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Linh v k§ thuit dwoc dé cip

Sang ché dé cap dén hop chét ¢ hoat tinh chu van rat tét dbi véi cac thu
thé melanocortin. Cu thé hon, sang ché dé cap dén hop chét ¢ cong thire 1, duge
pham chtra hop chit nay lam hoat chét, va mé ta viéc st dung né, va hop chit
theo sang ché c6 hoat tinh chu véan rat tbt ddi vé6i cac thu thé melacortin-4 va ¢6
thé 13 dic biét hiru ich dbi véi viéc phong hodc didu tri bénh béo phi, bénh tiéu

dudng, bénh viém va ching r6i loan cuong duong:

trong d6 R1 1a C,-C;s alkyl.

Tinh trang k§ thuit ciia sang ché

Protein leptin 12 mot loai hormon tiét ra béi céc té bao m& trong co thé (té
bao tao m&), va luong tiét ctia né ting khi ham luong chit béo trong co thé tang.
Protein leptin didu chinh c4c chirc ning ctia cic loai neuropeptit (peptit than kinh)
khac nhau d3 dugc tao ra trong viung dudi ddi, do d6 diéu chinh su thém an, ham
lwong chét béo trong co thé va cac chie ning in vivo khac nhau bao gém qué
trinh chuyén héa ning luong (Schwartz, et al., Nature 404, 661-671 (2000)). Viéc
truyén tin hiéu thém an va viéc kiém sodt cAn ning cia protein leptin duoc thuc
hién théng qua su diéu chinh nhidu yéu t6 sinh ra sau d6, trong d6 tiéu biéu nhét
14 melanocortin, peptit lién quan dén agouti (AgRP) va hormon neuropeptit Y

(NPY).
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Khi ndéng d6 leptin trong mau ting do qua nhiéu calo trong co thé séng, su
tiét hormon protein proopiomelanocortin (POMC) trong tuyén yén ting, va mirc
d6 san xuit AgRP va NPY giam. Alpha-MSH (hormon kich thich t& bao sic td), 1a
mot hormon peptit nho, duge san sinh tir cac t& bao than kinh POMC, va hormon
nay 13 chét cht van cia thu thé melanocortin-4 (MC4R) cia c4c t& bao thin kinh
bac hai va din dén viéc 1am gidm cam giac thém an. Mat khéc, khi nﬁ‘)ng do leptin
giam do thiéu calo, mirc @ biéu hién ciia AgRP ma 1a chat d6i khang MC4R s&
ting va muc 4o bidu hién cia NPY ciing ting, din dén viéc 1am ting cam gidc
thém an. Tac 14, thy thudc vao céac thay d6i vé leptin, hormon alpha-MSH va

hormon AgRP lién quan dén viéc diéu chinh sy thém &n béi viéc tr& thanh chét

chii vén va dbi khéng d6i véi M
Hormon alpha-MSH gy ra cac phan tmg sinh ly khac nhau béi viéc gin
két v6i 3 phan nhém ctia MCR ngoai MC4R. Cho dén nay, nim phéan nhém cua
MCR d3 duoc nhan dién. Trong sb cic phan nhém ndy, da biét ring MC1R chu
yéu duge biéu hién trong té bao da va lién quari dén viéc tao hat sic td melanin,
MC2R chu yéu duge biéu hién & tuyén thugng than va c6 lién quan dén viéc san
sinh hormon glucocorticoit, va duy nhit ACTH (hormon vé thugng than) co
ngudn gée tir POMC la phdi tir ciia chung. MC3R va MC4R ma dugc biéu hién
cha yéu trong hé than kinh trung wong c6 lién quan t&i su diéu chinh cam giac
thém an, qua trinh chuyén héa ning lugng va hiéu qua tich trit chit béo trong co
thé, va MC5R ma dugc biéu hién trong cac md khac nhau da biét 12 diéu chinh
chirc ning ngoai tiét (Wikberg, et al., Pharm Res 42 (5) 393-420 (2000)). Cu thé,
viéc kich hoat thu thé MC4R c6 tac dung 1am giam thé trong mot cach c6 hiéu qua
boi viée 1am gidm cam gidc them &n va ting muc 4o chuyén héa ning lugng va do
d6 duge chirg minh 14 ¢6 tac dong chinh trong viéc phat trién thubc chira bénh
béo phi (Xem cac bai bdo: Wikberg, Eur J. Pharmacol 375, 295-310 (1999));
Wikberg, et al., Pharm Res 42 (5) 393-420 (2000); Douglas et al., Eur J Pharm
450, 93-109 (2002); va O’Rahilly et al., Nature Med 10, 351-352 (2004)).
Vai trd cia MC4R trong viée kiém soat cam gidc thém &n va thé trong da
duoc chimg minh cha yéu thong qua mét thir nghiém & md hinh dong vat 6 biéu

hién bét thuong cla protein agouti (chuft agouti). Trong truong hop chudt agouti,
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d3 thdy ring protein agouti dugc bidu hién v&i ndng d6 cao trong hé thin kinh
trung vong va c6 tac dong nhu mot chéit dbi khang ctia MC4R trong ving dudi
ddi do su dot bién gen, do d6 gdy ra bénh béo phi (Yen, TT et al. ., FASEB J. 8,
479-488 (1994); va Lu D., et al. Nature 371, 799-802 (1994)). Véi cac két qua
nghién ciru tiép theo, d4 thiy rang AgRP (peptit c6 lién quan dén agouti) tuong tur
nhu protein agouti duoc biéu hién trong déy than kinh ving dudi d6i, va AgRP
ciing da biét 13 c6 lién quan dén su diu chinh cam gidc thém &n dudi dang chét
d5i khang déi v6i MC4R (Shutter, et al., Genes Dev., 11, 593-602 (1997); va
Ollman, et al. Science 278 135-138 (1997)).

Viéc cho dong vat dung alpha-MSH trong nio ma la chét chii van MC4R

e f\ + r ‘l hY 4 2 e r Y
1 vVivo CO tac iam g1am cam giac them

€O(

n va néu SHU9119 (peptit) hodc

ung
HS014 (peptit) ma 1 cac chat dbi khang MC4R dugc ding dé diéu tri bénh nhu
vay, lai ¢6 tac dong 1am ting cam gidc thém 4n (Kask et al., Biochem. Biophys.
Res. Comm. 245, 90-93 (1998)). Ngoai ra, trong mot thir nghiém trén dong vat
bing cach sir dung Melanotan II (MTII, Ac-Nle-c [Asp-His-DPhe-Arg-Trp-Lys] -
NH2) va HP228 dé lam chét chi van nhim muc dich nhu véy, thi sau khi dung
trong ndo, trong phtic mac hodc duéi da, hiu qua tc ché cam gidc thém 4n, gidm
thé trong va hiéu qua tdng muc dd chuyén hoéa ning lugng da dugc xic nhén.
(Thiele TE, et al. Am J Physiol 274 (1 Pt 2), R248-54 (1998); Lee MD, et al.
FASEB J 12, A552 (1998); Murphy B., et al. J Appl Physiol 89 , 273-82 (2000)).
Ngugc lai, khi cho dong vét st dung SHU9119, viéc lugng thuc an tiéu thu va
muc ting trong khong dbi va dang ké duoc thé hién, cho thiy mét bing chimg
duge 1y 13 chét chi vin MCR c6 thé dugc st dung dé diéu tri bénh béo phi. Téc
dung 1am gidm cam gidc thém dn ma dugc thé hién rd rang trong qua trinh st
dung MTII khéng dugc thé hién & chudt c6 gen MC4R bét hoat, va két qua thir
nghiém nay mot 1in nita ching minh ring tic dung lam gidm cam gidc thém an
chu yéu dat dugc bai viec kich hoat gen MC4R (Marsh, et al., Nat Genet 21, 119-
122 (1999)).

Céc chét e ché cam giac thém dn ma c6 tac dong 1én hé than kinh trung
wong duge ding chi yéu trong cac phuong phap diéu tri bénh béo phi da va dang

duoc phét trién cho dén nay, va hau hét cac chat ac ché nay 14 cac thuoc diéu bién
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tac dong cua cac chét din truyén than kinh. Céc vi du vé ching bao gbém cac tic
nhén noradrenalin (phentermin va mazindol) va fluoxetin va sibutramin, la cac tac
nhéan gy tiét serotonin. Tuy nhién, tac nhan didu bién dan truyén than kinh tao ra
nhidu hiéu tmg khac nhau d6i véi céc tac dong sinh 1y khac nhau ngoai sy e ché
cam giac thém 4n boi cdc phan nhém thy thé khac nhau. Do d6, c4c tac nhan didu
bién nay khong c6 tinh chon loc dbi v6i mbi phan nhém va cb6 mot nhuge diém
16n 13 kém theo céc tic dung phu khéac nhau trong truong hop st dung lau dai.

Mt khac, cac melanocortin 1a cac neuropeptit, chir khong phai 1a cac chét
din truyén than kinh, va dudng nhu 1a tAt ca cac chtric ning khéac véi chuc

chuyén héa ning lugng déu 12 binh thudng & chudt c6 gen MC4R bét hoat, cic
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cd dong lam giam cén
thong qua sy uc ché cam giac thém an ma khong anh hudéng dén céc chirc ning
sinh Iy khéc. Dic biét, thu thé nay 1a mot thu thé két hop véi protein G (GPCR),
thudc mot trong sb cac loai thudc thanh cong nhit da va dang duge phat trién cho
dén nay, va khac biét véi nhiéu so véi cac giai phap k¥ thudt ¢ lién quan & chd
viéc dam bdo tuong d6i dé dang tinh chon loc d6i véi cac phan nhom cia thy thé.
La cac vi du vé viée str dung thu thé melanocortin 1am diém tac dong, cac
Cong bb don Québc t& WO 2008/007930 va WO 2010/056022 md ta cac hop chat

lam céc chat chu van cua thu thé melanocortin.

Ban chét k§ thuit ctia sdng ché

Muc dich cua sang ché 13 @& xuét hop chat méi c6 cong thue (1), ¢6 hoat
tinh chu van ¢6 tinh chon loc rat t6t ddi véi cac thu thé melanocortin, cu thé 1a cac
thu thé melanocortin-4 (MC4R), hodc chét ddng phan hoic mudi dugce dung ctia
no.

Mot muc dich khéc cua sang ché 1a d& xuét phuong phép tao ra hgp chét
c6 cong thue (1).

Mot muc dich khac nfta cua sang ché 1a d& xuat dugc phém c6 tinh chu
van dbi v6i thu thé melanocortin chtta hop chét c6 cong thire (1), hodc chit déng
phén hodc mudi dugc dung clia no, 1am hoat chét.

Sang ché ciing md ta viéc st dung hop chét co cong thirc (1), hodc chét
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déng phén hodc mubi duge dung cua né dé phong hodc diéu tri bénh béo phi,
bénh tiéu duong, bénh viém va ching rdi loan cuong duong.

Séang ché cling m6 ta phuong phap phong hodc diéu tri bénh béo phi , bénh
tiéu dudong, bénh viém va ching rdi loan cuong duong, bao gém viéc cho dbi
tuong can didu tri dung hop chét c6 cong thirc (1), hodc chét ddng phan hoic mubi

duge dung cta no.

MO ta chi tiet sang ché
Nham dat dugc cac muc dich trén, sang ché dé xuét hop chat ¢6 cong thirc

1, ho#c chat dong phan hodc mudi duge dung cua no:

"”‘i
N

&)

trong d6 R1 1a C,-Cs alkyl.

