai
trd dédng chd y trong rit nhiéu chirc nang hé than kinh trung wong (CNS). Céc thy thé
tiép nhén cac kich thich phu thudc glutamat dugc chia thanh hai nhém chinh. Nhém
chinh thr nhét, goi 1a céac thu thé hudng ion, tao ra cac kénh ion dugc kiém soéat béng
phéi tir. Céc thu thé glutamat huéng chuyén héa (mGIuR) thudc nhém chinh thi hai va,

ngoai ra, con thudc ho cac thu thé két cép vdi protein G.

Hién tai, tim thanh vién khéac nhau cia mGluR nay da duoc biét va trong sb do,

c6 mdt sO thanh vién c6 céc kiéu phu. Dya trén mirc 6 tuong dong vé trinh tu, co ché
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tai nap tin hiéu va tinh chon loc chi van cila chiing, tAm thu thé nay co thé duogc phéan

chia tiép thanh ba phan nhém:

mGIluR1 va mGIuRS thuéc nhém I, mGIluR2 va mGIluR3 thudc nhém II va
mGluR4, mGluR6, mGIuR7 va mGluR8 thudc nhém III.

Céc phdi tir ctia cac thy thé glutamat huéng chuyén héa thudc nhém thir nhét cé
thé duoc dung dé diéu trj hodc phong nglra cac 161 loan than kinh ca“ip tinh va/hodc man
tinh nhu bénh tdm thin, bénh dong kinh, bénh t4m thin phan liét, bénh Alzheimer, rdi
loan nhén thirc va bénh suy gidm tri nhd, cling nhu ching dau cép tinh va man tinh.

Cac chi dinh c6 thé didu tri khac 13 chitc ning ndo bi han ché do phau thuét
hoac céy ghép ndi tit gdy ra, viéc cép mau cho ndo bi han ché, c4c tdn thuong tiy séng,
cac ton thwong diu, ching thiéu oxy huyét do c¢6 thai, ching ngung tim va gidm
glucoza huyét. Cac chi dinh c6 thé diéu tri khac 13 bénh thiéu méau cuc bd, chirng mua
gidt Huntington, bénh xo cting cft bén teo co (ALS), bénh xo cing cu (tuberous
sclerosis - TSC), chimg sa sat tri tué do AIDS, céac tén thuong mét, bénh vOng mac,
bénh Parkinson tu phét hoic bénh Parkinson do thudc gy ra ciing nhu céc tinh trang
bénh 1y ma din dén céc chirc ning thiéu hut glutamat, vi du, chimg co thét co, chimg
co giét, ching dau nira dau, chig d4i dim, chimg nghién nicotin, ching nghién thudce

phién, ching lo au, ching ndn, ching roi loan van dong va bénh tram cam.

Céc rbi loan ¢6 nguyén nhan hoan toan hoac mot phén do mGluRS5 14, vi du, qua
trinh thodi héa hé than kinh cip tinh, do chin thwong va man tinh, nhu bénh
Alzheimer, ching sa stt tri tué tudi gia, bénh Parkinson, chiing mua gidt Huntington,
bénh xo cimg c6t bén teo co va bénh da xo cimg, bénh tAm thin nhu bénh tAm thin
phan 1liét va bénh lo 4u, bénh trAim cam, chimg dau va chimg nghién thudc (Expert

Opin. Ther. Patents (2002), 12, (12)).

Hudéng nghién ctru mai dé phat trién cac chit diéu bién chon loc 13 x4c dinh cac
hop chit tic dong thong qua co ché di 1ap thé, didu bién thu thé bing cach lién két véi
vi tri khdc vi tri lién két ddng 14p thé c6 mitc bdo toan mic cao. Céc chit didu bién di
1ap thé ctia mGIluRS5 gan day da ndi 1én nhu 13 duge chit thay thé tiém ning. Céc chét
diéu bién di 1ap thé da dugc mé ta, vi du, trong WO2008/151184, WO2006/048771,
W02006/129199, W02005/044797 va cu thé 13 trong tai liu W02011/128279 ciing
nhu trong Molecular Pharmacology, 40, 333 — 336, 1991; The Journal of
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Pharmacology and Experimental Therapeutics, Vol 313, No. 1, 199-206, 2005; Nature,
480 (7375),63-68, 2012.

Céc chét diéu bién di 1ap thé duong da duoc mo ta trong linh vuc ky thuét nay.
Chl’mg la céac hop chét khong truc tiép hoat hoa céc thu thé, nhung c6 kha nang 16n
trong viéc tao ra cac dap ung duoc kich thich bai cac chit chil vAn, 1am tang hoat luc
va toi da héa hidu qua. Su lién két ctia cac hop chét nay 1am ting 4i lyc cta chét chu
van ¢ vi tri glutamat tai vi tri lién két dAu tin N nim ngoai té bao cta nd. Co ché didu
bién di lap thé 14 co ché hép din dé lam ting kha ning hoat héa cac thu thé sinh ly
thich hop. Hién nay chua cé nhiéu chit diéu bién di lap thé chon loc cho thu thé
mGIuR5u. Céc chit diéu bién thu thé mGluR5 thong thudng thudng khong dép ung

duoc d6 an toan clia thude, din dén tao ra nhidu tac dung phu ctia thudc hon.