Hop chat ¢6 cong thirc 1 theo sang ché c6 thé tao ra mudi dugc dung.

Ngoai ra, do cac hgp chit theo sang ché c6 thé c6 tim cacbon khong d6i
xtng va truc khong d6i xtmg hodc mit phing khong d6i xtmg, cac hop chit nay
6 thé ¢6 mat du6i dang cac chit dong phan cis hoic trans, cac chit ddng phan R
hodc S, chét triét quang, cdc hdn hop chat ddng phan lap thé, va cic chét dong
phén lép thé riéng, va tat ca cac chit ddng nay déu nam trong pham vi clia séng
ché.

Trong ban mo ta sang ché nay, trir khi c6 quy dinh khéc, hop c_héit c6 cong
thirc 1 dugc st dung dé chi bao gdm toan bo hop chét ¢ cong thire 1, cac mudi
dugc dung va cac chat dbng phén ciia no.

Theo mdt phuong &n cua sang ché, R1 trong cong thire 1 13 alkyl c6 2 t6i 4

nguyén tir cacbon. Theo mdt phuong 4n khac cua sang ché, R1 trong cong thirc 1
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1a alkyl mach thing hoic mach nhanh c6 2 t6i 4 nguyén tir cacbon, vi dy, etyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, hodc tert-butyl.

Theo mét phuong én khéc cua sang ché, R1 trong cong thirc 1 12 alkyl c6
2 hoidc 3 nguyén tir cacbon. Theo mét phuong an khac cua sang ché, R1 trong
cong thirc 1 1a alkyl mach thing hoc mach nhanh c6 2 hodc 3 nguyén tir cacbon,
vi du etyl, n-propyl, hodc isopropyl.

Theo m6t phuong an khic cua sang ché, hop chét c6 cong thac 1 1a N-
((38,5S)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3 -carbonyl)-5-
(morpholin-4-carbonyl)pyrolidin-3-yl)-N-((1s,4R)-4-

metylxyclohexyl)isobutyramit c6 cong thirc 2:

Theo mot phuong 4an khic cua sang ché, hop chéit c6 cong thuc 1 1a N-
((38,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5-
(morpholin-4-carbonyl)pyrolidin-3-yl)-N-((1s,4R)-4-
metylxyclohexyl)propionamit c6 cong thirc 3:

(0]

O N

*Q*Q
ol

Theo mdt phuong 4n khic cua sang ché, hc_rp chét c6 cong thuc 1 1a N-
((3S,58)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5-
(morpholin-4-carbonyl)pyrolidin-3 -yI)—N ~((1s,4R)-4-metylxyclohexyl)pivalamit

¢6 cong thuc 4:
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cl )

Theo mot phuong &n khéc cua sang ché, cac vi du vé mubi duoc dung bao
gbm cac mudi cdng axit dugc tao ra béi axit v co nhu axit clohydric, axit sulfuric,
axit nitric, axit phosphoric, axit bromhydric, va axit iodohydric; axit carboxylic
hitu co nhu axit tartric, axit formic, axit xitric, axit axetic, axit tricloroaxetic, axit
trifloroaxetic, axit gluconic, axit benzoic, axit lactic, axit fumaric, va axit maleic;
va axit sulfonic nhu axit metansulfonic, axit benzensulfonic, axit p-toluensulfonic,
va axit naphtalensulfonic, nhung khéng chi gidi han trong sd nay.

Theo mét phuong 4n cua sang ché, hop chét nay 1a mudi ¢ duge tinh cia
hop chét c6 cong thic 1, trong d6 R1 1a etyl va mubi nay 1a mudi cia axit vo co
nhu axit clohydric, axit sulfuric, axit nitric, axit phosphoric, axit bromhydric, va
axit iodohydric; axit carboxylic hifu co nhur axit tartri.c, axit formic, axit xitric, axit
axetic, axit tricloroaxetic, axit trifloroaxetic, axit gluconic, axit benzoic, axit lactic,
axit fumaric, va axit maleic; va axit sulfonic nhu axit metansulfonic, axit
benzensulfonic, axit p-toluensulfonic, va axit naphtalensulfonic.

Theo mét phuong an cua sang ché, hop chét nay 1a mudi ¢6 duge tinh ctia
hop chét ¢6 cong thirc 1, trong d6 R1 1a n-propyl va mudi nay 1a mudi cla axit vo
co nhu axit clohydric, axit sulfuric, axit nitric, axit phosphoric, axit bromhydric,
va axit iodohydric; axit carboxylic hitru co nhu axit tartric, axit formic, axit xitric,
axit axetic, axit tricloroaxetic, axit trifloroaxetic, axit gluconic, axit benzoic, axit
lactic, axit ‘fumaric, va axit maleic; va axit sulfonic nhu axit metansulfonic, axit
benzensulfonic, axit p-toluensulfonic, va axit naphtalensulfonic.

Theo mét phuong an cua sang ché, hop chét nay 1a mudi ¢6 dugce tinh cia
hop chét c¢6 cong thire 1, trong d6 R1 1 isopropyl va mudi nay 12 mudi cia axit vo
co nhu axit clohydric, axit sulfuric, axit nitric, axitbphosphoric, axit bromhydric,

va axit iodohydric; axit carboxylic hiru co nhu axit tartric, axit formic, axit xitric,
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axit axetic, axit tricloroaxetic, axit trifloroaxetic, axit gluconic, axit benzoic, axit
lactic, axit fumaric, va axit maleic; va axit sulfonic nhu axit metansulfonic, axit
benzensulfonic, axit p-toluensulfonic, va axit naphtalensulfonic.

Theo mdt phuong an cua sang ché, hop chit nay 1a mubdi c6 duge tinh cia
hop chét c6 cong thirc 1, trong d6 R1 1a n-butyl va mudi nay 12 mudi cia axit vo
co nhu axit clohydric, axit sulfuric, axit nitric, axit phosphoric, axit bromhydric,
va axit iodohydric; axit carboxylic hitu co nhu axit tartric, axit formic, axit xitric,
axit axetic, axit tricloroaxetic, axit trifloroaxetic, axit gluconic, axit benzoic, axit
lactic, axit fumaric, va axit maleic; va axit sulfonic nhu axit metansulfonic, axit

benzensulfonic, axit p-toluensulfonic, va axit naphtalensulfonic.

L i)

O~
o

hop chat nay 12 mudi ¢

s MY Wiidi L&

>~

A r
A mAt nh o
eo mdt phuong 4n cua sdng ch

wrge tinh ¢

[aS]

hop chit ¢6 cong thic 1, trong d6 R1 1 isobutyl va mubi ndy 12 mubi cia axit v
co nhu axit clohydric, axit sulfuric, axit nitric, axit phosphoric, axit bromhydric,
va axit iodohydric; axit carboxylic hitu co nhu axit tartric, axit formic, axit xitric,
axit axetic, axit tricloroaxetic, axit trifloroaxetic, axit gluconic, axit benzoic, axit
lactic, axit fumaric, va axit maleic; va axit sulfonic nhu axit metansulfonic, axit
benzensulfonic, axit p-toluensulfonic, va axit naphtalensulfonic.

Theo mot phuong &n cia sang ché, hop chét nay 1a mudi ¢6 duge tinh cia
hop chat c6 cong thie 1, trong d6 R1 1a sec-butyl va mubi nay 12 mudi cta axit vo
co nhu axit clohydric, axit sulfuric, axit nitric, axit phosphoric, axit bromhydric,
va axit iodohydric; axit carboxylic hitu co nhur axit tartric, axit formic, axit xitric,
axit axetic, axit tricloroaxetic, axit trifloroaxetic, axit gluconic, axit benzoic, axit
lactic, axit fumaric, va axit maleic; va axit sulfonic nhu axit metansulfonic, axit
benzensulfonic, axit p-toluensulfonic, va axit naphtalensulfonic.

Theo mét phuong an cua sang ché, hop chat nay l1a mudi c6 duge tinh cua
hop chit c6 cong thirc 1, trong d6 R1 1a tert-butyl va mudi nay 12 mudi cia axit vo
co nhu axit clohydric, axit sulfuric, axit nitric, axit phosphoric, axit bromhydric,
va axit iodohydric; axit carboxylic hitu co nhu axit tartric, axit formic, axit xitric,
axit axetic, axit tricloroaxetic, axit trifloroaxetic, axit gluconic, axit benzoic, axit
lactic, axit fumaric, va axit maleic; va axit sulfonic nhu axit metansulfonic, axit

benzensulfonic, axit p-toluensulfonic, va axit naphtalensulfonic.
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Theo mdét phuong 4n khic cia sing ché, muodi dugc dung nay la

hydroclorua.

Theo mot phuong &n khac cua sang ché, hop chét c6 cong thire 1 13 N-
((38,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5-

(morpholin-4-carbonyl)pyrolidin-3-yl)-N-((1s,4R)-4-

metylxyclohexyl)isobutyramit hydroclorua c6 cong thirc 5:

Theo mot phuong &n khic cua sang ché, hop chit co cong thic 1 1a N-
((38,55)-1-((3S,4R)-1-(fert-butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5-

(morpholin-4-carbonyl)pyrolidin-3-yl)-N-((1s,4R)-4-

metylxyclohexyl)propionamit hydroclorua c6 cong thirc 6:

O (\O
*Q*Q
<R Q (6)

Theo mot phuong &n khic cua sang ché, hop chit c6 cong thic 1 1a N-
((35,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5-
(morpholiri—4-carbonyl)pyrolidin—3-yl)-N—((1s,4R)-4-metylxyclohexyl)pivalamit

hydroclorua c6 cong thirc 7:
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Cl (7
Theo m6t phuong &n khéc cua sang ché, N-((3S,55)-1-((3S,4R)-1-(tert-

butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-
carbonyl)pyrolidin-3-y1)-N-((1s,4R)-4-metylxyclohexyl)isobutyramit hydroclorua
c6 cong thie 5, N-((3S,55)- 1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-
3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yl)-N-((1s,4R)-4-
metylxyclohexyl)propionamit hydroclorua c6 cong thiic 6, va N-((35,55)-1-
((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5 -(morpholin-4-
carbonyl)pyrolidin-3-y1)-N-((1s,4R)-4-metylxyclohexyl)pivalamit hydroclorua c6
cong thirc 7 ¢o thé duoc tao ra theo so dd phan tmg 1 sau.

So d6 phan tmg 1

N 0,0 0o oo 9 O
e e S ™ T
':‘ NaNa = Phies 5 Ketone(R3}) ; Cl/LRz Bog oy o
Boc- [ 5 Boc—n ™ > Boc\N/“? N Boac - \‘7 E—— N 7
)\__\ '\_! ‘\_z;' NHBH(OACE s Et.N %‘3‘“‘{2@
N, NH, NH - A
R3
[e]
Y
OH
Vos
. TRy o OO0 o O\ OH
"‘\\i/o\ A Rs i : H
HCI HCI = R4 \ N NaOH ~ N »\}
— HN:7 —_— —TN..L—*‘,Q——“’—TN\_L—"O
: 0 - N £ -
N EDC HCL X ) A
N HOBT H:0 re— % R3 R R&—C % R3 R2
R3 R2 DIPEA =3 =
Ra R5
o
e]
hr{\ O %‘:’N A
HCI 5 ;\)"3
—_— —-‘»—N j o
EDC HCI / > ’—4"
HOBT H0 Ra—d \> R3 R2
DIPEA —
R5

Trong so dd phan tng 1:
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R2 1a C4-C;s alkyl;

R3 1a C;3-Cy xycloalkyl khéng dugc té hodc da dugc thé béng 1 hodc 2 C;-
Cs alkyl; va

mdi R4 va R5 ddoc 14p 1a hydro hodc halogen.

Hop chit c6 cong thirc 1 theo sang ché ¢6 hoat tinh cht van rat t6t d6i véi
cac thu thé melanocortin, dic biét 1a cac thu thé melanocortin-4 (MC4R), va do
viy séng ché ciing dé xuit dugc phidm c6 tinh chi vén d6i véi thu thé
melanocortin chira hop chét c6 cong thirc 1, hodc chit ddng phan hodc mudi dugc
dung cta n6 1am hoat chét, cling véi chit mang dugc dung. Dic biét, duge phim
theo sang ché c6 hiéu qua rat tdt d& phong hogc didu tri bénh béo phi , bénh tiéu
duomg, bénh viém va ching rdi loan cuong duong, nhung khong chi giGi han
trong sé nay.

Trong ban mod ta sang ché nay, thut ngit “cht mang” duoc ding dé chi
hop chét tao diéu kién thuén loi cho viéc tiém truyén hop chét nay vao trong cic
té bao hoic mo.

Khi hop chét theo sang ché dugc dung nhim céc muc dich 14m sang, thi
t5t hon néu tdng liéu ding hing ngay cho vat chii & dang lidu ding duy nhat hoic
céc lidu ding riéng biét nim trong khoang tir 0,01 dén 10mg cho 1kg thé trong,
nhung liéu ding cu thé dbi véi méi bénh nhén c6 thé 14 khéc nhau tiy thudc vao
hop chét cu thé dugc st dung, cin ning, gidi tinh, tinh trang stirc khée va ché d6
an udng ciia bénh nhan, thoi gian dung thudc, phuong phap dung thude va téc do
bai tiét ctia thudc, hdn hop thube va mirc 46 nghiém trong cta bénh.

Hop chét theo sang ché c6 thé dugc ding qua dudng bt ky tiy thude vao
muc dich. Vi du, hop chét theo sang ché c6 thé dugc ding bang cach tiém truyén
hodc dung qua dudng miéng.

Céc thubc tiém truyén c6 thé dugc bao ché bang cach sir dung chat phan
tén, chit thAm u6t, hodc chét tao huyén phu thich hop theo cac k¥ thuét da biét.

Cac vi du v& cac dang lidu ding rin ¢ ding qua dudng miéng bao gbm
vién nang, vién nén, thudc vién, bot, va hat, va cac dang lidu ding rén c6 thé duge
bao ché bang cach tron hop chit c6 hoat tinh c6 cong thirc 1 theo sang ché v&i

mdt hodc nhiéu chit mang nhu chit pha lodng tro, chét lam tron, chit gy rd va

11
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chit gén két.

Hop chét c6 cong thirc 1 theo sang ché c6 hoat tinh chu vén rat tot ddi véi
cac thu thé melanocortin, dic biét 1a cac thu thé melanocortin-4 (MC4R), va do
vay co thé dugc st dung mot cach hitu ich dé phong hoidc diéu tri bénh béo phi ,
bénh tiéu duong, bénh viém, va ching r6i loan cuong duong.

Hop chit ¢6 cong thitc 1 theo séng ché thé hién hiéu qua huéng dich dbi
véi thu thé melanocortin-4, khong gy lo ling va trdm cam dbng thoi véi viée ¢o
cac hiéu qua giam cén va giam ché d6 an kiéng, va c6 thé dugc dung ma khong ¢
céc tac dung phu déi véi su trc ché gen c6 lién quan dén ether-a-go-go cua ngu:(‘ji

(hERG) hodc cac véAn d2 an toan nhu su dot bién gen. Ngoai ra, hgp chit ¢

Y‘

&
L

D>+
C

,
Yon 1 tlian chn g rhd ~A T TPOYC
UL 1 VU ddallyg vilv LU L

Q
uvwv o

=y

I\
dung mot céch a

Qn

toan vi khong

e
23

g co

-
=

S84 - L1l

neg
D
Oc tinh

té bao va doc tinh gan.

Vi du thwe hién sang ché
Tiép theo, sang ché s& dugc md ta mot cich chi tiét hon thong qua cac vi
du diéu ché va cac vi du. Tuy nhién, céc vi du nay chi nham muc dich minh hoa,

va pham vi cta sang ché khong chi duogc gi6i han & cac vi du nay.
Vi du diéu ché 1: Didu ché metyl (25,45)-4-(N-((1s,4R)-4-

metylxyclohexyl)isobutyramido)pyrolidin-2-carboxylat hydroclorua

OO~

H
[ o
Ve
N~§_

Hop chét néu & d& muc ndy dugce tao ra théng qua cac budc A, B, C, D va

HCI

Budc A: Didu ché 1-(fert-butyl) 2-metyl (25,4S)-4-azidopyrolidin-1,2-

dicarboxylat

12
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1-(Tert-butyl) 2-metyl (2S,4R)-4-((metylsulfonyl)oxy)pyrolidin-1,2-
dicarboxylat (48,5g, 150mmol) duge hoa tan trong N,N’-dimetylformamit (250ml)
duéi khi nito, va natri azit (19,5g, 300ml) duoc bd sung vao. Sau khi khudy &
80°C trong 16 gid, dung mdi phan tng dugc ¢d dac dudi ap sudt giam, nu6e dugce
bd sung vao, va viéc chiét dugc thuc hién hai 14n bang etyl axetat. Lép hitu co
duge rira bang dung dich nudc natri clorua va nude, duge lam kho trén magie
sulfat khan, va duoc loc. Nudc loc duge ¢d ddc dudi ap suét giam dé thu dugc san
phim tho (39,59g, 98%), nd dugce st dung ludn & bude tiép theo ma khong can
tinh ché.

MS [M+H] =271 (M+1)

1 T
H NMR (400MHz, CD;0D) 6 4

(s, 1,8H), 3,76 (s, 1,2H), 3,73-3,66 (m, 1H), 3,44-3,38 (m, 1H), 2,63-2,49 (m, 1H)
2,19-2,11 (m, 1H), 1,50 (s, 4,5H), 1,44 (s, 4,5H)

Buéc B: Didu ché 1-(fert-butyl) 2-metyl (2S,4S)-4-aminopyrolidin-1,2-
dicarboxylat

1-(Tert-butyl) 2-metyl (25,4S)-4-azidopyrolidin-1,2-dicarboxylat (24,59g,
91,0mmol) thu dugc & budc A dugc hoa tan trong tetréhydrofuran (180ml), va sau
d6 dung dich trimetylphosphin tetrahydro 1M (109,2mi, 109,2mmol) dugc bd
sung chadm vao & 0°C. Sau khi khudy & nhiét do nhu vy trong mét gio, hdn hop
nay dugc khudy & nhiét do trong phong trong ba gio. Sau khi dung méi phan
tng dugc cd dac dudi ap suit giam, diclorometan (100ml) va nuéc (150ml) duge
bd sung vao va dugc khudy trong khoang 30 phut. Sau khi cic lop dugce tach va
duoc chiét thém mét 14n nira b?mg diclorometan, 16p hitu co dugc lam kho trén
magie sulfat khan va duge loc. Nudce loc dugc c6 dac dudi ap sudt giam dé thu
dugc san phém thd (20,62g, 93%), né duoc st dung ludn & bude tiép theo ma
khéng can tinh ché.

MS [M+H] =245 (M+1)

"H NMR (400MHz, CD;0D) § 4,27 (m, 1H), 3,77 (s, 1,8H), 3,76 (s, 1,2H),
3,75-3,67 (m, 1H), 3,50-3,42 (m, 1H), 3,22-3,17 (m, 1H), 2,58-2,47 (m, 1H),
1,82-1,71 (m, 1H), 1,48 (s, 4,5H), 1,42 (s, 4,5H)

13
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Budc C: Didu ché 1-(tert-butyl) 2-metyl (25,45)-4-(((1s,4R)-4-
metylxyclohexyl)amino)pyrolidin-1,2-dicarboxylat

1-(Tert-butyl) 2-metyl (25,4S)-4-aminopyrolidin-1,2-dicarboxylat (20,62g,
84,4mmol) thu duoc & bude B dugc hoa tan trong dicloroetan (150ml), va 4-
metylxyclohexanon (9,5ml, 101,3mmol) dugc bb sung vao. Natri
triaxetoxyborohydrua (26,8g, 126,6mmol) duoc bd sung vao & 0°C va dugc khudy
& nhiét d6 trong phong trong 16 gi¢. Dung mdi phéan ting dugc c6 déc dudi ap
sut giam, nude dugc bd sung vao, va viéc chiét duge thuc hién hai 1an béng etyl
axetat. Lép hitu co dugce rira bang dung dich nudc natri clorua, duge 1am kho trén
tinh ché bing cach sic ky trén cot dé thu dugc hop chét néu & dé muc nay (22,9g,
80%).

MS [M+H] =341 (M+1)

'H NMR (400MHz, CD;0D) § 4,26 (m, 1H), 3,76 (s, 1,8H), 3,75 (s, 1,2H),
3,78-3,71 (m, 1H), 3,49-3,40 (m, 1H), 3,22-3,16 (m, 1H), 2,69-2,60 (br, 1H),
2,58-2,46 (m, 1H), 1,87-1,77 (m, 1H), 1,73-1,63 (m, 1H), 1,62-1,35 (m, 8H), 1,48
(s, 4,5H), 1,42 (s, 4,5H), 0,96 (d, 3H)

Buéce D: Diéu ché 1-(tert-butyl) 2-metyl (25,4S)-4-(N-((1s,4R)-4-
metylxyclohexyl)isobutyramido)pyrolidin-1,2-dicarboxylat

1-(Tert-butyl) 2-metyl (25,4S)-4-(((1s,4R)-4-
metylxyclohexyl)amino)pyrolidin-1,2-dicarboxylat (37,29, 109,5mmol) thu duogc
& buéc C duge hoa tan trong diclorometan (500ml), trietyl amin (61,1ml,
438, 1mmol) dugc bd sung vao, va isobutyryl clorua (11,7ml, 219mmol) dugc bd
sung chdm vao & 0°C. Sau khi khudy & nhiét d6 trong phong trong 16 gio, dung
mdi phén Gng dugc ¢d dic dudi ap suit giam, dung dich nudgce natri hydro
cacbonat dugc bd sung vao, va viéc chiét duogc thuc hién hai 14n bing etyl axetat.
Lép hitu co dugce rra b%mg dung dich nudce natri clorua va nuée, duge lam kho
trén magie sulfat khan, va dugc loc. Nuéc loc dugce ¢6 dic dudi ap suét giam va

duoc tinh ché bang cach sic ky trén cot @8 thu dugc hop chét néu & dé muc nay
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(38,79g, 86%).