Do d6, vin ¢6 nhu ciu vé hop chéat ma khac phuc dugc cac nhuoc di€m néu trén
va tao ra mdt cach hiéu qua tdc dung di€u bién di 14p thé chon loc d6i véi thu thé

mGIuRS. Sang ché giai quyét vin dé nay, nhu dugce thé hién dudi day:

So sanh hop chit theo sang ché véi cac hop chit tuong tu da biét trong linh vuc
k¥ thuat:

Céc hop chét ¢6 céu tric tuwong tu da biét trong linh vuc k¥ thudt nay dugc boc
16 trong W02011128279 (= tai liéu tham chiéu 1, Hoffmann-La Roche) va céc hop
chat co cdu tric gidng nhit ctia sang ché nay (cac vi du 13, 40 va 59) dugc dua ra dé

so sanh.

So sanh céac hop chit ctia sang ché vé6i cac hop chét tham chidu Vi du 13, 40 va
59:

T4t ca céc hop chét theo sang ché c6 hoat luc tuong tu vdi cac hop chit tham
chiéu. Ngoai ra, tit ca chiing déu c6 hiéu lyc thdp hon 60% so véi céc gid tri 16n hon
nhiéu ctia cac hop chét tham chiéu (trén 80%) ma 1 tiéu chi dbi v&i kha ning dung
nap cua chét didu bién di lap thé duong mGluRS. Céc hop chét c6 gia tri hi€u luc cao
hon 60% thé hién céc tac dung phu nghi€ém trong lién quan dén CNS sau khi dung qua
dudng miéng (con dong kinh) véi céc lidu gin véi cac lidu ma thu duge cac tac dung
diéu tri bénh mong mubn (ctra sb diéu tri thép). Céc hop chét gia tri hi€u luc thép hon
60% dugc’ dung nap tdt & cac lidu ¢ thé 16n hon tir 30 &én 1000 14n so véi lidu didu tri

bénh trong khi van duy tri duoc cac tic 4dung diéu tri bénh mong mudn cta ching. Do
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do, ndi chung, cac hgp chat theo sang ché c6 vu di€m rd rang vé dd an toan ctia thuoe
do céc gia tri hiéu lyc clia ching thap hon 60%, twong ing vdi viée khong c6 kha nang

gdy tac dung phu nghiém trong lién quan d&&n CNS so v6i cac hop chét tuong tu vé ciu

triic da biét trong linh vuc k§ thuat nay. .

Danh'sach cac vi du:
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Céc hop chét c6 cong thirc I dugce phéan biét do c6 céc tac dung didu tri bénh c6
gia tri. Ching co thé dugc st dung dé didu tri hodc phong ngira céc réi loan lién quan

dén cac chat didu bién di 1ap thé déi véi thu thd mGIuRS.

Céc chi dinh duoc uu tién nhat cho cdc hop chit ma 14 c4c chét didu bién di 1ap

thé 14 bénh tAm than phén 1iét va rdi loan nhén thic.
Ban chét ky thuit cia sang ché

Muyec dich ctia sing ché nhiam khdc phuc cac van d€ con ton tai nhu dugc dé cap

trén day. Pé dat duge muc dich nay, sang ché dé xuit hop chét ¢6 cong thuc I:

trong do:
R! 12 phenyl, ma tlly y dwoc thé bang 1 dén 2 nguyén tir halogen, dugc chon tir flo
" hodc clo;
hodc mudi cOng axit dugc dung, & dang tinh Kkhiét déng phan dbi anh ¢6 cdu hinh tuyét

d6i nhu dugc thé hién trong cong thirc L.
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Séng ché cling dé xut quy trinh didu ché hop chét c6 cong thire I va mudi duoc
dung ctia nd, hop chét nay dung lam hoat chit duoc 1y, quy trinh @ diéu ché céc hop
chit nay ciing nhu cac hop chét nay dung dé didu tri hodc phong ngira cac rdi loan lién
quan dén chit diéu bién dj 1ap thé ctia thu th mGIluRS, nhur bénh tAm than phan liét va

rdi loan nhéan thirc, va dé xuét duoc phém chtra hop chit c6 cong thac 1.
M5 ta chi tiét sang ché
Phén dinh nghia v& c4c thuét ngit chung duéi ddy ma dugc str dung trong phin

mo ta nay dugc dp dung bat ludn la cac thuit nglt dugc dé cap nay xudt hién riéng ré&

hay & dang két hop.

Nhu dugc str dung trong ban mo ta, thuat ngtt "halogen" ding dé chi clo hoic
flo.

Thuat ngft "mudi duge dung" hodc “mudi cng axit dugc dung” bao gom cac
muoi voi 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 sucxinic,

axit tartric, axit metan-sulfonic, axit p-toluensulfonic va céc axit teong tu.

Theo mdt phuong 4n, sang ché d& xudt cac hop chit c6 cong thirc I-A:

R I-A
trong do: .
R' 1a phenyl ma tiy v duoc thé bﬁng' 1 dén 2 nguyén ti flo;

hodc mubi cong axit duge dung, & dang tinh khiét ddng phan dbi anh ¢ cAu hinh tuyét

d6i nhu duroc thé hién trong cong thic .
Céc hop chét c¢6 cong thirc I-A 12 cac hop chét sau day:
(3aR,6aR)-1-(5-(phenyletynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-2(1H)-on;

(3aR,6aR)-1-(5-((3-flophenyl)etynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-
2(1H)-on;
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(3aR,6aR)-1-(5-((4-flophenyl)etynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-
2(1H)-on; hodc

(3aR,6aR)-1-(5-((2,5-diflophenyl)etynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-
2(1H)-on.