MS [M+H] =411 (M+1)

'H NMR (400MHz, CD;0D) & 4,27 (m, 1H), 3,76 (s, 1,8H), 3,75 (s, 1,2H),
3,78-3,72 (m, 1H), 3,50-3,41 (m, 1H), 3,33-3,14 (m, 1H), 2,69-2,60 (m, 2H),
2,57-2,43 (m, 1H), 1,87-1,79 (m, 1H), 1,70-1,61 (m, 1H), 1,60-1,32 (m, 8H), 1,47
(s, 4,5H), 1,41 (s, 4,5H), 1,10 (dd, 6H), 0,99 (d, 3H)

Buéc E: Didu ché metyl (25,45)-4-(N-((15,4R)-4-
metylxyclohexyl)isobutyramido)pyrolidin-2-carboxylat hydroclorua

1-(ZTert-butyl) 2-metyl (25,4S)-4-(N-((15,4R)-4-
metylxyclohexyl)isobutyramido)pyrolidin-1,2-dicarboxylat (34,0g, 82, 8mmol) thu
duoc & bude D duge hoa tan trong diclorometan (200ml), va dung dich axit
clohydric 1,4-dioxan 4N (82,8 ml, 331,3mmol) dugc bd sung vao & 0°C. Sau khi -
khudy & nhiét dd trong phong trong 6 gid, dung moi phan Gmg duge c6 dic dudi
ap suét gidm dé thu dugc san phém thé (28,7g, 99%), né dugc st dung ludn &
bude tiép theo ma khong can tinh ché.

MS[M+H] =311 (M+1)

Vi du diéu ché 2: Didu ché axit (3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-

S A4

3-carboxylic

Hop chét néu ¢ & muc nay dugc tao ra theo phuong phap da dugc mo ta
trong Cong bd don qude té No. WO 2004/092126.
MS[M+H] = 282 (M+1)
‘ "H NMR (400MHz, CD;0D) & 7,43-7,33 (m, 4H), 3,90-3,69 (m, 3H), 3,59
(dd, J = 11,2, 10,0 Hz, 1H), 3,29 (dd, J = 11,2, 11,2 Hz, 1H), 3,18-3,09 (m, 1H),
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1,44 (s, 9H)

Vi du didu ché 3: Diéu ché metyl (2S,4S5)-4-(N-((1s,4R)-4-
metylxyclohexyl)propionamido)pyrolidin-2-carboxylat hydroclorua

OO

)
o O
L

Hop chit néu & d& muc nay dugc tao ra thdng qua céc budc A va B.

Budc A: Diéu ché 1-(fert-butyl) 2-metyl (2S,4S5)-4-(N-((Ls,4R)-4-
metylxyclohexyl)propionamido)pyrolidin-1,2-dicarboxylat

Ox©
N

S
>LOQO

Qﬂ

Hop chit néu & @& muc nay (0,98g, 84 %) dugc tao ra theo cich giéng nhu
& buée D trong Vi du diéu ché 1 bang cach st dung 1-(fert-butyl) 2-metyl
(28,45)-4-(((1s,4R)-4-metylxyclohexyl)amino)pyrolidin-1 ,2-dicarboxylat  (1,0g,
2.9mmol) thu dugc & budc C cua Vi du diéu ché 1 va propionyl clorua (0,33g,
3,5mmol).

MS [M+Na] =419,5 (M+23)

'H NMR (400MHz, CD;0D) § 4,33 (m, 1H), 4,00-3,80 (m, 2H), 3,75 (m,
3H), 3,58 (m, 1H), 3,47 (m, 1H), 2,85-2,68 (m, 1H), 2,38 (q, 2H), 2,31 (m, 1H),
1,93 (m, 1H), 1,80 (m, 2H), 1,72-1,55 (m, 4H), 1,45 (m, 2H), 1,45-1.41 (m, 9H),
1,07 (m, 6H)

16
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Bude B: Didu ché metyl (25,45)-4-(N-((15,4R)-4-
metylxyclohexyl)propionamido)pyrolidin-2-carboxylat hydroclorua

Oy 0N

e
[ 0

s
e

Hop chét néu & dé muc nay (0,76g, 93%) dugc tao ra theo cich gidng nhu
& budce E cia Vi du diéu ché 1 bang cach st dung 1-(terz-butyl) 2-metyl (25,4S)-
4-(N-((1s,4R)-4-metylxyclohexyl)propionamido)pyrolidin-1,2-dicarboxylat (0,98g,
2,4mmol) thu dugc & budc A.

MS [M+H] =297,4 (M+1)

'H NMR (400MHz, DMSO-dg) § 9,95 (brs, 1H), 8,63 (brs, 1H), 4,38 (m,
1H), 4,21 (m, 1H), 3,77 (s, 3H), 3,53 (m, 1H), 3,40 (m, 2H), 2,53 (m, 1H), 2,37 (g,
2H), 2,24 (m, 1H), 1,88 (m, 1H), 1,68-1,55 (m, 4H), 1,52 (m, 2H), 1,40 (m, 2H),
0,97 (m, 6H)

Vi du diu ché 4: Didu ché metyl (25,45)-4-(N-((15,4R)-4-

metylxyclohexyl)pivalamido)pyrolidin-2-carboxylat hydroclorua

OO
N
HCI T

HNQ i
Q”Jﬁv

Hop chatnéu & d& muc nay duoc tao ra thong qua cac budc A va B.
Buéc A: Didu ché 1-(fert-butyl) 2-metyl (2S,4S5)-4-(N-((1s,4R)-4-

17
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metylxyclohexyl)pivalamido)pyrolidin-1,2-dicarboxylat

o YO\
e
0

o2

Hop chét néu & d& muc nay duoc tao ra theo phuong phép da dugc mo ta
trong Cong bd don Québc t& No. WO 2008/007930.

MS [M+Na] = 447,5 (M+23)

"H NMR (400MHz, CD;0D) § 4,34 (m, 1H), 3,90-3,75 (m, 2H), 3,73 (m,
3H), 3,45 (m, 2H), 2,75-2,60 (m, 1H), 2,30 (m, 1H), 1,95 (m, 1H), 1,85 (m, 2H),
1,66 (m, 4H), 1,50 (m, 2H), 1,45-1,41 (m, 9H), 1,25-1,20 (m, 9H), 1,05 (d, 3H)

Buée B: Didu ché metyl (25,48)-4-(N-((15,4R)-4-
metylxyclohexyl)pivalamido)pyrolidin-2-carboxylat hydroclorua

O\/O\

HCI H
L
5 (@)
S '>NA§T

Hop chit néu & d& muc nay (0,68g, 99%) dugc tao ra theo cach gidng nhur
& bude E ciia Vi du didu ché 1 bang cach str dung 1-(tert-butyl) 2-metyl (25,4S)-
4-(N-((1s,4R)-4-metylxyclohexyl)pivalamido)pyrolidin-1,2-dicarboxylat (0,80g,
1,88mmol) thu dugc & budc A.

MS [M+H] =325,4 M+1)

"H NMR (400MHz, DMSO-d¢) 8 10,24 (brs, 1H), 8,60 (brs, 1H), 4,41 (m,
1H), 4,22 (m, 1H), 3,77 (m, 3H), 3,40-3,28 (m, 3H), 2,55 (m, 1H), 2,20 (m, 1H),
1,87 (m, 1H), 1,70-1,50 (m, 6H), 1,40 (m, 2H), 1,21-1,10 (m, 9H), 1,00 (m, 3H)

18

18/42



53549 19/42

Vi du 1: Didu ché N-((3S,58)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-y1)-N-
((1s,4R)-4-metylxyclohexyl)isobutyramit hydroclorua

Hop cht néu & d& muc nay duoc tao ra thong qua cac budc A, B, Cva D.

Budc A: Didu ché metyl (25,4S5)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-
metylxyclohexyl)isobutyramido)pyrolidin-2-carboxylat

Metyl (285,4S)-4-(N-((1s,4R)-4-metylxyclohexyl)isobutyramido)pyrolidin-
2-carboxylat hydroclorua (28,7g, 82,73mmol) di thu dugc & Vi du diéu ché 1, axit
(3S.,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-carboxylic (24,5g, 86,87
mmol) da thu dugce & Vi du diéu ché 2, 1-(3-dimetylaminopropyl)-3-etyldiimit
hydroclorua (22,2g, 115,83mmol), va 1-hydroxybenzotriazol hydrat (15,7g,
115,83mmol) duoc hoa tan trong N,N’-dimetylformamit (400ml), va N,N'-
diisopropyletylamin (72,0ml, 413,66mmol) dugc bd sung cham vio. Sau khi
khudy & nhiét @ trong phong trong 16 gid, dung mdi phén ing duge cb dac dudi
ap suét giam, sau d6 dung dich nudc natri hydroxit 0,5N dugc bd sung vao, va
viéc chiét dugc thuc hién hai lan béng etyl axetat. Lép hitu co duge rira hai l4n
béng dung dich nudce natri clorua va nuée, duge lam khd trén magie sulfat khan,
va duoc loc. Nudc loc dugc cd ddc dudi ap suét giam va dugc tinh ché béng cach
sic ky trén cot dé thu dugc hop chét néu & d& muc nay (41,19g, 87%).

MS [M+H] =575 (M+1)

19
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Budc B: Diéu ché axit (28,48)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-
metylxyclohexyl)isobutyramido)pyrolidin-2-carboxylic

Metyl (28,4S)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-
carbonyl)-4-(N-((1s,4R)-4-metylxyclohexyl)isobutyramido)pyrolidin-2-carboxylat
(39,4g, 68,62mmol) thu dugc & budc A duge hoa tan trong methanol (450ml), va
dung dich nudc natri hydroxit 6N (57,2ml, 343,09mmol) dugc b sung vao. Sau
khi khudy & nhiét d6 trong phong trong 16 gid va didu chinh d6 pH dén khoang 5

bing dung dich nuéc axit clohydric 6N, dung dich phan (ng nay dugc cd déc dudi
4p sudt giam. Phin ¢6 dugc hoa tan trong diclorometan, va sau d6 chat ran khong

hoa tan duoc loc béng giéy loc. Nudce loc duge c6 dac dudi ap sut giam dé cho
san pham tho (38,4g, 99%), né dugc st dung ludn & budce tiép theo ma khong can
tinh ché.

MS [M+H] = 561 (M+1)

Buée C: Didu ché N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yl)-N-
((1s,4R)-4-metylxyclohexyl)isobutyramit

Axit (25,4S)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-
carbonyl)-4-(N-((1s,4R)-4-metylxyclohexyl)isobutyramido)pyrolidin-2-
carboxylic (38,4g, 68,60mmol) thu dugc ¢ bude B, 1-(3-dimetylaminopropyl)-3-
etyldiimit hydroclorua (18,4g, 96,04mmol), va 1-hydroxybenzotriazol hydrat
(13,0g, 96,04mmol) dugc hoa tan trong N,N'-dimetylformamit (200ml), va
morpholin (5,9 ml, 68,80mmol) va N,N'-diisopropyletylamin (59,7ml,
343,02mmol) dugc bd sung chdm va 14n luot vao. Sau khi khuéy & nhiét 46 trong
phong trong 16 gid, dung dich phan timg nay dugc co dac dudi ap suit giam, dung
dich nudc natri hydroxit 0,5N dugc bd sung vao, va viéc chiét dugc thuc hién hai
1an bang etyl axetat. Lép hitu co dugc rira hai 14n bang dung dich nuéc natri
clorua va nuéc, duge 1am kho trén magie sulfat khan, va dugc loc. Nude loc duge

c¢d dic dudi 4p suat giam va duge tinh ché bang cach sac ky trén ¢t dé thu duoc
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hop chét néu & dé muc nay (37,05g, 86%).
MS [M+H] =630 (M+1)

Budce D: Didu ché N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yl)-N-
((1s,4R)-4-metylxyclohexyl)isobutyramit hydroclorua
N-=((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-
carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yI)-N-((1s,4R)-4-
metylxyclohexyl)isobutyramit (5,0g, 7,95mmol) thu dugc & bude C duge hoa tan
trong etyl axetat (SOml) va dung dich axit clohydrlc etyl axetat 2N (3,97ml,

30 phut, dung méi phan tng duge c6 dic dudi ap sudt giam. Chét ran thé thu
dugc duge tinh ché bang cach nghién bang cach st dung hexan va dietyl ete dé
thu duge hop chét néu & d& muc nay (5,23g, 99%).

MS [M+H] =630 (M+1)

"H NMR (500MHz, CD;0D) & 7,49-7,44 (m, 4H), 4,83 (m, 1H), 4,23-4,20
(m, 1H), 3,95-3,91 (m, 2H), 3,79-3,47 (m, 14H), 3,03-3,00 (m, 1H), 2,86-2,82 (m,
1H), 2,73-2,67 (m, 1H), 2,20-2,14 (m, 1H), 1,97 (m, 1H), 1,80-1,62 (m, 5H), 1,50
(s, 9H), 1,44-1,27 (m, 3H), 1,06-1,04 (m, 9H)

Vi du 2: Didu ché N-((3S,55)-1-((35,4R)-1-(tert-butyl)-4-(4-

clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yl)-N-
((15,4R)-4-metylxyclohexyl)propionamit hydroclorua

O (\O
*YQ

Hop chét néu & d& muc nay dugc tao ra thong qua cac buéc A, B, CvaD.
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Buéc A: Didu ché metyl (25,45)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-
metylxyclohexyl)propionamido)pyrolidin-2-carb0xylat

by
ololy

Hop chat néu & dé muc nay (0,45g, 35 %) duoc tao ra {heo cach giéng nhu
& budc A cta vi du 1 bing cach sir dung metyl (25,4S5)-4-(V-((1s,4R)-4-
metylxyclohexyl)propionamido)pyrolidin-2-carboxylat hydroclorua (0,76g,
2,28mmol) di thu duge & Vidu didu ché 3 va axit (3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carboxylic (0,64g, 2,28mmol) da thu dugc 6 Vi du didu
ché 2.

| MS [M+H] = 560,4 (M-+1)

"H NMR (400MHz, CD;0D) & 7,39-7,30 (m, 4H), 4,45 (m, 1H), 4,04 (m,
1H), 3,71 (s, 3H), 3,65-3,35 (m, 6H), 3,13 (m, 2H), 2,99 (m, 1H), 2,71 (m, 1H),
2,34 (q, 2H), 2,20 (m, 1H), 1,92 (m, 1H), 1,75-1,55 (m, 6H), 1,42 (m, 2H), 1,22
(m, 9H), 1,03 (m, 6H)

Budce B: Didu ché axit (25,4S)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-

metylxyclohexyl)propionamido)pyrolidin-2-carboxylic

Oy -OH

*Q*Q

Cl
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Hop chit néu & d& muc nay (0,44g, 99%) dugc tao ra theo cach gibng nhu

& bude B cua vi du 1 bing cach sir dung metyl (25,45)-1-((3S,4R)-1-(tert-butyl)-

4-(4-clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-
metylxyclohexyl)propionamido)pyrolidin-2-carboxylat (0,45g, 0,80mmol) thu
dugc ¢ budc A.

MS [M+H] = 546,4 (M+1)

Buéc C: Didu ché N-((35,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-y1)-N-

Hop chit néu & d& muc nay (0,28g, 53%) dugc tao ra theo céch gidng nhu
& budc C cta vi du 1 bang cach sir dung axit (25,4S)-1-((3S,4R)-1-(tert-butyl)-4-
(4-clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-
metylxyclohexyl)propionamido)pyrolidin-2-carboxylic (0,44g, 0 ,80mmol) thu
duoc & bude B.

MS [M+H] =615,5 M+1)

'H NMR (400MHz, CD;0D) § 7,36 (m, 4H), 4,79 (m, 1H), 4,18 (m, 1H),
3,80-3,40 (m, 15H), 3,20 (m, 1H), 3,03 (m, 1H), 2,70 (m, 1H), 2,33 (q, 2H), 2,15
(m, 1H), 1,93 (m, 1H), 1,71-1,56 (m, 6H), 1,40-1,20 (m, 11H), 1,00 (m, 6H)

Bude D: Didu ché N-((3S,5S)-1-((3S,4R)-1-(tert-butyl)-4-(4-

clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yl)-N-
((1s,4R)-4-metylxyclohexyl)propionamit hydroclorua

23
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Hop chét néu & dé muc nay (0,08g, 94 %) dugc tao ra theo cich giéng nhur
& budc D cia vi du 1 bing cach st dung N-((3S,5S)-1-((3S,4R)-1-(tert-butyl)-4-
(4-clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yl)-N-
((15,4R)-4-metylxyclohexyl)propionamit(0,08g, 0,13mmol) thu duge & bude C.

MS [M+H] =615,5 (M+1)

'H NMR (400MHz, CD;0D) & 7,43 (m, 4H), 4,82 (t, 1H), 4,20 (m, 1H),
4,06-3,40 (m, 15H), 2,97 (i, 1H), 2,69 (m, 1H), 2,33 (m, 2H), 2,15 (m, 1H), 1,93
(m, 1H), 1,80-1,53 (m, 5H), 1,47 (s, 9H), 1,50-1,25 (m, 4H), 1,01 (m, 6H)

Vi du 3: Didu ché N-((35,58)-1-((3S,4R)-1-(tert-butyl)-4-(4-

clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-y1)-N-
((1s,4R)-4-metylxyclohexyl)pivalamit hydroclorua

3
O
Hop chét néu & @& muc nay dugc tao ra thong qua cac buéc A, B, CvaD.

Budc A: Didu ché metyl (25,45)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-
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metylxyclohexyl)pivalamido)pyrolidin-2-carboxylat
0 O
soge
: 9
= N

Cl

Hop chét néu & d& muc nay (0,70g, 66 %) dugc tao ra theo cach giéng nhu
& budce A cia vi du 1 bang cach sir dung metyl (25,45)-4-(NV-((1s,4R)-4-
metylxyclohexyl)pivalamido)pyrolidin-2-carboxylat hydroclorua (0,65¢g, 1,8mmol)
d3 thu duge & Vi du didu ché 4 va axit (3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carboxylic (0,50g, 1,8mmol) da thu dugc & Vi du diéu
ché 2.

MS [M+H] = 588,5 (M+1)

"H NMR (400MHz, CD;0D) § 7,40-7,30 (m, 4H). 4,49 (m, 1H), 4,00-3,50
(m, 4H), 3,71 (s, 3H), 3,40 (m, 3H), 3,20-3,05 (m, 2H), 3,00 (m, 1H), 2,70 (m,
1H), 2,27 (m, 1H), 1,90 (m, 1H), 1,73-1,60 (m, 6H), 1,60-1,35 (m, 2H), 1,25-1,17
~ (m, 18H), 1,01 (m, 3H)

Buéc B: Diéu ché axit (28,4S)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-
metylxyclohexyl)pivalamido)pyrolidin-2-carboxylic

0 OYOH

i@xr@_ O

Hop chét néu & & muc nay (0,10g, 99%) dugc tao ra theo cach gibng nhu
& bude B cta vi du 1 bing cach sir dung metyl (25,45)-1-((3S,4R)-1-(tert-butyl)-
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4-(4-clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-
metylxyclohexyl)pivalamido)pyrolidin-2-carboxylat (0,10g, 0,18mmol) thu dugc
& buGc A.

MS [M+H] = 574,4 (M+1)

Budc C: Didu ché N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yl)-N-
((1s,4R)-4-metylxyclohexyl)pivalamit

O N

AN
S~
OO0

o

Hop chét néu & d& muc nay (0,020g, 17%) dugc tao ra theo cach gibng
nhu & buée C cta vi du 1 bang cach sir dung axit (25,45)-1-((3S,4R)-1-(tert-
butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-4-(N-((1s,4R)-4-
metylxyclohexyl)pivalamido)pyrolidin-2-carboxylic (0,10g, 0,18mmol) thu dugc
& budce B.

MS [M+H] = 643,5 (M+1)

'H NMR (400MHz, CD;0D) § 7,40-7,30 (m, 4H), 4,79 (m, 1H), 4,17 (m,
1H), 3,80-3,40 (m, 15H), 3,10 (m, 1H), 2,96 (m, 1H), 2,71 (m, 1H), 2,15 (m, 1H),
1,90 (m, 1H), 1,80-1,35 (m, 8H), 1,21-1,15 (m, 18H), 1,02 (m, 3H)

Bugc D: Pidu ché N-((3S,5S)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yl)-N-
((1s,4R)-4-metylxyclohexyl)pivalamit hydroclorua
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Hop chét néu & dé muc nay (0,29g, 83%) dugc tao ra theo cach gidng nhu
& budc D cta vi du 1 bang cach sir dung N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-
(4-clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-y1)-N-
((1s,4R)-4-metylxyclohexyl)pivalamit(0,33g, 0,51mmol) thu dugc & bude C.

MS [M+H] = 643,5 M+1)

"H NMR (400MHz, CD;0D) § 7,41 (m, 4H), 4,80 (m, 1H), 4,13 (m, 1H),
3,90 (m, 2H), 3,80-3,40 (m, 13H), 2,94 (m, 1H), 2,63 (m, 1H), 2,11 (m, 1H), 1,93
(m, 1H), 1,75 (m, 2H), 1,60 (m, 4H), 1,46 (s, 9H), 1,15 (s, 9H), 1,45-1,30 (m, 3H),
1,01 (m, 3H)

Vi du so sénh 1: Didu ché N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(2,4-

diflorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-y1)-N-
(4,4-dimetylxyclohexyl)axetamit hydroclorua (A95)

Hop chit A95 ciia Cong bd don Quéc té No. WO 2008/007930 da duge

tao ra theo phuong phap giéng nhu duge m ta trong do.

Vi du so sanh 2: Didu ché N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-
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clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-y1)-N-
(4,4-dimetylxyclohexyl)axetamit hydroclorua (A96)

HCI O\/ ()O

o

Hop chét A96 ciia Cong bd don Qudc té No. WO 2008/007930 da dugc

tao ra theo phuong phap gidng nhu duge mo ta trong do.