Viéc diéu ché hop chét co cong thire I theo séng ché c¢6 thé duoc tién hanh theo
con dudng tdng hop theo thir tw hoiic ddng thoi. Viée tdng hop céc hop chét theo sang
ché duoc thé hién trong céc so d6 tir 1 dén 2 dudi day. Céc k¥ ning can thiét dé tién
hanh phan tmg va tinh ché céc san phim thu dwoc duoc biét 13 voi ngudi c6 hidu biét
trung binh trong linh vuc nay. Cac phin tir thé va céc chi s dugc st dung trong phin

mo ta sau ddy vé cac quy trinh cd y nghia dugc néu trén day.

Céc hop chat c¢6 cong thirc I ¢6 thé duoc didu ché bang cic phuong phép dugc
néu dudi ddy, cdc phuong phap néu trong cic vi du thuc hién hoic bang cic phuong
phép tuong tu. Nguoi ¢6 hiéu biét trung binh trong linh vuc nay da biét cac didu kién
phan mg thich hop dbi véi timg bude phén Ung riéng. Tuy nhién, thr tu phan Gng
khong chi giéi han & tht tu duge thé hién trong cac so dd, ma phu thudc vao cac
nguyén liéu ban d4u va kha ning phéan tmg tuong ng cua chung, thi tu cla cac budc
phan ting c6 thé thay ddi tu do. Céc nguyén lidu ban dAu 1a cac nguyén lidu c6 thé mua
dugc trén thi trliémg hogc c6 thé diéu ché dugc bing cac phuong phép tuong tu nhu
cac pﬁuong phap néu dudi ddy, bang cic phuong phap dugc md ta trong céc tai li€u
tham khao dugc trich din trong phﬁn mo ta hodc trong cac vi du, hoac béng cac

phuong phép da biét trong linh vuc k§ thuét nay.

Hop chét co6 cong thirc I va mudi dugc dung ctia n6 ¢6 thé duoc didu ché béng
phuong phap da biét trong linh vue k¥ thuit nay, vi du, bing quy trinh bién dbi dugc

mo ta dudi day, trong d6 quy trinh nay bao gdm bude:

a) cho hop chét c6 cong thirc II:
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trong d6: X 1a nguyén tir halogen dugc chon tir brom hogc iot, va trong d6 hop chét c6
cong thire II 1a hdn hop raxemic hodc & dang tinh khiét ddng phan d6i anh phan ung
véi aryl-axetylen thich hop c6 cong thie III:

FZ
R’ 11
8 tao ra hop chét c6 cong thue I:

H

H
N | N
\ O
>
R I
trong d6 cac phén tir thé dwoc mo ta & trén, hodc néu mudn, bién ddi céc hop chit thu

duoc thanh mudi cOng axit dugc dung hodc

N F
| N
=
R 6

phan g véi hop chit c6 cong thire:

b) cho hop chét ¢6 cong thirc:

& tao ra hop chét c¢6 cong thirc:

H
H
HN
O 4
H
H
NN
I o
X
Fv/o/

trong d6 cac phan tir thé cé y nghia nhu trong diém 1 yéu cau bao hd, hodc néu muon,

I

bién dbi cac hop chat thu dugce thanh cic mudi cdng axit dugc dung.
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‘Viée diéu ché cac hop chét c6 cong thic I con duge md ta chi tiét hon trong céc
so dd 1 va 2 va trong céc vi du tir 1 dén 4.
So dd 1

HO

) WN%&T::]

HO
[R] ©
—_—
OH 3 gidy, 130°
1 0 °
1. TsCl, Py
2. DBU, Tol
3. HCI, MeOH
aQ N _F
/ =
: R“/éij/ H I/L;;H/ H
NN " T
Z | 1 Sonogashira J/:NJ/N Bazo HN
_ N P o 0
R1 I H 4

Hop chét halo-pyridin ¢6 cong thire II ¢6 thé thu duoc bing phéan ng c6 xtc
tac bazo clia pyridin duoc hai 14n halogen héa thich hop nhu 2-flo-5-iodo-pyridin va
ure hai vong thich hop co céﬁg thirc 4 (So dd 1). Hop chét c6 cong thic 4 ¢6 thé thu
dugc bit dau tir raxemic keto-axit ¢6 cong thirc 1 bang cach cho phan tmg véi (R)-
phenylalaninol tinh khiét ddng phan dbi anh d& tao ra san phim trung gian ba vong
tinh khiét quang hoc c6 cong thirc 2 & d6 tht ca cac tm lap thé dugc tao thanh trong
didu kién kiém soat lap thé hoan toan bang cach sir dung quy trinh tir M. Jida & al.,
Green Chem. 12, 961(2010). San phdm tfung gian ba vong 2 dugc bién ddi thanh hop
chit 4 bang cach sir dung quy trinh twong ty véi quy trinh duge md ta béi Dubuffet &
Lecouve trong patent chiu Au sb EP1354875 dbi v6i chét tuong tu vong cacbon c6 6
canh. Hop chét c6 cong thirc 2 duoc xir Iy bang botriflorua eterat trong cac diéu kién
khtr d¢ tao ra hop chit 3 (din xudt dugc bao vé bang N-benzyl ¢6 cong thirc 4) hop
chét nay duogc khir bao v€ thong qua trinh tu loai bo clo hoa tiép do thiy phan enamin
duogc tao thanh dé thu duoc amit hai vong tinh khiét ddng phan 14p thé c¢6 cong thitc 4.
Céac quy trinh téng hop khéc tao ra hop chét raxemic hodc hop chit tinh khiét ddng
phan dbi anh c6 cong thirc 4 ciing da dugc céng bd (J. Boivin & al., Tetrahedron,

51(23), 6517(1995); S. Knapp; A. Levorse, J.Org.Chem. 53(17) 4006 (1988);

-10-



21287

Ishibashi, & al. Tet. Asym. 7(9),2531 (1996)). Lactam 4 sau d6 dugc ngung tu véi
dihalo pyridin nhu 2-flo-5-iodopyridin trong cac diéu kién xtc tic bing bazo
(NaH/DMF; hodc Cs,CO3/Toluen) dé tao ra hop chit c6 cong thie II trong d6 X 14 iot.
Cho lactam 4 phan ung vé6i dihalopyridin nhu 2-iodo-5-bromopyridin sir dung céc diéu
kién phan tng c6 xtic tic paladi (Buchwald) ciing c6 thé tao ra hop chit c6 cdng thirc
II trong d6 X la brom. Hop chit II sau d6 dwoc cho phan tmg v&i hop chét
arylaxetylen dwoc thé thich hop ¢6 cong thirc 5 (trong d6 Q 13 hydro hodic nhém bao vé
c6 thé tach ra tai chd nhu nhém trialkylsilyl hodc aryldialkylsilyl, t&t hon 13 hydro
hodc trimetylsilyl) trong céc diéu kién lién hop c6 xtc tac paladi (phan Ung
Sonogashira) d tao ra cac hop chit c6 cong thic I. Trong truong hop khi s dung
raxemic 4, cac chit ddng phan di anh c6 thé dugc tach ra & bét ky giai doan nao da
néu trong qua trinh tong hop céc hop chit ¢ cong thic I bang céch sir dung cac quy
trinh d bit d5i véi ngudi cé hiéu biét trung binh trong linh vuc k§ thudt twong tng.

* Ciing c6 thé d4o nguoc trinh tu cla cac phan @ng tao ra cic hop chit c6 cong
thic I (So dd 2). Trong trudng hop ndy, phan tmg Sonogashira giita din xuAt
arylaxetylen 5 va dihalo-pyridin dau tién dugc thuc hién d8 tao ra hop chét
arylaxetylen-pyridin c6 cong thtic 6 hop chit nay sau d6 duoc ngung tu véi lactam hai

vong c6 cong thirc 4 dé tao ra cac hop chét ¢ cong thire 1.

" Sodd2

U Ct ~ "
/ NN
Sonogashlra R’ A | ©

f
Bazo
| F I

Hc;p chit c6 cong thirc I nhur duge mé ta trong ban mé ta nay ciing nhu mudi
duge dung ctia né duge sir dung dé diéu tri hoic phong ngira bénh loan tam than, bénh
dong kinh, bénh tdm than phén liét, bénh Alzheimer, cac rdi loan nhan thirc va suy
giam tri nhd, con dau man tinh va cép tinh, chirc ning ctia nfo bi giéi han do phiu
thuat ndi tit hodc céy ghép gdy ra, nguén cung cép mau 1én ndo bi han ché, cic tén
thuong tiy séng, céc tdn thuong & dau, bénh thiéu oxy huyét do c6 thai, chiing ngiing
tim va giam glucoza-huyét, bénh thiéu mau n3o, chiing mua giat Huntington, bénh xo

cing teo co mdt bén (ALS), bénh sa sit tri tué do AIDS, cac ton thuong mét, bénh

-11-



21287

vOng mac, bénh Parkinson tu phat hodc bénh Parkinson do thude gdy ra, bénh co thit
co, bénh co giat, bénh dau ntra dau, ching dai dam, rdi loan trao nguoc da day thuc
quan, t6n thuong hozc suy gan do thubc hozc bénh gy ra, hdi chimg Fragile-X, hoi
ching Down, bénh tu ky, bénh nghién nicotin, bénh nghién thube phién, bénh lo au,
chiing n6n mura, bénh roi loan vin dong, r6i loan an uéng, cu thé 1a ching cuéng an vo
d6 hodc chan dn tdm th?m, va bénh trAm cam, cu thé 1a dé diéu tri va ngén nglra roi
loan than kinh cép tinh va/hodic man tinh, bénh lo 4u, diéu tri con dau man tinh va cép
tinh, ching dai dm va bgnh béo phi.
Céc chi dinh dugc vu tién 1a bénh tdm than phén li€t va céac r6i loan nhén thirc.

Sang ché con mo td viéc st dung hop chat c6 cdng thirc I nhu dugec md ta &
day, cling nhu muoi dugc dung ctia nd, de bao che thude, tot hon 1a dé diéu tri va ngan

ngira cac rdi loan néu trén.
Céc thir nghiém va dit liéu sinh hoc va ly hoa:
Thir nghiém huy dong Ca** ndi bao

Dong t& biao HEK-293 don dong duoc chuyén nhiém 6n dinh bing cADN ma
hoéa cho thy thé mGlu5a & ngudi duoc tao ra; dé thir nghiém vai cic chit didu bién di
lap thé duong mGlu5 (PAM), mot dong té bao c6 muc biéu hién thu thé thép va hoat
tinh thu thé cdu tric thép duoc chon d cho phép phan biét hoat tinh chu van vdi hoat
tinh PAM. Céc t& bao dugc nudi ciy theo cdc quy trinh tiéu chuén (Freshney, 2000)
trong moi trudng Eagle bién ddi ctia Dulbecco (Dulbecco’s Modified Eagle Medium)
c¢6 ham luong glucoza cao, duge bd sung glutamin 1mM, 10% (thé tich/thé tich) huyét
thanh bao thai bé di dwoc lam bAt hoat biang nhiét, penixilin/streptomyxin,
hygromyxin 50pg/ml va blastixidin 15pug/ml (it ca cac chat thir nudi cy té bao va cac