Vi du thit nghiém 1: Thir nghiém Luciferase

Pé danh gia kha ning chi van dbi véi MC4R (thu thé melanocortin-4),
dong té bao bidu hién vinh vién gen luciferase (CRE-LUC) duéi sy kiém soat ctia
MCA4R va CRE (yéu t6 dép tmg cAMP) dugc thiét 1ap. Sau khi vecto biéu hién té
bao dong vat c6 vt (pCDNA3 (Neo)) (Invitrogen) chira gen MC4R dugc chuén bi,
cac dong té bao than phdi thai nguoi (HEK) duoc bién dbi bang cach sir dung
Lipofectamine 2000 (Invitrogen) cung véi vecto (pCRE-Luc)(Stratagen) biéu hién
gen luciferase (CRE-LUC) dudi su kidm soat cua yéu t6 dap tmg cAMP (CRE).
Chc dong t& bao da bién dbi (HEK MC4R-Luc) duge @ trong ti 4m 37°C véi sy
¢6 mit cia 5% CO, trong 24 giv bang cach sit dung mdi trudong nudi cy té bao
Dulbecco’s Modified Eagles Medium (DMEM) chira 10% huyét thanh bao thai bd
da duoc lam b4t hoat bé’mg nhiét Heat-Inactivated Fetal Bovine Serum
(GIBCO/BRL). Céac dong té bao nay duge U trong bbn ngdy vé6i su co mit cua
mdi treomg nudi cdy té bao Dulbecco’s Modified Eagles Medium (DMEM) chira
10ml méi truong chon loc (10% Heat-Inactivated Fetal Bovine Serum
(GIBCO/BRL), 100 don vi/ml penicillin (GIBCO/BRL), 100 don vi/ml
streptomycin (GIBCO/BRL), 800 pg/ml Geneticin (G418) (GIBCO/BRL). Qua
trinh loai bo cac té bao da bi chét do méi trudng chon loc bﬁng céach thay thé méi

trrdng nay bang 10ml méi trudng chon loc méi dugc l3p lai ba 14n, mdi 14n cach
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nhau 4 ngdy. Céac khuan lac riéng 1& d& dugc hinh thanh boi cac dong vo tinh di
duoc chon va nhéan giéng sau d6 duge chuyén duéi kinh hién vi vao dia nubi cdy
té bao 24 15 chira 1ml méi trudng chon loc trong mdi 16 va duge u trong 4 ngdy.
Forskolin (SIGMA) dugc xur ly véi ndng do cudi 10pM, va sau d6 dugc G trong
nim gid trong ti 4m 37°C véi su ¢6 mit ciia 5% CO». M3di 15 dugc xir Iy bang
50pl thubc thir Bright-Glo luciferase (Promega) va gitr ¢ nhiét d¢ trong phong
trong 15 phut, va sau d6 4o phat quang cua mdi 16 dugc do bing cach st dung
thiét bi do quang sinh hoc (Victor). Cac dong vo tinh ¢6 d6 phat quang 16n hon
100 13n ho#ic hon nira so v6i gi tri nén bang cach xtt Iy bang Forskolin dwge chon
va duge st dung dé danh gia kha ning chii van cta timg hop chét.

Céc t& bao HEK MCAR-Luc dugc bd st

A

D>~

cia dia nudi cay

O

vao mdi 1 y té

bao ¢6 96 13 cua thiét bi do quang sinh hoc (Costar) v6i mtc 2,5 X 10* té bao
trong 100pl moi trudng nudi ciy va sau d6 dugc  trong th 4m 37°C v6i su ¢6 mit
ciia 6% CO, trong 18 gid. Chit chi van MCR da pha lodng v6i mdi bac ndng dd
bang cach st dung moi trudng nudi ciy néu trén duge xur Iy sao cho ndng dd
DMSO cudi khong vugt qua mire 1%, va sau d6 dugce U trong ndm gid trong ti Am
37°C véi su ¢6 mit cia 6% CO,. Mdi 16 duoc xit ly bz‘“mg 50ul thudc thtr Bright-
Glo luciferase (Promega) va dé & nhiét d trong phong trong nam phut, va sau do
d6 phat quang ctia mdi 16 dugc do béng cach sir dung thiét bi do quang sinh hoc
(Victor). Lugng phét quang do chét chu van da duoc pha lodng v6i mdi bac ndng
do6 gay ra dugc quy d6i thanh gia tri % twong dbi so vé6i lugng dugce bidu hién boi
 viée xit Iy bing 10uM NDP-o-MSH. ECy s MSH dugc biéu thi bing ndng do ma
gdy ra 50% luong phat quang t6i da ma c6 thé duge tao ra béi NDP-a-MSH va
EC50 duoc biéu thi bang ndng d6 ma giy ra 50% lugng phat quang tbi da co thé
duoc tao ra boi mdi chit chi van. Cac sb do duoc x4c dinh béng phén mém théng
ké (Prizm). '

Bang 1 thé hién céc két qua x4c dinh kha nang chi van ciia MC4R cuia
mdi hop chét d3 thu dugc boi cac thir nghiém néu trén tinh theo don vi ECSO (nM).
Bang 1

Thir nghiém Luciferase, ECsy (nM)

Hop chat MC4R
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Vidul 0,562
Vidu2 1,073
Vidu3 0,675
Vi du so sénh 1 (A95) 17,45
Vi du so sanh 2 (A96) 5,479

Nhu duge thé hién trong Bang 1, diéu d3 dugce x4c nhan 13, nam trong sb
cac cac thu thé melanocortin in vivo da biét, d6i véi thu thé melanocortin-4
(MC4R) lién quan dén qua trinh chuyén hoa ning lugng va su kiém soat c4n ning
in vivo, cac hop chét cia cac vi du theo séng ché ¢ kha nang chii van MC4R rit
t8t so v6i cac hop chit cta cac vi du so sanh (A95 va A96).
Vi du thir nghiém 2: tht nghiém cAMP

Thu thé melanocortin 1a mét loai thu thé bt cip v6i G protein (GPCR), va
vai trd chinh cia G-protein 1 dé kich hoat cac chit din truyén thir cip dé diéu
chinh céc dap tmg cua té bao dbi véi nhiéu kich thich sinh 1y théng qua qua trinh
truyén tin hiéu. MCA4R 1a mot thu thé bit ciip v6i Gs va da biét ring néu MC4R c6
twong tac v6i mot chat chi van, adenylat xyclaza (AC) s& dugc kich hoat dé 1am
tang néng d6 AMP vong (cAMP), ma 12 mdt trong s6 cac chat dan truyén thir cép
trong t& bao. Do d6, c6 thé danh gia hoat tinh cua cac thu thé melanocortin bang
cach do mirc d0 tao ra tin hi€éu cAMP.

Sau khi cac dong té bao da bét cip v6i Gs cAMP Hunter (dong t€ bao
CHO-K1) trong d6 modi thu thé MCIR, MC3R, MC4R va MC5R da duge bidu
hién qua murc dugc thiét 1ap dé c6 th do dugc mirc gia ting vé mitc cAMP trong
céc té bao do phan tng chi van, cac té bao nay dugc chy vao mdi 16 cla dia nudi
cAy bach ciu va dugc U trong 24 gid trong ti 4m 37°C véi su c6 mit ctia 5% CO.,.
Sau khi 4, mdi truong duge dugce tach ra, va 15pl thude thir 2:1 HBBS/10mM
HEPES:cAMP XS+Ab dugc bd sung vao. Sau khi Sul mau da duge pha loang 4
lan baing chit dém dugc bd sung vao, néng d6 chét dan thubc dugce thiét 14p & mic
1%, va hop chét chi van MC4R d3 duoc pha lodng véi mdi béc nf‘mg d6 duge bd

sung vAo, trudc khi d phan tng & 37°C trong 30 phut. Hoat tinh (%) clia mdi hop
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chit chii vin duoc biéu hién theo gia tri 100% x (gi4 tri RLU trung binh clia miu
— gié tri RLU trung binh cua dbi chimg gia duoc) / (gia tri RLU trung binh cua dbi
chimg t6i da — gia tri RLU trung binh cia d6i ching gia duoc), va gié tri ndy duoc
phén tich bdi bd phén tich dit liéu CBIS (ChemlInnovation, CA).

Bang 2 thé hién cac két qua danh gia kha nang chi vén cia cic thu thé
melanocortin clia cac hop chét di thu dugce tir cc thir nghiém néu trén tinh theo

don Vi EC50 (DM)

Béang 2
Thir nghiém cAMP, ECsy (nM)

| Hop chat MC4R
Vidul 36,5
Viduy?2 50,3
Vidu3 ) 22,7
Vidu so sanh 1 (A95) 3353
Vi du so sanh 2 (A96) 150,0

Nhu duge thé hién trong Bang 2, diéu da dugc xac nhén 13, nam trong )
cac thu thé melanocortin in vivo da biét, dbi vai thu thé melanocortin-4 (MC4R)
lién quan dén qua trinh chuyén héa niang lugng va su kiém soét can ning in vivo,
cac hop chit ctia céc vi du theo sang ché c6 kha ning chii van cuia thy thé rat t6t

S0 v6i cac hop chét cta cac vi du so sanh (A95 va A96).

Vi du thir nghiém 3: Thir nghiém p-arrestin

Thu thé melanocortin 12 mot loai thu thé bat cap voéi G protein (GPCR) VE\1.
diéu chinh c4c phan tng sinh 1y khac nhau bing cach truyén tin hiéu tir nhiéu chat
dan truyén than kinh. Khi GPCR dugc phosphoryl hoa, B-arrestin dugc gén két
v6i phan di phosphoryl héa cua thy thé va déng mot vai trd quan trong trong viéc
kich hoat cac duong tin hiéu khac nhau trong té bao thong qua su tuong tac véi
cac protein khic. Da biét rang, khi thu thé melanocortin twong tac véi mot chét
chu véan, B-arrestin s€ dugc huy dong va tham gia vao duong truyén tin hiéu qua

trung gian B-arrestin. Do d6, hoat tinh cua thu thé melanocortin ¢6 thé dugc danh
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gi4 thong qua sb do B-arrestin.

Dong té bao Pathhunter eXpress B-arrestin (dong té bao U208) trong d6
MCIR, MC3R, MC4R, MC5R di hudng dich Prolink (PK) va B-arrestin da
huéng dich thu thé enzym (EA) da dugc biéu hién ciing nhau dugc thiét 1ap. Khi
phén MCR-PK ctia dong t& bao nay dugc hoat hod, B-arrestin-EA dugc huy dong,
va thy thé enzym (EA) va Prolink (PK), 1a cac doan enzym f-galactosidaza, tirong
tc. Enzym da kich hoat nay thuy phén co chat béi hoat tinh B-galactosidaza dé
tao ra tin hiéu hoa phat quang, nho d6 co6 thé do dugc hoat tinh. Sau khi dong té
bao Pathhunter eXpress B-arrestin (dong t€ bao U208) duoc 1, cac té bao duge

chy vao mdi 16 ciia dia nudi cay t€ bao va duoc U trong 48 git trong ti am 37°C
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dém duoc bd sung vao, nf‘)ng do chét din thudc duge thiét 14p & mic 1%, va hop
chit chu van MC4R da duoc pha lodng véi mdi bac ndng d6 duge bd sung vao,
treée khi dé phan tng & 37°C trong 90 phut. Hoat tinh (%) cia m&i hop chét chi
véin duge bidu hién theo gi4 tri 100% x (gid tri RLU trung binh cla mau — gia tri
RLU trung binh ciia di chimg gia duoc) / (gia tri RLU trung binh cta dbi ching
t61 da — gia tri RLU trung binh cta d6i chimg gia duoc), va gia tri ndy duge phan
tich bdi bd phén tich dir liéu CBIS (ChemInnovation, CA).

Bang 3 thé hién cac két qua danh giad kha nang hoat tinh cta thu thé
melanocortin ctia mdi hgp chit d3 thu duoc tir cac thir nghiém néu trén tinh theo

don vi ECso (nM).

Béang 3

Thtr nghiém B-arrestin, ECsy (nM)

Hop chit MC4R
Vidul 4,6
Vidu2 8,7
Vidu3 : 3.3
Vidusosanh 1 (A95) 176.,4
Vi du so sanh 2 (A96) 443

Nhu duoc thé hién trong Bang 3, didu da duoc x4c nhén 13, ndm trong sb
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cac thu thé melanocortin in vivo da biét, dbi véi thu thé melanocortin-4 (MC4R)
lién quan dén qua trinh chuyén héa ning lugng va su kiém so4t can ning in vivo,
cac hop chét cta céc vi du theo séng ché c6 kha ning chii vén ciia thy thé rat t6t

so v6i cac hop chét clia cac vi du so sanh (A95 va A96).