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

Khoang 24 gi¢ trude thir nghi€m, 5x10* t& bao/18 dugc gieo mam trong cac dia
96 15 phi poly-D-lysin, day mau den/trong sudt. Cac té bao nay dwoc nap 2,5uM Fluo-
4AM trong dém nap (IxHBSS, 20mM HEPES) trong 1 gid ¢ nhiét d6 37°C va rira
nim l4n bing dém nap. Céc té bao nay dugc chuyén vao hé théng sang loc chirc ning
duoc chit - Functional Drug Screening System 7000 (Hamamatsu, Paris, Phap), va 11
dung dich pha lodng theo ddy 1/2 log cta hop chét thir nghiém ¢ nhiét 46 37°C duoc

bd sung vao va céc t& bao ndy duge U trong thoi gian tir 10 dén 30 phut kém véi viee
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ghi tryc tuyén muc d6 phat huynh quang. Sau budc 0 trude ndy, bd sung chit cha van
L-glutamat vao cac té bao & ndng dd tuong ung véi ECyg (thudng khoang 80uM) kém
theo ghi truc tuyén muc do phat huynh quang; d& tinh toan céc thay dbi theo tirng ngay
clia dap tng cla céc t€ bao, ECy cia glutamat duge xdc dinh ngay truéc mdi thir

nghiém bang cach ghi lai dudng cong dap g lidu hoan chinh cta glutamat.

Cac d4p tmg duoc tinh bang cach 14y mirc phat huynh quang ting cao nht trir
di gié tri co s& (tic 1a mic d6 phat huynh quang ma khéng cin bd sung L-glutamat),
cac gié tri dap tmg nay duoc chuén héa theo tic dung kich thich t§i da thu duge & cac
ndng d6 béo hoa cta L-glutamat. Céc dd thi duoc x4y dung tir % kich thich téi da st
dung XLfit, chuong trinh khép dudng cong ma x4y dung db thi lap lai tir cac dit lidu
thir nghiém str dung thuat todn Levenburg Marquardt. S& dung phuong trinh phén tich
canh tranh mot diém: y = A + ((B-A)/(1+((x/C)D))), trong d6 y la % tac dung kich
thich tbi da, A 1a y cuc tiéu, B 1a y cuc dai, C 1a ECsg, x 12 log10 cua néng dd cua hop
chét canh tranh va D 1a d6 dbc cua duérng cong (hé s Hill). Tir céc dudng cong nay,
EC;s (néng dd tai @6 thu dugc muc kich thich béng mot ntra mure tdi da), hé sb Hill
cling nhu murc dép tng t6i da (=hiéu luc) tinh bing % tic dung kich thich téi da thu

duoc cac néng do bao hoa ctia L-glutamat cling dugc tinh.

‘Céc tin hiéu duong thu dugc khi u trude hop chét véi cac hop chét thu nghiém
PAM (ttc 1a trude khi st dung L-glutamat & ndng d6 EC,) 1a ddu hidu cho thdy c6
hoat tinh chi van, néu khéng cé céc tin Ahiéu nay nghia 1a khong c6 hoat tinh cht van.
Tin hiéu quan st thdy giam sau khi bd sung L-glutamat & ndng d6 ECy 13 du hiéu

cho thiy hop cht thir nghiém c6 hoat tinh rc ché.

Trong danh séch cac hop chét vi du dudi day, toan bd cac hgp chét nay déu ¢6

cac gia tri ECso nho hon hodc biang 10 nM.

Vidu ECso (nM) mGluS PAM
1 10
2 10
3 10
4 8
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Cac hop chét ¢6 cOng thire (I) va cac mubi duge dung ctia né c6 thé duge dung
lam thubc, vi du, & dang dugc phém. Duoc phém c6 thé duge ding qua duong miéng,
vi du, & dang vién nén, vién nén dugc bao, vién thude bao dudng, vién nang gelatin
cung va mém, dung dich, nhii twong hoac huyén phu. Tuy nhién, viéc dung dugc phém
nay cling c6 thé thu duoc hiéu qua khi thuc hién qua truc trang, vi dy, ¢ dang thudc

dan hodc ngoai dudng ti€u hoda, vi dy, & dang dung dich tiém.

Céc hop chét ¢6 cong thuac (I) va cac mudi duge dung ctia nd cé thé duoc phéi
ché cling v&i cac chét mang v6 co hodc hitu co, khong c6 hoat tinh dugc ly dé bao ché
thanh céc duoc phém. Lactoza, tinh bot ngd ho#c cac dan xuét cia né, bot talc, axit
stearic hodc cdc mudi clia né va cc chit tuong tu cé thé duoc st dung, vi du, cac chit
mang dl‘lng cho vién nén, vién nén dugc bao, vién thudc bao dudng va vién nang
gelatin ctimg. Cac chit mang thich hop cho cac vién nang gelatin mém, vi du, ddu thuc
vat, sap, chit béo, ruou polyhydric ban ran va long va cac chét mang tuong tu; tuy
nhién, tiy thudc vao ban chit ctia hoat chat, trong truong hop vién nang gelatin mém
chat mang thudng khong can ding téi. Cac chit mang thich hop dé san xuét dung dich
va si-r6 1a, vi dy, nude, ruou polyhydric, sucroza, dudng nghich ddo, glucoza va céc
chit mang tuong tu. Céc cht phi trg, nhu cic rugu, rugu polyhydric, glyxerol, diu
thuc vat va céc chét phu tr¢g twong tu, c6 thé duoc st dung cho dung dich nudc tiém
chtra cac mudi tan trong nude cla cac hop chét ¢6 cong thire (I), nhung vé& nguyén tic
céc chit mang 14 khéng can thiét. Cac chit mang thich hop cho cac thubc dan, vi du,
diu tu nhién hodc hoa rén, sép, chét béo, rugu polyhydric ban long hoac long va cac

chit mang twong tu.