Vi du tht nghiém 4: Ai luc gén két

D3 biét nam phén nhém thu thé melanocortin (MCR) in vivo, va da biét
rang MC4R, 13 phan nhém 4, ¢6 lién quan t&i qué trinh chuyén héa ning luong va
sur kiém soét can ning. Do cac phin nhém MCR khéc ¢6 lién quan dén viée didu
chinh céc chirc ning khac nhau in vivo nhu sic td da, su can bang ndi moi ning

,
lirerno va chive nan t16t
i 8 A ~

.
A °A 3 2 z Ac J & a9
wong va chirc ndng ngoai tiét, nén viéc ddm bao tinh chon loc d6i véi MCAR ¢
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cac hop chét chit van MC4R lé‘rét quan trong trong viéc ngén nglra cic tac dung
phu cé thé xay ra trong twong lai. Do d6, kha ning gin két thu thé ctia cdc chét
chii van MC4R d6i véi mbi phan nhém MCR da duge dénh gia.

Sau khi dong té bao CHO-K1 biéu hién MCIR tai t6 hop clia ngudi va cac
dong té bao HEK-293 biéu hién MC3R, MC4R va MC5R da dugc thiét 1ap, céc
mang dugc thu thap d6i v&i timg dong té bao. Trong dia nudi ciy té bao ¢ 96 15,
3ug mang MCIR va 0,04 nM '*I-NDP-a-MSH cho méi 16 dugc cho phén fing &
37°C trong hai gio. 3pg mang MC3R va MC5R va 0,0350M '*I-NDP-o-MSH
duogc cho phén tmg & 37°C trong mot gid, va 3,12pg mang MC4R va 0,02 nM
125 _NDP-0-MSH dugc cho phan tmg & 37°C trong hai gio. Tai thoi diém nay,
chét dém hip phu 25mM HEPES-KOH (d6 pH = 7,0) chira chét chu van MCR da
duge pha loang v6i mdi bic ndng d6 duge bd sung vao mdi 16 va duge cho phan
ung. Dung dich d4 phéan mg nay dugc chuyén vao b loc va duge rira bang chit
dém hip phu, va sau d6 do d6 phéng xa. Gia tri khong bao gbdm luong gan két
khong dic hiéu véi sy ¢6 mit cia 1pM (MCIR) va 3uM (MC3R, MC4R, MC5R)
ctia NDP-a-MSH tir mbi tdng luong gin két dugc st dung 1am lugng gin két dic
hiéu ciia '>*I-NDP-0-MSH. Mtc d6 gin ma gin két dac hiéu '*I-NDP-o-MSH bi
tic ché boi chit chu van dugc pha logng véi mdi bac ndng d6 duge do. IC50 dugc
biéu thi dudi dang ndéng d6 cia mdi chét cha van e ché su gin két dic hiéu cia

50% '»’I-NDP-0-MSH.
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Bang 4 thé hién cac két qua do muc do gén két cia cac thu thé
melanocortin cta cac hop chat da thu duge tir cac thit nghiém néu trén tinh theo

don vi Ki (nM).

Béang 4
Ai luc gin két, Ki (nM)
Hop chét MC4R
Vidul 65
Vidu2 110
Vidu3 24
Vi du so sanh 1 (A95) 1400
Vi du so sanh 2 (A96) 360

Nhu duoc thé hién trong Bang 4, diéu da dugc xac nhén 13, nam trong sb
céc thu thé melanocortin in vivo da biét, dbi vai thu thé melanocortin-4 (MC4R)
lién quan dén qua trinh chuyén héa ning luong va sy kiém soét can ning in vivo,
céc hop chét ciia cac vi du theo sang ché ¢6 kha nang gin két thu thé rit tt so véi

cac hop chit ciia cc vi du so sanh (A95 va A96).

Vi du thir nghiém 5: Dugc ddng hoc va sy chuyén hoa thube
Vi du thir nghi€ém 5-1: Kiéu duoc dong hoc

Dé khao sat cac dic tinh duge dong hoc (PK) ctia hop chit cia vidu 1 va
cac hop chét cta cac vi du so sanh, thir gnhiém sau da dugc thuc hién.

P4 thyc hién thtr nghiém PK dbi véi hop chét ciia vi du 1 va cac hop chit
cla cac vi du so sanh (A95 va A96), chudt C57BL6 khoéng 7 tudn tudi da duoc
chudn bi, 12 con duoc chi dinh cho mdi chét dugc str dung, duoc chia thanh cac
nhom, va bd doi khéng cho dn. Vao ngay dung thudc, dung dich thudc dugc chuin
bi v&i ndng d6 1mg/mL bang cach st dung nudce cit (DW) lam chit din thube va
duoc cho dung qua dudng miéng véi lidu lrgng 1ml cho mdi kg thé trong ctia mdi
ca thé va liéu dung cudi 14 10mg/kg. Tai thoi diém 1, 3, 8 va 24 gid sau ding
thudc, méau toan phan dugc thu thap thong qua viéc 14y méu tim tir 3 c4 thé trong

mdi nhém va sau d6 dugc dé trong Ong heparin d€ tranh déng mau. Sau d6, dai
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nfo ctia mdi cé thé duoc thu thap va dit trong bng EP, trong lugng ciia mb duge
do va viéc bao quan déng lanh dugc thuc hién & -20°C.

Vao ngay phan tich, DDW v6i luong gip 4 1an khéi lugng mé duge thém
vao mdi éng mé va duge lam ddng nhit, va huyét trong da lwu trit duge ra dong &
nhiét d6 trong phong. Ciing nhu véi huyét twong, 50pL dich treo md dong thé
dugc 14y va chuyén sang mot bng riéng biét, va sau d6 200uL axetonitril (AN),
v6i lrong gip 4 13n tdng thé tich mAu, dugc thém vao mdi dng huyét twong va
dich treo md dong thé dé thuc hién qué trinh kht protein. Trong trudng hop nay,
AN d3 bao gdbm mdt chuédn noi. Pé xdy dung dudng chuin, dung dich AN (cing

huyét trong trong cia timg huyét trong va ndo. Do d6, cac dudng chudn cubi tir
0,4 dén 2000ng/mL cho huyét twong va 1, 5, 50, 500 va 5000ng/mL cho ndo da
dugc chuin bi. Sau khi 0,5 ul dich ndi bén trén da thu dugc sau qua trinh khir
protein dugc tiém vao LC-MS/MS, cac dién tich pic clia cac hop chét cua vi du va
cac vi du so sanh (A95 va A96) dugc hiéu chinh bing céc dién tich pic ctia IS dé
thu dugc dap tng dinh tai mdi diém thu mAu va thyc hién viéc quy d6i ndng do
bing dudng chuin.

Céc thong s6 duge dong hoc (Cpaw AUCqs, t12, va cac thong s6 tuong tu)
duogc tinh toan bang phwong phap phan tich duge dong hoc khong ngin bang cach
sir dung phdn mém WinNonlin 8.1 cho céc gia tri cia ndng do trong méu theo thoi
gian cho mdi nhém ding thudc.

Céac dac tinh dugce dong hoc cua mdi hop chit dugc so sanh béng cach so
sanh mirc d6 phoi nhiém, thay ddi thoi gian ban hity va céc chi s6 trong tu di véi
timg nhom sir dung thude va gié tri thu duge duge thé hién trong c4c Bang 5 va 6.
Ngoai ra, cac gia tri két qua theo ty 1¢ gitta mitc phoi nhiém véi ndo va mirc phoi

nhiém méau dugc thé hién trong Bang 7.

Béng 5
, Huyét tuong
Thoéng s6
Vidul Vi du so sanh 1 (A95) | Vi du so sénh 2 (A96)
Crax (ng/ml) 2323 205,0 337,1
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AUCy¢
2067,0 564.,6 , 1654,5
(ng:gid/mL)
tin (g10) 3,9 2,7 2,6
Béang 6
. Nio
Thong so
Vidul Vidusosanh 1 (A95) | Vidu so sanh 2 (A96)
Cmax (ng/ml) 49,1 20 27,1
AUC¢ 1495,3 222,1 529,6
(ng-gio/mL)
t1 (i) 19,0 6,0 8,0

Béang 7
Ty 1€ AUC gifra nfo va huyét twong
, Vidul Vidusosanh 1 (A95) | Vidusoséanh 2 (A96)
Thong s6
Ty 1€ trung binh
Giatri 0,72 0,39 0,32

Tir c4c két qua néu trén, mic do phoi nhiém cta timg hop chit duoc xac
nhén trong toan bd co thé va nio theo thit tu hop chét cta vi du 1, hop chét caa vi
du so sanh 2 (A96) va hop chat ctia Vi du so sénh 1. (A95). Thoi gian ban huy mat
di trong nfo trong thdi gian quan sat cao hon gié tri quan sat duge trong mau, va
dudng nhu réng didu nay c6 nghia 1a sy luu hiéu qua cia mot loat cac chét tai vi
fri biéu hién hiéu qua. Ngoai ra, didu da dugc xac nhan 13, khi mdi hop chét duogc
str dung véi cing mét liéu luong, hop chat cua vi du theo sang ché c6 mirc d6 ton
Iru va phoi nhiém tuyét d6i tt nhét trong ndo. Ngoai ra, diéu da dugc xac nhan 1a
ty 18 gitra d6 phoi nhiém trong ndo va d phoi nhim trong méau ctia hop chét cia
vi du 1 ciing 14 t&t nhat so v6i cac hop chét ctia cac vi du so sanh (A95 va A96).

Ngoai cac két qua nay, khi hoat tinh in vitro cla md&i hop chit va mirc do
cta thude duge xem xét mot cach toan dién, hiéu qué t6t nhét c6 thé dugc mong

doi tir hop chat cta vi du 1 so v6i cac hop chat cla céc vi du so sanh, khi dung
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37142
cung mot lidu luong. Dé dat duge hidu qua & mot mire do cu thé, co6 thé sir dung
lidu dung thp hon, va do d6, né dugc mong doi dé giam thiéu céc tac dung phu
do phoi nhiém toan than.

Vi duy thir nghiém 5-2: Kha nang e ché CYP (%)

Pé x4c nhan su tuong tac cta thubc ddi véi enzym CYP (cytochrome
P450), thir nghiém sau dugc thuc hién.

DPé x4c dinh va so sanh kha ning trc ché cia hop chét ctia vi du 1 va cia
hop chit cta vi du so sénh 2 (A96), cic enzym tai t6 hop CYP1A2, 2C9, 2C19,
2D6, va 3A4 dugc chuln bi. Bang 8 du6i diy mé ta viéc sir dung co chit do, déi
chimg duong, va isoenzym va cac diéu kién do dé xac dinh kha nang trc ché cia
mdi chét.