Ngoai ra, dugc phém c¢6 thé chira cac chit bao quan, cac chit 1am tan, cdc chét
lam bn dinh, cdc chét tao 4m, cdc chét nhil hoa, cac chit tao ngot, cac chét tao mau,
cac chit tao huong vi, cac mudi dé lam thay dbdi ap suét thAm théu, cdc chit dém, céc
chét che mui hodc cac chét chdng oxy héa. Céc duge phim nay ciing c6 thé con chira
cac chat khac c6 tac dung diéu tri bénh.

Nhu dugc néu trén day, cac thudc chira hop chét c6 cong thuc (I) hoac mudi
dugc dung cua no6 va td dugc khéng cé tac dung diéu tri bénh cling 1a mét dbi tuong
clia sang ché, cling nhu quy trinh bao ché cac thube nay, quy trinh nay bao gdm viée

phoi ché mot hodc nhi€u hgp chat cdng thirc I hodc mudi duge dung cia nd va, néu
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can, mdt hodc nhiéu chét c6 tac dung diu tri bénh thanh dang lidu y ly cing v&i mét

hodc nhiéu chét mang khong cé tac dung tri bénh.

Nhu ciing da duge dé cdp ¢ trén, viéc sir dung hop chét ¢ cong thic (I) d& bao
ché thudc c6 tac dung ngan nglra va/hoic didu tri cac bénh néu trén ciing 1a méot ddi

tuong cua sang che.

Liéu lugng c6 thé thay dbi trong giéi han rong va tit nhién, s& phi hop véi timg
yéu ciu trong timg trudng hop cu thé. Nhin chung, 1idu hitu hiéu dé ding qua duong
miéng hoic ngoai dudng tiéu héa ndm trong khoang tir 0,01 dén 20mg/kg/ngay, vaoi
lidu ndim trong khoang tir 0,1 dén 10mg/ke/ngdy 13 duoc wu tién cho tt ca chi dinh
bénh d4 néu. Lidu dung hing ngay cho ngudi 16n b can ning 70 kg twong {mg nim
trong khoang tir 0,7 dén 1400mg trong mdt ngay, t6t hon 1 ndm trong khoang tir 7 dén
700mg mot ngay.

Bao ché dugc phdm chira hop chit theo séang ché:

Céc vién nén c6 thanh phin dudi ddy duge bao ché biang phuong phép thong
thuong:

mg/vién nén

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

Vi du thwe hién sang ché
Vidul

(3aR,6aR)-1-(5-(phenyletynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-2(1H)-on
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Buéec 1: (1S,5aR)-(R)-3-phenyl-hexahydro-1-oxa-3a-aza-xyclopenta[c]pentalen-4-on:

0

0]

‘Hdn hop ctia axit (rac)-2-(2-oxoxyclopentyl)axetic (1030 mg, 7,25 mmol) va
(R)-2-amino-2-phenyletanol (994 mg, 7,25 mmol) trong lo kin dung tich 20ml dugc
gia nhiét trong 3 gid & 130°C va dugce dé ngudi xuéng nhiét d6 trong phong. Phén cin
duoc hép phu trong 50 ml diclometan. Pha hitu co dugc rira mot lan bﬁng 10 ml dung
dich HCI IN va mét lan bang 10 ml dung dich NaHCOs bdo hoa. Sau khi lam kho
bing magie sulfat va c6 trong chan khéng, thu duoc 1,6 g (91%) hop chit & dé muc
hau nhu tinh khiét duéi dang dau mau nu nhat, chit nay duoc st dung truc tiép trong
bude tiép theo MS: m/e = 244,0 (M+H").

Budce 2: (R)-1-((R)-hydroxy-1-(R)-phenetyl)-hexahydro-xyclopenta[b]pyrol-2-on:

~ H
XN
H
o

‘Thém bo triflorua eterat (5,6 g, 5,00 ml, 39,5 mmol, 6,0 duong luong) va
trietylsilan (1,53 g, 2,1 ml, 13,2 mmol, 2,0 duong luong) vao dung dich cta (185,5aR)-
(R)—3-phef1yl—hexahydro-1-oxa-3a-aza-xyclopenta[c]pentalen-4—on (1,6 g, 6,58 mmol)
trong diclometan (10 ml). Sau khi khudy trong 20 gid & nhiét d6 50°C phan {mg niy
duoc d8 4m dén nhiét d6 trong phong va d6 pH dugc didu chinh dn 7 bang cach bd
sung dung dich NaHCO; 5%. Sau khi chiét bang diclometan, nu6c, 1am khé va cb
trong chan khong, thu dugc hop chit & d& muc hiu nhu 14 tinh khiét, (1,6 g, 99%),
dudi dang dau mau niu nhat chét nay dugc st dung truc tiép trong budc tiép theo MS:
m/e = 246,2 (M+H)).

Budce 3: (R)-1-((R)-clo-1 -(R)-phenetyl)-héxahydro-xyclopenta[b]pyrol-2-on:

IBé sung pyridin (929 mg, 950 pl, 11,7 mmol) vao dung dich ctia (3aR,6aR)-1-
((R)-2-hydroxy-1-phenyletyl)hexahydroxyclopenta[b]pyrol-2(1H)-on (1,6 g, 6,52
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mmol) trong diclometan (10 ml). Dung dich ndy sau d6 dugc lam lanh xudng 0°C va
b sung p-toluensulfonyl clorua (1,49 g, 7,83 mmol, 1,2 duong lwong) thanh cac phin
trong khoang thoi gian hon 5 phut. Sau khi khudy trong 30 phit & 5°C, phan tng nay
duoc dé Am dén nhiét d6 trong phong va duoc khudy trong 20 phut nita. Sau khi chiét
bang diclometan/nudc, xir Iy theo chuidn va cé trong chan khéng, thu dugc 1,59 g
nguyén liu thd, nguyén liéu ndy sau dé duoc hoa tan trong 50 ml diclometan bd sung
khoang 15 g silicagel vao d6. Sau khi khudy trong 5 phiit, dung méi dugc lam bay hoi.
Phén cin dugc tao huyén phu trong diclometan. Cac chét rdn duoc loc ra va duoc rira
ba lan béng 20 ml ctia hdn hop diclometan va etyl axetat theo ty 18 1:1. Phéan dich loc
duogc ¢6 trong chin khong dé tao ra 1,45 g (84%) hop chit & d& muc hiu nhu tinh khiét
dudi dang dau mau nau nhat, chit nay duoc sir dung truc tiép trong bude tiép theo MS:
m/e = 264,1, 266,2 (M+H").

Budc 4: (3aR,6aR)-1-(1-phenylvinyl)hexahydroxyclopenta[b]pyrol-2(1H)-on:

~ H
R N
H

(0]

Dung dich cua (R)-1-((R)-clo-1-(R)-phenetyl)-hexahydro-xyclopenta[b]pyrol-
2-on (1,4 g, 5,31 mmol) trong 20 ml toluen dugc xir ly bﬁng DBU (1,01 g, 1,00 ml,
6,63 mmol, 1,25 dwong lwong). Phan tmg nay duoc hdi luu trong 2 gid, cb trong chan
khong, chiét bang etyl axetat /nudc, lam khé va c6 trong chan khong dé tao ra 1,19 g
(99%) hop chit & d& muc nay dudi dang diu mau niu nhat, MS: m/e = 228.3 M+HD),

chét nay duoc st dung tryc tiép trong budc tiép theo.

Budce 5: (-)-(R)-hexahydro-xyclopenta[b]pyrol-2-on:

(I

HH

‘Bé sung dung dich HCI 4M (7,92 ml, 31,7 mmol, 6,0 duong lugng) vao dung
dich cua (3aR,6aR)-1-(1-phenylvinyl)hexahydroxyclopenta[b]pyrol-2(1H)-on (1,2 g,
5,28 mmoi) trong 5ml metanol va phan mg ndy duoc khudy trong 1 gid & nhiét do
trong phong. D6 pH ciia phan tmg duoc diéu chinh dén 7 bing cach bd sung dung dich
NaOH 4M (khoang 8 ml), ete (20 ml) va pha nudc duge lam bio hoa bang natri clorua

va duoc chiét hai 14n bang etyl axetat. Sau khi 1am khé bang magie sulfat va c6 trong
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chan khong, thu dugce 1,0 g ddu mau vang nhat chita san phim va axetophenon. Sau
khi tinh ché bang séc ky nhanh trén silicagel (20 g) bang cach sir dung gradien cua etyl
axetat 20% dén 100% trong heptan tiép theo 13 rira giai bing MeOH 2% trong etyl
axetat tao ra 0,66 g (53%) hop chit & d& muc nay dudi dang chit rén mau vang nhat,
s6 liéu NMR cua hop chét nay tuong tmg mdt cach chinh xac véi cac sb lidu duge béo
cdo trong tai liéu chuyén nganh. Nguyén liéu nay duoc sir dung truc tiép trong budc

tiép theo.

Budce 6: (3aR,6aR)-1-(5-iodopyridin-2-yl)hexahydroxyclopenta[b]pyrol-2(1H)-on:

B6 sung Cs,CO; (656 mg, 2,01 mmol, 1,2 duong lugng) vao dung dich cua
(3aR,6aR)-hexahydroxyclopenta[b]pyrol-2(1H)-on (210mg, 1,68 mmol) va 2-flo-5-
iodopyridin (412 mg, 1,85 mmol, 1,1 duong lugng) trong toluen (1,1 ml). Phan tng
nay dugc khudy trong 16 gid & nhiét d6 105°C. Phin cin duoc hip phu trong etyl
axetat, cac chit rin duoc loc ra va duoc rira bfmg etyl axetat. Phan dich loc duoc ¢o
trong chan khong va phan cin dugc tinh ché bing c4ch sic ky nhanh (SiO,, 20g) bing
céch st dung gradien cua etyl axetat 0% dén 60% trong heptan. Thu dugc hop chét &
d& muc nay, (300 mg, 55%), du6i dang du khong mau, MS: m/e = 329,4 (M+H").