Béang 8
Isoenzym CYP 1A2 2C9 2C19 2D6 3A4
Co chat do ER FCA BMC MMC 7BQ
~ (ndng dd cubdi) 0,5uM 50puM 10pM 10pM 25 uM
trong 1% trong 1% trong 1% trong 1% trong 1%
axetonitril | axetonitril DMSO ‘metanol axetonitril
Dbi chimg duong | Furafylline | Axit tienilic | Ticlopidine | Paroxetine |Troleandomycin
Ndng d6 cudi
duong tinh 0,01 0,1 0,0014 0,008 0,1
(mg/mL)
Buéc song (nm)
Kich thich/phé xa 530/590 409/508 409/460 409/485 409/530

Viéc 0 dugc thuc hién trong dia 96 15 (Costar, 3792-den, ddy tron), hé

théng dém dugc sir dung cho qua trinh chuyén héa gdm 50mM chat dém kali
photphat va do pH = 7.4, va thé tich phan tmg cubi ciing 14 250uL. Cac ndng do
cubi cia hop chét cta vi du 1, hop chat cia vi du 2 (A96) va dbi chimng duong
trong toan bd chat dém 1a 10uM (2% metanol (thé tich/thé tich)), va mdi chat déu
bao gdbm déi chimg 4m (duy nhét metanol, 2% (thé tich/thé tich)). Chat dém da

duoc bd sung hop chét thir nghiém duge tron véi cing mot thé tich cia dung dich
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tao isoenzym CYP sao cho néng d6 cubi cung 1a 10pM, sau d6 dugc lam Am trude
trong 10 phit trong may doc dia huynh quang 37°C. M&i dung dich NRS trong 16
(Hé théng tai tao NADPH: 0,22 mM B-NADP, 2,8mM glucoza-6-phosphat, va 0,6
don vi/mL cta glucoza-6-phosphat dehydrogenaza) dugc bd sung vao, tiép theo Ia
0 so bd trong 30 phit. Sau d6, phan tmg dugc bt dAu bing cach thém chat nén
vao 16 d3 dugc 1 trudc va theo ddi v6i khoang thdi gian cach nhau mdt phut &
bude song do dbi véi mbi chét nén trong 30 phat. Cac gia tri do thu duge tir dbi
chimg duong va hop chét ctia vi du 1 dugce so sénh véi cudng d huynh quang cia
dbi chtng am (khéng tc ché hodc khong c¢6 hop chét) dé xac nhan kha ning Gic
ché cta timg hop chét ddi véi isoenzym. Kha ning wc ché (%) dbi v6i mbi

~

chi moi hop chat duge xir Iy &

i 821 181 o J red s

tinh trc ché (%) dugce danh gia dua trén cac tiéu chi sau: A =<50%, B => 50%.

10uM dwrge thé hién trong Bang 9. Hoat

Nbng @6 xir Iy 10uM cua hgp chét 13 rit cao, va day 12 mot tiéu chi an
toan d& danh gia kha nang trc ché dua trén ndng d6 xir ly nhu viy va chon thube
c6 ty 18 e ché thip hon 50% lam déi trong nghién ctru. C6 thé xem rang it ¢o

kha ning 13 thudc nghién ctru dugc chon trong trudng hop tc ché e ché

isoenzym CYP.
Béang 9
Kha ning trc ché CYP (%) & 10puM
Isoenzym CYP 1A2 2C9 2C19 2D6 3A4
Vidul A A A A A
Vi du so sanh 2 (A96) A B A A A

Tir cac két qua trén, khi duge xit Iy & cing ndng do, diéu da dugc xac
nhan 13 kha ning e ché cta hop chét cua vi du 1 d6i véi isoenzym CYP chinh
thip hon hoic trong tw nhu kha ning {rc ché ctia hop chit (A96) cia Vi du so
sanh 2. C6 van d 12 Hop chét (A96) ctia Vi du so sdnh 2 c6 su tuong tac thudc do
kha ning trc ché rit cao dbi voi CYP2C9. CYP2C9 da biét 1a c6 lién quan téi qua
trinh chuyén hoa cia khoang 10% trong sd tht ca cac loai thubc béan trén thi
truong va déng mot vai tro chinh trong viéc lam mét tac dung cta céc thube co

ctra s6 diéu tri hep. Ngoai ra, CYP2C9 rat ¢6 ¥ nghia vé ca khia canh nghién ciru
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13n khia canh 14m sang do tinh da hinh tity thudc vao timg cé thé dugc nghién ctru.
Diéu nay ciing c¢6 thé dugc biét tir thurc té 1a CYP2C9 duoc liét ké ndm trong danh
sach cac isoenzym co ban ma hi€u qua tc ché cin phai dugc kiém tra trong qua
trinh phat trién thubc trong huéng din sy turong tac thuc-thube (DDI) ctia FDA.

Dua trén diéu do, didu da duge xac dinh 13 khi str dung hop chét cta vi du
1, mitc d6 tuong tac thubc do su Gc ché CYP gay ra la thip hon so véi & hop chét
so sanh (A96)

Vi du thit nghiém 6: Dugc ly

Vi du thir nghiérh 6-1: Mb hinh bénh béo phi & chudt do ché d6 an nhidu chat béo
gy ra

Hiéu qué cla cac chit chii van thu thé melanocortin-4 dbi véi bénh béo
phi dugc danh gia bang cach st dung mo hinh bénh béo phi ¢ chudt do ché @6 an
nhiéu chét béo giy ra.

Chudt duc C57BL/6Ntaconic 5 tudn tudi duoc cho in véi ché 36 an chét
béo 60 kcal% (D12492, Research Diet.) trong 15 tudn dé gdy ra bénh béo phi.
Hop chét cia vi du 1, cac hop chit cia cac vi du so sanh (A95 va A96), va
* sibutramin 1am d6i chimg dwong duoc diéu ché trong nuée cit va cho ding qua
duong miéng cho cdc md hinh chudt méc bénh béo phi 19 tuén tudi do ché do an
nhidu chit béo gdy ra mot 1an mdi ngay mot 1an tir ngay thir nhat &n ngay thir 16.
Tir ngay thtr nhat dén ngay thw 16, thé thé trong duoc do mot 1an mot ngay, luong
dn vao duogc do nam 14n mot tudn, va lugng nudce uéng dugc do hai 14n mdt tuln.
Lugng duong trong mau va hemoglobin glycosyl hoa dugc do vao ngay thir 15,
va tht ca cac con vat déu bi giét vao ngay thir 17. Mau dugc 14y qua tinh mach chu
bung, va gan va cdc mé md mao tinh dugc cit b6 va can. Mau thu duge duge cho
vao bng heparin va quay ly tdm dé tach huyét twong, va sau d6 viéc phan tich sinh
héa huyét tuong duoc thuc hién.

Bang 10 thé hién su khac biét vé ty 16 thay ddi cén ning so véi chét dan
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thube dugce do vao ngay thir 12 ddi v6i méi lidu luong ciia mdi hop chét.

Bang 10

Ngay thu 12 10 mg/kg 30 mg/kg
Vidul -9,4%* -15,1%**
Vidusosanh 1 -4,8% -4,0%
Vidu so sanh 2 -0,2% -7,1%
Sibutramine -6,8% NT (khong thit nghiém)

Sy thay dbi vé ty 1& c4n ning so vé6i chat dan thudce

. ,
SEIR TS RN I SRR
tr1 pang no at: * p <0,05, **

. LU M Y = 2 e 3

A z 3 3
IUOC vd 1101 dugu ulb

)

U
SEM, Thir nghiém T-test, khong ghép doi, hai dudi)
O md hinh chudt bénh béo phi nay, déc biét, khi chi st dung hop chét cia

b
Q-

vi du 1, su sut can déng ké duogc thé hién. Khi hop chét ctia vi du 1 dugc sit dung
véi lidu dung 10mg/kg va 30mg/kg, cé duge mic do do Gc ché su ting can lan
luot 13 -9,4% va -15,1% so v&i dbi chimg chét dan thubc st dung dung moi, va
hiéu qua gidm cén c6 y nghia théng ké dugc thé hién so véi cic hop chét cia vi du
so sanh (A95 va A96).

Diéu nay c¢6 duoc 13 do kha niang chi van MC4R trong 6ng nghiém vuot
trdi, kha ning phoi nhidm va d6 ton hru tuyét d6i trong nio vugt troi, va ty 1& phoi
nhiém trong ndo so v6i phoi nhiém trong méu ctia hop chét ctia vi du 1 rat tt, so
Vi1 cac hop chét cua cac vi du so sanh va né duge coi 1a mot su khac biét ddng ké
c6 thé duge thé hién ngay ca & cac liéu ding thép.

Ngoéi ra, hgp chét cua vi du 1 cho céac két qua vuot trdi tuong duong hoac
cao hon vé hidu qua so voéi Sibutramine (Reductil), 1a mot chét diéu tri bénh béo
phi trong linh vy ¢6 lién quan, va do d6 né dugc ky vong s€ cho thay hiéu qua

dang ké ctia thubc trong ting dung 14m sang thyc té.
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Yéu cau bdo hg

1. Hop chét ¢6 cong thirc (1), hodc chit ddng phan hoic mudi dugc dung ctia né:

Cl (1)
trongddR11aC
va trong d6 chit dong phan bao gdm chét ddng phén cis hodc trans, chat dong

phén R hoic S, chét triét quang, hodc chét déng phan 18p thé.

2. Hop chét theo diém 1, hodc chét ddng phan hodc mubi duge dung ciia né, trong

@6 R1 1a C,-Cy alkyl.

3. Hop chét theo diém 2, hodc chét df‘mg phén hodc mudi duoc dung cta no, trong

do R1 1a etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl or tert-butyl.

4. Hop chét theo diém 2, hozic chét ddng phan hoic mubi dugc dung ctia nd, trong
d6 hop chét nay duge chon tir nhém hop chét sau:
N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5-
(morpholin-4-carbonyl)pyrolidin-3-yl)-N-((1s,4R)-4-
metylxyclohexyl)isobutyramit;
N-((38,59)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5-
morpholin-4-carbonyl)pyrolidin-3-y1)-N-((1s,4R)-4-metylxyclohexyl)propionamit;
va

N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-clorophenyl)pyrolidin-3-carbonyl)-5-
(morpholin-4-carbonyl)pyrolidin-3-yl)-N-((1s,4R)-4-metylxyclohexyl)pivalamit.
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5.Hop chét theo diém 4, hoic chét déng phén hodc mubi duge dung cua no, trong
d6 hop chat nay 1a N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-5-(morpholin-4-carbonyl)pyrolidin-3-yl)-/N-
((1s,4R)-4-metylxyclohexyl)isobutyramit.

6. Hop chét theo diém 4, hodc chét déng phén hodc mubi duge dung ctia no, trong
d6 hop chét nay 1a N-((35,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-5-morpholin-4-carbonyl)pyrolidin-3-yl)-N-
((1s,4R)-4-metylxyclohexyl)propionamit.

7. Hop chét theo diém 4, hoic chit dong phan hogic mubi duoc dung clia né, trong
d6 hop chét nay 1a N-((3S,55)-1-((3S,4R)-1-(tert-butyl)-4-(4-
clorophenyl)pyrolidin-3-carbonyl)-5 -(morpholin-4-carbonyl)pyrolidinS-yl)-N—
((1s,4R)-4-metylxyclohexyl)pivalamit.

8. Hop chét theo diém 1, ho#ic chét ddng phan hodc mubi dugc dung ciia né, trong
d6 mudi duoc dung duge chon tir nhém chi gdm axit clohydric, axit sulfuric, axit

nitric, axit phosphoric, axit bromhydric va axit iodohydric.

9. Hop chét theo diém 8, hodc chit dong phén hodc mudi dugc dung ciia nd, trong

d6 mubi duogc dung 13 hydroclorua.

10. Dugc phém ¢6 tinh chit van ddi vé6i thu thé melanocortin chira hop chét c6
cong thire (1), hodc chét déng phén hodc mudi dugc dung cda n6 nhu duge xéac
dinh theo didm bt k¥ trong sb cac diém tir 1 téi 9 1am hoat chét, cing véi chat

mang dugce dung.
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