Buéc 7: (-)-(3aR,6aR)-1-(5-(phenyletynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-
2(1H)-on

Trong 6ng Pyrex dung tich 10 ml hoa tan (3aR,6aR)-1-(5-iodopyridin-2-
yDhexahydro-xyclopenta[b]pyrol-2(1H)-on (107 mg, 326 umol) trong 2ml THF.
Argon duge thdi qua dung dich nay. Etynylbenzen (59,9 mg, 64,5 ul, 587 pmol, 1,8
duong luong), trietylamin (99,0 mg, 136 pl, 978 umol, 3,0 dwong Ilugng),
bis(triphenylphosphin)paladi(I) clorua (13,7 mg, 19,6 pmol, 0,06 dwong Iugng),
triphenylphosphin (1,71 mg, 6,52 pumol, 0,02 duong lugng), va dong (I) iodua (1,86
mg, 9,78 umol, 0,03 duong luong) duoc bd sung. Dung dich mau nau sim dugc khqu
¢ 50°C trong 2 gio. Phan cin duoc hép phu trong etyl axetat, cac chét rin duoc loc ra
va duogc rira b??lng etyl axetat. Phan dich loc duoc ¢b trong chén khong va phén can

dugc tinh ché bang cach sic ky nhanh (SiO,, 20g) bang cach st dung gradien cua etyl
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axetat 0% dén 60% trong heptan. Thu dugc 95 mg (96%) hop chét & dé muc nay duéi
dang diu nhét mau vang, MS: m/e = 303,2 (M+H").
Vidu?2

(3aR,6aR)-1-(5-((3-flophenyl)etynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-

2(1H)-on
H
Hg ;
)“' N
F Z °

Hop chit & d& muc ndy dugc diéu ché theo phuong phap chung cua Vi du 1,
busc 7 bing cach su dung (3aR,6aR)-1-(5-iodopyridin-2-yl)hexahydro-
xyclopenta[b]pyrol-2(1H)-on (107 mg, 0.326 mmol) (V7 du 1, budc 6) va 1-etynyl-3-
flobenzen d tao ra 100 mg (96%) hop chit & d&& muc nay duéi dang dau nhét mau
vang; MS: m/e = 321,2 (M+H)).

Vidu3

(3aR,6aR)-1-(5-((4-flophenyl)etynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-
2(1H)-on

Hop chét & & muc nay duoc didu ché theo phuong phap chung cia Vi du 1,
busc 7 bing cich st dung (3aR,6aR)-1-(5-iodopyridin-2-yl)hexahydro-
xyclopenta[b]pyrol-2(1H)-on (100 mg, 0,305 mmol) (Vi du I, budc 6) va 1-etynyl-4-
flobenzen dé tao ra 75 mg (77%) hop chit & d& muc nay dudi dang ddu nhét mau
vang; MS: m/e = 321,2 (M+H").

Vidu4

(3aR,6aR)-1-(5-((2,5-Diflophenyl)etynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-
2(1H)-on
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Hop chit & && muc nay dwoc didu ché theo phuong phéap chung cta Vi du 1,
buéc 7 bing cach su dung (3aR,6aR)-1-(5-iodopyridin-2-yl)hexahydro-
xyclopenta[b]pyrol-2(1H)-on (140 mg, 0,427 mmol) (Vi du 1, budc 6) va 1-etynyl-2,5-
diflobenzen dé tao ra 142 mg (98%) hop chit & d& muc nay dudi dang dau nhét mau
nau nhat, MS: m/e = 339,5 (M+H").
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YEU CAU BAO HQ

1. Hop chét etynyl c6 cong thic I:

trong do:

R'  1a phenyl, ma tiy y dugc thé bang 1 dén 2 nguyén tir halogen, duoc chon tir flo

hoac clo;
hodc mudi cong axit dugc dung & dang tinh khiét déng phéan dbi anh.

2. Hop chit etynyl theo diém 1, trong d6 hop chit nay c6 cong thirc I-A:

trong do:

R! 14 phenyl ma tity y dugc thé bang 1 dén 2 nguyén tir flo;

hodc mudi cdng axit dugc dung ¢ dang tinh khiét déng phan dbi anh.

3. Hop chét theo diém 1 hoic 2, trong d6 cac hop chét ¢ cong thire I hodc I-A nay la:
(3aR,6aR)-1-(5-(phenyletynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-2(1H)-on;

(3aR,6aR)-1-(5-((3-flophenyl)etynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-
2(1H)-on;

(3aR,6aR)-1-(5-((4-flophenyl)etynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-
2(1H)-on; hoac
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(3aR,6aR)-1-(5-((2,5-diflophenyl)etynyl)pyridin-2-yl)hexahydroxyclopenta[b]pyrol-
2(1H)-on.

4. Quy trinh diéu ché hop chét c6 cong thic I theo diém 1, quy trinh nay bao gdm cac

phuong an:

a) cho hop chit c6 cong thirc II

X I
trong d6 X 13 nguyén tir halogen dugc chon tir brom hoic iot, va trong d6 hop chit c6
cong thirc II 13 hdn hop raxemic hoic & dang tinh khiét ddng phan dbi anh phan tmg
v6i aryl-axetylen thich hop c¢6 cong thuce I11:

CH
17
I
dé tao ra hop chit c6 cong thirc I:
H

H

N | N
A 0
A
R I

trong d6 cac phan tir thé dugc mo ta & trén, hodc néu muon, bién doi cac hop chat thu

duoc thanh mubi cong axit dugc dung hodc

b) cho hop chét ¢6 cong thirc:

phan tmg véi hop chét c6 cong thirc:
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H
H
HN
O 4
dé tao ra hop chét c6 cong thuc:
H
H
/N | N
0]
N
|
R I

trong do céc phan tir thé c6 y nghia nhu trong di€ém 1 yéu cau bao hg, hoac néu mudn,

bién ddi cac hop chit thu dugc thanh cic mudi cong axit duoc dung.

5. Dugc phdm bao gdm it nhit mot trong cac hop chét theo diém bét ky trong sb cac

diém tir 1 dén 3 cling nhu mudi dugce dung cua nd.
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